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Abstract

There is a clear need for anti-cancer therapies that have effective cytotoxic efficiency and
marginal toxicity, preferably zero. For this goal, researchers have been persevering to
develop new drugs from natural resources. Among them are agents that target tubulin,
which is a protein found in all eukaryotic cells. This protein is an essential component for
mitosis and has several different binding sites at which a variety of chemically different
agents interact. These binding sites include the colchicine, vinca alkaloids, rhizoxin
/maytansine and tubulin sulfhydryl binding sites. Combretastatin A-4 is one of the most
potent natural products targeting tubulin and prevents microtubule polymerisation that
leads to mitosis arrest and apoptosis in endothelial cells. Moreover, it can cause selective
vascular shutdown for the tumour cell and results in haemorrhagic necrosis for the solid
tumour. However, cis-combretastatin is more active than the trans isomer. Toxicity to
normal cells has limited its use as an effective chemotherapy. Another problem with this
isomer is the in vivo instability, by which the unstable cis isomer converts to the more
stable inactive trans-isomer.

To overcome this problem, many combretastatin analogues have been synthesized and
evaluated in terms of antimitotic and cytotoxic activity as well as toxicity. 6-(4-Methoxy-
3-nitrophenyl)-5-(3,4,5-trimethoxyphenyl)-1,2,4-triazin-3(2H)-one, and series of : 2,3-
diaryl-3H-imidazo[4,5-b]pyridine, and N-((2-arylamino)pyridine)benzenesulphonamide
derivatives, which related to E7010, have been synthesised as possible active analogues
of combretastatin A-4.

These heterocyclic analogues have been characterized and examined for their ability to
suppress the growth of A549, U-2 OS, BEAS-2B, Saos-2, Hep-G2, and A204 mammalian
cell lines by MTT assay, and flowcytometry. 3-Hydroxy-4-methoxy-N-(2-((3,4,5-
trimethoxybenzyl)amino)pyridin-3-yl)benzenesulfonamide, was the most potent
compound evaluated with an 1Cso of 1.15uM in the Carcinoma A549 cell line. It is also
caused cells to hold up in the G2/M phase of the cell cycle (37.34 %).
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Chapter 1 Introduction

1 Introduction

1.1 Cancer

Cancer is a global concern as it is a major cause of death. In 2018, there were 9.6 million
deaths and 18.1 million new cases were recorded (Bray et al., 2018). Moreover, it is
expected in the next few years to surpass 29.5 million new cancer cases and 16.5 million
cancer-related deaths. In Europe, as an example, there are 4.23 million new cases and
1.95 million deaths in 2018 (WHO, 2020) . These frightening statistics challenge
researchers from all over the world to figure out ways to combat this problem. In 2014,
38316 documents were published all over the world on cancer research (SJR, 2016) and
total spend (excluding industries) surpassed €11billions in the 2004/2005 fiscal year
(Eckhouse et al., 2008).

Currently, this malady refers to a group of conditions affecting tissues, which is
characterized by uncontrolled cell division and growth. The resulting tumour can spread
to other tissues, by either invasion or metastasis. Although each tumour has a unique
feature, the process by which cancer produced is similar, where a healthy cell in the
human body starts to divide in an uncontrolled way due to mutations that occur to
numbers of regulatory genes that control the growth, division, differentiation, and
survival of the cell (NIH, 2007).

Healthy cell production occurs at the behest of nearby cells, which ensure the appropriate
size and structure of the tissue, whereas, the division of a cancer cell happens rapidly and
in an unnatural way that affects the size and structure of tissues. Furthermore, losing
control of growth with the possibility of spreading throughout the body, a series of
extensive mutations that happen in specific genes within the cell, whether it was acquired
or inherited, leads to cancer (Vogelstein & Kinzler, 2004).

Genes, which were found in all eukaryotic cells, are a specific series of DNA regulated
as chromosomes that are situated in the nucleus of the cell. Functionally, every gene codes
for a specific protein that identifies the order in which amino acids must join.
Consequently, alterations or mutations in these genes result in modifications in the
quantity or the activity of the produced proteins.

Oncogenes are genes that have the possibility to cause cancer (cancer-causing gene)
(ACS, 2020). A proto-oncogene is a normal gene that has the ability to become an
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oncogene because of changes in its DNA sequences. These genes organize cell growth
and proliferation as they mainly code for many proteins which stimulate the cell for
division and prevent cell differentiation or regulate programmed cell death (apoptosis)
(Robertson, 2014).

As a result, mutations or defects of proto-oncogenes can lead to unregulated cell division
by increasing the production of these proteins and ultimately cancer might ensue.
Anti-oncogenes are genes that suppress cell growth through the suppression of cell cycle
regulation or promote apoptosis and sometimes do both (Sherr, 2004). Mutations of anti-
oncogenes deactivate its control overgrowth leading to deregulation of cellular
proliferation. These genes might be considered more important than proto-oncogenes
(Weinberg, 2014, p. 231). Consequently, any mutations that occur for these two genes
(proto-oncogenes, anti-oncogenes) can disrupt the precise balance between stimulation
and suppression of the cellular process leading to unrestrained growth.

DNA can be subjected to an environmental attack that causes damage to the DNA, which
if not repaired, leads to mutations and death-related diseases. A good example of the
diseases and DNA damage that can be induced by the environment is skin cancer.
Moreover, through cell division, the replication of DNA is susceptible to errors that cause
spontaneous damage to the DNA (Uryga et al., 2016). However, cells have numerous
mechanisms to identify and correct any damage that occurs to DNA, regardless of the
environment or replication errors that causes this damage.

Three possible responses can occur to the cell that has major DNA damage, or one that
does not have the ability to repair damage effectively as shown in figure 1:

1. Senescence. The cell may stop dividing, i.e., permanent dormancy. The capability
of the cells to replicate and divide is terminated after a specific number of
populations doublings (DP) which induce cell signalling to cease cells replication.
One of the most investigated mechanisms is the telomere uncapping, where the
telomere length steadily shortening as the cells approach the end of their
reproduction life.

2. Apoptosis. The apoptotic signalling cascade may be triggered if there is sufficient
DNA damage, which drives the cell into programmed cell death.

3. Malignancy. The cell may develop its immortal character to grow and start

uncontrolled proliferation.
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When the cell become tumorous, the mutation will be passed on to the next cell during
cell division (Braig et al., 2005).

DNA Damage DNA Damage
Exogenous/Endogenous Exogenous/Endogenous

Senescent
ﬁ cells
Cell with k Apoptotic )
Accumulated . Cell J
DNA Damaged
b Cancerous
Cell

Cell with
Damaged

Unrepaired DNA
Damage

DNA

DNA Repair

Figure 1: The cell responses toward DNA damage and the repair pathway which leads to

senescence, apoptosis, or malignancy (Merck, 2020).

1.2

Types of Cancer

More than 100 distinguished kinds of cancer and subtypes have been found in the human

body. These types are classified according to the kind of tissue where the cancer originates

from, generally, there are five main groups (CRUK, 2020b) :-

1-

Carcinoma is the most common one that is derived from the epithelial cells, which
forming tissues that line the inner or outer surfaces of the body. The most common
subtypes of carcinoma are adenocarcinoma, squamous cell carcinoma, transitional
cell carcinoma, and basal cell carcinoma which are very familiar in older people
and can be develop in the colon, breast, lung, pancreas, and prostate.

Sarcoma comprises cancers that stem from connective tissues (i.e. bone, cartilage,
fat, nerves, lymph vessels, blood vessels, and fibrous tissues). Osteosarcoma is
the most common primary malignancy of the bone (Ottaviani & Jaffe, 2010).
Leukaemia comprises cancers that usually start in bone marrow which is a blood-
forming tissue and results in the production of an uncontrolled amount of
abnormal white blood cells. This kind of cancer is quite widespread among
children aged less than 15 years old, who represent almost 30% of childhood

cancer incidences (Steliarova-Foucher et al., 2017).
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4- Lymphoma and myeloma are immune system cancers that originate in the
lymphatic system cells such as plasma cells, T cell and B cells. Hodgkin and Non-
Hodgkin lymphoma are the main types of lymphoma.

5- Central nervous system cancers are known as brain and spinal cord cancers.

1.3 Causes of cancer

The majority of cancer diseases are related to the environment, lifestyle or behavioural
factors, genetic birth defects, and aging as well. The most known environmental factors
that have been identified causing cancer include tobacco, radiation, and UV-light (both
ionizing and non-ionising), chemicals, environmental pollutants, lack of physical activity,
obesity, and infections (Anand et al., 2008). Carcinogens are specific substances capable
of causing cancer in living tissues. An example is tobacco smoking (figure 2); these
carcinogens are responsible for nearly one-third of all cancer deaths and 90% of lung
cancers (Kuper et al., 2002). Most carcinogens and radiation act by damaging DNA and
inducing mutations.

Tumour promoters are another type of carcinogen involved in cancer development by
inducing cell proliferation. The proliferation, which induced by these chemicals, leads to
mutations that inevitably occur during DNA replication.

O
|(|:|
NinC=0 /N—N:O
(JS///C C\\\ + H;C . . .
(0] Dimethylnitrosamine

1 Benzo[a] pyrene 2 Nickel Carbonyl 3

Figure 2: Structure of tobacco smoke carcinogens (Cooper., 2000).

Cancer is often considered as a disease of elderly people as the cancer statistics indicate
that more than half (53%) of all new cancer cases are for adults aged 50-74, and over third
(36%) is for elderly people aged 75+ as shown in figure 3. For most cancers types,
incidence increases with age for both sexes as the development of cancer is a multistep
process in which cell DNA damage that results from biological process or exposure to
risk factors accumulating over periods of many years. In addition, this fact could be a

good indication of the multistep development of cancer.
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Figure 3: New cancer cases per year and incidence rates for specific ages. UK, 2015-2017 (CRUK, 2020a).

1.4 Cancer Therapy

The cancer risk factors, which are a combination of environmental and genetic factors,
are the causes of most cancers. However, a great number of these factors can be avoided
and controlled (Danaei et al., 2005). Therefore, the essential way to reduce cancer
encumbrance is by the primary prevention of cancer risk factors through lifestyle and
environmental interventions. It has been shown that avoiding the risk factors such as
tobacco, alcohol, sexually transmitted infections, obesity, and air pollutants can prevent
more than 30% of cancer mortality (Kushi et al., 2012). A second alternative, which is
still effective, is the early reliable detection of premalignant stages of tumour
development that could lead to early treatment. Many cancers can be cured if they are
diagnosed before they metastasise throughout the body. For instance, minor surgical
operations are completely effective to cure the early premalignant stages of colon cancer.
There are numerous options for cancer therapy, however, the type of treatment will
depend on the type of cancer, location, and how advanced it is. Traditionally, there are
three approaches for treating cancer: surgery, radiotherapy, and systemic therapy. Cancer
treatment usually involves combinations of treatment such as surgery and systemic

therapy and/or radiation therapy.



Chapter 1 Introduction

These drugs, systemic therapies, include hormonal therapy, chemotherapy,
immunotherapy, and targeted drugs. Hormone therapy has a vital role in the treatment of
breast and prostate cancer, since these types of cancers use hormones to develop or grow
which means they are hormone sensitive or hormone-dependent cancers. Furthermore,
targeted therapies play a pivotal role in some kinds of cancers because they interfere with
particular molecules that have a significant role in the progression, growth, and metastasis
process which leads to blocking the growth and spread of cancer (Caley & Jones, 2012).
As cancer cells tend to grow and divide quickly, they are sensitive to chemotherapy,
which interrupts the cell cycle and slows down or stops cancer cells’ reproduction. Some
drugs are specific in affecting the cancer cell at one stage of the cycle, whilst non-specific
drugs work on cancer cells in all stages of the cell cycle without considering if they are
dividing or resting.

The selectivity of chemotherapy can be improved to target the cancer cell rather than the
healthy cell as the fact that any tissue or organ, as well as cancer cells, are surrounded by
an intensive area of sugar-containing molecules called polysaccharides. Structurally,
these polysaccharides vary depending on the different tissues and organs of the body. The
polysaccharides of tumour regions are also different from normal tissue in terms of the
chemical compositions. Consequently, using the appropriate carrier for the drug can
identify particular kinds of polysaccharides would considerably minimize the side effect
of chemotherapy (Longmuir et al., 2009).

For better outcomes, a combination of chemotherapy drugs can be used to treat certain
types of cancer. Combined chemotherapy drugs should be potent against tumours and
exert their action through different action mechanisms on the cancer cells. One drug may
act by disrupting DNA replication and the second may prevents protein synthesis. The
biggest advantage of this strategy is lessening the toxicity of the chemotherapy by using
small doses and minimising the chances of developing resistance to any one agent. A
typical example of combination chemotherapy is shown in the lung cancer medication
where cisplatin and etoposide are used in addition to external radiation. Cisplatin acts on
disruption of the cell replication by cross-linking DNA strands, whereas etoposide causes
irreversible damage to the DNA. These two drugs form a good combination in treating

small-sized lung cancer as they have cooperative lethal effects on cancer and distinctive
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side effects that make them a potent combination in the treatment of lung cancer
(Sundstrgm et al., 2002).

As with any other drugs, chemotherapy has undesirable secondary effects (side effects)
as it disrupts the normal function of the healthy and cancer cells alike by interfering with
DNA directly (inducing apoptosis), or by targeting the essential proteins which are
necessary for cell division (inhibition replication) (Feng & Chien, 2003). Consequently,
the main concern of utilising chemotherapy drugs is their inability to discriminate
between the healthy and carcinogenic cells, the latter of which have a fast-growing nature.
For the same reason some normal cells such as hair, bone marrow, and intestinal epithelial
cells that grow rapidly, they interact with anticancer drugs, resulting in high toxicity.
Thus, the usual adverse effects of chemotherapy include myelosuppression, nausea and

vomiting, hair loss and reduced fertility.
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1.5  Types of chemotherapy

Numerous types of chemotherapies are used to treat cancers, which can be classified or
grouped into different categories depending on the chemical structures of the
chemotherapy drugs and how they act on cancer cells. These categories are changeable
with the development of new drugs.

In spite of some drugs working with different groups, some classification is useful in
understanding the action mechanisms such as specific and non-specific cell cycle drugs
figure 4 (Nussbaumer et al., 2011; Shapiro & Harper, 1999; Thurston, 2006).
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Figure 4: Classification of chemotherapy drugs base on action mechanisms.

Chemotherapies are classified according to the Anatomical Therapeutic Chemical (ATC)
Classification System criteria (L01) into six major groups (Missailidis, 2008, p. 53):-

1- Platinum coordination complex.

2- Antimicrotubule agents.

3- Antimetabolites.

4-  Antitumour antibiotics.

5- Alkylating agents.

6- Others not included in these five categories.

8
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1.5.1 Platinum drugs

Platinum-based antineoplastic drugs are used in chemotherapy with coordination
complexes utilised widely since the discovery of the antineoplastic activity of cisplatin in
the 1970s to treat different types of cancer, such as epithelial malignancies (Johnstone et
al., 2014). Approximately half of all patients under chemotherapy treatment receive one
of the platinum drugs (Markus et al., 2005). One of the well-known platinum drugs is
cisplatin, which is used extensively in the treatment of lung cancer, cervix, stomach, head-
and-neck, colon, bladder, testes, oesophagus, ovaries, and uterus as a combination system
with first-line chemotherapy.

Moreover, it is used with the other advanced cancers as a second -line treatment of cancers
like kidney, pancreas, liver, prostate, and breast in addition to curing metastatic
melanomas, glioblastomas, and peritoneal or pleural mesotheliomas.

The side effect of high dose treatment with cisplatin is nephrotoxicity and peripheral
neurotoxicity, which is still the main limitation for using cisplatin in high doses. However,
this side effect on kidney function can be significantly reduced by the pre-hydration of
the patients treated with cisplatin and using diuretics (Donzelli et al., 2004).

The antitumour efficiency of cisplatin may be accredited to the reactivity of the chlorine
ligand toward displacement reaction, which leads to DNA crosslinking that is either
interstrand or intrastrand (figure-5) (Boulikas, 2007). This DNA cross-linking inhibits
nuclear functions such as replications and transcriptions, as well as, arresting the
proliferation and growth of tumour cells by a four-step process that starts with cellular
uptake, aquation/activation, DNA bindings, and cellular processing of DNA lesions that
ultimately leads to cell death (Johnstone et al., 2015).
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Figure 5: DNA adduct formation with platinum compounds.

1.5.2 Antimetabolites

Metabolites are chemical compounds required for normal biochemical reactions in cells
such as oxidation (adding oxygen or removing electrons), reduction (adding hydrogen),
transferring (transfer groups like amine, phosphates, carboxyl, etc.). As a result, they have
different functions from which stimulating and inhibiting effects on enzymes, signalling,
structure, defence, catalytic activity as coenzymes, fuel, and interaction with other
organisms (e.g. pigments, odorants, and pheromones).

Antimetabolites, therefore, are chemicals that inhibit the use of metabolites and possess
a similar composition to natural molecules used in nucleic acids synthesis (DNA and
RNA) such as folic acid, pyrimidines, and purines. However, some structural differences
are essential to intervene with normal cell function.

Antimetabolites can be used as drugs in cancer treatment as they can bind to proteins and
interfere with one or more enzymes that are necessary for DNA synthesis and therefore
cell division and growth of the tumour.

Generally, antimetabolites exert their action during the S phase of the cell cycle when
integrated into RNA and DNA, or inhibit enzymes that are necessary for the production
of nucleic acid (Avendano & Menendez, 2015, p. 25). Some of them prevent the synthesis
of triphosphate derivatives, which are critical precursors of DNA synthesis; therefore,

they suppress the process of replication. Other antimetabolites work on changing the
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metabolites that are usually integrated with DNA and RNA. As a result, these drugs are
more effective during the S phase and have a small impact through the Go phase of the
cell cycle. As a result, antimetabolites are most potent against tumours that have a high
growth fraction. Moreover, apart from 5-fluorouracil, antimetabolites have a non-linear
dose response curve which means that no more cell will be killed after a certain
concentration despite increasing the dose amount. However, increasing drug’s time
exposure will increase the potentiality for killing cells (Nargund, 2008).

The main group of antimetabolites, shown in figure-5, which are used in cancer treatment
are; folate analogues or dihydrofolate reductase inhibitors, i.e. methotrexate; purine
analogues, i.e. fludarabine and 6-mercaptopurine;, adenosine analogues, i.e. cladribine;,
pyrimidine analogues or sugar-modified nucleoside analogues, i.e. cytarabine;,

fluorouracil, and substituted urea, i.e. hydroxyurea as shown in figure .
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Figure 6: Structural relationships between several antimetabolites and their respective

analogues.

1.5.3 Antitumour antibiotic drugs

Antitumour antibiotics are drugs used in cancer treatment, unlike the normal antibiotics
that are utilised to cure infections. They exert their function by changing the DNA of the
tumour cells to prevent them from growing and proliferating. One of the most common
types of drug in this family are anthracycline antibiotics, which are derived from the

Streptomyces bacterium Streptomyces_peucetius . The first one brought to the light was
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daunorubicin (known as daunomycin), and then doxorubicin (trade name Adriamycin,
which is a 14-hydroxy derivative of daunomycin) was developed (Di Marco et al., 1964)
and used effectively in the curing of solid tumours such as small cell lung cancer, breast
cancer, bladder cancer, stomach cancer, ovarian carcinoma, liver, and thyroid tumours
(Arcamone, 1985).

In the more than 50 years since the invention of anthracyclines in the 1960s, the
mechanism of action is not yet completely clear, and more than one mechanism has been
suggested to understand the action by which these drugs inhibit cancers.

One of the exceptional mechanisms proposed by (Kiyomiya et al., 2001), is based on the
selective transfer of the anthracyclines to the nuclei of neoplastic and proliferating cells.
Using passive diffusion, anthracyclines enter the cell and bind to the cytoplasmic
proteasomes, for which they have a great affinity. This complex of anthracycline-
proteasome then moves to the nuclei of neoplastic and normal proliferative cells because
proteasomes are located principally in these nuclei, whereas, they are located in the
cytosomes in the non-proliferative cells (Stepinski, 2012), (Amsterdam et al., 1993).
After proteasome-drug complex dissociation, anthracyclines will bind to the DNA
because they have a higher affinity to the DNA. The effects of the anthracyclines is related
to this higher affinity. Proteasome-drug complex not only transports anthracyclines to the
nucleus, but also inhibits the activity of proteasomes, which results in the inhibition of
protein degradation that interacts in cell growth and metabolism, leading to the
stimulation of cell apoptosis.

The first mechanism to describe anthracyclines’ behaviour was the DNA intercalation
mechanism, which suggests that the intercalation of anthracyclines into DNA, results in
the inhibition of macromolecular synthesis (Marco & Arcamone, 1975). Furthermore,
numerous mechanisms explain the effects of anthracyclines such as DNA binding
proteins (Gniazdowski et al., 2005), anthracyclines-p53 interaction (Perego et al., 2001),
free radical generation (Gille & Nohl, 1997), and antiangiogenic mechanism (Al-Husein
etal., 2012).

Like any other chemotherapies, non-differentiated cytotoxicity to proliferating normal
cells leads to undesirable side effects such as nausea, vomiting, and alopecia. The most
serious toxicity of anthracyclines, however, is cardiotoxicity and myelosuppression that

limits the usage of anthracyclines. The cardiotoxicity of anthracyclines might be arise
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from the many factors that occur in the heart such as the inhibition or poisoning of
topoisomerase-11B (or both of them) in cardiomyocytes (Zhang et al., 2012), ryanodine
receptors intervention of the sarcoplasmic reticulum, generation of free radical, and the
accumulation of anthracycline’s metabolic products.

Alternative methodologies to stop the irreversible anthracyclines cardiotoxicity have been
utilised which involve changes in drug administration routes, reducing the total dosage,
liposomes’ capsulation, combined therapy, utilising cardioprotectors, and the preparation

of anthracycline analogues (Cortes-Funes & Coronado, 2007).
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Figure 7 : Structures of some anthracyclines drugs. (Bhattacharya & Mukherjee, 2015)

1.5.4 Alkylating agents

Alkylating agents are one of the earliest kind of antineoplastic chemotherapy drugs that
are used to treat all tumour cells, starting in the early 1940s, and still widely used today.
They are compounds that have the ability to bind an alkyl group covalently to the
biological molecules in a physiological environment of temperature, aqueous media, and
Ph (Avendano & Menendez, 2015, p. 198).
Alkylating agents exert their effect on the double helix structures of the DNA molecules
through binding an alkyl group to some of these DNAs. This effect is attributed to the
ability of the DNA heteroatom to be alkylated, as well as, the sensitivity of all cancer cells
to DNA damage. Consequently, the DNA would not be able to bind together as they
should, which cause damage to the DNA strands and, ultimately, tumour cell death. This

binding is a fundamental mutation for cancer cells to lose their ability to multiply. The
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alkylating agents form covalent linkages by nucleophilic or electrophilic groups such as
the phosphate, sulfhydryl, hydroxyl, carboxyl, amino, and imidazole groups, which allow
them to react with the nucleophilic sites on the DNA and RNA bases or proteins that are
essential for cell metabolism and protein synthesis. However, the nature of the alkylating
agent is determined by the binding site on the duplex DNA,; therapeutically beneficial
drugs always act as carbon electrophiles (Gates, 2009) . Their interaction with resting and
proliferating cells occurs at any phase of the cell cycle. The cytotoxicity, however, will
be higher during the late G1 and S phases as the cell does not have enough time to correct
the damage before DNA synthesis can occur.

Numerous impacts could result on the DNA because of the alkylation of its bases, which
prevents DNA replication and RNA transcription from the targeted DNA molecule. In
addition, this leads to damaging the DNA by a hydrolytic reaction and by the action of
repaired enzymes, inducing mispairing of the nucleotides by modification of the hydrogen
bonding that normally occurs between the bases.

Moreover, mono-alkylation (i.e. attachment at one side) prevents enzymes accessing the
DNA and thus inhibits cell growth. Dialkylating agents can attach either at two sites on
the opposite strand (interstrand crosslinking) or on the same strand (intrastrand
crosslinking also known as limpet attachment)). The interstrand DNA crosslinking that
occurs at the N7 position of guanine on the opposite strands, which is caused by
compounds like bischloroethylnitrosourea (BCNU, carmustine), melphalan and
chlorouracil, prevents cell division because it prevents the separation of strands (Noll et
al., 2006) as illustrated in figure-8. Intrastrand crosslinking is much less common and can
be caused by cisplatin, as well as it being considerably less cytotoxic than their
dialkylating counterparts, as there is a direct correlation between the degree of interstrand
crosslinking and cytotoxicity (Zwelling et al., 1979).

The ability of alkylating agents to attack cancer cells in all phases of the cell cycle
makes them favourable for use in a wide range of cancers, especially those with slow
growth cancers like solid tumours and leukaemia. However, they are also utilized to
cure cancers of lung, breast, lymphoma, sarcoma, ovarian, myelomas, and Hodgkin’s

disease.
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Figure 8: Different types of cross-linking produced on DNA by bis-alkylating agents (Cox
et al., 2015, p. 426).

At present, there are several classes of alkylating agents with different classifications;
however, they all work by the same chemical mechanism (Colvin, 2003) by which the
electrophilic alkyl group becomes attached with cellular nucleophilic sites by a covalent
bond. Kinetically, this reaction divides alkylating agents into two categories: alkylating
agents which react with the biological molecules directly through the SN1 mechanism,
and those forming an active intermediate that reacts with the biological molecule through
the SN2 mechanism. While busulfan is considered as an SN2 mechanism agent, nitrogen
mustards and nitrosoureas are a good example of the SN1 mechanism. Major classes of

clinically useful alkylating agents are classified into:

a- Alkylsulfonates

This class (alkyl alkane sulfonate busulfan) is considered as the earliest alkylating
agents that clearly exert their action through the SN2 mechanism and exhibit electrophilic
selectivity towards thiol groups. Busulfan is prescribed in the treatment of chronic
myelogenous leukaemia as it has a greater effect on myeloid cells than the lymphoid cell
(Blackburn et al., 1956) . Hepsulfam is a sulfamate analogue of Busulfan which had a

broad spectrum of cytotoxic activity in preclinical studies.
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b- Nitrogen mustards

This group is the most frequently used among the alkylating agents and only five agents
are currently used today from thousands of nitrogen mustards that have been evolved and
trialled clinically: -
nitrogen mustard (mechlorethamine), cyclophosphamide, ifosfamide, melphalan, and
chlorambucil, which have a common characteristic feature of a bischloroethyl group that
is used in alkylation attack.
The first step in the alkylation process is an intramolecular displacement of the chloride
ion by the nitrogen atom. The chloride ion acts as a good leaving group, to form a highly
reactive cyclic electrophilic aziridinium ion that is attacked by nucleophilic moieties in
DNA to form the first product of alkylation. The remaining chloroethyl group to achieve
the bifunctional crosslinking will form a second aziridinium ion.

The ability of nitrogen mustards to cross-link the double strands of DNA makes them
beneficial drugs in the treatment of lymphoma, leukaemia, multiple myeloma, and
ovarian carcinoma. This double cross-linking leads to the inhibition of DNA’s replication
and transcription, and eventually, if these DNA lesions are not repaired, will lead to cell

cycle arrest, apoptosis, and the inhibition of tumour growth (Balcome et al., 2004).

c- Aziridines and Epoxides

This group of alkylating agents are analogues of nitrogen mustards and have the same
mechanism of alkylation by the aziridinium intermediates, but the aziridinium ring is
uncharged and chemically less potent than those in nitrogen mustards. However, they
have equivalent therapeutic properties. Currently, aziridines are represented by thiotepa,
mitomycin C, and diaziquone (AZQ).

Epoxides are chemically related to aziridines and alkylated DNAs through the same
mechanism and they are represented by dibromodulcitol and dianhydrogalactitol. The

former is a prodrug to an epoxide as it is hydrolysed to dianhdrogalactitol.

d- Triazine, hydrazine, and related compounds

Nitrogen containing compounds like triazines and hydrazines are pro-drugs that
decompose or metabolize spontaneously to produce alkyl diazonium intermediates, which

have the ability to alkylate DNA. Methyldiazonium does not have sufficient time to reach
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its target for alkylation as its half-life is very short at approximately 0.4 sec. In aqueous
solution, therefore, these drugs undergoes spontaneous activation by which metabolic
oxidative demethylation occurs by way of N-methyl oxidation utilizing a microsomal

P450 enzyme, as illustrated in Figure 9 (Avendano & Menéndez, 2015; Skibba et al.,

1970).
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Figure 9: DNA methylation by dacarbazine and formation of methyl diazonium.

The most well-known triazine drugs are dacarbazine which is known commercially as
DTIC-Dome and temozolomide that is sold commercially as Temodar (TMZ). DTIC is
employed to cure neuroblastoma, metastatic malignant melanoma, rhabdomyosarcoma,
soft tissue sarcomas, Hodgkin’s disease, fibrosarcoma, islet cell carcinoma, and
medullary thyroid carcinoma. As TMZ has a favourable toxicity and pharmacokinetics,
it is utilised in the treatment of specific types of brain tumours- anaplastic astrocytoma
and glioblastoma multiform (GBM) - as well as being used as a combination

chemotherapy with other classes of anticancer drugs to improve the response rate.

1.5.5 Antimicrotubule agents
Microtubules are rigid hollow cylinders approximately 25 nm in diameter, which consist

of a-tubulin and B-tubulin heterodimers. These o/p-tubulin dimers polymerise in a linear
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fashion to construct a mono microtubule, which expands by the addition of more dimers.
Tubulin acts as a building block for microtubules (a highly dynamic structure) that
undergoes polymerisation and depolymerisation within the cell, where both are very
sensitive to external factors.

Microtubules are polar structures as they have two characteristic ends: - a plus (+) and a
minus (-). Both a-and B-tubulin bind to GTP that acts as a polymerisation regulator, before
binding to the (+) end of the microtubule. However, GTP linked with the B -tubulin is
hydrolysed to GDP shortly after polymerisation because of a reduction of its binding
affinity for the adjacent molecules, and therefore, separates rapidly from the ends of the
microtubules. In contrast to the GDP-dimer, the GTP-dimer has a tendency to remain in
microtubules.

If the GTP is hydrolysed rapidly at the (+) end faster than the addition of the new dimers,
the microtubules will alternate between cycles of growth and shrinkage. This behaviour
is known as dynamic instability. Consequently, hydrolysis of GTP is crucial for the
microtubule dynamic instability, as well as, for the polymerisation-depolymerisation
equilibrium.

Microtubules are involved in maintaining cell structures and together with important
components they form the cytoskeleton. They have a pivotal role in cell division,
signalling, vesicle transport, shape, and polarity (Nogales, 2000).

The mitotic spindle is a bipolar apparatus found in eukaryotic cells, created by
microtubules, that functions to accurately and precisely segregate the replicated
chromosomes into two daughter cells during cell division, as well as to transfer the
chromosomes from the mother cells to the daughter cells (Stanton et al., 2011) .

Because of their pivotal role in the mitotic process, microtubules serve as a target for
antitumour drugs known as microtubule-targeting agents that exert their action by
disrupting the polymerisation-depolymerisation equilibrium.

They are classified according to their effect on tubulin polymerisation to microtubule
stabilising (stimulate microtubules polymerisation) or microtubule destabilising agents
(inhibit microtubules polymerisation). The latter is subclassified into those that target
Vinca-binding sites and those that interact with colchicine-binding sites. Most of these
drugs are natural products from plants and marine organisms. Microtubules and tubulin

are considered as the most preferred target identified to date for natural cytotoxic
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compounds that have multifarious structures and are able to bind effectively to identical
sites on microtubules (Giannakakou et al., 2000) .

The common mechanism by which these drugs work is suppressing microtubule
dynamics by binding to the various sites on tubulin and at diverse positions on the
microtubules, whereby mitosis is blocked at the metaphase/ anaphase transition and
stimulates cell death (Kavallaris et al., 2001).

Microtubule-targeting agents (MTAS) bind to tubulin through several sites such as the

lulimalide, taxane/epothilone, vinca alkaloid, and colchicine sites.

1.6  Colchicine Binding Sites

The colchicine site is named from the tropolone alkaloid colchicine that was isolated
from the poisonous meadow saffron Colchicum autumnale L by the French chemists
Pelletier and Caventou for the first time in 1820. This plant is widely used in traditional
medicine for curing acute gout and stopping severe attacks of familial Mediterranean
fever. Colchicine (21), figure 10, was the first compound to be characterized as a
tubulin binder in the sixties by Weissenberg (Nunez et al., 1979) . However, minor
improvement was made in the research regarding the structural relationship protein and
ligand until the position of sites was finally confirmed by means of x-ray
crystallography (Ravelli et al., 2004) .

21

Figure 10: Colchicine structure with labelled rings.

Colchicine and its analogues block cell division by disrupting the microtubule by
depolymerising microtubules at the higher doses and stabilize microtubules dynamics at
low concentration. Firstly, it connects to soluble tubulin to form the colchicine-tubulin
complex (CTC) that copolymerises with the normal tubulin to end up with microtubules

formation. However, this CTC prevents further polymerisation of the microtubule by
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suppressing their dynamics, the conjugated tubulin binding to free tubulin is supressed
(Yan Lu et al., 2012).

The structure of colchicine consists of three rings, (figure 10): the methoxy ring (ring A),
which is a trimethoxy benzene ring, the tropone ring (ring C), which is a methoxy tropone
ring, and the third one a seven-membered ring (ring B) with an acetamido group situated
at its C-7 position. The structure-activity-relationships (SAR) studies for the CTC showed
that the binding with tubulin requires the methoxy group in C1, C2, C10 and 9- keto
group, whereas the 7-acetamido is not necessary for the binding with tubulin and could
be replaced with any other group, however, it's thought that it affects the conformation of
the colchicine analogues. The trimethoxyphenyl group ring (A) is not only necessary for
the stabilizing of the CTC, but also significant for antitubulin activity in association with
ring C. Ring B appears to be responsible for the irreversible nature of colchicine binding
to tubulin, however, its expansion leads to reduced activity (Chen et al., 2009).

The colchicine-binding site is situated in a far down pocket between the tubulin
heterodimer; however, it is mostly buried in the B-subunit. An X-ray structure study
showed that the binding affinity of the inhibitors is improved by considerable
conformational modifications to allow the inhibitors to access the site, because of the
hindered location of the binding sites (Y. Lu et al., 2012).

Owing to the great efficiency of colchicine binding site inhibitors (CBSIs) to inhibit
mitosis, cancer cells are more susceptible to colchicine poisoning than normal cells, as
they proliferate in significantly increased rates. Moreover, CBSIs have an advantage over
other microtubules targeting agents through their action on the tumour vasculature that
inhibits angiogenesis, through which fresh blood vessels can be built from pre-existing
microvesseles (angiogenesis inhibitors) or damage the current tumour vasculature
(vascular disrupting agents, (VDA)). Another advantage of these compounds is that most
of them have no multidrug resistance (MDR) issues.

However, the low therapeutic index and toxicity, such as gastrointestinal upset, bone
marrow damage, neutropenia, and anaemia, limits the pharmaceutical utility of colchicine
against the disease of cancer. The major limitation of using CBSIs clinically is the over-
expression of the MDR1 gene that encrypt the P-glycoprotein (Pgp) drug efflux pump.
Consequently, over-expression of Pgp deceases intracellular concentration of the drugs,

thereby mitigating the drug cytotoxicity.
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Similar to colchicine, podophyllotoxin, steganacin, and combretastatins share the same
binding site on tubulin (colchicine binding site), (figure 11). However, combretastatins
(CAs) surpass the other compounds in activity. The combretastatin family is one of the
most studied groups of antimitotic agents, which consists of several closely related
stilbenes, phenanthrene and biphenyl derivatives isolated from the African willow tree
Combretum caffrum. The most effective among them is combretastatin A-4 (25) (figure

11) due to its rapid binding to tubulin at the colchicine site.

Combretastatins
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Figure 11: The structure of some known colchicine binding site inhibitors. (Sanghai et al.,
2014).

1.7  Combretastatin A-4 (CA-4)

Combretastatin A-4 (25) is a natural stilbenoid phenol that is extracted from the African
willow tree Combretum Caffrum. It is a well-known drug that the people of Xhosa in
South Africa have used it for decades as a remedy for different health issues such as
heart disease, worm treatment, wound dressings and scorpion sting. It is considered one
of the most powerful inhibitors of tubulin polymerisation with exceptional tubulin
inhibition in a low concentration (ICso~ 2-3 uM) (Ahmed et al., 2003).

Combretastatin A- 4 has similarities with colchicine as both bear a trimethoxy benzene
ring, however, the tropone ring in colchicine can be considered as related to the
isovanillin ring in CA-4.

The structure-activity relationship (SAR) researches demonstrated that the trimethoxy
phenyl group on ring (A) and para-methoxy group on ring (B) are crucial for its
cytotoxic activity (Furstner & Nikolakis, 1996) .
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However, the cis-double bond in CA-4 is associated with stability problem because of its
susceptibility to undergo cis-trans isomerisation by the effect of heat, light, and protic
media (Tron et al., 2006). As a result, the double bond may be considered as a source of
weakness in terms of metabolic stability (Greene et al., 2010; Nathwani et al., 2013) .
Another fact that can be concluded from SAR publication on substituted stilbenes is the
difficulty of making modifications in the substitution pattern of the two aromatic rings as
both of them directly interact with tubulin (Gaukroger et al., 2003). For this reason, many
researchers have attempt to change this double bond with a more stable moiety that
capable of maintain the correct structure of two adjacent rings of stilbene.

Indeed, in the search for more active and lower toxicity drugs that have additional
functionalities such as dual-action drugs it is better to think that the double-bond group is
replaced with a ring. Several combretastatin analogues have been synthesised in which
the double bond was replaced with five-member heterocyclic such as thiophene, thiazole,
dioxolane, oxadiazole, pyrazole, and tetrazole or small alkyl group, where some of these
agents proved effective to inhibit the assembly of tubulin (Ohsumi et al., 1998b), (Ohsumi
etal., 1998a).

In comparison with CA-4, some of the thiophene (34, 35) (Flynn et al., 2001) and triazole
(41) derivatives (figure-12) showed potent antimitotic activity and reduced cytotoxicity.
The thiazole (37) (Ohsumi et al., 1998a) and tetrazole (39) (Romagnoli et al., 2012) both
exhibited potent antimitotic activity and strong antitumour activity in vivo. Of the oxygen
heterocycles the S, S-diastereo isomer of the dioxolane (dioxostatin) showed very
effective ability to inhibit the assembly of tubulin (Pettit et al., 2000).

Furthermore, several analogues have been tested, each of them with a similar two-ring
structure bonded by a two-carbon alkene unit, the A ring in most analogues display the
3,4,5-trimethoxy unit. Whereas, changing the substituents on ring-B has been shown to
improve the anti-tumour activity (Ohsumi et al., 1998a). The double bond substituted
nitrile combretastatin (31) (with substitution on the side of the olefinic bond distal to the
trimethoxy ring) shows potent antitubulin activity (Ohsumi et al., 1998b). Moreover, a
smaller group attached to the side of the olefinic bond proximal to the trimethoxylated
ring has also provided compounds with strong cytotoxic properties. These include cyano
and formyl groups in (32, 33) (Nam, 2003)(figure-12).
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However, other small groups such as COOH, CONHz, do not show antimitotic properties
(Borrel et al., 2005). The most interesting substituents of the combretastatin double bond
are the methyl (29) and ethyl (30) substituted agents which are more effective at inhibiting
the assembly of tubulin than CA-4. However, they are considerably less cytotoxic to
human leukaemia K562 cells at ( 40- and 120-fold respectively) (Hadfield et al., 2005).
1,5-Diaryl and 4,5-diaryl- 1,2,3-triazole derivatives of combretastatin A-4 analogues have
been synthesised. 1,5- (N-C geometry) (40) and 4,5-(C-C geometry) (41) were evaluated
as being antimitotic microtubule destabilising agents (Demchuk et al., 2014), where the
latter analogues were found to be significantly more active than the 1,5-(N-C geometry)

analogues.

R231:R1:H;R2:CN;R3:NH2

_O

32: R,=CN;R,=R;=H
33: R;=CHO;R,=Rs=H

O

29 R1=Me , 30 R1=Et
Alkyl analogues of CA-4 O

OCH,
OCH,

Figure 12: Structure of some synthesized combretastatin analogues.

The ethenyl group of CA-4 was not only replaced by various 5-membered heterocyclic
rings, but further modified with a 4 member-ring of B-lactam(Nathwani et al., 2013), and
6-member ring of cyclohexyl and cyclohexene (Nowikow et al., 2019) , phenyl and
pyridine analogues, where the synthesised compound was evaluated for their anti-tubulin,
apoptotic, and cytotoxicity activities. These compounds (36a, 36b) (figure 12) show
potent cytotoxicity in promyelocytic leukaemia HL-60 Cells with (ICso<1uM) and
apoptosis activity in K-562, P-glycol-protein expressing cell line; however they have low
anti-tubulin activity (Simoni et al., 2005). In a recent study, substituted 1,3,5-triazine (42)
(figure 12) have been tested against several human cancer cell lines and showed

encouraging antiproliferative and cytotoxic activity (Narva et al., 2017).
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Moreover, fused hetero-bicyclic compounds have been explored such as benzodiazole
(Vasilevsky et al., 2008), pyrazolo[1,5-a]pyrimidines (Almansa et al., 2001),
benzimidazole (Yang et al., 2005), and 2,3-diaryl-3H-imidazo[4,5-b]pyridine (Marie
Kirwen et al., 2017). However, the latter, synthesised only 8 compounds, among which
only one compound bears a trimethoxy moiety.

