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ABSTRACT

Leishmaniasis claims thousands of lives of the human populace every year. Globally, it infects
approximately 12-15 million people annually and estimations have indicated that approximately
more than 350 million people are at high risk of being infected (Dubie & Mohammed, 2020:12).
Most cases occur in poverty-stricken tropical regions where poor water, adequate sanitation and
hygiene (WASH) remain a challenge. Furthermore, it leads to an estimated 2.4 million disability
adjusted life years (DALYs) (Charlton et al., 2018:219-236) which influence the increases in
depression, anxiety and decreases in the overall quality of life (Tamiru et al., 2019:855).

Currently, pentavalent antimonials, amphotericin B, miltefosine, pentamidine and paromomycin
are the only drugs available for antileishmanial chemotherapy, since no vaccine has been
developed yet. However, the emergence of resistance of several Leishmania species, high costs
associated with parenteral administration, and adverse side effects have deemed these
medicines less effective, which has led to poor patient compliance. Therefore, this highlights the

need for more research studies into the development of novel oral antileishmanial agents.

Leishmania parasites successfully colonise human cells through the manipulation of carbonic
anhydrase enzymes. These enzymes monitor blood pH through a reversible reaction that
increases proton and carbon dioxide concentrations. Carbonic anhydrase enzyme is vital in the
Leishmania life cycle because it prevents the creation of an acidic environment, thus inhibiting
hydrolytic degradation processes initiated by macrophages. Conversely, hydrochlorothiazide is
an orally administered anti-diuretic drug that is classified as a benzothiadiazine-1,1-dioxide
derivative. It confers potent antileishmanial activity through the inhibition of carbonic anhydrase,
suggesting that benzothiadiazine-1,1-dioxide derivatives are not easily degraded by an acidic

environment such as the one in the gastrointestinal tract.

As a contribution to leishmaniasis research, this study reports a simple two-step method for the
synthesis of benzothiadiazine-1,1-dioxide derivatives via a nucleophilic substitution reaction. All
synthesized compounds followed Lipinski’s rule of 5, i.e. molecular weight, lipophilicity, hydrogen
donating and accepting potential and aqueous solubility, as predicted on SwissADME,
http://www.swissadme.ch. Their druglikeness is increased due to enhanced aqueous solubility,
which is indicative of potential increased of bioavailability and gastrointestinal tract absorption.
They were screened in vitro against promastigotes of Leishmania donovani strains (1S and 9515)
and an L. major strain (IR-173) for antileishmanial activity determination. The synthesized
compounds did not outperform the standard drug Amphotericin B (AmB). However, in general,

they were nontoxic on Vero cells and possessed antileishmanial activities with inhibitory



concentration 1Csp values ranging from 7 to 74 uM against 1S; 12 to >100 uM against 9515, and
0.20 to 3.5 uM against IR-173 promastigotes.

Compounds 1, 2b, 2c and 2d were the most potent against L. donovani 1S, with activity ICso <
10 uM and selectivity index, Sl > 10. Thus, they were identified as visceral leishmaniasis (VL)
antipromastigote hits, which encourages their further intracellular amastigote screening. On the
other hand, compounds 2, 2c and 2d possessed nanomolar activities L. major parasite with
associated selectivity indices Sl > 100. Therefore, they could be identified as anti-cutaneous
leishmaniasis (CL) leads that need to be confirmed in amastigote screening of L. major parasite.
Compounds 1 and 2 with ICs0= 0.2 and 6.5 uM, respectively, stand as anti-promastigote hits which

encourages more studies focusing on their development as new antileishmanial agents.

Keywords: Leishmaniasis, carbonic anhydrase, benzothiadiazine-1,1-dioxides, oral

antileishmanial agents.
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CHAPTER 1

INTRODUCTION AND PROBLEM STATEMENT

1.1 Background

Leishmania parasite is the causative agent for leishmaniasis, classified in the family
Trypanosomatidae, order Kinetoplastida (Van der Auwera & Dujardin, 2015:266). It is transmitted
through the bite of female sand-flies of the Psychodidae family (Patino et al.,2017:2). Sand-flies
of the genera Phlebotomus and Lutzomyia spread Old World (OW) and New World (NW)
leishmaniasis to countries in the Eastern Hemisphere and Western Hemisphere, respectively
(Kevric et al., 2015:579).

Leishmaniasis is a poverty-related neglected tropical disease (NTD) (Esteves et al., 2018:195)
affecting more than 90 countries (WHO, 2012). It is endemic to Middle East, Mediterranean,
Central-South American, African, Asian, and Southern European regions (Figure 1-1) (Thakur et
al., 2018:2). OW leishmaniasis is highly prevalent and endemic in the three latter regions (Kevric
et al., 2015:579). Annually, leishmaniasis is responsible for 0.7—1 million new infections (Burza et
al., 2018:951), 50, 000 deaths and 3.3 million disability-adjusted life years (DALYS) (Gillespie et
al., 2016:2992). In addition, it has been estimated that more than 350 million of people in endemic
regions are at risk of more than one form of infection (Ortalli et al., 2019:126). This is attributed
to the presence of more than 20 Leishmania (L.) species (spp.) that can infect humans (Thakur
et al., 2018:2).

Leishmania donovani (OW), L. major (OW) and L. vianna subgenus (NW) are among spp.
responsible for causing the three main clinical manifestations, namely visceral (VL), cutaneous
(CL) and mucocutaneous (MCL) leishmaniasis, respectively (Piscopo and Azzopardi, 2006:650).
CL and MCL parasites replicate within cutaneous and mucocutaneous tissues, respectively, while
VL parasites spread through the bloodstream to the internal organs (Esteves et al., 2018:197).
Leishmaniasis infects persons of all ages and genders (Gupta et al., 2017:215). However, its
spread is limited by factors relating to the geographical distribution of species and their reservoirs
(Van der Auwera & Dujardin, 2015:266) and host immunity (Kafetzis, 2003).

CL is the most dominant while VL is the most virulent (PAHO, 2017), and they are the most
prevalent forms of leishmanial infection (orange in Figure 1-1) (Esteves et al., 2018:196). North
America, South America and European countries have low incidences of both infections, in
comparison to West African and Asian regions. Brazil is a home to all three clinical forms of

infections (maroon in Figure 1-1) (Esteves et al., 2018:196). In endemic regions, 50% of VL cases
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may occur in children (Prestes-Carneiro et al., 2019:2), whereas only one-sixth of CL infections
(48 915 cases) have been reported for those in the Americas (Uribe-Restrepo et al., 2018:2). The
virulence and pathogenicity of Leishmania spp. is attributed to the coinfection of leishmaniasis
with immune system-targeting infections such as Human Immune Virus (HIV), which deplete host
innate defences against opportunistic pathogens (Galgamuwa et al., 2018:2) such as the

tuberculosis (TB)-causing Mycobacterium tuberculosis (Van Griensven et al., 2018:1).

P "'—‘p— " - - o
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Figure 1-1:  The geographic distribution of human VL,CL and MCL (Esteves et al., 2018:196).

There are various efforts already in place aimed at eliminating leishmaniasis, in both the sand-fly
vector and the mammalian host. Vector control is the usage of dichlorophenyl trichloroethane
(DDT), indoor residual (IR) and insecticidal sprays, or insecticide-treated nets, to prevent human-
sand-fly interactions (Gillespie et al., 2016:2293). On the other hand, antileishmanial
chemotherapeutic treatment inhibits the replication of parasites in host immune cells (Haldar et
al., 2011:2). Currently, clinical drugs for leishmanial treatment include pentavalent antimonials,
amphotericin B, miltefosine, paromomycin and pentamidine. However, factors such as toxicity,
severe side effects, development of drug resistance by Leishmania parasites (Kapil et al.,
2018:343), prolonged hospitalisation and high costs, limit the effectiveness of these drugs (Akbari
et al., 2017:87).

Therefore, the search for new antileishmanial drugs continues including intense studies on the

quinazolinones (Figure 1-2). Quinazolinones are N-containing heterocyclic compound



pharmacologically active against cancer (Wani et al., 2016:2), inflammation (Rakesh et al.,
2016:1072), diabetes (Wei et al., 2017:1303), microbial infections (Dinari et al., 2018:43) and
leishmaniasis (Tiwary et al., 2015:3). In vitro studies on L. donovani promastigotes by Birhan et
al., (2014) identified 2,3-disubstituted-4(3H)-quinazolinone derivative, compound 1 (Figure 1-2)
as a potent anti-leishmanial agent, with an 1Cso = 12.80 ng/ml, which is 250 times higher than that
of miltefosine (Birhan et.al., 2014:3). An interesting property about the heterocyclic quinazolinone
moiety is its ability to facilitate salt formation and increase compound solubility that increases drug

absorption within cells and bioavailability upon oral administration (Khan et al., 2014:193).
(0] (@)
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4 3NH N
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Quinazolin-4(3H)-one 1 cl

Figure 1-2:  Molecular structures of quinazolin-4(3H)-one and its 2,3-disubstituted

derivative.

Benzothiadiazine-1,1-dioxides (Figure 1-3) are quinazolinone analogues obtained when the cyclic
carbonyl group (-C=0) group at position 4 of the quinazolinone moiety (Figure 1-2) is replaced
with a sulfonyl group (-SO.) (Cohen et al.,, 1960:2731). Benzothiadiazine-1,1- dioxides are
classified as sulphonamides due to the presence of the A-SO>NHR functional group, where R can
be an aromatic, heterocyclic or aliphatic group (Supuran, 2017:1). They have anti-hypertensive
(Gupta, 2018:1099), antifungal (Morrow, 2008:353), antibacterial (Hunsen, 2008:297) and diuretic
(Cody, 2010:482-483) activity. Although low toxicity is a property associated with sulphonamides,
over-consumption can cause long-term side effects such as constant urination and allergic
reactions (He & Yan, 2018:1).



1
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Hydrochlorothiazide, HCT

Figure 1-3:  Molecular structure of HCT, a benzothiadiazine-sulfonamide.

Hydrochlorothiazide (HCT, Figure 1-3) is a diuretic sulfonamide drug (Herman and Bashir, 2019)
with potent in vitro activity against L. donovani chagasi promastigotes (Syrjanen et al.,
2013:7372). HCT is a strong inhibitor for the Leishmania carbonic anhydrase (CA) enzyme with
an inhibition constant (K;) of 50.3 nM. Leishmania parasites rely on CA for resistance against an
acid produced by host immune cells as part of their anti-parasitic tactics. Furthermore, the
inhibition of human CA (hCA) by HCT was studied using recombinant isozymes, hCA | and II, and
results indicated HCT as a poor hCA | and Il inhibitor with inhibition constant (K;) values, K; = 328
nM and Ki=290 nM, respectively Therefore, given characteristics of quinazolinones and the
mechanism of action by sulphonamides against Leishmania, drug development based on these

two scaffolds is worth exploring.



1.2 Aims and objectives of the study

The aim of this study is to investigate novel benzothiadiazine-1,1-dioxide derivatives as anti-

leishmanial agents.
The objectives of this study are:
e To synthesise novel 2,3-disubstituted-benzothiadiazine-1,1-dioxide derivatives.

e To assess in vitro anti-leishmanial activity of the synthesised compounds against L.

donovani and L. major strains.

e To assess cytotoxicity profiles of synthesised compounds in Vero cells.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Leishmaniasis is an intracellular, protozoal, vector-borne infectious disease that has caused
approximately 20 000 to 30 000 annual deaths (PAHO, 2017) in 90 regions of tropical and
subtropical countries (Akbari et al., 2017: 86; Molyneux et al., 2017:312). It causes three main
clinical forms, namely visceral (VL), cutaneous (CL) and mucocutaneous (MCL) leishmaniasis, all
of which have different global distributions (Piscopo and Azzopardi, 2006:650). More than 90%
of new VL cases occur every year in India, Nepal, Sudan, Bangladesh and Brazil (Oliveira, et al.,
2018:1). About 95% of annual CL cases are from the Americas, the Mediterranean basin, Middle
East and Central Asia. MCL causes over 90% of infections in Bolivia, Brazil, Ethiopia and Peru
(Esteves et al., 2018:196-197).

Leishmaniasis is a neglected tropical disease (NTD) (Deribew et al., 2017:3) that has been
recognized as an emerging and uncontrollable category-1 disease by the World Health
Organisation (WHO) (Jain & Jain, 2015:1). It is mostly prevalent in poverty-stricken regions where
limitations to water, basic sanitation and hygiene (WASH) (Boisson et al., 2016: 19) have been
shown to exacerbate the transmission of vector-borne infections (Akbari et al., 2017:86; Molyneux
et al.,, 2017:312). It does not come as a surprise that leishmaniasis continues to flourish and
restrict itself to the poorest human populations, because it has not been prioritised or highlighted
as a political- and research-worthy infectious disease on the agendas of many countries (Hailu et
al., 2016: 142). However, globalisation has resulted in the spread of leishmaniasis to well-
developed continents, such as Europe, forming new endemic locations. This has played a
significant role in leishmanial research (Dujardin et al., 2008:1014) as endemism to more than
one continent (Africa, Europe, Asia) serves as a reason to shed more light upon this disease
(WHO, 2019b). Across the globe, poor or the lack of leishmanial surveillance and control have
resulted in slow antileishmanial pharmaceutical developments (Dujardin et al., 2008: 1016).
However, this is bound to change because leishmaniasis is deemed a global public health threat
as it is ranked next to malaria—a leading parasitic infectious disease in the world (Esteves et al.,
2018:196).

The WHO has set a goal to reach mortality and morbidity rates of 0% for VL in 2030 (WHO,
2019a). A more realistic milestone towards achieving this goal could include the implementation
of a holistic control approach to promote (i) patient compliance and (ii) the use of clinically- and

cost-effective medicines (Sundar et al.,, 2014 :1-3). Current anti-leishmaniasis medicines are
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becoming less effective because of the emergence of resistance by several Leishmania species
(spp.) (Bouyahya, et al., 2018:51). These medications are also expensive, associated with side
effects (Hendrickx et al., 2019:2743-2744), and only 1 (miltefosine) out of 5 clinically approved
medicines is orally administered (Sunyoto et al., 2018:2). Other medications require parenteral
administration which ultimately increase hospital and patient expenses. Therefore, this highlights

the need for more research studies with aims to develop novel oral antileishmanial medicines.

To follow this introductory section are detailed discussions of the leishmanial life cycle,
pathogenesis and pathophysiology. A variety of diagnostic, control and treatment methods are
outlined and the development of antileishmanial chemotherapeutic agents using Schiff-bases is
discussed.

2.2 Lifecycle

A female phlebotomine sand-fly bites a human host on exposed areas of the skin (e.g. arms, legs,
neck and face), creating an entry portal for Leishmania parasites (Figure 2-1, step 1) into the
human body if the sand-fly is infected (Kevric et al., 2015: 580). Leishmania parasites have two
morphologically distinct forms namely, flagellated, motile promastigotes (infective form) and non-
flagellated amastigotes (clinical form). Infected sand flies inject promastigotes through their

proboscis as they feed on the host’s blood (Figure 2-2) (Maspi et al., 2016: 248).

An immediate response of skin-based macrophages is to accumulate at the injured site where
they recognise and engulf promastigotes (Sunter & Gull, 2017:3; Lavoie & Levy, 2017:1208).
Promastigotes also use their receptor-enriched flagella to quickly initiate signalling events leading
to their engulfment (Figure 2-1) (Sunter & Gull, 2017:3). They are contained within
parasitophorous vacuoles (PV), which fuse with lysosome membranes to form phagolysosomes
and this triggers the transformation to amastigotes (McGwire & Satoskar, 2014:8; Sunter & Gull,
2017:3). This morphological change marks the beginning of the parasite’s replication by binary
fission (Kevric et al., 2015: 580). Amastigotes continue to use macrophage cellular contents for
replication, then later burst out of cells for extracellular deliverance (Figure 2-1) (Sunter & Gull,
2017:3). Continuous engulfment of amastigotes by uninfected macrophages and macrophage-
macrophage interactions spread the infection to other tissues in the body (Maspi et al., 2016:248;
Mcgwire & Satoskar, 2014:8).
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Figure 2-1: A diagram showing Leishmania life cycles (CDC, 2002). Step 1 represents an

interaction between human and vector stages.

2.3 Pathogenesis

The human body has a set of immune cells, such as monocytes, macrophages and dendritic cells,
that it uses for generating responses against invasion by foreign organisms (Lavoie & Levy,
2017:1208). Macrophages are of the utmost importance in the case of a Leishmania infection,
because they (i) present Leishmania antigens to T helper cells (Th) for immunologic memory by
the adaptive immune system and (i) engulf promastigotes into phagolysosomes for later

degradation using hydrolytic enzymes.
The phagolysosome membrane has high levels of an enzymatic protein known as Vacuolar-type

Adenosine Triphosphatase (V-ATPase) whose function is to translocate protons (H*ions) into the

internal environment of the phagolysosome (Uribe-Querol & Rosales, 2017:4). This decreases
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pH and activates the production of hydrolytic enzymes within the PV. Additionally, V-ATPase
induces the production of superoxide anions (O2) that react with H* ions to produce reactive
oxygen species (ROS). Furthermore, macrophages produce nitrogen species (NOS), such as
nitric oxide (NO), that, along with ROS molecules, are highly toxic (Almeida et al., 2012:492;
Carneiro et al., 2016:2). The O2” molecules are used by macrophages to form hydrogen peroxide
(H202), hydroxyl radicals (HO®) and hypochlorite (HOCI?) (Almeida et al., 2012:492). These
products later serve as intermediates for a reaction with NO to produce peroxynitrite (ONOQO), a
metabolically active molecule that is highly toxic and acidic against Leishmania parasites.
However, a toxic environment is not an effective mechanism against Leishmania parasites,
because they have developed mechanisms to detoxify oxidants and suppress superoxide
production by infected macrophages (Lodge & Descoteaux, 2006:2736). Consequently, parasites
can thrive within the host, resulting in an active leishmaniasis infection. An active leishmanial
infection can be any of the three main clinical manifestations of leishmanial infections, i.e. CL,
MCL and VL, which are discussed in detail below.

