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Abstract 
 

The Quinazoline-4(3H)-one and its derivatives constitute an important class of 

fused heterocycles that has been extensively studied and used in certain specific 

biological activities. The stability of the quinazolinone nucleus has encouraged 

researchers to introduce many bioactive moieties to this nucleus to create new 

potential therapeutic agents. With progress of time, newer and more complex variants 

of the quinazolinone structures are being discovered.  

Quinazoline-4-(3H)-ones are emerging as new generation drugs, which 

motivated us to study some of their special features. In this study, self association 

property of some 2-substituted-benzo[d][1,3] oxazin-4-ones were explored.  The 

existence of  dimerization in 2-substituted-benzo[d] [1, 3] oxazin-4-was established. 

From the obtained results, attention was drawn towards an apparent paradoxical event 

where aryl C-H---O=C DA-AD pair stabilized the molecular assembly remarkably. 

Inresestingly, this stability was  even found in the solution state. All were found to 

exist in solution as DA-AD pair with remarkable stability which was supported by 

infrared, ultraviolet, NMR and mass spectral studies. Since such DA-AD pair have 

large enough dimerization constant value, it could be regarded as a good model to 

study  other properties of (hyper) polarizable dimers and study of polymorphism in 

solution state.  

In course of our investigation during the synthesis of the 2-substituted-

benzo[d][1,3] oxazin-4-ones (1d),  the existence of two metamorphic forms in solid 

state of the compound were oberved. One polymorph has melting point (mp)81 
0
C 

(Form-I) and the other with mp 188 
0
C (Form-II); where Form-I was capable of 

complete transformation to Form-II on keeping for 15 days at room temperature. On 

the other hand, Form-II was re-converted to Form-I by vacuum sublimation at an 

elevated temperature.  The existence of the compound 1d as two polymorphs was  

thus proved by DSC and PXRD. It was revealed in PXRD that both polymorphs are of 

same chemical constitution, same stacking pattern but only differ in their compactness 

of stacking. As two lone pairs in the carbonyl plane flank the carbonyl oxygen, we 

theorize some change in direction of H-bond may be responsible for the 

metamorphism.  
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Intriguingly,  the dimerization of 2-substituted-benzo[d] [1, 3] oxazin-4-ones 

was found to hinder their antibacterial activity. It was found that  the molar inhibition 

of bacterial growth gradually increased with dilution. The independent contribution 

by monomer and dimer was mathematically calculated. The monomer was found to 

be more active than the dimer. The findings bear considerable relevance in SAR 

studies of similar pharmacophores. 

After uncovering the reasons behind the low antibacterial activity of 2-

substituted-benzo[d][1,3] oxazin-4-ones, we have shifted our interest to explore the 

potential of 3-aryldeneamino-2-phenyl-quinazoline-4(3H)-ones in other biological 

activity. First of all,     In silico studies were performed with an aim to evaluate the 

drug candidature of some quinazoline-4-(3H)–ones in future. The study consisted of 

compounds belonging to quinazoline-4-(3H)-ones. All the studied derivatives have 

qualified the Lipinski’s Rule of Five, CMC like rule, WDI like rule and MDDR like 

rule. Every compound possessed pertinent pharmacological properties based on the 

results of Lipinski’s Rule, hydrophobicity (based on log P value), drug likeliness and 

drug score. Moreover, the compounds have been predicted to have low toxicity value. 

The high drug score and drug likeliness of these derivatives encouraged us to 

carry out molecular docking study with the human dihydrofolate reductase (hDHFR). 

hDHFR was chosen because literature supported that Quinazoline-4(3H)-ones have 

the capability to bind with it. Again, hDHFR, for its metabolic importance, was 

considered as better therapeutic target for cancer. Strikingly, the compounds used in 

this study occupied the same cavity in the protein molecule as seen to be occupied by 

the natural ligand like folic acid or the standard drug methotrexate.  

High binding affinity of these compounds in molecular docking, instigated us 

to perform DHFR inhibition assay in the wet-lab. The synthesized compounds showed 

IC50 value less than that obtained with methotrexate. Two of our compounds, 3d and 

3g, showed four times less IC50 value than methotrexate.  

All the synthesized compounds (1a, 2a and 3a-3j) along with methotrexate and 

curcumin (as a reference drug) were screened for their anti-proliferative activities 

against three cancerous cell lines; HepG2 (human liver cancer cell line), MCF-7 

(human breast cancer cell line) and HeLa (human cervical cancer cell line) using 3-

(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) assay. Among 
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the three cell lines used, HepG2 was found to be the most sensitive against all the 

compounds used. All the cell lines were susceptible to compounds, 3a and 3i. Hence, 

features like drug likeliness, inhibition of hDHFR activity and antiproliferative 

activity of 3-(arylideneamino)-2-phenylquinazoline-4-(3H)-ones were evaluated. 

 

In the journey of a compound to be established as a lead and finally to a drug, 

the problem of solubility is a major challenge for medicinal chemists and formulation 

scientists. The major predicament of Quinazoline-4-(3H)-one derived drugs is their 

low water solubility. In the present study, we have tried to solubilize molecule by 

making a host-guest complex with β-cyclodextrins. Kneaded method was found to be 

the best one to prepare the host guest complex. The compounds and its complexation 

with β- cyclodextrin were analyzed by spectral methods, DSC and PXRD.  The 

encapsulated compound fitted better into the cavity of β-CD and thus improved their 

solubility. Taken together all the results, it was shown that our approach to enhance 

the solubility of quinazoline-4(3H)-one  compounds by β-Cyclodextrin is an easy and 

economical method.  

The present study has therefore generated certain genuine thrust to pursue 

medicinal chemistry research in combating overwhelming human sufferings like 

cancer.  
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PREFACE 

The art to solve mysteries of natural phenomena, afflicts the progress of human 

civilization. Time and again several scientific searches have flip-flopped.  During the past 

years Quinazoline-4(3H)-ones have once again come out as an important nucleus showing 

varied pharmaceutical and biological activities. A few of them are worth mentioning - 

antibacterial and anticancer activities. The tremendous therapeutic potential demonstrated by 

the nucleus prompted us to synthesize and evaluate biological activities of some Quinazoline-

4(3H)-one. This idea has led to pursue the Ph.D. work entitled “Studies on Antiproliferative 

and Antibacterial properties of some Quinazoline-4(3H)-ones and their dimers”.  Our aim 

was to explore the intrinsic impediments of this pharmacophore to achieve better antibacterial 

activity and also to explore their potential as anti-proliferative agents. 

The study was carried out in three sections. First section dealt with the 

characterization of dimerization in 2-substituted-benzo[d][1,3]-oxazine-4(3H)-one. The CH-

O-C H-bond was found to be responsible for self association. This association was also 

established in solution state.  The effect of this dimerization on hindrance of their 

antibacterial activity was also studied. 

In second section, the drug likeliness behaviour and drug score was predicted by In 

silico studies. Again, In silico studies were validated by performing hDHFR activity 

inhibition assay. After validation by measuring inhibition of dihydrofolate reductase enzyme, 

cell-line studies demonstrating the antiproliferative potential of these compounds were done. 

In concluding section of this study, we have tried to increase the solubility of 

Quinazoline-4(3H)-one by forming inclusion complexes with β-cyclodextrins. The formation 

of inclusion complexes were characterized by different spectroscopic and other methods. In 

this way, we have addressed the two major intrinsic problems of Quinzoline-4(3H)-ones as a 

therapeutic agents, first the self association properties of this pharmacophore and the second 

one - the problem of solubility. 
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I. Brief introduction of Benzoxazine 

4H-3,1-benzoxazinones are known for more than a century. They, being found 

in nature, are frequently utilized as suitable skeletons for the design of biologically 

active compounds (El-Mekabaty, 2013). They are also used in organic synthesis for 

building natural and designed synthetic compounds. Hence, they are considered as 

chemical synthons of various physiological significances and pharmaceutical utilities. 

Benzoxazine skeleton is known for their versatility, relative simplicity and 

accessibility, which put them up amongst the most promising sources of bioactive 

compounds (Macias et al., 2006). The general name given to members of this family 

is acylanthranils.  Apparently, they are early synthesized from 2,1- benzisoxazole 

(anthranil) and an acylating agent (Coppola, 1999). The phenyl derivative 1a was first 

synthesized (Friedländer & Wleugel, 1883) and after seventeen years the methyl 

analog 1b was synthesized (Figure 1). Compounds possessing this ring system are 

also found in nature. e.g. Phytoalexins, Avenalumin, Dianthalexins and some 

hydroxylated derivatives (Hofman & Hofmanova, 1969). 

N

O

O

N

O

O

1a 1b  

Figure 1: Structure of (1a) 2-phenyl-benzo[d][1,3]oxazine-4-one; (1b) 2-

methyl-benzo[d][1,3]oxazine-4-one. 
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Table 1: Timeline representing Development of Quinazoline scaffold 

Year Discovery Number of 

Quinazoline 

compounds known 

till date 

1869  Griess prepared the first quinazoline derivative, 

2-cyano-3,4-dihydro-4-oxoquinazoline 
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1887 The name quinazoline (German: Chinazolin) was 

first proposed for this compound by Weddige 

 

1889  Paal and Bush suggested the numbering of 

quinazoline ring system 

1903 More satisfactory synthesis of quinazoline was 

subsequently devised  

1951 The first renowned quinazoline marketed drug – 

Methaqualone is used for its sedative–hypnotic 

effects 

1957 Chemistry of quinazoline was reviewed by 

Williamson 

1959 Chemistry of quinazoline was further reviewed  

by Lindquist 

1963 Brought up to date by Armarego in 1963 

1960-

2010 

More than hundred drugs containing Quinazoline 

moieties have made their way to the market 

 

II. Properties of Benzoxazine 

(a)  Physical properties 

Benzoxazine has the ability to provide effective bleaching at as low as 40°C. It 

is cost effective as well as environment-friendly. Moreover, polybenzoxazines 

showed admirable strong thermal stability and near-zero shrinkage without showing 

any release of volatiles during polymerization. They exhibited low viscosity, no need 

of harsh catalysts, and rich molecular design flexibility (Ambujakshan et al., 2008). 

The flexibility occurred in their molecular design, enable to develop several high 

performance benzoxazines, naphthazozines, phthalonitrile and phenylnitrile functional 

polybenzoxazines (Kim et al., 1999; Brunovska  et al., 2000). 
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      (b) Chemical properties 

4H-3,l-benzoxazin-4-one derivatives can be believed as semi-acid anhydrides 

because  formed by cyclodehydration of acylanthranilic acids. They undergo many 

reactions of true acid anhydrides, but at slower rate (El-Hashash et al., 2012). 

However,   rarely electrophilic reactions on the benzene ring of the benzoxazinone 

nucleus occurred and are probably unnecessary due to the plethora of diversely 

available substituted anthranilic acids.  It is considered that the synthesis of 

electronically unsaturated character of unstable benzoxazinones (4H)-3,1-

benzoxazinones) which are bearing saturated substituents such as CH3, CH2COCH3, 

CH2CN and CH2CH2CO2H at position 2 renders their synthesis difficult.  They are not 

considered as satisfactorily stable rings. But, they are indeed useful intermediates in 

organic synthesis affording through reaction with nitrogen nucleophiles 

4(3H)quinazolinones (Essawy et al., 1982; Mohamed et al., 1981).  

 

   Reactions with hydrazine hydrate (Hydrazinolysis) 

 

Heating 4H-3,1-benzoxazin-4-ones in neat hydrazine hydrate or in pyridine or 

xylene solutions produces the 3-amino-4-quinazolones (Patil et al., 2009; Shweta et 

al., 2009; El-Hashash et al., 2012).  

 

 Figure 2: Heating of benzoxazinone derivatives with hydrazine hydrates 

 

Similarly, heating benzoxazinone derivatives with hydrazine hydrate in n-butanol 

afford 3-aminoquinazolone derivatives (Madkour, 2014). 

 

 Reactions with Oxygen nucleophiles 

  
The simplest and sometimes the most unwanted reaction of some 4H-3,1- 

benzoxazin-4-ones is hydrolysis. Where, the 4H-3,1-benzoxazin-4-ones are 
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exceedingly labile to hydrolysis and the initial cleavage to N-acylanthranilic acids 

parallels that of benzoxazoles to acylarninophenol (Bolotin et al., 1976). 

 

Figure 3: Hydrolysis of benzoxazine-4-one 

III. Brief introduction of Quinazoline-4(3H)-one 

Quinazoline-4(3H)-one and its derivatives constitute an important class of fused 

heterocycles that are found in more than 200 naturally occurring alkaloids. In 1950, 

medicinal chemists started to take interest after the elucidation of a quinazolinone 

alkaloid, 3-[β-keto-g-(3-hydroxy-2- piperidyl)- propyl]-4-quinazolone. This 

quinazolinone derivative was isolated  from Traditional Chinese herbal Dichroa 

febrifuga, which is found to be effective against malaria (Koepfly et al., 1947). 

Quinazolinones are the oxidized form of quinazoline. These structures are defined by 

the location of the oxygen and the oxygen and the hydrogen on the nitrogen (NH). 

Gabriela obtained quinazoline in good yield by oxidation of 3,4-dihydroquinazoline 

with alkaline pottsaium ferricyanide. This fused bicycle compound was earlier known 

as benzo-1,3-diazine. The name quinazoline (German: Chinazolin) was first proposed 

for this compound by Weddige, on observing that this was isomeric with the 

compounds cinnoline and quinoxaline (Asif, 2014). In 1889 the commonly accepted 

numbering for quinazolines and quinazolinone was first adopted by Paal and Buch, as 

suggested by Knorr and designated individual atoms of a ring with numbers. The most 

important class of compounds containing the quinazoline nucleus is composed of 

those compounds, which have hydroxyl group in the 2 or 4 positions in the 

quinazoline ring, adjacent to a heterocyclic nitrogen atom. Those quinazolines having 

a functional group, which is easily derived on conversion to hydroxyl group like 

alkoxy, aryloxy, chloro, amino, thioethers and seleno etc. are also included in 

important class. . Depending upon the position of the keto or oxo group, these 

compounds may be classified into two types: 2-(1H) quinazolinones and 4-(3H) 

quinazolines (Mhaske & Argade, 2006). Thus 4-hydroxyquinazoline, tautomeric with 
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4-keto-3,4-dihydroquinazoline, is commonly named 4(3H)-quinazolone, or simply 4-

quinazoline (Mahato et al., 2011).  

The major subclasses of quinazolinones based on the substituents present on 

different positions are as follows- .  

 2-Substituted-4(3H)-quinazolinones  

 3-Substituted-4(3H)-quinazolinones  

 4-Substituted-quinazolines  

 2,3-Disubstituted-4(3H)-quinazolinones  

N

N

N
H

N

ON

NH

O

N
H

NH

O

Quinazoline 2 (1H) 
quinazolinone

4(3H) quinazolinone 3,4-dihydroquinazolin-2(
1H)-one  

Figure 4: Different types of quinazoline 

 

Among the four quinazolinone structures, 4(3H)-quinazolinones are most 

prevalent, either as intermediates or as natural products in many proposed 

biosynthetic pathways. This is partly due to the structure being derived from the 

anthranilates while the 2(1H)-quinazolinone is predominantly a product of 

anthrailonitrile, or benzamide with nitriles. Through the process of auto-oxidation 

quinazoline precursors can be converted to the corresponding 4(3H)-quinazolinone. 

 

IV. Properties of Quinazolinone/Quinazoline-4(3H)-one 

(a) Physical properties 

Quinazolinones are known for high melting crystalline solids, extremely stable 

to light, heat, and air. It is insoluble in water and in most organic solvents but soluble 

in aqueous alkali, because of tautomerism. They are generally insoluble in dilute acids 
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but are sometimes soluble in concentrated acids. Although, simple 4-(3H)-

quinazolinones are insoluble in dilute acids, but soluble in 6N hydrochloric acid. They 

form stable chloroplatinate, monohydrochlorides,  chloroaurates and picrates . They 

also form stable  metal salts of silver, mercury, zinc, copper, sodium and potassium. 

(Soderbaum & Widman, 1889; Korner, 1900). 

 

(b) Chemical properties  

Despite quinazolinone chemistry being considered to be an established area, 

day by day newer and more complex variants of the quinazolinone structures are still 

being discovered (Shobha & Raju, 2015).  The first reported synthesis of a 

quinazolinone occurred in 1869, which was prepared from anthranilic acid and 

cyanide in ethanol, creating 2-ethoxy-4(3H)-quinazolinone. These findings were 

further confirmed by the synthesis of the derivatives 2-amino-4(3H)-quoinazolinone 

and 2,4(1H,3H)-quinazolinedione by reaction with ammonia and water respectively. 

A strong lactam-lactim tautomeric interaction is observed in  quinazolinones as shown 

in Figure 5 (Weber et al., 2003). This tautomeric interaction can also be observed 

when a 4(3H)-quinazolinone containing a methyl in the 3-position is subjected to 

chlorination with POCl3 , the methyl group is lost and chlorination proceeds (Bogert 

& Seil, 1907) and when the methyl group is present in the 2-position, the  tautomeric 

effect is extended generating an exo methylene carbon. As result of these extended 

tautomeric effects, the reactivity of the substituted-4(3H)-quinazolinones is increased 

(Marr & Bogert, 1935). Hence, the quinazolinones are regarded to be a “privileged 

structure” for drug development and discovery (Cavalli et al., 2009; Akbari et al., 

2013). Moreover, various literatures including Structure activity relationship studies 

of quinazolinone ring system revealed that position 2, 6 and 8 are very much 

important for structure activity studies. It is also suggested that 

chemotherapeutic activity could be increased by attachment of position 3 to 

different heterocyclic rings.  
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N

N

OH

 

Figure 5:  Representation of the different tautomeric forms of 2-methyl-4(3H)-

quinazolinone 

Aromatisation  

When a simple and 2-substituted 4-(3H) quinazolinone is heated with an 

equivalent amount of phosphorous pentachloride in phosphorous oxychloride, the 

corresponding 4-chloroquinazoline is obtained. If a methyl group is present at 3-

position, prohibiting the usual tautomerism, the methyl group is lost during the 

chlorination (Bogert & May, 1909).  

Stability of the ring system  

It was reported that the quinazolinone ring is quite stable towards oxidation, 

reduction and hydrolysis reactions. No reactions of ring degradation via simple 

chemical oxidation were cited till date (Armarego, 1963).  
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 Chemical reactions 

Oxidation  

It is reported that after the absorption of one molecule of hydrogen catalytic 

hydrogenation of quinazoline ended and yields 3,4-dihydroquinazoline (Figure 6) 

(Armarego, 1963). 

N

N H2O

H

N

NH

O

 

Figure 6: Oxidation of Quinazoline 

Reduction 

Reduction with sodium amalgam produce 1,2,3,4-tetrahydroquinazoline. 

However, Lithium aluminum hydride and sodium borohydride gave 3,4-dihydro and 

1,2,3,4- tetrahydroquinazoline. The reduction of 3-methyl-4(3H)-quinazolinone with 

lithium aluminium hydride (LiAIH4) in benzene give 2-Hydro-3-methyl- 4(1H)-

quinazolinone (Figure 7) (Akbari et al., 2013). 

N

N

NH

N

LiAlH4

H

 

Figure 7: Reduction of Quinazoline 

Nitration 

It was observed that on boiling with nitric acid 4(3H)-Quinazolinone give 6-

nitro-4 (3H)-quinazolinone (Figure 8) by substitution. It was also found that on 

further nitration, the second nitro group enters the 8-position to provide 6,8-dinitro 

derivatives. It is reported that under such conditions 2-substituted-4(3H)-

quinazolinones were also behave similarly (Akbari et al., 2013). 
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N

NH

R

O

N

NH

R

O

NO2

N

NH

R

NO2

O2N

O

HNO3

 

Figure 8: Nitration of Quinazolonone 

IV.  Methods of synthesis of 4-(3H) Quinazolinones  

Most of the methods used for the synthesis of 4-(3H)-quinazolinones make use of 

anthranilic acid or one of their functional derivatives as the preparatory materials. 

Pharmacologically, quinazoline particularly quinazolin-4-one or quinazolinone are 

among the most important classes of heterocyclic compounds. Quinazolin-4-one is 

synthesized when the keto group is introduced in the pyrimidine ring of quinazoline. 

Based on this factor, the general methods of synthesis are listed as follows:  

 

(a) Condensation of anthranilic acid with acid amides  

A simple and easy conversion to 4-(3H) quinazolinones can be achieved when  

anthranilic acid is heated in an open container with excess of formamide at 120 °C. In 

this reaction, water is removed and proceeds via an o-amidobenzamide intermediate 

(Scheme 1) (Armarego, 1963). Commonly, this method is known as Niementowski 

synthesis. Howerever, Besson et al modified Niementowski synthesis to improve the 

yields and reaction time by using microwave irradiation techniques (He et al., 2014). 

COOH

NH2

O

HNH2

CO2H

N NH2
N

NH

O

120 oC, 6h

-H2O

+
-H2O

Scheme I: The Niementowski reaction 

(b) Condensation of acetanilides with urethanes  

Another effective conversion is to condense a urethane derivative with aniline 

to give 4-(3H) quinazolinone. 2-methyl-4-(3H) quinazolinone was synthesized by 
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heating of urethane and acetanilide for 3 hours with phosphorus pentoxide in toluene 

(Scheme 2). Quinazolinones may also be synthesized directly from the corresponding 

N-acylanthranilic acid by heating with ammonia or substituted amines. 2-methyl-3-

alkyl-6- nitro- 4-(3H) quinazolinones prepared from N-acyl-5-nitroanthranilic acid 

and a variety of primary amines (Armarego, 1963). 

NH

O O

O

NH2

NH

CH3

O

+ P2O5

heat for 3h

-H2O
 

Scheme II: Synthesis of 2-methyl-4-(3H) quinazolinone 

(c) Condensation of N-acylanthranilic acids with primary amines  

A survey of the literature suggests that 4-(3H) Quinazolinones may also be 

synthesized directly from the corresponding N-acylanthranilic acid by heating with 

ammonia or substituted amines (Scheme 3). Therefore, a variety of primary amines 

and N-acyl-5-nitroanthranilic acid were condensed to synthesize 2-methyl-3-alkyl-6-

nitro- 4-(3H) quinazolinones in good yields (Armarego, 1963). 

COOH

NH2

+

R1C(OR2)3
or

HCOOH

R3NH2+
N

N

O

R2

R1
 

Scheme III: Condensation of anthranilic acids with primary amines 

V. Biological activities of Benzoxazine and Quinazolinone 

 

. (a) Biological activities of benzoxazine-4-one 

  The phytochemists and researchers started to take interest in benzoxazine with 

the first isolation of 2, 4-dihydroxy-2H-1, 4-benzoxazin-3(4H)-one (DIBOA) and 2, 

4- dihydroxy-7-methoxy-(2H)-1,4-benzoxazin-3(4H)-one (DIMBOA) benzoxazine 

derivatives (Macias et al, 2006).  This has led to the discovery of a wide variety of 
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compounds that are of high interest from the point of view of antimicrobial, 

antimycobacterial, antidiabetic and antidepressant effects among others. They possess 

a variety of biological effects including antitubercular (Petrlíkova, 2010) antifungal 

(Shirodkar et al., 2000; Grover & Kini, 2006), antimalarial, anticancer, anti-HIV 

(Grover & Kini, 2006; Habib et al., 2013; Kandale et al.,  2014), antiviral and 

antibacterial activities (Grover  & Kini , 2006; Habib et al., 2013; Ozden et al., 2000). 

They also act as DNA binding agents (Sugiyama et al., 1986) and HSV-1 protease 

inhibitors (Jarves et al., 1996). A literature survey identified several benzoxazine 

derivatives in the development phase as potential new drugs (Siddiquia et al., 2010). 

The 4H-3,1-benzoxazin-4-one core is a key structural fragment in a range of 

biologically active compounds and  led to a number of drugs (Siddiquia et al., 2010). 

They have attracted considerable attention as  inhibitors of Serine proteases. Hays et 

al. have screened a series of 2- substituted 4H-3,1-benzoxazin-4-ones as inhibitors of 

Clr serine protease of the complement system (Hays et al., 1998). 4H-3,1-benzoxazin-

4-ones core linked to heterocycle or heteroaryl were disclosed as Serine hydrolase 

inhibitors. They were also found to be potent elastase inhibitor (Colson et al., 2005; 

Oshida et al., 1992).  

 

 5-Methyl-4H-3,1-benzoxazin-4-one derivatives are accomplished as specific 

inhibitors of Human Leukocyte Elastase (HLE), where they showed strong and highly 

specific inhibition of Human Sputum Elastase (HSE), which is equivalent to HLE 

(Hsieh, 2005).  4H-3,1-benzoxazin-4-one derivatives are accomplished as specific 

inhibitors of Human Leukocyte Elastase (Stein et al., 1987; Krantz et al., 1990; 

Uejima et al., 1993; Arcadi et al., 1999; Hsieh, 2005). Moreover, 2-substituted-4H-

3,1-benzoxazin-4-one derivatives showed good cytotoxic activity (Pavlidis & Perrya, 

1994). A series of 4H-3,1-benzoxazin-4-ones with different aromatic substitution 

pattern were evaluated as HIV-1 Reverse transcriptase inhibitors (Patel et al., 1999).  

2-Aryl-substituted 4H-3,1-benzoxazin-4-ones act as novel active substances for the 

cardiovscular system (Rose, 1991). The benzoxazine derivatives also showed anti-

convulsant activity (Hays et al., 1998). 

 

http://www.tandfonline.com/author/Pavlidis%2C+V+H
http://www.tandfonline.com/author/Perry%2C+P+J
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Moreover, some 2-substituted 4H-3,1-benzoxazin-4-ones are also found to 

lower the levels of cholesterol and triglycerides in plasma, and to raise the proportion 

of total cholsterol carried by high-density lipoproteins (Fenton et al., 1989).   

 

The importance of these 4H-3,1-benzoxazin-4-one also resides in that, these 

compounds are useful precursors for the preparation of other pharmaceutically active 

heterocyclic compounds, mainly quinazoline derivatives (Baumann et al., 2013).  

Extensive structure activity relationship studies suggest that the entire quinazolinon 

structure was required, but activity was further enhanced by halides or small 

hydrophobic substituents at position-6 (Jiang et al., 1990). Particularly, hetero 

substituents and chemically active functional groups on C-2 position affect their 

reactivity and reaction rate. Thus, one of the most important features in (4H)-3,1-

benzoxazinones chemistry is their use as key starting materials for further 

transformations in design and synthesis of biologically active compound (Nikpour et 

al., 2014). 

 

(b) Biological importance of Quinazolin-4(3H)-ones 

The stability of the quinazolinone nucleus has inspired medicinal chemists to 

introduce many bioactive moieties to this nucleus to synthesize new potential 

medicinal agents. The quinazolinone skeleton is a frequently encountered heterocycle 

in medicinal chemistry literature with applications including antibacterial, analgesic, 

anti-inflammatory, antifungal,  antimalarial,  antihypertensive ,  CNS depressant, 

anticonvulsant, antihistaminic, antiparkinsonism, antiviral and anticancer activities 

(Cao et al., 2005; Giri et al., 2009; Helby et al.,  2003; Kadi et al., 2006; Jatav et al., 

2008; Xia et al., 2001; Jessy et al., 2007; Alagarsamy et al., 2006; Asif , 2014). 

However, few quinazolinones were reported for treatment of tuberculosis e.g 3-aryl-

6,8-dichloro-2H-1,3-benzoxazine-2,4(3H)-diones and 3-arylquinazoline-2,4(1H,3H)-

diones are reported  as anti-mycobacterial agents (Mahto et al., 2011). In the last few 

decades quinazoline heterocycles got much importance due to their wide range of 

biological properties.  
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Antileishmanial agents 

Chauhan and co-workers reported four novel series of quinazolinone hybrids 

bearing interesting bioactive scaffolds (pyrimidine, triazine, tetrazole, and peptide). 

Most of the synthesized analogues exhibited potent leishmanicidal activity against 

intracellular amastigotes (Chauhan et al., 2013). The SAR analysis revealed that 

among the synthesized quinazolinone hybrids, quinazolinone pyrimidine, triazine, and 

ferrocene containing quinazolinone peptide displayed potent antileishmanial activity 

(Sharma & Ravani, 2013). 

Anticonvulsant agents 

Gupta and co-workers (Gupta et al., 2013) reported a new series of 2-phenyl-

3- (3-(substituted-benzylideneamino))-quinazolin-4(3H)-one derivatives and screened 

for their anticonvulsant activity against standard models MES (maximal electroshock 

seizure test) for their ability to reduce seizure spread. Zheng and co-workers (Zheng et 

al., 2013) described the syntheses and anticonvulsant activity of 5-

phenyl[1,2,4]triazolo[4,3-c] quinazolin-3-amine derivatives. El-Azab and co-workers 

(El-Azab et al., 2013) designed and synthesized a new series of quinazoline analogues 

and evaluated for their anticonvulsant activity. Khan and Malik (Malik & Khan, 2014) 

reported a new synthesis of quinazolin-4(3H)-one substituted 1H and 2H-tetrazole 

derivatives and evaluated for anticonvulsant screening based on the NIH 

anticonvulsant drug development (ADD) program protocol. Zayed and co-workers 

(Zayed & Hassan, 2014) synthesized some novel derivatives of 6,8-diiodo-2-methyl-

3-substituted-quinazolin-4(3H)-ones and evaluated for their anticonvulsant activity by 

the maximal electroshock-induced seizure and subcutaneous pentylenetetrazole tests. 

The neurotoxicity was assessed using rotarod test. All the tested compounds showed 

considerable anticonvulsant activity in at least one of the anticonvulsant tests.  

Antiinflammatory agents 

Hussain (Hussain, 2013) reported the synthesis of 2,3-dihydro-2-(3,4- 

dihydroxyphenyl) pyrazolo [5,1-b] quinazolin-9(1H)-one and tested for their anti-

inflammatory activity. Eweas and co-workers (Eweas et al., 2013) designed and 

synthesized some novel 2-pyridyl (3H)-quinazolin-4-one derivatives and evaluated for 
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their anti-inflammatory activity. All the tested compounds showed good anti-

inflammatory activity. Saravanan and co-workers (Alagarsamy & Saravanan, 2013) 

synthesized a new series of novel quinazolin-4(3H)-one derivatives and tested for 

their anti-inflammatory activity. A series of novel 2-(2,4-disubstituted-thiazole-5-yl)-

3- aryl-3H-quinazoline-4-one derivatives which became good inhibitors of NF𝜅B and 

AP-1 mediated transcription activation (Giri et al., 2009). Zayed and Hassan 

synthesized some novel 6,8-diiodo-2-methyl-3-substituted-quinazolin-4(3H)-ones 

bearing sulfonamide derivatives and evaluated for  their anti-inflammatory activity by 

carrageenan-induced hind paw edema test using ibuprofen as a standard drug. Among 

the screened compounds, aliphatic side chain bearing compounds were found to be 

more active than those with aromatic ones (Zayed et al., 2014).  

Antitumor Activity 

  Quinazoline scaffold resembles both the purine nucleus as well as the 

pteridine one. As a consequence, some compounds which are able to inhibit the 

purinic (Dempcy & Skibo, 1991) or the folic acid (Martin et al., 1947; Davoll & 

Johnson, 1970; Oatis and Hynes, 1977; Scanlon et al., 1979) metabolic pathways 

were discovered. Structure modification of folic acid has also led to the discovery of a 

number of antifolates as efficient anticancer agents (Nzila, 2006). In an effort to look 

for the possible non-classical antifolates acting as antitumor agents, Cao et al. (2005) 

incorporated the dithiocarbamate moiety with 4(3H)-quinazolinone. Thus, a series of 

4(3H)-quinazolinone derivatives  with dithiocarbamate side chains were synthesized 

and tested for their in vitro antitumor activity against human myelogenous leukemia 

K562 cells by MTT (3-(4,5-dimethylthiazol-2-yl) -2,5- diphenyl-tetrazolium bromide) 

assay. Among them, few exhibited significant inhibitory activity against K562cells 

with IC50 value of 0.5 µM (Cao et al., 2005). 

Antimicrobial Activity 

It is well documented that 4-(3H)-Quinazolinones with 3-substitution are 

associated with antimicrobial properties (Nagarajan et al., 2010). The 3-substitution 

which was reported, bridged phenyl rings, heterocyclic rings and aliphatic systems. It 

was also reported that hydrazine derived Schiff’s bases have potential antibacterial 

activity. In our previous study, we have  synthesized 3-(Arylideneamino)-2-
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phenylquinazoline-4(3H)-ones by placinng two potential bio-active sites, a 

quinazolone moiety as well as a Schiff base in the system to increase biological 

activity. The compounds were found to inhibit the growth of both Gram-positive 

(Staphylococcus aureus 6571 and Bacillus subtilis) and Gram-negative bacteria 

(Escherichia coli K12 and Shigella dysenteriae). We have proposed the promising 

effect of such compounds against Multiple Antibiotic Resistant Gram-negative enteric 

bacteria could lead to the development of new drugs (Nanda et al., 2007). Recently, 

Bouley et al., (2015), have discovered E)-3-(3-carboxyphenyl)-2- (4-

cyanostyryl)quinazolin-4(3H)-one as an antibiotic effective in vivo against 

methicillin-resistant Staphylococcus aureus (MRSA). They also found that this 

antibiotic damage cell-wall biosynthesis by binding penicillin-binding protein (PBP).  

They proposed this as a promise antibiotic in fighting MRSA infections. 

A new series of novel 2-methyl-3-(1’3’4-thiadiazol-2-yl)-4-(3H) quinazoline was 

synthesised by reacting 2-amino-5-aryl/alkyl-1’3’4’-thiadiazoyl with 2-substituted 

benzoxazin-2-one (Jatav et al., 2008). These compounds possessed antibacterial 

activity on Staphylococcus aureus, Bacillus subtilis and Escherichia coli. Antifungal 

activity was screened against Candida albicans, Aspergillus niger and Curvularia 

lunata. Moreover, synthesized compounds showed both antibacterial and antifungal 

activity.  