Combretastatin A-4 has several drawbacks that limit its use as an efficient anticancer
drug, such as, poor aqueous solubility and bioavailability, short biological half-life,
isomerisation of the olefinic bond, and a few other detrimental adverse side effects.
However, to address the aqueous solubility problem, the combretastatin A-4 sodium
phosphate prodrug ( CA-4P) was developed in the 1990s (Pettit et al., 1995) which is a
water-soluble prodrug of combretastatin A-4 and has an improved bioavailability profile.
However, this soluble prodrug is converted to its natural form CA-4 by in vivo
dephosphorylation reaction.

The most intriguing character of combretastatin A-4P is its ability to selectively
compromise the vascular network in tumours. As some research has shown, microtubule
targeting agents, especially colchicine binding site inhibitors, have the ability to induce
irreversible vascular shutdown within solid tumours while leaving normal vasculature
intact. CA-4P can cause rapid, selective, and extensive vascular damage that leads to
haemorrhagic necrosis within 1hr of treatment and considerable tumour growth delay
(Dark et al., 1997) .

The findings from the literatures above, it has become a prompting motive to explore a
new heterocyclic linker replacing the unstable olefin of combretastatin A-4 25 with
imidazo[4,5,b] pyridine derivatives 43a, 43b and substituted 5,6-diaryl-1,2,4-triazine-
3(h)-one 59a, 59b (figure-13).
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59a
substituted 5,6-diaryl-1,2,4-triazine-3(4H)-one Combretastatin A-4

substituted imidazo[4,5,b]pyridines OH
E7010

Figure 13: General structures for combretastatin A-4 and designed analogues.

Imidazopyridines are important organic scaffolds that cover a wide range of biologically
active compounds such as antiviral, anticancer, antihypertensive, antiparasitic, and
antihypertensive agents (Dyminska, 2015). They have also been used as agonists for
GABAA receptors (Langer & Arbilla, 1988), RAF inhibitors (Newhouse et al., 2013),
aromatase inhibitors (Dowsett et al., 1994), and many other biological activities. They
are found in different isomeric cores such imidazo[1,5-a]pyridines, imidazo[1,2-
a]pyridines, imidazo[4,5-c]pyridines, and imidazo[4,5-b]pyridines. The most popular
examples for the first two isomers are zolimidine (Parisio & Clementi, 1976) and
miroprofen drugs (Mikashima & Goto, 1982).

Imidazo[4,5-b]pyridines have been closely examined as anticancer agents due to their
effect on aurora kinases A and B, a phosphotransferase enzymes essential for
chromosomes separation during the cellular division (Bavetsias et al., 2007; Lan et al.,
2011). Similar to combretastatin A-4, imidazo[4,5-b]pyridines also possess anti-
angiogenic influence on tumour vascular because of their inhibition effect on Januse
Kinase 1(JAK-1), a group of protein kinases that are involved in angiogenesis process
(Vasbinder et al., 2016).
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1.8 E7010
N-(2-((4-hydroxyphenyl)amino)pyridin-3-yl)-4-methoxybenzenesulfonamide 50 (figure
13) is a synthetic antimicrotubule that has gained an increasing interest since its discovery
by (Koyanagi et al., 1994). This anticancer sulphonamide administrated orally for more
than one week as capsules provided in a daily dose of 25-100 pg/Kg and revealed high
potency against 26 human cancer diseases (Yoshimatsu et al., 1997) such as M5076
fibrosarcoma, P388 Leukaemia, Lewis lung carcinoma, colon 38 carcinoma, and human
heterographt carcinoma, and many other cancer disease. Literatures have explored a wide
range of analogues with different organic scaffold with the aim to enhance its
pharmacological activity. These include (figure-14), arylsulfonyl indole-benzamide 44
(Lai et al., 2019), quinazolines 47, 48 (Li et al., 2019), pyrimidino[2,1-b]quinazolin-6-on
45, and imidazo[2,1-b]quinazolin-5-one 46 (Segaoula et al., 2016), and
styrylbenzenesulfonamides 49 (Mahesh et al., 2017).

0
Q i N
Ho X A
HN_ _O )\/B N7 N
NN
46
44 45
6]
0% C
O\

\SQO OH

OCH,4
Ve O .
C
O )
MeO /©/
\
NH R2 ONe X
N \\
OCH;

49

Figure 14: Structure of some E7010 analogues.

This study exploring the synthesis of E7010 analogues (figure-15) that have
combretastatin A-4 pharmacophores of trimethoxy moiety aiming to enhance its
biological activity.
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R
OMe R,
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| O, N/ NH OMe
52
N NH o
51 OMe
25
MeO OMe
R2 OMe
Ry Combretastatin A-4

pyridylphenyl sulfonamide derivatives

Figure 15: General structure of substituted pyridyl-phenyl sulphonamide as E7010

analogues and CA-4.

1.9

Aims of the project

The aim of this project is to develop Microtubule Targeting Agents (MTAS), which

selectively damage rapidly proliferating endothelial cells by interaction with tubulin.

These agents are heterocyclic compounds bearing a trimethoxy moiety which is an

important motif for antimitotic behaviour and expected to increase the stability of a

tubulin-drug linkage, and also work in a similar mechanism to combretastatin A-4 (25).

1.10
1-

Objectives

To modify the known antimitotic agent E7010 (50) (figure 13) with a trimethoxy
moiety (structures 51, 52, figure15) by the reaction of substituted 2,3-diamino
pyridines with substituted benzene sulphonyl chlorides.

To synthesise substituted imidazo[4,5, b]pyridines (structure 43, figure 13) as
combretastatin A-4 (25) analogues.

To synthesise 5,6-diaryl-1,2,4-triazine-3(4H)-one derivatives (structure 59a, 59b
figure 13).

To evaluate the cytotoxic activity of the synthesised compounds by the MTT
assay.

To determine the mechanism of action for the most potent analogues through

flow cytometric analysis (FACS).
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2 Synthesis of substituted 5,6-diaryl-1,2,4-triazine-3(4H)-one
analogues.

2.1 Material and methods.

General:

The chemical lab work has been carried out at Salford university laboratories, and the
products were characterized and identified by melting point, FT-IR, NMR, and mass
spectrometry. Other chemicals and anhydrous solvents were obtained from Across
Organic, Fisher, and Fluorochem. Anhydrous THF were obtained freshly through
distilling commercial THF with benzophenone and sodium metal under an inert
atmosphere.

Chromatography:

TLC (thin layer chromatography) was used to follow chemical reactions and
determination of SiO2 mixtures for column chromatography. A precoated, with
fluorescent indicator F254, silica gel was used to carry out the TLCs, supported on
aluminum plates (200um, 60A). The desired products were spotted and visualized by
using UV254. The eluent mixtures were given as volumetric ratio of two solvents (v/v),
and Ry values were recorded to the closest 0.01 decimal fractions. However, silica gel
powder of 60Apore size distribution and 40-63 pm was utilized for flash chromatography.
NMR SPECTRA
'H- and **C- NMR

A Bruker AC-400 instrument was used to obtain *H-NMR spectra at 400MHz in
deuterated solvents, CDCls was used as a solvent (unless stated otherwise). *C- NMR
spectra were measured using 100 MHz.

Chemical shifts (6H) values are presented in parts per million (ppm) with reference to
tetramethyl silane (TMS), which is considered as the standard reference to be at (0) ppm.
J- coupling values (coupling constant) are measured in frequency unit (Hertz, Hz), and
recorded to 2 decimal points. Topspin software was used to analyse NMR spectra in
according to the literature database (Pretsch, 2000; Silverstein et al., 2014)
FT-IR

Bruker vector 22 instrument was used to measure FT-infrared spectra and

transmittance peaks were recorded as wavenumbers in cm™ unit.
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Melting point
Gallenkamp apparatus was used to measure melting points for all synthesised
compounds.
Mass spectrometry:
HRMS (high resolution mass spectrometry) was measured at:
1- EPSRC UK National Mass Spectrometry Facility (NMSF) at Swansea University.
2- Department of chemistry at MMU and Cambridge University.

HPLC:

An Agilent 1100 series instrument was used to separates triazine isomers.

Plate reader for MTT assay:

A Multiskan Ascent 354 microplate photometer was used to obtain the optical density of

formazan at 570 nm.
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2.2 Introduction:

Cancer research is a scientific field that has strategic priority for researchers, and
especially chemists, to develop and design new compounds that have anti-tumour
activity to overcome the disease of cancer.

Consequently, this project outlines the possibility of synthesizing new heterocyclic
compounds of substituted 5,6-diaryl-1,2,4-triazine-3(4H)-one, pyridyl-phenyl
sulfonamide and imidazopyridine derivatives as analogues of combretastatin A-4 and
E7010. Synthesis was carried out through catalytic multistep reactions which involve

preparation of intermediates to reach the final product.
OMe R,

OMe R,
Y g
HN™ = OMe N2N| MeO N
O)\N/ A OMe O
0 E MeO
59b
Ry OH

OMe OMe

59a 25
Ry OMe OMe

substituted 5,6-diaryl-1,2,4-triazine-3(4H)-one Combretastatin A-4

Figure 16: General structures of combretastatin A-4 and substituted 5,6-diaryl-1,2,4-
triazine-3(4H)-one.

The aim is to replace the cis-double bond bridge of combretastatin-A4, which is
considered metabolically unstable (Nathwani et al., 2013; Tarade et al., 2017), with a
rigid six-member heterocyclic ring such as 1,2,4-triazine. The target analogue, 5,6-diaryl-
1,2,4-triazine-3(2H)-one, has been synthesised using three chemical reactions, starting
from the synthesis of substituted diarylalkynes by palladium-catalyzed cross-coupling
reaction. The diarylalkynes were oxidized by DMSO as a source of oxygen and Pd as
catalyst to produce substituted aromatic diketone derivatives. These ethane-dione (benzil)
derivatives, which are considered as combretastatin A-4 analogues (Mousset et al., 2008),
were reacted with semicarbazide hydrochloride, to produce the required compounds as

shown in scheme-1.
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OH
Br OH ‘ ’
. \1/ Pd(PPh;), ,DBU
55
MeO OMe I ’ THF, 80°C
53 OMe OH 54 MeO OMe
‘ ‘ OMe
Toluene,reflux MeO OMe
MeO OMe OMe
OMe
OMe Br OMe Ry
ol ym O o= (o
TBAF, PPhy
OMe 56 I R, OMe 57
1

Pd(acn),Cl, 10%mol,
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Ry
HCT NH, o O 58

+
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N
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Scheme 1: Synthesis of Substituted 5,6-diaryl-1,2,4-triazine derivatives as combretastatin

A-4 analogues.
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2.3 General procedures and chemical experiments.
2-Methyl-4-(3,4,5-trimethoxyphenyl)but-3-yn-2-ol (55)

Br | | on
PA[(CHs);P
+ /L\ [(CeHs)3P14 - MeO =
MeO OMe on 1,8-diazabicyclounde-7-ene s
MeO 53

MeO
OMe

To a stirred solution of 5-bromo-1,2,3-trimethoxybenzene (0.5 g, 2 mmol., 1 eq.)in
anhydrous THF (10 cm?®) was added tetrakis(triphenylphosphine) palladium (0) (34 mg,
6 mol %, 0.06 eq.), 1,8-diazabicyclounde-7-ene (0.89 cm? 6 mmol., 3eq.), and 2-
methylbut-3-yn-2-ol (0.24 cm?, 2.4 mmol., 1.4 eq.). The mixture was stirred at 80°C and
monitored by TLC (hexane: ethyl acetate 6:4, Rr = 0.4). After the consumption of all
starting material, the mixture was cooled to the room temperature, diluted with water (20
cm?®) and extracted with ethyl acetate (3x20 cm?®). The organic layer was washed with
water and brine, dried over MgSOa, and concentrated in vacuum. The crude product was
purified by silica gel chromatography (SiO2: hexane: ethyl acetate 7:3, R = 0.29). The
above titled compound 55 was obtained as pale yellow solid (0.477 g, 1.90 mmol., 94%).
MP =74-75°C. HRMS (ESI): calculated for C14H1904 (M+H) = 251.1283, found (M+H)
=251.1278, AMs=0.5ppm.
'H NMR: & (ppm)=1.60 [6 H, s, 2 X (CH3)], 2.0 [1 H, s, OH], 3.85[3 H, s, (OCH3)], 3.90
[6 H, s, 2x(OCH3)], 6.60 [2 H, s, Ar-H].
13C NMR: & (ppm)=31.50 [2 x (CHBa)], 56.11[2 x (OCHzs)], 60.93[(OCHz3)], 65.58
[CHOH], 82.07 [C=C], 92.87 [C=C-OH], 108.85 [C-H, Ar-C-H ortho to methoxy],
117.75 [Ar-C- C=C], 138,72 [C-O, Ar-C-OCHjs], 152.98 [C-O, 2 x Ar-C-OCHjs].
FT-IR : Vmax (cm™): 3514 (OH str.), 2981 (C-H str., aromatic), 2840 (C-H, Str.,
Aliphatic), 2220 (C=C), 1507,1454 (C=C Str., aromatic), 1125 (C-O-CHs, Asy. Str.).
5-Ethynyl-1,2,3-trimethoxybenzene (56)
OH
MeO Z KOH, K;PO, MCO:@/
»
MeO Toluene MeO

OMe 56 OMe
55

To a vigorously stirred solution of 2-methyl-4-(3,4,5-trimethoxyphenyl)but-3-yn-2-ol (1
g, 4 mmol.) in boiling anhydrous toluene (40 cm®) under an argon atmosphere, was added
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potassium hydroxide (0.224 g, 12 mmol., 3 eq.), and potassium phosphate (0.838 g, 12
mmol, 3 eq.) The reaction mixture was monitored by TLC until the complete conversion
of the starting material (4-6 hour). The mixture was cooled to room temperature, filtered
through a plug of Celite, and washed several times with toluene. The required product
was obtained after evaporation of the solvent as a yellow thick oily liquid that solidified
later to a brown solid. Further purification by column chromatography was necessary to
obtain pure yellow crystalline solid, (SiO2: hexane: ethyl acetate 8:2, R = 0.18), (0.636
g, 3.308 mmol., 83%, Mp = 73-74 °C, lit. Mp = 68-69 °C).

'H NMR: § (ppm)=3.05 (1H, s, C=CH), 3.85 [9 H, s, 3 X (OCH3)], 6.75 [2H, s, ArH].
13C NMR: §(ppm) = 56.15 [2 x (OCHs)], 60.96 [(OCHs3)], 76.23 [ C=CH terminal
alkyne], 83.70 [(Ar-C=C)], 109.33 [C-H, Ar-CH ortho to methoxy], 117.03[Ar-C- C=C,
139.29 [C-O, Ar-C-OCHg], 153.06 [C-O, 2 x Ar-C-OCHgs].

FT-IR: Vmax (cm™): 3243 (C-H str., alkyne), 2989 (C-H, Str., aromatic), 2939 (C-H, str.,
aliphatic), 2027 (C=C str.), 1562 (C=C, Str., aromatic), 1125 (C-O-CHs, asy. str.).

Spectral data in accordance with the literature (Lawrence et al., 1999).

2.3.1 Synthesis of substituted diarylalkyne through the Sonogashira reaction. (Liang
et al., 2006):

To astirred solution of aryl halide (2 mmol., 1 eq.), in dry THF (10 cm®) was added 3,4,5-
trimethoxyphenylethyne (56) (0.46 g, 2.4 mmol., 1.2 eq.), PPhs (47 mg, 0.180 mmol.,
0.09 eq.), Pd(PPhs)2Cl2 (84 mg, 0.120 mmol., 0.06 eq.), and tetrabutylammoniumfloride
trihydrate (1.893 g, 6 mmol., 3 eq.). The mixture was heated at 80°C until the complete
conversion of the starting material, cooled to room temperature, diluted with water (20
cm?®) and extracted with ethyl acetate (3x20 cm?®). The organic layer was washed with
water, brine, dried over MgSOa, and concentrated in vacuum. The residue was purified
by flash column chromatography on silica gel.

Following the above procedure diarlalkynes (60-74) were synthesised.

2-Methoxy-5-(3,4,5-trimethoxyphenyl)ethynyl)benzaldehyde (60)

Br

OMe
MeO // PR
N e
MeO CHO
* OHC 60 OMe

TBAF.3H,0
OMe OMe
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The above titled diarylalkyne was synthesised from 5-bromo-2-methoxybenzaldehyde
(0.43 g, 2 mmol., 1leq.). and obtained as pale-yellow solid (0.501 g, 1.54 mmol., 77%, MP
= 144-145 °C), after purification by flash column chromatography (SiO2: Hexane: ethyl
acetate, 7:3, Rr= 0.42). HRMS (ESI) calculated for C19H190s5(M+H)* = 327.1227, found
for (M+H) = 327.1228, AMs=0.1ppm.

'H NMR: & (ppm)=3.89[3H, s, (OCH?3)], 3.90 [6 H, 5, 2 X (OCH?3)], 3.98[3 H, s, (OCHB3)],
6.77 [2 H, s, Ar-H trimethoxy ring], 7.00 [1H, d, J = 8.68 Hz, Ar-H meta to carbonyl
group], 7.70 [1 H, dd, J = 2.16 Hz, 8.64 Hz, Ar-H para to carbonyl group], 8.00 [1 H, d,
J =2.16 Hz, Ar-H ortho to carbonyl group], 10.46 [1 H, s, CHO].

13C NMR : & (ppm)= 55.89 [(OCH?3)], 56.16 [2 x (OCH3)], 60.99 [(OCH?a)], 87.09 [Ar-
C=()], 89.12 [Ar-C=(C)], 108.72 [C-H, Ar-CH ortho to methoxy (trimethoxy ring)],
111.93 [C-H, Ar-CH meta to carbonyl group], 115.89 [C-C, Ar-C-C=(C], 118.08 [C-C,
Ar-C-C=(], 124.78 [C-C, Ar-C-CHO], 131.97 [C-H, Ar-CH ortho to carbonyl group],
138.54 [C-H, Ar-CH para to carbonyl group], 138.88 [C-O, Ar-C-OCHs], 153.12 [C-O,
2 X Ar-C-OCHjs], 161.40 [C-O, Ar-C-OCHzs], 188.94 [CHO].

FT-IR: Vmax (cm™): 3010, 2975 (C-H str., aromatic), 2924 (C-H str., aliphatic), 2227
(C=C), 1684 (C=0 str., aldehyde), 1574,1606(C=C str., aromatic), 1122 (C-O-CHs,
asym. str.) .

1,2,3-Trimethoxy-5-(phenylethynyl)benzene (61)

Br ’ ‘
OCHj,
Pd(PPh;),Cl, ,PPh;

H, H;
+ s S e
H;CO OCH,4 ol

TBAF.3H,0
OCH; OCH,

The above diarylalkyne was synthesised from 5-bromo-1,2,3-trimethoxybenzene (0.5 g,
2 mmol.) and phenylacetylene (0.26 cm®, 2.4 mmol, 1.2 eq.), and obtained as brown
crystalline solid (0.441 g, 1.64 mmol.,, 82%), after purification by column
chromatography (SiO2: Hexane: ethyl acetate 9:1, Rf = 0.36), MP = 74-75°C (lit. Mp =
75.5-77°C, (Hadfield & McGown, 1998).

'H NMR: (ppm) = 3.80[3 H, s, (OCHB3)], 3.85[6 H, s, 2 x (OCH3)], 6.80 [2 H, s, Ar-H
ortho to MeQ], 7.35 (3 H, m, Ar-H), 7.55 [2 H, dd, J = 3.90 Hz, 1.90 Hz, Ar-H].
BCNMR : §(ppm) =56.17 [ 2 x (OCH3)], 61.00 [(OCHa)], 88.49 [(C=C)], 89.42 [(C=C)],
108.82 [C-H, Ar-C-H, ortho to methoxy (trimethoxy ring)], 118.28 [C-C, Ar-C-C=(],
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123.16 [C-C, Ar-C-C=C], 128.28 [C-H, Ar-CH1], 128.38 [2 x C-H, Ar-C-H2], 131.56 [2
x C-H, Ar-C-H3], 138.86 [C-O, Ar-C-OCHjs], 153.11 [C-O, 2 x Ar-C-OCHs].
FT-IR : Vmax (cm™): 2973 (C-H, str., aromatic), 2837 (C-H, str., aliphatic), 1502, 1453
(C=C, str., aromatic), 1125 (C-O-CHgs, asy. Str.).
Spectral and physical data in accordance with literature (Hadfield & McGown, 1998).
2-Methoxy-5-((3,4,5-trimethoxyphenyl)ethynyl)benzonitrile (62)

OCH,

_ Br
H;CO Z
j;j/ Pd(PPh;),Cl,, PPh; - H3COOCH3
+
FC0 CN TBAF.3H,0 NC 62 OCH,
OCH; ‘

OCH,
Using 5-bromo-2-methoxybenzonitrile (0.5 g, 2 mmol.) the above diarylalkyne (62) was
obtained as yellow solid (0.629 g, 1.94 mmol., 97%), after purification by column
chromatography (Hexane: ethyl acetate 7:3, Rf = 0.36) MP 133-135 C. HRMS (ESI):
calculated for C1gH1sNO4 (M+H) = 324.1235, found (M+H)=324.1231, AMs= 0.4ppm.
'H NMR :6 (ppm)=3.8[3 H, s, (OCHS3)], 3.85 [6 H, s, 2 X (OCHS3)], 3.98 (3 H, s, CH30),
6.77 [2 H, s, Ar-H, trimethoxy ring], 6.97 (1H, d, J = 8.95 Hz, Ar-H meta to CN group),
7.69 [1H, dd, J=1.77 Hz, 8.95 Hz, Ar-H para to CN group], 7.74 (1H, d, J = 1.77Hz, Ar-
H ortho to CN group).

13C NMR: & (ppm) = 56.18 [2 x (OCHz)], 56.29 [(OCHs)], 61.00 [(OCHs3)], 88.49
[(C=C)], 89.42 [(C=C)], 102.37 [C=N], 108.76 [C-H, Ar-CH ortho to methoxy
(trimethoxy ring)], 111.56 [C-H, Ar-CH meta to CN group], 115.60 [C-C, Ar-C-C=N],
116.26 [C-C, Ar-C- C=(C], 117.63 [C-C, Ar-C-C=(], 136.65 [C-H, Ar-CH ortho to CN
group], 139.09 [C-H, Ar-CH para to CN group], 139.09 [C-O, Ar-C-OCHgs], 153.36 [C-
O, 2 x Ar-C-OCHs], 160.74 [C-O, Ar-C-OCHjs].

FT-IR: Vmax (cm™): 3052, 2997 (C-H str., aromatic), 2940 (C-H str., aliphatic), 2226
(C=N), 1570 (C=C str., aromatic), 1122 (C-OCHs asy.str.) .

2-Methoxy-5-((3,4,5-trimethoxyphenyl)ethynyl)aniline (63)

OCH;4

P Br
H,CO Z
Pd(PPhy),Cl, ,PPhy H,CO O _ O OCH,
i > 63
H;CO NH,  TBAF.3H,0 H,N OCH,

OCH, ocH,
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Using 5-bromo-2-methoxyaniline (0.404 g, 2 mmol.) the above diarlyalkyne (63) was
obtained as brownish yellow crystalline solid (0.358 g, 1.14 mmol., 57%), TLC (hexane:
ethyl acetate 6:4, Rr= 0.46), chromatography (SiOz2: hexane: ethyl acetate 8:2) MP = 78-
89 °C (lit. Mp=96.29 °C (Lara-Ochoa & Espinosa-Pérez, 2007) ).

'H NMR: & (ppm) = 3.88[3 H, s, (OCHB3)], 3.87[9 H, s, 3 X (OCHS3)], 3.7 [2 H, s, NH2],
6.76[3H, (1H, d, J = 8.2 Hz Ar-H meta to amine group), (2 H, s, Ar-H trimethoxy ring],
6.90[1H, d, J = 2.0 Hz, Ar-H ortho to NHz group], 6.95[1H, dd, J = 2.04 Hz, 8.24 Hz, Ar-
H para to NH2 group].

13C NMR : 8(ppm) =55.50[(OCH3)], 56.12 [2 x (OCHa)], 60.98 [(OCHz3)], 87.44
[(C=C)], 88.96 [(C=C)], 108.62 [C-H, Ar-CH ortho to methoxy (trimethoxy ring)],
110.16[C-H, Ar-C-H meta to NH2 group], 115.35 [C-C, Ar-C-C=C], 117.63 [C-H, Ar-
CH ortho to NH2 group], 117.76 [C-C, Ar-C-C=C], 122.62 [C-H, Ar-CH para to NH2
group], 135.90 [C-N, Ar-C-N], 138.47 [C-O, Ar-C-OCHgs], 147.72 [C-O, Ar-C-OCHs,
ortho to NHz], 153.04 [C-0O, 2 x Ar-C-OCHz].

FT-IR: Vmax (cm™): 3483, 3383 (N-H2 Str.), 2933 (C-H str., aromatic), 2837 (C-H str.,
aliphatic), 2199 (C=C str., aromatic), 1606 (N-H bend.), 1505 (C=C str., aromatic), 1126
(C-OCHgs asy. str.).

2-Methyl-5-((3,4,5-trimethoxyphenyl)ethynyl)phenol (64)

_ Br PCH;
Pd(PPh;),Cl, ,PPhs _ ocn
ji;/+ » € — 3
0 OH TBAF.3H,0 HO 64 ocH,
OCH, SH,

Using 5-bromo-2-methylphenol (0.374 g, 2 mmol.) the above diarylalkyne (64) was
obtained as brownish yellow crystalline solid (0.255 g, 0.854 mmol., 43%), purified by
column chromatography (SiOz: hexane: ethyl acetate 8:2, TLC hexane: ethyl acetate 6:4,
Rf = 0.36), MP 124-125 °C. HRMS (ESI) calculated for Ci1sH1904 (M+H) = 299.1283,
found for (M+H) = 299.1279, AMs=0.4 ppm.

'H NMR:§ (ppm) = 2.24 [3H, s, CHzg], 3.85 [3H, s, OCH3], 3.86 [6H, s, 2x(OCHBa)], 4.69
[1H, s, OH], 6.73 [2H, s, Ar-H trimethoxy ring], 6.91[1H, d, J =1.28 Hz, Ar-H ortho to
OH], 7.0 [1H, dd, J =1.31 Hz, 7.74 Hz, Ar-H para to OH], 7.08 [1H, d, J =7.76 Hz, Ar-
H meta to OH].
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13C NMR: & (ppm) = 15.85 [CHa], 56.16 [2 x (OCHs)], 61.02 [(OCHs)], 88.38 [C=C],
88.66 [C=C], 108.76 [C-H, Ar-C-H ortho to methoxy], 117.64 [C-H, Ar-C-H meta to
OH], 118.34 [C-C, Ar-C-C=C], 121.56 [C-C, Ar-C-C=C], 124.14 [Ar-CH ortho to OH],
124.99 [C-C, Ar-C-CHs], 131.02 [C-H, Ar-C-H para to OH], 138.65 [C-O, Ar-C-OCHyg],
153.09 [C-O, 2 x Ar-C-OCHjs], 153.65 [C-O, Ar-C-OH].

FT-IR: Vmax (cm™): 3350 (O-H str.), 3014, 2997 (C-H str., aromatic), 2940 (C-H str.
aliphatic), 1582 (C=C str., aromatic), 1230 (C-O-CHgs, asy. str.).

2-Methoxy-5-((3,4,5-trimethoxyphenyl)ethynyl)phenol (65):

P . OCHj
+
o OH TBAF.3H,0 HO 65 ocH,
OCH,4 OCH,

Using 5-bromo-2-methoxypenol (0.406 g, 2 mmol.) the above diarylalkyne (65) was
obtained as light brown solid (0.134 g, 0.426 mmol., 42%), Mp 96-97°C (lit. Mp = 96-
98°C (Lawrence et al., 1999)). After purification by column chromatography (SiO2:
hexane: ethyl acetate 8:2, TLC hexane: ethyl acetate 6:4, Ri=0.42).

'H NMR:8(ppm)=3.84 [3 H, s, (OCH?3)], 3.85 [6 H, 5, 2Xx(OCHB3)], 3.89 [3 H, s, (OCHB3)],
5.62 (I H, s, OH), 6.73 [2 H, s, Ar-H trimethoxy ring), 6.78 (1 H, d, J =8.37 Hz, Ar-H
meta to OH), 7.02(1 H, dd, J =1.96 Hz, 8.37 Hz, Ar-H para to OH), 7.06 (1H, d, J
=1.96Hz, Ar-H ortho to OH).

3C NMR:8 (ppm)= 55.94 [CH30], 56.14 [2 x (CH30)], 60.98 [CH30], 87.89 [C=C],
88.41 [C=(], 108.67 [ C-H, Ar-C-H ortho to methoxy (trimethoxy ring)], 110.49 [C-H,
Ar-CH meta to OH], 115.97 [C-C, Ar-C-C=C], 117.50 [C-H, Ar-C-H ortho to OH],
118.53 [C-C, Ar-C-C=(], 124.22 [C-H, Ar-C-H para to OH], 138.60 [C-O, Ar-C-OCHg],
145.36 [C-O, Ar-C-OCHpg], 147.02 [C-O, Ar-C-OH], 153.06 [C-O, 2 x Ar-C-OCHjs].
FT-IR: Vmax (cm™): 3533 (O-H str.), 3014, 2997 (C-H str., aromatic), 2936 (C-H str.,
aliphatic), 1582 (C=C str., aromatic), 1232 (C-OCHs, asy. str.)

Spectral data identical with literature (Lawrence et al., 1999).
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2-Methoxy-5-((3,4,5-trimethoxyphenyl)ethynyl)nitrobenzene (66)

OCH,

— Br
/
H;CO Pd(PPh,),Cl, , PPhy HCO O — O OCH,4
+ >
66
H;C0 NO, TBAF.3H,0 O,N OCH;

OCH, OCH,

Using 4-bromo-2-nitroanisole (0.406 g, 2 mmol.) the above diarylalkyne (66) was
obtained as a light green solid (0.56 g, 1.62 mmol., 82%), Mp 132-133°C. After
purification by column chromatography (SiOz2: hexane: ethyl acetate 8:2, TLC hexane:
ethyl acetate 6:4, Rr=0.38).

HRMS (ESI) calculated for C1sH180sN1 (M+H)" =344.1129, found for (M+H)=344.1130
C18H1806N1, AMs=0.1ppm.

'H NMR:$ (ppm) = 3.88 [3 H, s, (OCH3)], 3.89 [6 H, s, 2 x (OCH3)], 3.99 [3 H, s,
(OCHBa)], 6.76 [2 H, s, Ar-H trimethoxy ring], 7.06 [1H, d, J = 8.76 Hz, Ar-H meta to NO2
group], 7.67 [1H, dd, J = 8.76 Hz, 2.12 Hz, Ar-H para to NO2 group], 8.01 [1H, d, J=
2.09 Hz, Ar-H ortho to NO2 group].

13C NMR:$ (ppm) = 56.18 [2 x (OCHs3)], 56.69 [(OCHz3)], 60.01 [(OCH?3)], 85.83 (C=C),
90.14 (C=C), 108.79 [C-H, Ar-C-H ortho to methoxy (trimethoxy ring)], 113.61 [C-H,
Ar-C-H meta to NO2 group], 115.78 [C-C, Ar-C-C=C], 117.53 [C-C, Ar-C-C=C], 128.71
[C-H, Ar-C-H ortho to NO2], 136.94 [C-H, Ar-C-H para to NOz2], 139.15 [C-O, Ar-C-
OCHjs], 139.44 [C-N, Ar-C-NOz2], 152.64 [C-O, Ar-C-OCHs], 153.17 [C-O, 2 x Ar-C-
OCHz3],

FT-IR: Vmax (cm™): 3028, 2980 (C-H str., aromatic), 1576 (asy. str. N=0), 1338 (sym.
str. N=0), 1576 (C=C str., aromatic), 1233 (C-OCHgs, asy. str.).
2-Methyl-5-((3,4,5-trimethoxyphenyl)ethynyl)aniline (67);

P Br OCH;
H,CO Z
3 Pd(PPh,),Cl, ,PPh; HAC — OCH,
+ - ’
H;CO NH,  TBAF.3H,0 H N 67 OCH,

OCH,4 SH,

Using 5-bromo-2-methylaniline (0.372 g, 2 mmol.) the above diarylalkyne (67) was
obtained as light brown solid (0.410 g, 1.37 mmol., 69%), after purification by column
chromatography (hexane: ethyl acetate, 7:3, Rt = 0.25). MP 90-91°C. HRMS (ESI):
calculated for C18H2003N1 (M+H) =298.1443, fond for (M+H) =298.1438, AMs=0.5ppm.
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'H NMR: & (ppm) = 2.16 [3 H, s, CH3], 3.61[2 H, s, NH], 3.84 [3 H, s, (OCH3), 3.85
[6H, s, 2 x (OCH3)], 6.73 [2 H, s, Ar-H trimethoxy ring], 6.83 [1H, d, J =1.34 Hz, Ar-H
ortho to NH2), 6.86 [1H, dd, J =7.74 Hz 1.34 Hz, Ar-H para to NH), 7.01 [1H, d, J =
7.74 Hz, Ar-H meta to NH2).

13C NMR : & (ppm) = 17.40 [(CH3)], 56.13 [(OCHz)], 60.98 [(OCHBa)], 88.21 (C=C),
88.91 (C=C), 108.72 [C-H, Ar-C-H ortho to methoxy), 117.51 [C-H, Ar-C-H meta to
NH2], 118.58 [C-C, Ar-C-C=(C], 121.35 [C-C, Ar-C-C=(], 122.09 [C-H, Ar-C-H ortho
to NH], 123.13 [C-C, Ar-C-CHa], 130.48 [C-H, Ar-C-H para to NH2), 138.61 [C-N, Ar-
C-N], 144.45 [C-O, Ar-C-OCHgs], 153.05 [C-O, 2 x Ar-C-OCHyg].

FT-IR: Vmax (cm™): 3473, 3360 (N-H str.), 2936.25 (C-H str., aromatic), 2837 (C-H str.,
aliphatic), 1622 (N-H bend.) 1574, 1505 (C=C str., aromatic), 1126 (C-OCHs, asy. str.).

5-((3-Fluoro-4-methylphenyl)ethynyl)-1,2,3-trimethoxybenzene (68):

P Br OCH,
H3CO];>// Pd(PPhs),Cl,, PPh, o
+ - e =g
H,C0 F TBAF 3H,0 . 63 ocH,
OCH, CH,

Using 4-bromo-2-flourotoluene (0.252 cm?, 2 mmol.), the above diarylalkyne (68) was
obtained as yellow solid (0.525 g, 1.74 mmol., 88%, Mp 126-128°C), after purification
by column chromatography ( hexane : ethyl acetate 8:2), TLC (hexane : ethyl acetate 6:4,
Rf=0.42). HRMS (ESI): calculated for C1sH1sF103 (M+H) = 301.1239, found for (M+H)
=301.1234, AMs=0.5ppm.

'H NMR: & (ppm) = 2.31 [3 H, d, J =1.44 Hz, (CH?3)], 3.80 [3 H, s, (OCHB3)], 3.81 [6 H,
s, 2 X (OCH3s)], 6.69 [2 H, s, Ar-H ortho to methoxy], 7.06 -7.12 [3 H, m, Ar-H].

13C NMR: & (ppm) = 14.61[(CH3), d, J = 3.46 Hz], 56.17 [C-O, 2 x (OCHz3)], 61.01
[(OCHs)], 87.45 [(C=C), d, J = 3.06 Hz,], 89.48 [(C=C)], 108.80 [C-H, Ar-C-H
trimethoxy ring], 117.78 [C-H, d, J=23.75 Hz, Ar-C-H ortho to F], 118.02 [C-C, Ar-C-C
trimethoxy ring], 122.07 [1C, d, J= 9.60 Hz, (Ar-C-C)], 125.57[1C, d, J=17.13 Hz, Ar-C-
CHs], 127.17 [C-C, d, J=3.13 Hz, Ar-C-H parato F], 131.39 [C-H, d, J = 5.68 Hz, Ar-C-
H metta to F], 138.94 [C-O, Ar-C-OCHg], 153.12 [C-O, 2 x Ar-C-OCHgs], 159.60 (C-F,
d, J = 245.45 Hz, Ar-C-F).
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FT-IR: Vmax (cm™): 2994 (C-H str., aromatic), 2824 (C-H str., aliphatic), 1510 (C=C str.

aromatic), 1127 (asy. Str. C-OCHj).
5-((3-Acetyl-4-methoxylphenyl)ethynyl)-1,2,3-trimethoxybenzene (69)

P . OCH,
H3coji;// PA(PPh),CLy ppp, co . - ‘ ocn
+ > ’ o ’
H;CO COCH; TBAF.3H,0 H,COC 69 OCH,
OCHj ocH,

Using 5-bromo-2-methoxyacetophenone (0.458 g, 2 mmol.), the above diarylalkyne (69)
was obtained as white solid the reaction was monitored by TLC (hexane: ethyl acetate
6:4, Rf = 0.42) column chromatography (hexane: ethyl acetate 8:2) was used to obtain the
compound as solid (0.595 g, 1.74 mmol., 88%, Mp 92-94 °C). HRMS (ESI): calculated
for C20H210s (M+H)* = 341.1389, found (M+H) = 341.1383, AMs=0.6ppm.
'H NMR: & (ppm) = 2.63 [3 H, CH3s], 3.88 [9 H, s, 3 x (OCHB3)], 3.95 [3 H, 5, OCH3],
6.67 [2 H, s, Ar-H trimethoxy ring], 6.95 [1H, d, J = 8.69 Hz, Ar-H meta to acetyl group],
7.6 [1H, dd, J = 8.6 Hz, 2.24 Hz, Ar-H para to acetyl group], 7.92 [1H, d, J = 2.24 Hz,
Ar-H ortho to COCHs group].
13C NMR: & (ppm) = 31.79 [CH3], 55.73 [(OCH3)], 56.15 [2 X (OCH3)], 60.98 [(OCH3)],
87.44 [(C=(C)], 88.86 [(C=C)], 108.66[C-H, Ar-CH ortho to methoxy (trimethoxy ring)],
118.82 [C-H, Ar-CH meta to acetyl group], 115.61[C-C, Ar-C-C=C], 118.25 [C-C, Ar-
C-C=C], 128.27 [C-C, Ar-C-COCHs], 133.84 [C-H, Ar-CH ortho to acetyl group],
136.39 [C-H, Ar-CH para to acetyl group], 138.75 [C-O, Ar-C-OCHjs], 153.13 [C-O, 2 X
Ar-C-OCHzs], 158.64 [C-O, Ar-C-OCHzs], 198.88 [C=0].
FT-IR: Vimax (cm™): 2945 (C-H str. aromatic), 2836 (C-H str., aliphatic), 1660 (str. C=0),
1576 (C=C, aromatic), 1122 (asy. Str. C-O-CHpg).
5-((3-Methyl-4-methoxylphenyl)ethynyl)-1,2,3-trimethoxybenzene (70)

. OCH,
H3C0i©///+ @\ Pd(PPh;),Cl,, PPh, o HCO O _ O OCH,
H,C0O CH,  TBAF.3H,0 HAC 70 OCH,

OCH,4 OCH,

Using 5-bromo-2-methoxyacetophenone (0.458 g, 2 mmol.), the above title compound
(70) was obtained as white solid (0.489 g, 1.56 mmol., 79%, Mp 122-124 °C), after
purification by column chromatography (hexane: ethyl acetate 8:2, TLC (hexane: ethyl
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acetate 6:4, Rr = 0.56). HRMS (ESI): calculated for C19H2104 (M+H) = 313.1439, found
for (M+H) = 313.1433, AMs=0.6ppm.

'H NMR: 8 (ppm) =2.19 [3H, s, (CH3)], 3.67 [3H, s, (OCH3)], 3.84 [9H, 25, 3 x (OCHB3)],
6.73 [2H, s, Ar-H trimethoxy ring], 6.75 [1H, d, J = 8.61 Hz, Ar-H meta to CHs, 7.3 [1H,
d, J = 2.15 Hz, Ar-H ortho to CHs], 7.32 [1H, dd, J = 8.61 Hz, 2.15 Hz, Ar-H para to
CHzs].

13C NMR : 8(ppm) = 16.07 [CH3], 55.34 [(OCHs3)], 56.12 [2 x (OCH?3)], 60.97 [(OCHBa)],
87.75 (C=C), 88.78 (C=C), 108.59 [C-H, Ar-CH ortho to methoxy (trimethoxy ring)],
109.80 [C-H, Ar-CH meta to CHzs], 114.64 [C-C, Ar-C-C=C], 118.78 [C-C, Ar-C-C=C],
126.86 [C-C, Ar-C-CHzs], 130.51 [C-H, Ar-CH ortho to CHzs], 133.77 [C-H, Ar-CH para
to CHs], 138.48 [C-O, Ar-C-OCHzs], 153.06 [C-O, 2 x Ar-C-OCHg], 157.96 [C-O, Ar-C-
OCHjs].

FT-IR: Vmax (cm™): 2932 (C-H str. aromatic), 2833 (C-H str., aliphatic), 1573 (C=C
aromatic), 1128 (C-O-CHs asy. str.).

5-((4-Cyano-3-hydroxyoxylphenyl) ethynyl)-1,2,3-trimethoxybenzene (71):

OCH,4

P Br
H;CO Z Pd(PPh;),Cl
N 3)2 z,PPh3 — OCH
ji;/+ > N Q — O :
H,C0 OH TBAF 3H,0 HO 7 OCH,

OCH;4 N

Using 5-bromo-2-hydroxybenzonitrile (0.458 g, 2 mmol.), the above diarylalkyne (71)
was obtained as a yellow solid (0.498 g, 1.61 mmol., 81%, Mp =164-167 °C), after
purification by column chromatography (hexane: ethyl acetate 8:2, TLC hexane: ethyl
acetate 6:4, R=0.42). HRMS (ESI): calculated for C1sH16NO4 (M+H) =310.1079, found
for (M+H) = 310.1074, AMs=0.5ppm.

