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SYNOPSIS 

Since the last few decades, the development of biologically relevant N-heterocycles such as 

Quinazolinones and Pyrimidinones has retained their focus. As these N-heterocyclic moieties are 

found in various marketed drugs, material science, natural products, they have gained much 

importance for different research communities.  

The thesis entitled “Design and synthesis of quinazolinones and related heterocyclic 

compounds” deals with the synthesis of selected N-heterocycles with detailed mechanistic 

investigation accompanied by finding some applications. 

The first chapter of this thesis describes the synthesis of some functionalised Quinazolin-4(3H) 

ones in simplest route. From the literature scan it was noticed that there are numerous reports 

available for the synthesis of quinazolinones using 2-amino benzamide (anthranilamide) with 

monoaldehydes. But study of same phenomena with dialdehyde is less covered. So, firstly the 

synthesis of Isoindole fused quinazolin 4-ones involving O-Phthaladehyde (aromatic dialdehyde) and 

anthranilamide have been done in the presence of acid catalyst, by one pot method. Although the 

product was known, sufficient explanation or detailed mechanism was not available. Therefore, our 

study on mechanistic investigation revealed that there involved an intramolecular 1, 3- hydride 

transfer (HT) and it has been proved by deuterium exchange method. A handful number of 

compounds are synthesized using this condition. Crystallization of one compound was carried out in 

aq. methanol and the structure was solved by single-crystal X-ray diffraction study (Scheme-AA) 

 

Scheme-AA: Isoindole fused quinazolinones formation with plausible mechanism 
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After doing the work with aromatic dialdehyde, it was extended to explore the reactivity of 

anthranilamide analogues with aliphatic dialdehydes. Firstly, we chose the glutaraldehyde (a five 

carbon dialdehyde) and carried the reaction with anthranilamide by same method (as mentioned for 

aromatic dialdehyde). After several attempts, we finally observed that anthranilamide and 

glutaraldehyde mixed in a 2:1 molar ratio with lower acid loading gave compound2-((4-(4-

hydroxyquinazolin-2-yl)butyl)amino) benzamide (12a) as a white solid which was isolated by 

filtration (Scheme-BB). Using this method, we successfully synthesised two redox-neutral 

compounds and isolated some intermediates with proper characterization. The mechanistic 

investigation revealed an involvement of 1,5 hydride transfer, and the length of dialdehyde was a 

crucial factor for redox-neutral product formation.The hydride transfer was facile when the donor 

centre and the acceptor centre span five carbon atoms (gluteraldehyde). [1,2]; [1,3]; [1,4] HT were 

not observed when different anthranilamide analogues were treated with varying chain length of 

dialdehydes. Therefore, chain length of dialdehyde was a crucial factor for desired redox-neutral 

product formation. The intramolecular [1, 5] hydride transfer mechanism have also been proved by 

deuterated experiment.  

 

Scheme-BB: Optimized reaction condition with Anthranilamide and Gluteraldehyde 

In second chapter, simplest starting DHPM, 5-acetyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-

2(1H)-one (17c) has been synthesized by acid-catalyzed multi-component synthesis, involving 

condensation of urea, β-keto ester, or β-diketo and aldehyde commonly known as Biginelli product. 

We wished to synthesize one suitable DHPM-based dye for a significant application. Firstly, we 
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synthesized a functionalized DHPM by modifying C6 methyl group under basic condition. As per 

our knowledge base promoted reaction of DHPMs is not straightforward because of the deep 

degradation through retro-Biginelli reaction, as suggested by Pietro Biginelli. Hence, we explored 

the relative reactivity of the ketomethyl and methyl group attached to the dihydropyrimidinone ring 

of 17c (a Biginelli product) towards benzaldehyde in alkaline conditions. When 17c was reacted with 

2.5% aq. NaOH, at 100°C for 2 hours without adding external aldehyde, gave the product (E)-4-

phenyl-6-styryl-3,4-dihydropyrimidin-2(1H)-one (19d) with less than 50% isolated yield. When the 

same reaction was carried out in the presence of externally added aldehyde, the yield of the reaction 

increased significantly (Scheme-CC). It has been revealed that the reaction goes through a retro-

Biginelli path which was established by the cross-over experiment and LCMS analysis of one 

incomplete reaction mixture (identification of intermediates). 

 

Scheme-CC: Preparartion of C6 modified DHPMs 

 

Continuing our longstanding interest in functionalisation of DHPM, we have synthesized a new 

intramolecular Donor-π-Acceptor fluorescent probe through post-synthesis modification of the 

Biginelli product. The inherent instability of the ketomethyl-containing DHPMs was enhanced by 

attaching a cyanoethyl group selectively at the N3 atom and we have successfully developed a 

synthetic strategy for accessing a highly conjugated DHPM (fluorophore) by the post-synthesis 

modification of the Bigineili product (Scheme-DD). Significantly, we have showed that the 

synthesised compound 27a was highly sensitive towards ds-DNA by different photophysical studies. 
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Hence, these types of compounds are useful for developing DNA-based drugs to modulate gene 

expression, monitor cellular processes involving DNA, visualise and quantify cellular DNA, to 

monitor the live activities of the nucleus of a cell. Most importantly, we explored the possibility of 

using of this compound as a cell-imaging agent on the SiHa cancer cell line and the result was 

compared with the nucleic acid specific dye acridine orange, a popular dye for the identification of 

live cell nucleus.  Although, slight less cell permeability was observed as compared to acridine 

orange, but incorporation within the cell, along with the particular nucleus target ability of this 

compound has been established here. 

 

 

Scheme-DD: Synthesis of a donar-π -aceptor DHP fluorophore and study of its applications 

 

In the third chapter, a new synthetic route has been proposed for the formation of Luotonin and 

Rutaecarpine (quinazolinone based alkaloids) analogues via intramolecular dehydrogenative cross 

coupling (CDC) and C-H oxidation in one pot manner. After several attempts it has been established 

that cat. Pd(OAc)2 and 3 Eqv. AgOAc in the acetic acid solvent at 120°C is the optimal condition of 

the reaction. To check the scope of the reaction, the above reaction has been done with various 

starting materials having electronically different functional groups. Structures of two synthesized 

compound, having high crystalline nature, were solved by single-crystal XRD. The detailed synthetic 
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procedure and a systematic mechanistic study were carried out. Therefore, to see the application of 

synthesized compound firstly, we saw the DNA target ability with ct-DNA and found slight positive 

intercalation binding mode of compound 38h. However, another compound 37d remarkably showed 

an important biological importance towards application. Significantly, the results of the 

concentration dependent cell viability assay study with the compound 37d on the SiHa carcinoma 

cell line revealed that it may have anti-cancer property. The observed IC50 value was 23 μM, which is 

a good indication of application. However, more detailed study is required to proof the anti-cancer 

activity in this regard and still under process. 

 

Scheme-EE: Synthesis of Luotonin/ Rutaecarpine analogues through CDC 
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1.1 INTRODUCTION 
Organic chemistry is very much explored by heterocycles (called heterocyclic compounds). From the 

rough estimation, from 50 million of registered organic compounds, more than half are heterocycles, 

and the quantity is still increasing. Heterocycles are frequent in biologically active natural products 

and pharmaceuticals for their applications towards drug design.[1] Despite incidents like the 

“thalidomide tragedy”,[2] their significance in drug discovery is constantly hiking for their selective 

binding aptitude to the drug targets. Besides their medicinal importance, they have a wide range of 

uses -in agrochemical, cosmetic, and veterinary[3] etc. Many compounds that have natural origin, 

such as alkaloids (morphine, reserpine, vinblastine); antibiotics (penicillin, cephalosporin) etc; 

contain heterocyclic components. In heterocycles, mostly nitrogen, oxygen, and sulphur are present 

in 5 or 6-membered rings. On account of the central role of heterocycles in chemistry and biology, a 

new boost in synthetic methodologies towards the synthesis of an enormous variety of functionalized 

heterocyclic compounds are witnessed by the scientific communities. 

At the present time, human societies are suffering from different types of health-related problems 

and a few of them are pandemic in nature. These problems are often responsible for the loss of life 

on a massive scale in a short time. In this type of situation, the whole society puts their focus on 

research communities, mostly medicinal chemistry researchers, to get solutions either by the 

synthesis of new compounds which can be used as a potential drug against such diseases, or the 

production of already existing compounds in a short time. As the formation of new products for 

application is quite an arduous and lengthy process for clinical trials and getting permissions from 

concerned authorities, chemists generally focus on the alternative robust and economical synthetic 

pathways of already tested chemical compounds and these are mostly on heterocycles[4].  

 

Figure-1.A: Basic stuctures of Quinazolinones 

Heterocyclic compounds bearing nitrogen (N) atoms in their structures are taken into account as a 

vital class of heterocycles that are broadly employed in medicinal chemistry.[5]According to the 

position of N-atom(s) in the ring, they are familiar with different names e.g., Quinazolines, 
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Quinazolinones, Quinolins, Pyrimidines, Pyrimidinones, Indoles, Isoindoles, Pyrazoles, Triazoles, 

Imidazoles, etc. Among these heterocyclic compounds, Quinazolinones, Pyrimidinones, and 

Isoindoles, have gained a great significance in many research sectors, including synthetic organic 

and medicinal chemistry.Because of their diverse uses, the construction of heterocyclic compounds 

has become a centre of attention in organic synthesis.[6] Among the various N-heterocycles 

Quinazolinone, the oxidised form of Quinazoline (1a) is the most famed one. Quinazolinones are 

formed by fused benzene ring with 2- pyrimidinone, 4-pyrimidinone, and 2,4-pyrimidinone, which 

are popular with their name 2(1H) Quinazolinone (2a), 4(3H) Quinazolinone (3a), and 2,4 (1H,3H) 

Quinazoline dione(4a) respectively (Figure-1.A). 

Among these moieties 4(3H) Quinazolinone (3a) is the most important as it is present in many bio-

active natural products and gets attention for their diverse sorts of biological activities[7] like anti-

bacterial, anti-tubercular, anti-fungal, anti-leukemic, anti-HIV, anti-leishmanial, anti-inflammatory, 

anti-hypertensive, anti-ulcer, anti-depressant analgesic, anti-proliferative, anti-cancer, anti-malarial, 

etc. So, being an important pharmacophore and a building block for many drugs / natural products 

(Figure-1.B) it is our particular area of interest and is considered to be a powerful structure for drug 

developments.[8] 

The first documented preparation of a Quinazolinone i.e; 2-cyanoquinazolinone (4c) was given by 

Griess in 1869 from the reaction between 2-aminobenzoic acid (4b) and cyanogen[9]. But for the first 

time preparation of Quinazolinone was proposed by Niementowski[10]in 1895 from the condensation 

of anthranilic acid analogues with amides, proceeding through an ortho-amidobenzamide 

intermediate. On subsequent time different research groups[11] disclosed the formation of 

Quinazolinones with different fuctionalisations from several methods using alternative starting 

materials, reagents, conditions etc, with/without showing their mechanistic investigations.  

The formation of simplest Quinazoline-4(3H)-one involves most commonly the condensation of 

aldehyde/ketone with anthranilamide or other 1,5-N-bisnucleophile (4e) (Scheme-1.A). Although 

adequatenumbers of literature are available involving the reactions of anthranilamide with 

monoaldehydes,[11b, 12] reports on dialdehydes are very limited. Only a few examples on dialdehydes 

are available i.e, reaction of  5a, with terephthalaldehyde (5c) by Saha group[13], with glyoxal (5d) by 

Radfar group[11a], and with ortho-phthalaldehyde (5b) by Choghamarani’s   group[14] etc and the 

formation of products are the respective (6b-d) symmetric dimmers (bis-quinazolinones) in each case 

(Scheme-1.B). 
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Figure-1.B: Pharmaceutically important Quinazolinone based drugs 

From the thorough scan of literature on the chemical properties of the structure of Quinazolinones, it 

came to our notice that the hydrogen atoms present at position-2 (3a) (Scheme-1.C) has a tendency 

to shift (as hydride) towards a suitable electropositive centre. To the best of our knowledge, it is an 

interesting but less explored area that can be used for the functionalization of Quinazolinones or 

carry out several types of reactions using this hydride transfer (HT) protocol. Hydride transfer (HT) 

strategy in organic chemistry is always an ever-growing research area for its operational simplicity, 

high efficiency, and environmental sustainability. Mostly, [1,3] and [1,5] hydride transfers are 

common besides the use of [1,2], [1,4], and [1,6] hydride transfers[15] are quite uncommon in organic 

synthesis, but these are also possible with the special structural requirements. Depending upon the 

nature of the substrate and reaction condition, both intra as well as intermolecular hydride transfer 

may be possible. Intramolecular hydride transfer (HT) reaction is also known as redox-neutral[16] 

reaction and characteristics are that the migrated hydrogen does not exchange or combine with 
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solvent protons.  It requires a proximal acceptor centre that has to be electron deficient in nature to 

accept the transferred hydride. Electron-deficient functional groups such as imine, carbonyl, C=C 

bond, α,β-unsaturated keto or ester are frequently used as an acceptor centre with the help of an 

activator. Another key factor for the fruitful application of the redox-neutral reaction is the assistance 

of a non-bonded electron pair or an anionic centre. So, hydrogen present at the methylene/methine 

group adjacent to heteroatoms (e.g; N, O, S) is facile for hydride donor and using this protocol a 

number of complex organic syntheses have been done17-22. 

 

Scheme-1.A Preparation of quinazolin- 4(3H)-one 

 

Scheme-1.B Reported synthesis of bis-quinazolinone from anthranilamide and dialdehyde 

Jin-Ye Zhang’s group has established the donor ability of hydride present in the 2-position of 

quinazolinone (3a), in an actual chemical reaction by thermo-kinetic parameters[17]. Playing with the 
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hydride, reductive amination of dihydrobenzothiazole as a hydride source has been done by 

Takahiko’s group[18]. Besides, several groups like Ghosh et al.[19]and Chakraborty et al.[20] exhibited 

the intramolecular hydride transfer in dihydrobenzoimidazole for the synthesis of 1, 2-disubstituted 

benzimidazoles. In 1984 when Reinhoudt et al.[21]exhibited a method for the preparation of 

substituted tetrahydroquinolines using cyanoethene group as the hydride acceptor, then it could 

rapidly ring close via 6-endo-trig cyclization.[22]Using this concept, Youn’s group displayed the 

Thiourea-catalytic synthesis of tetrahydroquinolines through a 1,5-hydride transfer with ring closure 

sequence[23] (Scheme-1.C).Thereupon, motivated by the redox- and step-economy, we reported an 

intramolecular hydride transfer to distal imines leading to the formation of highly functionalized 

Quinazolinones. 

 

Scheme-1.C Available reports on hydride transfer from adjacent centre of heteroatoms 

 

1.2 RESULT AND DISCUSSTION 

At initial stage, we have started synthesis of the compound5e using the Reinhard et al.[24] mentioned 

condition.Equimolar mixture of 2-amino benzamide and ortho-phthalaldehyde in methanol and 2(N) 

aq. HCl (3:1) at room temperature gave the compound 5e smoothly, from which white solid mass of 

hydrochloride salt (5eHCl) separated out. To get the analytical pure compound 5eHCl, the solid 

mass was collected by filtration and washed well with 3:1 methanol water. Crystallization of the 

product was carried out in aq. methanol and the structure was solved by single crystal X-ray 

diffraction study (XRD).The Crystal structure displays that there is a tetra-cyclic skeleton 

accompanying with planar geometry and a water molecule present in the network of the lattice 
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through hydrogen bonding of amide hydrogen (Figure-1.C). It is interesting to observed that the 

position of the amide hydrogen atom in crystal structure of 5eHCl in solid-state is different from in 

solution-state as amide proton is absent at 1H-NMR in DMSO-d6 solvent. Compound5e was obtained 

from 5eHCl; washing with saturated NaHCO3 solution and the structure of the compound 5ewas 

exactly matched with the 1H-NMR with reported data.[25] 

 

Table-1.A: Synthesis of isoindole fused quinazolin 4-ones 

 

 

Figure-1.C Crystal structure of 5eHCl (CCDC 1907967) 

 

Use of other mild Lewis acid resulted product formation in low yield. Although, polar aprotic 

solvents DMF/DMSO can be used; but methanol or ethanol medium can give a benefit for product 

isolation without column purification. However, we used methanol for synthesizing the compounds 

mentioned here. Applying the above-mentioned condition (Table-1.A), scopes of the reaction was 

investigated with different 1,5-N bisnucleophiles (5a-11a) (Figure-1.D). Varieties of substituted 
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tetra-cyclic skeleton (5e-11e) have been synthesized here. Notably, from the substituted 

anthranilamides (7a-11a) compounds 7e-11e (Figure-1.D) were isolated directly in the salt free 

form, from the reaction mixture simply by filtration. It is presumed that, presence of electron-

withdrawing group in the amide part (7a-11a), make the tertiary amine centre less basic. Compounds 

7e to 9e are absolutely new as they are not reported in the literature. The structures of product were 

confirmed by NMR and HRMS. Compound 10e was isolated as a white solid from the equimolar 

mixture of 2-aminobenzenesulfonamide (10a) and 5b under the above mentioned reaction condition 

(Table-1.A). Synthesis of this compound (10e) is reported in a multistep procedure without 

sufficient spectroscopic data[26].Compound 11e was synthesized under the acid-catalysed condition 

with improved yield from the compound 11a and O-phthalaldehyde (5b) using the reaction 

condition[27]. Owing to poor solubility in common organic solvents, collection of 13C-NMR data of 

compound 8e, 10e, and 11e were unable. Investigation on scopes of the substrates revealed that the 

electronic nature of the substituent present at the amide moiety does not influence significantly on 

yield.  

 

Figure-1.D:Structure of Amides and synthesized isoindole fused Quinazolin 4-ones (analogues) 

 

Primarily, two types of mechanistic pathways; namely, intramolecular hydride transfer[27] (Path-A) 

and tautomerism[28] (Path-B) (Scheme-1.D) have been proposed for the reaction of 5b with 

structurally identical 1,5-N- bisnucleophiles.  Path-A involves intramolecular 1,3- hydride transfer 

(as proposed by Abdel-Latif et al.[27]) without participation of solvent proton in the key step. 
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Whereas, in the Path-B, multiple tautomeric sequences by which hydrogen atom transferring with the 

participation of solvent proton may lead to the compound 5eHCl (as proposed by Ukhin et al.[28]). To 

confirm the mechanistic pathway for the formation of 5eHCl, we have carried out the reaction of O-

phthalaldehyde (5b) with 2-aminobenzamide (5a) in DCl/CD3OD at room temperature (RT). And we 

observed that the exclusive formation of the product 5eDCl, but not 5eD2Cl (Scheme-1.D). For 

further confirmation of structure 5eDCl, it was treated with aq. NaHCO3 and observed the formation 

of 5e. The NMR and HRMS spectra of compound 5e obtained from the above mentioned deuterated 

experiment show no deuterium incorporation in the structure of it. Formation of 5eDCl and 5e under 

deuterated solvent clearly shows that the rearrangement of initial intermediate 5g into 5e is 1,3-

intramolecular hydride transfer (redox-neutral) as shown in Path-A in Scheme 1.D. 

 

 

Scheme-1.D: Possible mechanism with deuterated experiment 

The 1,3-hydride transfer is being facilitated by the electronically rich amide nitrogen donor centre. 

Acid catalyzed intramolecular hydride transfer from sp3 carbon adjacent of nitrogen centre to closely 

Chapter 1 



   

10 
 

spaced electrophilic centre is well-known and an established phenomenon[29]. Based on the 

deuterated solvent experiment, the proposed mechanism for the formation of 5e is assumed to be 

essentially same as proposed by Abdel-Latif et al.[27](Path-A; Scheme-1.D).The method involved 

initial formation of monomeric compound 5f, followed by iminium ion (5g) formation. The 

subsequent intramolecular 1,3-hydride transfer gave compound 5eDCl. After the treatment of 5eDCl 

with aq. NaHCO3 the resultant outcome was 5e. Hence, rather getting dimeric 

dihydroquinazolinone[14], we synthesized Isoindole fused Quinazolin-4 ones out in the presence of an 

acid catalyst in one pot manner.  

After the above observations we continue our exploration on the reactivity of anthranilamide with 

aliphatic dialdehydes. In case of aliphatic dialdehydes, primarily we observed a complex reaction 

mixture, confirmed by many interacting spots at TLC when compound 5a and glutaraldehyde (5h) 

were subjected under the similar condition as Table-1.A. It was difficult to isolate any pure fraction 

from the reaction mixture. Fine-tuning of the reaction revealed that the outcome depends on the acid 

loading and stoichiometry (Table-1.B). However, 2:1 molar ratio of compound 5a and 5h mixed 

with lower acid loading gave the compound 12a as a white solid. The solid was isolated by filtration 

and collected analytical and spectroscopic data without further purification. 

