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ABSTRACT 

World Health Organization (WHO) defines obesity as an atypical and excessive buildup of 

adipose tissue within the body as a result of unhealthy dietary practices, sedentary behaviour, 

inadequate healthcare, genetics and sedentary lifestyles, that gives rise to a multitude of 

health complications (e.g., type 2 diabetes, hypertension, ischemic heart disease, fatty liver 

disease etc.). As per a new study published in the Lancet report, the global prevalence of 

obesity has surpassed one billion individuals in 2022 with 43% of adults being overweight in 

2022. Triglycerides, that make up nearly 90% of dietary fat, are hydrolyzed to 

monoacylglycerol and unbound fatty acids before being absorbed into the systemic 

circulation leading to obesity. In the management and prevention of obesity, inhibition of 

food digestion and absorption are regarded as key strategy. The category of fat-digesting 

enzymes known as lipases are responsible for the enzymatic digestion of phospholipids and 

triglycerides. Since the majority of triglyceride digestion occurs via pancreatic lipase (PL), 

inhibition of PL is regarded as a viable therapeutic target for obesity treatment. Orlistat, a 

potent PL inhibitor, is widely prescribed for the treatment of obesity over the long term. 

However, protracted exposure to this drug, has led to severe adverse effects such as 

hepatotoxicity and pancreatitis, emphasizing the need for the development of safer and 

effective anti-obesity drugs. 

Natural products have historically been regarded as reliable resources for the treatment of a 

wide range of human ailments. Traditional knowledge reveals an abundance of information 

pertaining to the various pharmacological activities of natural products, which emphasizes 

their significance. Anti-obesity properties of a multitude of plants have been documented in 

ancient texts, which is quite intriguing. Motivated by these encouraging findings, a collection 

of medicinal plants indigenous to India were chosen, extracted, and evaluated for their 

potential as PL inhibitors. Out of the numerous extracts that were screened, the methanol 

extract of unripe fruit from Aegle marmelos, that was prepared using sonication, 

demonstrated a significantly higher PL inhibitory potential (IC50 = 13.02 µg/mL).  Due to the 

fact that crude extract is a mixture of natural products, the bioactive constituents accountable 

for PL inhibition were identified via bioassay-guided fractionation. As a consequence of 

these investigations, alloimperatorin was identified as a prospective PL inhibitory lead (IC50 

= 27.75 µM). 

Though alloimperatorin exhibited a potential PL inhibition, its activity was lower than the 

Orlistat (IC50 = 0.97 µM). An in-silico analysis of alloimperatorin in the active site of Human 
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PL (PDB ID: 1LPB) highlighted unfavourable steric interactions. Moreover, furan ring of 

alloimperatorin that did not exhibit any important interactions with the amino acids present at 

the active site of PL. These might be the putative reasons attributed to the comparatively 

lower PL inhibition of alloimperatorin.   

In literature, Coumarins has gained a privileged place in the design and development of new 

clinical drugs with high affinity and specificity for various molecular targets. This 

heterocycle is a one-of-a-kind pharmacophore in the field of medicinal chemistry due to the 

presence of several key characteristics, such as a planar aromatic ring fused with lactone 

functionality, a readily available group for hydrogen bonding as well as for protein-ligand 

interaction. Recognizing the existence of these characteristics inside the coumarin template, 

this scaffold has been widely investigated in search of structurally varied therapeutic 

development drugs/leads. Various coumarin analogues, such as osthole, pteryxin, esculetin 

and umbelliferone have also been discovered to exhibit anti-obesity action. Also, 

cleomiscosin A, C and B from Fraxinus rhynchophylla stem barks have been reported to 

inhibit pancreatic lipase activity. Nevertheless, coumarins have been least explored for the PL 

inhibition and those reported exhibit moderate PL inhibitory activity. On the contrary, 

structural modifications that include various substitutions on the coumarins have resulted in a 

significant enhancement in their PL inhibitory activity. These results suggest the utility of 

coumarin based analogues as potential PL inhibitors. However, no report exists regarding the 

systematic development of synthetic PL inhibitory analogues based on coumarin scaffold.  

In light of the aforementioned findings, a lead optimization strategy based on molecular 

modeling was employed to design coumarin analogues, which were subsequently synthesized 

and assessed for their ability to inhibit PL. In addition, these analogues possessed various 

structural characteristics required for PL inhibition, as determined by our prior research.  

In order to design PL inhibitors, an amide fragment was also employed to engage in an 

interaction with Ser 152 which is an important amino acid of the catalytic triad. Further 

substituted aromatic rings were appended to the amide fragment. The electron-rich coumarin 

scaffold facilitated interaction with amino acids present in the lid domain. Prototypes of this 

type were docked using 1LPB (PDB ID) that showed favourable results in terms of the 

docking score and interactions with amino acids. In accordance with the feasibility of the 

reaction, a series I of 17 analogues were synthesized using a suitable scheme. 5q was the 

most potent analogue, exhibiting an IC50 value of 19.41 µM. The analogue 5q demonstrated a 

competitive mode of inhibition, as determined by an enzyme kinetics study, with a Ki value of 
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10.386 µM. Molecular dynamic studies indicated that 5q analogue was stable in active site of 

PL in the dynamic environment. 

Further the series I analogues were optimized by exploring the sixth position of coumarin 

scaffold with addition of a linker (2 or 3 carbon) between the amide and 

aromatic/heteroaromatic moieties. It was hypothesized that incorporating of various 

substituents on the sixth position with a linker would lead to better interactions with both 

catalytic triad and hydrophobic lid domain amino acid. Thus, series II of 36 analogues were 

synthesized and characterized using various spectroscopic techniques. Through the in vitro 

results the analogue possessing linker length of two carbon atoms were found to be efficient 

with analogue 5df (IC50 = 21.24 µM) as compared to the analogue with linker length of three 

carbon atom 5di (IC50 = 24.11 µM) and one carbon atom 5da (IC50 = 28.17 µM). Amongst 

all the analogues 5dh and 5de were found to be exhibit potential PL inhibitory activities with 

IC50 values of 9.20 and 11.40 µM, respectively. With Ki value of 4.504 µM, the analogue 5dh 

inhibited PL in competitive mode. Furthermore, molecular dynamic simulation revealed that 

the protein-ligand complex of the most potent analogue 5dh remained stable at the PL active 

site under physiological conditions (100 ns).  

Finally in series III the seventh and eighth positions of the coumarin scaffold were 

sequentially investigated in order to gain a thorough understanding of the most effective 

position for PL inhibition. Thus, series III of 38 analogues were synthesized, with analogues 

7b and 7a exhibiting the most potent PL inhibitory activity with IC50 values of 1.25 and 4.25 

µM, respectively. On the basis of enzyme kinetics investigations, it was determined that 

analogue 7b exhibited a competitive inhibition with a Ki value of 0.698 µM. A 100 ns 

molecular dynamics simulation was subsequently performed on the analogue 7b. The 

stability of analogue 7b was confirmed by an RMSD value between 3 and 7 Å. 

Further, top two analogues from all the three series were selected and subjected to the in-

silico ADMET predictions by using tools such as SwissADME and ProTox-2. The studies 

highlighted that the 7a and 7b analogues were devoid of any toxic effects. Based on the 

ADMET profiles and in-vitro PL inhibitory profiles, 7b was finally selected for the in-vivo 

pharmacological evaluation. Four different studies were performed in the in-vivo experiments 

namely (1) Oral Triglyceride Tolerance Test (OTTT); (2) Anti-obesity studies using high fat 

diet (HFD) model development in mice (3) Quantification of faecal triglycerides and (4) 

Histopathological studies were performed. OTTT of 7b was performed at three doses (5, 10 

and 20 mg/kg) and the study revealed that the 10 and 20 mg/kg dose of 7b significantly 

inhibited the absorption of triglyceride content. Thus, these doses (10 and 20 mg/kg) were 
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selected for further in-vivo experiments. The model was developed by feeding HFD to male 

Swiss albino mice and the induction of obesity was monitored weekly using body weight 

measurements and biochemical parameters (serum triglycerides (TG), total cholesterol (TC), 

high-density lipids (HDL) and low-density lipids (LDL) levels). After the induction of 

obesity, a four-week treatment with 7b (10 and 20 mg/kg) and Orlistat was initiated. After 

four-week treatment the body weight of treatment group (7b and Orlistat) were lower as 

compared to the disease control group. Also, the biochemical parameters (TG, TC and LDL) 

were lowered as compared to the disease control group. The investigation into faecal 

triglyceride profiles yielded insights into the PL inhibitory characteristics of 7b, wherein it 

demonstrated an anti-obesity impact similar in nature to that of Orlistat. The findings from 

the faecal triglyceride study offered insights into the PL inhibitory profiles of 7b, revealing 

that it exhibited a comparable anti-obesity effect to Orlistat. Moreover, the estimation of 

faecal triglyceride levels unequivocally demonstrated that this anti-obesity effect was 

attributable to PL inhibition. Histopathology analyses of liver and adipose tissue following 

treatment with 7b demonstrated that it inhibited adipocyte hypertrophy. Additionally, it 

decreased collagen levels, neutrophil infiltration, and other hepatic damages caused by 

prolonged HFD exposure. Further, normal hepatic function was not disrupted, and there was 

no evidence of hepatotoxicity. 

Thus, utilizing structural modification and molecular modelling approaches, the research 

discussed in the thesis ultimately paved the way for the investigation of potent PL inhibitors 

that draw inspiration from alloimperatorin. In general, these findings may serve as motivation 

for further investigation into natural products containing bioactive coumarin or its synthetic 

analogues, with the aim of discovering novel antiobesity drugs or drug candidates. 
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1. Introduction 

1.1. Obesity 

1.1.1. Definition, etymology and statistics 

The epidemic of obesity has been called as a “silent public health crisis” due to its 

pervasiveness throughout the globe and its failure to garner enough attention [1]. Obesity is 

derived from the Latin word ‘Obesitas’, which means “fat, stout, or plump” (Ob - over; Esus - 

eating) [2]. Definition of obesity states it as an abnormal increase in body fat due to a persistent 

discrepancy between food intake and energy expenditure over time [3]. Amongst various 

metabolic illness, Type 2 diabetes [4], dyslipidemia [5], non-alcoholic fatty liver disease [6], 

and cancer are the chronic metabolic illnesses that are linked to obesity [7]. Obesity can be 

prevented and treated with a wide variety of pharmacological therapies, surgical procedures, 

and behavioural health programmes that emphasize lifestyle modification. However, achieving 

this aim might take a long time [8,9]. Thus, understanding pharmacological treatments is 

crucial as they are still an important choice of therapy.  

According to recent report published by the World Obesity Federation (WOF), an 

investigation was conducted to examine and forecast the worldwide prevalence of obesity 

between 2010 and 2030. The findings of this study indicated that by the year 2030, the number 

of individuals classified as obese is projected to exceed 1 billion. Among this population, it is 

estimated that around 250 million will consist of children and adolescents [1]. Another report 

form the World Obesity Report states that, “Over the past two decades, obesity rates have risen 

in almost every age group across the globe. An estimated 268 million children and 2.7 billion 

adults will be overweight or obese by 2025.” [10]. Obesity, was previously classified as a 

metabolic disorder but recently has been reclassified as a chronic, relapsing progressive disease 

process by the WOF in 2017 [11]. 

1.1.2. Classification 

The Body Mass Index (BMI), which is computed utilizing the given formula, is initially 

employed to categorize overweight and obesity. 

   𝐁𝐌𝐈 =  
weight of the individual (in kg)

square of the height of the individual (in m2)
 ----------  Formula 1.1 

As indicated in Table 1.1, body mass index (BMI) classification for overweight is 25-29.9 

kg/m2, whereas for obesity is exceeding 30 kg/m2. Likewise, the determination of overweight 

and obesity in children below the age of 5 or between 5-19 years is conducted utilizing the 

WHO Growth Reference Medians [12-14]. 
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Table 1.1. Summary of BMI based classification for overweight and obesity in different age 

groups 

 Adults (>19 years) Children (5-19 years) Children (< 5 years) 

Overweight 25 - 29.9 kg/m2 BMI-for-age > 1 standard 

deviation above WHO 

Growth Reference 

Median  

BMI-for-age > 2 standard 

deviations above WHO 

Growth Reference 

Median  

Obesity 30 - 34.9 kg/m2 (Class I) 

35 - 39.9 kg/m2 (Class II) 

≥ 40 kg/m2 (Class III) 

BMI-for-age > 2 standard 

deviations above WHO 

Growth Reference 

Median 

BMI-for-age > 3 standard 

deviations above WHO 

Growth Reference 

Median 

 Although consistent evidence suggests that BMI is a highly specific metric, its 

sensitivity in classifying individuals as overweight or obese has been reported to range from 

low to moderate. For example, existing literature indicates that approximately 50% of adults 

who have surplus body fat are classified as non-obese based on their BMI. An equivalent 

proportion (ranging from 25-50%), of children and adolescents who have surplus body fat are 

classified as having a healthy BMI for their age [15-17]. 

In contrast to BMI, the Waist-Hip Ratio (WHR) is an additional metric utilized to ascertain 

obesity and is regarded as a more precise indicator. The waist and hip circumferences are 

measured in accordance with the WHO STEPwise Approach to Surveillance (STEPS), which 

stipulates the following: 

1. The waist circumference should be approximated at the midpoint between the upper margin 

of the final palpable rib and the apex of the iliac crest. 

2. Determining the hip circumference necessitates locating the broadest point of the buttocks. 

In addition, the subject's posture and the tape's tension must be maintained in accordance with 

the STEPS protocol. Individuals with a WHR exceeding 0.85 (for women) or 1.00 (for males) 

are categorized as obese [18]. 

1.1.3. Treatment 

In order to attain substantial weight loss, the existing recommendations put forth by the 

American Heart Association/American College of Cardiology/The Obesity Society 

(AHA/ACC/TOS) stipulate a minimum daily caloric restriction of 500 kcal. To achieve this, 

individuals should engage in physical activity and modify their diet [19]. However, in cases 

where lifestyle modification fails to produce the desired results, additional approaches such as 

bariatric surgery or anti-obesity pharmacotherapy is required in order to attain substantial 



 

3 
 

CHAPTER I 

weight loss [20]. Bariatric surgery is exclusively advised for patients who meet the following 

criteria: BMI ≥ 40 kg/m2 or BMI ≥ 35 kg/m2 with comorbidities. In contrast, anti-obesity 

pharmacotherapy is recommended for the remaining categories of obese patients who do not 

meet the surgical eligibility criteria [21].  

Numerous medications have been approved for the treatment of obesity since the 1930s; 

nevertheless, the majority of these drugs were withdrawn during post-marketing surveillance 

due to their severe adverse effects. At present, the FDA has granted approval to twelve primary 

anti-obesity medications. A concise summary of the FDA approved drugs used in the treatment 

of obesity is given in Table 1.2. [22-25].  
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Table 1.2. Anti-obesity medications: approval, age group, mechanism of action, dose, adverse effects, and contraindications [26,27]. 

Drug (dosage) 

Approval 

FDA/ 

EMA 

(year) 

Approved 

for age 

group 

Mechanism of 

action 

Dose/ 

Administration 

Adverse 

effectsa 

Contraindicationsb 

in 

Phentermine 

 

FDA 1959 

Adults and 

children (17 

years of age 

and older) 

Appetite 

suppressors 

15 mg or 37.5 mg 

orally once daily; 

8 mg orally 2-3 

times daily; can 

start with a 

quarter or a half 

of a 37.5 mg 

tablet once daily 

and titrate 

upwards to a 

maximum dosage 

of 37.5 mg 

Increase in HR 

and/or BP, 

dizziness, dry 

mouth, 

constipation, 

insomnia and 

irritability 

Patient of drug abuse, 

allergic to 

sympathomimetic 

amine drugs 

(monoamine oxidase 

inhibitor (MAOI)), 

cardiovascular 

disease, 

hyperthyroidism, or 

glaucoma, pregnancy, 

or breast-feeding 

Phendimetrazine 

 

FDA 2010 

Adults and 

teenagers 

(17 years of 

age and 

older) 

Norepinephrin

e-dopamine 

releasing agent 

(NRDA), 

appetite 

suppressors 

Immediate-release 

35 mg tablets 

twice or thrice a 

day (before 

meals), 105 mg 

extended-release 

capsule for once a 

day before 

breakfast 

Anxiety, chest 

pain or 

discomfort, 

difficult or 

painful 

urination, 

dizziness, dry 

mouth, 

headache, 

hyper-

ventilation, 

nausea, 

vomiting, 

Patient with MAOI 

therapy, alcohol 

consumption, 

pregnancy, or breast-

feeding 



 

5 
 

CHAPTER I 

weakness, 

insomnia and 

irritability 

Benzphetamine 

 

FDA 2010 Adults 
Appetite 

suppressors 

25 to 50 mg once 

a day 

Agitation, 

anxiety, 

confusion, 

dizziness, fast, 

irregular, 

pounding, or 

racing 

heartbeat, 

itching, skin 

rash, 

numbness or 

tingling in the 

arms or legs, 

seizures, 

sweating, 

insomnia 

Patient with MAOI 

therapy, pregnancy or 

breast-feeding 

Diethylpropion 

 

FDA 2011 Adults 

NRDA and 

appetite 

suppressors 

ER tablets (75 mg 

once a day), 

immediate-release 

formulation (one 

25 mg tablet three 

times daily) 

Dry mouth, 

unpleasant 

taste, 

restlessness, 

anxiety, 

dizziness, 

depression, 

tremors, upset 

stomach, 

vomiting, 

Patient with drug 

abuse, guanethidine, 

insulin, and MAOI 

therapy, anorectic 

agents, pregnancy, or 

breast-feeding 
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increased 

urination 

Orlistat 

 

FDA 1999 

EMA 1998 

Adults and 

children 

(ages 12 

years and 

older) 

Pancreatic and 

gastric lipase 

inhibitor, 

inhibits dietary 

lipid digestion 

60 mg OTC, 120 

mg orally three 

times daily 

Flatulence, 

bloating and 

diarrhea 

- Patients with 

chronic 

malabsorption 

syndrome or 

cholestasis, 

pregnancy 

- Rare cases of severe 

liver injury have been 

reported 

- Avoid taking with 

cyclosporine 

Phentermine/ topiramate ER 

 

FDA 2012 

Adults and 

children 

(ages 12 

years and 

older) 

Appetite 

suppressors, 

altered satiety 

perception 

Start with 3.75/23 

mg orally once 

daily for 14 days; 

increase to 7.5/46 

mg once daily and 

monthly titration 

upwards to 

achieve weight 

loss; discontinue 

if < 3 % weight 

loss on 11.25/69 

mg or < 5 % 

weight loss on a 

maximum dose of 

15/92 mg after 12 

weeks 

Peripheral 

neuropathy 

(usually 

transient), 

dyspepsia, 

insomnia, 

constipation 

and dry mouth 

Patient with 

glaucoma, 

hyperthyroidism, 

during or within 14 

days following the 

administration of 

MAOI therapy, 

hypersensitivity to 

sympathomimetic 

amines, pregnancy, or 

breastfeeding 
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Naltrexone 

 
 

Bupropion 

 

FDA 2014 

EMA 2015 
Adults 

Appetite 

suppressors, 

Opioid 

receptor 

antagonist/ami

noketone 

antidepressant 

Naltrexone SR (8 

mg)/ Bupropion 

SR (90 mg), 

Upwards titration 

over 4 weeks to a 

maximum of two 

tablets twice daily 

Nausea, 

constipation, 

headache, 

vomiting, 

dizziness, dry 

mouth and 

diarrhea 

Patients with chronic 

opioid use, acute 

opioid withdrawal, 

uncontrolled 

hypertension, seizure 

disorder, bulimia or 

anorexia nervosa, 

abrupt 

discontinuation of 

alcohol, 

benzodiazepines, 

barbiturates, and 

antiseizure drugs; 

concomitant use of 

MAOIs therapy, 

patient receiving 

linezolid, pregnancy 

Lisdexamfetamine dimesylate 

 

FDA 2007 Adults 

CNS 

stimulant, 

helps manages 

symptoms of 

binge eating 

disorder by 

blocking 

dopamine and 

norepinephrine 

reuptake and 

increasing 

their levels in 

50 mg to 70 mg 

per day 

Sleepiness, 

dizziness, 

headache, dry 

mouth, 

constipation, 

diarrhea, 

nausea, weight 

loss 

Patients with MAOI 

therapy, alcohol 

consumption, 

pregnancy, or breast-

feeding 



 

8 
 

CHAPTER I 

the extra 

neuronal space 

Liraglutide 

 

FDA 2014 

EMA 2015 

Adults and 

children 

(ages 12 

years and 

older) 

Reduces 

appetite and 

slows 

digestion, 

glucagon-like 

peptide-1 

(GLP-1) 

receptor 

agonist 

Start with 0.6 mg 

subcutaneously 

once daily for 7 

days; titrate 

upwards weekly 

to 1.2 mg, 2.4 mg, 

and then the 

maximum dosage 

of 3.0 mg once 

daily 

Nausea, 

hypoglycemia, 

diarrhea, 

constipation, 

vomiting, 

headache, 

decreased 

appetite, 

dyspepsia, 

abdominal 

pain, fatigue, 

dizziness, 

increase in 

lipase levels 

and suicidal 

behavior or 

ideation 

Patients with personal 

or family history of 

medullary thyroid 

carcinoma or multiple 

endocrine neoplasia 

syndrome type 2, 

pregnancy 

Semaglutide 

 

FDA 2021 

EMA 2021 

Adults and 

children 

(ages 12 

years and 

older) 

Appetite 

suppressors, 

mimics a 

hormone 

called GLP-1 

that targets 

areas of the 

brain that 

regulate 

appetite and 

food intake 

Start with 0.25 

mg (week 1-4), 

0.5 mg (week 5-

8), 1 mg (week 9-

12), 1.7 mg (week 

13-16), 1.7 mg or 

2.4 mg (week 17 

and onward) 

Nausea, 

diarrhea, 

vomiting, 

constipation, 

abdominal 

pain, 

headache, 

fatigue 

Patients with personal 

or family history of 

medullary thyroid 

carcinoma or in 

patients with multiple 

endocrine neoplasia 

syndrome type 2, 

pregnancy, use with 

other anti-obesity 

drugs 
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Setmelanotide 

 

 

FDA 2020 

EMA 2021 

People aged 

6 years and 

older with 

obesity due 

to three 

specific rare 

genetic 

conditions 

only 

(proopiomel

anocortin 

(POMC) 

deficiency, 

proprotein 

convertase 

subtilisin/ke

xin type 1 

(PCSK1) 

deficiency 

& leptin 

receptor 

(LEPR) 

deficiency) 

Melanocortin 

4 Receptor 

Agonist 

Starting dose: 2 

mg Subcutaneous 

(SC) once for 2 

weeks, then if 

tolerated increase 

the dose to 3 mg 

and if not then 

reduced to 1 mg 

Injection site 

reactions, 

hyperpigmenta

tion, nausea, 

headache, 

diarrhea, 

vomiting, 

abdominal 

pain 

Patients with 

pregnancy or 

breastfeeding 

 

Abbreviations: EMA - European Medicines Agency; FDA - Food and Drug Administration; GI - gastrointestinal; GLP-1 - Glucagon-like peptide 1; MAOIs - 

Monoamine Oxidase Inhibitors; MC4R - Melanocortin-4 Receptor; NE - Norepinephrine. POMC - Proopiomelanocortin; PCSK1 - Proprotein Convertase 

Subtilisin/Kexin type 1; LEPR - Leptin Receptor.  aAdverse events presented here are those that are present in more than 10% of the population, based on the 

FDA approval leaflet. bContraindications are based on the FDA approval leaflet.  
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Nevertheless, the majority of these drugs targets (except Orlistat) appetite suppression, which 

would impede overall nutrient consumption and therefore cannot be regarded as a legitimate 

strategy. Currently, Orlistat is the only clinically prescribed antiobesity drug which prevents 

the digestion and absorption of fat by inhibiting pancreatic lipase (PL). Thus, it is evident from 

the data that: (i) the majority of the targets being investigated for the treatment of obesity are 

centred around appetite suppression and are associated with severe adverse effects; and (ii) the 

food environment containing a higher percentage of dietary fats is responsible for the 

worldwide increase in obesity. Therefore, it can be concluded that inhibiting PL is a validated 

therapeutic target for obesity, as it prevents the digestion and absorption of dietary fat. 

Furthermore, the PL inhibition does not require any systemic absorption, which eliminates the 

possibility of unintended consequences. Further, the clinical investigation of other 

drug/phytoconstituents and Orlistat-based combination therapies are being conducted and these 

various clinical studies are summarised in the Table 1.3 [28].  
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Table 1.3. Clinical trials data for Orlistat and other drug combinations with Orlistat. 

NCT Number Study Title Interventions Location 

Ages 

Eligible 

for 

Study 

Accepts 

Healthy 

Volunteers 

Phases 
Study 

Status 

NCT03675191 
Orlistat/Phentermine Versus 

Placebo/Phentermine 

Drug: Orlistat 120 mg 

Cap, Drug: Phentermine 

Pill 

Korea, 

Republic 

of 

20 Years 

and older  
No NA Completed 

NCT03582722 
Weight Loss Aid in an 

Exposed Population 

Drug: Orlistat, Drug: 

Placebo capsule 

United 

States 

18 Years 

and older  
No IV Completed 

NCT05076474 

Pharmacodynamic 

Equivalence Study of Orlistat 

Capsules 60 mg 

Drug: Orlistat 60 mg Cap China 
18 Years 

and older  
Yes NA Completed 

NCT03799198 

Real World Effectiveness of 

Combining an Employer-

based Weight Management 

Program with Medication for 

Chronic Weight Management 

in Employees with Obesity 

Other: Weight 

Management Program 

(WMP), Drug: Medication 

for chronic weight 

management (Rx) 

United 

States 

18 Years 

and older  
No IV Completed 

NCT02372526 

The Effect of Different 

Macronutrients on 

Gastrointestinal Hormone 

Secretion After Gastric 

Bypass Operation 

Other: mealtest: high 

protein 200 kcal/200 mL 

liquid meal consumed 

during 10 min, Other: 

mealtest: high fat 200 

kcal/200 mL liquid meal 

consumed during 10 mins, 

Other: mealtest: high 

Denmark 

25 Years 

to 55 

Years  

Yes NA Unknown 
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carbohydrate 200 kcal/200 

mL liquid meal consumed 

during 10 mins, other: 

mealtest: high fat 200 

kcal/200 mL liquid meal 

with PL inhibitor 

consumed during 10 mins 

NCT05069298 
Effect of Silibinin(A) as a 

Potential Anti-obesity Agent 

Dietary Supplement: 

Silibinin A 
Spain 

18 Years 

to 60 

Years  

Yes NA 
Active (Not 

Recruiting) 

NCT05934110 

Study Exploring the 

Supportive Effect of 

Acarbose in Weight 

Management 

Drug: EMP16-120/40, 

Drug: MR Orlistat 120 

mg, Drug: Conventional 

Orlistat 120 mg, Drug: 

EMP16-60/20, Drug: 

Placebo 

Sweden 
18 Years 

and older  
No II Recruiting 

NCT05579249 

A Research Study Comparing 

Wegovy to Other Weight 

Management Drugs in People 

Living with Obesity in 

America 

Drug: Semaglutide, Drug: 

Orlistat, Drug: 

Phentermine/Topiramate, 

Drug: 

Naltrexone/Bupropion, 

Drug: Liraglutide 

United 

States 

18 Years 

and older  
No IV Recruiting 

Abbreviations: Cap - Capsule; NA-Not applicable 
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1.2. Pancreatic lipase (PL) 

1.2.1. Structure of PL 

Triglyceride lipases (3.1.1.3) are lipolytic enzymes that hydrolyses triacylglycerol (TAG), ester 

bonds. Lipases are commonly found in animals, plants, and prokaryotes [29,30]. In higher 

vertebrates, at least three tissue-specific isozymes exist namely, gastric/lingual, hepatic and 

pancreatic lipase. Lipoprotein lipase (3.1.1.34), which hydrolyses chylomicron and very low 

density lipoprotein (VLDL), TAG, is closely linked to these lipases [29]. By hydrolysing 

dietary long chain TAG to free fatty acids (FA) and monoacylglycerols (MAG) in the intestinal 

lumen, PL plays a crucial role in dietary fat absorption [31,32]. PL exhibits the highest activity 

at alkaline pH within the range of 7.3-9.0. It is a mesophilic enzyme that exhibits maximum 

activity for hydrolysis of TAG at 35-40 oC [32-34]. The influence of biliary salts on PL is an 

additional important aspect of lipase activity in the duodenum. Low bile salt concentrations 

stimulate PL activity, whereas high concentrations inhibit it. Colipase is an additional protein 

that interacts with interfaces between bile salts, and PL [35]. 

1.2.2. Function of PL in the pathway 

Lingual and gastric lipases are endogenous to humans and aid in the digestion of fats. For short 

and medium-chain triglycerides, gastric lipase preferentially cleaves at position sn-3 and 

hydrolyse 25-30 % of ingested TAG into diglycerides (DAG) and FA. Pancreatic acinar cells 

secrete PL, a crucial pancreatic enzyme responsible for the metabolism of dietary 50-70 % 

TAG in the proximal small intestine. PL hydrolyzes long-chain TAG preferentially at position 

sn-2, leading to the formation of FA and MAG (Fig 1.1) [36-44]. PL has a high degree of 

solubility in aqueous solutions and functions at the interface of oil droplets. The digestion of 

dietary lipids commences with the emulsification of stable emulsion particles, that serve as PL 

substrates. PL is required for fat absorption by intestinal enterocytes. The accessibility to the 

PL active site is regulated by the lid's aperture, that in its closed state, conceals the hydrophobic 

surface around the active site. The lid exhibits an opening response while encountering an oil-

water interface, a phenomenon known as interfacial activation [36]. The functionality of the 

PL requires the presence of a protein cofactor, (namely colipase), in order to mitigate the 

inhibitory impact exerted by bile salts. Secreted procolipase in the duodenum is activated by 

trypsin to colipase that is then activated to complex with PL for dietary TAG digestion [36-38]. 
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Figure 1.1. Lipid metabolic pathway of Homo sapiens. 
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The Fig 1.1 depicts the lipid metabolic pathway of Homo sapiens. The dietary fat is an essential 

source of energy. TAG comprise more than 95% of dietary fat, with phospholipids (4.5%) and 

sterols comprising the remainder. Bile and pancreatic enzymes reach the lumen of the small 

intestine via the hepatopancreatic sphincter in the upper duodenum. PL converts dietary TAG 

to FA and MAG in the lumen of the small intestine. The phospholipids (P) and bile acids (BA) 

present in bile then emulsify these substances to form micelles [37-39]. In order to be absorbed, 

MAG, lysophosphatidic acid (LPA), and cholesterol (CL) must first undergo reacylation after 

entering the enterocyte. Monoacylglycerol acyltransferase (MGAT) and diacylglycerol 

acyltransferase (DGAT) enzymes sequentially acylate MAG to form TAG. Lysophosphatidic 

acid acyltransferase (LPAAT) converts LPA to phosphatidic acid (PA), which is then 

dephosphorylated by phosphatidic acid phosphorylase (PAP) to yield DAG. Acyl-CoA: 

cholesterol acyltransferase (ACAT-2) converts dietary CL to cholesteryl esters (CE) [40]. 

FAT/CD36 (Fatty acid translocase/cluster determinant 36) appears to play an important role in 

the absorption of long-chain fatty acids in the small intestine [40]. The FA are subsequently 

obligated to either intestinal-type fatty acid-binding protein (I-FABP), liver-type fatty acid-

binding protein (L-FABP) or FABPpm, plasma membrane fatty acid binding protein, while the 

MAG is bound to L-FABP. Alternatively, the FA can be acylated to CoA through the activity 

of fatty acid transport protein 4 (FATP4) within the endoplasmic reticulum (ER) and further 

converted to TAG [39-41]. Enterocyte brush border membrane (BBM) expresses SR-BI, an 82-

kDa protein, near the top of intestinal villosities and in the proximal gut, where cholesterol 

absorption occurs [42].The protein known as Niemann-Pick C1-like 1 (NPC1L1) act as a 

transporter responsible for the inflow of sterols [43]. It is mostly found in the apical membrane 

of the enterocyte, where it plays a role in facilitating the active absorption of cholesterol. This 

is achieved by encouraging the passage of sterols through the brush border membrane of the 

enterocyte. Cholesterol is acylated to cholesterol esters (CE) after absorption [39,42]. ABCA1 

(ATP-binding cassette (ABC) transporter) dominates intestinal cell basolateral expression and 

effluxes cholesterol on HDL particles [39]. Within the ER, TAG combines with CE and 

apolipoprotein B (apoB) with the aid of microsomal triglyceride transfer protein (MTP or 

MTTP) to produce chylomicrons, which are subsequently released into the lymphatic system 

[39]. The ABCG5 and ABCG8 transporters are responsible for facilitating the active removal 

of cholesterol and plant sterols from enterocytes, therefore promoting their export from the 

apical side of the cell into the intestinal lumen for subsequent excretion [40,44]. 
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1.2.3. PL and its crystal structure 

Till date 3 crystal structure of human PL have been reported (Table 1.4). X-ray crystallography 

of human PL has revealed that it as a single-chain glycoprotein of 449 amino acids. Structural 

evidence suggest that Ser 152 is the essential nucleophilic residue for catalysis [45]. This 

residue is located in the N-terminal domain at the C-terminal edge of a parallel β-sheet and is 

part of an Asp-His-Ser triad. Therefore, the putative hydrolytic site is inaccessible to solvent as 

it is covered by a surface loop. Interfacial activation is believed to involve a reorientation of 

this flap in PL [45,46]. This catalytic triad is protected by a hydrophobic lid domain, comprised 

of Gly 76 - Lys 80 and Leu 213 - Met 217 amino acids, which prevents solvents and substrates 

from entering the active sites. On the contrary, when the PL is activated, a conformational 

alteration occurs in the lid domain, which subsequently opens the active site (Fig 1.2). The 

conformational change is additionally facilitated by the formation of a salt bridge between Arg 

256 - Asp 257 with Tyr 267 - Lys 268 [32]. X-ray diffraction has been used to determine the 

crystal structures of both conformations, which have been subsequently deposited in the PDB 

under the accession numbers 1LPB (open conformation) and 1N8S (closed conformation) [47]. 

 

Figure 1.2. Representation of open and closed lid forms of human PL. (A) Hydrophobic 

surface representing the closed and open lid conformations (in brown); (B) Amino acid 

alignment in the active site. 
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Table 1.4. Protein Data Bank (PDB) of PL in the human species [47]. 

PDB 

ID 
Title Released Method Organisms Macromolecule 

Unique 

Ligands 
Chains 

Sequence 

Length 

1LPA 

Interfacial 

Activation of The 

Lipase-

Procolipase 

Complex by 

Mixed Micelles 

Revealed by X-

Ray 

Crystallography 

1994-11-01 

X-ray 

diffraction 

3.04 Å 

Homo 

sapiens 

(lipase), Sus 

scrofa 

(colipase) 

Colipase 

(protein), 

PL (protein) 

BNG, 

Ca, PLC 

Colipase - Chain A, 

Lipase - Chain B 

Colipase - 95, 

Lipase - 449 

1LPB 

The 2.46 

Angstroms 

Resolution 

Structure of The 

Pancreatic Lipase 

Colipase 

Complex 

Inhibited By A 

C11 Alkyl 

Phosphonate 

1994-11-01 

X-ray 

diffraction 

2.46 Å 

Homo 

sapiens 

(lipase), Sus 

scrofa 

(colipase) 

Colipase 

(protein), PL 

(protein) 

BOG, 

Ca, MUP 

Colipase - Chain A, 

Lipase - Chain B 

Colipase - 95, 

Lipase - 449 

1N8S 

 

Structure of the 

pancreatic lipase-

colipase complex 

2002-12-18 

X-ray 

diffraction 

3.04 Å 

Homo 

sapiens 

(lipase), Sus 

scrofa 

(colipase) 

PL (protein), 

colipase II 

(protein) 

- 
Colipase II - Chain B, 

Lipase - Chain A 

Colipase II - 95, 

Lipase - 449 

 

BNG - nonyl β-D-glucopyranoside, Ca - Calcium ion, PLC - Diundecyl Phosphatidyl Choline, BOG - octyl β-D-glucopyranoside, MUP - Methoxyundecylphosphinic acid.
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1.2.4. Activation of PL and digestion of lipids 

The physiology of lipid digestion involves a series of events, as depicted in the Fig 1.3. The 

negative charge on Asp 176 changes the pKa of His 263, increasing its basicity. By 

deprotonating Ser 152, His 263 functions as a base that prepares Ser 152 for a nucleophilic 

attack on the carbonyl carbon of the ester bond [48]. This results in the formation of a negatively 

charged tetrahedral intermediate, which is stabilised by the oxyanion cavity created by the main 

chain amides of Phe 77 and Leu 153 [49,50]. As the carbonyl is reformed, the ester bond is 

severed, and His 263 protonates the leaving group. His 263 then once more acts as  base, 

deprotonating a water molecule to activate it for nucleophilic attack on the substrate carbonyl. 

A second negatively-charged tetrahedral intermediate is formed, which is again stabilised by 

the oxyanion hole. As the carbonyl is reformed, the bond between the substrate and Ser 152 is 

severed, and Ser 152 is re-protonated by His 263 [50-53]. 
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Figure 1.3. Mechanism for hydrolysis of ester bond by PL. The catalytic triad consists of Ser 152, His 263, and Asp 176; Phe 77 and Leu 153 are 

the residues in the oxyanion hole and substrate is TAG. The diagram presented above illustrates (a) the nucleophilic attack of the serine hydroxyl 

on the carbonyl carbon of the TAG ester bond, (b) the tetrahedral transition state, and (c) the acyl-enzyme complex. 
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1.2.5. Pharmacological targeting of PL 

1.2.5.1. In-vivo mechanism of action and metabolism of Orlistat 

PL has been widely studied for development of inhibitors that have been reviewed [54]. 

Lipstatin, (isolated from Streptomyces toxitricini) and its derivative tetrahydrolipstatin are the 

first selective irreversible lipase inhibitors [55,56]. Orlistat, a hydrogenated derivative of 

lipstatin, inhibits gastric and PL and reduces dietary fat absorption. Orlistat exerts its effects by 

covalently binding to the Ser152 at the active site of gastric and PL. Orlistat partially inhibits 

the hydrolysis of TAG when administered with fat-containing diets, thereby reducing the 

absorption of MAG and free FA. Orlistat's inhibitory efficacy is firmly linked to its amphiphilic 

structure. Loose stools, steatorrhea, stomach cramps, deficiency in fat-soluble vitamins, faecal 

urgency, incontinence, and flatulence are all undesirable side effects of Orlistat administration. 

The drug's effectiveness is hindered by the above unpleasant gastrointestinal side effects, that 

reduce patient compliance [56,57]. In early studies, it has been shown that Orlistat's inhibition 

on human carboxylester lipase (HCEL) was reversible [49,50]. 

The Fig 1.4 depicts a schematic nucleophilic attack on the β-lactone ring of Orlistat (1) by the 

Ser 152 present in the PL active site, that results in the formation of the long-lived acyl-enzyme 

complex 2. This covalent adduct is hydrolysed to liberate the active enzyme and yield β-

hydroxy carboxylic acid (3) as the primary product. Further 3 is isomerized either to secondary 

product 4 by migration of the N-formyl-L-leucine (NFL) group of Orlistat, or to dihydroxy acid 

(5) by hydrolysis of NFL. Hydrolysis of NFL from 4 will also give to 5, while cyclization of 4 

to δ-lactone will give 6. Subsequently 7 is formed from 5 (via. ring closure to forms 4-hydroxy-

δ-lactone) and 6 (hydrolysis of NFL) [49-57]. 
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Figure 1.4. (A) Orlistat (1), mechanism of action against PL. (B) Metabolic degradation 

products (4-7). 

 

1.2.5.2. In-vivo metabolic pathway of Cetilistat 

In September of 2013, the Pharmaceuticals Medical Devices Agency of Japan (PMDA) 

approved Cetilistat for the treatment of obesity. In Japan, Takeda marketed it under the brand 

name Oblean®. The recommended dosage is 120 mg three times daily, immediately after each 

meal. The adverse effects include defecation that are oily and loose, faecal incontinence, 

frequent bowel movements, and diarrhoea [58]. 

A comprehensive review of the literature reveals the absence of detailed reports on its 

biotransformation. Only one study reports the identification and characterization of Cetilistat 

metabolites in rodents using UPLC-MS/MS. The reported study involved the administration of 

a drug suspension to pseudo-germ-free male Sprague-Dawley rats and normal untreated rats, 

followed by the collection of urine, faeces, and blood at regular intervals. Four Cetilistat 

metabolites namely 9, 10, 11 and 12 were detected in vivo matrices, as depicted in Fig 1.5 [59]. 
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Figure 1.5. Plausible metabolite (9-12) for Cetilistat (8) using UPLC‐QTOFMS/MS. 

 

1.3. Problem Statement  

Obesity is a disease with epidemic proportions and a worrisome upward trend.  Unfortunately, 

there are only a limited number of safe and effective interventions and remedies available for 

the management of obesity. One intriguing strategy for the development of safer and more 

effective anti-obesity medications involves the inhibition of fat accumulation via PL inhibition, 

which is among the numerous putative targets utilized in the management of obesity. As the 

activity of PL is confined to the intestinal tract, inhibiting it does not result in any major 

discernible systemic consequences. This further provides the benefit of reducing adverse 

effects and complications. Therefore, PL inhibition presents a relatively less risky 

pharmaceutical approach for the treatment of obesity. The aforementioned information 

suggests that obesity treatment is severely constrained by the scarcity of approved medications, 

the inadequate efficacy of those that are available, and the serious adverse effects associated 

with them. In conclusion, it is crucial to develop novel and safe drug candidates for the 

pharmacological treatment of obesity, given the current scarcity of viable options in this field. 
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2. Literature Review 

2.1. Natural products and their role in drug discovery 

Natural products derived from plants are distinguished by their minimal toxicity and 

extensive structural diversity. Furthermore, natural resources are consumed on a daily basis 

by humans in the form of food, where they serve as significant reservoirs of diverse 

bioactive natural products. Historically, the process of discovering drugs derived from 

natural sources was predominately done through trial and error. Nevertheless, the present 

situation benefits by allowing for the integration of advanced methodologies, including 

computer aided drug designing, LC-MS and HPLC based fast and accurate preparative 

separation etc. Drug development can be expedited through the implementation of 

integrated and interdisciplinary strategies [1]. Significant importance is also attributed to 

chemical and structural modifications of natural products in the drug discovery process. As 

an illustration, Orlistat is a structurally modified form of lipstatin, which originates from 

Streptomyces toxytricini [2,3]. Another example, wherein chemical modification of 

cinchona alkaloids yielded oxautin-1, which functions as an inhibitor of autophagy [4]. The 

chemical constituent Khellin derived from Ammi visnaga has been helpful in the synthesis 

of cromolyn, which is used as a bronchodilator in the form of sodium cromoglycate. 