'H NMR: & (ppm) = 3.85[9 H, 2 x s, 3 x (OCH3)], 6.48 [1H, s, OH], 6.75 [2 H, s, Ar-H
trimethoxy ring], 7.09 [2 H, m, Ar-H ortho and para to OH], 7.44 [1H, d, J= 7.88, Ar-H
meta to OH].

13C NMR :8 (ppm) = 56.22 [2 x (OCH3)], 61.08 [(OCH3)], 86.80 [C=C], 93.61 [C=C],
99.30 [C=N], 109.05 [C-H, Ar-CH ortho to methoxy], 115.97 [C-C, Ar-C-C=C], 117.19
[C-C, Ar-C-C=C], 119.10 [C-H, Ar-CH meta to OH], 124.18 [C-H, Ar-CH ortho to OH ],
129.77 [Ar-C-C=N], 132.66 [C-H, Ar-CH para to OH], 139.44 [C-O, Ar-C-OCHjs],
153.18 [C-O, Ar-C-OCHg], 157.05 [C-O, Ar-C-OH].
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FT-IR: Vmax (cm™): 3285 (OH Str.), 2942 (C-H Str. aromatic), 2839 (C-H Str., aliphatic),
2235 (C=N str.), 2204 (C=C str.), 1611 (C=C str., aromatic), 1122 (C-O-CHs asy. Str).
2-Amino-4-((3,4,5-trimethoxyphenyl)ethynyl)benzonitrile (72)

OCH;
Br

=
H;CO Z2 Pd(PPh;),Cl, , PPh, NC . O OCH
+ > o ’
HN 72

H3;CO NH, TBAF.3H20 OCHj3

OCH,4 on

Using 2-amino-4-bromobenzonitrile (0.394 g, 2 mmol.). The above diarylalkyne (72) was
obtained as a pale-yellow crystalline solid (0.5 g, 1.62 mmol., 81%, Mp 154-155°C), after
purification by column chromatography (hexane: ethyl acetate 8:2, TLC hexane: ethyl
acetate 6:4, Rf = 0.64). HRMS (ESI): calculated for C1sH1sN203 (M)* =309.1234, found
(M)*"=309.1236, AMs=0.2ppm.

'H NMR: & (ppm) =3.90 [11H, s, (9 H, s, 3 x (OCH3), (2 H, NHy)], 6.78 [2 H, s, Ar-H trimethoxy
ring], 6.89 [2 H, m, Ar-H], 7.37 [1H, d, J= 7.87 Hz, Ar-H meta to NH].

13C NMR: § (ppm) = 56.20 [2 x (OCHg)], 61.02 [(OCHBa)], 87.32 (C=C), 92.62 (C=C),
95.61 [C=N], 109.26]C-H, Ar-CH ortho to methoxy ], 117,36 [C-C, Ar-C-C=C), 117.64
[C-H, Ar-C-H ortho to NH2], 121.14 [C-H, Ar-CH para to NHz], 128.94 [C-C, Ar-C-
C=C], 132.39 [C-H, Ar-CH meta to NHz], 139.39 [C-O, Ar-C-OCHjs], 149.29 [C-C, Ar-
C- C=N), 153.16 [C-O, 2 x Ar-C-OCHjs].

FT-IR: Vmax cm™: 3446.63, 3354.41 (N-H2 str), 2937.12 (C-H str., aromatic), 2841.18

(C-H str., aliphatic), 2116.29 (C=N str.), 1638.65 (N-H bend.), 1575.10-1552.66 (C=C
str., aromatic), 1129.76 (C-OCHjs asy. str.).
2-Methyl-4-((3,4,5-trimethoxyphenyl)ethynyl)benzonitrile (73):

OCH
Br 3

/
H;CO =
Pd(PPh;),Cl, ,PPhy _ oCH
:©/+ ? NC - 3
H,;C 73

o CH,  TBAF3H,0 OCH,

OCH, on

Using 4-bromo-2-methylbenzonitrile (0.394 g, 2 mmol.) the above diarylalkyne (73) was
procured as a pale-yellow crystalline solid (0.5 g, 1.62 mmol., 82%, Mp = 150-151°C),
after purification by column chromatography (hexane: ethyl acetate 8:2, TLC, hexane:
ethyl acetate 6:4, Rf=0.46). HRMS (ESI): calculated for C10H1sNO3s (M+H)*= 308.1286,
found for (M+H) = 308.1281, AMs=0.5ppm.

43



Chapter 2 Result and Discussion

Synthesis of substituted 5,6-diaryl-1,2,4-triazine analogues

'H NMR: & (ppm) = 2.56 [3 H, (CH3)], 3.89 [9 H, s, 3 x (CH30)], 6.79 [2 H, s, Ar-H
trimethoxy ring], 7.40 [1H, dd, J= 8.01 Hz, 1.01 Hz, Ar-H para to CHs], 7.48 [1H, d, J=
1.01 Hz, Ar-H ortho to CHgs), 7.57 [1H, d, J= 8.01 Hz, Ar-H meta to CHs].

13C NMR: 8(ppm) = 20.34 [CH3], 56.19 [2 x (OCHs3)], 61.01[(OCH?3)], 87.11 [C=C],
93.34 [C=C], 108.99 [C-H, Ar-CH ortho to methoxy], 112.00 [C=N], 117.27 [C-C, Ar-
C-C=(C], 117.85 [C-C, Ar-C-C=C(], 127.86 [C-C, Ar-C-CHs], 129.13 [C-H, Ar-CH meta
to CHs], 132.40 [C-H, Ar-CH ortho to CHzs], 132.98 [C-H, Ar-C-H para to CHs], 141.95
[C-O, Ar-C-OCHzs], 157.96 [C-O, 2 x Ar-C-OCHyg].

FT-IR: Vmax (cm™): 2948 (C-H str., aromatic), 2841 (C-H str., aliphatic), 2203 (C=N str.),
1603, 1577 (C=C str., aromatic), 1125 (C-O methoxy).
2-Fluoro-4-((3,4,5-trimethoxyphenyl)ethynyl)benzonitrile (74)

_— Br OCH;
H;CO = Pd(PPh;),Cl,, PPh, e _ OCH
+ r — 3
H,CO F TBAF.3H,0 F OCH,
OCH3 CN 74

Using 4-bromo-2-flourobenzonitrile (0.4 g, 2 mmol.) the above diarylalkyne was
procured as a white needle crystalline solid (0.442 g, 1.41 mmol., 71%, Mp 156-158°C),
after purification by flash chromatography (hexane: ethyl acetate 8:2), TLC, (hexane:
ethyl acetate 6:4, Rf = 0.56). HRMS (ESI): calculated for (M)*= 311.0957, found for
(M)*"= 311.0955, AMs=0.2ppm.

'H NMR :6 (ppm) =3.91 [9H, s, 3 x (CH30)], 6.8 [2H, s, Ar-H trimethoxy ring], 7.35[1H,
dd, J=9.35Hz, 1.26 Hz, Ar-H ortho to F], 7.41 [1H, dd, J = 8.06 Hz, 1.36 Hz, Ar-H para
to F], 7.61[1H, dd, J = 8.01 Hz, 6.72 Hz, Ar-H meta to F].

13C NMR :3(ppm) = 56.23 [2 x (OCH?3)], 61.04 [(OCHs3)], 85.93 [C=C, d, J = 3.32 Hz],
95.20 [C=C], 100.73 [C-C, d, J =15.81 Hz, Ar-C-C=N)], 109.14 [C-H, Ar-CH ortho to
methoxy], 113.72 [C-C, Ar-C-C trimethoxy ring], 116.60 [C=N], 118.92 [C-H, d, J =
21.06, Ar-CH ortho to F], 127.81 [1C, d, J= 3.47, Ar-CH meta to F], 130.49 [1C, d,
J=9.68, Ar-C-C fluorine ring], 133.31 [C-H, ,Ar-C-H para to F], 1393.87 [C-O, Ar-C-
OCHpg], 1532.24 [C-O, 2 x Ar-C-OCHgs], 161.49 [C-F, d, J = 259.42 Hz, Ar-C-F].
FT-IR: Vmax (cm™): 3054 (C-H str., aromatic), 2942 (C-H str., aliphatic), 2219 (C=N str.),
1615, 1576 (C=C str., aromatic), 1127 (C-OCHs asy. str).
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2.3.2 Synthesis of substituted 1,2-diarlyketone:

To a stirred solution of diarylalkyne (2 mmol., 1eq.) in anhydrous DMSO (15 cmq), was
added cupric bromide (0.044 g, 0.2 mmol., 0.1 eq.), and bis(acetonitrile)palladium(ll)
dichloride (0.051 g, 0.2 mmol., 0.1 eq.). The mixture was irradiated in a microwave
reactor for 2 hrs at 100 W, 120°C, and 60-second pre-mixing. After conversion the starting
material, mixture was diluted with water and extracted with ethyl acetate (3 x 30 cm®).
The organic layer was washed with brine, dried over anhydrous MgSQOs, filtered, and
evaporated under reduced pressure. Column chromatography was used to purify the solid
product on silica gel.

Following the above procedure 1,2-diketones (75- 86) were synthesised.
1-Phenyl-2-(3,4,5-trimethoxyphenyl)ethane-1,2-dione (75)

OMe 0) OMe
CuBrz, PdClz(CH}CN)2 Q
= - O
DMSO O
61 OMe 75 OMe

The above titled diketone (75) was synthesized from 1,2,3-trimethoxy-5-(phenylethynyl)

benzene (58) (0.536 g, 2 mmol., 1 eq.), and obtained as greenish yellow solid (0.490 g,
1.6 mmol., 81.66%), after purification by column chromatography (eluent: hexane: ethyl
acetate, 8:2, Rr = 0.26), MP =108-112°C (lit. Mp =102, (Giraud et al., 2006)).

'H NMR: & (ppm) =3.90 [6 H, s, 2 x (OCH3)], 3.97 [3 H, 5, (OCH?3)], 7.25 [2 H, s, Ar-H
trimethoxy ring], 7.55 [2 H, s, Ar-H ortho to methoxy], 7.55 [2 H, t, J=7.65, Ar-H], 7.69
[1H, t, J=7.41Hz, Ar-H], 7.99 [2 H, d, J=7.68, Ar-H1].

13C NMR: & (ppm) = 56.36 [2 x (OCH3)], 61.07 [OCH3], 107.20 [C-H, 2 x Ar-CH ortho
to methoxy], 127.92 [C-C, Ar-C-C), 129.03 [C-H, 2 x Ar-C-H], , 129.97 [C-H, 2 x Ar-C-
H), 133.09 [C-C, Ar-C-C], 134.90 [C-H, Ar-CH], 144.30 [Ar-C-OCHg], 153.42 [C-O, 2
X Ar-C-OCHgs], 193.35 [C=0], 194.33 [C=0].

FT-IR: Vmax (cm™): 2943 (C-H str. aromatic), 2833 (C-H str., aliphatic), 1667 (C=0, str.),
1597 (C=C str., aromatic), 1123 (C-O-CHs, asy. Str.). Spectral data identical with
literature (Lv et al., 2015).
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1-(3-Formyl-4-methoxyphenyl)-2-(3,4,5-trimethoxyphenyl)ethane-1,2-dione (76)

OMe 0 OMe
CuBr,, PdCl, - (CH;CN), MeO Q
meo—( Y=l ome - o
DMSO OHC O
OHC 60 OMe

OMe
76

The above titled diketone (76) was synthesized from (60) (0.472 g, 2 mmol.), and
obtained as orange solid (0.615 g, 1.716 mmol., 86%, Mp=144-146 °C)., after purification
with column chromatography (SiOz2: hexane: ethyl acetate, 6:4, Rt = 0.26). HRMS (ESI):
calculated for C19H1807Na (M+Na) =381.0950,found (M+Na)= 381.0945, AMs=0.5ppm.
'H NMR: & (ppm) =3.89 [6H, s, 2 x (CH30)], 3.95 [3H, s, (CH30)], 4.05 [3H, s, (CH30)],
7.14 [1H, d, J=8.86 Hz, Ar-H meta to CHO), 7.22 [2 H, s, Ar-H ortho to methoxy], 8.24
[1H, dd, J=8.86 Hz, 2.3 Hz, Ar-H para to CHO], 8.37 [1H, d, J=2.3 Hz, Ar-H ortho to
CHO], 10.44 [1H, s, CHO aldehyde] .

13C NMR: & (ppm) =56.35 [2 x (OCH3)], 61.04 [(OCH?3)], 107.29 [C-H, 2 x Ar-CH ortho
to methoxy], 112.36 [Ar-CH meta to CHO], 124.76 [Ar-C-CO], 126.10 [Ar-C-COQ],
127.71 [Ar-C-CO], 131.54 [C-H, Ar-CH ortho to CHQO], 137.10 [C-H, Ar-CH para to
CHO], 144.38 [C-O, Ar-C-OCHg], 153.83 [C-O, 2 x Ar-C-OCHgs], 166.02 [C-O, Ar-C-
OCHs ortho to CHO], 188.35 [CHO], 192.11 [C=0], 192.67 [C=0].

FT-IR: Vmax (cm™): 2944 (C-H str., aromatic), 2838, 2725 (CHO overtone.), 1667, 1660
(C=0 str.), 1599 (C=C str., aromatic), 1123 (C-O-CHjs asy. str.).

1-(3-Cyano-4-methoxyphenyl)-2-(3,4,5-trimethoxyphenyl)ethane-1,2-dione (77)

OMe 0 OMe
CuBr,, PdCl, - (CH3CN), MeO O
e = ove - Dat
DMSO
NC O
N o OMe OMe

77

The above titled diketone (77) was synthesized from (62) (0.646 g, 2 mmol.), and
obtained as a yellow solid (0.600 g, 1.68 mmol, 85%, MP 195-197 °C), after purification
with column chromatography (SiOz2: hexane: ethyl acetate, 6:4, Rt = 0.28). HRMS (ESI):
calculated for C19H1sNOs (M+H) = 356.1134, found (M+H) = 356.1131, AMs=0.3ppm.
'H NMR:  (ppm) =3.80[3H, s, (OCH?3)], 3.83 [6H, s, 2 X (OCHB3)], 4.05 [3H, s, (OCH3)],
7.21 [2H, s, Ar-H], 7.45 [1H, d, J=9.05 Hz, Ar-H meta to CN group], 8.21 [1H, dd,
J=9.06 Hz, 2.16 Hz, Ar-H parato CN group ], 8.31 [1H, d, J=2.16 Hz, Ar-H ortho to CN
group].
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13C NMR: & (ppm) = 56.39 [2 x (OCH3)], 56.84 [(OCHs)], 61.10 [OCHs)], 103.05 [C=N],
107.33 [C-H, Ar-CH ortho to methoxy], 111.67 [C-H, Ar-CH meta to CN], 114.93 [Ar-
C-CN], 126.29 [Ar-C-CO], 127.48 [Ar-C-CO], 136.33 [C-H, Ar-CH ortho to nitrile],
137.10 [C-H, Ar-CH para to CN], 144.65 [C-O, Ar-C-OCHs], 153.45 [C-O, Ar-C-
OCHea], 165.40 [CO, Ar-C-OCHs], 190.64 [C=0], 192.05 [C=0].

FT-IR: Vmax (cm™): 2949 (C-H str., aromatic), 2839 (C-H str., aliphatic), 2233 (C=N str.),
1655 (C=0 str.), 1601, 1567 (C=C str., aromatic), 1131 (C-O-CHjs asy. str.).

1-(3-Amino-4-methoxyphenyl)-2-(3,4,5-trimethoxyphenyl)ethane-1,2-dione (78)

OMe 0 OMe
CuBr,, PdCl, - (CH;CN), MeO O
MeO Q = OMe O OMe
DMSO o
OMe HzN OMe

H,N
2 63 78

The above titled diketone (78) was synthesized from (60) (0.626 g, 2 mmol.), and
obtained as a green solid (0.220 g, 0.63 mmol., 32%), MP 158-160 °C [lit. Mp=146-147
(Mousset et al., 2008)], after purification with column chromatography (SiOz: hexane:
ethyl acetate, 7:3, Rf = 0.28).

'H NMR: & (ppm) = 3.80,3.87 [14H, 2 x s, 4 x (OCH3) + NH2], 6.74 [1H, d, J= 8.39 Hz,
Ar-H meta to NH], 7.13 [2H, s, Ar-H trimethoxy ring], 7.25 [1H, dd, J=8.39 Hz 1.96
Hz, Ar-H para to NH2], 7.29 [1H, d, J= 1.96 Hz, Ar-H ortho to NH2].

13C NMR: 8 (ppm) = 55.83 [ (OCH3)], 56.33 [2 x OCHs3], 61.04 [OCHs], 107.12 [C-H, 2
X Ar-CH trimethoxy ring), 109.62 [C-H, Ar-CH meta to NH2], 114.23 [C-H, Ar-CH ortho
to NH2, 123.18 [C-H, Ar-CH para to NH2], 126.42 [C-C, Ar-C-C0O], 128.31 [1C, Ar-C-
CO], 136.81 [Ar-C-N], 143.97 [C-O, Ar-C-OCHjs trimethoxy ring], 152.76 [1C, C-O, Ar-
C-OCHs], 153.34 [C-O, Ar-C-OCHs trimethoxy ring] 193.64 [C=0], 193.95 [C=0].
FT-IR: Vmax (cm™): 3497, 3398 (N-H str.), 2936 (C-H str., aromatic), 2833 (C-H,
aliphatic), 1667 (N-H bend.), 1655 (C=0 Str.), 1604, 1578 (C=C str., aromatic), 1125 (C-
O-CHg, asy. str).
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1-(3-Hydroxy-4-methylphenyl)-2-(3,4,5-trimethoxyphenyl)ethane-1,2-dione (79)

OMe 0 OMe
CuBr,, PACL, - (CH;CN), Me O
Me Q = OMe » O OMe
DMSO
HO o
HO 4 OMe OMe

79

The above titled diketone (79) was synthesized form (61) (0.596 g, 2 mmol.), and
obtained as a yellow solid (0.45, 1.36 mmol., 32%, Mp= 160-162 °C), after purification
by column chromatography (SiO2: hexane: ethyl acetate, 7:3, Rf = 0.28). HRMS (ESI):
calculated for C1sH1906 (M+H) = 331.1181, found for (M+H) =331.1180, AMs=0.1ppm.
'H NMR: & (ppm)=2.34 [3 H, s, (CH3)], 3.88 [6 H, 5, 2 X (OCH?3)], 3.96 [3 H, s, (OCH3)],
5.85 [1H, s, OH], 7.21 [2 H, s, Ar-H ortho to methoxy], 7.25 [1H, d, J= 7.8 Hz, Ar-H
meta to OH], 7.25 [1H, dd, (J=7.8 Hz, 1.56 Hz, Ar-H para to OH], 7.44 [1H, d, J= 1.56
Hz, Ar-H ortho to OH].

13C NMR: § (ppm) = 29.70 [ (CH3)], 56.33 [2 x (OCHB3)], 61.08 [ (OCHB3)], 107.20 [C-H,
Ar-CH ortho to methoxy], 114.88 [C-H, Ar-CH meta to OH], 123.14 [Ar-CH ortho to
OH], 127.90 [Ar-C-CQ], 131.57 [C-H, Ar-CH para to OH], 132.16 [Ar-C-CO], 133.23
[Ar-C-CHs], 144.25 [Ar-C-OCHjs], 153.37 [C-O, Ar-C-OCHzs], 154.54 [Ar-C-OCHjs],
193.62 [C=0], 194.09 [C=0].

FT-IR: Vmax (cm™) 3358 (OH Str.), 2946 (C-H str. aromatic), 2833 (C-H, str. aliphatic],
1651 (C=0 Str.), 1581 (C=C, str. aromatic), 1129 (C-O-CHgs, asy. str.).
1-(3-Hydroxy-4-methoxyphenyl)-2-(3,4,5-trimethoxyphenyl)ethane-1,2-dione (80)

OMe 0 OMe
CuBr,, PdCl, - (CH5CN), MeO Q
W W—— - Tar
DMSO
HO Y
e . OMe OMe

80

The above titled diketone (80) was synthesized from (65) (0.628g, 2 mmol), and obtained
as a brownish-yellow solid (0.256 g, 0.73 mmol., 37%), MP 154-156 °C (lit. Mp=153-
154 °C (Mousset et al., 2008)), after purification with column chromatography (SiOz2:
hexane: ethyl acetate, 7:3, Rf = 0.28).

'H NMR:§ (ppm) = 3.85[6 H, s, 2 X (OCH3)], 3.92 [6 H, s, 2 X (OCH3)], 6.13 [1H, s,
OH], 6.87 [1H, d, J= 8.46 Hz, Ar-H meta to OH], 7.19 [2 H, s, Ar-H trimethoxy ring],
7.45 [1H, dd, J=8.44 Hz, 2.00Hz, Ar-H para to OH], 7.52 [1H, d, J= 2.00Hz, Ar-H ortho
to OH].

48



Chapter 2 Result and Discussion
Synthesis of substituted 5,6-diaryl-1,2,4-triazine analogues

13C NMR:§ (ppm) =55.19 [ (OCHB3)], 56.30 [2 x (OCH3)], 60.99 [(OCH?3)], 107.12 [C-H,
2 X Ar-CH trimethoxy ring], 110.25 [Ar-CH meta to OH], 114.97 [Ar-CH ortho to OH],
124.56 [Ar-CH para to OH], 126.65 [Ar-C-CO], 128.09 [Ar-C-CQ], 144.07 [Ar-C-
OCHs], 146.06 [Ar-C-OCHeas], 152.46 [Ar-C-OH], 153.32 [2 x Ar-C- OCHs], 193.31
[C=0], 194.68 (C=0).
FT-IR: Vmax (cm™):3375 (O-H str.), 3096, 2935 (C-H str., aromatic), 2845 (C-H str.,
aliphatic), 1652 (C=0 str.), 1577 (C=C str., aromatic), 1117 (C-O-CHs asy. str.).
1-(4-Methoxy-3-nitrophenyl)-2-(3,4,5-trimethoxyphenyl)ethane-1,2-dione (81):

OMe 0 OMe
CuBr,, PdCl, - (CH;CN), MeO Q
e = -one - o
DMSO
O,N Y
66 OMe 2 OMe

O,N

81
The above titled compound (81) was synthesized from (66) (0.686 g, 2 mmol.), and
obtained as a yellow solid (0.597 g, 1.59 mmol., 80%, Mp =150-153 °C), after purification
by column chromatography (SiO2: hexane: ethyl acetate, 8:2, Rr = 0.17). HRMS (ESI):
calculated for C1sH1sNOs (M+H) =376.1032, found for (M+H)=376.1029, AMs=0.3ppm.
'H NMR: & (ppm) =3.83 [6 H, 5, 2 X (OCHB3)], 3.90 [3H, s, (OCH3)], 4.0 [3H, s, (OCH3)],
7.13 [1H, d, J= 8.90 Hz, Ar-H meta to nitro], 7.17 [2 H, s, Ar-H trimethoxy ring], 8.11
[1H, dd, J=8.90 Hz, 2.17 Hz, , Ar-H para to nitro], 8.40 [1H, d, J= 2.17 Hz, Ar-H ortho
to nitro].
13C NMR: 6 (ppm) =56.40 [2 x (OCH3)], 57.14 [(OCH?3)], 61.12 [ (OCHBa)], 107.39 [Ar-
CH trimethoxy ring], 113.62 [Ar-CH meta to nitro], 125.63 [Ar-C-CO], 127.43 [Ar-C-
CO], 127.67 [Ar-CH ortho to nitro], 135.67 [Ar-CH parato nitro], 139.83 [Ar-C- OCHs],
144.68 [Ar-C-NOz], 153.45 [2 x Ar-C-OCHs], 157.34 [Ar-C-OCHgs], 190.51 [C=0],
191.74 [C=Q].
FT-IR: Vmax (cm™) 2952 (C-H str., aromatic), 2834 (C-H str., aliphatic), 1651 (C=0,
str.), 1581 (C=C str., aromatic), 1129 (C-O-CHgs, asy. str.).
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1-(3-Amino-4-methylphenyl)-2-(3,4,5-trimethoxyphenyl)ethane-1,2-dione (82):

OMe 0 OMe
CuBr,, PACl, - (CH;CN), Me O
Me Q — OMe » O OMe
DMSO
67 OMe H,N ©

H,N OMe
82

The above titled diketone (82) was synthesized from (67) (0.594 g, 2 mmol.), and
obtained as a green solid (0.263, 0.8 mmol., 40 %, MP = 146-148 °C), after purification
by column chromatography (SiO2: hexane: ethyl acetate, 6:4, Rt = 0.27). HRMS
(ESI) :calculated for C18H20NO5 (M+H) =330.1341, found for (M+H)= 330.1338,
AMs=0.3ppm.

'HNMR : 8 (ppm) =2.12 [3 H, s, (CH3)], 3.8 [6 H, s, 2 X (OCH?3)], 3.86 [3 H, s, (OCH3)],
7.07 [1H, d, J = 7.86 Hz, Ar-H meta to NH2], 7.12 [2H, s, Ar-H ortho to methoxy], 7.15
[1H, dd, J= 7.84 Hz, 1.78 Hz, Ar-H para to NH2], 7.19 [1H, d, J = 1.78 Hz, Ar-H ortho
to NH2].

13C NMR : 6 (ppm) = 17.88 [(CHBa)], 56.18 [ (OCH3)], 56.32 [ 2 x (OCH3)], 107.11 [2 X
Ar-CH, ortho to methoxy], 114.67 [Ar-CH meta to NH], 122.39 [Ar-CH ortho to NH],
130.93 [Ar-CH para to NH2], 128.12 [Ar-C-CQ], 130.32 [Ar-C-CO], 133.67 [Ar-C-CHjs],
138.95 [Ar-C-OCHs], 145.28 [Ar-C-N], 153.36 [2 x Ar-C-OCHg], 193.81 [C=0], 194.59
(C=0).

FT-IR: Vmax (cm™): 3445, 3360 (N-H str.), 2940 (C-H str., aromatic), 2837 (C-H str.,
aliphatic), 1655 (N-H bend.), 1635 (C=0 str.), 1571 (C=C str., aromatic), 1124 (C-O-
CHs, asy. str.).

1-(3-Fluoro-4-methylphenyl)-2-(3,4,5-trimethoxyphenyl)ethane-1,2-dione (83):

OMe 0 OMe
CuBr,, PACl, - (CH;CN), Me Q
Me Q = OMe » O OMe
DMSO F J
F OMe
68

33 OMe

The above titled diketone (83) was synthesized from (68) (0.60 g, 2 mmol.), and obtained
as a green-yellow solid (0.553 g, 1.66 mmol., 87.8%, MP 112-114 °C), after purification
by column chromatography (SiO2: hexane: ethyl acetate, 8:2, Rf = 0.32). HRMS (ESI):
calculated for CisHisFOs (M+H) = 333.1133, found for (M+H) =333.1135, AMs=-
0.2ppm
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'H NMR: & (ppm) =2.34 [3 H, d, J=1.86 Hz, (CH3)], 3.82[6 H, s, 2 x (OCHB3)], 3.88 [3H,
s, (OCHg)], 7.19[2H, s, Ar-H ortho to methoxy], 7.28 [1H, t, J=7.69Hz, Ar-H meta to
flourine ], 7.55[2H, m, Ar-H ortho and para to fluorine].

13C NMR: & (ppm) = 15.14[CHBs, d, J= 3.52 Hz], 56.36 [(OCHz3)], 61.08 [2 x (OCHB3)],
107.21 [Ar-C-H ortho to methoxy], 115.66 [C-H, d, J = 23.67 Hz, Ar-C-H ortho to F],
125.89 [C-H, d, J= 3.28 Hz, Ar-C-H para to F], 127.73 [Ar-C-CQ], 132.07[C-H, d, J =
4.53 Hz, Ar-C-H meta to F], 132.72 [C-C, d, J = 6.33 Hz, Ar-C-CO], 133.21 [C-C, d,
J=17.47 Hz, (Ar-C-CHBa)], 144.39 [Ar-C-OCHgs], 153.42 [2 xAr-C-OCHgs], 162.57 [C-F,
d, J=248.16 Hz, Ar-C-F), 192.76 [C=0], 192.87 [C=0, d, J = 1.49 Hz C=0] .

FT-IR: Vmax (cm™) 2941 (C-H str. aromatic), 2840 (C-H str., aliphatic), 1668 (C=0 str.)
1582 (C=C str., aromatic), 1343 (C-F str.), 1126 (C- OCHs, asy. str.).

1-(3-Acetyl-4-methoxyphenyl)-2-(3,4,5-trimethoxyphenyl)ethane-1,2-dione (84)

OMe [0) OMe
CuBr,, PdCl, - (CH;CN), MeO Q
MeO Q = OMe » O OMe
DMSO Al O
Ac 69 OMe 84 OMe

The above titled compound (84) was synthesized from (69) (0.68 g, 2 mmol.), and
obtained as a white crystaline solid (0.50 g, 1.34 mmol., 67%, MP =117-119 °C), after
purification by column chromatography (SiO2: hexane: ethyl acetate, 6:4, Rs = 0.31).
HRMS (ESI): calculated for C20H2107 (M+H)*=373.1282, found for (M+H)= 373.1283,
AMs=-0.1ppm.

'H NMR: § (ppm) =2.55 [3 H, s, (CH?3)], 3.82 [6 H, s, 2 X (OCHB3)], 3.86 [3 H, 5, (OCH3)],
3.96 [3 H, s, (OCH3)], 7.01[1H, d, J=8.76 Hz, Ar-H meta to Ac group], 7.15[2 H, s, Ar-
H trimethoxy ring], 8.06 [1H, dd, J=8.76 Hz, 2.28 Hz, Ar-H para to Ac group], 8.22 [1H,
d, J=2.28 Hz, Ar-H ortho to Ac group].

13C NMR: §(ppm) = 29.7 [CHs], 56.20 [(OCHs3)], 56.37 [2 x (OCHS3)], 61.07 [ (OCH3)],
107.30 [2 x Ar-CH trimethoxy ring], 112.00 [Ar-CH meta to Ac group], 126.09 [Ar-C-
CO], 127.84 [Ar-C-CO], 128.86 [Ar-C-CO], 133.07 [Ar-CH ortho to Ac group], 135.28
[Ar-CH para to Ac group], 144.33 [Ar-C-OCHegs], 153.40 [2 x Ar-C-OCHjs trimethoxy
ring], 163.35 [Ar-C-OCHzs], 192.26 [C=0], 192.88 [C=0], 198.49 [C=0].

FT-IR: Vmax (cm™): 2952 (C-H str. aromatic), 2845 (C-H str., aliph.), 1667 (C=0 str.)
1580 (C=C str., aromatic), 1123 (C-O-CHs, asy. str.).
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1-(4-Methoxy-3-methylphenyl)-2-(3,4,5-trimethoxyphenyl)ethane-1,2-dione (85)

OMe 0 OMe
CuBr,, PdCl, - (CH;CN), McO O
MeoOMe » O OMe
DMSO
H;5C O
Me ’ OMe

H,C 0o
3 85
70

The above titled compound (85) was synthesized from (70) (0.624 g, 2 mmol.), and
obtained as a light green solid (0.569 g, 1.82 mmol., 91%, Mp =128-131 °C), after
purification by column chromatography (SiO2: hexane: ethyl acetate, 8:2, Rs = 0.32).
HRMS (ESI): calculated for C19H2106 (M+H) =345.1333, found for (M+H) = 345.1335,
AMs=-0.2ppm.

'H NMR: & (ppm) =2.02 [3H, s, (CH3)], 3.85[6 H, s, 2 X (OCH3)], 3.89 [3 H, s, (OCH3)],
3.92 [3H, s, (OCH3)], 6.86[1H, d, J = 8.52 Hz, Ar-H meta to CHs group], 7.20 [2H, s, Ar-
H trimethoxy ring], 7.76 [1H, dd, J = 8.5 Hz, 2.02 Hz, Ar-H para to CHs group], 8.22
[1H, d, J= 2.02 Hz, Ar-H ortho to CHs group].

13C NMR: & (ppm) = 16.23 (CHs), 55.72 [OCHz], 56.34 [2 x OCHs], 61.03[OCHs],
107.18 [2 x Ar-CH ortho to methoxy], 109.70 [Ar-CH meta to CHs ], 125.62 [Ar-C-CO],
127.74 [Ar-C-CQ], 128.25 [Ar-C-CHs], 130.81 [Ar-CH ortho to CHs group], 132.10 [Ar-
CH para to CHs group], 144.05 [Ar-C-OCHgs trimethoxy ring], 153.36 [2 x Ar-C-OCHs
trimethoxy ring], 163.37 [Ar-C-OCHjs], 193.29 [C=0], 193.83 [C=0].

FT-IR: Vmax (cm™) 2954 (C-H str. aromatic), 2838 (C-H str., aliphatic), 1659 (C=0 str.)
1584 (C=C str. aromatic), 1130 (C-O-CHs, asy. str.).

1-(4-Cyano-3-hydroxyphenyl)-2-(3,4,5-trimethoxyphenyl)ethane-1,2-dione(86)

OMe 0 OMe
CuBr,, PdCl, - (CH;CN), NC Q
NCOMe > O ove
DMSO Y
HO 71 OMe 1o

86

The above titled compound (86) was synthesized from (71) (0.618 g, 2 mmol.), and
obtained as a light green solid (0.4 g, 1.17 mmol., 59 %), Mp >230 °C, after purification
by column chromatography (SiO2: hexane: ethyl acetate, 7:3, Rr = 0.2). HRMS (ESI):
clculated for CisHisN1Os (M+H) =342.0972, found for (M+H)= 342.0977,AMs=-
0.5ppm.

'H NMR: & (ppm) =3.79 [3H, s, (OCH3)], 3.81[6 H, s, 2 X (OCH3)], 7.19 [2 H, s, Ar-H
ortho to meyhoxy ], 7.35[1H, dd, J=8.05 Hz, 1.11Hz, Ar-H para to OH], 7.49 [1H, d, J
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= 1.11 Hz, Ar-H ortho to OH], 7.84 [1H, d, J= 8.05 Hz, Ar-H meta to OH], 11.77 [1H, s,
OH].

13C NMR: & (ppm) = 56.21 [2 x (OCH3)], 60.35 [(OCH?3)], 104.61 [C=N], 107.13 [Ar-
CH ortho to meyhoxy], 115.95 [Ar-C-H meta to OH], 116.17[Ar-C-CO], 120.09 [Ar-CH
parato OH], 126.85 [Ar-C-CO], 134.49 [Ar-CH ortho to OH], 136.82 [Ar-C-CN], 144.12
[Ar-C-OCHs],153.21[2x Ar-C-OCHgs], 160.46 [Ar-C-OH], 192.52 [C=0], 193.00 [C=Q].
FT-IR: Vmax (cm™) 3324 (OH str.), 2957 (C-H str., aromatic), 2848 (C-H str., aliphatic),
2230 (C=N str.), 1670 (C=0 str.), 1581 (C=C str., aromatic), 1118 (C-O-CHs, asy. str.).

2.3.3 Synthesis of substituted 1,2,4-traizine-3(2H)-one:
6-(4-methoxy-3-nitrophenyl)-5-(3,4,5-trimethoxyphenyl)-1,2,4-triazin-3(2H)-
one(87)

NO, OMe
OMe OMe
MeO O
N
N z
P N OMe
O NH,CONHNH, - HCI HNT N + |
MeO - > NO,
LiOH = OMe o) N
O N H
OMe

OMe 87b

87a
OMe

81

To a stirred solution of semicarbazide hydrochloride (0.133 g, 1.2 mmol., 1.2 eq.),
lithium hydroxide (0.028 g, 1.2 mmol., 1.2 eq.) in ethanol was added 1-(4-methoxy-3-
nitrophenyl)-2-(3,4,5-trimethoxyphenyl)ethane-1,2-dione ( 0.375 g, 1 mmol., 1 eq.) and
the mixture was heated under reflux for overnight. After cooling, precipitate was filtered ,
washed with water and purified by column chromatography (SiOz2: ethtylacetate : hexane
8:2, Rr = 0.27) which obtain as a green solid of two isomers (0.217 g, 0.52 mmole,
52.41%). The isomers mixture were further separated by HPLC using silicagel column
4p Genesis C18 120A and ethyl acetate - hexane system (8:2) as a mobile phase.
Isomer 1

'H NMR: & (ppm) = 3.62 [6 H, 2 x (OCH3)], 3.84 [3 H, (OCH3)], 3.86 [3 H, (OCH3)],
6.75[2H, s, Ar-H trimethoxy ring], 7.02 [1H, d, J = 8.86 Hz, Ar-H meta to NO2], 7.4 [1H,
dd, J=8.92 Hz, 2.4 Hz, Ar-H parato NO2], 7.93 [ 1H, d, J= 2.33 Hz, Ar-H ortho to NO2],
11.46 [1H, s, NH].
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13C NMR: & (ppm) =56.22 [2 x (OCHs3)], 56.84 [OCHs], 61.13[OCHz3], 107.64 [C-H,
Ar-CH trimethoxy ring], 113.36 [C-H, Ar-C-H meta to NO], 125.98 [C-H, Ar-C-H ortho
to NO2], 126.53 [Ar-C-CO], 129.09 [Ar-C-CO], 134.38 [C-H, Ar-C-H para to NO2],
139.58 [1C, Ar-C-OCHs], 140.90 [Ar-C-NOz2], 141.85 [Ar-C=N], 153.10 [2 x Ar-C-
OCHjs], 153.44 [Ar-C-OCHs], 153.83 [1C, Ar-C=N], 167.10 [Ar-C=0].

Isomer 2

'H NMR:$ (ppm) = 3.68 [6H, 2 x OCHj3], 3.83 [3H, OCHs], 3.93 [3H, OCHa], 6.46[2H,
s, Ar-H trimethoxy ring], 6.79 [1H, d, J = 8.97 Hz, Ar-H meta to NO2], 7.71 [1H, dd, J =
8.97 Hz, 2.09 Hz, Ar-H para to NO2], 8.07 [ 1H, d, J = 2.09 Hz, Ar-H ortho to NOz2],
10.91 [1H, s, NH].

BC NMR : § (ppm) =56.36 [2 x (OCH3)], 56.92 [OCHj3], 61.14[OCHzs], 106.36 [C-H, Ar-
CH trimethoxy ring], 113.00 [C-H, Ar-C-H meta to NOz2], 126.66 [C-H, Ar-C-H ortho to
NO2], 126.78 [Ar-C-CQ], 128.48 [Ar-C-CO], 135.73 [C-H, Ar-C-H para to NO2], 139.26
[Ar-C-OCHgs], 139.77 [Ar-C-NO], 142.73 [Ar-C=N], 153.48 [2 x Ar-C-OCHzs], 153.70
[Ar-C-OCHzs], 155.42 [Ar-C=N], 164.99 [Ar-C=0].

FT-IR: Vmax (cm™): 3379 (N-H str.), 3010(C-H Str., aromatic), 2948 (C-H Str., aliphatic),
1653 (C=0 str.), 1603 (C=N str.), 1507 (C=C str., aromatic), 1123 (C-O-CHg, asy. str.).
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2.3.4 Results and Discussion

Synthesis of diarylalkynes:

Diarylalkynes are a very important precursor for a natural product, pharmaceutical, and
molecular organic synthesis. Consequently, many protocols for the synthesis of aryl
alkynes have been reported, with a various starting materials such as carbonyl compounds
(Habrant et al., 2010), haloalkenes or alkyl halides (Okutani & Mori, 2009), and alkenes
(Ranu et al., 2003). However, palladium-catalysed cross coupling reactions are widely
used in the organic synthesis to couple sp? carbon (aryl or alkenyl halide) with sp carbon
hybridisation (terminal alkyne), as shown in scheme-2. This reaction is known as the
Sonogashira reaction, which is a catalytic process that requires a palladium (0) complex
and base, and some reactions use copper iodide as a co-catalyst.

Sonogashira reaction is extensively used among other methodologies in organic synthesis
for the synthesis of heterocyclic compounds, natural products, conjugated polymers,
pharmaceutical and biomolecules, and many other chemicals (Chinchilla & Najera,
2011).

Pd(0), B
(0), Base » Ar——— R + Base.HX

Ar-X + H

Scheme 2: General reaction of Sonogashira coupling.

The reaction conditions can be varied depending on the reactivity of the aryl halide and
alkyne. For instance, aryl iodide reacts under room temperature conditions, whereas,
heating, and a higher percentage of catalyst, are normally used with a deactivated aryl
halides (Littke & Fu, 2002). Although, there are different oxidation states of a palladium
catalyst, palladium (0) and palladium (1) are the two catalysts most frequently used as
they are very stable (Muniz, 2009) - The reaction mechanism consists of two catalytic
cycles. However, it is not clearly understood because the difficulty in analysing and
isolating of the organometallic compound intermediates, present in the reaction.
However, it is suggested that the mechanism consists of four steps. The first one starts
when the aryl halide (RX) reacts with the palladium catalyst Pd (0) to form a palladium
(1) intermediate. This step is known as oxidative addition, where the oxidation states and
coordination number of the metal catalyst increase. The copper cycle produces a w-alkyne
complex of copper acetylide, in the presence of a strong base. This copper acetylide reacts
with the palladium (11) intermediate, which results from the oxidative addition step, in the
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second step of the cycle, which is known as the trans metalation step where copper halide
is expelled. The palladium catalyst ligands are converted to the cis conformation in the
third step via trans-cis isomerisation reaction to produce cis palladium complex that
undergoes a reductive elimination reaction to reproduce the palladium catalyst for the
next cycle leaving the required alkyne (Chinchilla & Najera, 2007). The four steps of the
mechanism are illustrated in the scheme 2 below.

