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ABSTRACT

Two novel series of Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-
one (SVM 1-11) and 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 1-11) were
synthesized and confirmed by FT-IR, NMR, LC-MS and elemental analysis. The resulting
compounds were evaluated for anti-tuberculosis activity using the micro Alamar blue assay
(MABA) against susceptible strain H37Rv (ATCC25177) and multidrug-resistant (MDR)
strains of Mycobacterium tuberculosis (MTB). A computational method was also used to
identify the molecular targets for these compounds. Larvicidal and insecticidal activity were
evaluated against Anopheles arabiensis using the standard WHO larvicidal assay and cone
bioassay methods. Anticancer activity was assessed using the MTT assay against human
breast adenocarcinoma cells (MCF-7) and human epithelial lung adenocarcinoma cells
(A549). The antioxidant and lipoxygenase inhibitory capacity was measured using the DPPH

assay and Lipoxygenase inhibitory Kit, respectively.

The antimycobacterial efficacy of the synthesized SVM 1-11 showed that SVM 8 and
SVM 10 were the most active compounds, with MIC values of 0.5 pg/mL against H37Rv-
MTB and 8 pg/mL against MDR-MTB. Among the synthesized SVN 1-11, the most active
compounds were SVN 3 and SVN 4, having MICs of 0.5 and 1 pg/mL against H37Rv-MTB,
respectively, and 8 and 4 pg/mL against MDR-MTB. The docking study performed with the
target enzymes DprEland Pks13 indicated that the compounds had a high affinity for the
druggable targets DprE1 and Pks13 enzymes of Mycobacterium tuberculosis compared to
the reference standards rifampicin and isoniazid. The larvicidal and adulticidal tests revealed
that compounds SVM 6 and SVM 9 were the most effective, with larvicidal mortality
(100%) equal to the reference drug' Themephos; additionally, the above compounds
exhibited significant adulticidal activity of 73.5t1.5 and 77.3+2.3%, respectively.
Compounds SVN 6, 7, 8, and 9, on the other hand, were the most potent larvicidal and
adulticidal, exhibiting 100% larvae mortality after 24 hours, and significant adulticidal
activity. The anticancer activity study indicates that these compounds had a significant effect
on MCEF-7 cells. SVM 2, 4, 8 and 11 were the most effective with ICso values ranging
from 5.7 to 9.2 pug/mL. Compounds SVN 1, 2, 4, 9, 10, and 11, on the other hand, had a
remarkable cytotoxicity effect on MCF-7, with 1Cso range from 6.2-16.38 pg/mL. The

Xviii



caspase-Glo® kit test (Caspase 3/7, 8 and 9) was used to assess the mechanism involved in
the anticancer activity of the selected active compounds against MCF-7. The results showed
that the apoptosis generated by these compounds was triggered in part by the activation of

caspase-3/7 and caspase-9, which may be the primary mechanism of apoptosis.

The antioxidant results revealed that compounds SVM 3 and SVM 8 were the most potent,
with a percentage scavenging capacity of 92.7+1.1 and 89.7+1.7%, respectively.
Compounds SVN 5 and 9, on the other hand, were the most active, with a percentage
scavenging capacity of 80.5+0.6 and 85.4+1.3%, respectively. The lipoxygenase inhibitory
assay revealed that compounds SVM 3, 8, and 11 were the most potent LO inhibitors, with
inhibitory capacity ranging from 60 to 67%. Compound SVN 11, on the other hand, was the
most effective, with a percentage inhibitory capacity of 61.3+0.3%.

Our results suggest that integrating different functional groups on the phenyl ring at the
fourth position of the thiazole moiety, connected to the primary coumarin nucleus at the third
position, contributed significantly to the biological activity of the compounds. These active
compounds could be used as a scaffold for structural optimization to develop highly effective
and selective antimycobacterial, anticancer, antioxidant, larvicidal, and adulticidal agents
and promote further development of more efficient lipoxygenase inhibitors of novel

structurally similar analogues.
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CHAPTER I. INTRODUCTION

Infectious diseases such as tuberculosis and malaria continue to be among the world's most
significant public health concerns, contributing considerably to worldwide mortality (Noji,
2001). Tuberculosis is considered one of the threatening diseases caused by Mycobacterium
tuberculosis after the human immunodeficiency virus (HIV) (Keri et al., 2015). Among the
challenges in TB treatment is the appearance of resistance pathogen Mycobacterium
tuberculosis to the current existing drug, resulting in multidrug-resistant tuberculosis (MDR-
TB) and extensively drug-resistant tuberculosis (XDR-TB) (Muthukrishnan et al., 2011, Reddy
et al., 2018, Makam et al., 2013). MDR-TB and XDR-TB have been a domain of increasing
concern; it is considered a threat to the general effort to control tuberculosis due to
mismanagement of MDR-TB with irregular use of second-line drugs, resulting in the
development of XDR-TB (Prasad and Srivastava, 2013). Globally in 2020, there were an
estimated 1.3 million deaths among HIV-negative individuals, up from 1.2 million in 2019 and
an additional 214000 deaths among HIV-positive individuals (WHO, 2021a). One of the most
significant barriers to malaria control has been the emergence of drug-resistant strains of the
malaria parasite Plasmodium falciparum. Drugs previously used to treat malaria, such as
chloroquine, are now practically worthless in many parts of the world (Tanser and Le Sueur,
2002).

Cancer, a class of diseases characterized by uncontrolled cell growth, is still regarded as a life-
threatening disease in many parts of the world (Parikh et al., 2022, Correia et al., 2014).
Numerous cancer therapy reports reveal that no anticancer agent shows 100% efficacy without
side effects (Vaarla et al., 2015). According to World Health Organization (WHO), cancer is
the second leading cause of death after cardiovascular disease worldwide, with about 10 million
deaths in 2020; breast cancer and prostate cancer are among the most notorious cancer types in
women and men (WHO, 2020b). The statistical analysis of cancer mortality worldwide in the
year 2020 was as follows, lung (1.80 million), colon and rectum (935 000), liver (830 000),
stomach (769 000) and breast (685 000 deaths) (WHO, 2020b). Given the abovementioned,
there is a growing need to discover and develop innovative therapies with a different structural
framework and perhaps a different mode of action than currently available drugs. In this

context, it is beneficial to develop and synthesize various new compounds with increased



biological activity, improved safety profiles and promising applications as anti-tuberculosis,

anti-malarial, anti-cancer, antioxidant and anti-inflammatory agents.

Numerous compounds with biological activities, either synthetic or natural, have been
explored; however, many are not suitable for therapeutic application due to their toxicity
(Kostova, 2005). Nowadays, it is possible to modify the active chemical structures to
synthesize compounds with improved therapeutic activity and reduced toxicity (Koppula and
Purohit, 2013). Coumarins are the simplest naturally occurring phenolic compounds with fused
benzene and a-pyrone rings classified as the fundamental molecules of various derivatives
(Grazul and Budzisz, 2009). Coumarins are extensively used as additives in food, perfumes,
agrochemicals, cosmetics, and pharmaceuticals (Maheswara et al., 2006). Coumarin
derivatives are generally simple to synthesize and have good solubility, low cytotoxicity, and
good permeability to the cells (Sun et al., 2014). The synthesis of coumarins and their
derivatives have attracted the interest of organic and medicinal chemists as significant numbers
of natural products possess this heterocyclic nucleus (Barot et al., 2015, Keri et al., 2015). The
synthesis of substituted coumarins is accomplished by various chemical reactions based on the
different substitutions on the coumarin nucleus. Coumarin and its derivatives may be
synthesized by Pechmann, Perkin, Reformastky and Knoevenagel reaction in the laboratory
(Singh and Pathak, 2016). Several essential compounds originated from coumarin include
warfarin, acenocoumarol, novobiocin, clorobiocin and hymecromone (Ostrowska, 2020).
Coumarins are reported to exhibit various biological activities such as antibacterial (Feng et
al., 2020), anticancer (Song et al., 2020), anticoagulant (Tang et al., 2015), antifungal (Prusty
and Kumar, 2019), anti-tubercular (Hu et al., 2017), antiviral (Hu et al., 2019a), antioxidant
(Tataringa et al., 2016), antileishmanial (Mandlik et al., 2016), antidiabetic (Gupta et al.,
2020), anti-inflammatory (Dawood et al., 2015) (Shaik et al., 2016), anti-Alzheimer (Shaik et
al., 2016) and anti-parkinsonian activities (Olaya et al., 2020).

Another promising group, thiazole, has emerged among the most significant heterocycles in
medicinal chemistry and has demonstrated remarkable biological effects (Mishra et al., 2017).
Thiazoles are key members of the heterocyclic compound and exhibit various biological
activities (Gluimis et al., 2019). Thiazole compounds have been shown to possess antioxidant
(Dincel et al., 2020), antibacterial (Althagafi et al., 2019), anticancer (de Santana et al., 2018),
antiviral (Singh et al., 2019b), anti-inflammatory (Kamat et al., 2020), antimalarial (Sahu et
al., 2019), antifungal effects (Yang et al., 2021) and many more. Additionally, thiazole moiety



is a key pharmacophore for synthesizing different chemotherapeutic agents (Reddy et al.,
2016). Coumarin derivatives with various substitutions of thiazole rings at carbon three have
shown various pharmacological activities, including analgesic (Salar et al., 2016), anti-
inflammatory (Kashyap et al., 2012), antibacterial and antitumor (Sonmez et al., 2017)
properties. Due to the differences in coumarin structure complexity, identifying key structural
features within the coumarin molecule is vital for designing and developing novel coumarin

analogues with improved pharmacological properties (He et al., 2014, Sandhu et al., 2014).

A new approach to developing hybrid molecules by incorporating bioactive moieties into a
single molecule through a hybrid pharmacophore is rational in drug development (Osman et
al., 2018b). The molecular hybridization approach has been used to design novel coumarin
hybrids with various bioactive groups to produce molecules with increased pharmacological
properties and pharmacokinetic profiles (Sahoo et al., 2021, Fotopoulos and Hadjipavlou-
Litina, 2020). Considering the significance of coumarins and thiazoles in medicinal chemistry
and exploring the scope of these motifs, this study focused on developing a novel structural
entity that incorporates these two structural moieties, including a potential functional group,
into a single molecular framework to develop drugs that attribute new targets and mechanisms
of action for better treatment. Thus, this study aimed to synthesize two novel Schiff bases of
3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one (SVM 1-11) and 3-(2-aminothiazol-
4-yl)-6-nitro-2H-chromen-2-one (SVN 1-11) and assess their antimycobacterial, anti-

mosquito, anticancer, antioxidant and anti-inflammatory activities.



CHAPTER II. LITERATURE REVIEW

2.1 Introduction

Benzopyrones are heterocyclic compounds formed by fusing the pyrone ring with the benzene
nucleus. Coumarin is one of the benzopyrones, an important class of oxygen-containing
heterocycles occurring in plants (EI-Sawy et al., 2021). The synthesis of coumarins and their
derivatives has caught the interest of organic and medicinal chemists because this heterocyclic
nucleus comprises numerous natural compounds (Venugopala et al., 2013c, Keri et al., 2015).
Numerous heterocyclic compounds of coumarin rings are linked with different biological
properties (Morsy et al., 2017). The pharmacological properties of coumarin derivatives are
highly affected by their substitution. Integrating bioactive molecules into a single molecule by
a hybrid pharmacophore is a reasonable approach to drug development (Osman et al., 2018b).
A variety of coumarins have shown anticancer and antimicrobial activities that have been the
reason for their insertion in the hybrid’s scaffold. The hybridization of the coumarin nucleus
with other molecules results in different molecules of more significant biological activity
(Kraljevi¢ et al., 2016). This chapter highlights the various research findings of coumarin
derivatives as potential therapeutic agents, which can be explored for future design and

development.

2.2 Coumarins classifications

Coumarins consist of a combination of benzene and a-pyrone rings; based on a variety of
substituents on the coumarin nucleus. Coumarins are divided into four main groups, including
the simple coumarins, furanocoumarins, pyranocoumarins and the pyrone-substituted
coumarins, as shown in Table 1 (Rohini and Srikumar, 2014). Simple coumarins and analogues
are a class of compounds that have been demonstrated to possess various pharmacological
activities. There has been increased interest in their synthesis due to their various biological
activities displayed (Salem et al.,, 2016). Ammoresinol, ostruthin, novobiocin and
coumermycin are simple coumarins possessing antibacterial activity, while osthole possesses
anticancer activity (Table 1) (Venugopala et al., 2013b). The furanocoumarin is composed of
imperatorin, psoralen, bergapten marmalade, and other compounds possessing anti-
inflammatory, anti-mycobacterial and antifungal properties. There are two types of

pyranocoumarins, linear type including grandivittin, agasyllin, and aegelinol benzoate
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possessing an antibacterial activity (Basile et al., 2009) and angular type including inophyllum

(A, B, C, E, P, G), calanolide (A, B, F) possessing antiviral activity (Table 1). Besides the

types mentioned above, the coumarin structure also has other forms, such as biscoumarins,

which possess anticoagulant activity (Xu et al., 2015).

Tablel: Types of coumarins and their pharmacological activities (Venugopala et al., 2013c,
Kipeli Akkol et al., 2020).

Type O.f General chemical structure Examples Pharma_cqlogmal
coumarin activity
Coumarin .
Ammoresinol infla?nnri:z;ltory
' &P Ostruthin . )
Slmpl_e . Anti-bacterial
coumarins _ Novobiocin .
. Antifungal
Coumermycin .
. Anticancer
Chartreusin
Imperatorin Anti-
Furano Psoralen inflammatory
coumarins Bergapten Anti-TB
Marmalde Antifungal
Gradivittin
Agasyllin
Xanthyletin Antibacterial
Pyrano Anti-TB
coumarins
Inophyllum (A, B, Antiviral
C,E P, G)
Calanolide (A, B, F)
Other_ Dicoumarol Anticoagulant
coumarins




2.3 Synthesis of coumarin derivatives

Coumarins were first synthesized using Perkin's reaction; several simple coumarins are still
being prepared using this technique. Knoevenagel reaction appeared as a primary synthetic
method to fuse coumarin derivatives with a carboxylic acid at the C3-position. Numerous other
synthetic methods for substituted coumarin derivatives have been reported, including the
Pechmann, Reformatsky and Wittig reactions (Shaabani et al., 2009, Dighe et al., 2010).
Pechmann and the Knoevenagel reactions are extremely useful for coumarin synthesis with
simple reaction conditions and good product yield. In particular, Knoevenagel condensation is
widely used to synthesize different coumarin backbones, suitable for preparing various
compounds of medicinal and industrial significance (Vekariya and Patel, 2014). In recent years,
attempts have been made to prepare coumarin derivatives using alternative methods such as
solid-phase synthesis, microwave irradiation, and ultrasonication. Furthermore, coumarin
hybrid synthesis with resveratrol and estrogen was one of the strategies used to reach potential
therapeutic agents (Jayashree et al., 2014). Literature results suggest that pyrrole, pyrazole,
thiadiazole and triazoles are desirable targets due to their biological properties (Tataringa and
Zbancioc, 2019).

2.3.1 Pechmann reaction

Pechmann reaction is a long-standing reaction that is one of the simplest and most basic
techniques for synthesizing coumarins. The method is based primarily on the condensation of
phenols with ketoesters in the presence of a range of reagents and produces a good yield of
4- substituted coumarins (Khaligh, 2012). Several acid catalysts have been used in the von
Pechmann reaction, which necessitates their usage in excess and the disposal of excess acid
waste pollutes the environment. As a result, there is room for improvement in friendlier
reaction conditions, more significant substituent variability in both components and improved
yields. The synthesis of coumarins through the indium (111) chloride catalyzed condensation of
phenol and ketoesters is an efficient and vastly improved modification of the von Pechmann
procedure (Figure 1). In addition to its simplicity and moderate reaction conditions, this
technique can tolerate many substitutions in both components (Bose et al., 2002).
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Figure 1: Catalytic activity of indium (111) chloride in the formation of coumarins (Bose et al.,
2002).

2.3.2 Knoevenagel reaction

One of the most critical C=C bond formation processes in organic synthesis is the Knoevenagel
condensation that produces excellent chemical intermediates and products (Valizadeh and
Vaghefi, 2009). The resulting o and  unsaturated products have been used as intermediates to
synthesize therapeutic drugs, natural products, functional polymers, fine chemicals, herbicides
and insecticides. It is usually carried out in organic solvents and catalyzed by organic bases
like piperidine or pyridine (Verdia et al., 2011). Figure 2 depicts the synthesis of substituted
coumarin-3-carboxylic acid derivatives at room temperature utilizing the Knoevenagel
condensation reaction between ethyl malonate coupled to the Wang resin and ortho-
hydroxybenzaldehyde in the presence of pyridine and piperidine.

CHO 0 0
. .. .. COOH
@: + )J\/U\ _X 1) Piperidine, pyridine, r.t., 16h X
R OH EtO O v

2) TFA, DCM X (0] ¢}

R=H, Cl, OMe, Br, I, OH 2
X= Wang resin

Figure 2: Synthesis of coumarin-3-carboxylic acid (Vekariya and Patel, 2014).



2.3.3 Wittig reaction

Shockravi et al. (2003) studied a one-pot and convenient synthesis of coumarins in a solventless
system. They reported the Wittig reaction of in situ prepared carbethoxymethylene
triphenylphosphorane and salicylaldehydes in the presence of MgO for efficient and solvent-
free synthesis of simple coumarins. It was found that simple coumarins may be synthesized in
a single step with high yields. The combination of salicylaldehydes (or its derivatives),
triphenylphosphine and chloroethyl acetate in the presence of MgO produced coumarins 3
(Figure 3). It should be noted that the addition of sodium methoxide increases the reaction rate,
and no unwanted products (such as trans-cinnamates) other than coumarins have been found in
either case (Shockravi et al., 2003).

CHO
NaOMe / MgO A
+ CICH,CO,Et + PPh, -
OH (6) ¢}

R grinding R

3

Figure 3: Synthesis of coumarin via Wittig reaction (Shockravi et al., 2003).

2.4 Coumarin-containing hybrids

2.4.1 Coumarin- thiazole hybrids

Thiazoles are an important heterocyclic class of compounds present in numerous active
pharmacological drugs such as sulfathiazole, abafungin, tiazofurin (antimicrobial) and
ritonavir (antiviral) (Hussein and Zitouni, 2018, Zablotskaya et al., 2013). Due to its low
toxicity, the thiazole nucleus is an essential pharmacophore for synthesizing different
molecules with various biological properties (Reddy et al., 2016). The molecular hybridization
of thiazole and coumarin pharmacophores has been regarded as a strategy for extracting more
active compounds that function through multiple targets (Osman et al., 2018b). Coumarin
derivatives with various substitution of thiazole rings at C3 have shown pharmacological
activities including analgesic (Salar et al., 2016), anti-inflammatory (Kashyap et al., 2012),
antioxidant (Secci et al., 2016), antibacterial and antitumor activity (Sonmez et al., 2017,
Arshad et al., 2011, EI-Gaby et al., 2009).



The synthesis of coumarin-thiazole analogues through an effective synthetic way for their
biological potential against aldose/aldehyde reductase is shown in Figure 4. The desired
compounds 4(a-0) from the coumarinyl thiazole series were synthesized using a multi-
component reaction technique. The 3-(2-bromoacetyl)-2H-chromen-2-one was synthesized via
condensation of salicylaldehyde, and ethyl acetoacetate catalyzed by base (piperidine) after
bromination. Therefore, the intermediate was treated in one pot with different substituted

acetophenones and thiosemicarbazide in the presence of glacial acetic acid as a catalyst to yield

the title compounds 4(a-0)(lbrar et al., 2016).

@CHO
OH

4a R = CH;
4b R = CH;
4c R=CHjy
4d R = CH;3
4e R = CH;y
4fR = CH;
4g R =CH;4
4h R =CHj
4i R = CH;
4j R = CH;4
4k R = CH;
41 R = CH;4
4m R = CH;3
4n R =C4H;

40R = CH3

Figure 4: Synthesis of coumarinyl thiazole analogues via a one-pot condensation reaction (lbrar

0} o

EtO 0”7

Ar=CgHjy
Ar=3-NH,-C¢Hy
Ar=2-Br-C4Hy
Ar=3-Br-C¢Hy
Ar=4-Br-C¢Hy
Ar=2-F-C¢Hy
Ar=4-F-C¢Hy
Ar =4-OCH;3;-C¢H,
Ar = 3-F, 4-OCH;-C4Hj;
Ar=2-OH,4-OCH;-C4H;
Ar =4-OH, 3-OCH;3-C¢Hj;
Ar = 3-1, 4-OCH;-C¢Hj
Ar = 2-NH,, 4-CI-C4H;4

Ar = C6H5

et al., 2016).

a) Piperidine, r.t., 1h

b) Br,/CHCl;
heated at reflux 6-7 h

R=H, CI, OMe, Br, I, OH
X= Wang resin

One-Pot Reaction

(0}

AcOH
heated at reflux
4-5h

4 (a-0)

Br




2.4.2 Combination of triazole ring and coumarin

For the development of new bioactive molecules, the triazole ring is an essential five-
membered heterocycle structure. This electron-rich heterocycle effectively binds to different
enzymes and receptors (Kulabas et al., 2016). Triazoles, including 1,2,3-triazole and 1,2,4-
triazole and coumarins, have been reported to possess various biological and pharmacological
properties, including antituberculosis, antimalarial, antibacterial, anti-inflammatory, antiviral,
anti-Alzheimer and antifungal (Fan et al., 2018). The 1,2,4-Triazoles are flexible scaffolds in
molecular hybrid synthesis; 1, 2, 4-triazole clubbed heterocycles demonstrate improved
biological activities similar to those of the parent group and are thus more commonly used in
medicinal chemistry (Basappa et al., 2020). Recently, a library of 1,2,3-triazole-conjugated
coumarin derivatives has been synthesized and shown to possess anticancer and antimicrobial
activities (Kraljevi¢ et al., 2016, Xu et al., 2019). The synthesis process of coumarin-triazole

hybrids is indicated in Figure 5.

R* CHO Q 9 iperidine R"
+ )]\/U\ p p \ OEt
—_—
EtO OEt

OH stir, rt, 30 min. R' o) )
R Solvent free
condition

o cs, 6 R"
R" -
Ny nnH KOH/EtOH
SK reflux

NH,NH, Reflux

5a)R=H, R'=H, R" = Br;
b)R=H, R'=H, R"=Cl;
¢)R=0CH;, R'=H, R"=H;
d)R=H, R'=OCH;, R"=H;
¢)R=0C,Hs, R'=H, R"=H;

5(a-e)

Figure 5: Coumarin-triazole hybrids synthesis (Basappa et al., 2020).
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2.4.3 Coumarinyl chalcone hybrids

Chalcones are unsaturated ketones that serve as the basic building block for several important
bioactive compounds. They are present in plants and serve as biogenetic precursors to
flavonoids and isoflavonoids. Many organic chemists have fused chalcones with bio-active
pharmacophores to generate a novel class of molecules due to their distinctive open-chain
shape (Reddy et al., 2021). Various substituted natural and synthetic chalcones have shown
important pharmacological activities such as anti-inflammatory, antibacterial, antioxidant,
antimalarial and anticancer. This class of compounds has created considerable interest in
potential therapeutic applications due to their abundance in plants and ease of synthesis (Kang
et al., 2018, Yadav et al., 2011, Sharma et al., 2013, K Sahu et al., 2012). The coumarinyl
chalcones can be produced in two phases, as indicated in Figure 6. The first step is to synthesize
the precursor 4-hydroxy-3-acetyl coumarin by combining 4-hydroxy coumarin with
phosphorous oxychloride and glacial acetic acid. The second stage was the Knoevenagel
condensation of the same amount of 4-hydroxy-3-acetyl coumarin and substituted

benzaldehydes with chloroform in the presence of piperidine (Patel et al., 2011).

4-hydroxy-2H-chromen-2-one 3-acetyl-4-hydroxyl-2H-chromen-2-one

a) denotes Glacial acetic acid, POCL3
b) is substituted benzaldehydes, CHCLS3, piperidine (Catalytic)

Code R!? R? R? R*
6a H H H H
6b Cl H H H
6¢ H H Cl H
6d Cl H Cl H
6e H NO- H H
6f H H NO; H
69 H H N(CHz): H
6h H OCHs; OCHs H
6i OCH3 OCHs  OCHs H
6] H OCH;  OCHs OCHs

Figure 6: Synthesis of the 3-cinnamony-4hydroxy-2H-chromen-2-ones (Patel et al., 2011).
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2.4.4 Combination of pyrazoline ring and coumarin

Pyrazolone and pyrazoline derivatives are commonly well-known five-membered heterocyclic
compounds containing nitrogen. Pyrazolone derivatives play a significant role as substructures
for many pharmaceuticals, agrochemicals, colourants, and pigments, as well as chelating and
extraction agents (Sun and Cui, 2009). Similarly, Coumarins are benzopyrone derivatives
occurring naturally in plants and are characterized by substantial chemo-diversity and various
pharmacological activities (Ajani et al., 2018). Several analogues of pyrazolidin-3, 5-diones,
pyrazolin-3-ones, and pyrazolin-5-ones have found therapeutic use as NSAIDs; Felcobuzone
and Mefobutazone are examples of this. Pyrazolinyl coumarins were also synthesized and
recorded for their bioactivity (Khode et al., 2009). Several pyrazolines have been synthesized
via microwaves. An Equimolar amount of various chalcones and substituted hydrazine (Acetyl
hydrazine or Phenyl hydrazine) were added to the microwave tube then microwaved for the
specified amount of time (Figure 7). After the reaction was completed, the mixture was
immersed in ice-cold water. The solid isolated was filtered and purified using a column to get

pure pyrazoline derivatives (Akhtar et al., 2017b).

i
a 0 0 b
- . .
= =
OH
O
Salicyldehyde

(a) Ethylacetoacetate, ethanol, piperidine, reflux
(b) Aldehyde, n-BuOH, reflux;
(c) Hydrazines, ethanol: acetic acid(1:1), Microwave(2-4min)
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Code RI1 R2
7a 3,4-(OCHa), COCH3;
b 3,4,5-(OCH3); COCH;

7c 4- CH3 COCHs
7d 4-Cl COCHGs
Te 3- OCH3 CeHs

7f 3,4-(OCHs),  CeHs
79 3,4,5-(0CHs)s  CgHs
7h 4- CHs CeHs
7i 4-Cl CsHs

Figure 7: Synthesised pyrazoline-coumarin derivatives (Akhtar et al., 2017b).

2.4.5 Combination of pyridine ring and quinolone with coumarin nucleus

In several biological processes and cancer pathogenesis, pyridine and pyrimidine structures
have been recognized for their activities, rendering these attractive scaffolds to discover novel
anticancer drugs (Prachayasittikul et al., 2017, Akhtar et al., 2017a). Coumarins fused with
pyridine were synthesized and tested for biological activities such as antimicrobial and anti-
cholinesterase (Alipour et al., 2012). Coumarins and quinolones are essential precursors to
organic synthesis and are present in many natural compounds with a wide range of biological
activities (Ansary et al., 2019). A series of 3-acetyl coumarins were synthesized by condensing
salicylaldehyde and ethyl acetoacetate, which was brominated to yield 3-bromo acetyl coumarins.
3-bromo acetyl coumarins on treatment with methyl and ethyl esters of nicotinic acid, isonicotinic
acid yielded 3-coumarinoyl pyridinium bromides (a-1) and with quinoline yielded 3-coumarinoyl
quinolinium bromides (m-o) (Porwal et al., 2010). The synthesized pyridine/quinolone coumarin

derivatives are shown in Figure 8.
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9A-L 10M-0O

Code X R

9A H p-COOC;Hs

9B Br p-COOC;Hs

9C Cl p-COOC;Hs

aD H m-COOC;Hs

9E Br m-COOC;Hs

9F Cl m-COOC;Hs

9G H p-COOCHj5

9H Br p-COOCH;3

9l Cl p-COOCHj5

9J H m-COOCHj5

9K Br m-COOCH;

9L Cl m-COOCHj5

10M H

10N Br

100 Cl

Figure 8: Synthesised pyridine/quinoline-coumarin derivatives (Porwal et al., 2010).

2.5 Pharmacological activities of coumarins analogues

2.5.1 Coumarin in cancer therapy

Anticancer drugs have the potential to inhibit the division of cancer cells utilizing various
mechanisms, including DNA cross-linking agents, topoisomerase inhibitors, cytoskeleton
disrupting agents and anti-metabolites (Klenkar and Molnar, 2015). Coumarins inhibit kinase
activity, induced apoptosis, angiogenesis inhibition, heat shock protein inhibition, telomerase
inhibition, antiproliferative activity, carbonic anhydrase inhibition, monocarboxylate
transporters inhibition, aromatase inhibition, and sulfatase inhibition in cancer (Thakur et al.,
2015). An integrated approach using scientific knowledge is needed to treat and manage cancer.
One such approach for improving existing therapeutic strategies to treat cancer is mainly
inducing the cell death process, known as apoptosis. Apoptosis programs are significant for the

therapeutic effectiveness of many anticancer remedies (Fulda, 2015).
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2.5.1.1 Overview of apoptosis

Apoptosis is defined as programmed cell death consisting of different genetic and biochemical
pathways that participate significantly in the development and homeostasis in normal tissues
(Wlodkowic et al., 2011). It plays a role in removing unnecessary cells to maintain a healthy
balance between cell survival and cell death in metazoan (Hassan et al., 2014). Cell death plays
a critical function in various biological processes, starting from embryogenesis to immunity
(Tait et al., 2014).

2.5.1.1.1 Morphological characteristic of apoptosis and necrotic cells

2.5.1.1.1.1 Apoptotic cells

Apoptosis is an essential strategy for maintaining the dynamic balance in living systems.
Apoptotic cell death plays a crucial role in various biological processes; it is a regulated
physiological process that involves the programmed death of cells to allow the degradation of
dysfunctional or damaged cells (Vermeulen et al., 2005). Figure 8 shows how apoptotic cells
have a different shape during the apoptotic process. When a cell receives a signal to die, it
begins to express proteins that aid in the death process, eventually improving the activity of a
set of enzymes that break other proteins. These enzymes break down cytoskeleton components,
causing the cell to round up and shrink (Kroemer et al., 2005, Baig et al., 2017). Chromatin
condensation begins at the nuclear membrane's perimeter, generating a crescent or ring-like
shape; the chromatin then condenses farther into the cell until it breaks apart (Wong, 2011).
The plasma membrane is undamaged during the entire process; some morphological features
were observed at the later stage of apoptosis and consisted of membrane blebbing,
ultrastructural modification of cytoplasmic organelles, and a loss of membrane integrity
(Kroemer et al., 2005). The apoptotic blebs are eventually engulfed and destroyed by scavenger

cells called macrophages.

2.5.1.1.1.2 Necrotic cells

The substitute for apoptotic cell death is necrosis, considered a toxic procedure (Elmore, 2007).
Necrosis results in the disruption and progressive breakdown of cell structures in response to
environmental agitation, such as mechanical trauma, extreme temperatures, and severe hypoxia

(Krysko et al., 2008). In contrast, necrosis is characterized by rapid cytoplasmic swelling; it
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culminates in rupture of the plasma membrane and organelle breakdown. The physicochemical
stressors that cause necrosis, like heat, osmotic shock, and mechanical stress, have long been
lmown. Because of the direct effect of stress on the cell, cell death happens quickly in these

circumstances. As a result, cell death has been characterized as uncontrollable (Krysko et al.,

2008).

Apoptosis “Budding” Apoptotic Bodies

{cell shrinks, chromatin condenses) are phagozytosed,
~ no inflammation

p £
M\
%) ‘f@@
>®

10°
", \ .:‘.)
~ &P

Viable /’—,"’
Cell

Necrosis ; p Cellular and nuclear
(cell swells) Cell becomes leaky, lysis causes inflam-
blebbing mation

Figure 8: Morphological characteristics of a cell undergoing apoptosis or necrosis (Van
Cruchten and Van Den Broeck, 2002).

2.5.1.2 Apoptosis signaling pathways

Caspases are essential to the apoptosis mechanism because they are both initiators and
executors. For apoptosis to occur and be detected, it is necessary to understand how this highly
complex process operates. Apoptosisis executed by two distinct signaling pathways that
converge on the activation of executioner caspase-3 and Caspase-7, called intrinsic (or
mitochondrial) and extrinsic (or death receptor) pathways of apoptosis (Kaiser et a/., 2013).
Both mechanisms converge at activating intracellular caspases, which belong to a family of
cysteine-dependent aspartate-directed proteases (Vermeulen ef a/., 2005). These proteases are

essential for the execution and signaling of events of apoptosis.
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2.5.1.2.1 Intrinsic apoptotic pathway

The characteristic apoptotic pathway is initiated by various intracellular stimuli, oxidative
stress, DNA damage, hypoxia, and growth factor deficiency, which cause permeabilization of
the external mitochondrial membrane (Galluzzi et al., 2012). Furthermore, the intrinsic route,
regulated by mitochondrial proenzymes, contributes to apoptosis. External or intracellular
signals activate a cell in both cases; external mitochondrial membranes become permeable
inside cytochrome ¢ (Wong and Puthalakath, 2008, Su et al., 2015). During apoptosis, pro-
apoptotic Bax dimerization and insertion into the external mitochondrial membrane cause the
intrinsic apoptotic pathway. Cytochrome c is released into the cytosol after mitochondrial
permeabilization. It binds to apoptotic protein and results in the activation of factor-1 (Apaf-
1), which initiates the production of apoptosome (Ouyang et al., 2012). The apoptosome is a
multi-protein platform with a seven-spoke wheel-shaped complex and is essential for
enlistment after caspase-9 is initiated (Yuan and Akey, 2013). Caspase-9 activates caspase-3

once initiated, which converges in apoptosis (Galluzzi et al., 2012, Altieri, 2010).

2.5.1.2.2 Extrinsic apoptotic pathway

Death receptors activate the extrinsic apoptotic pathway, cell-surface receptors that bind
specific ligands and convey apoptotic signals. Such ligands include tumour necrosis factor
family soluble molecules that bind TNF-receptor family members along with TNFR-1, Fas/
CD95, and DR-4 and DR-5 TRAIL receptors. Ligand binding induces trimerization and
eventual activation of the receptors (Mathew et al., 2009, Ouyang et al., 2012). TNF-receptor
contains a death domain that attracts other protein-containing death domains, such as TNF-
receptor type 1-connect death domain protein and Fas-associated protein with death domain.
Such proteins bind to the initiator caspases-8 and 10, thereby allowing homodimerization and
the eventual initiation of death-inducing complex signaling (Lee et al., 2012, Pennarun et al.,
2010). The DISC initiates the assembly and activates procaspase-8 and then processes
downstream caspases, cleaving specific substrates leading to cell death (Chowdhury et al.,
2008). The activation of the execution effectors caspases, together with caspase 3/6/7, is the
last step of apoptosis, whether extrinsic or intrinsic. These caspases trigger the activation of
cytoplasmic endonucleases, which break down nuclear material and proteases, which degrade
nuclear and cytoskeletal proteins (Zahedifard et al., 2015).
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Figure 9: Intrinsic and extrinsic apoptotic pathways (de Vries et al., 2006).

2.5.1.3 Anticancer activity of coumarin analogues

Thota ef al. (2015) synthesized a series of coumarin thiazole derivatives as anticancer agents
against molt 4/Cg, CEM, L1210, BEL7402 and HL60 cells. The results showed that these
compounds demonstrated cytotoxicity ranging from 6.2 to 18pg/mL against CEM, 8.2 to 21
ng/mL agamst L1210, 09 to 19ng/mL against molt 4/Cg 8.6 tol2 pg/mL against HL60 and 8
to 16 pg/mL against BEL7402 cells, respectively. Compounds 11 and 12 were the most
reported active agents against the tested cells (Thota ez al., 2015).
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Similarly, Zhang et al. (2014) synthesized and assessed a series of 4-(1, 2, 3-triazol-1-yl)
coumarin for its potential anticancer activity against three cancer cell lines, including MCF-7,
SW480 and A549. These compounds exhibited remarkable antitumor activity, with compound
13 being the most potent with 1Cso of 5.89, 1.99 and 0.52 uM against MCF-7, SW480, and
Ab549, respectively, comparable to doxorubicin control (Zhang et al., 2014).

13

Ayati et al. (2018) synthesized 3-(4-aminothiazole-5-carbonyl)-2H-chromen-2-ones
containing cyclic amine, cyclic amine substitute, aniline or aniline or aniline substitute and
assessed their anticancer potentials. The findings showed that most compounds displayed good
cytotoxicity activity against MCF-7, HepG2 and SW400 cells. Compound 14 was the most
active, with 1Cso values ranging from 7.5 to 16.9 pg/mL (Ayati et al., 2018).
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Another study by Kamath et al. (2015) involved the synthesis and evaluation of new indole

coumarin hybrids for their anticancer properties against the MCF-7 cancer cell and normal cell

line (Vero). The results revealed that compounds 15, 16 and 17 were the most active against
MCEF-7 cells with ICso values of 7.4, 5.5, 13.5 uM, respectively (Kamath et al., 2015).