 

Table-1.B: Optimization of reaction condition 

 

Notably, the compound 12a is a redox-neutral product, where an oxidation and reduction process is 

going on without adding any external oxidative or reducing agents. In this case, an imine 

functionality acted as the hydride accepting counterpart and facilitated the intramolecular redox 

reaction. The reaction has been carried out with varieties of solvent and acid catalyst, and the results 

are shown in Table-1.B. Here also a protic-polar solvent has been used for the method because of 
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easy product isolation. A slightly different isolated yield was probably due to the different solubility 

of compound 12a in the given solvents. For our subsequent studies, we used methanol as a solvent 

and HCl as an acid catalyst. Water stable Lewis acids such as FeCl3, Y3+, etc; were also used to 

catalyze the reaction. The structure of compound 12awas confirmed by 1H-NMR, 13C-NMR, DEPT-

135, and HRMS. 

To see the influence of steric and electronic effects towards the formation of compound 12a, we used 

differently substituted anthranilamide and its structural analogues. Experimental results are 

summarized in Table 1.C, and the structure of anthranilamide analogues are shown in Figure-1.D 

(7a-10a) and corresponding products are shown in Figure-1.E.5-Bromo anthranilamide[18] does not 

significantly influence the redox-neutral reaction, except at a bit slower rate. Moreover, when two 

bromine atoms or one nitro group were present at the amide side, the hydride shift was not observed 

and we have isolated intermediate products14band 15b respectively (Entry 3, 4; Table-1.C).In 

addition, the presence of a sulfonamide instead of carboxyl amide (Entry 5, Table-1.C) in the 

anthranilamide analogues part produced dimeric dihydroquinazolinone (7d) instead of a redox 

neutral product. Glyoxal, a two-carbon dialdehyde, gives a dimeric quinazolinone[19] 6d.The 

reactivity of succinaldehyde[20] under the same reaction condition is complex. After a prolonged 

reaction time, we could isolate compound 16b instead of redox-neutral product on the reaction of 

succinaldehyde with 5a. Formation of 16b occurs via initial condensation of aldehyde to form 

dihydroquinazolinone followed by the aerobic oxidation process [30]. 

Table-1.C Optimization with different aliphatic dialdehyde 

 

Initially, we thought that the tricyclic compound 14b or 15b could be an intermediate for the redox-

neutral product formation. Accordingly, we tried to convert compound 14b into corresponding 

redox-neutral-product under similar reaction conditions but failed even after a prolonged time and 
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under elevated temperature to get convincing evidence. Then, we shifted our attention to isolate 

tricyclic intermediate from 7a. Accordingly, 7a was treated with glutaraldehyde in the presence of a 

mild Lewis acid yttrium nitrate. We successfully isolated the intermediate 13b under the mild 

reaction conditions, as mentioned in Scheme-1.E, and the compound 13b on reaction with 7a in the 

presence of MeOH/HCl converted to the redox-neutral product 13a at the ambient temperature. 

When CD3OD/DCl was used as a reaction medium compound 13b converted into a redox-neutral 

product 7p–d2. Structure of the product 7p–d2 has confirmed by comparing 1H-NMR of 13a and 1H-

1H COSY spectra of 13a. No deuterium incorporation was observed at the reduced site. This critical 

information led us to conclude that the hydride is being transferred from quinazolinone moiety to the 

reduced site without the participation of solvent protons. 

Mechanistic investigation revealed that the length of dialdehyde is a crucial factor for redox neutral 

product formation. The hydride transfer is facile when the donor centre and acceptor centre spanning 

five carbon atoms. To our surprise, 1,2 HT was not observed (Entry 6; Table-1.C) when glyoxal, a 

two-carbon dialdehyde was treated with anthranilamide. Moreover, there is no evidence of deuterium 

incorporation at the reduction site in the CD3OD/D+ condition. However, deuterium incorporation 

was observed at the adjacent carbon of the reduced position of the product 7p–d2. 

 

Scheme-1.E Identification of intermediate and deuterium exchange experiment 
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Scheme-1.F: Proposed mechanism 

 

Based on these observations, we proposed an intramolecular hydride transfer mechanism, as shown 

in Scheme-1.F, and explained all the experimental results. When an equimolar mixture of 5-bromo 

anthranilamide (7a) and glutaraldehyde (5h) was used, intermediate 13b, 13c and 13d remain in 

equilibrium. The bromo, nitro, and sulfonamide group in 8a, 9a and 10a make the non-bonded 

electron on the nitrogen atom (donor site) less available for assisting hydride transfer. Therefore, the 

intermediate 13b from compound 8a and 9a favours the formation 13c instead of 13e. Hence they do 

not give the desired redox-neutral product. The intermediate 13b undergo H/D exchange under 

deuterated reaction condition. This phenomenon explains the formation of the product 7p–d2. This 

indicates the case of redox-neutral reaction passing through a concerted intramolecular hydride 

transfer pathway. 
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Figure-1.E: Structure of synthesised Quinazolinones 

 

1.3 CONCLUSIONS 

In summary, we have demonstrated two facile, 1,3 and 1,5- intramoleculer hydride transfer (redox- 

neutral) reaction in the presence of aq. acid. These methods allow quick access to functionalized 

quinazolinones. The presence of an electron withdrawing group at the donor side makes the reaction 

sluggish in case of aliphatic dialdehydes towards the formation of redox-neutral products. These two 

are also sensitive to the acid concentration and stoichiometry. Further scope of the reactions is being 

studied. 
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1.4 EXPERIMENTAL SECTION 

1.4.1 General information: Melting points were determined in open capillary tubes by a LabX 

India digital melting point apparatus. All the commercially available reagents were used without 

further purification. All the reactions were carried out at open vessel and monitored by Thin layer 

chromatography (TLC) on 0.2 mm silica gel F254 plates and it was observed under UV light (254 

nm). NMRs were recorded in Bruker 400 or 300 MHz spectrometer in DMSO-d6solution. Chemical 

shifts are given in δ relative to TMS, the coupling constants J are given in Hz. High resolution mass 

spectra were recorded on ESI-TOF mass spectrometry. LCMS taken using ZORBAXEXT (4.6 ×50 

mm, 5µ) column, NH4OAc (10 mM):CAN::90:10 for liquid chromatogram. X-ray crystallographic 

data were collected from SMART (Bruker,2000), SHELXL-2018/3, version 2018/3’, at 273K, θ 

range (deg) 2.618 to 27.135, radiation type λ (Mo Kα). 

1.4.2 Representative procedure and spectral data: 

Synthesis and analytical spectroscopic data of 5-oxo-11, 12-dihydro-5H-isoindolo[2,1- 

a]quinazolin-12-ium chloride (5eHCl): 

A mixture of anthranilamide (340 mg, 2.50 mmol), and O-phthalaldehyde 

(334.9 mg, 2.50 mmol) were taken in 100 mL round bottom flask. Then to this 

reaction mixture, 30 mL MeOH and 2(N) HCl (10 mL) were added. This 

reaction mixture was stirred at room temperature for 24 h. Then, the precipitate 

appeared was collected by filtration and washed with water to get pure 5eHCl 

(411 mg).White solid, yield 70%, m.p. 256°C, 1H-NMR (400 MHz, DMSO-d6) δ 8.47 (d, J = 8Hz, 

1H), 8.25(d, J = 8Hz, 1H), 8.06 (dt, J = 8Hz, 1H), 7.87–7.93(m, 3H), 7.77–7.68 (m, 2H), 5.71 (s, 

2H). ESI-TOF MS:  Calculated mass for C15H11N2O [M+H]+ is 235.0871, observed m/z = 235.0328  

Synthesis and analytical spectroscopic data of isoindolo[2,1-a]quinazolin-5(11H)-one (5e) 

The solid mass of 5eHCl (132 mg) was treatedwith saturated NaHCO3 solution 

(5 mL) for 5 min andthen the suspension was filtered and washed with 

water,dried to get 5e (102 mg) as white solid. yield 89%, m.p. 258°C, 1H-NMR 

(400 MHz, DMSO-d6) δ 8.14 (s, 1H),8.12 (d, J = 1.2 Hz,1H), 8.02 (d, J = 

8Hz,1H),7.89–7.85 (dt, J = 8, 15 Hz,1H), 7.82–7.74 (m, 1H),7.66–7.63 (m, 2H), 

7.51 (t, J = 15 Hz, 1H), 5.45 (s,2H). ESI-TOF MS: Calculated mass for C15H10N2NaO [M+Na]+ = 

257.0691, observed m/z = 257.1372 

Synthesis and analytical spectroscopic data of 3-bromoisoindolo[2,1-a]quinazolin- 5(11H)-one(7e) 
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Same as described for 5eHCl.White Solid, yield 88%, m.p. 257°C,1H-

NMR (400 MHz, DMSO-d6+CDCl3) δ 8.21 (s, 1H), 8.02 (d, J = 8Hz, 1H), 

7.96–7.93 (m, 1H), 7.76–7.69 (m, 2H), 7.62–7.58 (m, 2H), 5.41 (s, 2H); 

13C-NMR (100 MHz, DMSO-d6+CDCl3) δ 161.2, 149.9, 139.6, 137.5, 133.6, 131.9, 131.6, 131.5, 

129.5, 124.5, 123.1, 120.1, 119.7, 116.4, 52.0. ESI-TOF MS: Calculated mass for C15H9BrNaN2O 

[M+Na]+ = 334.9796, observed m/z = 335.002 

Synthesis and analytical spectroscopic data of 1,3-dibromoisoindolo[2,1-a]quinazolin- 5(11H)-one 

(8e) 

Same as described for 5eHCl. White Solid, yield 91%, m.p.  259°C, 1H-

NMR (400 MHz, DMSO-d6) δ 8.37 (d, J = 2Hz, 1H), 8.27 (d, J = 2Hz, 

1H), 8.03 (d, J = 8Hz, 1H), 7.84–7.78 (m, 2H), 7.65 (d, J = 8Hz, 1H), 5.98 

(s, 2H). ESI-TOF MS: Calculated mass for C15H8Br2N2NaO [M+Na]+ = 

414.8881, observed m/z = 414.753 

Synthesis and analytical spectroscopic data of 3-nitroisoindolo[2,1-a]quinazolin-5(11H)-one (9e) 

Same as described for 5eHCl. Light yellow solid, yield 86%, m.p.  252°C, 

1H-NMR (400 MHz, DMSO-d6) δ 8.79 (d, J = 2Hz, 1H), 8.64 (d, J = 2Hz, 

1H), 8.03 (d, J = 7.2Hz, 1H), 7.83–7.79 (m, 3H), 7.65 (t, J = 7.2Hz, 1H), 

5.48 (s, 2H); 13C-NMR (100 MHz, DMSO-d6+CDCl3) δ 166.8, 148.5, 

142.6, 141.4, 139.6, 131.8, 130.1, 127.2, 126.6, 122.2, 122.1, 121.9, 116.6, 

115.8, 50.7. ESI-TOF-MS: Calculated mass for C15H9N3NaO3 [M+Na]+ = 302.0542, observed m/z = 

301.9480  

Synthesis and analytical spectroscopic data of 11H-benzo[5,6][1,2,4]thiadiazino[3,4- a]isoindole 

5,5-dioxide (10e) 

Same as described for 5eHCl.White Solid, yield 83%, m.p. 295 °C, 1H-NMR 

(400MHz, DMSO-d6) δ 7.92 (dt, J = 8Hz, 12 Hz, 2H), 7.81–7.77 (m, 3H), 7.66-

7.63 (m,1H), 7.55-7.52(m, 2H), 5.40 (s, 2H). ESI-TOF-MS calculatedmass for 

C14H10N2NaO2S [M+Na]+ 293.0361, observed m/ z = 293.1225 

Synthesis and analytical spectroscopic data of 7,8,9,10-tetrahydrobenzo[4’,5’]thieno 

[3’,2’:5,6]pyrimido[2,1-a]isoindol-6(13H)-one(11e) 

Same as described for 5eHCl.White Solid, yield 92%, m.p. 254°C,1H-

NMR (400MHz, DMSO-d6 + CDCl3) δ 8.11 (s, 1H), 7.96 (d, J = 8Hz, 

1H), 7.70–7.62 (m, 2H), 7.56 (t, J = 8Hz, 1H), 5.24 (s, 1H), 2.94 (m, 
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2H), 2.74 (m, 2H), 1.84–1.76 (m, 4H). ESI-TOF-MS Calculated mass for C17H14N2NaOS [M+Na]+ 

=317.0725, observed m/z = 317.0002 

Synthesis and analytical spectroscopic data of 5-oxo-11,12-dihydro-5H-12l4-isoindolo[2,1-

a]quinazolin-6-ium-12-d(5eDCl)  

A mixture of anthranilamide (50 mg) and O-phthalaldehyde (49 mg) were taken 

in a 50 mL round bottom flask. Then 3 mL methanol-d4, 0.5 mL D2O and 0.5 

mL DCl (20%) were added into this reaction mixture under argon atmosphere. 

The reaction mixture was stirred for 24 h to get white precipitation. The mixture 

was then diluted with 2 mL D2O, filtered to collect white solid mass (61 mg, 

71%). It was dried to get spectroscopic data without further purification. 1H-NMR in DMSO-d6 is 

essentially same with 5eHCl except the position of residual H2O present in the DMSO-d6solvent. 1H-

NMR (400 MHz, DMSO-d6) δ 8.43 (d, J = 8Hz, 1H), 8.26 (d, J = 8Hz, 1H), 8.07 (t, J = 8Hz, 1H), 

7.94–7.88 (m, 3H), 7.78–7.69 (m, 2H), 5.72 (s, 2H). ESI-TOF-MS calculated mass for C15H10DN2O
+ 

= 336.0929, observed m/z = 336.0995 

Compound 5eDCl was treated with saturated bicarbonate and the white solid obtained after base 

treatment was subjected to 1H-NMR. It was exactly same as observed for 5e. 

Synthesis and analytical spectroscopic data of 2-((4-(4-hydroxyquinazolin-2-

yl)butyl)amino)benzamide (12a) 

Method-I: A mixture of anthranilamide (250mg, 1.84mmol), 

glutaraldehyde (73mg, 0.734 mmol) and 2 drops of concentrated 

HCl (35%) in 10 mL methanol was stirred at room temperature for 

24 hours. White precipitate starts appearing within 2-3 hours. Water 

(50 mL) was added into the reaction mixture. White precipitate was collected by filtration, washed 

with fresh water (3×20 mL) and air dried for analytical and spectroscopic data without further 

purification. Yield 87%. Method-II: Experimental procedure for synthesis of 12a is the same as 

described in Method-I except for HCl. Here, we have used 20mol% Y(NO3)3.6H2O instead of HCl. 

White solid, yield 98%,1H-NMR (400MHz, DMSO-d6) δ 12.18 (s, 1H), 8.13-8.12 (m, 1H), 8.06 (d, J 

= 8 Hz, 1H), 7.77- 7.74 (m, 2H), 7.60-7.56 (m, 2H), 7.44 (t, J = 8 Hz, 1H), 7.22 (t, J = 8Hz, 1H), 

7.20 (s, 1H), 6.64 (d, J = 8 Hz, 1H), 6.48 (t, J = 8 Hz, 1H), 3.15-3.10 (m, 2H), 2.64 (t, J = 8Hz, 2H), 

1.83-1.80 (m, 2H), 1.62 (t, J = 8Hz, 2H). 13C-NMR (100 MHz, DMSO-d6) δ172.1, 162.2, 157.7, 

150.3, 149.4, 134.7, 133.0, 129.5, 127.3, 126.4, 126.1, 121.3, 114.2, 114.1, 111.4, 42.2, 34.6, 28.6, 

24.9. ESI-TOF-MS: Calculated mass for C19H20N4NaO2 [M+Na]+ = 359.1484, observed m/z = 

359.1621 
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Synthesis and analytical spectroscopic data of 5-bromo-2-((4-(6-bromo-4-hydroxyquinazolin-2-

yl)butyl)amino)benzamide(13a) 

 Experimental procedure was the same as described in 

Method-I for compound 12a. Off white, yield 85%, 1H-NMR 

(400 MHz, DMSO-d6) δ 12.37 (bs, 1H), 8.13 (s, 2H), 7.89 (dd, 

J = 2Hz, 8 Hz, 2H), 7.73 (d, J = 2 Hz, 1H), 7.54 (d, J = 8 Hz, 1H), 7.33 (dd,  J = 2 , 8 Hz, 1H), 7.23 

(bs, 1H), 6.61 (d, J = 8 Hz, 1H), 3.11 (t, J = 6 Hz, 2H), 2.63 (m, J = 7 Hz, 2 H), 1.81-1.75 (m, 2H), 

1.63-1.58 (m, 2H ).13C-NMR(100 MHz, DMSO-d6) δ 170.3, 160.6, 158.0, 148.8, 147.6,137.0, 134.8, 

131.0, 129.0, 127.7, 122.4, 118.2, 115.3, 113.2, 104.4, 41.7, 34.0, 27.8, 24.1. ESI-TOF-MS: 

Calculated mass for C19H18Br2N4NaO2 [M+Na]+ = 514.9694, observed m/z = 514.9941 

Synthesis and analytical spectroscopic data of 5-bromo-2-((4-(6-bromo-4-oxo-1,4-

dihydroquinazolin-2-yl)butyl-2,2-d2)amino)benzamide (7p-d2) 

Experimental procedure is the same as described in 

Method-I for compound 12a in CD3ODsolvent and DCl as 

catalyst instead of MeOH/HCl. White solid, yield80%, 1H-

NMR (400 MHz, DMSO-d6) δ12.35 (s, 1H), 8.13(d, J= 2.4, 

8.8Hz, 2H),7.91-7.88(dd, J= 2.4, 8.8 Hz, 2H), 7.73(d, J= 

2.4Hz, 1H), 7.54(d, J= 2.4Hz, 1H), 7.33 (dd, J = 2.4, 8.8 Hz, 1H), 7.22-7.17 (m, 1H), 6.61 (d, J = 8.8 

Hz, 1H), 3.10 (s, 2H), 2.66-2.61(m, 2H), 1.80-1.76(m, 2H). 

Synthesis and analytical spectroscopic data of 2,2',3,3'-Tetrahydro-[2,2'-biquinazoline]-

4,4'(1H,1'H)-dione (6d) 

Experimental procedure is the same as described in Method-II for 

compound 12a. White solid, yield 85%, 1H-NMR (300 MHz, DMSO-d6) δ 

8.40 (bs, 2H), 7.72 (d, J = 7 Hz, 2H), 7.15 (t, J = 7 Hz, 2H), 6.96 (bs, 2H), 

6.67 (t, J = 8 Hz, 4H), 4.82 (m, 2H). 13C-NMR (100 MHz, DMSO-d6) δ 

144.1, 133.2, 124.1, 121.7, 116.7, 116.3, 66.0, 33.4, 31.1. ESI-TOF-MS: 

Calculated mass for C16H14N4NaO2 [M+Na]+ = 317.1014, observed m/z = 317.1980 

Synthesis and analytical spectroscopic data of 3,3'-(propane-1,3-diyl)bis(3,4-dihydro-2H-

benzo[e][1,2,4]thiadiazine 1,1-dioxide) (7d) 

Experimental procedure is the same as described in Method-I for 

compound 12a. White solid, yield 78%,1H-NMR (400 MHz, 

DMSO-d6) δ 7.47-7.42 (m, 4H), 7.31-7.26 (m, 2H), 7.06 (s, 2H), 

6.81 (d, J = 8 Hz, 2H), 6.72(t, J = 8 Hz, 2H), 4.71(m, 2H), 1.81-

1.64 (m, 6H). 13C-NMR (100 MHz, DMSO-d6) δ 144.1, 133.2, 124.1, 123.3, 116.7, 116.4, 66.1, 
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33.4, 32.5. ESI-TOF-MS:Calculated mass for C17H20N4NaO4S2 [M+Na]+ = 431.0824, observed m/z 

= 431.1061 

Synthesis and analytical spectroscopic data of 8-bromo-1-methoxy-1,2,3,4,4a,5-hexahydro-6H-

pyrido[1,2-a]quinazolin-6-one (13b) 

To a mixture of 5-bromoanthranilamide 7a (250 mg, 1.16 mmol) and 

glutaraldehyde 5h (0.250 mL, 1.16 mmol), Y(NO3)3.H2O (76 mg, 0.23 mmol) 

was added, and the mixture was stirred for 24 h at RT. The mixture was diluted 

with water and the white solid collected by filtration. Thus, the material isolated 

was used directly for analytical data without further purification. White solid, yield 84%, 1H-NMR 

(400 MHz, DMSO-d6 + CDCl3) δ 8.30 (bs, 1H), 7.77 (bs, 1H), 7.54 (d, J = 8Hz, 1H), 6.89 (d, J = 

8Hz, 1H), 5.08 (bs, 1H), 4.75-4.73 (m, 1H), 3.27 (s, 3H), 2.06 (m, 1H), 1.92 (m, 1H), 1.68-1.54 (m, 

4H). 13C-NMR (100 MHz, DMSO-d6+ CDCl3) δ 161.1, 146.2, 135.2, 129.8,119.1, 115.3, 110.2, 

82.5, 63.1, 54.1, 30.7, 25.1, 15,5. ESI-TOF-MS: Calculated mass for C13H15BrN2NaO2 [M+Na]+ 

=335.0194, obtained m/z = 334.9499 

Synthesis and analytical spectroscopic data of 8, 10-dibromo-1-methoxy-1,2,3,4,4a,5-hexahydro-

6H-pyrido[1,2-a]quinazolin-6-one (14b) 

Experimental procedure is the same as described in Method-I for compound 12a 

by using 2,5- dibromoanthranilamide (8a). White solid, yield86%, 1H-NMR (400 

MHz, DMSO-d6) δ 7.78 (d, J = 2 Hz, 1H), 7.71 (d, J = 2 Hz, 1H), 6.54 (s, 1H), 

5.68 (s, 1H), 5.08 (s, 1H), 4.99-4.97 (m, 1H), 3.23 (s, 3H), 1.94-1.92 (m, 1H), 

1.80-1.54 (m, 5H). 13C-NMR (100 MHz, DMSO-d6) δ 161.4, 142.1, 138.3, 131.1, 

116.6, 109.6, 108.1, 80.7, 64.0, 55.9, 33.6, 28.8, 17.0. LC-MS: Calculated mass for C13H15Br2N2O2 

[M+H]+ = 388.9500, obtained m/z = 388.9 

Synthesis and analytical spectroscopic data of 1-Methoxy-8-nitro-1,2,3,4,4a,5-hexahydro-6H-

pyrido[1,2-a]quinazolin-6-one(15b) 

Experimental procedure is the same as described in Method-I for compound 

12a. Yellow solid, yield 67%, 1H-NMR (400 MHz, DMSO-d6) δ 8.59 (s, 1H), 

8.49 (d, J = 2 Hz, 1H), 8.21 (dd, J = 2, 8 Hz, 1H),7.17 (d, J = 8 Hz, 1H), 5.37 (s, 

1H), 4.92 (d, J = 8 Hz, 1H), 3.31 (s, 3H), 2.09-1.92 (m, 2H), 1.70-1.58 (m, 4H). 