X

R———R' PdLn oxidative addition
reductive
elimination (n-2)L L
|
/L R—l?d—x
R—=———Pd-L trans- L
R metalation .,
_ R Cu———R'~ NR";HX
trans/cis L.t .L
isomerization Pd
H CuX
R RN + A——"R

Scheme 3: The catalytic cycle of Sonogashira reaction (Chinchilla & Najera, 2011).

Although the Sonogashira reaction is significantly utilized in numerous arrays of
synthetic reactions, it has several complications. The first one arises from using copper
iodide as a co-catalyst, where it found that the in situ copper acetylide complex often
leads to a Glasser reaction that generates a homocoupled product of the terminal alkyne
(Siemsen et al., 2000). In addition, copper iodide is environmentally unfriendly and
difficult to recover. However, it has been reported that the slow addition of alkyne and
using a reductive environment like Hz could mitigate this problem (Elangovan et al.,
2003). For this reasons, many papers have described the Sonogashira reaction without
utilizing copper salts and most of these papers increase the reactivity of catalytic system
by using an excessive amount of the amine (Chinchilla & Najera, 2011; Leadbeater &
Tominack, 2003). Conducting the Sonogashira reaction with zero concentration of copper
salt is known as copper-free Sonogashira coupling. The proposed mechanism of this
reaction shown in scheme 3.

The substantial amount of base, on the other hand, has created another drawback where

it has been shown that some secondary amines react efficiently and reversibly with the
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palladium alkyne complex by substituting one (PPhs) ligand which results in competition
between the amine and alkyne to this ligand (Jutand et al., 2005) .

R—— R R;-X
PdOL2
Ri
L-Pd——R
L 2
T %
L Ri—Pd-X
R-Pd—==—R
1 L 2 L
H——R
RalNHaX R Pll_d X / 2
NRs+ | !
HC=—-mR, L

Scheme 4: Proposed copper-free Sonogashira coupling mechanism (Mery et al., 2003).

Optimizing the efficiency of the reaction is widespread in the literature. As a result,
many variations have been carried out to effectively improve the performance of the
reaction. Among them, using aqueous media (Lipshutz et al., 2008) , free amine (Cheng
et al., 2004), or solvent-free conditions (Kabalka et al., 2000), and surprisingly,
palladium free (Thathagar et al., 2004).

Not only is the Sonogashira cross coupling used for asymmetric diarlyalkyne synthesis,
but also for the preparation of terminal alkynes by using aryl halides and a protected
alkyne such as trimethysilylacetylene (TMSA), and 2-methyl-3-butyne-2-ol (dimethyl
ethyl carbinol, DMEC) after removing the protecting group which is trimethylsilane and
isopropanol respectively (Csékei et al., 2008; Nagy et al., 2005)

The copper-free Sonogashira reaction has been used to synthesize all the asymmetric
diarylalkyne reported in this thesis. Moreover, 5-ethynyl-1,2,3-trimethoxy benzene has
been synthesised in same method from 5-bromo-1,2,3-trimethoxybenzene (53) and
dimethyl ethynyl carbinol in presence of palladium catalyst, DBU as base, and THF as a
solvent to form 2-methyl-4-(3,4,5-trimethoxyphenyl)but-3-yn-2-ol (55) in a good to
excellent yield as described in (Caporale et al., 2014). The only difference was using
palladium-tetrakis(triphenylphosphine) as a catalyst without the need of using any

ligand (scheme-1). This compound was deprotected by using KOH and K3PO4to obtain
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5-ethynyl-1,2,3-trimethoxybenzene (56) as described in (Smeyanov & Schmidt, 2013).
However, the reaction worked best with three equivalent ratios of KOH/K3POa.

Several protocols were investigated to prepare 5-ethynyl-1,2,3-trimethoxybenzene, as it
represents essential starting material for the synthesis framework, such as the Corey-
Fuchs alkyne synthesis (Burroughs et al., 2015; Coniglio et al., 2012; Li et al., 2013)
(scheme-5) , and the Sonogashira Cross-Coupling by trimethylsilylacetylene (Agabekov
et al., 2013; Provot et al., 2005) (scheme-6). However, neither one produced a satisfied

yield even with the highly expensive aryl halide 5-iodo-1,2,3-trimethoxybenzene.

(0] H
P(Ph); , CBry, BuLi, THF
B —
CH,Cl,, 0°C
MeO OMe

88 OMe

56 OMe

Scheme 5: Corey-Fuchs synthesis for terminal alkyne (Coniglio et al., 2012)

SiMes
I
Pd(PPh;),Cl,, Cul K,CO5, MeOH
MeO OMe i-Pr,NEt, THF
OMe
89 90 %6

Scheme 6: Sonogashira Cross-Coupling Reaction (Agabekov et al., 2013).

Although the above reaction of alkynylation is feasible and productive, it does not work
with some diarylalkyne couplings especially those with hydroxyl and amine groups; even
when the reaction is carried out by using a strong nucleophilic base like DBN or DABCO
(Liang et al., 2006) . Consequently, the diarylalkyne cross coupling was carried out with
a different base, whereby bis(triphenylphosphine) palladium (I1) dichloride PdCI2(PPhs)2
was used as a catalyst, triphenylphosphine as a ligand and tetrabutylammonium fluoride
trihydrate as a base. Anhydrous THF was used as a solvent, as shown in scheme 7.

H Br
PACL,(PPh;),, P(PPhs)
+ R
TBAF, THF MeO O O 1
MeO OMe Ry
OMe R,

61-74

Scheme 7: synthesis of substituted diarylalkyne.
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Fifteen diarlyalkynes with different substituent groups have been synthesized (scheme 7),

illustrated in table 1, and twelve of them are novel. 'H, ¥C NMR, IR, and mass

spectroscopy have been used to characterize them.

Diarylalkyne | R1 R MP°C %YIELD
**61 H H 74-75 82
*60 OCHs CHO 144-145 77
*62 OCHs CN 133-135 97
63 OCHs NH: 87-89 57
*64 CHs OH 124-125 43
65 OCHs OH 96-97 41
*66 OCHs NO: 132-133 82
*67 CHs NH: 90-91 69
*68 CHs F 126-128 88
*69 OCHs COCHs 92-94 93
*70 OCHs CHs 122-124 78
*71 CN OH 164-167 81
*72 CN NH2 154-155 82
*73 CN CHs 150-151 81
*74 CN F 156-158 71

Table 1: Synthesised substituted diarlalkyne with yield.

*This diarylalkynes are novel compounds.

**This diarylalkyne prepared from phenylacetylene and 5-bromo-1,2,3-trimethoxy-
benzene, therefore, it is not subject to the equation above.

Synthesis of 1,2-diketone derivatives:

1,2-Diphenyl-1,2-ethanedione, a compound widely known as benzil, has great
importance in the cyclocondensation reaction, as it is considered a bis-acceptor species
that can be condensed with a bis-donor group. Compounds, such as aromatic diamines,
thioureas, and urea derivatives can be used to produce various heterocycles that are
utilised in synthesis of numerous biological products. The major path of producing these
benzil derivatives is the catalytic oxidation of diarylalkynes as the starting material can

be obtained without difficulty by the Sonogashira reaction (Doucet & Hierso, 2007). The
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direct oxidation of diarylalkynes has a growing significance because of the variety and
availability of the starting material. And also, the feasibility of the oxidation procedures
which seems to be a straightforward protocol that varies with the catalyst and oxidant.

Many reagents have been used as oxidising agents or catalysts, including, methods that
use inorganic reagents such as iodine (I2) (Yusubov & Filimonov, 1991) or iodine
derivatives (PIFA) (Tingoli et al., 2011), potassium permanganate (KMnOs), Sulphur
trioxide (SOs3),_potassium peroxymonosulfate (Oxone), cerium ammonium nitrate (Yuan
etal., 2017), mercuric salts (Jung & Deng, 2014), or copper salt (Xu et al., 2015). Many
disadvantages have been reported for these methods such as environmental effects, using
harsh conditions, and toxicity (Mori et al., 2010). However, Pd catalysed oxidation
reaction is prominent in literature (Takacs & Jiang, 2003), as a result of the functional
group tolerance and tremendous selectivity (Ren et al., 2009). Moreover, Cu" salts have
been reported to be used with most protocols as a promoter for the catalytic cycle to
reactivate Pd® into Pd'* by oxidation (Xue et al., 2018). The Wacker oxidation process,
in which the alkene is converted to ketone by using Pd catalyst, co-catalyst, and water,
have been intensely scrutinized. However, the oxidation of alkynes into benzil derivatives
have not been researched so far (Ren et al., 2009; Wang & Jiang, 2008). Despite that,
some papers have proposed a feasible mechanism (Gao et al., 2012; Xue et al., 2018),
which is not significantly different from the Wacker process version. Here, the first step
of the mechanism involves Ji-complex formation between the alkyne and the palladium
centre that activate the triple bond to the second step. This intermediate would be
efficiently attacked by nucleophilic spices such as dimethyl sulfoxide leading to a vinyl-
metal intermediate of zwitterionic or neutral character. At the third step, a second
dimethyl sulfoxide molecule attacking the vinyl-palladium intermediate to produce a
dimethyl sulphide molecule and different intermediate, upon which B-elimination would

occur to afford the desired product and second molecule of dimethyl sulphide.
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2CuCl Pd(IT)
(O] >

2CuBr, Pd(0)
(0} Ph
H +(CH3)2S PA(IDX, h——Ph
Ph O
coordination process
Elimination Process
H;C X
+ S—CH, PA(IT)X
d o : (DX,
Ph’ Pd iPh Ph—=—=—Ph
CH;
0 X 07" CH;,
Oxidation CH,4 Ph \
i
_S. Ph Oxidation
O CH; XPd

vinyl-palladium intermediate

Scheme 8: Suggested mechanism for the oxidation of alkynes (Gao et al., 2012; Xue et
al., 2018).

Several methods reported in literatures, was explored to synthesize a-diketones, among
them (Mousset et al., 2008), (Xu et al., 2015), and (Gao et al., 2012). However, a
modified protocol to (Gao et al., 2012) has been used to synthesis them by using
bis(acetonitrile)palladium(Il) dichloride complex as catalyst under microwave condition
instead of palladium diacetate. Twelve aromatic a-diketones have been synthesized and
nine of them are novel compounds. *H, $3C NMR, IR, and mass spectroscopy have been

used to characterize them.
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a-diketones | R1 R2 MP°C | Yield % | Reference

(75) H H 120-121 | 82 (Giraud et al., 2006)
*(76) OCHs | CHO 144-146 | 86

*(77) OCHs | CN 195-197 | 85

(78) OCHs | NH2 | 158-160 | 32 (Mousset et al., 2008)
*(79) CHs | OH 160-162 | 68

(80) OCHs | OH 154-156 | 72 (Mousset et al., 2008)
*(81) OCHs | NO2 150-153 | 80

*(82) CHs | NH2 146-148 | 40

*(83) CH: |F 112-114 | 88

*(84) OCHs | COCHs | 117-119 | 67

*(85) OCHs | CHs 128-131 | 91

*(86) CN |OH >230 |59

Table 2: synthesised substituted 1,2-diketones with yield.

* 1,2-diketones are novel compounds.

Synthesis of 1,2,4-triazine-3(2H)-one derivatives

Triazine is a hexaheterocyclic scaffold with three nitrogene atoms found in three isomers
figure-17, which aquired exceptional interest due to its broad reach biological activity
such as anticancer (Smith et al., 2012), antifungal (Singh et al., 2012), anti-malarial, anti-
inflamatory, antiviral, analgesic (Singla et al., 2015), and antihypertensive activity
(Heilman et al., 1979).

N

R
_N

1,2,3-triazine

91

Figure 17: Structures of triazine isomers.

N,
(
N

J

1,2,4-triazine

92

62

N

A
Y
1,3,5-triazine

93



Chapter 2

Result and Discussion

Synthesis of substituted 5,6-diaryl-1,2,4-triazine analogues

1,3,5-Triazine isomers, typically, prepaired from the reaction of Cyanuric acid with

substituted amines :

X
~
J‘\ JN\ + RNH, _ THF
NS
Cl N™ Cl 0-5 °C
94
N= "N Reflux
PNy =
Ro,HN” N7 NHR, THF

95

NN + RyNH,
o |
N” ~Cl
RT. | THF
NHR
A

RNH,  + J‘\\ |

Cl”” N7 NHR;

Scheme 9: Synthetic pathway for 1,3,5-triazine synthesis (Singla et al., 2015).

However, 1,2,4-triazines mainlly prepared from benzils derivatives and substituted
hydrazines by cyclocondensation reaction. The synthesis of 1,2,4-triazine-3-one from
benzil and semicarbazide in acidic medium was invistigated (Mullick et al., 2009) with
zero yield product. Consequently, the reaction was carried out in basic medium by using
lithium hydroxide as a catalyst and ethanol as a solvent. Semicarbazide hydrochloride
was used to prepare triazine analogues, as an alternative for semicarbazide (Arquero et

al., 1998). This protocol was operative to prepare compound (87), but it didn’t work for

compounds 87c, 87d, 87e (scheme 10).
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MeO, O »\NH No2
O 0 LiOH N=
MeO + NH,CONHNH, - HCl g OMe + OMe
MeO O OMe 87b
g ON NO, OMe
MeO
MeO (0] HN»\N OMe

U
Ot -
MeO + NH,CONHNH, - HCI + LiOH ——<—3= OMe

MeO Q OMe
78 H,N NH, 87¢

MeO OMe
(0]

MeO (0] »\N OMe

HNT
a QY
Meo + NH,CONHNH, - HCl + LiOH ——X—»= OMe

MecO O Q OMe 87d
75
)

MeO, o HN»\N OMe

\
ol .o
MeO + NH,CONHNH, - HCl + LiOH ——>—3 OMe

MeO OMe
HO OH

80 McO OMe

Scheme 10: Explored reactions to prepare 5,6-diaryl-1,2,4-triazine analogues.

Several attempts were carried out to optimize the reaction by using NaOH, KOH, and

operating reaction under microwave irriradiation. However, none of these were efficient

to produce the required final product. The electronic density around carbonyl group could

be a crucial factor for the success of the reaction, as the reaction mechanisim is relying

on the attack of nucleophile to the carbonyl group. Therefore, the reaction worked well

with the electron withdrawing group NO2, but no product was produced with the electron

donating group like OH, and NH2 and OCHs.

RNH2 /
R H R
Ph Ph\ HooC Ph
H

:\Nq/ OH =—= C=N+ =—== HOH + N=C
/ \U R./ \R R R
H R'
hemiaminal iminium ion

Scheme 11: mechanism of imine formation (Grossman, 1999).
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3 Synthesis of substituted pyridyl-phenyl sulphonamide derivatives:
Sulphonamides are an important organic scaffold having many applications in
pharmaceutical industries. They also possess a variety of biological activities including
anti-bacterial, anti-hypertensive, anti-epileptic, anti-inflammatory, anti-HIV, and anti-
cancer (Lavanya, 2017).

Sulphonamides are synthetically derived from sulfonyl chloride and substituted amines
in a basic medium as a catalyst (with, e.g., triethylamine or pyridine). Alternatively, these
compounds can be synthesized from aryl iodide and sulphur dioxide with catalytic indium
or palladium (Emmett et al., 2014; Kim & Jang, 2007).

Much literature has been published on the synthesis of sulphonamides considering
different substrates such as thiol (Veisi et al., 2011), sulfonic acid or sulfonate salts (De
Luca & Giacomelli, 2008), and Grignard reagents (Woolven et al., 2011).

This chapter explores the synthesis of pyridinyl-phenyl sulphonamides derivatives
synthesized through a multi-step approach. A substituted N-phenyl-3-nitropyridine-2-
amine (97) was synthesised as the starting material, which was then converted to a
substituted pyridine-2,3-diamine (98) by reduction of the nitro group to amine. The

substituted pyridine diamine efficiently reacted with aryl sulfonyl chlorides (scheme 12).

H,N—x

QL :
/ X
N
H R,
97
302Cl
\ { § NH
Ry
yz X
base N E R
2
99 QRI

98 R,
X=-,CH,, CONH

Scheme 12: Synthesis of substituted pyridyl-phenyl sulphonamide derivatives.
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3.1 Synthesis of substituted N-phenyl-3-nitropyridine-2-amines.
3-Nitro-N-(3,4,5-trimethoxyphenyl)pyridin-2-amine (100)

H,

NH
o NO2 2 H, o NOs OMe
D _w -
=z OMe
N~ >l Hy” N7 °N
95 MeO OMe H
OMe 100 OMe

Procedure a: A mixture of 2-chloro-3-nitro pyridine (1.585 g, 10 mmol., 1 eq.) and 3,4,5-
trimethoxy aniline (2.015 g, 11 mmol., 1.1 eq.) in ethylene glycol (15 cm?) was irradiated
in a microwave vial for 2 hours at 100 W and 70°C. After completion of the reaction,
water was added, and the mixture was extracted with ethyl acetate (3 x 30 cm?), and the
organic layer dried with anhydrous MgSQOa. The solvent was evaporated under reduced
pressure and the crude solid was purified by flash chromatography (hexane: ethyl acetate
7:3, R=0.21) to obtain a red crystalline solid (2.6 g, 8.51 mmol., 85%). Mp = 144-145
°C, lit. Mp =140-141(Robison & Finch, 1970)

Procedure b: A mixture of 2-chloro-3-nitro pyridine (1.585 g, 10 mmol., 1 eq.) and 3,4,5-
trimethoxy aniline (2.015 g, 11 mmol., 1.1 eq.) —in ethylene glycol (15 cm®) was heated
conventionally for 12-14 hrs at 100°C. After completion of the reaction, water was added,
and the mixture extracted with ethyl acetate (3 x 30 cm?), and the organic layer dried with
MgSOQOa. The solvent was evaporated under reduced pressure and the crude solid was
purified by flash chromatography (hexane: ethyl acetate 7:3, Rr=0.21) to obtain a red
crystalline solid (2 g, 6.55 mmol., 66%). Mp = 144-145 °C, lit. Mp =140-141 °C (Robison
& Finch, 1970).

'H NMR :8 (ppm) =3.88[3 H, s, (CH30)], 3.91 [6 H, s, 2 X (CH30)], 6.85 [1H, dd, J=8.41
Hz, 4.6 Hz, Py-H2], 6.92 [2 H, s, ortho to methoxy], 8.52 [1H, d, J=4.6 Hz, 1.75 Hz, Py-
H1], 8.58 [1H, dd, J=8.42 Hz, 1.75 Hz, Py-H3], 10.07 (1H, s, NH)

13C NMR : & (ppm) = 56.33 [2 x (CH30)], 61.08 [(CH30)], 100.61 [C-H, ortho to
methoxy], 113.81[C-H, Py-C-H2], 128.62 [C-O, Ar-C-O-CHjs], 133.60 [C-N, Ar-C-NH],
135.43 [C-N, Py-C-NO>], 135.71[C-H, Py-C-H1], 150.37 [C-N, Py-C=N], 153.40 [2 x C-
O, Ar-C-OCHzs], 155.32 [C-H, Py-C-H3].

FT-IR: Vmax (cm™): 3342 (NH str.), 3095 (C-H str., arom.), 2832 (C-H str., aliph.), 1592
(C=C str., arom.), 1504 (N-O asy. str., NO2), 1420 (N-O sym. str.), 1124 (C-O-CHs asy.
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str.). Following procedure b N-phenyl-3-nitropyridine-2-amine (102-109) were

synthesised.

N-(3-Hydroxy-4-methoxyphenyl)-3-nitropyridin-2-amine (101):

NH, H,
NO, H NO
X 2 2 OH
EG N
T L -~
N Cl H N N OMe
OH 3 o
96 OMe

101

Using 5-amino-2-methoxyphenol (1.530 g, 11 mmol, 1.1 eq), the above 3-nitro-pyridine-
2-amine (101) was obtained as a black solid (1.427 g, 6.62 mmol., 55%). Mp =160-162
°C, after flash column purification (SiO2, hexane: ethyl acetate 7:3, R=0.2).

HRMS (ESI): calculated for C12H14N302 (M+H) = 262.0828, found (M+H) = 262. 0840,
AMs=1.2ppm.

'H NMR: & (ppm) =3.93 [3H, s, (CH30)], 5.73 [1H, s, OH], 6.80 [1H, dd, J = 8.32, 4.38
Hz, Py-H2], 6.87 [1H, d, J = 8.6 Hz meta to OH, Ar-H], 7.02 [1H, dd, J= 8.6 Hz, 2.2 Hz
para to OH, Ar-H], 7.32[1H,d, J = 2.2 Hz ortho to OH, Ar-H], 8.48 [1H, d, J = 4.33 Hz,
Py-Hi], 8.53 [1H, d, J = 8.33 Hz, Py-Hzs], 9.98 [1H, s, NH].

13C NMR: & (ppm) =56.19 [(CH30)], 110.41[C-H, Ar-C-H ortho to OH], 110.52[C-H,
Ar-C-H parato OH], 110.81 [C-H, Ar-C-H meta to OH], 114.82 [C-H, Py-C-H2], 128.35
[C-O, Ar-C-OH], 131.44 [C-N, Ar-C-NH], 135.53 [C-H, Py-H1], 144.19 [ Py-C-NO¢],
145.80 [C-N, Py-C=N ], 150.65 [C-O, Ar-C-OCHgs], 155.32 [C-H, Py-C-H3].

FT-IR: Vmax (cm™): 3546.87 (OH Str.), 3340.38 (NH str.), 2998.85 (C-H str., aromatic),
2826.12 (C-H str., aliphatic), 1603.15 (C=C str., aromatic), 1506.10 (N-O asy. str., NO2),
1446.07 (N-O sym. str., NO2), 1126.47 (C-O-CHs asy. str.).
N-(3-Flouro-4-methoxyphenyl)-3-nitropyridin-2-amine (102):

NH, H,
+ —— + HCI
~ ~
N” al F Hy” N E’@'OMC
OMe
102
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Using 3-fluoro-4-methoxy aniline (1.55 g, 11 mmol., 1.1 eq.), the above 3-nitro-pyridine-
2-amine (97) was obtained as a black solid (1.99 g, 7.56 mmol., 76%). Mp =129-130 °C,
after flash column purification (SiO2: hexane: ethyl acetate 8:2, Rr = 0.15).

HRMS (ESI): calculated for C12H11N3OsF (M+H) = 264.0792, found (M+H) = 264.0784,
AMs=0.8ppm.

IH NMR : & (ppm) =3.89 [3 H, s, (CH30)], 6.82 [1H, dd, J = 8.32 Hz, 4.54 Hz, Py-H],
6.98 [1H, t, J= 18.07 Hz ortho to F, Ar-H], 7.58 [1H, dt, J = 8.9 Hz, 4.05 Hz parato F,
Ar-H], 7.61 [1H, dd, J = 12.9 Hz, 2.59 Hz, meta to F, Ar-H], 8.45 [1H, dd, J = 4.58 Hz,
1.86 Hz Py-Ha], 8.49 [1H, dd, J = 8.38 Hz, 1.86 Hz, Pyr-Hs], 9.99 (1H, s, NH).

13C NMR : § (ppm) =56.58 [(CH30)], 111.73 [C-H, d, J=22.08 Hz, Ar-C-H ortho to F],
113.95 [C-H, d, J=2.8 Hz, Ar-C-H para to F], 113.95 [C-H, Py-C-H2], 118.41 [C-H, d,
J=3.53 Hz, Ar-C-H meta to F], 128.53 [C-N, Py-C-NOz2], 131.07 [C-N, d, J=9.34 Hz, Ar-
C-NH], 135.60 [C-H, Py-C-H1], 144.88 [C-O, d, J=10.91 Hz, Ar-C-OCHgs], 150.24 [C-
N, Py-C=N], 150.84 [C-F, d, J=245.41 Hz], 155.33 [C-H, Py-C-H3].

FT-IR: Vmax (cm™) 3313 (NH str), 3092 (C-H str., aromatic), 2801 (C-H str., aliphatic),
1608 (C=C str., aromatic), 1501 (N-O asy. str., NO2), 1438 (N-O sym. str.), 1150 (C-O-
CHjs agsy. str.).

N-(4-Hydroxy-3-methylphenyl)-3-nitropyridin-2-amine (103):

NH, H,
o V02 H, NO, CH,
| EG | N
N>l ’ “ OH +oHd
H NN
96 CH;4 3 N
OH 103

Using 4-amino-2-methyl phenol (1.35g, 11 mmol, 1.1eq), the above 3-nitro-pyridine-2-
amine (103) was obtained as a black solid (2.20 g, 8.97 mmol., 90%). Mp =178-180 °C,
after purification column chromatography (hexane: ethyl acetate 8:2, Rt=0.21).

HRMS (ESI): calculated for C12H12N3Os (M+H) = 246.0876, found (M+H) = 246.0879,
AMs=0.3ppm.

'H NMR (d6-acetone): 8(ppm) =2.13 [3H, s, (CH3)], 6.76 [1H, d, J=8.41 Hz, meta to
CHs, Ar-H], 6.88 [1H, dd, J=8.36 Hz, 4.55 Hz, Py-H2], 7.20 [1H, dd, J=8.41Hz, 2.67Hz,
para to CHs, Ar-H], 7.24 [1H, d, J=2.64 ortho to CHs, Ar-H], 8.45 [1H, dd, J=4.6 Hz,
1.75 Hz, Py-H1], 8.49 [1H, dd, J=8.35 Hz, 1.75 Hz, Py-H3], 9.81 (1H, s, NH).
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13C NMR (d6-acetone): d(ppm) =16.31 [ (CHs)], 114.24 [C-H, Ar-C-H ortho to CH],
115.40 [C-H, Py-H2], 122.82 [C-H, Ar-C-H meta to CHs], 125.28 [C-C, Ar-C-CHg],
126.86 [C-H, Ar-C-H para to CHs], 129.36 [C-N, Ar-C-NH], 131.07 [C-N , Py-C-NO],
136.18 [C-H, Py-H1], 151.51 [C-O, Ar-COH], 153.52 [ C-N, Py-C=N], 156.28 [C-H, Py-
H3].

FT-IR Vmax (cm™): 3380 (OH str), 3354 (N-H str.), 3094 (C-H str., aromatic), 2950 (C-
H str., aliphatic), 1585 (C=C str., aromatic), 1496 (N-O asy. str., NO2), 1431 (N-O sym.
str.), 1149 (C-O-CHs asy. str.).
N-(3-Fluoro-4-hydroxyphenyl)-3-nitropyridin-2-amine (104):

NH, H,

(jiwo2+ . HzﬁNOZ F

N>l v He N N O,OH +  HCI
OH 104

Using 4-amino-2-flouro phenol (1.39 g, 11 mmol., 1.1 eq.), the above 3-nitro-pyridine-2-
amine (104) was obtained as black solid (2.205 g, 8.8 mmol., 89%). Mp=133-135°C, after
purification by column (hexane: ethyl acetate 8:2, Rf =0.17). HRMS (ESI): calculated for
C11H9FN303 (M+H) =250.0627, found for (M+H) =250.0624, AMs=0.3ppm.

'H NMR: & (ppm) = 5.18 [1H, S, OH], 6.81 [1H, dd, J= 8.35 Hz, 4.55 Hz, Py-H2], 6.98
[1H,dt, J=18.25 Hz, 8.91 Hz ortho to F, Ar-H], 7.10 [1H, dd, J=8.84 Hz, 3.82 Hz para to
F, Ar-H], 7.59 [1H, dd, J=12.23 Hz, 2.51 Hz meta to F, Ar-H], 8.45[1H, dd, J= 4.56 Hz,
1.85 Hz,Pyr-H1], 8.52 [1H,dd, J=8.35 Hz, 1.85 Hz , Pyr-H3], 9.98 [1H, s, N-H].

13C NMR : § (ppm) =111.13 [C-H, d, J=22.3 Hz, Ar-C-H ortho to F], 113.94 [1C, C-H,
Py-C-H2], 117.25 [C-H, d, J= 2.93 Hz, Ar-C-H para to F], 119.47[C-H, d, J=3.30 Hz,
Ar-C-H meta to F], 130.77 [C-N, d, J=9.37 Hz, Ar-C-NH], 135.66 [C-H, Py-C-H1],
140.73 [C-O, d, J=14.4 Hz, Ar-C-OH], 149.36 [ C-F, d, J= 236.30 Hz, Ar-C-F], 150.31
[C-N, Py-C-NO2], 152.79 [ C-N, Py-C=N], 155.28 [C-H, Py-C-H3].

FT-IR: Vmax (cm™): 3330 (NH, OH str.), 3086 (C-H str., aromatic), 2961 (C-H str.,
aliphatic), 1597 (C=C str., aromatic), 1509 (N-O asy. str., NO2), 1492 (N-O sym. str.),
1188 (C-O-CHsasy. str.).
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N-(4-Bromo-3-fluorophenyl)-3-nitropyridin-2-amine (105):
NH, H,
(\/[No2 @\ . szf%[No2 F
Nig (:1+ F Hy N7 N—@Br v
H
Br 100
Using 4-bromo-3-flouroaniline (2.090 g, 11 mmol., 1.1 eq.), the above 3-nitro-pyridine-
2-amine (105) was obtained as orange solid (2.721 g, 8.75 mmol., 88%, Mp =158-159
°C), after purification by column chromatography (hexane: ethyl acetate 9:1, Rs = 0.26).
HRMS (ESI): calculated for CiiHsBrFNsO2 (M+H) = 311.9783, found (M+H) =
311.9785, AMs=0.2ppm.
IH NMR :8 (ppm) = 6.89 [1H, dd, J= 8.37 Hz, 4.61 Hz, Py-H2], 7.17 [1H, dg, J= 2.46
Hz , 1.04 Hz, Ar-H, parato F], 7.49 [1H, t, J=8.17 Hz , Ar-H, meta to F], 7.84 [ 1H, dd,
J=10.86 Hz, 2.46 Hz , Ar-H, ortho to F], 8.50 [2H, (1H, dd, J= 4.66 Hz, 1.84 Hz, Py-
H1), (1H, dd, J=8.39 Hz, 1.84 Hz, Py-H3)].
13C NMR : § (ppm) =103.17 [C-Br, d, J=21.41 Hz, ortho to F], 110.02 [C-H, d, J= 27.24
Hz , Ar-C-H ortho to F], 114.85 [C-H, Py-H2], 118.32 [C-H, d, J= 3.12 Hz , Ar-C-H
meta to F], 129.09 [C-N, Py-C-NOz2], 113.20 [C-H, d, J=1.36 Hz , Ar-C-H para to F],
135.65 [C-H, Py-H1], 138.82 [C-N, d, J=10.07 Hz, Ar-C-NH], 149.42 [C-N, Py-C=N],
154.93 [C-H, Py-H3], 157.84 [C-F, d, J=246.73 Hz].
FT-IR: Vmax (cm™): 3317 (NH str.), 3063 (C-H str.), 1591 (NH bend.), 1572 (C=C str.,
aromatic), 1498 (N-O asy. str., NO2), 1442 (N-O sym. str.), 1187 (Ar-O-CHs asy. str.),

1049 (C-F).
3-Nitro-N-(3,4,5-trifluorophenyl)pyridin-2-amine (106)

o NH, H,
AN 2 H, X NO, F
EI i = . f:[ + HCI
N . Hy  NTON F
F 106 F
Using 3,4,5-trifluoroaniline (1.6181 g, 11 mmol., 1.1 eq), the above 3-nitro-pyridine-2-
amine (106) was obtained as a red solid (2.155 g, 7.27 mmol., 80%). Mp =165-167 °C,
after purification by column chromatography (hexane: ethyl acetate 9:1, Rr = 0.26).

HRMS (ESI): calculated for C11H7F3sN302 (M+H) = 270.0490, found (M+H) = 270.0495,
AMs=0.5ppm.
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IH NMR : & (ppm) = 6.89 [1H, dd, J= 8.33 Hz, 4.59 Hz, Py-H2], 7.37 [2 H, m, Ar-H,
ortho to F], 8.45 [2 H, (1H, dd, J=4.53 Hz, 1.75 Hz, Py-H1), (1H, dd, J=8.34 Hz,1.75 Hz,
Py-H3].
13C NMR: & (ppm) =106.10 [C-H, dd, J= 18.44 Hz, 7.12 Hz, Ar-C-H], 115.08 [C-H, Pyr-
H2], 129.09 [ C-N, Py-C-NO2], 133.71 [C-N, dd, J=11.53 Hz, 4.12, Hz, Ar-C-NH],
135.15 [C-F,dt, J= 248.17 Hz, 15.52 Hz], 149 [C-N, Py-C=N], 149.82 [C-F, ddd,
J=247.91, 10.31, 5.37 Hz, Ar-F], 154.86 [C-H, Py-H3].
FT-IR: Vmax (cm™): 3551 (NH str.), 2974 (C-H str., aromatic), 1624 (C=C str., aromatic),
1583 (N-O asy. str., NO2), 1501 (N-O sym. str.), 1185 (C-O-CHjs asy. str.).
3-Nitro-N-(2,4,5-trifluorophenyl)pyridin-2-amine (107)
NH, H, F
@:10 i /©/ p Hzrj:Ni@iF + HCI
F Hy” "NT N H,
F F
107
Using 2,4,5-trifluoroaniline (1.6181 g, 11 mmol., 1.1eq), The above 3-nitro-pyridine-2-
amine (107) was obtained as a yellow crystalline solid (1.524 g, 5.66 mmol., 46%).
Mp=127-128 °C, after column chromatography purification (hexane: ethyl acetate 9:1, Rt
= 0.26). HRMS (ESI): calculated for C11H7F3N3O2 (M+H) = 270.0490, found (M+H) =
270.0497, AMs=0.7ppm.
'H NMR :3 (ppm) = 6.92 [1H, dd, J= 8.34 Hz, 4.58 Hz, Py-H2], 7.37 [1H, m, Ar-H,],
8.39 [1H, m, Ar-H], 8.50-8.56 [2H, (1H, dd, J= 4.57 Hz, 1.79 Hz, Py-H3), (1H, dd, J=8.34
Hz, 1.80 Hz, Py-H1], 10.21 [1H, NH].
13C NMR : & (ppm) =104.72 [C-H, dd, J=25.22 Hz, 21.71 Hz, Ar-C-H4], 111.59 [1C, dd,
J=24.86 Hz, 1.51 Hz, Ar-C-H], 115.03 [C-H, Py-H2], 122.95-123.20 [C-N, m, Ar-C-NH],
129.38 [C-N, Py-C-NOz2], 135.60 [C-H, Py-H1], 144.26-146.99 [C-F, ddd, J= 248.66 Hz,
15.01 Hz, 11.45 Hz, Ar-C-F], 144.85-147.42 [C-F, ddd, J= 241.44 Hz, 12.64 Hz, 3.95
Hz, Ar-C-F], 147.78-150.21 [C-F, ddd, J=243.85 Hz, 9.01 Hz, 2.98 Hz, Ar-C-F], 149.03
[C-N, Py-C=N], 154.74 [C-H, Py-H3].
FT-IR: Vmax (cm™): 3551 (NH str.), 2974 (C-H str. aromatic), 1624 (C=C str., aromatic),
1583 (N-O asy. str., NO2), 1501 (N-O sym. str.), 1185 (Ar-O-CHs).
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3-Nitro-N-(4-hydroxy-3-methoxyphenyl)pyridin-2-amine (108):

NH,

o H, OCH,4
2
N/ cl | P + HCI
OCH
H 108

Using 4-hydroxy-3-methoxyaniline (1.530 g, 11mmol., 1.1 eq), the above title compound
(108) was obtained as a black solid (1.251 g, 4.7 mmol., 48%). Mp=138-140 °C, after
flash column purification (hexane: ethyl acetate 8:2, Rr=0.20). HRMS (ESI): calculated
for C12H12N304 (M+H) = 262.0827, found (M+H) = 262.0833, AMs=0.6ppm.

'H NMR : 3 (ppm) = 3.89 [3H, s, (OCH3)], 5.42 [1H, s, OH], 6.74 [1H, dd, J= 8.38 Hz,
4.55 Hz, pyr-H2], 6.89 [1H, d, J=8.46 Hz, Ar-H, ortho to OH], 6.99 [1H, dd, J=8.46 Hz,
2.34Hz, Ar-H , meta to OH], 7.15 [1H, d, J=2.34 Hz, Ar-H, ortho to (OCH3s)], 8.41 [1H,
dd, J=4.55 Hz, 1.75 Hz, Py-H1], 8.47 [1H, dd, J= 8.38 Hz, 1.75 Hz, Py-H3], 9.93 [1H, s,
NH].

13C NMR : § (ppm) =56.05 [(OCH3)], 107.37 [C-H, Ar-C-H ortho to methoxy], 113.41
[C-H, Ar-C-H meta to methoxy], 114.44 [C-H, Py-C-H2], 116.64 [C-H, Ar-C-H para to
methoxy], 128.30 [C-O, Ar-C-OCHs], 130.13 [C-N, Ar-C-NH], 135.59 [C-H, Py-C-H1],
143.36 [C-N, Py-C-NOz2], 146.54 [C-N, Py-C=N], 150.88 [C-O, Ar-C-OH], 155.55 [C-
H, Py-C-H3].

FT-IR: Vmax (cm™): 3542 (NH str.), 3308 (OH str.), 2940 (C-H str., aromatic), 2820 (C-
H str., aliphatic), 1614 (NH, bend), 1582 (C=C str., aromatic), 1466 (N-O asy. str., NO2),
1438 (N-O sym. str.), 1107 (C-O-CHs asy str.).
3-Nitro-N-(4-hydroxy-3-methylphenyl)pyridin-2-amine (109):

NH, H, CH;
o NO2 Eg Ha A N0 OH
N Cl CH3 H3 N N
OH 109 H
Using 4-hydroxy-3-methylaniline (1.354 g, 11 mmol, 1.1 eq), the above 3-nitro-pyridine-
2-amine (109) was obtained as a dark brown solid (1.501 g, 6.09 mmol., 61%, Mp=136-

139 °C), after column purification (hexane : ethyl acetate 7:3, Rf=0.22). HRMS (ESI):
calculated for C12H12N3O3 (M+H) = 246.0878, found (M+H) = 246.0886, AMs=0.8ppm.
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IH NMR: & (ppm) = 2.15 [3H, s, (CH3)], 4.09 [1H, s, OH], 6.77 [1H, dd, J= 8.32 Hz, 4.51
Hz, Py-H2], 6.90 [1H, dd, J=8.04 Hz, 2.13 Hz, Ar-H, para to CHzs], 7.08 [1H, d,
J=8.05Hz, Ar-H , meta to CHs], 7.15 [1H, d, J=2.11Hz, Ar-H, ortho to (CHs)], 8.42 [1H,
dd, J=4.51 Hz, 1.77 Hz, Py-H1], 8.49 [1H, dd, J= 8.31 Hz, 1.78 Hz, Py-H3], 9.97 [1H, s,
NH].

13C NMR: & (ppm) =30.96 [(CH3)], 110.24 [C-H, Ar-C-H ortho to CH3], 113.64 [C-H,
Ar-C-H para to CHs], 115.21 [C-H, Py-C-H2], 121.37 [C-C, Ar-C-CHjs], 128.62 [C-N,
Ar-C-NH], 131.21 [C-H, Ar-C-H meta to CHs], 135.84 [C-H, Py-C-H1], 136.23 [C-N,
Py-C-NOz], 150.56 [C-N, Py-C-NH], 154.50 [C-O, Ar-C-OH], 155.15 [C-H, Py-C-H3].
FT-IR: Vmax (cm™): 3437 (OH str.), 3318 (NH St.), 3048 (C-H str.), 2818 (C-H str.,
aliphatic), 1612 (NH, bend), 1579 (C=C str., aromatic), 1505 (N-O asy. str., NO2), 1413
(N-O sym. str.).

3-Nitro-N-(3,4,5-trimethoxybenzyl)pyridin-2-amine (110)

NH,
- Hl
N g H NO
| 2 AN 2
_ + DIPEA | H,
N Cl EtOH > = C OMe + HCI
MeO OMe H; N E
110 OMe

OMe

OMe

To a stirred solution of 2-chloro-3-nitropyridine (1.585 g, 10 mmol, 1 eq.) in ethanol (10
cm?d), placed in -10 °C ice bath, was added diisopropyl-ethylamine (DIPEA) (3.48 cm?,
20 mmol., 2 eq.) dropwise over 15 min. Thereafter, 3,4,5-trimethoxybenzylamine (1.02
cm?®, 12 mmol, 1.2 eq.) was added and the temperature increased gradually to 80 °C and
stirred for 6-8 hours. The solvent was evaporated, and water (15 cm®) was added to the
resulting crude product which was extracted with (3 x 30 cm?®) ethyl acetate. The organic
layer was separated, dried over anhydrous MgSOs, filtered, and solvent removed by
rotary evaporation. Flash column purification (petroleum ether: ethyl acetate 8:2, Rf =
0.17) was carried out to obtain the required product as a yellow solid (2.801 g, 8.77
mmol., 88%, Mp=120-122 °C). HRMS (ESI): calculated for CisH17N3Os (M+H) =
320.1246, found (M+H) = 320.1250, AMs=0.4ppm.

