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 Conc.   : Concentrated 
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 DFT   : Density functional theory 
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 EDX   : Energy-dispersive X-ray 

 EGFR   : Epidermal growth factor receptor 
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 FT-IR   : Fourier transform infrared 
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 Fe(NO3)3  : Iron(III) nitrate 
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 HRMS   : High resolution mass spectrometry 

 HIV   :           Human immunodeficiency virus 
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 IR   : Infrared 

 J   : Coupling constant 

 KBr   : Potassium bromide 
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 MeOH   : Methanol 
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1.1. Introduction 

 Heterocyclic compounds are cyclic organic compounds which contain one or more 

hetero atoms (N, O, S etc.) in their ring system. These are building blocks for various 

pharmaceutical drugs such as captopril, metronidazole, isoniazid, azidothymidine, 

chlorpromazine, chloroquine, sitagliptin, diazepam, ozanimod and methotrexate. They 

have been found to be useful in wide range of applications like medicinal chemistry which 

exhibits anti-cancer, anti-inflammatory, anti-microbial, anti-tubercular, anti-viral, anti-

diabetic, anti-malarial activities, pharmaceuticals, agrochemicals and materials chemistry. 

Among these, spiro heterocyclic compounds are the unique class of heterocyclic 

compounds [1-5].  

 In 1900, Adolf von Baeyer first described the nomenclature of the spiran. Spiro 

compounds are the compounds in which the two rings are connected by a single atom [6]. 

In the past few decades, a plethora of efficient methods has been established for the 

construction of spiro heterocyclic compounds and novel methods are still emerging due to 

their unique structural features and biological applications [7,8] (Figure 1.1).  

 

 Figure 1.1. Various pharmacological activities of the heterocyclic/spiro 

 heterocyclic compounds. 



Chapter I  Introduction 

2 

 

 Several spiro heterocyclic compounds have been used as drugs and some are under 

clinical trials. For example, spironolactone, griseofulvin, fluspirilene, irbesartan and 

rifabutin are the spiro cyclic drugs used for the treatment of various diseases [9] (Figure 

1.2). 

 

 Figure 1.2. Some of the important pharmaceuticals containing heterocyclic and 

 spiro heterocyclic moieties. 
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 On the other hand, nitrogen containing heterocycles have been displayed a 

prominent role in designing a new class of structural entities for medicinal applications 

[10]. In particular pyrrole, pyrazole and triazoles are attracted frame works for the 

discovery and development of wide range of biologically active compounds for the 

treatment of various diseases [11,12]. 

1.2. Pyrroles 

 Pyrrole is a nitrogen containing simple heterocycle that can be found in a wide range 

of natural products and drug molecules [13]. Pyrrole unit has diverse applications in 

therapeutically active molecules including anti-fungal, anti-biotic, anti-inflammatory 

drugs, cholesterol reducing agents, anti-tumor agents [14-16]. Moreover, they are also 

precursors of polymers, indigoid dyes and of larger aromatic rings [17]. The 

marketed drugs having a pyrrole ring system are known to have many biological 

properties. For instance, tolmetin is a nonsteroidal anti-inflammatory drug consisting of 

pyrrole moiety marketed as tolectin [18]. Whereas, amtolmetin is a non-acidic prodrug of 

tolmetin, having nonsteroidal anti-inflammatory properties with additional analgesic, anti-

pyretic, and gastro protective properties [19]. The drug sudoterb is under phase-III clinical 

trials for the treatment of tuberculosis [20]. A natural marine alkaloid, polycitone A was 

isolated from the marine ascidian polycitor africanus [21], used for the treatment of cancer 

(Figure 1.3). 

 

Figure 1.3. Commercially available pharmaceuticals having pyrrole moiety. 
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1.2.1. Synthesis and biological activities of the pyrrole derivatives 

Dyson et al. synthesized the analogues of natural product oroidin and screened their 

biological activity against twelve cancer cell lines (Figure 1.4). Out of all the compounds 

seven compounds exhibit potent activity against colon cancer cell line HT29 [22].  

 

Figure 1.4 

Biava and co-workers design and synthesized 1,5-diaryl-2-methyl pyrrole derivatives as 

anti-tubercular agents (Figure 1.5). Among all the synthesized compounds the best active 

compound showed a good biological profile towards both mycobacterium tuberculosis 

(MTB) H37Rv and MTB rifampicin-resistant strains [23].  

 

Figure 1.5 

Romagnoli and co-workers reported the palladium mediated coupling approach for the 

synthesis of pyrrole moiety interposed between two aryl rings and evaluated for in vitro 

anti-proliferative activity (Figure 1.6). Further, cytotoxicity studies and in vivo activity 

were also evaluated for the potent molecules [24]. 

 

Figure 1.6 

Luo et al. demonstrated highly chemo and regioselective synthesis of multi-substituted 

pyrroles via AgOTf catalyzed [4+1] cascade reaction of enaminones with donor/acceptor 

or donor/donor carbenes (Scheme 1.1). This protocol was used for the formal synthesis of 

natural product lamellarin L [25].  
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Scheme 1.1 

Dou et al. described the titanium catalyzed highly regioselective synthesis of 

polysubstituted pyrroles through three component reaction of 1,3-diketones, aldehydes and 

amines (Scheme 1.2). High regioselectivity, shorter reaction times, high yields and 

commercially available starting materials were the main feature of this methodology [26]. 

 

Scheme 1.2 

Hong et al. developed an efficient approach for the construction of polysubstituted pyrroles 

via a copper catalyzed three component reaction of α-diazoketones, nitroalkenes and 

amines under aerobic conditions (Scheme 1.3). This cascade approach involves an N-H 

insertion of carbene, oxidative dehydrogenation of amine and [3+2] cycloaddition of 

azomethine ylide [27].   

 

Scheme 1.3 

1.3. Pyrazoles 

 Pyrazole is a five membered heterocycle composed of three carbon atoms and two 

nitrogen atoms present at adjacent position. Pyrazole scaffolds are attractive and having a 

wide range of applications in various fields like medicinal chemistry, pharmaceuticals, 

agrochemicals, catalysis, pesticides and materials chemistry [28-31]. Various pyrazole 

containing heterocyclic compounds are also gain significant attention because of their 

utility as synthetic reagents in multicomponent reactions, chiral auxiliaries, 

semiconductors, liquid crystals, organic light emitting diodes and brightening agents 

[32,33]. Pyrazoles exhibit various biological activities such as anti-bacterial, anti-viral, 

anti-cancer, anti-inflammatory, anti-convulsant, anti-tuberculosis, anti-parasitic, anti-

neoplastic [34,35] etc. Several pyrazole linked heterocyclic derivatives have been found as 



Chapter I  Introduction 

6 

 

drugs for the treatment of various diseases. For example, bixafen is a pyrazole based 

insecticide which is used as fungicide on cereals [36]. Fezolamine is a drug which was 

investigated by Sterling Drug as an anti-depressant [37]. Whereas, sedaxane is a pyrazole 

amide chemical moiety used as fungicide in the European union [38]. Crizotinib used for 

the treatment of cancer [39], which was sold under the brand name xalkori and the 

compound lonazolac is a pyrazole carboxylic acid based nonsteroidal anti-inflammatory 

drug used for the treatment of painful inflammatory rheumatic diseases of the joints and 

spine [40] (Figure 1.7). 

 

Figure 1.7. Commercially available pyrazole based pharmaceuticals. 

1.3.1. Synthesis and biological activities of the pyrazole derivatives 

Ramesh et al. repurposed the rimonabant scaffold towards the development of potent anti-

tubercular agents (Figure 1.8). The in vitro anti-tubercular activity was evaluated against 

Mtb H37Rv using alamar blue assay method. In addition, cytotoxicity studies and ADME 

prediction were also performed to the most active compounds [41]. 

 

Figure 1.8 
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Kalaria and co-workers presented L-proline promoted regioselective synthesis of 

pyrazole based trifluoromethyl fused thiazolopyran scaffolds (Figure 1.9). All the 

synthesized compounds were tested for in vitro anti-bacterial activity against gram positive 

bacteria B. subtilis, C. tetani and in vitro anti-tubercular activity against mycobacterium 

tuberculosis H37Rv. Majority of the synthesized compounds showed potent inhibitory 

against bacterial strains and exhibited good anti-tuberculosis activities [42]. 

 

Figure 1.9 

Kumar et al. disclosed chromenylpyrazolecarboxylates as novel anti-cancer agents. The 

title compounds were synthesized by [3+2] cycloaddition of chromenophenylhydrazones 

with diethyl acetylenedicarboxylates (Figure 1.10). All the synthesized compounds were 

screened for in vitro anti-cancer activity against three human cancer cell lines such as 

prostate (DU-145), lung adenocarcinoma (A549), and cervical (HeLa) by standard MTT 

assay method [43]. 

 

Figure 1.10 

Panda and co-workers developed an iron catalyzed one-pot regioselective synthesis of 

1,3-disubstituted pyrazoles from diarylhydrazones and vicinal diols (Scheme 1.4). Various 

electron donating and electron withdrawing substituents on aromatic ring were well 

tolerated in this reaction [44].  

 

Scheme 1.4 
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Zhang and co-workers employed a simple and straight forward one-pot reaction of vinyl 

azides, aldehydes and tosylhydrazine for the construction of polysubstituted pyrazoles 

(Scheme 1.5). The reaction proceeded regioselectively in the presence of base and afforded 

a wide range of substituted pyrazoles in moderate to excellent yields [45].  

 

Scheme 1.5 

Senadi et al. described the I2-TBHP catalyzed oxidative cross-coupling reaction of N-

sulfonyl hydrazones with isocyanides for the generation of 5-aminopyrazoles via [4+1] 

annulation (Scheme 1.6). Metal free strategy, atom economy, shorter reaction times, broad 

functional group tolerance and good reaction yields were the main features of this protocol 

[46].  

 

Scheme 1.6 

1.4. Triazoles 

 Triazoles constitute a prominent role in chemical community because of their 

various applications in pharmaceuticals, agrochemicals and materials sciences [47-49]. In 

particular, 1,2,3-triazoles show a broad spectrum of biological activities such as anti-

cancer, anti-tubercular, analgesic, anti-viral, anti-fungal, anti-bacterial, anti-inflammatory 

etc [50-52]. Currently, several 1,2,3-triazole based heterocyclic compounds are used as 

drugs and some of the compounds are under clinical trials for the treatment of various 

diseases. For instance, mubritinib is a protein kinase inhibitor and commercially available 

as TAK-165 used for the treatment of cancer [53]. I-A09 is a triazole linked noncompetitive 

mycobacterial protein tyrosine phosphatases A and B (mPTPB) inhibitor, which is under 

clinical trials for the treatment of tuberculosis [54]. Whereas, the compound 4-carboxy-5-

(1-pentyl) hexylsulfanyl-1,2,3-triazole (DB04374) is under clinical trials as anti-bacterial 

drug [55] (Figure 1.11). 
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Figure 1.11. Some of the biologically active triazole derivatives. 

1.4.1. Synthesis and biological activities of the triazoles 

Chui and co-workers design and synthesized triazole linked 1,3,5-triazanes as selective 

mycobacterium tuberculosis dihydrofolate reductase (DHFR) inhibitors (Figure 1.12). All 

the synthesized compounds showed good anti-tubercular activity on M. tuberculosis 

H37Rv, in addition the potent compounds exhibited low cytotoxicity and hemolytic activity 

[56]. 

 

Figure 1.12 

Hou et al. established a concise and efficient approach to generate 1,2,3-triazole-tethered 

dehydroabietic acids (Figure 1.13). Further, in vitro anti-proliferative activity was 

evaluated on four different human cancer cell lines, including ovary (SKOV-3), prostate 

(PC-3) and breast (MDA-MB-231 and MCF-7). The results showed that most of the 

synthesized compounds exhibited potent anti-proliferative activities [57]. 
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Figure 1.13 

Stevaert et al. described the discovery of 1,2,3-triazolo-fused betulonic acid derivatives as 

a class of human coronavirus (HCoV) nsp15 inhibitors (Figure 1.14). The structure activity 

relationship analysis, resistance data and molecular docking studies provided a strong 

evidence that the synthesized compounds showed good anti-viral activity [58]. 

 

Figure 1.14 

Shu and co-workers reported a molecular iodine promoted [4+1] cyclization reaction for 

the generation of 4-aryl-NH-1,2,3-triazoles from N-tosylhydrazones and sodium azide 

(Scheme 1.7). In this protocol various 1,2,3-triazoles were produced under metal free 

approach through sequential C‒N and N‒N bond formation in a single step [59].  

 

Scheme 1.7 

Qiu et al. disclosed the potassium tert-butoxide promoted intermolecular cycloaddition of 

N-tosylhydrazones with nitriles for the construction of 4,5-diaryl-2H-1,2,3-triazoles 

(Scheme 1.8). In this transformation, a variety of triazoles were prepared in good yields 

under azide and transition metal free approach [60]. 

 

Scheme 1.8 
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Chen et al. described a new general approach for the preparation of polysubstituted 

triazoles from anilines and N-tosylhydrazones through copper mediated reaction (Scheme 

1.9). Low cost of reagents, broad substrate scope and convenient operating conditions were 

the main features of this protocol [61]. 

 

Scheme 1.9 

1.5. Spirooxindoles 

 Spirocyclic scaffolds are playing an important role in the drug discovery and 

medicinal chemistry because of their privileged biological properties [62]. The three 

dimensional structure of spirocyclic moiety allows more easily binding interactions with 

three dimensional binding sites of various biological targets when compared to the planar 

(hetero) aromatic systems as ligands [63]. Subsequently, a large number of spirocyclic 

scaffolds are frequently exist in natural biologically active products [64]. Among them, 

spirooxindolo-pyrrolidine hybrid frameworks (oxindoles attached with pyrrolidines via a 

spiro carbon) are present in several alkaloids and pharmacologically active compounds 

[65,66]. These derivatives have been reported their wide range of biological activities such 

as anti-cancer, anti-tuberculosis, anti-microbial, anti-malarial, anti-HIV, anti-

inflammatory, analgesic, local anesthetic and AChE inhibitors [67-69]. These are also used 

as pharmacophores for the treatment of various diseases. For example, some of the natural 

products such as spirotryprostatin B (anti-cancer) [70], strychnofoline (anti-cancer) [71], 

elacomine (anti-analgesic) [72], uncarine F (anti-cancer) [73], speciophylline (anti-

neoplastic) [74], cipargamin (anti-malarial) [75] were reported their promising activities 

and synthetic molecules MI-888 and MI-219 are under clinical studies for the treatment of 

cancer [76]. Some of the biologically active spirooxindoles were shown in Figure 1.15.  
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Figure 1.15. Some of the biologically active spirooxindoles. 

1.5.1. Reported methods for the synthesis and biological activities of spirooxindoles 

Rodriguez et al. reported a combined scaffold directed synthesis for the generation of bis-

spirooxindolo-cyclopropanes (Figure 1.16). The synthesized compounds were evaluated 

for cancer cell proliferation through disruption of ribosomal function and the findings 

reported that they have showed good anti-cancer activity [77]. 

 

Figure 1.16 
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Li and co-workers design and synthesized (3-aryl-1H-indazolyl)spirocyclopropane-

indolinones as potent PLK4 inhibitors with oral anti-cancer efficacy (Figure 1.17). 

Subsequently, in vivo anti-cancer activity of the highly active compounds were evaluated 

on mouse xenograft studies using the MDA-MB-468 human breast cancer cell line [78].  

 

Figure 1.17 

Ding et al. described the structure based strategy for the synthesis of non-peptide small 

molecule spirooxindolo-pyrrolidines as anti-cancer agents (Figure 1.18). The synthesized 

compounds act as MDM2 inhibitors to target the p53-MDM2 interaction for the treatment 

of cancer [79]. 

 

Figure 1.18 

Arumugam et al. accomplished a facile and one-pot synthesis of novel spiropyrrolidines 

with β-lactum substituent through 1,3-dipolar cycloaddition (Figure 1.19). Further, the 

synthesized compounds were evaluated for anti-microbial activity against four human 

bacterial pathogens and found to exhibit good anti-microbial activity at lower concentration 

[80].  
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Figure 1.19 

Osman and co-workers discovered the novel piperidine grafted spirooxindolo-

pyrrolizines as potent cholinesterase inhibitors (Figure 1.20). In addition, molecular 

modeling stimulation for the binding interaction of the most active compounds were 

evaluated and found that the docking results were in well agreement with their 

cholinesterase assay [81].  

 

Figure 1.20 

Perumal and co-workers synthesized dispirooxindolo-pyrrolidine derivatives through 

1,3-dipolar cycloaddition reaction (Figure 1.21). Further, the synthesized compounds were 

evaluated for anti-microbial activity against both gram positive and gram negative bacteria 

and also anti-cancer activity against A549 human lung adenocarcinoma cancer cell lines 

[82].  

 

Figure 1.21 
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Lin et al. developed a diversity oriented one-pot multicomponent synthesis of 

pyrrolizidinyl-dispirooxindoles via multicomponent [3+2] cycloaddition reaction (Figure 

1.22). Further, all the synthesized compounds were evaluated their anti-cancer activity on 

human cancer cell lines and the potent molecules were also screened for cytotoxicity on 

normal cell lines [83].   

 

Figure 1.22 

Lu and co-workers employed an asymmetric cyclopropanation of oxindoles for the 

generation of highly diastereo divergent spirocyclopropyloxindoles (Scheme 1.10). In this 

reaction oxindoles were utilized as C1 synthons and bromonitroolefins as C2 synthons [84]. 

 

Scheme 1.10 

Zhou and co-workers reported a deoxygenative [4+1] annulation for the efficient 

synthesis of tri-substituted spirooxadiazoles using N-acyldiazenes and isatins (Scheme 

1.11). Mild reaction conditions, commercially available starting materials and broad 

substrate scope were the main features of this protocol [85].   

 

Scheme 1.11 

Gong and co-workers established an efficient protocol for the construction of biologically 

prominent spiro-pyrrolidin-oxindole scaffolds with contiguous quaternary stereogenic 
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centers using an organocatalytic [3+2] cycloaddition of isatin based azomethine ylide 

(Scheme 1.12). Further, preliminary cytotoxicity assay was evaluated for the synthesized 

compounds and showed moderate cytotoxicity to SW116 cells [86]. 

 

  Scheme 1.12 

Singh and co-workers synthesized a series of benzimidazo[2,1-b]thiazolidinone based 

dispirooxindolo-pyrrolidines via 1,3-dipolar cycloaddition reaction under an efficient and 

eco-friendly reaction parameters (Scheme 1.13). Shorter reaction times, high yields and 

utilization of trifluoroethanol (TFE) as an efficient reaction medium were the main features 

of this protocol [87]. 

 

  Scheme 1.13 

1.6. Quinolines 

 Quinoline is one of the prominent moiety for the construction of large number of 

heterocyclic scaffolds. They play a vital role in medicinal chemistry due to their wide 

occurrence in natural products and broad spectrum of biological activities [88]. The 

incorporation of quinoline or its derivatives with other compounds could increase their 

biological activity or create new medicinal properties like anti-tumor activity, anti-

tubercular activity, cytotoxic toward the leukemia P388 cells [89,90] etc. Camptothecin is 

a quinoline having natural product, which is used as traditional Chinese medicine for the 

treatment of cancer [91]. Topotecan is a quinoline containing synthetic drug sold under 

brand name hycamtin for the treatment of cancer [92]. The drug TMC207 is under clinical 

trials for the treatment of tuberculosis [93]. Whereas, the drug mefloquine sold under brand 

name lariam, is a medication used to prevent malaria [94] (Figure 1.23).  
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Figure 1.23. Some of the biologically active quinoline scaffolds. 

Khunt and co-workers synthesized substituted 2-chloroquinoline derivatives as anti-

tubercular agents against mycobacterium tuberculosis H37Rv (Figure 1.24). Further, 

comparative molecular field analysis (CoMFA) and comparative molecular similarity 

indices analysis (CoMSIA) were performed on potent compounds [95]. 

 

Figure 1.24 

Kumar et al. disclosed a novel series of substituted quinolines as anti-cancer agents and 

selective EGFR blocker (Figure 1.25). All the synthesized compounds were evaluated for 

anti-cancer activity against MCF-7 (human breast), HepG2 (human liver), HCT116 (human 

colorectal) and PC-3 (human prostate) cancer cell lines with MTT assay. In addition, 

molecular docking studies and ADME prediction were also evaluated for the active 

compounds [96].  
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Figure 1.25 

1.7. Quinazolinones 

 Quinazolinone is the medicinally important nitrogen containing fused heterocycle, 

displaying diverse biological activities including anti-cancer, anti-microbial, anti-

convulsant, anti-bacterial, anti-malarial, anti-inflammatory, anti-hypertensive, anti-

diabetic, anti-tubercular, kinase inhibitory activities [97-100]. There are many synthetic 

and natural product-based drugs, having quinazolinone moiety, which are used clinically 

for treatment of various diseases. For instant, quinethazone is a quinazolinone having 

synthetic drug, used for the treatment of hypertension [101]. Febrifugine is a quinazolinone 

based alkaloid isolated from the dichroa febrifuga, which is used as anti-malarial drug 

[102]. Whereas, metolazone is a thiazide linked quinazolinone drug marketed under the 

brand name zytanix, used to treat congestive heart failure (anti-cardiovascular) [103]. Some 

of the biologically active quinazolinone based drugs were shown in Figure 1.26. 

 

Figure 1.26. some of the commercially available quinazolinone drugs. 

Lu et al. design and synthesized substituted quinazolinone benzoates as novel anti-

tubercular agents targeting acetohydroxyacid synthase (Figure 1.27). The anti-tubercular 

activity has evaluated in vitro against standard MTB strain H37Rv and the results indicated 

that most of the compounds displayed potent activity [104]. 
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Figure 1.27 

Dohle et al. described quinazolinone based sulfamates as potent anti-cancer agents (Figure 

1.28). In this study, in vitro anti-cancer activity was evaluated against human breast and 

prostate tumor cell lines and also the potent molecules were screened in vivo against 

myeloma xenograft model for oral availability [105].  

 

Figure 1.28 

 From the afore mentioned literature reports and biological significance of 

spirooxindoles, quinoline and quinazolinone moieties prompted us to synthesize new 

chemical entities bearing these moieties in a single frame through efficient methodologies 

in this thesis.  

1.8. Multicomponent reactions (MCRs) 

 Multicomponent reactions (MCRs) are convergent reactions in which three or more 

readily available or commercially available starting materials react to form a final product 

through the construction of several covalent bonds without isolating any intermediates 

[106,107]. Depending on their reactivity and reaction parameters, MCRs are classified into 

three types. The domino-type MCRs involve all the reactants from the beginning of the 

reaction process. The sequential MCRs are the subsequent addition of reactants in a well-

defined order without altering the reaction parameters. The consecutive MCRs are similar 

to the sequential MCRs but the reaction parameters are changing from step to step [108]. 

MCRs show synthetic advantages over conventional methods in regard to simplicity, 

selectivity, efficiency, convergence and atom economy [109]. MCRs have been recognized 

by the synthetic community in industry and academia as a preferred method to design and 

synthesize biologically active compounds due to their rapid and easy access to 

pharmacological relevant compounds, as well as their scaffold diversity [110].  In the year 
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1838, Gerhard and Laurent established the first multicomponent reaction for the generation 

of cyanohydrin imines. Later, a number of multicomponent reactions were developed such 

as Strecker synthesis, Hantzsch reaction, Biginelli reaction, Mannich reaction, Passerini 

reaction, Ugi reaction etc [111]. 

1.9. Ultrasound irradiation 

 Over the past few decades, ultrasound irradiation has been extensively used in 

organic synthesis [112]. It is a relatively new approach for the interaction of matter with 

energy which promotes chemical and physical changes. The primary mechanism of 

ultrasonic irradiation is cavitational collapse, in which ultrasonic irradiation produces a 

large number of cavitation bubbles that grow rapidly and undergoes collapses, that can 

generate high cavitational energy, heat transfer between reactants and significant mixing 

effect in reaction leads to accelerate the reactions [113]. Under ultrasonic irradiation, 

organic transformations occur in high yield, short reaction times, convenient and easily 

controlled reaction conditions compared to conventional methods [114]. Based on energy 

conservation and minimal waste generation in the reaction, ultrasound technique is 

extensively considered as a green chemistry approach [115]. 

 Ultrasonication reactions in this thesis were performed on PCi-Analytics-

6.5L200H1DTC ultrasonic cleaner whose frequency is 25 kHz, input voltage range of 170–

270 VAC at 50 Hz and output power is 250 W (Mumbai, India). 

1.10. Molecular docking studies 

 The major application of the molecular docking studies is to design the compounds 

in silico and target against proteins (macromolecules), the binding modes of these 

compounds (ligands) with the active site of a target protein. Thus the compounds which are 

strongly bound to a protein were treated as lead molecules. In in vitro experiments, drugs 

are discovered by a chance in a trial-and-error method by using high-throughput screening 

of a large number of compounds against a given target. This process is time consuming and 

highly expensive. Whereas, if the 3D structure of the compound is known, then the 

molecular docking is a useful tool in the identification of drug candidates by virtual 

screening of compound database. The energetically more favorable ligand conformation is 

suitable for the docking [116]. In general, low energy scores represent better protein-ligand 

bindings. The molecular docking studies in the thesis work were carried out by using 

AutoDock Tools (ADT) version 1.5.6 and AutoDock version 4.2.5.1 docking program and 

the visualization of the final compounds were carried out on discovery tools software [117].  
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 AutoDock is a suite of free open–source software (http://autodock.scripps.edu) for 

the computational docking and virtual screening of designed molecules to macromolecular 

receptors and has been widely used in research and drug discovery [118]. AutoDock is a 

computational docking program based on an empirical free energy force field and rapid 

Lamarckian genetic algorithm search method. AutoDock Tools is an interactive graphical 

tool for coordinate preparation, docking and analysis [119].  

1.11. Mycobacterium tuberculosis protein 

 Dihydrofolate reductase (DHFR) enzyme catalyzes the NADPH-dependent 

reduction of dihydrofolate to tetrahydrofolate and is essential for the synthesis of 

thymidylate, purines and several amino acids. The enzyme has been studied extensively as 

a drug target for mycobacterial, protozoal and fungal infections. In this thesis, we have used 

docking approaches to study the binding orientations and predict binding affinities of target 

compounds by using co-crystallized mycobacterium tuberculosis DHFR protein PDB code: 

1DF7 and enoyl reductase proteins PDB code: 1P44 and 4TZK [120]. 

1.12. ADME prediction 

 At each stage of drug candidate screening, evaluation of absorption, distribution, 

metabolism and excretion (ADME) properties are necessary and responsible approach in 

drug discovery and design, which aided to lower the risk of compounds failing in clinical 

trials [121]. The main role of in silico ADME modelling is to predict the in vivo affinity 

behavior of the drug candidates in the human body [122].  

 In order to evaluate the drug like properties of the synthesized compounds in the 

thesis, we have used online ADME servers ADMETlab 2.0 and pkCSM to estimate in silico 

ADME properties (https://admetmesh.scbdd.com/service/evaluation/cal) [123,124]. 

1.13. General information 

 All the starting materials for the synthesis of final compounds in this thesis were 

purchased from Merck/Spectrochem. All melting points were checked by using Stuart 

SMP30 melting point apparatus (Bibby Scientific Ltd. United Kingdom) and were 

uncorrected. The reaction progress was checked with TLC plates (E. Merck, Mumbai, 

India). IR spectra were recorded on KBr disc by using Perkin-Elmer 100S 

spectrophotometer (Perkin-Elmer Ltd. United Kingdom) from 4000-400 cm–1. 1H and 13C 

NMR spectra were recorded on Avance-III Bruker-400 and -500 MHz spectrometers 

(Bruker Corporation Ltd., Germany) using CDCl3, DMSO-d6 as solvents and TMS as an 

https://admetmesh.scbdd.com/service/evaluation/cal
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internal standard and chemical shifts were expressed as ppm. HRMS and ESI-MS/MS 

spectra were recorded on Agilent Q-TOF 6230 spectrometer. Powder X-ray Diffraction 

patterns of the synthesized materials were recorded on a Ni filtered Cu-Kα (λ = 1.5406 Å) 

PAN analytical advanced X-ray diffractometer in the scan range 2θ between 6° and 90°. 

Morphological characteristics and existence of elements were investigated on a Field-

emission scanning electron microscopy (FE-SEM, FEI-Apreo LoVac) combined with an 

energy dispersive X-ray spectrometry (EDX), model VEGA 3 TESCAN, USA. The SXRD 

data of the synthesized compounds were collected and solved by using Bruker Kappa Apex 

II CCD diffractometer and ShelXT software. 
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2A.1. Introduction 

 Nowadays, the development of innovative sustainable approaches is of great 

interest towards the environmental and scientific communities [1]. To attain these, solvent 

free protocols without using harmful organic solvents gaining significance in the 

development of green chemistry [2]. In particular, solvent free grinding technique is a 

powerful green synthetic route compared to traditional methods [3]. The reactions are not 

only interesting from economical point of view, but they also provide significant benefits 

in terms of yield [4], selectivity [5], easy handling with high atom efficiency [6].  

 On the other hand, iron catalyzed reactions have acquired significant attention in 

recent years due to its numerous advantages such as low cost, limited toxicity and natural 

abundance [7]. A large variety of iron based heterogeneous catalysts are developing for the 

increasing demand for green and sustainable chemistry [8]. Iron based heterogeneous acid 

catalysts have been focused in the organic synthesis in view of their excellent catalytic 

performance, including ease of separation, recyclability and reusability [9-11]. A variety of 

heterogeneous catalysts have been efficiently employed in various multicomponent 

reactions [12,13]. In this regard, Fe(OTs)3/SiO2 is considered as one of the most important 

acid catalysts and has been utilized as an effective catalyst in organic transformations due 

to their high strength of acidity, non-toxicity, high activity at low temperatures and 

reusability [14]. 