Galegine, that has been obtained from Galega officinalis, served as the prototype for the 

development of metformin and other antidiabetic medications of the bisguanidine class. 

Verapamil (an antihypertensive) derives its origin from papaverine, a natural product that 

was isolated from Papaver somniferum [5] (Fig 2.1). There are numerous instances in which 

natural products have served as precursors to the identification of new pharmaceuticals or 

drug candidates. In drug discovery and development, medicinal plants and the natural 

products derived from them have consistently been of paramount importance. 

At present, the potential of natural products and its inspired analogues for the treatment of 

obesity still needs to be explored and might be an excellent alternative strategy for the 

development of safe and effective antiobesity drugs [4-6]. To date, more than 700 natural 

products-based PL inhibitors have been identified. These are classified under various 

chemical classes such as polyphenols, saponins, triterpenes, alkaloids etc. Polyphenolic 

compounds account for nearly 42 % of the total phytochemicals used to inhibit PL, followed 

by the class of saponins and the other classes [7]. 

 

 



CHAPTER II 
 

29 
 

 

 

 

Figure 2.1. Examples of natural product leads and their corresponding synthetic products 
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2.2. Coumarins 

Numerous biologically active phytochemicals contain heterocyclic scaffold as an integral 

component. Currently, the structures of numerous commercial medications also possess 

heterocyclic scaffolds. The majority of biologically active molecules that contain bicyclic 

oxygen heterocycles formed by fusion with the benzene ring are shown in Fig 2.2. 

Benzopyrone refers to the either of the two ketone derivatives of benzopyran which makes 

up  the core skeleton of many flavonoid compounds i.e. 1-benzopyran-4-one (Chromone) 

and 1-benzopyran-2-one (Coumarin) [8]. 

 

Figure 2.2. Biologically important oxygen heterocycles 

 

Coumarins are secondary metabolites found widely in plants and represent an important 

class of natural and synthetic analogues of oxygen containing heterocycles. Coumarins were 

initially found in tonka bean (Dipteryx odorata Wild), which are indigenous to Brazil, 

Colombia, Guyana, and Venezuela. Coumarins are also found in significant quantities in 

various plant parts, with the highest concentrations being found in the fruits (Aegle 

marmelos, Tetrapleura tetraptera, bilberry, and cloudberry), seeds (Calophyllum 

cerasiferum and Calophyllum inophyllum), and subsequently in the roots (Ferulago 

campestris), leaves Murraya paniculata, Phellodendron amurense), and latex of the 

tropical rainforest tree Calophyllum teysmannii, green tea and other foods such as chicory. 

Significant concentrations of these metabolites are also found in lavender oil, cinnamon 

bark oil, and cassia oil. The proportion of coumarins found in different plant parts may be 

impacted by environmental factors and seasonal variations. Although their precise role 

remains obscure, coumarins have been proposed as bacteriostats, fungistats, plant growth 

regulators, and even waste products [9]. Approximately thirteen hundred  coumarin 

derivatives have been identified from plants, bacteria, and fungi. In the year 1820,  coumarin 
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was first obtained as a natural product and nearly 150 types of coumarin were found in 30 

diverse plant families such as Umbelliferae, Oleaceae, Clusiaceae, Guttiferae and Rutaceae 

[10]. The six main classes of coumarins are furanocoumarins, dihydrofuranocoumarins, 

pyranocoumarins, pyrone substituted coumarins, phenylcoumarins and biscoumarins.  

Coumarins and their derivatives have attracted intense interest as pharmacophores and 

hence, a great deal of work has been directed towards the synthesis of various coumarin 

analogues for  their application in a wide range of biological activities. Examples include 

warfarin, acenocoumarol (anticoagulants), carbocromen (coronary disease), scopoletin 

(antifungal), hymecromone (choleretic and antispasmodic), armillarisin A, novobiocin 

[antibiotics], batoprazine (anti-aggression), ensaculin (NMDA antagonist and a 5HT1A 

agonist) and auraptene (Antineoplastic, Apoptosis inducer, Dopaminergic agonist, 

Neuroprotective, Antihypertensive, γ-secretase modulator) etc. as shown in Fig 2.3 [9,10]. 

 

 

Figure 2.3. Examples of coumarin scaffold-based drugs. 
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Coumarin has attained a central position as a privileged structure in the design and 

discovery of novel drug molecules possessing high affinity and specificity to different 

molecular targets. The presence of several key features such as low molecular weight, planar 

aromatic ring fused with lactone functionality, ease of modification, stability, a readily 

available group for hydrogen bonding as well as for protein- ligand interaction, makes this 

heterocycle a unique pharmacophore in medicinal chemistry arena. Recognizing the 

presence of these features within coumarin scaffold, this scaffold has extensively been 

studied in pursuit of structurally diverse leads for drug discovery & development [11]. 

2.2.1. Role of Coumarins in the obesity treatment 

2.2.1.1. Antiobesity activity of coumarins 

Various coumarin derivatives have also been reported to possess anti-obesity activity viz., 

Osthole and pteryxin (Fig 2.4) [12,13]. Osthole is an active constituent isolated from the 

fruit of Cnidium monnieri (L.) Cusson, a Chinese herbal medicine. Osthole has been found 

to decrease  the levels of serum total cholesterol (TC), triglyceride (TG), coefficient of 

hepatic weight, and the hepatic tissue contents of TC and TG, and the levels of MDA and 

TNF-α in liver. It also increased the GSH levels in liver. Importantly, the histological 

evaluation of liver specimens demonstrated that osthole dramatically decreased lipid 

accumulation [12]. Another natural coumarin, Pteryxin, isolated from the hexane extract of 

the Peucedanum japonicum Thunb has been reported to possess anti-obesity activity 

[13,14]. Esculetin isolated from the stem barks of Fraxinus rhynchophylla (Oleaceae) has 

been reported to possess potent antiadipogenic activity against preadipocyte cell line, 3T3-

L1 by in vitro assay system [15]. 

 

 

Figure 2.4. Naturally occurring coumarin possessing in vivo anti-obesity activity. 
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2.2.1.2. Coumarin scaffold-based PL inhibitors of natural origin 

The potential of coumarins has been least explored in the area of PL inhibition, with very few 

reported to date. Examples include cleomiscosin A, cleomiscosin C and cleomiscosin B 

isolated from the stem barks of F. rhynchophylla that have exerted weak effects on PL 

activity (Fig. 2.5) [16,17].  

 

 

Figure 2.5. Naturally occurring coumarin and isocoumarins with PL inhibitory activity. 

 

Similarly, the methanol extract from the bark of Shorea roxburghii was reported to inhibit PL 

activity with an IC50 of 31.6 µg/mL. From the active extract, two new 3-acetyl-4-phenyl-3,4- 

dihydroisocoumarins, phayomphenols A1 and A2 were isolated. The absolute stereochemistry 

was elucidated as (3R,4S)- and (3S,4S)-3-acetyl-5,7-dihydroxy-4-(4-hydroxyphenyl)-3,4-

dihydroisocoumarin. These isocoumarins exhibited a weak PL inhibitory activity (IC50 > 400 

µM) as compared with a lipase inhibitor, Orlistat (IC50 = 56 nM) [18]. 

2.2.2. Coumarin scaffold-based PL inhibitors of synthetic origin 

Nevertheless, these naturally occurring coumarins exhibited weak PL inhibitory activity. 

On the contrary, structural modifications that include various substitutions on the coumarin 

scaffold resulted in a significant enhancement in their PL inhibitory activity. 

Fattah T. A et.al (2019) reported the PL inhibitory activity of various furo[3,2-c] coumarins 

(Fig 2.6) wherein the most potential analogue among the series exhibited (IC50 value of 

9.37 ± 1.36  µM as compared with the IC50 values of Orlistat i.e. 0.2 ± 0.01 µM. The most 

potent analogue exhibited no steric clashes within the PL active site. Second best analogue 

displayed good PL inhibition with the IC50 value of 10.21 ± 1.29 µM, while another 

displayed poor activity (IC50 = 50.71 ± 6.4 µM) [19]. 
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Figure 2.6. Synthetic coumarin derivatives with PL inhibitory activity. 

 

2.3. Gaps in Existing Research 

There are very few drugs which are marketed for the long-term treatment of obesity. Amongst 

all the drugs used clinically for management of obesity, Orlistat is the only drug which acts 

on PL (located peripherally). Hence it avoids the majority of systemic as well as CNS side 

effects. However, Orlistat is associated with some mild side effects like steatorrhea, liquid 

stools, fecal urgency, etc. As with the recent reports, citing severe adverse effects of the drug 

(hepatotoxicity, acute pancreatitis and renal injuries), there is an urgent requirement for 

potential and safer anti-obesity drugs. In light of these limitations in the literature, the current 

work attempts to design and synthesis coumarin analogues as more safe and potent PL 

inhibitors for obesity treatment. Coumarins exhibit a plethora of biological activities, 

including anti-inflammatory and anti-tumour. Molecular modeling studies have been 

implemented in the design of coumarin analogues with several bioactive groups to obtain 

analogues with better antiobesity activity. Structural modifications that include various 

substitutions on the coumarins have resulted in a significant enhancement in their PL 

inhibitory activity. Therefore, structural modification on coumarin may result in potent PL 

inhibitor. Also, the current research for the identification of potent PL inhibitor is mostly 

relying on natural products. Among the reported analogues of natural sources, very few are 

with greater potency. Such potential to moderate activity of these naturally isolated analogues 

may be due to lack of  structural features that are essential for potent PL inhibition. Hence, 

these natural product-based analogues require synthetic modification in order to obtain potent 

PL inhibitors.   
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2.4. Aim 

Considering the potential gaps in the existing research, the present thesis aims at “Design, 

Synthesis and Biological Evaluation of Coumarin Analogues as Potent Pancreatic Lipase 

Inhibitors for Obesity Treatment” 

2.5. Objectives 

To achieve the above aim following are the objectives: 

1. To prepare extracts from the selected Indian medicinal plants and to determine their 

in-vitro inhibitory activity against pancreatic lipase 

2. To perform bioassay guided fractionation of the most potent extract followed by 

purification and characterization of the isolated phytoconstituents(s) 

3. To evaluate the isolated phytoconstituents(s) for the in-vitro pancreatic lipase 

inhibition and to identify the structural features required for the inhibitory activity 

using in silico experiments 

4. To synthesize, characterize and evaluate pancreatic lipase inhibitory activity of 

various synthetic analogues of the identified lead(s) 

5. To evaluate the in vivo efficacy of the most potent synthetic analogue(s) using high 

fat diet fed mice model 
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3. Materials and Methods 

3.1. Plant material collection, processing and extraction 

Azadirachta indica (NIP-NPM-CD-229) and unripe fruits of Aegle marmelos (NIP-NPM-CD-

242) were collected from the BITS Pilani (Pilani campus). Fruits of Emblica officinalis (NIP-

NPM-CD-252), fruits of Piper nigrum (NIP-NPMCD-233) and bark of Cinnamomum 

zeylanicum (NIP-NPM-CD-253), were bought from local market of Pilani. Few plants were 

also obtained from the local market of Chandigarh such as leaves of Clerodendrum serratum 

(NIP-NPM-CD-255), fruits of Piper chaba (NIPNPM-CD-226), Piper longum (NIP-NPM-

CD-241), bark of Sphaeranthus indicus (NIP-NPMCD-256), bark of Symplocos racemosa 

(NIP-NPM-CD-257). Authentication of the plant material was done by Dr. A.S. Sandhu, 

Department of Natural Products, National Institute of Pharmaceutical Education and Research 

(NIPER), Mohali, S.A.S Nagar, Chandigarh. The voucher specimens have been deposited in 

the herbarium of the Department of Pharmacy's Natural Drug Laboratory at BITS Pilani, Pilani 

campus. 

The collected plant was shade dried in Natural Product Laboratory. All the dried plant materials 

underwent processing and were screened through BSS no. 10# in order to attain the intended 

particle size. Three distinct extraction techniques were utilized to the powdered material (30 g 

each): hot percolation or soxhlation (24 h), ultrasonication (1 h), and maceration (72 h), by 

utilising hexane and methanol as solvents for soxhlation, maceration and ultrasonication 

extraction. The extracts were filtered through cotton and concentrated using a rotary 

evaporator. 

3.2. Computational studies 

The in silico experimental methodology used for the current research is described below. 

Standard procedures for molecular docking and dynamics simulations (MD) were carried out 

using the following resources [1-5]. 

Computational sources: Molegro Virtual Docker 6.0 (MVD, (CLC Bio, Denmark)) for 

docking; Tyrone workstation (NVIDIA RTX 2040), Ubuntu 18.04 OS for MD.  

Software and version: MVD 6.0 for docking; Desmond software (Schrodinger, Academic 

license, Version 2020-1) for dynamics. 

Results analysis: BIOVIA Discovery Studio 4.5 visualizer (Dassault Systemes Biovia, 

Accelrys, USA). 
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3.2.1. Molecular Docking 

The 3D X-ray structure of the human PL (PDB ID - 1LPB, resolution - 2.46 Å with co-

crystallized ligand - methoxyundecyl phosphinic acid (MUP)) was used as the protein structure 

for the in silico studies as shown in Fig 3.1 [1,2].  

 

Figure 3.1. Secondary structure of the human PL-colipase complex co-crystallised with MUP 

at the active site (PDB Code: 1LPB). 

The protein was prepared using the protein preparation wizard of MVD by removal of 

crystallographic water molecules and protonation, followed by repair and optimization. The 

grid was generated by considering the co-crystal ligand (MUP) present at active site of PL. The 

receptor site grid was constructed with the XYZ coordinates by using prepared protein (Chain 

B) as an input file for docking simulation. The coordinates for the active site were X-7.86, Y-

24.91 and Z-55.11 with a 20 Å radius. The validation of the grid was performed by redocking 

the co-crystallised ligand (MUP, subjected to energy minimization) into the active site of PL. 

The redocked pose deviated from the co-crystallised pose by an RMSD of 0.99 Å (Fig 3.2).  
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Figure 3.2. (A) Structure of MUP; (B) Superimposition of the re-docked pose of MUP (Yellow) 

with the co-crystallised pose (Red). 

Prior to the docking, the chemical structure of the analogues were drawn using Chemdraw 2D 

module and the energy minimised structures were obtained using Molecular Mechanics 2 

(MM2) force field in Chemdraw 3D module of ChemBioOffice v12 and v16 (PerkinElmer, 

USA). The MVD prepare molecules wizard was then used to prepare these analogues. During 

the analogue’s preparation process, all potential conformations were considered. The prepared 

protein and analogues were then subjected to docking by using docking wizard of MVD. The 

obtained docked poses of the analogues were analysed for their MolDock scores (kcal/mol), 

while the various interactions exhibited by the analogues with the active site and hydrophobic 

lid domain amino acids were visualised in Discovery Studio Visualizer (Dassault Systemes 

Biovia, USA). 

3.2.2. Molecular Dynamics (MD) 

Under physiological conditions, molecular dynamics (MD) simulation aids in the visualization 

of the protein-ligand complex (PLC) at the binding site region of the target. The MD analysis 

was conducted utilizing the Desmond module of Schrodinger (Version 2020-1) [3]. Through 

the system’s builder panel, the orthorhombic simulation box was prepared with the Simple 



 

41 
 

CHAPTER III 

Point-Charge (SPC) explicit water model in such a way that the minimum distance between 

the protein surface and the solvent surface was 10 Å. Neutralization of the solvated system was 

accomplished by counterions and limiting the salt concentration in the physiological system to 

0.15 M. The PLC system was designated with the Optimized Potentials for Liquid Simulations 

all atom (OPLS AA) force field [5]. The system was minimized using the minimization panel 

for 100 ps. The MD simulation was performed using the equilibrated system. For MD 

simulation time was set to 100 ns at 310.15 K (37°C) temperature of 1.013 bar pressure using 

the NPT (Isothermal-Isobaric ensemble, constant temperature, constant pressure, constant 

number of particles) ensemble with default parameters [6]. Utilizing the MD simulation panel, 

the MD simulation was executed. Furthermore, the out.cms file was used to view the 

trajectories. The trajectory was written with 1000 frames during the complete MD simulation. 

The protein backbone frames were aligned to the backbone of the initial frame to better 

understand the complex’s stability during MD simulation. Finally, the equilibrated systems 

were employed to simulate a 100 ns no-restraint production run after loading the file. The radius 

of gyration (Rg), root mean square deviation (RMSD), root mean square fluctuation (RMSF), 

and the solvent accessible surface area (SASA) analysis were generated using the simulation 

interaction diagram panel [6]. 

3.3. PL inhibition assay and enzyme kinetics 

The porcine pancreatic lipase (Type II), p-nitrophenyl butyrate (p-NPB), and Orlistat were 

purchased from Sigma-Aldrich (St. Louis, MO, USA). Sodium chloride (molecular biology 

grade) and Tris(hydroxymethyl) aminomethane (Tris) buffer were purchased from Sisco 

Research Laboratories located in Mumbai, India. Molecular biology grade dimethyl sulphoxide 

(DMSO) was procured from HiMedia Pvt. Ltd. (New Delhi, India). The PL inhibition assay 

was carried out in accordance with the standardized protocol [7,8]. The enzyme solutions were 

prepared just prior to use and utilized freshly. 

3.3.1. PL inhibition assay 

The crude porcine PL (5 mg/mL) was suspended in Tris-HCl buffer (containing 0.25 M of Tris 

and NaCl each, adjusted to pH 7.4 with HCl). The mixture was subjected to vigorous shaking, 

followed by centrifugation (4000 rpm, 10 min) and the supernatant was collected and used as 

an enzyme solution. At linear concentrations, stock solutions of the extract/isolated 

coumarins/synthesised analogues and Orlistat were prepared in DMSO. The final reaction 

mixture for each well comprised of 219 μL of buffer, 25 μL of enzyme, and 5 μL of analogues 

(varying stock concentrations). The reaction mixture was pre-incubated at 37 °C for 5 mins 

prior to the addition of 1.25 μL of the substrate (p-NPB, 10 mM in acetonitrile). The amount 
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of DMSO in the final concentration did not exceed 2%. After five mins, the absorbance of the 

final mixture was measured using a BioTek SYNERGY H1 microplate spectrophotometer at 

absorbance maxima of 4-nitrophenolate (405 nm) (Fig 3.3). 

 

Figure 3.3. The enzymatic hydrolysis of p-nitrophenyl butyrate (p-NPB) (A) in the absence of 

an inhibitor; (B) in the presence of an inhibitor. (Low intensity of p-Nitro phenolate (B) 

indicates the presence of strong PL-inhibitor). 

 

The assay was carried out in triplicate and the percentage of inhibition will be determined using 

the formula 

% Inhibition = [1-(AT/AE)] × 100 ----------  Formula 3.1 

Where AE represents the absorbance of the enzyme control (without inhibitor), and AT 

represents the difference in absorbance between the test sample with and without substrate. The 

IC50 of all the analogues was computed by plotting a linear regression curve [8].  

3.3.2. Enzyme kinetics 

For the inhibition kinetics, the PL inhibition assay protocol was repeated with different 

concentrations of the most potent analogue of each series and substrate (25, 50, 100, and 200 

μM). The absorbance of the final reaction mixture was taken in kinetic mode (16 readings for 

30 mins) and the respective concentration of p-NPB was calculated from its calibration curve. 

The velocity of the reaction was then calculated as the slope of the graph for concentration Vs. 

time. A double reciprocal Lineweaver-Burk plot with reciprocals of velocity and substrate 

concentration (on y-axis & x-axis, respectively) was plotted to determine the type of inhibition 

[9]. The inhibition constant Ki, was determined using the Cheng-Prusoff equation [10]. 

3.4. Synthesis and characterization 

The syntheses of all the final analogues were carried out as per the procedure detailed under 

corresponding chapters 5-7 [11,12]. Briefly, the reactions were carried out using Spinot 
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(Tarson, India) magnetic hot plate. Progress of the reactions was followed by Thin Layer 

Chromatography (TLC) analysis (Silica gel G60 F254, Merck). The final reaction mixture was 

concentrated using rotary evaporator (Heidolph, Germany). Melting points were determined 

with electro thermal capillary melting point apparatus. ATR spectra were recorded on a Bruker 

Alpha FT-IR spectrophotometer. 1H (400 MHz) and 13C (100 MHz) NMR spectra were 

recorded on a Bruker Avance II 400 spectrometer using CD3OD, DMSO-d6 and CDCl3 as 

solvents. High-resolution mass data (HRMS) were obtained on an Agilent 6545 Q-TOF LC/MS 

(ESI). High Performance Liquid Chromatography (HPLC) was performed for determining the 

purity of analogues on Dionex UltiMate 3000 UHPLC (Thermoscientific) with Diode Array 

detector and Chromeleon software. 

3.5. Fluorescence spectroscopy  

The fluorescence quenching experiment was performed using a Fluorolog-3 fluorescence 

spectrophotometer (Horiba Jobin Yvon  Inc., France). The fluorescence quenching of the PL 

was assessed using the methodologies that were previously reported, with the requisite 

modifications [13,14]. The most active analogues from each series were dissolved in DMSO 

to prepare standard stock solutions (2 mg/mL). A standard solution of PL (5 mg/mL) was 

prepared in Tris-HCl buffer (pH 7.4). Inhibitors of varying concentrations (0.15 - 40 μg/mL) 

were combined with PL and transferred to a cuvette of 1.0 cm path length, and the fluorescence 

intensity was measured using an excitation wavelength (λex) of 295 nm and emission 

wavelength (λem - a range of 300-500 nm), by keeping a slit width of 1.5 nm. The quenching 

mechanism of the inhibitors was identified using a linear Stern-Volmer plot. It was calculated 

using the following formula: 

𝐹

𝐹0
= 1 + 𝐾𝑠𝑣[Q] = 1 + 𝑘𝑞𝜏0[Q]----------  Formula 3.2 

where Fo and F are the fluorescence intensities in the absence and presence of the quencher, kq 

is the bimolecular quenching rate constant, [Q] is the concentration Ksv and τ0 were used to 

calculate the bimolecular quenching constant kq in both scenarios. The τ0 in this study was 

equivalent to that of human PL (1.59 ns) due to the fact that the porcine PL sequence is 94% 

homologous to human PL and all tryptophan residues were conserved. The following modified 

Stern-Volmer equation was used to determine the number of binding sites:  

log
(𝐹0−𝐹)

𝐹
= log𝐾 + n[Q]----------  Formula 3.3 

where [Q] was the analytical quencher concentration, K is the binding constant, Fo is the protein 

fluorescence in the absence of solute, and F is the protein fluorescence at a specific solute 

concentration [13,14]. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/thin-layer-chromatography
https://www.sciencedirect.com/topics/medicine-and-dentistry/thin-layer-chromatography
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4. Identification of Natural Product Lead from Aegle marmelos  

4.1. Preliminary Screening 

Natural Products especially from plant origin have been an effective source for the treatment 

of various diseases and are known to produce lesser adverse effects. We have screened a set of 

flora for in vitro PL inhibition assay. The study highlighted the methanol extract of unripe 

fruits Aegle marmelos (AM) obtained through ultrasonic extraction to exhibit potential PL 

inhibitory activity with an IC50 value of 13.02 µg/mL as compared to other plants (Table 4.1). 

Table 4.1: PL inhibition of selected plants using different extraction techniques with hexane 

and methanol 

No. Plant (Part) Solvent 
IC50 (μg/mL) 

Ultrasonication Soxhlation Maceration 

1 Cinnamomum 

zeylanicum (bark) 

Hexane 38.01 ± 0.97 32.6 ± 0.57 40.79 ± 1.89 

2 Methanol 21.35 ± 0.47 14.07 ± 0.15 23.54 ± 0.46 

3 Azadirachta indica 

(leaves) 

Hexane 41.68 ±1.91 51.25 ± 1.23 84.85 ± 0.46 

4 Methanol 28.28 ±0.76 31.09 ± 0.27 55.24 ±0.98 

5 
Piper nigrum (fruits) 

Hexane 31.16 ± 2.40 38.76 ± 1.16 47.84 ± 2.64 

6 Methanol 21.23 ± 0.44 29.67 ± 0.49 23.75 ± 1.73 

7 
Piper chaba (fruits) 

Hexane 42.74 ± 0.69 33.11 ± 0.92 51.99 ± 6.03 

8 Methanol 25.85 ± 2.05 31.10 ± 1.94 45.12 ± 1.40 

9 
Piper longum (fruits) 

Hexane 51.40 ± 1.12 42.97 ± 1.47 99.87 ± 1.28 

10 Methanol 14.10 ± 0.70 26.30 ± 0.96 56.49 ± 3.98 

11 Cleodendrum 

serratum (leaves) 

Hexane 35.63 ± 1.22 35.48 ± 0.18 49.05 ± 5.20 

12 Methanol 28.59 ± 0.31 28.69 ± 1.65 49.86 ± 4.04 

13 Aegle marmelos 

(unripe fruits) 

Hexane 29.23 ± 0.75 35.35 ± 2.52 35.13 ± 1.94 

14 Methanol 13.02 ± 1.05 43.58 ± 1.98 37.15 ± 5.00 

15 Sphaeranthus indicus 

(bark) 

Hexane 31.43 ± 1.54 34.09 ± 0.56 39.07 ± 0.97 

16 Methanol 23.99 ± 0.60 21.40 ± 0.98 31.78 ± 0.45 

17 Sympolocus racemose 

(bark) 

Hexane 34.66 ± 0.07 32.12 ± 0.43 48.09 ± 1.87 

18 Methanol 28.37 ± 0.35 34.75 ± 1.64 39.06 ± 0.56 

19 Emblica officinalis 

(fruits) 

Hexane 32.87 ± 3.21 49.91 ± 5.03 32.37 ± 3.37 

20 Methanol 49.97 ± 3.92 55.45 ± 5.24 64.77 ± 5.01 

* All experiments were performed in triplicate and the values are expressed as mean ± SEM. 
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There are several plausible explanations for the potential enzyme inhibition exhibited by the 

aforementioned plant extracts. The phytoconstituents serve as the principal determinant, 

while the solvent and extraction technique utilized are secondary factors. The 

phytoconstituents of these medicinal plants are distinguished by a substantial molecular 

volume that facilitates interaction with the active site and the presence of a reactive carbonyl 

functional group that may engages in an interaction with Ser 152 of PL. Based on the 

potential activity for PL inhibition, AM was selected for further study. 

4.2. Literature Review of Aegle marmelos 

4.2.1. Description of the plant 

AM (L.) Correa belongs to family Rutaceae and it is a small to medium-sized tree or 

deciduous shrub that may reach a height of 13 meters and has drooping, thin branches and a 

tangled crown. It is found throughout India (except Jammu & Kashmir, Himachal Pradesh, 

Sikkim, Arunachal Pradesh), Sri Lanka, Nepal, Bangladesh, Myanmar, Vietnam, Indonesia, 

Malaysia, Thailand, Pakistan, Ceylon, Laos, Java, Egypt, Tibet, Philippines, Fiji, China, 

Tropical Africa and the United States. It ascends to an altitude of 1200 meters as it is a 

subtropical plant. It is commonly referred to as Bael (unripe fruit)/Bel/Bili/Shivapala, Bilva 

in Sanskrit, Sirphal/Siri-phal/Kooralam in Hindi, and Bael Fruit/Indian Bael/Holy 

Fruit/Golden Apple in English [1,2]. Various parts of the plant are depicted in Fig 4.1.  

 

Figure 4.1. Aegle marmelos, (A) The whole tree, (B) unripe fruit, (C) ripe fruit, (D) leaves 

and (E) trunk  
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Typically, planting occurs during the monsoon season, flowering occurs from April to June, 

and fruit development occurs at the end of May and continues till July. A detailed 

taxonomical classification of AM is summarized in Table 4.2 [2]. 

 

Table 4.2. Taxonomical classification of AM 

Taxonomical classification of AM 

Kingdom Plantae 

Subkingdom Tracheobionta 

Super division Spermatophyta 

Division Magnoliophyta 

Class Magnoliopsida 

Subclass Rosidae 

Order Sapindales 

Family Rutaceae 

Genus Aegle 

Species Aegle marmelos 

 

AM plant has a long history of use in India, especially its leaves and fruits are considered 

holy because they are dedicated to Hindu deities, notably Lord Shiva. Consequently, it is 

frequently referred to as "Shiva druma" or the Shiva tree in historical literature. The root 

bark, leaves, and fruit (that are just starting to ripen) are used in medicinal preparations. 

According to Ayurveda, AM fruit powder has a hot potency, a bitter taste, is dry, light, and 

astringent, and helps to enhance digestive capacity and rekindle the digestive fire. The gum 

extracted from immature fruits of AM is edible and has been recommended in ancient 

medical systems for medicinal purposes. Coumarins, alkaloids, flavonoids, carotenoids, 

phenolics, pectins, tannins, and terpenoids have been reported to be present in the unripe 

fruits of AM [3]. The fruits have been recommended as an antiamoebic and antihistamine [4]. 

The unripe fruit possesses antipyretic, anti-mycobacterial, antioxidant, cytoprotective, 

antiproliferative, apoptotic, anticancer and anti-microbial activity [5-8]. The fruit is also 

reported as inhibitor for CYP450 and urease [9]. The AM fruit gum has a higher 

concentration of d-galactose (54.26 % w/w) and glucouronic acid (20.8 % w/w) than other 

commonly used gums [10].  

4.2.2. Phytoconstituents and their Pharmacological activities 

Oral administration (250 mg/kg) of the aqueous extract of bael fruits and seeds significantly 

lowered the serum and tissue lipid profile in streptozotocin-induced diabetic rats [11]. 

Ethanolic extract of AM leaves also inhibited the elevation of serum cholesterol and 

triglycerides level in Triton WR 1339 treated hyperlipidemic rat [12].  
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Furthermore, an assessment was conducted on the lipolytic activity of the dichloromethane 

extract derived from the leaves of AM. The results indicated a glycerol release of 44.63 ± 4.5 

(12 h) nmol/mL and 62.05 ± 3.2 (24 h) nmol/mL, respectively, at a concentration of 100 

μg/mL (p < 0.008). The lipolytic activity was found to be greatest in the coumarin class of 

compounds, followed by furanocoumarins and alkaloids. As the most active compound at a 

concentration of 100 μM, umbelliferone induced a glycerol release of 148 ± 3.2 nmol/mL. 

Esculetin followed it with a glycerol release of 143.23 ± 3.2 nmol/mL. Serum TG, TC, and 

glucose levels were reduced as a result of umbelliferone and esculetin treatment in rats. [13]. 

Esculetin was additionally documented to induce apoptosis and inhibit adipogenesis in 3T3-

L1. Consequently, esculetin possessed the capacity to combat obesity through the dual 

mechanism of adipogenesis inhibition and adipolysis enhancement [14]. 

As characteristic chemical constituents, more than thirty alkaloids have been extracted and 

identified from AM. But only six have been reported to be isolated from the fruits of AM as 

illustrated in Fig. 4.2. Aegeline, isolated from AM, exhibited antihistamine, antidyslipidemic 

and anti-bacterial activity [13-18]. Its inspired analogues exhibited anti-hyperlipidaemic and 

anti-adipogenic activity [19-20]. Aegeline and 2-O-methyl aegeline isolated from the unripe 

fruits of AM have been reported to act as a urease inhibitor [5]. Aegeline, has shown good 

antihyperglycemic activity and also antidyslipidemic property. It reduced plasma triglyceride, 

total cholesterol and free fatty acids accompanied with increase in high density lipoprotein in 

dyslipidemic hamster model at the dose of 50 mg/kg body weight [21].  

 

Figure 4.2. Alkaloids identified and isolated from the fruits of AM. 
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Till date, a total of fifty-five coumarins have been isolated from AM, predominantly from its 

fruits and bark [6,7,9,22-30]. Approximately 24 coumarins out of 55 have been isolated from 

the fruits of AM. The predominant types of coumarins isolated from AM fruits are simple 

coumarins and furanocoumarins, as illustrated in Fig 4.3. 

 

 

Figure 4.3. Coumarins identified and isolated from the fruits of AM. 
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A multitude of pharmacological activities have been documented for coumarin scaffolds 

containing phytoconstituents isolated from AM. For example, Marmin isolated from the 

roots, stem bark, leaves and fruits of AM has been reported to have anti-inflammatory, anti-

histamine, anti-oxidant and anti-mycobacterial activities [6,15,30-32]. Marmin, 7′-O-

methylmarmin, xanthotoxol, marmesin and alloimperatorin have been evaluated for urease 

inhibitory activity [5]. Amongst all these alloimperatorin exhibited the lowest IC50 value of 

27.5 µM. 5-methoxypsolaren reported to inhibit in vitro cell growth of human K562 cells 

[33]. Xanthotoxol, marmesinin and imperatorin from the fruits of AM have been reported as 

CYPs inhibitor [7], while marmesinin from leaves of AM was found to possess anti-oxidant 

activity [27]. Marmelosin has been evaluated for antioxidant, cytoprotective property, 

antiproliferative, apoptotic, anticancer activity, anti-diabetic, anti-mycobacterial and antiviral 

activity [6,8,35,36]. From the raw fruit of AM 3’-prenyloxypsoralen was isolated and 

evaluated for cytotoxic activity against normal cell line (HEK293) and cancer cell line (HeLa, 

MCF7, and HT29) [29]. Heraclenin identified from fruits of AM was tested against 

Xanthomonas oryzae and Colletotrichum lindemuthianum for anti-microbial activity [8]. 

Thus, the inherent coumarins derived from AM exhibit considerable promise as scaffold for 

the drug discovery and development against various pharmacological targets (Table 4.3). 

However, there is a lack of literature regarding the phytoconstituents identified from the 

unripe fruits of AM for PL inhibition. Therefore, the methanolic extract that demonstrated 

potential inhibitory activity against PL was selected for investigation to ascertain the class of 

phytoconstituents responsible for the observed PL inhibition and thus antiobesity activity. 
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Table 4.3.  Summary of various coumarins and their pharmacological properties reported from AM 

Sr. 

No. 
Phytoconstituents Plant Part Activity Results References 

1.  
Umbelliferone/7-

hydroxy coumarin 

Stem barks and 

leaves  
Anti-oxidant 

Trolox equivalent antioxidant capacity (TEAC) mg TE/ g 

- 2,2-diphenyl-1-picrylhydrazy (DPPH) - 187.09 ± 3.33 

- 2,2’-Azino-bis(3-ethylbenzthiozoline-6-sulfonic 

acid) decolorization (ABTS) - 92.10 ± 20.73 

- Cupric reducing antioxidant capacity (CUPRAC) - 217.01 

± 33.41 

- Ferric reducing antioxidant power (FRAP) - 13.04 ± 2.71 

[32] 

Leaves Anti-obesity 

- Glycerol release of 148 ± 3.2 nmol/mL at 100 μM 

concentration 

- Lowered plasma TC levels to 98.3 ± 2.8 mg/dL as 

compared to TC levels of 117.8 ± 1.2 in HFD control group 

- Lowered plasma TG levels to 132.1 ± 1.9 mg/dL as 

compared to TG levels of 178.3 ± 3.9 mg/dL in HFD 

control group 

- Lowered plasma glucose levels to 101.3 ± 1.3 mg/dL as 

compared to glucose levels of 117.9 ± 4.2 mg/dL in HFD 

control group 

- In vivo activity has no discernible effect on food intake 

suggesting that it does not impede the function of the 

satiety centre 

- Lowered the increased body weight of the rats 

[13] 

2.  Esculetin Leaves Anti-obesity  

- Glycerol release of 143.23 ± 3.2 nmol/mL at 100 μM 

concentration 

- Decreased the TC levels significantly (p < 0.05) to 92.3 ± 

3.6 mg/dL as compared to TC levels of 117.8 ± 1.2 in HFD 

control group 

- Decreased the TG levels significantly (p < 0.05) to 136.1 

± 2.3 mg/dL as compared to TG levels of 178.3 ± 3.9 

mg/dL in HFD control group 

[13] 
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- Decreased the glucose levels significantly (p < 0.05) to 

100.0 ± 2.9 mg/dL as compared to glucose levels of 117.9 

± 4.2 mg/dL in HFD control group 

- In vivo activity has no discernible effect on food intake 

suggesting that it does not impede the function of the 

satiety centre 

- Lowered the increase in body weight of the rats 

3.  
Scopolectin/ 

Scopoletin 
Leaves  

Anti-thyroid, 

Anti-oxidative, 

Anti-

hyperglycemic 

- Inhibited hepatic lipid peroxidation and increased the 

activity of antioxidants, superoxide dismutase and catalase 

- Exhibited a superior therapeutic activity, compared with 

the standard antithyroid drug, (propylthiouracil (PU)) 

- Inhibited hepatic lipid peroxidation 

[37] 

4.  Scoparone Leaves Lipolysis 
Glycerol release of 126.28 ± 3.2 nmol/mL at 100 μM 

concentration 
[13] 

5.  Marmin 

Root 
Anti-

inflammatory 

Exhibit anti-inflammatory effect in carrageenan induced 

inflammation in rats 
[30] 

Root & stem bark  
Anti-histamine/ 

anti-allergy 

- Abrogated the contraction of tracheal smooth muscle 

induced by compound 48/80 

- Inhibited CaCl2-induced contraction in Ca2+ free Krebs 

solution 

- Inhibited two phases of contraction that were 

consecutively induced by metacholine and CaCl2 in 

Ca2+free Krebs solution 

[15] 

Root & stem bark  
Anti-histamine/ 

anti-allergy 

- Inhibited the contraction of guinea pig tracheal (GPT) 

induced immunologically by ovalbumin 

- Relaxed the precontraction of GPT induced by 3 x 10-5 M 

histamine 

- The value of EC50 of marmin was 4.42 ± 0.02 

[31] 

Bark and fresh root 
Anti-histamine/ 

anti-allergy 

- Inhibited the histamine release by 17.0 ± 5.0% and 94.6 ± 

1.0 % at 10 and 100 µM 

- Inhibited the synthesis of histamine in RBL-2H3 cells 

induced by DNP-BSA by 62.37 ± 2.19% at concentration 

[15] 
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of 100 M 

Bark and fresh root  
Anti-histamine/ 

anti-allergy 

- Inhibited the histamine release in rat basophilic leukemia 

(RBL-2H3) cell lines induced by dinitro-phenylated bovine 

serum albumin (DNP-BSA), thapsigargin or ionomycin 

- Suppressed Ca2+ influx on RBL-2H3 cell line induced by 

thapsigargin 

- Inhibited the histamine release from rat peritoneal mast 

cells (RPMCs) induced by thapsigargin 

- Showed weak inhibitory effects on the histamine release 

from RPMCs induced by compound 48/80, phorbol 

myristate acetate (PMA) or ionomycin 

- Showed low inhibitory effect when histamine was 

stimulated by ionomycin 

[15] 

Stem barks and 

leaves 
Anti-oxidant 

TEAC mg TE/ g 

- DPPH - 218.90 ± 15.00 

- ABTS - 62.78 ± 10.98 

- CUPRAC - 266.93 ± 6.51 

- FRAP - 117.02 ± 10.85 

[32] 

Fruit 

Anti-

mycobacterial & 

antimicrobial 

- Antimycobacterium activity against M. tuberculosis 

H37Ra with an IC50 = 4.31 µg/mL whereas, 82.4% growth 

inhibition of M. bovis at 100 µg/mL 

- At 100 µg/mL, showed growth inhibition,18.4%, 26.7% 

and 10.9% of S. aureus, E. coli and B. subtilis 

[6] 

Unripe fruits 
Urease 

inhibition 

IC50 values for thiourea and marmin against urease 21.5 ± 

0.09 µM & 89.4 ± 0.18 µM, respectively 
[9] 

6.  
7′-O-

methylmarmin 
Unripe fruits 

Urease 

inhibition 

IC50 values for thiourea and 7′-O-methylmarmin against 

urease were 21.5 ± 0.09 µM & 152.8 ± 0.09 µM, 

respectively 

[9] 

7.  5-methoxypsolaren Stem barks Anticancer 

It was able to induce K562 differentiation when used at 

concentrations lower than that causing 50% inhibition of 

K562 cell growth 

[33] 

8.  Xanthotoxol/8- Unripe fruits Urease Inhibited urease with IC50 value of 65.4 ± 0.24 µM & 21.5 [9] 
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hydroxy psoralen inhibition ± 0.09 µM for xanthotoxol & thiourea 

Fruit CYPs inhibition 
- Inhibition of CYP1A2 with IC50 value of 42.0 ± 2.8 M 

- No significant inhibition of recombinant CYP2D6, 2C9, 

and 2C19 observed 

[7] 

9.  Marmesin Unripe fruits 
Urease 

inhibition 

Inhibited urease with IC50 value of 82.8 ± 0.14 µM as 

compared to thiourea (21.5 ± 0.09 µM) 
[9] 

10.  Marmesinin 

Fruits CYPs inhibitor 

- Inhibited CYP3A4 and 1A2 with IC50 value of 39.0 ± 1.2 

and 21.2 ± 0.1 M, respectively 

-No significant inhibition of recombinant CYP2D6, 2C9, 

and 2C19 was observed 

[7] 

Leaves 

Anti-oxidant 

and the 

membrane 

effects 

during 

experimental 

myocardial 

injury 

- At a dose of 200 mg/kg (p.o.), demonstrated a decrease in 

serum enzyme levels and restored the electrocardiographic 

changes towards normalcy 

- Oral treatment for 2 days before and during isoproterenol 

administration decreased the effect of lipid peroxidation. 