 

VI. Quinazoline-4(3H)-ones drugs available in market 

The limitation of the drug agents is not only the rapidly emergence of drug 

resistance but also the drug side effects. This fact creates a crisis in the usage of 

antimicrobial drugs. The unsatisfactory status of the present drugs has forced 

scientists to develop new antibacterial agents having broad antimicrobial spectrum.  

Moreover, in the present scenario, it has become imperative to resolve the setback of 

emergence of microbial resistance towards conventional antimicrobial agents and also 

to minimize the side effects of existing drugs. 

It is well known that quinazolinone skeleton containing drugs have been 

considered as very important class of therapeutic agents; hence large number of 

quinazoline compounds were synthesized and evaluated for their different biological 

activities. This rapid development indicates that there will be more quinazoline 
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derivatives in clinical trials in the near future. These compounds are likely to surpass 

the available organic based pharmaceuticals in the very near future. The first 

renowned quinazoline marketed drug – Methaqualone is used for its sedative–

hypnotic effects since 1951 (Mhaske & Argade ,2006). Presently, a large number of 

quinazoline derivates are patented and available in market as potential drug for 

various diseases. The following table lists out a few marketed quinazolinone drugs 

used for treatment of various diseases (Table 2). 

Table 2- Some marketed available drugs contain quinazolinone moiety 

S.n

o 

Drug  IUPAC Name Activity Reference

s 

1 Afloqualone 6-amino- 2(fluoomethyl)- 3-

(2-methylphenyl) 

quinazolin- 4-one 

Sedative, 

Hypnotic, 

Anticancer, Anti-

Anxiety Agents 

Ochiai 

and  

Ishida , 

1982; 

Chen et 

al, 2006 

2 Albaconazole 7-chloro-3-[(2R,3R)- 3-(2,4-

difluorophenyl)-3-hydroxy-

4-(1,2,4-triazol- 1-yl)butan-

2-yl]quinazolin-4-one 

Antifungal Sorbera et 

al, 2003 

3 Balaglitazone 5-[[4- [(3,4-dihydro-3-

methyl-4-oxo-2-

quinazolinyl) 

methoxy]phenyl]methyl]-

2,4-thiazolidinedione 

Peroxisome 

proliferator-

activated receptor 

(PPAR) gamma 

agonist , 

Antidiabetic  

Henriksen 

et al, 

2009; 

Henriksen 

et al, 

2011  

4 Cloroqualone 3-(2,6-Dichlorophenyl)-2-

ethyl-4-quinazolinone 

Sedative 

 

Ochiai 

and  

Ishida , 

1982; 

Chen et 

al, 2006 

5 Diproqualone 3-(2,3-dihydroxypropyl)-2-

methyl-quinazolin-4-one 

Analgesic, 

Antihistamine, 

Rheumatoid 

Arthritis 

Audeval 

et al, 

1988; 

Chen et 

al, 2006 

6 Etaqualone 3-(2-ethylphenyl)-2-methyl-

quinazolin-4-one 

Sedative, Hypnotic 
 

Parmar et 

al, 1969 

7 Fluproquazone 4-(4-fluorophenyl)-7-

methyl-1-propan-2-

ylquinazolin- 2-one 

 
Antipyretic 
activity, 
NSAID 
 

Mohing 

et al, 

1981; 

Wheatle

y, 1982 



Review of Literature 
 

 Page 17 
 

8 Halofuginone 7-Bromo-6 chloro-3-[3-

[(2S,3R)-3-hydroxy-2- 

piperidinyl]-2-oxopropyl]-4-

quinazolinone 

 

 Antitumor, 

Autoimmune 
disorders 

Sundrud 

et al, 

2009 

9 Isaindigotone 3-[(3,5-dimethoxy-4-

oxocyclohexa-2,5-dien-1-

ylidene)methyl]-2,4-

dihydro-1H-pyrrolo[2,1-

b]quinazolin-9-one 

Acetylcholinestera

se and 

butyrylcholinester

ase  

 

Tan et al, 

2009 

10 Ispinesib N-(3-aminopropyl)-N- 

[(1R)-1-[7-chloro-3,4-

dihydro-4-oxo-3- 

(phenylmethyl)-2-

quinazolinyl]-2-

methylpropyl]- 

4-methyl-benzamide 

Anticancer Blagden 

et al, 

2008 

11 Methaqualone 2-methyl-3-o-tolyl-4(3H)-

quinazolinone 

Hypnotic 
 

Smith et 

al, 1973 

12 Nolatrexed 2-Amino-6-methyl-5- (4-

pyridylthio)-1H-quinazolin-

4-one 

Thymidylate 

synthase inhibitor, 

Anticancer 

Andy et 

al, 2012 

13 Piriqualone 3-(2-methylphenyl)-2-[(E)-

2-pyridin-2-

ylethenyl]quinazolin-4-one 

Anticonvulsant Koe et al, 

1986 

14 Quinethazone 7-chloro-2-ethyl-4-oxo-

1,2,3,4-

tetrahydroquinazoline-6- 

sulfonamide 

 
Antihypertensi
ve 

Cohen et 

al, 1960 

15 Raltitrexed N-[(5-{methyl[(2-methyl-4-

oxo-1,4-dihydroquinazolin- 

6-yl)methyl]amino}-2-

thienyl)carbonyl]-L-

glutamic acid 

 

Anticancer Wideman

n et al, 

1999 

16 Tempostatin 

 

7-bromo-6-chloro-3-[3-

[(2R,3S)-3-hydroxy-2-

piperidyl]-2-oxo-

propyl]quinazolin-4-one 

 
inhibiting the 
deposition of 
collagen 

Asif, 

2014 

17 Tiacrilast (E)-3-[6-(Methylthio)-4-

oxoquinazolin-3(4H)- 

yl]propenoic acid 

 
Antiallergic Welton et 

al, 1986 

18 Rutaecarpine 8,13-

Dihydroindolo[2',3':3,4]pyri

do[2,1-b]quinazolin-5(7H)-

one  

 
Alzheimer’s 

disease 

Decker, 

2005 

19 Proquazone 1-Isopropyl-7-methyl-4-

phenyl-2(1H)-quinazolinone 

 
non-

steroidal 
anti-

inflammator
y potential 

Mohri, 

2001 
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20 Fluproquazone 4-(4-Fluorophenyl)-1-

isopropyl-7-methyl-2(1H)-

quinazolinone 

 
non-

steroidal 
anti-

inflammator
y potential 

Mohri, 

2001 

21 Diproqualone 3-(2,3-dihydroxypropyl)-2-

methyl-quinazolin-4-one 

 
analgesic 

effects 

Mohri, 

2001 

 

In addition to all these, the other quinazoline marketed drugs are Gefitinib, 

Erlotinib, Trimetrexate, Vandetanib, Evodiamine, Dacomitinib, Barasertib, Cediranib, 

Elinogrel, Letermovir, Milciclib, Sotrastaurin, Tandutinib, Varlitinib etc (Selvan & 

Kumar, 2011). 
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Chapter 1 

Synthesis of 2-substituted-benzo[d][1,3]oxazin-4-ones and 

Quinazoline-4(3H)-ones 
 

1.1 General Remarks:  

The commercially available aldehydes, ketones, acyl chlorides and amines needed for 

ligand synthesis were used without further purification and were procured from Merck. 

Other reagents were purchased from the companies Across, Sigma-Aldrich, Merck and 

Thomas Baker.  
1
H and spectra were recorded on a Bruker Avance 300 

spectrophotometer (300MHz). C NMR spectra were recorded on a Bruker Avance 300 

spectrometer (75 MHz) Chemical shifts were quoted in parts per million (ppm) 

referenced to the appropriate solvent peak or 0.0 ppm for tetramethylsilane. Coupling 

patterns are described by the following abbreviations: s (singlet), d (doublet), t (triplet), q 

(quarter), m (multiplet). Solvents are specified in each case.  The NMR peak assignments 

have been done by using TOCSY, COSY, HSQC and HMBC. The electrospray mass 

spectra were recorded on a MICROMASS QUATTRO II triple quadruple mass 

spectrometer. The ESI capillary was set at 3.5 kV and cone voltage was 40 V. The 

DART-MS was recorded on a JEOL-AccuTOF JMS-T100LC Mass spectrometer. Dry 

Helium was used with 4 LPM flow rate for ionization at 350 
o
C. Infrared spectra were 

recorded on a FTIR-8300 SHIMADZU spectrophotometer in the 4000-400 cm
-1

 region as 

KBr pellets. Only characteristics absorption bands are reported. Absorptions are given in 

wave number (cm
-1

); abbreviations: s= strong, m= medium, w= weak, b= broad.  UV/VIS 

spectra were taken on a JASCO V-530 UV/VIS spectrophotometer. A thermostatic 

controlled water bath was attached to the spectrophotometer to carry out temperature 

dependent spectra. DSC studies were carried out in the 30-230
o
C temperature range at a 

heating range of 5
o
C per min on a Perkin Elmer Pyris D6 Differential Scanning 

Calorimeter. The phase contrast microscopic images were carried out in OLYMPUS CK 

– 40. The curve fitting for the studies were done using ORIGIN 6.1, owned by 
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Department of Physics, North Bengal University. Quantum mechanical calculations have 

been carried out on a Desk Top PC with an intel Pentium IV Core 2 Duo processor. The 

semi empirical program package MOPAC 2000 (Fujitsu) program, in Chem 3D Ultra 8.0 

Graphic interface under CambridgeSoft software Chem Office 3D Ultra 8.0 Graphic 

interface under CsmbridgeSoft software Chem Office Ultra 2004 was used for 

visualization. For each compound, computations were carried out with the PM3 method. 

The semi-empirical (MOPAC) method for the quantum mechanical calculations was. The 

molecular structures obtained in this were used in a configurational interaction 

calculation to compute dipole moments, bond orders, and electronic transition energy. 

1.2. General Synthetic Procedures and Analytical Data: 

1.2.1 General procedure for the synthesis of 2-substituted-benzo[d] [1, 3] oxazin-4-

ones (1a-1d)   

The synthesis of 2-substituted-benzo[d] [1, 3] oxazin-4-ones was carried out by following 

the previous reported methods. (Niementowski, 1895; Bain & Smalley, 1968). 

NH2

+ Acyl Chloride
Pyridine

Stirring 2 hrs N

O

O

R

COOH

 

 

Scheme 1.1: 2-Substituted benzo[d] [1, 3] oxazin-4-ones.[R=phenyl(1a); p-Me-

phenyl(1b); p-Cl-phenyl(1c); methyl(1d)]  

1.2.1.1 Synthesis of 2-phenyl benzo[d] [1, 3] oxazin-4-one (1a). 

A mixture of anthranilic acid (2-aminobenzoic acid) MW- 113.14 (0.03 mole i.e 

4.01g) and benzoyl chloride (0.06 mole, 8.4 g) was dissolved in pyridine (60 ml). The 

mixture was stirred for 2 hours with occasional cooling. The mixture was diluted with 

water (300ml) when light brown solid separates out. It was filtered and washed. The 

product was dried and recrystallized from ethanol. 
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N

O

O

 

(1) 

 

Yield 78%; Light Yellow solid;  m.p. 120
o
C 

Anal. Calcd for (C14H9NO2): C, 75.33; H, 4.06; N, 6.27. Found: C, 75.86; H, 4.23; N, 

6.02 

1
HNMR (300 MHz, CDCl3): δ 8.33 (5-H); δ 8.31 (7-H); δ 7.84 (8-H); δ 7.72 (6-H); δ 

7.56 (2’-H); δ 7.51 (3’-H); δ 7.26 (4’-H). 

13
CNMR (300 MHz, CDCl3): 158.78 (C-4); 156.35 (C-2); 146.20 (C-8b); 136.79 (C-7); 

132.65 (C-5); 129.98 (C-4’); 128.93 (C-1’); 128.52 (C-2’); 127.99 (C-3’); 127.74 (C-6); 

126.85 (C-8); and 116.86 (C-5a). 

m/z found for (C14H9NO2): 224(M+1), 246 (M+Na), 469 (2M+Na).  

1.2.1.2 Synthesis of 2-p-tolyl-benzo[d] [1, 3] oxazin-4-one (1b). 

The toulic acid MW- 136.15 (0.11 mole) was taken in a round bottom flask and 

thionyl chloride was added in a less amount to dissolve the toulic acid. During the 

addition of thionyl chloride, HCl fumes released. When the fumes became less, the 

solution was heated until it dissolved. Following dissolution, the solution was refluxed 

for 30 minutes at low temperatures because at high temperature solution churns to brown 

colour. After reflux, the excess solvent was distilled out and the remaining liquid tolyl 

chloride in round flask was collected.  

The stirred solution of anthranilic acid (0.11mole) in pyridine (60ml), tolyl 

chloride was added dropwise, maintaining the temperature near 0-5 
o
C for 1 hour. The 

reaction mixture was stirred for another 2h at room temperature until a solid product was 
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formed. The reaction mixture was neutralized with NaHCO3 solution and the pale yellow 

solid, which separated, was filtered. Finally the product was recrystallized from ethanol 

after washing with water 

N

O

O

CH3  

(2) 

 

Yield 82%; Light Yellow solid;  m.p. 152.7
o
C

  

Anal. Calcd for (C15H11NO2): C, 75.94; H, 4.67; N, 5.90. Found: C, 75.36; H, 4.84; N, 

5.54 

1
HNMR (300 MHz, CDCl3): δ 8.25 (5-H); δ 8.19 (7-H); δ 7.85 (8-H); δ 7.79 (6-H); δ 

7.69 & δ 7.52 (2’-Hs); δ 7.33 & δ 7.26 (3’-Hs); δ 2.45 (CH3);  

13
CNMR (300 MHz, CDCl3): 159.71 (C-4); 157.37 (C-2); 147.16 (C-8b); 143.44 (C-4’); 

136.53 (C-7); 129.53 (C-5); 128.59 (C-3’); 128.35 (C-2’); 128.02 (C-6); 127.46 (C-1’); 

127.10 (C-8); 116.96 (C-5a) and 21.70 (CH3). 

 m/z found for C15H11NO2: 238(M+1), 260 (M+Na), 497 (2M+Na).  

1.2.1.3 Synthesis of 2-p-chlorophenyl-benzo[d] [1, 3] oxazin-4-one (1c). 

The thionyl chloride was added in a less amount to p-chlorobenzoic acid MW- 

156.56 (0.11 mole). The p-chlorobenzoic acid was dissolved in thionyl chloride after 

heating. The solution was then refluxed for 30 minutes at low temperatures. The excess 

solvent was distilled out after reflux and the remaining liquid p-chloro benzoyl chloride 

was collected. The stirred solution of anthranilic acid (0.11mole) in pyridine (60ml), p-

chloro benzoyl chloride was added dropwise, maintaining the temperature near 0-5 
o
C for 

1 h. The reaction mixture was stirred for another 2 hours at room temperature until a solid 



Chapter 1 

 

Synthesis of 2-substituted-benzo[d][1,3]oxazin-4-ones and Quinazoline-4(3H)-ones  Page 23 
 

product was formed. The reaction mixture was neutralized with NaHCO3 solution and the 

pale yellow solid, which separated was filtered. Finally it was recrystallized from ethanol 

after washing with water. 

 

N

O

O

Cl  

(3)
 

Yield 79%; Light Yellow solid; m.p.- 188.8
o
C 

Anal. Calcd for (C14H8ClNO2): C, 65.26; H, 3.13; N, 5.44. Found: C, 65.73; H, 3.89; N, 

5.03 

1
HNMR (300 MHz, CDCl3): δ 8.20 (5-H); δ 8.18 (7-H); δ 8.15 (8-H); δ 7.96 (6-H); δ 

7.74 & δ 7.70 (2’-Hs); δ 7.66 (3’-H) & δ 7.64 (3’-Hs);  

13
CNMR (300 MHz, CDCl3): 158.61 (C-4); 155.51 (C-2); 146.02 (C-8b); 137.47 (C-4’); 

136.83 (C-7); 129.50 (C-3’); 129.11 (C-2’); 128.91 (C-1’); 128.69 (C-5); 128.02 (C-6); 

126.86 (C-8) and 116.90(C-5a).  

m/z found for (C14H8ClNO2): 258 (M+1), 280 (M+Na), 537 (2M+Na).  

1.2.1.4 Synthesis of 2-methyl benzo[d] [1, 3] oxazin-4-one (1d)  

A solution of anthranilic acid and acetic anhydride (1mole in 0.5L) was refluxed 

for 2hrs. The excess solvent was removed by distillation. The residual brown gummy 

slurry when subjected to vacuum distillation in the range of 120
o
C-130

o
C at about 

8mmHg pressure; the slurry melted and white needle shaped crystals are deposited 

throughout the condenser and the receiving flask. Yield was about 85%.The solid was 

recrystallized from dry hexane as long white dense needle.  In a separate batch of 
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preparation it was resublimed in vacuum to get the needle shaped crystals (m.p- 81.9
o
C, 

lit mp-81-82
o
C).

 

N

O

CH3

O

 

(4) 

Yield 84%; White solid; m.p.- 81.9
o
C

  

Anal. Calcd for (C9H7NO2): C, 67.07; H, 4.38; N, 8.69. Found: C, 67.56; H, 3.98; N, 

8.33. 

1
HNMR (300 MHz, CDCl3): δ 8.73 (5-H); δ 8.12 (7-H); δ 7.60 (8-H); δ 7.14 (6-H); δ 

2.27(CH3); 

13
CNMR (300 MHz, CDCl3): 171.47 (C-2); 169.43 (C-4); 142.04 (C-8b); 135.64 (C-7); 

131.72 (C-5); 122.73 (C-6); 120.53 (C-8); 113.78 (C-5a) and 25.52 (-CH3).  

m/z found for (C9H7NO2): 160(M), 161(M+1), 162(M+2), 180(M+H2O+H
+
), 

359(2M+2H2O+H
+
).  

1.2.2 Synthesis of 3-amino-2-phenyl-quinazoline-4(3H)-one (2a):  

To an ethanolic solution of 2-phenyl-3,1-benzoxazin-4-(3H)-one (1gm, 4.22 

mmole), hydrazine hydrate 98% (1.5ml) was added and the mixture was heated in a water 

bath for about 3 hours. The flask containing the reaction mixture was cooled and the solid 

thus formed was filtered and washed with water. The air dried product was recrystallized 

from ethanol. Purity of the compound was checked by TLC using benzene and ethyl 

acetate as mobile phase in ratio of 7:3.  
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Scheme 1.2: Synthesis of 3-amino-2-phenyl-quinazoline-4(3H)-one 

Yield 76%; Brownish Yellow solid; m.p.- 220 oC;  

Anal. Calcd for (C20H16N2O4): C, 68.96; H, 4.63; N, 8.04. Found: C, 68.44; H, 4.92; N, 

7.89. 

1
HNMR (300 MHz, CDCl3): δ 8.73 (5-H); δ 8.12 (7-H); δ 7.60 (8-H); δ 7.14 (6-H); δ 

2.27(CH3); 

13
CNMR (300 MHz, CDCl3): 171.47 (C-2); 169.43 (C-4); 142.04 (C-8b); 135.64 (C-7); 

131.72 (C-5); 122.73 (C-6); 120.53 (C-8); 113.78 (C-5a) and 25.52 (-CH3).  

IR (KBr, cm
-1

): 2944, 1760, 1750, 1645, 1605, 1472, 1464, 1320, and 1008 

m/z found for (C20H16N2O4): 349(M+1), 350(M+2), 407(M+2H2O+Na).  

 1.2.3 Synthesis of 3-(Arylideneamino)-2-phenylquinazoline-4(3H)-ones (3a-j): 

A mixture of 3-amino-2-phenylquinazolin-4(3H)-one (0.01 mole), appropriate 

aromatic aldehyde (0.01 mole) and ethanol (20 mL) was refluxed for 4-6 hours. The 

resulting mixture was cooled and poured into ice water. The separated solid was filtered, 

washed with water and recrystallized from ethanol.  



Chapter 1 

 

Synthesis of 2-substituted-benzo[d][1,3]oxazin-4-ones and Quinazoline-4(3H)-ones  Page 26 
 

NH2
N

O

O

COOH

N

N

O

NH2

N

N

O

N

R

Cl

O

Pyridine

Stirring 2 hrs

NH2-NH2

4 hrs reflux

Substitueted benzaldehyde

Reflux 4hrs 
Ethanol

+

 

Scheme 1.3: Synthesis of the 3-(Arylideneamino)-2-phenylquinazoline-4(3H)-ones 
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3-(Arylideneamino)-2-phenylquinazoline-4(3H)-one 

(5) 

3-{[(2-Hydroxyphenyl)methylene]amino}-2-phenylquinazolin-4(3H)-one (3a)  

Yield 76%; mp- 144 
o
C;  Rf 0.77; 

 
1
H-NMR: 6.69 (H- 5”), 6.9 (H-3”), 7.35 (H-4”), 7.35 (H-6”), 7.4 (H-4’), 7.48 ( H-3’), 

7.56 (H-6), 7.6 (H-8), 7.6 (H-7), 7.81 (H-2’), 8.36 (H-5), 9.19 (s, 1H, H-C=N), 9.99 (OH, 

H-bonded), 7.8 Hz (J56); 

 
13

C-NMR: 116.42 (C-1”), 117.50 (C-3’’), 119.69 (C-5”), 121.46 (C-4a), 127.32 (C-8), 

127.39 (C-6), 128.00 (C-2’),128.97 (C-5), 130.34 (C-3’), 132.5 (C-6”), 133.33 (C-4’), 

134.19 (C-4”), 134.84 (C-7), 146.37 (C-8a), 153.63 (C-2), 159.14 (C-4), 159.74 ( 

=C(OH)-, C-2”), 164.75 (H-C=N), C-1’ quaternary peak not observed;  
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IR (KBr, cm
-1

) : 3200-3100, 1681.8, 1604.7, 1467.7; 

m/z found for (C21H15N3O2): 342 (M+1); 

Anal. Calcd. for C21H15N3O2: C, 73.89%; H, 4.45%; N, 12.31%; found: C, 74.10%; H, 

4.45%; N, 12.28%. 

 

3-{[(4-Methoxyphenyl)methylene]amino}-2-phenylquinazolin-4(3H)-one (3b)  

Yield 75%; m.p. 140°C; Rf 0.75; 

1
HNMR: 3.84 (s, 3H, methoxy protons), 7.37 (H-3’/ H-4’), 7.40 (H-3”), 7.46 (H-8), 7.53 

(H-6), 7.78 (H- 2”), 7.80 (H-7), 7.84 (H-2’), 8.36 (H-5), 8.87 (1H, s, H-C=N-N); 

 
13

C-NMR: 55.40 (-O-CH3), 114.34 (C-3”), 121.48 (C-4a), 125.89 (C-1”), 126.90 (C-8), 

127.26 (C-2’), 127.70 (C-6), 127.88 (C-5), 129.89 (C-2”), 129.90 (C-4’), 130.75 (C-3’), 

134.39 (C-7), 134.67 (C-1’), 146.50 (C-8a), 159.40 (C-4), 163.08 (=C(OCH3)-,C-4”), 

164.0 (C-2), 166.55 (H-C=N);  

m/z found for (C22H17N3O2): 356(M+1) 

IR (KBr, cm
-1

): 1679.9, 1602.7, 1448.4, 1494.7, 1257.5, 1170.7 

Anal. Calcd. for C22H17N3O2: C, 74.35%, H, 4.82%, N, 11.82%; found: C, 74.40%, H, 

4.90%, N, 11.78%. 

 

3-{[(4-Fluorophenyl)methylene]amino}-2-phenylquinazolin-4(3H)-one (3c)  

Yield 68%; m.p. 166°C; Rf0.73; 

 
1
H-NMR: 7.1 (H-4”), 7.41 (H-3’), 7.45 (H-4’), 7.49 (H-6), 7.53 (H-8), 7.54 (H-2”), 7.7 

(H- 2’), 7.8 (H-7), 8.3 (H-5), 9.04 (s, 1H, H-C=N); 7.8 Hz (J56), 0.9 Hz (J57), 0Hz (J58), 

6.3 Hz (J67), 1.8 Hz (J68), 8.7 Hz (J2”3”);  

13
C-NMR: 166.30 (=C(F)-, C-4”), 164.84 (H-C=N), 153.97 (C-4), 153.90 (C-2), 146.60 

(C-8a), 134.55 (C-1’), 134.15 (C-7), 131.00 (C-2”), 130.89 (C-4’), 130.50 (C-1”), 129.30 

(C- 2’), 128.98 (C-3’), 127.68 (C-6), 127.20 (C-5), 126.79 (C-8), 121.50 (C-4a), 116.33 

(C-3”); 

m/z found for (C21H14N3OF):  344(M+1);   

IR (KBr, cm
-1

): 1674.1, 1614.3, 1593.1, 1554.5, 1537.2, 1469.7, 1373.2, 1184.2; 

Anal. Calcd. for C21H14N3OF: C, 73.46%, H, 4.11%, N, 12.24%; found: C, 73.50%, H, 

4.10%, N, 12.18%. 
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3-{[4-Dimethylaminophenyl)methylene]amino}-2-phenylquinazolin-4(3H)-one (3d)  

Yield 70%; m.p. 178°C; Rf 0.8;  

1
H-NMR: 3.04 (-N-CH3), 6.66 (H-3”), 7.40 (H-3’ and H-4’), 7.58 (H-6 and H-2”), 7.79 

(H-8 and H-2’), 7.80 (H-7), 8.36 (H-5), 8.67 (s, 1H. H-C=N); 8.7 Hz (J56), 0.9 Hz (J57), 0 

Hz (J58), 7.5 Hz (J67), 9.0 Hz (J2”3”);  

13
C-NMR: 187.65 (H-C=N), 159.80 (C-4), 154.07 (C-2), 153.06  (=C(N(CH3)2), C-4”), 

146.66 (C-8a), 134.80 (C-1’), 134.15 (C-7), 130.72 (C-2”), 129.70 (C-4’), 129.30 (C-2’), 

127.89 (C-3’), 127.68 (C-3), 127.20 (C-5), 126.79 (C-8), 121.58 (C-1”), 120.30 (C-4a), 

111.52 (C-3”), 40.13 (-N-CH3);  

IR (KBr, cm
-1

): 1681.8, 1589.2, 1556.4, 1508.2, 1456.2, 1375.2, 1328.9, 1313.4;  

m/z found for (C23H20N4O): 344(M+1) 

Anal. Calcd. for C23H20N4O: C, 74.98%, H, 5.47%, N, 15.2%; found: C, 74.99%, H, 

5.50%, N, 15.13%. 

 

3-{[4-Chloroyphenyl)methylene]amino}-2-phenylquinazolin-4(3H)-one (3e) 

Yield 72%; m.p. 162°C; Rf 0.81;  

1
H-NMR: 7.37 (H-3’), 7.42 (H-4’), 7.49 (H-6), 7.53 (H-8), 7.54 (H-3”), 7.68 (H-2”), 

7.80 (H-7), 7.82 (H-2’), 8.36 (H-5), 9.10 (s, 1H, H-C=N);  

13
C-NMR: 121.47 (C-4a), 127.16 (C-8), 127.33 (C-2’), 127.88 (C-6), 127.93 (C-5), 

129.24 (C-3’), 129.77 (C-3”), 129.92 (C-4’), 130.00 (C-2”), 131.36 (C-1”), 134.36 (C-

1”), 134.78 (C 7), 138.46 (=C(Cl)-, C-4”), 146.47 (C-8a), 154.00 (C-2), 159.22 (C-4), 

164.40 (H-C=N);  

IR (KBr, cm
-1

): 1679.9, 1591.2, 1554.5, 1377.1;  

m/z found for (C21H14N3OCl): 360(M+1);  

Anal. Calcd. for C21H14N3OCl: C, 70.10%; H, 3.92%; N, 11.68%; found: C, 70.20%; H, 

4.10%; N, 11.62%. 

 

3-{[3-Methoxyphenyl)methylene]amino}-2-phenylquinazolin-4(3H)-one (3f)  

Yield 75%; m.p. 134°C; Rf 0.67;  
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Anal. Calcd. for C22H17N3O2: C, 74.35%; H, 4.28%; N, 11.82%; found: C, 74.45%; H, 

4.35%; N, 11.78%. 

 

1
HNMR: 3.74 (s, 3H, methoxy protons), 7.30 (H-4”), 7.40 (H-2”), 7.43 (H-3’), 7.45 (H-

4’), 7.55 ( H-5”/ H-6”), 7.62 (H-6), 7.69 (H-8), 7.72 (H-7), 7.82 (H-2’), 8.37 (H-5), 9.09 

(s, 1H, H-C=N-N);  

13
C-NMR: 111.74 ( C-2”), 119.15 ( C-4”), 121.56 (C-4a), 121.76 ( C-6”), 122.33 (C-8), 

127.08 (C-6), 127.31 (C- 5), 127.87 (C-2’), 128.17 ( C-5”), 128.18 (C-3’), 129.84 (C-4’), 

134.22 (C-1’), 134.51 (C-7), 134.88 (C-1”), 146.51 (C-8a), 154.13 (C-2), 159.27 (C-4), 

159.86 (=C(OCH3), C-3”), 165.52 ( H-C=N);  

IR (KBr, cm
-1

): 1679.9, 1575.7, 1465.8, 1367.4, 1317.3, 1276.8; 

m/z found for (C22H17N3O2): 356(M+1); 

 

3-{[(4-Hydroxyphenyl)methylene]amino}-2-phenylquinazolin-4(3H)-one (3g) 

Yield 76%; m.p. 167°C; Rf 0.63;  

Anal. Calcd. For C21H15N3O2: C, 73.89%; H, 4.43%; N, 12.31%; found: C, 73.99%; H, 

4.49%; N, 12.30%. 

1
H-NMR: 5.03 (-OH), 7.42 (H-3”/H-5”), 7.50 (H-3’/H-4’), 7.52 (H-6), 7.68 (H-2”/H-6”), 

7.78 (H-7), 7.80 (H-8), 7.82 (H-2’), 8.29 ( m, H-5 ), 9.16 (s, 1H, H-C=N-N );  

13
C-NMR: 110.00 (C- 3”), 120.10 (C-4a), 126.61 ( C-8), 127.08 (C-6), 127.79 (C-5), 

128.20 (C-2’), 129.28 (C-3’), 130.29 (C-4’), 133.94 (C-2”), 134.50 (C-7), 134.52 (C-1”), 

143.12 (C-8a), 149.00 (C-2), 149.88 (-CH=N-), 155.00 (C-4), 161.54 (=C(OH)-, C-4”), 

C-1’ quaternary peak not observed;  

IR (KBr, cm
-1

): 3307.7, 3213.2, 1668.2, 1645.2, 1604.7, 1554.5, 1375.2, 1338.5;  

m/z found for (C21H15N3O2) : 342( M+1) 

 

3-{[(4-Hydroxy-3-methoxyphenyl)methylene]amino}-2-phenylquinazolin-4(3H)-one 

(3h). Yield 74%; m.p. 155°C; Rf 0.62;  

Anal. Calcd. for C22H17N3O3: C, 71.15%; H, 4.61%; N, 11.31%; found: C, 71.25%; H, 

4.65%; N, 11.26%. 
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1
H-NMR: 3.81 (s, 3H, methoxy protons), 5.03 (-OH), 6.92 (H-5”), 7.20 (H- 2”), 7.32 (H-

6”), 7.50 (H-3’/H-4’), 7.52 (H-6), 7.76 (H-7), 7.78 (H-8), 7.83 (H-2’), 8.3 (m, H-5), 8.90 

(s,1H, H-C=N-N);  

13
C-NMR: 55.95 (-O-CH3), 108.67 (C-2”), 114.46 (C-5”), 125.40 (C-6”), 126.40 (C-4a), 

126.63 (C-8), 127.08 (C-1”), 127.27 (C-2’), 127.77 (C-6), 128.20 (C-5), 129.31 (C-1’), 

129.93 (C-3’), 130.32 (C-4’), 134.50 (C-7), 143.23 (C-8a), 146.72 (=C(OH)-, C-4”), 

147.28 (=C(OCH3)-, C- 3”), 154.40 (C-4), 159.82 (-CH=N-);  

IR (KBr, cm
-1

): 3305.8, 3215.1, 1749.3, 1712.7, 1664.5, 1575.7, 1467.7, 1377.1;  

m/z found for (C22H17N3O3): 372 ( M+1 );  

 

3-{[(3-Nitrophenyl)methylene]amino}-2-phenylquinazolin-4(3H)-one (3i).  

Yield 78%; m.p. 248°C; Rf 0.53;  

Anal. Calcd. for C21H14N4O3: C, 68.10%; H, 3.84%; N, 15.15%; found: C, 68.15%; H, 

3.81%; N, 15.13%  

1
H-NMR (CDCl3 + DMSO-d6): 7.22 (H-7), 7.30 (H-3’), 7.62 (H-6), 7.63 (H-4’/ H-4”), 

7.9 (H-8), 8.02 (H-2’), 8.26 ( H- 5”/ H-6”), 8.54 (H-5), 9.58 (H-2”), 8.59 (s, 1H, H-C=N); 

 
13

C-NMR (CDCl3 + DMSO-d6): 118.29 (C- 4a), 120.65 (C-4”), 122.30 (C-8), 122.33 

(C-2”), 126.90 (C-5”), 127.27 (C-5), 127.97 (C-6”), 128.17 (C-2’), 128.28 (C-6), 130.00 

(C-7), 131.50 (C-3’), 132.40 (C-4’), 133.47 (C-1”), 134.09 (=C(NO3)-, C- 3”), 139.82 

(C-8a), 161.65 (-CH=N-), 164.88 (C-2), 165.50 (C-4), C-1’ quaternary peak not 

observed;  

IR (KBr, cm
-1

): 1674.1, 1641.3, 1500, 1456.2, 1344.3; 

 m/z found for (C21H14N4O3) : 371(M+1); 

3-{[(Pheny)lmethylene]amino}-2-phenylquinazolin-4(3H)-one (3j) 

Yield 80%; m.p. 196°C; Rf 0.68; 

Anal. Calcd. for C21H15N3O: C, 77.52%; H, 4.65%; N, 12.91%; found: C, 77.54%; H, 

4.71%; N, 12.85%. 

