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ABSTRACT

Tuberculosis (TB) is a contagious airborne infectious disease caused by Mycobacterium tuberculosis.
Each year millions of people continue to fall sick with TB. Development of drug resistance has
narrowed down the conventional antituberculer therapeutic regimen. To address the growing problem
of resistance there is an urgent requirement for a new class of antitubercular drugs with unique
mechanisms of action to combat M. tuberculosis. In this study we have selected two targets Enoyl-
ACP reductase (InhA) and Decaprenylphosphoryl-p-d-ribose 2’-epimerase (DprEl). Based on
molecular docking study we have designed and synthesized series of acid chloride substituted
pyrazole compounds (6a-0) as InhA inhibitors and amino substituted 6-methyl-1-phenyl-1H-
pyrazolo[3,4-d]pyrimidin-4-ol compounds (7a-0) as DprEl inhibitors. Structural elucidation of
synthesized compounds were performed through IR, MASS, 1H NMR and 13C NMR spectroscopy.
Synthesized compounds (6a-0) and (7a-0) were subjected to in-vitro antimycobacterial activity
against the M. tuberculosis (H37Rv) strain via the microplate alamar blue assay method and
antioxidant activity using the DPPH assay method. The results demonstrated that the synthesized
compounds effectively inhibited M. tuberculosis H37Rv, displaying promising anti-tubercular
potential. Among them, compounds 6g, 6h, 6i, 6j, 6m, 7e, 79, 7j and 7k exhibited promising
antitubercular activity. In terms of antioxidant potential, compounds 6b, 6d, 7b, 7d and 7e exhibited
good antioxidant activity, with 6m again emerging as the most effective. Cytotoxicity of the most
active compounds 6i, 6m, 7g and 7j were checked on HepG2 cell line using the MTT assay. The
docking results showed significant binding affinity between the synthesized compounds (6a-0), (7a-
0) and the target enzyme InhA and DprE1. Stability of the interactions of most potent compounds 6m
and 7g were assessed by a standard 100 ns dynamic simulation study. Pharmacokinetics properties of
the synthesized compounds were checked using Swiss ADME and pkCSM. All these results indicate
that the synthesized compounds could prove to be potential leads for further development of new
potent antitubercular agents.

Keywords: Tuberculosis, InhA, DprEl, Pyrazole, Antitubercular, Docking, MD simulation,
cytotoxicity
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CHAPTER-1

1. INTRODUCTION

1.1. Tuberculosis

Tuberculosis is as old humanity itself. Only by working together can we turn the tide against
this ancient killer.
-Tedros Adhanam Ghebreyesus

Tuberculosis is an infectious disease caused by the bacterium Mycobacterium tuberculosis.
While the infection primarily targets the respiratory system, it can travel through the
bloodstream to affect other vital organs, including the kidneys, spine, and brain.

Signs of tuberculosis have been found in human skeletal remains dating back more than
4,000 years. Evidence of tuberculosis like disease has been identified in ancient Egyptian
mummies. Ancient civilizations in Egypt, India, and China described chronic lung illnesses
that may have been tuberculosis. Around 460-370 BCE, Hippocrates described a disease
called "phthisis” (consumption), characterized by weight loss, fever, and coughing. It was one
of the most common causes of death in ancient Greece. During the middle ages, swollen
lymph nodes in the neck caused by TB were known as "scrofula” and were sometimes called
the "King's Evil" because people believed royal touch could cure it. The famous scientist
Robert Koch was able to isolate the tubercle bacillus. Using the Methylene blue staining
recommended by Paul Ehrlich, he identified, isolated and cultivated the bacillus in animal
serum. Finally he reproduced the disease by inoculating the bacillus into laboratory animals.
Robert Koch presented this extraordinary result to the Society of Physiology in Berlin on 24"

March 1882, determining a milestone in the fight against TB (Barberis et al., 2017).

Tuberculosis is one of the top 10 causes of death worldwide and the leading cause of death
from a single infectious agent. Globally in 2024, 10.7 million people fell ill with tuberculosis
and 1.23 million died from the disease. The TB incidence rate was 131 (95% Ul: 122-141)
and the case fatality rate was 11.5%. Most of the people who develop TB disease each year
are in 30 high TB burden countries: they accounted for 87% of the global total in 2024. The
top eight (67% of the worldwide total) were India (25%), Indonesia (10%), the Philippines
(6.8%), China (6.5%), Pakistan (6.3%), Nigeria (4.8%), the Democratic Republic of the
Congo (3.9%) and Bangladesh (3.6%). Multidrug-resistant TB (MDR-TB) remains a public
health crisis and a health security threat. Only about 2 in 5 people with drug-resistant TB
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accessed treatment in 2024. Globally, the number of people falling ill with TB (incident
cases) decreased in 2024 for the first time since 2020, following 3 consecutive years of
increases (2021-2023) due to COVID-related disruptions to TB diagnosis and treatment.
(World Health Organization, 2025).

Brazil
Central African Republic China
Congo Democratic Republic Angola
Ethiopia of the Congo Bangladesh
Gabon India Democratic People’s
Kenya ndonesia Republic of Korea
Lesotho Mozambique Mangolia
Liberia Myanmar Fakistan
Namibia Nigeria Papua New Guinea
Thailand th'-'gi'{"es VietNam
Uganda outh Africa
United RepL.gl:I:o‘fTanzana Zambia MDR[RR'TB
I Azerbaijan
Belarus
Botswana Kazakhstan
Cameroon Nepal
Eswatin Peru
Guinea . Republic of Maldova
Guinea-Bissau Sierra Leans Russian Federation
Malawi Somalia
Russian Federation Tajikistan
Zimbabwe Ukrainge
Uzbekistan
Zimbabwe

Fig.1: The three global lists of high-burden countries for TB, HIV-associated TB and
MDR/RR-TB

Drug-resistant tuberculosis continues to be a major challenge, with the number of cases not
being diagnosed or treated. Additionally, drug-resistant tuberculosis, concurrent epidemic of
HIV-TB co-infections, and insufficient treatment facilities make this disease more
complicated (Kebbahalli et al., 2025). The combination therapy for tuberculosis, developed
over 40 years ago, includes Isoniazid, Pyrazinamide, Rifampicin, and Ethambutol, a four-
drug combination. These therapies possess drawbacks, including extended treatment
durations, drug interactions, unwanted adverse reactions, and poor patient compliance
(Chakraborty & Rhee, 2015). Various side effects exist with the administration of first-line
anti-tubercular drugs, including hepatitis, kidney failure, skin reactions, blood disorders, and

gastrointestinal discomfort.
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1.2. Mycobacterium

Mycobacteria are rod-shaped bacteria of the family Mycobacteriaceae (order
Actinomycetales), the most important species of which, M. tuberculosis and M. leprae, cause
tuberculosis and leprosy, respectively, in humans. M. bovis causes tuberculosis in cattle and
in humans. Some mycobacteria are saprophytes (i.e., they live on decaying organic matter),
and others are obligate parasites. Most are found in soil and water in a free-living form or in

diseased tissue of animals (Kieser & Rubin, 2014).

% Properties of Mycobacterium
4+ Gram-positive
+ Acid fast stain
4+ Catalase positive
4+ They may be arranged singly or in groups
4+ Non-motile, non-spore forming rod-shaped bacteria (0.2-0.6 mm wide and
1.0-10 mm long).

Fig.2: Species of Mycobacterium tuberculosis (Bender, 2019)

Mycobacteria can be divided into three groups:

1. Mycobacterium tuberculosis complex — causative pathogen of tuberculosis
2. Nontuberculous mycobacteria (NTM)

3. Mycobacterium leprae — causative pathogen of leprosy
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1. Mycobacterium tuberculosis complex
Mycobacterium tuberculosis complex (MTBC) refers to a group of mycobacteria
encompassing nine members of closely related species that causes tuberculosis in animals and
humans. Among the nine members, Mycobacterium tuberculosis remains the main causative
agent for human tuberculosis that results in high mortality and morbidity globally (Percival &
Williams, 2014). The mycobacterium tuberculosis complex (MTBC) is a group of
Mycobacteria that comprises of

e Mycobacterium tuberculosis

e Mycobacterium africanum

e Mycobacterium bovis

e Mycobacterium canettii

e Mycobacterium microti

e Mycobacterium pinnipedii

e Mycobacterium caprae

e Mycobacterium orygis

e Mycobacterium mungi

2. Nontuberculous mycobacteria (NTM)

Nontuberculous mycobacteria (NTM) are emerging pathogens responsible for a growing
spectrum of diseases, particularly in individuals with underlying lung disorders or immune
suppression. NTM are categorized based on growth rate and pigment formation into slowly
growing mycobacteria and rapidly growing mycobacteria (Roshdi & Reza, 2025). The

Runyon classification further subdivides NTM into four groups:
e Type | (photochromogens)
e Type Il (scotochromogens)
e Type Il (nonchromogens)
e Type IV (rapid growers)
3. Mycobacterium leprae

Mycobacterium leprae, slow-growing, acid-fast causative organism of leprosy (Hansen’s)

disease, is known to be the first bacterial pathogen to be identified as the cause of a human

Gujarat Technological University Page 4



infectious disease. The uniqueness of this bacterium is its ability to invade the Schwann cell
of the peripheral nervous system (Rockefeller, 2001).

1.2.1. Cell wall of Mycobacterium tuberculosis

The mycobacterial cell wall is a complex structure that is an essential for cell growth,
resistance to antibiotics and virulence. It is composed of three distinct macromolecules. They
are surrounded by a non-covalently linked outer capsule of proteins and polysaccharides.

1. Peptidoglycan (PG)

2. Arabinogalactan (AG)

3. Mycolic acid

1. Peptidoglycan(PG): The peptidoglycan layer surrounds the plasma membrane and
comprises long polymers of the repeating disaccharide N-acetyl glucosamine-N-acetyl
muramic acid (NAG-NAM) that are linked via peptide bridges. Its mesh like arrangement
confers rigidity to the cell, prevents osmotic lysis and responsible for cellular shape (Lederer,
1971)(Brennan, 2003)(Alzaidi, 2018).

2. Arabinogalactan(AG) : Arabinogalactan layer surrounded by the peptidoglycan layer. It
is a biopolymer consisting of arabinose and galactose monosaccharides. It is a
heteropolysaccharide that is covalently tethered 10%-12% of the muramic acid residues of
PG via phosphodiester bond. Arabinogalactan, whose outer ends are esterified with high
molecular weight fatty acids called mycolic acids (Lederer, 1971)(Brennan, 2003)(Alzaidi,
2018).

3. Mycolic acid

Mycolic acids, the major building blocks of mycobacterial cell envelope, are long a-chain
branched, B-hydroxylated fatty acids which upon pyrolysis are cleaved into a meroaldehyde
main chain also called meromycolic chain and a meroacid or shorter a branch. They consist
of 60 to 90 carbon atoms depending on mycobacterial species and various chemical functions
like cyclopropane rings and oxygenated groups. Mtb mycolic acids are of three main types:
alpha, methoxy and keto, where o is the most apolar with 74 to 80 carbon atoms and
generally two double bonds or two cis cyclopropyl groups located in the meromycolic chain.

The other two subtypes contain supplementary oxygen functions namely methoxy and keto
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groups located in the distal part of the meromycolic chain and have 84 to 88 carbon atoms
(Lederer, 1971)(Brennan, 2003)(Alzaidi, 2018).

Outer layer

| Mycomembrane

Periplasmic space Granular layer

Plasma membrane

Cytosolic compartment

Fig. 3: Cell wall of Mycobacterium tuberculosis (Alzaidi, 2018)

1.2.2. Pathogenesis of Tuberculosis

The steps include in TB pathogensis are — exposure, infection, disease and death. Pulmonary
TB occurs in the lung and comprises almost 85% of all TB cases. The upper lung lobes are
more frequently affected by tuberculosis than the lower ones. The disease progression can be

divided into following five stages.

Stage 1

Droplet nuclei are inhaled and are generated by talking, coughing and sneezing. Once nuclei
are inhaled, the bacteria are non-specifically taken up by alveolar macrophages. The
macrophages will not be activated, therefore unable to destroy the intracellular organism. The
large droplet nuclei reaches upper respiratory tract and the small droplet nuclei reaches air
sacs of the lung (alveoli) where infection begins. Disease onset when droplet nuclei reaches
the alveoli. Bacteria multiplies within the inactivated macrophages until macrophages burst.
Other macrophages diffuse from peripheral blood, phagocytose TB and are inactivated,

rendering them unable to destroy TB.

Gujarat Technological University Page 6



Stage 2

Lymphocytes, specifically T-cells recognize TB antigen. This results in T-cell activation and
the release of cytokines, including interferon (IFN). The release of IFN causes the activation
of macrophages, which can release lytic enzymes and reactive intermediates that facilitates
immune pathology. Tubercle forms, which contains a semi-solid or “cheesy” consistency.
Although many activated macrophages surround the tubercles, many other macrophages are
inactivated or poorly activated. The growing tubercle may invade a bronchus, causing an
infection which may spread to other parts of the lungs. Tubercle may also invade artery or
other blood supply. Spreading of TB may cause milliary tuberculosis, which can cause
secondary lesions. Secondary lesions occur in bones, joints, lymph nodes, genitourinary

system and peritoneum.

Stage 3

The caseous centers of the tubercles liquefy and the organism begins to rapidly multiply
extracellularly. After time, the large antigen load cause the walls of nearby bronchi to become
necrotic and rupture. This results in cavity formation and allows TB to spread rapidly into

other airways and to other parts of the lung (Knechel, 2009).

A

Droplet nuclei with
bacilli are inhaled,
enter the lung, and
deposit in alveoli.

Macrophages and

T lymphocytes act
together to try to
contain the infection by
forming granulomas.

In weaker immune
systems. the wall loses
integrity and the bacilli
are able to escape and
spread to other alveoli
or other organs.

Fig. 4: Pathophysiology of Mycobacterium tuberculosis (Knechel, 2009)
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1.3. Risk Factors of Tuberculosis

e HIV

e Silicosis
e Cancer
e Diabetes

e Malnutrition
e Alcoholism
e (Gastrectomy
o Age

e Certain medications, such as corticosteroids and Infliximab (an anti-aTNF
monoclonal antibody)

1.3.1. Transmission of Mycobacterium Tuberculosis

A person with laryngeal or pulmonary tuberculosis may cough, sneeze, talk, sing, or
produce other small airborne droplets that are 97% of the time called "droplet nuclei” that are
responsible for spreading Mycobacterium tuberculosis. These dangerous bacteria will remain
inhaled and be phagocytosed (a process that encloses and gets rid of infections and other
foreign objects) in the pulmonary alveoli. The main infection could not show any symptoms.
Infectious particles can be inhaled by another person after they have been aerosolized and
have been dispersed by circulation of air throughout a room or structure. Considering how
tiny they are, droplet nuclei can float in the air for a long time. Sneezing generates the
majority of droplet nuclei, which can spread to others up to 10 feet away. Most of the larger
droplets that are inhaled with droplets of air end up in the upper respiratory tract, such as the
nose and throat, where infections are less likely to spread. The respiratory system becomes
infected when M. tuberculosis reaches the lungs, but extrapulmonary tuberculosis can also
develop in other organs such as the lymphatics, pleura, bones and joints, or meninges. Inhaled

infectious droplets settle throughout the airways.
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Fig.5: Spreading of Mycobacterium tuberculosis (Bhunia et al., 2015)

1.3.2. Tuberculosis and HIV co-infection

HIV-associated tuberculosis (HIV-TB) is associated with disproportionate mortality:
approximately 24% of the 660,000 individuals with TB and HIV died, compared to 11%
of those without HIV dying from TB in 2023. HIV is a key driver of ongoing high TB
incidence in many countries, particularly in the World Health Organization Africa region,
and TB is the leading cause of hospitalization in people with HIV (PWH) globally.
Significant developments have occurred recently concerning the prevention, screening,
diagnosis, and management of HIV-TB. Antiretroviral therapy and novel regimens for TB
preventive therapy are now known to decrease TB incidence and improve survival(Sossen
et al., 2025).
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1.4. Sign and symptoms of tuberculosis
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Fig.6: Sign and symptoms of tuberculosis

1.5. Types of Tuberculosis

Tuberculosis can be comprehensively grouped into two main types. One is pulmonary
tuberculosis and the other is extrapulmonary tuberculosis. Pulmonary TB affects lungs
and remains more prevalent. When the disease is transmitted from the lungs to different
parts of the body, which happens in around 15-20% of the instances of active TB, then it
is referred to as extrapulmonary tuberculosis. In this case, central nervous system,

lymphatic system, kidneys, bone, and genitourinary framework are the frequently infected

regions.

TB infections are classified based on where the bacteria are active in the body and how

they respond to standard antibiotic regimens (Noraffandy Yahaya & Nur Fazila i Salleh,
2020).
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1.5.1. Latent TB Infection

In latent TB, the bacteria remain dormant inside the body. Individuals with latent TB
exhibit no clinical symptoms and cannot transmit the infection to others.

However, if the host's immune system becomes compromised, the infection can transition

into active disease. Early therapeutic intervention is critical to stop this progression.
1.5.2. Active Pulmonary TB Disease

Active TB occurs when the bacteria multiply and cause symptoms. Pulmonary TB affects
the lungs and is the most common form. It is highly contagious and spreads from person

to person through microscopic airborne particles.
1.5.3. Extrapulmonary Tuberculosis

When the infection spreads outside the lungs, it is classified as extrapulmonary
tuberculosis. This form can affect the lymph nodes, skeletal structures, joints, kidneys,

and central nervous system.

o Spinal TB (Pott’s Disease): Targets the vertebrae, causing persistent back pain and

structural spinal stiffness.
o Renal TB: Attacks the kidneys, frequently resulting in blood in the urine (hematuria).

e« Meningeal TB: Infects the membranes surrounding the brain, causing severe

headaches and neck stiffness.

e Lymph Node TB (Scrofula): Leads to noticeable localized swelling, most commonly

in the lymph nodes of the neck.
1.5.4. Drug-Resistant TB (DR-TB)

Drug-resistant TB develops when the bacteria mutate and no longer respond to standard

antibiotic protocols.

e Multi-Drug Resistant TB (MDR-TB): Resistant to at least isoniazid and rifampicin,

the two most powerful first-line TB medications.

o Extensively Drug-Resistant TB (XDR-TB): Resistant to isoniazid, rifampicin, and

several second-line alternatives, making treatment exceptionally difficult.
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1.6. Diagnosis of Tuberculosis

Diagnosis of tuberculosis is mainly depends on clinical features, histopathology,
demonstration of acid fast bacilli (AFB) and isolation of mycobacterium tuberculosis from

the clinical specimens.

1.6.1. Radiological Method
Chest X-ray

The chest radiograph is useful technique for diagnosis of TB disease. Chest abnormalities can
suggest pulmonary TB disease. A posterior-anterior radiograph of the chest is the standard
view used for the detection of chest abnormalities. Chest radiographs may be used to exclude
TB disease in an HIV-negative person who has a positive TST reaction or IGRA and who has

no symptoms or signs of TB disease.

Fig.7: Chest X-ray analysis (Murphy, 2020)

1.6.2. Microscopy sputum smear

Microscopic examination of specially stained smears to detect acid-fast organisms such
as Mycobacterium tuberculosis and nontuberculous mycobacteria. Acid fastness is a physical
property that gives a bacterium the ability to resist decolorization by acids during staining

procedures. Two techniques are used for the microbial examination (Mugenyi et al., 2024).
e Light-emitting diode fluorescence microscopy (LED-FM)

e Bright field microscopy
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1.6.3. Culture method

Culture test involves studying bacteria by growing the bacteria on different substances. This
is to find out if particular bacteria are present. In the case of the TB culture test the test is to
see if the TB bacteria Mycobacterium tuberculosis, are present.

1.6.4. Drug sensitivity testing (DST)

These testing methods are based on the reduction of a coloured indicator added to liquid
culture medium in a micro-titer plate after M. tuberculosis has been pre-incubated for several
days In-vitro to different antibiotics and different drug concentrations.

1.6.5. Molecular drug resistance testing methods

It uses a hemi-nested PCR to amplify the Rifampin resistance-determining region (RRDR) of
the M. tuberculosis rpoB gene. GeneXpert MTB/RIF® technique is used.

1.6.6. Latent TB infection detection

Indirectly measure TB infection by detecting memory T-cell response signifying the presence
of host sensitization to M. tuberculosis antigens. Below techniques are used(Mugenyi et al.,
2024).

* QuantiFERO-TB

* Gold Plus (QFT-Plus)

* WANTAI TB-IGRA

« SPOT®TBLISPOT-based
* IGRA(ELISPOT base)

1.6.7. The tuberculin skin test/ Mantoux test

The standard recommended tuberculin test is the Mantoux test, which is administered by
injecting a 0.1 mL of liquid containing 5 TU (tuberculin units) PPD (purified protein
derivative) into the top layers of skin of the forearm. Skin tests should be read 48-72 hours
after the injection. The basis of the reading of the skin test is the presence or absence and the
amount of induration (localized swelling). A negative test does not always mean that a person

is free of tuberculosis.
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1.7. Treatment of Tuberculosis

1.7.1. First line anti-tubercular agents

H,NHN__O N
74 ~ ) /\/N
4 N N T
N NH, CH,OH
Isoniazid (1) Pyrazinamide (2) Ethambutol (3)

: I
3 OH ©OH

Rifampicin (4) Streptomycin (5)

1.7.2. Second line anti-tubercular agents

| X HO | HN N
= F O\ A

Ethionamide (6) Ofloxacin (7) Moxifloxacin (8)
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1.7.3. Global new anti-tubercular drugs pipeline

2025 Global New TB Drug Pipeline’

Discovery

Preclinical Development

Clinical Development

r A \r A \ Regulatory
Market
Early Stage GMP. Tox. \ Approvals
Optimization Dl et > /6P Phase 1 > Phase 2 m
Indazole sulfonamides TBD10 (MK-3854) OTB-658 TBDO9 (MK-7762) Delpazolid
Diarylthiazoles
UMN-120/121 X 2 2 2
DprE1 Inhibitors TBI-223 Sutezolid, Tedizolid
Direct InhA Inhibitors FIM-3002* TBAJ-587 Sorfequiline Sudapyride Bedaquiline*
Mtb energy metabolism  ¥20404* (TBAJ-876) (WX-081)
Gyrase Inhibitors - GSK-839*
:r:_':‘"m"’": “pti i Macozinone* BTZ-043* Quabodepistat
nhibitors of MmplL3, NTB-3119* - *
Translocase-1, ClpC1, (PBTZ'].GS) 4 (OPC 167832 )
CIpP1P2, PKS13, F-ATP ISF-3285* TBA-7371
synthase, RNAP .
CPZEN-45
Oxazolidinones TBD11 Alp‘beaif De 1
Dnak1 /Nargenicin MEKABEEA {1800} CLB-073)* (BVL-GSK098)*
anslogs FNDR-20364* Pretc vid *
GSK-286* Ganfeborole
*New chemical class. Known chemical classes for any lndauon are color coded: Rifamycin, (GSK'GSG‘)
oxazolidinone, r diarylquinoline, benzothiazinone, |m.dnopvrldme amide, beta-
lactam, Smaller type indi lokes g /support to ad S fatitngn % WORKING GROUP
' New Molecular Entities not yet app , being d for TB or only condi for TB. ON NEW TB DRUGS
Showing most advanced stage reported for each. Details for projects listed can be found at Telacebec* (on})
http://www.newtbdrugs.org/pipelina/clinical Pyrifazimine (TBI-166) www.newtbdrugs.org
Ongoing projects without a lead c_o.[],ound identified: htp://www.newtbdrugs org/pipeline/discovery $0-109* Updated: Nov 2025

Fig. 8: Global Antitubercular drug pipeline (World Health Organization, 2025)
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1.8. Anti-tubercular drugs and their targets (Laghari et al., 2016)

Tabel-1: Anti-tubercular drugs and their targets

Drugs Target Mechanism

Isoniazid Enoyl acyl carrier protein Inhibition of biosynthesis of
reductase mycolic acids

Rifampicin Subunit of DNA dependent Inhibition of RNA synthesis
RNA polymerase

Pyrazinamide

S1 component of 30s

ribosomal subunit

Inhibit translation and trans -

translation

Ethambutol

Arabinosyl transferases

Inhibit arabinogalactan

biosynthesis

Streptomycin

S12 and 16S rRNA

components of 30S ribosomal

Inhibit protein synthesis

subunit
Kanamycin 30S ribosomal subunit Inhibit protein synthesis
Amikacin 30S ribosomal subunit Inhibit protein synthesis

Capreomycin

inhibiting bacterial protein
synthesis by binding to the

70S ribosomal subunit

Inhibit protein synthesis

Para amino salicylic

acid

Dihydropteroate synthase

Inhibit folate biosynthesis

Cycloserine

D-alanine racemase and ligase

Inhibit peptidoglycan synthesis

Fluoroquinolones
(Moxifloxacin&

Gatifloxacin)

DNA gyrase and

topoisomerase 1V

Inhibit DNA supercoiling
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1.9. Anti-tubercular drugs and their mechanism (Capela et al., 2023)(Shetye et al., 2020)

Table-2: Anti-tubercular drugs and their mechanism

Chemical class and Structure Mechanism of

drugs action

Diarylquinolines Inhibits energy

Analogue production by
targeting ATP

Bedaguiline TMC207 N

(Sirturo)

Nitroimidazole Destabilizes the

Analogues o {\Yo
Delamanid (OPC-
67683, Deltyba)

bacterial cell
membrane by
blocking the
synthesis of
(17) mycolic acids;
poisons the
bacterial cell by

releasing nitric

PA-824 O,N A oxide when
(18) metabolized
Oxazolidininone Protein synthesis
Analogue O>¥ inhibition
. . o) .
Linezolid H translation) b
O/’\N N\)VN ( I )oY
/ 7( inhibiting the

initiation step at

the ribosome
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BTZ 043

CPZEN-45

H OJ{’\‘\@\ I\
PNU 100480 \IOVN\‘“k/ A
( Sutezolid) (20)
K o)
] N / N>\\O
AZD5847 HOH-? i \AVO\EN/\O
HO =
(21)
Ethylene Cell wall
diamines H\/\ M biosynthesis
SQ 109 @/ N inhibition.
possibly by
(22) targeting the
MmpL3 protein
Benzothiazinones Peptidoglycan

biosynthesis

Peptidoglycan

biosynthesis
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Imidazopyridine Targets the
Q203 AN respiratory
cl cytochrome bcl
K@ complex,
NQ\@()CFS inhibiting the
synthesis and
homeostasis of
adenosine
triphosphate
(ATP)
DNA synthesis

Quinolones o O inhibition
Gatifloxacin OH (inhibition of

ON N gyrase)

DC-159a

Inhibition of
Rifampicin bacterial RNA
Analogue synthesis (B-
Rifapentine subunit of the

DNA dependent

RNA

(28) polymerase
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1.10. Enoyl acyl carrier protein reductase (InhA)

The association of multifunctional FAS-1 system (fatty acid synthase type I) originate from
eukaryotes provides a good opportunity for its selective inhibition, but it is relatively different
from the individual enzymes of the bacterial fatty acid synthase type Il system (FAS-II). The
striking antimicrobial drug targets, FAS-11 pathway has gained much attention in the modern
era for developing INH based new chemical entities. NADH-dependent enoyl acyl carrier
protein (ENR) reductase encoded by mycobacterium gene InhA is the key catalyst involved
in mycolic acid biosynthesis in FAS-II pathway. Earlier reports have recognized that InhA is
the primary target for INH, a leading drug used for the treatment of tuberculosis for over 40
years. Reports have suggested that the formed INH-NADH adduct by the action of KatG
(catalase-peroxide enzyme) on INH to form an acyl radical, which in turn covalently binds to
NADH, acts as an effective inhibitor of InhA (Dixit et al., 2017).

The enoyl-ACP reductase encoded by the mycobacterium gene InhA is an essential enzyme
in the biosynthesis of mycolic acid, the single most abundant component of the
mycobacterium tuberculosis cell wall. This enzyme is required by this organism for cell wall
synthesis, and inhibition of this enzyme results in death of the bacterial cell (Tallorin et al.,
2016).

InhA is the target for the frontline antimycobacterial drug isoniazid (fig.9), a prodrug that is
activated by the mycobacterial catalase-peroxidase enzyme KatG, to form a reactive species
that acylates the nicotinamide moiety of NADH. Investigations into the mechanisms of
resistance to isoniazid have revealed that KatG mutations are the primary cause, as without
the oxidation of isoniazid to the active species, the necessary acylation of the nicotinamide
cannot occur therefore, compounds that can directly inhibit InhA without the need for
activation by KatG present a very promising opportunity to combat MDR-TB, XDR-TB and
TDR-TB (Sink et al., 2015).
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Fig.9: Inhibition of mycolic acid by enoyl acyl carrier protein reductase(InhA) enzyme
(Wright, 2012)

1.11. Decaprenylphosphoryl-beta-D-ribose 2'-epimerase
Decaprenylphosphoryl-p-D-ribose-2'-epimerase (DprE1), a crucial enzyme in the process of
arabinogalactan and lipoarabinomannan biosynthesis. Decaprenylphosphoryl-p-d-ribose
2'epimerase (DprE1) is one of the enzyme that catalyzes the biosynthetic pathway for the
production of the two crucial heteropolysaccharide structure of Mtb cell envelope,
arabinogalactan (AG) and lipoarabinomannan (LAM). LAM and AG consist of a typical
sugar moiety, d-arab- inofuranose (d-Araf). Decaprenylphosphoryl-d-arabinose (DPA) is the
sole donor of d-Araf. The metabolic pathway involved in the synthesis of DPA comprises the
conversion of the sugar moiety, ribose, to arabinose. DprE1 enzyme catalyzes the oxidation
of decaprenylphosphoryl-d-ribose (DPR) to form the intermediate, decaprenylphosphoryl-2'-
keto-ribose (DPX) with the reduction of FAD cofactor to FADH2. Subsequently, the
intermediate DPX is reduced to DPA by using NADH-dependent deceprenylphosphoryl-2-
keto-ribose reductase (DprE2). The reduced form of the FAD cofactor, FADH3, has to be
oxidized through an electron acceptor like menaquinone or molecular oxygen to assist the
new epimerization cycle, depicted in Fig.10. Also, this epimerization step takes place in the
periplasmic localization of the Mtb cell wall, elucidating the vulnerable character of DprE1
by developing an enormous number of inhibitors with diverse heterocyclic ring scaffolds.
According to their mechanism of inhibition, these inhibitors are classified as covalent
inhibitors, which inhibit the DprE1 enzyme irreversibly by making a covalent adduct with
Cys387 amino acid, and non-covalent inhibitors, which work as competitive inhibitors (Dash
et al., 2024)(Chikhale et al., 2018).
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Fig. 10: Graphical representation of inhibition of cell wall synthesis by DprE1

1.12. Tuberculosis vaccine

Tuberculosis (TB) elimination requires vaccines capable of preventing pulmonary disease
and transmission. BCG protects against severe childhood TB but inadequately prevents
transmission. Throughout the history of public health, few medical interventions have had an
impact comparable to vaccination. Vaccines have prevented millions of deaths, dramatically
reduced the burden of infectious diseases and eventually led to their global eradication.
Beyond their direct protective effects, vaccination programs illustrate how scientific
innovation, when combined with sustained political commitment and societal engagement,
can fundamentally alter the trajectory of human disease.