Also, Goud et al. (2019) synthesized several novel coumarin triazole hybrid morpholines and
evaluated their anti-proliferative potential against bone (MG-63), lung (A549), breast (MDA-
MB-231), colon (HCT-15), and liver (HepG2) cancer cells. Compound 18 was the most active
with an 1Csp value of 0.80 + 0.22 uM against MG-63 cells (Goud et al., 2019).
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In 2019, Durgapal and Soma designed and synthesized coumarin-proline sulphonamide
derivatives and evaluated their anticancer activity against cancer cell A549 and MCF-7, as well
as their antidiabetic potential. Of the compounds evaluated, compound 19 was the most
promising with an ICsg value of 1.07 uM against MCF-7 cells, while others displayed moderate
activity (Durgapal and Soman, 2019).
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Just recently, Kurt et al. (2020) designed, synthesized and tested a series of coumarin chalcone
derivatives containing urea moiety against H411E and HepG2 cells for their anticancer capacity.
The results revealed that most compounds showed excellent antitumor activity against the
tested cells. Compounds 20 and 21 elicited the most significant effect against H4I1E and HepG2
cells with 1Csg values of 1.62 and 2.326 uM, respectively (Kurt et al., 2020).

21

A series of coumarin pyridine/fused pyridine hybrids were designed, synthesized and accessed
by Fayed et al. (2019) for their anticancer activities against MCF-7, HCT-116, HepG and A549
cells. The results demonstrated that compounds 22, 23 and 24 were the most active, with ICso
values ranging from 1.1 to 2.4 uM against MCF-7 cells (Fayed et al., 2019).
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Chougala et al. (2015) synthesized a series of 3-(3-benzofuranyl)-coumarin derivatives for

their anticancer potential against the HeLa cell. The results showed that compounds 25, 26 and

27 demonstrated anticancer activity against HeLa cells with 1Csp values of 20 and 25 pg/mL,

respectively (Chougala et al., 2015).

Kasumbwe et al. (2017) synthesized a series of mono/di- halogenated coumarins derivatives

as anticancer agents against MCF-7(Human breast cancer cell) and UACC-62 (Human

melanoma cell lines) cells. The results revealed that compounds 28, 29, 30 and 31 strongly

suppressed cell proliferation of MCF-7 and UACC-62 cells. Compounds 29 and 30 were the

most active against UACC-62 cancer cells with

respectively (Kasumbwe et al., 2017).
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2.5.2 Coumarin as antimicrobial agent

Today, the number of multidrug-resistant bacteria is increasing. Several Gram-positive bacteria
such as Staphylococcus aureus and fungi such as Candida species resist the chemotherapeutic
agents currently available (Klein et al., 2007, Okuma et al., 2002). The resistance process
continuously develops in pathogenic bacteria to the available antimicrobial agents (V Patel et
al., 2012). Lack of successful treatments is the cause of this problem; despite the accessibility
of various antibiotics, the growing clinical importance of drug-resistant microbial pathogens
has lent to supplementary need in microbiological and antifungal research (Sahoo and
Paidesetty, 2017). The growing population of antibiotic resistance of bacterial strains due to
enzymatic drug inactivation, modification of target sites, and efflux extrusion has become a

significant task in drug design and discovery research (Renuka and Kumar, 2015).

A potential solution to antibiotic resistance is designing and investigating new heterocyclic
compounds with a novel mode of action (Desai et al., 2013). The coumarin skeleton has been
identified as part of the structure of a few antibiotics. Novobiocin is derived from Streptomyces
niveus and is most potent against Gram-positive bacteria (Smyth et al., 2009). Coumarin
derivatives have a broad range of structural changes and may act as molecular models for new
drugs. Coumarin derivatives are also known as possible antimicrobial agents (Shi and Zhou,
2011, Al-Majedy et al., 2017).

A series of thiazole-containing coumarin derivatives were synthesized and screened by Osman
et al. (2018Db) as antibacterial agents against two Gram-positive (S. pneumonia and S. aureus)
and three Gram-negative bacteria (E. coli, E. aerogenes and S. typhi). The results revealed
compounds 32 and 33 were the most promising among the synthesized compounds, with a MIC

value of 73 uM against all tested bacteria (Osman et al., 2018b).
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Aggarwal et al. (2013) synthesized and screened new series of 2-(5-hydroxy-5-
trifluoromethyl-4-5 dihydropyrazol-1-yl)-4-(coumarin-3-yl) thiazoles for their antibacterial
activity against S. aureus, B. subtilis, S. Epidermidis, K. aerogenes, E. coli, P. mirabilis, and
P. aeroginosa. The results demonstrated that all tested compounds showed moderate to good

antibacterial activity. Compounds 34 and 35 were the most effective against E. coli and P.

mirabilis with MIC values of 2 and 4 pug/mL, respectively (Aggarwal et al., 2013).

34 35

A new series of coumarin-tagged B- lactam triazole hybrid was synthesized and tested by
Dhawan et al. (2020) for their antimicrobial activity against Pseudomonas aeruginosa,
Klebsiella pneumonia, Escherichia coli, Acinetobacter baumannii, and two fungal including
Candida albicans and Cryptococcus neoformans. The results showed that compounds 36 and
37 had shown moderate antimicrobial activity against Pseudomonas aeruginosa and Candida

albicans strains (Dhawan et al., 2020).
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Laxmi et al. (2013) synthesized a series of coumarin pyrazole pyrimidine 2, 4, 6(1H, 3H, 5H)
triones and thioxopyrimidine 4, 6(1H, 5H) diones for their antibacterial and antifungal activity
against bacillus subtilis, Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli,
Pseudomonas aeruginosa, Klebsiella pneumonia, and fungi, Aspergillus niger. The results
showed that these compounds were moderately active against the microorganisms used.
Compounds 38 and 39 demonstrated good antifungal activity with 14 and 7 mm inhibition

zone, respectively, against Aspergillus niger (Laxmi et al., 2013).

o

39

In another study, a series of oxadiazole and pyrazole derivatives were designed and synthesized
by Mahesh et al. (2016) as possible antimicrobial agents against Staphylococcus aureus,
Escherichia coli, and Aspergillus niger. Among all tested derivatives, compounds 40 and 41

were more active against all microorganisms with a MIC value of 75 pg / mL (Mahesh et al.,

2016).
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Sanad and Mekky, (2020) synthesized and evaluated a series of nicotinonitrile coumarin
hybrids for their antibacterial activity against Escherichia coli, Klebsiella pneumonia,
Pseudomonas aeruginosa, Staphylococcus aureus, and Streptococcus mutans. The results
showed that compounds 42 and 43 were the most promising among synthesized compounds,
with MIC values ranging from 1.9 to 7.8 and 3.9 to 15.6 pug/mL, respectively, against the tested
bacterial strain (Sanad and Mekky, 2020).
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Mangasuli et al. (2018b) designed, synthesized and assessed the antifungal efficacy of
carbonodithioate derivatives of coumarin against Aspergillus flavus, Trichoderma harzianum,
Penicillium chrysogenum, and Candida albicans. The results demonstrated that compound 44
was the most potent against Aspergillus flavus and Trichoderma harzianum, with a MIC value
of 0.25pg/mL. In contrast, compound 45 exhibited excellent antifungal activity against
Aspergillus flavusand Trichoderma harzianum with a MIC of 0.5 pg/mL (Mangasuli et al.,
2018b).
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In another development, Bhagat et al. (2019) synthesized novel indolinedione coumarin
hybrids as antimicrobial agents against Escherichia coli, Salmonella enteric, Staphylococcus
aureus and fungi, Candida albicans, Alternaria mali, Penicillium sp., and Fusarium
oxysporum. The results revealed that compounds 46 and 47 showed the best growth inhibitory
activity with 30 and 312 pg/mL MIC values against Penicillium sp. and S. aureus, respectively
(Bhagat et al., 2019).
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Liu et al. (2020) synthesized and evaluated a series of thiazolyl esters of coumarin derivatives
as an antibacterial agent against Staphylococcus aureus, Listeria monocytogenes and
Escherichia coli. Compound 48 was the most active among all synthesized analogues with
MICs values of 0.05, 0.05 and 8 pg / mL, respectively (Liu et al., 2020).

27



s N
o V
cl
C@fg
o o cl
48
Ajani et al. (2019) synthesised a series 3-(5-(substituted-phenyl)-4, 5-dihydro-1H-pyrazol-3-
yl)-2H-chromen-2-one and assessed their antibacterial activity. The results revealed that
compound 49 emerged as the most potent antibacterial activity with MICs values of 3.91+0.22

pg/mL against Staphylococcus aureus and Enterococcus faecalis and 15.63+0.94 ug/mL

against K. pneumonia and P. vulgaris (Ajani et al., 2019).

49

Jayashree et al. (2005b) synthesized novel triazole thiadiazinyl bromo coumarin derivatives
and assessed the antibacterial efficacy against Bacillus subtilis, Staphylococcus aureus,
Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa. The results showed
that compounds 50 and 51 were the most potent with a zone of inhibition ranging between 27
to 34 mm and 36 to 40 mm, respectively, against Bacillus subtilis, Staphylococcus aureus,
Escherichia coli, Klebsiella pneumonia and Pseudomonas aeruginosa (Jayashree et al.,
2005b).
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Jayashree et al. (2006) synthesized and assessed a series of triazolo thiadiazinyl
chlorocoumarin derivatives for their antibacterial activity against Bacillus subtilis,
Staphylococcus aureus, Escherichia coli, Klebsiella pneumonia and Pseudomonas aeruginosa.
Among the synthesized analogues, compound 52 was the most active against the tested
bacteria, with a zone of inhibition ranging from 38 to 42 mm compared to the standard drug
amoxicillin (36 to 39 mm)(Jayashree et al., 2006).
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A series of triazole derivatives of coumarins was designed, synthesized by Jayashree et al.
(2007) and assessed their antibacterial activity against Bacillus subtilis, Staphylococcus aureus,
E. coli, K. pneumonia and P. aeruginosa. Compounds 53, 54 and 55 have shown good
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antibacterial activity with a zone of inhibition ranging between 31 to 38 mm, 40 to 43 mm and

18 to 36 mm, respectively, against the tested bacterial strain (Jayashree et al., 2007).
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2.5.3 Coumarin as anti-mycobacterial agent

Mycobacterium tuberculosis, a human pathogen causing tuberculosis, claims more lives than
other bacterial pathogens (Manvar et al., 2008). Despite the availability of a wide range of
drugs, tuberculosis continues to be a significant threat to humans. The main obstacle to
tuberculosis eradication is the emergence of Mycobacterium tuberculosis resistance to existing
drugs. This resulted in multidrug-resistant tuberculosis (MDR-TB), extensively resistant
tuberculosis (XDR-TB) and totally drug-resistant tuberculosis (TDR-TB) (Basanagouda et al.,
2014, Reddy et al., 2021). Another problem is the co-morbidity of TB with HIVAIDS, and in
some cases, almost two-thirds of people infected with TB are still seropositive to HIV-1. The
rationale for developing new structural groups of antituberculosis drugs comes from the
appearance of multi-drug resistant strains (MDR) to widely used medications, considerably
longer therapy durations needed due to resistance, and disease resurgence in immune-

compromised patients (Nayyar and Jain, 2005).
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Among the oxygen heterocycles, coumarin moiety is well-regarded as a 'privileged' structural
motif due to its extensive range of pharmacological, biological such as anticancer and
antituberculosis. Moreover, coumarin's unique structure allows its derivatives to interact
readily with a diversity of biomacromolecules through weak interactions and thus exhibit broad
potential in medicines (Peng et al., 2013). Coumarin-derived compounds were explored as
promising lead targets in medicinal chemistry and were also recently considered potential

candidates for tuberculosis treatment (Liu et al., 2018).

Patel et al. (2013) designed and synthesized a series of coumarin-based 1, 3, 4-oxadiazol-
2ylthio-N-phenyl/benzothiazolyl acetamides and assessed their in-vitro anti-mycobacterial
activity against Mycobacterium tuberculosis H37Rv. The results showed that compounds 56
and 57 were the most promising anti-mycobacterial with a MIC value of 12.51 pg/mL,

comparable to the reference drug pyrazinamide (6.25 | pg /mL) (Patel et al., 2013).

Br
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In another study, Yusufzai et al. (2017) synthesized a series of hydrazinyl thiazolyl coumarin
derivatives for their in-vitro anti-mycobacterial activity against Mycobacterium tuberculosis
H37Rv (ATCC 25618). The results revealed that compounds 58, 59, 60, 61 and 62 were the
most potent antitubercular agents with a MIC value of 50 pg / mL (KhanYusufzai et al., 2017).

31



60

o)
H o)
N \N/NYN
7\
o o) o) °
61
o)
H o]
X \N/ YN
L/ \
0 o)
P
62

Furthermore, a series of novel hydrazide hydrazone derivatives with 2H-chromene and
coumarin scaffold was synthesized by Angelova et al. (2016) for their anti-mycobacterial
activity against H37Rv strains of Mycobacterium tuberculosis. Isoniazid and ethambutol were
used as reference drugs. Compounds 63, 64 and 65 were the most active with MIC values of
0.13, 0.15 and 0.17 uM, respectively, against H37Rv strains of Mycobacterium tuberculosis

(Angelova et al., 2017).
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Reddy et al. (2018) synthesized and evaluated a series of novel coumarin- oxime ethers anti-
mycobacterial activity against H37Rv strains of Mycobacterium tuberculosis. The results
demonstrated that compound 66 was the most active with a MIC value of 0.04 pg/mL,
compared to the positive control, Isoniazid (0.02 ug/mL) (Reddy et al., 2018).

66

A series of hybrid coumarin analogues were synthesized and assessed by Hassan et al.
(20219)for their anti-mycobacterial activity against the H37Rv TB strain. Among the newly
synthesized compounds, the results showed that compounds 67 and 68 exhibited excellent anti-

mycobacterial activity against H37Rv TB (Hassan et al., 2019).
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Danne et al., 2018 synthesized and evaluated a series of triazole-biscoumarin conjugates as a
possible anti-mycobacterial agent against active and dormant Mtb H37Rv. The results
demonstrated that compound 69 displayed excellent antitubercular activity against latent Mtb
H37Rv, with a MIC value of 1.44 pg/mL (Danne et al., 2018).

Br
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A series of polycyclic acridin-(9-yl-amino) thiazol-5-yl)-2H-chromen-2-one derivatives was
synthesized by Mane et al. (2020) for their anti-mycobacterial efficacy against H37Rv MTB.
Among the synthesized derivatives, compounds 70 and 71 showed excellent anti-
mycobacterial activity with MICs values of 0.78 and 1.56 pg/mL, respectively (Mane et al.,
2020).
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2.5.4 Coumarin as anti-antioxidant agents

Free radicals are independent molecular species that possess an unpaired electron in an atomic
orbital; they are typically unstable and highly reactive. Critical metabolic processes usually
produce these substances in the human body. Still, they may also come from environmental
causes such as X-rays, pollution, tobacco smoke, air contaminants, and synthetic chemicals
(Tataringa et al., 2016). Antioxidants play an important role in the body's protective system by
controlling the production and removal of reactive oxygen species (ROS) induced by prolonged
oxidative stress and regular metabolic activity, such as hydroxyl radicals, superoxide radicals,
singlet oxygen, and hydrogen peroxide radicals. The body's protective mechanism involves
superoxide dismutase (SOD), catalase and glutathione peroxidase, and antioxidants often
control the ROS concentration by interfering with them and avoiding their effect on other
molecules (Shaikh et al., 2016a). As a result, the discovery and development of innovative
synthetic radical scavengers in organic chemistry have become extremely important. Several
coumarin derivatives have a unique potential to scavenge free radicals or reactive oxygen
species such as hydroxyl, superoxide, or hypochlorous acid and affect free radical damage

processes (Patel Rajesh and Patel Natvar, 2011).

In a study conducted by Thota et al. (2015), a series of coumarin thiazole derivatives were
synthesized and assessed for their antioxidant activity using the DPPH scavenging method. The
results showed that these compounds showed moderate to high scavenging capacity compared
to the standard drug. Compounds 72, 73 and 74 were the most active with ICso values of
11.04+0.18, 11.28+0.06 and 12.16+0.28 pg/mL, respectively (Thota et al., 2015).
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Kurt et al. (2015) designed and synthesized a series of urea/thiourea substituted coumarinyl
thiazole derivatives as antioxidant agents. The results indicated that the most active
compounds, 75, 76, 77, 78 and 79, exhibited high scavenging capacity with I1Cso values of 1.64,
1.82, 2.69, 3.31 and 5.49 uM, respectively (Kurt et al., 2015).
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Chauhan et al. (2018) designed and synthesized a series of coumarin nuclei clubbed with
thiazine scaffolds was and evaluated the antioxidant capacity using DPPH and ABTS bioassay.
The results revealed that compounds 80 and 81 were the most active ICsp values of 33.9+0.3
and 35.3+0.47 pg/mL in DPPH and ABTS bioassay, respectively (Chauhan et al., 2018).

37



(0] 0o

Shaikh et al. (2016) synthesized a series of coumarin-based 1, 2, 3 triazoles and evaluated their
antioxidant activity. The results showed that compounds 82 and 83 having chloro-substituent
on phenyl ring demonstrated potent antioxidant capacity with ICso values of 12.48 and 16.30

pg/mL, respectively (Shaikh et al., 2016b).
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In another study, Matos et al. (2015) synthesized a series of hydroxylated 3-phenylcoumarins
and assessed their antioxidant efficacy. The results showed that compound 84 was the most
active in the four assays performed (ORAC-FL=11.8, the capacity of scavenging hydroxyl
radicals=54%, TROLOX index=2.33, and Also index=0.18)(Matos et al., 2015).
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Shaikh et al. (2016) synthesized a series of 1, 2, 3 triazole incorporated coumarin derivatives
as possible antioxidant agents. The results showed that all synthesized compounds exhibited
high to moderate antioxidant capacity compared to the standard drug butylated hydroxytoluene
(BHT). Compounds 85, 86, 87 and 88 were the most potent with 1Csg values of 15.20, 16,
15.99 and 15.29 pg/mL, respectively (Shaikh et al., 2016a).
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Jayashree et al. (2008b) synthesized a series of 5 ((substituted and unsubstituted phenyl)-1-
phenyl-2pyrazoline-3-yl)-6-chloro and evaluated their antioxidant activity. The results showed

that compound 89 was a potential candidate for scavenging radical oxygen (Jayashree et al.,
2008).
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Kasumbwe et al., 2014 synthesized a series of mono/di halogenated coumarins for their
antioxidant activity. The results showed that compound 90 was the most promising, with a

percentage scavenging capacity of 85% (Kasumbwe et al., 2014).
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2.5.5 Coumarin as an antiviral agent

Viral infections are responsible for multiple diseases, and the latest outbreaks have increased
questions regarding public health. Despite the availability of specific antiviral drugs, they are
often ineffective and less selective against their target virus due to the production of viral
mutations. Thus the need to discover novel antiviral drugs is critical (Mishra et al., 2020).
Coumarins are a privileged structure for developing new antiviral agents with high affinity and
specificity to various molecular targets (Penta, 2015).

Srivastav et al. (2018) designed and synthesized a series of 6-acetylcoumarin derivatives and
evaluated their antiretroviral activity in the C8166 T-cell line infected with HxBru-Gluc strain
of human immunodeficiency virus-1. The results revealed that compounds 91, 92 and 93
showed potent inhibitory efficacy against human immunodeficiency virus infection with ICso

values of 4.7, 4.5, and 0.35 UM, respectively (Srivastav et al., 2018).

40



Hu et al. (2019b) synthesized and evaluated a series of coumarin derivatives for their antiviral
activity by comparing the half-maximum inhibitory concentrations (ICso) of the synthesized
compounds tested in Epithelioma Papulosum Cyprini (EPC) cells infected with IHNV.
Compound 94 was selected for further validation studies with an ICso 0of 2.53 uM at 72 h against
IHNV glycoprotein. Additional experiments revealed that compound 94 could inhibit apoptosis
and morphological damage induced by IHNNV (Hu et al., 2019b).
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2.5.6 Coumarin as anti-mosquito agent

Mosquitoes are among the most common insect pests that affect human and domestic animal
health worldwide. The yellow fever mosquito, Aedes aegypti, attacks predominantly day and
night (Soonwera and Phasomkusolsil, 2017). The emergence and spread of increasing
resistance to the first-line antimalarial is a troubling cause of severe malaria control
management, causing the need for new drugs to be more potent than before with better
absorption, delivery, metabolism, and excretion profiles (Sashidhara et al., 2012). Coumarins,
which exhibited various biological properties, showed possible in vitro anti-plasmodial and in
vivo antimalarial activity. Several coumarin derivatives have also been used to diagnose many
diseases in clinical practice. As a result, coumarin derivatives play a crucial role in medicinal

chemistry, thus making them attractive candidates for treatment (Hu et al., 2018).
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Venugopala et al. (2014) synthesized a series of 3-mono acetyl, 6- halogenated coumarins
analogues and evaluated their larvicidal activity against an Anopheles arabiensis. The results
showed that compounds 95, 96, 97 and 98 exhibited close to 100% larvae mortality within 24
hours of exposure (Venugopala et al., 2014).
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Another study by Shao et al. (2018) designed and synthesized a series of coumarin-
dibenzothiophene or -carbazole derivatives as a larvicidal agent against fourth instars larvae of
Aedes aegypti. These compounds demonstrated moderate to high larvicidal mortality Tow
coumarin-linked dibenzothiophene hybrids 99, 100 and six coumarin linked carbazole hybrids
101, 102, 103, 104, 105 and 106 showed potent toxicity (88.53 to 100%) (Shao et al., 2018).
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2.5.7 Coumarin as an analgesic and anti-inflammatory agent

Inflammation is caused by the reaction of living tissues to injury and includes systemic and
local responses (Said Fatahala et al., 2017). The main action of anti-inflammatory agents is the
overproduction of leukotrienes and prostanoids (prostaglandins and thromboxane) in the
arachidonic acid pathway and inhibition of cyclooxygenase enzymes responsible for
converting arachidonic acid to prostaglandins (Chougala et al., 2018). Non-steroidal anti-
inflammatory drugs (NSAIDs) have been widely used to treat various inflammatory diseases
such as arthritis and rheumatisms to relieve everyday life's aches and pain (Day and Graham,
2013). A significant number of non-steroidal anti-inflammatory medications block both
COX-1 and COX-2 at clinical doses. Compelling data shows that suppression of prostanoids

produced by COX-2 can be attributed to NSAIDs' anti-inflammatory, analgesic, and anti-
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pyretic activity (El-Haggar and Al-Wabli, 2015). Coumarins possess anti-inflammatory
properties and have been used to treat oedema, helping wound healing. Its removes protein and
oedema fluid from injured tissue by stimulating phagocytosis and proteolytic enzyme
production (Tomasz Kubrak et al., 2017). Coumarin and related derivatives intercept
arachidonic acid metabolism by inhibiting lipoxygenase (LOX) or cyclooxygenase (COX).

These also possess good antioxidant activity (Sandhu et al., 2014).

A series of Schiff bases of 2-amino-4-(6-chloro-3-coumarinyl) thiazole as potent NSAIDs were
designed and synthesized by Jayashree et al. (2005) and tested the anti-inflammatory efficacy.
The results revealed that compounds 107, 108, 109, 110, 111, 112 and 113 were the most
active; their analgesic activity was more significant than the reference drug (aspirin). The anti-
inflammatory results have shown that compounds 109 and 114 were almost as potent as the

reference drug (ibuprofen) (Jayashree et al., 2005a).
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Madar et al. (2018) synthesized a series of coumarins with pyrido (1, 2-a) pyrimidinone as anti-
inflammatory agents against matrix metalloproteinase's (MMPSs) family such as MMP-2 and
MMP-9. The results revealed that compounds 115 and 116 were highly active against MMP-
2, showing 90% inhibition and 95% inhibition of tetracycline, compounds 117, 118, 119 and
120 display inhibitions of 85, 88, 89 and 87%, respectively. Compounds 121 and 122
demonstrate 82% and 75% inhibition against MMP-2, respectively (Madar et al., 2018).

121 122

Kulkarni et al. (2018) developed a series of coumarin-pyrazolone derivatives and assessed their
anti-inflammatory activity using the protein denaturation method. The results showed that these
compounds were excellent anti-inflammatory agents; among them, compounds 123 and 124

displayed good anti-inflammatory activity (Kulkarni et al., 2018).
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Venugopala and Jayashree (2004) synthesized a series of Schiff bases of amino thiazolyl bromo
coumarin for their analgesic and anti-inflammatory activity by acetic acid-induced abdominal
constriction method in mice using acetylsalicylic acid as standard and carrageenan-induced rat
hind paw oedema method respectively using phenylbutazone as standard. The results revealed
that compounds 125, 126, 127, 128, 129, 130, 131 and 132 showed excellent anti-inflammatory
activity compared to standard phenylbutazone. The analgesic results demonstrated that
compounds 125, 128, 129 and 132 possess higher activity than aspirin (Venugopala and
Jayashree, 2004b).
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In another study, Venugopala et al. (2004) designed and synthesized a series of substituted 2-
arylamino coumarinyl thiazoles as potent NSAIDs by acetic acid-induced abdominal
constriction method acetylsalicylic acid as standard and carrageenan-induced rat hind paw
oedema method respectively using ibuprofen as standard. The results showed that compounds
133, 134, 135, 136 and 137 demonstrated good analgesic activity (68.56, 60.37, 71.69, 66367,
and 64.15%, respectively) compared with the standard diclofenac sodium (72.98%).
Compounds 138, 139, 140 and 141 showed an anti-inflammatory activity of 56.80, 52.06,
59.86, and 52.14 %, respectively, compared to ibuprofen as standard (74%) (Venugopala et al.,
2004).
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Venugopala and Jayashree (2003) synthesized a series of carboxamides of 2-amino-4-(6-
bromo-3-coumarinyl) thiazole as an analgesic and anti-inflammatory agent. The results
obtained revealed that 142, 143, 144, 145 and 146 had shown significant analgesic activity at
41.66, 41.66, 40.29, 41.66 and 40.29%, respectively, compared to that of standard drug
acetylsalicylic acid (37.45%). Compounds 147 and 148 have shown significant anti-
inflammatory activity at 46.96 and 53.59%, respectively, compared to the standard drug
phenylbutazone(45.30%) (Venugopala and Jayashree, 2003).
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Jayashree et al. (2004) synthesized and evaluated a series of Schiff bases of 2- amino-4-(3-
coumarinyl) thiazole as potential NSAIDs using acetylsalicylic acid as standard and
carrageenan-induced rat hind paw oedema method using diclofenac sodium as standard. The
results showed that compounds 149, 150 and 151 showed anti-inflammatory activity at 38.00%,
while compounds 152, 153 and 154 displayed moderate activity at 37% compared to standard
(44%) (Jayashree et al., 2004).
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This literature review shows that coumarin derivatives are flexible scaffolds with considerable

therapeutic potential for discovering, designing and developing novel therapeutic agents such

as anticancer, antimicrobial, antiviral, anti-mycobacterium, antioxidant, acetylcholinesterase

inhibitors, antidiabetic and anticonvulsant.
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2.7 Research Hypotheses, Aim and Objectives.

2.7.1 Research Hypotheses

The synthesized compounds will demonstrate significant anti-mycobacterial, larvicidal,

adulticidal, antioxidant, anti-inflammatory and anticancer properties.

2.7.2 Research Aim

The current study aimed to synthesize novel Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-
dichloro-2H-chromen-2-one (SVM 1-11) and 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-
one (SVN 1-11) for their biological properties.

2.7.3 Research Objectives

1. Synthesis, purification and structural elucidation of novel Schiff bases of 3-(2-
aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one  (SVM  1-11) and 3-(2-
aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 1-11)

2. Evaluate the synthesized compounds' anti-mycobacterial, larvicidal, adulticidal,

antioxidant, and lipoxygenase inhibitory capacity.

3. Determine the binding affinities of the most promising compounds against
Mycobacterium  tuberculosis  targets, polyketide synthase (PKsl13) and
decaphrenylphosphoryl-B-D-ribose-2- epimerase (DprE1) in silico.

4. Evaluate the growth inhibitory potential of the synthesized compounds against human

lung cancer (A549) and breast cancer (MCF-7) cells.

5. Evaluate the apoptotic-inducing effects of the active compounds using the caspase Glo®

Kit assay.
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CHAPTER I1l. SYNTHESIS AND CHARACTERIZATION OF NOVEL
SCHIFF BASES OF 3-(2-AMINOTHIAZOL-4-YL)-6,8-DICHLORO-2H-
CHROMEN-2-ONE (SVM1-11) AND (E) 3-(2-AMINOTHIAZOL-4-YL)-6-
NITRO-2H-CHROMEN-2-ONE (SVN1-11)

The synthesis of novel Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-
one (SVM1-11) and 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN1-11) were
conducted according to the protocol described by (Venugopala and Jayashree, 2004a). All
chemicals were obtained from Merck chemical company. The progress of the reaction
completion was monitored using Thin Layer Chromatography (TLC). TLC was performed on
Merck 60 F-254 silica gel plates and visualized on UV light. The melting points of all
synthesized compounds were measured using a Buchi B-545 melting point apparatus, Fourier-
transform infrared (FT-IR) spectra of the synthesized compounds were measured using a
Shimadzu FT-IR spectrophotometer, *H- and 3C-NMR spectra were measured using DMSO
as a solvent on a Bruker AVANCE |11 400 MHz instrument, mass spectra were measured
alongside the MSD using liquid chromatography-mass spectrometry (LC-MS; Agilent 1100
series), as well as 0.1% aqueous trifluoroacetic acid in an acetonitrile system on the C18-BDS

column, and elemental analysis was recorded using a LECO-183 CHNS analyzer.
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3.1 Synthesis, purification and characterization of novel Schiff bases of
3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one (SVM 1-11)

Scheme 1 shows the synthesis technique used to produce SVM 1-11.

(0]
Cl (o) (o)
" )J\/U\
+ 0/\
OH
Cl o
Piperidine
(o) (0]
Cl B
cl N . N E
—2 5
o o Chloroform 0 0
Cl Cl
SVM i1 SVM i2
Thiourea | Ethanol
Ar NH
N:/ N 2
N§< CHO - S
S Cl N
Cl =~ r N
X -
0 0 Ethanol 0 0
Cl
SVM 1-11 SVM i3

SVM1 = Ar = phenyl

SVM2 = Ar = 4-OCH;

SVM3 = Ar = 4-ClI phenyl

SVM4 = Ar = 4-F phenyl

SVMS = Ar = thiophene

SVM6 = Ar = pyridyl

SVM7 = Ar = 2-OH phenyl

SVMS8 = Ar = 3,4-OH phenyl
SVM9 = Ar = 2-OCH; phenyl
SVM10 = Ar = 2-OH, 5-NO, phenyl
SVM11 = Ar = 2-HO, 3,6-dichloro phenyl

Scheme 1: Synthetic scheme for developing novel Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-
dichloro-2H-chromen-2-one (SVM 1-11).
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3.1.1 Synthesis of 3-acetyl-6, 8-dichloro-2H-chromen-2-one (SVM i1)

To a stirred solution of 3,5-dichloro-2-hydroxybenzaldehyde 1 (3 g, 15.79 mmol) and ethyl
acetoacetate 2 (2.05 g, 15.79 mmol) in a 100 mL RB flask, The reaction mixture was allowed
to stir overnight at room temperature after a few drops of piperidine were added dropwise with
continual stirring. TLC was used to monitor the reaction's completion. After the reaction was
finished, the reaction medium was diluted with ethyl acetate (200 mL), the ethyl acetate layer
was washed with water (50 mL X1), brine (50 mL X1) and dried over anhydrous sodium
sulphate, the solvent was evaporated afterwards under reduced pressure to get the crude
chemical. The crude product was refined using 60-120 mesh column chromatography with
ethyl acetate as the eluent and hexane as the eluent to get 3.2 g of pure 3-acetyl-6,8-dichloro-
2H-chromen-2-one (SVM il).

3.1.2 Synthesis of 3-(2-bromoacetyl)-6,8-dichloro-2H-chromen-2-one (SVM
12)

Bromine (1.22 g, 7.81 mmol) in chloroform was added dropwise to a stirred solution of 3-
acetyl-6,8-dichloro-4-hydroxy-2H-chromen-2-one (SVM il) (2 g, 7.81 mmol) in 50 mL
chloroform at 4°C and the reaction mixture was heated at 50°C for 5 hours. The reaction
completion was monitored on TLC; the mixture was allowed to attain room temperature and
the solid product precipitated after reaction completion. The solid was again dissolved in hot
chloroform and allowed to room temperature. The solid was filtered out and dried under
vacuum to get 2.1 g of 3-(2-bromoacetyl)-6,8-dichloro-2H-chromen-2-one (SVM i2)(81%
yield).

3.1.3 Synthesis of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one
(SVM i3)

To a 50 mL of ethanol, a mixture of 3-(2-bromoacetyl)-6,8-dichloro-4-hydroxy-2H-chromen-
2-one (SVMi2) (2 g, 5.99 mmol), and thiourea (0.46 g, 5.99 mmol) was added, and the reaction
mixture was refluxed overnight. The reaction completion was monitored on TLC. After the
reaction completion, the solvent was evaporated under reduced pressure. The residue obtained
was diluted with ethyl acetate (200 mL), washed the ethyl acetate layer with water (50 mL X1),
brine (50 mL X1), and dried over anhydrous sodium sulphate. The ethyl acetate solvent was
evaporated under reduced pressure to obtain the crude compound. The crude compound was

purified by column chromatography using 60-120 mesh using chloroform and methanol as an
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eluent to get pure 1.5 g of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one (SVM i3)
(81% yield).

3.1.4 General procedure for the synthesis of Schiff bases of 3-(2-
aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one (SVM 1-11)

The final Schiff bases (SVM1-11) were prepared by condensation of parent compound 3-(2-
aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVM i3) with substituted aromatic aldehydes
in the presence of ethanol by the conventional reflux method. The final Schiff bases (SVM 1-
11) were characterized by Fourier-transform infrared spectroscopy (FT-IR), Nuclear Magnetic
resonance (NMR), LC-MS, and elemental analysis. The physicochemical constants of the title

compounds are tabulated in Table 2.

Table 2: Physicochemical constants (E)-3-(2-(substituted benzylideneamino)thiazol-4-yl)-6,8-

dichloro-2H-chromen-2-one (SVM 1-11).

Code Mol formulae Ar Physical Yield m.p

(Mass) appearance (%) (°C

SVM il C11HeCl,03 - White 79 169
(255) crystalline

SVM i2 C11HsBrCl,03 - Yellow 81 158
(333) crystalline

SVM i3 C12H6CI2N20,S - Yellow 81 246
(311) amorphous

SVM 1 C19H10CI2N20-S phenyl Brown 67 118
(399) crystalline

SVM 2 C20H12CI2N203S 4-OCHz phenyl Yellow 69 175
(429) amorphous

SVM 3 C19H9CI3N202S 4-Cl phenyl Dark brown 62 248
(433) crystalline

SVM 4  Ci9HoCl2FN20,S 4-F phenyl Yellow 73 159
(417) amorphous

SVM 5 C17HsCl2N20.S> thiophene Yellow 66 244
(405) amorphous

SVM 6 C18HoCI2N302S pyridyl Yellow 70 223
(400) amorphous

SVM 7 C19H10CI2N203sS 2-OH phenyl Yellow 64 237
(415) amorphous
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SVM 8 C19H10CI2N204S 3,4-OH phenyl Brown 69 223

(431) crsystalline

SVM 9 C20H12CI2N203S 2-OCHjs phenyl Yellow 74 211
(429) amorphous

SVM 10  Ci9HoCl2N3OsS 2-OH, 5-NO- phenyl Yellow 68 249
(460) amorphous

SVM 11 = Ci9HsClsN203S 2-HO, 3,6-dichloro Yellow 66 244
(483) phenyl amorphous

3.1.4.1 3-acetyl-6, 8-dichloro-2H-chromen-2-one (SVM i1)

FT-IR (neat cm™): 2950, 1753, 1677, 1541. *H-NMR (400 MHz, CDCls) §: 8.62 (1H, s), 8.61
(1H, s), 8.08 (1H, s), 2.51 (3H, s). *C-NMR (100 MHz, CDCls) ¢ 194.67, 157.14, 148.91,
145.30, 133.04, 128.60, 128.41, 126.05, 120.73, 120.58, 29.91. LC-MS (ESI, Positive): m/z
(M)*; 256. Anal calculated for: C11HsCl203: C, 51.40, H, 2.35: Found: C, 51.44, H, 2.39.