2.3.1 Cutaneous leishmaniasis

Cutaneous leishmaniasis occurs due to intensive amastigote replication that is restricted to skin-
based macrophages. During a blood meal, sand flies inject promastigotes through blood vessels
such that macrophages and other immunity cells, including phagocytic dendritic cells, become
infected. This helps spread parasites to epithelial cells coating the skin, hence, ulcers and lesions
appear on the skin surface (Figure 2-2) (Ayi, 2007:4; Marieb & Hoehn, 2013:151-153).

A CL infected area reddens and swells to form a papule that enlarges into a nodule (Linton,
2011:102). Papules are raised lesions of less than 10 mm in diameter, and they only form within
upper skin layers. As parasite replication continues, the papule diameter increases to more than
10 mm, thus spreading the infection to subcutaneous tissues and transforming papules into
nodules. There are two CL clinical representations, namely localised CL (LCL) and diffused CL
(DCL) (Reithinger et al., 2007:581). LCL causative agents include L. minor and L. major and it
occurs when replication is restricted to areas near the infected site (Figure 2-2) (Linton, 2011:102).
DCL is commonly caused by L. aethiopica, L. mexicana and L. amazonensis (Cobo, 2014:237)
and occurs when the infection disseminates to other parts of the body (Figure 2-2) (Bogitsh et al.,
2013:99). The absence of secondary bacterial contamination could lead to CL ulcers and lesions
healing within a year (Bogitsh et al., 2013:99); however, disfiguring scars often remain (Cobo,
2014:237). Healing with or without medication does not completely clear parasites from patients

as the deoxyribonucleic acid (DNA) remains detectable on scars (Scorza et al., 2017:1299).
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Figure 2-2:  Images of patients with localised CL ulcer (left) and DCL (right)(Torres-Guerrero
et al., 2017:8-9).

2.3.2 Mucocutaneous leishmaniasis

MCL, also known as espundia, occurs in 5-20% patients residing in CL endemic regions. It is
often a complication of the first episode of untreated CL infection by L. viannia (also known as the
L. braziliensis complex) (Piscopo & Azzopardi, 2006:651). A primary MCL infection occurs when
amastigotes travel from the site of infection via lymphatic and blood vessels to mucous
membranes in the respiratory tract (Ahluwalia et al., 2004:842), and the mouth (Piscopo &
Azzopardi, 2006:651). They later extend to the larynx and pharynx where they continue with intra-
macrophage replication. Non-self-healing ulcerative lesions in respiratory cutaneous tissues are
observed months or a year later (Chappuis et al., 2007:7). Consequently, patients eat with
difficulty (Piscopo & Azzopardi, 2006:651) and are prone to secondary bacterial and viral
infections (Ayi, 2007:2-4).
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2.3.3 Visceral leishmaniasis

VL occurs when L. donovani, L. infantum (Old World), and L. chagasi (New World), amastigotes
disseminate to internal organs (Ayi, 2007:2-4). These parasites use macrophage-macrophage
interactions to migrate from cutaneous and mucocutaneous tissues to reach the circulatory
system. This spreads the infection to internal organs, such as the liver, spleen, bone marrow,
lymph nodes of intestines, heart, lungs and the stomach. VL infections give parasites an
opportunity to remain active without their clinical presence ever being observed through physical
symptoms (Bi et al., 2018:1). However, a very small and unnoticeable papule may occur at the
feeding site. First clinical symptoms are flu-like and include low-grade recurrent fever coughing
(Davidson, 2005:44). They are followed by progressive weight loss and tissue enlargement, due
to the accumulation of infected macrophages in the spleen, liver, intestine, bone marrow and
lymph nodes. Other symptoms include severe anaemia, haemorrhagic manifestations, cardiac
abnormalities, jaundice, and diarrhoea (Peixoto et al.,, 2015:334). Lesions in the lymphatic
system, oral and nasopharyngeal tissues also occur (Buckner & Schwartz, 2017:510). Untreated
VL infections increase the likelihood for chronic complications in patients and predispose them to
secondary bacterial infections (Peixoto et al., 2015:334).

2.4 Diagnosis

Leishmaniasis and infections, such as malaria, schistosomiasis, leprosy and tuberculosis, usually
present with similar clinical signs and symptoms (Reithinger & Dujardin, 2007:587). Therefore,
more than one diagnostic tool (Table 2-1) is always used to allow clear a distinction between
these infections. This section outlines a variety of diagnostic tools applicable for leishmanial

diagnosis.
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Table 2-1;

Diagnosis of leishmaniasis.

Diagnostic Parasite
gnc specific Method Target Advantages Disadvantage
technique
(YIN)
Haemoglobin,
leucocyte and Requires
- Hemogram test . . .
Leis’\rlﬁx?anin No 1.2 emogram tes pla;ils\';éﬁ)ggts, Vital for VL additional testing
tests (a;ssegseslprga;n ervthrocvte diagnosis 2 to confirm
unctionality) Y Yt infection 12,
sedimentation
rates 3.
Negative result
Skin not always
Leishmanin Yes 4 hvpersensitivit Leishmania Faster diagnosis indicative
skin test yp test 4 y antigens ° (48 hours) ® absence of
Leishmania
antigens 2.
Sensitivity (53 to
I i 0 8
Le!shbmalnla_l c?lls Vital for CL and 99 /olzlc dte%endent
Histopathology 67 in biologica MCL 67, on affected organ
samples, e.g. 2, haemorrhage
. . affordable and
skin scrapings A o and death due to
67 accessible 1°. ; >
and biopsies ©7. needle aspirates?
Parasitology | Yes 67 °
Results affected
Leishmania cells _by pa_rasne
Cell culture from biopsy More informative 2 dispersion and
1 parasite load 1°.
samples 1. .
Slow and requires
expertise.
Direct
agglutination tests Leishmania N
(DAT), antigens Sensitive
immunofluoresce (ELISA) and DAT:91-100%,
Serology Yes 122 nce antibody tests | anti-leishmanial IFAT :55-70% 12 Expensive 13
(IFAT), enzyme antibodies and ELISA:95% 2.
linked (DAT, IFAT) in
immunosorbent body fluids 1.
assay (ELISA) 11,
Non-species-
i - 1tivi 0,
1 Polymerase chain and species Ser115|t|V|ty of 98% Labour intensive
Molecular Yes . specific target , and faster 13
reaction (PCR) : : . 9
leishmanial diagnosis °.
genes 4,

1Buckner & Schwartz, 2017:510; 2 Cobo, 2014:233; 3 Mathur et al., 2008:1170; 4 Krolewiecki et al., 2017:2; > Antonio et al.,
2014:375; & Markle & Makhoul, 2004 :1457-1458; 7 Sharifi et al., 2015:301; 8 Marlais et al., 2018:2; °® Sundar, 2015; 10
Rashid, 2014:231; 1 Torres-Guerrero et al., 2017:10; 12 Sundar & Rai, 2002:954 & 956; 13 Tsokana et al., 2014:164; 14

Galluzzi et al., 2018:1.
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2.5 Prevention and control

Leishmaniasis prevention and control is currently achieved through vector control methods, since
no human vaccine is available yet. This section outlines differences between the two strategies

and gives an update on anti-leishmanial vaccine research.

2.5.1 Vector control

Vector control prevents the transmission of Leishmania spp. between sand-flies, animals (wild
and domestic mammals) and human hosts (Van der Auwera, 2015:266). Sand flies choose their
habitats based on social and environmental conditions that include under-developed housing (e.g.
mud houses), closeness to water bodies, cattle farming, pollution, sewage leakages,
deforestation and poor irrigation habits (Oryan & Akbari, 2016:925). Therefore, most widely used
vector control measures include indoor residual (IR) and insecticidal sprays with
dichlorodiphenyltrichloroethane (DDT), and insecticide-treated nets (ITNs) (Gillespie et al.,
2016:2993).

DDT is usually sprayed on the walls of houses and animal shelters to control indoor and outdoor
sand-flies (Coleman et al., 2015: 8573-8574). In a cluster randomised trial (CRT) performed in
India, Bangladesh, and Nepal, DDT has effectively reduced the clustering of indoor sand flies by
72.4%. However, DDT, which is made from a combination of chemicals including malathion,
deltamethrin, cyfluthrin, alpha-cypermethrin, and lambda-cyhalothrin, has been categorised as a
persistent organic pollutant (POP). POPs can accumulate in human and wildlife to cause toxic
side effects, hence the phasing out of DDT usage is being considered in India. In addition, a multi-
country intervention study has shown that consistent usage of nets treated with an insecticide
tablet, K-O TAB 1-2-3, reduced sand-fly densities by 60-80% (Chowdhury, et al., 2019:4.
However, a CRT conducted in India and Nepal indicated that sand-fly density was not influenced
by the usage of ITNs, which also suggested that sand flies were adapting to the outside

environment.

2.5.2 Vaccines

Antileishmanial vaccine research is still an on-going process (Wittner & Tanowitz, 2000:196-197).
Vaccines are important for preventing accidental transmissions by contact with samples in
laboratories, and mother to child transmissions. Human vaccine clinical trials were recently
conducted on healthy adult individuals in Washington, and second-generation vaccines namely,
LEISH-F1 and LEISH-F3 passed the initial phase (Moafi et al., 2019:98). LEISH-F1 was effective
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for treating and inducing protective immunity against CL or MCL, while LEISH-F3 induced
immunity against VL parasites. However, newly developed vaccines are expensive, which limits

their access to low- and middle-income endemic regions.

2.6 Antileishmanial chemotherapeutic drugs

Chemotherapeutic treatment is the usage of drugs to inhibit parasite replication in host cells
(Haldar et al., 2011:2). Leishmaniasis could be fatal if left untreated, hence the reliance on
chemotherapeutic drugs (Figure 2-3, Table 2-2). However, the emergence of drug resistance has
led to few drugs being available to treat Leishmania infections (Ouellette et al., 2004:262).
Therefore, a variety of studies are aimed at developing novel antileishmanial agents. Currently,
pentavalent antimonials are the first line of treatment (Haldar et al., 2011:2), while second-line
drugs include Amphotericin B and pentamidine (Ouellette et al., 2004:257). Alternative drugs
include miltefosine (Branco et al., 2016:4) and paromomycin (Bhargava & Singh, 2012:5). In this
section, details about their pharmacokinetics and pharmacodynamics are given (Harvey &
Champe,2009:1-2). Pharmacokinetics discusses drug absorption, distribution, metabolism and
excretion (ADME), while pharmacodynamics traces the drug’s biologic effect through its
interaction with cellular structures, such as enzymes and receptors. Attention is drawn to factors
influencing treatment effectiveness, such as drug chemistry, dosage, formulation, affordability and

duration.
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2.6.1 Pentavalent antimonials

Pentavalent antimonial drugs include meglumine antimonate and sodium stibogluconate which
have been identified as gold standard antileishmanial drugs (Haldar et al., 2011:2-3). They are
complexed drugs where antimony (Sb®") serves as the central atom. Sbh°" binds to sodium
gluconate and N-methyl-D-glucantime to form sodium stibogluconate (Pentostam®, C12H35026Sh)

and meglumine antimoniate (Glucantime®, C14H29010N2Sb), respectively.
2.6.2 Amphotericin B

Amphotericin B (AMB) has two main formulations namely, deoxylate-AMB (D-AMB) and lipid-
encapsulated AMB (L-AMB). AMB is used as a second-line treatment for VL, CL and MCL in
regions with high levels of pentavalent antimonial resistance (Ouellette et al., 2004:257&261),
such as India (Croft & Olliaro, 2011:1479).

2.6.3 Miltefosine

Miltefosine is a highly stable, alkyl phospholipid-derived compound also called hexadecyl
phosphocholine. Miltefosine has good activity against CL and VL, even though it was intentionally
developed to treat cancer (Branco et al., 2016:4).

2.6.4 Paromomycin

Paromomyecin is an antileishmanial active aminoglycoside antibiotic that is naturally obtained as
a fermentation product of Streptomyces rimosus var. paromomycinus (Bhargava & Singh,
2012:5). It is a white, amorphous, water-soluble and stable drug (Wiwanitkit, 2012:325). It also
has milder side effects, cost effective and reduces resistance in Leishmania spp. through

combinational therapy (Sundar & Chakravarty, 2008:792).
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Table 2-2: Properties of antileishmanial compounds.

Mechanism of | Administration Dose Cost
Drug . interval and Adverse effects effective
action route .
duration (Y/N)
Inhibits DNA
replication 2. Cardiotoxicity,
Stimulates . hepatotoxicity 4,
ROS and NOS Intramuscular Ijalf life ““23 musculoskeletal
Pentavalent . (IM) or =76 hours . 3
. . production by | . pain, headache, No
Antimonials intravenous (1V) for 20-30 .
macrophages. 3 davs 1 nausea, asthenia
Reduces Sb°* y 5, and pancreatitis
to a highly toxic 6
Sb3+ 2.
Nephrotoxicity,
Damages the Every 2 days fe\r/]er,ot;gzgigsm,
AMB cell membrane | IM infusions ® for eight ypo ; No 11.12
anorexia, cardiac
78, weeks °
arrest, nausea,
headache 1011,
Permanent
Stimulates abnormal foetal
macrophage growth and
NO production Oral 12 taz of 150 embryo death 16,
Miltefosine by inducible hours 14, for nausea, No 18
nitric oxide 28 days 1315 diarrhoea,
synthetase 2 hepatotoxicity and
(INOS2) 11, renal insufficiency
10, 17_
.Inh'b'ts t12=6-9 hours | Insulin-dependent
kinetoplast o1 : :
.4 doses x7 | diabetes mellitus,
DNA (kDNA)
days for CL, nausea,
- . and : 15 doses x3 diarrhoea
Pentamidine mitochondrial IV and IM 2 ) o Yes 22
. days for MCL cardiotoxicity,
topoisomerase .
1119 o and 30 doses | hypoglyceamia,
11119, Inhibits 15 :
. for x3 days > | hypotension and
protein 20,17 pancreatitis 110.21
synthesis 2. ' '
Ointment and a InJecturJT?”sdcause
Inhibits sulphate-based nephrotoxicity 26
parasites IM or IV tw2=24 hours b Y Yes, for CL,
, I , 20 /e cochlear and renal
Paromomvcin ribosomal injection during CIv=21 toxicity 27. Topical No for VL
y recycling and CL and VL days, CL=21- y . 1op treatment 11
4 e treatment causes 24 28
protein treatment, 30 days . o :
synthesis 23 11 respectively 10 itchiness,
' 1 erythema, and
' oedema ?7.

1 Frézard et al., 2009:2318-2322; 2 Haldar et al., 2011:3-5; 3 Frézard et al.,2017:421; * Kato et al., 2014:481; > Marques
et al.,, 2019:355; ¢ Akbari et al., 2017:87; 7 Kip et al., 2018:166; 8 Laniado-Laborin & Cabrales-Vargas, 2009:224,
9 Kuhlmann & Fleckenstein, 2017:1348; 1° Bhargava & Singh, 2012:5&7; ! Sangshetti et al., 2015:32380-
32381;'? Gutiérrez et al., 2016:154; 3 Dorlo et al., 2012:2577-2578; ' Branco et al., 2016:4; > McCarthy et al.,
2015:511-513; %6 Gilbert-Barness, 2010:99; 7 Boelaert & Sundar, 2014:646-647; 18 Sunyoto et al., 2018:2; *° Yang et
al.,, 2016:6828-6829; 2° Waller & Sampson, 2018:615; 2* Bloom & Ryan, 2013:1104; 22 Roussel et al.,

24



2006;314; 22 Davidson et al., 2009: 654; 2* Sundar & Chakravarty, 2008:789; 2> Faghihi & Tavakolikia, 2003:13;
26 Davidson, 2017:1064; 27 Davidson et al., 2009:658; 28 Wiwanitkit, 2012:325.

2.7 Antiprotozoal Schiff bases

The previous section has identified problem areas for available anti-leishmanial drugs, which
include invasive administration routes, severe side-effects, long administration periods with high
dosages, and high costs. These highlight the need for tolerable and affordable novel
antileishmanial drugs. Therefore, the aim of this section is to review the progress that has been
made towards the development of various antileishmanial active compounds over the years,
particularly antiprotozoal Schiff bases. The Schiff base pharmacophore (Figure 2-4) has
immensely contributed to the development of novel lead compounds where its chemistry played
crucial roles on reducing compound side effects (Dzeikala, 2018:990; Kajal, 2013:12) and
improving potency (Dzeikala, 2018:990).

R1

)N

RJ R3

Figure 2-4:  General structure of Schiff bases, where R, and R, and/or Rz=alkyl or aryl.

OH
R4 R3 H* R1 H* R1 +
n L —_— H,0
(0] = R ~ AN
R2 2 R3 R2 R3
Aldehyde Primary Carbinolamine Schiff base or
or amine N-substituted imine

ketone

Figure 2-5:  Reaction scheme for Schiff base formation.

Schiff bases are products of condensation reactions (Figure 2-5) between primary amines and
carbonyl-compounds (Dzeikala, 2018:989). The reaction scheme in Figure 2-5 depicts the
formation of an azomethine bond, indicated by a functionality RC=NR (Figure 2-7, green). Itis an
electrophilic reaction, where a nucleophilic nitrogen group from the primary amine initiates an
electrophilic attack on the carbon from a carbonyl (C=0) group present in ketones and/ or
aldehydes. An amine nitrogen uses an electron lone pair from its sp? hybridised orbital to exert an
electrostatic pushing force towards electrons on the oxygen (O) group. Thus, breaking the C=0
bond to enable formation of the C=N bond gives a carbinolamine intermediate and an N-

substituted imine product.
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Nitrogen and carbon chemistry play important roles on biological activities of Schiff bases. A
nitrogen group imparts its highly nucleophilic and basic character on Schiff base-derived
compound, important for conferring biological activity (Dzeikala, 2018:989; Roberts &Caserio,
1977:1096; Verma et al., 2014:69). The nitrogen in the azomethine bond (Figure 2-5, green) has
been reported to disturb normal cell functions by forming hydrogen bonds with active centres in
cell organelles (Kajal, 2013:1). The carbon group, on the other hand, increased nucleophilicity of
a compound and imparts electrophilicity on the C=N bond (Verma et al., 2014:69). This section
discusses roles played by electronegative groups on the biological activities of various
antiprotozoal Schiff base scaffolds and their derivatives.