'H NMR: & (ppm) =3.83 [9 H, s, 3 X (OCH3)], 4.74 [2 H, d, J=5.62 Hz, (CH2-NH), 6.59
[2 H, s, Ar-H trimethoxy ring], 6.64 [1H, dd, J= 8.38 Hz, 4.51 Hz , Py-H2], 8.37 [1H,dd,
J=4.51 Hz, 1.73 Hz, Py-H1], 8.37 [1H, dd, J=8.33 Hz, 1.73 Hz, Py-H3], 8.46 [1H, t, J=
5.6 Hz, N-H].
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13C NMR : & (ppm) = 45.37 [CH2], 56.09 [ 2 x (OCHS3)], 60.78[(OCHz3)], 104.74 [C-H,
Ar-H ortho to methoxy], 112.17 [C-H, Py-H2], 128.13 [C-O, Ar-C-OCHg], 133.91 [C-
CH2, Ar-H], 135.31 [C-H, Py-H1], 137.27 [C-N, Py-C-NOz2], 152.23 [C=N, Pyr-N],
153.40 [2 x C-O, Ar-C-OCHgs], 155.67 [C-H, Py-H3].
FT-IR: Vmax (cm™): 3401 (NH str.), 3065 (C-H str., aromatic), 2943 (C-H str., aliphatic),
1592 (C=C str., aromatic), 1571 (N-O asy. str., NO2), 1493 (N-O sym.str.), 1123 (C-O-
CHs asy. str.).
3,4,5-Trimethoxy-N'-(3-nitropyridin-2-yl)benzohydrazide (111):

CONHNH, OMe

HI
AN NOZ DIEA HZ X N02 OMe
|+ o +HCI
EtOH AN
N oo OMe HONTONTTC OMe
OMe

111

To a stirred solution of 2-chloro-3-nitropyridine (1.585g, 10 mmol, leqg.) in DMF (10
cm?), placed in -10 °C ice bath, was added DIPEA (3.48 cm?, 20 mmol., 2.0 eq.) dropwise
over 15min. Thereafter, 3,4,5-trimethoxybenzyhydrazide (2.714g, 12 mmol, 1.2 eq) was
added and temperature increased gradually to 120 °C. The reaction was stirred for 12
hours. After consumption of the starting material, the reaction was cooled, and water (15
cm?) was added to the mixture, which was extracted with (3 x 30 cm?®) ethyl acetate. The
organic layer was separated, dried over anhydrous MgSOs, filtered, and solvent removed
by rotary evaporation. Column purification was carried out to obtain the required product
as a yellow-orange solid (2.258, 6.48 mmol., 65%) Mp = 184-185°C, lit. Mp=162-164 °C
(Murty et al., 2016), after column purification (petroleum ether: ethyl acetate 8:2, Rr=
0.4).

'H NMR : & (ppm) =3.88 [6 H, s, 2 X (OCH?3)], 3.87 [3H, s, (OCH3)], 6.86 [1H, dd, J=
8.38 Hz 4.69 Hz, Py-H2], 8.41 [1H, dd, J= 4.71 Hz, 1.64 Hz, Py-H1], 8.49 [1H, dd, J=
8.34Hz, 1.764 Hz, Py-H3], 9.38 [1H, d, J= 4.54 Hz, N-H], 10.15 [1H, d, J=4.57Hz, N-H].
13C NMR : & (ppm) = 56.419 [2 x (OCHs3)], 60.96 [(OCHSs)], 104.71 [C-H, Ar-H ortho
to methoxy], 114.34 [C-H, Py-H2], 126.82 [C-O, Ar-C-OCHzs], 128.77 [C-C, Ar-C-CQ],
135.39 [C-H, Py-H1], 141.67 [C-N, Pyr-NOz], 149.86 [C-N, Py-C=N], 153.35[ 2 x C-O,
Ar-C-OCHpg], 154.27 [C-H, Py-H3], 164.69 [1C, C=0].
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FT-IR: Vmax (cm™): 3417, 3319 (NH str.), 3081 (C-H str., aromatic), 2842 (C-H,

aliphatic), 1612 (C=0 Str.), 1587 (C=C str., aromatic), 1510 (N-O asy. str.., NO2), 1483
(N-O sym. str.), 1127 (C-O-CHs asy. str.).

3.2 Synthesis of substituted 2,3-diaminopyridine:
N2-(3,4,5-Trimethoxyphenyl)pyridine-2,3-diamine (112):

OCH; H, OCH,
XN NO, OCH;  FeCl;.6H,0, Charcoal, H, . NH, OCH,
| NH,.NH,.H,0, MeOH |
~ >
NTON OCH Z
i 3 Hy7 NN OCHj,

100
112

To a stirred solution of 3-nitro-N-(3,4,5-trimethoxyphenyl)pyridin-2-amine (100) (0.915
g, 3 mmol., 1 eq.) in methanol (25 cm?) was added iron(I11) chloride hexahydrate (0.064
g, 0.23 mmol., 0.08 eq.), and activated charcoal (0.064 g, 5.4 mmol., 1.8 eq.). After
heating mixture under reflux for 10 min., (1.31 cm?, 0.027 mmol., 9 eq.) hydrazine
monohydrates 100% was added drop wise over 30 minutes and the mixture heated under
reflux until completion of reaction (monitored by TLC). Cooling to room temperature,
solvent was evaporated, the resulting sludge was dissolved in ethyl acetate (35 cm®) and
extracted with H20 (3x 30 cm®). The organic layer was dried over anhydrous MgSQOsand
solvent evaporated to obtain the required product as a dark brown solid (0.685 g, 83%).
Mp = 158-160 °C, lit. Mp =147 °C (Robison & Finch, 1970) after purification by column
chromatography (hexane: ethyl acetate 5:5, Rf = 0.16).

'H NMR : 8 (ppm) =3.25 [2 H, s, NH2], 3.77 [3 H, s, (CH30)], 3.79 [6 H, s, 2 X (CH30)],
6.38 [1H, s, NH], 6.55 [2 H, s, Ar-H, ortho to CH30], 6.72 [1H, dd, J=8.41 Hz, 4.6 Hz,
pyr-H2], 6.97 [1H, dd, J=4.6 Hz, 1.75 Hz, Pyr-H1], 8.58 [1H, dd, J=8.42 Hz,1.75 Hz,Pyr-
H3].

13C NMR: & (ppm) = 56.04 [2 x (CH30)], 60.99 [(CH30)], 96.72 [C-H, Ar-C-H ortho to
meyhoxy], 116.96 [C-H, Py-C-H2], 123.61[C-H, Py-C-H1], 131.04 [C-N, Ar-C-NH],
132.99 [C-O, Ar-C-O-CHg], 138.30 [C-H, Py-C-H3], 145.70 [C-N, Py-C=N], 153.48 [C-
0O, 2 x Ar-C-OCHs].

FT-IR: Vmax (cm™): 3405, 3387 (NH: str.), 2922 (C-H str., aromatic), 2824 (C-H str.,
aliphatic), 1602 (NH-ben. Primary amine), 1588 (C=C str., aromatic), 1129 (C-O-CHs
asy. str.).
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Following the above example, substituted 2,3-diaminopyridines (113-115) were
synthesised.

N2-(4-hydroxy-3-methylphenyl)pyridine-2,3-diamine (113):

Hl
X NO, OH FeCl;.6H,0, Charcoal, H, NH, OH
| NH,.NH,.H,0, McOH | N /@
o —
N H CH; Hy” "N~ °N CH;
103 T

The above titled compound (113) was synthesised from N-(4-hydroxy-3-methylphenyl)-
3-nitropyridin-2-amine (103) (1.45 g, 5.912 mmol., 1 eq.), FeCls.6H20 (0.127 g, 0.47
mmol., 0.08 eq.), activated carbon (0.127 g, 10.641mmol., 1.8 eq.) in 25 cm® methanol,
and hydrazine monohydrate (2.57 cm?, 53.2 mmol., 9 eq.), and obtained as brown solid
(0.978 g, 0.45 mmol., 77%, Mp=211-213°C), after purification by column
chromatography (SiOz2, hexane: ethyl acetate 7:3, Rf = 0.15). HRMS (ESI): calculated for
C12H14N30 (M+H) = 216.1137, found (M+H) = 216.1139, AMs=0.2ppm.

'H NMR (d6-dmso): &(ppm) = 2.11 [3H, s, (CH3)], 5.04 [2H,s, NH2 ], 6.52 [1H, dd, J=
7.53 Hz, 5.03 Hz, Py-H2], 6.67 [1H, d, J= 8.80 Hz, meta to CHs, Ar-H], 6.83 [1H, dd,
J=7.56 Hz, 1.67 Hz, Py-H1], 7.23 [2 H, m, ortho and para to CHs, Ar-H], 7.38 [1H, dd,
J=5.04 Hz, 1.57 Hz, Py-H3], 7.49 [1H, s, NH], 8.81 [ 1H, s, OH] .

13C NMR (d6-dmso): 8(ppm) =16.26 [(CHa)], 114.26 [C-H, Py-H2], 114.40 [C-H, Ar-C-
H meta to CHs], 118.40 [C-H, Ar-C-H ortho to CHs], 118.88 [C-H, Py-H1], 122.58 [C-
H, Ar-C-H para to CHzs], 123.42 [C-C, Ar-CHgs], 131.15 [C-N, Ar-C-NH], 132.96 [C-N ,
Py-C-NH2], 133.43 [C-H, Py-H3], 144.59 [C=N, Py-C=N], 149.90 [C-O, Ar-O-C].
FT-IR: Vmax (cm™): 3380.34 (OH str), 3354.35 (N-H str.), 3094.97 (C-H str., aromatic),
2950.52 (C-H str., aliphatic), 1585.07 (C=C str., aromatic), 1496.31 (N-O asy. str., NO2),
1431.64 (N-O sym. str.), 1149.04 (C-O-CHs asy. str.).
N2-(4-Hydroxy-3-fluorophenyl)pyridine-2,3-diamine (114):

o VO, OH FeCly.6H,0, Charcoal, H, NH, OH
| NH,.NH,.H,0, MeOH | N
~ >
N N F o ~
H

104
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The above titled compound (114) was synthesised from N-(4-hydroxy-3-fluorophenyl)-
3-nitropyridin-2-amine (104) (1.952 g, 7.833 mmol., 1 eq.), FeCl3.6H20 (0.169 g, 0.626
mmol., 0.08 eq.), activated carbon (0.169 g, 14.09 mmol., 1.8 eq.) in methanol (25 cm?),
and hydrazine monohydrate (3.42 cm?, 70.49 mmol., 9 eq.), and obtained as a brown solid
(1.089 g, 4.9 mmol., 83%, Mp=195-198°C), after purification by column chromatography
(SiO2, hexane: ethyl acetate 6:4, Rf = 0.12). HRMS (ESI): calculated for C11H11FNsO
(M+H) = 220.0881, found (M+H) = 220.0886, AMs=0.5ppm.

'H NMR (Acetone-d6): 8(ppm) = 4.44 [2 H, S, NH], 6.47 [1H, dd, J= 7.52 Hz, 4.85 Hz,
pyr-Hz], 6.72 [1H, dd J=9.94 Hz, 8.84 Hz meta to F, Ar-H], 6.87[1H, dd, J= 7.51 Hz, 1.59
Hz,Py-H1], 6.96 [1H, s, N-H], 6.98 [1H, dq, J=8.84 Hz, 1.33 Hz para to F, Ar-H], 7.47
[1H,dd, J=4.88 Hz, 1.56 Hz , Pyr-H3], 7.60 [1H, dd, J=14.04 Hz, 2.61 Hz ortho to F, Ar-
H], 7.96 [ 1H,s, OH].

13C NMR (d6-acetone): (ppm) =108.42 [ C-H, d, J=23.43Hz, Ar-C-H ortho to F], 114.57
[C-H, Py-C-H2], 116.06 [C-H, d, J= 2.94 Hz, Ar-C-H para to F], 118.28[C-H, d,
J=8.79Hz, Ar-C-H meta to F], 126.06 [C-H, Pyr-C-H1], 133.28[C-N, Py-C-NH:], 136.24
[C-N, d, J=9.67 Hz, Ar-C-NH], 139.69 [C-O, d, J=13.24 Hz, Ar-C-OH], 142.92 [C-H,
Py-C-H3], 149.23 [C-N, Py-C=N], 150.64,153.10 [C-F, d, J= 236.21 Hz, Ar-C-F],.
FT-IR: Vmax (cm™): 3330 (NH, OH str.), 3086 (C-H str., aromatic), 2961 (C-H str.,
aliphatic), 1597(C=C str., aromatic), 1509 (N-O asy. str., NO2), 1492 (N-O sym. str.),
1188 (C-O-CHs asy. Str.).

N2-(3,4,5-trimethoxybenzyl)pyridine-2,3-diamine (115):

o NO2 FeCl,.6H,0, Charcoal H,
| H, OCH; 3-0HY, > H, NH,
N/ N/C NHzNHZ . H20,M€:OH _ | N H2 O(:H3
H OCH, H, NN C
110 H OCH,
OCH, 115
OCH,

The above titled pyridine-2,3-diamine was synthesised from compound (110) (2.075 g,
6.5 mmol., 1 eq.), FeCls.6H20 (0.140 g, 0.519 mmol., 0.08 eq.), activated carbon ( 0.140
g, 11.69 mmol., 1.8 eq.) in 25 cm® methanol, and hydrazine monohydrate (2.9 cm?, 58.5
mmol., 9 eq. ), which was obtained as light brown solid (0.976 g, 3.37 mmol., 52%). Mp
=136-138 °C, after purification by column chromatography (SiOz2, hexane: ethyl acetate
7:3, R =0.14). HRMS (ESI): calculated for C1sH20N3O (M+H) =290.1499, found (M+H)
=290.1508, AMs=0.1ppm.
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'H NMR from (d6-acetone): & (ppm) = 3.46 [3 H, s, (OCH3)], 3.65 [6 H, s, 2 X (OCHB3)],
4.12 [2H, s, NH2], 4.43 [2 H, d, J =5.69 Hz, CH2], [1H, t, J=5.69 Hz, NH], 6.28 [1H, dd,
J=7.42 Hz, 4.97 Hz, Py-H2], 6.60 [2 H, s, Ar-H ortho to methoxy], 6.70 [1H, dd, J=7.43
Hz, 1.47 Hz, Py-H1], 7.39 [1H, dd, J=4.97, 1.46 Hz, Py-H3].

13C NMR from : & (ppm) = 46.43[CH2], 56.06[2 x (OCHBa)], 60.83 [(OCHz)], 105[ C-H,
Ar-C-H ortho to methoxy], 113.76 [C-H, Py-H2], 121.92 [C-H, Py-H1], 128.57 [C-C,
Ar-C-CHga], 135.61[C-N, Py-C-NH2], 136.94 [C-O, Ar-C-OCHjs], 138.68 [C-H, Py-H3],
149.88 [C=N, Py-C=N], 153.22 [C-O, 2 x Ar-C-OCHz3].

FT-IR: Vmax (cm™): 3419 (NH, str.), 3383, 3357 (NH2 str.), 2973 (C-H str., aromatic),
2905 (C-H str., aliphatic), 1610 (NH ben.), 1590 (C=C str., aromatic), 1499 (N-O asy.
str., NO2), 1417 (N-O sym. str.), 1114 (C-O-CHs asy. str.).
N2-(3-Hydroxy-4-methoxyphenyl)pyridine-2,3-diamine (116):

Hl
H N OMe

H
M 2 )
V02 OMe g1, 2H,0, MeOH | =
B e
Hy N OH

NN OH E
H 101 116

To a stirred solution of N-(3-hydroxy-4-methoxyphenyl)-3-nitropyridin-2-amine (1.2 g,
4.59 mmol., 1 eq.) (101) in methanol (25 cm®) was added tin (11) chloride dihydrate
(3.107g, 13.77 mmol., 3 eq.), and the mixture was heated under reflux for 3-6 hrs. After
cooling the reaction to room temperature, solvent was evaporated by rotary evaporation,
and the crude solid was neutralised using a saturated solution of sodium bicarbonate
NaHCOs. After the addition of ethyl acetate (30 cm?), the resulting mixture was filtered
over Celite and organic layer was separated, dried over anhydrous MgSQOs, and solvent
evaporated to give crude solid which was purified by flash chromatography (SiOz,
hexane: ethyl acetate 5:5, Rr = 0.18) to afford the product as a black crystalline solid
(0.532 g, 2.03 mmOl., 50%). Mp = 170-172 °C. HRMS (ESI): calculated for C12H12N304
(M+H) = 232.1086, found (M+H) = 232.1086, AMs=0.0ppm.

'H NMR (d6-dmso): § ppm =3.74 [3 H, s, (CH30)], 5.04 [2 H, s, NH2], 6.58 [1H, dd, J =
7.46 Hz, 4.84 Hz, Py-H2], 6.82 [1H, d, J = 8.72 Hz meta to OH, Ar-H], 6.88 [1H, d, J =
7.46 Hz, 1.51 Hz , Py-H1], 7.0 [1H, dd, J= 8.72 Hz, 2.62 Hz para to OH, Ar-H], 7.27
[1H,d, J = 2.62 Hz ortho to OH, Ar-H], 7.46 [1H, s, OH], 7.49 [1H, dd, J = 4.84 Hz, 1.51
Hz, Py-H3], 8.83 [1H, s, NH].
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13C NMR (d6-dmso): & ppm= 56.19 [(CH30)], 107.75[C-H, Ar-C-H ortho to OH],
109.56[C-H, Ar-C-H meta to OH], 112.95 [C-H, Ar-C-H para to OH], 114.77 [C-H, Py-
C-H2], 119.07 [C-H, Py-H1], 131.51 [C-O, Ar-C-OCHzs], 134.40 [C-H, Py-H3], 136.22
[C-N, Ar-C-NH], 142.08 [C-N, Py-C-NHz], 144.48 [C-N, Py-C=N], 146.56 [C-O, Ar-C-
OH].

FT-IR: Vmax (cm™): 3372, 3331 (NH str.), 3132 (OH str.), 2964 (C-H str. aromatic), 2838
(C-H str., aliphatic), 1590 (NH-ben.), ,1589 (C=C str., aromatic), 1126 (C-O-CHs asy.
Str.).

Following the above example, pyridine-2,3-diamine (117) was synthesised.

N2-(3-Fluoro-4-methoxyphenyl)pyridine-2,3-diamine (117):

F F
AN NO, OCH; X NH, OCH;
| SnClL,.2H,0, MeOH @
7 = >
NN NTON
H 102 H

Using N-(3-flouro-4-methoxyphenyl)-3-nitropyridin-2-amine (102) (1.45 g, 5 mmol., 1
eq.), SnCl2.6H20 (3.384 g, 15 mmol., 3 eq.) in methanol (25 cmq), and obtained as a black
solid (0.612 g, 2.62 mmol., 53%). Mp =139-140 °C, after purified with column
chromatography (SiO2, hexane: ethyl acetate 8:2, Rf = 0.16). HRMS (ESI): calculated for
C12H13N30 (M+H) = 234.1043, found (M+H) = 234.1041, AMs=0.2ppm.

'H NMR: § (ppm) =3.45 [2H, s, NH2], 3.83 [3H, s, (CH30)], 6.45 [1H, s, NH], 6.72 [1H,
dd, J =7.62,5.10 Hz, Py-H-], 6.85 [1H, t, J= 17.62 Hz ortho to F, Ar-H], 6.92 [1H, dt, J
=9.01 Hz, 2.61 Hz parato F, Ar-H], 6.99 [1H, dd, J =7.69, 1.58 Hz, Py-Hs], 7.22 [1H,dd,
J=13.16 Hz, 2.54 Hz metato F, Ar-H], 7.74 [1H, dd, J =5.12 Hz, 1.56 Hz Py-Hu].
13C NMR : & (ppm) =56.97 [(CH30)], 108.08 [C-H, d, J=21.95 Hz, , Ar-C-H ortho to F],
114.42 [C-H, d, J=3.46 Hz, Ar-C-H meta to F], 114.46 [C-H, d, J=3.06 Hz, Ar-C-H para
to F], 116.90 [C-H, Py-C-H2], 123.87 [C-H, Py-C-H1], 130.25 [C-N, Py-C-NH;], 135.13
[C-N, d, J=9.52 Hz, Ar-C-NH], 139.13 [C-H, Py-C-H3], 142.454 [C-O, d, J=11.05 Hz,
Ar-C-OCHzs], 146.14 [C=N, Py-C=N], 151.38 [C-F, d, J=250.32 Hz, Ar-C-F].

FT-IR: Vmax (cm™): 3413.65, 3385.64 (NH str.), 3092.23 (C-H str., aromatic), 2801.48
(C-H str., aliphatic), 1600.56 (NH-ben. Primary amine), 1592.46 (C=C str., aromatic),
1123.15 (C-O-CHs asy. str.).
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3.3 Synthesis of substituted pyridine-benzenesulfonamide derivatives:
Synthesis of benzene sulfonyl chloride derivatives (Huntress & Carten, 1940):

SO,CI S0O,CI
CISO;H
){ o0 +
CHCI,

O OH

O 119 O 120
To a stirred solution of 2-methoxyphenyl acetate (118) (4.413 cm®, 30 mmol., 1 eq.) in
chloroform (10 cm?), placed in -10 °C ice-bath, was added drop wise chlorosulfonic
acid solution (5.97 cm?®, 90 mmol., 3 eq.) in chloroform (5 cm®) over 30 minutes. After
completion of addition, the temperature was increased to 20 °C and the reaction was
monitored by TLC. Following consumption of starting material, the mixture was poured
into crushed ice and the organic layer separated, dried over magnesium sulphate and
evaporated under vacuum. The sulfonyl chloride mixture product was purified by
column chromatography to obtain two products:
3-Hydroxy-4-methoxybenzene-1-sulfonyl chloride (120):

S0O,Cl

OH

OMe
120

The above sulfonyl chloride obtained as a grey solid (1.196 g, 7.53 mmol., 18%, Mp =
65-66 °C), (SiO2, hexane: ethyl acetate 9:1, Rf = 0.12). HRMS (ESI): calculated for
C7H902 (M+H) =125.0602, found 125.9868 AMs=0.92 ppm, [M*] calculated for
C7H7CIO2 =158.0134, found 158.9624, AMs=0.94ppm.

'H NMR : 8 ppm =3.93 [3 H, s, (OCHB3)], 5.56 [1H, s, OH], 6.89 [1H, d, J=8.62 Hz, Ar-
H meta to OH], 7.45 [1H, d, J=2.41 Hz, Ar-H ortho to OH], 7.49 [1H, dd, J= 8.62 Hz,
2.41Hz, Ar-H para to OH].

13C NMR : § (ppm) =56.55[(OCHBa)], 110.22 [C-H , ortho to OH], 113.09 [C-H, meta to
OH], 120.72 [C-H, para to OH], 136.75 [C-S, Ar-C-S0Oz2], 146.09 [C-O, Ar-C-OCHs],
152.04 [C-O, Ar-C-OH].

FT-IR: Vmax (cm™): 3439 (OH str.), 3025 (C-H str., aromatic), 2850 (C-H str.,
aliphatic), 1602, 1588 (C=C str., aromatic), 1359 (S=0 asy. str.,), 1161 (S=0 sym. str.),
1132 (C-O- CH3, asy. str.)
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3-Acetoxy-4-methoxy-benzenesulfonyl chloride (119):
SO,Cl

0]
N
OMe 119

The above sulfonyl chloride (195) was obtained as a white crystalline solid (0.594 g,
2.24 mmol., 9%). Mp =130 -131 °C, (lit. MP=128-129 °C (Kratzl & Nelbdck-
Hochstetter, 1952)), (SiOz, hexane: ethyl acetate 9:1, Rr = 0.18).

'H NMR : 8 ppm =2.34 [3H, s, (CHz3)], 3.95 [3H, s, (OCH?3)], 7.11 [1H, d, J= 8.86 Hz,
Ar-H meta to acetate], 7.73 [1H, d, J=2.39 Hz, Ar-H ortho to acetate], 7.91[ 1H, dd,
J=8.89Hz, 2.39Hz, Ar-H para to acetate].

13C NMR : § (ppm) =20.47 [(CHBa)], 56.61 [(OCHs3)], 112.29 [C-H, meta to acetate],
122.29 [C-H, ortho to acetate], 127.10 [C-H, para to acetate], 135.74 [C-S, Ar-C-SOz2],
139.82 [C-O, Ar-C-OCHpgs], 157.04 [C-O, Ar-C-OAc], 168.10 [C=0].

FT-IR: Vmax (cm™): 3070 (C-H str., aromatic), 2848 (C-H str., aliphatic), 1766 (C=0
str.), 1593 (C=C str., aromatic), 1369 (S=0 asy. str.), 1161 (S=O sym. str.), 1010 (C-O-
CHas, asy. str.,).

No NMR literature for this compound.

2,3,4-Trimethoxybenzene-1-sulfonyl chloride (Onozuka et al., 2010)(122) :

OMe

o SO,CI
 H,50,, SO,Cl, OMe
DMF
OMe OMe
122
121 OMe

To astirred solution of N,N-dimethylformamide (1.3 cm?, 15 mmol., 1.5 eq.) at room
temperature, was added dropwise sulfuryl chloride (1.212 cm?, 15 mmol., 1.5 eq.), over
30 minutes. Sulfuric acid (0.106 cm?®, 2 mmol., 0.13 eq.) was added to the mixture and
stirred for 1 hr. 1,2,3-Trimethoxybenzene (1.681 g, 10 mmol., 1 eq.) was added portion
wise over 40 minutes, after increasing the temperature to 90 °C. The mixture was stirred
for a further 2 hours, at the same temperature, and reaction monitored by TLC. After
consumption of starting material, the reaction was cooled to the room temperature, ice
water (10 cm®) was added, and the mixture was extracted with ethyl acetate (3x 30 cmd).

The organic layer was washed with brine (10 cm?), dried over MgSQ4, and solvent was
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evaporated to give the crude mixture, which was purified by flash chromatography
(SiO2, hexane: ethyl acetate 16:1, Rf = 0.12) to obtain the above sulfonyl chloride (122)
as a viscous liquid (3.396 g, 12.7 mmol., 85%). lit. Mp (hexane)=38-39 °C, Bp = 165 °C
(Pifferi & Monguzzi, 1973)).

'H NMR: & ppm =3.90 [3H, s, (OCH3)], 3.96 [3H, s, (OCH3)], 4.14 [3H, s, (OCHBa)],
6.75 [1H, d, J= 9.16 Hz Ar-H], 7.62 [1H, d, J= 9.16Hz, Ar-H].

BC NMR : & (ppm) =56.54 [(OCHz)], 61.06 [(OCHz)], 61.94 [(OCHz)], 106.09 [C-H ,
Ar-C-H ortho to methoxy ], 124.99 [C-H , Ar-C-H meta to methoxy], , 129.59 [C-S,
Ar-C-S0z2], 142.93 [C-O, Ar-C-OCHjs], 152.26 [C-O, Ar-C-OCHjs], 160.26 [C-O, Ar-C-
OCHg].

FT-IR: Vmax (cm™): 3099 (C-H str., aromatic), 2957 (C-H str., aliphatic), 1568, 1474
(C=C str., aromatic), 1382 (S=0 asy. str.), 1158 (S=0 sym. str.), 1067 (C-O-CHs, asy.
str.).

No NMR data for this copound.

3-Hydroxy-4-methoxy-N-(2-((3,4,5-trimethoxyphenyl)amino)pyridin-3-

yl)benzenesulfonamide (123):

H N
/,
N Sl OH
ey
NH OMe DCM, Et;N H N NH
Nt B ’ OMe
| + e
N/ N OMe OH
H 123
112 OMe 120 MeO OMe
OMe

To a stirred solution of (112) (0.137 g, 0.5 mmol.,1 eq.) in dichloromethane (15 cm®) was
added 3-hydroxy-4-methoxybenzene-1-sulfonyl chloride (120) (0.111 g, 0.5 mmol., 1
eq.), portion wise, and triethyl amine (0.2 cm?, 0.015 mmol, 3 eq.). The mixture was
stirred for 18 hours at room temperature. After completion of reaction, the solvent was
evaporated and water (10 cm®) was added. The mixture was extracted with ethyl acetate
(3 x 30 cm®), and the organic layer was washed with water, dried over MgSQs, and solvent
evaporated. The solid product was purified by column chromatography (SiO2, hexane:
ethyl acetate 6:4, Rr = 0.18) to obtain the above sulphonamide as a white solid (0.196 g,
0.42 mmol., 85%, Mp = 154-156 °C). HRMS (ESI): calculated for C21H24N307S (M+H)
= 462.1334, found for (M+H) = 462.1338, AMs=0.4ppm.
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'H NMR from (d6-aceton):5 ppm =3.69 [3H, s, (OCH?3)], 3.79 [6 H, s, 2 X (OCH3)], 3.87
[3H, s, (OCH3)], 6.68 [1H, dd, J=7.68 Hz, 4.85 Hz, Py-H2], 7.04 [1H, d, J= 8.48 Hz, Ar-
H meta to OH], 7.11 [2H, s, Ar-H, ortho to trimethoxy], 7.16 [1H, dd, J=7.68 Hz, 1.76
Hz, Py-H1], 7.20 [1H, dd, J=8.48 Hz, 2.24 Hz, Ar-H para to OH], 7.28 [1H,d, J=2.25 Hz,
Ar-H ortho to OH], 7.66 [1H, s, NH], 8.10 [1H, dd, J= 4.87 Hz, 1.76 Hz, Py-H3], 8.37
[2 H, s, NH, and OH labile protons].

13C NMR from (d6-aceton): § (ppm) =56.32 [2 x (OCHs3)], 56.47 [(OCHz3)], 60.63
[(OCH3)], 97.84 [C-H, Ar-H ortho to methoxy(trimethoxy ring)], 111.83 [C-H, Ar-C-H
meta to OH], 114.54 [C-H, Ar-C-H para to OH], 115.07 [C-H, Py-H2], 119.08 [C-N, Ar-
C-NH], 120.99 [C-H, Ar-C-H ortho to OH], 132.21 [C-O, Ar-C-OCHg], 134.00 [C-O,
Ar-C-OCHzs], 137.13 [C-H, Py-H1], 137.88 [C-S, Ar-C-SO2], 147.15 [C-H, Py-H3],
147.73 [C-N, Py-C-NH], 152.41[C=N, Py-C=N], 153.81 [C-O, Ar-C-OH], 154.13[C-O,
2 X Ar-C-OCHs].

FT-IR: Vmax (cm™): 3408 (NH str.), 3230 (OH, str.), 2940 (C-H, aromatic), 2840 (C-H,
aliphatic), 1603, (NH ben.), 1587, 1504 (C=C str., aromatic), 1272 (asy. str., S=0), 1151
(sym. str., S=0), 1124 (C-O-CHgs, asy. str.). following the above example pyridinyl-
phenyl sulphonamide (125) was synthesized.
3-Fluoro-4-methoxy-N-(2-((3,4,5-trimethoxyphenyl)amino)pyridin-3-

yl)benzenesulfonamide (125):

L A F
OMe SO,Cl1 | g
N NH, OMe DCM, Et;N H; N NH OMe
| + Y
~
N”°N OMe F 125
OMe

Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (0.137 g, 0.5 mmol.), 3-
fluoro-4-methoxybenzenesulfonyl chloride (124) (0.112 g, 0.5 mmol.), and triethylamine
(0.2 cm?, 0.015 mmol.), the above titled sulphonamide (125) was obtained as a pale
yellow solid (0.205g, 0.44 mmol., 89%). Mp =140-142 °C, after purification by column
chromatography (SiO2, hexane: ethyl acetate 6:4, Rf = 0.18). HRMS(ESI): calculated for
C21H23FN306S (M+H) = 464.1280, found (M+H) =464.1290, AMs=0.10ppm.

'H NMR from (Acetone-d6):6 ppm =3.55 [3 H, s, (OCH3)], 3.67 [6 H, s, 2 x (OCHB3)],
3.77 [3H, s, (OCH?3)], 6.54 [1H, dd, J=7.70 Hz, 4.89 Hz, Py-H2], 6.91 [2H, s, Ar-H, ortho
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to trimethoxy], 7.03 [1H, dd, J=7.71 Hz, 1.72 Hz, Py-H1], 7.07 [1H, t, J=8.36 Hz, Ar-H
meta to F], 7.36 [2H, m, 1H ortho to F, 1H para to F], 7.55 [ 1H, s, NH], 7.97 [1H, dd,
J=4.86 Hz, 1.72 Hz, Py-H3], 8.32 [1H,s, NH].

13C NMR from (Acetone-d6):6 (ppm) =56.29 [2 x (OCHz)], 56.90 [(OCHs)], 60.61
[(OCH3)], 97.79 [C-H, Ar-C-H ortho to methoxy (trimethoxy ring)], 114.26 [C-H, d,
J=1.95 Hz, para to F], 115.19 [C-H, Py-C-H2], 115.74 [C-H,d, J=21.28 Hz, ortho to F],
118.69 [C-NH, trimethoxy ring], 125.95 [C-H, d, J=3.71 Hz, meta to F], 131.95 [C-S, d,
J=5.68 Hz, Ar-C-S0Oz2], 134.07 [C-H, Py-H1], 137.40 [C-O, Ar-C-OCHzs], 137.81 [C-H,
Py-H3], 147.46 [C-N, Py-NH], 151.01, 153.50 [C-F, d, J=249.84 Hz,], 152.56 [C-O, d,
J=10.22 Hz, , ortho to Fe], 153.81 [C-N, Py-N], 154.14 [C-O, 2 x Ar-C-OCHs].

FT-IR: Vmax (cm™): 3365 (NH str.), 3070 (C-H str., aromatic), 2940 [C-H str., aliphatic],
1599, (NH bend), 1505 (C=C str., aromatic), 1274 (asy. str., S=0, 1202 (sym. str., S=0),
1151 (C-O-CHgs asy. str).
N-(2-((3-Hydroxy-4-methoxyphenyl)amino)pyridin-3-yl)-2,3,4-
trimethoxybenzenesulfonamide (126):

S0,Cl " H o OMe
o NH, OMe OMe Pyridine 2 | X j/s’ OMe
o O, L
NN OH OMe Hy N©NH OMe
H
OMe
116 122 126
OH
OMe

To a stirred solution of 5-((3-aminopyridin-2-yl)amino)-2-methoxyphenol (116) (0.115
g, 0.5 mmol., 1eq.) in pyridine (3 cm®) was added 2,3,4-trimethoxybenzene-1-sulfonyl
chloride (122) (0.160 g, 0.6 mmol., 1.2 eq.) and the mixture was stirred for 1 hour. After
completion of the reaction, monitored by TLC, the pyridine was evaporated under
reduced pressure by forming azeotropic mixture with toluene multiple times. Water was
added and the solid extracted with ethyl acetate (3x30 cm?). The organic layer was washed
with brine (10 cm?®), dried with anhydrous MgSO4, and the solvent was evaporated. The
solid product was purified by column chromatography (SiO2, hexane: ethyl acetate 6:4,
Rf=0.18), and obtained as a pale white solid (0.182 g, 0.39 mmol., 79%) Mp=188-190°C.
HRMS (ESI): calculated for C21H24N307S (M+H) = 462.1349, found (M+H) =462.1348,
AMs=0.1ppm.

85



Chapter 3 Result and Discussion

Synthesis of substituted pyridyl-phenyl sulfonamide

'H NMR (d6-acetone):5 ppm =3.71 [3 H, s, (OCHs3)], 3.78 [3 H, s, (OCH?3)], 3.87 [3 H,
s, (OCH3)], 4.05 [3H, s, (OCHBa)], 6.60 [1H, dd, J= 7.64 Hz, 4.88 Hz, Py-H2], 6.80 [ 1H,
d, J=8.92 Hz, Ar-H ortho to methoxy (trimethoxy ring)], 6.85 [1H, d, J=8.85 Hz, Ar-H
meta to OH], 7.06 [1H, dd, J=8.69 Hz, 2.62 Hz, Ar-H para to OH], 7.36-7.38 [2H, m, 1H
meta to methoxy trimethoxy ring, 1H, ortho to OH] 7.42 [1H, dd, J=7.63 Hz, 1.75, Py-
H1], 7.48 [1H, s, OH], 7.82 [1H, s, NH], 7.95 [1H, dd, J=4.89 Hz,1.75 Hz, Py-H3], 8.60
[1H, s, NH].

13C NMR (d6-acetone):5 (ppm) =56.60 [(OCHS3)], 56.78 [(OCH?3)], 61.16 [(OCH3)],
62.62 [(OCHBg)], 107.93 [C-H, Ar-C-H ortho to OH], 108.17 [C-H, Ar-C-H ortho to
methoxy ( trimethoxy ring)], 110.86 [C-H, Ar-C-H para to OH], 112.94 [C-H, Ar-C-H
meta to OH], 114.55 [C-H, Py-H2], 118.53,[C-S, Ar-C-SOz2], 126.17 [C-H, Ar-C-H
meta to methoxy (trimethoxy ring)], 126.29 [C-O, Ar-C-OCHjs], 136.05 [C-H, Py-H1],
136.32 [C-N, Ar-C-NH], 143.39 [C-O, Ar-C-OCHjs], 143.99 [C-O, Ar-C-OCHzs], 146.64
[C-H, Py-H3], 147.42 [C-N, Py-C-NH], 151.65 [C-N, Py-C=N], 153.31 [C-O, Ar-C-
OH], 159.32 [C-O, Ar-C-OCHg].

FT-IR: Vmax (cm™): 3423 (NH str.), 3273 (OH str.), 2926 (C-H str., aromatic), 2850 (C-
H str. , aliphatic), 1605, (NH bend.), 1581, 1512 (C=C str., aromatic), 1308 (S=0, asy.
str.), 1289 (S=0, sym. str.), 1087 (C-O-CHs, asy. str.).

Following the above procedure, pyridinyl-phenyl sulphonamide (127- 131) was
synthesised.

N-(2-((4-Hydroxy-3-methylphenyl)amino)pyridin-3-yl)-2,3,4-

trimethoxybenzenesulfonamide (127):

H H o OMe
H2 N /y
SO,Cl1 | X \//s OMe
o NH OH OMe J o
| Pyridine = Hjy N~ "NH
P + — 3 OMe
N N Me
H OMe 127
113 OMe 122

Me
OH

Using 4-((3-aminopyridin-2-yl)amino)-2-methylphenol (113) ( 0.107 g, 0.5 mmol.) and
2,3,4-trimethoxybenzene-1-sulfonyl chloride (122) (0.160 g, 0.6 mmol., 1.2 eq.), the
above titled sulphonamide (127) was obtained as a pale white solid (0.198 g, 0.44 mmol.,
89%). Mp =160-162°C, after purification by column chromatography (SiO2, hexane:
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ethyl acetate 6:4, Rr = 0.18). HRMS (ESI): calculated for C21H24N30sS (M+H) =
446.1390, found (M+H) =446.1385, AMs=0.5ppm.

'H NMR from (d6-acetone):5 ppm =2.21 [3H, s, (CH3)], 3.74 [3H, s, (OCH?3)], 3.91 [3H,
s, (OCH3)], 4.14 [3H, s, (OCHBa)], 6.58 [1H, dd, J= 7.64,4.88 Hz, Py-H2], 6.73 [ 1H, d,
J=8.52 Hz, Ar-C-H ortho to methoxy], 6.86 [1H, d, J=8.96 Hz, Ar-H meta to CHs], 7.33
[1H, d, J=2.46 Hz, Ar-H ortho to CHs], 7.39-7.43 [3H, m, 1H meta to methoxy, 1H, para
to CHs, 1H, Py-H1], 7.74 [ 1H, s, OH], 7.82 [1H, s, NH], 7.94 [1H, dd, J=4.88,1.72Hz,
Py-H3], 8.57[1H, s, NH].

13C NMR from (d6-acetone): & ppm = 16.45 [CHa], 56.60 [(OCHs3)], 61.07 [(OCH3)],
62.57 [(OCHgs)], 107.87 [C-H, Ar-C-H ortho to methoxy ], 114.15 [C-H, Py-H2], 115.84
[C-H, Ar-C-H meta to methoxy], 117.32 [C-C, Ar-C-CHs], 121.21 [C-H, Ar-C-H meta
to CHas], 124.16 [C-S, Ar-C-SOz], 125.03[C-N, Ar-C-NH], 125.18 [C-H, Ar-H ortho to
CHg], 125.75 [C-H, Ar-C-H para to CHs], 126.37 131.87 [C-O, Ar-C-OCHgs], 135.28 [C-
H, Py-H1], 143.92 [C-N, Py-C-NH], 146.74 [C-H, Py-H3], 150.48[C-N, Py-C=N],
150.90 [C-O, Ar-C-OCHg], 153.70 [C-O, Ar-C-OH], 159.31 [C-O, Ar-C-OCHzs].
FT-IR: Vmax (cm™): 3422 (NH str.), 3272 (OH str.), 2945 (C-H str., aromatic), 2834 (C-
H str., aliphatic), 1603 (NH-bend), 1582, 1510 (C=C str., aromatic), 1370 (S=0, asy. str.),
1308 (S=0, sym. str.), 1088 (C-O-CHgs, asy. str.).
N-(2-((3-fluoro-4-methoxyphenyl)amino)pyridin-3-yl)-2,3,4-
trimethoxybenzenesulfonamide (128):

SO,CI H oM
(§
oV OMe OMe H, N
| Pyridine = .S OMe
Z + —_— | P
N° N F OMe Hy” N7 °NH
H 117 OMe
OMe 122

128
F
OMe

Using N2-(3-fluoro-4-methoxyphenyl)pyridine-2,3-diamine (117) ( 0.116 g, 0.5 mmol.)
and 2,3,4-trimethoxybenzene-1-sulfonyl chloride (122) (0.160 g, 0.6 mmol., 1.2 eq.), the
above sulphonamide (128) was obtained as a pink solid (0.185 g, 0.41 mmol., 80%). Mp
= 98-99 °C, after purified using column chromatography (SiO2, hexane: ethyl acetate 7:3,
Rr=0.15). HRMS (ESI): calculated for C21H23FN3OsS (M+H) = 446.1291, found (M+H)
=446.1298, AMs=0.7ppm.
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'H NMR (d6-acetone):d ppm =3.61 [3H, s, (OCH3)], 3.70 [3H, s, (OCH?3)], 3.75[3H, s,
(OCHBa)], 4.00 [3H, s, (OCH3)], 6.54 [1H, dd, J=7.67 Hz, 4.89 Hz, Py-H2], 6.68 [ 1H, d,
J=8.96 Hz, Ar-H ortho to methoxy (trimethoxy ring)], 6.92 [1H, t, J=9.3 Hz, Ar-H meta
to F], 7.15-7.18[ 1H, ddd, J=1.54 Hz, 2.44 Hz, 8.88 Hz, Ar-H para to F], 7.24 [ 1H, d,
J=8.96 Hz, Ar-H meta to methoxy (trimethoxy ring)], 7.33[1H, dd, J=1.74 Hz, 7.69 Hz,
Py-H1], 7.68 [ 1H, dd, J= 2.54 Hz, 14.21 Hz, Ar-H ortho to F], 8.01 [2H, (1H, dd, J= 4.89
Hz, 1.74 Hz, Py-H3), (1H, s, NH)], 8.65 [1H, s, NH].