13C-NMR (100 MHz, DMSO-d6) δ 160.2, 151.9, 138.3, 128.4, 123.7, 

115.9,113.7, 83.1, 63.5, 54.5, 31.6, 25.1, 15.9. ESI-TOF MS: Calculated for C13H15N3NaO4 [M+Na]+ 

= 300.0960, obtained m/z = 300.0298 

Synthesis and analytical spectroscopic data of 1-methoxy-2,3-dihydropyrrolo[1,2-a]quinazolin-

5(1H)-one (16b) 
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Experimental procedure is the same as described in Method-I for compound 12a. 

Stock solution of succinaldehyde was prepared according to the reported 

procedure.[31]White solid, yield 67%,1H-NMR (300MHz, CDCl3) δ 8.29 (d, J = 6 Hz, 

1H), 7.75-7.70 (m, 1H), 7.65-7.62 (m, 1H), 7.46-7.41 (m, 1H), 5.98 (s, 1H), 3.60 (s, 

3H), 3.45-3.34(m, 1H), 3.03-2.94(m, 1H), 2.28-2.24 (m, 2H). 13C-NMR (75 MHz, CDCl3) δ 161.2, 

159.4, 148.9, 134.5, 126.9, 126.8, 126.4, 120.8, 89.0, 58.3, 30.4, 28.5. ESI-TOF-MS: Calculated 

mass for C12H13N2O2 [M+H]+= 217.0977, obtained m/z = 217.0977 

 

1.4.3 Crystallographic Table: 

Table 1.D Crystallographic and structure refinement parameters for 3aHCl 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R1 = Σ ||F0|-|Fc|| / Σ |F0|; wR2 = [Σ[w(F0
2 – Fc

2)2] / Σ[w(F0
2)2]]1/2. w = 1/[σ2(F0)

2 + (aP)2 + bP], P = 

[max.(F0
2,0) + 2(Fc)

2]/3, where a= 0.0560 and b= 0.8626] 

 

Emperical formula C15H13ClN2O2 

Formula weight                                               288.72 

Crystal system                                            Orthorhombic 

space group                                   Pca21 

a/ Å 18.253(6) 

b/Å  4.9135(17) 

c/ Å 14.873(6) 

V /Å3 1334.0 (8) 

Z 4 

Dc/ g cm–3 1.438 

μ /mm–1 2.980 

T/K 273 

θ range/° 2.618,  27.135   

λ (Mo Kα) /Å 0.71073 

R indices(I > 2σ(I)) R1=0.0641, 

wR2=0.1367 

R indices (all data) R1=0.1038, 

wR2=0.1575 
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1H-NMR of 5eHCl 

 

 

1H-NMR 5e 
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1H-NMR of 9e 

 

 

 

13C-NMR of 9e 
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1H-NMR of 7e 

 

13C-NMR 7e 
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1H-NMR of 8e 

 

 

1H-NMR of 10e 
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1H-NMR of 11e 

 

 

 

1H-NMR of 5eDCl 
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1H-NMR of 12a 

 

 

 

13C-NMR of 12a 
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1H-NMR of 13a 

 

 

 

13C-NMR of 13a 
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1H-NMR of 7p-d2 

 

 

 

1H-NMR of 6d 
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13C-NMR of 6d 

 

 

1H-NMR of 7d 
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13C-NMR of 7d 

 

 

1H-NMR of 13b 
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13C-NMR of 13b 

 

 

 

1H-NMR of 14b 
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13C-NMR of 14b 

 

 

1H-NMR of 15b 
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1H-NMR of 15b 

 

 

 

1H-NMR of 16b 
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13C-NMR of 16b 
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2.1 INTRODUCTION 
Dihydropyrimidinones (DHPMs) are the most important N-heterocycles for their significant role in 

pharmacological and biological properties. It received significant attention for its wide range of 

pharmacological activities, such as calcium channel blockers, α-adrenergic antagonists, neuropeptide 

Y antagonists, mitotic kinesin Eg5 inhibitor, anti-hypertensive agents, anti-bacterial, anti-filarial, 

analgesic, anti-hyperglycemic, anti-cancer etc. One expected reason for their (DHPMs) biological 

activity is the presence of pyrimidine ring (thymine, cytosine, uracil etc.) as essential building 

blocks[1] of nucleotides (monomer of nucleic acids i.e; DNA & RNA). Besides, their antagonistic 

nature[2] from the natural pyrimidines, they are influential candidates for the synthesis of some 

effective drug.  A number of drugs like molecule such as Monastrol, Idoxuridine, methyl thiouracil, 

5-fluorouracil, emivirin, nitractin containing DHPMs are already been discovered and effectively 

used for the treatment of multiple diseases (Figure-2.A). Being a promising heterocyclic scaffold for 

drug development, the research area on the synthesis and biological evaluation of DHPMs has been 

extensively reviewed.[3] 

 

Figure-2.A Dihydropyrimidinone (DHPM) containing drugs 
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1893 was a landmark year for the discovery of DHPM heterocyclic moieties as the Biginelli adducts, 

named after the first report by the Italian chemist Pietro Biginelli[4]. At first he reported the acid-

catalyzed cyclocondensation reaction of benzaldehyde, ethyl acetoacetate and urea using 

concentrated hydrochloric acid in ethanol at reflux temperature with the formation of 17a (Scheme-

2.A). Due to the interesting pharmacological properties of these heterocyclic moieties (DHPMs), 

they were synthesized using Multi-component reactions (MCRs). As the multi-component reactions 

are always promising in combinatorial chemistry for their convergent character, operational 

simplicity, and atom economy, the number of publications on the synthesis of novel DHPM analogs 

by the Biginelli reaction (MCR) is continuously growing.  

 

Scheme-2.A Original Biginelli Dihydropyrimidinone Synthesis (1893) 

Based on this reaction, a lot of synthetic strategies have been outlined for the synthesis of different 

DHPMs by various research groups (Scheme-2.B). One pot synthesis of dihydropyrimidinones17b 

was published by Matthew et al.[5] using β-keto ester 14 and aldehyde 15 with urea 16. Using 1-

(piperidin-1-yl) butane-1,3- dione 14d, benzaldehyde and excess thiourea in ethanol under mild 

acidic conditions Yadlapalli’s group[6] provided the synthesis of novel DHPMs (Scheme-2.B) in 

good to excellent yield. A new class of 3,4-dihydropyrimidine-2(1H) one derivatives has been 

described by Shaabni et al.[7] as four-component reaction (MCR) with an aromatic/aliphatic amine 

14c, diketene 14b, aromatic aldehyde and urea/thiourea using p-toluenesulfonic acid as catalyst in 

dichloromethane solvent at ambient temperature. 

Functionalization of DHPMs is usually carried out either by modification of the conventional 

Biginelli components or post-synthesis modification of the Biginelli products[8].The first one has its 

limitations due to the difficulty of availability of the modified Biginelli reactants. Post-synthesis 

modification of the Biginelli product is the most popular method for complex DHPMs structures. For 

the post-synthesis modification by functionalization of DHPM, towards the drug design, firstly, it is 

essential to see the chemical reactivity nature of the core structure of it. 

 

Figure-2.B  Simplest Dihydropyrimidinone(DHPMs) core structure 
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From the literature survey, it has been found that usually the simplest DHPMs 17b and 17c have 

been synthesized by acid-catalyzed multi-component synthesis as they are stable under moderately 

strong acidic medium. The DHPM core (Figure-2.B) having some base sensitive groups such as free 

–NH, C5 ketomethyl, C6 methyl groups, base promoted reaction of 17b and 17c is not straight-

forward[9]. Major reasons are presumably due to the degradation of this DHPM moiety through retro-

Biginelli reaction, as suggested by Pietro Biginelli[4]. Timoshenko et al.[9] reported an elegant 

evidence of retro-Biginelli where the aldehyde residue in the Biginelli product 2-oxo-2-

polyfluoroalkylethane-1-sulfone and-sulfamide exchanges with formaldehyde residue present in the 

hexamethylenetetramine via retro reaction (Scheme-2.C). 

 

Scheme-2.B Various Multi-component approaches for synthesis of 3, 4-dihydropyrimidinones 

Although the hydrolytic degradation of this moity is known as early in 1893, detailed mechanism and 

scope of the reaction are not available. Moreover, the behavior of DHPMs toward aq. base is not 

generalized and the exiting reports are conflicting[10]. Anatoly[11] reported the formationof compound 

19 under the alkaline hydrolysis condition with Biginelli compound 17b. The formation of 

compound 19 had been explained by two competitive reactions, namely hydrolytic decomposition to 
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aromatic aldehyde and decarboxylation.The decarboxylation product was then coupledwith the 

aldehyde generated in situ to form compound 19 (Scheme-2.C). 

 

Scheme-2.C Evidence of retro-Biginelli and hydrolytic behaviour of DHPMs (Reported) 

Herein, we reported the detailed mechanistic insights of ketomethyl containing DHPMs (Biginelli 

product, 17c) in aq. alkaline condition with various scopes and found the inherent instability of this 

moiety as it degraded through retro-Biginelli reaction under this condition. Therefore, the stability 

has been increased by protecting the selective N3 atom protection as it was assumed that the free NH 

may be responsible for this type degradation. Finally, we established a convenient method for the 

synthesis of C5 and C6 alkylated DHPM as an important fluorescent probe through post-synthesis 

modification of the Biginelli product (17c) and found an important application on live cell imaging 

of a cancer cell by selective targeting the nuclear DNA of the particular cell. 

 

Scheme-2.D Our target synthesis 

 

2.1.1 Nuclear DNA interaction towards drug development 
The development of therapeutics by targeting genetic materials such as DNA is an important area of 

targeted drug development. Almost sixty years ago, few organic chemists developed the field of 

small molecule–DNA recognition and it was driven largely by biophysical chemists[12], who applied 
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some spectroscopic methods for specifying ‘drug-DNA’ interactions. It is evident that there is a clear 

role of the aberrant transcription factor signaling in the pathogenesis of various human diseases, 

which has stimulated the development of small molecule binders of DNA through which the DNA-

transcription factor complex activity could be regulated[13]. Hence, the studies of small molecule-

DNA binding to regulate transcriptions are considered as the method of developing more efficient 

anti-tumor agents [14]. Many existing drugs are known to exhibit therapeutic benefits by complexing 

cellular DNA. Noncovalent binding of a small molecule to the DNA leads to the reversible structural 

modification of DNA, as a result, the transcription factors are unable to locate the specific binding 

site. Small molecule fluorophores that bind to the DNA are used in flow cytometry[15] , measuring 

live cell DNA contents[16] , cell-cycle studies, quantification of DNA[17], and selective staining of 

nuclei, etc.[18] Therefore, designing new DNA-dyes[19] is a never-ending process to overcome 

difficulties in the existing methods.  

Usually, the interaction of small molecules  with DNA goes through either intercalation or groove-

binding mode (Figure-2.C)although some compounds can bind to DNA via a combination of both 

binding modes and it has been comprehensively reviews[20].The intercalation of small molecules are 

the π–π stacking interactions available between the aromatic chromophore of the small molecule and 

the adjacent bases of ds-DNA, whereas groove biding mode of small molecules with DNA are the 

electrostatic potential, steric effects, hydrogen-bonding interactions and the degree of hydration. 

Usually the majority of small molecules prefer the minor groove binding mode[12] due to its narrower  

width affording better Van_der Waals contacts. 

 

Figure-2.C Different interaction of small molecule (drug) with ds-DNA 

 

However, many researchers explored their (DHPMs) structure activity relationship (SAR) as well as 

binding mode through molecular modeling studies as the appropriate substitutions are responsible for 

its effectiveness and toxicity so that the toxicity problems can be recognized and overcome. We have 





 Chapter 2 

44 

 

decided to synthesise a new intramolecular Donor-π-Acceptor fluorescent probe to create novel 

nuclear DNA targeting molecule through post-synthesis modification of the Biginelli product (17c) 

(Scheme-2.D).Docking studies are used to build a model of the binding pose with double-stranded 

(ds)-DNA. UV–Vis absorption, fluorescence, and circular dichroism (CD) spectroscopy were used to 

investigate the  detailed DHPM binding interactions with double-stranded calf-thymus DNA (ct- 

DNA). 

2.2 RESULT AND DISCUSSION 
At the beginning of the work, we have explored the relative reactivity of the ketomethyl group and 

methyl group attached to the DHPM ring of 17d toward benzaldehyde in alkaline conditions. Firstly, 

compound 17d was treated with benzaldehyde in the presence of 30% aq. NaOH in EtOH (1:5) at 

room temperature for 48 hours. Results came out from this reaction is very complex as many 

interactive spots were observed on thin layer chromatography (TLC). The compound 19d was 

isolated in 12% yield after repeated column chromatography of the reaction mixture. The 

concentration of base was tuned along with the solvent selection, to get a better result. 

 

Scheme-2.E Isolated yield of compound 19d with/without added aldehyde 

Notably, the treatment of 2.5% aq. NaOH on 17d at 100°C for 2 hours, the compound 19d was 

observed without adding any external aldehyde (Table-2.A, Entry 1). From the isolated yield (35%) 

of 19d, there was an indication that at least two molecules of 17d are involved in the formation of 

this product (19d).  Using this method a similar result was observed from compound 17e, forming 

compound 19e in 32% isolated yield. We also synthesized compound 19f in 41 % isolated yield from 

17f.The trans geometry of the newly formed double bond was supported by the 1H-1H spin coupling 

constant value (J = 16Hz) of the olefin protons. However, the substrate containing a nitro (17g) or 

hydroxyl (17h) group led to complete degradation of starting materials under this condition. 
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Table-2.A Formation of compound 19 with/without added external aldehyde 

 

To understand the mechanistic insights of this reaction, compound 17d was treated with 

externally added aldehydes. The Compound 19d was isolated with improved yield when 

substrate 17d was treated with added benzaldehyde (Scheme-2.E). Compound 19g and 19h 

are obtained from 17d on the condensation of 3-methoxy benzaldehyde and 4-methyl 

benzaldehyde, respectively. Remarkably, it was observed that the formation of compound 19d 

in each case when 2-nitrobenzaldehyde, 4-hydroxybenzaldehyde, 2-bromobenzaldehyde, o-

vanillin, glyoxal, O-phthalaldehyde, glutaraldehyde is separately treated with 17d instead of 

formation crossover products. These results are indicated that there involved at least two 

distinct and competitive reaction pathways by which 17d was reacting in the presence of 

aqueous alkali. By doing a crossover experiment with the equimolar mixture of 17d and 17e 

with the optimal reaction condition, the intermolecular nature of the condensation has been 

established. From the crossover experiment the HPLC separation followed by HRMS led to 

the identification of two crossover products 19j&19h (eluted at 4.14 minutes) along with two 

self-coupling products 19d (3.62 minutes.) and 19e (4.95 minutes) as shown in the HPLC 

chromatogram(Scheme-2.F). 
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Scheme-2.F Crossover experiment with compound 17d &17e and HPLC chromatogram 

 

Liquid chromatography mass spectra (LCMS) data analysis of an incomplete reaction mixture, 

starting with 17d in the above mentioned condition indicates that intermediate products are 

deacetylation product 21 and hydrates (22&23) (Scheme-2.G) of starting 17d in the LCMS (Figure 

2.D). Based on the evidences obtained from the crossover experiment and LCMS data of the 

incomplete reaction mixture, a plausible mechanism is shown in Scheme-2.G. The compound 17d 

reacted in two distinct pathways, namely, deacetylation (Path-A)[21] and retro-Biginelli (Path-B).[22] 

The end product of Path-A is the deacetylation compound 21 which hydrates to product 22, whereas 

the Path-B ends up with the formation of aldehyde. The final product formed by the aldol 
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condensation of 21 with aldehyde formed in situ. The relative rate of Path-A is assumed to be 

slightly higher than that of Path-B, as indicated by the yield (35%) of 19d from 17d and detection of 

the intermediate 21. In the presence of externally added aldehyde (Entries 4, 5 & 6; Table-2.A), the 

reaction proceeds exclusively through the deacetylation path. Under this situation, the intermediate 

21 is being trapped by added aldehyde and thereby shifting the equilibrium of the C-C bond cleavage 

step from intermediate 23 to 24 (Path-B) toward left. The presence of relatively less reactive 

aldehydes in this reaction both Path-A and B are operative (Entry 8; Table-2.A).It was assumed that 

the aldehydes mentioned in Entry 8 (Table-2.A) are undergoing Cannizaro[23]reaction instead of 

coupling with the intermediate 21. 

 

Figure-2.D LCMS of the major fraction of incomplete reaction mixture 

 

Scheme-2.G Plausible mechanism 
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Therefore, it has been proposed that under aq. alkaline condition 5-acetyl-6-methyl- 4-phenyl-3, 4-

dihydropyrimidin-2(1H)-one (17d) undergoes two distinct reaction pathway namely; retro-Biginelli 

and deacetylation. Both the reaction pathways are in competitive mode. In the presence of externally 

added reactive aldehyde, only the deacetylation path was observed without degradation of DHPM 

moiety through the retro-Biginelli path, whereas in the presence of relatively less reactive aldehyde 

the substrate undergoes both the pathways in a competitive manner. Hence, we developed C6-

alkylated DHPMs can be synthesized by this method. 

From this above result, it is revealed that the basic hydrolytic degradation of DHPM moity could be 

avoided by permanently blocking the N1 and N3. There are many reports available for selective N3 

alkylation of the DHPMs under basic conditions. Alkylation under basic conditions appears more 

challenging when -R is a base-sensitive group such as ketomethyl (17d)(Scheme-2.H). Direct 

alkylation at the N3 needs strong basic reaction conditions that suffers from several practical 

demeritssuch as polyalkylation, poor regio-selectivity (between  N3 and N1)[24] and low yield 

because of the hydrolytic degradation[11] of the DHPM moiety. The complex reactivity pattern under 

basic condition of substrate 17d is predominantly due to the hydrolysis of the DHPM moiety. 

Michael addition with reactive Michel acceptors such as acrylonitrile at the N3 position of DHPM is 

another pathway to add an alkyl group at N3 selectively, as it requires a relatively weak base. A 

limited number of methods available in the literature that used K2CO3 /PEG[25], and KF/Al2O3-DMF 

[26] as a base for the Michael addition of 17k. 

 

Scheme-2.H Different hydrolysis behavior of the DHPMs 

 However, a complex reaction mixture for substrate 17d was observed when we attempted Michael 

addition with K2CO3 as a base in an alcoholic solution (Table-2.B). After several attempts, as shown 

in Table-2.B, we observed that a hindered non-aq. base such as DBU in DMF gives the best result 

on the Michel addition with acrylonitrile and the cyanoethyl group added exclusively at the N3 

position in the presence of excess acrylonitrile (10 Eqv.). Slight excess acrylonitrile and two 

equivalent  DBU is the optimum condition to observe exclusive N3 alkylation. The TLC analysis 

showed that the conversion was almost quantitative, and the slightly low isolated yield of 26a (92%; 

Table-2.B; Entry 4) was due to the loss of the product during aq. workup to remove DMF and the 

reagents/byproducts from the mixture.  