2.7.1 8-Aminoquinolines

This is a class of drugs derived from primaquine (PQ) (Figure 2-6), a parent compound for all 8-
aminoquinolines that are well-known for their antiprotozoal activity, particularly as antimalarials
(Yardley et al., 2010:5356). Tafenoquine (TFQ) and sitamaquine (SQ) (Figure 2-6) are members
of this class and have shown potent activity against L. donovani (Yardley et al., 2010:5356;
Carvalho et al., 2010:5344). They both confer antileishmanial activity by targeting the mannose-
rich glycoconjugate synthesis pathway that produces glycoprotein 63 (Gp63). Gp63 is the main
leishmanial glycoprotein found on a promastigote surface. It is coated with high-mannose type N-
linked glycans used by promastigotes for attaching and invading macrophages. Therefore, SQ
and TFQ block the Gp63 synthetic pathway by inhibiting an enzyme called glucose diphosphate
(GDP)-pyrophosphorylase (Green, 1994:320; Sangshetti et al., 2015:32389). Furthermore, SQ
and TFQ disrupt leishmanial replication by inhibiting the mitochondrial respiratory chain (Carvalho
et al., 2010:5344) (Figure 2-7). The mitochondrion is often referred to as the “energy production
hub” of a cell because it has a membrane-bound respiratory chain that operates to produce
energy in the form of adenosine triphosphate (ATP) (Carvalho et al., 2010:5344). However, SQ
and TFQ block the process at different protein complexes in a Leishmania cell. TFQ binds to
cytochrome C reductase (complex IlI) while SQ binds to succinate dehydrogenase (complex Il)
(Figure 2-7). This reduces ATP production within a cell, thus triggering the overproduction of ROS,

which causes apoptosis.
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Figure 2-6:  Molecular structures of antileishmanial active 8-aminoquinolines.
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2.7.2 Hydrazones

Hydrazones (Figure 2-8) are a class of organic compounds easily distinguishable by the functional

group, R1R2=NNH: (Figure 2-8, red) (Verma et al., 2014:69). They have broad protozoal activity

against Toxoplasma gondii (T. gondii) (Verma et al., 2014:75), Plasmodium spp. (Verma et al.,

2014:78), Trypanosoma cruzi (T. cruzi) (Figure 2-9) (Verma et al., 2014:75) and Leishmania spp.
(Figure 2-8) (Syrjanen et al., 2013:7376-7377).

Figure 2-8:

Figure 2-9:

0]

S
NT\N%SH

HN

2 and 3

Molecular structure of antileishmanial active hydrazone derivatives.

Compound 2: R=Cl, compound 3: R=Br.

H

N OH
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N
\_-S
H,C OH
NN { 4
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N
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\/\N ﬁ——s
5 HN CHs

Cl

Molecular structures of antitrypanosomal hydrazones.

Trypanosoma spp. and Leishmania spp. belong to the order Kinetoplastida. Both parasite spp.

have different life cycles and species-specific genes. However, their house-keeping genes are

organised in a similar manner, they have a kinetoplast and similar energy production pathways

(Donelson et al., 1999:2579-2580). They also degrade cellular contents through a lysosomal

process called autophagy which is activated in kinetoplasts during nutrient deprivation (Besteiro,
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2014:190; Thorburn, 2014:1). Trypanosoma spp. and Leishmania spp. use this process to trigger
metacyclogenesis (Besteiro, 2014:190)-an important process in the transmission of leishmaniasis
(Ramalho-Ortigao et al., 2010:196; Serafim et al., 2012:1). Trypanosoma spp. and Leishmania
spp. share important biological characteristics, therefore, it is important to understand the
chemistry of potent antitrypanosomal and antileishmanial hydrazone derivatives because this
could aid the process of deriving novel antileishmanial hydrazones. Compounds 4 and 5 (Figure
2-9) were reported most active against trypanosomiasis in their respective series. Structural
activity relationship (SAR) studies indicated the importance of sulphur, nitrogen and oxygen
groups on a heterocyclic ring (Narang et al., 2012:580-581). Therefore, the presence of these
groups on compound 2 and 3 (Figure 2-8) could be used to justify potent inhibition of carbonic
anhydrase (CA) in L. donovani chagasi promastigotes (Syrjanen et al., 2013:7376-7377).
Leishmania spp. use carbonic anhydrase (CA) enzymes to interconvert bicarbonate ions (HCO 3)
and carbon dioxide (CO>) (Equation 2-1). The reaction reduces acidity effects aimed at parasites
following their phagocytosis by macrophages. Chlorine and bromine substitution are important for
antileishmanial activity— substitution with bromine on compound 7 (Figure 2-10) completely
inhibited parasites in vivo.

CO, + H,0 & HCO; + H* Equation 2-1

Furthermore, Leishmania spp. also share pathophysiological pathways with Plasmodium spp.,
because they both significantly depend on the hemel/iron of their host cells for their metabolic
processes (Ortalli et al., 2019:134). Two antimalarial drugs, namely artemisinins (ARTs) and
atovaquone (ATQ), are not classified as hydrazones, but they could be used to support a
hypothesis that Leishmania spp. and Plasmodium spp. share drug targets. Artemisinin uses its
endoperoxides to react with heme, thus producing ROS capable of causing oxidative damage to
cellular respiration proteins in the parasite. Atovaquone inhibits plasmodial growth by specifically
targeting one of these respiratory proteins called Cytochrome bcl (Figure 2-6) (Meier et al.,
2018:10; Ortalli et al., 2019:134). In addition, artemisinin employs its antileishmanial activity by
resulting in a loss of mitochondrial membrane potential (Verma et. al., 2019;2705). This
information leads to the following hypotheses, (i) the mitochondrion is the common internal
biological drug target for both Leishmania spp. and Plasmodium spp. since mitochondrial proteins
are similar in all species, and (ii) antimalarial hydrazones (Figure 2-10) (Narang et al., 2012:579-

580) could also have activity against leishmaniasis (Meier et al., 2018:10).
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Figure 2-10: Molecular structures of antimalarial hydrazone derivatives.

2.7.3 Quinazolines

Quinazoline (Figure 2-11) is a bicyclic molecule with two non-equivalent nitrogen atoms (Gupta
et al., 2018:1100). It exists as a yellow, water-soluble crystalline solid formed by the fusion of a
benzene and a pyrimidine ring. Quinazoline derivatives, namely tetra- and dihydroquinazolines
(Figure 2-11), have been reported as in vitro inhibitors dihydrofolate reductase (DHFR) in L.
donovani with 14.7-94.7% and 100% inhibition, respectively (Agarwal et al., 2009:5476). DHFR
functions to activate dihydrofolate for the synthesis of nitrogenous bases (purines) and amino
acids (Raimondi et al., 2019:1-2). Dihydrofolate synthetase (DHFS) catalyses the de novo
synthesis of folic acid (FA) vitamins as an inactive dihydrofolate, which is later activated by DHFR

through an electron transfer reaction from nicotinamide adenine dinucleotide phosphate

(NADPH).
R' R R' R
NH

Quinazoline ( (

R1 R1

Dihydroquinazoline Tetrahydroquinazoline

Figure 2-11: Molecular structures of quinazoline and its antileishmanial derivatives.

Various studies have revealed electronegativity and positions of halogen groups on aromatic

compounds as vital determinants of antileishmanial activity. Para-substitution (1,4) with chlorine
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(Cl) causes more activity, while meta-substitution (1,3) leads to poor to no effect on
antileishmanial activity (Sharma et al., 2013:4379-4380; Agarwal et al., 2009:5475-5476). On the
other hand, para-substitution with fluorine (F) causes poorer activity in comparison to hydrogen
(H) (Agarwal et al., 2009:5475-5476). Since both Cl and F are electronegative groups, they
deactivate aromatic rings at ortho (1,2) and para-positions by withdrawing electrons from the ring.
However, F has greater electronegative potential, which suggests that it has the highest
deactivation capability at these positions (Ouellette & Rawn, 2015;143-148). This explains poor
activities in the presence of F because compounds are less likely to participate in biochemical

oxidation reactions within parasitic cells.

2.7.4 Quinazolinones

Quinazolinone (Figure 2-12) is a naturally existing alkaloid used as a building block for animal,
microbial and plant molecules. The position of the carbonyl (C=0) group on the quinazolinone
scaffold is used to categorise quinazolinones into 3 classes, namely quinazolin-4(3H)-one,
quinazolin-(2H)-one and quinazolinone-2,4(1H, 3H)-dione. This section draws more attention on
the quinazolin-4(3H)-one parent scaffold that is further used to derive three daughter scaffold
classes, namely 2-substituted, 3-substituted and 2, 3-disubstituted quinazolin-4-ones (Figure
2- 14) (Mhaske & Argade, 2006:9788-9789; Rajput & Mishra, 2012:66).
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Figure 2-12: Molecular structures of quinazolinone classes and derivatives.

The chemistry of a quinazolin-4(3H)-one scaffold qualifies it is an important compound for drug
discovery (Tesfahunegn et al.,2015;154). The scaffold has electron lone pairs that contribute to
its high nucleophilic character at nitrogen atoms N-1 and N-3 (Figure 2-12). These non-bonding
electrons increase reactivity and reduce stability within the bicyclic compound (Roberts & Caserio,
1977: 1096; Dzeikala & Sykula.,2018:990). Quinazolin-4(3H)-one scaffolds use the N-H bond to
participate in hydrogen bonding, promoting water solubility, a factor required for the distribution
of compounds and cellular absorption (Roberts & Caserio, 1977:1103). However, the quinazolin-
4(3H)-one scaffold cannot be directly used for drug development, because it is unstable and may
participate in unwanted reactions. A nucleophilic substitution reaction, defined as a chemical
reaction where electron-rich nucleophilic groups donate electrons to electron-deficient
electrophilic groups (lkuo et al., 2017:556), can be used to form derivatives. The N-H bond is
broken and an aromatic ring bearing an electron withdrawing group (EWG) is linked to the
quinazolin-4(3H)-one scaffold. After successful linkage, the EWG withdraws two electron lone
pairs from the nitrogen atoms, thus stabilising the final compound (Roberts & Caserio, 1977:1122;
Ouellette & Rawn, 2015;143-148). Stability is also attributed to the conversion of a secondary
amine (R2NH) at nitrogen atoms N-3 to a tertiary amine (RsN) upon elimination of a hydrogen (H)
group (Roberts & Caserio, 1977:1103). However, it is worth noting that increasing stability in
quinazolin-4(3H)-one derivatives limits hydrophilicity, since there is no hydrogen bonding in
tertiary amines (Roberts & Caserio, 1977:1103).
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Figure 2-13: Molecular structure of quinazolinone-pyrimidine scaffold.

Beta-carboline
Beta-carboline quinazolinone

derivative

Figure 2-14: Molecular structures of B-carboline-quinazolinone derivatives.

Quinazolin-4(3H)-one derivatives with antileishmanial activity include quinazolinone-pyrimidine,
2,3-disubstituted-4(3H)-quinazolinone (Figure 2-13) and p-carboline-quinazolinone (Figure 2-14).
Sharma et al. (2013) synthesised a series of quinazolinone-pyrimidine derivatives (Figure 2-13)
and screened them in vitro against L. donovani amastigotes as part of efforts to improve
guinazolinone drug delivery. A SAR study suggested that para-substitution with a chlorine (Cl)
group increased activity, while substitution with a fluorine (F) group resulted in loss of activity
(Sharma et al., 2013:4379-4380). Furthermore, linking the quinazolin-4(3H)-one scaffold to
biologically recognisable functionalities, such as a B-carboline alkaloid, has been shown to
improve antileishmanial activity (Chauhan et al., 2015:351). A B-carboline alkaloid confers activity
against trypanothione reductase (TR), a Leishmanial spp. antioxidant responsible for reducing

trypanothione disulphide dithiol to trypanothione. Therefore, it maintains adequate levels of
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trypanothione within parasites. In contrast, this study suggested that attaching a para-substituted
aryl substituent with a Cl or F group at position 3 of a B-carboline-quinazolinone derivative
increased antileishmanial activity and inhibited TR in L. donovani amastigotes, with activity <10
UM (ICso range 4.3-6.0 uM) (Chauhan et al., 2015:351-353). These compounds also showed
toxicities lower than miltefosine and stibogluconate against Vero cells (103-400 uM), while

miltefosine (56.5 uM) and sodium stibogluconate (400 uM) had higher cytotoxicity.

2.7.5 Thiazines

Thiazines are six-membered heterocyclic compounds with at least one nitrogen (N) and sulphur
(S) atoms (Figure 2-15, pink). They are biologically active against viruses and fungi (Badshah &
Naeem, 2016:1), hypertension (Cherepakha et al., 2011:6233), and microbes (Porcs-Makkay et
al., 2014:2169). There are five thiazine classes (Figure 2-15), namely 1,2-thiazines, 1,3-thiazines,
1,4-thiazines, benzothiazines, thiomorpholine and phenthiazines (Choudhary & Silakari,
2018:248). However, this section draws more attention to anti-diuretic benzothiazine-1,1-dioxide
derivatives, such as hydrochlorothiazide (HCT, Figure 2-16) (Vongpatanasin, 2015:2).

H H S
N N
(] 1 () Q)
F AN N
S H
1,2-thiazines 1,3-thiazines

1,4-thiazines Thiomorpholine

0 olC

Benzothiazines Phenothiazine

Figure 2-15: Molecular structure of thiazine classes.
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Figure 2-16: Molecular structures of sulphonamides.

Hydrochlorothiazide is a benzothiadiazine-1,1-dioxide that may also be classified as
sulphonamides due to the presence of a -SO,NHR functional group (Figure 2-16 and 2-17,
orange), where R is an aromatic, heterocyclic or aliphatic group (Supuran, 2017:1). The presence
of N and S atoms in heterocyclic rings of these compounds previously increased pharmacological
activities and reduced toxicity (Gupta et al., 2018:1099). HCT and other sulphonamides, including
acetazolamide (AZA) and ethoxzolamide (EZA) (Figure 2-16), confer antileishmanial activity by
inhibiting carbonic anhydrase (CA), a pH monitoring enzyme in human red blood cells (Frost,
2014:9). HCT and EZA showed potent in vitro inhibition of CA in L. donovani chagasi
promastigotes, while AZA showed weak inhibition (Syrjanen et al., 2013:7375). Since HCT is an
oral CA-inhibiting diuretic, this raises a hypothesis that it is well distributed to the bloodstream and
absorbed by infected macrophages where it inhibits Leishmania growth by preventing bicarbonate
(HCO3) ions from converting back to CO, (Equation 2-1) (Herman & Bashir, 2019). In this
process, the release of HCO zand potassium (K*) salts from parasitic cells is promoted. Ultimately,

parasitic cells are predisposed to macrophage digestion through acid production.

35



Quinazolinone Benzothiadiazine-1, 1-dioxide

Figure 2-17: Molecular structures of quinazolinone and benzothiadiazine-1, 1-dioxide

scaffolds.

In order to improve the activity of quinazolinone compounds against Leishmania spp., it can be
hypothesised that introducing the sulfonamide functionality by replacing a carbonyl group (-C=0)
with a sulfonyl group (-SO2) (Cohen et al., 1960:2731) (Figure 2-17), could impart CA-inhibiting
activity (Krungkrai et al.,2005:484). Since benzothiadiazine is multifunctional and a highly
specialised, the mechanism of action could also be more complex.

The importance of substituting a C=0 group with a -SO, group could be clearly understood by
separately studying the influence of each group on compound reactivity and stability. Both -SO,
and -C=0 groups are active participants of nucleophilic substitution reactions. They can
deactivate and protect the highly basic and nucleophilic nitrogen atoms N-1 and N-3 from
unwanted reactions (Figure 2-16 and 2-17) (Roberts & Caserio, 1977:1159-1161). They influence
reactivity to different extents and achieve this by changing electron densities within their aromatic
rings (Ouellette & Rawn, 2015:145-146). For instance, a -C=0 group has a partial positive charge
for enhancing inductive effects and withdrawing electrons from the ring and nitrogen N-3
(Ouellette & Rawn, 2015:145-146). Since one of the requirements for nucleophilic substitution
reactions for these compounds is that the N-H bond must break to avail nitrogen atom N-3
electrons for bond creation with other atoms. Bond formation can either occur when N-3 donates
or accepts electron lone pairs (Roberts & Caserio, 1977:1159; Ikuo et al., 2017:556). Therefore,
this suggests that a -C=0 group ultimately reduces acidity within a quinazolinone moiety which
limits the ability of the nitrogen atom N-3 to form new bonds (Roberts & Caserio, 1977:1175-
1176).

On the other hand, a -SO, group has been noted to have higher electron withdrawing effects than

a -C=0 group (Chataigner et al., 2007:3289). However, due to poor inductive effects, it is less

efficacious on decreasing electron density on nitrogen atom N-3. Therefore, the -SO, group
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increases stability within the benzothiadiazine ring (Roberts & Caserio, 1977:1159-1161) without
compromising acidity of the N-H proton (Roberts & Caserio, 1977:1123).

In theory, developing antileishmanial compounds requires a thorough understanding of properties
that reduce compound stability (Mwene-Mbeja, 2019:14). An unstable compound participates in
unwanted reactions to form by-products that result in poor drug efficacy and cause undesirable
side effects. Quinazolin-4(3H)-one derivatives are poor candidates for leishmanial drug discovery
because the -C=0 group is easily cleaved due to easy breakage of the -C-N- bond under mild
acidic conditions (Roberts & Caserio, 1977:1160). An acidic environment enhances the
delocalisation of electrons on the -C=0 group, ultimately promoting cleavage via acid-catalysed
hydrolysis and loss of stability (Chataigner et al., 2007: 3288; Roberts & Caserio, 1977:1159-
1160). It can be hypothesised that quinazolin-4(3H)-one derivatives would destabilise during in
vitro studies in (i) macrophages and phagolysosomes (pH = 4.8) (Haka, 2009:4935), and (ii)
stomach cells (pH = 2) (Kinoshita et al., 2018:182). This is unlikely to occur in benzothiadiazine
derivatives. The process of removing a -SO_ group can only be achieved by hydrolysis during a 3
elimination reaction, termed the sulphur dioxide extrusion process (Alonso & Ajera, 2009:369-
370). This reaction involves the breakage of a strong S-N bond under strenuous conditions, such
as excess concentrated mineral acids and extremely high temperatures or strong bases, such as
organolithium or Grignard reagents (Javorskis & Orentas, 2017:13423). In conclusion, it can be
hypothesised that fusing quinazolin-4(3H)-one and benzothiadiazine-1,1-dioxide moieties
through a direct no-linker technique will form stable novel antileishmanial compounds with greater

potency (Pawelczyk et al., 2016:1).

