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ABSTRACT 

 

Shetu, Shaila Akter, SYNTHESIS OF BIOACTIVE HETEROCYCLES. Master of Science 

(MS), December, 2022, 94 pp., 9 tables, 64 figures, references, 81 titles. 

 The Discovery of a variety of heterocyclic drugs for the treatment of cancer and other 

diseases (e.g, neglected tropical diseases) is a medical breakthrough and inspiring for the 

research community as a whole. A wide range of natural, semi-synthetic, and synthetic 

anticancer drugs are synthesized using various methods. Among them, β -lactams stand out as a 

novel class of antibiotics that has different types of biological as well as anti-cancer properties. β 

-lactam has become a premier and active research subject towards the development of 

revolutionary anti-cancer drugs. In recent years, a large amount of investigations have been done 

to find the anticancer effect of β -lactams. There exist clinically established synthetic methods to 

synthesize the beta-lactam ring. To find the better anticancer effect, many bicyclic, polycyclic 

starting materials have been selectively chosen to be used with the beta-lactam ring. Many 

endeavors conducted comprehensive biological studies to determine the anticancer activity of 

such synthetic β -lactams. Also, to investigate the binding effect of β -lactam, molecular docking 

studies have been performed. This review discusses several prominent synthetic methods of 

synthesis and anticancer activity of β -lactams. 
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CHAPTER I 

 

INTRODUCTION 

 

Heterocyclic drugs on neglected tropical diseases (NTDs) (Part-A) 

In drug discovery research heterocycles play a significant role. A significant number of 

small molecule inhibitors are heterocyclic compounds. Among various classes of heterocycles, 

for example, aza-, oxo-, phospho-, thioheterocycles; aza- or nitrogen heterocycles are found in 

many pharmacologically relevant compounds natural and synthetic. Benzopyrazine (also known 

as quinoxaline) is a fused bicyclic scaffold in which benzene is fused with pyrazine 

(Bandyopadhyay & Banik, 2021). A few naturally occurring antibiotics and nutrients like 

vitamin B2 contain benzopyrazine moiety as a core in their structures (Figure 1). This scaffold is 

present as the key structural motif in many biologically active compounds, which includes 

anticancer (Bandyopadhyay et al., 2013; Lee et al., 2012; Qi et al., 2018), antibacterial (El-Attar 

et al., 2018), antitubercular (Achutha et al., 2013), anti-ebola (Loughran et al., 2016), antifungal 

(Carta et al., 2001) among many others. Consequently, several procedures of synthesizing 

benzopyrazines have been reported in the literature. A few synthetic procedures, reported in the 

immediate past, include the synthesis of benzopyrazines under the catalytic influence of Co3O4 

nanocages based nickel catalyst (Sharma et al., 2021), iron-catalyzed transfer hydrogenative 

condensation (Putta et al., 2021), sodium hydroxide-mediated hydrogen-transfer (Wang et al., 

2021), as well as the uses of tungstophosphoric acid-support  (Kumaresan et al., 2020) ,  and
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Co-based nanocatalyst (Panja et al., 2020)(13). 

Figure 1.1: Different heterocyclic drugs used in NTDs  

On the other hand, the World Health Organization (WHO) identified twenty tropical 

disease categories as neglected tropical diseases (NTDs). In general, the population below the 

poverty line are the primary sufferers of NTDs. Every year millions of people from 149 countries 

worldwide are being infected by NTDs that cause the waste of billions of dollars and a loss of 

thousands of lives. Based on the mortality and morbidity rates, Chagas’ disease (named after the 

Latin American physician Carlos Chagas, also known as American trypanosomiasis) and 

leishmaniasis are two major categories of NTDs that demand immediate attention from the 

global community (Maheshwari & Bandyopadhyay, 2021)(14). 
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Molecular Mechanism of Pancreatic Cancer and it’s Inhibitor (Part-B) 

Major drivers of pancreatic cancer 

Pancreatic cancer is considered as most common and the most lethal type of cancer. It is 

seventh most common cause of cancer-associated deaths around the World and the 3rd leading 

cause of cancer-related death for both men and women in the United States and is the only major 

cancer with a 5-year relative survival rate in the single digits (8.5%) (Are et al., 2016; Mizrahi et 

al., 2020). The majority of pancreatic malignancies arise from microscopic non-invasive 

epithelial proliferation known as pancreatic intraepithelial neoplasia that develops inside the 

pancreatic ducts. According to estimates, pancreatic ductal adenocarcinoma (PDAC) is the most 

prevalent kind of pancreatic cancer, caused 432,242 deaths globally in 2018 (Rawla et al., 2019). 

PDAC is a condition having genetic and epigenetic components to its onset, progression, and 

emergence of treatment resistance. 

A multistep process leads to the development and progression of pancreatic cancer.  

There are four main driver genes for pancreatic cancer: KRAS, CDKN2A, TP53, and SMAD4 

which introduced the concept of core signaling pathways (Jones et al., 2008). Pancreatic 

intraepithelial neoplasia (PanIN) lesions are precursors to pancreatic cancer, which progresses to 

invasive carcinoma (Ferro & Falasca, 2014; Hidalgo, 2010). PanIN lesions are further 

subdivided into low (PanIN-1A/B) to high (PanIN-3) grade lesions based on the degree of 

cellular and nuclear atypia (Hruban et al., 2000). Over time, numerous genetic changes cause 

histologic progression through the PanIN stages (PanIN1–3), ultimately leading to invasive 

adenocarcinoma. These changes include microRNAs (miRNAs), various genes that promote or 
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suppress tumor growth, and genetic mutations (Khan et al., 2013; Yonemori et al., 2017). In 

initial low grade PanIN lesions (PanIN-1), Kirsten rat sarcoma oncogene homolog (KRAS) is 

mutated, oncogenic miRNAs are overexpressed, and stromal associated factors are activated. In 

intermediate lesions (PanIN-2), Mucin 1 (MUC1) is overexpressed, and inactivating mutations in 

the p16/CDKN2A. Finally, late lesions (PanIN-3) are linked to inactivating mutations in tumor 

protein p53 (TP53), breast cancer type 2 susceptibility protein (BRCA2) (Ferro & Falasca, 2014; 

Golan et al., 2014; Tinder et al., 2008; Weissmueller et al., 2014). 

Various small molecule inhibitors are used in combination or alone for treatment of 

pancreatic cancer.  

RAS inhibitors in pancreatic cancer 

           Most cases of pancreatic cancer have mutations in the KRAS gene at the time of diagnosis 

(>80% of cases). It is found that 90% of pancreatic cancers are developed in the exocrine 

compartment of the pancreas and cause pancreatic ductal adenocarcinoma (PDAC). Codon 12 is 

accountable for 98% of PDAC mutation. Research found that codon G12D (51%) is the most 

aggressive PDAC subtype subsequently G12V (30%), G12A/C/S (2% each), and G12L/F (<1%) 

(Bryant et al., 2014). KRAS plays a vital role in developing PDAC type pancreatic cancer 

(Lanfredini et al., 2019). The progression of PDAC occurs due to the loss of tumor suppressor 

gene cyclin-dependent kinase inhibitor 2A (CDKN2A) (Schutte et al., 1997). Although KRAS 

mutation is undruggable and does not have any anti-KRAS therapy, some inhibitors show their 

effect against cancers. Inhibition of the RAF-MEK-ERK protein kinase pathway is one of the 

most potent factors that works against KRAS mutation. This pathway has an important role in 

the progression of PDAC (Waters & Der, 2018). It is also reported that iExosomes inhibit PDAC 

in mice by delivering RNAi. However, exosomes are therapeutically potential to control KRAS-
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dependent pancreatic cancer (Kamerkar et al., 2017; Kordelas et al., 2014). Additionally, the 

KRAS mutation can be inhibited by using a slow-released biodegradable polymer matrix. This 

process works delivering siRNA as an extended-release drug to mutated KRAS (Zorde 

Khvalevsky et al., 2013). Another method for suppressing the KRAS mutation is Anti-RAS 

vaccination. These vaccines contain different mutated genes that work against KRAS mutations 

(Mosolits et al., 2005; Quandt et al., 2018). 

Table 1.1: RAS inhibitors in pancreatic cancer 

Inhibitors Structure Target Ref 

AMG 510 

(Lumakras 

or 

Sotorasib)   

 

KRASG12C inhibitor (Canon 

et al., 

2019) 

MRTX849 

(Adagrasib) 

 

KRASG12C inhibitor (Hallin 

et al., 

2020) 

††† 

 

Inhibits MAPK/RAF 

signaling 

(McCar

thy et 

al., 

2019) 

Deltarasin 

 

Downregulates 

RAS/RAF signaling 

pathway 

 

(Leung 

et al., 

2019) 
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Table 1.1: RAS inhibitors in pancreatic cancer (cont.) 