1
H-NMR (CDCl3 + DMSO-d6): 6.98 (H-7), 7.40 (H-3’), 7.41 (H-4’), 7.45 (H-6), 7.49 

(H-3”), 7.55 (H-4”), 7.67 (H-8), 7.81 (H-2’), 8.05 (H-2”), 8.47 (s, 1H, H-C=N), 8.62 (H-

5);  
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13
C-NMR (CDCl3 + DMSO-d6): 119.83 (C- 4a), 121.62 (C-5), 122.82 (C-2”), 127.47 

(C-2’), 127.72 (C-6), 127.84 (C-8), 128.66 (C-3’), 128.82 (C- 3”), 130.62 (C-4”), 132.10 

(C-4’), 132.72 (C-7), 133.65 (C-1’), 134.31 (C-1”), 139.79 (C-8a), 149.98 (-CH=N-), 

165.77 (C-4), 166.03 (C-2);  

IR (KBr, cm
-1

): 1662.52, 1647.1, 1645.2, 1556.4, 1454.2;  

m/z found for (C21H15N3O):  326(M+1); 



 

 

 

Chapter 2 

 

Characterization of dimers of 2-
substituted-benzo[d][1,3]oxazin-4-
ones  

 

 



 

 

 

Chapter 2 

Characterization of dimers of 2-substituted-

benzo[d][1,3]oxazin-4-ones  

 

2.1 Introduction 

The study of inter molecular interaction is a frontier topic because of its prolific 

role in a wide variety of chemical and biological phenomena (Karger et al., 1999).
 
This 

intermolecular interaction plays important roles in the biological activities possessed by 

medicinally important compounds. One such interaction, the hydrogen bonding, gives 

rise to the hydrogen bonded molecular assemblies is the major building blocks of 

supramolecules. The hydrogen bond represents one of the modern frontiers of scientific 

venture because of its role in the structure stabilizing, or even structure-directing role. 

The hydrogen bonded structures are studied in various disciplines of science including 

self-organized and biologically relevant molecules. The hydrogen bond is a unique 

phenomenon in structural chemistry and biology (Desiraju & Steiner, 2001). In spite of 

various studies, the role of hydrogen bond in structure stabilizing is yet not fully 

explored. Here, a brief review of hydrogen bond is presented to understand its 

arrangement and importance. 

2.1.1 Definition of hydrogen bond 

The term “Hydrogen bond” was brought into the mainstream by Pauling (1939). 

Pauling's definition of a hydrogen bond is that „Under certain conditions, an atom of 

hydrogen is attracted by rather strong forces to two atoms instead”. It is clear from this 

definition that the strength of the hydrogen bond depends upon the relative electro 

negativity of the donor and acceptor atoms (Pauling, 1939). 

In 1960, Pimentel and McClellan further refined the definition of hydrogen bond 

like this- “ A hydrogen bond is said to exist when (1) there is evidence of a bond, and (2) 
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there is evidence that this bond specifically involves a hydrogen atom already bonded to 

another atom” (Pimente & McClellan, 1960). It is indeed surprising than that most 

authors felt the need for a universal definition of „hydrogen bond‟. However IUPAC 

defines it as follows:  The hydrogen bond is an attractive interaction between a hydrogen 

atom from a molecule or a molecular fragment X–H in which X is more electronegative 

than H, and an atom or a group of atoms in the same or a different molecule, in which 

there is evidence of bond formation (Arunan et al., 2011). 

 2.1.2 Type of hydrogen bond 

The O-H and N-H groups are considered as the most general proton donor groups 

that form strong hydrogen bonds. Similarly, the most conventional proton acceptors are 

the O-atom and the N-atom. The C-H group acts as a proton donor even though the 

polarity of C-H group is apparently less than that of O-H and N-H groups (Bonchev & 

Cremaschi, 1974). The capacity of n electronic clouds of -OC- bonds and aromatic rings 

to act as hydrogen bond acceptors was recognized (Levitt & Perutz, 1988). 

Although the strength of a hydrogen bond is not as big as a covalent bond, it is 

able to control a molecular ensemble due to its directionality and cooperative effects. 

Jeffrey and Saenger (1991) (Jeffrey & Saenger, 1991) has classified hydrogen bond as 

“strong” and “weak”. According to Desiraju, hydrogen bonds that are able to control 

crystal and supramolecular structure effectively are stronger e.g. O-H-O=C, N-H-O=C 

and O-H-O-H, while weak hydrogen bond has variable influence on crystal structure and 

packing (Desiraju & Steiner, 2001). The type of interactions mentioned elaborately 

involves conventional  hydrogen bonds such as O-H...O and N-H...O, that are in contact, 

where the acceptor and donor atoms are electronegative. Fascinatingly, researchers at 

present emphasizes on another sort of hydrogen bonds where the donor is an atom with 

low or moderate electronegativity, and which possess strength weaker than that observed 

in conventional hydrogen bonds (Desiraju &  Steiner, 1999).  

Many of the evidences of these weak hydrogen bonds can be found in 

biomolecules, organic molecules, organometallic compounds and inclusion complexes; 

and many were characterized with the aid of several diffraction methods. Particular cases 

of such interactions are the C-H...O and the C-H...N hydrogen bonds, where the acceptor 
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atom can be oxygen or nitrogen, and the donor is the carbon atom. The role of such 

interaction on the structural stabilization in molecular systems is still unclear and also a 

debatable issue. Yet, the number of such studies exploring the importance of this 

interaction is increasing with time.  

 

2.1.3 C-H-O interaction 

In 1937, C–H···O interaction was first hinted by Samuel Glasstone. He 

established the concept of C–H···O interactions in mixtures of acetone with 

different halogenated derivatives of hydrocarbons. Though C-H- O hydrogen bond is 

well-established in structural chemistry and physical organic chemistry but existence of a 

C-H...O interaction itself is still debated amongst the authors. Over the past decade the 

concept of supramolecular chemistry was envisaged as an „emergent phenomena‟. 

(Stoddart,  2009).  The fact remains that most of the studies are limited to the systems in 

which hydrogen is attached to some hetero-atom. The importance of newer motifs for 

molecular assemblies framed with much weaker hydrogen bonded systems like C-H---

O=C H-bond hitherto remained largely unexplored. Sutor (Sutor, 1963) and 

Ramachandran (Ramachandran et al., 1963) believed that these interactions contribute 

significantly to crystal stability and Sutor proposed the existence of this type of hydrogen 

bond in the early 1960s. Today many crystallographers and structural chemists accept 

that these interactions are of significance.   A landmark study was done by Taylor and 

Kennard in 1982 (Taylor & Kennard, 1982), providing conclusive evidence about the 

existence of C-H-0 hydrogen bonds in crystals. Subsequently, G. R. Desiraju asserts in 

his published text as- „It certainly is
‟
. (Desiraju, 1991; Desiraju, 2002)

. 
Since then, several 

articles were published on this type of hydrogen bonded system;
 
but the subsistence of 

such H-bonds in solution state still remained in the probing stage of - „may be‟
   

because 

of the inherent feebler nature compared to other H-bonds. 

 

Although C-H-O interactions are much weaker than the conventional O-H- O 

bonds, it is now well established that it plays an important role in a wide variety of 

chemical and biochemical phenomena. The energy of C-H-O hydrogen bonds rarely 

exceeds 8 kJ mol
-1

 while it significantly contributes in crystal packing and 

https://en.wikipedia.org/wiki/Samuel_Glasstone
https://en.wikipedia.org/wiki/Acetone
https://en.wikipedia.org/wiki/Halogenation
https://en.wikipedia.org/wiki/Hydrocarbon
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supramolecular design (Desiraju, 1996; Steiner 1997). Interestingly, in past decade, 

literatures have suggested that C-H-O hydrogen bonds are also key interacting bonds in 

the structure and activity of biological systems. The occurrence of C-H-O hydrogen 

bonds was also reported in the active sites of enzymes such as serine hydrolases 

(Derewenda et al., 1994) and kinase inhibitors (Talylor & Kennard, 1982). Despite the 

intrinsic weakness in strength, these types of bonds are being recognized to have certain 

roles in many aspects of chemistry and biology (Harumi & yukihiro, 2005).
 
 Formation of 

aryl -CH---O hydrogen bond in certain kind of Kinase inhibition studies is established in 

crystal structure of protein complex of pyrazol-3-quinazolin-4-ylamine (Pierce et al., 

2005). 

 

Additionally, theoretical methods also used to estimate the binding energies of 

these non-conventional hydrogen bonds. Theoretical studies proved that this is a very 

important stabilizing force in some systems (Louit et al., 2002; Ruiz et al., 2004; Graza et 

al., 2005; Navarrete-lopez et al., 2007). Previous authors estimated the strength (2.1 

kcal/mol) of the C-H interaction, with the C=O group in four conformers of the N,N-

dimethylformamide dimer  in approximately 2.1 kcal/mol (Vargas et al., 2000). They 

have  also reported that by using a linear correlation between C-H...O bond energies and 

gas-phase proton affinities, the ΔH for the C-H...O=C hydrogen bond in around 3.0 

kcal/mol, about 2.3 kcal/mol less than the N-H...O=C hydrogen bond strength. This fact 

reveals that the C-H...O=C hydrogen bonds involved in proteins are strong enough to 

play an important role in the stabilization of secondary and ternary structure of these 

systems (Ramírez et al., 2008). Although most of the experimental results reported refer 

to the crystalline state, what remains yet to be known or established are the small 

molecular assemblies with C-H---O bonds which can exist in protic solvents as well. 

Though it is reported that cooperative interactions of the weak forces enhances the 

stability of the molecular assembly
  
(Prins et al., 2001).  It is a general chemical intuition 

that this zipper effect should be insufficient to stabilize the system particularly in water or 

methanol solution. 
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2.2 Materials and methods  

The curve fitting for the studies were done using ORIGIN 6.1, owned by 

Department of Physics, North Bengal University. Quantum mechanical calculations were 

carried out on a Desk Top PC with an intel Pentium IV Core 2 Duo processor. The semi 

empirical program package MOPAC 2000 (Fujitsu) program, in Chem 3D Ultra 8.0 

Graphic interface under CambridgeSoft software Chem Office 3D Ultra 8.0 Graphic 

interface under CsmbridgeSoft software Chem Office Ultra 2004 was used for 

visualization. For each compound, computations were carried out with the PM3 method. 

The semi-empirical (MOPAC) method for the quantum mechanical calculations was. The 

molecular structures obtained in this were used in a configurational interaction 

calculation to compute dipole moments, bond orders, and electronic transition energy. 

The other spectroscopic methods were written in the Chapter-1. 

 

2.3 Results and Discussion  

2.3.1 UV-spectrometric study: 

The absorption spectra of the 2-substituted-bezo[d][1,3]oxazin-4-one were 

observed in the range of 250-400 nm in various solvents, the corresponding λ max with 

molar extinction coefficients are tabulated in the in the Table 2.1. A typical UV-spectral 

graph in different concentrations is shown in the Figure 2.1 the peaks with higher 

intensity in the range of wave lengths 250 nm to 270 nm were for π-π* transitions and the 

peaks of lower intensity in the range of 270 nm to 340 nm were due to n- π* transitions. It 

is apparent from the graph that with increasing concentrations there was a shift of λ max 

values to higher wave length which is more prominent in the 250 nm to 270 nm range but 

not so prominent in the peaks at 270 nm to 340 nm range which originated due to 

forbidden n- π* transition. Another interesting point is that the spectra have an explicit 

isosbestic point 340 nm. The occurrence of the isosbestic point signifies that the 

substance under study is converted to another that has very close molar absorption 
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Table 2.1- UV-spectrometric study of the compound 1a, 1b, 1c and 1d. 

 

Compound(s) Solvent(s) Lambda max 

(nm) (λ max) 

 Molar Extinction 

coefficients 

 

 

 

1a 

Water + 35% 

methanol 

232 

265 

307 

20443 

11182 

6955 

n-octanol 215 

239.5 

290.5 

317 

20505.5 

20406.5 

16700.2 

11598 

 

 

 

 

1b 

Water +35% 

methanol 

237.5 

267.5 

306.5 

18282 

11776 

7406 

n-octanol 217.5 

243.5 

293.5 

320 

34012  

26603.5 

28723 

21527.5 

 

1c 

Water +35% 

methanol 

239 

279 

18328 

11180 

n-octanol 222 31256 

 

1d 

Water + 35% ethanol 252 27374.5 

n-octanol 236 21362 

1a = 2-phenylbezo[d][1,3]oxazin-4-one,  

1b = 2-(4-methyphenyl)bezo[d][1,3]oxazin-4-one ,  

1c = 2-(4-chlorophenyl)bezo[d][1,3]oxazin-4-one,  

1d = 2-methyl-4H-bezo[d][1,3]oxazin-4-one 
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of UV radiations and are in equilibrium. This converted product should be a dimer as we 

have also seen in the DART  method of Mass spectra one peak corresponded to 2M
+
. 

The UV-spectral property was also studied in water, chloroform and toluene, 

wherein all the spectra indicated involvement of carbonyl in the dimer formation. The 

stock solution of all derivatives of 1 X 10
-4  

was  prepared in different solvents (methanol, 

toluene, chloroform and water) and each solution was diluted with same solvents up to 

concentrations 1 X 10
-5

. However, in case of dilution with water, the stock solution was 

prepared in methanol.  

 

Figure 2.1:  UV-spectra of compound 2-methyl-4H-bezo[d][1,3]oxazin-4-one  at 

different molar conc. in methanol (1) 1X 10
-5

 (2) 2X 10
-5

 (3) 3X 10
-5

 (4)  4X 10
-5

 (5)  5 

10
-5

 (6)  6 X 10
-5

 (7)  7 X 10
-5

  (8) 8 X 10
-5

   (9)  1X 10
-4

 . 
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2.3.2 Determination of the Dimerization Constant 

To analyze the association feature of these compounds, we have used a simple 

association model in which associate constant will indicate about their association 

strength. The average extinction coefficients in the wavelength within 250-350 nm were 

plotted by various concentrations within range of 10
-4

 to 10
-5

 molar. 

The dimerization constant was determined using following equations where M is 

monomer,  [M] is molar concentrations of monomer,  D is dimer,  [D] is molar 

concentration of dimer and P is observed property (average molar extinction coefficient, 

OD) 

                                                                            K =
[D]

[M]2                      (1) 

                                                                       C =  M + 2 D              (2)  

C − M

2
= K[M]2 

C − M = 2K[M]2 

2K[M]2 + M − C = 0 

M =
−1 ±  1 + 8KC

4K
 

D =
4KC + 1 −  1 + 8KC

2𝑎
 

                                                                     𝑃 =  𝑀 𝑃𝑀 +   𝐷 𝑃𝐷      (3) 

                                                                            𝑃 = 𝛼𝑃𝛼 + 𝛽𝑃𝛽        (4) 

The observed optical density ODobs can be formulated by the solution of equations (1) to 

(3) which is given by 
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                                  ODobs = 𝑂𝐷[𝑀].
−1+ 1+8Ka 𝐶

4Ka
 + 𝑂𝐷[𝐷]. 

1+4Ka C− 1+8Ka 𝐶

8Ka
 

 

C is the monomer concentration and [M] and [D] are calculated in terms of C because it 

is measurable.  

The curve fitting for the studies were done using ORIGIN 6.1. The “best-fit” 

curve was fitted by a minimum sum of squares method to the plot of average properties   

against concentration C to obtain the dimerization constant (Ka) value in different 

solvents. Average extinction coefficients case equation (4) gave better curve-fit results. 

Some curve fit data along with the predicted cum observed values are presented. The 

dimerization constants are determined within the dilution range 10
-5

 to 10
-4

 molar in UV 

spectroscopic method.  

UV spectra of 2-methyl-4H-bezo[d][1,3]oxazin-4-one and 2-methyl-4H-

bezo[d][1,3]oxazin-4-one    showing average absorbance of calculated vs. observed in 

different  concentration in different solvents and their curve fitted graph. Some of the 

data used in curve fittings and the nature of the fit is shown in following Figure 2.2 and 

2.3 respectively. 

Diluted with water 
 

Conc Av OD observed Av OD 

 predicted 

1.00E-05 0.12995 0.12724 

2.00E-05 0.21845 0.21396 

3.00E-05 0.27149 0.29188 

5.00E-05 0.45623 0.43555 

6.00E-05 0.50603 0.50382 

7.00E-05 0.56088 0.57048 

 
R^2     =  0.9968;     K=4.2E+05 

Figure 2.2 (a): UV spectra of 2-phenyl-4H-bezo[d][1,3]oxazin-4-one  showing average 

absorbance of calculated vs. observed in different  concentration in water and their curve 

fitted graph 
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Diluted with chloroform 
 

Conc Av OD 

observed 

Av OD 

predicted 

1.00E-

05 

0.09058 0.09299 

2.00E-

05 

0.21808 0.21075 

3.00E-

05 

0.35901 0.35328 

4.00E-

05 

0.53488 0.52057 

5.00E-

05 

0.69625 0.71265 

6.00E-

05 

0.91008 0.92949 

7.00E-

05 

1.15689 1.1711 

8.00E-

05 

1.48096 1.43748 

9.00E-

05 

1.71963 1.72863    

1.00E-

04 

2.039 2.04456 

 

R
2
 = 0.9992; k = 68.76;  p = 7914.721; q =1884949.28. 

 

Figure 2.2 (b): UV spectra of 2-phenyl-4H-bezo[d][1,3]oxazin-4-one  showing average 

absorbance of calculated vs. observed in different  concentration in chloroform and their 

curve fitted graph. 

Diluted with methanol 
 

Conc Av OD 

observed 

Av OD 

predicted 

1.00E-05 0.09582 0.09724 

2.00E-05 0.2181 0.21828 

3.00E-05 0.35904 0.36128 

4.00E-05 0.53487 0.52462 

5.00E-05 0.69617 0.70686 

6.00E-05 0.91022 0.90673 

 

R
2 

= 0.99949; k =732.52; p=8464.80; q= 193763.75. 

Figure 2.2 (c): UV spectra of 2-phenyl-4H-bezo[d][1,3]oxazin-4-one  showing average 

absorbance of calculated vs. observed in different  concentration in methanol and their 

curve fitted graph. 
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Diluted with toluene 

 

Conc Observed 

Av. Ext. Coeff 

Predicted 

Av. Ext Coeff 

1.00E-05 6923.224 6809.78 

2.00E-05 8418.2  

2.13E-05  8564.85 

3.00E-05 9177.314  

3.25E-05  9913.74 

4.00E-05 10872.38  

4.38E-05  11000.37 

5.00E-05 11134.98  

5.50E-05  11904.38 

6.00E-05 12765.5  

6.63E-05  12674.38 

7.75E-05  13342.16 

8.00E-05 14067.6  

8.88E-05  13929.59 

9.00E-05 13702  

1.00E-04 14148.49 14452.36 

 
 

 

R
2
 =  0.9785; k=4937.1; p= 4671;q= 60847. 

Figure 2.2 (d) : UV spectra of 2-phenyl-4H-bezo[d][1,3]oxazin-4-one  showing average 

absorbance of calculated vs. observed in different  concentration in toluene and their 

curve fitted graph. 

Diluted with water 
 

Conc Av ext 

observed/ 

10E+05 

Av ext 

predicted/ 

10E+05 

1 E-05 0.08389 0.0673 

2 E-05 0.1231 0.12179 

3 E-05 0.17196 0.17416 

4 E-05 0.22468 0.22542 

5 E-05 0.27 0.27599 

6 E-05 0.3171 0.32605 

7 E-05 0.37359 0.37574 

8 E-05 0.42352 0.42512 

9 E-05 0.47556 0.47426 
 

 

             R
2
=  0.99764;       k=504139167.76;     p=22591933780.29;        

q=907181796.89 

 

Figure 2.3 (a) : UV spectra of 2-methyl-4H-bezo[d][1,3]oxazin-4-one  showing average 

absorbance of calculated vs. observed in different concentration in water and their curve 

fitted graph. 
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Diluted with chloroform 
 

Conc Av Ext coeff 

observed 

Av Ext coeff 

Predicted 

2.00E-05 2664.74 2667.914 

3.60E-05  2564.306 

4.00E-05 2557.7  

5.00E-05 2495.78  

5.20E-05  2489.207 

6.00E-05 2445.23  

6.80E-05  2431.055 

8.00E-05 2394.25  

8.40E-05  2384.056 

1.00E-04 2349.52 2344.91 

 

R
2
=  0.99374;   k=5994.74481;   p= 2886.18199;      q=3151.51164. 

 

Figure 2.3 (b): UV spectra of 2-methyl-4H-bezo[d][1,3]oxazin-4-one  showing average 

absorbance of calculated vs. observed in different concentration in chloroform  and their 

curve fitted graph. 

Diluted with methanol 
 

Conc Av Ext. observed Av Ext predicted 

2.00E-05 5332 5733.7 

3.00E-05 7656 8280.522 

4.00E-05 10232 10650.86 

5.00E-05 12480 12866.09 

6.00E-05                       14670 14943.97 

7.00E-05 17458 16899.41 

8.00E-05 19152 18745.03 

 

R
2
=  0.9986 ; k =419.7;    p=0.1; q =577707 

 

Figure 2.3 (c): UV spectra of 2-methyl-4H-bezo[d][1,3]oxazin-4-one  showing average 

absorbance of calculated vs. observed in different concentration in methanol  and their 

curve fitted graph. 
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Diluted with toluene 
 

Conc Av Ext. 

observed 

Av Ext 

predicted 

1.00E-05 6347 6063.977 

2.00E-05 7358 7434.357 

3.00E-05 8772 8795.027 

4.00E-05 10088 10146.12 

5.00E-05 11505 11487.75 

6.00E-05 12504 12820.05 

7.00E-05 13979 14143.14 

8.00E-05 15632 15457.13 

9.00E-05 16623 16762.15 

10.00E-

05 

18360 18058.3  

R
2
  = 0.99756; k  =90;   p=4683.75; q=1548461.62 

 

Figure 2.3(d) : UV spectra of 2-methyl-4H-bezo[d][1,3]oxazin-4-one  showing average 

absorbance of calculated vs. observed in different concentration in toluene  and their 

curve fitted graph.  

 

Different workers have used to determine dimerization constants,  assuming the 

only existence of dimers and monomers of the compounds in solution, the formation of 

the dimer is expressed by the equations Ka = [D]/[M]
2
 (eqn-1)

 
and C = [M] + 2[D] (eqn-

2) (Matsumoto et al., 2003)   and observed property (P) as in equation-(3); when P is 

expressed in mole-fraction equation-(3) is used for the determination of dimerization 

constant in Self-Association model (Martin, 1996).  

  The approximation used in mole fraction calculation in eqn (3), is  the use of C 

with the  consideration  that the dimer concentration is very low and the average 

extinction coefficient is calculated in terms of  monomer concentration, it should not 

impair significantly the value of dimerization constant since the existence of isosbestic 

point signifies comparable molar ODs for both the monomer and dimer and as a 

consequence the average value would not be dominated preferentially by monomer or 

dimer.  
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Table 2.2. Dimerization constants of compounds 1a, 1b, 1c and 1d in different solvents. 

Compound Methanol Chloroform Water Toluene 

2-phenyl-4H-bezo[d][1,3]oxazin-4-one 

(R=phenyl) 

7.3E+02 6.8E+01 4.2E+05 4.9E+03 

1b (R=p-Me-phenyl) 7.1E+05 1.0E+04 1.4E+09 ------- 

1c (R=p-Cl-phenyl) 1.8E+03 3.0E+03 1E+07  ------- 

2-methyl-4H-bezo[d][1,3]oxazin-4-one  

(R=methyl) 

4.2E+02 5.9E+03 5.0E+08 9E+01 

 

The changes observed in the association constants in different solvents (Table-

2.2) can be attributed to the ability of the solvent to engage in hydrogen bonding which 

can compete with self-association and to differential solution of the different dipoles of 

the associated and unassociated species.  It is observed that the value of dimerization 

constant is lesser in protic polarisable solvents like methanol and chloroform (0.1M to 

1E-05M range). But in polar protic solvent water the dimerization constants are 

comparatively much higher. As water is the least polarizable among the solvents studied 

we can say that solvent polarizability has significant role in dissolving the monomer. The 

self-association of daunorubicin (anthracycline antibiotic) in aqueous solution was 

examined using visible absorption (Martin, 1980). Similarly, they have also interpreted 

Spectral changes in the concentration range 10
-6

 to 1.5 X 10
-3

M in terms of a monomer-

dimer equilibrium for daunorubicin and data were analyzed using a nonlinear curve-

fitting technique. 

2.3.3 Analysis of NMR Spectra 

 NMR spectroscopy is an important tool to study the weak interaction such as C-

H-O in solution state. On the basis of the importance of NMR, we initiated NMR 

spectroscopic characterization. The spectra were taken in CDCl3.The proton and carbon 

peaks in NMR spectra are assigned unequivocally by proton homonucler and proton 
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carbon heteronuclear correlation spectra. After proper assignment of all the peaks the 

effect of dilution on the peak positions was investigated; it is revealed that in CDCl3 all 

the proton peaks shifts regularly to higher δ-values with dilution. The changes in 

chemical shift values of all the protons with dilution for 2-methyl-4H-

bezo[d][1,3]oxazin-4-one  is depicted in Figure 2.4.  

 

Figure. 2.4:  Change of proton chemical shift within the dilution range 

 

Figure 2.5:  Shift of peaks at 5-H in different concentrations in 1a-1d. 
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Using similar equations used for the calculation of dimerizatipon constants in UV-

spectra, here we also found good fit. Curves which corresponded to the values in 

chloroform in UV-method. Some curve fit tables are shown in Figure 2.5. 

Previous author has reported the presence of unusual N-H-O hydrogen bond in 

benzoxazine dimer by using solid state NMR (Schnell et al., 1998; Goward et al., 2001). 

Thilagavathy et al (2009) recently reported that 2-phenylbenzo[d] [1, 3] oxazin-4-one is 

stabilized by weak intermolecular C-H---O interaction and pi-pi stacking held responsible 

for stabilization of the crystal packing (Thilagavathy et al., 2009). So far, various studies 

reported the presence of weak interaction having C-H-O H-bond in solid state but in 

liquid it is still unanswered and need more investigation or study.  Interestingly, the  

occurrence of C–H-O hydrogen bonds in liquids has aroused much interest recently 

(Jedlovszky  & Turi, 1997; Yukhnevich & Tarakanova, , 1998; Gil et al., 1995;  Ribeiro-

Claro et al., 1997; Karger et al., 1999; Marques et al., 2001). Moreover, various authors 

focused on the exploring the presence of weak hydrogen bonds in dimer in solid state 

(Brown et al., 2001; Brown & Spiess, 2001;  Aliev & Kenneth, 2004).  In this study we 

have tried to detect and explore the role of C-H-O hydrogen bond in dimer of the said 

moiety in solution state. Generally two of the criteria supposed to suggest presence of C-

H-O hydrogen bond in compound if, the deshielding of H in HX observes in NMR and a 

shift toward lower field in the spectra.  It is also reported that proton donating ability of a 

C-H bond can only be observed by 1H NMR (Dingley & Grzesiek, 1998; Pecul 2000).  

After careful observation we found that proton at the ortho position i.e. H5 shows 

slightly high values of peak shift of 0.06, while proton at para position  i.e H-7 shows 

peak shifts of 0.04 to the carbonyl. It was reported that downfield shift is ca 1-2 ppm in 

case when interaction occurs with proton acceptors in sterically favourable conditions 

and it becomes insignificant in case of weak interaction. The same pattern of slight peak 

shift was also observed in case of 4-methoxybenzaldehyde (Karger et al., 1999; Marques 

et al., 2001). Therefore, the higher value of the peak shifts may be because they are 

deshielded due to the pull of electron from carbony oxygen, due to salvation of monomer 

in CDCl3. So, here we are in a position to satisfy both criteria (above mentioned) to claim 
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the presence of hydrogen bond. As well as, at this point we may safely say that monomer 

is found to be better solvated than monomer 

 

Figure 2.6:  Stacked H
1
-NMR of 2-methyl-4H-bezo[d][1,3]oxazin-4-one  in CDCl3 in 

different dilutions. 

 This spectrum also revealed that major salvation effect is observed on the 

carbonyl group, as seen from the NMR shift pattern of the H-5 and H-7 protons. This 

pattern was observed most prominent in compound 2-methyl-4H-bezo[d][1,3]oxazin-4-

one  which do not bear any substituted aryl group. The shift in proton peaks at different 

position easily seen in the stacking plot of NMR spectra of 2-methyl-4H-

bezo[d][1,3]oxazin-4-one  in different dilution ranges. In the other compounds 1a, 1b and 

1c), the effect was masked to a certain extent for 2-aryl derivatives due to pi- electron 

polarization of the aromatic ring. 
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2.3.4 Vibrational spectral analysis 

In vibrational spectral analysis we have used both the IR and Raman-spectral 

analysis. The analysis was supplemented by DFT as well as lower level PM3 method 

wherever necessary. The vibrational ranges are split into carbonyl range and aromatic 

proton range.   

2.3.4.1 The C=O region 

 Evidence of the prescence of C–H---O=C hydrogen bonds in the solution phase 

was gathered from the observed changes in the νC=O region of the vibrational spectra with 

dilution.
 

The vibrational spectral analysis of the compound 2-phenyl-4H-

bezo[d][1,3]oxazin-4-one (in KBr) is reported by us; the absorption peaks at 1783 cm
-1

 

(DFT) 1763 cm
-1

 (IR) and the 1757 cm
-1

 (Raman) was assigned to the νC=O stretching 

mode, the C(=O)-O asymmetric stretching band at 1258cm
-1

 in IR and 1259cm
-1

 in 

Raman and the C=N stretching band at 1692cm
-1

 in IR were also almost unequivocally 

assigned. The observed deviation from the calculated and observed value of the C=O 

stretching bands only suggested possible existence of H-bonding. A priori IR studies by 

Marques et al (2001) have shown the existence of  C-H---O=C hydrogen bond in 4-

ethoxybenzaldehyde where 1700cm
-1

 and 1690cm
-1

  bands were assigned to as stretching 

band for free HC=O and for H-bonded HC=O respectively; the increase in intensity of 

the free carbonyl stretching with the increase of dilution in carbon tetrachloride was 

reported. Similar observation was also reported by Ribeiro-Claro et al (1997) and 

Matsumoto
 
et al (2003) in which the carbonyl absorption band at the higher frequency 

was assigned to the free carbonyl and the relative intensity of this peak increases with 

dilution in non hydrogen bonding solvents.  
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Figure 2.7: IR-spectra of compound 2-phenyl-4H-benzo[d][1,3]oxazin-4-one in (a) 

hexane and (b) CCl4 in the region of C=O stretching modes at different concentration. 
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The FTIR spectra of the compound 2-phenyl-4H-benzo[d][1,3]oxazin-4-one in a 

non donor solvent hexane at different concentration in the region of the C=O stretching 

modes is shown in Figure 2.7a. The higher wave number component  (1781cm
-1

, more 

close to the DFT-calculated value with respect to that observed in KBr) corresponds to 

the free C=O group and the lower wave number component (1776 cm
-1

, close to the 

observed value in KBr) to the hydrogen-bonded C=O group. The relative intensity of the 

peak near 1781cm
-1

 increased with dilution which signifies that the compound exists as 

mostly C=O---H-C bonded dimer in KBr. In CCl4 (Figure 2.7b) a similar change in the 

intensity is observed for the free C=O at 1772cm
-1

 and hydrogen bonded C=O at 1768cm
-

1
. The sample dilution leads to an increase in the free (monomer) νC=O band intensity 

relative to the bonded (dimer) νC=O band.  

In the compound 2-methyl-4H-benzo[d][1,3]oxazin-4-one, an intense band for the 

carbonyl was found to be visible at 1757cm
-1

(KBr), while the same compound diluted in 

hexane displayed the band at 1774.4cm
-1

 (Figure 2.8). In H-bonding solvent chloroform 

the intensity of the C=O band was greatly reduced and bifurcated into two bands at 

1749.3cm
-1

 and 1751.2cm
-1

; the intensity of the band at 1751.2cm
-1

 increased with 

progressive dilution (Figure 2.9). These observations can be related to the presence of 

two C–H---O interactions. The C=N stretching band for the compound 2-methyl-4H-

benzo[d][1,3]oxazin-4-one appeared at 1649cm
-1

, 1653cm
-1

, and 1684cm
-1

 in nujol, dilute 

solution in hexane and chloroform respectively. Thus, the H-bonded and free carbonyl 

absorption bands are visible in solvents of different polarizability and new bands 

appeared in chloroform solution which can form new H-bond with the carbonyl. It can be 

safely noted that two molecules can approach each other as DA-AD pair only if the C5-H 

proton participate in the H-bonding in the dimer.  
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Figure 2.8: The expanded band of Raman spectra of 2-methyl-4H-benzo[d][1,3]oxazin-

4-one in CHCl3. 

 

Figure 2.9: The expanded band of IR spectra of 2-methyl-4H-benzo[d][1,3]oxazin-4-one 

in hexane. 
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2.3.4.2 C-H stretching region 

The C-H stretching occurs above 3000 cm
-1

 and is typically exhibited as a 

multiplicity of weak to moderate bands, compared with the aliphatic C-H stretch. In solid 

KBr the bands observed at 3040, 3050 and 3060 cm
-1 

in the IR spectrum were assigned as 

νC-H modes of the benzene ring. In the Raman spectrum two bands are observed at 3022 

and 3070 cm
-1

. Proper assignment of this bands are reported by us in a priori work 

(Ambujakshan et al., 2008) for the compound 2-phenyl-4H-benzo[d][1,3]oxazin-4-one. 

In solution the spectra being more sharp a complex pattern of more bands were observed. 

In order to make the matter simple we like to confine our discussion with the compound 

2-methyl-4H-benzo[d][1,3]oxazin-4-one where the aromatic hydrogen is least in number. 

Still the spectra are complex as shown in Figure. 2.10 and 2.11. 

 

Figure 2.10: IR spectra of 2-methyl-4H-benzo[d][1,3]oxazin-4-one in CCl4.  
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Figure 2.11:  Raman spectra of 2-methyl-4H-benzo[d][1,3]oxazin-4-one in THF. 

In these above figures we tried to keep the spectral range in comparable intensity 

so that the relative changes in frequency as well as intensity become easily visible. Now 

we computed the vibration frequencies for both the monomer and H-bonded dimers. The 

calculated frequencies with their respective intensity for the C-H bond stretching range 

are plotted in a radial plot (Figure- 2.12). The band shift is associated with intensity; 

however we used the monomer frequency in radial axes. 
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Figure 2.12: Radial plot for frquency in cm
-1

 vs intensity of 2-methyl-4H-

benzo[d][1,3]oxazin-4-one. 