TB is presenting new challenges as a global health problem, especially with new threats of
HIV co-infection and multidrug-resistant and extensively drug-resistant strains of

Mycobacterium tuberculosis. The current TB vaccine, Mycobacterium bovis bacillus
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Calmette—Guerin (BCG), is the most widely used vaccine worldwide but its efficacy against
pulmonary TB in adults in many high-burden countries is limited. Different vaccine strategies
will probably be required for the various needs that exist within a population in which some
individuals have been previously immunized with BCG, co-infected with HIV or latently
infected with M. tuberculosis. In the last 15 years, new strategies to improve or replace BCG
in the laboratory have led to several promising vaccine candidates that are actively being
evaluated in human clinical trials (Ly, 2008).

Despite the continued global burden of TB, bacille Calmette—Guérin (BCG) remains the only
licensed TB vaccine and has been in use for more than a century. Developed in 1921 from an
attenuated strain of the cow pathogen Mycobacterium bovis, BCG has been widely
implemented in national immunization programme, particularly in high-burden settings,
because of its proven efficacy in preventing severe forms of TB in infants and young
children, including TB meningitis and miliary disease. In contrast, protection against
pulmonary TB — the main driver of transmission — has been highly variable across studies and
geographic regions. BCG is not a single, uniform vaccine but a group of related substrains
that diverged during serial In-vitro passage. Genomic analyses have revealed deletions,
duplications, and regulatory differences that influence antigen expression, innate immune
activation, and immunogenicity, potentially contributing to heterogeneity in vaccine efficacy
(Martin et al., 2026).
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Fig. 11: Anti-tubercular vaccine pipeline
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1.13. Current Tuberculosis Paradigm

Tuberculosis has been treated as a biologically homogenous disease, when emerging
evidence suggests that people with tuberculosis are likely to have distinct phenotypes and
immunological endotypes. This concept transformed cancer therapeutics through the
establishment of The Cancer Genome Atlas, which led to the development of endotype-
specific therapies and improved clinical outcomes. In tuberculosis, both intrinsic and
extrinsic drivers are thought to drive the development of distinct host immune endotypes.
Intrinsic drivers include deficiencies in key immune pathways such as interleukin (IL)-
12/interferon (IFN)-y or TNF signalling, or immune exhaustion, whilst extrinsic drivers such
as diabetes mellitus, smoking or poor air quality, infecting strain and bacillary load may also
shape the immune response. As our understanding of tuberculosis dynamic immunopathology
evolves, it may be necessary to develop or repurpose drugs that target the host, rather than the
pathogen, and tailor these host-directed therapies based on the host endotype, an approach
that is already being trialled in sepsis. There is also pressing need to move away from
traditional microbiologic and radiographic biomarkers alone, which inadequately capture a
treatment regimen's sterilizing capacity or immunomodulatory benefits such as in reducing
tissue fibrosis or preserving lung function, outcomes that are increasingly recognized as
important in the long-term health of survivors. A proposed framework of precision medicine
for tuberculosis includes incorporating therapeutic drug monitoring, endotype guided
immunomodulatory therapy, and the use of multiplex biomarkers to guide length of treatment
decisions or drug selection. Embedding these elements within adaptive trial designs may help
identify responder subsets, refine combination regimens, and thereby realize the full potential
of any regimen. Alongside these ambitions, given the increased complexity of what is
proposed, it will be essential to incorporate implementation science from the outset to ensure
that any findings can be translated effectively within the context of resource-limited
tuberculosis programmes.

The landscape of tuberculosis research has been transformed by the emergence of adaptive
trial design, platform trials, and collaborative research consortia, which enable the
simultaneous and efficient evaluation of candidate drugs, and treatment strategies within a
flexible trial infrastructure. Initiatives such as the Tuberculosis Trials Consortium (TBTC),
UNITE4TB and SMART4TB exemplify this approach, fostering global collaboration and
accelerating the generation of high-quality evidence. By harmonizing protocols and pooling
expertise, these consortia address critical gaps in TB treatment ultimately aiming to eliminate
the disease globally (Cross, 2025).
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The work done in past two decades is ushering in a new era in tuberculosis treatment, that we
hope will deliver shorter, safer and more person-centred treatments for tuberculosis. It is
important to recognize that beyond therapeutics, there are advances being made in vaccine
development, host-directed therapies, and renewed interest in novel biomarker to improve
diagnostics, predict treatment response, and enable personalize treatments. However,
scientific progress alone will not end the tuberculosis epidemic. To fully realize the potential
of these breakthroughs, there must be a coordinated effort to address the challenges of
equitable drug availability, provide person-centred treatment support beyond directly
observed therapy, strengthening health system capacity, and advancing the science of
implementation. Only through this comprehensive, integrated approach can we accelerate

progress towards eliminating tuberculosis.

1.14. New anti-tubercular drugs under clinical trial (Cross, 2025)

1. TBAJ-876: It is a next-generation diarylquinoline antibiotic, structurally similar to
Bedaquiline, but specifically engineered to improve potency and safety. It has demonstrated
increased In-vitro activity, including against strains with Rv0678 mutations. Additionally,
TBAJ-876 shows a reduced propensity for QT interval prolongation compared to
Bedaquiline. The multiarm, pan-Phase 2 trial, NC-009 has evaluated the optimal dose of
TBAJ-876 in combination with Pretomanid and Linezolid during the intensive phase of
treatment (the first 8 weeks). It compares the bactericidal activity and safety of this regimen
against the standard BPaL regimen and conventional HRZE therapy across five countries.
Results are not yet in the public domain (NCT06058299).

2. Sudapyridine (WX-081):

Sudapyridine (WX-081) is a novel diarylpyridine compound structurally related to
Bedaquiline, developed by substituting the quinolone moiety with a pyridine group. This
modification retains potent antimycobacterial activity while potentially improving the drug's
safety profile, particularly regarding cardiotoxicity. In both In-vitro and In-vivo studies,
Sudapyridine has demonstrated mycobactericidal activity equivalent to Bedaquiline.
Following encouraging Phaseland Phase2 studies. Sudapyridine has advanced to a Phase 3
trial for the treatment of Rifampicin-resistant disease (NCT05824871). If its efficacy and
safety are confirmed in Phase 3, Sudapyridine could offer a valuable alternative for an all-

oral regimen, particularly for those with baseline QT prolongation, or those receiving other
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QT-prolonging drugs.

3. DprELl inhibitors:

Among more promising new drug classes against tuberculosis are the inhibitors of DprE1
(decaprenyl- phosphoryl-p-D-ribose 2-epimerase subunit 1, an enzyme required for the
biosynthesis of essential mycobacterial cell wall components, lipoarabinomannan and
arabinogalactan. Several DprElinhibitors; Quabodepistat(OPC-167832),BTZ043, and TBA-
7371 are currently in Phase 2 trials, with additional candidates progressing through earlier
stage development.

BTZ-043, one of the earliest DprE1 inhibitors to enter human trials demonstrated excellent
penetration and accumulation in necrotic lesions, areas where many antibiotics struggle to

reach therapeutic concentrations, compromising treatment efficacy.

TBA-7371 has completed a Phasel single/ multiple ascending dose study in healthy
volunteers (NCT03199339) to establish safety, tolerability, pharmacokinetics and drug
interactions with Midazolam and Bupropion as well as an EBA trial in drug susceptible
tuberculosis (NCT04176250).

4. GSK-656 (Gabfeborole):

Another promising candidate in tuberculosis drug development is GSK-656 (Gabfeborole),
the first class benzoxaborole compound which selectively inhibits aminoacyl-tRNA
synthetases, an essential enzyme involved in protein synthesis in Mtb. In a Phase 2a EBA
trial, the molecule exhibited dose dependent bactericidal activity with an acceptable
pharmacokinetic and safety profile. A Phase 2a EBA trial testing GSK-656 as a two drug
combination with Bedaquiline/ Delamanid or with standard of care treatment (HRZE -
Isoniazid, Rifampicin, Pyrazinamide and Ethambutol) in drug-sensitive disease
(NCT05382312), whilst the European Union-backed UNITE4TB consortium is testing in a
Phase 2b trial combinations of BTZ-043, GSK-656, Bedaquiline, Delamanid, Moxifloxacin,
Linezolid and Pyrazinamide over a 4-month period for drug-sensitive TB through a platform

trial across Europe, Asia, Africa and South America.
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5. Telacebec (Q203):

It is a novel antimycobacterial agent that targets mycobacterial cytochrome bclaa3, an
enzyme in the mycobacterial respiratory chain. In response, Mtb can reroute respiration
through the less energetically efficient cytochrome bd oxidase, which renders Telacebec's
activity bacteriostatic rather than bactericidal. Nevertheless, in a Phase 2 EBA trial, daily
Telacebec doses of 100— 300mg were found to be safe, well tolerated, and demonstrated a
dose dependent reduction in sputum mycobacterial load.

6. Oxazolidinone Drug:

Delpazolid and Sutezolid Oxazolidinone class drugs. In EBA trial, Delpazolid was evaluated
in a Phase 2b DECODE trial, which assessed multiple dosing schedules in combination with
Bedaquiline, Delamanid and Moxifloxacin for drug-susceptible tuberculosis. In this 76
participant study, the 1200mg dose of Delpazolid dose achieved the highest additive efficacy
alongside the other medications. The higher dose of 800 mg twice-daily resulted in two drug
related serious adverse events (gastritis and anaemia) both occurring in participants with
relatively high Delpazolid exposure, as measured by AUC0-24. Larger, later-phase trials can
be expected given the promising results.

Sutezolid, predicted to have a lower risk of mitochondrial toxicity compared to linezolid, and
demonstrating encouraging early bactericidal activity, was tested in a Phase 2b trial which
assessed multiple dosing regimens in combination with Bedaquiline, Delamanid, and
Moxifloxacin. The 600mg twice-daily arm showed the most significant change in clearance
of Mtb from sputum, and outperformed the comparator arm without Sutezolid and a historical
comparison of HRZE.

There was no peripheral neuropathy reported after the 12 week treatment, a single grade 4
neutropenia determined to benign ethnic neutropenia rather than drug related, a single grade 4
drug induced liver injury, and no cases of QT prolongation where the interval was above 480
milliseconds (CROI 2023 Conference). A Phase 2b/c trial combining Quabodepistat and
Sutezolid with Bedaquiline and either Delamanid or Pretomanid for drug-resistant TB was
terminated, with the comment that the trial's objective of identifying a new regimen capable
of curing TB in 3 months or less was not achieved (NCT05971602).
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1.15. Current new TB treatment

The standard for tuberculosis (TB) treatment has shifted dramatically, offering shorter, all-
oral regimens instead of the traditional 6-to-18-month courses. For drug-resistant TB, the 6-
month BPaLM regimen is now the global and national standard, while drug-susceptible TB
can often be cured in 4 months using HPZM/HPM(Lopes, 2025).

1. Drug-Resistant TB (MDR/RR-TB)
For multidrug-resistant or rifampicin-resistant TB, the WHO and the National TB
Elimination Programme (NTEP) prioritize shorter, highly effective regimens:
e The BPaLM Regimen: A 6-month oral combination of Bedaquiline, Pretomanid,
Linezolid, and Moxifloxacin.
e The BPaL Regimen: Similar to BPaLM but excludes moxifloxacin; primarily used if

resistance requires it.

2. Drug-Susceptible TB (DS-TB)
For newly diagnosed, non-resistant TB, the standard 6-month treatment has been streamlined
for faster recovery:
e The 4 Month Regimen: Known as 2HPZM/2HPM, this shorter course replaces older
drugs with a powerful combination of Isoniazid, Rifapentine, Pyrazinamide, and

Moxifloxacin.

1.16. DOTS (Directly Observed Treatment Short Course)

National TB treatment guidelines strongly recommend using a patient centered case
management approach including directly observed therapy DOT when treating persons with
active TB disease. DOT is especially critical for patients with drug resistant TB, HIV-

infected patients, and those on intermittent treatment regimens (Davies, 2003).

e What is DOTS?

DOTS means that a trained health care worker or other designated individual (excluding a
family member) provides the prescribed TB drugs and watches the patient swallow every

dose.
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Why use DOT?

e DOT helps patients finish TB therapy as quickly as possible, without unnecessary
gaps.

e DOT helps prevent TB from spreading to others.

e DOT decreases the risk of drug-resistance resulting from erratic or incomplete
treatment.

e DOT decreases the chances of treatment failure and relapse.

e Five Elements of DOTS

Political commitment and sustained financing
Case-detection through quality assured methodologies
Standardized treatment with supervision

Effective drug supply

a & w0 b E

Monitoring/Evaluation system, and impact measurement

1.17. Research and Innovation to end Tuberculosis

Artificial Intelligence

Artificial Intelligence (Al) is the simulation of human cognitive function using computer
systems. Al techniques include machine learning that employs multiple algorithms to identify
complex nonlinear relationships within large datasets, deep learning where multiple layers of
processing are used to progressively extract higher level features, and generative Al that can
create new content. Al has revolutionized healthcare and can be applied to improve disease
screening and diagnosis, optimize treatment regimens and advance precision medicine,
support drug and vaccine development, optimize health systems management, support disease
surveillance and refine disease risk predictions, assist clinical care and improve patient
education.

Al is providing a transformative role in TB control. In 2022, the WHO launched an
operational research package to generate data on treatment decision algorithms for pulmonary
TB in children. This operational research seeks to provide external validation of two decision
algorithms designed to help clinicians determine whether to commence treatment. Computer-
aided detection (CAD) software is being utilized to automate the interpretation of digital X-
ray images and is now recommended as an alternative to human interpretation in WHO

screening guidelines. WHO recommend the use of CAD for screening and triage when

Gujarat Technological University Page 30



interpreting plain X-ray s from patients >15 years old. CAD has the potential to improve
access to screening as it can operate in both portable and ultra-portable X-ray machines, but it
has the disadvantage of requiring calibration with local data due to heterogeneity in the
accuracy of threshold scores and can only be applied to frontal X-ray images for adults. Al
provides an opportunity to increase the efficacy of resources which in many high TB burden
countries are constrained. The application of this technology to patients on directly observed
therapy (DOT) has been successful in reducing the time and cost burden on both patients and
healthcare workers. The application of Al to monitor treatment efficacy and predict prognosis
is being explored. Al is successfully predicting treatment duration, adverse reactions, drug
resistance, and treatment outcomes which paves the way for personalized care and improved

treatment outcomes (Gilmour & Alene, 2024).

Advances in geographic information systems (GIS)

A geographic information system (GIS) is a computer based platform for capturing, storing,
checking, and displaying data related to locations on Earth’s surface. With the advancements
in Information Technology, the scope of GIS has been redefined and expanded. Health GISs
are integrated systems containing tools for managing, inquiring, analyzing, and presenting
referenced health data. Mapping through GIS can significantly enhance the assessment of
environmental health risks, enabling more effective analysis and understanding of the
patterns and relationships in health related data (Saraswathi et al., 2025).

A geography-based screening and treatment approach that evaluates the clusters of TB cases

and their characteristics can serve as an effective method for control of tuberculosis cases.

1.18. Challenges against tuberculosis

1. Elucidate the biological mechanisms of mycobacterial persistence and latency.

2. Discover and develop new drugs that have novel mechanisms of action and are effective
against persistent bacilli.

3. Develop and validate animal models that reliably predict human treatment duration.

4. Develop and validate biomarkers and surrogate endpoints that predict efficacy and thereby
shorten clinical trial duration.

5. Develop new preclinical approaches to identifying optimized drug combinations and new
clinical and regulatory approaches to testing drug combinations in phase 2 and 3 clinical
trials.

6. Enhance capacity to conduct clinical trials in high-burden countries.
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1.19. Docking (Raval & Ganatra, 2022)
Docking is a method which predicts the preferred orientation of one molecule to a second
when bound to each other to form a stable complex. Knowledge of the preferred orientation
in turn may be used to predict the strength of association or binding affinity between two
molecules using, for example, scoring functions. Molecular docking is a computer simulation
procedure to predict the conformation of a receptor-ligand complex, where the receptor is
usually a protein or a nucleic acid molecule (DNA or RNA) and the ligand is either a small
molecule or another protein.
It can also be defined as a simulation process where a ligand position is estimated in a
predicted or pre-defined binding site.

® |t is the accurate method for predicting the biological activity of particular ligand.

e By using docking studies, fewer compounds need to be synthesized and assayed, and

a higher number of compounds assayed are found to be active.

1.19.1. Types of Docking
Rigid Docking (Lock and Key)

In rigid docking, the internal geometry of both the receptor and ligand are treated as rigid.

Flexible Docking (Induced fit)
An enumeration on the rotations of one of the molecules (usually smaller one) is performed.

Every rotation the energy is calculated; later the most optimum pose is selected.

Docking can be between...
Prtein-Ligand
Protein-protein

Protein-Nucleotide

) & Wr - 3 wr }
. L ]
e e
Target Protein Legand Protien:Ligand
Complex

Fig.12: Molecular Docking

Gujarat Technological University Page 32



1.19.2. Types of Interaction

Electrostatic forces - Forces with electrostatic origin are due to the charges residing in
the matter.

Electrodynamics forces - The most widely known is probably the van der waals
interaction.

Steric forces — These are caused by entropy. For example, in cases where entropy is
limited, there may be forces to minimize the free energy system.

Solvent related forces — These are due to structural change of the solvent. These
structural changes are generated, when ions, colloids, proteins etc, are added into the
structure of solvent. The most commonly are hydrogen bond and hydrophobic interaction.

1.19.3. Key Steps in Docking

Target selection

) E— Ligand selection
Target Preparation Ligand Preparation
Docking ——>| Evaluating docking results

Fig. 13: Docking workflow
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% Receptor selection and preparation
Building the Receptor
e The 3D structure of the receptor should be considered which can be downloaded
from PDB.
e The available structure should be processed.

e The receptor should be biologically active and stable.

Identification of the Active Site
e The active site within the receptor should be identified.

e The receptor may have many active sites but the one of the interest should be selected.

Ligand selection and preparation
Ligand can be obtained from various databases like ZINK, PubChem or can be sketched

using tools like ChemSketch.

Docking
The ligand is docked onto the receptor and the interactions are checked. The scoring function

generates score, depending on which the best fit ligand is selected.
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CHAPTER-2
2. REVIEW OF LITERATURE

2. 1. Pyrazole

The term Pyrazole was given by Ludwig Knorr in 1883. Pyrazole refers to the class of simple
aromatic ring organic compounds of the heterocyclic series characterized by a 5-membered
ring structure composed of three carbon atoms and two nitrogen atoms in adjacent positions.
Being so composed and having pharmacological effects on humans, they are classified as
alkaloids, although they are rare in nature. In 1959, the first natural pyrazole, 1-pyrazolyl-
alanine, was isolated from seeds of watermelons (Alam et al., 2015).

2.1. 1. Physical and Chemical Properties

Pyrazole is a m-excessive heterocycle and contains two nitrogen atoms; pyrrole type and
pyridine type, at positions 1 and 2. Pyrazole exists in three partially reduced forms. Pyrazole
is a colourless solid with m.p. 69-70°C, boiling point of pyrazole (186-188°C) is due to
intermolecular hydrogen bonding, Pyrazole exist in two identical and non-separable
tautomers due to rapid interconversion of tautomers. Pyrazole ring structure contains three
carbon atoms along with two nitrogen atoms present in adjacent positions. The lone pair of
first N-atom participates in delocalization with n-electrons while the other lone pair present
on the second N-atom is non-Huckel lone pair and due to that lone-pair pyrazole shows lewis
basicity with PKb 11.5. The pyrazole is represented by the following structure (M. Kumar &
Panday, 2022).

, Non- Huckel Lone pair
Huckel Lone pair

Fig.14: Structure of Pyrazole
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Analogues of Pyrazole

LN Lo L

N N N
H H H
Pyrazole Pyrazoline Pyrazolidine
O
H H
5-Pyrazolinone 3,5-Pyrazolidinedione

Fig.15: Pyrazole analogue

Pyrazole skeletons comprise various ranges of pharmacological activities such as analgesic,
antipyretic, anticancer, antiviral, anti-inflammatory, antioxidants, antimicrobial, anti-diabetic,
anti-convulsant, anti-arrhythmic. Pyrazole is a multipurpose effective molecule which is
biologically active. Several synthetic routes are accorded to the development of pyrazole
containing reactions to afford a novel molecule which is an enormous opportunity in the field

of medicinal chemistry.

PYRAZOLES POSSESS A WIDE RANGE OF BIOLOGICAL
ACTIVITIES

| Antidepressant activity ]

[ Antibacterial activity I [ Anticonvulsant activity I

[Anﬂviralactivitj; I \ , | Antifungal activity ]

[ Leishmanicidal

[ Antimycobacterial |
activity _ N activity
Insecticidal .. ..
| .. | Anuoxldantacuww I
activity \ B
Antitumoral ‘
| L f"s.nt_rrnalanalau:mflrir I
activity

[ Analgesic and Antimflammmatory activity I

Fig.16: Various biological activities of Pyrazole heterocycle

Gujarat Technological University Page 36



Pharmaceutical drugs containing pyrazole moiety

FaC, — a Cl
’ 2\ N, 3\ HLC
CHa Noy 7 OH ™~ CHs
<j N T
N =N

J) NE
o=s=0 HaCo @ H:.,C"J\\‘:'-’/L\CH_-,

?:
N

Celecoxib Fezolamine Lonazolac Mepirizole
Anti-inflammatory Antidepressent anti-inflammatory anti-inflammatory

Q [e] H3C, CH3
HN CHs ,N—¥ o]
H
D
4 N

N

€ N °
N~ O
cl r\?___/ - N
@ N HN. ~ NH,
ci ci N

Rimonabant Difenamizole Betazole Phenylbutazone
Anti-Obesity Analgesic H2-receptor agonist NSAID

Fig.17: Pyrazole heterocycle containing marketed drugs

2.2. FDA approved pyrazole drug in 2022 to 2026

7 (0]
<7/ NP F FH2N
HN N
DY N ’
N
0”0 F
)\ 0]

Omidenepag Isopropyl Pirtobrutinib

(Glaucoma) (Anticancer)
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Palovarotene
(Heterotopic ossification and Fibrodysplasia ossificans progressiva)

Deuruxolitinib (Severe alopecia areata)  Repotrectinib (Anticancer) Ruxolitinib

(Anticancer)

2.3. Chemistry of Pyrazolo[1,5-a]pyrimidines

Heterocycles hold a key place in organic and medicinal chemistry as they act as a bridge
between life sciences and biochemical investigations. Aza heterocycles are essential scaffolds
for generating wide range of chemical libraries for applications to obtain desired
therapeutic/pharmacological activity. Among all the aza-heterocycles, Pyrazolo[1,5-
a]pyrimidine is one such essential drug-like nucleus bearing enormous biologically

applicability in drug discovery.

Pyrazolo[1,5-a]pyrimidine containing compounds are an important and strategic N-
heterocycle family because of their proven applicability and synthetic versatility in preparing
relevant chemicals in biological, pharmaceutical, photophysical, material science, and
industrial fields. In this way, pyrazolo[1,5-a]pyrimidine synthesis and functionalization are
highly desirable. Various research groups continue to focus on preparing this class of
compounds, diversely substituted, to discover new and better applications. As a result, a deep

and systematic study of the chemistry and properties of pyrazolo[1,5-a]pyrimidines is
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necessary to understand their behaviour in various fields.

The heterocyclic fusion of pyrimidine and pyrazole rings resulted in formation of pyrazolo-
pyrimidines, the structural analogs of biogenic purine class. Pyrazolopyrimidines and related
fused heterocycles are of interest as potential bioactive molecules. (E.Rashad, 2014).

2.4. Synthesis of Pyrazole heterocycle containing compounds

2.4.1. From Tosylhydrazone

The pyrazole derivatives (30) are synthesized by 1,3-cycloaddition of the corresponding
tosylhydrazones of the carbonyl compounds (29), using a base in dry media (Grandi et al.,
2007).

R "o 4>ch03 H\N'\l%j\H
H} " R
R
R= CgHs, R’ = CH3 (29) (30)

2.4.2. From Acetophenone (Microwave Synthesis)
The series of heterocycles, 1-(4-substitutedphenyl)-3-phenyl-1H-pyrazole-4-carbaldehyde
(34) was synthesized by the reaction of acetophenone (31) with substituted phenyl hydrazine

(32) in the presence of Vilsmeier-Haack reagent (Panneer et al., 2014).

NH-NH, R2
R4
@—COCH3 + —
MW R4 CHj
R, HN\N/)\©
31 32) 33)

Vilsmeier- haack reagent | mw

R4
/N\
R, N
= H
(@)

Ri, R2=H, CH3 (34)
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2.4.3. From formyl glycol

Enantiomerically pure 4-substituted pyrazoles (36) synthesized from 2-formyl glycols(35)
and arylhydrazines under solvent-free conditions (Yadav et al., 2004).

R0
O&ﬁ RNHNH, . E?\)\(\O&
. R- 2
W . OH
OR CHO Neat, 3-6 min OR4
OR;

(35) (36)

R!=Me, Et, Bn

R= H, Ph, 2-EtC¢H,, 3,4- CIC4H,, 4-McOC4H,

2.4.4. From 1, 3-Diketoesters

Claisen condensation of ketone enolates (37) with diethyl oxalate (38) is the most general
method used to prepare 1, 3-diketoesters (39) which constitute the building blocks of most of
the pyrazole-3(5)-carboxylic acid derivatives (40) reported in the literature. Some of these

compounds display important pharmacological activities (Fustero et al., 2011).

o 0 (0] (@]
R1JVR2 + Eto)K[(OEt - R1M002Et
o 5 R?
37) (38) (39)
R-NHNH,

R' = Alkyl, (Het)Aryl
R2= H, Alkyl, Het (Aryl), heteroatom )

= R CO,Et
R=H, Alkyl, (Het) aryl
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2.4.5. From a-epoxyketone
3,5-diaryl-1H-pyrazole derivatives (43) have been synthesized from a-epoxyketone (41) and
semicarbazide hydrochloride(42) in presence of ethanol (Nikpour & Beigvand, 2008).

o 2 (0] N-NH —
@)%ﬂ\\@ Ry . HzN)K/NHQ_HCl EtOH N I \ /\Rz
S0 »

Ri @1 42) Ri
(43)

R'=H, 4-Cl, 4-Me, 4-MeO
R?=H, 2-Cl, 4-Cl, 4-Me, 4-MeO, 3NO,

2.4.6. From alkynyl ketones
Microwave irradiation of mixtures of alkynyl ketones(44) and arylhydrazines at 120 °C for 2
min afforded mixtures of 1,3- and 1,5- diarylpyrazoles (45) and (46) respectively, in high

yields but, in general, with low regioselectivity (Fustero et al., 2011).

o Ar’NHNH, Ary
7\
Conc. HCI-MeOH N;/ y o N/\_)\
§/Z<Ar1 » \,Tl [Tl Ar»]
Ar, Arp
44
44 (45) (46)

Ar'= Ph, 4-MeO/CICgH,
Ar?= Ph, 4-Me/O,NCgH,

2.4.7. From Weinreb amides

Persson and Nielsen developed an efficient approach to pyrazole-3-carboxylates from
Weinreb amides, hydrazines, and ethyl propynoate (Persson & Nielsen, 2006).Weinreb
amides (48) were reacted with the sodium acetylide of ethyl propynoate in an acyl
substitution_conjugate addition sequence to furnish (E)-p-ethoxycarbonyl-N-methoxy-N-
methyl-B-enaminones  (49), which regioselectively condensed with methyl and

phenylhydrazines in a microwave assisted reaction to afford target pyrazoles (50).
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o JOL NaHMDS, THF Q  COF
_OMe ’ _OM
%OE’( " RN >~ R1J\/\N ©

OMe Me
(47) 48) (49)
RNHNH, CDCl;
microwave
\J

CO,Et

R=Me or Ph, Ry=Me,Ph(CH,),, Ph, 2-4-Cl,CgH; /4/“\(

R' N

N
(50)

2.4.8. From g-alkoxyvinyl trichloromethyl ketones

B-alkoxyvinyl trichloromethyl ketones (51) with hydrazine hydrochloride in EtOH, or
phenylhydrazine in MeOH or EtOH, afforded alkoxycarbonylpyrazole derivatives (52) in
good yields (Alex et al., 2005).

R, R1

0 OR RNHNH,.HC| /z_(
» /an
el 0oL

MeOH or EtOH \

R, reflux R
(51) (52)
R=Me, Et

R1=H, Me, Ph, 2-furyl,2-thienyl
R2= H, Me, R1,R2= —(CH2)4
R=H,Ph

2.4.9. From 5-tribuylstannyl-4-fluoropyrazole

4-fluoropyrazole derivatives (56) syntehsized from 5-tribuylstannyl-4-fluoropyrazole (X =
BusSn) (54) and 4-fluoro-5-trimethylsilylpyrazole (X = MesSi) (55). Precursors obtained as
the only products through a 1,3-dipolar cycloaddition of diazomethane and in situ prepared

fluoro(tributylstannyl/trimethylsilyl) acetylenes(Fustero et al., 2011).
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S-BulLi F

} 0
. 105 °C = x CH,N, X/ZWN

F Bu3SnCl or Me3SiCl X=Bu3Sn H
-70°C Me;Si (55)

\J

(33) (54) \

(56)

2.4.10. From a-bromocinnamaldehyde

Tetrasubstituted pyrazoles (59) were obtained in high yield through the regioselective 1,3-
dipolar cycloaddition of a-bromocinnamaldehyde (57) to C-aryl-N-phenyl nitrile imines (58)
at room temperature (Dadiboyena et al., 2010).

Ph Ar
/\H(i H )Cl EtaN : 4 ,\N
+ =
Ph™ =y H Ph” N7 Ar DCM g N
Br Ph
(57) (58) (59)

Ar= Ph, 4-Cl, MeOCgH, 3-O,NCgHy ,2,6-CICsHs

2.5. Therapeutic importance of Pyrazole

2.5.1. Analgesic and anti-inflammatory activity

Hassan et al. synthesized celecoxib analogs with benzofuran moieties and evaluated them for
COX-2 inhibitory activity (Hassan et al., 2014). The compounds showed the highest anti-
inflammatory activity, with 1Cso values of 0.40 uM and 0.36 M, respectively, compared to
celecoxib.
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(60) 1Cso= 0.40 UM (61) 1Cs0= 0.36 uM

2.5.2. Pyrazole as Antifungal Agent
Pathak RB et al. (Pathak et al., 2012) synthesized and evaluated of 3-(4-chlorophenyl)-4-
substituted pyrazole derivative with MIC value 1.6pg/mL.

