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1. Introduction  

Synthetic organic chemistry is the branch of chemistry which deals with the study of 

building-up bioactive-organic compounds from smaller entities. It has found application in 

the preparation of novel, potential and commercially active compounds [1]. Organic synthesis 

plays an important role in chemistry, biochemistry, medicine, agriculture, molecular biology, 

physics, materials science, electronics and engineering field by allowing for the creation of 

specific molecules for scientific and technological investigations. The heart of organic 

synthesis is designing synthetic routes and strategies for the synthesis of bioactive molecules 

[2]. 

Heterocyclic chemistry is dealing with the study of synthesis, properties and 

applications of heterocycles. A heterocyclic compound is a cyclic compound that has atoms 

of at least two different elements as members of in its rings. Although heterocyclic 

compounds may be inorganic, most contain at least one carbon. Since in organic chemistry 

non-carbons like oxygen, nitrogen and sulphur usually are considered to replace carbon 

atoms, they are called heteroatom [3]. 

Heterocyclic compounds are widely distributed in nature. They are essential to life and 

play vital role in the metabolism of the living cells. Most of the sugars such as glucose, 

fructose, sucrose and their derivatives exist largely in the form of five membered or six 

membered rings containing one oxygen atom. Most members of the vitamin B group viz 

thiamine (vitamin B1), riboflavin (vitamin B2), niacin (vitamin B3), pantothenic acid 

(vitamin B5), pyridoxine (vitamin B6) and cobalamin (vitamin B12) possess one or more 

nitrogen containing heterocyclic rings. Pyrimidine and purine heterocyclic compounds are the 

base components of genetic material DNA. Most of the alkaloids which are nitrogenous bases 

occurring in plants and antibiotics including etracyclines, sulfonamides and penicillin also 

contain heterocyclic ring systems. Synthetic heterocyclic compounds have valuable 
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properties as chemotherapeutic agents, drugs, dyestuffs, copolymers and energy materials etc 

[4]. 

Most of heterocyclic compounds which display the aromatic behaviour of benzene are 

called as aromatic heterocycles. Huckel’s rule is followed by these compounds to state 

cyclization, conjugation and planar structures having (4n+2) π electrons [5]. 

Heterocyclic compounds can be useful to classify based on their electronic structure. 

The saturated heterocycles behave like the acyclic derivatives [6, 7]. Thus, piperidine and 

tetrahydrofuran are used as conventional amines and ethers, with modified steric profiles. 

Therefore, the study of heterocyclic chemistry focuses especially on unsaturated derivatives 

and the superiority of work and applications involves unstrained five and six-membered rings 

such as thiophene, pyrrole, furan, isoxazole, pyridine and pyrimidine etc [8]. Another large 

class of heterocycles are fused to benzene ring, which are quinoline, benzothiophene, indole 

and benzofuran etc [9].  

Synthesis of heterocycles has evolved as a powerful tool for producing new compounds 

applicable for drug invention. Heterocycles forms scaffolds of potent and selective 

pharmacophores [10]. Heterocyclic compounds containing two nitrogen atoms such as 

pyrimidine, pyrazole, imidazole exhibited important biological properties. The nitrogen and 

oxygen containing heterocyclic compounds such as isoxazole and phenylisoxazole achieved a 

great importance in pharmacological field. They are obtained from various natural resources 

and synthetic reactions. Among the privileged class of various heterocyclic compounds, 

nitrogen and oxygen derivatives are key moieties in medicinal chemistry. They have drawn 

much attention due to its biological properties like antimicrobial, antidiabetic, herbicidal, 

anticancer, anti-TB, antibiotics, anti-inflammatory, antidepressant and anti-HIV etc [11, 12] 

as well as photophysical properties such as latent fingerprints (LFPs), opto-electronics, 

fluorescence sensors and energy materials [13, 14].   
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Role of multicomponent reactions (MCRs) in synthesis of heterocyclic compounds 

Multi-component reactions (MCRs) afford an exceptionally valuable tool within the 

field of synthetic and medicinal chemistry. They are upstanding as tool for synthesizing 

polyfunctional molecules with high competence over multistep synthesis. Globally, it has 

been explored as an efficient tool for preparing several active drugs [15]. MCRs offer many 

advantages such as they avoid unnecessary purification, wastages, byproducts, toxic reagents, 

solvents consumption and they also followed the easy workup, shorter reaction time high 

atom economy and cost effectiveness [16].  

1.1. Benefits of synthetic drugs 

Synthetic heterocyclic products have delight in a long history of consumption, 

frequently proposing solo resource and uses, the notable gains of unnaturally developed 

compounds are, 

 Accessible in uncontaminated forms 

 Developed stroke because of reformed compounds structures 

 Protracted living half-life 

 Enhanced corpulent solubility 

 Superior drug deliberation 

 Cost effective products 

 Knowledge of manufacturing conditions 

 Strong hold in the manufacturing process [17] 

In view of these facts, we have synthesized some novel nitrogen and oxygen containing 

derivatives and investigated their biological and computational studies. 
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Nitrogen containing heterocyclic compounds 

1.2.  Pyrimidine 

Pyrimidine is a six membered heterocyclic aromatic compound containing two nitrogen 

atoms at 1, 3- position of the ring.  It is a colourless compound, having molecular formula of 

C4H4N2 and molecular weight of 80.09 g/mol having melting point 22.5 ℃ and boiling point 

124 ℃. In pyrimidine ring has less π-electron density develops less energy; therefore 

electrophilic substitution is more difficult while nucleophilic substitution is facilitated. It is a 

weaker base than pyridine & imidazole as addition of a proton does not increase the 

resonance energy. In pyrimidine N-alkylation and N-oxidation are difficult as compared to 

pyridine. The pKa value for protonated pyrimidine is 1.23, it is less basic than pyridine 

(pKa=5.23). Only one nitrogen atom of the pyrimidine can be alkylated by alkylating agent, 

but with triethyloxoniumborofluoride both nitrogen atoms can be alkylated.  

N

N
1

2

3
4

5

6

 

Pyrimidine has been great attention to organic researcher due to their wide range of 

chemical and pharmacological properties. It is abundant in many natural products, antibiotics 

such as pyrimethamine, trimethoprim, triflouridine, idoxuridine and propylthiouracil etc. It is 

a part of nucleic acids, RNA and DNA, which are the most commonly recognized pyrimidine 

bases. Moreover DNA which is the transporter of genetics covers the nitrogen incorporated 

heterocyclic adenine and guanines are purine bases, as well as cytosine and thymines are 

pyrimidine bases. Uracil in RNA involves the pyrimidine base. The most important 

functional groups of pyrimidine ring are nitrogen, carbonyl group and exocyclic amino group. 

Hydrogen bond interactions involving the amino and carbonyl groups are the second 

important mode of interaction between bases. Hydrogen bonds between bases permit a 
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complementary association of two and occasionally three strands of nucleic acids [18]. 

Pyrimidine incorporated heterocycles have remarkable applications in pharmacological and 

substantial sciences [19].  

1.2.1. Electrophilic and nucleophilic substitution on pyrimidine nucleus 

Electrophiles mainly attacks at C-5 position which is least electron leaving site on 

pyrimidine ring. 

N

N
+ E

+ N

N

E

+ H
+

 

Nucleophilic attacks at C-2, C-4 & C-6 position on pyrimidine ring with the negative 

charge of the intermediate delocalised over both nitrogen atoms. 

N

N
+

N

N Nu
+ H

+
Nu

-

 

Common methods for the synthesis of pyrimidine derivatives 

I. Knoevenagel condensation reaction 

German chemist, Emil Knoevenagel synthesized α,β-unsaturated compounds by the 

reaction of condensation between an aldehyde/ketone with an active methylene compound in 

the presence of basic catalyst or Lew’s acid (Fig. 1) [20].  

+ Amine base

-H
2
ON

H

NH

O

O O

HO

N
H

NH

O

O O

 

Fig. 1.  Knoevenagel condensation reaction. 

II. Biginelli-type/ Traube-Schwartz reaction 

In 1899, Traube and Schwartz reported multicomponent reaction of ethyl acetoacetate, 

aryl aldehyde and urea/amine to produce 3,4-dihydropyrimidin-2(1H)- ones (Fig. 2) [21]. 
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OEt

O O

+

CHO

+
NH2 NH2

O

NH

N
H

O

EtO

O

H
+

 

Fig. 2.  Biginelli-type/ Traube-Schwartz reaction. 

III. Michael addition reaction  

American organic chemist, Arthur Michael discovered the Michael addition reaction. It 

is a nucleophilic addition reaction involving the addition of a carbanion or nucleophile to an 

α,β-unsaturated carbonyl compound, which is electron-withdrawing in nature to form a new 

carbon-carbon bonds. Carbanion is the Michael donor and alkene is the Michael acceptor 

(Fig. 3) [22]. 

N
H

NH

O

OO

O

N
H

NH

O
-
 O

OO

-

Conjugate addition

H3O
+

Protonation
N
H

NH

OHO

OO N
H

NH

OO

OO

 

Fig. 3.  Michael addition reaction. 

1.2.2. Biological significance of pyrimidine derivatives 

1.2.2.1.  Fungicidal agents 

The compounds were used to kill or inhibit the growth of fungi or fungal spores are 

known as fungicides. Bupirimate (4) is a fungicide and it belongs to the chemical family of 

pyrimidine sulfamates. It is used to treat a variety of fungal infections, mainly inhibiting 

sporulation and control of powdery mildew of fruits, roses, ornamental flowers and other 

crops [23]. Diflumetorim (5) is another fungicide and used to control the white rust (Puccinia 

horiana) and inhibits the fungal growth from germination of conidiophores [24]. 



Chapter-1 

 

Page 7 

N

N

NH

S
N

O

O

4

N

N

Cl

NH

O F

F

5
 

1.2.2.2.  Insecticidal agents 

The chemical substance used to control or kill the pest population in crops is known as 

insecticides. Heterocycles are high potential towards insecticidal activity. Etrimphos (6) is an 

organophosphate pyrimidine insecticide and also called “Satisfar”. It is used to control of 

Acarus siro (Flour mites) and Glycyphagus destructor (Long hairy mites) from crops [25]. 

Pyrimidifen (7) is an insecticide and it is used to control the mites on fruits and vegetables, 

mainly control the spider mites, African red mites and diamondback moth in citrus, 

strawberries, tomatoes, apples and vegetables etc [26]. 

N

NO

O
P

S

O
O

NN

NH
O

O

6
7

 

1.2.2.3.  Herbicidal agents 

Pesticides used to kill the unwanted plants are known as herbicides. They are also 

known as weed killer. Pyrimisulfan (8) is an herbicide used for pre and post-emergence weed 

control in turf, broadleaf, sedge and kyllinga species [27]. Bispyribac (9) is a post-emergence 

herbicide; it is used to control grasses, sedges and broad-leaved weeds in paddy rice and other 

crops [28].  
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N

N

O

S
OH

O

O

O

F

F

N

N O O N

N

O

O

O

O

OHO

8 9  

1.2.2.4.  Growth regulators 

The chemical substances were used to influence the development of cells, tissues and 

organs in plants are known as growth regulators. Heterocyclic compounds are recognized as 

agrochemicals growth regulators. Kinetin (10) containing a pyrimidine nucleus, it is a type of 

cytokinin and come under class of plant hormone. It has ability to induce cell division; hence, 

it is used in plant tissue culture [29]. Benzyladenine (11) is a first generated synthetic 

cytokinin, it stimulate the plant growth by cell division and act as an inhibitor of respiratory 

kinase in plants and increases post-harvest life of green vegetables [30]. 

N

N N
H

N

NH

O

N

N N
H

N

NH

10 11
 

1.2.3. Pharmaceuticals importance of pyrimidine derivatives 

Some of the drugs available in the market that have pyrimidine analogs in their rings 

are used for treatment of several disorders. For example, stavudine (12) is used as anti-HIV 

agent, fervennuline (13) as antibiotic, minoxidil (14) is used as antihypertensive agent, 5-

flourouracil (15) is used for treatment of cancer, sulfamethiazine (16) & trimethoprim (17) 

are used for treatment against bacterial diseases. Also phenobarbitone (18) is used as a 

sedative-hypotic as well as anticonvulsant agent, triflouridine (19) & idoxuridine (20) are 
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used in treatment of various viral infections and propylthiouracil (21) is used as antithyroid 

agent [31].  

NH

N
O

OH

O

O
N

N
N

N
N

O

O

N
+

N

N

NH2 NH2

O
-
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O

F

O

N

N

NH

S O

O

NH2
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O

O

O

NHNH

O O

O

NH
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F

NH

N

O
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O

OH

OH

NH

N
H

O

S

17 18 19
20

21

 

Triazolopyrimidines, pyridopyrimidines, pteridines, purines, furopyrimidines, 

pyrimidoazepines, pyrrolopyrimidines and quinazolines are a class of fused pyrimidine 

scaffolds that exhibit good pharmacological properties. Hence, improve the activity of 

heterocyclic compounds by fusing the pyrimidine analogs with different heterocyclic 

moieties [32]. Many fused pyrimidines have been used as cancer therapy against various 

types of cancers as approved by the US Food and Drug Administration. Pazopanib (22), 

imatinib (23), dasatinib (24), nilotinib (25), uramustine (26), tegafur (27), cytarabine (28) and 

methotrexate (29) are a few examples of drugs that contain pyrimidine nucleus used as 

anticancer agents.  
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By considering these recent findings, researchers are focusing on the synthesis of new 

fused pyrimidine analogs and screening them against various biological activities [33, 34]. In 

medicinal chemistry, pyrimidine derivatives have been recognized for their therapeutic 

applications. During the last few decades, several pyrimidine derivatives have been 

developed as chemotherapeutic agents and have found wide clinical applications. Some of the 

reported bio-active pyrimidine derivatives are discussed below. 

1.2.4. Antibacterial agents 

In 2020, M. Horchani et. al., reported a series of new pyrazolo-triazolo-pyrimidine 

derivatives (30) as an antibacterial agent. The compounds were screened against four Gram-

negative strains such as E. coli, P. aeruginosa, P. mirabilis, C. freundii and two Gram-

positive strains E. faecalis and S. aureus. Among them, 30a compound displayed MIC of 

6.25 µM against S. aureus and 25 µM against E. coli, P. aeruginosa, P. mirabilis & C. 
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freundii. The compound 30b showed a MIC of 12.5 µM against E. coli, P. aeruginosa & P. 

mirabilis bacterial strains [35]. 

N

N

N
N

N
N

R

30

30a: R= 30b: R= 

N

N

Cl

O

N

N

O

O

 

A series of novel pyrido[2,3-d]pyrimidine derivatives (31) were synthesized by B. 

Chandrasekaran et. al., and screened for antibacterial activity. Among all the synthesized 

compounds, 31a, 31b & 31c were displayed good antibacterial activity with MIC of 12.5 

µg/mL against S. aureus and B. subtilis [36]. 

N

N

N

CF3

R1

NH

O

R2

31

31a: R
1
= -CH

3
, R

2
= -4-Heptyl-phenyl

31b: R
1
= -CH

3
, R

2
= -Biphenyl

31c: R
1
= -CH

3
, R

2
= -Benzofuryl

 

1.2.5. Antifungal agents 

A series of novel N-(substituted-phenyl/benzyl)-2-methylthio-4-((pyridin-3-ylmethyl) 

amino)pyrimidine-5-carboxamides (32) have been synthesized by S.C. Wang and co-authors 

in 2018. The compounds were screened for antifungal activity against two fungi such as B. 

cinerea and S. Sclerotiorum. Among all the derivatives, 32a, 32b, 32c & 32d exhibited good 

% of inhibition at 73, 71.6, 71.2 & 71.1 respectively against B. cinerea. The compounds 32b, 

32d, 32e, 32f & 32g displayed highest % of inhibition at 95.2, 96.7, 96.2, 96.6 & 96.1 

respectively against S. Sclerotiorum [37]. 
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N

NH

N N

SCH3

O NH
R

32

32a: R= 4-CH3

32b: R= 4-F

32c: R= 4-Cl

32d: R= 4-Br

32e: R= H

32f: R= 4-CH(CH3)2

32g: R= 3-Cl
 

S.B. Bari and N.G. Haswani reported a series of thienopyrimidin-4(3H)-thiones (33) 

and evaluated in vitro antifungal activity against C. albicans, A. niger and P. chrysogenum. 

The compounds 33a, 33b, 33c & 33d exhibited potent antifungal activity with MIC value of 

4, 2 & 2 µg/mL against C. albicans, A. niger and P. chrysogenum respectively [38]. 

N

NH

S

S

R

33

33a: R= 

33b: R= S-C
2
H

5

33c: R= S-C
4
H

9

33d: R= SH

N

 

1.2.6. Antiviral agents 

In 2018, Y.Y. Wang and co-authors reported a pyrazolo[3,4-d]pyrimidine derivatives 

(34) and evaluated for their antiviral activity against tobacco mosaic virus (TMV). The study 

results indicated that, compounds 34a and 34b displayed excellent antiviral activity against 

TMV with half maximal effective concentration (EC50) values of 70.3 and 53.65 µg/mL 

respectively [39]. 

N

N

N
N

R O

N Ar 

R
1

34

34a: R= CH
3
, R1= CH

3
, Ar=

34b: R= CH
3
, R1= H, Ar=

S

S
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In 2002, a series of novel pyrido[2,3-d]pyrimidine derivatives (35) has been 

synthesized by M.N. Nasr et. al., and investigated as an antiviral agent against herpes simplex 

virus (HSV). Among all the synthesized compounds, 35a with 4-bromo & 35b with 4-chloro 

substitution were exhibited most potent antiviral activity with least IC50 values of 4 & 8 

µg/mL respectively [40]. 

35

35a: R= 4-Br, X= S

35b: R= 4-Cl, X= S

NH

N
H

N

OO

CN

NHNH

X

Ph

R

 

1.2.7. Anticancer agents 

E.M. Abbass et. al., synthesized a new series of pyrimidine derivatives (36) were 

demonstrated for cytotoxic activity against HepG2 and HCT116 cell lines. Compounds 36a 

and 36b showed a very strong efficacy against HepG2 cell line with IC50 value of 8.76±0.9 

μM & 11.31±1.2 μM respectively and also exhibited potent cytotoxicity against HCT-116 

cell line with IC50 value of 10.46±1.6 μM & 13.65±1.1 μM respectively [41]. 

NH

N

CN O

NH

N

Ar 

O

36

36a: Ar= 

36b: Ar= 

NH2

S

 

In 2015, a series of 3-(2-(4-fluorobenzyl)-6-(substituted phenyl) pyrimidin-4-yl)-

2Hchromen-2-one derivatives (37) have been synthesized by K.M. Hosamani et. al., and they 

were evaluated for their anticancer activity against two human cancer cell lines viz., A-549 

(human lung carcinoma) and MDA-MB-231 (human adenocarcinoma mammary gland). 

Among them, 37a exhibited most potent activity against A-549 cell line with IC50 value of 
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2.15±0.12 μM and 37b was found to be extremely active against MDA-MB-231 cell line with 

IC50 value of 2.23±0.19 μM respectively [42].  

O

N N

F

O R

37

37a: R= Cl

37b: R= OCH
3

 

1.2.8. Anti-inflammatory agents 

A novel derivatives of thiazolo[4,5-d]pyrimidines (38) were synthesized by R.B. Bakr 

et. al., reported as anti-inflammatory activity. In that, compound 38a was the most active 

derivative with 57 %, 88 % and 88 % inhibition of inflammation after 1, 3 and 5 h, 

respectively as compared to standard drug celecoxib [43]. 

NH

N

S

N
H

N

Ar 

S

R

38

38a: R= COCH
3
, Ar= NO

2
-C

6
H

4

 

In 2018, M.A. Abdelgawad and co-workers reported a series of tetrahydropyrido[2,3-d] 

pyrimidine-6-carbonitrile derivatives (39) as an anti-inflammatory agent. Among all the 

synthesized compounds, 39a exhibited highest anti-inflammatory activity with 74 %, 76 % 

and 57 % inhibition after 1, 3 and 5 h respectively [44]. 

39a: R= OCH
3
, R1= OCH

3
, R2= OCH

3
, R3= H

N
H

NH

NS

O

CN

NH2

R

R
1

R
2

R
3

39  
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1.2.9. Anti-TB agents 

N. Pappula et. al., reported a series of novel pyrimidine-linked isoxazole derivatives 

(40) and screened for their anti-mycobacterial activity. Compounds 40a and 40b showed 

excellent activity with MIC of 0.78 µg/mL, these compounds shows potent anti-TB activity 

than pyrazinamide (3.125 µg/mL) [45].  

NN

N
O

NH2

R

40

40a: R= (CH
3
)
2
N

40b: R= OC
2
H

5

 

A series of novel 1H-pyrrolo[2,3-d]pyrimidine-1,2,3-triazole derivatives (41) have been 

synthesized by K.S. Raju et. al., and reported as antimycobacterial agent. The compounds 

41a and 41b were displayed excellent anti-TB efficacy with MIC of 0.78 µg/mL [46]. 

N

N

N
N

N

N
R

41

41a: R= 

41b: R= 
N

O

F

N
O

 

1.2.10. Antioxidants 

A series of benzofuran-gathered C-2,4,6-substituted pyrimidine derivatives (42) has 

been developed by J. Rangaswamy et. al., and screened for anti-oxidant activity using in vitro 

assays such as DPPH and DMPD radical scavenging methods. The results showed that, the 

compounds 42a, 42b, 42c and 42d produced significant antioxidant activity with IC50 values 

of 8 & 15, 18 & 29, 10 & 18 and 24 & 22 µM for DPPH and DMPD radical scavenging 

activity respectively [47]. 
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S
O

S

O

R
2

N

N

R

O R
1

42

42a: R= OH, R1= OCH
3
, R2= OH

42b: R= OH, R1= OCH
3
, R2= OCH

3

42c: R= OH, R1= H, R2= OH

42d: R= OH, R1= H, R2= OCH
3

 

In 2018, J. Figueiredo et. al., synthesized a series of trisubstituted barbiturates and 

thiobarbiturates (43) and evaluated their antioxidant activity. Among the series, 43a, 43b & 

43c displayed potent DPPH radical scavenging activity with IC50 values of 18.8, 20.4 & 23.8 

µM respectively [48]. 

N

N

O

O

R

X

R
N

N
R

1

H

H

43

43a: X= O, R= CH
3
, R1= C

6
H

5

43b: X= O, R= H, R1= C
6
H

5

43c: X= O, R= CH
3
, R1= 4-NO

2
C

6
H

4
  

 

1.2.11. Anti-HIV agents 

S. Okazaki and co-workers synthesized a series of novel benzo[4,5]isothiazolo[2,3-

a]pyrimidine scaffolds (44) and reported as anti-HIV agents. Compound 44a exhibited potent 

anti-HIV activity with least EC50 (50 % effective concentration) value of 0.10±0.03 µM [49]. 

N

NS

R

44

44a: R= m-anisyl

 

In 2021, a series of piperidinyl-substituted [1,2,4]triazolo[1,5-a]pyrimidines (45) have 

been  synthesized by B. Huang et. al., and evaluated their anti-HIV activity. Out of all the 
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synthesized compounds, 45a was the most active compound and exhibited excellent anti-HIV 

efficacy with EC50 value of 4.29 μM [50]. 

NN

N
N

O NH

N

S Ar O

O

45

45a: Ar= 4-CH
3
-Ph

 

1.2.12. Anticonvulsant and Anti-depressants 

A series of 5-alkoxytetrazolo[1,5-c]thieno[2,3-e]pyrimidine derivatives (46) were 

synthesized by S.B. Wang et. al., and reported as anticonvulsant and antidepressant activities. 

Compound 46a was recognized as most active compound, which decreased the immobility 

time by 51.62 % at a dose of 100 mg/kg [51]. 

N

N

S
N

NN

O
R

46

46a: R=

Cl

Cl

 

1.2.13. Anti-malarial agents 

In 2013, S.I. Pretorius et. al., synthesized a sequence of quinoline-pyrimidine hybrids 

(47) and reported as antimalarial agent against chloroquine-susceptible (CQS) D10 and 

chloroquine-resistant (CQR) Dd2 strains of Plasmodium falciparum. Out of all the 

compounds, 47a was displayed potent efficacy with IC50 value of 0.070±0.017 µg/mL against 

D10 and Dd2 strains [52].  
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N

N

N

N

NNH2 NH2

R

47

47a: R= 4-Cl

 

Nitrogen and Oxygen incorporated heterocyclic compounds 

1.3.  Isoxazole 

Isoxazole (48) is a five-membered electron-rich azole having two heteroatoms such as 

oxygen and nitrogen at 1 and 2 adjacent position of the ring. It is a yellow colourled 

compound, having molecular formula of C3H3NO and molecular weight of 69.06 g/mol 

having melting point 93-95 ℃, boiling point 95 ℃ and pKa value is -3.0 for conjugated acid. 

Two carbon-carbon double bonds contribute to the unsaturated property of the molecule. The 

structural features of isoxazole make it possible for multiple non-covalent interactions, 

especially hydrogen bonds (hydrogen bond acceptor N and O), pi-pi stack (unsaturated five-

membered ring) and hydrophilic interactions [53]. Isoxazole was first discovered by Claisen 

in 1888 [54, 55] who synthetized the 3-methyl-5-phenylisoxazole (49) in 1903, by oxymation 

of propargylaldehyde acetal. Later, Quilico in 1946, who investigated the synthesis of the 

isoxazole ring by reaction of N-oxides with acetylenic compounds [56]. 

1 2

3

4

5

NO

48

O
N

49  

Isoxazole moieties represent a class of unique pharmacophores, it is abundant in many 

natural products include ibotenic acid, muscimol etc. It is a constituent units of diverse 
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therapeutic agents viz antimicrobial [57], anti‐HIV [58], anti-TB [59], anti‐inflammatory [60], 

anti-diabetic [61], anticancer [62], antidepressant [63], peptidase inhibitors [64] etc. 

Therefore, it attained the attention to researchers in the development of new drug leads in 

pharmaceutical chemistry. Various methods to synthesize substituted isoxazoles have been 

published including approaches based on condensation of 1,3-dicarbonyl compounds with 

hydroxylamine [65] addition of nitrile oxides to supported alkynes [66], intermolecular 

cycloadditions [67] condensations [68] and intramolecular cyclizations of amino acids [69] 

etc. 

1.3.1. Electrophilic substitution on isoxazoles 

The π-electron density distribution of unsubstituted isoxazole shows higher at the 4th 

position, followed by 5th and 3rd position on the ring. The experimental observation shows the 

4th position being the preferred site for electrophilic substitution reactions [70, 71]. 

N O

NH4NO3 (CF3CO)2O

RT
N O

NO2 

 

1.3.2. Significance of isoxazole derivatives 

Some of important pharmacologically active drugs containing an isoxazole core are 

sulfamethoxazole (50) (PABA antagonist, antibacterial), oxacillin (51) and cephalosporin 

(52) (β-lactam antibiotics), isocarboxazide (53) (MAO inhibitor, antidepressant), anabolic 

steroid (54), isoxaflutole (55) (4-HPPD Inhibitor, herbicide), leflunomide (56) (DHODH 

inhibitor, immunosuppressant, anti-reumathic), parecoxib (57) (COX-2 inhibitor, FANS), 

risperidone (58) (dopamine antagonist, antipsycothic). 
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The discovery of synthetic strategies relying on their chemistry as well as significant 

biological activities displayed by isoxazole derivatives makes interest in research field. 

Therefore, we discussed some reported bio-active isoxazole derivatives as below. 

1.3.3. Antibacterial agents 

In 2020, F. Habib and co-authors reported isoxazole-triazole conjugated derivatives 

(59) and screened them for in vitro antibacterial activity. Compound 59a shows least IC50 

value of 67.60 µg/mL against P. aeruginosa and 59b displayed potent IC50 values of 92.25, 

165.19, 74.13, 44.66, 105.92, 87.17 µg/mL against P. aeruginosa, S. typhimurium, S. 

pneumoniae, E. faecalis, K. pneumonia & E. coli bacterial strains respectively [72]. 
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NO

O

O

N
N

NCl R

59

59a: R= p-COOH

59b: R= m-Cl

 

A series of 5-((3-chlorophenoxy)methyl)-3-(1-((1-(aryl)-1H-1,2,3-triazol-4-yl)methyl)-

1Hindol-2-yl)isoxazole derivatives (60) has been developed by M. Prashanthi et. al., and 

reported as antibacterial activity. Compound 60a displayed potent antibacterial efficacy with 

MIC value of 3.12±0.22, 3.12±0.14 and 6.25±0.83 µg/mL against B. subtilis, S. aureus and E. 

coli respectively [73]. 

N N O

O

NN
N

Ar 

Cl

60

60a: Ar= 3-CF
3
C

6
H

4

 

1.3.4. Antifungal agents 

Synthesis and antifungal evaluation of (2R,3R)-3-((3-substitutied-isoxazol-5-

yl)methoxy)-2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-yl) butan-2-ol derivatives (61) was 

reported by F. Xie et. al., in 2020. Compound 61a showed excellent inhibitory activity 

against C. albicans, C. parapsilosis, C. neoformans and C. glabrata with MIC value of 

0.0313, 0.0625, 0.0313 and 0.125 μg/mL repectively [74]. 

61a: R= 4-FO

O N

N
N

N

F

F

OH

R

61

 

S.S. Basha and co-workers synthesized a series of thiazolyl-isoxazole derivatives (62) 

and reported as antifungal activity against A. niger and P. chrysogenum. Compound 62a 
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exhibited excellent fungal activity with highest zoon of inhibition of 29±1, 31±6, 33±4, 36±3 

mm and 33±3, 35±1, 36±2, 38±3 mm with respect to concentrations of 12.5, 25, 50 & 100 

µg/mL against A. niger and P. chrysogenum respectively [75]. 

62a: Ar= 4-NO
2
C

6
H

4

N

S O NCl

Cl

Ar 

62  

1.3.5. Antiviral agents 

Z.B. Yang and co-workers developed a series of novel isoxazole-amide derivatives (63) 

and reported as antiviral activity against tobacco mosaic virus (TMV) and cucumber mosaic 

virus (CMV). The bioassay results indicated that, 63a compound exhibited excellent curative 

and protection activity against TMV and CMV, with the 50 % effective concentration (EC50) 

values of 168.5, 157.6 and 197.9, 168.4 mg/L respectively. This compound exhibited best 

curative, protection and inactivation activities against TMV and CMV which were superior to 

standard Ningnanmycin (NNM) [76]. 

N
O

Cl

Cl
NH

O

O
NH

N

R2

R1
63

63a: R
1
= 4-F, R

2
= 2-thienyl

 

A series of novel pyrazole-hydrazone containing isoxazole derivatives (64) have been 

synthesized by Z. Yang et. al., and reported as antiviral activity against tobacco mosaic virus 

(TMV). Compounds 64a, 64b and 64c exhibited the best curative activity, protection activity 

and inactivation activity against TMV with EC50 values of 240.8±2.2, 287.4±2.3, 172.3±2.1, 

342.6±4.3, 148.4±3.3, 62.2±1.6 and 37.3±1.9 mg/L respectively [77]. 
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64a: R
1
= 2-Cl, R

2
= H, R

3
= 4-Cl-Ph

64b: R
1
= 2-Cl, R

2
= H, R

3
= 2-Br-Ph

64c: R
1
= 2,6-diCl, R

2
= H, R

3
= Furyl

N O
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O
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O

N
N R3

R2H

R1
64  

1.3.6. Anticancer agents 

In 2018, B. Caliskan et. al., synthesized and evaluated cytotoxicity of novel isoxazole-

piperazine hybrids (65) against human liver and breast cancer cell lines. Among the series, 

compounds 65(a-d) showed the most potent cytotoxicity on both the cell lines with IC50 

values in the range of 0.3-3.7 µM [78]. 

O N

N

N

CF3

R

65

65a: R= 

65b: R= 

65c: R= 

65d: R= 

O

O

O

N O

N
N O

 

In 2020, a new series of tetrahydroquinoline-isoxazoline hybrid derivatives (66) were 

synthesized by C.C. Bernal et. al., and screened against different cancer cell lines viz human 

breast adenocarcinoma, human liver carcinoma, human lung adenocarcinoma, cervical cancer 

and murine melanoma. In that, compounds 66a (CC50=11.37 μM) and 66b (CC50=25.59 μM) 

showed potent anticancer activity against murine melanoma cell line. Compound 66c showed 

excellent activity on cervical cancer cell line with cytotoxic concentration (CC50) value of 

10.21 μM [79]. 
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66a: R1= H, R2= H, R3= H, R4= H

66b: R1= OCH
3
, R2= H, R3= H, R4= H

66c: R1= CH
3
, R2= OCH

3
, R3= OCH

3
, R4= OCH
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1.3.7. Anti-inflammatory agents 

In 2020, E.K. Abdelall synthesized a series of novel isoxazole derivatives (67) and 

reported as anti-inflammatory activity. Among the series, compound 67a shows potent anti-

inflammatory efficacy with ED50 value of 45 mg/kg, nearly the same as that of standard drug 

celecoxib (40 mg/kg) [80]. 

N N

N
OO

R R
1

67

67a: R= COCH
3
, R1= CH

3

 

A series of new indole containing isoxazole derivatives (68) has been synthesized by 

S.R. Pedada et. al., and investigated as anti-inflammatory activity. Compound 68a showed 

potent anti-inflammatory efficacy with highest % of edema inhibition of 75.67±4.21 and 

76.54±3.1 at 3rd and 4th hour respectively [81]. 

N O
NH

N
H

R
1

R
2

R

68

68a: R= CH
3
, R1= F, R2= CF

3
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1.3.8. Anti-mycobacterial agents 

A series of 5-(2,8-bis(trifluoromethyl)quinolin-4-yloxymethyl)isoxazole-3-carboxylic 

acid ethyl ester derivatives (69) are excellent anti-TB agent and was reported by J. Mao et. al. 

The compound 69a was found to be active against M. tuberculosis both intracellularly and 

extracellularly with a MIC value of 0.9 µM and 12.2 µM respectively [82]. 

N

CF3

CF3

O

O N O

O

R

69

69a: R= C
2
H

5

 

In 2014, D. Patel and co-authors synthesized coumarin based isoxazoles (70) and study 

their anti-mycobacterial activity against MTB H37Rv. Compound 70a, which had a methoxy 

group, showed strong anti-mycobacterial action with a MIC of 62.5 µg/mL and 99 % 

inhibition rate [83]. 

70a: R= OCH
3
, R1= OCH

3

O

NH

O

N
O

R R
1

70  

1.3.9. Antioxidants 

In 2020, a series of isoxazole ring-containing chalcones (71) has been synthesized by 

A. Shaik et. al. and reported as antioxidant activity. Among the synthesized compounds, 71a, 

71b & 71c exhibited potent DPPH free radical scavenging assay with least IC50 values of 

5±1, 6±1 & 7±2 µg/mL respectively [84]. 
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In 2021, A.M. Eid et. al., synthesized and evaluated antioxidant activity of isoxazole-

carboxamide derivatives (72). Compound 72a was the most active as antioxidant agent with 

IC50 value of 7.8±1.21 μg/mL [85]. 

N
O

O

NH

Cl

R

72

72a: R=

 

1.3.10. Anti-HIV agents 

In 2014, a series of thiazol-2-ylpyrazolo[4,3-d]isoxazole diazenyl derivatives (73) has 

been synthesized by S.M. Gomha et. al. and reported as anti-HIV activity against the HIV-1 

viral enzyme reverse transcriptase (RT). Compound 73a exhibited very potent inhibitory 

power against HIV-1 viral RT with IC50 value of 0.016 µM [86]. 

N

O
N

N
H

N
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Ph

N
N

Cl

R

73

73a: R= Br

 

In 2009, B.L. Deng and his-workers synthesized a series of alkenyldiarylmethanes 

containing benzo[d]isoxazole and oxazolidine-2-one rings (74) and investigated anti-HIV 

activity. Compound 74a recognized as potent non-nucleoside HIV-1 reverse transcriptase 
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inhibitors and showed most promising efficacy with EC50 values of 0.04 µM (vs HIV-1RF) 

and 0.02 µM (vs HIV-1IIIB) [87]. 

74a: R
1
= CH

3
, R

2
= OCH

3
, R

3
= COOCH

3
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1.3.11. Anti-depressant and Antianxiety agents 

A series of 5-substituted phenyl-3-(thiophen-2-yl)-4,5-dihydro-1,2-oxazoles (75) was 

synthesized by J. Kumar et. al. and reported as antidepressant and antianxiety activities. The 

compound 75a exhibited good antidepressant activity in terms of immobility time 173±5 sec 

and 75b showed highest antianxiety activity of 20.44 % preference to open arm [88]. 

75a: R= 4-N(CH
3
)
2

75b: R= 4-F

S

N
O

R

75  

J. Kumar et al., (2017) synthesized a series of 3,4,5-trisubstituted isoxazoles including 

the furan and piperazine moiety (76) and reported as antidepressant efficacy in albino mice 

and antianxiety activity. Compounds 76a & 76b reduced the duration of immobility times of 

152.00-152.33 % at 10 mg/kg dose level [89]. 

76a: R= H

76b: R= N(CH
3
)
2

N OO

N

N
R

76  
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1.4. Plan of work 

The research work entitled “Synthesis and biological evaluation of some new 

heterocyclic compounds containing Nitrogen and Oxygen atoms” is systematically 

presented in seven chapters and are given below: 

Chapter-1: Introduction 

Chapter-2: This chapter has been divided into two sections. 

Section-2A: Facile TiO2 NPs catalyzed synthesis of substituted-4-hydroxy/methoxy 

benzylidene derivatives as potent antioxidant and anti-tubercular agents. 

Section-2B: Facile synthesis of some 5-(3-substituted-thiophene)-pyrimidine derivatives and 

their pharmacological and computational studies. 

Chapter-3: Efficient L-Proline catalyzed synthesis of some new (4-substituted-phenyl)- 

1,5-dihydro-2H-pyrimido[4,5-d][1,3]thiazolo[3,2a]-pyrimidine-2,4(3H)-diones bearing 

thiazolopyrimidine derivatives and evaluation of their pharmacological activities. 

Chapter-4: This chapter has been divided into two sections. 

Section-4A: An efficient p-TSA catalyzed synthesis of some new substituted-(5-hydroxy-3-

phenylisoxazol-4-yl)-1,3-dimethyl-1H-chromeno[2,3-d]pyrimidine-2,4(3H,5H)-dione 

derivatives and evaluation of their pharmacological and computational investigations. 

Section-4B: An efficient p-TSA catalyzed synthesis of some new substituted-(5-hydroxy-3-

phenylisoxazol-4-yl)-3,3-dimethyl-2H-xanthen-1(9H)-one scaffolds and evaluation of their 

pharmacological and computational investigations. 

Chapter-5: Synthesis, in-vitro evaluation and docking studies of novel 6-amino-4-

substituted-pyrano[3,2-d]isoxazole-5-carbonitrile derivatives as potential anti-diabetic and 

anticancer agents. 

Chapter-6: This chapter has been divided into two sections. 
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Section-6A: Synthesis, in-vitro evaluation, docking and ADME studies of novel 5-[3-(4-

chlorophenyl)-substituted-6-hydroxypyrimidine-2,4(1H,3H)-dione derivatives as potential 

anti-diabetic and anticancer agents. 

Section-6B: Synthesis, in-vitro evaluation, docking and ADME studies of novel 5-[3-(4-

chlorophenyl)-substituted-1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-trione derivatives as 

potential anti-diabetic and anticancer agents. 

Chapter-7: Synthesis, characterization and biological evaluation of some new 2-[(4-

hydroxy-6-methylpyrimidin-2-yl)amino]-1-(4-substituted)ethanone derivatives. 
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2A.1. Introduction  

The nitrogen and oxygen-containing heterocyclic compounds achieve great importance 

due to their wide range of pharmacological activities. They are obtained from various natural 

resources and synthetic reactions in medicinal chemistry. Pyrimidine, pyrazole and isoxazole 

derivatives have drawn much attention due to their biological importance as antimicrobial, 

anticancer, anti-inflammatory, anti-diabetic, anti-tubercular, antioxidant, antiparasitic, anti-

convulsants, anti-depressants, analgesic, gastro protectors and kinase inhibitors [1-6].  

Knoevenagel reaction is widely used for C=C bond formation using conventional 

catalysts such as acetic acid, Bi(NO3)3.5H2O, Lewis acids like ZrOCl2.8H2O, Nano-Fe3O4, β-

alanine, CAS ((±)-Camphor-10-Sulfonic Acid), L-valine and L-tyrosine [7-11] etc. Among 

them, nanocatalysis is a rapidly growing field that often employs nanoparticles in a variety of 

organic and inorganic reactions [12, 13]. Titanium oxide nanoparticles (TiO2 NPs) are used in 

various industrial processes, organic catalyst [14-16], bactericides [17], gas sensors [18], 

environmental protections [19], dielectric ceramics [20], photovoltaic solar cells [21] and 

absorbents [22] etc.  

Tuberculosis (TB) is a dominant infectious disease that affects the broader population. 

This disease is caused by Mycobacterium tuberculosis (MTB). According to the World 

Health Organization’s (WHO) Global Tuberculosis (2019), about 10 million people were 

affected and approximately 1.4 million deaths were caused by TB [23]. The excess 

production of free radicals (nitric oxide, superoxide and hydroxyl) can cause damage to 

biomolecules such as lipids, proteins, enzymes and DNA in cells and tissues; this may lead to 

several disorders such as cancer, diabetes, cardiovascular, autoimmune diseases, 

neurodegenerative disorders, aging and other diseases [24-26]. Antioxidants are capable of 

interacting with free radicals and stopping their chain reactions before essential vital 

molecules are damaged. To overcome these problems further investigation of novel drugs are 
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more essential. Pyrimidine, pyrazole and isoxazole derivatives have properties that are 

potentially useful in fighting against various diseases. Some of the reported biologically 

active drugs have been mentioned in Fig. 1.  
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Fig. 1. Biologically active drugs containing pyrimidine, pyrazole and isoxazole nucleus. 

L. Ma et. al., reported a series of 5-benzylidenepyrimidine 2,4,6(1H,3H,5H)-trione 

derivatives (1), among all the compounds, 1a exhibited potent glucose-lowering effects on 

insulin-resistant HepG2 cells and regulated adiponectin and leptin expression in 3T3-L1 

adipocytes [27]. 

N
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X O O

N
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1a: X= O; R1= H; R2=
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In 2021, A.A. Esmaeili and co-workers reported 5-aryl-2,3,7,8-tetrahydro-5H-11-oxa-

1,9-dithia-3a,6a,10,12-tetraaza-dicyclopenta[b,i]anthracene-4,6-diones derivatives (2) via 

cyclocondensation reaction of 2,3-dihydro-thiazolo[3,2-a]pyrimidine-5,7-dione and aromatic 

aldehyde derivatives in the presence of diisopropylethylamine as an organo-base catalyst 

[28]. 

OH

+
NN

S

O O

DIPEA

EtOH, Reflux

O

N

N

N

N SS

O O

R

R

2  

A series of rhodanine/5-benzylidene-3-phenyl-2-thioxo-1,3-thiazolidin-4-one 

derivatives (3) was synthesized via Knoevenagel condensation reaction. Among the 

benzylidene derivatives, 3a with two hydroxyl groups at 3,4-postion on phenyl ring, showed 

the highest antioxidant property of 71.2 % of inhibition have been reported by M. Molnar et. 

al., [29]. 

N

S

O

S R

3

3a: R= 3,4-(OH)
2
-phenyl

 

In 2018, substituted 2-phenyl-5-methyl-pyrazol-3-one derivatives (4) have been 

reported by V.M. Lunagariya et. al., as potential antibacterial and anticancer agents. 

Compound 4a having electron withdrawing NO2 group at para position of the phenyl ring 

shows good anticancer activity with IC50 value of 52.44±1 µg/mL [30]. 

N

N

O

R

4

4a: R= 4-NO
2
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In 2018, M. Shabeer and his-workers reported a 5-benzylidene-2-

thioxodihydropyrimidine-4,6(1H,5H)-dione derivatives (5) as potential antifungal agents. 

Compounds 5a, 5b and 5c showed potent fungal activity against C. parapsilosis, C. tropicalis 

and C. neoformans with IC50 value of ˂1.95 µg/mL and compound 5b exhibited least IC50 

values of 1.95, 9.39 and 6.18 µg/mL against C. albicans, C. dubliniensis and C. lusitaniae 

fungal strains respectively [31]. 

N
H

NH

O

S O

R

5

O

S

Ph

S

Ph

5a: R=

5b: R=

5c: R=

 

Zirconium catalyzed 2-arylidene indan-1,3-diones derivatives (6) have been reported by 

F. Oliveira et. al., and were evaluated as inhibitors of the NS2B-NS3 protease of West Nile 

Virus. The most active hydroxylated derivatives 6a and 6b exhibited as noncompetitive 

enzymes inhibitors with IC50 values of 11 µmol L-1 and 3 µmol L-1, respectively [32]. 

O

O

R

6

6a: R= 4-OH

6b: R= 3,4-(OH)
2

 

Based on the above investigations, we have reported substituted-4-hydroxy/methoxy 

benzylidene derivatives and have examined their antioxidant, anti-TB and molecular docking 

studies against Human peroxiredoxin 5 and Enoyl-ACP reductase as target enzymes, 

respectively. 
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2A.2. Present work 

In this chapter, we described a simple and convenient method for the synthesis of 

substituted-4-hydroxy/methoxy benzylidene derivatives 3(a-i) via Knoevenagel condensation 

reaction of different active methylene compounds (1) with 4-hydroxy/methoxy benzaldehyde 

(2) in aqueous ethanol in the presence of TiO2 NPs as a catalyst and the reaction pathway of 

the synthesized compounds has been given in Scheme 1.  
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Scheme 1. Synthesis of substituted-4-hydroxy/methoxy benzylidene derivatives 3(a-i). 

The synthetic strategy involves in the following steps: 

 The reaction was initiated by the formation of enol (1) from an active methylene 

compound.  

 TiO2 NPs are coordinated to the oxygen atom of the aromatic aldehyde (2) and then 

activated for nucleophilic attack.  

 Enol (1) attacks the carbonyl group of aldehyde (2) and affords an intermediate (3), 

which undergoes subsequent dehydration to desired Knoevenagel products (4).  
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 A possible mechanism for the formation of substituted-4-hydroxy/methoxy benzylidene 

derivatives has been shown in Fig. 2. 
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Fig. 2. Possible mechanism of synthesized compounds 3(a-i). 

Firstly, we studied the effect of the catalyst on the reaction. In the previous reports, the 

reaction was carried out in the presence of different catalysts such as acetic acid, 

Bi(NO3)3.5H2O, ZrOCl2.8H2O, Nano-Fe3O4, β-alanine, CAS ((±)-Camphor-10-Sulfonic 

Acid), L-valine and L-tyrosine  (Table 1). We have screened the TiO2 NPs catalyst to find 

the progress of the reaction as well as the increase in product yield of compound 3a. By using 

this catalyst, the result was very encouraging with a short reaction time and good yield.  

Table 1. Effect of different catalysts on synthesized compound 3a. 

Entry Catalyst Solvent Temperature (oC) Time (min) Yield (%) 

1 TiO2 NPs EtOH:H2O Reflux 10 98 

2 ACOH EtOH Reflux 180 85[30] 

3 Bi(NO3)3.5H2O EtOH Reflux 20 95[31] 

4 ZrOCl2.8H2O H2O Reflux 120 86[32] 

5 Fe3O4 NPs EtOH Reflux 30 70[7] 

6 β-alanine ACOH Reflux 180 71[8] 

8 CAS EtOH:H2O Reflux 35 85[9] 

9 L-valine EtOH Reflux 10 93[10] 

10 L-tyrosine H2O RT 16 93[11] 

11 - H2O Reflux 12 h 93[33] 
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The structures of the desired substituted-4-hydroxy/methoxy benzylidene derivatives 

3(a-i) were confirmed by recording UV-Visible, IR, 1H NMR, 13C NMR and Mass spectral 

data.  

In the IR spectrum, the compound 3a showed a stretching vibration band at 3417 cm-1 

due to the hydroxyl group and another vibration band at 3256 cm-1 corresponding to amide 

functionality. 3096 cm-1 due to CH group and 1716 cm-1 correspond to stretching vibration 

frequency of the carbonyl group (C=O). The 1H NMR spectrum of compound 3a exhibited 

two singlet peaks at δ 11.20 ppm and 11.07 ppm, which corresponds to two NH protons of 

the pyrimidine core (s, 2H, NH) and another singlet peak at δ 10.75 ppm due to OH proton (s, 

1H, OH). A doublet peak at 8.31-8.29 ppm corresponds to two aromatic protons (d, J= 8 Hz, 

2H, Ar-H), a singlet peak at δ 8.19 ppm due to CH proton (s, 1H, CH) and another doublet 

peak at 6.87-6.85 ppm corresponds to two aromatic protons (d, J= 8 Hz, 2H, Ar-H). In 13C 

NMR spectrum of the compound 3a, the signals appear at 162.82 and 164.16 ppm 

corresponds to carbonyl carbons (C=O). 

The mass spectrum showed a molecular ion peak m/z at 231.0742 [M+-1], which 

corresponds to the molecular weight of the compound 3a.  
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Characterization: 
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13CNMR spectrum of compound 3a 
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2A.3. Experimental 

2A.3.1. General information: 

The reagents and solvents were commercially purchased from Sigma Aldrich and are 

used without further purification. TLC was used to monitor the progress of the reactions 

using E. Merck silica gel GF254 precoated on aluminium coated plates. Visualization of the 

developed chromatogram was performed by UV light (254 and 356 nm). The melting point 

ranges of solid compounds were determined in open capillary tubes and uncorrected. The 

absorption spectra of the synthesized compounds were recorded by using HR 4000 UV-

Visible Spectrophotometer and DMSO was used as a solvent. The FTIR spectra were 

obtained using KBr pellets on Bruker FTIR Alpha spectrometer. The 1H NMR and 13C NMR 

spectra were recorded on Bruker 400 MHz and 100 MHz in DMSO-d6 as a solvent 

respectively and TMS was used as internal standard. Mass spectral data were obtained by 

Agilent 1200 series LC & Micromass Q spectrometry.  

2A.3.2. Procedure for synthesis of substituted-4-hydroxy/methoxy benzylidene 

derivatives 3(a-i):  

A mixture of different active methylene compounds (1) (1 mmol) with 4-

hydroxy/methoxy benzaldehyde (2) (1 mmol) in 15 mL of aqueous ethanol using TiO2 NPs as 

a catalyst and was refluxed with constant stirring for about 10 min. Simultaneously, the 

reaction was monitored by TLC (ethyl acetate: petroleum ether). After completion of 

reaction, the reaction mixture was cooled to room temperature and poured into the 100 mL of 

flake ice with vigorous stirring to extract the solid precipitate, which was then filtered, 

washed with distilled ethanol and dried to yield pure solid products 3(a-i). 
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5-(4-Hydroxybenzylidene)pyrimidine-2,4,6(1H,3H,5H)-trione (3a):  

Yellow solid; Yield: 98 %; MP: 300-305 oC; Mol. Formula: C11H8N2O4; UV (nm) λmax 

(log ε): 468 (3.64), 382 (3.99), 297 (3.93) and 464 (3.74), 377 (3.78), 300 (4.01); FTIR (υ cm-

1): 3417 (OH), 3256 (NH), 3096 (CH), 1716 (C=O), 1537 (C=C); 1H NMR (δ ppm): 11.20 (s, 

1H, NH), 11.07 (s, 1H, NH), 10.75 (s, 1H, OH), 8.31-8.29 (d, J= 8 Hz, 2H, Ar-H), 8.19 (s, 

1H, CH), 6.87-6.85 (d, J= 8 Hz, 2H, Ar-H); 13C NMR (δ ppm): 164.16, 162.82, 160.48, 

157.01, 139.25, 124.43, 116.13, 114.71; HRMS: m/z 231.0742 [M+-1]; Anal. Calcd: C 56.90, 

H 3.47 & N 12.06 %, Found: C 56.85, H 3.42 & N 12.02 %. 

5-(4-Hydroxybenzylidene)-2-thioxodihydropyrimidine-4,6(1H,5H)-dione (3b):  

Orange solid; Yield: 98 %; MP: 330-335 oC; Mol. Formula: C11H8N2O3S; UV (nm) 

λmax (log ε): 493 (3.57), 413 (3.49) and 490 (3.36), 311 (3.72); FTIR (υ cm-1): 3402 (OH), 

3272 (NH), 3011 (CH), 1705 (C=O), 1565 (C=C), 1354 (C=S); 1H NMR (δ ppm): 12.29 (s, 

1H, NH), 12.19 (s, 1H, NH), 10.95 (s, 1H, OH), 8.38-8.36 (d, J= 8 Hz, 2H, Ar-H), 8.23 (s, 

1H, CH), 6.90-6.88 (d, J= 8 Hz, 2H, Ar-H); 13C NMR (δ ppm): 178.60, 164.16, 162.84, 

160.47, 157.05, 139.27, 124.42, 116.14, 114.68; HRMS: m/z 248.9160 [M+]; Anal. Calcd: C 

53.22, H 3.25 & N 11.28 %, Found: C 53.18, H 3.20 & N 11.22 %. 

5-(4-Hydroxybenzylidene)-1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-trione (3c): 

Yellow solid; Yield: 95 %; MP: 295-298 oC; Mol. Formula: C13H12N2O4; UV (nm) λmax 

(log ε): 470 (3.44), 382 (4.18), 296 (3.94) and 467 (3.99), 380 (3.98), 300 (4.04); FTIR (υ cm-

1): 3491 (OH), 3001 (CH), 2899 (N-CH3), 1699 (C=O), 1569 (C=C); 1H NMR (δ ppm): 10.82 

(s, 1H, OH), 8.30-8.28 (d, J= 8 Hz, 2H, Ar-H), 8.25 (s, 1H, CH), 6.88-6.86 (d, J= 8 Hz, 2H, 

Ar-H), 3.20-3.18 (d, J= 8 Hz, 6H, N-CH3); 
13C NMR (δ ppm): 163.49, 163.12, 161.22, 

156.73, 151.46, 138.64, 124.16, 115.87, 114.28, 28.97, 28.35; HRMS: m/z 261.0570 [M++1]; 

Anal. Calcd: C 60.00, H 4.65 & N 10.76 %, Found: C 60.00, H 4.61 & N 10.71 %. 
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5-(4-Hydroxybenzylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione (3d):  

Pale yellow solid; Yield: 85 %; MP: 195-199 oC; Mol. Formula: C13H12O5; UV (nm) 

λmax (log ε): 456 (3.47), 372 (3.57) and 450 (3.89), 368 (3.57); FTIR (υ cm-1): 3362 (OH), 

3015 (CH), 1692 (C=O), 1564 (C=C); 1H NMR (δ ppm): 10.91 (s, 1H, OH), 8.24 (s, 1H, 

CH), 8.15-8.17 (d, J= 8 Hz, 2H, Ar-H), 6.87-6.89 (d, J= 8 Hz, 2H, Ar-H), 1.70 (s, 6H, CH3); 

13C NMR (δ ppm): 164.39, 164.13, 158.12, 156.43, 150.44, 137.44, 123.15, 114.57, 113.18, 

24.66, 24.05; HRMS: m/z 248.9160 [M+]. Anal. Calcd: C 62.90, H 4.87 %, Found: C 62.85, 

H 4.82 %. 