Talniflumat

e 

+ 

Ggefitinib 

 

Inhibition of 2 β-1,6 

N-

acetylglucosaminyltra

nsferase (GCNT3) 

(Rao et 

al., 

2016) 

 MDC-

1016MDC-

1016) 

 

Ras inhibitor (Macke

nzie et 

al., 

2013) 

 Natural product   

Simvastatin 

 

GFP-K-Ras protein 

trafficking 

(Gbelco

vá et 

al., 

2017) 

Avicin G 

 

KRASG12V and 

HRASG12V 

(Garrid

o et al., 

2020) 

Prostratin 

 

KRAS (Wang 

et al., 

2015) 

Lupeol 

 

KRASG12V (Sturm 

et al., 

1996) 
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AMG 510 (Lumakras or Sotorasib). The AMG 510 inhibits KRASG12C  type oncogene 

by using  irreversible strategy of the His95 groove, which is close to the cystine pocket. It also 

downregulates MAPK signaling pathway in both pancreatic and lung cancer. But it does not 

affect wild-type KRASG12C mutation that proves the specificity of AMG 510. After the 

consequent success, further study has been conducted to get a more efficacious result. 

Combinatorial therapy of AMG 510 with MAPK inhibitor (carboplatin) creates a more potent 

outcome than monotherapy. These effective outcomes induce researchers to move forward. As a 

result, synergistic effects are tested on the mice model, and 90% of mice qualified for complete 

tumor suppression. Finally, a preliminary clinical study on the human model provided 50% 

tumor regression. However, most of the success of these comprehensive studies goes only for 

KRASG12C oncogene, mostly found in lung cancer (Román et al., 2018). Only 2% PDAC are 

responsible for KRASG12C oncogene (Melo et al., 2015). 

MRTX849 (Adagrasib). Jill Hallin et al. (Janes et al., 2018) found very potent, selective, 

and covalent KRASG12C inhibitor in pancreatic and lung cancer, which is structurally and 

functionally close to the AMG 510. This compound exerts effectiveness in combination therapy 

and has remarkable potency when admin-istered only MRTX849. Thus, phase I clinical study 

was conducted with the single agent in two patients associated with the final stage lung and 

colon carcinoma. Results showed partial response to these two critical types of cancers. 

However, the comeback of ERK signaling and lack of inhibition of mTOR-S6 signaling makes 

the MRTX849 re-sponse short-termed and ineffective. The result from this study makes 

expectations for pancreatic cancer treatment. 

†††. Recently, investigations found that AMG 510 is not the only small molecule 

inhibitor that is potent to KRAS mutation. In 2019, McCarthy et al. (Patricelli et al., 2016) 
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developed a new small molecule inhibitor which has the affinity to bind the allosteric binding 

site. This allosteric pyrazolopy-rimidine-based inhibitor (†††) binds with the allosteric p1 pocket 

of both wild-type and KRAS mutant. This new small molecule blocks MAPK pathway by 

downregulating the Raf signaling towards RAS mutation. Another advantage of this allosteric 

inhibition is that it is not limited to only the specific type KRAS allele. It shows benefit to wild 

type and GTP bound subtype KRAS oncogene. This remarkable positive result makes this 

allosteric inhibitor first-line therapy for tumor treatment in a different range. This small molecule 

allosteric inhibitor showed notably good results in lung and oral cancer cell lines that make the 

allosteric pyrazolopyrimidine-based inhibitor applicable for PDAC treatment. 

Deltarasin. Recent studies found Deltarasin downregulates RAS/RAF signaling pathway 

by inhibiting Phosphodiesterase-δ (PDEδ) binding with hydrophobic pocket of PDEδ, resulting 

in inhibition of KRAS harbored pancreatic ductal adenocarcinoma (PDAC) (Cox et al., 2014; 

Miguel-García et al., 1998). The majority of lung cancer incidents happen for KRAS mutants 

(Gysin et al., 2011). As a result, Leung et al. (Zimmermann et al., 2014) first identified that 

deltarasin induces apoptosis significantly in both vitro and in vivo in lung cancer cells. It also 

induces autophagy in lung cancer cells by inhibiting MAPK/mTOR signaling pathway. It is also 

shown that when deltarasin is treated with 3-MA (autophagy inhibitor), it increases autophagic 

properties and produces more intracellular ROS levels, protecting further autophagy. 

Talniflumate. Mucin is one of the major culprits that hinder drug delivery, and several 

clinical studies identified that mucin is overexpressed in KRAS-driven pancreatic cancer in 

mouse and human models (Evelyn et al., 2014; Kaur et al., 2013; Wallis et al., 2022; Xie et al., 

2017). Enzyme 2 β-1,6 N-acetylglucosaminyltransferase (GCNT3) is recognized as a novel core 

mucin synthesized enzyme, and targeting this enzyme could decrease the overexpression of 
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mucin (Geltz & Augustine, 1998). KRAS mutation with p48Cre/+-LSL-KrasG12D/+ GEM 

upregulates the mucin concentration in pancreatic intraepithelial neoplasia (PanIN) and PDAC. 

Further study found that GCNT3 enzyme is abnormally expressed from GEM in pancreatic 

cancer than the normal pancreases, resulting in high mucin formation. Therefore, GCNT3 is used 

as the novel target to inhibit the overexpression of mucin in pancreatic cancer. Talniflumate is a 

mucin inhibitor with good binding capacity with GCNT3 after the in-silico validation. The 

docking score of talniflumate is very impressive compared to the known ligand 

GALB1,3GALNAC. Further study confirms talniflumate, after binding with GCNT3, inhibits the 

protein expression of GNCT3 and significantly decreases the overexpression of mucin. Further 

investigation on EGFR inhibitor (gefitinib) confirms remarkable tumor regression in PDAC and 

PanIN with a significant decrease in mucin expression. 

MDC-1016. Mackenzie et al. (Mackenzie et al., 2013) synthesized phospho-

farnesylthiosalicylic acid (PFTS; MDC-1016) and evaluated its efficacy, safety, and metabolism 

in preclinical models of pancreatic cancer. PFTS downregulates c-RAF/mitogen-activated 

protein–extracellular signal–regulated kinase (ERK) kinase (MEK)/ERK1/2 kinase and 

phosphatidylinositol 3-kinase/ AKT ultimately inhibits Ras-GTP, the active form of Ras, 

mechanistically, both in vitro and in vivo. PFTS transcription 3 (STAT3) inhibitors, displaying 

synergy in the inhibition of pancreatic cancer growth. PFTS also shows synergistic effect 

combination with phospho-valproic acid, a novel signal transducer and activator of transcription 

3 (STAT3) inhibitor in pancreatic cancer. 

Simvastatin. The Mevalonate intermediates, including farnesyl pyrophosphate (FPP) and 

geranylgeranyl pyrophosphate (GGPP), which are responsible for activating RAS proteins, 

potentially inhibited by statins in pancreatic cancer (Lee et al., 2003). Simvastatin treatment on 
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MiaPaCa-2 human pancreatic cancer cells showed 200 genes affected by simvastatin treatment. 

The reason is due to the interaction with FPP and simvastatin. However, it is observed that the 

normalization of expression of KRAS-related gene and the GFP-K-Ras protein trafficking was 

partially prevented by the addition of any of the mevalonate pathway’s intermediates. Finally, 

the addition of FPP or GGPP normalized simvastatin-treated altered genes. Therefore, KRAS 

protein trafficking is successfully inhibited by statin treatment in pancreatic cancer (Lee et al., 

2003). 

Avicin G. The Avicin G is a plant-derived triterpenoid saponin from Acacia victoriae, 

mislocalizes KRASG12V from the Plasma membrane (PM), and disrupts PM spatial 

organization of oncogenic K-Ras and H-Ras by depleting phosphatidylserine (PtdSer) and 

cholesterol contents, respectively, at the inner PM leaflet (Kumar & Agnihotri, 2019). Further 

investigation suggests avicin G inhibits KRASG12V and HRASG12V mutation by 

downregulating pERK signaling pathway and pAkt, but more inhibition was observed on 

KRASG12V cells. Next, a cell proliferation assay was performed on human pancreatic ductal 

adenocarcinoma (PDAC) cells and non-small cell lung carcinoma (NSCLC) cells. Results 

showed significant growth inhibition for both types of the cancer cell line. Research identifies 

that lysosome activity is vital for KRAS-driven cancer growth, but avicin G blocks the lysosome 

activity by elevating lysosomal PH and inhibiting phosphorylation of ERK signaling (Kim et al., 

2020; Yaqoob et al., 2020). 

Prostratin. The Prostratin is a phorbol ester, first isolated from the bark of the mamala 

tree of Samoa, Homalanthus nutans (Euphorbiaceae) (Garrido et al., 2020). Prostatin inhibits 

KRAS and HRAS tumor growth by suppressing non-canonical Wnt/Ca2+ signaling. In 

comparison to KRAS and HRAS, KRAS produce more tumorigenesis, although they have a 
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comparable level of canonical RAS signaling. The reason for that is the ability to induce tumor 

initiation that is directly related to the ability of KRAS to suppress the Fzd8 mediated non-

canonical Wnt/Ca2+ signaling. In KRASG12V mutation, Fzd8 was downregulated, and CaMKii 

level was decreased than the HRASG12V, resulting in phosphorylation of threonine 286. 

Therefore, prostatin (PKC activator) interrupts KRAS calmodulin-binding that increases the 

level of Fzd8, which inhibit KRAS mutation in pancreatic cancer cell (Garrido et al., 2020). 