- Exhibited membrane stabilizing action by inhibiting the 

release of β-glucuronidase from the subcellular fractions 

[27] 

11.  Alloimperatorin Unripe fruits 
Urease 

inhibition 
Inhibited urease with IC50 value 27.5 µM [9] 

12.  

Imperatorin/ 

Marmelosin/ 

Marmelide 

Fruits 

CYP450 

enzyme 

inhibition 

- Competitive and time-dependent inhibition of CYP3A4 

with IC50 value of 4.0 ± 0.3 M 

- Reversible and non-competitive inhibition was observed 

for CYP1A2 with IC50 value of  0.40 ± 0.02 M 

- Time-dependent inhibition of CYP3A4 was not affected 

by the addition of reduced glutathione 

- No significant inhibition of recombinant CYP2D6, 2C9, 

and 2C19 was observed 

[7] 

13.  Fruits 

Antioxidant, 

cytoprotective, 

antiproliferative, 

apoptotic, 

- Antioxidant activity with IC50 of ∼15.4 ± 0.32 μM as 

opposed to standard - gallic acid (IC50 1.1 ± 0.08 μM) 

- Antiproliferative activity with IC50 of ∼ 6.24 ± 0.16 μM 

as opposed to deferoxamine (∼10.8 ± 0.28 μM) and 

[8] 



CHAPTER IV  

56 
 

anticancer protected cells against cellular/DNA damage 

- Anti-inflammatory property was evident with significant 

reduction in the release of NO (∼3.9 fold) and TNF-α 

(∼3.4 fold), in addition to the inhibition of NFκB (∼2.7 

fold), a transcription factor in RAW 264.7 cells 

-Marked down regulation of galectin-3 (∼5.5 folds) and 

tyrosinase (∼11.1 folds) by gene expression analysis 

substantiated by tyrosinase inhibition (IC50 - 20.3 ± 1.26 

μM Vs. Kojic acid - IC50 - 24.1 ± 1.41 μM)  

-Induced apoptotic bodies, chromatin condensation and 

nuclear blebbing in RAW 264.7 cells  

Fruits 

Anti-

mycobacterial 

 

-Exhibited antimycobacterium activity against M. 

tuberculosis H37Ra with an IC50 value of 12.46 µg/mL 

whereas, at 100 µg/mL, 62.5% growth inhibition of M. 

bovis was observed  

- At 100 µg/mL, exhibited 64.6% and 74.9% growth 

inhibition of E. coli and B. subtilis respectively 

[6] 

Fruits Antiviral  

- Demonstrated IC50 of 62.5 μg/mL in plaque inhibition 

assay at 96 h 

-Exhibited cytotoxicity at concentrations of 500 μg/mL 

(marmelide) and 4000 μg/mL (ribavirin) at 96 h 

- It is a virucidal agent that interfere with early events of its 

replicative cycle like adsorption, penetration, at various 

steps in single cycle growth curve and effect of time of 

addition in the case of human coxsackie viruses 

[36] 

Leaves Lipolysis 
Glycerol release of 130.48 ± 3.2 nmol/mL at 100 μM 

concentration 
[13] 

14.  Iso-imperatorin Leaves Lipolysis 
Glycerol release of 115.84 ± 3.2 nmol/ml at 100 μM with p 

< 0.001 
[13] 

15.  
3’-

prenyloxypsoralen 
Raw fruits Cytotoxic 

- Inhibited Normal cell line (HEK293) with IC50 value of 

31.2 g/mL 

- Inhibited Cancer cell line (HeLa, MCF7, and HT29) with 

[29] 
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IC50 values of 44.8, 36.3 and > 50.0 g/mL 

16.  Heraclenin Fruit Anti-microbial 

At 3000 & 6000 ppm of heraclenin exhibited significant 

inhibition of Xanthomonas oryzae & Colletotrichum  

lindemuthianum as compared to control 

[8] 

17.  

(+)-4-(2´-hydroxy-

3´-methylbut-3´-

enyloxy)-8H-

[1,3]dioxolo[4,5-

h]chromen-8-one 

Seeds Anti-fungal 

- Antifungal activity against A. fumigatus, Candida 

albicans, T. mentagrophytes and Cryptococcus neoformans 

with MICs of 6.25 µg/mL, 31.25 µg/mL and 31.25 µg/mL 

disc diffusion assay (DDA), broth microdilution assay 

(BMA) and percent spore germination inhibition assay 

(PSGIA) respectively 

- Found inactive against Sporothrix schenckii 

[38] 

 

Abbreviations: Trolox equivalent antioxidant capacity (TEAC), 2,2-diphenyl-1-picrylhydrazy (DPPH), 2,2’-Azino-bis(3-ethylbenzthiozoline-6-

sulfonic acid) decolorization (ABTS), Cupric reducing antioxidant capacity (CUPRAC), Ferric reducing antioxidant power (FRAP), Total 

Cholesterol (TC), Triglycerides (TG), High Fat Diet (HFD), propylthiouracil (PU), guinea pig tracheal (GPT), dinitro-phenylated bovine serum 

albumin (DNP-BSA), rat peritoneal mast cells (RPMCs), phorbol myristate acetate (PMA), Cytochrome (CYP), Deoxyribonucleic acid (DNA), 

Tumor necrosis factor alpha (TNF-α), Nuclear factor kappa-light-chain-enhancer of activated B cells (NFκB), macrophage cell line (RAW 

264.7), Mycobacterium tuberculosis strain (H37Ra), immortalized human embryonic kidney cells (HEK293), Henrietta's Lacks (HeLa), breast 

cancer cell line (MCF7), human colorectal adenocarcinoma cell line (HT29), disc diffusion assay (DDA), broth microdilution assay (BMA) and 

percent spore germination inhibition assay (PSGIA) 
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4.3. Column chromatography and Bioassay-guided fractionation of AM extract 

Considering the potential of methanol extract of AM for PL inhibition, column 

chromatography was performed using the parameters detailed in Table 4.4. 

 

Table 4.4. Column dimensions and other parameters used in column chromatography. 

Parameter Condition Parameter Condition 

Stationary phase Silica gel 60-120# 

Gradient 

Hexane → DCM 

(at 10% increment) 

DCM → Ethyl acetate 

(at 10% increment) 

Ethyl acetate → Methanol 

(at 10% increment) 

Methanol : Formic acid 

(99:1 %) for final wash 

Sample loaded 130 g 

Column dimensions 100 cm (L) x 6 cm (D) 

Column packed 40 cm (600 g Silica) 

Elution method Gradient 

Fraction volume 250 mL 

Total no of fractions 120 

 

A total of 120 fractions were obtained, that were pooled based on the TLC profiles to obtain 

13 fractions (F1-F13 ) as illustrated in Fig. 4.4. 

 

Figure 4.4. Schematic flow of bioassay guided fractionation of methanolic extract of AM. 
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All these fractions were evaluated for PL inhibition assay. As summarized in Fig. 4.4, 

fractions F4, F5, F6 and F3 exhibited potential PL inhibition with an IC50 value of 3.15, 6.51, 

7.98 and 9.17 µg/mL, respectively.  

To develop TLC profiles of fractions, three mobile phase compositions; a) Toluene: Ethyl 

acetate (7.5:2.5 % v/v), b) Toluene: Ethyl acetate: Glacial acetic acid (7:3:0.1% v/v/v); c) 

Toluene: Ethyl acetate: Formic acid (6:4:0.1 % v/v/v) were used. An overall better profile of 

the fractions was obtained with mobile phase Toluene: Ethyl acetate: Glacial acetic acid 

(7:3:0.1 % v/v/v), that was run on a 10 cm length TLC plate. An HPTLC analysis of all the 

collected fractions was done as illustrated in Fig. 4.5. HPTLC analysis highlighted the 

presence of a coumarin as the major constituent in F-4. Further F-4 was purified by solvent 

washing (hexane, dichloromethane, ethyl acetate and methanol) to give amorphous light 

yellow color powder (30 mg). An NMR (1H, 13C, DEPT, HMQC, HMBS and COSY) 

analysis indicated the compound to be alloimperatorin. A HPTLC analysis of F-6 highlighted 

the presence of one coumarins as the major constituent. Further F-6 was purified by solvent 

washing (hexane, diethyl ether, dichloromethane, chloroform, acetone, ethyl acetate and 

methanol) to give white color powder (5 mg). An NMR (1H, 13C, DEPT, HMQC, HMBS and 

COSY) and mass analysis indicated the compound to be xanthotoxol. Further column 

chromatography of F3 resulted in 13 subfractions (F3(A-M)), wherein subfraction F3G 

exerted the highest PL inhibitory potential (IC50 = 16.78 µg/mL). A white colored natural 

product was obtained from this subfraction. The natural product was further purified by 

solvent washing (hexane, diethyl ether, dichloromethane, chloroform, acetone, ethyl acetate 

and methanol),and recrystallization. Further it was identified as psoralen by using 

spectroscopic techniques such as 1D, 2D NMR, HRMS and by comparing with previously 

published data [5]. A HPTLC analysis of F-5 highlighted the mixture of two 

phytoconstituents namely, xanthotoxol and alloimperatorin as the major constituents. 
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Figure 4.5. HPTLC of all the AM fractions (Mobile phase - Toluene: Ethyl acetate: Glacial 

acetic acid (7:3:0.1 % v/v/v)). 
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4.4. Analytical data of isolated phytoconstituents 

9-hydroxy-4-(3-methylbut-2-en-1-yl)-7H-furo[3,2-g]chromen-7-one (Alloimperatorin) 

Yellow solid; m.p: 230-233 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.17 (d, J = 9.9 Hz, 1H), 

7.98 (d, J = 2.3 Hz, 1H), 7.05 (d, J = 2.3 Hz, 1H), 6.38 (d, J = 9.9 Hz, 1H), 5.08 (t, 1H), 3.68 

(d, J = 6.9 Hz, 2H), 1.77 (s, 3H), 1.60 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 160.57, 

147.36, 145.33, 142.76, 140.82, 132.21, 128.49, 125.28, 123.22, 122.72, 114.05, 113.66, 

106.50, 27.53, 25.79, 18.30. HRMS (ESI+) Calculated for C16H14O4 [M + H]+, 271.0965; 

Found 271.0961 [9]. 

9-hydroxy-7H-furo[3,2-g]chromen-7-one (Xanthotoxol) 

White solid; m.p: 251-252 °C; 1H NMR (400 MHz, CD3OD) δ 7.91 (d, J = 9.5 Hz, 1H), 7.74 

(d, J = 2.2 Hz, 1H), 7.26 (s, 1H), 6.81 (d, J = 2.2 Hz, 1H), 6.25 (d, J = 9.6 Hz, 1H). 13C NMR 

(100 MHz, CD3OD) δ 161.58, 149.20, 146.87, 145.64, 139.66, 130.32, 125.93, 116.39, 

113.21, 109.81, 106.48. HRMS (ESI+) Calculated for C11H6O4 [M + H]+, 203.0337; Found 

203.0338 [9].  

7H-furo[3,2-g]chromen-7-one (Psoralen) 

White solid; m.p: 158-161 °C ; 1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 9.5 Hz, 1H), 7.70 

(d, J = 2.3 Hz, 1H), 7.69 (s, 1H), 7.48 (d, J = 0.9 Hz, 1H), 6.83 (dd, J = 2.3, 1.0 Hz, 1H), 6.38 

(d, J = 9.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 161.00, 156.44, 152.07, 146.91, 144.04, 

124.88, 119.82, 115.44, 114.70, 106.37, 99.91. HRMS (ESI+) Calculated for C11H6O3 [M+], 

186.0317; Found 186.0311 [39]. 

All the three isolated phytoconstituents namely, alloimperatorin, xanthotoxol and psoralen 

exhibited potential to moderate PL inhibitory activity (IC50  = 27.75 ± 0.67, 59.16 ± 0.71 and 

64.89 ± 0.83 µM) as compared Orlistat (IC50  = 0.97 ± 0.31 µM) that was used as positive 

control. 
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4.5. Molecular docking studies 

In order to comprehend the interaction between the phytoconstituent and PL, molecular 

docking studies were conducted utilizing the isolated and identified phytoconstituents from 

AM using Molegro Virtual Docker 6.0. As represented in Table 4.5, alloimperatorin 

exhibited a higher MolDock score of -110.296 kcal/mol as compared to xanthotoxol and 

psoralen. 

 

Table 4.5. Docking scores and interactions exhibited by isolated phytoconstituents from AM. 

Isolated 

constituents 

with their 

structures 

MolDock 

Score 

(kcal/mol) 

H-bond 
C-H 

bond 

π-π T 

shaped 

π-π 

interactions/ 

π alkyl 

π-cation 

Psoralen 

-84.6327 

Phe 77, 

Gly 76, 

His 151 

- Phe 77 Ala 178 His 263 

Xanthotoxol 

-87.1329 

Phe 77, 

Gly 76, 

His 151, 

Leu 153 

Ser 152 - Ala 178 His 263 

Alloimperatorin 

-110.296 

Gly 76, 

Phe 77, 

His 151, 

Ser 152, 

Leu 153 

- - 

 Ile 78,  

Ala 178,  

Ala 259,   

Ala 260,  

Ile 209 

His 263 

 

To summarize, the present chapter focused on the identification of natural product lead that 

would exhibit potent PL inhibition. The methanol extract from the unripe fruits of AM was 

subjected to bioassay guided fractionation, owing to its potential PL inhibition. Coumarin 

rich fractions were found to be responsible for potential PL inhibition activity. Further studies 

that involved column chromatography and fractionation resulted in the isolation and 

identification of alloimperatorin as potential natural product lead, that exhibited an IC50 value 

of 27.75 ± 0.67 µM with comparable to the standard drug, orlistat (IC50 = 0.97 µM). Further 

in silico investigation result in understanding that the coumarin scaffold proceed the desired 

interactions with PL but requires structural modification/optimization to impart potent 

activity properties. 
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5. Synthesis of Coumarin Analogues - Series I  

5.1. Rationale  

Bioassay guided fractionation of  the most active methanolic extract from AM fruits resulted 

in the isolation and identification of coumarins (psoralen, xanthotoxol and alloimperatorin) as 

potential NP leads for PL inhibition. Nevertheless, molecular modelling studies of these leads 

(present in AM) in the active site of Human PL highlighted, favourable interactions for the 

coumarin scaffold. As represented in Fig 5.1, psoralen, xanthotoxol and alloimperatorin 

possessed a coumarin scaffold. This can be further confirmed with the previous literature on 

the PL inhibitory activity of coumarins viz., coumarinolignans (Fig 5.1) namely, cleomiscosin 

A, C, and B from Fraxinus rhynchophylla stem barks. These coumarins have been reported to 

inhibit PL activity [1], with moderate to low potential as they did not contain an ester or ester 

mimicking group (amide/ketoamide) essential for potential PL inhibition (Fig 5.1). 

Nevertheless, coumarins have been least explored for the PL inhibition and those reported 

exhibit moderate PL inhibitory activity. On the contrary, structural modifications that include 

various substitutions on the coumarins have resulted in a significant enhancement in their PL 

inhibitory activity. For example, the most potent analogue of furo[3,2-c]coumarins inhibited 

PL with the potent IC50 value of 9.37 ± 1.36 μM, as compared with orlistat (0.2 μM) [2]. In 

recent years, a variety of tripeptides have been reported to inhibit the PL enzyme. The 

primary reason for the effectiveness of all of these tripeptide’s inhibitors was their amidic 

linkages [3,4]. Similarly, Sridhar et al. has previously synthesized and reported 

2‐thioxo‐thiazolidin‐4‐one acetic acid derivatives for their potent PL inhibitory potential (IC50 

5.16 μM, 9.34 μM, and 10.64 μM, respectively), which were comparable to that of Orlistat 

(0.99 µM). The molecular docking studies confirmed that the carbonyl group of the amide 

linkage in the rhodanine moiety interacted with Ser 152. This group's presence facilitated the 

interaction with lid domain amino acids, thereby increasing the potency of the molecule [5].  
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Figure 5.1. Rationale for selecting coumarin analogues as PL inhibitors 
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Further Orlistat and alloimperatorin exhibited a MolDock Scores of -139.41 kcal/mol and -

110.296 kcal/mol, respectively (Fig 5.2). Potential chemical functionalities having an ability 

to interact with Ser 152 are essential requirement for the PL inhibition. Orlistat possessed a 

highly reactive β-lactone, while alloimperatorin contained a furanocoumarin ring. The furan 

ring's presence may be the reason for the diminished PL inhibitory potential of the 

furanocoumarins, as it did not exhibit any interaction with the critical amino acids 

(catalytic/hydrophobic) of the PL. Thus, to develop potent PL inhibitors various structural 

modifications such as the reducing the structural rigidity, incorporation of the reactive 

functionalities and various essential pharmacophoric features that are required for PL 

inhibition were proposed. 

 

Figure 5.2. 2D pose of psoralen, xanthotoxol and alloimperatorin in the active site of PL. 

 

Based on the above literature, we hypothesized the design of coumarin inspired amide 

warhead containing analogues to possess potential PL inhibitory activity (Fig 5.1). These 

analogues can be considered as pharmacophoric hybrid of the coumarin scaffold and amide 

functionality, present in a single molecule. These analogues were designed with an aim to 

achieve the required amino acid interaction important for PL and as well as to include the 

reactive carbonyl group. A series of 17 amide warhead containing coumarin analogues were 

synthesised and evaluated for their PL inhibitory activity.  

5.2. Synthesis and Characterization 

The syntheses of all the final compounds 5a-5q (Table 5.1) were carried out as per the 

procedure detailed in Scheme 5.1. Initially, Meldrum's acid (2; 1 equiv) and K2CO3 (0.60 

equiv) were allowed to react in the presence of water at room temperature. In this basic 

reaction media, Meldrum's conjugate base was generated. After 10 to 15 mins, 

salicylaldehyde (1; 1 equiv) was added to the reaction mixture. The conjugate base of 

Meldrum's acid was engaged in a nucleophilic attack on the electron-deficient carbonyl 

carbon of salicylaldehyde, producing a Knoevenagel intermediate. In the subsequent step, the 
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geometrically favourable phenolic group within the intermediate underwent a ring-closure 

reaction via a nucleophilic attack on the carbonyl carbon of the acidic portion of Meldrum's 

intermediate, resulting in the formation of coumarin-3-carboxylate and the elimination of an 

acetone molecule. The salt's acidification liberated coumarin-3-carboxylic acid (3). After 20 

h, 92% of the expected coumarin-3-carboxylic acid (2-oxo-2H-chromene-3-carboxylic acid; 

3) was produced [6].  

To a solution of coumaric-3-carboxylic acid (1 equiv) in DMF at 0°C, EDC.HCl (1.10 equiv) 

was added and the mixture was allowed to react for 10 mins, resulting in the creation of O-

acylisourea. HOBt (1.10 equiv) was introduced to this reaction mixture, which reacted with 

acid (3) to produce HOBt ester and urea as a by-product. Then substituted anilines (1 equiv) 

were added to the reaction mixture, followed by DIPEA (0.60 equiv). In the acid aniline 

coupling reaction, two by-products, EDC-derived urea and HOBt, were produced. Therefore, 

the reaction was catalytic in HOBt but stoichiometric in EDC, which was transformed 

into urea. The reaction mixture was agitated at room temperature for 15-20 h in presence of  

nitrogen, resulting in the production of the desired products (5a-5q). The solvent was 

removed in a vacuum, and the water-soluble residues were easily eliminated in an aqueous 

work-up. Using silica gel-based column chromatography, purification was further achieved 

[7]. Spectroscopic techniques such as IR, NMR (1H and 13C), HRMS and HPLC were utilised 

to characterise all synthesized analogues. 

 

Scheme 5.1. Reagents and conditions: (a) K2CO3, H2O, RT, 20 h; (b) DMF, 0 °C, EDC.HCl, HOBt, 

Ar-NH2, DIPEA, 20-30 °C, 15-20 h. 
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5.2.1. General procedure for the synthesis of coumarin-3-carboxylic acid derivatives 

Synthetic route for the preparation of coumarin-3-carboxylic acid derivatives is summarized 

in Scheme 5.1. Meldrum's acid (2; 1 equiv), distilled water (5 mL), and K2CO3 (0.20 equiv) 

were added to a 50 mL RBF. After 10-15 mins, salicylaldehyde (1; 1 equiv) was added to the 

reaction mixture. The mixture was then aggressively agitated at room temperature for 20 h to 

complete the conversion. Upon completion, the resultant solution was acidified with 1N HCl, 

and the solid mass was precipitated, filtered, and thoroughly washed with water to provide a 

nearly pure product of coumarin-3-carboxylic acid (3). It was crystallised using ethyl acetate 

for further purification [6]. 

5.2.2. General Procedure of synthesis of coumarin-3-carboxamide derivatives (5a-q) 

A solution of coumaric-3-carboxylic acid (3; 1 equiv) in DMF at 0 °C was progressively 

treated with EDC.HCl (1.10 equiv) and HOBt (1.10 equiv). Various substituted anilines (4; 1 

equiv) were dissolved in DMF and added to the reaction mixture after 10 mins, followed by 

the addition of DIPEA (0.60 equiv). The reaction was stirred at room temperature for 15 to 20 

h. After the reaction was complete, water was used for the work up. The precipitated solid 

mass was filtered, carefully washed with water, and then air-dried. To achieve a pure product, 

column chromatography was performed using a gradient of ethyl acetate/hexane as the eluent 

and silica (#100-200) as the stationary phase. NMR, HRMS, ATR and HPLC were used to 

characterize the synthesized analogues (5a-5q) [7]. 

5.2.3. Analytical data of synthesized analogues 

2-oxo-N-phenyl-2H-chromene-3-carboxamide (5a) 

Yield: 85 %; white solid; mp = 250-252 °C; 1H NMR (400 MHz, CDCl₃) δ 10.86 (s, 1H), 

9.05 (s, 1H), 7.79 - 7.70 (m, 4H), 7.50 - 7.34 (m, 4H), 7.19 (t, J = 7.4 Hz, 1H). 13C NMR (100 

MHz, CDCl₃) δ 161.84, 159.31, 154.52, 148.96, 137.68, 134.37, 129.96, 129.08, 125.49, 

124.84, 120.60, 118.74, 118.69, 116.74. IR (ATR) υ 3841.67, 3746.91, 3611.09, 3031.76, 

2919.21, 2470.42, 1691.61, 1591.48, 1541.44, 1429.76, 1312.95, 1241.44, 1194.24, 1118.72, 

1019.02, 967.53, 899, 729.95, 68149, 638.07 cm−1. HRMS (ESI+) calculated for C16H11NO3 

[M + H]+, 266.0818; found 266.0783. HPLC purity: 99.71 %, tR = 7.257 min. 

2-oxo-N-(o-tolyl)-2H-chromene-3-carboxamide (5b) 

Yield: 88 %; off-white solid; mp = 229-231 °C; 1H NMR (400 MHz, CDCl₃) δ 10.81 (s, 1H), 

9.07 (s, 1H), 8.28 (d, J = 8.2 Hz, 1H), 7.77 (d, J = 6.1 Hz, 1H), 7.73 (t, J = 7.9 Hz, 1H), 7.51 - 

7.40 (m, 2H), 7.30 (d, J = 7.4 Hz, 1H), 7.26 (d, J = 7.6 Hz, 1H), 7.12 (t, J = 6.8 Hz, 1H), 2.45 

(s, 3H). 13C NMR (100 MHz, CDCl₃) δ 161.99, 159.28, 154.49, 148.95, 136.14, 134.33, 

130.50, 129.95, 128.62, 126.74, 125.48, 124.98, 121.94, 118.88, 118.76, 116.74, 18.10. IR 
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(ATR) υ 3851.79, 3744.88, 3613.27, 3030.27, 2371.08, 2310.12, 1706.76, 1604.53, 1548.36, 

1450.28, 1374.02, 1312.13, 1253.93, 1203.95, 1116.69, 1034.12, 974.00, 927.08, 745.73, 

644.46 cm−1. HRMS (ESI+) calculated for C17H13NO3 [M + H]+, 280.0974; found 280.0914. 

HPLC purity: 99.31 %, tR = 8.840 min. 

N-(2-fluorophenyl)-2-oxo-2H-chromene-3-carboxamide (5c) 

Yield: 80 %; off-white solid; mp = 260-262 °C; 1H NMR (400 MHz, CDCl₃) δ 11.14 (s, 1H), 

9.03 (s, 1H), 8.52 – 8.47 (m, 1H), 7.78 - 7.70 (m, 2H), 7.50 - 7.41 (m, 2H), 7.23 - 7.10 (m, 

3H). 13C NMR (100 MHz, CDCl₃) δ 161.64, 159.49, 154.61, 151.95, 149.08, 134.51, 129.99, 

125.49, 125.06, 124.51, 122.26, 118.64, 118.51, 116.82, 115.16, 114.98. IR (ATR) υ 

3851.20, 3743.53, 3672.32, 3613.19, 3030.61, 2311.61, 1703.46, 1610.45, 1543.42, 1448.06, 

1321.17, 1256.66, 1197.69, 1130.59, 1027.16, 969.90, 925.84, 789.47, 742.09, 641.53 cm−1. 

HRMS (ESI+) calculated for C16H10FNO3 [M + H]+, 284.0724; found 284.0709. HPLC 

purity: 98.55 %, tR = 8.343 min. 

2-oxo-N-(p-tolyl)-2H-chromene-3-carboxamide (5d) 

Yield: 89 %; lemon yellow solid; mp = 330-333 °C; 1H NMR (400 MHz, CDCl₃) δ 10.78 (s, 

1H), 9.03 (s, 1H), 7.79 - 7.67 (m, 2H), 7.64 (d, J = 8.1 Hz, 2H), 7.50 - 7.39 (m, 2H), 7.20 (d, J 

= 8.0 Hz, 2H), 2.36 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 161.83, 159.13, 154.48, 148.76, 

135.16, 134.50, 134.27, 129.92, 129.58, 125.45, 120.54, 118.76, 116.72, 20.97. IR (ATR) υ 

3851.95, 3743.42, 3672.70, 3613.27, 3023.80, 2368.08, 2314.64, 1916.31, 1700.97, 1603.64, 

1541.36, 1409.12, 1317.33, 1247.35, 1201.32, 1128.51, 1028.17, 926.20, 801.08, 754.40 

cm−1. HRMS (ESI+) calculated for C17H13NO3 [M + H]+, 280.0974; found 280.0949. HPLC 

purity: 99.57 %, tR = 9.467 min. 

N-(4-methoxyphenyl)-2-oxo-2H-chromene-3-carboxamide (5e) 

Yield: 91 %; yellow solid; mp = 352-355 °C; 1H NMR (400 MHz, CDCl₃) δ 10.73 (s, 1H), 

9.02 (s, 1H), 7.79 - 7.62 (m, 4H), 7.49 - 7.38 (m, 2H), 6.96 - 6.88 (m, 2H), 3.83 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 161.84, 159.04, 156.75, 154.46, 148.63, 134.24, 130.91, 129.90, 

125.45, 122.11, 118.77, 118.75, 116.71, 114.22, 55.50. IR (ATR) υ 3852.16, 3743.16, 

3672.56, 3612.89, 3273.59, 3273.59, 3052.48, 2928.36, 2314.21, 1696.14, 1600.02, 1543.28, 

1509.44, 1455.51, 1300.26, 1226.64, 1028.32, 799.90, 758.92, 718.06, 638.62 cm−1. HRMS 

(ESI+) calculated for C17H13NO4 [M + H]+, 296.0924; found 296.0895. HPLC purity: 99.34 

%, tR = 6.457 min. 

N-(4-fluorophenyl)-2-oxo-2H-chromene-3-carboxamide (5f) 

Yield: 82 %; off-white solid; mp = 224-228 °C; 1H NMR (400 MHz, CDCl₃) δ 10.85 (s, 1H), 

9.04 (s, 1H), 7.89 - 7.60 (m, 4H), 7.59 - 7.35 (m, 2H), 7.10 (t, J = 8.4 Hz, 2H). 13C NMR (100 
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MHz, CDCl3) δ 161.87, 159.32, 154.52, 149.03, 134.47, 133.76, 129.98, 125.55, 122.23, 

118.70, 118.50, 116.78, 115.87, 115.64. IR (ATR) υ 3852,62, 3743.87, 3672.92, 3613.03, 

3027.43, 2922.77, 2847.70, 2372.12, 2312.46, 1917.45, 1840.12, 1746.41, 1688.83, 1543.38, 

1398.42, 1194.88, 1051.44, 827.37, 791.12, 746.78 cm−1. HRMS (ESI+) calculated for 

C16H10FNO3 [M + H]+, 284.0724; found 284.0695. HPLC purity: 99.49 %, tR = 7.477 min. 

N-(4-chlorophenyl)-2-oxo-2H-chromene-3-carboxamide (5g) 

Yield: 86 %; off-white solid; mp = 228-230 °C; 1H NMR (400 MHz, CDCl3) δ 10.91 (s, 1H), 

9.04 (s, 1H), 7.81 - 7.67 (m, 4H), 7.53 - 7.34 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 161.86, 

159.39, 154.54, 149.16, 136.28, 134.55, 130.02, 129.12, 125.59, 121.78, 118.68, 118.40, 

116.79, 115.88. IR (ATR) υ 3851.51 3742.74, 3672.56, 3612.95, 3182.79, 3047.22, 2927.12, 

2853.93, 2313.29, 1693.98, 1594.00, 1394.51, 1198.53, 1125.56, 1076.56, 1006.31, 924.92, 

823.75, 749.00 cm−1. HRMS (ESI+) calculated for C16H10ClNO3 [M + H]+, 300.0428; found 

300.0379. HPLC purity: 99.60 %, tR = 11.140 min. 

N-(4-bromophenyl)-2-oxo-2H-chromene-3-carboxamide (5h) 

Yield: 79 %; yellow solid; mp = 220-225°C; 1H NMR (400 MHz, CDCl₃) δ 10.91 (s, 1H), 

9.04 (s, 1H), 7.80 - 7.71 (m, 2H), 7.71 - 7.65 (m, 2H), 7.55 - 7.43 (m, 4H). 13C NMR (100 

MHz, CDCl3) δ 161.85, 159.40, 154.54, 149.19, 136.77, 134.57, 132.07, 130.02, 125.60, 

122.10, 118.68, 118.39, 117.49, 116.80. IR (ATR) υ 3851.47, 3742.96, 3672.30, 3037.89, 

2924.02, 2311.88, 1840.35, 1748.73, 1688.24, 1521.97, 1452.87, 1389.08, 1178.09, 1110.73, 

1046.92, 972.96, 922.57, 817.73, 743.98 cm−1. HRMS (ESI+) calculated for C16H10BrNO3 

[M + H]+, 343.9923; found 343.9916. HPLC purity: 99.74 %, tR = 12.640 min. 

N-(4-nitrophenyl)-2-oxo-2H-chromene-3-carboxamide (5i) 

Yield: 60 %; yellow solid; mp = 240-242 °C; 1H NMR (400 MHz, DMSO-d6) δ 10.21 (s, 

1H), 9.18 (s, 1H), 7.93 (d, J = 72.2 Hz, 4H), 7.69 - 7.41 (m, 4H). 13C NMR (100 MHz, 

DMSO-d6) δ 161.29, 155.37, 151.43, 136.35, 135.77, 127.52, 126.88, 125.58, 124.28, 118.31, 

118.30, 118.28, 117.58, 116.82. IR (ATR) υ 3851.63, 3743.47, 3613.25, 3316.83, 2927.32, 

2851.85, 1717.75, 1636.84, 1537.29, 1452.72, 1367.14, 1272.74, 1123.37, 1069.71, 966.26, 

859.67, 747.05, 698.10, 642.46 cm−1. HRMS (ESI+) calculated for C16H10N2O5 [M + H]+, 

311.0669; found 311.0717. HPLC purity: 92.74 %, tR = 7.633 min. 

N-(2,4-dimethylphenyl)-2-oxo-2H-chromene-3-carboxamide (5j) 

Yield: 78 %; yellow solid; mp = 241-243 °C; 1H NMR (400 MHz, CDCl₃) δ 10.72 (s, 1H), 

9.05 (s, 1H), 8.11 (d, J = 8.0 Hz, 1H), 7.80 - 7.67 (m, 2H), 7.50 - 7.39 (m, 2H), 7.12 - 7.05 

(m, 2H), 2.40 (s, 3H), 2.34 (s, 3H).13C NMR (100 MHz, CDCl3) δ 161.98, 159.19, 154.47, 

148.77, 134.68, 134.23, 133.52, 131.18, 129.91, 128.72, 127.22, 125.44, 122.06, 118.95, 
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118.78, 116.72, 20.92, 18.00. IR (ATR) υ 3851.18, 3743.32, 3672.61 3612.93, 3037.30, 

2915.58, 2365.39, 2316.01, 1702.60, 1604.07, 1541.97, 1443.83, 1371.94, 1312.10, 1204.08, 

1158.12, 1031.77, 927.49, 754.22, 641.34 cm−1. HRMS (ESI+) calculated for C18H15NO3 [M 

+ H]+, 294.1131; found 294.1117. HPLC purity: 99.44 %, tR = 11.907 min. 

N-(2,4-difluorophenyl)-2-oxo-2H-chromene-3-carboxamide (5k) 

Yield: 83 %; white solid; mp = 214-217 °C; 1H NMR (400 MHz, CDCl₃) δ 11.06 (s, 1H), 

9.02 (s, 1H), 8.44 (td, J = 9.6, 9.2, 6.0 Hz, 1H), 7.75 (ddd, J = 16.0, 8.3, 1.6 Hz, 2H), 7.50 - 

7.41 (m, 2H), 6.94 (ddq, J = 11.6, 4.8, 2.9 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 161.66, 

159.51, 154.60, 151.97, 149.15, 134.60, 130.01, 125.54, 123.25, 123.14, 118.60, 118.30, 

116.84, 111.23, 111.02, 104.06. IR (ATR) υ 3851.32, 3742.89, 3672.73, 3613.04, 3038.89, 

2362.46, 2316.70, 1704.31, 1612.13, 1545.31, 1435.25, 1293.42, 1201.76, 1128.13, 1031.41, 

955.61, 847.48, 847.48, 791.99, 751.89, 641.99 cm−1. HRMS (ESI+) calculated for 

C16H9F2NO3 [M + H]+, 302.0629; found 302.0626. HPLC purity: 99.63 %, tR = 9.033 min. 

N-(2,4-dichlorophenyl)-2-oxo-2H-chromene-3-carboxamide (5l) 

Yield: 84 %; white solid; mp = 200-204 °C; 1H NMR (400 MHz, DMSO-d6) δ 11.33 (s, 1H), 

9.12 (s, 1H), 8.56 (s, 1H), 8.41 - 7.98 (m, 2H), 7.81 (d, J = 17.3 Hz, 2H), 7.57 (d, J = 30.2 Hz, 

2H). IR (ATR) υ 3851.68, 3741.69, 3672.09, 3612.70, 3054.77, 2318.09, 1695.26, 1584.02, 

1526.10, 1456.95, 1385.08, 1303.60, 1199.13, 1162.29, 1116.09, 1023.75, 971.09, 870.67, 

755.95, 693.66 cm−1. HRMS (ESI+) calculated for C16H9Cl2NO3 [M + H]+, 334.0038; found 

334.0041. HPLC purity: 98.93 %, tR = 21.827 min. 

*13C NMR - could not be recorded due to solubility issue. 

N-(3,4-dimethylphenyl)-2-oxo-2H-chromene-3-carboxamide (5m) 

Yield: 80 %; white solid; mp = 200-202 °C; 1H NMR (400 MHz, CDCl₃) δ 10.74 (s, 1H), 

9.02 (s, 1H), 7.78 - 7.67 (m, 2H), 7.55 - 7.40 (m, 4H), 7.15 (d, J = 8.0 Hz, 1H), 2.30 (s, 3H), 

2.27 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 161.82, 159.08, 154.46, 148.69, 137.30, 135.41, 

134.24, 133.25, 130.06, 129.92, 125.44, 121.80, 118.77, 118.04, 116.70, 19.93, 19.30. IR 

(ATR) υ 3851.18, 3743.32, 3672.61 3612.93, 3037.30, 2915.58, 2365.39, 2316.01, 1702.60, 

1604.07, 1541.97, 1443.83, 1371.94, 1312.10, 1204.08, 1158.12, 1031.77, 926.20, 801.08, 

754.40 cm−1. HRMS (ESI+) calculated for C18H15NO3 [M + H]+, 294.1131; found 294.1118. 

HPLC purity: 99.43 %, tR = 12.347 min. 

N-(3,4-difluorophenyl)-2-oxo-2H-chromene-3-carboxamide (5n) 

Yield: 77 %; white solid; mp = 193-195 °C; 1H NMR (400 MHz, DMSO-d6) δ 10.77 (s, 1H), 

8.92 (s, 1H), 8.03 (d, J = 5.8 Hz, 1H), 7.96 (s, 1H), 7.79 (d, J = 8.7 Hz, 1H), 7.59 - 7.53 (m, 

1H), 7.53 - 7.39 (m, 3H). IR (ATR) υ 3851.74, 3742.48, 3613.10, 3056.89, 2362.78, 2318.10, 
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1694.90, 1608.48, 1555.93, 1509.97, 1439.23, 1283.19, 1203.27, 1119.54, 1033.29, 969.57, 

869.91, 792.81, 753.93, 644.12 cm−1. HRMS (ESI+) calculated for C16H9F2NO3 [M + H]+, 

302.0629; found 302.0580. HPLC purity: 99.62 %, tR = 9.077 min. 

*13C NMR – could not be recorded due to solubility issue. 

N-(3,4-dichlorophenyl)-2-oxo-2H-chromene-3-carboxamide (5o) 

Yield: 75 %; off-white solid; mp = 202-203 °C; 1H NMR (400 MHz, DMSO-d6) δ 10.82 (s, 

1H), 8.92 (s, 1H), 8.17 (s, 1H), 8.03 (d, J = 7.7 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 

6.0 Hz, 2H), 7.57 (d, J = 8.5 Hz, 1H), 7.50 (d, J = 7.5 Hz, 1H). IR (ATR) υ 3851.68, 3741.69, 

3672.09, 3612.70, 3054.77, 2318.09, 1695.26, 1526.10, 1456.95, 1385.08, 1303.60, 1199.13, 

1162.29, 1116.09, 1023.75, 971.09, 870.67, 755.95, 693.66 cm−1. HRMS (ESI+) calculated 

for C16H9Cl2NO3 [M + H]+, 334.0038; found 333.9980. HPLC purity: 93.37 %, tR = 4.303 

min. *13C NMR – could not be recorded due to solubility issue. 

2-oxo-N-(3,4,5-trimethoxyphenyl)-2H-chromene-3-carboxamide (5p) 

Yield: 92 %; lemon yellow solid; mp = 180-183 °C; 1H NMR (400 MHz, CDCl₃) δ 10.81 (s, 

1H), 9.02 (s, 1H), 7.76 - 7.70 (m, 2H), 7.50 - 7.40 (m, 2H), 7.08 (s, 2H), 3.92 (s, 6H), 3.86 (s, 

3H). 13C NMR (100 MHz, CDCl3) δ 161.89, 159.26, 154.47, 153.35, 148.89, 135.07, 134.49, 

133.77, 129.97, 125.58, 118.72, 118.53, 116.76, 98.05, 61.01, 56.18. IR (ATR) υ 3852.05, 

3742.81, 3672.73, 3613.11, 2929.68, 1701.14, 1607.49, 1557.81, 1505.97, 1456.02, 1413.83, 

1312.23, 1232.19, 1178.77, 1014.69, 794.18, 748.52, 658.08 cm−1. HRMS (ESI+) calculated 

for C16H9Cl2NO3 [M + H]+, 356.1135; found 356.1112. HPLC purity: 96.84 %, tR = 5.490 

min. 

2-oxo-N-(2,4,5-trichlorophenyl)-2H-chromene-3-carboxamide (5q) 

Yield: 91 %; lemon yellow solid; mp = 131-134 °C; 1H NMR (400 MHz, CDCl₃) δ 12.76 (s, 

1H), 8.62 (s, 1H), 7.62 (s, 1H), 7.51 -7.42 (m, 2H), 7.38 (s, 1H), 7.07 (d, J = 8.2 Hz, 1H), 

7.01 (t, 1H). 13C NMR (100 MHz, CDCl3) δ 164.34, 161.46, 144.86, 134.44, 132.85, 131.84, 

131.23, 130.82, 128.47, 120.48, 119.44, 118.73, 117.65. IR (ATR) υ 3852.22, 3742.74, 

3672.93, 3612.89, 2359.68, 1701.94, 1611.10, 1558.14, 1451.07, 1390.43, 1347.87, 1278.87, 

1231.29, 1191.62, 1130.59, 1068.49, 875.99, 791.68, 758.08, 676.79 cm−1. HRMS (ESI+) 

calculated for C16H8Cl3NO3 [M + NH4]
+, 384.9970; found 384.9899. HPLC purity: 96.98 %, 

tR = 5.770 min. 

5.3. Pancreatic lipase inhibition assay 

The PL inhibitory activity of all synthesised coumarin analogues (5a-5q) was performed 

according to standard protocol described in chapter 3 [8,9]. The enzyme used was Porcine PL 

(Type II) with 4-nitrophenyl butyrate as the substrate. As described in Table 5.1, the analogue 
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5a, which lacked any substitutions on either the coumarin or phenyl ring, exhibited poor PL 

inhibitory activity (IC50 = 61.86 ± 3.65 µM). The impact of different halogen substituents (F, 

Cl, Br) on the ortho, meta and para positions of the phenyl ring was also explored. 

Surprisingly, fluorine on the ortho position of the phenyl ring increased the PL inhibitory 

potency of 5c (IC50 = 24.90 ± 0.44 µM). The activity of analogues containing fluoro, chloro 

and bromo substituents at the para position of the phenyl ring (5f, 5g, 5h) was shown to 

decrease activity (IC50 = 44.29 ± 2.44, 58.63 ± 4.80 and 42.89 ± 2.59 µM respectively). The 

substitution of fluoro groups at both the ortho and para positions of the phenyl ring inhibited 

PL effectively (5k, IC50 = 21.30 ± 1.81 µM). 5q, a trisubstituted chloro analogue, was found 

to be a potential PL inhibitor (IC50 = 19.41 ± 2.63 µM). These findings demonstrated the 

significance of substituent (halogen) locations on the phenyl ring for PL inhibitory action. 