5-(4-Hydroxy-3-methoxybenzylidene)pyrimidine-2,4,6(1H,3H,5H)-trione (3e):  

Yellow solid; Yield: 89 %; MP: 240-242 oC; Mol. Formula: C12H10N2O5; UV (nm) λmax 

(log ε): 484 (3.79), 404 (3.67), 294 (3.96) and 481 (4.10), 300 (4.03); FTIR (υ cm-1): 3490 

(OH), 3252 (NH), 3008 (CH), 2820 (OCH3), 1674 (C=O), 1554 (C=C); 1H NMR (δ ppm): 

11.22 (s, 1H, NH), 11.09 (s, 1H, NH), 10.51 (s, 1H, OH), 8.45 (s, 1H, Ar-H), 8.20 (s, 1H, 

CH), 7.79-7.76 (m, 1H, Ar-H), 6.89-6.87 (d, J= 8 Hz, 1H, Ar-H), 3.81 (s, 3H, OCH3); 
13C 

NMR (δ ppm): 163.45, 163.95, 162.64, 146.29, 146.11, 136.77, 128.80, 116.24, 112.03, 

50.233; HRMS: m/z 261.9065 [M+-1]; Anal. Calcd: C 54.97, H 3.84 & N 10.68 %, Found: C 

54.93, H 3.79 & N 10.62 %. 

2-(4-Hydroxybenzylidene)-1H-indene-1,3(2H)-dione (3f): 

Green solid; Yield: 93 %; MP: 238-240 oC; Mol. Formula: C16H10O3; UV (nm) λmax 

(log ε): 506 (3.91), 400 (3.73) and 506 (3.77), 393 (3.86); FTIR (υ cm-1): 3499 (OH), 3011 

(CH), 1672 (C=O), 1557 (C=C); 1H NMR (δ ppm): 10.84 (s, 1H, OH), 8.51-8.49 (d, J= 8 Hz, 

2H, Ar-H), 7.90-7.88 (d, J= 8 Hz, 4H, Ar-H), 7.71 (s, 1H, CH), 6.93-6.91 (d, J= 8 Hz, 2H, 

Ar-H); 13C NMR (δ ppm): 190.34, 189.38, 163.68, 146.66, 142.04, 139.61, 137.98, 135.90, 

135.73, 125.57, 125.00, 123.11, 123.06, 116.38; HRMS: m/z 250.0856 [M+]; Anal. Calcd: C 

76.79, H 4.03 %, Found: C 76.72, H 4.00 %. 
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4-(4-Hydroxybenzylidene)-5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (3g): 

Orange solid; Yield: 85 %; MP: 132-135 oC; Mol. Formula: C17H14N2O2; UV (nm) λmax 

(log ε): 372 (4.09) and 488 (3.36), 368 (4.05), 301 (4.04); FTIR (υ cm-1): 3356 (OH), 3010 

(CH), 1678 (C=O), 1601 (C=N), 1553 (C=C); 1H NMR (δ ppm): 10.79 (s, 1H, OH), 8.63-

8.61 (d, J= 8 Hz, 2H, Ar-H), 7.92-7.90 (d, J= 8 Hz, 2H, Ar-H), 7.68 (s, 1H, CH), 7.43-7.39 (t, 

2H, Ar-H), 7.18-7.14 (t, 1H, Ar-H), 6.93-6.91 (d, J= 8 Hz, 2H, Ar-H), 2.32-2.30 (d, J= 8 Hz, 

3H, CH3); 
13C NMR (δ ppm): 190.34, 169.45, 157.45, 144.13, 140.11, 137.41, 136.72, 

132.41, 131.42, 129.21, 128.40, 123.14, 117.47, 113.48, 20.82; HRMS: m/z 279.1800 

[M++1]. Anal. Calcd: C 73.37, H 5.07 & N 10.07 %, Found: C 73.31, H 5.01 & N 10.02 %. 

4-(4-Hydroxybenzylidene)-3-phenylisoxazol-5(4H)-one (3h):  

Yellow solid; Yield: 90 %; MP: 210-212 oC; Mol. Formula: C16H11NO3; UV (nm) λmax 

(log ε): 482 (3.80), 400 (3.27) and 481 (4.22), 320 (3.51); FTIR (υ cm-1): 3366 (OH), 3031 

(CH), 1722 (C=O), 1580 (C=N), 1529 (C=C); 1H NMR (δ ppm): 11.11 (s, 1H, OH), 8.41-

8.39 (d, J= 8 Hz, 2H, Ar-H), 7.64-7.57 (m, 6H, Ar-H), 6.93-6.91 (d, J= 8 Hz, 2H, Ar-H); 13C 

NMR (δ ppm): 169.27, 164.67, 153.59, 138.39, 131.15, 129.57, 129.18, 127.86, 124.79, 

116.53, 113.14; HRMS: m/z 266.1227 [M++1]; Anal. Calcd: C 72.45, H 4.18 & N 5.28 %, 

Found: C 72.41, H 4.12 & N 5.21 %. 

5-(4-Methoxybenzylidene)pyrimidine-2,4,6(1H,3H,5H)-trione (3i):  

Pale yellow solid; Yield: 89 %; MP: 295-297 oC; Mol. Formula: C12H10N2O4; UV (nm) 

λmax (log ε): 372 (4.15), 298 (3.94) and 368 (4.13), 300 (4.05); FTIR (υ cm-1): 3260 (NH), 

3018 (CH), 2838 (OCH3), 1678 (C=O), 1556 (C=C); 1H NMR (δ ppm): 11.27 (s, 1H, NH), 

11.14 (s, 1H, NH), 8.36-8.34 (d, J= 8 Hz, 2H, Ar-H), 8.23 (s, 1H, CH), 7.06-7.04 (d, J= 8 Hz, 

2H, Ar-H), 3.86 (s, 3H, OCH3);
 13C NMR (δ ppm): 164.48, 164.24, 162.98, 160.54, 157.52, 

139.42, 124.24, 116.13, 114.34, 55.96; HRMS: m/z 247.1104 [M++1]; Anal. Calcd: C 58.54, 

H 4.09 & N 11.38 %, Found: C 58.50, H 4.02 & N 11.32 %. 
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2A.4. Absorption property 

The UV-Visible spectra of compounds 3(a-i) were recorded in two different solvents 

(DMSO & DMF) at 10-5 M concentration using UV-Visible spectrophotometer. The λmax and 

molar absorption coefficient values were appended in Table 2. All the synthesized 

compounds exhibited 2 to 3 absorption maxima (λmax) in the range of 294-506 nm in DMSO 

and 300-506 nm in DMF solvents due to the π-π* & n-π* transitions (Fig. 3) [34]. Among 

them, compound 3f shows highest absorption maxima at 400, 506 & 393, 506 nm in DMSO 

and DMF respectively.  

Table 2. Electronic absorption data of the synthesized compounds 3(a-i) in DMSO & DMF 

solvents. 

Compd. 
DMSO DMF 

λmax(nm) Log ε λmax(nm) Log ε 

3a 

297 3.93 300 4.01 

382 3.99 377 3.78 

468 3.64 464 3.74 

3b 
413 3.49 311 3.72 

493 3.57 490 3.36 

3c 

296 3.94 300 4.04 

382 4.18 380 3.98 

470 3.44 467 3.99 

3d 
372 3.57 368 3.57 

456 3.47 450 3.89 

3e 

294 3.96 300 4.03 

404 3.67 481 4.10 

484 3.79 - - 

3f 
400 3.73 393 3.86 

506 3.91 506 3.77 

3g 

372 4.09 301 4.04 

- - 368 4.05 

- - 488 3.36 

3h 
400 3.27 320 3.51 

482 3.80 481 4.22 

3i 
298 3.94 300 4.05 

372 4.15 368 4.13 
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Fig. 3. UV-Visible spectrum of synthesized compounds 3(a-i) in DMSO (a) & DMF (b). 

2A.5. Pharmacological studies  

2A.5.1. DPPH and Nitric oxide radical scavenging activities 

Evaluvation of antioxidant activity of obtained compounds 3(a-i) was done by 

spectrophotometrically using two different radical scavenging assays viz. DPPH [35] and 

nitric oxide [36]. The DPPH is a stable free radical with maximum absorption at 517 nm and 

is reduced to a corresponding hydrazine when it reacts with hydrogen donors. When DPPH 

reacts with an antioxidant agent, it can donate hydrogen get reduced and deep violet colour of 

DPPH change to yellow, showing a considerable decreased in absorption at 517 nm. DPPH 

solution (3 μg/mL) was prepared in methanol (methanol: DPPH in 1:1) for blank reference. 

Here we used two different concentrations (100 & 200 μg/mL) of synthesized compounds 

and standard BHT (in methanol). Then 1 mL of each concentration of synthesized 

compounds and standard was added to 1 mL of DPPH solution. The solution mixture was 

shaken vigorously and kept in dark place for 30 min at room temperature. After that, the 

absorbance was measured by UV at 517 nm.  

Nitric oxide (NO) scavenging activity was carried out by Garrat method based on the 

diazotization reaction described by Griess. The assay uses sodium nitroprusside as the source 
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of NO and sulfanilamide and N-1-naphthylethylenediamine dihydrochloride under acidic 

conditions to detect NO2
− generated at the expense of NO by the antioxidant system. Here 

also used two different concentrations (100 & 200 μg/mL) of synthesized compounds in 

DMSO were mixed with 20 mM sodium nitroprusside solution. Total volume was made up to 

1,000 µL with 200 mM Phosphate buffer, pH 7.4. The contents were mixed well and 

incubated at 37 °C for 2 h followed by addition of Griess reagent (100 µL). The mixture was 

kept at room temperature for 20 min. Optical density (OD) of the coloured solution formed 

was measured at 528 nm. Ascorbic acid was used as the positive control. Radical scavenging 

activities were calculated using the formula.  

% inhibition = [(Acontrol−Atest)/Acontrol] × 100 

Where Acontrol is the absorbance of the control reaction and Atest is the absorbance of 

the synthesized compound. IC50 value was calculated using the formula:  

IC50 = [(ΣC/ΣI) × 50] 

Where ΣC is the sum of synthesized compound concentrations used to test and ΣI is 

the sum of % of inhibition at different concentration. Each value is expressed as mean ± SD 

of three replicates. 

2A.5.2. Anti-tubercular activity  

Anti-tubercular activity of all the synthesized compounds was carried out by Microplate 

Alamar Blue assay (MABA) method and using eight different concentrations (0.8, 1.6, 3.12, 

6.25, 12.5, 25, 50 & 100 µg/mL) for analysis against M. tuberculosis (H37RV strain) [37]. 

About 200 μL of sterile deionized 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 μL of the Middlebrook 7H9 broth and serial dilution of compounds 

were made directly on a plate. About 0.8 to 100 μg/mL concentration of synthesized 

compounds were tested. Plates were covered and sealed with parafilm and incubated at 37 ºC 
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for five days. After that, 25 μL 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 color in the well was 

interpreted as no bacterial growth and pink color was scored as growth. The results were 

explained in terms of minimum inhibitory concentration (MIC) and Isoniazid, Ethambutol, 

Pyrazinamide, Rifampicin and Streptomycin were used as standard drugs for comparison.  

2A.5.3. in silico molecular docking study  

in silico molecular docking study was used to predict the binding affinity of the 

compounds and also used to assess the orientation of inhibitors bound in the active pockets of 

receptors. The antioxidant and anti-tubercular activity results of synthesized compounds were 

subjected to molecular docking studies using Auto Dock (version 4.2) with the Lamarckian 

genetic algorithm. The synthesized compounds having 2D structures were converted to 

energy minimized 3D structures and were further used for in silico protein-ligand docking 

[38]. The obtained compounds were used as ligand and docking receptors are Human 

peroxiredoxin 5 (PDB ID: 1HD2) and InhA(enoyl-ACP reductase) (PT70 PDB ID: 2X22) 

respectively [39]. 

2A.6. Results and discussion  

2A.6.1. Antioxidant activity 

The synthesized compounds 3(a-i) were screened for their free radical scavenging 

activity by DPPH and nitric oxide methods. All the compounds showed varied free radical 

scavenging capacity in assessment with the standard BHT. Among all the synthesized 

compounds, 3e demonstrated the most effective antioxidant efficacy with an IC50 value of 

105.48 µg/mL when compared to the reference standard BHT (IC50 91.23 µg/mL) and 

compounds 3d, 3f, 3g and 3i with an IC50 value range of 113.45-123.30 µg/mL have showed 
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promising antioxidant activity and rest of the compounds shows moderate scavenging activity 

and as shown in Fig. 4(a). 

Nitric oxide radical scavenging activity results of the synthesized compounds 3(a-i) 

have been shown in Fig. 4(b). From the activity results, compounds 3g and 3h (IC50 value 

139.12 and 129.72 µg/mL) showed effective scavenging activity as compared to the reference 

standard ascorbic acid (IC50 117.91 µg/mL). Rest of the compounds also showed good to 

moderate antioxidant activity with IC50 value range of 129.72-180.07 µg/mL. Therefore, all 

the synthesized compounds 3(a-i) exhibited more effective antioxidant efficacy due to the 

presence of the electron donating group (OH) at para position of the phenyl ring [40] and the 

results have been appended in the Table 3.    

Table 3. DPPH and Nitric oxide radical scavenging activity of synthesized compounds 3(a-i). 

Compd. 

DPPH radical scavenging 

activity IC50 

(µg/mL) 

Nitric oxide radical 

scavenging activity IC50 

(µg/mL) % of inhibition % of inhibition 

100 µg/mL 200 µg/mL 100 µg/mL 200 µg/mL 

3a 38.94± 0.17 61.58± 0.15 149.22 35.39 ± 0.17 68.92 ± 0.25 143.80 

3b 36.45± 0.25 74.12± 0.17 135.66 32.24 ± 0.10 64.23 ±0.25 152.33 

3c 29.20± 0.25 64.22± 0.35 160.56 25.98 ± 0.20 57.32 ± 0.10 180.07 

3d 39.97± 0.45 81.87± 0.10 123.11 32.58 ± 0.20 71.54 ± 0.15 144.06 

3e 54.27± 0.10 87.93± 0.17 105.48 34.28 ± 0.10 61.89 ± 0.17 155.97 

3f 48.24± 0.20 83.97± 0.15 113.45 28.97 ± 0.15 61.39 ± 0.25 166.00 

3g 51.21± 0.15 79.24± 0.25 114.98 34.84 ± 0.20 72.98 ± 0.10 139.12 

3h 30.42± 0.15 59.23± 0.25 167.31 41.25 ± 0.10 74.38 ± 0.17 129.72 

3i 41.51± 0.10 80.14± 0.20 123.30 31.24 ± 0.10 64.33± 0.20 156.95 

Standard a, b  91.23  117.91 

Each value is expressed as mean ± SD of three replicates 

Standarda: BHT used as reference standard for DPPH method  

Standardb: Ascorbic acid used as reference standard for Nitric oxide method. 
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Fig. 4. Antioxidant activity of synthesized compounds 3(a-i) by DPPH method (a) and Nitric 

oxide radical method (b). 
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2A.6.2. Anti-tubercular activity  

The synthesized compounds were also screened for anti-TB activity against H37RV 

strain. Among the tested compounds, compound 3b exhibited good anti-TB efficacy with 

MIC value of 25 µg/mL due to the presence of thioxo group (C=S) and rest of the compounds 

showed moderate activity with MIC value range of 50-100 µg/mL as compared to anti-TB 

standard drugs (Table 4 and Fig. 5). The presence of the electron withdrawing group at the 

para position was highly favourable to the MTB growth inhibition, while electron donating 

group leads to inactive or decreases in the growth inhibition [41]. Our synthesized 

compounds having electron donating group (-OH) at the para position of the phenyl ring, due 

to this reason growth inhibition occurs at higher concentration as compared to standard drugs. 

Table 4. Anti-tubercular activity results of synthesized compounds 3(a-i). 

Compd. 
100 

µg/mL 

50 

µg/mL 

25 

µg/mL 

12.5 

µg/mL 

6.25 

µg/mL 

3.12 

µg/mL 

1.6 

µg/mL 

0.8 

µg/mL 

3a S S R R R R R R 

3b S S S R R R R R 

3c S S R R R R R R 

3d S S R R R R R R 

3e S S R R R R R R 

3f S S R R R R R R 

3g S S R R R R R R 

3h S S R R R R R R 

3i S S R R R R R R 

Stda S S S S S S S R 

Stdb S S S S S S S R 

Stdc S S S S S S R R 

Stdd S S S S S S S S 

Stde S S S S S S S S 

S-Sensitive, R- Resistant, Stda- Isoniazid, Stdb- Ethambutol, Stdc- Pyrazinamide, Stdd- 

Rifampicin, Stde- Streptomycin 
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Fig. 5. Images of anti-TB activity results of the synthesized compounds 3(a-i). 

 

2A.6.3. in silico molecular docking study 

The docking of receptors Human peroxiredoxin 5 for antioxidant activity with 3(a-i) 

and InhA(enoyl-ACP reductase) for anti-tubercular activity with obtained compound 3b 

exhibited well-established bonds with amino acids (Thr44, Gly46, Cys47, Ile119 and Ile194, 

Gly96, Leu197, Ser94, Ala198, Ala22 & Thr196) in the receptor active pocket (Fig. 6 & 7). 

The docking results of antioxidant activity revealed that the compounds 3(a-i) had 

significant binding modes, with docking scores ranging from -4.7 to -5.8 kcal/mol and 3-4 

hydrogen bonds respectively as compared with the reference standard ascorbic acid (-6.5 

kcal/mol). In that, the compound 3h showed least binding energy -5.8 kcal/mol has almost 

near dock score compared with the reference standard ascorbic acid (-6.5 kcal/mol) as shown 

in Table 5 & Fig. 6. 
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The anti-tubercular activity of synthesized compound 3b showed good sensitivity; 

therefore, it was selected for an in-silico molecular docking study with InhA (enoyl-ACP 

reductase) as an inhibitor. The docking analysis suggested an encouraging complement of 

compound 3b and standard drugs with ACP reductase. The compound 3b was interacted with 

ACP reductase active site with least binding energy of -8.0 kcal/mol and three hydrogen 

bonds when compared with standard drugs Streptomycin, Pyrazinamide and Isoniazide (-9.3, 

-8.9 and -6.9 kcal/mol respectively). Hence, 3b showed almost a near dock score compared 

with the standard drug Pyrazinamide (-8.9 kcal/mol) as shown in Table 6 & Fig. 7.  

Table 5. in silico molecular docking results for antioxidant activity of synthesized 

compounds 3(a-i) and standard drug (ascorbic acid). 

Compd. 
Affinity 

(kcal/mol) 

H-

bonds 

H-bond 

length 

(Ǻ) 

H-bond with amino 

acids 

Hydrophobic 

interactions 

3a -5.1 3 

2.76 1HD2:Thr44::3a:O4 Pro45, Leu116,  

Ile119, Arg127, 

Thr147 

2.88 1HD2:Gly46::3a:O4 

3.20 1HD2:Cys47::3a:O4 

3b -5.0 4 

2.77 1HD2:Thr44::3b:O3 
Pro45, Leu116,  

Ile119, Arg127, 

Thr147 

2.90 1HD2:Gly46::3b:O4 

3.18 1HD2:Cys47::3b:O4 

3.35 1HD2:Gly46::3b:O4 

3c -5.1 3 

2.75 1HD2:Thr44::3c:O4 Pro45, Leu116,  

Ile119, Arg127, 

Thr147 

2.92 1HD2:Gly46::3c:O4 

3.21 1HD2:Cys47::3c:O4 

3d -5.2 3 

2.77 1HD2:Thr44::3d:O3 Pro45, Leu116,  

Ile119, Arg127, 

Thr147 
2.88 1HD2:Cys47::3d:O3 

3.19 1HD2:Gly46::3d:O3 

3e -5.3 3 

2.81 1HD2:Thr44::3e:O5 
Leu116,  Ile119, 

Arg127, Thr147 2.93 1HD2:Cys47::3e:O5 

3.25 1HD2:Gly46::3e:O5 

3f -5.4 3 

2.85 1HD2:Thr44::3f:O3 Pro45, Leu116,  

Ile119, Phe120, 

Arg127, Thr147 
2.88 1HD2:Cys47::3f:O3 

3.18 1HD2:Gly46::3f:O3 

3g -5.5 1 3.14 1HD2:Ile119::3g:O2 

Pro40, Thr44, 

Phe120, Arg127, 

Thr147 

3h -5.8 3 

2.91 1HD2:Thr44::3h:O3 
Leu116, Phe120, 

Arg127, Thr147 
3.06 1HD2:Gly46::3h:O3 

3.34 1HD2:Cys47::3h:O3 
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3i -4.7 2 

3.25 1HD2:Gly46::3i:O2 Pro40, Cys47, 

Leu116, Ile119, 

Phe120, Arg127, 

Thr147 
3.31 1HD2:Thr44::3i:O2 

Ascorbi

c Acid 
-6.5 5 

2.80 1HD2:Gly46::Aca:O5 

Pro40, Pro45,  

Phe120, Arg127, 

Thr147 

2.80 1HD2:Thr44::Aca:O5 

3.01 1HD2:Thr44::Aca:O6 

3.15 1HD2:Gly46::Aca:O4 

3.17 1HD2:Cys47::Aca:O5 

Protein Name: Crystal structure of Human peroxiredoxin 5 (PDB ID: 1HD2). 

 

Table 6. in silico molecular docking results for Anti-TB activity of synthesized compound 3b 

and Standard drugs (Streptomycin, Pyrazinamide and Isoniazid). 

Compd. 
Affinity 

(kcal/mol) 

H-

bonds 

H-bond 

length (Ǻ) 

H-bond with amino 

acids 

Hydrophobic 

interactions 

3b -8.0 3 

2.89 2X22:Ser94::3b:O3 

Ser20, Ile21, Ala198 3.17 2X22:Ala22::3b:O3 

3.24 2X22:Thr196::3b:O2 

STR -9.3 5 

2.90 2X22:Ile194::STR:OAB Ile16, Ser20, Ile21, 

Ile95, Met147, 

Asp148, Phe149, 

Tyr158, Met161,  

Lys165, Gly192, 

Thr196, Met199, 

Ile202,  Val203, 

2.96 2X22:Gly96::STR:O3 

3.07 2X22:Leu197::STR:O6 

3.11 2X22:Ser94::STR:O3 

3.29 2X22:Ala198::STR:O6 

PZY -8.9 1 2.96 2X22:Ser94::PZY:N3 
Gly14, Ser20, Ile21, 

Ala22, Ile95, Gly96 

IZA -6.9 2 
2.97 2X22:Gly96::IZA:N3 Phe41, Leu63, Asp64, 

Val65, Ile95, Ile122 3.06 2X22:Gly96::IZA:N2 

STR: Streptomycin; PZY: Pyrazinamide; IZA: Isoniazid 

Protein Name: Crystal structure of M. tuberculosis InhA (enoyl-ACP reductase) inhibited by 

PT70 (PDB ID: 2X22). 
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Fig. 6. 2D & 3D interaction of synthesized compounds 3(a-i) and reference standard (ascorbic 

acid) with Human peroxiredoxin 5. 
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Fig. 7. 2D & 3D interaction of synthesized compound 3b and standard drugs (Streptomycin, 

Pyrazinamide, Isoniazid) with InhA(enoyl-ACP reductase). 
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2A.7. Conclusion 

In this chapter, we developed a simple and efficient method for the synthesis of 

substituted-4-hydroxy/methoxy benzylidene derivatives 3(a-i) as a potent antioxidant and 

anti-TB agents. It is a facile synthetic approach for environment-friendly, mild reaction 

conditions, simple work-up procedure, shorter reaction time and excellent yield. Also, 

activity results suggested that, compound 3e showed more potent DPPH scavenging activity 

and 3h exhibited very effective nitric oxide radical scavenging activity as compared to 

reference standard BHT and ascorbic acid, respectively. Anti-TB activity results suggested 

that, the compound 3b exhibited more potent efficacy with MIC value of 25 µg/mL. 

Moreover, docking results for antioxidant and anti-tubercular activity of synthesized 

compounds revealed that, the compounds 3h and 3b showed least binding energy of -5.8 and 

-8.0 kcal/mol almost near dock scores compared with the reference standards ascorbic acid 

and Pyrazinamide (-6.5 kcal/mol and -8.9 kcal/mol) respectively. Therefore we conclude that, 

these compounds are more potent antioxidant and anti-TB agents.  
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2B.1. Introduction  

Heterocyclic compounds play a predominant role in medicinal chemistry and synthetic 

organic chemistry due to their massive biological importance. The synthesis of nitrogen and 

sulphur containing heterocyclic compounds are multi-structures in one molecule has attracted 

the attention of medicinal chemists and researchers because of their multifaceted 

pharmacological activities [1-2]. Among them, pyrimidine and thiophene have been 

recognized as key scaffolds owing to their important biological significance and interesting 

therapeutic properties which includes anti-tubercular [3], anticancer [4], anti-HIV [5], 

antibacterial [6], antifungal [7], antitumor [8], EGFR inhibitor [9, 10], protein kinase 

inhibitors [11-14] and 5-HT7 receptor [15] etc. 

Moreover, the heterocyclic compounds increase the strength of the molecules by 

forming hydrogen bonds with DNA. Hence, the interactive study of heterocyclic moieties 

with DNA is essential for estimating their anticancer activity and elucidating the viable 

mechanism of their action. Therefore, DNA binding is considered as an essential experimental 

step to measure anticancer drug activity because most of the anticancer drugs specifically 

target DNA [16]. These compounds appear to be the most effective against various cancers. 

Around 60 % of the medicines used for cancer treatment are based on heterocyclic moieties. 

Among the various heterocyclic moieties, nitrogen and sulphur-based compounds are 

effective against different types of cancer [17-19]. Some of the reported biologically 

important heterocyclic compounds have been discussed below. 

Q. Yan et. al., synthesized a series of novel 5-benzylidene barbiturate and 

thiobarbiturate derivatives (1) and determined their tyrosinase inhibitors and antibacterial 

activity. The compounds 1a and 1b were found to be the most potent inhibitors with IC50 

values of 13.98 µM and 14.49 µM respectively. The compounds 1b and 1c exhibited a MIC 

of 3.1 µg/mL against Gram-positive S. aureus strian [20]. 
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N
H

NH

O

X O R

1

1a: X= O, R= H

1b: X= S, R= H

1c: X= S, R= CH
2
CH

2
OC

4
H

9

 

In 2013, B.B. Sokmen and co-workers developed substituted barbiturates and 

thiobarbiturates (2) and reported as antibacterial, anti-urease and antioxidant activities. The 

results showed that all compounds exhibited anti-urease and antioxidant activities. Among 

the targets, 2a and 2b are the most active reducing agent. Compounds 2c and 2d have found 

highest anti-urease activity with an IC50 value of 0.036 & 0.033 μM. [21]. 

N

N

O

X O R
3

R
1

R
2

R
4

R
4

2

2a: R1= H, R2= H, R3= OH, R4= H, X= S

2b: R1= OH, R2= H, R3= H, R4= H, X= S

2c: R1= H, R2= H, R3= OH, R4= CH3, X= O

2d: R1= H, R2= OH, R3= H, R4= CH3, X= O

 

Barbituric or thiobarbituric acid derivatives (3), 2-iminothiazolidin-4-one or 2,4-

thiazolidinedione derivatives (4), phenylmethylenehydantoin compounds (5) and 

phenylmethylenepyrrolidine 2,5-dione compounds (6) was reported by Y. Luo et. al., and 

evaluated their in vitro inhibitory effects on MCP1-mediated chemotaxis, coincubation of 

murine macrophage-like cell line. Among them, 5-(4-methoxybenzylidene) thiazolidine-2,4-

dione (4a) shows most potent inhibitory effect of 57.8±3.4 % against chemotaxis at 

concentration of 25 μg/mL [22]. 

N
H

NH

O

X O
S

NH

O

XR
3 4

NH
NH

O

OR
5

NH

O

OR
6

4a: R= OCH
3
, X= O

R

 

Substituted 5-(1H-indol-3-ylmethylidene)pyrimidine-2,4,6(1H,3H,5H)-triones (7), 5-

(1H-indol-3-ylmethylidene)-2-thioxodihydropyrimidine-4,6(1H,5H)-diones (8), 5-(1H-indol-
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3-ylmethylidene)-1,3-thiazolidine-2,4-diones (9) and 4-(1H-indol-3-ylmethylidene)-5-

methyl-2,4-dihydro-3H-pyrazol-3-one derivatives (10) was reported by J.S. Biradar & B.S. 

Sasidhar in 2011 and evaluated in vitro antioxidant, cytotoxic activities against three tumor 

cell lines. Among the screened compounds 8a, 9a, 10a and 10b exhibited excellent 

antioxidant activity. Compounds 9a, 10a and 10b have shown strong cytotoxicity [23]. 

N
H

N
H

NH
R

1

O

O

O

R N
H

N
H

NH
R

1

O

O

S

R

N
H

R
1 S

NH

O

O

R N
H

R
1

NH

N

O

R

7 8

9 10

8a: R= H, R1= Cl

9a: R= H, R1= Cl

10a: R= H, R1= Cl

10b: R= H, R1= H

 

O.C. Sanchez et. al., reported a 5-benzylidene-2,2-dimethyl-1,3-dioxane-4,6- dione 

derivatives (11) and evaluated their antimicrobial activity. Among the series, hydroxyls 

derivatives were selected against E. coli, S. aureus and P. aeruginosa, 3-hydroxyl and 3,4-

dihydroxyl (11a & 11b) derivatives were active against all the three bacterial strains [24]. 

O

O

O

O

R

11

11a: R= 3-OH

11b: R= 3,4-(OH)
2

 

Based on the above findings, we herein report the application of H2O2:HCl as a green 

halogenating catalyst for the synthesis of 5-(3-substituted-thiophene)-pyrimidine derivatives 

and investigation of their antibacterial, anticancer, DNA binding, ADME-T and molecular 

docking studies to predict the inhibitory effects as well as interactions of the synthesized 
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compounds against pathogens, enzymes and also subjected to computational study to know 

about their chemical reactivity parameters. 

2B.2. Present work 

In this chapter, we described the convenient and straightforward method for the 

synthesis of 5-(3-substituted-thiophene)-pyrimidine derivatives 3(a-d) via Knoevenagel 

condensation of barbituric/thiobarbituric acid (1) with 3-substituted-thiophene-2-

carboxaldehyde (2) in aqueous ethanol using H2O2:HCl as catalyst. The reaction pathway has 

been given in Scheme 2.  

+
Reflux/ 10-15min

NH NH

X

O O
S

R

H

O

NH

N
H

X

O O
S

R

H2O2:HCl

1(a-b) 2(a-b) 3(a-d)  

Compd. X R 

3a O H 

3b O CH3 

3c S H 

3d S CH3 

 

Scheme 2. Synthesis of 5-(3-substituted-thiophene)-pyrimidine derivatives 3(a-d). 

Initially, we studied the effect of catalyst on the reaction. In the previous reports, the 

same reaction was carried out in the presence of different catalysts such as CuO NPs, PVP-Ni 

NPs, Fe3O4 NPs, L-tyrosine, NH2SO3H, EAN, Bi(NO3)3.5H2O and also in the absence of 

catalyst (Table 1). We have carry out the reaction using hypochlorous acid (HOCl) as a 

catalyst to determine the progress of the reaction as well as product yield of 3a compound. 

By using this catalyst the result was very encouraging with a short reaction time and good 

yield. Consequently, to study the effect of temperature on synthesized compound 3a, we 

carried out a reaction at room temperature, 50 °C and 80 °C (Table 2). As a result, an 
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increase in the reaction temperature decreased the reaction time from 60 to 20 and 20 to 10 

min, respectively, but the product yield was not affected by change in temperature. 

Table 1. Effect of catalysts on synthesized compound 3a. 

Entry Catalyst Solvent Temperature (oC) Time (min) Yield (%) 

1 H2O2: HCl EtOH: H2O Reflux 10 96 

2 CuO NPs - RT 10 93[25] 

3 PVP-Ni NPs Ethylene glycol Reflux 10 87[26] 

4 Fe3O4 NPs EtOH Reflux 30 70[27] 

5 L-tyrosine H2O RT 16 93[28] 

6 NH2SO3H - Grinding 120 96[29] 

7 - Ionic liquids RT 10 96[30] 

8 Bi(NO3)3.5H2O EtOH Reflux 20 95[31] 

9 - EtOH Reflux 120 89[20] 

 

Table 2. Effect of temperature on synthesized compound 3a. 

Entry Temperature (oC) Time (min) Yield (%) 

1 RT 60 96 

2 50 20 96 

3 80 10 96 

 

Further, the structures of the intended 5-(3-substituted-thiophene)-pyrimidine 

derivatives 3(a-d) were confirmed by IR, 1H NMR, 13C NMR and HRMS spectral data. IR 

spectrum of compound 3a showed the absorption band in the region of 3222 cm-1 is attributed 

to the amide stretching vibration, 3045 cm-1 due to CH group and the absorption band at 1712 

cm-1 correspond to stretching vibration of the carbonyl group (C=O). Another stretching 

vibrational band at 1552 cm-1 correspond to C=C bond. The 1H NMR spectrum of compound 

3a exhibited two singlet peaks at δ 11.21 and 11.17 ppm, which corresponds to two NH 

protons of pyrimidine nucleus (s, 2H, NH) and another singlet peak at δ 8.53 ppm due to CH 

proton (s, 1H, CH). Multiplet peak was observed in the range of δ 8.24-8.13 ppm, corresponds 

to two aromatic protons (m, 2H, Ar-H) and a triplet peak at δ 7.33-7.31 ppm due to one 

aromatic proton (t, J= 8 Hz, 1H, Ar-H). In addition, the 13C NMR spectrum of compound 3a 

exhibited peaks at δ 163.95 and 163.45 ppm, which corresponds to carbonyl carbons.  
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The mass spectrum showed a molecular ion peak m/z at 221.9054 [M+-1], which 

corresponds to the molecular weight of compound 3a.  

Characterization: 
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13CNMR spectrum of compound 3a 

 

 

MASS spectrum of compound 3a 
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13CNMR spectrum of compound 3b 

 

 

MASS spectrum of compound 3b 
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2B.3. Experimental 

2B.3.1. General information: 

The general information regarding the different solvents, reagents and instruments etc., 

used for the analysis has been previously discussed in the experimental section (2A.3.1) of 

Chapter-2A. 

2B.3.2. General procedure for the synthesis of 5-(3-substituted-thiophene)-pyrimidine 

derivatives 3(a-d):  

The synthesis of 5-(3-substituted-thiophene)-pyrimidine derivatives 3(a-d) was carried 

out by the reaction of barbituric/thiobarbituric acid (1, 1mmol) with 3-substituted-thiophene-

2-carboxaldehyde (2, 1mmol) in the presence of 15 mL aqueous ethanol using 6 % H2O2:HCl 

(2:1) as a catalyst. The reaction mixture was refluxed at 80 oC for about 10-15 min and 

progress of the reaction was monitored by TLC (Ethyl acetate & Petroleum ether). After the 

completion of reaction, the mixture was cooled to room temperature and poured into the 100 

mL flake ice with vigorous stirring to get solid precipitated out. The crude mixture was 

filtered, washed and recrystallized with absolute ethanol to afford pure solid products 3(a-d). 

5-(Thiophen-2-ylmethylidene)pyrimidine-2,4,6(1H,3H,5H)-trione (3a): 

Yellow solid; Yield: 96 %; MP: 280-282 oC; Mol. Formula: C9H6N2O3S; UV (nm) λmax 

(log ε): 366 (4.31), 280 (4.30); FTIR (υ cm-1): 3222 (NH), 3045 (CH), 1712 (C=O), 1552 

(C=C); 1H NMR (δ ppm): 11.21 (s, 1H, NH), 11.17 (s, 1H, NH), 8.53 (s, 1H, CH), 8.24-8.13 

(m, 2H, Ar-H), 7.33-7.31 (t, J= 8 Hz, 1H, Ar-H); 13C NMR (δ ppm): 163.95, 163.45, 150.67, 

146.29, 146.11, 142.52, 136.77, 128.80, 112.03; HRMS: m/z 221.9054 [M+-1]; Anal. Calcd: 

C 48.64, H 2.72 & N 12.61 %, Found: C 48.59, H 2.68 & N 12.53 %. 

5-[(3-Methylthiophen-2-yl)methylidene]pyrimidine-2,4,6(1H,3H,5H)-trione (3b): 
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Yellow solid; Yield: 94 %; MP: 302-306 oC; Mol. Formula: C10H8N2O3S; UV (nm) λmax 

(log ε): 380 (4.00), 286 (4.29); FTIR (υ cm-1): 3154 (NH), 3082 (CH), 2812 (CH3), 1705 

(C=O), 1588 (C=C); 1H NMR (δ ppm): 11.24 (s, 1H, NH), 11.17 (s, 1H, NH), 8.53 (s, 1H, 

CH), 8.18-8.16 (d, J= 8 Hz, 1H, Ar-H), 7.23-7.21 (d, J= 8 Hz, 1H, Ar-H), 2.24 (s, 3H, CH3); 

13C NMR (δ ppm): 168.49, 167.72, 158.10, 154.91, 147.18, 145.16, 136.01, 135.25, 114.87, 

19.92; HRMS: m/z 235.9774 [M+-1]; Anal. Calcd: C 50.84, H 3.41 & N 11.86 %, Found: C 

50.79, H 3.36 & N 11.80 %. 

5-(Thiophen-2-ylmethylidene)-2-thioxodihydropyrimidine-4,6(1H,5H)-dione (3c): 

Green solid; Yield: 93 %; MP: 320-322 oC; Mol. Formula: C9H6N2O2S2; UV (nm) λmax 

(log ε): 396 (3.14), 286 (4.28); FTIR (υ cm-1): 3206 (NH), 3012 (CH), 1710 (C=O), 1559 

(C=C), 1156 (C=S); 1H NMR (δ ppm): 12.30 (s, 1H, NH), 12.20 (s, 1H, NH), 8.36-8.34 (d, J= 

8 Hz, 2H, Ar-H), 8.20 (s, 1H, CH), 6.88-6.86 (d, J= 8 Hz, 1H, Ar-H); 13C NMR (δ ppm): 

178.61, 164.16, 162.82, 160.48, 157.01, 139.25, 124.43, 116.13, 114.71; HRMS: m/z 

237.9467 [M+-1]; Anal. Calcd: C 45.36, H 2.54 & N 11.76 %, Found: C 45.30, H 2.49 & N 

11.71 %. 

5-[(3-Methylthiophen-2-yl)methylidene]-2-thioxodihydropyrimidine-4,6(1H,5H)-dione (3d): 

Green solid; Yield: 95 %; MP: 310-312 oC; Mol. Formula: C10H8N2O2S2; UV (nm) λmax 

(log ε): 404 (3.23), 286 (4.29); FTIR (υ cm-1): 3208 (NH), 3024 (CH), 2852 (CH3), 1704 

(C=O), 1556 (C=C), 1200 (C=S); 1H NMR (δ ppm): 11.25 (s, 1H, NH), 11.18 (s, 1H, NH), 

8.54 (s, 1H, CH), 8.19-8.17 (d, J= 8 Hz, 1H, Ar-H), 7.24-7.22 (d, J= 8 Hz, 1H, Ar-H), 2.24 (s, 

3H, CH3); 
13C NMR (δ ppm): 173.35, 163.55, 142.47, 130.89, 130.39, 129.86, 128.90, 

128.03, 114.28, 26.80; HRMS: m/z 251.9608 [M+-1]; Anal. Calcd: C 47.60, H 3.20 & N 

11.10 %, Found: C 47.55, H 3.16 & N 11.06 %. 
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2B.4. Absorption property 

The UV-Visible spectra of compounds 3(a-d) were recorded in DMSO solvent at 10-5 

M concentration using UV-Visible spectrophotometer. The λmax and molar absorption 

coefficient values were appended in Table 3. Synthesized compounds exhibited two 

absorption maxima (λmax) in the range of 280-286 nm and 366-404 nm in DMSO solvent due 

to the π-π* & n-π* transitions (Fig. 1) [32]. Among them, compound 3d shows the highest 

absorption maxima at 286 and 404 nm.  

Table 3. Electronic absorption data of the synthesized compounds 3(a-d) in DMSO solvent. 

Compd. 
DMSO 

λmax(nm) Log ε 

3a 
280 4.30 

366 4.31 

3b 
286 4.29 

380 4.00 

3c 
286 4.28 

396 3.14 

3d 
286 4.29 

404 3.23 
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Fig. 1. A graph of UV-Visible spectrum of synthesized compounds 3(a-d) in DMSO 

solvent. 
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2B.5. Pharmacological studies  

2B.5.1. Antibacterial activity  

Antibacterial activity of the synthesized compounds 3(a-d) was carried out by the agar 

well diffusion method [33] using Gram-negative strain Escherichia coli (MTCC-1559) and 

Gram-positive strain Staphylococcus aureus (MTCC-902). The test compounds were 

dissolved in DMSO at two different concentrations, 20 & 40 µg/mL. Petridishes were 

prepared by pouring 20 mL of sterilized NA media under aseptic condition and allowed to 

solidify. After solidification of the media, 100 μL of standardized test microbial inoculums of 

E. coli and S. aureus were spreaded uniformly using sterile cotton swabs. 6 mm diameter agar 

is drawn from plate to form a well using sterile cork borer. Ciprofloxacin was used as positive 

control and DMSO used as negative control. After keeping at 4 ºC for 4 hours for the 

diffusion of antibacterial metabolites, thereafter plates were incubated at 37 ºC for 24 h. The 

diameter of the inhibition zone around the well is measured in millimeter (mm) and the 

average of three repeated agar discs were taken to assess the strength of antibacterial activity. 

2B.5.2. In vitro cytotoxicity  

In vitro cytotoxicity was assessed by MTT assay method [34] against MCF-7 (Human 

breast cancer) cell line. The cells were seeded in a 96-well flat-bottom microplate and 

maintained at 37 ºC in 95 % humidity and 5 % CO2 overnight. Different concentrations (200, 

100, 50, 25, 12.5 and 6.25 µg/mL) of samples were treated. The cells were incubated for 

another 48 h, and the wells were washed twice with PBS. 20 µL of MTT staining solution 

was added to each well, and the plate was incubated at 37 ºC. After 4 h, 100 µL of DMSO 

was added to each well to dissolve the formazan crystals, and absorbance was recorded at 570 

nm using a microplate reader. The percentage of cell survival was calculated by using the 

following formula. 
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% of cell survival =  

2B.5.3. DNA binding study   

DNA binding study was assessed by using electronic spectroscopy. A solution of CT-

DNA in 50 mM Tris-HCl/50 mM NaCl buffer solution was prepared at pH 6.9-7.01. In buffer 

solution, the ratio of absorption values of CT-DNA at 260 and 280 nm is 1.8-1.9, indicates 

that DNA was free of proteins [35]. Then a concentrated stock solution of DNA was prepared 

in 50 mM Tris-HCl, 50 mM NaCl in double distilled water at pH 6.9-7.01. The concentration 

of CT-DNA was determined per nucleotide by taking the absorption coefficient (6600 dm3 

mol-1cm-1) at 260 nm [36]. Stock solutions were stored at 4 ºC. 2 mL of the solution was taken 

containing a fixed concentration of the compounds 3(a-d) with CT-DNA (0 to 350 µL of a 

0.5025-6.0670x10-7 M stock CT-DNA solution). A blank solution containing the same 

concentration of DNA was used as a reference. Solutions were prepared by mixing the 

compound and CT-DNA in DMSO medium and then recording the UV absorption spectra by 

adding 25 to 350 µL DNA to the compound. The spectra were recorded against a blank 

solution containing the same concentration of DNA (4.0909x10-6 molL-1). The intrinsic 

binding constant Kb was obtained by using the following equation [37]. 

=  +       

Where, and  corresponds to the apparent, bound and free compound extinction 

coefficients, respectively. A plot of   versus [DNA] gave a slope of  and Y-

intercept equal to  . Hence Kb is the ratio of slope to intercept. The % of 

hyperchromicity or hypochromicity (% H) for the CT-DNA/[Ligand] was obtained from (εa – 

εf)/ εf× 100.  
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2B.5.4. in silico molecular docking study  

The docking of the synthesized compounds to the binding pocket of glucosamine-6-

phosphate synthase (GlcN-6-P) and P38 MAP kinase was carried out using the AutodockVina 

program [38]. The co-crystallized structure of GlcN-6-P (PDB ID: 2VF5) and P38 MAP 

kinase (PDB ID: 1OUK) were retrieved from protein databank and their substrate binding 

sites were identified using pdbsum server [39, 40]. A grid box of dimensions 40 x 50 x 40 Å 

with X, Y & Z coordinates at 32.198, 16.709 and -3.151 for GlcN-6-P and 56 x 60 x 48 Å 

with X, Y & Z coordinates at 44.746, 34.234 and 32.603 for P38 MAPk were created 

respectively. For the obtained molecules, all the torsions were allowed to rotate during 

docking. The grid box was set around the residues forming the active pocket. The binding 

interactions were visualized using Biovia Discovery Studio Visualizer V.20.1 and 

Schrodinger-Maestro V.12.7. The in silico studies were performed on a local machine 

equipped with AMD Ryzen 5 six-core 3.4 GHz processor, 8 G.B. graphics and 16 GB RAM 

with Microsoft Windows 10 operating system. 

2B.5.5. in silico oral bioavailability assessment and ADME-toxicology study 

The oral bioavailability of the synthetic molecules 3(a-d) can be predicted by 

considering their structural properties to screen based on the Rule of five or Lipinski rule-of-

five (RO5) filter [41]. Rule of five employs the molecular properties necessary to filter 

candidate drug's pharmacokinetics (PK) and pharmacodynamics (PD) [42-44]. 

Oral bioavailability assessment was done using Osiris Data warrior V.4.4.3 [45] based 

on total molecular weight, ClogP, H-acceptors, H-donors, rotatable bonds as part of RO5 

filters, along with TPSA (Topological polar surface area) and drug-likeness assessment [46]. 

Pharmacodynamic properties like mutagenicity, tumorigenicity, reproductive effects, 

irritancy, toxicity and hepatotoxicity were predicted using the admetSAR server. Bioactivity 

scores were predicted using the molinspiration server for GPCR ligand, ion channel 
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modulator, kinase inhibitor, nuclear receptor inhibitor, protease inhibitor, enzyme inhibitor. 

Pharmacokinetic properties like blood-brain barrier penetration, human intestinal absorption, 

Caco-2 permeability and CYP450 2D6 substrate were predicted by submitting each molecule 

individually to the admetSAR server [47]. 

2B.5.6. Computational study 

Computational studies of synthesized compounds 3(a-d) was conducted by using the 

Gaussian 09 software [48] with the help of the density functional theory at Becke-3-Lee-

Yang-parr (DFT)/B3LYP level with 6-31G (d,p) basis set [49]. The energy minimization 

process has been conducted at the same level in the gas phase to obtain a stable structure. The 

3D representation of the optimized structure was presented in a molecular visualization 

program Gauss view 5.0 and the output was processed using the Avogadro software [50].  

2B.6. Results and discussion  

2B.6.1. Antibacterial activity 

The synthesized 5-(3-substituted-thiophene)-pyrimidine derivatives 3(a-d) were 

screened for their in vitro antibacterial activity at two different concentrations (20 & 40 

µg/mL). All four compounds showed appreciable antibacterial activity with a varied zone of 

inhibition in the range of 3.3±0.15 to 7.8±0.14 mm for E. coli and 3.0±0.11 to 7.9±0.44 mm 

for S. aureus (Table 4). The results revealed that, compounds 3b (3.8±0.12 and 7.8±0.79 mm) 

and 3d (3.7±0.84 and 7.9±0.44 mm) having an electron-donating group (methyl) on C-3 of 

the thiophene ring exhibited the most inhibitory effect against bacterial strains E. coli & S. 

aureus, respectively and as compared to standard drug Ciprofloxacin (Fig. 2). 
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Table 4. Antibacterial activity results of synthesized compounds 3(a-d). 

Compd. 

Zone of inhibition in mm 

Escherichia coli Staphylococcus aureus 

20 µg/mL 40 µg/mL 20 µg/mL 40 µg/mL 

3a 3.5±0.76 7.8±0.14 3.0±0.11 7.5±0.46 

3b 3.8±0.12 7.8±0.79 3.1±0.67 7.6±0.82 

3c 3.3±0.15 7.2±0.46 3.5±0.48 7.4±0.64 

3d 3.4±0.44 7.1±0.38 3.7±0.84 7.9±0.44 

Ciprofloxacin 4.0±0.58 8.0±0.76 4.2±0.12 8.4±0.98 

 

 

 

 

Fig. 2. Images of antibacterial activity of the synthesized compounds 3(a-d). 
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2B.6.2. In vitro cytotoxicity 

All four synthesized compounds were investigated for their in vitro cytotoxicity against 

MCF-7 (Breast cancer) cell line (Fig. 3). The plot details compound concentration versus the 

survival fraction (Fig. 4). The percentages of cell survival of the tested compounds are listed 

in Table 5. 

In vitro cytotoxicity results revealed that, all four compounds displayed a superior 

selectivity against the MCF-7 cell line. Among the tested compounds, compound 3a exhibited 

promising cytotoxicity with a minimum cell survival range of 23.68 to 44.16 % at the 

concentration range of 200 to 6.25 µg/mL and IC50 value of 1.15±0.57 µg/mL. Whereas 3b, 

3c & 3d displayed reliable selectivity at all the concentrations with cell survival ranges of 

29.00 to 50.93 %, 31.31 to 66.82 % and 26.95 to 53.12 %, respectively and IC50 value in the 

range of 8.55±0.40 to 26.84±0.61 µg/mL. 

Table 5. Percentage of cell viability of compounds 3(a-d) against MCF-7 cell line. 

Concentration 

in µg/mL 

Mean cell viability of MCF-7 

3a 3b 3c 3d 5-Fluorouracil 

6.25 44.16±0.76 50.93±0.42 66.82±0.41 53.12±0.34 - 

12.5 38.11±0.82 48.68±0.31 58.1±0.13 46.88±0.52 - 

25 34.09±1.2 43.72±0.52 48.6±0.23 43.93±0.42 - 

50 32.37±0.82 40.23±0.61 40.03±0.82 40.03±0.62 - 

100 30.06±0.62 36.8±0.20 37.38±0.61 37.85±0.34 - 

200 23.68±0.41 29±0.16 31.31±0.42 26.95±0.52 - 

IC50 1.15±0.57 8.55±0.40 26.84±0.61 9.39±0.54 41.51±1.57 

     Values are Mean ±SE, N=3, *P<0.01 vs. Control  
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Fig. 3. Images of cytotoxic effect of the synthesized compounds 3(a-d). 

 

 

 

 

 

 

 

 

 

 

Fig. 4. A graph of % of surviving cells of compounds 3(a-d) at different concentration against 

MCF-7 cell line. 

3a 3b 

3c 3d 

NC 

0 50 100 150 200

20

40

60

80

100
 3a

 3b

 3c

 3d

 
 

C
e

ll
 V

ia
b

il
it

y
 (

%
)

Concentration g/mL 



Chapter-2B 

 

 Page 86 

2B.6.3. DNA binding study 

DNA binding was assessed using electronic spectroscopy. The UV-absorption spectral 

studies were employed to examine the binding mode of compounds to CT-DNA, which 

involves changes in absorbance and wavelength [51]. The molecules bind to DNA with two 

modes (covalent or non-covalent binding). Covalent bonding led to bathochromism and 

hyperchromism due to breaking the DNA structure when a compound interacted with DNA 

covalently. While in non-covalent binding, there are "electrostatic", "groove", and 

"intercalative" types of interactions. Decreased absorption (hypochromic shifts) and redshift 

(bathochromic shift) revealed the intercalative binding of compounds with DNA. The lower 

hypochromic/hyperchromic effect with no or negligible bathochromic shift led to the 

electrostatic binding. Minor/no effect, with the exception of some hyperchromism indicating 

groove binding [52, 53]. 

The DNA binding efficiency of synthesized compounds 3(a-d) was monitored by 

comparing their absorption spectra with and without CT-DNA. The absorption spectra were 

carried out at a fixed concentration of synthesized compounds and varied with DNA 

concentrations (25-350 µL of 0.5025X10-7 to 6.0670X10-7 molL-1) under the physiological 

condition of pH 7.01. The absorption spectra of all the synthesized compounds 3(a-d) 

exhibited absorption bands at 235 to 240 nm due to π-π* transitions (Fig. 5). The Kb values of 

compounds 3(a-d) are found to be 1.1216X107, 1.4072X107, 1.0634X107 and 3.4872X107 

respectively appear in Table 6. These Kb values confirm that all the synthesized compounds 

interacted strongly with CT-DNA. Among the four compounds, compound 3d showed a 

prominent binding ability with CT-DNA compared to other compounds. The absorption bands 

of the compounds were affected due to the gradual increase of CT-DNA concentration 

resulting hyperchromism/hypochromism. No/or negligible blue/red shift indicates strong 

interaction of the compounds with CT-DNA mainly through electrostatic or groove binding 
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[54]. The kinetics and thermodynamics of compounds-DNA interaction in terms of binding 

constant (Kb) and Gibbs free energy change (ΔG) were evaluated using the classical Van't 

Hoff's equation, ΔG= -2.303RT logKb. The negative ΔG values confirmed the spontaneous 

binding of compounds with CT-DNA through the formation of stable complexes. 

Table 6. DNA binding results of synthesized compounds 3(a-d). 