Lupeol. The Lupeol is a triterpenoid, a FPTase inhibitor, and specifically inhibits KRAS 

mutant, not wt KRAS. After analyzing crystal structure, Ganaie et al. identified 20 terpenoids for 

their KRAS binding affinity. A comprehensive study on lup‐20 (Kumar et al., 2011) ‐ en‐3b‐ol 

(lupeol) as a KRAS inhibitor performed differential scanning fluorimetry, immunoprecipitation 

assays, and isothermal titration calorimetry, lupeol identified as a potent KRAS inhibitor. Lupeol 

has a potential inhibitory effect on mutant KRASG12V. In vivo lupeol administration in mouse 

model showed inhibition of development of pancreatic intraepithelial neoplasia . 

RTK inhibitors in pancreatic cancer 

Receptor tyrosine kinases (RTKs) are transmembrane proteins expressed on the cell 

membrane that act as signal transducers.  They are responsible for different vital cellular 

regulations that cause proliferation, apoptosis, differentiation and metabolism (Yang et al., 

2021). RTK alteration happens in a wide range of cancers, emphasizing its significant role in 

cancer progression and as an appropriate therapeutic target. RTK comprises 58 members from 20 

subfamilies. Among them, Vascular Endothelial Growth Factor Receptor (VEGF) (Itakura et al., 

2000) and Insulin Receptor (IGF-IR) (Hakam et al., 2003) are overexpressed in pancreatic 

cancer. 
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Table 1.2: RTK inhibitors in pancreatic cancer   

Inhibitor Structure Target Ref. 

Pazopanib 

 

VEGF receptors 1, 

2, and 3 

(Alexand

ria T. 

Phan et 

al., 2015) 

Vandetanib 

 

VEGFR2, RET, 

and EGFR 

(Middleto

n et al., 

2017) 

Lapatinib 

+ 

Capecitabine 

 

EGFR and 

HER-2 

(Wu et 

al., 2015) 

Erlotinib 

+ 

gemcitabine 

 

EGFR (Renouf 

et al., 

2014) 

Axitinib 

+ 

gemcitabine 

 

 

VEGFR1, 

VEGFR2, 

VEGFR3 and 

PDGFRβ 

(Ioka et 

al., 2015) 

PD173074 

 

VEGF-RII and 

FGF-RI 

 

 

 

 

 

 

 

 

(Büchler 

et al., 

2007) 
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Table 1.2: RTK inhibitors in pancreatic cancer (cont.) 

  

Bemcentinib 

(Synonyms: 

R428; BGB324) 

 

 

Axl  

(Ludwig 

et al., 

2018) 

Imatinib 

Mesylate 
 

PDGFR, 

c-Kit, 

v-Abl 

(Moss et 

al., 2012) 

Sunitinib 

 

 

PDGFR, 

FLT3, 

IRE1α, 

Kit 

 

(Martínez

-Bosch et 

al., 2016) 

Sorafenib+ 

gemcitabine 

 

VEGFR-2/PDGFR-

beta 

 

 

(Gonçalv

es et al., 

2012) 

Losartan+ 

FOLFIRINOX 

 

Angiotensin 

receptor 

(Murphy 

et al., 

2019) 

Galunisertib 

 

TGF-β type I 

receptor (TβRI) 

 

(Melisi et 

al., 2018) 

 BMS-754807 

 

insulin-like 

growth factor-

1R/IR 

(Carboni 

et al., 

2009) 

 

Pazopanib. Pazopanib is a small molecule VEGF receptor 1, 2, and 3 inhibitors and is 

also known as orally bioavailable drug. Phan et al. (A. T. Phan et al., 2015) studied the 
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pazopanib effect on 52 patients counting 32 individuals with pancreatic NETs. Among them, 21 

(66%), 8 (25%), and 21 (66%) had progressive disease at enrolment, received everolimus 

therapy, and received previous chemotherapy respectively. Finally, 21.9% of patients gave 

overall objective responses. 

Vandetanib. Middleton et al. (Middleton et al., 2017) investigated combination therapy 

of vandetanib and gemcitabine in 381 individuals for advanced pancreatic cancer. Vandetanib is 

an RTK inhibitor of VEGFR2, RET, and EGFR, all of which are responsible for cancer 

prognosis. Results showed addition of vandetanib to gemcitabine therapy did not improve overall 

survival in advanced pancreatic cancer when compared to gemcitabine alone although the 

combination of gemcitabine plus vandetanib was generally well tolerated. The post-hoc analysis 

showed the development of rash increases the progression-free survival when using vandetanib 

which supports the idea rash might be indicative of regression of pancreatic cancer. 

Lapatinib. The Combination therapy of lapatinib an EGFR, HER-2 inhibitor, and 

capecitabine a third-generation aromatase inhibitor (AI) showed a tolerable regimen for patients 

with gemcitabine refractory pancreatic cancer (Wu et al., 2015). However, this single-arm phase-

II trial was conducted for a very small amount of patients. This study also reported severe side 

effects for 17% of patients although there was no cardiac side effect for all of the patients and 

most patients tolerated without dose adjustment (Wu et al., 2015). 

Erlotinib. Erlotinib has been shown its beneficial effects on non-small cell lung cancer 

(NSCLC) as a single agent. It is also identified that this effect is limited to the patients who 

possess the EGFR mutation. Data from NSCLC patients demonstrated that KRAS mutation is 

very low in NSCLC but high in pancreatic cancer and has significantly decreased benefit from 

EGFR tyrosine kinase inhibitor. Renouf et al. (Renouf et al., 2014) studied 29 patients, 27 (93%) 
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were KRAS mutated and there was no difference in outcomes when compared with the wild-type 

KRAS mutation. In addition, erlotinib and gemcitabine combinations were analyzed on 117 

patients, and the results indicated non-significant changes. Finally, dose escalation of erlotinib 

might be the indicator but it is not much effective in non-selected patients with advanced 

pancreatic cancer resistant to gemcitabine. 

Axitinib. Axitinib is a selective and potent VEGF inhibitor.  Ioka et al. (Ioka et al., 2015) 

investigated the efficacy of axitinib and gemcitabine combinedly in patients with advanced 

pancreatic cancer from different countries (Japan, North America, and the European Union). All 

the data suggested that in tolerable dose Axitinib/gemcitabine did not provide survival benefits 

over gemcitabine alone in patient with advanced pancreatic cancer from Japan, North America, 

and the European Union. 

PD173074. PD173074 is a VEGF-RII and FGF-RI inhibitor targeting neoangiogenesis 

and mitogenesis. Bu¨chler et al. (Büchler et al., 2007) first identified high doses of PD173074 as 

a single compound and come up with preclinical evidence that small molecule inhibitor 

PD173074 tailored cancer therapy toward the simultaneous inhibition of angiogenesis, induction 

of apoptosis, and inhibition of tumor growth factor-mediated mitogenesis. In vivo study on 

HPAF-II and MIA PaCa-2 cell, PD173074 showed prominent inhibition of cell growth which 

expressed high levels of FGF-RI. 

Bemcentinib. Bemcentinib is a small molecule inhibitor, that targets RTK in pancreatic 

ductal adenocarcinoma (PDAC). Axl signaling upregulates TBK1–NFkB pathway and stimulates 

innate immune suppression in the tumor microenvironment. In vitro analysis of six human and 

three mouse PDAC cell lines showed dose-dependent inhibition with IC50 values ranging from 1-

4 µmol/L. In addition, combination treatment of Bemcentinib and gemcitabine decreases cell 
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apoptosis, decreases cell proliferation, and reduced microvessel density in genetic KIC and 

syngenic Pan02 tumors (Ludwig et al., 2018). 

Imatinib mesylate. Imatinib mesylate (IM) is a platelet-derived growth factor (PDGFRs) 

that is rich in the pancreatic tumor microenvironment. IM increases drug access by inhibiting 

interstitial fluid pressure. Moss et al. (Moss et al., 2012) investigated Imatinib mesylate and 

gemcitabine effect in phase 2 trial for forty four patients who possessed metastatic pancreatic 

cancer. Result showed that combination of  IM and gemcitabine were well tolerated than 

gemcitabine alone but the overall survival rate was not significant in statistical information. 

Sunitinib. Sunitinib is a tyrosine kinase inhibitor and is well known for its anti-

angiogenic effect. Using Ela-myc transgenic mouse model Martínez-Bosch et al. (Martínez-

Bosch et al., 2016) investigated the effects of sunitinib in pancreatic cancer. PDGFR and 

VEGFR were overexpressed in Ela-myc pancreatic tumors. However, treatment with sunitinib in 

Ela-myc had no impact on either early or advanced tumor progression and also no effect on 

survival or tumor burden. But in vivo study, all the subcutaneous tumors generated from tumor 

cell lines regressed after sunitinib treatment. All results indicated that the main barrier to 

sunitinib treatment in vivo is the pancreatic tumor microenvironment, which might be improved 

by treating in combination with drugs that disrupt tumor fibrosis. 

