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II.C.A. Introduction 

Quinazoline-4-(3H)-one moieties have gained wide-ranging research interest due to their 

broad spectrum range of biological activity. Quinazoline is an important studied moieties in 

medicinal field.
1-2

 At the beginning researches in the medicinal field started the febrifugine 

(3) discovery on the quinazoline scaffold which is a quinazolinone alkaloid, has immense 

anti-malarial activity, from the plant aseru (Dichroa febrifuga Lour). 
3-4

 In addition the anti-

malarial activity,
5
 the derivatives of quinazoline demonstrate a broad range of biological 

activities including antibacterial,
6
 anticancer,

8-9
 antihypertensive,

10
 anti-inflammatory,

11-13
 

activities and so on (Figure II.C.1). Even though their immense medicinal value to come out 

as successful drugs, water solubility is one of the key factors.
14 

 

Figure II.C.1: Representative some bioactive molecules containing quinazoline scaffold.  

II.C.B. Present work: Background and Objective 

In 2007, this work
15

 reported from our laboratory under refluxing condition in ethanol 

solution to formation of a substituted-3-(benzylideneamino)-2-phenylquinazolin-4(3H)-one 

and reported their anti-bacterial activity with QSAR studies. Now further more investigating 

a new methodology, we have synthesized this series of bioactive quinazoline moieties in a 

very easier greener technique under solvent-free protocol at 50°C for 20 min using alumina 

as a catalyst that enhances the electrophilicity character of the carbonyl of respective 

aldehyde upto the product formation 90%. But one drawback of these series of compounds is 

fully water insoluble, despite their immense medicinal property to come out as successful 
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drugs. Water solubility is one of the key factors to enhance the biological activity. Here we 

tried to solve this problem through inclusion with -cyclodextrin. Cyclodextrins (CDs) are 

homochiral, cyclic oligosaccharides belonging the family of 6, 7, or 8 member α-1, 4-linkage 

D-glucopyranose units (namely α, , and  cyclodextrins), fully water-soluble and have cavity 

sizes ranging from 4.9 to 7.9 Å.
16-19

 Interior the hydrophobic nature of its cavity with an 

exterior hydrophilic part activated -CD to encapsulate molecules which are hydrophobic in 

nature to form thermodynamically more stable molecular microcapsules, commonly name as 

host–guest complexes or inclusion complexes. Due to this behaviour of CDs, molecules binds 

with some weak interaction such as H-bonding, vander waals interaction, hydrophobic 

interaction, etc. This binding chemistry between the host  -CDs and guest molecules is not 

permanent interaction, but rather remained in a dynamic equilibrium. The binding strength 

mainly depends on selective local interactions between the exterior atoms and extent of how 

‘‘host–guest’’ complex interaction fits together.  

Most recently, this technique of complexion with Cyclodextrins has been repeatedly 

used to develop oral bioavailability.
20-22

 In this technique some drugs expand shelf life
23

 to a 

certain extent, and furthermore it contributes to control drug release rate, progressed 

organoleptic properties and maximized tolerance in gastrointestinal.
24

 Thus, increased drugs 

solubility plays a very significant role in absorption, which in due course affects its 

bioavailability.
25

 Therefore it is very important to develop protocols to improve the efficiency 

of complexation of drug–Cyclodextrins.  

Scheme II.C.1: Synthesis of substituted-3-(benzylideneamino)-2-phenylquinazolin-4(3H)-

one using alumina as a catalyst.  
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II.C.B.1. Present work: Result and Discussion 

In general, we begun our journey with the intimately mixing the reactants, the 3-amino-2-

phenylquinazolin-4(3H)-one (1), which were easily prepared from our previously reported 

protocol
15

,  substituted aldehyde and the lewis acid, alumina in an agate mortar and pestle. 

Continuous mixing of the reactants at room temperature and then heated on an oil bath for 

20–30 minutes at 50°C resulted into excellent conversion and isolation of the products with 

the help of washing technique with high yields up to 90%.  

All the compounds were characterized by NMR, FT-IR and mass spectrometry.
 
In the study 

of optimization, a model reaction was conducted for the formation of 2j. The reaction was 

optimized with regards to the amounts of the lewis acid, temparature and the time for the 

reaction which has been summarized in Table II.C.1.  