3.1.4.2 3-(2-bromoacetyl)-6,8-dichloro-2H-chromen-2-one (SVM i2)

FT-IR (neat cm™): 1743, 1687, 1535. H-NMR (400 MHz, CDCl3) 6 8.98 (1H, s), 8.70 (1H, 9),
8.64 (1H, s), 4.45 (2H, s). 3C-NMR (100 MHz, CDCl3) § 196.58, 194.82,157.02, 156.25,
148.80, 148.68, 145.52, 133.16, 132.96, 128.82, 128.65, 128.51, 128.49, 128.32, 125.29,
124.58, 120.85, 120.77, 120.55, 120.41, 25.44. LC-MS (ESI, Positive): m/z (M)*; 334. Anal
calculated for: C11HsBrCI20s: C, 39.33, H, 1.50: Found: C, 39.34, H, 1.49.

3.1.4.3 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one (SVM i3)

FT-IR (neat cm™): 3377, 3201. 2923, 1691, 1622, 1537. *H-NMR (400 MHz, CDCls) § 8.44
(1H, s), 8.26 (1H, s), 8.00-7.93 (3H, m), 7.57 (1H, s). 3 C-NMR (100 MHz, CDCls) ¢ 168.16,
167.60, 157.34, 156.31, 147.69, 146.63, 142.75, 141.31, 136.87, 131.48, 130.62, 128.46,
128.43,126.98, 126.76, 122.45, 121.57, 120.91, 120.80, 120.73, 120.51, 110.23. LC-MS (ESI,
Positive): m/z (M)*; 312. Anal calculated for: C12HsCI2N202S: C, 46.03, H, 1.93, N, 8.95:
Found: C, 46.04, H, 1.95, N, 8.90.

3.1.4.4 (E)-3-(2-(benzylidene amino) thiazol-4-yl)-6,8-dichloro-2H-chromen-2-

one (SVM 1)

FT-IR (neat cm™): 2941, 1735, 1566, 1454. 'H-NMR (400 MHz, CDCl3) & 8.56 (1H, s), 8.44
(1H, s), 8.02 (1H, s), 7.93-7.91 (2H, m), 7.63-7.61 (2H, m), 7.57-7.51 (3H, m). 3C-NMR (100
MHz, CDCls) ¢ 193.22, 167.53, 167.35, 157.55, 146.50, 139.52, 136.64, 136.27, 134.55,
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130.20, 130.10, 129.45, 129.13, 128.29, 128.20, 128.12, 127.39, 127.12, 126.85, 126.72,
121.99, 121.87, 120.37, 120.29. LC-MS (ESI, Positive): m/z (M)*; 400. Anal calculated for:
C19H10CI2N20,S: C, 56.87, H, 2.51, N, 6.98: Found: C, 56.88, H, 5.59, N, 6.92.

3.1.4.5 (E)-6,8-dichloro-3-(2-((4-methoxybenzylidene) amino) thiazol-4-yl)-2H-
chromen-2-one (SVM 2)

FT-IR (neat cm™): 3166, 1747, 1670, 1600, 1566. *H-NMR (400 MHz, CDClz) 6 9.87 (1H, s),
8.44 (1H, s), 8.00 (1H, s), 7.90-7.87 (2H, m), 7.57 (1H, s), 7.22 (1H, s), 7.14-7.12 (2H, m) 3.87
(3H, s). ®*C-NMR (100 MHz, CDCls) ¢ 191.30, 167.53, 164.18, 157.52, 146.47, 142.74,
136.27,131.98, 131.78, 130.20, 129.60, 128.29, 126.72, 122.00, 121.87, 120.37, 114.74, 55.66.
LC-MS (ESI, Positive): m/z (M)*; 430. Anal calculated for: C20H12CI2N203S: C, 55.70, H, 2.80,
N, 6.50: Found: C, 55.74, H, 2.79, N, 6.52.

3.1.4.6 (E)-6,8-Dichloro-3-(2-((4-chlorobenzylidene) amino) thiazol-4-yl)-2H-
chromen-2-one (SVM 3)

FT-IR (neat cm™): 1737, 1608, 1475. *H-NMR (400 MHz, CDCls) 6 10.01 (1H, s), 8.44 (1H,
s), 8.07 (1H, s), 7.99-7.95 (2H, m), 7.82 (1H, s), 7.70 (1H, s), 7.68-7.65 (2H, m). 3C-NMR
(100 MHz, CDCls) 6 171.99, 167.54, 157.52, 146.47, 142.73, 136.27, 131.16, 130.19, 129.34,
128.96, 128.61, 128.45, 128.29, 128.25, 128.15, 127.94, 126.72, 122.00, 121.87, 120.37. LC-
MS (ESI, Positive): m/z (M)*; 434. Anal calculated for: C19HoCI3sN202S: C, 52.38, H, 2.08, N,
6.43: Found: C, 52.40, H, 2.09, N, 6.50.

3.1.4.7 (E)-6,8-dichloro-3-(2-((4-fluorobenzylidene) amino) thiazol-4-yl)-2H-
chromen-2-one (SVM 4)

FT-IR (neat cm™): 1737, 1573, 1385, 1542. 'H-NMR (400 MHz, CDCl3) § 8.40 (1H, s), 8.16-
8.14 (1H, m), 8.08 (1H, s), 8.00 (1H, s), 7.90-7.87 (2H, m), 7.57 (1H, s), 7.37-7.27 (2H, m).
13C-NMR (100 MHz, CDCl3) § 172.90, 167.54, 166.78, 157.52, 146.47, 142.73, 136.27,
130.19, 128.29, 126.72, 122.00, 121.87, 120.36, 115.30, 110.27. LC-MS (ESI, Positive):
m/z(M)*; 418. Anal calculated for: C19H9CIoFN20,S: C, 54.43, H, 2.16, N, 6.68: Found: C,
54.44, H, 2.19, N, 6.71.

3.1.4.8 (E)-6,8-dichloro-3-(2-((thiophen-2-ylmethylene) amino) thiazol-4-yl)-

2H-chromen-2-one (SVM 5)

FT-IR (neat cm™): 1735, 1649, 1573, 1542. 'H-NMR (400 MHz, CDCls) 6 8.75 (1H, s), 8.44

(1H, s), 7.99 (1H, s), 7.89 (1H, s), 7.65-7.63 (2H, m), 7.56 (1H, s), 7.27-7.24 (1H, m). 13C-

NMR (100 MHz, CDClz3) ¢ 173.29, 167.55, 157,51, 146.46, 142.27, 136.26, 130.18, 138.29,
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128.29, 126.72, 121.99, 121.86, 120.36, 110.27. LC-MS (ESI, Positive): m/z (M)"; 406. Anal
calculated for: C17HgCI2N202S5: C, 50.13, H, 1.98, N, 6.88: Found: C, 50.15, H, 1. 97, N, 6.91.

3.1.4.9 (E)-6,8-dichloro-3-(2-((pyridin-4-ylmethylene) amino) thiazol-4-yl)-2H-
chromen-2-one (SVM 6)

FT-IR (neat cm™): 1737, 1541, 1457. 'H-NMR (400 MHz, CDCls) 6 10.10 (1H, s), 8.89-8.87
(2H, m), 8.60 (1H, s), 8.44 (1H, s), 7.86-7.82 (2H, m), 7.57 (1H, s), 7.48 (1H, s). *C-NMR
(100 MHz, CDCls) 0 193.39, 167.53, 158.21, 157.52, 151.08, 149.54, 146.47, 142.73, 136.28,
130.20, 128.29, 126.73, 122.12, 122.00, 121.88, 121.46, 120.37, 110.29. LC-MS (ESI,
Positive): m/z (M)"; 401. Anal calculated for: C1sHoCI2N302S: C, 53.75, H, 2.26, N, 10.45:
Found: C, 53.80, H, 2. 28, N, 10.49.

3.1.4.10 (E)-6,8-dichloro-3-(2-((2-hydroxybenzylidene) amino) thiazol-4-yl)-
2H-chromen-2-one (SVM 7)

FT-IR (neat cm™): 1737, 1575, 1541.'H-NMR (400 MHz, CDCls) 6 10.29 (1H, s), 9.45 (1H,
s), 8.85 (1H, s), 8.25 (1H, ), 7.57-7,54 (2H, m), 7.52 (1H, s), 7.08-7,02 (2H, m). 13C-NMR
(100 MHz, CDCls) 0 190.94, 172.96, 157,52, 146.47, 142.73, 136.27, 135.94, 130.19, 128.29,
127.80, 126.72, 122.00, 121.87, 120.36, 118.73, 116.88, 110.28. LC-MS (ESI, Positive): m/z
(M)*; 416. Anal calculated for: C19H10CI2N203S: C, 54.69, H, 2.42, N, 6.71: Found: C, 54.65,
H, 2.47, N, 6.69.

3.1.4.11 (E)-6,8-dichloro-3-(2-((3,4-dihydroxybenzylidene) amino) thiazol-4-
yl)-2H-chromen-2-one (SVM 8)

FT-IR (neat cm™): 1735, 1589, 1527, 1452. *H-NMR (400 MHz, CDCls) 6 9.60 (1H, s), 8.72
(1H, s), 8.43 (1H, s), 8.21 (1H, s), 8.06 (1H, s), 7.92-7.88 (1H, m), 7.56 (1H, s), 7.37 (1H, s),
7.28-7.26 (2H, m), 6.77-6.74 (1H, m). 3C-NMR (100 MHz, CDCls) ¢ 190.22, 173.43, 169.65,
167.73, 163.56, 159.94, 158.11, 146.43, 144.34, 143.67, 142.38, 138.44, 132.87, 129.54,
128.89, 128.54, 127.66, 127.11, 124.32, 122.19, 121.54, 120.39, 117.98, 116.56, 114.12. LC-
MS (ESI, Positive): m/z (M)*; 432. Anal calculated for: C19H10CI2N20,S: C, 52.67, H, 2.33, N,
6.47: Found: C, 52.65, H, 2. 36, N, 6.49.

3.1.4.12 (E)-6,8-dichloro-3-(2-((2-methoxybenzylidene) amino) thiazol-4-yl)-
2H-chromen-2-one (SVM 9)

FT-IR (neat cm™): 1730, 1622, 1537, 1454. 'H-NMR (400 MHz, CDCl3) & 8.80 (1H, s), 8.43
(1H, s), 8.10-8.07 (1H, m), 7.98 (1H, s), 7.93 (1H, s), 7.70-7.64 (2H, m), 7. 56 (1H, s), 7.11-
7.10 (1H, m), 3.96 (3H, s). *C-NMR (100 MHz, CDCls) 6 167.50, 160.38, 160.04, 157.50,
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146.88, 145.05, 142.72, 138.04, 136.45, 135.36, 130.78, 130.18, 128.38, 128.28, 127.20,
126.71, 122.26, 121.98, 121.85, 120.97, 120.36, 55.89. LC-MS (ESI, Positive): m/z (M)*; 430.
Anal calculated for: C20H12CI2N203S: C, 55.70, H, 2.80, N, 6.50: Found: C, 55.69, H, 2. 88, N,
6.55.

3.1.4.13 (E)-6,8-dichloro-3-(2-((2-hydroxy-5 nitro benzylidene) amino) thiazol-
4-yl)-2H-chromen-2-one (SVM 10)

FT-IR (neat cm™): 1741, 1604, 1537, 1481. *H-NMR (400 MHz, CDClIs) 6 10.30 (1H, s), 8.45-
8.43 (1H, m), 8.35-8.33 (1H, m), 8.00 (1H, s), 7.91 (1H, s), 7.57 (1H, s), 7.21 (1H, s), 7.16-
7.14 (2H, m). *C-NMR (100 MHz, CDCls) 6 189.11, 167.53, 157.52, 146.48, 142,74, 136.28,
130.65, 130.21, 128.29, 126.72, 124.46, 122.19, 121.88, 120.37, 118.74, 110.29. LC-MS (ESI,
Positive): m/z (M)*; 461. Anal calculated for: C19HoCI2N3OsS: C, 49.37, H, 1.96, N, 9.09:
Found: C, 49.35, H, 2.0, N, 9.10.

3.1.4.14 (E)-6,8-dichloro-3-(2-((3,5-dichloro 2hydroxybenzylidene) amino)
thiazol-4-yl)-2H-chromen-2-one (SVM 11)

FT-IR (neat cm™®): 1739, 1442, 1596. 'H-NMR (400 MHz, CDCl3) 5 10.14 (1H, s), 8.84 (1H,
s), 8.45 (1H, s), 8.00 (1H, s), 7.92 (1H, s), 7.72 (1H, s), 7.57 (1H, s), 7.40 (1H, s). 13.C-NMR
(100 MHz, CDCl3) 6 192.08, 168.53, 158.52, 147.48, 143,54, 137.58, 131.15, 130.01, 129.11,
127.72, 125.46, 123.19, 122.88, 121.37, 119.74, 110.29. LC-MS (ESI, Positive): m/z (M)*;
484. Anal calculated for: C17HgCI2N20,S2: C, 50.13, H, 1.98, N, 6.88: Found: C, 50.15, H, 1.
97, N, 6.91.
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3.2 Synthesis, purification and characterization of novel Schiff bases (E)

3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 1-11)

The synthesis of SVN 1-11 was achieved following a similar procedure the synthetic route is

illustrated in scheme 2.
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SVN 1-11 SVN i3

SVNI1 = Ar = phenyl

SVN2 = Ar = 4-OCH; phenyl
SVN3 = Ar = 4-Cl phenyl

SVN4 = Ar = 4-F phenyl

SVNS = Ar = thiophene

SVN6 = Ar = pyridyl

SVN7 = Ar = 2-OH phenyl

SVN8 = Ar = 3,4-OH phenyl

SVN9 = Ar = 2-OCH; phenyl
SVN10 = Ar = 2-OH, 5-NO, phenyl
SVN11 = Ar = 2-HO, 3,6-dichloro phenyl

Scheme 2. Synthetic scheme for the development of novel Schiff bases of 3-(2-aminothiazol-

4-yI)-6-nitro-2H-chromen-2-one (SVN 1-11).
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3.2.1 Synthesis of 3-acetyl-6-nitro-2H-chromen-2-one (SVN i1)

To a stirred solution of 2-hydroxy-5-nitrobenzaldehyde, 1 (3 g, 17.96 mmol), and ethyl
acetoacetate 2 (2.33 g, 17.96 mmol) in a 100 mL round bottom flask, a few drops of piperidine
was added dropwise with continued stirring. The reaction mixture was allowed to stir
overnight, and the completion of the reaction was monitored using TLC. After the reaction
completion, the reaction medium was diluted with ethyl acetate (200 mL), washed the ethyl
acetate layer with water (50 mL X1), brine (50 mL X1) and dried over anhydrous sodium
sulphate, evaporated the solvent under reduced pressure to get the crude compound. The crude
mixture was purified using ethyl acetate and hexane with column chromatography using 60-
120 mesh to obtain the pure 2.5g of 3-acetyl-6-nitro-2H-chromen-2-one (SVN i1) (60% yield).

3.2.2 Synthesis of 3-(2-bromoacetyl)-6-nitro-2H-chromen-2-one (SVN i2)

An amount of 1.34 g of bromine (8.58 mmol) was added to a stirred solution of 3-acetyl-6-
nitro-2H-chromen-2-one (SVN il) (2 g, 8.58 mmol) in 50 mL chloroform at 4°C. TLC was
used to monitor the reaction's completion after it was heated for 5 hours at 50°C. When the
reaction was completed, the liquid was allowed to cool to room temperature. The precipitated
solid product was filtered out and dried under vacuum to obtain 3-(2-bromoacetyl)-6-nitro-2H-
chromen-2-one (SVN i2) (2 g, 75% yield).

3.2.3 Synthesis of 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one
(SVN i3)

A mixture of 3-(2-bromoacetyl)-6-nitro-2H-chromen-2-one (SVN i2) (2 g, 6.43 mmol),
thiourea (0.49 g, 6.43 mmol), in 50 mL of ethanol was refluxed overnight. The completion of
the reaction was monitored on TLC. After reaction completion, the reaction medium was
evaporated under reduced pressure and the residue obtained was diluted with ethyl acetate (200
mL). The ethyl acetate layer was washed with water (50 mL X1), brine (50 mL X1) and dried
over anhydrous sodium sulphate. The solvent was evaporated under reduced pressure to yield
a crude compound. The crude compound was purified by column chromatography using 60-
120 mesh employing chloroform and methanol as an eluent to obtain pure 1.5 g of 3-(2-
aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN i3) (80% yield).
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3.2.4 General procedure for the synthesis of Schiff bases of 3-(2-
aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 1-11)

The final Schiff bases (SVN 1-11) were prepared by condensation of parent compound 3-(2-
aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN i3) with substituted aromatic aldehydes
in the presence of ethanol by the conventional reflux method. The final Schiff bases (SVN 1-
11) were characterized by Fourier-transform infrared spectroscopy (FT-IR), Nuclear Magnetic
resonance (NMR), LC-MS, and elemental analysis. The physicochemical constants of the title

compounds are tabulated in the table below.

Table 3: Physicochemical constant (E) 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one

(SVN 1-11).

Code Mol formulae Ar Physical Yield m.p

(Mass) appearance (%) °C

(°C)

SVN il C11H7NOs - Yellow 60 164
(233) crystalline

SVNi2 C11HeBrNOs - Yellow 75 151
(310) crystalline

SVN i3 C12H7N304S - Yellow 80 241
(289) amorphous

SVN1 C19H11N304S phenyl Yellow 62 112
(377) amorphous

SVN 2 C20H13N305S 4-OCHs phenyl Yellow 65 169
(407) amorphous

SVN 3 C19H10CIN304S 4-Cl phenyl Yellow 71 241
(411) crystalline

SVN 4 C19H10FN304S 4-F phenyl Yellow 69 152
(395) amorphous

SVN 5 C17H9oN304S; thiophene Yellow 74 218
(383) amorphous

SVN 6 C18H10N404S pyridyl Brown 70 205
(378) crystalline

SVN 7 C19H11N30sS 2-OH phenyl Brown 66 243
(393) amorphous

SVN 8 C19H11N306S 3,4-OH phenyl Brown 68 237
(409) amorphous

SVN 9 C20H13N30sS 2-OCH3 phenyl Brown 66 205
(407) amorphous

SVN 10 C19H10N4O7S 2-OH, 5-NO; phenyl Brown 65 234
(438) amorphous




SVN 11 C19H9CI2N305S 2-HO, 3,6-dichloro Brown 64 239
(460) phenyl amorphous

3.2.4.1 3-acetyl-6-nitro-2H-chromen-2-one (SVN il)

FT-IR (neat cm™): 1745, 1687, 1652, 1548. *H-NMR (400 MHz, CDCls) &: 8.95 (1H, s), 8.81
(1H, s), 8.52-8.50 (1H, m), 7.70-7.67 (1H, m), 2.60 (3H, s); 3C-NMR (100 MHz, CDCls) ¢
194.68, 158.00, 157.44, 145.77, 143.70, 128.45, 126.41, 126.08, 118.51, 117.66, 29.88. LC-
MS (ESI, Positive): m/z (M)*; 234. Anal calculated for: C11H7NOs: C, 56.66, H, 3.03, N, 6.01:
Found: C, 56.64, H, 3.08, N, 6.05.

3.2.4.2 3-(2-bromoacetyl)-6-nitro-2H-chromen-2-one (SVN i2)

FT-IR (neat cm™): 1753, 1728, 1679, 1606, 1554. 'H-NMR (400 MHz, CDCl3) ¢ 8.98 (1H, s),
8.72 (1H, s), 8.65 (1H, s), 4.41 (2H, s). 3C-NMR (100 MHz, CDCls) 6 194.92,157.74, 156.70,
149.33, 145.91, 143.78, 129.39, 128.37, 126.68, 125.43, 118.56, 117.97, 117.80, 117.51,
103.47, 43.77. LC-MS (ESI, Positive): m/z (M)*; 311. Anal calculated for: C11HsBrNOs: C,
42.34,H,1.93, N, 4.49: Found: C, 42.35, H, 1.98, N, 4.52.

3.2.4.3 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN i3)

FT-IR (neat cm™): 1712, 1641, 1612, 1529, 1479. 'H-NMR (400 MHz, CDCls) ¢ : 8.82 (1H,
s), 8.61 (1H, s), 8.39-8.36 (1H, m), 7.65-7.62 (1H, m), 7.24 (1H, s); *C-NMR (100 MHz,
CDCIs) o0 167.59, 157.81, 155.65, 143.77, 142.27, 136.81, 125.71, 124.41, 121.75, 119.72,
117.27, 110.14. LC-MS (ESI, Positive): m/z (M)*; 290. Anal calculated for: C12H7N304S: C,
49.83, H, 2.44, N, 14.53: Found: C, 49.84, H, 2.49, N, 14.50.

3.2.4.4 (E)-3-(2-(benzylidene amino) thiazol-4-yl)-6-nitro-2H-chromen-2-one
(SVN 1)

FT-IR (neat cm™): 1712, 1647, 1571, 1411. *H-NMR (400 MHz, CDCls) &: 8.91 (1H, s), 8.65
(1H, s), 8.44-8.42 (1H, m), 7.99-7.97 (1H, m), 7.66-7.57 (2H, m), 7.26 (1H, m), 7.12-7.07 (2H,
m) 6.25-6.19 (2H, m); *C-NMR (100 MHz, CDCls) § 173.49, 167.55, 160.40, 157.45, 155.24,
143.39, 142.37,136.33, 131.2, 129.22, 128.74, 125.40, 124.22, 121.79, 119.50, 117.08, 110.01.
LC-MS (ESI, Positive): m/z (M)*; 378. Anal calculated for: C19H11N304S: C, 60.47, H, 2.94,
N, 11.14: Found: C, 60.48, H, 2.90, N, 11.15.
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3.2.4.5 (E)-3-(2-((4-methoxybenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 2)

FT-IR (neat cm™): 1731, 1622, 1589, 1558, 1537. *H-NMR (400 MHz, CDCls) ¢ : 8.91 (1H,
s), 8.45 (1H, s), 8.39-8.37 (2H, m), 8.00 (1H, s), 7.66-7.64 (2H, m), 7.90-7.87 (2H, m), 7.57
(1H, s), 7.26 (1H, s), 3.87 (3H, s); 3C-NMR (100 MHz, CDCls) ¢ 173.51, 167.55, 162.19,
160.30, 157.66, 155.44, 143.39, 142.37, 136.33, 129.12, 128.57, 125.40, 124.22, 121.79,
119.40, 117.28, 110.21. LC-MS (ESI, Positive): m/z (M)*; 408. Anal calculated for:
C20H13N30sS: C, 58.97, H, 3.23, N, 10.31: Found: C, 58.94, H, 3.28, N, 10.35.

3.2.4.6 (E)-3-(2-((4-chlorobenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 3)

FT-IR (neat cm™): 2945, 1735, 1556, 1456. *H-NMR (400 MHz, CDClIs) ¢: 8.84 (1H, s), 8.63
(1H, s), 8.39-8.37 (3H, m), 7.66-7.57 (3H, m), 7.21 (2H, s); 3C-NMR (100 MHz, CDCls) ¢
172.94,167.51, 157.86, 155.65, 143.79, 142.78, 136.73, 130.2, 129.88, 128.82, 125.70, 124.42,
121.98, 119.80, 117.28, 110.16. LC-MS (ESI, Positive): m/z (M)*; 412. Anal calculated for:
C19H10CIN3O4S: C, 55.42, H, 2.45, N, 10.20: Found: C, 55.45, H, 2.44, N, 10.15.

3.2.4.7 (E)-3-(2-((4-Fluorobenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 4)

FT-IR (neat cm™): 1739, 1652, 1608, 1475. 'H-NMR (400 MHz, CDCl3) §: 8.85 (1H, s), 8.63
(1H, s), 8.40-8.38 (1H, m), 8.08 (1H, s), 8.00 (1H, s), 7.66-7.64 (2H, m), 7.58 (1H, s), 7.22-
7.21 (2H, m). BC-NMR (100 MHz, CDCls) § 172.92, 167.51, 166.81, 157.86, 155.56, 143.79,
142.78, 136.74, 125.71, 124.43, 121.99, 119.80, 117.20, 110.17; LC-MS (ESI, Positive): m/z
(M)™; 396. Anal calculated for: C19H10FN304S: C, 57.72, H, 2.55, N, 10.63: Found: C, 57.73,
H, 2.58, N, 10.65.

3.2.4.8 (E)-6-nitro-3-(2-((thiophen-2-ylmethylene) amino) thiazol-4-yl)-2H-
chromen-2-one (SVN 5)

FT-IR (neat cm™): 1739, 1608, 1479, 1342. *H-NMR (400 MHz, CDCls) 6: 9.95 (1H, s), 8.84
(1H, s), 8.63 (1H, s), 8.40-8.37 (1H, m), 7.66-7.58 (2H, m), 7.35-7.34 (2H, m) 7,23-7,14 (1H,
m); **C-NMR (100 MHz, CDCls) 6 184.30,167.51, 157.85, 155.66, 143.79, 142.65, 141.55,
137.96, 136.09, 128.95, 128.52, 125.72, 127.22, 124.42, 121.93, 119.78, 117.29, 110.17. LC-
MS (ESI, Positive): m/z (M)*; 384. Anal calculated for: C17H9N304Sz: C, 53.26, H, 2.37, N,
10.96: Found: C, 53.24, H, 2.40, N, 10.97.
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3.2.4.9 (E)-6-nitro-3-(2-((pyridin-4-ylmethylene) amino) thiazol-4-yl)-2H-
chromen-2-one (SVN 6)

FT-IR (neat cm™): 1733, 1652, 1583, 1537. 'H-NMR (400 MHz, CDCls) 6: 10.09 (1H, s), 8.89
(1H, s), 8.84 (1H, s), 8.74-8.71 (2H, m), 8.39-8.37 (1H, m), 8.07 (1H, s), 7.82-7.73 (2H, m),
7.65-7.63 (1H, m); °C-NMR (100 MHz, CDCls) ¢ 172.00, 167.51, 166.12, 157.85, 155.64,
151.02, 150.50, 143.78, 142.73, 138.10, 136,74, 125.70, 124.41, 123.84, 122.75, 122.13,
121.96, 119.78, 110.17. LC-MS (ESI, Positive): m/z (M)*; 379. Anal calculated for:
C18H10N404S: C, 57.14, H, 2.66, N, 14.81: Found: C, 57.15, H, 2.68, N, 14.83.

3.2.4.10 (E)-3-(2-((2-hydroxybenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 7)

FT-IR (neat cm™®): 1728, 1535, 1477. *H-NMR (400 MHz, CDCl3) &: 8.56 (1H, s), 8.34 (1H,
s), 8.25-8.23 (2H, m), 8.15-8.14 (1H, m), 8.09 (1H, s), 7.65-7.62 (2H, m), 7.57-7.55 (1H, m)
7.48-7.46 (1H, m), 6.98-6.87 (1H, m); *C-NMR (100 MHz, CDCl3) 6 172.01, 161.92, 161.12,
160.00, 151.12, 149.42, 146.14, 144.62, 132.22, 132.11, 129.44, 124,51, 124.42, 123.12,
121.42,121.22,120.23,118.42, 117.54. LC-MS (ESI, Positive): m/z (M)*; 394. Anal calculated
for: C1oH11N3OsS: C, 58.01, H, 2.82, N, 10.68: Found: C, 58.04, H, 2.80, N, 10.70.

3.2.4.11 (E)-3-(2-((3,4-dihydroxybenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 8)

FT-IR (neat cm™): 1735, 1647, 1573. 'H-NMR (400 MHz, CDCl3) 6: 10.72 (1H, s), 10.26 (1H,
s), 8.85 (1H, s), 8.63 (1H, s), 8.40-8.38 (2H, m), 7.66-7.50 (3H, m), 7.09-6.98 (2H, m), 7.57-
7.55 (1H, m) 7.48-7.46 (1H, m), 6.98-6.87 (1H, m); *3C-NMR (100 MHz, CDCls) 6 191.70,
167.51, 160.67, 157.86, 155.56, 143.79, 142.75, 136.76, 136.39, 129.17, 125.72, 124.43,
121.98,119.80, 119.45,117.29, 110.17. LC-MS (ESI, Positive): m/z (M)*; 410. Anal calculated
for: C19H11N30eS: C, 55.75, H, 2.71, N, 10.26: Found: C, 55.74, H, 2.75, N, 10.28.

3.2.4.12 (E)-3-(2-((2-methoxybenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 9)

FT-IR (neat cm'Y): 1747, 1670, 1650, 1600, 1512. 'H-NMR (400 MHz, CDCls) 5: 10.11 (1H,
s), 9.55 (1H, s), 8.85 (1H, s), 8.63 (1H, s), 8.40-8.38 (2H, m), 7.66-7.64 (1H, m), 7.58 (1H, s),
7.28-7.26 (2H, m), 3.87 (3H, s); 3C-NMR (100 MHz, CDCls) § 191.05, 167.52, 157.86,
155.66, 152.00, 145.84, 143.80, 142.68, 136.77, 128.81, 125.72, 124.44, 121.95, 119.80,
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119.45, 117.29, 115.48, 110.17. LC-MS (ESI, Positive): m/z (M)*; 408. Anal calculated for:
C20H13N30sS: C, 58.96, H, 3.22, N, 10.31: Found: C, 58.98, H, 3.20, N, 10.36.

3.2.4.13 (E)-3-(2-((2-hydroxy-5-nitrobenzylidene) amino) thiazol-4-yl)-6-nitro-
2H-chromen-2-one (SVN 10)

FT-IR (neat cm™): 1735, 1676, 1589, 1527. *H-NMR (400 MHz, CDCls) §: 10.30 (1H, s), 8.86
(1H, s), 8.64 (1H, s), 8.42-8.32 (2H, m), 7.66-7.58 (1H, m), 7.21-7.13 (2H, m), 6.87 (1H, s)
6.66 (1H, s); **C-NMR (100 MHz, CDCls) 6 171.82, 167.22, 161.90, 160,05, 159.23, 149.44,
146.62, 144.54, 140.39, 129,72, 128.62, 128.33, 124.51, 124.11, 123.59, 123.54, 119.97,
118.56, 118.23, 110.21. LC-MS (ESI, Positive): m/z (M)*; 439. Anal calculated for:
C19H10N40O7S: C, 52.06, H, 2.30, N, 12.78: Found: C, 52.05, H, 2.35, N, 12.80.

3.2.4.14 (E)-3-(2-((3,5-dichloro-2-hydroxybenzylidene) amino) thiazol-4-yl)-6-
nitro-2H-chromen-2-one (SVN 11)

FT-IR (neat cm™): 1733, 1552, 1452. 'H-NMR (400 MHz, CDCls) 6: 10.26 (1H, s), 8.86 (1H,
s), 8.64 (1H, s), 8.40-8.38 (1H, m), 7.72-7.58 (1H, m), 7.21-7.13 (1H, m), 7.09 (1H, s), 7.03
(1H, s); *C-NMR (100 MHz, CDCls) ¢ 167.51, 159.87, 157.86, 155.66, 143.80, 142.76,
136.75, 134.34, 128.55, 128.14, 126.93, 125.72, 124.44,119.81, 117.29, 110.17. LC-MS (ESI,
Positive): m/z (M)"; 461. Anal calculated for: C1gH9CI2N30sS: C, 49.37, H, 1.96, N, 9.09:
Found: C, 49.34, H, 1.93, N, 9.13.
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3.3 RESULTS AND DISCUSSION

The synthetic strategy used to produce SVM 1-11 and SVN 1-11 is illustrated in schemes 1
and 2, respectively. Synthesis of the title compounds SVM 1-11 and SVN 1-11 from schemes
1 and 2 was achieved through Knoevenagel condensation of substituted salicylaldehyde (0.01
mol) and ethyl acetoacetate (0.012 mol) in the presence of the catalytic amount of piperidine
at low temperature to obtain the intermediates 3-acetyl 6-substituted coumarin (SVM il and
SVN il). The intermediate was purified by the recrystallization method using ethanol as
solvent. The intermediates SVM i1 and SVN il were characterized by Fourier-transform
infrared spectroscopy (FT-IR), Nuclear magnetic resonance (NMR), LC-MS, and elemental
analysis. The carbonyl functional group on the benzopyrone nucleus is observed at 1753 and
1745 cm™ for SVM il and SVN i1, respectively. Singlet peak for three protons on *H-NMR
for methyl group at ¢ 2.51 and 2.6 for SVM i1 and SVN i1, respectively. The carbonyl group
on ¥C-NMR is observed at 6 194.67 and 194.68 for SVM il and SVN il, respectively,
confirming the formation of products. In LC-MS, the molecular ion peak for intermediates
SVM il and SVN i1 is observed at 256(M)" and 234(M)™, respectively. The molecular ion
peaks of the intermediates were in good agreement with the proposed molecular weight, and
elemental analysis results were within +0.4% of the calculated values. The intermediates 3-
acetyl 6-substituted coumarin (SVM il and SVN i1) (0.01 mol) were subjected to bromination
(0.01 mol) in a chloroform medium to obtain the intermediates 3-bromoacetyl 6-substituted
coumarins (SVM i2 and SVN i2). The resulting 3-bromoacety! 6-substituted coumarins (SVM
i2 and SVN i2) were purified by washing with chloroform. The intermediates SVM i2 and
SVN i2 were characterized by Fourier-transform infrared spectroscopy (FT-IR), Nuclear
magnetic resonance (NMR), LC-MS, and elemental analysis. The carbonyl functional group
on the benzopyrone nucleus is observed at 1743 and 1753 cm™ for SVM i2 and SVN i2,
respectively. Singlet peak for two protons on *H-NMR for methyl group at 6 4.45 and 4.41for
SVM i2 and SVN i2, respectively. The carbonyl group on **C-NMR is observed at 6 196.58
and 194.92 for SVM i2 and SVN i2, respectively, confirming the formation of products. In LC-
MS, the molecular ion peak for intermediates SVM i2 and SVN i2 is observed at 334 (M)" and
311 (M), respectively. The molecular ion peaks of the intermediates were in good agreement
with the proposed molecular weight, and elemental analysis results were within +0.4% of the
calculated values. The 3-bromoacetyl 6-substituted coumarins (SVM i2 and SVN i2) were
cyclized with thiourea in an ethanol medium to yield the parent compounds 3-(2-aminothiazol-
4-yl)-6,8-dichloro-2H-chromen-2-one (SVM i3) and 3-(2-aminothiazol-4-yl)-6-nitro-2H-
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chromen-2-one (SVN i3). The final Schiff bases (SVM1-11 and SVN1-11) were prepared by
condensation of parent compounds 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one
(SVM i3) and 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN i3) with substituted
aromatic aldehydes in the presence of ethanol by the conventional reflux method. The parent
compounds SVM i3, and SVN i3 were characterized by Fourier-transform infrared
spectroscopy (FT-IR), Nuclear magnetic resonance (NMR), LC-MS, and elemental analysis.
The cyclized parent products SVM i3 and SVN i3 are confirmed by the appearance of primary
amine (doublet peak on FT-IR at 3377, 3201 for SVM i3 and SVN i3, respectively. The
carbonyl functional group on the benzopyrone nucleus is observed at 1691 and 1712 cm™ for
SVM i3 and SVN i3, respectively. The disappearance of aliphatic protons on *H-NMR and the
disappearance of the highly deshielded carbonyl group on *C-NMR confirmed the formation
of parent compounds SVM i3 and SVN i3. In LC-MS, the molecular ion peak for parent
compounds SVM i3, and SVN i3 is observed at 312 (M)* and 290 (M), respectively. The
molecular ion peaks of the parent compounds were in good agreement with the proposed
molecular weight, and elemental analysis results were within +0.4% of the calculated values.
The final Schiff bases SVM1-11 and SVN1-11 were characterized by Fourier-transform
infrared spectroscopy (FT-IR), Nuclear magnetic resonance (NMR), LC-MS, and elemental
analysis. The yield of the final compounds SVM 1-11 and SVN 1-11 were in the range of 62
to 74%, as shown in Tables 2 and 3. The formation of Schiff bases SVM1-11 and SVN1-11
were confirmed by the appearance of methine (singlet) peak on FT-IR at 2941 and 2945 for
SVM1-11 and SVN1-11, respectively. The carbonyl functional group on the benzopyrone
nucleus is observed in the range of 1735-1747 and 1712-1747 cm™ for SVM1-11 and SVN1-
11, respectively. The appearance of an aliphatic proton on *H-NMR in the range of 6 7.22-8.02
and 7.26-8.63 for SVM i2 and SVNi2, respectively. The aliphatic carbon in Schiff bases of
methine group on *C-NMR is observed at 6 110.27-114.74 and 110.01-110.17 for SVM1-11
and SVN1-11, respectively, confirming the formation of products. The molecular ion peaks of
the Schiff bases were in good agreement with the proposed molecular weight, and elemental
analysis results were within +0.4% of the calculated values.
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CHAPTER IV. ANTI-TB ACTIVITY OF SCHIFF BASES OF 3-(2-
AMINOTHIAZOL-4-YL)-6,8-DICHLORO-2H-CHROMEN-2-ONE
(SVM1-11) AND (E) 3-(2-AMINOTHIAZOL-4-YL)-6-NITRO-2H-
CHROMEN-2-ONE (SVN 1-11) AGAINST H37RV-MTB AND
MULTIDRUG-RESISTANT TB (MDR-TB)

4.1 Anti-TB activity of Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-
dichloro-2H-chromen-2-one (SVM1-11) against H37Rv-MTB and
multidrug-resistant TB (MDR-TB)

Abstract

Tuberculosis is one of the most diagnosed diseases among HIV-infected and diabetic
individuals and its prevalence has been substantially increasing over the vyears.
Mycobacterium-resistant strains have been a source of concern due to the inefficacy of
conventional anti-mycobacterial therapy. Hybridization of two molecules has emerged as a
potential method for discovering new candidates with a more extensive range of activity,
greater efficacy, reduced toxicity and various modes of action. This chapter presents the report
of the in vitro and in-silico anti-mycobacterial activity of the synthesized Schiff bases of 3-(2-
aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one (SVM 1-11) against H37Rv MTB and
multidrug-resistant MDR-MTB strains. For the in vitro evaluation, the tested compounds
exhibited anti-tuberculosis (TB) activity in the range of 0.5-4 ug/mL against H37Rv MTB and
8- 64 pg/mL against MDR-MTB. The test compounds SVM 3, 4, 8 and 10 emerged as the
most promising against both strains H37Rv MTB and MDR-MTB with a MIC value ranging
from 0.5 to 8 pg/mL.