13C NMR (d6-acetone): & ppm = 56.62 [(OCHs)], 56.94 [(OCHs3)], 61.18 [ (OCH3)],
62.69 [(OCHs)], 108.00 [C-H, Ar-C-H ortho to methoxy], 108.20 [C-H, d, J = 23.43 Hz,
ortho to F], 115.03 [C-H, d, J=2.96 Hz, para to F], 115.19 [C-H, Py-C-H2], 115.38 [C-
H, d, J=3.49 Hz, metato F], 118.83 [C-S, Ar-C-SOz2], 126.14 [C-O, Ar-C-OCHs], 126.20
[C-H, meta to methoxy (trimethoxy ring)], 135.76 [C-N, d, J=9.51 Hz, Ar-C-NH, F ring],
136.55 [C-H, Py-H1], 142.99 [ C-O, d, J=11.30 Hz, Ar-C-OCHs, ortho to F], 143.96 [C-
N, Py-C-NH], 146.55 [C-H, Py-H3], 151.57 [C-O, Ar-C-OCHs], 151.57-153.97 [C-F, d,
J=248.14 Hz], 152.92 [C-N, Py-C=N], 159.34 [C-O, Ar-C-OCHs].

FT-IR: Vmax (cm™): 3380, 3234 (NH str.), 2946 (C-H str., aromatic), 2843 (C-H str.,
aliphatic), 1584 (NH-bend), 1509 (C=C str., aromatic), 1344 (S=0 asy. str.), 1315 (S=0
sym. str.), 1186 (C-O-CHgs, asy. str.).
N-(2-((3-Fluoro-4-hydroxyphenyl)amino)pyridin-3-yl)-2,3,4-
trimethoxybenzenesulfonamide (129):

SOzc1 . H E 0 OMe
Ny V2 Pyrldme ’ | N S OMe
- J_o
N H3 N7 ONH ou
H ¢
129
F
OH

Using 4-((3-aminopyridin-2-yl)amino)-2-fluorophenol (114) (0.109 g, 0.5 mmol., 1eq.)
and 2,3,4-trimethoxybenzene-1-sulfonylchloride (122) (0.160 g, 0.6 mmol., 1.2 eq.), the
above sulphonamide (129) was obtained as a beige solid (0.178 g, 0.39 mmol., 80%).
Mp=189-190 °C, after purification by column chromatography (SiO2, hexane: ethyl
acetate 7:3, Rr = 0.25). HRMS (ESI): calculated for C20H21FN3OsS (M+H) = 450.1135,
found (M+H) =450.1136, AMs=0.1ppm.
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'H NMR (d6-acetone): 6(ppm) = 3.59 [3H, s, (OCHB3)], 3.74 [3H, s, (OCH3)], 4.00 [3H,
s, (OCHg)], 6.52 [1H, dd, J= 7.68 Hz, 4.87 Hz, Py-H2], 6.69 [ 1H, d, J=8.93 Hz, Ar-H
ortho to methoxy], 6.78 [1H, dd, J= 9.85 Hz, 8.65 Hz, Ar-H meta to F], 7.04 [1H, ddd,
8.66 Hz, 2.61 Hz, 1.361 Hz, Ar-H para to F], 7.24 [1H, d, J=8.93 Hz, Ar-H meta to
methoxy], 7.31 [1H, dd, J= 7.69,1.71 Hz, Py-H1], 7.67 [1H, dd, J= 13.95 Hz, 2.61 Hz,
Ar-H ortho to F], 7.83 [1H, s, NH], 7.86 [1H, dd, J= 7.69 Hz, 1.71 Hz, Py-H3], 8.03 [1H,
OH], 8.49 [1H, s, NH].

13C NMR from (CDClIs):5 ppm = 56.61 [(OCHz)], 61.16 [(OCHz)], 62.67 [(OCH3)],
107.98 [C-H, ortho to methoxy], 108.08 [C-H, d, J= 23.76 Hz, ortho to F], 114.93 [C-H,
Py-C-H2], 115.96 [C-H, d, J=2.99 Hz, parato F], 118.30 [C-H, d, J= 3.6 Hz, meta to F],
118.65 [C-S, meta to F], 126.20 [2C, (C-H meta to methoxy), (C-O, Ar-C-OCHzs ], 134.76
[C-N, d, J=9.57 Hz, Ar-C-N meta to F], 136.46 [C-H, Py-H1], 139.85 [C-OH, d, J= 13.46
Hz, ortho to F], 143.97 [C-O, Ar-C-OCHs], 146.61 [C-H, Py-H3], 150.58-152.94 [C-F,
d=234.36 Hz,], 151.58 [C-N, Py-C-N], 153.05 [C-O, Ar-C-OCHjs], 159.33 [C-O, Ar-C-
OCHjs].

FT-IR: Vmax (cm™): 3373 (NH str.), 3248 (OH str.), 2946 (C-H str., aromatic), 2845 (C-
H str., aliphatic), 1608 (NH-bend), 1583, 1512. (C=C str., aromatic), 1346 (S=0 asy. str.),
1286 (S=0 sym. str.), 1087 (C-O-CHs, asy. str.).
3-Fluoro-4-methoxy-N-(2-((3,4,5-trimethoxybenzyl)amino)pyridin-3-
yl)benzenesulfonamide (130):

H,
N SO,Cl ; 0o
’ H, Pyridine 2 N ~S F
N/ N,C OMe » | O//
~
H * Hy” >N~ ONH
OMe r H,C oM
15 OMe 124 130 2 e
OMe

OMe
OMe

Using N2-(3,4,5-trimethoxybenzyl)pyridine-2,3-diamine (115) (0.144 g, 0.5 mmol.,
1eq.) and 3-fluoro-4-methoxybenzene-1-sulfonyl chloride (0.134 g, 0.6 mmol., 1.2 eq),
the above sulphonamide (130) was obtain as a white solid (0.190 g, 0.39 mmol., 82%,
Mp =155-156°C), after purified with column chromatography (SiOz, hexane: ethyl
acetate 8:2, Rr =0.15). HRMS (ESI): calculated for C22H2sFN30eS (M+H)* = 478.1448,
found (M+H) =478.1441, AMs=0.7ppm.
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'H NMR (d6-acetone):d ppm = 3.70 [3H, s, (OCHz)], 3.80 [6 H, s, 2 x (OCHB3)], 3.98 [3
H, s, (OCHa)], 4.56 [2 H, d, J=5.81 Hz, CH2], 6.21 [1H, t, J=5.82 Hz, NH], 6.39 [1H, dd,
J=7.56 Hz,4.97 Hz, Py-H2], 6.73 [2 H, s, Ar-H, trimethoxy ring], 6.87 [1H, dd, J=7.56
Hz,1.71 Hz, Py-H1], 7.25 [ 1H, t, J=8.66 Hz, para to F], 7.48 [2 H, m, ortho and meta to
F], 7.93 [1H, dd, J=4.97 Hz, 1.71 Hz, Py-H3], 8.32 [1H, s, NH].

13C NMR (d6-acetone): & ppm = 45.45 [CH2], 56.35 [2 x (OCH3)], 56.93 [(OCH?3)], 60.44
[(OCHs3)], 105.47 [C-H, ortho to methoxy (trimethoxy ring)] , 112.53 [CH, Py-C-HZ2],
114.15 [C-H, d, J= 2.17 Hz, para to F], 115.77 [C-H, d, J=20.82 Hz, ortho to F], 117.44
[C-C, Ar-C-CH], 125.94 [C-H, d, J=3.85 Hz, meta to F], 132.23 [C-S, d, J=5.66 Hz, Ar-
C-S], 135.99 [C-H, Py-C-H1], 136.98 [C-N, Py-C-NH], 137.91 [C-O, Ar-C-OCHg],
147.85 [C-H, Py-C-H1], 150.99-153.47 [C-F, d, J=250.81, Ar-C-F], 152.45 [C-O, d,
J=10.55 Hz, Ar-C-OH], 154.32 [C-O, 2 x Ar-C-OCHs], 156.75 [C-N, Py-C=N].

FT-IR: Vmax (cm™): 3440, 3122 (NH str.), 2947 (C-H str., aromatic), 2845 (C-H str.,
aliphatic), 1596, (NH-bend), 1500 (C=C str., aromatic), 1344 (S=0 asy. str.), 1317 (5=0
sym. str.), 1128 (C-O-CHzs, asy. str.).
3-Hydroxy-4-methoxy-N-(2-((3,4,5-trimethoxybenzyl)amino)pyridin-3-

yl)benzenesulfonamide (131):

NH, SO,Cl H o
| ~ H, Pyridine Hy N N\S// OH
P C OMe > | ¢
H + Hy” "N~ "NH
OH I OMe
OMe H,C OMe
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115  OMe 120 131
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Using N2-(3,4,5-trimethoxybenzyl)pyridine-2,3-diamine (115) (0.144 g, 0.5 mmol., 1
eg.) and 3-hydroxy-4-methoxybenzene-1-sulfonyl chloride (120) (0.134 g, 0.6 mmol., 1.2
eq.) the above sulphonamide (131) was obtained as a white solid (0.205 g, 0.43 mmol.,
87%). Mp =162-164 °C, after purification by column chromatography (SiO2, hexane:
ethyl acetate 8:2, Rf = 0.17). HRMS (ESI): calculated for C22H2sN307S (M+H)" =
476.1491, found (M+H) = 476.1490, AMs=0.1 ppm.

'H NMR from (d6-acetone):5 ppm = 3.56 [3H, s, (OCH3)], 3.67 [6H, s, (OCHB3)], 3.79
[3H, s, (OCHs3)], 4.43 [2H, d, J=5.99 Hz, CH2], 6.07 [1H, t, J=6.01 Hz, NH], 6.24 [1H,
dd, J=7.56 Hz, 4.92 Hz, Py-H2], 6.61 [2H, s, Ar-H, trimethoxy ring], 6.70 [1H, dd,

90



Chapter 3 Result and Discussion

Synthesis of substituted pyridyl-phenyl sulfonamide

J=7.56 Hz,1.74 Hz, Py-H1], 6.90 [ 1H, d, J=8.38 Hz, meta to OH], 7.06 [2H, (1H, d,
J=2.25 Hz ortho to OH), (1H, dd, J=8.38 Hz, 2.28 Hz, para to OH)], 7.77 [1H, dd,
J=4.91 Hz,1.71Hz, Py-H3], 8.06 [1H, s, OH], 8.23 [1H, s, NH].

13C NMR (d6-acetone): & ppm = 45.47 [CHz], 56.37 [ 2 x (OCH3)], 56.47 [(OCHB3)],
60.44 [(OCHgs)], 105.41 [C-H, ortho to methoxy (trimethoxy ring)], 111.70 [C-H, meta
to OH], 112.48 [CH, Py-C-H2], 114.72 [C-H, para to OH], 117.93 [C-CHz, Ar-C-CH],
120.99 [C-H, ortho to OH], 128.68 [C-S, Ar-C-S], 132.36 [C-O, Ar-C-OCHzs], 135.78
[C-H, Py-C-H1], 137.05 [C-N, Py-C-NH], 147.57 [C-N, Py-C=N], 147.62 [C-H, Py-C-
H3], 152.28 [C-O, Ar-C-OCHs], 154.32 [C-O, 2 x Ar-C-OCHpg)], 156.78 [C-O, Ar-C-
OH].

FT-IR: Vmax (cm™): 3378, 3117 (NH str.), 3234 (OH str.), 2970 (C-H str., aromatic),
2840 [C-H str., aliphatic], 1602 (NH-bend), 1508, 1584 (C=C str., aromatic), 1344
(S=0 asy. str.), 1316 (S=0 sym. str.), 1127 (C-O-CHs, asy. str.).
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3.4  Discussion

Earlier reports have investigated the conditions by which aliphatic and aromatic
nucleophilic substitution reactions occur. While aromatic substrates only slightly undergo
Sn1, it is practically not feasible for Sn2. This is due to the presence of an electron cloud
surrounding the Sp? aromatic ring (Clayden et al., 2012). To overcome this problem, the
reaction can be achieved by incorporating an electron-withdrawing group adjacent to the
leaving group. Other alternatives include transition metal catalysis, strong bases and
replacing diazonium group with a suitable nucleophile. Selection of appropriate solvent
also plays a significant role on the reaction rate (Smith, 2013) as the reaction proceeds
effectively in aprotic solvents than in protic solvents (Acevedo & Jorgensen, 2004).
Nucleophilic aromatic substitution (SnAr) is a two-step reaction mechanism that differs
from both Sn1 and Sn2. It mainly relates to introducing a nucleophile on the aromatic ring
through intermediate steps also referred to as Meisenheimer intermediates (scheme 13.
The stability of the intermediates according to Meisenheimer depends on three important
factors. One contributing factor is the presence of an electron-withdrawing group in ortho
and / or para position. The more electron-withdrawing groups present the more stable
intermediate and hence the reaction proceeds efficiently. The two other factors are to
introduce a good nucleophile along with the presence of a suitable leaving group.(Clayden
etal., 2012).

Y
e Y
'/X\Y N@g X ©6
D > A * NaX
EWG EWG o5 "EWG EWG EWG
EWG N

Meisenheimer intermediate

Scheme 13: addition-elimination nucleophilic substitution mechanism SnAr (Goldstein
etal., 2017).

Heterocyclic aromatic substrates such as pyridine, on the other hand, can easily undergo
nucleophilic substitution due their electron-deficient nature of the heterocyclic ring.
Aromatic heterocycles react faster with leaving groups in position 3 and 4 in comparsion
with those in the same position of benzene ring (Isanbor & Emokpae, 2008). Therefore,

synthesis of 2-anilino-3-nitropyridine derivatives was carried out using highly

92



Chapter 3 Result and Discussion

Synthesis of substituted pyridyl-phenyl sulfonamide

electrophilic 2-chloro-3-nitro-pyridine with activated substituted aniline (scheme 14) to

avoid using poisonous and costly catalyst such as palladium.

| o NO
NH, =
NO, N~ "NH
| N EG
N/ Cl -
R; R;
R, R; R3
R,

Scheme 14: General reaction for synthesis substituted 2-anilino-3-nitropyridine.

During the optimization process for the synthesis of substituted N-phenyl-3-
nitropyridine-2-amine many protocols have been expolred in order to enhance the
reaction yield. One useful protocol was available (Wu et al., 2014). A base such as
triethylamine was used as a catalyst in alcoholic medium. Different solvents were used to
improve the reaction ranging from toluene, ethanol, methanol, isopropanol, and t-butanol.
The main difficulty was the requirement of extreme temperature which results in
decomposition of the substituted aniline forming a black sludge that makes extraction
difficult to carry out. To address this problem, the protocol described in (Kovac et al.,

1983) was tested to eliminates the reduction of nitro pyridine and decrease the total

o NH:
NH, |
~
o N EG, HBr N~ "NH
| + >
~
N° Cl MeO OMe
OMe MeO OMe
OMe

Scheme 15: preparation of substituted diaminopyridine from 2-chloro-3-aminopyridine
(Kovac et al., 1983).

This difficulty was resolved and the yield was greatly enhanced under microwave

reaction steps (scheme 15) .

irradiation, however for the heat sensitive aromatic amines conventional heating in an oil
bath at a temperature between 80-100 °C gave good yeilds.
12 substituted N-phenyl-3-nitropyridine-2-amine have been synthesized and 10 of them

are novel compounds.
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NtX Ra

N h: ;:
H
R4 R;

100-111 R

Scheme 16: General structure of synthesised substituted 3-nitropyridine-2-anilines.

Comp. | R1 R2 R3 R4 X Mp°C | Yield % References
100 H OCHs OCHs OCHs - 144-145 50 (Robison & Finch, 1970)
*101 H OCHs OH - 160-162 55

*102 H H OCHs F - 129-130 76

*103 H H CHs OH - 178-180 90

*104 H H OH F - 133-135 89

*105 H H Br F - 158-159 88

*106 H F F F - 165-167 80

*107 F H F F - 127-128 46

*108 H H OH OCHs - 138-140 48

*109 H H OH CHs - 136-139 61

*110 H OCHs OCHs OCHs CH2 184-185 65

111 H | OCHs | OCHs OCHs | CONH | 120-122 88 (Murty et al., 2016)

* these compounds are novel.

Table 3: Synthesised substituted 3-nitropyridine-2-anilines with yield.

The reduction of 3-nitropyridine-2-amine derivatives was carried out by SnCl2.2H20 and
FeCls.6H20, as a catalyst compared to the protocols available from the literature which
used ammonium chloride/zinc mixture (Nandini et al., 2014), Na2S.9H20 / water (Cao et
al., 2011), and zinc/ acetic acid (Hasegawa et al., 2007). The first two reduction mitures
produced (0.458g, 1.5 mmol., 15%) and (0.611 g, 2 mmol., 20%) of compound (100)

respectively, whereas, zinc/ acetic provided no yield.
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Several approaches have been reported for the synthesis of aryl sulfonyl chlorides from a
variety of substrates, though, most of them are not feasible due to a high amount of
starting material present after the reaction.

However, 3,4,5-trimethoxybenzenesulfonyl chloride was reported as the final product for
the sulfonation process as reported in (Onozuka et al., 2010). Despite many attempts to
obtain the same product with the same procedure at different reaction conditions gave
2,3,4-trimethoxybenzenesulfonyl chloride isomer as a final product.

Several methodologies reported the synthesis of sulfonyl chloride from variuos
substrates, however, most of them are unfeasible in terms of starting material availability
(Binisti et al., 2001; Ji et al., 2019).

Mass spectroscopy analysis of 3-hydroxy-4-methoxybenzene-1-sulfonyl chloride (120)
has shown a big difference from the expected molecular weight, which might be due to
transfer of chlorine from the sulfonyl chloride group to the neighbouring carbon under
mass spectroscopy condition. This phenomenon is quite familiar with aryl sulfonyl

chloride compounds due to the electron attack during process (Davis et al., 1977).

As at the time of this write up, just 6 out of 12 substituted N-phenyl-3-nitropyridine-2-
amine, have been reduced to substituted pyridine-2,3-diamine derivatives with 2
variables, (scheme 17). However, five of them are novel (table 4). These pyridine-
diamines was converted to substituted pyridinyl-benzen sulphonamide (scheme 18),

compound shown in table (table 5).

N NH,

X R

Nt 4
H

112-117 R R3

R,

Scheme 17: General structure of substituted 2,3-diaminopyridine.
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Comp. | R1 R2 R3 X Mp °C Yield %
112 OCHs OCHs OCHs - 158-160 83
*113 H OH CHs - 211-213 72
*114 H OH F - 195-198 76
*115 OCHs OCHs OCHs CH2 136-138 52
*116 H OCHs OH - 170-172 50
*117 H OCHs F - 139-140 53

* these compounds are novel.

Table 4: substituted 2,3-diaminopyridines with yield.

HN-X

123-131

R

Rg

Rs

=

NH

7\ 0,8
N=

R;

R,

Scheme 18: General structure of substituted pyridinyl-phenyl sulphonamides.

Comp. | Ra R2 Rs R4 Rs Re X MP Yield %
123 OCHs | OCHs | OCHs | OCHs | OH H - | 154-156 85
125 OCHs | OCHs | OCHs3 | OCHs | F H - | 140-142 89
126 H OCHs | OH OCHs | OCHs | OCHs | - | 188-190 79
127 H OH CHs |OCHs | OCHs |OCHs | - | 160-162 89
128 H OCHs | F OCHs | OCH3 | OCHs | - | 98-99 80
129 H OH F OCHs | OCHs | OCHs | - | 189-190 80
130 OCHs | OCHs | OCHs | OCHs | F H CH2 | 155-156 82
131 OCHs | OCHs | OCHs | OCH3 | OH H CH2 | 162-164 87

Table 5: synthesised substituted pyridinyl-phenyl sulphonamide with yield.
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4 Synthesis of substituted imidazo[4,5,b]pyridines:

4.1 Introduction:

Imidazopyridines have gained great attention in the pharmaceutical and medicinal
chemistry due to their structural similarity to purine and benzimidazole (figure 19).
Generally, they are prepared by creating the imidazole ring from pyridine derivatives
throughout the formation of N-C-N bonds. Some literature describes the formation of N-
C-N bond by activating the reaction with Pd or Cu catalysts with ortho-halogen
derivatives of pyridinyl amide as starting material with substituted amines (Zheng et al.,
2007; Zou et al., 2007), (scheme 19), or by the amidation reaction of halogen derivatives

of amino pyridines (Rosenberg et al., 2012; Wilson et al., 2014) (scheme 19).

NHCOR Cul/L-Proline/K,CO;
X |+ RNH, - x- N
27>y DMSO, RT-50°C Ay
Y=Br,I z \
Z=CHN R’
R
_~__NHR . 4
N Pd cat./Ligand/K,CO4 NZ

|+ RCONH, _ | R

X ~ /

Cl 1.5eq. t-BuOH, 110°C N

Scheme 19: synthesis of imidazo-pyridines through N-C-N bond formation.

However, the most familiar synthetic route is obtained by condensation dehydration
reactions of ortho-diamino pyridines with aldehydes or carboxylic acid derivatives in
presence of catalyst. The reaction of ortho-diamino pyridines with carboxylic acids has
been explored, however, the reaction is low yielding and difficult to purify (Sajith &
Muralidharan, 2012). Another synthetic route for the synthesis of disubstituted
imidazo[4,5,b]pyridine has been reported using Pd-catalysed activation of the carbon
centre in imidazole ring (Macdonald et al., 2013; Sajith & Muralidharan, 2012).
However, many disadvantages synchronised with these protocols such as limited
availability of commercial substrates, poisonous materials, exhausting procedures, and
costly catalysts and ligands (Padmaja et al., 2018).

This chapter explores the synthesis of 2,3-disubstituted imidazo[4,5,b]pyridines as a

promising analogues of the antimitotic agent combretastatin A-4.
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- Puri -
Combretastatin A-4 urine. - Benzimidazole substituted 2,3-diarylimidazo[4,5,b]pyridine

Figure 18: Chemical structure of purine, benzimidazole, combretastatin A-4, and

substituted imidazo[4,5,b]pyridine.

4.2 Synthesis of substituted 2,3-diaryl-3H-imidazo[4,5-b]pyridine
2,3-Bis(3,4,5-trimethoxyphenyl)-3H-imidazo[4,5-b]pyridine (132) (Kim Choong
Hahn et al., 2015):

OMe AN
N
X
A NH/@OM‘? n DMF, FeCl, | ) OMe
| i Z=N
P> T N
NN OMe MeO OMe OMe
112
OMe OMe 132
MeO

OMe

To astirred solution of compound (112) (0.5 mmol., 0.137 g, 1 eq.) in DMF (15 cm®) was
added 3,4,5-trimethoxybenzaldehyde (0.6 mmol., 0.117 g, 1.2 eq.) and FeCls (14 mg,
0.086 mmol., 0.09% eq.). The mixture was irradiated in a microwave vial for 30 minutes
at 200 W and 120 °C. After completion of reaction, water (10 cm®) was added and the
product was extracted with ethyl acetate (3 x 30 cm®), and the organic layer was washed
with water (10 cm?®), dried with anhydrous MgSOa, and solvent evaporated under reduced
pressure. The crude product was purified by column chromatography (SiO2: hexane: ethyl
acetate 8:2, Rr= 0.5) to obtain the above titled compound as a white solid (0.115 g, 0.25
mmol., 51%, Mp =185-186°C). HRMS (ESI): calculated for C24H26N30s (M+H) =
452.1822, found (M+H) = 452.1821, AMs=0.1ppm.
'H NMR : 8 (ppm) =3.67 [6H, s, 2 X (OCH3)], 3.76 [6H, s, 2 X (OCH3)], 3.83 [3H, s,
(OCHBa)], 3.86 [3H, s, (OCH3)], 6.61 [2H, s, Ar-H], 6.92 [2H, s, Ar-H], 7.28 [1H, dd, J =
8.05 Hz, 4.86 Hz, Py-H2], 8.11 [1H, dd, J = 8.05 Hz, 1.4 Hz, Py-H1], 8.36 [1H, dd, J =
4.87 Hz, 1.46 Hz, Py-H3].

13C NMR :3 (ppm) = 55.99 [2 x (OCH3)], 56.41[ 2 x (OCHBa)], 60.89 [(OCHs3)], 60.98
[(CH30)], 105.61 [C-H, Ar-H ortho to methoxy], 106.47 [C-H, Ar-H ortho to methoxy],
119.36 [C-H, Py-C-H2], 124.08 [C-C, Ar-C-C=N], 127.16 [C-H, Py-C-H1], 131.29 [C-
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O, Ar-C-OCHs], 134.51 [C-O, 2 x Ar-C-OCHzs], 138.47 [C-N, Ar-C-N], 139.79 [C-N,
Py-C-N], 144.83 [C-H, Py-C-H3], 149.64 [C-N, N-C=N,], 152.63 [C=N, Py-C=N],
152.97 [C-O, Ar-C-OCHgs], 154.10 [C-O, Ar-C-OCHg].

FT-IR: vmax (cm™): 2996 (C-H, str., aromatic), 2834 (C-H, str., aliphatic), 1589 (C=C,
str., aromatic), 1118 (C-O-CHgs, asy. str.).

Following the above procedure the following imidazo[4,5,b]pyridines (133-155) were

synthesised

2-(3,4,5-Trimethoxyphenyl)-3-(3-hydroxy-4-methoxyphenyl)- 3H-imidazo[4,5-
b]pyridine (133):

S OMe DMF, FeCl, » N OMe
| + ——» N
~
N II\{I OH MeO OMe OMe133
116 OMe OH

Using N2-(3-hydroxy-4-methoxyphenyl)pyridine-2,3-diamine (116) (0.115, 0.5
mmol.), and 3,4,5-trimethoxybenzaldehyde (0.6 mmol., 0.117 g), and FeCls (0.014 g,
0.086 mmol.), the above titled imidazo[4,5,b]pyridine (133) was obtained as a white
solid (0.115 g, 0.28 mmol., 56% ). Mp = 222-223 °C, after purification by flash
chromatography (SiOz: hexane: ethyl acetate 7:3, Rr=0.2). HRMS (ESI): calculated for
C22H22N30s = 408.1559, found (M+H) = 408.1554, AMs=0.5ppm.

'H NMR from (methanol-d4): & (ppm) =3.69 [6H, s, 2 x (OCHB3)], 3.78 [3H, s,
(OCH3)], 3.94 [3H, s, (OCH?3)], 6.86 [1H, dd, J = 8.48 Hz, 2.55 Hz, Ar-H para to OH],
6.90 [1H, d, J=2.48 Hz, Ar-H ortho to OH], 6.95 [2H, s, Ar-H ortho to methoxy
(trimethoxy ring)], 7.11 [1H, d, J = 8.48 Hz, Ar-H meta to OH], 7.41[1H, dd, J = 8.10
Hz, 4.86 Hz, Py-H], 8.16 [1H, dd, J = 8.11 Hz, 1.21 Hz, Py-H], 8.32 [1H, dd, J = 4.85
Hz, 1.10 Hz, Py-Ha].

13C NMR from (Methanol-d4): & (ppm) =56.53[2 x (OCH?3)], 56.75[ (OCH3)], 61.18

[ (OCHs3)], 108.22 [C-H, ortho to methoxy (trimethoxy ring)], 113.24 [C-H, Ar-C-H
meta to OH], 116.48 [C-H, Ar-C-H ortho to OH], 120.72 [C-H, Ar-C-H para to OH],
120.91 [C-H, Py-C-H2], 124.85 [C-C, Ar-C-C], 127.97 [C-H, Py-CH1], 129.27 [C-N,
Ar-C-N, trimethoxy ring], 135.02 [C-N, Py-C-N], 141.31 [C-O, Ar-C-OCHg], 145.68
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[C-H, Py-CH3], 149.06 [C-O, Ar-C-OCHpg], 150.25 [2 x C-N, (Py-C=N), (N-C=N)],
154.44 [2 x C-O, Ar- C-OCHjz]. 154.86 [C-O, Ar-C-OH].

FT-IR: vmax (cm™): 3348 (OH str.), 2939 (C-H, str., aromatic.), 2842 (C-H, str.,
aliphatic), 1587 (C=C, str., aromatic), 1119 (C-O-CHgs, asy. str.).

2-(3-Fluoro-4-methoxyphenyl)-3-(3,4,5-trimethoxyphenyl)-3H-imidazo[4,5-

b]pyridine (134):
N
NH OMe N7 TN
| X ? N DMF, FeCly
-
N7 N OMe F OMe
OMe Meo

OMe
Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (0.5 mmol., 0.137 g),
and 3,4,5-trimethoxybenzaldehyde (0.6 mmol., 0.092 g) and FeCls (14 mg, 0.086
mmol.) the above titled imidazo[4,5,b]pyridine (134) was obtained as a dark purple
solid (0.075 g, 0.18 mmol., 37%). Mp =162-163 °C), after purification by flash
chromatography (SiO2: hexane: ethyl acetate 8:2, Rr= 0.5). HRMS (ESI): calculated for
C22H21FN304 = 410.1516, found (M+H) = 410.1533, AMs=1.7ppm.

IH NMR : & (ppm) =3.72 [6H, s, 2 X (OCH3)], 3.84 [3H, s, (OCH?3)], 3.86 [3H, s,
(OCH3)], 6.53 [2H, s, Ar-H, ortho to methoxy (trimethoxy ring)], 6.84 [1H, t, J = 8.56
Hz, Ar-H meta to F], 7.23 [ 2H, (1H, dd, J = 8.09 Hz, 4.86 Hz, Py-H2), (1H, m, para to
F], 7.42 [1H, dd, J= 12.21 Hz, 2.01 Hz, Ar-H ortho to F], 8.06 [1H, dd, J = 4.84 Hz, 1.2
Hz, Py-H1], 8.33 [1H, dd, J= 8.09 Hz, 1.18 Hz, Py-H3].

13C NMR: & (ppm) =55.99 [2 x (OCH3)], 56.32 [(OCHz)], 60.98 [(OCHz)], 105.35 [C-
H, Ar-C-H ortho to methoxy (trimethoxy ring)] 112.86 [C-H, d, J =2.01 Hz, Ar-C-H,
parato F], 116.87 [C-H, d, J = 20.93 Hz, Ar-C-H, ortho to F], 119.40 [C-H, Py-C-HZ2],
121.81 [C-C, d, J= 6.63 Hz, Ar-C-C], 125.67 [C-H, d, J=3.63 Hz, Ar-C-H meta to F],
127.14 [C-H, Py-C-H1], 130.73 [C-N, Ar-C-N, trimethoxy ring ], 134.53 [C-O, Ar-C-
OCHs, trimethoxy ring ], 138.53 [C-N, Py-C-N], 144.83 [C-H, Py-C-H3], 149.41 [C-O,
d, J=10.76 Hz, ortho to F], 150.66 [C-F, d, J= 226.92 Hz, Ar-C-F], 149.55 [C=N, Py-
C=N], 153.08 [N-C=N], 154.05 [ 2 x Ar-C-OCHg].
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FT-IR: vmax (cm™): 2936 (C-H, str., aromatic), 2837 (C-H, str., aliphatic), 1593 (C=C,
Str., aromatic), 1120 (C-O-CHg, asy. str.).

2-(Benzo[d][1,3]dioxol-5-yl)-3-(3,4,5-trimethoxyphenyl)-3H-imidazo[4,5-b]pyridine
(135):
H, H, O
H, N
X NIi@(OMC DMF, Fecl, 77 N7 N
(LR, QA5
N N OMe 0o oMe 135
1 o—/ MeO

OMe
Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (0.5 mmol., 0.137 g),
and 3,4-(methylenedioxy)benzaldehyde (0.6 mmol., 0.090 g) and FeCls (14 mg, 0.086
mmol.,), the above imidazo[4,5,b]pyridine (135) was obtained as a dark purple solid
((0.105g, 0.25 mmol., 52%). Mp = 225-227 °C, after purification by flash
chromatography (SiO2: hexane: ethyl acetate 7:3, Rr= 0.25). HRMS (ESI): calculated
for C22H20N30s (M+H) = 406.1403, found (M+H) = 406.1390, AMs=-1.3ppm.

IH NMR : & (ppm) =3.76 [6 H, 5, 2 X (OCH3)], 3.88 [3 H, 5, (OCH?3)], 5.97 [2H, s,
(CH2)], 6.56 [2H, s, ortho to methoxy (trimethoxy ring)], 6.73 [ 1H, d, J = 8.17 Hz, Ar-
H6], 7.10 [1H, dd, J = 8.17Hz, 1.74 Hz, Ar-H5], 7.15 [1H, d, J=1.73 Hz, Ar-H4], 7.25
[1H, dd, J=8.00Hz, 4.842Hz, Py-H2], 8.08 [1H, dd, J= 7.98 Hz, 1.40 Hz, Py-H1], 8.34
[1H, dd, J=4.80Hz, 1.40Hz, Py-H3].

13C NMR: & (ppm) =56.30 [2 x (OCH3)], 61.40 [(OCHz3)], 101.58 [(CH-)], 105.35 [C-
H, ortho to methoxy (trimethoxy ring)], 108.39 [C-H, Ar-C-H6], 109.35 [C-H, Ar-C-
H5], 119.26 [C-H, Py-C-H2], 122.98 [C-C, Ar-C-C], [C-H, Ar-C-H4], 127.03 [C-H, Py-
C-H1], 130.91 [C-N, Ar-C-N], 134.61 [C-O, Ar-C-OCHs], 138.36 [C-N, Py-C-N],
144.60 [C-H, Py-C-H3], 147.79 [C=N, N-C=N], 149.39 [C-O, Ar-C-Q], 149.55 [C-O,
Ar-C-0], 152.87 [C=N, Py-C=N], 153.94 [2 x Ar-C-OCHyg].

FT-IR: vmax (cm™): 2936 (C-H, str., aromatic), 2837 (C-H, str., aliphatic), 1593 (C=C,
str., aromatic), 1228 (CH2, scissoring), 1120 (C-O-CHgs, asy. str.), 998 (CH2, waging).
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2-(3,4-Dihydroxyphenyl)-3-(3,4,5-trimethoxyphenyl)-3H-imidazo[4,5-b]pyridine
(136):

y O H, H, -
© H, N
X
NH, OMe DMF, FeCly | N OH
X + _ =
| ~ OH H N N
N %I OMe 5 Hg
112 H

3
5
OMe 136
MeO

OMe
Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (0.5 mmol., 0.137 g),
3,4-dihydroxybenzaldehyd (0.6 mmol., 0.082 g), and FeCls (14 mg, 0.086 mmol.), the
above imidazo[4,5,b]pyridine (136) was obtained as a dark purple solid ((0.105 g, 0.26
mmol., 53%, Mp >250°C) after purification by flash chromatography (SiO2: hexane:
ethyl acetate 5:5, Rr= 0.20). HRMS (ESI): calculated for C21H20N3Os (M+H) =
394.1403, found (M+H) = 394.1396, AMs=0.7ppm.

'H NMR: (d6-dms0):5 (ppm) =3.70 [6 H, s, 2 X (OCH3)], 3.76 [3 H, s, (OCHB3)], 6.70
[1H, d, J=8.34 Hz, Ar-H6], 6.77 [2H, s, ortho to methoxy (trimethoxy ring)], 6.87 [1H,
dd, J =8.33 Hz, 2.12 Hz, Ar-H5], 7.18 [1H, d, J = 2.12 Hz, Ar-H4], 7.30 [1H, dd, J =
8.05 Hz, 4.87 Hz, Py-H2], 8.09 [1H, dd, J = 8.05 Hz, 1.33 Hz, Py-H1], 8.26 [1H, dd, J =
4.87Hz, 1.32Hz, Py-H3], 9.70 [2H, s, 2 x OH].

13C NMR: (d6-dmso):8 (ppm) =56.17[2 x (OCH3)], 60.17 [(OCH?3)], 106.19 [C-H,
ortho to methoxy (trimethoxy ring)], 115.25 [C-H, Ar-C-H6], 115.46 [C-H, C-H, Ar-C-
H4], 118.77 [C-H, Py-C-H2], 120.47 [C-C, Ar-C-CN], 120.79 [C-H, Ar-C-H5], 126.19
[C-H, Py-C-H1], 131.40 [C-N, Ar-C-N], 134,52 [C-N, Py-C-N], 137.52 [C-O, Ar-C-
OCHGs], 143.32 [C-H, Py-C-H3], 144.95 [C=N, N-C=N], 147.48 [C-O, Ar-C-OH],
149.76 [C=N, Py-C=N], 153.14 [2 x Ar-C-O-CHzs], 153.16 [C-O, Ar-C-OH].

FT-IR: vmax (cm™) 3529 (OH str.), 2933 (C-H, str., aromatic.), 2837 (C-H, str.,
aliphatic), 1596 (C=C, str., aromatic), 1123 (C-O-CHgs, asy. str.).
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Chapter 4 Result and Discussion

Synthesis of substituted imidazo[4,5,b]pyridines

2-(3,4,5-trifluorophenyl)-3-(3,4,5-trimethoxyphenyl)-2,3-dihydro-1H-imidazo[4,5-
b]pyridine (137):

. P
OMe Ox HzﬁN:CHQF
AL OMe DMF,FeCl,  Hy  "N° N
i D AL
N E 11201\/[e ' F ' M OQ\OMC

© OMe
Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine ( 112) (0.5 mmol., 0.137 g),
3,4,5-triflourobenzaldehyd (0.6 mmol., 0.096 g), and FeCls (14 mg, 0.086 mmol.), the
above imidazo[4,5,b]pyridine (137) was obtained as a dark purple solid (0.105 g, 0.25
mmol., 41%). Mp = 171-173 °C, after purification by flash chromatography (SiOz2:
hexane: ethyl acetate 9:1, Rr= 0.10). HRMS (ESI): calculated for C21H17F3sN3O3 (M+H)
= 418.1378, found for (M+H) = 418.1366, AMs=1.3ppm.
'H NMR: 8 (ppm) =3.71 [3 H, , (OCH?3)], 3.74 [3 H, (OCH?3)], 3.75 [3 H, (OCH?3)], 4.49
[1H, d, J= 5.90 Hz, N-H, ], 5.82 [1H, d, J=5.73 Hz, C-H-NH], 6.12 [1H, s, ortho to
methoxy (trimethoxy ring)], 6.51 [1H, dd, J = 7.61 Hz, 4.92 Hz, Py-H2], 6.64, [2 H, m,
Ar-H, ortho to F], 6.73 [1H, dd, J = 7.61 Hz, 1.23 Hz, Py-H1], 7.29 [1H, NH, labile
protone], 7.58 [1H, dd, J=4.93 Hz, 1.23 Hz, Py-H3].
13CNMR: § (ppm) =56.17[(OCHBa)], 60.17 [(OCHBa)], 61.07 [(OCHBa ], 61.35 [CH-NH],
98.30 [C-H, ortho to methoxy (trimethoxy ring)], 111.16 [2C-H, dd, J = 16.28 Hz, 5.49
Hz, ortho to F], 112.83 [C-quaternary, Ar-C, trimethoxy ring], 115.90 [C-H, Py-C-H2],
126.94 [C-H, Py-C-H1], 130.09 [C-N, Ar-C-N], 135.68 [Ar-C-OCHgs], 137.00 [C-N, Py-
C-N], 137.08 [C=C, m, meta to F], 139.25 [C-H, Py-C-H3], 139.37 [C-F, ddd, J= 250.89
Hz, 15.70 Hz, 2.98 Hz], 146.19 [C=N, Py-C=N], 150.98 [ Ar-C-OCHgs], 151.05 [2C-F,
ddd, J=250.64 Hz, 10.17 Hz, 3.68 Hz, , Ar-C-F], 152.39 [Ar-C-OCHg].
FT-IR: vmax (cm™): 3356 (NH str.), 2938 (C-H, str., Aromatic.), 2836 (C-H, str.,
aliphatic), 1600 (NH, bend.), 1525 (C=C, Str., Aromatic), 1101 (C-O-CHs, Asy. Str),
1019 (C-F str.).
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Chapter 4 Result and Discussion

Synthesis of substituted imidazo[4,5,b]pyridines

2-(6-Bromo-3-hydroxy-2-methoxyphenyl)-3-(3,4,5-trimethoxyphenyl)-3H-
imidazo[4,5-b]pyridine (138):

N

X
RN $ *@
» Br OCH Hy” N7 N
NN 3 DMF, FeCl;

: Br
4>
OH OMe
MeO 138

MeO OMe OMe
OMe 112

Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (0.5 mmol., 0.137 g,
1eq.), 6-bromo-3-hydroxy-2-methoxybenzaldehyde (0.6 mmol., 0.138 g, 1.2 eq.), and
FeCls (14 mg, 0.086 mmol.), the above imidazo[4,5,b]pyridine (138) was obtained as a
pale yellow solid (0.125 g, 0.25 mmol., 41% , Mp =130-132 °C) after purification by
flash chromatography (SiO2: hexane: ethyl acetate 1:1, Rf = 0.10). HRMS (ESI):
calculated for C22H20BrNsOs (M+H) = 486.0659, found for (M+H) = 486.0667, AMs=-
0.8ppm.