These investigations revealed that the position of electron-donating and electron-withdrawing 

substituents on the phenyl ring was crucial for PL inhibition. 

Table 5.1. In vitro PL inhibitory activity of the synthesized analogues (5a-5q) 

 

Code R IC50 (µM) * Code R IC50 (µM) * 

5a -H 61.86 ± 3.65 5j 2,4-di-CH
3
 39.78 ± 2.66 

5b 2-CH
3
 33.85 ± 1.16 5k 2,4-di-F 21.30 ± 1.81 

5c 2-F 24.90 ± 0.44 5l 2,4-di-Cl NS 

5d 4-CH
3
 50.19 ± 3.25 5m 3,4-diCH

3
 37.30 ± 2.05 

5e 4-OCH
3
 37.20 ± 2.05 5n 3,4-di-F NS 

5f 4-F 44.29 ± 2.44 5o 3,4-di-Cl NS 

5g 4-Cl 58.63 ± 4.80 5p 3,4,5-tri-OCH
3
 32.21 ± 0.55 

5h 4-Br 42.89 ± 2.59 5q 2,4,5-tri-Cl 19.41 ± 2.63 

5i 4-NO
2
 40.61 ± 3.76  Orlistat 0.97 ± 0.31 

*All experiments were performed in triplicate and the values are expressed in Mean ± S.E.M. 

NS = not soluble in DMSO 

 

5.4. Enzyme kinetics 

In order to comprehend the nature of inhibition (competitive, uncompetitive and non-

competitive), the enzyme kinetics of the most potent analogues 5q was analysed (Table 5.2). 

For the same, a three-concentration range of inhibitor (0, 0.3125, and 2.5 µM) was applied to 

four distinct substrate concentrations (25, 50, 100, and 200 µM). As depicted in Fig 5.3, the 

Lineweaver-Burk plot converged at the y-intercept (1/Vmax), whereas Km rose proportionally 

to inhibitor concentration [10].  
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Figure 5.3. Double reciprocal Lineweaver-Burk plots of 5q and Orlistat. 

 

The apparent Km value increased proportionally with increasing substrate concentration; 

however, the Vmax was unchanged by substrate concentration, showing the extent of reversible 

inhibition. Using the Cheng-Prusoff equation, the inhibition constant (Ki) was also 

determined, and analogues 5q were found to have Ki values of 10.386 µM, respectively 

(Table 5.2). With a Ki value of 0.588 µM, orlistat (positive control) likewise exhibited 

competitive inhibition [11]. 

 

Table 5.2. Km, Vmax and Ki values of 5q and orlistat  retrieved from the PL enzyme kinetics. 

Code 

Km (apparent) at different 

concentration (µM) 
Vmax 

(µM/min) 
Ki (µM) 

Nature of 

inhibition 
0 µM 0.3125 µM 2.5 µM 

5q 45.806 54.409 76.617 1.058 10.386 Competitive 

Orlistat 52.435 86.501 102.971 0.907 0.588 Competitive 
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5.5. Structure activity relationship  

For depicting SAR, substituents on the phenyl ring of coumarin analogues were studied. 

According to Table 5.1, the IC50 for analogue with an unsubstituted phenyl ring (5a) was 

61.86 µM. The replacement of halogens at various positions on the phenyl ring enhanced the 

inhibitory activity of PL. Halogen (F) on ortho position of  5c analogue (IC50 = 24.90 µM) 

inhibited PL more effectively than its para-substituted 5f analogue (IC50 = 44.29 µM) 

counterpart. Amongst the para substituents the bromo substituted analogue 5h (IC50 = 42.89 

µM) was marginally more active than the fluoro 5f (IC50 = 44.29 µM) and chloro 5g (IC50 = 

58.63 µM) substituted analogues. The disubstituted fluoro analogue (5k, IC50 = 21.30 µM) 

had the second highest PL inhibitory activity in this series. The trisubstituted chloro analogue 

5q was the most potent PL inhibitor (IC50 = 19.41 µM). The 5e analogue with a methoxy 

substituent at the para position of the phenyl ring had an IC50 value of 37.20 µM, however 

the 5p counterpart with three methoxy groups on the phenyl ring had better IC50 value of 

32.21 µM than 5e. Analogue 5b (IC50 = 33.85 μM) with ortho-substitution as methyl group 

on phenyl ring was more active than 5d analogues with methyl group in para position (IC50 = 

50.19 µM). The di-substitution of methyl at the (2nd,4th) and (3rd,4th) positions inhibited PL 

activity substantially (IC50 = 39.78 and 37.30 µM, respectively). This investigation revealed 

the significance of substituents position on the phenyl ring for PL inhibition. Fig 5.4 depicts a 

summary of the structure activity relationship (SAR) analysis, illustrating the effects of 

various substituents on PL inhibitory activity. 

 

Figure 5.4. SAR study of coumarin analogues (Series I). 
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5.6. Fluorescence Quenching Measurements with PL 

Phenylalanine (Phe), tyrosine (Tyr), and tryptophan (Trp) are the aromatic amino acids that 

contribute to the fluorescence property of PL. Fluorescence emission may be attributed to the 

presence of 25 Phe residues, 16 Tyr residues, and 7 Trp residues in PL. The Trp residues (Trp 

17, Trp 30, Trp 86, Trp 107, Trp 253, Trp 339, and Trp 403) are the primary contributors to 

the intrinsic fluorescence, as the quantum yield for Phe is extremely low. Additionally, the 

structural and dynamic properties of an analogue are observed to affect the emission spectra 

of tryptophan. Consequently, intrinsic fluorescence spectroscopy can be employed to 

investigate the association reaction between a bioactive analogue and PL [12,13]. 

The previously reported method with the necessary modifications [12] was used to evaluate 

the effects of the synthesized analogues (5q) on the fluorescence quenching of PL. The 

results are summarized in Fig 5.5. 

 

Figure 5.5. (A) The fluorescence spectra of PL in the presence of 5q at various 

concentrations (pH 7.4, T = 298 K, a to h in increasing concentrations); (B) Stern-Volmer plot 

for the quenching of 5q on the PL. 

 

As illustrated in Fig. 5.5., the PL fluorescence was quenched by 5q. Additionally, the 

fluorescence intensity decreased as the concentration of quencher (5q) increased, suggesting 

the formation of PL-quencher complexes. The above fluorescence quenching was mainly due 

to static or dynamic mechanism. To identify the underlying mechanism of quenching, Stern-

Volmer equation was utilized and the values were determined as per Formula 3.3 (chapter 3). 

Fluorescence quenching can be classified into two categories: static quenching and dynamic 

quenching. Dynamic quenching is the term used to describe the process by which the 

quencher molecule in solution deactivates the excited state fluorophore, whereas static 

quenching is the term used to describe the formation of a non-fluorescent ground state 

complex of fluorophores and quencher. The dynamic quenching is emphasized by a direct 
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correlation between the quenching constant and the temperature, whereas static quenching is 

represented by a diminished quenching constant as the temperature increases [12,13]. 

 

Table 5.3. Bimolecular quenching constant (kq), binding constant (Kb) and the number of 

binding sites (n) at different temperatures for 5q. 

# T (K) 
KSV/104

 

(L/mol) 

kq/1012 

(L/mol sec) 
R2 

Kb/105 

(L/mol) 
n R2 

5q 

298 1.6 1.09 0.9919 3.02 0.850 0.9899 

304 1.4 7.92 0.9955 2.62 0.846 0.9931 

310 1.1 6.20 0.9994 2.11 0.820 0.9929 

 

As represented in Table 5.3, an inverse correlation between the Ksv and temperature 

suggested that the quenching effects on the PL may be mainly attributed due to static 

quenching rather than dynamic quenching. 

The values of ‘n’ at the corresponding temperature were in the range of 0.820 to 0.850 (closer 

to 1), that indicated the presence of only one binding site in PL. This result further supported 

the competitive inhibition on the enzyme kinetics of PL. Additionally, the ‘Kb’ values were in 

the range of 2.11 to 3.02 x 105 L/mol indicating the strong binding forces of 5q with PL. 

5.7. Molecular docking analysis 

The energy-minimized structures of the analogues (5a-5q) were docked into the crystal 

structure of human PL (PDB ID: 1LPB, resolution: 2.46 Å) with validated grid parameters 

using Molegro Virtual Docker 6.0. At the active site of the PL enzyme, there is an extremely 

restricted catalytic triad composed of Ser 152, Asp 176, and His 263 that is surrounded by a 

hydrophobic lid domain (Gly 76 - Lys 80 and Leu 213 - Met 217). This hydrophobic lid 

domain is opened during triglyceride hydrolysis by an activating process at the interface. The 

coumarin scaffold of the analogue exhibited hydrophobic interactions and π-π stacking with 

the lid domain, resulting in the lid domain's opening. The amide functionality was necessary 

for interaction with Ser 152. Additionally, the phenyl ring was substituted so that the electron-

rich moiety effectively interacted with Arg 256. 

As depicted in Fig 5.6, the potent analogue 5q and Orlistat were found to bind at the active 

site of PL. Table 5.4 depicts the MolDock score and docking interactions of all the 

analogues. All analogues were found to interact with hydrophobic amino acids in the lid 

domain, including Phe 77, Gly 76, and Ile 78, via π-π T-shaped and π-alkyl interactions. The 

unsubstituted coumarin analogue 5a demonstrated a MolDock score of -97.688 kcal/mol. The 

substitution of a methyl group at the ortho position (5b) of the phenyl ring resulted in a 
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MolDock score -98.688 kcal/mol. Surprisingly, the ortho-substitution of the fluoro group on 

the phenyl ring did not raise the MolDock score for 5c (-97.466 kcal/mol) but it did result in 

significant PL inhibition activity. The ortho and para substitutions improved the MolDock 

score for 5k (-105.421 kcal/mol) and PL inhibition activity. This may be a result of the 

additional halogen interaction seen by analogues 5c and 5k with Phe 77 and Asp 79. 

 

Figure 5.6. 2D and 3D interaction diagram of 5q and Orlistat in the active site of PL (1LPB) 
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The analogues (5f, 5g and 5h) with only one halogen atom on the para position of the phenyl 

ring had a MolDock score between -100.744 and -101.351 kcal/mol. Halogen disubstitution 

on the phenyl ring improved the MolDock score from -97.688 to -106.401 kcal/mol. The 

MolDock score for monosubstituted methyl group on phenyl ring of 5b (-98.688 kcal/mol) 

and 5d (101.368 kcal/mol) analogue was less as compared to the MolDock score of 

disubstituted analogues with methyl group on phenyl ring i.e. 5j (-105.561 kcal/mol) and 5m 

(-106.388 kcal/mol). The MolDock score of the 5e analogue with a methoxy group on the 

para position of the phenyl group was -105.71 kcal/mol. Trimethoxy-substituted 5p analogue 

docking score was not significantly different (-106.055 kcal/mol) from 5e. The MolDock 

score for 5i (-105.843 kcal/mol) was due to the presence of an electron-withdrawing nitro 

group. The analogue with three chloro groups at the second, fourth, and fifth positions of 

phenyl ring 5q had a MolDock score of -113.845 kcal/mol. Orlistat, a commonly used PL 

inhibitor, was also shown to have comparable interactions with a MolDock score of -139.41 

kcal/mol. These docking investigations shed light on the substituents crucial for binding 

interactions (Table 5.4), which are required for PL inhibitory activity. 

 

Table 5.4. MolDock score (kcal/mol) and interaction summary of 5a-5q analogues at the 

active site of the PL.  

Code R 

MolDock 

Score 

(kcal/mol) 

H-bond 
π-π T 

shaped 
π-cation 

π-π alkyl/ 

Alkyl 
Halogen 

5a -H -97.688 

Phe 77, 

Gly 76, 

His 151 

Phe 77 
Arg 256, 

His 263 

Ile 78,  

Leu 153, 

Ala 178 

- 

5b 2-CH
3
 -98.688 

Phe 77, 

Gly 76, 

His 151 

Phe 77 
Arg 256, 

His 263 

Ile 78,  

Leu 264, 

Ala 178, 

Ala 259, 

Ala 260 

- 

5c 2-F -97.466 

Phe 77, 

Gly 76, 

His 151 

Phe 77 
Arg 256, 

His 263 

Leu 153, 

Ala 178, 

Ala 259, 

Ala 260, 

Leu 264 

Phe 77, 

Asp 79 

5d 4-CH
3
 -101.368 

Phe 77, 

Gly 76, 

His 151 

Phe 77 
Arg 256, 

His 263 

Ile 78,  

Leu 153, 

Ala 178, 

Trp 252 

- 

5e 4-OCH
3
 -105.71 

Phe 77, 

Gly 76, 

His 151 

Phe 77 
Arg 256, 

His 263 

Ile 78,  

Ala 178, 
- 
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5f 4-F -101.351 

Phe 77, 

Gly 76, 

His 151 

Phe 77 
Arg 256, 

His 263 

Ile 78,  

Leu 153, 

Ala 178 

- 

5g 4-Cl -101.232 

Phe 77, 

Gly 76, 

His 151 

Phe 77 
Arg 256, 

His 263 

Ile 78,  

Leu 153, 

Ala 178, 

Trp 252 

- 

5h 4-Br -100.744 

Phe 77, 

Gly 76, 

His 151 

Phe 77 
Arg 256, 

His 263 

Ile 78,  

Leu 153, 

Ala 178, 

Trp 252 

- 

5i 4-NO2 -105.843 

Phe 77, 

Gly 76, 

Ser 152, 

Leu 153 

- His 263 

Ile 78,  

Ala 178, 

Pro 180 

- 

5j 
2,4-di-

CH
3
 

-105.561 

Phe 77, 

Gly 76, 

His 151 

Phe 77 
Arg 256, 

His 263 

Ile 78,  

Leu 264, 

Ala 178, 

Trp 252, 

Ala 260 

- 

5k 2,4-di-F -105.421 
Phe 77, 

His 151 
- 

Arg 256, 

His 263 

Ile 78,  

Leu 153, 

Ala 178, 

Ala 259 

Phe 77, 

Asp 79 

5l 
2,4-di-

Cl 
-106.401 

Phe 77, 

Gly 76, 

His 151 

Phe 77 
Arg 256, 

His 263 

Ile 78,  

Leu 153, 

Ala 178, 

Trp 252, 

Leu 264, 

Ala 259, 

Ala 260 

- 

5m 
3,4-

diCH3 
-106.388 

Phe 77, 

Gly 76, 

His 151, 

Ser152 

- 
Arg 256, 

His 263 

Ile 78,  

Leu 153, 

Ala 178, 

Trp 252, 

Ala 259 

- 

5n 3,4-di-F -105.411 

Phe 77, 

Gly 76, 

His 151, 

Ser152 

 
Arg 256, 

His 263 

Ile 78,  

Leu 153, 

Ala 178 

Arg 256 

5o 
3,4-di-

Cl 
-105.561 

Phe 77, 

Gly 76, 

His 151 

Phe 77 
Arg 256, 

His 263 

Ile 78,  

Leu 153, 

Ala 178, 

Trp 252, 

Ala 259 

- 

5p 
3,4,5-tri-

OCH
3
 -106.055 

Phe 77, 

Gly 76, 

His 151, 

Arg 256 

Phe 77 His 263 
Leu 153, 

Ala 178 
- 
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5q 
2,4,5-

tri-Cl 
-113.845 

Phe 77, 

Gly 76, 

His 151 

Phe 77 
Arg 256, 

His 263 

Ile 78,  

Leu 153,  

Ala 178,  

Trp 252,  

Leu 264,  

Ala 259,  

Ala 260 

- 

 Orlistat -139.41 

Ser 152, 

His 151, 

His 263, 

Ala 259 

- - 

Leu 153, 

Ala 178, 

Tyr 114, 

 Ile 245,  

Phe 258 

- 

 

5.8. Molecular dynamics simulations  

Molecular docking studies revealed the significance of key amino acid interactions, including 

lid domain amino acids Gly 76 - Lys 80, Leu 213 - Met 217, Ser 152, Asp 176, Arg 256, His 

263, and others. In order to better comprehend the significance of the aforementioned 

interactions, a 100 ns simulation of the protein-ligand complex of the potent analogue 5q was 

conducted using molecular dynamics. Using the specified protocol (Chapter 3), the 

simulation was executed, and the results were examined. The protein-ligand root mean square 

deviation (RMSD) and protein-ligand contacts were examined to comprehend the stability of 

the complex and depict the time span of the effective amino acid interactions under dynamic 

conditions. 

RMSD denotes the average displacement of an atom from a particular frame with regard to a 

reference frame. The RMSD of protein-ligand (5q) oscillated between 3 and 4.5 Å during 100 

ns runs, indicating the overall stability of the complex (protein-ligand). As seen in Fig 5.7 

(A), the RMSD of the backbone remains steady during the run. In addition, a time-dependent 

shift in the ligand RMSD was observed. Until 60 ns, the ligand RMSD was 2.5 Å; after 60 ns, 

it initially drops from 2.5 Å and a sharp deflection in the RMSD occurs at 95 ns and found to 

deviate up to 20 Å. A smaller RMSD value for the ligand compared to the protein indicated 

the stability of the ligand in relation to the protein and binding pockets. Root Mean Square 

Fluctuation (RMSF) is a valuable method for predicting changes in the local environment of 

proteins. As depicted in Fig 5.7 (B), amino acid fluctuations in the catalytic triad and lid 

domain were less than 5 Å, indicating the likelihood of these amino acids remaining intact in 

a dynamic environment [14]. 
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Figure 5.7. (A) RMSD plot of the protein-ligand (5q) complex (PDB ID: 1LPB); (B) Protein 

RMSF plot 

 

The protein-ligand complex exhibited multiple forms of interactions like H-bonds, 

hydrophobic bonds, ionic bonds, and others. As the catalytic triad of PL is encased in a 

hydrophobic domain, the opening of this lid domain is necessary for PL inhibition. As 

depicted in Fig 5.8 (A), the simulation uncovered a prominent hydrophobic interaction 

between the lid-domain amino acids (Gly 76, Phe 77, Ile 78, Asp 79, Tyr 114 and Phe 215) 

and ligand, suggesting the potential of designed analogues in the opening of the lid domains, 
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thereby enhancing the inhibitory properties. Timeline representation was further reinforced 

by these facts, in which a substantial interaction with the lid domain and catalytic triad amino 

acids were visible Fig 5.8 (B) [15]. 

 

 

Figure 5.8. (A) Protein-ligand (5q) interaction bar charts stacked vertically (PDB ID: 1LPB); 

(B) Protein-ligand contact timeline (H-bonds, hydrophobic, ionic, water bridges). 

 

In conclusion, a series of 17 coumarin analogues were designed and synthesised, and their PL 

inhibitory activity was then evaluated. These analogues were synthesised by coupling a 

coumarin scaffold with substituted phenyl rings via an amide warhead. Synthesized 

analogues were characterized using various spectroscopic techniques (NMR, ATR, HRMS 

and HPLC). Analogue 5q shown potential PL inhibitory activity (IC50 = 19.41 µM) amongst 

all the analogues. Enzyme inhibition kinetic study of 5q resulted in competitive inhibition (Ki 

= 10.386 µM), indicating a stable binding conformation of the molecule in the enzyme. The 

inhibitory character of these analogues was further validated by molecular modelling studies 

such as docking and dynamic simulation. Molecular dynamic methods indicated that 5q was 

stable in dynamic environments. 
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6. Synthesis of Coumarin Analogues - Series II  

6.1. Rationale 

The synthesized coumarin analogues (Series I) exhibited a potential PL inhibition with the 

most active analogue from the series, 5q that exhibited an IC50 value of 19.41 µM. Further 

molecular modelling analysis of Orlistat and 5q revealed that the latter possessed greater 

interaction distance between the reactive carbonyl group of amide group and Ser 152 of the 

active site (Fig. 6.1). This might be the probable reason for a lesser PL inhibitory potential.  

 

Figure 6.1. Rationale for designing series II coumarin analogues as PL inhibitors. The 

interaction distance has reduced from 4.95 Å in 5q to 3.74 Å by the incorporation of an 

additional carbon linker (Prototype). 

 

Thus, the present chapter was focused on understanding the effect of linker groups between 

the amide and aromatic groups. A preliminary molecular modelling study highlighted that the 

incorporation of an additional carbon atom between the amide group and phenyl ring might 

be helpful for the reduction of the interaction distance of the carbonyl group from Ser 152 

(Fig. 6.1) Accordingly, a series of 36 coumarin analogues were designed, synthesized, 

characterized and evaluated for their in-vitro PL inhibitory potential. 

6.2. Synthesis and Characterization 

The syntheses of all the final analogues (5a(a-i), 5b(a-i), 5c(a-i) and 5d(a-i)) were carried out 

as per the procedure detailed in Scheme 6.1. Synthesis and characterization of final 

analogues was performed in the same manner as discussed in the previous chapter (Chapter 

5). 
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Scheme 6.1. Reagents and conditions: (a) K2CO3, H2O, RT, 20 h; (b) DMF, 0 °C, EDC.HCl, HOBt, Ar-(CH2)n-NH2, DIPEA, 20-30 °C, 15-20 h. 
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6.2.1. General procedure for the synthesis of coumarin-3-carboxylic acid derivatives 

(3a-3d) 

A brief description of the synthetic pathway utilized in the synthesis of coumarin-3-

carboxylic acid analogues is presented in Scheme 6.1. In a 50 mL RBF, K2CO3 (0.20 equiv), 

distilled water (5 mL), and 2,2-dimethyl-1,3-dioxane-4,6-dione (2; 1 equiv) were added. 

Salicylaldehyde (1a-1d; 1 equiv) was added to the reaction mixture after 15 mins. Following 

this, the mixture underwent 20 h of continuous stirring at room temperature in order to 

complete the conversion. Upon completion, the solution was acidified using 1N HCl (20 mL). 

The resulting solid mass was subsequently precipitated, filtered, and meticulously rinsed with 

water in order to obtain coumarin-3-carboxylic acid (3a-3d), which was nearly pure. For 

additional purification, the compounds (3a-3d) were crystallized from ethyl acetate [9]. 

6.2.2. General Procedure of synthesis of coumarin-3-carboxamide derivatives (5(a-i), 

5b(a-i), 5c(a-i) and 5d(a-i))  

A solution of coumaric-3-carboxylic acid (3a-3d; 1 equiv) in DMF at 0 °C was gradually 

treated with EDC.HCl (1.10 equiv) and HOBt (1.10 equiv). Amines with various substitutions 

(4a-4i; 1 equiv) were dissolved in DMF and added to the reaction mixture. After 10 mins, 

DIPEA (0.60 equiv) was added. The reaction was agitated at ambient temperature (25-30 °C) 

for a duration of 15 to 20 h. Following the completion of the reaction, water was utilized for 

work up. The solid material that formed was separated by filtration, thoroughly rinsed with 

water, and subsequently dried by exposure to air. In order to get a product that is free from 

impurities, column chromatography was employed that utilized a mixture of ethyl acetate and 

hexane as the eluent, and silica (#100-200) as the stationary phase. The synthesized 

analogues (5(a-i), 5b(a-i), 5c(a-i) and 5d(a-i)) were characterized using NMR, HRMS, and 

ATR techniques [10,11]. 

6.2.3. Analytical Data for the final analogues (5a(a-i), 5b(a-i), 5c(a-i) and 5d(a-i)) 

N-benzyl-2-oxo-2H-chromene-3-carboxamide (5aa) 

Yield: 89%; off white solid; mp = 320-322 °C; 1H NMR (400 MHz, CDCl3) δ 9.20 (t, J = 6.4 

Hz, 1H), 8.98 (s, 1H), 7.76-7.64 (m, 2H), 7.46-7.28 (m, 7H), 4.69 (d, J = 5.9 Hz, 2H). 13C 

NMR (100 MHz, CDCl3) δ 161.54, 161.42, 154.48, 148.57, 137.93, 134.09, 129.83, 128.73, 

127.72, 127.48, 125.31, 118.66, 118.47, 116.66, 43.87. IR (ATR) υ 3841.49, 3743.78, 

3613.15, 3315.28, 3039.94, 2926.59, 2309.12, 1697.30, 1656.14, 1607.31, 1522.18, 1445.60, 

1357.75, 1230.25, 1160.45, 1029.90, 964.51, 756.76, 697.69, 633.79 cm−1. HRMS (ESI+) 

calculated for C17H13NO3 [M + H]+, 280.0974; found 280.0968. HPLC purity: 100.00 %, tR = 

5.54 min. 
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N-(2-chlorobenzyl)-2-oxo-2H-chromene-3-carboxamide (5ab) 

Yield: 83%; white solid; mp = 363-364 °C; 1H NMR (400 MHz, CDCl3) δ 9.31 (t, 1H), 8.95 

(s, 1H), 7.74-7.66 (m, 2H), 7.48-7.37 (m, 4H), 7.30-7.24 (m, 2H), 4.77 (d, J = 6.0 Hz, 2H). 

13C NMR (100 MHz, CDCl3) δ 161.64, 161.41, 154.49, 148.63, 135.33, 134.15, 133.73, 

129.84, 129.82, 129.61, 128.90, 127.03, 125.32, 118.62, 118.36, 116.68, 41.80. IR (ATR) υ 

3841.14, 3744.83, 3672.40, 3613.39, 3328.39, 3053.13, 2390.91, 2307.12, 1705.60, 1661.03, 

1612.04, 1522.48, 1456.74, 1360.47, 1244.62, 1128.74, 1033.69, 972.00, 798.15 753.28 

cm−1. HRMS (ESI+) calculated for C17H13NO3 [M + H]+, 314.0585; found 314.0576. HPLC 

purity: 99.77 %, tR = 7.25 min. 

N-(4-fluorobenzyl)-2-oxo-2H-chromene-3-carboxamide (5ac) 

Yield: 88%; white solid; mp = 333-335 °C; 1H NMR (400 MHz, CDCl3) δ 9.18 (t, 1H), 8.97 

(s, 1H), 7.74-7.66 (m, 2H), 7.45-7.33 (m, 4H), 7.08-7.01 (m, 2H), 4.65 (d, J = 5.9 Hz, 2H). 

13C NMR (100 MHz, CDCl3) δ 163.41, 161.59, 154.47, 148.69, 134.20, 129.86, 129.49, 

125.37, 118.62, 118.33, 116.68, 115.66, 115.45, 43.15. IR (ATR) υ 3851.38, 3741.79, 

3613.99, 3327.43, 3049.33, 2391.00, 2308.50, 1702.57, 1654.84, 1608.45, 1516.09, 1444.58, 

1351.47, 1218.84, 1154.58, 1054.75, 966.46, 808.71, 753.24, 676.71 cm−1. HRMS (ESI+) 

calculated for C17H12FNO3 [M + H]+, 298.088; found 298.0872. HPLC purity: 99.67 %, tR = 

5.67 min. 

N-(4-methoxybenzyl)-2-oxo-2H-chromene-3-carboxamide (5ad) 

Yield: 87%; off white solid; mp = 366-368°C; 1H NMR (400 MHz, CDCl3) δ 9.12 (s, 1H), 

8.96 (s, 1H), 7.75-7.64 (m, 2H), 7.46-7.36 (m, 2H), 7.31 (d, J = 8.6 Hz, 2H), 6.90 (d, J = 8.6 

Hz, 2H), 4.62 (d, J = 5.8 Hz, 2H), 3.82 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 161.41, 

159.02, 154.46, 148.50, 134.07, 130.06, 129.82, 129.14, 125.30, 118.66, 118.51, 116.65, 

114.12, 55.32, 43.37. IR (ATR) υ 3839.44, 3744.44, 3613.47, 3320.68, 3042.42, 2934.46, 

2842.43,1696.79, 1606.63, 1519.94, 1443.74, 1356.08, 1303.61, 1235.78, 1168.74, 

1028.30,958.88, 824.21, 747.01, 642.13 cm−1. HRMS (ESI+) calculated for C18H15NO4 [M + 

H]+, 310.1080; found 310.1079. HPLC purity: 99.23 %, tR = 5.24 min. 

2-oxo-N-(3,4,5-trimethoxybenzyl)-2H-chromene-3-carboxamide (5ae) 

Yield: 75%; off white solid; mp = 458-460 °C; 1H NMR (400 MHz, CDCl3) δ 9.19 (s, 1H), 

8.98 (s, 1H), 7.77-7.66 (m, 2H), 7.47-7.38 (m, 2H), 6.61 (s, 2H), 4.62 (d, J = 5.8 Hz, 2H), 

3.89 (s, 6H), 3.86 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 161.52, 154.48, 153.47, 148.66, 

134.19, 133.63, 129.86, 125.38, 118.65, 118.43, 116.69, 104.84, 60.85, 56.16, 44.16. IR 

(ATR) υ 3849.50, 3745.43, 3611.48, 3319.78, 2935.73, 2306.81, 1706.51, 1655.96, 1595.71, 

1513.29, 1457.61, 1354.45, 1237.34, 1117.26, 987.80, 922.75, 829.57, 763.46, 716.60, 
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638.84 cm−1. HRMS (ESI+) calculated for C20H19NO6 [M + H]+, 370.1291; found 370.1284. 

HPLC purity: 99.56 %, tR = 4.34 min. 

2-oxo-N-phenethyl-2 -chromene-3-carboxamide (5af) 

Yield: 90%; white solid; mp = 331-333 °C; 1H NMR (400 MHz, CDCl3) δ 8.93 (s, 1H), 8.90 

(s, 1H), 7.75-7.64 (m, 2H), 7.44-7.29 (m, 6H), 7.28-7.24 (m, 1H), 3.75 (q, 2H), 2.97 (t, J = 

7.2 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 161.47, 161.39, 154.42, 148.26, 138.81, 134.01, 

129.80, 128.80, 128.65, 126.56, 125.28, 118.66, 118.49, 116.63, 41.36, 35.67. IR (ATR) υ 

3851.53, 3742.35, 3672.92, 3613.50, 3321.51, 1704.16, 1653.58, 1611.10, 1519.40, 1455.09, 

1362.24, 1291.58, 1241.30, 1156.11, 1065.19, 1023.07, 979.06, 795.98, 747.65, 694.65 cm−1. 

HRMS (ESI+) calculated for C18H15NO3 [M + H]+, 294.1131; found 294.1124. HPLC purity: 

99.77 %, tR = 6.22 min. 

N-(4-methoxyphenethyl)-2-oxo-2H-chromene-3-carboxamide (5ag) 

Yield: 80%; white solid; mp = 377-379 °C; 1H NMR (400 MHz, CDCl3) δ 8.92 (s, 1H), 8.88 

(s, 1H), 7.73-7.65 (m, 2H), 7.44-7.36 (m, 2H), 7.20 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 

2H), 3.81 (s, 3H), 3.70 (q, 2H), 2.90 (t, J = 7.2 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 

161.43, 161.39, 158.31, 154.42, 148.23, 133.99, 130.84, 129.80, 129.74, 125.27, 118.67, 

118.52, 116.62, 114.06, 55.25, 41.57, 34.76. IR (ATR) υ 3851.84, 3742.33, 3672.87, 3613.25, 

3346.19, 3048.03, 2941.62, 2309.86, 1711.30, 1647.93, 1519.51, 1455.92, 1366.84, 1295.65, 

1237.82, 1164.28, 1038.74, 989.40, 753.09, 670.56 cm−1. HRMS (ESI+) calculated for 

C19H17NO4 [M + H]+, 324.1237; found 324.1228. HPLC purity: 99.18 %, tR = 5.77 min. 

N-(2-(1H-indol-3-yl)ethyl)-2-oxo-2H-chromene-3-carboxamide (5ah) 

Yield: 91%; off white solid; mp = 389-391 °C; 1H NMR (400 MHz, CDCl3) δ 8.95 (s, 1H), 

8.93 (s, 1H), 8.19 (s, 1H), 7.72-7.63 (m, 3H), 7.43-7.36 (m, 3H), 7.26-7.11 (m, 3H), 3.83 (q, J 

= 6.7 Hz, 2H), 3.13 (t, J = 7.0 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 161.45, 161.39, 

154.39, 148.19, 136.44, 133.96, 129.80, 127.27, 125.26, 122.22, 122.13, 119.42, 118.78, 

118.68, 118.58, 116.60, 112.92, 111.25, 40.29, 25.26. IR (ATR) υ 3851.31, 3742.39, 3671.55, 

3613.03, 3401.43, 3354.15, 2930.56, 1695.27, 1650.22, 1604.49, 1517.13, 1447.65, 1359.00, 

1285.81, 1225.16, 1138.09, 1023.54, 971.67, 729.90, 638.78 cm−1. HRMS (ESI+) calculated 

for C20H16N2O3 [M + H]+, 333.1240; found 333.1233.HPLC purity: 100.00 %, tR = 5.11 min. 

2-oxo-N-(3-phenylpropyl)-2H-chromene-3-carboxamide (5ai) 

Yield: 90%; white solid; mp = 343-345 °C; 1H NMR (400 MHz, CDCl3) δ 8.94 (s, 1H), 8.89 

(s, 1H), 7.76-7.65 (m, 2H), 7.47-7.37 (m, 2H), 7.35-7.28 (m, 2H), 7.27-7.17 (m, 3H), 3.52 (q, 

2H), 2.75 (t, 2H), 2.00 (p, J = 7.4 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 161.52, 161.50, 

154.44, 148.25, 141.32, 133.99, 129.80, 128.46, 128.43, 125.98, 125.29, 118.70, 118.57, 
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116.64, 39.37, 33.24, 30.96. IR (ATR) υ 3848.78, 3738.03, 3619.71, 3329.31, 3043.68, 

2432.74, 2354.35, 2175.34, 2112.14, 1699.90, 1610.36, 1516.80, 1449.70 , 1355.70, 1232.27, 

878.36, 748.98, 690.13 cm−1. HRMS (ESI+) calculated for C19H17NO3 [M + H]+, 308.1287; 

found 308.1228. HPLC purity: 100.00 %, tR = 7.77 min. 

N-benzyl-6-bromo-2-oxo-2H-chromene-3-carboxamide (5ba) 

Yield: 80%; off white solid; mp = 392-393 °C; 1H NMR (400 MHz, DMSO-d6) δ 9.11 (s, 

1H), 8.84 (s, 1H), 8.27 (s, 1H), 7.90 (d, J = 8.8 Hz, 1H), 7.50 (d, J = 8.8 Hz, 1H), 7.40-7.23 

(m, 5H), 4.55 (d, J = 6.0 Hz, 2H).13C NMR (100 MHz, DMSO-d6) δ 159.11, 158.98, 152.07, 

136.77, 134.00, 130.00, 128.87, 127.88, 126.53, 124.84, 119.71, 119.53, 118.07, 114.09, 

43.70. IR (ATR) υ 3852.25, 3742.63, 3672.80, 3612.74, 3335.08, 3038.14, 2359.96, 1708.32, 

1650.79, 1539.30, 1411.29, 1352.46, 1237.36, 1201.03, 1149.03, 1055.39, 971.30, 792.66, 

714 cm−1. HRMS (ESI+) calculated for C17H12BrNO3 [M+H]+, 358.00796; found 358.0057. 

HPLC purity: 99.04 %, tR = 5.93 min. 

6-bromo-N-(2-chlorobenzyl)-2-oxo-2H-chromene-3-carboxamide (5bb) 

Yield: 86%; off white solid; mp = 435-437 °C; 1H NMR (400 MHz, DMSO-d6) δ 9.18 (s, 

1H), 8.84 (s, 1H), 8.27 (s, 1H), 7.91 (d, J = 8.1 Hz, 1H), 7.50 (d, J = 9.6 Hz, 2H), 7.46-7.25 

(m, 3H), 4.62 (d, J = 6.0 Hz, 2H). 13C NMR (100 MHz, DMSO-d6) δ 161.67, 159.43, 155.16, 

146.79, 136.79, 136.23, 132.99, 132.61, 130.83, 129.69, 129.42, 127.74, 120.83, 118.94, 

117.13, 114.17, 38.50. IR (ATR) υ 3852.36, 3742.50, 3672.90, 3613.26, 3326.73, 

2359.57,1708.63, 1654.54, 1611.68, 1540.80, 1414.86, 1351.39, 1240.29, 1203.89, 1153.06, 

1044.35, 976.69, 793.42, 748.59, 651.29 cm−1. HRMS (ESI+) calculated for C17H11BrClNO3 

[M + H]+, 391.9689; found 391.9668. HPLC purity: 99.44 %, tR = 8.24 min. 

6-bromo-N-(4-fluorobenzyl)-2-oxo-2H-chromene-3-carboxamide (5bc) 

Yield: 85%; off white solid; mp = 406-408 °C; 1H NMR (400 MHz, DMSO-d6) δ 9.13 (s, 

1H), 8.83 (s, 1H), 8.27 (s, 1H), 7.90 (d, J = 8.8 Hz, 1H), 7.49 (d, J = 9.1 Hz, 1H), 7.43-7.36 

(m, 2H), 7.21-7.12 (m, 2H), 4.52 (d, J = 6.0 Hz, 2H). 13C NMR (100 MHz, DMSO-d6) δ 

161.50, 161.44, 160.24, 153.40, 146.65, 136.70, 132.56, 129.98, 129.90, 120.79, 118.91, 

117.09, 115.65, 115.44, 42.54. IR (ATR) υ 3851.48, 3741.94, 3672.57, 3612.81, 3337.51, 

3043.05, 2359.13, 1713.53, 1652.09, 1609.80, 1548.00, 1510.87, 1417.43, 1355.38, 1221.31, 

1156.15, 1063.02, 977.67, 794.61, 650.86 cm−1. HRMS (ESI+) calculated for C17H11BrFNO3 

[M + H]+, 375.9985; found 375.9960. HPLC purity: 99.02 %, tR = 8.06 min. 

6-bromo-N-(4-methoxybenzyl)-2-oxo-2H-chromene-3-carboxamide (5bd) 

Yield: 85%; off white solid; mp = 438-440 °C; 1H NMR (400 MHz, CDCl3) δ 9.05 (s, 1H), 

8.88 (s, 1H), 7.85 (d, J = 2.4 Hz, 1H), 7.76 (dd, J = 8.8, 2.3 Hz, 1H (due to meta coupling)), 
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7.32 (d, J = 3.0 Hz, 1H), 7.30 (d, J = 2.6 Hz, 2H), 6.90 (d, J = 8.6 Hz, 2H), 4.61 (d, J = 5.8 

Hz, 2H), 3.82 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 160.86, 160.74, 159.09, 153.22, 

147.11, 136.77, 131.83, 129.85, 129.16, 120.12, 119.58, 118.37, 117.96, 114.16, 55.32, 43.47. 

IR (ATR) υ 3852.41, 3742.67, 3672.81, 3613.62, 3042.41,2359.72, 2320.34, 1916.88, 

1705.16, 1656.05, 1516.85, 1416.47, 1307.66, 1240.83, 1175.90, 1034.67, 972.92, 919.98, 

794.33, 641.68 cm−1. HRMS (ESI+) calculated for C18H14BrNO4 [M + H]+, 388.0185; found 

388.0170. HPLC purity: 99.01 %, tR = 7.56 min. 

6-bromo-2-oxo-N-(3,4,5-trimethoxybenzyl)-2H-chromene-3-carboxamide (5be) 

Yield: 89%; off white solid; mp = 530-532 °C; 1H NMR (400 MHz, DMSO-d6) δ 9.04 (t, J = 

5.9 Hz, 1H), 8.81 (s, 1H), 8.26 (d, J = 2.4 Hz, 1H), 7.89 (dd, J = 8.8, 2.4 Hz, 1H), 7.49 (d, J = 

8.9 Hz, 1H), 6.70 (s, 2H), 4.47 (d, J = 6.0 Hz, 2H), 3.76 (s, 6H), 3.64 (s, 3H). 13C NMR (100 

MHz, DMSO-d6) δ 161.51, 160.25, 153.37, 153.33, 146.36, 136.98, 136.65, 134.92, 132.52, 

121.11, 120.86, 118.91, 117.10, 105.35, 60.46, 56.32, 43.45. IR (ATR) υ 3852.01, 3742.62, 

3672.97, 3613.39, 2927.83, 2832.88, 2359.71, 1715.93, 1652.21, 1546.47, 1511.61, 1460.28, 

1421.04, 1343.19, 1236.20, 1128.28, 1068.51, 986.00, 794.51, 649.83 cm−1. HRMS (ESI+) 

calculated for C20H18BrNO6 [M + H]+, 448.0396; found 448.0359. HPLC purity: 99.73 %, tR 

= 5.92 min. 

6-bromo-2-oxo-N-phenethyl-2H-chromene-3-carboxamide (5bf) 

Yield: 94%; off white solid; mp = 404-405 °C; 1H NMR (400 MHz, CDCl3) δ 8.84 (s, 1H), 

8.82 (t, J = 7.9 Hz, 1H), 7.84 (d, J = 2.3 Hz, 1H), 7.75 (dd, J = 8.8, 2.3 Hz, 1H), 7.37-7.25 (m, 

6H), 3.74 (q, 2H), 2.96 (t, J = 7.2 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 160.92, 160.73, 

153.18, 146.88, 138.69, 136.70, 131.83, 128.78, 128.67, 126.61, 120.13, 119.54, 118.34, 

117.92, 41.41, 35.60. IR (ATR) υ 3852.25, 3742.63, 3672.80, 3612.74, 3335.08, 3038.14, 

2359.96, 1708.32, 1650.79, 1539.30, 1411.29, 1352.46, 1237.36, 1201.03, 1149.03, 1055.39, 

971.30, 792.66, 714.75, 647.44 cm−1. HRMS (ESI+) calculated for C18H14BrNO3 [M + H]+, 

372.0236; found 372.0208. HPLC purity: 99.60 %, tR = 9.25 min. 