Moreover, from this radial plot it is imperative that change in intensity as well as 

band shift of two specified peaks must be there in our observed spectra if our proposition 

is correct (Figure 2.12). Thus, from the experimental IR- spectra we have chosen the 

most concentrated solution where dimer concentration should be higher and the most 

dilute solution where the monomer concentration should be higher.   Now the calculated 

frequencies corresponded with the observed frequencies for the stated solution since 

intensity is arbitrary. Thus we got a plot as shown in Figure.2.13. 
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Figure 2.13: IR absorption bands of calculated monomer vs. observed in Dilute sol.(X) 

and in Conc. Sol. (∆) 2-methyl-4H-benzo[d][1,3]oxazin-4-one. 

The graph clearly suggested that two points have deviated from the trend line and 

this deviation is greater for the concentrated solution compared to that in the dilute 

solution. Thus the spectral analyses unequivocally prove the existence of monomer dimer 

equilibrium in the solution state and the dimer is H-bonded dimer. 
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Chapter 3 

Morphology of 2-substituted-benzo[d][1,3]oxazin-4-ones 

3.1 Introduction 

3.1.1 Importance of weak interaction in polymorphism 

 In many areas of chemistry, researchers are continuously working on the 

interrelationships between molecules in the solid state polymorphism. Subsequently, it is 

of great concern to improve our understanding regarding the structures of crystalline 

materials and the involvement of different forces. Generally, the hydrogen bonds are 

considered as the highest energy interactions in molecular crystals and thus emerge to be 

the most important attractive force.  It is well documented that multiple H-bonding sites 

promote polymorphism in multifunctional molecules (e.g. pharmaceuticals). The 

polymorphism exhibited by these molecules could be recognized with respect to the 

different H-bonding topologies. Moreover, polymorphism also occurs in systems without 

strong hydrogen bonds (N – H ∙∙∙ X, O – H ∙∙∙ X, S – H ∙∙∙ X; X = N, O, S, F, Cl, Br, I).  

Even in these cases, H-bonding may still be present in the form of weaker interactions 

such as C – H ∙∙∙ X and C – H ∙∙∙ П  

3.1.2 Definition of Polymorphism  

The term ―Polymorphism‖ is taken from Greek word, Polus = many and morph = 

shape. Thus, it is defined as the ability of a substance to exist in two or more crystalline 

phases that have different arrangements or conformations of the molecules in the crystal 

lattice (Haleblian & McCrone, 1969; Haliblian, 1975; Bym, 1982). It is supposed that 

polymorphism depends on the communities and associated with the structure of solid 

(Desiraju, 1987). The polymorphism is defined in different ways in different disciplines; 

for example, in Biology, it is defined as species with different phenotypes, designating 

even sexual dimorphism, nuclear dimorphism and lipid polymorphism. While in 
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chemistry, it refers to a solid compound that can adopt different forms/crystal structures 

and also involve different packing of the same molecule (Brog et al., 2013).  

Historically, for the first time, polymorphism in an organic compound, 

benzamide, was brought to light by Wohler & Liebig (1832),  but the first crystal 

structure of polymorphism was determined in  1938 when Robertson & Ubbelohde 

discovered the first X-ray diffraction structure of polymorphs with resorcinol (Desiraju et 

al., 2011). 

Polymorphism can now be explained as the ability of a substance to exist in two 

or more crystalline phases that have different arrangements of the molecules in the crystal 

lattice or simply defined as the ability of a molecule to crystallize in more than one form, 

exhibiting different crystals of the same substance with different unit cells and crystal 

packing arrangements. 

 

3.1.3 Significance of Polymorphism 

Polymorphs are studied in many disciplines, chemistry, material science, 

pharmaceutical science etc. Polymorphs often possess differing physical and 

thermodynamic properties (density, refractive index, melting points, solubility, thermal 

stability etc), chemical (chemical reactivity) spectroscopic properties and kinetic 

properties (Raw, 1999; Hilfiker, 2006). Various reviews, book chapters, and literatures 

related to pharmaceutical polymorphism were reported within the past two decades which 

affirmed the growing importance of pharmaceutical polymorphism within the scientific 

community and industry as well as regulatory agencies (Byrnel et al., 1999; Rod et al., 

2004; Colin et al., 2004, Dharmendra & William, 2004; Hilfiker, 2006; Harry, 2009; 

Braga et al., 2010; Lee et al., 2011; Desiraju, 2013). Different polymorphic forms of 

drugs may show differences in bioavailabilities (Bym, 1982). This has major implications 

in the pharmaceutical industry'.  This may manifest itself in varying reactivity, solubility 

and transportation rates in living body. It is now widely appreciated that the occurrence 

of polymorphism in molecular crystalline solids impacts on the production of fine 

chemical products such as pharmaceuticals and pigments. (Susich, 1950; Kendall, 1952; 
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Ebert & Gottlieb, 1952; Warwicker, 1959; Thomas & Ghode, 1989; Whitaker, 1992; 

Rodrı´guez-Spong  et al., 2004) 

After a period of continuing investigation of polymorphism, more than half a 

century, the Innsbruck school has found that under normal pressure conditions around 

one-third of organic substances show crystalline polymorphism (Burger, 1979; Kuhnert-

Brandstatter & Riedmann 1987). Since differences in polymorphism affect both chemical 

properties (shelf-life, solubility, density, etc.) and the pharmaceutical performance 

(bioavailability, stability, etc.) of the drug substance, the characterization of polymorphs 

acquired key importance in pharmaceutical industry (Martin, 2006). Now-a-days, study 

of polymorphism in molecular crystals has renewed interest as it bears importance in the 

industrial application related to its occurrence (Bernstein 2007; Brittain, 2102). Since 

different polymorphs have different energies, the solubility is dependent on the 

polymorphic state. In addition to other major factors, the inherent solubility and rate of 

dissolution of the drug substance itself plays important role in bioavailability of finished 

products. The researchers have started to take very interest in polymorphism to satisfy the 

regulations imposed regarding bioavailability of formulations of new chemical entities by 

regulatory authorities in various countries (Bakar et al., 2010). However, Burger has 

pointed out that, only in rare cases, the difference in solubility between polymorphs is 

expected to result in significant bioavailability differences. There are only few marketed 

products (chloramphenicol palmitate, novobiocin etc) which show major bioavailability 

differences because of polymorphism (Burger, 1982; Mullins & Macek, 1960). 

Nowadays, durability on products has become tighter in the pharmaceutical industry.  

Therefore, polymorphic behaviour should be identified at an early stage of development 

as a means of ensuring reliable and robust processes and conventionality with good 

industrialized practice (Bavin, 1989).  These practices help to avoid the occurrence of 

unlikeable conditions, the control of quality in manufacture and product reliability in any 

industry by ensuring that the processes are well understood and under control.  

In short, the very existence of polymorphism reveals something about the solid-

state. The study of polymorphic system enabled us to understand solid-state molecular 

behavior, intermolecular interactions and the relationship between crystal structure, 
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crystal growth and crystal habits and also their impact on bulk properties. It has immense 

importance in the development of appropriate organic compound and its application for 

humankind. 

3.1.4 Methods to characterize Polymorphism 

 

Due to major role in solubility of products, nowadays the characterization of 

polymorphism becomes an important concern in research. However, plenty of analytical 

techniques are available to characterize and determine polymorphism in organic 

compounds for a long time. The commonest methods depend upon the some extent on the 

area of interest. But in most of the research fields , microscopy (McCrone, 1957; Teetsov 

& McCrone, 1965) , IR (Davis et al., 2004),  UV (Leites et al., 1998) and NMR 

(Remenar et al., 2004) spectroscopy, DSC (Auer et al., 2003; Davis et al., 2004; 

Albertinia et al., 2003; Remenar et al., 2004) and  X-ray powder diffraction (Auer et al., 

2003; Albertinia et al., 2003;  Davis et al., 2004; Airaksinen et al., 2004)  were most 

widely used.  

 

The preliminary examination can be done by a binocular microscope which 

enables the overall characteristics of the sample to be established. The hot stage 

microscopy allows determining the transition temperature coupled with a microscope and 

allows recognising changes in crystal habit as well as in light transmission. The changes 

in crystal habits indicate the solid state phase transition (Marthi et al., 1992). The 

differentiation of monotropic and enantiotropic relationship, the estimation of tendency 

of melts and individual phases to supercool, the generation of stable and unstable 

polymorphs and also recording of their optical properties  can be studied by hot stage 

microscopy (Bloss, 1971; Jordan, 1993). 

 

The main thermal techniques considered for polymorphic forms of organic 

compounds are differential scanning calorimetry (DSC), differential thermal analysis 

(DTA) and thermogravimetric analysis (TGA) (Perrenot & Widman, 1994). DSC and 

DTA are alternative ways of measuring heat capacity changes in a sample (Wiedemann 

& Bayer, 1985; Voress, 1994) In DSC, melting points are measured but also the 
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transformation of metastable forms and determining the relation between the different 

polymorphic forms can be studied (Hino et al., 2001; Park et al., 2003). The working 

principle of DTA is similar to DSC, but quantitative study cannot be done by DTA.  The 

weight changes in polymorphism can be monitored by TGA as a function of the 

temperature and is therefore particularly valuable in examining solvent loss from crystals 

and in identifying sublimation and decomposition processes (Reading & Crag, 2007).  

 

 The third technique is spectroscopy, including very classical techniques like 

infrared and Raman spectroscopy to study the vibrational modes of the compound 

(Takasuka et al., 1982; Skrdla et al.,, 2001; Paulechka et al., 2009), NMR (Remenar, 

2004) can be used for measuring the difference in magnetically non equivalent nuclei in 

two different polymorphs and also UV to monitor the change in intensity of polymorphs 

on heating. However, Infrared spectroscopy has had, of course, enormous exposure in the 

literature through reviews and research papers but there are surprisingly few descriptions 

of the precautions to be taken when recording or interpreting the IR spectra of 

polymorphs. For example, in the case of non-matching spectra, a wide variety of causes 

might be suspected, including mis-labeling of a homologue, (Rosenkrantz & Zablow, 

1953) sample purity, crystal size, (Baker, 1957), crystal habit and orientation, (Griesser & 

Burger, 1993; Kobayashi et al., 1994) formation or partial decomposition of a salt, 

solubility in the mulling medium, hydration, (Kuhnert-Brandstatter & Riedmann, 1989) 

dehydration (Burger & Ramberger, 1979) or other solvent loss under vacuum, level of 

impurities in the mulling or disk medium and instrumental variables (Free & Miller 1994) 

including the inadequate elimination of background peaks. 

 

The literature suggests that the polymorph identification is a leading application 

of single crystal diffraction analysis. As Dorothy Crowfoot Hodgkin argued in her Nobel 

lecture of 1964: ‗‗The great advantage of X-ray analysis as a method of chemical 

structure analysis is its power to show totally unexpected and surprising structure with, at 

the same time, complete certainty‘ (Brog et al., 2013). In the study of different crystalline 

structures, within a compound, one polymorph is distinguished from another by a unique 

powder diffraction pattern associated with that specific crystal structure. 
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3.1.5 Role of weak interactions in Polymorphism in organic compounds 

The role of intermolecular interactions like van der Waals interactions, coulombic 

interactions, hydrogen bonding, and steric repulsions in determining the arrangement of 

molecules in a crystal were documented by various authors. Even the cooperative action 

of very weak interactions like C-H…O hydrogen bonding, π…π, X…X (X = halogen), 

and C-H…π interactions can significantly contribute towards stabilizing a specific 

molecular arrangement in a crystal (Desiraju, 2002; Desiraju, 1999). These weak 

interactions are strong enough to cause changes in torsion angles, thereby giving different 

conformations and a particular molecular conformation which is near the most stable 

equilibrium conformation is often stabilized. As these interactions are weak and various 

molecular conformations can have nearly the same energy, the molecules can crystallize 

in different crystal forms. Molecules capable of possessing torsional degrees of freedom 

give rise to different conformations that may be preserved in different crystal forms. 

(Borka & Haleblian, 1990).  

In 1897, Acetylsalicylic acid, aspirin, was first synthesized and isolated by 

Hoffman and first crystal structure was reported by Wheatley in 1964 (Wheatley, 1964; 

Sneader, 2000). Interestingly, Peterson and Zaworotko reported a new structure for this 

compound in 2005 (Vishweshwar, 2005). On the basis of crystal data of Desiraju, authors 

have reported that the two polymorphs have the same groups but clearly different unit 

cells. Moreover, slight differences in terms of torsions angles were also observed in 

molecular geometry of the two forms. The difference in hydrogen bond made differences 

in hydrogen bonded sheet structure, which causes the occurrence of two different 

polymorphs (Bond et al., 2007). 

The preceding text will reveal the dimension of molecule-molecule interaction of 

the synthesized compounds that may in future guide the researchers to increase the 

efficacy of drug. A number of quinazoline derivatives are already available in market as 

medicine against various diseases as reviewed by earlier authors (Selvam & Kumar, 

2011). Most of the published literatures have commented on the limitation and mentioned 

only about the efficacy limit of biological activities. Consequently, it would be also of 
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great concern for the researchers to think about the quinazoline derivatives which are 

unable to expose their biological activities, in spite of the fact that they contain 

medicinally important skeleton. By intervening the said problem, some more quinazoline 

derivatives could be added to the list of marketed drugs. This study focused on 

uncovering the reason for low antibacterial activity in 2-substituted-benzo[d][1, 3] 

oxazin-4-one derivatives. With the conviction that CHO plays role in crystal packing of 

2-phenyl- benzoxazine, we tried to explore the existence of CHO hydrogen bond in dimer 

and its impact on their antibacterial activity.  

 

3.2 Materials and Methods 

3.2.1 Characterization of polymorphism in solid state 

3.2.1.1 Differential Scanning Calorimetry 

Differential scanning calorimetry (DSC) was carried out with a Shimadzu DSC-60 

instrument (Shimadzu, Kyoto, Japan). Samples weighing 3–5 mg were heated in opened 

aluminum pans at a rate of 10 K/min under nitrogen gas flow of 35 mL/min. 

3.2.1.2 Microscopy 

3.2.1.2.1 Phase contrast Microscopy 

The primary morphological changes of polymorphic forms were compared by 

visual monitoring with phase contrast inverted microscope (Olympus, CK40-SLP) at 

200X magnification.  

3.2.1.2.2 Atomic Fluorescent Microscopy 

AFM measurements were performed using IIIa MultiMode AFM (Digital 

Instruments, USA).  

3.2.1.2.3 Scanning Electron Microscopy 

A Jeol JSM-6100 scanning electron microscope was used to obtain 

photomicrographs of compound 2-methyl-4H-benzo[d][1,3]oxazin-4-one polymorphs. 

Samples were mounted on a metal stub with an adhesive tape and coated under vacuum 

with gold. 

3.2.1.3 Powder X-Ray Diffraction  

X-ray Powder Diffraction (XRPD) patterns were recorded on a X‘Pert Philips 

PW3020 diffractometer (Philips, The Netherlands) over the 2y range of 58–408, using 



Chapter 3 
 

Morphology of 2-substituted-benzo[d][1,3]oxazin-4-ones  Page 64 
 

graphite monochromatized Cu Ka radiation (1.54184 A ° ), in aluminum sample holders, 

at room temperature. 

 

3.2.1.4 UV Spectroscopy 

The compound 2-methyl-4H-benzo[d][1,3]oxazin-4-one was synthesized by the 

scheme mentioned in chapter 1.  UV-Visible absorbance was measured using a Shimadzu 

UV-160A spectrophotometer (Shimadzu, Kyoto, Japan) in the range 200–900 nm using a 

quartz recipient with an optical pathway of 1 cm.  

Saturated water solutions- Saturated solutions of form I and II were generated by 

placing an excess amount of sample (7 mg) in 100 mL of water. The suspension was 

stirred during 24 h at room temperature  and the final solutions were filtered using 0.2 

mm Millipore filter (final measured pH:5). No extra dilution was necessary. 

 Saturated methanol solutions- Saturated solutions of form I and II were obtained 

by placing an excess amount of sample (0.1 g) in 0.5 mL of absolute ethanol. The 

suspension was stirred for 4 h at room temperature in capped glass vials. The solutions 

were filtered using 0.2 mm Millipore filter and analyzed after appropriate dilution.  

A saturated solution of compound 2-methyl-4H-benzo[d][1,3]oxazin-4-one was 

prepared in water, methanol and chloroform. The UV scan was taken for each of the 

solutions and then allowed to reflux for two hours. After two hours of reflux, a repeat UV 

scan was taken. In another experiment, 4.5E-04, 9.16E-04, 1.83E-03, 2.75E-03 and 

4.58E-03 M solutions were prepared in methanol. UV scan was taken before and after the 

reflux of two hours. 

 

3.2.1.5 Vibrational spectroscopy 

Saturated solutions of 2-methyl-4H-benzo[d][1,3]oxazin-4-one was prepared in CCl4 and 

hexane. Different dilutions were made from the saturated solution.  Infrared spectra were 

recorded on a FTIR-8300 SHIMADZU spectrophotometer in the 4000-400 cm
-1

 region 

for each dilution. 
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3.3 Results and Discussion 

3.3.1 Study of Polymorphism in solid state  

In this study we have chosen 2-methyl-4H-benzo[d][1,3]oxazin-4-one as the 

model compound to explore its possible polymorphic behavior because of its simple 

structure, containing CH3 at 2
nd

 position of Quinazolone ring. The crystals of 2-methyl-

4H-benzo[d][1,3]oxazin-4-one  on keeping gradually turned into powder and some 

sublimates made a layer on the wall of the container. On keeping for 15-20 days, the 

entire powdered mass turned into an agglomerate having mp 188.2 
o
C (Form II). This 

substance showed lower solubility in hexane; but a little amount of the 2-methyl-4H-

bezo[d][1,3]oxazin-4-one  with mp 81.9 
o
C (Form I) was crystallized in this procedure. 

The metamorphic form of 2-methyl-4H-benzo[d][1,3]oxazin-4-one  with mp 81.9 
o
C 

(Form I), was effectively recovered by vacuum sublimation at below 125-130 
o
C. The 

compound on recrystallization from hexane and ether mixture gave mica like laminar 

crystal with mp 188.2 
o
C (Form II) (Figure 3.1). The crystal polymorphism of 2-

acetamidobenzamide was first indicated by difference in the reported melting points of 

material obtained from these routes (Errede, 1980; Buttar 1998). Errede (1980) found that 

super-cooling solutions of acetone or methanol gave fine crystals of the α form and that 

larger crystals of the β form could be grown from acetone, methanol or aqueous 

solutions; while Barnett et al (2006) found that the α form could be obtained by slow 

cooling of hot saturated solutions of water, ethanol, methanol or ethyl acetate. Barnett et 

al (2006) also found that the β form initially proved difficult to obtain, but that once the β 

form had been obtained it was the form that resulted from many crystallization conditions 

which had previously given the α form. The α form has a melting point of 179−180 ºC 

and a density of 1.325 g cm
−3

; while the β form has a melting point of 189−190
 o

C  and a 

density of 1.345 cm
−3

. 
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Figure 3.1: Schematic representation of the changes in morpholgy of 2-methyl-4H-

benzo[d][1,3]oxazin-4-one . 

 

3.3.1.1 Morhology study 

  The Phase contrast microscopic (Figure 3.2) SEM (Figure 3.3)  and AFM 

(Figure 3.4) images of the two forms were also provided. So far as our knowledge is 

concerned from the published literatures, no information on X-ray structural data is 

available for this compound (2-methyl-4H-bezo[d][1,3]oxazin-4-one ).  

 

 

Figure 3.2: Phase contrast microscopic image (200X magnification) of Form I and 

Form II. 

 

 The image obtained from both sources revealed significant diffrences in the 

morphology of two polymorphic forms. As two lone pairs in the carbonyl plane flank 

the carbonyl oxygen, we theorize some change in direction of H-bond may be 

responsible for the metamorphism.  
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The different morphology was observed for different polymorphs in phase 

contrast microscopy (Figure 3.2). Additionally, the SEM (Figure 3.3) image also 

indicated the presence of two different morphologies for two different polymorphs. 

Despite their similarity and peak overlap, peaks specific for each of the polymorphs was 

considered and used to confirm that Form I is not detected in form II and vice-versa.  

 

 

Figure 3.3 : -  SEM image of (A) 2-methyl-4H-benzo[d][1,3]oxazin-4-one  Form I (mp 

81
 o
C) and (B) 2-methyl-4H-benzo[d][1,3]oxazin-4-one  Form II (mp 188

 o
C) 

 

Figure 3.4:  AFM image of 2-methyl-4H-benzo[d][1,3]oxazin-4-one  Form II. 
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3.3.1.2 Differential Scanning Calorimetry study 

In order to obtain the evidence for the existence of two polymorphs, a Differential 

Scanning Calorimetry (DSC) study was done. A DSC run of a powdered mixture of two 

polymorphs  shows significant peaks at 81 and 188.91 corresponding to the melting point 

of form I (81 
o
C) and form II (188.9 

o
C) respectively (Figure 3.5). The heat of fusion 

(∆HfFormI = 20.1729kJ/mol and ∆HfFormII = 20.4257kJ/mol) of each metamorphoses and 

heat of sublimation (∆Hf = 25.641kJ/mol) of the second phase was calculated by 

differential scanning calorimetry (DSC).  

In DSC study, the two polymorphs, I and II, show only a single peak due to 

melting at all heating rates, with onset temperatures of 82 and 188 
o
C, respectively. This 

indicated the presence of two polymorphs. The presence of the single intense peak in 

both polymorphs indicated the pure polymorphs.  

 

Figure 3.5: (a) DSC curve of form I with m.p.81.9
 o
C  (b) form II with m.p 188.21 
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3.3.1.3 PXRD study 

Compound 2-methyl-4H-benzo[d][1,3]oxazin-4-one  existing in two distinct 

polymorphic forms was also ascertained from PXRD observations (Figure 3.6). The X-

ray diffraction pattern measurement showed significant shift and variations in peaks of 

both the forms. Literature suggests that the two samples can be considered as un-

identical; same peaks are not present and when the intensity variations of the same peaks 

those are larger than 20%. Small changes in the form of new peaks, additional shoulders, 

or shifts in the peak position often indicate the presence of a second polymorph (Brog et 

al., 2013). The 2Ө vs. intensity plot of the powder X-ray diffraction (PXRD) data of the 

substances with 2-methyl-4H-benzo[d][1,3]oxazin-4-one mp- 81
o
C and mp- 188 

o
C are 

shown in Figure 3.5. The steep nature of the peaks with a fairly straight base- lines are 

clear indication of their crystalline nature for both the forms. The similarity in the 

appearance of peaks is an indication of similar crystal packing and of same chemical 

composition. The variation of peak intensities and little shifts of some peaks suggest that 

they have different morphology. 

 

Figure 3.6 :  PXRD patterns of the Form I (red) and Form II (black) polymorphs of 

compound 2-methyl-4H-benzo[d][1,3]oxazin-4-one . 
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The results of first hand analysis of the peaks and spacing distances are shown in 

Table 3.1 and Table 3.2. The assignment of the Millar indices for the major peaks in 

diffractogram is very essential. In the tables we tabulated the corresponding 2Ө -values 

for the most intense peaks and a serial number of peaks at first two rows.  In the 

subsequent rows the 2Ө values are converted to the Ө values in radian and then they are 

transformed to sin Ө -values. In the sixth row all the sin
2 

Ө values are divided by the 

corresponding lowest value. In the next row the values are multiplied with two and in the 

subsequent row the nearest integers of these values are tabulated. These integers 

corresponded to the Miller indices as shown in the next row. Thus we assigned each 

tabulated peaks, in the first row, with the corresponding Millar planes of the crystals. 

Thus our apparent supposition about the crystalline nature of the substances is confirmed. 

The sequential appearance of the Miller Planes suggested the essential primitive nature of 

the crystals.  Moreover, both the substances posses same kind of essentially Simple Cubic 

Crystal lattice (SCC). The ratio sin
2 

Ө values of the 6
th

 and the 1
st
  peak being 4 in both 

the cases imperative to our findings of correct designation of Miller indices. This result 

indicates similar stacking in both the morphological forms. The peak corresponding to 

100- Millar indices is invisible for both the morphs in the diffractogram. The spacing 

between the similar planes (d(hkl)) is tabulated in the last row in each table. Lattice length 

(a = 2^
0.5

 * d(110) = d(100) = b = c) for the Form I (mp-81.9 
o
C) and the Form II (mp-188 

o
C) 

are 10.492 Å and 10.766 Å respectively. In graphite c = 6.71 Å is reported and the sheets 

stacked in this orientations. For SCC unit cell a= b=c so in our system the stacking is less 

compact than that in graphite (Gray et al., 2000). This is expected because graphite is 

homo-atomic planner, the molecule in our investigation expectedly did not favour such 

compact staking but it reflects from the data that there is a little bit similarity.  The 

morphological forms for the second one, the unit cell is bigger than the first one though 

the second form is the thermodynamically more favoured. It implies that the dipole-

dipole interaction is dominant over the pi-pi interaction; on the other hand pi-pi 

interaction governed the stacking pattern in graphite.  The interplay of these two 

interactions is responsible for originating the polymorphism in the 2-methyl-4H-

benzo[d][1,3]oxazin-4-one. 
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Refinement of crystal data analysis is a topic of the crystallographers. One of the 

great (pioneer) crystallographer of India, Kedareswar Banerjee worked with Sir William 

Lawrence Bragg, the father of crystallography and worked on anthracene, naphthalene, 

graphite etc., those data still being refined; of late (Wowe et al., 2003) interlayer spacing 

of graphite is estimated to 3.355(1) Å. Being homo-atomic and due to favourable Pi- 

interactions, the layers should be more closer than that in our system. The findings for 

interlayer spacing of diagonal planes (d(110) /2 =3.71 Å and 3.82 Å), presented in the last 

rows of the table bears good accordance to corresponding data for graphite.  

In conclusion, both the polymorphic forms are of same chemical structure, similar 

unit cell and similar staking pattern; only difference is the compactness of the stacking. 

And the striking finding is that less compactly pact form has higher melting point - which 

is due to excess favourable dipole-dipole interaction strength gained at little sacrifice of 

pi-pi stabilizing interaction.  Single crystal X-Ray Diffraction Study of 2-phenyl-4H-

benzo[d][1,3]oxazin-4-one is reported (Thilagavathy et al., 2009) to have the structure 

shown in Figure 3.7. 

 

 

Figure 3.7: (a) The crystal packing viewed down the b axis. C-H···O hydrogen bonds are 

shown as dashed lines. (b) The molecular structure of the 2-phenyl-4H-

benzo[d][1,3]oxazin-4-one, with atom labels and 50% probability displacement ellipsoids 

for non-H atoms. 
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3.3.2 Study of polymorphism in solution state  

It was observed that the 2-substituted-4H-benzo[d][1,3]oxazin-4-ones remains as a 

mixture of monomer and dimer in equilibrium and the corresponding dimerization 

constants are also evaluated. The obtained data suggested considerable amount of 

dimers is present in the solutions. Apparently the obvious question rose how the 

dimers got such extra stability with the weak C=O--H bond. It is known that 

cooperative interaction of weak forces influences many physico-chemical properties. 

We thought it necessary to search some other reasons, if any, are responsible for the 

observed higher than expected concentration of dimers in the solution state.  In the 

study of solid state morphology we found two polymorphic phases of almost similar 

crystalline nature.  We intended to refine our search for dimer; in the following 

paragraphs we shall narrate details of our study with the findings. 

 3.3.2.1 UV Spectrometric Study 

The solution of the compound  2-methyl-4H-benzo[d][1,3]oxazin-4-one in the 

stated solvents were refluxed for two hours. The UV-spectra of the solutions were 

recorded at room temperature along with the corresponding unrefluxed solutions. 

In Figure 3.8 the UV spectrum  is shown in solvents, water, methanol and 

chloroform.  It is observed that the spectra is exhibiting slight shift in λmax to 

higher values concomitant to the change in OD. The differences are found to be 

prominent in methanol solution.  

 The change of the spectra is little bit more prominent in methanolic solution. 

Different concentrations of compound 2-methyl-4H-benzo[d][1,3]oxazin-4-one in 

methanol is subjected to the same process as stated above and the data were 

plotted together as shown in Figure. 3.9. The spectra indicated a hidden isosbestic 

point below 230nm and another one near 330nm to 350nm indicating that 

substances in the solution are in equilibrium and are convertable to one another.  
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Figure 3.8:  UV-spectra of 2-methyl-4H-benzo[d][1,3]oxazin-4-one before and after 

reflux in H2O (1-before reflux & 2-after reflux), CH3OH (3-before reflux & 4-after 

reflux) and CHCl3(5-before reflux & 6-after reflux). 

 

Figure 3.9: UV-spectra of 2-methyl-4H-benzo[d][1,3]oxazin-4-one in CH3OH at 

concentrations 4.5E-04 (1-Before reflux, 6- After reflux), 9.16E-04 (2-Before reflux, 

7- After reflux), 1.83E-03 (3-before reflux, 8- after reflux), 2.75E-03 (4-Before reflux, 

9- After reflux) and 4.58E-03 (5-Before heating, 10- After heating) respectively 

(dotted line- without reflux and solid line- cooled after reflux).  
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  To have more clearer indication of the existence of  metamorphism, the 

average molar extinction coefficients, before and after reflux, of the spectra within 

230 to 330nm were plotted against molar concentration (in terms of monomer) 

Figure 3.8. Two distinct set of values are found which when fitted in the dimer 

equation yielded two dimerization constants, 2.35E+03  and 4.32E+02 

respectively (as shown in Figure 3.10). The monomer dimer equilibrium constant 

as calculated earlier is close to the second value which indicates the first is a 

kienetically formed dimer and the second is the thermodynamically formed dimer. 

 

 

Figure. 3.10: Average extinction coefficient vs Molar Conc in terms of monomer of 

2-methyl-4H-benzo[d][1,3]oxazin-4-one ; the trend line with K values  ( 1) 2.35 X 10
3
 

and (2)  4.32 X 10
2 

respectively.  

 

  Notably, the time scan Uv-spectra of the compound 2-methyl-4H-

benzo[d][1,3]oxazin-4-one  in methanol at 40
0
C shows a gradual increase of OD 

from 0 to 60 minutes as depicted in Figure 3.11 . The time dependent change of 

OD of the spectra showed a linear relation (Figure 3.12 ) both of which are 

indicative of the presence of the monomer  in some sort of equilibrium with two 

species of the dimer as D↔2M↔D* as presented in Figure 3.13. The average OD 

vs time plot in (Figure. 3.12) shows a linear relation which is similar to the zeroth 

order kinetics of conversion of one dimer to the other. This observation can be 

explained as both the dimers are linked via the monomers in between 
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(D↔2M↔D*). The time dependent change in OD is similar to that described by 

Barnett et al.  

 

 

Figure 3.11- Time scan UV-spectra of 2-methyl-4H-benzo[d][1,3]oxazin-4-one  in 

methanol at 40
0
C at intervals  0,5,10,25,30,40,45 and 60 mins (1 to 8). 

 

 

Figure 3.12- Average OD (230 to 330 nm) versus time (min) of 2-methyl-4H-

benzo[d][1,3]oxazin-4-one  in methanol 
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 The concomitant polymorphs of 3-Acetylcoumarin was found to depend on the 

crystallization temperature in the 1:1 chloroform/hexane solvent system by 

Munshi et al. They also observed that one form in a head to head configuration 

was stabilized by C-H-O and C-H- interactions while other form in a head to tail 

configuration of the molecules in the crystal lattice was stabil ized by only C-H-O 

interactions (Munshi et al., 2004).  

 

N

O

O
H

N

O

O
H

N

O

O

H

N

O

O

H

 Figure 3.13: Predicted pattern of Dimeric association in 2-Substituted benzo[d] 

[1, 3] oxazin-4-ones. 

 These structures are drawn tentatively (Figure 3.13) since direct evidence is hard 

to gather. The unconventional hydrogen bond C-H···π interaction is also noticed  

because of its role as the driving force in determining crystal packing and  

molecular conformation (Desiraju, 1996; Steiner, 1997;  Wahl & Sundaralingam, 

1997, Morita et al., 2006). So, it will be of genuine interest to highlight the 

observations as cited above suggesting the existence of C=O---H-C H-bonds in the 

dimers along with directional property of H-bond. Solvent induced self assembly 

and relative occurance of its polymorphic form in 2,6-dihydroxybenzoic acid is 

reported by Davey (Davey, 2001) In the present system the effect of solvent is 

prominent. However, the identification of two dimers was not possible by the 

HPLC. 

3.3.2.2 NMR study 

In diffusion-ordered NMR spectroscopy (DOSY), in which one dimension represents 

chemical shift data while the second dimension resolves species by their diffusion 

properties pseudo separation is possible depending on different diffusion properties of 

the constituent solutes in solution. This powerful tool for identifying individual 
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species in a multi-component solution—earned the nickname ―chromatography by 

NMR.‖ (Li et al., 2009) Based on this belief, we extended our efforts to utilize DOSY 

techniques to characterize the presence of dimer in solution. Figure 3.14 shows a 

representative DOSY NMR spectrum which provides further evidence for the 

existence of the dimer along with the monomer. 

 

Figure 3.14:  DOSY NMR spectra showing the existence of monomer and dimer 

species 

In the DOSY spectra, in addion to the solvent and the monomer, two other 

species of slightly different diffusion coefficients were observed as we assumed these 

two species are there to prove the existence of two dimers. 

The study of intermolecular interactions always has drawn fascination of the 

scientists in all fields of chemistry, physics and biology. During the last decades, lots 

of sophisticated instrumental methods were developed to monitor such phenomena. 

Of late, there is a paradigm shift in organic chemistry to ponder beyond the covalent 

bonds. The study of weak interactions becomes necessary to study the supra-

molecular framework. The effect of very weak inter-molecular interaction in organic 

reactions also becomes a frontier topic of the organic chemistry. 
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 Impact of dimers of 2-substituted-benzo[d][1,3]oxazin-4-ones 

on Antibacterial activity 

 

 

4.1 Introduction 

In the preceding chapter, the existence of dimers in solution state was discussed.  