'H NMR : § (ppm) =3.62 [3 H, s, (OCHB3)], 3.64 [6H, 2 x (OCH3)], 3.80 [3 H, s,
(OCHBg)], 6.55 [1H, d, J = 8.79 Hz, ortho to OH], 6.68 [2H, s, Ar-H, trimethoxy ring],
6.82 [1H, d, J = 8.78 Hz, meta to OH], 7.18 [1H, dd, J = 8.07 Hz, 4.87 Hz, Py-H2],
7.87(1H, OH), 8.02 [1H, dd, J = 8.06 Hz, 1.29 Hz, Py-H1], 8.33 [1H, dd, J = 4.87 Hz,
1.29 Hz, Py-H3].

13C NMR: § (ppm) =56.04 [2 x (OCH3)], 56.32 [(OCHs3)], 60.76 [(OCHs3)], 104.39 [C-
H, ortho to methoxy (trimethoxy ring)], 113.26 [C-H, Ar-C-H ortho to OH], 114.30 [C-
Br, Ar-C-Br], 118.92 [C-H, Py-C-H2],119.33 [C-C, Ar-C-C], 122.82 [C-H, Ar-C-H
meta to OH], 127.80 [C-H, Py-C-H1], 129.76 [C-N, Ar-C-N], 134.47 [C-N, Py-C-N],
137.76 [C-O, Ar-C-OCHpg], 144.86 [C-H, Py-C-H3], 146.87 [2 x C-N, (Py-C-N), (N-
C=N)], 146.87 [C-O, Ar-C-OCHs ortho to OH], 150.56 [C-O, Ar-C-OH], 153.12 [2 x
C-0O, (Ar-C-OCHpg), trimethoxy ring].

FT-IR: vmax (cm™): 3345 (OH str.), 2938 (C-H, str., aromatic), 2835 (C-H, str.,
aliphatic), 1598, 1505 (C=C, Str., aromatic), 1121 (C-O-CHg, asy. Str).
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Chapter 4 Result and Discussion

Synthesis of substituted imidazo[4,5,b]pyridines

2-(4-Hydroxy-3-methylphenyl)-3-(3,4,5-trimethoxyphenyl)-3h-imidazo[4,5-

b]pyridine (139):
H, CH,
X N
N NZ N
139

NH, O\ H,
DMF, FeCly
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CH;
OH
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Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine ( 112) (0.5 mmol., 0.137 g), 4-
hydroxy-3-methylbenzaldehyde (0.6 mmol., 0.081g), and FeCls (14 mg, 0.086 mmol.),
the above imidazo[4,5,b]pyridine (139) was obtained as a dark purple solid (0.110 g,
0.28 mmol., 57%). Mp =249-250 °C, after purification by column chromatography
(SiO2: hexane: ethyl acetate 1:1, Rr= 0.10). HRMS (ESI): calculated for C22H22N304
(M+H) = 392.1605, found for (M+H) = 392.1611, AMs=-0.6ppm.

'H NMR (d6-dmso): & (ppm) =2.09 [3 H, s, (CH3)], 3.69 [6 H, s, 2 X (OCH3)], 3.75
[3H, s, (OCHB3)], 6.73 [1H, d, J = 8.38 Hz, Ar-H meta to CHs], 6.79 [2H, s, ortho to
methoxy (trimethoxy ring)], 7.19 [1H, dd, J=8.40 Hz, 2.0 Hz, Ar-H para to CHs], 7.32
[1H, dd, J=7.97 Hz, 4.81 Hz, Py-H2], 7.50 [1H, d, J = 2.01Hz, Ar-H ortho to CHj3], 8.10
[1H, dd, J=7.97 Hz, 1.42 Hz, Py-H1], 8.26 [1H, dd, J = 4.81 Hz, 1.42 Hz, Py-H3], 9.89
[1H, s, OH].

13C NMR (d6-dmso):5 (ppm) =15.97 [(CH3)], 56.24[2 x (OCHz3)], 60.22 [(OCH3)],
106.38 [C-H, ortho to methoxy (trimethoxy ring)], 114.19 [C-H, Ar-C-H meta to CH3],
118.77 [C-H, Ar-C-H ortho to CHzs], 119.94 [C-C, Ar-C-CHg], 123.90 [C-C, Ar-C-CH],
126.18 [C-H, Py-C-H2], 127.71 [C-H, Ar-C-H para to CHs], 131.43 [C-H, Py-C-H1],
131.71 [C-N, Ar-C-N], 134.52 [C-N, Py-C-N], 137.64 [C-O, Ar-C-OCHjs], 143.33 [C-
H, Py-C-H3], 149.76 [C=N, Py-C=N], 153.12 [ C=N, N-C=N], 153.19 [2 x C-O, Ar-C-
OCHegs trimethoxy ring], 157.26 [C-O, Ar-C-OH].

FT-IR: vmax (cm™): 3344 (OH str.), 2926 (C-H, str., aromatic.), 2835 (C-H, str.,
aliphatic), 1599, 1577 (C=C, str., aromatic), 1125 (C-O-CHg, asy. str).
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Chapter 4 Result and Discussion

Synthesis of substituted imidazo[4,5,b]pyridines

2-(2-Methoxypyridin-3-yl)-3-(3,4,5-trimethoxyphenyl)-3H-imidazo[4,5-b]pyridine
(140):

H, MeO
X X0 DMF, FeCl3 XN =N
\ | A D B )—H;'
P > \ © /
N NT TN 140
Hl H,'
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Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (0.5 mmol., 0.137 g), 2-
methoxy-3-pyridinecarboxaldehyde (0.6 mmol., 0.068 g), and FeCls (14 mg, 0.086
mmol.), the above imidazo[4,5,b]pyridine (140) was obtained as a pale white solid
(0.110 g, 0.28 mmol., 56%). Mp =157-159 °C, after purification by flash
chromatography (SiOz: hexane: ethyl acetate 1:1, Rr= 0.10). HRMS (ESI) calculated for
C21H21N4O4 (M+H) = 393.1557, found for (M+H) = 393.1565, AMs=-0.8ppm.

'H NMR: & (ppm) =3.65 [3 H, s, (OCH3)], 3.73 [6 H, 5, 2 X (OCH3)], 3.89 [3H, s,
(OCHBg)], 6.56 [2H, s, ortho to methoxy (trimethoxy ring)], 7.03 [1H, dd, J = 7.32 Hz,
4.96 Hz, Py-H2", 7.36 [1H, dd, J = 8.03 Hz, 4.85 Hz, Py-H2], 7.98 [1H, dd, J=7.32 Hz,
1.92 Hz, Py-H1', 8.21 [1H, dd, J = 8.04 Hz, 1.39 Hz, Py-H1], 8.29 [1H, dd, J = 4.97
Hz, 1.91 Hz, Py-H31, 8.46 [1H, dd, J = 4.85Hz,1.39Hz, Py-H3].

13CNMR: & (ppm) =53.36[(OCHs3)], 56.19 [2 x (OCHs3)], 60.19 [(OCHs], 103.97 [C-H,
ortho to methoxy (trimethoxy ring)], 113.70 [C-C, Py-C-C], 116.78 [C-H, Py-C-H2],
119.36 [C-H, Py-C-H1], 127.58 [C-H, Py-C-H2], 130.63 [C-N, Ar-C-N], 134.33 [C-O,
Ar-C-OCHzs], 137.86 [C-N, Py-C-N, ring A], 140.72 [C-H, Py-C-H1'", 145.23 [C-H, Py-
C-H3], 148.24 [ C=N, N-C=N], 149.39 [C-H, Py-C-H3'], 150.59 [C-N, Py-C=N, ring
A], 153.37 [2 x C-O, Ar-C-OCHs trimethoxy ring], 160.91 [O-C=N, Py-C=N, ring B].
FT-IR: vmax (cm™): 3012 (C-H, str., aromatic), 2825 (C-H, str., aliphatic), 1588, 1579
(C=C, str., aromatic), 1119 (C-O-CHps, asy. str.).
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Chapter 4 Result and Discussion

Synthesis of substituted imidazo[4,5,b]pyridines

2-(2-Methylpyridin-3-yl)-3-(3,4,5-trimethoxyphenyl)- 2,3-dihydro-1H-imidazo[4,5-
b]pyridine (141):

o HC
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Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (0.5 mmol., 0.137 g), 2-
methyl-3-pyridinecarboxaldehyde (0.6 mmol., 0.134 cm?®), and FeCls (0.014 g, 0.086
mmol.), the above imidazo[4,5,b]pyridine (141) was obtained as a brown solid (0.118 g,
0.3 mmol., 62% , Mp = 234-235 °C) after purification by flash chromatography (SiOz:
hexane: ethyl acetate 1:1, Rf = 0.20). HRMS (ESI): calculated for C2:H23N4O3 (M+H) =
379.1770, found for (M+H) = 379.1765, AMs=0.5ppm.

IH NMR : & (ppm) =2.37 [3H, s, (CH3)], 3.47 [3H, s, (OCH3)], 3.74 [3H, s, (OCH?3)],
3.80 [3H, s, (OCHS3)], 4.98 [1H, d, J=2.91 Hz, NH], 6.23 [1H, s, CH], 6.28 [1H, s, Ar-H,
trimethoxy ring], 6.47 [1H, dd, J= 7.60 Hz, 4.91 Hz, Py-H21, 6.56 [1H, dd, J= 7.61 Hz,
1.21 Hz, Py-H1'l, 6.94 [1H, dd, J=7.42 Hz, 4.81 Hz, Py-H2], 7.17 [1H, s, labile proton],
7.39 [1H, dd, J=7.43 Hz, 1.1.21Hz, Py-H1], 7.67 [1H, dd, J=4.80 Hz, 1.21 Hz, Py-H3],
8.19 [1H, dd, J=4.91 Hz, 1.21 Hz, Py-H31.

13CNMR : § (ppm) =18.52 [(CHBa)], 55.80 [(OCHBa)], 56.01 [(OCHz)], 60.81 [(OCH3)],
60.97 [CH-NH], 98.75 [C-H, ortho to methoxy (trimethoxy ring)], 114.53 [C-quternary,
Ar-C- trimethoxy ring], 115.29 [C-H, Py-C-H2], 121.73[C-H, Py-H2'], 125.68 [C-H, Py-
C-H17, 130.34 [C-N, Ar-C-N], 131.99 [C-C, Py-C-CH], 135.79 [C-O, Ar-C-OCHzs],
137.27 [C-H, Py-H1], 137.73 [C-C, Py-C-CHs ring B], 137.96 [C-H, Py-C-H3], 146.11
[C-H, Py-C-H37, 147.71 [C-N, Py-C-NH, ring A], 150.72 [C-O, Ar-C-OCHjs], 152.85
[C-O, Ar-C-OCHs], 158.56 [C=N, Py-C=N, ring A].

FT-IR: vmax (cm™): 3240 (NH str.), 2930 (C-H, str., aromatic), 2825 (C-H, str., aliphatic),
1601 (NH bend.), 1547, 1498 (C=C, str., aromatic), 1115 (C-O-CHgs, asy. str).
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Chapter 4 Result and Discussion
Synthesis of substituted imidazo[4,5,b]pyridines

2-(2-Fluoropyridin-3-yl)-3-(3,4,5-trimethoxyphenyl)-2,3-dihydro-1H-imidazo[4,5-
b]pyridine (142):

NH, H
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Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (1 mmol., 0.275 g), 2-
flouro-3-pyridinecarboxaldehyde (1.2 mmol., 0.120 cm®), and FeCls (28 mg, 0.172
mmol.), The above imidazo[4,5,b]pyridine (142) was obtained as a yellow solid (0.128
g, 0.33 mmol., 34%). Mp =166-168 °C, after purification by column chromatography
(SiO2: hexane: ethyl acetate 9:1, Rr=0.05). HRMS (ESI) calculated for C20H20FN4O3
(M+H) = 383.1519, found for (M+H) = 383.1518, AMs=0.1ppm.

'H NMR (CD2Cl2): & (ppm) =3.63 [3H, s, (OCH3)], 3.70 [3H, s, (OCH3)], 3.76 [3H, s,
(OCHBg)], 4.79 [1H, d, J= 6.04 Hz, NH], 6.11 [1H, s, Ar-H, trimethoxy ring], 6.17 [1H,
s, CH], 6.50 [1H, dd, J=7.58 Hz, 4.881 Hz, Py-H2], 6.76 [1H, m, Py-H2"], 6.84 [1H, d,
J=7.57Hz, Py-H1], 7.13 [1H, m, Py-H1"], 7.69 [1H, dd, J=4.88Hz,1.32Hz, Py-H3], 7.92
[1H, d, J=4.72Hz, Py-H3", 8.08 [1H, s, labile proton].

13C NMR (CD2Cl2): & (ppm) =52.15 [CH-NH, d, J=1.28Hz], 55.74 [(OCHz], 61.02
[(OCHB3)], 61.23 [(OCHB3)], 97.39 [C-H, ortho to methoxy], 110.16 [C-quaternary, Ar-
C-], 115.71 [C-H, Py-C-H2], 121.30 [C-H, d, J=4.07 Hz, Py-C-H27, 124.08 [C-C, d,
J=27.8 Hz, Py-C-CH, ring B], 127.30 [C-H, Py-C-H1], 130.27[C-N, Ar-C-N], 135.20 [C-
O, Ar-C-OCHs], 137.58 [C-N, Py-C-N, ring A], 139.55 [C-H, d, J=4.07Hz, Py-C-H11,
140.70 [C-H, Py-C-H3], 146.13 [C-H, d, J=15.42Hz, Py-C-H3'], 147.01 [C=N, Py-C=N,
ring A], 150.93 [C-O, Ar-C-OCHjs], 153.59 [C-O, Ar-C-OCHg], 161.38 [C-F,, d=239.14
Hz, Py-C-F].

FT-IR: vmax (cm™): 3384 (NH str.), 2986 (C-H, str., aromatic ), 2941 (C-H, str., aliphatic),
1598 (NH ben.), 1528, 1495 (C=C, str., aromatic), 1096 (C-O-CHgs, asy. str.), 997 (C-F).
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Chapter 4 Result and Discussion
Synthesis of substituted imidazo[4,5,b]pyridines
2-(3,5-Difluoro-4-methoxyphenyl)-3-(3,4,5-trimethoxyphenyl)-3H-imidazo[4,5-
b]pyridine (143):
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Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (1 mmol., 0.275 g), 3,5-
difluoro-4-methoxybenzaldehyde (1.2 mmol., 0.206 g), and FeCls (28 mg, 0.172 mmol.),
the above Imidazo[4,5,b]pyridine (143) was obtained as a yellow solid (0.163 g, 0.38
mmol., 38%). Mp =244-246°C, after purification by column chromatography (SiOz2:
hexane: ethyl acetate 7:3, Rf = 0.15). HRMS (ESI): calculated for Cz2H20F2N30O4 =
428.1428, found for (M+H) = 428.1425, AMs=0.3ppm.

'H NMR: & (ppm) =3.77 [6 H, s, 2 X (OCHB3)], 3.97 [3 H, s, (OCH?3)], 4.05 [3H, d, J =
2.66 Hz, (OCHpg), difluoro ring], 6.52 [2H, s, ortho to methoxy (trimethoxy ring)], 7.18
[2H, dd, J = 6.52 Hz, 9.82 Hz, Ar-H ortho to F], 7.24 [1H, dd, J = 8.03 Hz, 4.82 Hz, Py-
H2], 8.04 [1H, dd, J = 8.03 Hz, 1.49 Hz, Py-H1], 8.33 [1H, dd, J = 4.87 Hz, 1.49 Hz, Py-
H3].

13C NMR: § (ppm) =56.37 [2 x (OCH3)], 61.74 [(OCH?3)], 61.78 [(OCH?3), t, J = 7.32 Hz,
ortho to F], 105.36 [C-H, ortho to methoxy (trimethoxy ring)], 113.06 [C-H, dd, J = 8.03
Hz, 7.75 Hz, ortho to F], 119.47 [C-H, Py-C-H2], 123.72 [C-C, t, J=19.42 Hz, meta to
F], 127.61 [C-H, Py-C-H1], 130.43 [C-N, Ar-C-N, trimethoxy ring], 134.82 [C-N, Py-C-
N], 137.95 [C-O, t, J = 27.18 Hz, ortho to F], 138.81 [C-O, Ar-C-OCHzs], 149.73 [C=N,
Py-C-N], 150.52 [N-C=N, t, J = 5.88Hz], 154.93 [C-F, dd, J=248.97 Hz, 6.57 Hz], 154.14
[C-O, 2 x Ar-C-OCHyg].

FT-IR: vmax (cm™): 2942 (C-H, str., aromatic), 2834 (C-H, str., aliphatic), 1594 (C=C,
str., aromatic), 1130 (C-O-CHs, asy. str.), 994 (C-F).
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Chapter 4 Result and Discussion
Synthesis of substituted imidazo[4,5,b]pyridines
2-(3-Fluoro-4-Hydroxy-5-methoxyphenyl)-3-(3,4,5-trimethoxyphenyl)-3H-
imidazo[4,5-b]pyridine (144):
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Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (0.5 mmol., 0.137 g), 3-
fluoro-4-hydroxy-5-methoxybenzaldehyde (0.6 mmol., 0.102 g), and FeCls (14 mg, 0.086
mmol.), the above imidazo[4,5,b]pyridine (144) was obtained as a pale white solid (0.163
g, 0.38 mmol., 38%). Mp > 250°C, after purification by flash chromatography (SiO2:
hexane: ethyl acetate 1:1, Rr= 0.11). HRMS (ESI): calculated for C22H21FN3Os (M+H) =
426.1460, found for (M+H) = 426.1466, AMs=0.6ppm.

'H NMR (d6-dmso): & (ppm) =3.62 [3 H, s, (OCH?3)], 3.69 [9 H, 2 x 5, 3 X (OCHB3)], 6.87
[2 H, s, ortho to methoxy (trimethoxy ring)], 7.03 [ 1H, t, J = 1.9 Hz, Ar-H para to F]
7.09 [1H, dd, J = 11.56 Hz, 1.9 Hz, Ar-H ortho to F], 7.34 [1H, dd, J = 8.18 Hz, 4.86 Hz,
Py-H2], 8.15 [1H, dd, J = 8.18 Hz, 1.33 Hz, Py-H1], 8.31 [1H, dd, J = 4.86 Hz, 1.33 Hz,
Py-H2], 9.88 [1H, s, (OH)].

13CNMR (d6-dmso): & (ppm) = 55.77 [(OCH3)], 56.31 [2 x (OCH?3)], 60.15 [(OCH3)],
106.52 [C-H, ortho to methoxy (trimethoxy ring)], 108.47 [C-H, d, J = 1.49 Hz, Ar-C-H
para to F], 109.25 [C-H, d, J = 21.49 Hz, Ar-C-H ortho to F], 119.02 [C-H, Py-C-H2],
119.30 [C-C, d, J = 9.86 Hz, Ar-C-C], 126.60 [C-H, Py-C-H1], 131.27 [C-N, Ar-C-N],
134.26 [C-N, Py-C-N], 136.28 [C-O, d, J = 14.18 Hz, Ar-C-OH], 137.38 [C-O, Ar-C-
OCHs, trimethoxy ring], 143.92 [[C-H, Py-C-H3], 148.84 [C-O, d, J = 6.70 Hz, Ar-C-
OCHs meta to F], 150.76 [C-F, d, J=237.96 Hz], 149.81 [C-N, Py-C=N], 151.51[N-C=N,
d, J=3.03 Hz], 153.39 [C-O, 2 x Ar-C-OCHgs, trimethoxy ring].

FT-IR: vmax (cm™): 3497 (OH, str.), 2938(C-H, str., aromatic), 2840 (C-H, str., aliphatic),
1595 (C=C, str., aromatic), 1184 (C-O-CHs, asy. str.), 1001 (C-F).
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Chapter 4 Result and Discussion

Synthesis of substituted imidazo[4,5,b]pyridines

2-(3-Hydroxy-4,5-dimethoxyphenyl)-3-(3,4,5-trimethoxyphenyl)-3H-imidazo[4,5-
b]pyridine (145):

_0
mNHZ N DMF, FeCl, Hzr\IN\ <:§
_ » | OMe
N7 NH Hy N7 N
MeO OH
OMe
MeO OM

OMe OMe

112
Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (0.5 mmol., 0.137 g), 3-
hydroxy-4,5-dimethoxybenzaldehyde (0.6 mmol., 0.109 g), and FeCls (14 mg, 0.086
mmol.), the above imidazo[4,5,b]pyridine (145) was obtained as a pale yellow solid
(0.128 g, 0.29 mmol., 57%). Mp = 244-246 °C, after purification by flash chromatography
(SiO2: hexane: ethyl acetate 1:1, Rr= 0.12). HRMS (ESI): calculated for C23H24N30s
(M+H) = 438.1665, found for (M+H) = 438.1674, AMs=-0.9ppm.
'H NMR (d6-dmso): & (ppm) =3.58 [3H, s, (OCH3)], 3.70 [9 H, 2 x 5, 3 X (OCHB3)], 3.74
[3H, s, (OCHa)], 6.78 [ 1H, d, J=1.78 Hz, Ar-H4], 6.90 [2 H, s, Ar-H trimethoxy ring],
6.94 [1H, d, J =1.80 Hz, Ar-H5], 7.43 [1H, dd, J = 8.03 Hz, 4.79 Hz, Py-H2], 8.12 [1H,
dd, J =8.03 Hz, 1.13 Hz, Py-H1], 8.38 [1H, dd, J = 4.79 Hz, 4.86 Hz, Py-H3], 9.78 [1H,
s, (OH)].
13CNMR (d6-dmso): & (ppm) = 55.46 [(OCHB3)], 56.29 [2 x (OCHs3)], 59.97 [ (OCH3)],
60.15 [(OCHs)], 104.81 [C-H, Ar-C-H ortho to OH], 106.45 [C-H, Ar-H ortho to
methoxy (trimethoxy ring)], 110.82 [C-H, Ar-C-H para to OH], 119.87 [C-H, Py-C-H2],
122.51 [C-C, Ar-C-C], 125.83 [C-H, Py-C-H1], 130.49 [C-N, Ar-C-N], 131.55 [C-O, Ar-
C-OCHjs], 138.01 [C-N, Py-C-N], 138.54 [C-O, Ar-C-OCHs], 144.83 [C-H, Py-C-H3],
148.75 [C-O, Ar-C-OCHg], 150.52 [C-N, Py-C=N], 151.85 [C-O, Ar-C-OH], 152.59 [C-
N, N-C=N], 153.34 [C-O, 2 x Ar-C-OCHga].
FT-IR: vmax (cm™): 3354 (OH, str.), 2943 (C-H, str., aromatic), 2840 (C-H, str.,
aliphatic), 1594 (C=C, str., aromatic), 1232 (C-O-CH3, asy. str.).
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Chapter 4 Result and Discussion

Synthesis of substituted imidazo[4,5,b]pyridines

2-(3,4-Dihydroxy-5-methoxyphenyl)-3-(3,4,5-trimethoxyphenyl)-3H-imidazo[4,5-
b]pyridine (146):

H
NH, Ox . ! OH
| = DMF, FeCl, XN
_ + . | \ OH
N~ NH =
Hy” N7 N 146
112 HO OMe OMe
OH
OMe
OMe
MeO

OMe OMe
Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (0.5 mmol., 0.137 g), 3,4-
dihydroxy-5-methoxybenzaldehyde (0.6 mmol., 0.100 g), and FeCls (14 mg, 0.086
mmol.), the above imidazo[4,5,b]pyridine (146) was obtained as a pale purple solid
(0.125 g, 0.29 mmol., 59%). Mp = 228-230 °C) after purification by flash chromatography
(SiO2: hexane: ethyl acetate 1:1, Rt = 0.11). HRMS (ESI) calculated for C22H22N30s
(M+H) = 424.1508, found for (M+H) = 424.1512, AMs=-0.4ppm.
'H NMR (d4-methanol): & (ppm) =3.68 [3H, (OCHs3)], 3.71 [6H, 2 x (OCH3)], 3.74 [3H,
(OCHBg)], 6.64 [1H, d, J=1.98 Hz, Ar-H para to OH], 6.67 [2H, s, ortho to methoxy
(trimethoxy ring)], 6.78 [1H, d, J= 1.98 Hz, Ar-H ortho to OH], 7.28 [1H, dd, J= 8.05 Hz,
4.85 Hz, Py-H2], 8.01 [1H, dd, J= 8.05 Hz, 1.22 Hz, Py-H1], 8.18 [1H, dd, J=4.85 Hz,
1.22 Hz, Py-H3].
BBCNMR (d4-methanol): & (ppm) =56.52 [(OCH3)], 56.93 [2 X (OCH3)], 61.26 [ (OCH3)],
106.26 [C-H, Ar-C-H para to OH], 107.34 [C-H, ortho to methoxy (trimethoxy ring)],
111.70 [C-H, Ar-C-H ortho to OH], 120.27 [C-C, Ar-C-C], 120.54 [C-H, Py-C-H2],
127.95 [C-H, Py-C-H1], 132.53 [C-N, Ar-C-N], 136.00 [C-N, Py-C-N], 138.21 [C-O, Ar-
C-OCHpgs], 139.85 [C-O, Ar-C-OCHzs], 144.87 [C-H, Py-C-H3], 146.78 [C=N, Py-C=N],
149.27 [C=N, N-C=N], 150.41[C-O, Ar-C-OH], 155.39 [C-O, 2 x Ar-C-OCHjs], 155.81
[C-O, Ar-C-OH].
FT-IR: vmax (cm™): 3499 (OH Str.), 2937 (C-H str., aromatic), 2848 (C-H str., aliphatic),
1594 (C=C Str., aromatic), 1125 (C-O-CHs asy. str.).

MeO
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Chapter 4 Result and Discussion

Synthesis of substituted imidazo[4,5,b]pyridines

2-(4-Hydroxy-3,5-dimethoxyphenyl)-3-(3,4,5-trimethoxyphenyl)-3H-imidazo[4,5-
b]pyridine (147):

th OM

N A Hy )

| DMTF, FeCl3 N

7 + — L e | N OH
~

NH Hj N N

MeO OMe OMe
112 OH 147
MeO OMe
OMe

OMe

MeO
¢ OMe

Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (0.5 mmol., 0.137 g), 4-
hydroxy-3,5-dimethoxybenzaldehyde (0.6 mmol., 0.109 g), and FeCls (14 mg, 0.086
mmol.), the above Imidazo[4,5,b]pyridine (147) was obtained as a yellow solid (0.132 g,
0.30 mmol., 61%). Mp =189-190 °C, after purification by flash chromatography (SiOz:
hexane: ethyl acetate 1:1, Rr= 0.12). HRMS (ESI): calculated for C23H24N30s (M+H) =
438.1665, found for (M+H) = 438.1670, AMs=-0.5ppm.

'H NMR (d6-dmso): & (ppm) =3.66 [6 H, s, 2 X (OCH3)], 3.77 [9 H, 2 x s, 3 x (OCHBa)],
6.92 [2H, s, ortho to methoxy (trimethoxy ring)], 7.02 [2H, s, metato OH], 7.37 [1H, dd,
J =8.04 Hz, 4.86 Hz, Py-H2], 8.18 [1H, dd, J = 8.05 Hz, 1.31 Hz, Py-H1], 8.32[1H, dd,
J= 4.86 Hz, 1.31 Hz, Py-H3], 9.06 [1H, s, OH].

13CNMR (d6-dmso): &(ppm) = 55.58 [2 x (OCHs3)], 56.34 [2 x (OCH3)], 60.09 [(OCHBa)],
106.41 [C-H, ortho to methoxy (trimethoxy ring)], 106.66 [C-H, Ar-C-H meta to OH],
118.85 [C-H, Py-C-H2], 119.00 [C-C, Ar-C-C], 126.28 [C-H, Py-C-H1], 131.76 [C-N,
Ar-C-N], 134.34 [C-N, Py-C-N], 137.56 [C-O, Ar-C-OCHs trimethoxy ring], 137.82 [C-
O, Ar-C-OH], 143.56 [C-H, Py-C-H3], 147.44 [C-O, 2 x Ar-C-OCHs ortho to OH],
149.97 [C=N, Py-C=N], 152.61 [C=N, N-C=N], 153.45 [C-O, 2 x Ar-C-OCHgs trimethoxy
ring].

FT-IR: vmax (cm™): 3317 (OH str.), 2934 (C-H, str.,aromatic), 2839 (C-H, str., aliphatic),
1594 (C=C str., aromatic), 1124 (C-O-CHgs asy. str.).
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Chapter 4 Result and Discussion

Synthesis of substituted imidazo[4,5,b]pyridines

2-(4-Hydroxy-3,5-difluorophenyl)-3-(3,4,5-trimethoxyphenyl)-3H-imidazo[4,5-
b]pyridine (148):

(0] H,
NH, - . F
P + —_— | PR OH
NONE F Hy NT N
112 OH 148 F
OMe
MeO OMe
OMe MO bMe
Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (0.5 mmol., 0.137g), 4-
hydroxy-3,5-diflourobenzaldehyde (0.6 mmol.,0.094 g), and FeCls (14 mg, 0.086 mmol.),
the above imidazo[4,5,b]pyridine (148) was obtained as a white solid (0.120 g, 0.29
mmol., 58%). Mp >250 °C, after purification by column chromatography (SiO2: hexane:
ethyl acetate 1:1, Rr= 0.17). HRMS (ESI): calculated for C21HisF2N3O4 (M+H) =
414.1265, found for (M+H) = 414.1270, AMs=-0.5ppm.
'H NMR (d6-dmso): & (ppm) =3.72 [6 H, s, 2 X (OCH3)], 3.76 [3 H, (OCH?3)], 6.87 [2 H,
s, ortho to methoxy], 7.19 [2H, m, Ar-H, ortho to F], 7.35 [1H, dd, J = 8.01 Hz, 4.82 Hz,
Py-H2], 8.16 [1H, dd, J = 8.04 Hz, 1.37 Hz, Py-H1], 8.32 [1H, dd, J = 4.80 Hz, 1.37 Hz,
Py-H3], 10.95 [1H, s, OH].
13CNMR (d6-dmso): & (ppm) =56.26 [2 x (OCH3)], 60.22 [(OCH3)], 106.33 [C-H, ortho
to methoxy], 112.34 [C-H, dd, J = 16.22 Hz, 8.09 Hz, ortho to F], 1119.13 [C-H, Py-C-
H2], 119.32 [C-C, t, J = 9.36 Hz, Ar-C-C, meta to F], 126.82 [C-H, Py-C-H1], 130.62
[C-N, Ar-C-N], 134.2 [C-N, Py-C-N], 135.61 [C-O, t, J= 16.29 Hz, Ar-C-OH ortho to F],
137.86 [C-O, Ar-C-OCHzs], 144.23 [C-H, Py-C-H3], 149.62 [ C=N, Py-C=N], 150.54 [C-
F, dd, J=242.89 Hz, 7.76 Hz], 150.58 [ N-C=N, t, J=2.92 Hz,], 153.28 [C-O, 2 x Ar-C-
OCHg].
FT-IR: vmax (cm™): 3323 (OH str.), 2937 (C-H, str., aromatic), 2827 (C-H, str., aliphatic),
1593 (C=C str., aromatic), 1127 (C-O-CHs asy. str.), 1024 (C-F).
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Chapter 4 Result and Discussion
Synthesis of substituted imidazo[4,5,b]pyridines
2-(3,5-Dihydroxyphenyl)-3-(3,4,5-trimethoxyphenyl)-3H-imidazo[4,5-b]pyridine
(149):

o H,

NH = OH

S 2 H, —N,
| . DMF, FeCl, | N H
= —_— 4
N NH NZ TN
HO OH H;
112 H OH 149
OMe
MeO OMe
MeO
OMe OMe

Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (0.5 mmol., 0.137 g), 3,5-
dihydroxybenzaldehyde (0.6 mmol., 0.082 g),and FeCls (14 mg, 0.086 mmol.), the above
imidazo[4,5,b]pyridine (149) was obtained as a white solid (0.120 g, 0.30 mmol., 54%).
Mp <250 °C, after purification by column chromatography (SiOz2: hexane: ethyl acetate
1:1, Rr=0.17). HRMS (ESI): calculated for C21H20N3Os (M+H) = 394.1402, found for
(M+H) = 394.1410, AMs=-0.5ppm.

'H NMR from (d6-dmso): & (ppm) =3.70 [6H, s, 2 X (OCH?3)], 3.75 [3H, (OCH?3)], 5.95
[1H,t,J=2.21 Hz, Ar-H4], 6.29 [2H, d, J=2.21 Hz, Ar-H ortho to OH], 6.78 [2H, s, ortho
to methoxy], 7.34 [1H, dd, J= 7.99 Hz, 4.75 Hz, Py-H2], 8.15 [1H, dd, J= 8.01 Hz, 1.56
Hz, Py-H1], 8.31 [1H, dd, J= 4.74 Hz, 1.56 Hz, Py-H3], 10.95 [1H, s, OH].

13CNMR from (d6-dmso): & (ppm) = 56.09 [ 2 x (OCHs)], 60.08 [(OCHz)], 104.11 [C-H,
Ar-C-H4], 106.05 [C-H, Ar-C-H ortho to OH], 107.31 [C-H, ortho to methoxy], 118.90
[C-H, Py-C-H2], 119.75 [C-C, Ar-C-C], 126.73 [C-H, Py-C-H1], 131.09 [C-N, Ar-C-N],
134.20 [C-N, Py-C-N], 137.47 [C-O, Ar-C-OCHpgs], 143.89 [C-H, Py-C-H3], 149.47
[C=N, Py-C=N], 152.89 [C=N, N-C=N], 153.02 [C-O, 2 x Ar-C-OH]. 157.97 [C-O, 2
XAr-C-OCHzs].

FT-IR: vmax (cm™): 3485 (OH str.), 2993 (C-H, str., aromatic), 2827 (C-H, str., aliphatic),
1593, 1542 (C=C str., aromatic), 1127 (C-O-CHs asy. str.).
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Chapter 4 Result and Discussion

Synthesis of substituted imidazo[4,5,b]pyridines

2-(4-Hydroxy-3,5-dimethylphenyl)-3-(3,4,5-trimethoxyphenyl)-3H-imidazo[4,5-

bJpyridine (150)
CH,
DMF, FeCl3 f\/EN o
/(E ~ 150
CH,

OMe

MeO
¢ OMe

Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (lmmol., 0.275 @), 4-
hydroxy-3,5-dimethylbenzaldehyde (1.2mmol.,0.180g),and FeCls (28 mg, 0.172 mmol.),
the above imidazo[4,5,b]pyridine (150) was obtained as a white solid (0.235 g, 0.58
mmol., 58%). Mp =208-209 °C, after purification by column chromatography (SiOz2:
hexane: ethyl acetate 6:4, Rr= 0.18). HRMS (ESI): calculated for C23H24N304 (M+H) =
406.1766, found for (M+H) = 406.1755, AMs=0.11ppm.

'H NMR : 8 (ppm) = 1.93 [6 H, s, 2 x (CH3)], 3.78 [6 H, s, 2 X (OCH3)], 3.90 [3 H,
(OCH3)], 5.73 [1H, s, OH], 6.61 [2 H, s, ortho to CH3], 7.27 [3H, m, (2 H, Ar-H, ortho
to methoxy), (1H, Py-H2)], 8.09 [1H, dd, J = 7.99 Hz, 1.35 Hz, Py-H1], 8.36 [1H, dd, J
=4.65 Hz, 1.39 Hz, Py-H3].

BCNMR : 3 (ppm) =16.11 [2 x (CH3)], 56.35 [2 x (OCHS3)], 60.97 [(OCHs3)], 105.66 [C-
H, Ar-C-H orhto to CHs], 119.03 [C-H, Py-H2], 120.87 [C-C, Ar-C-C], 123.54 [C-C, 2
X Ar-C-CHs], 126.82 [C-H, Py-H1], 131.28[C-H, Ar-C-H ortho to methoxy], 134.99 [C-
N, Ar-C-N], 138.33 [C-N, Py-C-N], 144.12 [C-O, Ar-C-OCHzs], 149.62 [C-H, Py-H3],
153.69 [C=N, Py-C=N], 153.69 [C=N, N-C=N], 153.82 [C-O, 2 x Ar-C-OCHjs], 154.52
[C-O, Ar-C-OH].

FT-IR: vmax (cm™): 3422 (OH str.), 2988 (C-H, str., aromatic), 2830 (C-H, str., aliphatic),
1597 (C=C str., aromatic), 1129 (C-O-CHjs asy.str.).
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Chapter 4 Result and Discussion
Synthesis of substituted imidazo[4,5,b]pyridines

2-(3-Hydrox-4-methoxyphenyl)-3-(3,4,5-trimethoxyphenyl)-2,3-dihydro-1H-
imidazo[4,5-b]pyridine (151):

O H
NH, = ! OH
B H, X
_ . DMF, FeCl, XN
N NH —_— | CH OCH;
—
112 OH H; N N
151
o)

OCH;
OCH OCH,
OCH, H;CO

OCH;,
Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (Immol., 0.275 g), 3-
hydroxy-4-methoxybenzaldehyde (1.2 mmol., 0.182 g), and FeClz (28 mg, 0.172 mmol.),
the above imidazo[4,5,b]pyridine (151) was obtained as a white solid (0.192 g, 0.46

H,C

mmol., 47%). Mp =179-181°C, after purification by column chromatography (SiOz2:
hexane: ethyl acetate 6:4, Rf = 0.11). HRMS (ESI): calculated for C23H24N3O4=
410.1715, found for (M+H) = 410.1707, AMs=0.8ppm.

'H NMR from (d6-dmso, at 80 °C): & (ppm) =3.63 [12 H, 4 x s, 4 x (OCH3)], 5.68 [1H,
d, J =5.86 Hz, CH-NH], 5.96 [1H, d, J= 5.89 Hz, NH-CH], 6.41 [1H, dd, J = 7.56 Hz,
4.76 Hz, Py-H2], 6.48 [1H, dd, J= 8.36 Hz, 1.12 Hz Ar-H para to OH], 6.55 [1H, d, J =
2.04 Hz, Ar-H, ortho to OH], 6.66 [2H, m, (1H, Ar-H, ortho to methoxy trimethoxy ring ),
(1H, d, J= 8.32 Hz Ar-H meta to OH)], 6.80 [1H, dd, J = 7.56 Hz, 1.51 Hz, Py-H1], 7.42
[1H, dd, J=4.76 Hz, 1.51 Hz, Py-H3], 8.08 [2H, 2 x s, (OH), (labile proton, NH)].

13C NMR from (d6-dmso, at 80 °C): & (ppm) = 54.70 [CH, CH-NH], 55.33 [(OCHB3)],
55.44 [(OCHz3)], 60.47 [(OCHS3)], 60.87 [(OCHa)], 98.42 [C-H, ortho to methoxy
(trimethoxy ring)], 111.51 [C-H, Ar-C-H meta to OH], 113.97 [C- quaternary, Ar-C],
114.62 [C-H, Ar-C-H parato OH], 114.89 [C-H, Ar-C-H ortho to OH], 118.01 [C-H, Py-
C-H2], 125.31 [C-H, Py-C-H1], 131.88 [C-C, Ar-C-C], 133.98 [C-N, Ar-C-N], 136.05
[C-N, Py-C-N], 137.95 [C-H, Py-C-H3], 138.07 [C-O, Ar-C-OCHg], 145.75 [C-O, Ar-C-
OCHjs], 145.92 [C-O, Ar-C-OCHg], 146.41 [C-O, Ar-C-OCHg], 150.16 [C-O, Ar-C-OH],
152.06 [C=N, Ar-C=N].