6-bromo-N-(4-methoxyphenethyl)-2-oxo-2H-chromene-3-carboxamide (5bg) 

Yield: 90%; off white solid; mp = 450-451 °C; 1H NMR (400 MHz, CDCl3) δ 8.84 (s, 1H), 

8.80 (s, 1H), 7.84 (d, J = 2.3 Hz, 1H), 7.76 (dd, J = 8.8, 2.3 Hz, 1H), 7.30 (d, J = 8.8 Hz, 1H), 

7.20 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 3.81 (s, 3H), 3.70 (q, 2H), 2.90 (t, J = 7.2 

Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 160.90, 160.74, 158.34, 153.18, 146.86, 136.69, 

131.82, 130.71, 129.73, 120.13, 119.57, 118.34, 117.92, 114.08, 55.26, 41.63, 34.69. IR 

(ATR) υ 3852.25, 3742.63, 3672.80, 3612.74, 3335.08, 3038.14, 2860.11, 2359.96, 1708.32, 

1650.79, 1539.30, 1411.29, 1352.46, 1237.36, 1201.03, 1149.03, 1055.39, 971.30, 792.66, 
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714.75, 647.44 cm−1. HRMS (ESI+) calculated for C19H16BrNO4 [M + H]+, 402.0341; found 

402.0312. HPLC purity: 99.07 %, tR = 8.51 min. 

N-(2-(1H-indol-3-yl)ethyl)-6-bromo-2-oxo-2H-chromene-3-carboxamide (5bh) 

Yield: 92%; off white solid; mp = 486-488 °C; 1H NMR (400 MHz, DMSO-d6) δ 10.86 (s, 

1H), 8.84 (s, 1H), 8.80 (t, J = 5.7 Hz, 1H), 8.25 (d, J = 2.4 Hz, 1H), 7.87 (dd, J = 8.9, 2.4 Hz, 

1H), 7.62 (d, J = 7.9 Hz, 1H), 7.46 (d, J = 8.9 Hz, 1H), 7.35 (d, J = 8.1 Hz, 1H), 7.22 (d, J = 

2.4 Hz, 1H), 7.08 (t, J = 8.1 Hz, 1H), 6.99 (t, J = 8.0 Hz, 1H), 3.64 (q, J = 7.1 Hz, 2H), 2.97 

(t, J = 7.2 Hz, 2H). 13C NMR (100 MHz, DMSO-d6) δ 161.15, 160.36, 153.34, 146.61, 

136.78, 136.65, 132.56, 127.60, 123.31, 121.46, 120.84, 120.51, 118.85, 118.83, 118.73, 

117.11, 111.88, 111.86, 40.63, 25.43. IR (ATR) υ 3852.25, 3742.63, 3672.80, 3612.74, 

3335.08, 3038.14, 2860.11, 2359.96, 1708.32, 1650.79, 1539.30, 1411.29, 1352.46, 1237.36, 

1201.03, 1149.03, 1055.39, 943.70, 882.58, 804.95, 735.43, 669.26 cm−1. HRMS (ESI+) 

calculated for C20H15BrN2O3 [M + H]+, 411.0345; found 411.0323. HPLC purity: 100.00 %, 

tR = 7.31 min. 

6-bromo-2-oxo-N-(3-phenylpropyl)-2H-chromene-3-carboxamide (5bi) 

Yield: 91%; off white solid; mp = 415-417 °C; 1H NMR (400 MHz, CDCl3) δ 8.85 (s, 1H), 

8.82 (t, J = 5.9 Hz, 1H), 7.85 (d, J = 2.3 Hz, 1H), 7.76 (dd, J = 8.8, 2.3 Hz, 1H), 7.32 (d, J = 

8.2 Hz, 2H), 7.29 (d, J = 2.9 Hz, 1H), 7.26 –7.20 (m, 3H), 3.51 (q, J = 6.8 Hz, 2H), 2.74 (t, J 

= 7.7 Hz, 2H), 2.00 (p, J = 7.3 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 160.95, 160.87, 

153.18, 146.89, 141.24, 136.70, 131.84, 128.48, 128.42, 126.02, 120.15, 119.58, 118.36, 

117.95, 39.45, 33.23, 30.90. IR (ATR) υ 3851.15, 3740.52, 3671.81, 3608.84, 3331.08, 

3040.14, 2359.96, 1708.32, 1649.79, 1538.30, 1421.29, 1351.46, 1237.36, 1201.03, 1149.03, 

1051.39, 971.30, 792.66, 714.79, 646.41 cm−1. HRMS (ESI+) calculated for C19H16BrNO3 [M 

+ H]+, 386.0392; found 386.0373. HPLC purity: 99.64 %, tR = 11.96 min. 

N-benzyl-6-chloro-2-oxo-2H-chromene-3-carboxamide (5ca) 

Yield: 85%; off white solid; mp = 363-365 °C; 1H NMR (400 MHz, CDCl3) δ 9.13 (s, 1H), 

8.90 (s, 1H), 7.70 (d, J = 2.4 Hz, 1H), 7.63 (dd, J = 8.9, 2.5 Hz, 1H), 7.40 -7.37 (m, 4H), 7.35 

-7.28 (m, 2H), 4.69 (d, J = 5.9 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 161.03, 160.84, 

152.77, 147.31, 137.72, 134.02, 130.74, 128.77, 127.75, 127.57, 119.62, 119.54, 118.13, 

43.97. IR (ATR) υ 3846.36,  3741.59, 3674.62, 3618.66, 3034.32, 2357.89, 2175.94, 2112.85, 

1919.55, 1707.81, 1652.65, 1525.65, 1415.91, 1348.46, 1233.95, 965.95, 830.98, 793.59, 

714.10, 639.61cm−1. HRMS (ESI+) calculated for C17H12ClNO3 [M + H]+, 314.0584; found 

314.0558. HPLC purity: 98.82 %, tR = 7.51 min. 
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6-chloro-N-(2-chlorobenzyl)-2-oxo-2H-chromene-3-carboxamide (5cb) 

Yield: 91%; off white solid; mp = 405-407 °C; 1H NMR (400 MHz, DMSO-d6) δ 9.17 (t, J = 

6.1 Hz, 1H), 8.83 (s, 1H), 8.12 (d, J = 2.5 Hz, 1H), 7.78 (dd, J = 8.9, 2.6 Hz, 1H), 7.56 (d, J = 

8.8 Hz, 1H), 7.51-7.45 (m, 1H), 7.44-7.39 (m, 1H), 7.37-7.29 (m, 2H), 4.61 (d, J = 6.1 Hz, 

2H). 13C NMR (100 MHz, DMSO-d6) δ 161.69, 160.41, 153.03, 146.87, 136.21, 134.05, 

129.70, 129.60, 129.44, 129.35, 129.31, 127.75, 124.03, 120.32, 118.70, 114.17, 41.34. IR 

(ATR) υ  3845.81, 3741.01, 3389.50, 2357.83, 2256.84, 2124.61, 1656.32, 1522.09, 1346.55, 

1230.28, 992.11, 820.79 cm−1. HRMS (ESI+) calculated for C17H11Cl2NO3 [M + H]+, 

348.0195; found 348.0169. HPLC purity: 97.62 %, tR = 10.19 min. 

6-chloro-N-(4-fluorobenzyl)-2-oxo-2H-chromene-3-carboxamide (5cc) 

Yield: 93%; off white solid; mp = 376-377 °C; 1H NMR (400 MHz, DMSO-d6) δ 9.14 (t, J = 

6.1 Hz, 1H), 8.83 (s, 1H), 8.12 (d, J = 2.5 Hz, 1H), 7.78 (dd, J = 8.9, 2.5 Hz, 1H), 7.55 (d, J = 

8.8 Hz, 1H), 7.44-7.36 (m, 2H), 7.22-7.12 (m, 2H), 4.52 (d, J = 6.1 Hz, 2H). 13C NMR (100 

MHz, DMSO-d6) δ 162.93, 161.52, 160.29, 152.99, 146.74, 135.62, 133.96, 129.90, 129.55, 

129.27, 120.82, 118.66, 115.66, 115.45, 42.54. IR (ATR) υ 3846.89, 3741.49, 3674.09, 

3618.91, 3338.66, 3045.04, 2359.40, 2176.61, 1717.77, 1655.80, 1514.21, 1424.66, 1352.79, 

1225.73, 1084.35, 975.87, 895.13, 825.29, 746.36, 654.50 cm−1. HRMS (ESI+) calculated for 

C17H11ClFNO3 [M + H]+, 332.0490; found 332.0459. HPLC purity: 99.07 %, tR = 7.70 min. 

6-chloro-N-(4-methoxybenzyl)-2-oxo-2H-chromene-3-carboxamide (5cd) 

Yield: 85%; off white solid; mp = 409-411 °C; 1H NMR (400 MHz, CDCl3) δ 9.06 (s, 1H), 

8.89 (s, 1H), 7.69 (d, J = 2.5 Hz, 1H), 7.63 (dd, J = 8.8, 2.5 Hz, 1H), 7.37 (d, J = 8.9 Hz, 1H), 

7.33-7.29 (m, 2H), 6.94-6.86 (m, 2H), 4.61 (d, J = 5.7 Hz, 2H), 3.82 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 160.89, 160.81, 159.07, 152.75, 147.23, 133.98, 130.71, 129.85, 129.17, 

128.76, 119.62, 119.58, 118.12, 114.15, 55.32, 43.46. IR (ATR) υ 3847.10, 3741.12, 3674.16, 

3618.69, 3345.15, 3039.08, 2885.68, 2357.21, 2176.31, 2112.05, 1919.68, 1701.22, 1512.29, 

1351.18, 1235.11, 891.58, 824.85, 665.80 cm−1. HRMS (ESI+) calculated for C18H14ClNO4 

[M + H]+, 344.0690; found 344.0653. HPLC purity: 98.79 %, tR = 7.08 min. 

6-chloro-2-oxo-N-(3,4,5-trimethoxybenzyl)-2H-chromene-3-carboxamide (5ce) 

Yield: 92%; off white solid; mp = 501-503 °C; 1H NMR (400 MHz, CDCl3) δ 9.11 (t, J = 5.9 

Hz, 1H), 8.90 (s, 1H), 7.71 (d, J = 2.5 Hz, 1H), 7.63 (dd, J = 8.8, 2.5 Hz, 1H), 7.38 (d, J = 8.9 

Hz, 1H), 6.60 (s, 2H), 4.61 (d, J = 5.8 Hz, 2H), 3.88 (s, 6H), 3.85 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 160.99, 160.89, 153.47, 152.76, 147.38, 137.39, 134.10, 133.43, 130.78, 

128.80, 119.59, 119.48, 118.15, 104.84, 60.86, 56.16, 44.25. IR (ATR) υ 3847.07,3741.12, 

3675.51, 3617.78,3350.99, 3044.38, 2823.90, 2356.99, 2175.70, 2110.72, 1718.15, 1655.47, 
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1513.93, 1424.83, 1344.89, 1237.86, 1130.75, 988.47, 815.43, 647.05 cm−1. HRMS (ESI+) 

calculated for C20H18ClNO6 [M + H]+, 404.0901; found 404.0877. HPLC purity: 97.36 %, tR 

= 5.59 min. 

6-chloro-2-oxo-N-phenethyl-2H-chromene-3-carboxamide (5cf) 

Yield: 88%; off white solid; mp = 374-376 °C; 1H NMR (400 MHz, CDCl3) δ 8.85 (s, 1H), 

8.83 (s, 1H), 7.69 (d, J = 2.4 Hz, 1H), 7.62 (dd, J = 8.9, 2.4 Hz, 1H), 7.40-7.29 (m, 4H), 7.28-

7.22 (m, 2H), 3.79-3.70 (m, 2H), 2.96 (t, J = 7.2 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 

160.96, 160.80, 152.72, 147.00, 138.69, 133.92, 130.68, 128.79, 128.76, 128.67, 126.62, 

119.62, 119.55, 118.09, 77.36, 77.05, 76.73, 41.42, 35.60. IR (ATR) υ 3847.31, 3741.24, 

3674.84, 3618.56, 3344.80, 3044.09, 22356.66, 2176.53, 2111.47, 1919.86, 1702.79, 

1521.30, 1348.77, 1236.81, 1071.76, 892.06, 836.28, 729.86, 676.15 cm−1. HRMS (ESI+) 

calculated for C18H14ClNO3 [M + H]+, 328.0741; found 328.0718. HPLC purity: 99.03 %, tR 

= 8.62 min. 

6-chloro-N-(4-methoxyphenethyl)-2-oxo-2H-chromene-3-carboxamide (5cg) 

Yield: 93%; off white solid; mp = 420-422 °C; 1H NMR (400 MHz, CDCl3) δ 8.85 (s, 1H), 

8.81 (t, J = 5.3 Hz, 1H), 7.69 (d, J = 2.4 Hz, 1H), 7.62 (dd, J = 8.9, 2.5 Hz, 1H), 7.37 (d, J = 

8.9 Hz, 1H), 7.24-7.16 (m, 2H), 6.92-6.82 (m, 2H), 3.81 (s, 3H), 3.75-3.66 (m, 2H), 2.90 (t, J 

= 7.2 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 160.92, 160.80, 158.33, 152.71, 146.97, 

133.90, 130.71, 130.67, 129.73, 128.75, 119.63, 119.58, 118.09, 114.08, 55.26, 41.63, 34.69. 

IR (ATR) υ 3848.01, 3741.40, 3674.78, 3618.39, 3345.92, 3046.80, 2359.91, 2176.93, 

1706.58, 1659.49, 1526.62, 1353.42, 1244.83, 1071.81, 1031.19, 974.15, 882.95, 813.82, 

749.91, 669.53 cm−1. HRMS (ESI+) calculated for C19H16ClNO4 [M + H]+, 358.0846; found 

358.0821. HPLC purity: 99.31 %, tR = 7.94 min. 

N-(2-(1H-indol-3-yl)ethyl)-6-chloro-2-oxo-2H-chromene-3-carboxamide (5ch) 

Yield: 94%; off white solid; mp = 486-488 °C; 1H NMR (400 MHz, DMSO-d6) δ 10.87 (s, 

1H), 8.85 (s, 1H), 8.81 (t, J = 5.7 Hz, 1H), 8.13 (d, J = 2.6 Hz, 1H), 7.77 (dd, J = 8.9, 2.6 Hz, 

1H), 7.62 (d, J = 7.9 Hz, 1H), 7.54 (d, J = 8.8 Hz, 1H), 7.35 (d, J = 8.1 Hz, 1H), 7.22 (d, J = 

2.4 Hz, 1H), 7.08 (t, J = 7.5 Hz, 1H), 6.99 (t, J = 7.3 Hz, 1H), 3.64 (q, J = 6.8 Hz, 2H), 2.97 

(t, J = 7.2 Hz, 2H). 13C NMR (100 MHz, DMSO-d6) δ 161.17, 160.41, 152.94, 146.69, 

136.77, 133.91, 129.56, 129.27, 127.59, 123.31, 121.46, 120.58, 120.36, 118.84, 118.74, 

118.62, 111.88, 111.86, 25.42. IR (ATR) υ 3845.84, 3741.25, 3674.50, 3618.55, 3276.91, 

3039.00, 2358.06, 2176.20, 1708.21, 1653.64, 1533.10, 1349.57, 1230.34, 1084.39, 1004.32, 

943.70, 882.58, 804.95, 735.43, 669.26 cm−1. HRMS (ESI+) calculated for C20H15ClN2O3 [M 

+ H]+, 367.0850; found 367.0824. HPLC purity: 98.36 %, tR = 6.87 min. 
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6-chloro-2-oxo-N-(3-phenyl propyl)-2H-chromene-3-carboxamide (5ci) 

Yield: 92%; off white solid; mp = 385-387 °C; 1H NMR (400 MHz, CDCl3) δ 8.86 (s, 1H), 

8.82 (s, 1H), 7.70 (d, J = 2.5 Hz, 1H), 7.63 (dd, J = 8.8, 2.5 Hz, 1H), 7.38 (d, J = 8.9 Hz, 1H), 

7.34-7.29 (m, 2H), 7.25-7.21 (m, 2H), 7.19 (t, J = 1.5 Hz, 1H), 3.51 (td, J = 7.1, 5.8 Hz, 2H), 

2.79-2.71 (m, 2H), 2.00 (p, J = 7.4 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 160.98, 160.94, 

152.72, 147.01, 141.24, 133.92, 130.70, 128.76, 128.49, 128.42, 126.03, 119.65, 119.60, 

118.11, 39.45, 33.23, 30.90. IR (ATR) υ 3843.76, 3614.81, 3553.62, 3450.60, 3329.07, 

2706.48, 2435.75, 2092.09, 1711.56, 1652.25, 1531.62, 1409.60, 1344.85, 1240.06, 1146.29, 

1061.26, 976.75, 896.74, 798.44, 682.59 cm−1. HRMS (ESI+) calculated for C19H16ClNO3 [M 

+ H]+, 342.0897; found 342.0874. HPLC purity: 91.74 %, tR = 11.07 min. 

N-benzyl-6-nitro-2-oxo-2H-chromene-3-carboxamide (5da) 

Yield: 80%; off white solid; mp = 363-365 °C; 1H NMR (400 MHz, CDCl3) δ 9.15 (d, J = 6.1 

Hz, 1H), 8.89 (s, 1H), 7.60 (d, J = 8.7 Hz, 1H), 7.41-7.33 (m, 4H), 7.30 (dd, J = 8.4, 2.2 Hz, 

1H), 6.95 (dd, J = 8.7, 2.4 Hz, 1H), 6.88 (d, J = 2.4 Hz, 1H), 4.68 (d, J = 5.9 Hz, 2H). 13C 

NMR (100 MHz, CDCl3) δ 164.91, 162.10, 161.82, 156.70, 148.52, 138.11, 130.97, 128.69, 

127.70, 127.40, 114.73, 114.07, 112.43, 100.32, 43.78. IR (ATR) υ 3851.25, 3742.64, 

3612.83, 3343.49, 2924.85, 2396.08, 2306.63, 1697.76, 1606.77, 1523.00, 1360.48, 1213.36, 

1122.84, 1018.19, 968.74, 829.77, 777.10, 703.32 cm−1. HRMS (ESI+) calculated for 

C17H12N2O5 [M]+, 324.0741; found 324.0746. HPLC purity: 99.80 %, tR = 5.83 min. 

6-nitro-N-(2-chlorobenzyl)-2-oxo-2H-chromene-3-carboxamide (5db) 

Yield: 77%; off white solid; mp = 405-407 °C; 1H NMR (400 MHz, DMSO-d6) δ 9.09 (t, J = 

6.0 Hz, 1H), 8.84 (s, 1H), 7.90 (d, J = 8.8 Hz, 1H), 7.44-7.35 (m, 2H), 7.20-7.13 (m, 2H), 

7.11 (d, J = 2.4 Hz, 1H), 7.04 (dd, J = 8.7, 2.4 Hz, 1H), 4.52 (d, J = 6.0 Hz, 2H). 13C NMR 

(100 MHz, DMSO-d6) δ 162.06, 161.25, 160.50, 156.68, 148.44, 135.82, 135.80, 132.04, 

129.96, 129.88, 115.66, 115.45, 115.37, 114.12, 112.61, 100.78, 42.45, 40.62, 40.41, 40.20, 

39.99, 39.78, 39.57, 39.36. IR (ATR) υ 3850.81, 3742.20, 3616.53, 3352.71, 2391.22, 

2308.28, 1697.47, 1651.25, 1515.44, 1361.89, 1212.16, 1115.02, 1022.14, 790.04, 741.36 

cm−1. HRMS (ESI+) calculated for C17H11ClN2O5 [M + H]+, 359.0429; found 359.0499. 

HPLC purity: 99.70 %,  tR = 7.68 min. 

6-nitro-N-(4-fluorobenzyl)-2-oxo-2H-chromene-3-carboxamide (5dc) 

Yield: 75%; off white solid; mp = 376-379 °C; 1H NMR (400 MHz, DMSO-d6) δ 9.15 (s, 

1H), 8.86 (s, 1H), 7.93 (d, J = 8.7 Hz, 1H), 7.49-7.31 (m, 4H), 7.16-7.04 (m, 2H), 4.65-4.58 

(m, 2H). 13C NMR (100 MHz, DMSO-d6) δ 165.00, 162.20, 162.07, 161.36, 148.59, 136.44, 

132.59, 132.10, 129.68, 129.44, 129.28, 127.74, 114.18, 100.79, 41.26, 40.62, 40.41, 40.20, 



CHAPTER VI 
 

100 

 

39.99, 39.78, 39.58, 39.37. IR (ATR) υ 3850.22, 3742.19, 3617.12, 3339.07, 2925.31, 

2386.41, 2309.12, 1695.19, 1518.34, 1361.44, 1212.70, 1119.80, 1010.61, 817.55, 714.21 

cm−1. HRMS (ESI+) calculated for C17H11FN2O5 [M + H] +[-H2O], 325.0590; found 

325.0619. HPLC purity: 99.66 %, tR = 5.97 min. 

6-nitro-N-(4-methoxybenzyl)-2-oxo-2H-chromene-3-carboxamide (5dd) 

Yield: 80%; off white solid; mp = 409-411 °C; 1H NMR (400 MHz, CDCl3) δ 9.07 (s, 1H), 

8.88 (s, 1H), 7.60 (d, J = 8.7 Hz, 1H), 7.33-7.28 (m, 2H), 6.95 (dd, J = 8.7, 2.4 Hz, 1H), 6.91-

6.82 (m, 3H), 4.60 (d, J = 5.8 Hz, 2H), 3.81 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 164.87, 

161.97, 161.79, 158.96, 156.68, 148.43, 130.94, 130.25, 129.09, 114.80, 114.09, 114.04, 

112.43, 100.31, 55.30, 43.27. IR (ATR) υ 3850.89, 3741.58, 3616.67, 3337.78, 2930.91, 

2389.14, 2308.58, 1702.20, 1649.62, 1611.95, 1519.39, 1459.07, 1370.63, 1229.55, 1136.62,  

1032.32, 977.15, 816.03, 749.10, 672.73 cm−1. HRMS (ESI+) calculated for C18H14N2O6 [M 

+ H]+, 393.0490; found 393.0483. HPLC purity: 99.29 %, tR = 5.50 min. 

6-nitro-2-oxo-N-(3,4,5-trimethoxybenzyl)-2H-chromene-3-carboxamide (5de) 

Yield: 82%; off white solid; mp = 501-503 °C; 1H NMR (400 MHz, CDCl3) δ 9.13 (t, J = 5.9 

Hz, 1H), 8.88 (s, 1H), 7.60 (d, J = 8.8 Hz, 1H), 6.96 (dd, J = 8.7, 2.4 Hz, 1H), 6.87 (d, J = 2.2 

Hz, 1H), 6.60 (s, 2H), 4.59 (d, J = 5.8 Hz, 2H), 3.87 (s, 6H), 3.84 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 164.97, 162.06, 161.87, 156.71, 153.42, 148.57, 137.27, 133.84, 130.99, 

114.67, 114.10, 112.41, 104.79, 100.33, 60.84, 56.14, 44.06. IR (ATR) υ 3850.52, 3741.67, 

3616.49, 3332.07, 2380.76, 2310.51, 1697.28, 1640.84, 1515.21, 1460.63, 1368.55, 1231.28, 

1121.51, 1002.79, 786.22 cm−1. HRMS (ESI+) calculated for C20H18N2O8 [M + Na]+, 

437.0955; found 437.0941. HPLC purity: 99.26 %, tR = 4.52 min. 

6-nitro-2-oxo-N-phenethyl-2H-chromene-3-carboxamide (5df) 

Yield: 87%; off white solid; mp = 374-375 °C; 1H NMR (400 MHz, CDCl3) δ 8.85 (s, 1H), 

8.85 (s, 1H), 7.59 (d, J = 8.7 Hz, 1H), 7.37 – 7.29 (m, 3H), 7.28 – 7.21 (m, 2H), 6.95 (dd, J = 

8.7, 2.4 Hz, 1H), 6.86 (d, J = 2.2 Hz, 1H), 3.76 – 3.70 (m, 2H), 2.96 (t, J = 7.3 Hz, 2H). 13C 

NMR (100 MHz, CDCl3) δ 164.81, 162.01, 161.79, 156.64, 148.21, 138.92, 130.93, 128.81, 

128.62, 126.51, 114.81, 113.99, 112.43, 100.30, 41.29, 35.74. IR (ATR) υ 3849.67, 3741.76, 

3616.01, 3340.48, 2383.43, 2309.97, 1703.75, 1620.41, 1519.35, 1367.74, 1283.22, 1213.63, 

1123.19, 1016.88, 830.17, 751.97, 704.05 cm−1. HRMS (ESI+) calculated for C18H14N2O5 [M 

+ H]+, 339.0975; found 339.0995. HPLC purity: 99.65 %, tR = 6.51 min. 

6-nitro-N-(4-methoxyphenethyl)-2-oxo-2H-chromene-3-carboxamide (5dg) 

Yield: 86%; off white solid; mp = 420-422 °C; 1H NMR (400 MHz, CDCl3) δ 8.84 (s, 1H), 

8.82 (s, 1H), 7.59 (d, J = 8.7 Hz, 1H), 7.20 (d, J = 8.5 Hz, 2H), 6.95 (dd, J = 8.8, 2.4 Hz, 1H), 
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6.88 (d, J = 8.8 Hz, 3H), 3.80 (s, 3H), 3.69 (q, J = 7.1 Hz, 2H), 2.89 (t, J = 7.2 Hz, 2H). 13C 

NMR (100 MHz, CDCl3) δ 164.80, 161.97, 161.77, 158.28, 156.63, 148.15, 130.96, 130.91, 

129.73, 114.88, 114.04, 113.95, 112.45, 100.32, 56.00, 41.49, 34.83. IR (ATR) υ 3849.88, 

3741.57, 3616.67, 3339.25, 2924.38, 2385.99, 2309.57, 1700.45, 1636.18, 1518.05, 1365.55, 

1214.80, 1113.01, 1015.96, 824.50, 706.39 cm−1. HRMS (ESI+) calculated for C19H16N2O6 

[M + Na]+, 391.8877; found 392.0892. HPLC purity: 99.49 %, tR = 6.04 min. 

N-(2-(1H-indol-3-yl)ethyl)-6-nitro-2-oxo-2H-chromene-3-carboxamide (5dh) 

Yield: 91%; off white solid; mp = 486-488 °C; 1H NMR (400 MHz, DMSO-d6) δ 10.87 (s, 

1H), 8.84 (s, 1H), 8.78 (t, J = 5.7 Hz, 1H), 7.89 (d, J = 8.7 Hz, 1H), 7.62 (d, J = 7.9 Hz, 1H), 

7.35 (d, J = 8.1 Hz, 1H), 7.22 (d, J = 2.3 Hz, 1H), 7.12-6.94 (m, 4H), 3.63 (q, J = 6.9 Hz, 2H), 

2.97 (t, J = 7.2 Hz, 2H). 13C NMR (100 MHz, DMSO-d6) δ 164.84, 161.76, 161.31, 156.59, 

148.24, 136.78, 131.98, 127.61, 123.28, 121.45, 118.85, 118.72, 115.27, 114.08, 112.60, 

111.97, 111.85, 100.70, 40.31, 25.52. IR (ATR) υ 3849.08, 3741.48, 3616.17,3220.49, 

3059.50, 2930.54, 2390.54, 2308.57, 1701.91, 1604.39, 1536.66, 1453.83, 1370.48, 1223.04, 

1142.05, 1019.58, 965.94, 869.83, 796.59, 737.88 cm−1. HRMS (ESI-) calculated for 

C20H15N3O5 [M - H]+, 376.0939; found 376.0914. HPLC purity: 98.40 %, tR = 5.24 min. 

6-nitro-2-oxo-N-(3-phenylpropyl)-2H-chromene-3-carboxamide (5di) 

Yield: 77%; off white solid; mp = 385-387 °C; 1H NMR (400 MHz, CDCl3) δ 8.86 (s, 1H), 

8.83 (s, 1H), 7.60 (dd, J = 8.8, 1.1 Hz, 1H), 7.35-7.29 (m, 2H), 7.25-7.16 (m, 3H), 6.95 (ddd, 

J = 8.6, 2.4, 1.1 Hz, 1H), 6.88 (s, 1H), 3.50 (q, J = 6.4 Hz, 2H), 2.74 (t, J = 7.7 Hz, 2H), 1.99 

(p, J = 7.3 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 164.81, 162.04, 161.91, 156.64, 148.20, 

141.39, 130.92, 128.44, 125.95, 114.88, 114.01, 112.46, 100.31, 39.27, 33.24, 31.03. IR 

(ATR) υ 3852.00, 3741.59, 3616.52,  3336.56, 3044.66, 2927.29, 2854.49, 2393.62, 2308.22, 

1694.17, 1594.72, 1513.90, 1365.99, 1215.15, 1114.71, 1014.92, 803.32, 743.47, 693.42 

cm−1. HRMS (ESI+) calculated for C19H16N2O6 [M + H]+, 353.1132; found 353.1186. HPLC 

purity: 99.59 %, tR = 8.20 min. 

6.3. Pancreatic lipase inhibition assay 

The PL inhibitory activity of the synthesized coumarin analogues 5a(a-i), 5b(a-i), 5c(a-i) and 

5d(a-i) was evaluated utilizing the assay protocol that was standardized within our laboratory 

[12]. The Type II porcine PL enzyme was used, with p-NPB as the substrate. Each inhibitor 

concentration was prepared utilizing DMSO (2%). Before calculating IC50 values, the 

absorbance of the resultant mixture was measured at 405 nm using a microplate reader in 

order to determine the percentage of inhibition. It was determined that the IC50 values of all 

analogues was within the range of 9.20-60.51 µM (Table 6.1). A significant number of the 
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analogues (5cb, 5cd, 5ce, 5ch, 5db, 5dc, 5dd, 5de, 5dg, 5dh) exhibited good PL inhibitory 

activity (9.20-20.12 µM). Conversely, a set of the analogues (5bh, 5cc, 5cf, 5cg, 5ci, 5da, 

5df, 5di, 5be, 5ag, 5ah, 5bb, 5bc, 5bd, 5bg, 5ca) showed moderate activity range (21.24-

40.35 µM). A limited number of analogues (5ad, 5ae, 5ai, 5ba, 5bf, 5bi, 5aa, 5ab, 5ac, 5af) 

exhibited poor inhibitory activity, (ranging from 41.94-60.51 µM). 5dh and 5de were 

identified as the most potent inhibitory analogues of PL among all the analogues (IC50 = 9.20 

and 11.4 µM, respectively). Orlistat  (standard drug) exhibited a significant PL inhibition with 

IC50 value of 0.97 µM. 

Table 6.1. In vitro PL inhibitory activity of the synthesized analogues (5a(a-i), 

5b(a-i), 5c(a-i) and 5d(a-i)). 

Code IC50 (M) Code IC50 (M) 

5aa 60.51 ± 2.83 5ca 40.04 ± 2.21 

5ab 51.29 ± 1.16 5cb 20.12 ± 1.30 

5ac 57.69 ± 1.37 5cc 24.60 ± 1.25 

5ad 47.47 ± 1.11 5cd 20.01 ± 0.46 

5ae 44.12 ± 2.3 5ce 17.96 ± 0.28 

5af 56.82 ± 2.35 5cf 30.74 ± 1.10 

5ag 40.35 ± 2.19 5cg 24.35 ± 1.54 

5ah 34.44 ± 1.99 5ch 15.98 ± 1.79 

5ai 49.93 ± 3.00 5ci 24.42 ± 1.97 

5ba 48.42 ± 0.81 5da 28.17 ± 0.17 

5bb 31.31 ± 3.03 5db 14.67 ± 0.88 

5bc 36.33 ± 0.94 5dc 18.18 ± 0.20 

5bd 33.73 ± 1.60 5dd 13.04 ± 0.44 

5be 30.80 ± 1.05 5de 11.4 ± 0.08 

5bf 41.94 ± 1.01 5df 21.24 ± 1.01 

5bg 31.04 ± 1.69 5dg 19.19 ± 1.33 

5bh 29.04 ± 1.16 5dh 9.20 ± 0.84 

5bi 47.05 ± 0.05 5di 24.11 ± 1.08 

Orlistat 0.97 ± 0.31 

                *All experiments were performed in triplicate and the values are expressed in Mean ± S.E.M. 
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6.4. Enzyme kinetics  

To comprehend the nature of inhibition (competitive, uncompetitive and non-competitive), 

the enzyme kinetics of the most potent analogues 5dh was analysed (Fig. 6.2). For the same, 

a three-concentration range of inhibitor (0, 0.3125, and 2.5 µM) was utilized along with the 

four distinct substrate concentrations (25, 50, 100, and 200 µM).  
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Figure 6.2. Double reciprocal Lineweaver-Burk plots of 5dh and Orlistat. 

 

As depicted in Fig 6.2, the Lineweaver-Burk plot converged at the y-intercept (1/Vmax), 

whereas Km rose proportionally to inhibitor concentration [13]. The analogue 5dh bind to the 

active site of PL and inhibited PL competitively. The apparent Km value increased 

proportionally with increasing substrate concentration; however, the Vmax was unchanged by 

substrate concentration, explaining the extent of reversible inhibition. Using the Cheng-

Prusoff equation, the inhibition constant (Ki) was also determined, and analogue 5dh was 

found to have Ki values of 4.504 µM, respectively (Table 6.2). With a Ki value of 0.588 µM, 

Orlistat (positive control) likewise exhibited competitive inhibition [14]. 
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Table 6.2. Km, Vmax and Ki values of 5dh and Orlistat retrieved from the PL enzyme kinetics 

Code 

Km (apparent) at different 

concentration (µM) 
Vmax 

(µM/min) 
Ki (µM) 

Nature of 

inhibition 
0 µM 0.3125 µM 2.5 µM 

5dh 42.951 45.338 56.666 1.279 4.504 Competitive 

Orlistat 52.435 86.501 102.971 0.907 0.588 Competitive 

 

6.5. Structure activity relationship (SAR) 

The PL inhibitory activities of the coumarin analogues that were synthesized (5a(a-i), 5b(a-

i), 5c(a-i) and 5d(a-i)) were utilized to generate the preliminary SAR. The SAR component 

was categorized into three groups, as illustrated in Fig 6.3: 1) Impact of substituted 

coumarin ring (R1 substitution); 2) Impact of substituted aromatic ring (R2 substitution). 3) 

Impact of carbon linker (n=1,2,3). As seen in Table 6.1, the analogue 5aa, which did not have 

any modifications on either the coumarin or phenyl ring, demonstrated weak inhibitory 

activity against PL (IC50 = 60.51 ± 2.83 µM). The influence of several electron-withdrawing 

substituents (chlorine, bromine and nitro) on the sixth position of the coumarin ring was 

investigated. The analogues containing nitro substitution (R1) exhibited better inhibition of 

PL as compared to the analogues without substitution and those substituted with halogens (Cl 

and Br). The impact of several substituted aromatic amines was examined on R2 position. In 

the context of aromatic substitution, it was found that electron-donating groups (EDG) were 

more effective than electron-withdrawing groups (EWG) in R2 position. Among the EDG 

(trimethoxy, & methoxy), the analogue with 3,4,5-trimethoxy substitution showed better 

activity (5de; IC50 = 11.4 ± 0.08 µM) and was identified as the second most potent analogue 

in the series. When comparing with analogues containing electron-withdrawing groups 

(EWG) such as chloro and fluro, it was observed that the substitution of chloro on the 2nd 

position of the phenyl ring (5db) exhibited better activity with an IC50 value of 14.67 ± 0.88 

µM. Analogues containing fluoro substituent (5ac, 5bc, 5cc & 5dc; IC50 = 57.69 ± 1.37, 

36.33 ± 0.94, 24.60 ± 1.25 and 18.18 ± 0.20 µM respectively) showed lower activity as 

compared to analogues containing methoxy (5ad, 5bd, 5cd & 5dd; IC50 = 47.47 ± 1.11, 33.73 

± 1.60, 20.01 ± 0.46 and 13.04 ± 0.44 µM respectively) at the para position of the phenyl 

ring. The analogue with a p-methoxy substitution had comparatively lower activity (5dd; IC50 

= 13.04 ± 0.44 µM) as compared to the analogue with trimethoxy substitution (5de). The 

impact of several carbon linkers on PL inhibition was examined, and the analogue with two 

carbon linker substitutions (5dh) exhibited the best inhibition with an IC50 of 9.20 ± 0.84 µM. 
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The analogue with three carbon chain 5di (IC50 = 24.11 ± 1.08 µM) exhibited lower 

inhibitory potential against PL as compared to 5df (IC50 = 21.24 ± 1.01 µM) with two carbon 

linkers. From the above SAR, it was clear that the impact of substituents on the R1, R2 

groups, and carbon linker are crucial in developing a promising PL inhibitor. Fig. 6.3 presents 

a concise overview of the SAR analysis, demonstrating the impact of different substituents on 

the inhibitory activity of PL. 

 

Figure 6.3. SAR study of coumarin analogues (Series II). 

 

6.6. Fluorescence Quenching Measurements with PL 

The effect of the 5dh analogue on the fluorescence quenching of PL was evaluated (See 

chapter 3) and the results are depicted in Fig. 6.4 and Table 6.3. The 5dh analogue exerted a 

concentration-dependent quenching effect to the PL fluorescence.  

  

Figure 6.4. (A) The fluorescence spectra of PL in the presence of 5dh at various 

concentrations (pH 7.4, T = 298 K, a to h in increasing concentrations); (B) Stern-Volmer plot 

for the quenching of 5dh on the PL. 
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As illustrated in Fig. 6.4., the PL fluorescence was quenched by the analogue 5dh. 

Additionally, the fluorescence intensity decreased as the concentration of quencher (5dh) 

increased, suggesting the formation of PL-quencher complexes. The above fluorescence 

quenching is mainly due to static or dynamic mechanism. To identify the underlying 

mechanism of quenching, Stern-Volmer equation was utilized and the values were determined 

as per Formula 3.3 (chapter 3). 

Table 6.3. Bimolecular quenching constant (kq), binding constant (Kb) and the number of 

binding sites (n) at different temperatures for 5dh. 

# T (K) 
KSV/104

 

(L/mol) 

kq/1012 

(L/mol sec) 
R2 

Kb/105 

(L/mol) 
n R2 

5dh 

298 1.88 1.24 0.9953 2.98 0.891 0.9991 

304 1.41 9.62 0.9967 2.22 0.888 0.9932 

310 1.21 7.73 0.9978 1.66 0.871 0.9955 

 

As represented in Table 6.3, an inverse correlation between the Ksv and temperature 

suggested that the quenching effects on the PL was mainly attributed to static quenching 

rather than dynamic quenching. 

The values of ‘n’ at the corresponding temperature were closer to 1, indicating the presence 

of only one binding site in PL. This result further supported the competitive inhibition that 

was observed in the enzyme kinetics study. Additionally, the ‘Kb’ values were in the range of 

1.66 to 2.98 x 105 L/mol indicating the strong binding forces of 5dh with PL. 

6.7. Molecular docking analysis 

The energy-minimized structures of the 5a(a-i), 5b(a-i), 5c(a-i) and 5d(a-i) were docked into 

the crystal structure of human PL (PDB ID: 1LPB, resolution: 2.46 Å) with validated grid 

parameters using Molegro Virtual Docker 6.0. According to the literature, it has been verified 

that the active region of the PL enzyme is composed of a hydrophobic lid domain (Gly 76-

Lys 80, Tyr 114, and Leu 213 - Met 217) that encloses the tightly confined catalytic triad 

consisting of Ser 152 - Asp 176 - His 263 amino acids. The crystal structure of PL was 

examined to see if the side chains of the lid domain have a role in the hydrophobic groove for 

substrate contact [15]. In order for an inhibitor molecule to access the catalytic triad, it must 

engage in interactions with the hydrophobic lid domain, namely through alkyl or aromatic 

contacts, to facilitate its opening. Through careful examination of these facts, analogues were 

designed that facilitated the interactions between the coumarin scaffold and the amino acids 

in the lid domain (via π-π interactions), which help in the opening of the lid domain. In 

addition, we have included an amide warhead to facilitate the interaction with the active site 
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amino acid residue. The aromatic part of amines possessed an electron-rich aryl/heteroaryl 

group that can interact with an important amino acid, namely Arg 256, through a π-cation 

interaction. The various substituted coumarin analogues were designed, subjected to docking, 

and the resulting docking data were analysed. The MolDock scores of all the coumarin 

analogues ranged from -100.974 to -140.251 kcal/mol as depicted in Table 6.4. The analogue 

5dh had the highest MolDock score of -140.251 kcal/mol. Additionally, the docking poses of 

analogue 5dh was examined for various docking interactions.  

 

 

Figure 6.5. 2D and 3D interaction diagram of 5dh and Orlistat in the active site of PL. 
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As depicted in Fig 6.5, the analog 5dh exhibited several essential interactions with the amino 

acids present in the active site. The indole ring exhibited π-cation interaction with Arg 256. 

Hydrogen bonding interactions were observed between the amide warhead and Phe 77. The 

coumarin scaffold exhibited hydrogen bonding with Gly 76, Phe 77, His 151, and Leu 153. 

Additionally, it displayed π-cation interactions with His 263, and π-alkyl interaction with Ala 

178 and Leu 153. The carbonyl oxygen of coumarin participated in the creation of hydrogen 

bonding interactions between Gly 76 and His 151.  
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Table 6.4. MolDock score (kcal/mol) and interaction summary of analogues (5a(a-i), 5b(a-i), 5c(a-i) and 5d(a-i)) at the active site of the PL.  