Moreover, compounds SVM 7 and 11 displayed a remarkable anti- TB activity with a MIC
value of 1 pg/mL against H37Rv MTB. Similarly, compounds SVM 5 was potent against
MDR-MTB, exhibiting a MIC value of 8 pg/mL. Molecular docking against druggable targets
DprEl and Pksl13 enzymes of M. tuberculosis revealed high affinity of the synthesized
compounds relative to the reference standards, which could be attributed to the differences in
their interactions with the active site amino acid residues of the respective protein. These results
could be considered remarkable and suggest that the novel Schiff bases 3-(2-aminothiazol-4-
yl)-6,8-dichloro-2H-chromen-2-one (SVM1-11) may be regarded as a new series with
improved anti-mycobacterial activity, which could be further optimized and developed as

potential leads for TB treatment.
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4.1.1 Introduction

Tuberculosis is a significant public health problem; in 2020, the number of fatalities officially
classified as TB-related (1.3 million) was nearly double that of HIV/AIDS (0.68 million), the
COVID-19 pandemic in 2020 has had a more significant impact on TB death than
HIV/AIDS (WHO, 2021a). Although the availability of standard anti-TB drugs such as
isoniazid and rifampicin, pyrazinamide and ethambutol, the TB mortality rate continues to rise.
The inability of patients to adhere and comply with the approximately six months treatment
period of the current conventional first or second-line anti-TB drugs has raised the risk of drug
resistance (Angelova et al., 2017). The standard therapy's efficacy is frequently interrupted due
to drug side effects, prolonged treatment, and drug resistance development, such as multidrug
resistance (MDR) and extensively drug-resistant (XDR) TB. (Khara et al., 2014, Manvar et al.,
2008, Xu et al., 2017). Hence, there is the need to develop new active anti-TB drugs against
numerous virulent forms of Mycobacterium tuberculosis with low toxicity, a shorter treatment
period and that can act against the targets involved in resistance (Bhatt et al., 2015, Hoagland
et al., 2016, Singh and Mizrahi, 2017).

Coumarin's unique structure has a remarkable capacity that helps its derivatives interact
efficiently with various enzymes and receptors in species by weak bond interactions that
potentiate broad medicinal importance (Reddy et al., 2015). The synthesis of several
substituted coumarin derivatives with a heterocyclic ring, such as thiazole, pyrazole/pyrazoline
moiety, has been reported to possess various pharmacological activities such as antimicrobial,
anti-inflammatory and analgesic activities (Aggarwal et al., 2013). Integrating two or more
pharmacophores into a single molecular structure, known as molecular hybridization, can
increase affinity and activity, minimize side effects and reduce drug resistance (Mishra and
Singh, 2016). Due to multiple activities displayed by coumarin derivatives and thiazole, this
chapter aimed to synthesize novel Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-
chromen-2-one (SVM 1-11) and subsequently assess their anti-mycobacterial effect against
H37Rv-MTB and MDR-MTB strains using both in vitro (the micro alamar blue assay) and in

silico (molecular docking) methods.
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4.1.2 Materials and Methods

4.1.2.1 Antimycobacterial activity

SVM 1-11 was tested for its antimycobacterial activity against M. tuberculosis H37Rv (ATCC
25177) and clinical isolate MDR-TB using Micro Alamar Blue Test (MABA) plate assay. A
volume of 200 uL of sterile deionized water was added to all outer-perimeter wells of sterile
96 well plates. 100 pL of Middlebrook 7H9 broth was poured into each of the 96 well plates
to decrease the evaporation of the medium in the test wells during incubation. A volume of
100 pL of Middlebrook 7H9 broth was added into each of the 96 well plates and the compounds
SVM 1-11 were serially diluted on the plate. The final drug concentrations tested ranged from
128 t0 0.125 pg/mL. Plates were wrapped in parafilm and incubated at 37°C for five days. The
plate was then incubated for 24 hours with a freshly prepared 1:1 solution of Alamar Blue
(Accumed International, Westlake, Ohio) reagent and 10% tween 80. A blue tint showed no
bacterial growth, but a pink colour suggested growth. The MIC (minimal inhibitory
concentration) was the lowest treatment concentration, which prevented a blue-to-pink colour
shift (Vergara et al., 2009).

4.1.2.2 Computational study

4.1.2.2.1 The Protein

The crystal structures of the two druggable targets, Pksl3 thioesterase and DprEl
(decaprenylphosphoryl-Beta-d-ribose 2 epimerasel), were obtained from the RCSB Protein
Databank (https://www.rcsb.org). For the M. tuberculosis DprEL, the crystal structure in
complex with the non-covalent inhibitor Ty38c (PDB ID: 4P8K) was used. In contrast, for the
MTB Pks13 thioesterase domain, the crystal structure in complex with inhibitor TAM16 (PDB
ID: 5v3y) was employed. Only normal residues of chain A were included in the calculations.
The protonation states of all the residues were identified by examining the hydrogen-bond
pattern around the His residues, the solvent accessibility, and the possibility of ionic pair
formation. All Arg, Lys, Asp, Cys, and Glu residues were supposed to be charged. His-132,
136, 160, and 315 were considered protonated on the ND1 atom in DprE1, whereas His-216
was considered protonated on both the ND1 and NE2 atoms (and therefore positively charged).
The remaining five His residues (81, 137, 145, 359, and 428) were modelled with a proton on

the NE2 atom. TRP-230 has two different conformations with identical occupation numbers.
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We used alternative A in the computations and left out the other. His-1632 was supposed to be
protonated on the ND1 atom for the thioesterase, whereas His-1475, 1654, and 1699 were
assumed to be protonated on both the ND1 and NE2 atoms (and therefore positively charged).
The remaining five His residues (1664 and 1714), on the other hand, were modelled with a
proton on the NE2 atom (Kumar et al., 2020b).

4.1.2.2.2 Molecular Docking

The anti-tubercular target compounds were chosen for further theoretical study using docking
calculations. The GaussView and Gaussian09 software packages were used to create the first
structures of probable compounds (Frisch et al., 2009). The molecular mechanics' technique
was used to optimize each structure, and the AM1 semi-empirical method was implemented in
the Gaussian09 code to get the structures to their energy ground state. Water and other co-
crystallized molecules were removed from the protein structure. The Autodock4 software
(Molinspiration database) was utilized to construct the structures of the ligand compounds
(SVM 1-11) and the protein macromolecule and execute docking calculations. Polar hydrogens
and Kollman unified atom-type charges were used to neutralize the protein structure. The force
field parameters were generated using Autogrid4 with a grid box size of 60 x 60 x 60 and point
separation of 0.375A. The Lamarckian genetic algorithm, regarded as one of the most
acceptable docking methods, was utilized to perform the docking with the active site prediction
by FTSite server (Ngan et al., 2011). The docked conformations were grouped and ranked
based on the binding or docking free energy (AG), wherein complexes with higher negative
binding energy values were considered to have higher affinity for the target. The intermolecular
interactions of protein inhibitors in the active site were visualized using the Discovery studio
5.0 visualizer (Venugopala et al., 2020).
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4.1.3 Results and Discussion

4.1.3.1 Antimycobacterial activity of SVM 1-11

The anti-mycobacterial activity of the compounds SVM1-11 was assessed against H37Rv
(ATCC25177) of Mycobacterium tuberculosis and the clinical isolate MDR-MTB strain. The
MIC values of compounds were determined along with the standard drug (rifampicin and
isoniazid); the results are tabulated in Table 4. The results showed that the synthesized
compounds emerged as active compounds against mycobacterium strain H37Rv-MTB and
MDR-MTB. The Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one
(SVM 1-11) showed inhibitory activity against H37Rv-MTB with a MIC ranging from 0.5 to
4 pg/mL (Table 4). SVM 8 and SVM 10 were the most active among these compounds, having
MIC values of 0.5 pg/mL against H37Rv-MTB higher than the reference drug rifampicin (1
pg/mL) and isoniazid (3 pug/mL), followed by compounds SVM 3, 4, 7 and 11 with a MIC of
1 pg/mL against H37Rv MTB same as the standard drug rifampicin (1 pg/mL). Furthermore,
compounds SVM 2, 5 and 6 showed a MIC of 2 pug/mL, whereas compounds SVM 1 and 9
displayed a MIC value of 4 pg/mL against H37Rv TB (Table 4).

The above results are comparable to Kumar et al. (2020), who synthesized a series of acrylic
pyrazole coumarin derivatives and acrylic pyrazole — quinoline derivatives for their anti-
tubercular activity against Mtb H37Rv. These compounds displayed MIC values ranging from
3.125 to 12.5 pg/mL against M. Tuberculosis strain H37Rv (Kumar et al., 2020a). In another
study, Angelova et al. (2016) synthesized a series of coumarins with various substituted
hydrazide-hydrazone pharmacophores linked to the chromene ring's third position, which were
tested in vitro against Mycobacterium TB H37Rv and compared to the first-line anti-
tuberculosis drugs isoniazid (INH) and ethambutol (EMB). The antimycobacterial activity was
shown at submicromolar concentrations for the most active compounds (12E)-4-methoxy-N-
((2-phenyl-2H-chromen-3-yl)methylene)benzohydrazide (7m) (MIC 0.13uM), (E)-N-(3-
phenoxy-3-phenylpropylidene)furan-2-carbohydrazide (70) (MIC 0.15uM) and (E)-N-(3-
phenoxy-3-phenylpropylidene) isonicotinohydrazide (7k) (MIC 0.17 puM) (Angelova et al.,
2017). Similarly, Hassan et al. (2019) synthesized new hybrid coumarin analogues and tested
them for anti-mycobacterial activity against Mtbh H37Rv. Amongst these synthesized
compounds, 7-(2,4-dichlorophenyl)-5-  0x0-3-(2-0xo0-2H-chromen-3-yl)-5H-thiazolo[3,2-
a]pyrimidine-6-carbonitrile and 7-(4-nitrophenyl)- 5-ox0-3-(2-0xo-2H-chromen-3-yl)-5H-
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thiazolo[ 3,2-a]pyrimidine-6-carbonitrile emerged as the most effective anti-tubercular agents,

with MICs of 12.5 uM greater than the cycloserine (Hassan et al., 2019).

Compounds SVM 1-11 were also screened against MDR-MTB; the anti-mycobacterial activity
of these compounds was greater than that of the reference drugs. The title compounds,
SVM 3, 4, 5, 8 and 10, appeared to be the most promising against MDR-MTB, exhibiting a
MIC value of 8 pg/mL (Table 4). Moreover, compounds SVM 2, 6, 9 and 11 showed a MIC
value of 16 pg/mL, while compounds SVM 1 and 7 displayed 64 and 32 pg/mL, respectively
(Table 4). The Test compounds were potent against clinical isolates of multi-drug-resistant

mycobacterial strains resistant to rifampicin and isoniazid.

These results are comparable to Xu et al. (2018), who synthesized a series of isatin (thio)semi
carbazide/oxime-1H-1,2,3-triazole-coumarin hybrids and investigated their anti-mycobacterial
activity against M. tuberculosis (MTB) H37Rv and MDR-TB in-vitro. The fundings revealed
that the synthesized hybrids showed weak to moderate inhibitory efficacy against MTB H37Rv
and MDR-TB (MIC: 50—>200 pg/mL). Compound 2-(5-Fluoro-1-(2-(4-(((4-methyl-2-oxo-
2H-chromen-7-yl)oxy)methyl) -1H-1,2,3-triazol-1-yl)ethyl) -2-oxoindolin-3-
ylidene)hydrazine carboxamide (8h) was the most potent displaying a MIC value of 50 pg/mL
against MDR-TB (Xu et al., 2018).
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Table 4: Anti-TB results of Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-
2-one (SVM 1-11) with the docking free energy (kcal/mol).

Name of Drug  Level of activity (ug/mL) Docking scores (kcal/mol)

H37RV MDR Pks13 DprEl

SVM 1 4 64 -8.98 -8.51
SVM 2 2 16 -9.74 -9.01
SVM 3 1 8 -9.79 -9.42
SVM 4 1 8 -8.85 -8.40
SVM 5 2 8 -8.50 -8.21
SVM 6 2 16 -8.42 -8.09
SVM 7 1 32 -9.29 -8.36
SVM 8 0.5 8 -9.41 -8.63
SVM 9 4 16 -9.81 -9.42
SVM 10 0.5 8 -10.30 -9.21
SVM 11 1 16 -9.00 -71.82
Rifampicin 1 na -7.9 -7.9
Isoniazid 3 na -6.1 -5.4

DMSO na na - -

4.1.3.2 Molecular Docking

Docking is now regarded as an important routine calculation in drug development research
(Deb et al., 2018). It provides more qualitative and quantitative information on the inhibitor's
binding affinity at the target enzyme's active site (Deb et al., 2014). The estimated binding free
energy and intramolecular interactions are the most important aspects to consider when
comparing inhibitor lists, which might be difficult to obtain experimentally. The 11 synthesized
compounds (SVM 1-11) were docked into the active sites of the two target proteins in this
work, Pks13 and DprE1, and their docking scores are presented in Table 4. The results revealed
that all the novel coumarin derivatives generally had stronger binding energy towards Pks13
than DprE1. The binding energy ranged from -8.42 to -10.30 kcal/mol for Pks13 relative to -
7.82 to -9.42 kcal/mol for DprE1l (Table 4). Except for SVM 11, with a marginally lower
binding affinity than rifampicin towards DprE1, all the newly synthesized compounds had a
better affinity towards the two targets than the two reference standards used in this study (Table
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4). Specifically, SVM 3, 4, 8 and 10 demonstrated excellent binding affinity against both

proteins, consistent with the results of the in vitro evaluation.

The type of interaction formed, such as H-bonds, pi-pi and van der Waals interactions, has
influenced the binding affinity of compounds. The differences in binding affinity and the
observed high affinity of the synthesized compounds relative to the reference standards in this
study could be attributed to the differences in their interactions with the active site amino acid
residues of the respective protein (Figures 10 and 11). For instance, except for isoniazid that
formed 11 interactions (4 hydrogens and Van der Waal bonds each, 2 =-alkyl and one
unfavorable bond) against DPrE1 (Figure 10 F), SVM 3, 4, 8, and 10 had either 14 or 15
interactions with DPrE1 (Figures 10 A — D). The 14 interactions observed with rifampicin
(Figure 10E) may also account for its relatively higher binding energy than isoniazid. Both
SVM 3 and 4 established hydrogen bond interactions with Ser59 and Gly133 alongside Van
der Waals interactions with Gly117 (Figures 10A and B). Compound SVM 4 also formed
additional Van der Waals interactions with Pro316 and Ala417 (Figure 10 B). Compound
SVM 8 similarly had hydrogen bond interactions with Ser59, Gly117, Pro316 and Van der
Waals interactions with Arg58, Prol16, Val365 (Figure 10 C), while SVM 10 exhibited
hydrogen bond interactions with Arg58, Thr118, Tyr60, Lys418, Asn385 and Van der Waals
interactions with Prol116, GIn336, Gly117, Ser228 (Figure 10 D). More notably, SVM 3, 4, 8
and 10 had 8 (Trp230, Lys134, Tyr314, Val365, Prol16, lle131, Arg58 and Vall2l), 7
(Trp230, Lys134, Tyr314, Val365, Pro116, Arg58 and Vall121), 6 (Trp230, Lys134, lle131,
Tyr314, Ala4l7 and Vall2l), 5 (Trpl6, Val365, Lys314, Phe369, and Lys367) pi-pi
interactions with the active site amino acid residues, respectively (Figures 10 A - D). These
interactions also contributed to the overall binding affinity of the respective resulting
complexes relative to rifampicin (no pi-pi interaction) and isoniazid (2 pi-pi bonds) (Figures
10E and F). Overall, the newly synthesized compounds SVM 3, 4, 8 and 10 interacted with the
distinct catalytically important amino acid residues Ser59, Arg58, Gly117, Gly133, and Thr118
of DprE1l when compared to the reference standards, which might be responsible for their

reported activity in this study.
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The ligand interaction plots of SVM 3, 4, 8, and 10 against PKs13 are shown in Figure 11.
SVM 3 did not form any interaction with the hydrogen bond; it exhibited Van der Waals
interactions with GIn1633, Tyr1637, and Asn1640 (Figure 11A). Similarly, SVM 4 displayed
Van der Waals interactions with Tyr1637 (Figure 11B), while SVM 8 had hydrogen bond
interactions with GIn1633, Aspl644, Argl641 amino acid residue, and Van der Waals
interactions with Tyr1637 and Tyr1582. With GIn1633, Tyr1637, and Alal667 (Figure 11C).
Compound SVM 10 forms hydrogen bonds with GIn1633, Tyr1637, Alal667, and Van der
Waals interactions with Ser1636, Asn1640, Glu1671, Tyr1674 (Figure 11D). on the other hand,
rifampicin showed hydrogen bond interactions with Alal477 and GIn1633 alongside Van der
Waals interactions with His1632, Ser1636, 11e1700, Leul534, Pro1476, 1le1643, Val1562,
Tyrl674, Argl6e4l, Aspl644, Glul671, Aspl666 (Figure 11E). Isoniazid displayed hydrogen
bond interaction with Asn1640, Asp1644 and Van der Waals interactions with Argl64,
Phel670, Glul671 (Figure 11F). While SVM 8 and 10 showed interactions with the same
amino acid residues such as hydrogen bond with GIn1633 as rifampicin against PKs13,
SVM 10 also had Van der Waals interactions with Glul671 and Tyrl674 as rifampicin.
Generally, some of the amino acid residues established by the synthesized compounds with
PKs13 are different from those of the reference drugs; this could be identified as crucial
interactions responsible for their prominent inhibitory effect as elicited in the in vitro

evaluation.
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4.1.4 Conclusions

The novel Schiff bases of (E) 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one (SVM
1-11) were successfully synthesized, characterized and purified. The results of the in vitro
evaluation against H37Rv MTB and MDR-TB revealed that the compounds had remarkable
inhibitory potential against both Mycobacterium strains. Compounds SVM 8 and 10 were the
most active against H37Rv MTB, while compounds SVM 3, 4, 5, 8 and 10 were the most
potent against MDR-TB. These compounds had better MICs comparable to those of the
commonly used antimycobacterial drugs rifampicin and isoniazid. Interestingly, the in-vitro
analysis results were consistent with the computational evaluations. The synthesized
compounds established remarkable interactions responsible for the observed activities against
the DprE1 and Pks13 enzymes of M. tuberculosis. Overall, these results are significant and
indicate that the synthesized compounds could be considered a new series with enhanced anti-

mycobacterial activity and a potentially promising new class of anti-tuberculosis agents.

85



4.2 Anti-TB activity of Schiff bases of (E) 3-(2-aminothiazol-4-yl)-6-nitro-
2H-chromen-2-one (SVN 1-11) against H37Rv MTB and multidrug-
resistant MTB (MDR-TB)

Abstract

Mycobacterium tuberculosis is an obligated aerobe capable of long-term persistence under the
condition of low oxygen tension. Hybridization has emerged as an effective method in
developing novel drugs, particularly those with complementary activities and numerous
pharmacological targets that could be used to prevent disease resistance to drugs. This chapter
presents the results of in-vitro and in silico anti-tuberculosis (TB) activity of the newly
synthesized compounds SVN 1-11 against H37Rv-MTB and multidrug-resistant TB (MDR-
MTB, resistant to isoniazid and Rifampicin). Among the compounds synthesized, SVN 3, 4, 7,
8, 10 and 11 were shown to have significant anti-TB activity against H37Rv-MTB and MDR-
MTB, with minimum inhibitory concentrations ranging from 0.25 to 1 pg/mL and 4 to 16
pg/mL, respectively. Compounds SVN 3 and 4 were shown to be the most promising, with
MICs ranging from 0.5 to 1 pg/mL and 4 to 8 pg/mL against H37Rv-MTB and MDR-MTB,
respectively. These observations were further confirmed using molecular docking against
DprE1 and PKs13 enzymes of M. tuberculosis. The in-vitro analysis confirmed the interactions
formed between synthesized compounds and amino acid residues at the active site of the targets
and their affinities towards enzymes compared to the reference standards. Both SVN 3 and 4
demonstrated significant binding affinity towards both proteins. Thus, these compounds could
be further optimized and developed as potential lead compounds for the management and

treatment of TB.
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4.2.1 Introduction

Tuberculosis (TB), caused by Mycobacterium tuberculosis, is a highly infectious, airborne
disease. Due to its frequent prevalence in cohorts of HIV/AIDS patients, the incidence of TB
has now been regarded to be alarming (KhanYusufzai et al., 2017). Drug-susceptible diseases
are often treated with a two-month intensive phase, including isoniazid, rifampicin, ethambutol,
and pyrazinamide, followed by a four-month recovery phase using isoniazid and rifampicin
alone. Tuberculosis therapy is further challenged by the rapid spread of multidrug-resistant
(MDR) and extensively drug-resistant (XDR) M. tuberculosis strains, as well as the
medications used to treat them (Joshi, 2011). Thus, there is an increasing need to produce more
affordable new medicines, less toxic in treating TB to reduce its global societal and economic
burden.

Numerous heterocyclic compounds of coumarin rings are linked with different biological
properties (Morsy et al., 2017). Some coumarin compounds with nitrogen-containing
heterocyclic moieties, such as pyridine, thiazolyl, Pyrazolo, and pyrazole pyrimidine, showed
antibacterial and antitubercular properties (Mangasuli et al., 2018a). Thiazoles were found in
a wide range of biologically active molecules, including Sulfathiazol (antimicrobial drug),
Ritonavir (an antiretroviral drug), Abafungin (an antifungal drug), and Tiazofurin
(antineoplastic drug) (Siddiqui et al., 2009). Molecular hybridization is now being studied to
generate a single biological structure with high affinity and activity by combining two or more
heterocyclic pharmacophores. As a result, novel compounds with increased biological activity
have been produced by combining the coumarin nucleus with other moieties (Kerru et al.,
2017). This chapter presents the results of the in vitro and in-silico anti-TB activity of the
synthesized series of Schiff bases of (E) 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one
(SVN 1-11) against H37Rv-MTB and multidrug-resistant MTB (MDR-MTB).
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4.2.2 Materials and Methods

4.2.2.1 Antimycobacterial activity of SN 1-11

The anti-mycobacterial activity was evaluated using the procedure outlined in section 4.1.2.1.

4.2.2.2 Computational studies

The computational investigation was carried out according to the protocols outlined in section

41.2.2.

4.2.3 Results and Discussion

4.2.3.1 Antimycobacterial activity of SVN 1-11

The H37Rv of Mycobacterium tuberculosis and MDR-TB strain were used to determine the
anti-tuberculosis potential of the Schiff bases of (E) 3-(2-aminothiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 1-11). The MIC values were determined alongside the standard drug
rifampicin; the results are tabulated in Table 5. The results obtained revealed that compound
SVN 8 was the most potent against H37Rv MTB with a MIC value of 0.25 pg/mL;
furthermore, compounds SVN 3 and 9 also showed high efficiency with a MIC value of 0.5
pg/mL; these compounds had a MIC at higher concentrations compared to the commonly used
antimycobacterial drug rifampicin and isoniazid (Table 5). Compounds SVN 4, 10 and 11,
produced a MIC of 1 pg/mL, the same as the reference drug whereas, compounds SVN 1 and
SVN 2 displayed MIC values of 2 pg/mL. Lastly, SVN 5 and 6 showed a MIC value of 4
pg/mL against H37Rv MTB (Table 5).

These results are comparable to Patel et al. (2013), who synthesized a series of coumarin-based
1, 3, 4-oxadiazol-2-ylthio-N-phenyl/benzo thiazolyl acetamides. In this series, all synthesized
compounds were assessed for their in vitro anti-mycobacterial activity against Mycobacterium
tuberculosis H37Rv. The results showed that the most promising anti-mycobacterial displayed
a MIC value of 12.51 pg/mL, close to the reference drug pyrazinamide (6.25 pg/mL) (Patel et
al., 2013). In another study, Yusufzai et al., 2017 synthesized a series of hydrazonyl thiazolyl
coumarin derivatives for their in-vitro anti-mycobacterial activity against Mycobacterium

tuberculosis H37Rv (ATCC 25618). The results revealed that the synthesized compounds were
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found to be a potent anti-tubercular agent with a MIC value of 50 pg/mL (KhanYusufzai et al.,
2017).

The Schiff bases of (E) 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 1-11) were
also screened against MDR-TB. The test compounds were effective against clinical isolates of
multi-drug-resistant mycobacterial strains resistant to rifampicin and isoniazid. Compounds
SVN 3, 4, 5 and 8 exhibited high anti-tuberculosis (TB) activity with a MIC value of 8 pg/mL
against MDR-TB. The most potent synthetic compound against MDR-TB was SVN 4, with a
MIC value of 4 pg/mL (Table 9). Compounds SVN 3 and 5 exhibited a MIC value of 8 ug/mL,
whereas compounds SVN 2, 6, 7, 10, and 11 showed a MIC value of 16 pg/mL against
MDR-TB (Table 9). SVN 1 and 9 were less active than the other compounds with a MIC value
of 32 pg/mL (Table 5). Furthermore, molecular docking analysis has been conducted against
DprE1 and Pks13 enzymes of M. tuberculosis, which revealed excellent binging interactions
(Figure 12 and 13).

These results are comparable to those of Jin et al. (2017), who synthesized a new class of
ethylene/propylene-1H-1, 2, 3-triazole-4-methylene-tethered isatin coumarin integrating three
anti-tuberculosis pharmacophore coumarin, isatin, and 1, 2, 3-triazole compounds. These
hybrids were evaluated for their in vitro anti-TB activity against MTB H37Rv and MDR-TB.
The results showed that the most active hybrid showed a MIC value of 50 pg/mL against
H37Rv and MDR- MTB (Jin et al., 2017).
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Table 5: Anti-TB results of Schiff bases of (E) 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-
2-one (SVN 1-11) with the docking free energy (kcal/mol)

Name of Drug  Level of activity (ug/mL) Docking scores (kcal/mol)

H37RV MDR Pks13 DprEl
SVN 1 2 32 -9.0 -8.2
SVN 2 2 16 -8.8 -8.0
SVN 3 0.5 8 -8.5 -7.9
SVN 4 1 4 -8.8 -8.2
SVN 5 4 8 -1.7 -8.0
SVN 6 4 16 -8.1 -7.9
SVN 7 1 16 -8.9 -8.5
SVN 8 0.25 16 -8.8 -8.1
SVN 9 0.5 32 -8.9 -8.4
SVN 10 1 16 -8.8 -8.5
SVN 11 1 16 -8.7 -7.9
Rifampicin 1 na -7.9 -7.9
Isoniazid 3 na -6.1 -5.4

DMSO na na - -

4.2.3.2 Molecular Docking

Molecular docking provides an effective method for different interactions that control a
molecule's binding to the biological receptor (Meng et al., 2011). Indeed, the binding free
energy and intramolecular interactions represent the critical parameters for studying a database
of inhibitors (Meng et al., 2011). Therefore, molecular docking analysis was carried out to
rationalize the observed in vitro anti-tubercular effects and explore potential interactions of the
compounds studied. The results of molecular docking against M. tuberculosis DprE1 and Pks13
enzymes revealed that all synthesized compounds had higher affinity for the two targets than
the two reference standards used in this study (Table 5), which are in the range of -7.7 to -9.0
kcal/mol for Pks13 and -7.9 to -8.5 kcal/mol for DprE1 (Table 5). Except for SVN 3, 6 and 11
with similar binding affinities as rifampicin towards DprE1 and SVN5 with a slightly lower

affinity for Pks13 than rifampicin, all the newly synthesized compounds had a better affinity
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towards the two targets than the two reference standards used in this study (Table 5). The
interaction plots of compounds SVN 3, 4, 7, 8, 10 and 11, adjudged as active and having good

interactions with the proteins’ active site, are depicted in Figures 12 and 13.

Similarly with the in vitro results, both SVN 3 and 4 displayed considerable binding affinity
towards both proteins (Table 5); their intramolecular interactions are depicted in Figures 12 A
and B, as well as Figures 13 A and B. Regarding DprE1l, SVN 3 had hydrogen bonding
interactions with Asn385, GIn336, His315 and van der Waals interactions with Gly117,
Lys418, Cys387, His132, Ser228, Lys134, Trp230 (Figure 12A), whereas SVN 4 had hydrogen
bonding interactions with Asn385, Arg58, His132, Gly117, and Van der Waals interactions
with GIn120, Tyr60, Leu363, Cys387, GIn336, Lys367, Phe369, Gly133, Ser228, Trp230,
His315, Pro316, Tyr314, Thr118. Interestingly, these compounds interacted via hydrogen
bonding since they shared the same DprE1 amino acid residue between SVN 3 and isoniazid
(Asn385, GIn336). SVN 4 formed hydrogen bonds with Asn385 and Arg58 in the same way
that rifampicin and isoniazid did. Furthermore, SVN 3 showed Van der Waals interactions with
an amino acid residue identical to those seen in isoniazid (Ser228). Van der Waals interactions
with amino acids similar to those found in rifampicin were detected in  SVN 4 (GIn120,
Pro316 and Leu363). More notably, SVN 3, 4, 7, 8, 10 and 11 had 2 (Pro316, and Val365), 3
(\Val365, Lys134 and Trp16), (Trpl6, Val365 and Lys367), 3 (Lys134, Trpl6 and Val365), 3
(\Val365, Lys134 and Pro316), and 4 (Val365, Lys134, Pro316 and His315) pi-pi interactions
with the active site amino acid residues, respectively (Figures 12 A - F). These interactions also
contributed to the overall binding affinity of the respective resulting complexes relative to
rifampicin (no pi-pi interaction) and isoniazid (2 pi-pi bonds) (Figures 12 G and H).
Nevertheless, different catalytically essential amino acid residues of DprE1 were identified to
establish crucial interactions with SVN 3 and SVN 4 than with rifampicin and isoniazid, which

might explain the higher in vitro activity seen with these drugs compared to others.
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Figure 12: 2D interaction plots of (A) SVN 3, (B) SVM 4, (C) SVM 7, (D) SVM 8, (E) SVN

10, (F) SVN 11, (G) Isoniazid, and (H) Rifampicin with the active site amino acid residues of
DprEl.
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Similarly, against PKs13, SVN 3 forms hydrogen binding interactions with GIn1633 and
Argl1634 residues, as well as Van der Waals interactions with 11e1630, Tyr1637, Val1611,
Leul615, Val1614, Argl641, Aspl644, Asn1640, Tyrl674, Glul671 (Figure 13A), meanwhile
SVN 4 forms Van der Waals interactions with Tyr1674, Glul671, Asn1640, Tyrl67. SVN 3
demonstrated comparable Van der Waals interactions with Arg1641, Asp1644, and Glu1671
as isoniazid (Figure 13G) and rifampicin (Figure132H). SVN 4 also displayed Van der Waals
interactions with PKs13 via a similar amino acid residue as rifampicin (Tyrl674). The per-
residue interaction analysis revealed that several strong van der Waals interactions were critical
in SVN 1-11 binding to the active site of PKs13 (Figure 13). These could have aided the in

vitro activity as observed mainly for SVN 3 and 4.
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Figure 13: 2D interaction plots of (A) SVN 3, (B) SVN 4, (C) SVN 7, (D) SVN 8, (E) SVN
10, (F) SVN 11, (G) Isoniazid, and (H) Rifampicin with the active site amino acid residues of
Pks13.

4.2.4 Conclusions

In this study, we reported our medicinal chemistry efforts, which included screening novel
Schiff bases of (E) 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 1-11) to assess
their anti-TB potency in vitro and the active molecules were docked computationally. Both
H37Rv MTB and MDR-TB mycobacterium strains were tested, and the title compounds
SVN 3, 4,7, 8, 10 and 11 showed considerable inhibitory activity. SVN 3 and 4 have been
identified as the most promising anti-TB drugs against H37Rv MTB and MDR-TB
mycobacterium strains. According to the docking results, both SVN 3 and 4 displayed a high
affinity for both proteins, which appeared to represent the observed biological activity. Because
of their potent bioactivity, these compounds might be used in further in-vitro or in-vivo studies
to develop more effective inhibitors and novel anti-mycobacterial drugs or prodrugs that could

be used in antibiotic therapy.
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CHAPTER V. LARVICIDAL AND ADULTICIDAL ACTIVITY OF
SCHIFF BASES OF 3-(2-AMINOTHIAZOL-4-YL)-6,8-DICHLORO-2H-
CHROMEN-2-ONE (SVM1-11) AND (E) 3-(2-AMINOTHIAZOL-4-YL)-6-
NITRO-2H-CHROMEN-2-ONE(SVN  1-11) AGAINST ANOPHELES
ARABIENSIS

5.1 Larvicidal and adulticidal activity of Schiff bases of 3-(2-aminothiazol-
4-yl)-6,8-dichloro-2H-chromen-2-ones (SVM1-11) against Anopheles
arabiensis

Abstract

Mosquitoes are the leading vectors of diseases and parasites, such as those that cause malaria,
the vector-borne illness. The negative environmental impacts of commercial pesticides and
pesticide resistance promote research and development of new, less harmful, and ecologically
acceptable compounds to manage vector control successfully. In this study, a series of novel
Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-ones (SVM 1-11) were
synthesized and tested for their larvicidal and adulticidal activity against A. arabiensis to find
new potential larvicide and adulticidal drugs. The results showed that title compounds
SVM 6 and 9 were the most promising larvicidal, with the same mortality rate as the positive
control Themephos (100%), these compounds also displayed significant adulticidal activity of
73.5%1.5 and 77.3£2.3%, respectively, but lower than the reference drug K-Othrine (100%).
Moreover, SVM 3 displayed high larvicidal activity (90%) and moderate adulticidal potency
(64%). SVM 8 and 10 showed a high adulticidal activity of 70.5£2.3 and 76.2+2.3%,
respectively, but lower larvicidal efficiency. Based on these findings, the title compounds were
identified as promising larvicidal or adulticidal agents for further investigation and
development. The larvicidal mortality was between 90 to 100%, and the adulticidal mortality

was around 70 to 77%.
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5.1.1 Introduction

In many tropical nations, vector-borne illnesses are still the leading causes of mortality.
Malaria, lymphatic filariasis, dengue fever, and yellow fever are the most common vector-
borne illnesses; the pathogens responsible for these diseases are transmitted by arthropod
vectors, particularly mosquitoes, the primary agents (WHO, 2020c). Mosquitoes are the
primary vectors of parasites and diseases that affect humans and domestic pets. The extensive
development of pesticides resulted in significant demand for developing new, less harmful and
ecologically acceptable compounds to manage vector control successfully (Venugopala et al.,
2014).

A wide range of biological activity may be found in several heterocyclic compounds with a
five-membered ring in their structure. Thiazoles are a type of heterocyclic molecule with five
members. The heterocyclic nucleus of this molecule can be found in a variety of
pharmacologically active compounds (Kumawat, 2018). Coumarin (benzopyran-2-one) is an
important structural component in developing and identifying new therapeutic compounds with
high affinity and specificity for various molecular targets (lbrar et al., 2018). Natural and
synthetic coumarin derivatives have demonstrated various pharmacological activities,
including insecticidal activity (Jin et al., 2020). Molecular hybridization methods are generally
used to design and synthesize hybrids by finding pharmacophoric sub-units in the molecular
skeleton of two or more recognized biologically active derivatives (Singh et al., 2019a). The
synthesis of hybrid multifunctional molecules is still a major topic in research; hybrid
compounds add additional aspects to drug development by reducing the risk of drug-drug
interactions and decreasing drug resistance (Singh et al., 2019a). Thus, this chapter aimed to
synthesize novel Schiff bases of (E) 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one
(SVM 1-11) and investigate their larvicidal and adulticidal activities.