H,CO

(62)

2.5.3. Pyrazole as apoptosis inducing agents

Arthur et al. (Shaw et al., 2010) have screened 3, 5-diaryl pyrazole derivatives and check
growth inhibition on carcinoma cells. Best inhibition was observed with compounds bearing
a 1,10-biphenyl moiety exhibited the most potent activity against OVCA, SW620, H460 and
AGS cells with GI50 values of 0.67, 0.89, 0.73 and 0.79, uM respectively.
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2.5.4. Pyrazole as antitumor agents

Insuasty B. et al. (Insuasty et al., 2010) synthesized pyrazolic analogues of chalcones and 3-
aryl-4-(3-aryl-4,5-dihydro-1H-pyrazol-5-yl)-1-phenyl-1H-pyrazole ~ showed  remarkable
activity mainly against leukemia (K-562 and SR), renal cancer (UO-31) and non-small cell

lung cancer (HOP-92) cell lines, with the most important Glso values ranging from 0.04 to
11.4 pM, from the In-vitro assays.

O,N

(64)
2.5.5. Pyrazole as anti malarial agents
Bekhit A. et al. (Bekhit et al., 2012) have investigated pyrazole derivatives for antimalarial
activity. Compound (65) was reported to be the most active with 1Csq of 0.033 uM when

tested In- vitro model against chloroquine resistant (RKL9) strain of P. falciparum.

OH

(65)
2.5.6. Pyrazole as antiviral agents
Dawood et al. (Dawood et al., 2015) synthesized pyrazoles with 1, 3-bisthiazole groups and

investigated their antiviral profile. The most potent compound (66), is a HCV inhibitor
comparable to the reference drug.

Ph. P Ph, 0O 0
N 7% N s
N/ N/J\N/QS ~ W/k
N—N
PH

(66)
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2.5.7. Pyrazole as anti-diabetic

Ines Dhouib et al. (Dhouib et al., 2023) synthesized 3,4-dimethylpyrano [2,3-c]pyrazol-
6(2H)-one derivative (67) and evaluated against a-glucosidase. 1Cso value is 0.1 £ 0.005
mg/mL.

CHs3  cH,

=

o ~o” N
H
(67)

e In this study we have selected two targets, enoyl acyl carrier protein reductase (InhA)
and (Decaprenylphosphoryl-beta-D-ribose 2'-epimerase (DprE1l).

2.6. Anti-tubercular activity of Pyrazole

Because of its wide range of biological activity, pyrazole scaffold offers tremendous potential
for medicinal chemistry and is of interest to researcher. It has been discovered that pyrazole
heterocycle have interesting antitubercular activity. Taking this into account, Prafulla and his
co-worker synthesized a series of fused benzimidazole with pyrazole derivatives and assessed
them using the alamar blue assay for In vitro anti-TB activity against the M. tuberculosis
H37Rv strain. Three compounds of this series had interesting activity. Compounds 68a, 68b,
68c and 68d were found to be the most potent MIC=6.25 pg/mL and their activity is similar
to the reference drug Streptomycin (MIC=6.25 ug/ mL) (Sabale et al., 2018) .

R N R'I
N -N
H

d
(68a-d)
Comp. R R MIC in pg/mL
68a -NO; -H 6.25
68b -NO; -OCH; 12.5
68c -CHs -H 6.25
68d -OCHs -OCH; 6.25
Streptomycin 6.25
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Yokokawa et al. have synthesized tetrahydropyrazolopyrimidine carboxamide derivative

(69) as potent and orally active anti-tubercular agents MIC- 0.15uM (Yokokawa et al., 2013).

H ° H\/O/F
1, N
L:/N\N/
CF,
(69)

Ahsan et al. have synthesized novel 3-substituted-N-aryl-6,7-dimethoxy-3a,4-dihydro-3H-
indeno[1,2-c]pyrazole-2-carboxamide analogue. MI1C=0.78ug/mL (Ahsan et al., 2011).

(70)
Daniele et al. have synthesized pyrazole derivatives and evaluated as inhibitors of M.
tuberculosis. MIC is 4 pg/mL (Castagnolo et al., 2009).

'y

N N/

NI\ N N\)

Cl
(71)
Ramiyan M. and Ramiyan V. et al. have reported pyrazole derivatives as anti TB agents

with MIC- 0.76 pg/mL (Manikannan et al., 2010).

NO,
CeH11

O,N
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S. G. Alegaon , K. R. Alagawadi et al. synthesized and evaluated novel 3,5-diaryl-4,5-
dihydro-1H-pyrazole derivatives for their In-vitro anti-tubercular activity against

Mycobacterium tuberculosis H37Rv (Alegaon, Shankar G., Kallanagouda R. Alagawadi,
2014).

&
Dl

[ 0
|'1’(§\'"'-JQ‘N N h---,%

ATy

-5

(73a-d)
Compounds R R1 MIC (ug/mL)
73a -CHs 4-Chloro 0.39
73b -Cl 2- Chloro 6.25
73C -CHzs 2- Chloro 6.25
73d -Br | 2,4-Didhloro 6.25

Sameer Shaikh et al. synthesized new 1, 3-diphenyl pyrazole derivatives using molecular

hybridization approach and evaluated for their antitubercular and cytotoxic activity (Shaikh et
al., 2017).

X Compounds R MIC (uM)
=N

1
— -, N =
( )TN 74a 4F 16.06
Lw 74b 4-Br 13.91

74c 4-OCH, 31.15
(74a-c)

Prashant Aragade et al. synthesized series of 3-[3-(substituted phenyl)-1-isonicotinoyl-1H-

pyrazol-5-yl]-2H-chromen-2-one was found to be the most active against M. tuberculosis
(Aragade & Palkar, 2013).
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N\ / Compounds R MIC
(ng/mL)

75a 4-F 16.06

75b 4-Cl 1.25

75¢ 2,4- (Cl)2 1.25

75d 3-NO2 1.25

Xu z gao et al. reported 3-substituted-N-aryl-6,7-dimethoxy-3a,4-dihydro-3H indeno[1,2
c]pyrazole 2-carboxamide analogues displayed equal potency against both MTB H37Rv and
INH resistant MTB, which was as active as INH (MIC: 0.78 uM) against MTB H37Rv, and
16 times more potent than INH (MIC:12.5 uM) against INH resistant MTB (Xu et al., 2017).

(76)

TB47, a new drug candidate targeting QcrB in the electron transport chain, has shown a
unique synergistic activity with Clofazimine and forms a highly sterilizing combination (Yu
et al., 2021).

N
7 N7 N
= FF
—_—
~0 NH YF

(77)
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2.7. Pyrazole as enoyl acyl carrier protein reductase (InhA) inhibitor

Maria Martinez-Hoyos et al. reported GSK693 is a promising InhA direct inhibitor. Mtb
MIC= 0.2 uM (Martinez-Hoyos et al., 2016).

S
gt
N\
N ST "
= A AN
— N N N
SYN H

(78)

Mayur K. Vekariya et al. performed docking study, synthesis and evaluation of
morpholinopyrimidine based pyrazole derivatives. The molecular docking studies also
revealed the good interaction of the active tubercular compounds with the active site of the
target enzymes InhA. MIC - 6.25 pg/mL (Vekariya et al., 2018)

(79)

Sheshagiri R. Dixit et al. synthesized novel compounds 3-(4-(1H-pyrrol-1-yl)phenyl)-5-

substituted phenyl-4,5-dihydro-1H-pyrazole-1-carbaldehydes as potent InhA inhibitor (Dixit
et al., 2017).

R=3-OCHs MIC= 6.25 pg/mL
2.4-di ~OCH3 MIC =3.125pg/mL (80)
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Nayak N et al. have synthesized INH—pyrazole analogues as a potent anti-mycobacterial

agents (Nayak et al., 2015).

Sr. No. MIC (pg/mL)
8la 3-Cl 4-F 1.6
81b 3-Cl 4-Cl 1.6
81c 3-Cl 2-Cl 0.8

Lourdes Encinas, et al. reported compounds (82a-f) showed InhA inhibition at low

concentrations combined with good activity against M. tuberculosis with MIC values in the

range of 0.2—1 uM (Guardia et al., 2014).

N/\ o)
N P4
S
ord

(0]

(82a-f)

Compounds P:
82a Hﬁf%<NH2
0
82b "e-0
&NHQ)
o
82c N 4\
»FF'JHJ\(NH\)I\o’N
o
82d ;,J%NH Ns
X \/\O
82e #%NH\/\OH
o)
82f N~ \
H_,»{WNH ~
O
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Jaimin D. Bhatt et al. synthesized a series of novel pyrazole linked triazolo-pyrimidine
hybrids and evaluated for their anti-tuberculer activity against Mtb H37Rv strain. Some of the
screened entities rendered promising antitubercular activity. MIC- 0.39 ug/mL (Bhatt et al.,
2015).

Shankar G. Alegaon et al synthesized series of 1, 3, 4-trisubstituted pyrazole derivatives and
evaluated for their Mycobacterium tuberculosis (MTB) (H37Rv) inhibitory activity.
Compounds 84b, 84e and 84f showed most significant anti-mycobacterial activity with MIC
0.78 ug/mL(Alegaon et al., 2017).

ji\ Compounds R1 R2

H N_ _H
N ” X R, 84a -Cl -H
AN 84D Br H
N= 84c “OCHs H
@ 84d -Cl -CeHs
84e -Br -CeHs

(84a-1)

84f -OCH3 -CeHs

Bachar Rébat Moulkrere et al synthesized and characterized Two series of heterocyclic
compounds derived from 3-acetyl-4-hydroxy-6-methyl-2H-pyran-2-one (DHA) and 2-
acetylbutyrolactone. The compounds were evaluated for their activities against
Mycobacterium tuberculosis. MIC- 2.5 pg/mL and 5 pg/mL (Moulkrere et al., 2018).

H3C H3C

fﬁ,\,ﬁ\m J—;NH
HO !

S HO N
Jd F —N
H,N © g:/\

(85) (86)
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2.8. The chemical structures of novel DprE1 inhibitors under clinical development for
Mtb treatment

o)
(]
FaC =N N -
A * N
o, ° D‘:‘ Fny
. e
5 R
BTZ-043 PBTZ-169
L8]
SN
N7y
HN -/
HOy F - ’L{ N
F OHO \N%— - %,TMJ/
i AR ,}f
HN—%,
F _J ©
H
OPC-167832 TBA 7374

Fig.18: The chemical structures of novel DprE1 inhibitors under clinical development for
Mtb treatment (Legoabe & Beteck, 2021)

Gujarat Technological University Page 53



2.9. Reported DprEL1 inhibitors (Oh et al., 2021)

No. Target Scaffold SAR plan from hit Most advanced analogue In vivo Ref.
efficacy
1.1 DprEl 4-Aminoquinolans T F B oo N/DA (Maik et al., 2014)
- ) PN._00
pipariding amides " ‘A
o 3 F
HMN —““h‘-l :'"'h]""': HNO __N‘
H VA =
B '-.KOJ,'T,»'E{”“: © “1(&
R : ci
= [s]
Htee e 2 MiCa = D& uM
1 14 = B nM (DprE1)
1.2 Pyrazolopyridones B " oramida linker C MDY (Fanda et al., 201:
- e GF,
5 M M b
NS L s NN
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Decaprenylphosphoryl-p-D-ribose 2'-epimerase (DprEl), a vital enzyme for cell wall

synthesis, plays a crucial role in the formation of lipoarabinomannan and arabinogalactan. It

was first reported as a druggable target on the basis of inhibitors discovered in high

throughput screening of a drug library. Since then, inhibitors with different types of chemical

scaffolds have been reported for their activity against this enzyme (Chikhale et al., 2018).
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Fig.19: Various chemical scaffold have DprE1 inhibitory activity

2.10. Pyrazole as Decaprenyl phosphoryl-p-D-Ribose 2’-epimerase (DprE1) inhibitor
Panda et al. reported pyrazolo-pyridone class of inhibitors, active against DprE1 enzyme.
Mtb MIC= 0.1uM, 1C50 Msm DPrE1= 0.005 uM (Panda et al., 2014)

(87)

Maciej K. Rogacki et al. reported the discovery and profiling of a novel antimycobacterial
inhibitors of the decaprenylphospho-p-D-ribofuranose 2-oxidase (DprEl). The series is
characterized by enzymatic and whole-cell activity, low cytotoxicity, and physicochemical

profile (Rogacki et al., 2018) DprE1 plC50=<4.0, Mtb MIC= >125 uM.
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potent cidality on Mycobacterium tuberculosis (Mtb) (Naik et al., 2014). Compounds with
potent DprE1 inhibition (IC50 < 10 nM) along with potent cellular activity (MIC = 60 nM)

against Mtb.
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(88)
Maruti Naik et al. reported 4-aminoquinolone piperidine amides as a novel scaffold with

- H
AN N.__O
NP
HN N
N A N—
o Cl
(89a-f)
Compounds R DprEl Mtb MIC
(nM)
1Cs0 (M)
89a 6-F 0.005 1.6
89b 6,7-di-F 0.006 0.8
89c 7-F 0.007 3.1
89d 8-F 0.011 3.1
8% 7,8-di-F 0.009 1.6
89f 1-N-CHs 0.14 25

Gautam Kumar et al. synthesized series of novel pyrazole—-coumarin and evaluated for their

antitubercular activity against the Mycobacterium tuberculosis H37Rv strain using the

microplate alamar blue assay (G. Kumar, 2020).
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(90a-f)
Comp. R1 R2 R3 MIC
pg/mL
90a -CHs -H -Br 6.25
90b -CHs -H -Cl 12.5
90c -CHs -OCH;s -H 3.125
90d -OH -H -Cl 6.25
90e -OH -CHs -H 6.25
90f -OH -H -H 3.125

Yanina V. Burgart et al. synthesized pyrazole derivatives which is active against DprEL.

MIC is 0.36, 3.1,6.2 pg/mL (Burgart et al., 2020).
NZO

F3C\6§/R

R'=H, R=Ph (a), Thien-2-yl (b), Fur-2-yl (c), p-Tol

Lutete Peguy Khonde et al. reported 1,3-Diarylpyrazolyl acylsulfonamides as potent anti-
tubercular agents targeting cell wall biosynthesis in Mycobacterium tuberculosis. MIC-
4.7uM (Khonde et al., 2021).

cl Cl
H O
N=— oy N= N-g_
N P /§\ N_~ (l)/
/©/ ° ° ©/ 7
Br Cl
(92) (93)
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Kailash P. et al. synthesized series of novel pyrazole derivatives as a core nucleus clubbed

with different unsaturated carbonyl group as a potent antitubercular agents (Parmar, 2015).
o)

WAr

N\
j'/\/(“
NC

R
(94a-9)
Compounds | MIC pg/mL R Ar

94a 1 -NH-2,4-diCH3-CsH4 CeHs

94b 3.25 -NH-3-CI-CsHs 4-OCH3-CgHa4
94c 6.25 Piperidine 4-Cl-CeH4
94d 25 -NH-2,3-diCH3-CsH4 CeHs

94e 25 -NH-4-F-CsHs 4-OCH3-C¢Hs
94f 50 -NH-4-CH3s-CeHs 4-Cl-CeHs
94g 50 Piperidine CeHs

K. Nayee et al. synthesized pyrazole derivatives and checked their antitubercular activity
against H37Rv strain. Among the synthesized compounds 95a, 95b and 95c showed similar

activity of standard drug streptomycin with MIC 6.25ug/ mL (Nayee, 2017)

Cl Cl
HN\N HN\N HN\N Cl
H2N/§)\ HZN/S\/\kN HzN/%\)\
N N
Nne H NC P ocH, o
95a 95b 95¢

2.11. Recent advances of anti-tubercular agents

Treatment for tuberculosis requires new agents with unique structures, targets, and
mechanisms. Manyi Xu et al. performed phenotypic screening and identified a
phenoxazinone scaffold questiomycin A (96a) with potent activity against Mycobacterium
tuberculosis Ha7Rv strain (MIC: 0.41 pg/mL) and broad-spectrum activity against drug-
resistant clinical isolates (MIC: 0.16-0.31 pg/mL). Structural optimization of questiomycin

A (96a) yielded lead (96b) with enhanced activity against drug-resistance MTB (MIC:
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0.063-0.25 upg/mL) and good intracellular anti-mycobacterial activity. Preliminary
mechanistic investigations revealed that (96b) disrupts mycobacterial envelope integrity by
inhibiting Malonyl CoA-acyl carrier protein transacylase (encoded by FabD gene), an
unexploited target in the essential mycolic acid biosynthesis pathway (Xu, 2026).

CL CLITT

96a 96b

Guoquan Wan et al. have designed and synthesized a series of novel nitroimidazole
derivatives from Delemanid by introducing an aliphatic spirocyclic moiety. Most compounds
demonstrated potent In-vitro anti-tubercular activity with negligible cytotoxicity. Compound
(97b) exhibited superior activity against Mtb H37Ra over Delamanid (MIC values: 0.2 vs 1.0
ng/mL), and maintained robust efficacy against clinical drug-resistant strains (Wan, 2026).

o
NéLo \N

O\©\
I\O/ OCF,
N N
o~ T -
N o) o OCF,
97a

97b

Liu Yang et al. performed structure-based virtual screening and computationally guided
design and identified a series of novel scaffold N-(1-(6-ox0-1,6-dihydropyrimidine)-
pyrazole) acetamide derivatives with significant anti-mycobacterial activities. Among them,
compounds 98a and 98b are capable of effectively suppressing the proliferation of Mtb with
MIC values of 1.56 uM and 0.78 uM, comparable with isoniazid and much superior to the
phase 11 candidate TBA-7371 (MIC = 12.5 uM) (Yang, 2024).
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98a 98b

Guoquan Wan el al. identified a novel 1,3-disubstituted pyrazole derivative, compounds
99a and 99b, which exhibited improved anti-tubercular activity, with MIC values of 5.34 and
5.04 ug/mL against H37Ra, respectively. Additionally, compounds 99a and 99b exhibited
favourable safety profiles, showing no obvious toxicity to Vero, A549, and HepG2 cell lines
(Wan G. G., 2025).

~
Q H
N N\ H
e -
0 /\’\ ©/ LNW
|
99a 99%b

Reham A. et al. designed, synthesized and evaluated pyrazole-linked benzothiazole hybrids
compounds 100a, 100b,100c, 100d and 100e displayed promising anti-TB activity in
comparison to the reference compound Isoniazid against the drug sensitive strain with (MIC:
1.74-3.68 uM/mL). Compounds 100a, 100d and 100e showed strong inhibition of InhA in
comparison to the reference compound, triclosan, with IC50 values of 6.4-7.9 uM
(Mohamed-Ezzat, 2024).

CHy

CEZ%N\N}(R
\N'N\©
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Marwa M Shaaban et al. synthesized series of 3-(p-chlorophenyl)-1-phenylpyrazole
derivatives tethered to substituted ureas and evaluated against Mycobacterium tuberculosis
virulent cell line H37Rv, and assessed for their InhA inhibitory activities. The urea
derivatives 101a and 101b exhibited the most promising anti-tubercular activity (MIC = 6.25
pg/mL) surpassing triclosan (MIC-20 pg/mL) with potential InhA inhibition (Shaaban, 2024).

of
F
NH« NH~\< C
v o °
N
101a 101b
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CHAPTER- 3
3. AIM OF PRESENT WORK
Today the difficulties faced in managing TB are due to

1. The long duration treatment regimens.

2. The emergence of drug resistant Mtb strains.

3. Co-infection with HIV/AIDS.
Emergence of multi-drug resistant tuberculosis (MDR) and extensive drug resistant
tuberculosis (XDR) have made controlling of this infectious disease more complicated
and challenging. Research on the topic highlights the significance of enzymes
participating in the biosynthesis of mycobacterial cell walls as promising targets for
drug development against tuberculosis. InhA, and DprE1 enzymes are crucial in the
production of mycolic acid, has surfaced as a valuable target for combating the
proliferation of all mycobacterial species. Its suppression by various scaffolds
highlights its promise as a central target for creating new anti-TB medications.
Different scaffolds have been investigated for their effectiveness against InhA and
DprE1 activity.
The azole groups containing heterocyclic compounds possess significant
pharmacokinetic property, lipophilicity that influence the ability of drug to reach the
target by trans-membrane diffusion and show promising activity against resistant TB
by inhibiting the biosynthesis of Fatty acid. Pyrazole derivatives possesses a wide
spectrum of activities including anticancer, anti-inflammatory, antimicrobial, antiviral
and anti-tubercular. These observations gave motivation to search for potential
pharmacologically active leads carrying pyrazole substituents. Pyrazole derivatives
have been reported to inhibit the enoyl ACP reductase and Decaprenylphosphoryl-f-
D-ribose 2'-epimerase(DprE1) which is the key enzyme responsible for the cell wall
of mycobacteria.
Enoyl ACP reductase (inhA) responsible for the mycolic acid biosynthesis  and
Decaprenylphosphoryl-B-D-ribose  2'-epimerase (DprE1l) responsible for the
preparation of arabinogalactan, both are essential components in cell wall of
mycobacteria. The M. tuberculosis cell wall has an intricate and unique structure
composed of a thick peptidoglycan layer and an outer membrane made up mostly of
various lipopolysaccharides and fatty acids with imbedded glycolipids and wax esters.

Most of the anti-tubercular drugs are unable to cross cell wall due to thick layer of
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mycolic acid. It is plan to synthesize pyrazole derivatives using molecular docking
study. In 2017 at L.M. College of Pharmacy laboratory various pyrazole derivatives
were synthesized after docking study. Higher docking score compounds were
synthesized and checked their anti-tubercular activities by micro plate alamar blue
assay (MABA) using H37Rv strain. Total 7 compounds (LMKN-1 to LMKN-7) were
synthesized and evaluated their potency against Mycobacterium tuberculosis H37Rv
strain. The standard drugs are Ciprofloxacin(MIC of 3.12 pg/ mL), Pyrazinamide
(3.12 pg/ mL) and Streptomycin(6.25 pg/ mL). Potency of LMKN-4, LMKN-6 and
LMKN-7 found to be similar with streptomycin.

In extention above one we have synthesized pyrazole derivatives which are inhibitors
of Enoyl ACP Reductase (InhA) and Decaprenyl phosphoryl-p-D-Ribose 2’-
epimerase (DprE1). All the synthesized compounds have been evaluated by micro
plate Alamar Blue assay (MABA) using H37Rv strain.

Objective:

e To evaluate the suitability of the designed compounds as anti-TB agents by
performing molecular modeling studies by assessing their binding affinity to the
target protein, and check the stability of the enzyme-ligand complexes by performing

molecular dynamics studies.

e To assess the suitability of the designed compounds as potential drug-like agents by
theoretically evaluating their physico-chemical and pharmacokinetic parameters using
SWISS ADME and pkCSM software.

e To synthesize the designed compounds and characterize them using spectral

techniques

e To biologically evaluate the synthesized compounds for InhA and DprElenzyme

inhibitory and anti-TB activities.
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Work plan of proposed research project work:-

1. Identification of target inhibitors: various pyrazole containg compounds were identified by
literature which are inhibitor of InhA and DprE1.

2. Structure based molecular docking approach to identify critical feature based on ligand-
protein interaction using co-crystal structures of enoyl acyl carrier protein reductase (InhA)
and Decaprenylphosphoryl-B-D-ribose 2'-epimerase (DprE1).

4. Synthesis of designed molecules.

5. Characterization of synthesized compounds by physical characteristic like melting point
and spectral characteristics like IR, MASS, *H NMR and 3C NMR.

6. Pharmacological evaluation of synthesized compounds.

7. Checked drug likeness properties.

8. Performed molecular dynamic simulation for the ligand stability.
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CHAPTER-4
4. RESULTS AND DISCUSSION

4.1. Designing strategy of enoyl acyl carrier protein reductase inhibitor (InhA)

To improve anti-tubercular activity, an efficient synthetic protocol for the pyrazole moiety
has been established. Fig. 20 depicts commercially accessible anti-tubercular drugs with
pyrazole and 1, 3, 4-oxadiazole motifs. The structure activity relationship (SAR) of various
pharmacophore was taken into account in the design of targeted compounds (6a-0); Fig. 20).
Modification in the side chain of the Isoniazid and Pyrazinamid drug by altering the amide
functional group with substituted acid chloride functional group and introducing the five-
member heterocyclic ring into the standard drug Isoniazid and Pyrazinamid, novel scaffolds
(6a-0) were designed, synthesized and evaluated for the In-vitro antitubercular activity.

NH; NH,

Isoniazid(Antiyubercular drug) Pyraz&zli(r:n 1:de6 (2A511t11t2ul5)eprl;1/111§]rddrug)

MIC- 0.02 L . . L. .
C-0.02 pg/m .Bioorganic & Medicinal Chemistry Letters

Rastogi, Current microbiology
33.3 (1996): 167-175 @ 23 (2) 2013, 476-479

N—N )

\! SS
Y —HNT X N
R, H
1 CN
Target Molecule (6a-0) Q

R\« N= 4U0J co-crystalline ligand
o (3S)-1-cyclohexyl-5-oxo-N-
phenylpyrrolidine-3-

carboxamide
Reported molecule 4(a-t)

N'-(1-(2-(3-(4-Chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-5-phenyl-1,3,4-
oxadiazol-3(2H)-yl)ethylidene)-4-nitrobenzohydrazide

(4e) R-4-NO,-C4H,4- MIC = 0.92 pg/mL

ACS Omega 2021, 6, 28270-28284

Fig.20: Design concept of InhA inhibitors (6a-0)
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4.2. Designing strategy of Decaprenylphosphoryl-g-D-ribose 2’-epimerase (DprE1)
The Design Concept is based on PBTZ169 (Macozinone) and reported molecules. We have
designed pyrazolo-pyrimidine derivatives. Phenyl-substituted pyrazole and hydroxyl

pyrimidine nucleus were placed in region-1, while in the second region, amino group is

introduced.

RF
F

or O“O N -y R

] 2Nz N\

\lNr N‘N\ N ° jN/ W

FsC : 3
le) OH
PBTZ169 The Journal of Organic

Mtb MIC- 0.1 uM
Panda et al, 2014

Chemistry 23(2) (1958):191-201

Introduction of

pyrazolo pyrimidine
Incorporation of ring structure and
Pyrimidine amino substituted
moeity in place phenyl ring
of Thiazinone
ring structure
and replacement y Core nucleous is same.
of Nitro and N—N AR Introduction of hydroxy
fluoro group \ = substituted pyrimidine

substututed pyridine and
thiazine ring.

N . .
/’l N H  (Regonz moiety instead of Keto
—
N™ “oH

Target compound (7a-0)
DprE1 inhibitors

Fig.21: Design concept of DprE1 inhobitors (7a-0)
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4.3. Docking

Molecular docking was employed to predict the binding interactions of molecules to the
active site residues of the target enzyme. Molecular docking studies help researchers to
identify the best match between ligands and proteins with the least amount of energy.

Structure Preparation for docking:
Enoyl ACP reductase (InhA)
» Crystal structure of 4U0J with bound inhibitor having resolution 1.62 A were
retrieved from Protein Data Bank.
Decaprenylphosphoryl-p-D-ribose 2'-epimerase (DprE1)
» Crystal structure of 4NCR with bound inhibitor having resolution 1.88 A were
retrieved from Protein Data Bank.

Molecular docking was executed by using Autodock Vina and Autodock tools 1.5.6
programs (Olson, 2009). BIOVIA Discovery Studio 2021 was employed to examine the
2D and 3D interactions of the ligand—receptor complex (Warude et al., 2023). Chem
Office tool (ChemDraw 12.0) was used to draw the structures of the compounds with
proper 2D orientation. Maximum of nine conformers were considered for each ligand

during the docking process.

Enoyl acyl carrier protein reductase (InhA)

Fig.22 Crystal structure of 4U0J
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Enoyl acyl carrier protein reductase (InhA) is a key enzyme involved in fatty acid synthesis,
mainly mycolic acid (Fekadu et al., 2022). The molecular docking study of the synthesized
compounds were carried out to evaluate their binding interactions against enoyl acyl carrier
protein reductase (InhA) and compared with standard drugs Isoniazid and co-crystalline
structure  (3S)-1-Cyclohexyl-5-oxo-N-phenylpyrrolidine-3-carboxamide.  In  Table-3
summarized the binding affinities of the synthesized compounds along with their hydrogen
bonding and amino acid interactions against enoyl acyl carrier protein reductase. The
confirmation with lowest binding energy was displayed as the best binding energy. It has
been shown that an amino acid can form different bonds with different parts of the ligand.
Conventional hydrogen bond, van der Waals, carbon-hydrogen bond, pi-sigma, pi-alkyl, pi-pi
stacked bonds were observed. Docking score of the synthesized compounds were found to
have ranging from -8.0 to -10.2(kcal/mol) (Table -3). Among the docked ligands, compound
6e, 6f, 6g, 6h, 6i, 6], 6Kk, 61 and 6m reported lowest binding energy. The best results were
obtained by compound 6e (-10.1 kcal/mol), 6f (-9.5 kcal/mol), 6g (-9.1 kcal/mol), 6h (-10.2
kcal/mol), 6i (-9.9 kcal/mol), 6j (-9.5 kcal/mol), 6k (-9.7 kcal/mol), 6l (-9.2 kcal/mol) and 6m
(-9.0 kcal/mol). All the compounds have higher binding affinity than standard drug Isoniazid
(-5.8 kcal/mol) and co-crystalline ligand 4U0J(-8.6 kcal/mol).

The most potent compounds 6g, 6h, 6i, 6j and 6m which possess -9.1, -10.2, -9.9, 9.5 and -
9.0 docking scores respectively. Compared to standard drug Isoniazid and co-crystalline
ligand 4U0J, the most active compounds 6g, 6h, 6i, 6j and 6m showed similar interactions
with amino acid residues Gly-14, 1le122, Leu63,Asp64, Phe4l, Val65, 11e95, Gly96, lle21,
Gly14, llel6, Thrl96, Leu63, Asp64, Sere94, Ser20, Phe97, Phe4l, Val65 and Met147. The
most active molecule 6m showed two conventional hydrogen bonding interactions with
Gly96 and Lys165 residues, Van der waals interaction with Ser20, Tyr158, Ser94, Met161,
Met147, 11e194, Gly192, Alal91, Asp148 and I1e95, a pi-sigma and pi-alkyl interactions with
Thr196, Leu218, Met 199, lle21 and Pro193 residue and pi-pi stacked interactions with
Phel149(Fig. 25). The compound 6i Showed conventional hydrogen bonding interaction with
Gly96, Lys165, Van der waals interactions with Ser20, Ser94, 1le95, Metl47, Aspl4s,
Ile215, 11e194, Alal91, Gly192 and other interaction(pi-alkyl,pi-pi stacked, pi-sigma) with
Phel49, 1le21, Met161, Tyrl58, Leu218, Met199, Pro193, Thrl196 amino acid
residues(Fig.24). The amino (-NH) group of the compound 6h affords one conventional
hydrogen bonding interactions with Glyl4 and van der waals interactions with Lys118,
lle122, Leu63, Asp64, Ser94, Thrl96, Ser20, llel5, Gly96. The phenyl ring bound to the
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nitrogen provides a pi-alkyl interaction with the Val65, 11e95, 1lel6 and Pi-pi stacked
interaction with Phe41, and Phe97 residues(Fig.23). In the case of co-crystalline ligand 4U0J,
there are numerous types and numbers of interactions(Fig.26). Van der waals interactions
with Met147, Thrl96, Asp64, Leu63, Ser94, Ser20, Glyl4, 1lel6 and Phe97. One
conventional hydrogen bond interactions with Gly96 residues, four pi-alkyl interactions with
lle21, 1le122, Val65 and 11e95 residues, a pi-pi stacked interaction with Phe4l residue. The
hydrogen bond interaction and the van der Waals interactions give the compounds
pharmacological importance, as hydrogen bonds strongly affect the pharmacological action
of ligands. Isoniazid, which is used as a reference drug. It was also docked into the active
pocket of the studied receptor, and its result is presented in Fig.27. In fact, Isoniazid affords
three van der waals interactions with Asp64, Ser13 and Gly40. Three conventional hydrogen
bond interactions with Leu63, Thr39, and Gly14 residues, three pi-alky interactions with
[1e95, Vale5 and 1le122 residues. One pi-stacked interaction with Phe4l residue. In
conclusion, the most active compounds 6m, 6i, 6g, 6h, 6] have good binding energy than

Isoniazid and co-crystalline ligand.

