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Abstract

ABSTRACT

In our efforts to address the rising incidence of hepatocellular carcinoma (HCC), we have
made a commitment to the synthesis of novel molecules to combat HCC. Thiazolo[2,3-b]
quinazoline and thiazolo[3,2-a]pyrimidine scaffolds are known to have an anti-tumor effects
on certain types of human malignancies; however, their effect on HCC remains unclear. A
facile and highly efficient one-pot, multicomponent reaction has been successfully devised
utilizing a p-toluenesulfonic acid (p-TSA)-catalyzed domino Knoevenagel/Michael/
intramolecular cyclization approach for the synthesis of novel 5H-benzo[h]thiazolo[2,3-
b]quinazoline and indeno[1,2-d]thiazolo[3,2-a]pyrimidine analogs bearing a bridgehead
nitrogen atom. This domino protocol constructed one new ring by the concomitant formation
of multiple bonds (C-C, C-N, and C=N) involving multiple steps without the use of any
metal catalysts in one-pot, with all reactants efficiently exploited.

All the newly synthesized compounds were authenticated by means of Fourier
transform infrared spectroscopy, liquid chromatography—mass spectrometry, proton nuclear
magnetic resonance spectroscopy, and carbon-13 nuclear magnetic resonance spectroscopy,
together with elemental analysis, and their antitumor activity was evaluated in vitro on a Hep-
G2 human cancer cell line by sulforhodamine B assay. Computational molecular modeling
studies were carried out on cancer-related targets, including interleukin-2, interleukin-6,
Caspase-3, and Caspase-8. Two compounds (4A and 6A) showed growth inhibitory activity
comparable to the positive control Adriamycin, with growth inhibition of 50%, 10pg/mL.
The results of the comprehensive structure—activity relationship study confirmed the
assumption that two or more electronegative groups on the phenyl ring attached to the
thiazolo[2,3-b]quinazoline system showed the optimum effect. The in silico simulations
suggested crucial hydrogen bond and n—=m stacking interactions, with a good ADMET
(absorption, distribution, metabolism, excretion and toxicity) profile and molecular dynamics,
in order to explore the molecular targets of HCC which were in complete agreement with the
in vitro findings. Considering their significant anticancer activity, 4A and 6A are potent
inhibitors among the series. Therefore, it is logical to speculate that these compounds might

be alternatives to treat HCC in vivo.

Further, we investigated the in vivo antitumor activity and the mechanism underlying
the effects of 4A and 6A in N-nitrosodiethylamine (NDEA)-induced HCC using male Wistar

rats. NDEA was administered weekly intraperitoneal injections of 100 mg/kg for 6 weeks.
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Abstract

Various physiological and morphological changes, oxidative parameters, liver marker
enzymes and cytokines, were assessed to evaluate the antitumor effect of 4A and 6A.

In addition, Proton nuclear magnetic resonance (*H-NMR)-based serum metabolomics
were performed to analyse the effects of 4A and 6A against HCC-induced metabolic
alterations. Significant tumour incidences with an imbalance in carcinogen metabolizing
enzymes and cellular redox status were observed in carcinogenic rats. Tumour inhibitory
effects of 4A and 6A were noted by histopathology and biochemical profiles in NDEA-
induced hepatic cancer. Compounds 4A and 6A had potential role to normalize the elevated
levels of inflammatory mediators such as interleukin-1p (IL-1B), IL-2, IL-6, and IL-10. In
molecular level, the real-time quantitative reverse-transcribed polymerase chain reaction
(gRT-PCR) analysis revealed that 4A and 6A attenuated the IL-6 gene over-expression in
hepatic cancer. Further, orthogonal partial least squares discriminant analysis (OPLS-DA)
scores plot demonstrated a significant separation of 4A and 6A treated groups from
carcinogen control group. Both the compounds have potential to restore the imbalanced

metabolites due to HCC, signifying promising hepatoprotective activities.

Collectively, all these findings suggested that 4A and 6A could be potential drug
candidates to treat HCC. In addition, the protocols that we have outlined should open up new
avenues of investigation, with enormous implications for achieving diversity in green

synthesis.

Keywords:

Thiazolo[2,3-b]quinazoline and thiazolo[3,2-a]pyrimidine, Hepatocellular carcinoma (HCC),
domino reactions, multi-component reactions, interleukins, caspases, molecular docking,
ADMET, dynamics, N-nitrosodiethylamine (NDEA), *H-NMR based metabolomics.
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Chapter 1 Introduction

1. INTRODUCTION

One in six human deaths globally is due to multifaceted disease, such as cancer. Liver cancer
accounted for 788,000 deaths in 2015 and is the second most common cause of cancer-related
deaths, worldwide. The most prevalent primary liver cancer with poor prognosis is
hepatocellular carcinoma (HCC), which has potentially lethal human malignacy worldwide,
particularly in Asia and Africa [1, 2].

In men, HCC is the fifth most commonly diagnosed cancer and the second leading
cause of cancer deaths; in women, it is the seventh most frequently diagnosed cancer, and
worldwide, overall, it is the sixth commonest cause of cancer-related deaths [3].

In spite of continuous efforts to develop novel therapeutic strategies to treat HCC, it
remains a challenge. As a consequence, therefore, increased attention has been paid, especially
in the field of liver cancer therapy, to the discovery and development of safe and novel
anticancer agents, together with improved cytotoxicity toward cancerous cells [4].

Novel substituted thiazolo[2,3-b]quinazoline and thiazolo[3,2-a]
pyrimidine derivatives as anti-HCC agents

5H-benzo[h]thiazolo[2,3-b] Indeno[1,2-d]thiazolo[3,2-a]
quinazolines pyrimidines
Y, Y,
s/§7 S
Ny Ny
X, N NN R,
O Tyw TS
X, R,
R3 R2 X R4

Figure 1.1 Novel substituted thiazolo[2,3-b]quinazoline and thiazolo[3,2-a]pyrimidine

derivatives as anti-HCC agents.

Department of Pharmaceutical Sciences, BBAU, Lucknow, 2017 Page 1



Chapter 1 Introduction

1.1 Hepatocellular Carcinoma

Various types of cancer can form in the liver. The most common type of liver cancer is HCC.
It is a malignant tumor arising from hepatocytes, the liver’s parenchymal cells. The cell(s) of
origin are believed to be the hepatic stem cells, although this remains the subject of
investigation. Other types of liver cancer, for instance hepatoblastoma and intrahepatic

cholangiocarcinoma, are much less common.

It occurs predominantly in patients with chronic liver inflammation and it is closely
related to chronic viral hepatitis infection (hepatitis B or C) or exposure to toxins for instance
alcohol, fungal toxins (aflatoxins), toxic industrial chemicals and air, and water pollutants.
Certain diseases, such as hemochromatosis and alpha 1-antitrypsin deficiency, markedly
increase the risk of developing HCC [5-7].

Human liver metabolizes ingested material and is the major site in the body. Moreover,
HCC is seldom detected at an early stage due to high tolerance of liver and in most cases, once
detected treatment faces a poor prognosis [8]. HCC is one of the most common malignancies
with high prevalence and poor prognosis and the second leading cause of cancer-associated
deaths worldwide [1, 5]. Its rate of incidence is dramatically increasing in the United States
and other developing countries due to increased underlying hepatic conditions, for instance,

alcoholic liver disease, non-alcoholic fatty liver disease and hepatitis B and C infection.

The worldwide mortality rate of all other leading cancers (such as lung, breast and
prostate cancers) is declining, whereas the death rate of liver cancer is increased by 2.8% in
men and 3.4% in women each year [9, 10]. Approximately 748,000 new cases (9.2% of all

new global cancer cases) of HCC are being diagnosed every year worldwide [11].

It is responsible for over 12,000 deaths every year in the United States where the
incidence of the disease is approximately 2.5 per 100,000 populations. Globally, over a million

deaths every year (approx 10% of all deaths in the adult age range) can be attributed to HCC
[71.
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Chapter 1 Introduction

1.1.1 Signs and symptoms

HCC occurs in most people who already have signs and symptoms of chronic liver disease. It
may appear either with or without worsening of signs and symptoms at the time of cancer
detection. It may directly present with yellow discoloration of skin, unintentional weight loss,
easy bruising from blood clotting abnormalities, loss of appetite, abdominal swelling,
abdominal pain, nausea, vomiting, general weakness and fatigue [12].

1.1.2 Risk factors

The vast majority of HCC mainly occurs in people with cirrhosis of the liver. It includes most
forms of chronic liver disease that may lead to cirrhosis. Certain risk factors are commonly
associated with HCC than others. For instance, while consumption of heavy alcohol is
estimated to cause 60-70% of cirrhosis cases, and the HCC mostly occurs in cirrhosis of the
liver attributed to viral hepatitis [13].

Various recognized risk factors include:
1. Chronic viral hepatitis with HBV or HCV: Globally, estimated cause of 80% cases
e Chronic hepatitis B, HBV (approx. 50%)
e Chronic hepatitis C, HCV (approx. 25%) [14]
2. Toxins:
e Heavy alcohol use: the leading cause of cirrhosis [13]
e Intake of aflatoxins
3. Metabolic disorders:
¢ Non-alcoholic fatty liver disease (NAFLD) [15]
e Type 2 diabetes [16]
4. Congenital disorders:
e 0-1 antitrypsin deficiency
e Various amino acid, bile acid, carbohydrate, and lipid disorders
e Wilson's disease (controversial; while some theorized the risk increases) [17-19]
e Hemophilia, although statistically related to higher risk of HCC, [20] this is due to
coincident chronic viral hepatitis infection associated with repeated blood transfusions

over lifetime [21].
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The significance of all of these risk factors varies worldwide. In regions where HBV is
endemic, such as southeast China, this is the major cause. In populations largely protected by
hepatitis B vaccination, such as the United States, HCC is most often related to causes of

cirrhosis such as chronic hepatitis C, obesity, and alcohol abuse [22].

1.1.3 Pathobiology

HEPATOCELLULAR CARCINOMA: PATHOBIOLOGY

Chronic liver disease ! » Cirrhosis

E > Regenerative stimuli |=———=)

Viral Hepatitis-B
& C, Alcohol,
Hemochromatosis, Genetics >
Nonalcoholic |
steatohepatitis,
Tyrosinemia etc.

Environmental/co-carcinogens ":P

Aflatoxin Hormones ‘

v v

Non-cirrhotic pathway

Figure 1.2 Pathobiology of Hepatocellular carcinoma
1.1.4 Diagnosis

The hepatic nodules can be identified by Ultrasounds (US), consisting of contrast-enhanced
ultrasound (CEUS), or by other noninvasive techniques, for instance multi-detector computed
tomography (MDCT), magnetic resonance imaging (MRI) and positron emission tomography
(PET). The typical vascular profile/hallmarks of HCC on dynamic imaging is characterized by
hypervascularity in the arterial phase with washout in the portal and/or late phases as

compared to surrounding liver parenchyma [23].
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In addition, molecular biomarkers could potentially be used for prognosis, as well as
diagnostic evaluation and may help defining the individualized therapeutic approach to HCC.

Imaging techniques

Ultrasounds

Early identification of HCC is important because, as anticipated, treatment is more effective
when the tumor is small [24-26]. The dysplastic nodules (DNs) may develop into carcinoma
and the early detection of DNs with small areas of HCC is basic for safe and effective
treatment [27].

Abdominal US evaluation is generally recommended for HCC surveillance in cirrhotic
patients at six-monthly intervals and it is relatively inexpensive, simple to perform, widely
available, and is radiation-free. It is still, however, the diagnosis of nodules from a small HCC
may be challenging, as it is often difficult to differentiate malignant lesions from benign in the

context of nodular cirrhosis.

Computed tomography

CT is mostly used in the radiological diagnosis of HCC after nodules are detected on US. Most
centers use a four phase MDCT scan, which consists of a non-enhanced phase, an arterial
phase (30 to 35 seconds after beginning the injection), a portal phase (75 to 90 seconds) and a

late phase (3 minutes).

Magnetic resonance imaging

MRI is an appealing imaging technigue to detect and characterize the different nodules, which
may develop in cirrhosis and it does not use any ionizing radiation. By using magnetic fields,
it allows the differentiation between normal and tumoral liver parenchyma, even without a

contrast media [28].

MRI has become the diagnostic imaging modality of choice for HCC at many
institutions worldwide. It appears superior to CT for the identification of HCC nodules [29,

30], but its sensitivity is lowest when evaluating tumors less than 2 cm in diameter [31, 32].
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Nuclear imaging

Both 11C-acetate and 18F-FDG PET imaging techniques have been used for the detection and
staging of HCC. Nevertheless, up to 40-50% cases of HCC are not sensitive to 18F-FDG PET,
because of their high expression to glucose-6-phosphatase enzyme, which inhibits intracellular
accumulation of 18F-FDG [33-35].

In contrast, 11C-acetate, which is believed to primarily participate in fatty acid
synthesis in the liver, has been suggested to have increased sensitivity and specificity as
compare to 18F-FDG [33, 35-36]. However, various literatures reported that 11C-acetate PET
does not properly differentiate HCC from benign lesions [35, 37-39]. Some recent reports [35,
38-41] have suggested dynamic PET with kinetic modeling to be a promising tool to
differentiate HCC from benign hepatic tumors.

Biomarkers

AFP, A-fetoprotein is well known and the most widely used biomarker for HCC. However,
utility of AFP as an independent tool for the screening of HCC is not recommended by current
guidelines due to its low sensitivity and specificity. In the past, a significant concentration of
AFP in the serum of a cirrhotic patients and liver tumors > 2 cm was enough to diagnose HCC
[42].

On the other hand, the current diagnostic algorithms endorsed by AASLD, the
American Association for the Study of Liver Diseases and EASL, the European Association
for the Study of the Liver strongly rely on typical radiological hallmarks in dynamic contrast-

enhanced imaging techniques apart from biomarkers [42, 43].

1.1.5 Treatment

Numerous therapeutic options are available for HCC, depending on HCC stage, liver function,
comorbidities, and local clinical expertise. A multidisciplinary team, comprising of
hepatologists, oncologists, pathologists, radiologists, and surgeons, is fundamental for the

proper management.
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Surgery

The estimation of liver functional reserve before surgical resection is fundamental the
maximum amount of liver mass that can be safely removed while overestimation of liver
functional may lead to hepatic failure. Conversely, poor resection may notably increase the
risk of early recurrence of HCC. The most important methods to evaluate liver function before
hepatectomy are the indocyanine green (ICG) test, *®*mTc-galactosyl human serum albumin
liver scintigraphy and the galactose tolerance test.

Liver transplantation
Liver transplantation (replacing the diseased liver with a cadaveric or a living donor liver) has
become a feasible alternative for several patients with HCC, given the advances in

immunosuppression and surgical techniques.

Non-surgical management

Among non-surgical alternatives, percutaneous ethanol injection (PEI), percutaneous
radiofrequency ablation (RFA) and microwave ablation (MWA) represent the most commonly
employed techniques for the curative treatments of HCC less than 5 cm in diameter and/or

with less than 3 tumoral lesions [44].

New Therapies

The management of advanced HCC patients has been characterized for decades by limited
therapeutic options since both the hormonal and chemotherapeutic agents have failed to show
a substantial benefit for HCC patients [45-47].

An extensive knowledge of molecular hepato-carcinogenesis and the following
introduction of targeted agents that particularly act on the neo-plastic pathways, have created a

novel therapeutic interventions of hepatic cancer [48].
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1.2. REVIEW OF LITERATURE

It is interesting to note from chemical literature that several organic compounds containing a
fused six membered heterocyclic ring, i.e. thiazolo[2,3-b]quinazolines and thiazolo[3,2-a]
pyrimidine analogs make up a broad class that attracted attention in the past few years owing

to its wide range of biological activities, especially anti-cancer.

A large number of novel thiazolo[2,3-b]quinazoline and thiazolo[3,2-a]pyrimidine
derivatives have been synthesised and evaluated as potential biological activities which are

following as:

Al-Omary et al. (2012) designed and synthesized a novel series of thiazolo[2,3-b]quinazoline
and pyrido[4,3-d]thiazolo[3,2-a]pyrimidine analogues. The obtained compounds were
evaluated for their in-vitro antitumor activity and showed remarkable broad-spectrum
antitumor activity. Compound (1) was found to be almost nine fold more active than 5-FU
[49].

S
1)
N "N
H,CO OCH,
H,CO g i ‘ OCH;,
OCH, OCH,
(n

Nagarapu et al. (2013) synthesized and evaluated a novel series of building blocks consisting
of benzo[4,5]thiazolo[1,2-a]pyrimidine-3-carboxylate have been synthesized as potential
anticancer compounds. These compounds were prepared from 2-amino benzothiazole,
benzaldehyde and ethyl acetoacetate in ethylene glycol by catalysing with TBAHS to give
benzo[4,5]thiazo[1,2-a]pyrimidine derivatives followed by the formation of amide by reaction
with several secondary amines in good yields. The cytotoxicity of these compounds was
evaluated against human cancer cell lines in vitro (A549, HeLa, MDA-MB-231 and MCF-7)
while compound (I1) showed promising cytotoxicity against MDA-MB-231 (IC50 value of
5.01 mM) [50].
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El-Messery et al. (2012) synthesized and evaluated a novel series of 2-acetamido and 2 or 3-
propanamido derivatives of 4- or 5-substituted-thiazoles. Compounds bearing straight chain
substituent or 4-phenyl function proved to be more active than their branched or 4-methyl

congeners. Compound (I11) exhibited broad spectrum antitumor activity [51].

N (0]
/ »\NJ\(CHZ)n
S H \
Cl
(1)

Synthesis, antiproliferative and apoptosis-inducing activity of thiazolo[5, 4-d]pyrimidines by
Singh et al. (2013). The morpholine substituted analog (IV) displayed promising anticancer
activity in HL-60 cells [52].

[”1

A novel series of 2-acetamido- or 2-propanamido-4-(4-substituted phenyl)-1,3-thiazoles were
synthesized by Al-Omary et al. (2012) and were tested for their antitumor activity. Compound

(V) proved to be nine and sevenfold more active than the standard antitumor drug 5-FU [53].
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Cl

N (0}
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H Cl
V)

Agarwal et al. (2004) designed and synthesized 4-(Substituted-benzylidine)-2-substituted-5,6-
dihydrobenzo quinazoline and 4-(substituted benzylidine)-2-substituted-3,4,5,6-tetrahydro
benzo quinazoline have been synthesized from 2-(substituted benzylidine) tetralone-1 and
several substituted guanidine sulphates. These compounds were tested for their in vitro
antileishmanial activity. Compound (VI) show promising antileishmanial activity against

Leishmania donovani [54].

Ry

PN

N“ "NH
w)
(L rxL.

(V1)

Rajanarendar et al. demonstrated a mild and efficient PTSA catalyzed synthesis of novel
isoxazolo[2,3-c][1,3,5]thiadiazepin-2-ones (VII) in excellent yields by one-pot three-
component Domino reaction without the production of toxic waste products using p-toluene
sulfonic acid (PTSA) as a Lewis acid catalyst [55].

o

2
PR
o T

Ar

(VII)
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Sakram et al. demonstrated Benzo[h]thiazolo[2,3-b]quinazolines (VIII) by an efficient p-

toluenesulfonic acid-catalyzed one-pot two-step tandem reaction [56].

Ar R

NN

l N//LJ?
(V)

Warekar et al. has been developed a simple, clean and convenient one pot method for the
synthesis of 4-phenyl-3,4-dihydro-1H-indeno[1,2-d]pyrimidine-2,5-dione and 4-phenyl-2-
thioxo-1,2,3,4-tetrahydro-5H-indeno[1,2-d]pyrimidine-5-one by multi-component condensa-
tion of 1,3 indanedione, aromatic aldehydes and urea/thiourea using phosphorus pentoxide
[57].

Synthesis, spectroscopic characterization and DFT studies on the novel indeno-thiazolo

pyrimidine heterocyclic system were reported by Gupta et al. [58].

Uy 2

Ph O
H,

(X)
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1.3. RESEARCH ENVISAGED

In our efforts to address the rising incidence of hepatocellular carcinoma, we have made a
commitment to the synthesis of novel molecules for HCC treatment. Thiazolo[2,3-b]
quinazoline and thiazolo[3,2-a]pyrimidine analogs are known to have an antitumor effect on
certain types of malignancies, however its effect on HCC remains unclear.

Indanone, tetralone and related compounds have been studied for various biological
activities including cancer. These are also used as drug intermediates and thiazole containing
heterocyclic compounds attracted the interest of medicinal chemists due to their synthetic
feasibility and their incorporation into variety of therapeutically active agents.

In addition, computational molecular modeling studies of these analogs with various
cancer-related targets, including interleukin (IL)-2, IL-6, Caspase-3, and Caspase-8 receptor
sites, revealed that the interaction energy were found to be > 5.0 Kcal/mole which

strengthened the hypothesis.

Thus, in the proposed study, we designed novel 5H-benzo[h]thiazolo[2,3-b]quinazoline
and indeno[1,2-d]thiazolo[3,2-a]pyrimidine analogs by incorporation of these moieties, i.e.
substituted 2-benzylidene-3,4-dihydronaphthalen-1(2H)-one and 2-benzylidene-2,3-dihydro-
1H-inden-1-one with the different type of 2-amino thiazoles with an anticipation of enhanced
antitumor activity against N-nitrosodiethylamine (NDEA)-induced HCC using male albino

Wistar rats.

We rationally designed and prepared a template for synthetic scheme from various

literatures and commercially available anticancer agents which are illustrated as follows:
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HAN N
H
N N OMe
NH,

OMe
Trimetrexate OMe

~0
S

Combretastatin A-4

Dehydroepiandrosterone

(1A-15A)

Molecular docking studies on interleukin (IL)-2,
IL-6, Caspase-3, and Caspase-8: >5.0 Kcal/mole

Targeted Rational Template

Figure 1.3 Rationally designed and prepared a template for synthetic scheme
from anticancer agents
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1.4. PLAN OF WORK

Part 1 Literature Survey & Procurement of Materials

Part 2 Design and syntheses of novel 5H-benzo[h]thiazolo[2,3-b]quinazoline and indeno[1,2-
d]thiazolo[3,2-a]pyrimidine analogs.