To investigate the reaction optimization, we stated our journey with equivalent mixture of the 

3-amino-2-phenylquinazolin-4(3H)-one and benzaldehyde at RT for 20 min but we could not 

find out any formation of a new spot (on TLC). Then with constant time to increase 

temperature at 50°C reaction did response to about 30% (table II.C.1, entry 2). For futher 

justification we used alumina (2 equiv w.r.t substrates) as a catalyst at same condition, 

conversion is about 60% (table II.C.1, entry 3). To continuing increases alumina’s 

concentration remaining all other condition same, product conversion is also increases to 

such an extent. After a certain amount of alumina reaction did not response to further yield 

conversion. So here we found the reaction optimized condition with 4 equivalents of alumina 

w.r.t substrates at 50°C for 20 min to best conversion upto 83% (table II.C.1, entry 5). 

Table II.C.1: Optimized table for formation of 3-(benzylideneamino)-2-phenylquinazolin-

4(3H)-one using Alumina as a catalyst.  

Entry Alumina 

(equiv) 

Time (min) Temp (°C) Yield (%) 

1 __ 20 RT NR 

2 __ 20 50 30 

3 2 20 50 60 

4 3 20 50 77 

5 4 20 50 83 

6 5 20 50 83 
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Scheme II.C.2: Substrate scope of alumina catalyst substituted-3-(benzylideneamino)-2-

phenylquinazolin-4(3H)-one.   

 

 

 

With the help of this optimization in our hand, we varied the reaction in various substrates for 

more diversity (Scheme II.C.2). To continue our interest, we varied mainly nature of the 
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substituent that is electron withdrawing and electron donating effect. Both type of substituent 

were performed very well in this reaction condition. In case of electron withdrawing 

substituent such as –F, -Cl, -NO2, in all cases conversion of the reaction is too good. This is 

because mainly increasing the electrophilicity character of the carbonyl carbon of the 

corresponding aldehyde. When 4-fluorobenzaldehyde reacts with 3-amino-2-

phenylquinazolin-4(3H)-one (1:1 ratios), conversion upto 90% (Scheme II.C.2, entry 2c) due 

to high electronegativity of fluorine atom withdraw electron through inductive effect directly, 

increases the electrophilicity at the carbonyl carbon to improve the reaction yield. But in case 

of –Cl (85%, Scheme II.C.2, entry 2e ) and –NO2 (85%, Scheme II.C.2, entry 2i), yields are 

slightly lower as compared to –F because of chlorine showed the low inductive effect and as 

nitro group is present in meta position it can’t show resonance effect, only pulls electron 

through inductive effect. For the electron donating substituent such as –OCH3, -NMe2, -OH, 

product conversion is slightly reduced due to increases the electron availability in the 

carbonyl carbon of aldehyde group. When these groups are directly connected in ortho or 

para position w.r.t aldehyde group, conversion of the desired products yield excellent to 

moderate. When in the meta position, product conversion is enhanced to further extent upto 

82% (Scheme II.C.2, entry 2f). Very interestingly, when reaction takes place only with 

benzaldehyde that is no substituent are incorporated in the aryl ring still product conversion 

83% (Scheme II.C.2, entry 2j) due to aryl ring shows inductive as well as resonance effect 

both. For this behaviour, it converted the reaction yield upto 83% in between donating and 

withdrawing substituent.  

II.C.C. Mechanism 

Using alumina as a catalyst not only enhances the carbonyl character through electrophilicity 

but also act as a powerful desiccant (dehydrating agent) that improved the reaction towards 

forward direction by forcing dehydration to produce desired product. Alumina binds with 

carbonyl to activate the centre facilitate the nucleophilic attack for formation of intermediate 

(3). Finally a molecule of water eliminated from the system to give desired product (2).   
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 Scheme II.C.3. Plausible mechanisms for solvent-free synthesis of substituted-3-

(benzylideneamino)-2-phenylquinazolin-4(3H)-one using alumina. 

II.C.D. Inclusion Technique 

II.C.D.1. Formation of complexes 

In this portion, the complex is formed by the kneaded protocol and is characterized by UV, 

IR and DSC technique. It is examined that the effects of complex formation by -CD 

showing improvement solubility of the compound in aqueous medium. We developed 

different protocols for the complex formation and screened most suitable protocol of its 

preparation. We worked only with compound 2a for complexation.   