Compd. 
λ max (nm) Δλ max 

(nm) 
% H Kb (M-1) 

ΔG 

(kJ/mol) Free Bound 

3a 240 239 1 6.1879x10-4 1.1216X107 -40.205

3b 236 236 0 6.0157x10-4 1.4072X107 -40.767

3c 239 239 0 1.1560x10-3 1.0634X107 -40.073

3d 236 236 0 1.2388x10-3 3.4872X107 -43.015
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Fig. 5. The electronic absorption spectra of compounds 3(a-d) in the absence and presence of 

increasing amounts of CT-DNA. Arrow (↓) shows the change in the absorbance with increase 

the DNA concentration. Inset: plot of [DNA]/( Ԑa- Ԑf) vs [DNA]. 

2B.6.4. Structure-activity relationship (SAR) study 

The evaluation of the antibacterial activity of the newly synthesized compounds 3(a-d) 

revealed that, the presence of electron-donating group has a significant effect on enhancing 

their potency. The compounds 3b and 3d have a methyl group at C-3 of the thiophene ring. 

This could have improved their cell permeability, which improved their activity profile 

compared to 3a and 3c. The combination of heterocyclic rings like pyrimidine and thiophene 

is presumed to be the main reason for the profound cytotoxicity of the newly synthesized 

compounds 3(a-d). Furthermore, the presence of the urea group in the pyrimidine ring could 

have significantly contributed to the superior cytotoxicity of 3a and 3b compounds as 

compared to other synthesized molecules [55]. 

2B.6.5. in silico molecular docking study 

Molecular docking results revealed that, compound 3b bound with GlcN-6-P and P38 

MAPk with a minimum binding energy of -7.9 and -6.4 kcal/mol, respectively. 3a, 3d and 3c 

interacted with a binding energy of -7.6 and -6.4 kcal/mol, -7.4 and -6.2 kcal/mol and -7.4 and 
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-6.0 kcal/mol with GlcN-6-P and P38 MAPk targets respectively. The interaction of all the

molecules with GlcN-6-P and P38 MAPk were compared with antibacterial agent 

Ciprofloxacin (-7.7 kcal/mol) and anticancer agent 5-fluorouracil (-4.7 kcal/mol) (Table 7 & 

Fig. 6). The computational methods in drug discovery have gained enormous importance in 

modern drug research. They play a critical role in reducing the virtual chemical space in 

synthesizing, modifying, and screening chemical drugs against a specific disease target. Their 

effectiveness can be validated using microbial pathogens due to their simpler and clearer 

cellular understandings. Similarly, cell death modalities can also be studied using in vitro cell 

culture studies, particularly focusing on necrosis, apoptosis, necroptosis, autophagic cell 

death, etc. In the present study, in silico molecular docking studies were performed to predict 

the most effective binding among the synthesized molecules to appropriate targets [56]. The 

studied molecules showed remarkable binding interactions with the selected target proteins, 

supporting their remarkable antimicrobial and anticancer effects.   

Table 7. Binding energies of synthesized compounds 3(a-d) with GlcN-6-P and P38 MAPk 

targets. 

Antibacterial activity Anticancer activity 

Compd. 
Binding energy 

in kcal/mol 
Compd. 

Binding energy 

in kcal/mol 

3a -7.6 3a -6.4

3b -7.9 3b -6.4

3c -7.4 3c -6.0

3d -7.4 3d -6.2

Ciprofloxacin -7.7 5-Fluorouracil -4.7
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Fig. 6. Binding interaction of compounds 3a (a&b), 3b (c&d), 3c (e&f) & 3d (g&h) with 

GlcN-6-P along with standard drug ciprofloxacin (i&j) (a) & Binding interaction of 

compounds 3a (a&b), 3b (c&d), 3c (e&f) & 3d (g&h) with P38 MAPk along with standard 

drug 5-fluorouracil (i&j) (b). 

2B.6.6. in silico ADME-toxicology study 

The bioavailability and drug-likeness were estimated for all the synthesized compounds 

3(a-d) based on the molecular properties. The results indicated that, all four compounds under 

study could pass through Lipinski's filter without any violations, demonstrating a positive 

drug-likeness score indicating their suitability as drug-leads. in silico pharmacokinetic studies 

showed that all the molecules under investigation could penetrate the blood-brain barrier and 
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are readily absorbed by the human intestine while they are impermeable to Caco-2, and non-

substrate Cytochromes P450 (CYP450) group of enzymes (Table 8). 

in silico pharmacodynamics studies revealed that, all four molecules are non-mutagenic, 

non-tumorigenic, non-irritant and AMES non-toxic with high reproductive effects with 

possible hepatotoxicity. The bioactivity assessment indicated that the molecules do not belong 

to the GPCR group of ligands, do not modulate ion channels, non-kinase inhibitors, non-

nuclear receptor ligands, non-protease and non-enzyme inhibitors (Table 9).  
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Table 8. Bioavailability, drug likeness and in silico pharmacokinetic assessment of synthesized compounds 3(a-d). 

Compd. 

Bioavailability and Drug likeness in silico Pharmacokinetics 
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3a 222.224 0.2739 5 2 1 103.51 5.2698 +0.982 -0.779 +0.982 -0.873

3b 236.251 0.6178 5 2 1 103.51 4.9763 +0.728 -0.753 +0.980 -0.889

3c 238.291 0.6344 4 2 1 118.53 4.2229 +0.979 -0.698 +0.977 -0.871

3d 252.318 0.9783 4 2 1 118.53 3.9143 +0.987 -0.673 +0.976 -0.886

Table 9. in silico pharmacodynamics and bioactivity assessment of synthesized compounds 3(a-d). 

Compd. 

in silico Pharmacodynamics Bioactivity score 
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3a NONE NONE HIGH NONE -0.590 -0.706 +0.925 -1.12 -1.58 -0.86 -1.26 -1.30 -0.69

3b NONE NONE HIGH NONE -0.562 -0.694 +0.950 -1.07 -1.44 -0.90 -0.91 -1.32 -0.73

3c HIGH NONE HIGH NONE -0.859 -0.731 +0.900 -1.43 -1.77 -1.41 -1.73 -1.32 -1.00

3d HIGH NONE HIGH NONE -0.843 -0.711 +0.850 -1.35 -1.62 -1.42 -1.35 -1.34 -1.03
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2B.6.7. DFT study 

Frontier molecular orbitals (FMOs) containing the highest occupied molecular orbital 

(HOMO) and lowest unoccupied molecular orbital (LUMO), as well as the energy gap (ΔE= 

EHOMO-ELUMO) were considered to be very effective parameters in chemical quantum 

chemistry. FMOs also delivered important information about chemical reactivity, biological 

activity and kinetic stability of the molecules. The optimized HOMO and LUMO structures 

of synthesized compounds 3(a-d) are shown in Fig. 7 & 8. The HOMO and LUMO of 

compounds were helpful in determining various global reactivity parameters such as 

ionization energy (I = -EHOMO), electron affinity (A = -ELUMO), chemical hardness (ƞ = 1/2 (I – 

A)), chemical softness (σ = 1/ƞ), electronegativity (χ = 1/2 (I + A)), chemical potential (µ = -

χ), and electrophilicity index (ω = µ2/2ƞ) helps to study about donor–acceptor interaction and 

intramolecular charge transfer (ICT) ability of synthesized compounds [57].  

The calculated HOMO-LUMO energies and global reactivity parameters of the 

synthesized compounds 3(a-d) are displayed in Table 10. A smaller HOMO-LUMO energy 

gap (ΔE) indicates a soft molecule, while a larger gap indicates a hard molecule. Lower 

energy gap, less ionization potential, electron affinity, chemical hardness, electronegativity, 

electrophilicity index values and more softness values indicates that molecule with more 

chemically and biologically active with low kinetic stability [58]. DFT study data reveals 

that, the energy gap (ΔE) of compounds 3a, 3b, 3c and 3d are 0.16038 eV, 0.15988 eV, 

0.12799 eV and 0.12636 eV respectively. 3a, 3b and 3c, 3d molecules show nearly similar 

energy gaps due to the similar structure. Among them 3d molecule shows less energy gap 

(0.12636 eV) and more softness value (15.8277 eV). Hence, it is chemically more reactive as 

compared to other molecules. 3a molecule having more electronegative value (0.19923 eV), 

hence it has more tendency to attract a bonding electron pairs as compared to other 

molecules. 
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Table 10. Chemical parameters of synthesized compounds 3(a-d). 

Entry 
EHOMO 

(eV) 

ELUMO 

(eV) 

ΔE 

EHOMO - ELUMO 

(eV) 

I 

(eV) 

A 

(eV) 

ƞ 

(eV) 

σ 

(eV) 

χ 

(eV) 

µ 

(eV) 

ω 

(eV) 

D 

(Debye) 

3a -0.27942 -0.11904 0.16038 0.27942 0.11904 0.08019 12.4703 0.19923 -0.19923 0.24749 4.6744 

3b -0.27411 -0.11423 0.15988 0.27411 0.11423 0.07994 12.5093 0.19417 -0.19417 0.23581 5.2238 

3c -0.25095 -0.12296 0.12799 0.25095 0.12296 0.06399 15.6274 0.18695 -0.18695 0.27310 5.4300 

3d -0.24793 -0.12157 0.12636 0.24793 0.12157 0.06318 15.8277 0.18475 -0.18475 0.27012 5.9267 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Optimized structures of synthesized compounds 3(a-d).
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Fig. 8. HOMO-LUMO structures of synthesized compounds 3(a-d). 
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2B.7. Conclusion 

We have described a mild, easy and green protocol for synthesizing 5-(3-substituted-

thiophene)-pyrimidine derivatives 3(a-d) using H2O2:HCl as a catalyst under reflux 

condition. This synthetic approach has a short reaction time, excellent yield, and clean 

reactions make this procedure a magnificent alternative to the existing methods. Moreover, 

the activity results revealed that, compounds 3b and 3d exhibited more potent antibacterial 

activity against E. coli & S. aureus than the standard drug Ciprofloxacin. In vitro cytotoxicity 

results disclosed the outstanding selectivity on MCF-7 cell line, mainly compound 3a 

exhibiting the most effective cytotoxicity with a minimum cell survival range of 23.68 to 

44.16 %. DNA binding results indicate that, all the synthesized compounds interacted 

strongly with CT-DNA and compound-DNA complexes were stabilized by electrostatic or 

groove binding. In silico ADME-toxicology results showed that, the compounds obeyed all 

the five rules with good bioavailability. Hence, there was no possibility of causing harmful 

toxicants, thus indicating their suitability as drug-leads. in silico molecular docking results 

suggested that, compound 3b bound with GlcN-6-P and P38 MAPk with a least binding 

energy of -7.9 and -6.4 kcal/mol, respectively. DFT results indicates, compound 3d was 

chemically and biologically more reactive with low kinetic stability due to smaller energy 

gap.  
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3.1. Introduction  

Multi-component reactions (MCRs) afford an extremely valuable tool within the field of 

synthetic and medicinal chemistry. They consider as an important tool for the synthesis of 

polyfunctional molecules with high competence over multistep synthesis. Globally, it has 

been explored as an efficient tool for preparing several active drugs [1]. MCRs offer many 

advantages such as they avoid unnecessary purification, wastages, byproducts, toxic reagents, 

solvents consumption, and they also followed the easy workup, shorter reaction time and high 

atom economy [2, 3].  

Proline is a bifunctional chiral homogenous organocatalyst that is cost-effective, 

efficient, and more readily available than any other catalyst [4]. L-Proline has both acidic 

(−COOH) and basic (−NH) functionality and catalyzes chemical transformations similar to 

enzyme catalysis [5]. It is efficient in catalyzing various organic transformations [6], 

Knoevenagel-type condensation [7], Biginelli reaction [8], Mannich [9], Michael [10], Diels-

Alder [11], α-amination reaction [12] and asymmetric Hantzsch reaction [13]. 

Heterocyclic compounds play a predominant role in the field of medicinal as well as 

synthetic organic chemistry due to their broad biological importance. They always attract the 

attention of medicinal chemists and researchers due to their multiform pharmacological 

activities [14, 15]. Pyrimidine and thiazole are important scaffolds in drug discovery, 

combining these pharmacophores into a single entity could enhance their pharmacological 

properties such as antitumor [16], anti-inflammatory [17], anti-tubercular [18], anticancer 

[19], antioxidant [20], antimicrobial [21], antipsychotic [22], anxiolytic and antidepressant 

[23] etc. Rationalizing this hypothesis by synthesizing a series of thiazolopyrimidine 

derivatives could result in novel molecules displaying considerable pharmacological potential.  

Cancer is a global malignant disease causing severe health problems and even death. It 

is generally characterized by the rapid and uncontrolled proliferation of cells, thereby leading 
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to the invasiveness of various tissues. The advancements in the medical field have given good 

insights into the inheritance of cancer. However, seeking a proper cure for cancer is still a 

major unsolved challenge to the scientific community [24]. A defensive response of the body 

that minimizes tissue damage by inducing physiological adaptations can be termed as 

inflammation. There are different inflammatory disorders such as retinitis, multiple sclerosis, 

psoriasis, atherosclerosis, inflammatory bowel diseases, osteoarthritis, and rheumatoid 

arthritis [25]. Although the significant effects of inflammation do not look critical prima 

facie, chronic inflammation is a vital contributory factor in mortality and morbidity. These 

observations emphasize the importance of developing potent anticancer and anti-

inflammatory agents with minimum side effects. In this aspect, the concept of synthesizing 

novel heterocyclic compounds is rational as a majority of available anticancer and anti-

inflammatory agents contain one or more heterocyclic groups [26, 27]. The significance of 

pyrimidine and thiazole-based compounds are underlined by their presence in various drugs 

available in the market (Fig. 1) and some reported biologically important cyclocondensation 

compounds have been discussed below.  
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Fig. 1. Some of the drugs containing pyrimidine and thiazole moieties.  
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In 2015, N. Kaur et. al., have been reported a series of tricyclic dihydropyrimidine 

derivatives (1) through Traube-Schwarz reaction in the presence of Zn(ClO4)2.6H2O as a 

catalyst and evaluated for their in vitro anticancer activity. Out of all the tested compounds, 

1a possessed the highest cytotoxicity in PC3 and NCI-H1299 cancer cell lines, with an IC50 

value of 37 µΜ in PC3 and 40 µΜ in NCI-H1299 cell lines [28]. 

R
1

H

O
N

N
H

NH2
OEt

O O

+ +
Zn(ClO4)2.6H2O

CH3OH, Reflux

N
H

N

N

R
1

OEt

O

1

1a: R1= 2-OH-1-Naphthyl

 

A series of substituted-3,3-dimethyl-3,4,5,12-tetrahydrobenzo[4,5]imidazo[1,2-

b]quinazolin-1(2H)-one derivatives (2) have been reported by A. Akbari et. al., in 2020 using 

mesoporous organosilica magnetic nanoparticles due to shorter reaction time, excellent 

yields, low catalyst loading, cost-effectiveness and catalyst recyclability [29]. 
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In 2019, S.G. Khansole et. al., have been reported a pyrimido [4,5-d] [1,3,4] thiadiazolo 

[3,2-a] pyrimidinedione derivatives (3) using tetrabutyl ammonium hydrogen sulphate 

(TBAHS) as a green catalyst and screened for their antioxidant activity. The compounds 3a 

& 3b showed good DDPH radical scavenging activity with % of inhibition is 86.2±1.06 & 

84.6±1.26, the compounds 3a, 3b & 3c exhibited excellent OH radical scavenging activity 

with % of inhibition 84.1±0.44, 85.2±1.06 and 85.0±1.98 respectively [30]. 
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3a: R= 4-Br; 3b: R= 4-NO
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; 3c: R= 4,3-di-Cl

 

A series of 7-aryl-10-thioxo-7,10,11,12-tetrahydro-9H-benzo[H]pyrimido[4,5-

b]quinoline-8-one derivatives (4) was reported by D. Kumbhar et. al., and investigated as an 

antimicrobial agent against pathogenic fungi such as C. truncatum, U. maydis and bacterial 

strains viz B. megaterium and P. vulgaris. Electron withdrawing groups containing 

compounds such as 4a, 4b and 4c shows good antifungal and promising antibacterial activity 

[31]. 
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4a: R= 3-Cl; 4b: R= 3-Br; 4c: R= 4-NO
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In 2018, T. Venkatesh and co-authors synthesized substituted phenyl-1,5-dihydro-2H-

benzo[4,5] thiazolo[3,2-a]pyrimido[4,5-d]pyrimidine derivatives (5) and reported as 

antimicrobial activity against various microbial strains, at different concentrations. 

Compounds 5b and 5c were found to be more active against bacterial strains E. coli, P. 

syringae and S. aureus with MIC value of 50 µg/mL and compounds 5a, 5b and 5d were 

shows MIC value of 150 µg/mL against fungal strains F. oxysporum, A. flavus and A. solani 

respectively [32]. 
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A. Bazgira et. al., have been described a series of pyrazolo[4,3:5,6]pyrido[2,3-

d]pyrimidine-dione derivatives (6 & 7) and evaluated in vitro antibacterial activity. The 

compounds 6(a-e) shows good MIC value in the range of 18-32 µg/mL and 20-32 µg/mL 

against S. epidermidis and P. aeruginosa respectively and compounds 7(a-f) displayed MIC 

value range of 12-32 µg/mL against P. aeruginosa bacterial strain [33]. 
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7a: R= H; R1= C6H5; 7b: R= H; R1= 4-Cl-C6H4

7c: R= H; R1= 4-NO2-C6H4; 7d: R= NO2; R
1= C6H5

7e: R= NO2; R
1= 4-Cl-C6H4; 7f: R= NO2; R

1= 4-NO2-C6H4

 

In 2012, a series of novel substituted 6-methyl-2-oxo-N,4-diphenyl-1,2,3,4-

tetrahydropyrimidine-5-carboxamide derivatives (8, 9 & 10) was prepared by B. Sedaghati et. 

al. and evaluated for antimicrobial activity. The compounds 8a & 10a shows MIC value of 

128 µg/mL against S. aureus and P. aeruginosa strains respectively. Compounds 9a, 9b and 

9c showed MIC value of 32 µg/mL against C. albicans fungal strain [34]. 
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M. Kidwai et. al., developed a convenient synthetic route for the preparation of 4-aryl-

7,7-dimethyl-1,2,3,4,5,6,7,8-octahydroquinazoline-2-one/thione-5-one (11) in the absence of 

solvent and catalyst, under microwave irradiation and reported as antibacterial activity 

against S. aureus, E. coli and P. aeruginosa. All compounds were susceptible at 

concentration of 32 & 64 µg/mL as compared to standard drug Norfloxacin [35]. 

+
NH2 NH2
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In 2010, V.V. Dabholkar and co-workers reported a substituted dihydropyrimidinones 

(12) as antibacterial agents. All the synthesized compounds were subjected to bacterial strains 

S. aureus, C. diphtheria, P. aeruginosa and E. coli. Among them, 12a shows maximum zone 

of inhibition at 22 mm against S. aureus, 12b shows highest % inhibition of 27 & 32 mm 

against C. diphtheria and E. coli, 12c exhibits highest inhibition at 30 mm against P. 

aeruginosa strain [36]. 
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Based on the above investigations, we reported (4-substituted-phenyl)-1,5-dihydro-2H-

pyrimido[4,5-d][1,3]thiazolo[3,2a]-pyrimidine-2,4(3H)-dione derivatives and examined their 

in vitro cytotoxicity, anti-inflammatory and in silico studies using P38 MAP kinase and 

MMP-9 proteins as target enzymes. 

3.2. Present work 

In this chapter, we explained a simple, convenient and eco-friendly method for the 

synthesis of some new (4-substituted-phenyl)-1,5-dihydro-2H-pyrimido[4,5-

d][1,3]thiazolo[3,2a]-pyrimidine-2,4(3H)-dione derivatives 4(a-g) via one-pot three-

component reaction of 2-amino-4-(4-substituted-phenyl)thiazoles (1), substituted 

benzaldehyde (2) and barbituric/thiobarbituric acid (3) in aqueous ethanol using 10 mol % of 

L-Proline as a catalyst to affords solid targets and the reaction pathway has been given in 

Scheme 3.  
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4c OCH3 OH OCH3 O 

4d OCH3 N(CH3)2 H O 

4e OCH3 OCH3 H O 

4f NO2 OH H S 

4g NO2 Cl NO2 S 

 

Scheme 3. Synthesis of (4-substituted-phenyl)-1,5-dihydro-2H-pyrimido[4,5-d][1,3] 

thiazolo[3,2a]-pyrimidine-2,4(3H)-dione derivatives 4(a-g). 

 

The synthetic strategy involves in the following steps: 

 The reaction was initiated by the formation of enol II from barbituric/thiobarbituric 

acid I.  

 L-Proline was coordinated through a hydrogen bond to the oxygen atom of the 

substituted benzaldehyde III and then it was activated for nucleophilic attack.  

 Enol II attacks the carbonyl group of the activated benzaldehyde III and affords 

Knoevenagel intermediate IV.  

 It undergoes Michael addition with 2-amino-4-(4-substituted-phenyl) thiazole V, afford 

intermediates VI & VII, followed by cyclocondensation giving the final products VIII. 

 The plausible mechanism for the formation of new (4-substituted-phenyl)-1,5-dihydro-

2H-pyrimido[4,5-d][1,3]thiazolo[3,2a]-pyrimidine-2,4(3H)-dione derivatives has been 

proposed in Fig. 2. 
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Fig. 2. Plausible mechanism of synthesized compounds 4(a-g). 

Firstly, we studied the effect of catalyst on the reaction. In the previous reports, this 

method was carried out in the presence of different catalysts such as HCl, TBAHS, 

Zn(ClO4)2.6H2O, TMGT, InCl3, p-TSA, ZnO NPs and also in the absence of catalyst (Table 

1). Further, we screened different conditions to find the influence of catalyst on progress of 

the reaction as well as on the increase of product yield by using different mol % of L-Proline 

i.e., 5, 10, 15 and 20 mol % was examined on the compound 4a. The best result was obtained 

in the presence of 10 mol %, whereas a further increase in the quantity of catalyst does not 

have any significant effect on the reaction kinetics (Table 2).  
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Table 1. Effect of different catalysts on synthesized compound 4a. 

Entry Catalyst Solvent 
Temperature 

(oC) 

Time 

(hours) 

Yield 

(%) 

1 L-Proline EtOH: H2O Reflux 5 90 

2 HCl EtOH Reflux 8 90[32] 

3 TBAHS EtOH: H2O Reflux 3 84[30] 

4 - 
EtOH: acetic 

acid 
Reflux 8 89[31] 

5 
Zn(ClO4)2.

6H2O 
MeOH Reflux 8 78[37] 

6 TMGT Ionic liquid Reflux 5 77[38] 

7 InCl3 EtOH/H2O Reflux 1 87[39] 

8 p-TSA Solvent-free Reflux 4 95[33] 

9 ZnO NPs Ball milling RT 40 min 82[40] 

 

Table 2. Effect of mol % of L-Proline catalyst on synthesized compound 4a. 

Entry Catalyst Mol (%) Time  Yield (%) 

1 - - 10 h 60 

2 L-Proline 5 9 h 76 

3 L-Proline 10 5 h 90 

4 L-Proline 15 5 h 90 

5 L-Proline 20 5 h 88 

 

 

The structures of newly (4-substituted-phenyl)-1,5-dihydro-2H-pyrimido[4,5-

d][1,3]thiazolo[3,2a]-pyrimidine-2,4(3H)-dione derivatives 4(a-g) were confirmed by 

recording their IR, 1H NMR, 13C NMR, and Mass spectral data.  

IR spectrum of compound 4a showed the absorption band in the region of 3363 cm-1 

that can be attributed to the amide stretching vibration, 2920 cm-1 correspond to methoxy 

group (OCH3), and the absorption band at 1668 cm-1 correspond to stretching vibration of the 

carbonyl group (C=O). Another stretching vibrational band at 1602 cm-1 correspond to the 

C=N bond. The 1H NMR spectrum of compound 4a exhibited two singlet peaks at δ 9.99 and 

9.01 ppm, which corresponds to two NH protons of pyrimidine nucleus (s, 2H, NH) and 

another doublet peak at δ 7.98 ppm (d, J= 8 Hz, 1H, Ar-H) correspond to aromatic proton. 

Singlet peak at δ 7.87 ppm correspond to the CH proton of the thiazole core (s, 1H, Ar-CH). 

Multiplet peak was observed in the range of δ 7.55-7.36 ppm corresponds to five aromatic 
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protons (m, 5H, Ar-H) and a doublet peak appeared in the range of δ 6.98-6.96 ppm is due to 

two aromatic protons (d, J= 8 Hz, 2H, Ar-H). A singlet peak at δ 5.63 ppm due to CH proton 

(s, 1H, CH) and another singlet that appeared at δ 3.74 ppm correspond to methoxy protons (s, 

3H, OCH3). In addition, the 13C NMR spectrum of compound 4a exhibited a peak at δ 169.35 

and 164.41 ppm, which correspond to carbonyl carbons and peaks at δ 60.14 ppm due to 

methoxy carbon.  

The mass spectrum showed a molecular ion peak m/z at 449 [M+], which corresponds to 

the molecular weight of the compound 4a.  

 

Characterization: 

 

IR spectrum of compound 4a 
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1H NMR spectrum of compound 4a 

 

 

13C NMR spectrum of compound 4a 
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MASS spectrum of compound 4a 

 

 

IR spectrum of compound 4c 
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Mol. Wt: 449.43 
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1H NMR spectrum of compound 4c 

 

13C NMR spectrum of compound 4c 
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MASS spectrum of compound 4c 

3.3. Experimental 

3.3.1. General information: 

The general information regarding the different solvents, reagents and instruments etc., 

used for the analysis has been discussed detailed in the experimental section (2A.3.1) of 

Chapter-2A. 

3.3.2. General procedure for the synthesis of (4-substituted-phenyl)-1,5-dihydro-2H-

pyrimido[4,5-d][1,3]thiazolo[3,2a]-pyrimidine-2,4(3H)-dione derivatives 4(a-g):  

An equimolar quantity of 2-amino-4-(4-substituted-phenyl)thiazoles (1a/b, 1 mmol), 

substituted benzaldehyde (2, 1 mmol), and barbituric/thiobarbituric acid (3, 1 mmol) in the 

presence of aqueous ethanol using 10 mol % of L-Proline as a catalyst and refluxed with 

constant stirring for about 4-5 hours. Simultaneously, the reaction was monitored by TLC 

(Ethyl acetate & petroleum ether). After completion of the reaction, the reaction mixture was 

cooled to room temperature and poured into the 100 mL flake ice with vigorous stirring to get 

NH

N
H

N

NS

O

O

O
OH

O

 
Mol. Wt: 450.46 
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solid precipitate. Then, it was filtered, washed, recrystallized from absolute ethanol, and dried 

to afford pure solid products (4a-g). 

7-(4-Methoxyphenyl)-5-(3-nitrophenyl)-1,5-dihydro-2H-pyrimido[4,5-d][1,3] 

thiazolo[3,2-a]pyrimidine-2,4(3H)-dione (4a): 

Yellow solid; Yield: 82 %; MP: 290-292 oC; Mol. Formula: C21H15N5O5S; FTIR (υ cm-

1): 3363 (NH), 2920 (OCH3), 1668 (C=O) & 1602 (C=N); 1H NMR (δ ppm): 9.99 (s, 1H, 

NH), 9.01 (s, 1H, NH), 7.99-7.97 (d, J= 8 Hz, 1H, Ar-H), 7.87 (s, 1H, CH), 7.55-7.36 (m, 5H, 

Ar-H), 6.98-6.96 (d, J= 8 Hz, 2H, Ar-H), 5.63 (s, 1H, CH), 3.74 (s, 3H, OCH3); 
13C NMR (δ 

ppm): 169.35, 164.41, 157.25, 155.71, 152.60, 152.43, 138.76, 135.35, 135.21, 134.88, 

134.12, 133.11, 127.74, 127.48, 126.24, 125.32, 118.86, 118.17, 91.60 & 60.14; LCMS: m/z 

449 [M+]; Anal.Calcd: C 56.12, H 3.36, N 15.58 %, Found: C 56.05, H 3.12, N 15.47 %. 

5-(4-Hydroxyphenyl)-7-(4-methoxyphenyl)-1,5-dihydro-2H-pyrimido[4,5-d][1,3] 

thiazolo[3,2-a]pyrimidine-2,4(3H)-dione (4b): 

Yellow solid; Yield: 80 %; MP: 295-298 oC; Mol. Formula: C21H16N4O4S; FTIR (υ cm-

1): 3452 (OH), 3273 (NH), 2955 (OCH3), 1678 (C=O) & 1597 (C=N); 1H NMR (δ ppm): 

12.00 (s, 1H, OH), 11.28 (s, 1H, NH), 11.16 (s, 1H, NH), 8.27 (s, 1H, Ar-H), 7.85-7.83 (d, 

J=8 Hz, 1H, Ar-H), 7.31-7.29 (t, J= 8 Hz, 1H, Ar-H), 7.23-6.99 (m, 3H, Ar-H), 6.86 (s, 1H, 

Ar-H), 6.68-6.66 (d, J= 8 Hz, 2H, Ar-H), 5.36 (s, 1H, CH), 3.78 (s, 3H, OCH3); 
13C NMR (δ 

ppm): 163.61, 160.47, 158.79, 154.60, 154.18, 152.06, 149.60, 135.14, 134.28, 133.97, 

133.07, 132.96, 131.48, 130.70, 129.42, 121.40, 118.80, 93.11 & 60.11; LCMS: m/z 422 

[M++2]; Anal. Calcd: C 59.99, H 3.84, N 13.33 %, Found: C 59.93, H 3.82, N 13.28 %. 

5-(4-Hydroxy-3-methoxyphenyl)-7-(4-methoxyphenyl)-1,5-dihydro-2H-pyrimido[4,5-

d][1,3]thiazolo[3,2-a]pyrimidine-2,4(3H)-dione (4c): 

Yellow solid; Yield: 81 %; MP: 267-270 oC; Mol. Formula: C22H18N4O5S; FTIR (υ cm-

1): 3473 (OH), 3221 (NH), 2922 (OCH3), 1666 (C=O) & 1602 (C=N); 1H NMR (δ ppm): 
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12.13 (s, 1H, OH), 11.74 (s, 1H, NH), 11.47 (s, 1H, NH), 7.91-7.89 (d, J= 8 Hz, 2H, Ar-H), 

7.20-7.18 (d, J= 8 Hz, 2H, Ar-H), 7.05-6.99 (m, 4H, Ar-H), 5.83 (s, 1H, CH), 3.84 (s, 6H, 

OCH3); 
13C NMR (δ ppm): 163.70, 163.34, 143.58, 143.27, 135.26, 131.94, 131.37, 130.55, 

129.79, 129.20, 128.12, 127.64, 126.99, 125.35, 122.54, 114.49, 114.28, 110.66, 96.59, 80.69, 

56.03 & 55.96; HRMS: m/z 451.3702 [M++1]; Anal. Calcd: C 58.66, H 4.03, N 12.44 %, 

Found: C 58.63, H 3.98, N 12.38 %. 

5-(4-N-dimethylphenyl)-7-(4-methoxyphenyl)-1,5-dihydro-2H-pyrimido[4,5-d][1,3] 

thiazolo[3,2-a]pyrimidine-2,4(3H)-dione (4d): 

Orange red solid; Yield: 79 %; MP: 275-278 oC; Mol. Formula: C23H21N5O3S; FTIR (υ 

cm-1): 3322 (NH), 2832 (CH3), 1673 (C=O) & 1598 (C=N); 1H NMR (δ ppm): 11.32 (s, 1H, 

NH), 11.20 (s, 1H, NH), 8.26 (s, 1H, Ar-H), 7.85-7.83 (d, J=8 Hz, 1H, Ar-H), 7.34-7.32 (t, J= 

8 Hz, 1H, Ar-H), 7.29-7.03 (m, 3H, Ar-H), 6.89 (s, 1H, Ar-H), 6.68-6.66 (d, J= 8 Hz, 2H, Ar-

H), 5.43 (s, 1H, CH), 3.78 (s, 3H, OCH3), 2.43 (s, 6H, CH3); 
13C NMR (δ ppm): 163.61, 

160.47, 158.87, 155.62, 154.03, 151.98, 149.24, 135.94, 134.19, 133.68, 133.08, 132.35, 

131.28, 130.60, 130.01, 129.63, 128.40, 122.18, 117.20, 96.24, 56.18 & 22.01; HRMS: m/z 

449 [M++2]; Anal.Calcd for: C 61.78, H 4.73, N 15.65 %, Found: C 61.71, H 4.68, N 15.58 

%. 

5,7-Bis(4-methoxyphenyl)-1,5-dihydro-2H-pyrimido[4,5-d][1,3]thiazolo[3,2a]pyrimidine-

2,4(3H)-dione (4e): 

Light yellow solid; Yield: 81 %; MP: 285-290 oC; Mol. Formula: C22H18N4O5S; FTIR 

(υ cm-1): 3228 (NH), 2962 (OCH3), 1666 (C=O) & 1592 (C=N); 1H NMR (δ ppm): 11.34 (s, 

1H, NH), 11.23 (s, 1H, NH), 8.28 (s, 1H, Ar-H), 7.85-7.83 (d, J=8 Hz, 1H, Ar-H), 7.33-7.31 

(t, J= 8 Hz, 1H, Ar-H), 7.28-7.00 (m, 3H, Ar-H), 6.88 (s, 1H, Ar-H), 6.70-6.68 (d, J= 8 Hz, 

2H, Ar-H), 5.39 (s, 1H, CH), 3.84 (s, 6H, OCH3); 
13C NMR (δ ppm): 162.32, 160.43, 158.68, 

155.12, 154.23, 150.03, 149.01, 136.12, 135.16, 134.08, 133.89, 133.34, 132.08, 130.21, 
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129.08, 128.32, 121.21, 118.12, 94.23, 59.45 & 56.78; HRMS: m/z 436 [M++2]; Anal. Calcd: 

C 60.82, H 4.18, N 12. 90 %, Found: C 60.79, H 4.13, N 12.88 %. 

5-(4-Hydroxyphenyl)-7-(4-nitrophenyl)-2-thioxo-1,2,3,5-tetrahydro-4H-pyrimido[4,5-

d][1,3]thiazolo[3,2-a]pyrimidin-4-one (4f): 

Yellow solid; Yield: 81 %; MP: 280-284 oC; Mol. Formula: C20H13N5O4S2; FTIR (υ cm-

1): 3471 (OH), 3294 (NH), 1666 (C=O) & 1591 (C=N); 1H NMR (δ ppm): 12.32 (s, 1H, NH), 

12.23 (s, 1H, NH), 11.50 (s, 1H, OH), 8.72 (s, 1H, Ar-H), 8.22-8.18 (t, 2H, Ar-H), 7.84-7.82 

(d, J= 8 Hz, 2H, Ar-H), 7.87 (s, 1H, Ar-H), 6.82-6.80 (d, J= 8 Hz, 1H, Ar-H), 6.54-6.52 (d, J= 

8 Hz, 2H, Ar-H), 5.46 (s, 1H, CH); 13C NMR (δ ppm): 173.06, 169.57, 163.77, 162.57, 

155.84, 155.08, 147.92, 146.69, 132.74, 130.91, 128.86, 128.31, 127.86, 126.91, 124.59, 

116.37, 115.21, 107.30 & 96.72; HRMS: m/z 452.3012 [M+1]+; Anal. Calcd: C 53.21, H 

2.90, N 15.51 %, Found: C 53.17, H 2.87, N 15.47 %. 

5-(4-Chloro-3-nitrophenyl)-7-(4-nitrophenyl)-2-thioxo-1,2,3,5-tetrahydro-4H-pyrimido 

[4,5-d][1,3]thiazolo[3,2-a]pyrimidin-4-one (4g): 

Yellow solid; Yield: 79 %; MP: 304-308 oC; Mol. Formula: C20H11ClN6O5S2; FTIR (υ 

cm-1): 3284 (NH), 1666 (C=O) & 1608 (C=N); 1H NMR (δ ppm): 10.89 (s, 2H, NH), 8.26-

8.18 (m, 2H, Ar-H), 8.00-7.98 (d, J= 8 Hz, 1H, Ar-H), 7.87-7.85 (d, J= 8 Hz, 1H, Ar-H), 7.65 

(s, 1H, Ar-H), 7.53-7.51 (d, J= 8 Hz, 1H, Ar-H), 7.34-7.32 (d, J= 8 Hz, 2H, Ar-H), 5.57 (s, 

1H, CH); 13C NMR (δ ppm): 174.38, 169.75, 169.19, 162.64, 148.02, 147.86, 146.48, 144.98, 

141.08, 132.60, 131.37, 131.09, 126.82, 125.32, 124.55, 124.20, 123.86, 122.37, 107.18 & 

90.57; HRMS: m/z 513.1334 [M+-1] and 511.1325 [M+-2]; Anal. Calcd: C 46.65, H 2.15, N 

16.32 %, Found: C 46.60, H 2.11, N 16.28 %. 
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3.4. Pharmacological studies  

3.4.1. In vitro cytotoxicity  

In vitro cytotoxicity was evaluated by MTT assay method and followed by according to 

the procedure Kumbar et. al., [41] against MCF-7 (Human breast cancer) cell line and 

detailed procedure has been explained in the experimental section 2B.5.2 of Chapter-2B. 

Compounds at six different concentrations (200, 100, 50, 25, 12.5 & 6.25 µg/mL) were used 

for the analysis. Paclitaxel (PTX) was used as standard drug for comparison.  

3.4.2. Anti-inflammatory activity 

The anti-inflammatory activity of the synthesized compounds was investigated by the 

Gelatin Zymography electrophoresis method [42]. 50 µL of matrix metalloproteinase (MMP) 

sample was mixed with 50 µL of the synthesized compounds and incubated for 1 hour at RT. 

MMP sample with Tetracycline hydrochloride served as positive control while MMP sample 

alone served as a negative control. After incubation, an equal quantity of non-reducing buffer 

was added to the above samples, mixed well, and 30 μL of each sample was loaded into the 

gel. The electrophoresis was run at 50 V for 15 min and later increased to 100 V until the 

bromophenol blue reaches the bottom of the plate. After electrophoresis, the gel was washed 

with SDS (sodium dodecyl sulfate) surfactant followed by zymogram renaturing buffer for 1 

hour to remove the remaining surfactant from the gel and allowed the gel for renaturing of the 

proteins. The gel was further incubated in zymogram incubation buffer overnight at 37 oC. 

Finally, the gel was stained with Coomassie blue R-250, and the development of white bands 

indicated the presence of gelatinases with the lower bands representing gelatinases-A (MMP-

2) which are about 72 kD, while the upper bands are gelatinases-B (MMP-9) which are about 

95 kD [43]. 
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3.4.3. in silico molecular docking studies  

Automated docking was used to study the interactions of synthesized compounds at the 

binding pocket of the target proteins. The mode of cell death can be studied by considering 

necrosis, apoptosis, necroptosis, autophagic cell death, etc. The inhibition of P38 MAP kinase 

is likely to affect cellular proliferation accounting for cell toxicity [44, 45]. This can be used 

as a test for mitochondrial respiration indirectly connected by cellular toxicity [46]. Similarly, 

Matrix metalloproteinases (MMPs) play important roles in the interaction between 

inflammatory cells [47] and MMP-9, specifically involved in several cancers associated with 

inflammation [48]. Inhibitors of metalloproteinase (TIMP) can be used to control the elevated 

expression of MMP-9 to control pathological conditions such as cancer and inflammation 

[49]. In the present study, the molecular interactions of the synthesized compounds at the 

binding pocket of P38 MAP kinase and MMP-9 targets [50] were studied using automated 

docking by employing the Autodock Vina program [51]. The co-crystallized structure of P38 

MAP kinase (PDB ID: 1OUK) and MMP-9 (PDB ID: 5CUH) were retrieved from the protein 

databank, and their substrate binding sites were identified using pdbsum server [52]. A grid 

box of dimensions 56 x 60 x 48 Å with X, Y & Z coordinates at 44.746, 34.234 and 32.603 

for P38 MAPk and 44 x 52 x 48 Å with X, Y & Z coordinates at 15.463, 23.591 and -1.658 

for MMP-9 were created respectively. All the torsions were allowed to rotate for synthesized 

compounds during docking. The grid box was set around the residues forming the active 

pocket. The binding interactions were visualized using Biovia Discovery Studio Visualizer 

V.20.1. 

3.4.4. in silico oral bioavailability assessment and ADME-toxicology studies 

The oral bioavailability of the synthetic molecules 4(a-g) was predicted using the 

Lipinski rule-of-five (RO5) filter [53] to derive the candidate drug’s pharmacokinetic (PK) 

and pharmacodynamics (PD) [54]. The structural properties used in the RO5 filter are derived 
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using Osiris Data warrior V.4.4.3 software [55]. Different parameters describing the 

pharmacodynamics and pharmacokinetic properties were assessed using the admetSAR 

server [56]. The bioavailability scores were predicted using the molinspiration server [57].  

3.5. Results and discussion  

3.5.1. Cytotoxicity study 

The in vitro cytotoxicity of the synthesized compounds 4(a-g) was evaluated against 

MCF-7 (Breast cancer) cell line (Fig. 3). A graph detailing the concentration versus survival 

fraction of the compounds was plotted (Fig. 4), and the results were expressed as the half-

maximal inhibitory concentrations (IC50). Paclitaxel used as a reference standard showed an 

IC50 value of 298.86±6.35 µg/mL (Table 3). 

The cytotoxicity results suggested that, the tested compounds have a very good 

selectivity against the MCF-7 cell line compared to the reference standard and compounds 4f 

& 4g possessed significant IC50 values of 1.15±0.49 & 8.55±2.05 µg/mL respectively. The 

remaining compounds also displayed reliable selectivity with an IC50 value in the range of 

18.90±0.69 to 115.00±1.27 µg/mL compared to reference standard Paclitaxel. The 

compounds 4f & 4g demonstrated highly promising cell viability at 6.25 µg/mL 

concentration. The presence of electron-withdrawing nitro and chloro groups on the phenyl 

ring was supposed to be the reason for the superior activity profile of the compounds [58].  

Table 3. % of cell viability against MCF-7 cell line of synthesized compounds 4(a-g). 

Compd. 

Mean cell Viability of MCF-7  

Concentration in µg/mL 

IC50 

in µg/mL 

NC 6.25 12.5 25 50 100 200 

4a 

100 

96.57±0.66 93.15±1.21 92.37±1.54 73.21±1.44 45.79±1.55 23.21±0.99 93.68±1.20 

4b 99.22±1.10 90.03±1.21 76.79±2.09 70.56±0.55 47.82±0.66 27.88±1.44 93.60±2.37 

4c 90.65±1.22 89.72±0.88 82.24±0.66 80.84±0.77 53.89±1.87 31.62±1.10 115.00±1.27 

4d 76.95±0.88 64.17±1.87 29.44±1.10 26.79±1.65 23.83±0.55 19.00±0.44 18.90±0.69 

4e 93.77±0.55 73.05±2.21 62.46±1.32 49.53±1.10 40.81±1.54 29.60±1.32 57.63±1.47 

4f 40.72±2.58 23.98±0.64 22.17±0.96 20.48±0.47 19.68±0.64 19.00±0.64 1.15±0.49 

4g 64.03±0.96 44.00±1.44 40.84±1.44 38.35±0.80 36.99±0.48 34.50±1.12 8.55±2.05 

Std - - - - - - 298.86±6.35 

 Std- Paclitaxel (PTX), NC- Negative control 

Values are Mean ±SE, N=3, *P<0.01 vs. Control 
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Fig. 3. Images of anticancer study of the synthesized compounds 4(a-g) and NC. 
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Fig. 4. A graph of % of survival cells of compounds 4(a-g) at different concentration (a & 

b), A graph of IC50 value of compounds 4(a-g) against MCF-7 cell line (c). 
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3.5.2. Anti-inflammatory activity 

Gelatin zymography is the most sensitive and widely used assay for detecting the 

percentage inhibition of compounds against two enzymes MMP-2 and MMP-9 (Fig. 5 & 6). 

The anti-inflammatory activity results revealed that, compounds 4a & 4g exhibited a 

noticeable activity in terms of % inhibition when compared to other compounds. Compounds 

4a & 4g displayed encouraging anti-inflammatory activity against matrix metalloproteinase-2 

(MMP-2) with % inhibition value of 90±0.41 & 85±0.34 and moderate anti-inflammatory 

activity against matrix metalloproteinase-9 (MMP-9) with % inhibition value of 45±0.38 & 

35±0.54 as compared to positive control  (99±0.51 & 95±0.35 %), (Table 4) respectively. The 

probable reason behind the anti-inflammatory effects displayed by the synthesized molecules 

4a and 4g may be due to the presence of electron-withdrawing nitro groups in their ring 

structures [59]. 

Table 4. Anti-inflammatory activity results of synthesized compounds 4(a-g). 

Entry Compound 

Anti-inflammatory 

activity against 

MMP-2 

(% Inhibition) 

Anti-inflammatory 

activity against 

MMP-9 

(% Inhibition) 

1 4a 90±0.41 45±0.38 

2 4b 50±0.48 5±0.25 

3 4c 37±0.37 5±0.41 

4 4d 33±0.38 5±0.42 

5 4e 45±0.36 22±0.47 

6 4f 78±0.32 20±0.61 

7 4g 85±0.34 35±0.54 

8 PC 99±0.51 95±0.35 

9 NC - - 

PC-Positive control, NC-Negative control 

Values are Mean ±SE, N=3, *P<0.01 vs. Control  
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Fig. 5. Electrophoresis bands for anti-inflammatory activity of compounds 4(a-g). 
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Fig. 6. A graph of % inhibition effect of anti-inflammatory activity of compounds 4(a-g). 
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3.5.3. SAR study 

The SAR study has been carefully carried out for the newly synthesized compounds 

4(a-g). All the newly synthesized compounds exhibited remarkable anticancer activity as 

compared to the reference standard Paclitaxel. Among the tested compounds, 4f and 4g 

displayed prominent IC50 values and promising cell viability at 6.25 µg/mL concentration due 

to presence of electron-withdrawing nitro and chloro groups is presumed to be the main 

reason for the superior activity profile of these compounds [58]. However, the combined 

effect of the electron-donating hydroxyl group and the electron-withdrawing nitro group 

could be the possible reason for the superior potency of the 4f compound.  

The anti-inflammatory activity against MMP-2 and MMP-9 revealed the vital presence 

of electron-withdrawing groups for superior potency [59]. The compounds 4a and 4g 

demonstrated a prominent anti-inflammatory effect due to the presence of EW nitro group in 

the phenyl ring as compared with other molecules. The electron-withdrawing functionalities 

are known to increase lipophilicity, which enhances the cell-permeability of the synthesized 

compounds. This could be the possible reason for the improved activity profile of these 

compounds [60].  

3.5.4. in silico molecular docking study 

Molecular interactions between the synthesized molecules and an appropriate target 

protein were studied using the in silico molecular docking method [61]. The binding 

interactions were compared with standard drugs and expressed as kcal/mol. In the present 

study, P38 MAPk was used as a target for synthesized compounds to correlate their anticancer 

effects. P38 MAPk acts as a measure of mitochondrial respiration, indirectly corresponding to 

cellular toxicity. By inhibiting P38 MAPk, the effect of inhibitors on cell proliferation can be 

measured. The preventive mechanisms behind such cancer-preventive effects may range from 

the inhibition of genotoxic effects, increased antioxidants and anti-inflammatory activity, 
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inhibition of proteases and cell proliferation, protection of intracellular communications to 

modulate apoptosis, and signal transduction pathways [62]. Similarly, Matrix 

metalloproteinases (MMPs) play important roles in the interaction between inflammatory 

cells. MMP9, along with other MMPs, is expressed in inflammatory cells and is involved in 

the regulation of inflammation and other tissue responses [63] by deteriorating the 

extracellular matrix (ECM) proteins and helping in the remodelling of the extracellular 

matrix. MMP-9 also has a crucial role in several cancers associated with inflammation. An 

imbalance in the activation and inhibition of MMPs plays a vital role in cancer 

pathophysiology [64]. Inhibitors of metalloproteinase (TIMP) can be used to control the 

elevated expression of MMP-9 to control pathological conditions such as cancer and 

inflammation. 

The interactions of P38 MAPk with compound 4f displayed the least binding energy of 

-8.7 kcal/mol followed by 4g (-8.4 kcal/mol) (Fig. 7). The compounds 4a, 4c, 4b, 4e and 4d 

have bound with the minimum binding energies of -8.3, -8.3, -8.1, -7.9, and -7.5 kcal/mol 

with P38 MAPk protein respectively (Fig. 8). Similarly, the synthesized compound 4g has 

bound to the target protein MMP-9 with a binding energy of -9.3 kcal/mol forming 5 

hydrogen bonds. The rest of the synthesized compounds interacted with MMP-9 protein with 

binding energies ranging from -8.6 to -7.8 kcal/mol. The interaction energies of each 

molecule with the number of hydrogen bonds formed with different residues of the 

appropriate target proteins are presented in Table 5.  
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Table 5. in silico molecular docking results for anticancer and anti-inflammatory activity of 

synthesized compounds 4(a-g) and standard drugs Paclitaxel and Tetracycline. 

Anticancer activity Anti-inflammatory activity 

Compd. 

Binding 

energy in 

kcal/mol 

H-

bonds 
Residues Compd. 

Binding 

energy in 

kcal/mol 

H-

bonds 
Residues 

4a -8.3 04 

TYR35, 

LYS53, 

MET109, 

GLU71 

4a -8.6 04 

HIS226, 

HIS230, 

HIS236, 

TYR248 

4b -8.1 04 

TYR35, 

LYS53, 

MET109, 

ASP168 

4b -7.9 03 

HIS226, 

HIS230, 

HIS236 

4c -8.3 03 

GLY170, 

ARG189, 

ASP168 
4c -7.8 02 

HIS236, 

TYR248 

4d -7.5 02 
GLY170, 

ASP168 
4d -7.9 03 

HIS226, 

HIS230, 

HIS236 

4e -7.9 02 
GLY170, 

ASP168 
4e -8.0 03 

HIS226, 

HIS230, 

HIS236, 

4f -8.7 03 

TYR35, 

MET109, 

ASP168 
4f -8.0 01 TYR248 

4g -8.4 03 

TYR35, 

LYS53, 

MET109 
4g -9.3 05 

HIS226, 

HIS230, 

HIS236, 

TYR248, 

ALA191 

Paclitaxel -8.0 03 

TYR35, 

LYS53, 

ASP168 
Tetracycline -7.3 04 

TYR251, 

LEU256, 

PRO254, 

PRO255 
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Fig. 7. 3D and 2D representations of molecular interactions between p38 MAPk target 

protein and synthesised compounds 4a (a, b), 4b (c, d), 4c (e, f), 4d (g, h), 4e (i, j), 4f (k, l), 

4g (m, n) and reference drug Paclitaxel (o, p). 
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Fig. 8. 3D and 2D representations of molecular interactions between MMP-9 target protein 

and synthesised compounds 4a (a, b), 4b (c, d), 4c (e, f), 4d (g, h), 4e (i, j), 4f (k, l), 4g (m, n) 

and reference drug Tetracycline (o, p). 
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3.5.5. in silico ADME-toxicology studies 

Assessment of absorption, distribution, metabolism, excretion and toxicity (ADME-T) 

studies has the crucial step in high throughput screening [65] and the in silico methods are 

proven to be a reliable approach. The bioavailability and drug-likeness of all the synthesized 

compounds 4(a-g) were assessed based on their molecular properties. The results indicated 

that, all the compounds under study passed through Lipinski’s filter without any violation. In 

silico pharmacokinetic studies suggested that, the synthesized molecules could penetrate the 

blood-brain barrier and human intestinal barrier but were impermeable to Caco-2 (Table 6). 

in silico pharmacodynamics studies indicated non-mutagenic, non-tumorigenic, non-

irritant, AMES non-toxic with high reproductive effects and possible hepatotoxicity effects 

for all synthesized molecules. The bioactivity scores higher than 0 are considered biologically 

active, whereas the values between -0.50 to 0.0 are considered to be moderately active and 

below -0.5 to be inactive [66]. The bioactivity assessment indicated that the molecules do not 

belong to the GPCR group of molecules, do not modulate ion channels, non-kinase inhibitors, 

non-nuclear receptor ligands, non-protease and non-enzyme inhibitors (Table 7).  
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Table 6. Bioavailability, drug likeness and in silico pharmacokinetic assessment of 

synthesized compounds 4(a-g). 
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-
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4f 451.486 2.2433 9 3 3 180.17 -1.1518 0.832+ 0.723- 0.972+ 0.868- 

4g 514.929 2.2734 11 2 4 205.76 -1.1113 0.846+ 0.805- 0.973+ 0.872- 
 

Table 7. in silico pharmacodynamics and bioactivity assessment of synthesized compounds 

4(a-g). 
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3.6. Conclusion 

In summary, we have successfully synthesized new (4-substituted-phenyl)-1,5-dihydro-

2H-pyrimido[4,5-d][1,3]thiazolo[3,2a]-pyrimidine-2,4(3H)-dione derivatives with good yield 

and evaluated for their in vitro cytotoxicity and anti-inflammatory effects. Among the newly 

synthesized molecules, the compounds 4f and 4g were identified as the most active anticancer 

agents, whereas the compounds 4a and 4g were found to exhibit promising anti-inflammatory 

activity. This was also supported by the in silico interaction studies. SAR study revealed the 

importance of electron-withdrawing groups in enhancing the potency of these more active 

compounds. In silico ADME-toxicology results suggested that, all the compounds are non-

toxic and have good oral bioavailability and the drug-likeness score indicated that they are 

suitable as drug leads. in silico molecular docking results suggested that, compounds 4f and 

4g have bound with P38 MAPk with a minimal binding energy of -8.7 and -8.4 kcal/mol, 

respectively, while the effective anti-inflammatory compounds, 4g and 4a have bound with 

MMP-9 protein with minimal binding energy of -9.3 and -8.6 kcal/mol, respectively.  
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4A.1. Introduction  

Heterocyclic compounds are widely used in the medicinal field because of their bio-

active structural variety. Among them, pyrimidine and its derivatives play an important role 

in drug discovery due to their chemical significance and diverse biological potential [1]. 

Pyrimidine is a six-membered unsaturated compound composed of carbon and nitrogen 

atoms at positions 1 and 3. They are found in many natural compounds such as nucleotides, 

nucleic acid, vitamins, liposacharides and antibiotics etc., [2]. It is used as a starting material 

for the synthesis of bio-active heterocyclic compounds and as raw material for drug synthesis 

[3]. It has been found to be associated with broad range of biological activities such as 

antihypertensive [4], anticancer [5], antimicrobial [6], anti-inflammatory [7], antioxidant [8], 

antitumor [9], anti-tubercular [10], antipsychotic [11], anxiolytic and antidepressant [12] etc. 