Code R1 R2 n 

Mol Dock 

Score 

(kcal/mol ) 

H-bond π-π interactions π -cation π -alkyl 

5aa 

H 

-H 1 -100.974 Phe 77, Ser 152 
Phe 77, 

Tyr 114 

Asp 79,  

Arg 256 

Ile 78, Leu 264,  

Ala 178, Pro180 

5ab 2-Cl 1 -101.322 
Phe 77, Ser 152, 

Leu 153, His 263 
Phe 77 

Arg 256,  

His 263 

Ile 78, Leu 264,  

Ala 178, Ala 260 

5ac 4-F 1 -111.179 
Phe 77, Ser 152, 

Leu 153, His 263 
Phe 77 

Asp 79, Arg 

256, His 263 
Ile 78, Ala 178, Leu 264 

5ad 4-OCH3 1 -115.012 
Phe 77, Ser 152, 

Arg 256 

Phe 77, 

Tyr 114 

Asp 79,  

Arg 256 
Leu 264, Ala 178, Pro180 

5ae 
3,4,5-tri-

OCH3 
1 -115.011 His 151, Ser 152 Phe 215 

Arg 256,  

His 263 
Ile 78, Leu 153, Ala 178 

5af -H 2 -111.634 Phe 77, Ser 152 
Tyr 114,  

His 263 
- 

Ala 178, Ala 259,  

Ala 260, Arg 256 

5ag 4-OCH3 2 -118.309 Phe 77, Ser 152 Tyr 114 
Asp 79,  

Arg 256 

Ile 78, Leu 264,  

Ala 178, Pro 180 

5ah 1-H-indole 2 -128.564 Phe 77, Ser 152 
Tyr 114,  

Phe 215 

Arg 256,  

His 263 

Ile 78, Ala 178,  Pro 180,  

Ala 259, Ala 260 

5ai H 3 -111.564 His 151, Ser 152 - 
Arg 256,  

His 263 
Ile 78, Leu 153, Ala 178 

5ba 

Br 

-H 1 -108.13 
Phe 77, Leu 153, 

His 263 

Tyr 114,  

Phe 215 
- 

Tyr 114, Ala 178,  

Pro 180, Ala 260 

5bb 2-Cl 1 -112.369 
Phe 77, Ser 152, 

Leu 153 

Phe 215,  

Tyr 114 
- 

Tyr 114, Pro 180, Phe 215,  

Ala 178, Ala 260, His 263 
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5bc 4-F 1 -116.705 
Phe 77, Ser 152, 

Leu 153 

Tyr 114,  

Phe 215 
- Tyr 114, Ala 178,  Pro 180 

5bd 4-OCH3 1 -117.43 
Phe 77, Leu 153, 

His 263 

Tyr 114,  

Phe 215 
- 

Tyr 114, Ala 178,  

Pro 180, Leu 264 

5be 
3,4,5-tri-

OCH3 
1 -119.469 Phe 77, Leu 153 Phe 215 His 263 

Tyr 114, Ala 178, Pro 180,  

Ala 260, Leu 264 

5bf -H 2 -114.093 
Gly 76, Phe 77, 

His 151 
Phe 77 

Arg 256,  

His 263 

Tyr 114, Ala 178, Phe 215,  

Pro 180, Ala 259, Leu 153 

5bg 4-OCH3 2 -121.561 
Phe 77, Ser 152, 

Leu 153, His 263 

Tyr 114,  

Phe 215 
- 

Tyr 114, Ala 178,  

Pro 180, Ala 260 

5bh 1-H-indole 2 -129.174 
Gly 76, Phe 77, 

His 151 
- 

Arg 256,  

His 263 

Ile 78, Tyr 114, Leu 153, Ala 178, 

Phe 215, Pro 180, Ala 259, Arg 256 

5bi H 3 -120.428 
Phe 77, Ser 152, 

Leu 153 

Tyr 114,  

Phe 215 
- 

Tyr 114, Ala 178,  Pro 180,  

Ala 259, Ala 260, Arg 256 

5ca 

Cl 

-H 1 -108.557 
Phe 77, Leu 153,  

His 263 

Tyr 114, 

Phe 215 
- 

Tyr 114, Ala 178,  

Pro 180, Ala 260 

5cb 2-Cl 1 -112.632 
Phe 77, Ser 152, 

Leu 153 

Tyr 114, 

Phe 215 
- 

Tyr 114, Phe 215, Ala 178,  

Pro 180, Ala 260, His 263 

5cc 4-F 1 -113.29 
Phe 77, Leu 153, 

His 263 

Tyr 114, 

Phe 215 
- 

Tyr 114, Ala 178,  

Pro 180, Leu 264 

5cd 4-OCH3 1 -118.501 
Phe 77, Ser 152, 

Leu 153, His 263 

Tyr 114, 

Phe 215 
- 

Tyr 114, Ala 178,  

Pro 180, Leu 264 

5ce 
3,4,5-tri-

OCH3 
1 -113.907 

Phe 77, Ser 152, 

Leu 153, His 151 

Phe 77, 

Phe 215 
His 263 Ile 78, Phe 215 

5cf -H 2 -114.039 
Gly 76, Phe 77, 

His 151 
- 

His 263,  

Arg 256 

Tyr 114, Ala 178, Phe 215,  

Leu 153, Pro 180, Ala 259 

5cg 4-OCH3 2 -117.248 Gly 76, Phe 77, - His 263 Tyr 114, Ala 178, Phe 215,  
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His 151 Leu 153, Pro 180,  

Ala 259, Arg 256 

5ch 1-H-indole 2 -128.272 
Asp 79, Phe 77, 

Ser 152, His 153 

Tyr 114,  

Phe 215 
- 

Tyr 114, Ala 178, Pro 180,  

Ala 259, Ala 260 

5ci H 3 -120.233 
Phe 77, Leu 153, 

His 263 

Tyr 114,  

Phe 215 
- 

Tyr 114, Ala 178, Pro 180,  

Ala 259, Ala 260, Arg 256 

5da 

NO2 

-H 1 -113.292 
Gly 76, Phe 77, 

His 151 
Phe 77 His 263 

Ala 178, Ala 259, Ala 260,  

Leu 153, Leu 264, Arg 256 

5db 2-Cl 1 -118.498 
Gly 76, Phe 77, 

His 151 
Phe 77 His 263 

Ile 78, Ala 178, Ala 259,  

Ala 260, Arg 256 

5dc 4-F 1 -122.203 
Ser 152, His 263, 

His 151, Arg 256 
Tyr 115 Arg 256 

Ile 78, Ala 178,  

Ala 260, Leu 264 

5dd 4-OCH3 1 -122.679 
Phe 77, Leu 153, 

His 263 

Tyr 114,  

Phe 215 
- Ala 178, Pro 180, Leu 264 

5de 
3,4,5-tri-

OCH3 
1 -122.731 

Gly 76, Ser 152, 

His 151, Arg 256 

Phe 77, 

Trp 252 
His 263 Ile 78, Ala 259 

5df -H 2 -124.516 
Gly 76, Phe 77, 

His 151 
Phe 77 

His 263,  

Arg 256 
Ala 178, Ala 259, Leu 153 

5dg 4-OCH3 2 -132.132 
Gly 76, Phe 77, 

His 151 
- 

Arg 256,  

His 263 
Ala 178, Ala 259, Leu 153 

5dh 
1-H-

indole 
2 -140.251 

Gly 76, Phe 77, 

His 151, Leu 153 
- 

Arg 256,  

His 263 

Ile 78, Ala 178,  

Ala 259, Leu 153 

5di -H 3 -132.628 
Phe 77, His 263, 

Leu 153 

Tyr 115,  

Phe 215 
- Ala 178, Pro 180, Ala 260 

Orlistat - -139.41 

Phe 77, Ser 152, 

His 263, His 151, 

Ala 259 

- - 
Tyr 114, Leu 153, Ala 178,  

Phe 258, Ile 245 
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6.8. Molecular dynamics simulations  

While molecular docking analysis provides initial insights into docking interactions, it is 

incapable of forecasting the magnitude of such interactions under dynamic conditions. Given 

the perpetual state of flux exhibited by all proteins within the human body, it becomes 

imperative to forecast the ligand's behaviour under such dynamic physiological conditions. 

The ligand-protein complex of the highest-scoring analogue 5dh, was therefore simulated 

using MD for 100 ns. Following MD simulation, the outcomes were evaluated by considering 

protein-ligand Root Mean Square Deviation (RMSD) and contacts between proteins and 

ligands to comprehend the stability of the complex and depict the time span of the effective 

amino acid interactions under dynamic conditions. The RMSD measures the average 

displacement of a selected group of atoms in a certain frame relative to a reference frame. 

The protein maintained its stability throughout the simulation, as illustrated in Fig 6.6. (A). 

The ligand's RMSD remained below 7.5 Å until 65 ns. Following this time interval, the 

RMSD shifts from 7.5 Å to 12 Å, with a significant deflection occurring at 75 ns (below 5.4 

Å). Subsequently, the RMSD stabilizes at a value below 7.5 Å. The Root Mean Square 

Fluctuation (RMSF) is a valuable tool for identifying localized variations along the protein 

chain. As depicted in Fig 6.6. (B), amino acid fluctuations in the catalytic triad and lid 

domain were less than 3Å, indicating the likelihood of these amino acids remaining intact in a 

dynamic environment. 
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Figure 6.6. (A) RMSD plot of the protein-ligand (5dh) complex (PDB ID: 1LPB); 

    (B) Protein RMSF plot. 
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A variety of interactions, including hydrogen, hydrophobic and ionic bonds, were observed 

within the protein-ligand complex. The hydrophobic domain encasing the catalytic triad of 

PL ensures that PL inhibition requires the opening of this lid domain. The data presented in 

Fig 6.7 (A) indicated that Phe 77 was engaged in multiple interactions (including 

hydrophobic, hydrogen bonding, as well as water bridges) for a fraction of time greater than 

0.5. Through hydrophobic interaction and the formation of water bridges, Tyr 114 and Phe 

215 were also observed to interact for greater than 0.8 and 1.0 fractions of time, respectively. 

Additionally, prolonged interaction durations with the amino acids Tyr 114, Phe 215; Ala 

259; His 263 are illustrated in Fig 6.7 (A). The interaction with the catalytic triad (Ser 152 & 

His 263) and hydrophobic lid domain (Phe 77, Ile 78, Asp 79, Tyr 114 & Phe 215) amino acid 

demonstrated the efficacy of the designed analogue 5dh. A temporal depiction of the contacts 

and interactions (hydrophobic, ionic, and water bridges) are outlined in Fig 6.7 (B). As 

depicted in the Fig 6.7 (B) the total number of specific contacts between the protein and the 

ligand throughout the trajectory is displayed in the upper panel. The residues that interact 

with the ligand in each trajectory frame are displayed in the bottom panel. Certain residues 

established multiple specific contacts with the ligand were denoted by a darker hue of orange 

on the scale located to the right of the plot. 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER VI 
 

115 

 

       

 

Figure 6.7. (A) Protein-ligand (5dh) interaction bar charts stacked vertically (PDB ID: 

1LPB); (B) Protein-ligand contact timeline (H-bonds, hydrophobic, ionic, water bridges). 
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In conclusion, a series of thirty-six coumarin analogues were designed and synthesized 

through a suitable chemical reaction scheme, followed by characterization via various 

spectroscopic techniques. The PL inhibitory assay was performed to screen these analogues 

for PL inhibitory potential and a total of two analogues namely, 5dh and 5de were found to 

be potent (IC50 = 9.20 and 11.4 μM, respectively). The SAR was obtained by observing the 

IC50 values of various substituted analogues. The 6-nitro substituent on coumarin was found 

to be effective in inhibiting the PL enzyme, while non-substituted groups on the 6th position 

of coumarin was found to show less PL inhibitory potential. The substitution of an indole ring 

via a two carbon linker was found to be effective in PL inhibition. Also, analogue 5dh was 

found to competitively inhibit the PL enzyme with Ki values of 4.504 µM, respectively. Many 

of the analogues were found to interact with the active site amino acid residues (Phe 77, Tyr 

114, Ser 152, Phe 215, Arg 256, His 263, etc.) that were comparable to Orlistat. Furthermore, 

molecular dynamic simulation revealed that the protein-ligand complex of the most potent 

analogue 5dh remained stable at the PL active site for 100 ns under physiological conditions.  

While the PL inhibition of the synthesized analogues was potentially greater than that of 

series I, it was believed that additional structural modifications could enhance the PL 

inhibition. This is elaborated in the next chapter. 
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7. Synthesis of Coumarin Analogues - Series III 

7.1. Rationale 

The synthesized coumarin analogues (Series II) exhibited a potential PL inhibition with the 

most active analogue from the series, 5dh and 5de that exhibited an IC50 value of 9.20 and 

11.40 µM, respectively. In order to determine the optimal position on the coumarin scaffold 

for further substitution, additional molecular modeling analyses were performed (Fig 7.1). 

 

Figure 7.1. Rationale for designing series III coumarin analogues as PL inhibitors. The 

interaction distance between the reactive carbonyl and Ser 152 at 4th position (A) was found 

6.01 Å; 5th position (B) 6.56 Å; 7th position (C) 3.75 Å; and 8th position (D) 3.77 Å. 

 

Preliminary molecular modelling study highlighted that the incorporation of an alkyl linker 

on the seventh and eight positions of coumarin scaffold might be helpful for the reduction of 

the interaction distance of the carbonyl group from Ser 152 (Fig 7.1) As a result, we further 

started exploring seventh and eighth position of the designing of coumarin analogues that can 

display promising inhibitory activity against PL (Fig 7.1). Accordingly, a series of 36 

coumarin analogues were designed, synthesized, characterized and evaluated for their in-vitro 

PL inhibitory potential. 
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The current investigation involved the development of a series of coumarin analogues that 

possessed a range of crucial pharmacophoric characteristics necessary to potentially inhibit 

PL. The pharmacophore comprised of four characteristics: (I) R1/R3 on the seventh and eighth 

position of coumarin scaffold to enhance the hydrophobicity on the coumarin scaffold via O-

alkyl functionalities; (II) amide warhead to interact with Ser 152; and (III) linker (n=1-3), a 

structural framework that facilitates the attainment of appropriate conformational flexibility 

to ensure a proper interaction with the active site amino acid and the lid domain; (IV) R2, 

(either a simple or heterocyclic aromatic ring) to form a π-cation interaction with Arg 256. 

We hypothesised that the incorporation of these structural characteristics onto a coumarin 

scaffold would lead to an increase in its inhibitory potential for PL [1-2].  

7.2. Synthesis and Characterization 

The syntheses of all the final analogues 5e(a-i), 5f(a-i), 5g(a-i), 5h(a-i) and 7(a-b) were 

carried out as per the procedure detailed in Scheme 7.1. Synthesis and characterization of 

final analogues were performed in the same manner as discussed in the previous chapter 

(Chapter 5) [3-4]. 
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Scheme 7.1.Reagents and conditions: (a) K2CO3, H2O, RT, 20 h; (b) DMF, 0 °C, EDC.HCl, HOBt, Ar-(CH2)n-NH2, DIPEA, 20-30 °C, 15-20 h 

(c) K2CO3, acetone, alkyl halides, reflux 60 °C.
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7.2.1. General procedure for the synthesis of coumarin-3-carboxylic acid derivatives  

3a-3d 

50 mL RBF was supplemented with distilled water (5 mL), K2CO3 (0.20 equiv), and 2,2-

dimethyl-1,3-dioxane-4,6-dione (2; 1 equiv). Following a 15 mins interval, salicylaldehyde 

1a-1d (1 equiv) was introduced into the reaction mixture. After that, the mixture was stirred 

continuously at room temperature for a duration of 20 h to facilitate the completion of the 

conversion. After the process was finished, the solution was acidified with 1N HCl. 

Following these steps, the solid mass that was produced was filtered, precipitated, and 

thoroughly cleansed with water to obtain coumarin-3-carboxylic acid 3a-3d. Further 

purification of the analogues 3a-3d was done by crystallization using ethyl acetate as the 

solvent [3]. 

7.2.2. General Procedure for synthesis of coumarin-3-carboxamide derivatives (5e(a-i), 

5f(a-i), 5g(a-i), 5h(a-i) and 7(a-b))  

Under a controlled temperature of 0 °C, a solution of 3a-3d (1 equiv) in DMF was 

systematically treated with 1.10 equiv of EDC.HCl and HOBt. Amines with a range of 

substitutions 4a-4i (1 equiv) were dissolved in DMF before being introduced into the reaction 

mixture. N-diisopropylethylamine (DIPEA) (0.60 equiv) was introduced after a duration of 

10 mins. The chemical reaction was stirred at room temperature for a period of 15-20 h to get 

the desired products (5e(a-i), 5f(a-i), 5g(a-i) and 5h(a-i)) [3,4]. Further, the O-substitution of 

prenyl/geranyl moieties on 5eh was carried out at 60°C in the presence of K2CO3 (3 equiv), 

prenyl/geranyl bromides (1.5 equiv) and acetone to yield 7(a-b) [5]. After the reaction was 

fully completed, water was used to facilitate the work-up process. The resultant solid 

substance was filtered out, followed by a comprehensive rinsing with water and subsequent 

air drying. To obtain an impurity-free product, column chromatography was utilized (eluent 

was a mixture of hexane and ethyl acetate; the stationary phase was silica (#100-200). Using 

NMR, HRMS, ATR and HPLC techniques, the synthesized analogues (5e(a-i), 5f(a-i), 5g(a-

i), 5h(a-i) and 7(a-b)) were characterized.  

7.2.3. Analytical Data for the final analogues (5e(a-i), 5f(a-i), 5g(a-i), 5h(a-i) and 7(a-b)) 

N-benzyl-7-hydroxy-2-oxo-2H-chromene-3-carboxamide (5ea) 

Yield: 93%; off white solid; mp = 432-433 °C; 1H NMR (400 MHz, DMSO-d6) δ 11.08 (s, 

1H), 9.06 (t, J = 6.0 Hz, 1H), 8.81 (d, J = 0.7 Hz, 1H), 7.82 (d, J = 8.6 Hz, 1H), 7.34 (d, J = 

4.4 Hz, 4H), 7.29 - 7.23 (m, 1H), 6.88 (dd, J = 8.6, 2.2 Hz, 1H), 6.80 (d, J = 2.2 Hz, 1H), 4.54 

(d, J = 6.0 Hz, 2H). 13C NMR (100 MHz, DMSO-d6) δ 164.15, 162.16, 161.50, 156.77, 

148.66, 139.55, 132.47, 128.86, 127.84, 127.40, 114.81, 114.13, 111.60, 102.27, 43.13. IR 
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(ATR) υ 3853.54, 3744.50, 3735.89, 3711.50, 3649.81, 2360.04,  1734.52, 1717.31, 1684.31, 

1652.75, 1647.01, 1506.41, 1457.63, 1032.97, 794.81, 668.56 cm−1. HRMS (ESI+) calculated 

for C17H13NO4  [M + H]+, 296.0917; found 296.0946. HPLC purity: 99.91 %, tR - 3.313 min. 

N-(2-chlorobenzyl)-7-hydroxy-2-oxo-2H-chromene-3-carboxamide (5eb) 

Yield: 91%; off white solid; mp = 474-476 °C; 1H NMR (400 MHz, DMSO-d6) δ 11.10 (s, 

1H), 9.13 (t, J = 6.1 Hz, 1H), 8.80 (s, 1H), 7.82 (d, J = 8.6 Hz, 1H), 7.49 - 7.27 (m, 4H), 6.88 

(dd, J = 8.6, 2.3 Hz, 1H), 6.81 (d, J = 2.2 Hz, 1H), 4.60 (d, J = 6.0 Hz, 2H). 13C NMR (100 

MHz, DMSO-d6) δ 164.21, 162.33, 161.52, 156.82, 148.80, 136.48, 132.58, 132.53, 129.66, 

129.41, 129.25, 127.73, 114.83, 113.94, 111.60, 102.29, 41.22. IR (ATR) υ 3215.11, 1707.26, 

1645.57, 1618.31, 1596.79, 1542.28, 1506.41, 1447.59, 1418.89, 1367.25, 1334.25, 1301.25, 

1263.95, 1114.74, 1043.01, 992.79, 964.79, 737.42, 715.90, 672.86, 641.30 cm−1. HRMS 

(ESI+) calculated for C17H12ClNO4 [M + H]+, 330.0528; found 330.0539. HPLC purity: 

99.90 %, tR - 3.963 min. 

N-(4-fluorobenzyl)-7-hydroxy-2-oxo-2H-chromene-3-carboxamide (5ec) 

Yield: 88%; off white solid; mp = 445-447 °C; 1H NMR (400 MHz, DMSO-d6) δ 11.08 (s, 

1H), 9.08 (t, J = 6.1 Hz, 1H), 8.79 (s, 1H), 7.81 (d, J = 8.6 Hz, 1H), 7.42 - 7.33 (m, 2H), 7.20 

- 7.10 (m, 2H), 6.88 (dd, J = 8.6, 2.2 Hz, 1H), 6.80 (d, J = 2.2 Hz, 1H), 4.51 (d, J = 6.0 Hz, 

2H). 13C NMR (100 MHz, DMSO-d6) δ 164.17, 162.90, 162.20, 161.43, 160.49, 156.78, 

148.67, 135.86, 132.46, 129.93, 115.64, 115.43, 114.81, 114.09, 111.58, 102.27, 42.42. IR 

(ATR) υ 3377.22, 3261.02, 1702.96, 1615.44, 1563.80, 1500.67, 1456.19, 1433.24, 1372.98, 

1291.21, 1243.86, 1159.22, 1096.09, 735.99, 707.29, 593.96 cm−1. HRMS (ESI+) calculated 

for C17H12FNO4 [M + H]+, 314.0823; found 314.0836. HPLC purity: 99.98 %, tR - 3.340 min. 

7-hydroxy-N-(4-methoxybenzyl)-2-oxo-2H-chromene-3-carboxamide (5ed) 

Yield: 89%; off white solid; mp = 478-480 °C; 1H NMR (400 MHz, DMSO-d6) δ 11.07 (s, 

1H), 8.97 (t, J = 5.9 Hz, 1H), 8.81 (s, 1H), 7.82 (d, J = 8.6 Hz, 1H), 7.31 - 7.23 (m, 2H), 6.94 

- 6.85 (m, 3H), 6.80 (d, J = 2.2 Hz, 1H), 4.45 (d, J = 5.9 Hz, 2H), 3.73 (s, 3H). 13C NMR (100 

MHz, DMSO-d6) δ 164.11, 161.97, 161.51, 158.81, 156.75, 148.62, 132.46, 131.42, 129.32, 

114.80, 114.28, 114.16, 111.62, 102.27, 55.52, 42.61. IR (ATR) υ 3646.94, 3304.06, 2834.92, 

1763.22, 1612.57, 1537.97, 1510.71, 1450.46, 1374.42, 1246.73, 1219.47, 1170.69, 1142.00, 

1030.10, 852.20, 738.86, 641.30 cm−1. HRMS (ESI+) calculated for C18H15NO5 [M + H]+, 

326.1028; found 326.1023. HPLC purity: 99.51 %, tR - 3.210 min. 

7-hydroxy-2-oxo-N-(3,4,5-trimethoxybenzyl)-2H-chromene-3-carboxamide (5ee) 

Yield: 91%; off white solid; mp = 570-572 °C; 1H NMR (400 MHz, DMSO-d6) δ 11.09 (s, 

1H), 9.00 (t, J = 6.0 Hz, 1H), 8.80 (s, 1H), 7.82 (d, J = 8.6 Hz, 1H), 6.88 (d, J = 8.6 Hz, 1H), 
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6.81 (s, 1H), 6.68 (s, 2H), 4.46 (d, J = 5.8 Hz, 2H), 3.75 (s, 6H), 3.63 (s, 3H). 13C NMR (100 

MHz, DMSO-d6) δ 164.10, 162.16, 161.47, 156.74, 153.32, 148.52, 136.91, 135.15, 132.44, 

114.80, 114.33, 111.61, 105.31, 102.27, 60.44, 56.28, 43.38. IR (ATR) υ 3358.57, 3263.89, 

1760.35, 1645.57, 1611.14, 1581.01, 1558.06, 1533.67, 1507.84, 1460.50, 1434.67, 1418.89, 

1350.03, 1299.82, 1262.51, 1240.99, 1202.26, 1119.05, 994.23,  968.41, 737.42, 714.47, 

669.99, 581.04, 516.48 cm−1. HRMS (ESI+) calculated for C20H19NO7 [M + H]+, 386.1240; 

found 386.1234. HPLC purity: 99.85 %, tR - 2.860 min. 

7-hydroxy-2-oxo-N-phenethyl-2H-chromene-3-carboxamide (5ef) 

Yield: 89%; off white solid; mp = 443-444 °C; 1H NMR (400 MHz, DMSO-d6) δ 11.05 (s, 

1H), 8.78 (s, 1H), 8.70 (t, J = 5.8 Hz, 1H), 7.81 (d, J = 8.6 Hz, 1H), 7.35 - 7.17 (m, 5H), 6.88 

(dd, J = 8.6, 2.2 Hz, 1H), 6.79 (d, J = 2.2 Hz, 1H), 3.61 - 3.51 (m, 2H), 2.84 (t, J = 7.3 Hz, 

2H). 13C NMR (100 MHz, DMSO-d6) δ 164.10, 162.40, 161.50, 156.62, 148.50, 139.41, 

132.35, 129.03, 128.81, 126.68, 114.90, 113.47, 111.39, 102.12, 41.06, 35.20. IR (ATR) υ 

3513.52, 3324.14, 3031.47, 2831.05, 2605.37, 2385.86, 1569.53, 1496.37, 1451.89, 1431.81, 

1365.81, 1319.90, 1296.95, 1200.82, 1061.66, 991.36, 965.54, 860.80, 829.24, 793.38, 

754.64, 727.38 cm−1. HRMS (ESI+) calculated for C18H15NO4 [M + H]+, 310.1074; found 

310.1098. HPLC purity: 99.60 %, tR - 3.573 min. 

7-hydroxy-N-(4-methoxyphenethyl)-2-oxo-2H-chromene-3-carboxamide (5eg) 

Yield: 94%; off white solid; mp = 489-491 °C; 1H NMR (400 MHz, DMSO-d6) δ 11.07 (s, 

1H), 8.78 (s, 1H), 8.68 (t, J = 5.7 Hz, 1H), 7.81 (d, J = 8.6 Hz, 1H), 7.21 - 7.13 (m, 2H), 6.89 

(d, J = 2.2 Hz, 1H), 6.88 - 6.84 (m, 2H), 6.79 (d, J = 2.8 Hz, 1H), 3.72 (s, 3H), 3.56 - 3.46 (m, 

2H), 2.77 (t, J = 7.2 Hz, 2H). 13C NMR (100 MHz, DMSO-d6) δ 164.09, 161.88, 161.50, 

158.20, 156.71, 148.50, 132.46, 131.52, 130.09, 114.80, 114.28, 114.01, 111.59, 102.24, 

55.43, 41.29, 34.64. IR (ATR) υ 3714.37, 3679.94, 3654.12, 3593.86, 2438.95, 2400.21, 

2308.39, 2226.62, 2169.23, 1943.98, 1652.75, 1558.06, 1540.84, 793.38, 532.26 cm−1. 

HRMS (ESI+) calculated for C19H17NO5 [M + H]+, 340.1179; found 340.1207. HPLC purity: 

99.64 %, tR - 3.400 min. 

N-(2-(1H-indol-3-yl)ethyl)-7-hydroxy-2-oxo-2H-chromene-3-carboxamide (5eh) 

Yield: 90%; off white solid; mp = 513-515 °C; 1H NMR (400 MHz, DMSO-d6) δ 11.07 (s, 

1H), 10.86 (s, 1H), 8.81 (s, 1H), 8.77 (t, J = 5.7 Hz, 1H), 7.81 (d, J = 8.7 Hz, 1H), 7.61 (d, J = 

7.8 Hz, 1H), 7.35 (d, J = 8.1 Hz, 1H), 7.21 (d, J = 2.3 Hz, 1H), 7.12 - 7.03 (m, 1H), 7.02 - 

6.94 (m, 1H), 6.88 (dd, J = 8.6, 2.3 Hz, 1H), 6.80 (d, J = 2.2 Hz, 1H), 3.62 (q, J = 7.2 Hz, 

2H), 2.96 (t, J = 7.2 Hz, 2H). 13C NMR (100 MHz, DMSO-d6) δ 164.07, 161.92, 161.48, 

156.71, 148.47, 136.77, 132.43, 127.61, 123.28, 121.45, 118.85, 118.72, 114.79, 114.13, 
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111.98, 111.85, 111.61, 102.25, 40.28, 25.54. IR (ATR) υ 3173.50, 1698.66, 1644.14, 

1614.01, 1589.62, 1451.89, 1430.37, 1374.42, 1335.68, 1256.78, 1170.69, 1120.48, 1008.58, 

981.32, 813.46, 711.60, 609.74, 542.31 cm−1. HRMS (ESI+) calculated for C20H16N2O4 [M + 

H]+, 349.1183; found 349.1192. HPLC purity: 100 %, tR - 3.223 min. 

7-hydroxy-2-oxo-N-(3-phenylpropyl)-2H-chromene-3-carboxamide (5ei) 

Yield: 92%; off white solid; mp = 454-456 °C; 1H NMR (400 MHz, DMSO-d6) δ 11.06 (s, 

1H), 8.77 (s, 1H), 8.68 (t, J = 5.8 Hz, 1H), 7.81 (d, J = 8.6 Hz, 1H), 7.31 - 7.13 (m, 5H), 6.88 

(dd, J = 8.6, 2.3 Hz, 1H), 6.80 (d, J = 2.2 Hz, 1H), 3.33 (q, J = 6.7 Hz, 2H), 2.63 (t, J = 7.6 

Hz, 2H), 1.83 (p, J = 7.6 Hz, 2H). 13C NMR (100 MHz, DMSO-d6) δ 164.07, 162.01, 161.53, 

156.70, 148.33, 141.96, 132.40, 128.77, 128.74, 126.24, 114.78, 114.28, 111.59, 102.25, 

39.06, 32.98, 31.19. IR (ATR) υ 3219.41, 1705.83, 1648.44, 1614.01, 1583.88, 1450.46, 

1371.55, 1335.68, 1261.08, 1172.13, 1149.17, 1120.48, 1025.72, 972.71, 847.89, 820.63, 

791.94, 774.72, 757.51, 717.34, 645.60, 638.43, 579.61, 526.53 cm−1. HRMS (ESI+) 

calculated for C19H17NO4 [M + H]+, 324.1230; found 324.1261. HPLC purity: 100 %, tR - 

4.193 min. 

N-benzyl-7-methoxy-2-oxo-2H-chromene-3-carboxamide (5fa) 

Yield: 90%; off white solid; mp = 366-368 °C; 1H NMR (400 MHz, CDCl3) δ 9.15 (s, 1H), 

8.90 (s, 1H), 7.60 (d, J = 8.7 Hz, 1H), 7.40 - 7.29 (m, 5H), 6.96 (dd, J = 8.7, 2.4 Hz, 1H), 6.88 

(d, J = 2.4 Hz, 1H), 4.68 (d, J = 5.8 Hz, 2H), 3.93 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

164.90, 162.08, 161.82, 156.71, 148.51, 138.12, 130.96, 128.69, 127.71, 127.40, 114.77, 

114.06, 112.44, 100.33, 56.03, 43.78. IR (ATR) υ 3843, 3744, 3613, 3349, 1700, 1609, 1531, 

1367, 1222, 1134, 1024, 831, 708, 636, 425 cm−1. HRMS (ESI+) calculated for C18H15NO4  

[M + H]+, 310.1080; found 310.1088. HPLC purity: 99.50 %, tR - 6.013 min. 

N-(2-chlorobenzyl)-7-methoxy-2-oxo-2H-chromene-3-carboxamide (5fb) 

Yield: 89%; off white solid; mp = 409-411 °C; 1H NMR (400 MHz, CDCl3) δ 9.26 (s, 1H), 

8.88 (s, 1H), 7.60 (d, J = 8.8 Hz, 1H), 7.48 - 7.44 (m, 1H), 7.43 - 7.38 (m, 1H), 7.27 - 7.21 

(m, 2H), 6.96 (dd, J = 8.7, 2.4 Hz, 1H), 6.89 (d, J = 2.4 Hz, 1H), 4.77 (d, J = 6.1 Hz, 2H), 

3.94 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 164.94, 162.18, 161.81, 156.75, 148.56, 135.53, 

133.70, 130.97, 129.76, 129.57, 128.80, 127.00, 114.67, 114.09, 112.41, 100.33, 56.04, 

41.69. IR (ATR) υ 3844, 3743, 3613, 2313, 1699, 1516, 1366, 1216, 1119, 1025, 744, 627 

cm−1. HRMS (ESI+) calculated for C18H14ClNO4 [M + H]+, 344.0684; found 344.0702. 

HPLC purity: 99.45 %, tR - 7.717 min. 
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N-(4-fluorobenzyl)-7-methoxy-2-oxo-2H-chromene-3-carboxamide (5fc) 

Yield: 88%; off white solid; mp = 379-380 °C; 1H NMR (400 MHz, CDCl3) δ 9.14 (s, 1H), 

8.89 (s, 1H), 7.60 (d, J = 8.8 Hz, 1H), 7.40 - 7.30 (m, 2H), 7.09 - 6.99 (m, 2H), 6.96 (dd, J = 

8.7, 2.4 Hz, 1H), 6.88 (d, J = 2.4 Hz, 1H), 4.63 (d, J = 5.9 Hz, 2H), 3.93 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 164.97, 162.12, 161.85, 156.73, 148.59, 133.99, 130.98, 129.45, 

129.37, 115.61, 115.40, 114.64, 114.11, 112.41, 100.34, 56.04, 43.05. IR (ATR) υ 3845, 3742, 

3617, 3345, 2315, 1708, 1620, 1525, 1372, 1220, 1130, 1019, 831, 753, 705, 632, 502 cm−1. 

HRMS (ESI+) calculated for C18H14FNO4 [M + H]+, 328.0985; found 328.0995. HPLC 

purity: 99.56 %, tR - 5.997 min.  

7-methoxy-N-(4-methoxybenzyl)-2-oxo-2H-chromene-3-carboxamide (5fd) 

Yield: 91%; off white solid; mp = 412-413 °C; 1H NMR (400 MHz, CDCl3) δ 9.07 (t, J = 5.8 

Hz, 1H), 8.89 (s, 1H), 7.60 (d, J = 8.7 Hz, 1H), 7.33 - 7.29 (m, 2H), 6.95 (dd, J = 8.7, 2.4 Hz, 

1H), 6.92 - 6.85 (m, 3H), 4.60 (d, J = 5.8 Hz, 2H), 3.93 (s, 3H), 3.82 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 164.39, 161.95, 158.97, 156.69, 148.42, 130.94, 130.27, 129.10, 114.83, 

114.09, 114.03, 112.44, 100.32, 56.02, 55.31, 43.27. IR (ATR) υ 3845, 3742, 3617, 3309, 

2313, 1701, 1609, 1520, 1457, 1372, 1232, 1027, 828, 720, 443 cm−1. HRMS (ESI+) 

calculated for C19H17NO5 [M + H]+, 340.1179; found 340.1198. HPLC purity: 98.27 %, tR - 

5.520 min. 

7-methoxy-2-oxo-N-(3,4,5-trimethoxybenzyl)-2H-chromene-3-carboxamide (5fe) 

Yield: 90%; off white solid; mp = 504-505 °C; 1H NMR (400 MHz, CDCl3) δ 9.12 (t, J = 5.8 

Hz, 1H), 8.89 (s, 1H), 7.61 (d, J = 8.7 Hz, 1H), 6.96 (dd, J = 8.7, 2.4 Hz, 1H), 6.88 (d, J = 2.4 

Hz, 1H), 6.61 (s, 2H), 4.60 (d, J = 5.8 Hz, 2H), 3.93 (s, 3H), 3.88 (s, 6H), 3.85 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 164.97, 162.05, 161.87, 156.72, 153.43, 148.56, 137.30, 133.84, 

130.98, 114.71, 114.10, 112.42, 104.81, 100.34, 60.84, 56.15, 56.04, 44.06. IR (ATR) υ 3845, 

3742, 3617, 2314, 1698, 1526, 1225, 549, 457 cm−1. HRMS (ESI+) calculated for C21H21NO7 

[M + H]+, 400.1391; found 400.1411. HPLC purity: 99.44 %, tR - 4.497 min.  

7-methoxy-2-oxo-N-phenethyl-2H-chromene-3-carboxamide (5ff) 

Yield: 93%; off white solid; mp = 377-379 °C; 1H NMR (400 MHz, CDCl3) δ 8.85 (s, 2H), 

7.59 (d, J = 8.7 Hz, 1H), 7.38 - 7.29 (m, 3H), 7.29 - 7.23 (m, 2H), 6.95 (dd, J = 8.7, 2.4 Hz, 

1H), 6.86 (d, J = 2.4 Hz, 1H), 3.93 (s, 3H), 3.78 - 3.68 (m, 2H), 2.96 (t, J = 7.3 Hz, 2H). 13C 

NMR (100 MHz, CDCl3) δ 164.81, 161.99, 161.77, 156.64, 148.18, 138.92, 130.92, 128.80, 

128.61, 126.51, 114.85, 113.97, 112.44, 100.31, 56.02, 41.28, 35.74. IR (ATR) υ 3847, 3742, 

3617, 2315, 1706, 1632, 1523, 1373, 1230, 1024, 829, 460 cm−1. HRMS (ESI+) calculated 

for C19H17NO4 [M + H]+, 324.1236; found 324.1247. HPLC purity: 99.60 %, tR - 6.487 min. 
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7-methoxy-N-(4-methoxyphenethyl)-2-oxo-2H-chromene-3-carboxamide (5fg) 

Yield: 89%; off white solid; mp = 423-425 °C; 1H NMR (400 MHz, CDCl3) δ 8.85 (s, 1H), 

8.84 (s, 1H), 7.63 - 7.55 (m, 1H), 7.23 - 7.16 (m, 2H), 6.99 - 6.92 (m, 1H), 6.91 - 6.82 (m, 

3H), 3.92 (s, 3H), 3.81 (s, 3H), 3.69 (q, J = 7.5 Hz, 2H), 2.89 (t, J = 7.3 Hz, 2H). 13C NMR 

(100 MHz, CDCl3) δ 164.80, 161.96, 161.77, 158.28, 156.64, 148.15, 130.97, 130.91, 

129.73, 114.89, 114.04, 113.95, 112.45, 100.32, 56.01, 55.25, 41.48, 34.83. IR (ATR) υ 3845, 

3742, 3617, 3406, 2316, 1708, 1634, 1532, 1375, 1227, 1134, 1017, 753, 562 cm−1. HRMS 

(ESI+) calculated for C20H19NO5 [M + H]+, 354.1336; found 354.1336. HPLC purity: 99.14 

%, tR - 6.013 min. 

N-(2-(1H-indol-3-yl)ethyl)-7-methoxy-2-oxo-2H-chromene-3-carboxamide (5fh) 

Yield: 88%; off white solid; mp = 529-531 °C; 1H NMR (400 MHz, CDCl3) δ 8.89 (t, J = 5.8 

Hz, 1H), 8.86 (s, 1H), 8.19 (s, 1H), 7.69 (d, J = 7.8 Hz, 1H), 7.58 (d, J = 8.7 Hz, 1H), 7.39 (d, 

J = 8.2 Hz, 1H), 7.25 - 7.12 (m, 3H), 6.95 (dd, J = 8.7, 2.4 Hz, 1H), 6.85 (d, J = 2.4 Hz, 1H), 

3.92 (s, 3H), 3.87 - 3.77 (m, 2H), 3.12 (t, J = 7.0 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 

164.78, 161.98, 161.79, 156.61, 148.14, 136.43, 130.92, 127.32, 122.18, 122.09, 119.39, 

118.80, 114.95, 113.95, 113.04, 112.46, 111.22, 100.30, 56.01, 40.20, 25.32. IR (ATR) υ 

3330.52, 2911.53, 2864.50, 2360.14, 1713.14, 1644.36, 1609.26, 1573.26, 1531.07, 1464.10, 

1354.21, 1279.14, 1240.80, 1160.16, 1100.82, 965.09, 791.36, 742.81, 706.22 cm−1. HRMS 

(ESI+) calculated for C21H18N2O4 [M + H]+, 363.1339; found 363.1352. HPLC purity: 99.76 

%, tR - 5.230 min. 

7-methoxy-2-oxo-N-(3-phenylpropyl)-2H-chromene-3-carboxamide (5fi) 

Yield: 91%; off white solid; mp = 389-390 °C; 1H NMR (400 MHz, CDCl3) δ 8.87 (s, 1H), 

8.84 (s, 1H), 7.61 (d, J = 8.7 Hz, 1H), 7.31 (t, J = 7.5 Hz, 2H), 7.28 - 7.16 (m, 3H), 6.96 (dd, J 

= 8.7, 2.4 Hz, 1H), 6.89 (d, J = 2.4 Hz, 1H), 3.94 (s, 3H), 3.51 (q, J = 6.7 Hz, 2H), 2.75 (t, J = 

7.7 Hz, 2H), 1.99 (p, J = 7.4 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 164.81, 162.03, 161.92, 

156.64, 148.20, 141.40, 130.92, 128.44, 125.95, 114.90, 114.02, 112.47, 100.32, 56.03, 

39.27, 33.24, 31.04. IR (ATR) υ 3845, 3742, 3617, 2314, 1698, 1526, 1225, 549, 457 cm−1. 

HRMS (ESI+) calculated for C20H19NO4 [M + H]+, 338.1387; found 338.1397. HPLC purity: 

99.69 %, tR - 8.190 min. 

N-benzyl-8-methoxy-2-oxo-2H-chromene-3-carboxamide (5ga) 

Yield: 89%; off white solid; mp = 366-368 °C; 1H NMR (400 MHz, CDCl3) δ 9.22 (t, J = 5.8 

Hz, 1H), 8.94 (s, 1H), 7.39 - 7.27 (m, 7H), 7.21 (dd, J = 7.8, 1.7 Hz, 1H), 4.69 (d, J = 5.8 Hz, 

2H), 4.01 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 161.60, 160.95, 148.79, 147.07, 144.11, 

137.95, 128.70, 127.75, 127.45, 125.18, 120.94, 119.30, 118.60, 115.56, 56.37, 43.86. IR 
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(ATR) υ 3348.33, 2924.79, 1703.57, 1652.89, 1608.56, 1570.62, 1529.80, 1468.99, 1360.19, 

1269.26, 1244.22, 1196.01, 1152.21, 1102.61, 1066.72, 951.80, 790.53, 725.89, 696.01, 

662.66 cm−1. HRMS (ESI+) calculated for C18H15NO4  [M + H]+, 310.1074; found 310.1064. 

HPLC purity: 98.92 %, tR - 5.417 min. 