In the present chapter, the effect of the dimers on antibacterial activities is explored. The 

importance of such study lay in the fact that most of the drug molecules are capable of 

forming self association, while the effect of self association on drug action is not properly 

investigated. However, the dimerization of semisynthetic eremomycin derivatives and 

their effect on antibacterial activity was studied by Mirgorodskaya et al (2000). Many 

classes of cytotoxic agents that have the potential to become effective anticancer drugs 

are hydrophobic, a property that is typically associated with poor solubility in aqueous 

medium (Khan et al., 2006). The limited water solubility of hydrophobic compounds 

results from their propensities to form self-association. The key factor toward achieving 

highest activity is bioavailability, a factor that is likely to be impacted by self-association 

properties of the drug. Hence, it was important to understand compound’s self-

association/dimerization behaviour in solution and examine how this behaviour correlates 

with antibacterial activity. 

4.2  Materials and methods 

4.2.1 Reagents and Chemicals 

All the chemicals and reagents used in the experiment were of analytical grade 

(AR) and purchased from E. Merck, India. The growth media or its components used 

were purchased from HiMedia, India. 
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4.2.2 Maintenance of bacterial strain 

For short-term preservation and routine use, stock bacterial culture were 

maintained on Nutrient agar (NA) slant containing peptone,10 g/l; yeast extract, 5 g/l; 

NaCl, 10 g/l; and agar 15g/l, at pH 7.0. LB agar medium was sterilized by autoclaving at 

121 °C for 20 minutes and 4 ml was transferred into the test tubes to form LB agar slant. 

A loopful of bacterial cultures from the stock samples was streaked on LB agar slant and 

incubated at 37 °C for 24 h. The cultures were stored in the refrigerator at 4 °C. For long-

term preservation, cultures in 10-15% glycerol were stored at -20 °C and sub-cultured 

after every 3 months. 

Bacterial strains and growth experiments 

All experiments were done using the strains Escherichia coli K12, Bacillus 

subtilis, Staphylococcus aureus, and Pseudomonas aeruginosa 2257. Fresh inoculum was 

prepared by transferring a single colony of 24 h old cultures into 10 ml sterile nutrient 

broth (pH 7.0) in 100 ml Erlenmeyer flask. The inoculated medium was incubated at 

37°C for 4 h with agitation. The culture was harvested by centrifuging at 8000 rpm for 5 

min at 4 °C and washed twice with sterile phosphate buffer saline (PBS) to remove traces 

of media if any. The washed pellet was finally suspended in 3 ml sterile PBS. Aliquots of 

approximately 10
4 

cells were added to 10 ml of nutrient broth in Erlenmeyer flask. The 

flask was kept at 37°C (with shaking at 200 rpm) throughout the period of investigation. 

Survivability of cells in LB was assessed through dilution-plating of pure culture aliquots 

at different time intervals on fresh LB agar plates. The number of cells present on that 

particular colony was also enumerated using dilution-plating technique. 

 

4.2.3 Determination of Minimum Inhibitory Concentration (MIC) 

The antibacterial activity was assayed against different bacteria Escherichia coli 

K12, Bacillus subtilis, Staphylococcus aureus, and Pseudomonas aeruginosa 2257 by 

turbidometric method. The test compound was dissolved in DMSO (SRL Extra pure) to 

prepare the stock solution and aseptically used for experiments. The required volume of 



Chapter 4 
 

Impact of dimers of 2-substituted-benzo[d][1,3]oxazin-4-ones on Antibacterial activity  Page 82 
 

stock solution was transferred to tubes containing a defined volume of nutrient broth to 

achieve a desired concentration of the compound. The concentrations of the tested 

compound were 100, 400, 600, 800 and 1000 µg/ml in comparison to the standard drug 

ampicillin. Control set was contained DMSO, respective of each experimental tubes. A 

loopfull of bacterial culture from 24 h old slant was transferred to 10 ml of nutrient broth 

(Himedia M502) and incubated at 37 
0
C for 4 h. The tubes in duplicate containing 5ml 

nutrient broth were inoculated with 0.1 ml of 4 h liquid culture. The tubes containing 

nutrient broth were incubated at 37 
0
C for 16 h and the relative growths in the tubes were 

determined turbidometrically in the spectrophotometer. Taking the growth in tubes 

without drug as 100% (X), the percent growth (Y) in presence of studied compounds at 

particular concentration was calculated by the formula: (OD540 of the tube with drug / 

OD540 of the tube without drug)* 100. The inhibition % was calculated as X-Y (Nanda et 

al., 2007). 

4.2.4 Growth curve and Growth Kinetic study of E. coli K12 in presence of 2-

substituted-benzo[d][1,3]oxazin-4-ones 

The overnight culture of E. coli K12 (in NB medium), that were inoculated with a 

freshly grown single colony, was diluted 100-fold into 10 ml NB medium and allowed to 

grow for 4h to obtain log phase cells. The culture was then inoculated into 1000 ml NB 

medium and divided into five portions (C1, E1, E2, E3 and E4). Further each portion was 

distributed in four separate sterilized Erlenmeyer flasks and labelled as 100, 400, 600 and 

800 (numerical represented their concentrations in µg/ml). Then to each labelled flask 

appropriate volume of compound was added from stock solution to achieve the desired 

concentration, while in C1 portion flasks only respective volume of DMSO was added 

(control). All Erlenmeyer flasks were incubated at 37
o
C with shaking.  Growth of E. coli 

K12 was quantified in terms of optical density at different time interval.  (Miller, 1972). 

Culture was prepared as mentioned above. At different time intervals, cultures were 

withdrawn from time-defined flasks (both control and test) for measuring optical density. 

The growth rate constant was determined in between 4 to 6 hours in each case. 
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4.2.5 Mathematical evaluation of Dimerization on antibacterial activity 

In order to separate the activity of  the monomer and dimer we used the following 

equations: 2M=D, K=[D]/[M]
2
; M+S = MS, K’=[MS]/[M]*[S]; D+S=DS, 

K’’=[DS]/[D]*[S]; I=p*[M]+q*[D]; C=[M]+[MS]+2[D]+2[DS]; where M, D and S are 

monomer, dimer and bacterial substrate respectively and K, K’ and K’’ are corresponding 

association constants; I is the observed bacterial growth inhibition per mole,  p and q are 

the corresponding contributions by the monomer and dimer respectively and C is the 

concentration in terms of monomer. With the consideration that the mole fraction of the 

bacterial drug absorbing surface is supposed to be one, hence [S] is considered as unity in 

the equilibrium equation,    [S]≈1. The mathematical model used for evaluation of 

bacterial inhibition for the monomer and dimer separately:    

                              𝑀 + M = D                 (1) 

                        K =
[D]

[M]2      (2) 

𝑀 + S = MS         (3) 

                    K′ =
 MS  

 M [S]
            (4) 

             D +  S  = [DS]             (5) 

                    𝐾 ′′  =
 DS  

 D [S]
                  (6) 

       I = p ∗  M +  q ∗ [D]            (7) 

C =  M +  MS + 2 D + 2[DS]       (8) 

C =  M + K′  M + 2 D + 2K′′ [D]  

C =  1 + K′  M + 2 1 + K′′  [D]  

=  1 + 𝐾′  𝑀 + 2𝐾 1 + 𝐾′′  [𝑀]2 

[S] ≈ 1(Considered) 



Chapter 4 
 

Impact of dimers of 2-substituted-benzo[d][1,3]oxazin-4-ones on Antibacterial activity  Page 84 
 

2𝐾 1 + 𝐾′′  [𝑀]2 +  1 + 𝐾′  𝑀 − 𝐶 = 0          (9) 

By putting,           m = (1 + K′′ )       and        s = (1 + K′) 

The eqn 9 turns to,  2Km M 2 + 𝑠 𝑀 − 𝐶 = 0               

 𝑀 =
−s+ s2+8KmC

4Km
    (10) 

Substituting [M] in equation (7) we get - 

I =   𝑝 + 𝑞.𝐾  
−s +  s2 + 8KmC

4Km
  . 

−s +  s2 + 8KmC

4Km
   

 

4.3  Results and Discussion 

4.3.1 Determination of Minimum Inhibitory Concentration (MIC) 

The antibacterial activities of the synthesized compounds were evaluated against four 

bacteria, E. coli K12, Pseudomonas aeruginosa 2257, Staphylococcus aureus and 

Bacillus subtilis. MIC value of each synthesized compounds against bacterial culture is 

given in Table 4.1. The obtained MIC of 3-aryl-deneamino-2-phenyl-quinazoline-4-(3H)-

one was matched with the previous report. But, to assist interpretation of sensitivity of 

compounds 2-substituted-benzo[d][1,3]-oxazine-4-one (1a-1d), an in-vitro breakpoint i.e. 

> 1000 µg/ml for these compounds were assigned. From this data MIC breakpoint of > 

1000 µg/ml has found for these compounds only against E. coli K12, however they did 

not show any inhibitory effect against other three bacteria. 

4.3.2 Growth kinetics of E. coli K12 in the presence of compound 1a-1d 

As it was intended to explore the effect of the dimers on antibacterial activities, 

growth kinetics was studied at different concentration of 2-substituted benzo[d][1,3]-

oxazine-4-one against E. coli K12.  The increase in OD at 540 nm, which represents 

growth of E. coli K12, was plotted against time at different concentrations (Figure 4.1). 
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Table 4.1 Antibacterial activity (MIC) of synthesized compounds 1a-1d, 2a and 3a-j. 

Compound R Gram-negative Gram-positive 
 E. coli K12 

(µg/ml) 

P.  aeruginosa 

2257(µg/ml) 

S. 

aureus 

(µg/ml) 

B. subtilis 

(µg/ml) 

1a - > 1000 ND ND ND 

1b - > 1000 ND ND ND 

1c - > 1000 ND ND ND 

1d - > 1000 ND ND ND 

2a - 400 800 ND 400 

3a 2΄΄-OH 200 300 200 300 

3b 4΄΄-OCH3 200 200 200 100 

3c 4΄΄-F 200 200 100 200 

3d 4΄΄-

N(CH3)2 

100 200 100 100 

3e 4΄΄-Cl 200 300 100 100 

3f 3΄΄-OCH3 400 200 200 100 

3g 4’-OH 400 300 200 300 

3h 3΄΄-OCH3, 

4΄΄-OH 

100 500 200 200 

3i 3΄΄-NO2 200 200 300 200 

3j H 200 500 100 100 
       ND- Not Defined 

The corresponding growth rate constants (µ) were determined within time interval 

of 4-6 hours (Figure 4.2). The results revealed that growth and growth rate constants 

decreased with increasing concentrations of the compound(s).  The results revealed that 

1a was the only compound which showed significant inhibition against E. coli K12.  

Lysis of bacterial cells is observed in the death-phase. The phase contrast microscopic 

image shows some morphological changes suggestive of distortion of bacterial cell as 

well. So, we have used E. coli K12 as model organism for further study.  
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Figure 4.1(a): Growth curve of E. coli K12 in presence of 2-phenyl benzo[d] [1, 3] 

oxazin-4-one (1a). 

 

 

Figure 4.1(b): Growth curve of E. coli K12 in presence of 2-p-tolyl-benzo[d] [1, 3] 

oxazin-4-one (1b). 
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Figure 4.1(c): Growth curve of E. coli K12 in presence of 2-p-chlorophenyl-benzo[d] [1, 

3] oxazin-4-one (1c). 

 

 

Figure 4.1(d): Growth curve of E.coli K12 in presence of 2-p-chlorophenyl-benzo[d] [1, 

3] oxazin-4-one (1d). 
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Figure 4.2: Representation of Growth rate constants of E. coli K12 in presence of 

compounds 1a, 1b, 1c and 1d 

4.3.3 Impact of Dimerisation on Bacterial Inhibition 

 To study the effect of dimerization on antibacterial activity, the antibacterial 

activities of the compounds were assayed against the gram negative bacteria E. coli K12. 

Figure 4.3 shows the percent inhibition (percent of inhibition respective to control) of 

bacterial growth in presence of studied compounds at different concentrations.  

It is apparent from the plot that the change of percent inhibition of the compound 1d at 

different concentration is minimal, while compound 1a and 1c have the higher values.   

The percent inhibition values used in this graph when converted to molar inhibition i.e. 

percent  inhibition per mole of compound, as obtained by dividing the percent inhibition 

with the respective mole of compounds in 100, 400, 600 and 800 µg/ml to corresponding 

molar amount.  
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Figure 4.3: Percent Inhibition of bacterial growth against E. coli K 12 at different 

concentrations of compounds (1a-1d). 

This chart is interesting because it tells that the compounds’ potentiality to 

antibacterial effect is markedly higher at dilute solution and gradually decreased at higher 

concentrations. Though when expressed in micrograms the percent inhibition it is found 

to increase with the increase of the amount of the said compounds (Figure 4.4).  

 

Figure 4.4:  mMolar inhibition of bacterial growth (E. coli K12) at different 

concentrations of compound   1a - 1d. 



Chapter 4 
 

Impact of dimers of 2-substituted-benzo[d][1,3]oxazin-4-ones on Antibacterial activity  Page 90 
 

To the best of our knowledge no other studies have expressed percent inhibition 

in molar terms. But we find it convenient to judge the antibacterial property at different 

concentrations in molar term. This term clearly states that the property per mole in 

different set of concentrations. 

The apparently new phenomenon is similar to monomer dimer equilibrium in 

solution, where percent of monomer increases with dilution. Similar pattern was also 

observed in previous studies. Similar to the present study, earlier authors have found 

more monomer of antitumour agent novatrone (mitoxantrone) drug in higher dilution 

(Davies et al., 2000).  In fact this observation forced us to the search of monomer dimer 

equilibrium in solution for the studied compounds. For the sake of rational arrangement 

of the chapters we described such studies in the earlier part of the thesis. 

The observed molar inhibition values are fitted in the derived equation at different 

concentrations. A good fit was observed in all cases.  

Table 4.2: Association constants of monomer and dimer with bacteria (per molar) and 

coefficients p and q. 

Compound  p  q  k  m  s  

1a 1.4E+06 9.1E+03 0.24 1.03 9.4 

1b 7.8E+05 0.00013 0.14 1.8 5.8 

1c 1.7E+07 0.001 0.17 1.5 10.7 

1d 1E+06 15.9  0.21  1.2 1.03 

 

The contribution of monomer to the antibacterial activity, p, is always much 

higher than that of the dimer, q.  These results are the clear mathematical indication that 

the monomer is mainly responsible for the antibacterial activity. And the expected 

preponderance of monomer proportion at dilute solution is responsible for the observed 

higher molar activity at dilute solutions. The electron withdrawing chlorine atom at 4’ 

position in 2-phenyl-ring increased the antibacterial property and electron donating 

methyl group at this position reduced the property of the monomer. 
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The dimer activity indicted from the values of q, is negligible but non zero. The 

monomer – dimer equilibrium constant values ( k X 10
4
 ) in bacterial medium are 

expectedly low in the bacterial medium than that in water. The monomers bind better 

than the corresponding dimers as ״s״ values are found to be higher than the corresponding 

 values (Table 4.2). The nearly flat nature of the molar inhibition property (Figure ״m״

4.4) of the compound 1d can now be safely assigned to be due to the monomer buffering 

effect originating from the existence of two metamorphic dimers in solution state. The 

curve fit graph represented that the experimental inhibition has also matched with our 

observed inhibition percentage (Figure 4.5). 

 

Figure 4.5: Curve fit plot of inhibition percentage against molar concentration of 

compound 1a, 1b, 1c and 1d.  

We have pointed out that there is some intrinsic predicament for achieving much 

better antibacterial activity
 
(Nanda et al., 2007) of the molecules having this type of 

pharmacophore. Therefore, in the present study we have tried to address some reasons for 

that.  No a priori work indicted the effect of self association of the drug molecules in their 

biological activity. In this sense, our method of SAR study is totally new of its kind. 
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Chapter 5 

Anti-proliferative activity, Molecular Docking and inhibition 

of Human Dihydrofolate reductase enzyme shown by 

Quinazoline-4(3H)-ones 

5.1 Introduction 

Cancer is considered as one of the major clinical and public health problem. 

Cancer may be defined in three phases (i) aggressive- cells can grow and divide without 

respect to normal restrictions, (ii) invasive - adjacent tissues can be invaded and 

destroyed and/or (iii) metastatic - spread to further locations in body (Baba et al., 2007). 

Conversely, benign tumors are self-limited in their growth and do not invade or 

metastasize and differentiate them from malignant properties of cancer. Cancer is known 

to affect people at all ages, even fetuses, but possibilities for the more common varieties 

have a tendency to increase with age. At present, cancer is considered as a leading cause 

of death worldwide. It is reported that in 2008 about 13% of all deaths (accounted for 7.6 

million deaths) occurred due to cancer and more than 70% of all deaths occurred in low 

and middle income countries.  It is now counted among five leading causes of death 

(American Chemical society, 2007). Cancer morbidity reached upto nine million people 

worldwide by 2015. Furthermore, deaths from cancer worldwide are projected to rise 

over 11 million in 2030 as per WHO Cancer Fact sheet No 297 February 2011. It is well 

known that conventional anticancer drug discovery and development processes have 

selected agents that had significant cytostatic or cytotoxic activity on tumour cell lines. 

The drug discovery was mainly focused on development of cytotoxic agents. These 

agents play a vital role in inhibiting metabolic pathways critical to cell division (Florea 

et al., 2011).  

The advances in history of cancer chemotherapy are shown in Figure 5.1, where 

most popular and effective drug methotrexate and 5-flurouracil were invented in 1950-60. 

With the current chemotherapy, lack of selectivity of chemotherapeutic agents against 
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cancerous cells is a significant problem. However, advances in the fields of drug 

discovery and cell biology are facilitated by the developments of Computer-Aided Drug 

Design. To facilitate the discovery of novel therapeutic agents, Computer-Aided Drug 

Design (CADD) assist to discover novel chemical entities with the potential to be 

developed into novel therapeutic agents. Thus, modern computational-aided drug design 

established a novel platform by which researchers perform in-depth in silico simulation 

prior to labour-extensive wet-lab validation (Zhang, 2009). 

 

 

 

Figure 5.1:  Representation of the key advances in the history of cancer chemotherapy. 
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5.1.1 Computer Aided Drug Design 

5.1.1.1 Importance of computer-aided-drug design in medicinal chemistry 

 

 The strategy of medicinal chemists in their research is to discover new chemical 

entities which maximally resemble existing drugs with respect to key physicochemical 

and biological properties, with the knowledge that the quest for „drug-like‟ properties 

may indeed help achieve good pharmacokinetic and pharmaco-dynamic properties 

(Hughes, 2011). In this regard, Computer-aided drug design plays a vital role in drug 

discovery and development and has become an indispensable tool in the pharmaceutical 

industry. Computational medicinal chemists can take advantage of all kinds of software 

and resources in the computer-aided drug design field for the purposes of discovering and 

optimizing biologically active compounds (Liao et al., 2011).  Thus, Computer-aided 

drug discovery/design methods have played a major role in the development of 

therapeutically important small molecules for over three decades.  

 

5.1.1.2 Evaluation of Drug likeliness and ADME/Tox 

In silico prediction of properties like, absorption, distribution, metabolism and 

excretion (ADME) by employing theoretical models play progressively more important 

roles in support of the drug development process (Hou & Wang, 2008). The importance 

of optimizing the ADME properties has been widely recognized in determining potential 

drug candidates. Generally, the evaluation of a drug is determined not only by good 

efficacy and specificity, but also by having acceptable ADME and toxicity properties 

(ADMET) (Tetko et al., 2006). At the early stage , ADME predictions generally center 

on simple ADME or ADME-related properties, such as octanol-water partitioning 

coefficient (logP), apparent partition coefficient (log D), intrinsic solubility (logS), etc. 

and more complex ADME properties such as human intestinal absorption, blood-brain 

partitioning, oral bioavailability, clearance, volume of distribution and metabolism (Hou 

et al., 2008). To exercise a pharmacological effect in tissues, a compound has to penetrate 

various physiological barriers, such as the blood–brain barrier, gastrointestinal barrier, 

and the microcirculatory barrier, to reach the blood circulation. Thereafter, it is  
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transported to its effectors site for distribution to tissues and organs, degraded by 

specialized enzymes, and finally removed from the body via excretion. The character of a 

pharmaceutical compound may be described by its pharmacokinetic or ADME properties 

(Tetko et al., 2006). In addition, genetic variation in drug metabolizing enzymes implies 

that some compounds may undergo metabolic activation and cause adverse reactions or 

toxic in humans (Gardiner & Begg, 2006).  

Accordingly, the ADME/Tox properties of a compound directly influence its 

usefulness and safety. The membrane permeability of a compound is determined by a 

combination of factors including compound size, aqueous solubility, ionizability (pKa) 

and lipophilicity (log P). The solubility of a neutral compound or of a compound in its 

non-ionized form is defined as the intrinsic solubility and normally represented as logs 

(Hou & Wang, 2008). In practice, about 85% of drugs have logs between -1 and -5. 

Christopher Lipinski carefully studied the physico-chemical properties of 2245 drugs 

from the World Drug Index (WDI) and found that poor absorption and permeation are 

more likely to occur when molecular weight <500 g/mol, Clog P< 5, hydrogen bond 

donors <5 and hydrogen bond acceptors <10 . A „rule of five‟ was subsequently proposed 

with respect to drug likeness. He defined “drug-like” molecules as those that met 3 out of 

4 of the following rules: a molecular weight ≤ 500 Da, ≤ 5 hydrogen bond donors, ≤ 10 

hydrogen bond acceptors, the sum of N‟s and O‟s ≤10 and a ClogP ≤ 5 (MlogP ≤ 4.15) 

(Lipinski et al., 1997). These rules were extended by other researchers, including Ghose 

et al (1999) and Oprea (2000). However, these rules could only serve as the minimal 

criteria for evaluating drug-likeness.  It has been estimated that 68.7% of compounds in 

the Available Chemical Directory (ACD) Screening Database (2.4 million compounds) 

and 55% of compounds in ACD (240 000 compounds) do not violate the „rule of five‟ 

(Hou et al., 2006). It has been reported that the polar surface area (PSA) inversely 

correlates with the lipid penetration ability (Palm et al., 1997). Compounds that are 

completely absorbed by humans tend to have PSA values of 60A˚, while compounds with 

PSA >140A˚ are less than 10% absorbed.  
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A molecular property is a complex balance of various structural features which 

determine whether a particular molecule is similar to the known drugs (Lilith et al., 

2010). It generally means “molecules which contain functional groups and/or have 

physical properties consistent with most of the known drugs”. These properties, mainly 

hydrophobicity, molecular size, flexibility and presence of various pharmacophoric 

features influence the behavior of molecules in a living organism, including 

bioavailability. Computational chemists have a wide array of tools and approaches 

available for the assessment of molecular diversity. Diversity analysis has been shown to 

be an important ingredient in designing drugs. The computational sensitivity analysis and 

structural analysis have been used to study the drug-likeness of the candidate drug 

(Mohammed et al., 2010; Mohammed et al., 2011). Therefore, these drug-likeness filters 

or rules may be useful in the early stage of drug discovery to some extent while they 

should be used cautiously. 

 

5.1.1.3 Evaluation of Interaction of Drug with target enzyme/receptor 

 

Computer-Aided Drug Design (CADD) also included use of computational 

methods to simulate drug-receptor interactions. Molecular docking has become an 

increasingly important tool for drug discovery. Generally, docking is a computational 

technique that places a small molecule (ligand) in the binding site of its macromolecular 

target (receptor) and estimates its binding affinity (Yuriev et al., 2011) (Figure 5.2). 

Many forces are involved in the intermolecular association: hydrophobic, dispersion, or 

van der Waals, hydrogen bonding, and electrostatic. The major force for binding appears 

to be hydrophobic interactions, but the specificity of the binding appears to be controlled 

by hydrogen bonding and electrostatic interactions (Ramesh et al., 2012). The process of 

docking a ligand to a binding site tries to mimic the natural course of interaction of the 

ligand and its receptor via a lowest energy pathway (Ferreira et al., 2015). 
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Figure 5. 2: Schematic representation of molecular docking. 

 

5.1.2 Dihydrofolate reductase (DHFR) 

Human dihydrofolate reductase (hDHFR) is one of the best therapeutic targets for 

the anticancer drug because of its metabolic importance. In the context of DHFR 

inhibitor, Farber used folate analogues for the treatment of acute lymphoblastic leukemia 

in 1948 (Farber, 1948).  Further, in 1958, it was reported that folate analogues showed 

antitumor activity by inhibition of the dihydrofolate reductase (Osborn, 1958; Osborn & 

Huennekens, 1958). 

 

Dihydrofolate reductase (DHFR; tetrahydrofolate dehydrogenase; 5, 6, 7, 8-tetra-

hydrofolate-NADP
+ 

oxidoreductase; EC 1.5.1.3) is an enzyme of pivotal importance in 

biochemistry and medicinal chemistry. DHFR functions as a catalyst for the reduction of 

dihydrofolate to tetrahydrofolate. Reduced folates are carriers of one-carbon fragments; 

hence they are important cofactors in the biosynthesis of nucleic acids and amino acids 

(Roth, 1986). The inhibition of DHFR leads to partial depletion of intracellular reduced 

folates with subsequent limitation of cell growth (Nerkar et al., 2009). DHFR has 

attracted attention of protein chemists as a model for the study of enzyme structure/ 
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functional relationships. The species-differences among the DHFRs, (Falco et al., 1949)
 

were used to discover compounds with particular selectivity, e.g., that are lethal to 

bacteria but relatively harmless to mammals (Buchall & Hitchings, 1965).
 
Such selective 

inhibitors are trimethoprim and pyrimethamine, which are used in therapy for their 

antibacterial and antiprotozoal properties, respectively.  The enzymatic reduction 

involved in the inhibition of DHFR is a random process in which either the substrate 

(dihydrofolate) or the cofactor NADPH, forms a binary complex with the enzyme, with 

subsequent rapid binding of the inhibitor, to form ternary complex. Good amounts of 

work were done regarding inhibitors of DHFR (Blancey et al., 1984). 

Compounds that inhibit DHFR exhibit an important role in clinical medicine as 

exemplified by the use of methotrexate in neoplastic diseases (Jolivet et al., 1983; Borst 

& Quellette, 1995), inflammatory bowel diseases (Kozarek et al., 1989)
 
and rheumatoid 

arthritis (Weinblatt et al., 1985), as well as in psoriasis (Weinstein, 1971; Abu-Shakra, 

1995) and in asthma (Mullarkey et al., 1988) like that of trimethoprim in bacterial 

diseases (Green et al., 1984).
 
Lately, a new generation of potent lipophilic DHFR 

inhibitors such as trimetrexate (TMQ) and piritrexim (PTX) have shown antineoplastic 

(Maroun, 1988)
 
and most importantly, antiprotozoal (Allegra et al., 1987)

 
activities. This 

is the exclusive de novo sources of dTMP, hence inhibition of DHFR or TS activity in the 

absence of salvage, leads to “thymine-less death (Masur, 1990; Berman, Werbel et al., 

1991). Thus DHFR inhibition has long been an attractive goal for the development of 

chemotherapeutic agents against bacterial and parasitic infections as well as cancer (Borst 

et al., 1995). 

5.1.3 Inhibitors of Dihydrofolate Reductase  

Inhibitors of DHFR are classified as either classical or non-classical antifolates 

(Al-Rashood et al., 2014). The classical antifolates are characterized by a p-

aminobenzoylglutamic acid side-chain in the molecule and thus closely resemble folic 

acid itself. Methotrexate (MTX) is N-{4-[[(2, 4-diamino-6-pteridyl) methyl]-N
10

-methyl-

amino]} benzoyl-glutamic acid, the most well known drug among the classical 

antifolates.  Compounds classified as non-classical inhibitors of DHFR do not possess the 
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p-aminobenzoylglutamic acid side-chain but rather have a lipophilic side-chain (Green et 

al., 1984). 

5.1.3.1 Classical DHFR Inhibitors  

The classical inhibitor serves as an antimetabolite, which means that it has a 

similar structure to that of a cell metabolite, resulting in a compound with a biological 

activity that is antagonistic to the metabolite.  In case of folic acid, MTX, most often used 

DHFR inhibitor in clinic today, is antagonistic to folic acid. The antibacterial drug 

trimethoprim is generally used together with the TMP (Al-Rashood, 2005). The most 

common use of MTX is as an anticancer drug.  It inhibits the synthesis of metabolites 

involved in one-carbon unit transfer reactions such as the biosynthesis of the important 

nucleotides. Moreover, MTX is considered as a competitive and reversible inhibitor of 

DHFR that binds tightly to the hydrophobic folate-binding pocket of the enzyme. The 

affinity of MTX for DHFR increases considerably in the presence of the cofactor 

NADPH and have anti-inflammatory and immuno-suppressive properties with 

accompanied activity against autoimmune disorders (Graffner-Nordberg, 2001).  

5.1.3.2 Non-classical DHFR Inhibitors  

The clinically useful properties of MTX have stimulated the quest for a variety of 

new analogues with modifications within the molecule, without interfering too much with 

the pharmacophore of the original drug. Intrinsic and acquired resistance to MTX and 

other antifolate analogues limit their clinical efficacy. Thus, research is enduring for a 

more selective drug, most importantly, without the severe side-effects often associated 

with MTX (Jolivet et al., 1983).  New more lipophilic antifolates have been developed in 

an attempt to circumvent the mechanisms of resistance, such as decreased active 

transport, decreased polyglutamation, DHFR mutations etc (Urakawa et al., 2000). These 

modified antifolates differ from the traditional classical analogues by increased potency, 

greater lipid solubility, or improved cellular uptake. 

 In this study we have tried to investigate the antiproliferative potential of some 3-

(Aryldeneamino)-2-phenyl-quinazoline-4(3H)-ones via inhibition of hDHFR. 

Computational approaches have demonstrable capability to play an important role in this 

endeavour. 
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5.2 Materials and methods 

5.2.1 Chemicals 

Chemicals used are: Anthranilic acid (Sigma Aldrich India), pyridine, 

anisaldehyde, salicylaldehyde, 3-(4, 5- dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT), p-nitro blue tetrazolium/5-bromo-4-chloro-3-indolyl phosphate system 

(NBT-BCIP) (SRL, India).  

Cell lines were obtained from NCCS Pune, India. Dulbecco‟s Modified Eagle 

Medium (DMEM), fetal bovine serum (FBS), penicillin streptomycin neomycin (PSN) 

antibiotic, trypsin and ethylenediaminetetraaceticacid (EDTA) were obtained from Gibco 

BRL (Grand Island, NY, USA). Tissue culture plastic wares were obtained from NUNC 

(Roskidle, Denmark) and Bradford protein assay reagent from Fermentus, EU. DAPI (4', 

6-diamidino-2-phenylindole dihydrochloride), acridine orange (AO), and ethidium 

bromide (EtBr) were procured from Invitrogen, California.  

5.2.2 Maintenance of Cell culture 

MCF-7 (Human breast adenocarcinoma), HepG2 (Human hepatocellular 

carcinoma), and  HeLa (Human cervical cancer) cells were cultured in DMEM 

supplemented with 10% fetal bovine serum (FBS) and 1% antibiotic penicillin , 

streptomycin and Neomycin (PSN) at 37°C in a humidified atmosphere under 5% CO2. 

After 75-80% confluency, cells were harvested with 0.025% trypsin and 0.52 mM EDTA 

in phosphate buffered saline (PBS), and seeded at desired density to allow them to re-

equilibrate a day before the start of experiment. 

5.2.3 Molecular Docking 

The study comprised compounds belonging to quinazoline-4-(3H)-ones (Figure 5.3) 

along with one standard drug methotrexate.  The selected compounds have different 

substituents as shown in Table 5.1.  
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Figure 5.3. Structure of 3-amino-2-aryl-4(3H)-quinazolinone 

Table 5.1- The substituents of the 3-amino-2-aryl-4(3H)-quinazolinone 

Compounds R R
1
 R

2
 

3a H 2-OH Ph 

3b H 4-OCH3 Ph 

3c H 4-F Ph 

3d H 4-N(CH3)2 Ph 

3e H 4-Cl Ph 

3f H 3-OCH3 Ph 

3g H 4-OH Ph 

3h H 3-OCH3, 

4-OH 

Ph 

3i H 3-NO2 Ph 

3j H H Ph 

4a H 3,5-Cl Ph 

4b H 3-NO2-4-Cl Ph 

4c H 4-CF3 Ph 

4d H 3-Cl Ph 

4e H 2,3-Cl Ph 

4f H 2,6-Cl Ph 
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4g H 3,4-F Ph 

4h H 3-CF3 Ph 

4i 6-Br 2-F Me 

4j 6-Br 3-F Me 

4k 6-Br 4-F Me 

4l 6-Br 2-CF3 Me 

4m 6-Br 3-Cl Me 

4n 6-Br 2,4-Cl Me 

4o 6-Br 2,6-Cl Me 

4p 6-Br 3,4-F Me 

4q 6-Br 2-Cl-5-NO2 Me 

4r 6-Br 4-Cl-3-NO2 Me 

4s 6-Br 2-F-3-CF3 Me 

4t 6-Br 3,4-OMe Me 

4u 6-Br 2,3-OMe Me 

4v 6-Br 2,5-OMe Me 

4w 6-Br 3-NO2 Me 

4x 6-Br 2-OH Me 

4y 6-Br 2,4-OMe Me 

4z 6-Br 5-Cl-3-OH Me 

4 H 2,3-Cl Me 

 

5.2.3.1 Chemical Drawing 

The structure of the compounds was drawn by software ACDLabs 

Chemsketch 12.0. The created structures were energy minimized by 3D viewer in 

ACDLabs and the corresponding structures were saved as MDL.mol file format. 
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These files were opened in ArgusLab 4.0 software and energy minimization of each 

of the structure was done by using UFF calculation. The respective structures were 

then saved as the .pdb file format for the further study.  

5.2.3.2 Molecular Docking 

In order to carry out the molecular docking study, we used the AutoDock 4.0 

suite as molecular-docking tool (Morris et al., 1998). It is suitable software for 

performing automated docking of ligands to their macromolecular receptors. 