These wide applications create an interest in researchers on pyrimidine derivatives. 

Among the life-threatening diseases faced by humankind, cancer predominates the list.  

Cancers are generally caused by the combined genetic and non-genetic changes induced by 

environmental factors that trigger inappropriate activation or inactivation of specific genes 

leading to neoplastic transformations or abnormal cell growth. Cancer is a heterogeneous 

disease that comes in several clinical and histological forms [13]. There are different 

treatment methods for cancer, including surgery and radiation, chemotherapy, and hormonal 

therapy. Surgery and radiation therapies either removes (destroy) or control cancer cells in 

specific areas, but chemotherapy and hormonal therapy destroy or control cancer spread 

across the body [14]. Current chemotherapies suffer from major limitations of side effects and 

drug resistance. Therefore, the constant search for novel and safer anticancer drugs remains 

essential [15]. With the advancements in rational drug discovery approaches, more accurate 

and reliable drug targets have been identified. One such cellular target majorly studied in the 

treatment of cancer is the mitogen-activated protein (MAP) kinases [16]. The MAP kinase 
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(MAPk) mediates a wide variety of cellular behaviors in response to extracellular stimuli. One 

of the members of this family, the P38 MAP kinase, is an important enzyme involved in 

signal transduction and plays a vital role in numerous biological processes [17]. The 

inhibition of P38 MAP kinase is likely to affect cellular proliferation accounting for cell 

toxicity [18]. This can be used to test mitochondrial respiration, which indirectly linked to 

cellular toxicity [19].  

Tuberculosis (TB) is a bacterial infection caused by Mycobacterium tuberculosis 

(MTB), and it is an aerial transferable and contagious disease with comparatively high 

mortality worldwide. TB predominantly affects the lungs and other parts of the body, 

including kidneys, brain, vertebral column & other vital organ systems [20]. Treatment for 

Rifampicin-resistant TB (RR-TB), Multidrug-resistant TB (MDR-TB), and extensively drug-

resistant TB (XDR-TB) requires a longer period of time (up to 2 years) with more expensive 

and toxic medicines [21]. To overcome these problems, there is a need to discover effective 

novel anti-tuberculosis drugs for the treatment of infectious diseases. The most widely studied 

molecular mechanism behind the anti-tuberculosis effect includes the involvement of InhA-

Enoyl-Acyl Carrier Protein Reductase enzyme. The InhA enzyme is involved in mycolic acids 

biosynthesis and has been recognized as a promising target for novel anti-mycobacterial drugs 

[22]. Therefore, the development of drug-leads justifying the structural demands of InhA-

Enoyl-Acyl Carrier Protein Reductase inhibitors will result in the development of an effective 

strategy to control tuberculosis, a disease that kills more than two million people each year 

[23]. Some of the reported biologically important heterocyclic compounds have been 

discussed below.  

In 2017, G.M. Ziarani and co-authors reported a series of pyrazol-chromeno[2,3-

d]pyrimidinones (1) using nanocatalyst and screened for antimicrobial activity. Among the 

synthesized compounds 1a & 1b shows highest zone of inhibitions at 11 & 14 mm against B. 
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subtilis and compounds 1a & 1c shows inhibitions at 11 & 13 mm against S. aureus 

respectively [24]. 
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R.M. Naidu et. al., synthesized 3,4-dihydro-9-(2-hydroxy-4,4-dimethyl-6-oxocyclohex-

1-enyl)-3,3-dimethyl-2H-xanthen-1(9H)-ones (2) and 5-(2,4-dioxo-1,3,4,5-tetrahydro-2H-

chromeno[2,3-d]pyrimidin-5-yl)pyrimidine-2,4,6(1H,3H,5H)-triones (3) and screened for 

their antioxidant activity against DPPH and FRAP assays. Compounds 2a and 3a are 

excellent free radical scavengers toward DPPH free radicals and compounds 2b and 3a shows 

good in FRAP assay due to the presence of ED hydroxyl group in their structure [25]. 
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In 2015, isoxazolo[5,4-b]quinolin-4-yl)pyrimidine 2,4(1H,3H)-dione derivatives (4) 

was reported by N. Poomathi and co-authors via cleavage of the isatin C-N bond followed by 

ring expansion reaction using p-TSA as the catalyst [26]. 
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S.T. Chung et. al., synthesized a series of 4H-chromene and chromeno[2,3-b]pyridine 

derivatives (5) and reported as anti-inflammatory activity. Among them, 5a, 5b and 5c 

compounds exhibited significant anti-inflammatory activity with IC50 values of 6.9±0.3, 

7.6±1.3 & 7.6±0.1 µM for human chondrocytes and 6.1±1.0, 8.8±1.1 & 8.0±0.1 µM for 

porcine chondrocytes respectively [27].  

O N

R
3

R
2

R
1

CN

NH2

NH2

OH

R
4

R
5

5

5a: R1= H, R2= H, R3= H, R4= C
6
H

4

5b: R1= H, R2= C
6
H

4
, R3= H, R4= N(CH

3
)
2

5c: R1= H, R2= C
6
H

4
, R3= C

6
H

4
, R4= H

 

A series of some new chromeno[2,3-b]pyridine derivatives (6) was reported by  D. 

Azarifar and co-authors in 2022 and screened for their DPPH free radical scavenging and 

antifungal activity. The compounds 6a, 6b & 6c exhibited highest % inhibition of 95.7±1.9, 

95.3±2.3 & 92.3±1.7 respectively for DPPH radical activity and almost all the compounds 

showed excellent antifungal activity in the range 44.2 to 99.1 % against F. oxysporum fungal 

strain [28]. 
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In 2012, H.M. Aly and co-workers synthesized a novel chromeno[2,3-d]pyrimidine 

derivatives (7) and investigated as antimicrobial activity. The compound 7a showed good 

antimicrobial activity against P. aeruginosa, S. aureus, A. flavus & C. albicans microbial 

strains [29]. 
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From the above investigations, we herein reported a series of substituted-(5-hydroxy-3-

phenylisoxazol-4-yl)-1,3-dimethyl-1H-chromeno[2,3-d]pyrimidine-2,4(3H,5H)-dione 

derivatives and evaluation of their pharmacological activities (cytotoxicity & anti-TB), in 

silico molecular docking and DFT study. 

4A.2. Present work 

A series of some novel substituted-(5-hydroxy-3-phenylisoxazol-4-yl)-1,3-dimethyl-

1H-chromeno[2,3-d]pyrimidine-2,4(3H,5H)-dione derivatives 4(a-e) were reported in this 

chapter, by the reaction of 1,3-dimethylbarbituric acid (1), substituted salicylaldehyde/2-

hydroxy-nepthaldehyde (2) and 3-phenyl-5-isoxazolone (3) was administered in refluxed 

temperature in the presence of p-TSA as a catalyst in aqueous ethanol. The synthetic pathway 

of the synthesized compounds has been given in Scheme 4. 
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Scheme 4. Synthesis of substituted-(5-hydroxy-3-phenylisoxazol-4-yl)-1,3-dimethyl-1H-

chromeno[2,3-d]pyrimidine-2,4(3H,5H)-dione derivatives 4(a-e). 

The possible mechanism for forming a new substituted-(5-hydroxy-3-phenylisoxazol-4-

yl)-1,3-dimethyl-1H-chromeno[2,3-d]pyrimidine-2,4(3H,5H)-dione derivatives 4(a-e) as 

given in Fig. 1. The reaction was initiated by the formation of enol (II) from the active 

methylene compound (I). Enol (II) attacks the carbonyl group of the substituted 

salicylaldehyde (III) and affords Knoevenagel intermediates (IV) & (V). Then it undergoes 

an intramolecular nucleophilic cyclization by the elimination of water molecules to afford an 

intermediate (VI). Finally, Michael addition with 3-phenyl-5-isoxazolone affords the final 

product (VIII). 
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Fig. 1. Possible mechanism of synthesized compounds 4(a-e).  
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The structures of newly substituted-(5-hydroxy-3-phenylisoxazol-4-yl)-1,3-dimethyl-

1H-chromeno[2,3-d]pyrimidine-2,4(3H,5H)-dione derivatives 4(a-e) were confirmed by 

recording their IR, 1H NMR, 13C NMR and Mass spectral data. IR spectrum of compound 4a 

showed the absorption band in the region 3426 cm-1 is attributed to the OH stretching 

vibration, 2934 cm-1 correspond to N-methyl functionality and the absorption band at 1676 

cm-1 correspond to the stretching vibration of the carbonyl group (C=O). Another stretching 

vibrational band at 1599 cm-1 correspond to the azomethine group (C=N). The 1H NMR 

spectrum of compound 4a exhibited a singlet peak at δ 12.31 ppm corresponding to OH 

proton of isoxazole nucleus (s, 1H, OH), and multiplet peaks at δ 7.74-7.53 ppm corresponds 

to five aromatic protons (m, 5H, Ar-H). A doublet peaks at δ 7.26-7.24, 7.20-7.18, 7.11-7.09 

& 7.00-6.98 ppm which corresponds to four aromatic protons (d, J= 8 Hz, 4H, Ar-H). A 

singlet peak at δ 4.94 due to CH proton (s, 1H, CH) and another two singlet peaks at δ 3.32 

and 3.11 ppm corresponds to two methyl protons (s, 6H, CH3). In addition, the 13C NMR 

spectrum of compound 4a exhibited peaks at δ 171.06, 161.73 and 161.67 ppm, which 

corresponds to carbonyl carbons and peaks at δ 29.24 and 28.17 ppm due to methyl carbons.  

In the mass spectrum, a molecular ion peak m/z at 403.1945 [M+] is due to molecular 

weight of the compound 4a.  
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Characterization: 

 

IR spectrum of compound 4a 

 
1H NMR spectrum of compound 4a 
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13C NMR spectrum of compound 4a 

 

MASS spectrum of compound 4a 
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IR spectrum of compound 4b 

 

1H NMR spectrum of compound 4b 
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 13C NMR spectrum of compound 4b 

 

MASS spectrum of compound 4b 
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4A.3. 2D 1H - 13C HSQC NMR 

The 1H NMR spectrum of compound 4a exhibited two singlet peaks at δ 3.11 (H1) and 

3.32 (H2) ppm correspond to methyl protons (s, 6H, CH3) and another singlet peak at δ 4.94 

(H3) ppm due to CH proton (s, 1H, CH). A doublet peaks at δ 6.98-7.00 (H4), 7.09-7.11(H5), 

7.18-7.20 (H6) & 7.24-7.26 (H7) ppm which corresponds to four aromatic protons (d, J= 8 Hz, 

4H, Ar-H) and multiplet peaks at δ 7.53-7.74 (H8-H12) ppm corresponds to five aromatic 

protons (m, 5H, Ar-H). The 13C NMR spectrum of compound 4a exhibited peaks at δ 27.58 

(C3), 28.17 (C1) & 29.24 (C2) ppm correspond to CH & CH3 carbons. Peaks at δ 117.07 (C7), 

122.58 (C5) & 126.33 (C4, C6) ppm due to four aromatic carbons. Other peaks at δ 128.63 

(C10), 129.40 (C9, C11) & 131.29 (C8, C12) ppm corresponds to five aromatic carbons (1H 

&13C NMR of compound 4a). 

Heteronuclear single quantum coherence or correlation (HSQC) experiment explained 

the 1H-13C single bond correlation. 2D 1H-13C HSQC NMR spectrum of compound 4a was 

recorded in DMSO-d6 solvent. The horizontal axis indicates the 1H NMR and vertical axis 

indicated 13C NMR. HSQC of compound 4a explained that, 1H-13C correlation between H1 (δ 

3.11) & C1 (δ 28.17), H2 (δ 3.32) & C2 (δ 29.24), H3 (δ 4.94) & C3 (δ 27.58), H4 (δ 6.98) & C4 

(δ 126.33), H5 (δ 7.09) & C5 (δ 122.58), H6 (δ 7.18) & C6 (δ 126.33), H7 (δ 7.24) & C7 (δ 

117.07), H8 (δ 7.74) & C8 (δ 131.29), H9 (δ 7.54) & C9 (δ 129.40), H10 (δ 7.53) & C10 (δ 

128.63), H11 (δ 7.54) & C11 (δ 129.40), H12 (δ 7.74) & C12 (δ 131.29). In addition, δ 12.31 

ppm which does not shows HSQC correlation to any carbon, it indicated the OH proton & δ 

148.78, 150.45, 153.85, 160.40, 161.67, 161.73 & 171.06 ppm which does not shows HSQC 

correlations to other protons. This confirmed the structure of 5-(5-Hydroxy-3-phenylisoxazol-

4-yl)-1,3-dimethyl-1H-chromeno[2,3-d]pyrimidine-2,4(3H,5H)-dione (Fig. 2).  
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Fig. 2. 2D 1H - 13C HSQC NMR spectrum of compound 4a recorded in DMSO-d6 solvent. 
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4A.4. Experimental 

4A.4.1. General information: 

The general information regarding the different solvents, reagents and instruments etc., 

used for the analysis has been discussed previously in the experimental section (2A.3.1) of 

Chapter-2A. The anticancer and anti-TB activities were carried out in the Dept. of 

Microbiology, Maratha Mandal’s NGH Institute of Dental Sciences & Research Centre, 

Belgaum, Karnataka. The computational studies were carried out by density functional theory 

(DFT)/B3LYP method by Gaussian 09 software using 6-31G (d,p) basis set at gaseous phase.  

4A.4.2. Procedure for the synthesis of substituted-(5-hydroxy-3-phenylisoxazol-4-yl)-1,3-

dimethyl-1H-chromeno[2,3-d]pyrimidine-2,4(3H,5H)-dione derivatives 4(a-e):  

A mixture of 1,3-dimethylbarbituric acid (1, 1 mmol), substituted salicylaldehyde/2-

hydroxy-napthaldehyde (2, 1 mmol) and p-TSA (10 mol %) in ethanol/water (1:1) was stirred 

under refluxed condition. After 5 min, 3-phenyl-5-isoxazolone (3, 1 mmol) was added to it 

and refluxed at temperature with constant stirring for about 3-4 h. simultaneously, the reaction 

was monitored by TLC (Ethyl acetate & Pet ether). After completion of the reaction, the 

reaction mixture was cooled to room temperature and poured into the 100 mL flake ice with 

vigorous stirring to get a solid precipitate. Then, it was filtered, washed, recrystallized from 

absolute ethanol and dried to afford pure solid products 4(a-e).  

5-(5-Hydroxy-3-phenylisoxazol-4-yl)-1,3-dimethyl-1H-chromeno[2,3-d]pyrimidine-

2,4(3H,5H)-dione (4a): 

Pale yellow solid; Yield: 92 %; MP: 234-238 oC; Mol. Formula: C22H17N3O5; UV (nm) 

λmax (log ε): 413 (2.95) & 311 (4.01); FTIR (υ cm-1): 3426 (OH), 2934 (N-CH3), 1676 (C=O) 

& 1599 (C=N); 1H NMR (δ ppm): 12.31 (s, 1H, OH), 7.74-7.53 (m, 5H, Ar-H), 7.26-7.24 (d, 

J= 8 Hz, 1H, Ar-H), 7.20-7.18 (d, J= 8 Hz, 1H, Ar-H), 7.11-7.09 (d, J= 8 Hz, 1H, Ar-H), 
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7.00-6.98 (d, J= 8 Hz, 1H, Ar-H), 4.94 (s, 1H, CH), 3.32 (s, 3H, CH3), 3.11 (s, 3H, CH3); 
13C 

NMR (δ ppm): 171.06, 161.73, 161.67, 160.40, 153.85, 150.53, 150.45, 148.78, 131.29, 

129.40, 128.92, 128.63, 126.33, 125.23, 122.85, 117.07, 85.80, 29.24, 28.17, 27.58; HRMS: 

m/z 403.1945 [M+]; Anal. Calcd: C 65.50, H 4.25, N 10.42 %, Found: C 65.45, H 4.20, N 

10.39 %. 

5-(5-Hydroxy-3-phenylisoxazol-4-yl)-9-methoxy-1,3-dimethyl-1H-chromeno[2,3-d] 

pyrimidine-2,4(3H,5H)-dione (4b): 

Yellow solid; Yield: 89 %; MP: 220-222 oC; Mol. Formula: C23H19N3O6; UV (nm) λmax 

(log ε): 371 (3.99) & 318 (4.11); FTIR (υ cm-1): 3480 (OH), 3042 (OCH3), 2985 (N-CH3), 

1704 (C=O) & 1615 (C=N); 1H NMR (δ ppm): 12.40 (s, 1H, OH), 7.86 (s, 1H, Ar-H), 7.65-

7.63 (d, J= 8 Hz, 4H, Ar-H), 7.02-6.92 (m, 2H, Ar-H), 6.44-6.42 (d, J= 8 Hz, 1H, Ar-H), 4.88 

(s, 1H, CH), 3.83 (s, 3H, OCH3), 3.30 (s, 3H, CH3), 3.13 (s, 3H, CH3); 
13C NMR (δ ppm): 

161.69, 153.51, 150.31, 147.65, 147.43, 138.08, 131.43, 129.69, 129.49, 128.58, 127.77, 

125.92, 124.03, 120.33, 119.97, 119.14, 111.49, 56.62, 29.86, 29.19, 28.09; HRMS: m/z 

434.1364 [M++1]; Anal. Calcd: C 63.74, H 4.42, N 9.70 %, Found: C 63.71, H 4.38, N 9.66 

%. 

5-(5-Hydroxy-3-phenylisoxazol-4-yl)-1,3-dimethyl-4H-benzo[g]chromeno[2,3-d] 

pyrimidine-2,4(3H,5H)-dione (4c): 

Pale yellow solid; Yield: 85 %; MP: 228-230 oC; Mol. Formula: C26H19N3O5; UV (nm) 

λmax (log ε): 355 (4.03) & 318 (4.17); FTIR (υ cm-1): 3465 (OH), 2820 (N-CH3), 1702 (C=O) 

& 1597 (C=N); 1H NMR (δ ppm): 12.46 (s, 1H, OH), 8.12 (s, 1H, Ar-H), 7.85-7.82 (m, 4H, 

Ar-H), 7.60 (s, 1H, Ar-H), 7.39-7.31 (m, 3H, Ar-H), 6.98-6.96 (d, J= 8 Hz, 2H, Ar-H), 5.30 

(s, 1H, CH), 3.39 (s, 3H, CH3), 3.23 (s, 3H, CH3); 
13C NMR (δ ppm): 170.70, 161.98, 160.69, 

158.20, 153.74, 151.02, 150.40, 146.96, 140.12, 135.33, 134.03, 131.44, 130.42, 129.69, 

129.22, 128.36, 127.01, 126.63, 125.47, 123.07, 121.68, 117.15, 114.20, 113.23, 29.84, 29.27, 
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28.31; HRMS: m/z 452.3012 [M+-1]; Anal. Calcd: C 68.87, H 4.22, N 9.27 %, Found: C 

68.83, H 4.17, N 9.24 %. 

5-(5-Hydroxy-3-phenylisoxazol-4-yl)-1,3-dimethyl-7-nitro-1H-chromeno[2,3-d] pyrimidine-

2,4(3H,5H)-dione (4d): 

Yellow solid; Yield: 82 %; MP: 180-182 oC; Mol. Formula: C22H16N4O7; UV (nm) λmax 

(log ε): 543 (2.90) & 325 (4.14); FTIR (υ cm-1): 3398 (OH), 2845 (N-CH3), 1678 (C=O) & 

1599 (C=N); 1H NMR (δ ppm): 12.42 (s, 1H, OH), 7.92 (s, 1H, Ar-H), 7.45-7.43 (d, J= 8 Hz, 

4H, Ar-H), 6.98-6.72 (m, 2H, Ar-H), 6.38-6.36 (d, J= 8 Hz, 1H, Ar-H), 4.72 (s, 1H, CH), 3.26 

(s, 3H, CH3), 3.18 (s, 3H, CH3), 
13C NMR (δ ppm): 162.88, 154.54, 150.46, 148.66, 147.52, 

138.34, 131.52, 129.82, 129.24, 128.76, 127.64, 126.86, 124.72, 122.36, 120.96, 120.12, 

112.52, 29.95, 29.06, 28.46; HRMS: m/z 448.1238 [M+]; Anal. Calcd: C 58.93, H 3.60, N 

12.50 %, Found: C 58.89, H 3.57, N 12.46 %. 

7-Bromo-5-(5-hydroxy-3-phenylisoxazol-4-yl)-1,3-dimethyl-1H-chromeno[2,3-d] 

pyrimidine -2,4(3H,5H)-dione (4e): 

Orange solid; Yield: 80 %; MP: 166-168 oC; Mol. Formula: C22H16BrN3O5; UV (nm) 

λmax (log ε): 419 (3.95) & 314 (4.01); FTIR (υ cm-1): 3388 (OH), 2848 (N-CH3), 1683 (C=O) 

& 1591 (C=N); 1H NMR (δ ppm): 12.44 (s, 1H, OH), 7.88 (s, 1H, Ar-H), 7.40-7.38 (d, J= 8 

Hz, 4H, Ar-H), 7.02-6.88 (m, 2H, Ar-H), 6.34-6.32 (d, J= 8 Hz, 1H, Ar-H), 4.54 (s, 1H, CH), 

3.18 (s, 3H, CH3), 3.12 (s, 3H, CH3); 
13C NMR (δ ppm): 162.83, 156.55, 150.43, 148.61, 

147.49, 138.25, 131.48, 129.75, 129.21, 128.63, 127.58, 126.80, 124.52, 122.28, 120.82, 

120.16, 112.46, 29.86, 29.02, 28.42; HRMS: m/z 482.2012 [M+]  & 484.2041 [M++2]; Anal. 

Calcd: C 54.79, H 3.34, N 8.71 %, Found: C 54.75, H 3.30, N 8.66 %. 
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4A.5. Electronic absorption study  

The UV- Visible spectra of the newly synthesized compounds 4(a-e) were recorded in 

six different solvents, such as methanol and ethanol as polar protic solvents, acetonitrile and 

DMSO as polar aprotic solvents, 1,4-dioxane and chloroform as nonpolar solvents in 10-5 M 

concentration using HR 4000 UV-Visible Spectrophotometer. The λmax and molar absorption 

coefficient values were tabulated in Table 1 and UV-Vis spectra of the compounds were 

displayed in Fig. 3. All the synthesized compounds exhibited two absorption maxima (λmax) in 

the range of 305-414 nm in methanol, 300-416 nm in ethanol, 302-508 nm in acetonitrile, 

311-543 nm in DMSO, 302-400 nm in 1,4-dioxane and 301-414 nm in chloroform due to the 

π-π* & n-π* transitions. Among six solvents, most of the compounds exhibited maximum 

bathochromic/redshift towards the longer wavelength in DMSO solvent. It indicates that, as 

the polarity of the solvent increases, the absorption maxima (λmax) a shift towards a longer 

wavelength in the synthesized compounds. This is due to the effective interaction between the 

solvent molecules and the lone pair of electrons [30]. Apart from these, compound 4d 

displayed a large redshift at 325 and 543 nm in DMSO solvent as compared to other 

compounds. 
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Table 1. Electronic absorption data of the synthesized compounds 4(a-e) in six different solvents. 

Compd. 

Solvents 

Methanol Ethanol Acetonitrile DMSO 1, 4-dioxane Chloroform 

λmax(nm) Log ε λmax(nm) Log ε λmax(nm) Log ε λmax(nm) Log ε λmax(nm) Log ε λmax(nm) Log ε 

4a 
306 4.11 300 3.84 302 4.03 311 4.01 302 3.98 301 3.80 

404 3.66 402 3.51 411 3.38 413 2.95 400 3.17 408 3.00 

4b 
315 4.06 321 4.11 307 4.06 318 4.11 302 4.02 323 4.23 

365 4.12 364 4.16 360 3.94 371 3.99 360 3.69 356 4.18 

4c 
305 3.99 321 4.04 321 4.02 318 4.17 309 4.13 322 4.20 

356 3.89 355 4.11 356 4.07 355 4.03 353 3.95 358 4.18 

4d 
308 3.98 311 4.15 316 4.20 325 4.14 309 4.08 316 4.18 

- - - - 508 2.84 543 2.90 - - - - 

4e 
307 4.13 309 4.19 304 4.07 314 4.01 307 4.07 307 4.14 

414 3.93 416 4.07 414 3.88 419 3.95 396 3.92 414 4.05 
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Fig. 3. A graph of UV-Visible spectra of the synthesized compounds 4(a-e) in six different 

solvents. 
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4A.6. Powder-XRD analysis 

In order to study the crystalline nature and lattice parameter of synthesized compounds 

have been evaluated using the powder X-ray diffraction method. The analysis has been done 

at the 2θ range of 5-80 ֠ and wavelength 1.5406 Å. The compound 4a was selected for P-XRD 

analysis, it has 6 reflections at the range of 10-80 ֠ with the intense peaks and lattice parameters 

are associated with compound and has been determined by the h, k and l of miller indices 

values [31]. The crystalline size was calculated using Debye-Scherrer Eq. (1). Where β is the 

full width at half maxima in radians, λ is the wavelength of CuKα X-ray radiation used (λ = 

0.154 nm) and θ is the Bragg’s diffraction angle in degree [32]. 

D = 0.9λ/βcosθ  — (1) 

From the Fig. 4, the compound 4a has sharp intense peaks at 100 to 210, hence this 

confirm the crystalline in nature. It has six reflections with one intense peak at 200; hence this 

compound has monocyclic crystalline nature. Considering the intense peaks from the graph, 

the unit cell parameters and miller indices have been calculated and from the calculation, 4a 

compound is monocyclic and crystalline in nature and results were listed in Table 2.    

Table 2. Calculated Powder-XRD structural data of synthesized compound 4a. 

Compd. Peak 2θ θ/2 Sin θ Sin2 θ Sin2 θ×1000 h2+k2+l2 h.k.l 

4a 

1 12.37 6.18 0.107 0.0115 11.58 1 100 

2 13.52 6.76 0.117 0.0138 13.85 1.19 100 

3 15.94 7.97 0.138 0.0192 19.22 1.66 110 

4 19.25 9.62 0.167 0.0279 27.92 2.40 111 

5 25.73 12.86 0.222 0.0495 49.53 4.2 200 

6 27.39 13.69 0.236 0.0560 56.01 4.8 210 
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Fig. 4. A graph of Powder-XRD of synthesized compound 4a.  

4A.7. Pharmacological studies 

4A.7.1. Cytotoxicity  

In vitro cytotoxicity was evaluated by MTT assay method according to the procedure 

Kumbar et. al., [33] against MCF-7 (Human breast cancer) cell line and anastrozole and folic 

acid was used as standard drugs for comparison. The detailed procedure has been explained 

in the experimental section 2B.5.2 of Chapter-2B.  

4A.7.2. Anti-mycobacterial activity  

The anti-mycobacterial activity of synthesized compounds was assessed against M. 

tuberculosis using the Micro Plate Alamar Blue assay (MABA) method as described by the 

reported literature [34] and detailed procedure has been explained in the experimental section 

2A.5.2 of Chapter-2A.  

4A.7.3. in silico analysis 

In silico studies were performed to assess the therapeutic potentials of synthesized 

compounds as P38 MAP kinase and InhA-Enoyl-Acyl Carrier Protein Reductase inhibitors. 

In this avenue, the molecular interactions of synthesized compounds with P38 MAP kinase 

and InhA-Enoyl-Acyl Carrier Protein Reductase were assessed using molecular docking 
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studies. The structural alterations imposed by the synthesized compounds upon binding with 

target proteins were assessed using molecular dynamics simulation studies.  

4A.7.4. Preparation of target molecules  

The crystal structure of P38 MAP kinase (PDB ID: 1OUK) and InhA-Enoyl-Acyl 

Carrier Protein Reductase (PDB ID: 2X22) were acquired from Protein Data Bank 

(www.rcsb.org). The optimization of the protein was carried out using Autodock 4.2 tools. 

Briefly, the crystal structure of proteins was edited by removing the heteroatoms and adding 

with C-terminal oxygen, polar hydrogen and Kollman charges [35].   

4A.7.5. Preparation of ligands 

The 3D structures of synthesized compounds were prepared using Chemsketch v12.01 

(ACD/labs). The structures were optimized and converted to .pdbqt format using open babel 

[36] and later utilized for molecular docking studies.  

4A.7.6. Molecular Docking 

The docking of synthesized compounds to the binding pocket of P38 MAP kinase and 

InhA-Enoyl-Acyl Carrier Protein Reductase was carried out by employing the Broyden-

Fletcher-Goldfarb-Shanno algorithm implemented in the Autodock Vina program [37]. By 

using the co-crystallized structures, the substrate-binding site of each target was identified, 

and a grid box of dimensions 56 x 60 x 48 Å with X Y Z coordinates at 44.746, 34.234 and 

32.603 was set for P38 MAP kinase and a grid box of dimensions 48 x 60 x 52 Å with X Y Z 

coordinates at -15.003, -35.911 and 14.697 was set for InhA-Enoyl-Acyl Carrier Protein 

Reductase, were generated, respectively. The Docking results were analyzed with Biovia 

Discovery Studio Visualizer 20.1.0 to compute the protein-ligand interactions.  

 

 

http://www.rcsb.org/
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4A.7.7. Molecular dynamic (MD) simulation 

The molecular dynamics (MD) simulation studies detail the physical movement of 

atoms and molecules in a virtual environment. The MD simulations of protein-ligand 

complexes were studied for a duration of 50 ns by applying CHARMM36 all-atom force field 

[38] of GROMACS package [39], version 2018. Briefly, the simple point charge (SPC) model 

[40] was utilized to solvate the system and was neutralized using sodium or chloride ions. The 

energy minimization was done by the steepest descent method. V-rescale thermostat [41] in 

NVT ensemble and Parrinello Rahman barostat [42] in NPT ensemble were used to maintain 

a constant temperature (300 K) and pressure (1 bar). LINCS algorithm [43] and particle mesh 

ewald (PME) method [44] were applied to constrain the bond length and calculated 

electrostatic interactions, respectively. Finally, in the periodic boundary conditions (PBC), the 

generation of simulation trajectories for the individual complex was started at a time step of 

1000 ps (1 ns) and run for a duration of 50000 ps (50 ns). The produced MD trajectories were 

analyzed using gmx energy, gmx rms, gmx rmsf, gmx gyrate, and gmx sasa modules of 

GROMACS. Further, the binding free energy components were calculated by employing the 

Molecular mechanics/Poisson-Boltzmann surface area (MMPBSA) module [45]. 

4A.7.8. DFT study 

The geometry of compounds was optimized at the B3LYP/6-31G (d, p) level of theory. 

The quantum mechanical method gradient-correlated density functional theory (DFT) was 

used as the Becke three-parameter exchange functional and the Lee-Yang-Parr correlation 

functional (B3LYP) incarnation as implemented in the Spartan 20 professional software [46, 

47].   
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4A.8. Results and discussion  

4A.8.1. Cytotoxicity study 

The in vitro cytotoxicity of the synthesized compounds 4(a-e) was evaluated against 

MCF-7 cell line (Fig. 5). A graph describing the concentration versus survival fraction of the 

compounds was plotted (Fig. 6) and the results were expressed as the half-maximal inhibitory 

concentrations (IC50) (Table 3). Standards anastrozole and folic acid exhibited an IC50 value 

of 99.47±1.57 & 139.20±1.42 µg/mL respectively. 

The cytotoxicity results suggested that, the test compounds have very good selectivity 

against the MCF-7 cell line and results revealed that, compounds 4c & 4e possessed 

significant cytotoxicity with IC50 values of 4.44±0.20 & 1.34±0.31 µg/mL respectively, and 

they demonstrated cell viability at 6.25 µg/mL. Remaining compounds were displayed 

reliable selectivity with IC50 value in the range of 25.44±2.64 to 182.70±13.15 µg/mL 

compared to reference standards anastrozole and folic acid. Presence of an additional phenyl 

nucleus in 4c and an EW bromo group in 4e was supposed to be the main reason for the 

superior activity of these compounds. Therefore, the tested compounds have very good 

selectivity against MCF-7 cell line as compared to reference standards.  

Table 3. Percentage of cell viability against MCF-7 cell line of the synthesized compounds 

4(a-e). 

Compd. 

 

Mean cell viability of MCF-7 

Concentration in µg/mL IC50 

in µg/mL 

NC 6.25 12.5 25 50 100 200 

4a 

100 

92.58±1.01 86.12±1.35 80.62±1.68 77.03±1.35 64.35±1.01 44.97±2.02 182.70±13.15 

4b 63.87±1.01 58.37±2.02 47.37±1.35 41.15±0.67 37.56±0.33 34.93±1.35 25.44±2.64 

4c 49.88±2.08 43.43±1.44 39.43±1.07 36.32±0.73 33.73±0.33 31.58±0.67 4.44±0.20 

4d 65.79±1.69 51.67±0.67 48.56±1.68 44.25±2.36 43.3±1.01 41.39±1.01 30.59±5.83 

4e 46.45±0.74 42.34±0.33 40.28±0.67 38.54±0.36 37.08±0.33 35.64±1.68 1.34±0.31 

Stda 74.60±1.39 72.24±0.27 69.68±1.11 66.93±1.11 55.71±1.95 30.90±1.39 99.47±1.57 

Stdb 85.82±1.11 82.48±0.83 78.15±1.38 74.01±1.67 61.02±0.56 36.61±0.55 139.20±1.42 

                  Stda- Anastrozole (AZ), Stdb- Folic acid (FA), NC- Negative control 

                  Values are Mean ±SE, N=3, *P<0.01 vs. Control  
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Fig. 5. Images of anticancer activity of the synthesized compounds 4(a-e) and Negative 

control (NC). 
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Fig. 6. A graph of % of survival cells of synthesized compounds 4(a-e) at different 

concentration (a); a graph of IC50 value of compounds 4(a-e) against MCF-7 cell line (b). 
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4A.8.2. Anti-tubercular activity  

The anti-TB activity of the synthesized compounds 4(a-e) was evaluated against 

H37RV strain using five different reference standards ( Isoniazid, Ethambutol, Pyrazinamide, 

Rifampicin & Streptomycin) showed MIC values at 1.6, 1.6, 3.12, 0.8, 0.8 µg/mL 

respectively. The activity results suggested that, the compounds 4c & 4d exhibited higher 

sensitivity with MIC value of 12.5 µg/mL and remaining compounds also displayed reliable 

sensitivity with MIC value range of 25-100 µg/mL as compared to reference standards (Table 

4 and Fig. 7). The presence of an additional phenyl nucleus in 4c and EW nitro group in 4d 

was supposed to be the main reason for the admirable anti-TB activity.  

Table 4. Anti-tubercular activity results of synthesized compounds 4(a-e). 

Compd. 
Concentration in µg/mL 

100 50 25 12.5 6.25 3.12 1.6 0.8 

4a S R R R R R R R 

4b S S S R R R R R 

4c S S S S R R R R 

4d S S S S R R R R 

4e S S S R R R R R 

Stda S S S S S S S R 

Stdb S S S S S S S R 

Stdc S S S S S S R R 

Stdd S S S S S S S S 

Stde S S S S S S S S 

S-Sensitive, R-Resistant, Stda- Isoniazid, Stdb- Ethambutol, Stdc- Pyrazinamide, Stdd- 

Rifampicin, Stde- Streptomycin. 
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Fig. 7. Image of anti-TB activity results of the synthesized compounds 4(a-e). 

4A.8.3. Structure-activity relationship (SAR)  

The SAR study has been carried out for the newly synthesized compounds 4(a-e). All 

newly synthesized targets exhibited remarkable anticancer activity as compared to the 

standard drugs anastrozole and folic acid. Among the tested compounds 4c & 4e displayed 

outstanding IC50 values and promising cell viability at 6.25 µg/mL concentration compared to 

other members of the series due to the presence of an additional phenyl nucleus in 4c and an 

electron-withdrawing bromo group in 4e, which is supposed to be the main reason for the 

superior activity of the compounds [48].  

The anti-TB activity studies against H37RV strain revealed that, compounds 4c & 4d 

demonstrated better efficacy than other compounds. The compound 4c possess an additional 
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phenyl nucleus, whereas 4d possesses electron-withdrawing nitro group could be the possible 

reason for the improved activity profile of these compounds [49].  

4A.8.4. in silico molecular docking study 

The computational methods in drug discovery have gained enormous importance in the 

rational drug discovery pipeline. In recent times, new and improved methods have been 

developed to enhance accuracy and reliability [50]. In most computational drug discovery 

experiments, cellular targets are majorly exploited to explore the potential effects of test 

compounds. For example, the modification of cell death can be studied by measuring the 

mitochondrial respiration that indirectly correlates with cellular toxicity imposed by such 

compounds by inhibiting the activity of P38 MAPk protein [51, 52]. Similarly, InhA-Enoyl-

Acyl Carrier Protein Reductase is a pivotal enzyme involved in the synthesis of mycolic acids 

(MA) [53]. Any alterations in the InhA gene result in resistance to first-line drugs such as 

isoniazid, making it a suitable target for drug discovery [54, 55]. The superior interaction 

displayed by the synthesized compounds with both the target proteins is primarily due to their 

structural and automatic composition [56]. Therefore, the most effectively interacting 

molecules were selected to assess their impact on the structural stability of their respective 

target proteins.  

In this study, in silico molecular docking was performed to predict the most effective 

binding of obtained compounds with appropriate target enzymes (Fig. 8) [57, 58]. The 

synthesized compounds 4(b-e) were docked into the binding pocket of P38 MAP kinase. 

Among the docked structures, compound 4c demonstrated the most negative binding energy 

of -10.9 kcal/mol forming two hydrogen bonds with ARG149 and GLY170. The binding 

interactions were compared with Folic acid and Anastrozole which demonstrated binding 

energy of -8.7 and -7.0 kcal/mol respectively (Table 5). The interactions of synthesized 

compounds (4c & 4d) with InhA-Enoyl-Acyl Carrier Protein Reductase demonstrated that, 4c 
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& 4d interacted with the target protein with negative binding energy of -9.3 & -9.4 kcal/mol 

respectively (Table 6). The interactions were compared with Isoniazid (-5.8 kcal/mol), 

Pyrazinamide (-5.1 kcal/mol), Rifampicin (-8.0 kcal/mol) and Streptomycin (-8.4 kcal/mol) 

respectively.  

Table 5. Molecular interactions between synthesized compounds 4(b-e) & standards with P38 

MAP kinase protein. 

Compd. 
Binding energy 

in kcal/mol 
H-bonds Interacting Residues 

4b -9.1 03 ARG70, GLY170, LEU171 

4c -10.9 02 ARG149, GLY170 

4d -8.4 03 ASP112, ASN115, MET109 

4e -8.8 - - 

Anastrozole -7.0 03 TYR35, LYS53, MET109 

Folic acid -8.7 - - 

 

Table 6. Molecular interactions between synthesized compounds 4c, 4d & standards with 

InhA-Enoyl-Acyl Carrier Reductase Protein. 

Compd. 
Binding energy 

in kcal/mol 
H-bonds Interacting Residues 

4c -9.3 - - 

4d -9.4 - - 

Isoniazid -5.8 02 VAL65, LEU63 

Pyrazinamide -5.1 05 
ILE21, ALA22, SER94, 

GLY96, GLY14 

Rifampicin -8.0 04 
ARG225, MET155, 

LEU268, LEU 217 

Streptomycin -8.4 05 
GLY14, ILE15, PHE41, 

ILE95, SER94 
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Fig. 8. Molecular interaction of synthesized compounds 4(b-e) & standards with P38 MAP 

kinase (a); 4c, 4d  & standards with InhA-Enoyl-Acyl Carrier Protein Reductase (b). 

4A.8.5. Molecular dynamics simulation  

The conformational changes imposed by the test compounds upon binding with 

respective targets were assessed using MD simulations [59]. Among the docked structures, 

the structure with the most negative binding energy was selected for the MD simulation 

studies. Thus, the compound 4c (-10.9 kcal/mol) bound structure of P38 MAP kinase was 

selected. The MD simulated structures displayed stable conformational changes acquired by 

the target protein upon binding with the ligand (Fig. 9). The relative potential energy can be 

used to compare conformations and configurations of the same molecular system. However, 

there will be no consideration of the entropic term in the calculation of the final MD value of 

the potential energy [60]. A general rule is that larger the relative potential energy more be 

the flexible or less stability. Therefore, the structural stability of the unbound and bound 

(a) 

(b) 
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structures was assessed by considering the root mean square deviations (RMSD) of Cα atoms 

of the protein from their backbone and the root mean square fluctuations (RMSF) describing 

the fluctuations associated with the amino acid residues during the simulation [61]. 

Theoretically, a decreased RMSF represents decreased flexibility of the macromolecule or 

increased stability of the macromolecule. Likewise, reduced the Radius of gyration between 

the Cα atoms indicates higher compactness or higher stability [62]. Similarly, a lower value 

of the protein SASA indicates lesser structural relaxation and hence higher protein stability 

[63]. Therefore, RMSD, RMSF, Rg and SASA analyses are used to measure the stability or 

flexibility of the macromolecule.  

The average potential energy of the synthesized compound 4c bound P38 MAP kinase 

structure was found to be -1.3326 x 10-6 kJ/mol, which was compared with anastrozole-bound 

(-1.2481 x 10-6 kJ/mol) and unbound structure (-1.2268 x 10-6 kJ/mol) (Table 7). The MD 

trajectory analysis for RMSD and RMSF revealed that, the synthesized compound 4c 

stabilized the macromolecular structure as compared to free and anastrozole-bound 

structures. The RMS deviations are found to be within 0.2 nm with an average value of 

0.1349 nm. There were no drastic conformational changes observed in the macromolecular 

structure throughout the simulation upon binding with compound 4c. The results are 

compared with anastrozole-bound structure that has an average RMS deviation of 0.1797 nm. 

Lesser fluctuations were observed in terms of RMSF, indicating the macromolecule has 

attained conformational stability upon binding with the synthetic compound 4c. The Radius 

of gyration (Rg) describes the packageability of the macromolecule. It is greatly influenced 

by the binding of ligand molecules [64], supporting the conformational changes acquired by 

the macromolecule upon binding with the ligand. The Rg plot showed a decreasing curve for 

ligand-bound and unbound structures, indicating that the macromolecule has folded itself into 

stable conformation as the simulation advanced. The average Rg value of 2.2240 nm for 
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compound 4c bound structure indicated a tighter packageability as compared to unbound 

(2.2595 nm) and Anastrozole-bound structure (2.2413 nm). The conformational changes 

acquired by the macromolecule also influence the solvent-accessible surface area (SASA) of 

the surface residues. The SASA studies describe the contribution of hydrophobic interactions 

of nonpolar amino acids in attaining structural stability in the solvent environment [65]. The 

SASA studies corroborated the conformational stability as described by the Rg analysis.  

Table 7. Calculated MD parameters of compound 4c and anastrazole for native and ligand-

bound P38 MAP kinase along with binding energies and the contributing energy terms 

calculated using g_mmpbsa module. 

 P38 MAP kinase 

G
ro

m
a
cs

 M
o
d

u
le

s  Native Protein 
Compound 

4c 

Anastrozole-

Standard 

Potential Energy 

(x 10-6) (kJ/mol) 
-1.2268 -1.3326 -1.2481 

RMSD (nm) 0.2583 0.1349 0.1797 

RMSF (nm) 0.1380 0.0725 0.0953 

Rg (nm) 2.2595 2.2240 2.2413 

SASA (nm2) 181.286 176.292 178.809 

M
M

P
B

S
A

 M
o
d

u
le

 Binding Energy (kJ/mol) - -23.536 -60.137 

SASA Energy (kJ/mol) - -0.127 -13.744 

Polar Solvation Energy 

(kJ/mol) 
- -23.514 74.769 

Electrostatic Energy (kJ/mol) - 0.310 -13.132 

van der WAALs Energy 

(kJ/mol) 
- -0.205 -108.03 

 

 

Fig. 9. RMSD, RMSF, Rg and SASA, plots obtained from MD trajectories analysis of 4c and 

anastrazole for unbound and bound structures of P38 MAP kinase. 
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4A.8.6. DFT study 

On the basis of distribution pattern of frontier molecular orbitals (FMOs), optical 

properties of the molecules and also their electronic properties were specified. It containing 

HOMO and LUMO, as well as the energy gap (ΔE= EHOMO-ELUMO), were considered to be 

very effective parameters to understand the chemical reactivity, biological activity and kinetic 

stability of the molecules [66, 67]. The FMO orbitals & HOMO-LUMO energy gap of the 

compounds 4(a-e) as shown in Fig. 10; electrostatic potential map explains the charge 

distribution on the molecules (Fig. 11), chemical functional descriptors (CFDs) are generally 

used to identify the hydrogen bonding donor and acceptors of the molecules (Fig. 12) and 

optimized structures of targets as shown in Fig. 13. Energy gap of the compounds were helps 

to understand the donor-acceptor interaction and intramolecular charge transfer (ICT) ability 

of synthesized compounds. Global reactivity parameters were calculated by using the 

following formulae.  

I = -EHOMO  (Ionization energy)      

A = -ELUMO  (Electron affinity)      

ƞ = 1/2 (I – A)  (Chemical hardness)     

σ = 1/ƞ   (Chemical softness)     

χ = 1/2 (I + A)  (Electronegativity)     

   (µ = -χ)  (Chemical potential)      

ω = µ2/2ƞ         (Electrophilicity index)    

The calculated HOMO-LUMO energies and global reactivity parameters of the 

synthesized compounds 4(a-e) are displayed in Table 8. A smaller HOMO-LUMO energy 

gap (ΔE) indicates a soft molecule, while a larger gap indicates a hard molecule. Lower 

energy gap, lesser chemical hardness, and more softness values indicate that molecule with 

more chemically and biologically active with low kinetic stability [68]. DFT results revealed 
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that, the energy gap (ΔE) of compounds 4(a-e) in the range of 3.91 eV to 5.20 eV. Among 

them, the compound 4d shows less energy gap (3.91 eV) and more softness value (0.51 eV). 

Hence, compound 4d is chemically more reactive compared to other molecules. Also, the 

compound 4d has more electronegative value (4.59 eV); hence, they tend to attract a bonding 

electron pair compared to other molecules. 

Table 8. Chemical parameters of synthesized compounds 4(a-e). 

Compd. 
EHOMO 

(eV) 

ELUMO 

(eV) 

ΔE 

EHOMO - ELUMO 

(eV) 

I 

(eV) 

A 

(eV) 

ƞ 

(eV) 

σ 

(eV) 

χ 

(eV) 

µ 

(eV) 

ω 

(eV) 

D 

(Debye) 

4a -6.20 -1.00 5.20 6.20 1.00 2.6 0.38 3.6 -3.6 2.49 4.45 

4b -6.05 -0.93 5.12 6.05 0.93 2.56 0.39 3.49 -3.49 2.37 6.04 

4c -5.99 -1.45 4.54 5.99 1.45 2.27 0.44 3.72 -3.72 3.04 5.14 

4d -6.55 -2.64 3.91 6.55 2.64 1.95 0.51 4.59 -4.59 5.40 4.35 

4e -6.39 -1.21 5.18 6.39 1.21 2.59 0.38 3.8 -3.8 2.78 4.04 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. FMO orbitals & HOMO-LUMO energy gap of the synthesized compounds 4(a-e). 

4a 4b 4c 4d 4e 

5.20 eV 5.12 eV 4.54 eV 3.91 eV 5.18 eV 

LUMO 

HOMO 
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4A.8.7. Molecular Electrostatic potential  

The molecular electrostatic potential (MEP) explains the charge distribution on the 

molecules and it helps to identify the electrophilic and nucleophilic sites of the compounds. 

The MEP of obtained compounds 4(a-e) was represented in Fig 11. The negative potential is 

expressed in red colour, which is the electron-rich region and acts as a nucleophilic centre of 

the compounds, and it is the vital region to form hydrogen bonds with proteins. The positive 

potential is expressed in the blue colour, which is the electron-deficient region and acts as the 

electrophilic centre of the compounds, and the green colour represents zero potential [69]. The 

negative potential is produced in the oxygen functionalities (C=O, OH and OCH3) of the 

compounds [70]. This region is responsible for hydrogen bonding interaction and analysis 

proves that, the compound 4d has a more electronegative value (4.59 eV) due to the presence 

of electron-withdrawing nitro group on the phenyl ring and an electron-donating hydroxyl 

group on isoxazole nucleus. Hence, these compounds have a greater tendency to attract a 

bonding electron pair as compared to other molecules. 

 

 

 

 

 

 

 

 

 

 

 



Chapter-4A 

 

Page 173 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Images of molecular electrostatic potential map (-200 to +200 kJ) of the synthesized 

compounds 4(a-e). 
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Fig. 12. Images of chemical functional descriptors (CFDs) of the synthesized compounds 4(a-

e). 
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Fig. 13. Optimized structures of the synthesized compounds 4(a-e). 
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4A.9. Conclusion 

In summary, we have developed an eco-friendly and concise method for the synthesis 

of some new substituted-(5-hydroxy-3-phenylisoxazol-4-yl)-1,3-dimethyl-1H-chromeno[2,3-

d]pyrimidine-2,4(3H,5H)-dione derivatives and screened for pharmacological and 

computational investigations. From the absorption study, all the compounds exhibited a 

maximum bathochromic shift towards the longer wavelength in DMSO solvent. Compounds 

4c & 4e possessed significant cytotoxicity with IC50 value of 4.44±0.20 & 1.34±0.31 µg/mL 

respectively and compounds 4c & 4d showed good anti-TB sensitivity at 12.5 µg/mL as 

compared to reference standards. Moreover, the SAR study indicates the importance of an 

electron-withdrawing group and an additional phenyl nucleus in enhancing the biological 

potency of the synthesized compounds. Molecular docking study suggested that, compound 

4c showed least binding energy of -10.9 kcal/mol with P38 MAPk protein. From the DFT 

study, the synthesized compounds are chemically and biologically more reactive with low 

kinetic stability due to smaller energy gap. 
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4B.1. Introduction  

Isoxazole is an important heterocyclic nucleus, commonly found in various 

pharmacologically active natural products, clinical drugs and lead compounds [1]. Isoxazole 

derivatives are paid attention to the development of heterocyclic chemistry due to their broad 

spectrum of biological activities such as antimicrobial [2], anticancer [3], anti‐HIV [4], anti-

tuberculosis [5], anti‐inflammatory [6], neuroprotective [7], anti-diabetic [8] and 

antidepressant activities [9]. On the other hand, isoxazole and its derivatives have also been 

recognized as important and useful synthons in organic synthesis [10, 11] and as organic 

materials in optoelectronics [12, 13].  

Pyran is an oxygen-containing heterocyclic compound found in various natural 

products as well as synthetic drugs such as coumarins, benzopyrans, sugars, flavonoids, 

xanthones, β-lapachone, Zanamivir and Laninamivir etc., [14, 15]. A literature survey 

revealed that, benzopyrans and fused pyran-based bio-active structural moieties, which 

exhibits various pharmacological uses such as antiviral [16], anticonvulsant [17], 

antimicrobial [18], antileishmanial [19], antiproliferative [20], anti-HIV [21], anti-TB [22], 

antifungal [23], anti-diabetic [24] and also act as inhibitors [25] etc. Because of wide range of 

pharmacological applications, contraction of bio-active isoxazole and pyran moieties are an 

important goal for chemists.  

Density functional theory (DFT) was used to study the quantum-mechanical (QM) 

method, electronic structure of atoms, molecules and solids [26]. Furthermore, FMO analysis 

can provide important information about electronic properties, chemical reactivity, biological 

activity and kinetic stability of the molecules [27]. The HOMO and LUMO of compounds 

were helpful in determining various global reactivity parameters, donor-acceptor interaction 

and intramolecular charge transfer (ICT) ability of compounds [28, 29]. Hence, we subjected 

the synthesized compounds to DFT studies to examine the chemical reactivity, biological and 
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kinetic stability of the compounds. Some of the reported biologically active heterocyclic 

compounds have been discussed below. 

V. Krishnakumar et. al., reported a series of 3,4,6,7-tetrahydro-9-(1,2-dihydro-2-

oxoquinolin-3-yl)-2H-xanthene-1,8(5H,9H)-diones (1), it offers a catalyst free cascade-

tandem reaction with high yield and operational simplicity [30]. 

O

N

R2

R2

R2

R2

O O

Cl

R1

1  

In 2017, L. Suresh and his co-workers reported a chromenopyrano[2,3-d]pyrimidine 

derivatives (2) and evaluated their antibacterial activity. Compounds 2a and 2b were 

identified as lead molecules due to the presence of EW NO2 group in ring structure, which 

established promising activity against bacterial strains S. aureus and B. subtilis with MIC of 

15.6 & 31.2 µg/mL respectively [31]. 

O

O

N

N

NHO

R

2

R
1

2a: R= CH
3
, R1= 3-NO

2

2b: R= CH
3
, R1= 4-NO

2

 

In 2020, A. Singh et. al., synthesized a series of chromeno-pyrimidine derivatives (3) 

and reported as potential corrosion inhibitors. 3a shows effective corrosion inhibition with 

efficiency of 96.4 % at 200 mg/mL concentration [32]. 
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N
H

NH

O O

O O

R

3

3a: R= 4-CH
3

 

In 2010, a series of novel chromeno[2,3-b]-pyrimidine derivatives (4) was synthesized 

by U.S. Rai et. al., and screened for antimicrobial activity. Compounds, 4a & 4b showed 

excellent antibacterial activity with MIC value of 1.612 µg/mL against S. aureus bacteria as 

compared to the standard drug Ceftriaxone (3.125 µg/mL) [33]. 

O

N

N

NH
R

4

4a: R= 

4b: R= 

N

 

F.S. Abu and co-workers reported a novel substituted chromenotriazolo[1,5-

c]pyrimidine derivatives (5) and designed as potential anti-proliferative agents. In that, 

compound 5a had significant and selective anti-proliferative activity against liver and breast 

cell lines with IC50 values of 9.23±0.9 and 10.25±1.0 µM respectively [34]. 

O

N

N

N
N

R

5

5a: R= 

SCH3

SCH3

NC

 

S. Poola et. al., reported a pyrano[2,3-d] pyrimidine derivatives (6) and screened for 

their antioxidant and antimicrobial activity. The compounds 6a & 6b exhibited higher free 

radical scavenging activity with IC50 value of 36.82±1.38 & 34.42±1.21 µg/mL respectively. 