Sorafenib. Sorafenib is a RTK inhibitor, that inhibits angiogenic and RAS-dependent 

signaling. A phase I trial showed combination therapy of sorafenib and gemcitabine had activity 

and was well tolerated in advanced pancreatic cancer. But the combination therapy of sorafenib 

and gemcitabine did not show overall survival (OS) and progression-free survival (PFS) and 

clinical benefit in a double-blind phase-III randomized trial for advanced-stage pancreatic cancer 

patients (Gonçalves et al., 2012). 
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Losartan. Murphy et al. (Murphy et al., 2019) investigated the neoadjuvant therapy of 

FOLFIRINOX (fluorouracil, leucovorin, oxaliplatin, and irinotecan) and losartan followed by 

chemoradiotherapy in locally advanced pancreatic cancer. A phase II clinical trial of losartan, an 

angiotensin receptor antagonist combined with the FOLFIRINOX regimen to evaluate the 

margin-negative (R0) resection rate. The result suggested that the treatment with FOLFIRINOX 

and losartan, significantly decrease plasma TSP1 and TGF-β levels indicating a high rate of R0 

resection and prolonged survival rates in LAPC (Murphy et al., 2019). 

Galunisertib. Galunisertib is an (ALK5) serine/threonine kinase inhibitor. It is the first 

oral small-molecule type I transforming growth factor-beta receptor to enter clinical 

development. Melisi et al. (Melisi et al., 2018) investigated a first line treatment of galunisertib 

with gemcitabine for patients associated with unresectable pancreatic cancer. The overall result 

suggested that Combination therapy of galunisertib and gemcitabine increase the overall survival 

(OS) than the gemcitabine treatment alone in unresectable pancreatic cancer. Minimal toxicity 

was also found with this treatment. Further evidence found from biomarker analyses that patients 

subgroups with higher levels of cytokines recruited macrophages or regulatory T cells that may 

benefit to a greater extent from treatment with galunisertib plus gemcitabine. 

           BMS-754807. BMS-754807 is a potent and reversible insulin-like growth factor 1 

receptor inhibitor. Awasthi et al. investigated therapeutic potential of combination therapy of 

BMS-754807 and gemcitabine in PDAC (Carboni et al., 2009). BMS-754807 and gemcitabine 

inhibited cell proliferation in PDAC cell determined by WST-1 assay. BMS-754807 inhibited 

PDAC cell proliferation at 10 mmol/L of 54%, 37%, 49%, and 39% in AsPC-1, BxPC-3, MIA 

PaCa-2, and Panc-1 cells, respectively by dose-dependent manner. Additionally, it is also 

determined that combination therapy of BMS-754807 and gemcitabine increases the inhibitory 
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effect more than gemcitabine alone. The addition of BMS-754807 decreased gemcitabine IC50 

from 9.7 mmol/L to 75 nmol/L for AsPC-1, from 3 mmol/L to 70 nmol/L for Panc-1, from 72 to 

16 nmol/L for MIA PaCa-2, and from 28 to 16 nmol/L for BxPC-3 cells. BMS-

754807þgemcitabine also showed strong antitumor activity by decreasing  phospho-IGF-1R and 

phospho-AKT in tumor tissue lysates (Awasthi et al., 2012).
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CHAPTER II 

 

METHODOLOGY 

 

Synthesis of diversely substituted bioactive quinoxalines (Part-A) 

In this research, World Health Organization (WHO) identified twenty tropical disease 

categories as neglected tropical diseases (NTDs). Chagas’ disease (also known as American 

trypanosomiasis) and leishmaniasis are two major classes of NTDs. The total number of 

mortality, morbidity, and disability attributed each year due to these two categories of diseases in 

magnitudes is much higher than the so-called elite diseases like cancer, diabetes, AIDS, 

cardiovascular and neurodegenerative diseases. Impoverished communities around the world are 

the major victim of NTDs. The development of new and novel drugs in the battle against 

Chagas’ disease and leishmaniasis is highly anticipated. 

In this research, an ultrasound-assisted on-water green synthesis was performed to 

synthesize diversely substituted quinoxalines. Eleven compounds were synthesized (Figure 2.1) 

and subsequent in vitro trypanocidal and leishmanicidal evaluations were performed of these 

compounds. Further, it is hypothesized that the biological (trypanocidal and leishmanicidal) 

activity is due to the interaction and subsequent inhibition of the protozoal proteins responsible 

for these diseases. In addition, in silico docking study was conducted to validate the hypothesis.
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Figure 2.1: Ultrasound-assisted on-water green synthesis of diverse benzopyrazines 

General 

Materials. All the Chemicals were purchased from Sigma-Aldrich, Inc. (St. Louis, MO) 

and VWR International (Missouri, TX). Solvents were purchased from Fisher Scientific 

International Inc. (Pittsburgh, PA) throughout the investigation. 
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Ultra-sonicator. Sonication was performed with the UP200St (200W, 26kHz) ultra-

sonicator (Hielscher Ultrasonics GmbH, Germany). 

FT-IR. FT-IR spectra were recorded on a Bruker Alpha modular Platinum-ATR FT-IR 

spectrometer with OPUS software, using the samples directly (neat) without making pallets. 

NMR. FT-IR 1H NMR (600 MHz) and 13C NMR (150 MHz) spectra were obtained at 

room temperature with Bruker superconducting Ultrashield Plus 600 MHz NMR spectrometer 

with central field 14.09 T, coil inductance 89.1 Hz, and magnetic energy 1127.2 kJ using CDCl3 

or d6-DMSO as solvent. 

General procedure for synthesis of quinoxalines 

In a general procedure of this on-water reaction, ortho-diamine and dicarbonyl 

compounds were mixed (1:1 molar ratio) in a hard glass test tube, and 1 mL tap water was added 

to the reaction mixture. In a model reaction, 1 mL water was taken in a hard glass test tube, and 

one mmol of o-phenylene diamine (108 mg) and one mmol of phenylglyoxal hydrate (134 mg) 

were added into the test tube. The ultrasonic probe was inserted into the test tube (reaction 

mixture), and the mixture was sonicated. The reaction was monitored by thin-layer 

chromatography (TLC) every after one minute. The most intense TLC spot was seen after three 

minutes. Further sonication did not increase the intensity of the product spot; rather, it reduced 

the product and generated gummy material. Initially, the reaction was carried out in deionized 

water, but no significant change in yield was observed compared to tap water. At the end of the 

reaction, the product looked like a chunk, and it was not soluble in water. Consequently, the 

product was extracted with 9 mL (3x3 mL) of ethyl acetate. The organic layer was dried over 

sodium sulfate and concentrated by reduced pressure distillation by a rotary evaporator. The 
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crude mass was passed quickly through a purification column with ethyl acetate to get highly 

pure (>98%) and crystalline compounds. The spectral data of the compounds are given bel 

Trypanocidal and Leishmanicidal (in vitro) evaluations 

           The promastigotes of L. mexicana (MHOM/MX/ISETGS) clinical strain were used for the 

leishmanicidal growth inhibition assay. The clinical strain was initially isolated from a patient 

suffering from diffuse cutaneous leishmaniasis. The trypanocidal assay also carried out with the 

epimastigotes of T. cruzi (MHOM/MX/1994/NINOA). The clinical strain was originally isolated 

from a patient with the disease in the acute phase for this assay. Schneider’s Drosophila medium, 

supplemented with 10% fetal bovine serum, penicillin (100 IU/mL), and streptomycin (100 

µg/mL), was used to culture the parasites at 26 °C. The antiprotozoal assays were carried out in 

96-well plates using dimethyl sulfoxide (DMSO) as the carrier. The standard controls and the 

testing compounds were solubilized in DMSO and diluted as required. All the antiprotozoal 

assays were performed in duplicate. Aliquots of 100 µL of compound solution and 100 µL of 

culture medium containing 10000 Leishmania promastigotes or 20000 T. cruzi epimastigotes 

were combined to obtain concentrations of 50, 25, 12.5, 6.25, 3.125 µg/mL, and so on. Two first-

line commercial drugs nifurtimox (antichagasic drug) and miltefosine (leishmanicidal drug), 

were used as positive controls. Only the parasite-containing culture was used as the negative 

control. The plates were incubated for 72 hours at a temperature of 26 °C, and the antiprotozoal 

activity of the compounds was determined by direct count of parasites in a Neubauer chamber. 

The IC50 values (the concentration required to inhibit 50% of parasite growth were calculated 

(in µg/mL) by probit analysis. 
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In silico molecular docking studies 

           In silico molecular docking was conducted following our previously published procedure 

(3). In brief, the ligands were prepared with their corresponding assigned atoms types and 

charges using ChemOffice 2015 as MOL files and converted to PDB and PDBQT sequentially 

following a few steps utilizing open-source and well-known graphic user interface software. 

Control drugs (positive controls) were imported from ChemSpider as MOL format; if not, 

control ligands were manually prepared from scratch. Crystal structures of the four proteins 

4YPF, 1S0J, 4K32, 6QDA (biological targets in this study) were imported from RCSB (4), a 

member of Worldwide Protein Data Bank (wwPDB). The MOL formats of the ligands were 

changed to PDB format by Avogadro software (5). The ligands were saved in .pdb format and 

AutoDock4. AutoDockTools 1.5.6, part of AutoDock4 (AD4), were used to alter the ligands and 

receptors (proteins) from PDB to PDBQT formats. PDBQT format provides the molecular 

structure coordinate files, including atomic partial charges, atom types, torsional flexibility 

information, etc. The ligand files (in .pdb form) were loaded onto the AutoDockTools dashboard 

to detect torsion root, rotatable bonds and add gasteiger charges for atomic charges, if necessary. 