Thus, the goal of this research project is to synthesise novel benzothiadiazine-1,1-dioxide
derivatives through two-step nucleophilic substitution reactions and evaluate their antileishmanial
potential through determination of their activities against promastigotes of various Leishmania

strains.
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ABSTRACT

Leishmaniasis 1s a major vector-bome parasitic disease that
affects thousands of people mn tropical and sub-tropical
developing countries. In 2019 alone, it killed 26,000 to
65,000 individuals. Leishmaniasis is curable, yet its
eradication and elimination are hampered by major hurdles,
such as the availability of only a handful of clinical toxic
drugs and the emergence of pathogenic resistance against
them. This underscores the imperative need for new and
effective antileishmanial drugs. In search for such agents,
we synthesized and evaluated the in vitro antileishmanial
potential of a small library of benzothiadiazine denivatives,
by assessing their activity against the promastigotes of three
strains of Leishmania (L.) and toxicity in healthy cells. The
derivatives were found with no toxicity to the mammalian
cells and were in general active against all parasites. The
benzothiadiazine  derivative le, 3-methyl-2-[3-
(trifluoromethyl)benzyl]-2H-benzo[e][1,2.4]thiadiazine
1,1-dioxide, was found to be the most active (ICso 0.2 pM)
against L. major, responsible for the most prevalent disease
form. cutaneous leishmaniasis. Conversely,
benozothiadiazine 2c¢, 2-(4-bromobenzyl)-3-phenyl-2H-
benzo[e][1,2.4]thiadiazine 1,1-dioxide, was the most potent
(ICs0 6.5 uM) against L. donovani, a causative strain of the
lethal visceral leishmaniasis. Both compounds stand as
anti-promastigote hits for further lead investigation into
their potential to act as new antileishmanial agents.

KEYWORDS Leishmaniasis, promastigote, benzothiadiazine-1.1-dioxide, cytotoxicity
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1 INTRODUCTION

Leishmaniasis is a parasitic infectious di: that a major health concern in the tropical and sub-fropical developing
countries in Africa. Asia and Latino-America', where it impacts the lives of th ds of peopk liy. The di is endemic to
ninety-eight countries!! and is caused by species of the genus Leishmania, which are transmitted to humans through the bite of inf
female phlebotomine sandflies. There are over twenty Leishmania species', of which three are predominantly responsible for the three
clinical forms of the disease in humans.™ They include: (i) L. major, which cx icates the most form of the disease, i.e.
cutaneous leishmaniasis (CL)™; (i) L. d i, responsible for vi | leishmaniasis (VL), the lethal form with a 95% fatality rate if
left untreated!; and (iii) L. braziliensis, which causes it leish iasis (MCL)."'"3 |n 2018 alone, around 600,000-1
million new cases of CL and 50,000-20,000 new cases of VL, were reported to have occurred worldwide 1!

Like most protozoa, the plexity of Leish ia p ites impairs the development of vaccines to prevent leishmaniasis. Thus, to
date, the control and fight against this infection rely inly on ch therapy. However, only a few clinical drugs are available for the
treatment of the various forms of the disease. [ whose usage is restricted by toxicity and pathogenic resistance .=l In this context, there
is an urgent need for new, effective and inexpensive therapies to combat leishmaniasis.

Taxonomic similarities among p ites of the api P genera® allow effective agents or combinations of drugs against one
pathogen to be active against others. The basis for this shared susceptibility to drugs among these protozoa is better illustrated with
the therapeutic agents, such as the antifolates and the anti-respi y drug, atovaquone. Indeed, the current first line treatment of
toxoplasmosis is the combination of pyrimethamine and sulfadiazine, with pyrimethamine-atovaquone as an alternative, all these drugs
being repurposed antimalarials.

Benzothiadiazine is a bicyclic heterocyclic b e derivative used in clinics as infer alia antihypertensives, e.g. bendroflumethiazide
(Aprinox) and chlorothiazide (Diuril), and antihypoglycemic drugs, e.g. diazoxide (Proglycem) (Figure 1). They are structurally related
to the 1,1-dioxothiazine scaffold that is derived from a thiazine core. Aside from the aforementioned therapeutic features, thiazine
derivatives have also been found to have other biclogical properties, e.g. the antiviral™, antimicrobial®™ and antimalarial™ properties of
thiaplakortone A (Figure 1) and some of its derivatives ['®

Furthermore, benzothiadiazine-1,1-dioxide derivatives bearing other heterocyclhic substituents have been synthesized in high yields;
however, antileishmanial activity has yet to be reported.!'"!
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FIGURE 1. Clinkcal with 1,1-dloxide and active thiap! tone A with 1,1 molety
Altogether, the t; ic similarities bety ) P dium and Leish ia parasites, and the reported promising antimalarial activity

of thiaplakortone A and its derivatives, motivated the investigation into the antileishmanial activity of novel 2,3-disubstituted
benzothiadiazine-1, 1-dioxides. We herein report the synthesis and the biological activities thereof.

2 RESULTS AND DISCUSSION

2.1 Chemistry
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The target compounds were synthesized in a two-step process involving 2-aminob ilfe ide, triethyl orth tate/b bate
and alkyl/halide benzyl bromide (Scheme 1). First, the condensation of commercial 2 inob Ifo ide with triethyl
orthoacetate/benzoate, acting as both reagent and solvent, resulted in Schiff bases that underwent further in situ ring closure to provide
the benzothiaziadine-1,1-dioxide 1 (3-Me) and 2 (3-Phe) substituted intermediates!™? (Scheme 1, step i) in excellent (85-88%) yields.
The sp* hybridized nitrogen atom in each intermediate bore a moderately acidic proton (H-2) with a pKa value 7 - 9, as calculated on
MarvinSketch Version 19.4 (ChemAxon Software, www.Chemaxon.com). Thus, in the second step, the intermediates were
deprotonated with potassium carbonate (K2COs) and were subjected to N-alkylation through nucleophilic substitution (Sx2). with the
reaction of alkyl/halide benzyl bromide (Scheme 1, step ii), to afford the target 2 3-disubstituted benzothiaziadine-1,1-dioxide
compounds. These N-alkylated, or more precisely N-benzylated compounds, were isolated in poor to mederate yields (5-41%) after
purification by either recrystallization or silica gel column chromatography. Several experimental conditions, including an increase in
stoichi tric ratio of reagents, increased temperature and use of N; to deoxygenize to the reactional medi were attempted to no
avail to improve the yields. This could plausibly be attributed to unfavorable chemistry between the intermediate and the benzyl bromide
reagents as a result of the inaccessility (steric hindrance) of the nucleophilic site, i.e. nittogen N-2 on the b hiaziadine-1,1-dioxid
moiety, that may have been caused by to the V-shaped sulfone (-SOz) functional group, wherein the O=5=0 bond angle varies in the
118-120°region.3

0\\81,0 0\\81,0 o\\sz,o
e O QRO
—_— o — = P>
NH, N™ "Ry N™ "Ry
2-Aminobenzene 1-2 1la-e-2a-d
sulfonamide
Ry=Me (1)

R,= 4-H (1a), 4-F (1b), 4-Br (1¢), 3-Br (1d), 3-CF; (1e)
R,= Phe (2)
R,= 4-H (2a), 4-F (2b), 4-Br (2c), 4-CF (2d)

SCHEME 1 Synthesls of substituted benzothiadiazine-1,1-gloxide dervalives
Reagents and conditions: a. triethylorthoacetate/enzoate (5 eq.), reflux at 100 *C, 24-36 h.; Il. 1 or 2 (1 eq.), alkyl/halde benzyl bromide (2 eq.). K:COs (2 eq.). Nz,
DMF (34 mL), 90 °C, 24-36 h.

Routine spectroscopic techniques were used to confirm the structures of the compounds. The spectra were thoroughly inspected to
confirm the nuclear magnetic resonance of key protons ('H NMR), carbons (*3C NMR), functional groups (infrared/FTIR spectra) and
molecular ions (high-resolution mass spectrometry/HRMS spectra).
The 'H spectra of intermediates 1 and 2 displayed a singlet downfield at 12 ppm which was assigned to the resonance of the acidic
proton H-2 (N-H). The disappearance of this singlet from the spectra of compounds 1a -1e and 2a - 2d was confirmative of the success
of the Sy2 reactions. Furthermore, the spectra of compounds 1 — 1e commonly possessed a singlet in the 2.5-2.2 ppm region,
ting for the r ce of the 3-methyl (CH3) protons, while the spectra of 1a -1e additionally showed another singlet ca. 5 ppm,
which was also present in those of 2a — 2d, and was attributed to the signals of methylene (CH,) protons of the benzyl group. Moreover,
the 'H spectra of all synthesized compound only displayed a doublet (d. J=7.8 Hz) ca. 8.0 ppm, attributing to the resonance of
the aromatic proton H-8 in close vicinity of the sulfone functional group, indicating the presence of the benzothiaziadine-1,1-dioxide
scaffold. Additionally, these spectra contained several overlapping doublets (d) and triplets () in the 8.0-7.0 ppm due the resonance
aromatic protons of the phenyl rings. All the protons of each structure were accounted for.
The 3C spectra provided further evid confirmative of the structures of the synthesized compounds. Indeed, the spectra of all
compounds contained a distinctive peak ca. 160 ppm that was assigned to the aromatic carbon C-3 of benzothiaziadine-1,1-dioxide.
Besides, a singlet found around 50 ppm, characteristic of the methylene carbon (CHz) of benzyl, was present in the spectra of 1a - 1e
and 2a - 2d, while another singlet at 25 ppm accounted for the methyl carbon (CH3) specific to 1 and 1a - 1e structures.
FTIR spectra of the int diates 1 and 2 led the stretching band of N-H bond ca. 3300 cm™. The disappearance of the band
from the spectra of 1a - 1e and 2a - 2d provided further proof of the successful alkylation reactions. Additional evidence of the presence
of the b hiaziadine-1,1-dioxid iety in the struct of the compounds was provided with the absorption bands of C=N and
S=0 stretching in the 1700-1600 and 1400-1300 cm™, respectively. Furthermore, the absorption of C-F stretching resulted in a strong
bands ¢a.1100 cm™ in the spectra of compounds 1b, 1e, 2b and 2d. while the vibrations of C-Br bonds were evidenced with the
presence of sharp bands in the 780-750 cm™ region in the spectra of 1c, 1d and 2c.

5
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All HRMS spectra showed the presence of [M+H)]" fragments, confirming the presence of the molecular ion of each synthesized
compound.

3.2 Predicted physicochemical and pharmacokinetic properties

The druglik of the comp ds was d using Lipinski's rule of five to predict whether a compound may be orally active in
humans.™ Preference is glven to oral achvrly due the fact that miltefosine is currently the only oral antileishmanial drug while its very
use is threatened by toxicity and p g ce. Thus, physicochemical properties, such as lipophilicity and agueous solubility,

which inter alia, are m\pacmrs of Llpmski's rule, were predicted for all the synthesized compounds by using the SwissADME web tool.
The data is summarized in Table 1.

TABLE 1. pay rptors and ADME p of afl sy
b g logrer it mo e MO bt Orugikenesse

1 196.23 098 -1.58 -1.26 1 3 o High Yes

1a 286.35 252 -3.23 29 0 3 1} 2 Yes

1b 304.34 2387 -3.38 -3.01 ] 4 o = Yes

1c 355.24 3.18 -4.13 -3.63 o 3 0 - Yes

1d 355.24 3.18 -4.13 -363 0 3 0 o) Yes

1e 354.35 3.59 -4.06 -3.82 0 6 o - Yes
-—_2 258.30 2.0_9_ - -2.99 -2.30 o 3 0 o Ye: ------

2a 348.42 361 -4.68 -463 ] 3 0 = Yes

2b 356.41 3587 -4.83 474 o 4 1] - Yes

2c 427.31 416 -5.58 -5.35 o 3 o = Yes

2d 416.42 457 -5.52 -5.55 0 6 1} - Yes
X TogP (i log P). *Pr q solubly where logSlsme logarmm of the amount of compound (In moles) able to dissolve a iter of
water. “ESOL = q solubllity, using 3 gl 514C, using a topologh d!*l witn jog S scale: insolubie < -10
<poony<-6<mo¢ermefy¢-4¢solwle¢-2verysol1ble¢0ngrly<'Nl.lnbero\‘nycl\)genbondoorms(NHMdOH ps). of gen bond

acceptors (nitrogen and oxygen atoms). Determined with reference to Lipinskr's rule of five: MW = S00 g/mol; LogP = 5; HBD = 5; HBA: 10; nomoremnone
wiolation alowed 9 All values In this table were calculated using SwissADME web tool, http://www.swissadme.chi™

All compounds complied with Lipinski's rule with physicochemical properties well within the target ranges as set by Lipinski et a/.!'¥
None of the compounds violated the rule, which suggested all these benzothiaziadine-1,1-dioxide derivatives to be drug-like in nature,
suitable for oral administration, and highly absorbed in the gastrointestinal fract through passive diffusion.

2.3 Pharmacology

The antileishmanial activities of the synthesized b thiaziadine-1,1-dioxide derivatives were d against the promastigotes of
three different Leishmania strains, L. donovani (1S and 8515) and L. major IR-173. In vitro cytoxicity was determined on Vero (African
green monkey kidney epithelial) cells. Amphetericin B and tine acted as reference drugs for the antileishmanial and cytotoxicity
assays, respectively.
Itis thy to indicate that Leish ia spp. have two develop tal forms, pr tigotes (resp ible for the insect and infective
tages) and tigotes (responsible for the clinical manifestations in vertebrate hosts). Amastigotes are regarded as the logical form
geted during the p of antileish: ial drug di y'"¥. However, Leishmania parasites within skin lesions have been found
to not act as obligatory int llular parasites, with tig exiting the phagocytes after membrane rupture and transforming into
extracellular promastigote-like forms to survive immune responses and promote mobility in the extracellular space!'® and contributing
lesion changes and scar formation. Therefore, anti-promastigote drugs may be of benefit in lesion treatment or the prevention of scarring.
Moreover, studies have shown that antileishmanial drugs that are effective against tigotes are not always effective against
promastigotes.” Therefore, there may be a significant benefit in screening compounds against both parasite forms in the search for
novel antileishmanial therapies. Hence, we chose a systematic screening approach, by primarily assessing the synthesized compounds
against promastigotes of the various Leishmania strains. The resulting hits, if any, would then later undergo further testing for possible

anti-amastigote activities. Anti-pr igot tivity was luated by determining the half-maximal inhibitory concentration (ICs) and
related selectivity index (Sl) values for each pound. The biological data is reported in Table 2.
6
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A glimpse at the table revealed all the compounds to be nontoxic to Vero cells as evidenced by the (ICs>100 pM), inferring that their
observed antileishmanial activities were infrinsic. The compounds presented with different activity profiles against the parasites. On the
one hand, L. major and L. d i 1S pr tigotes were ptible to all compounds. On the other hand, L. donovani 8515

parasites were susceptible to only 1d, 1e and 2a-c. Thus, the antileishmanial activity of this series of benzothiaziadine-1.1-dioxide
derivatives was strain-specific. No derivative outperformed the reference, amphotericin B, irrespective of the strain considered, albeit

being safer.

In the 3-methyl substituted sub-series 1-1e, the tnfluoromethyl (CF3) containing derivative, 1e was the best performer with ICs3 0.2 and
22 uM values against L. major and L. d i 9515 pr stigot respectively, while the intermediate 1 outperformed all with
ICsn 7 yM against the L. di i1Sp ite. In the 3-phenyl substituted sub-series 2-2d, however, 2b and 2d were the most active

against L. major, being equipotent at ICzp 0.4 M, whereas 2a and 2b with comparable activities, ICsp ca. 12 uM, stood out against L.
donovani 9515 while 2c with ICs;, 8.5 uM was the most potent derivative against L. donovani 1S promastigotes.
Furthermore, substituting the methyl in sub-series 1 with the phenyl to form sub-series 2 resulted in an enhancement of the
antileishmanial activity. Although 2 was less active than 1 against both L donovani strains, it displayed marginal increase in activity
against L. major. Conversely, 3-phenyl substituted derivatives 2a-c sh d significant ir in activity in comparison to their methyl
1a-c counterparts, especially against L. d i promastigotes.
Moreover, the electronic effect had no bearing on the biological activity of the pounds. Indeed idering the electronic strength
of para-R? substituent on derivati 1a-c, showed the increasing order: 1a, 1b and 1c. This order was not followed through when
comparing the ICg, values of the compounds regardless of the strain considered. Derivative 1c (4-Br), bearing the strongest electron
withdrawing group (EWG), was more active than 1b (4-F) with a weaker EWG against L. donovani strains, but less active against L.
major. A similar trend was observed with 1b and 1a. In the sub-series 2, however, the order of increasing EWG strength followed
directly that of the activities with derivatives 2a-c against L. donovani 1S, inversely against L. donovani 9515, while a mixed profile was
observed against L. major.
Additionally, bicisosterism (substituents or groups with chemical or physical similarities that produce similar biological properties?')
was also assessed during this research. Bioisosterism may rationally modify a lead compound into a safer and more clinically effective
agent through attenuation of toxicity, modification of activity and/or alteration of pharmacokinetics of a lead.?" The ability of bicisosteres
to elicit similar biological activities has been attributed to 1 physicochemical properties, such as electronegativity, steric size and
lipophilicity, which have been quantitated and correlate their values with observed biological activity values.?3 The substitution of
hydrogen by fluorine is one of the most commonly employed monovalent isosteric replacements. Hydrogen and fluorine atoms have
ilar steric p ters with their van der Waal's radii being 1.2 and 1.35 A, respectively.?¥
Derivative 1b (4-F) is a bioisostere of 1a (4-H). Both compounds have comparable lipophilicity (Log Paw ca. 2.5) and demonstrated
equipotency against L. major. and inactivity against L. donovani 1S promastigotes. However, 1b possessed a slight superiority over 1a
with a two-fold activity against L. di i 9515. Similarly, 2a and 2b are bioisosteres with comparable activities against L. donovani
8515, but 2b displayed significant 3- and 8-fold higher potencies than 2a against L. donovani 1S and L. major, respectively. In the latter
case, bioisoterism contributed to deliver a safer hit as 2b was found to be paratively highly selective (Sl 250) in its antiparasitic
action.
Overall, all the b hiaziadine-1,1-dioxide derivati d highly potent (ICsp<5 pM) and selective (S| 20-500) antileishmanial
actions against L. major promastigotes, therefore were lden‘hﬁed as potential anti-CL hits with the most promising being the nanomolar
active derivative 1e (ICs 0.2 yM and SI 500). Additionally, derivatives 2b, 2c and 2d, by virtue of their molar (ICsp<10 pM) and
moderately selective (S1210) activities against L. d i1Sp ites, may stand as potential anti-VL hits for further investigation
into anti-amastigote activity determination.