Protein- ligand softwares were widely used to support the drug design process.  

5.2.3.3 Preparation of Human DHFR 

The basic requirement of the docking is the identification of appropriate 

target protein. We have chosen Human Dihydrofolate Reductase (PDB ID 1DHF) 

which fulfills all the requirements of this study. It was retrieved from the PDB 

structural database site (http://www.rcsb.org/pdb). The .pdb file format of protein 

was taken as input of Autodock program. All water molecules and ligands were 

removed from the proteins before the docking procedure. The protein was modified 

using the AutoDock program through which all missing hydrogen, side chain atoms 

added and residues repairing were done by using the graphic user interface of 

AutoDock tools (ADT).  

5.2.3.4 Preparation of Ligands 

The .pdb file format of ligands was used for the docking. The docking input 

files of ligands were also prepared using ADT package. Similarly „„.pdb‟‟ file of 

ligand was given as input to modify ligand file which allowed the program to 

calculate its parameters such as non-polar hydrogen, aromatic carbons and rotatable 

bonds along with the ligand torsions. The Torsion count option was used to adjust 

the number of rotatable and non-rotatable bonds. For all the ligands Torsions were 

defined by the use of Torsion Tree option from the AutoDock software. The Torsion 

Tree option was used to Choose Torsions, Set Number of Torsions to most atoms 

and to Detect Root which is the rigid part of the ligand. The number of active 



Chapter 5 

 

Anti-proliferative activity, Molecular Docking and inhibition of Human Dihydrofolate reductase enzyme 

shown by Quinazoline-4(3H)-ones  Page 104 
 

torsions was set to the maximum number of atoms. Ligands were saved as .pdbqt 

file format. 

5.2.3.5 Grid box preparation 

AutoDock requires pre-calculated grid maps, one for each atom type, present 

in the ligand being docked and its stores the potential energy arising from the 

interaction with macromolecule. This grid must surround the region of interest in 

the macromolecule. In the present study, the binding site was selected based on the 

amino acid residues, which are involved in folate binding. . Therefore, the grid was 

centered in the active region of hDHFR motif and includes all amino acid residues 

that surround active site. The grid box size was set at 90, 90, and 90 A° (x, y, and 

z), though it was changed depending on the ligand size. AutoGrid 4.0 Program, 

supplied with AutoDock 4.0 was used to produce grid maps. The preparation steps 

were started by using .pdb file of human DHFR as the receptor, and its ligand. Grid 

Box is the coordinate area determination for the docking process. It is configured in 

AutoDock Tools. Using MGLTools 1.5.1., the grid was centered on the active site of 

the enzyme for docking. The grid box was saved in a grid parameter file (.gpf) 

format. 

5.2.3.6 Docking simulation 

During the docking process, a maximum of 10 conformers was considered 

for each compound. Docking for 10 number of GA run was carried out using 

Lamarckian Genetic Algorithm (LGA) and all other parameters set to default. The 

top ranked model in the lowest energy cluster with maximum cluster size was 

considered for all further interaction studies. This process was done using AutoGrid 

4.0 and Autodock 4.0. The following data are necessary for conducting the docking: 

enzyme file in .pdbqt format, ligand in .pdbqt format, .gpf files, and .dpf files.  

5.2.3.7 Analysis and visualization of docking simulation results 

The docking result of AutoDock 4.0 is in the docking log file (.dlg) format. 

Then, by using python script, the docking results were converted to .pdb format. Out 
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of 10-model result, one best model was picked up, based on the free energy bonding 

data, in order to analyze its interaction. 

5.2.4 In silico  Physicochemical and Drug likeliness Tests 

Drug-likeliness is mostly a statistics of descriptors derived from databases of 

compounds used to evaluate the drug-likeliness of other compounds. The web server 

which predicted the (1) CMC like rule which is based on databases contain more 

than 7000 compounds, used or tested as medicinal agents in humans. (2) MDDR 

contained more than 10000 drugs launched or under development (3) The WDI 1997 

contains 51596 compounds for comparing the drug-likeliness and also by the 

Lipinski rule of five. Drug likeliness was calculated using OSIRIS server, which is 

based on a list of about 5,300 distinct substructure fragments created by 3,300 

traded drugs as well as 15,000 commercially available chemicals yielding a 

complete list of all available fragments with associated drug likeliness.  

The physical characteristics of all the molecules were determined because the 

biological properties could be predicted by their physicochemical property.  

Molinspiration supported internet benefitted the chemistry community by offering 

free on-line services for calculation of important molecular properties (LogP, polar 

surface area, number of hydrogen bond donors and acceptors and others). Any 

compound to be considered as a lead must possess acceptable scores for all of the 

descriptors and Osiris Property explorer http://www. organic-

chemistry.org/prog/peo/ were used to calculate - logP, solubility, drug likeliness, 

polar surface area, molecular weight, number of atoms, number of rotatable bonds, 

volume, drug score and number of violations to Lipinski‟s rule The cLogP,  

solubility,  drug likeness and drug Score of each molecule were also determined by 

OSIRIS server. 

Computer aided method is an easy platform to search such kinds of 

biologically active compounds with favorable ADMET (Absorption, Distribution, 

Metabolism, Excretion and Toxicity) and drug-likeness properties. The ADME are 

the most important part of pharmacological studies of the concerned molecule 

required for drug based discovery. Pre ADMET is the tool that provides drug-
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likeliness, ADME profile and toxicity analysis for the ligand. It uses Caco2-cell 

(heterogeneous human epithelial colorectal adenocarcinoma cell lines) and MDCK 

(Madin-Darby Canine Kidney) cell models for oral drug absorption prediction and 

skin permeability, and human intestinal absorption model for oral and trans-dermal 

drug absorption prediction. Distribution is predicted using BBB (blood brain 

barrier) penetration and plasma protein binding. 

5.2.5 Inhibitory toxicity prediction 

The Osiris program was used to predict the overall toxicity of the most active 

derivatives as it may point to the presence of some fragments generally responsible 

for the irritant, mutagenic, tumorigenic, or reproductive effects in these molecules.  

5.2.6 Pharmacophore generation 

The compounds were structurally aligned to get a ligand based pharmacophore 

using PharmaGist tool (Schneidman-Duhovny et al, 2008). A ligand-based 

pharmacophore modeling was performed using PharmaGist webserver. The method 

consists of four major steps: (i) ligand representation, (ii) pairwise alignment, (iii) 

multiple alignments and (iv) solution clustering and output as shown in Figure 5.4. In a 

common pharmacophore development approach, large number of possible conformations 

for each ligand were generated, whereas PharmaGist uses the most active compound as 

„the pivot‟ that is considered within the search for the common pharmacophore. The 

benefit of this approach lies in the fact that when there is no information on the binding 

conformation of any of the ligands, a set of conformations for only one of them (the 

pivot) needs to be computed. Unless a pivot is specified by the user, the algorithm 

iteratively tries each input ligand as a pivot. The algorithm identifies pharmacophores by 

computing multiple flexible alignments between the input ligands. The resulting multiple 

alignments reveal spatial arrangements of consensus features shared by different subsets 

of input ligands. The highest-scoring ones are potential pharmacophores (Dror et al., 

2009). Ten active compounds (Table 5.1) from the series were selected to generate 

pharmacophore models. Compound 11 was assigned as the pivot molecule and default 

values were used for other settings. Models with all the 10 ligands with contribution to 
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the pharmacophoric features were considered. Generated models were ranked with the 

scores and the one with highest score was selected as the best pharmacophore model. 

 

 

Figure 5.4:  Flow-chart of  PharmaGist method 

 

5.2.7 hDHFR activity assay 

hDHFR activity was measured using the DHFR assay kit (Sigma-Aldrich- 

CS0340) as per the manufacturer‟s instructions. Typically, DHFR activity is measured 

using a Jasco V spectrophotometer to quantify the decrease in absorbance at 340 nm for 

every 5 s over 2.5 min. The stock solutions for the reaction mixture was Methotrexate 

(1×10
-6

M) ,  NADPH (1×10
-3

M),  DHF (1×10
-3

M) and synthesized compounds (10
-6

M). 

DHFR activity was determined by measuring the decrease of absorbance at 340 nm 

characteristic of dihydrofolate as it is reduced to tetrahydrofolate (THF). The activity 

calculation measures the decrease in OD obtained during 2.5 min. The output of the 

kinetics program was ∆OD/min.  

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 %

=
𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝐷𝐻𝐹𝑅 𝑖𝑛 𝑝𝑟𝑒𝑠𝑒𝑛𝑐𝑒 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑜𝑟

100
X 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝐷𝐻𝐹𝑅 𝑖𝑛 𝑝𝑟𝑒𝑠𝑒𝑛𝑐𝑒 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑜𝑟 

The % inhibition values were plotted versus drug concentration (log scale). The 50% 

inhibitory concentration (IC50) of each compound was obtained.  
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5.2.8 MTT assay  

Stock solutions of synthesized compounds and standard compounds (methotrexate 

and curcumin) at a concentration of 10 mg/ml were prepared in dimethyl sulfoxide 

(DMSO, Hi-Media). The cytotoxic effect of each of compound was evaluated by 

tetrazolium- dye, MTT, assay (Mosmann, 1983; Denizot & Lang, 1986) with slight 

modifications. Briefly, the cancerous cells (MCF 7, HepG2 and HeLa) were seeded in 96-

well plates at a density of 5x10
3 cells/well in 200 μl culture medium. Following 24 h 

incubation and attachment, the cells were treated with different concentrations of 

compounds and similar concentration of diluents (DMSO) for further 24 h. After 

treatment, media was replaced with MTT solution (10 μl of 5 mg/ml per well) prepared in 

PBS and incubated for 3 h at 37 
o
C in a humidified incubator with 5% CO2. The yellow 

MTT dye was reduced by succinate dehydrogenase in the mitochondria of viable cells to 

purple formazan crystals. To solubilize the formazan, 50 μl of isopropanol was added to 

each well. The plates were gently shaken for 1 min and absorbance was measured at 600 

nm, with reference 490 nm, by microtiter plate reader (MIOS Junior, Merck). The 

percentage of cytotoxicity was calculated as (Y-X)/Y x 100, where Y is the mean optical 

density of control (DMSO treated cells) and X is the mean optical density of treated cells 

with compounds. 

 

5.2.9 Assessment of cell morphology 

Cells (3 × 10
4
/well) grown in 6-well plates in DMEM supplemented with 10% 

FBS for 24 h were treated with or without derivatives. Cells were seeded in 35 mm 

polyvinyl coated cell culture plates and allowed to attach at 37 0C for 24 h in CO2 

incubator. The following day, cells were treated with either 75 μg/ml of compounds or 

DMSO alone, serving as control, and incubated again at the same conditions. The 

morphological changes of cancerous cells under treatment and control conditions were 

compared by monitoring with phase contrast inverted microscope (Olympus, CK40-SLP) 

at 200X magnification. The images were photographed at 24 h of incubation. 
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5.2.10 Trypan blue exclusion assay 

 

After morphological assessment, the cell viability was simultaneously assessed by 

Trypan blue dye exclusion assay (Strober, 1992). For this, the cells were trypsinized with 

0.25% trypsin-EDTA solution, resuspended in phosphate buffer saline (PBS) and stained 

with 0.4% Trypan bluedye solution (v/v in PBS). Within two minutes, the cells were 

loaded in a Neubauer chamber and the number of viable and non-viable cells per 1 x 1 

mm square was counted under phase contrast microscope. The dead cells, because of 

losing the semi permeability of membrane, retained the blue dye and hence are colored 

whereas viable or live cells remained unstained. The cells/ml was calculated as average 

cell count x dilution factor x 10
4
 cells/ml. The % cell viability was determined as [(no. of 

viable cells/ total no. of viable + non-viable cells) x 100. The percentage of growth 

inhibition was represented as {cell viability (control) – cell viability (with test 

compound). 

 

5.2.11 Statistical analysis 

All values are expressed as mean ± SD. Statistical significance was compared 

between various treatment groups and controls using the one-way analysis of variance 

(ANOVA). Data were considered statistically significant when P values were <0.01. 

 

5.3 Results and Discussion 

In the last few years, the attention was oriented towards the synthesis and 

biological evaluation of quinazolinone derivatives as they exhibit a broad spectrum of 

biological activities. Moreover, there is an increasing interest in finding novel field of 

applicability for Quinazoline-4(3H)-one compounds as anticancer drugs.  Importantly, 

FDA has approved several quinazoline derivatives as anticancer drugs from the past 15 

years, such as gefitinib, erlotinib and lapatinib (Roskoski et al., 2014).  
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5.3.1 Drug likeliness of compounds 

Apart from advances in technology and understanding of biological systems, 

drug discovery is still a long process with low rate of new therapeutic discovery. 

Fortunately, modern computational-aided drug design established a novel platform 

by which researchers perform in-depth in silico simulation prior to labor-extensive 

wet-lab validation. Hence we have chosen first to perform in silico evaluation of 

compounds‟ drug likeliness behaviour (physicochemical properties, interaction with 

target protein, ADMET and drug score) and their possibility to become a drug in 

future  

All the ten compounds used in this study were allowed to pass through 

different parameters required to fulfill the candidature of these compounds as future 

drug. In addition to these ten 3-(Aryldeneamino)-2-phenyl-quinazolin-4(3H)-one, 

we have computationally constructed twenty seven more quinazolinone compounds, 

which are reported for their biological activity (Xingwen et al., 2007). This 

approach was also taken to verify dependability of the applied tools and softwares. 

All compounds (synthesized and computationally constructed) have successfully 

qualified Lipinski‟s Rules, CMC like rule (except 4a and 4f), MDDR like rule and 

WDI like rule (Table 5.2). Compounds tested in this study were predicted to have 

good oral bioavailability. Some of the compounds (4e, 4f and 4) have shown 

excellent permeability, while others have relatively less or poor (in some cases) 

permeability. The drug likeliness and drug score were found significant for all 

tested compounds.  

The suitability of a promising drug also depends on its toxicity. The 

therapeutic index of a drug would be higher when it shows low toxicity/side effects. 

Based on this we have performed toxicity prediction using Osiris Property Explorer. 

Results revealed that the compounds have low toxicity. The prediction using Osiris 

Property Explorer was shown in color codes. Green color represents low toxicity, 

yellow represents the mediocre toxicity, and red represents high toxicity (Table 5.3). 
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Table 5.2- Data representing the qualification of the substituents for drug likeliness using 

CMC like rule, MDDR like rule and WDI like rule along with Rule of Five as predicted 

using OSIRIS server 

Compound  CMC like rule MDDR like rule Rule of five WDI like rule 

1a Qualified Mid structure Suitable 90% 

2a Qualified Mid structure Suitable 90% 

3a Qualified Mid structure Suitable 90% 

3b Qualified Mid structure Suitable 90% 

3c Qualified Mid structure Suitable 90% 

3d Qualified Mid structure Suitable 90% 

3e Qualified Mid structure Suitable 90% 

3f Qualified Mid structure Suitable 90% 

3g Qualified Mid structure Suitable 90% 

3h Qualified Mid structure Suitable 90% 

3i Qualified Mid structure Suitable 90% 

3j Qualified Mid structure Suitable  90% 

4a Not qualified Mid structure Suitable 90% 

4b Qualified Mid structure Suitable 90% 

4c Qualified Mid structure Suitable 90% 

4d Qualified Mid structure Suitable 90% 

4e Qualified Mid structure Suitable 90% 

4f Not qualified Mid structure Suitable 90% 

4g Qualified Mid structure Suitable 90% 

4h Qualified Mid structure Suitable 90% 

4i Qualified Mid structure Suitable 90% 

4j Qualified Mid structure Suitable 90% 

4k Qualified Mid structure Suitable 90% 

4l Qualified Mid structure Suitable 90% 
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4m Qualified Mid structure Suitable 90% 

4n Qualified Mid structure Suitable 90% 

4o Qualified Mid structure Suitable 90% 

4p Qualified Mid structure Suitable 90% 

4q Qualified Mid structure Suitable 90% 

4r Qualified Mid structure Suitable 90% 

4s Qualified Mid structure Suitable 90% 

4t Qualified Mid structure Suitable 90% 

4u Qualified Mid structure Suitable 90% 

4v Qualified Mid structure Suitable 90% 

4w Qualified Mid structure Suitable 90% 

4x Qualified Mid structure Suitable 90% 

4y Qualified Mid structure Suitable 90% 

4z Qualified Mid structure Suitable 90% 

4 Qualified Mid structure Suitable 90% 

 

 

Table 5.3: Toxicity prediction as per output of Orisis programme 

 

Compound  Mutagenic  Tumorogenic  Irritant  Reproductive  

effect  

1a Green  Green  Green  Yellow  

2a Green  Green  Green  Yellow  

3a Green  Green  Green  Green  

3b Green  Green  Green  Green  

3c Green  Green  Green  Green  

3d Green  Green  Green  Green  

3f Green  Green  Green  Green  

3g Green  Green  Green  Yellow  

3h Green  Green  Green  Green  

3i Green  Green  Green  Green  

3g Green  Green  Green  Green 

4a  Green  Green  Green  Yellow  

4b  Green  Green  Green  Yellow  

4c  Green  Green  Green  Yellow  
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4d  Green  Green  Green  Yellow  

4e  Green  Green  Green  Yellow  

4f  Green  Green  Green  Yellow  

4g  Green  Green  Green  Yellow  

4h  Green  Green  Green  Yellow  

4i  Green  Green  Green  Green  

4j  Green  Green  Green  Yellow  

4k  Green  Green  Green  Green  

4l  Green  Green  Green  Green  

4m  Green  Green  Green  Green  

4n  Green  Green  Green  Green  

4o  Green  Green  Green  Green  

4p  Green  Green  Green  Green  

4q  Green  Green  Green  Green  

4r  Green  Green  Green  Green  

4s  Green  Green  Green  Green  

4t  Green  Green  Green  Green  

4u  Green  Green  Green  Green  

4v  Green  Green  Green  Green  

4w  Green  Green  Green  Green  

4x  Green  Green  Green  Green  

4y  Green  Green  Green  Green  

4z  Green  Green  Green  Green  

4  Green  Green  Green  Green  

 

5.3.1.1 Molecular descriptor properties 

The oral bioavailability of the compounds projected as potential drugs were 

evaluated by determining the molecular weight, number of rotatable bonds (nrotb), 

number of hydrogen bonds (nON and nOHNH), and drug‟s polar surface (TPSA) as 

shown in Table 5.4. Since the individual molecular weights of all the compounds 

were less than 500, the numbers of rotatable bond were <10, the number of 

hydrogen bond donors and acceptors were < 12, and TPSA values being <140, they 

qualified to be an ideal oral drug. Compounds tested in this study were also 

predicted to have good oral bioavailability. 
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Table 5.4. Molecular descriptor properties of compounds.  

Compounds miLogP TPSA nON nOHNH Nviolations nrotb volume natoms 

1a 3.2 43.10 4 0 0 1 195.84 17.0 

2a 3.1 45.75 4 0 0 1 199.76 17.0 

3a 5.7 65.26 4 0 0 1 327.87 25.0 

3b 6.7 57.89 4 0 0 1 294.72 25.0 

3c 3.9 45.03 4 0 0 3 315.87 23.0 

3d 4.8 48.87 4 0 0 3 287.67 22.0 

3e 4.5 45.03 4 0 0 2 298.0 26.0 

3f 5.6 48.54 4 0 1 2 321.8 23.0 

3g 5.8 49.87 4 0 0 3 318.9 24.0 

3h 6.9 65.26 4 0 0 3 307.0 22.0 

3i 5.2 58.92 4 0 0 3 305.0 25.0 

3j 6.2 45.03 7 0 0 2 312.65 26.0 

4a 5.887 47.26 4 0 1 3 321.37 27.0 

4b 5.16 93.08 4 0 0 3 317.53 27.0 

4c 4.25 47.26 4 0 0 3 288.64 25.0 

4d 5.25 47.26 4 0 1 3 307.84 26.0 

4e 5.863 47.26 4 0 1 3 321.37 27.0 

4f 5.86 47.26 4 0 1 3 321.37 27.0 

4g 4.85 47.26 4 0 0 3 304.17 27.0 

4h 5.47 47.26 4 0 1 4 325.60 29.0 

4i 3.47 47.26 4 0 0 2 262.27 22.0 

4j 3.5 47.26 4 0 0 2 262.27 22.0 

4k 3.52 47.26 4 0 0 2 262.27 22.0 

4l 4.20 47.26 4 0 0 3 288.64 25.0 

4m 4.01 47.26 4 0 0 2 270.88 22.0 

4n 4.64 47.26 4 0 0 2 284.41 23.0 

4o 4.62 47.26 4 0 0 2 284.41 23.0 

4p 3.61 47.26 4 0 0 2 267.20 23.0 
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4q 3.92 93.08 7 0 0 3 294.21 25.0 

4r 3.52 47.26 4 0 0 2 262.27 22.0 

4s 4.32 47.26 4 0 0 3 293.57 26.0 

4t 3.00 65.72 6 0 0 4 308.43 25.0 

4u 3.18 65.72 6 0 0 4 308.43 25.0 

4v 3.40 65.72 6 0 0 4 308.43 25.0 

4w 3.2 93.08 7 0 0 3 280.67 24.0 

4x 3.3 67.48 5 1 0 2 265.36 22.0 

4y 3.40 65.72 6 0 0 4 308.43 25.0 

4z 3.95 67.48 5 1 0 2 278.898       23.0 

4 4.62 47.26 4 0 0 2 284.41 23.0 

 

Calculation of the fragment based drug-likeliness of the compounds signifies 

that the compounds have the same fragments as compared to the existing drugs. The 

drug-likeliness values of all the compounds are reasonably acceptable (except 4h,4i 

and 4s) as shown in Table 5.5. The higher drug-likeliness values are found in case 

of compounds 4c, 4d, 4e and 4f. Results indicated that these four compounds have 

the most fragments similar to existing potent drugs to fulfill the content of drugs. 

The drug score values (Table 5.5) were also calculated which took into account the 

effect of drug-likeliness, LogP, solubility, molecular weight, and toxicity risk 

together.  

 

Table 5.5. Fragment based drug-likeliness of the compounds. 

 

Compound  cLogP Solubility MW Drug likeness Drug Score 

1a 2.35 -3.34 223 1.84 0.51 

2a 3.93 -3.06 237 1.11 0.6 

3a 3.74 -4.5 341.0 5.27 0.67 

3b 4.05 -4.82 355 5.04 0.61 

3c 4.22 -5.11 343 2.59 0.56 
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3d 4.01 -4.84 368 5.99 0.61 

3e 4.72 -5.54 359 6.03 0.43 

3f 4.05 -4.82 355 5.4 0.61 

3g 3.77 -4.6 341 5.37 0.66 

3h 3.77 -4.5 371 5.27 0.67 

3i 3.44 -4.88 370 5.39 0.65 

3j 4.12 -4.8 325 5.21 0.62 

4a 5.26 -6.27 393 1.71 0.23 

4b 3.77 -5.44 404 5.07 0.45 

4c 4.65 -5.44 393 5.19 0.4 

4d 5.26 -5.54 359 5.51 0.31 

4e 5.26 -6.27 394 5.59 0.4 

4f 4.65 -6.27 394 6.1 0.31 

4g 4.16 -5.43 361 2.68 0.42 

4h 4.8 -5.58 393 -1.84 0.21 

4i 3.42 -4.78 362 1.44 0.59 

4j 3.42 -4.78 360 0.12 0.4 

4k 3.42 -4.78 360 1.91 0.61 

4l 4.12 -5.24 410 -6.99 0.27 

4m 3.97 -5.2 376 2.72 0.55 

4n 4.59 -5.2 411 3.17 0.44 

4o 3.97 -5.94 411 3.76 0.56 

4p 3.48 -5.09 378 0.19 0.47 

4q 3.71 -5.84 421 1.5 0.45 

4r 3.71 -5.84 428 3.16 0.49 

4s 4.18 -5.56 402 -4.45 0.25 

4t 3.15 -4.5 402 4.56 0.66 

4u 3.15 -4.5 402 3.02 0.65 

4v 3.15 -4.5 402 3.23 0.66 

4w 3.09 -5.1 387 2.57 0.6 
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4x 3.06 -4.17 358 2.7 0.71 

4y 3.15 -4.5 402 1.57 0.61 

4z 3.67 -4.9 392 3.41 0.6 

4 3.89 -5.1 332 4.94 0.49 

 

Any compound that is considered to be a better drug candidate should exhibit 

better drug score. Our data showed that compound 4x has the best score (0.71), 

compounds (2a, 3b, 3c, 3d, 3f, 3g, 3i, 3j, 4t, 4v,4k,4i,4m,4o and 4y) in the range of 

0.5-0.66 and rest of the compound in range of 0.2-0.5. The hydrophobicity of drugs 

could be inferred from LogP values (Table 5.5). It was found that hydrophobicity 

and retention time of drug inside the host are directly related i.e. higher the 

hydrophobicity, higher the retention time of the drug inside the body (Tambunan et 

al., 2011).  

 

5.3.1.2 ADME prediction 

In modern drug designing process, computational approaches like preADMET 

prediction; MDCK and Caco-2 cell permeability, etc. serve as computational screening 

model for the prediction of intestinal drug absorption.  All the compounds under study 

have qualified HIA%, in vitro plasma% (>90% in all the cases) and Caco-2 cell 

permeability (>25 nm/sec) to be good drug candidate. Some of the compounds have 

shown excellent permeability, while others have relatively less or poor (in some cases) 

permeability in relation to qualify as CNS drug and MDCK permeability as shown in 

Table 5.6. Less permeability may have been predicted because of the solubility which 

depends to a certain degree on arrangement of molecules in the crystal and these 

topological aspects cannot be predicted via atom types or substructure fragments. 
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Table 5.6 preADME prediction of compounds. 

 

Compound  

name 

HIA% Caco-2 

nm/sec 

MDCK 

nm/sec 

In vitro 

 plasma% 

In vitro  

blood  

barrier 

1a 96.73 25.98 0.04 93.29 0.135 

2a 97.68 27.54 0.05 92.28 0.198 

3a 98.06 37.28 35.19 96.43 1.137 

3b 98.66 42.28 34.16 95.64  2.05 

3c 96.94 45.54 0.053 96.39 2.34 

3d 98.38 44.77 0.046 93.71 1.12 

3e 98.53 44.77 0.020 96.49 2.31 

3f 96.72 34.45 26.32 96.63 1.76 

3g 97.68 36.43 26.46 97.18 1.96 

3h 97.89 36.49 0.020 98.6 1.45 

3i 97.589 36.55 32.52 99.18 2.28 

3j 96.34 42.27 0.04 98.42 2.41 

4a 98.06 38.752 15.94 96.47 0.84 

4b 99.142 42.6359 0.044 93.484 0.027 

4c 97.68 47.7122 0.044 92.11 0.135 

4d 97.84 35.998 44.058 93.244 2.07 

4e 98.06 17.55 25.09 96.07 1.107 

4f 98.06 17.34 34.26 95.998 2.05 

4g 97.62 43.077 0.182 93.022 0.269 

4h 97.668 37.517 0.044 93.718 0.127 

4i 97.589 37.62 0.0958 96.408 2.31 

4j 97.589 37.62 0.053 100 1.39 

4k 97.589 18.775 0.046 99.18 0.996 

4l 97.63 42.27 0.020 100 0.1945 

4m 97.809 38.752 0.094 100 1.319 

4n 98.003 42.6359 0.0412 100 0.79 
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4o 98.033 47.7122 0.125 100 1.38 

4p 97.592 35.998 0.025 98.44 0.491 

4q 99.14 17.55 0.023 100 0.292 

4r 99.143 17.34 0.0208 100 0.201 

4s 97.64 43.077 0.021 98.35 0.159 

4t 97.485 37.517 0.024 95.31 0.241 

4u 97.485 37.62 0.026 92.21 1.88 

4v 97.485 37.62 0.028 92.71 1.93 

4w 99.38 18.775 0.0323 100 0.194 

4x 96.169 21.197 0.138 94.513 0.623 

4y 97.48 37.06 0.028 89.708 0.358 

4z 96.56 22.355 0.037 98.24 0.49 

4 97.64 39.17 75.66 91.17 1.67 

 

 

5.3.2 Molecular Docking and Pharmacophore study 

In order to evaluate the candidature of compounds as inhibitor of hDHFR, in 

terms of their binding affinity to hDHFR active site, we have performed molecular 

docking of these compounds with hDHFR. The protein-ligand complex structures 

were suitable for the docking study, since the ligand pockets were clearly 

determined.The docked complexes of receptor and compounds have been compared 

with the original PDB structure (1DHF:A)  in terms of the occupancy of the active 

site by the compounds. The molecular alignment results (Figure 5.5) have shown 

that all the compounds under study along with the standard drug methotrexate have 

occupied the same cavity as is occupied by the natural ligand folate.   

The active site of the human dihydrofolate reductase (hDHFR) is represented 

by Ile-7, Ala-9, Trp-24, Glu-30, Gln-35, Asn-64, Arg-70, Val-115, Tyr-121 and 

Thr-136 (Yamini et al., 2011) as shown in Figure 5.6. It can be inferred that the 

compounds have affinity for the active site and can act as competitive inhibitors to 

the natural ligand. 
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Figure 5.5: Docking model of compounds with hDHFR (PDB ID- 1DHF) protein (Folic 

Acid and methotrexate are represented in green and red sticks respectively, and the other  

molecules are shown in line representation) (B) Zoomed view of the active site showing 

all the docked molecules (ligands are represented in different color sticks including folic 

acid and methotrexate represented in green and red sticks respectively)  

 

 

The compounds were evaluated in terms of their binding mode to hDHFR. 

Based on the Binding Free Energy (ΔG binding) of the protein-ligand interaction 

and Inhibition constant (Ki), one of 10 models was chosen to be the best one (Table 

5.7). The docking result showed that all compounds have low binding energy and 

inhibition constant as compared to the standard drug methotrexate. The minimum 

binding energy (maximum stability) was found for compound 4e (-12.38 Kcal/mol). 

The N1 of 4e forms hydrogen bond with the Ser-59 with a distance of 2.71Å. The 

amino acids Val-115, Phe-31, Phe-34, Tyr-121, Thr-136 and Asp-21 are found to be 

involved in making hydrophobic interactions with 4e. Interestingly, all these amino 

acids are also present in active site of hDHFR, which infers that 4e binds in the 

active site region of enzyme. 4b molecule also formed significantly stable complex 

on docking. Similar to 4e, the N1 atom of 4b formed hydrogen bond with the Ser -

59. It was reported that the tested quinazoline‟s recognition with the key amino acid 

Glu-30 and Ser-59 is essential for binding and biological activity (Al-Rashood et 
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al., 2006) The maximum binding energy was found in 4p (-10.05 Kcal/mol) which 

did not form hydrogen bond with the residues of the receptor. 

 

Figure 5.6: LigPlot generated snapshot of the residues in the active site of 1DHF 

interacting with the natural ligand Folate.  

„ 

It was observed from the calculated binding energies that incorporation of phenyl 

at 2-C increased the interaction with the enzyme in comparison to compounds substituted 

with methyl at 2-C. The compounds 4a- 4h have binding energies in range of -11.28 to -

12.38 Kcal/mol. The inhibition constant is directly proportional to the binding energy as 

shown in Table 5.7. The docking model of compounds and hDHFR are shown in Figure. 

5.7. 
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Figure 5.7 (a): Interaction of compound 3a docked with hDHFR  

 

 

Figure 5.7 (b): Interaction of compound 3b docked with hDHFR  
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Figure 5.7 (c):  Interaction of compound 3c docked with hDHFR  

 

 

Figure 5.7 (d): Interaction of compound 3d docked with hDHFR  
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Figure 5.7 (e): Interaction of compound 3e docked with hDHFR  

 

 

Figure 5.7 (f): Interaction of compound 3f docked with hDHFR  
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Figure 5.7 (g): Interaction of compound 3g docked with hDHFR  

 

 

 Figure 5.7 (h): Interaction of compound 3h docked with hDHFR  
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 Figure 5.7 (i): Interaction of compound 3i docked with hDHFR  

 

 

Figure 5.7 (j): Interaction of compound 3j docked with hDHFR  
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Figure 5.7 (k): Interaction of  methotrexate docked with hDHFR  

 

Table 5.7 Binding energy and Inhibition constant of ligand -human DHFR 

interaction for each test compound. 

 

Compound Binding energy 

Kcal/Mol 

Inhibition 

constant (nM) 

1a -6.43 234µM 

2a -7.23 178 µM 

3a -10.62 16.38 

3b -10.79 12.28 

3c -10.43 22.64 

3d -11.17 6.42 

3e -10.89 13.96 

3f -10.72 10.13 

3g -10.91 31.21 

3h -10.24 10.21 

3i -11.62 3.2 
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3j -11.37 4.64 

4a -11.73 2.5 

4b -12.33 0.91 

4c -11.2 6.61 

4d -11.7 2.35 

4e -12.38 0.846 

4f -11.88 1.96 

4g -11.26 5.55 

4h -11.28 5.43 

4i -10.45 21.82 

4j -10.65 15.49 

4k -10.62 16.23 

4l -10.96 9.26 

4m -11.14 6.79 

4n -11.39 4.44 

4o -10.76 13.0 

4p -10.05 42.94 

4q -11.52 3.59 

4r -11.5 3.72 

4s -10.56 18.06 

4t -10.41 10.09 

4u -10.92 9.91 

4v -10.56 18.18 

4w -12.15 1.23 

4x -10.79 12.35 

4y -10.62 16.35 

4z -10.38 24.81 

4 -10.47 21.25 

MTX -8.62. 479.78 
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Figure 5.8: (A) Structural Alignment of molecules. (B) Pharmacophore having 

characteristics: Score(66.813) 

The synthesized compounds have been comparatively evaluated in terms of their 

binding mode to hDHFR pocket. The substitution of 4
th

 position with oxygen plays a vital 

role in binding with hDHFR. The most active compounds among 3 series 3i, in addition 

to Asp 64, it also forms hydrogen bond with Arg 70. The overall outcome of this 

molecular study revealed that: (1) the quinazoline ring is a satisfactory backbone for 

inhibition of mammalian DHFR, establishing contact with the key amino acids residues 
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in the enzyme pocket. The oxygen present at the 4
th

 position formed hydrogen bond with 

the Asp 64 of hDHFR. 