The receptor-binding sites were localized using the Adaptive Poisson-Boltzmann Solver (APBS) 

plugin for surface electrostatic calculation and Computed Atlas Surface Topology of proteins 

(CASTp) for a pocket that void detection on the protein surface (6). Binding site visualization 

was made feasible by Schrödinger Maestro, AutoDock4, PyMOL, and other software. (7,8,9). 

These software packages offer a complete molecular viewer and graphic user interface, which 

are essential for structure-based drug design and discovery. PDBQT structure formats are 

compatible with AutoDock Vina (10), a complementary AD4 molecular docking program, and 

are required to run the docking simulations. We used the Schrödinger Maestro to visualize and 
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preparing the PDB receptor and ligand conformation files for docking. We uploaded the receptor 

files to the Maestro workspace, and the binding site surface area was calculated using the Task 

Tree search bar and selecting Binding Surface Area Analysis. The resulting free energy binding 

affinities (in kcal/mol) were recorded as docking scores. These scores were considered to 

evaluate the strength of non-covalent interaction between different receptor-ligand 

conformations. A conformer with the lowest energy and highest cluster counts was regarded as 

the best ligand conformation that fits the binding site.  The structural analysis was effectuated in 

Schrödinger Maestro was set to (i) visualize the formation and quantify distances of H-bonds, π-

π stacking interactions, and close contacts of each ligand to the receptor of interest; (ii) obtain 

images of ligand-receptor residue interactions within the vicinity of the binding site, and (iii) 

observe the receptor surface homology through molecular dynamics simulation (11). The in 

silico docking study evaluated miltefosine and nifurtimox, leishmanicidal, and trypanocidal 

control drugs, respectively. 

 

Synthesis of carbazole derivative beta-lactams (Part-B) 

           β-lactam is a four-membered lactam ring. Its lactam part is a cyclic amide. It is called β-

lactam because the nitrogen atom is attached to the β carbon atom relative to the carbonyl group. 

Their advent started in 1928 when Sir Alexander Fleming first discovered “penicillin”. Fleming 

discovered that bacterial growth was restricted with Penicillium (7). β-lactam started its journey 

as an antibiotic from the beginning. Penicillin is the first β-lactam compound that has the 

antibacterial property (15, 16). It is proven that the β-lactam core, 6-aminopenicillanic acid is the 

lead compound of penicillin synthesis (17).  Due to the increasing rate of bacterial resistance, the 

new group of semi-synthetic β-lactam has been synthesized to get the potent broad-spectrum 
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activity. For Example, cephalosporin which is a group of broad-spectrum β-lactam antibiotic, are 

mostly synthesized from semi-synthetic derivatives of cephalosporin C (18). Biosynthetic studies 

have shown that the β-lactam class of natural products can be divided into at least four different 

subgroups based on the origin of the β-lactam ring. These groups will be referred to as the 

penicillin/cephalosporin, the clavam, the carbapenem, and the monocyclic β-lactam compounds 

(Figure 1) Within these four compounds first three (penicillin/cephalosporin, the clavam, the 

carbapenem) are the bicyclic β-lactam compounds. Most bicyclic β-lactams are produced by 

fermentation or modification of fermentation-derived materials (19-21). 

           The Discovery of a variety of anticancer drugs for the treatment of cancer is a medical 

breakthrough and inspiring for the cancer research community as a whole. A wide range of 

natural, semi-synthetic, and synthetic anticancer drugs are synthesized using various methods. 

Among them, β -lactams stand out as a novel class of antibiotics that has different types of 

biological as well as anti-cancer properties. β -lactam has become a premier and active research 

subject towards the development of revolutionary anti-cancer drugs. In recent years, a large 

amount of investigations has been done to find the anticancer effect of β -lactams. There exist 

clinically established synthetic methods to synthesize the beta-lactam ring. To find the better 

anticancer effect, many bicyclic, polycyclic starting materials have been selectively chosen to be 

used with the beta-lactam ring. Many endeavors conducted comprehensive biological studies to 

determine the anticancer activity of such synthetic β -lactams. Also, to investigate the binding 

effect of β -lactam, molecular docking studies have been performed. 

Synthesis of DB-5-SAS series 

           For this research, some novel beta-lactam derivatives have been synthesized using 

multistep synthesis process. Firstly, Schiff base (Imine) has been synthesized from aldehyde, 5-
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fluoropicolinaldehyde and amine, 9-ethyl-9H-carbazole-3-amine. Using the Staudinger reaction 

five derivative of beta-lactam were synthesized from the previously synthesized imine. To the 

best of my knowledge, this is the first report that discusses the synthesis of beta-lactam from 

carbazole derivatives. 

           General procedure for the synthesis of imines. The chapter Amine and aldehyde were 

mixed in equimolar (1:1) ratio and refluxed in dry toluene using a Dean-Stark water separator. 

After completion of the reaction (monitored by thin layer chromatography, 2–3 hours), the 

solvent was removed under reduced pressure distillation (by rotavapor) and the pure imine was 

isolated by crystallization from dichloromethane/hexanes.   

           General procedure for the synthesis of DB-5-SAS-OAC via the Staudinger reaction. 

5.706 gm of imine was taken to 500 ml round bottom flask. Then 100 ml of anhydrous DCM and 

6.3 ml of anhydrous TEA were added to the similar round bottom flask which contained imine. 

After adding the reaction mixture was stirred for 20 minutes. Then acetoxy acetyl chloride was 

added dropwise. The reaction mixture was stirred 48 hours. The reaction temperature was 

maintained 0 to -5֯ C. After completing the reaction, the reaction mixture was extracted with 

brine solution, sodium bicarbonate, Dichloromethane (DCM), and Ethyl acetate. The pure 

product was isolated by column chromatography. 

           General procedure for synthesis of DB-5-SAS-OH. 1.5 mmol of acetoxy beta-lactam 

was taken to a round bottom flask. 10 ml of tetra hydro furan and 10 ml of deionized water were 

added to the similar round bottom flask. After stirring the reaction mixture at 0 to -5֯C 

temperature, 10 ml of 6% aqueous sodium hydroxide was added to the reaction mixture. Then 

the reaction was monitored by thin layer chromatography every 10, 20, 30, 40, 50, and 60 mins 

intervals. When the reaction was completed, it was quenched by ethyl acetate. Extraction was 
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done using brine solution, DCM, and ethyl acetate. Pure compound was isolated using column 

chromatography. 

           Synthesis of DB-5-SAS-OTFE beta-lactam. 1 mmol of hydroxy beta-lactam was taken 

to a round bottom flask. 8 ml of dry DCM and 9mmol of try ethyl amine is added to the flask. 

The reaction mixture was stirred for 20 minutes, and the reaction environment was maintained 0 

to -5֯ C temperature. After 20 min stirring 3 mmol of 2,2,2 trifluoroethane sulfonyl chloride was 

added dropwise to the reaction mixture. The reaction was monitored by TLC in every 30minutes 

interval. After completing the reaction, the reaction mixture was extracted by diluted brine 

solution. Pure compound was isolated by column chromatography. 

           Synthesis of DB-5-SAS-OCAS beta-lactam. 1 mmol of hydroxy beta-lactam was taken 

to a round bottom flask. 8ml of dry DCM and 9 mmol of triethyl amine were added to the 

reaction mixture. Performed 20 min starring maintaining 0 to -5֯ C temperature. 3 mmol of 

cyanoazetidine-1-sulfonyl chloride was added directly to the reaction mixture. Reaction was 

monitored by TLC in every 2 hours interval. Reaction completed within 18-24 hours. After 

completing the reaction, the reaction mixture was extracted with diluted brine solution, DCM, 

and ethyl acetate. Pure compound was isolated using column chromatography. 

           Synthesis of (IPMS) beta-lactam. 1 mmol of hydroxy beta-lactam was taken to a round 

bottom flask. 8ml of dry DCM and 9 mmol of triethyl amine were added to the reaction mixture. 

Performed 20 min starring maintaining 0 to -5֯ C temperature. 3 mmol of isopropyl methyl 

sulfonyl chloride was added directly to the reaction mixture. Reaction was monitored by TLC in 

every 48 hours interval. Reaction completed within 96 hours. After completing the reaction, the 

reaction mixture was extracted with diluted brine solution, DCM, and ethyl acetate. Pure 

compound was isolated using column chromatography.
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CHAPTER III 

 

RESULTS 

 

Green synthesis of bioactive diversely substituted quinoxalines (Part-A) 

Green synthesis of diverse benzopyrazines 

Ultrasound-assisted diversely substituted benzopyrazines were synthesized, inserting a 

powerful sonicator probe into the reaction mixture. For the diamine and dicarbonyl compounds, 

various substituents based on electron-withdrawing or electron-donating ability were tested to 

generalize the reaction. The nitro, chloro, on the diamine represent strong and weak electron-

withdrawing groups (EWG), whereas the fused cyclohexyl and methoxy groups represent mild 

and strong electron-donating groups (EDG). The ultimate goal was to evaluate whether the 

presence of these functional groups influences the nucleophilicity of the diamines. Similarly, the 

electrophilicity of the diketo compound was varied by introducing p-nitro, p-fluoro (EWG) or 

methyl (EDG) in the dicarbonyl system. The overall yield of the products indicates that the 

presence of EWG or EDG does not influence the reaction significantly, which in turn supports 

the universality of this synthetic method. Based on the available literature, this is the first 

example of synthesizing benzopyrazines under this condition. Our method produced excellent 

yields of the corresponding products (overall yield 92% or more) in a very short period. The 

yield of the products and the atom economy of the reactions are shown in Table 3.1. The range of 

atom economy in the series 
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varies from 76.92% to 88.89%, which undoubtedly supports the greenness of the synthetic 

method. 