Table-3: Binding affinity and amino acid interactions of the compounds (6a-0) with 4UQJ

receptor.

Comp. Structure Binding Amino acid interactions
affinity
(Kcal/mol)
(Docking
score)

6a -8.5 Hydrogen bond

o ol interactions: Gly96, Tyr158,
N~N
P~ Jﬁ\/\\ O 11695, Lys165,Gly14,
N Ser94,1le16
NC

Vander walls interactions:
Val65, Phe97

Other Interactions: Met161,
Phe41, 1le122
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6b -8.4 Hydrogen bond
o interactions: Gly96, Val65,
N- OCH;,4
PN N Q Phe97, 11695, Ser94, Ile16
HN/S\/\\
N
ne H Vander walls interactions:
Tyr158, Gly14, Phe97
Other Interactions: Met161,
1le122, Phe4l
6¢ -8.0 Hydrogen bond
o interactions: Ser94,Gly96,
N-N
)\\HN/S\)\N/\\ Gly14, 11695
0
NC \\/ Vander walls interactions:
le21, Ala22, Ser20, 1le16,
Phe97,Val65
Other Interactions: 11e122,
Phe41
-8.6 Hydrogen bond

N O
O
N

interactions:
Thr196,Met147,
Ser94,11e194,
Aspl48,Alal91, Gly192,
Lys165

Vander walls interactions:
Ser20, Gly96, 11e95

Other Interactions: Pro193,
Tyrl58, Met199, lle21,
Phel149
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6e

-10.1

Hydrogen bond
interactions: Thrl7, Gly96,
Ser20, 11e95

Vander walls interactions:
Leul97, Thr196, Ser94,
Phe97, Asp64, Leu63

Other interactions: 1lel6,
1le122, Val65, Phe4l,
Alal98, Serl19

. O
N

-9.5

Hydrogen bond
interactions: Gly96, Thr196,
11e95

Vander walls interactions:
Ser20, Alal98, Ser94,
Phe97, Asp42, Asp64

Other interactions: Phe41,
1le16, Val65, 1le122

69

-9.1

Hydrogen bond
interactions: Tyr158, Gly96

Vander walls interactions:
Leu218, Pro193, 1le194,
Gly192, lle21, Aspl48,
Gly14, llel6, Ala198,
Thr196, 116202

Other interactions: Phe149,
1le215, Ala191, Met199
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) Y

-10.2

Hydrogen bond

interactions: Gly14

Vander walls interactions:
Lys118, 1le122, Leu63,
Asp64, Ser94, Thr196,
Ser20, 1le15, Gly96

Other interactions: Phe97,
Phe41, Val65, 11e95, llel6

6i

-.9.9

Hydrogen bond
interactions: Gly96, Lys165

Vander walls interactions:
Ser20, Ser94, 11e95,
Met147, Aspl148, Ile215,
11e194, Alal91, Gly192

Other interactions : Phel49,
Ile21, Met161, Tyrl58,
Leu218, Met199, Pro193,
Thr196

6

-9.5

Hydrogen bond
interactions: Ser94, Lys165

Vander walls interactions:
Pro193, 1le194, Gly192,
Aspl48, Met147, lle21,
Ser20, 1le16, Thr196, Gly96

Other interactions: Phe149,
Tyrl58, Ala198, Met199

Gujarat Technological University

Page 72




6k

-9.7

Hydrogen bond
interactions: Gly96, Thr196,
11e95

Vander walls interactions:
Met199, Ser20, Ser94,
Gly14, Asp64, Phe97

Other interactions: Phe41,
lle21, llel6, Alal98, Val65,
1le122

6l

-9.2

Hydrogen bond
interactions: Gly96, Lys196

Vander walls interactions:
Ser20, Tyrl58, Ser94,
Met161, Met147, 11e95,
Gly192, Asp148, Ala191,
11e194, Leu218

Other interactions: Phe149,
Pro193, Met199, lle21,
Thr196

6m

~

-9.0

Hydrogen bond
interactions: Lys165, Gly96

Vander walls interactions:
Ser20, Tyr158, Ser94,
Met161,Met147, 11194,
Gly192, Alal191, Aspl48,
11e95,

Other interactions: Phe149,
Leu218, Met199, Ile21,
Pro193, Thr196
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6n

\é(’) N C
PTHN—R
(@] N

Hydrogen bond
interactions: Lys165, Gly96

Vander walls interactions:
Tyr158,Ser20, Ser94,
Met161,Met147, Pro193,
Ile194, Alal91, Gly192,
Aspl48,11e95

Other interactions: Phel149,
Met199, lle21, Thr196

? v
Q
S

Hydrogen bond
interactions: Lys165

Vander walls interactions:
Ser20, Ser94, Gly96,
Met147, 11e95, Asp148,
Tyrl58, Prol193, 1le194

Other interactions:
Phel149,Met199, lle21,
Thr196

ligand

4U0J Co-
crystalline
r

Hydrogen bond
interactions: Gly96

Vander walls interactions:
Met147, Thr196, Asp64,
Leu63, Ser94, Ser20,
Gly14, llel6, Phe97

Other interactions: Phe41,
Ile21, Val65, 11e95, lle122

Isoniazid 0]

_NH,

Hydrogen bond
interactions: Leu63, Thr39,
Glyl4
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Vander walls interactions:
Asp64, Serl3, Gly40

Other interactions: Phe41,
11e95, Val65, 1le122

ASP
o AGd
AB3
VAL
ABS
ILE
PHE A93
A1, ILE
N AlS
\ SER
m P A%
A122 Vo
PHE
A9T
. I
‘e VAl N~
W i N ‘ H T
JITEN / g : i
A \ A
(\3 \\ { T S
ALlE S / y THR
1] A195
W 2
aw SER
o a1a A:20
A96
ILE
ALS
Interactions
[] van der Waals I PiFistaded
[ conventional Hydrogen Bond [ Pialkel

] carbon Hydrogen Bond

Fig.23:3D and 2D structure of the interaction of compound (6h) with protein (PDB 1D-4U0J)

LEU
T A213
A:20
THR \
A196 A215
PRO
ALA ILE A193
A191 ALSd
GLY
A152
Interactions
[] van der waals I FiFistacked
- Conventional Hydrogen Bond |:| Alkyl
[] carbonHydrogen Bond [ ikt
- Pi-Sigma

Fig.24: 3D and 2D structure of the interaction of compound (6i) with protein (PDB ID -4U0J)

Gujarat Technological University

Page 75




ALA A148
A8
Interactions
[ venderwaaks [ Fieistacked
I Conventional Hydrogen Bond [ Akt
|:| Carbon Hydrogen Bond |:| Pi-Alkyl

- Pi-Sigma

Fig.25:3D and 2D structure of the interaction of compound (6m) with protein (PDB ID-4U0J)
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Les ot / ILE
e / PHE
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-
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i Lz
ILE N
A2l ‘l W
A:i122
SER .
A94 VAL
. A:65
SER GLY R
A20 A:14 ILE
Al6
Interactions
[ van der waals I Pi-Pistacked
- Conventional Hydrogen Bond :' Pi-Alkyl

|:| Carbon Hydrogen Bend

Fig.26: Docking image of Co-crystalline ligand with protein 4U0J
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Fig.27: Docking Image of Isoniazid with protein 4U0J

Decaprenylphosphoryl-p-d-ribose 2'-Epimerase 1 (DprE1) inhibitors
DprE1 crystal structure was obtained from the Protein Data Bank (RSCB) using the PDB ID
code 4NCR.

Fig.28: Crystal structure of 4ANCR

The binding interactions of the DprE1l protein and synthesized compounds (7a-0) were

determined and compared with the reference drug lIsoniazid and co-crystalline ligand 2-(4-
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(cyclohexylmethyl)piperazin-1-yl)-8-nitro-6-(trifluoromethyl)-4H-benzo[e][1,3]thiazin-4-
one. Table-4 represents the docking results of the synthesized compounds (7a-0).

Docking analysis, various bonding interactions with amino acid residues were observed, e.g.,
conventional hydrogen bonds, van der Waals, carbon-hydrogen, pi-sigma, pi-alkyl, and pi-pi
stacked. The docking score (binding affinity) of the compounds (7a-0) exhibited a range of -
7.4 to -8.6 (kcal/mol), as shown in Table-4. Compounds 7a, 7b, 7d, 7e, 7g, 7h, 7i, 7, 7K, and
7n exhibited the lowest binding affinity. The compounds that showed good results were 7d (-
8.3 kcal/mol), 7g (-8.5 kcal/mol), 7h (-8.6 kcal/mol), 7i (-8.4 kcal/mol), 7j (-8.3 kcal/mol),
and 7n (-8.3 kcal/mol).

Anti-tubercular potent compounds 7e, 79, 7], and 7k have docking scores of -8.2, -8.5, -8.3,
and -8.2, respectively. In comparison to the co-crystalline ligand 4NCR, the potent
compounds 7e, 79, 7J, and 7k exhibited similar interactions with the amino acid residues
Phe267, GIn100, Leu265, Lys103, Glu263, Lys266, Leul06, and Pro107. Two conventional
hydrogen bonding interactions of the most potent compound 7g were found with amino acid
residues Phe267 and Leu265, Van der Waals interactions with Leul06, Lys266, GIn100,
Asp99, Glu263, Phe267, Leu265, and pi-alkyl interactions with Lys103 and Pro107 (Fig.30).
The compound 7e exhibited interactions with Phe267, Leu265, Leul06, GIn100, Phe267,
Leu265, Lys266, Lys103 and Pro107 amino acid residues (Fig.29). Compound 6j exhibited
interactions with Phe267 and Leu265, Leul06, Glu263, GIn100, Phe267, Leu265, Leul06,
and Lys266. The nitrogen-linked phenyl ring has a pi-alkyl interaction with Lys103 and
Pro107 (Fig.31). Compound 6k exhibited interactions with Phe267 and Leu265, Leul06,
Glu263, GIn100, Phe267, Leu265, Lys266, Lys103 and Pro107 (Fig.32).

For the 4ANCR Co-crystalline ligand, various types of interactions with amino acid are exist.
Van der Waals interactions with Glu263, Lys266, Leul06, Pro264, 11e80, Alal04, GIn100.
Conventional hydrogen bonding interactions occur with Phe267, GIn100, and Leu265, along
with pi-alkyl interactions involving Lys103 and Prol07 residues (Fig.33). The hydrogen
bonding interaction and the Van der Waals interaction impart the compounds'

pharmacological significance.
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Table-4: Binding affinity and amino acid interactions of the compounds (7a-0) with 4NCR
protein

Comp.  [Structure Binding affinity | Amino acid interactions
Kcal/mol
(Docking score)

7a -8.2 Hydrogen Bond interactions:
Phe267

N ) 2 Vander walls interactions:
/« N Leu265, Lys266, Leul06,
= H Glu263, Ala104, GIn100,

OH Phe267, Lys266, Leul06

Other Interactions: Lys103,
Prol107,

7b -8.2 Vander walls interactions:
Lys266, Leu265, Leul06,
Glu263, GIn100, Asp99,

Cl
NN Q Phe267
N—™\\ N

/
/<N/ H Other Interactions: Phe267,
OH Lys103, Pro107

7c -8.1 Hydrogen bond interactions:
Phe267, Lys266, Asp99

N-p OCH,4 _ _
\ /©/ Vander walls interactions:
/z,“ NN Leu106, Leu265, GIn100,
N= H Glu263, Lys266, Phe267

Other Interactions: Lys103,
Pro107

7d -8.3 Hydrogen bond interactions:
Phe267, Leu265, Lys266

N-N CHs; ) .
\ /©/ Vander walls interactions:
/2 Ny Leul06, Glu263, Phe267,
N= H Leul06, Lys266, Leu265,
OH GIn100, Asp99

Other interactions: Lys103,
Pro107

Te -8.2 Hydrogen bond interactions:
Phe267, Leu265, Lys266

F
N\{“ /©/ Vander walls interactions:
/( AN Leul06, GIn100, Phe267,
Leu265, Lys266
OH
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Other interactions: Lys103,
Pro107

7f

-1.4

Hydrogen bond interactions:
Phe267

Vander walls interactions:
Leul06, Leu265, Lys266,
Glu263, GIn100, Ala104,
Leul06, Phe267

Other interactions: Lys103,
Pro107

g

Hydrogen bond interactions:
Phe267, Leu265

Vander walls interactions:
Leul06, Lys266, GIn100,
Asp99, Glu263, Phe267,
Leu265

Other interactions: Lys103,
Pro107

7h

N \
o
N OH

Hydrogen bond interactions :
Phe267

Vander walls interactions:
Leul06, Leu265, Lys266,
Alal04, GIn100, Glu263,
Phe267, Leul06

Other interactions: Lys103,
Pro107

7i

3 .
)
N \
iy
N OH

Vander walls interactions:
Leul06, Lys266, Alal04,
Leu265, GIn100, Glu263,
Pro107, Phe267

Other interactions: Lys103,
Pro107, Phe267

7

N
e
-
OH

Hydrogen bond interactions:
Phe267, Leu265, Lys266

Vander walls interactions:
Leul06, Glu263, GIn100,
Phe267, Leu265, Leul06,
Lys266

Other interactions: Lys103,
Pro107
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7k

Hydrogen bond interactions:
Phe267, Leu265, Lys266

Vander walls interactions:
Leul06, Glu263, GIn100,
Phe267, Leul06, Leu265,
Lys266

Other interactions: Lys103,
Pro107

71

&

Hydrogen bond interactions:
Phe267, Leu265

Vander walls interactions:
Lys266, Leul06, Glu263,
Pro107, Phe267

Other interactions: Lys103,
Pro107

m

-1.7

Hydrogen bond interactions:
Phe267, Leu265

Vander walls interactions:
Phe267, Leul06, Lys266,
Leu265, Leul06, Glu263,
GIn100, Ala104

Other interactions: Lys103,
Pro107

n

Hydrogen bond interactions:
Phe267

Vander walls interactions:
Leul06, Lys266, GIn100,
Leu265, Phe267

Other interactions: Lys103,
Pro107, Leu265.Glu263

70

-1.7

Hydrogen bond interactions:
Phe267, Glu263

Vander walls interactions:
Phe267, Leul06, Leu265,
Lys266, GIn100

Other interactions: Lys103,
Pro107
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4ANCR -8.1 Hydrogen bond interactions:
Co- Phe267, GIn100, Leu265,

crystallin NO, N Lys103, Glu263
e ligand S r\Q

PBTZ169 l Vander walls interactions:
FsC Glu263, Lys266, Leul06,
0 Pro264, 11e80, Ala104, GIn100

Other interactions: Lys103,
Pro107, Ser262

B:103
PHE
A267
GLN
A:100
LEU
A:106
PRO
PRO i
A107 CELT LEU
LYS A:265
A:266
Interactions
|:| van der Waals |:| Alkyl
- Conventional Hydrogen Bond |:| Pi-Alkyl

|:| Carbon Hydrogen Bond

7 AL o

\ !Irff"-."-‘

X HOFE

L b ]

N
'y
I ; )

" i

. #! Interactions

.-.\‘ - [ |:| van dEr'fNaals |:| Alkeyl
i \ £ L - Conven tional Hydrogen Bond |:| Pi-Alkyl
3 -

Fig.30: 3D and 2D structure of the interaction of docked compound (7g) with protein ANCR
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Interactions
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- Caonventional Hydrogen Bond
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Fig.32: 3D and 2D structure of the interaction of docked compound (7k) with protein 4ANCR
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Interactions

[] vender
- Conven
I:l Carbon

Waals
tional Hydrogen Bond

Hydrogen Bond

Fig.33: 3D and 2D structure of the interaction of Co-crystalline ligand PBTZ169 with protein

4NCR

4.4. Synthetic pathway

Designed compound have been synthesized by below synthetic scheme.

Reaction Scheme:

NC._ _CN
KOH - I
NC_ _CN
~ DMF, DMS SIS
CS; CH3 CH,4
0-5°C
Stirring
1 2
NH,
X NC._ _CN
NC. _CN | R I
Z
X S
§ § IPA = CH3
CH; CH, A R= |
N
(3a-0)
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(6a-0) InhA Inhibitors
KOH H20,

(7a-o) DprE1 inhibitors

R=4-OCHzs,, 4-Cl, 4-F, 3-Cl, 3,4- di-Cl, 3-OCHs, 2,5-di-CHj3, 4-CHs, 3-CH3s, 2-F, 2-Cl, 2,3
di-Cl, Morpholine, Piperidine, N-CHs-Piperazine
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R; Y
-CHjs c=0
-CeHs \

Cc=0
/
-CeHs 0
/S\\o
'CH3 N ,/O
/S\\O
'CI ——Sl:O

1) KOH, CS;, DMF, DMS, stirring 0-5 °C, 2) substituted amine, IPA reflux 50-60 °C
for 6-7 hr., 3)Phenyl hydrazine, Ethanol 70-80 °C, 4) Acetyl chloride, Pyridine, EtOH/
substituted acid chloride, NaOH, Ethanol 50-60 °C, 5)KOH, H,0,, 70-75 °C

4.4.1. Reaction Mechanism

Step-1 /—\ o
H

.
K | -HOH
NCICN NG, CN
H —
Cog ek L HC  Q *‘I‘
O_S_O KS SK
-KOSO,4CH3 x \w
HsC, o
0-$-0,
O CHs
|-K08030H3
NC_ _CN
|
e o
3C\S S/C 3
S,S-acetal
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Step-2 3 ~
NC CN .
I H,N-R NC |CN NC:[CN
_—
SRS o HaCuo A CHy | "CHsSH HsC.g R
S S
NG H
H™ 1 "H
N
S,S-acetal L B S,N- acetal
Step-3
NC 'C,Q Cyclization HN_T <
"N” NHNH, H
H CN
S,N- acetal Substituted Pyrazole
Step-4
(o . .
)J\ /R 9 @ |
R” Cl H,N — = 0 NHy -
- > HO._NH
v R™ >l R>§C/|
&S]
JOL : f\ cl
R™NR * Hel - L
H 0
I !
Amide r->N-R
H
Step-5

o NN /@ H,0,/KOH
Hg,CJL”/S)\N CN to CONH,
B ) )
NG Partial hydrolysis
N-N H0 . N-N
\ ~ 7 N
N N CHNTY
/Q H I,--l:» ‘
N ¢ HOT ™y
N "o ./ § o

Keto enol tautomer
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4.5. Synthetic approach

4.5.1. Synthesis of 2-(bis(methylthio)methylene)malononitrile (S,S-Acetal) (2)

One of the general method for the Preparation of ketenediothioacetal with an alkyl
substitution the sulphur atom is through the alkylation of the dithiolate anion obtained by the
base catalysed condensation of an active methylene compound with carbon disulfide.
Alkylation with equivalent of an alkylating agent yielded symmetrical dithioacetal(2)

Scheme 1
NC._ _CN
KOH - I
NC._ _CN
~ DMF, CS,, S
0-5°C CH; CHj
DMS
Stirring
89% yield
1) 2

4.5.2. Synthesis of of 2-((methylthio)(aminosubstituted)methylene)malononitrile (S,N
actal) (3a-0)
Cynoketene S,N-acetal (2) was obtained by nucleophilic displacement of methylmercapto

group of ketenedithioacetal in reflux condition using isopropyl alcohol as solvent.

Scheme 2
NH,
N NC. _CN
7
:[ HN §
S S IPA L,
| | 0 _
CH; CHs; reflux 50-60 “C, 6-7 hr R |
N
@ (3a-0)

4.5.3. Synthesis of 5-amino-3-(amine substituted)-1-phenyl-1H-pyrazole-4-carbonitrile
(4a-0)
Reaction of S, N-acetal of malononitrile with phenyl hydrazine in presence of ethanol,

cyclized to 5-amino-3-(amine substituted)-1-phenyl-1H-pyrazole-4-carbonitrile.
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Scheme 3

I EtOH Q
HN™ S > 7 AR
CHs @\ N—N \
/ \ \
R— | N~ NH2 HZN/%)\N

CN
70-80 °C
(3a-0) (4a-0)

4.5.4. Synthesis of N-(4-cyano-1-phenyl-(amino substituted)-1H-pyrazol-5-yl)acetamide
(5a-0)

The nucleophilic substitution reaction between compounds (4a-0) and acetyl chloride to
obtain Compounds (5a-0).

Scheme 4
O A O
Cl 4
NN O SR - o N—N /O\TR
\ SS - \ =~
HoNX N Pyridine, Ethanol >—HN/%)\N
N H 50-60 °C N H
4-5 hrs.
(4a-0) (5a-0)

(3a-0), (4a-0) and (5a-0) R= 4-Cl, 4-OCHjs, Morpholine, 4-CHs, 4-F, Morpholine, N-methyl
Piperazine, 4-CHjs, 3,4-di-Cl, 2,5-di CH3, 2,3-di-Cl, 3-CHj3, 3-Cl, 2-Cl, Piperidine

4.5.5. Synthesis of acid chloride substituted pyrazole derivatives (6a-0)

Target compounds (6a-0) was achieved by the nucleophilic substitution reaction of 5-amino-

1-phenyl-3-(amine substituted)-1H-pyrazole-4-carbonitrile (4a-0) with substituted acid
chlorides.
Scheme 5

Y
Q R1/ CI Q / \
NIV > N-N R
\ = - \ NS
N
H

HZN/%)\H 50-60 °C Y—HNTX

CN
(4a-0) (6a-0)
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6a. Ri=-CH3, Y=-C=0, 6b. R1= -CH3 Y=-C=0, 6¢. R1=-CH3, Y=-C=0, 6d. R1-CH3s, Y= -
C=0, 6e. Ri=- C¢Hs Y=-C=0, 6f. Ri= - C¢Hs Y=-C=0, 6g. R1=- CsHs, Y=-C=0, 6h. R1=
- CsHs, Y=-C=0, 6i. R1=-CgHs, Y- O=S=0, 6j. R1=-C¢Hs, Y- O=S=0, 6k. R1=-CsHs, Y-
0=S=0, 6l. R1= -CHj3, Y- O=S=0, 6m. R1= -CHs, Y- O=S=0, 6n. R1= -CHj3 Y- O=S=0, 60.
R;=-CIl, Y--S=0

Reagents and solvents

(6a-6d): CH3COCI, Pyridine, EtOH

(6e-60): Substituted acid chloride (Benzoyl chloride, Benzene sulfonyl chloride, Methane
sulfonyl chloride and Thionyl chloride), NaOH and EtOH

4.5.6. Synthesis of amino substituted 6-methyl-1-phenyl-1H-pyrazolo[3,4-d]pyrimidin-4-
ol (7a-0)

Target compounds, amino-substituted 6-methyl-1-phenyl-1H-pyrazolo[3,4-d]pyrimidin-4-ol
(7a-0), were achieved by the cyclization reaction of compounds (5a-0) in the presence of

potassium hydroxide and hydrogen peroxide.

Scheme 6
:Z 7 KOH :Z 74
o N=N R - N=N QR
\ S \ =~
H £ 0 | H
N 70-75°C P
2-3 hrs. N~ “OH
(5a-0) (7a-0)

(5a-0) and (7a-70) R= 4-Cl, 4-OCHs, Morpholine, 4-CHs, 4-F, Morpholine, N-methyl
Piperazine, 4-CHjs, 3,4-di-Cl, 2, 5-di CH3, 2,3-di-Cl, 3-CH3s, 3-Cl, 2-Cl, Piperidine

4.6. Physical and spectral characteristics
4.6.1. Physical characteristics

All the synthesized compounds are crystalline powder, soluble in ethyl acetate and ethanol.
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4.6.2. Spectral characteristic

4.6.2.1. IR Spectra

IR spectroscopy of all the synthesized derivatives were carried out on FT-IR 8400s
SHIMADZU spectrophotometere using KBr. Sharp absorption band around 2216-2212 cm'
due to presence of cyano (-CN) group. The NH group showed peak around 3500-3300 cm™,

4.6.2.2. Mass Spectra

Mass spectroscopy of all the synthesized compounds were carried out in a Perkin-Elmer LC-
MS PE Sciex API/65. All the compounds showed corresponding M, M+1 and M+2 peaks.
Compounds with chloro group shown M+2 peak due to isotopic abundance.

4.7. Physical characteristics of synthesized compounds

NC._ _CN

X

%
CH; CHj

)
Table-5: Physical characteristics of 2-(bis(methylthio)methylene)malononitrile (S,S- acetal) (2)

Comp. Molecular Molecular Melting Point % Rt
Formula Weight (°C) yield
(g/mol)
2 CesHsN2S2 170.26 60- 64 °C (57-59 °C)* 89% 0.4

Mobile Phase: n-Hexane: Ethyl acetate (7:3)
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Table-6: Physical characteristics of 2-((methylthio)(amino substituted)methylene)

malononitrile (S,N- acetal) (3a-0)

NC.__CN
X
s N
CH; R
(3a-0)
Comp. R Molecular Molecular Melting Point % R
weight )
Formula (°C) yield
(9/mol)
3a 4-Cl- CeHs C11HsCINsS 249.72 142-145 (157 °C )* 82 | 042
3b 4-OCH3-CeHs C12H11NsOS 245.30 146-148 (149-151 °C)* 87 | 0.25
3c Oﬂ CoH11N30S 209.27 135-138 (140-141 °C)* 85 | 0.68
NH
3d 4-CH3-CgHs C12H11N3S 229.30 162-163(165-167)* 87 | 0.45
3e 4-F- CeHs C1HsFNsS 233.26 135-137 78 | 0.52
3f 3-Cl,4-Cl- CeHs | CuH7CINsS 284.16 150-153 59 | 0.46
39 2,5 di CHs- CsH4 CisH13NsS 243.33 150-155 65 | 0.42
3h 2-Cl,3-CI- CeHs | CuiH/CI2NsS 284.16 140-142 75 | 0.45
3i 3-CHs- CeHs C12H11NsS 229.30 116-119(109-111)* 52 | 0.58
3j 3-Cl- CeHs C11HgCINsS 249.72 154-156 (150-152)* 59 | 0.35
3k 2-Cl- CeHs C11HgCINsS 249.72 153-155(158-160)* 82 | 048
3l 3-OCH3-CgHs C12H11NsOS 245.30 138-140(141-142)* 50 | 0.62
3m C1oH13N3sS 207.30 95-98 (93-95 °C)* 58 | 0.55
NH
3n 2-F- CeHs C11HsFNsS 233.26 115-116 78 | 0.45
30 Q/ C1oH14N4S 222.31 113-114 (115-116 °C)* 49 10.56
HN

Mobile Phase: n-Hexane: Ethyl acetate (7:3)
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Table-7: Physical characteristics of 5-amino-3-(amine substituted)-1-phenyl-1H-pyrazole-4-

carbonitrile (4a-40)

Q,,
J\I;N?~NH_

HoN
CN
(4a-0)
Comp. | R Molecular Molecular Melting Point % Rt
weight :
Formula (°C) yield
(9/mol)
4a 4-Cl Ci16H12CINs 309.75 140-142 87 0.62
4b 4-OCHs C17H15NsO 305.33 172-175 (183-184)* 85 0.58
4c o/\ C14H15Ns0 269.30 117-119 90 0.76
QNH
4d 4-CHs C17H1sNs 289.33 165-167 (170-172 °C )* 85 0.64
4e 4-F C16H12FNs 293.30 146-148 84 0.73
4f 3-Cl,4-Cl | Ci6H11Cl2Ns 344.20 160-162 75 0.71
49 2,5 di-CHs Ci1sH17Ns 303.36 95-100 70 0.64
4h 2-Cl,3-Cl | Ci6H11Cl2Ns 344.20 129-132 86 0.70
4i 3-CHs C17H15Ns 289.33 125-130 76 0.71
4j 3-Cl C16H12CINs 309.75 120-125 53 0.72
4k 2-Cl C16H12CINs 309.75 182-185 (202-205)* 85 0.80
41 3-OCHs C17H15NsO 305.33 135-140 59 0.73
4m C1sH17Ns 267.33 100-102 92 0.72
NH
4n 2-F C16H12FNs 293.30 178-182 (183-186)* 87 0.61
40 ﬁN/ C15H1sNs 282.34 130-135 50 0.80
HN\)
Mobile phase = n-Hexane: ethyl acetate 5:5
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Table-8: Physical characteristics of N-(4-cyano-3-(amino substituted)-1-phenyl-1H-pyrazol-

5-yl)acetamide (5a-0)

%HN@NJ@—R

nc H
(5a-0)
Comp. R Molecular Molecular Melting Point | % Rt
Formula Weight °C) yield
(g/mol)
5a 2-Cl C1sH14CINsO 351.09 112-115 86 0.70
5b 4-Cl C1sH14CINsO 351.09 162-165 80 0.70
5¢c 4-OCHs C19H17Ns02 347.37 110-112 82 0.71
5d 4-CHs C19H17NsO 331.37 141-143 80 0.77
5e 4-F C18H14FNsO 335.34 85-90 76 0.75
5f o) C16H17NsO2 311.34 137-139 84 0.81
K/NH
5g 3-Cl,4-ClI C18H13Ci2NsO 386.23 118-120 70 0.85
5h 2,5 di-CHs C20H19NsO 345.40 115-117 74 0.65
5i 2-Cl1,3-Cl Ci1sH13CI2NsO 386.23 122-125 83 0.71
5j 3-CHs C19H17NsO 331.37 190-195 72 0.64
5k 3-Cl C1sH14CINsO 351.09 129-132 50 0.68
51 3-OCHs C19H17Ns02 347.37 120-122 60 0.86
5m O C17H19NsO 309.37 124-127 89 0.68
NH
5n 2-F C1sH14FNsO 335.34 142-145 85 0.74
50 ﬁN/ C17H20NsO 324.38 130-134 60 0.51
HN\)
Mobile phase = n-Hexane: ethyl acetate 5:5
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Table-9: Physical characteristics of acid chloride substituted pyrazole derivatives/ InhA
inhibitors (6a-0)

Ri

Q

74
\ =

Y—HN/S/kN
/ H

CN
(6a-0)
Comp. | R/Amine R1 Y Molecular M.W. Melting % Rt
/mol) | Point (°C
Formula © ) () yield

6a 4-Cl -CH3 \C—o Ci18H14CINsO 351.09 162-165 80 | 0.70
/

6b 4-OCHs -CHs \C—O Ci19H17Ns02 347.37 110-112 82 0.71
/

6C O/\ -CHs; \C:O C16H17N502 311.34 137-139 89 0.75
L_NH /

6d 4-CHs -CHs \C—o Ci19H17NsO 331.37 141-143 83 | 0.71
/

6e 4-F -CeHs \C—o Ca3H16FNsO 397.40 168-172 90 | 0.76
/

6f O/\ -CeHs \C:O C21H19Ns0; 373.41 175-180 78 | 0.83
L_NH /

g _ -

69 (\N CeHs \C:O C2H22N6O 386.45 190-195 52 0.70
HNJ /

6h 4-CH3 -CeHs \C—O CasH19NsO 393.44 150-152 80 0.64
/

6i 3-Cl,4-Cl -CeHs \S/’O C2H15CIoNsO.S | 484.36 140-145 73 0.62

/ \\O
6j 2,5-di- -CeHs \S/’O C24H21N505S 443.52 148-152 75 0.86
CHa 70
Gujarat Technological University Page 95




6k 2,3-di-Cl | -CeHs \S,,O C22H1sCi2NsO2S | 484.36 145-150 76 | 0.71
/ \\O

6l 3-CH;s -CHs 0 C1sH17Ns02S 367.42 168-170 62 0.56
/ \\O

6m 3-ClI -CHs 0 C17H1sCINsO2S | 387.84 172-174 53 0.66
/ \\O

6n 2-Cl -CHs \S/,O C17H14CINsO2S 387.84 152-155 72 0.42
/ \\O

60 O -Cl —Sl'—‘O C1sH16CINsOS 349.84 95-100 68 0.68

NH

Mobile phase = n-Hexane: ethyl acetate 5:5
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Table-10: Physical characteristics of amino substituted 6-methyl-1-phenyl-1H-pyrazolo[3,4-
d]pyrimidin-4-ol/ DprE1 inhibitors (7a-0)

Q
Y

N

N™ ~OH
(7a-0)
Comp. R/Amine Molecular Molecular | Melting Point % R
Formula Weight °C) yield
(g/mol)
7a 2-Cl C1sH14CINsO 351.79 180-182 85 0.63
7b 4-Cl C1sH14CINsO 351.79 160-165 87 0.52
7c 4-OCHs C19H17Ns02 347.37 190-192 75 0.66
7d 4-CHj3 C19H17NsO 331.37 170-172 90 0.50
7e 4-F C18H14FNsO 335.34 145-148 86 0.40
7f o) C16H17NsO2 311.34 155-160 84 0.75
K/NH
79 3,4-di Cl | C18H13C12NsO 386.23 164-167 74 0.66
7h 2,5-di CH3 C20H19NsO 345.40 148-150 79 0.50
7i 2,3-di-Cl | C1sH13CI2NsO 386.23 140-142 80 0.42
7] 3-CH3 C19H17NsO 331.37 97-102 64 0.67
7k 3-Cl C18H14CINsO 351.79 175-180 56 0.45
71 3-OCHs C19H17Ns02 347.37 168-172 52 0.63
m O C17H19NsO 309.37 240-245 79 0.55
NH
m 2-F C1sH14FNsO 335.34 85-90 72 0.58
70 ﬁN/ C17H20N6O 324.38 138-142 75 0.64
HN\)
Mobile phase = n-Hexane: ethyl acetate 5:5
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Table-11: Spectral characteristics of acid chloride substituted pyrazole derivatives (InhA

inhibitors (6a-0)

Q

7
\ SN
Y—HN"TX N
/ H
R1
CN
(6a-0)
Mass IR(cm™) 'H-NMR (5, ppm) C-NMR (8, ppm)

Compound-6a

352.2, 353.4(M+2) 3240(NH str.),
1656(CO-NH str.),

2225(CN str.)