Part 2 (1) Purification: Re-crystallization

(I1) Characterization

A) Physical analysis B) Spectral analysis
(a) Color (a) UV Spectroscopy
(b) State (b) IR Spectroscopy
(c) Solubility (c) Mass Spectrometry
(d) Melting range (d) NMR spectroscopy
(e) Determination of Rf value (e) Elemental analyses

Part 3 Computational molecular modeling studies
(@) Molecular docking
(b) ADME (absorption, distribution, metabolism, excretion, and toxicity) Profile

(c) Molecular dynamics (MD) simulation

Part 4 In-vitro anti-tumor activity against Human hepatoma (Hep-G2) cells using sulforhod-

amine B assay.

Part 5 In-vivo antitumor activity using Wistar albino rats
(a) Acute oral toxicity study
(b) N-nitrosodiethylamine (NDEA)-induced HCC using Wistar albino rats model

Evaluation parameters

» Biochemical studies on serum
®  Aspartate aminotransferase (AST)
= Alanine aminotransferase (ALT)

m | actate dehydrogenase (LDH)
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\4

®  Creatine phosphokinase (CK)
Catabolic byproducts
= Bilirubin
= Biliverdin
Inflammatory biomarkers related to HCC
Interleukin-1p (IL-1pB)
Interleukin-2 (IL-2)
Interleukin-6 (IL-6)
Interleukin-10 (IL-10)
Antioxidant estimation
®  Glutathione (GSH)
= Thiobarbituric acid reactive substances (TBARS)

®  Superoxide dismutase (SOD)
= (Catalase (CAT)
= Protein carbonyl (PC)
Histopathology and scanning electron microscopy (SEM)
Real-time quantitative reverse-transcribed polymerase chain reaction (qQRT-PCR)

analysis

Part 6 Proton nuclear magnetic resonance (1H-NMR) based serum metabolomics

Multivariate analysis via MetaboAnalyst 3.0 tool

Principal component analysis (PCA)

Partial least squares discriminant analysis (PLS-DA)

Orthogonal partial least squares discriminant analysis (OPLS-DA)
The scores of variable importance in projection (VIP)

Student’s t-test

Part 7 Statistical analysis & compilation of data
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2. INTRODUCTION

During our ongoing searches aimed at the discovery of unique structure endowed with
diverse pharmacological activities, we found that thiazolo[2,3-b]quinazoline and
thiazolo[3,2-a]pyrimidine bearing bridge-head (ring junction) nitrogen atom as a ubiquitous
structural fragments in medicinal chemistry showed an interesting anti-tumour activity often

associated with high or moderate specificity for certain human tumour cell lines [1, 2].

These biologically important scaffolds are now-a-days attracting the attention of many
medicinal chemists throughout the world to explore this framework for its potential and these
are formed by the fusion of two aromatic rings i.e. thiazole and pyrimidine, in such a way that
one carbon atom at the ring junction is replaced by a nitrogen atom and is, therefore, being
common for both the heterocyclic rings [3].

Heterocyclic compounds bearing nitrogen and sulphur have long been the prime
focus of synthetic chemistry research due to their broad spectrum of applications in

biological, pharmaceutical, and material areas [4].

Domino reactions involving simultaneous formation of C—C and C—heteroatom multiple
bonds in a single flask are a means to achieving economical methods for the manufacture of
especially unusual, fused heterocyclic, medicinally privileged scaffolds without any
separation of intermediates throughout the process. Moreover, domino reactions, being
attractively appealing, are frequently connected with savings in terms of energy and reaction
periods, are highly convergent, have fewer environmental impacts, and show atom economy

in a single-step process starting from multiple reactants [5, 6].

Conventional multistep chemical reactions suffer from various limitations compared with
the one-pot domino technique, as they require a large number of synthetic operations,
including isolation and purification of the products of each individual step. The multistep
synthetic approach, therefore, has led to synthetic inefficiency, is time-consuming, or
contains side reactions generating large amounts of waste [7]. A key challenge in recent drug
development processes is to design a rapid, versatile, and efficient synthesis that provides
target molecules containing structural complexity and diversity with a choice of fascinating

biologic activities [8].
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Thiazole-based heterocycles are central to modern chemical synthesis due to their synthetic
feasibility and their incorporation into various types of therapeutically useful agents and are
of paramount interest in the development of important pharmacophores in the drug discovery

endeavour [9, 10].

Functionalized quinazoline and fused quinazolines have long been of increasing interest in
the field of synthetic organic and medicinal chemistry on account of the wide range of
biologic activities [11-14] including anticancer [15], anti-inflammatory [16], antituberculosis
[17], anticonvulsant [18], antimalarial [19], antihypertensive [20], antidiabetic [21] and so on.
Furthermore, suitably substituted thiazolo[2,3-b]quinazolines also serve as versatile building
blocks in synthetic chemistry.

Nowadays, bridgehead (ring junction) nitrogen atom-containing thiazolo[3,2-a]
pyrimidines command much attention as privileged scaffolds comprising a vital class of
heterocyclic structures possessing exciting and varied pharmacologic activities [3, 22-23]
such as: being potential inhibitors of cyclin-dependent kinase [24], CDC25B phosphatase
enzymes [25], IspF proteins [26], and YycG histidine kinase [27], antibacterial [28],
analgesic, and anti-inflammatory activities [29] acting as a corticotropin-releasing factor
receptor antagonist [30], hypolipidemic activity [31], antiviral including anti-HIV effects,
anticancer [32, 33], cardiotonic and inotropic effects [34] acting as potent A2A adenosine

receptor inverse agonists with antinociceptive activity [35] and so on.

To the best of our knowledge, among the earlier reported methods devoted to the synthesis
of especially 5H-benzo[h]thiazolo[2,3-b]quinazolines [36, 37] only a few are described, and
metal-free multicomponent domino reactions (MDRS) [38, 39] are still rare. In this regard,
most of the reported methods have suffered from various drawbacks, for example, harsh
reaction conditions, multistep synthetic routes, costly reagents/catalysts, prolonged reaction

periods, tedious workups after each step, and poor availability of starting materials.

There is no route for the direct construction of the indeno[1,2-d]thiazolo[3,2-a]pyrimidine
moiety through domino reactions, and a literature survey revealed only one report to be
available, which includes the synthesis of 5-phenylindeno[1,2-d]thiazolo[3,2-a]pyrimidine-
3,6(2H,5H)-dione and 5-phenyl-2,3-dihydro indeno[1,2-d]thiazolo[3,2-a]pyrimidin-6(5H)-

one in two steps [40].
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In order to arrive at a highly proficient and convergent synthetic strategy for the construction
of these two vital structural elements, while at the same time avoiding several limitations of
earlier reports, and in our venture toward the development of a modern synthetic approach,
we first report herein an operationally simple and straightforward metal-free, one-pot MDR
for obtaining a panel of novel 5H-benzo[h]thiazolo[2,3-b]quinazoline (1A-15A) and
indeno[1,2-d]thiazolo[3,2-a]pyrimidine (1B-15B) analogs using the reactions of highly
substituted o-tetralone or o-indanone with some aromatic aldehydes and distinctive 2-
aminothiazoles in ethanol (EtOH) in the presence of catalytic amounts of p-toluenesulfonic
acid (p-TSA; 20 mol%) [7, 41-42].

Readily available and cheap starting materials, together with an environmentally benign
and mild acidic catalyst, were employed to achieve these diversely decorated skeletons in
impressive yields. They have also been synthesized by conventional two-step reactions and
compared with the preferred MDRs described above [23, 43-45].

Additionally, all of the newly synthesized compounds were evaluated for their antitumor
activity in vitro on a Hep-G2 human cancer cell line by sulforhodamine B (SRB) assay and
structure—activity relationship prediction on the basis of in vitro findings. Furthermore,
computational molecular modeling studies with ADMET (absorption, distribution,
metabolism, excretion, and toxicity) profiling and molecular dynamic (MD) simulation were
carried out on cancer-related targets, including interleukin (IL)-2, 1L-6, Caspase-3, and

Caspase-8 receptor sites, to identify the potential modes of action of the named compounds.
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2.1 MATERIALS AND METHODS

2.1.1 General information

All of the reactions described below were carried out with commercially available
chemicals of reagent grade that were used as received without further purification unless
otherwise noted. Reagents were purchased from Merck and Sigma-Aldrich chemical
companies. Melting points (m.p.) were determined on an m.p. apparatus and are uncorrected.
Compounds were named following the International Union of Pure and Applied Chemistry
rules as applied by Advanced Chemistry Development/ChemSketch. Elemental analyses were
performed with a Euro EA 3000 Elemental Analyzer for C, H, N, and the results were within
+0.4% of the theoretical values. Infrared (IR) spectra were recorded on a Thermo Scientific
Nicolet 6700 Fourier transform IR spectroscopy spectrometer. Nuclear magnetic resonance
(NMR) spectra were obtained on a Bruker 800 MHz NMR spectrometer (1H 800 MHz, 13C
200 MHz) (Bruker, Rheinstetten, Germany) and processed in TopSpin 2.1. Chemical shifts
are expressed in parts per million (ppm) downfield from tetramethylsilane as the internal
standard. Coupling constants are expressed in Hz. All of the compounds were analyzed for
mass data using a liquid chromatography—mass spectrometry (LCMS)-2020 mass
spectrometer (Schimadzu, Tokyo, Japan). All the compounds were dissolved in 1:1 (v/v)
mixtures of acetonitrile:methanol, and 10 pL of the resulting solution was injected to acquire
the data. The analysis was performed in electrospray ionization mode using a capillary
column at a flow rate of 0.2 mL/min with a 50% water/methanol (1:1) mixture for 120 s. Data
analysis was performed using lab solution LCMS data processing software. Reaction progress
as well as the purity of the compounds were evaluated with thin layer chromatography (TLC)
plates by using ethylacetate:n-hexane (3:7) as the eluent, and the developed chromatogram

was visualized under ultraviolet light and iodine vapors.

2.1.2 General experimental procedures for characterization of the synthesized
compounds

One-pot efficient synthesis of substituted 5H-benzo[h]thiazolo[2,3-b]quinazolines(1A-15A)
A mixture of substituted tetralone (1 mmol), appropriate aromatic aldehydes (1 mmol), and
distinctive 2-aminothiazoles (1 mmol) in EtOH (5.0 mL) in the presence of 20 mol% p-TSA
was heated under reflux for 3—4 h. The reaction mixture was poured into ice-cold water. A
solid product was obtained, which was filtered, washed thoroughly with distilled water, and

recrystallized from EtOH. Pure crystals were obtained (Scheme 1). The progress of the
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reaction was monitored by TLC on pre-coated silica gel-G plates using 30% ethylacetate:n-
hexane as the solvent system. TLC revealed just a single spot, which proved the presence of a
single product.

(0} CHO Y,
X, S N
+ + /L\ Y,
X, R; R, HN" N
RZ

a b c

p-TSA (20 mol%), EtOH
Refluxed, 3-4 h

Y2
S
/L/\§7Y1
N °N
X, A
DORAE
Xy
R; R,

5H-benzo[h]thiazolo[2,3-b]quinazolines (1A-15A)
Scheme 1 One-pot efficient synthetic route to the titled compound (LA-15A)
Note: substituted a-tetralone (a), substituted aromatic aldehydes (b) and distinctive
2-aminothiazoles (c)

Abbreviations: EtOH, ethanol; p-TSA, p-toluenesulfonic acid.

Two-step synthesis of substituted 5H-benzo[h]thiazolo[2,3-b]quinazolines(1A-15A)

These compounds were synthesized as follows.

Step |

A mixture of substituted tetralones (1 mmol), appropriate aldehydes (1 mmol), piperidine (0.1
mmol), and glacial acetic acid (0.1 mmol) in EtOH (5.0 mL) was heated under reflux for 10—
12 h. The reaction mixture was cooled to room temperature for a few minutes and then
poured into ice-cold water. A solid product, substituted benzylidene-tetralones, was obtained,
which was filtered, washed thoroughly with distilled water, and dried. The dry residue was
recrystallized from EtOH. The progress of the reaction was monitored by TLC on precoated
silica gel-G plates using 40% ethylacetate:n-hexane as the solvent system.

Step 11
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A solution of distinctive 2-aminothiazoles (1 mmol) and appropriate benzylidene-tetralones
in glacial acetic acid (2.0 mL) was heated under reflux for 18-20 h. The solvent was
evaporated under vacuum and then the residue obtained was dissolved in chloroform, washed
with water, and the organic layer separated, dried, and evaporated. The resulting solid
obtained was recrystallized from EtOH to yield the target compounds (1A-15A; Scheme 2).

(0]
Plperldlne Va R,
Ethanol O‘ O
GAA Xi R,
R;

Y2
Glacial /IS\/\g\Yl
H,N~ "N
C

Acetic
Acid

Y,
S
/A/\gin
N“ °N
X, N
PO
R,

5H-benzo[h]thiazolo[2,3-b]quinazolines (1A-15A)
Scheme 2 Two-step synthetic route to the titled compound (1A-15A)

Note: substituted a-tetralone (a), substituted aromatic aldehydes (b) and distinctive 2-
aminothiazoles (c)

Abbreviations: GAA, glacial acetic acid.

2.1.2.1 Physical and spectral characterizations
7-(4-bromophenyl)-6,7-dihydro-5H-benzo[h]thiazolo[2,3-b]quinazoline (1A)

Yellow crystals; Yield: 77%; m.p. 190-192°C; Rf = 0.55 (SiO, ethylacetate:n-hexane, 3:7,
v/v). IR (KBr, cm™): 3067.7 (C—H, aromatic), 2944.7 (C—H), 1665.8 (C=N), 1595.0 (C=C),
1295.8 (C-N), 1068.4 (C-Br), 740.7 (C-S). *H NMR (dimethyl sulfoxide [DMSQO]-d6, 800
MHz) éppm: 2.95 (t, 2H, J = 8Hz), 3.07 (t, 3H, J = 8Hz), 7.40-7.44 (m, 2H), 7.50 (d, 2H, J =
8Hz), 7.59 (t, 1H, J = 8Hz), 7.67 (d, 4H, J = 8Hz), 7.97 (d, 1H, J = 8Hz). 3C NMR (DMSO-
de, 200 MHz) 6 ppm: 27.12, 28.27, 39.76, 39.87, 39.97, 40.07, 40.18, 122.61, 127.54, 127.90,
129.07, 132.03, 132.43, 133.21, 134.13, 134.83, 134.91, 136.66, 143.93, 187.08. LCMS
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(m/z): 393.25 [M - H]". Anal. calcd. for C2H1sBrN2S: C, 60.77; H, 3.82; N, 7.09; Anal.
found: C, 60.87; H, 3.83; N, 7.07.

7-(4-bromophenyl)-3-methoxy-10-methyl-6,7-dihydro-5H-benzo[h]thiazolo[2,3-b]

quinazoline (2A) Yellow crystals; Yield: 82%; m.p. 200-202°C; Rf = 0.58. (SiO,
ethylacetate:n-hexane, 3:7, v/v). IR (KBr, cm?): 3013.1 (C—H, aromatic), 2945.5 (C-H),
1663.7 (C=N), 1596.9 (C=C), 1332.5 (C-N), 1263.9 (C-0), 1070.0 (C-Br), 761.9 (C-S). H
NMR (DMSO-dé6, 800 MHz) dppm: 2.92 (t, 2H, J = 8Hz), 3.03 (t, 2H, J = 8Hz), 3.55 (s, 4H),
3.86 (s, 3H), 6.93 (t, 2H, J = 8Hz), 7.48 (d, 2H, J = 8Hz), 7.62 (t, 3H, J = 8Hz), 7.94 (d, 1H, J
= 8Hz). ®C NMR (DMSO-ds, 200 MHz) & ppm: 27.16, 28.67, 39.76, 39.86, 39.97, 40.07,
40.18, 56.06, 112.81, 114.31, 122.39, 126.65, 130.44, 131.99, 132.35, 134.08, 135.08,
136.84, 146.54, 163.84, 185.75. LCMS (m/z): 437.20 [M - H]. Anal. calcd. for
C2H19BrN20S: C, 60.14; H, 4.36; N, 6.38. Anal. found: C, 60.25; H, 4.35; N, 6.40.

2-methoxy-7-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[h]thiazolo[2,3-b]quinazoline
(3A) Yellow crystals; Yield: 83%; m.p. 214-216°C; Rf = 0.67. (SiO», ethylacetate:n-hexane,
3:7, viv). IR (KBr, cm?): 3002.4 (C—H, aromatic), 2935.5 (C-H), 1661 (C=N), 1578.2
(C=C), 1324.1 (C-N), 1283.9, 1248.4 (C-0), 760.5 (C-S). 'H NMR (DMSO-d6, 800 MHz)
Sppm: 2.88 (t, 2H, J = 8Hz), 3.13 (t, 2H, J = 8Hz), 3.72 (s, 3H), 3.83 (s, 10H), 6.86 (s, 3H),
7.18 (dd, 1H, J = 8Hz and J = 8Hz), 7.32 (d, 1H, J = 8Hz), 7.44 (d, 1H, J = 8Hz), 7.69 (s,
1H). *C NMR (DMSO-dg, 200 MHz) § ppm: 27.44, 27.54, 39.76, 39.86, 39.97, 40.07, 40.18,
55.77, 56.46, 60.59, 108.04, 110.59, 121.34, 130.34, 131.18, 134.21, 135.25, 136.32, 136.70,
138.58, 153.24, 158.65, 187. LCMS (m/z): 437.20 [M + H]*. Anal. calcd. for C2sH24N20aS:
C, 66.03; H, 5.54; N, 6.42. Anal. found: C, 66.20; H, 5.52; N, 6.45.

2-methoxy-4-(2-methoxy-6,7-dihydro-5H-benzo[h]thiazolo[2,3-b]quinazolin-7-yl)phenol
(4A) Yellow crystals; Yield: 82%; m.p. 218-220°C; Rf = 0.50 (SiO., ethylacetate:n-hexane,
3:7, viv). IR (KBr, cm?): 3451 (-OH), 3020.2 (C-H, aromatic), 2937.2 (C-H), 1659.8
(C=N), 1572.5 (C=C), 1326.4 (C-N), 1248.9 (C-O), 744 (C-S). 'H NMR (DMSO-d6, 800
MHz) oppm: 2.86 (t, 2H, J = 8Hz), 3.10 (t, 2H, J = 8Hz), 3.82 (s, 7H), 6.87 (d, 1H, J = 8Hz),
7.05 (d, 1H, J = 8Hz), 7.14-7.18 (m, 3H), 7.31 (d, 1H, J = 8Hz), 7.43 (s, 1H), 7.68 (s, 1H),
9.57 (s, 1H). 3C NMR (DMSO-ds, 200 MHz) § ppm: 27.41, 39.76, 39.86, 39.97, 40.07,
55.75, 56.12, 110.61, 115.01, 115.97, 121.03, 124.23, 127, 130.22, 132.93, 134.43, 136.07,
137.28, 147.94, 148.35, 158.62, 186.89. LCMS (m/z): 391.10 [M - H]. Anal. calcd. for
Co2H20N203S: C, 67.33; H, 5.14; N, 7.14. Anal. found: C, 67.44; H, 5.16; N, 7.13.
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7-(4-bromophenyl)-3-methoxy-6,7-dihydro-5H-benzo[h]thiazolo[2,3-b]quinazoline (5A)
Yellow crystals; Yield: 78%; m.p. 194-196°C; Rf = 0.52 (SiO, ethylacetate:n-hexane, 3:7,
v/v). IR (KBr, cm™): 3012.8 (C-H, aromatic), 2945.7 (C—H), 1663.2 (C=N), 1597 (C=C),
1332.6 (C-N), 1263.4 (C-0), 1070 (C-Br), 762.5 (C-S). *H NMR (DMSO-d6, 800 MHz)
dppm: 2.92 (t, 2H, J = 8Hz), 3.03 (t, 2H, J = 8Hz), 3.86 (s, 4H), 6.93-6.98 (m, 2H), 7.48 (d,
2H, J = 8Hz), 7.62 (s, 1H), 7.66 (d, 3H, J = 8Hz), 7.94 (d, 1H, J = 8Hz). *C NMR (DMSO-
ds, 200 MHz) 6 ppm: 27.15, 28.67, 39.74, 39.84, 39.95, 40.05, 40.15, 56.06, 112.81, 114.31,
122.39, 126.64, 130.44, 131.99, 132.35, 134.08, 135.07, 136.84, 146.55, 163.84, 185.76.
LCMS (m/z): 425.15 [M*]. Anal. calcd. for C21H17BrN2OS: C, 59.30; H, 4.03; N, 6.59. Anal.
found: C, 59.19; H, 4.04; N, 6.61.