Table 3.1: The yield, and atom economy in the synthesis of benzopyrazines (1–11) 

Compound Yield (%)* 
Atom 

economy 

1 97 85.48 

2 96 88.89 

3 94 76.92 

4 92 80.00 

5 95 76.92 

6 98 78.57 

7 99 86.36 

8 93 84.21 

9 97 80.00 

10 96 83.33 

11 98 84.21 

    

Tripanocidal and Leishmanicidal evaluations (in vitro) of the benzopyrazines (1–11) 

We used the promastigotes of L. mexicana (MHOM/MX/ISETGS) clinical strain for the 

leishmanicidal growth inhibition assay. The clinical strain was initially isolated from a patient 

suffering from diffuse cutaneous leishmaniasis. We carried out the trypanocidal assay with the 

epimastigotes of T. cruzi (MHOM/MX/1994/NINOA). The clinical strain was originally isolated 

from a patient with the disease in the acute phase for this assay. Schneider’s Drosophila medium, 

supplemented with 10% fetal bovine serum, penicillin (100 IU/mL), and streptomycin (100 

µg/mL), was used to culture the parasites at 26 °C.  Two commercial drugs, miltefosine, and 

nifurtimox were used as standard controls. Compound 1 demonstrated good in vitro activity 

against both the strains with comparable IC50 values with both the controls: miltefosine and 

nifurtimox. Compounds 3 and 4 showed moderate IC50 values against the L. mexicana (M378) 
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strain (Table 3.2). The standard biosecurity and institutional procedure were followed during the 

experiment. 

Table 3.2: IC50 (µM ± SD) of the benzopyrazines (1–11) against epimastigotes from T. cruzi and 

promastigote from L. mexicana. 

Compound 
L. mexicana 

(M378) 

T. cruzi 

(NINOA) 

1 12.46 ± 0.62 37.85 ± 0.52 

2 >100 >100 

3 50.86 ± 1.02 >100 

4 39.83 ± 0.29 >100 

5 >100 >100 

6 >100 >100 

7 >100 >100 

8 >100 >100 

9 >100 >100 

10 >100 >100 

11 >100 >100 

Miltefosine ― 19.56 ± 0.61 

Nifurtimox 9.32 ± 0.31 ― 

 

In silico molecular docking of the compounds 1 

           T. cruzi Histidyl-tRNA synthetase (PDB ID: 4YPF; Koh et al., 2015) and T. cruzi trans-

sialidase (PDB ID: 1S0J; Amaya et al., 2004) are considered as two major biological drug targets 

for American trypanosomiasis whereas Leishmanial rRNA A-site (PDB ID: 4K32; Shalev et al., 

2013) and Leishmania major N-myristoyltransferase (PDB ID: 6QDA; Bell et al., 2020) are 

considered as the major biomolecular drug targets for leishmaniasis (Kelly et al., 2020). As 

shown in Table 3.3, compound 1 showed comparable in vitro trypanocidal and leishmanicidal 

activities with two standard commercial drugs; therefore, we hypothesized the inhibition of the 

proteins as mentioned earlier with compound 1. To validate our hypothesis, we carried out 

extensive molecular docking studies of compound 1 against the four proteins. The docking 



 

31 

 

scores are presented in Table 3.4. Docking interactions between compound 1 with the four 

proteins are shown in Figures (2a–5b). 

Table 3.3: Molecular docking scores of the compound 1 and the standard controls   

        

       * Binding affinity [kcal/mol] 

4YPF: Crystal structure of T. cruzi Histidyl-tRNA synthetase in complex with quinolin-3-

amine 

1S0J: Trypanosoma cruzi trans-sialidase in complex with MuNANA (Michaelis complex) 

4K32: Crystal structure of geneticin bound to the leishmanial rRNA A-site 

6QDA: Leishmania major N-myristoyltransferase in complex with quinazoline inhibitor 

IMP-0000811 

 

 

 

Compound Structure Docking 

score* 

(PDB ID: 

4YPF) 

Docking 

score* 

(PDB ID: 

1S0J) 

Docking 

score* 

(PDB ID: 

4K32) 

Docking 

score* 

(PDB ID: 

6QDA) 

1 

 

-6.7 -7.3 -6.3 -7.4 

Miltefosine 

 

-4.7 -5.4 -4.9 -6.0 

Nifurtimox 

 

-7.0 -7.8 -6.6 

 

 

-7.5 
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Table 3.4: Interactions between compound 1 with the four biomolecular targets (PDB IDs: 4YPF, 

1S0J, 4K32 and 6QDA) 

Receptor Binding 

Site 

Residue(s) 

Type of 

Interactions 

Hydrophobic 

Residues 

Docking score* 

4YPF HID168 π-π stacking GLU105, ILE106, 

GLN109, PRO125, 

TRP155, ARG165, 

GLU167, CYS365 

-6.7 

1S0J N/A Hydrophobic 

Interaction 

ARG35, ARG53, 

ASN60, ARG93, 

ASP96, TYR113, 

TRP120, LEU176, 

GLU230, TRP312, 

ARG314, TYR342 

-7.3 

4K32 Guanine 8 H-Bond U9, A39, A40, A41, 

G43 

-6.3 

6QDA HID 219, 

PHE232 
π-π stacking VAL81, GLU82, 

ASP83, PHE88, 

ARG89, PHE90, 

SER330, LEU341 

-7.4 

           * Binding affinity [kcal/mol] 

4YPF: Crystal structure of T. cruzi Histidyl-tRNA synthetase in complex with quinolin-3-

amine 

1S0J: Trypanosoma cruzi trans-sialidase in complex with MuNANA (Michaelis complex) 

4K32: Crystal structure of geneticin bound to the leishmanial rRNA A-site 

6QDA: Leishmania major N-myristoyltransferase in complex with quinazoline inhibitor  

IMP-0000811 
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Figure 3.1a: The binding mode of the interactions between 1 with T. cruzi Histidyl-tRNA 

synthetase (PDB ID: 4YPF) 

 

Figure 3.1b: Results of the validation of 1 inside the T. cruzi Histidyl-tRNA synthetase active 

sites 

 

Figure 3.2a: binding mode of the interactions between 1 with T. cruzi trans-sialidase (PDB ID: 

1S0J) 
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Figure 3.2b: Results of the validation of 1 inside the T. cruzi trans-sialidase active sites 

 

Figure 3.3a: The binding mode of the interactions between 1 with Leishmanial rRNA A-site 

(PDB ID: 4K32) 

 

Figure 3.3b: Results of the validation of 1 inside the Leishmanial rRNA A-site active sites 
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Figure 3.4a: The binding mode of the interactions between 1 with Leishmania major N-

myristoyltransferase (PDB ID: 6QDA) 

 

 

Figure 3.4b: Results of the validation of 1 inside the Leishmania major N-myristoyltransferase 

active sites 

In silico drug-likeness determination 

           Drug-likeness indicates the possibility of a molecule becoming a drug. Accordingly, a 

drug molecule should have a balance of various physicochemical properties like molecular 
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weight, hydrogen bond donor, hydrogen bond acceptor, total polar surface area, rotatable bond, 

hydrophilicity, lipophilicity, hydrophobicity, lipophobicity, bioavailability, half-life, etc. The 

druggability assessment of all the eleven benzopyrazines was performed in compliance with 

Lipinski’s rule of five (RO5) [Lipiniki et al., 1997, 2001; Lipinski, 2004). The druggability 

parameters of the eleven benzopyrazines are shown in Table 4. Compound 1 shows the minimum 

miLogP value (2.96) out of all the eleven analogs without having any significant violations of 

druggability. 