 Most of the natural and synthetic drugs, agrochemicals and other biologically 

prominent molecules are heterocyclic compounds, predominantly nitrogen heterocycles 

[15]. In particular, pyrrole is one of the simplest nitrogen heterocycle found in various 

biologically active compounds [16]. A large number of pyrrole derivatives aided as 

potential drugs for many diseases [17]. They are known to comprise with noteworthy 

biological activities including anti-cancer [18], anti-HIV [19], anti-bacterial [20], anti-

oxidant [21] etc.  

 Several pyrrole containing drugs are available in the market for the treatment of 

various diseases and some are under clinical trials [22]. For example, sunitinib is a multi 

targeted receptor tyrosine kinase (RTK) inhibitor used for the treatment of cancer [23]. 

Atorvastatin is a stain medication used to prevent cardiovascular disease (anti-

inflammatory) [24]. Whereas, elopiprazole is an anti-psychotic drug [25]. Zomepirac is an 

orally effective anti-inflammatory drug [26]. The drug prodigiosin exhibits wide range of 

biological applications, including anti-malarial, anti-fungal, anti-biotic and anti-cancer [27] 
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and the drug BM 212 is under final stage clinical trials for the treatment of tuberculosis 

[28] (Figure 2A.1).  

 

Figure 2A.1. Biologically important drugs containing pyrrole ring moiety. 

 Pyrroles also play a vital key role as various building blocks in organic synthesis 

and in material science [29]. Because of their diverse applications, various methodologies 

have been proposed to construct the pyrrole moieties [30].  

2A.1.1. Reported methods for the preparation of pyrroles 

Wang and co-workers described one pot multicomponent synthesis of polysubstituted 

pyrroles from amines, alkyne esters and chalcones under solvent free ball milling 

conditions (Scheme 2A.1). This protocol features mild reaction conditions, high efficiency 

and feasibility for large scale synthesis [31].  

 

Scheme 2A.1 

Paciorek et al. employed a vanadium catalyzed straightforward synthesis of fully 

substituted pyrroles through one pot reaction of 3-oxoanilides with benzoylhydrazines 

(Scheme 2A.2). An efficient and ecofriendly method is provided by this protocol under 

mild reaction conditions in the presence of air [32]. 
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Scheme 2A.2 

Gui et al. reported ultrasound assisted multicomponent tandem synthesis of tetra-

substituted pyrroles from readily available alkenes, TMSCN and N,N-disubstituted 

formamides under metal- and solvent-free conditions (Scheme 2A.3). In this reaction 

molecular iodine plays dual role as catalyst and oxidant [33]. 

 

Scheme 2A.3 

Ma and co-workers introduced double decarboxylative transannulation reaction for the 

synthesis of highly functionalized pyrroles using potassium acetate as a catalyst (Scheme 

2A.4). This transformation represents a novel approach to skeletal remodeling by utilizing 

the CO2 moiety as traceless activating and directing groups for the divergent synthesis of 

pyrrole pharmacophore atorvastatin [34].  

 

Scheme 2A.4 

Zuben et al. developed a visible light driven metal-free synthesis for the generation of 

highly substituted pyrroles through C‒H functionalization (Scheme 2A.5). The reaction 

utilizes readily available benzophenone as an accessible photocatalyst under solvent free 

conditions [35].  
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Scheme 2A.5 

Zhang et al. demonstrated an efficient synthesis of 2,3,4-trisubstituted pyrroles through 

base catalyzed [3+2] cyclization between isocyanides and 4-(arylidene)-2-substituted 

oxazol-5(4H)-ones (Scheme 2A.6). This reaction occurs at room temperature without 

requiring any metal catalysts [36].  

 

Scheme 2A.6 

Chen et al. reported an efficient and ecofriendly synthesis of substituted 1H-pyrrole-

carbonitriles using commercially available HZSM-5 and Pd/C as recyclable heterogeneous 

catalysts (Scheme 2A.7).  The conspicuous feature of this method is to successful synthesis 

of pyrrole pharmacophore vonoprazan [37]. 

 

Scheme 2A.7 

Algul and co-workers described a one-pot four component reaction of commercially 

available primary amines, 1,3-dicarbonyl compounds, benzaldehyde and nitromethane for 

the production of highly substituted pyrroles (Scheme 2A.8). In this transformation lactic 

acid was used as a bio-based green solvent and catalyst [38]. 

 

Scheme 2A.8 
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Zheng et al. demonstrated a novel Pd(II)-catalyzed oxidative arylative cyclization of N-

homoallylic amines with arylboronic acids for the construction of polysubstituted pyrroles 

(Scheme 2A.9). This transformation proceeded through C‒C and C‒N bonds formation by 

aza-Wacker cyclization reaction [39].  

 

Scheme 2A.9 

2A.2. Present work 

 In light of above mentioned literature and considering the importance of pyrrole 

moiety, we have developed a novel method using Fe(OTs)3/SiO2 as a reusable catalyst 

under one pot solvent free grinding conditions for the generation of poly substituted 

pyrroles. 

2A.2.1. Synthesis of quinazolinyl chalcone 1 

 The reaction of indolo[2,1-b]quinazoline-6,12-dione A (1.0 mmol) with 

acetophenone B (1.0 mmol) in methanol (3 mL) and 10% aq. NaOH at room temperature 

affords 6-hydroxy-6-(2-oxo-2-phenylethyl)indolo[2,1-b]quinazolin-12(6H)-one (1’) 

(Scheme 2A.10). The obtained intermediate 1’ was treated with 20 mol% BF3.Et2O in 

acetic acid at 60 °C gives the chalcone 1 in 88% yield (Scheme 2A.10) [40]. 

 

Scheme 2A.10 

2A.2.2. Synthesis of heterogeneous catalyst Fe(OTs)3/SiO2 

 The catalyst Fe(OTs)3/SiO2 was synthesized from the reaction of Fe(OTs)3 with 

silica gel in ethanol at 100 °C and confirmed by comparing with Energy-dispersive X-ray 

spectrum (EDX) (Figure 2A.3) and powder X-ray diffraction pattern (PXRD) (Figure 2A.4) 

of the literature report [14]. EDX spectrum of the catalyst showed the presence of the peaks 

for Fe, S, Si and O elements which confirms the formation Fe(OTs)3/SiO2. 
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 The target compounds 4a-s were synthesized by taking quinazolinyl chalcones 1a-

j, 1,3-dicarbonyl compounds 2a-b and ammonium acetate 3 in the presence of 

Fe(OTs)3/SiO2 as a catalyst under solvent free grinding conditions (Scheme 2A.11). All the 

synthesized compounds were tested for the in vitro anti-tubercular activity, in silico 

molecular docking and ADME prediction.  

 

Scheme 2A.11. Synthesis of highly substituted pyrroles 4a-s. 

2A.2.3. Results and discussion 

 An ecofriendly green protocol was developed for the synthesis of novel 4-pyrrolo-

12-oxoquinazolines 4a-s with high yields and in lesser reaction times in the presence of 

heterogeneous catalyst Fe(OTs)3/SiO2 under solvent free grinding conditions. The chalcone 

6-(2-oxo-2-phenylethylidene)indolo[2,1-b]quinazolin-12(6H)-one 1a, 1,3-dicarbonyl 

compound 2a and ammonium acetate (NH4OAc) 3 were taken as trial reactants to 

investigate the parameters of reaction for the synthesis of the target compounds 4a-s. The 

screened reaction conditions were presented in Table 2A.1.  

 Initially a pilot experiment was carried out in refluxing methanol without using any 

catalyst for 8 h and rendered the target compound 4a with 48% yield (Table 2A.1, entry 1). 

Further, the same reaction was performed in different solvents such as ethanol, acetonitrile 

and 1,4-dioxane under reflux conditions resulting the target compound 4a with moderate 

yields (Table 2A.1, entries 2-4). In order to improve the yields and reaction times, various 

Lewis acid catalysts including SnCl2.H2O, FeCl3, Fe(OTs)3, SiO2 and Fe(OTs)3/SiO2 were 

employed (Table 2A.1, entries 5-22). When SnCl2.H2O and FeCl3 were used as catalysts, 

moderate yields were obtained (Table 2A.1, entries 5, 6). Then an attempt was made by 

taking 20 mol% and 100 mg of Fe(OTs)3 as a catalyst leading to the desired product 4a 

with the yield 70% in both the cases (Table 2A.1, entries 7, 8). Since the yields were still 

not satisfactory, the reaction was screened in the presence of heterogeneous Fe(OTs)3/SiO2 

catalyst with 100 mg at different temperatures (Reflux and RT) under the conventional 

method (Table 2A.1, entries 9, 10). It was noticed that the catalyst Fe(OTs)3/SiO2 yielded 
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4a with 78% under reflux where as 75% at RT. The reaction was also executed separately 

with SiO2 to evaluate the role of Fe(OTs)3 but obtained a moderate yield (Table 2A.1, entry 

11).  

 As a general practice in our laboratory towards green methodologies, the same 

reaction was carried out by using environmentally benign grinding method using mortar 

and pestle under solvent free condition with Fe(OTs)3/SiO2 catalyst. Gratifyingly, the target 

compound 4a was achieved with 95% yield in 10 min (Table 2A.1, entry 12). Again this 

solvent free grinding methodology was tested in order to check the yields with Fe(OTs)3 

and SiO2 separately which leads inferior results (Table 2A.1, entries 13, 14). Subsequently, 

the potential effect of the catalyst loading in the reaction was evaluated. However, it was 

observed that no improvement in the yield of 4a at higher the amount of catalyst loading 

(Table 2A.1, entry 15), moreover, a slight decrease in the yield was occurred with lower 

amount of catalyst even after 20 min (Table 2A.1, entry 16). On the other hand, the reaction 

was carried out by just mixing the contents at RT for 75 min without grinding leading to 

75% of 4a (Table 2A.1, entry 17) which shows the significance of grinding. 

Table 2A.1. Optimization of the reaction conditionsa 

 

Entry Catalyst Solvent Method Time Yield (%)b 

1 None Methanol Reflux 8 h 48 

2 None Ethanol Reflux 8 h 54 

3 None Acetonitrile Reflux 12 h 45 

4 None 1,4-Dioxane Reflux 12 h 40 

5 SnCl2.H2O  

(20 mol%)  

Ethanol Reflux 8 h 58 

6 FeCl3 (20 mol%) Ethanol Reflux 6 h 60 

7 Fe(OTs)3  

(20 mol%) 

Ethanol Reflux 6 h 70 

8 Fe(OTs)3 (100 mg) Ethanol Reflux 6 h 70 

9 Fe(OTs)3/SiO2 

(100 mg) 

Ethanol Reflux 4 h 78 
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10 Fe(OTs)3/SiO2 

(100 mg) 

Ethanol RT 3 h 75 

11 SiO2 (100 mg) Ethanol Reflux 8 h 68 

12 Fe(OTs)3/SiO2 

(100 mg) 

Solvent free Grinding 10 min 95 

13 Fe(OTs)3 (100 mg) Solvent free Grinding 40 min 70 

14 SiO2 (100 mg) Solvent free Grinding 60 min 70 

15 Fe(OTs)3/SiO2 

(150 mg) 

Solvent free Grinding 10 min 95 

16 Fe(OTs)3/SiO2 

(50 mg) 

Solvent free Grinding 20 min 85 

17 Fe(OTs)3/SiO2 

(100 mg) 

Solvent free RT (physical 

mixture) 

75 min 75 

18 Fe(OTs)3/SiO2 

(100 mg) 

Ethanol Grinding 10 min 95 

19 Fe(OTs)3/SiO2 

(100 mg) 

Water Grinding 10 min 93 

20 Fe(OTs)3/SiO2 

(100 mg) 

Methanol Grinding 15 min 90 

21 Fe(OTs)3/SiO2 

(100 mg) 

Acetonitrile Grinding 15 min 86 

22 Fe(OTs)3/SiO2 

(100 mg) 

1,4-Dioxane Grinding 20 min 81 

23 None Solvent free Grinding 60 min -c 

24 None Water Grinding 60 min - c 

aReaction condition: compound 1a (1.0 mmol), Ethyl acetoacetate 2a (1.0 mmol) and 

Ammonium acetate 3 (2.5 mmol). bIsolated yields. cNo reaction. RT: room temperature. 

 In addition, in order to highlight the solvent free protocol, we have also carried out 

liquid assisted grinding (LAG) by adding few drops of ethanol, water, methanol, 

acetonitrile and 1,4-dioxane in presence of Fe(OTs)3/SiO2 catalyst and found ethanol and 

water are better solvents in LAG (Table 2A.1, entries 18-22). Furthermore, two more 

reactions were carried out without the catalyst under solvent free and in the presence of few 

drops of water leading to no product formation (Table 2A.1, entries 23, 24) which shows 

the importance of the Fe(OTs)3/SiO2 catalyst. Also, it is worth mentioning that there was 

no effect of fast grinding or slow grinding to affect the reaction kinetics. Thus, 

Fe(OTs)3/SiO2 with 100 mg under solvent free grinding condition (Table 2A.1, entry 12) 

was considered as the best optimized condition for the synthesis of 4-pyrrolo-12-

oxoquinazolines. From these results, it is noteworthy that the Fe(OTs)3/SiO2 is important 

and essential catalyst for the efficient synthesis of the target compounds 4a-s. 
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Table 2A.2. Synthesis of novel 4-pyrrolo-12-oxoquinazolines 4a-sa,b 

 
aReaction condition: quinazolinyl chalcones 1a-j (1.0 mmol), 1,3-dicarbonyl compounds 

2a-b (1.0 mmol), ammonium acetate 3 (2.5 mmol) and Fe(OTs)3/SiO2 (100 mg) under 

solvent free grinding. bIsolated yields. 
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 Further, the substrate tolerance of this catalyst for the synthesis of 4-pyrrolo-12-

oxoquinazolines was tested using different varieties of chalcones 1a-j and active methylene 

compounds 2a-b under optimized conditions. The results depicted in Table 2A.2 shows 

that quinazoline chalcones 1a-j bearing electron donating (‒Me, ‒OMe) and halogen (‒F, 

‒Cl, ‒Br) groups had no substantial impact on the efficiency of the reaction and also hetero 

aromatic groups reacted smoothly with active methylene compounds to produce target 

compounds 4a-s in good to excellent yields. 

 To check the feasibility of our process on a preparative scale, we conducted the 

synthesis of 4-pyrrolo-12-oxoquinazoline 4a on a gram scale (1g of 1a). With 500 mg of 

Fe(OTs)3/SiO2, the reaction between chalcone 1a, ethyl acetoacetate 2a and ammonium 

acetate 3 furnished 1.18g (90% yield) of the desired product 4a within 10 min of grinding 

in both solvent free and liquid assisted (EtOH) grinding (LAG).  

 The reusability of Fe(OTs)3/SiO2 catalyst was also investigated using the reaction 

between 6-(2-oxo-2-phenylethylidene)indolo[2,1-b]quinazolin-12(6H)-one 1a, ethyl 

acetoacetate 2a and ammonium acetate 3 as a model system to obtain compound 4a. After 

completion of the reaction as monitored by TLC, ethyl acetate was added to the reaction 

mixture. The catalyst was recovered by filtration, washed with ethanol and reused for next 

cycles. It was found that after five cycles the catalytic activity had a low decrease (Figure 

2A.2) suggesting the good recyclability of this catalyst for 4-pyrrolo-12-oxoquinazolines 

synthesis. These experiments were also supported by EDX, PXRD and scanning electron 

microscopy (SEM) of catalyst at initial and after five cycles (Figure 2A.3, Figure 2A.4 and 

Figure 2A.5). The PXRD and SEM images have shown no significant changes in the 

morphology corroborating substantial possession of the catalytic activity and its stability 

during its reuse. 
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Figure 2A.2. Recyclability and reusability of Fe(OTs)3/SiO2. 

 

Figure 2A.3. EDX spectrum of (a) SiO2 (b) Fe(OTs)3 (c) Fe(OTs)3/SiO2. 
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 Figure 2A.4. PXRD pattern of (a) Fe(OTs)3; (b) SiO2; (c) freshly prepared 

 Fe(OTs)3/SiO2; (d) Fe(OTs)3/SiO2 after five cycles. 

 Figure 2A.5. SEM images of (a) SiO2; (b) Fe(OTs)3; (c & d) freshly synthesized 

 Fe(OTs)3/SiO2 at different magnifications; (e) morphology after five catalytic 

 cycles of Fe(OTs)3/SiO2 catalyst. 
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 The plausible reaction mechanism for the formation of the title compounds 4a-s 

was shown in scheme 2A.12. It was assumed that, initially, the Fe(OTs)3/SiO2 coordinates 

with carbonyl oxygen and imine nitrogen of chalcone 1 facilitating to react with enol 5 of 

1,3-carbonyl compound ensuing the intermediate 6 via attacking the enol on α-carbon atom 

of the chalcone. While Fe(OTs)3/SiO2 also coordinates with two carbonyl oxygens of 

intermediate 6, this interaction makes the carbonyl carbons more reactive and undergoes 

Paal-Knorr condensation with ammonium acetate to afford the product 4a. The literature 

shows that due to good dispersion of Fe(OTs)3 on the surface of the silica gel, the catalyst 

is effective in terms of reaction time and product yield [14]. This might be leading to metal 

(Fe) more electrophilic to be attacked by the lone pairs of the carbonyl oxygen making the 

carbonyl as more electrophilic center. 

 

Scheme 2A.12. Plausible reaction mechanism for the formation of title compounds 4a-s. 
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 The synthesized compounds 4a-s were well characterized by analyzing the IR, 1H 

NMR, 13C NMR and mass spectral data. For instance, the IR spectrum of compound 4a 

shows the absorption bands at 3307 cm‒1 and 3246 cm‒1 represent the N‒H groups of 

pyrrole ring and quinazoline ring. The bands at 1666 cm‒1 and 1643 cm‒1 represent the ester 

carbonyl and quinazoline ring carbonyl groups respectively [41, 42]. The peaks in the 1H 

NMR spectrum at δ 11.79 and δ 11.00 corresponds to the two N‒H protons of pyrrole and 

quinazoline moieties respectively [43, 44], the singlet at δ 2.63 corresponds ‒CH3 protons 

which are attached to the pyrrole group. In all the ethyl ester (‒COOCH2CH3) derivatives, 

two multiplets from δ 3.86 to δ 3.69 correspond to ‒CH2 protons. These multiplets are 

found to be two quartet of doublets (qd) as the ‒CH2 protons are diastereotopic due to 

atropisomerism in these molecules. The 13C NMR spectrum showed peaks at δ 165.04 and 

δ 159.46 correspond to the carbonyl carbons of ester and quinazoline amide groups. The 

peak appeared at δ 90.04 represents the C=C carbon of quinazoline ring attached to the 

pyrrole ring. The compounds 4g, 4h and 4q showed hetero nuclear coupling (C‒F) in 13C 

NMR spectrum with coupling constant values around J(ipso) = 240.0 Hz, J(ortho) = 30.0 

Hz, J(meta) = 8.0 Hz and J(para) = 3.0 Hz. The high resolution mass spectrum (HRMS) of 

the compound 4a showed the molecular ion peak at m/z 462.1821 [M+H]+ determines the 

molecular weight of the compound 4a. Further, fragmentation pathway of the compound 

4a was supported by the MS/MS spectrum analysis (Scheme 2A.13). 

 

Scheme 2A.13. Fragmentation pathway of the compound 4a. 

2A.2.4. Biological activity 

2A.2.4.1. Anti-tubercular activity (anti-TB) 

 The anti-tubercular activity of the synthesized 4-pyrrolo-12-oxoquinazolines 4a-s 

were examined using the Microplate Alamar Blue Assay (MABA) method against 

Mycobacterium tuberculosis H37Rv (ATCC27294) strain and ethambutol as a standard 
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drug [45]. The experiments were conducted in duplicates and the MIC values (µg/mL) were 

listed in Table 2A.3.  

 The results of anti-TB activity indicate that all the screened compounds exhibited 

significant to poor activity with the MIC values ranging from 6.25 µg/mL to >25.00 µg/mL. 

Among these, two compounds 4o and 4r exhibited good activity with MIC value 6.25 

µg/mL when compared to the standard drug ethambutol (MIC: 1.56 µg/mL). On the other 

hand, three compounds 4b, 4i and 4q displayed moderate anti-TB activity with the MIC 

value 12.5 µg/mL. The remaining derivatives showed poor anti-TB activity. 

Table 2A.3. In vitro anti-tubercular activity of title compounds 4a-s  

Entry Compound MIC 

(µg/mL) 

% of Inhibition 

@25μMa 

1 4a 25 NDb 

2 4b 12.5 ND 

3 4c ˃25 ND 

4 4d 25 ND 

5 4e ˃25 ND 

6 4f 25 ND 

7 4g 25 ND 

8 4h ˃25 ND 

9 4i 12.5 ND 

10 4j 25 ND 

11 4k ˃25 ND 

12 4l ˃25 ND 

13 4m ˃25 ND 

14 4n 25 ND 

15 4o 6.25 21.87 

16 4p ˃25 ND 

17 4q 12.5 ND 

18 4r 6.25 22.05 

19 4s ˃25 ND 

20 Ethambutol 1.56 ND 
a% inhibition was examined using RAW 264.7 cell line, bND = not determined. 

2A.2.4.2. Cytotoxicity studies 

 The promising anti-TB active compounds (4o and 4r) have been screened for their 

safety profile by the evaluation of cytotoxicity on normal RAW 264.7 cells at 25 µg/mL 

[46] and the results were depicted in Table 2A.3. In this study, the compounds 4o and 4r 

showed lower percentage of inhibition i.e., 21.87 and 22.05% respectively on the normal 

RAW 264.7 cell line. 
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2A.2.4.3. Structure activity relationship studies 

 In the structure activity relationship (SAR) studies, diverse donar and acceptor 

abilities of the substituted groups on phenyl ring are crucial in their anti-tubercular activity 

of the synthesized compounds. SAR studies reveal that the presence of halogen (-Br) on 

the phenyl ring and hetero aryl (thiophene) substitution significantly enhances the anti-

tubercular activity.   

2A.3. Molecular docking studies 

 All the synthesized compounds were successfully docked against Mycobacterium 

tuberculosis protein and the outcome of the results revealed that all the synthesized 

compounds 4a-s were efficiently fit into the active sites of the protein (PDB ID: 1DF7) 

[47]. The results of the molecular docking study were presented in Table 2A.4. Among all, 

the compounds 4c, 4d, 4e, 4f, 4o, 4p and 4r show good binding energies with -11.10, -

11.04, -11.35, -11.09, -11.59, -11.34 and -11.22 kcal/mol respectively. Among these, the 

compound 4o exhibited more negative binding energy -11.59 kcal/mol, forms two 

hydrogen bonds with the amino acid residues ASP27 (2.21 Å) and SER49 (1.78 Å) and 

also forms nine hydrophobic interactions (‧‧‧ and ‧‧‧alkyl) with the amino acids ALA7 

(4.48 and 4.65Å), ILE14 (5.09 Å), ILE20 (3.14, 3.37 and 3.40 Å), TRP22 (4.34 Å), PHE31 

(3.88 Å) and LEU50 (5.45 Å). Whereas, the compound 4r displayed binding energy -11.22 

kcal/mol and forms three hydrogen bonds with the amino acid residues ASP27 (1.95 Å), 

GLN28 (2.56 Å) and PRO51 (3.38 Å). Also, exhibit seven hydrophobic interactions 

(‧‧‧alkyl) with the amino acids ALA7 (5.28 Å), ILE20 (4.16, 4.74, 5.27 and 5.50 Å), 

PRO51 (5.21 Å) and VAL54 (5.46 Å). The ligand interactions of the compounds 4o and 4r 

with 1DF7 protein were presented in Figure 2A.6 and Figure 2A.7. 

Table 2A.4. Docking results of the compounds 4a-s against 1DF7 

Ent-

ry 
Compound 

Binding 

energy 

(kcal/mol) 

No. of 

hydrogen 

bonds 

Residues involved in the 

hydrogen bonding 

Hydrogen bond 

length (Å) 

1 4a -10.38 3 ALA7, GLN28, TYR100 1.77, 2.47, 2.77 

2 4b -10.44 3 ALA7, GLN28, TYR100 1.81, 2.43, 2.74 

3 4c -11.10 2 SER49, PRO51 1.92, 3.27 

4 4d -11.04 2 ASP27, SER49 1.87, 2.01 

5 4e -11.35 2 SER49, PRO51 1.91, 3.26 

6 4f -11.09 2 SER49, PRO51 1.92, 3.26 

7 4g -10.79 6 
ALA7, TRP22, LEU24, 

GLN28, ILE94, TYR100 

1.84, 2.40, 2.50, 

2.70, 2.92, 3.04 
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8 4h -10.41 6 
ALA7, TRP22, LEU24, 

GLN28, ILE94, TYR100 

1.86, 2.45, 2.51, 

2.72, 2.83, 3.00 

9 4i -10.89 2 SER49, PRO51 1.91, 3.25 

10 4j -10.94 4 
ALA7, GLN28, ILE94, 

TYR100 

1.82, 2.42, 2.64, 

3.17 

11 4k -10.63 4 ASP27, SER49, PRO51 
1.86, 3.20, 3.30, 

3.43 

12 4l -10.63 4 ASP27, SER49, PRO51 
1.93, 3.08, 3.13, 

3.22 

13 4m -10.20 4 GLN28, SER49, TYR100 
2.41, 2.77, 3.20, 

3.45 

14 4n -10.15 3 ALA7, GLN28, TYR100 1.85, 2.39, 2.68 

15 4o -11.59 2 ASP27, SER49 2.21, 1.78 

16 4p -11.34 3 TRP6, ASP27, SER49 1.82, 2.02, 3.70 

17 4q -10.62 3 LEU24, ASP27, SER49 1.89, 1.95, 2.69 

18 4r -11.22 3 ASP27, GLN28, PRO51 1.95, 2.56, 3.38 

19 4s -10.33 2 ASP27, SER49 1.83, 2.04 

 

 Figure 2A.6. Binding interactions between compound 4o with active site of 

 1DF7. The hydrogen atoms (except N‒H) of 4o were removed for clarity. 

 

 Figure 2A.7. Binding interactions between compound 4r with active site of 1DF7. 

 The hydrogen atoms (except N‒H) of 4r were removed for clarity. 
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2A.4. ADME prediction 

 The measurement of absorption, distribution, metabolism and excretion (ADME) 

makes it easier to identify molecules at the therapeutic dose with a high safety profile. 

Moreover, in silico prediction of pharmacokinetic parameters reduces the risk of failure of 

drug during the final stages of a clinical trial. ADME prediction results of the synthesized 

compounds were presented in Table 2A.5. 

 Estimation of octanol/water partition coefficient (lipophilicity) is examined by 

LogP. The predicted lipophilicity values are in the ranging from 5.007 to 6.59, and these 

values revealed that moderate lipophilicity of the compounds. The anticipated aqueous 

solubility (LogS) values for the synthesized compounds varied from -7.041 to -8.05, which 

indicates their moderate solubility in aqueous media due to presence of lipophilic groups. 

However, the topological polar surface area (TPSA) values (<140 Å) reveal that the 

compounds have good oral bioavailability. The results from logarithm of the apparent 

permeability co-efficient (logPapp) suggests that all the compounds have moderate Caco-

2 permeability in the range of 0.68 x 10-6 to 0.83 x 10-6. Remarkably, all the synthesized 

compounds have high human intestinal absorption (HIA: 93.115–97.52%). Blood-brain 

partition co-efficient (logBB) values of all the compounds were in considerable range to 

cross the blood-brain barrier (BBB). The reported drug like properties and in silico ADME 

prediction suggests that the synthesized compounds 4a-s exhibit acceptable 

pharmacokinetic parameters and can be considered as lead molecules for the development 

of new drugs. 

Table 2A.5. In silico drug likeness and ADME prediction of the compounds 4a-s 

Ent-

ry 
Mol. Wt 

H-

do-

nor 

H-

acc-

eptor 

No. of 

rotat-

able 

bonds 

LogP LogS 
TPSA 

(Å) 

Caco-2 

Permeabili-

ty (logPapp 

in 10-6 cm/s) 

HIA 

(% 

absor-

bed) 

BBB 

permea-

bility 

(log BB) 

 ≤500 ≤5 ≤10 ≤10 ≤5 <0.5 ≤140 >8x10-6 
70 - 

100% 

-3.0 - 

1.2 

4a 461.17 2 6 5 5.460 -7.168 79.36 0.725 96.033 -1.211 

4b 447.16 2 6 4 5.108 -7.041 79.36 0.763 96.499 -1.160 

4c 495.13 2 6 5 6.056 -7.566 79.36 0.746 94.641 -1.396 

4d 481.12 2 6 4 5.746 -7.466 79.36 0.785 95.108 -1.345 

4e 539.08 2 6 5 6.156 -7.675 79.36 0.738 94.574 -1.417 

4f 525.07 2 6 4 5.866 -7.594 79.36 0.776 95.041 -1.365 

4g 479.16 2 6 5 5.569 -7.351 79.36 0.747 95.645 -1.360 

4h 465.15 2 6 4 5.219 -7.230 79.36 0.785 96.112 -1.309 

4i 475.19 2 6 5 5.881 -7.416 79.36 0.796 96.1 -1.243 

4j 461.17 2 6 4 5.548 -7.327 79.36 0.834 96.566 -1.191 
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4k 491.18 2 7 6 5.493 -7.429 88.59 0.779 97.054 -1.342 

4l 477.17 2 7 5 5.138 -7.325 88.59 0.818 97.520 -1.291 

4m 467.13 2 6 5 5.367 -7.199 79.36 0.681 94.284 -1.357 

4n 453.11 2 6 4 5.007 -7.064 79.36 0.720 94.751 -1.306 

4o 573.05 2 6 5 6.594 -8.058 79.36 0.754 93.405 -1.586 

4p 559.03 2 6 4 6.347 -7.971 79.36 0.792 93.871 -1.534 

4q 513.13 2 6 5 6.123 -7.760 79.36 0.763 94.476 -1.529 

4r 501.09 2 6 5 5.955 -7.610 79.36 0.697 93.115 -1.526 

4s 487.08 2 6 4 5.637 -7.519 79.36 0.736 93.582 -1.475 

Mol. Wt: molecular weight; H-donor: number of hydrogen bond donors; H-acceptor: 

number of hydrogen bond acceptors; LogP: octanol/water partition coefficient; LogS: aqua 

solubility parameter; TPSA: topological polar surface area; Caco-2: cell permeability; 

HIA: human intestinal absorption; LogBB: blood/brain partition co-efficient. 