 

 

Figure 5.9: Connolly molecular surface (upper panel) and solvent accessible surface 

(lower panel) of MTX, 1 (left) and the active compound 3a (right). 

Many authors have used ligand-based approach for pharmacophore modeling of 

species-specific DHFR inhibitors. Moreover, a pharmacophore model for hDHFR 

(human) inhibitors has also been modeled (Al-Omary et al., 2010). All the studied 

compounds were used to develop a ligand based pharmacophore  (Figure 5.8 ) using 

PharmaGist tool, which could be used further for the development of new, improved and 

optimized drug acting as inhibitor to hDHFR. The aligned binding conformation of the 

docked complexes clearly revealed that they can bind at the site quite well where natural 

ligand Dihydrofolate (Dhf) and inhibitor Methotrexate bound. 
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The pharmacophore has 3 aromatic rings and two hydrogen bond acceptors which 

enables in making several non covalent interactions like hydrophobic-hydrophobic 

interactions, hydrogen bonding, pi cloud interactions, etc.  

This pharmacophore is qualifying all the four parameters of Lipinski„s rule of five 

and thus could be considered as a lead molecule to generate new conformations for 

virtual screening library along with more modifications which could enhance its 

therapeutic index by enhancing the kind of interactions it could possibly make with the 

target protein. Furthermore, Connolly molecular surface, solvent accessible surface 

demonstrated their closely related molecular surface, charge distribution and electrostatic 

potential (Figure 5.9).  

5.3.3 In vitro Inhibtion of Human Dihdrofolate reductase 

The above section has shown that these compounds have possible properties and 

fragments to develop into a drug in future. We also found in molecular docking that these 

compounds have strong affinity for hDHFR.  Hence, we thought to test the efficacy of 

these compounds as hDHFR inhibitors. Moreover, it is well known that amongst various 

methods of cancer treatment, inhibition of human dihydrofolate reductase plays a key 

role in cancer chemotherapy. Literature supports candidature of Quinazoline and 

quinazolinone to be potent hDHFR enzyme inhibitor hence chosen for this study. The 

synthesized compounds (3a-3j) were evaluated as inhibitors of human DHFR using 

instruction provided in assay kit. The human DHFR inhibition activities were reported as 

IC50 values (Tables 5. 8). Compounds 3a, 3d, 3g, 3h and 3i, proved to be the most active 

hDHFR inhibitors with IC50 values range of 0.3 to 5µM, while compounds 3b, 3c, 3e and 

3f were considered of moderate activity with IC50 range of 6 to 10 µM, the rest of the 

tested compounds were considered poorly active with IC50 > 10 µM. Methotrexate (IC50 

= 8 µM) was used as a positive control.  

The inhibition in hDHFR activity indicated the inhibition of purine biosynthesis. 

The reference compound methotrexate showed IC50 value of 8±1.34, which is similar with 

the previous reports. The compounds 3a, 3b, 3c, 3d, 3f, 3g, 3h and 3i showed IC50 value 

less than methotrexate. Among these compounds, 3d and 3g showed four times less IC50 

value than methotrexate.  
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Table 5.8- IC50 value of quinazoline-4(3H) against the hDHFR. 

 

Compounds hDHFR IC50 (µM) 

3a 6.57±1.23 

3b 8.0±0.53 

3c 5.7±0.37 

3d 2.4±0.41 

3e 13.18±1.63 

3f 7.87±0.82 

3g 2.8±0.36 

3h 5.95±1.53 

3i 3.84±0.29 

3j 17.21±0.64 

MTX 8±1.34 

 

5.3.4 Antiproliferative activity 

As we have mentioned that our main focus of this chapter was to propose the 

antiproliferative activity of 3-(Aryldeneamino)-2-phenyl-quinazoline-4(3H)-one. 

Generally, for an agent to be useful as an anti-cancer drug, it must show preferential anti-

proliferative activity against tumor cell lines. All the synthesized compounds (1a, 2a and 

3a-3j) along with Methotrexate and curcumin (as a reference drug) were screened for 

their antitumour activity against three cancerous cell lines; HepG2 (human liver cancer 

cell line), MCF-7 (human breast cancer cell line) and HeLa (human cervical cancer cell 

line) using MTT assay as described previously with slight modification. Each cell line 

was incubated with five concentrations (0–100 μg/mL) of each compound and the results 

were used to create compound concentration versus survival fraction curves. Three 

experiments with test compounds were performed in triplicate for each assay and the 

percent inhibition of cell viability was determined and compared with the data available 

for standard Methotrexate and Curcumin. The data were subjected to linear regression 

analysis and the regression lines were plotted for the best fit straight line. The IC50 (50% 
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inhibition of cell viability) concentrations were calculated based on the regression 

equation. The IC50 of each compound against cell lines are shown in Table 5.9. 

The results represented in Figures 5.10, 5.11 and 5.12 clearly show  the growth 

inhibitory effect in  HeLa , HepG2 and MCF7 cell lines in the presence of synthesized 

compound at concentration of 75μg/mL .  

 

Table 5.9: IC50 value of quinazoline-4(3H) against the growth of HeLa, HepG2 and 

MCF7 cancer cell lines.  

Compounds HeLa (µg/ml) MCF 7 (µg/ml) HepG2 (µg/ml) 

1a ND ND ND 

2a ND ND ND 

3a 22±2 21±6 23±3 

3b 97±5 ND 28±5 

3c ND 95±5 45±3 

3d 54±3 68±3 ND 

3e 87±6 ND ND 

3f ND ND 30±4 

3g ND 52±5 64±6 

3h ND ND 27±4 

3i 23±4 28±5 46±4 

3j ND ND ND 

Curcumin 17±1 22 ±3 9±3 

Methotrexate 27±2   
 

29±2 42±3.7 

ND- Not Defined 

So, concerning sensitivity of cell lines to the synthesized compounds, HepG2 cell 

line was shown to be the most sensitive toward the tested compounds followed by MCF7 

and HeLa cell lines. Out of the 12 compounds, 7 showed activity against HepG2 cell 

lines, 5 showed against MCF7 cell line and 5 showed against HeLa cell lines. So, the 

tested compounds showed a distinctive pattern of selectivity.  Based on the IC50 values, 

we have categorized the active compounds in three groups; highly active compounds 
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whose IC50 ranges from 0-30 μg/mL, moderate active compounds whose IC50 ranges from 

31-70 μg/mL and poor active compounds whose IC50 ranges from 71-100 μg/mL.  

 

 

Figure 5.10:  Effect of 75μg/ml of quinazoline-4(3H)-one on the proliferation of  HeLa 

cell line (observed under phase contrast microscope). 
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Figure 5.11: Effect of 75μg/ml of quinazoline-4(3H)-one on the proliferation of HepG2 

cell line (observed under phase contrast microscope). 
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Figure 5.12: Effect of 75μg/ml of quinazoline-4(3H)-one  on the proliferation of  MCF7 

cell line (observed under phase contrast microscope). 
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Considering HepG2 cell line, compound 3a (IC50 = 23±3) showed highest activity, 

along with 3a, 3b, 3f and 3h showed high activity, 3c and 3i showed moderate activity 

while 3g (IC50 = 64±6) shows poor activity. Against MCF7 cell line, compound 3a (IC50 

= 21±6), 3i (IC50= 28±5) showed high activity, 3d and 3g showed moderate activity 

whereas, 3c (IC50= 95±5) showed poor activity. In view of  HeLa cell line, compound 3a 

and 3i showed high activity, 3d showed moderate activity while 3b and 3e showed poor 

activity. Results revealed that 3a and 3i showed broad spectrum activity by inhibiting the 

proliferation of three studied cell lines. The broad spectrum activity of compound 3i 

could be related to presence of a nitro-aromatic group in the 2- phenylquinazolinone ring 

system. Various literatures supported that nitro group containing compounds showed 

various biological activities like antibacterial, antihelmentic, anticancer etc. Previous 

author reported that presence of nitro group enhanced the cytotoxicity activity in human 

melanoma cell (Sk et al., 2011). The nitro-aromatic compound, 1-chloro-2,4-

dinitrobenzene (dinitrochlorobenzene, DNCB) has been reported to induce apoptosis in 

HeLa and A549 cells (Cennas et al., 2006). The nitro group containing aromatic 

compound, Flutamide, is also used in metastatic prostate cancer (Coe et al., 2007). 

Aromatic compounds containing hydroxyl group is reported to regulate biological 

activities. The methoxy group present in the aromatic ring was also reported to possess 

vital role in growth inhibition activity (Nagarajan et al., 2004).  Curcumin containing 

hydroxy and methoxy groups were shown to possess higher cytotoxic activity on 

different cell lines (Naama et al., 2010). Compound 3g contains both hydroxyl and 

methoxy groups in its quinazolinone ring, the presence of these two groups may be 

responsible for its effect on the cancer cell lines used. The hydroxyl group present in the 

compound in 3a may be attributed to its higher activity. So, we can hypothesize that the 

high activity of compounds 3a and 3i against three cancer cells may be attributed to the 

occurrence of OH and NO2 moieties which may be important for hydrogen bonding at the 

receptor site. The results obtained from trypan blue test were similar to those obtained by 

the MTT test and reveal a clear cytotoxic effect of these compounds. Morphological 

alterations, such as rounded cells were not visible after 24 of incubation. Interestingly, the 

extent of the cytotoxic effects of the compounds depended on the tumour cell line.  
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  These compounds also exhibited several interactions with human dihydrofolate 

reductase enzyme, giving rise to the conclusion that they might exert their action through 

inhibition of hDHFR enzyme. However, the same pattern of inhibition was not observed 

in antiproliferative activity. This may be due to the hindrance in entrance and 

bioavailability of compounds. We have addressed the way out of low solubility in the 

next chapter. 
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Chapter 6 

Preparation and Characterization of β-Cyclodextrin 

inclusion complex of Quinazoline-4(3H)-ones 

 

6.1 Introduction 

Quinazoline-4-(3H)-one derivatives have gained extensive research interest 

due to their wide range of biological activity. It is reported that they exhibit 

antitubercular, antihypertensive, anticancer, anti-HIV, antiviral, anti-inflammatory 

and antifungal activities (Waisser et al., 2010; Li et al., 2010). Despite their great 

medicinal value to emerge as successful drugs, aqueous solubility is one of the key 

limiting determinants (Nanjwade et al., 2011). Cyclodextrins (CDs) are water-soluble, 

homochiral, cyclic oligosaccharides containing six, seven, or eight α-1, 4-linked D-

glucopyranose units (α, β, and γ cyclodextrins), and have pore sizes ranging from 4.9 

to 7.9 Å (Figure 6.1) (Asanuma et al., 2000; Singh et al., 2002; Wulff et al., 2002; 

Ogoshi et al., 2003). The hydrophobic nature inside its cavity with an outside 

hydrophilic part enables β-CD (Figure 6.2) to encapsulate hydrophobic molecules to 

form thermodynamically favored molecular microcapsules, namely inclusion 

complexes or host–guest complexes. This binding between the guest molecules and 

host β -CDs is not permanent, but rather it remained in a dynamic equilibrium. The 

strength of binding mainly depends on specific local interactions between the surface 

atoms and the extent of how ‘‘host–guest’’ complex fits together. In recent times, this 

approach of complexion with β-Cyclodextrins (Figure 6.3) has been frequently used 

to increase oral bioavailability (Basson et al., 1996; Buvari & Barcza, 2000; 

Nasonglela et al., 2003). In this approach some drugs gain shelf life (Amma et al., 

2006) to a certain extent, and additionally it contributes to controlled drug release 

rate, improved organoleptic properties and maximized gastrointestinal tolerance 

(Loftsson & Brenster, 1996). Thus, increased solubility of a drug plays a very 

important role in absorption, which ultimately affects its bioavailability (Ghodkea et 

al., 2009).  
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Figure 6.1:  Representing the α-CD,  β-CD and γ-CD. 

 

Figure 6.2: Interior Hydrophobic region and Exterior Hydrophilic region of β-

cyclodextrin 

 

A number of quinazoline products based upon cyclodextrins complex were 

reported. Most of the studies however remained confined to established drugs while 

very few emphasized to increase the solubility of potentially biologically active 

quinazoline-4(3H)-ones which may help developing new drugs in the future. 

Recently, a protocol for synthesis of 2, 3-dihydroquinazoline-4(1H)-one derivatives, 

where a prior formation of an inclusion complex of isatoic anhydride with β -

cyclodextrin was reported (Patel & Dalal, 2011). The host–guest complexation 

between 5-aminoisoquinoline and β-CD was also studied (Rajamohan et al., 2012). It 

is therefore important to develop methods which can be applied to enhance the 

solubility. 
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Figure 6.3: Structure of β-cyclodextrin 

 

6.1.2 Techniques for solubility enhancement 

There are various techniques available to improve the solubility of 

hydrophobic drugs. Some traditional and novel approaches to improve the solubility 

are: 

a. Particle Size Reduction 

The solubility of drug is often intrinsically related to drug particle size. As 

particle becomes smaller, the surface area to volume ratio increases. The larger 

surface area allows a greater interaction with the solvent which cause increase in 

solubility. 

b. Solid Dispersion 

Solid dispersions represent a useful pharmaceutical technique for increasing 

the dissolution, absorption and therapeutic efficacy of drugs in dosage forms. The 

concept of solid dispersions was originally proposed by Sekiguchi and Obi, who 

investigated the generation and dissolution performance of eutectic melts of a 

sulphonamide drug and a water-soluble carrier in the early 1960s (Obi & Sekiguchi, 

1961). The term solid dispersion refers to a group of solid products consisting of at 

least two different components, generally a hydrophilic matrix and a hydrophobic 

drug.  
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c. Solvent Evaporation Method 

 Solvent Evaporation Method is also useful for improvement and stability of 

solid dispersions of poor water soluble drugs. Tachibana and Nakumara (Tachibana & 

Nakamura, 1965) were the first to dissolve both the drug and the carrier in a common 

solvent and then evaporate the solvent under vacuum to produce a solid solution. This 

enabled them to produce a solid solution of the highly lipophilic β-carotene in the 

highly water soluble carrier polyvinylpyrrolidone. Many investigators studied solid 

dispersion of meloxicam naproxen and nimesulide using solvent evaporation 

technique (Chaumeli, 1998; Blagden et al., 2007; Vogt et al., 2008) 

.  

 d.  Nanosuspension 

Nanosuspension technology was developed as a promising candidate for 

efficient delivery of hydrophobic drugs. This technology is applied to poorly soluble 

drugs that are insoluble in both water and oils. A pharmaceutical nanosuspension may 

be called as biphasic system consisting of nano sized (average particle size ranging 

between 200 and 600 nm.) drug particles stabilized by surfactants for either oral and 

topical use or parenteral and pulmonary administration (Muller et al., 2000). 

e. Precipitation Techniques 

In the precipitation technique, drug is dissolved in a solvent, which is then 

added to nonsolvent to precipitate the crystals. The basic advantage of precipitation 

technique is the use of simple and low cost equipment. The basic challenge of this 

technique is that during the precipitation procedure the growing of the drug crystals 

needs to be controlled by addition of surfactant to avoid formation of microparticles. 

The limitation of this precipitation technique is that the drug needs to be soluble in at 

least one solvent and this solvent needs to be miscible with the non-solvent. Moreover 

precipitation technique is not applicable to drugs, which are simultaneously poorly 

soluble in aqueous and non-aqueous media (Riegelman, 1971). 

f. Inclusion Complex Formation Based Techniques 

Lipophilic drug-cyclodextrin complexes, commonly known as inclusion 

complexes, can be formed simply by adding the drug and excipients together, 

resulting in enhanced drug solubilization. Among all the solubility enhancement 
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techniques, inclusion complex formation technique was employed more precisely to 

improve the aqueous solubility, dissolution rate, and bioavailability of poorly-water 

soluble drugs.  

  In this chapter, the inclusion complexes were prepared and characterized by 

different spectroscopy and PXRD. It was observed that the effects of complexation by 

β-CD showing enhancement of the aqueous solubility of the compound.  

6.2 Materials and method 

6.2.1 Chemicals: β- cyclodextrin (HiMedia) was used in this study. All other reagents 

were of analytical grade 

6.2.2 Preparation of inclusion complex 

Preparation of complexes Preparation of Physical mixture (PM): The physical 

mixtures of the compound 2-phenyl-4H-benzo[d][1,3]oxazin-4-one and β-CD [1:1 

molar ratio] were made by mixing together in a mortar and pestle.  

Preparation of the complex by Kneading method (KND): The physical mixture was 

triturated in a mortar with a small volume of water-ethanol solution. The thick slurry 

was kneaded for 45 min and then dried at 40 
o
C. Dried mass was pulverized and 

sieved through a 100 micron mesh.  

Preparation of the complex by Co-evaporation method (COE) :The aqueous solution 

of β-CD was added to an alcoholic solution of 2-phenyl-4H-benzo[d][1,3]oxazin-4-

one. The resulting mixture was stirred for 1 hr and was evaporated at a temp of 45
o
C 

until dry. The dried mass was pulverized and sieved through a 100 micron mesh.  

Preparation of the complex by Freeze–Drying Method (FD) :The physical mixtures 

in 500 ml double distilled water were stirred for 2 days. The suspension was freeze-

dried and the freeze-dried complex thus produced was pulverized and sieved through 

a mesh.  
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6.2.3 Optimization of the complex formation 

  The standard curve was prepared by dissolving the 2-phenyl-4H-

benzo[d][1,3]oxazin-4-one in the water. The complexes formed in different methods 

were quantified in solution by comparing OD at 280 nm from this standard curve.  

6.2.4 Molecular modelling  

The geometry optimization of the compound and β-CD inclusion complexes 

was performed in gas phase and in the Cosmo-solvation sphere using MM2 and PM3 

semi empirical quantum methods and the minimized energy molecular models were 

found to be docked properly when water was set as a solvent as a cosmo-solvation 

sphere (in different methods). 

6.2.5 Characterization of inclusion complex 

 Thin Layer Chromatography: The compound, CD and complex dissolved in 

distilled water. TLC was done using the solvent system ethyl acetate: butanol (5:4) in 

F549 TLC plates. The spots were identified in UV.  

UV spectroscopic study: All spectra were recorded in the wavelength range 200–500 

nm at room temperature (UV-1700 Spectrometer, Jasco, Tokyo, Japan). The complex 

of the compound was solubilized in distilled water by stirring for ten minutes and 

thereafter the total solution was filtered. UV spectra were studied with this filtered 

solution without delay.  

Fourier Transform Infrared spectrophotometry: IR spectra of stated compound, β-

CD, physical mixture of compounds and the inclusion complex were monitored by 

mulling in nujol. All the samples were scanned in the region 4000-400 cm
-1

.  

Raman Spectroscopy: Raman spectra of the stated compounds, β-CD, physical 

mixture of compounds and the inclusion complex were recorded on Varian FT-Raman 

and Varian 600 UMA. All the samples were scanned in the region 4000-400 cm
-1

. 

Differential Scanning Calorimetry 

Differential scanning calorimetry (DSC) was carried out with a Shimadzu DSC-60 

instrument (Shimadzu, Kyoto, Japan). Samples weighing 3–5 mg were heated in 

opened aluminum pans at a rate of 10 K/min under nitrogen gas flow of 35 mL/min. 
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Powder X-Ray Diffraction  

X-ray Powder Diffraction (XRPD) patterns were recorded on a X’Pert Philips 

PW3020 diffractometer (Philips, The Netherlands) over the 2y range of 58–408, using 

graphite monochromatized Cu Ka radiation (1.54184 A ° ), in aluminum sample 

holders, at room temperature.  

 

6.3 Results and Discussion 

6.3.1. Standardization of methods and mulling time 

Before switching on to the formation of inclusion complex, we have 

performed simple computational study to get scheme/suggestion for best way to form 

inclusion complex.  In this context, molecular modelling was carried out in the gas 

phase, and in cosmosolvation in water as a solvent. The energies calculated for the 

stoichiometric systems 1:1 and 1:2 (compound: cyclodextrin) are described. In all 

cases, the more stable conformations were attained in the presence of water. The 1:1 

stoichiometry was the one which presented the higher stability. The possible structure 

of the inclusion complex produced is shown in the Figure 6.4. It was found that water 

played a pivotal role in the formation of the complex. In the absence of any water in 

the system, the inclusion complex did not form i.e. compound 2-phenyl-4H-

benzo[d][1,3]oxazin-4-one did not enter into the cavity of cyclodextrin, but with the 

addition of water, it readily entered into the cavity and formed an inclusion complex.  

 

Figure 6.4: The probable structure of inclusion complex 
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 The inclusion complexes formed by different methods were primarily 

characterized by the degree of transparency of the solution made in water. In 5.0 ml of 

distilled water, β- CD [34 mg (6 mM)] solubilized to clear solution, the physical 

mixture [17 mg β- CD + 3.34 mg stated compound (3 mM : 3 mM)] formed a turbid 

suspension, and the complex [17 mg β- CD + 3.34 mg stated compound (3 mM : 3 

mM)] was found to be faintly turbid as shown in Figure 6.5A, B, & C respectively. A 

comparative TLC study was done on pre-coated silica-gel plates using the solvent 

mixture [ethyl acetate: butanol (5:4 v/v)]. The compound showed Rf. value of 0.8 

while β- CD did not move with the solvent system. The spots corresponding to β- CD 

and the compound was visible with little trailing of the compound spot in the physical 

mixture (PM) while in the complex a large trailing was observed with faint spot of the 

free compound. The occurrence of the faint spot along with the trailing is the 

indication of the slow diffusion of the compound in the eluting solvent mixture used 

in TLC study. 

 

Figure 6.5: Solution in water (A) β-CD (B) Physical mixture (C) Inclusion Complex 

In order to design the best formulation of inclusion complexes, we have used 

the information obtained by molecular modelling. The β -cyclodextrin was mixed 

with a small amount of warm water to make slurry and then kept at the 50 
o
C for 12 h. 

We allowed extra time so that the dry β- CD swells to full.  The slurry was maintained 

for 12 h with occasional mauling. After 12 h, equimolar amount of the 2-phenyl-4H-

benzo[d][1,3]oxazin-4-one and the β -cyclodextrin slurry was mixed by triturating in 

a mortar with a small volume of water-ethanol solution. The thick slurry was kneaded 
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for 45 min and air dried at 50 
o
C. The crushing time for the complex preparation was 

varied as follows: 0 min, 20 min, 30min, 40 min and 60 min. The 1:1 mixture of 

compounds and β-cyclodextrin was used in every preparation. Dried mass was sieved 

through a 100 micron mesh. It is found that after 40 min crushing, the product yield 

was optimized. It is observed that crushing time has also played an important role in 

the complexation process. With the increase in the time of crushing during making a 

complex, the absorbance of aqueous solution increased. It was found that upto 40 

minutes the UV absorption in water solution increases. This serves to be a very basic 

and simple novel experiment that shows how the complex formation depends upon 

the crushing time. It showed no further enhancements of the peaks beyond that time 

i.e. a plateau after 40 minutes of crushing of the compound, which revealed that 40 

minute crushing time is the optimum. The time for optimization of inclusion complex 

is shown in Figure 6.6.  

 

Figure 6.6: Effect of crushing time on inclusion complex formation 

We used UV-absorption as an indicator for the formation of inclusion 

complex; since the compounds under study possessed chromophores which display 

appreciable UV-absorption; but they are insoluble in water. After formation of 

inclusion complex, expectedly the water solution displayed versus absorption and the 

amount of absorption was used as a good indicator of the complex formation. In the 

UV spectra, the relative absorbance of the compound was changed due to the complex 
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formation as shown in Figure. 6.7. It was found that the complex produced in the 

physical mixture (PM) without the addition of the water was very low in comparison 

to the complex produced by the kneaded (KND) method which involved the addition 

of water during crushing. The study shows that the dissolution rate of 2-phenyl-4H-

benzo[d][1,3]oxazin-4-one (Quinazolone) was enhanced to a great extent by complex 

formation using the kneading method as compared to other methods. 

 

Figure 6.7: Efficiency of different methods for formation of inclusion complex. 

Vibrational spectroscopic studies with theoretical calculation of the 2-phenyl-

4H-3,1- benzoxazine-4-one is reported earlier. This helped us to conclusively report 

the formation of the complex from its IR studies. The most intense IR-band of the 

compound is the C=O stretching band which occurs at 1760-1763 cm
-1

 in IR KBr and 

1760.9 cm
-1

 in Nujol. The slight shift in lower wave number in nujol is the indication 

that in non-polar environment the carbonyl stretching frequency can shift slightly to 

lower frequency. In the complex, the band appeared at 1762.8 cm
-1

 which can be 

easily characterized. This indicates that in spite of the hydrophobic environment 

inside the β- cyclodextrin, the stretching of the band is highly restricted due to the 

encagement into the cyclodextrins cavity. In PM, this band appeared at 1772.5 cm
-1 

indicating more polar environment which has dampened the frequency to about 10 

cm
-1

. Hence, it indicates the fact that the compound remained outside the β-

cyclodextrin. The asymmetric stretching of C-O generally appears in the range of 

1255±10 cm
-1

. This band was identified in IR at 1258 cm
-1 

(KBr), at 1257.5 cm
-1

 

(Nujol) in PM and in the complex, and remained unchanged in all the cases. Another 
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strong band of the titled compound is the C=N stretching which occurred at 1692 cm
-1

 

as a sharp band in nujol. This band for the complex appeared at 1607 cm
-1

 which 

shows that the band is very sensitive to environmental change; in fact, we have 

identified the band as weak in the PM and very weak in the complex. The related 

band, phenyl carbon-nitrogen band, identified at 1319 cm
-1

 in KBr, 1313 cm
-1

 in nujol 

is also sensitive to the change in polarity of the environment that appears at 1319 cm
-1

 

in the complex and 1309.6 cm
-1 

in the PM. The out of plane deformation band of 

phenyl ring at around 755±15 cm
-1

 is also a characteristic band. In the compound, the 

band is identified in KBr at 765 cm
-1

, in nujol at 763 cm
-1

. This band appeared for the 

complex at 763.8 cm
- 1

 and for PM at 769.5 cm
-1

. This band is characteristic of mono 

substituted benzene ring derivatives. The observed changes in their occurrence 

indicate that this ring  also encaged inside the β- cyclodextrins ring (Figure 6.8). 

 

Figure 6.8: IR spectra of (A) 2-phenyl-4H-3,1- benzoxazine-4-one (B) β-cyclodextrin 

(C) Physical mixture (PM) and (D) Inclusion complex (KND). 
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 Thus, in a nutshell the observed changes in trivial bands clearly designates that the 

full molecule is encaged inside the cavity of β- cyclodextrins ring in the complex and 

residing outside in PM.  

After getting a clear indication of the complex formation of 2-phenyl-4H-

benzo[d][1,3]oxazin-4-one with CD, we have tried for more biologically active 

synthesized compounds (3a, 3b and 3c) for inclusion complex study in more detail.  In 

our previous studies, we have reported the vibrational spectroscopy and respective 

DFT calculation of these three compounds. So, we have chosen them for inclusion 

complex study. The inclusion complexes were prepared with same methods used for 

2-phenyl-4H-3,1- benzoxazine-4-one. 

6.3.2 Vibrational spectroscopy study of inclusion complex 

Infrared and Raman spectra of the compounds (3a, 3b and 3c) and inclusion 

complex and physical mixture of compunds with β- CD are shown in Figure 6.9a, b 

and c and 6.10a, b and c respectively. An infrared spectrum was used to evaluate the 

functional groups of compounds involved in the complexation. Infrared and raman 

spectra of compounds are characterized by identification of the carbonyl (C=O), 

methyl. In the spectra of the inclusion complex, these bands were shifted towards 

higher frequencies and the asymmetrically vibration peak of C=O band was obtained 

as three intensity peaks increases, suggesting formation of the inclusion complex. The 

IR spectrum of β-CD is characterized by intense bands at 3000–3600 cm
-1

 that are 

associated with the absorption of the hydrogen bonded –OH groups of β-CD. The 

vibrations of the CH-CH groups appear in the 2897– 3250 cm
-1

 region. Thus, spectral 

changes were always concerned with COOH, -CH3 and CH groups of the β- CD. 



Chapter 6 
 

Preparation and Characterization of β-Cyclodextrin inclusion complex of Quinazoline-4(3H)-ones  Page 151 
 

 

Figure 6.9(a) : FTIR spectra (KBr pellets): Compound 3a;  Physical mixture (PM) of 

3a and β-CD;  3a/β-CD inclusion complex by kneaded method (KND) and β-

Cyclodextrin (CD). 

 

Figure 6.9(b): FTIR spectra (KBr pellets): Compound 3b;  Physical mixture (PM) of 

3b and β-CD;  3b/ β-CD inclusion complex by kneaded method (KND) and β-

Cyclodextrin (CD). 
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Figure 6.9(c): FTIR spectra (KBr pellets): Compound 3c;  Physical mixture (PM) of 

3c and β-CD;  3c/ β-CD inclusion complex by kneaded method (KND) and β-

Cyclodextrin (CD). 

 

 

Figure 6.10(a): Raman spectra: Compound 3a; 3a/ β-CD inclusion complex (KND)  

and β-Cyclodextrin (CD). 
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Figure 6. 10 (b): Raman spectra: Compound 3b; 3b/ β-CD inclusion complex (KND)  

and β-Cyclodextrin (CD). 

 

 

Figure 6. 10(c) Raman spectra: Compound 3c; 3c/ β-CD inclusion complex (KND)  

and β-Cyclodextrin (CD). 
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6.3.3 Powder X-ray diffraction study of inclusion complex 

  True inclusion complexes have its diffraction pattern altered from 

those of pure components. The powder X-ray pattern for individual components, 

complex and physical mixture is shown in Figure 6.11a, b and c. The diffraction 

pattern of complex was found to be different than diffraction pattern of pure β-CD and 

compounds. Comparing the pattern for β- CD-compounds complex with that of 

physical mixture reveals mark differences. In complex, new peaks were found and 

shift in the peak positions were also found where as the physical mixture has peaks 

which are superimposition of two individuals. The intensity of certain peaks in the 

complex are also enhanced thereby confirming complex formation. 

 

 

Figure 6.11(a): PXRD patterns: 3a; Physical mixture (PM) ; 3a/ β-CD inclusion 

complex (KND) and β- CD 
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Figure 6. 11 (b): PXRD patterns: 3b; Physical mixture (PM) ; 3b/ β-CD inclusion 

complex (KND) and β-CD 

 

 

Figure 6. 11 (c): PXRD patterns: 3c; Physical mixture (PM) ; 3c/ β-CD inclusion 

complex (KND) and β- CD 
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6.3.4 Differential scanning calorimetry study of inclusion complex 

DSC is a fast technique to examine and verify the drugs that form inclusion complex 

with β-CD and to confirm the absence of the drug melting endotherm. The thermal 

analysis has been reported as an important method for recognition and 

characterization of CDs complexes. When guest molecules were embedded in CDs 

cavities or in the crystal lattice, their melting point is generally shifted to a different 

temperature and the intensity decrease or disappears. The results of DSC thermograms 

for given samples are shown in Figure 6.12a, b and c. The DSC curve of compounds 

showed an endothermic reaction and its melting peak was at the respective onset 

temperature. The thermal behaviour of β-CD exhibited a sharp endothermic peak due 

to its melting. Physical mixture showed a sharp endothermic peak. Therefore it was 

concluded that some part of the compound is complexes with β-CD but some part 

remained outside of the complex. 

 

Figure 6.12(a): DSC curves for: β-CD; 3a; physical mixture (PM)  and inclusin 

complex (KND) 
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Figure 6.12(b): DSC curves for: β-CD; 3b; physical mixture; and inclusion complex. 

 

Figure 6.12(c): DSC curves for: CD;  3c; physical mixture (PM); and inclusion 

complex (KND). 
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The FT-IR, FT-Raman, DSC and PXRD results produced important evidences 

in support of compounds-CD inclusion complex formation. The solubility of the 

stated compounds was successfully enhanced with water by the formation of their 

inclusion complexes with β-cyclodextrin. These results have supported our approach 

to enhance the solubility of quinazoline compounds by β-Cyclodextrin which is an 

easy and economical method. The method may consequently increase the 

bioavailability of the drug molecule to improve its pharmaceutical potential. 
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 General Discussion and Summary 

The stability of the quinazoline nucleus (fused heterocyclic compound) has 

inspired researchers to introduce many bioactive moieties to this nucleus to synthesize 

new potential medicinal agents. The quinazolinone skeleton is a frequently encountered 

heterocycle in medicinal chemistry literature with applications including antibacterial, 

analgesic anti-inflammatory, antifungal, antimalarial, antihypertensive, CNS depressant, 

anticonvulsant, antihistaminic, antiviral and anticancer activities (Asif, 2014). 

Chapter 1 dealt with the synthesis of 2-substituted-benzo[d][1,3]oxazin-4-one and 

3-(Aryldeneamino)-2-phenyl-quinazoline-4(3H)-ones by reported methods and the 

synthesized compounds were characterized by ESI-MS, UV and vibrational 

spectroscopy. All characteristic peaks have been observed in the spectroscopic data. 