 Chapter 2 

49 

 

 

 

 

Figure-2.E Labeled NMR peak assignment and the single crystal XRD structure of 26a 

(For detail crystal parameters see the experimental section of this chapter) 

The position of attachment of the alkyl group in 26a was confirmed unambiguously by NMR (1H, 

13C, COSY, HSQC) study. The presence of the cyanoethyl group in the structure of 26a has been 

confirmed by a weak and sharp peak at 2247 cm−1 in IR spectra. Because of the chirality at C4, the 

H7a and H7b become diastereomeric in nature and exhibit different chemical shifts in 1H-NMR 

(chemically different). Based on the 1H, 13C, 1H-1H-COSY, HSQC, and HMBC-NMR, all the labeled 

peaks observed in NMR are assigned at structure 26a (Figure-2.E). All the compounds (26a-d) 

having crystalline nature, compound 26a was subjected to the X-ray diffraction study, and the crystal 

structure obtained is shown in Figure-2.E. The crystallographic data has been submitted to the 

Cambridge Crystallographic Data Center (CCDC: 2219665). From the crystal structure it is notable  

that N1, C2, N3, C5, and C6 are occupied in a plane, and the phenyl ring is perpendicular to the plane 

of the heterocyclic ring. The significant difference in chemical shift of H7a, H7b and H8a, H8b is 

due to their different location of the anisotropy created by the phenyl ring along with the chirality 

effect of C4. To check the generality and regioselectivity of this reaction, weprepared the other three 

substrates (26b-26d) using the same protocol and found them to be equally efficient as observed for 

26a (Scheme-2.I). 
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Table-2.B Optimization of the reaction condition 

 

 

 Hence, the developed method could be used as a general method for regioselective cyanoethylation 

at the N3 of Beginelli product 17d. Alkylation at the N3 is especially important, as most of the 

biologically important DHPMs are N3 substituted or derived from it [3b, 27]. It has been observed that 

the attachment of cyanoethyl group at the N3 significantly reduces the base susceptibility of the 

DHPM moiety. This crucial observation led us to further functionalize at C10 and C11 groups to 

make highly functionalized dihydropyrimidinoneas shown in Scheme-2.J. Considering the 

nucleophilic nature of  C10 and C11, the compound 26a was treated with two equivalent 

benzaldehyde in the presence of non- nucleophilic base DBU in DMF and observed the formation of 

27a along with the deacylation product 28a. The result indicated that N3 alkylation enhanced the 

stability of the DHPMs under the basic condition as direct treatment of 17d resulted in structural 

degradation instead of forming an analogous product of 27a in the presence of DBU. The 

cynoethylation and subsequent aldol-type condensation could also be carried out in one pot without 

isolation of intermediate 26a. 

 

Scheme-2.I Synthesis of N3-cyanoethylated compounds 26a-d 

A plausible mechanism has been proposed based on the dual nature (nucleophile and Brönsted base) 

of DBU[28]. Products 27a and 28a are formed by a multistep reaction. Initially, the compound 26a 

undergoes DBU-mediated aldol condensation at the C6 methyl group of 26a to form the intermediate 
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product 30, which undergoes either DBU mediated deacetylation to form the compound 28a or aldol 

condensation with benzaldehyde to form 27a. It is essential to mention that aldol condensation might 

be catalyzed by DBU or intermediate 29a. The possibility of deacylation of 27a by DBU is ruled out, 

as the treatment of compound 27a with DBU did not produce 28a under the same reaction condition. 

Moreover, we did not observe deacetylation of 26a in the presence of DBU. The proposed initial 

aldol at the C6 methyl of 26a is based on the above report on a similar moiety (Scheme-2.E). 

 

Scheme-2.JFunctionalization at the carbon centre by base-catalyzed Aldol-type reaction and a plausible mechanism 

The aromatic rings attached at C11 and C10 of 27a are in extended conjugation through ethylenic 

double bonds, and therefore 27a shows absorption in the visible range. Considering the medicinal 

importance of the DHPMs, the synthesized compound 27a was subjected to the DNA binding study 

by UV–Vis and fluorescence spectroscopy. The presence of a cyanoethyl group might improve 

pharmacological properties such as water solubility, binding with target biomolecules etc. The 
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binding parameters were calculated based on the spectroscopic data to determine the possibility of 

27abeing used as a DNA modulation agent.  

2.2.1Interaction study with Calf-thymus DNA (ct-DNA)  
In order to find the general affinity of 27a towards double stranded DNA (ds-DNA), we studied the 

titration of 27a with ct-DNA by UV–Vis spectrophotometer. The intrinsic UV–Vis spectrum of 27a 

in Tris-HCl (TE) buffer at pH 7.2 shows a strong, unstructured absorption band at 294 nm and 

another moderately strong band at 386 nm. We observed that the intensity of both bands was 

gradually decreasing with the increasing concentration of ct-DNA (0 to 1μM). The observed 

hypochromic effect was 43.5% at λ= 386 nm. Moreover, a clear bathochromic shift (Δλ= 12 nm) 

band was observed from 386 nm to 398 nm ( Figure-2.F(A) ). The combined hypochromic effect 

and the bathochromic shift were presumably due to the non-covalent interaction of the 27a with ds-

DNA and ruled out the possibilities of the external mode of binding[29]. Additionally, a clear 

isobestic point at 286 nm indicates the formation of an adduct with DNA. To calculate the binding 

constant, we have used the measured OD value at 386 nm at the different concentrations of ct-DNA. 

The plot of A0 /(A-A0) vs. 1/[DNA] showed a linear relationship. The binding constant Kb was 

calculated from the slope and intercept ( Figure- 2.F(B) ) according to the Benesi–Hildebrand 

Equation(1)[30]. 

𝐴0

𝐴−𝐴0
=

ℇ0

ℇ0−ℇ
+

1

𝐾𝑏
.
ℇ0

ℇ0−ℇ
. 1/[𝐷𝑁𝐴]   (1) 

The measured binding constant was considerably ( 3.65 ×106 M−1 ) high (Figure-2.F(B)). To get 

further insight into the binding mode, we compared the simulated UV spectrum of 27a (Figure-

2.F(C) )with that of the experimental one. The Gaussian 16 package using the methodRB3LYP/6–

31+G(d) level of theory and the command td = (nstates = 20)b3lyp/6–31+g (d)scrf = (ief pcm, 

solvent = water) geom = connectivity scf = xqc, the UV spectrum had been calculated. The 

calculated and experimental UV–Vis spectrum were in good agreement. The HOMO of 27a was 

located mainly at the DHPM heterocyclic unit, whereas, the LUMO was found primarily in the 

conjugated olefinic area (Figure-2.I). Hence, it had been observed a clear separation of the HOMO 

and LUMO orbitals. The experimental UV titration showed that the absorption spectrum was 

sensitive to the concentration of the ds-DNA and exhibited a strong hypochromic effect and 

bathochromic shift. This spectral change in presence of the ct-DNA might be due to the interaction 

of the electronic state HOMO of 27a with the heteroatomic units exposed in the narrow and shallow 

minor groove of the ds-DNA, resulted lowering the band gap of the chromophore 27a.The combined 

UV–Vis spectra and calculated results suggest that the 27a is binding at the minor groove of ct-

DNA. 
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Figure-2.F (A)  UV–Vis spectra for 27a (20 μM) in the absence and presence of ct-DNA. The UV titration was carried 

out by increasing the concentration of ct-DNA from 0.1 to 1 μM. The arrow direction indicates the change in absorption 

peak intensity by increasing DNA concentration. (B) Linear plot  obtained from A0 /( A –A0 ) vs. 1/[DNA], where A0 and 

A are the absorptions in the presence and absence of DNA at 395 nm. Measured Kb = 3.65 ×106 M−1. (C) Simulated UV–

Vis spectrum obtained from TD-DFT calculation. 

 

To understand binding interactions at the molecular level, we used the self-docking strategy (use of 

the crystallographic structure of DNA as a rigid framework with 27a by AutoDock Vina, an open-

source program for molecular docking[31].We used the duplex structure of dodecamer 

D(CGCGAATTCGCG)2 [PDB ID: 289D] that targeted a small molecule minor groove binder[32]. 

The water molecules and the ligands in the crystal structure are not included in the calculation, and 

only the polar hydrogen atoms are considered. The charge is balanced at the macromolecule before 

the docking experiment. The crystallographic structure of the DNA without intercalation gap was 

used as a rigid framework for the docking study. A grid dimension of 60 ×60×80 cubic angstrom was 

used to cover the entire DNA structure for docking. The Insilcocalculated binding energy was −7.2 

Kcal/mol and hence predicted binding constant Kb ( 1.9 ×105 M−1 ) was found to be very close to the 

experimental value obtained from the UV–Vis and fluorescence spectroscopy. The noncovalent 

interaction predicted by the model is shown in Figure-2.G. 

   

 

Figure-2.G. Binding model constructed by AutoDock Vina and the interaction details of 27a with ds-DNA. 
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Figure-2.H (A) Fluorescence titration spectra of 27a (20 μM) in the presence of DNA at a different concentration (0.1–1 

μM), at pH 7.2 in 10 mM Tris–HCl buffer at 25 °C. The first reading (black line) is the Fl spectrum of 27a in the absence 

of DNA. The arrow’s direction indicates an intensity enhancement (5 times) (B) The linear plot of log[( F −F0 )/ F] vs. 

log[DNA]. The emission band at 475 has been used to monitor the change in fluorescence intensity and at the excitation 

wavelength 385 nm and calculation of KE = 5.64 ×105 M−1. (C) Time-resolved fluorescence spectra of 27a at different 

concentrations of ct-DNA (00 μM, 17 μM, 34 μM, 51 μM). (D) CD spectra (black) of 30 μM ct-DNA in 2 mM Tris–HCl 

buffer (pH 7.2) and presence of 20 μM of 27a . 

The effect of ds-DNA on the fluorescence emission spectra of a chromophore is one of the most 

common techniques to understand the interactions of small molecule as potential drugs. Depending 

upon the type of interaction with the small molecules with ds-DNA, the fluorescence emission 

intensity may decrease or increase with a change in the spectral shape. In this study, we observed a 

substantial enhancement of fluorescence emission intensity of 27a in the presence of ct-DNA ( 

Figure-2.H (A) ). 

The inherent fluorescence emission spectra of the 27a in TE buffer at pH 7.2 show a weak band at 

about 470 nm excited at 385 nm. However, increasing the concentration of ct-DNA from 0.1 to 2.6 

μM at a similar condition resulted in a strong enhancement of fluorescence emission intensity with 

no apparent change in the peak shape. The double logarithm Eq. (4)[33]was used to calculate the 
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enhancement constant KE, where F, F0 represents the fluorescence emission intensity in the presence 

and absence of ct-DNA respectively. The n corresponds to the binding site dimension number  

 

Figure-2.I Optimized structure of 27a , HOMO, and LUMO plots obtained from TD-DFT calculation. 

 

TheEq. (3) is derived from the classical Stern-Volmer Eq. (2). The increase in fluorescence intensity 

is supposed to the reduction in the collisional quenching of fluorophore as shielding by the DNA 

groove and no dynamic effect associated with DNA bound fluorophore. For enhancement F0<F as a 

result, the Eq. (3) can be rewrite as the Eq. (4)[34]. 

[𝐷𝑁𝐴]𝑛𝐾𝑞 =
[𝐹]0

[𝐹]
−   (2) 

Where Kq is the quenching constant and n is the number of equivalent binding site. Taking log on 

both side, the Eq. (2) can be written as: 

log𝐾𝑞 + 𝑛 log[𝐷𝑁𝐴] = log
𝐹0−𝐹

𝐹
. (3) 

log
𝐹0−𝐹

𝐹
= log𝐾𝐸 + 𝑛 log[𝐷𝑁𝐴] (4) 

 

If a dynamic process is part of the enhancing mechanism, the above equation can be written as 

follows: 

KE= τ0KB    (5) 

Where, KE is the dynamic enhancement constant (Similar to a dynamic quenching constant), KB is the 

bimolecular enhancement constant (like to a bimolecular quenching constant) and τ0 is the lifetime 

of the compound 27a in the absence of the DNA. The dynamic enhancement constant ( KE ) of 27a 
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was calculated as KE = 5.64×105 M−1 and the measured fluorescence lifetime τ0was calculated as 

2.76 ns ( Vide experimental section ). Therefore, the bimolecular enhancement constant KB= 2.04 

×1014 M−1s −1, which was greater than the largest possible value ( ∼1 ×1010 M−1S−1 ).[35]It suggests 

that a static process involves complex formation in the ground state of the 27a when it interacts with 

DNA, not initiated by a dynamic process[36].The heterocyclic unit (donor) and the conjugated 

carbonyl (acceptor) effectively created an intramolecular donor-π-acceptor system[37]. Because of the 

conformational flexible nature of the acceptor part, the inherent fluorescence emission is very low. 

When it bound to the minor groove of the ds-DNA, the vibrational and conformational flexibility 

reduces to a great extent, hence reducing the non-radiative relaxation process after binding with the 

DNA double helix.This model was also supported by the time-resolved fluorescence spectroscopy ( 

Figure-2.H(C) ), and it showed a minor change in the fluorescence lifetime on increasing 

concentration of ds-DNA.We observed only about 3 ns enhancement of the half-life (t1/2) of the 

excited state of 27a between free and bound state respectively.The donor-acceptor character of the 

27a was also supported by the HOMO LUMO plot by the Time-dependent density functional (TD-

DFT) theory calculation (Figure-2.I). 
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Figure-2.J (A) Hochest 33258 displacement assay. (B) Displacement equilibrium constant calculation. (C) The relative 

quenching effect of iodine on fluorescence emission of 27a in the presence and absence of ct-DNA. (D) DNA melting 
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temperature plot of ct-DNA (4 μM) in 10 mM Tris–HCl buffer (pH 7.2) (black line) and in the presence of 4 μM of 

compound 27a (red line). The plot shows the first derivative of OD w.r.t. temperature vs. temperature. 

 

 

Figure-2.K Confocal images (20 × magnification) showed that the compound 27a targeted into the nucleus of the cell. 

Photograph of the stained cells under 20 × magnification with  acridine orange, compound 27a and merged respectively.   

 

The minor groove binding nature was also suggested by the effect of iodide on the fluorescence 

emission quenching of 27a in the presence and absence of ds-DNA. Iodide is known to promote 

intersystem crossing (ISC) during a collision with fluorophore molecules and, thus, a dynamic 

quencher. We measured the quenching constant in the presence and absence of ct-DNA by using the 

Stern–Volmer equation, F0/F = 1 + Ksv [Q], where F0 and F are the fluorescence intensity in the 

absence and presence of the anionic quencher [Q] respectively. The minor change in KSv values( 

Figure-2.J(C) )in the presence of ct-DNA with respect to the free chromophore supports the minor 

groove binder nature of 27a to ds-DNA. The displacement assay with Hochest 33258 was monitored 

at the excitation wavelength 343 nm to see the efficiency of displacement of Hochest 33258 by 

27a.Generally, at low concentrations, small molecule as minor groove binders displaces bounded dye 

from ds-DNA, and the dynamics can be measured as a considerable decrease in fluorescence 

emission of Hochest 33258. In the present study, we observed a decrease in fluorescence emission 

intensity of Hochest 33258, with a displacement constant ( Ksv = 3.5 ×103 M−1 ) of the chromophore 

27a, an indication of minor groove-binding. This was further confirmed by the observation that there 

was negligible change in the fluorescence emission intensity of DNA-bound ethidium bromide (ref. 

Supporting Information). The CD spectra of 4 μM ct-DNA in the presence and absence of the 

fluorophore 27a showed a systematic intensity decrease, keeping the overall spectra the same ( 

Figure-2.H(D) ).This also supports the predicted minor groove-binding model. The moderate change 

in DNA melting temperature when 27a bound to the ds-DNA is in favour of the predicted model 

(Figure-2.J(D) ).To observe the intracellular localization of compound 27a, we stained SiHa cancer 

cells and visualized them under a confocal microscope and the result was compared with the known 
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nucleic acid specific dye acridine orange[38]. After 24 hour treatment, the incorporation of 27a was 

observed within the nucleus at a lower rate than that of acridine orange (Figure-2.K). 

2.3 CONCLUTION  
In summary, we have explored the detailed behaviour of ketomethyl containing DHPMs in aq. 

alkaline condition with various scopes and offered a new avenue for synthesizing C6-benzylated 

DHPMs. The inherent instability of the ketomethyl-containing DHPMs was enhanced by attaching a 

cyanoethyl group selectively at the N3 atom and we have successfully developed a synthetic strategy 

for accessing a highly conjugated DHPM (fluorophore) by the post-synthesis modification of the 

Bigineili product. Significantly, we have showed that the synthesized compound 27a is highly 

sensitive towards ds-DNA by different photophysical studies. Hence, these types of compounds are 

useful for developing DNA-based drugs to modulate gene expression, monitor cellular processes 

involving DNA, visualize and quantify cellular DNA, to monitor the live activities of the nucleus of 

a cell. Most importantly, we explored the possibility of using of this compound as a cell-imaging 

agent on the SiHa cancer cell line and the result was compared with the nucleic acid specific dye 

acridine orange, a popular dye for the identification of live cell nucleus.  Although, slightly less cell 

permeability was observed as compared to acridine orange, but incorporation of it within the cell, 

along with the particular nucleus target ability of this compound has been established here. 

 

 

 

 

 

 

 

 
 

 



 Chapter 2 

59 

 

2.4 EXPERIMENTAL SECTION 

2.4.1 General information 
Solvents and reagents were purchased from Aldrich, Alfa aesar, Merck, SRL, Spectrochem, and 

Process Chemicals and they were used without furtherpurification. Commercially available (SRL 

India) calf-thymus DNA (ct-DNA) , Hochest 33258 and Ethidium bromide (EB) were used without 

purification also. All the reactions were carried out atopen vessel and monitored by TLC (Silica 

Gel60 F254) and it was observed under UV light (254 nm).Yields refer to the isolated product as 

mentioned in theexperimental section. All NMR spectra were recorded with Bruker 300 or 400 MHz 

spectrometers in deuterated solvents (CDCl3). Chemical shifts are reported in parts per million (ppm, 

δ) relative to tetramethylsilane (TMS) and the solvent resonance was referenced to internal standard 

CDCl3 (δ 7.28 ppm). All coupling constants (J) are absolute values and are expressed in Hz. The 

descriptions of the signals are reported as follows: s = singlet, d = doublet, dd = doublet of a doublet, 

t = triplet, m = multiplet, and dt = doublet of a triplet. 13C-NMR spectra were recorded using Bruker 

Avance III 300 (75 MHz), 400 (100 MHz) spectrometers as solutions in CDCl3 with complete proton 

decoupling. High-resolutionmass spectra were recorded on ESI-TOF mass spectrometry. LCMS 

taken using ZORBAXEXT (4.6 × 50 mm, 5μ) column, NH4OAc (10 mM): CAN:: 90:10 for liquid 

chromatogram. HPLC was performed on the YL-9000 series. 

2.4.2 Representative procedure and spectral data: 
Compound 19d is synthesised by both Methods (A & B) from 17d, with different yields. Compound 

19e, 19f are prepared by using Method-A from 17e and 17f respectively. Method-B was used for 

synthesizing compound 19g and 19h by the reaction of 17d with 3-methoxybenzaldehyde and 4-

methyl benzaldehyde respectively. 

2.4.2.a Method A 
Sodium hydroxide (500 mg, 12 mmol) was added to a suspension containing compound 17d (500 

mg, 2.17 mmol) in 25 mL of water at RT, and the mixture was refluxed with constant stirring for 2 

hours. After cooling the reaction mixture, the solid product 19d was collected by filtration, washes 

with water, dried and collected analytical data without further purification. Yield 35%. 