2A.5. Conclusion 

 This chapter describes the utilization of Fe(OTs)3/SiO2 for the first time as a green 

and sustainable catalyst in a three component domino synthetic protocol. This methodology 

is the first report on the diversity oriented synthetic protocol involving the reaction of 

chalcones, 1,3-diketone and ammonium acetate with the help of the catalyst Fe(OTs)3/SiO2 

in grinding method. The reactions were performed under mild conditions and provided the 

products in good to excellent yields with special features of the synthetic protocol like high 

atom economy, operational simplicity, environmentally benign synthesis, short reaction 

time and excellent yields. The efficiency of the catalyst was studied by its recyclability 

reactions. In addition, in vitro anti-TB activity of the synthesized compounds were tested 

against Mycobacterium tuberculosis H37Rv. Among them, two compounds 4o and 4r 

displayed significant activity with MIC value 6.25 µg/mL when compared to the standard 

drug ethambutol (MIC: 1.56 µg/mL) and they were also shown relatively low levels of 

cytotoxicity against RAW 264.7 cell line. Moreover, in silico molecular docking studies 

and ADME prediction of the title compounds suggest that these moieties can serve as lead 

molecules in future research. 

2A.6. Experimental Section 

2A.6.1. Typical procedure for the synthesis of 6-(2-oxo-2-phenylethylidene)indolo 

quinazolinones (1a-j) 

 To a mixture of tryptanthrin A (1.0 mmol), corresponding acetophenones B (1.0 

mmol) and 10% aq. NaOH (1 mL) in methanol (3 mL) at room temperature was stirred for 

6 h. After completion of reaction (monitored by TLC), solid was collected by filtration and 

washed with methanol to furnish the intermediates (1’a-j). Then, to a solution of 1’ (1.0 
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mmol) in acetic acid (3 mL), BF3Et2O (20 mol%) was added, the mixture was kept at 60 

°C for appropriate time. After completion of reaction, the reaction mixture was cooled to 

room temperature and the obtained products (1a-j) were filtered and recrystallized from 

methanol. 

2A.6.2. Typical procedure for the synthesis of 4-pyrrolo-12-oxoquinazolines (4a-s) 

 A mixture of chalcones 1 (1.0 mmol), 1,3-diketone 2 (1.0 mmol), ammonium 

acetate 3 (2.5 mmol) and 100 mg of Fe(OTs)3/SiO2 was thoroughly grinded in an agate 

mortar with a pestle manually until completion of the reaction (monitored by TLC). After 

that ethyl acetate (5 mL) was added to this reaction mixture. The catalyst was recovered by 

filtration, washed with ethanol (3 x 5 mL) and reused for next cycles. The filtrate was 

concentrated to furnish the desired products (4a-s) which were further purified by 

recrystallization from ethanol.  

2A.6.3. Protocol for the anti-TB screening 

 The MIC of the synthesized compounds was tested using in vitro Microplate 

Alamar Blue Assay using the reported protocol [48]. The Mycobacterium tuberculosis 

H37Rv strain (ATCC27294) was used for the screening. The inoculum was prepared from 

fresh LJ medium re-suspended in 7H9-S medium (7H9 broth, 0.1% casitone, 0.5% glycerol, 

supplemented oleic acid, albumin, dextrose, and catalase [OADC]), adjusted to a OD590 

1.0, and diluted 1:20; 100 µL was used as inoculum. Each drug stock solution was thawed 

and diluted in 7H9-S at four-fold the final highest concentration tested. Serial two-fold 

dilutions of each drug were prepared directly in a sterile 96-well microtiter plate using 100 

µL 7H9-S. A growth control containing no antibiotic and a sterile control were also 

prepared on each plate. Sterile water was added to all perimeter wells to avoid evaporation 

during the incubation. The plate was covered, sealed in plastic bags and incubated at 37 oC 

in normal atmosphere. After 7 days incubation, 30 µL of alamar blue solution was added 

to each well, and the plate was re-incubated overnight. A change in colour from blue 

(oxidised state) to pink (reduced) indicated the growth of bacteria, and the MIC was defined 

as the lowest concentration of drug that prevented this change in colour. 

2A.6.4. In vitro cytotoxicity screening 

 The in vitro cytotoxicity of the privileged anti-tubercular active analogues with 

lower MIC value were assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) assay against growth inhibition of RAW 264.7 cells at 25 μg/mL 



Chapter II-A                                                                       A green catalyst… 4-pyrrolo-12-oxoquinazolines 

51 

 

concentration [49]. Cell lines were maintained at 37 °C in a humidified 5% CO2 incubator 

(Thermo scientific). Detached the adhered cells and followed by centrifugation to get cell 

pellet. Fresh media was added to the pellet to make a cell count using haemocytometer and 

plate 100 μL of media with cells ranging from 5,000 - 6,000 per well in a 96-well plate. 

The plate was incubated overnight in CO2 incubator for the cells to adhere and regain its 

shape. After 24 h cells were treated with the test compounds at 25 μg/mL diluted using the 

media to deduce the percentage inhibition on normal cells. The cells were incubated for 48 

h to assay the effect of the test compounds on different cell lines. Zero hour reading was 

noted down with untreated cells and also control with 1% DMSO to subtract further from 

the 48 h reading. After 48 h incubation, cells were treated by MTT (4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide) dissolved in PBS (5 mg/mL) and incubated for 3-4 h 

at 37 °C. The formazan crystals thus formed were dissolved in 100 μL of DMSO and the 

viability was measured at 540 nm on a multimode reader (Spectra max). The values were 

further calculated for percentage inhibition which in turn helps us to know the cytotoxicity 

of the test compounds. 

2A.6.5. Molecular docking protocol 

 The docking studies are predominating tools for the assessment of the binding 

affinity to the ligand-protein receptor. All the synthesized compounds were subjected to in 

silico molecular docking studies by using the AutoDockTools (ADT) version 1.5.6 and 

AutoDock version 4.2.5.1 docking program [50]. The 3D-structures of all the synthesized 

compounds were prepared by using chem3D pro 12.0 software. The optimized 3D 

structures were saved in pdb format. The structure of the dihydrofolate reductase of 

Mycobacterium tuberculosis (PDB code: 1DF7) protein was extracted from the protein data 

bank (http://www.rcsb.org/pdb). The bound ligand and water molecules in protein were 

removed by using Discovery Studio Visualizer version 4.0 to prepare the protein. Non polar 

hydrogens were merged and gasteiger charges were added to the protein. The grid file was 

saved in gpf format. The three dimensional grid box having dimensions 60 x 60 x 60 Å3 

was created around the protein with spacing 0.3750 Å. The genetic algorithm was carried 

out with the population size and the maximum number of evaluations were 150 and 

25,00,000 respectively. The docking output file was saved as Lamarckian Ga (4.2) in dpf 

format. The ligand-protein complex binding sites were visualized by Discovery Studio 

Visualizer version 4.0. 
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2A.6.6. ADME prediction 

 In silico ADME prediction of the synthesized compounds were calculated by using 

the online servers ADMETlab 2.0 and pkCSM [51]. The ADMET properties, human 

intestinal absorption (HIA), Caco-2 cell permeability, plasma protein binding and blood 

brain barrier penetration (BBB) were predicted using this program. 

2A.7. Spectral data of synthesized compounds 4a-s 

ethyl 2-methyl-4-(12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-6-yl)-5-phenyl-1H-

pyrrole-3-carboxylate (4a) 

Yellow solid. mp: 284-286 °C. IR (KBr, cm‒1): 3307, 3246, 1666, 1643, 1536, 1488, 1430. 

1H NMR (400 MHz, DMSO-d6) δ: 11.79 (s, 1H), 11.00 (s, 1H), 8.63 (d, J = 7.2 Hz, 1H), 

8.18 (d, J = 7.6 Hz, 1H), 7.88 (d, J = 7.2 Hz, 1H), 7.63 (t, J = 7.6 Hz, 1H), 7.53-7.46 (m, 

1H), 7.43 (d, J = 8.0 Hz, 1H), 7.36 (d, J = 7.2 Hz, 1H), 7.15 (d, J = 5.6 Hz, 4H), 7.04 (t, J 

= 7.2 Hz, 1H), 6.97 (d, J = 6.8 Hz, 1H), 3.88-3.80 (m, 1H), 3.78-3.71 (m, 1H), 2.63 (s, 3H), 

0.64 (t, J = 7.2 Hz, 3H). 13C NMR (125 MHz, DMSO-d6) δ: 165.04, 159.46, 141.32, 137.22, 

135.13, 134.83, 132.92, 131.68, 129.63, 129.21, 128.74, 127.81, 126.53, 125.97, 124.30, 

120.31, 119.83, 117.33, 115.88, 115.62, 113.18, 111.54, 110.42, 90.04, 58.57, 14.03, 13.96. 

MS/MS m/z: 462.1771 [M+H]+, 416.1359 [M-OC2H5]
+, 233.0637 [M-OC2H5-CH3-CO-

C4HN-C6H5]
+. HRMS (ESI, m/z): [M+H]+ calcd. for C29H24N3O3: 462.1818; found: 

462.1821. 

methyl 2-methyl-4-(12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-6-yl)-5-phenyl-1H-

pyrrole-3-carboxylate (4b) 

Yellow solid.  mp: 304-306 °C. IR (KBr, cm‒1): 3303, 3057, 2944, 1672, 1637, 1617, 1580, 

1450. 1H NMR (400 MHz, DMSO-d6) δ: 11.80 (s, 1H), 10.96 (s, 1H), 8.64 (d, J = 6.8 Hz, 

1H), 8.18 (d, J = 7.6 Hz, 1H), 7.63 (t, J = 8.0 Hz, 1H), 7.41 (d, J = 8.0 Hz, 1H), 7.33 (d, J 

= 7.6 Hz, 2H), 7.15-7.11 (m, 5H), 7.03 (t, J = 7.2 Hz, 1H), 6.96 (d, J = 8.0 Hz, 1H), 3.40 

(s, 3H), 2.63 (s, 3H). 13C NMR (100 MHz, DMSO-d6 + CDCl3) δ: 165.28, 159.47, 141.31, 

136.94, 135.10, 134.80, 132.89, 131.55, 129.75, 129.25, 128.71, 127.81, 126.56, 126.04, 

124.30, 120.31, 119.83, 117.36, 115.89, 115.66, 112.95, 111.58, 110.70, 89.77, 50.55, 

14.23. HRMS (ESI, m/z): [M+H]+ calcd. for C28H22N3O3: 448.1661; found: 448.1665. 

ethyl 5-(4-chlorophenyl)-2-methyl-4-(12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-6-

yl)-1H-pyrrole-3-carboxylate (4c) 

Yellow solid.  mp: 359-361 °C. IR (KBr, cm‒1): 3278, 3166, 1667, 1639, 1617, 1579, 1471. 

1H NMR (400 MHz, DMSO-d6) δ: 11.85 (s, 1H), 11.00 (s, 1H), 8.63 (dd, J = 6.8, 2.4 Hz, 
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1H), 8.17 (d, J = 6.8 Hz, 1H), 7.63 (t, J = 8.4 Hz, 1H), 7.41 (d, J = 8.0 Hz, 1H), 7.35 (d, J 

= 8.8 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H), 7.16 – 7.11 (m, 3H), 6.93 (dd, J = 6.8, 2.4 Hz, 1H), 

3.87-3.79 (m, 1H), 3.77-3.69 (m, 1H), 2.61 (s, 3H), 0.63 (t, J = 7.2 Hz, 3H). 13C NMR (100 

MHz, DMSO-d6) δ: 164.97, 159.48, 141.29, 137.63, 135.18, 134.92, 131.76, 131.40, 

130.91, 129.28, 128.80, 128.36, 127.82, 127.51, 124.38, 120.42, 119.94, 117.22, 115.88, 

115.69, 113.34, 111.61, 111.09, 89.60, 58.66, 14.02, 13.94. HRMS (ESI, m/z): [M+H]+ 

calcd. for C29H23ClN3O3: 496.1428; found: 496.1428. 

methyl 5-(4-chlorophenyl)-2-methyl-4-(12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-

6-yl)-1H-pyrrole-3-carboxylate (4d) 

Yellow solid. mp: 337-339 °C. IR (KBr, cm‒1): 3317, 3066, 2947, 1671, 1638, 1599, 1536, 

1449. 1H NMR (400 MHz, DMSO-d6) δ: 11.85 (s, 1H), 10.96 (s, 1H), 8.63 (d, J = 8.0 Hz, 

1H), 8.17 (d, J = 7.6 Hz, 1H), 7.63 (t, J = 8.0 Hz, 1H), 7.40 (d, J = 8.4 Hz, 1H), 7.31 (d, J 

= 8.4 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 7.15-7.11 (m, 3H), 6.93 (dd, J = 6.4, 2.4 Hz, 1H), 

3.38 (s, 3H), 2.61 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 165.18, 159.47, 141.28, 

137.34, 135.16, 134.90, 131.73, 131.25, 130.95, 129.31, 128.78, 128.46, 127.83, 127.57, 

124.37, 120.41, 119.94, 117.24, 115.90, 115.73, 113.11, 111.65, 111.36, 89.33, 50.61, 

14.24. HRMS (ESI, m/z): [M+H]+ calcd. for C28H21ClN3O3: 482.1271; found: 482.1270. 

ethyl 5-(4-bromophenyl)-2-methyl-4-(12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-6-

yl)-1H-pyrrole-3-carboxylate (4e) 

Yellow solid. mp: 358-360 °C. IR (KBr, cm‒1): 3274, 3063, 1664, 1639, 1617, 1578, 1433. 

1H NMR (400 MHz, DMSO-d6) δ: 11.87 (s, 1H), 11.02 (s, 1H), 8.64 (d, J = 8.0 Hz, 1H), 

8.18 (d, J = 7.6 Hz, 1H), 7.64 (t, J = 7.2 Hz, 1H), 7.42 (d, J = 8.4 Hz, 1H), 7.32 (dd, J = 

10.4, 8.8 Hz, 4H), 7.19 – 7.12 (m, 3H), 6.94 (d, J = 6.4 Hz, 1H), 3.88 – 3.80 (m, 1H), 3.78 

– 3.70 (m, 1H), 2.62 (s, 3H), 0.63 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 

164.94, 159.47, 141.29, 137.68, 135.17, 134.92, 132.11, 131.70, 131.37, 129.29, 128.36, 

127.80, 124.37, 120.41, 119.94, 119.43, 117.21, 115.88, 115.69, 113.39, 111.62, 111.16, 

89.59, 58.66, 14.03, 13.94. HRMS (ESI, m/z): [M+H]+ calcd. for C29H23BrN3O3: 540.0923; 

found: 540.0920. 

methyl 5-(4-bromophenyl)-2-methyl-4-(12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-

6-yl)-1H-pyrrole-3-carboxylate (4f) 

Yellow solid. mp: 331-333 °C. IR (KBr, cm‒1): 3322, 3066, 2945, 1667, 1644, 1620, 1578, 

1448. 1H NMR (400 MHz, DMSO-d6) δ: 11.88 (s, 1H), 10.99 (s, 1H), 8.64 (d, J = 7.6 Hz, 
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1H), 8.19 (d, J = 8.0 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 7.41 (d, J 

= 8.4 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 7.16 – 7.13 (m, 2H), 6.94 

(d, J = 6.4 Hz, 1H), 3.40 (s, 3H), 2.62 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 165.18, 

159.48, 141.28, 137.40, 135.17, 134.90, 133.32, 132.07, 131.68, 131.21, 129.31, 128.47, 

127.86, 124.39, 120.43, 119.95, 119.48, 117.22, 115.89, 115.74, 113.14, 111.65, 111.42, 

89.32, 50.62, 14.23. HRMS (ESI, m/z): [M+H]+ calcd. for C28H21BrN3O3: 526.0766; found: 

526.0768. 

ethyl 5-(4-fluorophenyl)-2-methyl-4-(12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-6-

yl)-1H-pyrrole-3-carboxylate (4g) 

Yellow solid. mp: 335-337 °C. IR (KBr, cm‒1): 3299, 3062, 2970, 1664, 1641, 1616, 1585, 

1458. 1H NMR (400 MHz, DMSO-d6) δ: 11.82 (s, 1H), 11.00 (s, 1H), 8.64 (d, J = 6.4 Hz, 

1H), 8.18 (d, J = 7.2 Hz, 1H), 7.64 (t, J = 6.8 Hz, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.37 (bs, 

2H), 7.15 (d, J = 6.0 Hz, 3H), 7.03 – 6.95 (m, 3H), 3.88-3.82 (m, 1H), 3.77-3.71 (m, 1H), 

2.63 (s, 3H), 0.65 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 165.04, 159.48, 141.31, 

137.18 (d, J = 231.6 Hz), 135.16, 134.92, 131.58, 129.48 (d, J = 23.8 Hz), 128.78, 128.03 

(d, J = 8.8 Hz), 127.81, 124.34, 120.38, 119.90, 117.28, 115.87, 115.76 (d, J = 3.2 Hz), 

115.66, 115.55, 113.11, 111.58, 110.32, 89.77, 58.62, 14.02, 13.97. HRMS (ESI, m/z): 

[M+H]+ calcd. for C29H23FN3O3: 480.1723; found: 480.1720. 

methyl 5-(4-fluorophenyl)-2-methyl-4-(12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-

6-yl)-1H-pyrrole-3-carboxylate (4h) 

Yellow solid. mp: 330-332 °C. IR (KBr, cm‒1): 3313, 3280, 1668, 1642, 1599, 1578, 1446. 

1H NMR (400 MHz, DMSO-d6) δ: 11.81 (s, 1H), 10.96 (s, 1H), 8.64 (d, J = 7.2 Hz, 1H), 

8.18 (d, J = 7.6 Hz, 1H), 7.64 (t, J = 7.2 Hz, 1H), 7.41 (d, J = 8.0 Hz, 1H), 7.34 (t, J = 6.4 

Hz, 2H), 7.15-7.12 (m, 3H), 6.98 (q, J = 9.6 Hz, 3H), 3.40 (s, 3H), 2.62 (s, 3H). 13C NMR 

(125 MHz, DMSO-d6) δ: 165.25, 161.99 (d, J = 242.2 Hz), 159.46, 141.28, 136.89, 135.13 

(d, J = 33.2 Hz), 131.40, 129.44 (d, J = 2.4 Hz), 129.26, 128.87, 128.08 (d, J = 7.6 Hz), 

127.81, 124.33, 120.36, 119.88, 117.28, 115.87 (d, J = 20.6 Hz), 115.54, 112.85, 111.59, 

110.58, 89.48, 50.57, 14.21. HRMS (ESI, m/z): [M+H]+ calcd. for C28H21FN3O3: 466.1567; 

found: 466.1565. 

ethyl 2-methyl-4-(12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-6-yl)-5-(p-tolyl)-1H-

pyrrole-3-carboxylate (4i) 

Yellow solid. mp: 330-332 °C. IR (KBr, cm‒1): 3280, 3063, 2975, 1668, 1638, 1617, 1581, 

1457. 1H NMR (400 MHz, DMSO-d6) δ: 11.73 (s, 1H), 11.00 (s, 1H), 8.62 (d, J = 7.2 Hz, 
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1H), 8.17 (d, J = 8.0 Hz, 1H), 7.63 (t, J = 7.6 Hz, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.24 (d, J 

= 7.6 Hz, 2H), 7.17 – 7.10 (m, 3H), 6.94 (d, J = 7.6 Hz, 3H), 3.87-3.79 (m, 1H), 3.77-3.68 

(m, 1H), 2.61 (s, 3H), 2.13 (s, 3H), 0.63 (t, J = 6.8 Hz, 3H). 13C NMR (125 MHz, DMSO-

d6) δ: 165.07, 159.46, 141.33, 136.92, 135.67, 135.12, 134.81, 131.73, 130.14, 129.75, 

129.33, 129.19, 127.81, 125.90, 124.29, 120.29, 119.79, 117.35, 115.89, 115.60, 113.05, 

111.53, 109.83, 90.17, 58.52, 21.04, 14.01, 13.96. HRMS (ESI, m/z): [M+H]+ calcd. for 

C30H26N3O3: 476.1974; found: 476.1978. 

methyl 2-methyl-4-(12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-6-yl)-5-(p-tolyl)-1H-

pyrrole-3-carboxylate (4j) 

Yellow solid. mp: 303-305 °C. IR (KBr, cm‒1): 3289, 3063, 2945, 1672, 1642, 1615, 1580, 

1448. 1H NMR (400 MHz, DMSO-d6) δ: 11.74 (s, 1H), 10.97 (s, 1H), 8.65 (d, J = 3.2 Hz, 

1H), 8.19 (d, J = 4.8 Hz, 1H), 7.64 (s, 1H), 7.44 (d, J = 4.0 Hz, 1H), 7.23 (s, 2H), 7.15 (s, 

3H), 6.96 (s, 3H), 3.40 (s, 3H), 2.63 (s, 3H), 2.15 (s, 3H). 13C NMR (100 MHz, DMSO-d6) 

δ: 165.31, 159.48, 141.34, 136.66, 135.73, 135.12, 134.80, 131.60, 130.11, 129.88, 129.32, 

127.83, 125.96, 124.31, 120.32, 119.82, 117.38, 115.91, 115.65, 112.83, 111.57, 110.11, 

89.91, 50.53, 21.05, 14.23. HRMS (ESI, m/z): [M+H]+ calcd. for C29H24N3O3: 462.1818; 

found: 462.1817. 

ethyl 5-(4-methoxyphenyl)-2-methyl-4-(12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-

6-yl)-1H-pyrrole-3-carboxylate (4k) 

Yellow solid. mp: 296-298 °C. IR (KBr, cm‒1): 3279, 2986, 1666, 1637, 1618, 1536, 1439. 

1H NMR (400 MHz, DMSO-d6) δ: 11.67 (s, 1H), 10.98 (s, 1H), 8.63 (d, J = 7.2 Hz, 1H), 

8.17 (d, J = 9.2 Hz, 1H), 7.64 (t, J = 7.2 Hz, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.28 (d, J = 9.2 

Hz, 2H), 7.19 – 7.11 (m, 3H), 6.97 (d, J = 5.2 Hz, 1H), 6.73 (d, J = 8.8 Hz, 2H), 3.86-3.80 

(m, 1H), 3.77 – 3.70 (m, 1H), 3.61 (s, 3H), 2.61 (s, 3H), 0.63 (t, J = 7.2 Hz, 3H). 13C NMR 

(100 MHz, DMSO-d6) δ: 165.11, 159.48, 158.09, 141.34, 136.60, 135.13, 134.83, 131.85, 

129.73, 129.18, 127.81, 127.35, 125.56, 124.31, 121.75, 120.29, 119.80, 117.37, 115.89, 

115.61, 114.22, 112.91, 111.52, 109.11, 90.24, 58.50, 55.36, 14.00, 13.97. HRMS (ESI, 

m/z): [M+H]+ calcd. for C30H26N3O4: 492.1923; found: 492.1928. 

methyl 5-(4-methoxyphenyl)-2-methyl-4-(12-oxo-5,12-dihydroindolo[2,1-b] 

quinazolin-6-yl)-1H-pyrrole-3-carboxylate (4l) 

Yellow solid. mp: 280-282 °C. IR (KBr, cm‒1): 3313, 3070, 2946,1671, 1638, 1614, 1582, 

1449. 1H NMR (400 MHz, DMSO-d6) δ: 11.67 (s, 1H), 10.93 (s, 1H), 8.61 (d, J = 7.2 Hz, 
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1H), 8.17 (d, J = 8.8 Hz, 1H), 7.62 (t, J = 9.6 Hz, 1H), 7.41 (d, J = 8.4 Hz, 1H), 7.24 (d, J 

= 7.2 Hz, 2H), 7.14 – 7.10 (m, 3H), 6.95 (d, J = 6.8 Hz, 1H), 6.71 (d, J = 8.4 Hz, 2H), 3.60 

(s, 3H), 3.37 (s, 3H), 2.59 (s, 3H). 13C NMR (75 MHz, DMSO-d6) δ: 164.60, 158.97, 

157.69, 140.90, 135.98, 134.51, 134.32, 131.49, 129.31, 128.77, 127.29, 126.91, 125.18, 

123.72, 119.72, 119.26, 116.89, 115.38, 115.09, 113.75, 112.57, 111.14, 108.72, 89.88, 

57.94, 54.91, 13.45. HRMS (ESI, m/z): [M+H]+ calcd. for C29H24N3O4:478.1767; found: 

478.1772. 

ethyl 2-methyl-4-(12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-6-yl)-5-(thiophen-2-

yl)-1H-pyrrole-3-carboxylate (4m) 

Yellow solid. mp: 324-326 °C. IR (KBr, cm‒1): 3289, 3060, 2969, 1661, 1640, 1615, 1582, 

1473. 1H NMR (400 MHz, DMSO-d6) δ: 11.88 (s, 1H), 11.00 (s, 1H), 8.65 (d, J = 7.6 Hz, 

1H), 8.18 (d, J = 7.6 Hz, 1H), 7.63 (t, J = 7.6 Hz, 1H), 7.41 (d, J = 8.4 Hz, 1H), 7.29 (s, 

1H), 7.22-7.12 (m, 3H), 7.04 – 7.00 (m, 2H), 6.89 (s, 1H), 3.83 – 3.75 (m, 2H), 2.62 (s, 

3H), 0.64 (t, J = 6.8 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 164.87, 159.46, 141.22, 

137.14, 135.21, 135.14, 134.52, 131.74, 129.48, 125.59, 113.04, 111.56, 110.31, 89.37, 

58.63, 13.99, 13.91. HRMS (ESI, m/z): [M+H]+ calcd. for C27H22N3O3S: 468.1382; found: 

468.1382. 

methyl 2-methyl-4-(12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-6-yl)-5-(thiophen-2-

yl)-1H-pyrrole-3-carboxylate (4n) 

Yellow solid. mp: 318-320 °C. IR (KBr, cm‒1): 3305, 3069, 2943, 1671, 1638, 1616, 1583, 

1446. 1H NMR (400 MHz, DMSO-d6) δ: 11.89 (s, 1H), 10.99 (s, 1H), 8.65 (d, J = 7.2 Hz, 

1H), 8.19 (d, J = 7.2 Hz, 1H), 7.63 (t, J = 7.6 Hz, 1H), 7.39 (d, J = 7.6 Hz, 1H), 7.29 (s, 

1H), 7.20-7.12 (m, 3H), 7.04-7.00 (m, 2H), 6.89 (s, 1H), 3.40 (s, 3H), 2.62 (s, 3H). 13C 

NMR (100 MHz, DMSO-d6) δ: 165.17, 159.48, 141.20, 136.96, 135.22, 135.15, 134.39, 

131.61, 129.51, 125.68, 112.84, 111.58, 110.51, 89.11, 50.63, 14.20. HRMS (ESI, m/z): 

[M+H]+ calcd. for C26H20N3O3S: 454.1225; found: 454.1227. 

ethyl 5-(4-bromophenyl)-4-(8-chloro-12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-6-

yl)-2-methyl-1H-pyrrole-3-carboxylate (4o) 

Yellow solid. mp: 364-366 °C. IR (KBr, cm‒1): 3301, 3069, 2981, 1670, 1640, 1577, 1535, 

1444. 1H NMR (400 MHz, DMSO-d6) δ: 11.85 (s, 1H), 11.00 (s, 1H), 8.63 (d, J = 6.8 Hz, 

1H), 8.17 (d, J = 7.6 Hz, 1H), 7.63 (t, J = 8.4 Hz, 1H), 7.41 (d, J = 8.4 Hz, 1H), 7.31 (q, J 

= 8.8 Hz, 4H), 7.17 – 7.11 (m, 2H), 6.93 (d, J = 8.4 Hz, 1H), 3.87-3.79 (m, 1H), 3.77 – 3.69 



Chapter II-A                                                                       A green catalyst… 4-pyrrolo-12-oxoquinazolines 

57 

 

(m, 1H), 2.61 (s, 3H), 0.62 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 164.85, 

159.28, 141.16, 137.83, 136.33, 135.40, 131.92, 131.78, 128.95, 128.59, 127.86, 120.87, 

119.62, 117.00, 116.23, 116.06, 113.26, 111.67, 110.30, 89.29, 58.71, 14.00, 13.96. HRMS 

(ESI, m/z): [M+H+2]+ calcd. for C29H22BrClN3O3: 576.0533; found: 576.0538. 

methyl 5-(4-bromophenyl)-4-(8-chloro-12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-

6-yl)-2-methyl-1H-pyrrole-3-carboxylate (4p) 

Yellow solid. mp: 346-348 °C. IR (KBr, cm‒1): 3305, 3069, 2949, 1672, 1637, 1624, 1577, 

1446. 1H NMR (400 MHz, DMSO-d6) δ: 11.91 (s, 1H), 11.16 (s, 1H), 8.61 (d, J = 8.4 Hz, 

1H), 8.06 (d, J = 7.2 Hz, 1H), 7.67 (t, J = 7.2 Hz, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.36 (d, J 

= 8.0 Hz, 2H), 7.27 (d, J = 7.6 Hz, 2H), 7.19-7.13 (m, 2H), 6.86 (s, 1H), 3.42 (s, 3H), 2.62 

(s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 164.23, 158.42, 140.27, 135.60, 134.67, 134.06, 

129.05, 128.82, 128.26, 126.77, 124.89, 123.25, 119.26, 118.76, 116.32, 114.85, 114.59, 

111.76, 109.05, 88.85, 49.47, 13.17. HRMS (ESI, m/z): [M+H]+ calcd. for 

C28H20BrClN3O3: 560.0377; found: 560.0389. 

ethyl 4-(8-chloro-12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-6-yl)-5-(4-fluoro 

phenyl)-2-methyl-1H-pyrrole-3-carboxylate (4q) 

Yellow solid. mp: 352-354 °C. IR (KBr, cm‒1): 3307, 3070, 1664, 1641, 1617, 1576, 1451. 