2.19 (s, 3H), 7.81-7.78
(m, 7H), 7.77 -7.65 (m,
1H), 7.55-7.53 (m,
1H), 7.42-7.37 (m, 2H)

169.46, 153.17,144.53,
139.67, 137.97, 129.26,
128.87, 127.51, 127.48,
124.06, 122.30, 114.13,
66.17, 24.00

Compound-6b

348.2 3245(NH str.), 2.19 (s, 3H), 8.12-8.10 | 169.46, 156.01, 153.13,
1670 (CO-NH str.), | (m, 2H), 7.81-7.77 (m, | 144.53, 137.97, 135.32,
2220 (CN str.), 2H),7.67-7.66 (m, | 129.26, 127.51, 124.06,
1242 (Aromatic-CO) | 2H),7.42-7.39 (m, 1H), | 121.85, 114.80, 114.13,
7.00-6.96 (m, 2H), 3.80 |  66.17, 55.35, 24.00
(s, 3H)
Compound-6¢
3114 3326(NH str.), 1628 | 2.27 (3H, s),7.80-7.77 | 169.38, 159.79,144.81,
(CO-NH str.), 2208 gmH,),zk;).,Ll;?o%.?égs gm 138.29, 129.27, 127.51,
(CN str.) 1H), 3.86-3.74 (m, 8H) | 124.00, 113.22, 67.78,
66.36, 48.26, 24.00
Compound-6d
332.2 3332(NH str.), 1646 8.06-8.03 (m, 2H), | 169.46, 152.91, 144,53,

(CO-NH str.), 2209
(CN str.)

7.81-7.77 (m, 2H),
7.67-7.65 (m, 2H), 7.42
(tt, J=7.1, 1.3 Hz,
1H), 7.24-7.22 (m,
2H), 2.35 (d, J = 0.9

138.72, 137.97, 132.01,

129.26, 128.88, 127.51,

124.06, 120.90, 114.13,
66.18, 24.00, 20.73
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Hz, 3H)

Compound-6e

398.14 3340(NH str.), 1650 8.21-8.19 (m, 2H), 166.42, 158.74, 156.77,
(CO-NH str.), 2215 7.97-7.95 (m, 2H), 152.64, 145.07, 138.13,
(CN str.) 7.81-7.77 (m, 2H), 7.70 | 137.88, 137.86, 133.38,
-7.65 (m, 2H), 7.52- | 132.19, 129.26, 128.77,
7.46 (m, 1H), 7.46-7.39 | 128.49, 127.51, 124.00,
(m, 3H), 7.20-7.16 (m, | 122.04, 121.97, 115.14,
2H) 114.96, 114.09, 67.36
Compound-6f
374.15 1635 (CO-NH str.), 7.97 -7.96 (m, 1H), | 166.46, 159.84, 144.92,
2218 (CN str.) 7.81-7.77 (m, 1H), 138.32, 133.38, 132.19,
7.78(m, 2H) 7.70-7.68 | 129.27, 128.77, 128.49,
(m, 1H), 7.52-7.39 (m, | 127.51, 123.97, 113.17,
5H), 3.85-3.74 (m, 8H) 70.00, 66.36, 48.26
Compound-6g
387.20 1652(CO-NH str.), 7.97-7.96 (m, 1H), 166.46, 159.75, 145.11,
2235 (CNistr.) 7.81-7.77 (m, 2H), 138.34, 133.38, 132.19,
7.70-7.68 (m, 2H), 7.52 | 129.27, 128.77, 128.49,
-7.39 (m, 5H), 3.67- | 127.51, 123.97, 113.17,
3.66 (m, 4H), 3.02-3.00 | 70.00, 54.27, 47.59,
(m, 4H), 2.91 (s, 3H) 45.01
Compound-6h
393.14 3318(NH str.), 1682 8.07-8.01 (m, 2H), 166.42, 152.75, 145.07,

(CO-NH str.), 2208
(CN str.)

7.97-7.96 (m, 2H),
7.81-7.77 (m, 2H),
7.67-7.66 (m, 1H),
7.52-7.39 (m, 5H), 7.23
(dt, J=7.1,0.8 Hz,
2H), 2.35 (s, 3H)

138.72, 138.13, 133.36,
132.19, 132.01, 129.26,
128.88, 128.77, 128.49,
127.51, 124.00, 120.90,
114.09, 67.36, 20.73

Compound-6i

484.4, 486.2 (M+2),
488.8 (M+4)

3325(NH str.), 1459
(SO2-NH str.), 2208
(CN str.)

7.79-7.75 (m, 3H), 7.70
(dg, J=7.7, 1.6 Hz,
2H), 7.56 (dg, J = 8.8,
1.6 Hz, 2H), 7.43-7.39
(m, 4H), 7.27-7.26 (m,

152.51, 142.11, 140.76,
138.38, 137.44, 133.74,
130.74, 129.74, 129.22,
129.20, 127.84, 127.52,
124.93, 124.04, 121.61,
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1H)

120.20, 113.84, 70.47

Compound-6j

443.2

3494(NH str.), 1450
(SO2-NH str.), 2210
(CN str.)

7.95(tt, J=7.3, 1.3
Hz, 1H), 7.79-7.76 (m,
3H), 7.70 (dg, J = 7.7,
1.6 Hz, 2H), 7.56 (dg, J

= 8.8, 1.6 Hz, 2H),
7.43-7.39 (m, 3H), 7.01

(dg, J=8.2, 1.0 Hz,
2H), 6.80 (ddd, J = 7.7,
2.3, 1.1 Hz, 1H), 2.28

(d, J = 1.1 Hz, 6H)

152.53, 142.11, 140.38,
138.38, 137.44, 136.66,
133.74, 130.43, 129.22,
129.20, 127.84, 127.66,
127.52, 124.04, 123.01,
120.97, 113.84, 70.45,
21.62,17.64

Compound-6k

484.30, 486.2 (M+2),
488.5 (M+4)

3350(NH str.), 1459
(SO2-NH str.), 2208
(CN str.)

8.08 (dd, J=7.9, 1.1
Hz, 1H), 7.96 (it, J =
7.3, 1.3 Hz, 1H), 7.79-
7.76 (m, 2H), 7.70 (dq,
J=17.7,1.6 Hz, 2H),
7.58 -7.55 (m, 2H),
7.43-7.39 (m, 3H), 7.18
(d, J=7.9 Hz, 1H),
7.08 (dd,J=7.8,1.2
Hz, 1H)

152.27, 142.17, 139.72,
138.38, 137.44, 134.10,
133.74, 129.22, 129.20,
129.03, 127.84, 127.52,
124.41, 124.04, 123.04,
120.03, 113.81, 70.43

Compound-6l

368.12

3245(NH str.), 1345
(SO2-NH str.), 2234
(CN str.)

7.79-7.76 (m, 2H), 7.70
(dg, J=7.7, 1.6 Hz,
2H), 7.45-7.39 (m,
3H), 7.14 (d, J=7.6

Hz, 1H), 6.84 (dddd, J

=8.2,2.2, 1.4, 0.7 Hz,

1H), 3.03 (s, 3H), 2.36
(d, J = 0.7 Hz, 3H)

152.37, 141.63, 141.19,
138.63, 137.52, 129.22,
128.85, 127.52, 124.41,
124.07, 121.12, 118.27,
113.84, 68.41, 39.83,
21.45

Compound-6m

387.7, 389.4(M+2)

3325(NH str.),
1312(SO,-NH str.),
2219 (CN str.)

7.79 -7.76 (m, 2H),
7.70 (dg, J= 7.7, 1.6
Hz, 2H), 7.55 (t, J =

152.68, 142.18, 141.63,
137.52, 133.61, 129.24,
129.22, 127.52, 124.07,
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2.2 Hz, 1H), 7.41 (tt, J
= 7.1, 1.4 Hz, 1H),
7.24 (d, J=7.8 Hz,

1H), 7.13 (ddd, J = 7.7,

2.2,1.2 Hz, 1H), 6.96

(ddd, J=7.9,2.1,1.2
Hz, 1H), 3.03 (s, 3H)

123.37, 119.92, 119.50,
113.84, 68.41, 39.83

Compound-6n

387.7, 389.4(M+2)

3322(NH str.),
1320(SO2-NH str.),
2213 (CNistr.)

8.19(dd, J=7.7, 1.4
Hz, 1H), 7.79-7.76 (m,
2H), 7.70 (dg, J = 7.7,
1.6 Hz, 2H), 7.54 (dd, J

= 8.1, 1.4 Hz, 1H),
7.43-7.39 (m, 2H),
7.22-7.19 (m, 1H), 3.03

(s, 3H)

151.78, 141.63, 138.05,
137.52, 129.38, 129.22,
127.52, 127.38, 125.51,
124.88, 124.07, 123.01,
113.84, 68.37, 39.83

Compound-60

349.6

1434(SO-NH str.),
2241 (CN str.)

7.79-7.76 (m, 2H), 7.70
(dg, J=7.7, 1.6 Hz,
2H), 3.64-3.62 (m,

159.27, 147.08, 138.44,
129.23, 127.52, 124.06,
113.07, 68.76, 49.03,

4H), 1.73-1.69 (m, 26.26, 24.44
4H), 1.56 (p, J=5.8
Hz, 2H)
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Table-12: Spectral characteristics of amino substituted 6-methyl-1-phenyl-1H-pyrazolo[3,4-

d]pyrimidine-4-ol derivatives/ DprE1 inhibitors (7a-0)

Q

\ N
NN
/Q = :
N~ “OH
(7a-0)

Mass

IR(cm™)

'H-NMR (8, ppm)

13C-NMR (8, ppm)

Compound-7a

351.12, 353.3(M+2)

3435(-NH), 3342
(-OH), 2926 (C-H str.)

2.40 (3H, s), 8.20 (dd,
J=7.7, 1.4 Hz, 1H),
7.83-7.80 (m, 2H), 7.58
-7.53 (m, 2H), 7.54
(dd, J = 8.0, 1.4 Hz,
1H), 7.43-7.39 (m,
2H), 7.22 -7.19 (m,
1H)

166.23, 162.50, 153.42,

145.93, 138.38, 138.29,

129.38, 128.92, 127.39,

127.01, 125.56, 124.88,

123.01, 121.54, 93.93,
25.06

Compound-7b

351.45, 353.25(M+2)

3438(-NH), 3345
(-OH), 2924 (C-H str.)

§ 2.40 (3H, s), 7.58-
7.37 (5H, 7.42 (tdd, J =
7.8, 1.6,1.0 Hz), 7.80
(d, J= 8.4 Hz, 1H),
7.58-7.54(m, 2H),
7.42-7.37 (m, 2H)

166.23, 162.49, 153.38,
147.16, 139.95, 138.38,
128.87, 128.92, 127.48,
127.01, 122.29,121.54,
94.05, 25.06

Compound-7c

347.15 3312 (-NH), 3352 2.40 (3H, s), 3.80 (s, 166.23, 162.49, 156.01,
(-OH), 2935 (C-H 2H), 6.96 (ddd, 2H), | 153.38, 146.75, 138.38,
str.) 8.12- 8.10 (m, 2H), 135.74, 128.92, 127.01,
7.83-7.80 (m, 2H), 121.85, 121.54, 114.81,

7.58- 7.56 (m, 2H), 94.05, 55.35, 25.06

7.42-7.39 (m, 1H), 7.00-
6.95 (m, 2H)
Compound-7d

331.68 3362 (-NH), 3310 2.35(d, J=1.0 Hz, 166.23, 162.49, 153.38,
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(-OH), 2942 (C-H str.)

3H), 2.35(d, J=1.0
Hz, 3H), 8.05- 8.03 (m,
2H), 7.83- 7.79 (m,
2H), 7.58- 7.56 (m,
2H), 7.41 (tt, J = 7.2,
1.3 Hz, 1H), 7.24-7.22
(m, 3H)

147.20, 139.28, 138.38,

132.01, 128.92, 128.89,

127.01, 121.54, 120.91,
94.05, 25.06, 20.73

Compound-7e

335 3390 (-NH), 3415 2.40 (3H, s), 8.21- 8.19 | 166.23, 162.49, 158.74,
(-OH), 2937 (C-H str.) | (m, 2H), 7.83- 7.79 (m, | 156.77, 153.38, 146.78,
2H), 7.58-7.56 (m, | 138.64, 138.62, 138.38,
3H), 7.41 (tt, J=7.2, | 128.92, 127.01, 122.02,
1.3 Hz, 1H), 7.20- 7.16 | 121.95, 121.54, 115.15,

(m, 2H) 114.97, 94.05, 25.06

Compound-7f

311.47 3353 (-OH), 2952 (C-H | 2.40 (3H, s), 7.83-7.79 | 164.99, 161.89, 155.38,

str.)

(m, 2H), 7.58- 7.56 (m,
2H), 3.84- 3.80 (m,
4H), 3.77 (dd, J = 5.7,
4.5 Hz, 4H)

149.14, 138.77, 128.92,
127.01, 121.49, 95.96,
66.36, 48.28, 25.06)

Compound-7g

386.1, M+2: 388.4,

3352 (-NH str.),

2.40 (3H, s), 7.83-7.75

166.23, 162.49, 153.38,

M-+4: 390 3443(0-Hstr.), 2926 | (m, 2H), 7.74 (d, J= | 146.47, 140.87, 138.38,
(C-H str.) 2.2 Hz, 1H), 7.58-7.56 | 130.76, 129.76, 128.92,
(m, 2H), 7.42 -7.39 (m, | 127.01, 124.92, 121.61,
2H), 7.27-7.25 (m, 2H) | 121.54, 120.22, 94.08,
25.06
Compound-7h
346.16 3326 (-NH str.), 3264 | 2.40 (s, 3H), 2.28 (d, J | 166.23, 162.49, 153.38,

(O-H str.), 2921(C-H
str.)

= 1.1 Hz, 3H), 2.34 (s,
3H), 7.83-7.78 (m,
3H), 7.58- 7.56 (m,
2H), 7.42- 7.39 (m,

2H), 7.00 (dg, J = 8.3,

0.9 Hz, 1H), 6.81- 6.69

(m, 1H)

145.76, 140.68, 138.38,
136.77, 130.40, 128.92,
127.64, 127.01, 123.01,
121.54, 120.92, 93.98,
25.06, 21.62, 17.67
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Compound-7i

386.30, M+2: 388.64,

3350 (-NH str.), 3410

2.40 (3H, s), 8.06 (dd,

166.23, 162.50, 153.42,

M+4: 390 (O-H str.), 2923 (C-H J=7.9, 1.1Hz 1H), 146.09, 140.11, 138.38,
str.) 7.83-7.79 (m, 2H), 134.14, 129.03, 128.92,
7.58- 7.56 (m, 2H), 127.01, 124.41, 123.00,
741 (tt,1=7.2,1.3 121.54, 120.03, 94.03,

Hz, 1H), 7.20 (d, J = 25.06

7.9 Hz, 2H), 7.08 (dd, J
=7.8, 1.2 Hz, 1H)
Compound-7j

332.15 3359 (-NH str.), 3409 | 2.40 (3H, s), 2.36 (m, | 166.23, 162.49, 153.38,

(O-H str.), 2921 (C-H
str.)

3H), 7.83-7.79 (m,
2H), 7.58- 7.56 (m,
2H), 7.45- 7.39 (m,
3H), 7.14(d, J=7.6
Hz, 1H), 6.84 (dddd, J
=8.2,2.2,1.4,0.7 Hz,
1H)

146.95, 141.44, 138.71,
138.38, 128.92, 128.88,
127.01, 124.39, 121.54,
121.12, 118.31, 94.05,
25.06, 21.45

Compound-7k

352, 354 (M+2)

3412(-NH str.), 3323
(-OH str.), 2915(C-H
str.)

2.40 (3H, s), 7.83-7.79
(m, 2H), 7.58- 7.54 (m,
3H), 7.41 (tt, I = 7.2,
1.3 Hz, 1H), 7.27 (d, J
= 15.8 Hz, 1H), 7.13
(ddd, J=7.7,2.2,1.2
Hz, 1H), 6.9 (ddd, J =
7.9,2.1, 1.2 Hz, 1H)

166.23, 162.49, 153.38,

146.50, 142.27, 138.38,

133.61, 129.22, 128.92,

127.01, 123.34, 121.54,

119.97, 119.51, 94.08,
25.06

Compound-7I

348.14

3367(-NH), 3417
(-OH), 2935 (C-H str.)

2.40 (3H, s), 3.82 (5,
3H) 7.83-7.79 (m, 2H),
7.58-7.56 (m, 2H),
7.42-7.38 (m, 2H),
7.22-7.17 (m, 2H),
6.53- 6.50 (M, 1H)

166.23, 162.49, 160.94,
153.38, 146.51, 142.79,
138.38, 130.03, 128.92,
127.01, 121.54, 114.64,
110.46, 105.96, 94.08,
55.59, 25.06

Compound-7m
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310.23 3400 (O-H str.), 2922 | 2.40 (3H, s), 1.58-1.54 | 164.99, 161.99, 155.36,
(C-H str.) (m, 4H), 1.73 -1.69 (m, | 148.96, 138.77, 128.92,
2H), 7.83-7.79 (m, 127.01, 121.49, 95.87,
2H), 7.58-7.56 (m, 49.09, 26.26, 25.06,
3H), 3.63-3.60 (m, 4H) 24.44
Compound-7n
336.13 3342 (-NH str.), 3410 | 2.40 (3H, s), 8.20 (ddd, | 166.23, 162.50, 155.65,
(-OH str.), 2940 (C-H | J=8.8,3.7,1.4Hz, | 153.69, 153.42, 146.62,
str.) 1H), 7.83-7.79 (m, 146.56, 138.38, 129.54,
2H), 7.57 (dg, J = 7.5, | 129.43, 128.92, 127.01,
1.2 Hz, 2H), 7.41 (tt, J | 125.46, 125.44, 123.97,
=7.2,1.3 Hz, 1H), 123.91, 122.33, 122.28,
7.29-7.26 (m, 1H), 121.54, 115.29, 115.12,
7.17-7.08 (m, 2H) 94.05, 25.06
Compound-70
325.02 3343(-OH str.), 2910 | 2.40 (3H,s), 2.91 (s, | 164.99, 161.87, 155.31,

(C-H str.)

3H), 3.68-3.66 (M,
4H), 3.02-2.91 (m,
4H), 7.83-7.79 (m,

149.26, 138.77, 128.92,
127.01, 121.49, 96.05,
54.24, 47.62, 45.01,

2H), 7.58-7.56 (m, 3H) 25.06
4.8. Spectra of synthesized compounds
4.8.1. IR, Mass, *H and *C NMR of compound 6h
HN/S)\N
H
CN
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Fig.35: Mass spectrum of compound 6h
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4.8.2. IR, Mass, 'H and *C NMR of compound 6m
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Fig.39: Mass spectrum of compound 6m
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4.8.3. IR, Mass, 'H and *C NMR of compound 79
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Fig.42: IR spectrum of compound 7g
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4.8.4. IR, Mass, 'H and 3C NMR of Compound 7j
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'HNMR and *C NMR of compound 7j
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4.9. Pharmacological screening

4.9.1. Microplate Almar Blue Assay

All the synthesized compounds were screened for their antimycobacterial activity by MABA
(Micro-plate Almar Blue Assay) using H37Rv strain. This methodology is non-toxic, uses a
thermally stable reagent and shows good correlation with propotional and BACTEC
radiometric method.

4.9.1.1. Principle

Alamar blue is a reagent and accompanying assay used to quantify cellular metabolic activity.
Taken at a single time point, it can be used to determine the concentration of viable cells in a
sample. Taken at two or more time points of the same or similar samples, the assay can be
used to measure cell growth kinetics the growth of a cell population over time.

The reagent solution contains the non-fluorescent blue coloured molecule resazurin which,
when chemically reduced (a metabolic activity of cells), turns into the highly fluorescent
pink-coloured resorufin. Both the colour change and the change in fluorescence allow for the
direct measurement of cell metabolic activity via absorbance or fluorescence measurements

in a plate reader (Brien et al., 2000).

o NADH/ H* NAD™,H,0
|
HO o) o) HO 0 o)
Resazurin (Blue) Resorufin (Pink)
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4.9.2. Results of anti-tubercular activity

4.9.2.1. Anti-tubercular activity of standard drugs

Standard Drug Photograph

Isoniazid
Ethambutol

Pyrazinamide
Rifampicin

Streptomycin

Moxifloxacin

Fig.50: Biological activity of standard drugs

Isoniazid — 1.6pg/mL
Ethambutol — 1.6pg/mL
Pyrazinamide- 3.125ug/mL
Rifampicin — 0.8ug/mL
Streptomycin- 0.8ug/mL

v Vv Vv VvV Vv Vv

Moxifloxacin- 0.8 pg/mL
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4.9.2.2 Anti-tubercular activity of synthesized compounds

Anti-tubercular Activity of InhA inhibitors (Compounds 6a-0)
100 50 25 125 625 312 16 08

Fig.51: Antitubercular activity of compounds (6a-0)
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Anti-tubercular Activity of DprE1 inhibitors(Compounds 7a-0)

100 50 25 125 6.25 312 16 0.8

Fig.52: Antitubercular activity of compounds (7a-0)
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Table-13: Anti-tubercular activity of synthesized compounds (6a-0) and (7a-0)
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Fig.53: Graphical representation of anti-tubercular activity of InhA inhibitors (6a-0)
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Fig.54: Graphical representation of anti-tubercular activity of DprElinhibitors (7a-0)
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Table -14: Anti-tubercular activities of synthesized compounds (6a-0), (7a-0) and standard

drugs
Compounds MIC (pg/mL) Compounds MIC (pg/mL)
H37RV strain H37RV strain
6a 25 7a 25
6b 25 7b 25
6C 25 7c 25
6d 25 7d 25
6e 25 Te 12.5
6f 50 7f 25
69 12.5 79 6.25
6h 12.5 7h 50
6i 6.25 7i 100
6] 12.5 7j 12.5
6k 25 7k 12.5
6l 25 71 25
6m 3.12 m 100
6n 25 n 100
60 100 70 100
Isoniazid 1.6 Isoniazid 1.6
Ethambutol 1.6 Ethambutol 1.6
Pyrazinamide 3.125 Pyrazinamide 3.125
Rifampicin 0.8 Rifampicin 0.8
Streptomycin 0.8 Streptomycin 0.8
Moxifloxacin 0.8 Moxifloxacin 0.8

4.10. Structure Activity Relationship (SAR)

The overall structure activity relationship is illustrated in Fig.55. Electron-withdrawing
substitutions at R attached to pyrazole ring appears to be good anti-tubercular activity.
Similarly, electron donating group at this place shown moderate anti-tubercular activity.
Here, heteroaromatic rings like morpholine and piperidine at position R were found to have
decrease the potency. On other side of pyrazole ring incorporation of acetyl chloride and
thionyl chloride decreased the potency whereas benzoyl chloride, benzene sulfonyl chloride

and methane sulfonyl chloride increase the antitubercular activity.
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Fig.55: Structure activity relationship of compounds (6a-0)
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Fig.56: Schematic overview of most active compounds against M. tuberculosis H37Rv
strain.
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4.11. Rational for antioxidant activity and MTT assay

The inclusion of DPPH radical-scavenging data when studying anti-tuberculosis (anti-TB)
compounds is mechanistically justified because oxidative stress plays a significant role in the
primarily within macrophages, where it is exposed to reactive oxygen species (ROS) host—
pathogen interaction during Mycobacterium tuberculosis infection. MTB resides generated as
part of the host’s innate immune response. Although the bacterium possesses robust
antioxidant defences, excessive oxidative stress can contribute to host tissue damage,
inflammation, and disease progression. Therefore, compounds with both anti-TB activity and
antioxidant potential may offer dual therapeutic advantages.

The DPPH assay specifically measures the ability of a compound to donate hydrogen atoms
or electrons to neutralize free radicals. This activity can reflect a compound’s general
antioxidant capacity, which is mechanistically relevant because certain anti-TB scaffolds
exert their effects through redox modulation, ROS generation, or interference with MTB’s
own oxidative stress—management systems. Conversely, oxidative properties of a candidate
molecule might contribute to antimicrobial potency but also raise concerns about
cytotoxicity. Thus, characterizing antioxidant behaviour through DPPH helps predict redox-
related pharmacological and toxicological profiles.

Additionally, some anti-TB agents, particularly natural products such as phenolics,
flavonoids, or quinones, possess inherent redox-active groups. DPPH screening helps
differentiate whether activity arises from direct antimycobacterial mechanisms or nonspecific
radical-scavenging behaviour. It also informs structure-activity relationship (SAR) analyse by
correlating functional groups responsible for redox behaviour with antimycobacterial
potency.

Overall, DPPH data provide complementary mechanistic insight, supporting the rational
design, optimization, and safety assessment of anti-TB compounds with potential redox-
modulating effects. Furthermore, if the compounds are showing potent scavenging, then the
compounds may be utilised for the anticancer purpose after performing its detailed cell line
studies.

MTT assay in relation to anti-TB activity is that MTT measures cell viability/metabolic
activity, which can be used to determine whether a test compound is cytotoxic to host cells
and therefore whether it’s apparent anti-TB effect is likely to be selective rather than simply

due to general toxicity.
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4.11.1. Antioxidant activity by DPPH assay method

The DPPH (2, 2-Diphenyl-1-picrylhydrazyl) technique is a standard laboratory test utilized to
assess the antioxidant properties of plant extracts, food products, or pure substances.
Antioxidant substances are commonly employed due to their capacity to release hydrogen or
electrons to neutralize free radicals. The oxidative characteristics of a potential molecule may
enhance antimicrobial effectiveness but also raise concerns about cytotoxic effects.
Therefore, identifying antioxidant properties via the DPPH assay method helps to identify
redox-related pharmacological and toxicological characteristics.

Furthermore, certain anti-tubercular drugs, especially natural compounds like flavonoids,
phenolics, and quinones, contain intrinsic redox-active functionalities. DPPH assessment aids
SAR studies by functional groups linking influencing to anti-tubercular effectiveness.

In conclusion, DPPH findings offer further mechanistic understanding and support the
rational design of anti-tubercular agents that may have redox-modulating properties.
Moreover, if the compounds demonstrate strong scavenging activity, they could be applied
for anticancer purposes following comprehensive cell line investigations.

Free radicals are regarded as important for physiological processes. Radical interacts
extensively with biomolecules found in living cells and can disrupt the cells usual
physiological functions (Muluk et al., 2020). Consequently, antioxidant activities of the
newly developed compounds (6a-0) and (7a-0) were evaluated through the DPPH method
and compared with reference drugs ascorbic acid and curcumin.