Compound 6c showed higher antibacterial activity of 21, 19, 19 & 20 mm against B. subtilis, 

S. aureus, P. aeruginosa & E. coli respectively at concentration of 100 µg/mL [35]. 
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In this avenue, the current study aims to synthesize novel substituted-(5-hydroxy-3-

phenylisoxazol-4-yl)-3,3-dimethyl-2H-xanthen-1(9H)-one derivatives and evaluate some of 

their computational and biological activities (cytotoxicity and anti-TB). Also, the study was 

extended to predict the binding interactions of synthesized molecules against target enzymes 

P38 MAP kinase and InhA-Enoyl-Acyl Carrier Protein Reductase proteins along with their 

structural stability assessment using molecular dynamics (MD) simulations.  

4B.2. Present work 

This chapter contains a novel substituted-(5-hydroxy-3-phenylisoxazol-4-yl)-3,3-

dimethyl-2H-xanthen-1(9H)-one derivatives 4(f-j) was synthesized by the reaction of 

dimedone (1) with substituted salicylaldehyde/2-hydroxy-nepthaldehyde (2) and 3-phenyl-5-

isoxazolone (3) in aqueous ethanol using p-TSA as a catalyst. The synthetic route of the 

synthesized compounds has been shown in Scheme 5. 

O

O

+
H

O

OH

R +

N O

O P-TSA

EtOH: H
2
O

Reflux 3-4 h O

N O

O
OH

R

1 2(f-j) 3
4(f-j)  

Compd. R 

4f H 

4g 3-OCH3 

4h C4H4 

4i 5-NO2 

4j 5-Br 

Scheme 5. Synthesis of substituted-(5-hydroxy-3-phenylisoxazol-4-yl)-3,3-dimethyl-2H-

xanthen-1(9H)-one derivatives 4(f-j). 



Chapter-4B 

Page 185 

Further, the structures of newly substituted-(5-hydroxy-3-phenylisoxazol-4-yl)-3,3-

dimethyl-2H-xanthen-1(9H)-one derivatives 4(f-j) were confirmed by recording their IR, 1H 

NMR, 13C NMR and Mass spectral data.  

The IR spectrum of compound 4g showed the absorption band in the region of 3464 

cm-1 is attributed to the OH stretching vibration, 2854 cm-1 correspond to OCH3 functionality 

and the absorption band at 1763 cm-1 correspond to the stretching vibration of the carbonyl 

group (C=O). Another stretching vibrational band at 1599 cm-1 correspond to the C=N group. 

The 1H NMR spectrum of compound 4g exhibited a singlet peak at δ 12.23 ppm due to OH 

proton of isoxazolone nucleus (s, 1H, OH), two singlet peaks at δ 7.94 & 7.62 ppm 

corresponds to five aromatic protons (s, 5H, Ar-H). A doublet peak at δ 6.96-6.94, 6.90-6.88 

& 6.37-6.35 ppm corresponds to three aromatic protons (d, J= 8 Hz, 3H, Ar-H). A singlet 

peak at δ 4.84 ppm due to CH proton (s, 1H, CH) and another singlet at 3.81 ppm due to 

methoxy protons (s, 3H, OCH3). Four singlet peaks at 2.52, 2.29, 2.25 & 2.09 ppm 

corresponds to CH2 protons (s, 4H, CH2) and another two singlet peaks at δ 1.04 and 0.96 

ppm corresponds to methyl protons (s, 6H, CH3). In addition, the 13C NMR spectrum of 

compound 4g exhibited peak at δ 165.86 ppm which correspond to carbonyl carbon and 

peaks at δ 55.65 ppm due to OCH3, 50.22 & 40.61 due to CH2, 31.53 & 28.71 ppm due to 

CH3 carbons.  

The mass spectrum showed a molecular ion peak m/z at 418.1750 due to [M++1], which 

corresponds to the molecular weight of the compound 4g.  
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Characterization: 

 

IR spectrum of compound 4f 

 

1H NMR spectrum of compound 4f 
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13C NMR spectrum of compound 4f 

 

MASS spectrum of compound 4f 
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Mol. Wt: 387.4278 
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IR spectrum of compound 4g 

 

1H NMR spectrum of compound 4g 
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13C NMR spectrum of compound 4g 

 

MASS spectrum of compound 4g 
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4B.3. 2D 1H - 13C HSQC NMR 

The 1H NMR spectrum of compound 4g exhibited two singlet peaks at δ 0.96 (H1) and 

1.04 (H2) ppm corresponds to methyl protons (s, 6H, CH3), four singlet peaks at δ 2.09, 2.25 

(H3) and 2.29, 2.52 (H4) ppm corresponds to CH2 protons (s, 4H, CH2). A singlet peak at δ 

3.81 (H5) ppm correspond to methoxy protons (s, 3H, OCH3) and another singlet peak at δ 

4.84 (H6) ppm due to CH proton (s, 1H, CH). A doublet peaks at δ 6.35-6.37 (H7), 6.88-6.90 

(H8) & 6.94-6.96 (H9) ppm which corresponds to three aromatic protons (d, J= 8 Hz, 3H, Ar-

H) and two singlet peaks at δ 7.62 (H11-H13) & δ 7.94 (H10 & H14) ppm corresponds to five 

aromatic protons (s, 5H, Ar-H). The 13C NMR spectrum of compound 4g exhibited peaks at δ 

26.48 (C6) ppm correspond to CH carbon, 28.71 (C1) & 31.53 (C2) ppm correspond to CH3 

carbons and 40.61 (C4) & 50.22 (C3) ppm due to CH2 carbons and 55.65 (C5) ppm correspond 

to OCH3 carbon. Peaks at δ 110.60 (C8), 119.82 (C7) & 124.59 (C9) ppm corresponds to three 

aromatic carbons. Another peaks at δ 128.15 (C10 & C14), 129.15 (C11-C13) ppm corresponds 

to five aromatic carbons.  

HSQC of compound 4g explained that, 1H-13C correlation between H1 (δ 0.96) & C1 (δ 

28.71), H2 (δ 1.04) & C2 (δ 31.53), H3 (δ 2.09, 2.25) & C3 (δ 50.22), H4 (δ 2.29, 2.52) & C4 (δ 

40.61), H5 (δ 3.81) & C5 (δ 55.65), H6 (δ 4.84) & C6 (δ 26.48), H7 (δ 6.35) & C7 (δ 119.82), 

H8 (δ 6.88) & C8 (δ 110.60), H9 (δ 6.94) & C9 (δ 124.59), H10, H14 (δ 7.94) & C10, C14 (δ 

128.15), H11-13 (δ 7.62) & C11-13 (δ 129.15). In addition, δ 12.23 ppm which does not shows 

HSQC correlation to any carbon indicates the OH proton and remaining carbon peaks do not 

show HSQC correlations to other protons. This confirmed the structure of 3,4-dihydro-9-(5-

hydroxy-3-phenylisoxazol-4-yl)-5-methoxy-3,3-dimethyl-2H-xanthen-1(9H)-one (Fig. 1). 
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Fig. 1. 2D 1H - 13C HSQC NMR spectrum of compound 4g recorded in DMSO-d6 solvent. 
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4B.4. Experimental 

4B.4.1. General information: 

In Chapter-2A (section 2A.3.1) and Chapter-4A (section 4A.4.1), we have been 

explained the detailed general information regarding the different solvents, chemicals and 

instruments.  

4B.4.2. Procedure for synthesis of substituted-(5-hydroxy-3-phenylisoxazol-4-yl)-3,3-

dimethyl-2H-xanthen-1(9H)-one derivatives 4(f-j):  

A mixture of dimedone (1, 1 mmol), substituted salicylaldehyde/2-hydroxy-

napthaldehyde (2, 1 mmol) and p-TSA (10 mol %) in ethanol/water (1:1) was stirred under 

refluxed condition. After 5 min, 3-phenyl-5-isoxazolone (3, 1 mmol) was added to it and 

refluxed temperature with constant stirring for about 3-4 h and followed by according to 

procedure [36] to afford pure solid products 4(f-j).  

3,4-Dihydro-9-(5-hydroxy-3-phenylisoxazol-4-yl)-3,3-dimethyl-2H-xanthen-1(9H)-one  

(4f): 

Yellow solid; Yield: 90 %; MP: 220-222 oC; Mol. Formula: C24H21NO4; UV (nm) λmax 

(log ε): 410 (3.96) & 318 (4.17); FTIR (υ cm-1): 3483 (OH), 2887 (CH), 1697 (C=O) & 1580 

(C=N); 1H NMR (δ ppm): 12.20 (s, 1H, OH), 7.91 (s, 1H, Ar-H), 7.76-7.61 (m, 3H, Ar-H), 

7.02 (s, 1H, Ar-H), 6.99-6.92 (m, 3H, Ar-H), 6.86 (s, 1H, Ar-H), 4.86 (s, 1H, CH), 2.49 (s, 

1H, CH), 2.21 (s, 2H, CH), 2.11 (s, 1H, CH), 1.17 (s, 3H, CH3), 1.03 (s, 3H, CH3); 
13C NMR 

(δ ppm): 192.22, 166.30, 161.69, 155.61, 144.65, 142.89, 128.28, 126.71, 126.62, 124.95, 

124.61, 124.28, 123.90, 121.82, 120.63, 118.54, 114.84, 111.95, 103.71, 45.94, 36.30, 27.29, 

27.20, 24.44; HRMS: m/z 388.1162 [M++1]; Anal. Calcd: C 74.40, H 5.46, N 3.62 %, Found: 

C 74.37, H 5.42, N 3.59 %. 
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3,4-Dihydro-9-(5-hydroxy-3-phenylisoxazol-4-yl)-5-methoxy-3,3-dimethyl-2H-xanthen-

1(9H)-one (4g): 

White solid; Yield: 86 %, MP: 204-206 oC; Mol. Formula: C25H23NO5; UV (nm) λmax 

(log ε): 325 (4.25); FTIR (υ cm-1): 3464 (OH), 2937 (CH), 2854 (OCH3), 1763 (C=O) & 1599 

(C=N); 1H NMR (δ ppm): 12.23 (s, 1H, OH), 7.94 (s, 2H, Ar-H), 7.62 (s, 3H, Ar-H), 6.96-

6.94 (d, J= 8 Hz, 1H, Ar-H), 6.90-6.88 (d, J= 8 Hz, 1H, Ar-H), 6.37-6.35 (d, J= 8 Hz, 1H, Ar-

H), 4.84 (s, 1H, CH), 3.81 (s, 3H, OCH3), 2.52 (s, 1H, CH), 2.29 (s, 1H, CH), 2.25 (s, 1H, 

CH), 2.09 (s, 1H, CH), 1.04 (s, 3H, CH3), 0.96 (s, 3H, CH3); 
13C NMR (δ ppm): 196.59, 

170.53, 165.86, 160.00, 147.18, 138.49, 131.01, 129.15, 128.15, 127.13, 124.59, 119.82, 

110.60, 107.63, 102.21, 55.65, 50.22, 40.61, 31.53, 28.71, 26.48; HRMS: m/z 418.1750 

[M++1]; Anal. Calcd: C 71.93, H 5.55, N 3.36 %, Found: C 71.90, H 5.51, N 3.32 %. 

3,4-Dihydro-12-(5-hydroxy-3-phenylisoxazol-4-yl)-3,3-dimethyl-2H-benzo[b]xanthen-

1(12H)-one (4h): 

White solid; Yield: 88 %, MP: 214-216 oC; Mol. Formula: C28H23NO4; UV (nm) λmax 

(log ε): 355 (4.03) & 325 (3.89); FTIR (KBr, υ cm-1): 3406 (OH), 2910 (CH), 1715 (C=O) & 

1588 (C=N); 1H NMR (δ ppm): 12.22 (s, 1H, OH), 8.99-8.93 (m, 3H, Ar-H), 8.62-8.60 (d, J= 

8 Hz, 1H, Ar-H), 8.26-8.24 (d, J= 8 Hz, 1H, Ar-H), 8.09-8.07 (d, J= 8 Hz, 1H, Ar-H), 7.72-

7.61 (m, 5H, Ar-H), 4.84 (s, 1H, CH), 2.44 (s, 1H, CH), 2.32 (s, 1H, CH), 2.24 (s, 1H, CH), 

2.09 (s, 1H, CH), 1.19 (s, 3H, CH3), 1.04 (s, 3H, CH3); 
13C NMR (δ ppm): 194.26, 168.48, 

162.54, 155.72, 153.46, 149.01, 146.29, 135.37, 130.60, 129.31, 125.70, 124.91, 124.62, 

124.55, 124.27, 124.11, 121.89, 118.33, 116.94, 112.39, 108.49, 52.84, 44.20, 30.29, 28.32, 

25.44; HRMS: m/z 438.1885 [M++1]; Anal. Calcd: C 76.87, H 5.30, N 3.20 %, Found: C 

76.85, H 5.27, N 3.16 %. 
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3,4-Dihydro-9-(5-hydroxy-3-phenylisoxazol-4-yl)-3,3-dimethyl-7-nitro-2H-xanthen-1(9H)-

one (4i): 

White solid; Yield: 80 %; MP: 188-190 oC; Mol. Formula: C24H20N2O6; UV (nm) λmax 

(log ε): 326 (3.98); FTIR (υ cm-1): 3410 (OH), 2921 (CH), 1698 (C=O) & 1599 (C=N); 1H 

NMR (δ ppm): 12.24 (s, 1H, OH), 7.95 (s, 1H, Ar-H), 7.68-7.66 (d, J= 8 Hz, 2H, Ar-H), 7.09 

(s, 1H, Ar-H), 6.95-6.90 (m, 3H, Ar-H), 6.88 (s, 1H, Ar-H), 4.85 (s, 1H, CH), 2.52 (s, 1H, 

CH), 2.28 (s, 2H, CH), 2.13 (s, 1H, CH), 1.23 (s, 3H, CH3), 1.12 (s, 3H, CH3); 
13C NMR (δ 

ppm): 191.98, 165.38, 162.85, 158.66, 146.64, 142.55, 128.36, 126.80, 126.25, 124.98, 

124.36, 122.86, 120.68, 118.88, 114.92, 111.99, 103.75, 50.89, 45.98, 28.94, 27.33, 24.48; 

HRMS: m/z 432.2482 [M+]; Anal. Calcd: C 66.66, H 4.66, N 6.48 %, Found: C 66.62, H 4.62, 

N 6.45 %. 

7-Bromo-3,4-dihydro-9-(5-hydroxy-3-phenylisoxazol-4-yl)-3,3-dimethyl-2H-xanthen-

1(9H)-one (4j): 

Orange solid; Yield: 81 %; MP: 198-200 oC; Mol. Formula: C24H20BrNO4; UV (nm) 

λmax (log ε): 312 (3.98); FTIR (υ cm-1): 3402 (OH), 2908 (CH), 1663 (C=O) & 1595 (C=N); 

1H NMR (δ ppm): 12.40 (s, 1H, OH), 7.89 (s, 1H, Ar-H), 7.63-7.61 (d, J= 8 Hz, 2H, Ar-H), 

7.13 (s, 1H, Ar-H), 6.99-6.94 (m, 3H, Ar-H), 6.82 (s, 1H, Ar-H), 4.81 (s, 1H, CH), 2.48 (s, 

1H, CH), 2.22 (s, 2H, CH), 2.15 (s, 1H, CH), 1.19 (s, 3H, CH3), 1.06 (s, 3H, CH3); 
13C NMR 

(δ ppm): 192.38, 165.46, 162.89, 158.73, 146.88, 142.72, 128.57, 126.62, 126.30, 124.64, 

124.58, 122.96, 121.18, 118.92, 114.98, 112.56, 103.80, 52.26, 45.66, 31.25, 29.42, 26.46; 

HRMS: m/z 466.2088 [M+] & 467.1028 [M++1]; Anal. Calcd: C 61.81, H 4.32, N 3.00 %, 

Found: C 61.78, H 4.28, N 2.98 %. 
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4B.5. Electronic absorption study 

The UV-Vis spectra of the obtained compounds 4(f-j) was done by HR 4000 UV-

Visible Spectrophotometer using six different solvents viz methanol, ethanol, acetonitrile, 

DMSO, 1,4-dioxane and chloroform at 10-5 M concentration. The absorption maxima and 

molar absorption coefficient values are appended in Table 1 and spectras of the compounds 

were displayed in Fig. 2. Compounds 4f & 4h exhibited two absorption maxima in all the 

solvents in the range 304-325 nm corresponds to first absorption maxima and 352-410 nm 

corresponds to second absorption maxima due to the π-π* & n-π* transitions. Also, most of 

the compounds displayed maximum bathochromic/redshift towards the longer wavelength in 

DMSO solvent. It suggested that, as the polarity of the solvent increases, the absorption 

maxima (λmax) is shift towards a longer wavelength due to the effective interaction between 

the solvent molecules and the lone pair of electrons [37]. Apart from these, the compounds 4f 

& 4i displayed a large redshift at 318, 410 nm & 326 nm compared to other compounds.  
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Table 1. Electronic absorption data of the synthesized compounds 4(f-j) in six different solvents. 

Compd. 

Solvents 

Methanol Ethanol Acetonitrile DMSO 1, 4-dioxane Chloroform 

λmax(nm) Log ε λmax(nm) Log ε λmax(nm) Log ε λmax(nm) Log ε λmax(nm) Log ε λmax(nm) Log ε 

4f 
308 4.14 304 4.18 307 4.12 318 4.17 309 4.17 311 4.13 

402 3.85 406 3.77 404 3.56 410 3.96 387 3.91 399 3.86 

4g 
307 4.11 305 4.13 315 4.20 325 4.25 309 4.13 318 4.18 

- - - - - - - - - - - - 

4h 
323 3.79 322 3.97 323 4.01 325 3.89 315 4.04 325 3.99 

355 3.90 354 4.08 355 4.10 355 4.03 352 4.03 358 4.08 

4i 
303 3.96 306 4.02 323 3.90 326 3.98 313 4.06 318 4.14 

- - - - - - - - - - - - 

4j 
308 4.07 300 4.09 306 4.07 312 3.98 300 3.93 300 3.83 

- - - - - - - - - - - - 
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Fig. 2. A graph of UV-Visible spectras of the synthesized compounds 4(f-j) in six different 

solvents. 
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4B.6. Powder-XRD analysis 

Powder X-ray diffraction method was used to study the crystalline nature and lattice 

parameters of compounds and it has been done at 2θ range of 5-80 ֠ and wavelength 1.5406 Å. 

The compound 4g showed 10 reflections at the range of 10-80 ֠ with the intense peaks and 

lattice parameters associated with compounds and have been determined by the h, k and l of 

miller indices values [38]. The crystalline size was calculated using Debye-Scherrer equation 

has been shown been below. 

D = 0.9λ/βcosθ   

Where β is the full width at half maxima in radians, λ is the wavelength of CuKα X-

ray radiation used (λ = 0.154 nm) and θ is the Bragg’s diffraction angle in degrees [39]. 

Fig. 3 shows P-XRD of the compound 4g and it has sharp intense peaks, this confirmed 

the crystalline nature and it gives sharp peaks at 100 and 210 which indicate a monocyclic 

crystalline structure. From the graph considering the intense peaks, the unit cell parameters 

and miller indices have been calculated and calculation shows 4g compound is monocyclic 

and crystalline in nature. Calculated parameters are listed in Table 2.  

Table 2. Calculated Powder-XRD structural data of synthesized compound 4g. 

Compd. Peak 2θ θ/2 Sin θ Sin2 θ Sin2 θ×1000 h2+k2+l2 h.k.l 

4g 

1 9.29 4.64 0.080 0.006 6.54 1 100 

2 14.98 7.49 0.130 0.016 16.99 2.54 110 

3 19.11 9.55 0.165 0.027 27.52 4.02 200 

4 20.40 10.20 0.177 0.031 31.35 4.79 210 

5 21.96 10.98 0.190 0.036 36.27 5.54 211 

6 24.14 12.07 0.209 0.043 43.72 6.68 221 

7 25.70 12.85 0.222 0.049 49.96 7.56 222 

8 28.16 14.08 0.243 0.059 59.04 9.04 300 

9 30.61 15.30 0.263 0.069 69.62 10.64 310 

10 31.90 15.95 0.274 0.075 75.51 11.54 311 
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Fig. 3. Powder-XRD structures of synthesized compounds 4g. 

4B.7. Pharmacological studies 

In-vitro cytotoxicity, anti-mycobacterial activity, in silico molecular docking, molecular 

dynamic simulation and DFT studies has been explained previously in the experimental 

section 4A.7 of Chapter-4A. 

4B.8. Results and discussion  

4B.8.1. Cytotoxicity study 

The in vitro cytotoxicity of the synthesized compounds 4(f-j) was evaluated against 

MCF-7 cell line and results indicates that, tested compounds showed very good selectivity 

and cytotoxic effect against MCF-7. In that, compound 4h possessed significant cytotoxicity 

with an IC50 value of 0.15±0.08 µg/mL and the rest of the compounds displayed IC50 values in 

the range of 19.17±2.10 to 134.9±12.09 µg/mL compared to reference standards anastrozole 

and folic acid (99.47±1.57 & 139.2±1.42 µg/mL). The compound 4h demonstrated highly 

promising cell viability at 6.25 µg/mL concentration due to presence of an additional phenyl 

nucleus was supposed to be the reason for the superior activity. A graph of % of cell viability 

at different concentration and IC50 value of synthesized compounds were shown in Fig. 4 & 5. 

The cytotoxicity results were tabulated in Table 3. 
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Table 3. % of cell viability against MCF-7 cell line of the synthesized compounds 4(f-j). 

Compd. 

 

Mean cell viability of MCF-7 

Concentration in µg/mL 
IC50 

in µg/mL 
NC 6.25 12.5 25 50 100 200 

4f 

100 

69.37±1.35 50.00±0.33 43.78±0.33 39.47±1.68 38.28±0.67 36.39±0.70 21.96±2.06 

4g 77.99±1.35 73.92±1.01 71.53±1.01 54.30±2.36 41.86±1.01 34.21±1.01 69.17±4.85 

4h 41.15±0.67 38.51±1.01 36.12±0.33 34.69±0.34 33.73±0.33 32.77±0.33 0.15±0.08 

4i 60.05±1.01 51.19±0.67 44.97±0.67 42.34±0.33 41.39±0.34 40.91±0.34 19.17±2.10 

4j 88.04±1.35 83.25±0.67 81.10±1.01 79.66±1.01 72.48±1.68 44.73±1.01 134.9±12.09 

Stda 74.60±1.39 72.24±0.27 69.68±1.11 66.93±1.11 55.71±1.95 30.90±1.39 99.47±1.57 

Stdb 85.82±1.11 82.48±0.83 78.15±1.38 74.01±1.67 61.02±0.56 36.61±0.55 139.2±1.42 

                  Stda- Anastrozole (AZ), Stdb- Folic acid (FA), NC- Negative control 

                  Values are Mean ±SE, N=3, *P<0.01 vs. Control  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Images of anticancer activity of the synthesized compounds 4(f-j), standard drugs 

(AZ-Anastrozole, FA-Folic acid) and Negative control (NC). 
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Fig. 5. A graph of % of survival cells of synthesized compounds 4(f-j) at different 

concentration (a); a graph of IC50 value of compounds 4(f-j) against MCF-7 cell line (b). 
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4B.8.2. Anti-tubercular activity  

The anti-TB activity of targeted compounds were evaluated against H37RV strain and 

results indicates that, the compound 4h exhibited effective anti-TB sensitivity with a MIC 

value of 3.12 µg/mL and it has sensitivity almost similar to the reference standard 

Pyrazinamide (MIC= 3.2 μg/mL). Compound 4i also showed good sensitivity at MIC of 12.5 

µg/mL and the remaining compounds displayed considerable sensitivity with MIC value in 

the range of 25-100 µg/mL as compared to reference standards Isoniazid, Ethambutol, 

Pyrazinamide, Rifampicin & Streptomycin having MIC values of 1.6, 1.6, 3.12, 0.8, 0.8 

µg/mL respectively. Anti-TB results and image was shown in Table 4 and Fig. 6. 

Table 4. Anti-tubercular activity results of synthesized compounds 4(f-j). 

Compd. 
Concentration in µg/mL 

100 50 25 12.5 6.25 3.12 1.6 0.8 

4f S S S R R R R R 

4g S S S R R R R R 

4h S S S S S S R R 

4i S S S S R R R R 

4j S S R R R R R R 

Stda S S S S S S S R 

Stdb S S S S S S S R 

Stdc S S S S S S R R 

Stdd S S S S S S S S 

Stde S S S S S S S S 

S-Sensitive, R-Resistant, Stda- Isoniazid, Stdb- Ethambutol, Stdc- Pyrazinamide, Stdd- 

Rifampicin, Stde- Streptomycin. 
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Fig. 6. Image of anti-TB activity results of the synthesized compounds 4(f-j). 

4B.8.3. SAR Study  

SAR study was performed on synthesized compounds 4(f-j) and compounds exhibited 

good anticancer and anti-TB activity. Among the tested compounds, 4h displayed outstanding 

anticancer and anti-TB activity with least IC50 value and MIC compared to standard drugs. 

The presence of an additional phenyl nucleus in the 4h compound is supposed to be the main 

reason for the superior anticancer and anti-TB activity.  

4B.8.4. in silico molecular docking study 

The synthesized compounds 4(f-i) were docked to binding pocket of P38 MAP kinase. 

Among the docked structures, compound 4h demonstrated the least binding energy of -9.9 

kcal/mol forming one hydrogen bond with GLY170. Compounds 4f, 4g & 4i exhibited 

binding energies of -9.1, -8.6 & -9.2 kcal/mol by forming three to four hydrogen bonds with 
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amino acid residues compared with folic acid and anastrozole which demonstrated binding 

energies of -8.7 kcal/mol and -7.0 kcal/mol respectively (Table 5).  

The interactions of synthesized compounds 4h & 4i with InhA-Enoyl-Acyl Carrier 

Protein demonstrated that, 4h & 4i shows binding energies of -11.0 & -9.0 kcal/mol 

respectively by forming three hydrogen bonds with GLY14, ILE95, GLY96, SER152, 

ARG153 & PRO156. The interactions were compared with Isoniazid (-5.8 kcal/mol), 

Pyrazinamide (-5.1 kcal/mol), Rifampicin (-8.0 kcal/mol) and Streptomycin (-8.4 kcal/mol). 

Binding interactions were tabulated in Table 6. 

Table 5. Molecular interactions between synthesized compounds & standards with P38 MAP 

kinase protein. 

Compd. 
Binding energy 

in kcal/mol 
H-bonds Interacting Residues 

4f -9.1 03 
ARG149, LEU171, 

ARG70 

4g -8.6 04 
ARG149, TYR200, 

LEU171, ALA172 

4h -9.9 01 GLY170 

4i -9.2 04 
ARG149, GLY170, 

LEU171, HIS148 

Anastrozole -7.0 03 TYR35, LYS53, MET109 

Folic acid -8.7 - - 

 

Table 6. Molecular interactions between synthesized compounds & standards with InhA-

Enoyl-Acyl Carrier Reductase Protein. 

Compd. 
Binding energy 

in kcal/mol 
H-bonds Interacting Residues 

4h -11.0 03 GLY96, GLY14, ILE95 

4i -9.0 03 SER152, ARG153, PRO156 

Isoniazid -5.8 02 VAL65, LEU63 

Pyrazinamide -5.1 05 
ILE21, ALA22, SER94, 

GLY96, GLY14 

Rifampicin -8.0 04 
ARG225, MET155, 

LEU268, LEU 217 

Streptomycin -8.4 05 
GLY14, ILE15, PHE41, 

ILE95, SER94 
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Fig. 7. Molecular interaction of synthesized compounds 4(f-i) & standards with P38 MAP 

kinase (a); 4h, 4i & standards with InhA-Enoyl-Acyl Carrier Protein Reductase (b). 

 

4B.8.5. Molecular dynamics simulation  

MD simulation was used to study the conformational changes of tested compounds 

upon binding to respective targets [40]. Among the docked structures, 4h was selected for the 

MD simulation study due to least binding energy. Thus, the compound 4h bound structure of 

InhA-Enoyl-Acyl Carrier Protein Reductase was selected. The MD simulated structures 

displayed stable conformational changes acquired by the target protein upon binding with the 

ligand (Fig. 8).  

The conformational variations imposed by the synthesized compound 4h upon binding 

with InhA-Enoyl-Acyl Carrier Protein Reductase was compared with its native structure 

along with the binding of standard drug pyrazinamide. The average potential energy of the 

synthesized compound 4h bound InhA structure was -0.7610 x 10-6 kJ/mol compared to 

pyrazinamide-bound (-0.7618 x 10-6 kJ/mol) and unbound structure (-0.7385 x 10-6 kJ/mol) 

(a) 

(b) 
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(Table 8). The MD trajectory analysis for RMSD and RMSF revealed that the compound 4h 

imposed fewer RMS deviations and RMS fluctuations with an average value of 0.1264 nm 

and 0.0741 nm respectively, whereas the pyrazinamide-bound structure displayed an average 

RMSD of 0.1485 nm and an average RMSF of 0.0826 nm respectively. The Rg and SASA 

plots also supported the conformational stability attained by the macromolecule upon binding 

with the synthetic compound 4h. 

The interactions of compound 4h with InhA-Enoyl-Acyl Carrier Protein Reductase was 

found to have binding free energy value of -96.842 kJ/mol, while the standard compound 

pyrazinamide displayed a binding free energy value of -29.209 kJ/mol. The energy terms 

associated with binding free energy calculations are detailed in Table 7.  

Table 7. Calculated MD parameters of compound 4h and Pyrazinamide for native and 

ligand-bound InhA-Enoyl-Acyl Carrier Protein Reductase along with binding energies and 

the contributing energy terms calculated using g_mmpbsa module. 

 InhA-Enoyl-Acyl Carrier Protein Reductase 

G
ro

m
a
cs

 M
o
d

u
le

s  Native Protein 
Compound 

4h 

Pyrazinamide-

Standard 

Potential Energy 

(x 10-6) (kJ/mol) 
-0.7385 -0.7610 -0.7618 

RMSD (nm) 0.2079 0.1264 0.1485 

RMSF (nm) 0.1102 0.0741 0.0826 

Rg (nm) 1.7985 1.8252 1.8191 

SASA (nm2) 129.238 128.40 129.01 

M
M

P
B

S
A

 M
o
d

u
le

 Binding Energy (kJ/mol) - -96.842 -29.209 

SASA Energy (kJ/mol) - -19.438 -7.654 

Polar Solvation Energy 

(kJ/mol) 
- 100.042 72.604 

Electrostatic Energy 

(kJ/mol) 
- -11.536 -35.85 

van der WAALs Energy 

(kJ/mol) 
- -165.909 -58.344 
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Fig. 8. RMSD, RMSF, Rg, and SASA, plots obtained from MD trajectories analysis of 4h 

and Pyrazinamide for unbound and bound structures of InhA-Enoyl-Acyl Carrier Protein 

Reductase.  

 

4B.8.6. DFT study 

The HOMO-LUMO energy gap, electrostatic potential map, chemical functional 

descriptors (CFDs) and optimized structures of synthesized compounds are shown in Fig. 9, 

10, 11 & 12. The calculated HOMO-LUMO energies and global reactivity parameters of the 

synthesized compounds 4(f-j) are displayed in Table 8. Lesser the HOMO-LUMO energy 

gap (ΔE) softer the molecule, while larger the gap harder will be the molecule. A lower 

energy gap, lesser chemical hardness and more softness values indicate that molecule with 

more chemically and biologically active with low kinetic stability [41].  

DFT results reveal that, the energy gap (ΔE) of compounds 4(f-j) in the range of 3.97 

eV to 4.87 eV. In that, the compound 4i shows less energy gap at 3.97 eV and more softness 

value (0.50 eV). Hence, compound 4i is chemically more reactive compared to other 

molecules. Also, 4i compound has more electronegative value of 4.40 eV, due to the presence 

of an electron-withdrawing nitro group on phenyl ring and electron-donating hydroxyl group 

on isoxazole nucleus. Therefore, it has greater tendency to attract a bonding electron pair 

compared to other molecules. 
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Table 8. Chemical parameters of synthesized compounds 4(f-j). 

 

Compd. 
EHOMO 

(eV) 

ELUMO 

(eV) 

ΔE 

EHOMO - ELUMO 

(eV) 

I 

(eV) 

A 

(eV) 

ƞ 

(eV) 

σ 

(eV) 

χ 

(eV) 

µ 

(eV) 

ω 

(eV) 

D 

(Debye) 

4f -6.01 -1.14 4.87 6.01 1.14 2.43 0.41 3.57 -3.57 2.62 3.46 

4g -5.76 -1.05 4.71 5.76 1.05 2.35 0.42 3.40 -3.40 2.45 4.71 

4h -5.77 -1.29 4.48 5.77 1.29 2.24 0.44 3.53 -3.53 2.78 3.40 

4i -6.39 -2.42 3.97 6.39 2.42 1.98 0.50 4.40 -4.40 4.88 7.33 

4j -6.19 -1.38 4.81 6.19 1.38 2.40 0.41 3.78 -3.78 2.97 5.24 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. FMO orbitals & HOMO-LUMO energy gap of the synthesized compounds 4(f-j). 
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Fig. 10. Images of molecular electrostatic potential map (-200 to +200 kJ) of the synthesized 

compounds 4(f-j). 
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Fig. 11. Images of chemical functional descriptors (CFDs) of the synthesized compounds 

4(f-j). 
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Fig. 12. Optimized structures of the synthesized compounds 4(f-j). 
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4B.9. Conclusion 

In summary, we reported some new substituted-(5-hydroxy-3-phenylisoxazol-4-yl)-3,3-

dimethyl-2H-xanthen-1(9H)-one derivatives and evaluated their pharmacological and 

computational studies. From the absorption study, most of the compounds exhibited a 

maximum bathochromic shift towards the longer wavelength in DMSO solvent. Cytotoxicity 

results suggested that, compound 4h possessed significant efficacy with an IC50 value of 

0.15±0.08 µg/mL and anti-TB activity results shows, 4h compound exhibited good sensitivity 

at 3.12 µg/mL. The in silico molecular interaction studies and structural stability studies also 

corroborated these findings. Molecular docking study suggested that, the compound 4h 

showed least binding energy of -9.9 and -11.0 kcal/mol with P38 MAPk & InhA-Enoyl-Acyl 

Carrier Protein Reductase respectively. From the DFT study, the compounds are chemically 

and biologically more reactive with low kinetic stability due to less energy gap. 
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5.1. Introduction  

Isoxazole analogs have been recognized as key moieties in the field of pharmaceuticals 

and they are found in many natural products which include ibotenic acid, muscimol etc. [1] 

and found in synthetic drugs [2]. Moreover, previous reports suggested that, isoxazole fused 

other biologically active heterocyclic compounds are exhibited as anti‐HIV [3], anti-

tuberculosis [4], anti‐inflammatory [5], anti-diabetic [6], anticancer [7], antidepressant [8], 

antimicrobial [9], dipeptidyl peptidase IV inhibitors [10] and as protein tyrosine phosphatase-

1B inhibitors etc [11]. Because of its enormous biological applications, isoxazoles creates 

great interest of researchers to develop methodologies for the preparation of drugs in the 

medicinal field. 

Diabetes and cancer diseases are more common nowadays around the globe due to their 

inappropriate metabolism of carbohydrates, fat and proteins [12] and uncontrolled cell 

divisions [13]. One of the important therapeutic approaches for treating diabetes is to 

decrease of postprandial hyperglycemia. This can be achieved by hindering the absorption of 

glucose by the inhibition of carbohydrate hydrolyzing enzymes, such as α-amylase and α-

glucosidase in the gastrointestinal track [14]. Lung cancer is the most prominent cause of 

carcinoma deaths. The high mortality rate of this disease is due to tobacco smoking or 

cigarette smoking in human beings. Besides surgery and radiotherapy, chemotherapy is the 

most effective method for the treatment of diabetic and cancer diseases [15, 16]. The 

importance of isoxazole-based compounds are available in the market as shown in Fig. 1 and 

some reported biologically important isoxazole-containing derivatives have been discussed 

below. 
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Fig. 1. Some of the drugs containing isoxazole nucleus.   

V.V. Dabholkar and F.Y. Ansari reported a cyclocondensation of fused isoxazole 

derivatives (1 & 2) as a potent antibacterial agent. Compound 1a showed zone of inhibition 

16 & 10 mm against S. aureus and C. diphtheria. Compound 1b exhibited inhibition 10 & 10 

mm against E. coli and P. aeruginosa respectively. 2a showed a good zone of inhibition of 21 

& 17 mm towards S. aureus and C. diphtheria, respectively [17]. In 1995, L. Somogyi et. al., 

have been reported a 3,6-dimethyl-4H-pyrano[3,4-d][1,2]oxazol-4-one (3) from the 

acylhydrazones [18]. 

O
N

O

R

1

N NH

N
O

N

S

Cl

R
2

2a: R= N(CH
3
)
21a: R= OCH

3
; 1b: R= OH

O

NO

O

3

 

A series of chromeno-annulated cis-fused pyrano[4,3-c]isoxazole derivatives (4) was 

reported by N.K. Bejjanki and co-authors via intramolecular nitrone cycloaddition and their 
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cytotoxicity evaluation. Compounds 4a, 4b & 4c displayed potent inhibitory activity against 

breast cancer cell line with IC50 values of 5.78, 5.59 & 5.3 µM and compounds 4d & 4e 

exhibited significant activity against HeLa cell line with IC50 values of 6.61 & 6.54 µM. 

Compound 4f was found to have the most promising cytotoxicity against lung cancer cell line 

with an IC50 value of 0.194 µM [19]. 
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3
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In 2020, Tricyclic isoxazole-fused benzo[b]thiophene 1,1-dioxide derivatives (5) have 

been reported by K.K. Wang et. al., via 1,3-dipolar cycloaddition [20].  

R Cl

N
OH

+ S

O O

EtOAc

DABCO S

O N

R

O O

H

H

R
1

R
1

5  

R. Sakly et. al., reported a spirooxindole-fused isoxazoline/triazole (6) and 

isoxazoline/isoxazole derivatives (7) from 1,3-dipolar cycloaddition as a potent antimicrobial 

agent. The compound 6a exhibited excellent bacterial activity with MIC value of 15.62 

μg/mL against E. coli strain and compound 7a showed a MIC of 31.25 μg/mL against P. 

aeruginosa strain. 6b compound showed MIC value of 15.62 μg/mL against S. aureus and 

compound 6c exhibits MIC value of 62.5 μg/mL against S. pyogenes [21]. 
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H.J. Kim and co-workers synthesized 4,5-dihydro-7H-pyrano[3,4-c]isoxazole 

derivatives (8) as a fungicidal agents. The compounds 8a & 8b shows higher % of inhibition 

against all the fungal strains viz P. Oryzae, R. Solani, B. Cinerea, P. Infestants, P. Recondite 

& E. Graminis [22]. 

O

ON

R1

R

8

8a: R= o-C
6
H

4
; R

1
= CH

2
Br

8b: R= p-C
6
H

4
; R

1
= CH

2
Br

 

In 2020, R.M. Mohareb et. al., synthesized a 5,5-dimethyl-4,5-dihydrothieno[3,2-

e][2,1]benzoxazol-7-amines (9) as a potent anticancer agent and tyrosine kinase inhibitors. 

Compound 9a shows the most cytotoxic effect against all the six cell lines with IC50 values of 

1.28, 1.63, 0.79, 0.83, 1.63 & 0.92 μM respectively and also exhibits good inhibitions toward 

Pim-1 kinase [23]. 

O
N
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NH2 R

9

9a: R= COOC
2
H

5
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S. Bhavanarushi and co-authors synthesized a novel pyrano[2,3-c]pyrazole analogs (10) 

and screened for in vitro cytotoxicity against lung cancer (A549), non-lung cancer cells 

(MRC-5) and cervical cancer (HeLa) cell lines. Among them, compound 10a exhibited the 

best cytotoxicity against a lung cancer line with an IC50 value of 10.3±0.89 μM [24]. 

10

R1

O

N
N

F3C
CN

NH2
R

10a: R= 4-FC
6
H

4
; R

1
= 4-OCH

3

 

A series of 4H-chromene-3-carbonitrile derivatives (11) have been synthesized by Z. 

Saffari et. al., and evaluated for their anticancer activity against five cancer cell lines. The 

compound 11a exhibited least IC50 values of 58.64±6.1, 48.39±3.2, 81.42±6.1, 46.86±2.4 & 

100.53±7.4 μM for human ductal breast epithelial carcinoma, human breast epithelial 

carcinoma, human glioblastoma carcinoma, rat brain fibroblast carcinoma and mouse 

fibroblast carcinoma cell lines respectively [25]. 

O

CN

NH2

S

R
2

R
1

R

R
3

11

11a: R= H; R1= NO
2
; R2= NH

2
; R3= NH

2

 

In 2017, a series of novel ethyl 2,7-dimethyl-4-oxo-5-phenyl-3-[(3-phenylisoxazol-5-

yl)methyl]-3,5-dihydro-4H-pyrano[2,3-d]pyrimidine6-carboxylates derivatives (12) as 

antibacterial agent and was reported by B.S. Kumar et. al. Compounds 12a & 12b shows 

excellent activity against bacterial strains S. aureus, P. aeruginosa, E. coli and K. pneumonia 

with MIC value of 38, 36, 38, 38 μg/mL and 33, 28, 30, 29 μg/mL respectively [26]. 
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From the above findings, we encouraged to synthesizing pyrano-isoxazole derivatives 

and evaluated their anti-diabetic and cytotoxicity. This study also extends to predict the 

binding interactions of synthesized compounds against the target enzymes exo-β-D-

glucosaminidase and P38 MAP kinase proteins along with their in silico ADME 

investigations.  

5.2. Present work 

In this chapter, we explained one-pot synthesis of 6-amino-4-substituted-pyrano[3,2-

d]isoxazole-5-carbonitrile derivatives 4(a-j) through Knoevenagel condensation reaction of 

aromatic aldehyde (1), malononitrile (2) and 3-phenyl-5-isoxazolone (3) in aqueous ethanol 

using L-Proline as a catalyst and the reaction pathway has been given in Scheme 6. 

+ NC CN +
O

ON

Ar NH2

CN

L-Proline

aq. EtOH

Reflux 8 h

1(a-j) 2

4(a-j)

N O

O

Ar H

O

3

 

Compd. Ar Compd. Ar 

4a C6H5 4f 2-OH C6H4 

4b 4-OH C6H4 4g 5-Br 2-OH C6H3 

4c 4-OCH3 C6H4 4h 3-OC2H5 4-OH C6H3 

4d 4-CN C6H4 4i 

S  

4e 3-NO2 C6H4 4j 
N
H  

 

 Scheme 6. Synthesis of 6-amino-4-substituted-pyrano[3,2-d]isoxazole-5-carbonitrile 

derivatives 4(a-j). 
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The synthetic strategy involves in the following steps: 

 The 6-amino-4-substituted-pyrano[3,2-d]isoxazole-5-carbonitrile derivatives were 

synthesized initially, L-Proline abstract the hydrogen from malononitrile (2) to form 

carbanion (I).  

 It attacks the carbonyl group of the aromatic aldehyde (1) to form an intermediate II & 

III, it undergoes Knoevenagel condensation to afford a cyano-olefin (IV) intermediate.  

 Then, 3-phenyl-5-isoxazolone (3) was attacked on cyano-olefin to afford intermediates 

V and VI. Further intermediate VI undergoes an intramolecular nucleophilic cyclisation 

to afford VII.  

 Finally, 1,3-hydrogen shift takes place from intermediate VII to form desired product 

4(a-j). The possible mechanism as shown below (Fig. 2). 

1,3-H+ Shift

N
+

-
:O

O

H
H

+
NC CN

H

NC
CN

H
H

-
..

N
+

-
:O

O

H
H

H

O

Ar

NC CN

OH
Ar H

N
+

-
:O

O

H
H

..

Ar H

CN
NC H

H2O
+

N
+

-
:O

O
HH

-H
2
O - L-Proline

N O

O:
-

Ar CN

CNH
N

O

CN

CN

O

Ar H

H

N
O

CN

O
-

Ar H

N
..

..-

O

ON

NH

CN
Ar H

O

ON

NH2

CN
Ar

12

 II III

IV

3

 V 
VI 

VII
4(a-j)

I 

 

Fig. 2. Possible mechanism of synthesized compounds 4(a-j). 
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Here, we studied the effect of catalyst on this reaction. In the previous reports, this 

method was carried out in the presence of different catalysts such as TEBA, HTMAB, 

B(OH)3, Et3N, PS-PTSA, Nano TiO2, ZnS NPs, piperidine and also in the absence of catalyst 

(Table 1). We selected L-Proline as a catalyst to find the progress of the reaction as well as 

on the increase of the product yield by using different mol % i.e., 5, 10, 15 and 20 was 

examined on the compound 4a. 10 mol % L-Proline was preferred in this reaction due to 

short reaction time and good yield, whereas a further increase in the quantity of catalyst does 

not affect the reaction kinetics (Table 2).  

Table 1. Effect of catalysts on synthesized compound 4a. 

Entry Catalyst Solvent Temperature (oC) Time  Yield (%) 

1 L-Proline EtOH Reflux 8 h 90-92 

2 - CH3CN RT 12 h 58-79 [27] 

3 TEBA H2O Reflux 6-10 h 90-99 [28] 

4 HTMAB H2O Reflux 8 h 79-91 [29] 

5 B(OH)3 H2O Reflux 10-20 min 70-85 [30] 

6 Et3N EtOH Reflux 15 min 47-75 [31] 

7 PS-PTSA H2O Reflux 15-25 min 82-94 [32] 

8 Nano TiO2 - RT 2-6 min 81-96 [33] 

9 ZnS NPs Grinding RT 5-21 min 87-97 [34] 

10 Piperidine EtOH Reflux 1 h 85 [35] 

 

Table 2. Effect of mol % of L-Proline catalyst on synthesized compound 4a. 

Entry Catalyst Solvent Mol (%) Time Yield (%) 

1 - EtOH - 14 h 50-54 

2 L-Proline EtOH 5 10 h 70-72 

3 L-Proline EtOH 10 8 h 90-92 

4 L-Proline EtOH 15 8 h 88-90 

5 L-Proline EtOH 20 8 h 86-89 

 

The structures of the 6-amino-4-substituted-pyrano[3,2-d]isoxazole-5-carbonitrile 

derivatives 4(a-j) were confirmed by different spectroscopic techniques such as IR, 1H NMR, 

13C NMR and mass spectrometry.  

The IR spectrum of compound 4a showed the absorption band in the region of 3390 

cm-1 is attributed to the NH stretching vibration and another strong absorption band at 2225 
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cm-1 correspond to C≡N functionality. The band at 1571 cm-1 correspond to the azomethine 

group (C=N). The 1H NMR spectrum of compound 4a exhibited a singlet peak at δ 8.52 ppm 

which correspond to aromatic proton (s, 1H, Ar-H) and multiplet peaks in the range at δ 7.93-

7.34 ppm which corresponds to aromatic along with amine protons (m, 11H, Ar-H+NH2). A 

doublet peaks at δ 5.71-5.69 & 4.70-4.68 ppm corresponds to two CH protons of isoxazole 

nucleus (d, J= 8 Hz, 2H, CH). And a singlet peak at δ 4.42 ppm due to CH proton (s, 1H, 

CH). In addition, 13C NMR spectrum of compound 4a exhibited peaks at δ 138.92, 134.95, 

132.13, 131.84, 131.05, 130.09, 129.99, 129.61, 128.92 & 128.34 ppm correspond to C=C 

carbons of phenyl rings and 82.16 ppm due to CH carbon. The mass spectrum showed a 

molecular ion peak m/z at 316.0845 [M+-1], which correspond to the molecular weight of 

compound 4a.  

Characterization: 

 

IR spectrum of compound 4a 

O

ON

NH2

CN
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1HNMR spectrum of compound 4a 

 
13CNMR spectrum of compound 4a 
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C19H15N3O2 
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C19H15N3O2 
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MASS spectrum of compound 4a 

 

IR spectrum of compound 4c 
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ON

NH2

CN
 

Mol. Wt: 317.34 
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1HNMR spectrum of compound 4c 

 
13CNMR spectrum of compound 4c 
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MASS spectrum of compound 4c 

5.3. Experimental 

5.3.1. General information: 

The general information regarding the different solvents, reagents and instruments etc., 

used for the analysis has been discussed in the experimental section (2A.3.1) of Chapter-2A. 

The cytotoxicity was carried out in the Dept. of Microbiology, Maratha Mandal’s NGH 

Institute of Dental Sciences & Research Centre, Belgaum, Karnataka. The diabetic activity 

was carried out in LAYA Workstation, Haveri and Alekhya agro solutions, Mysore. 

5.3.2. Procedure for synthesis of novel 6-amino-4-substituted-pyrano[3,2-d]isoxazole-5-

carbonitrile derivatives 4(a-j): 

A mixture of equimolar quantity of aromatic aldehydes (1, 1 mmol), malononitrile (2, 1 

mmol) and 3-phenyl-5-isoxazolone (3, 1 mmol) using 10 mol % of L-Proline as a catalyst  in 

20 mL of aqueous ethanol was refluxed with constant stirred at 80-82 oC for about 8 h. At the 

O

ON

NH2

CN
H3CO

Mol. Wt: 347.36 
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same time, the reaction mixture was monitored by TLC (Ethyl acetate & Pet ether). After 

completion of the reaction, the reaction mixture was cooled at room temperature and poured 

into the 100 mL ice flake with vigorous stirring to get solid precipitate. Then, it was filtered, 

washed, dried and recrystallized from methanol to afford pure solid products 4(a-j). 

6-Amino-3,4-diphenyl-3a,7a-dihydro-4H-pyrano[3,2-d]isoxazole-5-carbonitrile (4a): 

White solid; Yield: 95 %; MP: 168-170 oC; Mol. Formula: C19H15N3O2; UV (nm) λmax 

(log ε) 358 (3.72) & 354 (3.57); FTIR (υ cm-1): 3390 (NH), 3025 (CH), 2225 (C≡N) & 1571 

(C=N); 1H NMR (δ ppm): 8.52 (s, 1H, Ar-H), 7.93-7.91 (d, J= 8 Hz, 1H, Ar-H), 7.60-7.56 

(m, 4H, Ar-H), 7.48-7.45 (m, 4H, NH2+Ar-H), 7.37-7.34 (m, 2H, Ar-H), 5.71-5.69 (d, J= 8 

Hz, 1H, CH), 4.70-4.68 (d, J= 8 Hz, 1H, CH), 4.42 (s, 1H, CH); 13C NMR (δ ppm): 171.24, 

162.67, 162.14, 138.92, 134.95, 132.13, 131.84, 131.05, 130.09, 129.99, 129.61, 128.92, 

128.34, 126.61, 114.77, 114.23, 113.86, 82.16, 40.83 & 27.41; HRMS: m/z 316.0845 [M+-1]; 

Anal. Calcd: C 71.91, H 4.76, N 13.24 %, Found: C 71.86, H 4.72, N 13.20 %.  

6-Amino-4-(4-hydroxyphenyl)-3-phenyl-3a,7a-dihydro-4H-pyrano[3,2-d]isoxazole-5-

carbonitrile (4b): 

Yellow solid; Yield: 80 %; MP: 146-148 oC; Mol. Formula: C19H15N3O3; UV (nm) λmax 

(log ε) 352 (3.75) & 352 (3.74); FTIR (υ cm-1): 3452 (OH), 3257 (NH), 2904 (CH), 2220 

(C≡N) & 1580 (C=N); 1H NMR (δ ppm): 11.06 (s, 1H, OH), 8.41-8.39 (d, J= 8 Hz, 1H, Ar-

H), 8.27 (s, 1H, Ar-H), 7.86-7.84 (d, J= 8 Hz, 2H, Ar-H), 7.62-7.45 (m, 2H, Ar-H), 7.27-7.25 

(d, J= 8 Hz, 1H, Ar-H), 6.95-6.89 (m, 3H, NH2+Ar-H), 6.72-6.70 (d, J= 8 Hz, 1H, Ar-H), 

5.57-5.55 (d, J= 8 Hz, 1H, CH), 4.54-4.52 (d, J= 8 Hz, 1H, CH), 4.41 (s, 1H, CH); 13C NMR 

(δ ppm): 164.43, 161.08, 138.61, 134.44, 129.97, 129.77, 129.58, 129.38, 128.46, 123.33, 

117.17, 116.70, 116.22, 115.65, 114.74, 75.63 & 28.26; HRMS: m/z 332.1556 [M+-1]; Anal. 

Calcd: C 68.46, H 4.54, N 12.61 %, Found: C 68.41, H 4.51, N 12.55 %. 
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6-Amino-4-(4-methoxyphenyl)-3-phenyl-3a,7a-dihydro-4H-pyrano[3,2-d]isoxazole-5-

carbonitrile (4c): 

Yellow solid; Yield: 82 %; MP: 120-122 oC; Mol. Formula: C20H17N3O3; UV (nm) λmax 

(log ε) 354 (3.36) & 353 (3.30), 282 (3.32); FTIR (υ cm-1): 3273 (NH), 2918 (CH), 2854 

(OCH3), 2229 (C≡N) & 1608 (C=N); 1H NMR (δ ppm): 8.35 (s, 1H, Ar-H), 7.94-7.92 (d, J= 

8 Hz, 2H, Ar-H), 7.69-7.54 (m, 3H, NH2+Ar-H), 7.48-7.46 (d, J= 8 Hz, 1H, Ar-H), 7.39-7.37 

(d, J= 8 Hz, 1H, Ar-H), 7.15-7.13 (d, J= 8 Hz, 2H, Ar-H), 6.92-6.90 (d, J= 8 Hz, 1H, Ar-H), 

5.63-5.61 (d, J= 8 Hz, 1H, CH), 4.63-4.61 (d, J= 8 Hz, 1H, CH), 4.41 (s, 1H, CH), 3.70 (s, 

3H, OCH3); 
13C NMR (δ ppm): 171.32, 164.90, 162.57, 161.01, 159.63, 137.91, 133.93, 

132.11, 131.43, 130.82, 129.60, 129.38, 128.49, 126.15, 124.67, 115.38, 114.48, 77.38, 56.46 

& 27.63; HRMS: m/z 346.1763 [M+-1]; Anal. Calcd: C 69.15, H 4.93, N 12.10 %, Found: C 

69.09, H 4.89, N 12.06 %. 