1H NMR (400 MHz, DMSO-d6) δ: 11.86 (s, 1H), 11.18 (s, 1H), 8.60 (d, J = 8.8 Hz, 1H), 

8.18 (d, J = 8.0 Hz, 1H), 7.67 (t, J = 8.0 Hz, 1H), 7.44 (d, J = 8.4 Hz, 1H), 7.36 (dd, J = 

8.0, 6.0 Hz, 2H), 7.19-7.13 (m, 2H), 7.03 (t, J = 8.8 Hz, 2H), 6.88 (s, 1H), 3.88 – 3.74 (m, 

2H), 2.62 (s, 3H), 0.66 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 164.95, 

162.33 (d, J = 242.6 Hz), 159.90, 159.28, 141.16, 137.36, 136.34, 135.41, 133.23, 129.30, 

(d, J = 3.0 Hz), 129.00, 128.93, 128.13 (d, J = 8.0 Hz), 127.81, 127.68, 120.86, 119.50, 

116.30, (d, J = 24.2 Hz), 115.85, 115.64, 112.95, 111.61, 109.50, 89.46, 58.68, 13.98. 

HRMS (ESI, m/z): [M+H]+ calcd. for C29H22ClFN3O3: 514.1334; found: 514.1334. 

ethyl 4-(8-chloro-12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-6-yl)-2-methyl-5-

(thiophen-2-yl)-1H-pyrrole-3-carboxylate (4r) 

Yellow solid. mp: 370-372 °C. IR (KBr, cm‒1):3289, 3066, 2976, 1662, 1639, 1618, 1579, 

1439. 1H NMR (400 MHz, DMSO-d6) δ: 11.93 (s, 1H), 11.20 (s, 1H), 8.63 (d, J = 8.8 Hz, 

1H), 8.19 (d, J = 7.6 Hz, 1H), 7.66 (t, J = 7.2 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.32 (s, 

1H), 7.17 (d, J = 7.6 Hz, 2H), 7.07 (s, 1H), 6.93 (s, 2H), 3.82 (d, J = 6.4 Hz, 2H), 2.62 (s, 

3H), 0.67 (t, J = 6.4 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 164.78, 159.26, 141.09, 
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137.34, 136.57, 135.48, 134.29, 133.44, 128.99, 127.93, 125.73, 112.91, 111.58, 109.42, 

89.05, 58.70, 14.04, 13.95. MS/MS m/z: 502.0954 [M+H]+, 456.0520 [M-OC2H5]
+, 

421.0851 [M-OC2H5-Cl]+, 380.1662 [M-OC2H5-Cl-CO-CH3]
+. HRMS (ESI, m/z): [M+H]+ 

calcd. for C27H21ClN3O3S: 502.0992; found: 502.0994. 

methyl 4-(8-chloro-12-oxo-5,12-dihydroindolo[2,1-b]quinazolin-6-yl)-2-methyl-5-

(thiophen-2-yl)-1H-pyrrole-3-carboxylate (4s) 

Yellow solid. mp: 361-363 °C. IR (KBr, cm‒1): 3298, 3067, 2924, 1665, 1639, 1617, 1579, 

1446. 1H NMR (400 MHz, DMSO-d6) δ: 11.94 (s, 1H), 11.19 (s, 1H), 8.63 (d, J = 8.8 Hz, 

1H), 8.20 (d, J = 8.0 Hz, 1H), 7.66 (t, J = 8.4 Hz, 1H), 7.41 (d, J = 7.6 Hz, 1H), 7.32 (s, 

1H), 7.17 (d, J = 7.6 Hz, 2H), 7.07 (s, 1H), 6.92 (d, J = 7.2 Hz, 2H), 3.43 (s, 3H), 2.62 (s, 

3H). 13C NMR (75 MHz, DMSO-d6) δ: 164.58, 158.77, 140.66, 136.55, 136.13, 134.85, 

133.77, 132.93, 128.54, 127.54, 127.34, 126.39, 125.34, 124.36, 122.05, 120.41, 119.11, 

116.48, 115.88, 115.59, 112.41, 111.24, 109.29, 88.43, 50.08, 13.50. HRMS (ESI, m/z): 

[M+H]+ calcd. for C26H19ClN3O3S: 488.0836; found: 488.0834. 
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2A.9. Selected IR, NMR (1H and 13C) and Mass spectra 

 

IR spectrum of the compound 4a 

 

1H NMR spectrum of the compound 4a 
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13C NMR spectrum of the compound 4a 

 

Mass spectrum of the compound 4a 
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IR spectrum of the compound 4c 

 

1H NMR spectrum of the compound 4c 
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13C NMR spectrum of the compound 4c 

 

Mass spectrum of the compound 4c 
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IR spectrum of the compound 4h 

  

1H NMR spectrum of the compound 4h 
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13C NMR spectrum of the compound 4h 

 

Mass spectrum of the compound 4h 
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Section-B 

 

Transition metal- and oxidant-free regioselective synthesis of 

3,4,5-trisubstituted pyrazoles via [3+2] cycloaddition reaction 
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2B.1. Introduction 

 Pyrazoles are ubiquitous in biological systems displaying diverse applications in 

medicinal and in synthetic chemistry [1,2]. Many of the pyrazole derivatives have received 

significant attention as building blocks for drug discovery [3]. In the past few decades, 

pyrazole analogs have gained renewed interest due to their wide range of biological 

activities, including anti-cancer [4], anti-tubercular [5], anti-bacterial [6], anti-obesity [7], 

anti-inflammatory [8-10] etc. 

 As demonstrated by the examples shown in Figure 2B.1, fipronil is a broadly used 

insecticide that belongs to the phenylpyrazole chemical family [11]. Pyrazofurin, isolated 

in 1969 from fermentation of a strain of Streptomyces candidus, is used as an effective drug 

against HIV [12]. Rimonabant shows beneficial effects for the treatment of obesity and 

tuberculosis [13]. Whereas, the drug celecoxib is a nonsteroidal anti-inflammatory drug, 

specifically used as COX-2 inhibitor [14]. Difenamizole is also a nonsteroidal anti-

inflammatory drug [15], and the compound CDPPB (3-cyano-N-(1,3-diphenyl-1H-pyrazol-

5-yl)benzamide) used in scientific community as anti-psychotic drug [16] (Figure 2B.1). 

 

Figure 2B.1. Biologically potent drugs possessing pyrazole scaffold. 
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 Apart from the biological activity, pyrazoles play vital role as various building 

blocks in agrochemicals [17,18], polymers [19], dyes and pigments [20]. They have also 

displayed various applications in the preparation of high performance energetic materials 

[21], functional metal-organic complexes [22], electroluminescent materials [23] etc. 

Besides these, they have also been used as bifunctional ligands in transition metal-catalyzed 

reactions, and as artificial receptors [24].  

 Owing to its versatile applications, the synthesis of pyrazoles has been a subject of 

extensive research. The synthetic methodologies for the preparation of this important 

scaffold involves transition metal catalyzed cross-coupling reactions [25], [3+2] 

cycloaddition reactions of Bestmann-Ohira reagent and Seyferth-Gilbert reagent with 

olefinic derivatives [26], [4+1] annulation using hydrazones [27], Knorr condensation of 

hydrazines with 1,3-dicarbonyl compounds [28]. Despite the availability of these numerous 

synthetic pathways, the reaction of a hydrazine with a 1,3-electrophilic substrate like 1,3-

dicarbonyl substrates, tertiary enamines and Michael acceptors remains the predominant 

options [29]. However, these methods suffer from use of hazardous transition metals, lack 

of commercially available starting materials, and use of carcinogenic substituted 

hydrazines.  

 On the other hand, N-tosylhydrazones which are rapidly obtained from aldehydes 

or ketones have been utilized as a versatile synthons for the generation of large number of 

heterocycles [30]. A wide range of transformations have been performed using N-

tosylhydrazones, including cyclization, coupling, insertion, alkynylation and olefination 

reactions [31,32]. They have also been used as a safe and easily available precursors of 

diazo compounds [33].  

2B.1.1. Reported methods for the preparation of pyrazoles 

Marzouk et al. reported the design, synthesis, biological evaluation, and computational 

studies of the novel thiazolo-pyrazole compounds (Figure 2B.2). The ability of the 

synthesized compounds for COX-2 inhibition was evaluated using in vitro COX-1/COX-2 

enzyme inhibition and in vivo anti-inflammatory assays. These studies were further 

supported by in silico molecular docking analysis and drug likeness properties [34]. 
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Figure 2B.2 

Tang and co-workers designed and synthesized the novel pyrazole-benzimidazole 

derivatives, evaluated their in vitro anti-prolifirative activity against HCT116, MCF-7 and 

Huh-7 cell lines (Figure 2B.3). Moreover, fluorescent staining and cell cycle arrest studies 

were performed on the most potent molecules. In addition, ADME calculations were also 

evaluated to study the drug likeness properties of the synthesized compounds [35]. 

 

Figure 2B.3 

Perez-Aguilar et al. employed a novel and general approach for the regioselective 

synthesis of substituted pyrazoles from alkynes and N-tosylhydrazones through a catalyst 

free [3+2] cycloaddition and [1,5] sigmatropic rearrangement process (Scheme 2B.1) [36]. 

 

Scheme 2B.1 

Kamal and co-workers developed an operationally simple and high yielding protocol for 

the synthesis of 3,4,5-trisubstituted pyrazoles by using aldehydes, 1,3-dicarbonyls and 

tosylhydrazones in a one pot three component system (Scheme 2B.2). The reaction 

proceeds through a tandem Knoevenagel condensation, 1,3-dipolar cycloaddition, and 

external oxidant-free oxidative aromatization by utilizing atmospheric oxygen as a green 

oxidant [37].  
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Scheme 2B.2 

Ma et al. described the divergent synthesis of 1,3,5-tri and 1,3-disubstituted pyrazoles 

under transition metal-free three component reaction using aldehydes, ethyl acrylate and 

N-tosylhydrazones as the initial substrates (Scheme 2B.3) [38]. 

 

Scheme 2B.3 

Guo et al. demonstrated a domino C−H sulfonylation and pyrazole annulation for the 

synthesis of fully substituted pyrazoles in water using hydrophilic enamines and sulfonyl 

hydrazines (Scheme 2B.4). The reaction proceeded smoothly with good substrate tolerance 

without using any metal catalyst [39].  

 

Scheme 2B.4 

Pearce et al. introduced a multicomponent oxidative coupling reaction of alkynes, nitriles, 

and titanium complexes for the synthesis of polysubstituted pyrazoles (Scheme 2B.5). This 

synthetic protocol avoids the use of potentially hazardous reactants like hydrazine, instead 

forming the N−N bond in the final step via titanium mediated electrocyclic pathway [40]. 

 

Scheme 2B.5 

Shi et al. reported a sequential [3+2] annulation reaction of the propynylsulfonium salts 

and hydrazonyl chlorides for the generation of pyrazoles (Scheme 2B.6). This reaction 

provides easy access to synthesize various functionalized pyrazoles in good yields with a 

wide range of substrates [41]. 
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Scheme 2B.6 

Shao and co-workers developed a novel divergent domino annulation reaction for the 

generation of polysubstituted pyrazoles using sulfur ylides and aryldiazonium 

tetrafluoroborates (Scheme 2B.7). In this one pot reaction, three molecules of sulfur ylides 

were utilized as C1 synthon to construct the highly substituted pyrazoles with five new 

chemical bonds [42]. 

 

Scheme 2B.7 

Gulia and co-workers produced a new method for the preparation of N-substituted 

pyrazoles directly from primary amines and diketones (Scheme 2B.8). The features like 

without involvement of inorganic reagents, short reaction time, mild conditions, and the 

use of commercially available starting materials make this protocol more efficient [43]. 

 

Scheme 2B.8 

2B.2. Present work 

 In view of the foregoing literature reports and considering the significance of 

pyrazole moiety, we have developed a new approach for the regioselective synthesis of 

3,4,5-trisubstituted pyrazoles via [3+2] cycloaddition of thiazolidinedione chalcones with 

N-tosylhydrazones under transition metal-, and oxidant-free conditions. 

2B.2.1. Synthesis of thiazolidinedione chalcone 1 

 To a stirred solution of thiazolidinedione A (1.0 mmol) and K2CO3 (1.5 equiv) in 

acetonitrile (3 mL) was added methyl iodide B (1.2 mmol) slowly at room temperature. 

The resultant mixture was kept at 50 °C for 4 h. After cooling, the solvent was evaporated 
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and added water, the resulting solid product 1’ was collected and used for next step without 

further purification. Later, the obtained intermediate 1’ (1.0 mmol) was treated with p-

anisaldehyde C (1.0 mmol) and piperidine (20 mol%) in methanol (3 mL) under reflux for 

6 h. After cooling, the resultant solid was collected and recrystallized from methanol to 

produce thiazolidinedione chalcone 1 with 78% yield (Scheme 2B.9) [44]. 

 

Scheme 2B.9 

 The title compounds 4a-y were synthesized by using thiazolidinedione chalcones 

1a-e, benzaldehydes 2a-k and tosylhydrazine 3 in DMF (Scheme 2B.10). Further, all the 

synthesized compounds were screened for the in vitro anti-tubercular activity and in silico 

molecular docking and ADME prediction. 

 

Scheme 2B.10. Synthesis of 3,4,5-trisubstituted pyrazoles 4a-y. 

2B.2.2. Results and discussion 

 The reaction of benzaldehyde 2a (1.0 mmol) and tosylhydrazine 3 (1.0 mmol) with 

5-(4-methoxybenzylidene)-3-methyl-thiazolidine-2,4-dione 1a (1.0 mmol) was 

investigated using different solvents and bases (Table 2B.1). In the initial attempt with 

Cs2CO3 (1.0 equiv) in DMF at room temperature led to desired product 4a in 30% (entry 

1). However, increasing the reaction temperature to 100 °C in presence of Cs2CO3 (1.0 

equiv) resulted 60% of yield (entry 2). Excellent yields were occurred with increase in the 

amount of Cs2CO3 from 1.0 to 2.0 equiv and then to 3.0 equiv (entries 3 and 4). Other bases 

such as K2CO3, Et3N, DBU, NaOAc and DABCO could not give better yields (entries 5-

9). No product was detected without base (entry 10). Replacing DMF with other solvents 

such as DMSO, CH3CN, EtOH and toluene had an negative effect on the reaction rate and 

product yield (entries 11-14). There was no reaction in H2O, leading to recovery of starting 

materials (entry 15). The reaction gave a lower yield of 4a either decreasing or increasing 
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the temperature (entries 16 and 17). On the basis of above results, the optimal reaction 

condition for the generation of 4a was Cs2CO3 (3.0 equiv) as the base in DMF at 100 °C 

(entry 4). 

Table 2B.1. Optimization of the reaction conditionsa 

 

Entry Base Equiv Solvent Temp (°C) Time (h) Yield (%)b 

1 Cs2CO3 1 DMF RT 12 30 

2 Cs2CO3 2 DMF 100 10 60 

3 Cs2CO3 3 DMF 100 8 78 

4 Cs2CO3 3 DMF 100 6 85 

5 K2CO3 3 DMF 100 6 75 

6 Et3N 3 DMF 100 10 40 

7 DBU 3 DMF 100 8 60 

8 NaOAc 3 DMF 100 8 65 

9 DABCO 3 DMF 100 8 65 

10 -- -- DMF 100 10 ND 

11 Cs2CO3 3 DMSO 100 6 80 

12 Cs2CO3 3 CH3CN reflux 8 60 

13 Cs2CO3 3 EtOH reflux 8 55 

14 Cs2CO3 3 Toluene 100 8 70 

15 Cs2CO3 3 H2O 100 10 ND 

16 Cs2CO3 3 DMF 80 8 80 

17 Cs2CO3 3 DMF 120 6 82 
aReaction condition: compound 1a (1.0 mmol), benzaldehyde 2a (1.0 mmol), 

tosylhydrazine 3 (1.0 mmol), base and solvent (3 mL). bIsolated yields. RT: room 

temperature. ND: not determined. 

 The reaction generality and substrate scope of this transformation were further 

explored (Table 2B.2). Various benzaldehydes having both electron donating group (EDG) 

and electron withdrawing group (EWG) were investigated. EDG (‒Me, ‒OMe), EWG (‒

CN, ‒NO2) and halogen (‒F, ‒Cl, ‒Br) on the aromatic ring underwent the conversion 

smoothly to afford the corresponding products in good yields. It was also found that the 

positions of the substituents on benzaldehydes had no significant effect on the product 
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yield. In addition, EWG (‒CN, ‒NO2) on thiazolidinedione chalcones also obtain the target 

compounds in good yields. However, the reaction was not successful with aliphatic 

aldehydes, resulting in the recovery of starting materials. 

Table 2B.2. Substrate scope of regioselective 3,4,5-trisubstituted pyrazoles 4a-ya,b 

 
aReaction condition: thiazolidinedione chalcones 1a-e (1.0 mmol), benzaldehydes 2a-k 

(1.0 mmol), tosylhydrazine 3 (1.0 mmol) and Cs2CO3 (3.0 equiv) in 3 mL of DMF at 100 

°C. bIsolated yields. 
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Scheme 2B.11. Control experiments. 

 To illustrate the reaction mechanism, some control experiments were carried out. 

Initially, reaction of thiazolidinedione chalcone 1a, benzaldehyde 2a worked well with 

benzenesulfonyl hydrazide 5 under standard conditions, resulting the product 4a in 83% 

yield (Scheme 2B.11a). A trace amount of product formation under dry condition 

demonstrates the essential role of water (Scheme 2B.11b). Reaction proceeded smoothly in 

the presence of N2 or O2 atmosphere (Scheme 2B.11c). To check the feasibility of reaction 
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under sunlight, we conducted the reaction under dark condition, 80% of yield was obtained 

(Scheme 2B.11d). This indicates that the reaction is light independent. The reaction 

efficiency was not influenced in the presence of radical inhibitor TEMPO (Scheme 

2B.11e). Which rule out the possibility of radical pathway. 

 Based on control experiments a plausible reaction mechanism was illustrated in 

Scheme 2B.12. Initially, reaction of benzaldehyde 2a with tosylhydrazine 3 generates 

intermediate A, which converts into diazo intermediate B in the presence of Cs2CO3. The 

subsequent loss of TsH from B provides dipole intermediate C [45]. Further, the in situ 

generated intermediate C undergoes [3+2] cycloaddition reaction with 1a produces the 

intermediate D, which converts into intermediate E in the presence of water and base [46]. 

From this, intermediate F is formed with the loss of carbonyl sulfide and H2O [47]. This 

undergoes tautomerism to produce the desired product 4a. 

 

Scheme 2B.12. Plausible reaction mechanism. 

 The chemical structures of 4a-y were identified from their FT-IR, 1H NMR, 13C 

NMR and mass spectral data, and were supported by single crystal X-ray diffraction 

analysis of compound 4a (Figure 2B.4). For instance, the IR spectrum of 4a shows the 
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bands at 3273 cm-1 and 3175 cm-1 represents –NH stretching frequencies. The band at 1635 

cm-1 represents the –C=O stretching frequency of the amide functional group. In the 1H 

NMR spectrum, a peak showed as singlet at δ 13.49 represents the –NH proton of the 

pyrazole ring, and a singlet at δ 8.03 represents the –NH proton of the amide moiety. The 

13C NMR showed a peak at δ 163.28 corresponds –C=O carbon of the amide group 

[48].Whereas, the compounds 4f and 4q exhibited heteronuclear coupling (C‒F) in 13C 

NMR spectrum with coupling constant values around J(ipso) = 245.0 Hz, J(ortho) = 20.0 

Hz, J(meta) = 8.0 Hz and J(para) = 2.0 Hz. The molecular weight of the compound 4a was 

determined by the peak at m/z 308.1397 corresponds [M+H]+ in HRMS spectrum. The 

crystallographic data with CCDC number 2110703 and structure refinement parameters of 

the compound 4a were shown in Table 2B.3. 

 
 Figure 2B.4. ORTEP representation of the compound 4a and the thermal 

 ellipsoids are drawn at 50% probability level. 

Table 2B.3. Salient crystallographic data and refinement parameters of the compound 4a 

Identification code 4a 

Empirical formula C18H17N3O2 

Formula weight 307.1321 

Crystal system Monoclinic 

Space group P21/c 

T (K) 100 

a (Å) 13.046 (3) 

b (Å) 16.071 (3) 

c (Å) 15.202 (3) 

α (°) 90 

β (°) 103.55 

γ (°) 90 

Z 8 

V (Å3) 3098.6 (12) 

Dcalc (g/cm3) 1.313 
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F (000) 1288.0 

µ (mm-1) 0.088 

Ɵ (°) 26.997 

Index ranges -16 ≤ h ≤ 16 

-20 ≤ k ≤ 20 

-19 ≤ l ≤ 19 

N-total 6771 

Parameters 436 

R1 [I > 2 σ (I)] 0.0843 

wR2 (all data) 0.2421 (6218) 

GOF 1.033 

CCDC 2110703 

2B.2.3. Biological activity 

2B.2.3.1. Anti-tubercular activity (anti-TB) 

 The anti-tubercular activity of the synthesized 3,4,5-trisubstituted pyrazoles 4a-y 

were examined using the Microplate Alamar Blue Assay (MABA) method against 

Mycobacterium tuberculosis H37Rv (ATCC27294) strain and ethambutol as a standard 

drug [49]. The experiments were conducted in duplicates and the MIC values (µg/mL) are 

listed in Table 2B.4.  

 The results of anti-TB activity indicate that all the screened compounds exhibited 

potent to poor activity with the MIC values ranging from 3.125 µg/mL to >25.00 µg/mL. 

Among these, two compounds 4e and 4o exhibited potent activity with MIC value 3.125 

µg/mL when compared to the standard drug ethambutol (MIC: 1.56 µg/mL). Whereas, two 

compounds 4i and 4v showed significant activity with MIC value 6.25 µg/mL. On the other 

hand, two compounds 4c and 4w displayed moderate anti-TB activity (12.5 µg/mL). The 

remaining derivatives showed poor anti-TB potency. 

Table 2B.4. In vitro anti-tubercular activity of the synthesized compounds 4a-y  

Entry Compound MIC 

(µg/mL) 

% of Inhibition 

@25μMa 

1 4a 25 NDb 

2 4b 25 ND 

3 4c 12.5 ND 

4 4d 25 ND 

5 4e 3.125 19.04 

6 4f ˃25 ND 

7 4g ˃25 ND 

8 4h ˃25 ND 

9 4i 6.25 23.68 
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10 4j ˃25 ND 

11 4k 25 ND 

12 4l ˃25 ND 

13 4m 25 ND 

14 4n ˃25 ND 

15 4o 3.125 21.04 

16 4p ˃25 ND 

17 4q 25 ND 

18 4r 25 ND 

19 4s ˃25 ND 

20 4t ˃25 ND 

21 4u 25 ND 

22 4v 6.25 24.76 

23 4w 12.5 ND 

24 4x 25 ND 

25 4y 25 ND 

26 Ethambutol 1.56 ND 
a % inhibition was examined using RAW 264.7 cell line, b ND = not determined. 

2B.2.3.2. Cytotoxicity studies 

 The promising anti-TB active compounds have been tested for their safety profile 

by the evaluation of cytotoxicity on normal RAW 264.7 cells at 25 µg/mL [50] and the 

results were depicted in Table 2B.4. In this study, the promising anti-TB compounds 4e, 

4i, 4o and 4v exhibited less percentage of inhibition such as 19.04, 23.68, 21.04 and 24.76% 

respectively to the normal RAW 264.7 cell line. 

2B.2.3.3. Structure activity relationship studies 

 In the structure activity relationship (SAR) studies, diverse donor and acceptor 

abilities of substituted groups on the phenyl ring and structural changes are crucial in their 

anti-tubercular activity of the title compounds. SAR studies reveal that the presence of 

methoxy (‒OMe) substitution on the phenyl ring is significantly enhances the anti-

tubercular activity when compared to other substitutions. 

2B.3. Molecular docking studies 

 The outcome of the molecular docking study revealed that all the synthesized 

compounds 4a-y were successfully docked, and efficiently fit into the active sites of the 

Mycobacterium tuberculosis protein (PDB ID: 1DF7) [51]. The results of the molecular 

docking study were depicted in Table 2B.5. Among all the screened compounds, the 

compounds 4h, 4k, 4o and 4s showed good binding energies -9.37, -9.31, -9.46 nd -9.41 
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kcal/mol respectively. Among these, the compound 4o exhibited more negative binding 

energy -9.46 kcal/mol, forms five hydrogen bonds with the amino acid residues TRP6 (2.85 

Å), ALA7 (2.25 Å), ASP27 (3.20 Å), TYR100 (1.84 Å), GLU111 (3.55 Å) respectively 

and forms seven hydrophobic (‧‧‧ and mixed ‧‧‧alkyl) interactions with the amino acids. 

Whereas, the compound 4s showed binding energy -9.41 kcal/mol, forms six hydrogen 

bonds with the amino acid residues TRP6 (2.85 Å), ALA7 (2.11 Å), ASP27 (3.41 Å), 

TYR100 (2.23 Å, 3.41 Å), GLU111 (3.57 Å) and shows three hydrophobic (‧‧‧ and 

‧‧‧alkyl) interactions with the amino acids. The ligand interactions of the compounds 4o 

and 4s are presented in Figure 2B.5 and Figure 2B.6. 

Table 2B.5. Docking results of the compounds 4a-y against 1DF7 protein 

En-

try 
Compound 

Binding 

energy 

(kcal/mol) 

No. of 

hydrogen 

bonds 

Residues involved in the 

hydrogen bonding 

Hydrogen bond 

length (Å) 

 

1 4a -9.13 5 
TRP6, ALA7, ASP27, 

TYR100 

1.89, 2.28, 2.99, 

3.21, 3.46 

2 4b -9.23 4 
TRP6, ALA7, ASP27, 

TYR100 

2.08, 2.16, 3.03, 

3.16 

3 4c -9.21 4 
TRP6, ALA7, ASP27, 

TYR100 

1.89, 2.10, 3.01, 

3.40 

4 4d -9.15 4 
TRP6, ALA7, ASP27, 

TYR100 

1.85, 2.15, 2.98, 

3.51 

5 4e -9.24 4 
TRP6, ALA7, LEU24, 

GLN28 

2.24, 2.84, 2.88, 

3.63 

6 4f -9.12 5 TRP6, ALA7, TYR100 
1.95, 2.21, 2.30, 

3.21, 3.36 

7 4g -9.12 4 
TRP6, ALA7, ASP27, 

TYR100 

1.98, 2.19, 3.06, 

3.33 

8 4h -9.37 5 
TRP6, ALA7, ASP27, 

TYR100 

2.05, 2.15, 2.21, 

3.11, 3.22 

9 4i -9.01 3 TRP6, GLN28, TYR100 2.20, 2.65, 3.03 

10 4j -8.97 4 
TRP6, ALA7, ASP27, 

TYR100 

2.01, 2.21, 2.99, 

3.21 

11 4k -9.31 7 

ALA7, GLY18, ILE20, 

ARG45, SER49, GLN98, 

TYR100 

1.65, 1.92, 1.92, 

2.05, 2.32, 2.70, 

3.32 

12 4l -9.12 6 
TRP6, ALA7, ASP27, 

TYR100, GLU111 

2.08, 2.18, 2.89, 

3.33, 3.36, 3.56 

13 4m -9.07 5 
TRP6, ALA7, ASP27, 

TYR100, GLU111 

1.88, 2.23, 2.83, 

3.13, 3.56 

14 4n -9.13 5 
TRP6, ALA7, ASP27, 

TYR100, GLU111 

1.98, 2.14, 2.84, 

3.17, 3.56 

15 4o -9.46 5 
TRP6, ALA7, ASP27, 

TYR100, GLU111 

2.85, 2.27, 3.20, 

1.84, 3.55 
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16 4p -8.38 4 LEU24, ASP27, GLN28 
2.04, 2.79, 2.98, 

3.15 

17 4q -9.04 5 
TRP6, ALA7, ASP27, 

TYR100, GLU111 

1.97, 2.14, 2.84, 

3.42, 3.57 

18 4r -8.99 6 
TRP6, TRP22, LEU24, 

ASP27, TYR100 

2.89, 3.00, 3.03, 

3.15, 3.51, 3.66 

19 4s -9.41 6 
TRP6, ALA7, ASP27, 

TYR100, GLU111 

2.85, 2.11,3.41, 

2.23, 3.41, 3.57 

20 4t -9.23 4 TRP6, LEU24, TYR100 
2.85, 3.03, 3.05, 

3.54 

21 4u -9.18 6 
ILE5, TRP6, TRP22, 

LEU24, ASP27, TYR100 

2.72, 2.87, 3.06, 

3.36, 3.49, 3.75 

22 4v -8.90 4 
ARG32, SER49, ARG60, 

ILE94 

1.67, 2.06, 3.12, 

3.67 

23 4w -8.95 6 
SER49, GLY95, GLY96, 

TYR100 

1.72, 2.23, 3.19, 

3.29, 3.66, 3.79 

24 4x -8.48 4 TRP6, ASP27, GLU111 
1.73, 2.14, 3.22, 

3.74 

25 4y -8.95 5 GLN28, LYS53, ARG60 
1.67, 1.85, 2.32, 

2.35, 2.59 

 
Figure 2B.5. Binding interactions of the compound 4o with active site of 1DF7. 