102



5.1.2 Materials and Methods

5.1.2.1 Larvicidal activity

The A. arabiensis tested in this investigation was a colonized strain from Zimbabwe that was
maintained following WHO (1975) recommendations. The insectary's temperature (27.5°C),
humidity (70%) and lighting (12/12) characteristics matched those of a malaria-endemic
habitat. One milliliter of the test sample (1 mg/mL in acetone) was added to 249 mL of distilled
water. Negative controls included acetone and water, while positive controls included tempos
(Mostop, Agrivo), a potent emulsifiable organophosphate larvicide employed by the malaria
control program. The experiment was conducted in triplicate; each container was checked for
larval mortality at 24-hour intervals for two days and the percentage mortality was determined
relative to the original number of exposed larvae. Larvae were fed specially prepared cat food
with low oil/fat content at regular intervals throughout the experiment. When larvae were
moribund or unable to move, they were termed dead. The number of dead larvae was counted,
and the average percentage mortality in proportion to the number of exposed larvae at the start

was calculated.

5.1.2.2 Adulticidal activity

The insecticidal activity was determined by exposing susceptible adult mosquitos to a treated
surface, as recommended by the World Health Organization (WHQ) in 1975. One mL of test
compound solution (1 mg/mL) was sprayed onto a clean, dry, nonporous ceramic tile using a
Potter's Tower apparatus that had been precalibrated. Within 24 hours of spraying, the assay
began by putting a cone over the sprayed tile and injecting thirty non-blood-fed adult A.
arabiensis mosquitoes inside the cone. To evaluate the effect of the test drugs, researchers
employed the knockdown rate based on transitory paralysis of mosquitos during a 60-minute
exposure period and death 24 hours later. Deltamethrin (15 g/L; K-Othrine) was used as the
standard medication and acetone as the negative control.
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(D)

(E)

Figure 14: Methodology and Workplan of protocol for insecticidal assay (A) Potters tower,
(B) Coumarins sprayed on ceramic non—porous tiles left for 24 hto dry, (C) A. arabiensis
(30) females introduced in bioassay cone, (D) Observation for a knockdown, (E)
Transferred to holding cage containing nutrient solution overnight to check for mortality
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5.1.2.3 Statistical analysis

Each experiment was done three times, and the results are reported as means with standard
deviations (SD). A one-way ANOVA test was used to determine the statistical significance of
differences between the groups, followed by a post hoc Bonferroni's test. Mean values with

p<0.05 probability values were considered statistically significant.

5.1.3 Results and Discussion

5.1.3.1 Larvicidal activity of Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-
dichloro-2H-chromen-2-one (SVM 1-11)

The larvicidal results showed a significant impact of the treatment exposure time on larvae
mortality. The mortality of larvae exposed to any of the compounds tested was higher than the
negative control acetone, indicating toxicity against A. arabiensis larvae. Adulticides may
temporarily decrease the adult population; thus, mosquito control programs currently focus on
eliminating mosquitoes in the larval stage at their breeding sites with larvicides. As a result,
focusing on the larvae would be a more efficient way to lower the mosquito population (Chung
et al., 2009, Conti et al., 2010). This study showed the highest larvicidal activity with
compounds SVM 6 and 9, displaying 100% mortality, comparable to the positive control
Termephos. This well-known commercial insecticide showed excellent larvae mortality
(100%) at 24 hours exposure time (Table 6). Compounds SVM 2, 3 and 5 also showed a high
larvae mortality rate after 24 hours exposure time of 73.8+£2.5, 90.3+1.2 and 70.2+1.2%,

respectively, lower than the reference drug, Termephos (100%).

Furthermore, moderate larvicidal activity was observed with compounds SVM 4 and 7
displaying 60.5+2.5 and 63.9+3.5%, respectively (Table 6). The remaining compounds, SVM
1, 8,10 and 11, showed low larvae mortality rate below 50%. The ANOVA test indicated that
certain compounds had substantially varied larvicidal mortality rates after 24 hours of
exposure, as shown in Table 6. Still, others did not exhibit significant variability in larvae
mortality. These results are comparable to Shao et al. (2018), who synthesized a series of
coumarin-dibenzothiophene or -carbazole derivatives as a larvicidal agent against fourth instars
larvae Aedes aegypti. The bioassay results suggested that most coumarin-linked derivatives of

dibenzothiophene and carbazole had moderate to high activity. Toxicity was seen in two
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coumarin-linked dibenzothiophene hybrids and six coumarin-linked carbazole hybrids (88.53
to 100.00%)(Shao et al., 2018). In another study, Vargas-Soto et al. (2017) investigated the
toxicity of coumarins produced using Pechmann-Duisberg condensation to Drosophila
melanogaster larvae. Their findings revealed that compounds 7-hydroxy-4-propyl-coumarin,
7-methoxy-4-propyl-coumarin, 7-hydroxy-4-phenyl-coumarin, and 7-hydroxy-4-
chloromethyl- coumarin have the most potent insecticidal efficacy. Compound 6-hydroxy-4-
propyl-coumarin has a decreased activity, which can be attributed to the shift in the position of
the hydroxyl group between positions 6 and 7. A similar scenario was seen with compounds

with the lowest activity (Vargas-Soto et al., 2017).

Table 6: Mortality of A. arabiensis larvae exposed to SVM 1-11

Larvicidal activity (hours)

Compounds Code

24 hours 48 hours

SVM 1 20.242.1° 47.4%1.79
SVM 2 33.7+2.5% 73.8+2.51
SVM 3 43.1+2.5" 90.3+1.2'
SVM 4 40.6+2.5f 60.5+2.5"
SVM 5 43.4+2 5f9 70.2+1.2'
SVM 6 57.2+1.5" 100.00.0'
SVM 7 37.7+2.1° 63.9+3.5"
SVM 8 30.2+2.1¢ 33.3+2.3%
SVM 9 43.8+2.6" 100.0+0.0'
SVM 10 13.6+1.5° 27.1+0.6¢
SVM 11 27.5+1.5¢ 40.5+2.5f
Water 00.0+0.0° 00.0+0.0°
Acetone 00.0+0.02 00.0+0.02
Temephos 100.0+0.0' 100.00.0'

Values are represented mean +SD, means of treatment mortality without a common letter differ
significantly (p<0.05).
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5.1.3.2 Adulticidal activity of Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-
dichloro-2H-chromen-2-one (SVM 1-11)

Table 7 summarizes the findings of the adulticidal experiment utilizing the several synthetic
compounds SVM1-11. From the first 30 minutes of exposure, the positive control K-Othrine
demonstrated 100% knockdown/mortality. For the first 30 minutes, the produced compounds
SVM1-11 did not kill mosquitos, but after 24 hours, they killed them substantially more.
Mosquitoes exposed to compounds SVM 1-11 showed significant adulticidal activity, among
the active compounds, SVM 6, 8, 9 and 10 were the most potent with the percentage mortality
of 73.5£1.5, 70.5£2.3, 77.3£2.3 and 76.2+2.3%, respectively, lower than the reference drug K-
Othrine (100%) (Table 7). It was also observed that compounds SVM 3, 5 and 11 showed
considerable adulticidal activity of 63.3£2.1, 60.5+2.0, and 67.8+1.7%, respectively, lower
than the reference drug, K-Othrine. Compounds SVM 1, 2, 4 and 7 displayed low to weak
adulticidal activity ranging from 40 to 57% against A. arabiensis as shown in Table 7. The
ANOVA test showed that certain compounds had noticeably different adulticidal mortality
rates against A. arabiensis mosquitoes after 24 hours of exposure time, as shown in Table 7,
but others did not.

These results are comparable to Venugopala et al. (2014), who synthesized a series of 3-mono
acetyl, 6- halogenated coumarins analogues and evaluated their larvicidal activity against an A.
arabiensis. The results showed that the synthesized compounds exhibited close to 100% larvae
mortality within 24 hours of exposure. In another study, Pingaew et al. (2014) developed a
series of chalcone—coumarin derivatives linked by a 1,2,3-triazole ring generated via an azide-
alkyne dipolar cycloaddition synthesis as anticancer and antimalarial agents. They
subsequently tested these hybrid compounds for cytotoxicity against MOLT-3 cell line and
antimalarial efficacy against Plasmodium falciparum. Based on this biological study, it was

discovered that most of these hybrids had anticancer potential against the MOLT-3 cell line.

Moreover, coumarin tri-azole chalcone was discovered to be particularly effective against
P. falciparum and may be considered a lead molecule for developing antimalarial agents
(Pingaew et al., 2014). Similarly, Tok et al. (2018) investigated the adulticidal efficacy of
various novel oxadiazole derivatives, including a 1,3,4-oxadiazole group having an
imidazolidine moiety. The structure-activity relationship of these compounds revealed that

among the phenyl substituents studied, chloro, nitro, methyl and bromo substituents were
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efficient in enhancing adulticidal capacity suggesting that structural variation may result in the

development of more efficient insecticides (Tok et al., 2018).

Table 7: Mortality of A. arabiensis adult exposed to SVM 1-11

Adulticidal activity (h)
Compounds Code

Knockdown (60 min) Mortality (24 h)
SVM 1 23.5+1.5% 40.9+2.3°
SVM 2 37.6+2.0° 53.8+2.19"
SVM 3 20.1+1.2° 63.3+2.21
SVM 4 47.3+2.0" 57.4+2.1M
SVM 5 43.7+3.0°f 60.5+2.0'
SVM 6 40.1+1.2¢ 73.541.5KIm
SVM 7 27.6+2.3% 43.1+2.9°
SVM 8 47.1+3.1 70.5+2.34
SVM 9 37.2+1.2¢ 77.3+2.3™
SVM 10 43.7+4.0° 76.2+2.3M"
SVM 11 43,542 5° 67.8+1.7K
Water 00.0+0.0° 00.0+0.0?
Acetone 00.0£0.0? 00.0+0.02
K-Othrine 100.0+0.0° 100.0£0.0°

Values are represented mean +SD; means of treatment mortality without a common letter differ

significantly (p<0.05).
5.1.3.3 Structure-activity relationship (SAR)

Based on the above observations, the introduction of different functional groups on phenyl ring
at the fourth position of thiazole moiety, which is connected to the primary coumarin nucleus
at the third position, appeared to be significant contributors to the larvicidal and adulticidal
activity. The following structure-activity relationships (SARs) were proposed based on the
larvicidal and adulticidal activity of the studied Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-
dichloro-2H-chromen-2-ones (SVM 1-11). The title compounds SVM 6 and 9 have pyridyl
ring in place of the phenyl ring and methoxy group at the second position of the phenyl ring,
respectively, on coumarinyl thiazole emerged as the most effective larvicidal, also exhibited
high adulticidal efficacy. Compound SVM 2 has 4-methoxy on the phenyl ring, compound
SVM 3 has 4-chloro on phenyl ring and compound SVM 5 has thiophene nucleus in place of
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phenyl ring on coumarinyl thiazole nucleus, exhibited substantial larvicidal activity higher than
that of SVM 1, which has unsubstituted phenyl ring, SVM 4, has fluorine atom at the fourth
position of the phenyl ring, SVM 7 has hydroxy at the second position of the phenyl ring,
SVM 8 has dihydroxy at third and fourth positions of the phenyl ring, SVM 10 has 2-hydroxy,
5-nitro on phenyl ring and SVM 11 has 2-hydroxy and 3,6-dichloro substitutions on phenyl
ring which is on coumarinyl thiazole nucleus. Compounds SVM 8 and 10 exhibited high
adulticidal activity whereas, compounds SVM 3, 5 and 11 showed moderate adulticidal
activity. However, these activities were less effective than compound SVM 6 and 9. Electron-
withdrawing (groups on phenyl ring such as chlorine, fluorine, methoxy, nitro, pyridine) and
releasing groups on phenyl ring (such as hydroxy) and thiophene itself varied the larvicidal and

adulticidal activity against A. arabiensis.

5.1.4 Conclusions

The title compound SVM 1-11 was synthesized in good yields. FT-IR, NMR (*H & *3C) and
elemental analyses were used to characterize the named compounds. The compounds SVM 2,
3, 5, 6 and 9 were shown to be the most efficient larvicidal and have greater adulticidal efficacy.
Furthermore, SVM 6, 8, 9 and 10 were the most effective adulticidal. The results obtained
suggest that incorporating various functional groups on the phenyl ring at the fourth position
of the thiazole moiety, which is linked to the central coumarin nucleus at the third position,
proved to be significant contributors to the larvicidal and adulticidal activities. The above
active compounds may be produced as an insecticide against mosquitoes A. arabiensis, but
further research needs to be completed to determine the toxicity and impact on non-target

species and the environment.
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5.2 Larvicidal and Adulticidal activity of Schiff bases of 3-(2-
Aminothiazol-4-yl)-6-nitro-2H-chromen-2-ones (SVN 1-11) as Anti-
mosquito Agents against Anopheles arabiensis

Abstract

Malaria is a parasitic illness spread to people by infected Anopheles mosquitoes. It is one of
the deadliest infections. Pesticides are currently used to reduce malaria transmission; however,
there are growing concerns regarding their safety for living systems and the environment. As a
result, there is a significant demand for developing new, less harmful and ecologically
acceptable compounds to manage vector control successfully. In this study, a series of novel
Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-ones (SVN 1-11) were
synthesized and screened for larvicidal and insecticidal activity against A. arabiensis by
standard WHO larvicidal assay and cone bioassay methods. The results showed that
compounds SVN 6, 7, 8 and 9 were the most potent, showing 100% larvae mortality after 24
hours of exposure, the same as the positive control Termephos (100%).

Furthermore, compounds SVN 5, 7 and 9 were the most active adulticidal with percentage
mortality of 86.3+£2.1, 80.2+1.2 and 90.4+2.0%, respectively, compared to the reference drug
K-Othrine® (100%). The larvicidal activity was much more significant than adulticidal activity.
Thus, these compounds were shown to constitute a novel class of A. arabiensis insecticides
that can be utilized as lead compounds to synthesize more effective and safer larvicidal and

adulticidal agents.
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5.2.1 Introduction

Mosquito-borne diseases such as dengue and malaria are significant public health concerns in
tropical and subtropical nations due to their climate conditions. Climate change is predicted to
extend the geographical range of vector and vector-borne illnesses, with substantial social and
economic impact (Kannathasan et al., 2011). The main reason for the dramatic increase in
malaria deaths is the spread of Plasmodium falciparum strains resistant to the mainstay anti-
malarial chloroquine (Sashidhara et al., 2012). Human malaria is mainly caused by
Plasmodium species (P. falciparum, P. vivax, P. ovale and P. malariae). The female mosquito
of the Anopheles genus is the vector of Plasmodium (Da Silva et al., 2011). Due to mosquitos
developing resistance to currently marketed insecticides, there is an urgent need to find and
develop compounds with alternative mechanisms of action than those currently in use

(Ramirez-Lepe and Ramirez-Suero, 2012).

Coumarin and its related analogues are heterocycles that occur naturally as secondary
metabolites. Compounds from this chemical class are used as a base to generate several
biological and chemical agents. Furthermore, coumarin derivatives with thiazole, azetidinone,
and oxazole rings have been shown to have potent antifungal and antibacterial properties (Ujan
et al., 2021). On the other hand, Thiazoles are widely employed in several chemical processes
as parent nuclei, intermediates and substituents (Turner et al., 2007). These heterocycles have
also been used to synthesize several thiazolyl coumarin derivatives (Holla et al., 2003).
Thiazole has been found to have a variety of pharmacological actions, including insecticidal
and larvicidal activity (Venugopala et al., 2013a). Molecular hybridization is a drug design
method frequently used by medicinal chemists to discover and develop novel lead molecules.
This method produces new molecules capable of interacting with multiple sites via novel
molecular interactions. Moreover, the molecular hybrids developed are rigid scaffolds that
interact effectively with the target (Konidala et al., 2021). Thus, this chapter aimed to
synthesize and screen the novel Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-
chromen-2-ones (SVN 1-11) for larvicidal and adulticidal activity against A. arabiensis

mosquito.
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5.2.2 Materials and Methods

5.2.2.1 Larvicidal activity

The larvicidal activity was assessed according to the protocol described in section 5.1.2.1

5.2.2.2 Adulticidal activity

The adulticidal activity was assessed according to the protocol described in section 5.1.2.2

5.2.2.3 Statistical analysis

The statistical analysis was conducted according to the procedure described in section 5.1.2.3

5.2.3 Results and Discussion

5.2.3.1 Larvicidal activity of Schiff bases of 3-(2-aminothiazol-4-yl)-6-nitro-
2H-chromen-2-one (SVN 1-11)

The larvicidal results obtained using the various compounds SVN 1-11 are summarized in
Table 8. The results indicated that the compounds' toxicity levels on the larvae depend on the
duration of exposure. There were progressive increases in the lethal effect on the Anopheles
larvae after 24 hours of exposure to the compounds. Mortality of larvae exposed to either of
the assessed compounds was more significant than negative control acetone, demonstrating
toxicity to the Larvae. The highest larvae mortality rate was shown with compounds SVN 6, 7,
8 and 9, displaying 100% larvae mortality after 24 hours of exposure, the same as the reference
drug Termephos (100%) (Table 8).

Furthermore, high larvicidal mortality was also seen with compound SVN 11 (77.2£1.2%).
Compounds SVN 5 and 10 showed moderate larvicidal activity of 64.3+1.2, 63.6+1.2
respectively, whereas compounds SVN1, 2, 3 and 4 showed low to weak larvicidal activity
ranging from 27 to 50% (Table 8). The ANOVA test revealed that several compounds had
significantly different larvicidal mortality rates against A. arabiensis after 24 hours of exposure

time, as shown in Table 8, whereas others did not.

These findings are comparable to earlier evidence of larvicidal activity reported by Venugopala
et al. (2013), who synthesized a series of 2,6- and 2,4-substituted benzo[d]thiazole analogues
against A. arabiensis. The study results showed that many benzothiazole analogues caused mild
to moderate mortality in larvae and adults of Aedes arabiensis (Venugopala et al., 2013a).
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Other related investigations include synthesizing Osthole compounds (derivatives of coumarin)
with Grignard reagents, and their larvicidal activity against mosquitoes was reported by Liu et
al. (2015). The Osthole design was modified to improve larvicidal efficiency against
mosquitoes. With Grignard reagents, a new successful synthesis of Osthole derivatives was
obtained. Bio-activity testing found that these compounds have higher capacities than
Osthole (Liu et al., 2015).

Table 8: Mortality of A. arabiensis larvae exposed to SVN 1-11

Larvicidal activity (hours)

Compounds Code

24 h 48 h

SVN1 7.3+2.1° 50.7+2.0'
SVN 2 17.2+2.0° 40.5+1.5™
SVN 3 3.1+0.6% 23.5+2.5¢
SVN 4 13.6+3.5° 50.1+2.5
SVN 5 37.7+2.0° 64.3+1.2)
SVN 6 47.4+2 5" 100.0+0.0'
SVN 7 43.8+1.5% 100.0+0.0'
SVN 8 50.0+2.5' 100.00.0'
SVN 9 47.3x3.2 M 100.00.0'
SVN 10 43.1+1.79 63.6+1.2)
SVN 11 37.7+1.5¢ 77.2+1.2¢
Water 0.0£0.0° 0.0£0.0°
Acetone 0.0+0.0? 0.0+0.0?
Termephos 100.0+0.0' 100.0+0.0'

Values are represented mean +SD, means of treatment mortality without a common letter differ

significantly (p<0.05).

5.2.3.2 Adulticidal activity of Schiff bases of 3-(2-aminothiazol-4-yl)-6-nitro-
2H-chromen-2-one (SVN 1-11)

The results of the adulticidal assay using the various synthetic SVN 1-11 compounds are
summarized in Table 9. The positive control K-Othrine demonstrated 100%
knockdown/mortality from the first 60 minutes of treatment, while the synthetic compounds
SVN 1-11 showed higher knockdown after 24 hours (Table 9). The highest mean mortality rate

was observed in mosquitoes exposed to compounds SVN 5, 6, 7, 8 and 9, showing percentage
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mortality rates of 86.3+2.1, 73.1+2.0, 80.2+1.2, 71.5+1.5 and 90.4+2.0%, respectively, lower
than the reference drug K-Othrine (100%) (Table 9). A moderate adulticidal activity was
displayed by compound SVN 4 (67.4+£2.0%), whereas compounds SVN 1, 2, 3, 10 and 11
showed low to weak insecticidal mortality ranging from 50 to 31% (Table 9). the ANOVA test
demonstrated that many compounds had substantially different larvicidal mortality rates

against A. arabiensis after 24 hours of exposure, but others did not, as indicated in Table 9.

These findings are comparable to Narayanaswamy et al. (2014), who reported on the adulticidal
activity of some halogenated coumarins derivatives against A. arabiensis. The results showed
that the heterocyclic coumarins knocked adult mosquitoes down reversibly yet did not kill them
after 24 hours of treatment. In contrast, the compounds' adulticidal activity was only mild to
moderate (Narayanaswamy et al., 2014). Another study by Moreira et al. (2007) showed that
short exposure to freshly applied coumarin analogues knocked down mosquitoes, but they
recovered in the next 24 h. Coumarins have been shown to immobilize insects in previous
studies. Insect poisoning by coumarins such as surangin B has been associated with a slowly
increasing paralysis that finally leads to death (Moreira et al., 2007, Nicholson and Zhang,
1995). Muscle bioenergetic disturbance has been identified as a key mechanism behind

surangin B's insecticidal effect (Zheng et al., 1998).
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Table 9: Mortality of A. arabiensis adult exposed to SVN 1-11

Adulticidal activity (h)

Compounds Code

Knockdown (60 min) Mortality (24 h)
SVN1 18.2+1.2° 37.6+1.7%%
SVN 2 44.8+2 1M 50.0+2.0/
SVN 3 29.6+2.5° 42.242.3%
SVN 4 41.4%2 17" 67.4+2.0'
SVN 5 53.1+1.7 86.3+2.1°
SVN 6 59.5+2.5K 73.1+2.0M
SVN 7 43.2+2.0" 80.2+1.2"
SVN 8 41.10.6"" 71.5+1.5'™
SVN9 42.5+1.29" 90.4+2.0°
SVN 10 41.2+2.5%h 48.3+2.5"
SVN 11 34.1+1.6%% 42.3+2.59
Water 00.0+0.0° 00.0+0.0°
Acetone 00.0+0.02 00.0+0.02
K-Othrine 100.0+0.0P 100.0+0.0P

Values are represented mean +SD, means of treatment mortality without a common letter differ

significantly (p<0.05).

5.2.3.3 Structure-Activity relationships (SAR)

The following structure-activity relationships (SARS) were established by comparing the data
obtained from the larvicidal and adulticidal activity of the studied Schiff bases of 3-(2-
aminothiazol-4-yl)-6-nitro-2H-chromen-2-ones (SVN 1-11). The title compounds SVN 6 has
pyridyl ring in place of the phenyl ring, SVN 7 has hydroxy at the second position of the phenyl
ring, SVN 8 has hydroxy at the third and fourth positions of the phenyl ring and SVN 9 has
methoxy group at the second position of the phenyl ring, were the most effective. Additionally,
compounds SVN 5 has a thiophene nucleus in place of phenyl ring on coumarinyl thiazole
nucleus exhibited remarkable adulticidal activity higher than SVN 6, 7 and 8. SVN 1, 2, 3 and
4 having unsubstituted phenyl ring, 4-methoxy on the phenyl ring, 4-chloro on phenyl ring and
fluorine atom at the fourth position of the phenyl ring, respectively, displayed lower larvicidal
and adulticidal effect. However, SVN 10 has 2-hydroxy and 5-nitro on the phenyl ring. SVN

11 has 2-hydroxy and 3,6-dichloro substitutions on the phenyl ring, which is on coumarinyl
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thiazole nucleus, displayed considerable larvicidal activity but lower than SVN 6, 7, 8 and 9.
These findings suggested that the relative substituent on the phenyl ring at the fourth position
of the thiazole moiety, connected to the primary coumarin nucleus at the third position,
influences the larvicidal and adulticidal activity of the tested compounds.

5.2.4 Conclusions

In conclusion, novel Schiff bases of thiazolyl nitro-coumarins were synthesized in this study,
the characterization of the title compounds was performed by FT-IR, NMR (*H &*3C), LC-MS
and elemental analysis. The synthesized compounds SVN 1-11 were screened for larvicidal
and insecticidal activity against Anopheles arabiensis by standard WHO larvicidal assay and
cone bioassay assay. The highest larvae mortality was observed in compounds SVN 6, 7, 8 and
9, displaying 100% larvae mortality after 24 hours, the same as the positive control, Termephos
(100%). Moreover, compounds SVN 5, 7 and 9 were the most potent adulticidal. This study
shows that integrating different functional groups on the phenyl ring at the fourth position of
the thiazole moiety, connected to the primary coumarin nucleus at the third position,
contributed significantly to the larvicidal and adulticidal effects. These findings suggest that
the synthesized compounds might be used against A. arabiensis mosquitos. However, further
research is needed to determine its toxicity and impacts on non-target species and the
environment. The current study's findings could also promote research to develop new

mosquito control agents.
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CHAPTER VI. ANTICANCER ACTIVITY OF NOVEL SCHIFF BASES
OF 3-(2-AMINOTHIAZOL-4-YL)-6,8-DICHLORO-2H-CHROMEN-2-
ONE (SVM1-11) AND (E) 3-(2-AMINOTHIAZOL-4-YL)-6-NITRO-2H-
CHROMEN-2-ONE (SVN1-11).

6.1 Anticancer activity of novel Schiff bases of 3-(2-aminothiazol-4-yl)-6, 8-
dichloro-2H-chromen-2-ones (SVM1-11)

Abstract

The anticancer activity of the novel Schiff bases of 3-(2-aminothiazol-4-yl)-6, 8-dichloro-2H-
chromen-2-ones (SVM 1-11) was evaluated against MCF-7 (human breast adenocarcinoma
cells) and A549 (Human epithelial lung cancer cells) cell lines. The results revealed an overall
higher cytotoxicity effect of the compounds SVM 1-11 against MCF-7 compared to A549
cancer cells, suggesting that these compounds significantly reduce the viability of MCF-7 cells.
A dose-dependent increase in cytotoxicity activity was observed for each synthesized
compound as the concentration increased. Compound SVM 2, 4, 8 and 11 were the most potent,
with an 1Cso ranging from 5.7 to 9.2 pg/mL against MCF-7 cells. The best ICs value was
obtained with compounds SVM 2 and 8 showing 5.7 and 6.8 pg/mL, respectively.

Furthermore, to establish the mechanism involved in the antitumor activity against MCF-7 of
the selected active compounds, SVM 2, 4, 8 and 11, Caspase-Glo® kit assay was used to
determine the apoptosis (caspase-3/7, -8 and -9). The results indicated that apoptosis caused
by these compounds is partly due to activation of caspase-3/7 and caspase-9, which may be the
critical mechanism of action for apoptosis. In addition, the apoptosis induced on the MCF-7
cell line by these compounds was more significant than its effect on Caspase 8. This study
shows that SVM 2, 4, 8 and 11 compounds induced apoptosis through the mitochondrial-
dependent intrinsic pathway. Whereas SVM 2 induced apoptosis in MCF-7 through intrinsic
and extrinsic pathways. These results highlight the relevance of SVM 2, 4, 8 and 11 as lead
scaffolds for designing and developing novel coumarin pharmacophore-based anticancer

agents.
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6.1.1 Introduction

Cancer is a critical health problem characterized by unregulated mechanisms that guide cell
proliferation and differentiation (Abd El-Karim et al., 2019). Anticancer agents are necessary
for cancer therapy; more than a hundred drugs have been developed for this reason (Islam et
al., 2019). However, most of them have developed multidrug resistance and lethal side effects
due to non-selectivity and poor efficacy (Qing et al., 2018, Wang et al., 2017). Coumarin and
other heterocyclic compounds are essential in developing modern drugs, natural resources,
agricultural products, analytical reagents and dyes. As a result of growing resistance to
anticancer medicines, developing new structural heterocyclic moieties is critical to generate
potential anticancer agents with remarkable therapeutic uses (Gorle et al., 2017). Coumarin
and its derivatives are known to have a range of biological activities, including anticancer
activity (Song et al., 2020).

On the other hand, the thiazole motif is a fascinating building block for developing and
synthesizing various bioactive drugs. Several investigations found that numerous thiazole
compounds had potent anticancer activity by inhibiting specific molecular targets such as
receptor tyrosine kinases, the Bcl-2 family and histone deacetylases (Ankali et al., 2021). Thus,
molecular hybridization, a fusion of two or even more pharmacophores into a single molecular
structure, can enhance affinity and activity, decrease side effects, and overcome drug
resistance. Hybridization of the coumarin moiety with another anticancer pharmacophore can
provide low toxicity, high specificity and excellent efficacy for novel anticancer candidates
against drug-susceptible and drug-resistant cancers (Zhang and Xu, 2019). Hence, this chapter
aimed to synthesize and screen the novel Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-
2H-chromen-2-ones (SVM1-11) for their anticancer activity against MCF-7 (Breast cancer)

and A549 (Lung cancer) cancer cell line.

6.1.2 Materials And Methods
6.1.2.1. Cell lines

The MCF-7 (human breast adenocarcinoma cells) and A549 (Human epithelial lung cancer
cells) cell lines were donated by the Department of Human Physiology, University of Kwazulu
Natal (Westville Campus), South Africa. These cells were stored in 25 cm? tissue culture flasks
and incubated at 37°C in a humidified incubator (SnjidersHepa, United Scientific, Cape Town,

South Africa) that contains 5% CO; atmosphere. Upon arrival, the cells were transferred into
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two different 75 cm? flasks (Greiner, Germany) until cells reached 80% confluence in each
flask.

6.1.2.2 Maintenance of Cells

All cell culture maintenance experiments were conducted in the laminar flow cabinet
(Scientific Engineering, INC) to preserve a sterile environment. Before cell culture
experiments, the UV light was used to sterilize the laminar flow cabinet and swab regularly
with 70% ethanol (Merck, South Africa). The MCF-7 and A549cell lines were grown
separately in Dulbecco’s Modified Eagle Medium (DMEM) (glucose (4.5g1™), 1 mM L-
glutamine, and 1 mM sodium pyruvate) (Sigma-Aldrich, Inc). The DMEM was supplemented
with 1% heat-inactivated fetal calf serum (FCS) and 1% penicillin/streptomycin (antibiotic)
solution (Sigma-Aldrich, Inc). These cells were sub-cultured once the flasks happened to 80%
confluency every 2-3 days to ensure that the cells were in the exponential growth phase.
Supplemented-DMEM was drowned out of the flasks, and the monolayer of cells was washed
twice with 5 mL Phosphate Saline Buffer (PBS) during sub-culturing. Afterwards, an aliquot
of 1 mL trypsin was added to the flasks. The monolayer of cells was then incubated at 37°C in
a humidified incubator with a 5% CO. atmosphere for three minutes. The flasks were tapped
on the side for 20 seconds to detach the monolayer. Ten mL of supplemented DMEM was
added to each flask, and 1 mL of cell culture was subsequently transferred to each separate
flask. A final aliquot of 20 mL DMEM was added to each flask, and this was followed by
incubation at 37°C in a humidified incubator containing a 5% CO; atmosphere. The cells were
monitored for contamination daily by noting medium colour and turbidity changes during the

incubation period. Cell growth was examined with an inverted microscope (Nikon, Japan).

6.1.2.3 Cell line storage

Cell culture flasks that reached 80% confluent were washed twice with 5 mL PBS and treated
with trypsin, as described during the sub-culturing process. An aliquot of 10 mL DMEM was
then added to each flask, and the cells were later transferred to 50 ml tubes. The 50 mL tubes
were then centrifuged at 1500 rpm for 10 minutes to collect cell pellets. A volume of 2 mL of
cryo-protective medium (10% DMSO, 20% FBS, and 70% DMEM) was added to re-constitute
the pellet. An aliquot of 1 mL cryo-protective/cell-containing solution was added to the

cryotubes (Corning, South Africa). These tubes were placed on ice before adding the cryo-

119



protective solution to allow for slow cooling. The tubes were transferred to thermos flasks and

stored overnight at — 20°C. The cells were then stored in a — 80°C freezer.

6.1.2.4 Cell regeneration

Cells were removed from storage at — 80°C and rapidly thawed for use. After that, cells were
transferred into 20 mL pre-warmed supplemented-DMEM in 75 cm? tissue culture flasks.
These cells were then incubated at 37°C in a humidified incubator containing a 5% CO>
atmosphere.

6.1.2.5 Enumeration of cells

Cells were enumerated using trypan blue; a dye used to count viable cells. This staining
technique is based on the principle that viable cells would not use the trypan blue dye, while
non-viable cells would. In this study, 200 pL trypan blue (Bio Whittaker, Walkersville, USA)
was mixed with 200 pL cell suspension cultures in a tube. This tube was then incubated at
room temperature for about a minute. After that, an aliquot of 10 pL trypan-suspended cell
cultures was loaded into both chambers of the Neubauer hemocytometer. The cells within the
middle square and in the four 1 mm corner squares of the two chambers were counted. The

following equation shown below was used to determine the number of cells in suspension:

Cells/mL = Average number of cells from 5 primary squares X 2 X10 000
Total cell count = 16 squares x 4
= Cell counts in 4 sets of 16 squares

16 squares =2 x 10%/mL

total cell count
Therefore, cells per mL = 2 X 2 x 10% per mL

= cells per mL

6.1.2.6 Seeding of cells

Cells grown to 75-80% confluency were washed twice with 5 mL of PBS, trypsinized,
centrifuged and re-suspended as described above. Subsequently, aliquots of 90 uL (3x10°
cells/well) of the cell suspension were seeded into 96 well microtiter plates (Costar, Sigma-
Aldrich, Inc). After 200 uL of distilled water was pipette into the outer well of the plates to
prevent evaporation of the medium. The plates were then incubated for 24 hours at 37°C in a

humidified incubator with 5% CO..
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6.1.2.7 Microscopic examination of the cells

The morphological features of MCF-7 cells treated and untreated were observed under an

inverted microscope (Nikon) at 100 x magnification.
6.1.2.8 Growth inhibition measurement using MTT assay

6.1.2.8.1 Description

The MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide] assay is based on
the cellular reductase activity (NADH and NADPH) present in viable cells. These enzymes
cleave the tetrazolium ring of MTT substrate, thereby reducing this yellow dye to violet
formazan crystals that can be dissolved in DMSO. The resulting purple solution is

spectrophotometrically measurable.

6.1.2.8.2 Cytotoxicity assay

The MTT assay was carried out according to Sonmezet al. (2017) procedure with slight
adjustments. A549 and MCF-7 cells were plated into a 96-well microtiter plate (90 pL of cell
culture: 3 x 10° cells/mL) and treated with 10 pL of 50 and 100 pg/mL of SVM1-11
compounds. The positive control was camptothecin (6 pg/mL), while the negative control was
DMSO (0.2%). After 48 hours of treatment with the produced compounds, ten microliters of a
5 mg/mL MTT solution were applied to the cells. The microtiter plates were incubated for 4
hours at 37°C in a humidified incubator with 5% CO>. Following that, 100 uL of DMSO was
added to the cells to dissolve the formazan crystals, and the plates were incubated for another
hour. A 570 nm ELISA plate reader was used to measure the absorbance of the formazan
solutions (Sonmez et al., 2017). The following calculation was used to determine the

percentage growth inhibition (percent GI) observed by the investigated compounds.

%G| = (Abs of negative control-Abs of drug) x100

Abs of negative control
Abs negative control: Absorbance of cells treated with DMSO
Abs drug: Absorbance of cells treated with the test drug

%GI: Percentage growth inhibition
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6.1.2.8.3 Minimum inhibitory concentration (ICsp) of the active compounds

All compounds that inhibited the proliferation of the two cell lines (MCF —7 and A549 cells)
by 70% were further tested to determine their 1Cso using the MTT assay described by Sonmez
et al. (2017). The 1Cso values of the active compounds were determined by analyzing them at
eleven different concentrations, as described in section 6.1.2.8.2. In addition, the percentage
growth inhibition data were imported to GraphPad Prism 4 to create the logarithmic form of

the dose-response curves for calculating ICso values.

6.1.2.9 Statistical analysis

The statistical significance of differences between the groups was analyzed using the procedure

described in section 5.1.2.3

6.1.2.10 Caspase activity

Caspase-Glo™.-3/7, -8 and -9 activities were determined using commercial kits purchased from
Promega Company (USA) according to the manufacturer's recommendations. The assays use
a luminogenic caspase-3/caspase-7, caspase-8 or caspase-9 substrate in a buffer solution to
measure caspase activity in cell lysates. The degree of caspase activity present is proportional
to the luciferase signal produced. In brief, MCF-7 cells (20,000 cells/well) in DMEM with 10%
FBS were seeded on a white 96-well plate (SPL, Korea) and incubated overnight at 37°C with
5% CO.. The medium was then replaced, and the cells were treated with the 1Cso concentration
of SVM 2, 4, 8 and 11 compounds. Cells treated with DMSO served as a control. After
treatment, the Caspase-Glo™-3/7, -8 and -9 reagents were prepared and added directly to the
cells in 96-well plates and incubated for 60 minutes. Luminescence was determined using a
plate reader. All tests were carried out in triplicate; data are expressed as the number of relative
light units (RLU).
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6.1.3 Results and Discussion

6.1.3.1 Assessment of the growth inhibitory potential of 3-(2-aminothiazol-4-yl)-
6, 8-dichloro-2H-chromen-2-ones (SVM1-11) on A549 and MCF-7 cells.