3-methoxy-7-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[h]thiazolo[2,3-b]quinazoline
(6A) Light brown; Yield: 86%; m.p. 214-216°C; Rf = 0.66 (SiO>, ethylacetate:n-hexane, 3:7,
viv). IR (KBr, cm™?): 3050.6 (C—H, aromatic), 2944.8 (C-H), 1659 (C=N), 1598.4 (C=C),
1336.1 (C-N), 1258.6 (C-0), 769.2 (C-S). *H NMR (DMSO0-d6, 800 MHz) dppm: 2.92 (t,
2H, J =8Hz), 3.12 (t, 2H, J = 8Hz), 3.71 (s, 3H), 3.82 (s, 7H), 3.86 (s, 3H), 6.84 (s, 3H), 6.93
(s, 1H), 6.96 (s, 1H), 7.64 (s, 1H), 7.93 (d, 1H, J = 8Hz). *°C NMR (DMSO-dg, 200 MHz) &
ppm: 27.27, 28.76, 39.73, 39.84, 39.94, 40.05, 40.15, 56.04, 56.45, 60.58, 107.93, 112.79,
114.15, 126.79, 130.38, 131.34, 135.49, 135.86, 138.43, 146.46, 153.23, 163.73, 185.88.
LCMS (m/z): 435.15 [M - H]. Anal. calcd. for C24H24N204S: C, 66.03; H, 5.54; N, 6.42.
Anal. found: C, 66.21; H, 5.56; N, 6.41.
4-(6,7-dihydro-5H-benzo[h]thiazolo[2,3-b]quinazolin-7-yl)phenol (7A)

Light brown; Yield: 70%; m.p. 190-192°C; Rf = 0.45 (SiO., ethylacetate:n-hexane, 3:7, v/v).
IR (KBr, cm™): 3204.2 (-OH), 2951.5 (C—H, aromatic), 2895.1 (C—H), 1639.9 (C=N), 1556.1
(C=C), 1370.2 (C-N), 740.3 (C-S). *H NMR (DMSO0-d6, 800 MHz) Sppm: 2.93 (t, 2H, J =
8Hz), 3.09 (t, 3H, J = 8Hz), 6.86 (d, 2H, J = 8Hz), 7.37-7.44 (m, 5H), 7.56 (t, 1H, J = 8Hz),
7.67 (s, 1H), 7.94 (d, 1H, J = 8Hz), 9.98 (s, 1H). 3C NMR (DMSO-ds, 200 MHz) § ppm:
27.18, 28.29, 39.76, 39.86, 39.97, 40.07, 40.17, 116, 126.54, 127.40, 127.75, 128.88, 132.65,
132.79, 133.58, 133.73, 136.83, 143.63, 158.91, 187.06. LCMS (m/z): 331.05 [M - H]". Anal.
calcd. for C20H1sN20S: C, 72.26; H, 4.85; N, 8.43. Anal. found: C, 72.45; H, 4.87; N, 8.39.
7-(4-chlorophenyl)-2-methoxy-9-methyl-6,7-dihydro-5H-benzo[h]thiazolo[2,3-b]
quinazoline (8A) Yellow crystals; Yield: 65%; m.p. 196-198°C; Rf = 0.40 (SiO,
ethylacetate:n-hexane, 3:7, v/v). IR (KBr, cm?): 3067.6 (C—H, aromatic), 2941.2 (C—H),
1660.7 (C=N), 1589.1 (C=C), 1322.7 (C-N), 1251.5 (C-0), 1031.5 (C-CI), 743.9 (C-S). H
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NMR (DMSO-dé6, 800 MHz) dppm: 2.88 (t, 4H, J = 8Hz), 3.04 (t, 4H, J = 8Hz), 3.36 (s, 3H),
7.19 (dd, 1H, J = 16Hz and J = 16Hz), 7.32 (d, 1H, J = 16Hz), 7.45 (d, 1H, J = 8Hz), 7.53-
7.58 (m, 4H), 7.69 (s, 1H). *C NMR (DMSO-ds, 200 MHz) & ppm:27.30, 27.46, 39.78,
39.88, 39.99, 40.09, 40.19, 55.79, 110.61, 121.49, 129.10, 130.43, 132.19, 133.83, 134.06,
134.59, 134.83, 136.39, 136.56, 158.68, 186.92. LCMS (m/z): 397.20 [M*?]. Anal. calcd. for
C2H19CIN20S: C, 66.91; H, 4.85; N, 7.09. Anal. found: C, 66.79; H, 4.87; N, 7.12.
7-(4-chlorophenyl)-3-methoxy-9-methyl-6,7-dihydro-5H-benzo[h]thiazolo[2,3-b]
quinazoline (9A) Yellow crystals; Yield: 68%; m.p. 196-198°C; Rf = 0.42 (SiO,
ethylacetate:n-hexane, 3:7, v/v). IR (KBr, cm?): 3050.8 (C-H, aromatic), 2943.9 (C—H),
1660.5 (C=N), 1587.9 (C=C), 1336.3 (C-N), 1274.7 (C-0O), 1030.8 (C-CI), 760.5 (C-S). H
NMR (DMSO-d6, 800 MHz) dppm: 2.92 (t, 4H, J = 8Hz), 3.04 (t, 4H, J = 8Hz), 3.43 (s, 3H),
6.93-6.97 (m, 2H), 7.52 (dd, 4H, J = 24Hz and J = 24Hz), 7.64 (s, 1H), 7.94 (d, 1H, J = 8Hz).
13C NMR (DMSO-ds, 200 MHz) § ppm: 27.14, 28.68, 39.78, 39.88, 39.99, 40.09, 40.19,
56.06, 112.81, 114.30, 126.67, 129.06, 130.43, 132.10, 133.65, 134.01, 136.78, 146.53,
163.84, 185.73. LCMS (m/z): 395.25 [M*]. Anal. calcd. for C2;H19CIN2OS: C, 66.91; H,
4.85; N, 7.09. Anal. found: C, 66.75; H, 4.86; N, 7.11.
7-(4-chlorophenyl)-9-methyl-6,7-dihydro-5H-benzo[h]thiazolo[2,3-b]quinazoline (10A)
Yellow crystals; Yield: 64%; m.p. 188-190°C; Rf = 0.44 (SiO, ethylacetate:n-hexane, 3:7,
v/v). IR (KBr, cm™): 3067.7 (C-H, aromatic), 2944.7 (C-H), 1668.1 (C=N), 1596.4 (C=C),
1317.4 (C-N), 1027.7 (C-CI), 743 (C-S). *H NMR (DMSO-d6, 800 MHz) dppm: 2.95 (t,
4H, J = 8Hz), 3.07 (t, 4H, J = 8Hz), 7.39-7.44 (m, 2H), 7.54-7.61 (m, 5H), 7.70 (s, 1H), 7.97
(s, 1H). C NMR (DMSO-ds, 200 MHz) & ppm: 27.11, 28.28, 39.78, 39.88, 39.99, 40.09,
40.20, 127.53, 127.89, 129.11, 132.20, 133.23, 133.85, 134.12, 134.58, 134.76, 136.61,
143.92, 187.07. LCMS (m/z): 365.20 [M*]. Anal. calcd. for C21H17CIN2S: C, 69.12; H, 4.70;
N, 7.68. Anal. found: C, 69.25; H, 4.71; N, 7.67.

7-(4-chlorophenyl)-2-methoxy-6,7-dihydro-5H-benzo[h]thiazolo[2,3-b]quinazoline  (11A)
Yellow crystals; Yield: 70%; m.p. 194-196°C; Rf = 0.49 (SiO, ethylacetate:n-hexane, 3:7,
v/v). IR (KBr, cm™): 3067.8 (C—H, aromatic), 2940.6 (C—H), 1660.6 (C=N), 1589.3 (C=C),
1323.0 (C-N), 1252.2 (C-0), 1031.6 (C-CI), 744.8 (C-S). *H NMR (DMSO-d6, 800 MHz)
oppm: 2.88 (t, 2H, J = 8Hz), 3.04 (t, 2H, J = 8Hz), 3.82 (s, 4H), 7.20 (d, 1H, J = 8Hz), 7.33
(d, 1H, J = 8Hz), 7.45 (s, 1H), 7.53-7.58 (m, 5H), 7.69 (s, 1H). *C NMR (DMSO-ds, 200
MHz) é ppm: 27.30, 27.46, 39.78, 39.88, 39.99, 40.09, 40.19, 55.79, 110.62, 121.50, 129.10,
130.44, 132.19, 133.83, 134.07, 134.83, 136.56, 158.69, 186.98. LCMS (m/z): 381.25 [M™].
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Anal. calcd. for C21H17CIN20OS: C, 66.22; H, 4.50; N, 7.35. Anal. found: C, 66.32; H, 4.52;
N, 7.33.

7-(4-chlorophenyl)-6,7-dihydro-5H-benzo[h]thiazolo[2,3-b]quinazoline (12A)

Yellow crystals; Yield: 61%; m.p. 184-186°C; Rf = 0.43 (SiO, ethylacetate:n-hexane, 3:7,
v/v). IR (KBr, cm™): 3069.4 (C-H, aromatic), 2944.7 (C-H), 1668.1 (C=N), 1596.4 (C=C),
1317.4 (C-N), 1020.1 (C-Cl), 742.7 (C-S). *H NMR (DMSO0-d6, 800 MHz) Sppm: 2.97 (t,
2H, J = 8Hz), 3.09 (t, 3H, J = 8Hz), 7.40-7.44 (m, 2H), 7.54-7.61 (m, 6H), 7.70 (s, 1H), 7.98
(d, 1H, J = 8Hz). *C NMR (DMSO-ds, 200 MHz) & ppm: 27.11, 28.28, 39.78, 39.88, 39.99,
40.09, 40.19, 127.53, 127.89, 129.06, 129.10, 132.20, 133.23, 133.85, 134.11, 134.58,
134.76, 136.60, 143.92, 187.07. LCMS (m/z): 353.0 [M*?]. Anal. calcd. for C2H1sCIN,S: C,
68.46; H, 4.31; N, 7.98. Anal. found: C, 68.53; H, 4.34; N, 7.95.

7-(4-chlorophenyl)-2-methoxy-10-methyl-6,7-dihydro-5H-benzo[h]thiazolo[2,3-b]
quinazoline (13A) Yellow crystals; Yield: 74%; m.p. 198-200°C; Rf = 0.46 (SiO,
ethylacetate:n-hexane, 3:7, v/v). IR (KBr, cm?): 3067.9 (C-H, aromatic), 2940.4 (C—H),
1660.7 (C=N), 1591 (C=C), 1324.7 (C-N), 1256.8 (C-0), 1033.4 (C-CI), 748.3 (C-S). H
NMR (DMSO-d6, 800 MHz) dppm: 2.88 (t, 4H, J = 8Hz), 3.04 (t, 4H, J = 8Hz), 3.47 (s, 3H),
7.19 (d, 1H, J = 8Hz), 7.32 (d, 1H, J = 8Hz), 7.45 (s, 1H), 7.53-7.58 (m, 4H), 7.68 (s, 1H).
13C NMR (DMSO-ds, 200 MHz) § ppm: 27.30, 27.46, 39.78, 39.88, 39.99, 40.09, 40.19,
55.78, 110.61, 121.48, 129.09, 130.42, 132.18, 133.83, 134.06, 134.59, 134.82, 136.38,
136.54, 158.67, 186.91. LCMS (m/z): 393.25 [M - H]". Anal. calcd. for C22H19CIN20S: C,
66.91; H, 4.85; N, 7.09. Anal. found: C, 66.83; H, 4.87; N, 7.10.

7-(4-chlorophenyl)-3-methoxy-10-methyl-6,7-dihydro-5H-benzo[h]thiazolo[2,3-b]
quinazoline (14A) Light brown; Yield: 76%; m.p. 198-200°C; Rf = 0.48 (SiO,
ethylacetate:n-hexane, 3:7, v/v). IR (KBr, cm?): 3051.0 (C-H, aromatic), 2938.8 (C—H),
1653.8 (C=N), 1602.6 (C=C), 1339 (C-N), 1266.3 (C-0), 1091.8 (C-CI), 764.1 (C-S). H
NMR (DMSO-d6, 800 MHz) éppm: 2.94 (t, 3H, J = 8Hz), 3.06 (t, 4H, J = 8Hz), 3.86 (s, 4H),
6.93-6.98 (m, 2H), 7.53-7.56 (M, 4H), 7.64 (s, 1H), 7.95 (d, 1H, J = 8Hz). *°C NMR (DMSO-
de, 200 MHz) & ppm: 27.14, 28.68, 39.78, 39.88, 39.99, 40.09, 40.19, 56.06, 112.81, 114.30,
126.67, 129.07, 130.43, 132.11, 133.65, 134.01, 134.74, 136.79, 146.54, 163.84, 185.74.
LCMS (m/z): 393.25 [M - H]. Anal. calcd. for C22H19CIN2OS: C, 66.91; H, 4.85; N, 7.09.
Anal. found: C, 66.79; H, 4.86; N, 7.07.
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7-(4-chlorophenyl)-10-methyl-6,7-dihydro-5H-benzo[h]thiazolo[2,3-b]quinazoline  (15A)
Yellow crystals; Yield: 79%; m.p. 186-188°C; Rf = 0.56 (SiO, ethylacetate:n-hexane, 3:7,
v/v). IR (KBr, cm™): 3069.7 (C—H, aromatic), 2944.8 (C-H), 1668.1 (C=N), 1596.1 (C=C),
1317.3 (C-N), 1089.4 (C-Cl), 742.3 (C-S). *H NMR (DMSO0-d6, 800 MHz) Sppm: 2.97 (t,
4H, J = 8Hz), 3.09 (t, 4H, J = 8Hz), 7.40-7.44 (m, 2H), 7.55-7.61 (m, 5H), 7.70 (s, 1H), 7.98
(d, 1H, J = 8Hz). *C NMR (DMSO-ds, 200 MHz) & ppm: 27.11, 28.29, 39.79, 39.89, 39.99,
40.09, 40.20, 127.54, 127.90, 129.07, 129.11, 132.21, 133.24, 133.85, 134.13, 134.59,
134.76, 136.61, 143.93, 187.08. LCMS (m/z): 367.30 [M*?]. Anal. calcd. for C21H17CIN,S:
C, 69.12; H, 4.70; N, 7.68. Anal. found: C, 69.23; H, 4.72; N, 7.66.

One-pot efficient synthesis of substituted indeno[1,2-d]thiazolo[3,2-a]pyrimidines(1B—-15B)
A mixture of substituted a-indanone (1 mmol), appropriate aromatic aldehydes (1 mmol), and
distinctive 2-aminothiazoles (1 mmol) in EtOH (5.0 mL) in the presence of 20 mol% p-TSA
was heated under reflux for 3—4 h. The reaction mixture was then poured into ice-cold water.
A solid product was obtained, which was filtered, washed thoroughly with distilled water,
and recrystallized from EtOH. Pure crystals were obtained (Scheme 3). The progress of the
reaction was monitored by TLC on pre-coated silica gel-G plates using 30% ethylacetate:n-

hexane as the solvent system. TLC revealed just a single spot, which proved the presence of a
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Scheme 3 One-pot efficient synthetic route to the titled compound (1B—15B)
Note: substituted o-indanone (a’), substituted aromatic aldehydes (b) and distinctive 2-
aminothiazoles (c) Abbreviations: EtOH, ethanol; p-TSA, p-toluenesulfonic acid.

Two-step synthesis of substituted indeno[1,2-d]thiazolo[3,2-a]pyrimidines(1B-15B)

These compounds were synthesized as follows.

Step |

A mixture of substituted indanones (1 mmol), appropriate aldehydes (1 mmol), piperidine
(0.2 mmol), and glacial acetic acid (0.1 mmol) in EtOH (5.0 mL) was heated under reflux for
10-12 h. The reaction mixture was cooled to room temperature for a few minutes and then
poured into ice-cold water. A solid product, substituted benzylidene-indanones, was obtained,
which was filtered, washed thoroughly with distilled water, and dried. The dry residue was
recrystallized from EtOH. The progress of the reaction was monitored by TLC on pre-coated
silica gel-G plates using 40% ethylacetate:n-hexane as the solvent system.

Step 11

A solution of distinctive 2-aminothiazoles (1 mmol) and appropriate benzylidene-indanones
in glacial acetic acid (2.0 mL) was heated under reflux for 18-20 h. The solvent was
evaporated under vacuum and then the residue obtained was dissolved in chloroform, washed
with water, and the organic layer separated, dried, and evaporated. The resulting solid

obtained was recrystallized from EtOH to yield the target compounds (1B-15B; Scheme 4).
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Scheme 4 Two-step synthetic route to the titled compound (1B-15B)
Note: substituted a-indanone (a’), substituted aromatic aldehydes (b) and distinctive 2-
aminothiazoles (c).

Abbreviations: GAA, glacial acetic acid.

2.1.2.2 Physical and spectral characterizations
5-(4-bromophenyl)-5,6-dihydroindeno[1,2-d]thiazolo[3,2-a]pyrimidine (1B)

Yellow crystals; Yield: 75%; m.p. 186-188°C; Rf = 0.54 (SiO, ethylacetate:n-hexane, 3:7,
v/v). IR (KBr, cm™?): 3023.4 (C-H, aromatic), 2928.9 (C—H), 1693.2 (C=N), 1620.8 (C=C),
1325.1 (C-N), 733.9 (C-S), 1070.9 (C-Br). *H NMR (DMSO-d6, 800 MHz) Sppm: 4.14 (s,
3H), 7.50-7.54 (m, 2H), 7.70-7.82 (m, 8H). *°C NMR (DMSO-ds, 200 MHz) & ppm: 32.32,
39.76, 39.86, 39.97, 40.07, 40.17, 123.83, 124.19, 127.21, 128.28, 132.01, 132.47, 133.11,
134.61, 135.59, 136.38, 137.56, 150.54, 193.80. LCMS (m/z): 381.25 [M*]. Anal. calcd. for
C19H13BrN2S: C, 59.85; H, 3.44; N, 7.35. Anal. found: C, 59.97; H, 3.42; N, 7.34.

5-(2-chlorophenyl)-5,6-dihydroindeno[1,2-d]thiazolo[3,2-a]pyrimidine (2B)

Yellow crystals; Yield: 66%; m.p. 178-180°C; Rf = 0.41 (SiO, ethylacetate:n-hexane, 3:7,
v/v). IR (KBr, cm™): 3064.6 (C-H, aromatic), 2922.5 (C-H), 1697.1 (C=N), 1621.3 (C=C),
1326.1 (C-N), 740.4 (C-S), 1037.4 (C-Cl). *H NMR (DMSO-d6, 800 MHz) Sppm: 4.14 (s,
3H), 7.49-7.53 (m, 4H), 7.63 (d, 1H, 1H, J = 8Hz), 7.68 (d, 1H, J = 8Hz), 7.74 (t, 1H, J =
8Hz), 7.83 (s, 1H), 7.98 (d, 1H, J = 8Hz). *C NMR (DMSO-ds, 200 MHz) & ppm: 31.84,
39.76, 39.86, 39.97, 40.07, 40.17, 124.32, 127.24, 128.33, 130.56, 130.97, 131.70, 132.96,
135.39, 135.76, 137.43, 138.14, 150.80, 193.62. LCMS (m/z): 339.20 [M*?]. Anal. calcd. for
C19H13CIN:S: C, 67.75; H, 3.89; N, 8.32. Anal. found: C, 67.65; H, 3.91; N, 8.30.

5-(4-bromophenyl)-2-methyl-5,6-dihydroindeno[1,2-d]thiazolo[3,2-a]pyrimidine (3B)
Yellow crystals; Yield: 80%; m.p. 192-194°C; Rf = 0.57 (SiO, ethylacetate:n-hexane, 3:7,
v/v). IR (KBr, cm™): 3024.1 (C-H, aromatic), 2926.7 (C—H), 1693.3 (C=N), 1621.2 (C=C),
1325.3 (C-N), 733.5 (C-S), 1070.4 (C-Br). 'H NMR (DMSO-d6, 800 MHz) Sppm: 4.14 (s,
6H), 7.50-7.54 (m, 2H), 7.69-7.78 (m, 6H), 7.81 (d, 1H, J = 8Hz). 13C NMR (DMSO-ds, 200
MHz) & ppm: 34.53, 41.97, 42.08, 42.18, 42.29, 42.39, 126.04, 126.40, 129.42, 130.49,
134.23, 134.67, 135.31, 136.82, 137.79, 138.59, 139.77, 152.75, 196. LCMS (m/z): 396.95
[M+ H]". Anal. calcd. for C2H15BrN.S: C, 60.77; H, 3.82; N, 7.09. Anal. found: C, 60.85; H,
3.81; N, 7.08.
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5-(4-bromophenyl)-8-methoxy-3-methyl-5,6-dihydroindeno[1,2-d]thiazolo[3,2-a]pyrimidine
(4B) Yellow crystals; Yield: 69%; m.p. 198-200°C; Rf = 0.48 (SiO2, ethylacetate:n-hexane,
3:7, viv). IR (KBr, cm™?): 3018.7 (C—H, aromatic), 2903.2 (C—H), 1687.0 (C=N), 1622.9
(C=C), 1335.3 (C-N), 1288.7 (C-0), 763.9 (C-S), 1071.3 (C-Br). 'H NMR (DMSO-d6, 800
MHz) dppm: 3.91 (s, 5H), 4.08 (s, 4H), 7.05 (d, 1H, J = 8Hz), 7.20 (s, 1H), 7.44 (s, 1H),
7.71-7.75 (m, 5H). ¥C NMR (DMSO-ds, 200 MHz) & ppm: 32.39, 39.76, 39.86, 39.97,
40.07, 40.18, 56.32, 110.65, 115.99, 123.49, 126.06, 130.67, 130.88, 132.42, 132.89, 134.77,
136.98, 153.47, 165.53, 191.97. LCMS (m/z): 425.20 [M*]. Anal. calcd. for C21H17BrN>OS:
C, 59.30; H, 4.03; N, 6.59. Anal. found: C, 59.20; H, 4.04; N, 6.61.

5-(4-bromophenyl)-3-methyl-5,6-dihydroindeno[1,2-d]thiazolo[3,2-a]pyrimidine (5B)
Yellow crystals; Yield: 78%; m.p. 192-194°C; Rf = 0.54 (SiO, ethylacetate:n-hexane, 3:7,
v/v). IR (KBr, cm™?): 3025.1 (C-H, aromatic), 2928.1 (C—H), 1693.1 (C=N), 1622.1 (C=C),
1324.7 (C-N), 732.9 (C-S), 1070.1 (C-Br). 'H NMR (DMSO-d6, 800 MHz) Sppm: 4.14 (s,
6H), 7.51-7.54 (m, 2H), 7.70-7.77 (m, 6H), 7.82 (d, 1H, J = 8Hz). 3C NMR (DMSO-ds, 200
MHz) 6 ppm: 32.32, 39.76, 39.86, 39.97, 40.07, 40.18, 123.83, 124.19, 127.21, 128.28,
132.01, 132.46, 133.10, 134.61, 135.59, 136.38, 137.56, 150.54, 193.79. LCMS (m/z):
395.00 [M*]. Anal. calcd. for C2oHisBrN2S: C, 60.77; H, 3.82; N, 7.09. Anal. found: C,
60.89; H, 3.80; N, 7.11.