 

 Preparation of Physical mixture (PM)  

The physical mixture of the compound 3-{[(2-Hydroxyphenyl)methylene]amino}-2-

phenylquinazolin-4(3H)-one and -CD [1:1 molar ratio] were prepared by mixing 

simultaneously in a mortar and pestle.  
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 Complex formation by Kneading method (KN)  

The physical mixture (PM) was triturated in a mortar with water-ethanol solution with small 

volume. The slurry was kneaded for 45 min and dried over at 40°C. This dried mass was 

crushed and sieved through 100 micron mesh.  

 Complex formation by Co-evaporation method (COE)  

The aqueous solution of -cyclodextrin (CD) was mixed to an alcoholic solution of 3-{[(2-

Hydroxyphenyl)methylene]amino}-2-phenylquinazolin-4(3H)-one. Then the mixture was 

stirred for 1 hr and was evaporated to dryness at 45°C. The dried mass was crushed and 

sieved through 100 micron mesh.  

 Complex formation by Freeze–Drying Method (FD)  

The physical mixtures (PM) were taken in 500 ml double distilled water and stirred for 5 

days. The resulting suspension was freeze-dried and freeze-dried complex, thus formed was 

crushed and sieved through 100 micron mesh. 

The inclusion complexes made by different protocols were primarily illustrated by the degree 

of transparency of the drug of the solution prepared in water. In distilled water (5 ml), - CD 

(34 mg) solubilized to form clear solution, the physical mixture [3.34 mg said compound  + 

17 mg - CD (3 mM : 3 mM)] made a turbid suspension and the complex [3.34 mg said 

compound + 17 mg - CD  (3 mM : 3 mM)] was made to be faintly turbid as shown in 

Figure. II.C.2 (A, B, & C respectively). A comparative study was done on silica-gel plates 

(TLC) using the eluent [ethyl acetate: butanol (5:4 v/v)]. The spots of - CD and the 

compound was observable with slight trailing of spot of the compound for the physical 

mixture (PM) while in the complex a concentrated bulk trailing was examined with faint spot 

compared of the free compound. The appearance of the faint trailing spot indicated that of 

slow diffusion of the compound in TLC study in the used eluent.  
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Figure II.C.2: Water solution of A) -CD. B) Physical Mixture. C) Complex. 

II.C.D.1.1. Ultra Violet Studies  

From the UV spectra, the corresponding absorbance of the compound was varied due to the 

formation of complex as shown in Figure 2. In the complex formed through physical 

mixtures without addition of water are very slow as compared to complex formed from 

Kneading method which contained water during crushing. The study demonstrates that the 

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

was increased to such an extent using kneading method for complex formation as compared 

to other methods.   

 

              Figure II.C.3: Efficiency of diverse methods for the complex formation.  



II.RESULTS AND DISCUSSION 

 

110 

 

To best of our knowledge to design the most excellent formulation of inclusion complexes, a 

little volume of warm water was mixed with  cyclodextrin to make slurry and then reserved 

at the 50°C for 12 h. The slurry was observed for 12 h with infrequent mauling. After 12 h, 

equivalent amount of the 3-{[(2-Hydroxyphenyl)methylene]amino}-2-phenylquinazolin-

4(3H)-one and the  cyclodextrin was mixed by triturating in a mortar and pestle with a small 

volume of water-ethanol mixture to form a slurry. The slurry was grinded for 45 min and 

dried at 50°C. The crushing time was varied for the complex preparation as follows: 0min, 20 

min, 30min, 40 min, 60min. The mixture of -cyclodextrin and compounds (1:1) was applied 

in every preparation. The dried mass was sieved through 100 micron mesh. It was found that 

optimization of the formation of product after 40 min crushing. It is examined that crushing 

time has played also an important role in the complex formation. With increasing crushing 

time during formation a PM, the absorbance of that mixture is also increases. This indicates 

to be a very simple and basic novel experiment that demonstrates how the crushing time is 

very important for complex formation. After 40 minutes of crushing time of the drug with -

CD, it showed a plateau which indicated that the optimum condition (Fig. II.C.4).   