The assessment of the cytotoxicity of these compounds to a cancer cell line was necessary to
examine how the compounds affected the viability and proliferation of the cells. The
cytotoxicity activity displayed by compounds SVM 1-11 against A549 and MCF-7 is
summarized in Table 10. The percentage growth inhibition of these compounds was
investigated at 50 and 100 pg/mL. All experiments were conducted in triplicate. The average
absorbance readings were calculated according to the negative solvent control DMSO (at
0.2%), noting that DMSO could be toxic to the cells at high concentrations. The results revealed
a dose-dependent increase in cytotoxicity activity observed for each synthesized compound as
the concentration increases. Camptothecin, a cancer chemotherapy drug, was used as a positive
control, showed a percentage growth inhibition of 94.65+1.2 and 91.52+1.5% against MCF-7
and A549 cells, respectively (Table 10). Compounds SVM 2, 4, 8 and 11 were the most potent
with a cytotoxicity percentage ranging from 80 to 86% against MCF-7 (ICso ranging between
5.7 to 9.2 pg/mL) lower than the reference drug Camptothecin 94.6% (I1Cso of 0.06 pg/mL)
(Table 10 and 11). Moderate cell growth inhibition was shown with SVM 3, 9 and 10 against
MCF-7 cells of 53.8+£0.17, 53.4+0.1 and 55.5+0.07%, respectively (Table 10).

On the other hand, low cytotoxicity activity was apparent at 50 pg/mL with SVM 1, 4,5, 6, 7,
9, 10 and 11 against A549, showing a cytotoxicity capacity ranging from 22 to 46% (Table 10).
Compounds SVM 2, 3, 8 and 11 demonstrated moderate cell growth inhibitory effect of
54.1+1.4, 56.2+0.8 and 58.7+0.8 and 50.9 +1.0% respectively (Table 10). Camptothecin
showed a growth inhibitory activity of 91.52+1.5% against A549 cells (Table 10). These results

revealed that SVM 1-11 compounds had a low overall cytotoxicity impact on A549 cells.

The ANOVA test was conducted on the growth inhibitory data to determine significant
differences between the A549 and the MCF-7 cell line. Some compounds displayed
significantly different growth inhibition values between cell lines, as seen in Table 10, whereas

others did not show considerable variability in growth inhibition values between cell lines.

Table 10: In vitro cytotoxicity of SVM 1-11 against A549 and MCF-7 cell lines
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Cell Growth inhibition (%)

Compounds A549 Cells MCF-7 Cells
50 pg/mL 100 pg/mL 50 pg/mL 100 pg/mL
SVM1 38.8 +0.7% 51.6+1.6° 37.8+0.1" 57.8+0.40"
SVM 2 54.1+1.49™ 67.4+0.6% 86.8+0.5Y 91.2 +0.21V
SVM 3 56.2+0.8"Y 68.2+1.1%  53.8+0.17% 61.1+0.30%%
SVM 4 49.3+1.3¢M 575+0.6%  80.6+0.14% 89.1+0.10¢"
SVM 5 46.8+0.9% 55.3+0.7¢ 48.8+0.25% 59.3+0.125Y
SVM 6 22.2+0.8% 37.5+1.4% 35.6+0.34% 45.1+0.99%
SVM 7 28.4+1.8% 50.7+1.3»  41.8+0.02% 47.7+1.07%
SVM 8 58.7+0.8" 69.4+1.0% 81.8+0.13% 86.1+0.47¢Y
SVM 9 42.9+1.5% 49.9+1.3% 53.4£0.1% 64.0£0.32%
SVMO 46.4+1.1dex 50.4+1 2b% 55.5+0.07" 63.8+0 25
SVM 11 50.9 +1.07% 58.1+0.9% 84.5+1.2" 88.7+0.65¢"
Camptothecin 91.52+1.5 93.6+1.6% 94.65+1.2)Y 95.29+2 8%

Values are represented as mean +SD; means of growth inhibition without a common letter
differ significantly (p<0.05).

6.1.3.2 Determination of the minimum inhibitory concentration (1Csp) of active
compounds against MCF-7

Minimum inhibitory concentration (ICso) values were determined for compounds that inhibited
cell growth by 70% or more against MCF-7 or A549 cells at 50 pug/mL. Thus, compounds
SVM 2, 4, 8 and 11 significantly inhibited the MCF-7 cells (Table 11) and were selected for
future study. The logarithmic form of the dose-response curves was generated to determine the
concentration of compounds that inhibits 50% of cells. The ICso values of the compounds were
compared to the standards Camptothecin, as shown in Table 11. The data obtained revealed
that compound SVM 2 showed a high 1Csg of 5.7 pg/mL followed by compounds SVM 8 and
SVM 11, which displayed an ICso of 6.8 and 7.8 pg/mL respectively, lastly compounds
SVM 4 showed an 1Cso of 9.2 pg/mL (Table 11).

These results are comparable to those of Vaarla et al. (2019), who synthesized new series 3-
(2-(5 amino-3-aryl-1H-pyrol-1-yl) thiazol-4-yl)2H-chromen-2-ones and evaluated their
anticancer activity against L1210, CEM, DU145, HeLa, and MCF-7. The 6-diethylamino
substituted compounds showed excellent activity against the test cancer cell lines among the
studied compounds. In contrast, 6,8-ditert-butyl substituted compounds showed good activity
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against DU-145 and MCF-7 cancer cell lines with ICsg values of 7+1 and 946 uM, respectively
(Vaarla et al., 2019). In another study, Thota et al. (2015) synthesized a series of coumarin
thiazole derivatives as anticancer agents against molt 4/Cs, CEM, L1210, BEL7402 HL60 cells.
The results showed that these compounds demonstrated cytotoxicity ranging from 6.2-18
pg/mL against CEM, 8.2-21 pg/mL against L1210, 09-19 pg/mL against molt 4/Cg, 8.6-12
pg/mL against HL60, and 8-16 pg/mL against BEL7402, respectively (Thota et al., 2015).
Similarly, Zhang et al. (2014) synthesized and reported a series of 4-(1, 2, 3-triazol-1-yl)
coumarin for its potential anticancer activity against three cancer cell lines MCF-7, SW480,
and A549. Most of the compounds exhibited remarkable antitumor activity; the most potent
compound demonstrated an ICsg of 5.89, 1.99 and 0.52 uM against MCF-7, SW480, and A549,
respectively. These activities were compared favourably with those of the positive control,
doxorubicin (ICso: 3.51, 2.43, 1.65 uM), used in the study (Zhang et al., 2014).

Table 11: The minimum inhibitory concentration (I1Cso) of the active compounds against MCF-
7 cancer cells.

ICso (g/mL)
Compounds
MCF-7

SVM 2 5.7

SVM 4 9.2

SVM 8 6.8

SVM 11 7.8
Camptothecin 0.06

6.1.3.3 Morphology of cells treated with the active compounds

Cells treated with active compounds SVM 2, 4, 8 and 11 were also studied for morphological
changes microscopically. The findings revealed that untreated cells had a normal shape and an
intact structure (Figure 15A and 15B, respectively). Figures 15 (15C, 15D, 15E and 15F)
showed that cells treated with the active compounds caused rounding of cells; furthermore,
cells treated with SVM 11 (Figure 15F) allowed apoptotic bodies to form.

Thus, these results showed that the active compounds induced the MCF-7 cells to undergo

apoptosis. Apoptotic cells have a different shape during the apoptotic process; when a cell
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receives a death signal, it begins to express proteins that aid in the death process, eventually
leading to increased activity of a set of enzymes that break other proteins. These enzymes dig
the cell's cytoskeleton, causing the cell to round up and shrink (Kroemer et al., 2005; Baig et
al., 2017). The results above are comparable to Archana et al., who stated that rounding and

budding of cells are signs of apoptosis (Archana et al., 2013).
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Figure 15: Cells morphology of MCF-7 (100X magnification) (A) untreated, (B) treated with DMSO (0.2%), (C) treated with SVM 2, (D) treated
with SVM 4, (E) treated with SVM 8,(F) treated with SVM11.

127



6.1.3.4 Caspases-3/7, Caspases-8 and Caspases-9 activity.

Apoptosis induction is regulated explicitly by the cascade of caspases via both intrinsic and
extrinsic pathways. Caspases play an essential role in apoptosis, which involves two major
classes of initiators and executioners (Faraj et al., 2014). Caspases are a cysteine protease
family classified into executioner caspases, such as caspase-3 or -7 and initiator caspases, such
as caspase-8 and -9. Kumar (1999) reported that the initiator caspase-8 is activated by extrinsic
pathways, while caspase-9 is activated by mitochondrial cytochrome C leakage (Kumar, 1999).
Caspase-3 or -7 can be activated by all initiator caspases, which commit cells to apoptosis (Woo
etal., 2011). Caspase-3/7, 8 and 9 activity were enhanced in MCF-7 cells following treatment

with the selected active compounds (SVM 2, 4, 8 and 11) compared to control.

The results showed that compounds SVM 2, 4, 8 and 11 could induce apoptosis by activating
caspase 3/7 in MCF-7 treated with the number of relative light units ranging between 80.000
to 170.000 RLU (Figure 16A). These compounds were also shown to induce caspase-9 activity
in MCF-7 treated with relative light units ranging between 30.000 to 80.000 RLU, which was
significantly higher when compared to control cells (Figure 16C). The results suggested that
the activation of caspase-9 is triggered by incubation with compounds SVM 2, 4, 8 and 11,
whereas caspase-8 activities of the selected compounds remain at the baseline level except for
compound SVM 2 (Figure 16B). Compounds SVM 2 induced apoptosis via death receptors
by activating caspase-8 with the relative light units of 110.000 RLU higher than the control
cells (Figure 16B). The rise in activity of caspase-9 was concurrent with the increase in activity
of caspase-3/7. These findings indicate that apoptosis caused by these compounds is, in part,
due to activation of caspses3/7 and caspase 9, which may be the mechanism of action for
apoptosis. In addition, the apoptosis induced on the ~ MCF-7 cell line by the tested target
compounds was more prominent than its effect on Caspase 8. This study shows that SVM 4, 8
and 11 compounds induced apoptosis through the mitochondrial-dependent intrinsic pathway.
On the other hand, SVM 2 induced apoptosis in MCF-7 through intrinsic and extrinsic
pathways.
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Figure 16: Relative luminescence expression (RUL) of Caspase: (A) Caspase3/7, (B) Caspase
8 and (C) Caspase 9 in MCF-7 cells treated with SVM2, SVM4, SVM 8 and SVM 11.

6.1.4 Conclusions

The Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2 A-chromen-2-one (SVM 1-11)
showed that the compounds significantly reduced the viability of MCF-7 cells. SVM 2, 4, 8
and 11 were the most promising against MCF-7 cells. This study indicates that SVM 4, 8 and
11 compounds induced apoptosis through the mitochondrial-dependent intrinsic pathway. On
the other hand, SVM 2 induced apoptosis in MCF-7 through intrinsic and extrinsic pathways.
This study showed that the activity of these compounds might be attributed to the introduction
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substituent on the phenyl ring at the fourth position of the thiazole moiety, which is coupled to
the main coumarin nucleus at the third position, is responsible for the test compounds' activity.
Thus, the current studies explicitly illustrate the significance of selected compounds as
anticancer agents and highlight the importance of SVM 2, 4, 8 and 11 as lead scaffolds for

designing and developing new coumarin pharmacophore-based anticancer agents.
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6.2 Anticancer activity of novel Schiff bases of 3-(2-aminothiazol-4-yl)-6-
nitro-2H-chromen-2-one (SVN 1-11)

Abstract

Cancer is a disease caused by uncontrolled cell proliferation that remains one of the fatal
diseases globally. Despite the availability of a range of anticancer medications, no available
treatments can Kill cancer cells without causing harm to normal tissues. As a result, medicinal
chemists are increasingly focused on developing novel anticancer drugs and more selective
cancer therapy techniques. In this study, novel Schiff bases of 3-(2-aminothiazol-4-yl)-6-nitro-
2H-chromen-2-one (SVN 1-11) were synthesized and assessed for their anticancer activity
against MCF-7 and A549 cancer cell lines using the MTT assay. The results obtained showed
that compounds SVN 1-11 had a low cytotoxicity effect on A549 compared to MCF-7 cancer
cells, implying that the SVN 1-11 significantly decreased the viability of MCF-7 cells. The
cytotoxicity activity increased dose-dependent as the concentration of each of the compounds
increased. Compounds SVN 1, 2, 4, 9, 10 and 11 exhibited high cytotoxicity activity against
MCEF-7, with percentage inhibition ranging from 73-83% (ICso ranging from 9.38-16.04
pg/mL). Compounds SVN 7 and 10 were the most potent, displaying percentage cytotoxicity
of 82.6 and 83.4%, respectively. Cells treated with the most active compounds were observed
to exhibit the characteristic features of apoptosis. These compounds caused rounding of some
cells and allowed the rest of the cells to remain attached, which are signs of apoptosis.
Moreover, Caspase 3/7, 8 and 9 assays were performed to determine the mechanism involved
in the anticancer activity of the selected active compounds. The results showed that SVN 2
could induce caspase activation in both the extrinsic and the intrinsic apoptotic pathways,

whereas SVN 1, 4, 9, 10 and 11 induced caspase activation through an intrinsic mechanism.
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6.2.1 Introduction

Cancer is an illness that has a significant impact on the world today. It is the world's second-
biggest cause of mortality after cardiovascular illnesses, and it is expected to become the
primary cause of death in the future years (Roleira et al., 2018). The discovery of novel
structures that may be beneficial in developing new, effective, selective, and less toxic
anticancer drugs remains a crucial problem for medicinal chemistry researchers (Gorle et al.,
2017). Despite significant advancements in the research and development of numerous
cancerostatic medicines in recent years, existing antitumor chemotherapy still suffers from two
fundamental limitations. The first is that current chemotherapy medications do not distinguish
between diseased and non-cancerous cells; the second is cancer cells developing multidrug
resistance (Bhaskar and Mohite, 2010). As a result, there is a need to discover and develop new
lead compounds with simple structures that demonstrate optimum in vitro anticancer efficacy

and novel modes of action.

Coumarin and its derivatives are essential pharmacophores with multiple medicinal chemistry
and pharmaceutical applications. They have attracted a lot of attention due to their
pharmacological properties and because their synthetic derivatives have a significant
cytotoxicity effect against various cancer cells (Kurt et al., 2020). On the other hand, the
thiazole moiety is one of the most widely used scaffolds in synthesizing novel lead compounds,
mainly anticancer drugs. Antitumor activity has been discovered in several thiazole-containing
drugs (Farghaly et al., 2020). A hybrid drug consisting of two pharmacophores' integration in
one molecule is designed to interact with multiple targets or intensify their impact by acting on
another bio target as a single molecule (Nepali et al., 2014). This chapter aimed to synthesize

and test a series of SVN 1-11 for anticancer efficacy against MCF-7 and A549 cancer cells.
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6.2.2 Materials and Methods
6.2.2.1 Assessment of the growth inhibitory potential of SVN 1-11 compounds
The cytotoxicity activity of the synthesis of the novel Schiff bases of (E) 3-(2-aminothiazol-4-

yl)-6-nitro-2H-chromen-2-one (SVN 1-11) against MCF-7 and A549 was achieved following

the protocols described in section 6.1.2.8
6.2.2.2 Determination of the minimum inhibitory concentration (1Cso) of active
compounds

The minimum inhibitory was determined according to the protocol described in section
6.1.2.8.3

6.2.2.3 Determination of cell morphology treated with the active compounds

The morphological changes of the cells were observed and photographed on an inverted

microscope (Nikon, Japan).

6.2.2.4 Caspases-3/7, -8, and -9 activation analysis of (E) 3-(2-aminothiazol-4-
yl)-6-nitro-2H-chromen-2-one (SVN 1-11)

The caspase-3/7, caspase-8 and caspase-9 activation was achieved according to the protocol is
described in section 6.1.2.10
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6.2.3 Results and Discussion

6.2.3.1 Cytotoxicity activity of SVN 1-11

The growth inhibition activity of compounds SVN 1-11 was investigated against A549 and
MCF-7 cells at 50 and 100 pug/mL. All experiments were conducted in triplicate; the average
absorbance readings were calculated according to the negative solvent control (0.2 % DMSO).
The percentage cytotoxicity results are summarized in Table 12. The results revealed a

decreased growth of the tested cancer cells as concentration increased.

The synthesized compounds SVN 1-11 exhibited a significant cytotoxicity effect against
MCF-7 than A549 cancer cells, inducing significant morphological changes and a dose-
dependent decrease in the number of cells. The results obtained in Table 12 indicated that the
overall growth inhibitory potential against MCF-7 at 50 pg/mL was exceptional with
compounds SVN 1, 2, 4, 9, 10 and 11, which exhibited a high cytotoxicity effect of 76.5+0.3,
75.9£0.5, 82.6+0.10, 73.7+£0.14, 83.4+0.2 and 78.3+£0.31%, respectively. These compounds
were the most potent, still lower than the reference drug Camptothecin 94.65+1.2% (Table 12).
Moderate cytotoxicity effect ranging from 56 to 57% was shown with compounds SVN 2, 3, 4
and 9 against A549, whereas compounds SVN 3, 5 and 7 showed moderate activity against
MCEF-7 (Table 12).

These findings are similar to those of Ayati et al. (2018) synthesized novel coumarins bearing
a 2,4-diaminothiazole-5-carbonyl moiety and assessed for anticancer potential. The findings
showed that The 2-thiomorpholinothiazole derivative 3k exhibited excellent cytotoxicity
against the investigated cell lines MCF-7, HepG2, and SW480, with ICso values ranging from
7.51t0 16.9 pg/ml. Flow cytometric research revealed that this molecule induces apoptotic cell
death in MCF-7 cells and G1-phase arrest in the cell cycle (Ayati et al., 2018). In another study,
Zhu et al. (2015) synthesized a series of triphenylethylene coumarin hybrids and evaluated
their anticancer activity against MCF-7, A549, K562, and Hela cells. The results demonstrated
that some compounds, such as N  N3-bis(4-(7-(2-(diethylamino)ethoxy)-4-(4-(2-
(diethylamino)ethoxy)phenyl)-2-oxo-2H-chromen-3-yl)phenyl)malonamide(7a), N NZO-
bis(4-(7-(2-(diethylamino)ethoxy)-4-(4-(2-(diethylamino)ethoxy)phenyl)-2-oxo0-2H-chromen-
3-yl)phenyl)decanediamide(9a) and N ,N®-bis(4-(2-oxo0-7-(2-(piperidin-1-yl)ethoxy)-4-(4-(2-
(piperidin-1-yl)ethoxy) phenyl)-2H-chromen-3-yl)phenyl)adipamide (8b) most active
compounds demonstrated MIC values ranging from 1.5 to 8.7 uM (Zhu et al., 2015).
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MCF-7 cell

line, the ANOVA test was conducted on growth inhibitory potential results. Some compounds

To determine whether there were significant differences between the A549 and

displayed significantly different growth inhibition values between cell lines, as seen in Table
12, whereas others did not show considerable variability in growth inhibition values between

cell lines.

Table 12: In vitro cytotoxicity of SVN 1-11 against MCF-7 and A549 cell lines.

Cell Growth inhibition (%)

Compounds A549 Cells MCF-7 Cells
50 pg/mL 100 pg/mL 50 pg/mL 100pg/mL

SVN1 41.0+1.1% 55.0+0.8P 76.5+0.3% 79.2+0.15%Y
SVN 2 56.3+0.8% 67.2+0.6™ 75.94£0.5% 84.4+0.20%Y
SVN 3 58.4+0.3%" 64.1+0,29x 56.1+0.1% 62.4+0.16%Y
SVN 4 53.5+0.7% 60.2+0.58 82.6+0.10% 89.5+0.21
SVN 5 40.0+0.7% 57.7+0.2¢0x 56.9+0.7% 64.3+0.1°9Y
SVN 6 26.6+1.5* 51.0+0.2% 49.2+0.23% 58.5+0.1%Y
SVN 7 30.8+0.4% 58.4+3.6%fY 26.0+0.18* 47.6+0.32%
SVN 8 48.7+1.0% 55.9+1 .00 57.09+0.17% 65.4+0.7%
SVN9 57.2+0.6% 62.1+0.779% 73.7+0.14% 85.6+0 639y
SVN 10 47.4%1 5% 65.2+0.6"x 83.4+0.2% 87.3+0.15%
SVN 11 45.0+0.0% 62.3+1.0f9x 78.3+0.31Y 84.0+0.2Y

Camptothecin 91.52+1.5™  93.6+1.6 94.65+1.2"Y  9529+2 gix

Values are represented as mean £SD, means of growth inhibition without a common letter
differ significantly (p<0.05).
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6.2.3.2 Determination of the minimum inhibitory concentration (ICso) of
active compounds

Minimum inhibitory concentration (ICso) values were determined using compounds that
inhibited cell growth by 70% or more against MCF-7 or A549 cells at 50 g/mL. Thus,
compounds SVN 1, 2, 4, 9, 10 and 11 significantly inhibited MCF-7 cells and were selected
for further study (Table 13). The results showed that most tested active compounds exhibited
significant activity but were lower than the reference drug Camptothecin (0.06 pg/mL). From
the results in Table 13, it was found that compounds SVN 10 displayed the best 1Csg of 6.24
pg/mL, followed by SVN 4 and SVN 11 with an ICsg of 9.38 and 9.8 pg/mL, respectively.
Lastly, compounds SVN 1 and SVN 2 displayed an ICso0f 13.4 and 16.04 pg/mL, respectively.

Table 13: The minimum inhibitory concentration (ICso) of the active SVN compounds against
MCEF-7 cancer cells.

Compounds code MCF-7 (ICso pg/mL)
SVN1 13.4
SVN 2 16.04
SVN 4 9.38
SVN 9 14.5
SVN 10 6.24
SVN 11 9.8
Camptothecin 0.06

6.2.3.3 Morphological features of MCF-7 cells treated with the active
compounds

Cells treated with compounds SVN 1, 2, 4, 9, 10 and 11 were also examined microscopically
for morphological alterations. The untreated cells or treated with DMSO remained attached
and healthy (Figl7A, 17B). Figures 17C, 17D, 17E, 17F, 17G and 17F demonstrated that these
compounds caused rounding of cells. In addition, compounds SVN 1, 2, 4 and 10 permitted
clustering of the cells (Figure 17C, D, E and G). These results indicated that cells treated with
the active compounds induced MCF-7 to undergo apoptosis. Apoptotic cells were first
distinguished from healthy and necrotic cells by certain morphological characteristics. These
characteristics are still valuable for apoptosis studies; some of these characteristics are cell

rounding and shrinkage. Cell shrinkage is one of the most common features of cell death,
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occurring in almost all apoptosis cases regardless of the stimulus. Cells lose touch with and
detach from neighbouring cells and the extracellular matrix as they shrink (ECM) (Doonan and
Cptter, 2008). In another study, Archana et al. also stated that rounding and budding of cells
are signs of apoptosis (Archana et al., 2013).
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Figure 17: Cells morphology of MCF-7 (100X magnification) untreated (A), treated with DMSO (0.2%) (B), (C) treated with SVN 1, (D) treated
with SVN 2, (E) treated with SVN 4, (F) treated with SVN 9, (G) treated with SVN 10 and (H) treated with SVN 11 against MCF-7.
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6.2.3.4 Caspases-3/7, -8 and -9 activity

Among the dead proteases are caspases, a type of cysteine-dependent aspartate-directed
protease (He et al., 2006). Upstream (initiator) caspases and downstream (effector) caspases
are the two basic types of caspases (Carter et al., 2005). Caspases like caspase-8 and caspase-
9 work upstream, cleaving inactive pro-forms of downstream caspases like caspase-3 and
caspase-7, which then cleave proteins implicated in cell death (Riedl and Shi, 2004). In this
study, caspase-3/7 activity in treated cells was significantly higher than in the control cells.
When the initiator caspases are activated, the executioner caspases are activated; Caspases-3
and -7 activate apoptosis in cells. The results showed that SVN 1, 2, 4, 9, 10 and 11 could
induce apoptosis by activating caspase-3/7 in MCF-7 treated with relative lights units ranging
between 40000 to 140000 RLU (Figure 18A), which was higher compared to the DMSO treated
cells.

Caspases that initiate apoptosis (caspase-8 and caspase-9) are implicated in the cell's response
to specific stimuli that trigger cell death. Caspase-9 activity was also increased in MCF-7 cells
treated with the selected active compounds. The title compounds SVN 1, 2, 4, 9, 10 and 11
induced caspase-9 activation with a relative unit ranging between 30.000 to 90.000 RLU
(Figure 18C). Overall, all six compounds, SVN 1, 2, 4, 9, 10 and 11, displayed increased
caspase-3/7 and caspase-9 activity, implying an increase in activating the intrinsic pathway. At
the same time, SVN 2 also showed an increase in caspase-8 activity with relative units’ number
of 120.000 RLU, which was significantly higher than in the control cell. All compounds
excluding compound SVN 2 showed low caspase-8 activity (Figure 18B). Thus, SVN 2 induces
apoptosis through Intrinsic and extrinsic apoptotic pathways. Activated caspase-8 and caspase-
9 may cause the caspase cascade to be serially initiated and activated, leading to the activation
of caspase-3, cleaving cytoskeletal proteins, activating DNAse and causing cell death by
apoptosis (Hajiaghaalipour et al., 2015).
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Figure 18: Relative luminescence expression (RUL) of (A) Caspase3/7, (B) Caspase 8 and (C)
Caspase 9 in MCF-7 cells treated with SVN 1, SVN 2, SVN 4, SVN 9, SVN 10 and SVN 11.

6.2.4 Conclusions

Novel Schiff bases of 3-(2-aminothiazol-4-yl)-6-nitro-2 H-chromen-2-one (SVNI1-11) have
been well synthesized and assessed for their cytotoxicity activity against two different human
cancer cell lines (MCF-7 and A549 cells). Compounds SVN 1,2, 4,9, 10 and 11 were the most
potent, displaying a wide variety of anti-proliferative activities against MCF-7 cancer cell lines
among the tested compounds. Further, the apoptotic assay showed that the SVN 2 compound
could induce caspase activation in extrinsic and intrinsic apoptotic pathways. In contrast, the

remaining compounds cause caspase activation through an intrinsic mechanism. The
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interpretation of the data indicates that the compounds SVN 1, 2, 4, 9, 10 and 11 may be
regarded as good antitumor agents, which might be considered the starting point for further

development to obtain more potent anticancer drugs.
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CHAPTER VII. ANTIOXIDANT AND LIPOXYGENASE INHIBITORY
ACTIVITIES OF NOVEL SCHIFF BASES OF 3-(2-AMINOTHIAZOL -4-
YL)-6, 8-DICHLORO-2H-CHROMEN-2-ONE (SVM1-11) AND (E) 3-(2-
AMINOTHIAZOL-4-YL)-6-NITRO-2H-CHROMEN-2-ONE (SVN1-11)

7.1 Antioxidant and lipoxygenase inhibitory activities of novel Schiff bases
of 3-(2-aminothiazol-4-yl)-6, 8-dichloro-2H-chromen-2-one (SVM 1-11)

Abstract

Coumarin derivatives are a class of biologically active compounds with several applications in
pharmacy and medicine. Many studies have shown that coumarin and its derivatives have
various biological effects. Several enzymes, including lipoxygenases, have been demonstrated
to be inhibited by coumarins. Lipoxygenases are iron-containing enzymes that convert
polyunsaturated fatty acids into physiologically active compounds that play a role in immune
and inflammatory responses. In this study, a novel series of 3-(2-aminothiazol-4-yl)-6, 8-
dichloro-2H-chromen-2-one (SVM 1-11) were synthesized and evaluated for their antioxidant
and lipoxygenases inhibitory capacity as an indication of their potential anti-inflammatory
activity. The results showed that compounds SVM 3 and 8 were the most potent antioxidant,
with a radical scavenging capacity of 92.7+£1.1 and 89.7+1.7%, comparable to the reference
drug Rutin 97.3+1.5%. They were followed by compounds SVM 2, 4 and 6 with a radical
scavenging capacity of 68.1+1.4, 70.1+1.4 and 68.4+0.7%. Regarding the lipoxygenase
inhibitory assay, compounds SVM 3, 8 and 11 were the most active lipoxygenase inhibitors,
with a percentage inhibitory capacity of 64.1+0.2, 60.3+0.3 and 67.3+0.2%, respectively. The
information presented enables medicinal chemists to design and develop novel molecular
analogues antioxidant and lipoxygenase inhibitors and broaden the scope of next-generation

effective and safer coumarin-based antioxidant and lipoxygenase inhibitors.
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7.1.1 Introduction

Antioxidants are important components of the body's protective system because they regulate
the production and removal of reactive oxygen species (ROS) such as hydroxyl radicals,
superoxide radicals, singlet oxygen, and hydrogen peroxide radicals, which are produced as a
result of oxidative stress and normal metabolic activity (Shaikh et al., 2016a). Free radicals are
linked to various illnesses and disorders, including carcinogenesis, inflammation, mutagenesis,
arthritis, cancer, and genotoxicity. These conditions develop due to oxidative stress caused by
an imbalance between free radical formation and quenching. Lipoxygenases (LOXs) are
nonsulfur iron dioxygenase that converts arachidonic, linoleic, and other polyunsaturated fatty
acids into physiologically active metabolites. They play a role in inflammatory and
immunological responses. Mammalian lipoxygenases have recently become a source of worry

due to their presence in various biological organs and tissues (Loncari¢ et al., 2020).

Several organic compounds have been identified as LOX inhibitors, including coumarins
(Melagraki et al., 2009), thiazolidinediones (Bozdag-Diindar et al., 2009) and quinazolinone-
1,2,3-triazoles (Farjadmand et al., 2016). Coumarin continues to be the scaffold of choice
despite repeated efforts to find more potent antioxidant agents. It has proven efficacy in free
radical quenching and has enormous potential for research as a candidate molecule for
therapeutic development against diseases caused by oxidative damage (Nagamallu et al.,
2016). The importance of thiazole compounds is well known, as thiazole is an essential
constituent of many currently available drugs. Despite this, thiazole compounds have various
biological characteristics, including antioxidant and anti-inflammatory properties (Sharma et
al., 2019).

In this respect, molecular hybridization has emerged as one of the best synthetic techniques to
synthesize active compounds with different mechanisms of action and structural modification
to maximize their binding affinity and efficiency (Lal et al., 2018). This study aimed to
synthesize and structurally characterize a series of 3-(2-aminothiazol-4-yl)-6, 8-dichloro-2H-

chromen-2-ones (SVM 1-11) and assess the in-vitro antioxidant and LOX inhibitor capacity.
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7.1.2 Materials and Methods

7.1.2.1 Antioxidant activity of novel Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-
dichloro-2H-chromen-2-one (SVM 1-11)

The antioxidant activity of the synthesized coumarin compounds will be determined according
to the protocol described by Choi et al. (2002) using 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical photometric assay. Compounds were prepared in methanol to the final concentration
1000, 500, 250, 100, 80, 40, 40, 20 and 10 pg/mL. The results were compared with rutin
(Sigma-Aldrich), a potent antioxidant. For the test, 400 uL of 0.3 mM DPPH in methanol was
added to 1 mL of coumarin compounds and incubated in the dark for 30 min. The negative
control was 1 mL of methanol and 400 pL of DPPH, and the positive control will be DPPH
and 610 pg/mL rutin solution (Choi et al., 2002). The absorbance values were measured against
the blank using a spectrophotometer at 518 nm. The percentage inhibition of free radical

production from DPPH was calculated using the following formula:

Scavenging capacity % = (Abs of Sample-Abs of blank) x100

Abs of negative control
7.1.2.2 Statistical analysis

Each experiment was performed in triplicate, and the data are presented as means + standard
deviation (SD). The statistical significance of differences between the groups was analyzed
using a one-way ANOVA test followed by a post hoc Bonferroni's test. Mean values with

probability values of p<0.05 were taken as statistically significant.

7.1.2.3 Lipoxygenase inhibitory activity of novel Schiff bases of 3-(2-
aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one (SVM 1-11)

The anti-inflammatory activity was assessed using the lipoxygenase inhibitory screening kit
assay (Cayman Chemicals, Ann Arbor, MI, USA) following the manufacturer's protocol. The
inhibitory activity of novel Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-
2-one (SVM 1-11) were tested at the concentration of 1000, 500, 250 and 100 pg/mL using the
15-lipoxygenase as a positive control. The analysis included blank wells with assay buffer
added, 100% initial activity wells (90 pL lipoxygenase enzyme, 10 pL DMSO) and inhibitor
wells (90 pL 15-LO-standard and 10 uL assay buffer). The reaction started with adding 10 uL.
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of Arachidonic Acid to the wells. The plates were shaken for 5 minutes with a plate shaker. A
volume of 100 uL of chromogen was added to each well to inhibit enzyme catalysis and
develop the reaction. After shaking for 5 minutes and covering the plate with a cover sheet, the
result of the enzymatic reaction was measured spectrophotometrically at 490 nm. The

following equation was used to calculate the percentage inhibition:

Initial activity — Inhibitor
% inhibition = Y X 100

Initial activity

7.1.2.4 Statistical analysis

The statistical significance of differences between the groups was analyzed using a one-way

ANOVA test followed by a post hoc Bonferroni's test as described in section 7.1.2.2
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7.1.3 Results and Discussions

7.1.3.1 Antioxidant activity of SVM 1-11

The antioxidant activity of novel Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-
chromen-2-one (SVM 1-11) was carried out using DPPH radical scavenging assay. This
method evaluates the capacity of synthesized compounds to donate hydrogen and converts the
purple DPPH radical to yellow hydrazine. Rutin, a flavonoid, was used as the positive control
in the experiment. The experiment was carried out at nine concentrations in triplicates; the
results are expressed as mean * standard deviation (SD) and are summarized in Table 14. The
results reveal that the gradual increase in the activity in all the cases was observed with an
increase in compounds concentrations. Compounds SVM 3 and 8 exhibited the highest radical
scavenging capacity of 92.7+1.1% and 89.7+1.7%, respectively, comparable to the positive
control Rutin 97.3£1.5% (Table 14). They were followed by compounds SVM 2, 4 and 6
displaying radical scavenging capacity of 68.1+1.4, 70.1+£1.4 and 68.4+0.7%. The remaining
compounds, SVM 1, 5, 7, 9, 10 and 11, exhibited low to weak radical scavenging capacity
ranging from 45-14.7+0.4% at 1 mg/mL. These compounds had lower activity than SVM 3, 8
and the standard antioxidant Rutin (Table 14). The ANOVA test was conducted to determine
significant differences between the tested compounds and the concentration. Some compounds
displayed significantly different radical scavenging capacity values between the compounds as
the concentration increases, as shown in Table 14, whereas other compounds did not display a

significant difference.