 
Figure 2B.6. Binding interactions of the compound 4s with active site of 1DF7. 

2B.4. ADME prediction 

 The measurement of absorption, distribution, metabolism and excretion (ADME) 

makes it easier to identify molecules at the therapeutic dose with a high safety profile. 
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Moreover, the use of in silico pharmacokinetic parameters prediction lowers the risk of 

drug failure during the final stages of a clinical study. ADME prediction results of the 

synthesized compounds are presented in Table 2B.6. 

 LogP is the measure of octanol/water partition co-efficient (lipophilicity). The 

predicted lipophilicity values are in the ranging from 2.682 to 4.471, and these values 

revealed that optimal lipophilicity of the compounds. The predicted aqueous solubility 

(LogS) values for the synthesized compounds varied from -3.122 to -4.739, which indicates 

their good solubility in aqueous media because of lipophilic groups present in the 

molecules. However, the topological polar surface area (TPSA) values (≤ 140 Å) reveal 

that the compounds have excellent oral bioavailability. The results from logarithm of the 

apparent permeability co-efficient (logPapp) suggests that all the compounds have 

acceptable Caco-2 permeability in the range of -0.572 x 10-6 to 1.280 x 10-6. Remarkably, 

all the synthesized compounds have moderate human intestinal absorption (HIA: 84.012–

97.97%). Blood-brain partition co-efficient (logBB) values of the synthesized compounds 

are in acceptable range to cross the blood-brain barrier (BBB). The reported drug like 

properties and in silico ADME prediction revealed that the title compounds 4a-y exhibit 

adequate pharmacokinetic parameters and can be considered as lead molecules for the 

development of future pharmacophores. 

Table 2B.6. Drug likeliness and in silico ADME properties of the compounds 4a-y 

En-

try 
Mol. Wt 

H-

do-

nor 

H-

acc-

eptor 

No. of 

rotat-

able 

bonds 

LogP LogS 
TPSA 

(Å) 

Caco-2 

Permeabili-

ty (logPapp 

in 10-6 cm/s) 

HIA 

(% 

absor-

bed) 

BBB 

permea

-bility 

(log BB) 

 ≤500 ≤5 ≤10 ≤10 ≤5 <0.5 ≤140 >8x10-6 
70 - 

100% 

-3.0 - 

1.2 

4a 307.35 2 5 5 2.989 -3.788 67.01 0.961 96.718 -0.003 

4b 321.38 2 5 5 3.462 -4.233 67.01 1.074 96.691 -0.042 

4c 337.379 2 6 6 3.056 -4.084 76.24 1.051 97.607 -1.012 

4d 367.405 2 7 7 2.793 -3.982 85.47 0.771 97.849 -1.108 

4e 367.405 2 7 7 2.947 -4.635 85.47 1.049 96.942 -0.986 

4f 325.343 2 5 5 3.103 -4.095 67.01 1.032 96.236 0.114 

4g 341.798 2 5 5 3.677 -4.516 67.01 1.052 95.233 -0.055 

4h 341.798 2 5 5 3.453 -4.739 67.01 0.956 95.140 0.072 

4i 386.249 2 5 5 3.830 -4.581 67.01 1.048 95.166 -0.056 

4j 332.363 2 6 5 2.769 -4.409 90.80 1.098 97.673 -0.957 

4k 352.35 2 8 6 3.010 -4.490 110.15 -0.605 84.937 -1.107 

4l 320.396 2 5 5 3.217 -3.128 61.02 1.109 97.017 0.19 

4m 334.423 2 5 5 3.745 -3.514 61.02 1.280 96.990 0.151 

4n 350.422 2 6 6 3.238 -3.330 70.25 1.083 97.907 -0.92 



Chapter II-B                                                                                  Transition metal-…cycloaddition reaction 

84 

4o 380.448 2 7 7 2.950 -3.122 79.48 1.049 98.148 -1.015 

4p 380.448 2 7 7 3.182 -3.841 79.48 1.082 97.241 -0.893 

4q 338.386 2 5 5 3.304 -3.469 61.02 1.099 96.535 0.307 

4r 354.841 2 5 5 3.998 -4.261 61.02 1.278 95.532 0.138 

4s 354.841 2 5 5 3.789 -4.524 61.02 1.059 95.439 0.145 

4t 399.292 2 5 5 4.124 -4.346 61.02 1.276 95.465 0.137 

4u 345.406 2 6 5 2.938 -4.151 84.81 1.13 97.972 -0.865 

4v 365.393 2 8 6 3.208 -4.546 104.16 -0.603 84.012 -1.015 

4w 362.477 2 5 6 4.471 -4.448 61.02 1.269 95.874 -0.01 

4x 302.337 2 5 4 2.682 -4.034 81.57 1.001 96.782 -0.811 

4y 336.351 2 7 5 3.380 -4.373 100.92 -0.572 86.955 -0.981 

Mol. Wt: molecular weight; H-donor: number of hydrogen bond donors; H-acceptor: 

number of hydrogen bond acceptors; LogP: octanol/water partition coefficient; LogS: aqua 

solubility parameter; TPSA: topological polar surface area; Caco-2: cell permeability; 

HIA: human intestinal absorption; LogBB: blood/brain partition co-efficient. 

2B.5. Conclusion 

 In this chapter we have demonstrated a highly efficient and convenient route for the 

construction of 3,4,5-trisubstituted pyrazoles from thiazolidinedione chalcones, 

benzaldehydes and N-tosylhydrazine with Cs2CO3 as a base. The reaction proceeds 

smoothly under mild reaction conditions and was free of transition metal and external 

oxidant. A range of poly functionalized pyrazoles were obtained in moderate to good yields 

from easily available starting materials. All the synthesized compounds were well 

characterized by spectral data and screened their in vitro anti-TB activity against 

Mycobacterium tuberculosis H37Rv. Among all, two compounds 4e and 4o exhibited 

potent activity with MIC value 3.125 µg/mL and the compounds 4i and 4v showed good 

activity with MIC value 6.25 µg/mL when compared to the standard drug ethambutol (MIC: 

1.56 µg/mL). The active compounds were showed relatively low levels of cytotoxicity 

against the normal cell line RAW 264.7. In addition, in silico molecular docking studies 

and ADME prediction revealed that the title compounds could be regarded as potential 

scaffolds which are useful in the development of lead molecules for the treatment of 

tuberculosis. 

2B.6. Experimental Section 

2B.6.1. General procedure for 3,4,5-trisubstituted 1H-pyrazoles (4a-y) 

 To a solution of benzaldehyde 2 (1.0 mmol) in 3 mL DMF, tosylhydrazine 3 (1.0 

mmol) was added and continued the reaction for 10 min at room temperature, to this 

thiazolidinedione chalcones 1 (1.0 mmol) and Cs2CO3 (3.0 equiv) were added. The reaction 

mixture was stirred at 100 °C for 4-6 h. The progress of the reaction was monitored by 
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TLC. After completion, the reaction mixture was cooled to room temperature and added 

water. The resulting solid product was filtered and dried under vacuum. The purification of 

crude material by silica gel column chromatography (ethyl acetate / petroleum ether, 30:70 

to 40:60 V/V) furnished the targeted compounds 4a–y.  

2B.6.2. Protocol for the anti-TB screening 

 The MIC of the generated compounds was tested using in vitro Microplate Alamar 

Blue Assay protocol [52]. The Mycobacterium tuberculosis H37Rv strain (ATCC27294) 

was used for the screening. The inoculum was prepared from fresh LJ medium re-

suspended in 7H9-S medium (7H9 broth, 0.1% casitone, 0.5% glycerol, supplemented oleic 

acid, albumin, dextrose, and catalase [OADC]), adjusted to a OD590 1.0, and diluted 1:20; 

100 µL was used as inoculum. Each drug stock solution was thawed and diluted in 7H9-S 

at four-fold the final highest concentration tested. Serial two-fold dilutions of each drug 

were prepared directly in a sterile 96-well microtiter plate using 100 µL 7H9-S. A growth 

control containing no antibiotic and a sterile control were also prepared on each plate. 

Sterile water was added to all perimeter wells to avoid evaporation during the incubation. 

The plate was covered, sealed in plastic bags and incubated at 37 oC in normal atmosphere. 

After 7 days incubation, 30 µL of alamar blue solution was added to each well, and the 

plate was re-incubated overnight. A change in colour from blue (oxidized state) to pink 

(reduced) indicated the growth of bacteria, and the MIC was defined as the lowest 

concentration of drug that prevented this change in colour. 

2B.6.3. In vitro cytotoxicity screening 

 The in vitro cytotoxicity of the privileged anti-TB active analogues with lower MIC 

value were assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) assay against growth inhibition of RAW 264.7 cells at 25 μg/mL concentration [53]. 

Cell lines were maintained at 37 °C in a humidified 5% CO2 incubator (Thermo scientific). 

Detached the adhered cells and followed by centrifugation to get cell pellet. Fresh media 

was added to the pellet to make a cell count using haemocytometer and plate 100 μL of 

media with cells ranging from 5,000 - 6,000 per well in a 96-well plate. The plate was 

incubated overnight in CO2 incubator for the cells to adhere and regain its shape. After 24 

h cells were treated with the test compounds at 25 μg/mL diluted using the media to deduce 

the percentage inhibition on normal cells. The cells were incubated for 48 h to assay the 

effect of the test compounds on different cell lines. Zero hour reading was noted down with 

untreated cells and also control with 1% DMSO to subtract further from the 48 h reading. 
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After 48 h incubation, cells were treated by MTT (4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) dissolved in PBS (5 mg/mL) and incubated for 3-4 h at 37 

°C. The formazan crystals thus formed were dissolved in 100 μL of DMSO and the viability 

was measured at 540 nm on a multimode reader (Spectra max). The values were further 

calculated for percentage inhibition which in turn helps us to know the cytotoxicity of the 

test compounds. 

2B.6.4. Molecular docking protocol 

 The docking studies are prominent tools for the assessment of the binding affinity 

to the ligand-protein receptor. All the synthesized compounds were subjected to in silico 

molecular docking studies by using the AutoDockTools (ADT) version 1.5.6 and 

AutoDock version 4.2.5.1 docking program [54]. The 3D-structures of all the synthesized 

compounds were prepared by using chem3D pro 12.0 software. The optimized 3D 

structures were saved in pdb format. The structure of the dihydrofolate reductase of 

Mycobacterium tuberculosis (PDB code: 1DF7) protein was extracted from the protein data 

bank (http://www.rcsb.org/pdb). The bound ligand and water molecules in protein were 

removed by using Discovery Studio Visualizer version 4.0 to prepare the protein. Non polar 

hydrogens were merged and gasteiger charges were added to the protein. The grid file was 

saved in gpf format. The three dimensional grid box having dimensions 60 x 60 x 60 Å3 

was created around the protein with spacing 0.3750 Å. The genetic algorithm was carried 

out with the population size and the maximum number of evaluations were 150 and 

25,00,000 respectively. The docking output file was saved as Lamarckian Ga (4.2) in dpf 

format. The ligand-protein complex binding sites were visualized by Discovery Studio 

Visualizer version 4.0. 

2B.6.5. ADME prediction 

 In silico ADME properties and pharmacokinetic parameters of the synthesized 

compounds were calculated by using the online servers ADMETlab 2.0 and pkCSM [55]. 

The ADMET properties, human intestinal absorption (HIA), Caco-2 cell permeability, 

plasma protein binding and blood brain barrier penetration (BBB) were predicted using this 

program. 
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2B.7. Spectral data of synthesized compounds 4a-y 

4-(4-methoxyphenyl)-N-methyl-3-phenyl-1H-pyrazole-5-carboxamide (4a) 

White solid. mp: 247-249 °C. IR (KBr, cm‒1): 3273, 3175, 2956, 1635, 1527, 1414. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.49 (s, 1H), 8.03 (s, 1H), 7.31 (d, J = 15.2 Hz, 5H), 7.12 

(d, J = 7.6 Hz, 2H), 6.85 (d, J = 7.6 Hz, 2H), 3.75 (s, 3H), 2.69 (d, J = 3.6 Hz, 3H). 13C 

NMR (100 MHz, DMSO-d6) δ: 163.28, 158.50, 145.20, 140.99, 132.05, 129.68, 129.07, 

128.67, 128.05, 125.20, 118.88, 113.67, 55.43, 25.99. HRMS (ESI, m/z): [M+H]+ calcd. 

for C18H18N3O2: 308.1399; found: 308.1397. 

4-(4-methoxyphenyl)-N-methyl-3-(p-tolyl)-1H-pyrazole-5-carboxamide (4b) 

Off-white solid. mp: 244-246 °C. IR (KBr, cm‒1): 3388, 3150, 2934, 1637, 1527, 1414. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.43 (s, 1H), 8.01 (s, 1H), 7.15 (s, 4H), 7.11 (d, J = 8.4 

Hz, 2H), 6.84 (d, J = 7.2 Hz, 2H), 3.75 (s, 3H), 2.68 (d, J = 3.6 Hz, 3H), 2.27 (s, 3H). 13C 

NMR (100 MHz, DMSO-d6) δ: 163.33, 158.45, 145.14, 141.05, 138.14, 132.04, 129.63, 

127.93, 126.82, 125.31, 118.58, 113.64, 55.43, 25.98, 21.21. HRMS (ESI, m/z): [M+H]+ 

calcd. for C19H20N3O2: 322.1556; found: 322.1560. 

3,4-bis(4-methoxyphenyl)-N-methyl-1H-pyrazole-5-carboxamide (4c) 

Off-white solid. mp: 222-224 °C. IR (KBr, cm‒1): 3390, 3152, 2934, 1636, 1526, 1415. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.37 (s, 1H), 8.01 (s, 1H), 7.21 (d, J = 7.2 Hz, 2H), 7.12 

(d, J = 6.4 Hz, 2H), 6.91 (d, J = 6.8 Hz, 2H), 6.86 (s, 2H), 3.75 (s, 3H), 3.74 (s, 3H), 2.68 

(s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 163.36, 159.59, 158.41, 145.08, 140.90, 132.06, 

129.36, 125.42, 121.99, 118.22, 114.54, 113.65, 55.61, 55.41, 25.98. HRMS (ESI, m/z): 

[M+H]+ calcd. for C19H20N3O3: 338.1505; found: 338.1505. 

3-(3,4-dimethoxyphenyl)-4-(4-methoxyphenyl)-N-methyl-1H-pyrazole-5-

carboxamide (4d) 

White solid. mp: 228-230 °C. IR (KBr, cm‒1): 3382, 3134, 2931, 1626, 1528, 1456. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.40 (s, 1H), 8.00 (d, J = 4.4 Hz, 1H), 7.14 (d, J = 8.4 Hz, 

2H), 6.92 (d, J = 8.8 Hz, 1H), 6.87 (d, J = 8.4 Hz, 2H), 6.85 (d, J = 2.0 Hz, 1H), 6.83 (s, 

1H), 3.75 (s, 3H), 3.73 (s, 3H), 3.54 (s, 3H), 2.68 (d, J = 4.8 Hz, 3H). 13C NMR (100 MHz, 

DMSO-d6) δ: 163.28, 158.51, 149.15, 148.82, 145.12, 140.95, 132.17, 125.66, 122.01, 

120.28, 118.32, 113.69, 112.22, 111.59, 55.93, 55.55, 55.50, 25.96. HRMS (ESI, m/z): 

[M+H]+ calcd. for C20H22N3O4: 368.1610; found: 368.1611. 
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3-(2,5-dimethoxyphenyl)-4-(4-methoxyphenyl)-N-methyl-1H-pyrazole-5-

carboxamide (4e) 

Plae brown solid. mp: 195-197 °C. IR (KBr, cm‒1): 3409, 3279, 2948, 1649, 1547. 1H NMR 

(400 MHz, DMSO-d6) δ: 13.19 (s, 1H), 8.00 (d, J = 4.0 Hz, 1H), 7.08 (d, J = 8.4 Hz, 2H), 

6.98 (d, J = 9.2 Hz, 1H), 6.90 (dd, J = 8.8, 2.8 Hz, 1H), 6.79 (d, J = 8.8 Hz, 2H), 6.61 (d, J 

= 2.4 Hz, 1H), 3.71 (s, 3H), 3.57 (s, 3H), 3.53 (s, 3H), 2.70 (d, J = 4.8 Hz, 3H). 13C NMR 

(100 MHz, DMSO-d6) δ: 163.58, 158.23, 153.07, 151.50, 144.08, 137.98, 131.45, 125.68, 

120.00, 119.37, 117.07, 115.36, 113.35, 56.20, 55.74, 55.42, 26.04. HRMS (ESI, m/z): 

[M+H]+ calcd. for C20H22N3O4: 368.1610; found: 368.1613. 

3-(4-fluorophenyl)-4-(4-methoxyphenyl)-N-methyl-1H-pyrazole-5-carboxamide (4f) 

Off-white solid. mp: 218-220 °C. IR (KBr, cm‒1): 3387, 3265, 2936, 1656, 1526, 1414. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.53 (s, 1H), 8.04 (s, 1H), 7.31 (dd, J = 8.4, 5.6 Hz, 2H), 

7.22 – 7.18 (m, 2H), 7.12 (d, J = 8.0 Hz, 2H), 6.86 (d, J = 7.2 Hz, 2H), 3.76 (s, 3H), 2.68 

(d, J = 4.8 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 163.21, 162.30 (d, J = 245.0 Hz), 

158.57, 145.16, 140.10, 132.02, 130.26 (d, J = 8.4 Hz), 126.18, 125.00, 118.88, 116.21 (d, 

J = 21.8 Hz), 113.74, 55.43, 26.00. HRMS (ESI, m/z): [M+H]+ calcd. for C18H17FN3O2: 

326.1305; found: 326.1307. 

3-(4-chlorophenyl)-4-(4-methoxyphenyl)-N-methyl-1H-pyrazole-5-carboxamide (4g) 

White solid. mp: 263-265 °C. IR (KBr, cm‒1): 3383, 3091, 2940, 1638, 1527, 1415. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.58 (s, 1H), 8.05 (s, 1H), 7.43 (d, J = 7.6 Hz, 2H), 7.28 

(d, J = 8.4 Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 6.86 (d, J = 7.6 Hz, 2H), 3.76 (s, 3H), 2.68 (d, 

J = 4.4 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 163.14, 158.60, 145.25, 139.85, 

133.41, 132.02, 129.76, 129.18, 128.52, 124.85, 119.19, 113.78, 55.44, 26.00. HRMS (ESI, 

m/z): [M+H]+ calcd. for C18H17ClN3O2: 342.1009; found: 342.1007. 

3-(2-chlorophenyl)-4-(4-methoxyphenyl)-N-methyl-1H-pyrazole-5-carboxamide (4h) 

Off-white solid. mp: 190-192 °C. IR (KBr, cm‒1): 3413, 3185, 2937, 1649, 1523. 1H NMR 

(400 MHz, DMSO-d6) δ: 13.44 (s, 1H), 8.10 (d, J = 4.4 Hz, 1H), 7.53 (d, J = 7.6 Hz, 1H), 

7.44 (t, J = 8.0 Hz, 1H), 7.37 (d, J = 7.6 Hz, 1H), 7.33 (d, J = 7.6 Hz, 1H), 7.06 (d, J = 8.4 

Hz, 2H), 6.75 (d, J = 8.4 Hz, 2H), 3.69 (s, 3H), 2.71 (d, J = 4.8 Hz, 3H). 13C NMR (100 

MHz, DMSO-d6) δ: 163.43, 158.29, 144.08, 138.81, 133.87, 133.21, 131.30, 130.07, 

129.36, 127.68, 124.78, 120.62, 113.41, 55.36, 26.06. HRMS (ESI, m/z): [M+H]+ calcd. 

for C18H17ClN3O2: 342.1009; found: 342.1006. 
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3-(4-bromophenyl)-4-(4-methoxyphenyl)-N-methyl-1H-pyrazole-5-carboxamide (4i) 

Off-white solid. mp: 277-279 °C. IR (KBr, cm‒1): 3383, 3088, 2937, 1639, 1527, 1416. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.59 (s, 1H), 8.05 (s, 1H), 7.56 (d, J = 7.2 Hz, 2H), 7.22 

(d, J = 8.4 Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 6.86 (d, J = 7.6 Hz, 2H), 3.76 (s, 3H), 2.68 (d, 

J = 4.4 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 163.14, 158.61, 145.26, 139.90, 

132.09, 132.00, 131.37, 130.01, 128.89, 124.84, 122.06, 119.19, 113.79, 55.45, 26.00. 

HRMS (ESI, m/z): [M+H]+ calcd. for C18H17BrN3O2: 386.0504; found: 386.0504. 

3-(4-cyanophenyl)-4-(4-methoxyphenyl)-N-methyl-1H-pyrazole-5-carboxamide (4j) 

White solid. mp: 265-267 °C. IR (KBr, cm‒1): 3375, 3275, 2934, 2226, 1635, 1528, 1411. 

1H NMR (400 MHz, DMSO-d6) δ: 7.89 (d, J = 4.0 Hz, 1H), 7.76 (d, J = 8.0 Hz, 2H), 7.47 

(d, J = 8.4 Hz, 2H), 7.14 (d, J = 8.4 Hz, 2H), 6.89 (d, J = 8.4 Hz, 2H), 3.77 (s, 3H), 2.68 (d, 

J = 4.8 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 162.68, 158.66, 143.32, 142.36, 

136.54, 132.81, 131.96, 128.16, 125.31, 119.92, 119.24, 113.99, 110.10, 55.45, 26.03. 

HRMS (ESI, m/z): [M+H]+ calcd. for C19H17N4O2: 333.1352; found: 333.1346. 

4-(4-methoxyphenyl)-N-methyl-3-(4-nitrophenyl)-1H-pyrazole-5-carboxamide (4k) 

Brown solid. mp: 283-285 °C. IR (KBr, cm‒1): 3396, 3212, 2937, 1655, 1525, 1415. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.87 (s, 1H), 8.20 (d, J = 1.2 Hz, 2H), 8.11 (s, 1H), 7.54 

(d, J = 4.4 Hz, 2H), 7.16 (d, J = 3.2 Hz, 2H), 6.90 (d, J = 1.6 Hz, 2H), 3.78 (s, 3H), 2.69 (s, 

3H). 13C NMR (100 MHz, DMSO-d6) δ: 158.84, 147.14, 139.71, 139.03, 131.96, 128.84, 

128.56, 124.51, 124.30, 114.50, 114.00, 55.49, 26.06. HRMS (ESI, m/z): [M+H]+ calcd. 

for C18H17N4O4: 353.1250; found: 353.1255. 

4-(4-(dimethylamino)phenyl)-N-methyl-3-phenyl-1H-pyrazole-5-carboxamide (4l) 

Off-white solid. mp: 204-206 °C. IR (KBr, cm‒1): 3395, 3175, 2938, 1626, 1529, 1441. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.40 (s, 1H), 7.97 (d, J = 4.4 Hz, 1H), 7.34 – 7.28 (m, 5H), 

7.02 (d, J = 8.4 Hz, 2H), 6.63 (d, J = 8.4 Hz, 2H), 2.89 (s, 6H), 2.68 (d, J = 4.4 Hz, 3H). 

13C NMR (100 MHz, DMSO-d6) δ: 163.52, 149.54, 145.36, 140.62, 131.45, 129.40, 

129.01, 128.84, 128.52, 127.99, 120.38, 119.32, 112.21, 40.52, 26.02. HRMS (ESI, m/z): 

[M+H]+ calcd. for C19H21N4O: 321.1715; found: 321.1710. 

4-(4-(dimethylamino)phenyl)-N-methyl-3-(p-tolyl)-1H-pyrazole-5-carboxamide (4m) 

White solid. mp: 225-227 °C. IR (KBr, cm‒1): 3386, 3151, 2921, 1632, 1532, 1443. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.33 (s, 1H), 7.95 (s, 1H), 7.19 (d, J = 7.6 Hz, 2H), 7.14 
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(d, J = 6.8 Hz, 2H), 7.02 (d, J = 8.4 Hz, 2H), 6.63 (d, J = 7.6 Hz, 2H), 2.89 (s, 6H), 2.67 (d, 

J = 4.0 Hz, 3H), 2.28 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 163.55, 149.52, 145.30, 

140.67, 137.93, 131.45, 129.56, 127.88, 127.12, 120.55, 119.00, 112.20, 40.54, 26.01, 

21.21. HRMS (ESI, m/z): [M+H]+ calcd. for C20H23N4O: 335.1872; found: 335.1867. 

4-(4-(dimethylamino)phenyl)-3-(4-methoxyphenyl)-N-methyl-1H-pyrazole-5-

carboxamide (4n) 

Pale yellow solid. mp: 160-162 °C. IR (KBr, cm‒1): 3403, 2924, 1614, 1531, 1443. 1H NMR 

(400 MHz, DMSO-d6) δ: 13.27 (s, 1H), 7.93 (d, J = 3.6 Hz, 1H), 7.23 (d, J = 8.4 Hz, 2H), 

7.02 (d, J = 8.0 Hz, 2H), 6.90 (d, J = 8.0 Hz, 2H), 6.64 (d, J = 7.2 Hz, 2H), 3.74 (s, 3H), 

2.89 (s, 6H), 2.67 (d, J = 4.4 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 163.57, 159.49, 

149.45, 140.52, 131.47, 129.31, 122.33, 120.68, 118.65, 114.50, 112.20, 55.60, 40.55, 

25.99. HRMS (ESI, m/z): [M+H]+ calcd. for C20H23N4O2: 351.1821; found: 351.1819. 

3-(3,4-dimethoxyphenyl)-4-(4-(dimethylamino)phenyl)-N-methyl-1H-pyrazole-5-

carboxamide (4o) 

Off-white solid. mp: 203-205 °C. IR (KBr, cm‒1): 3399, 3204, 2935, 1650, 1512, 1464. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.32 (s, 1H), 7.94 (d, J = 4.4 Hz, 1H), 7.05 (d, J = 8.8 Hz, 

2H), 6.91 (t, J = 8.4 Hz, 1H), 6.88 (d, J = 9.2 Hz, 2H), 6.68 (d, J = 8.8 Hz, 2H), 3.74 (s, 

3H), 3.55 (s, 3H), 2.89 (s, 6H), 2.69 (d, J = 4.8 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) 

δ: 163.47, 149.67, 149.04, 148.78, 145.28, 140.61, 131.58, 122.31, 121.00, 120.18, 118.78, 

112.38, 112.19, 111.58, 55.92, 55.54, 40.68, 25.97. HRMS (ESI, m/z): [M+H]+ calcd. for 

C21H25N4O3: 381.1927; found: 381.1922. 

3-(2,5-dimethoxyphenyl)-4-(4-(dimethylamino)phenyl)-N-methyl-1H-pyrazole-5-

carboxamide (4p) 

White solid. mp: 180-182 °C. IR (KBr, cm‒1): 3402, 3091, 2936, 1656, 1526, 1465. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.09 (s, 1H), 7.94 (d, J = 4.4 Hz, 1H), 6.99 (d, J = 8.4 Hz, 

3H), 6.89 (dd, J = 8.8, 2.8 Hz, 1H), 6.59 (d, J = 8.4 Hz, 3H), 3.57 (s, 3H), 3.56 (s, 3H), 2.85 

(s, 6H), 2.69 (d, J = 4.4 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 163.80, 153.04, 151.62, 

149.41, 144.17, 137.55, 130.95, 130.78, 121.09, 120.39, 119.70, 117.13, 115.19, 113.30, 

112.12, 56.29, 55.71, 40.55, 26.04. HRMS (ESI, m/z): [M+H]+ calcd. for C21H25N4O3: 

381.1927; found: 381.1925. 
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4-(4-(dimethylamino)phenyl)-3-(4-fluorophenyl)-N-methyl-1H-pyrazole-5-

carboxamide (4q) 

Off-white solid. mp: 241-243 °C. IR (KBr, cm‒1): 3402, 3229, 2934, 1638, 1534, 1444. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.42 (s, 1H), 7.97 (s, 1H), 7.330 (t, J = 8.0 Hz, 2H), 7.20 

(t, J = 7.2 Hz, 2H), 7.02 (d, J = 7.6 Hz, 2H), 6.64 (d, J = 6.4 Hz, 2H), 2.90 (s, 6H), 2.67 (d, 

J = 4.4 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 163.44 (d, J = 248.0 Hz), 149.59, 

145.33, 139.74, 131.42, 130.18 (d, J = 8.0 Hz) 126.45, 120.16, 119.33, 116.12 (d, J = 20.0 

Hz), 112.24 (d, J = 1.6 Hz), 40.48, 26.02. HRMS (ESI, m/z): [M+H]+ calcd. for 

C19H20FN4O: 339.1621; found: 339.1615. 

3-(4-chlorophenyl)-4-(4-(dimethylamino)phenyl)-N-methyl-1H-pyrazole-5-

carboxamide (4r) 

Off-white solid. mp: 257-259 °C. IR (KBr, cm‒1): 3377, 3143, 2907, 1634, 1532, 1349. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.48 (s, 1H), 7.99 (s, 1H), 7.42 (d, J = 7.2 Hz, 2H), 7.30 

(d, J = 8.0 Hz, 3H), 7.02 (d, J = 7.2 Hz, 2H), 6.64 (d, J = 6.8 Hz, 1H), 2.90 (s, 6H), 2.68 (s, 

3H). 13C NMR (100 MHz, DMSO-d6) δ: 163.41, 149.61, 145.38, 139.49, 133.27, 131.42, 

129.73, 129.15, 128.79, 119.93, 119.66, 112.25, 40.52, 26.03. HRMS (ESI, m/z): [M+H]+ 

calcd. for C19H20ClN4O: 355.1326; found: 355.1333. 