Based on the findings from the DPPH test, according to the results obtained from the DPPH
test, the best performing compounds were 6m (43.01 %) and 6b (25.90%). The moderate
antioxidant activity 15.73 was shown by compound 6d (Table-14). Compounds 7b (19.37%)
and 7d (20.48%) exhibited good antioxidant activity, while compound 7e (15.59%)
demonstrated moderate antioxidant activity (Table-15). The percentage of inhibition indicates

the free radical scavenging activity.
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Table-15: DPPH scavenging activity (%) of synthesized compounds (6a-0)

Compounds Compounds DPPH Dye %RSA (Radical
Concentration | Concentration | Scavenging Activity)
6a 100 pM 100 uM 1.61
6b 100 pM 100 uM 25.90
6c 100 pM 100 uM 1.37
6d 100 pM 100 uM 15.73
6e 100 pM 100 uM 0.9
6f 100 uM 100 uM 3.47
69 100 pM 100 uM 1.61
6h 100 pM 100 uM 1.20
6i 100 pM 100 uM 9.90
6j 100 pM 100 uM 1.60
6k 100 pM 100 uM 1.50
6l 100 pM 100 uM 1.60
6m 100 pM 100 uM 43.01
6n 100 uM 100 uM 5.89
60 100 pM 100 uM 1.61
Ascorbic Acid 100 uM 100 uM 90.15
Curcumin 100 uM 100 uM 80.95

Table-16: DPPH scavenging activity (%) of synthesized compounds (7a-0)

Compounds Compound DPPH Dye %RSA (Radical
Concentration | Concentration Scavenging
Activity)

7a 100 uM 100 uM 12.69

7b 100 uM 100 uM 19.37

7C 100 uM 100 uM 4.01

7d 100 uM 100 uM 20.48

7e 100 uM 100 uM 15.59

7f 100 uM 100 uM 7.57

79 100 uM 100 uM 6.90

7h 100 uM 100 uM 7.34

7i 100 uM 100 uM 12.91

7] 100 uM 100 uM 10.69

7k 100 uM 100 uM 7.10

71 100 uM 100 uM 4.67

7m 100 uM 100 uM 2.00

7n 100 uM 100 uM 2.00

70 100 uM 100 uM 2.00
Ascorbic Acid 100 uM 100 uM 90.15
Curcumin 100 puM 100 uM 80.95
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4.12. Cytotoxicity by MTT assay

The potent abtitubercular compounds 6i, 6m, 7g and 7j were selected for cytotoxic activity
through MTT assay on the HepG2 cell line. Table-17 and Table-18 represents the results of
the cytotoxic study. The cytotoxicity values for compounds 6i and 6m are 125 + 0.16 uM and
273.8 £ 0.05 uM. Compounds 7g and 7j were 71.63 + 0.10 uM and 9.281 + 0.20uM,
respectively. Compounds 6i, 6m and 7g demonstrated a relatively low toxicity profile against
the HepG2 cell line.

Table-17: Cytotoxicity study on HepG2 cell line for compounds 6i and 6m

Comp. | R R1 X Anti-tubercular | Cytotoxicity | SI Index
activity 1Cs0 UM ICso/MIC
MIC (ug/mL)

6i 3,4-di-Cl | -CeHs 0=5=0 | 6.25 125+ 0.16 20

6m 3-Cl -CHs 0=s=0 | 3.12 273.8+0.05 | 87.75

Table-18: Cytotoxicity study on HepG2 cell line for compounds 7g and 7j

Comp. |R Anti-tubercular | Cytotoxicity SI Index
activity 1Cs0 UM ICso/MIC
MIC (ug/mL)

79 3,4-di-Cl 6.25 71.63 +0.10uM | 11.46

7j 3-CH3 12.5 9.281 + 0.20uM | 0.742

4.13. Molecular dynamic simulation

MD simulation enabled the exploration of dynamics of biomolecules, including protein-
ligand complexes, across nm to um timescales. Here in this study, the MD simulation was
conducted to examine the ligand (6m) interactions with InhA enzyme (PDB ID- 4UQJ) and
(79) interactions with the DprE1 enzyme (PDB ID: 4NCR) specifically over a duration of 100
ns. Molecular dynamics simulation, as it accounts for various binding conformations
throughout the simulation process. MD simulations help in assessing interactions of protein
and ligand at an atomic level. Enoyl acyl carrier protein reductase (InhA) and
decaprenylphosphoryl-beta-D-ribose 2'-epimerase (DprE1) for 100ns to analyze the binding
stability of protein-ligand complex. Structural alteration observed during the simulation
process was evaluated through RMSD, RMSF, SASA, Rg, and hydrogen bond number
(Nayee et al., 2026).
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4.13.1. Root Mean Square Deviation (RMSD) analysis

RMSD offers to understand the alterations in the structure conformation during the
simulation. RMSD captures the differences that exist between the original structure and the
final structure of the simulation execution. Typically, a more compact deviation indicates that
the structure is quite stable (Reuter & Martinez, 2011).

Fig. 57a illustrates the protein, ligand (6m) deviations, and the complex. The results indicate
that (6m) exhibited a steep increase in deviation during the first 10 ns of the simulation,
reflecting deviations from its docked pose. However, these deviations remained within 0.6 A,
indicating minimal structural alterations. At 15 ns, the RMSD of 6m stabilized at
approximately 0.5 A, signifying the formation of stable interactions with the protein's active
site residues and thus attaining convergence. This stability persisted until the end of the
simulation, marking a successful simulation that effectively captured the binding modes of
(6m). Further changes in the order of 1-3 A are acceptable for small and globular proteins
and suggest no large conformational changes which are taking place (Pandey et al., 2022).

Fig. 58a demonstrated the deviations of protein, ligand (7g), and protein-ligand complex.
Changes within the range of 1 to 3 A are permissible for small and globular proteins,
indicating that significant conformational alterations are not occurring (Pandey et al.,
2022)(Nayee et al., 2026). Here, the compound exhibited similar deviations in the range of

1A to 3A indicating acceptable conformational changes.

4.13.2. Root mean square fluctuation (RMSF analysis)

In this study, the mean RMSF was approximately 0.1 nm (Fig.57b), with a maximum
fluctuation observed at around 0.6 nm. The overall RMSF plot indicates reduced flexibility in
the protein upon ligand (6m) binding. This reduction in flexibility may stabilize the protein
structure and potentially hinder its ability to perform its intended biological activity,
reflecting the ligand's inhibitory effects.

Analysis of RMSF indicates the dynamics of structural change of ligand and protein
backbone and movement of specific atoms or atom groups in relation to the reference
structure, averaged across all atoms. Both flexible and rigid residues in a protein play a
crucial role in its biological function (Martinez, 2015). Here, the average RMSF value is
around 0.1 nm (Fig.58b), exhibiting the highest variation of approximately 0.8 nm solely at

the initial stage of the simulation. The overall RMSF graph shows decreased protein
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flexibility upon ligand binding (7g). It could stabilize the protein structure and possibly
restrict its capacity to carry out its biological function, suggesting inhibitory effects of the
ligand.

4.13.3. Radius of gyration (Rg) analysis

The radius of gyration (Rg) values for (6m), ranging from 1.18 to 1.18 nm (Fig.57c), suggest
that the protein-ligand complex maintained a stable and compact conformation throughout
the simulation. The radius of gyration of the compound (7g) varies from 2.2 to 2.3 nm (Fig.
58c), indicating that the complex of protein and ligand preserved a compact and stable
structure during the simulation procedure. Stable radius of gyration values indicate slight
changes in conformation, emphasizing the compactness and stability of the protein-ligand

complex, essential for preserving functional integrity.

4.13.4. Solvent Accessible Surface Area (SASA) analysis

SASA assessment in MD simulation measures protein surface area that contacts solvents,
indicating hydrophobic interactions between non-polar residues. These types of interactions
protect the hydrophobic core from the nearby aqueous environment and stabilize the enzyme.
It is essential for the inhibition of the enzyme (Khan et al., 2022). The SASA plot for (6m)
revealed a mean SASA of approximately 135 nm?2 (Fig. 57d), which indicates a low level of
surface exposure. This suggests that 6m potentially interacts with key hydrophobic regions of
the protein, facilitating stable binding. The graph of SASA for the compound (7g) showed an
average SASA of around 215 nm? (Fig. 58d), suggesting a moderate degree of surface
exposure. This indicates that the compound may engage with essential hydrophobic areas of
the protein, promoting stable attachment. These interactions could be vital for the inhibitory

activity of the ligand on the enzyme and stabilization of the protein-ligand complex.

4.13.5. Hydrogen bonding analysis

In MD simulation, analysis of hydrogen bonds reveals the frequency, lifespan, and geometry
of non-covalent interactions, essential for assessing structural stability and dynamics. In the
case of (6m), the analysis revealed an average of nearly two hydrogen bonds throughout the
100ns trajectory. During the first 10ns, a smaller deviation (~0.6A) was observed (Fig. 57a
and 57e), indicating fewer hydrogen bonds at this stage, suggesting initial adjustments in

ligand positioning within the binding site.
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As the simulation progressed, (6m) formed stable hydrogen bonds with the active site
residues of Mtb enoyl reductase, reinforcing its stable binding within the active site. This
pattern highlights the importance of hydrogen bonding in maintaining the ligand
conformation and its therapeutic potential.

The hydrogen bond distribution plot shows that most hydrogen bonds occur within a 0.2-0.3
nm range (Fig. 57f), indicating strong and stable interactions. This supports the stable binding

of (6m) with the protein throughout the simulation.

The analysis of hydrogen bonds showed initial spikes in the number of hydrogen bonds, with
4-3 bonds between 0-20 ps, followed by 5-4 bonds from 40-60 ps. (Fig. 57e). This suggests
that the ligand undergoes significant conformational adjustments and establishes multiple
interactions with the protein in the early stages of the simulation. As the progress of the
simulation, the number of hydrogen bonds reduced to 1-2, indicating that at the end of the
simulation process, the ligand and protein have a stable binding conformation. This pattern
reflects the ligand's transition from an initial adjustment phase to a more stable, energetically
favourable binding mode. The plot of hydrogen bond distribution indicates that the majority
of hydrogen bonds form within the range of 0.2-0.4. (Fig. 57f), suggesting interactions that

are moderately stable.

The molecular dynamics simulation of compound (7g) with DprE1l revealed important
insights concerning the stability of the complex. RMSD of compound (7g) displayed an
acceptable level of deviations, indicating a stable binding interaction. RMSF suggested a
decrease in the flexibility of the protein when binding occurred, indicating the possible
inhibitory effect of the ligand. The Rg and SASA values show a stable and compact complex
structure, with compound (7g) engaging with hydrophobic regions.

Finally, the analysis of hydrogen bond revealed stable protein- ligand binding interactions,
especially in the 0.2-0.4 nm range. These findings indicate that compound (7g) establishes
stable binding interactions with the protein, increasing therapeutic inhibitory activity (Nayee
et al., 2026)

The MD simulation of compound (6m) with Mtb enoyl reductase with DprE1 revealed key
findings regarding the binding stability of the complex. RMSD analysis showed compound
(6m) had minimal deviations, signifying stable binding event. The RMSF analysis indicated a

reduction in protein flexibility upon binding, reflecting the ligand's potential inhibitory effect.
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The radius of gyration (Rg) values and SASA analysis indicated a compact and stable
conformation of the complex, with compound 6m and 7g interacting with hydrophobic

regions.
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Fig. 57: MD analysis, a) RMSD, b)RMSF, c).Radius of gyration, d) SASA, e) Hydrogen
bonding number and f) hydrogen bonding distance for compound (6m)
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Fig.58: MD analysis, a. RMSD, b. RMSF, c. Radius of gyration, d. SASA, e. Hydrogen
bonding number and f. hydrogen bonding distance for compound (79)

4.14. ADMET properties

Using the pkCSM and Swiss ADME web tools, understand the ADMET parameters of
compounds (6a-0) and (7a-0). Molecular properties and drug likeness parameters are
illustrated in Table-19 and Table-21. Lipinski’s rule of five specifies thorough drug-like
attributes, if logP <5, molecular weight <500, H-bond acceptors <10, and H-bond donors <5
(Khaldan et al., 2023). The rule of five indicates that a compound is expected to achieve
bioavailability and permeability. Table-20 and Table 22 indicates the effective absorption and
penetration of compounds (6a-0) and (7a-0). The findings from the pharmacokinetic studies
indicate that the compounds (6a-0) and (7a-o0) are absorbed effectively, permeable, and
exhibit drug-like characteristics. Additional assessment was conducted employing the
bioavailability score (ABS) criteria (Martin, 2005). The bioavailability score is 0.55.
Moreover, the synthetic probability was checked by a scale in the range of 1 (very easy) to 10
(extremely difficult).

Furthermore, the compounds have good intestinal absorption, ranging from 90.09% to
96.95%, more than 30% of the minimum values required. The permeability > 0.3 to <- 1 log
BB and log PS > -2 indicates that the substance can penetrate the CNS (Martin, 2005)(Nayee
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et al., 2026).

The data shown in Table-22 indicated that compounds (7a-0) demonstrated a strong
likelihood to penetrate into the blood-brain barrier. Examining drug metabolism is important
because it reveals how the changes of drugs are changed in the body by enzymatic processes.
The metabolic processes of drugs are managed by CYP families 1A2, 2C19, 2C9, 2D6, and
3A4. On the other hand, the more persistent the drug is in the body, the lower the clearance
value. Furthermore, the compounds (6a-0) and (7a-0) possess a degree of toxicity. Finally,
the compounds exhibited acceptable ADMET characteristics. The Ames test has been utilized
to determine if a molecule is mutagenic. Except for molecules 6c¢, 6e, 6h, 6i, 6j, 6n and 60 all
the molecules were found to be no toxic. Molecules 7c, 7e, 7f, 79, 7h, and 71 were identified
as non-toxic. Additionally, all the molecules examined were toxic to the liver. In terms of oral
rat acute toxicity, compounds with smaller LD50 values are more lethal than compounds with
larger LD50.

Table-19: Molecular properties descriptors and lead-likeness of the InhA inhibitors (6a-0)

Co Molecular Mol. wt. HBA | HBD | mlogP Synthetic Bioavailabi | Lipinski Drug
mp. | Formula g/mol accessibility lity score violation likeness
6a CisH14CINsO 351.79 3 2 2.89 2.99 0.55 0 YES
6h CigH17NsO2 347.37 4 2 1.69 3.08 0.55 0 YES
6c Ci6H17NsO2 311.34 4 1 1.07 291 0.55 0 YES
6d Ci9H17Ns0 331.37 3 2 2.62 3.05 0.55 0 YES
6e C23H16FNsO 397.40 4 2 3.94 3.18 0.55 0 YES
6f C21H19NsO2 37341 4 1 2.28 3.12 0.55 0 YES
69 C22H22N6O 386.45 4 1 2.49 3.23 0.55 0 YES
6h C24H19Ns0 393.44 3 2 3.78 3.30 0.55 0 YES
6i C22H15CI2Ns02S 484.36 4 2 3.85 3.60 0.55 0 YES
6j C24H21N502S 443.52 4 2 291 3.79 0.55 0 YES
6k C22H15CI2Ns02S 484.36 4 2 3.85 3.63 0.55 0 YES
6l Ci1sH17N502S 367.42 4 2 1.52 3.32 0.55 0 YES
6m C17H14CIN5O2S 387.84 4 2 1.79 3.27 0.55 0 YES
6n C17H14CIN5O2S 387.84 4 2 1.79 3.29 0.55 0 YES
60 Ci5H16CINsOS 349.84 3 1 1.87 3.53 0.55 0 YES
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Table-20: ADME Properties of Compounds (6a-0)

comp | Absorption | Distribution Metabolism Excretion Toxicity
CYP Inhibitor

Intestinal log logPS CYP | CYP CYP CYP CYP Total AMES LD50 | Hepat

absorption BB 1A2 | 2C19 | 2C9 2D6 3A4 Clearance otoxic

(human) ity
6a 90.015 -0.272 | -1.905 YES | YES YES NO YES -0.129 NO 2447 | YES
6b 87.673 -0.126 | -2.165 YES | YES YES NO YES 0.185 NO 2.891 | YES
6c 95.612 -0.526 | -2531 | NO | YES NO NO NO 0.344 YES 2.602 | YES
6d 91.473 -0.097 | -1.945 YES | YES YES NO YES 0.149 NO 2.44 YES
6e 92.275 -0.114 | -1.751 YES | YES YES YES YES -0.107 YES 2586 | YES
6f 95.883 -0.498 | -2.247 YES | YES YES NO YES 0.265 NO 2.32 YES
69 93.75 -0.268 | -2.186 | YES | NO NO NO YES 0.358 NO 2433 | YES
6h 92.88 0.094 | -1.605 YES | YES YES NO YES 0.064 YES 2515 | YES
6i 100 -0.398 | -1.762 | YES | YES YES NO YES -0.018 YES 2.753 | YES
6j 95.735 -0.023 | -1.736 | YES | YES YES NO YES 0.252 YES 2.325 | YES
6k 100 -0.523 | -1.761 | YES | YES YES NO YES 0.12 NO 2.766 | YES
6l 91.009 -0.312 | -2.215 | YES | YES YES NO YES 0.246 NO 2796 | YES
6m 91.717 -0.487 | -2.175 | YES | YES YES NO YES 0.027 NO 2.762 | YES
6n 91.674 -0.489 | -2.168 | YES | YES YES NO YES 0.237 YES 2.745 | YES
60 92.031 -0.64 | -2.273 | YES | YES NO NO NO 0.006 YES 2969 | YES
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Table-21: Molecular properties descriptors and lead-likeness of the amino substituted 6-

methyl-1-phenyl-1H- pyrazolo[3,4-d]pyrimidin-4-ol compounds (7a-70)

Comp. | Molecular Molecular HBA | HBD mlogP Synthetic Bioavailabili | Lipinski Drug
Formula weight accessibility ty score violation | likeness
gm/mol
7a CisH14CINsO 351.79 4 2 3.39 3.02 0.55 0 YES
7b CisH14CINsO 351.79 4 2 3.53 2.97 0.55 0 YES
7c C19H17Ns02 347.37 5 2 2.59 3.05 0.55 0 YES
7d CigH17Ns0 331.37 4 2 3.26 3.01 0.55 0 YES
7e CisH14FNsO 335.34 5 2 3.28 2.94 0.55 0 YES
7f C16H17Ns02 311.34 5 1 1.97 2.91 0.55 0 YES
79 Ci8H13CI2Ns0 386.23 4 2 4.03 3.02 0.55 0 YES
7h C20H19Ns0 345.40 4 2 3.76 3.17 0.55 0 YES
7i CisH13CI2Ns0 386.23 4 2 4.29 3.06 0.55 1 YES
7j CigH17Ns0 331.37 4 2 3.53 3.01 0.55 0 YES
7k CisH14CINsO 351.79 4 2 3.80 3.00 0.55 0 YES
71 C19H17Ns02 347.37 5 2 3.00 3.08 0.55 0 YES
7m Ci7H19Ns0 309.37 4 1 3.01 2.88 0.55 0 YES
7n CisH14FNsO 335.34 5 2 3.68 3.02 0.55 0 YES
70 Ci17H20N6O 324.38 5 1 2.22 3.03 0.55 0 YES
Table-22: ADME Properties of Compounds (7a-0)
Comp. Absorption | Distribution Metabolism Excretion Toxicity
Inhibitors
CYP

Intestinal log logPS | CYP | CYP2 | CYP2 | CYP2 | CYP | Total AMES LD50 | Hepatot

absorption BB 1A2 | C19 C9 D6 3A4 | Clearance oxicity

(human)
7a 92.691 0.042 | -2.146 | YES | YES YES NO NO | 0.227 YES 3.282 | YES
7h 91.797 0.151 | -1.922 | YES | YES YES NO YES | -0.026 YES 2.824 | YES
7c 95.567 -0.035 | -2.475 | YES | YES NO NO YES | 0.168 NO 3.05 YES
7d 93.256 -0.394 | -1.962 | YES | YES NO NO YES | 0.153 YES 2.828 | YES
7e 94.073 -0.019 | -2.343 | YES | YES NO NO NO | 0.022 NO 3.054 | YES
7f 96.954 -0.832 | -2.661 | YES | YES NO NO NO | 0.483 NO 2.335 | YES
79 90.956 -0.567 | -1.847 | YES | YES YES NO YES | 0.158 NO 3.07 YES
7h 92.997 -0.26 | -1.976 | YES | YES NO NO YES | 0.173 NO 3.406 | YES
7i 90.09 -0.594 | -1.895 | YES | YES NO NO YES | 0.279 YES 3.347 | YES
7j 93.433 -0.261 | -2.071 | YES | YES NO NO NO | 0.161 YES 3.461 | YES
7k 91.974 -0.437 | -2.03 YES | YES NO NO YES | 0.014 YES 3.424 | YES
71 93.709 -0.464 | -2.349 | YES | NO NO NO YES | 0.187 NO 3.36 YES
m 95.215 0.07 -2.297 | YES | YES NO NO NO 0.519 YES 2.381 YES
7n 91.96 -0.47 | -2.209 | YES | NO NO NO YES | -0.073 YES 3.385 | YES
70 94.751 -0.746 | -2.6 YES | NO NO NO NO 0.389 YES 2.47 YES

Gujarat Technological University Page 136




CHAPTER-5
EXPERIMENTAL




CHPTER-5
5. EXPERIMENTAL

General

» Melting points of all synthesized compounds were determined by open capillary tube
method. The obtained melting point result was uncorrected.

» TLC (Thin layer chromatography) was used to identify the progress of the reaction.

» KBr utilizing the Shimadzu FT-IR 8400S and Perkin-Elmer LC-MS PE Sciex AP1/65
were used for IR and mass spectra analysis.

> A Bruker 500 MHz and 125 MHz spectrometer using solvent CDCI3 (Chloroform-d)
was used for 'H and ¥C NMR spectra analysis. The chemical shift value is
represented in ppm.

» Autodock Vina was utilized for docking, while Gromacs YASARA commercial
software was utilized for molecular dynamics simulation. Biovia Discovery Studio
2021 software was used for the pose visualization of the structural docked complex.

» Online web software, Swiss ADME and pkCSM, were utilized to check drug likeness
and ADMET characteristics.
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5.1. Procedure for the synthesis of 2-(bis(methylthio)methylene)malononitrile (S,S
acetal) (2)

2-bis(methylthio)methylenemalononitrile(2) was prepared according to the reported
procedure (Chavan et al., 2016). 0.2 mol of potassium hydroxide was mixed into 10 mL of
water and agitated for 15 minutes. 15ml of dimethylformamide was introduced to this
reaction mixture while maintaining cooling and continuously stirred for 20 min.
malononitrile(1) 0.1 mol was incorporated into the mixture of reaction and stirred for 30
minutes again under cooling conditions. Carbon disulfide (0.1 mol) and dimethyl sulphate
(0.2 mol) were added dropwise under continuously stirring and cooling conditions. The
progress of the reaction was monitored by TLC using n-hexane and ethyl acetate as the
mobile phase. After completion of the reaction, the mixture was transferred into crushed ice.
The crude product was filtered and washed with water to obtain a colourless crystalline
product (2) M.P 60- 64 °C , Yield-89%.

5.2. Procedure for the synthesis of 2-((methylthio)(amino substituted)methylene)
malononitrile (S, N acetal) (3a—0)

Compound (2) (0.017) mol was mixed with 20 mL of isopropyl alcohol. Aryl amine (0.017
mol) was incorporated, and it was refluxed for 6 to 7 hours at 50-60 °C. The progress of
reaction was monitored by TLC using n-hexane and ethyl acetate as the mobile phase. After
completion of the reaction, it was cooled to ambient temperature and transferred to crushed
ice. The crude solid product obtained was filtered and recrystallized from methanol to yield
the compounds(3a—o0)(Baraldi et al., 2003). Yield-70-80%.

5.3. Procedure for the synthesis of 5-amino-3-(amine substituted)-1-phenyl-1H-
pyrazole-4-carbonitrile (4a-0)

0.01 mol of compounds (3a-0) was mixed with phenyl hydrazine (0.01 mol) and heated at 70
to 80 °C for 1 hrs. After that, ethanol was added and refluxed for 2 to 3 hrs (Sherbiny et al.,
2021). The progress of reaction was monitored by TLC using n-hexane and ethyl acetate as
the mobile phase. After completion of the reaction, it was cooled to ambient temperature and
obtained crude solid product was recrystallized with ethanol, yielding compounds (4a-0).
Yield: 75-85%.
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5.4. Procedure for the synthesis of N-(4-cyano-1-phenyl-(amino substituted)-1H-
pyrazol-5-yl)acetamide (5a-0)

Compounds (5a-0) were synthesized through the reaction of compounds (4a-0) and acetyl
chloride. 0.01 mol of compounds (4a-0), 0.02 mol acetyl chloride, pyridine, and ethanol was
heated under reflux for 4 to 5 hours at 50 to 60 °C. Reaction progress was monitored by TLC.
Solid crude product formed was collected through filtration and recrystallized using ethanol

to yield the pure crystalline compounds (5a-0). Yield: 70-85%.

5.5.1. General procedure for the synthesis of acid chloride substituted pyrazole
derivatives(6a-d)

Compounds (6a-0) were prepared via the reaction of 5-amino-3-(amine substituted)-1-
phenyl-1H-pyrazole-4-carbonitrile (5a-d) with acetyl chloride. Mixture of 5a-d (0.01mol),
pyridine and acetyl chloride (0.02mol) was refluxed in ethanol for 4-5 hrs. at 50-60 °C.
Reaction completion was confirmed by TLC. Reaction mixture was cooled to room
temperature. The precipitated solid was filtered and recrystallized from ethanol to obtain pure

crystalline product.

5.5.2. General procedure for the synthesis of acid chloride substituted pyrazole
derivatives (6e-0)

A mixture of compound (5e-0) (0.01 mol), ethanol (15 ml), substituted acid chloride (0,04
mol) and NaOH was stirred and reflux for 6-8 hrs. TLC was used to monitored the progress
reaction. Upon completion, the reaction mixture was cooled and poured into crushed ice—
water mixture. The resulting solid obtained was collected by filteration, thoroughly washed
with water, and dried. The crude product obtained was recrystallized from ethanol to afford

the pure crystalline product.
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5.5.1.1. Synthesis of N-(3-((4-chlorophenyl)amino)-4-cyano-1-phenyl-1H-pyrazol-5-yl)
acetamide (6a)

Mixture of 5-amino-3-((4-chlorophenyl)amino)-1-phenyl-1H-pyrazole-4-carbonitrile
(0.01mol), pyridine and acetyl chloride(0.02mol) was refluxed in ethanol for 4-5 hrs. at 50-
60 °C. Reaction completion was confirmed by TLC. Reaction mixture was cooled to room
temperature. The precipitated solid was filtered and recrystallized from ethanol to obtain pure

crystalline product.

Molecular formula

C18H14CINsO

Molecular weight 351.79

Colour Brown

% Yield 80%

Melting point 162-165°C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.70

IR (KBr, cm™) 3240(NH  str.), 1656(CO-NH str.),
2225(CN str.

Mass (m/z) 352.2, 353.4(M+2)

IH NMR (CDCls,5 ppm)

2.19 (s, 3H), 7.81-7.78 (m, 7H), 7.77 -
7.65 (m, 1H), 7.55-7.53 (m, 1H), 7.42-
7.37 (m, 2H)

3C NMR (CDCls,5 ppm)

169.46, 153.17,144.53, 139.67, 137.97,
129.26, 128.87, 127.51, 127.48, 124.06,
122.30, 114.13, 66.17, 24.00

Structure
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5.5.1.2. Synthesis of N-(4-cyano-3-((4-methoxyphenyl)amino)-1-phenyl-1H-pyrazol-5-
yl)acetamide (6b)

Mixture  of  5-amino-3-((4-methoxyphenyl)amino)-1-phenyl-1H-pyrazole-4-carbonitrile
(0.01mol), pyridine and acetyl chloride(0.02mol) was refluxed in ethanol for 4-5 hrs. at 50-
60 °C. Reaction completion was confirmed by TLC. Reaction mixture was cooled to room
temperature. The precipitated solid was filtered and recrystallized from ethanol to obtain pure

crystalline product.

Molecular formula C19H17NsO2

Molecular weight 347.37

Colour Dark brown

% Yield 82%

Melting point 110-112°C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.71

IR (KBr, cm™) 3245(NH str.), 1670 (CO-NH str.), 2220
(CN str.), 1242 (Aromatic-CO)

Mass (m/z) 348.2

IH NMR (CDCls,5 ppm)

2.19 (s, 3H), 8.12-8.10 (m, 2H), 7.81-7.77
(m, 2H),7.67-7.66 (m, 2H),7.42-7.39 (m,
1H), 7.00-6.96 (m, 2H), 3.80 (s, 3H)

3C NMR (CDCls,3 ppm)

169.46, 156.01, 153.13, 144.53, 137.97,
135.32, 129.26, 127.51, 124.06, 121.85,
114.80, 114.13, 66.17, 55.35, 24.00

Structure
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5.5.1.3. Synthesis of N-(4-cyano-3-morpholino-1-phenyl-1H-pyrazole-5-yl)acetamide(6c)

Mixture of 5-amino-3-morpholino-1-phenyl-1H-pyrazole-4-carbonitrile (0.01mol), pyridine
and acetyl chloride(0.02mol) was refluxed in ethanol for 4-5 hrs. at 50-60 °C. Reaction
completion was confirmed by TLC. Reaction mixture was cooled to room temperature. The

precipitated solid was filtered and recrystallized from ethanol to obtain pure crystalline

product.

Molecular formula C16H17NsO2

Molecular weight 311.34

Colour Brown

% Yield 89%

Melting point 137-139 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.75

IR (KBr, cm™) 3326(NH str.), 1628 (CO-NH str.), 2208
(CN str.)

Mass (m/z) 311.4

IH NMR (CDCls,5 ppm)

2.27 (3H, 5),7.80-7.77 (m, 2H), 7.70-7.68 (m,
2H), 7.42- 7.39 (m, 1H), 3.86-3.74 (m, 8H)

3C NMR (CDCls, 5 ppm)

169.38, 159.79,144.81, 138.29, 129.27,
127.51, 124.00, 113.22, 67.78, 66.36,
48.26, 24.00

Structure
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5.5.1.4. Synthesis of N-(4-cyano-1-phenyl-3-(p-tolylamino)-1H-pyrazol-5-
yl)acetamide(6d)

Mixture of 5-amino-1-phenyl-3-(p-tolylamino)-1H-pyrazole-4-carbonitrile(0.01mol),
pyridine and acetyl chloride(0.02mol) was refluxed in ethanol for 4-5 hrs. at 50-60 °C.
Reaction completion was confirmed by TLC. Reaction mixture was cooled to room
temperature. The precipitated solid was filtered and recrystallized from ethanol to obtain pure

crystalline product.

Molecular formula C19H17NsO

Molecular weight 331.37

Colour brown

% Yield 83%

Melting point 141-143 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.71

IR (KBr, cm™) 3332(NH str.), 1646 (CO-NH str.), 2209
(CN str.)