N-(2-chlorobenzyl)-8-methoxy-2-oxo-2H-chromene-3-carboxamide (5gb) 

Yield: 89%; off white solid; mp = 409-411 °C; 1H NMR (400 MHz, CDCl3) δ 9.32 (t, J = 5.8 

Hz, 1H), 8.92 (s, 1H), 7.48 - 7.38 (m, 2H), 7.34 - 7.24 (m, 4H), 7.21 (dd, J = 7.8, 1.7 Hz, 1H), 

4.77 (d, J = 6.1 Hz, 2H), 4.01 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 161.69, 160.94, 148.83, 

147.08, 144.14, 135.33, 133.69, 129.74, 129.59, 128.85, 127.01, 125.19, 120.94, 119.26, 

118.49, 115.64, 56.38, 41.77. IR (ATR) υ 3329.03, 2920.87, 2854.91, 1702.35, 1661.08, 

1606.65, 1532.05, 1463.05, 1412.46, 1356.49, 1272.44, 1204.42, 1149.09, 1103.40, 1044.85, 

955.92, 795.50, 743.93, 677.95,635.54 cm−1. HRMS (ESI+) calculated for C18H14ClNO4 [M 

+ H]+, 344.0684; found 344.0654. HPLC purity: 98.52 %, tR - 7.010 min. 

N-(4-fluorobenzyl)-8-methoxy-2-oxo-2H-chromene-3-carboxamide (5gc) 

Yield: 89%; off white solid; mp = 379-380 °C; 1H NMR (400 MHz, CDCl3) δ 9.22 (t, J = 5.8 

Hz, 1H), 8.94 (s, 1H), 7.37 - 7.29 (m, 3H), 7.27 (d, J = 1.7 Hz, 1H), 7.22 (dd, J = 7.8, 1.7 Hz, 

1H), 7.09 - 6.99 (m, 2H), 4.64 (d, J = 6.0 Hz, 2H), 4.01 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ 163.40, 161.63, 160.98, 148.90, 147.08, 144.11, 133.82, 133.79, 129.51, 129.43, 125.23, 

120.95, 119.27, 118.49, 115.63, 115.42, 56.37, 43.14. IR (ATR) υ 3326.18, 2929.20, 1710.59, 

1657.01, 1605.92, 1510.07, 1472.25, 1442.13, 1354.37, 1268.42, 1216.41, 1151.94, 1101.48, 

1052.59, 960.18, 825.36, 790.00, 739.19, 704.53, 667.76 cm−1. HRMS (ESI+) calculated for 

C18H14FNO4 [M + H]+, 328.098; found 328.0973. HPLC purity: 99.36 %, tR - 5.543 min. 

8-methoxy-N-(4-methoxybenzyl)-2-oxo-2H-chromene-3-carboxamide (5gd) 

Yield: 89%; off white solid; mp = 412-413 °C; 1H NMR (400 MHz, CDCl3) δ 9.14 (t, J = 5.8 

Hz, 1H), 8.93 (s, 1H), 7.36 - 7.29 (m, 3H), 7.26 (d, J = 1.8 Hz, 1H), 7.20 (dd, J = 7.8, 1.7 Hz, 

1H), 6.93 - 6.85 (m, 2H), 4.61 (d, J = 5.8 Hz, 2H), 4.00 (s, 3H), 3.81 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 161.45, 160.90, 158.99, 148.70, 147.05, 144.09, 130.10, 129.15, 125.15, 

120.92, 119.30, 118.66, 115.51, 114.09, 56.36, 55.31, 43.35. IR (ATR) υ 3309.89, 2923.85, 

2855.35, 1709.13, 1651.24, 1607.51, 1573.18, 1522.99, 1466.09, 1357.25, 1247.24, 1183.21, 

1145.38, 1105.17, 1038.79, 948.95, 846.68, 795.98, 720.45, 658.18 cm−1. HRMS (ESI+) 

calculated for C19H17NO5 [M + H]+, 340.1179; found 340.1172. HPLC purity: 98.63 %, tR - 

5.137 min. 
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8-methoxy-2-oxo-N-(3,4,5-trimethoxybenzyl)-2H-chromene-3-carboxamide (5ge) 

Yield: 88%; off white solid; mp = 504-506 °C; 1H NMR (400 MHz, CDCl3) δ 9.20 (t, J = 6.1 

Hz, 1H), 8.94 (s, 1H), 7.35 - 7.29 (m, 1H), 7.27 (d, J = 1.7 Hz, 1H), 7.22 (dd, J = 7.8, 1.7 Hz, 

1H), 6.61 (s, 2H), 4.61 (d, J = 5.9 Hz, 2H), 4.01 (s, 3H), 3.87 (s, 6H), 3.85 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 161.55, 161.00, 153.43, 148.85, 147.07, 144.09, 137.29, 133.66, 

125.24, 120.93, 119.28, 118.56, 115.59, 104.77, 60.85, 56.36, 56.14, 44.11. IR (ATR) υ 

3347.22, 2922.48, 2856.72, 2358.64, 1713.67, 1652.20, 1603.76, 1520.37, 1462.06, 1361.65, 

1237.75, 1115.53, 996.74, 964.91, 839.02, 783.63, 722.41, 674.90 cm−1. HRMS (ESI+) 

calculated for C21H21NO7 [M + H]+, 400.1391; found 400.1386. HPLC purity: 98.68 %, tR - 

4.277 min. 

8-methoxy-2-oxo-N-phenethyl-2H-chromene-3-carboxamide (5gf) 

Yield: 90%; off white solid; mp = 377-378 °C; 1H NMR (400 MHz, CDCl3) δ 8.92 (t, J = 6.1 

Hz, 1H), 8.89 (s, 1H), 7.36 - 7.26 (m, 6H), 7.23 (t, J = 1.6 Hz, 1H), 7.20 (dd, J = 7.8, 1.7 Hz, 

1H), 4.00 (s, 3H), 3.77 - 3.68 (m, 2H), 2.96 (t, J = 7.3 Hz, 2H). 13C NMR (100 MHz, CDCl3) 

δ 161.48, 160.90, 148.43, 147.05, 144.06, 138.83, 128.81, 128.63, 126.53, 125.13, 120.90, 

119.30, 118.65, 115.46, 56.35, 41.40, 35.68. IR (ATR) υ 3359.07, 2922.40, 2855.44, 

2357.11,1707.13, 1654.26, 1606.76, 1572.76, 1524.97, 1467.03, 1359.34, 1273.77, 1243.21, 

1206.80, 1105.10, 1059.33, 963.33,788.74, 738.37, 701.47 cm−1. HRMS (ESI+) calculated 

for C19H17NO4 [M + H]+, 324.1230; found 324.1228. HPLC purity: 99.24 %, tR - 6.063 min. 

8-methoxy-N-(4-methoxyphenethyl)-2-oxo-2H-chromene-3-carboxamide (5gg) 

Yield: 94%; off white solid; mp = 423-424 °C; 1H NMR (400 MHz, CDCl3) δ 8.91 (t, J = 5.2 

Hz, 1H), 8.89 (s, 1H), 7.36 - 7.29 (m, 1H), 7.28 - 7.24 (m, 1H), 7.22 - 7.17 (m, 3H), 6.91 - 

6.83 (m, 2H), 4.00 (s, 3H), 3.80 (s, 3H), 3.74 - 3.64 (m, 2H), 2.90 (t, J = 7.3 Hz, 2H). 13C 

NMR (100 MHz, CDCl3) δ 161.45, 160.90, 158.29, 148.40, 147.05, 144.06, 130.86, 129.75, 

125.12, 120.90, 119.31, 118.68, 115.43, 114.05, 56.35, 55.25, 41.60, 34.77. IR (ATR) υ 

2924.28, 2855.82, 1708.02, 1656.23, 1609.76, 1571.59, 1520.65, 1466.92, 1363.34, 1241.79, 

1204.28, 1179.86, 1105.37, 1070.34, 1030.01, 831.60, 791.77, 741.22, 723.43, 705.93 cm−1. 

HRMS (ESI+) calculated for C20H19NO5 [M + H]+, 354.1336; found 354.1342. HPLC purity: 

98.96 %, tR - 5.637 min. 

N-(2-(1H-indol-3-yl)ethyl)-8-methoxy-2-oxo-2H-chromene-3-carboxamide (5gh) 

Yield: 88%; off white solid; mp = 519-521 °C; 1H NMR (400 MHz, CDCl3) δ 8.97 (t, J = 5.7 

Hz, 1H), 8.89 (s, 1H), 8.22 (s, 1H), 7.72 - 7.65 (m, 1H), 7.43 - 7.36 (m, 1H), 7.35 - 7.21 (m, 

3H), 7.20 (d, J = 1.5 Hz, 1H), 7.17 (dd, J = 4.5, 1.4 Hz, 1H), 7.13 (d, J = 1.1 Hz, 1H), 3.99 (s, 

3H), 3.87 - 3.77 (m, 2H), 3.13 (t, J = 7.0 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 161.47, 
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160.92, 148.36, 147.02, 144.04, 136.44, 127.28, 125.11, 122.28, 122.08, 120.91, 119.39, 

119.31, 118.76, 118.74, 115.43, 112.88, 111.25, 56.34, 40.33, 25.25. IR (ATR) υ 3332.52, 

2921.53, 2854.50, 2358.14, 1712.14, 1648.36, 1607.26, 1571.26, 1530.07, 1468.10, 1351.21, 

1274.14, 1239.80, 1158.16, 1100.82, 965.09, 791.36, 742.81, 706.22 cm−1. HRMS (ESI+) 

calculated for C21H18N2O4 [M + H]+, 363.1339; found 363.1338. HPLC purity: 98.08 %, tR - 

5.027 min. 

8-methoxy-2-oxo-N-(3-phenylpropyl)-2H-chromene-3-carboxamide (5gi) 

Yield: 90%; off white solid; mp = 389-390 °C; 1H NMR (400 MHz, CDCl3) δ 8.93 (s, 1H), 

8.91 (s, 1H), 7.34 - 7.18 (m, 8H), 4.02 (s, 3H), 3.58 - 3.43 (m, 2H), 2.74 (t, J = 7.6 Hz, 2H), 

2.00 (p, J = 7.7 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 161.52, 161.04, 148.43, 147.07, 

144.08, 141.34, 128.45, 128.43, 125.97, 125.15, 120.91, 119.34, 118.70, 115.46, 56.37, 

39.38, 33.24, 30.97. IR (ATR) υ 3845, 3742, 3617, 2314, 1698, 1526, 1225, 549, 457 cm−1. 

HRMS (ESI+) calculated for C20H19NO4 [M + H]+, 338.1387; found 338.1382. HPLC purity: 

98.72 %, tR - 7.470 min. 

N-benzyl-8-ethoxy-2-oxo-2H-chromene-3-carboxamide (5ha) 

Yield: 89%; off white solid; mp = 377-379 °C; 1H NMR (400 MHz, CDCl3) δ 9.24 (s, 1H), 

8.94 (s, 1H), 7.42 - 7.25 (m, 7H), 7.20 (dd, J = 7.6, 2.0 Hz, 1H), 4.70 (d, J = 5.9 Hz, 2H), 4.23 

(q, J = 7.0 Hz, 2H), 1.54 (t, J = 7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 161.67, 161.13, 

148.86, 146.44, 144.33, 137.99, 128.70, 127.70, 127.43, 125.15, 120.87, 119.40, 118.49, 

116.79, 65.15, 43.83, 14.71. IR (ATR) υ 3324.89, 3028.21, 2923.52, 2858.62, 2358.03, 

1703.20, 1645.25, 1604.33, 1519.07, 1457.97, 1355.53, 1243.51, 1154.21, 1098.60, 1060.41, 

1015.52, 964.86, 787.31, 734.35, 666.90 cm−1. HRMS (ESI+) calculated for C19H17NO4 [M + 

H]+, 324.1230; found 324.1226. HPLC purity: 99.71 %, tR - 6.863 min. 

N-(2-chlorobenzyl)-8-ethoxy-2-oxo-2H-chromene-3-carboxamide (5hb) 

Yield: 90%; off white solid; mp = 420-422 °C; 1H NMR (400 MHz, CDCl3) δ 9.36 (t, J = 6.1 

Hz, 1H), 8.91 (s, 1H), 7.48 - 7.43 (m, 1H), 7.42 - 7.37 (m, 1H), 7.32 - 7.23 (m, 4H), 7.20 (dd, 

J = 7.7, 1.8 Hz, 1H), 4.77 (d, J = 6.1 Hz, 2H), 4.22 (q, J = 7.0 Hz, 2H), 1.54 (t, J = 7.0 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ 161.75, 161.12, 148.90, 146.45, 144.35, 135.37, 133.69, 

129.71, 129.59, 128.84, 127.00, 125.16, 120.88, 119.35, 118.38, 116.88, 65.17, 41.76, 14.71. 

IR (ATR) υ 2923.42, 2856.79, 2358.11, 1709.30, 1660.67, 1607.65, 1571.32, 1526.22, 

1466.37, 1360.88, 1277.38, 1242.44, 1200.83, 1101.61, 1056.82, 1020.76, 965.95, 790.23, 

737.42, 653.97 cm−1. HRMS (ESI+) calculated for C19H17NO4 [M + H]+, 358.0847; found 

358.0838. HPLC purity: 99.18 %, tR - 9.190 min. 
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8-ethoxy-N-(4-fluorobenzyl)-2-oxo-2H-chromene-3-carboxamide (5hc) 

Yield: 88%; off white solid; mp = 390-392 °C; 1H NMR (400 MHz, CDCl3) δ 9.24 (s, 1H), 

8.93 (s, 1H), 7.39 - 7.29 (m, 3H), 7.28 - 7.23 (m, 1H), 7.21 (dd, J = 7.7, 1.9 Hz, 1H), 7.08 - 

7.00 (m, 2H), 4.65 (d, J = 5.9 Hz, 2H), 4.23 (q, J = 7.0 Hz, 2H), 1.54 (t, J = 7.0 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ 163.39, 161.71, 161.16, 148.97, 146.45, 144.33, 133.84, 129.46, 

129.38, 125.20, 120.88, 119.37, 118.37, 116.84, 115.63, 115.42, 77.35, 77.03, 76.71, 65.16, 

43.12, 14.70. IR (ATR) υ 3333.35, 2921.70, 2857.12, 2357.82, 1704.92, 1646.76,  1606.00, 

1515.10, 1465.28, 1358.03, 1262.73, 1209.80, 1151.96, 1100.39, 1060.97, 1017.95, 963.48, 

790.25, 734.38, 668.04 cm−1. HRMS (ESI+) calculated for C19H16FNO4 [M + H]+, 342.1142; 

found 342.1133. HPLC purity: 99.63 %, tR - 6.943 min. 

8-ethoxy-N-(4-methoxybenzyl)-2-oxo-2H-chromene-3-carboxamide (5hd) 

Yield: 89%; off white solid; mp = 423-424 °C; 1H NMR (400 MHz, CDCl3) δ 9.17 (s, 1H), 

8.93 (s, 1H), 7.32 (d, J = 2.3 Hz, 1H), 7.31 - 7.24 (m, 3H), 7.20 (dd, J = 7.6, 2.0 Hz, 1H), 6.90 

(d, J = 8.6 Hz, 2H), 4.62 (d, J = 5.8 Hz, 2H), 4.23 (q, J = 7.0 Hz, 2H), 3.82 (s, 3H), 1.54 (t, J 

= 7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 161.54, 161.09, 158.99, 148.77, 146.42, 

144.32, 130.13, 129.10, 125.13, 120.86, 119.41, 118.55, 116.76, 114.09, 65.15, 55.31, 43.33, 

14.70. IR (ATR) υ 3596.88, 3339.22, 2922.74, 2858.87, 2357.71, 1705.40, 1647.29, 1605.89, 

1516.84, 1461.67, 1359.45, 1238.66, 1168.39, 1100.00, 1029.36, 954.14, 826.76, 792.02, 

736.13, 665.15 cm−1. HRMS (ESI+) calculated for C20H19NO5 [M + H]+, 354.1336; found 

354.1327. HPLC purity: 99.06 %, tR - 6.427 min. 

8-ethoxy-2-oxo-N-(3,4,5-trimethoxybenzyl)-2H-chromene-3-carboxamide (5he) 

Yield: 89%; off white solid; mp = 515-517 °C; 1H NMR (400 MHz, CDCl3) δ 9.23 (t, J = 6.1 

Hz, 1H), 8.94 (s, 1H), 7.34 - 7.29 (m, 1H), 7.26 (d, J = 2.0 Hz, 1H), 7.21 (dd, J = 7.6, 1.9 Hz, 

1H), 6.61 (s, 2H), 4.62 (d, J = 5.8 Hz, 2H), 4.23 (q, J = 7.0 Hz, 2H), 3.88 (s, 6H), 3.85 (s, 

3H), 1.54 (t, J = 7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 161.62, 161.18, 153.45, 148.92, 

146.45, 144.33, 137.32, 133.69, 125.20, 120.87, 119.39, 118.47, 116.81, 104.76, 104.73, 

65.15, 60.85, 56.14, 44.08, 14.69. IR (ATR) υ 3357.50, 2930.91, 2843.45,2357.88, 1695.68, 

1659.68, 1601.53, 1525.04,1458.36, 1358.93, 1325.74, 1238.65, 1118.95, 1007.57, 982.57, 

879.91, 837.09, 788.69, 728.83, 684.88 cm−1. HRMS (ESI+) calculated for C22H23NO7 [M + 

H]+, 414.1547; found 414.1549. HPLC purity: 98.92 %, tR - 5.140 min. 

8-ethoxy-2-oxo-N-phenethyl-2H-chromene-3-carboxamide (5hf) 

Yield: 92%; off white solid; mp = 389-390 °C; 1H NMR (400 MHz, CDCl3) δ 8.93 (t, J = 5.7 

Hz, 1H), 8.89 (s, 1H), 7.38 - 7.29 (m, 4H), 7.28 - 7.15 (m, 4H), 4.22 (q, J = 7.0 Hz, 2H), 3.74 

(q, J = 6.8 Hz, 2H), 2.96 (t, J = 7.2 Hz, 2H), 1.54 (t, J = 7.0 Hz, 3H). 13C NMR (100 MHz, 
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CDCl3) δ 161.55, 161.08, 148.52, 146.42, 144.25, 138.84, 128.81, 128.63, 126.54, 125.10, 

120.82, 119.39, 118.53, 116.62, 65.10, 41.37, 35.66, 14.72. IR (ATR) υ 3324.83, 2357.73, 

1701.83, 1604.77, 1570.55, 1524.42, 1461.79, 1395.59, 1358.62,1268.78, 1240.05, 1197.96, 

1168.91, 1099.12, 1023.64, 1023.64, 973.31, 787.34, 734.20,702.17, 636.11 cm−1. HRMS 

(ESI+) calculated for C20H19NO4 [M + H]+, 338.1387; found 338.1384. HPLC purity: 99.25 

%, tR - 7.833 min. 

8-ethoxy-N-(4-methoxyphenethyl)-2-oxo-2H-chromene-3-carboxamide (5hg) 

Yield: 90%; off white solid; mp = 435-437 °C; 1H NMR (400 MHz, CDCl3) δ 8.91 (t, J = 5.7 

Hz, 1H), 8.88 (s, 1H), 7.31 - 7.23 (m, 2H), 7.21 - 7.15 (m, 3H), 6.92 - 6.83 (m, 2H), 4.22 (q, J 

= 7.0 Hz, 2H), 3.81 (s, 3H), 3.75 - 3.65 (m, 2H), 2.90 (t, J = 7.2 Hz, 2H), 1.53 (t, J = 7.0 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ 161.52, 161.08, 158.29, 148.48, 146.41, 144.25, 130.88, 

129.75, 125.09, 120.82, 119.40, 118.56, 116.60, 114.05, 65.10, 55.24, 41.57, 34.75, 14.72. IR 

(ATR) υ 3342.66, 2986.29, 2930.75, 2358.24, 1706.12, 1657.34, 1609.60, 1575.37, 1609.60, 

1575.37, 1513.28, 1465.68, 1362.06, 1277.94, 1238.32, 1093.91, 1021.91, 970.95, 879.84, 

832.84, 789.54, 729.55 cm−1. HRMS (ESI+) calculated for C21H21NO5 [M + H]+, 368.1492; 

found 368.1492. HPLC purity: 100 %, tR - 7.197 min. 

N-(2-(1H-indol-3-yl)ethyl)-8-ethoxy-2-oxo-2H-chromene-3-carboxamide (5hh) 

Yield: 87%; off white solid; mp = 440-441 °C; 1H NMR (400 MHz, DMSO-d6) δ 10.87 (s, 

1H), 8.84 (s, 1H), 8.82 (s, 1H), 7.63 (d, J = 7.8 Hz, 1H), 7.50 (d, J = 7.6 Hz, 1H), 7.43 - 7.29 

(m, 3H), 7.22 (s, 1H), 7.08 (t, J = 7.5 Hz, 1H), 6.99 (t, J = 7.4 Hz, 1H), 4.18 (q, J = 7.0 Hz, 

2H), 3.64 (q, J = 6.8 Hz, 2H), 2.98 (t, J = 7.3 Hz, 2H), 1.41 (t, J = 7.0 Hz, 3H). 13C NMR (100 

MHz, DMSO-d6) δ 161.43, 160.64, 148.18, 145.96, 143.71, 136.78, 127.61, 125.52, 123.33, 

121.57, 121.45, 119.59, 119.40, 118.84, 118.73, 117.29, 111.92, 111.86, 64.99, 40.63, 25.45, 

15.03. IR (ATR) υ 3332.67, 2905.19, 2357.89, 1709.71, 1648.14, 1606.39, 1569.10, 1525.03, 

1465.62, 1350.79, 1273.78, 1240.89, 1200.09, 1154.15, 1094.33, 1005.42, 959.74, 788.10, 

738.18, 676.41 cm−1. HRMS (ESI+) calculated for C22H20N2O4 [M + H]+, 377.1496; found 

377.1496. HPLC purity: 98.73 %, tR - 6.260 min. 

8-ethoxy-2-oxo-N-(3-phenylpropyl)-2H-chromene-3-carboxamide (5hi) 

Yield: 94%; off white solid; mp = 400-402 °C; 1H NMR (400 MHz, CDCl3) δ 8.93 (s, 1H), 

8.90 (s, 1H), 7.35 - 7.17 (m, 9H), 4.23 (q, J = 7.0 Hz, 2H), 3.51 (q, J = 6.7 Hz, 2H), 2.75 (t, J 

= 7.7 Hz, 2H), 2.00 (p, J = 7.4 Hz, 2H), 1.55 (t, J = 7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) 

δ 161.59, 161.22, 148.51, 146.43, 144.30, 141.34, 128.44, 125.97, 125.11, 120.85, 119.45, 

118.61, 116.70, 65.16, 39.34, 33.22, 30.96, 14.71. IR (ATR) υ 3845, 3742, 3617, 2314, 1698, 
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1526, 1225, 549, 457 cm−1. HRMS (ESI+) calculated for C21H21NO4 [M + NH4]
+, 369.1809; 

found 369.1800. HPLC purity: 98.92 %, tR - 7.813 min.  

N-(2-(1H-indol-3-yl)ethyl)-7-((3-methylbut-2-en-1-yl)oxy)-2-oxo-2H-chromene-3-

carboxamide (7a) 

Yield: 85%; light yellow solid; mp = 550-552 °C; 1H NMR (400 MHz, CDCl3) δ 8.89 (t, J = 

5.7 Hz, 1H), 8.83 (s, 1H), 8.28 (s, 1H), 7.67 (d, J = 7.8 Hz, 1H), 7.54 (d, J = 8.7 Hz, 1H), 7.41 

- 7.34 (m, 1H), 7.23 - 7.16 (m, 1H), 7.15 - 7.09 (m, 2H), 6.92 (dd, J = 8.7, 2.4 Hz, 1H), 6.83 

(d, J = 2.5 Hz, 1H), 5.52 - 5.43 (m, 1H), 4.61 (d, J = 6.8 Hz, 2H), 3.85 - 3.75 (m, 2H), 3.15 - 

3.07 (m, 2H), 1.83 (s, 3H), 1.78 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 164.10, 162.07, 

161.87, 156.54, 148.19, 139.75, 136.43, 130.86, 127.28, 122.25, 122.03, 119.33, 118.76, 

118.25, 114.68, 114.52, 112.91, 112.30, 111.25, 100.95, 65.71, 40.20, 25.83, 25.30, 18.32. IR 

(ATR) υ 3173.50, 1698.66, 1644.14, 1614.01, 1589.62, 1451.89, 1430.37, 1374.42, 1335.68, 

1256.78, 1170.69, 1120.48, 1008.58, 981.32, 813.46, 711.60, 609.74, 542.31 cm−1. HRMS 

(ESI+) calculated for C25H24N2O4 [M + H]+, 417.1809; found 417.1854. HPLC purity: 99.88 

%, tR - 3.517 min. 

(E)-N-(2-(1H-indol-3-yl)ethyl)-7-((3,7-dimethylocta-2,6-dien-1-yl)oxy)-2-oxo-2H-

chromene-3-carboxamide (7b) 

Yield: 84%; yellow solid; mp = 547-549 °C; 1H NMR (400 MHz, CDCl3) 8.90 (t, J = 5.6 Hz, 

1H), 8.83 (s, 1H), 8.24 (s, 1H), 7.67 (d, J = 7.8 Hz, 1H), 7.55 (d, J = 8.7 Hz, 1H), 7.38 (d, J = 

8.0 Hz, 1H), 7.20 (t, J = 7.5 Hz, 1H), 7.17 - 7.09 (m, 2H), 6.93 (dd, J = 8.7, 2.3 Hz, 1H), 6.83 

(d, J = 2.4 Hz, 1H), 5.47 (t, J = 6.7 Hz, 1H), 5.09 (t, J = 6.5 Hz, 1H), 4.64 (d, J = 6.6 Hz, 2H), 

3.80 (q, J = 6.7 Hz, 2H), 3.11 (t, J = 7.0 Hz, 2H), 2.18 - 2.06 (m, 4H), 1.77 (s, 3H), 1.67 (s, 

3H), 1.61 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 164.13, 162.08, 161.87, 156.55, 148.19, 

142.82, 136.42, 132.02, 130.85, 127.29, 123.54, 122.23, 122.04, 119.34, 118.76, 118.04, 

114.67, 114.53, 112.95, 112.30, 111.23, 100.99, 65.78, 40.20, 39.50, 26.21, 25.67, 25.30, 

17.72, 16.80. IR (ATR) υ 3173.50, 1698.66, 1644.14, 1614.01, 1589.62, 1451.89, 1430.37, 

1374.42, 1335.68, 1256.78, 1170.69, 1120.48, 1008.58, 981.32, 813.46, 711.60, 609.74, 

542.31 cm−1. HRMS (ESI+) calculated for C30H32N2O4 [M + H]+, 485.2435; found 485.2481. 

HPLC purity: 98.02 %, tR - 4.583 min. 

7.3. Pancreatic lipase inhibition assay 

The PL inhibitory activity of the coumarin analogues (5e(a-i), 5f(a-i), 5g(a-i), 5h(a-i) and 

7(a-b)) that were synthesized was evaluated utilizing the assay protocol that was standardized 

in our laboratory [5-7]. The enzyme Type II porcine PL has been used, with p-NPB as the 

substrate. Each inhibitor concentration was prepared utilizing DMSO as the solvent. Before 
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calculating IC50 values, the absorbance of the resultant mixture was measured at 405 nm 

using a microplate reader to determine the percentage of inhibition. It was determined that the 

IC50 values of all analogues were within the range of 1.25-46.93 µM (Table 7.1). A 

significant number of the analogues (7b, 7a, 5fh, 5eh, 5fe, 5fb, 5ee, 5fd, 5eb, 5hh, 5fc, 5ed 

and 5fg) exhibited good PL inhibitory activity (1.25-15.91 µM). Conversely, a set of the 

analogues (5he, 5eg, 5ff, 5ec, 5gh, 5hg, 5hd, 5ef, 5ge, 5gg, 5gd, 5hf, 5fi, 5hb, 5gf, 5ei, 5hc 

and 5gb) showed moderate activity range (16.56-30.33 µM). A limited number of analogues 

(5hi, 5gc, 5fa, 5gi, 5ha, 5ga and 5ea) exhibited poor inhibitory activity, (ranging from 31.06-

46.93 µM). 7b and 7a were identified as the most potent inhibitory analogues of PL among 

all the analogues (IC50 = 1.25 and 4.25 µM, respectively).  

Table 7.1. In vitro PL inhibitory activity of the synthesized analogues (5e(a-i), 

5f(a-i), 5g(a-i), 5h(a-i) and 7(a-b)). 

Code IC50 (M) Code IC50 (M) 

5ea 46.93 ± 2.18 5ga 42.01 ± 1.75 

5eb 12.02 ± 1.75 5gb 30.33 ± 1.15 

5ec 17.14 ± 1.33 5gc 34.52 ± 2.05 

5ed 14.4 ± 0.44 5gd 23.61  ± 1.38 

5ee 9.91 ± 1.54 5ge 20.88 ± 2.61 

5ef 19.84 ±  1.07 5gf 27.66 ± 2.14 

5eg 16.88 ± 1.20 5gg 21.22 ± 1.86 

5eh 8.01 ± 0.14 5gh 17.73 ± 0.59 

5ei 28.62 ± 1.60 5gi 34.49 ± 2.14 

5fa 34.22 ± 1.71 5ha 39.10 ± 2.11 

5fb 9.19 ± 1.07 5hb 27.14 ± 1.54 

5fc 13.17  ± 0.23 5hc 29.52 ± 1.45 

5fd 10.69 ± 1.20 5hd 19.13 ± 1.17 

5fe 8.88 ± 1.30 5he 16.56 ± 0.08 

5ff 17.06 ± 1.04 5hf 25.69 ± 1.94 

5fg 15.91 ± 1.06 5hg 18.01 ± 1.77 

5fh 6.21 ± 0.34 5hh 12.12 ± 2.06 

5fi 25.92 ± 1.33 5hi 31.06 ± 1.02 

7a 4.25 ± 0.85 7b 1.25 ± 0.55 

Orlistat 0.97 ± 0.31 

     *All experiments were performed in triplicate and the values are expressed in Mean ± S.E.M. 

7.4. Enzyme kinetics  

To gain insight into the different types of inhibition (competitive, non-competitive, and 

uncompetitive), an analysis was conducted on the enzyme kinetics of the most potent 

analogues 7b (Table 7.2). For the same, an inhibitor concentration range of three (0.0, 
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0.3125, and 2.5 µM) was utilized in conjunction with four different substrate concentrations 

(25, 50, 100, and 200 µM). Km of 7b and Orlistat increased proportionally to inhibitor 

concentration [6], whereas the Lineweaver-Burk plot converged at the y-intercept (1/Vmax), as 

illustrated in Fig 7.2. 

-0.06 -0.04 -0.02 0.02 0.04 0.06

-10

-5

5

10

  

1/[S]

0 µM inhibitor

0.3125 µM inhibitor

2.5 µM inhibitor

1
/[

V
]

7b

 

-0.06 -0.04 -0.02 0.02 0.04 0.06

-10

-5

5

10

  

1/[S]

0 µM inhibitor

0.3125 µM inhibitor

2.5 µM inhibitor

1
/[

V
]

Orlistat

 

Figure 7.2. Double reciprocal Lineweaver-Burk plots of 7b and Orlistat. 

The competitive inhibition of PL by analogue 7b indicated that the analogue binds to the 

active site of PL. As substrate concentration increased, so did the apparent Km value; 

however, the Vmax remained unaffected by substrate concentration, indicating the degree of 

reversible inhibition. The inhibition constant (Ki) was calculated utilizing the Cheng-Prusoff 

equation. The Ki values for analogues 7b was 0.698 µM, respectively (Table 7.2). Orlistat, 

which served as the positive control, demonstrated competitive inhibition with a Ki value of 

0.588 µM [7]. 
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Table 7.2. Km, Vmax and Ki values of 7b and Orlistat retrieved from the PL enzyme kinetics. 

Code 

Km (apparent) at different 

concentration (µM) 
Vmax 

(µM/min) 
Ki (µM) 

Nature of 

inhibition 
0 µM 0.3125 µM 2.5 µM 

7b 47.321 61.541 88.021 1.066 0.698 Competitive 

Orlistat 52.435 86.501 102.971 0.907 0.588 Competitive 

 

7.5. Structure activity relationship (SAR) 

The preliminary SAR was derived from the PL inhibitory activities of the synthesized 

coumarin analogues (5e(a-i), 5f(a-i), 5g(a-i), 5h(a-i) and 7(a-b)). As shown in Fig 7.3, the 

SAR component was classified into the following three categories: 1) Impact of substituted 

coumarin ring (R, R1, R3 substitution); 2) Impact of substituted aromatic ring (R2 

substitution). 3) Impact of carbon linkage. The hydroxyl group-containing analogue 5ea, 

placed solely at the 7th position of the coumarin ring, exhibited a minimal inhibitory effect on 

PL (IC50 = 46.93 ± 2.18 µM). The research additionally examined the impact of electron-

donating substituents (e.g., methoxy, ethoxy) on the coumarin ring at positions seven and 

eight. In comparison to analogues featuring substitutions at positions eight and seven, those 

containing substitution (R) at position seven demonstrated better inhibition of PL. On the R2 

position, the effect of several substituted aromatic amines was investigated. On the R2 

position, electron donating groups (EDG) were demonstrated to be more efficacious than 

electron withdrawing groups (EWG) in the context of aromatic substitution. Out of the 

trimethoxy and methoxy analogues, the one containing a 3,4,5-trimethoxy substitution 

exhibited better activity (5fe, 5ee, 5ge, 5he; IC50 = 8.88, 9.91, 20.88, 16.56 µM, respectively). 

In contrast to analogue that contain electron-withdrawing groups (EWG), such as chloro, 

those in which the phenyl ring was substituted at the second position (5fb, 5eb, 5hb, 5gb) 

demonstrated enhanced activity, as indicated by IC50 values of 9.19, 12.02, 27.14, and 30.33 

µM, respectively. Analogues featuring fluoro substituents at the para position of the phenyl 

ring (5fc, 5ec, 5hc, and 5gc; IC50 values of 13.17, 17.14, 29.52, and 34.52 µM) exhibited a 

decrease in activity in comparison to those featuring methoxy substituents at the same 

position (5fd, 5ed, 5hd, and 5gd; respective IC50 values of 10.69, 14.4, 19.13, and 23.61 

µM). The investigation also explored the influence of various carbon linkers on PL inhibition. 

Analogues featuring two carbon linker substitutions (5ff, 5ef, 5hf, and 5gf) demonstrated 

comparably better PL inhibition profile, with IC50 values of 17.06, 19.84, 25.69, and 27.66 

µM, respectively, in contrast to the analogues featuring three carbon chains (5fi, 5ei, 5hi and 

5gi; IC50 = 25.92, 28.62, 31.06, and 34.49 µM, respectively). The analogues with prenyl (7a) 
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and geranyl (7b) substitution resulted in potent PL inhibition activity with IC50 values 4.25 ± 

0.85 and 1.25 ± 0.55 µM, respectively. In summary, it is evident that the significance of 

substituents on the coumarin scaffold (R, R1, R3), carbon linker and R2 groups is critical in the 

chemical structure of a potentially effective PL inhibitor. Fig 7.3 provides a succinct 

summary of the SAR analysis, illustrating how various substituents affect the inhibitory 

activity of PL. 

 

Figure 7.3. SAR study of coumarin analogues (Series III). 

7.6. Fluorescence Quenching Measurements with PL 

The effect of the 7b analogue in the fluorescence quenching of PL was evaluated (See chapter 

3) and the results are depicted in Fig. 7.4 and Table 7.3. The 7b analogue exerted a 

concentration-dependent quenching effect on the PL fluorescence.  

  

Figure 7.4. (A) The fluorescence spectra of PL in the presence of 7b at various 

concentrations (pH 7.4, T = 298 K, a to h in increasing concentrations); (B) Stern-Volmer plot 

for the quenching of 7b on the PL. 
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As illustrated in Fig. 7.4., the PL fluorescence was quenched by the analogue (7b). 

Additionally, the fluorescence intensity decreased as the concentration of quencher (7b) 

increased, suggesting the formation of PL-quencher complexes. To identify the underlying 

mechanism of quenching, Stern-Volmer equation was utilized and the values were determined 

as per Formula 3.3 (chapter 3). 

 

Table 7.3. Bimolecular quenching constant (kq), binding constant (Kb) and the number of 

binding sites (n) at different temperatures for 7b. 

# 
T 

(K) 

KSV/104
 

(L/mol) 

kq/1012 

(L/mol sec) 
R2 

Kb/105 

(L/mol) 
n R2 

7b 

298 1.28 8.11 0.9977 1.58 0.9316 0.9946 

304 0.86 5.37 0.9966 1.05 0.9155 0.9898 

310 0.59 3.76 0.9949 0.45 1.004 0.9967 

 

As represented in Table 7.3, an inverse correlation between the Ksv and temperature 

suggested that the quenching effects on the PL may be mainly attributed due to static 

quenching rather than dynamic quenching. 

The values of ‘n’ at the corresponding temperature were closer to 1, which indicated the 

presence of only one binding site in PL. This result further supported the competitive 

inhibition by 7b in the enzyme kinetics study of PL. Additionally, the ‘Kb’ values were in the 

range of 0.45 to 1.58 x 105 L/mol indicating the strong binding forces of 7b analogue with 

PL. 

7.7. Molecular docking analysis 

Based on existing literature, it has been established that the PL enzyme's active region 

comprises two hydrophobic lid domains (Gly 76 - Lys 80, Tyr 114, and Leu 213 - Met 217) 

that encloses the Ser 152 - Asp 176 - His 263 amino acid catalytic triad. In order to determine 

whether the side chains of the lid domain play a role in the hydrophobic groove for substrate 

contact, the crystal structure of PL was analysed [13]. To gain access to the catalytic triad, a 

ligand must facilitate its opening by engaging in interactions with these hydrophobic lid 

domains, specifically through aromatic or alkyl contacts. By meticulously scrutinizing these 

facts, analogues were designed to facilitate the π-π interaction between the coumarin ring and 

the amino acids in the lid domain, thereby contributing to the opening of the lid domain. 

Furthermore, an amide warhead was incorporated to enhance the interaction with the amino 

acid residue located in the active site. The aromatic part of amines contains an electron-rich 

aryl/heteroaryl functionality in their aromatic regions, that can engage in a π-cation 

interaction with Arg 256, which is a crucial amino acid.  
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The coumarin analogues (5e(a-i), 5f(a-i), 5g(a-i), 5h(a-i) and 7(a-b)) were designed 

and the resulting docking data were analysed. All coumarin analogues exhibited MolDock 

scores ranging from -112.116 to -183.29 kcal/mol. The analogue 7b had the highest MolDock 

score of -183.29 kcal/mol. Furthermore, analogue 7b docking pose was analysed in order to 

identify potential docking interactions as illustrated in Fig 7.5. and Table 7.4. 

 

 

 

Figure 7.5. 2D and 3D interaction diagram of 7b and Orlistat in the active site of PL (1LPB). 
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The analogue 7b demonstrated a number of crucial interactions with the amino acids that are 

located in the active region, as illustrated in Fig 7.5. H-bond, π-cation, and π-alkyl 

interactions were observed between the indole ring and Arg 256. π-alkyl interactions 

involving Ala 260, Ile 78, and Ala 259 with the indole ring were also discernible. The amide 

warhead exhibited hydrogen bonding interactions with Phe 77 and Ser 152. The coumarin 

ring demonstrated π-alkyl and π-π T-shaped interactions with Ala 178 and Phe 77, 

respectively. Coumarin's carbonyl oxygen facilitates the formation of hydrogen bonding 

connections with Leu 153, Phe 77, and Ser 152. Furthermore, the coumarin ring's alkyl chain, 

situated at the seventh position, participates in π-alkyl interactions with Tyr 114, Pro 180, Ile 

209, and Val 210. Comparable interactions were also observed with Orlistat, as evidenced by 

its MolDock score of -139.41 kcal/mol. 
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Table 7.4. MolDock score (kcal/mol) and interaction summary of analogues (5e(a-i), 5f(a-i), 5g(a-i), 5h(a-i) and 7(a-b)) at the active site of the 

PL.  