3-(2-chlorophenyl)-4-(4-(dimethylamino)phenyl)-N-methyl-1H-pyrazole-5-

carboxamide (4s) 

White solid. mp: 227-229 °C. IR (KBr, cm‒1): 3383, 3218, 1646, 1563, 1433. 1H NMR (400 

MHz, DMSO-d6) δ: 13.34 (s, 1H), 8.05 (d, J = 4.4 Hz, 1H), 7.54 (d, J = 7.6 Hz, 1H), 7.43 

(t, J = 6.8 Hz, 1H), 7.35 (t, J = 7.6 Hz, 1H), 7.33 – 7.28 (m, 1H), 6.97 (d, J = 8.8 Hz, 2H), 

6.53 (d, J = 8.8 Hz, 2H), 2.83 (s, 6H), 2.71 (d, J = 4.4 Hz, 3H). 13C NMR (100 MHz, 

DMSO-d6) δ: 163.66, 149.33, 144.15, 138.36, 133.95, 133.24, 131.17, 130.74, 130.31, 

130.04, 129.73, 127.63, 121.03, 120.11, 111.97, 40.50, 26.07. HRMS (ESI, m/z): [M+H]+ 

calcd. for C19H20ClN4O: 355.1326; found: 355.1327. 

3-(4-bromophenyl)-4-(4-(dimethylamino)phenyl)-N-methyl-1H-pyrazole-5-

carboxamide (4t) 

White solid. mp: 239-241 °C. IR (KBr, cm‒1): 3395, 3090, 2906, 1633, 1531, 1414. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.50 (s, 1H), 7.99 (s, 1H), 7.55 (d, J = 4.4 Hz, 2H), 7.24 

(d, J = 6.0 Hz, 2H), 7.03 (d, J = 6.8 Hz, 2H), 6.66 (s, 2H), 2.90 (s, 6H), 2.68 (s, 3H). 13C 

NMR (100 MHz, DMSO-d6) δ: 163.35, 149.62, 145.44, 139.50, 132.03, 131.41, 129.97, 
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129.20, 121.84, 119.96, 119.65, 112.25, 40.91, 26.02. HRMS (ESI, m/z): [M+H]+ calcd. 

for C19H20BrN4O: 399.0820; found: 399.0819. 

3-(4-cyanophenyl)-4-(4-(dimethylamino)phenyl)-N-methyl-1H-pyrazole-5-

carboxamide (4u) 

White solid. mp: 260-262 °C. IR (KBr, cm‒1): 3370, 3095, 2887, 2226, 1636, 1533, 1356. 

1H NMR (400 MHz, DMSO-d6) δ: 13.72 (s, 1H), 8.05 (s, 1H), 7.80 (s, 2H), 7.49 (d, J = 8.0 

Hz, 2H), 7.05 (d, J = 8.0 Hz, 2H), 6.69 (s, 2H), 2.92 (s, 6H), 2.68 (d, J = 4.4 Hz, 3H). 13C 

NMR (100 MHz, DMSO-d6) δ: 149.87, 132.91, 131.33, 128.32, 128.20, 120.60, 119.10, 

112.51, 112.45, 112.38, 40.62, 26.15. HRMS (ESI, m/z): [M+H]+ calcd. for C20H20N5O: 

346.1668; found: 346.1675. 

4-(4-(dimethylamino)phenyl)-N-methyl-3-(4-nitrophenyl)-1H-pyrazole-5-

carboxamide (4v) 

Plae brown solid. mp: 250-252 °C. IR (KBr, cm‒1): 3403, 3226, 2939, 1646, 1512, 1338. 

1H NMR (400 MHz, DMSO-d6) δ: 13.79 (s, 1H), 8.37 (s, 1H), 8.19 (d, J = 5.2 Hz, 2H), 

7.57 (d, J = 7.2 Hz, 2H), 7.06 (d, J = 7.6 Hz, 2H), 6.70 (d, J = 2.4 Hz, 2H), 2.92 (s, 6H), 

2.68 (d, J = 4.4 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 149.92, 146.96, 139.69, 

138.71, 131.60, 131.33, 129.48, 128.67, 124.75, 124.22, 112.48, 112.29, 40.53, 26.14. 

HRMS (ESI, m/z): [M+H]+ calcd. for C19H20N5O3: 366.1566; found: 366.1561. 

4-(4-(dimethylamino)phenyl)-N-isopropyl-3-(p-tolyl)-1H-pyrazole-5-carboxamide 

(4w) 

Off-white solid. mp: 210-212 °C. IR (KBr, cm‒1): 3429, 3388, 2924, 1645, 1537, 1362. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.35 (s, 1H), 7.58 (s, 1H), 7.18 (bs, 2H), 7.13 (bs, 2H), 

7.01 (d, J = 8.0 Hz, 2H), 6.65 (bs, 2H), 2.88 (s, 6H), 2.26 (s, 3H), 1.22 (bs, 1H), 1.07 (bs, 

6H). 13C NMR (100 MHz, DMSO-d6) δ: 163.55, 149.54, 145.33, 140.70, 137.96, 131.47, 

131.22, 129.59, 127.90, 127.19, 127.15, 120.58, 119.03, 112.23, 40.57, 26.04, 21.24, 21.02. 

ESI-MS (m/z): [M+H]+ calcd. for C22H27N4O: 363; found: 363. 

4-(4-cyanophenyl)-N-methyl-3-phenyl-1H-pyrazole-5-carboxamide (4x) 

White solid. mp: 255-257 °C. IR (KBr, cm‒1): 3375, 3092, 2933, 2227, 1634, 1528, 1411. 

1H NMR (400 MHz, DMSO-d6) δ: 13.48 (s, 1H), 8.29 (d, J = 8.8 Hz, 2H), 7.69 (d, J = 5.2 

Hz, 2H), 7.67 (s, 1H), 7.47 – 7.43 (m, 1H), 7.30 (q, J = 8.0 Hz, 4H), 3.07 (d, J = 5.2 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ: 161.12, 159.42, 147.47, 138.10, 131.89, 131.80, 
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128.83, 124.08, 123.91, 118.13, 114.53, 113.91, 113.81, 26.08. ESI-MS (m/z): [M+Na]+ 

calcd. for C18H14N4NaO: 325; found: 325. 

N-methyl-4-(4-nitrophenyl)-3-(p-tolyl)-1H-pyrazole-5-carboxamide (4y) 

Off-white solid. mp: 247-249 °C. IR (KBr, cm‒1): 3423, 3281, 2924, 1655, 1510, 1347. 1H 

NMR (400 MHz, DMSO-d6) δ: 13.72 (s, 1H), 8.21 (d, J = 2.8 Hz, 1H), 8.15 (d, J = 8.0 Hz, 

2H), 7.47 (d, J = 8.0 Hz, 2H), 7.17 (dd, J = 14.8, 7.2 Hz, 4H), 2.71 (d, J = 4.4 Hz, 3H), 2.29 

(s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 162.83, 146.49, 144.87, 142.16, 141.06, 138.85, 

132.22, 129.89, 128.32, 125.92, 123.25, 117.17, 26.03, 21.23. ESI-MS (m/z): [M+H]+ 

calcd. for C18H17N4O3: 337; found: 337. 
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2B.9. Selected IR, NMR (1H and 13C) and Mass spectra 

 

IR spectrum of the compound 4a 

 
1H NMR spectrum of the compound 4a 
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13C NMR spectrum of the compound 4a 

 

Mass spectrum of the compound 4a 
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IR spectrum of the compound 4d 

 

1H NMR spectrum of the compound 4d 
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13C NMR spectrum of the compound 4d 

 

Mass spectrum of the compound 4d 
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IR spectrum of the compound 4s 

 

1H NMR spectrum of the compound 4s 
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13C NMR spectrum of the compound 4s 

 

HRMS spectrum of the compound 4s 
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A photoinduced multicomponent regioselective synthesis of 

1,4,5-trisubstituted-1,2,3-triazoles: Transition metal-, azide- 

and oxidant-free protocol 
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3.1. Introduction 

 Triazoles constitute a major role in chemical community due to their wide range of 

applications in medicinal and in organic synthesis [1]. Significantly, 1,2,3-triazoles show a 

broad spectrum of biological activities such as anti-cancer [2], anti-viral [3], analgesic [4], 

anti-fungal [5], anti-bacterial [6], anti-tubercular [7], anti-inflammatory [8], anti-pyretic [9-

11] etc. For the prevention of disease in humans, there are several drugs available in the 

market containing the triazole as a core moiety namely, cefatrizine (anti-bacterial) [12], 

tazobactam (anti-biotic) [13], tert-butyldimethylsilyl-spiroaminooxathioledioxide (TSAO) 

(anti-HIV) [14], carboxyamidotriazole (anti-cancer) [15], rufinamide (anti-epileptic) [16], 

suvorexant (anti-insomnia) [17], and the drug DA-6886 is used as anti-intestinal [18]. They 

also play a vital role as key precursors in many industrial applications like photostabilizers 

[19], agrochemicals [20], polymers [21], corrosion retardants [22], pigments and dyes [23]. 

Some of the biologically active triazoles were shown in Figure 3.1. 

 

Figure 3.1. Biologically potent drugs having 1,2,3-triazole. 

 Because of their diverse applications in the field of medicinal and material sciences, 

several methodologies have been demonstrated to construct these triazole moieties [24]. 

Among them, the Huisgen azide-alkyne dipolar cycloaddition (AAC) is the most 

universally employed method for the synthesis of 1,2,3-triazoles [25]. However, this 

transformation suffers from poor regioselectivity and limited substrate scope [26]. Later, 
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the copper catalyzed azide-alkyne cycloaddition reaction (CuAAC) discovered by 

Sharpless and Meldal has led to the most prominent strategy in 1,2,3-triazole chemistry due 

to their excellent regioselectivity [27].  

3.1.1. Synthetic methods for the preparation of 1,2,3-triazoles 

Ramachary and co-workers developed DBU catalyzed [3+2] cycloaddition reaction of 

readily available cyclic/acyclic enones with less reactive vinyl/aryl azides under ambient 

conditions for the synthesis of medicinally important 1,2,3-triazoles (Scheme 3.1) [28]. 

 

Scheme 3.1 

Thomas et al. reported an approach for the direct and selective preparation of 1,5-

disubstituted-1,2,3-triazoles from readily available building blocks such as primary amines, 

enolizable ketones and 4-nitrophenyl azide via an organo cascade process (Scheme 3.2). 

This protocol makes use of readily available organic azides and amines as the sources of 

nitrogen of the triazole heterocycles [29].   

 

Scheme 3.2 

Westermann and co-workers introduced tosylhydrazone based triazole formation from 

the readily accessible primary amines with α,α-dichlorotosylhydrozones under ambient 

conditions (Scheme 3.3). This method offers azide- and metal- free route for the 

regioselective synthesis of 1,4-substituted triazoles [30].   

 

Scheme 3.3 

Wang and co-workers described an efficient I2/TBPB mediated oxidative [4+1] 

cycloaddition of N-tosylhydrazones with anilines for the construction of 1,4-disubstituted 

1,2,3-triazoles under metal- and azide- free conditions (Scheme 3.4). This protocol involves 

the of formation of C‒N/N‒N bonds and the cleavage of S‒N bond in a single operation 

[31].  
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Scheme 3.4 

Zhou et al. used a transition metal-, azide- and oxidant- free [4+1] cycloaddition strategy 

to synthesize 1,2,3-triazoles from α,α-difluoro-N-tosylhydrazone and amine (Scheme 3.5). 

The reaction proceeded smoothly in high yields with good functional group tolerance 

through C‒F bond cleavage [32]. 

 

Scheme 3.5 

Zhang and co-workers employed a transition metal free approach for the construction of 

5-amino-1,2,3-triazoles using carbodiimides and diazo compounds via base promoted 

nucleophilic addition/cyclization process under mild conditions (Scheme 3.6) [33]. 

 

Scheme 3.6 

Huang et al. reported the direct synthesis of 4-aryl-1,2,3-triazoles through iodine mediated 

formal [2+2+1] cyclization under metal- and azide- free conditions (Scheme 3.7). In this 

method, tosylhydrazine and 1-aminopyridinium iodide were utilized as nitrogen sources to 

generate NH-1,2,3-triazoles [34].  

 

Scheme 3.7 

3.2. Present work 

 Considering the significance of 1,2,3-trialzoles herewith, we have developed a 

photoinduced one-pot three component reaction involving isatin Schiff bases, aromatic 

aldehydes and tosylhydrazine in DMF to produce the desired compounds 4a-al (Scheme 

3.8). All the synthesized compounds were tested for the in vitro antitubercular activity and 

in silico molecular docking and ADME prediction.   
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Scheme 3.8. Synthesis of 1,4,5-trisubstituted-1,2,3-triazoles 4a-al. 

 With this proposed methodology we have prepared various 1,4,5-trisubstituted-

1,2,3-triazoles under transition metal-, azide- and oxidant- free conditions.  

3.2.1. Results and discussion 

 To optimize the reaction, 3-(phenylimino)indolin-2-one 1a, benzaldehyde 2a and 

tosylhydrazine 3 were considered for our study. The reaction of 1a (1.0 mmol), 2a (1.0 

mmol) and 3 (1.0 mmol) in the presence of Cs2CO3 (1.0 equiv) in DMF was initially 

examined under sunlight to obtain 1,4,5-trisubstituted-1,2,3-triazole 4a with poor yield 

(Table 3.1, entry 1). Then the experiment was carried out in the absence of base at 100 °C 

resulting no desired product 4a (Table 3.1, entry 2). Further the reaction was conducted in 

the presence of Cs2CO3 (1.0 equiv) in DMF at 100 °C resulted 4a with moderate yield 

(Table 3.1, entry 3). Since we have not satisfied with these yields, we have checked the 

reaction by increasing the equivalents of Cs2CO3. To our delight, the desired product was 

obtained with a better yield in the presence of 3 equivalents of Cs2CO3 in DMF at 100 °C 

(Table 3.1, entry 4).  

 We have also tried with other bases such as K2CO3, NaH, Na2CO3, DBU, NaOAc 

and Et3N (Table 3.1, entries 5-10), among these Cs2CO3 was chosen as a suitable base for 

the generation of desired product 4a. Then various solvents such as DMSO, CH3CN and 

EtOH were investigated to optimize the yield (Table 3.1, entries 11, 12, 15) and DMF was 

found to be the best optimal solvent w.r.t. yield of the desired product. Use of H2O as 

solvent resulted no formation of required product (Table 3.1, entry 16).  Further, we have 

tried the reaction at 120 °C in DMF lead to a lower yield of 4a (Table 3.1, entry 14). It is 

noteworthy that increasing the base would reduce the yield of 4a (Table 3.1, entry 13), and 

the optimized reaction conditions were established with Cs2CO3 as an efficient base and 

DMF as a suitable solvent for the generation of desired product 4a. 
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Table 3.1. Optimization of the reaction conditionsa 

 

Entry Base Base 

equivalents 

Solvent Temp 

(°C) 

Time 

(h) 

Yield 

(%)b 

1 Cs2CO3 1 DMF RT 12 45 

2 - - DMF 100 12 ND 

3 Cs2CO3 1 DMF 100 8 65 

4 Cs2CO3 3 DMF 100 6 89 

5 K2CO3 3 DMF 100 8 70 

6 NaH 3 DMF 100 10 40 

7 Na2CO3 3 DMF 100 10 60 

8 DBU 3 DMF 100 8 65 

9 NaOAc 3 DMF 100 8 63 

10 Et3N 3 DMF 100 10 36 

11 Cs2CO3 3 DMSO 100 6 85 

12 Cs2CO3 3 CH3CN Reflux 8 56 

13 Cs2CO3 4 DMF 100 6 86 

14 Cs2CO3 3 DMF 120 6 85 

15 Cs2CO3 3 EtOH Reflux 10 48 

16 Cs2CO3 3 H2O 100 10 ND 

aReaction condition: Compound 1a (1.0 mmol), benzaldehyde 2a (1.0 mmol) and 

tosylhydrazine 3 (1.0 mmol) under sunlight. bIsolated yields. RT: room temperature. ND: 

not determined. 

 The above optimized conditions were explored for reaction generality and scope of 

the substrates (Table 3.2). In general, a wide range of isatin Schiff bases and benzaldehydes 

can react smoothly and offer the desired products in good to excellent yields. Electron 

donating (‒CH3, ‒OCH3), withdrawing (‒NO2, ‒CN) and hetero aryl (pyridine) groups had 

no substantial impact on the efficiency of the reaction. 
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Table 3.2. Substrate scope of regioselective 1,4,5-trisubstituted-1,2,3-triazoles 4a-ala,b 
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aReaction condition: isatin Schiff bases 1a-h (1.0 mmol), benzaldehydes 2a-k (1.0 mmol), 

tosylhydrazine 3 (1.0 mmol) and Cs2CO3 (3.0 equiv) in 3 mL DMF at 100 °C under 

sunlight. bIsolated yields 

 In order to gain insight into the reaction process, a series of control experiments 

were carried out as shown in Scheme 3.9. First, the isatin Schiff base 1a, benzaldehyde 2a 

were reacted with benzenesulfonyl hydrazide 5 under the established reaction conditions 

and obtained the desired product 4a in 87% yield (eqn 1). The low reaction yield under an 

inert (N2) atmosphere showed that oxygen atmosphere plays an important role in this 

reaction (eqn 2). To investigate the interference of light on our strategy, we have performed 

the reaction in dark condition and observed a trace amount product formation. The result 

indicated that this reaction is light dependent (eqn 3). When conducting the reaction with 

N-substituted isatin Schiff base 6 instead of 1a did not furnish the desired product 7 (eqn 

4). Which indicates the essential role of free ‒NH group. Next, acyclic α-ketoamide 8 led 

to no desired product 9 (eqn 5) when employed under optimized conditions instead of 1a.  
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Scheme 3.9. Control experiments. 

 On the basis of above controlled experiments, the plausible reaction mechanism for 

the synthesis of target compounds 4a-al is illustrated in Scheme 3.10. Initially, N-

tosylhydrazone intermediate A forms from aldehyde 2a and tosylhydrazine 3, which 

converts into diazo intermediate B in the presence of Cs2CO3. Then intermediate B 

undergoes excitation (C) in the presence of sunlight. Further, it converts into radical 

intermediate D in the presence of atmospheric oxygen. Oxygen may serve as an oxidant to 

oxidize the in situ formed anion C into radical D [35]. Further, the radical intermediate D 

on reaction with 1a generates the intermediate E. Next, a subsequent intramolecular radical 

attack and the elimination of Ts radical produces the spiro cyclic intermediate F, which 

then react with water to form intermediate H by the cleavage of isatin ring [36]. This 

undergoes decarboxylation and dehydrogenation to yield the desired product 1,2,3-triazole 

4a. 

 

Scheme 3.10. Plausible mechanism for the generation of target compounds 4a-al. 

 The synthesized compounds 4a-al were characterized by IR, 1H NMR, 13C NMR 

and mass spectral data. For instance, the IR spectrum of 4g shows the bands at 3457 cm-1 
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and 3360 cm-1 represents the NH2 group. The band at 1621 cm-1 represents the C=C 

stretching frequency of triazole moiety, and the C‒N stretching mode of triazole ring 

observed at 1401 cm-1 [37]. In the 1H NMR spectrum the peak showed a singlet at δ 5.23 

ppm represents the NH2 protons. The 13C NMR showed the peaks at δ 147.92 and δ 138.63 

ppm corresponds to C9 and C10 carbons of triazole ring respectively [38]. The molecular 

weight of the compound was confirmed by the peak at m/z 395.41 [M+H]+ in mass 

spectrum. Additionally, fragmentation pathway of the compound 4g was supported by the 

MS/MS spectrum analysis. Further, the regiochemistry and structures of the derivatives 

were determined by the single crystal X-ray diffraction (SCXRD) method (4g). The Oak 

Ridge thermal ellipsoid plot (ORTEP) representation of 4g was given in Figure 3.2. The 

crystallographic data with CCDC number 2070199 and structure refinement parameters of 

the compound 4g were shown in Table 3.3. 

 

 Figure 3.2. ORTEP representation of the compound 4g and the thermal ellipsoids 

 are drawn at 50% probability level. The crystal 4g is the acetonitrile solvate.  

Table 3.3. Salient crystallographic data and refinement parameters of the compound 4g 

Identification code 4g 

Empirical formula C22H18ClN5 

Formula weight 387.87  

Crystal system Monoclinic 

Space group P21/n  

T (K) 100 

a (Å) 5.7459 (6)  

b (Å) 21.858 (2)  

c (Å) 15.4874 (18)  

α (°) 90  

β (°) 92.156 (4)  
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γ (°) 90  

Z 4  

V (Å3) 1943.8 (4)  

Dcalc (g/cm3) 1.325  

F (000) 808.9  

µ (mm-1) 0.214  

Ɵ (°) 27  

Index ranges  -7 ≤ h ≤ 7 

-27 ≤ k ≤ 27 

-19 ≤ l ≤ 19 

N-total 9529  

N-independent 4247  

N-observed 3646 

Parameters 255 

R1 [I > 2 σ (I)] 0.0645 

wR2 (all data) 0.1765 ( 4233) 

GOF 1.057 

CCDC 2070199 

3.2.2. Biological activity 

3.2.2.1. Anti-tubercular activity (anti-TB) 

 The anti-tubercular activity of the synthesized 1,4,5-trisubstituted-1,2,3-triazoles 

4a-al were examined using the Microplate Alamar Blue Assay (MABA) method against 

Mycobacterium tuberculosis H37Rv (ATCC27294) strain and ethambutol as a standard 

drug [39]. The experiments were conducted in duplicates and the MIC values (µg/mL) are 

listed in Table 3.4.  

 The results of anti-TB activity indicate that all the screened compounds exhibited 

significant to poor activity with the MIC values ranging from 6.25 µg/mL to >25.00 µg/mL. 

Among these, three compounds 4a, 4o and 4z exhibited significant activity with MIC value 

6.25 µg/mL when compared to the standard drug ethambutol (MIC: 1.56 µg/mL). On the 

other hand, six compounds 4e, 4k, 4p, 4u, 4x, and 4ak displayed moderate anti-TB activity 

with the MIC value 12.5 µg/mL. The remaining derivatives showed poor anti-TB potency. 

Table 3.4. In vitro anti-tubercular activity of title compounds 4a-al  

Entry Compound MIC 

(µg/mL) 

% of Inhibition 

@25μMa 

1 4a 6.25 27.72 

2 4b ˃25 NDb 

3 4c 25 ND 
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4 4d 25 ND 

5 4e 12.5 ND 

6 4f ˃25 ND 

7 4g ˃25 ND 

8 4h >25 ND 

9 4i 25 ND 

10 4j 25 ND 

11 4k 12.5 ND 

12 4l ˃25 ND 

13 4m ˃25 ND 

14 4n ˃25 ND 

15 4o 6.25 18.25 

16 4p 12.5 ND 

17 4q ˃25 ND 

18 4r 25 ND 

19 4s ˃25 ND 

20 4t ˃25 ND 

21 4u 12.5 ND 

22 4v ˃25 ND 

23 4w ˃25 ND 

24 4x 12.5 ND 

25 4y 25 ND 

26 4z 6.25 19.04 

27 4aa ˃25 ND 

28 4ab ˃25 ND 

29 4ac 25 ND 

30 4ad ˃25 ND 

31 4ae 25 ND 

32 4af ˃25 ND 

33 4ag ˃25 ND 

34 4ah ˃25 ND 

35 4ai ˃25 ND 

36 4aj ˃25 ND 

37 4ak 12.5 ND 

38 4al 25 ND 

39 Ethambutol 1.56 ND 
a % inhibition was examined using RAW 264.7 cell line, b ND = not determined. 

3.2.2.2. Cytotoxicity studies 

 The promising anti-TB active compounds have been screened for their safety profile 

by the evaluation of cytotoxicity on normal RAW 264.7 cells at 25 µg/mL [40] and the 

results were depicted in Table 3.4. In this study, the promising anti-TB compounds 4a, 4o, 

and 4z showed lower percentage of inhibition i.e., 27.72, 18.25 and 19.04% respectively to 

the normal RAW 264.7 cell line. 
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3.2.2.3. Structure activity relationship studies  

 The structure activity relationship (SAR) studies unveils that the diverse donor and 

acceptor abilities of substituted groups on the phenyl ring and presence of hetero aryl 

groups are crucial in their anti-tubercular activity of the synthesized compounds. The 

presence of Fluoro (‒F) substitution on the phenyl ring is significantly enhances the anti-

tubercular activity when compared to other substitutions. 

3.3. Molecular docking studies 

 The outcome of the molecular docking study revealed that all the synthesized 

compounds 4a-al were successfully docked, and efficiently fit into the active sites of the 

Mycobacterium tuberculosis protein (PDB ID: 1DF7) [41]. The results of the molecular 

docking study were presented in Table 3.5. Among all the screened compounds, thirteen 

compounds 4h, 4i, 4n, 4o, 4r, 4u, 4z, 4ac, 4ae, 4ag, 4ah, 4aj and 4ak exhibit good binding 

energies as -1055, -10.49, -10.42, -10.82, -10.43, -10.50, -10.65, -10.41, -10.46, -10.56, -

10.75, -10.59 and -10.49 kcal/mol respectively. Among these, the compound 4o exhibits 

more negative binding energy -10.82, forms four hydrogen bonds with the amino acid 

residues ALA7 (2.21 Å), THR46 (2.44 Å), ILE94 (2.06 Å), TYR100 (2.26 Å) and shows 

two hydrophobic (‧‧‧ and ‧‧‧alkyl) interactions with the amino acids. The compound 4z 

exhibits binding energy -10.65 kcal/mol, forms five hydrogen bonds with the amino acid 

residues ALA7 (2.42 Å), THR46 (2.47 Å), ILE94 (2.04 Å), TYR100 (2.00 Å, 2.29 Å) and 

shows a hydrophobic (‧‧‧alkyl) interaction with the amino acid. Whereas, the compound 

4ah shows binding energy -10.75 kcal/mol, forms five hydrogen bonds with the amino acid 

residues ALA7 (2.24 Å), ASP27 (2.85 Å), THR46 (2.45 Å), ILE94 (2.05 Å), TYR100 (2.31 

Å) and forms two hydrophobic (‧‧‧ and ‧‧‧alkyl) interactions with the amino acids. The 

ligand interactions of the compounds 4o, 4z and 4ah are presented in Figure 3.3, Figure 3.4 

and Figure 3.5. 

Table 3.5. Docking results of the compounds 4a-al against 1DF7 protein 

En-

try 

Com-

pound 

Binding 

energy 

(kcal/mol) 

No. of 

hydrogen 

bonds 

Residues involved in the 

hydrogen bonding 

Hydrogen bond 

length (Å) 

1 4a -9.69 3 ALA7, ILE94, TYR100 1.88, 2.14, 2.65 

2 4b -10.02 3 ALA7, ILE94, TYR100 1.79, 2.09, 2.82 

3 4c -9.84 4 
ALA7, ILE94, GLY97, 

TYR100 

1.84, 2.17, 2.66, 

2.78 

4 4d -10.16 5 
ALA7, GLY18, SER49, 

ILE94, TYR100 

1.96, 2.10, 2.40, 

2.65, 3.35 
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5 4e -9.94 6 
ALA7, GLY18, THR46, 

SER49, ILE94, TYR100 

1.71, 2.11, 2.12, 

2.77, 2.88, 3.49 

6 4f -9.61 4 
ALA7, THR46, ILE94, 

TYR100 

2.05, 2.22, 2.23, 

2.50 

7 4g -10.14 3 ALA7, ILE94, TYR100 1.84, 2.20, 2.70 

8 4h -10.55 4 
ALA7, HIS30, ILE94, 

TYR100 

1.74, 2.17, 3.05, 

3.71 

9 4i -10.49 5 
ALA7, THR46, ILE94, 

GLY97, TYR100 

1.79, 2.07, 2.08, 

2.76, 2.80 

10 4j -10.25 3 ALA7, ILE94, TYR100 1.75, 2.02, 3.00 

11 4k -9.54 4 
ALA7, THR46, ILE94, 

TYR100 

1.99, 2.20, 2.22, 

2.35 

12 4l -9.90 4 
ALA7, THR46, ILE94, 

TYR100 

2.03, 2.36, 2.40, 

2.50 

13 4m -10.16 4 
ALA7, THR46, ILE94, 

TYR100 

2.06, 2.42, 2.43, 

2.49 

14 4n -10.42 5 
ALA7, ASP27, THR46, 

ILE94, TYR100 

2.04, 2.27, 2.27, 

2.46, 2.84 

15 4o -10.82 4 
ALA7, THR46, ILE94, 

TYR100 

2.21, 2.44, 2.06, 

2.26 

16 4p -10.29 3 ALA7, ILE94, TYR100 1.93, 2.41, 2.79 

17 4q -9.79 4 
ALA7, THR46, ILE94, 

TYR100 

2.03, 2.21, 2.23, 

2.48 

18 4r -10.43 7 
ALA7, ASP27, THR46, 

ILE94, TYR100 

1.96, 2.07, 2.25, 

2.44, 2.44, 2.85, 

3.78 

19 4s -10.17 7 
ALA7, ASP27, THR46, 

ILE94, TYR100 

1.96, 2.01, 2.29, 

2.36, 2.49, 2.85, 

3.75 

20 4t -9.98 5 
ALA7, ASP27, THR46, 

ILE94, TYR100 

2.03, 2.33, 2.43, 

2.44, 2.84 

21 4u -10.50 7 
ALA7, ASP27, THR46, 

ILE94, TYR100 

1.94, 2.03, 2.27, 

2.39, 2.49, 2.86, 

3.74 

22 4v -9.53 3 ALA7, ILE94, TYR100 1.88, 2.00, 2.35 

23 4w -9.82 4 
ALA7, THR46, ILE94, 

TYR100 

2.04, 2.29, 2.35, 

2.40 

24 4x -9.55 5 
ALA7, THR46, ILE94, 

TYR100 

1.96, 2.04, 2.29, 

2.37, 2.49 

25 4y -9.50 4 
ALA7, THR46, ILE94, 

TYR100 

2.06, 2.22, 2.22, 

2.50 

26 4z -10.65 5 
ALA7, THR46, ILE94, 

TYR100 

2.42, 2.47, 2.04, 

2.00, 2.29 

27 4aa -9.93 3 ALA7, ILE94, TYR100 1.81, 1.98, 2.85 

28 4ab -10.33 4 
ALA7, THR46, ILE94, 

TYR100 

2.04, 2.29, 2.35, 

2.43 

29 4ac -10.41 5 
ALA7, ASP27, THR46, 

ILE94, TYR100 

2.15, 2.22, 2.24, 

2.42, 2.87 
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30 4ad -10.01 4 
ALA7, THR46, ILE94, 

TYR100 

2.04, 2.18, 2.25, 

2.53 

31 4ae -10.46 4 
ALA7, HIS30, ILE94, 

TYR100 

1.98, 2.41, 2.58, 

3.54 

32 4af -10.17 3 ALA7, ILE94, TYR100 1.86, 1.87, 2.63 

33 4ag -10.56 4 
ALA7, THR46, ILE94, 

TYR100 

2.05, 2.24, 2.42, 

2.50 

34 4ah -10.75 5 
ALA7, ASP27, THR46, 

ILE94, TYR100 

2.24, 2.85, 2.45, 

2.05, 2.31 

35 4ai -10.23 4 
ALA7, THR46, ILE94, 

TYR100 

2.06, 2.21, 2.23, 

2.48 

36 4aj -10.59 4 
ALA7, THR46, ILE94, 

TYR100 

2.05, 2.25, 2.45, 

2.53 

37 4ak -10.49 5 
ALA7, THR46, ILE94, 

GLY97, TYR100 

1.84, 1.93, 2.01, 

2.69, 3.02 

38 4al -10.21 3 ALA7, ILE94, TYR100 1.76, 2.05, 2.96 

 
Figure 3.3. Binding interactions between compound 4o with active site of 1DF7. 