Mass (m/z) 332.2

IH NMR (CDCls,5 ppm)

8.06-8.03 (m, 2H), 7.81-7.77 (m, 2H),
7.67-7.65 (m, 2H), 7.42 (tt, J = 7.1, 1.3
Hz, 1H), 7.24-7.22 (m, 2H), 2.35 (d, J =
0.9 Hz, 3H)

3C NMR (CDCls, 6 ppm)

169.46, 152.91, 144.53, 138.72, 137.97,
132.01, 129.26, 128.88, 127.51, 124.06,
120.90, 114.13, 66.18, 24.00, 20.73

Structure
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5.5.2.1. Synthesis of N-(4-cyano-3-((4-fluorophenyl)amino)-1-phenyl-1H-pyrazol-5-
yl)benzamide (6e)

A mixture of 5-amino-3-((4-fluorophenyl)amino)-1-phenyl-1H-pyrazole-4-carbonitrile (0.01
mol), ethanol (15 ml), substituted acid chloride(0.04 mol) and NaOH was stirred and reflux
for 6-8 hrs. TLC was used to monitored the progress reaction. Upon completion, the reaction
mixture was cooled and poured into crushed ice—water mixture. The resulting solid obtained
was collected by filteration, thoroughly washed with water, and dried. The crude product

obtained was recrystallized from ethanol to afford the pure crystalline product.

Molecular formula C23H16FNsO

Molecular weight 397.40

Colour brown

% Yield 90%

Melting point 168-172 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rrvalue 0.76

IR (KBr, cm™) 3340(NH str.), 1650 (CO-NH str.), 2215
(CN str.)

Mass (m/z) 398.14

'H NMR (CDCls,8 ppm) 8.21-8.19 (m, 2H), 7.97-7.95 (m, 2H),

7.81-7.77 (m, 2H), 7.70 -7.65 (m, 2H),
7.52-7.46 (m, 1H), 7.46-7.39 (m, 3H),
7.20-7.16 (m, 2H)

13C NMR (CDCls, & ppm) 166.42, 158.74, 156.77, 152.64, 145.07,
138.13, 137.88, 137.86, 133.38, 132.19,
129.26, 128.77, 128.49, 127.51, 124.00,
122.04, 121.97, 115.14, 114.96, 114.09,
67.36

Structure
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5.5.2.2. Synthesis of N-(4-cyano-3-morpholino-1-phenyl-1H-pyrazol-5-yl)benzamide (6f)

A mixture of 0.01 mol of 5-amino-3-morpholino-1-phenyl-1H-pyrazole-4-carbonitrile,
ethanol (15 ml), substituted acid chloride (0.04 mol) and NaOH was stirred and reflux for 6-8
hrs. TLC was used to monitored the progress reaction. Upon completion, the reaction mixture
was cooled and poured into crushed ice—water mixture. The resulting solid obtained was
collected by filteration, thoroughly washed with water, and dried. The crude product obtained

was recrystallized from ethanol to afford the pure crystalline product.

Molecular formula C21H19NsO2

Molecular weight 373.41

Colour Light brown

% Yield 78%

Melting point 175-180 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.83

IR (KBr, cm™) 1635 (CO-NH str.), 2218 (CN str.)

Mass (m/z) 374.15

'H NMR (CDCls,8 ppm) 7.97-7.96 (m, 1H), 7.81 -7.77 (m, 1H),

7.78(m, 2H) 7.70-7.68 (m, 1H), 7.52-7.39
(m, 5H), 3.85-3.74 (m, 8H)

13C NMR (CDCls, § ppm) (125 MHz, Chloroform-d) & 166.46,
159.84, 144.92, 138.32, 133.38, 132.19,
129.27, 128.77, 128.49, 127.51, 123.97,
113.17, 70.00, 66.36, 48.26
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5.5.2.3. Synthesis of N-(4-cyano-3-(4-methylpiperazin-1-yl)-1-phenyl-1H-pyrazol-5-
yl)benzamide (6g)

A mixture of 0.01 mol of 5-amino-3-(4-methylpiperazin-1-yl)-1-phenyl-1H-pyrazole-4-
carbonitrile, ethanol (15 ml), substituted acid chloride(0.04 mol) and NaOH was stirred and
reflux for 6-8 hrs. TLC was used to monitored the progress reaction. Upon completion, the
reaction mixture was cooled and poured into crushed ice—water mixture. The resulting solid
obtained was collected by filteration, thoroughly washed with water, and dried. The crude
product obtained was recrystallized from ethanol to afford the pure crystalline product.

Molecular formula C22H22N6O

Molecular weight 386.45

Colour Reddish brown

% Yield 52%

Melting point 190-195 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5
Rrvalue 0.70

IR (KBr, cm™) 1652(CO-NH str.), 2235 (CN str.)
Mass (m/z) 387.20

IH NMR (CDCls,5 ppm)

7.97-7.96 (m, 1H), 7.81-7.77 (m, 2H),
7.70-7.68 (m, 2H), 7.52 -7.39 (m, 5H),
3.67-3.66 (m, 4H), 3.02-3.00 (m, 4H),
2.91 (s, 3H)

3C NMR (CDCls, 6 ppm)

166.46, 159.75, 145.11, 138.34, 133.38,
132.19, 129.27, 128.77, 128.49, 127.51,
123.97, 113.17, 70.00, 54.27, 47.59,
45.01

Structure
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5.5.2.4. Synthesis of N-(4-cyano-1-phenyl-3-(p-tolylamino)-1H-pyrazol-5-yl)benzamide
(6h)

A mixture of 0.01 mol of 5-amino-1-phenyl-3-(p-tolylamino)-1H-pyrazole-4-carbonitrile,
ethanol (15 ml), substituted acid chloride(0.04 mol) and NaOH was stirred and reflux for 6-8
hrs. TLC was used to monitored the progress reaction. After completion, the reaction mixture
was cooled and poured into crushed ice—water mixture. The resulting solid obtained was
collected by filteration, thoroughly washed with water, and dried. The crude product obtained
was recrystallized from ethanol to afford the pure crystalline product.

Molecular formula C24H19NsO

Molecular weight 393.44

Colour Brownish

% Yield 80%

Melting point 150-152 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.60

IR (KBr, cm™) 3318(NH str.), 1682 (CO-NH str.), 2208
(CN str.)

Mass (m/z) 393.14

IH NMR (CDCls,5 ppm)

8.07-8.01 (m, 2H), 7.97-7.96 (m, 2H),
7.81-7.77 (m, 2H), 7.67-7.66 (m, 1H),
7.52-7.39 (m, 5H), 7.23 (dt, J = 7.1, 0.8
Hz, 2H), 2.35 (s, 3H)

3C NMR (CDCls, 6 ppm)

166.42, 152.75, 145.07, 138.72, 138.13,
133.36, 132.19, 132.01, 129.26, 128.88,
128.77, 128.49, 127.51, 124.00, 120.90,
114.09, 67.36, 20.73

Structure
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5.5.2.5. Synthesis of N-(4-cyano-3-((3,4-dichlorophenyl)amino)-1-phenyl-1H-pyrazol-5-
yl)benzenesulfonamide (6i)

A mixture of 0.01 mol of 5-amino-3-((3,4-dichlorophenyl)amino)-1-phenyl-1H-pyrazole-4-
carbonitrile, ethanol (15 ml), substituted acid chloride(0.04 mol) and NaOH was stirred and
reflux for 6-8 hrs. TLC was used to monitored the progress reaction. After completion, the
reaction mixture was cooled and poured into crushed ice—water mixture. The resulting solid
obtained was collected by filteration, thoroughly washed with water, and dried. The crude

product obtained was recrystallized from ethanol to afford the pure crystalline product.

Molecular formula C22H15CI2Ns02S

Molecular weight 484.36

Colour Dark brown

% Yield 73%

Melting point 140-145 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.62

IR (KBr, cm™) 3325(NH str.), 1459 (SO2-NH str.), 2208
(CN str.)

Mass (m/z) 484.4, 486.2 (M+2), 488.8 (M+4).

'H NMR (CDCls,8 ppm) 7.79-7.75 (m, 3H), 7.70 (dq, J = 7.7, 1.6

Hz, 2H), 7.56 (dg, J = 8.8, 1.6 Hz, 2H),
7.43-7.39 (m, 4H), 7.27-7.26 (m, 1H)

13C NMR (CDCls, & ppm) 152.51, 142.11, 140.76, 138.38, 137.44,
133.74, 130.74, 129.74, 129.22, 129.20,
127.84, 127.52, 124.93, 124.04, 121.61,
120.20, 113.84, 70.47

Structure Q Cl
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5.5.2.6. Synthesis of N-(4-cyano-3-((2,5-dimethylphenyl)amino)-1-phenyl-1H-pyrazol-5-
yl)benzenesulfonamide (6j)

A mixture of 0.01 mol of 5-amino-3-((2,5-dimethylphenyl)amino)-1-phenyl-1H-pyrazole-4-
carbonitrile, ethanol (15 ml), substituted acid chloride(0.04 mol) and NaOH was stirred and
reflux for 6-8 hrs. TLC was used to monitored the progress reaction. After completion, the
reaction mixture was cooled and poured into crushed ice—water mixture. The resulting solid
obtained was collected by filteration, thoroughly washed with water, and dried. The crude
product obtained was recrystallized from ethanol to afford the pure crystalline product.

Molecular formula C24H21Ns02S

Molecular weight 443.52

Colour Brown

% Yield 75%

Melting point 148-152 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rrvalue 0.86

IR (KBr, cm™) 3494(NH str.), 1450 (SO2-NH str.), 2210
(CN str.)

Mass (m/z) 443.2

IH NMR (CDCls,5 ppm)

7.95 (tt, J = 7.3, 1.3 Hz, 1H), 7.79-7.76
(m, 3H), 7.70 (dg, J = 7.7, 1.6 Hz, 2H),
7.56 (dg, J = 8.8, 1.6 Hz, 2H), 7.43-7.39
(m, 3H), 7.01 (dg, J = 8.2, 1.0 Hz, 2H),
6.80 (ddd, J = 7.7, 2.3, 1.1 Hz, 1H), 2.28
(d, J = 1.1 Hz, 6H)

3C NMR (CDCls, 5 ppm)

152.53, 142.11, 140.38, 138.38, 137.44,
136.66, 133.74, 130.43, 129.22, 129.20,
127.84, 127.66, 127.52, 124.04, 123.01,
120.97, 113.84, 70.45, 21.62, 17.64

Structure
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5.5.2.7. Synthesis of N-(4-cyano-3-((2, 3-dichlorophenyl)amino)-1-phenyl-1H-pyrazol-5-
yl)benzenesulfonamide (6k)

A mixture of 0.01 mol of 5-amino-3-((2,3-dichlorophenyl)amino)-1-phenyl-1H-pyrazole-4-
carbonitrile, ethanol (15 ml), substituted acid chloride(0.04 mol) and NaOH was stirred and
reflux for 6-8 hrs. TLC was used to monitored the progress reaction. After completion, the
reaction mixture was cooled and poured into crushed ice—water mixture. The resulting solid
obtained was collected by filteration, thoroughly washed with water, and dried. The crude
product obtained was recrystallized from ethanol to afford the pure crystalline product.

Molecular formula C22H15CI2Ns02S

Molecular weight 484.36

Colour Light brown

% Yield 76%

Melting point 145-150 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.71

IR (KBr, cm™) 3350(NH str.), 1459 (SO2-NH str.), 2208
(CN str.)

Mass (m/z) 484.30, 486.2 (M+2), 488.5 (M+4).

'H NMR (CDCls,8 ppm) 2.40 (3H, s), 7.83-7.79 (m, 2H), 7.58-

7.54 (m, 3H), 7.41 (it, J = 7.2, 1.3 Hz,
1H), 7.27 (d, J = 15.8 Hz, 1H), 7.13 (ddd,
J=177, 22, 1.2 Hz, 1H), 6.99 (ddd, J =
7.9, 2.1, 1.2 Hz, 1H)

13C NMR (CDCls, & ppm) 152.27, 142.17, 139.72, 138.38, 137.44,
134.10, 133.74, 129.22, 129.20, 129.03,
127.84, 127.52, 124.41, 124.04, 123.04,
120.03, 113.81, 70.43

Structure Q Cl
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5.5.2.8. Synthesis of N-(4-cyano-1-phenyl-3-(m-tolylamino)-1H-pyrazol-5
yl)methanesulfonamide (6l)

A mixture of 0.01 mol of 5-amino-1-phenyl-3-(m-tolylamino)-1H-pyrazole-4-carbonitrile,
ethanol (15 ml), substituted acid chloride(0.04 mol) and NaOH was stirred and reflux for 6-8
hrs. TLC was used to monitored the progress reaction. After completion, the reaction mixture
was cooled and poured into crushed ice—water mixture. The resulting solid obtained was
collected by filteration, thoroughly washed with water, and dried. The crude product obtained

was recrystallized from ethanol to afford the pure crystalline product.

Molecular formula C18H17Ns02S

Molecular weight 367.42

Colour Reddish brown

% Yield 62%

Melting point 168-170 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.56

IR (KBr, cm™) 3245(NH str.), 1345 (SO2-NH str.), 2234
(CN str.)

Mass (m/z) 368.12

'H NMR (CDCls,8 ppm) 7.79-7.76 (m, 2H), 7.70 (dg, J = 7.7, 1.6

Hz, 2H), 7.45-7.39 (m, 3H), 7.14 (d, J =
7.6 Hz, 1H), 6.84 (dddd, J = 8.2, 2.2, 1.4,
0.7 Hz, 1H), 3.03 (s, 3H), 2.36 (d, J = 0.7
Hz, 3H)

3C NMR (CDCls, 5 ppm) 152.37, 141.63, 141.19, 138.63, 137.52,
129.22, 128.85, 127.52, 124.41, 124.07,
121.12, 118.27, 113.84, 68.41, 39.83,
21.45

=N
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5.5.2.9. Synthesis of N-(3-((3-chlorophenyl)amino)-4-cyano-1-phenyl-1H-pyrazol-5-
yl)methanesulfonamide (6m)

A mixture of 0.01 mol of 5-amino-3-((3-chlorophenyl)amino)-1-phenyl-1H-pyrazole-4-
carbonitrile, ethanol (15 ml), substituted acid chloride(0.04 mol) and NaOH was stirred and
reflux for 6-8 hrs. TLC was used to monitored the progress reaction. After completion, the
reaction mixture was cooled and poured into crushed ice—water mixture. The resulting solid
obtained was collected by filteration, thoroughly washed with water, and dried. The crude
product obtained was recrystallized from ethanol to afford the pure crystalline product.

Molecular formula C17H14CINs0.S

Molecular weight 387.84

Colour Brown

% Yield 53%

Melting point 172-174 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rrvalue 0.66

IR (KBr, cm™) 3325(NH str.), 1312(SO2-NH str.), 2219
(CN str.)

Mass (m/z) 387.7, 389.4(M+2)

'H NMR (CDCls,8 ppm) 7.79-7.76 (m, 2H), 7.70 (dg, J = 7.7, 1.6

Hz, 2H), 7.55 (t, J = 2.2 Hz, 1H), 7.41 (tt,
J=7.1,14Hz 1H), 7.24 (d, J = 7.8 Hz,
1H), 7.13 (ddd, J = 7.7, 2.2, 1.2 Hz, 1H),
6.96 (ddd, J =7.9, 2.1, 1.2 Hz, 1H), 3.03
(s, 3H)

13C NMR (CDCls, & ppm) 152.68, 142.18, 141.63, 137.52, 133.61,
129.24, 129.22, 127.52, 124.07, 123.37,
119.92, 119.50, 113.84, 68.41, 39.83
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5.5.2.10. Synthesis of N-(3-((2-chlorophenyl)amino)-4-cyano-1-phenyl-1H-pyrazol-5-
yl)methanesulfonamide (6n)

A mixture of 0.01 mol of 5-amino-3-((2-chlorophenyl)amino)-1-phenyl-1H-pyrazole-4-
carbonitrile ethanol (15 ml), substituted acid chloride(0.04 mol) and NaOH was stirred and
reflux for 6-8 hrs. TLC was used to monitored the progress reaction. After completion, the
reaction mixture was cooled and poured into crushed ice—water mixture. The resulting solid
obtained was collected by filteration, thoroughly washed with water, and dried. The crude
product obtained was recrystallized from ethanol to afford the pure crystalline product.

Molecular formula C17H14CINs0.S

Molecular weight 387.84

Colour Brown

% Yield 72%

Melting point 152-155 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rrvalue 0.42

IR (KBr, cm™) 3322(NH str.), 1320(SO2-NH str.), 2213
(CN str.)

Mass (m/z) 387.7, 389.4(M+2)

'H NMR (CDCls,8 ppm) 8.19 (dd, J = 7.7, 1.4 Hz, 1H), 7.79-7.76

(m, 2H), 7.70 (dg, J = 7.7, 1.6 Hz, 2H),
7.54 (dd, J = 8.1, 1.4 Hz, 1H), 7.43-7.39
(m, 2H), 7.22-7.19 (m, 1H), 3.03 (s, 3H)

13C NMR (CDCls, § ppm) 151.78, 141.63, 138.05, 137.52, 129.38,
129.22, 127.52, 127.38, 125.51, 124.88,
124.07, 123.01, 113.84, 68.37, 39.83;
calculated for : 387.84
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5.5.2.11. Synthesis of (4-cyano-1-phenyl-3-(piperidin-1-yl)-1H-pyrazol-5-yl)sulfurous
chloride (60)

A mixture of 0.01 mol of 5-amino-1-phenyl-3-(piperidin-1-yl)-1H-pyrazole-4-carbonitrile ,
ethanol (15 ml), substituted acid chloride(0.04 mol) and NaOH was stirred and reflux for 6-8
hrs. TLC was used to monitored the progress reaction. After completion, the reaction mixture
was cooled and poured into crushed ice—water mixture. The resulting solid obtained was
collected by filteration, thoroughly washed with water, and dried. The crude product obtained

was recrystallized from ethanol to afford the pure crystalline product.

Molecular formula

C15H16CIN5OS:

Molecular weight 349.84

Colour Reddish brown

% Yield 68%

Melting point 95-100 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5
Rt value 0.68

IR (KBr, cm™)

1434(SO-NH str.), 2241 (CN str.)

Mass (m/z)

349.6

IH NMR (CDCls,5 ppm)

7.79-7.76 (m, 2H), 7.70 (dg, J = 7.7, 1.6
Hz, 2H), 3.64-3.62 (m, 4H), 1.73-1.69
(m, 4H), 1.56 (p, J = 5.8 Hz, 2H)

3C NMR (CDCls, 6 ppm)

159.27, 147.08, 138.44, 129.23, 127.52,
124.06, 113.07, 68.76, 49.03, 26.26,
24.44

Structure
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5.6. General Procedure for the synthesis of amino substituted 6-methyl-1-phenyl-1H-
pyrazolo[3,4-d]pyrimidin-4-ol (7a-0)

Compounds (5a-0) (0.5 g.) were dissolved in a solution of potassium hydroxide, hydrogen
peroxide (4 ml), and ethanol and refluxed at 70-75 °C for 2 to 3 hrs. After finishing the
reaction, as demonstrated by TLC. After that, it was then acidified with glacial acetic acid to

give a precipitate. The crude product was washed with water and recrystallized using ethanol

5.6.1. Synthesis of 3-((2-chlorophenyl)amino)-6-methyl-1-phenyl-1H-pyrazolo[3,4-
d]pyrimidin-4-ol (7a)
N-(3-((2-chlorophenyl)amino)-4-cyano-1-phenyl-1H-pyrazol-5-yl)acetamide (5a)  was
dissolved in a solution of potassium hydroxide, hydrogen peroxide (4 ml), and ethanol and
refluxed at 70-75 °C for 2 to 3 hrs. After finished the reaction, as demonstrated by TLC. After
that, it was then acidified with glacial acetic acid to give a precipitate. The crude product was
washed with water and recrystallized using ethanol.

Molecular formula C18H14CINsO

Molecular weight 351.79

Colour Brown

% Yield 85%,

Melting point 180-182 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rrvalue 0.63

IR (KBr, cm™) 3435(-NH), 3342 (-OH), 2926 (C-H str.)
Mass (m/z) 351.12, 353.3(M+2).

!H NMR (CDCls,8 ppm) 2.40 (3H, s), 8.20 (dd, J = 7.7, 1.4 Hz,

1H), 7.83-7.80 (m, 2H), 7.58 -7.53 (m,
2H), 7.54 (dd, J = 8.0, 1.4 Hz, 1H), 7.43-
7.39 (m, 2H), 7.22 -7.19 (m, 1H)

13C NMR (CDCls, 6 ppm) 166.23, 162.50, 153.42, 145.93, 138.38,
138.29, 129.38, 128.92, 127.39, 127.01,
125.56, 124.88, 123.01, 121.54, 93.93,
25.06
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5.6.2. Synthesis of 3-((4-chlorophenyl)amino)-6-methyl-1-phenyl-1H-pyrazolo[3,4-
d]pyrimidin-4-ol (7b)
N-(3-((4-chlorophenyl)amino)-4-cyano-1-phenyl-1H-pyrazol-5-yl)acetamide ~ (5b)  was
dissolved in a solution of potassium hydroxide, hydrogen peroxide (4 ml), and ethanol and
refluxed at 70-75 °C for 2 to 3 hrs. After finished the reaction, as demonstrated by TLC. After
that, it was then acidified with glacial acetic acid to give a precipitate. The crude product was

washed with water and recrystallized using ethanol.

Molecular formula C18H14CINsO

Molecular weight 351.79

Colour Brown

% Yield 87%

Melting point 160-165 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rrvalue 0.52

IR (KBr, cm™) 3438(-NH), 3345 (-OH), 2924 (C-H str.)
Mass (m/z) 351.45, 353.25(M+2)

'H NMR (CDCls,8 ppm) & 240 (3H, s), 7.58-7.37 (5H, 7.42

(tdd, J = 7.8, 1.6,1.0 Hz), 7.80 (d, J= 8.4
Hz, 1H), 7.58-7.54(m, 2H), 7.42-7.37 (m,
2H)

13C NMR (CDCls, & ppm) 166.23, 162.49, 153.38, 147.16, 139.95,
138.38, 128.87, 128.92, 127.48, 127.01,
122.29,121.54, 94.05, 25.06

Structure
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5.6.3. Synthesis of 3-((4-methoxyphenyl)amino)-6-methyl-1-phenyl-1H-pyrazolo[3,4-
d]pyrimidin-4-ol (7c)
N-(4-cyano-3-((4-methoxyphenyl)amino)-1-phenyl-1H-pyrazol-5-yl)acetamide  (5c) was
dissolved in a solution of potassium hydroxide, hydrogen peroxide (4 ml), and ethanol and
refluxed at 70-75 °C for 2 to 3 hrs. After finished the reaction, as demonstrated by TLC. After
that, it was then acidified with glacial acetic acid to give a precipitate. The crude product was

washed with water and recrystallized using ethanol.

Molecular formula C19H17N502

Molecular weight 347.37

Colour Dark brown

% Yield 75%

Melting point 190-192 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.66

IR (KBr, cm™) 3312 (-NH), 3352 (-OH), 2935 (C-H str.)
Mass (m/z) 347.15

'H NMR (CDCls,8 ppm) 2.40 (3H, s), 3.80 (s, 2H), 6.96 (ddd, 2H),

8.12- 8.10 (m, 2H), 7.83- 7.80 (m, 2H),
7.58- 7.56 (m, 2H), 7.42-7.39 (m, 1H),
7.00- 6.95 (m, 2H)

13C NMR (CDCls, & ppm) 166.23, 162.49, 156.01, 153.38, 146.75,
138.38, 135.74, 128.92, 127.01, 121.85,
121.54, 114.81, 94.05, 55.35, 25.06

Structure
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5.6.4. Synthesis of 6-methyl-1-phenyl-3-(p-tolylamino)-1H-pyrazolo[3,4-d]pyrimidin-4-
ol (7d)

N-(4-cyano-1-phenyl-3-(p-tolylamino)-1H-pyrazol-5-yl)acetamide (5d) was dissolved in a
solution of potassium hydroxide, hydrogen peroxide (4 ml), and ethanol and refluxed at 70-
75 OC for 2 to 3 hrs. After finished the reaction, as demonstrated by TLC. After that, it was
then acidified with glacial acetic acid to give a precipitate. The crude product was washed
with water and recrystallized using ethanol.

Molecular formula C19H17NsO

Molecular weight 331.37

Colour Dark brown

% Yield 90%

Melting point 170-172 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.50

IR (KBr, cm™) 3362 (-NH), 3310 (-OH), 2942 (C-H str.)
Mass (m/z) 331.68

IH NMR (CDCls,5 ppm)

2.35 (d, J = 1.0 Hz, 3H), 2.35(d, J = 1.0
Hz, 3H), 8.05- 8.03 (m, 2H), 7.83- 7.79
(m, 2H), 7.58- 7.56 (m, 2H), 7.41 (tt, J =
7.2, 1.3 Hz, 1H), 7.24-7.22 (m, 3H)

3C NMR (CDCls, 5 ppm)

166.23, 162.49, 153.38, 147.20, 139.28,
138.38, 132.01, 128.92, 128.89, 127.01,
121.54, 120.91, 94.05, 25.06, 20.73

Structure
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5.6.5. Synthesis of 3-((4-fluorophenyl)amino)-6-methyl-1-phenyl-1H-pyrazolo[3,4-
d]pyrimidin-4-ol (7e)
N-(4-cyano-3-((4-fluorophenyl)amino)-1-phenyl-1H-pyrazol-5-yl)acetamide ~ (5e)  was
dissolved in a solution of potassium hydroxide, hydrogen peroxide (4 ml), and ethanol and
refluxed at 70-75 °C for 2 to 3 hrs. After finished the reaction, as demonstrated by TLC. After
that, it was then acidified with glacial acetic acid to give a precipitate. The crude product was
washed with water and recrystallized using ethanol.

Molecular formula C18H14FNsO

Molecular weight 335.34

Colour Brown

% Yield 86%

Melting point 145-148 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5
Rt value 0.40

IR (KBr, cm™)

3390 (-NH), 3415 (-OH), 2937 (C-H str.)

Mass (m/z)

335

'H NMR (CDCls,8 ppm)

2.40 (3H, s), 8.21- 8.19 (m, 2H), 7.83-
7.79 (m, 2H), 7.58- 7.56 (m, 3H), 7.41 (it,
J=7.2,1.3 Hz, 1H), 7.20- 7.16 (m, 2H)

3C NMR (CDCls, 5 ppm)

166.23, 162.49, 158.74, 156.77, 153.38,
146.78, 138.64, 138.62, 138.38, 128.92,
127.01, 122.02, 121.95, 121.54, 115.15,
114.97, 94.05, 25.06

Structure
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5.6.6. Synthesis of 6-methyl-3-morpholino-1-phenyl-1H-pyrazolo[3,4-d]pyrimidin-4-ol
(7)

N-(4-cyano-3-morpholino-1-phenyl-1H-pyrazol-5-yl)acetamide (5f) was dissolved in a
solution of potassium hydroxide, hydrogen peroxide (4 ml), and ethanol and refluxed at 70-
75 OC for 2 to 3 hrs. After finished the reaction, as demonstrated by TLC. After that, it was
then acidified with glacial acetic acid to give a precipitate. The crude product was washed

with water and recrystallized using ethanol.

Molecular formula C16H17N502

Molecular weight 311.34

Colour Brown

% Yield 84%

Melting point 155-160 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5
Rt value 0.75

IR (KBr, cm™) 3353 (-OH), 2952 (C-H str.)
Mass (m/z) 311.47

IH NMR (CDCls,5 ppm)

2.40 (3H, s), 7.83-7.79 (m, 2H), 7.56-
7.56 (m, 2H), 3.84- 3.80 (m, 4H), 3.7
(dd, J = 5.7, 4.5 Hz, 4H)

3C NMR (CDCls, 5 ppm)

164.99, 161.89, 155.38, 149.14, 138.77,
128.92, 127.01, 121.49, 95.96, 66.36,
48.28, 25.06

Structure
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5.6.7. Synthesis of 3-((3, 4-dichlorophenyl)amino)-6-methyl-1-phenyl-1H-pyrazolo[3,4-
d]pyrimidin-4-ol (79)

N-(4-cyano-3-((3,4-dichlorophenyl)amino)-1-phenyl-1H-pyrazol-5-yl)acetamide (5g) was
dissolved in a solution of potassium hydroxide, hydrogen peroxide (4 ml), and ethanol and
refluxed at 70-75 °C for 2 to 3 hrs. After finished the reaction, as demonstrated by TLC. After
that, it was then acidified with glacial acetic acid to give a precipitate. The crude product was

washed with water and recrystallized using ethanol.

Molecular formula C18H13CIoNs0:

Molecular weight 386.23

Colour Brown

% Yield 74%

Melting point 164-167 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rrvalue 0.66

IR (KBr, cm™) 3352 (-NH str.), 3443(0-H str.), 2926 (C-
H str.)

Mass (m/z) 386.1, M+2: 388.4, M+4: 390

'H NMR (CDCls,8 ppm) 2.40 (3H, s), 7.83-7.75 (m, 2H), 7.74 (d, J

= 2.2 Hz, 1H), 7.58-7.56 (m, 2H), 7.42 -
7.39 (m, 2H), 7.27-7.25 (m, 2H)

13C NMR (CDCls, & ppm) 166.23, 162.49, 153.38, 146.47, 140.87,
138.38, 130.76, 129.76, 128.92, 127.01,
124.92, 121.61, 121.54, 120.22, 94.08,

25.06
Structure Q cl
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5.6.8. Synthesis of 3-((2, 5-dimethylphenyl)amino)-6-methyl-1-phenyl-1H-pyrazolo[3,4-
d]pyrimidin-4-ol (7h)
N-(4-cyano-3-((2,5-dimethylphenyl)amino)-1-phenyl-1H-pyrazol-5-yl)acetamide (5h) was
dissolved in a solution of potassium hydroxide, hydrogen peroxide (4 ml), and ethanol and
refluxed at 70-75 °C for 2 to 3 hrs. After finished the reaction, as demonstrated by TLC. After
that, it was then acidified with glacial acetic acid to give a precipitate. The crude product was

washed with water and recrystallized using ethanol.

Molecular formula C20H19NsO

Molecular weight 345.40

Colour Dark brown

% Yield 79%

Melting point 148-150 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rrvalue 0.50

IR (KBr, cm™) 3326 (-NH str.), 3264 (O-H str.), 2921(C-
H str.)

Mass (m/z) 346.16

'H NMR (CDCls,8 ppm) 2.40 (s, 3H), 2.28 (d, J = 1.1 Hz, 3H),

2.34 (s, 3H), 7.83-7.78 (m, 3H), 7.58-
7.56 (m, 2H), 7.42- 7.39 (m, 2H), 7.00
(dg, J = 8.3, 0.9 Hz, 1H), 6.81- 6.69 (m,
1H)

3C NMR (CDCls, 6 ppm) 166.23, 162.49, 153.38, 145.76, 140.68,
138.38, 136.77, 130.40, 128.92, 127.64,
127.01, 123.01, 121.54, 120.92, 93.98,
25.06, 21.62, 17.67

Structure
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5.6.9. Synthesis of 3-((2,3-dichlorophenyl)amino)-6-methyl-1-phenyl-1H-pyrazolo[3,4-
d]pyrimidin-4-ol (7i)
N-(4-cyano-3-((2,3-dichlorophenyl)amino)-1-phenyl-1H-pyrazol-5-yl)acetamide  (5i) was
dissolved in a solution of potassium hydroxide, hydrogen peroxide (4 ml), and ethanol and
refluxed at 70-75 °C for 2 to 3 hrs. After finished the reaction, as demonstrated by TLC. After
that, it was then acidified with glacial acetic acid to give a precipitate. The crude product was

washed with water and recrystallized using ethanol.