5-(4-bromophenyl)-8-methoxy-5,6-dihydroindeno[1,2-d]thiazolo[3,2-a]pyrimidine (6B)
Yellow crystals; Yield: 75%; m.p. 188-190°C; Rf = 0.61 (SiO, ethylacetate:n-hexane, 3:7,
v/v). IR (KBr, cm™): 3018.4 (C-H, aromatic), 2902.6 (C—H), 1686.9 (C=N), 1622.6 (C=C),
1335.0 (C-N), 1288.6 (C-0), 763.9 (C-S), 1071.1 (C-Br). *H NMR (DMSO-d6, 800 MHz)
dppm: 3.91 (s, 3H), 4.08 (s, 3H), 7.06 (d, 1H, J = 8Hz), 7.20 (s, 1H), 7.44 (s, 1H), 7.72-7.75
(m, 6H). *C NMR (DMSO-ds, 200 MHz) & ppm: 32.39, 39.76, 39.86, 39.97, 40.07, 40.18,
56.32, 110.65, 115.99, 123.49, 126.06, 130.67, 130.88, 132.42, 132.89, 134.77, 136.98,
153.47, 165.53, 192.08. LCMS (m/z): 413.25 [M*?]. Anal. calcd. for CaoH1sBrN,OS: C,
58.40; H, 3.68; N, 6.81. Anal. found: C, 58.31; H, 3.70; N, 6.83.

5-(4-bromophenyl)-8-methoxy-2-methyl-5,6-dihydroindeno[1,2-d]thiazolo[3,2-a]pyrimidine
(7B) Yellow crystals; Yield: 77%; m.p. 198-200°C; Rf = 0.47 (SiO., ethylacetate:n-hexane,
3:7, viv). IR (KBr, cm™): 3018.2 (C-H, aromatic), 2902.5 (C—H), 1687.1 (C=N), 1622.7
(C=C), 1335.7 (C-N), 1288.7, 1246.9 (C-0), 763.5 (C-S), 1071.9 (C-Br). *H NMR (DMSO-
d6, 800 MHz) dppm: 3.90 (s, 5H), 4.07 (s, 4H), 7.04 (dd, 1H, J = 8Hz and J = 8Hz), 7.19 (d,
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1H, J = 8Hz), 7.44 (s, 1H), 7.70-7.75 (m, 5H). C NMR (DMSO-ds, 200 MHz) & ppm:
32.39, 39.76, 39.86, 39.97, 40.07, 40.18, 56.31, 110.64, 115.98, 123.49, 126.05, 130.66,
130.88, 132.41, 132.89, 134.77, 136.97, 153.46, 165.52, 191.96. LCMS (m/z): 425.00 [M*].
Anal. calcd. for C1H17BrN2OS: C, 59.30; H, 4.03; N, 6.59. Anal. found: C, 59.18; H, 4.04;
N, 6.60.

5-(3,4,5-trimethoxyphenyl)-5,6-dihydroindeno[1,2-d]thiazolo[3,2-a]pyrimidine (8B)

Yellow crystals; Yield: 72%; m.p. 206-208°C; Rf = 0.52 (SiO, ethylacetate:n-hexane, 3:7,
v/v). IR (KBr, cm™): 3046.1 (C—H, aromatic), 2942.6 (C—H), 1690.6 (C=N), 1624.7 (C=C),
1328.0 (C-N), 1266.5 (C-0O), 736.4 (C-S). *H NMR (DMSO-d6, 800 MHz) Sppm: 3.36 (s,
3H), 3.90 (s, 7H), 4.20 (s, 2H), 7.14 (s, 3H), 7.49-7.54 (m, 2H), 7.71-7.74 (m, 2H), 7.80(s,
1H). 3C NMR (DMSO-ds, 200 MHz) & ppm: 32.08, 39.76, 39.86, 39.97, 40.07, 40.18, 56.49,
60.64, 108.84, 124.08, 127.16, 128.18, 130.87, 133.79, 134.58, 135.37, 137.75, 139.59,
150.56, 153.51, 193.82. LCMS (m/z): 393.25 [M+ H]*. Anal. calcd. for C22H2N203S: C,
67.33; H, 5.14; N, 7.14. Anal. found: C, 67.21; H, 5.16; N, 7.16.

8-methoxy-5-(3,4,5-trimethoxyphenyl)-5,6-dihydroindeno[1,2-d]thiazolo[3,2-a]pyrimidine
(9B) Yellow crystals; Yield: 66%; m.p. 208-210°C; Rf = 0.68 (SiO., ethylacetate:n-hexane,
3:7, viv). IR (KBr, cm™): 3060.8 (C-H, aromatic), 2939.2 (C-H), 1679.6 (C=N), 1624.6
(C=C), 1330.4 (C-N), 1241.5 (C-0), 760.8 (C-S). *H NMR (DMSO-d6, 800 MHz) pp: 3.35
(s, 3H), 3.74 (s, 6H), 3.91 (s, 4H), 4.15 (s, 2H), 7.04 (dd, 1H, J = 8Hz and J = 8Hz), 7.10 (s,
3H), 7.23 (s, 1H), 7.44 (s, 1H), 7.73 (d, 1H, J = 8Hz). ¥*C NMR (DMSO-ds, 200 MHz) §
ppm: 32.22, 39.76, 39.86, 39.97, 40.07, 40.18, 56.31, 56.44, 60.63, 108.59, 110.41, 116.15,
125.87, 131.03, 132.40, 135.15, 139.32, 153.49, 165.38, 192.08. LCMS (m/z): 421.15 [M-
H]". Anal. calcd. for C23H22N204S: C, 65.38; H, 5.25; N, 6.63. Anal. found: C, 65.22; H, 5.26;
N, 6.64.

5-(4-chlorophenyl)-3-methyl-5,6-dihydroindeno[1,2-d]thiazolo[3,2-a]pyrimidine (10B)
Yellow crystals; Yield: 78%; m.p. 182-184°C; Rf = 0.43 (SiO, ethylacetate:n-hexane, 3:7,
v/v). IR (KBr, cm™): 3066.8 (C—H, aromatic), 3030.5 (C—H), 1695.5 (C=N), 1623.9 (C=C),
1326.7 (C-N), 729.1 (C-S), 1090.1 (C-CI). *H NMR (DMSO-d6, 800 MHz) Sppm: 4.13 (s,
6H), 7.49-7.58 (m, 3H), 7.68 (d, 1H, J = 8Hz), 7.72 (d, 1H, J = 8Hz), 7.80-7.83 (m, 4H). 13C
NMR (DMSO-ds, 200 MHz) 6 ppm: 32.28, 39.76, 39.86, 39.97, 40.07, 40.18, 124.16, 127.19,
128.25, 129.51, 131.90, 132.88, 134.28, 134.93, 135.55, 136.25, 137.56, 150.52, 193.76.
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LCMS (m/z): 351.02 [M™]. Anal. calcd. for C20H15CIN,S: C, 68.46; H, 4.31; N, 7.98. Anal.
found: C, 68.63; H, 4.30; N, 7.96.

5-(4-chlorophenyl)-8-methoxy-3-methyl-5,6-dihydroindeno[1,2-d]thiazolo[3,2-a]pyrimidine
(11B) Yellow crystals; Yield: 65%; m.p. 186-188°C; Rf = 0.48 (SiO., ethylacetate:n-hexane,
3:7, viv). IR (KBr, cm?): 3019.3 (C-H, aromatic), 2967.8 (C—H), 1695.5 (C=N), 1623.9
(C=C), 1326.7 (C-N), 1249.1 (C-0), 729.1 (C-S), 1090.1 (C-Cl). *H NMR (DMSO-d6, 800
MHz) dppm: 3.90 (s, SH), 4.07 (s, 4H), 7.03 (d, 1H, J = 8Hz), 7.18 (s, 1H), 7.44 (s, 1H), 7.56
(d, 2H, J = 8Hz), 7.73-7.79 (m, 3H). *C NMR (DMSO-ds, 200 MHz) & ppm: 32.35, 39.77,
39.87, 39.97, 40.08, 40.18, 56.30, 110.63, 115.96, 126.04, 129.47, 130.56, 130.89, 132.66,
134.44, 134.61, 136.85, 153.45, 165.51, 191.94. LCMS (m/z): 381.20 [M*]. Anal. calcd. for
C21H17CIN20S: C, 66.22; H, 4.50; N, 7.35. Anal. found: C, 66.38; H, 4.49; N, 7.34.

5-(4-chlorophenyl)-5,6-dihydroindeno[1,2-d]thiazolo[3,2-a]pyrimidine (12B)

Yellow crystals; Yield: 65%; m.p. 176-178°C; Rf = 0.51 (SiO, ethylacetate:n-hexane, 3:7,
viv). IR (KBr, cm?): 3067.4 (C-H, aromatic), 3030.3 (C-H), 1697.1 (C=N), 1625.0 (C=C),
1326.7 (C-N), 729.2 (C-S), 1093.0 (C-CI). *H NMR (DMSO-d6, 800 MHz) Sppm: 4.13 (s,
3H), 7.50 (s, 1H), 7.54 (s, 1H), 7.57 (d, 2H, J = 8Hz), 7.68 (d, 1H, J = 8Hz), 7.72 (d, 1H, J =
8Hz), 7.80-7.83 (m, 4H). *C NMR (DMSO-ds, 200 MHz) & ppm: 32.28, 39.75, 39.86, 39.96,
40.07, 40.17, 124.17, 127.19, 128.26, 129.51, 131.91, 132.88, 134.28, 134.93, 135.55,
136.25, 137.55, 150.52, 193.77. LCMS (m/z): 339.15 [M*?]. Anal. calcd. for C1gH13CIN,S:
C, 67.75; H, 3.89; N, 8.32. Anal. found: C, 67.61; H, 3.90; N, 8.33.

5-(4-chlorophenyl)-8-methoxy-5,6-dihydroindeno[1,2-d]thiazolo[3,2-a]pyrimidine (13B)
Light brown crystals; Yield: 60%; m.p. 184-186°C; Rf = 0.47 (SiO2, ethylacetate:n-hexane,
3:7, viv). IR (KBr, cm™): 3058.1, 3019.1 (C—H, aromatic), 2943.5 (C-H), 1688.0 (C=N),
1622.1 (C=C), 1304.0 (C-N), 1249.4 (C-0), 765.2 (C-S), 1088.4 (C-Cl). 'H NMR (DMSO-
d6, 800 MHz) éppm: 3.90 (s, 3H), 4.06 (s, 3H), 7.03 (d, 1H, J = 8Hz), 7.18 (s, 1H), 7.44 (s,
1H), 7.56 (d, 2H, J = 8Hz), 7.73-7.79 (m, 4H). 3C NMR (DMSO-ds, 200 MHz) § ppm:
32.36, 39.77, 39.87, 39.98, 40.09, 40.19, 56.30, 110.63, 115.96, 126.03, 129.47, 130.55,
130.87, 132.65, 134.43, 134.61, 136.85, 153.44, 165.50, 191.93. LCMS (m/z): 339.05 [M*2].
Anal. calcd. for C20H1sCIN2OS: C, 65.48; H, 4.12; N, 7.64. Anal. found: C, 65.63; H, 4.10;
N, 7.63.
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5-(4-chlorophenyl)-2-methyl-5,6-dihydroindeno[1,2-d]thiazolo[3,2-a]pyrimidine (14B)
Yellow crystals; Yield: 68%; m.p. 180-182°C; Rf = 0.51 (SiO, ethylacetate:n-hexane, 3:7,
v/v). IR (KBr, cm?): 3031.5 (C—H, aromatic), 2923.5 (C-H), 1695.5 (C=N), 1623.4 (C=C),
1326.9 (C-N), 729.2 (C-S), 1089.7 (C-CI). *H NMR (DMSO-d6, 800 MHz) Sppm: 4.13 (s,
6H), 7.49-7.59 (m, 3H), 7.68-7.73 (m, 2H), 7.80-7.84 (m, 4H). *C NMR (DMSO-ds, 200
MHz) 6 ppm: 32.28, 39.65, 39.86, 39.96, 40.07, 40.28, 124.17, 127.19, 128.26, 129.5, 131.9,
132.88, 134.28, 134.93, 135.55, 136.25, 137.55, 150.52, 193.77. LCMS (m/z): 349.0 [M-H]-.
Anal. calcd. for CooH15CINS: C, 68.46; H, 4.31; N, 7.98. Anal. found: C, 68.69; H, 4.32; N,
7.99.

5-(4-chlorophenyl)-8-methoxy-2-methyl-5,6-dihydroindeno[1,2-d]thiazolo[3,2-a]pyrimidine
(15B) Yellow crystals; Yield: 81%; m.p. 188-190°C; Rf = 0.66 (SiO., ethylacetate:n-hexane,
3:7, viv). IR (KBr, cm™): 3019.2 (C-H, aromatic), 2904.3 (C-H), 1688.0 (C=N), 1620.9
(C=C), 1289.4 (C-N), 1248.5 (C-0), 765.6 (C-S), 1088.7 (C-CI). *H NMR (DMSO-d6, 800
MHz) 8ppm: 3.90 (s, 5H), 4.07 (s, 4H), 7.05 (d, 1H, J = 8Hz), 7.19 (s, 1H), 7.45 (s, 1H), 7.57
(d, 2H, J = 8Hz), 7.73-7.80 (m, 3H). *3C NMR (DMSO-ds, 200 MHz) & ppm: 32.35, 39.66,
39.87, 39.97, 40.08, 40.29, 56.30, 110.64, 115.96, 126.04, 129.47, 130.56, 130.89, 132.66,
134.44, 134.61, 136.85, 153.45, 165.51, 191.95. LCMS (m/z): 382.95 [M*?]. Anal. calcd. for
C21H17CIN20S: C, 66.22; H, 4.50; N, 7.35. Anal. found: C, 66.28; H, 4.51; N, 7.33.

2.1.3 SRB assay

The Hep-G2 cells derived from human liver carcinoma were purchased from the National
Cell Repository NCCS, Pune, India and later cultured in the lab of ACTREC, Tata Memorial
Centre, Navi Mumbai, India for in vitro testing purposes. As per the instructions, the cells
were grown in Roswell Park Memorial Institute medium 1640 containing 10% fetal bovine
serum. Then, 100 uL cells containing media were seeded into 96-well plates at a density of
5x103 cells/well and incubated at 37°C in a humidified atmosphere containing 5% CO2 for
24 h prior to addition of the experimental drugs. Initially, all the experimental drugs were
solubilized in DMSO at 100 mg/mL and further diluted to 1.0 mg/mL using water and stored
frozen prior to use. Aliquots of 100 uL (containing 90 uL of medium) of various dilutions
were added to appropriate wells, resulting in the required drug concentrations of 10, 20, 40,
and 80ug/mL, and were maintained at standard conditions for 48 h. For each of the
experiments, a well-known anticancer drug Adriamycin (ADR) was used as a positive control

at concentrations of 10, 20, 40, and 80pg/mL. The assay was terminated by the gentle
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addition of 50 pL of cold 30% (w/v) trichloroacetic acid and the mixture was incubated for
60 min at 4°C. The supernatant was discarded and the plates were washed five times using
tap water and then air dried. Next, SRB solution (50 pL) at 0.4% (w/v) in 1% acetic acid was
added to each well and incubated for 20 min at room temperature. After staining, the
unbound dye was recovered and the residual dye was removed by washing five times with
1% acetic acid and then air dried. Subsequently, the bound stain was eluted with 10 mM
trizma base and the absorbance was examined at a wavelength of 540 nm on an enzyme-
linked immunosorbent assay plate reader.

The growth inhibition of 50% (GI50) was calculated using the formula [(Ti—Tz)/(C-Tz)]
x100%, where Tz represents time zero growth, C is the control growth, and Ti is the test
growth at four concentration levels in the presence of the drug [46, 47].

2.1.4 Molecular docking

The structures of the ligands were designed by Chem Draw Ultra 12.0, and the geometry was
optimized six times through Gauss View 5.0 (trial version). In addition, the National Centre
for Biotechnology Information [48] and the Protein Data Bank [49] were utilized as chemical
sources to obtain the established four homological cancer protein targets, that is, I1L-2 (1292),
IL-6 (1IL6), Caspase-3 (1QX3), and Caspase-8 (1IBC). DS Visualizer software [50] was
used to remove the co-crystal with the assigned target. Next, the active site was identified
using the CASTp database [51]. For a particular system, validation of the docking protocol
was performed using re-docking studies, where we found excellent agreement between the
localization of ligands upon docking, and from the crystal structure of the assigned targets.
We demonstrated the reliability and quality of the docking method in reproducing
experimentally observed binding-mode-assigned targets. In addition, the docking analyses of
the test set were carried out using Autodock4.1l [52] together with the Lamarkian genetic
algorithm for automated flexible ligand docking, and the binding energy was estimated as

negative kcal/mol. In addition, probable H-bonds and n-bonds were also assessed [53—55].

2.1.5 Prediction of ADME properties

The ADME and drug-like properties of selected ligands were predicted by employing
MedChem Designer and QikProp tools. Chemical structures were optimized with LigPrep.
Additionally, the percentage absorbance (% ABS) and Lipinski’s violation were evaluated for
this study [56].
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2.1.6 MD simulation

The nature of the inhibitor used on the active site domain of IL-6 was investigated by means
of MD simulation studies. The energies of dock configurations were minimized to eliminate
the unfavorable atomic contacts as starting conformations for dynamic simulation in Elmar
Krieger MD simulation tools (trial version) [57]. An AMBERO3 force field was assigned to
execute a real-time MD simulation [58]. The complex was solvated through an HOH model
at density =0.997 g/L inside the 10A simulation cell boundary and then adjusted to the
physiologic pH at 7.4. Moreover, physiologic NaCl solution with 0.9% mass fraction Na+
and CI” ion concentration was used to maintain and neutralize the simulation cell boundary.
Then, the MD simulation was run for 3,000 ps at a temperature of 298 K and 1 bar pressure
to obtain snapshot (sim) trajectories. Finally, the sim trajectories were analyzed and the

resulting data were plotted using Sigma Plot 11.0 tools.

2.2 RESULTS AND DISCUSSION
2.2.1 Design

These two core structural motifs are formed by the fusion of three biodynamic privileged
heterosystems in such a way that one nitrogen atom occupies a bridge head position,
therefore being common to both the heterocyclic rings, that is, the thiazole and the pyrimidine
rings, and possessing unique structural diversity. Thiazolo[2,3-b]quinazoline and
thiazolo[3,2-a]pyrimidine, as heterocyclic skeletons, exhibit a diverse range of pharmacologic
activities. In view of the great medicinal importance associated with these remarkable
structures, we are interested in studying MDRs with the aim of evolving an efficient and
highly convergent synthetic procedure for the library of densely functionalized 5H-
benzo[h]thiazolo[2,3-b]quinazoline (1A—15A) and indeno[1,2-d]thiazolo[3,2-a]pyrimidine

(1B—15B) analogs in a single operation.

We initiated our study of the proposed method with 10 mol% p-TSA as the acidic
catalyst (Scheme 5) by investigating the conditions for the reaction comprising 5-methoxy-
2,3-dihydro-1H-inden-1-one (1 mmol), 4-bromobenzaldehyde (1 mmol), 4-methylthiazol-2-
amine (1 mmol), and EtOH (5.0 mL) at 60°C to yield the corresponding product (4B, 51%
yield) as a model in 4.5 h (entry 1). With this finding in hand, when the acidic catalyst was
changed from 10% to 20% and the temperature from 60°C to 80°C, the product yield

increased to 69% after 3 h reaction time (entry 4). We examined the reaction in different
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organic solvents, including EtOH, methanol (MeOH), ethylacetate (EtOAc), acetonitrile
(CH3CN), and toluene (PhCH3) under varied temperature conditions (Table 2.1). The
proposed reaction is optimized for the amount of acidic catalyst required, as well as for
temperature, to improve the yields of the desired molecules (entries 1-8), and the optimum
amount was found to be 20 mol% p-TSA in EtOH at 80°C. The best results were obtained for
20 mol% p-TSA in 3 h at 80°C (entry 4, 69% yield).

Condltlons

o’ a HZN—QSEL O' O .

N
c Hj H;CO

Scheme 5 Optimization of the model reaction

Note: substituted a-indanone (a'), substituted aromatic aldehydes (b) and distinctive 2-

aminothiazoles (c).

Table 2.1 Optimization of catalytic amount of p-TSA, non-aqueous solvents and temperature
in one-pot synthesis of the model reaction.?

Entry | p-TSA Solvents Temp (°C) | Time (h) | Yield (%0)°
(mol%)
1 10 EtOH 60 4.5 51
2 10 EtOH 80 4.0 56
3 20 EtOH 60 3.5 63
4 20 EtOH 80 3.0 69
5 10 MeOH 60 5.0 49
6 10 MeOH 80 4.5 54
7 20 MeOH 60 4.0 54
8 20 MeOH 80 3.5 60
9 20 EtOAC reflux 5.0 33
10 20 CH3CN reflux 5.0 29
11 20 Ph-CH3 reflux 5.0 27

Notes: #Reaction conditions: 5-methoxy-2,3-dihydro-1H-inden-1-one (1 mmol), 4-bromo
benzaldehyde (1 mmol), 4-methylthiazol-2-amine (1 mmol), solvent (5.0 mL) and p-TSA.
bIsolated pure yield. Bold entry signifies the optimized reaction conditions.

Abbreviations: CH3CN, acetonitrile; EtOAc, ethylacetate; EtOH, ethanol; MeOH, methanol;
PhCHg, toluene; p-TSA, p-toluenesulfonic acid.
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In order to explore the scope of these conditions, we embarked on the synthesis of a panel of
novel 5H-benzo[h]thiazolo[2,3-b]quinazoline (1A-15A) and indeno[1,2-d]thiazolo[3,2-
a]pyrimidine (1B-15B) analogs bearing a bridgehead nitrogen atom from a range of
substrates by the advancement of facile and efficient MDRs of highly substituted a-tetralone
(a) or a-indanone (a’) with some aromatic aldehydes (b) and distinctive 2-aminothiazoles (c)
in EtOH in the presence of 20 mol% p-TSA.

The a-tetralone, 6-methoxy-1-tetralone, 7-methoxy-1-tetralone or o-indanone, 5-
methoxy-1-indanone, and the substituted benzaldehydes with 4-bromo, trimethoxy, 3-
hydroxy-4-methoxy (vanillin), 4-chloro were reacted with distinctive 2-aminothiazole, 4-
methylthiazol-2-amine, 5-methylthiazol-2-amine to afford a library of proposed target
molecules, that is, (LA-15A) and (1B-15B), respectively.

The one-pot, three-component reaction went smoothly in EtOH in the presence of p-
TSA and gave the targeted compounds (LA-15A) and (1B-15B) in impressive yields up to

86%. The various substitutions of synthesized derivatives are given in Table 2.2A and B.