6-Amino-4-(4-cyanophenyl)-3-phenyl-3a,7a-dihydro-4H-pyrano[3,2-d]isoxazole-5-

carbonitrile (4d): 

Cream white solid; Yield: 90 %; MP: 180-182 oC; Mol. Formula: C20H14N4O2; UV 

(nm) λmax (log ε) 366 (3.20), 296 (3.17) & 359 (3.14), 295 (3.11); FTIR (υ cm-1): 3255 (NH), 

2902 (CH), 2220 (C≡N) & 1601 (C=N); 1H NMR (δ ppm): 8.52 (s, 1H, Ar-H), 7.93-7.91 (d, 

J= 8 Hz, 1H, Ar-H), 7.66-7.56 (m, 4H, Ar-H), 7.49-7.45 (t, 2H, Ar-H), 7.38-7.30 (m, 3H, 

NH2+Ar-H), 5.71-5.68 (d, J= 12 Hz, 1H, CH), 4.70-4.67 (d, J= 12 Hz, 1H, CH), 4.41 (s, 1H, 

CH); 13C NMR (δ ppm): 171.31, 162.66, 162.08, 138.81, 134.89, 132.06, 131.92, 130.99, 

130.17, 129.78, 129.44, 129.09, 128.47, 128.37, 126.58, 114.71, 114.01, 113.88, 82.11, 40.82 

& 27.36; HRMS: m/z 341.1794 [M+-1]; Anal. Calcd: C 70.17, H 4.12, N 16.37 %, Found: C 

70.13, H 4.08, N 16.31 %. 

6-Amino-4-(3-nitrophenyl)-3-phenyl-3a,7a-dihydro-4H-pyrano[3,2-d]isoxazole-5-

carbonitrile (4e): 
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Yellow solid; Yield: 92 %; MP: 160-162 oC; Mol. Formula: C19H14N4O4; UV (nm) λmax 

(log ε) 343 (3.46) & 340 (3.96); FTIR (υ cm-1): 3320 (NH), 2919 (CH), 2223 (C≡N) & 1577 

(C=N); 1H NMR (CDCl3, δ ppm): 8.36 (s, 1H, Ar-H), 8.26-8.24 (d, J= 8 Hz, 1H, Ar-H), 7.88-

7.86 (d, J= 8 Hz, 1H, Ar-H), 7.70-7.59 (m, 5H, Ar-H), 7.45-7.43 (d, J= 8 Hz, 2H, Ar-H), 7.25 

(s, 2H, NH2), 5.30-5.27 (d, J= 12 Hz, 1H, CH), 4.42-4.39 (d, J= 12 Hz, 1H, CH), 4.32 (s, 1H, 

CH); 13C NMR (CDCl3, δ ppm): 171.40, 164.26, 148.82, 138.60, 133.97, 132.94, 130.99, 

130.17, 127.97, 124.80, 124.46, 123.10, 111.68, 111.39, 76.80, 42.59 & 26.21; HRMS: m/z 

361.1749 [M+-1]; Anal. Calcd: C 62.98, H 3.89, N 15.46 %, Found: C 62.94, H 3.83, N 15.41 

%. 

6-Amino-4-(2-hydroxyphenyl)-3-phenyl-3a,7a-dihydro-4H-pyrano[3,2-d]isoxazole-5-

carbonitrile (4f): 

Yellow solid; Yield: 92 %; MP: 142-144 oC; Mol. Formula: C19H15N3O3; UV (nm) λmax 

(log ε) 340 (3.77) & 339 (3.39); FTIR (υ cm-1): 3420 (OH), 3290 (NH), 2912 (CH), 2226 

(C≡N) & 1608 (C=N); 1H NMR (δ ppm): 11.02 (s, 1H, OH), 7.99-7.97 (d, J= 8 Hz, 1H, Ar-

H), 7.92 (s, 1H, Ar-H), 7.88-7.86 (d, J= 8 Hz, 3H, Ar-H), 7.64-7.49 (m, 2H, Ar-H), 7.29-7.27 

(d, J= 8 Hz, 1H, Ar-H), 6.92-6.74 (m, 3H, NH2+Ar-H), 5.61-5.59 (d, J= 8 Hz, 1H, CH), 4.57-

4.55 (d, J= 8 Hz, 1H, CH), 4.43 (s, 1H, CH), 13C NMR (δ ppm): 164.47, 161.12, 138.65, 

134.48, 129.99, 129.79, 129.61, 129.43, 128.51, 123.39, 117.22, 116.75, 116.28, 115.71, 

114.82, 76.72 & 24.98; HRMS: m/z 333.3423 [M+]; Anal. Calcd: C 68.46, H 4.54, N 12.61 

%, Found: C 68.42, H 4.50, N 12.57 %. 

6-Amino-4-(5-bromo-2-hydroxyphenyl)-3-phenyl-3a,7a-dihydro-4H-pyrano[3,2-d] 

isoxazole-5-carbonitrile (4g): 

Cream white solid; Yield: 84 %; MP: 126-128 oC; Mol. Formula: C19H14BrN3O3; UV 

(nm) λmax (log ε) 340 (3.84) & 336 (3.80); FTIR (υ cm-1): 3418 (OH), 3298 (NH), 2923 (CH), 

2231 (C≡N) & 1601 (C=N); 1H NMR (δ ppm): 11.02 (s, 1H, OH), 7.90 (s, 1H, Ar-H), 7.84-
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7.82 (d, J= 8 Hz, 3H, Ar-H), 7.50-7.45 (m, 2H, Ar-H), 7.26-7.24 (d, J= 8 Hz, 1H, Ar-H), 

6.84-6.71 (m, 3H, NH2+Ar-H), 5.55-5.53 (d, J= 8 Hz, 1H, CH), 4.53-4.51 (d, J= 8 Hz, 1H, 

CH), 4.44 (s, 1H, CH); 13C NMR (δ ppm): 163.38, 162.25, 138.62, 134.51, 129.62, 129.58, 

128.52, 128.38, 121.39, 117.32, 116.90, 115.30, 114.68, 113.62, 75.42 & 25.85; HRMS: m/z 

412.2308 [M+]; Anal. Calcd: C 55.36, H 3.42, N 10.19 %, Found: C 55.31, H 3.38, N 10.14 

%. 

6-Amino-4-(3-ethoxy-4-hydroxyphenyl)-3-phenyl-3a,7a-dihydro-4H-pyrano[3,2-d] 

isoxazole-5-carbonitrile (4h): 

Pale yellow solid; Yield: 88 %; MP: 130-132 oC; Mol. Formula: C21H19N3O4; UV (nm) 

λmax (log ε) 345 (4.13), 302 (4.14) & 342 (3.71), 299 (3.70); FTIR (υ cm-1): 3390 (OH), 3220 

(NH), 2911 (CH), 2230 (C≡N) & 1603 (C=N); 1H NMR (δ ppm): 11.08 (s, 1H, OH), 7.72 (s, 

1H, Ar-H), 7.68-7.66 (d, J= 8 Hz, 2H, Ar-H), 6.39-7.99 (m, 7H, NH2+Ar-H), 5.10-5.08 (d, J= 

8 Hz, 1H, CH), 4.44-4.42 (d, J= 8 Hz, 1H, CH), 4.35 (s, 1H, CH), 3.12 (s, 3H, CH3), 2.21 (s, 

2H, CH2); 
13C NMR (δ ppm): 171.12, 163.24, 162.46, 138.57, 134.23, 129.46, 129.45, 

128.96, 128.12, 121.46, 117.85, 116.72, 115.64, 114.98, 113.42, 76.52, 32.00, 29.86 & 24.46; 

HRMS: m/z 377.3909 [M+]; Anal. Calcd: C 66.83, H 5.07, N 11.13 %, Found: C 66.79, H 

5.02, N 11.09 %.  

6-Amino-4-(3-methyl-2-thienyl)-3-phenyl-3a,7a-dihydro-4H-pyrano[3,2-d]isoxazole-5-

carbonitrile (4i): 

Brown solid; Yield: 90 %; MP: 136-138 oC; Mol. Formula: C18H15N3O2S; UV (nm) 

λmax (log ε) 335 (4.07) & 337 (3.77); FTIR (υ cm-1): 3270 (NH), 2921 (CH), 2217 (C≡N) & 

1574 (C=N); 1H NMR (CDCl3, δ ppm): 7.92 (s, 1H, Ar-H), 7.77-7.75 (d, J= 8 Hz, 1H, Ar-H), 

7.67-7.65 (d, J= 8 Hz, 2H, Ar-H), 7.55-7.45 (m, 3H, NH2+Ar-H), 7.25 (s, 1H, Ar-H), 7.06-

7.04 (d, J= 8 Hz, 1H, Ar-H), 3.81 (s, 1H, CH), 2.44 (s, 3H, CH3), 2.41 (s, 1H, CH), 2.32 (s, 

1H, CH); 13C NMR (CDCl3, δ ppm): 174.90, 163.22, 162.72, 150.50, 149.27, 132.33, 131.32, 
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131.01, 129.43, 129.34, 128.62, 126.71, 114.59, 113.34, 76.83, 34.19 & 14.91; HRMS: m/z 

338.0639 [M++1]; Anal. Calcd: C 64.08, H 4.48, N 12.45 %, Found: C 64.03, H 4.42, N 

12.42 %. 

6-Amino-4-(3a,7a-dihydro-1H-indol-2-yl)-3-phenyl-3a,7a-dihydro-4H-pyrano[3,2-d] 

isoxazole-5-carbonitrile (4j): 

Yellow solid; Yield: 92 %; MP: 174-176 oC; Mol. Formula: C21H16N4O2; UV (nm) λmax 

(log ε) 335 (3.89) & 336 (3.77); FTIR (υ cm-1): 3289 (NH), 2915 (CH), 2252 (C≡N) & 1599 

(C=N); 1H NMR (δ ppm): 12.94 (s, 1H, indole NH), 7.90-7.82 (m, 3H, Ar-H), 7.57-7.55 (d, 

J= 8 Hz, 2H, Ar-H), 7.33-7.31 (d, J= 8 Hz, 2H, Ar-H), 6.94-6.92 (d, J= 8 Hz, 2H, Ar-H), 

6.78-6.22 (m, 3H, NH2+Ar-H), 5.50-5.48 (d, J= 8 Hz, 1H, CH), 4.64-4.62 (d, J= 8 Hz, 1H, 

CH), 4.39 (s, 1H, CH); 13C NMR (δ ppm): 171.14, 163.38, 162.25, 146.62, 134.54, 129.59, 

129.23, 128.96, 128.52, 124.39, 121.39, 120.86, 117.32, 116.98, 115.45, 114.46, 113.98, 

113.56, 112.98, 77.32 & 32.13; HRMS: m/z 356.3704 [M+]; Anal. Calcd: C 70.77, H 4.53, N 

15.72 %, Found: C 70.74, H 4.49, N 15.67 %. 

5.4. Absorption property 

The absorption properties of the target compounds 4(a-j) were recorded in DMSO & 

DMF solvents at 10-5 M concentration using a UV-Vis Spectrophotometer. The λmax and 

molar absorption coefficient values were appended in Table 3 and UV-Vis spectra of the 

compounds are shown in Fig. 3. All the synthesized compounds exhibited absorption maxima 

(λmax) in the range of 335-366 nm in DMSO and 336-359 nm in DMF solvents due to the π-

π* & n-π* transitions. Among the synthesized compounds, 4d compound exhibited maximum 

bathochromic/red shift towards the longer wavelength of 366 nm in DMSO & 359 nm in 

DMF solvent. Most of the compounds show higher absorption maxima in DMSO solvent due 

to high polarity of the solvent. Increase in polarity of the solvent absorption maxima also 
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increases at higher wavelength. This is due to effective interaction between solvent molecules 

and the lone pair of electrons in compounds [36]. 

Table 3. Electronic absorption data of the synthesized compounds 4(a-j) in DMSO & DMF 

solvents. 

Compd. 
DMSO DMF 

λmax(nm) Log ε λmax(nm) Log ε 

4a 358 3.72 354 3.57 

4b 352 3.75 352 3.74 

4c 354 3.36 
282 3.32 

353 3.30 

4d 
296 3.17 295 3.11 

366 3.20 359 3.14 

4e 343 3.46 340 3.96 

4f 340 3.77 339 3.39 

4g 340 3.84 336 3.80 

4h 
302 4.14 299 3.70 

345 4.13 342 3.71 

4i 335 4.07 337 3.77 

4j 335 3.89 336 3.77 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. A graph of UV-Visible spectra of the synthesized compounds 4(a-j) in DMSO (a) & 

DMF (b) solvents. 
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5.5. Pharmacological studies  

5.5.1. In vitro α-amylase & α-glucosidase inhibitory assay 

The evaluation of in vitro α-amylase & α-glucosidase inhibitory efficacy of synthesized 

compounds were carried out according to the reported procedure Ademiluyi A O et. al. with 

minor modification [37]. In a test tube, reaction mixture containing 500 μL phosphate buffer 

(100 mM, pH = 6.8), 100 μL α-amylase/α-glucosidase (2 U/mL) and 200 μL of compounds 

of different concentration from 25 to 100 μg/mL was pre-incubated at 37 °C for 20 min. 

Then, the 200 μL of 1% soluble starch (100 mM phosphate buffer pH 6.8) was added as a 

substrate and incubated further at 37 °C for 30 min; 1 mL of the DNS color reagent was then 

added and kept on water bath for 10 min. The absorbance of the resulting mixture was 

measured at 540 nm using UV spectrophotometer (Biorad, USA). Acarbose (25-100 µg/mL) 

was used as a standard. Without test sample substance was set up in parallel as control and 

each experiment was performed in triplicates. The results were expressed as percentage 

inhibition, which was calculated by using the formula, 

% inhibition = (As/Ac) ×100 

Where, As is the absorbance in the presence of test substance and Ac is the 

absorbance of control. IC50 value was calculated by using the percentage scavenging 

activities at different concentrations of the synthesized compounds.  

5.5.2. In vitro cytotoxicity  

The detailed experimental procedure for in vitro cytotoxicity of the synthesized 

compounds has been discussed in the experimental section 2B.5.2 of Chapter-2B using 

A549 (Human Lung cancer) cell line and Doxorubicin as standard.  

5.5.3. in silico molecular docking study 

In docking study, exo-β-D-glucosaminidase and P38 MAP kinase proteins are used by 

automated docking by employing the Autodock Vina program [38]. The co-crystallized 
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structure of exo-β-D-glucosaminidase (PDB ID: 2x05) and P38 MAP kinase (PDB ID: 

1OUK) were retrieved from the protein databank and their substrate binding sites were 

identified using pdbsum server [39]. A grid box of dimensions 25 x 25 x 25 Å with X, Y & Z 

coordinates at 50.995, 42.447 and 71.445 for exo-β-D-glucosaminidase and 25 x 25 x 25 Å 

with X, Y & Z coordinates at 43.699, 33.538 and 32.807 for P38 MAPk. Biovia Discovery 

Studio Visualizer V.20.1 was used to visualize the binding interactions of the compounds. 

5.5.4. in silico oral bioavailability assessment and ADME studies 

Various physicochemical features and pharmacokinetic descriptors were calculated 

through the online web tool SwissADME [40]. The oral bioavailability of the synthesized 

compounds (4a-j) was predicted using the Lipinski rule-of-five (RO5) filter [41] to derive the 

candidate drug’s pharmacokinetic (PK) [42]. The structural properties used in the RO5 filter 

are derived using Osiris Data warrior V.4.4.3 software [43]. The bioavailability scores were 

predicted using the molinspiration server [44]. 

5.6. Results and discussion  

5.6.1. In vitro α-amylase and α-glucosidase inhibitory activity 

All the obtained compounds 4(a-j) was used to studied the in vitro α-amylase & α-

glucosidase inhibitory assay using three different concentrations (25, 50 and 100 µg/mL) and 

acarbose was used as a standard for comparision. Percentage of inhibition and IC50 values of 

enzyme activity has been tabulated in Table 4 & 5. The α-amylase enzyme activity results 

showed that, the obtained compounds 4(a-j) possessed significant efficacy ranging from 

12.45±0.49 to 32.60±0.84, 13.50±0.56 to 53.10±0.98, 43.50±0.56 to 75.90±0.98 % with 

respect to their concentration 25, 50 and 100 µg/mL respectively. The potencies of IC50 

values vary from 46.51±1.26 to 112.59±1.24 µg/mL. Among them, compound 4c exhibited 

the most effective % inhibition with least IC50 value of 46.51±1.26 µg/mL and compounds 4g 

& 4j showed good % inhibition with IC50 values of 83.47±1.47 & 81.99±1.15 µg/mL 



Chapter-5 

 

Page 237 

respectively. Rest of the compounds also exhibit moderate inhibition with considerable IC50 

values as compared to standard drug acarbose (44.95±0.78 µg/mL) (Fig. 4). 

Based on the α-amylase inhibitory activity results, we selected 4c, 4g & 4j compounds 

for α-glucosidase enzyme activity and the results revealed that, all three compounds 

possessed significant IC50 values varying from 50.07±0.53 to 75.75±1.41 µg/mL. Out of three 

compounds, 4c exhibited good % inhibition with least IC50 value of 50.07±0.53 µg/mL as 

compared to standard drug acarbose (50.53±1.59 µg/mL) and as shown in Fig. 5.  

Table 4. α-amylase enzyme activity results (%) at different concentrations and IC50 values of 

the synthesized compounds 4(a-j). 

Compd. 
Concentration in µg/mL IC50 

in µg/mL 25 50 100 

4a 12.60±0.84 26.80±0.84 47.10±0.98 105.86±1.48 

4b 16.10±0.98 13.50±0.56 43.70±0.70 111.49±1.15 

4c 32.60±0.84 53.10±0.98 75.90±0.98 46.51±1.26 

4d 14.75±0.63 21.90±0.42 48.45±0.63 102.44±0.84 

4e 15.85±0.49 22.70±0.56 43.50±0.56 112.59±1.24 

4f 14.55±0.49 24.85±0.49 46.40±0.56 107.05±0.44 

4g 12.45±0.49 32.70±0.56 58.65±0.63 83.47±1.47 

4h 13.45±0.63 23.65±0.49 48.65±0.63 102.57±1.46 

4i 14.45±0.49 34.45±0.63 51.80±0.42 95.30±1.49 

4j 23.70±0.70 37.85±0.49 56.95±0.77 81.99±1.15 

Acarbose 39.55±0.63 52.50±0.42 81.45±0.63 44.95±0.78 

Values are Mean ±SE, N=3, *P<0.01 vs. Control 

Table 5. α-glucosidase enzyme activity results (%) at different concentrations and IC50 values 

of the synthesized compounds 4(a-j). 

Compd. 
Concentration in µg/mL IC50 

in µg/mL 25 50 100 

4c 30.70±0.84 49.80±0.56 77.55±0.77 50.07±0.53 

4g 15.80±0.84 36.80±0.56 62.60±0.42 74.61±0.19 

4j 24.70±0.56 37.80±0.84 61.75±0.35 75.75±1.41 

Acarbose 34.65±0.49 49.55±0.63 76.40±0.56 50.53±1.59 

Values are Mean ±SE, N=3, *P<0.01 vs. Control 
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Fig. 4. In vitro α-amylase inhibitory activity of the synthesized compounds 4(a-j); A graph of 

% inhibition of synthesized compounds at different concentration (a); A graph of IC50 value 

of compounds (b & c). 

 

4a 4b 4c 4d 4e 4f 4g 4h 4i 4j Std

40

50

60

70

80

90

100

110

120

 

 

IC
5

0
 i
n

 
g

/m
L

Sample code
(C)

4a 4b 4c 4d 4e 4f 4g 4h 4i 4j Std

0

20

40

60

80
 25 g/mL

 50 g/mL

 100 g/mL

 

 

%
 I
n

h
ib

it
io

n

Sample code

(a)

4a 4b 4c 4d 4e 4f 4g 4h 4i 4j Std

0

20

40

60

80

100

120

140

4
4

.9
5

0
.7

8

9
5

.3
0

1
.4

9

8
1

.9
9

1
.1

5

1
0

2
.5

7
1

.4
6

8
3

.4
7

1
.4

7

1
0

7
.0

5
0

.4
4

1
1

2
.5

9
1

.2
4

1
0

2
.4

4
0

.8
4

4
6

.5
1

1
.2

6

1
1

1
.4

9
1

.1
5

1
0

5
.8

6
1

.4
8

 

 

IC
5
0
 i
n

 
g

/m
L

Sample code

(b)



Chapter-5 

 

Page 239 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. In vitro α-glucosidase inhibitory activity of the synthesized compounds (4c, 4g & 4j); 

A graph of % inhibition of synthesized compounds at different concentration (a); A graph of 

IC50 value of compounds (b & c). 
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5.6.2. In vitro cytotoxicity  

The in vitro cytotoxicity results suggested that, synthesized targets 4(a-j) were 

exhibited good selectivity against the A549 cell line with IC50 values ranging from 

21.62±0.01 to 101.85±4.60 µg/mL. Among them, compound 4h exhibited a significant 

cytotoxic effect with least IC50 value of 21.62±0.01 µg/mL and compounds 4b, 4e & 4f also 

possessed good cytotoxicity with IC50 values of 30.29±2.20, 35.76±1.04 & 33.47±0.73 

µg/mL respectively, and the rest of the compounds displayed moderate cytotoxic effect with 

an IC50 value in the range of 36.38±0.87 to 101.85±4.60 µg/mL as compared to reference 

standard doxorubicin (7.56±0.08 µg/mL). % of cell viability and IC50 values of the targets 

was shown in Fig. 6 & 7 and results were listed in Table 6. 

Table 6. % of cell viability against A549 cell line of the synthesized compounds 4(a-j). 

Compd. 

Mean cell Viability of A549 (Human Lung cancer) 

Concentration in µg/mL 
IC50 

in µg/mL 
NC 3.125 6.25 12.5 25 50 100 

4a 

100 

95.46±0.40 90.93±1.20 89.23±0.80 85.41±0.20 73.79±1.80 42.06±0.60 101.85±4.60 

4b 73.50±0.60 71.81±1.00 62.88±0.79 54.38±0.40 44.61±2.20 40.65±1.40 30.29±2.20 

4c 93.34±1.00 81.15±0.60 74.07±0.20 71.24±1.00 44.75±0.40 28.75±0.19 42.90±0.81 

4d 87.67±1.00 72.66±0.19 70.96±0.19 64.30±0.80 61.18±2.00 42.63±1.00 52.96±2.79 

4e 82.57±0.60 79.88±1.20 78.47±1.20 67.13±0.40 36.68±2.20 24.92±0.79 35.76±1.04 

4f 83.28±1.20 70.25±0.80 57.36±0.19 56.51±0.19 55.52±0.80 35.83±1.40 33.47±0.73 

4g 94.75±0.99 88.38±0.80 72.09±0.60 67.84±2.20 52.68±0.40 48.01±1.00 59.03±2.38 

4h 82.29±2.20 67.70±0.80 64.72±0.20 50.70±1.20 28.89±0.39 25.63±1.00 21.62±0.01 

4i 81.15±0.60 62.74±0.20 57.92±1.80 56.08±0.40 54.24±0.20 49.99±3.40 36.38±0.87 

4j 81.86±0.79 66.42±0.60 58.77±0.60 56.65±0.79 54.95±0.40 50.98±0.40 39.42±1.65 

Std 48.57±0.60 42.77±0.79 40.65±1.40 38.52±0.79 34.84±0.39 32.15±1.00 7.56±0.08 

Std-Doxorubicin, NC- Negative control 

Values are Mean ±SE, N=3, *P<0.01 vs. Control 
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Fig. 6. Images of cytotoxicity of the synthesized compounds 4(a-j) and Negative control 

(NC). 
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Fig. 7. A graph of % of surviving cells of synthesized compounds 4(a-j) at different 

concentration against A549 cell line (a); A graph of IC50 value of compounds 4(a-j) against 

A549 cell line (b & c). 
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5.6.3. Structure-activity relationship  

Synthesized compounds have been conducted by SAR study. All compounds exhibited 

good α-amylase, α-glucosidase and cytotoxicity. Among them, 4c, 4g & 4j compounds 

exhibited significant anti-diabetic property with effective IC50 values. Although, the 

compound 4c having an electron withdrawing methoxy group at para position exhibited the 

most effective inhibitory assay [45]. 4b, 4e, 4f & 4h compounds show significant cytotoxic 

effect with effective IC50 values. In that, compound 4h having an electron donating OH group 

at para position and an electron-withdrawing ethoxy group at the meta position shows a 

significant cytotoxic effect as compared to other compounds, which was supposed to be the 

reason for the admirable cytotoxicity.  

5.6.4. in silico molecular docking  

in silico molecular docking study was helps to predict the favoured binding modes and 

binding energies of the targeted compounds with active sites of the enzymes. The docking 

receptors of exo-β-D-glucosaminidase (Fig. 8) and P38 MAP kinase (Fig. 9) with 

synthesized compounds 4(a-j) and standards exhibited well-established binding energies in 

the active pockets was tabulated in Table 7 & 8. In this study, exo-β-D-glucosaminidase has 

been selected as the active site for anti-diabetic activity because it plays a vital role in the 

decrease of postprandial hyperglycemia; it achieved by slow down the absorption of glucose 

by the inhibition of the carbohydrate hydrolysing enzyme α-glucosidase in the digestive track 

[14]. It can delay the liberation and absorption of glucose from the diet or increase the 

efficacy in glycemic control as a result decrease the postprandial plasma glucose levels [46]. 

Similarly, P38 MAP kinase has been selected as the active site for anticancer study because 

the inhibition of P38 MAP kinase is likely to affect cellular proliferation accounting for cell 

toxicity. Hence, it is used as a measure of mitochondrial respiration, indirectly corresponding 

to cellular toxicity [47]. 
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The docking results of anti-diabetic and cytotoxicity investigations revealed that, the 

synthesized compounds 4(a-j) had significant binding modes with docking scores in the 

range of -7.6 to -8.4 kcal/mol and -7.2 to -8.1 kcal/mol with respect to standards Acarbose (-

7.8 kcal/mol) and Doxorubicin (-8.4 kcal/mol) respectively. Among the docked structures 

with exo-β-D-glucosaminidase, compound 4a established the least binding energy of -8.4 

kcal/mol forming two hydrogen bonds with amino acid residues ARG500 & MET512. 4c, 4g 

& 4j compounds also displayed moderate binding energies (-7.8, -8.1 & -8.3 kcal/mol) with 

two or three hydrogen bonds with amino acid residues ARG500, MET512 & GLU431. The 

docked structures with P38 MAP kinase protein revealed that, the compound 4j demonstrated 

the least binding energy of -8.1 kcal/mol forming one hydrogen bond with amino acid residue 

MET109 and compounds 4b, 4e, 4f & 4h displayed moderate binding energies (-7.6, -7.6, -

7.4 & -7.2 kcal/mol) with one or two hydrogen bonds with amino acid residues TYR35, 

MET109, LYS53 & ASP168. The remaining compounds also established moderate binding 

energies with hydrogen bonds in their active pockets. 
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Table 7. Molecular interactions synthesized compounds 4(a-j) & standard Acarbose with 

exo-β-D-glucosaminidase protein. 

Compd. 

Binding 

affinity 

(kcal/mol) 

Hydrogen bond 

interaction 

Hydrogen 

bond length 

in Ǻ 

Hydrophobic and other 

interactions 

4a -8.4 ARG500, MET512 2.32, 2.14 TRP781, PHE470 

4b -8.0 ARG500, TRP781 2.10, 2.52 
ASP203, CYS419, CYS420, 

MET512 

4c -7.8 ARG500, MET512 2.27, 2.08 TRP781, PHE470 

4d -8.2 ARG500, MET512 2.24, 1.97 TRP781 

4e -8.2 ARG500, MET512 2.29, 1.99 TRP781, PHE470 

4f -7.6 - - TRP781, PHE470 

4g -8.1 
ARG500, GLU431 

MET512 

2.31, 2.59, 

2.71 
TRP781, PHE470 

4h -7.8 
ARG500, TYR516 

MET512 

2.28, 2.78, 

2.58 
TRP781, PHE470 

4i -8.3 ARG500, MET512 2.21, 2.00 TRP781, PHE470 

4j -8.3 ARG500, MET512 2.33, 2.45 TRP781, PHE470 

Acarbose -7.8 

GLU431, GLU431, 

MET512, MET512, 

ARG500, ARG500 

ARG500 

2.45, 2.65, 

2.54, 2.89, 

2.23, 2.85, 

2.64 

ASP469, CYS420, MET512, 

SER580, ILE202, TRP781 

 

Table 8. Molecular interactions of synthesized compounds 4(a-j) & standard Doxorubicin 

with P38 MAP kinase protein. 

Compd. 

Binding 

affinity 

(kcal/mol) 

Hydrogen bond 

interaction 

Hydrogen 

bond length in 

Ǻ 

Hydrophobic and other 

interactions 

4a -7.5 MET109 2.07 
THR106, VAL38, ALA51, 

LYS53 

4b -7.6 TYR35, MET109 2.21, 2.61 
VAL38, ALA51, LYS53, 

LEU167 

4c -7.4 ASP168, LYS53 2.50, 2.83 ASP112, VAL38, ALA51 

4d -7.9 ASP168, LYS53 1.89, 2.81 VAL38, ALA51 

4e -7.6 LYS53, MET109 2.52, 2.15 THR106, VAL38, ALA51 

4f -7.4 - - 
THR106, VAL38, ALA51, 

LYS53 

4g -7.3 TYR35 2.57 
VAL30, VAL38, ALA51, 

LEU167, 

4h -7.2 ASP168 2.48 
ALA51, LEU167, VAL30, 

MET109 

4i -7.4 - - 
THR106, LEU167, ALA51, 

LYS53, VAL38, 

4j -8.1 MET109 2.31 ALA51, VAL38, 

Doxorub

icin 
-8.4 

ASP168, VAL30, 

LYS53 

2.38, 2.80, 

2.95 

LYS53, LEU75, ILE84, VAL38, 

LEU167, VAL38, LYS53, 

LEU167, LYS53, TYR35 
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Fig. 8. 3D and 2D representation of molecular interactions between exo-β-D-glucosaminidase 

with synthesized compounds 4(a-j) and standard drug Acarbose. 
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Fig. 9. 3D and 2D representation of molecular interactions between P38 MAP kinase with 

synthesized compounds 4(a-j) and standard drug Doxorubicin. 

 

 

 

 

 

4i 

4j 

Doxorubicin 



Chapter-5 

 

Page 252 

5.6.5. in silico oral bioavailability assessment and ADME  

in silico, oral bioavailability assessment and ADME studies are necessary for the drug 

design of new molecules. The drug-likeness outline can be evaluated through parameters 

such as molecular weight, number of heavy atoms, hydrogen bond acceptors, hydrogen bond 

donors, rotatable bonds, molar refractivity and TPSA. These parameters were calculated for 

synthesized compounds 4(a-j) and as tabulated in Table 9. The drug-likeness profiles were 

calculated based on Lipinski, Ghose, Veber, Egan and Muegge rules [48, 49]. The rule-based 

score defines the compounds into four probability score classes, i.e. 11 %, 17 %, 55 % and 85 

%. The acceptable probability score is 55 %, which indicates that it passed the rule of five 

[50, 51]. All synthesized compounds showed a score of 55 % indicating of compounds 

obeyed all five rules without any violations of good bioavailability. Further, the synthetic 

accessibility of the compounds was assessed to quantify the complexity of the molecular 

structure. The results showed that the synthetic accessibility scores were in the range of 4.71 

to 5.39. It shows that all compounds do not have complex synthetic routes (Table 10). 
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Table 9. Physicochemical properties of the synthesized compounds 4(a-j). 

Compd. Mol. Formula 
Mol. 

Weight 

No. 

Heavy 

atoms 

HBA HBD 
Rotatabl

e bonds 

Fraction 

Csp3 

Molar 

Refractivity 

TPSA 

(Å²) 

4a C19H15N3O2 317.34 24 4 1 2 0.16 91.67 80.63 

4b C19H15N3O3 333.34 25 5 2 2 0.16 93.70 100.86 

4c C20H17N3O3 347.37 26 5 1 3 0.20 98.16 89.86 

4d C20H14N4O2 342.35 26 5 1 2 0.15 96.39 104.42 

4e C19H14N4O4 362.34 27 6 1 3 0.16 100.49 126.45 

4f C19H15N3O3 333.34 25 5 2 2 0.16 93.70 100.86 

4g C19H14BrN3O3 412.24 26 5 2 2 0.16 101.40 100.86 

4h C21H19N3O4 377.39 28 6 2 4 0.24 104.99 110.09 

4i C18H15N3O2S 337.40 24 4 1 2 0.22 94.52 108.87 

4j C21H16N4O2 356.37 27 4 2 2 0.24 106.71 92.66 

 

Table 10. Drug likeness, bioactivity and synthetic accessibility score of the synthesized compounds 4(a-j). 

Compd. Lipinski Ghose Veber Egan Muegge 
Bioactivity 

Score 

Synthetic 

accessibility 

4a Yes Yes Yes Yes Yes 0.55 4.72 

4b Yes Yes Yes Yes Yes 0.55 4.71 

4c Yes Yes Yes Yes Yes 0.55 4.78 

4d Yes Yes Yes Yes Yes 0.55 4.76 

4e Yes Yes Yes Yes Yes 0.55 4.77 

4f Yes Yes Yes Yes Yes 0.55 4.76 

4g Yes Yes Yes Yes Yes 0.55 4.78 

4h Yes Yes Yes Yes Yes 0.55 4.93 

4i Yes Yes Yes Yes Yes 0.55 4.75 

4j Yes Yes Yes Yes Yes 0.55 5.39 
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The mean predicted lipophilicity parameters were evaluated to study the solubility of 

the compounds either in an aqueous or in non-aqueous media and they were calculated by 

considering the consensus log Po/w. According to this, if the log Po/w values are more 

negative, then the molecules are more soluble in nature [52]. The results showed that, all the 

compounds had positive log Po/w values hence they were less soluble in non-aqueous 

medium. Consensus log S (if log S < −10: poorly soluble, < −6: moderately soluble, < −4: 

soluble, < −2: very soluble, and < 0: highly soluble). Table 11 indicated that, our synthesized 

compounds were in the range of -4.13 to -5.04 log S values. This shows compounds were 

moderately soluble in aqueous medium. 

Table 11. Predicted lipophilicity parameters of the synthesized compounds 4(a-j). 

Compd. 
Consensus  

Log Po/w 

Consensus 

Log S 
Solubility Class 

4a 2.60 -4.27 Moderately soluble 

4b 2.20 -4.13 Moderately soluble 

4c 2.58 -4.34 Moderately soluble 

4d 2.36 -4.22 Moderately soluble 

4e 1.83 -4.33 Moderately soluble 

4f 2.22 -4.13 Moderately soluble 

4g 2.81 -5.04 Moderately soluble 

4h 2.52 -4.44 Moderately soluble 

4i 2.85 -4.41 Moderately soluble 

4j 2.13 -4.26 Moderately soluble 

 

The pharmacokinetic parameters like absorption, skin permeation, distribution, 

metabolism and excretion were predicted. According to this predictive model, if a molecule 

fall in the white region, it indicates passive gastrointestinal absorption, whereas in the yellow 

region indicates passive brain permeation [53]. Predicted absorption & distribution 

parameters of the compounds have shown in Table 12 and it suggested that, all the 

synthesized compounds 4(a-j) have high gastrointestinal absorption with no blood-brain 

permeant. Hence there was no possibility of causing harmful toxicants in the brain and 

bloodstream. If the molecules have a more negative log Kp value, they are said to be less skin 
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permeant [54]. Our synthesized compounds have a log Kp value in the range of -5.73 to -6.12 

cm/s. Therefore, these compounds are less skin permeant. 

Table 12. Predicted absorption & distribution parameters of the compounds 4(a-j). 

Compd. GI absorption BBB permeant Log Kp (cm/s) 

4a High No -5.73  

4b High No -6.08  

4c High No -5.93  

4d High No -6.08  

4e High No -6.12  

4f High No -6.08  

4g High No -6.07  

4h High No -6.11  

4i High No -5.80  

4j High No -6.04  

 

Drug metabolism plays an important role in the bioavailability of drugs as well as drug-

drug interactions [55]. Certain metabolism parameters are important to understand whether 

the compounds act as substrate (inhibitors) or non-substrate (non-inhibitors) of certain 

proteins. Hence, all the synthesized compounds were evaluated for metabolism parameters 

and results show that, synthesized compounds (except 4b & 4h) were found to be non-

substrate of permeability glycoprotein (P-gp). The P-gp, an efflux membrane transporter, is 

widely distributed throughout the body and is responsible for limiting cellular uptake and the 

distribution of xenobiotic and toxic substances [56]. The compounds (except 4d & 4i) were 

found to be non-substrates of CYP1A2 inhibitors. The compounds 4a, 4c, 4e, 4g & 4i were 

found to be substrates of CYP2C19 inhibitors and the remaining compounds were non-

substrates of CYP2C19 inhibitors. All compounds were found to be substrates of CYP2C9 

inhibitors. Compounds (except 4c) were found to be non-substrates to CYP2D6 inhibitors. 

The compounds (except 4h) were found to be non-substrates of CYP3A4 inhibitors and the 

data was tabulated in Table 13.  
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Table 13. Predicted metabolism parameters of the synthesized compounds 4(a-j). 

Compd. P-gp 
CYP1A2 

inhibitor 

CYP2C19 

inhibitor 

CYP2C9 

inhibitor 

CYP2D6 

inhibitor 

CYP3A4 

inhibitor 

4a No No Yes Yes No No 

4b Yes No No Yes No No 

4c No No Yes Yes Yes No 

4d No Yes No Yes No No 

4e No No Yes Yes No No 

4f No No No Yes No No 

4g No No Yes Yes No No 

4h Yes No No Yes No Yes 

4i No Yes Yes Yes No No 

4j No No No Yes No No 

 

5.7. Conclusion 

In summary, we have reported an easy and efficient protocol of the synthesized some 

novel 6-amino-4-substituted-pyrano[3,2-d]isoxazole-5-carbonitrile derivatives 4(a-j) through 

one-pot reaction and screened for their pharmacological and in silico investigations. The 

activity results suggested that, compound 4c exhibited the most effective % inhibition for α-

amylase & α-glucosidase assays and the compound 4h displayed a significant cytotoxic 

effect. In silico docking studies suggested that, synthesized compounds were interacted 

effectively with exo-β-D-glucosaminidase and P38 MAP kinase proteins with good binding 

energy. ADME profiles shows that, synthesized compounds obeyed all the five rules with 

good bioavailability. Pharmacokinetic parameters suggested that, the compounds have high 

GI absorption, no blood-brain barrier, less skin permeant and no possibility of causing 

harmful toxicants.  
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6A.1. Introduction  

Azaheterocycles are a very important class of heterocyclic compounds. In that, 

diazines containing two nitrogen atoms (1,2-diazine, 1,3-diazine and 1,4-diazine). They are 

found in many natural products, alkaloids, flavors and fragrances etc., due to their unique 

chemical and biological properties, they have found great importance in organic field. Among 

them, 1,3-diazine i.e., pyrimidine and their derivatives play a vital role in drug discovery 

processes. The pyrimidine structural skeleton is a fundamental constituent of nucleic bases 

and alkaloids [1] and they are the building blocks of many natural compounds such as 

vitamins, liposacharides, antibiotics, DNA and RNA [2] as well as synthetic drugs such as 

gemcitabine, 5-fluorouracil, floxuridine, aronixil, buspirone, risperidone, stavudine etc [3]. 

Pyrimidine nucleus present in many classes of chemotherapeutic agents and is in clinical use 

as an anticancer [4], antibacterial [5], antiviral [6], antifungal [7], antimalarial [8] anti‐HIV 

[9], anti-tuberculosis [10], anti‐inflammatory [11], anti-diabetic agents [12] and also act as 

enzyme inhibitors [13]. Due to their broad spectrum of biological applications, researchers 

are attaining more attention to pyrimidine derivatives. 

Diabetes diseases are characterized by high glucose level in the blood, which has 

becomes a serious problem nowadays. So, the main goal of the researchers is to develop 

treatment or medication for diabetes by controlling the blood glucose level [14]. Cancer is the 

second leading cause of death worldwide (about 8.2 million deaths per year as estimated by 

the World Health Organization). It is a multistep process involving multiple mutations, 

leading to uncontrolled cell growth and proliferation as well as genomic and chromosomal 

instability [15]. Uncontrolled cell divisions are regulated by chemotherapy, it is the most 

effective tool for the treatment of cancer because it controls the cancer spread across the body 

[16, 17]. The treatment modes and medicines are still having some side effects; to overcome 

these problems further investigation of novel drugs is needed for the treatment. Pyrimidine 
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derivatives have properties that are potentially useful in the fight against cancer and diabetic 

diseases. Some of the reported biologically important pyrimidine heterocyclic compounds 

have been appended in Fig. 1. 
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Fig. 1. Some of the drugs containing pyrimidine nucleus. 

B. Sakram et. al., have discussed one-pot tandem protocol for the preparation of 7,9-

disubstituted-6,7-dihydro-5H-benzo[h]thiazolo[2,3-b]quinazoline derivatives (1) by using p-

TSA as a catalyst [18]. 

Br

O

Cl

O

NH2 NH2

S

+ + +

CHO

R
1

N

N S

ClR
1

p-TSA (20 mol %)

CH
3
COOH

Reflux, 1-2 h

1

 

In 2019, D.K. Jangid and S. Dhadda reported a series of phenyl (3-phenyl-3,4-dihydro-

4H-benzo[b][1,4]thiazin-2-yl)methanone derivatives (2) [19].  
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N
H

S

O

R

2  

A novel series of benzo[f]pyrido[1,2-a]indole-6,11-dione derivatives (3) has been 

reported by Y. Liu and J.W. Sun using CuCl2 as a catalyst [20]. 

Br
O

R

N

R1
O

O

CuCl
2
, CH

3
CN 

Reflux, 12 h
+ +

N

O

O

O R

R1

3  

In 2009, Q.F. Wang et. al., have developed an efficient synthetic methodology for the 

preparation of fused 2,3-dihydrofuran derivatives (4) in the presence of pyridine and 

triethylamine as a catalyst [21]. 

Br
O

+

H O O

O
R

R
+ O

O

O

R

R

CH
3
CN, Pyridine/

Et
3
N, Reflux

4R
1

R
1

 

J.W. Xie and co-authors developed a chiral anticoagulant drug, (S)-warfarin/4-hydroxy-

3-(3-oxo-1,3-diphenylpropyl)-2H-chromen/xanthene-2-one derivatives (5) in the presence of 

TFA as an additives with good yield. The compound 5a shows potent anticoagulant activity 

compared to other compounds [22]. 
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5a: R= H, R1= H

 

N. Irshad et. al., has reported a substituted 5-benzylidenepyrimidine-2,4,6(1H,3H,5H)-

trione derivatives (6) as antihypertensive agents. Among the series, the compounds 6a, 6b, 6c 

and 6d increased the urinary output in rats and inhibited the human platelet aggregation with 

IC50 values of 37, 93, 31 & 23 µM respectively [23]. 

N
H

NH

O

O O

R

R
1

6

6a: R= OH, R1= H

6b: R= H, R1= OH

6c: R= Cl, R1= H

6d: R= H, R1= Cl

 

Based on these findings, we reported a simple method for synthesizing new 5-[3-(4-

chlorophenyl)-substituted-6-hydroxypyrimidine-2,4(1H,3H)-dione derivatives and investigate 

their anti-diabetic and anticancer activities. Further, to predict the binding interactions of 

targets using exo-β-D-glucosaminidase and P38 MAP kinase along with their in silico 

ADME investigations. 

6A.2. Present work 

In this chapter, we described an effective protocol for the synthesis of novel 5-[3-(4-

chlorophenyl)-substituted-6-hydroxypyrimidine-2,4(1H,3H)-dione derivatives 4(a-e) via 

multicomponent reaction of barbituric acid (1), substituted aromatic aldehydes (2) and 2-

bromo-4-chloroacetophenone (3) in aqueous ethanol using L-Proline as a catalyst and the 

reaction pathway has been given in Scheme 7. 
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Scheme 7. Synthesis of 5-[3-(4-chlorophenyl)-substituted-6-hydroxypyrimidine-2,4(1H,3H)-

dione derivatives 4(a-e). 

The synthetic strategy involves in the following steps: 

 5-[3-(4-chlorophenyl)-substituted-6-hydroxypyrimidine-2,4(1H,3H)-dione derivatives 

was synthesized initially by the reaction of barbituric acid (1) and aromatic aldehydes 

(2) in presence of L-Proline as a catalyst undergo Knoevenagel condensation reaction 

to afford an intermediate [24]. 

 Then it undergoes Michael addition with 2-bromo-4-chloroacetophenone (3) to afford 

the desired product 4(a-e). The possible mechanism is shown below (Fig. 2). 
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Fig. 2. Possible mechanism of synthesized compounds 4(a-e). 
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The structures of 5-[3-(4-chlorophenyl)-substituted-6-hydroxypyrimidine-2,4(1H,3H)-

dione derivatives 4(a-e) were confirmed by recording their IR, 1H NMR, 13C NMR and Mass 

spectral data.  

In IR spectrum of compound 4a showed the absorption band in the region of 3410 cm-1 

is attributed to the hydroxyl stretching frequency, 3208 cm-1 correspond to amide 

functionality, 3054 cm-1 correspond to aromatic CH group, 1670 cm-1 correspond to C=O 

functionality and another stretching vibrational band at 799 cm-1 correspond to C-Cl 

functionality. The 1H NMR spectrum of compound 4a exhibited two singlet peaks at δ 12.33 

& 12.23 ppm which corresponds to two NH protons of barbituric acid nucleus (s, 2H, NH) 

and another singlet peak at δ 11.68 ppm which correspond to OH proton (s, 1H, OH) and δ 

range from 8.47-6.87 ppm corresponds to nine aromatic protons (9H, Ar-H). A singlet peak at 

δ 5.91 ppm due to CH proton (s, 1H, CH) and δ 3.79 ppm due to CH2 protons (s, 2H, CH2). In 

addition, the 13C NMR spectrum of compound 4a exhibited peaks at δ 163.55 and 163.03 

ppm which correspond to carbonyl carbons.  

The mass spectrum showed a molecular ion peak m/z at 369.1326 [M+-1] & 368.1339 

[M+-2], which corresponds to the molecular weight of compound 4a.  
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Characterization: 

 

IR spectrum of compound 4a 

  

1HNMR spectrum of compound 4a 
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13CNMR spectrum of compound 4a 

 

MASS spectrum of compound 4a 
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IR spectrum of compound 4e 

  

1HNMR spectrum of compound 4e 
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13CNMR spectrum of compound 4e 

 

 

MASS spectrum of compound 4e 
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6A.3. Experimental 

6A.3.1. General information: 

The general information regarding the different solvents, reagents and instruments etc., 

used for the analysis has been discussed in the experimental section 2A.3.1 & 5.3.1 of 

Chapter-2A & Chapter-5. 

6A.3.2. General procedure for synthesis of some novel 5-[3-(4-chlorophenyl)-

substituted-6-hydroxypyrimidine-2,4(1H,3H)-dione derivatives 4(a-e): 

An equimolar quantity of barbituric acid (1, 1 mmol) and aromatic aldehydes (2, 1 

mmol) using 10 mol % of L-Proline as a catalyst in aqueous ethanol was stirred under 

refluxed condition. After 10 min, 2-bromo-4-chloroacetophenone (3, 1 mmol) was added to it 

and refluxed at 80-82 oC with constant stirring for about 5-6 hour. Simultaneously, the 

reaction was monitored by TLC (ethyl acetate and pet ether). After completion of the 

reaction, the reaction mixture was cooled to room temperature and poured into the 100 mL 

ice flake with vigorous stirring to obtain a solid precipitate. Then, it was filtered, washed, 

dried and recrystallized from methanol to afford pure solid products 4(a-e). 

5-[3-(4-Chlorophenyl)-3-oxo-1-phenylpropyl]-6-hydroxypyrimidine-2,4(1H,3H)-dione (4a): 

White solid; Yield: 92 %; MP: 212-214 oC; Mol. Formula: C19H15ClN2O4; UV (nm) 

λmax (log ε): 325 (3.42) & 323 (3.70); FTIR (υ cm-1): 3410 (OH), 3208 (NH), 3054 (CH), 

1670 (C=O) & 799 (C-Cl); 1H NMR (δ ppm): 12.33 (s, 1H, NH), 12.22 (s, 1H, NH), 11.67 (s, 

1H, OH), 8.46 (s, 1H, Ar-H), 8.20 (s, 1H, Ar-H), 8.09-8.07 (d, J= 8 Hz, 1H, Ar-H), 7.84-7.82 

(d, J= 8 Hz, 1H, Ar-H), 7.45-7.43 (d, J= 8 Hz, 1H, Ar-H), 7.15-7.11 (t, J= 16 Hz, 1H, Ar-H), 

7.04-7.00 (t, J= 16 Hz, 1H, Ar-H), 6.97-6.95 (d, J= 8 Hz, 1H, Ar-H), 6.88-6.86 (d, J= 8 Hz, 

1H, Ar-H), 5.90 (s, 1H, CH), 3.79 (s, 2H, CH2); 
13C NMR (δ ppm): 178.60, 173.32, 163.55, 

163.03, 160.78, 157.46, 154.31, 147.49, 143.05, 133.82, 128.10, 127.05, 125.47, 124.99, 



Chapter-6A 

 

Page 271 

118.69, 115.99, 114.53, 96.40 & 56.04; HRMS: m/z 369.1326 [M+-1] & 368.1339 [M+-2]; 

Anal. Calcd: C 61.55, H 4.08, N 7.56 %, Found: C 61.51, H 4.05, N 7.52 %. 

5-[3-(4-Chlorophenyl)-1-(4-hydroxyphenyl)-3-oxopropyl]-6-hydroxypyrimidine-

2,4(1H,3H)-dione (4b): 

Yellow solid; Yield: 90 %; MP: 289-291 oC; Mol. Formula: C19H15ClN2O5; UV (nm) 

λmax (log ε): 316 (2.57) & 322 (3.81), 412 (3.56), 492 (3.23); FTIR (υ cm-1): 3475 (OH), 3240 

(NH), 2904 (CH), 1672 (C=O) & 792 (C-Cl); 1H NMR (δ ppm): 12.32 (s, 1H, NH), 12.22 (s, 

1H, NH), 10.94 (s, 2H, OH), 8.38-8.36 (d, J= 8 Hz, 4H, Ar-H), 8.22 (s, 1H, CH), 6.90-6.88 

(d, J= 8 Hz, 4H, Ar-H), 3.16 (s, 2H, CH2); 
13C NMR (δ ppm): 161.11, 159.70, 158.99, 

155.48, 151.98, 151.44, 151.35, 146.95, 129.53, 121.65, 121.57, 121.38, 117.11, 116.29, 

114.97, 114.85, 114.68, 110.88 & 55.42; HRMS: m/z 389.1286 [M++1] & 388.1273 [M++2]; 

Anal. Calcd: C 59.00, H 3.91, N 7.24 %, Found: C 58.96, H 3.88, N 7.19 %. 

5-[3-(4-Chlorophenyl)-1-(4-methoxyphenyl)-3-oxopropyl]-6-hydroxypyrimidine-

2,4(1H,3H)-dione (4c): 

Yellow solid; Yield: 80 %; MP: 204-206 oC; Mol. Formula: C20H17ClN2O5; UV (nm) 

λmax (log ε): 386 (2.63) & 326 (3.86), 392 (3.77), 491 (2.92); FTIR (υ cm-1): 3420 (OH), 3198 

(NH), 2984 (CH), 2854 (OCH3), 1705 (C=O) & 781 (C-Cl); 1H NMR (δ ppm): 12.28 (s, 1H, 

NH), 12.18 (s, 1H, NH), 11.45 (s, 1H, OH), 8.36-8.34 (d, J= 8 Hz, 2H, Ar-H), 8.28-8.12 (m, 

2H, Ar-H), 6.84-6.82 (d, J= 8 Hz, 2H, Ar-H), 6.72-6.70 (d, J= 8 Hz, 1H, Ar-H), 6.50-6.48 (d, 

J= 8 Hz, 1H, Ar-H), 5.85 (s, 1H, CH), 3.84 (s, 3H, OCH3), 3.18 (s, 2H, CH2); 
13C NMR (δ 

ppm): 163.46, 162.22, 161.78, 157.94, 156.37, 148.56, 142.05, 134.82, 128.64, 127.23, 

125.66, 124.45, 113.89, 112.59, 111.53, 84.24 & 58.22; HRMS: m/z 401.1245 [M++1] & 

402.1108 [M++2]; Anal. Calcd: C 59.93, H 4.28, N 6.99 %, Found: C 59.89, H 4.25, N 6.95 

%. 
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4-[3-(4-Chlorophenyl)-1-(6-hydroxy-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)-3-

oxopropyl]benzonitrile (4d): 

White solid; Yield: 83 %; MP: 274-276 oC; Mol. Formula: C20H14ClN3O4; UV (nm) 

λmax (log ε): 318 (3.02) & 316 (3.11); FTIR (υ cm-1): 3415 (OH), 3201 (NH), 2974 (CH), 

1652 (C=O) & 785 (C-Cl); 1H NMR (δ ppm): 12.30 (s, 1H, NH), 12.20 (s, 1H, NH), 11.80 (s, 

1H, OH), 8.24-8.22 (d, J= 8 Hz, 1H, Ar-H), 7.86-7.84 (d, J= 8 Hz, 2H, Ar-H), 7.32-7.30 (d, 

J= 8 Hz, 1H, Ar-H), 7.25-7.23 (d, J= 8 Hz, 2H, Ar-H), 7.14-7.12 (d, J= 8 Hz, 1H, Ar-H), 

7.00-6.98 (d, J= 8 Hz, 1H, Ar-H), 5.88 (s, 1H, CH), 3.48 (s, 2H, CH2); 
13C NMR (δ ppm): 

162.86, 162.25, 161.88, 158.46, 156.31, 146.56, 146.05, 138.82, 126.89, 126.05, 124.47, 

122.93, 116.69, 114.99, 113.53, 89.40 & 48.04; HRMS: m/z 396.1288 [M++1] & 397.1274 

[M++2]; Anal. Calcd: C 60.69, H 3.57, N 10.62 %, Found: C 60.65, H 3.54, N 10.58 %. 