Molecular formula C18H13CINsO

Molecular weight 386.23

Colour Light brown

% Yield 80%

Melting point 140-142 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.42

IR (KBr, cm™) 3350 (-NH str.), 3410 (O-H str.), 2923
(C-H str.)

Mass (m/z) 386.30, M+2: 388.64, M+4: 390

'H NMR (CDCls,8 ppm) 2.40 (3H, s), 8.06 (dd, J = 7.9, 1.1 Hz,

1H), 7.83-7.79 (m, 2H), 7.58- 7.56 (m,
2H), 7.41 (tt, J = 7.2, 1.3 Hz, 1H), 7.20
(d, J = 7.9 Hz, 2H), 7.08 (dd, J = 7.8, 1.2
Hz, 1H)

3C NMR (CDCls, 6 ppm) 166.23, 162.50, 153.42, 146.09, 140.11,
138.38, 134.14, 129.03, 128.92, 127.01,
124.41, 123.00, 121.54, 120.03, 94.03,
25.06
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5.6.10. Synthesis of 6-methyl-1-phenyl-3-(m-tolylamino)-1H-pyrazolo[3,4-d]pyrimidin-
4-ol (7))

N-(4-cyano-1-phenyl-3-(m-tolylamino)-1H-pyrazol-5-yl)acetamide (5j) was dissolved in a
solution of potassium hydroxide, hydrogen peroxide (4 ml), and ethanol and refluxed at 70-
75 OC for 2 to 3 hrs. After finished the reaction, as demonstrated by TLC. After that, it was
then acidified with glacial acetic acid to give a precipitate. The crude product was washed

with water and recrystallized using ethanol.

Molecular formula C19H17NsO3

Molecular weight 331.37

Colour Yellowish brown

% Yield 64%

Melting point 97-102 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.67

IR (KBr, cm™) 3359 (-NH str.), 3409 (O-H str.), 2921
(C-H str.)

Mass (m/z) 332. 15.

IH NMR (CDCls,5 ppm)

2.40 (3H, s), 2.36 (m, 3H), 7.83-7.79 (m,
2H), 7.58- 7.56 (m, 2H), 7.45- 7.39 (m,
3H), 7.14 (d, J = 7.6 Hz, 1H), 6.84 (dddd,
1=8.2,22,1.4,0.7 Hz, 1H)

3C NMR (CDCls, 5 ppm)

166.23, 162.49, 153.38, 146.95, 141.44,
138.71, 138.38, 128.92, 128.88, 127.01,
124.39, 121.54, 121.12, 118.31, 94.05,
25.06, 21.45

Structure
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5.6.11. Synthesis of 3-((3-chlorophenyl)amino)-6-methyl-1-phenyl-1H-pyrazolo[3,4-
d]pyrimidin-4-ol (7k)

N-(3-((3-chlorophenyl)amino)-4-cyano-1-phenyl-1H-pyrazol-5-yl)acetamide ~ (5k)  was
dissolved in a solution of potassium hydroxide, hydrogen peroxide (4 ml), and ethanol and
refluxed at 70-75 °C for 2 to 3 hrs. After finished the reaction, as demonstrated by TLC. After
that, it was then acidified with glacial acetic acid to give a precipitate. The crude product was

washed with water and recrystallized using ethanol.

Molecular formula

C18H14CINsO

Molecular weight 351.79

Colour Dark brown

% Yield 56%

Melting point 175-180 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.45

IR (KBr, cm™) 3412(-NH str.), 3323 (-OH str.), 2915(C-
H str.)

Mass (m/z) 352, 354 (M+2).

IH NMR (CDCls,5 ppm)

2.40 (3H, 5)7.85-7.77 (m, 2H), 7.60- 7.52
(m, 3H), 7.41 (tt, J = 7.2, 1.3 Hz, 1H),
7.25 (d, J = 15.8 Hz, 1H), 7.13 (ddd, J =
7.7, 2.2, 1.2 Hz, 1H), 6.99 (ddd, J = 7.9,
2.1, 1.2 Hz, 1H)

3C NMR (CDCls, 6 ppm)

166.23, 162.49, 153.38, 146.50, 142.27,
138.38, 133.61, 129.22, 128.92, 127.01,
123.34, 121.54, 119.97, 119.51, 94.08,
25.06;: 351.79

Structure
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5.6.12. Synthesis of 3-((3-methoxyphenyl)amino)-6-methyl-1-phenyl-1H-pyrazolo[3,4-
d]pyrimidin-4-ol (71)

N-(4-cyano-3-((3-methoxyphenyl)amino)-1-phenyl-1H-pyrazol-5-yl)acetamide  (5I) was
dissolved in a solution of potassium hydroxide, hydrogen peroxide (4 ml), and ethanol and
refluxed at 70-75 °C for 2 to 3 hrs. After finished the reaction, as demonstrated by TLC. After
that, it was then acidified with glacial acetic acid to give a precipitate. The crude product was

washed with water and recrystallized using ethanol.

Molecular formula C19H17N502

Molecular weight 347.37

Colour Dark brown

% Yield 52%

Melting point 168-172 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.63

IR (KBr, cm™) 3367(-NH), 3417(-OH), 2935 (C-H str.)
Mass (m/z) 348.14

IH NMR (CDCls,5 ppm)

2.40 (3H, s), 3.82 (s, 3H) 7.83-7.79 (m,
2H), 7.58-7.56 (m, 2H), 7.42-7.38 (m,
2H), 7.22-7.17 (m, 2H), 6.53- 6.50 (m,
1H)

3C NMR (CDCls, 6 ppm)

166.23, 162.49, 160.94, 153.38, 146.51,
142.79, 138.38, 130.03, 128.92, 127.01,
121.54, 114.64, 110.46, 105.96, 94.08,
55.59, 25.06

Structure
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5.6.13. Synthesis of 6-methyl-1-phenyl-3-(piperidin-1-yl)-1H-pyrazolo[3,4-d]pyrimidin-
4-ol (7m)

N-(4-cyano-1-phenyl-3-(piperidin-1-yl)-1H-pyrazol-5-yl)acetamide (5m) was dissolved in a
solution of potassium hydroxide, hydrogen peroxide (4 ml), and ethanol and refluxed at 70-
75 OC for 2 to 3 hrs. After finished the reaction, as demonstrated by TLC. After that, it was
then acidified with glacial acetic acid to give a precipitate. The crude product was washed

with water and recrystallized using ethanol.

Molecular formula C17H19Ns0

Molecular weight 309.37

Colour Cream

% Yield 79%

Melting point 240-245 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.55

IR (KBr, cm™) 3400 (O-H str.), 2922 (C-H str.)

Mass (m/z) 310.23

'H NMR (CDCls,8 ppm) 2.40 (3H, s), 1.58-1.54 (m, 4H), 1.73 -1.69

(m, 2H), 7.83-7.79 (m, 2H), 7.58-7.56 (m,
3H), 3.63-3.60 (M, 4H)

13C NMR (CDCls, & ppm) 164.99, 161.99, 155.36, 148.96, 138.77,
128.92, 127.01, 121.49, 95.87, 49.09,
26.26, 25.06, 24.44

Q\N
N \
A%Q
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5.6.14. Synthesis of 3-((2-fluorophenyl)amino)-6-methyl-1-phenyl-1H-pyrazolo[3,4-

d]pyrimidin-4-ol (7n)

N-(4-cyano-3-((2-fluorophenyl)amino)-1-phenyl-1H-pyrazol-5-yl)acetamide  (5n)

dissolved in a solution of potassium hydroxide, hydrogen peroxide (4 ml), and ethanol and
refluxed at 70-75 °C for 2 to 3 hrs. After finished the reaction, as demonstrated by TLC. After
that, it was then acidified with glacial acetic acid to give a precipitate. The crude product was

washed with water and recrystallized using ethanol.

Molecular formula C1sH14FNsO

Molecular weight 335.34

Colour Brown

% Yield 72%

Melting point 85-90 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rrvalue 0.58

IR (KBr, cm™) 3342 (-NH str.), 3410(-OH str.), 2940 (C-
H str.)

Mass (m/z) 336.13

IH NMR (CDCls,5 ppm)

2.40 (3H, s), 8.20 (ddd, J = 8.8, 3.7, 1.4
Hz, 1H), 7.83-7.79 (m, 2H), 7.57 (dg, J =
7.5, 1.2 Hz, 2H), 7.41 (i, = 7.2, 1.3 Hz,
1H), 7.29-7.26 (m, 1H), 7.17-7.08 (m,
2H)

3C NMR (CDCls, 6 ppm)

166.23, 162.50, 155.65, 153.69, 153.42,
146.62, 146.56, 138.38, 129.54, 129.43,
128.92, 127.01, 125.46, 125.44, 123.97,
123.91, 122.33, 122.28, 121.54, 115.29,
115.12, 94.05, 25.06
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5.6.15. Synthesis of 6-methyl-3-(4-methylpiperazin-1-yl)-1-phenyl-1H-pyrazolo[3,4-
d]pyrimidin-4-ol (70)

N-(4-cyano-3-(4-methylpiperazin-1-yl)-1-phenyl-1H-pyrazol-5-yl)acetamide ~ (50)  was
dissolved in a solution of potassium hydroxide, hydrogen peroxide (4 ml), and ethanol and
refluxed at 70-75 °C for 2 to 3 hrs. After finished the reaction, as demonstrated by TLC. After
that, it was then acidified with glacial acetic acid to give a precipitate. The crude product was

washed with water and recrystallized using ethanol.

Molecular formula C17H20N6O

Molecular weight 324.38

Colour Brown

% Yield 75%

Melting point 138-142 °C

TLC (mobile phase) n-Hexane: ethyl acetate 5:5

Rt value 0.64

IR (KBr, cm™) 3343(-OH str.), 2910 (C-H str.)

Mass (m/z) 325.02

'H NMR (CDCls,8 ppm) 2.40 (3H, s), 2.91 (s, 3H), 3.68-3.66 (m,

4H), 3.02-2.91 (m, 4H), 7.83-7.79 (m,
2H), 7.58-7.56 (m, 3H)

13C NMR (CDCls, & ppm) 164.99, 161.87, 155.31, 149.26, 138.77,
128.92, 127.01, 121.49, 96.05, 54.24,
47.62, 45.01, 25.06

Structure Q
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5.7. Methodology
5.7.1. Anti-tubercular activity by Microplate Alamar Blue (MABA) assay

% 200pl of sterile deionzed water was added to all outer perimeter wells of sterile 96
wells plate to minimized evaporation of medium in the test wells during incubation.

% The 96 wells plate received 100 pl of the Middlebrook 7H9 broth and serial dilution
of compounds were made directly on plate.

% The final drug concentrations tested were 100 to 0.2 pg/ml.

% Plates were covered and sealed with parafilm and incubated at 37°C for five days.

% After this time, 25ul of freshly prepared 1:1 mixture of almar blue reagent and 10%
tween 80 was added to the plate and incubated for 24 hrs.

% A blue colour in the well was interpreted as no bacterial growth, and pink color was
scored as growth.

% The MIC was defined as lowest drug concentration which prevented the colour

change from blue to pink (Brien et al., 2000).

5.7.2. Antioxidant activity by DPPH aasay

The DPPH assay method is widely used for the evaluation of antioxidant activity. We have
used the DPPH assay for the assessment of the antioxidant activity of compounds (6a-0) and
(7a-0). This technique reduces DPPH free radicals stability and produces a distinct absorption
at 517 nm. DPPH radical is reduced, and the absorbance intensity decreases considerably. For
this test, each test compound is prepared in methanol at a final 100 UM concentration. In a
96-well microplate, the DPPH solution (1:1 volume) was combined with the solutions of the
test compound, leading to a total volume of 200 pL for each well. 100 uM Ascorbic acid and
curcumin were added as standards of antioxidant, and methanol served as the vehicle of the
solvent control (Bhardwaj et al., 2025)(S. Kumar & Modi, 2025)(Nayee et al., 2026).

The absorbance result was measured at 517 nm. The DPPH radical scavenging activity

(%RSA) of compounds (6a-0) and (7a-0) were determined by using the following formula:

%RSA= (A(control) - A (sample)) * 100
(A(control))

Where:
A(control) = absorbance of control

A(sample) = absorbance of test sample
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5.7.3. MTT cytotoxicity assay

MTT assay was used for the evaluation of cell viability. It is a laboratory technique for the
measurement of cellular growth. We have used this method for the cytotoxicity evaluation of
the potent compounds 6m (MIC: 3.12 pg/mL), 6i (MIC: 6.25 ug/mL), 79 (6.25 pg/mL) and
7j (12.5 pg/mL), on HepG?2 cell lines. The Cells were incubated in DMEM medium enriched
with 10% FBS and 1% antibiotic solution with 5% CO for 24 hrs. On the following day, cells
were exposed to various concentrations. Cells were not treated as the control. MTT solution
was introduced into culture after 24 hrs. and further incubated for two hrs. The supernatant
layer was destroyed after completion of the experiment, 100 ul DMSO was used for the
remaining cell layer matrix dissolving, and it was measured at 540 and 660 nm wavelengths
by an ELISA plate reader. Minimum inhibitory concentration(ICso) values are identified by
Graph Pad Prism-6 software(Morgan, 1998)(Langdon, 2003)(Fotakis & Timbrell, 2006)

5.7.4. Molecular Docking

In this study, Autodock Vina and Autodock tools 1.5.6 were used for the docking study. The
crystal structure (PDB:4U0J) and (PDB:4NCR) was downloaded from the Protein Data Bank
(RCSB) with 1.62 A and 1.88 A resolution. By using the Biovia Discovery Studio 2016, the
polar hydrogen atoms were incorporated, and all the water molecules were removed. The grid
box was built as x = 20, y = 20, z = 20 in directions within the receptor pocket and 1 A space
between each grid point. The center of the matrix is specified by dimensions x= 43, y=51, z=
-82 for InhA inhibitors and x=32, y= -16, and z=20 for DprE1 inhibitors. Autodock tool 1.5.6
software uses a modified PDB format known as a PDBQT coordinate file, which incorporates
partial atomic charges for preparing ligands and receptors. The rotation of selected ligands,
which is flexible and non-bonded, is characterized by torsion angles. Subsequently,
synthesized InhA (6a-0) and DprE1 inhibitors (7a-0) were docked with the examined active
site of the InhA and DprE1 receptor. Protein-ligand interactions are determined by Biovia
Discovery Studio 2021(Mohammed et al., 2024)(Fekadu et al., 2022)(Nayee et al., 2026).

5.7.5. MD simulation

The main reason for the adaptation of MD simulation is to assess the binding stability of
protein-ligand complex and understand atomic interactions (Rampogu et al., 2023). In a

physiological pH setting, MD simulation of compounds 6m and 7g was performed at 100ns.
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CHARMM-GUI server was used to prepare the main system files required for simulation,
such as .gro, .psf. (Lee et al., 2016). The water box was solvated with the TIP3P water model
and neutralized by counter ions. It was minimized by 50,000 steps using the steepest descent
algorithm, then underwent equilibration steps: 100 ps in NVT and NPT ensembles,
maintaining constant temperature and pressure. The balanced system was subsequently
exposed to a 100 ns production run. GROMACS (HPC server Param-Shivaye IIT-BHU
Varanasi) was used for the MD simulations (Van Der Spoel et al., 2005). Analysis after the
MD run involved computations of RMSD, RMSF, SASA, Rg and H-bond analysis.

5.7.6. ADMET Properties

The synthesis/prediction of molecules is considered an important step in the search for new
agents for treating certain diseases. In fact, in order to become a future drug certified and
accepted by molecules, it must undergo four stages of absorption, distribution, metabolism,
excretion and toxicity (ADMET). Here in this study, target compounds (6a-0) and (7a-0)
were evaluated by using online servers pkCSM and SwissADME. (Al Azzam, 2023)(Mvondo
et al., 2021).
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6. SUMMARY

Summary of present work and recommendation

7
L X4

>

We have reviewed the recent developments, drug pipeline and reported literature for
tuberculosis.

In the present work we have designed and synthesized series of amine and acid
chloride substituted pyrazole derivatives (6a-0) and evaluated for their In-vitro
antitubercular activity against M. tuberculosis H37Rv strain. The compounds (6a-0)
are enoyl acyl carrier protein reductase (InhA) inhibitors.

Synthesized derivatives 6g, 6h, 6i, 6] and 6m possess potent antituberculer activities.
Antitubercular activity of compound 6m was similar to the reference standard drug
Pyrazinamide.

Potent compounds 6i and 6m were found to be safe with 1Cso 125 + 0.16 pM and
273.8 £ 0.05 uM as indicated by the cytotoxicity studies.

Molecular docking studies indicated that compounds 6g, 6h, 6i, 6j, and 6m
demonstrated more efficient interactions with the InhA enzyme.

Antioxidant potential of synthesized compounds has also been evaluated by DPPH
scavenging method. Compounds 6b and 6d have displayed good antioxidant
activities. Compound 6m exhibited excellent antioxidant potential.

The molecular dynamics studies suggested that most potent compound 6m forms
stable interactions with the protein, enhancing its potential as InhA inhibitor.
Computational drug-likeness predictions showed that most of the tested compounds
were safe, possess druggable features, and exhibit acceptable ADME profiles.

We have designed and synthesized amino-substituted pyrazolo-pyrimidine
compounds(7a—0) as DprE1 inhibitors. Antitubercular activities of compounds (7a-0)
were checked against M.tuberculosis H37Rv strain. Compounds 7e, 79, 7j, and 7k
possess potent antitubercular activities. Cytotoxicity of compounds 7g and 7j were
found to be 1Cso 71.63 + 0.10 pM and 9.281 + 0.20uM. Compound 7g was found to
be safe.

Molecular docking studies indicated that compounds 7d, 7g, 7h, 7i, 7], and 7n

exhibited more effective interactions with the DprE1 enzyme.
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% DPPH radical scavenging assay was used for the evaluation of the antioxidant
potential of compounds (7a-0). Compounds 7b, 7d, and 7e have shown strong
antioxidant properties.

% The molecular dynamics simulation study revealed that the most effective compound,
79, establishes stable interactions with the protein, augmenting it as a potential
inhibitor of DprEL.

%+ Computational predictions of drug-likeness parameters suggested that the majority of
examined compounds (6a-0) and (7a-0) are safe and display suitable ADME

characteristics.

Conclusion
v’ Synthesized pyrazole containing InhA inhibitors (6a-0) and pyrazolo-pyrimidine
containing DprE1 inhibitors (7a-0) showed good potency against the M. tuberculosis
H37Ruv strain.
v The results obtained in this research provide an opportunity for additional structure
alterations. This compelling justification opens avenues to identify new compounds

that act as anti-tubercular drugs.
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1. SSIP grant certificate

L. M. College of Pharmacy =y
The LaBubhai Motilal College of Pharmacy
Managed by Ahmaedabad Education Sociaty

-

Estd. 1947 NAAC Accredited 'A” Grade

Ny 1

Ref. No. | 9535} 2023
Date: 28403,/2023

To,
AMs. Kinjul Nayee,
L. M. College of Phammacy.
Opp. Gujaral University, Navrangy . Ahmedabad - 3200049,

Subject: Sanction Letter of financial assistance under SSIP 2.0 scheme

Dear Ms. Kinjal,

We are pleased 1o infoom youo that your project titled “Diesign, synthesis, and evaluation of
some pyruzole derivatives as antitubercoalar agests™ has been sclected for financial
assistance under the SSIP 2.0 (Student Startup and Innovation Policy) scheme. The SSIP
Scrutiny Committee of - M. College of Phannacy has approved your project for a grant of
INR 40,000V,

I'he purpase of the SSIP 2.0 grant is to pravide financial support o students and innovatoss
who kave nmovative ieas and peojects that can benefit society. Your project was selected
based On its potential 1o create a pasitive impact in the relevant Geld, as well as its feasibility
and potential for sucosss.

As per the guidelines and regulations of the SSIP 2.0 scheme, the grunt will be disbursed in
three equal installments. The first installment will be disbursed to your account immediately
after you submit the duly signed declaration form and other necessary documents.

The next installment will be disbaursed anly upon satisfactory progress of the project and after
submission of the progress report and original capy of billwreceipts related 0 any expense
permitted under the project ss proof of expense, duly sigmed by your mentor. It is important
w note that fallure 1o swbmit the progress repoet and bills in a timely manner may resalt in
delay in the sext installment

Once again, we congratulate you on being selected for the SSIP 2.0 grant, and we wish you
all the best for the successful completion of your projecs, We look forward 10 your progress
and contributions to the ficld.

Copy to:
1. Dr, Beenkumar R, Prajapati, Mentor
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Dr. M, T Chhwhbria Dr, . D, Bharadin

Principal Cooedinator, SSIP Cell
Navrangpura, Ahmaedabad 380 009 Phone : +91 79 2630 2746 poncipad@imcp.acin
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Maratha Mandal's Central Research Laboratory
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Ref No. MMCRL/2023-24/07

Dated 19042023

CERTIFICATE

This is to certify that Dr. Kinjal K Nayee from LM College of Pharmacy
Ahmedabad has carried out anti-tubercular study work as a part of her thesis titled
“Design, synthesis and Evaluation of some Pyrazole Derivatives as anti-tubercular
Agents” in Central Research Laboratory of this Institution.
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3. Antioxidant activity certificate

An I1ISO 9001:2015 Certified Company
o -

CIN- U73100UP2014PTC064460
=) Aakaar Biotechnologics Private Limnited
o> g

Technologies Inspired by Life

oy,

Ref No.OL/C/23-24/44 Date:27/03/2024

TO WHOM SO EVER IT MAY CONCERN

This is to certify that Ms Kinjal Nayee, Research Scholar at ..M College of
Pharmacy, Ahmedabad, India has completed a part of her research work in

(Cytotoxic activity Hepg2 cell line) from date 01/03/2024 to 22/03/2024 at
R&D Unit, Aakaar Biotechnologies Pvt Ltd, Lucknow.

We wish her all the best in her future endeavors.

Managing Director

(Dr. Ashish Yadav)

R& D Unit: 9/322,

Jankipurum Extention, Lucknow, 226031, India
Reg. Office: nes ~

on, Kanpur, 208019, U.P., India
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4. DPC (Doctoral Progress Committee) review comments

DPC Date Comments

1. 29/01/2021 e Self study course has been completed successfully.

e Preliminary literature survey has been done. The
knowledge of disease and target seems to be
average; more insight needed.

e Title is appropriate.

e Literature review should be done intensively
specifically for InhA inhibitors.

e Presentation skills need improvement.

o Reference should be done as per GTU guideline.

2. 04/08/2021 e The student have performed the literature review,
designed the molecules and performed the docking
studies.

e Extensive literature review is further required.

e The work done was found to be satisfactory.

3. 31/12/2021 e During this period, the docking studies were
performed, and the results were found to be
satisfactory.

e Some of the intermediates were synthesized, and the
synthetic work is in progress.

e Spectral studies are yet to be carried out for

confirmation of the intermediates synthesized.

4. 12/07/2022 e The docking study of Isoniazid is suggested to
perform again taking Isoniazid-NAD adduct.

e The mechanisms of reactions involved in the
synthesis should be clarified thoroughly.

e Spectral analysis of some of the compounds have
been shown, it is suggested to be done for other
compounds also.

e Fundamentals of spectroscopy should be cleared.
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e Machine learning studies are suggested to be
completed if possible.

5. 26/12/2022 e The work done during last term is found to be
satisfactory.

e The presentation has some grammatical mistakes,
which needs to be improved.

e All the synthesized compounds should be confirmed
by appropriate spectral data.

e Basics of the reactions should be cleared thoroughly.

6. 28/06/2023 e The Work done during the last semester was found
to be satisfactory.

e The student has complied to comments mentioned in
last DPC.

e All the synthesized compounds should be evaluated
for biological activity and SAR should be
established.

e The student has mentioned to perform Molecular
dynamic simulation as future plan, which should be
completed in next DPC.

e All the remaining compounds structure should be

established by different spectroscopy methods.

7. 20/12/2023 e All the synthesized compounds should be
interpreted.
e Fundamentals of spectroscopy should be cleared.

e Rest of presentation was good.

8. 10/12/2024 e The work done and presentation was found to be
satisfactory.

e The experimental work is completed and is
recommended for open seminar.

e The student need to clear about fundamentals of
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molecular dynamic study.

The student also need to study about the parameters

for selection of PDB file.
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o(thelr cdl! mvdope[ 5). The anractive antimicrobial tasget, FASII
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PYRAZDLE DERIVATIVES AS AN ENOYL ACYL CARRIER \
PROTEIN REDNICTASE (INHA) INHIBITORS WITH PROMISING

- AMNTITUBERCULAR ACTIVITY )

Kinjal Maves . Beenkumar Prajapati’ and Haribbsi Rabari®

“'Research Scholer Gujarat Technosdogical iniversity, Abmedahad
Y Cillege of Phamacy, Depariment of Pharmeacessical Chemisiry, Navangpurs,
Ahmedshad, India

ABSTRACT

ik le Kool .
- s Tuberculosis = an infectious  disease caused by bacillus

23 B MI2S
Booviscd o 12 Fob. 20Z5, Myveobacterium  tuberculnsis (MTH). Mew drugs with different
cespled on 04 Marck I025
* . - mechaniems of action against mberculesis must be discoversd and
D | 45~ BT

' developed i response io e rising prevaknce of muliidrug-resistani

MTH. Several pyrazole derivatives have been symthesized and tested

for ant-vebercular activity im pasi years. Enoyl acyl camer protein
redecmse (InhA), s a clinkcally proven mrget for tuberoalosis
wesmment.  This review oullines e effecovensss of  pyrazcls

derivatives as an Inh imdibiiors. and their antimbercular potential

KEYW{MDS: Tuberculosis, Pyvraeode, Enoyl Acyl Camer Probein
Reducimse | InbA ), Aot pabercular Aocirviny.

N TR CTION

Tuberculosis | TH} diseace i usuzlly prevemtsble and curshle diszase
Hoseever, im 2022 wbercalosis socowmed Gfor nearly rwice as many fialities globally as
HIV/AIDS ond wos the second most common infectious sgeni-reloied csuse of death

worldwide, affer coroma virus disease (COVID-19). Each year, meore than 10 million people
fall ill wish subercalk=iz According o the WHO 2003 report, 4,10 HNF cases of multidrug-
resismni or rifampicin-resisian pabercubosis worldwide ' | Funhermare, o groming number of
3TH strains are becoming resistant in one o mare of the widedy used onti-TH dugs, which
complicaes reameent and contributing bo the e in dug-resistant and beent TH infections

wnwosipraet | Vol 14, s 5. 325 | S0 90802005 Certilied Joursal | 1108

Gujarat Technological University Page 200



NTFP043

Design, Synthesis and Antitubercular Activity of Novel Pyrazole Derivatives as
InhA Inhibitors

Navee Kinjal'. Prajapati BeenKumar®
'Research Scholar, Gujarat Technological University, Ahmedabad, India
L M. College of Pharmacy, Ahmedabad, India
nayeekinjal 93 @gmail com

Here, we report the Docling study and antitubercular activity of 15 recently synthesised pyrazole
derivatives. The enzyme enoyl ACP reductase (InhA) 1s a key player in the FAS-TI biosynthetic pathway
of M. fuberculosis and a waluable target for the development of novel anti-TB agents. The binding

102
9 NIEMA 5"NIPICON 2024

modes of the synthesized compounds at this active site were stodied using Autodock Vina and
Schrodinger software. The structures of the synthesized compounds were confirmed by routine
spectroscopic technicques "H and PC NMPE_IR and mass spectrometry. All the synthesized compounds
show good docking score These compounds have shown the same type of interaction as that of 41707
ligand. The compounds were fiwther evaluated for anti-TB activities against M. fuberculosis H3TEw
strain by Microplate Alamar Blue Assay In this study, novel compounds TMN-1 to LMN-15 have been
synthesized that were recognized as potent Inh4 inhibitors.
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6. Poster presentation and other seminar participation certificate

| NIPiCON 2024

Sth

Nirma Institute of Pharmacy International Conference

—— CERTIFICATE OF APPRECIATION —

This is to certify that

N Ktyat Vlayeo

has participated and presented a Scientific Paper in the Poster session of
NextGen Therapeutics

in recognition of the valuable contribution to the field of Session theme and
the dissemination of knowledge during the international conference
in the

NIPiCON 2024
NextGen Therapeutics: Multidisciplinary Research Approaches for
Drug Development and Delivery
Bridging the Gaps: From Drug Discovery to Patient Care

held on
February 7 - 9, 2024
at
Institute of Pharmacy,
Nirma University, Ahmedabad

MNohory)y
< - \
DR. NIYATI ACHARYA PROF. GOPAL NATESAN
Organizing Secretary Convener
NIPiCON 2024 NIPiCON 2024
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Z
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Online Workshop on

Multi-Targeted QSAR:
A Novel Approach For Drug Design

25" February, 2021

ORGANIZED BY

v Ganpat Shree S.K. Patel College

of Pharmaceutical

University | education and Research
W P s

Certificate for Particitation
Kinjal Nayee

It is our pleasure to certify that Prof./Dr./Mr./Ms.

from L.M. College of Pharmacy has

participated as Delegate in the Online Workshop on “Multi-Targeted QSAR: A Novel Approach For Drug

Design” on 25" February 2021 at Ganpat University, Shree S. K. Patel College of Pharmaceutical

Education & Research, Gujarat, India.

el Lot

Dr. Pawan Kumar Gupta Dr. Paresh U. Patel Dr. S. S. Pancholi
Coordinator Co-Convener Convener & Principal
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EXC=LON IP"
CERTIFICATE OF PARTICIPATION

This certificate is presented to

Kinjal K Nayee

for participating in the “Idea to IP to Market” webinar
organized on the 2™ Anniversary of Excelon IP and
World IP Day on 26™ April, 2021.

ﬂi\é 26/04/2021

Sanjaykumar Patel DATE

Founder and Principal IP Attorney at Excelon IP
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pst . O2h

Department of Science & Technology
Government of Gujarat discovery A

CERTIFICATE

This is to certify that

M. Kigal Vlageo

has participated as Delegate at
Webinar- 1: Organic Synthesis - Precautions, Set up, Monitoring and Work up
of GUICOST sponsored Webinar Series on

“Organic Synthesis : Life Line of Pharma API Industry”
Organized by
L. M. College of Pharmacy
in Association with o2h Discovery Pvt. Ltd.
during 25to 27 February, 2021.

Ms. Diyva Teli Dr. Anuradha Gajjar Dr. Mahesh T. Chhabria

Estd. 1947

Coordinators Convener
*
( > ' ®
g gj | ) INSTITUTION'S
INNOVATION
5 5 |: ( COUNCIL
AIC-LMCP (Ministry of HRD Initative)

FOUNDATION
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