All the newly synthesized compounds were authenticated on the basis of Fourier
transform infrared spectroscopy, LCMS, and 1H and 13C NMR spectral and elemental

analyses.

Desired compounds have also been synthesized by a multistep synthesis involving the
reaction of distinctive 2-aminothiazoles with the appropriate  benzylidene-
tetralones/indanones achieved by the reaction of highly substituted o-tetralone or a-indanone
with different aromatic aldehydes, piperidine and glacial acetic acid in EtOH. This reaction
proceeds in two steps with a comparatively longer reaction time (18-20 h) and giving
moderate yields (40%-50%).

Table 2.2 Various substitutions and in vitro cytotoxicity data of synthesized derivatives
against human hepatoma (Hep-G2) cell lines: A (1A-15A) and B (1B-15B)
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Comp. | X1 X2 R1 R> Rs Y1 Y2 Glso LCso, | TGI
Code pg/mL | pg/mL | pg/mL
1A -H -H -H -Br -H -H -H >80 NE NE
2A -OCH3z | -H -H -Br -H -H -CHs | NE NE NE
3A -H -OCHs3 | -OCH3 | -OCH3 | -OCHs | -H -H NE NE NE
4A -H -OCH; | -OCHs; | -OH -H -H -H <10 >80 >80
5A -OCHsz | -H -H -Br -H -H -H >80 >80 >80
6A -OCH; | -H -OCHs | -OCHs | -OCH3 | -H -H <10 NE NE
7A -H -H -H -OH -H -H -H 76.1 NE NE
8A -H -OCHsz | -H -Cl -H -CHs | -H >80 NE NE
9A -OCH3z | -H -H -Cl -H -CHs | -H >80 NE NE
10A -H -H -H -Cl -H -CHz | -H >80 NE NE
11A -H -OCH3z | -H -Cl -H -H -H >80 NE NE
12A -H -H -H -Cl -H -H -H >80 NE NE
13A -H -OCH3z | -H -Cl -H -H -CHz | >80 NE NE
14A -OCH3z | -H -H -Cl -H -H -CHz | >80 NE NE
15A -H -H -H -Cl -H -H -CHz | >80 NE NE
Comp. | X R: | Rz R3 R4 Y1 Y2 Glso LCso, TGl
Code pMg/mL | pg/mL pg/mL
1B -H -H | -H -Br -H -H -H >80 NE NE
2B -H -Cl | -H -H -H -H -H >80 NE NE
3B -H -H | -H -Br -H -H -CHz | >80 NE NE
4B -OCH; |-H | -H -Br -H -CHz | -H >80 NE NE
5B -H -H | -H -Br -H -CHz | -H >80 NE NE
6B -OCHsz |-H | -H -Br -H -H -H >80 NE NE
7B -OCH; |-H | -H -Br -H -H -CHz | >80 NE NE
8B -H -H | -OCH3 | -OCH3 | -OCHs | -H -H >80 NE NE
9B -OCH; |-H | -OCH3 | -OCH3 | -OCHs | -H -H >80 NE NE
10B -H -H | -H -Cl -H -CHz | -H >80 NE NE
11B -OCH; |-H |-H -Cl -H -CHz | -H >80 NE NE
12B -H -H | -H -Cl -H -H -H >80 NE NE
13B -OCHsz |-H | -H -Cl -H -H -H >80 NE NE
14B -H -H | -H -Cl -H -H -CHz | >80 NE NE
15B -OCH; |-H |-H -Cl -H -H -CHz | >80 NE NE
ADR <10 NE <10

Notes: *Glso value of < 10 pg/ml (or 1 uM) is considered to demonstrate activity in case of
pure compounds (synthetic compound). Bold values indicate the active compounds.

Abbreviations: ADR, adriamycin, positive control compound; Glso, concentration of drug
causing 50% inhibition of cell growth; LCso, concentration of drug causing 50% cell kill; NE,
“not effective” even at the concentration >80 pg/ml; TGI, concentration of drug causing total

inhibition of cell growth.
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2.2.2 Plausible mechanism

These reactions presumably proceed through a Knoevenagel condensation between
substituted o-tetralone or a-indanone and some appropriate aromatic aldehydes in the first
step to construct o,B-unsaturated ketones, respectively, which undergo a Michael-type
addition approach with the nucleophilic endocyclic nitrogen of the distinctive 2-
aminothiazole under the maintained reaction conditions. Then, successive intramolecular
cyclization occurred with the loss of a water molecule to give 5H-benzo[h]thiazolo[2,3-b]
quinazolines (1A—15A) and indeno[1,2-d]thiazolo[3,2-a]pyrimidines (1B—15B).

In this setting, the domino approach and the reaction sequence of Knoevenagel
condensation/Michael-type addition/intramolecular cyclization were done in a single step in a

one-pot procedure in EtOH. The plausible mechanism for the reaction is delineated in

Scheme 6.
. H __o
o (m 0/ o (on,
X, X, X Ry
O‘ + KnoevenagelCondensation O‘ H O
X, X, Rs Ri  Reflux, Ethanol  Xi Re
R, R3
a b Y2
sﬁ\
Y, Ho [\Hn 532,

Y, -
Si s Michael H c
\ H A\ type addition
Y -H,0 =/ 1 yp
NJ\N ! 2 N

Lee) —— 0

-

X, N cyclization HO R, X, P R

DORAEEESS SRS ¢

Xy R2 X] RZ
R3 R X1 R3

2 Rs3
(1A-15A)

Scheme 6 Plausible scenario to account for the formation of (1A-15A) and same for the
preparation of (1B-15B)
Note: substituted o-tetralone (a), substituted aromatic aldehydes (b) and distinctive 2-

aminothiazoles (c).
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2.2.3 In vitro antitumor screening

A library of 30 5H-benzo[h]thiazolo[2,3-b]quinazoline and indeno[1,2-d]thiazolo[3,2-a]
pyrimidine derivatives were screened against Hep-G2 cells. The inhibition activities (G150)
of the synthetic compounds 1A-15A, 1B-15B, and ADR on Hep-G2 cells are summarized in
Table 2.2A and B. The effects of treatment with the most active members (4A and 6A) of this
study and with ADR on Hep-G2 are shown by the plotted growth curve (Figure 2.1) and the
microscopic images (Figure 2.2).

150+ 2001
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2 1001 l\!\'\, °
b ]
0 3 100-
g 501 =
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O o0 ; . . ,‘ S
L 20 49 60 80 0 . . . .
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1A 2A 3A 4A 8A = OA 10A 11A
~ 5A <+ bA = TA — 1A = 13A - LA -+ 15A
150- 150-
=
3 5 i
o 100 % 100
10 jul
E 2 50
) (@] -
5 50- =
10 o
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O 1 1 1 1
0 20 40 60 80 -50-
Drug Concentration (ug/mL) Drug Concentration (pg/mL)
1B — 2B 3B 4B 98 - 10B 11B 12B
~— 58 —- 68 - 7B — 8B —~ 13B - 14B - 15B — ADR

Figure 2.1 Growth Curve of (LA-15A and 1B-15B): Human Hepatoma Cell Line (Hep-G2).
Abbreviation: ADR, Adriamycin.
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Figure 2.2 Microscopic pictures showing the effect of treatments with the active compounds
(A) 4A and (B) 6A and the reference drug (C) ADR on Hep-G2 human liver cancer cell line.
Note: Scale bar 50 um.

Abbreviation: ADR, Adriamycin.

Close examination of the activity data (Table 2.2A and B) revealed that the presence of
—OH and —OCH3 groups in the phenyl ring, preferably at the R1, R2, and R3 positions, in
conjugation with the introduction of the —OCH3 group in the tetralone ring at X1 or X2 is
crucial for inhibitory activity. Substitution of 3-methoxy-4-hydroxy on the phenyl ring and 6-
methoxy on the tetralone ring led to compound 4A, while substitutions of 3,4,5-trimethoxy on
the phenyl ring and 7-methoxy on the tetralone ring led to compound 6A with better
cytotoxicity (GI50 ,10 pg/mL). In contrast, substitutions with —Br, —Cl, and —OH groups on
the phenyl ring at the R2 position were ineffective against Hep-G2 cells. The methyl
substitution on the thiazole ring did not contribute to producing inhibitory activity.

Department of Pharmaceutical Sciences, BBAU, Lucknow, 2017 Page 45



Chapter 2 Syntheses, molecular modeling and in vitro antitumor activity

Replacement of the tetralone ring with the indanone ring system, that is, 1B—15B, reduced the
anticancer activity against Hep-G2 human liver cancer cell lines.

The growth curve of the in vitro findings suggested that the percentage growth
inhibition values of the potent compounds 4A and 6A was <50% at 10 pg/mL concentration,
but they did not move toward a negative value. Therefore, it might be expected in future that
both compounds could lead to the death of cancerous cells while minimizing that of normal
cells.

2.2.4 Molecular docking studies

Computational analysis was performed using various well-known liver cancer targets,
specifically IL-2, IL-6, Caspase-3, and Caspase-8, through Autodoc 4.1, together with
Lamarkian genetic algorithm for automated docking of flexible ligands. Molecular docking
poses of both the potent compounds 4A and 6A with the related targets IL-2, IL-6, Caspase-3,
and Caspase-8 are presented in Figure 2.3 which indicates the interactions of amino acids
with ligands, H-bonds, and m-bonds as well as the bond lengths. The docking affinities
(kcal/mol), numbers of H-bonds and m-bonds, and the interactions of amino acids of the

potent members with them are given in Table 2.3.

Compounds 4A and 6A exhibited strong affinity (binding interaction energy ranged
from -6.1 to -7.87 kcal/mol), while others showed good binding affinity with preferred
molecular targets. Compound 4A displayed excellent affinity with IL-6 (-7.87 kcal/mol, 2H
and 4n-bonds), IL-2 (-7.68 kcal/mol, 5m-bonds), Caspase-3 (-6.69 kcal/mol, 1H and 7x-
bonds), and Caspase-8 (-6.48 kcal/mol, 1zm-bond). A similar pattern was observed for
compound 6A with IL-2 (-7.63 kcal/mol, 1H and 1x-bonds), IL-6 (-7.43 kcal/mol, 2H and 4n-
bonds), and Caspase-8 (-6.76 kcal/mol, 1H and 5n-bond), but with less affinity for Caspase-3
(-6.14 kcal/mol, 1H and 6z-bonds).

Moreover, both the active members of the present study have strong affinity binding to
IL-2, Caspase-3, Caspase-8, and the binding energies, particularly for the IL-6 receptor site,
are predominantly high (from -7.43 to -7.87 kcal/mol). Accordingly, it might be assumed that
the promising cytotoxic properties of these compounds, which were indicated by the in vitro
antitumor activity on Hep-G2 cells, might be better mediated through an IL-6-dependent

mechanism (Table 2.3).
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Interleukin-2 (IL-2):

4A 6A
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Caspase-3:

Caspase-8:

TREME .

. A
»

4A 6A

Figure 2.3 Docking images of active compounds, 4A & 6A for IL-2, IL-6, Caspase-3 and
Caspase-8

Abbreviation: IL, interleukin.
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Table 2.3 Docking affinity of active compounds with assigned anticancer receptors

Ligands

Receptors

Binding
affinity
[kecal/
mol]

Amino acids involved in interaction

H_
bonds

n_

bonds

4A

IL-2

-7.680

ARG A 38 THR A 41 ASP B 6 ALA B
13THRB 14 PHEB 15LYSB 16 TYR
B 20 GLU B 106 THR B 115 GLU B 116
ARG B 117 ILE B 118 TYR B 119 PHE
B 121

IL-6

-7.871

ASN A 62 LEU A 63 PRO A66 LYS A
67 MET A 68 ALA A69 PHE A 75 LEU
A 166 ARG A 169 SER A 170 GLU A
173 PHE A 174 SER A 177

Caspase-3

-6.695

THR A62SERAG65TYR A 204 TRP A
206 ARG A 207 SER A 209 PHE A 250
SER A 251 PHE A 256 HOH A 645
HOH A 684 HOH A 696 HOH A 708
HOH A 733 HOH A 736

Caspase-8

-6.480

SER A65TYR A 204 TRP A 206 ARG
A 207 ASN A 208 SER A 209 TRP A
214 GLU A 248 SER A 249 PHE A 250
SER A 251

6A

IL-2

-7.630

ARGA38THRA41ASPB6 GLUB9
PHEB 15LYSB 16 ALAB 17 TYRB
20 GLU B 113 THR B 115 GLU B 116
ARG B 117 ILE B 118 TYR B 119 PHE
B 121

IL-6

-7.438

GLU A43 THR A 44 LYS A 47 SER A
48 MET A 50 ARG A 105 PHE A 106
GLU A 107 SER A 108 GLN A 157 TRP
A 158 ASP A 161 THR A 164

Caspase-3

-6.142

SERA65TYR A 204 TRP A 206 ARG
A 207 ASN A 208 SER A 209 TRP A
214 SER A 249 PHE A 250 SER A 251
PHE A 256 HOH A 645 HOH A 665
HOH A 684 HOH A 696 HOH A 736

Caspase-8

-6.760

SER A 63 ARG A64 SERAG5TYRA
204 SER A 205 TRP A 206 ARG A 207
ASN A 208 SER A 209 TRP A 214 GLU
A 248 SER A 249 PHE A 250 SER A
251
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2.2.5 Prediction of ADME properties
A study of pharmacokinetic parameters was carried out utilizing QikProp version 4.5 tools to
predict the ADME properties of both series (LA-15A) and (1B—15B) and the ranges for the
calculated properties of all members, along with their average values are summarized in
Table 2.4. In addition, we also calculated % ABS, number of H-bond acceptors (n—OH),
number of H-bond donors (n-OHNH), octanol/water partition coefficients (QPlogPo/w), and
Lipinski’s violation.

Interestingly, it was found that the % ABS obtained for all members was 100% and
the QPlogPo/w prediction was found to be within the accepted range of -2.0 to 6.5.
Moreover, all members followed the violated Lipinski parameters.

Table 2.4- Pharmacokinetic parameters important for oral bioavailability and protein binding

parameters of synthesized compounds

Comp. | % ABS | MW Volume | Donor | Acceptor | Lipinski’s | QPlogPo/w
HB HB violation

Rule | >80% | <500 5000 -|<5 <10 <1 -2.0 t0 6.5

is high to 2000.0

<25%

is poor
1A 100 395.316 | 1041.638 | 0 1 1 6.493
2A 100 439.369 | 1168.198 | 0 1.75 1 6.799
3A 100 436.525 | 1261.8 0 4 1 6.007
4 A 100 392.472 1 1138.921 | 1 3.25 1 5.196
5A 100 425.342 | 1105.697 | 0 1.75 1 6.476
6A 100 436.525 | 1261.747 | 0 4 1 6.006
7A 100 332.419 | 1011.802 | 1 1.75 1 5.108
8A 100 394.92 |1041.638 |0 1 1 6.493
9A 100 394.92 | 1159.867 | 0 1.75 1 6.724
10A | 100 364.892 | 1065.077 | 0 1 1 6.576
11A [100 380.891 | 1097.431 | 0 1.75 1 6.402
12A | 100 350.865 | 1033.256 | 0 1 1 6.419
13A [100 394.918 | 1159.867 | 0 1.75 1 6.724
14 A | 100 394.918 | 1159.815 | 0 1.75 1 6.724
15A [100 364.892 | 1095.69 |0 1 1 6.741
1B 100 381.289 | 972937 |0 1 1 6.036
2B 100 336.838 | 942479 |0 1 1 5.672
3B 100 395.316 | 1037.84 |0 1 1 6.374
4B 100 425.342 | 1080.745 | 0 1.75 1 6.247
5B 100 395.316 | 1016.635 | 0 1 1 6.264
6 B 100 411.315 | 1037.038 | 0 1.75 1 6.018
7B 100 425.342 | 1101.954 | 0 1.75 1 6.357
8B 100 392472 1112239 |0 3.25 1 5.516
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9B 100 422.498 | 1177.838 | 0 4 1 5.445
10B 100 350.865 | 1008.558 | 0 1 1 6.191
11B 100 380.891 | 1072.663 | 0 1.75 1 6.174
12B 100 336.838 | 964548 |0 1 1 5.961
13B 100 366.864 | 1028.656 | 0 1.75 1 5.943
14 B 100 350.865 | 1029.454 | 0 1 1 6.3

15B 100 380.891 | 1093.555 | 0 1.75 1 6.282

2.2.6. MD simulation

MD simulation was performed on the active inhibitor 4A with IL-6 to explore the
binding poses in depth. Compound 4A displayed high binding affinity (low docking energy)
and stable complex for IL-6 receptor. Therefore, we decided to investigate the influence of
compound 4A on the active site of IL-6 receptor.

The stability of the system under simulation was assessed using the root-mean-square
deviation (RMSD) of atomic positions of the backbone atoms, relative to the starting
structures. The binding energy versus time plot indicates the change in conformation and,
therefore, the binding energy, with respect to time. As shown in Figures 2.4 and 2.5, the
RMSD, the binding energy, and the potential energy of IL-6 with compound 4A, including
the complex, were computed using MD trajectory frames. Furthermore, we monitored the

structural stability of the backbone structure throughout the process through a graphic profile.

We observed a dramatic fluctuation in RMSD at 1,000 ps (time), whereas no significant
fluctuations were observed after 1,500 ps (time), and it achieved an almost steady state,
indicating the stability of the backbone structure with the ligand at about 1,500 ps time in the

MD simulation.

The binding energy and the potential energy of the complex were estimated as a
function of time, which indicated that the potential energy (kJ/mol) did not show further
fluctuations after 100 ps, whereas the average complex binding energy was observed to be
about -0.9 kg/mol. The fluctuations in the residue of the backbone structure are illustrated in
Figure 2.4.

In summary, we examined these data, where we found the structural stability of

compound 4A with the active site domain of IL-6 receptor.
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Figure 2.4 Docking complex of 4Awith the IL-6 receptor.

Notes: Structural conformational changes before MD simulation (A) and after MD
simulation (B): Back bone of active site domain complex, which shows the contraction of
ligand with amino acids residue.

Abbreviations: IL, interleukin; MD, molecular dynamic.
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Figure 2.5 The stability profile of ligand and protein complex under the MD simulation.
Notes: (A) Average RMSD versus time graph that shows the convergence of simulated
structure toward an equilibrium state with respect to the reference structure (initial structure).
(B) Potential energy of complex versus time graph that shows the stability of ligand and
protein complex and (C) binding energy of complex versus time graph that also shows the
stability of ligand and protein complex.

Abbreviations: MD, molecular dynamic; RMSD, root-mean-square deviation.
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3. INTRODUCTION

Toxicity testing of novel compounds is important for the drug development process. Acute
oral toxicity studies are performed to evaluate the degree to which substances are toxic for
animals, humans or the environment, to analyse the mechanism of toxic chemicals, and to

develop new or improved tests for the specific types of chemically induced effects.

Acute oral toxicity study of both 4A and 6A was performed as per revised
Organization for Economic Cooperation and Development (OECD) guidelines 423 [1]. Both
4A and 6A were dissolved in 0.25% carboxymethyl cellulose (CMC) and administered orally
at the dose of 5 and 10 mg/kg body weight to albino Wistar rats for 15 days (n=10) and the
animals were observed every day for any toxic manifestations (Figure 3.1).

S S
A A

‘ ' ‘ OH H,CO ‘ ‘ ‘ OCH,
OCH,

4A 6A

Figure 3.1 Chemical structures of 4A (2-methoxy-4-(2-methoxy-6,7-dihydro-5H-benzo[h]
thiazolo[2,3-b]quinazolin-7-yl)phenol) and 6A (3-methoxy-7-(3,4,5-trimethoxyphenyl)-6,7-
dihydro-5H-benzo[h]thiazolo[2,3-b]quinazoline).

3.1 MATERIALS AND METHODS

3.1.1 Chemicals and reagents

NDEA was obtained from Sigma Aldrich, Bengaluru, India. Sodium citrate, disodium
hydrogen phosphate, trichloroacetic acid and potassium dihydrogen phosphate were procured
from SD Fine Chemicals, Mumbai, India. And other reagents used in this study, were of

analytical grade.
3.1.2 Procurement and acclimatization of animals

Healthy male Wistar albino rats, weighing 80-120 g, were obtained from central animal
house facility of S. D. College of Pharmacy & Vocational Studies, Muzaffarnagar, Uttar

Pradesh, India and were housed in polypropylene cages with rice husks for bedding. The
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experiment was performed as per The Committee for the Purpose of Control and Supervision
of Experiments on Animals (CPCSEA) guidelines for laboratory animals and ethics,
Department of animal  welfare, Government of India  (Approval No.
SDCOP&VS/AH/CPCSEA/01/0038/R1). Animals were acclimatized under standard
laboratory conditions (at 25+5°C; relative humidity of 44-56%; 12 h light: dark cycle) with
free access of standard rat chow and water ad libitium.

3.1.3 Acute toxicity protocol

Acute oral toxicity study of 4A and 6A compounds were performed at doses of 5 and 10
mg/kg body (n=10, rats each group) weight according to the OECD guidelines of the testing
of chemicals [2]. 4A and 6A were dissolved in 0.25% carboxymethyl cellulose (CMC) and
administered orally to albino Wistar rats for 15 days and the animals were observed every
day for any toxic manifestation. Later, blood was collected in 2 mL eppendorf tube from the
retro-orbital of rats and centrifuged at 5,000 rpm (4°C) for 10 min to separate the serum and
stored at -20°C until analysis. Livers were dissected out and rinsed with ice cold saline and
stored at -20°C for further studies.