2.4.2.b Method B 
Sodium hydroxide (500 mg, 12 mmol) was added to a suspension containing compound 17d (350 

mg, 1.51 mmol), benzaldehyde (192 mg, 1.82 mmol) in 25 mL of water at RT, and the mixture was 

refluxed with constant stirring for 2 hours. After cooling the reaction mixture, the solid product 19d 

was collected by filtration, washes with water, dried and collected analytical data. Yield 88%. 
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Analytical and spectroscopic dataof (E)-4-phenyl-6-styryl-3,4-dihydropyrimidin-2(1H)-one (19d): 

Light yellow solid, m.p. 194°C-195°C,1H-NMR (400 MHz, DMSO-d6) δ 8.38 

(bs, 1H), 7.43-7.21 (m, 11H), 7.07 (d, J = 16 Hz, 1H), 6.60 (d, J = 16 Hz, 1H), 

5.09 (bs, 1H), 5.05 (bs, 1H). 13C-NMR (100 MHz, DMSO-d6) δ 153.7, 145.4, 

137.0, 134.1, 129.1, 129.0, 128.2, 128.0, 127.7, 126.8, 126.6, 122.7, 104.5, 

55.5. ESI-TOF MS:Calculated mass for C18H17N2O [M+H]+ = 277.1341, 

observed m/z 277.1335 

Analytical and spectroscopic dataof (E)-6-(4-methylstyryl)-4-(p-tolyl)- 3,4-dihydropyrimidin-

2(1H)-one (19e): 

Light yellow solid, yield 28%, m.p. 196°C-198°C,1H-NMR (300 MHz, 

CDCl3) δ 7.25-6.95 (m, 8H), 6.87 (s, 1H) 6.61 (d, J = 16 Hz, 1H), 6.44 (d, 

J = 16 Hz, 1H), 5.22 (s, 2H), 4.91 (s, 1H), 2.34 (s, 6H). 13C-NMR (100 

MHz, DMSO-d6) δ 153.1, 142.1, 137.1, 136.3, 133.7, 133.6, 129.5, 129.2, 

128.9, 128.4, 127.3, 126.2, 126.1, 121.3, 103.6, 54.7. ESI-TOF MS: 

Calculated mass for C20H20N2NaO [M+Na]+= 327.1473, observed m/z 

327.1470 

Analytical and spectroscopic dataof(E)- 4-(2-bromophenyl)-6-(2-bromostyryl)- 3,4-

dihydropyrimidin-2(1H)-one (19f): 

Light yellow solid, yield 41%, m.p. 198°C-200°C, 1H-NMR (300 MHz, 

DMSO-d6) δ 8.85 (s, 1H), 7.60-7.17 (m, 10H), 6.55 (d, J = 16 Hz, 1H), 5.39 

(s, 1H), 5.17(s, 1H). 13C-NMR (75 MHz, DMSO-d6) δ 154.2, 142.8, 136.7, 

134.2, 133.0, 132.8, 129.3, 129.3, 128.6, 128.3, 127.7, 127.1, 126.87, 125.2, 

123.9, 121.4, 102.5, 55.3. ESI-TOF MS: Calculated mass for C18H15Br2N2O 

[M+H]+ = 432.9551, observed m/z 432.9546 

Analytical and spectroscopic dataof(E)- 6-(3-methoxystyryl)-4-phenyl- 3,4-dihydropyrimidin-

2(1H)-one (19g): 

Light yellow solid,yield 74%, m.p. 115°C,1H-NMR (400 MHz, DMSO-

d6) δ 8.35 (bs, 1H), 7.37-7.20 (m, 8H), 7.03 (d, J = 16 Hz, 1H), 6.98 (m, 

1H), 6.81 (d, J = 8 Hz, 1H), 6.62 (d, J = 16 Hz, 1H), 5.09 (bs, 1H), 5.05 

(bs, 1H), 3.74 (s, 3H). 13C-NMR (100 MHz, DMSO-d6) δ 159.5, 153.1, 

144.9, 138.0, 133.6, 129.6, 128.4, 127.4, 127.1, 126.1, 122.5, 119.1, 

113.5, 111.2, 104.1, 55.0, 54.9. ESI-TOF MS: Calculated mass for C19H19N2O2 [M+H]+ = 307.1447, 

observed m/z 307.1441 
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Analytical and spectroscopic dataof (E)- 6-(4-methylstyryl)-4-phenyl- 3,4-dihydropyrimidin-

2(1H)-one (19h): 

Light yellow solid, yield 57%, m.p. 203°C-205°C, 1H-NMR (400MHz, 

DMSO-d6) δ 8.35 (s, 1H), 7.37-7.12 (m, 10H), 7.02 (d, J = 16 Hz, 1H), 

6.54 (d, J = 16 Hz, 1H), 5.07 (s, 1H), 5.01 (s, 1H), 2.29 (s, 3H). 13C-NMR 

(100MHz, DMSO-d6) δ 153.6, 145.5, 137.6, 134.2, 129.7, 129.0, 127.7, 

127.9, 126.8, 126.6, 121.7, 104.0, 55.5, 21.2. ESI-TOF-MS: Calculated 

mass for C19H18N2NaO [M+Na]+= 313.1317, observed m/z 313.1317 

Synthesis and analytical data of 3-(5-acetyl-4-methyl-2-oxo-6-phenyl-3,6-dihydropyrimidin-1(2H)-

yl) propanenitrile(26a): 

Compound 17d (200 mg, 0.7902 mmol), acrylonitrile (0.06 mL, 1.5804 

mmol) and DBU (0.14 mL, 0.9482 mmol) were taken in a 50 mL round 

bottom flask in 3 mL DMF at RT. The reaction mixture was stirred at 60 °C 

for 3 h. After cooling to RT, the reaction mixture was diluted with water 

followed by work up with ethyl acetate to get analytically pure compound 26a.White crystal, yield 

92%, 1H-NMR (400 MHz, CDCl3) δ 9.08(s, 1H), 7.38–7.32 (m, 5H), 5.50(s, 1H), 3.85-3.78(m, 1H), 

3.41-3.34(m, 1H), 2.73-2.65(m, 1H), 2.41-2.34(m, 4H), 2.25 (s, 3H). 13C-NMR (100 MHz, CDCl3) 

δ194.3, 153.1, 145.2, 140.8, 129.0, 128.5, 127.0, 117.6, 112.3, 61.6, 42.1, 30.8, 19.5, 16.4. ESI-TOF-

MS: Calculated mass for C16H17N3NaO2 [M+Na]+= 306.1218, observed m/z = 306.1314     

Synthesis and analytical data of 3-(5-acetyl-4-methyl-2-oxo-6-(p-tolyl)-3,6-dihydropyrimidin-

1(2H)-yl) propanenitrile (26b): 

Experimental procedure is same as described for the compound 26a. White 

solid, yield 85%, 1H-NMR(300 MHz, CDCl3) δ 8.43(s, 1H), 7.25 (d, J = 8Hz, 

2H), 7.16 (d, J = 8 Hz, 2H), 5.45(s, 1H), 3.83-3.74(m, 1H), 3.44-3.35(m, 1H), 

2.76-2.65(m, 1H), 2.39–2.24 (m, 7H), 2.23 (s, 3H). 13C-NMR (100 MHz, 

CDCl3) δ 194.5, 152.9, 144.6, 138.6, 137.8, 129.8, 127.1, 117.7, 112.5, 61.7, 

42.2, 30.7, 21.1, 19.7, 16.6. ESI-TOF-MS: Calculated mass forC17H19N3NaO2 

[M+Na]+ = 320.1375, observed m/z = 320.1305 

Synthesis and analytical data of 3-(5-acetyl-6-(3-methoxyphenyl)-4-methyl-2-oxo-3,6-

dihydropyrimidin-1(2H)-yl) propanenitrile (26c): 
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Experimental procedure is same as described for the compound 26a.White 

solid, yield 88%, 1H-NMR(300 MHz, CDCl3) δ 8.27(s, 1H), 7.32 – 7.27 (m, 

1H), 6.97 – 6.84 (m, 3H), 5.47(s, 1H), 3.84-3.77(m, 4H), 3.45 – 3.35 (m, 1H), 

2.78 – 2.67 (m, 1H), 2.43 – 2.31 (m, 4H), 2.26 (s, 3H). 13C-NMR (100 MHz, 

CDCl3) δ 193.1, 158.8, 151.5, 143.6, 141.2, 128.9, 118.1, 116.4, 112.2, 112.1, 

111.1, 60.5, 54.0, 41.1, 28.4, 18.4, 15.3. ESI-TOF MS: Calculated mass for C17H19N3NaO3 [M+Na]+  

= 336.1324, observed m/z = 336.1291 

Synthesis and analytical data of 3-(5-acetyl-4-methyl-6-(4-nitrophenyl)-2-oxo-3,6-

dihydropyrimidin-1(2H)-yl)propanenitrile (26d): 

Experimental procedure is same as described for the compound 26a.Yellow 

solid; yield 75%; 1H-NMR (300 MHz, CDCl3) δ 8.22 (d, J = 12 Hz, 2H), 

8.03 (s, 1H), 7.57 (d, J = 12 Hz, 2H), 5.72(s, 1H), 4.02 – 3.93(m, 1H), 3.24 

– 3.15(m, 1H), 2.81 – 2.70(m, 1H), 2.58 – 2.49(m, 1H), 2.39 (s, 3H), 2.35 

(s, 3H).13C-NMR (100 MHz, CDCl3) δ 193.6, 152.7, 147.9, 147.8, 145.5, 

127.9, 124.3, 117.3, 112.8, 60.4, 42.4, 31.3, 20.1, 16.8. ESI-TOF MS: 

Calculated mass for C16H17N4O4 [M+H]+  = 329.1250, observed m/z = 329.1245 

Procedure for the synthesis of 27a and 28a (one pot method): A mixture of compound 17d (200 

mg, 0.79 mmol), acrylonitrile (0.06 mL, 1.58 mmol), and DBU (0.14 mL, 0.95 mmol) was taken in a 

50 mL round bottom flask in DMF (3 mL). The mixture was heated at 60 °C for 3 h with constant 

stirring. After complete conversion of 26a (monitored by TLC), benzaldehyde (0.16 ml, 3.16 mmol) 

and fresh DBU (120 mg, 0.79 mmol) were added to the same reaction mixture, and the heating was 

continued for another 10 h at the same temperature. It was then cooled to RT, diluted with water, and 

extracted by EtOAc. The organic layer was collected, dried, and evaporated to get the crude reaction 

mixture. The product 27a (60%) along with 28a (31%) was obtained by flash chromatography using 

EtOAc: Hexane (20:80), with 91% overall yield. Similar results were observed when 26a was 

separately treated with 2 equivalents of DBU in the presence of 2 equivalents benzaldehyde at 60 °C 

for 10 h. 

Analytical and spectroscopic dataof3-(5-cinnamoyl-2-oxo-6-phenyl-4-((E)-styryl)-3,6-

dihydropyrimidin-1(2H)-yl) propanenitrile (27a): 

Yellow solid, yield 60%, 1H-NMR (400 MHz, CDCl3) δ 7.49-7.44(m, 

9H), 7.40-7.31(m, 9H), 7.18-7.13(m, 2H), 5.63(s, 1H), 3.94-3.87(m, 

1H), 3.45-3.38(m, 1H), 2.82-2.74(m, 1H), 2.45-2.38(m, 1H). 13C-NMR 
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(100 MHz, CDCl3) δ 188.3, 152.6, 142.6, 140.7, 140.5, 134.9, 134.7, 130.4, 129.8, 129.2, 129.1, 

128.9, 128.7, 128.2, 127.3, 126.9, 126.1, 119.9, 117.6, 114.5, 62.5, 42.8, 29.7, 16.7. ESI-TOF MS: 

Calculated mass for C30H25N3O2 [M+Na]+ =482.1844, observed m/z =481.9262 

 Analytical and spectroscopic dataof(E)-3-(2-oxo-6-phenyl-4-styryl-3,6-dihydropyrimidin-1(2H)-

yl) propanenitrile(28a): 

Yellow solid; yield 31%; 1H-NMR (400 MHz, CDCl3) δ 7.44-7.30(m, 11H), 

6.82(d, J=16 Hz, 1H), 6.41(d, J=8Hz, 1H), 5.25(d, J=2.4Hz, 1H), 5.02(d, 

J=2.4Hz, 1H), 3.77-3.72(m, 1H), 3.30-3.25(m, 1H), 2.85-2.77(m, 1H), 2.34-

2.27(m, 1H). 13C-NMR (100 MHz, CDCl3) δ 153.3, 141.6, 135.9, 132.4, 

129.3, 128.8, 128.7, 128.4, 128.2, 127.0, 126.6, 121.2, 118.1, 104.0, 63.1, 

42.2, 16.4  

2.4.3 DNA-Binding Study 

2.4.3.a Materials 
Calf thymus DNA (ct-DNA) was purchased from Sigma Aldrich, USA. Ethidium bromide (EB) was 

purchased from Himedia, India. 

Sample Preparation: Stock solution of 27a (1 mM) was prepared in Ethanol. Calf-thymus DNA (ct-

DNA) was suspended in 10 mM Tris-HCl buffer with 1mM EDTA (pH 7.2) at 4°C for 24 h with 

occasional mixing by vortex to ensure the formation of a homogeneous solution. To check the purity 

of the DNA solution, absorbance ratio A260/A280was recorded. No further purification was required 

since the absorbance ratio was between 1.8 and 1.9. Various concentrations of DNA solution were 

used in different experiments. After determining the concentration of DNA spectrophotometrically 

using the average molar extinction coefficient value of 6600 M-1cm-1 of a single nucleotide at 260 

nm, all experiments were done in presence of 10 mM Tris-HCl buffer (PH 7.2). 

2.4.3.b Spectroscopic Methods 
Absorption Spectroscopy Method 

For the UV-Visible absorption spectra measurements Shimadzu spectrophotometer (model UV-1800, 

Japan) with 1cm × 1cm quartz cuvette was used. The UV-Visible absorption spectra of 27a and 27a-

DNA complex were recorded in the wavelength range of 200–400 nm. The experiment was 

conducted at a defined concentration of 27a (20 µM) in a fixed volume (3 ml) and quantified by 

changing the concentration of ct-DNA (0–1 µM). 

Fluorescence Spectroscopy Method 
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Steady-state fluorescence: Fluorescence emission spectra of 27a were recorded on a Shimadzu 

spectrofluorometer-5000 (Japan) equipped with a Xenon flash lamp using 1.0 cm quartz cells. 

Excitation was fixed at 385nm and emission spectra were recorded from 390 nm to 600 nm after 

setting the widths of both the excitation and the emission slits at 5 nm. The fluorescence titration was 

carried out by keeping the concentration of 27a constant (20 µM) and varying the ct-DNA 

concentration from 0 µM to 2.6 µM. 

Time-resolved fluorescence decay measurement: Fluorescence lifetime measurements were 

conducted on Horiba Jobin Yvon Fluoro Log spectrofluorometer (HORIBA, Les Ulis, France) with 

the excitation wavelength at 385 nm. Maximum emission wavelength was 475 nm in room 

temperature. The concentration of 27a was fixed at 17µM, while ct-DNA concentration varied from 

0 µM to 51 µM (Table-2.C). 

Table-2.C Time-resolved fluorescence study of 27a 

Experiment No. Concentration 

of 27a (µM) 

Concentration 

of DNA (µM) 

Ƭ1(ns) χ2 

1 17 00 2.76 1.01 

2 17 17 2.89 1.05 

3 17 34 3.00 1.00 

4 17 51 3.02 0.99 

 

Comparative binding study with known DNA binders 

Displacement assay was done as early reported by several well-known DNA intercalators and groove 

binders such as Ethidium Bromide (EB) and Hoechst 33258. In the first case i.e; EB displacement 

assay we have monitored the emission spectra of ct-DNA (50 µM) bound EB (5 µM) in the presence 

of changing amounts of27a (0–60 µM) to assure the binding of 27a with ct-DNA. After exciting at 

471 nm the EB-bound ct-DNA molecule, the corresponding emission spectra were recorded in 

between the range 500-680 nm (Figure-2.K). 
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Figure-2.K Ethidium Bromide displacement assay (No such change) 
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The Hoechst 33258 displacement assay was monitored by excited the Hoechst bound ct-DNA 

complex at 343 nm, which contains 5µM of Hoechst 33258 and 50µM of ct-DNA. The fluorescence 

emission spectra were recorded between 350–650 nm by titrating with increasing concentrations of 

27a (0–60 µM). In all the above experiments, the final volume of the reaction mixture was made to 3 

ml by adding 10 mM Tris-HCl buffer [For spectra; see the Figure-2.J (A)]. 

Iodide quenching experiments 

Iodide quenching experiments were performed in the presence and absence of ct-DNA. Emission 

spectra were recorded either in the presence or absence of 50 mM ct-DNA in a 3ml reaction mixture 

which included 20 µM27a, 10 𝑚M Tris-HCl (pH 7.2), and varying concentrations of KI between 0–

10 mM. Excitation was done at 385 nm and emission spectra were recorded from 390-620 nm.  

Melting Point Studies 

DNA melting experiments were performed by monitoring the absorption of ct-DNA (4 μM) at 260 

nm in the absence and presence of 27a (1μM) at various temperatures by using a UV-Visible 

spectrophotometer fitted with a temperature-controlled Peltier. The absorbance was then plotted and 

normalized as a function of temperature ranging from 30°C to 90°C. The DNA melting temperature 

(Tm) was determined as the transition midpoint. 

2.4.4 Crystallographic Table: 

Table 2.D Crystallographic and structure refinement parameters for 26a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Emperical formula C16H17N3O2 

Formula weight                                               283.32 

Crystal system                                            Monoclinic 

space group                                   P21/c 

a/ Å 6.0546(5) 

b/Å  25.2587(19) 

c/ Å 9.7641(7) 

V /Å3 1431.86 (19) 

Z 4 

Dc/ mg m–3 1.314 

μ /mm–1 0.089 

T/K 273 

θ range/° 2.708,  27.120   

λ (Mo Kα) /Å 0.71073 

R indices(I > 2σ(I)) R1=0.0847, wR2=0.1646 

R indices (all data) R1=0.1226, wR2=0.1819 
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1H-NMR of 19d 

 

 

13C-NMR of 19d 
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1H-NMR of 19e 

 

13C-NMR 19e 
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1H-NMR of 19f 

 

13C-NMR of 19f 
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1H-NMR of 19g 

 

13C-NMR of 19g 
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1H-NMR of 19h 

 

13C-NMR of 19h 
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1H-NMR of 26a 

 

13C-NMR of 26a 
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1H-1H-COSY of 

 

 

 

HSQC-of 26a 
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HMBC of 26a 

 

1H-NMR of 26b 
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13C-NMR of 26b 

 

1H-NMR of 26c 
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13C-NMR of 26c 

  

 

 

 

1H-NMR of 26d 
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13C-NMR of 26d 

 

1H-NMR of 28a 
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13C-NMR of 28a 

 

 

1H-NMR of 27a 
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13C-NMR of 27a 

 

 

IR-Spectra of 26a 
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Studies towards the synthesis of Luotonin/Rutaecarpine 

alkaloids analogues with applications 
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3.1 INTRODUCTION 

Cancer, a known disease from pre-historic times, has been the most severe and concerning issue in 

the last five decennary because of increasing levels of carcinogens in the environment.[1] From 

investigation it was revealed that various types of cancer[2] are the second highest cause of mortality. 

Among several kinds of used therapeutic drug for the treatment of cancer, quinazolinone based 

compounds showed promising result. Along with anti-cancer[3] properties, these also show diverse 

pharmacological activities.[4] Developing cancer therapeutics based on the existing concepts is a 

complex and challenging process due to the inherent heterogeneity of the disease and drug 

resistance. Therefore, finding new drugs that selectively target molecular alterations or cancer 

hallmarks is essential.[5]Two major revolutions have changed the arena of cancer treatment in the 

past few years: targeting actionable modification in oncogene-driven cancers and immunotherapy. 

Various challenges are still under way in both fields of cancer therapy. The growing research 

evidence over the last few decades on the anti-cancer properties of natural quinazolinone and their 

synthetic derivatives is promising.[6] A handful number of quinazolinone-alkaloids (Figure-3.A) 

such as Luotonin, Rutaecarpine, Evodiamine have been reported in the literature having high 

pharmacological activities against profuse cell lines. 

Luotonin A & B[7], Luotonin E & F[8] were isolated from Peganum nigellastrum. The natural and the 

synthetic analogues of Luotonins are potent inhibitors of the DNA topoisomerase II,[9] besides their 

other bioactivities.[10] The Rutaecarpine was isolated from Tetradium Ruticarpum, exhibit also a 

wide range of pharmacological activities.Anti-cancer properties of Rutaecarpine was evaluated in 

different types of cancers such as Prostate Cancer cells, liver cancer,[11] Colorectal Cancer,[12] 

Cesophageal squamous cell carcinoma,[13] cervical cancer[14]etc. Among the total cancer burden, 

cervical cancer is the fourth most frequent cancer in women worldwide. Except for anti-cancer 

activity, Rutaecarpine also shows anti-inflammatory properties through the suppressed COX-2 and 

COX-1 dependent phases of PGD2 production in BMMC,[15] anti-diabetic properties by preventing 

vascular aging,[16] inhibition effect from the SARS-CoV-2 infection,[17] anti-fungal activity,[18] etc. 