These results are comparable to Thota et al. (2015), who synthesized a series of coumarin
thiazole derivatives for their antioxidant activity using the DPPH scavenging method. The
results showed that the synthesized compounds displayed moderate to high scavenging
capacity compared to the standard drug. The most active compounds displayed ICso values of
11.04 £ 0.18, 11.28 + 0.06, and 12.16 + 0.28 ug/mL, respectively (Thota et al., 2015). In
another study, Kurt et al. (2015) designed and synthesized a series of urea/thiourea substituted
coumarinyl thiazole derivatives as antioxidant agents. The results indicated that these
compounds exhibited good radical scavenging capacity with 1Csg values of 1.64, 1.82, 2.69,
3.31, and 5.49 uM, respectively (Kurt et al., 2015).
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Table 14: Free-radical scavenging percentage activity of SVM 1-11

Compounds % Free-radical Scavenging capacity

code 1000 500 250 pg/mL 100 pg/mL 80 pg/mL 60 ug/mL 40 pg/mL 20 pg/mL 10 pg/mL
SVM1 45.2+0.2%H 32 3+0.1°¢ 29.2+1.2°F  20.9+0.5°F  16.2+1.1°P 12.6+0.6°C  10.1+0.3°B  8.3+0.5°“B  5.8+0.1°A
SVM 2 68.1+1.4" 65.4+0.69" 59.1+1.6  53.6+1.7¢F  45.2+0.2°F 39.1+1.29°  23.2+1.19C  17.6+0.8°B  8.5+0.5°A
SVM 3 02.7+1.19"  90.9+0.5H 78.4+1.99"C¢ 66.2+0.4F  60.1+0.3% 56.5+1.6™ 50.1+0.19¢ 39.4+0.2"  15.2+0.5°A
SVM 4 70.1+1.4" 64.3+0.79" 61.1+1.8  556+1.5%F  48.2+0.5F 40.1+0.29°  36.2+0.6°C  25.8+0.1™  10.2+0.19%
SVM 5 35.3+0.3°"  26.2+0.6°C 16.5+1.1%F 14.6+0.2°F  10.4+0.82° 6.5+0.5%C 5.6+0.6%8 3.2+0.1# 2.2+0.28A
SVM 6 68.4+0.7"  557+0.5©C 521+15%F  43.8+1.9dF 35.1+0.6%° 26.9+1.2°C  19.6+0.5°®  11.2+0.59%  8.5+0.1%A
SVM 7 27.1+41.5¢  235+0.6® 20.1+1.2°F  13.3+1.1%° 9.1+0.1% 8.9+0.13€ 4.1+0.1%8 3.2+0.28AB 1 5+0.5%A

F

SVM 8 89.7+1.79"  87.1+0.5" 75.6+0.29¢ 64.2+1.3F  60.4+0.6% 53.6+1.58C  42.1+1.1C  33.1+0.498  11.740.19A
SVM 9 41.5+0.1°¢  38.5+1.8% 36.8+1.29F  30.1+0.5°¢  257+1.1°P 13.2+0.8°C  6.4+0.2%8 5.4+0.1°8 2.6+0.23A
SVM 10 24.7+0.4%  21.8+0.18" 15.6+0.22°¢  11.6+0.1®F  9.8+0.6% 6.2+0.320 4.0+0.1%€ 2.8+0.4%8 1.9+0.3%A
SVM 11 45.8+1.2¢F  43.4+15°F 32.5+0.5¢ 21.6+1.6°° 17.1+1.7°C 12.1+0.3"B  9.9+1.1P4B  8.3+0.5%" 6.5+0.6°A
Rutin 97.3+1.5"  90.1+1.2H 80.5+0.5"¢  73.6+0.99F  65.2+0.2"F 56.8+1.6™ 5124159  415+0.58  18.3+1.2"

Values are represented as mean £SD, means of treatment without a common letter differ significantly (p<0.05).
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7.1.3.2 In-vitro lipoxygenase inhibitory activity of SVM 1-11

The capacity of the novel Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-
2-one (SVM1-11) to suppress lipoxygenase was determined as a sign of possible anti-
inflammatory activity using the UV absorbance-based enzyme assay. All the tested compounds
were dose-dependent inhibitors of lipoxygenase activity; the results are summarized in
Table 15. The results showed that SVM 2, 3, 4, 6, 8, 9, 10 and 11 were effective lipoxygenase
inhibitors with percentage inhibitions in the range of 50-67%. DMSO was used as a negative
control and did not alter enzyme activity. The most active lipoxygenase inhibitor among the
tested compounds was SVM 3, 8 and 11 with a percentage inhibitory of 64.1+0.2, 60.3+0.3,
and 67.3£0.2%, respectively, below the positive control 15-LO (98.5+0.7%) at 1 mg/mL (Table
15). Compounds SVM 2 (57.31£0.3%), SVM 4 (56.0+£0.3%), SVM 6 (51£0.3%), SVM 9
(50.9+0.4%) and SVM 10 (53.3+0.2%) showed moderate lipoxygenase inhibitory capacity.
The remaining compounds, including SVM 1, 5 and 7, showed weak lipoxygenase inhibitory
capacity, lower than 50% (Table 15). The ANOVA test was conducted to determine significant
differences between the tested compounds and the concentrations. Some compounds displayed
significantly different lipoxygenase inhibitory capacity as the concentration increased, whereas

others did not display a considerable difference (Table 15).

These results are comparable to Roussaki et al. (2010), who synthesized a series of 3-aryl
coumarin analogues and assessed the antioxidant and LOX inhibitory activities. The results
revealed that most active compounds showed 86% LOX inhibition (Roussaki et al., 2010).
Coumarin derivatives have been reported to display significant lipoxygenase Inhibition
efficacy (Hadjipavlou-Litina et al., 2007, Srivastava et al., 2016). Reactive oxygen species
(ROS) have been documented as involved in the cyclooxygenase and lipoxygenase mediated
transformation of arachidonic acid into pro-inflammatory intermediates (Melagraki et al.,
2009). Several forms of coumarin have been documented to possess the unique capacity to
scavenge reactive oxygen species and affect free radical-injury processes. Coumarin
derivatives were also observed inhibiting lipid peroxidation and having anti-inflammatory
activity. In addition, coumarin and related derivatives have been used as regulators of
lipoxygenase and cyclooxygenase pathways of arachidonic acid metabolism (Hadjipavlou-
Litina et al., 2007, Kontogiorgis et al., 2006).
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Table 15: Lipoxygenase inhibitory capacity of SVM 1-11

Compounds % Anti-inflammatory activity

code 1000 pg/mL 500 pg/mL 250 pg/mL 100 pg/mL
SVM1 45.3+0.09% 13.8+0.15% 9.2+0.15 1.4+0.102V
SVM 2 57.3+0.32% 26.5+0.25Y 13.8+0.4% 12.0+0.2™
SVM 3 64.1+0.2' 46.9+0.12V 27.0+0.21M™ 23.5+0.15"™
SVM 4 56.0+0.34% 23.3+0.14% 12.4+0.16% 7.8+0.09%W
SVM 5 35.2+0.15% 17.7+£0.11% 11.4+0.17% 6.5+0.13%W
SVM 6 51.03+0.34% 25.6+0.2¢Y 18.0+0.13W 7.6+0.128%
SVM 7 38.5+0.10 9.8+0.16% 6.9+0.1% 5.4+0.11%V
SVM 8 60.3+0.3" 37.4+0.25"Y 25.5+0.29 14.3+0.19%
SVM 9 50.9+0.42% 33.9+0.12% 14.4+0.15% 6.3+0.19w
SVM 10 53.3+0.26¢ 10.2+0.18% 6.7+0.1% 3.3+0.1°w
SVM 11 67.3+0.2} 28.8+0.21Y 6.8+0.2% 4.1+0.20W
15-LO 08.5+0.7% 80.2+0.9% 65.1+1.2% 60.5+0.8W

Values are represented as mean £SD of three replicate from three independent experiments.
Means of treatment inhibition without a common letter differ significantly (p<0.05).

7.1.3.4 Structure-activity relationship (SAR)

The following structure-activity relationships (SARs) were suggested for the studied
compounds (SVM 1 - 11) based on antioxidant and lipoxygenase inhibitory capacity. The title
compounds SVM 3 and 8 having 4-chloro on phenyl ring and dihydroxy at third and fourth
positions of the phenyl ring, respectively, emerged as the most effective, displaying high
radical scavenging efficacy and lipoxygenase inhibitory capacity. Whereas Compound SVM 2
has 4-methoxy on the phenyl ring, SVM 4 has fluorine atom at the fourth position of the phenyl
ring, SVM 6 have pyridyl ring in place of the phenyl ring showed considerable radical
scavenging capacity and moderate lipoxygenase inhibitory activity; however, these activities
were less effective compared to SVM 3 and 8. Furthermore, compound SVM 11 has 2-hydroxy
and 3,6-dichloro substitutions on phenyl ring on coumarinyl thiazole nucleus were the most
effective lipoxygenase inhibitor. Still, it displayed lower radical scavenging capacity than
SVM 2, 3, 4, 6 and 8. The insertion of various functional groups on phenyl ring at the fourth
position of thiazole moiety, which is connected to the primary coumarin nucleus at the third
position, appears to be an essential contributor to the radical scavenging capacity lipoxygenase

inhibitory activity based on the findings.
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7.1.4 Conclusions

To conclude, we have synthesized novel Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-
2H-chromen-2-one (SVM 1-11) and evaluated their antioxidant and lipoxygenase inhibitory
capacity. The synthesized compounds demonstrated promising antioxidant capacity compared
to the standard drug Rutin. The title compounds, SVM 3 and 8, were the most promising radical
scavenging capacity among all the compounds, followed by SVM 2, 4 and 6. Regarding the
lipoxygenase inhibitory activity, SVM 3, 8 and 11 Showed considerable lipoxygenase
inhibitory capacity, among which SVM 11, having 2-hydroxy and 3,6-dichloro substitutions
on the phenyl ring on the coumarinyl thiazole nucleus, was the most potent lipoxygenase
inhibitor. These findings suggest that these active compounds might be considered a starting
point for designing and developing new coumarin pharmacophore-based antioxidant and

lipoxygenase inhibitory agents.
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7.2 Antioxidant and Lipoxygenase inhibitory activity of Novel Schiff bases
of 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-ones (SVN1-11)

Abstract

Coumarin and thiazole are two significant pharmacophores with various pharmacological
properties and their synthesis is becoming increasingly relevant in medicinal chemistry. The
study aimed to develop new Schiff bases of 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-
ones (SVN1-11). The antioxidant capacity of all of these compounds was tested in vitro using
the DPPH assay. The radical scavenging capacity data revealed that compounds SVN 5 and
SVN 9 are the most effective, with percentage scavenging capacities of .80.5£0.6% and
85.4+1.3%, respectively. Furthermore, compounds SVN 4, 6, 8, 10 and 11 demonstrated
substantial radical scavenging capacities of 71.5+1.5, 74.9+0.7, 76.8+1.3, and 73.8+£0.7%,
respectively. The lipoxygenase inhibitory kit assay was used to assess the lipoxygenase
inhibitory capability of all produced SVN 1-11. The results showed that all test compounds
studied inhibited lipoxygenase enzyme to varying degrees, with SVN 11 being the most active
(61.3+0.3%). Compounds SVN 4, 5, 8, 9 and 10 displayed moderate lipoxygenase inhibitory
activity capacity of 52.3+0.15, 55.8+0.2, 55.4+0.2, 55.3+0.1 and 53.8+0.15%, respectively.
These compounds might be considered lead candidates for designing new coumarin

pharmacophore-based antioxidant and lipoxygenase inhibitor drugs.
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7.2.1 Introduction

Free radicals of various types are continually produced for metabolic requirements and are
quenched by the body's effective antioxidant network. When these species' production
surpasses the antioxidant system levels, oxidative damage to tissues and biomolecules occurs,
resulting in disease states, particularly degenerative conditions (Patel Rajesh and Patel Natvar,
2011). Many synthetic and natural coumarin derivatives have a unique capacity to scavenge
free radicals and affect processes involving free radical damage (Khoobi et al., 2011).
Lipoxygenases are essential enzymes in lipid metabolism because they convert polyunsaturated
fatty acids, such as arachidonic acid and linoleic acid, to their metabolites (Orafaie et al., 2018).
The use of lipoxygenase inhibitors for medicinal purposes is gaining popularity. 15-LOX
inhibitors have been synthesized and classified according to their chemical composition,
including heterocyclic, phenolic, allyl and allyloxy benzene derivatives. Coumarin is one of
the most well-known heterocyclic structures that have been identified as lipoxygenase

inhibitors (Zerangnasrabad et al., 2021).

Coumarins are predicted to alter the production and scavenging of reactive oxygen species
(ROS) and processes involved in free radical-mediated injury (Fylaktakidou et al., 2004). Many
synthetic coumarin derivatives have significant pharmacological potential since they are
effective inhibitors of many enzymes, including human 5-lipoxygenase, aromatase, horseradish
peroxidase, and hAChE/BACE1 (Roussaki et al., 2010). Thiazole is a key scaffold for a wide
range of synthesized chemicals. Its broad pharmacological potency is shown in several
clinically authorized thiazole-containing compounds, with a wide range of biological
properties. (Borcea et al., 2021). A hybrid pharmacophore is a rational approach to drug
development since it combines two bioactive components into a single molecule (Osman et al.,
2018a). To generate more active molecules reacting on numerous targets, molecular
hybridization of thiazole and coumarin pharmacophores was chosen as an approach. This study
aimed to synthesize novel Schiff bases of 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-ones
(SVN1-11) as antioxidant and lipoxygenase inhibitory agents.
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7.2.2 Materials and methods

7.2.2.1 Antioxidant activity of novel Schiff bases of 3-(2-aminothiazol-4-yl)-6-
nitro-2H-chromen-2-ones (SVN 1-11)

The antioxidant activity was determined according to the protocol described in section 7.1.2.1

7.2.2.2 Lipoxygenase inhibitory activity of novel Schiff bases of 3-(2-
aminothiazol-4-yl)-6-nitro-2H-chromen-2-ones (SVN 1-11)

The lipoxygenase inhibitory capacity was determined according to the protocol described in
section 7.1.2.3

7.2.2.3 Statistical analysis

The statistical analysis was conducted as described in section 7.1.2.2
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7.2.3 Results and Discussions

7.2.3.1 Antioxidant activity of SVN 1-11

The antioxidant activity of the synthesized coumarin compounds SVN1-11 was evaluated in
vitro using the DPPH assay. This method is based on measuring the decrease in absorption of
the methanolic solution of DPPH in the presence of antioxidant compounds at 517 nm. To
accept an electron or hydrogen-free radical, the DPPH requires an odd electron. Due to
hydrogen transfer from antioxidants, this odd electron is combined in the presence of
antioxidants, and hence the absorption of DPPH decreases (Thota et al., 2015). The effect on
radical scavenging of the various synthetic compounds was compared to Rutin, which was used
as a positive control; the results are summarized in Table 16. The DPPH test shows that an
increase in compound concentration resulted in increased free radical scavenging capacity. We
observed that some synthesized compounds among SVN 1-11 show high radical scavenging
capacity comparable to the control (Rutin). The radical scavenging capacity results indicated
that SVN 5 and 9 were the most potent, with a percentage scavenging capacity of 80.5+0.6%
and 85.4+1.3%, respectively, compared to that of standard drug Rutin 97.3+1.5% (Table 16).
In addition, compounds  SVN 4, 6, 8, 10 and 11 also showed significant radical scavenging
capacity of 71.5£1.5, 74.9+0.7, 76.8+1.3 and 73.8+0.7%, respectively (Table 16); whereas
compound SVN 10 displayed a moderate scavenging capacity of 67.2+1.8%. The remaining
compounds, including SVN 1, 2, 3 and 7, exhibited low to weak radical scavenging activity,
as shown in Table 16.

These results are comparable to Shaikh et al. (2016), who synthesized a series of coumarin-
based 1, 2, 3 triazoles and evaluated their antioxidant activity. The results showed that
compounds having chloro-substituent on phenyl ring demonstrated potent antioxidant capacity
with ICso values of 12.48 and 16.30 pg/mL, respectively (Shaikh et al., 2016b). In another
study, Kasumbwe et al. (2014) synthesized a series of mono/di halogenated coumarins for their
antioxidant activity. The results showed that compounds 6-bromo-3-(2-bromoacetyl)-2H-
chromen-2-one was the most promising, with a percentage scavenging capacity of 86%
(Kasumbwe et al., 2014). Similarly, Kaushik and Chahal (2021) synthesized a series of
coumarin appended 1,4- disubstituted 1,2,3-triazoles for their antioxidant activities. They were

found to be potent antioxidants compared with the standard drug (Kaushik and Chahal, 2021).
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Table 16: Free-radical scavenging percentage activity of novel Schiff bases of 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-ones (SVN1-11).

Compounds % Free-radical Scavenging capacity
code 1000 500 250 pg/mL 100 pg/mL 80 pg/mL 60 ug/mL 40 pg/mL 20 pg/mL 10 pg/mL
SVN1 33.5+1.5°¢ 28.6+1.6°F 19.5+1.5°F  13.6+0.3%C 0.1+1.23%C  7.6+0.7%BC  7.3+0.2PBC 4 5+(,130AB 2.8+0.6%A
SVN 2 43.2+0.5°0  37.1+0.5°¢  30.5+0.4F  23.7+1.20%F 18.0+1.5P 14.940.6°C  10.7+0.1°®  5,0+0.1°A 4.1+0.2°A
SVN 3 22.4+1.4%F  18.6+0.6F 15.3+0.9%°  10.8+1.1%¢ 8.9+1.23C 5.7+0.6%8 4.4+0.288  3.3+0.12B 1.1+0.12A
SVN 4 71.5+1.58 67.8+1.2°" 60.1+0.5°C  56.9+0.99F  49.5+0.2¢F  32.4+0.2¢®  28.3+0.3°C  23.9+0.6°B 13.6+0.20A
SVN 5 80.5+0.69" 73.1+0.49" 70.9+0.69¢  66.3+0.8" 58.5+0.29  50.6+0.1%°  43.1+0.2"¢  32.7+0.2M8 16.4+0.4A
SVN 6 74.9+0.7¢"  71.3+0.2 63.1+0.6  56.6+0.3% 50.7+0.6™ 4124090  356+0.59¢  26.9+0.59 14.5+0.1%A
H
SVN 7 24.2+1.2%  30.3+0.5°F 14.9+1.5%° 12.8+0.1°°P  11.5+0.1°C 8.2+0.5°8  51+0.18A  3.1+1.18 2.6+]1.280A
SVN 8 76.8+1.31"  72.7+1.19% 69.1+0.59¢  61.8+1.6°F 57.3+0.29F  49.1+0.2%® 31.1+1.2°¢  25.2+0.5® 12.1+0.29A
SVN 9 85.4+1.3" 80.3+1.1" 70.9+0.6%¢  66.1+1.5F 57.9+0.89F  48.2+0.3%® 34.3+1.69¢  28.1+0.298 15.2+0.5¢A
SVN 10 67.2+1.89" 553+1.39" 48.0+0.69C  41.9+1.2°F 33.9+0.19%  25.0+0.59® 22.1+0.19¢  16.5+0.4°8 10.2+0.1°A
SVN 11 73.8+0.7¢"  68.6+£0.4¢F 61.1+1.2°F  58.5+0.9%F 47.5+1.1° 40.1+1.5®  30.4+0.5%C  20.8+0.39B 11.9+0.3%9A
G
Rutin 97.3+1.5" 90.1+1.2" 80.5+0.5"¢  73.6+0.99F 65.2+0.2"E 56.8+1.6"°  51.2+1.5C  41.5+05'8 28.3+1.29A

Values are represented as mean £SD; means of treatment without a common letter differ significantly (p<0.05).

155



7.2.3.2 In vitro lipoxygenase inhibitory capacity of SVN 1-11

The synthesized novel Schiff bases of 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-ones
(SVN1-11) were tested at the concentrations of 1000, 500, 250, 100 pg/mL for lipoxygenase
inhibitory capacity using a 15-lipoxygenase enzyme as a positive control, the results are
presented in percentage inhibition as shown in Table 17. All the test compounds studied inhibited
lipoxygenase enzyme at different degrees, with SVN 11 showing the highest lipoxygenase
inhibitory capacity of 61.3£0.3% at 1 mg/mL. Compounds SVN 4, 5, 8, 9 and 10 displayed
moderate lipoxygenase inhibitory activity of 52.3+0.15, 55.84+0.2, 55.4+0.2, 55.3+0.1 and
53.8+0.15%, respectively (Table 17). On the contrary, compounds SVN 1, 2, 3, 6, 7 showed
lower potency when compared to other compounds ranging from 13 to 47%. There were
significant differences in each treated group compared to the standard drug 15- LO (Table 17).
These results are comparable to those of Srivastava et al. (2016), who synthesized a series of 7
substituted coumarins derivatives for their lipoxygenase inhibitory activity. The in vitro study of
lipoxygenase enzyme inhibition showed that these compounds were found in all screening
methods to be the most active compounds (Srivastava et al., 2016). In another study, Roussaki
et al. (2010) synthesized and assessed new 3-aryl coumarins for lipoxygenase inhibitory
activities. The results indicated that the pyrazole coumarin inhibited lipoxygenase much more

than the reference drug Trolox.

The coumarin nucleus has been suggested in various research as a possible candidate for anti-
inflammatory drug production (Grover and Jachak, 2015). Several other coumarin-derived
compounds have potent anti-inflammatory and antioxidant properties. A significant number of
coumarin derivatives have also been developed, tested through various mechanisms, and
possessed mild to high anti-inflammatory activity (Bansal et al., 2013). Studies also included
oxygen-free radicals in inflammation by inhibiting lipoxygenase activity, blocking the cascade
phase of arachidonic acid metabolism. It can serve as a scavenger of reactive free radicals formed
during arachidonic acid metabolism. The potent inhibitory effects on arachidonic acid
metabolism through the lipoxygenase pathway may be an indication of the anti-inflammatory

activities of the synthesized compounds (Akula and Odhav, 2013).
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Table 17: Lipoxygenase inhibitory rate of novel Schiff bases of 3-(2-aminothiazol-4-yl)-6-nitro-
2H-chromen-2-ones SVN 1-11.

Anti-inflammatory activity (%)

Compounds

code 1000 500 250 100
pg/mL pg/mL pg/mL pg/mL

SVN1 13.2+0.12% 9.4+0.15% 3.5+0.16™ 2.3+0.18%
SVN 2 41.5+0.2% 35.3+0.17Y 28.3+0.22% 9.5+0.16%"
SVN 3 17.3+0.18 16.8+0.15% 6.8+0.17™ 3.5+0.1°%
SVN 4 52.3+0.15% 38.2+0.16% 29.6+0.21M 17.4+0.184"
SVN 5 55.8+0.23" 49.1+0.21V 41.9+0.28" 26.7+0.21"
SVN 6 44.9+0.2% 33.8+0.12% 21.3+0.11% 19.5+0.15™
SVN7 47.240.35%  40.58+0.27"  14.36%0.15% 9.24+0.19%"
SVN 8 55.420.2 45.7+0.25"Y 34.4%0.15™ 23.3+0.19"
SVN 9 55.3+0.1M 31.09+0.01% 26.9+0.11™ 13.4+0.29W
SVN 10 53.8+0.15% 32.5+0.23% 24.3+0.13% 13.6+0.129
SVN 11 61.3+0.3% 38.2+0.11% 31.26+0.17™ 20.4+0.159"
15-LO 98.5+0.71% 80.2+0.9% 65.1+1.2% 60.5+0.81W

Values are represented as mean +SD; means of treatment inhibition without a common
letter differ significantly (p<0.05).

7.2.3.3 Structure-activity relationship (SAR)

The structure-activity relationships (SARs) proposed for the antioxidant and lipoxygenase
inhibitory capabilities of the investigated compounds SVN 1-11 based on their structures are as
the following: compounds SVN 5 and 9 have thiophene nucleus in place of phenyl ring on
coumarinyl thiazole nucleus and methoxy group at the second position of the phenyl ring,
appears to be a key contributing factor to the remarkable radical scavenging efficacy and
lipoxygenase inhibitory capacity. Compound SVN 11 has 2-hydroxy and 3,6-dichloro
substitutions on phenyl ring on coumarinyl thiazole nucleus were the most potent lipoxygenase
inhibitor, higher than SVN 5 and 9. Compounds SVN 4 has fluorine atom at the fourth position
of the phenyl ring, SVN 6, 8, 10 and 11 have pyridyl ring in place of the phenyl ring, dihydroxy
at third and fourth positions of the phenyl ring, 2-hydroxy and 5-nitro on phenyl ring on
coumarinyl thiazole nucleus, respectively, exhibited good radical scavenging capacity; however,
this activity was lower than SVN 5 and 9. Electron-withdrawing, electron-releasing groups
varied the larvicidal and adulticidal potency of the tested compounds on the phenyl ring and

thiophene itself.

157



7.2.4 Conclusion

The synthesized compounds SVN 1-11 were screened for antioxidant and lipoxygenase
inhibitory capacity in the present study. The structural components most likely contributing to
free radical scavenging capacity and lipoxygenase inhibitory capacity include introducing
different functional groups on phenyl ring at the fourth position of thiazole moiety, connected to
the primary coumarin nucleus at third position, appeared to be significant contributors. Electron-
withdrawing (groups on phenyl ring such as chlorine, fluorine, methoxy, nitro, pyridine) and
releasing groups on phenyl ring (such as hydroxy) and thiophene itself varied the antioxidant
and lipoxygenase inhibitory capacity. SVN 4, 5, 6, 8, 9 and 11 displayed high antioxidant
activity. However, the flexibility with which the coumarin pattern can be incorporated allows
further optimization of radical scavenging activity. The vast antioxidant capacity revealed in
most studied coumarins enables us to suggest them as templates in developing molecules that
effectively treat human illnesses involving reactive oxygen species (ROS). Compound SVN 11
had the highest lipoxygenase inhibitory capability, while SVN 4, 5, 8, 9 and 10 had moderate
lipoxygenase inhibitory capacity. Our results suggest that these compounds appear to be suitable
candidates for further chemical modification and may be biologically active and useful as ligands
in coordination chemistry due to the presence of pharmacologically active moieties like

coumarin and thiazole, as well as a potential functional group in their structures.
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CHAPTER VIII. General Discussion

Coumarin moiety is widely recognized as a "privileged" structural motif because of its vast range
of pharmacological capacity (Brahmachari, 2015). Furthermore, the distinctive structure of
coumarin enables its derivatives to easily interact with a wide range of biomacromolecules via
weak interactions, indicating a broad potential in medicine. As a result, coumarin-derived

compounds have been investigated as potentially viable lead compounds (Reddy et al., 2018).

In this study, two series of novel Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-
chromen-2-one (SVM1-11) and 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 1-
11) were prepared by Knoevenagel condensation of substituted salicylaldehyde and ethyl
acetoacetate in the presence of the catalytic amount of piperidine at low temperature to obtain
the intermediates 3-acetyl 6-substituted coumarin (SVM il and SVN i1) as a starting material.
The intermediates 3-acetyl 6-substituted coumarin (SVM il and SVN il) were subjected to
bromination in chloroform medium to obtain the intermediates 3-bromoacetyl 6-substituted
coumarins (SVM i2 and SVN i2). The resulting 3-bromoacetyl 6-substituted coumarins (SVM
i2 and SVN i2) were purified by washing with chloroform. The 3-bromoacetyl 6-substituted
coumarins (SVM i2 and SVN i2) were cyclized with thiourea in ethanol medium to yield the
parent compounds 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one  (SVM i3) and 3-
(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN i3). The final Schiff bases (SVM 1-11
and SVN 1-11) were prepared by condensation of parent compounds 3-(2-aminothiazol-4-yl)-
6,8-dichloro-2H-chromen-2-one (SVM i3) and 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-
one (SVNIi3) with substituted aromatic aldehydes in the presence of ethanol by the conventional
reflux method. The final Schiff bases SVM 1-11 and SVN 1-11 were confirmed by FT-IR, NMR,
LC-MS, and elemental analysis. The yield of the final compounds SVM 1-11 and SVN 1-11
were in the range of 62 to 74%. The synthesized compounds (SVM 1-11) and (SVN11) were
screened for their in-vitro anti-tuberculosis activity, larvicidal and adulticidal properties against

A. arabiensis, anticancer activity, antioxidant activity and lipoxygenase inhibitory efficacy.

The increasing resistance of microorganisms to conventional antibiotics has necessitated
developing novel, efficient and cost-effective infectious disease management methods (Khan et
al., 2016). Cell wall biosynthesis is a significant target for anti-mycobacterial treatment due to
the basic nature of cell wall production and assembly. Therefore, the mycobacterial cell wall has

become the most frequently exploited target of anti-TB drugs (Abrahams and Besra, 2018). In
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this study, the synthesized compounds SVM 1-11 and SVN 1-11 were evaluated for their anti-
TB activity against H37Rv MTB and multidrug-resistant MDR-TB strains. These compounds
demonstrated various degrees of anti-mycobacterial potency against M. tuberculosis H37Rv
(ATCC 25177) and well-characterized clinical isolates of MDR TB as shown in Table 4 and
Table 5, respectively.

The novel Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one (SVM1-11)
displayed remarkable growth inhibitory activity against H37Rv MTB with a MIC value ranging
from 0.5 to 4pg/mL (Table 4). Compounds SVM 8 and 10 were the most potent, with a MIC
value of 0.5 ug/mL against H37Rv MTB; these compounds had a better MIC value than the
commonly used antimycobacterial drug Rifampicin and isoniazid. Furthermore, SVM 3, 4, 7 and
11 exhibited a MIC of 1 pg/mL against H37Rv MTB, same as the standard Rifampicin, but lower
than SVM 8 and 10 (Table 4). These results can be compared to those of Yusufzai et al. (2018)
who, synthesized coumarin-thiazolidinone hybrids and tested their anti-TB activity against
Mycobacterium tuberculosis H37Rv. The results revealed that the unsubstituted coumarin
conjugated with thiazolidinone displayed higher anti-TB activity with MIC of 83 pg/ml than
other conjugates (Yusufzai et al., 2018). In another study by Mane et al. (2020), a series of
polycyclic acridin-(9-yl-amino) thiazol-5-yl)-2H-chromen-2-one derivatives were synthesized
for their anti-mycobacterial capacity against H37Rv MTB. The results showed that compounds
3-(4-(Fluoroacridin-9-yl-amino) thiazol-5yl)-2H-chromen-2-one and 3-(4-(3-chloroacridin-9-
yl-amino) thiazol-5yl)-2H-chromen-2-one were the most potent with MICs values of 0.78 and

1.56 pg/mL, respectively (Mane et al., 2020).

The synthesized compounds (SVM 1-11) proved promising against MDR-TB, resistant to first
and second-line TB drugs displaying MICs values ranging from 8 to 64 pg/mL. Compounds
SVM 3, 4, 5, 8 and 10 were the most active against MDR-TB with a MIC value of 8 pg/mL
higher than the commonly used antimycobacterial drug (Table 4). Compounds SVM 2, 6, 9 and
11 had MIC values of 16 pg/mL, whereas SVM 1 and 7 had MIC values of 64 and 32 pg/mL
against MDR-TB, respectively (Table 4). Molecular docking studies of the synthesized
compounds SVM 1-11 showed a high affinity for the active domain of the DprE1 and Pks13
enzymes, providing a solid foundation for future structure-based design efforts (Figure 10 and
11). These results are comparable to the study conducted by Gao et al. (2018), who synthesized
a series of ethylene tethered Isatin-coumarin hybrids for their antimycobacterial effect against
H37Rv- MTB and MDR-MTB. All hybrids showed anti-mycobacterial activity against MTB
H37Rv and MDR-TB, with MICs ranging from 32 to 256 pg/mL. In particular, MTB H37Rv
and MDR-TB strains were particularly susceptible to the hybrid 3-(ethoxyimino)-5-fluoro-1-(2-
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((4-methyl-2-oxo0-2H-chromen-7-yl)oxy)ethyl)indolin-2-one (MIC: 50 and 32 pg/mL) (Gao et
al., 2018).

On the other hand, the Schiff bases of 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one
(SVN1-11) showed excellent anti-mycobacterial activity against H37Rv strain of MTB with a
MIC ranging from 0.25 to 4 pg/mL (Table 5). SVN 3, 8 and 9 were the most potent among the
synthesized compounds, showing MICs values ranging from 0.25-0.5 pg/mL against H37Rv
MTB, greater than the commonly used antimycobacterial drug Rifampicin and isoniazid (Table
5). Furthermore, SVN 4, 7, 10 and 11 displayed significant anti-mycobacterial activity, same as
the reference drug rifampicin. Whereas SVN 1, 2, 5 and 6 displayed anti-mycobacterial activity
ranging between 2 to 4 pg/mL (Table 5). These results are comparable to the study of Danne et
al. (2018), who synthesized and evaluated a series of triazole-biscoumarin conjugates as a
possible anti-mycobacterial agent against H37Rv MTB. The results showed that compound 3,3
((1-(3-bromophenyl)-1H-1,2,3-triazol-4-yl)methylene)bis(4-hydroxy-2H-chromen-2-one) (6h)
was the most active against the latent H37Rv MTB, with MIC value of 1.44 pg/mL (Danne et
al., 2018). The Schiff bases of (E) 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 1-
11) were also tested against MDR-TB, compounds SVN 4 was the most potent against MDR-
TB, showing a MIC value of 4 ug/mL higher than the reference drug Rifampicin (Table 5). SVN
3and SVN 5 also displayed remarkable anti-mycobacterial efficacy against MDR-TB, with
MIC values of 8 ug/mL. However, compounds SVN 2, 6, 7, 10 and 11 showed a MIC value of
16 pg/mL against MDR-TB (Table 5). SVN 1 and SVN 9 were less active than the other
compounds, showing a MIC value of 32 ug/mL (Table 5).

A docking study was performed with the target enzymes DprE1 and Pks13; the results indicated
that high affinity produced by the synthesized compounds might be attributed to their strong
interactions with the active site amino acid residues of the protein. These interactions include
hydrogen bonds and van der Waals forces (Figures 10, 11, 12 and 13). In general, some of the
amino acid residues produced by the synthesized compounds differ from those of the reference
drugs, which might be recognized as critical interactions responsible for their substantial

inhibitory activity as revealed in in-vitro assays.

These findings showed that coumarin derivatives are effective against multidrug-resistant
clinical isolates, making them prospective candidates for treating tuberculosis. The results
obtained can be compared to Pires et al. (2020) study, which assessed various coumarin
derivatives for anti-mycobacterial activity against M. tuberculosis H37Rv and MDRTB. The
results revealed that compounds  6-((3,3-dimethyloxiran-2-yl)-5,7-dihydroxy-8-(2-
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methylbutanolyl)-4-phenyl-2H-chromen-2-one (1g) 4-hydroxy-7-methoxy-2H-chromen-2-one,
7-ethoxy-4-hydroxy-2H-chromen-2-one (5), 7-ethoxy-4-hydroxy-2h- chromen-2-one (6), 4-
ethyl-2-hydroxy-4,4a-dihydropyrano (3,2 c)chromen-5(10bH)-one (12) and 8-ethyl-4-ethyl-2-
hydroxy-3,4-dihydropyrano(3,2-c)chromen-5(2H)-one (14) were the most potent against M.
tuberculosis H37Rv and multidrug-resistant clinical isolates, with MIC values ranging from 15.6
to 62.5 pg/ml (Pires et al., 2020).

The larvicidal and adulticidal properties of the Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-
dichloro-2H-chromen-2-one SVM 1-11 were evaluated against A. arabiensis. The results
showed that introducing different functional groups on phenyl ring at the fourth position of
thiazole moiety, connected to the primary coumarin nucleus at the third position, appeared to be
significant contributors to the larvicidal and adulticidal activity. Compounds SVM 6 and
SVM 9 have pyridyl ring in place of the phenyl ring and methoxy group at the second position
of the phenyl ring, respectively on coumarinyl thiazole emerged as the most effective larvicidal
displaying 100% larvae mortality same as the reference dug Themephos (100%), their adulticidal
efficacy was 73 and 77%, respectively, compared the reference drug K-Othrine was 100% (Table
6 and 7). SVM 2 has 4-methoxy on the phenyl ring, SVM 3 has 4-chloro on phenyl ring and
SVM 5 has thiophene nucleus in place of phenyl ring on coumarinyl thiazole nucleus exhibited
significant larvicidal mortality of 73.8+2.5, 90.3+1.2 and 70.2+1.2%, respectively (Table 6).
SVM 3 and 5 had a lower adulticidal activity with a percentage morality of 63.3+2.2 and
60.5+2.0%, respectively, lower than the reference drug. SVM 4 and 7 showed larvicidal
mortality of 60.5£2.5 and 63.9+3.5%, respectively, but moderate adulticidal potency (Table 6
and 7). SVM 8 and 10 have dihydroxy at the third and fourth places of the phenyl ring and 2-
hydroxy and 5-nitro on the phenyl ring, respectively, both showed higher adulticidal activity
(70.5+2.3 and 76.2+2.3%, respectively) (Table 7). Except for SVM 11, which exhibited a
67.8+1.7% adulticidal activity, the remaining compounds displayed low larvicidal and

adulticidal activity.

On the other hand, significant larvae mortality was seen among the Schiff bases of 3-(2-
aminothiazol-4-yl)-6-nitro-2H-chromen-2-one SVN 1-11, compounds SVN 6, 7, 8, 9 have
pyridyl ring in place of the phenyl ring, hydroxy at the second position of the phenyl ring,
dihydroxy at third and fourth positions of the phenyl ring and methoxy group at the second
position of the phenyl ring on coumarinyl thiazole nucleus, respectively, were the most effective,
showing 100% larvae mortality after 24 hours, similar to the reference drug Temephos (100%)
(Table 8). These compounds also demonstrated high adulticidal activity ranging from 71 to 90%,

lower than the reference drug K-Othrine (100%) (Table 9). Furthermore, compounds SVN 5 has
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thiophene nucleus in place of phenyl ring on coumarinyl thiazole nucleus exhibited substantial
adulticidal activity (86.3+2.1%) higher than SVN 6, 7 and 8 (Table 9); however, its larvicidal
activity was considered moderate (64.3+£1.2%) (Table 8). Additionally, SVN 10 and 11 have 2-
hydroxy and 5-nitro on phenyl ring and 2-hydroxy and 3,6-dichloro substitutions on phenyl ring
which is on coumarinyl thiazole nucleus, respectively, displayed the considerable larvicidal
activity of 63.6+1.2 and 77.2+1.2%, lower than SVN 6, 7, 8 and 9 (Table 8). The remaining
compound substitutions displayed lower larvicidal and adulticidal efficacy (Table 8 and 9).
Moreira et al. (2017) reported that short exposure to freshly applied coumarin analogues knocked
down mosquitoes, but they recovered in the next 24 h. It is apparent from the obtained biological
data those structural variations in the substitution pattern linked to the parent scaffold led to a
detectable variation in the larvicidal and adulticidal potency. These findings emphasize the
importance of these compounds as lead scaffolds in designing and developing new coumarin
pharmacophore-based larvicidal and adulticidal agents. These results are comparable to Shao et
al. (2018), who synthesized a series of coumarin-dibenzothiophene or carbazole derivatives as a
larvicidal agent against fourth instars larvae Aedesaegypti. The bioassay results suggested that
most coumarin-linked derivatives of dibenzothiophene and carbazole had moderate to high
activity. The results revealed that two coumarin-linked dibenzothiophene hybrids and six
coumarin carbazole hybrids showed toxicity (88.53 to 100.00%) (Shao et al., 2018).