TABLE 2. In vitro antipromastigote activity and cytotoxicity of synthesized benzothiadiazine derivatives

Antlielahmanial activity, IC = SD (UM)* Cytotoxicity, Salectivity Index, 81
Cpa. ICso (M)

L. donovani 18 L donovani 3515 L major IR-173 Vero® Ske 81 si*
1 7.332092 >100 34820381 >100 14 1 28
1a 59.58 2 6.14 =100 3152125 >100 1 1 32
1] 27601023 >100 3512000 >100 4 1 29
1c 5267 +2.08 >100 1302000 >100 1 1 77
1d 31752125 75.00 £ 3.36 3172121 >100 3 1 32
18 73.70 £ 10.66 2239 + 3.82 0.20 £ 0.00 >100 1 5 500
2 18832 1.51 >100 200£085 >100 5 1 50
2a 29002267 12.03+281 3462101 >100 4 8 20
20 9822234 12.46+2.99 0.4020.10 >100 12 8 250
2¢ 6.5220.35 15.67 + 3.68 4932343 >100 15 6 20
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2d 10152257 >100 0.41:000 >100 10 1 244

AMB 0.02z0.00 0.020 + 0.003 0.030 £ 0.006 57.77x3.22

EM - - - 0.05=0.004
*Represented 35 the mean = the standard error of the mean (SEM) from the trip ®African green monkey kidney
epithelial cells. “Seseciivity Index: Siy = ICss VEro/iCs L. donovant 1S: Selectivity Index: Siz= 1Cs0 VEroiICss L. donovani 3515. *Selectivity
Ingex: Sly= iCap VerofiCs L. mafor IR-173. AMB = Amp B,EM = Al
3 CONCLUSION
A series of novel benzothiaziadine-1,1-dioxide derivatives were synthesized in a two-step process, involving commercial reagents, 2-

benzenesulfc ide and benzyl bromides using chemical reaction types, o tion and nucleophilic substitution 2. The

derivatives were mostly isolated in poor yields, were assayed for antileish ial activity against Leish ia p igotes and
cytotoxicity on Vero cells.
The derivatives were found to be nontoxic, with significant demonstrated and selective activity against L. major parasites, the causative
pathogens of CL, while being either mod: ly active or inacti gainst L. d i. All derivatives were identified as potential anti-
CL hits by virtue of their combined features of high potency and selectivity, the most promising derivative being 1e that contained a 3-

(trifluoromethyl)benzyl moiety. No outright structure-activity relationship could be deduced from the study. Future endeavors will focus
on the optimzation of the synthesis process to deliver derivatives with higher yields, and the assessment of the current hits for anti-
amastigote activity.

4 EXPERIMENTAL

4.1 Chemistry

4.1.1 General

Materials. Reag were purchased from Sigma-Aldrich. N.N-dmemyﬁmmde(DMF)waspurdusedfmmMemk All other solvents and K2COs were
purchased from A iated Chemical Enterprises (ACE). ANl chemicals and reag were reag lytical grade and were used without further
Procedures. The *H and **C NMR sp of all pounds (11 pounds) were rded on a Bruker Ady 111 600 spectro at freq

of 600 (*H NMR) and I50913MH2("C NMR)respectNe!y in deuterated dimethyl sulfoxide DMSO-des at room temperature (~25 °C). or alternatively
80 *C where indicated. Chemical shifts in spectra obtained were exp d and reported in parts per miion & (ppm), with the residual protons of the
deuterated solvents serving as refs J ing tant) values were exp! d in Hz. Abbreviations used to indicate splitting Were as

follows: singlet (s), doublet (d), doublet of doublets (dd), triplet (), triplet of doublets (td), and multiplet (m).
HRMS specitra were recorded on a micrOTOF-Q Il mass spectrometer, using an APCI source type heated at 200 °C. The software used to record the
mass spectra was the Bruker Compass Data Analysis 4.0 software package. Scans were performed from 50-1600 miz at a capillary voltage of 4500 volts

(V). an end plate offset voltage of -500 V, with the nebulizer set at 1.8 Bar, and a collision cell radio freq y (RF) voltage of 100 volits peak to peak
(Vep).

High-perfo liquid ch graphy (HPLC) was camed out on all compounds to determine their purity. Full description of the process can be found
in Supplementary Information file.

IR spectra were recorded on a Bruker Alpha-P FTIR instrument system. Thin-layer ch graphy (TLC) was perfi d using alumi backed silica
gel plates from Merck (Johannesburg, SouthAfma)nihameanporeszeofﬂOAwnhaddedfhmsoem-xicalor(FZMLTLcplatesweremsuahzed
at 254 nm. Melting points of all pounds were determined on a Biichi melting point B-545 app and are

4.1.2 General procedure for the synthesis of of 3-substituted benzothiadiazine-1,1-dioxide
intermediates 1 -2

Ali thod rep by Bozdag ef a/"% was adopted to synthesize these i diates. It is described as follows: 2-Amincb I
{22 mmol. 5 g, 1eq.) was suspended in triethyl orth or orthob b (5e¢)andmﬂnedﬁl°0‘Cﬁ:r24—3ﬁhous The reaction was monitored
by TLC until consumption of the limiting starting material. Upon pletion, the 0 was cooled at room temperature, resulting in the formation
of a precipitate. After filtration, the precipitate was th ghly hed with diethyl ether (Etz0) (3x20 ml) and dried under vacuum to afford the target
intermediate.
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3-Methyl-2H-benzo [e][1,2,4]thiadiazine 1,1-dioxide (1)

The reaction of aminobenzene sulphonamide with in triethyl orthoacetate afforded 1. Cream powder; yield: 5.4 g (95%); m.p. 270 °C. IR vmax (cm™'):
3368 (N-H), 1602 (C=N), 1509 (Ar, C=C), 1397 (C-CH), 1372 (S=0), 1158 (C-N). 'H NMR (600 MHz, DMS0) & 12.01 (s, 1H, H-2, N-H), 7.79(d, J= 7.8
Hz, 1H, Ar-H, H-8), 7.67 (t, J = 7.8 Hz, 1H, Ar-H, H-7), 7.43 (t, J = 7.6 Hz, 1H, Ar-H, H-5), 7.30 (d, J = 7.6 Hz, 1H, H-6, Ar-H), 2.30 (s, 3H, H-1', CHa). 1°C
NMR (151 MHz, DMSO) & 157.7 (C-3, C-CHs), 135.7 (Ar, C-3a), 133.5 (Ar, C-6), 126.6 (Ar, C-8), 123.9 (Ar, C-8a), 121.5 (Ar, C-7), 117.7 (Ar, C-5), 23.1
(C-1', CHa). HRMS-APCI m/z: [M+H]' 197.0380 (Calc. for CsHaN202S: 197.0385). Purity (%): 97.

3-Phenyl-2H-benzolej[1,2,4]thiadiazine 1, 1-dioxide (2)

The reaction of aminobenzene sulphonamide with in triethyl orthobenzoate afforded 2. White powder; yield: 6.7 g (98%); m.p. 310 °C. IR vmax (cm™):
3297 (N-H), 1639 (C=N), 1433 (Ar, C=C), 1282 (S=0), 1141 (C-N). '"H NMR (600 MHz, DMSO) & 12.21 (s, 1H, H-2, N-H), 8.05 (d, J = 7.5 Hz, 2H, H-2',
Ar-H), 7.88 (d, J = 7.9 Hz, 1H, H-8, Ar-H), 7.77 — 7.73 (m, 1H, H-5, Ar-H), 7.71 (t, J = 7.9 Hz, 1H, H-7, Ar-H), 7.64 (t, J = 7.5 Hz, 3H, H-3' & 4, Ar-H),
7.52(t, J = 7.3 Hz 1H, H-6, Ar-H). *C NMR (151 MHz, DMSO) & 155.3 (Ar, C-3), 136.0 (Ar, C-3a), 133.5 (Ar, C-6), 133.3 (Ar, C-4’), 132.3 (Ar, C-8a),
129.3 (Ar, C-3'), 128.7 (Ar, C-2'), 127.2 (Ar, C-8), 123.8 (Ar, C-1'), 121.9 (Ar, C-7), 119.0 (Ar, C-5). HRMS-APCI nvz: [M+H]* 259.0553 (Calc. for
C13H11N2028: 259.0541). Purity (%): 98.

4.1.3 General procedure for the synthesis of of 2,3-substituted benzothiadiazine-1,1-dioxide
derivatives 1a-e - 2a-d

A general procedure (Scheme 1 — step ii) was used to prepare benzothiadiazine-1,1-dioxide derivatives, and is detailed as follows:

A mixture of intermediate 1 or 2 (1eq.), alkyl/halide substituted benzyl bromide (2 eq.), K2CO3(2 eq.) and DMF (3-4 mL) was stirred at room temperature
or 90 °C for 24 -36 hours, under nitrogen (N2). The reaction was monitored by TLC and upon completion of the limiting reagents, the mixture was diluted
with aqueous NH+ClI (10 mL) and extracted with DCM (3 x 20 mL). The organic phase was dried over MgSOa overnight. Afterwards, it was filtered off,
concentrated under vacuum to afford a clear crude mixture which was subjected to further purification by either recrystallization or column chromatography
afford the title compounds.

2-Benzyl-3-methyl-2H-benzo[e][1,2,4]thiadiazine 1,1-dioxide (1a)

The reaction of 1 (2 mmol, 400 mg, 1 eq.) and benzyl bromide afforded 1a after recrystallization in ethyl acetate — hexane mixture. White powder; yield:
110 mg (19%); m.p. 172 °C. IR Vmax (cm"): 2918 (Ar, C-H), 1628 (C=N), 1582 (Ar, C=C), 1403 (S=0), 1295 (C-N). 'H NMR (600 MHz, CDCl3) & 8.02 (dd,
J=7.8, 1.6 Hz, 1H, H-8, Ar-H), 7.48 (ddd, J=7.8, 7.7, 1.6 Hz, 1H, H-7, Ar-H), 7.42 (ddd, J=7.7, 3.7, 1.6 Hz, 1H, H-5, Ar-H), 7.39 (d, J= 7.7 Hz, 1H, H-
6, Ar-H), 7.34 (t, J = 7.3 Hz, 2H, H-5', Ar-H), 7.14 (d, J = 7.3 Hz, 2H, H-4', Ar-H), 7.06 (d, J = 8.6 Hz, 1H, H-6', Ar-H), 5.27 (s, 2H, H-2', CH2), 2.48 (s, 3H,
H-1', CHz). C NMR (151 MHz, CDCl3) & 159.7 (Ar, C-3), 137.4 (Ar, C-3a), 133.4 (Ar, C-4'), 133.1 (Ar, C-6), 129.6 (Ar, C-8), 128.4 (Ar, C-5'), 126.5 (A,
C-7), 125.2 (Ar, C-6'), 123.7 (Ar, C-4"), 116.3 (Ar, C-5), 51.9 (C-2', CHy), 24.7 (C-1’, CHa). HRMS-APCI m/z: [M+H]' 287.1117 (Calc. for C1sH1sN202S:
287.0854). Purity (%): 100.

2-(4-Fluorobenzyl)-3-methyl-2H-benzo[ej[1, 2, 4]thiadiazine 1,1-dioxide (1b)

The reaction of 1 (2 mmol, 400 mg, 1 eq.) and 4-fluorobenzyl bromide resulted in 1b which was purified by recrystallization in ethyl acetate — hexane
mixture. White powder; yield: 152 mg (25%); m.p. 181 °C. IR vmax (cm™"): 1634 (C=N), 1646 (C=C), 1397 (S=0), 1293 (C-N), 1165 (C-F). 'H NMR (600
MHz, CDCls) 5 8.04 (d, J = 7.8 Hz, 1H, H-8, Ar-H), 7.52 (t, J = 7.8 Hz, 1H, H-7, Ar-H), 7.45 (t, J = 7.5 Hz, 1H, H-6, Ar-H), 7.25-7.07 (m, 4H, H-4', -5, Ar-
H), 7.05 (d, J = 7.5 Hz, 1H, H-5, Ar-H), 5.27 (s, 2H, H-2', CH2), 2.50 (s, 3H, H-1', CHs). '3C NMR (151 MHz, CDCl3) 5 163.3 (Ar, C-6’, C-F), 161.7 (Ar, C-
3'), 159.6 (Ar, C-3), 137.2 (Ar, C-3a), 133.1 (Ar, C-6), 129.1 (Ar, C-8a), 127.0 (Ar, C-8), 126.6 (Ar, C-7), 125.2 (Ar, C-4’), 123.8 (Ar, C-5), 116.8 (Ar, C-
4'), 116.7 (Ar, C-5'), 51.2 (C-2', CHz), 24.6 (C-1", CH3). HRMS-APCI m/z: [M+H]* 305.0778 (Calc. for C1sH1sFN20-S: 305.0760). Purity (%): 96.

2-(4-Bromobenzyl)-3-methyl-2H-benzo[e][1, 2, 4]thiadiazine 1,1-dioxide (1c)

1 (2 mmol, 400 mg, 1 eq.) and 4-bromobenzyl bromide afforded 1c after recrystallization in ethyl acetate — hexane mixture. Creamy brown powder; yield:
109 mg (15%); m.p. 271 °C. IR vmax (cm™): 2921 (Aryl, C-H), 2851 (Alkyl, C-H), 1598 (C=N), 1568 (C=C), 1399 (S=0), 1298 (C-N), 755 (C-Br). '"H NMR
(600 MHz, CDCl3) 5 8.04 (dd, J = 7.8, 1.2 Hz, 1H, H-8, Ar-H), 7.55 (d, J = 8.4 Hz, 2H, H-5, Ar-H), 7.52 (d, J = 8.6 Hz 1H, H-5, Ar-H), 7.46 (t, /= 7.6 Hz,
1H, H-7, Ar-H), 7.05 (d, J = 8.4 Hz, 2H, H-4', Ar-H), 7.02 (d, J = 8.6 Hz, 1H, H-6, Ar-H), 5.24 (s, 2H, H-2', CHz), 2.49 (s, 3H, H-1', CHz). °C NMR (151
MHz, CDCl3)  159.5 (Ar, C-3), 137.1 (Ar, C-3a), 133.2 (Ar, C-6), 132.8 (Ar, C-3'), 132.5 (Ar, C-5'), 126.9 (Ar, C-4’), 126.7 (Ar, C-8), 125.3 (Ar, C-7),
123.8 (Ar, C-6'), 116.0 (Ar, C-5), 51.4 (C-2', CHy), 24.6 (C-1', CH3). HRMS-APCI m/z: [M+H]" 366.9932 (Calc. for C15H14BrN202S: 366.9939). Purity (%):
82.

2-(3-Bromobenzyl)-3-methyl-2H-benzo[e][1, 2,4]thiadiazine 1, 1-dioxide (1d)
The reaction of 1 (2 mmol, 400 mg, 1 eq.) and 3-bromobenzyl bromide afforded 1d after recrystallization in ethyl acetate — hexane mixture. Cream white
powder; yield: 86 mg (12%); m.p. 204 °C. IR Vmax (cm'): 1588 (C=N), 1546 (C=C), 1402 (S=0), 1285 (C-N), 783 (C-Br). 'H NMR (600 MHz, CDCl3) &
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8.06 (dd, J = 7.8, 1.1 Hz, 1H, H-8, Ar-H), 7.53 (dd, J = 11.4, 4.1 Hz, 1H, H-6", Ar-H), 7.51 (d, J = 8.2 Hz, 1H, H-5, Ar-H), 7.47 (t, J = 7.8 Hz, 1H, H-7, Ar-
H), 7.36 (s, TH, H-4, Ar-H), 7.29 (dd, J = 8.2, 1.1 Hz, 1H, H-6, Ar-H), 7.06 (d, J = 8.6 Hz, 1H, H-7, Ar-H), 7.03 (d, J = 8.6 Hz, 1H, H-8", Ar-H), 5.26 (s,
2H, H-2', CH2), 2.50 (s, 3H, H-1", CHs). 3C NMR (151 MHz, CDClz) 5 159.4 (C-3), 137.1 (C-3a), 135.9 (C-3), 133.2 (C-6), 131.8 (C-4’), 131.2 (C-6)),
128.4 (C-8), 126.7 (C-7'), 125.3 (C-8), 123.9 - 123.6 (Ar-C), 116.0 (C-5), 51.3 (C-2', CHz), 24.6 (C-1', CH3). HRMS-APCI m/z: [M+H]' 366.9932 (Calc.
for C1sH14BrN202S: 366.9939). Purity (%): 100.