On account of the therapeutic importance of Luotonin A, B, E, F and related natural products, the 

research work towards synthesis and biological study of the natural and synthetic variants became an 

inevitable topic in medicinal chemistry and allied subjects. [19] 
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Figure-3.A: Some important Quinazolinone based alkaloids 

The available methods for the synthesis of Luotonin and related compounds involve the formation of 

the ring C and D(Scheme-3.A)by the formation of the C-N bond 1 with mitsunobu reaction 10% HCl 

in THF,[20] one-pot synthesis by making the ring C and D,[19] formation of the ring B by ammonium 

persulphate mediated intramolecular formation of C=N bond 4[21] (33a), Palladium-Catalysed one-

pot sequential cyanation followed by cyclization,[22] ammonium persulphate mediated intramolecular 

C=N bond formation, by using a radical cyclization cascade in the presence of Bu3Sn/AIBN,[23] 

bifurcated multi-component approaches,[24] visible light-induced intramolecular C−N Cross-

Coupling intramolecular reductive cyclization of ortho-nitroarenes,[25] (Scheme-3.A) etc. Most of 

these methods used complex starting materials and required multistep for constructing ring C and 

installing the -Y group in 33a. The halogenated compounds 32b, 32d were also used to make the 

ring C by Pd(II) catalyst[26] or by radical[27] cyclization. Because of the dehalogenation, use of 

expensive phosphine ligands and extra synthetic steps to install halogen, suffer from low isolated 

yield. Formation of the C- C bond by cross- dehydrogenative coupling (CDC) in substrate 32h would 

be a significant advancement as the preparation of N-benzyl quinazolinones (32h) would be 

straightforward from easily available starting materials.  
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Scheme-3.A Reported methods of synthesis of Luotonin and related compounds 

The class of Cross-dehydrogenative coupling (CDC) reaction was unfolded by Chao-Jun Li (McGill 

U),[28] resulting in the formation of direct C-C or C-N bond from two unmodified C-H bonds for C-C 

bond formation or C-H and N-H bonds for C-N bond formation. The advantage of CDC approach is 

the direct tandem oxidation of simple C-H and N-H bonds, which permits the use of simple/ readily 

available reagents and reduces number of steps towards the formation of the desired product. 

Although, some difficulties are yet to be overcome e.g; low reactivity of some C-H bonds, 

dimerization, over oxidation etc. The types (CDC) of reaction are used to construct bonds between 

sp3-sp3, sp3-sp2, sp3-sp, sp2-sp2, sp2-sp, and sp-sp carbon atoms, including C(sp3)-N. The mechanism 

and reactivity of these types of coupling reaction are dramatically depends on the substrate. Direct 

arylation can be achieved with one electron-rich arene (pyridine, amide, carbamate etc) and other 

electron-deficient arenes. Sanford and Hull have developed a method for Pd-catalyzed oxidative 

cross-coupling of arenes based on regioselective ligand-directed C–H activation.[29] Heterocyclic 

arenes (33b) resulted in a facile, regioselective C–H activation to form intermolecular C-C bond 

formation with another aromatic compound.[30] In the absence of a directing ligand, Lu and co-

workers[31] obtained Pd-catalyzed C–H activation to give cross-coupled products with naphthalene 
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and anisole in the presence of TFA, giving 33c1 through intermolecular CDC mechanism. Another 

palladium-catalyzed intermolecular CDC reaction of benzofurans with arenes was achieved by 

DeBoef and co-workers[32] using oxygen as the terminal oxidant  and the co-oxidant 

heteropolymolybdovanadic acid (HPMV) in acetic acid at 120 °C, the product phenylbenzofuran 

33d1 was obtained (Scheme-3.B).  

 

Scheme-3.B Intermolecular cross dehydrogenative coupling 

Chen and Xu et al.[33] established a highly efficient palladium-catalyzed and atom-economical 

intramolecular cross dehydrogenative coupling (CDC) reaction to access coumarin-containing fused 

polyheterocycles with good to excellent yields. Yang and Ding et al.[34] achieved an efficient 

palladium-catalyzed intramolecular C-H activation CDC reaction for facile construction of diverse 

coumarins-fused indanone compounds (33f1). Along with intermolecular CDC, DeBoef[35]and his 

co-worker also exhibit Pd-catalyzed intramolecular cross-dehydrogenative coupling product 33g1 

from 33g with microwave heating (Scheme-3.C). 

Based on the intramolecular CDC reaction,[36] we designed and successfully executed a short, 

efficient synthetic method for Luotonin/Rutaecarpine analogues. We assumed that the palladium 

catalyzed one pot, intramolecular CDC reaction of the N-benzyl quinazolinone would form ring C 

along with the formation oxo-functionality –R (Scheme 3.D).   
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Scheme-3.C Intramolecular dehydrogenative cross coupling 

 

 

Scheme-3.D Our synthetic strategy 

Herein, we established a convenient method for the synthesis of novel Luotonin/Rutaecarpine 

analogue through palladium catalysed intramolecular cross-dehydrogenative coupling (CDC) and 

checked the electronic influence of this reaction by varying substrate scopes. The synthetic procedure 

and spectroscopic data of the starting quinazolinones and corresponding coupling products have been 

described below. Most importantly, we investigated the novelty of the materials with the study of 

calf-thymus DNA interaction as a model and finally found an important application of 37d, one of 
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the synthesized compounds described in the result and discussion portion of this chapter. We 

performed a concentration-dependent cell viability assay on the SiHa cell line (human cervical 

cancer cell line) using the compound 37d to evaluate anti-cancer properties. The results (cytotoxicity 

dose calculation) show that the compound may have similar anti-cancer properties with reported 

Luotonin analogues.[37] 

3.2 RESULT AND DISCUSSION: 

Our initial study started with the reaction of quinazolin-4(3H)-one (34a) and benzyl bromide in the 

presence of 5 Eqv. K2CO3, 10 mol% sodium iodide in acetone under refluxing condition for 24h.  

Gratifyingly, expected 3-benzylquinazolin-4(3H)-one (36a) was isolated in 91% yield (Scheme-

3.E).The structure of 36a was characterized by the use of spectroscopic techniques NMR and MS. In 

1H NMR spectrum, a characteristic singlet appeared at δ 5.11 ppm for -CH2 which indicate that the 

N-benzylic/ O-benzylic protons position of the expected compound. Because of the ambident 

nucleophilic nature of compound 34 under the K2CO3 condition, the position of N-alkylation was 

precisely confirmed by the single crystal XRD of another same series of compound 36d (Figure 

3.B). The α, β-unsaturated carbonyl carbon of amide appeared at δ 161.19 ppm along with all other 

expected peaks in the 13C NMR spectrum (Experimental section of this chapter) confirmed the 

structure of 36a. Also, the peak at m/z 259.0834 for the [M+Na]+ ion in HRMS further confirmed the 

structure of this compound(36a). 

The required all starting materials 3-benzyl quinazolin-4(3H)-ones (36a–36h) had been synthesized 

in good yield by alkylation/benzylation at the N3 of quinazolinon-4(3H)-one in the presence of 

K2CO3 in acetone under refluxing condition, according to above reported protocol[38] (Scheme 

3.E).The known[39] compound 36k was synthesized by the alkylation of 34b with 2-bromomethyl 

naphthalene under similar conditions. The N3-alkylation was extended to synthesize compounds 

36i& 36j.[40] The structures of all other compounds, 36b–36k, are confirmed by NMR spectroscopy 

and mass spectrometry. The single crystal XRD of compound 36d has been shown in Figure-3.B. 

The CIF file of the XRD data of this compound (36d) has been submitted to the CCDC centre 

(CCDC ID 2246052). Having a series of key substrates in hand, we then tried to investigate the 

optimum reaction condition towards our target synthesis for C–C bond formation via catalytic 

activation. 

Inspired by the metal-catalyzed intramolecular CDC developed by Lessi[36] and Srinath,[41] we 

preliminarily carried out the reaction with the compound 36a as shown in Scheme-3.D, under 

different catalytic compositions with different oxidants.At preliminary screening, no change of 

starting material was observed after 48 hours when compound 36a was treated with 10 mol% of both 
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Pd(OAc)2 and AgOAc in ethanol at 80°C (Table-3.A, Entry 1). However, when we changed the 

solvent from ethanol to acetic acid, and the temperature raised 120°C, we observed only 10% yield 

of compound 37a, and the remaining starting was recovered. It was observed that acetic acid is 

crucial for the desired conversion. Keeping the reaction medium acetic acid unaltered, we performed 

the reaction with different compositions of the Pd(OAc)2 and AgOAc and found that 0.2 equivalent 

Pd(OAc)2 along with 3 equivalent AgOAc gave the best result up to 75% isolated yield (Table-3.A, 

Entry 4). Moreover, AgOAc alone cannot convert 36a into 37a under similar conditions (Table-3.A, 

Entry 5). 

 

Scheme-3.E Preparation of starting materials 

To find an alternative for AgOAc as the oxidizing agent, we have studied the reaction in the presence 

of different oxidants such as K2S2O8, benzoquinone, mCPBA, H2O2, 
tBuOOH, Cu(OAc)2, and it 

appeared that none of these were suitable for the reaction. All of them resulted in the recovery of the 
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starting compound 36a (Table-3.A, Entry 7–14). The Pivalic acid medium was inappropriate for this 

study (Entry 6). The structure of compound 37a is determined unambiguously by NMR and mass 

spectroscopy. Analysis of the 1H-NMR and 13C-NMR, HSQC, and HMBC data of compound 37a is 

shown in Figure-3.C. Thus, compound 36a undergoes one pot, intramolecular CDC, to form a new 

(sp2)C-C(sp2) bond along with the oxidation of the labile benzylic position and α to the nitrogen N-

CH2-Ar atom to form N-CH(OAc)2-Ar. Thus, the method is helpful for synthesizing Luotonin 

analogues from easily accessible starting materials. 

 

 

 

 

 

 

 

Figure-3.Bsingle crystal XRD structure of 36dand 38h 

(For the detailed crystal parameters,  see the experimental section of this chapter) 

 

Table-3.AOptimization of the reaction condition 
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To check the scope of the reaction, we have done the above reaction with various starting materials 

having electronically different functional groups such as methyl, methoxy, nitro, and bromo at the 

ring A and D (Scheme-3.G) under the optimized condition and the results are shown in Table-3.B. It 

has been observed that the electronic effect of the attached functional group at ring D has less 

influence, and the outcome of the reactions is almost comparable (Table-3.B, Entries 1–3 & 6). 

However, the course of the reaction depends on the electronic nature of group R2. The electron-

withdrawing group, such as nitro or bromo, resulted in the isolation of the intermediate product 38d, 

38e, 38g &38h along with the formation of corresponding O-acetylated product 37 (Table-3.B, 

Entry 4, 5, 7 &8). NMR spectroscopy and mass spectrometry data were used to confirm the structure 

of all the synthesized compounds. Particularly, we have assigned some carbons and protons of 

structure the 37a from the 13C and HMBC correlation spectra (see the experimental section of this 

chapter) to confirm the benzylic –OAc group (Figure-3.C).  

Interestingly, we have noticed that in the presence of cat. Pd(OAc)2, Cu(OAc)2 and the additive 

K2CO3, the outcome of the above reaction was entirely changed. The presence of excess Cu(OAc)2 

and K2CO3 in the acetic acid solvent at 120°C led to the exclusive formation of compound 39 instead 

of 37a (Scheme-F). On the other hand, in absence of pd(II), no product was found except starting 

material. 

 

Scheme-F Formation of compound 39 

Having the high crystalline nature of compound 38h, we have used single crystal XRD along with 

the NMR and mass to confirm its structure, and the XRD structure has been shown (CCDC ID 

2246053) in Figure-3.B. Results from the starting 36a–36h (Table-3.B) indicate that two distinct 

chemical transformations are occurring in the presence of Pd(OAc)2/AgOAc, one is the 

intramolecular catalytic CDC, and another is the  N-CH2-oxidation to –N-CH(OAc)-Ar. The effect of 

R2 and R3 on the C-C coupling is insignificant, and overall conversions are almost comparable. 

However, the electronic nature of the R2 has a critical influence on the–N-CH2-oxidation. Electron 

withdrawing groups do not favour the -N-CH2-oxidation, so we got the intermediate products 38d, 

38e, 38g & 38h. 
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Scheme-3.G Substrate scope study 

 

Table-3.B Result of different substituted products of the reaction Scheme-3.G 
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Figure-3.C Structure conformation of 37a 

Moreover, the N-CH2- oxidation depends on the nature of the methylene group. Experimental results 

from the substrates 36i and 36j indicate that the benzylic nature and ring strain facilitates the N-CH2-

oxidation (Scheme-3.H). We have experimented to find the relative ease of the two transformations, 

namely CDC and oxidation of N-CH2-, as shown in Scheme-3.I. When compound 38e was treated 

under the same condition, it converted smoothly to 37e in a quantitative yield. This result indicates 

that the dehydrogenation cross-coupling is kinetically more facile than the N-CH2- oxidation under 

acidic condition. Therefore, the nitro group, being an electron-withdrawing nature, slows down the 

N-CH2- oxidation, leading to the isolation of the intermediate 38e from the starting 36e. 

 

Scheme-3.H Effect of the number of the -CH2- units between nitrogen andaromatic ring 

Considering the observed electronic effect of R2 and R3 on compounds 36, the result of the reaction 

and the study of similar reports, we have proposed a probable mechanism of this transformation in 

Scheme-3.J. 

 

Scheme-3.I Experimental evidence to prove the oxidation sequences 
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There involves two catalytic cycles: cross-dehydrogenative coupling (CDC) and -N-CH2-oxidation. 

The first one is initiated by a directed palladation at the ortho position of ring D of 36, followed by a 

second step i.e, C-H activation. Subsequently, reductive elimination leads to product 38. Product 38 

then enters a second the catalytic cycle where the carbonyl-directed acetylation at the -N-CH2-

position occurs to give product 37.  

 

Scheme-3.J Proposed mechanism 

In the case of bromo and nitro, the intermediate product generated after the first catalytic cycle was 

isolated along with the -N-CH2-oxidation product after the second catalytic cycle. The formation of 

compound 39 in excess K2CO3 is presumably due to the preferred reaction path -N-CH2-oxidation 

over the C-C cross-coupling in the presence of CuII. Under excess basic conditions, the oxidized 

product 39a undergoes structural rearrangement with the release of a unit of HCOOH to convert 

product 39, as shown in Scheme-3.K. 

 

Scheme-3.K Mechanistic explanation for the formation of 39 

3.3 DNA BINDING STUDY TOWARDS DRUG DEVELOPMENT: 

Luotonins, having their lower toxicity and higher chemical stability compared with similar alkaloid, 

campatothecin,[42]have gained considerable interest in the study of biological properties. Sometimes, 

they afford the novel self-fluorescence properties due to the presence of aromatic heterocyclic rings 

along with extended conjugation, which facilitates the useful detection of drug-DNA interactions. 

Notably, the anti-cancer activities of Luotonin A against human breast cancer (MCF–7) and other 

human cancer have been successfully demonstrated by DNA interaction study[43]. As DNA and 

proteins is the primary target in the action of anti-cancer drugs, determination of the binding of 
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molecules to DNA or protein is the basis of discovering the more efficient anti-cancer drug.[43-

44]Especially, the drug-DNA interaction analysis is an important tool in pharmacology, for attributing 

the influence of drug absorption, metabolism, distribution, excretion etc.[45] 

3.3.1 Interaction studies on with calf-thymas DNA(ct-DNA)  

After successful synthesis and characterize of some new Luotonin analogues compounds, to check 

the novelty of these molecule, we studied the DNA binding interaction with one of our compound 

38h as it showed a good absorption spectrum with calf-thymus DNA(ct-DNA). The DNA binding 

mode have been evaluated using absorption (UV-Vis), emission spectral studies (Fluorescence), 

circular dichroism (CD), melting point measurements etc. 
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Figure-3.D (A) UV–Vis spectra for 38h (20 μM) in the absence and presence of ct-DNA. The UV titration was carried 

out by increasing the concentration of ct-DNA. The arrow direction indicates the change in absorption peak intensity by 

increasing DNA concentration. (B) Linear plot obtained from A0 /( A –A0 ) vs. 1/[DNA], where A0 and A are the 

absorptions in the presence and absence of DNA at 308 nm. Measured Kb = 2.1*104 M−1. (C) Fluorescence titration 

spectra of 38h (20 μM) in the presence of DNA at a different concentration (0–1 μM), at pH 7.2 in 10 mM Tris–HCl 

buffer at 25 °C. The first reading (black line) is the Fl spectrum of 38h in the absence of DNA. The arrow’s direction 

indicates an intensity quenching. (D) The linear plot of F/F0 vs. [DNA]. The emission band at 460 has been used to 

monitor the change in fluorescence intensity and at the excitation wavelength 308 nm to calculate Kq= 4.4 *104 M−1. 
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The absorption spectral titration study of compound 38h with ct-DNA is shown in Figure-3.D. Upon 

increasing the addition of DNA to 38h, a hypochromic shift was observed in the position of 

maximum absorption peak 308 nm.  However, the presence of a clear isosbestic points in the UV-Vis 

spectra (Figure-3.D (A) ) revealed that interaction may be present with ct-DNA. In order to 

quantitatively explore the binding affinity of the compound (38h) with DNA, the intrinsic binding 

constant Kb have been calculated from the Benesi–Hildebrand Equation[46] (see chapter-2). From the 

linear plot (Figure-3.D (B)) i.e, the ratio of intercept to the slope A0/(A-A0) vs. 1/[DNA] gave the 

value of binding constant (Kb= 2.1*104 M-1). As the exact mode of interaction cannot be confirmed 

merely by this technique, further experiments were carried out to explore the binding mode.  

To further elucidate the interaction of 38h with ct-DNA, the fluorescence titration experiment has 

also been performed in 10mM Tris-HCl at pH 7.2, showing a broad unstructured peak with maxima 

around 460 nm (Figure-3.D (C) ). In addition to ct-DNA, quenching in the fluorescence yield 

occurred with no detectable shift in the emission peak position. This change in fluorescence spectra 

establishes the binding interaction of 38h with ct-DNA. From the classical Stern–Volmer equation 

(see chapter-2, Eq.(2) ), Eq.(6) has obtained:  

F0/F = 1 + Kq [DNA]   (6) 

To calculate the quenching constant (Kq), the ratio of peak fluorescence intensity in the presence and 

absence of ct-DNA (F/F0) has been plotted as a function of DNA concentration (Figure-3.D (D) ). 

The plot indicated that the fluorescent intensity is directly proportional to the DNA concentration. 

From the slope of the Stren-Volmer plot the calculated moderately higher Kq 4.43*104 established 

the possibility of intercalation of 38h with ct-DNA. 

From the time-resolved fluorescence spectroscopy (Figure-3.E (E) ),the average decay lifetime of ct-

DNA has been calculated. We observed only 0.73 ns (a minor change) enhancement of the half-life 

(t1/2) of the excited state of 38h between the free and bound state, respectively, in the fluorescence 

lifetime on increasing concentration of ct-DNA. This value could be regarded as less signified that 

the interaction between ct-DNA and compound was static. Consequently, the steady-state 

fluorescence and fluorescence lifetime measurements confirmed that quenching was mainly static 

caused by ground-state complex formation. The binding nature was also suggested by the effect of 

iodide on the fluorescence emission quenching of 33h in the presence and absence of ds-DNA. 

Iodide is known to promote intersystem crossing (ISC) during a collision with fluorophore 

molecules. Thus, its quenching nature is dynamic. We measured the quenching constant in the 

presence and absence of ct-DNA by using the Stern–Volmer equation, F0/F = 1 + Ksv [Q], where F0 

and F are the fluorescence intensity in the absence and presence of the anionic quencher [Q] 
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respectively. Since earlier experiments suggested the interaction between 38h and DNA, a relatively 

similar KSV value was expected in KI quenching studies. With the addition of KI, there is an increase 

in the ionic strength in the medium, resulting in the release of DNA-bound 38h. Since the 

fluorescence intensity of free 38h is less than 38h-DNA complex. Ksv was calculated with and 

without DNA for 38h, which are as follows 5.46*104 M-1and 2.84*104 M-1 respectively. The 

significant change in Ksv values (Figure-3.E (F) ) in the presence of ct-DNA with respect to the free 

chromophore supports the intercalative nature of 38h to ds-DNA. The significant change in DNA 

melting temperature, when 38h bound to the ds-DNA (Figure-3.E (H) ) is in favour of the 

intercalation binding mode. The values are shown in Table-3.F in the experimental section of this 

chapter. To obtain further information about the binding of 38h to DNA, we recorded the CD spectra 

of ct-DNA with 5.0 × 10–5 mol L–1concentration of 38h (Figure-3.E (G) ). A slight change (less 

prominent) in the CD spectra suggested that, the intercalation is not very persistent. 
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Figure-3.E (E)Time-resolved fluorescence spectra of 38h at different concentrations of ct-DNA. (F) The relative 

quenching effect of iodine on fluorescence emission of 38h in the presence and absence of ct-DNA. (G) CD spectra 

(black) of ct-DNA in 2 mM Tris–HCl buffer (pH 7.2) and presence of 38h.(H) DNA melting temperature plot of ct-DNA 

in 10 mM Tris–HCl buffer (pH 7.2) (black line) and in the presence of compound 38h (red line). 
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Figure-3.F Comparative study of compound 38h with EB (I) and Hochest 33258(J) dye 

The displacement assay with two popular dyes, Ethidium bromide (EB) and Hochest 33258 were 

monitored at the excitation wavelength 308 nm to see the efficiency of displacement of these dyes by 

38h. EB is a well-known probe that binds to the DNA in an intercalactive fashion and Hoechst 33258 

is a well-known groove binder. Hence, these two dyes work as excellent spectral probes to determine 

the binding mode of drugs with DNA. In the present study, we observed a decrease in fluorescence 

emission intensity of EB, with the addition of chromophore 38h (Figure-3.F (I)), an indication of 

intercalation. On the other hand, there was a negligible change in the fluorescence emission intensity 

of DNA-bound Hochest 33258 (Figure-3.F (J) ). This suggested that the compound 38h moderately 

replace the EB from ct-DNA, hence it may work as an intercalator with nuclear or cellular DNA. 