Table 3.5: Validation† of drug-likeness of the benzopyrazines (1–11) 

Compound miLogPa HBAb HBDc TPSAd RBe MWf Violation  

1 

2 

3 

2.96 

4.62 

3.41 

2 

2 

2 

0 

0 

0 

24.73 

24.73 

25.78 

1 

2 

1 

212.30 

288.39 

206.25 

0 

0 

0 

4 3.44 3 0 35.02 2 236.27 0 

5 4.06 2 0 25.78 1 240.69 0 

6 3.34 5 0 71.61 2 251.25 0 

7 5.91 5 0 71.61 3 355.40 1 

8 5.34 5 0 71.61 3 363.32 1 

9 3.56 5 0 71.61 2 265.27 0 

10 5.08 2 0 25.78 2 282.35 1 

11 5.01 5 0 71.61 3 327.34 1 
†Molinspiration property engine v2018.10;  

amiLogP: Moriguchi octanol-water partition coefficient, is based on quantitative structure-LogP 

relationships, by using topological indexes; 

 bHydrogen bond acceptor;  

cHydrogen bond donor; 

 dTotal polar surface area;  

eNumber of rotatable bonds. 
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Carbazole derivative Beta lactams (Part-B) 

Synthesis of carbazole derivative Beta lactams (1-5) 

           In the present study Staudinger [2+2] ketene-imine cycloaddition reaction was performed 

extensively for the synthesis of carbazole derivative beta-lactams. Multistep synthesis processes 

are conducted to get all of these beta-lactams.  In the subsequent step 9-ethyl-N-((5-

fluoropyrimidine-2-yl) methylene)-9H-carbazole-3-amine has been synthesized by refluxing 

aldehyde and amine with toluene (Figure 3.5). 

Figure 3.5: Synthesis of imine 

           A total of five β-lactam derivatives have been synthesized through multi-step process 

exploring [2+2] ketene-imine cycloaddition as the key step. After the [2+2] ketene-imine 

cycloaddition, DB-5-SAS-OAC (compound 1) (Figure) has been synthesized. By performing the 

hydrolysis acetoxy group was replaced by a hydroxyl group and produced DB-5-SAS-OH 

(compound 2) (Figure). Additionally, three different reactions were performed using three 

different sulfonyl chloride to get three derivatives of sufonyl chloride beta-lactam (Figure). 

Although the compounds were synthesized through a multi-step process and purified by repeated 

column chromatography yet good to excellent yields were isolated each case. 
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Figure 3.6: Synthesis of DB-5-SAS-OAC (1) 

 

Figure 3.7: Synthesis of DB-5-SAS-OAC (2) 
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Figure 3.8: Synthesis of compound (3-5) 

Column chromatography for isolation 

           Column chromatography was the method used in the isolation of compounds. This was 

completed by using 80.0 g of the diethyl ether leaf fraction in a gravity guided 2000 ml 

chromatography column. Ethyl acetate was used to increase the polarity of the mobile phase and 

elute more polar compounds. Through this process 5 compounds were isolated in a pure form. 

Purity of each compound was verified with Thin-Layer Chromatography viewed under a 254 nm 

wavelength UV lamp and in an iodine chamber. The Melting point, and the eluting solvent(s) of 

each compound was recorded on Table 3.6 
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Table 3.6. Characteristics of compound (1-5) 

Compound ID Melting point Eluting solvent 

DB-5-SAS-OAC (1) 185֯ C – 185.5 ֯ C 20% Ethyl Acetate 80% 

Hexane 

DB-5-SAS-OH (2) 198.5֯ C – 198.8 ֯ C 45% Ethyl Acetate 55% 

Hexane 

DB-5-SAS-OTFE (3) 198.7֯ C – 199.5 ֯ C 25% Ethyl Acetate 75% 

Hexane 

DB-5-SAS-OCAS (4) 172.5֯ C – 174.7 ֯ C 30% Ethyl Acetate 70% 

Hexane 

DB-5-SAS-IPMS (5) 169.8֯ C – 171.5֯ C 20% Ethyl Acetate 80% 

Hexane 

 

Characterization of Compound (1-5) 

           (2R,3R)-1-(9-ethyl-9H-carbazol-3-yl)-2-(5-fluoropyridin-2-yl)-4-oxoazetidin-3-yl acetate, 

(DB-5-SAS-OAC, 1). White crystalline solid (352 mg, 84%); m.p. 185֯ C - 185.5֯ C; IR (KBr) 

3086, 3052, 2967, 1737, 1630, 1602, 1580, 1485, 1468 cm-1 (Figure 3.9); 1H NMR (CDCl3, 600 

MHz) 8.52 (1H, s), 8.00 (2H, m), 7.39 (5H, m), 7.25 (1H, d, J=8.52), 7.18 (1H, t, J=7.44), 6.14 

(1H, d, J=4.92), 5.60 (1H, d, J=4.92), 4.27 (2H, q, J=7.16), 1.80 (3H,brs), 1.3 (3H, t, J=7.17) 

(Figure 3.10); 13C NMR (150 MHz, CDCl3) 13.79, 20.00, 37.61, 61.84, 75.75, 108.71, 108. 92, 

109.37, 115.85, 119.02, 120.79, 122.36, 123.03, 123.38, 126.34, 128.98, 137.23, 138.19, 140.49, 

149.60, 158.32, 160.03, 161.35, 168.91. 13C APT, DEPT 135֯ and 90֯ experiments clearly 
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established the presence of two methyl, one methylene, twelve methine and nine quaternary 

carbon in the molecule (Figure 11,12,13,14,15,16,17). Anal. Calcd for C24H20FN3O3: 417.15. 

Found 417.8 (Figure 3.18). 

           (3R,4R)-1-(9-ethyl-9H-carbazol-3-yl)-4-(5-fluoropyridin-2-yl)-3-hydroxyazetidin-2-one 

(DB-5-SAS-OH, 2). Light brown amorphous solid (348 mg, 77%); m.p. 198.5֯ C - 198.8֯ C; IR 

(KBr) 3235, 3056,  2937,2890, 1738, 1629,1592, 1487, 1471, 1453 cm-1 (Figure 3.19.); 1H NMR 

(DMSO, 600 MHz) 8.60 (1H, d, J=2.76), 8.03 (2H, m), 7.70 (5H, td, J=4.054), 7.57 (2H, m), 

7.43 (3H, m), 7.16 (1H, t, J=7.41), 7.2, 6.23 (1H, m), 5.55 (1H, d, J=5.04), 5.31 (1H, t, J=6.15), 

4.39 (2H, q, J=6.38), 1.27 (3H, t, J=7.02) (Figure 3.20) ; 13C NMR (150 MHz, DMSO) 14.13, 

37.47, 63.03, 77.32, 108.92, 109.74, 110.14, 116.30, 119.17, 120.89, 122.09, 123.98, 124.40, 

126.61, 130.20, 136.80, 137.66, 137.81, 140.50, 152.15, 158.27, 166.73. 13C APT, DEPT 135 ֯

and 90 e֯xperiments clearly established the presence of one methyl, one methylene, twelve 

methine and eight quaternary carbon in the molecule (Figure 21,22,23,24,25,26,27). Anal. Calcd 

for C22H18FN3O2: 375.14. Found 375.8 (Figure 3.28). 

           (2R,3R)-1-(9-ethyl-9H-carbazol-3-yl)-2-(5-fluoropyridin-2-yl)-4-oxoazetidin-3-yl 2,2,2-

trifluoroethanesulfonate (DB-5-SAS-OTFE, 3). Light pink fluffy solid (120mg, 23%); m.p. 

198.7֯ C - 199.5֯ C; IR (KBr) 2994, 2976, 2927, 1763, 1624, 1587, 1484, 1463, 1444 cm-1 (Figure 

3.29), 1H NMR (DMSO, 600 MHz) 8.61 (1H, d, J=2.88), 8.04 (2H, m), 7.81(1H, td, J=3.39), 

7.66 (1H, dd, J=4.34), 7.60 (2H, t, J=7.65), 7.44 (2H, m), 7.17 (1H, t, J=7.5), 6.26 (1H, d, 

J=5.04), 5.92 (1H, d, J=5.04), 5.03 (2H, m), 4.40 (2H, q, J=7.04), 1.27 (3H, t, J=7.11) (Figure 

3.30); 13C NMR (150 MHz, DMSO) 14.11, 37.50, 52.20, 60.94, 80.74, 109.48, 109.84, 110.26, 

116.53, 119.34, 120.99, 122.01, 122.49, 124.29, 124.41, 125.82, 126.80, 129.20, 137.20, 138.31, 

138.47, 140.54, 149.10, 160.32. 13C APT, DEPT 135 ֯and 90 ֯experiments clearly established the 
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presence of one methyl, two methylene, twelve methine and nine quaternary carbons in the 

molecule (Figure 31,32,33,34,35,36,37). Anal. Calcd for C24H19F4N3O4S: 521.10. Found 521.6 

(Figure 3.38). 

           (2R,3R)-1-(9-ethyl-9H-carbazol-3-yl)-2-(5-fluoropyridin-2-yl)-4-oxoazetidin-3-yl 3-

cyanoazetidine-sulfonate (DB-5-SAS-OCAS, 4). Light brown crystalline solid (414 mg, 39%); 

m.p. 172.5֯ C - 174.7֯ C; IR (KBr) 3082, 2968, 2926, 2896, 2249, 1620, 1600,1584, 1482 cm-1 

(Figure 3.39); 1H NMR (DMSO, 600 MHz) 8.65 (1H, d, J=2.88), 8.06 (2H, m), 7.81 (1H, td, 

J=4.032), 7.70 (1H, dd, J=4.90), 7.60 (2H, t, J=9.72), 7.46 (2H, m), 7.18 (1H, t, J=7.47), 6.17 

(1H, d, J=5.10), 5.91 (1H, d, J=5.10), 4.40 (2H, q, J=7.10), 4.03 (3H, tt, J=9.315), 3.82 (2H, m), 

1.27 (3H, t, J=7.11) (Figure 3.40), 13C NMR (150 MHz, DMSO) 14.13, 17.65, 37.50, 54.84, 

54.89, 61.16, 80.30, 109.41, 109.84, 110.28, 116.47, 119.32, 119.39, 121.00, 122.04, 122.53, 

124.47, 125.60, 126.75, 129.26, 137.19, 138.41, 140.55, 149.48, 158.57, 160.26. 13C APT, DEPT 

135 ֯and 90 ֯experiments clearly established the presence of one methyl, three methylene, thirteen 

methine and nine quaternary carbons in the molecule (Figure 41,42,43,44,45,46,47). Anal. Calcd 

for C26H22FN5O4S: 519.14. Found 519.6 (Figure 3.48). 