3-Methyl-2-[3-(trifluoromethyl) benzyl]-2H-benzo[e][1,2,4]thiadiazine 1,1-dioxide (1e)

1 (2 mmol, 400 mg, 1 eq.) and 3-(trifluoromethyl)benzyl bromide (2 eq.) afforded 1e after recrystallization in ethyl acetate — hexane mixture. Cream white
powder; yield: 68 mg (9%); m.p. 122 °C. IR Vmax (cm™'): 1581 (C=N), 1511 (C=C), 1328 (S=0), 1111 (C-F). 'H NMR (600 MHz, CDCl3) 5 7.96 (d, J = 7.9
Hz, 1H, H-8, Ar-H), 7.77 - 7.67 (m, 1H, H-4, Ar-H), 7.63 — 7.54 (m, 2H, H-5 & -7, Ar-H), 7.50 (dt, J = 17.9, 6.1 Hz, 4H, H-5,-6', -7’ & 8', Ar-H), 5.20 (s,
2H, H-2', CH2), 2.41 (s, 3H, H-1", CH3). '3C NMR (151 MHz, CDCl3) & 154.2 (Ar, C-3), 142.1 (Ar, C-3a, ), 136.6 (Ar, C-3'), 133.9 (Ar, C-6), 131.5 (Ar, C-
5'), 130.0 (Ar, C-7), 127.4 (Ar, C-8), 125.0 (C-9, C-F), 123.3 (Ar, C-6'), 121.5 (Ar, C-5), 46.7 (C-2', CH2), 23.6 (C-1", CHs3). HRMS-APCI m/z: [M+H]*
355.0696 (Calc. for C1sH14F3N202S: 355.0728). Purity (%): 81.

2-Benzyl-3-phenyl-2H-benzo[e][1,2,4]thiadiazine 1,1-dioxide (2a)

The reaction of 2 (1.6 mmol, 400 mg, 1 eq.) and benzyl bromide afforded 2a after recrystallization in hexane-ethyl acetate — methanol mixture. Cream
white powder; yield: 137 mg (25%); m.p. 107 °C. IR vmax (cm™"): 1550 (C=N), 1511 (C=C), 1334 (S=0), 1178 (C-N). 'H NMR (600 MHz, CDCl3) 5 7.90 (d,
J=7.8Hz, 1H, H-8, Ar-H), 7.80 (d, J = 7.5 Hz, 2H, H-2', Ar-H), 7.66 (t, J = 7.8 Hz, 1H, H-7, Ar-H), 7.60 (t, J = 7.5 Hz, 2H, H-5 & -6, Ar-H), 7.50 (dd, J =
13.0, 6.8 Hz, 3H, H-3' & -4', Ar-H), 7.11 (t, J = 7.3 Hz, 1H, H-9", Ar-H), 7.04 (t, J = 7.5 Hz, 2H, H-8', Ar-H), 6.74 (d, J = 7.5 Hz, 2H, H-7', Ar-H), 5.01 (s,
2H, H-5', CH2). °C NMR (151 MHz, CDCl3) 5 155.8 (Ar, C-3), 142.6 (Ar, C-3a), 135.0 (Ar, C-3'), 133.9 (Ar, C-8a), 133.3 (Ar, C-6), 131.4 (Ar, C-4), 129.3
(Ar, C-3"), 128.9 (Ar, C-8), 128.6 (Ar, C-2'), 128.3 (Ar, C-8'), 128.0 (Ar, C-7), 127.6 (Ar, C-7'), 121.2 (Ar, C-5), 51.4 (C-5', CHz). HRMS-APCI m/z: [M+H]*
349.1030 (Calc. for C20H17N202S: 349.1011). Purity (%): 99.

2-(4-Fluorobenzyl)-3-phenyl-2H-benzo[e][1, 2,4]thiadiazine 1,1-dioxide, 2b

The reaction of 2 (1.6 mmol, 400 mg, 1 eq.) and 4-fluorobenzyl bromide afforded 2b after purification by column chromatography on silica gel with hexane-
petroleum ether (3:2) as eluent. White powder; yield: 303 mg (41%); m.p. 156 °C. IR Vmax (cmr): 2919 (Aryl, C-H), 1743 (C=N), 1339 (S=0), 1219 (C-N),
1177 (C-F). '"H NMR (600 MHz, CDClz) & 8.07 (d, J = 7.8 Hz, 1H, H-8, Ar-H), 7.63 (t, J = 13.0 Hz, 2H, H-2, Ar-H), 7.60 — 7.53 (m, 4H, H-5, -7 & 3', Ar-
H), 7.49 (t, J = 7.5 Hz, 3H, H-4' & 8, Ar-H), 7.27 (d, J = 8.7 Hz, 2H, H-7', Ar-H), 7.23 (d, J = 8.5 Hz, 1H, H-6, Ar-H), 5.38 (s, 2H, CH2). *C NMR (151
MHz, CDCl3) & 161.6 (Ar, C-3), 138.6 (Ar, C-9', C-F), 137.2 (Ar, C-3a), 133.2 (C-6), 133.0 (Ar, C-8a), 132.0 (Ar, C-6"), 129.0 (Ar, C-4’), 128.8 (Ar, C-7'),
127.1 (Ar, C-8), 126.5 (Ar, C-3'), 126.2 (Ar, C-7'), 125.0 (Ar, C-2’), 117.2 (Ar, C-6'), 53.6 (C-5', CHz2). HRMS-APCI m/z: [M+H]* 367.0935 (Calc. for
C20H16FN202S: 367.0917). Purity (%): 96.

2-(4-Bromobenzyl)-3-phenyl-2H-benzo[e][1, 2,4]thiadiazine 1, 1-dioxide, 2¢

The reaction of 2 (1.55 mmol, 400 mg, 1 eq.) and 4-bromobenzy! bromide (3.1 mmol, 2 eq.) afforded 2c after recrystallization in hexane-ethyl acetate
mixture. Yellow powder; yield: 47 mg (7%); m.p. 160 °C. IR vmax (cm™"): 1585 (C=N), 1515 (C=C), 1386 (S=0), 1168 (C-N), 778 (C-Br). '"H NMR (600
MHz, CDCl3) & 8.06 (d, J = 7.8 Hz, 1H, H-8, Ar-H), 7.64 (d, J = 7.3 Hz, 2H, H-8', Ar-H), 7.59 - 7.53 (m, 2H, H-2", Ar-H), 7.48 (td, J = 8.5, 7.8, 2.7 Hz, 3H,
H-7, -5 & -4’, Ar-H), 7.43 (d, J = 8.4 Hz, 2H, H-3', Ar-H), 7.23 (d, J = 8.5 Hz, 1H, H-6, Ar-H), 7.02 (d, J = 7.3 Hz, 2H, H-7’, Ar-H), 5.27 (s, 2H, H-5', CH>).
13C NMR (151 MHz, CDClz) & 161.5 (Ar, C-3), 137.3 (Ar, C-3a), 133.6 (Ar, C-6"), 133.3 (Ar, C-6), 132.9 (Ar, C-8a), 132.4 (Ar, C-8), 131.9 (Ar, C-4’),
128.9 (Ar, C-7'), 127.8 (Ar, C-3'), 127.0 (Ar, C-8), 125.0 (Ar, C-7), 122.2 (Ar, C-9', C-Br), 117.4 (Ar, C-5), 53.6 (C-5', CHz). HRMS-APCI nv/z: [M+H]"
429.0127 (Calc. for C20H16BrN202S: 429.0095). Purity (%): 100.

3-Phenyl-2-[4-(trifluoromethyl)benzyl]-2H-benzofe][1, 2, 4]thiadiazine 1,1-dioxide, 2d

The reaction of 2 (1.55 mmol, 400 mg, 1 eq.) and 4-(trifluoromethyl)benzyl bromide (3.1 mmol, 2 eq.) afforded 2d after recrystallization in hexane-ethanol-
ethyl acetate mixture. White powder; yield: 50 mg (5%); m.p. 150 °C. IR Vmax (cm™): 2922 (Aryl, C-H), 1724 (C=N), 1567 (C=C), 1314 (S=0), 1167 (C-N),
1113 (C-F). '"H NMR (600 MHz, CDCl3) & 8.07 (d, J = 7.8 Hz, 1H, H-8, Ar-H), 7.63 (d, J = 5.8 Hz, 2H, H-2', Ar-H), 7.60 — 7.53 (m, 4H, H-5, -7, Ar-H), 7.49
(t,J=7.5Hz, 3H, H-3' & H-4', Ar-H), 7.27 (d, J = 8.5 Hz, 2H, H-8', Ar-H), 7.23 (d, J = 8.5 Hz, 2H, H-7", Ar-H), 5.38 (s, 2H, H-5", CH2). *C NMR (151 MHz,
CDCl3) & 161.6 (Ar, C-3), 138.6 (Ar, C-6"), 133.2 (Ar, C-6), 128.8 (Ar, C-8'), 127.1 -126.5 (Ar, C-8, -3', -7') 125.0 (Ar, C-10’, C-F), 117.2 (C-5), 53.57 (C-
5", CHz2). HRMS-APCI m/z: [M+H]* 417.0923 (Calc. for C21H16F3N2028S: 417.0885). Purity (%): 82.

4.2 Pharmacological assays
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4.2.1 Antileishmanial activity

Anti-promastigote activity was eval d using the n assay on three Leishmania strains. The assay involves the irmeversible enzymatic reduction
of oxidized blue resazurin dye into a pink, highly fluorescent resorufin, by viable cells.® L donovani (strains 1S (MHOM/SD/B2/1S) and 9515
(MHOM/IN/@5/9515)) and L. major (strain IR-173 (MHOM/IR/-173)) pi ig were cultured in M189 with Hank’s salts and 0.68 mM L-glutamine,
supplemented with 4.2 mM sodium bicarbonate, 25 mM Hepes (all from Sigma Aldrich), 10% fetal bovine serum (Thermofisher Scientific) and 50 U/mL
penicilin/streptomycin solution (Lonza), and the pH adjusted to 7.3-7.4. The pi were maintained at 28 °C. For the resazurin assay,
logarithmic phase pi igH {1.25 x 10° cells/mL, 100 pLiwell) were seeded in Qﬁ—well plates (Nunc, Thermofisher Scientific) in the presence of
twelve x two-fold diution concentrations of compounds for ICs determinations. Amphotericin B (10 pM) served as the standard drug, while growth
medium without any parasites served as the blank. The plates were incubated for 72 h at 26 °C in a humidified atmosphere.

After incubation, 50 pL of n ion (0.01% i phosphate buffered saline (PBS, Sigma-Aldrich)) was added to each well and the plates were
further incubated at 28 °C in the dark for 2 h (1S pmmasagotes)to4h(9515and IR-173 promastigotes). Absorbances were measured at 570 nm and
800 nm, using the Thermofisher Scientific GO Muliscan plztereader Data was perfi d for each biological repli usmgSkanItMJ

R h Edition softy The back d absorb of {600 nm) was d from the absorb values of ffin (570 nm). The
mean absorbance and cell viability were determined by the following equations:

Cell viabifity % = (A Abs sample — A Abs blank) / (A Abs neg control — A Abs blank) x 100

The ICg and Z-score were d ined for each pound's three biological repli using GraphPad Prism 5. The mean ICs of the biological
replicates served as the final value of each compound.

4.2.2 Cytotoxicity

Cy icity was evaluated using ther in assay.™ Vero cells (Cellonex, South Africa) were cultured in Hyclone Dulb 's modified Eagle’s medium
(DMEM) umh high gl (Separations), supp ted with 10% fetal bovine serum (Themnofisher Scientific) and 1% L-glutamine, penicillin-

,‘ icin B and ial amino acids (all from Lonza). The celis were maintained in a humidified atmosphere at 37 °C and 5%
CO; Forlheresazunnassay 96-well plates were prepared with 200 pL of cell suspension {30,000 celis/ml) and incubated for 24 hours. The cells were
then treated with: (i} 100 pL of emetine dihydrochloride (S»gma Aldrich) solution, diluted with growth medium to the ions (positive
control); (||)80pLofgmwﬂ1mdunmd20;Lof i gative control to compensate for possible soly eﬂeas);(m]SOpLofgmwlmedmmd

20 pL of diluted i pound soluti TheblmkconlolscoMamedgwﬂlmeﬁancell&ﬂre““platesm bated for48 h.

To initiate the resazurin assay, 50 pl of sterde-fillered n sodium sak solution (0.01% in PBS) was added and the plates incubated for 2 hours.
Absorb were ed at 570 nm and 800 nm, using the Thermofisher Scientific GO Multiscan plate reader. Data analysis was performed for each
biological replicate, usngSkanlMJ" Edition softy The back d absorb (600 nm) was sub d from the absorb values (570
nm), the mean ab lculated and the p eellvu)llnylns ined by the followi &

Cell viability % = (A Abs sample — A Abs blank) / (A Abs neg control — A Abs blank) x 100

The ICs and Z-score were ds ined for each pound's three biclogical replicates, using GraphPad Prism 5. The mean ICg of the biological
replicates served as the final value with standard error of the means (SEM) of each compound.

4.2.3 Statistical analysis

In vitro antileishmanial activities and cytotoxicity, indicated as ICg values, were derived from non-linear regression analysis. Results were represented
as the mean + the standard emror of the mean (SEM) from the triplicate biological Statistical lysis was performed, using Skanit 4.0
R h Edition soft (Th fisher Scientific) and Prism V5 software (GraphPad). All reported data was significant at p <0.05.
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CHAPTER 4

SUMMARY AND CONCLUSION

Leishmaniasis is an emerging category-1 NTD (Deribew et al., 2017:3) that continues to progress
in poverty-stricken regions of developing countries (Boisson et al., 2016:19). Although previously
deemed as non-research-worthy disease in many countries (Hailu et al., 2016: 142), the fact that
leishmaniasis annually claims approximately 20 000 to 30 000 lives (PAHO, 2017) in almost 90
tropical and subtropical countries (Akbari et al., 2017: 86; Molyneux et al., 2017:312), is an
indication that leishmaniasis is deadly.

Pentavalent antimonials (Haldar et al., 2011:2-3), amphotericin B (Ouellette et al.,
2004:257&261), miltefosine (Branco et al., 2016:4), pentamidine (Yang et al., 2016:6828-6829)
and paromomycin (Bhargava & Singh, 2012:5) are currently the only clinically approved
medications for treatment of the various form of leishmanial infection. However, the challenge
with these drugs is their toxicity, administration method, expensiveness (Hendrickx et al.,
2019:2743-2744) and emerging resistance by several Leishmania species (spp.) (Bouyahya, et
al., 2018:51). As part of efforts to contribute towards the research and development of new
antileishmanial compounds, various Schiff bases and their mechanisms of actions have been
studied. For the purpose of this study, focus was placed on thiazine Schiff base scaffolds,

particularly benzothiazine-1,1-dioxide derivatives.

HCT is an orally administered (Herman & Bashir, 2019) benzothiadiazine-1,1-dioxide antidiuretic
and a potent inhibitor of CA (Syrjanen et al., 2013:7375). It promotes the production of ROS and
NOS, which have shown in vitro toxicity towards L. donovani spp. CA is present in human red
blood cells (Frost, 2014;9) and the inhibition thereof has been shown to significantly reduce
leishmanial survival by predisposing intracellular parasites to macrophage digestion through acid
production (Syrjanen et al., 2013:7375). Oral CA inhibitors are, therefore, well distributed to the
bloodstream, can be absorbed by infected macrophages and induce parasiticidal effects (Herman
& Bashir, 2019). The goal of developing orally administered antileishmanial drugs that inhibit
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promastigote replication in human macrophages is, therefore, achievable. HCT is very stable and
can withstand an acidic environment resulting from ROS and NOS production within
macrophages. The bonding on the sulfonamide group -SO2;NHR allows HCT the ability to remain
intact (Javorskis & Orentas, 2017:13423; Alonso & Ajera, 2009:369-370) within stomach cells
where the pH is 2 (Kinoshita et al., 2018:182). Since another goal is to also prevent side effects,
nitrogen and sulphur atoms within the heterocyclic moiety reduce toxicity (Gupta et al.,
2018:1099).

The aims of this study were to synthesise and assess the in vitro antileishmanial activities of
benzothiadiazine-1,1-dioxide derivatives against L. donovani (1S and 9515) and L. major (IR-173)
strains. In the synthesis of methyl and phenyl substituted benzothiadiazine-1,1-dioxide
intermediates (compound 1 and 2), a modified protocol by Bozdag et al. (2017:682) was used.
Derivatives (compounds la-1e and 2a-2d) were prepared via nucleophilic substitutions with alkyl/
aryl bromides at position N-3 of benzothiadiazine-1,1-dioxide moiety. Monosubstituted
compounds 1 and 2 were prepared in good yields, 99% and 98%, respectively, while the 2,3-
disubstituted derivatives were obtained in poor yields (5 — 41%) after purification through silica
chromatography and/or recrystallisation. The structures of all compounds were confirmed through
routine characterization techniques, e.g. *H NMR ,*3C NMR, HRMS and IR.

These compounds were predicted to be druglike, highly absorbed in the gastrointestinal tract
following compliance to Lipinski’s rule of 5. These properties qualify them for further investigations
for their usage as oral antileishmanial drugs. Methyl substituted benzothiadiazine-1,1-dioxide
derivatives (sub-series 1) showed improved lipophilicity with clogP varying in the 2.5 to 3.6 range,
but resulted in poor activity against L. donovani (1S strain) and potency against L. major (IR-173
strain) with ICsp in the ranges 27.60 -73.70 uM and 0.20-3.51 uM, respectively.