Various biological parameters such as AST and ALT; bilirubin and biliverdin; and
various biochemical parameters (SOD, CAT, PC, GSH, TBARS) were measured during the

experiment.
3.1.4 Measurements of body weight

The body weight of each animal from the each group was measured using a sensitive balance,

one before the commencement of dosing and one on the day of sacrifice.
3.1.5 Estimation of oxidative stress parameters
3.1.5.1 Tissue malonaldehyde (MDA)

The measurement of MDA was carried out according to previously literatures [3]. 1.0 mL of
10% (w/v) tissue homogenate, 0.5 mL of 0.8% thiobarbituric acid and 0.5 mL of 30%
trichloroacetic acid were used collectively in a falcon tube and enclosed with aluminium foil.
After that, the tubes were kept in a shaking water bath for 30 min at 80°C. Then, it was

cooled for 15 min and centrifuged at 3000 rpm for 15 min.
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Absorbance was measured spectrophotometrically at 540 nm against blank and tissue
samples. The amount of MDA present in a sample was calculated according to the following

equation:

nM of MDA/ug of protein = (V x OD at 540 nm)/(0.56 x protein concentration).
Where, V is final volume of the test solution.
3.1.5.2 Tissue protein carbonyl (PC)

PC assay was carried out according to the method given in the previous literature with slight
modifications [4]. 10% tissue homogenate was prepared in distilled water. 150 pL of tissue
homogenate was poured in eppendorf tube and precipitated by adding 500 pL of 10%
trichloracetic acid. After that, the tubes were centrifuges at 13,000 rpm for 2 min and

supernatant was discarded.

Later, the cell pellets were incubated with 500 pL of 0.2% 2,4-dinitrophenylhydrazine
with constant vortexing at every 5 min interval for 1h. Next, supernatant was removed and
cell pellets were washed with 500 uL ethanol: ethyl acetate (1:1) solution three times. Later,
pellets were dissolved in 600 pL Guanidine Hydrochloride (6M) and absorbance was
recorded at 360nm. Similar procedure was performed for preparing Blanks solution where

cells were absent. The PC content was calculated as follows:
PC (ug/mg of protein) = (A360sample — A360sample blank)/mg of protein
3.1.5.3 Tissue glutathione (GSH)

GSH assay was carried out according to method prescribed in the previous literature with
slight modifications [5]. 0.2 mL of 10% (w/v) tissue homogenate was added in eppendorf
tube and 1.8 mL distilled water added to it. At the same time, precipitating solution was
prepared by mixing 0.2 g ethylenediaminetetraacetic acid disodium salt, 1.67 g of glacial

metaphosphoric acid, and 30 g sodium chloride in 100 mL distilled water.

Further, this precipitating solution was added to the above mixture. The mixture was
then allowed to stand for 5 min and filtered. To 2 mL of filtrate, 8.0 mL of 0.3 M phosphate
solution and 1.0 mL of 0.4% w/v 5,5’-dithio-bis-2-nitrobenzoic acid were added and
centrifuged at 13000 rpm for 1 min. Similar procedure was performed for preparing Blanks

solution where cells were absent. Then, the optical density (OD) was recorded at 412 nm.
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The total protein content of each sample was measured using the Bradford reagent and bovine
serum albumin (BSA) was used as a standard. The tissue GSH content was calculated as
follows:

GSH (uM/pg of protein) = (310.4 x Eix OD at 412 nm)/pg of protein.

Where, Ei is the correction factor (0.542)
3.1.5.4 Tissue superoxide dismutase (SOD)

Determination of SOD in the test samples were carried out according to method prescribed in
the previous literature with slight modifications [6]. 100 uL of 10% cytosolic supernatant was
prepared with tris—hydrochloric acid buffer (pH = 8.5) and final volume was adjusted up to
3.0 mL with the same buffer. Lastly, 25 pL of pyrogallol was added and change in
absorbance was recorded at 420 nm at one min interval for 3 mins. Similar procedure was

performed for preparing blanks solution where cells were absent.

One unit of SOD is expressed as the amount of enzyme required causing 50%
inhibition of pyrogallol auto-oxidation per 3 mL of assay mixture and is given by the

formula:
Unit of SOD/ug or protein = [100 x [(A-B)/(Ax50)]]/ug of protein.

Where, A = Change in absorbance per min in control and B = Change in absorbance per min

in test sample.
3.1.5.5 Tissue catalase (CAT)

CAT enzyme estimation was carried out according to procedure which was explained
previously [3]. 10% (w/v) tissue homogenate was prepared in 50 mM phosphate buffer and
centrifuged at 10000 rpm for 20 mins. 50 pL of supernatant was added to a tube containing
2.9 mL of 19 mM solution of hydrogen peroxide (H20.) prepared in potassium phosphate
buffer. Disappearance of H.O> was monitored at 1 min interval for 3 mins at 240 nm. CAT

activity was calculated as follows:

nM of H202/min/pg of protein = (AA/min X volume of assay) / (0.0719 x volume of sample x
ug of protein).
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3.1.6 Biochemical estimations
3.1.6.1 Aspartate aminotransferase (AST) and alanine aminotransferase (ALT)

AST and ALT were estimated in serum using a commercially available kit from Transia
Biomedicals Ltd., Baddi, and Himachal Pradesh, India. According to the manufacturer’s
protocol, 100 ul serum samples added 100 ul of working reagent and measured the

absorbance at 340nm at regular intervals of 1 min for 3 mins [7].
Activity of ALT or AST (U/mL) = AA340/min x 1768.

3.1.6.2 Tissue Bilirubin

Bilirubin in liver was measured as per the following procedure published earlier in the
literature with slight modifications [8, 9]. All the tissue samples were thawed and
homogenized in phosphate buffer saline (8.0 g sodium chloride, 0.2 g potassium chloride, 0.2
g potassium dihydrogen phosphate, 1.15 g disodium hydrogen phosphate, 0.372 g ethylene
diaminetetraacetic acid disodium salt, pH 7.4). 500 pL of tissue homogenate (10%) was
added to 2.0 mL of 1.5% butylatedhydroxy toluene in acetone:ethanol (1:1) in a
eppendorf tube.

Simultaneously, fresh diazo reagent was prepared by mixing 300 pL of 10% sodium
nitrite and 8.0 mL of 2M p-toluene sulfonic acid, then combining 4.0 mL of this mixture
with 2.0 mL of 2.1% p-iodoaniline in glacial acetic acid, kept at room temperature for
2.0 min. Then the solution was diluted with distilled water (10 mL) and 200 pL of 1.5M
ammonium sulfamate. This working diazo reagent was kept on ice for 5 min and 500 pL
was added to each sample homogenates. Diazo blank reagent was freshly prepared by
combining 2 mL of p-toluene sulfonic acid and 5.0 mL of 10% ascorbic acid, followed by
addition of 2.1% p-iodoaniline in glacial acetic acid and 2.0 mL of n- butyl acetate, mixed

and used immediately.

Finally, all the tubes were incubated for 1 hour on ice in dark. After incubation,
freshly prepared 3.0 mL of 1% ascorbic acid in 0.1 M sodium chloride was added to
each vial. All the vials were shaken vigorously, kept for 1.0 min and centrifuged at 2400
rpm for 10 min. The absorbance of the upper organic phase was taken at 530 nM wavelength.

The content of bilirubin was calculated as follows:

Aszosample — Aszoblank = AAszoTest
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3.1.6.3 Tissue biliverdin
Estimation of biliverdin was performed as per the method prescribed in the previous literature
with slight modifications [8, 9]. Tissue samples were homogenized in phosphate buffer saline
as per described in the previous section. 500 pL of tissue homogenate (10%) was
combined with 500 pL of 10 M glacial acetic acid, 400 pL of 40 mM ascorbic acid,
500 pL of double distilled water and 100 pL of 200 mM barbituric acid. Samples were
incubated in a water bath at 95°C in dark and then samples were extracted with butanol,
vortexed and centrifuged. The upper organic layer was carefully removed and extracted with
2.5 mL 2M sodium hydroxide. The absorbance of upper layer was taken at 535 nM
wavelength. The content of biliverdin was calculated as follows:

Aszssample — Aszsblank = AAsszsTest

3.2 RESULTS
3.2.1 Body weight variation

The body weight variation was not more prominent in both doses 5 mg/kg and 10 mg/kg rats
as compared to normal control rats after oral administration of 4A and 6A for 15 days.

Table 3.1 Effects of 4A and 6A on body weight and after oral administration of 5 and 10
mg/kg for 15 days.

Groups Initial body Final body weight  Weight Percentage
weight (gm) (gm) gain (gm) growth
NC 107.33£10.08 144.50+2.46 37.1746.72 25.72
4A(5) 108.67+£12.54 136.83+13.27* 28.17+1.47 20.58
4A(10) 109.17£10.06 140.5045.04* 31.33+3.02* 22.30
6A(5) 106.8046.95 140.61+4.11* 33.81+1.92* 24.05
6A(10) 107.98+4.81 140.56+6.18** 32.58+1.94** 23.18

Data represented as meantSD (n=10). Statistically significant differences were observed
between normal control and test groups [Unpaired student T-test (*p<0.001, **p<0.01)].
Abbreviations: normal control (NC), 4A 5 mg/kg {4A (5)}, 4A 10 mg/kg {4A (10)}, 6A 5
mg/kg {5A (5)}, 6A 10 mg/kg {6A (5)}.

3.2.2 Physiological and biochemical parameters in liver and various enzyme levels in
serum

The effect of 4A and 6A on the changes in body weight of rats was illustrated in Table 3.1.
After 15 days of exposure with 4A and 6A, a slight increase in body weight was observed in
all animal groups. No mortality and behavioural changes were observed up to 15 days. Both

compounds were safe at 10 mg/kg dose for 15 days.
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Various biological parameters such as AST and ALT; bilirubin and biliverdin; and various
biochemical parameters (SOD, CAT, PC, GSH, TBARS) were measured during this study.
We observed various enzyme levels i.e. alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) in serum; bilirubin and biliverdin in liver tissue during acute toxicity
studies of both compounds (Figure 3.2 & 3.3).
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Figure 3.2 Effects of 4A and 6A on enzyme levels in serum after 5 mg/kg and 10 mg/kg
doseadministration for 15 days treatment. Data represented as mean+SD (n=10). Statistically
significant differences were observed between normal control and test groups [Unpaired
student T-test (*p<0.001, **p<0.01)]. Abbreviations: normal control (NC), 4A 5 mg/kg
{4A(5)}, 4A 10 mg/kg {4A(10)}, 6A 5 mg/kg {5A(5)}, 6A 10 mg/kg {6A(5)}.
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Figure 3.3 Effects of 4A and 6A on catabolic by-product (bilirubin and biliverdin) after 10
mg/kg dose administration for 15 days treatment. Data represented as mean+SD (n=10).
Statistically significant differences were observed between normal control and test groups
[Unpaired student T-test (*p<0.001, **p<0.01)]. Abbreviations: normal control (NC), 4A 5
mg/kg {4A (5)}, 4A 10 mg/kg {4A (10)}, 6A 5 mg/kg {5A (5)}, 6A 10 mg/kg {6A (5)}.

During oxidative stress parameter studies, we observed that there was no remarkable
impact on SOD level between 4A, 6A tests and NC (~ 0.20 uM) groups. In the case of CAT
and GSH levels, both compounds showed similar trend to NC. Further the tissue
malondialdehyde (MDA) and PC formations were also measured to evaluate the toxic effects
of 4A and 6A into the rats liver tissue. The MDA and PC levels were similar to NC. The
results collectively suggested that there were no significant changes in any of these
parameters following 4A and 6A treatments (dose 5 and 10 mg/kg) as compared to normal
control. (Table 3.2)

Table 3.2 Effects of 4A and 6A on oxidative stress parameters after oral administration of

5 mg/kg and 10 mg/kg for 15 days.

Groups SOD (U/mg CAT (mM GSH (uM/mg TBARS (nM of PC(uM/mg

of Protein) H20: of protein) MDA/mg of of Protein)
Decomposed/ protein)
min/mg of
Protein)
NC 0.34+0.01 6.07+0.55 16.48+0.53 0.31+0.04 0.12+0.01
4A(5) 0.35+0.02 6.78+0.25* 18.92+0.67 0.33+0.03 0.13+0.04
4A(10) 0.32+0.03* 5.41+0.68 17.04+0.49* 0.33+0.04* 0.15+0.02
6A(5) 0.27+0.01 6.70+0.31* 18.06+0.31* 0.34+0.01 0.16+0.01
6A(10) 0.30+0.02**  6.67+0.24 19.98+0.38** 0.36+0.02* 0.18+0.02

Data represented as meantSD (n=10). Statistically significant differences were observed
between normal control and test groups [Unpaired student T-test (*p<0.001, **p<0.01)].
Abbreviations: normal control (NC), 4A 5 mg/kg {4A (5)}, 4A 10 mg/kg {4A (10)}, 6A 5
mg/kg {5A (5)}, 6A 10 mg/kg {6A (5)}.

Results obtained from acute oral toxicity studies implied that both compounds were
safe up to 10 mg/kg body weight dose in albino Wistar rats. Therefore, we decided to perform

anti-HCC activity at a dose of 10 mg/kg body weight.
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3.3 DISCUSSION

A previous screening study (in-vitro and molecular modelling screening) showed that 4A and
6A compounds possessed the potent cytotoxic activity against Hep-G2 human hepatocellular
carcinoma cells. Therefore, it is logical to speculate that targeted compounds might be
alternatives for the treatment of HCC in vivo. Based on the findings as explained above, 4A
and 6A compounds were subjected to assess the safe and effective serum concentration in
albino Wistar rats. In acute toxicity study, oral administration of 4A and 6A was well
tolerated in rats at doses of 5 and 10 mg/kg and also we were not observed any significant
reduction in body weight gain persisted over the 15 days. Various enzymes for instance ALT
and AST in serum; bilirubin and biliverdin were evaluated in rat’s liver tissues. These
enzyme levels are usually raised during liver injury, other organs tissue damages or in toxic
condition [10-12]. Interestingly, we found that the level of these enzymes were normal after
the treatment with tested compounds 4A and 6A.

Additionally, we performed various biochemical parameters for instance SOD, CAT,
PC, GSH, and TBARS to observe the mechanism of toxicity during oral administration of 4A
and 6A at the dose tested. In this way, we were not observed any significant changes in the
levels of these different biochemical parameters in treated rats compared to untreated rats
(NC). Therefore, we concluded that both the compounds 4A and 6A are safe. All these
findings suggested that 4A and 6A can be further administered in HCC rats to evaluate the
potency against HCC condition.
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4. INTRODUCTION

Chronic exposure to chemical carcinogens leads to several biochemical and genetic variations
in the cells. N-nitrosodiethylamine (NDEA), a known most toxic and environmental hepatic
carcinogen, has been used as tumour inducer in various hepatic cancer models. Also, it has
been shown to be mutagenic and genotoxic [1]. Cytochrome P450 enzyme dependent NDEA
metabolism produces reactive oxygen species (ROS) and also other free radicals, which may
be responsible for its tumorigenic activity [2, 3] Currently, NDEA-induced hepatocellular
carcinoma (HCC) in rats is extensively used as a standard experimental model to investigate
the different stages of hepatocarcinoma [4].

Dysregulated cell proliferation and solid tumor generation are generally
encountered in several cancers including HCC. The mechanism of cancer development is
mainly due to the activation of oncogenes and inactivation of tumour suppressor genes (TSG)
[4, 5]. HCC is one of the most common malignancies with high prevalence and poor
prognosis and second leading cause of cancer-associated deaths, worldwide [6, 7]. Its rate of
incidence is dramatically increasing in developing countries, due to increased underlying
hepatic conditions, for instance, alcoholic liver disease, non-alcoholic fatty liver disease
(NAFLD), hepatitis B & C infection. Worldwide mortality rate of all other leading cancers
(such as lung, breast and prostate cancers) are declining, whereas death rate of liver cancer is
increased by 2.8% in men and 3.4% in women each year [8, 9]. Approximately 748,000 new
cases (9.2% of all new global cancer cases) of HCC are being diagnosed every year,
worldwide [10].

As per reports, chemotherapy with standard cytotoxic agents such as doxorubicin,
cisplatin or 5-fluorouracil, shows below 10% response rate without a clear benefit in overall
survival [11, 12]. In addition, these are poorly tolerated in patients as a result of systemic
toxicities and their associated adverse effects [13]. In fact, one of the most challenging
applications in the emerging field of HCC treatment is to develop new therapeutic strategies

for solid tumors with negligible or lesser cytotoxicity to the normal cells.

Functionalized thiazolo[2,3-b]quinazoline scaffold have long been studied and served
as a versatile building blocks in the emerging field of synthetic medicinal chemistry [14, 15].

This privileged structural motif is known for its wide range of biological activities [16-19]
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including anticancer [20], antiinflammatory [21], antituberculosis [22], anticonvulsant [23],
antimalarial [24], antihypertensive [25], anti-diabetic [26] etc.

In chapter 2, we described p-toluenesulfonic acid (p-TSA)-promoted syntheses,
molecular modelling and in vitro antitumor activity of 5H-benzo[h]thiazolo[2,3-b]
quinazoline (1A-15A) and indeno[1,2-d]thiazolo[3,2-a]pyrimidine (1B-15B) analogs against
human hepatoma (Hep-G2) cells where compounds 4A and 6A (Figure 1) were found as
potent inhibitors among the series [27].

S S
A A

N N
H,CO N OCH, N OCH;
‘ ‘ ‘ OH H,CO ‘ ' ‘ OCH,
OCH;
4A 6A

Figure 4.1 Chemical structures of 4A (2-methoxy-4-(2-methoxy-6,7-dihydro-5H-benzo[h]
thiazolo[2,3-b]quinazolin-7-yl)phenol) and 6A (3-methoxy-7-(3,4,5-trimethoxyphenyl)-6,7-
dihydro-5H-benzo[h]thiazolo[2,3-b]quinazoline):

In continuation to our effort to develop novel therapeutic strategies for HCC treatment,
we investigated the in vivo antitumor activity involving the role of oxidative stress
parameters and inflammatory mediators in NDEA-induced HCC using male albino Wistar
rats. The molecular mechanism underlying the antitumor effects of 4A and 6A was explored
by observing the gene expression levels through the real-time quantitative reverse-transcribed
polymerase chain reaction (QRT-PCR) analysis. Later, Proton nuclear magnetic resonance
(*H-NMR)-based serum metabolomics were performed to analyse the effects of 4A and 6A

against HCC- induced metabolic alterations.

4.1 MATERIALS AND METHODS

4.1.1 Materials

N-nitrosodiethylamine (NDEA), Glutathione (GSH) and 2,4-dinitrophenylhydrazine (DNPH)
were acquired from Sigma-Aldrich, USA. ALT and AST kits were purchased from the
Transasia Biomedicals Pvt. Ltd., Baddi, India. Interleukins (IL-2, IL-6) were commercially
procured from Sigma-Aldrich, USA and (IL-1p and IL-10) from Genetex Biotech Asia Pvt.

Ltd, New Delhi, India. All the chemicals and solvents were of analytical grades with 99%
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purity and in house distilled water was used throughout the experiment. Test compounds 4A
and 6A were synthesised previously by our research group [27].

4.1.2 Experimental animals

Healthy male Wistar albino rats, weighing 80-120 g, were obtained from central animal
house facility of S. D. College of Pharmacy & Vocational Studies, Muzaffarnagar, Uttar
Pradesh, India and were housed in polypropylene cages with rice husks for bedding. The
experiment was performed as per CPCSEA guidelines for laboratory animals and ethics,
Department of animal welfare, Government of India  (Approval No.
SDCOP&VS/AH/CPCSEA/01/0038/R1). Animals were acclimatized under standard
laboratory conditions (at 25+5°C; relative humidity of 44-56%; 12 h light: dark cycle) with

free access of standard rat chow and water ad libitium.

4.1.3 Experimental design

All the experimental Wistar rats were randomly distributed into 5 groups of 8 animals each
(n=8) and the groups were classified as Group I (Normal Control): 0.25% CMC (2 mL/kg);
Group Il (Carcinogen Control): NDEA (100 mg/kg, i.p. every week for 6 weeks) [28-30];
Group HI (Positive Control): NDEA+5-FU (10 mg/kg, i.p. for 15 days after the dose of
NDEA administration); Group 1V (4A): NDEA+4A (10 mg/kg, orally for 15 days after the
dose of NDEA administration); Group V (6A): NDEA+6A (10 mg/kg, orally for 15 days
after the dose of NDEA administration).

The abovementioned protocol to induce HCC was adopted from various literatures [31,
32]. After adaptive inhabitation to experimental conditions for initial one week, all
experimental animals of group Il to V were administrated with NDEA. After the dose of
NDEA administration for 6 weeks, 5-FU, 4A and 6A were given for 15 days as a curative

agent against liver injury, mentioned in group 11, IV and V respectively.

At the end of experimental period, animals were sacrificed by cervical decapitation and
livers were excised immediately, rinsed in ice-cold saline and stored at -80°C for further
histological studies and molecular level investigations. The serum was also collected,

processed and stored for further bio-chemical analysis.
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4.1.4 Estimation of various physiological parameters

To estimate the body weight variation, rats were weighed at the initial and final days of
experiment and % weight gain calculated to observe the cytotoxic effects between treated and
untreated group. Liver weight, number and percentage incidence of carcinogenic nodules of

liver were calculated.

4.1.5 Estimation of serum enzyme levels and biochemical examination in liver

Serum enzymes, including aspartate aminotransferase (AST), alanine aminotransferase
(ALT), lactate dehydrogenase (LDH) and creatine phosphokinase (CK), were measured using
commercially available kit. The oxidative stress parameters like catalase (CAT) [33], protein
carbonyl (PC) [34], superoxide dismutase (SOD) [35], glutathione (GSH) [36] and
thiobarbituric acid reactive substances (TBARS) [33] were also estimated in liver tissue in
the similar way as described previously in chapter 3. The total protein concentration of each
sample was measured using the Bradford reagent and the bovine serum albumin (BSA) was

used as a standard.

4.1.6 Estimation of catabolic by-products in hepatic tissue: Bilirubin and biliverdin
Conjugated bilirubin and biliverdin in liver were measured as per the previously explained in
chapter 3 [37].

4.1.7 Estimation of cytokines in hepatic tissue

Elevated levels of interleukin-1p (IL-1B), IL-2, IL-6, and I1L-10 inflammatory mediators were
assayed as per the instructions provided by the manufacturers. Rat IL-1p, IL-2, IL-6, and IL-
10 ELISA kit was based on standard sandwich enzyme-linked immune-sorbent assay

technology.

4.1.8 Histopathological studies and scanning electron microscopy (SEM) of hepatic
tissue

Liver tissues from each group were assessed for their morphological changes using eosin and
hematoxylin staining. The tissues were conserved in 10% formalin for overnight.
Subsequently, the tissues were superseded by 70% isopropanol overnight. Afterward, the
tissues rinsed with isopropanol at various concentrations (70, 90 and 100%) and dehydrated
further by 100% xylene. The tissue samples were then fixed in beeswax and 5 uM

longitudinal tissue sections were sliced by using microtome. Finally, the tissues were fixed
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and stained by eosin and hematoxylin dyes and examined under a microscope (magnification
40 X).