The effect of compounds SVM 1-11 and SVN 1-11 was assessed in-vitro against MCF-7 (breast
cancer) and A549 (lung cancer) cancer cell lines using the MTT assay compared to Camptothecin
as a reference drug. Compounds with a high percentage of cells growth inhibition were tested
for apoptosis using the Promega caspase-Glo™ assay kit (Caspase 3/7, Caspase 8 and Caspase-
9). The results summarized in Table 10 revealed that the compounds exhibited antiproliferative
and growth-inhibiting properties in cultured human breast cancer MCF-7 cells. The dying cells
in the most active compounds exhibit the ultrastructural and biochemical features that
characterize apoptosis. The most exciting finding in this study was the pronounced and
concentration-dependent reduction in cell growth of MCF-7 and A549 cells by the compounds.
The results showed an overall low cytotoxicity effect of these compounds against A549
compared to MCF-7 cancer cells, indicating that these compounds significantly decrease the
viability of MCF-7 cells. Compound SVM 2, 4, 8 and 11 were the most potent against MCF-7
cells displaying a cytotoxicity activity ranging between 80-86% against MCF-7 (ICso ranging
between 5.7-9.2 pug/mL). However, the efficacy of both derivatives was lower than that of the
reference drug Camptothecin (Table 10). Compounds SVM 2, 3, 8, 9, 10 and 11 showed
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moderate cytotoxicity effect against MCF-7 and A549 cells, ranging between 50 and 58% (Table
10).

On the other hand, Compounds SVN 1, 2, 4, 9, 10 and 11 were the most potent against MCF-7
cells showing a percentage inhibition ranging from 73-83% (1Cso ranging from 6.2-16.38 pg/mL)
comparable to the reference drug Camptothecin (94.65%) (Table 12). SVN 4 and 10 were the
most potent among these compounds, displaying cell growth inhibition of 82.6 and 83.4%,
respectively (Table 12). Furthermore, SVN 2, 3, 4, 5, 8 and 9 exhibited lower activity against
A549 and MCF-7 with a percentage inhibition ranging from 53 to 578% (Table 12). These results
confirmed the efficacy of the thiazolyl coumarin scaffold in achieving the expected anticancer
activity. Structural differences in the substituents linked to the parent scaffold substantially

impact the activity.

These results can be compared to Kamath et al. (2015), who synthesized and assessed novel
indole coumarin hybrids for their anticancer activities against the MCF-7 cancer cell and the
Vero (normal) cell line. The results revealed that compounds 2-(6-bromo-20x0-2H-chromen-3-
yl)-1H-indole-3-carbaldehyde,2-(6-chloro-20xo-2H-chromen-3-yl)-1H-indole-3-carboxylic
acid and 2-(6-bromo-2-0xo-2H-chromen-3-yl)-1H-indole-3-carboxylic acid were shown to be
the most potent against MCF-7 cells (Kamath et al., 2015). In another study, Durgapal and
Soman (2019) synthesized a series of coumarin-prolinesulphonamide derivatives and evaluated
their anticancer activity against A549 and MCF-7 cancer cells. Among the compounds evaluated,
compound N-(4-methyl-2-ox0-2H-chromen-7-yl)-1-tosylpyrrolidine-2-carboxamide was the
most promising against MCF-7 cells, while others displayed moderate activity (Durgapal and
Soman, 2019).

It's worth noting that caspase activation is the most well-known sign of apoptosis. The caspase
cascade activities accurately mediate apoptosis activation via intrinsic or extrinsic mechanisms.
Caspases have a role in cell shrinkage, chromatin condensation, and DNA fragmentation, all of
which contribute to the triggering of apoptosis. Caspase 9 is active at the apoptosome during
intrinsically induced apoptosis. As a result, detecting active caspase-3 and -9 is crucial for
understanding cellular functions and processes (Abd El-Karim et al., 2019). The mechanism
involved in the antitumor activity was determined on selected active compounds. The
bioluminescent intensities of caspases-3/7, 8 and 9 in MCF-7 cells treated with compounds
SVM 2, 4,8, 11 and SVN 1, 2, 4, 9, 10, 11, respectively, for 24 hours were evaluated. Despite
variances in cancer inhibition efficacy, all drugs could trigger apoptosis when the cell growth

inhibition method was applied. The results obtained indicated that apoptosis caused by these
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compounds is, in part, due to activation of caspses3/7 and caspase 9, which may be the key
mechanism of action for apoptosis (Figure 16 and Figure 17). In addition, the apoptosis induced
on the MCF-7 cell line by the tested compounds was more prominent than its effect on

Caspase-8.

Compared to the control, the SVM 2, 4, 8, 11 and SVN 1, 2, 4, 9, 10, 11 treated cells showed a
substantial rise in caspases-3/7 and -9 levels (Figure 16 and Figure 17). These compounds cause
caspase activation through the mitochondrial-dependent intrinsic pathway. On the other hand,
compounds SVM 2 and SVN 2 cause caspase activation in MCF-7 on both pathways, intrinsic
and extrinsic pathways (Figure 16 and Figure 17).

These results can be compared to the study of Fayed et al. (2019), who synthesized a series of
coumarin pyridine/fused pyridine hybrids and evaluated their anticancer activity against MCF-
7, HCT-116, HepG, and A549 cancer cells. The results showed that compounds 2-amino-4-(4-
methoxyphenyl)-6-(2-o0xo-2H-chromen-3-yl) nicotinamide, 5-(4-methoxyphenyl)-2-methyl-7-
(2-ox0-2H-chromen-3-yl) pyrido[2,3-d]pyrimidin-4(3H)-one and N-(3-cyano-4-(4-
methoxyphenyl)-6-(2-oxo-2H-chromen-3- yl)pyridin-2-yl)acetamide were the most potent with
ICso values ranging from 1.1 to 2.4 uM against MCF-7 cells. These compounds caused cell cycle
arrest in the G2/M phase, followed by apoptotic cell death. Caspase-3 activity in MCF-7 cells
was evaluated, the results showed that these compounds significantly enhanced caspase-3
activity compared to the control group (Fayed et al., 2019).

The antioxidant activity of compounds SVM 1-11 and SVN 1-11 was performed using DPPH
radical scavenging assay. The results indicated that the gradual increase in the activity in all
cases was observed with an increase in the concentrations of the compounds. The results revealed
that compounds SVM 3 and 8 were the most effective, with percentage scavenging capacity of
92.7£1.1 and 89.7+1.7%, respectively, comparable to the positive control Rutin (97.31.5%)
(Table 14). Furthermore, a remarkable radical scavenging capability was also observed with
compounds SVM 2, 4 and 6 at a percentage of 68.1+1.4, 70.1+1.4 and 68.4+0.7% (Table 14).
Unfortunately, SVM 1, 5, 7, 9, 10 and 11 displayed lower radical scavenging capability (Table
14).

On the other hand, compounds SVN 5 and 9 were the most potent with a percentage scavenging
capacity of 80.5+0.6% and 85.4+1.3%, comparable to that of standard drug Rutin 97.3+1.5%
(Table 16). Moreover, significant scavenging capacity in comparison to Rutin (97.31.5%) was
also detected in compounds SVN 4, 6, 8 and 11, demonstrating a percentage scavenging capacity
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of 71.5+1.5, 74.9£0.7, 76.8+1.3 and 73.8+£0.7%, respectively (Table 16). Additionally, moderate
scavenging capacity was shown by compound SVN 10 (67.2+1.8%); the remaining compounds
substitutions displayed weak scavenging capacity, as shown in Table 16.

These results are comparable to Bensalah et al. (2020), who synthesized and evaluated thiazolyl
coumarin derivatives' antioxidant efficacy. Compounds (E)-3-(2-(benzylideneamino)thiazol-4-
yD)-4-hyroxy-2H-chromen-2-one (2a), (E)-4-hydroxy-3-(2-((4-nitrobenzylidene)amino)thiazol-
4-yl)-2H-chromen-2-one (2b), (E)-4-hydroxy-3-(2-((3-hydroxybenzylidene)amino)thiazol-4-
yl)-2H-chromen-2-one (2c), 4-hydroxy-3-(2-((4-methylbenzylidene)amino)thiazol-4-yl)-2H-
chromen-2-one (2e) displayed higher scavenging capacity with ICso values ranging from 15-60
UM (Bensalah et al., 2020). In another investigation, Mohmoodi and Ghodsi (2017) synthesized
and tested a series of thiazolyl-pyrazole-biscoumarins for their antioxidant activity. The findings
revealed that the compound 1-(4-(8-methoxy-2-oxo-2H-chromen-3-yl)thiazol-2-yl)-5-(4-
methoxyphenyl)-3-(2-oxo-2H-chromen-3-yl)-1H-pyrazol-1-ium(4i) was the most potent with an
ICso value of 0.25 mg/mL (Mahmoodi and Ghodsi, 2017).

The capacity of the newly synthesized compounds to suppress lipoxygenase was determined as
a sign of possible anti-inflammatory activity using the UV absorbance-based enzyme assay. The
results showed that SVM 2, 3, 4, 6, 8, 9, 10 and 11 displayed moderate to high lipoxygenase
inhibitory activity, with percentage inhibitions ranging from 50 to 67% (Table 15). SVM 3, 8
and 11 were the most active lipoxygenase inhibitors among the investigated compounds,
showing a percentage inhibitory value of 64.1+0.2, 60.3+0.3, and 67.3+0.2%, respectively, lower
than that of the positive control 15-L.O (98.5+£0.7%) (Table 15). SVM 2, 4, 6, 9 and 10 displayed
moderate lipoxygenase inhibitory capacity ranging from 50 to 57%, lower than 15-L.O and SVM
3, 8and 11. The remaining compounds, SVM 1, 5 and 7, showed weak lipoxygenase inhibitory
capacity (Table 15).

On the other hand, all examined compounds SVN 1-11 inhibited the lipoxygenase enzyme to
various degrees, with compound SVN 11 having the most remarkable lipoxygenase inhibitory
capacity of 61.3+0.3% (Table 17). Meanwhile, compounds SVN 4, 5, 8, 9 and 10 exhibited
moderate lipoxygenase inhibitory capacity ranging from 52 to 55.8%, lower than SVN 11
(61.3+£0.3%) and the reference drug 15-LO (98.5+0.7%) (Table 17). The remaining compounds,
SVN 1, 3, 6 and 7, demonstrated weak lipoxygenase inhibitory capacity than SVN 11 (Table
17). These results are comparable to Lonari et al. (2020) who, synthesized coumarin derivatives

and tested their lipoxygenase inhibitory activity against soybean lipoxygenase. These
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compounds were shown to have a strong inhibitory effect on soybean lipoxygenase. The most
potent compounds were 3-benzoyl-7-(benzyloxy)-2H-chromen-2-one (96.6%), followed by
methyl 6-bromo-2-oxo-2H-chromen-3-carboxylate (85.1%) and 6-bromo-2-oxo-2H-chromen-3-
carbonitrile (84.8%) (Loncari¢ et al., 2020).
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CHAPTER IX. Conclusions and Recommendations

8.1 Conclusion

In summary, novel Schiff bases of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one
(SVM1-11) and 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN1-11) were designed,
synthesized and their structures were characterized by FT-IR, NMR, LC-MS and elemental
analysis. The synthesized compounds were screened for their potential anti-tubercular activity
against H37Rv and MDR-MTB, anti-mosquito properties against A. arabiensis, anticancer
activity against MCF-7 and A549 cancer cells using the MTT assay, antioxidant capacity using

DPPH assay and Lipoxygenase inhibitory capacity using the lipoxygenase Kit assay.

The anti-mycobacterial activity revealed that SVM 8 and 10 were the most active against both
H37Rv MTB and MDR-MTB strains within the SVM 1-11 series. Compounds SVN 3 and 4
from the SVN 1-11 series were also the most efficient against H37Rv MTB and MDR-MTB.
Molecular docking studies revealed that the compounds have strong binding affinities. These
compounds might be considered as a novel series with better anti-mycobacterial activity and the
potential for new anti-tubercular drugs. The larvicidal studies demonstrated that compounds
SVM 6 and SVM 9 were the most effective within the SVM1-11 series. Mosquitoes exposed to
compounds SVN 6, 7, 8, and 9 exhibited the highest mean larvicidal activity. These compounds
have the potential to be developed for malaria prevention and management by inhibiting the
vector A. arabiensis at the larval stage. The anticancer activity indicates that compounds
SVM 2, 4, 8 and 11 were the most effective against MCF-7 cells. Compounds SVN 1, 2, 4, 9,
10 and 11, on the other hand, showed a remarkable cytotoxicity effect on MCF-7. The
mechanism involved in the anticancer activity of the selected active compounds against MCF-7
showed that the apoptosis generated by these compounds was triggered in part by the activation
of caspase-3/7 and caspase-9, which may be the primary mechanism of apoptosis. Thus, the
studied compounds are potential cytotoxic that could be explored in more detail in the future to

develop novel compounds against multifactorial drug-resistant cancers.

Thus, this study suggests that the above selected active compounds could be used as a scaffold
for structural optimization to develop highly effective and selective anti-mycobacterial,

anticancer and larvicidal agents.
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8.2 Recommendations

The following recommendations for future work can be made based on the findings of this study:

» Future research can be conducted to investigate alternative structural changes for
potential anti-tubercular activity and conduct synergistic experiments with first-line
drugs already used in TB therapy and in vivo experiments. Future research on these
molecules is also required to identify potential candidates for new anti-TB medicine,
particularly MDR-MTB.

» Further research needs to see if these compounds may suppress cancer cell lines resistant
to treatment. Moreover, safety experiments on normal cells are required to establish the
toxicity of these compounds. Fibroblast cell lines (such as NIH-3T3 [normal mouse
fibroblast] and MRC-5 [human lung fibroblast]), peripheral blood mononuclear cells and
cardiomyocytes can be used. In addition, mouse models for testing these drugs'

anticancer efficacy and toxicity in vivo should be determined.
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the alkali lignin modifier in the polar sclvent again to
obtain an alkali lignin modifier solution, soaking a
paper pulp in the solution, stirring and adding
chitosan, and performing papermaking to obtain
super-hydrophobic paper; the super-hydrophobic
paper has strong hydrophobicity, reutilization
property and seal-cleaning capacity, is simple in
operation, adopts raw materials which are cheap
and rich in source.

Dissolve alkali lignin ina polar solvent,

l

Slowly add an initiator into an obtained alkali lignin solution, heat to
90-180°C under protection of nitrogen, slowly add long-chain alkane
methoxysilane (o react to oblain a modified alkali lignin solution, seitle
and purify the modified alkali lignin solution to separate out an alkali
lignin modifier, and dry (or later use,

!

Dissolve the alkali lignin modifier in the polar solvent again to obtain
an alkal! lignin modifier solution, soak paper pulp in the solution, stir
and add chitosan, and perform papermaking to obtain the
super-hydrophobic paper.
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and its usefulness in treatment of tuberculosis,
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54: AN ADAPTOR ASSEMBLY FOR A MANHOLE-
TYPE ACCESS SYSTEM, AND SUCH AN ACCESS
SYSTEM

00: -

An adaptor assembly is for a manhole-type access
system having a manhole chamber, a coping above
the manhole chamber, and manhole cover
receivable by the coping. The adaptor assembly
includes a base having an annular body with a
radially outer edge and a radially inner edge, the
base comprising attachment formations at its radially
outer edge configured for connection to the manhole
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Figure S1: FT-IR of 3-acetyl-6, 8-dichloro-2H-chromen-2-one (SVM i1)
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Figure S2: 'H-NMR of 3-acetyl-6, 8-dichloro-2H-chromen-2-one (SVM i1)
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Figure S3: *C-NMR of 3-acetyl-6, 8-dichloro-2H-chromen-2-one (SVM i1)
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Figure S4: FT-IR of 3-(2-bromoacetyl)-6,8-dichloro-2H-chromen-2-one (SVM i2)
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Figure S5: 'H-NMR of 3-(2-bromoacetyl)-6,8-dichloro-2H-chromen-2-one (SVM i2)
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Figure S6: *C-NMR of 3-(2-bromoacetyl)-6,8-dichloro-2H-chromen-2-one (SVM i2)
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Figure S7: FT-IR of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one (SVM i3)
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Figure S9: 3C-NMR of 3-(2-aminothiazol-4-yl)-6,8-dichloro-2H-chromen-2-one (SVM i3)
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Figure S11: *H-NMR of (E)-3-(2-(benzylidene amino) thiazol-4-yl)-6,8-dichloro-2H-chromen-2-one (SVM 1)
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Figure S12: C-NMR of (E)-3-(2-(benzylidene amino) thiazol-4-yl)-6,8-dichloro-2H-chromen-2-one (SVM 1)
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Figure S13: FT-IR of (E)-6,8-dichloro-3-(2-((4-methoxybenzylidene) amino) thiazol-4-yl)-2H-chromen-2-one
(SVM 2)
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Figure S14: *H-NMR of (E)-6,8-dichloro-3-(2-((4-methoxybenzylidene) amino) thiazol-4-yl)-2H-chromen-2-one
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Figure S15: BC-NMR of (E)-6,8-dichloro-3-(2-((4-methoxybenzylidene) amino) thiazol-4-yl)-2H-chromen-2-
one (SVM 2)
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Figure S16: FT-IR of (E)-6,8-Dichloro-3-(2-((4-chlorobenzylidene) amino) thiazol-4-yl)-2H-chromen-2-one
(SVM 3)
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Figure S17: *H-NMR of (E)-6,8-Dichloro-3-(2-((4-chlorobenzylidene) amino) thiazol-4-yl)-2H-chromen-2-one
(SVM 3)
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Figure S18: *C-NMR of (E)-6,8-Dichloro-3-(2-((4-chlorobenzylidene) amino) thiazol-4-yl)-2H-chromen-2-one
(SVM 3)
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Figure S20: 'H-NMR of (E)-6,8-dichloro-3-(2-((4-fluorobenzylidene) amino) thiazol-4-yl)-2H-chromen-2-one

(SVM 4)
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Figure S21: 3C-NMR of (E)-6,8-dichloro-3-(2-((4-fluorobenzylidene) amino) thiazol-4-yl)-2H-chromen-2-one
(SVM 4)
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Figure S22: FT-IR of (E)-6,8-dichloro-3-(2-((thiophen-2-ylmethylene) amino) thiazol-4-yl)-2H-chromen-2-one
(SVM 5)
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Figure S23: *H-NMR of (E)-6,8-dichloro-3-(2-((thiophen-2-ylmethylene) amino) thiazol-4-yl)-2H-chromen-2-
one (SVM 5)
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Figure S24: 3C-NMR of (E)-6,8-dichloro-3-(2-((thiophen-2-ylmethylene) amino) thiazol-4-yl)-2H-chromen-2-
one (SVM 5)
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Figure S25: FT-IR of (E)-6,8-dichloro-3-(2-((pyridin-4-ylmethylene) amino) thiazol-4-yl)-2H-chromen-2-one
(SVM 6)
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Figure S26: 'H-NMR of (E)-6,8-dichloro-3-(2-((pyridin-4-ylmethylene) amino) thiazol-4-yl)-2H-chromen-2-one
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Figure S27: BC-NMR of (E)-6,8-dichloro-3-(2-((pyridin-4-ylmethylene) amino) thiazol-4-yl)-2H-chromen-2-
one (SVM 6)
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Figure S28: FT-IR of (E)-6,8-dichloro-3-(2-((2-hydroxybenzylidene) amino) thiazol-4-yl)-2H-chromen-2-one

(SVM 7)
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Figure S29: 'H-NMR of (E)-6,8-dichloro-3-(2-((2-hydroxybenzylidene) amino) thiazol-4-yl)-2H-chromen-2-one
(SVM 7)
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Figure S30: 3C-NMR of (E)-6,8-dichloro-3-(2-((2-hydroxybenzylidene) amino) thiazol-4-yl)-2H-chromen-2-
one (SVM 7)
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Figure S31: FT-IR of (E)-6,8-dichloro-3-(2-((3,4-dihydroxybenzylidene) amino) thiazol-4-yl)-2H-chromen-2-

one (SVM 8)
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Figure S32: H-NMR of (E)-6,8-dichloro-3-(2-((3,4-dihydroxybenzylidene) amino) thiazol-4-yl)-2H-chromen-

2-one (SVM 8)
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Figure S33: C-NMR of (E)-6,8-dichloro-3-(2-((3,4-dihydroxybenzylidene) amino) thiazol-4-yl)-2H-chromen-
2-one (SVM 8)
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Figure S34: FT-IR of (E)-6,8-dichloro-3-(2-((2-methoxybenzylidene) amino) thiazol-4-yl)-2H-chromen-2-one

(SVM 9)
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Figure S35: 'H-NMR of (E)-6,8-dichloro-3-(2-((2-methoxybenzylidene) amino) thiazol-4-yl)-2H-chromen-2-one
(SVM 9)
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Figure S36: 3C-NMR of (E)-6,8-dichloro-3-(2-((2-methoxybenzylidene) amino) thiazol-4-yl)-2H-chromen-2-
one (SVM 9)
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Figure S37: FT-IR of (E)-6,8-dichloro-3-(2-((2-hydroxy-5 nitro benzylidene) amino) thiazol-4-yl)-2H-chromen-
2-one (SVM 10)
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Figure S38: 'H-NMR of (E)-6,8-dichloro-3-(2-((2-hydroxy-5 nitro benzylidene) amino) thiazol-4-yl)-2H-

chromen-2-one (SVM 10)
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Figure S39: ®C-NMR of (E)-6,8-dichloro-3-(2-((2-hydroxy-5 nitro benzylidene) amino) thiazol-4-yl)-2H-
chromen-2-one (SVM 10)
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Figure S40: FT-IR of (E)-6,8-dichloro-3-(2-((3,5-dichloro 2-hydroxybenzylidene) amino) thiazol-4-yl)-2H-
chromen-2-one (SVM 11)
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Figure S41: 'H-NMR of (E)-6,8-dichloro-3-(2-((3,5-dichloro 2-hydroxybenzylidene) amino) thiazol-4-yl)-2H-

chromen-2-one (SVM 11)
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Figure S42: 3C-NMR of (E)-6,8-dichloro-3-(2-((3,5-dichloro 2-hydroxybenzylidene) amino) thiazol-4-yl)-2H-
chromen-2-one (SVM 11)
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Sl. IUPAC name
No.

43. | Figure S1: FT-IR of 3-acetyl-6-nitro-2H-chromen-2-one (SVN i1)

44. | Figure S2: 'H-NMR of 3-acetyl-6-nitro-2H-chromen-2-one (SVN i1)

45. | Figure S3: **C-NMR of 3-acetyl-6-nitro-2H-chromen-2-one (SVN i1)

46. | Figure S4: FT-IR of 3-(2-bromoacetyl)-6-nitro-2H-chromen-2-one
(SVNi2)

47. | Figure S5: *H-NMR of 3-(2-bromoacetyl)-6-nitro-2H-chromen-2-one
(SVNi2)

48. | Figure S6: *C-NMR of 3-(2-bromoacetyl)-6-nitro-2H-chromen-2-one
(SVNi2)

49. | Figure S7: FT-IR of 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-
one (SVNi3)

50. | Figure S8: 'H-NMR of 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-
one (SVNi3)

51. | Figure S9: *C-NMR of 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-
one (SVNi3)

52. | Figure S10: FT-IR of (E)-3-(2-(benzylidene amino) thiazol-4-yl)-6-
nitro-2H-chromen-2-one (SVN 1)

93. | Figure S11: *H-NMR of (E)-3-(2-(benzylidene amino) thiazol-4-yl)-6-
nitro-2H-chromen-2-one (SVN 1)

54. | Figure S12: 33C-NMR of (E)-3-(2-(benzylidene amino) thiazol-4-yl)-6-
nitro-2H-chromen-2-one (SVN 1)

55. | Figure S13: FT-IR of (E)-3-(2-((4-methoxybenzylidene) amino)
thiazol-4-y1)-6-nitro-2H-chromen-2-one (SVN 2)

56. | Figure S14: H-NMR of (E)-3-(2-((4-methoxybenzylidene) amino)
thiazol-4-y1)-6-nitro-2H-chromen-2-one (SVN 2)

57. | Figure S15: 3C-NMR of (E)-3-(2-((4-methoxybenzylidene) amino)
thiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 2)

58. | Figure S16: FT-IR of (E)-3-(2-((4-chlorobenzylidene) amino) thiazol-
4-yl)-6-nitro-2H-chromen-2-one (SVN 3)

59. | Figure S17: *H-NMR of (E)-3-(2-((4-chlorobenzylidene) amino) thiazol-
4-yl)-6-nitro-2H-chromen-2-one (SVN 3)

60. | Figure S18: ¥C-NMR of (E)-3-(2-((4-chlorobenzylidene) amino)
thiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 3)

61. | Figure S19: FT-IR of (E)-3-(2-((4-Fluorobenzylidene) amino) thiazol-
4-y1)-6-nitro-2H-chromen-2-one (SVN 4)

62. | Figure S20: H-NMR of (E)-3-(2-((4-Fluorobenzylidene) amino)
thiazol-4-y1)-6-nitro-2H-chromen-2-one (SVN 4)

63. | Figure S21: *C-NMR of (E)-3-(2-((4-Fluorobenzylidene) amino)

thiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 4)
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64. | Figure S22: FT-IR of (E)-6-nitro-3-(2-((thiophen-2-ylmethylene)
amino) thiazol-4-yl)-2H-chromen-2-one (SVN 5)

65. | Figure S23: 'H-NMR of (E)-6-nitro-3-(2-((thiophen-2-ylmethylene)
amino) thiazol-4-yl)-2H-chromen-2-one (SVN 5)

66. | Figure S24: 3C-NMR of (E)-6-nitro-3-(2-((thiophen-2-ylmethylene)
amino) thiazol-4-yl)-2H-chromen-2-one (SVN 5)

67. | Figure S25: FT-IR of (E)-6-nitro-3-(2-((pyridin-4-ylmethylene) amino)
thiazol-4-yl)-2H-chromen-2-one (SVN 6)

68. | Figure S26: H-NMR of (E)-6-nitro-3-(2-((pyridin-4-ylmethylene)
amino) thiazol-4-yl)-2H-chromen-2-one (SVN 6)

69. | Figure S27: ¥C-NMR of (E)-6-nitro-3-(2-((pyridin-4-ylmethylene)
amino) thiazol-4-yl)-2H-chromen-2-one (SVN 6)

70. | Figure S28: FT-IR of (E)-3-(2-((2-hydroxybenzylidene) amino) thiazol-
4-yl)-6-nitro-2H-chromen-2-one (SVN 7)

71. | Figure S29: 'H-NMR of (E)-3-(2-((2-hydroxybenzylidene) amino)
thiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 7)

72. | Figure S30: C-NMR of (E)-3-(2-((2-hydroxybenzylidene) amino)
thiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 7)

73. | Figure S31: FT-IR of (E)-3-(2-((3,4-dihydroxybenzylidene) amino)
thiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 8)

74. | Figure S32: 'H-NMR of (E)-3-(2-((3,4-dihydroxybenzylidene) amino)
thiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 8)

75. | Figure S33: 3C-NMR of (E)-3-(2-((3,4-dihydroxybenzylidene) amino)
thiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 8)

76. | Figure S34: FT-IR of (E)-3-(2-((2-methoxybenzylidene) amino)
thiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 9)

77. | Figure S35: H-NMR of (E)-3-(2-((2-methoxybenzylidene) amino)
thiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 9)

78. | Figure S36: C-NMR of (E)-3-(2-((2-methoxybenzylidene) amino)
thiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 9)

79. | Figure S37: FT-IR of (E)-3-(2-((2-hydroxy-5-nitrobenzylidene) amino)
thiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 10)

80. | Figure S38: 'H-NMR of (E)-3-(2-((2-hydroxy-5-nitrobenzylidene)
amino) thiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 10)

81l. | Figure S39: ¥C-NMR of (E)-3-(2-((2-hydroxy-5-nitrobenzylidene)
amino) thiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 10)

82. | Figure S40: FT-IR of (E)-3-(2-((3,5-dichloro-2-hydroxybenzylidene)
amino) thiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 11)

83. | Figure S41: *H-NMR of (E)-3-(2-((3,5-dichloro-2-hydroxybenzylidene)
amino) thiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN 11)

84. | Figure S42: BC-NMR of (E)-3-(2-((3,5-dichloro-2-

hydroxybenzylidene) amino) thiazol-4-yl)-6-nitro-2H-chromen-2-one
(SVN 11)
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Figure S1: FT-IR of 3-acetyl-6-nitro-2H-chromen-2-one (SVN i1)
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Figure S2: 'H-NMR of 3-acetyl-6-nitro-2H-chromen-2-one (SVN i1)
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Figure S3: 33C-NMR of 3-acetyl-6-nitro-2H-chromen-2-one (SVN i1)
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Figure S4: FT-IR of 3-(2-bromoacetyl)-6-nitro-2H-chromen-2-one (SVN i2)
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Figure S5: *H-NMR of 3-(2-bromoacetyl)-6-nitro-2H-chromen-2-one (SVN i2)
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Figure S6: *C-NMR of 3-(2-bromoacetyl)-6-nitro-2H-chromen-2-one (SVN i2)
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Figure S7: FT-IR of 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN i3)
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Figure S8: 'H-NMR of 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN i3)

252



Cl3CPD.DMSO _{C:\Bruker\TOPSPIN\KFUCCP} nmr 1

i

60 140 120 10 80 e 40 20 p;;m
Figure S9: 3C-NMR of 3-(2-aminothiazol-4-yl)-6-nitro-2H-chromen-2-one (SVN i3)
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Figure S10: FT-IR of (E)-3-(2-(benzylidene amino) thiazol-4-yl)-6-nitro-2H-chromen-2-one
(SVN1)
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Figure S11: *H-NMR of (E)-3-(2-(benzylidene amino) thiazol-4-yl)-6-nitro-2H-chromen-2-one

(SVN 1)
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Figure S12: 13C-NMR of (E)-3-(2-(benzylidene amino) thiazol-4-yl)-6-nitro-2H-chromen-2-one
(SVN 1)
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Figure S13: FT-IR of (E)-3-(2-((4-methoxybenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 2)
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Figure S14: 'H-NMR of (E)-3-(2-((4-methoxybenzylidene) amino) thiazol-4-yl)-6-nitro-2H-

chromen-2-one (SVN 2)
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Figure S15: C-NMR of (E)-3-(2-((4-methoxybenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 2)

259



60 —|
‘ |
4 | 2
I L \ 2
S g v
i g 13
| ‘ 98
%T g( g It
b | S 2
- '
L o \
B 82 8 g
5 §g <
g [ 8 g
] & 8
40 — @ S
l
2
4 g |
B ©
| 3
| 8
o K1
i 8
:
5
B
|
20 — i
9
8
g
&
r r r r T r r r r T r r r r T r r r r — r r r T
4000 3000 2000 1500 1000 500
SVN3 l/em

Figure S16: FT-IR of (E)-3-(2-((4-chlorobenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 3)
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Figure S17: H-NMR of (E)-3-(2-((4-chlorobenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 3)
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Figure S18: ®C-NMR of (E)-3-(2-((4-chlorobenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 3)
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Figure S19: FT-IR of (E)-3-(2-((4-Fluorobenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 4)
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Figure S20: 'H-NMR of (E)-3-(2-((4-Fluorobenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 4)
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Figure S21: 3C-NMR of (E)-3-(2-((4-Fluorobenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 4)
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Figure S22: FT-IR of (E)-6-nitro-3-(2-((thiophen-2-ylmethylene) amino) thiazol-4-yl)-2H-
chromen-2-one (SVN 5)
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Figure S23: 1H-NMR of (E)-6-n|tro-3-(2-((th|ophen-2-ylmethylene) amino) thiazol-4-yl)-2H-

chromen-2-one (SVN 5)
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Figure S24: 3C-NMR of (E)-6-nitro-3-(2-((thiophen-2-yImethylene) amino) thiazol-4-yl)-2H-
chromen-2-one (SVN 5)
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Figure S25: FT-IR of (E)-6-nitro-3-(2-((pyridin-4-ylmethylene) amino) thiazol-4-yl)-2H-
chromen-2-one (SVN 6)
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Figure S26: *H-NMR of (E)-6-nitro-3-(2-((pyridin-4-ylmethylene) amino) thiazol-4-yl)-2H-
chromen-2-one (SVN 6)
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Figure S27: 3C-NMR of (E)-6-nitro-3-(2-((pyridin-4-ylmethylene) amino) thiazol-4-yl)-2H-
chromen-2-one (SVN 6)
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Figure S28: FT-IR of (E)-3-(2-((2-hydroxybenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 7)
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Figure S29: H-NMR of (E)-3-(2-((2-hydroxybenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 7)
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Figure S30: 3C-NMR of (E)-3-(2-((2-hydroxybenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 7)
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Figure S31: FT-IR of (E)-3-(2-((3,4-dihydroxybenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 8)
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Figure S32: 'H-NMR of (E)-3-(2-((3,4-dihydroxybenzylidene) amino) thiazol-4-yl)-6-nitro-2H-

chromen-2-one (SVN 8)
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Figure S33: 3C-NMR of (E)-3-(2-((3,4-dihydroxybenzylidene) amino) thiazol-4-yl)-6-nitro-
2H-chromen-2-one (SVN 8)
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Figure S34: FT-IR of (E)-3-(2-((2-methoxybenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 9)
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Figure S35: 'H-NMR of (E)-3-(2-((2-methoxybenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 9)
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Figure S36: *C-NMR of (E)-3-(2-((2-methoxybenzylidene) amino) thiazol-4-yl)-6-nitro-2H-
chromen-2-one (SVN 9)
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Figure S37: FT-IR of (E)-3-(2-((2-hydroxy-5-nitrobenzylidene) amino) thiazol-4-yl)-6-nitro-
2H-chromen-2-one (SVN 10)
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Figure S38: *H-NMR of (E)-3-(2-((2-hydroxy-5-nitrobenzylidene) amino) thiazol-4-yl)-6-nitro-

2H-chromen-2-one (SVN 10)
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Figure S39: 13C-NMR of (E)-3-(2-((2-hydroxy-5-nitrobenzylidene) amino) thiazol-4-yl)-6-nitro-
2H-chromen-2-one (SVN 10)
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Figure S40: FT-IR of (E)-3-(2-((3,5-dichloro-2-hydroxybenzylidene) amino) thiazol-4-yl)-6-

nitro-2H-chromen-2-one (SVN 11)
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Figure S41: *H-NMR of (E)-3-(2-((3,5-dichloro-2-hydroxybenzylidene) amino) thiazol-4-yl)-6-

nitro-2H-chromen-2-one (SVN 11)
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Figure S42: 3C-NMR of (E)-3-(2-((3,5-dichloro-2-hydroxybenzylidene) amino) thiazol-4-yl)-
6-nitro-2H-chromen-2-one (SVN 11)
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Abstract. Coumarin moicty is of great interest to both chemists and biologists as it is present in a wide
variety of naturally occurring bicactive compounds. Studies have lent scientific credence to the biological
activities of several coumarin derivatives. The broad spectrum of biological acHuvities linked with coumarin
includes antibacterial, antimycobacterial, antioxidant, anticancer, antifungal, anti-inflammatory, anticoagulant
and antiviral properties. The electron rveleasing and withdrawing substituent of coumarin affects the
pharmacological properties of ils resulting derivatives. Thus, identifying key structural features within the
coumarin family is vital to the design and development of new analogues with enhanced pharmacological
activity due to the varviability in the structural complexity of coumarin. This article presents an up-to-date

synopsis on the synthesis of coumarin derfvatives and their pharmacological properties.

Key Words: Coumarin, anticancer, antimicrobial, antioxidant, analgesic, antidiabetic, antiinflammatory

1. INTRODUCTION

Coumarin (2H-chromen-2-one) is a system of heterocyelic rings fused with benzene
and 2-pyran. It belongs to the neo-flavonoid tamily of secondary plant metabolites [1]. Like
coumarin. its derivatives are also essential in heterocyeclic compounds because of their
physical and pharmacological properties[2]. Coumarin derivatives possess many important
clectro-optical and pharmacological propertics such as antioxidant, antiviral, anticancer.
antibacterial, antifungal and antitubercular activities[3-5]. Coumarin derivatives may also be
used to mark or label lipid droplets in cancer cells and non-cancer cells to demonstrate their

biochemical differences [6].

The synthesis of coumarins and their derivatives has attracted the attention of organic and
medicinal chemists because several natural products comprise the heterocyclic nucleus [7. 8].
Numerous heterocyclic compounds. especially coumarins, possess wast biological
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