On the other hand, phenyl substituted benzothiadiazine-1,1-dioxide derivatives (sub-series 2)
showed high lipophilicity (clogP = 3.61- 4.57) and potency against both 1S and IR-173 with ICs
in the ranges 6.52 - 10.15 uM and 0.41- 4.93 pM, respectively for compounds 2b, 2c and 2d.
Compound 2a showed poor activity against 1S but was potent against IR-173. The derivatives 2b
— 2d para- substituted with Br, F and CFs, respectively, were shown to possess activity against
1S as previously reported by Chauhan et al. (2015:351). Furthermore, all the compounds from
both sub-series showed no toxicity towards Vero cells, which is in accordance with the literature
(Gupta et al., 2018:1099). Similarly, the activity of the compounds against an L. major strain
corroborate previous findings by Syrjanen et al., (2013) on the antileishmanial activity of the

benzothiadiazine scaffold.
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In conclusion, the antileishmanial activity of benzothiadiazine-1,1-dioxide ring can successfully
be improved through structural modifications at its carbons C-2 and C-3 positions, resulting in
promising novel 2,3-disubstituted derivatives. Thus, this derivatisation strategy may pave the way
for the development of potential novel orally administrable and non-toxic antileishmanial drugs

based on the benzothiadiazine-1,1-dioxide scaffold.
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3-Phenyl-2H-benzo[e][1,2,4]thiadiazine 1,1-dioxide, 2

IH.NMR in CDCL;
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2-Benzyl-3-methyl-2H-benzo[e][1,2,4]thiadiazine 1,1-dioxide, 1a
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2-(4-Fluorobenzyl)-3-methyl-2H-benzo[e][ 1,2,4]thiadiazine 1,1-dioxide, 1b

!H.NMR in CDCl:
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2-(4-Bromobenzyl)-3-methyl-2H-benzo[e][ 1,2,4]thiadiazine 1,1-dioxide, 1c
'H-NMR in CDCl3
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2-(3-Bromobenzyl)-3-methyl-2H-benzo[e][1,2,4]thiadiazine 1,1-dioxide, 1d
'H-NMR in CDCl3
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3-Methyl-2-[3-(trifluoromethyl)benzyl]-2H-benzo[e][ 1,2, 4]thiadiazine 1,1-dioxide, 1e
'H-NMR in CDClL
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2-Benzyl-3-phenyl-2H-benzo[e][1,2,4]thiadiazine 1,1-dioxide, 2a
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2-(4-Fluorobenzyl)-3-phenyl-2H-benzo[e][ 1,2 4]thiadiazine 1,1-dioxide, 2b

IH.NMR in CDCL
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2-(4-Bromobenzyl)-3-phenyl-2H-benzo[e][1,2,4]thiadiazine 1,1-dioxide, 2¢
'H-NMR in CDCl3
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3-Phenyl-2-[4-(trifluoromethyl)benzyl]-2H-benzo[e][1,2,4]thiadiazine 1,1-dioxide, 2d

IH.NMR in CDCL
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HPLC purity

General procedure

The system used was an Agilent 1100 HPLC system outfitted with a quaternary pump and an Agilent 1100 series diode
array detector. HPLC-grade solvents, such as acetonitrile and deionised or Milli-Q (Millipore) water, were used for
chromatographic purity analysis. A Venusil XBP C18 column (measurements: 4.6 mm x 150 mm; particle size: 5 um)
with an initial mobile phase of 70% acetonitrile and 30% deionized water was employed at a fiow rate of 1 ml/min. A
linear increase in the concentration of the acetonitrile portion of the mobile phase was affected over a period of five
minutes to a final concentration of 85%. Equilibration time between runs of the system was five minutes and each run
took approximately fifteen minutes to complete (total time: twenty minutes per compound analyzed). Injection volumes
varied from 5-10 pl. The eluent was monitored at wavelengths of 210, 230, 254, 280, 300 nm.
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Compound No. InChl Biological Activity (ICso)?

InChl=1S/C8H8N202S/c1-6-9-7-4-2-3-5-

1 8(7)13(11,12)10-6/h2-5H,1H3,(H,9,10)

7.33;>100; 3.48

InChl=1S/C15H14N2025/c1-12-16-14-9-5-6-
1a 10-15(14)20(18,19)17(12)11-13-7-3-2-4-8- 59.58; >100; 3.15
13/h2-10H,11H2,1H3

InChl=1S/C15H13FN202S/c1-11-17-14-4-2-
1b 3-5-15(14)21(19,20)18(11)10-12-6-8- 27.60; >100; 3.51
13(16)9-7-12/h2-9H,10H2,1H3

InChl=1S/C15H13BrN2025/c1-11-17-14-4-2-
1c 3-5-15(14)21(19,20)18(11)10-12-6-8- 52.67; >100; 1.30
13(16)9-7-12/h2-9H,10H2,1H3

InChI=1S/C15H13BrN2025/c1-11-17-14-7-2-
1d 3-8-15(14)21(19,20)18(11)10-12-5-4-6- 31.75; 75.00; 3.17
13(16)9-12/h2-9H,10H2,1H3

InChl=1S/C16H13F3N2025/c1-11-20-14-7-2-
1le 3-8-15(14)24(22,23)21(11)10-12-5-4-6-13(9- 73.70; 22.39; 0.2
12)16(17,18)19/h2-9H,10H2,1H3

InChl=1S/C13H10N2025/c16-18(17)12-9-5-
2 4-8-11(12)14-13(15-18)10-6-2-1-3-7-10/h1- 18.83; >100; 2.00
9H,(H,14,15)

InChI=1S/C20H16N202S/c23-25(24)19-14-8-
2a 7-13-18(19)21-20(17-11-5-2-6-12- 29.00; 12.03; 3.46
17)22(25)15-16-9-3-1-4-10-16/h1-14H,15H2

InChl=1S/C20H15FN2025/c21-17-12-10-
2b 15(11-13-17)14-23-20(16-6-2-1-3-7-16)22- 9.82;12.48; 0.4
18-8-4-5-9-19(18)26(23,24)25/h1-13H,14H2

InChl=1S/C20H15BrN202S/c21-17-12-10-
2c 15(11-13-17)14-23-20(16-6-2-1-3-7-16)22- 6.52; 15.67;4.93
18-8-4-5-9-19(18)26(23,24)25/h1-13H,14H2

InChl=1S/C21H15F3N202S/c22-
21(23,24)17-12-10-15(11-13-17)14-26-
20(16-6-2-1-3-7-16)25-18-8-4-5-9-
19(18)29(26,27)28/h1-13H,14H2

2d 10.15; >100; 0.41
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ANNEXURE B

Archiv der“Pha.rmazie DPhG

Instructions to Authors

About the Journal

Archiv der Pharmazie — Chemistry in Life Sciences (Arch. Pharm. Chem. Life Sci.) is an international
journal devoted to research and development in all fields of pharmaceutical and medicinal chemistry.
Emphasis is put on papers combining synthetic organic chemistry, structural biology, molecular
modeling, bioorganic chemistry, natural products chemistry, biochemistry or analytical methods with
pharmaceutical or medicinal aspects such as biological activity. The emphasis of this journal is put on
original research papers, reviews/mini-reviews and short communications. Other scientifically valuable
contributions, e. g. highlights, symposia contributions, discussions, and essays are also welcome at
the discretion of the Editor-in-Chief. All manuscripts which are suitable of publication in the journal will
be peer-reviewed.

Editorial Policies

The submitting author vouches that the work has not been published elsewhere, either completely, in
part, or in any other form and that the manuscript has not been submitted to another jounal. The
submitting author (listed under *Correspondence”) accepts the responsibility of having included as co-
authors all persons appropriate and none inappropriate. The submitting author certifies that all co-
authors have seen a draft copy of the manuscript and agree with its publication.

If a manuscript was previously submitted to ChemMedChem, then please state the manuscript
number of the previous submission in the cover letter. This will help to speed up the peer-review
process.

Online publication

Effective with the 2015 volume Archiv der Pharmazie is published in online-only format. Published
articles continue to be disseminated quickly through the journal's broad network of indexing services,
including 1SI, MEDLINE and Scopus. Articles also continue to be discoverable through popular search
engines such as Google. All color images are reproduced digitally and are published free of charge.

elocators

elocators are unique identifiers for an ariicle that serve the same function page numbers have
traditionally served in the print world. The use of elLocators supports Wiley’s tfransition from print,
page-based publication workflows to a modem, web-first environment that reflects the future of journal
publishing. As of the 2017 volume Archiv der Pharmazie is using eLocators instead of page numbers.

The eLocator will become the primary means of citation, just as page numbers have heen in the past —
a readable and meaningful citation reference. Every article will now have a unique identifier (eLocator)
instead of a page number. The eLocator appears as the last identifier (e.g. e172819) in a citation,
replacing the page number. Because we are moving to a web-first publication workflow, citations will
no longer be derived from print terminology.
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The standardization of the How-To-Cite style will not impact the journal’s reference style which can
continue to follow the current style applied in proofs but using the eLocator instead of the page
numbers, e.qg.:

R. Kiss,

Life Sci.

D. Bajusz, R. Baskin, K. Toth, K. Monostory, P.P. Sayeski, G.M. Keserii, Arch Pharm. Chem.
2016, 349, e1600246, DOI: 10.1002/ardp.201600246

Please note that in addition to the eLocator, PDF versions of online-only articles will include pagination
for ease of reference when printed. These numbers will be self-contained and discrete to each article.
The PDF page numbers will not be “running” or continue consecutively from article to article
throughout an issue but will always start with 1 to xx. These page numbers should NOT be used in the

citation.

For more information on how to cite please go to section “Preparation of manuscripts”.

Submission System

Archiv der Pharmazie — Chemistry in Life Sciences offers a web-based manuscript submission and
peer review system at hitp://mc.manuscriptcentral.com/archpharm. This service guarantees fast and
safe submission of manuscripts and a rapid assessment process. Usage of this system is mandatory —
exceptions can only be made in fully justified cases.

To submit your manuscript online, please proceed along the following steps:

Prepare your manuscript and illustrations in the appropriate format, according to the
instructions given below. Please also make sure that your paper conforms to the scientific and
style instructions of Archiv der Pharmazie — Chemistry in Life Sciences as given herein. You
can also find a link to these instructions at the submission site on the homepage of the journal
at http://www archpharm.com under the link “For Contributors”.

If you have not already done so, create an account for yourself in the system at the
submission site http//mc.manuscriptcentral.com/archpharm by clicking on the “Create an
Account” button. To monitor the progress of your manuscript throughout the review process,
just login periodically and check your Author Center.

Please be sure to study the “Instructions and Forms” given on the Archiv der Pharmazie —
Chemistry in Life Sciences homepage carefully, and then let the system guide you through the
submission process. Online help is available to you at all times during the process. You are
also able to exit/re-enter at any stage before finally “submitting” your work. All submissions are
kept strictly confidential. If you have any questions concerning the online submission program,
do not hesitate to contact the editorial support at vch-archpharm@uwiley.com

As of 2015 the journal will no longer be printed. All color images will then be reproduced
digitally and published free of charge.

Manuscripts files should have margins of 2 cm and be 1.5-line spaced. Please avoid Far-
Eastern symbols. Please number each page of the manuscript consecutively, starting with the
title page.
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 Copies of manuscripts to be published or submitted elsewhere must be included, if their
content impinges on the results in the present manuscript.

« All contributions are subject to refereeing. Authors may suggest up to four potential referees
(give complete addresses, fax and e-mail numbers). They may also list individuals who they
wish to be excluded from the review process. The corresponding author will be immediately
informed of acceptance, need for revision or rejection.

* A revised paper will retain its original date of receipt only if it is resubmitted within three
months after revision was requested. Responsibility for the factual accuracy of a paper rests
entirely with the author.

« The editorial staff reserves the right to edit the manuscript.

* After acceptance you will be prompted to login to Wiley Author Licensing Services (WALS)
and to complete the copyright license agreement on behalf of all authors on the paper.

« Before publication the corresponding author receives galley proofs for the sole purpose of
correcting misprints and/or absolutely necessary corrections. Proofs will be sent as a zipped
pdf file directly by the typesetter. Corrections must be returned within 48 hours. Checking
of proofs is solely the author's responsibility.

Pre-submission Language Editing Services:

* For non-native English speakers Wiley provides pre-submission professional language and
manuscript editing services. Services include English language editing, translations,
manuscript formatting and figure preparation. The following website details the services

offered: hitp://wileyeditingservices.com/en/.

Types of Papers

1)

2)

3)

Research papers

Research papers consist of experimental and theoretical work with new results in the topics given
in Section 2. Research papers should not exceed 7 printed pages (equivalent to a total of 44 000
characters). In addition, up to 8 figures and tables may be included.

Short communications

Short communications should contain novel experimental or theoretical results in need of urgent
publication. Please add the term “Short Communication™ below the title. A short communication
contains a summary and should not exceed 4 printed pages (including Tables, Figures and
References). The same manuscript organization as described under Section 3.1 applies.

Reviews

Reviews are comprehensive critical descriptions on present knowledge of actual research subjects
or technological developments. Please add the term “Review" below the title. Section division is
left to the author(s), otherwise criteria of Section 3.1 apply. The length of review articles should not
exceed printed 9-10 pages (equivalent to a total of 60 000 characters). Reviews are frequently
submitted by invitation. They are, of course, also welcome from other authors.
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Preparation of Manuscripts

Manuscript should be organized as follows:

First page
The first page of the manuscript contains the following items:

* The title of the paper. Titles should be concise, informative and contain about 12 words.
Please capitalize nouns, verbs and adjectives. Also, please avoid abbreviations.

* The full names (including first name spelled out) of authors and the name of the institution or
company. If the publication originates from authors of different affiliations, they should be
clearly stated by using superscript letters.

« Name and full postal address, including phone, fax and e-mail numbers, of the author to whom
all correspondence (including galley proofs) should be sent.

« Up to 5 key words which will be used for compiling the subject index.

Summary

Starting with page 2 a summary should be given. The summary should not exceed 200 words and
should give scientific rationale, results and conclusions of the work in a concise and informative form.
When necessary explain unofficial abbreviations. The summary should be written so that it can be
directly used for abstract journals and data banks.

Graphical abstract

For all manuscripts a short text for the table of contents of the issue (ca. 450-490 characters) should
be included as the last page of the manuscript. The text should (ideally with the help of a graphic)
arouse curiosity. Repetition or a paraphrase of the title and presentation of experimental details should
be avoided. This concise abstract must contain the exact nomenclature of at least one parent or
prominent compound with exact data of biological assay.

Introduction

The introduction should explain sufficiently but concisely the latest scientific research on the subject
using recent international references. It should be followed by a short statement of the works
objectives showing why the work was done.

Resuits
* The results should be described by tables, figures, schemes, formulae, etc.
* Contents of tables or figures should not be repeated in the text, but should be elucidated if
necessary.
* Experimental data should be evaluated by suitable statistical methods. Asterisks are reserved
to indicate statistics in tables and figures.

ArchPharm_December 2016 4
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Discussion
* The results should be discussed in relation to present knowledge and the aim of the work.
« Conclusions should be drawn (e. g., for further research, possibilities of transfer into practice
or production) if appropriate in a separate section.
« Results and discussion may be combined if appropriate.

Experimental

This section should be written in a manner that enables the reader to follow in detail and reproduce
the experiments. For materials and equipment the manufacturer's name and location (city, country)
should be provided. It is sufficient to cite the corresponding reference for exact description of a
method. An additional short description is advisable if the references are not easily accessible or are
given in unfamiliar languages.

Acknowledgements
Acknowledgements can be published at the end of the text after Experimental. ALL funding sources
for the study and each author’s contribution to the article should also be stipulated.

Conflict of Interest

All authors must declare financial/commercial conflicts of interest. Even if there are none, this should
be stated in a separate paragraph following on from the acknowledgements section. This is a
mandatory requirement for all articles.

References

Responsibility for accuracy of references rests with the author(s). References should be limited in
number to those absolutely necessary. Frequently, collective reference to older publications can be
made by citing a review.

References should be numbered sequentially in the order cited in the text. Numbers should be
enclosed in square brackets, thus:

*...as was shown by Brown [1], Sturgeon and Senina [2, 3] and Smith et al. [4-7]"

References are collected in numerical order at the end of the manuscript under the heading
“References”. They should also be typed with 1.5-line spacing and correspond in detail to the following
examples and be consistent in structure within a paper:
e Journal articles
[11 S. L. Bartley, K. R. Dunbar, Angew. Chem. 1991, 103, 447-450, DOI:
10.1002/ange.19911030424 (with page numbers, DOI optional)

[2] S. L. Bartley, K. R. Dunbar, Angew. Chem. 1991, 103, DOI: 10.1002/ange.19911030424
(only DOI, for EarlyView articles)

[3] S. L. Bartley, K. R. Dunbar, Angew. Chem. 1991, 103, e1630424 DOI:
10.1002/ange.19911030424 (if a paper uses eLocator, DOI optional)

Titles of journals are abbreviated according to the practice of Chemical Abstracts.

Allusions to “unpublished observations”, “paper to be published", “paper in preparation” or
“submitted for publication™ and the like should be a part of the text, in parenthesis. Papers that
have been accepted by a jounal and have not yet appeared may be cited in the list of
references with the journal’s name followed by “in press”. Two copies of this manuscript/
galley proofs must accompany the manuscript sent to Arch. Pharm. Chem. Life Sci.
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* Books
[4]1 A_ A. Antony in The ACS Style Guide (Ed.: J. S. Dodd), American Chemical Society,
Washington, DC 1986, chapter 6.

Titles of books should never be abbreviated.

e Theses
[5] R. M. Hopmann, Ph. D. Thesis, Technical University of Berlin, 1983.
* Patents

[6] C. R. A. Botta (Bayer AG). DBP 2235093. 1973 [Chem. Abstr. 1974, 80, P55356c].

Please note that abstracts of papers published in Arch. Pharm. Chem. Life Sci. are available free of
charge on Wiley Online Library.

Tables

* Tables should be appended to the manuscript, each on a separate sheet.

* Tables should consist of the Arabic number of the table (in order of its mention, the word
Jable’ should be capitalized and not abbreviated, i. e. Table 2), an explanatory headline
(following the number of the table), and the table itself.

« Tables should he divided by 3 horizontal lines, only.

* Units of measurement should be given in square brackets below or behind the unit indication,
respectively, e. g. Temperature (°C).

« For footnotes please use superscript letters, e. g. in table?...

* Tables must be cited in the text.

Supporting information

Authors are required to submit a table as supporting information listing all chemical substances
mentioned in their paper using InChl codes together with bioassays data. Please use the template
provided on the journal homepage.

The Journal also encourages authors to submit additional or extensive tables (more than 5 typewritten
pages), data sets, figures, movie files, audio clips, 3D structures, and other related nonessential
multimedia files. Supporting Information should be cited within the article text, and a descriptive legend
should be included. It is published as supplied by the author, and a proof is not made available prior to
publication; for these reasons, authors should provide any Supporting Information in the desired final
format. Where possible, authors are encouraged to submit Supporting Information as a single PDF
file. Supporting information will be made freely available on the web (similar to the table of contents
and the article abstracts). Authors are permitted to place this material on their homepages but should
set a link to the full-text version of the article on Wiley Online Library. For further information on
recommended file types and requirements for submission, please visit:
http://authorservices.wiley.com/bauthor/suppinfo.as

Figures and Schemes
« Figures and Schemes should be appended to the manuscript, each on a separate sheet
without legend.
* They should be given in Arabic numbers according to their appearance in the text. Please
indicate the Figure or Scheme number and first author.
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* Figures and schemes should be submitted in a format which can be reduced to a width of 5-8
cm or 11-17 cm, and symbois and captions to a height of 1.5-2.0 (after reduction). As far as
possible, all lettering should be the same size.