5-[3-(4-Chlorophenyl)-1-(3-nitrophenyl)-3-oxopropyl]-6-hydroxypyrimidine-2,4(1H,3H)-

dione (4e): 

White solid; Yield: 88 %; MP: 180-182 oC; Mol. Formula: C19H14ClN3O6; UV (nm) 

λmax (log ε): 312 (3.43) & 314 (3.43); FTIR (υ cm-1): 3418 (OH), 3298 (NH), 2984 (CH), 

1705 (C=O) & 802 (C-Cl); 1H NMR (δ ppm): 12.31 (s, 1H, NH), 12.20 (s, 1H, NH), 11.56 (s, 

1H, OH), 8.46 (s, 1H, Ar-H), 8.20 (s, 1H, Ar-H), 7.85-7.83 (d, J= 8 Hz, 1H, Ar-H), 7.14-7.10 

(t, J= 12 Hz, 2H, Ar-H), 7.04-7.01 (t, J= 12 Hz, 1H, Ar-H), 6.97-6.95 (d, J= 8 Hz, 1H, Ar-H), 

6.89-6.87 (d, J= 8 Hz, 1H, Ar-H), 5.92 (s, 1H, CH), 3.80 (s, 2H, CH2); 
13C NMR (δ ppm): 

178.70, 170.49, 164.25, 164.23, 162.96, 160.60, 157.05, 139.40, 131.67, 124.51, 124.49, 

116.23, 116.07, 114.81, 114.78, 110.56 & 66.77; HRMS: m/z 416.1644 [M++1] & 417.1670 

[M++2]; Anal. Calcd: C 54.88, H 3.39, N 10.11 %, Found: C 54.85, H 3.34, N 10.06 %. 
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6A.4. Absorption property 

The UV-Vis spectra of compounds 4(a-e) were recorded in two different solvents 

(DMSO & DMF) at 10-5 M concentration using UV-Vis Spectrophotometer. The λmax and 

molar absorption coefficient values were appended in Table 1. All the synthesized 

compounds exhibited absorption maxima (λmax) in the range of 312-386 nm in DMSO and 

314-492 nm in DMF solvents due to the π-π* & n-π* transitions (Fig. 3). Among them, 4b 

and 4c compounds displayed three absorption maxima at 322, 412, 492 nm & 326, 392, 491 

nm in DMF respectively.  

Table 1. Electronic absorption data of the synthesized compounds 4(a-e) in DMSO & DMF 

solvents. 

Compd. 
DMSO DMF 

λmax(nm) Log ε λmax(nm) Log ε 

4a 325 3.42 323 3.70 

4b 316 2.57 

322 3.81 

412 3.56 

492 3.23 

4c 386 2.63 

326 3.86 

392 3.77 

491 2.92 

4d 318 3.02 316 3.11 

4e 312 3.43 314 3.43 

 

 

 

 

 

 

Fig. 3. A graph of UV-Visible spectra of the synthesized compounds 4(a-e) in DMSO (a) and 

DMF (b) solvents. 
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6A.5. Pharmacological studies  

6A.5.1. In vitro α-amylase & α-glucosidase inhibitory assay 

In vitro α-amylase & α-glucosidase inhibitory activity of pooled fractions was carried 

out according to the reported procedure by Ademiluyi A O et. al. [25]. It has been previously 

explained in the experimental section (5.5.1) of Chapter-5. 

6A.5.2. In vitro cytotoxicity  

In vitro cytotoxicity was assessed by MTT assay method [26] against MCF-7 (Breast 

cancer) cell line. It has been previously explained in the experimental section (2B.5.2) of 

Chapter-2B. 

6A.5.3. in silico molecular docking and ADME study 

in silico molecular docking and ADME study has been explained in experimental 

section (5.5.3 and 5.5.4) of Chapter-5. 

6A.6. Results and discussion  

6A.6.1. In vitro α-amylase and α-glucosidase inhibitory activity 

The α-amylase enzyme activity results revealed that, the obtained compounds 4(a-e) 

possessed significant efficacy ranging from 42.70±1.27 to 46.90±1.27, 52.45±1.06 to 

56.15±0.91, 60.15±0.49 to 64.45±0.63 & 72.05±0.63 to 73.60±1.27 % with respect to their 

concentration 25, 50, 75 & 100 µg/mL. The potencies of IC50 values vary from 35.62±4.46 to 

42.73±3.11 µg/mL. All the compounds exhibited outstanding % inhibition with IC50 values as 

compare to standard drug acarbose (51.28±0.67 µg/mL) (Fig. 4). Among all compounds, 4d 

exhibited the least IC50 value of 35.62±4.46 µg/mL and results have been shown in Table 2. 

The α-glucosidase inhibitory activity results expelled that, all the compounds show 

excellent % inhibition ranging from 52.35±0.77 to 56.35±0.77, 59.80±1.13 to 63.35±0.77, 

70.10±0.56 to 78.10±0.28 & 80.25±0.49 to 82.00±0.98 % with respect to their concentration 
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of 25, 50, 75 & 100 µg/mL. The potencies of IC50 values vary from 22.62±0.70 to 24.36±0.37 

µg/mL. All compounds exhibited almost similar IC50 values, in that compound 4e showed 

least IC50 value of 22.62±0.70 µg/mL as compared to standard drug acarbose (37.69±0.53 

µg/mL) (Fig. 5) and results have been shown in Table 3.  

Table 2. α-amylase enzyme activity results of the synthesized compounds 4(a-e). 

Compd. 
Concentration in µg/mL IC50 

in µg/mL 25 50 75 100 

4a 42.70±1.27 53.55±0.91 64.35±1.06 72.95±1.34 41.90±2.07 

4b 46.20±0.98 52.60±1.13 60.90±1.27 73.60±1.27 39.87±4.35 

4c 44.35±0.77 56.15±0.91 61.30±0.70 72.35±0.63 37.14±2.20 

4d 46.90±1.27 54.20±0.98 60.15±0.49 72.05±0.63 35.62±4.46 

4e 44.35±0.77 52.45±1.06 64.45±0.63 72.40±1.13 42.73±3.11 

Acarbose 26.00±0.70 49.30±0.84 68.65±0.77 78.90±0.84 51.28±0.67 

Values are Mean ±SE, N=3, *P<0.01 vs. Control 

 

Table 3. α-glucosidase enzyme activity results of the synthesized compounds 4(a-e). 

Compd. 
Concentration in µg/mL IC50 

in µg/mL 25 50 75 100 

4a 52.35±0.77 59.80±1.13 72.00±0.70 80.25±0.49 24.36±0.37 

4b 54.15±0.77 60.95±1.06 74.50±0.84 80.70±0.98 23.22±0.31 

4c 54.10±0.56 61.10±0.42 78.10±0.28 82.00±0.98 23.33±0.16 

4d 54.30±0.56 63.35±0.77 70.10±0.56 80.60±0.84 23.11±0.48 

4e 56.35±0.77 60.65±0.91 73.85±0.49 80.40±0.70 22.62±0.70 

Acarbose 39.20±0.56 60.30±0.56 74.05±0.63 86.20±0.42 37.69±0.53 

Values are Mean ±SE, N=3, *P<0.01 vs. Control 
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Fig. 4. In vitro α-amylase inhibitory activity of the synthesized compounds 4(a-e); A graph of 

% inhibition of synthesized compounds at different concentration (a); A graph of IC50 value 

of compounds (b). 
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Fig. 5. In vitro α-glucosidase inhibitory activity of the synthesized compounds 4(a-e); A graph 

of % inhibition of synthesized compounds at different concentration (a); A graph of IC50 value 

of compounds (b). 
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6A.6.2. In vitro cytotoxicity  

In vitro cytotoxicity of the synthesized compounds 4(a-e) was evaluated against MCF-7 

cell line. A graph describing the concentration versus cell viability and IC50 value of the 

compounds was plotted (Fig. 6). Doxorubicin was used as reference standard for comparison. 

The activity results revealed that, synthesized compounds exhibited good selectivity against 

the MCF-7 cell line with IC50 values ranging from 9.90±0.18 to 112±0.90 µg/mL. Among 

them, compound 4c showed a significant cytotoxic effect with least IC50 value of 9.90±0.18 

µg/mL and rest of the compounds displayed moderate cytotoxic effects with an IC50 values in 

the range of 43.80±0.77 to 112±0.90 µg/mL as compared to reference standard doxorubicin 

(3.16±0.10 µg/mL) and the obtained results were listed in Table 4. 

Table 4. Percentage of cell viability against MCF-7 cell line results of the synthesized 

compounds 4(a-e). 

Compd. 

Mean cell Viability of MCF-7 (Human breast cancer) 

Concentration in µg/mL 
IC50 

in µg/mL 
NC 3.125 6.25 12.5 25 50 100 

4a 

100 

94.49±0.98 85.97±0.53 84.37±0.53 82.36±0.80 77.68±0.37 40.49±1.11 96.72±1.69 

4b 87.33±1.08 84.48±0.36 79.45±0.36 75.07±0.26 70.22±0.54 62.81±0.44 112.0±0.90 

4c 89.28±0.89 82.00±0.62 27.65±0.54 14.86±0.54 11.60±0.54 11.18±0.47 9.90±0.18 

4d 97.86±0.47 94.73±1.00 83.30±0.17 79.87±0.73 67.26±1.53 42.86±0.67 87.15±2.95 

4e 96.56±0.27 94.72±0.81 89.99±0.44 81.40±1.08 30.07±0.97 15.98±0.17 43.80±0.77 

Std 33.80±0.93 30.57±1.14 28.93±0.42 27.53±0.37 26.16±0.16 23.69±0.53 3.16±0.10 

Std-Doxorubicin, NC- Negative control 

Values are Mean ±SE, N=3, *P<0.01 vs. Control 
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Fig. 6. A graph of % of surviving cells of synthesized compounds 4(a-e) at different 

concentration against MCF-7 cell line (a); A graph of IC50 value of compounds 4(a-e) against 

MCF-7 cell line (b). 
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6A.6.3. Structure-activity relationship  

A SAR study has been conducted on the newly synthesized compounds 4(a-e). All the 

five compounds exhibited considerable α-amylase, α-glucosidase and cytotoxicity with 

significant IC50 values. Among them, 4d & 4e show excellent α-amylase, α-glucosidase 

inhibitory activity due to the presence of electron-withdrawing nitro and chloro groups in 

their ring structures, which may be the possible reason for their admirable anti-diabetic 

activity [27]. The compound 4c shows a significant cytotoxic effect due to the presence of 

electron-withdrawing methoxy and chloro groups in their ring structure. It may be the 

possible reason for the admirable anticancer activity [28]. 

6A.6.4. in silico molecular docking study  

The study of intermolecular interactions between synthesized compounds 4(a-e) and 

enzymes is necessary for the development of novel therapeutic drugs [29]. Therefore, we 

have screened the synthesized compounds for in silico molecular docking studies; it helps to 

predict the binding modes of the compounds with enzymes. From the results of docking 

study, synthesized compounds established good binding modes with docking receptors of 

exo-β-D-glucosaminidase (Fig. 7) and P38 MAP kinase (Fig. 8) in the active pockets, 

respectively.  

The docking of anti-diabetic and cytotoxicity investigations revealed that, the 

synthesized compounds 4(a-e) had significant docking scores in the range of -8.3 to -8.8 

kcal/mol and -8.1 to -8.9 kcal/mol with respect to standards Acarbose (-7.8 kcal/mol) and 

Doxorubicin (-8.4 kcal/mol) respectively. The docked structures with exo-β-D-

glucosaminidase results suggested that, the compound 4e established the least binding energy 

of -8.8 kcal/mol forming four hydrogen bonds with amino acid residues CYS420, GLU431 

TRP204 & TRP642. And the remaining compounds also established good binding modes and 

three hydrogen bonds with amino acid residues TRP204, TRP642, ASP469, MET512, 
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CYS420, GLU431 & ARG500 (Table 5). The docked structures with P38 MAP kinase 

protein results revealed that, the compounds 4b & 4e demonstrated the least binding energy 

of -8.9 kcal/mol forming four & two hydrogen bonds with amino acid residues LYS53, 

MET109, MET109 & LEU104. Remaining compounds were also established encouraging 

binding energies and forming two or more hydrogen bonds with amino acid residues in their 

active pockets and the results were tabulated in Table 6.  

Table 5. Molecular interactions of synthesized compounds 4(a-e) & standard drug acarbose 

against exo-β-D-glucosaminidase protein. 

Compd. 

Binding 

affinity 

(kcal/mol) 

Hydrogen bond 

interaction 

Hydrogen 

bond length in 

Ǻ 

Hydrophobic and other 

interactions 

4a -8.6 
TRP204, TRP642, 

ASP469 

2.26, 2.06, 

2.61 

ASP203, GLU541, TYR516, 

TRP781, MET512 

4b -8.5 
MET512, TRP204, 

TRP642 

1.98, 2.31, 

2.25 

CYS420, ASP203, GLU431, 

GLU541, CYS419, CYS420, 

TYR516, LYS432, CYS420, 

MET512 

4c -8.3 
ASP469, TRP204, 

TRP642 

2.29, 2.21, 

2.37 

CYS420, ASP203, ASP203, 

GLU431, ASP469, GLU541, 

CYS419, CYS420, CYS420, 

TYR516 LYS432, MET512, 

MET512 

4d -8.5 
CYS420, TRP204, 

TRP642 

2.42, 2.26, 

2.29 

CYS420, ASP203, ASP203, 

GLU431, ASP469, GLU541, 

CYS419, CYS420, CYS420, 

TYR516, MET512 

4e -8.8 
CYS420, GLU431 

TRP204, TRP642 

2.83, 2.19, 

1.98, 2.43 

ASP203, ASP203, CYS419, 

CYS420, CYS420, TYR516, 

MET512, TYR516 

Acarbose -7.8 

GLU431, GLU431, 

MET512, MET512, 

ARG500, ARG500 

ARG500 

2.45, 2.65, 

2.54, 2.89, 

2.23, 2.85,  

2.64 

ASP469, CYS420, MET512, 

SER580, ILE202, TRP781 
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Table 6. Molecular interactions of synthesized compounds 4(a-e) & standard drug 

Doxorubicin against P38 MAP kinase protein. 

Compd. 

Binding 

affinity 

(kcal/mol) 

Hydrogen bond 

interaction 

Hydrogen 

bond length 

in Ǻ 

Hydrophobic and other 

interactions 

4a -8.1 LYS53, LEU104 2.44, 2.02 
THR106, LYS53, LEU104, 

VAL38, ALA51, VAL38 

4b -8.9 
LYS53, MET109, 

MET109, LEU104 

1.83, 2.13, 

3.02, 2.34 

ASP168, THR106, TYR35, 

TYR35, VAL38, ALA51, 

ALA51, LYS53 

4c -8.7 
LYS53, MET109, 

LEU104 

1.84, 2.37, 

2.27 

THR106, TYR35, 

LEU108, TYR35, VAL38, 

ALA51, LYS53 

4d -8.8 
LYS53, MET109, 

LEU104 

1.84, 2.34, 

2.31 

THR106, TYR35, TYR35, 

VAL38, ALA51, LYS53, 

ILE84 

4e -8.9 LEU104, LYS53 2.26, 1.84 

ASP168, THR106, TYR35, 

VAL38, ALA51, ALA51, 

LYS53, TYR35 

Doxorubicin -8.4 
ASP168, VAL30, 

LYS53 

2.38, 2.80, 

2.95 

LYS53, LEU75, ILE84, 

VAL38, LEU167, VAL38, 

LYS53, LEU167, LYS53, 

TYR35 
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Fig. 7. 2D, 3D & hydrophobic representation of molecular interactions between exo-β-D-

glucosaminidase with synthesized compounds 4(a-e) and standard drug Acarbose. 
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Fig. 8. 2D, 3D & hydrophobic representation of molecular interactions between P38 MAP 

kinase with synthesized compounds 4(a-e) and standard drug Doxorubicin. 

Doxorubicin 

4a 

4b 

4c 

4d 

4e 



Chapter-6A 

 

Page 285 

6A.6.5. in silico oral bioavailability assessment and ADME study 

Physiochemical descriptors can be evaluated through parameters such as molecular 

weight, number of heavy atoms, hydrogen bond acceptors, hydrogen bond donors, rotatable 

bonds, molar refractivity and topological polar surface area (TPSA). These parameters were 

subjected to synthesized compounds 4(a-e) and the results were tabulated in Table 7.  

Table 7. Physicochemical properties of the synthesized compounds 4(a-e). 

 

Compd. Mol. Formula 

Molecu

lar 

Weight 

(g/mol) 

No. 

Heavy 

atoms 

H

B

A 

H

B

D 

Rotat

able 

bonds 

Fraction 

Csp3 

Molar 

Refract

ivity 

TPSA 

(Å²) 

4a C19H15ClN2O4 370.79 26 4 3 5 0.11 98.69 103.02 

4b C19H15ClN2O5 386.79 27 5 4 5 0.11 100.71 123.25 

4c C20H17ClN2O5 400.81 28 5 3 6 0.15 105.18 112.25 

4d C20H14ClN3O4 395.80 28 5 3 5 0.10 103.41 126.81 

4e C19H14ClN3O6 415.78 29 6 3 6 0.11 107.51 148.84 

 

The drug-likeness profiles were calculated based on Lipinski’s (MW ≤ 500; HBA ≤ 10 

and HBD ≤ 5) [30], Ghose (MW between 160 & 480; log P between -0.4 & 5.6; molar 

refractivity between 40 & 130 and total number of atoms between 20 & 70), Veber (rotatable 

bonds ≤ 10 and TPSA ≤ 140), Egan (TPSA ≤ 131.6 Å²) and Muegge (MW between 200 & 

600; log P between -2 & 5; TPSA ≤ 150; number of aromatic rings ≤ 7; number of rotatable 

bonds ≤ 15; HBA ≤ 10 and HBD ≤ 5) [31]. All the synthesized compounds obeyed Lipinski, 

Ghose, Veber, Egan & Muegge rule. The rule-based score defines the compounds into four 

probability score classes i.e. 11 %, 17 %, 55 % and 85 %. The acceptable probability score is 

55% which indicates that it passed the rule of five [32, 33]. Our synthesized compounds 4(a-

e) received a score of 55 %, indicating that they followed all five rules without any violations 

and had good bioavailability. Further, synthetic accessibility of the compounds were assessed 

to quantify the complexity of the molecular structure. The results showed that the synthetic 

accessibility score were in the range of 3.22 to 3.37, it shows that all compounds do not have 

a complex synthetic route (Table 8). 
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Table 8. Drug likeness, bioactivity and synthetic accessibility score of the synthesized 

compounds 4(a-e). 

Compd. Lipinski Ghose Veber Egan Muegge 
Bioactivity 

Score 

Synthetic 

accessibility 

4a Yes Yes Yes Yes Yes 0.55 3.22 

4b Yes Yes Yes Yes Yes 0.55 3.23 

4c Yes Yes Yes Yes Yes 0.55 3.31 

4d Yes Yes Yes Yes Yes 0.55 3.34 

4e Yes Yes No No Yes 0.55 3.37 

 

The predicted lipophilicity parameters were evaluated to study the solubility of the 

compounds either in an aqueous or in a non-aqueous media and they were calculated by 

considering the consensus log Po/w. According to this, if the log Po/w values are more 

negative, then the molecules are more soluble in nature [34]. The results showed that, all the 

compounds have positive log Po/w values hence they were less soluble in non-aqueous 

medium. Consensus log S (if log S is between -10 to -6: poorly soluble, -6 to -4:  moderately 

soluble, -4 to -2: soluble, -2 to 0: very soluble and less than 0: highly soluble). Our 

synthesized compounds 4(a-e) in the range of -3.78 to -3.99 log S value; this shows 

compounds were soluble in aqueous medium and result were tabulated in Table 9.  

Table 9. Predicted lipophilicity parameters of the synthesized compounds 4(a-e). 

Compd. 
Consensus 

Log Po/w 

Consensus 

Log S 

Solubility Class 

4a 2.94 -3.93 Soluble 

4b 2.61 -3.78 Soluble 

4c 3.02 -3.99 Soluble 

4d 2.71 -3.86 Soluble 

4e 2.18 -3.97 Soluble 

 

The pharmacokinetic parameters like absorption, skin permeation, distribution, 

metabolism and excretion were predicted. Predicted absorption & distribution parameters of 

the compounds have shown in Table 10 and it suggested that, all the synthesized compounds 

4(a-e) have high gastrointestinal absorption (except 4e) with no blood-brain permeant. Hence 

there was no possibility of causing harmful toxicants in the brain and bloodstream. If the 
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molecules have more negative log Kp value, they are said to be less skin permeant [35]. Our 

synthesized compounds have more negative log Kp values in the range of -6.75 to -7.15 cm/s. 

Therefore, our synthesized compounds are less skin permeant. 

Table 10. Predicted absorption & distribution parameters of the synthesized compounds 4(a-e). 

Compd. 
GI 

absorption 

BBB 

permeant 

Log Kp 

(cm/s) 

4a High No -6.75  

4b High No -7.10  

4c High No -6.96  

4d High No -7.11  

4e Low No -7.15  

 

Metabolism plays an important role in the bioavailability of drugs as well as drug-drug 

interactions [36]. Metabolism parameters are important to understand whether the compounds 

act as a substrates or non-substrates of certain proteins. Hence, all the synthesized compounds 

were screened for metabolism parameter and results showed that, the compounds 4(a-e) were 

found to be non-substrate of permeability glycoprotein (P-gp), CYP1A2, CYP2C19, 

CYP2D6 & CYP3A4 inhibitors. The P-gp an efflux membrane transporter, is widely 

distributed throughout the body and is responsible for limiting cellular uptake and the 

distribution of xenobiotic and toxic substances [37]. The compounds 4a, 4b & 4d were found 

to be non-substrates of CYP2C9 inhibitor and the remaining compounds 4c & 4e were found 

to be substrates of CYP2C9 inhibitor & the results were tabulated in Table 11. 

Table 11. Predicted metabolism parameters of the synthesized compounds 4(a-e). 

Compd. P-gp 
CYP1A2 

inhibitor 

CYP2C19 

inhibitor 

CYP2C9 

inhibitor 

CYP2D6 

inhibitor 

CYP3A4 

inhibitor 

4a No No No No No No 

4b No No No No No No 

4c No No No Yes No No 

4d No No No No No No 

4e No No No Yes No No 
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6A.7. Conclusion 

In this chapter, we have developed a simple and eco-friendly protocol for the synthesis 

of some new 5-[3-(4-chlorophenyl)-substituted-6-hydroxypyrimidine-2,4(1H,3H)-dione 

derivatives 4(a-e) through concerted reaction and screened for their pharmacological and in 

silico investigations. The activity results suggested that, all compounds displayed good 

pharmacological activity. Among them, the compounds 4d & 4e exhibited least IC50 values 

of 35.62±4.46 & 22.62±0.70 µg/mL for α-amylase and α-glucosidase activity respectively. 

The compound 4c shows least IC50 values of 9.90±0.18 µg/mL for anticancer activity. The in 

silico molecular interaction study suggested that, the compounds show well-established 

binding modes. In that, 4e compound established least binding energy of -8.8 and -8.9 

kcal/mol with docking receptors of exo-β-D-glucosaminidase and P38 MAP kinase 

respectively. ADME profiles indicated that, our synthesized compounds obeyed all the five 

rules with good bioavailability. Pharmacokinetic parameters suggested that, our compounds 

have high GI absorption, no blood-brain permeant and less skin permeant. Hence, there was 

no possibility of causing harmful toxicants.  

 

 

 

 

 

 

 

 

 

 



Chapter-6A 

 

Page 289 

6A.8. References 

1. G. Zarren, N. Shafiq, U. Arshad, N. Rafiq, S. Parveen, Z, J. Mol. Struct., 2021, 1227, 1-

40.  

2. R. Jyoti, K. Sanjiv, S. Monika, M. Jyoti, K.V. Prabhakar, Res. Chem. Intermed., 2016, 

42, 6777-6804.  

3. D.H. Matthew and M. Mohammad, Chem. Eur. J., 2008, 14, 6836-6844.  

4. T. Venkatesh, Y.D. Bodke and S.J. Aditya Rao, Chem. Data Collect., 2020, 25, 1-13.  

5. S. Triloknadh, C.V. Rao, K. Nagaraju, N.H. Krishna, C.V. Ramaiah, W. Rajendra, Y. 

Suneetha, Bioorg. Med. Chem. Lett., 2018, 28, 1663-1669.  

6. D. Kang, H. Zhang, Z. Wang, T. Zhao, T. Ginex, F.J. Luque, X. Liu, J. Med. Chem., 

2019, 62, 1484-1501.  

7. W. Wu, M. Chen, R. Wang, H. Tu, M. Yang, G. Ouyang, Chem. Pap., 2019, 73, 719-

729.  

8. S.S. Maurya, A. Bahuguna, S.I. Khan, D. Kumar, R. Kholiya, D.S. Rawat, Eur. J. Med. 

Chem., 2019, 162, 277-289.  

9. B. Huang, D. Kang, Y. Tian, D. Daelemans, E. De Clercq, C. Pannecouque, X. Liu, 

Chem. Biol. Drug Des., 2021, 97, 67-76.  

10. P. Modi, S. Patel, M. Chhabria, Bioorg. Chem., 2019, 87, 240-251.  

11. K. Thirumurugan, S. Lakshmanan, D. Govindaraj, D.S.D. Prabu, N. Ramalakshmi, S.A. 

Antony, J. Mo Struct., 2018, 1171, 541-550.  

12. B.N. Reddy, R.R. Ruddarraju, G. Kiran, M. Pathak, A.R.N. Reddy, 

ChemistrySelect, 2019, 4, 10072-10078.  

13. K.R. Abdellatif, R.B. Bakr, Med. Chem. Res., 2021, 30, 31-49.  

14. F. Bassyouni, M. Tarek, A. Salama, B. Ibrahim, S. Salah El Dine, N. Yassin, M. Abdel-

Rehim, Molecules, 2021, 26, 1-20.  

15. M. Massaro, G. Barone, V. Barra, P. Cancemi, A. Di Leonardo, G. Grossi, S. Riela, Int. 

J. Pharm., 2021, 599, 1-10.  

16. J. Dhuguru, R. Skouta, Molecules, 2020, 25, 1615-1640.  

17. M.M. Ghorab, M.G.E. Gazzar, M.S. Alsaid, Int. J. Mol. Sci., 2014, 15, 5582-5595.  

18. B. Sakram, B. Sonyanaik, K. Ashok, S. Rambabu, S.K. Johnmiya, Res. Chem. 

Intermed. 2016, 42, 1699-1705.  

19. D.K. Jangid and S. Dhadda,  IntechOpen, 2019, 1-17. 

20. Y. Liu and J.W. Sun, J. Org. Chem., 2012, 77, 1191-1197.  



Chapter-6A 

 

Page 290 

21. Q.F. Wang, H. Hou, L. Hui, C.G. Yan, J. Org. Chem., 2009, 74, 7403-7406.  

22. J.W. Xie, L. Yue, W. Chen, W. Du, J. Zhu, J.G. Deng, Y.C. Chen, Org. lett., 2007, 9, 

413-415.  

23. N. Irshad, A.U. Khan & M.S. Iqbal, Biomed. Pharmacother., 2021, 139, 1-15. 

24. S.H. Sukanya, T. Venkatesh, S.J. Aditya Rao, M.N. Joy, J. Mol. Struct., 2021, 1247, 1-

13.  

25. A.O. Ademiluyi, G. Oboh, Exp. Toxicol. Pathol., 2013, 65, 305-309.  

26. S.H. Sukanya, T. Venkatesh, S.J. Aditya Rao, A. Pandith, J. Mol. Struct., 2022, 1267, 

1-28.  

27. M. Faisal, A. Saeed, D. Shahzad, T.A. Fattah, B. Lal, P.A. Channar, F.A. Larik, Eur. J. 

Med. Chem., 2017, 141, 386-403. 

28. R.S. Cheke, V.M. Patil, S.D. Firke, J.P. Ambhore, I.A. Ansari, H.M. Patel, M. Snoussi, 

Pharmaceuticals, 2022, 15, 1-34.  

29. A.A. Haredi, M.M. Eldeeb, M. El-Naggar, H. Temairk, M.A. Mohamed, Front. Mol. 

Biosci., 2020, 7, 1-19.  

30. C.A. Lipinski, Drug Discov. Today Technol., 2004, 1, 337-341.  

31. I. Muegge, Med. Res. Rev., 2003, 23, 302-321.  

32. R.B. Breemen van and Y. Li, Expert. Opin. Drug Metab. Toxicol., 2005, 1, 175-185.  

33. S. Alam and F. Khan, Sci. Reports, 2018, 8, 1-16.  

34. Y. Rohitash, I. Mohammed, D. Puneet, K.C. Dheeraj, H. Shailendra, J. Biomol. Struct. 

Dyn., 2021, 39, 6617-6632.  

35. S. Mishra, R. Dahima, J. drug Deliv. Ther., 2019, 9, 366-369.  

36. G.K. Swamy, G. Ramesh, K. Pruthviraj, S. Banu, B. Roopa, H.J. Preritha, B.S. 

Rajeshwari, M. Ravikumar, P. Raghuram Shetty, D.B. Aruna Kumar, S. Sreenivasa, 

Chem. Data Collect., 2020, 28, 1-23.  

37. Md. Lutful Amin, Drug Target Insights, 2013, 7, 27-34.  

 

 

 



Chapter-6B 

 

Page 291 

6B.1. Introduction  

German chemist, Adolf von Baeyer [1] was first discovered the barbituric acid (1) in 

1864 [2]. It was synthesized through a condensation of urea with malonic acid/diethyl 

malonate. The derivatives of barbituric acid, commonly known as barbiturates, have a special 

importance in pharmaceutical field because of their wide variety of biological activities such 

as hypnotic [3], sedative [4], anticonvulsant [5], antimicrobial [6], anaesthetic [7], anticancer 

and antitumor properties [8, 9]. Barbital (2) was the first barbiturate and it is used as a 

sedative, hypnotic, sleeping aid and anxiolytic [10]. Phenobarbital (3) is another medication 

recommended by the World Health Organization for the treatment of certain types of seizure 

disorders [11]. Merbarone (4) was a derivative of barbituric acid and represented a unique 

class of antineoplastic agents against leukaemia and murine tumours [12]. Bucolome (5) used 

as an analgesic, anti-inflammatory and CYP2CP inhibitors. Secobarbital (6) is used for the 

treatment of insomnia and also possesses anaesthetic, anticonvulsant, anxiolytic, sedative and 

hypnotic properties [13] (Fig. 1). Moreover, barbituric acid and its derivatives have been used 

as dye-sensitized solar cells [14]. Barbituric acid has the capability to make keto-enol form, 

due to its unique potential to be used as a valuable building block in various organic 

reactions.  

NHNH

O O

O

NHNH

O O

O

NHNH

OO

O

NH NH

N
H

O
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NNH
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O O
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1 2 3 4

5 6  

Fig. 1. Biologically active barbituric acid derivatives. 
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F. Nemati et. al., reported a 5,5-dimethyl-2-((4,4-dimethyl-2,6-

dioxocyclohexyl)(phenyl) methyl) cyclohexane-1,3-dione (7) using Fe3O4@SiO2-SO3H nano-

catalyst [15]. 

N

N

O

O

N

N

OH

OOH
OH

7  

A series of trans-2,3-dihydro-spiro[2-aroyl-3-aryl-cyclopropane]1,2-indene-1,3-dione 

derivatives (8) has been reported by R. Firouzi‐ Haji and Maleki using DABCO as a co-

catalyst and Fe3O4\SiO2\propyltriethoxysilane\L-proline (LPSF) as a nanomagnetic 

organocatalyst [16]. 

H O

R

O

O

Br

O

R
1

+ +
LPSF

DABCO, EtOH

O

O

O

R

R
1

8  

In 2006, P. Kotrusz and S. Toma reported a L-Proline catalysed Michael addition of 

different active methylene compounds to α-enones in ionic liquid media ([bmim]PF6) to offer 

a 4-acetyl-1,3-diphenylhexane-1,5-dione derivatives (9) [17]. 

O

O

O 9  

In 2022, a series of 4-hydroxy-3-(3-oxo-1,3-diphenylpropyl)-2H-chromen-2-one (10) 

derivatives has been synthesized by Z. Afzal et. al., and reported as anticoagulant and 

antimicrobial activity. Among the series, compound 10a showed excellent anticoagulant 
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activity with IC50 value of 249.88 µM, 10b showed 68 % inhibition against S. aureus and 

compound 10c showed 70 % inhibition against C. albicans [18]. 

O

O

O

OH

R

R
1

10

10a: R= H, R1= H

10b: R= H, R1= C
6
H

4

10c: R= H, R1= 4-NH
2

 

C.S. Venkata et. al., reported a novel 4-arylidene-3-methyl-1-(4-arylthiazol-2-yl)-1H-

pyrazol-5(4H)-ones (11) by Knoevenagel reaction of ethylacetoacetate and aryl aldehydes, 

then Michel addidition of phenacyl bromide [19].   

Br

O

R

+
NH2 NH

NH2

S

+

CHO

R
1

EAA

AcOH/AcONa

Reflux

N

S

N

N

R

O

R
1

11

 

Q.F. Wang and co-authors reported a zwitterionic salt of pyridinium-meldrum acid 

derivatives (12) by the reaction of aromatic aldehyde, meldrum acid, phenacyl bromide and 

in the presence of an excess of substituted pyridine [20]. 

OO

O O
Br

O
N

R
1

CHO

+ + +
CH

3
CN/Et

3
N

RT
O

OC
-

O

N
+

R
1

O
O

12

R

R

 

 Based on the above investigation, we have synthesized a some new 5-[3-(4-

chlorophenyl)-substituted-1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-trione derivatives and 

screened for different biological activities, in silico molecular docking and ADME studies. 
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6B.2. Present work 

In this chapter, we explained synthesis of 5-[3-(4-chlorophenyl)-substituted-1,3-

dimethylpyrimidine-2,4,6(1H,3H,5H)-trione derivatives 4(f-j) via Knoevenagel condensation 

reaction of 1,3-dimethylbarbituric acid (1), substituted aromatic aldehydes (2) and 2-bromo-

4-chloroacetophenone (3) in aqueous ethanol using L-Proline as a catalyst and synthetic route 

has been given in Scheme 8. 

N

N

O

O O

+

O H

+
Br

O

Cl

N

N

OO

O O

Cl

R
R

L-Proline

EtOH

Reflux 3-4 h

1 2(f-j ) 3
4(f-j )  

Compd. R 

4f H 

4g 4-OH 

4h 4-OCH3 

4i 4-CN 

4j 3-NO2 

 

Scheme 8. Synthesis of 5-[3-(4-chlorophenyl)-substituted-1,3-dimethylpyrimidine-2,4,6 

(1H,3H,5H)-trione derivatives 4(f-j). 

The structures of 5-[3-(4-chlorophenyl)-substituted-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione derivatives 4(f-j) were confirmed by recording their IR, 1H NMR, 

13C NMR and Mass spectral data.  

In IR spectrum of compound 4f showed the absorption band in the region of 3000 cm-1 

is attributed to aromatic CH group, 1692 cm-1 correspond to C=O functionality and another 

stretching vibrational band at 811 cm-1 correspond to C-Cl functionality. The 1H NMR 

spectrum of compound 4f exhibited a singlet peak at δ 8.34 ppm correspond to aromatic 
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proton (s, 1H, Ar-H). Two doublet of doublet peaks at δ 7.99-8.01 & 7.61-7.63 ppm which 

corresponds to four aromatic protons (dd, J= 8 Hz, 4H, Ar-H) and multiplet peaks at δ 7.44-

7.54 ppm corresponds to aromatic protons (m, 4H, Ar-H). A singlet peak at δ 4.92 ppm due 

to CH2 protons (s, 2H, CH2) and two singlets at δ 3.22 & 3.17 corresponds to two CH3 

protons (s, 6H, 2CH3). In addition, 13C NMR spectrum of compound 4f exhibited peaks at δ 

159.76 and 159.68 ppm which correspond to carbonyl carbons.  

The mass spectrum showed molecular ion peak m/z at 397.1353 [M++1] & 399.1322 

[M++3], which corresponds to the molecular weight of the compound 4f.  

 

Characterization: 

 

IR spectrum of compound 4f 
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1H NMR spectrum of compound 4f 

 

13CNMR spectrum of compound 4f 
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MASS spectrum of compound 4f 

 

 

IR spectrum of compound 4j 
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1H NMR spectrum of compound 4j 

 

13CNMR spectrum of compound 4j 
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MASS spectrum of compound 4j 

6B.3. Experimental 

6B.3.1. General information: 

The general information regarding the different solvents, reagents and instruments etc., 

used for the analysis has been previously discussed in the experimental section 2A.3.1 & 

5.3.1 of Chapter-2A & Chapter-5. 

6B.3.2. Procedure for synthesis of some novel 5-[3-(4-chlorophenyl)-substituted-1,3-

dimethylpyrimidine-2,4,6(1H,3H,5H)-trione derivatives 4(f-j): 

An equimolar quantity of 1,3-dimethylbarbituric acid (1, 1 mmol), aromatic aldehydes 

(2, 1 mmol) and 10 mol% of L-Proline as catalyst in aqueous ethanol was stirred under 

refluxed condition. After 10 min, 2-bromo-4-chloroacetophenone (3, 1 mmol) was added to it 

and refluxed at 80-82 oC with constant stirring for about 5-6 h and followed by according to 

the previous procedure of Chapter-6A (section 6A.3.2) afford pure solid products 4(f-j). 

5-[3-(4-Chlorophenyl)-3-oxo-1-phenylpropylidene]-1,3-dimethylpyrimidine-2,4,6 

(1H,3H,5H)-trione (4f): 

White solid; Yield: 89 %; MP: 168-170 oC; Mol. Formula: C21H17ClN2O4; UV (nm) 

λmax (log ε) 229 (4.55) & 322 (3.80); FTIR (υ cm-1): 3000 (CH), 2954 (N-CH3), 1692 (C=O) 

N
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O O
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NO2
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& 811 (C-Cl); 1H NMR (δ ppm): 8.34 (s, 1H, Ar-H), 8.01-7.99 (dd, J= 8 Hz, 2H, Ar-H), 

7.63-7.61 (dd, J= 8 Hz, 2H, Ar-H), 7.54-7.44 (m, 4H, Ar-H), 4.92 (s, 2H, CH2), 3.22 (s, 3H, 

CH3), 3.17 (s, 3H, CH3); 
13C NMR (δ ppm): 159.76, 159.68, 159.58, 151.90, 151.34, 148.46, 

146.94, 129.65, 129.52, 129.39, 121.58, 117.10, 116.50, 117.10, 116.28, 114.97, 110.54, 

34.38, 31.18 & 30.93. HRMS: m/z 397.1353 [M++1] & 399.1322 [M++3]; Anal. Calcd: C 

63.56, H 4.32, N 7.06 %, Found: C 63.52, H 4.28, N 7.03 %. 

5-[3-(4-Chlorophenyl)-1-(4-hydroxyphenyl)-3-oxopropylidene]-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (4g): 

Yellow solid; Yield: 90 %; MP: 218-220 oC; Mol. Formula: C21H17ClN2O5; UV (nm) 

λmax (log ε) 325 (3.43) & 325 (3.87); FTIR (υ cm-1): 3398 (OH), 2988 (CH), 2854 (N-CH3), 

1689 (C=O) & 812 (C-Cl); 1H NMR (δ ppm): 10.78 (s, 1H, OH), 8.29-8.27 (dd, J= 8 Hz, 2H, 

Ar-H), 7.99-7.97 (dd, J= 8 Hz, 2H, Ar-H), 7.62-7.60 (dd, J= 8 Hz, 2H, Ar-H), 6.87-6.85 (dd, 

J= 8 Hz, 2H, Ar-H), 4.90 (s, 2H, CH2), 3.20 (s, 3H, CH3), 3.18 (s, 3H, CH3); 
13C NMR (δ 

ppm): 159.70, 155.48, 151.98, 151.44, 151.35, 151.07, 146.95, 129.53, 121.57, 121.38, 

117.11, 116.29, 114.97, 114.85, 114.68, 110.88, 55.42, 34.40, 31.48 & 30.95; HRMS: m/z 

412.1825 [M+] & 414.1794 [M++2]; Anal. Calcd: C 61.10, H 4.15, N 6.79 %, Found: C 

61.05, H 4.10, N 6.74 %. 

5-[3-(4-Chlorophenyl)-1-(4-methoxyphenyl)-3-oxopropylidene]-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (4h): 

Yellow solid; Yield: 91 %; MP: 160-162 oC; Mol. Formula: C22H19ClN2O5; UV (nm) 

λmax (log ε) 259 (4.29) & 313 (4.28); FTIR (υ cm-1): 2973 (CH), 2897 (N-CH3), 2854 (OCH3), 

1632 (C=O) & 785 (C-Cl); 1H NMR (δ ppm): 8.04-8.02 (d, J= 8 Hz, 2H, Ar-H), 7.98-7.96 

(dd, J= 8 Hz, 2H, Ar-H), 7.50-7.48 (d, J= 8 Hz, 2H, Ar-H), 6.89-6.87 (dd, J= 8 Hz, 2H, Ar-

H), 4.98 (s, 2H, CH2), 3.89 (s, 3H, OCH3), 3.18 (s, 3H, CH3), 3.15 (s, 3H, CH3); 
13C NMR (δ 

ppm): 162.86, 162.23, 161.89, 158.94, 157.37, 147.56, 146.05, 132.82, 128.34, 126.23, 
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125.98, 124.66, 114.89, 112.89, 112.20, 89.24, 58.22, 36.89, 35.33, 34.96 & 34.42; HRMS: 

m/z 426.1278 [M+] & 428.1268 [M++2]; Anal. Calcd: C 61.90, H 4.49, N 6.56 %, Found: C 

61.86, H 4.44, N 6.52 %. 

4-[3-(4-Chlorophenyl)-1-(1,3-dimethyl-2,4,6-trioxotetrahydropyrimidin-5(2H)-ylidene)-3-

oxopropyl]benzonitrile (4i): 

White solid; Yield: 94 %; MP: 174-176 oC; Mol. Formula: C22H16ClN3O4; UV (nm) 

λmax (log ε) 259 (4.44) & 315 (4.13); FTIR (υ cm-1): 2986 (CH), 2850 (N-CH3), 1662 (C=O) 

& 788 (C-Cl); 1H NMR (δ ppm): 8.22-8.20 (dd, J= 8 Hz, 2H, Ar-H), 7.88-7.86 (dd, J= 8 Hz, 

2H, Ar-H), 7.60-7.58 (dd, J= 8 Hz, 2H, Ar-H), 6.84-6.82 (dd, J= 8 Hz, 2H, Ar-H), 4.98 (s, 

2H, CH2), 3.18 (s, 3H, CH3), 3.14 (s, 3H, CH3); 
13C NMR (δ ppm): 162.62, 162.11, 159.66, 

157.46, 156.39, 146.56, 142.05, 132.82, 127.22, 126.05, 124.47, 123.93, 117.69, 115.99, 

113.53, 88.40, 49.04, 37.24, 36.71, 34.92 & 34.12; HRMS: m/z 421.2230 [M+] & 423.1220 

[M++2]; Anal. Calcd: C 62.64, H 3.82, N 9.96 %, Found: C 62.60, H 3.78, N 9.91 %. 

5-[3-(4-Chlorophenyl)-1-(3-nitrophenyl)-3-oxopropylidene]-1,3-dimethylpyrimidine-

2,4,6(1H,3H,5H)-trione (4j): 

White solid; Yield: 84 %; MP: 136-138 oC; Mol. Formula: C21H16ClN3O6; UV (nm) 

λmax (log ε) 258 (4.52) & 371 (4.23); FTIR (υ cm-1): 2999 (CH), 2953 (N-CH3), 1692 (C=O) 

& 811 (C-Cl); 1H NMR (400 MHz, DMSO-d6, δ ppm): 8.42 (s, 1H, Ar-H), 8.32-8.30 (d, J= 8 

Hz, 1H, Ar-H), 8.21-8.19 (d, J= 8 Hz, 1H, Ar-H), 8.01-7.99 (dd, J= 8 Hz, 2H, Ar-H), 7.75-

7.67 (m, 1H, Ar-H), 7.63-7.61 (dd, J= 8 Hz, 2H, Ar-H), 4.91 (s, 2H, CH2), 3.24 (s, 3H, CH3), 

3.15 (s, 3H, CH3); 
13C NMR (100 MHz, DMSO-d6, δ ppm): 164.86, 159.57, 152.26, 151.32, 

150.86, 146.96, 134.88, 129.65, 126.47, 124.80, 121.94, 121.43, 121.30, 116.97, 116.36, 

115.56, 34.38, 32.38 & 30.92; HRMS: m/z 442.0829 [M++1] & 444.0776 [M++3]; Anal. 

Calcd: C 57.09, H 3.65, N 9.51 %, Found: C 57.04, H 3.62, N 9.47 %. 
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6B.4. Absorption property 

The UV-Vis spectra of the compounds 4(f-j) were recorded in two different solvents 

(DMSO & DMF) at 10-5 M concentration using UV-Vis Spectrophotometer. The λmax and 

molar absorption coefficient values were appended in Table 1. All the synthesized 

compounds exhibited absorption maxima (λmax) in the range of 229-325 nm in DMSO and 

313-371 nm in DMF solvents due to the π-π* & n-π* transitions (Fig. 2). The compound 4g 

shows a higher absorption maximum at 325 nm in DMSO and 4j shows higher absorption 

maxima at 371 nm in DMF solvent. 

Table 1. Electronic absorption data of the synthesized compounds 4(f-j) in DMSO & DMF 

solvents. 

Compd. 
DMSO DMF 

λmax(nm) Log ε λmax(nm) Log ε 

4f 229 4.55 322 3.80 

4g 325 3.43 325 3.87 

4h 259 4.29 313 4.28 

4i 259 4.44 315 4.13 

4j 258 4.52 371 4.23 

 

 

 

 

 

 

 

Fig. 2. A graph of UV-Visible spectra of the synthesized compounds 4(f-j) in DMSO (a) and 

DMF (b) solvents. 
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6B.5. Pharmacological studies  

In-vitro α-amylase & α-glucosidase inhibitory assay, in-vitro cytotoxicity, in silico 

molecular docking and ADME study has been previously explained in the experimental 

section (6.2.5) of Chapter-6A [21-24]. 

6B.6. Results and discussion  

6B.6.1. In vitro α-amylase and α-glucosidase inhibitory activity 

All the synthesized compounds 4(f-j) were screened for in vitro α-amylase & α-

glucosidase inhibitory activity using different concentrations (25, 50, 75 & 100 µg/mL) and 

calculated IC50 values of enzyme activity and acarbose was used as a standard for 

comparison. The α-amylase enzyme activity results revealed that, the obtained compounds 

possessed significant efficacy ranging from 42.35±0.63 to 51.25±0.63, 54.30±0.84 to 

59.60±0.84, 64.10±0.70 to 72.65±1.20 & 71.00±1.13 to 81.10±0.84 % with respect to their 

concentration 25, 50, 75 & 100 µg/mL. The potencies of IC50 values vary from 24.53±0.27 to 

41.25±1.52 µg/mL. All the compounds exhibited outstanding % inhibition with IC50 values as 

compare to standard drug acarbose (51.28±0.67 µg/mL) (Fig. 3). Among all the compounds, 

4j exhibited least IC50 value of 24.53±0.27 µg/mL and results have been shown in Table 2. 

The α-glucosidase inhibitory activity results expelled that, all the compounds show 

excellent % inhibition ranging from 54.15±0.63 to 56.35±0.63, 60.65±0.91 to 66.35±0.49, 

74.25±0.77 to 81.80±0.56 & 82.10±0.56 to 90.60±0.84 % with respect to their concentration 

of 25, 50, 75 & 100 µg/mL. The potencies of IC50 values vary from 22.18±0.16 to 23.38±0.09 

µg/mL. All compounds exhibited almost similar IC50 values, in that the compound 4j showed 

the least IC50 value of 22.18±0.16 µg/mL as compared to standard drug acarbose (37.69±0.53 

µg/mL) (Fig. 4) and results have been shown in Table 3.  
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Table 2. α-amylase enzyme activity results (%) at different concentrations and IC50 values of 

the synthesized compounds 4(f-j). 

Compd. 
Concentration in µg/mL IC50 

in µg/mL 25 50 75 100 

4f 44.45±0.63 54.45±0.91 64.10±0.70 71.00±1.13 39.18±1.65 

4g 42.35±0.63 54.30±0.84 68.50±0.84 76.50±0.84 41.25±1.52 

4h 44.60±0.84 56.35±0.77 68.85±1.20 76.55±0.77 36.79±1.71 

4i 48.15±0.91 56.25±0.77 70.95±1.34 80.70±0.98 31.65±2.27 

4j 51.25±0.63 59.60±0.84 72.65±1.20 81.10±0.84 24.53±0.27 

Acarbose 26.00±0.70 49.30±0.84 68.65±0.77 78.90±0.84 51.28±0.67 

Values are Mean ±SE, N=3, *P<0.01 vs. Control 

Table 3. α-glucosidase enzyme activity results (%) at different concentrations and IC50 values 

of the synthesized compounds 4(f-j). 

Compd. 
Concentration in µg/mL IC50 

in µg/mL 25 50 75 100 

4f 56.60±0.84 60.65±0.91 74.25±0.77 82.10±0.56 22.56±0.15 

4g 54.15±0.63 64.10±0.56 74.50±0.56 82.40±0.56 23.38±0.09 

4h 56.05±0.49 66.00±0.56 75.75±0.63 83.80±0.56 22.23±0.76 

4i 56.35±0.63 66.35±0.49 80.30±0.56 90.60±0.84 22.56±0.62 

4j 56.00±0.56 65.90±0.42 81.80±0.56 90.45±0.63 22.18±0.16 

Acarbose 39.20±0.56 60.30±0.56 74.05±0.63 86.20±0.42 37.69±0.53 

Values are Mean ±SE, N=3, *P<0.01 vs. Control 
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Fig. 3. In vitro α-amylase inhibitory activity of the synthesized compounds (4a-j); A graph of 

% inhibition of synthesized compounds at different concentration (a); A graph of IC50 value 

of compounds 4(f-j) (b) 
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Fig. 4. In vitro α-glucosidase inhibitory activity of the synthesized compounds (4a-j); A 

graph of % inhibition of synthesized compounds at different concentration (a); A graph of 

IC50 value of compounds (b) 
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6B.6.2. In vitro cytotoxicity  

In vitro cytotoxicity of the synthesized compounds 4(f-j) was evaluated against MCF-7 

cell line. A graph describing the concentration versus cell viability and IC50 value of the 

compounds was plotted (Fig. 5). Doxorubicin was used as a reference standard for 

comparison. The activity results revealed that, synthesized compounds exhibited good 

selectivity against the MCF-7 cell line with IC50 values ranging from 6.68±0.06 to 

20.97±0.31 µg/mL. Among them, compound 4j shows a significant cytotoxic effect with 

least IC50 value of 6.68±0.06 µg/mL and rest of the compounds displayed a moderate 

cytotoxic effects with IC50 values in the range of 7.31±0.21 to 20.97±0.31 µg/mL as 

compared to reference standard doxorubicin (3.16±0.10 µg/mL) and the obtained results were 

listed in Table 4. 

Table 4. Percentage of cell viability against MCF-7 cell line of the synthesized compounds 

4(f-j). 

Compd. 

Mean cell Viability of MCF-7  

Concentration in µg/mL 
IC50 

in µg/mL 
NC 3.125 6.25 12.5 25 50 100 

4f 

100 

63.76±0.47 46.89±0.77 44.94±1.38 27.88±0.64 12.37±0.67 11.48±0.27 7.31±0.21 

4g 81.29±0.89 63.76±0.17 32.32±1.45 15.27±0.35 10.54±0.73 9.41±1.08 8.10±0.18 

4h 91.53±0.36 85.02±0.57 78.98±1.07 41.80±0.91 11.66±0.62 9.88±0.40 20.97±0.31 

4i 99.11±0.46 79.69±0.44 41.74±0.63 16.81±0.26 12.73±0.40 11.78±0.20 12.10±0.12 

4j 67.44±1.51 46.77±0.83 38.07±0.44 22.26±0.56 13.02±0.57 11.30±0.67 6.68±0.06 

Std 33.80±0.93 30.57±1.14 28.93±0.42 27.53±0.37 26.16±0.16 23.69±0.53 3.16±0.10 

Std-Doxorubicin, NC- Negative control 

Values are Mean ±SE, N=3, *P<0.01 vs. Control 
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Fig. 5. A graph of % of surviving cells of synthesized compounds 4(f-j) at different 

concentration against MCF-7 cell line (a); A graph of IC50 value of compounds 4(f-j) against 

MCF-7 cell line (b). 

6B.6.3. SAR study 
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SAR study has been carried out for the newly synthesized compounds 4(f-j). All 

compounds exhibited excellent α-amylase, α-glucosidase and cytotoxicity with significant 

IC50 values. Among all the synthesized compounds, 4j shows outstanding α-amylase, α-

glucosidase inhibition and cytotoxicity with a remarkable IC50 value. The compound 4j has 

an electron withdrawing nitro and chloro groups in their ring structures; it may be the 

possible reason for the admirable anti-diabetic and cytotoxic activity [25]. The in silico 

molecular interaction study also supported these findings.  

6B.6.4. in silico molecular docking study  

The study of intermolecular interactions between synthesized compounds 4(f-j) and 

enzyme is a necessary for the development of novel therapeutic drugs [26]. Therefore, we 

have screened the synthesized compounds for in silico molecular docking studies; it helps to 

predict the binding modes of the compounds with enzymes. From the results of docking 

study, synthesized compounds established good binding modes with docking receptors of 

exo-β-D-glucosaminidase (Fig. 6) and P38 MAP kinase (Fig. 7) in the active pockets, 

respectively.  

The docking of anti-diabetic and cytotoxicity investigations revealed that, the 

synthesized compounds 4(f-j) had significant docking scores in the range of -8.6 to -9.6 

kcal/mol and -8.2 to -9.2 kcal/mol with respect to standards Acarbose (-7.8 kcal/mol) and 

Doxorubicin (-8.4 kcal/mol) respectively. The docked structures with exo-β-D-

glucosaminidase results suggested that, the compound 4j established the least binding energy 

of -9.6 kcal/mol forming two hydrogen bonds with amino acid residues TRP204 & TRP642 

and remaining compounds also established good binding modes with amino acid residues 

TRP204, TRP642 & ARG500 (Table 5). The docked structures with P38 MAP kinase 

protein results revealed that, the compounds 4g & 4j demonstrated the least binding energy of 
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-9.2 kcal/mol forming three & two hydrogen bonds with amino acid residues LYS53, 

MET109 & LEU104 and the results were tabulated in Table 6.  

Table 5. Molecular interactions synthesized compounds 4(f-j) & standard acarbose with 

exo-β-D-glucosaminidase protein. 

Compd. 