           (2R,3R)-1-(9-ethyl-9H-carbazol-3-yl)-2-(5-fluoropyridin-2-yl)-4-oxoazetidin-3-yl 

isopropyl(methyl)sulfamate, (DB-5-SAS-IPMS, 5). Dark brown amorphous solid (30  mg, 5.88%); 

m.p. 169.8֯ C – 171.5֯ C; IR (KBr) 2978, 2938, 1760, 1599, 1588, 1493, 1484, 1472, 1460 cm-1 

(Figure 3.49); 1H NMR (DMSO, 600 MHz) 8.55 (1H, d, J=2.82), 7.97 (2H, m), 7.73 (1H, td, 

J=4.056), 7.58 (1H, dd, J=4.36), 7.52 (2H, m), 7.36 (2H, m), 7.10 (1H, t, J=7.455), 5.95 (1H, d, 

J=5.04), 5.78 (1H, d, J=5.04), 4.32 (2H, q, J=7.08), 3.66 (1H, septet J=6.72), 3.26 (3H, bs), 1.19 

(3H, t, J=7.11), 0.91 (6H, dd, J=7.673) (Figure 3.50); 13C NMR (150 MHz, DMSO) 14.13, 19.95, 

19.51, 28.57, 37.48, 50.73, 61.22, 79.38, 109.32, 109.82, 110.22, 116.42, 119.29, 120.96, 122.04, 
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122.50, 124.15, 125.74, 126.74, 129.44, 137.09, 160.26. 13C APT, DEPT 135 ֯and 90 ֯experiments 

clearly established the presence of four methyl, one methylene, thirteen methine and eight 

quaternary carbon in the molecule (Figure 51,52,53,54,55,56,57,56,57). Anal. Calcd for 

C26H27FN4O4S: 510.17 (Figure 3.58). 

 

Figure 3.9: FTIR of DB-5-SAS-OAC (1) 
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Figure 3.10: 1H NMR of DB-SAS-OAC (1) 
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Figure 3.11: 13C NMR of DB-SAS-OAC (1) 
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Figure 3.12: 13C APT NMR of DB-SAS-OAC (1) 
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Figure 3.13: 13C NMR of DB-SAS-OAC (1) (DFPT 135 ֯)  
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Figure 3.14: 13C NMR of DB-SAS-OAC (1) (DFPT 90 ֯) 
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Figure 3.15: 1H-1H Correlation (COSY) NMR of DB-SAS-OAC (1) 

 

Figure 3.16: 1H-13C Correlation (HMBCGP) NMR of DB-SAS-OAC (1) 
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Figure 3.17: 1H-13C Correlation HMQCGP NMR of DB-SAS-OAC (1) 

 

 

Figure 3.18: Mass spectrometry of DB-5-SAS-OAC (1) 
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Figure 3.19: FTIR of DB-5-SAS-OH (2). 
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Figure 3.20: Proton NMR of compound DB-5-SAS-OH (2) 
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Figure 3.21: 13C NMR of DB-5-SAS-OH (2) 
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Figure 3.22: 13C APT NMR of DB-5-SAS-OH (2) 
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Figure 3.23: 13C NMR of DB-5-SAS-OH (2) (DFPT 135 ֯) 
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Figure 3.24: 13C NMR of DB-5-SAS-OH (2) (DFPT 90 ֯) 
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Figure 3.25: 1H-1H Correlation (COSY) NMR of DB-5-SAS-OH (2) 
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Figure 3.26: 1H-13C Correlation (HMBCGP) NMR of DB-5-SAS-OH (2) 

 

 

Figure 3.27: 1H-13C Correlation (HMQCGP) NMR of DB-5-SAS-OH (2) 
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Figure 3.28: Mass spectrometry of DB-5-SAS-OH (2) 

 

 

Figure 3.29: FTIR of DB-5-SAS-OTFE (3) 
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Figure:3.30: Proton NMR of compound DB-5-SAS-OTFE (3) 
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Figure 3.31: 13C NMR of DB-5-SAS-OTFE (3) 
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Figure 3.32: 13C APT NMR of DB-5-SAS-OTFE (3) 



 

63 

 

 

Figure 3.33: 13C DEPT of DB-5-SAS-OTFE (3) (DFPT 135 ֯) 
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Figure 3.34: 13C NMR of DB-5-SAS-OTFE (3) (DFPT 90 ֯) 
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Figure 3.35: 1H-1H Correlation (COSY) NMR of DB-5-SAS-OTFE (3) 
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Figure 3.36: 1H-13C Correlation (HMBCGP) NMR of DB-5-SAS-OTFE (3) 

 

 

Figure 3.37: 1H-13C Correlation (HMQCGP) NMR of DB-5-SAS-OTFE (3) 
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Figure 3.38: Mass spectrometry of DB-5-SAS-OTFE (3) 

 

Figure 3.39: FTIR of DB-5-SAS-OCAS (4) 
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Figure. 3.40: Proton NMR of DB-5-SAS-OCAS (4) 
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Figure 3.41: 13C NMR of DB-5-SAS-OCAS (4) 
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Figure 3.42: 13C APT NMR of DB-5-SAS-OCAS (4) 
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Figure 3.43: 13C DEPT of DB-5-SAS-OCAS (4) (DFPT 135 ֯) 
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Figure 3.44: 13C NMR of DB-5-SAS-OCAS (4) (DEPT 90 ֯) 
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Figure 3.45: 1H-1H Correlation (COSY) of DB-5-SAS-OCAS (4) 
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Figure 3.46: 1H-13C Correlation (HMBCGP) NMR of DB-5-SAS-OCAS (4) 

 

 

Figure 3.47: 1H-13C Correlation (HMQCGP) NMR of DB-5-SAS-OCAS (4) 
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Figure 3.48: Mass spectrometry of DB-5-SAS-OCAS (4) 

 

Figure 3.49: FTIR of DB-5-SAS-IPMS (5).  

 



 

76 

 

 

Figure 3.50: Proton NMR of DB-5-SAS-IPMS (5) 
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Figure 3.51: 13C NMR of DB-5-SAS-IPMS (5) 
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Figure 3.52: 13C APT NMR of DB-5-SAS-IPMS (5) 
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Figure 3.53: 13C NMR of DB-5-SAS-IPMS (5) (DFPT 135 ֯) 
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Figure 3.54: C13 NMR of DB-5-SAS-IPMS (5) (DFPT 90 ֯) 
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Figure 3.55: 1H-1H Correlation (COSY) of DB-5-SAS-IPMS (5) 
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Figure 3.56: 1H-13C Correlation (HMBCGP) NMR of DB-5-SAS-IPMS (5) 

 

 

Figure 3.57: 1H-13C Correlation (HMQCGP) NMR of DB-5-SAS-IPMS (5) 
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Figure 3.58: Mass spectrometry of DB-5-SAS-IPMS (5)
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CHAPTER IV 

CONCLUSION 

It is obvious that our newly developed method satisfies several aspects of green 

chemistry, because we used greenest solvent water in our reactions and extracted with a 

recommended green solvent ethyl acetate and we also used ultra sound sonication that is a green 

energy source. 

After analyzing all the result, we can say benzopyrazine 1 may find its application in the 

future drug development process against two major neglected tropical diseases: Chagas’ disease 

and leishmaniasis. 

The ever-increasing number of deaths caused by cancer is the alert that this field requires 

more attention from the researchers to the government in general. Though many 

chemotherapeutic drugs prevail in the market, most of them are incapable of selectively targeting 

the cancer cells. Beta-lactam is a promising candidate in this regard. It has proven antibacterial 

properties along with other biological effects. These characteristics drive the synthesis of a more 

potent and selective chemotherapeutic agent from beta-lactams. 
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Future aspects 

In future We want to do the chemical modification of our compounds (in particular 

benzopyrazine 1) (, so that it can target more binding sites. We also want to modify one or more 

functional groups to the existing molecule so that the new molecule can bind the target protein(s)

more effectively than the currently available commercial drugs. Finally, our aim is to develop 

new drug(s) with higher potency and reduced side effects (toxicity) using this greener pathway 

and molecular docking studies. 

From careful literature review it is found that carbazole compounds have potential 

anticancer effects.  The next step is to do In vitro and in vivo study of carbazole compounds (1-

5) on different cancer cells to identify anticancer effects. In silico molecular docking stud and in 

silico study to find the conformation and orientation (pose) of the compound (1-5) into the 

binding site of the target proteins.
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