 
Figure 3.4. Binding interactions between compound 4z with active site of 1DF7. 

 
Figure 3.5. Binding interactions between compound 4ah with active site of 1DF7. 
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3.4. ADME prediction 

 Absorption, distribution, metabolism and excretion (ADME) data improves the 

selection and identification of molecules at the therapeutic dose with an optimal safety 

profile. Also, in silico prediction of pharmacokinetic parameters lowers the risk of failure 

of drug at the final stages of clinical trials. ADME prediction results of the synthesized 

compounds were illustrated in Table 3.6. 

 Estimation of octanol/water partition coefficient (lipophilicity) is examined by 

LogP. The predicted lipophilicity values are in the ranging from 3.578 to 5.599, and these 

values revealed that moderate lipophilicity of the compounds. The predicted aqueous 

solubility (LogS) values of the synthesized compounds ranging from -3.535 to -6.597, 

which reflects their moderate solubility in water due to presence of lipophilic groups. On 

the other hand, the topological polar surface area (TPSA) values (≤140 Å) reveals that the 

compounds’ oral bioavailability is high. In general, higher the logarithm of the apparent 

permeability coefficient (logPapp) higher will be the Caco-2 permeability. From the results, 

it is predicted that all the compounds have shown medium Caco-2 permeability in the range 

from 0.44 x 10-6 to 1.36 x 10-6. Interestingly, all the synthesized compounds exhibit high 

human intestinal absorption (HIA: 95.638–100%). Blood/brain partition co-efficient 

(logBB) value is a measure of the ability of a drug to cross the blood-brain barrier (BBB). 

The target compounds are in considerable range of BBB. The observed drug like properties 

and in silico ADME prediction suggests that the synthesized compounds 4a-al exhibit 

acceptable pharmacokinetic parameters and can be considered as lead molecules for the 

development of novel drugs. 

Table 3.6. Drug likeliness and in silico ADME properties of the compounds 4a-al 

En-

try 
Mol. Wt 

H-

don

or 

H-

acce

ptor 

No. of 

rotata

ble 

bonds 

LogP LogS 
TPSA 

(Å) 

Caco-2 

Permeabili-

ty (logPapp 

in 10-6 cm/s) 

HIA 

(% 

absorb

ed) 

BBB 

permeab

-ility (log 

BB) 

 ≤500 ≤5 ≤10 ≤10 ≤5 <0.5 ≤140 >8x10-6 
70 - 

100% 

-3.0 - 

1.2 

4a 312.376 1 4 3 4.1835 -4.755 56.73 1.366 98.755 0.327 

4b 326.403 1 4 3 4.4919 -5.212 56.73 1.366 98.7 0.293 

4c 342.402 1 5 4 4.1921 -4.973 65.96 0.522 99.642 0.19 

4d 342.402 1 5 4 4.1921 -4.966 65.96 0.446 99.42 0.153 

4e 372.428 1 6 5 4.2007 -4.665 75.19 0.972 100 -0.809 

4f 330.366 1 4 3 4.3226 -5.045 56.73 1.357 98.234 0.312 

4g 346.821 1 4 3 4.8369 -5.730 56.73 1.025 97.242 0.28 

4h 391.272 1 4 3 4.946 -5.820 56.73 1.022 97.853 0.293 

4i 357.373 1 6 4 4.0917 -5.680 99.87 1.086 99.085 -0.868 
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4j 337.386 1 5 3 4.0552 -5.443 80.52 0.519 99.719 -0.5 

4k 313.364 1 5 3 3.5785 -3.535 69.62 0.855 100 -0.565 

4l 326.403 1 4 3 4.4919 -5.188 56.73 1.366 98.677 0.293 

4m 340.43 1 4 3 4.8003 -5.608 56.73 1.021 98.622 0.259 

4n 356.429 1 5 4 4.5005 -5.365 65.96 0.593 99.564 0.156 

4o 344.393 1 4 3 4.6310 -5.452 56.73 1.068 98.156 0.279 

4p 360.848 1 4 3 5.1453 -6.149 56.73 1.019 97.164 0.246 

4q 342.402 1 5 4 4.1921 -4.945 65.96 0.502 99.7 0.03 

4r 356.429 1 5 4 4.5005 -5.365 65.96 0.574 99.645 -0.004 

4s 372.428 1 6 5 4.2007 -5.192 75.19 0.92 100 -0.834 

4t 360.392 1 5 4 4.3312 -5.287 65.96 0.883 99.179 0.016 

4u 376.847 1 5 4 4.8455 -5.950 65.96 0.524 98.186 -0.017 

4v 330.366 1 4 3 4.3226 -5.008 56.73 1.358 98.287 0.154 

4w 344.393 1 4 3 4.6310 -5.452 56.73 1.065 98.232 0.12 

4x 360.392 1 5 4 4.3312 -5.287 65.96 0.88 99.174 0.017 

4y 348.356 1 4 3 4.4617 -5.364 56.73 1.112 97.766 0.139 

4z 364.811 1 4 3 4.976 -6.057 56.73 1.063 96.774 0.107 

4aa 346.821 1 4 3 4.8369 -5.689 56.73 1.026 97.219 0.28 

4ab 360.848 1 4 3 5.1453 -6.149 56.73 1.019 97.164 0.246 

4ac 376.847 1 5 4 4.8455 -5.950 65.96 0.544 98.106 0.143 

4ad 364.811 1 4 3 4.976 -6.057 56.73 1.066 96.698 0.266 

4ae 381.266 1 4 3 5.4903 -6.479 56.73 1.017 95.705 0.233 

4af 391.272 1 4 3 4.946 -5.801 56.73 1.023 97.152 0.278 

4ag 405.299 1 4 3 5.2544 -6.281 56.73 1.017 97.097 0.245 

4ah 421.298 1 5 4 4.9546 -6.070 65.96 0.535 98.039 0.142 

4ai 409.262 1 4 3 5.0851 -6.182 56.73 1.064 96.631 0.264 

4aj 425.717 1 4 3 5.5994 -6.597 56.73 1.015 95.638 0.232 

4ak 357.373 1 6 4 4.0917 -5.642 99.87 1.095 99.085 -0.877 

4al 337.386 1 5 3 4.0552 -5.409 80.52 0.522 99.7 -0.509 

Mol. Wt: molecular weight; H-donor: number of hydrogen bond donors; H-acceptor: 

number of hydrogen bond acceptors; LogP: octanol/water partition coefficient; LogS: aqua 

solubility parameter; TPSA: topological polar surface area; Caco-2: cell permeability; 

HIA: human intestinal absorption; LogBB: blood/brain partition co-efficient. 

3.5. Conclusion 

 In this chapter we have introduced a photoinduced regioselective synthesis of 1,4,5-

trisubstituted-1,2,3-triazoles under transition metal-, azide- and oxidant- free protocol. 

From this method a library of 38 compounds were synthesized with wide variety of 

functional groups. This method is amicable with most of the functional groups and able to 

produce title compounds in good to excellent yields. Further, in vitro anti-TB activity of 

the synthesized compounds were investigated against Mycobacterium tuberculosis H37Rv. 

Among them, three compounds 4o, 4z and 4ah exhibited significant activity with MIC 

value 6.25 µg/mL, whereas the compounds 4e, 4k, 4p, 4u, 4x and 4ak showed moderate 

activity with MIC value 12.5 µg/mL when compared to the standard drug ethambutol (MIC: 
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1.56 µg/mL). The significant active compounds were exhibited relatively low levels of 

cytotoxicity against RAW 264.7 cell line. In addition, in silico molecular docking studies 

and ADME prediction revealed that the title compounds could be considered as lead 

molecules in future research. 

3.6. Experimental Section 

3.6.1. General procedure for 1,4,5-trisubstituted-1,2,3-triazoles (4a-al) 

 To a solution of aldehyde 2 (1.0 mmol) in DMF, tosylhydrazine 3 was added (1.0 

mmol) and continued the reaction for 10 min, to this isatin Schiff base 1 (1.0 mmol) and 

Cs2CO3 (3.0 equiv) were added. The mixture was heated to 100 °C for 6-8 h under sunlight. 

The progress of the reaction was monitored by TLC. After completion, the reaction mixture 

was cooled to room temperature and added water. The resulting solid product was filtered 

and dried under vacuum. The residue was purified by column chromatography on silica gel 

with ethyl acetate in n-hexane (5-10% V/V) as an eluent to afford the targeted compounds. 

3.6.2. Protocol for the anti-TB screening 

 The MIC of the synthesized compounds was tested using in vitro Microplate 

Alamar Blue Assay using the reported protocol [42]. The Mycobacterium tuberculosis 

H37Rv strain (ATCC27294) was used for the screening. The inoculum was prepared from 

fresh LJ medium re-suspended in 7H9-S medium (7H9 broth, 0.1% casitone, 0.5% glycerol, 

supplemented oleic acid, albumin, dextrose, and catalase [OADC]), adjusted to a OD590 

1.0, and diluted 1:20; 100 µL was used as inoculum. Each drug stock solution was thawed 

and diluted in 7H9-S at four-fold the final highest concentration tested. Serial two-fold 

dilutions of each drug were prepared directly in a sterile 96-well microtiter plate using 100 

µL 7H9-S. A growth control containing no antibiotic and a sterile control were also 

prepared on each plate. Sterile water was added to all perimetre wells to avoid evaporation 

during the incubation. The plate was covered, sealed in plastic bags and incubated at 37 oC 

in normal atmosphere. After 7 days incubation, 30 µL of alamar blue solution was added 

to each well, and the plate was re-incubated overnight. A change in colour from blue 

(oxidised state) to pink (reduced) indicated the growth of bacteria, and the MIC was defined 

as the lowest concentration of drug that prevented this change in colour. 

3.6.3. In vitro cytotoxicity screening 

 The in vitro cytotoxicity of the privileged anti-tubercular active analogues with 

lower MIC value were assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
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bromide (MTT) assay against growth inhibition of RAW 264.7 cells at 25 μg/mL 

concentration [43]. Cell lines were maintained at 37 °C in a humidified 5% CO2 incubator 

(Thermo scientific). Detached the adhered cells and followed by centrifugation to get cell 

pellet. Fresh media was added to the pellet to make a cell count using haemocytometer and 

plate 100 μL of media with cells ranging from 5,000 - 6,000 per well in a 96-well plate. 

The plate was incubated overnight in CO2 incubator for the cells to adhere and regain its 

shape. After 24 h cells were treated with the test compounds at 25 μg/mL diluted using the 

media to deduce the percentage inhibition on normal cells. The cells were incubated for 48 

h to assay the effect of the test compounds on different cell lines. Zero hour reading was 

noted down with untreated cells and also control with 1% DMSO to subtract further from 

the 48 h reading. After 48 h incubation, cells were treated by MTT (4,5-dimethylthiazol- 

2-yl)-2,5-diphenyltetrazolium bromide) dissolved in PBS (5 mg/mL) and incubated for 3-

4 h at 37 °C. The formazan crystals thus formed were dissolved in 100 μL of DMSO and 

the viability was measured at 540 nm on a multimode reader (Spectra max). The values 

were further calculated for percentage inhibition which in turn helps us to know the 

cytotoxicity of the test compounds. 

3.6.4. Molecular docking protocol 

 The docking studies are prominent tools for the assessment of the binding affinity 

to the ligand-protein receptor. All the synthesized compounds were subjected to in silico 

molecular docking studies by using the AutoDockTools (ADT) version 1.5.6 and 

AutoDock version 4.2.5.1 docking program [44]. The 3D-structures of all the synthesized 

compounds were prepared by using chem3D pro 12.0 software. The optimized 3D 

structures were saved in pdb format. The structure of the dihydrofolate reductase of 

Mycobacterium tuberculosis (PDB code: 1DF7) protein was extracted from the protein data 

bank (http://www.rcsb.org/pdb). The bound ligand and water molecules in protein were 

removed by using Discovery Studio Visualizer version 4.0 to prepare the protein. Non polar 

hydrogens were merged and gasteiger charges were added to the protein. The grid file was 

saved in gpf format. The three dimensional grid box having dimensions 60 x 60 x 60 Å3 

was created around the protein with spacing 0.3750 Å. The genetic algorithm was carried 

out with the population size and the maximum number of evaluations were 150 and 

25,00,000 respectively. The docking output file was saved as Lamarckian Ga (4.2) in dpf 

format. The ligand-protein complex binding sites were visualized by Discovery Studio 

Visualizer version 4.0. 
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3.6.5. ADME prediction 

 In silico ADME properties of these synthesized compounds were calculated by 

using the online servers ADMETlab 2.0 and pkCSM [45]. The ADMET properties, human 

intestinal absorption (HIA), Caco-2 cell permeability, plasma protein binding and blood 

brain barrier penetration (BBB) were predicted using this program. 

3.7. Characterization data of products 4a-al 

2-(1,4-diphenyl-1H-1,2,3-triazol-5-yl)aniline (4a) 

White solid. mp: 187-189 °C. IR (KBr, cm‒1): 3458, 3368, 1618. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.65 (d, J = 7.6 Hz, 2H), 7.53 (s, 1H), 7.50 (d, J = 6.4 Hz, 2H), 7.44 (d, J = 

6.0 Hz, 2H), 7.35 (t, J = 7.2 Hz, 2H), 7.29 (d, J = 6.8 Hz, 1H), 7.12 (t, J = 7.6 Hz, 1H), 6.90 

(d, J = 7.6 Hz, 1H), 6.71 (d, J = 8.4 Hz, 1H), 6.50 (t, J = 7.2 Hz, 1H), 5.21 (s, 2H). 13C 

NMR (125 MHz, DMSO-d6) δ: 161.96, 148.15, 144.31, 136.90, 134.26, 132.29, 131.61, 

131.57, 131.26, 129.58, 129.52, 129.01, 128.15, 126.28, 125.33, 116.37, 115.30, 110.87. 

HRMS (ESI, m/z): [M+H]+ calcd. for C20H17N4: 313.1453; found: 313.1445. 

2-(1-phenyl-4-(p-tolyl)-1H-1,2,3-triazol-5-yl)aniline (4b) 

Off-white solid. mp: 170-172 °C. IR (KBr, cm‒1): 3451, 3365, 1618. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.52 – 7.47 (m, 4H), 7.43 (d, J = 2.8 Hz, 3H), 7.15 – 7.11 (m, 3H), 6.87 (d, J 

= 6.0 Hz, 1H), 6.70 (d, J = 6.8 Hz, 1H), 6.49 (s, 1H), 5.17 (s, 2H), 2.27 (s, 3H). 13C NMR 

(125 MHz, DMSO-d6) δ: 162.15, 148.01, 145.27, 139.01, 133.33, 132.84, 132.22, 130.34, 

128.36, 128.29, 126.96, 117.75, 117.22, 117.04, 116.12, 111.07, 21.62. HRMS (ESI, m/z): 

[M+H]+ calcd. for C21H19N4: 327.1610; found: 327.1593. 

2-(4-(4-methoxyphenyl)-1-phenyl-1H-1,2,3-triazol-5-yl)aniline (4c) 

Pale yellow solid. mp: 150-152 °C. IR (KBr, cm‒1): 3424, 3336, 1616. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.82 (d, J = 8.8 Hz, 2H), 7.48 (t, J = 7.2 Hz, 2H), 7.44 (d, J = 6.0 Hz, 2H), 

7.11 (t, J = 8.0 Hz, 1H), 7.06 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 8.8 Hz, 2H), 6.71 (d, J = 8.4 

Hz, 1H), 6.50 (t, J = 7.2 Hz, 1H), 5.17 (s, 2H), 3.83 (s, 3H). 13C NMR (125 MHz, DMSO-

d6) δ: 162.15, 160.98, 148.12, 136.96, 131.67, 131.32, 131.19, 130.47, 129.51, 127.62, 

125.25, 124.00, 116.41, 115.28, 114.87, 114.48, 111.06, 55.54. HRMS (ESI, m/z): [M+H]+ 

calcd. for C21H19N4O: 343.1559; found: 343.1551. 
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2-(4-(3-methoxyphenyl)-1-phenyl-1H-1,2,3-triazol-5-yl)aniline (4d) 

White solid. mp: 153-155 °C. IR (KBr, cm‒1): 3427, 3378, 1615. 1H NMR (400 MHz, 

DMSO-d6) δ: 8.63 (s, 1H), 7.82 (d, J = 8.4 Hz, 2H), 7.57 – 7.51 (m, 4H), 7.06 (d, J = 8.4 

Hz, 2H), 6.91 (t, J = 8.4 Hz, 2H), 6.71 (d, J = 8.4 Hz, 1H), 6.52 (t, J = 7.2 Hz, 1H), 5.19 (s, 

2H), 3.83 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 148.19, 132.80, 132.44, 131.61, 

131.25, 130.09, 129.53, 125.39, 125.34, 119.42, 118.60, 117.71, 116.39, 114.11, 113.76, 

113.14, 111.61, 110.93, 55.18. ESI-MS (m/z): [M+H]+ calcd. for C21H19N4O: 343.15; 

found: 343.15. 

2-(4-(3,4-dimethoxyphenyl)-1-phenyl-1H-1,2,3-triazol-5-yl)aniline (4e) 

Off-white solid. mp: 166-168 °C. IR (KBr, cm‒1): 3365, 3236, 1617. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.52 – 7.46 (m, 2H), 7.44 (d, J = 6.4 Hz, 1H), 7.25 – 7.18 (m, 3H), 7.12 (t, J 

= 6.8 Hz, 1H), 6.98 (d, J = 7.2 Hz, 1H), 6.95 – 6.91 (m, 1H), 6.88 (d, J = 5.6 Hz, 1H), 6.73 

(d, J = 8.0 Hz, 1H), 6.51 (t, J = 7.6 Hz, 1H), 5.21 (s, 2H), 3.73 (s, 3H), 3.57 (s, 3H). 13C 

NMR (100 MHz, DMSO-d6) δ: 148.96, 148.86, 148.27, 131.72, 131.15, 130.08, 129.54, 

129.08, 125.25, 118.71, 117.71, 116.41, 115.24, 114.13, 112.38, 109.97, 55.94, 55.38. ESI-

MS (m/z): [M+H]+ calcd. for C22H21N4O2: 373.17; found: 373.15. 

2-(4-(4-fluorophenyl)-1-phenyl-1H-1,2,3-triazol-5-yl)aniline (4f) 

White solid. mp: 176-178 °C. IR (KBr, cm‒1): 3454, 3365, 1616. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.65 (bs, 2H), 7.45 (bs, 5H), 7.19 (bs, 2H), 7.11 (s, 1H), 6.88 (d, J = 4.0 Hz, 

1H), 6.70 (t, J = 6.4 Hz, 1H), 6.49 (d, J = 8.4 Hz, 1H), 5.22 (s, 2H). 13C NMR (125 MHz, 

DMSO-d6) δ: 163.14 (d, J = 243.6 Hz), 148.15, 143.54, 136.85, 132.15, 131.59, 131.34, 

129.61, 129.53, 128.30 (d, J = 7.6 Hz), 128.09, 125.32, 116.42, 116.01(d, J = 21.4 Hz), 

115.35, 110.58. HRMS (ESI, m/z): [M+H]+ calcd. for C20H16FN4: 331.1359; found: 

331.1341. 

2-(4-(4-chlorophenyl)-1-phenyl-1H-1,2,3-triazol-5-yl)aniline (4g) 

White solid. mp: 184-186 °C. IR (KBr, cm‒1): 3457, 3360, 1621. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.64 (d, J = 7.2 Hz, 2H), 7.53 (q, J = 8.4 Hz, 4H), 7.34 (t, J = 7.6 Hz, 2H), 

7.29 (d, J = 7.2 Hz, 1H), 7.14 (t, J = 7.6 Hz, 1H), 6.92 (d, J = 7.2 Hz, 1H), 6.71 (d, J = 8.0 

Hz, 1H), 6.52 (t, J = 7.2 Hz, 1H), 5.23 (s, 2H). 13C NMR (125 MHz, DMSO-d6) δ: 148.07, 

143.29, 136.77, 132.84, 132.59, 131.53, 131.41, 130.45, 130.07, 129.55, 129.12, 127.90, 

125.35, 116.46, 115.39, 110.42. HRMS (ESI, m/z): [M+H]+ calcd. for C20H16ClN4: 

347.1063; found: 347.1058. 
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2-(4-(3-bromophenyl)-1-phenyl-1H-1,2,3-triazol-5-yl)aniline (4h) 

Off-white solid. mp: 142-144 °C. IR (KBr, cm‒1): 3427, 3379, 1618. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.64 (d, J = 7.6 Hz, 2H), 7.53 (d, J = 14.0 Hz, 3H), 7.44 (d, J = 8.0 Hz, 2H), 

7.33 (t, J = 8.0 Hz, 2H), 7.13 (t, J = 7.6 Hz, 1H), 6.92 (d, J = 6.8 Hz, 1H), 6.71 (d, J = 8.0 

Hz, 1H), 6.52 (t, J = 6.8 Hz, 1H), 5.28 (s, 2H). 13C NMR (100 MHz, DMSO-d6) δ: 148.14, 

142.83, 136.75, 133.94, 133.90, 131.50, 131.32, 130.70, 130.08, 129.57, 128.78, 127.20, 

125.36, 125.03, 122.37, 117.71, 116.44, 115.36, 110.27. ESI-MS (m/z): [M+H]+ calcd. for 

C20H16BrN4: 391.05; found: 391.05. 

2-(4-(4-nitrophenyl)-1-phenyl-1H-1,2,3-triazol-5-yl)aniline (4i) 

Yellow solid. mp: 174-176 °C. IR (KBr, cm‒1): 3457, 3360, 1621. 1H NMR (400 MHz, 

DMSO-d6) δ: 8.23 (d, J = 8.8 Hz, 2H), 7.88 (d, J = 8.8 Hz, 2H), 7.50 (s, 2H), 7.47 (d, J = 

5.2 Hz, 3H), 7.16 (t, J = 8.0 Hz, 1H), 6.93 (d, J = 7.2 Hz, 1H), 6.74 (d, J = 8.4 Hz, 1H), 

6.52 (t, J = 7.6 Hz, 1H), 5.32 (s, 2H). 13C NMR (100 MHz, DMSO-d6) δ: 148.10, 146.99, 

142.44, 138.12, 136.61, 134.25, 131.64, 131.43, 130.08, 129.86, 129.60, 126.85, 125.47, 

124.46, 117.70, 116.52, 115.54, 109.90. ESI-MS (m/z): [M+H]+ calcd. for C20H16N5O2: 

358.13; found: 358.15. 

4-(5-(2-aminophenyl)-1-phenyl-1H-1,2,3-triazol-4-yl)benzonitrile (4j) 

White solid. mp: 164-166 °C. IR (KBr, cm‒1): 3444, 3354, 2227, 1613. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.63 (d, J = 7.2 Hz, 2H), 7.34 (dd, J = 16.4, 7.6 Hz, 4H), 7.28 (d, J = 7.2 Hz, 

1H), 7.23 (d, J = 8.0 Hz, 2H), 7.11 (t, J = 7.6 Hz, 1H), 6.88 (d, J = 7.2 Hz, 1H), 6.70 (d, J 

= 8.0 Hz, 1H), 6.49 (t, J = 7.2 Hz, 1H), 5.17 (s, 2H). 13C NMR (100 MHz, DMSO-d6) δ: 

148.10, 142.68, 136.64, 136.17, 133.12, 131.59, 131.43, 130.08, 129.82, 129.58, 128.70, 

126.58, 125.44, 119.26, 117.70, 116.48, 115.48, 110.50, 110.05. ESI-MS (m/z): [M+H]+ 

calcd. for C21H16N5: 338.14; found: 338.15. 

2-(1-phenyl-4-(pyridin-4-yl)-1H-1,2,3-triazol-5-yl)aniline (4k) 

White solid. mp: 155-157 °C. IR (KBr, cm‒1): 3363, 3235, 1617. 1H NMR (400 MHz, 

DMSO-d6) δ: 8.54 (d, J = 0.4 Hz, 2H), 7.55 (d, J = 0.4 Hz, 2H), 7.50 (bs, 2H), 7.46 (bs, 

3H), 7.15 (t, J = 6.4 Hz, 1H), 6.92 (d, J = 6.8 Hz, 1H), 6.74 (d, J = 7.2 Hz, 1H), 6.52 (t, J = 

8.0 Hz, 1H), 5.30 (s, 2H). 13C NMR (100 MHz, DMSO-d6) δ: 150.50, 148.08, 141.84, 

138.80, 136.59, 134.31, 131.62, 131.37, 129.85, 129.59, 125.45, 120.20, 116.46, 115.46, 

109.97. ESI-MS (m/z): [M+H]+ calcd. for C19H16N5: 314.14; found: 314.10. 
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2-(4-phenyl-1-(p-tolyl)-1H-1,2,3-triazol-5-yl)aniline (4l) 

Off-white solid. mp: 209-211 °C. IR (KBr, cm‒1): 3447, 3360, 1619. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.64 (d, J = 7.2 Hz, 2H), 7.38-7.32 (m, 4H), 7.28 (d, J = 7.2 Hz, 1H), 7.24 

(d, J = 8.0 Hz, 2H), 7.11 (t, J = 7.6 Hz, 1H), 6.88 (d, J = 7.2 Hz, 1H), 6.70 (d, J = 8.0 Hz, 

1H), 6.50 (t, J = 7.6 Hz, 1H), 5.17 (s, 2H), 2.31 (s, 3H). 13C NMR (125 MHz, DMSO-d6) 

δ: 148.07, 143.17, 139.35, 134.38, 132.78, 132.58, 131.54, 131.34, 130.54, 129.95, 129.11, 

127.86, 125.22, 116.42, 115.36, 110.53, 21.10. HRMS (ESI, m/z): [M+H]+ calcd. for 

C21H19N4: 327.1610; found: 327.1600. 

2-(1,4-di-p-tolyl-1H-1,2,3-triazol-5-yl)aniline (4m) 

Off-white solid. mp: 180-182 °C. IR (KBr, cm‒1): 3448, 3366, 1614. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.51 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 

7.14 (d, J = 8.0 Hz, 2H), 7.10 (d, J = 7.2 Hz, 1H), 6.86 (d, J = 7.2 Hz, 1H), 6.70 (d, J = 8.0 

Hz, 1H), 6.49 (t, J = 7.6 Hz, 1H), 5.14 (s, 2H), 2.31 (s, 3H), 2.27 (s, 3H). 13C NMR (125 

MHz, DMSO-d6) δ: 148.06, 144.31, 139.18, 137.42, 134.53, 131.89, 131.63, 131.13, 

129.92, 129.56, 128.80, 126.23, 125.16, 116.36, 115.25, 111.08, 21.23, 21.09. HRMS (ESI, 

m/z): [M+H]+ calcd. for C22H21N4: 341.1766; found: 341.1761. 

2-(4-(4-methoxyphenyl)-1-(p-tolyl)-1H-1,2,3-triazol-5-yl)aniline (4n) 

Pale yellow solid. mp: 197-199 °C. IR (KBr, cm‒1): 3435, 3337, 1618. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.55 (d, J = 7.6 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 7.6 Hz, 2H), 

7.12 – 7.05 (m, 1H), 6.91 (d, J = 8.4 Hz, 2H), 6.86 (d, J = 7.2 Hz, 1H), 6.70 (d, J = 7.6 Hz, 

1H), 6.49 (t, J = 7.6 Hz, 1H), 5.14 (s, 2H), 3.73 (s, 3H), 2.31 (s, 3H). 13C NMR (125 MHz, 

DMSO-d6) δ: 159.93, 148.06, 144.15, 137.38, 132.04, 131.67, 131.10, 129.99, 129.56, 

128.86, 126.86, 126.20, 119.95, 116.34, 115.24, 114.54, 111.93, 111.12, 55.87, 21.23. 

HRMS (ESI, m/z): [M+H]+ calcd. for C22H21N4O: 357.1715; found: 357.1708. 