Binding 

affinity 

(kcal/mol) 

Hydrogen bond 

interaction 

Hydrogen 

bond length in 

Ǻ 

Hydrophobic and other 

interactions 

4f -8.9 -- -- 

MET512, ASP203, ASP203, 

GLU431, ASP469, CYS419, 

CYS420, CYS420, MET512 

4g -8.7 -- -- 

ASP203, GLU431, GLU541, 

CYS419, TRP781, TYR516, 

TRP781, MET512, TRP781 

4h -8.6 ARG500 2.36 

ARG500, GLU431, GLU541, 

TYR516, TRP781, ILE202, 

TRP204, PHE470, TRP642, 

TRP642, TRP653 

4i -9.0 ARG500 2.35 

ARG500, GLU431, GLU541, 

TRP781, TYR516, ILE202, 

TRP204, PHE470, TRP642, 

TRP642, TRP653 

4j -9.6 TRP204, TRP642 1.85, 2.45 

MET512, ASP203, ASP203, 

GLU431, ASP469, GLU541, 

CYS419, CYS420, CYS420, 

MET512, TYR516 

Acarbose -7.8 

GLU431, GLU431, 

MET512, MET512, 

ARG500, ARG500 

ARG500 

2.45, 2.65, 

2.54, 2.89, 

2.23, 2.85,  

2.64 

ASP469, CYS420, MET512, 

SER580, ILE202, TRP781 
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Table 6. Molecular interactions of synthesized compounds 4(f-j) & standard Doxorubicin 

with P38 MAP kinase protein. 

Compd. 

Binding 

affinity 

(kcal/mol) 

Hydrogen bond 

interaction 

Hydrogen 

bond length 

in Ǻ 

Hydrophobic and other 

interactions 

4f -8.8 LYS53 2.23 

ASP168, TYR35, TYR35, 

LEU171, LEU75, ILE84, 

PHE169, LEU75, ILE84, 

LEU167, VAL38, ALA51 

4g -9.2 
LYS53, MET109, 

MET109 

2.16, 2.00, 

2.85 

ASP168, TYR35, TYR35, 

LEU171, LEU75, ILE84, 

PHE169, LEU75, ILE84, 

LEU167, VAL38, ALA51 

4h -8.2 - - 

ASP168, THR106, LEU75, 

LEU86, LEU104, TYR35, 

VAL38, ALA157, ALA51, 

LYS53 

4i -8.6 -- -- 

ASP168, THR106, TYR35, 

TYR35, VAL38, ALA51, 

LYS53, VAL38 

4j -9.2 LYS53, MET109 2.21, 1.88 

SER154, ASP168, 

ASP168, TYR35, TYR35, 

LEU171, LEU75, ILE84, 

PHE169, LEU75, ILE84, 

LEU167, VAL38, ALA51 

Doxorubicin -8.4 
ASP168, VAL30, 

LYS53 

2.38, 2.80, 

2.95 

LYS53, LEU75, ILE84, 

VAL38, LEU167, VAL38, 

LYS53, LEU167, LYS53, 

TYR35 
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Fig. 6. 2D, 3D & hydrophobic representation of molecular interactions between exo-β-D-

glucosaminidase with synthesized compounds 4(f-j) and standard drug Acarbose. 
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Fig. 7. 2D, 3D & hydrophobic representation of molecular interactions between P38 MAP 

kinase with synthesized compounds 4(f-j) and standard drug Doxorubicin. 
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6B.6.5. in silico oral bioavailability assessment and ADME study 

Molecular weight, number of heavy atoms, hydrogen bond acceptors, hydrogen bond 

donors, rotatable bonds, molar refractivity and topological polar surface area parameters are 

used for the evaluation of physiochemical properties of compounds and results are appended 

in Table 7.  

Table 7. Physicochemical properties of the synthesized compounds 4(f-j). 

Compd. 
Mol. 

Formula 

Mol. 

Weight 

(g/mol) 

No. 

Heavy 

atoms 

H

B

A 

H

B

D 

Rotat

able 

bonds 

Fraction 

Csp3 

Molar 

Refract

ivity 

TPSA 

(Å²) 

4f 
C21H17Cl

N2O4 
396.82 28 4 0 4 0.14 112.60 74.76 

4g 
C21H17Cl

N2O5 
412.82 29 5 1 4 0.14 114.62 94.99 

4h 
C22H19Cl

N2O5 
426.85 30 5 0 5 0.18 119.09 83.99 

4i 
C22H16Cl

N3O4 
421.83 30 5 0 4 0.14 117.31 98.55 

4j 
C21H16Cl

N3O6 
441.82 31 6 0 5 0.14 121.42 120.58 

 

The drug-likeness profiles were calculated based on Lipinski’s [27], Ghose, Veber, 

Egan and Muegge rules [28]. All the synthesized compounds obeyed all the five rules. The 

acceptable probability score is 55% which indicates that it passed the rule of five [29, 30]. 

Our synthesized compounds 4(f-j) showed a score of 55 % indicating compounds obeyed all 

five rules without any violations with good bioavailability. Further, synthetic accessibility of 

the compounds were assessed to quantify the complexity of the molecular structure. The 

results showed that the synthetic accessibility score was in the range of 2.98 to 3.23, which 

shows that all compounds do not have complex synthetic routes (Table 8). 
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Table 8. Drug likeness, bioactivity and synthetic accessibility score of the synthesized 

compounds 4(f-j). 

Compd. Lipinski Ghose Veber Egan Muegge 
Bioactivity 

Score 

Synthetic 

accessibility 

4f Yes Yes Yes Yes Yes 0.55 3.02 

4g Yes Yes Yes Yes Yes 0.55 2.98 

4h Yes Yes Yes Yes Yes 0.55 3.06 

4i Yes Yes Yes Yes Yes 0.55 3.16 

4j Yes Yes Yes Yes Yes 0.55 3.23 

 

Solubility of the compounds was predicted based on lipophilicity parameters, it is used 

to study the solubility of the compounds either in an aqueous or in a non-aqueous media and 

they were calculated by considering the consensus log Po/w. According to this, if the log 

Po/w values are more negative, then the molecules are more soluble in nature [31]. The 

results showed that, all the compounds had positive log Po/w values hence they were less 

soluble in non-aqueous medium. Consensus log S (if log S is between -10 to -6: poorly 

soluble, -6 to -4:  moderately soluble, -4 to -2: soluble, -2 to 0: very soluble and less than 0: 

highly soluble). Our synthesized compounds 4(f-j) in the range of -4.42 to -4.63 log S value; 

this shows compounds were moderately soluble in aqueous medium (Table 9).  

Table 9. Predicted lipophilicity parameters of the synthesized compounds 4(f-j). 

Compd. 
Consensus 

Log Po/w 

Consensus 

Log S 
Solubility Class 

4f 2.95 -4.55 Moderately soluble 

4g 2.48 -4.42 Moderately soluble 

4h 2.97 -4.63 Moderately soluble 

4i 2.68 -4.51 Moderately soluble 

4j 2.21 -4.63 Moderately soluble 

 

Absorption, skin permeation, distribution, metabolism and excretion were predicted and 

have been shown in Table 10. The synthesized compounds have high GI absorption with no 

blood-brain permeant. Hence, there was no possibility of causing harmful toxicants in the 

brain and blood stream. If the molecules have more negative log Kp value, they are said to be 
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less skin permeant [32]. Our synthesized compounds have more negative log Kp values in the 

range of -6.24 to -6.64 cm/s. Therefore, our synthesized compounds are less skin permeant. 

Table 10. Predicted absorption & distribution parameters of the compounds 4(f-j). 

Compd. 
GI 

absorption 

BBB 

permeant 

Log Kp 

(cm/s) 

4f High Yes -6.24  

4g High No -6.59  

4h High No -6.45  

4i High No -6.59  

4j High No -6.64  

 

Metabolism parameters are important to understanding whether the compounds act as 

substrates or non-substrates of certain proteins. Hence, all the synthesized compounds were 

evaluated for metabolism parameter and results showed that, the compounds 4(f-j) were 

found to be non-substrate of permeability glycoprotein (P-gp), CYP1A2 & CYP2D6 

inhibitors and they were found to be a substrate of CYP2C19, CYP2C9 & CYP3A4 inhibitors 

and the results were tabulated in Table 11. 

Table 11. Predicted metabolism parameters of the synthesized compounds 4(f-j). 

Compd. P-gp 
CYP1A2 

inhibitor 

CYP2C19 

inhibitor 

CYP2C9 

inhibitor 

CYP2D6 

inhibitor 

CYP3A4 

inhibitor 

4f No No Yes Yes No Yes 

4g No No Yes Yes No Yes 

4h No No Yes Yes No Yes 

4i No No Yes Yes No Yes 

4j No No Yes Yes No Yes 
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6B.7. Conclusion 

In this report, we have developed a simple and eco-friendly protocol for the synthesis of 

some new 5-[3-(4-chlorophenyl)-substituted-1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-trione 

derivatives 4(f-j) through one-pot reaction and evaluated for their pharmacological and in 

silico investigations. The activity results suggested that, the compound 4j exhibited the 

lowest IC50 values of 24.53±0.27, 22.18±0.16 & 6.68±0.06 µg/mL for α-amylase, α-

glucosidase & cytotoxic activity. The SAR study suggested that, the compound 4j having 

electron withdrawing nitro and chloro groups in their ring structure increases the potency of 

the bioactivity of the compound and in silico molecular interaction study also supported these 

findings. The docking study suggested that, the compounds shows well-established binding 

modes with docking receptors of exo-β-D-glucosaminidase and P38 MAP kinase. ADME 

profiles explained that, our synthesized compounds obeyed all five rules with good 

bioavailability. Pharmacokinetic parameters suggested that, our compounds have high GI 

absorption, no blood-brain permeant and less skin permeant. Hence, there was no possibility 

of causing harmful toxicants.  
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7.1. Introduction  

In 1818, Brugnatelli [1] synthesized the first pyrimidine derivative i.e., alloxan (1) by 

oxidative degradation of uric acid with nitric acid and it exhibited a variety of biological 

activities mainly recognized as a diabetogenic agent [2]. Pyrimidines are the bases of nucleic 

acid, DNA and RNA. Uracil (2), thymine (3) and cytosine (4) are the three important 

constituents of nucleic acids that contain the pyrimidine nucleus [3] (Fig. 1). Pyrimidine and 

their derivatives are considered to be the significant in the preparation of drugs [4], 

agricultural chemicals [5], latent fingerprints (LFPs) [6] opto-electronics [7], fluorescence 

sensors [8], energy materials [9] etc. They also serve as reactive moieties in pharmaceutical 

field due to their diverse medicinal properties, such as anticancer [10], antibacterial [11], 

antiviral [12], antifungal [13], antimalarial [14] anti‐ HIV [15], anti-tuberculosis [16], 

anti‐ inflammatory [17], anti-diabetic [18] tyrosine kinase inhibitors [19], COX-2 inhibitors 

[20] and antihypertensive [21] etc. Due to these biological and photophysical applications, 

researchers are more focused on pyrimidine derivatives. 

2-Bromoacetophenones are major building blocks for the preparation of heterocyclic 

moieties and industrially active intermediates, which serve as key intermediates for the 

development of different bioactive compounds as well as natural products [22]. Phenacyl 

bromides were mainly obtained from acetophenones with liquid bromine in the presence of 

protic and Lewis acids [23] and it is serving as versatile synthons in heterocyclic synthesis. 

This led to an interest on these compounds in the construction of heterocyclic compounds 

[24]. 

The growth of pathogenic microorganisms causes a rapid increase in bacterial or fungal 

infections, leading to serious health problems [25]. While many factors contributed to 

microbial genome mutations, it has been widely demonstrated that improper antibiotic use 

was one of them. In order to overcome these problems, novel antibiotic drugs are essential 
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[26]. This creates an interest in antimicrobial research; hence, we have screened antibacterial 

and anti-diabetic activity of obtained compounds. Some of the reported biologically active 

heterocyclic compounds have been discussed below. 

N
H

NH

O

O O

O N
H

NH

O O

NH

N
H

O O N

NH

O NH2

1 2 3 4
 

Fig. 1. Some of the bioactive compounds containing pyrimidine nucleus 

A.M. Qandil & L.I. Fakhouri was synthesized a series of N-methyl-3-[(2-oxo-2-

phenylethyl) amino]benzamide derivatives (5) by the reaction of 4-substituted-

phenacylbromide with aniline undergoes monoalkylation to afford anilinoketones [27]. 

NH2

NH

O

+ Br

O

R

NH
NH

O O

R

K
2
CO

3
, DMF

RT

5

5: R= H, F & Br
 

S. Chitra et. al., have been reported a  2-[(5-methyl-1,3,4-thiadiazol-2-yl)sulfanyl]-1-

phenylethanones (6), 2-(1,3-benzothiazol-2-ylsulfanyl)-1-phenylethanones (7) and 1-phenyl-

2-[(1-phenyl-1H-tetrazol-5-yl)sulfanyl]ethanones (8) and reported as anti-TB and 

cytotoxicity. The compounds 6a, 6b, 7a & 8a are shows good anti-TB efficacy with MIC 

value of 3.5, 3.2, 5.9 & 23.3 µM respectively. The compounds 6a & 6b shows good 

cytotoxicity with IC50 values of 1263 & 2050 µM respectively [28]. 

S N

S
N

O

R

S
N

S

O

R

S
N

N

N

N

O

R

6 7
8

6a: R= 4-Cl

6b: R= 4-Br

7a: R= 4-Br 8a: R= 4-Br
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K.L. Manasa and co-authors have been synthesized a N-benzylbenzamide derivatives 

(9) by the reaction of amides/esters with pyridinium salts of phenacyl bromides via oxidative 

cleavage of a C–C bond followed by formation of a new C–N/C–O bond in the presence of 

K2CO3 as a catalyst [29]. 

N
+

O

R
1

Br 
-

+ NH2

R
2

K
2
CO

3
, CH

3
CN

Reflux

NH

O

R
1 R

2

9  

A series of 1-phenyl-2-(phenylamino)ethanone derivatives (10) has been prepared by 

Gupta et. al., and screened for antimicrobial activity. The compound 10b shows highest zone 

of inhibition of 18 & 12 mm for S. aureus & P. aeruginosa and 10a & 10c exhibited 

maximum zone of inhibition of 10 & 18 mm for K. Pneumonia & P. Mirabilis strains 

respectively [30].  

NH

O

R 10a: R= H; 10b: R= o-CH
3
; 10c: R= p-Br

10  

In 2015, J. Ramprasad and co-workers synthesized a 2,6-diphenylimidazo[2,1-b][1,3,4] 

thiadiazole derivatives (11) and evaluated their antimicrobial activity. Among them, 11a 

compound displayed highest zone of inhibition of 13±0.5, 14±0.1, 13±0.1 & 15±0.3 mm 

against bacterial strains S. aureus, E. coli, P. aeruginosa and S. typhi respectively and 6±0.2, 

5±0.2 & 6±0.1 mm for fungal strains A. flavus, C. keratinophilum and C. albicans 

respectively [31]. 

N
N

S
R

1

NH2 +
Br

O

R
2

N

S

N

N
R

1
R

2

11

11a: R
1
= 4-ClC

6
H

4
, R

2
= OCH

3

EtOH, Reflux 

24 h

 



Chapter-7 

 

Page 323 

In 2021, M. Staniszewska et. al., was reported a 2-(1,3-benzoxazol-2-ylsulfanyl)-1-

phenylethanone derivatives (12) as antifungal agent against C. albicans & C. glabrata strains. 

Compounds 12a & 12b exhibited as most active compounds with % of inhibition value of 

64.2±10.6 & 53.0±3.5 at 16 µg/mL against fungal strains C. albicans & C. glabrata 

respectively [32]. 

N

O
S

O
12

R

12a: R= 2,4,6-Cl
3
; 12b: R= 2,3,4-Cl

3

 

In 2022, B. Manjunatha and co-authors synthesized some coumarin-thioether 

derivatives (13) and investigated antimycobacterial activity. The compounds 13a and 13b 

showed good inhibition with MIC value of 1.6 μg/mL due to presence of thio-benzimidazole 

moiety, while the remaining coumarin conjugates also exhibited significant potency with 

MIC values ranging from 25 to 50 μg/mL [33].  

O

Br

O

+ Het SH
K

2
CO

3

DMF, RT
O

S

O

Het

13

13a: Het= 13b: Het=

N

N
H

N

N
H

H3CO
 

In 2018, a series of fused imidazo[1,2-a] [1,8]naphthyridine derivatives (14) has been 

developed by S. Banoth et. al. and reported as antibacterial and fungal activity. The 

compound 14a demonstrated highest zone of inhibition value of 29, 30, 29 & 28 mm at 35 

µg/mL against S. aureus, E. coli, A. niger and C. metapsilosis respectively [34]. 
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N N NH2

+
Br

Cl

O

DABCO

Grinding

N N N

Cl

R

R

1414a: R= 3-NO
2

 

Based on the above investigations, we reported a 2-[(4-hydroxy-6-methylpyrimidin-2-

yl)amino]-1-(4-substituted)ethanone derivatives and screened for their anti-bacterial, anti-

diabetic, in silico molecular docking and ADME studies using DNA gyrase and exo-β-D-

glucosaminidase proteins as target enzymes respectively. 

7.2. Present work 

In this chapter, we described a new 2-[(4-hydroxy-6-methylpyrimidin-2-yl)amino]-1-

(4-substituted)ethanone derivatives 3(a-d) were carried out by the reaction of 2-amino-4-

hydroxy-6-methyl pyrimidine (1) with 2-bromo-4-substituted-acetophenone (2) in the 

presence of DMF and K2CO3 as a catalyst and the reaction pathway have been given in 

Scheme 9. 

N

N

OH

NH2
R

Br

O

N

N

OH

NH

O

R
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DMF

K
2
CO

3
  

 RT 8-10 h

2(a-d)1 3(a-d)  

Compd. R 

3a Cl 

3b NO2 

3c OCH3 

3d CH3 

 

Scheme 9. Synthesis of 2-[(4-hydroxy-6-methylpyrimidin-2-yl)amino]-1-(4-substituted) 

ethanone derivatives 3(a-d). 
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The structures of 2-[(4-hydroxy-6-methylpyrimidin-2-yl)amino]-1-(4-substituted) 

ethanone derivatives 3(a-d) were confirmed by recording their IR, 1H NMR, 13C NMR and 

Mass spectral data.  

In IR spectrum of compound 3a showed the absorption band in the region of 3449 cm-1 

is attributed to the OH stretching frequency, 3174 cm-1 correspond to NH functionality, 1698 

cm-1 correspond to C=O functionality, 1566 cm-1 correspond to C=N group and another 

stretching vibrational band at 734 cm-1 correspond to C-Cl functionality. The 1H NMR 

spectrum of compound 3a exhibited a singlet peak at δ 12.79 ppm which correspond to OH 

proton (s, 1H, OH) and another singlet peak at δ 8.08 ppm due to NH proton (s, 1H, NH) and 

two doublet of doublet peaks at δ 7.91-7.89 & 7.45-7.43 ppm corresponds to four aromatic 

protons (dd, J= 8 Hz, 4H, Ar-H). A singlet peak at δ 5.61 ppm due to aromatic proton of 

pyrimidine nucleus (s, 1H, Ar-H) and two singlet peaks at δ 3.29 & 2.27 ppm due to methyl 

& CH2 protons (s, 5H, CH3 & CH2) respectively. In addition, 13C NMR spectrum of 

compound 3a exhibited peaks at δ 169.43 ppm which correspond to carbonyl carbon and 

23.77 ppm due to CH3 carbon.  

The mass spectrum showed molecular ion peak m/z at 278.1311 [M++1] & 280.1280 

[M++3] which corresponds to the molecular weight of compound 3a.  
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Characterization: 

 

IR spectrum of compound 3a 

 

 

1HNMR spectrum of compound 3a 
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13CNMR spectrum of compound 3a 

 

 

MASS spectrum of compound 3a 

 

N

N NH

O

OH

Cl

 
Mol. Wt: 277.70 

 

N

N NH

O

OH

Cl

C

13H12ClN3O2 



Chapter-7 

 

Page 328 

 

IR spectrum of compound 3c 

 

1HNMR spectrum of compound 3c 
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13CNMR spectrum of compound 3c 

 

MASS spectrum of compound 3c 
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7.3. Experimental 

7.3.1. General information: 

The detailed general information regarding the reagents, solvents and instruments etc., 

used for the analysis has been discussed in the experimental section 2A.3.1 & 5.3.1 of 

Chapter-2A & Chapter-5. 

7.3.2. Synthesis of some new 2-[(4-hydroxy-6-methylpyrimidin-2-yl)amino]-1-(4-

substituted)ethanone derivatives 3(a-d):  

A mixture of 2-amino-4-hydroxy-6-methyl pyrimidine (1, 1 mmol) and 2-bromo-4-

substituted-acetophenone (2, 1 mmol) in the presence of K2CO3 as a catalyst in DMF and 

stirred for 8-10 hours under RT condition. Simultaneously, the reaction was monitored by 

TLC (Ethyl acetate & Pet ether). After completion of the reaction, the reaction mixture was 

cooled and poured into an ice flake with vigorous stirring to get solid precipitate. Then, it was 

filtered, washed, dried and recrystallized from methanol to afford pure solid products 3(a-d).  

1-(4-Chlorophenyl)-2-[(4-hydroxy-6-methylpyrimidin-2-yl)amino]ethanone (3a): 

White solid; Yield: 88 %; MP: 268-270 oC; Mol. Formula: C13H12ClN3O2; FTIR (υ 

cm-1): 3449 (OH), 3174 (NH), 1698 (C=O), 1566 (C=N) & 734 (C-Cl); 1H NMR (δ ppm): 

12.79 (s, 1H, OH), 8.08 (s, 1H, NH), 7.91-7.89 (dd, J= 8 Hz, 2H, Ar-H), 7.45-7.43 (dd, J= 8 

Hz, 2H, Ar-H), 5.61 (s, 1H, Ar-H), 3.29 (s, 3H, CH3) & 2.27 (s, 2H, CH2); 
13C NMR (δ ppm): 

193.98, 169.43, 163.15, 129.78, 128.78, 128.12, 126.46, 124.61, 124.51, 123.87, 95.16, 67.84 

& 23.77; HRMS: m/z 278.1311 [M++1] & 280.1280 [M++3]; Anal. Calcd: C 56.22, H 4.36, 

N 15.13 %, Found: C 56.18, H 4.31, N 15.08 %. 

2-[(4-Hydroxy-6-methylpyrimidin-2-yl)amino]-1-(4-nitrophenyl)ethanone (3b): 

Yellow solid; Yield: 86 %; MP: 242-244 oC; Mol. Formula: C13H12N4O4; FTIR (υ cm-

1): 3410 (OH), 3210 (NH), 2930 (CH), 1678 (C=O) & 1586 (C=N); 1H NMR (δ ppm): 12.58 
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(s, 1H, OH), 7.95 (s, 1H, NH), 7.59-7.57 (d, J= 8 Hz, 2H, Ar-H), 7.41-7.33 (m, 2H, Ar-H), 

6.78 (s, 1H, Ar-H), 2.84 (s, 3H, CH3) & 2.68 (s, 2H, CH2); 
13C NMR (δ ppm): 167.54, 

165.70, 164.90, 163.03, 162.83, 162.71, 131.62, 128.63, 128.13, 122.62, 122.37, 43.61 & 

36.31; HRMS: m/z 289.1398 [M++1]; Anal. Calcd: C 54.17, H 4.20, N 19.44 %, Found: C 

54.13, H 4.15, N 19.40 %. 

2-[(4-Hydroxy-6-methylpyrimidin-2-yl)amino]-1-(4-methoxyphenyl)ethanone (3c): 

Pale yellow solid; Yield-90 %; MP: 190-192 oC; Mol. Formula: C14H15N3O3; FTIR (υ 

cm-1): 3428 (OH), 3113 (NH), 2931 (CH), 2821 (OCH3), 1630 (C=O) & 1613 (C=N); 1H 

NMR (δ ppm): 12.80 (s, 1H, OH), 7.98 (s, 1H, NH), 7.79-7.77 (d, J= 8 Hz, 2H, Ar-H), 7.23-

7.21 (d, J= 8 Hz, 2H, Ar-H), 5.63 (s, 1H, Ar-H), 3.32 (s, 3H, OCH3), 2.31 (s, 3H, CH3) & 

2.28 (s, 2H, CH2); 
13C NMR (δ ppm): 193.98, 169.43, 168.76, 163.15, 139.53, 129.78, 

128.12, 126.46, 124.51, 123.87, 107.56, 95.16, 67.84 & 23.77; HRMS: m/z 274.1621 

[M++1]; Anal. Calcd: C 61.53, H 5.53, N 15.38 %, Found: C 61.48, H 5.49, N 15.32 %. 

2-[(4-Hydroxy-6-methylpyrimidin-2-yl)amino]-1-(4-methylphenyl)ethanone (3d): 

White solid; Yield: 87 %; MP: 223-225 oC; Mol. Formula: C14H15N3O2; FTIR (υ cm-

1): 3410 (OH), 3161 (NH), 2915 (CH), 1684 (C=O) & 1570 (C=N); 1H NMR (δ ppm): 12.83 

(s, 1H, OH), 7.96 (s, 1H, NH), 7.77-7.75 (d, J= 8 Hz, 2H, Ar-H), 7.22-7.20 (d, J= 8 Hz, 2H, 

Ar-H), 5.62 (s, 1H, Ar-H), 3.30 (s, 3H, CH3), 2.30 (s, 3H, CH3) & 2.26 (s, 2H, CH2); 
13C 

NMR (δ ppm): 171.06, 161.80, 161.73, 161.67, 150.62, 150.45, 150.36, 148.78, 129.40, 

128.63, 117.95, 85.80 & 29.24; HRMS: m/z 256.1484 [M+-1]; Anal. Calcd: C 65.35, H 5.88, 

N 16.33 %, Found: C 65.30, H 5.82, N 16.29 %. 
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7.4. Pharmacological studies  

The detailed procedure for antibacterial activity, in-vitro α-amylase & α-glucosidase 

inhibitory assay and ADME study has been discussed in the experimental section 2B.5.1 & 

5.5.1 of Chapter-2B & Chapter-5. 

7.4.1. in silico molecular docking study 

The molecular interactions of the synthesized compounds with binding pocket of DNA 

gyrase for antibacterial and exo-β-D-glucosaminidase for anti-diabetic activity were studied 

using automated docking by employing the Autodock Vina program [35]. The co-crystallized 

structure of DNA gyrase (PDB ID: 1KZN) and exo-β-D-glucosaminidase (PDB ID: 2x05) 

were retrieved from the protein databank and their substrate binding sites were identified 

using pdbsum server [36]. A grid box of dimensions 20 x 20 x 20 Å with X, Y & Z 

coordinates at 21.57, 30.764 and 36.764 for DNA gyrase and 25 x 25 x 25 Å with X, Y & Z 

coordinates at 50.995, 42.447 and 71.445 for exo-β-D-glucosaminidase were created 

respectively. The grid box was set around the residues forming the active pocket. The binding 

interactions were visualized using Biovia Discovery Studio Visualizer V.20.1. 

7.5. Results and discussion  

7.5.1. Antibacterial activity 

The in vitro antibacterial activity of the synthesized compounds 3(a-d) were evaluated 

against four Gram negative bacterial strains viz. P. aeroginosa, E. coli, Shigella and 

Salmonella at four different concentrations 25, 50, 75 & 100 µg/mL (Fig. 2) and the results 

were expressed as zone of inhibition in mm as shown in Table 1. Gentamycin was used as a 

standard drug for comparison. The activity results revealed that, the obtained compounds 

displayed an outstanding zone of inhibition against all bacterial strains. These compounds 

showed appreciable antibacterial activity with a varied zone of inhibition in the range of 

6±0.12 to 14±1.19, 11±1.41 to 14±1.15, 12±0.23 to 14±0.97 and 15±0.43 to 16±0.45 mm with 
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respect to their concentration of 25, 50, 75 & 100 µg/mL. Among them, the compound 3d 

exhibited the highest zone of inhibition of 16±0.17, 16±0.45, 15±0.79 and 15±0.74 mm 

against P. aeroginosa, E. coli, Shigella and Salmonella respectively, at a concentration of 100 

µg/mL. The rest of the compounds showed a considerable zone of inhibition as compared to 

the standard drug Gentamycin.  

Table 1. Antibacterial activity results of synthesized compounds 3(a-d).  

Compd. 

Zone of inhibition in mm (mean ± SD) 

Conc. in 

(µg/mL) 

P. 

aeroginosa 
E. coli Shigella Salmonella 

3a 

25 6±0.12 8±0.25 6±0.23 7±1.26 

50 11±0.15 12±0.71 11±0.86 11±1.41 

75 14±0.41 13±0.43 12±0.57 14±0.93 

100 15±0.54 15±0.43 13±0.26 14±0.84 

3b 

25 6±0.45 8±0.71 12±0.87 7±1.14 

50 14±1.19 14±0.36 14±0.67 14±1.29 

75 14±0.47 14±0.99 14±1.15 14±0.85 

100 14±0.86 15±0.53 14±1.14 15±0.89 

3c 

25 7±0.55 9±1.41 12±0.91 8±1.18 

50 14±1.12 14±1.11 14±1.21 14±1.20 

75 14±0.85 14±0.88 14±0.97 14±0.51 

100 14±0.89 15±0.88 15±1.20 14±0.42 

3d 

25 8±0.71 9±1.41 14±1.19 8±1.14 

50 13±1.09 14±1.19 14±1.21 14±1.12 

75 13±0.27 14±0.75 14±0.54 14±0.84 

100 16±0.17 16±0.45 15±0.79 15±0.74 

Gentamyc

in 

25 8±1.10 9±1.11 8±1.12 8±1.11 

50 15±0.88 16±1.23 15±0.94 15±0.98 

75 15±0.96 16±0.97 15±0.31 15±0.87 

100 15±0.93 16±0.91 15±0.71 15±0.39 

Each value is the mean of three replicate determinations ± standard deviation 
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Fig. 2. Images of antibacterial activity of the synthesized compounds 3(a-d). 
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7.5.2. In vitro α-amylase and α-glucosidase inhibitory activity 

In vitro α-amylase & α-glycosidase inhibitory activity results were expressed in terms 

of % inhibition and IC50 values as shown in Table 2 & 3. From the α-amylase activity results, 

compounds possessed significant efficacy ranging from 30±0.98 to 81±0.63 % with respect to 

concentration (25, 50, 75 & 100 µg/mL). In that, 3c exhibited least IC50 value of 29.19±2.20 

µg/mL as compared to standard acarbose (50.81±0.67 µg/mL). The potencies of IC50 values 

varied from 29.19±2.20 to 70.70±2.07 µg/mL and remaining compounds exhibited good % 

inhibition with considerable IC50 values (Fig. 3a).  

The α-glucosidase inhibitory activity results displayed that, the compounds showed % 

inhibition ranging from 42±0.77 to 86±0.84 %. The potencies of IC50 values vary from 

23.33±0.48 to 77.45±0.37 µg/mL. All compounds exhibited well to considerable IC50 values, 

in that compounds 3c & 3d showed best IC50 values of 23.33±0.48 & 24.75±0.16 µg/mL as 

compared to standard acarbose (38.18±0.53 µg/mL) as shown in Fig. 3b.  

Table 2. α-amylase enzyme activity results (%) at different concentrations and IC50 values of 

the synthesized compounds 3(a-d). 

Compd. 
Concentration in µg/mL IC50 

in µg/mL 25 50 75 100 

3a 39±1.27 44±0.91 51±1.06 56±1.34 70.70±2.07 

3b 30±0.98 46±1.13 52±1.27 54±1.27 64.83±4.35 

3c 49±0.77 56±0.91 72±0.70 81±0.63 29.19±2.20 

3d 46±1.27 54±0.98 70±0.49 79±0.63 36.97±4.46 

Acarbose 22±0.70 49±0.84 69±0.77 85±0.84 50.81±0.67 

       Values are Mean ±SE, N=3, *P<0.01 vs. Control 
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Table 3. α-glucosidase enzyme activity results (%) at different concentrations and IC50 values 

of the synthesized compounds 3(a-d). 

Compd. 
Concentration in µg/mL IC50 

in µg/mL 25 50 75 100 

3a 42±0.77 46±1.13 49±0.70 60±0.49 77.45±0.37 

3b 42±0.82 46±1.06 51±0.84 62±0.98 71.40±0.31 

3c 54±0.56 63±0.77 75±0.56 86±0.84 23.33±0.48 

3d 51±0.89 61±0.42 75±0.28 85±0.98 24.75±0.16 

Acarbose 39±0.56 60±0.56 74±0.63 86±0.42 38.18±0.53 

       Values are Mean ±SE, N=3, *P<0.01 vs. Control 

 

 

 

 

 

 

 

 

 

Fig. 3. A graph of IC50 value of compounds 3(a-d) for α-amylase inhibitory activity (a); A 

graph of IC50 value of compounds for α-glucosidase inhibitory activity (b). 

 

7.5.3. SAR study  

SAR study has been carried out for obtained compounds; they exhibited good 

antibacterial and anti-diabetic activity with significant IC50 values. Compound 3d shows the 

highest zoon of inhibition due to the presence of an electron-donating methyl group at the 

para position; it may be reason for the admirable antibacterial activity [37]. The compound 3c 

shows excellent anti-diabetic activity due to the presence of electron withdrawing methoxy 

groups in their ring structure [38].  
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7.5.4. in silico molecular docking study  

For in silico molecular docking study DNA gyrase and exo-β-D-glucosaminidase 

protiens were selected for antibacterial and anti-diabetic activity. Target structures with DNA 

gyrase and exo-β-D-glucosaminidase proteins were shown in Fig. 4 & 5. Docking 

investigation shows, obtained targets established good binding interaction with docking 

receptors.  

The docked structures with DNA gyrase receptor suggested that, targets had significant 

docking scores in the range of -7.2 to -7.6 kcal/mol with respect to standard Gentamycin (-8.8 

kcal/mol). In that, compound 3d shows the least binding energy of -7.6 kcal/mol by forming 

three hydrogen bonds with amino acid residues ASN46, ARG76 and GLY77 in their active 

pockets (Table 4). From the docked structures with exo-β-D-glucosaminidase, compound 3c 

established good binding energy of -7.5 kcal/mol by forming two hydrogen bonds with amino 

acid residues ASP469 & GLU394. Remaining compounds also established good binding 

modes in the range of -7.2 to -7.4 kcal/mol as compared to standard Acarbose (-7.8 kcal/mol) 

and the results were tabulated in Table 5.  

Table 4. Molecular interactions of synthesized compounds 3(a-d) & standard drug 

Gentamycin with DNA gyrase protein. 

Compd. 

Binding 

affinity 

(kcal/mol) 

Hydrogen bond 

interaction 

Hydrogen 

bond 

length in Ǻ 

Hydrophobic and other 

interactions 

3a -7.4 ASN46, ARG136 2.15, 2.43 

ASN46, VAL71, GLU50, 

THR165, VAL43, VAL71, 

VAL167, ALA47, ILE78, 

PRO79 

3b -7.5 
ASN46, GLY77, 

VAL167, GLY77 

2.26, 2.7, 

2.8, 2.42 

GLU50, GLY77, ILE78, 

PRO79, ALA47, ILE78, 

ILE78, PRO79 

3c -7.2 
ASN46, GLY77, 

GLU50 

2.27, 2.77, 

1.9 

ASP73, THR165, GLU50, 

GLY77, ILE78, ALA47, 

VAL71, PRO79, ALA47, 

ILE78, ILE78, PRO79 

3d -7.6 
ASN46, ARG76, 

GLY77 

2.26, 2.82, 

2.25 

ASN46, GLU50, THR165, 

VAL43, VAL71, VAL167, 

ALA47, ILE78, PRO79 

Gentamycin -8.8 
ASN24, ARG47, 

GLY90, SER92 

2.21, 2.31, 

2.37, 2.45 
AGLY22, LEU91 
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Table 5. Molecular interactions of synthesized compounds 3(a-d) & standard drug Acarbose 

with exo-β-D-glucosaminidase protein. 

Compd. 

Binding 

affinity 

(kcal/mol) 

Hydrogen bond 

interaction 

Hydrogen 

bond 

length in Ǻ 

Hydrophobic and other 

interactions 

3a -7.2 ASP469 2.06 
GLU541, TYR516. PHE583, 

TRP653, TRP781, CYS419 

3b -7.4 
TRP204, ARG500, 

ARG500, TRP642 

2.00, 2.24, 

2.11, 1.86 

ASP469, GLU541, TYR516, 

PHE470 

3c -7.5 ASP469, GLU394 1.97, 2.79 

ASP203, GLU541, TYR516, 

PHE583, TRP653, MET512, 

CYS419 

3d -7.3 ASP469, GLU394 2.07, 2.79 

GLU541, TRP781, TYR516, 

TRP781, PHE583, TRP653, 

TRP781, CYS419 

Acarbose -7.8 

GLU431, GLU431, 

MET512, MET512, 

ARG500, ARG500, 

ARG500 

2.45, 2.65, 

2.54, 2.89, 

2.23, 2.85, 

2.64 

ASP469, CYS420, MET512, 

SER580, ILE202, TRP781 
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Fig. 4. 2D, 3D & hydrophobic representation of molecular interactions between DNA gyrase 

protein with synthesized compounds 3(a-d) and standard drug Gentamycin. 
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Fig. 5. 2D, 3D & hydrophobic representation of molecular interactions between exo-β-D-

glucosaminidase with synthesized compounds 3(a-d) and standard drug Acarbose. 
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7.5.5. in silico oral bioavailability assessment and ADME  

Drug-likeness outline can be evaluated through parameters such as molecular weight, 

number of heavy atoms, hydrogen bond acceptors, hydrogen bond donors, rotatable bonds, 

molar refractivity and TPSA. These parameters were calculated for synthesized compounds 

3(a-d) and as tabulated in Table 6. The drug-likeness profiles were calculated based on 

Lipinski, Ghose, Veber, Egan and Muegge rules [39, 40].  

Drug-likeness table indicated that, all the synthesized compounds showed a bioactivity 

score of 55 %. Hence, the compounds obeyed all the five rules without any violations of good 

bioavailability. The synthetic accessibility score is in the range of 2.19 to 2.37 which 

indicates that, the compounds do not have complex synthetic routes (Table 7). 

From the results of lipophilicity parameters, consensus log Po/w and log S values 

indicated that, compounds are soluble in non-aqueous and aqueous medium (if log S < −10: 

poorly soluble, < −6: moderately soluble, < −4: soluble, < −2: very soluble, and < 0: highly 

soluble). Our obtained compounds in the range of -3.07 to -3.62, therefore compounds were 

soluble in nature (Table 8). 

Absorption, skin permeation, distribution, metabolism and excretion parameters were 

predicted for obtained compounds and results indicates that, the compounds have high GI 

absorption with no blood-brain permeant. Therefore, there is no possibility of causing 

harmful toxicants in the brain and bloodstream. Due to the presence of negative log Kp 

values, compounds are less skin permeable (Table 9). 

Metabolism parameters suggested that, the synthesized compounds 3(a-d) were found 

to be non-substrate or non-inhibitor of permeability glycoprotein (P-gp), CYP2C19, 

CYP2C9, CYP2D6 and CYP3A4 inhibitors. Hence, all compounds were found to be 

substrate of CYP1A2 inhibitor and data was tabulated in Table 10. 
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Table 6. Physicochemical properties of the synthesized compounds 3(a-d). 

Compd. Mol. Formula 
Molecular 

Weight 

No. 

Heavy 

atoms 

HBA HBD 
Rotatable 

bonds 

Fraction 

Csp3 

Molar 

Refract

ivity 

TPSA 

in Å² 

3a C13H12ClN3O2 277.71 19 4 2 4 0.15 73.05 75.11  

3b C13H12N4O4 288.26 21 6 2 5 0.15 76.86 120.93  

3c C14H15N3O3 273.29 20 5 2 5 0.21 74.53 84.34  

3d C14H15N3O2 257.29 19 4 2 4 0.21 73.01 75.11  

 

Table 7. Drug likeness, bioactivity and synthetic accessibility score of the synthesized 

compounds 3(a-d). 

Compd. Lipinski Ghose Veber Egan Muegge 
Bioactivity 

Score 

Synthetic 

accessibility 

3a Yes Yes Yes Yes Yes 0.55 2.19 

3b Yes Yes Yes Yes Yes 0.55 2.37 

3c Yes Yes Yes Yes Yes 0.55 2.27 

3d Yes Yes Yes Yes Yes 0.55 2.27 

 

Table 8. Predicted lipophilicity parameters of the synthesized compounds 3(a-d). 

Compd. 
Consensus 

Log Po/w 

Consensus 

Log S 

Solubility 

Class 

3a 2.29 -3.62 Soluble 

3b 0.99 -3.07 Soluble 

3c 1.76 -3.08 Soluble 

3d 2.07 -3.32 Soluble 
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Table 9. Predicted absorption & distribution parameters of the compounds 3(a-d). 

Compd. GI absorption BBB permeant 
Log Kp 

(cm/s) 

3a High Yes -5.91  

3b High No -6.54  

3c High No -6.35  

3d High Yes -5.97  

 

Table 10. Predicted metabolism parameters of the synthesized compounds 3(a-d). 

Compd. P-gp 
CYP1A2 

inhibitor 

CYP2C19 

inhibitor 

CYP2C9 

inhibitor 

CYP2D6 

inhibitor 

CYP3A4 

inhibitor 

3a No Yes No No No No 

3b No Yes No No No No 

3c No Yes No No No No 

3d No Yes No No No No 

 

7.6. Conclusion 

In summary, we have reported a some new 2-[(4-hydroxy-6-methylpyrimidin-2-

yl)amino]-1-(4-substituted)ethanone derivatives 3(a-d) and evaluation of antibacterial, anti-

diabetic and in silico investigations. Antibacterial activity results suggested that, the 

compound 3d exhibited highest zone of inhibition of 16±0.17, 16±0.45, 15±0.79 & 15±0.74 

mm against P. aeroginosa, E. coli, Shigella & Salmonella respectively. Anti-diabetic activity 

results disclosed that, 3c exhibited least IC50 value of 29.19±2.20 µg/mL for α-amylase assay 

and compounds 3c & 3d shows least IC50 values of 23.33±0.48 & 24.75±0.16 µg/mL for α-

glucosidase assay. In silico molecular docking results suggested that, 3d & 3c compounds 

exhibits least binding energy of -7.6 & -7.5 kcal/mol for DNA gyrase and exo-β-D-

glucosaminidase proteins respectively. ADME profiles explained that, our synthesized 

compounds obeyed all five rules, high GI absorption, no blood-brain barrier and less skin 

permeant.  
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a b s t r a c t 

In the present study, a simple and efficient protocol has been developed to synthesize a se- 

ries of new (4-substituted-phenyl)-1,5-dihydro-2H-pyrimido[4,5-d][1,3]thiazolo[3,2a]-pyrimidine-2,4(3H)- 

dione derivatives (4a-g) through L -proline-catalyzed reaction of 2-amino-4-(4-substituted-phenyl)thiazole 

(1), substituted benzaldehyde (2), and barbituric/thiobarbituric acid (3) at a refluxed temperature in aque- 

ous ethanol under mild and metal-free conditions. The obtained compounds were evaluated for in vitro 

cytotoxicity and anti-inflammatory effects. The in silico docking studies provided the probable interactions 

of synthesized compounds with P38 MAP kinase and MMP-9 proteins. The structures of all the synthe- 

sized compounds were confirmed using analytical and spectroscopic techniques. The in vitro cytotoxic- 

ity studies revealed the potential cytotoxic effects of the compounds 4f and 4g. The anti-inflammatory 

studies suggested the prominent anti-inflammatory effects of the compounds 4a and 4g. The SAR stud- 

ies showed the importance of electron-withdrawing groups in enhancing the potency among the tested 

compounds. The results of in silico studies supported our findings from in vitro analysis in terms of drug- 

likeness of the synthesized compounds and their effective interactions with P38 MAP kinase and MMP-9 

proteins envisaging their use as prominent therapeutic agents. 

© 2021 Elsevier B.V. All rights reserved. 

1. Introduction 

Multicomponent one-step reactions (MCRs) are upstanding as a 

valuable tool for synthesizing polyfunctional molecules with high 

competence over multistep synthesis. Globally, it has been ex- 

plored as an efficient tool for preparing several active drugs [1] . 

MCRs offer many advantages as they avoid unnecessary expensive 

purification, high atom economy, toxic reagents, and solvents con- 

sumption [2] . 

Proline is a bifunctional chiral homogenous organocatalyst that 

is cost-effective, efficient, and readily available than any other cat- 

alyst [3] . L-Proline has both acidic ( −COOH) and basic ( −NH) func- 

tionality and catalyzes chemical transformations similar to enzyme 
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catalysis [4] . It is efficient in catalyzing various organic transfor- 

mations [5] , Knoevenagel-type condensation [6] , Biginelli reaction 

[7] , Mannich [8] , Michael [9] , Diels-Alder [10] , α-amination reac- 

tion [11] and asymmetric Hantzsch reaction [12] . 

Heterocyclic compounds, mainly polyfunctionalized heterocy- 

cles (PFHs), are widespread in bioactive natural compounds and 

marketed pharmaceuticals, food and paints, agrochemicals, dyes 

and pigments, electrochemicals, optoelectronic, fluorescence sen- 

sors, and many other application-oriented resources [13–15] . 

Therefore, investigations on the synthesis of PFHs have received 

particular attention. Among the privileged class of various het- 

erocyclic compounds, thiazole and pyrimidine are key moieties 

in medicinal chemistry. The significant pharmacological poten- 

tial of these molecules includes antimicrobial, antioxidant, anti- 

tubercular, anti-inflammatory, antiviral, and anticancer properties 

[16,17] . 
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a b s t r a c t 

We have developed an easy and efficient protocol for the synthesis of a series of some novel substituted- 

(5-hydroxy-3-phenylisoxazol-4-yl)-1,3-dimethyl-1 H -chromeno[2,3- d ]pyrimidine-2,4(3 H ,5 H )-dione/3,3- 

dimethyl-2 H -xanthen-1(9 H )-one derivatives (4a–j) via p -TSA catalyzed reaction of 1,3-dimethylbarbituric 

acid/dimedone, substituted salicylaldehyde/2-hydroxy-nepthaldehyde and 3-phenyl-5-isoxazolone was 

administered in refluxed temperature in the presence of aqueous ethanol. All the obtained compounds 

were evaluated for their therapeutic effect using pharmacological and computational investigations, 

and structures were confirmed using analytical and spectroscopic techniques. Absorption spectra were 

recorded in six different solvents such as polar protic, polar aprotic, and nonpolar solvents, λmax of all 

the compounds are appeared at bathochromic shift towards the longer wavelength due to the π- π ∗ & 

n- π ∗ transitions. The results of pharmacological investigations revealed that the compounds 4c, 4e, and 

4h possess excellent cytotoxicity efficacy, and compounds 4c, 4d, 4h, and 4i have shown better anti-TB 

efficiency. The SAR study shows the importance of the electron-withdrawing group and additional 

phenyl nucleus enhancing the biological potency of the compounds. The results of the in silico molecular 

docking studies revealed that the compounds 4c and 4h effectively interacted with P38 MAP kinase 

(-10.9 kcal/mol) and InhA-Enoyl-Acyl Carrier Protein Reductase (-11.0 kcal/mol), respectively. Further, 

the molecular dynamics (MD) simulation studies revealed that the compounds 4c and 4h stabilized 

the macromolecular structures in terms of RMSD, RMSF, the Radius of gyration, and SASA compared to 

their unbound and standard compound bound structures. DFT study suggested that the compounds are 

chemically and biologically more reactive due to less energy gap. 

© 2022 Elsevier B.V. All rights reserved. 

1. Introduction 

Multi-component reactions (MCRs) afford an exceptionally valu- 

able tool within the field of synthetic chemistry, also as medicinal 

chemistry. These reactions are characterized by their convergence, 

simplicity of implementation, high yield, effectiveness, reducing 

waste, and atom economy. Insight of increasing knowledge within 

the synthesis of fused heterocyclic compounds. The progress of the 
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latest and unnaturally valuable multi-component reactions remains 

a challenge along with academic and industrial research [1–4] . 

Previous reports revealed that isoxazole is an important het- 

erocyclic nucleus, commonly found in various pharmacologically 

active natural products, clinical drugs, and lead compounds [5] . 

Isoxazole derivatives are paid attention in the development of 

heterocyclic chemistry due to their broad spectrum of biologi- 

cal activities such as antimicrobial [6] , anticancer [7] , anti-HIV 

[8] , anti-tuberculosis [9] , anti-inflammatory [10] , neuroprotective 

[11] , anti-diabetic [12] and antidepressant activities [13] . On the 

other hand, isoxazole and its derivatives have also been recog- 

nized as important and useful synthons in organic synthesis [ 14 , 15 ] 

and as organic materials in optoelectronics [ 16 , 17 ]. Because of its 
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a b s t r a c t 

In this work, we report a facile synthesis of a series of substituted-4-hydroxy/methoxy 

benzylidene derivatives ( 3a-i ) via Knoevenagel condensation reaction of different active 

methylene compounds ( 1 ) with 4-hydroxy/methoxy benzaldehyde ( 2 ) under reflux condi- 

tion in aq. EtOH using catalytic amount of TiO 2 NPs. The structures of all the obtained 

compounds were confirmed by analytical and spectroscopic methods and screened for 

their antioxidant and anti-tubercular activities. Antioxidant activity results revealed that, 

the compound 3e with IC 50 value 105.48 μg/mL showed very effective DPPH scavenging 

activity and compound 3h with IC 50 value 129.72 μg/mL exhibited most effective nitric ox- 

ide radical scavenging activity compared to the reference standard BHT and ascorbic acid 

respectively. From the results of anti-TB activity, compound 3b displayed a more sensitiv- 

ity at 25 μg/mL. Furthermore, synthesized compounds were assessed for molecular docking 

studies on the target enzymes Human peroxiredoxin 5 and enoyl-ACP reductase and they 

were emerged has an active antioxidant and anti-TB agents with least binding energy -5.8 

and -8.0 kJ mol −1 respectively. 

© 2021 Elsevier B.V. All rights reserved. 

Specifications Table 

Subject area Bioorganic Chemistry, 

Compounds Substituted-4-hydroxy/methoxy benzylidene derivatives 

Data category Spectral and Biological data 

Data acquisition format UV-visible, IR, NMR and Mass spectra 

Data type Analysed 

Procedure Series of substituted-4-hydroxy/methoxy benzylidene derivatives were synthesized through Knoevenagel 

reaction in presence of TiO 2 NPs and characterized by spectroscopic analysis. Compounds were screened for 

their biological study. 
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Abstract 

A series of 5-(3-substituted-thiophene)-pyrimidine derivatives (3a-d) 

were synthesized via Knoevenagel condensation reaction in aqueous 

ethanol using H2O2:HCl as a catalyst. Their pharmacological effects 

were evaluated. Analytical and spectroscopic methods confirmed the 
structures of the target molecules. The antibacterial activity studies 
revealed that compounds 3b and 3d exhibited the most effective zone 
of inhibition against bacterial strains E. coli and S. aureus, 
respectively. The in vitro cytotoxicity was carried out by MTT assay 
against MCF-7 cell line. The results showed the excellent selectivity 
for all four compounds, among which the compound 3a exhibited re-
markable cytotoxicity with a minimum cell viability range of 23.68 to 
44.16%. The interaction of compounds with calf thymus DNA was de-
termined using UV-absorption spectroscopy. The results confirmed 
that all the synthesized compounds interacted strongly with CT DNA 
through electrostatic or groove binding. In silico ADME-toxicology 
studies indicated that all the molecules under investigation are non-
toxic with good oral bioavailability. The drug-likeness score indicat-
ed that they are suitable as drug-leads. In silico molecular docking 
the specified compound 3b bounds with GlcN-6-P and P38 MAPk with 
a minimum binding energy of –7.9 and –6.4 kcal/mol, respectively. 
DFT study demonstrated that the compound 3d was chemically and 
biologically more reactive due to less energy gap. 

Keywords 
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1. Introduction

Heterocyclic compounds play a predominant role in medic-

inal chemistry and synthetic organic chemistry due to 

their massive biological importance. The synthesis of ni-

trogen and sulphur containing fused heterocyclic com-

pounds with multi-structures in one molecule has attract-

ed the attention of medicinal chemists and researchers 

due to their multifaceted pharmacological activities [1–2]. 

Among them, pyrimidine and thiophene have been recog-

nized as key scaffolds owing to their important biological 

significances and interesting therapeutic properties in-

cluding anti-tubercular [3], anticancer [4], anti-HIV [5], 

antibacterial [6], antifungal [7], antitumor [8], also used 

as potent EGFR inhibitor [9, 10], protein kinase inhibitors 

[11–14] and 5-HT7 receptors [15]. 

Moreover, the heterocyclic compounds increase the 

strength of the molecules by forming hydrogen bonds with 

DNA. Hence, the interactive study of heterocyclic moieties 

with DNA is essential for estimating their anticancer activ-

ity and elucidates the viable mechanism of their action. 

Therefore, DNA binding is considered as an essential ex-

http://chimicatechnoacta.ru/
https://doi.org/10.15826/chimtech.2021.8.4.01
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-9637-3909




KUVEMPU  UNIVERSITY 

Department of P.G. Studies and Research in Chemistry, 

Jnanasahyadri, Shankaraghatta-577451 

Thesis submitted to the Faculty of Science, Kuvempu University 

For the award of  

DOCTOR OF PHILOSOPHY IN CHEMISTRY 

 “Synthesis and biological evaluation of some new 

heterocyclic compounds containing Nitrogen and Oxygen 

atoms” 

Submitted by 

Ms. Sukanya S.H. M.Sc. 

Research Scholar 

Department of P.G. Studies and Research in Chemistry, 

Kuvempu University, Jnanasahyadri,  

Shankaraghatta-577451 

Under the guidance of 

Dr. Talavara Venkatesh M.Sc., Ph.D.

Assistant Professor 

Department of P.G. Studies and Research in Chemistry, 

Kuvempu University, Jnanasahyadri,  

Shankaraghatta-577451 

2022 



“Individual chapters need to be referred for conclusion” 


	01_title
	02_preliminary pages
	02_2_declaration
	02_3_certificate
	02_4_acknowledgement
	02_5_dedication

	03_contents
	04_chapter 1
	05_chapter 2a
	06_chapter 2b
	07_chapter 3
	08_chapter 4a
	09_chapter 4b
	10_chapter 5
	11_chapter 6a
	12_chapter 6b
	13_chapter 7
	14_annexure
	14_1_publications
	14_2_plagiarism report

	80_recommendation