Consequently, we have found the DNA targeting ability of our synthesized compound 38h, which 

can be used for the treatment of cancer by DNA cleavage or other. 

3.4 BIOLOGICAL STUDY 

As we know, all Luotonins[47] have shown promising cytotoxicities towards selected human cancer 

cell lines, we have tried to check our other series of compound i.e, N-benzylic oxidation products 

(37) applicability. Structural modification sometimes used for improving the biological properties. 

Hence, we carried out a concentration-dependent cell viability assay of one of our compound 37d 

having structural similarity with Luotonin-E, to check the cytotoxicity on the SiHa cancer cell line. 

3.4.1 Cell viability assay 

SiHa cervical cancer cell line, purchased from NCCS Pune, India, was cultured in Dulbecco’s 

modified eagle’s medium (DMEM) supplemented with 100 U/ml penicillin, 10% FBS, 100 mg/ml 

streptomycin, and 50 mM glutamine. Furthermore, cells were harvested using trypsin and seeded in a 

96-well cell culture plate for the MTT (3-(4,5-Dimethylthiazol-2-yl)- 2,5-diphenyltetrazolium 

bromide) assay. Our synthesised compound 37d was solubilized in cell culture grade DMSO 

(D8418-100 ML, Sigma Aldrich). Once the cells in 96-well plates were 70% confluent, the 
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compound was treated in the cells at eight concentrations (0.01, 0.1, 1, 10, 20. 40, 80, 100 μM) 

at37°C for 48 h (Figure-3.G). After 48 h, cells were washed with 1xPBS, and added 100 μL of fresh 

media in each well along with 10 μL of MTT reagent (5 mg/mL) for another 4 h. After 4 h, the media 

was again removed and added 100 μL cell culture grade DMSO to dissolve the formazan crystals 

formed by the reduction of MTT by live cells. The quantity of formed formazan crystal was 

determined as alterations in absorbance at 570 nm wavelength using an ELISA plate reader 

(MULTISKAN Sky High, Thermoscientific). The initial screening showed that almost 30% and 93% 

of cell death occurred at 10 μM and 100 μM concentrations, respectively (Table-3.G) (see 

Experimental section of this chapter) 

 

Figure-3.G  Plot of toxicity vs. concentration to determine the cytotoxicity dose (IC50) of 37d in the SiHa cell line by 

MTT assay. 

Therefore, we have further taken three different doses between 10 and 100 μM concentrations (viz. 

20 μM, 40 μM, and 80 μM) of this compound (Figure-3.G). At 23 μM concentrations of the 

compound, nearly 50% of cancer cell death occurred. Hence, the 23 μM concentration of the test 

compound (37d) was determined as IC50 for the SiHa cell line. 

3.4.1.a Chemistry of MTT assay 

MTT assay is a colorimetric assay for assessing cell metabolic activity (viability, proliferation and 

cytotoxicity). This is based on the reduction of the yellow tetrazolium salt namely 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (popularly known as MTT) to purple 

formazan crystals by metabolically active cells enzyme (Figure-3.H)[48]. The NADPH-dependent 

oxidoreductase, present in viable cells, reduces the MTT to formazan[49]. The insoluble formazan 

crystals are dissolved in solution and the resulting colored solution is quantified by measuring 

absorbance (500-600 nanometers) using a multi-well spectrophotometer. The amount of the 

oxidoreductase enzyme, hence the amount of formazan produced, is proportional to the number of 

viable cells.  
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Figure-3.H Metabolism of MTT to a formazan salt by viable cells enzyme 

 

3.5 CONCLUSIONS 

We have explored a new synthetic route for Luotonins/ Rutaecarpine analogues compounds and 

related natural products via a one-pot multistep process. Notably, we observed two distinct chemical 

transformations: intramolecular dehydrogenative cross-coupling to form a C-C bond and 

functionalization of a C-H bond adjacent to a nitrogen atom to C-OAc. The combined catalytic 

system Pd(OAc)2 and excess AgOAc (3 Eqv.) was found to be the most appropriate condition for the 

said transformations. We observed that the outcome of the reaction is highly dependent on the 

electronic effect of the group (R2) attached to the starting materials (36) and the PH of the medium. 

Based on the experimental observation, a probable mechanism has been proposed.  

Therefore, to see the application of our synthesised compound firstly, we saw the DNA target ability 

with ct-DNA and found slight positive intercalation binding mode of compound 38h. However, 

another compound (37d) remarkably showed an important biological importance towards 

application. Significantly, the results of the concentration-dependent cell viability assay study with 

the compound 37d on the SiHa carcinoma cell line revealed that it may have anti-cancer property. 

The observed IC50 value was 23 μM, which is a good indication of application. However, a more 

detailed study is required to prove the anti-cancer properties in this regard, and still under process. 
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3.6 EXPERIMENTAL SECTION 

3.6.1 General information  

All NMR (1H, 13C, COSY, HMBC, HSQC) spectra were recorded with Bruker Avance III (300 or 

400 MHz) spectrometers in deuterated solvent CDCl3. Chemical shifts are reported in parts per 

million (ppm, δ) relative to tetramethylsilane (TMS) and the solvent resonance was referenced to 

internal standard CDCl3 (δ 7.28 ppm). All coupling constants are absolute values and are expressed 

in Hz. The descriptions of the signals are reported as follows: s = singlet, d = doublet, dd = double of 

doublet, t = triplet, m = multiplet and dt = doublet of triplets. 13C NMR spectra were recorded using 

Bruker Avance III 300 (75 MHz), 400 (100 MHz) spectrometers as solutions in CDCl3 with 

complete proton decoupling. High-resolutionmass spectra were recorded on ESI-TOF mass 

spectrometry. Solvents, reagents, and chemicals were purchased from Aldrich, Merck, SRL, 

Spectrochem, and Process Chemicals. Commercially available (SRL India) calf thymus DNA (ct-

DNA), Hochest 33258 and Ethidium bromide (EB), Tris buffer were used without purification also. 

All the reactions were monitored by TLC (Silica Gel60 F254) and it was observed under UV light 

(254 nm).Yields refer to the isolated product as mentioned in theexperimental section.   

3.6.2 Representative procedure and spectral data  

Synthesis of compound 36a -36j and 36k:  

Synthesis of compound 36a[38]:A mixture of 3,4-dihydroquinazolin-4-one(34a) (0.5 mmol), sodium 

iodide (0.05 mmol), potassium carbonate (2.5 mmol), and benzyl bromide (0.5 mmol) in acetone (5 

mL) was heated under reflux for 24 h. The resultant mixture was diluted with ethyl acetate (10 mL), 

washed with brine (10 mL) and organic phase was dried with sodium sulfate. Crude products were 

purified by column chromatography (hexane/ethyl acetate 8:2) and isolated the pure product 36a. 

The compounds 36b[38], 36c[38],36d[50], 36e,36f[51], 36g[52], and 36h[52]have been synthesized by the 

same procedure mentioned for 36a using 34 and appropriate alkyl halide (35).  

Synthesis of compound 36i: To a solution of 3,4-dihydroquinazolin-4-one (34a)(200 mg, 1.36 

mmol) in 5mL DMF, at 0°C and under nitrogen atmosphere, was added NaH (60% dispersion in 

mineral oil, 2 Eqv.) portion-wise. The mixture was stirred at 0°C for 15 min and, then, (2-

bromoethyl) benzene (327 mg, 1.64 mmol.) was added dropwise. The mixture was warmed to room 

temperature and stirred for 20 h. The reaction was quenched with H2O and the crude mixture 

extracted with EtOAc. The combined organic layer was washed with water and brine. The organic 

layer was dried over anhydrous sodium sulfate, filtered and concentrated in vacuo to give the crude 

material. Purification of the desired compound 36i was done by column chromatography on silica gel 

(EtOAc/hexanes). Compound 36j was prepared by using the same method as mentioned for 36i, 
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using 34 and (3-bromopropyl) benzene as starting materials. Analytical data of Compound 36i[53]and 

36j[40]were exactly comparable with the reported data. 3-benzylquinazolin-4(3H)-one (36a). 

Analytical and spectroscopic dataof 3-benzylquinazolin-4(3H)-one (36a) 

White solid, yield 91%, 1H-NMR (300 MHz, CDCl3) δ 8.24(d, J=9Hz, 1H), 

8.02(s, 1H), 7.69-7.60(m, 2H), 7.44-7.39(m, 1H), 7.27-7.17(m, 5H), 5.11(s, 

2H). 13C-NMR (75 MHz, CDCl3) δ 161.2, 148.1, 146.4, 135.8, 134.4, 129.1 

128.4, 128.1, 127.6, 127.5, 127.0, 122.3, 49.7. ESI-TOF MS: Calculated mass for C15H12N2NaO 

[M+Na]+=259.0847, observed m/z =259.0834 

Analytical and spectroscopic dataof 3-(4-methylbenzyl)quinazolin-4(3H)-one (36b) 

White solid, yield 85%, 1H-NMR (300 MHz, CDCl3) δ 8.36-8.33(d, 

J=1.5Hz, 9Hz, 1H), 8.12(s, 1H), 7.82- 7.70(m, 2H), 7.55-7.50(m, 1H), 

7.29-7.26(m, 2H), 7.19-7.16(m, 2H), 5.18(s, 2H), 2.35(s, 3H). 13C-NMR 

(75 MHz, CDCl3) δ 160.0, 147.0, 145.3, 137.1, 133.2, 131.7, 128.6, 127.0, 126.4, 126.3, 125.8, 

121.2, 48.4, 20.1. ESI-TOF MS: Calculated mass for C16H15N2O [M+H]+=251.1184, observed m/z 

=251.1193  

Analytical and spectroscopic dataof 3-(4-methoxybenzyl) quinazolin-4(3H)-one (36c) 

White solid, yield 82%, 1H-NMR (300 MHz, CDCl3) δ 8.75(s, 1H), 

8.15(d, J=9Hz, 1H), 7.83(t, J=9Hz, 1H), 7.70-7.66(m, 1H), 7.54(t, 

J=9Hz, 1H), 7.35(d, J=9Hz, 2H), 6.90(d, J=9Hz, 2H), 5.13(s, 2H), 

3.72(s, 3H). 13C-NMR (75 MHz, DMSO-d6) δ 160.5, 159.3, 148.3, 

134.8, 129.9, 129.3, 127.7, 127.6, 126.5, 122.1, 114.5, 55.6, 48.8. ESI-TOF MS: Calculated mass for 

C16H14N2NaO2 [M+Na]+ =289.0953, observed m/z =289.0079 

Analytical and spectroscopic dataof3-benzyl-6-nitroquinazolin-4(3H)-one (36d) 

Yellow solid, yield 75%, 1H NMR (300 MHz, CDCl3) δ 9.16(s, 1H), 

8.52-8.50(d, J=9Hz, 1H), 8.24(s, 1H), 7.82(d, J=9Hz, 1H), 7.36-

7.35(m, 5H), 5.22(s, 2H). 13C-NMR (75MHz, CDCl3) δ 159.9, 152.0, 

149.2, 146.1, 134.9, 129.2, 129.2 128.7, 128.3, 128.2, 123.5, 122.4, 50.0 ESI-TOF MS: Calculated 

mass for C15H12N3O3 [M+H]+=282.0879, observed m/z =282.0870  

Analytical and spectroscopic dataof3-(4-methylbenzyl)-6-nitroquinazolin-4(3H)-one(36e) 

Yellow solid, yield 72%, 1H NMR (300 MHz, CDCl3) δ 9.20(d, 

J=2.7Hz, 1H), 8.56-8.53(dd, J=2.7, 9Hz, 1H), 8.24(s, 1H), 7.83(d, 

J=9Hz, 1H), 7.29-7.17(dd, J=9Hz, 2.7Hz, 4H), 5.20(s, 2H), 2.36(s, 

3H). 13C-NMR (75 MHz, CDCl3) δ 160.1, 152.2, 149.3, 146.2, 
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138.8, 131.9, 130.0, 129.3, 128.4, 128.4, 123.7, 122.5, 49.9, 21.3. ESI-TOF MS: Calculated mass for 

C16H14N3O3 [M+H]+=296.1035, observed m/z =296.1037  

Analytical and spectroscopic dataof3-(4-methoxybenzyl)-6-nitroquinazolin-4(3H)-one(36f) 

Yellow solid, yield 69%, 1H-NMR (300 MHz, CDCl3) δ 9.17(d, 

J=2.4Hz, 1H), 8.50(dd, J=2.4, 9Hz, 1H), 8.23(s, 1H), 7.82(d, 

J=9Hz, 1H), 7.32(d, J=9Hz, 2H), 6.89(d, J=9Hz, 2H), 5.15(s, 

2H), 3.79(s, 3H). 13C-NMR (75 MHz, CDCl3) δ 158.9, 150.9, 

148.2, 145.0, 128.8, 128.8, 128.1, 127.3, 125.8, 122.5, 121.4, 113.6, 54.4, 48.7. ESI-TOF MS: 

Calculated mass for C16H14N3O4 [M+H]+ =312.0984, observed m/z =312.0995  

Analytical and spectroscopic dataof3-benzyl-6-bromoquinazolin-4(3H)-one (36g) 

White solid, yield 71%, 1H-NMR (300 MHz, CDCl3) δ 8.38(d, J=2.4Hz, 

1H), 8.03(s, 1H), 7.75(dd, J=2.4, 9Hz, 1H), 7.49(d, J=9Hz, 1H), 7.27(s, 

5H), 5.12(s, 2H). 13C-NMR (75 MHz, CDCl3) δ 158.9, 145.8, 145.6, 

136.5, 134.4, 128.5, 128.3, 128.1, 127.4, 127.0, 122.5, 120.0, 48.7. ESI-

TOF MS: Calculated mass for C15H12BrN2O [M+H]+=315.0133, observed m/z =315.0141  

Analytical and spectroscopic dataof6-bromo-3-(4-methylbenzyl)quinazolin-4(3H)-one(36h) 

White solid, yield 70%, 1H-NMR (300 MHz, CDCl3) δ 8.44(d, 

J=2.4Hz, 1H), 8.09(s, 1H), 7.82(dd, J=2.4, 9Hz, 1H), 7.54(d, J=9Hz, 

1H), 7.32-7.14(m, 4H), 5.14(s, 2H), 2.32(s, 3H). 13C-NMR (75 MHz, 

CDCl3) δ 159.9, 146.9, 146.6, 138.4, 137.5, 132.4, 129.77, 129.5, 129.3, 128.1, 123.6, 120.9, 49.6, 

21.1. ESI-TOF MS: Calculated mass for C16H14BrN2O [M+H]+ =329.0290, observed m/z =331.0265 

Analytical and spectroscopic dataof3-phenethylquinazolin-4(3H)-one(36i) 

White solid, yield 69%, 1H-NMR (400 MHz, CDCl3) δ 8.33(d, J=12Hz, 1H), 

7.79-7.68(m, 3H), 7.52(t, J=12Hz, 1H), 7.32-7.27(m, 2H), 7.25-7.21(m, 1H), 

7.17-7.15(m, 2H), 4.23(t, J=8Hz, 2H), 3.11(t, J=8Hz, 2H). 13C-NMR (100 

MHz, CDCl3) δ 160.9, 147.7, 146.6, 137.4, 134.3, 128.9, 128.9, 127.4, 127.2, 

127.1, 126.7, 122.0, 49.0, 35.1. ESI-TOF MS: Calculated mass for C16H15N2O 

[M+H]+= 251.1184, observed m/z =251.1642 

Analytical and spectroscopic dataof3-(3-phenylpropyl)quinazolin-4(3H)-one (36j) 

White solid, yield 65%, 1H-NMR (400 MHz, CDCl3) δ 8.31(d, J=8Hz, 

1H), 7.99(s, 1H), 7.77-7.70(m, 2H), 7.53-7.49(m, 1H), 7.31-7.27(m, 2H), 

7.21-7.17(m, 3H), 4.02(t, J=8Hz, 2H), 2.73(t, J=8Hz, 2H), 2.21-2.13(m, 

2H). 13C-NMR (100 MHz, CDCl3) δ 161.0, 147.8, 146.6, 140.3, 134.2, 
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128.6, 128.3, 127.4, 127.3, 126.7, 126.3, 122.1, 46.7, 32.7, 30.4. ESI-TOF MS: Calculated mass for 

C17H16N2NaO [M+Na]+ = 287.1160, observed m/z = 287.1371 

Analytical and spectroscopic dataof3-(naphthalen-2-ylmethyl)-6-nitroquinazolin-4(3H)-one(36k) 

Pale yellow solid, yield 80%, 1H-NMR (300 MHz, CDCl3) δ 

9.22(d, J=2.7Hz, 1H), 8.56-8.54(dd, J=2.7, 9Hz, 1H), 8.33(s, 1H), 

7.89-7.83(m, 6H), 7.56-7.46(m, 4H). 13C-NMR (100 MHz, CDCl3) 

δ 160.0, 152.0, 149.2, 146.1, 133.2, 133.1, 132.2, 129.3, 129.2, 128.4, 127.9, 127.8, 127.6, 126.8, 

126.7, 125.4, 123.6, 122.4, 50.2 

Synthesis and spectroscopic data of 5-acetyl-4b,5-dihydroisoindolo[1,2-b]quinazoline-10,12-dione 

(37a) 

Compound 36a (100mg, 0.423 mmol) was taken along with Pd(OAc)2 (18.9 

mg, 0.084mmol), AgOAc (211.8 mg, 1.26 mmol) in 7ml acetic acid at 1200C 

under inert atmosphere. The mixture was refluxed for 24h. After TLC 

checking the resulting reaction mixture was cooled to room temperature, 

diluted with EtOAc (100 mL) and filtered through a pad of SiO2/Celite®.The filtrates were collected 

and concentrated under reduced pressure. The residue was dissolved in EtOAc (50 mL) and washed 

with saturated NaHCO3 solution and brine (2×50 mL). The organic phase was then dried with 

Na2SO4, filtered, and concentrated under reduced pressure. The crude residue was purified by flash 

chromatography on silica gel to get purified 37a. White solid, yield 75%, m.p. 235-237°C, 1H-NMR 

(300 MHz, CDCl3) δ 8.29-8.26(d, J=9Hz, 1H), 8.07-8.04(m, 1H), 7.86(s, 1H), 7.75-7.70(m, 2H), 

7.66-7.57(m, 3H), 7.47-7.42(m, 1H), 2.13(s, 3H).13C-NMR (100 MHz, CDCl3) δ 170.0, 159.7, 153.3, 

149.0, 139.3, 134.8, 133.0, 132.2, 131.1, 127.9, 127.2, 126.9, 125.0, 123.4, 121.5, 80.2, 20.7.ESI-

TOF MS: Calculated mass for C17H13N2O3[M+H]+ = 293.0926, observed m/z =293.0928   

Synthesis and spectroscopic data of 5-acetyl-3-methyl-4b, 5-dihydroisoindolo[1,2-b]quinazoline-

10,12-dione (37b) 

The compound 37b was synthesized from the compound 36b using 

reaction condition mention for 37a.White solid, yield 73%, m.p. 236-

238°C, 1H-NMR (300 MHz, CDCl3) δ 8.36(d, J=7.8Hz, 1H), 7.95(s, 1H), 

7.89(s, 1H), 7.82-7.80(m, 2H), 7.62-7.59(m, 1H), 7.55-7.46(m, 2H), 

2.53(s, 3H), 2.20(s, 3H). 13C-NMR (75 MHz, CDCl3) δ 170.0, 159.7, 153.4, 148.9, 141.7, 136.6, 

134.7, 134.0, 132.2, 127.7, 127.1, 126.9, 124.7, 123.6, 121.5, 80.1, 21.5, 20.7. ESI-TOF MS: 

Calculated mass for C18H15N2O3 [M+H]+ =307.1083, observed m/z =307.1075  



Chapter 3 

105 

 

Synthesis and spectroscopic data of 5-acetyl-3-methoxy-4b,5-dihydroisoindolo[1,2-b]quinazoline-

10,12-dione (37c) 

The compound 37c was synthesized from the compound 36c using 

reaction condition mention for 37a. White solid, yield 80%, m.p. 236-

238°C, 1H-NMR (300 MHz, CDCl3) δ 8.32(d, J=7.8Hz, 1H), 7.82(s, 

1H), 7.79-7.77(m, 2H), 7.59-7.52(m, 2H), 7.53-7.47(m, 1H), 7.17-7.14(dd, J=2.4, 8.4Hz, 1H), 

3.93(s, 3H), 2.17(s, 3H). 13C-NMR (75 MHz, CDCl3) δ 170.1, 162.2, 159.5, 153.3, 148.9, 134.7, 

133.7, 131.5, 127.7, 127.2, 126.9, 126.0, 121.6, 121.1, 106.1, 80.0, 55.9, 20.7. ESI-TOF MS: 