Chapter 2 addressed the characterization of dimeric association in 2-substituted-

benzo[d][1,3]oxazine-4-one. The dimeric association was characterized with the help of 

mass spectroscopy, UV-Vis spectroscopy, vibrational spectroscopy and NMR 

spectroscopy. All techniques provided clear indication of the presence of dimeric 

association. Visible changes were observed in the association constants in different 

solvents.  This may be attributed to the ability of the solvent to engage in hydrogen 

bonding which can compete with self-association and to differential solution of the 

different dipoles of the associated and unassociated species.  It is observed that the value 

of dimerization constant is lesser in protic polarisable solvents like methanol and 

chloroform (0.1M to 1E-05M range). But in the polar protic solvent, water, the 

dimerization constants was comparatively much higher. As water is the least polarisable 

among the solvents studied, it can be explained that solvent polarizability has significant 

role in dissolving the monomer. So far, various studies have reported the presence of 

weak interactions having C-H-O H-bond in solid state but as far as the liquid state is 

concerned, it still remains unanswered and needs further investigation or study. The 

hydrogen bonded dimer of dimethyl ether, with three C-H...O-C improper, blue-shifting 

H-Bond interactions, has been reported by Tatamitani et al (2002). Their experimental 
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data combined with high-level ab initio calculations showed this kind of interaction to be 

improper, blue-shifted hydrogen bonding, with an average shortening of the C-H bonds 

involved in the hydrogen bonding of 0.0014 Å. They proposed that this kind of 

interaction is not very strong, but very common, and for this reason is expected to play an 

important role in biology and in chemistry.  Interestingly, the occurrence of C–H-O 

hydrogen bonds in liquids has aroused much interest recently (Gil et al., 1995; 

Jedlovszky  & Turi, 1997; Ribeiro-Claro et al., 1997;Yukhnevich & Tarakanova, , 1998; 

Karger et al., 1999; Marques et al., 2001)  

Chapter 3 dealt with the study of morphology of 2-methyl-4H-

benzo[d][1,3]oxazin-4-one. Polymorphism, the existence of more than one crystalline 

form of a compound, is a well known and widely studied phenomenon (Davey, 2003). It 

is now widely accepted that the occurrence of polymorphism in molecular crystalline 

solids has a huge impact on the production of fine pharmaceuticals products (Rodriguez-

Spong et al., 2004).   The crystals of 2-methyl-4H-benzo[d][1,3]oxazin-4-one  on 

keeping,  gradually turned into powder and some sublimates made a layer on the wall of 

the container. On keeping for 15-20 days, the entire powdered mass turned into an 

agglomeration having mp 188.2
o
C (Form II). Previous authors have reported that 

acetamidobenzamide exists in two crystal polymorphic forms: α and β having different 

melting temperature (Barnett et al., 2006; Kelleher et al., 2007). They also reported that α 

form features an approximately planar molecular conformation and an intramolecular 

N−H...O hydrogen bond. In present study, both the polymorphic forms are of same 

chemical structure, similar unit cell and similar stacking pattern; only difference is the 

compactness of the stacking.  We have also analyzed that less compactly packed form has 

a higher melting point - which is due to excess favorable dipole-dipole interaction 

strength gained through sacrifice of pi-pi stabilizing interaction.  The 2-substituted-4H-

benzo[d][1,3]oxazin-4-ones remain as a mixture of monomer and dimer in equilibrium 

and the corresponding dimerization constants were also evaluated. The obtained data 

suggested that the amount of dimers in solutions is considerable. The monomer dimer 

equilibrium constant as calculated indicates that the first is a kinetically formed dimer 

and the second is the thermodynamically formed dimer. 
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In Chapter 4 we have tried to investigate the impact of the above mentioned 

dimerization on their antibacterial activity. MIC was determined for each compound. 

From this data, MIC breakpoint of > 1000 µg/ml has been found for each 2-substituted-

benzo[d][1,3]-oxazine-4-one against E.coli K12. When expressed in micrograms the 

percent inhibition is found to increase with the increase of the concentration of the 

studied compounds.  Interestingly, the compounds have shown higher antibacterial 

activity in dilute solution which gradually decreased at higher concentrations, when 

expressed in per molar inhibition. It was proposed that the antibacterial activity was 

largely contributed by the monomer rather than the corresponding dimer. Previous 

authors have also reported self association propensity and aggregate size leading to 

reduced cellular bioavailability (Khan et al., 2006). Perhaps, this is the first report of 

antibacterial property at different concentrations in molar term i.e. percent inhibition in 

molar term.  Therefore, in the present study, we have tried to deal with the effect of self 

association of the molecules in their biological activity. 

In Chapter 5, In silico and In vitro studies were carried out to establish the drug 

likeliness behavior and antiproliferative activity of Quinazoline-4(3H)-one via inhibition 

of hDHFR activity. Drug likeliness, molecular descriptor property, ADME and drug 

score of compounds were evaluated by using different bioinformatic tools and softwares. 

Molecular docking was also carried out to explore the binding affinity of synthesized 

compounds with human DHFR. The docking result showed that all ten synthesized 

compounds have low binding energy and inhibition constant as compared to the standard 

drug methotrexate. Results also revealed that Asp 64 also plays a vital role in binding of 

these quinazoline derivatives with hDHFR. Interestingly, all these amino acids are also 

present in the active site of hDHFR. In hDHFR inhibition assay, the reference compound 

methotrexate showed IC50 value of  8±1.34, while compounds 3a, 3b, 3c, 3d, 3f, 3g, 3h 

and 3i showed IC50 value comparable with  Methotrexate. The generated pharmacophore 

has 3 aromatic rings and two hydrogen bond acceptors and qualified for all the four 

parameters of Lipinski’s rule of five. In the last few years, the attention was oriented 

towards the synthesis and biological evaluation of quinazoline derivatives as they exhibit 

a broad spectrum of biological activities. Moreover, there is an increasing interest in 

finding novel field of applicability for quinazoline compounds as anticancer drugs 

(Marzaro et al., 2012; Ravez et al., 2015). Importantly, FDA has approved several 
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quinazoline derivatives as anticancer drugs since the past 15 years, such as gefitinib , 

erlotinib and lapatinib (Roskoski et al, 2014). The synthesized compounds (1a, 2a and 3a-

3j) and reference compounds (curcumin and methotrexate) were tested for their 

antiproliferative activity against three cancerous cell lines; HepG2 (human liver cancer 

cell line), MCF-7 (human breast cancer cell line) and HeLa (human cervical cancer cell 

line) using MTT assay. Results revealed that, among tested compounds 7 showed activity 

against HepG2 cell lines, 5 showed against MCF7 cell line and 5 showed against HeLa 

cell lines. HepG2 cell line was shown to be the most sensitive toward the tested 

compounds.  

Chapter 6 addressed the low solubility of Quinazoline-4(3H)-one under the 

venture to increase their medicinal application. β-Cyclodextrin (β-CD) was used for 

formation of inclusion complexes, since, CDs offer advantages over other materials 

because they possess a hydrophobic cavity in which a wide variety of lipophilic guest 

molecules can be hosted (Gomes et al., 2014). A  number of descriptive studies on CD 

complexation have been published that characterize the solubility and/or dissolution 

increase of various poorly soluble compounds (Sinha et al., 2005; Uzqueda et al., 2006; 

Lee et al., 2009; Kou et al., 2011, Mangolim  et al., 2014). The aim of this chapter was to 

compare different methods of Quinazoline-4(3H)-one complexation with β-CD and to 

evaluate the formation of the complexes using FT-IR, FT-Raman, DSC and Powder X-

ray diffraction techniques.  Infrared and raman spectra of inclusion complexes were 

analysed by identification of the carbonyl (C=O), methyl and C-H stretching. In the 

spectra of the inclusion complex, these bands were shifted towards higher frequencies 

and the asymmetric vibration peak of C=O band with increased intensity was obtained. 

The diffraction pattern of the complex was found to be different from the diffraction 

pattern of pure β-CD and the pure compounds. In the inclusion complexes, new peaks as 

well as shifting of peak positions were observed. DSC results revealed that melting point 

of compounds were slightly shifted and furthermore there was a reduction in intensity. 

The FT-IR, FT-Raman, DSC and PXRD results produced important evidence of 

Quinazoline-4(3H)-ones and β-CD inclusion complex formation. The solubility of the 

stated compounds was effectively enhanced in water by the formation of their inclusion 

complexes by using an easy and economical method.  
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ABSTRACT 

Objectives:  Human dihydrofolate reductase (hDHFR) is one of the best targets for the anticancer drug because it plays an important role in the 
synthesis of purines and pyrimidines. It also maintains intracellular biochemically active reduced folate pools. Quinazoline-containing compounds 
are more noticed because of their some resemblance with folic acid and also have provided attractive scaffolds for designing anticancer drugs.  In 
this study, molecular docking and In silico studies were carried out in an attempt to evaluate the drug candidature of some quinazoline-4-(3H) -ones 
as inhibitors of human dihydrofolate reductase enzyme.  

Methods:  The study comprised of 27 compounds belonging to quinazoline-4-(3H)-one along with one standard drug methotrexate. Automated 
molecular docking of some quinazoline-4(3H)-ones with human DHFR was performed by the AutoDock 4.0 suite.  Molecular descriptor properties 
were predicted by Molinspiration and OSIRIS Property explorer. Ligand based pharmacophore has been generated by PharmaGist tools. 

Results:  All the derivatives have qualified the Lipinski’s Rule of Five and occupied the same cavity (as evidenced by the molecular docking results) 
in the protein molecule as is occupied by the natural ligand folic acid and the standard drug methotrexate. The binding energies of all the docked 
complex of compounds have significant negative values as compared to methotrexate.  

Conclusion:  The molecular docking study signified that the compounds can act as a putative inhibitor of hDHFR. The generated pharmacophore 
could further be used to design and develop new drugs. This study significantly supports a theoretical perception regarding the candidature of these 
compounds as inhibitors of human DHFR.   

Keywords:  Dihydrofolate reductase, Molecular docking, Drug likeliness, Drug score, Anticancer drug. 

 

INTRODUCTION 

In cancer chemotherapy, the folate metabolism has long been 
considered as an attractive target because of its obligatory role in 
the biosynthesis of nucleic acid precursor [1]. In folate metabolism, 
dihydrofolate reductase (5, 6, 7, 8 tetrahydrofolate: NADP+ 

oxidoreductase, EC 1.5.1.3, DHFR) catalyzes the reduction of folate 
or 7, 8-dihydrofolate to tetrahydrofolate and intimately couples with 
thymidylate synthase.  DHFR plays a fundamental role in the 
maintenance of intracellular biochemically active reduced folate 
pools [2]. It is also an important target for the treatment of a wide 
range of diseases.  The abilities of quinazolines to inhibit DHFR 
activities were reported earlier [3-6]. 

Quinazoline-containing compounds have provided attractive 
scaffolds for designing anticancer drugs [7]. They are more noticed 
because of their diverse biological activity notably as kinase 
inhibitors [8] and some resemblance with folic acid. [9,10] The 4-
anilinoquinazoline derivatives have led to the development and 
marketing of a new series of antitumor agents, such as gefitinib, 
erlotinib and lapatinib [11-13].  The quinazoline ring provides a 
satisfactory backbone for inhibition of mammalian DHFR, 
establishing contact with the key amino acid residues in the enzyme 
pocket. The 3-amino-2-aryl-4(3H)-quinazolinone was found to be 
highly potential against the multiple-antibiotic-resistant bacteria 
[14] and later antifungal and anti viral properties were also reported 
[15]. But literatures revealing anticancer property of these 
compounds are inadequate. 

A suitable screening of the compounds, using theoretical and 
computational approaches prior to real-time experiments, to 
generate pharmacophore is considered to be the most appropriate 
strategy in the context of drug discovery research. The physico-
chemical properties closely related to drug absorption are used in 
predicting bioavailability and also to interpret in vitro and in vivo 
findings. However, it is also found that the intrinsic biological and 

physiochemical parameters of the molecules depend on many of 
these properties. But, the complex structure of the whole drug 
molecule seems difficult to correlate with these parameters [16]. 

Additionally, modern drug design process helps to identify and 
develop new ligands with high binding affinity towards a target 
protein receptor. The molecular docking approaches help to reveal 
drug–receptor interaction to a greater detail. The study of receptor-
ligand interaction is considered as one of the fundamental 
approaches for rational drug design and so the prediction of such 
interactions by molecular docking has been gaining importance [17]. 

In the present study, the molecular docking study was done for some 
quinazoline-4-3H-one against human DHFR. This was followed by 
ADMET prediction  and drug likeliness as well as drug score analysis  
of the docked compounds to evaluate the status of some 
quinazoline-4-(3H) -one as inhibitors of human DHFR. 

MATERIALS AND METHODS  

The study comprised of 27 compounds belonging to quinazoline-4-
(3H)-one  (Fig.1) along with one standard drug methotrexate.  The 
selected compounds have different substituents as shown in Table 
1. Molinspiration (http://www.molinspiration.com) and OSIRIS 
Property explorer (http://www.organic-
chemistry.org/prog/peo/) were used to calculate logP, solubility, 
drug likeliness, polar surface area, molecular weight, number of 
atoms, number of rotatable bonds, volume, drug score and number 
of violations to Lipinski’s rule. PreADMET 
(http://preadmet.bmdrc.org/) server was also used to test drug-
likeliness and ADMET (Absorption, Distribution, Metabolism, 
Excretion and Toxicity) profile. The OSIRIS program was used to 
predict the overall toxicity of the most active derivatives (as it may 
reveal or indicate the presence of some fragments generally 
responsible for the irritant, mutagenic, tumorigenic, or 
reproductive effects of the tested compounds).  
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The physical properties of the ligands were determined. The 
similarity coefficient of the ligands was compared with the 
standard drug methotrexate and a cluster tree representing the 

similarity of the molecules was generated by ChemMine tools   
(http://chemmine.ucr.edu). Automated molecular docking was 
performed using the AutoDock 4.0 suite [18]. 

N
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O

N
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Fig. 1: Structure of 3-amino-2-aryl-4(3H)-quinazolinone  

Fig. 2: LigPlot generated snapshot of the residues in the active site 
of 1DHF interacting with the natural ligand Folate. 

Table 1: The substituents of the 3-amino-2-aryl-4(3H)-quinazolinone 

Compounds R R1 R2 
4a H 3,5-Cl Ph 
4b H 3-NO2-4-Cl Ph 
4c H 4-CF3 Ph 
4d H 3-Cl Ph 
4e H 2,3-Cl Ph 
4f H 2,6-Cl Ph 
4g H 3,4-F Ph 
4h H 3-CF3 Ph 
4i 6-Br 2-F Me 
4j 6-Br 3-F Me 
4k 6-Br 4-F Me 
4l 6-Br 2-CF3 Me 
4m 6-Br 3-Cl Me 
4n 6-Br 2,4-Cl Me 
4o 6-Br 2,6-Cl Me 
4p 6-Br 3,4-F Me 
4q 6-Br 2-Cl, 5-NO2 Me 
4r 6-Br 4-Cl, 3-NO2 Me 
4s 6-Br 2-F, 3-CF3 Me 
4t 6-Br 3,4-OMe Me 
4u 6-Br 2,3-OMe Me 
4v 6-Br 2,5-OMe Me 
4w 6-Br 3-NO2 Me 
4x 6-Br 2-OH Me 
4y 6-Br 2,4-OMe Me 
4z 6-Br 5-Cl, 3-OH Me 
4 H 2,3-Cl Me 

 

The three dimensional structure (Fig 2) of the human dihydrofolate 
reductase was retrieved from the protein data bank (PDB ID: 1DHF) 
[19].  All water molecules and ligands were removed from the PDB file 
prior to docking. The receptor molecule was prepared by adding all 
missing hydrogen and side chain atoms, using the graphic user interface 
of AutoDock tools (ADT) [20]. The ligand files were also prepared from 
the 27 compounds used in this study, by adjusting the number of 
rotatable and non-rotatable bonds in the ligand molecules to assist in 
flexible docking process. The number of active torsions was set to the 
maximum number of atoms. As AutoDock requires pre-calculated grid 
maps, one for each atom type, present in the ligand being docked for 
storing the interaction potential energy, the grid was prepared in a way 
that it surrounded the active site based on the amino acid residues, 
which are involved in folate binding. The grid box size was set at 90, 90, 
and 90 A° (x, y, and z respectively) using AutoGrid 4.0 Program 
integrated in AutoDock 4.0. Twenty seven separate molecular docking 
experiments were set up using Lamarckian Genetic Algorithm (LGA) 
keeping all other parameters set in default mode. The top ranked model 
in the lowest energy cluster with maximum cluster size was considered 
for further interaction studies. Interaction has been compared based on 

the amino acid residues interacting with the natural ligand folate in the 
active site of hDHFR [Fig 2]. The docking result was converted from .dlg 
format to .pdb format by using python script. The compounds were 
structurally aligned to get a ligand based pharmacophore using 
PharmaGist tool [21]. 

RESULTS  

Twenty-seven compounds used in this study have successfully 
qualified Lipinski’s Rules, CMC like rule (except 4a and 4f), MDDR 
like rule and WDI like rule (Table 2). Ligands tested in this study 
were predicted to have good oral bioavailability (Table 3). Some of 
the compounds (4e, 4f and 4) have shown excellent permeability, 
while others have relatively less or poor (in some cases) 
permeability (Table 4). The physical properties like ionization 
potential, electronic energy and dipole plays an important role in 
activity of compounds (data not shown). The drug score and drug 
likeliness of the ligands were also predicted (Table 5). It revealed 
that drug score of compounds (4t, 4v, 4k, 4i, 4m, 4o and 4y) in the 
range of 0.5-0.66 and the rest of the compound in the range of 0.2 
0.5. 



Tiwary et al. 
Int J Pharm Pharm Sci, Vol 6, Suppl 2, 393-400 

395 

Table 2:  Data representing the qualification of the substituents for drug likeliness using CMC like rule, MDDR like rule and WDI like rule 
along with Rule of Five as predicted using OSIRIS server 

Compound  CMC like rule MDDR like rule Rule of five WDI like rule 

4a Not qualified Mid structure Suitable 90% 

4b Qualified Mid structure Suitable 90% 

4c Qualified Mid structure Suitable 90% 

4d Qualified Mid structure Suitable 90% 

4e Qualified Mid structure Suitable 90% 

4f Not qualified Mid structure Suitable 90% 

4g Qualified Mid structure Suitable 90% 

4h Qualified Mid structure Suitable 90% 

4i Qualified Mid structure Suitable 90% 

4j Qualified Mid structure Suitable 90% 

4k Qualified Mid structure Suitable 90% 

4l Qualified Mid structure Suitable 90% 

4m Qualified Mid structure Suitable 90% 

4n Qualified Mid structure Suitable 90% 

4o Qualified Mid structure Suitable 90% 

4p Qualified Mid structure Suitable 90% 

4q Qualified Mid structure Suitable 90% 

4r Qualified Mid structure Suitable 90% 

4s Qualified Mid structure Suitable 90% 

4t Qualified Mid structure Suitable 90% 

4u Qualified Mid structure Suitable 90% 

4v Qualified Mid structure Suitable 90% 

4w Qualified Mid structure Suitable 90% 

4x Qualified Mid structure Suitable 90% 

4y Qualified Mid structure Suitable 90% 

4z Qualified Mid structure Suitable 90% 

4 Qualified Mid structure Suitable 90% 

Table 3: Molecular descriptor properties of the ligands 

Compound miLogP TPSA nON nOHNH Nviolations nrotb volume natoms 

4a 5.887 47.261 4 0 1 3 321.379   27.0 

4b 5.16 93.08 4 0 0 3 317.532 27.0 

4c 4.25 47.261 4 0 0 3 288.64 25.0 

4d 5.25 47.26 4 0 1 3 307.843 26.0 

4e 5.863 47.261 4 0 1 3 321.379 27.0 

4f 5.86 47.26 4 0 1 3 321.37 27.0 

4g 4.85 47.26 4 0 0 3 304.17 27.0 

4h 5.47 47.26 4 0 1 4 325.60 29.0 

4i 3.47 47.26 4 0 0 2 262.27 22.0 

4j 3.5 47.26 4 0 0 2 262.27 22.0 

4k 3.52 47.26 4 0 0 2 262.27 22.0 

4l 4.20 47.26 4 0 0 3 288.64 25.0 

4m 4.01 47.26 4 0 0 2 270.88 22.0 

4n 4.64 47.26 4 0 0 2 284.41 23.0 

4o 4.62 47.26 4 0 0 2 284.41 23.0 

4p 3.61 47.261 4 0 0 2 267.20 23.0 

4q 3.92 93.08 7 0 0 3 294.21 25.0 

4r 3.52 47.261 4 0 0 2 262.27 22.0 

4s 4.32 47.261 4 0 0 3 293.57 26.0 

4t 3.00 65.729 6 0 0 4 308.43 25.0 

4u 3.18 65.729 6 0 0 4 308.43 25.0 

4v 3.40 65.729 6 0 0 4 308.43 25.0 

4w 3.2 93.08 7 0 0 3 280.67 24.0 

4x 3.3 67.489 5 1 0 2 265.36 22.0 

4y 3.40 65.729 6 0 0 4 308.43 25.0 

4z 3.954 67.489 5 1 0 2 278.898    23.0 

4 4.62 47.261 4 0 0 2 284.41 23.0 
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Table 4: preADME prediction of ligands 

Compound  
name 

HIA% Caco-2 
nm/sec 

MDCK 
nm/sec 

In vitro 
plasma% 

In vitro  
blood  
barrier 

4a 98.06 45.898 15.94 96.47 0.84 
4b 99.142 17.55 0.044 93.484 0.027 
4c 97.68 27.43 0.044 92.11 0.135 
4d 97.84 42.28 44.058 93.244 2.07 
4e 98.06 45.54 25.09 96.07 1.107 
4f 98.06 44.77 34.26 95.998 2.05 
4g 97.62 44.77 0.182 93.022 0.269 
4h 97.668 27.45 0.044 93.718 0.127 
4i 97.589 35.543 0.0958 96.408 2.31 
4j 97.589 35.46 0.053 100 1.39 
4k 97.589 35.455 0.046 99.18 0.996 
4l 97.63 42.27 0.020 100 0.1945 
4m 97.809 38.752 0.094 100 1.319 
4n 98.003 42.6359 0.0412 100 0.79 
4o 98.033 47.7122 0.125 100 1.38 
4p 97.592 35.998 0.025 98.44 0.491 
4q 99.14 17.55 0.023 100 0.292 
4r 99.143 17.34 0.0208 100 0.201 
4s 97.64 43.077 0.021 98.35 0.159 
4t 97.485 37.517 0.024 95.31 0.241 
4u 97.485 37.62 0.026 92.21 1.88 
4v 97.485 37.62 0.028 92.71 1.93 
4w 99.38 18.775 0.0323 100 0.194 
4x 96.169 21.197 0.138 94.513 0.623 
4y 97.48 37.06 0.028 89.708 0.358 
4z 96.56 22.355 0.037 98.24 0.49 
4 97.64 39.17 75.66 91.17 1.67 

 

Table 5: Fragment based drug-likeliness of the ligands 

Compound  cLogP Solubility MW Drug likeness Drug Score 
4a 5.26 -6.27 393 1.71 0.23 
4b 3.77 -5.44 404 5.07 0.45 
4c 4.65 -5.44 393 5.19 0.4 
4d 5.26 -5.54 359 5.51 0.31 
4e 5.26 -6.27 394 5.59 0.4 
4f 4.65 -6.27 394 6.1 0.31 
4g 4.16 -5.43 361 2.68 0.42 
4h 4.8 -5.58 393 -1.84 0.21 
4i 3.42 -4.78 362 1.44 0.59 
4j 3.42 -4.78 360 0.12 0.4 
4k 3.42 -4.78 360 1.91 0.61 
4l 4.12 -5.24 410 -6.99 0.27 
4m 3.97 -5.2 376 2.72 0.55 
4n 4.59 -5.2 411 3.17 0.44 
4o 3.97 -5.94 411 3.76 0.56 
4p 3.48 -5.09 378 0.19 0.47 
4q 3.71 -5.84 421 1.5 0.45 
4r 3.71 -5.84 428 3.16 0.49 
4s 4.18 -5.56 402 -4.45 0.25 
4t 3.15 -4.5 402 4.56 0.66 
4u 3.15 -4.5 402 3.02 0.65 
4v 3.15 -4.5 402 3.23 0.66 
4w 3.09 -5.1 387 2.57 0.6 
4x 3.06 -4.17 358 2.7 0.71 
4y 3.15 -4.5 402 1.57 0.61 
4z 3.67 -4.9 392 3.41 0.6 
4 3.89 -5.1 332 4.94 0.49 

 

The structural similarities of the compounds between each pair of 
molecules and also with the standard drug methotrexate were 
calculated. The cluster diagram revealing the relatedness amongst 
the molecules considering methotrexate as a reference has been 
shown in Fig. 3. The fate of a promising drug depends on its toxicity. 
The therapeutic index of a drug would be higher when it shows low 

toxicity/side effects. Based on this we have performed toxicity 
predication using Osiris Property Explorer. Results revealed that the 
compounds have low toxicity. The prediction using Osiris Property 
Explorer was shown in color codes. Green color represents low 
toxicity, yellow represents the mediocre toxicity, and red represents 
high toxicity as shown in table 6. 
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Fig. 3: The cluster image showing the structural relationship of ligands (4, 4a-4z) with Methotrexate (MTX).The cluster tree drawn by 
ChemMine tools (http://chemmine.ucr.edu). 

Table 6: Toxicity prediction as per output of Orisis programme 

Compound  Mutagenic Tumorogenic Irritant Reproductive 
effect 

4a Green Green Green Yellow 
4b Green  Green  Green Yellow 
4c Green Green Green Yellow 
4d  Green Green Green Yellow 
4e  Green Green Green Yellow 
4f Green Green Green Yellow 
4g Green  Green  Green Yellow 
4h Green Green Green Yellow 
4i  Green  Green  Green Green 
4j Green Green Green Yellow 
4k Green Green Green  Green 
4l Green Green Green Green 
4m Green Green Green Green 
4n  Green  Green  Green Green 
4o Green Green Green Green 
4p Green Green Green  Green 
4q Green Green Green Green 
4r Green Green Green Green 
4s  Green  Green  Green Green 
4t Green Green Green Green 
4u  Green Green Green  Green 
4v Green Green Green Green 
4w Green Green Green Green 
4x Green  Green  Green Green 
4y Green Green Green Green 
4z  Green Green Green  Green 
4 Green Green Green Green 

 

The molecular docking results revealed that the docked complex of 
27 compounds had less binding energy than methotrexate as shown 
in table 7 .The docking model of the ligand and hDHFR are shown in 
Fig. 4. The molecular alignment results have shown that all the 
compounds under study along with the standard drug methotrexate 
have occupied the same cavity (Fig 5) as is occupied by the natural 
ligand folate. All the 27 compounds were used to develop a ligand 
based pharmacophore (Fig. 6) using PharmaGist tool. 
Pharmacophore with a score of 66.813 showed the following 
characteristics: five spatial features out of which three are aromatic 
rings and two are hydrogen bond acceptors. There are no negative 
or positive centers, hydrophobic groups or hydrogen bond donors. 

DISCUSSION 

Molecular descriptor properties 

The selected compounds used in this study were evaluated as 
potential hDHFR inhibitors. The oral bioavailability of the 
compounds projected as potential drugs were evaluated by 
determining the molecular weight, number of rotatable bonds 

(nrotb), number of hydrogen bonds (nON and nOHNH), and drug’s 
polar surface (TPSA). Since the individual molecular weights of all 
the compounds were less than 500, the number of the rotatable 
bond were <10, the number of hydrogen bond donors and acceptors 
were < 12, and TPSA values being <140, they qualified to be an ideal 
oral drug. Ligands tested in this study were also predicted to have 
good oral bioavailability. 

Calculation of the fragment based drug-likeliness of the compounds 
signifies that the compounds have the same fragments as compared 
to the existing drug. The drug-likeliness values of all the compounds 
are reasonably acceptable (except 4h,4i and 4s) as shown in Table 2. 
The higher drug-likeliness values are found in the case of 
compounds 4c, 4d, 4e and 4f. Results indicated that these four 
compounds have the most fragments similar to existing potent drugs 
to fulfill the potentiality of being drugs.  

The drug score values [Table 3] were also calculated which took into 
account the effect of drug-likeliness, LogP, solubility, molecular 
weight, and toxicity risk together.  

 

http://chemmine.ucr.edu/
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Fig. 4: (A) Ligand 4e docked with hDHFR; (B) ligand 4b docked with hDHFR. 
 

Table 7: Binding energy and Inhibition constant of ligand -human DHFR interaction for each test compound 

Compound  Binding energy 
Kcal/Mol 

Inhibition  
constant (nM) 

4a -11.73 2.5  
4b -12.33 0.91 
4c -11.2 6.61 
4d -11.7 2.35 
4e -12.38 0.846 
4f -11.88 1.96 
4g -11.26 5.55 
4h -11.28 5.43 
4i -10.45 21.82 
4j -10.65 15.49 
4k -10.62 16.23 
4l -10.96 9.26 
4m -11.14 6.79 
4n -11.39 4.44 
4o -10.76 13.0 
4p -10.05 42.94 
4q -11.52 3.59 
4r -11.5 3.72 
4s -10.56 18.06 
4t -10.41 10.09 
4u -10.92 9.91 
4v -10.56 18.18 
4w -12.15 1.23 
4x -10.79 12.35 
4y -10.62 16.35 
4z -10.38 24.81 
4 -10.47 21.25 
MTX -8.62. 479.78 
 

Any compound that is considered to be a better drug candidate should 
exhibit better drug score. Our data showed that compound 4x has the 
best score (0.71), the compounds 4t,4v,4k,4i,4m,4o and 4y were in the 
range of 0.5-0.66, and the rest of the compounds were in the range of 
0.2-0.5. The hydrophobicity of drugs could be inferred from LogP values 
[Table 3]. It was found that hydrophobicity and retention time of the 
drug inside the host are directly related i.e. higher the hydrophobicity, 
higher is the retention time of the drug in the body [23].  

ADME prediction 

In the modern drug designing process, computational approaches 
like preADMET prediction; MDCK and Caco-2 cell permeability, etc. 
serve as computational screening model for the prediction of 
intestinal drug absorption.  All the compounds under study have 
qualified HIA%, in vitro plasma% (>90% in all the cases) and Caco-2 
cell permeability (>25 nm/Sec) to be a good drug candidate. Some of 
the compounds have shown excellent permeability, while others 
have relatively less or poor (in some cases) permeability in relation 

to qualify as CNS drug and MDCK permeability as shown in Table 4. 
Less permeability is predicted because of the lesser solubility; and 
solubility, to a certain extent, depends on the arrangement of 
molecules in the crystal. It is to be noted that the topological aspects 
cannot be predicted via atom types or substructure fragments. 

Molecular Docking and Pharmacophore study 

The docked complexes of the receptor (original PDB structure 
(1DHF:A)   and compounds in terms of the occupancy of the active 
site were compared. The molecular alignment results have shown 
that all the compounds under study along with the standard drug 
methotrexate have occupied the same cavity as is occupied by the 
natural ligand folate. The active site of the human dihydrofolate 
reductase (hDHFR) is represented by Ile-7, Ala-9, Trp-24, Glu-30, 
Gln-35, Asn-64, Arg-70, Val-115, Tyr-121 and Thr-136 [24].  It can 
be inferred that the compounds have an affinity for the active site 
and can act as competitive inhibitors to the natural ligand.  
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Fig. 5: (A) Docking model of ligands with hDHFR (PDB ID- 1DHF) 
protein (Folic Acid and methotrexate are represented in green and 

red sticks respectively, and the other 27 molecules are shown in 
line representation) 

 

Fig. 5: (B) Zoomed view of the active site showing all the docked 
molecules (ligands are represented in different color sticks 

including folic acid and methotrexate represented in green and red 
sticks respectively) 

 

Fig. 6: (A) Structural alignment of 27 molecules along with the 
reference compound, methotrexate (methotrexate is shown in 

yellow color) 

 

Fig. 6: (B) Structural representation of the derived Pharmacophore 

 

The compounds were evaluated in terms of their binding mode 
to hDHFR. Based on the binding free energy (ΔG binding) of the 
protein-ligand interaction and inhibition constant (Ki),  and one 
of the 10 models was chosen to be the best one. The docking 
result showed that all 27 compounds have low binding energy 
and inhibition constant as compared to the standard drug 
methotrexate. The minimum binding energy (maximum 
stability) was found in case of the compound 4e (-12.38 
Kcal/Mol). The N1 of 4e forms hydrogen bond with the Ser-59 
with a distance of 2.71Å. The amino acids Val-115, Phe-31, Phe-
34, Tyr-121, Thr-136 and Asp-21 are found to be involved in 
making hydrophobic interactions with 4e. Interestingly, all these 
amino acids are also present in the active site of hDHFR, which 
infers that 4e binds to the active site region of the enzyme. The 
ligand 4b has also formed significant stable complex on docking. 
Similar to 4e, the N1 atom of 4b formed hydrogen bond with the 
Ser-59. It was reported that the tested quinazoline’s recognition 
with the key amino acid Glu-30 and Ser-59 are essential for 
binding and biological activity [25].  The maximum binding 
energy was found in 4p (-10.05 Kcal/mol) which did not form 
hydrogen bond with the residues of the receptor. It was 
observed from the calculated binding energies that 
incorporation of phenyl at 2-C increased the interaction with the 
enzyme in comparison to compounds substituted with methyl at 
2-C. The compounds 4a- 4h have binding energies in the range of 
-11.28 to  -12.38 Kcal/Mol. The inhibition constant is directly 
proportional to the binding energy as shown in table 7. Many 
authors have used ligand-based approach for pharmacophore 
modeling of species-specific DHFR inhibitors. Moreover, a 
pharmacophore model for hDHFR (human) inhibitors has also 
been modeled [26].  All the 27 compounds were used to develop 
a ligand based pharmacophore [Fig. 6 (B)] using PharmaGist 

tool, which could be used further for the development of new, 
improved and optimized drug acting as inhibitor to hDHFR.  

The pharmacophore has 3 aromatic rings and two hydrogen bond 
acceptors which enables in making several non covalent interactions 
like hydrophobic-hydrophobic interactions, hydrogen bonding, pi 
cloud interactions, etc.  

This pharmacophore is qualifying all the four parameters of 
Lipinski‘s rule of five and thus could be considered as a lead 
molecule to generate new conformations for virtual screening 
library along with more modifications which could enhance its 
therapeutic index by enhancing the kind of interactions it could 
possibly make with the target protein. 

CONCLUSIONS 

Structure based drug design is significantly based on the protein-
ligand interaction. The molecular docking study signified that the 
compounds can act as a putative inhibitor of hDHFR. The binding 
energy was found to be lesser than that of methotrexate. The 
compounds have also successfully qualified the rule of five, CMC like 
rule, WDI like rule and MDDR like rule. Every compound possessed 
apt pharmacological properties based on the results of Lipinski’s 
Rule, hydrophobicity (based on log P value), and good drug 
likeliness and drug score.  Moreover, the compounds have low 
toxicity value. The compounds were predicted to be safe (non-
mutagenic as well as non-carcinogenic).  This study has enabled to 
broaden the vision for the generation of more specific drugs for 
hDHFR, and may pave the way for the production and identification 
of more effective drugs.  
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