For SEM analysis, 2-4 mm liver tissue samples were collected and fixed in 2.5%
glutaraldehyde for 2-6 h at 4°C for primary fixation. After that, the samples were cleaned
with 0.1M phosphate buffer for 15 min at 4°C. Later, 1% osmium tetroxide was used as a
post-fixation for 2 h at 4°C. Again, the samples were washed in 0.1 M phosphate buffer for 3
times at 15 min interval and kept at 4°C. Afterward, these samples were dehydrated with
acetone at various concentrations (30, 50, 70, 90, 95 and 100%). All specimens were air dried
at room temperature and critical point drying (31.5°C at 1100 psi). Finally, tissue samples
were mounted on to the aluminum stubs with adhesive tape and observed for the
morphological changes using a scanning electron microscope (JEOL JSM-6490LV) [38].

4.1.9 Real-time quantitative reverse-transcribed polymerase chain reaction (QRT-PCR)
analysis

To determine the expression of mRNA for the different genes, 10 mg of tissue samples of
each group was taken in a tube and total RNA was extracted using TriZol reagent and
RNeasy mini kit was employed to purify the RNA. cDNA reactions were prepared utilizing
GeneSure first strand cDNA synthesis kit (Genetix Biotech Asia Pvt. Ltd., New Delhi, India)
for quantitative PCR. Finally, Real-time PCR was carried out in Agilent Stratagene Mx3000P
series (Applied Biosystems, Foster City, USA) using Sybr@ green PCR master mix. The
MRNA was normalized with housekeeping control S-actin. ACt values were normalized with
untreated control samples for all compounds (ACt = Ctgene of interest — Cthouse keeping gene). Relative
changes in the expression level of one specific gene were calculated in terms of 2-AACt
(AACt = AClttest — ACtcontror) [34].

The primer sequences were as follows: GAPDH, 5’-TGATGGGTTTCCCATTGATGA-3’
(forward) and 5’-TGATTCTACCCACGGCAAGTT-3>  (reverse)[39]; IL-6, 5’
TCAATGAGGAGACTTGCCTG-3>  (forward), 5-GATGAGTTGTCATGTCCTGC-3’
(reverse) [40].

4.1.10 *H-NMR based serum metabolic profiling
4.1.10.1 Sample Preparation and NMR instrumentation
An aliquot of serum (250 pL) from each sample and 250 pL of 0.9% of an aqueous saline

solution (50 mM concentration, pH 7.4 in D.O) were taken in 2 mL eppendrof tube and
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centrifuged at 10,000 rpm for 5 min. The supernatant was transferred to a 5 mm NMR tubes
(Wilmad Glass, USA) for data recording. 0.1% v/v TSP (Sodium salt of 3-trimethylsilyl-
(2,2,3,3-d4)-propionic acid) as external standard, was mixed in NMR tube.

The NMR spectra of prepared samples were generated at 298K on a Bruker Biospin
Avance-111 800 MHz NMR spectrometer, operating at proton frequency of 800.21 MHz. The
spectrometer is equipped with CryoProbe with maximum gradient-strength output of 53
G/cm. 1D 'H NMR spectra were recorded using the Carr—Purcell-Meiboom-Gill (CPMG)
pulse sequence in Topspin-2.1 (Bruker NMR data Processing Software) with pre-saturation
of the water peak via irradiating it perpetualy during the recycle delay (RD) of 5 sec. Each
CPMG spectrum consisted of the accumulation of 128 scans and lasted for approximately 15
minutes. A total spin—spin relaxation time of 60 ms (n=300 and 2t=200 ds) with a line
broadening factor of 0.3 Hz was applied to remove broad signals from triglycerides, proteins,
cholesterols and phospholipids. Diffusion time of 120 ms was used to enervate the signals of
low molecular weight compounds without affecting the lipid signals.

All the acquired NMR spectra were processed using Topspin-2.1 (Bruker NMR data
Processing Software) and standard Fourier Transformation (FT) procedure for phase and
baseline correction. Prior to FT, each Free Induction Decays (FIDs) were zero-filled to 4096
data points and a sine-bell apodisation function/tapering function was applied. After FT, the
chemical shifts were referenced internally to methyl doublet of L-lactate (at 6=1.33 ppm). All
the recorded spectra were visually analysed for their acceptability and subjected to

multivariate statistical analysis to identify the altered metabolic pattern.

4.1.10.2 Spectral Assignment

To identify the distinct allocation of various peaks in the CPMG H NMR spectra, two-
dimensional NMR (2D NMR) spectra were recorded for selected samples including *H-*H
total correlation spectroscopy (TOCSY) and *H-13C heteronuclear single quantum correlation
(HSQC). The chemical shifts were identified and assigned at a good extent by comparing
them with the chemical shifts available with the software Chenomx 8.1 (Chenomx Inc.,
Edmonton, Canada). The remaining peaks in the CPMG *H NMR spectra were allocated
using the previously existing databases available as HMDB (The Human Metabolome

Database) and other literature reports [41-43].
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4.1.10.3 Multivariate data analysis

All the acquired NMR spectra were corrected manually for phase and baseline aberration in
Topspin 2.1 (Bruker NMR data Processing Software). The CPMG (6 0.5-8.5 ppm) spectra
were then binned into 0.01 ppm wide integrated spectral buckets with the help of AMIX
package (Version 3.8.7, Bruker, Bio Spin). The regions containing the resonance from
residual water (0 4.7-5.1 ppm), were excluded to avoid the effects of imperfect water
suppression. The binned data were then obtained from AMIX after mean centring and
normalization, which was executed by dividing each data point by the sum of all data points
present in the sample, to compensate for the differences in concentration of metabolites

among individual serum samples.

The data were scaled up using unit variance where identical weight was given to all
variables. The resulting data matrices were exported into Microsoft Office Excel 2010 and
used for multivariate analysis via open access web-based metabolomic data processing tool,
named MetaboAnalyst 3.0 (http://ww.metaboanalyst.ca/) and Unscrambler X Software
(Version 10.3, CAMO USA, Norway). Principal component analysis (PCA) was first
performed on both the CMPG and sets to identify the outliers.

To further demonstrate the separation between samples belonging to different groups,
supervised partial least squares-discriminant analysis (PLS-DA) was performed to identify
the metabolites significantly contributing to group differentiation. Model quality was
assessed with R?, indicating the validity of models against over fitting, and Q?, indicating the
predictive ability. Potential metabolites markers were extracted from PLS-DA loading plots
and the scores of variable importance on projection (VIPs). The statistical significance of

these metabolites was calculated by Student’s t-test (p value less than 0.05).

4.1.11 Statistical data analysis

Statistical data analysis was performed using Graph Pad Prism 5.0 (San Diago, CA, USA).
All results were expressed as mean + standard deviation (SD). The data was analysed by one-
way ANOVA (analysis of variances) followed by Bonferroni multiple comparison test.
Statistical significance differences were considered with respect to Carcinogen control
(*p<0.001, **p<0.01, ***p<0.05).
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4.2 RESULTS
4.2.1 Estimation of physiological and biochemical parameters in liver tissue and various
enzyme levels in serum
In the in-vivo study, we initially analyzed the defensive efficiency of 4A, 6A and 5-FU
through various physiological parameters like body weight, liver weight, number and
percentage incidence of carcinogenic nodules in liver of experimental groups of animals,
respectively. The body weight and liver weight variation were more prominent in NDEA-
administered (Group Il) rats as compared to the normal control (Group 1) rats;
conversely, treatment with 4A and 6A normalized the impact to a certain extent (Table 1).
And the similar observations were noted for carcinogenic nodule no. per animal and %
incidence of carcinogenic nodules in liver. The test compounds and 5-FU were significantly
(p < 0.05) lowered the NDEA-induced carcinogenic nodules and % incidence as compared to
group Il (Table 2). As mentioned above, the administration of 4A, 6A and 5-FU normalized
these parameters to a certain level. Interestingly, the impact of 4A was nearly similar to the

standard chemotherapeutic drug, 5-FU.

Table 4.1 Effects of 4A and 6A on body weight and liver weight in hepatocellular
carcinoma after oral administration of 10 mg/kg for 15 days.

Groups Initial body Final body Weight Percentage Liver weight
weight (gm) weight (gm) gain (gm) growth (gm)
NC 97.33£10.08  144.50+2.46 47.17+6.72 33 7.1740.20
CC 105.67+£13.74  116.83+12.09 11.17+£1.47 10 10.69+0.82
PC 101.17£10.06  130.50+5.04* 29.33£3.02* 22 7.58+0.31*
4A 100.3346.95 131.39+4.11* 31.33£1.92* 24 8.00£0.16**
6A 102.17+4.81 130.61+6.18* 24.83£1.94* 19 8.83+0.11**

Data represented as meantSD (n=8). Statistically significant differences were observed
between carcinogen control and test groups [one way-ANOVA followed by Bonferroni
multiple comparison test (*p<0.001, **p<0.01)]. Abbreviations: normal control (NC),
carcinogen control (CC), positive control (PC).

Table 4.2 Effects of 4A and 6A on carcinogenic nodules incidence in hepatocellular
carcinoma after oral administration of 10 mg/kg for 15 days.

Groups  No. of animal bearing % Incidence  Totalno.  No. of nodules
nodules/ total animals of nodules®  of nodules  per animal®
NC 0/6 0 0 0
CC 6/6 100 41 7
PC 3/6 50 7 1
4A 4/6 66.67 11 2
6A 5/6 83.33 22 4

4(Number of nodules bearing rats/total number of rats in each group) x100.
®(Total number of tumour/number of tumour bearing rats in each group).
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Abbreviations: normal control (NC), carcinogen control (CC), positive control (PC).

Table 4.3 Effects of 4A and 6A on oxidative stress parameters in hepatocellular

carcinoma after oral administration of 10 mg/kg for 15 days.

Groups SOD (U/mg of CAT (mM GSH (uM/mg of TBARS (nM of PC(uM/mg of
Protein) H>0; protein) MDA/mg of Protein)
Decomposed/ protein)
min/mg of
Protein)
NC 0.34+0.02 6.07+0.55 16.48+0.53 0.31+0.04 0.12+0.01
CcC 0.15+0.01 1.7840.25 8.92+0.67 0.5340.03 1.13+0.04
PC 0.30+0.04* 5.41+0.68* 13.04+0.49* 0.33+0.04** 0.15+0.02*
4A 0.27+0.03* 3.70+0.31* 11.06+0.31* 0.34+0.01** 0.16+0.01*
6A 0.20£0.02** 2.6740.24** 9.98+0.38** 0.36+0.02** 0.2840.02**

Data represented as meantSD (n=8). Statistically significant differences were observed
between carcinogen control and test groups [one way-ANOVA followed by Bonferroni
multiple comparison test (*p<0.001, **p<0.01)]. Abbreviations: normal control (NC),
carcinogen control (CC), positive control (PC).

Table 4.3 depicts the reduction of oxidative stress markers (SOD, CAT, GSH, TBARS
and PC) after drug treatment and the status of hepatic antioxidant potential was investigated
in NDEA-exposed groups to explore the functional correlation between oxidative stress and

cancer progression.

We observed that the GSH concentration was greatly reduced in NDEA-exposed rats
which on treatment with 5-FU, 4A and 6A efficiently increased the GSH content towards
normal (Table 4.3). Besides this, we noticed that the levels of SOD and CAT enzymes were
reduced up to 50% and 70% respectively after NDEA exposure while a minor reduction in

these enzymatic activities was observed in 4A and 6A treated groups with respect to control.

In contrast, a significant increase in MDA and PC formation was appeared in HCC rats
but these formations were most efficiently regained after 5-FU, 4A, and 6A treatment. Figure
2 indicates the level of serum liver marker enzymes such as AST, ALT, LDH and CK in
normal control and experimental animals. NDEA-induced carcinogenic control (Group I1)
animals exhibit almost two folds increase (p<0.01) in the levels of these enzymes when
compared to normal control (Group 1). However, treatment with test compounds 4A and 6A

showed their ability in the maintenance of these enzymatic activities.
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Figure 4.2 Effects of 4A and 6A on enzyme levels in serum after 10 mg/kg dose
administration for 15 days treatment. Data represented as mean+SD (n=8). Statistically
significant differences were observed between carcinogen control and test groups [one way-
ANOVA followed by Bonferroni multiple comparison test (*p<0.001, **p<0.01)].
Abbreviations: normal control (NC), carcinogen control (CC), positive control (PC).

4.2.2 Estimation of catabolic by-products (bilirubin and biliverdin) in hepatic tissue

4A and 6A treated (groups IV and V, respectively) rats reflect significant (p<0.01)
normalization of the catabolic pigments in liver tissues as compared to carcinogenic control
group (Group II) which, in turn, exhibits almost two folds significant (p<0.001) elevation as

compared to normal control, indicating the toxic nature of NDEA (Figure 4.3).
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Figure 4.3 Effects of 4A and 6A on catabolic by-product (bilirubin and biliverdin) after 10
mg/kg dose administration for 15 days treatment. Data represented as meanzSD (n=8).
Statistically significant differences were observed between carcinogen control and test groups
[one way-ANOVA followed by Bonferroni multiple comparison test (*p<0.001, **p<0.01)].
Abbreviations: normal control (NC), carcinogen control (CC), positive control (PC).

4.2.3 Effect of 4A and 6A on IL-1p, IL-2, IL-6, and IL-10 levels

To further characterize the effects of 4A and 6A in the inflammatory events, we investigated
the tissue concentration of the specific inflammatory cytokines viz: IL-18, IL-2, IL-6, and IL-
10 by ELISA. The concentration of these cytokines in rat hepatic tissue was increased
significantly by 2-3 folds after NDEA treatment as compared to normal control. Both the test
compounds and 5-FU significantly suppressed the abnormally high concentration of these
mediators in tumour tissues. Treatment with 4A and 6A (10 mg/kg) attenuated the increased
levels of IL-1p, IL-2, IL-6, and IL-10 with pronounced effect on IL-6. Compound 4A treated
group showed inhibition of IL-6 level as well as other cytokines level (p<0.001), more
similar to 5-FU (Table 4.4).

Table 4.4 Effects of 4A and 6A on IL-2, IL-6, IL-10 and IL-1pB in hepatic carcinogenic
tissue after oral administration of 10 mg/kg for 15 days.

Groups IL-2 IL-6 IL-10 IL-1p
(Pg/ml) (Pg/ml) (Pg/ml) (Pg/ml)
NC 134.03+£10.08 39.23£2.46 58.13+6.72 42.50+4.19
CC 330.60+13.74 124.18+12.09 113.31+8.47 110.22+8.49
PC 160.19+£10.06* 57.06£5.04* 66.33+6.02* 57.53+5.86*
4A 192.73+6.95* 62.10+4.11* 70.15+10.12*  70.90+10.68**
6A 269.00+4.81** 73.88+6.18** 80.79+1.94**  84.34+2.03**

Data represented as mean+SD (n=8). Statistically significant differences were observed
between carcinogen control and test groups [one way-ANOVA followed by Bonferroni
multiple comparison test (*p<0.001, **p<0.01)]. Abbreviations: normal control (NC),
carcinogen control (CC), positive control (PC).

4.2.4 Impact of the test compound on IL-6 gene expression

Our findings suggest that NDEA-alone administration dramatically elevated the IL-6 levels
compared to untreated group (group I). However, 5-FU, 4A and 6A treatment significantly
normalized the elevated levels of IL-6. The efficacy of 4A and 6A at 10 mg/kg dose was
nearly equivalent to commercially available chemotherapeutic drug 5-FU, and 4A was found
to be potent than 6A (Figure 4.4).
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Figure 4.4 Gene expression levels of pro-inflammatory cytokine IL-6 after 4A and 6A
administration in NDEA treated rats. Data represented as mean+SD (n=8). Statistically
significant differences were observed between carcinogen control and test groups [Paired T-
test, (*p<0.001)].

4.2.5 Morphology, histopathology and SEM analysis

Morphological changes were observed using intact liver of various groups. There was a clear
visual difference in the numbers of carcinogenic nodules between 4A, 6A and NDEA-

administered groups.

Histological changes of hepatic tissue were observed in various treated groups
compared to normal control. Hepatic tissues analysis exhibited loss of architecture and the
presence of enlarged hepatocytes in carcinogen control (CC) than normal control. The
NDEA-administered groups also exhibited irregular sinusoids and degenerated tumour cells.
The rats treated with 4A and 6A (10 mg/kg) showed cells with architecture more or less

similar to normal control (Figure 4.5) and the effects were similar to 5-FU.

SEM analysis also followed the similar patterns where loss of architecture and
degenerated tumour cells were less prominent in drugs 4A, 6A and 5-FU treated rats as

compared to NDEA-exposed groups (Figure 4.5).
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Figure 4.5 The hepatic pathological changes in NDEA-induced rats. Carcinogenic nodules were prominent in NDEA group which was absent or
reduced significantly after 5-FU, 4A and 6A administration. A- Intact liver, B- Histopathological changes (40X, Scale bar 50 um), C- Scanning
electron microscopic photomicrographs of the liver tissues (2000X). Abbreviations: normal control (NC), carcinogen control (CC), positive control
(PC).
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4.2.6 'H-NMR based metabolomics

4.2.6.1 Metabolic effects of 4A and 6A in NDEA-induced HCC rats

An acquired NMR data from the serum samples of all groups were analysed using SIMCA-P
software, version 11.0 (Umetrics AB, Umea, Sweden) where chemometric methods including
principal components analysis (PCA) and orthogonal partial least squares-discriminant
analysis (OPLS-DA) were performed to examined the metabolic alterations in an

unsupervised and supervised manner, respectively.

PCA model was applied to authenticate the analytical quality system performance to
discern outliers. OPLS-DA model was useful to obtain a summary of set of samples and to
discriminate the variables that are responsible for variation among all the groups. The OPLS-
DA model was optimized through two variables i.e. Q% and R%Y. Score plots obtained from
1D 'H CPMG NMR spectra (Figure 4.6) (from OPLS-DA and S plots) exhibited reasonable

separation among all groups (Figure 4.7 and 4.8).
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Figure 4.6 Representative 1D *H CPMG NMR spectra of rat serum obtained from different
groups [Normal control (NC), NDEA (CC), NDEA+5-FU- 10mg/kg (PC), NDEA+4A-10
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mg/kg (4A) and NDEA+6A-10 mg/kg (6A)]. The peaks annotated in the figure show the
assignments of serum metabolites A: 0 - 3.0 ppm, B: 3.2 - 4.0 ppm and C: 5.0 - 8.0 ppm. The
abbreviations used are: LDL/VLDL: low/very-low density lipoproteins; OAG: O-acetyl
glycoprotein; NAG: N-acetyl glycoprotein.
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Figure 4.7 The combined and pairwise OPLS-DA analysis: (A) 2D OPLS-DA analysis of 1D
!H CPMG NMR spectra score plot derived from combined analysis comprising of all the
groups: normal control (NC), carcinogen control (CC), positive control (PC) 5-FU, 10 mg/kg
(i.p.), pairwise analysis. (B) The potential discriminatory metabolite entities identified from
VIP scores derived from PLS-DA modelling of complete data matrix and resulting VIP
scores for top 20 metabolite entities are shown in increasing order of VIP score values to

highlight their discriminatory potential.
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Figure 4.8 The combined and pairwise OPLS-DA analysis: (A) 2D OPLS-DA analysis of 1D
'H CPMG NMR spectra score plot derived from combined analysis comprising of all the
groups: normal control (NC), carcinogen control (CC), 4A and 6A = 10 mg/kg.
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(B) pairwise analysis. The potential discriminatory metabolite entities identified from VIP
scores derived from PLS-DA modelling of complete data matrix and resulting VIP scores for
top 20 metabolite entities are shown in increasing order of VIP score values to highlight their
discriminatory potential.

The various metabolites were carefully chosen when the statistically major threshold of
variable influence on projection (VIP) values achieved from the OPLS-DA model was
greater than 1.0. Meanwhile, the two-tailed Student’s t-test p-values less than 0.05 (p < 0.05)
was considered statistically significant. Log2 fold change (FC) was employed to demonstrate
how these selected differential metabolites varied among all the groups of animals.

The datasets of these differentially expressed metabolites (log2-scaled) were
introduced into MetaboloAnalyst 3.0 for the generation of heat map and multivariate
statistics. The areas (AUC) under the receiver operating characteristic curves (ROC) were
constructed to evaluate the effectiveness of potential biomarkers. In the MetaboAnalyst
analysis, the results were considered statistically significant when p-value is less than 0.05
(Figure 4.9).

4.2.6.2 Metabolic changes during carcinogenic condition with treatments

On the basis of PLS-DA data, both the combined and pair wise analysis revealed R? = 0.70,
Q%Y > 0.90, indicating the significant metabolic changes in NDEA, 4A and 6A treated
groups. The key observation of serum metabolic alterations between the untreated and
NDEA-exposed groups together with their chemical shifts (6) values, variable importance on
projection (VIP) score and p-value are illustrated in Figure 4.7 and 4.8. There were
significant elevated levels of Lactate, HDL, LDL, VLDL, tryptophan, tyrosine, creatinine,
arginine and decreased levels of glucose, maltose, betaine, leucine, glycerate, glycerol,
valine, carnosine, in NDEA treated group. Representative box-cum-whisker plots also
supported the significant alterations in the above mentioned metabolites profile (Figure 4.9).
All these metabolites were successfully retrieved after the administration of 4A and 6A,

particularly at 10 mg/kg dose.
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Figure 4.9 Metabolic effects of 4A and 6A treatment: the box-cum-whisker plots are
showing relative variations in quantitative profiles of serum metabolites relevant in the
context of the pathophysiology of hepatocellular carcinoma.

The metabolite highlighted in green colour are the metabolites whose p-value was found not
to be significant (p>0.05). In the box plots, the boxes denote interquartile ranges, horizontal
line inside the box denote the median, and bottom and top boundaries of boxes are 25th and
75th percentiles, respectively.