FT-IR: vmax (cm™): 3445 (OH str.) 3301 (NH str.), 2956 (C-H, str., aromatic), 2838 (C-
H, str., aliphatic), 1601 (NH, ben.), 1512 (C=C str., aromatic), 1125 (C-O-CHs asy. str.).
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Chapter 4 Result and Discussion

Synthesis of substituted imidazo[4,5,b]pyridines

2-(2,3,4-Trifluorophenyl)-3-(3,4,5-trimethoxyphenyl)-2,3-dihydro-1H-imidazo[4,5-
b]pyridine (152):

NH,
H 3 2

z F H, N
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112 s
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Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (1 mmol., 0.275 g), 2,3,4-
trifluorobenzaldehyde (1.2 mmol., 0.182 g), and FeCl3(28 mg, 0.172 mmol.), the above
imidazo[4,5,b]pyridine (152) was obtained as light-brown solid (0.192 g, 0.46 mmol.,
47%, Mp =119-120 °C) after purification by column chromatography (SiO2: hexane: ethyl
acetate 10:1, TLC 6:4, Rr = 0.4). HRMS (ESI): calculated for C23sH19F3N3O3 (M+H) =
418.1378, found for (M+H) = 418.1372, AMs=0.6ppm.
'H NMR from (Acetone-D6): & (ppm) =3.69 [3H, s, (OCH?3)], 3.74 [3H, s, (OCH3)], 3.83
[3H, s, (OCH3)], 5.63 [1H, d, J = 6.29 Hz, NH-CH, ], 6.26 [1H, d, J= 6.23 Hz, C-H, ],
6.49 [1H, dd, J = 7.51 Hz, 4.81 Hz, Py-H2], 6.64, [1H, m, ortho to F], 6.73 [1H, s, ortho
to methoxy (trimethoxy ring)], 6.84 [1H, m, meta to F], 6.94 [1H, dd, J= 7.51 Hz, 1.46
Hz, Py-H1], 7.60 [1H, dd, J=4.83 Hz, 1.46 Hz, Py-H3], 8.15 [1H, s, labile proton (NH)].
13C NMR from (Aceton-D6): § (ppm) =52.41 [C-H, t, J= 2.17 Hz, NH-CH], 56.05
[(OCHs3)], 60.97 [(OCHs3)], 61.35 [(OCHBs)], 98.88 [C-H, ortho to methoxy], 112.16 [C-
H, dd, J=17.25 Hz, 3.87 Hz, Ar-C-H ortho to F], 112.27 [C-quaternary, Ar-C-C], 116.13
[C-H, Py-C-H2], 123.72 [C-H, m, Ar-C-H meta to F], 127.28 [C-H, Py-C-H1], 129.24
[C-C, m, Ar-C-C ortho to F], 131.60 [C-N, Ar-C-N], 135.94 [C-O, Ar-C-OCHg], 139.14
[C-N, Py-C-N], 140.47 [C-F, dt, J= 250.77 Hz, 15.85 Hz, Ar-C-F1], 140.92 [C-H, Py-C-
H3], 148.29 [C-O, Ar-C-OCHzs], 148.88 [C-F, ddd, J=248.90 Hz, 10.85 Hz, 3.61 Hz, Ar-
C-F3], 151.32 [C-O, Ar-C-OCHs], 151.54 [C-F, ddd, J= 247.49 Hz, 10.12 Hz, 2.71 Hz,
Ar-C-F2], 154.49 [C=N, Py-C=N].
FT-IR: vmax (cm™): 3334, 3270 [NH, str.], 2938 (C-H, str., aromatic), 2838 (C-H, str.,
aliphatic), 1600 (NH, ben.), 1541, 1498 (C=C str., aromatic), 1101 (C-O-CHs asy. str.),
1032 (C-F ben.).
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Chapter 4 Result and Discussion

Synthesis of substituted imidazo[4,5,b]pyridines

2-(3-fluoropyridin-4-yl)-3-(3,4,5-trimethoxyphenyl)-2,3-dihydro-1H-imidazo[4,5-
b]pyridine (153):
N" NH F\gﬁ M’ﬁ :CH{\E/EN 153
112 | Hy” N7 "N " ,
N ! H,
Meo/©\0Me QOMG
OMe MeO Hme
Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (Immol., 0.275 g), 3-
fluoro-4-pyridinecarbaldehyde (1.2 mmol., 0.150 g), and FeCls (28 mg, 0.172 mmol.),
the above imidazo[4,5,b]pyridine (153) was obtained as pale-yellow solid (0.192 g, 0.5
mmol., 47%). Mp =140-141°C, after purification by flash chromatography (SiO2: hexane:
ethyl acetate 10:1, TLC 7:3 Rf =0.14). HRMS (ESI): calculated for C20H20FN4O3 (M+H)
= 383.1519, found for (M+H) = 383.1521, AMs=0.7ppm.
'H NMR from (CD2Cl2): & (ppm) = 3.70 [3 H, s, (OCH3)], 3.76 [3 H, s, (OCH3)], 3.82
[3H,s, (OCHs)],4.61[1H, d, J=6.16 Hz, NH], 6.23-6.27 [2 H, (1H, s, ortho to methoxy
(trimethoxy ring)), (1H, d, J = 6.16 Hz, CH)], 6.49 [1H, dd, J = 7.55 Hz, 4.86 Hz, Py-H2,
ring A], 6.68 [1H, dd, J = 6.27 Hz, 5.25 Hz, Py-H2', para to F ring B], 6.78 [1H, dd, J=
7.54 Hz, 1.40 Hz, Py-H1, ring A], 7.20 [1H, labile proton], 7.63 [1H, dd, J = 4.86 Hz,
1.41 Hz, Py-H3, ring A], 8.06 [1H, d, J = 4.89 Hz, Py-H1 meta to F ring B], 8.35 [1H, d,
J=4.89 Hz, Py-H3', ortho to F ring B].
13C NMR from (CD2Clz2): & (ppm) =51.76 [CH-NH, d, J=2.03 Hz], 55.87 [(OCHzs], 61.04
[ (OCH3)], 61.24 [(OCHS3)], 97.92 [C-H, ortho to methoxy], 109.94 [C-quaternary, Ar-C-
C], 115.46 [C-H, Py-C-H2 ring A], 123.16 [C-H, Py-C-H1 ring A], 127.31 [C-H, Py-C-
H2' para to F ring B], 130.63[ C-N, Ar-C-N], 135.72 [C-O, Ar-C-OCHpg], 136.99[C-N,
Py-C-N, ring A], 137.45 [C-C, d, J = 10.77 Hz, Py-C-C, ring B], 137.78[C-H, d, J =
24.41 Hz, Py-C-H3' ortho to F ring B], 138.82 [C-H, Py-C-H3 ring A], 146.06 [C-H, d,
J=4.90 Hz, Py-C-H1' meta to F ring B], 146.44 [C=N, Py-C=N, ring A], 150.92 [C-O,
Ar-C-OCHs], 153.84 [C-O, Ar-C-OCHs], 157.795 [C-F, d=255.11 Hz, Py-C-F].
FT-IR: vmax (cm™): 3384 (NH str.), 2986 (C-H, str., aromatic ), 2941 (C-H, str., aliphatic),
1598 (NH ben.), 1528, 1495 (C=C, str., aromatic), 1096 (C-O-CHgs, asy. str), 997 (C-F).
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2-(3,5-Difluorophenyl)-3-(3,4,5-trimethoxyphenyl)-3H-imidazo[4,5-b]pyridine
(154): and
2-(3,5-Difluorophenyl)-3-(3,4,5-trimethoxyphenyl)-2,3-dihydro-1H-imidazo[4,5-
b]pyridine (155):

H
0 1 H; F H, F

QMe h o N Hy o X

NH oM 3 \

X e+ DMF, FeCl, | N/C B | | cH
—»
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Using N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine (112) (mmol., 0.275 g), 3,5-
difluorobenzaldehyde (1.2 mmol., 0.114 cm?®), and FeCls (28 mg, 0.172 mmol.), the above
two imidazo[4,5,b]pyridines were obtained as: (154) as a white crystalline solid (0.065
g, 0.16 mmol., 16%, Mp =195-196 °C), and (155) as a pink solid (0.175 g, 0.43 mmol.,
44%). Mp=169-170 °C, after purification by flash chromatography (SiO2: hexane: ethyl
acetate 10:1, TLC 7:3 Rr= 0.18). HRMS (ESI) for (154): calculated for C21H18F2N303
(M+H) = 398.1316, found (M+H) = 398.1317, AMs=-0.1ppm. HRMS (ESI) for (155)
calculated for C21H20F2N30O3 (M+H) = 400.1472, found for (M+H) = 400.1473, AMs=-
0.1.
'H NMR for (154): & (ppm) =3.82 [6H, s, 2 x (OCH3)], 3.95 [3H, s, (OCH3)], 6.61[2H,
s, ortho to methoxy], 6.87 [1H, dt, J=18.65 Hz, 2.22 Hz, Ar-H4, difluoro ring], 7.22 [2H,
m, Ar-H5, difluoro ring], 7.35 [1H, dd, J=8.05 Hz, 4.77 Hz, Py-H2], 8.18 [1H, dd, J=8.05
Hz, 1.42 Hz, Py-H1], 8.46 [1H, dd, J= 4.77 Hz, 1.42 Hz, Py-H3].
13C NMR (154): & (ppm) =56.36 [2 x (OCH?3)], 61.02 [(OCHs3)], 105.28 [C-H, ortho to
methoxy], 105.40 [C-H, t, J= 25.33 Hz, Ar-C-H4], 112.05 [C-H, dd, J=19.67 Hz, 8.08Hz,
Ar-C-H5], 119.61[C-H, Py-C-H2], 127.95 [C-H, Py-C-H1], 130.29 [C-N, Ar-C-N],
132.48 [C-C, t, J=10.25 Hz, meta to F], 134.29 [C-N, Py-C-N], 138.82 [C-O, Ar-C-
OCHjs], 145.58 [C-H, Py-C-H3], 149.62 [C=N, Py-C=N] 150.56[N-C=N, d, J=3.49 Hz],
154.12 [C-O, 2 x Ar-C-OCHgs], 162.71 [C-F, dd, J = 248.52 Hz, 12.67 Hz, Ar-C-F].
FT-IR vmax (cm™): 2958 (C-H, str., aromatic), 2828 (C-H, str., aliphatic), 1598 (C=C str.,
aromatic), 1123 (C-O-CHs asy.str.), 1028 (C-F ben.).
'H NMR for (155): & (ppm) =3.77 [3H, s, (OCH3)] 3.80 [6H, s, 2 x (OCH3)], 4.56 [1H,
d, J=6.15 Hz, CH-NH], 5.94 [1H, t, J=6.13 Hz, NH], 6.19 [1H, s, ortho to methoxy], 6.57
[2H, m, Ar-H5], 6.80 [1H, m, Ar-H4], 7.27 [2H, (1H, dd, J = 8.07 Hz, 4.80 Hz, Py-H2),
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(1H, s, labile H)], 7.64 [1H, dd, J = 8.02 Hz, 1.25 Hz, Py-H1], 8.16 [1H, dd, J = 4.81 Hz,
1.25 Hz, Py-H3].

13C NMR (155): & (ppm) =55.857[(OCHBa)], 56.36 [(OCHS3)], 61.02 [(OCH3 ], 61.32 [CH-
NH], 98.30 [C-H, ortho to methoxy], 102.2 [C-H, t, J = 25.51 Hz, Ar-C-H4], 109.94 [C-
H, dd, 18.65Hz, 6.65 Hz, Ar-C-H5], 113.04 [C-quaternary, Ar-C, trimethoxy ring],
115.80 [C-H, Py-C-H2], 119.61[C-C, m, meta to F], 126.87 [C-H, Py-C-H1], 130.29 [C-
N, Ar-C-N], 136.98 [C-N, Py-C-N], 137.08, 139.25 [C-H, Py-C-H3], 139,18, [C-H, Py-
C-H3], 146.18 [C=N, Py-C=N], 147.15 [C-O, Ar-C-OCHgs], 151.04 [C-O, Ar-C-OCHg],
154.12 [C-O, Ar-C-OCHpg]. 161.86 [2C-F, dd, J = 248.03 Hz, 12.40 Hz, Ar-C-F].
FT-IR: vmax (cm™): 3374 (NH str.), 2958 (C-H, str., aromatic.), 2844 (C-H, str., aliphatic),
15925 (C=C, str., aromatic), 1213 (C-O-CHgs, asy. str), 1008 (C-F ).
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4.3 Discussion:

2,3-Diarylimidazo[4,5,b]pyridines have been synthesised from substituted aldehydes due
to the broad range of commercially available substrates along with previously prepared
N2-(3,4,5-trimethoxyphenyl)pyridine-2,3-diamine as a starting material in presence of
catalytic amount of FeCls.

The cyclisation process during the reaction of ortho-diamine substrates likely undergoes
in two pathway (scheme-20), however, both leading to the formation of 2,3-dihydro-1H-
imidazo[4,5,b]pyridine, which in turn undergo aromatization to form the final product
(Padmaja et al., 2018).

R.
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_ Lz /N/El\/ N/gl\/

Scheme 20: Cyclization pathway of 2,3-diarylimidazo[4,5,b]pyridines (Padmaja et al.,
2018)

According to the above cyclization a full mechanism can be drawn as shown in scheme
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Scheme 21: Suggested mechanism for imidazo[4,5,b]pyridines cyclization (Padmaja et
al., 2018; Singh et al., 2000).
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From 24 novel compounds synthesised, 7 imidazopyridines were obtained in the reduced
form. Compounds (137, 141, 142, 151, 152, 153, and 154) didn’t show the expected NMR
spectra. For example, the *H NMR spectra of compound (137) shows only one proton for
the trimethoxy ring at 6.12 ppm (figure 21), as well as one labile proton at 7.29 ppm,
which disappeared from the spectrum when shaken with D20 and trifluoro acetic (figure
25). On the other hand, *3C NMR spectra revealed additional number of carbon atoms
and Jmod-*CNMR showed there is one extra quaternary carbon at 112.83 ppm figures
(22). However, high resolution mass spectroscopy analysis of this compound showed the
expected molecular weight.

There are two possible interpretation from the NMR spectra. Either the proton is
exchanged by resonance hybrids between the nitrogen of pyridine and ortho C-H of the
trimethoxy ring (156) or the proton is migrated to the nitrogen of the pyridine ring to form
a pyridinium ion and leaves the carbon on the trimethoxy ring with a negative charge
(157). The appereance of the trimethoxy groups as three singlets in the tHNMR, and the
extra-quaternary carbon in the ®*CNMR, indicates that the trimethoxy ring is retained by
the positive-negative charge of the pyridinium ion. The expected structure of (157) is
supported by NMR data and literature (Kumar et al., 2011) more so than (156). The
defectiveness of (157) is that the negative charge on the aromatic ring destabilised by the

trimethoxy groups.
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Figure 19: Suggested structures for reduced form of substituted imidazo[4,5,b]pyridines

compounds.
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Figure 20: *H NMR for compound (137), structure (157).
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Figure 21: 1*C NMR- APT(Jmod) for compound (137), structure (157).
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Figure 22: 3C NMR for compound (137), structure (157).
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Figure 23: 2D-1H NMR for compound (137), structure (157).
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Figure 24: 'H NMR with D20 + trifluoro acetic acid for compound (137), structure (157).
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5 Biological assesment

Healthy cells divide and increase in number as the normal tissue grow. However, some
cells which are exposed to different diseases may show a higher proliferation rate than
the normal cells. Consequently, proliferating cells could be a valuable clue for the general
health of cells and tissues. Evaluating the rate of cells proliferation can be used to
diagnose various cancers, and to scale the responses of the toxic effect. Cell viability is
defined as a percentage of healthy cells in a whole culture (Kwolek-Mirek & Zadrag-
Tecza, 2014), therefore, it is considered as a direct assessment of cell proliferation.
However, other measurements such as metabolic activity and DNA measurements
provide a valuable information about the cells condition and its cycle stages.

Generally, the process of drug development in medicinal and natural product chemistry
uutilises assays through which evaluation of anticancer activity is carried out. One of
these processes is the cell proliferation assay. This type of assay has been used extensively
for evaluation of anticancer agents derived from natural extracts or through synthetic
means. As cancer is known for its uncontrolled cells production that arise from disorders
in regulatory genes, various methods have been used to score proliferated cells based on
different cellular activities, which in turn could be categorized into diverse groups such
as cell membrane permeability, metabolic activity, cell adherence, enzyme releasing, dye
uptake, coenzyme production, DNA synthesis and nucleotide uptake activity, and ATP
production, (Adan et al., 2016). However, the most common methods are DNA
measurements, metabolic activity measurements, and proliferating protein
measurements.

Common assays to determine cell viability and cytotoxicity are MTT, protein, LDH
leakage, and neutral red assay (Fotakis & Timbrell, 2006). Owing to its practicality,
precision, and quick indication of toxicity, MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] is regarded as the most economic, dependable, and
favourable anticancer screening method (McCauley et al., 2013). It employs a
colourimetric technique to measure the number of active cells after exposure to a toxic

agents.
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5.1 MTT Assay

This assay determines mitochondrial bioconversion of a yellow water soluble MTT into
insoluble coloured formazan by the activity of the succinate dehydrogenase enzyme,
which breaks down the tetrazolium ring. The mechanism of this conversion is not clear
yet, however, opinions from the literature reported a reduction process by NADH or any
other reducing agents that donate electrons to the MTT (scheme-21) (Liu et al., 1997;
Stockert et al., 2012). A solubilizing agent is used to convert insoluble formazan into a
soluble tincture and the concentration is directly proportional to the number of viable
cells. Many solvents have been used as a solubilising solution. Commonly used solvents
include dimethyl sulfoxide (DMSO), isopropanol, acidic ethanol solution, mineral oil,
and solution of sodium dodecyl sulphate in dilute hydrochloric acid (Twentyman &
Luscombe, 1987).

Furthermore, the number of viable cells is linearly related to the optical density of
formazan as it is produced only by the living species. Consequently, the optical density
can be measured by a spectrophotometer (ELISA) on a plate reader at wavelength 540-
720 nm (Denizot & Lang, 1986; van Meerloo et al., 2011). Using DMSO as a solubilising
agent is more desirable than acidic isopropyl alcohol, as the latter brings about lowering
optical density values (Carmichael et al., 1987).

However, many parameters affects on the results from the assay such as the metabolic
activity of the viable cells, incubation period, and the concentration of MTT (Riss et al.,
2016).

Because of the insolubility of formazan produced by the MTT reagent different
compounds that form a water-soluble formazan such as MTS, XTT, and WTS were
developed (Riss et al., 2016). Consequently, the addition of the solubilising agent step of
the protocol would be inevitably worthless.

However, many drawbacks have been reported for the MTT assay. For instance, the
linearity of the MTT assay is not related to the cell abundance at high densities, the ability
of the reduction varies according to cell-lines, and the coefficients of variability whether
it was intra- assay or inter-assay largely depend on specific conditions (Keepers et al.,
1991). In addition, differentiating between cytotoxic and cytostatic agents by the MTT
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assay is also accompanied with difficulty, and the results would be unreliable at low cell
densities (Berridge et al., 2005).

NADH NAD*

P

MTT FORMAZAN

Scheme 22: the bioconversion of MTT to Formazan.

52  Cellline

Permanently proliferative cells that arise from normal multicellular organisms, which
have been mutated intentionally or naturally to keep growing in vitro for extended
timespans, have been widely used in biochemistry, cell biology, and biotechnology
research as a substitute for primary cells. In addition to their use in cancer research, they
have been used to study vaccines, antibodies, and artificial skin. For instance, hormones,
clotting factors, enzymes, and growth factors by genetic engineering (Macdonald, 1990).
Owing to its practicality, cost-efficiency, and not requiring strict ethical implications with
animal and humans, cell lines are considered as valuable tool in drug metabolism and
cytotoxicity research (Kaur & Dufour, 2012). All the cell lines have been provided by the
biobank of Salford University.

5.2.1 HepG2

Primary liver cancer, hepatocellular carcinoma (HCC) and cholangiocarcinoma (CC),
have been reported as the second cause of cancer related fatality and the sixth prevailing
malignant disease in the world respectively (Forner et al., 2012; Mittal & EI-Serag, 2013),
with more than half a million new diagnoses every year. HCC is responsible for more
than 80% of liver tumour mortality.

Numerous human hepatoma cell lines have been established for hepatotoxicity and drug
metabolism. These include, HLE, Hepa-RG, PLC/PRF/5, HuH6, HuH7, Hep-3B, and

Hep-G2. Hep-G2 is extensively used among other cell lines in pharmaco-toxicological
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studies, because of their proliferative character, and their hepatic function, such as
secretion and synthesis of cholesterol, bile acid, glycogen and major plasma proteins as
well as lipoprotein metabolism and triglyceride metabolism (Knowles et al., 1980). Hep-
G2 cells are viable as a mono-layer aggregation and show epithelial morphology under
specific cultural environments.

The major limitation of HepG2 is the small expression of DMETS, drug-metabolizing
enzymes and transporters (Guo et al., 2011). Also there is the difficulty of accurate
evaluation of the viable cells due to their tendency to form aggregates, which prevents

the precise use of the haemocytometer (Sgouras & Duncan, 1990).

5.2.2 U20S

U20S was originally established in 1964 from a shinbone biopsy of 15 year old Caucasian
female suffering from osteosarcoma (or osteogenic sarcoma), which is quite common in
children and teenagers, although, it can be grow at any stage of life (Walia et al., 2018).
26 different cell lines have been reported, however, U20S, SAOS-2, MG-63, and KHOS
family are the most frequently practised cell line in biomedical research (Bernhard
Palsson & Masters, 2002). Among other cell lines U20S is characterised by few changes
in chromosome number and an insignificant proportion of multipolar divisions (Niforou
et al., 2008).

5.2.3 SAOQOS-2

Saos-2 was cultivated by (Fogh et al., 1977; Rousseau et al., 2010) from osteosarcoma of
an 11-year old Caucasian girl. Although, U20S and SAQOS-2 cell lines were isolated from
osteosarcoma tissues, they vary substantially from each other. For instance, while tumour
suppressor genes such as p53 and pRb are mutated in the SAOS-2 cell line, they are active
in U20S. On the other hand, SAOS-2 possess exceptional osteoinductive properties
compared to other osteosarcoma’s cell lines, and so SAOS-2 is considered an ideal
osteoplastic cells supplier (Rodan et al., 1987). Owing to its good properties such as
extremely fast-growing cells, global accessibility, and well-researched cell line, SAOS-2
is widely used for scientific research (Hausser & Brenner, 2005).
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524 A204

Rhabdomyosarcoma (RMS) is one of the soft tissue sarcoma that is responsible for 7%
of cancer in children, around the age of 10, with almost 5 new cases per million every
year among children (Ognjanovic et al., 2009). It was derived from pelvic carcinoma of
a seven-year old girl (McAllister et al., 1969). There are three different subtypes of RMS:
embryonal, alveolar, and pleomorphic RMS, however, the latter is more related to the
arms and legs of adults than children. 18 different cell lines of embryonal RMS, and 12
alveolar have been reported. Alveolar RMS is more aggressive than embryonal RMS
while the former shows almost 50% of 5 year survival rates, the embryonal RMS presents
around 75% (Hinson et al., 2013).

525 A549

This cell line has been used as human lung cancer model since it was isolated and
cultivated from pulmonary adenocarcinoma of a 58- year old Caucasian male in 1973
(Giard et al., 1973). It has also been employed as a model for in vitro research of type Il
alveolar pulmonary epithelium (Foster et al., 1998). Owing to its ability to produce
chemokines as a response to viral infection, A549 was used in viral research(Lin et al.,
1998).

5.2.6 Beas-2B

Normal human immortalised lung cell line has been established and cultured by (Reddel
et al., 1988), via infection or transfection of healthy bronchial epithelial cells with viral
carcinogenic DNA genes such as Ad12-SV40 hybrid virus and SV40. Beas-2B has been
widely employed in lung cancer research, especially with molecular mechanisms of
epithelial-mesenchymal transition (Veljkovic et al., 2011). Beas-2B has also been used
to explore the protective activity of bronchial epithelial cells toward endogenous and
exogenous oxidizing agents (Kinnula et al., 1994). Owing to its epithelial merits, Beas-
2B has been extensively used in vitro to evaluate reactivity and toxicity of chemical
agents (Ha et al., 2007; Vergaro et al., 2016).
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5.3  Experimental: cytotoxicity assay.

5.3.1 General procedure for thawing adherent cell line (Yokoyama et al., 2012):
Cryogenic vial containing desired cell line (1cm?® in DMSO), was recovered from a -80
°C freezer and placed into a pre-heated water bath at 37°C for 1-2 minutes. The suspension
was transferred into a (15 cm?®) falcon tube and the cryovial was rinsed off with (1 cm®)
media to fully transfer of the cell line, which in turn, was added to the (15 cm?3) tube.
Further (8 cm®) of the fresh media was added to the tube, with gentle shaking. Cells were
centrifuged for 5 minutes at 1344 G and the supernatant was discarded. The cell line was
resuspended into two T75 culture vessels, and cells were investigated, after 24 hours,
under a microscope and the media was replaced with fresh culture media to remove
residual DMSO.

5.3.2 General procedure for sub-culturing mammalian cell line and maintenance
(adherent) (Philippeos et al., 2012):

The old medium was removed from T75 flask and the cells were flushed with sterile
phosphate buffer saline (1x PBS, 2 x 7cm®). The flask was incubated for 2 minutes to
detach the cells, after the addition of trypsin (trypsin-EDTA in PBS) (2 cm?®), and fresh
media (8 cm®) was added. The solution was distributed between 2-3 T75 flask that
contained fresh complete media (10 cm?®). The T75 flask was transferred to the humidifier
incubator at 37°C, 5% CO2 to allow cells to be attached and proliferate. This process was

repeated regularly according to cells confluency.

General procedure for counting mammalian cell line (Louis & Siegel, 2011)

Cells were counted using a disposable haemocytometer slides (C-Chips) and trypan blue.
Cells were suspended in fresh complete media (10 cm®) as described in the sub-culturing
procedure, and a mixture (1:1) has been made from (10 pL) cells and (10 pL) Trypan blue
solution 0.4%. The mixture was left for 5 minutes at room temperature, 10 puL was applied

to the chamber, and counting was carried out under the microscope.

5.3.3 General procedure for the growth assay
The MTT assay was carried out as described in (Sung et al., 2003). Hep-G2, U-20S,

Saos-2, Beas-2B, A549, and A204 cell lines, were grown in fresh media solution of
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DMEM and RPMI (Dulbecco’s modified Eagle’s medium) that was supplemented with
1% penicillin-streptomycin solution. Cells were cultured in a 96 well plate at 5000 cells
/ 100 pL concentration and incubated for 24 hours to stay attached in a 5% CO:2
atmosphere in a humidified incubator. The cells were treated with drugs, which were
administered as a solution in DMSO and fresh media and sterilized by MillixGP Filter
0.22um. After the addition of different concentrations of analogues, cells were cultured
for 5 days and 50ug/well of MTT solution was added for 3hrs. DMSO (200 pL) was used
to disolve the formed formazan and the optical density was recorded at 570 nm by

microplate reader.

5.3.4 General procedure for flowcytometry (Darzynkiewicz et al., 2017):

Cell cycle analysis was conducted on the A549 cell line. Cells were detached, counted,
and seeded at 2 million cells per well in 12-well plates as formerly mentioned. Cells were
incubated for 24 hours at 37 °C to be attached to the plate, treated with the synthesised
drugs at concentrations of 25, 50, 100 uM, and incubated for 24 hours to be exposed to
the drugs. The adherent cells were harvested from the 12-well plates as previously
mentioned in the sub-culturing cell line procedure, through removal of old media,
washing with PBS, trypsinisation and transfer of cells into an Eppendorf tube. After
removing the supernatant, pellets were collected by centrifugation at 1344 G for 5
minutes, flushed with phosphate buffer saline (2 cm3) and centrifuged back to obtain
pellets after removing phosphate buffer saline. The pellets were suspended in ice cold
ethanol (70%, 1 cm3) and kept in a freezer at -20 °C for 30 minutes. Following fixation,
the suspension was centrifuged at 12096 G to obtain pellets, and the supernatant was

removed carefully.
A solution of ribonuclease A was added (100 pL, 100 pg/cm3), and the tube was
incubated at room temperature for 15 minutes. The cells were analysed based on cellular
DNA content by using flowcytometry (BD FACSVerse flow cytometer), following the
addition of propidium iodide solution (50 pL/ 1m, 50 pg/ cm?®).
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Compound structure ICs0 in pM
A204 A549 SAQS-2 HEP-G2 BEAS-2B U20S
132 SN oMe 2.226 £ 0.66 | 3.151+0.569 | 15.18+0.15 | 9.496%0.69 | 64.64+0.70 60.04+0.72
N e
@ N%QOM
OMe
Q\OMe
MeO
OMe
133 NN pMe 3.825+0.197 | 37.46+0.143 | 14.59+0.813 | 4.058+0.185 | 51.20+0.108 | 17.53+0.616
|N/ N\>—Q—0Me
OMe
o
OMe
134 SN EF 6.58 £ 0.199 | 38.69+0.322 | 14.59+0.812 | 8.567+0.362 | 94.05%0.67 34.08+0.744
|N/ N\ OMe
Q\OMe
MeO OMe
135 NN o 67.06 + 2.354 | 15.96+0.248 | 63.46+0.778 | 85.47+1.502 | 87.53+2.801 | 38.69+0.566
\
IN/ N>—< /}0
Q\OMe
MeO OMe
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136 . o 15.62 + 0.225 | 10.12+0.286 | 54.49+0.710 | 70.48+2.303 | 79.12+1.5415 | 29.68+0.314
X
\
\N/ N>—< />—0H
Q\OMe
MeO OMe
137 ¥ F 28.94 + 0.384 | 15.03+0.309 | 68.34+1.028 | 44.19+1.557 | 73.79+£0.757 | 31.91+0.496
|N/ N/CHQ—F
F
Q\OMe
MeO OMe
138 NMeO OH 4,947 £ 0.208 | 26.20+0.997 | 58.72+8.362 | 34.01+1.51 | 45.83+1.50 58.51+1.424
X
N\
|N/ N>—©
Br
Q\OMe
MeO OMe
139 N CHs 12.84 +0.522 | 3.732+0.082 | 30.4+0.524 | 2.894+0.107 | 27.59+0.926 | 22.99+0.771
\
|N/ N>—< />—OH
Q\OMe
MeO OMe
140 NM“’ N 2.53+0.864 4.743+1.11 | 38.23+1.17 | 12.98+2.94 | 58.15+1.638 | 16.15+7.14
X
L AN\
QOMe
MeO OMe
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141

16.49+3.53

inactive

59.28+3.17

29.65+6.39

58.64+2.412

12.64+5.17

142

14.02+0.224

inactive

56.84+1.34

37.04+1.05

31.54+1.366

inactive

143

13.90+1.79

7.745+1.21

41.18+1.828

9.216+0.225

55.60+3.56

23.04+0.991

144

MeO

OMe

14.14+0.28

41.94+1.56

57.79+1.28

27.62+3.585

39.29+4.23

58.02+0.866
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145 EOH 11.01+0.252 | 8.432+0.159 | 18.14+0.455 | 20.06+0.475 | 18.09+0.309 | 12.17+0.164

146 EOH 16.60+1.78 18.37+2.495 | 56.63+0.60 | 19.50+3.21 | 58.77+3.347 | 30.07+1.33

147 EOM" 42.85+1.22 65.63+8.82 | 51.54+1.80 | 24.20+6.75 | 68.40+1.58 40.84+7.27

148 N F 3.022+0.88 1.37+0.138 | 23.90+1.73 | 8.712+1.78 | 29.83+6.20 12.33+2.51
| \>—Q—0H
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149 EOH 14.94+0.31 61.17+5.32 | 33.01+13.09 | 27.83+1.11 | 77.14+1.84 29.50+0.832

150 ECHS 9.22+0.205 86.12+1.447 | 62.77+1.23 | 50.35+3.63 | 64.83%1.23 13.21+0.382
OH

151 H OH 28.68+0.64 56.64+1.07 64.62+3.46 | 10.43+0.207 | 123.6£6.558 | 23.61+0.624
CH4< />—OCH3

152 H F? SFZ 43.92+0.40 80.74+0.82 | inactive 40.84+1.185 | inactive 158.6+6.46

142



Chapter 5 Result and Discussion Cytotoxic evaluation of synthesised analogues
153 H N 22.03£0.41 217.93+7.85 | 138.8+1.66 | 48.37+4.81 |53.88+2.57 38.54+1.21
B CHQ N
N7 N 4
Q\OMe
MeO OMe
154 F 27.27 +£0.37 | 60.03+£1.02 | 47.08£0.71 | 62.85+1.66 | 54.40£2.20 76.07+£780
N
SUSY
NT N
F
OMe
MeO OMe
155 K F 89.56 + 0.25 | 159.78+0.53 | 95.68 + 0.45 | 120.54+0.24 | inactive 98.68 + 0.14
F
Q\OMe
MeO OMe
CA-4 MeO O A 0.0212+0.01 | 0.0132+0.02 | 0.0291+0.03 | 0.022+0.011 | 2.163+0.07 0.012+0.04
MeO O
OMe
OH
OMe

Table 6: half-maximal inhibitory concentration of synthesised imidazo[4,5,b]pyridine analogues in A204, A549, Saos-2, Hep-G2, BEAS-2B,

and U20S.
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Figure 25: effect of compounds (132,133,140,148) on cells viability.
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Figure 26: effect of compounds (130, 131) on cells viability.
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Comp structure ICs0 In UM
ound A204 A549 SAQS-2 HEP-G2 BEAS-2B
123 ~ \@[ 24.79£0.48 | 67.24 £0.31 | 35.78+0.722 | 19.57+£0.206 | 57.52+0.342
125 -~ @ 48.02+1.28 | 82.54 +£3.36 | 70.32+0.728 | 60.76+£1.46 | 69.85+0.458
126 @ﬁ 40.29+0.35 | 107.7+0.41 |81.17+1.49 | inactive 78.58+0.243
127 ~ \é[M 15.77+0.41 | 124.442.73 | 56.07+0.44 | 40.45+0.647 | 122.2+1.32
128 ~ &M 36.28+0.42 | 73.61+0.52 | 59.31+0.57 | 60.94+0.67 | 73.13+0.324
129 -~ &M 26.04+0.25 | 63.08+1.14 |41.61+0.43 | 48.22+0.895 | 48.48+0.628
130 ~ C[ 2.309+0.11 | 1.347+0.06 |8.391+0.41 |6.55+0.188 | 43.31+0.695
131 2.687+0.08 | 1.15+0.035 | 7.70+0.365 | 6.60+0.143 | 42.37+1.096

Table 7: half-maximal inhibitory concentration of synthesised substituted pyridinyl-

phenyl sulphonamide analogues in A204, A549, Saos-2, Hep-G2, and Beas-2B cells.
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5.4 Cell cycle analysis

Cell cycle is a process of producing two new daughter cells by which DNA, cytoplasm,
and organelles are duplicated and divide in a sequential steps. This process lasts 24 hours
in typical eukaryotic cells such as human cells. The cell cycle can be divided into two
characteristic periods: interphase and mitosis (figure-29). The latter lasts only one hour
in which two chromosomes are separated leading to cell division. Whereas, cells spends
almost all their time in the former phase growing steadily and preparing for the division
(Cooper, 2016). The interphase consists of three phases depending on the period of DNA
synthesis: Gi, S, Go.

G1, gap phase, occurs from the end of the M phase untill the DNA synthesis S phase,
during which time the cell is growing for 11 hours. S, synthesis phase, starts with the
synthesis of DNA and results in doubling the total numbers of DNAs and lasts for 8 hours.
The following phase is Gz, growth phase, in which within 4 hours cells continue growing

and synthesising proteins to be prepared for the ensuing mitosis M phase.

Figure 27: the cell cycle diagram (Cobb & Das, 2013).

Because of the variation of the DNA in different phases, cells can be distinguished
according to DNA content. For example, cells in the S phase have almost double the number
of chromosomes than cells in the Gi phase, similarly DNA content in G2 phase will be
greater than in G1. Consequently, the quantity of cellular DNA can be measured analytically
by staining the cells with DNA binding dyes and recording the intensity of fluorescence by
flowcytometry. However, not all DNA binding stains can be applied, solely fluorescent
DNA dyes can be used with the flowcytometry. Microscopic and autoradiographic methods
can be used to analyse cell cycle, however flowcytometry is one of the most powerful

technologies and has been used in many applications such as cell sorting and molecular
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biology, immunology, infectious disease and cancer biology, and virology (McKinnon,

2018). One of the first applications of flowcytometry was quantification of cellular DNA

content by incubating fluorescent dye with a suspension of fixed cells. The intensity of
fluorescent signal will increased proportionally to the quantity of DNA which result in
differentiation between cell cycle phases (Cobb & Das, 2013). Many dyes have been widely
used in flowcytometry such as propidium iodide (P1), Hoeochst 33342, Dye Cycle Violet,
4,6-diamino-2-phenylindole (DAPI), and 7-amino actinomycin-D (7-AAD)(McKinnon,

2018).
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Figure 28: the effect of compounds (130, 131, and 148) on cell cycle progress tested by

flowcytometry on A549 cell line.
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Figure 29: propidium iodide diagram vs cell count to identify cell cycle phases for
compound 148.
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Figure 30: propidium iodide diagram vs cell count to identify cell cycle phases for
compound 130.
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Figure 31: propidium iodide diagram vs cell count to identify cell cycle phases for

compound 131.
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5.5  Discussion:

The biological activity of the synthesised compounds was evaluated via MTT assay to
calculate the half maximal inhibitory concentration (ICso), which is the concentration
required to inhibit the population of the cells by 50%. It is calculated as a mean for no
less than two separated experiments (Fassy et al., 2017). Combretastatin A-4 was used as
a positive control in order to assess the reliability of the experiment. The 1Csofor 32 novel
compounds were screened on A204, A549, SAOS-2, Hep-G2, Beas-2B, and U20S cell
lines and are listed in tables 6 and 7. Out of the 32 novel compounds, (148, 130, 131)
were found to efficiently supress the proliferation of almost all the cell lines (figure 26,
27) . Comparing the 1Cso values of compounds 148, 154, and 143 (figure-33), on A549
cell line (table 6), compound (148, I1Cso = 1.37 uM) has a higher potency than compound
(143, 1Cs0 = 7.74) and (154, 1Cso = 60.03). This might be due to the ability of the OH

group to interact with tubulin more than OCHzs group.

F F F
XN XN X N
| e OCH, | ] ¢ OH | ] ¢
N7 TN N~ N N~ N
F F F
OMe OMe OMe
MeO
MeO  Ome MeO  Hme ¢ OMe
154
143 148

Figure 32: The chemical structures of compounds 143, 148, 154.

Most tested compounds appeared to be most potent in the A204 cell line, this may be due
to their slow growth rate. A literature search showed that A204 cells had lower 1Cso values
than others tested (Anderson et al., 2015; Chauvin et al., 2017). Compounds 132, 133,
134, 140, and 150 have shown a good cytotoxic activity against A204 cell line.
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Figure 33: the chemical structures of compounds 123, 125, 130, and 131.

Hep-G2 are epithelial-like cells that grow as monolayers. Endothelial cells line the
interior of blood vessels and so are a good model to test combretastatin derivatives.
Compounds 130 and 131 (figure 33) have substitution patterns similar to that of CA4F
and CA4. Low ICso values were observed (6.55 and 6.60 uM respectively). The potency
of combretastatins relies on the interactions of the compound with the colchicine binding
site of tubulin (Gaspari et al., 2017). 4-OMe group, as in CA4, could form hydrophobic
interactions with a pocket in the binding site located below the combretastatins.
Compounds 123 and 125 have a similar substitution pattern, with the removal of CHz, the
activity decreased drastically to 19.57 and 60.76 UM respectively. This suggests
pyridinyl-phenyl sulphonamide analogues with the CH2 more closely resemble the
stilbene structure and fit into the binding pocket better.

Cis-locked compounds with imidazo[4,5,b]pyridine in place of the double bond in general
had better 1Cso values across all cell lines. In Hep-G2 compounds 132 and 131 had
improved ICso values (4.06 and 8.57 pM) compared to the corresponding pyridinyl-
phenyl sulphonamide analogues 123 and 125. The imidazo[4,5,b]pyridine locks the
combretastatin derivatives in the cis conformation. These molecules would be capable of

fitting into the binding site of tubulin better.
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The effect of the most active compounds (148, 130, 131) on the cell cycle were explored
for the A549 cell line. They show a significant increase in cell population in the G2/M
phase (37.3 % in comparison with 4.89% in control for 131). In G2/M phase, mitotic
spindles are preparing to duplicate chromosomes of DNA to be separated into two
daughter cells, therefore antimitotic agents cause the cells to be retained in G2 phase
(DiPaola, 2002). Flowcytometry results, figures (29-32), shows that compounds 148, 130,
and 131 lead to considerable G2/M arrest and therefore these compounds can be

considered as antimitotic agents.
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6 Conclusion and Future perspectives

Throughout this study many heterocyclic compounds have been synthesised as analogues
of combretastatin A-4 and E7010. CA-4 analogues include substituted 5,6-diaryl-1,2,4-
triazine-3(2H)-ones and substituted 2,3-diaryl imidazo[4,5,b]pyridines, whereas E7010
analogues were pyridinyl-benzene sulphonamides derivatives. Although many attempts,
in acidic and basic medium, have been carried out to synthesise triazines, the required
final product could not be synthesised when electron donating groups were present. 24
novel imidazo[4,5,b]pyridines and 8 pyridine-benzene sulphonamides have been
successfully synthesised through multistep synthetic routes, as well as 36 novel
intermediate compounds. 7 imidazo[4,5,b]pyridines have shown unexpected NMR
spectra where the phenyl ring bearing trimethoxy moiety has only one out of two protons
as well as one labile proton and a quaternary carbon. The biggest challenge in multistep
synthesis is finding high yield protocols that required trying out several methodologies
for one single reaction. However, most of the synthesised compounds have been obtained
in a good to excellent yields. Owing to the crucial role of the trimethoxy moiety as
microtubules inhibitors (Ma et al., 2013), all the analogues have been synthesised bearing

trimethoxy moiety in its structure.

The candidates have been evaluated for their cytotoxic activity in several cell lines using
the MTT assay. Moreover, cell cycle analysis was conducted to explore their ability to
block cells in the G2/M phase for the most potent analogues.

The half maximal inhibitory concentration 1Cso of the synthesised compounds were
evaluated in vitro on (A204, A549, SAOS-2, Hep-G2, Beas-2B, and U20S cells) by MTT

assay.

Several analogues have shown low IC 5o with values of about 1 pM and caused cell
cycle arrest in G2/M phase with 37% of cells population in comparison with the
population of cells at zero concentration of drug.
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6.1 Future work

Owing to many obstacles encountered in synthesis of 1,2,4-triazine-3(2H)-one
derivatives, future work would be focusing on optimization of the cyclocondensation
protocol and to consider utilizing different catalysts to allow a successful reaction.
Moreover, future work might involve the synthesis of substituted cyclohexadiene
derivatives as combretastatin A-4 analogues through (4+2) Diels -Alder cycloaddition

which remains unexplored by using diarlyalkyne and butadiene (scheme 23).

MeQ OMe
OMe
Q OMe O OMe
// . X [Cat] OMe
=
(S e
OMe

MeO
OH

Scheme 23: synthesis of cyclohexadiene derivatives as combretastatin A-4 analogues.

Tubulin assembly assays would be very useful in the future. However, compounds that
are biologically inactive or showing high 1Cso values can be evaluated as protein kinase
inhibitors, AKT inhibitors, aurora kinases inhibitors, and anti-inflammatory agents.
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