 

                   Figure II.C.4: UV Spectrum of Complex formation in various crushing time. 
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II.C.D.1.2. Infra Red Studies 

The IR spectrum of -CD, 3-{[(2-Hydroxyphenyl)methylene]amino}-2-phenylquinazolin-

4(3H)-one (2a), physical mixture of 2a and -CD (1:1 molar ratios) as well as the complex 

formation under Kneaded method are shown in below (Figure 5). In our drug compound, the 

essential bands are carbonyl (-C=O), imine (-C=N), amine (-C-N), aromatic –C-H (stretching 

& out of plane, bent), alcoholic –OH (H-bonding) and finally aromatic –C=C group. 
 

Analysis of the IR spectrum of the both a physical mixture and inclusion complexes are 

observed in a changing frequency or hidden or lower the intensity of the spectrum band. 

Normally the carbonyl frequency appears at 1700-1650 cm
-1

 regions, mentioning drug 

response at ˞1651 cm-1
 which is fully disappeared in complex. The essential band imine (-

C=N) appears at 1604 cm
-1

, the amine vibration band (-C-N) appears at ˞1280 cm-1
, aromatic 

–C=C skeleton vibrations band appears at ˞1530 cm-1
, aromatic –C-H band (out of plane, 

bent) appears at ˞758 and ˞702 cm-1
 regions, all of these band are totally disappeared in 

inclusion compound but in physical mixture lower the intensity of peak was observed. Not 

only this even in the aromatic –C-H stretching band regions appears at 3064 cm
-1

 are shifted 

towards at shorter wave number as well as some disappeared was also observed in case of –

OH band which is appears at ˞3216 cm-1
 ( may be H-bonding, normally –OH band appears at 

3400-3600 cm
-1

 regions). The shape or intensity or shift or disappearance of these bands 

varied dramatically for the complex as compared to those for pure drug and physical mixture.  

These pointed out that the bending and vibrating of the guest molecule [3-{[(2-

Hydroxyphenyl)methylene]amino}-2-phenylquinazolin-4(3H)-one] was restricted owing to 

the formation of a complex, hence from this point of view we can comment that the molecule 

must be inserted into the -CD cavity.    
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Figure II.C.5: IR Spectrum of A) Drug (2a) and B) Drug (2a), Cyclodextrin (CD), Physical 

mixtiure (PM) and complex (KN). 

[blue line=drug; red line=complex; black line=CD; green line=PM] 

 

II.C.D.1.3. Differential Scanning Calorimetry studies 

The DSC thermograms of drug (2a), CD, Physical mixtures of CD/drug (1:1) and complex 

(1:1) are shown in Figure 6. Drug was characterized by a single, sharp melting endotherm at 

234.6°C (∆H=88.71 J/g) in the time of DSC analysis and a broad endothermic thermogram of 

CD are observed at a maximum around 97°C respectively, reason due to release of a 

molecule of water.
22

 In case of complex, the drug endotherm are almost disappeared along 

with shifting at 231.6°C and the peak arises from CD are shifted to 104°C approximate. No 

such changes are observed in case of physical mixture as that of complex as it showing some 

peak intensity. But peak intensity is reduced and slight shifting arises towards lower 

temperature in with physical mixture. The shape or intensity or shift or disappearance of 

these bands varied dramatically for the complex as compared to those for pure drug and 

physical mixture.   This observation indicating that for the complex formation, the molecule 

must be encapsulation inside the cavity of -CD.  
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Figure II.C.6: DSC thermograms of CD, PM, Drug (2a) and complex. [Mentioning with 

respective colour]   

II.C.E. Conclusion 

In summary, we have developed a new synthetic route for the synthesis of substituted-3-

(benzylideneamino)-2-phenylquinazolin-4(3H)-one using a greener reagent in a very short 

span under solvent free condition to excellent yield. In the previously reported all these 

compounds are biologically active but low solubility in water medium. Here we have tried to 

develop the solubility in aqueous medium of this synthesized molecule. Finally we have 

unfolded the solubility problem through inclusion with -cyclodextrin. For preparing a 

complex with -cyclodextrin to increase solubility, Kneaded method is the best method 

among the all other mentioned method. Increasing the bioavailability of the drug molecule, 

pharmaceutical potential is also increases.   
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