Lower and upper whiskers are 5th and 95th percentiles, respectively. Where: normal control
(NC), carcinogen control (CC) = NDEA, positive control (PC), 4A and 6A = 10 mg/Kg.
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4.3 DISCUSSION

Liver is a vital organ, playing an imperative role in various physiological and defensive
mechanisms and regulating intermediary metabolism in the body [44]. According to
literatures, chemotherapy against HCC has no any survival benefits for patients. The clinical
outcome of HCC treatment remains limited and unsatisfactory due to systemic toxicities and
other side effects [13, 45]. Considering these consequences, chemotherapeutic agents may be
used in lower dose as well as higher dose but the higher dosages provide better efficacy
profile while the lower dosages give better safety profile. Therefore, these are never-ending
balancing act [12, 46]. It is, therefore, urgent to develop probable therapeutic agents for better
efficacy as well as safety profile to sustain the clinical benefits in cancerous patients.

The synthesised compounds 4A and 6A, which displayed excellent anti-proliferative
activity on Hep-G2 cells with Glsp < 10 pg/mL and in silico studies revealed that 4A and 6A
have impressive binding energy with crucial hydrogen bond and n—bonds to various HCC
biomarkers like IL-2, IL-6, caspase-3 and caspase-8 [27]. The in-vivo investigation was
carried out to evaluate the ameliorative effects of NDEA-induced hepatocellular
carcinogenesis in albino Wistar rats by 5H-benzo[h]thiazolo[2,3-b] quinazolines and the role
of specific cytokines, oxidative and metabolic stress manifestations during cancer
progression. Overall, these findings first time clearly suggested the hepatoprotective effect of
4A and 6A against NDEA-induced HCC and its ability to bind with important markers more

significantly.

In contrary, NDEA-exposed groups showed decrease in body weight, increase in liver
weight and higher number of carcinogenic nodules which indicates critical HCC condition in
rats. However, chemo-drugs treatment with 4A, 6A and 5-FU significantly regained the
various biochemical parameters near to normal. Exposure of animals to 4A, 6A and 5-FU
after NDEA administration significantly normalized the reduced weight, increased %
incidence of carcinogenic nodules and enhanced the protective action of 4A and 6A against

carcinogen-induced metabolic alterations in hepatic cells.

Further, oxidative stress associated biochemical processes diminished the GSH, SOD
and CAT levels and conversely, the formation of MDA and PC were induced in carcinogen-

injected rats. Hence, alterations of these parameters confirmed the onset of hepatic oxidative
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stress and correlation of transformed cells during cancerous conditions. The formation of
excess reactive oxygen species (ROS) occurs during the various stages of metabolic
biotransformation of NDEA exposure and leads to carcinogenesis by upregulation of
several biochemical, intracellular signaling pathways, and gene expression [47].
Endogenous anti-oxidative defence system like, GSH is a free radical scavenger and both the
SOD and CAT are antioxidant enzymes which inactivate hydrogen peroxide and dismutase
superoxides, respectively [48]. Previously, it was reported that there was a decrease in the
activities of enzymatic antioxidants during HCC conditions [49]. Cancerous cells have been
reported to sequester vital antioxidants from the systemic circulation, in order to achieve the
demands of developing solid tumours [50].

Treatment with 4A and 6A revealed preventive action to retrieve the levels of GSH,
SOD and CAT near to normal and enhanced the anti-oxidative physiological processes. The
levels of MDA and PC were attenuated significantly in drug treatment groups as compared to
NDEA-exposed HCC rats. Bilirubin and biliverdin are the catabolic by-products of RBCs and
the elevated levels of these biomarkers indicate hepatic disease state. During this study, it
was observed that the levels of bilirubin and biliverdin were elevated in carcinogen-exposed
group, whereas 4A and 6A treatment significantly attenuated the levels of these two specific
markers [37].

Moreover, various enzymes like ALT, AST, LDH and CK are notably increased in
human serum with liver metastases of HCC [51]. Similar observations were noted in NDEA-
exposed rats and the levels were brought down to normalcy with 5-FU, 4A and 6A drug

treatments and predominantly, the impact of 4A is comparable to standard 5-FU.

In addition, intact liver architecture, histopathology and SEM analysis were assessed to
analyse the morphological changes associated to NDEA administration and drug treatment.
Both histology and SEM analyses revealed that degenerated tumour cells, loss of
architecture, and tumoral vacuoles were formed in NDEA-induced rats as previously reported
[9]. The histological investigation of the rats treated with 4A, 6A and 5-FU showed
cells with architecture more or less similar to control (group 1), representing the
hepatoprotective activity of the compounds in cancerous condition. In the SEM analysis, we
also observed degenerated necrotic tissues in carcinogen exposed rats, which were

regularized to a great extent in 4A and 6A treatment groups.
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The serum cytokines are key mediators for several pathological and physiological
modulations involving inflammation and cancer progression. Further, recent studies indicate
that expression of inflammatory mediators like IL-1p, IL-2, IL-6 and IL-10 are involved in
initiation and progression of HCC conditions [52]. As per several reports, the regulation of
expression and secretion of various cytokines and their receptors have been already described
in patients with severe liver conditions [53, 54]. For example, circulating blood interleukins-
1B (IL-1pB), IL-2, IL-6, and IL-10 concentrations were increased in patients with hepatic
cancers [52-55].

In consequent with this information related to potential biomarkers, we wanted to know
whether 4A and 6A may be active against these HCC specific inflammatory cytokines. The
investigation further proved via various ELISA assays where we observed that all these
inflammatory cytokines were elevated in NDEA-exposed rats. In addition, the levels of
cytokines regularised after the treatment with 4A, 6A and 5-FU, indicating that both the test
compounds exhibited anti-HCC property via inhibition of IL-1p, IL-2, IL-6 and IL-10 over
expression at cancer sites. Both the test compounds manifested potential inhibition with IL-6
rather than IL-1p, IL-2 and IL-10. Similar pattern was also observed in quantitative RT-PCR
analysis. The level of IL-6 gene expression was spectacularly decreased with NDEA-exposed
rats (group 1) and returned to normal control with 4A, 6A and 5-FU treatments which
strongly supported potent anti-HCC activity of 4A. Interleukin 6 (IL-6) is a pleiotropic four-
helical cytokine that modulates the inflammation-associated cancers by activating the
phosphorylation of STAT3 to promote tumor initiation, invasion and metastasis [56, 57].
However, increased levels of IL-6 have been reported to be related to HCC prognosis with

elevated cancer risk [58].

'H NMR based metabolomics were further implemented to evaluate whether 4A and 6A have
ability to restore the metabolic perturbations in NDEA-exposed HCC progression. OPLS-DA
score plots using MetaboAnalyst [59] were derived from 1D *H CPMG NMR spectral data of
rat serum samples of all groups and the carcinogen-exposed HCC rat serum samples were

clearly demonstrated the significant metabolic alterations in cancerous conditions.

The decreasing level of glucose and increasing level of lactate were observed in
carcinogen-exposed rats which are consisted with earlier findings [60, 61]. These findings
were fully supported the War-burg effect and may be linked with higher amount of glucose

consumption by cancerous tissues and followed by formation of lactic acid as by-product [61,
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62]. We found that 4A, 6A and 5-FU treatment regularized the imbalance of above
metabolites. In this way, we noticed significant elevated levels of lipoproteins and lipids in
HCC rats compared to normal and these are involved to transport hydrophobic lipid

molecules in circulation or ECF.

Next, lipids are also used for production of energy for instance B-oxidation, therefore,
the elevated level could be due to the consequences of energy requirement for cell membrane
synthesis and rapid proliferation [63]. Moreover, betaine and glycerol were down regulated in
HCC condition. These metabolites are mainly involved in metabolism of choline. 4A and 6A
administration regained the concentrations of these altered metabolites to normal level further
providing evidence of anti-cancer activity of 4A and 6A [64]. The depleted level of leucine is
in accordance with the previous report on human HCC [65]. Arginine (semi-essential amino
acid in humans) is critical for the human cancers growth. It is also involved in protein
synthesis as well as diverse aspects of tumor metabolism including the synthesis of nitric
oxide, proline, glutamate, polyamines and nucleotides. Elevated level of arginine was found

in carcinogen exposed as compared to drug-treated rat serum samples [66].

Furthermore, serum creatinine, an important intermediate in the energy metabolism,
was significantly increased in NDEA-induced HCC rats compared to normal control and
might be associated with increase in energy demand due to cancer proliferations. Tyrosine
was also upregulated in NDEA-induced HCC rats which might be due to increased
catabolism [64, 67]. Administration of chemically synthesized anticancer compounds (4A
and 6A) remarkably attenuated all these metabolites markers, exhibiting hepatoprotective
action of 4A and 6A against NDEA-exposed HCC. Overall, the impact of 4A and 6A was
more prominent at 10 mg/kg dose that was comparable to the reference chemotherapeutic 5-
FU.
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5. Summary and Conclusion

Hepatocellular carcinoma, especially in the later stages, is a major problem in the clinic and
serious complication of cirrhosis or other chronic liver disease. At present, the treatment
strategies are limited and there is a clear need for new therapies. Only a few medications are
available in the market for the treatment of HCC, possession of contraindication and side
effects are the biggest unacceptability for the patient. Therefore, the main objective of my
research work is to design, synthesis and evaluation of novel 5H-benzo[h] thiazolo[2,3-
b]quinazoline (1A-15A) and indeno[1,2-d]thiazolo[3,2-a]pyrimidine (1B-15B) analogs for
the treatment of HCC. Recent studies have delineated the underlying mechanism and
discovered novel drug-like small molecules that show promising effects for the treatment of
HCC.

These novel synthesized molecules are an untapped resource for novel therapeutic strategies

against HCC. Therefore, the current research focused on:

» Design and develop advanced one-pot as well as two-step synthetic routes to novel drug-

like molecules

A\

Applying molecular modelling studies and in vitro evaluation

v

Also applying SAR study to uncover and design novel drug-like molecules and
» Finally, in vivo antitumor activity together with proton NMR-based metabolomic studies

to optimize the promising drug candidates.

We have successfully devised a highly proficient and operationally simple metal-free,
one-pot MDR for obtaining a series of novel, hitherto unreported, 5H-benzo[h]thiazolo[2,3-
b]Jquinazoline (1A-15A) and indeno[1,2-d]thiazolo[3,2-a]pyrimidine (1B-15B) analogs
displaying potent anticancer activity against Hep-G2 cells as an alternative approach for the
treatment of HCC. Considering this library of novel compounds, we concluded that 5H-
benzo[h]thiazolo[2,3-b] quinazoline, along with a substituted phenyl ring (hydrophobic side
chain) establishes an important pharmacophoric structure, and the R1, R2, and R3 positions
of the phenyl ring, as well as the X1 and X2 positions of the tetralone ring system, are the key
reactive sites that could be modified with various groups to elicit greater antitumorigenic

potential.

We have also demonstrated that substitutions with more electronegative groups (-OH,
—0OCH3) on the hydrophobic side chain directly linked to thiazolo[2,3-b]quinazoline led to

active members 4A and 6A, eliciting enhanced antitumorigenic activity, with GI50, 10
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pug/mL, which was confirmed by docking analyses. Additionally, 3-methoxy-4-
hydroxyphenyl-substituted 5H-benzo[h]thiazolo[2,3-b]quinazoline led to 4A, which
displayed excellent antitumorigenic activity among a library of 30 novel synthesized
compounds with values of GI150,10 pg/mL.

This approach, using a one-pot, multicomponent reaction sequence involving a domino
Knoevenagel condensation/Michael-type addition followed by an intramolecular cyclization,
where the desired molecules are obtained in a one-flask domino manner with atom and step
economy in impressive yields (up to 86%) from readily available and low-priced starting
materials, is a resource-effective and desirable route. Additionally, the target compounds
were also synthesized by conventional two-step reactions, which were compared with this
novel approach on the basis of obtained yields (40%—-50%).

Various computational approaches demonstrated effective oral absorption and protein
binding. These compounds, therefore, might be stable in some form of pharmaceutical
dosage. Additionally, MD simulation supported our hypothesis regarding the stability of
compound 4A with IL-6 protein during the simulation run. The results from the MD simula-
tion run of the active inhibitor showed very less fluctuation with the active site domain of IL-
6 and it achieved an almost steady state. We concluded that the compounds would be bound
stably to IL-6.

In this way, next, acute oral toxicity study of both 4A and 6A was carried out to find
out the safety profile in albino Wistar rats. Oral administration of 4A and 6A was well
tolerated in rats at doses of 5 and 10 mg/kg and also we were not observed any significant
reduction in body weight gain persisted over the 15 days. The results obtained from this study
implied that both compounds were safe up to 10 mg/kg body weight dose in rats. Therefore,
we further decided to perform in vivo anti-HCC activity at a dose of 10 mg/kg body weight in

albino Wistar rats.

The results of in vivo investigation suggest that 4A and 6A exerted a chemo-preventive
effects against experimentally NDEA-induced in vivo HCC in albino Wistar rats and this
effect could be attributed to an increased antioxidant profile, restored liver-specific enzymes
and decreased expression of oncogenes. Correlations of inflammatory cytokine levels with
biochemical markers of HCC were also observed. Effectual treatment with 4A and 6A

reflected reduction in the development of carcinogenic hepatic nodules and restored the
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normal histological architecture of system. 4A and 6A alter the inflammatory signature to
reduce significantly the overexpression of IL-6 and attenuate carcinogenic condition.

Additionally, metabolic profiling established that 4A and 6A have the ability to nor-
malize several metabolites that were significantly disturbed in NDEA-exposed rats,
supporting the anticancer activities of 4A and 6A for preventing the endogenous metabolic
disorders associated with NDEA-induced liver carcinogenesis. However, various
physiological and morphological changes, oxidative parameters, liver marker enzymes,
cytokines and proton-NMR based serum metabolite profiles were assessed to evaluate the
antitumor effect of 4A and 6A against NDEA-induced HCC.

While considering all the research findings together, it may be concluded that the newly
developed method is both more useful and more profitable in each and every aspect,
compared with the conventional route. Due to the importance of these two core structural
motifs, that is, 5H-benzo[h]thiazolo[2,3-b]quinazoline and indeno[1,2-d]thiazolo[3,2-
a]pyrimidine, especially in the areas of pharmaceutical and medicinal chemistry, we suggest
that the protocols that we have outlined should open up new avenues of investigation, with
enormous implications for achieving diversity in chemical synthesis. And our research
findings also reveal that the antitumor effect of compound 4A is more prominent than 6A.
Finally, this study provides evidences toward the potency of both 4A and 6A treatment in the
amelioration of NDEA-exposed HCC in albino Wistar rats through IL-6 downregulation
along with oxidative and metabolic stress reduction and suggests that they can be considered

for a range of therapeutic interventions of hepatic cancer in future.
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Abstract: In our efforts to address the rising incidence of hepatocellular carcinoma (HCC), we
have made a commitment to the synthesis of novel molecules to combat Hep-G2 cells. A facile
and highly efficient one-pot, multicomponent reaction has been successfully devised utilizing a
p-toluenesulfonic acid (p-TSA)-catalyzed domino Knoevenagel/Michael/intramolecular cycliza-
tion approach for the synthesis of novel SH-benzo[h]thiazolo[2,3-b]quinazoline and indeno[1,2-d]
thiazolo[3,2-a]pyrimidine analogs bearing a bridgehead nitrogen atom. This domino protocol
constructed one new ring by the concomitant formation of multiple bonds (C—C, C—N, and C=N)
involving multiple steps without the use of any metal catalysts in one-pot, with all reactants effi-
ciently exploited. All the newly synthesized compounds were authenticated by means of Fourier
transform infrared spectroscopy, liquid chromatography—mass spectrometry, proton nuclear
magnetic resonance spectroscopy, and carbon-13 nuclear magnetic resonance spectroscopy,
together with elemental analysis, and their antitumor activity was evaluated in vitro on a Hep-G2
human cancer cell line by sulforhodamine B assay. Computational molecular modeling studies
were carried out on cancer-related targets, including interleukin-2, interleukin-6, Caspase-3,
and Caspase-8. Two compounds (4A and 6A) showed growth inhibitory activity comparable
to the positive control Adriamycin, with growth inhibition of 50% <10 pg/mL. The results of
the comprehensive structure—activity relationship study confirmed the assumption that two or
more electronegative groups on the phenyl ring attached to the thiazolo[2,3-b]quinazoline system
showed the optimum effect. The in silico simulations suggested crucial hydrogen bond and —rt
stacking interactions, with a good ADMET (absorption, distribution, metabolism, excretion, and
toxicity) profile and molecular dynamics, in order to explore the molecular targets of HCC which
were in complete agreement with the in vitro findings. Considering their significant anticancer
activity, 4A and 6A are potential drug candidates for the management of HCC.

Keywords: thiazolo[3,2-a]pyrimidine and thiazolo[2,3-b]quinazoline, hepatocellular
carcinoma, domino reactions, interleukins, caspases, molecular docking, ADMET, dynamics,

multi-component reactions, metal-free

Introduction

One in six human deaths globally is due to multifaceted disease, such as cancer.
Liver cancer accounted for 788,000 deaths in 2015 and is the second most common
cause of cancer-related deaths, worldwide. The most prevalent primary liver cancer
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Abstract: SH-benzo[h]thiazolo[2,3-b]quinazoline scaffold is known to have an antitumor effect
on certain types of malignancies; however, its effect on hepatocellular carcinoma (HCC) remains
unclear. Previously, we reported p-toluenesulfonic acid-promoted syntheses, molecular model-
ing and in vitro antitumor activity of SH-benzo[h]thiazolo[2,3-b]quinazoline against human
hepatoma (Hep-G2) cells where compounds 4A and 6A were found to be potent inhibitors
among the series. In continuation to our previous effort to develop novel therapeutic strategies
for HCC treatment, here we investigated the in vivo antitumor activity and the mechanism
underlying the effects of 4A and 6A in N-nitrosodiethylamine (NDEA)-induced HCC using
male Wistar rats. NDEA was administered weekly intraperitoneally at a dose of 100 mg/kg
for 6 weeks. Various physiological and morphological changes, oxidative parameters, liver
marker enzymes and cytokines were assessed to evaluate the antitumor effect of 4A and 6A.
In addition, proton nuclear magnetic resonance-based serum metabolomics were performed
to analyze the effects of 4A and 6A against HCC-induced metabolic alterations. Significant
tumor incidences with an imbalance in carcinogen metabolizing enzymes and cellular redox
status were observed in carcinogenic rats. Tumor inhibitory effects of 4A and 6A were noted
by histopathology and biochemical profiles in NDEA-induced hepatic cancer. Compounds 4A
and 6A had a potential role in normalizing the elevated levels of inflammatory mediators such
as interleukin-1p (IL-1B), IL-2, IL-6 and IL-10. At molecular level, the real-time quantitative
reverse-transcribed polymerase chain reaction analysis revealed that 4A and 6A attenuated the
1L-6 gene overexpression in hepatic cancer. Further, orthogonal partial least squares discrimi-
nant analysis scores plot demonstrated a significant separation of 4A and 6A-treated groups
from carcinogen control group. Both the compounds have potential to restore the imbalanced
metabolites due to HCC, signifying promising hepatoprotective activities. All these findings
suggested that 4A and 6A could be potential drug candidates to treat HCC.

Keywords: SH-benzo[h]thiazolo[2,3-b]quinazoline, N-nitrosodiethylamine, NDEA, hepatocel-
lular carcinoma, HCC, interleukins, "H-NMR based metabolomics

Introduction

Chronic exposure to chemical carcinogens leads to several biochemical and genetic
variations in the cells. N-nitrosodiethylamine (NDEA), a known toxic and environ-
mental hepatic carcinogen, has been used as a tumor inducer in various hepatic cancer
models. Also, it has been shown to be mutagenic and genotoxic.! Cytochrome P450
enzyme-dependent NDEA metabolism produces reactive oxygen species (ROS) and

submit your manuscript

Dove

http:

Drug Design, Development and Therapy 2017:11 2981-2995 2981
© 2017 Keshari et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY NG

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



13/12/2017 Bridgehead Nitrogen Thiazolo[3,2-a]pyrimidine: A Privileged Structural Framework in Drug Discovery | BenthamScience

Search for...

Searchin: © All Article Chapter

eBook

Q Search

Wins Blwicoos éo ...
Medicinal
Chemistry

| Purchase PDF

Bridgehead Nitrogen Thiazolo[3,2-a]pyrimidine: A
Privileged Structural Framework in Drug Discovery

Author(s): Amit K. Keshari, Ashok K. Singh, Sudipta Saha*.
Journal Name:Mini-Reviews in Medicinal Chemistry
Volume 17 , Issue 15, 2017

DOI : 10.2174/1389557517666170216142113 (https://doi.org/10.2174/1389557517666170216142113)

A Journal Home (/node/633) |

Bentham Ebooks Holiday Sale SAVE,

UPTO

Get 30% Off On All Ebooks And Al PPV Articles - 30%

FromiDec 15:2017.- Jan 31 2018

(https://benthamscience.com/new-year-discount-offer.php)

Graphical Abstract:

NH

/R

(1) DHPMs
X=0,8,NH

Abstract:

Background: Thiazolopyrimidine derivatives containing bridgehead nitrogen atom are nowa- days attracting the attention of many medicinal chemists throughout
the world to explore this framework for its potential. This biologically important scaffold is formed by the fusion of two aromatic rings, thiazole and pyrimidine, in
such a way that one carbon atom at the ring junction is replaced by a nitrogen atom and is, therefore, being common for both the heterocyclic rings. One of the
most common example of this type of fusion is thiazolo[3,2-a]pyrimidine which is being used perpetually with tremendous success in various fields of therapeutic

applications.

Method: Despite the outstanding researches on thiazolo[3,2-a]pyrimidines in the literature, hardly there is a comprehensive review on the chemistry and medicinal
values of present scaffold. This review is, therefore, to endow with highlights on assorted progress made over the recent past on the basis of the development of
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with bridgehead nitrogen
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DHPMSs precursor and Thiazolopyrimidine ring sysicms.

new synthetic strategies, structure of various synthesized molecules and their promising medicinal attributes.

Conclusion: In addition, we have undertaken various scientific reports in depth, to explain spectral characterization (UV, IR, Mass, NMR and X-ray crystallography)

and stereochemistry, particularly of thiazolo[3,2-a]pyrimidines.
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