Calculated mass for C18H15N2O4 [M+H]+ =323.1032, observed m/z =323.1032  

Synthesis and spectroscopic data of 5-acetyl-8-nitro-4b,5-dihydroisoindolo[1,2-b]quinazoline-

10,12-dione(37d) 

The compound 37d was isolated from the compound 36d using reaction 

condition mention for 37a. White solid, yield 50%, m.p. 235-237°C, 

1H-NMR (300 MHz, CDCl3) δ 9.22-9.21(m, 1H), 8.62-8.58(dd, 

J=2.4Hz,9Hz, 1H), 8.19- 8.16(m, 1H), 7.96-7.93(m, 2H), 7.75-7.70(m, 3H), 2.23(s, 3H). 13C-NMR 

(75 MHz, CDCl3) δ 169.7, 158.3, 156.2, 153.3, 145.9, 139.7, 134.1, 131.4, 131.4, 129.2, 128.8, 

125.1, 124.0, 123.4, 121.8, 80.2, 20.6. ESI-TOF MS: Calculated mass for C17H12N3O5 [M+H]+ 

=338.0777, observed m/z =338.0781  

Synthesis and spectroscopic data of 8-nitroisoindolo[1,2-b]quinazolin-10(12H)-one (38d) 

The compound 38d was isolated from the compound 5d using reaction 

condition mention for 37a. White solid, yield 31%, m.p. 228-230°C, 

1H-NMR (300 MHz, CDCl3) δ 9.28(d, J=2.7Hz, 1H), 8.62-8.59 (dd, 

J=2.7Hz, 2.7Hz, 1H), 8.26(d, J=9Hz, 1H), 7.96(d, J=9Hz, 1H), 7.79-7.63(m, 3H), 5.25(s, 2H). 13C-

NMR (100 MHz, CDCl3) δ 159.5, 158.0, 153.8, 145.3, 140.1, 133.5, 132.0, 129.3, 128.8, 128.4, 

124.2, 123.7, 123.3, 120.7, 50.1 

Synthesis and spectroscopic data of 5-acetyl-3-methyl-8-nitro-4b,5-dihydroisoindolo[1,2-

b]quinazoline-10,12-dione(37e) 

The compound 37e was isolated from the reaction mixture of 36e 

using reaction condition mention for 37a. Off white solid, yield 50%, 

m.p. 238-240°C, 1H-NMR (300 MHz, CDCl3) δ 9.20(s, 1H), 8.60-

8.57(m, 1H), 7.97-7.90(m, 3H), 7.64-7.53(m, 2H), 2.55(s, 3H), 2.21(s, 3H). 13C-NMR (75 MHz, 

CDCl3) δ 169.7, 158.4, 156.4, 153.4, 145.7, 142.1, 136.9, 135.2, 131.4, 129.15, 128.8, 124.8, 124.2, 
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123.4, 121.8, 80.2, 21.6, 20.6. ESI-TOF MS: Calculated mass for C18H14N3O5 [M+H]+ = 352.0933, 

observed m/z =352.2543 

Synthesis and spectroscopic data of 3-methyl-8-nitroisoindolo[1,2-b]quinazolin-10(12H)-one (38e) 

The compound 38e was isolated from the reaction mixture of 36e 

using reaction condition mention for 37a. White solid, yield 42%, 

m.p. 226-228°C, 1H-NMR (300 MHz, CDCl3) δ 9.25(s, 1H), 9.58(d, 

J=9Hz, 1H), 8.03(s, 1H), 7.93(d, J=9Hz, 1H), 7.57(s, 2H), 5.18(s, 2H), 2.55(s, 3H). 13C-NMR (75 

MHz, CDCl3) δ 159.5, 158.1, 153.9, 145.2, 139.6, 137.4, 134.7, 132.1, 128.7, 128.3, 124.2, 

123.3,123.3, 120.6, 49.9, 21.4. ESI-TOF MS: Calculated mass for C16H12N3O3 [M+H]+=294.0879, 

observed m/z =294.0370 

Synthesis and spectroscopic data of 5-acetyl-3-methoxy-8-nitro-4b, 5-dihydroisoindolo[1,Z 2-

b]quinazoline-10,12-dione(37f) 

The compound 37f was synthesized from the compound 36f using 

reaction condition mention for 37a. Off white solid, yield 60%, 

m.p. 237-239°C, 1H-NMR (300 MHz, CDCl3) δ 9.22(d, J=2.7Hz, 

1H), 8.61- 8.58 (dd, J=2.7, 9Hz, 1H), 7.95-7.87 (m, 2H), 7.67-7.64 (d, J=9Hz, 1H), 7.62-7.61 (d, 

J=2.7 Hz, 1H), 7.26 (S, 1H), 3.99(s, 3H), 2.21(s, 3H). 13C-NMR (75 MHz, CDCl3) δ 169.9, 162.4, 

158.2, 156.3, 153.2, 145.8, 132.9, 131.9, 129.1, 128.8, 126.2, 123.4, 122.1, 121.9, 106.7, 80.1, 56.0, 

20.7. ESI-TOF MS: Calculated mass for C18H14N3O6 [M+H]+ =368.0883, observed m/z =368.0881  

Synthesis and spectroscopic data of 8-bromoisoindolo[1,2-b]quinazolin-10(12H)-one (38g) 

The compound 38g was synthesized from the compound 36g using 

reaction condition mention for 37a. White solid, yield 70%, m.p. 225-

227°C, 1H-NMR (400 MHz, CDCl3) δ 8.54(d, J=2.4Hz, 1H), 8.20(d, 

J=8Hz, 1H), 7.90-7.88(dd, J=2.4, 8Hz, 1H), 7.74-7.61(m, 4H), 5.19(s, 

2H). 13C-NMR (100 MHz, CDCl3) δ 159.5, 155.4, 148.4, 139.6, 137.5, 132.6, 132.5, 129.2, 129.1, 

129.1, 123.7, 123.6, 122.0, 119.8, 49.9. ESI-TOF MS: Calculated mass for C15H10BrN2O [M+H]+ 

=312.9977, observed m/z =312.9096  

Synthesis and spectroscopic data of5-acetyl-8-bromo-3-methyl-4b,5-dihydroisoindolo[1,2-

b]quinazoline-10,12-dione (37h) 

The compound 37h was isolated from the reaction mixture of 36h 

using reaction condition mention for 37a. White solid, yield 30%, m.p. 

234-236°C, 1H-NMR (300 MHz, CDCl3) δ 8.47(s, 1H), 7.93-7.87(m, 

3H), 7.68(d, J=9Hz, 1H), 7.61(d, J=9Hz, 1H), 7.48(d, J=9Hz, 1H), 
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2.53(s, 3H), 2.20(s, 3H). 13C-NMR (75 MHz, CDCl3) δ 169.9, 158.5, 153.7, 147.9, 141.8, 137.8, 

136.6, 134.3, 131.9, 129.5, 129.4, 124.7, 123.6, 122.9, 120.6, 80.1, 21.5, 20.7. ESI-TOF MS: 

Calculated mass for C18H14BrN2O3 [M+H]+ =385.0188, observed m/z =384.9339 

Synthesis and spectroscopic data of 5-acetyl-2-nitro-5,5a-dihydrobenzo[5,6]isoindolo[1,2-

b]quinazoline-12,14-dione (37k) 

The compound 37k was synthesized from the compound 36k 

using reaction condition mention for 37a. White solid, yield 70%, 

m.p. 242-244°C, 1H-NMR (300 MHz, CDCl3) δ 9.59(d, J=6Hz, 

1H), 9.24(d, J=2.7Hz, 1H), 8.64-8.62(dd, J=2.7, 9Hz, 1H), 8.21(d, J=9Hz,1H), 8.09-8.03(m, 3H), 

7.88-7.83(m, 1H), 7.78-7.72(m, 2H), 2.26(s, 3H). 13C-NMR (100 MHz, CDCl3) δ 169.8, 158.3, 

153.5, 145.8, 140.1, 135.4, 134.7, 129.5, 129.3, 128.9, 128.7, 128.2, 125.9, 124.9, 123.3, 121.4, 

120.6, 79.8, 29.7. ESI-TOF MS: Calculated mass for C21H13N3NaO5 [M+Na]+ = 410.0753, observed 

m/z 410.0746 

Synthesis and spectroscopic data of 8-bromo-3-methylisoindolo[1,2-b]quinazolin-10(12H)-one 

(38h) 

The compound 38h was isolated from the reaction mixture of 36h 

using reaction condition mention for 37a. White solid, yield 50%, m.p. 

229-231°C, 1H-NMR (400 MHz, CDCl3) δ 8.51(d, J=2.4Hz, 1H), 

8.02(s, 1H), 7.88-7.86(dd, J=2.4, 12Hz, 1H), 7.72(d, J=8Hz, 1H), 7.55-7.47(m, 2H), 5.13(s, 2H), 

2.53(s, 3H). 13C-NMR (100 MHz, CDCl3) δ 159.4, 155.5, 148.1, 139.3, 137.4, 136.9, 133.8, 132.3, 

129.1, 128.9, 123.8, 123.2, 121.9, 119.8, 49.8, 21.4. ESI-TOF MS: Calculated mass for 

C16H12BrN2O [M+H]+ =327.0133, observed m/z  =327.0119 

Synthesis and spectroscopic data of 5, 6-dihydro-8H-isoquinolino[1,2-b]quinazolin-8-one (38i) 

The compound 38i was synthesised from the compound 36i using reaction 

condition mention for 37a. White solid, yield 75%, m.p. 226-228°C, 1H-NMR 

(400 MHz, CDCl3) δ 8.57(d, J=8Hz, 1H), 8.35- 8.33(dd, J=2, 8Hz, 1H), 7.90-

7.83(m, 1H), 7.79(t, J=8Hz, 1H), 7.547.46(m, 3H), 7.32(d, J=8Hz, 1H), 4.45(t, 

J=8Hz, 2H), 3.14(t, J=8Hz, 2H). 13C-NMR (100 MHz, CDCl3) δ 161.5, 149.6, 147.1, 137.1, 134.4, 

132.0, 129.0, 128.3, 127.7, 127.5, 127.2, 126.9, 126.7, 120.5, 39.6, 27.4. ESI-TOF MS: Calculated 

mass for C16H13N2O [M+H]+ =249.1028, observed m/z =249.1020 

Synthesis and spectroscopic data of 7-dihydrobenzo[3,4] azepino[2,1-b]quinazolin-9(5H)-one (38j) 

The compound 38j was synthesised from the compound 36j using reaction condition mention for 

37a. White solid, yield 80%, m.p. 223-225°C, 1H-NMR (300 MHz, CDCl3) δ 8.36 (d, J=7.8Hz, 1H), 
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7.91- 7.89(dd, J=6Hz, 1H), 7.83-7.77(m, 2H), 7.57-7.44(m, 3H), 7.29-7.27(m, 

1H), 4.14(s, 2H), 2.79(t, J=6Hz, 2H) 2.27(s, 2H). 13C-NMR (75 MHz, CDCl3) δ 

161.6, 156.5, 147.7, 138.0, 134.8, 134.3, 131.3, 129.0, 128.6, 127.5, 127.5, 126.9, 

126.8, 120.4, 41.5, 29.7, 28.8. ESI-TOF MS: Calculated mass for C17H15N2O 

[M+H]+ =263.1184, observed m/z =263.1183  

 

3.6.3 Crystallographic Table: 

           Table-3.C Crystallographic data and structural refinement parameters for 36d 

Empirical Formula C15H11N3O3 

Formula weight 281.27 

Crystal system Triclinic 

Space group p-1 

a/Å 6.2723(2) 

b/Å 9.1749(3) 

c/Å 11.8955(3) 

α/° 69.5440(10) 

β/° 88.4680(10) 

γ/° 75.2740(10) 

V/mm3 618.86(3) 

Z 2 

Dc/g cm-3 1.509 

µ/mm-1 0.901 

F000 292 

Θ range/° 5.331, 64.928 

Reflections collected 13900 

Unique reflections  2020 

reflections I>2σ(I) 1976 

Rint 0.0452 

goodness-of-fit (F2) 1.125 

R1 (I>2σ(I)) [a1] 0.0449 

wR2 (I>2σ(I)) [a1] 0.1247 
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Δρ min /max /e Å3 -0.85, 0.48 

 

                                 [a1]R1 = Fo–Fc/Fo, wR2 = [ (w (Fo
 2 – Fc

2 ) 2 )/ w (Fo
 2 )2] ½ 

 

Table-3.D Crystallographic data and structural refinement parameters for 38h 

Empirical  formula C16H11BrN2 O 

formula weight                                               327.18 

crystal system                                            Monoclinic 

space group                                   C 2/m 

a/ Å 15.53(13) 

b/Å  6.80(6) 

c/ Å 13.81(11) 

α/° 90    

β/° 108.905(3) 

γ/° 90   

V/ nm3 1.3814(2) 

Z 2 

Dc/ g cm–3 1.636 

μ /mm–1 2.980 

F000 688 

θ range/° 2.7,  27.1   

reflections collected 25121 

unique reflections 1716 

reflections I > 2σ(I) 1276 

Rint 0.098 
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goodness-of-fit (F2) 1.07 

R1 (I > 2σ(I)) [b1] 0.0664 

wR2(I > 2σ(I)) [b1] 0.1884 

ρ min / max /e Å3 -0.85, 0.48 

 

                                       [b1R1 = Fo–Fc/Fo, wR2 = [ (w (Fo
 2 – Fc

2 ) 2 )/ w (Fo
 2 )2] ½ 

 

3.6.4 Photophysical study: 

Absorption Spectroscopic Method 

For the UV-Visible absorption spectra measurements Shimadzu spectrophotometer (model UV-1800, 

Japan) with 1cm × 1cm quartz cuvette was used. For the absorption spectral titration with ct-DNA 

was performed in Tris-HCl buffer solution (10 mM, pH 7.2). The spectrum of ct-DNA in the Tris 

buffer show bands at 260 and 280nm with absorbance ratio of 1.8-1.9:1, which was an indication of 

DNA was sufficiently pure[54]. The conc. of ct-DNA is calculated at 260 nm by using the molar 

extinction coefficient value of 6600 M-1cm-1[55]. The UV-Visible absorption spectra of 38h and 38h-

DNA complex were recorded in the wavelength range of 200–400 nm. The experiment was 

conducted at a defined concentration of 38h (20 µM) in a fixed volume (3 ml) and quantified by 

changing the concentration of ct-DNA (0–1 µM). 

Fluorescence Spectroscopic Method 

Steady-state fluorescence: Fluorescence emission spectra of 38h were recorded on a Shimadzu 

spectrofluorometer-5000 (Japan) equipped with a Xenon flash lamp using 1.0 cm quartz cells. 

Excitation was fixed at 308 nm and emission spectra were recorded from 313 nm to 600 nm after 

setting the widths of both the excitation and the emission slits at 5 nm. The fluorescence titration was 

carried out by keeping the concentration of 38h (20 µM) constant and varying the ct-DNA 

concentration from 0 µM to 2 µM. 

Time-resolved fluorescence decay measurement: Fluorescence lifetime measurements were 

conducted on Horiba Jobin Yvon Fluoro Log spectrofluorometer (HORIBA, Les Ulis, France) with 

the excitation wavelength at 308 nm. The concentration of 38h was fixed, while ct-DNA 

concentration varied from 0 µM to 300 µM. All decay values were analyzed by bi-exponential 

iterative fitting, the quality of which was assessed by χ2 values and residuals to obtain the mean 

fluorescence lifetime (τav). The fitting parameters are listed in Table-3.E. The average fluorescence 
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lifetime of 38h was acquired by the following relation: τavgA11A22 where τ1 and τ2 are decay 

times, and A1 and A2 are pre-exponential factors.  

Table-3.E Time-resolved fluorescence study of 38h 

 τ1 A1 τ2 A2 τav (ns) χ2 

Free 0.296 88.11 1.54 11.89 0.44 1.02 

50 µM 0.318 58.58 2.00 41.42 1.014 1.007 

100 µM 0.347 57.36 2.01 42.64 1.056 1.17 

150 µM 0.35 41.19 2.02 58.81 1.33 1.14 

200 µM 0.418 41.48 2.07 58.52 1.38 1.04 

250 µM 0.473 31.54 2.08 68.54 1.57 1.10 

300 µM 0.591 17.50 2.11 82.50 1.84 1.12 

 

Comparative binding study with known DNA binders 

Displacement assay was done as early reported by several well-known DNA intercalators and groove 

binders such as Ethidium Bromide (EB) and Hoechst 33258. In the first case i.e; EB displacement 

assay we have monitored the emission spectra of ct-DNA (50 µM) bound EB (5 µM) in the presence 

of changing amounts of 38h (0–60 µM) to assure the binding of 38h with ct-DNA. After exciting at 

471 nm the EB-bound ct-DNA molecule, the corresponding emission spectra were recorded in 

between the range 500-680 nm [For spectra; see the Figure 3.F (I)].  

The Hoechst 33258 displacement assay was monitored by excited the Hoechst bound ct-DNA 

complex at 343 nm, which contains 5 µM of Hoechst 33258 and 50 µM of ct-DNA. The 

fluorescence emission spectra were recorded between 350–650 nm by titrating with increasing 

concentrations of 38h (0–60 µM). In all the above experiments, the final volume of the reaction 

mixture was made to 3 ml by adding 10 mM Tris-HCl buffer [For spectra; see the Figure 3.F (J)]. 

Iodide quenching experiments 

Iodide quenching experiments were performed in the presence and absence of ct-DNA. Emission 

spectra were recorded either in the presence or absence of 50mM ct-DNA in a 3ml reaction mixture 

which included 20µM 38h, 10 mM Tris-HCl (pH 7.2), and varying concentrations of KI between 0–

10 mM. Excitation was done at 385 nm and emission spectra were recorded from 390-620 nm [For 

spectra; see the Figure 3.E (F)].  

DNA Melting Study 

DNA melting experiments were performed by monitoring the absorption of ct-DNA (4 μM) at 260 

nm in the absence and presence of 38h (1μM) at various temperatures by using a UV-Vis 
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spectrophotometer fitted with a temperature-controlled Peltier. The absorbance was then plotted and 

normalized as a function of temperature ranging from 30°C to 90°C. The DNA melting temperature 

(Tm) was determined as the transition midpoint [For spectra: see the Figure 3.E (H)]. 

 

Table-3.F DNA melting temperature (Tm) in presence and absence of ligand 

Ligand (0C) Tm of only DNA (°C) Tm of DNA with Ligand (°C) Difference(°C) 

38h 65.4 70.92 5.5 

 

3.6.5 Result of Cell viability assay: 

SiHa cervical cancer cell line, purchased in 2022 from NCCS Pune, India, was cultured in 

Dulbecco’s modified eagle’s medium (DMEM) supplemented with 100 U/ml penicillin, 10% FBS, 

100 mg/ml streptomycin, and 50mM glutamine. Cells were harvested using trypsin and seeded in a 

96-well cell culture plate for the MTT assay. All tests were accomplished in triplicate. The cell 

toxicity (%) was calculated using the following formula: Cell Toxicity (%)=100-[(OD of treated 

well/ OD of untreated well)×100]. The cell toxicity experiment was performed thrice and the average 

OD value of each concentration was used to calculate cell toxicity.  

Table-3.G Cell toxicity measurement by OD values 

Conc. Of 38h 100µM 10µM 1µM 0.1µM 0.01µM 0µM 

 

OD Value 

0.117 1.56 1.758 1.856 1.923 2.036 

0.104 1.279 1.798 1.945 1.977 2.009 

0.113 1.377 1.903 1.833 1.943 2.054 

Avg.OD Value 0.111333 1.405333 1.819667 1.878 1.947667 2.033 

Cell viability (%) 5.476308 69.12609 89.50648 92.3758 95.80259 100 

Cell toxicity 94.52369 30.87391 10.49352 7.624201 4.197409 0 
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1H-NMR of 37a 

 

13C-NMR of 37a 
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DEPT-90 NMR of 37a 

 

 

DEPT-135 NMR of 37a 
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1H-1H-COSY NMR 37a 

 

 

HMBC NMR of 37a 
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HSQC-NMR of 37a 

 

 

1H-NMR of 37b 
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13C-NMR of 37b 

 

1H-NMR of 37c 
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13C-NMR of 37c 

 

1H-NMR of 37d 
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13C-NMR of 37d 

 

1H-NMR of 37e 
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13C-NMR of 37e 

 

1H-NMR of 37f 
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13C-NMR of 37f 

 

1H-NMR of 37h 
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13C-NMR of 37h 

 

 

1H-NMR of 37k 
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13C-NMR of 37k 

 

1H-NMR of 38d 
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13C-NMR of 38d 

 

1H-NMR 38e 
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13C-NMR 38e 

 

1H-NMR of 38g 
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13C-NMR of 38g 

 

1H-NMR of 38h 
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13C-NMR 38h 

 

1H-NMR of 38i 
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13C-NMR of 38i 

 

1H-NMR of 38j 
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13C-NMR of 38j 
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