« Figures and schemes should be submitted on separate pages at the end of the article (new
page for each complete figure and scheme).

« We encourage color figures in the online version of the paper, which are free of charge.

* All legends should be typed successively on a separate sheet after References.

* Legends should be self-explanatory and consist of figure or scheme number, headline and
experimental.

* Figures and schemes must be cited in the text.

« Double presentation of data in both figures and tables must be avoided.

Nomenclature, symbols, units
Use only SI quantities and units (SI = Systéme International d'Unités). All nomenclature should follow
established rules wherever these are available.

Mathematical equations
Mathematical equations should be drawn or written in the manuscript at the appropriate places where
they belong. They should always stand alone (i. e. occupy extra lines).

Revised Manuscripts

Revised manuscripts should be retumed as follows. A text file in which all alterations are clearly
marked and visible should be submitted. Use either (1) the track change mode in Microsoft Word or
(2) change the script color of areas containing the required alterations. The manuscript should be
accompanied by a point by point letter summarizing how you have dealt with each of the reviewers’
remarks. The file(s) with the changes visible on screen should be submitted to the online procedure.
Upon acceptance of the manuscript the final uploaded version will be taken as the basis for
copyediting and the subsequent production process.

Preparing Electronic Data

All submissions will be converted to PDF format during the upload process. The system automatically
generates one PDF file which contains all parts of the manuscript. This file is available at the
manuscript site in two versions, i. e., in reduced as well as in full resolution. Ensure that data are given
in the order and style as outlined above. The text of the manuscripts should be made out using Word
or rich text format. Please avoid Far-Eastern symbols as many do not convert properly. The files
should have margins of 2 cm and be 1.5-line spaced. Please number each page of the manuscript
consecutively, starting with the title page. The “hyphenation feature™ should be switched off; hyphens
should only be used for compound words. Only use carriage returns () to end headings and
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paragraphs; spacing will be introduced by the typesetter. Do not use the spacebar to make indents;
where these are required (e. g. tables) use the TAB key.

All figures and schemes have to be supplied in TIF or EPS format. They should have the following
resolution:

Type Resolution
Graphs and schemes 800-1200 DPI
Photos 400- 800 DPI
Color (only CMYK) 300- 400 DPI
Copyright Policy

If your paper is accepted, the author identified as the formal corresponding author for the paper will
receive an email prompting them to login into Author Services; where via the Wiley Author Licensing
Service (WALS) they will be able to complete the license agreement on behalf of all authors on the
paper.

(a) For authors signing the copyright transfer agreement

If the OnlineOpen option is not selected the corresponding author will be presented with the copyright
transfer agreement (CTA) to sign. The terms and conditions of the CTA can be previewed in the
samples associated with the Copyright FAQs below:

CTA Terms and Conditions http://authorservices. wiley.com/bauthor/fags copyright. asp
(b) For authors choosing OnlineOpen

If the OnlineOpen option is selected the corresponding author will have a choice of the following
Creative Commons License Open Access Agreements (OAA):

— Creative Commons Attribution License OAA
— Creative Commons Attribution Non-Commercial License OAA
— Creative Commons Attribution Non-Commercial -NoDerivs License OAA

To preview the terms and conditions of these open access agreements please visit the Copyright
FAQs hosted on Wiley Author Services

http://authorservices.wiley.com/bauthor/fags_copyright.asp and visit

Jhwww . wileyopenaccess.com/details/content/1 ca7l! ight--License html.

If you select the OnlineOpen option and your research is funded by The Wellcome Trust and members
of the Research Councils UK (RCUK) you will be given the opportunity to publish your article under a
CC-BY license supporting you in complying with Wellcome Trust and Research Councils UK
requirements. For more information on this policy and the Journal's compliant self-archiving policy

please visit: http://www.wiley. com/go/funderstatement
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Funded Access

OnlineOpen is available to authors of articles who wish to make their article available to non-
subscribers on publication, or whose funding agency requires grantees to archive the final version of
their article. With OnlineOpen, the author, the author’s funding agency, or the author’s institution pays
a fee to ensure that the article is made available to non-subscribers upon publication via Wiley Online
Library, as well as deposited in the funding agency’s preferred archive. For the full list of terms and
conditions, please go to the journal homepage:
http://onlinelibrary.wiley.com/journal/10.1002/(1SSN)1521-4 184/homepage/FundedAccess.html

Prior to acceptance there is no requirement to inform the Editorial Office that you intend to publish
your paper OnlineOpen if you do not wish to. All OnlineOpen articles are freated in the same way as
any other article. They go through the journal’s standard peer-review process and will be accepted or
rejected based on their own merit.

Ethical Guidelines

COPE

This journal endorses the COPE (Committee on Publication Ethics) guidelines and will pursue cases
of suspected research and publication misconduct (e.q. falsification, fabrication, plagiarism,
inappropriate image manipulation, redundant publication). In such cases, the journal will follow the
processes set out in the COPE flowcharts (http://publicationethics.org/flowcharts).

Authors are cordially requested to follow these instructions. By doing so, they facilitate the work for
themselves, the staff, and the referees. Thereby, queries and unnecessary delays will be avoided. For
help, please contact the Editorial Office at vch-archpharm@wiley.com.

Thank you in advance for your cooperation.
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Private Bag X1290, Potchefstroom

® South Africa 2520
N W l l Tel: 086 016 9698
Web:  http://www.nwu.ac.za

NORTH-WEST UNIVERSITY
ONONE SR North-West University Health Research Ethics

NOORDWES-
YUNIBESITI YA BOKONE-BOPHIRIMA
Committee (NWU-HREC)

Tel: 018 299-1206
Email: Ethics-HRECApply@nwu.ac.za (for human

studies)

25 October 2019

RESEARCH ETHICS COMMITTEE LETTER OF DECISION: NO RISK

Based on the review by the North-West University Health Research Ethics Committee (NWU-HREC) on
25/10/2019, the NWU-HREC hereby clears your study as a no risk study. This implies that the NWU-HREC
grants its permission that, provided the general conditions specified below are met, the study may be initiated,
using the ethics number below.

Study title: Synthesis and antileishmanial activity of novel benzothiadiazine-1, 1-dioxide
derivatives

Principal Investigator/Study Supervisor/Researcher: Prof DD N’'Da

Student: DK Mangwegape - 25481819

Ethics number: [N[wJuJ-JoJoJo4]2]-[1]9]-[A 1]

Application Type: Single study Risk: No Risk
Commencement date: 25/10/2019 ’

General conditions:

The following general terms and conditions will apply:
* The commencement date indicates the first date that the study may be started.
o In the interest of ethical responsibility, the NWU-HREC reserves the right to:
- request access to any information or data at any time during the course or after completion of the
study;
- to ask further questions, seek additional information, require further modification or monitor the
conduct of your research;
- withdraw or postpone clearance if:
- any unethical principles or practices of the study are revealed or suspected;
- it becomes apparent that any relevant information was withheld from the NWU-HREC or that
information has been false or misrepresented;
- submission of the required amendments, or reporting of adverse events or incidents was not done
in a timely manner and accurately; and/or
- new institutional rules, national legislation or international conventions deem it necessary.

« NWU-HREC can be contacted for further information via Ethics-HRECApply@nwu.ac.za or 018 299
1206

9.1.5.4.3 Research Ethics Committee Letter of Decision: No Risk 1
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The NWU-HREC would like to remain at your service and wishes you well with your study. Please do not
hesitate to contact the NWU-HREC for any further enquiries or requests for assistance.

Yours sincerely,

Digitally signed by
i " Prof Petra Bester
- 0y pate:2019.1025

09:33:57 +02'00'

NWU-HREC Chairperson

Digitally signed
by Prof Minrie
Greeff

Tee

Date: 2019.10.25
09:54:38 +02'00"

Head of the Faculty of Health Sciences Ethics Office for Research, Training and Support

Current details: (13210572) G:\My Drive\My Documents 20190227\NWU-HREC\NWU-HREC_Applicati NWU-HREC_Applications-2019\Applications 10-20191113\NWU-00942-
19-81(DD N'Da-DK Mangwegape)-NRINWU-00942-19-S1(DD N'Da-DK Mangwegape)-LoD\9.1.5.4.3_LOD_NWU-00942-19-A1_24-10-2019.docm
25 October 2019

File reference: 9.1.54.3
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NWU*
NWU Higher Degrees Administration

NORTH-WEST UNIVERSITY
NOORDWES-UNIVERSITEIT
YUNIBESITI YA BOKONE-BOPHIRIMA

SOLEMN DECLARATION AND PERMISSION TO SUBMIT

1. Solemn declaration by student
|l DAISY K. MANGWEGAPE

declare herewith that the thesis/dissertation/mini-dissertation/article entitled (exactly as registered/approved
title),

Synthesis and antileishmanial activity of benzothiadiazine-1,1-dioxide derivatives

which | herewith submit to the North-West University is in compliance/partial compliance with the requirements
set for the degree:

Master of Science in Pharmaceutical chemistry

is my own work, has been text-edited in accordance with the requirements and has not already been submitted to
any other university.

LATE SUBMISSION: If a thesis/dissertation/mini-dissertation/article of a student is submitted after the
deadline for submission, the period available for examination is limited. No guarantee can therefore be
given that (should the examiner reports be positive) the degree will be conferred at the next applicable
graduation ceremony. It may also imply that the student would have to re-register for the following
academic year.

Ethics number: .
NWU-00942-19-A1 ORCID: 0 0 0 0-/0/0/0/2/- |19/6/9-/8|0/2
. Digitally signed by - e
Signature of Student DK Dl?Mangv?egape University Number 2 5 4 8 18 1 9
Date: 2020.11.25
Mangwegape 10:48:24 +02'00'
Signed on this 25 day of November of 20 20

2. Permission to submit and solemn declaration by supervisor/promoter
The undersigned declares that the thesis/dissertation/mini-dissertation/article:

complies with the A-rules and the technical requirements provided for in the Manual for
Master's and Doctoral studies and in faculty rules;

has been checked by me for plagiarism (by making use of Turnltin software for example) and a satisfactory
report has been obtained;

and that the work was language edited before submission for examination.

Faculty specific requirements as per A-rules: 1.3.2, 433,4.2.4,4.10.4, 5.3.2

complies with regards to faculty rules on submission or acceptance by an
accredited scientific journal,

oomplies with regards to faculty rules on peer reviewed conference proceedings;

the student is hereby granted permission to submit his/her article/mini-dissertation/ dissertation/thesis for
examination.

Signatures of supervisor(s) and Promoter(s): (only compulsory in cases where there are co- or assistant- supervisor(s/promoters)

+ 4 Digitally signed by . Digitally signed by
Prof David e paws b noa  HaNine Janine Aucamp
A Date: 2020.11.24 Date:2020.11.25
D-NDa " isiiower  [Aucam P 142239 +0200

Original details: Marietjie Ackermann(10512187) M/SDN/HDA-HGA/HDA Toolbox/Forms\13.SOLEMN DECLARATION AND PERMISSION TO SUBMIT.docm 1 Oct 2019,
File reference: 7.1.11.3.2/3
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20883072:DK_Mangwegape 25481819 MSc_2020_Turnitin_221

ORIGINALITY REPORT

19. 15. 16+ 6.

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

onlinelibrary.wiley.com 4o
Internet Source /0

repository.nwu.ac.za 4
%

Internet Source

E

Christina Kannigadu, Janine Aucamp, David D. 30/
N'Da. "Synthesis and in vitro antileishmanial ¢
efficacy of benzyl analogues of nifuroxazide",

Drug Development Research, 2020

Publication

=]

Janine Aucamp, Nonkululeko H. Zuma, David D. 20/
N'Da. "In vitro efficacy of synthesized °
artemisinin derivatives against Leishmania
promastigotes”, Bioorganic & Medicinal
Chemistry Letters, 2020

Publication
link.springer.com
Internet g)urceg 1%
n Submitted to North West University 1 .
Student Paper Yo
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Helena D. Janse van Rensburg, Lesetja J. <1 Y
Legoabe, Gisella Terre'Blanche, Janine °
Aucamp. "Synthesis and evaluation of methoxy
substituted 2-benzoyl-1-benzofuran derivatives
as lead compounds for the development
adenosine A1 and/or A2A receptor antagonists",
Bioorganic Chemistry, 2020
Publication

ubs.rsc.or: 5

n IF:ternet Source g < %
worldwidescience.or 4

n Internet Source g < %
open.library.ubc.ca 5

lntFe)rnet Source y < OA)

"Infectious Diseases and Your Health", Springer < y
Science and Business Media LLC, 2018 °
Publication
www.mdpi.com 4

Internet Sourcep < OA)

atents.google.com 5

IF:ternet Sour(g g < OA)

Gomez-Perez, V., J. |. Manzano, R. Garcia- < 7

%

Hernandez, S. Castanys, J. M. Campos Rosa,
and F. Gamarro. "4-Amino bis-pyridinium
derivatives as novel antileishmanial agents”,
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Antimicrobial Agents and Chemotherapy, 2014.

Publication

Karan Kumar Banoth, Faheem, Kondapalli <1 y
Venkata Gowri ChandraSekhar, Nandikolla °
Adinarayana, Sankaranarayanan Murugesan.

"Recent evolution on synthesis strategies and
anti-leishmanial activity of B-carboline
derivatives — An update", Heliyon, 2020
Publication

atentscope.wipo.int

IFr?ternet Source p p < 1 %

Holland Alday, Joseph Doggett. "Drugs in <1 y
development for toxoplasmosis: advances, °
challenges, and current status”, Drug Design,
Development and Therapy, 2017
Publication
www.intechopen.com 4

Internet Source p < %
classyfire.wishartlab.com /

InternetSYcIJrce < %
journals.plos.or a

JIntemet SourcE g < %
omerhago.blogspot.com ,

Internet Sourge g p < %
Submitted to Hong Kong Baptist Universit 5

Student Paper g g p y < %
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23 Juan P. Joubert, Frans J. Smit, Lissinda du <1 .
: : ; Yo

Plessis, Peter J. Smith, David D. N'Da.
"Synthesis and in vitro biological evaluation of
aminoacridines and artemisinin—acridine
hybrids", European Journal of Pharmaceutical
Sciences, 2014
Publication

Kméczgirsehero.com <1 %

"Parasitic Protozoa of Farm Animals and Pets", <1 Y
Springer Science and Business Media LLC, 0
2018
Publication

Christina L.L Chai, Ruth C Johnson, Jerome <1 Y
Koh. "The reactivities of dehydroalanine °
derivatives towards 1,3-dienyl cobaloxime
complex: new routes to functionalised
carbocyclic amino acids", Tetrahedron, 2002
Publication
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Chapter 11

Biomarkers in Leishmaniasis: From Basic Research to
Clinical Application
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Additional information is available at the end of the chapter
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Abstract

Leishmania is an intracellular protozoan parasite and the etiological agent of a vector-borne
disease known as leishmaniasis. This neglected tropical disease exhibits high morbidity
and mortality putting at risk people from multiple countries worldwide. It is endemic in
97 countries and 700,000-1 million new cases are estimated to occur each year. Leishman-
iasis management is very challenging, the symptoms are non-pathognomonic (in both
human and canine populations) and the treatments are associated with significant toxicity.
Therefore, the need for detection in symptomatic and asymptomatic hosts is important to
tackle the dissemination of infection, increasing the need for highly specific biomarkers. In
this complex the available disease biomarkers will be addressed in a retrospective manner,
focusing on their development from laboratory to their direct use in clinical settings.

Keywords: leishmaniasis, biomarkers, diagnosis techniques

1. Introduction

1.1. Leishmaniasis as a neglected tropical disease

Neglected tropical diseases are a diverse group of diseases that prevail in tropical and sub-
tropical countries. The geographical distribution of these diseases associated with lack of
sanitation, close contact with domestic animals, livestock and infectious vectors contributes to
disease dissemination, affecting more than 1 billion people and costs billions each year in
developing economies.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Intechopen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited ®)sy |
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Leishmaniasis is a devastating and significantly under-recognized vector-borne disease that
causes serious global health burden. After malaria, it is the second parasitic disease with the
highest mortality rate [1]. It mainly affects populations in Africa, Asia and Latin America, and
is associated with malnutrition, population displacement, poor housing, weak immune system
and lack of resources [1].

Although this disease was initially limited to the tropics and subtropics, several factors lead to
the spread of leishmaniasis to new locations [2]. Perturbations of the natural vector ecosystem
caused by urbanization, deforestation, global warming and natural disasters have a serious
impact in disease dissemination. Increased people and animal migration, traveling and mili-
tary operations contribute to disease spreading. Organ transplantation, lack of Leishmania scr-
eening in the blood bank or immune suppressive therapies can also contribute to disease
perpetuation [2, 3].

This disease can be presented in several ways, the most common ones being: Cutaneous Leish-
maniasis (CL), Mucocutaneous Leishmaniasis (MCL) and Visceral Leishmaniasis (VL), also
known as kala-azar. Depending on the specific clinic-pathological form of the disease, symptoms
range from cutaneous and mucosal tissue lesions to vital visceral organ damage [4, 5].

1.2. Epidemiology

Out of 200 countries and territories reporting to WHO, 97 are endemic for leishmaniasis
(Figure 1). This includes 65 countries endemic for both VL and CL, 10 countries endemic only
for VL and 22 endemic only for CL (Figure 1) [1].

Ninety percent of global VL cases were reported from seven countries: Brazil, Ethiopia, India,
Kenya, Somalia, South Sudan and Sudan. About 95% of CL cases occur in the Americas, the
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Figure 1. World map: Human leishmaniasis distribution. VL, Visceral Leishmaniasis; CL, Cutaneous Leishmaniasis;
MCL, Mucocutaneous Leishmaniasis. Status of endemicity of the different forms of leishmaniasis in 2016, according to
the World Health Organization.
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