Code R R1 R2 n 

Mol Dock 

Score 

(kcal/mol ) 

H-bond 
π-π 

interactions 
π -cation π -alkyl 

5ea 

OH H 

-H 1 -112.116 - Phe 215 
Arg 256, 

His 263 

Leu 153, Ala 178,  

Ala 258 

5eb 2-Cl 1 -117.351 
Phe 77, 

Leu 153 

Phe 215,  

Tyr 114 
His 263 

His 151, Ala 178, 

Pro 180 

5ec 4-F 1 -119.847 - Phe 215 His 263 
Ile 78, Leu 153, 

Ala 178, Ala 259 

5ed 4-OCH3 1 -124.636 - Phe 215 
Arg 256, 

His 263 

Ile 78, Leu 153,  

Ala 178, Ala 259 

5ee 3,4,5-tri-OCH3 1 -134.299 
His 151, 

Ser 152 
- His 263 

Ile 78, Leu 153, 

Ala 178 

5ef -H 2 -119.788 Phe 77 Phe 215 His 263 

Leu 153, Ala 178, 

Arg 256,  Ala 259, 

Ala 260, Leu 264 

5eg 4-OCH3 2 -120.589 

Phe 77, 

Leu 153, 

His 263 

Phe 215,  

Tyr 114 
Asp 79 

Ile 78,  Ala 178, 

Pro 180, Leu 264 

5eh 1H-indole 2 -135.245 
Phe 215, 

Arg 256 

Phe 77,  

Phe 215 
His 263 

Ala 178, Ala 259, 

Ala 260, Leu 264 

5ei H 3 -128.437 

Phe 77, 

Leu 153, 

His 263 

Tyr 114,  

Phe 215 
- 

Ala 178, Pro 180, 

Ala 260 

5fa OCH3 H -H 1 -119.031 Tyr 114 
Phe 77,  

Phe 215 

Arg 256, 

His 263 

Leu 153, Ala 178, 

Ala 259 
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5fb 2-Cl 1 -123.789 Tyr 114 Phe 215 
Arg 256, 

His 263 

Ile 78, Leu 153, 

Ala 178, Ala 259 

5fc 4-F 1 -127.307 Tyr 114 Phe 215 His 263 
Ile 78, Leu 153, 

Ala 178, Ala 259 

5fd 4-OCH3 1 -130.74 - Phe 215 
Arg 256, 

His 263 

Ile 78, Leu 153, 

Ala 178 

5fe 3,4,5-tri-OCH3 1 -137.879 
His 151, 

Ser 152 
Phe 215 His 263 

Ile 78, Leu 153, 

Ala 178 

5ff -H 2 -121.273 
Phe 77, 

Ser 152 

Tyr 114,  

His 263 
Arg 256 

Ala 178, Ala  260, 

Leu 264 

5fg 4-OCH3 2 -130.168 
Phe 77, 

Ser 152 

Tyr 114,  

Phe 215 
Arg 256 

Ala 178, Ala 259, 

Leu 264 

5fh 1H-indole 2 -145.735 
Ser 152, 

Arg 256 
Phe 215 His 263 

Leu 153, Ala 178, 

Ala 259, Ala 260, 

Leu 264, Arg 256 

5fi H 3 -130.041 
Phe 77, 

Leu 153 

Tyr 114,  

Phe 215 
- 

Ala 178, Pro 180, 

Ala 260 

5ga 

H OCH3 

-H 1 -112.652 
Phe 77, 

Ser 152 

Phe 215,  

Tyr 114,  

His 263 

Asp 79,  

Arg 256 

Ile 78, Leu 264, 

Ala 178, Pro180 

5gb 2-Cl 1 -102.546 

Phe 77, 

Ser 152, 

His 263 

Phe 77,  

Tyr 114,  

Phe 215 

Arg 256 
Ile 78, Leu 264, 

Ala 260 

5gc 4-F 1 -112.97 
Ser 152, 

His 263 

Tyr 114,  

Phe 215 

Asp 79,  

Arg 256 

Ile 78, Ala 178, 

Pro 180 

5gd 4-OCH3 1 -124.51 
Phe 77, 

Ser 152 

Tyr 114,  

Phe 215,  

His 263 

Arg 256 
Ile 78, Ala 178, 

Pro 180 

5ge 3,4,5-tri-OCH3 1 -130.954 
Phe 77, 

Ser 152 
Tyr 114 Arg 256 

Ile 78, Ala 178, 

 Pro 180 
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5gf -H 2 -117.089 
Phe 77, 

Ser 152 

Tyr 114,  

His 263 

Asp 79,  

Arg 256 

Ile 78, Ala 178,  

Pro 180 

5gg 4-OCH3 2 -127.783 
Phe 77, 

Ser 152 
Tyr 114 Arg 256 

Leu 264, Ala 178, 

Ala 259, Ala 260 

5gh 1H-indole 2 -134.23 

Phe 77, 

Ser 152, 

His 263 

Tyr 114,  

Phe 215 
Arg 256 

Ile 78, Ala 178, 

Pro 180, Ala 259, 

Ala 260, Leu 264 

5gi H 3 -123.898 

Gly 76, 

Phe 77, 

His 151, 

Ser 152, 

Arg 256 

- His 263 Ala 260, Leu 264 

5ha 

H OCH2CH3 

-H 1 -113.702 
Phe 77, 

Ser 152 

Phe 215,  

Tyr 114 

Asp 79,  

Arg 256 

Ile 78, Ile 209, 

Leu 264, Ala 178, 

Pro180 

5hb 2-Cl 1 -117.678 
Phe 77, 

Ser 152 

Phe 77,  

Tyr 114 
Arg 256 

Ile 78, Ala 178, 

Pro 180, Leu 264, 

Ala 260 

5hc 4-F 1 -121.586 
Phe 77, 

Ser 152 

Tyr 114,  

Phe 215 

Asp 79,  

Arg 256 

Ile 78, Ala 178,  

Pro 180, Leu 264 

5hd 4-OCH3 1 -128.919 

Phe 77, 

Ser 152, 

Arg 256 

Tyr 114,  

Phe 215, 

His 263 

Asp 79,  

Arg 256 

Ile 78, Ala 178, 

Pro 180, Leu 264 

5he 3,4,5-tri-OCH3 1 -130.578 
Ser 152, 

His 263 

Tyr 114,  

Phe 215 
Arg 256 

Ile 78, Ala 178, 

Pro 180 

5hf -H 2 -124.005 
Phe 77, 

Ser 152 
Tyr 114 - 

Ala 178, Ala 260, 

Arg 256, Ala 259 

5hg 4-OCH3 2 -128.171 
Phe 77, 

Ser 152 

Tyr 114,  

Phe 215 
- 

Ala 178, Ala 260, 

Leu 264, Arg 256, 

Ala 259 
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5hh 1H-indole 2 -142.74 

Phe 77, 

Ser 152, 

Arg 256 

Tyr 114 Arg 256 
Ala 178,  Pro 180, 

Ala 259, Ala 260 

5hi -H 3 -128.716 
Phe 77, 

Ser 152 

Tyr 114,  

His 263 
Arg 256 

Ile 78, Ala 178, 

Pro 180, Ala 259 

Code R3 R1 R2 n 

Mol Dock 

Score 

(kcal/mol ) 

H-bond 
π-π 

interactions 
π -cation π -alkyl 

7a Prenyl H 1H-indole 2 -159.483 

His 151, 

Ser 152, 

Arg 256 

- His 263 

Ala 178, Pro 180, 

Ile 209, Ala 259, 

Ala 260, Leu 264 

7b Geranyl H 1H-indole 2 -183.29 

Phe 77, 

Ser 152, 

Leu 153, 

Arg 256 

Phe 77 
Arg 256, 

His 263 

Ile 78, Tyr 114, 

Pro 180, Ala 178, 

Ile 209, Val 210, 

Ala 259, Ala 260, 

Arg 256 

 Orlistat - -139.41 

Phe 77, 

Ser 152, 

His 263, 

His 151, 

Ala 259 

- - 

Tyr 114, Leu 153, 

Ala 178, Phe 258, 

Ile 245 
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7.8. Molecular dynamics simulations  

Although molecular docking analysis offers a preliminary understanding of docking 

interactions, it lacks the capability to predict the extent of these interactions when they occur 

under dynamic conditions. In light of the constant variability demonstrated by all proteins in 

the human body, it is crucial to predict the actions of the ligand under these dynamic 

physiological circumstances [8]. Therefore, the ligand-protein complex of the analogue with 

the highest score, 7b, was simulated for 100 ns using MD. After conducting MD simulations, 

the results were assessed using protein-ligand RMSD and protein-ligand contacts, in order to 

determine the time duration of effective amino acid interactions under dynamic conditions 

and to comprehend the stability of the complex. As illustrated in Fig.7.6 (A) the protein 

maintained its stability throughout the simulation. The ligand's RMSD remained below 7.2 Å 

till 100 ns. Further, the RMSF plot that offers valuable information regarding the flexibility 

and dynamic characteristics of residues within the protein was performed. RMSF values 

below 3.5 Å (Fig 7.6 (B)) were consistently recorded during the run, indicating that the 

binding site of the target 1LPB protein experienced minimal fluctuation. 
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Figure 7.6. (A) RMSD plot of the protein-ligand (7b) complex (PDB ID: 1LPB); (B) Protein 

RMSF plot. 

 

A multitude of interactions were identified within the protein-ligand complex (7b), 

encompassing hydrogen, hydrophobic, and water bridges. In order to inhibit PL, the 
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hydrophobic domain that encases the catalytic triad must be opened. Phe 77 participated in 

multiple interactions (including hydrophobic, hydrogen bonding, and water bridge) for a 

fraction of time greater than 0.2, as shown in the data in Fig 7.7 (A). It was additionally noted 

that Ile 78 and Phe 215 engaged in hydrophobic interaction and water bridge formation for 

durations exceeding 0.7 fractions of time, respectively. Furthermore, Fig 7.7 (A) provides 

illustrations of extended interaction durations (>0.6) with the amino acids Ile 78, Tyr 114, 

Phe 215, Ala 259 and Ser 152. The effectiveness of the designed analogue (7b) is 

demonstrated by its interaction with the hydrophobic lid domain (Phe 77, Ile 78, Asp 79, Tyr 

114 and Phe 215) and the catalytic triad (Ser 152- Asp 176 - His 263) [8]. A temporal 

representation of the interactions and contacts (ionic, hydrophobic, hydrophobic, and 

hydrophobic bridges) illustrated in Fig 7.7 (A). The upper panel of Fig 7.7 (B) illustrates the 

cumulative count of specific contacts that occur between the protein and the ligand over the 

course of the trajectory. In the lower panel, the residues that engage in interactions with the 

ligand are illustrated for each trajectory frame. Specific residues form numerous distinct 

interactions with the ligand, as indicated by a darker orange coloration (as observed with Ser 

152 between 30-60 sec) on the scale situated to the right of the plot. 

 

 

Figure 7.7. (A) Protein-ligand (7b) interaction bar charts stacked vertically (PDB ID: 1LPB); 

(B) Protein-ligand contact timeline (H-bonds, hydrophobic, ionic, water bridges) 
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In conclusion, a series of thirty eight coumarin analogues were designed and synthesized 

followed by an evaluation of their PL inhibitory activity. Through suitable chemical reaction 

schemes, the designed analogues were synthesized and characterized via various 

spectroscopic methods. The PL inhibitory assay was performed to screen these analogues for 

PL inhibitory potential and a total of two analogues namely, 7b and 7b were found to be 

potent (IC50 = 1.25 and 4.25 µM, respectively). The SAR was obtained by observing the IC50 

values of various substituted analogues. The 7-O-alkyl substituent on coumarin was found to 

be effective in inhibiting the PL enzyme, while 8-O-alkyl substituted groups was found to 

show less PL inhibitory potential. The substitution of an indole ring via a two carbon linker 

was found to be effective in PL inhibition. Also, analogue 7b was found to competitively 

inhibit the PL enzyme with Ki values of 0.698 µM. Analogues 7b was found to interact with 

the active site amino acid residues (Phe 77, Tyr 114, Ser 152, Phe 215, Arg 256, His 263, etc.) 

and was comparable to Orlistat. Furthermore, molecular dynamic simulation revealed that the 

protein-ligand complex of the most potent analogue 7b remained stable at the PL active site 

under physiological conditions.  
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8. ADMET Prediction and In-vivo experiments 

8.1. Rationale 

The results from the previous chapters 5-7 have indicated that analogues inspired by 

coumarins have the potential to inhibit PL. Nevertheless, the in vivo efficacy of a specific 

drug candidate is primarily influenced by its in vitro profile, as well as the pharmacokinetic 

parameters and toxicity properties that determine the drug's fate [1]. For example, more than 

50% of drug failures throughout different phases of human trials have been linked to their 

unacceptable Absorption, Distribution, Metabolism, Excretion, and Toxicity (ADMET) 

properties [2]. A diverse array of in vitro assays, ranging from medium to high throughput, 

can be used to assess these properties. Nevertheless, these assays are both costly and time-

consuming. Various data modeling methods have been employed to forecast the properties of 

in silico ADMET in recent years, utilizing high-quality experimental data as input [3]. In 

light of the aforementioned information, the current chapter is dedicated for comprehending 

the ADMET parameters of the most promising analogues from the preceding chapters. This, 

in turn, will determine the most suitable candidate for in vivo experiments. 

8.2. Materials and methods 

8.2.1. ADMET prediction 

The ADMET prediction was carried out using a total of 7 analogues, which included the most 

promising analogues from the series I (5k, 5q), series II (5de, 5dh), and series III (7a, 7b), as 

well as alloimperatorin (NP Lead) and orlistat (standard). The ADMET was determined using 

software available online such as SwissADME and ProTox-II [4,5]. 

8.2.2. In vivo experiments 

All the experimental procedures on animals were in compliance with the Institutional Animal 

Ethics Committee of BITS Pilani (Ref No: IAEC/RES/32/14). Briefly, the protocol was 

divided into four experiments (Fig. 8.1).  
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Figure 8.1. The in-vivo experiments performed on Swiss albino mice. 

 

8.2.2.1. Animals and Diet 

Male Swiss albino mice (weight: 22-25 g), aged four to five weeks, were procured from 

Rodent Research India Private Limited, located in Dhatrath, Haryana, India (Registration 

number: 87737). After one week of acclimatization, four mice were randomly assigned to 

each cage. The mice were provided with water and were subjected to various dietary 

regimens, as detailed in Fig 8.2 and Table 8.1. All the ingredients for HFD were mixed 

together to create diet. The animals were maintained on a light-dark cycle of 12:12 hour and 

standard husbandry conditions (room temperature 22 ± 1°C and relative humidity of 60%). 

All animal procedures adhered to the guidelines set forth by the Committee for Control and 

Supervision of Experiments on Animals (CCSEA). 

(I) Oral Triglyceride Tolerance Test (OTTT) 

In order to assess the in-vivo impact on triglyceride intestinal absorption and to optimize the 

dose of 7b for anti-obesity study, an OTTT was conducted in accordance with a protocol that 

had been previously documented [6,7]. Six groups (n = 6) of mice were deprived of 

sustenance for 18 h prior to the commencement of the experiment. Orlistat was administered 

at a dose of 10 mg/kg. Evaluations were conducted at low (5 mg/kg), medium (10 mg/kg), 

and high (20 mg/kg) doses of the test analogue (7b). The mice were orally administered 

with:(1) olive oil as a positive control, (2) filtered water as a negative control, (3) olive oil 

plus Orlistat (10 mg/kg) as reference control (4) olive oil plus 7b (Low, medium and high 

dose). A consistent volume of 5 mL/kg of olive oil was administered to each animal. At 0, 

1.5, 3, 4.5, and 6 h after olive oil administration, blood samples (serum) were collected and 
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commercially available assays kits (Spinreact S.A.U, Spain) were utilized to detect 

triglyceride levels. 

(II) Anti-obesity studies  

The most potent analogue 7b at 10 mg/kg and 20 mg/kg doses was selected for further in vivo 

research. In total, five groups were considered, with eight animals in each group (Fig 8.2). 

Based on the outcomes of an in vitro PL inhibition assay and an in vivo OTTT, the dose of 

analogue 7b was calculated [8,9]. Analogue 7b activity was assessed at two distinct dose 

levels (low and high). 

 

Figure 8.2. Summary of various groups and treatment given for the in-vivo experiments. 

Abbreviations: NPD - Normal pellet diet; HFD - High fat diet. 

 

A three-month study was conducted in our laboratory to develop a high fat diet (HFD) mice 

model using the composition as given in Table 8.1 [10-13]. 

 

Table 8.1. High Fat Diet Composition for the development of obese mice 

No. Ingredients g/100g 

1. Casein 20 

2. Corn starch 10 

3. Cellulose 5 

4. Sucrose 10 

5. Lard 40 

6. Soybean oil 7 

7. DL- methionine 3 

8. Mineral and Vitamin mix 5 

9. Sodium chloride 3 
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The animals body weights were documented on a weekly basis. At the completion of each 

week, the animals underwent an overnight fast, after which blood samples were obtained via 

retro-orbital puncture. By centrifuging the blood samples (0.3 mL) at 5000 rpm for 10 mins, 

the serum was extracted. A range of biochemical parameters were measured in the serum, 

that included glucose, triglycerides, total cholesterol and high-density lipoproteins-cholesterol 

(HDL). These measurements were obtained using diagnostic assays kits that were 

commercially available (Spinreact S.A.U., Spain and Accurex Biomedical Pvt. Ltd., India). 

Using the formula documented in the literature, the low density lipoprotein cholesterol (LDL) 

was computed [13]. 

LDL = [(TC - HDL)*0.9] - [TG*0.1] ………… Formula 8.1 

(III) Quantification of faecal triglycerides 

The inhibition of PL is distinguished by the elimination of faeces that are abundant in 

triglycerides. Throughout the four-week treatment period, daily faeces samples were 

collected from the groups, and the triglyceride content was assessed at the completion of each 

week. The methodology employed to quantify faecal triglycerides was largely consistent with 

the literature report, with only minor modifications [15,16]. In summary, an amount of 1 g of 

faeces was transferred into a separatory funnel and vigorously shaken in 0.15 M NaCl. 

Chloroform/methanol (4:1 v/v) was introduced into the suspension while vigorously agitating 

the mixture to facilitate separation. Following this, the lower organic phase was filtered and 

desiccated in vacuum. The resulting triglycerides were subsequently dissolved in 1 mL of 

ethanol, and their concentration was determined using a commercially available kit (Spinreact 

S.A.U., Spain).  

(IV) Histopathological studies 

a. Hematoxylin and Eosin (H&E) staining 

To conduct a histological investigation, the liver and adipose tissue were preserved in a 

solution of 10% buffered formalin and then enclosed in paraffin for embedding. Tissue 

sections of 5 µm in thickness were prepared and subsequently stained with hematoxylin and 

eosin (H&E). This staining technique was used to evaluate the presence of hepatocytes' 

ballooning and neutrophil infiltration in the liver. Additionally, the size of adipocytes and the 

formation of hypertrophy were measured in the same tissue section [16,17].  

b. Picrosirius red staining (PSR) 

Liver tissue sections of 5 µm in thickness were prepared and subsequently stained with 

Picrosirius red in order to quantify the extent of collagen deposition in the liver [17]. 
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(V) Statistical analyses  

To identify significant differences between the groups, the data were analysed using one-way 

analysis of variance (ANOVA) and post-hoc analysis of Tukey's multiple comparison test 

with all values expressed as means ± SEM. The statistical calculations were executed 

utilizing GraphPad Prism, version 8.0. A significance level of **** p ≤ 0.0001, *** p ≤ 

0.001; ** p ≤ 0.01, * p ≤ 0.05 was defined as statistically significant. 

8.3. Results and Discussions 

8.3.1. ADMET Predictions 

A total of 7 analogues were selected for the in-silico ADMET predictions via SwissADME 

and ProTox-2. The obtained results are summarised in Table 8.2. Orlistat was found to 

possess a low GI absorption and did not possess blood-brain barrier (BBB) permeation 

properties. Nevertheless, analogues from all the series (I, II and III) exhibited a high GI 

absorption property. However, analogues in series II and III exhibited no BBB permeation. 

Since none of the designed analogues were identified as substrates of the Pgp transporter 

(Table 8.2), it is possible that they do not undergo efflux. All the screened analogues except 

5de were found to be devoid of the cardiotoxicity. Analogues 7a and 7b from the series III 

were found to be devoid of hepatotoxicity, cardiotoxicity, mutagenicity and cytotoxicity. 
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Table 8.2. Summary of ADMET parameters predicted for the potential analogues from each series along with alloimperatorin and Orlistat 

 

Series Molecules Absorption Distribution Metabolism Toxicity 

  

GI 

absorption 

BBB 

permeant 

Pgp 

substrate 

CYP 

1A2 

CYP 

2C19 

CYP 

2C9 

CYP 

2D6 

CYP 

3A4 

CYP 

2E1 

Hepato- 

toxicity 

Cardio- 

toxicity 

Muta- 

genicity 

Cyto-

toxicity 

NP Lead 

Allo-

imperatorin 

High Yes No No No Yes Yes No No No No Yes No 

I 

5k High Yes No Yes No Yes No No No Yes No No No 

5q High Yes No Yes No Yes No No No Yes No No No 

II 

5de High No No No No Yes No Yes No No Yes Yes No 

5dh High No No No No No No No No No No Yes No 

III 

7a High No No No No Yes No Yes No No No No No 

7b High No No No No Yes No Yes No No No No No 

Reference Orlistat Low No Yes No No No No No No Yes No No No 

 

*Predicted value represented as mg/kg; Most potent analogue from each series and Orlistat highlighted in grey and bold 
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8.3.2. Oral Triglyceride Tolerance Test (OTTT) 

The result of an OTTT study of the analogue 7b effect on serum triglyceride levels following 

olive oil ingestion is summarized in Fig 8.3. A swift elevation in the concentration of serum 

triglycerides was detected in the olive oil control groups subsequent to the ingestion of the 

olive oil. Conversely, the administration of Orlistat inhibited the increase in triglyceride 

levels, suggesting that it may have an effect on triglyceride metabolism. However, it was 

observed that the 7b at high and medium dose (20 and 10 mg/kg) produced results similar to 

those of Orlistat. On the other hand, the lowest dose (5 mg/kg) had no discernible impact on 

the absorption of triglyceride. 

Oral Triglyceride Tolerance Test
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Figure 8.3. Results of the OTTT summarising the serum triglyceride levels at various time 

points. 

 

On the basis of the aforementioned findings, high and medium doses of 7b (10 mg/kg and 20 

mg/kg, respectively) were chosen for the anti-obesity effect evaluation, which involved a 4-

week treatment study. 

8.3.3. Anti-obesity studies (4 weeks treatment) 

8.3.3.1. Body weight 

A four-week evaluation was conducted to assess the anti-obesity effect of 7b in HFD-fed 

rodents. For the purpose of this study, two dose of 7b (10 and 20 mg/kg) were chosen, with 

Orlistat (10 mg/kg) serving as the standard. The statistical data presented in Fig 8.4 provides 

a summary of the body weights of the animals ascertained at the end of each week. The 

disease group exhibited a substantial increase in weight when compared to the normal control 
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group. In contrast, a substantial decrease in body weight was observed in the treatment 

groups (Orlistat and 7b). 
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Figure 8.4. Body weights of animals after four week treatment. (The values are represented 

as mean ± SEM; ***p ≤ 0.001; **p ≤ 0.01). 

 

8.3.3.2. Biochemical parameters 

In addition, a range of biochemical parameters were assessed, including glucose, triglycerides 

(TG), total cholesterol (TC), high-density lipoprotein (HDL), and low-density lipoproteins 

(LDL). The outcomes of these measurements are illustrated in Fig 8.5. With the exception of 

glucose, all biochemical parameters of the disease control group changed significantly in 

comparison to the normal control. All serum biochemical parameters exhibited a decrease in 

the Orlistat treatment group in comparison to the disease control group. The dose of 20 mg/kg 

dose of 7b led to a more significant reversal in all the profiles (except glucose) of the disease 

control mice. Overall, the anti-obesity potential of 7b was validated by these studies during 

the four-week treatment period.  
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Figure 8.5. Effect of 7b and orlistat on various biochemical parameters determined after the 

treatment period. (The values are represented as mean ± SEM. **** p ≤ 0.0001, *** p ≤ 

0.001; ** p ≤ 0.01; * p ≤ 0.05). 
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8.3.3.3. Quantification of faecal triglycerides 

An excessive quantity of triglycerides detected in the faeces due to the fact that PL inhibition 

alters the digestion of triglycerides. To assess the magnitude of the anti-obesity impact 

induced by PL inhibition, the quantity of triglycerides detected in the faeces was measured. 

The findings are succinctly illustrated in Fig 8.6. 
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Figure 8.6. Faecal triglyceride levels determined from various groups. (The values are 

represented as mean ± SEM. *** p ≤ 0.001; ** p ≤ 0.01). 

 

In comparison to the disease/normal control group, the faecal triglyceride contents of the 

orlistat/treatment group varied considerably. The group that received orlistat and analogue 7b 

(20 mg/kg) demonstrated the significant concentration of faecal triglycerides as compared to 

HFD group. As determined by the quantification of triglyceride contents, the screened 

analogue (7b) significantly altered fat absorption by inhibiting the PL. 

8.3.3.4. Histopathological studies 

Further, histopathological studies of liver and adipose tissues were performed. Microscopic 

examination of liver exhibited fatty changes or fat globule in disease control group as 

compared to normal control group due to continuous exposure to HFD. Also, extensive lipid 

deposition and hepatic ballooning was observed, indicating liver damage and metabolic stress 

in the hepatocytes. Low dose and high dose group of analogue 7b was found to exhibit 

normal architecture of liver when compared to disease control (Fig 8.7) [15-19]. 
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Figure 8.7. H&E Staining of liver (C - Central Vein, H - Hepatocyte, MNC - Mononuclear 

cells infiltration, F - Fatty change or steatosis that is fat globule). 

 

PSR staining of the liver revealed collagen deposition and increase in fatty globules in the 

disease control group, in contrast to the normal control group. At low and high doses of 

analogue 7b and Orlistat exhibited normal architecture of the liver in contrast to disease 

control (Fig 8.8) [16-18]. 

 

Figure 8.8. PSR Staining of liver (P - Portal vein, H - Hepatocyte, C - Central vein , F - Fatty 

change or steatosis that is fat globule, orange color indicate collage fibre). 
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Adipose tissue undergoes hypertrophy and hyperplasia to enlarge. A tissue or organ that 

undergoes hypertrophy develops a greater volume as a result of the enlargement of its 

constituent cells. In hyperplasia, the number of cells increases while their size remains 

relatively constant. When isolated, white adipocytes are spherical, but they may appear 

polyhedral or oval when crowded together in adipose tissue. During standard histologic 

sections, the lipid was extracted using organic solvents like xylene, resulting in the formation 

of a delicate meshwork of polygonal profiles representing adipose tissue (Fig 8.9). In 

addition to representing the extracellular matrix, the thin strand of meshwork that divides the 

adjacent adipocytes also contained cytoplasm of both the cells [20]. 

The disease control group exhibited three characteristics (a) an enlarged cells as a result of 

lipid accumulation within the cells; (b) A flattened image of the nucleus, observed on one 

side of the lipid mass; (c) A narrow rim formed by the cytoplasm around the lipid.  

In contrast to the disease control group, adipose tissue microscopic analysis revealed that 

Orlistat exhibited significant reduction in the size of the inflamed and hypertrophic 

adipocytes compared to the disease control group. In contrast to disease control group, 7b 

(low and high dose) exhibited a normal architecture of adipose tissue (Fig 8.9) [20]. 

 

Figure 8.9. H&E Staining of Adipose tissue. 
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In brief, the current chapter provided an analysis of the pharmacological assessment of the 

most potent analogue (7b) across all the three series. In order to obtain a thorough 

understanding of the anti-obesity properties of the selected analogue (7b), four sets of 

experiments were performed. OTTT studies suggested that 7b may play a role in the 

absorption of triglycerides, whereas four-week treatment studies in mice fed an HFD 

suggested that 7b has anti-obesity properties. The investigation into faecal triglyceride 

profiles yielded insights into the PL inhibitory characteristics of 7b, wherein it demonstrated 

an anti-obesity impact similar in nature to that of orlistat. Moreover, the estimation of faecal 

triglyceride levels unequivocally demonstrated that this anti-obesity effect was attributable to 

PL inhibition. Histopathology analyses of liver and adipose tissue following treatment with 

7b demonstrated that this analogue inhibited adipocyte hypertrophy. Additionally, it 

decreases collagen levels, neutrophil infiltration, and other hepatic damages caused by 

prolonged HFD exposure. Additionally, normal hepatic function was not disrupted with no 

evidence of toxicity. 
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9. Conclusion, Future Perspectives and Limitations 

9.1. Chapter Specific Summary and Conclusion 

9.1.1. Chapter 1 

➢ A recent study published in the Lancet revealed that the worldwide prevalence of 

obesity has exceeded one billion individuals in 2023. Since 1990, the global 

prevalence of obesity in adults has more than doubled, while it has climbed fourfold 

in children and adolescents aged 5-19. Furthermore, based on the above data, the 

prevalence of overweight adults in 2022 was 43%  

➢ PL inhibition is regarded as a safe and efficacious approach for treating obesity owing 

to its peripheral location. Systemic absorption is not necessary for the inhibitor to 

function, and it effectively impedes fat absorption 

➢ Orlistat, a highly effective PL inhibitor, is frequently prescribed for the long-term 

management of obesity. Nevertheless, in recent decades, there have been numerous 

reports of severe adverse effects associated with chronic Orlistat administration, such 

as acute pancreatitis and hepatotoxicity. These reports underscore the urgent need for 

the development of anti-obesity drugs that are both safe and effective 

9.1.2. Chapter 2 

➢ A detailed literature search on various natural and synthetic coumarin scaffolds 

reported for PL inhibition was performed to identify structural features required for 

potent PL inhibition 

➢ A negligible expanse of research used the advantage of in silico techniques in 

understanding the molecular interactions with the active site 

➢ Nevertheless, the naturally occurring coumarins exhibited weak PL inhibitory activity. 

On the contrary, structural modifications that include various substitutions on the 

coumarins resulted in a significant enhancement in their PL inhibitory activity 

➢ The aim and the objectives were detailed considering the potential gaps in the existing 

research 

9.1.3. Chapter 3  

➢ The general procedures for i) plant material collection, processing and extraction; ii) PL 

inhibition assay and enzyme kinetics; iii) molecular docking and molecular dynamics 

iv) fluorescence spectroscopy were provided in detail 
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9.1.4. Chapter 4 

➢ Screening of 60 plant extracts from 10 Indian medicinal plants/parts highlighted unripe 

fruits of A. marmelos as a source of potential leads 

➢ Alloimperatorin was identified as a potential natural product lead for PL inhibition, 

with an IC50 of 27.75 µM 

9.1.5. Chapter 5 

➢ A total of 17 coumarin analogues were synthesised and evaluated for PL inhibition 

assay 

➢ 5q and 5k from this series exhibited potential PL inhibitory activity with IC50 of 19.41 

and 21.30 µM  

➢ The structural requirements were identified in this chapter that can enhance the PL 

inhibitory potential of any ligand: 

i) interaction with the lid domain amino acids (Ser 152, His 263)  

ii) requirement of dense hydrophobic moieties to form a π-cation interaction 

with Arg 256 

iii) Linker, A structural framework that facilitates the attainment of appropriate 

conformational flexibility is able to ensure a proper interaction with the active 

site amino acid and the lid domain 

9.1.6. Chapter 6 

➢ A total of 36 coumarin analogues were synthesised and evaluated for PL inhibition 

assay 

➢ 5dh and 5de from this series exhibited potential activity with IC50 of 9.20 and 11.4 

µM 

➢ A similar SAR as that of series I was observed with these analogues 

➢ The importance of interaction with the Ser 152, and π-cation interaction with Arg 256 

has been validated in this chapter 

9.1.7. Chapter 7 

➢ A total of 38 coumarin analogues were synthesised, evaluated for PL inhibition assay 

➢ A potent PL inhibition with IC50 of 1.25 µM was achieved with 7b comparable to the 

standard drug, Orlistat (IC50 = 0.97 µM) 

➢ Presence of heteroaryl extension on the amide linked through two carbon chain 

resulted in enhanced activity 
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➢ The study highlighted that the C7 positions of the coumarin analogues to be 

favourable for the substitution of alkyl chains, that resulted in potent PL inhibitory 

activity 

9.1.8. Chapter 8 

➢ ADMET prediction highlighted 7b as a suitable candidate for in vivo experiments 

➢ 7b at 20 mg/kg dose exhibited comparable anti-obesity efficacy compared to Orlistat 

(10 mg/kg)  

➢ The quantification of faecal triglycerides clearly indicated that 7b acted through PL 

inhibition 

➢ Histopathology of liver and adipose tissue after 7b treatment showed that it inhibited 

adipocyte hypertrophy. Additionally, it reduced collagen levels, neutrophil 

infiltration, and liver damage from prolonged HFD exposure. There was no toxicity or 

disruption of normal liver function 

9.2. Future Perspectives 

Exploration of natural products, in-silico drug design, synthetic chemistry, in-vitro and in-

vivo biological investigations were incorporated into an integrated strategy for the 

identification and generation of a library of structurally diverse novel chemical entities. 

Future developments pertaining to the endeavour are detailed below: 

➢ The most potent synthetic analogue 7b exhibited an IC50 of 1.25 µM comparable to 

Orlistat. The potency of 7b and its related hybrid analogues can be further augmented 

through diverse structural modifications, including substituting the indole functional and 

appending electron-donating substituents at various positions on the coumarin scaffold 

➢ The addition of a three-carbon linker led to a decrease in the inhibitory potential of PL, a 

finding that warrants additional research 

➢ The assessment of the interaction mechanism between the synthesized analogues and PL 

can be accomplished through the utilization of diverse techniques such as X-ray 

crystallography, cryo-electron microscopy, and isothermal titration calorimetry 

➢ In addition, performing studies against different types of lipases (e.g., gastric, hepatic, 

lingual) could provide valuable insights into the impact of the hybrid analogues on the 

overall triglyceride digestion process 

➢ The antiobesity potential of the PL inhibitor "7b" can be explored through in vivo 

investigations using different animal models of obesity 

➢ Coumarin scaffold can be hybridized with a multitude of additional 

scaffolds/pharmacophores to facilitate the discovery of novel and potent PL inhibitors 



CHAPTER IX 
 

167 
 

➢ Additionally, the effect of 7b on PL in combination with Orlistat can be determined 

through synergy experiments. This may lead to a substantial reduction in the dose of 

Orlistat while maintaining its efficacy 

9.3. Limitations 

Few limitations were identified in the present thesis, that are as follows.  

➢ The scope of the current investigations was restricted to the in-vitro and in vivo 

(preclinical) assessment of the synthesized analogues; there was no execution of a clinical 

trial 

➢ The metabolic stability of hybrid analogues under stimulated and physiological conditions 

was not assessed in the study 

➢ Utilizing in-silico analysis, the interaction between the potent analogue and PL was 

investigated. The utilization of advanced techniques, including cryo-electron microscopy 

and X-ray crystallography, were not performed 

➢ The current study entailed the synthesis of a small number of coumarin analogues. It is 

possible to synthesize a wider range of coumarin analogues in order to gain an in depth 

understanding of the way various substituents affect the inhibition of PL 
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Patent & Publications 

From Thesis 

Patent 

▪ Paul, A. T. Yadav, N., B. B. Lavanya ‘Coumarin carboxamide Analogues as Potent 

Pancreatic Lipase Inhibitors’ filling at Indian Patent Office (Appl.no. 202411051970) 

     Publications 

▪ Yadav, N., & Paul, A. T. (2023). Pancreatic lipase and its related proteins: Where are 

we now? Drug Discovery Today, 103855. {Impact factor - 7.4} 

▪ Yadav, N. and Paul, A.T. (2023). Synthesis of amide warhead containing coumarin 

derivatives as potential pancreatic lipase inhibitors: in silico and in vitro evaluation 

for obesity treatment. Medicinal Chemistry Research, 32(10), 2219-2233. {Impact 

factor - 2.6} 

▪ Five decades of research on Golden apple (Aegle marmelos): A journey from sacred 

tree to commercial products (Journal of Ethnopharmacology, Communicated) 

▪ Identification of coumarin analogues as promising anti-obesity agents: An in silico 

design, synthesis and in vitro pancreatic lipase inhibitory activity. (Communicated) 

▪ Synthesis, molecular modelling, in vitro and pharmacological evaluation of coumarin 

amide warhead containing analogues as potential anti-obesity agents. 

(Communicated) 

 

Allied work 

▪ N Yadav, P Auti, G George and AT Paul (2020). Design, synthesis and biological 

evaluation of O-alkyl umbelliferone derivatives as pancreatic lipase inhibitors. 

Journal of The Indian Chemistry Society, 97(8), 1-6. {Impact factor - 1.3} 

▪ George, G., Yadav, N., Auti, P. S., & Paul, A. T. (2023). Molecular modelling, 

synthesis and in vitro evaluation of quinazolinone hybrid analogues as potential 

pancreatic lipase inhibitors. Journal of Biomolecular Structure and Dynamics. 41(19), 

9583-9601. {Impact factor - 5.4} 

▪ George, G., Auti, P.S., Sengupta, P., Yadav, N. and Paul, A.T. (2023). Synthesis, 

molecular modelling and pharmacological evaluation of novel indole-

thiazolidinedione based hybrid analogues as potential pancreatic lipase inhibitors. 

Journal of Biomolecular Structure and Dynamics, 1-20. {Impact factor - 5.4} 



  Appendix I 

A2 
 

▪ Dhiman, P., Yadav, N., Auti, P. S., Jaswal, S., Singh, G., Mehan, S., Ghosh, B., Paul, 

A.T. & Monga, V. (2024). Discovery of thiazolidinedione-based pancreatic lipase 

inhibitors as anti-obesity agents: synthesis, in silico studies and pharmacological 

investigations. Journal of Biomolecular Structure and Dynamics, 1-23. {Impact 

factor - 5.4} 

▪ Pandey, V., Adhikrao, P. A., Motiram, G. M., Yadav, N., Jagtap, U., Kumar, G., & 

Paul, A. T. (2024). Biaryl carboxamide‐based peptidomimetics analogs as potential 

pancreatic lipase inhibitors for treating obesity. Archiv der Pharmazie, 357(4), 

e2300503.{Impact factor - 6.9} 

 

Book Chapter 

▪ Paul, A. T., George, G., Yadav, N., Jeswani, A., & Auti, P.S., (2021). 

“Pharmaceutical Application of Bio-actives from Alstonia Genus: Current Findings 

and Future Directions” in Book titled “Bioactive Natural Products for 

Pharmaceutical Applications”, Advanced Structured Materials 140, Editors: D. Pal 

and A. K. Nayak. Published by Springer Nature Switzerland AG 2021 (10.1007/978-

3-030-54027-2_14) 

 

Other Patent filed 

▪ Paul, A. T., Sengupta, P., George, G., Yadav, N., & Auti, P.S., (2020). ‘Compositions 

for Inhibiting Pancreatic Lipase’ filed at Indian Patent Office (Application No: 

202011049373)  

 

Conferences 

▪ Oral presentation on “Coumarin analogues from unripe fruits of Aegle marmelos 

as potential Pancreatic Lipase inhibitors: In-silico and in-vitro investigation” in 

the “25th National Convention of Society of Pharmacognosy” & International 

Conference “New Horizons of  Natural Products and AYUSH Remedies”, organized 

by Graduate School of Pharmacy, Gujarat Technological University (GTU) & Society 

of Pharmacognosy, November 27-28, 2021, at GTU Campus, Ahmedabad, Gujarat, 

India 
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▪ Poster presentation on “Alkaloids and Coumarins from Aegle marmelos as 

potential Pancreatic lipase inhibitors: In-silico investigation” at One Day 

Symposium on Integration of AYUSH Medicines and Ethnopharmacology: A 

Strategy towards evidence-based medicines, October 4th, 2022, NIPER, S.A.S. Nagar, 

Mohali, India 

▪ Poster presentation on “Design, synthesis and in-vitro evaluation of Coumarin 

scaffold inspired analogues for obesity treatment” in the conference on “Recent 

Trends and Challenges in Drug Discovery (RTCDD),” March 3-4, 2023, BITS Pilani, 

Pilani Campus, India 

 

List of Workshops/ Conferences attended 

▪ Attended "Virtual Conference on Regulatory Aspects and Intellectual Property Rights 

in Pharmaceuticals " organized by the Department of Pharmacy, BITS Pilani, Pilani 

Campus on November 28, 2020 

▪ Attended "Virtual Conference on Pharmacy: Always trusted for your health", 

organized by the Department of Pharmacy, BITS Pilani, Pilani Campus during 

September 25, 2021 

▪ Participated in one day workshop on “Virtual Workshop on Introduction to 

Pharmacophore Modelling and Protein-Ligand Interactions: SeeSAR Software” 

organized by Department of Pharmacy, BITS Pilani, Pilani Campus on April 30, 2022 

▪ Participated in one day workshop on “Applications of FTIR and 2D NMR in 

Pharmaceutical Research” organized by BITS Pilani, Pilani Campus, Sponsored by 

Labindia Analytical Instruments Pvt. Ltd., Bangalore on December 3, 2022 

▪ Participated in two day workshop on “Cheminformatics and Machine Learning in 

Drug Discovery ” organized by BITS Pilani, Pilani Campus, Sponsored by Hapten 

Biotechnology, Varun Industries, S.N. Scientific Suppliers and Genaxy Scientific Pvt. 

Ltd. on March 18-19, 2024 

 

Awards and Achievements 

▪ DST-INSPIRE Fellowship  

▪ Poster presentation (Third prize) at One Day Symposium on Integration of AYUSH 

Medicines and Ethnopharmacology: A Strategy towards evidence-based medicines, 

held at NIPER, S.A.S. Nagar, Mohali, India, October 4, 2022 
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BIBLIOGRAPHY OF THE SUPERVISOR 

 

Prof. Paul Atish Tulshiram is Associate Professor & Faculty In charge HD & PhD 

Admissions at BITS-Pilani, Pilani Campus, India. He completed his bachelor’s 

from University of Pune, Maharashtra. He pursued M.S and Ph.D in Natural 

Products from National institute of Pharmaceutical Education and Research 

(NIPER) S.A.S Nagar, Punjab. He completed his post-doctorate from the National Centre for Natural 

Products Research (University of Mississippi, USA) in the research group of Prof. Ikhlas Khan. His 

current research is design, synthesis, molecular modelling, and biological evaluation of pancreatic 

lipase inhibitors from natural products origin for obesity management. He has completed 7 research 

grants from DST-SERD, DST(SEED), DBT, ICMR and Industry. He has published more than 60 

research articles in reputed international journals and contributed 24 official monographs on 

polyherbal formulations in the Ayurvedic Pharmacopeia of India. He has been granted 3 patents in the 

area of natural products and their derivatives and 7 patents are under evaluation. He has provided 

guidance to 6 doctoral students and is presently supervising 10 doctoral candidates. He is a reviewer 

of various journals of reputed publishers such as ACS, Elsevier, Wiley, Bentham, etc., and also for 

funding agencies such as DST-SERB and South African Medical Research Council. 
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Nisha Yadav was born in Kerala, Eranakulum, India. She pursued her Bachelor’s     

(B. Pharmacy) and master’s degree (M. Pharmacy in Pharmaceutical Chemistry) from 

Banasthali University during 2012-16 and 2016-18, respectively. She pursued her 

master’s thesis under the guidance of Dr. Sumitra Nain (Associate Professor, 

Banasthali Vidyapeeth, Rajasthan) and Dr. Gautam Panda (Principal Scientist, CSIR-CDRI, 

Lucknow, Uttar Pradesh) on the topic “Synthesis of Antimicrobial Agents (Design and Synthesis of 

Corannulene derived unnatural amino acid based peptides as Antimicrobial agents)”. In March 2019, 

she joined Department of Pharmacy, BITS Pilani (Pilani Campus) as a Ph.D. scholar under the 

supervision of Dr. Paul Atish Tulshiram in the area of anti-obesity. Ms. Nisha Yadav has authored 6 

research publications, 1 review article and 1 book chapter in international peer reviewed journals. A 

part of her Ph.D. thesis is filed for patent. She has presented her work in several international and 
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