2-(4-(4-fluorophenyl)-1-(p-tolyl)-1H-1,2,3-triazol-5-yl)aniline (4o) 

White solid. mp: 139-141 °C. IR (KBr, cm‒1): 3447, 3353, 1621. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.65 (t, J = 6.4 Hz, 2H), 7.36 (d, J = 7.6 Hz, 2H), 7.24 (d, J = 8.4 Hz, 3H), 

7.18 (d, J = 8.8 Hz, 1H), 7.12 (t, J = 7.6 Hz, 1H), 6.88 (d, J = 7.2 Hz, 1H), 6.70 (d, J = 7.6 

Hz, 1H), 6.50 (t, J = 8.0 Hz, 1H), 5.20 (s, 2H), 2.31 (s, 3H). 13C NMR (125 MHz, DMSO-

d6) δ: 163.12 (d, J = 243.5 Hz), 148.12, 143.44, 139.30, 134.44, 132.14, 131.61, 131.29 

129.95, 128.27 (d, J = 8.1 Hz), 125.19, 116.42, 116.01(d, J = 21.4 Hz), 115.33, 110.70, 

21.09. HRMS (ESI, m/z): [M+H]+ calcd. for C21H18FN4: 345.1515; found: 345.1511. 
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2-(4-(4-chlorophenyl)-1-(p-tolyl)-1H-1,2,3-triazol-5-yl)aniline (4p) 

Off-white solid. mp: 204-206 °C. IR (KBr, cm‒1): 3451, 3354, 1623. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.63 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 8.8 Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H), 

7.24 (d, J = 8.4 Hz, 2H), 7.12 (t, J = 7.6 Hz, 1H), 6.88 (d, J = 6.8 Hz, 1H), 6.70 (d, J = 8.0 

Hz, 1H), 6.50 (t, J = 7.6 Hz, 1H), 5.21 (s, 2H), 2.31 (s, 3H). 13C NMR (100 MHz, DMSO-

d6) δ: 148.05, 143.20, 139.40, 134.37, 132.82, 132.59, 131.55, 131.37, 130.52, 129.98, 

129.12, 127.89, 125.23, 116.48, 115.39, 110.55, 21.12. HRMS (ESI, m/z): [M+H]+ calcd. 

for C21H18ClN4: 361.1220; found: 361.1208. 

2-(1-(4-methoxyphenyl)-4-phenyl-1H-1,2,3-triazol-5-yl)aniline (4q) 

Off-white solid. mp: 157-159 °C. IR (KBr, cm‒1): 3450, 3329, 1611. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.63 (d, J = 7.6 Hz, 2H), 7.42 (d, J = 8.8 Hz, 2H), 7.34 (t, J = 7.6 Hz, 2H), 

7.28 (d, J = 7.2 Hz, 1H), 7.11 (t, J = 8.0 Hz, 1H), 6.98 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 7.6 

Hz, 1H), 6.70 (d, J = 8.0 Hz, 1H), 6.50 (t, J = 7.6 Hz, 1H), 5.17 (s, 2H), 3.76 (s, 3H). 13C 

NMR (125 MHz, DMSO-d6) δ: 159.96, 148.10, 144.04, 132.42, 131.65, 131.17, 129.84, 

128.99, 128.06, 126.89, 126.21, 119.95, 116.35, 115.27, 115.19, 114.55, 113.91, 111.93, 

111.00, 55.88. HRMS (ESI, m/z): [M+H]+ calcd. for C21H19N4O: 343.1559; found: 

343.1550. 

2-(1-(4-methoxyphenyl)-4-(p-tolyl)-1H-1,2,3-triazol-5-yl)aniline (4r) 

Off-white solid. mp: 140-142 °C. IR (KBr, cm‒1): 3471, 3379, 1618. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.51 (d, J = 8.0 Hz, 2H), 7.41 (d, J = 8.8 Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 

7.09 (d, J = 7.2 Hz, 1H), 6.97 (d, J = 8.8 Hz, 2H), 6.88 (d, J = 7.6 Hz, 1H), 6.69 (d, J = 8.0 

Hz, 1H), 6.50 (t, J = 7.6 Hz, 1H), 5.13 (s, 2H), 3.76 (s, 3H), 2.27 (s, 3H). 13C NMR (125 

MHz, DMSO-d6) δ: 159.93, 148.03, 132.04, 131.66, 131.11, 130.00, 129.56, 128.80, 

126.87, 126.20, 119.96, 116.37, 115.25, 115.19, 114.54, 111.10, 55.87, 21.22. HRMS (ESI, 

m/z): [M+H]+ calcd. for C22H21N4O: 357.1715; found: 357.1700. 

2-(1,4-bis(4-methoxyphenyl)-1H-1,2,3-triazol-5-yl)aniline (4s) 

Off-white solid. mp: 141-143 °C.  IR (KBr, cm‒1): 3470, 3380, 1604. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.55 (d, J = 8.8 Hz, 2H), 7.41 (d, J = 8.8 Hz, 2H), 7.06 (d, J = 8.8 Hz, 2H), 

6.97 (d, J = 8.8 Hz, 2H), 6.91 (d, J = 8.8 Hz, 2H), 6.70 (d, J = 8.4 Hz, 1H), 6.50 (t, J = 7.2 

Hz, 1H), 5.13 (s, 2H), 3.76 (s, 3H), 3.74 (s, 3H). 13C NMR (125 MHz, DMSO-d6) δ: 160.97, 

148.10, 134.67, 131.71, 131.09, 130.45, 129.94, 127.54, 126.83, 125.43, 124.15, 119.95, 
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116.36, 115.24, 114.87, 114.54, 114.46, 111.20, 55.86, 55.53. HRMS (ESI, m/z): [M+H]+ 

calcd. for C22H21N4O2: 373.1665; found: 373.1653. 

2-(4-(4-fluorophenyl)-1-(4-methoxyphenyl)-1H-1,2,3-triazol-5-yl)aniline (4t) 

Off-white solid. mp: 137-139 °C. IR (KBr, cm‒1): 3448, 3328, 1610. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.64 (s, 2H), 7.41 (s, 2H), 7.33 (s, 1H), 7.18 (s, 2H), 6.98 (s, 2H), 6.90 (s, 

1H), 6.70 (s, 1H), 6.49 (s, 1H), 5.19 (s, 2H), 3.76 (s, 3H). 13C NMR (125 MHz, DMSO-d6) 

δ: 162.13 (d, J = 243.4 Hz), 148.10, 143.28, 134.68, 132.28, 131.64, 131.26, 129.79, 128.22 

(d, J = 7.3 Hz), 126.89, 125.42, 119.95, 116.41, 116.01, (d, J = 21.4 Hz), 115.33, 115.19, 

114.56, 110.73, 55.87. HRMS (ESI, m/z): [M+H]+ calcd. for C21H18FN4O: 361.1465; 

found: 361.1460. 

2-(4-(4-chlorophenyl)-1-(4-methoxyphenyl)-1H-1,2,3-triazol-5-yl)aniline (4u) 

White solid. mp: 138-140 °C. IR (KBr, cm‒1): 3475, 3370, 1619. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.62 (d, J = 6.4 Hz, 2H), 7.41 (d, J = 2.4 Hz, 4H), 7.11 (t, J = 7.2 Hz, 1H), 

6.98 (d, J = 6.8 Hz, 2H), 6.89 (d, J = 5.6 Hz, 1H), 6.70 (d, J = 6.8 Hz, 1H), 6.50 (t, J = 5.6 

Hz, 1H), 5.20 (s, 2H), 3.76 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 164.79, 152.79, 

147.80, 137.53, 136.34, 136.10, 135.32, 134.84, 134.47, 134.14, 133.87, 132.60, 131.69, 

127.77, 121.23, 120.14, 119.35, 115.34, 60.66. HRMS (ESI, m/z): [M+H]+ calcd. for 

C21H18ClN4O: 377.1169; found: 377.1163. 

2-(1-(4-fluorophenyl)-4-phenyl-1H-1,2,3-triazol-5-yl)aniline (4v) 

White solid. mp: 183-185 °C. IR (KBr, cm‒1): 3445, 3359, 1617. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.64 (d, J = 7.6 Hz, 2H), 7.57-7.53 (m, 2H), 7.36 – 7.31 (m, 4H), 7.29 (t, J = 

4.0 Hz, 1H), 7.12 (t, J = 7.2 Hz, 1H), 6.92 (d, J = 7.6 Hz, 1H), 6.71 (d, J = 8.4 Hz, 1H), 

6.52 (t, J = 7.2 Hz, 1H), 5.21 (s, 2H). 13C NMR (125 MHz, DMSO-d6) δ: 162.51 (d, J = 

246.0 Hz), 147.61, 144.47, 132.87, 132.55, 131.59, 129.14, 128.69, 128.61, 127.80 (d, J = 

8.7 Hz), 126.33, 116.95, 116.59 (d, J = 22.7 Hz), 115.48, 110.41. HRMS (ESI, m/z): 

[M+H]+ calcd. for C20H16FN4: 331.1359; found:331.1349. 

2-(1-(4-fluorophenyl)-4-(p-tolyl)-1H-1,2,3-triazol-5-yl)aniline (4w) 

White solid. mp: 177-179 °C. IR (KBr, cm‒1): 3448, 3362, 1618. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.55-7.50 (m, 4H), 7.31 (t, J = 8.4 Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 7.10 (d, 

J = 7.2 Hz, 1H), 6.90 (d, J = 7.6 Hz, 1H), 6.69 (d, J = 8.0 Hz, 1H), 6.50 (t, J = 7.2 Hz, 1H), 

5.18 (s, 2H), 2.27 (s, 3H). 13C NMR (125 MHz, DMSO-d6) δ: 161.54, 147.40, 144.67, 
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138.41, 132.72, 132.24, 131.62, 129.74, 127.76, (d, J = 9.6 Hz), 126.36, 117.15, 116.60 (d, 

J = 22.8 Hz), 115.52, 110.47, 21.02. HRMS (ESI, m/z): [M+H]+ calcd. for C21H18FN4: 

345.1515; found: 345.1497. 

2-(1-(4-fluorophenyl)-4-(4-methoxyphenyl)-1H-1,2,3-triazol-5-yl)aniline (4x) 

Off-white solid. mp: 146-148 °C. IR (KBr, cm‒1): 3442, 3338, 1604. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.57-7.51 (m, 4H), 7.31 (t, J = 8.8 Hz, 2H), 7.12 (t, J = 7.2 Hz, 1H), 7.05 (d, 

J = 8.8 Hz, 3H), 6.70 (d, J = 8.4 Hz, 1H), 6.51 (t, J = 7.2 Hz, 1H), 5.18 (s, 2H), 3.74 (s,3H). 

13C NMR (125 MHz, DMSO-d6) δ: 159.44, 147.43, 135.47, 131.63, 131.13, 130.70, 

130.20, 127.88, 127.71 (d, J = 9.2 Hz), 117.19, 116.60 (d, J = 22.7 Hz), 115.54, 114.96, 

114.92, 114.51, 55.52. HRMS (ESI, m/z): [M+H]+ calcd. for C21H18FN4O: 361.1465; 

found: 361.1451. 

2-(1,4-bis(4-fluorophenyl)-1H-1,2,3-triazol-5-yl)aniline (4y) 

White solid. mp: 170-172 °C. IR (KBr, cm‒1): 3479, 3317, 1635. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.65 (dd, J = 8.4, 5.6 Hz, 2H), 7.54 (dd, J = 8.8, 5.2 Hz, 2H), 7.32 (t, J = 8.8 

Hz, 2H), 7.21 (t, J = 8.8 Hz, 2H), 7.12 (t, J = 8.4 Hz, 1H), 6.92 (d, J = 7.2 Hz, 1H), 6.71 (d, 

J = 8.4 Hz, 1H), 6.51 (t, J = 7.2 Hz, 1H), 5.24 (s, 2H). 13C NMR (125 MHz, DMSO-d6) δ: 

163.44 (d, J = 245.1 Hz), 163.16 (d, J = 243.4 Hz), 160.90, 148.12, 143.47, 133.25, 132.40, 

131.63 (d, J = 27.1 Hz), 131.20 (d, J = 8.8 Hz), 128.29 (d, J = 8.0 Hz), 128.04 (d, J = 2.0 

Hz), 127.81 (d, J = 8.8 Hz), 116.63, 116.58, 116.45, 116.39, 116.10 (d, J = 21.4 Hz), 

115.93, 115.39, 110.31. HRMS (ESI, m/z): [M+H]+ calcd. for C20H15F2N4: 349.1265; 

found: 349.1247. 

2-(4-(4-chlorophenyl)-1-(4-fluorophenyl)-1H-1,2,3-triazol-5-yl)aniline (4z) 

White solid. mp: 151-153 °C. IR (KBr, cm‒1): 3456, 3360, 1624. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.63 (d, J = 7.6 Hz, 2H), 7.54 (s, 2H), 7.43 (d, J = 8.0 Hz, 2H), 7.32 (t, J = 

8.0 Hz, 2H), 7.12 (t, J = 7.6 Hz, 1H), 6.92 (d, J = 6.8 Hz, 1H), 6.70 (d, J = 8.0 Hz, 1H), 

6.51 (t, J = 6.8 Hz, 1H), 5.27 (s, 2H). 13C NMR (125 MHz, DMSO-d6) δ: 163.46, (d, J = 

245.0 Hz), 148.05, 143.21, 133.16, 132.88, 132.84, 131.56, 131.48, 130.50, 130.39, 129.57, 

129.40, 129.14, 127.85 (d, J = 11.5 Hz), 116.59, 116.48 (d, J = 23 Hz), 115.43, 110.14. 

HRMS (ESI, m/z): [M+H]+ calcd. for C20H15ClFN4: 365.0969; found:365.0951. 
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2-(1-(4-chlorophenyl)-4-phenyl-1H-1,2,3-triazol-5-yl)aniline (4aa) 

Off-white solid. mp: 183-185 °C. IR (KBr, cm‒1): 3446, 3353, 1624. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.63 (d, J = 2.0 Hz, 2H), 7.44 (bs, 7H), 7.14 – 7.10 (m, 1H), 6.91-6.87 (m, 

1H), 6.71 (d, J = 3.2 Hz, 1H), 6.51 – 6.47 (m, 1H), 5.23 (s, 2H). 13C NMR (125 MHz, 

DMSO-d6) δ: 148.10, 144.40, 135.71, 134.23, 132.40, 131.61, 131.41, 129.61, 129.30, 

129.04, 128.23, 127.08, 126.30, 116.45, 115.38, 110.45. HRMS (ESI, m/z): [M+H]+ calcd. 

for C20H16ClN4: 347.1063; found: 347.1055. 

2-(1-(4-chlorophenyl)-4-(p-tolyl)-1H-1,2,3-triazol-5-yl)aniline (4ab) 

White solid. mp: 202-204 °C. IR (KBr, cm‒1): 3443, 3362, 1616. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.77 (d, J = 8.0 Hz, 1H), 7.52 (q, J = 8.8 Hz, 4H), 7.32 (d, J = 8.0 Hz, 1H), 

7.14 (d, J = 8.0 Hz, 3H), 6.90 (d, J = 7.2 Hz, 1H), 6.70 (d, J = 8.4 Hz, 1H), 6.51 (t, J = 7.2 

Hz, 1H), 5.20 (s, 2H), 2.28 (s, 3H). 13C NMR (125 MHz, DMSO-d6) δ: 148.09, 144.57, 

137.61, 136.19, 132.56, 131.99, 131.65, 131.37, 129.63, 128.60, 127.30, 126.31, 122.75, 

116.46, 115.37, 110.57, 21.26. HRMS (ESI, m/z): [M+H]+ calcd. for C21H18ClN4: 

361.1220; found: 361.1201. 

2-(1-(4-chlorophenyl)-4-(4-methoxyphenyl)-1H-1,2,3-triazol-5-yl)aniline (4ac) 

Pale yellow solid. mp: 164-166 °C. IR (KBr, cm‒1): 3436, 3329, 1603. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.82 (d, J = 8.4 Hz, 2H), 7.57-7.48 (m, 5H), 7.06 (d, J = 8.4 Hz, 3H), 6.71 

(d, J = 8.4 Hz, 1H), 6.52 (t, J = 7.2 Hz, 1H), 5.19 (s, 2H), 3.74 (s, 3H). 13C NMR (125 MHz, 

DMSO-d6) δ: 147.23, 132.68, 132.61, 131.03, 130.17, 129.71, 129.62, 129.04, 116.33, 

115.30, 114.96, 114.53, 114.27, 114.18, 114.11, 56.05. HRMS (ESI, m/z): [M+H]+ calcd. 

for C21H18ClN4O: 377.1169; found: 377.1154. 

2-(1-(4-chlorophenyl)-4-(4-fluorophenyl)-1H-1,2,3-triazol-5-yl)aniline (4ad) 

Off-white solid. mp: 165-167 °C. IR (KBr, cm‒1): 3453, 3354, 1623. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.65 (dd, J = 8.0, 6.0 Hz, 2H), 7.53 (q, J = 8.8 Hz, 4H), 7.21 (t, J = 8.8 Hz, 

2H), 7.14 (t, J = 7.6 Hz, 1H), 6.92 (d, J = 7.2 Hz, 1H), 6.71 (d, J = 8.0 Hz, 1H), 6.52 (t, J = 

7.2 Hz, 1H), 5.25 (s, 2H).13C NMR (125 MHz, DMSO-d6) δ: 163.18(d, J = 243.3 Hz), 

148.10, 143.63, 135.65, 134.28, 132.26, 131.60, 131.50, 131.20, 129.63, 129.31, 128.34 

(d, J = 8.1 Hz), 127.94, 127.07, 123.04, 116.52, 116.11 (d, J = 21.5 Hz), 115.44, 110.18. 

HRMS (ESI, m/z): [M+H]+ calcd. for C20H15ClFN4: 365.0969; found: 365.0956. 
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2-(1,4-bis(4-chlorophenyl)-1H-1,2,3-triazol-5-yl)aniline (4ae) 

White solid. mp: 180-182 °C. IR (KBr, cm‒1): 3454, 3358, 1624. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.61 (d, J = 7.2 Hz, 2H), 7.51 (d, J = 6.4 Hz, 4H), 7.42 (d, J = 9.6 Hz, 2H), 

7.14 (t, J = 9.2 Hz, 1H), 6.91 (d, J = 7.6 Hz, 1H), 6.71 (d, J = 9.2 Hz, 1H), 6.52 (d, J = 8.4 

Hz, 1H), 5.25 (s, 2H) 13C NMR (100 MHz, DMSO-d6) δ: 148.05, 143.39, 135.60, 134.36, 

132.95, 132.73, 131.55, 130.32, 129.67, 129.18, 127.94, 127.13, 116.56, 115.49, 110.03. 

HRMS (ESI, m/z): [M+H]+ calcd. for C20H15Cl2N4: 381.0674; found: 381.0689. 

2-(1-(4-bromophenyl)-4-phenyl-1H-1,2,3-triazol-5-yl)aniline (4af) 

White solid. mp: 186-188 °C. IR (KBr, cm‒1): 3449, 3354, 1624. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.63 (s, 3H), 7.43 (bs, 3H), 7.33 (bs, 3H), 7.11 (s, 1H), 6.89 (s, 1H), 6.68 (s, 

1H), 6.53 (s, 1H), 5.20 (s, 2H). 13C NMR (125 MHz, DMSO-d6) δ: 148.07, 144.43, 136.10, 

132.56, 132.35, 131.60, 131.42, 129.53, 129.04, 128.25, 127.31, 126.30, 125.32, 122.79, 

116.48, 115.38, 110.43. HRMS (ESI, m/z): [M+H]+ calcd. for C20H16BrN4: 391.0558; 

found: 391.0557. 

2-(1-(4-bromophenyl)-4-(p-tolyl)-1H-1,2,3-triazol-5-yl)aniline (4ag) 

Off-white solid. mp: 217-219 °C. IR (KBr, cm‒1): 3443, 3360, 1615. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.66 (s, 2H), 7.50 (d, J = 4.8 Hz, 2H), 7.42 (s, 2H), 7.14 (d, J = 4.0 Hz, 3H), 

6.89 (s, 1H), 6.70 (s, 1H), 6.51 (s, 1H), 5.19 (s, 2H), 2.27 (s, 3H). 13C NMR (125 MHz, 

DMSO-d6) δ: 148.60, 145.08, 138.12, 136.70, 133.07, 132.50, 132.16, 131.88, 130.14, 

129.11, 127.81, 126.82, 123.26, 116.97, 115.89, 111.08, 21.77. HRMS (ESI, m/z): [M+H]+ 

calcd. for C21H18BrN4: 405.0715; found: 405.0709. 

2-(1-(4-bromophenyl)-4-(4-methoxyphenyl)-1H-1,2,3-triazol-5-yl)aniline (4ah) 

Pale yellow solid. mp: 203-205 °C. IR (KBr, cm‒1): 3434, 3333, 1615. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.65 (s, 2H), 7.55 (s, 2H), 7.41 (s, 2H), 7.11 (s, 1H), 6.90 (s, 3H), 6.68 (s, 

1H), 6.51 (s, 1H), 5.18 (s, 2H), 3.72 (s, 3H). 13C NMR (125 MHz, DMSO-d6) δ: 160.02, 

148.05, 143.01, 132.73, 131.57, 131.32, 130.59, 129.72, 129.37, 129.10, 127.82, 126.92, 

116.41, 115.35, 114.58, 110.56, 55.88. HRMS (ESI, m/z): [M+H]+ calcd. for C21H18BrN4O: 

421.0664; found: 421.0658. 

2-(1-(4-bromophenyl)-4-(4-fluorophenyl)-1H-1,2,3-triazol-5-yl)aniline (4ai) 

White solid. mp: 184-186 °C. IR (KBr, cm‒1): 3455, 3362, 1622. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.70-7.63 (m, 4H), 7.43 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.8 Hz, 2H), 7.14 (t, 
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J = 7.2 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 6.72 (d, J = 8.4 Hz, 1H), 6.52 (t, J = 7.6 Hz, 1H), 

5.25 (s, 2H). 13C NMR (125 MHz, DMSO-d6) δ: 163.18 (d, J = 243.4 Hz), 148.11, 143.65, 

136.08, 135.75, 132.58, 131.90, 131.60, 131.50, 128.32 (d, J = 8.0 Hz), 127.31, 123.03, 

122.82, 116.50, 116.10 (d, J = 21.4 Hz), 115.44, 110.17. HRMS (ESI, m/z): [M+H]+ calcd. 

for C20H15BrFN4: 409.0464; found: 409.0456. 

2-(1-(4-bromophenyl)-4-(4-chlorophenyl)-1H-1,2,3-triazol-5-yl)aniline (4aj) 

Off-white solid. mp: 196-198 °C. IR (KBr, cm‒1): 3455, 3365, 1616. 1H NMR (400 MHz, 

DMSO-d6) δ: 7.68 (d, J = 8.4 Hz, 2H), 7.63 (d, J = 8.4 Hz, 2H), 7.43 (d, J = 8.0 Hz, 4H), 

7.14 (t, J = 7.6 Hz, 1H), 6.92 (d, J = 7.2 Hz, 1H), 6.71 (d, J = 8.0 Hz, 1H), 6.52 (t, J = 7.2 

Hz, 1H), 5.26 (s, 2H). 13C NMR (100 MHz, DMSO-d6) δ: 147.81, 143.15, 135.35, 134.12, 

132.71, 132.48, 131.31, 130.08, 129.42, 128.93, 127.70, 126.89, 116.32, 115.25, 109.79. 

HRMS (ESI, m/z): [M+H]+ calcd. for C20H15BrClN4: 425.0169; found: 425.0162. 

2-(1-(4-nitrophenyl)-4-phenyl-1H-1,2,3-triazol-5-yl)aniline (4ak) 

White solid. mp: 185-187 °C. IR (KBr, cm‒1): 3425, 3338, 1604. 1H NMR (400 MHz, 

CDCl3) δ: 7.71 (d, J = 6.0 Hz, 2H), 7.34 (d, J = 4.0 Hz, 4H), 7.31 (d, J = 6.8 Hz, 2H), 7.26 

(s, 2H), 6.92 (d, J = 7.2 Hz, 1H), 6.75 (t, J = 8.4 Hz, 2H), 3.66 (s, 2H). 13C NMR (100 MHz, 

DMSO-d6) δ: 148.12, 143.47, 135.67, 134.43, 133.02, 132.80, 131.63, 130.39, 129.74, 

129.25, 128.01, 127.21, 116.64, 115.57, 110.11. ESI-MS (m/z): [M+H]+ calcd. for 

C20H16N5O2: 358.13; found: 358.10. 

4-(5-(2-aminophenyl)-4-phenyl-1H-1,2,3-triazol-1-yl)benzonitrile (4al) 

Off-white solid. mp: 153-155 °C. IR (KBr, cm‒1): 3321, 3191, 2218, 1586. 1H NMR (400 

MHz, DMSO-d6) δ: 7.67 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 9.2 Hz, 

1H), 7.43 (d, J = 8.0 Hz, 4H), 7.14 (t, J = 7.6 Hz, 1H), 6.91 (d, J = 7.2 Hz, 1H), 6.71 (d, J 

= 8.0 Hz, 1H), 6.52 (t, J = 7.6 Hz, 1H), 5.25 (s, 2H). 13C NMR (100 MHz, DMSO-d6) δ: 

148.89, 139.35, 133.40, 132.07, 131.10, 131.05, 129.97, 129.37, 128.83, 128.32, 128.04, 

126.98, 124.21, 123.01, 120.54, 114.85. ESI-MS (m/z): [M+H]+ calcd. for C21H16N5: 

338.14; found: 338.15. 
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3.9. Selected IR, NMR (1H and 13C) and Mass spectra 

 

IR spectrum of the compound 4a 

 
1H NMR spectrum of the compound 4a 
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13C NMR spectrum of the compound 4a 

 

Mass spectrum of the compound 4a 
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IR spectrum of the compound 4g 

 

1H NMR spectrum of the compound 4g 
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13C NMR spectrum of the compound 4g 

 

Mass spectrum of the compound 4g 
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IR spectrum of the compound 4w 

 

1H NMR spectrum of the compound 4w 
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13C NMR spectrum of the compound 4w 

 

Mass spectrum of the compound 4w 



 

 
 

 

 

 

 

 

 

 

 

 

 

CHAPTER-IV 

Section-A 

 

One-pot multicomponent reaction for the synthesis of 

functionalized 2'-oxo-spiro[furo-pyrrolo[2,1-a]isoquinolino-

indolines 
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4A.1. Introduction 

 Spirooxindoles are important class of heterocyclic compounds in medicinal 

chemistry due to their privileged biological properties such as anti-cancer [1], anti-

microbial [2], anti-tubercular [3], anti-HIV [4], anti-bacterial [5], anti-inflammatory [6]. 

They also act as potential synthetic intermediates for alkaloids [7], drug like molecules [8] 

and pharmaceutical agents [9]. The incorporation of two or more pharmacophores in 

oxindole skeleton could significantly enhance the biological activity and lead to generate 

new therapeutic candidates [10].  

 In particular, spirooxindole having five membered oxa-heterocycles like 

hydrofurans and dihydrohydrofurans found in various natural products [11] and 

biologically active compounds [12]. For example, tryptoquivaline is the natural alkaloid 

which can be isolated from the marine derived fungi, exhibits anti-bacterial and anti-biofilm 

activities [13,14]. Pteropodine is an oxindole alkaloid specifically isolated from cat’s claw 

used as traditional medicine to exhibit anti-inflammatory and anti-mutagenic activities 

[15,16]. Whereas, aspergilline-A is an indole-tetrahedrofuran derived alkaloid, isolated 

from the endophytic fungus Aspergillus versicolor exhibits various activities such as anti-

cancer, anti-microbial and anti-oxidant [17,18]. 

 

Figure 4A.1. Examples of some natural and bioactive compounds having spirooxindoles. 

4A.1.1. Reported methods for the synthesis and biological evaluation of spirooxindolo-

furans 

Wu and co-workers developed a series of spirooxindole tetrahydrofuran derivatives via 

base-mediated cascade [3+2] Michael reactions under mild reaction conditions (Figure 

4A.2). Subsequently, in vitro antifungal activities of all the synthesized compounds were 

evaluated against five pathogenic fungi using the mycelium growth rate method and the 

results demonstrated that some of the compounds exhibit potent inhibition [19].   
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Figure 4A.2 

Gupta et al. synthesized as series of substituted spirooxindolo dihydrofurans by simple 

tandem Michael cyclization in aqueous medium using DABCO as catalyst (Figure 4A.3). 

Further, in vitro anti-bacterial activity of the synthesized compounds were evaluated in both 

gram positive and gram negative bacterial strains and the IC50 values of the compounds 

showed better than the standard antibiotic ampicillin [20].  

 

Figure 4A.3 

Kamal and co-workers demonstrated a simple and efficient method for the synthesis of 

pyrazolopyridine based spirooxindolo furans by three-component reaction using sulfamic 

acid (H2NSO3H) as a green catalyst (Figure 4A.4). The synthesized compounds were 

investigated for in vitro cytotoxicity against human cancer cell lines and some of the 

compounds exhibited remarkable cytotoxicity against breast cancer cell line [21]. 

 

Figure 4A.4 

Tang et al. disclosed isocyanide based three-component bicyclization reaction with 

allenoates and isatin for the construction of structurally complex spirooxindolo furans 
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(Scheme 4A.1). This reaction proceeds through Michael addition, double cyclization and 

[1,5]-hydride shift pathway [22].   

 

Scheme 4A.1 

Vivekanand et al. established spirooxindole containing tetrahydro-cyclopenta[b]furan 

frameworks from isatin derived aldehydes and 1,3-dicarbonyl compounds using piperidine 

as catalyst (Scheme 4A.2). Generation of four new bonds, two new rings and single 

diastereomer of spirooxindole with five consecutive asymmetric carbons were the main 

features of this protocol [23].  

 

Scheme 4A.2 

Murphy and co-workers reported an iodine mediated reaction between cyclic iodonium 

ylides and alkylidene-oxindoles for the preparation of spirooxindolo dihydrofurans 

(Scheme 4A.3). The reaction was catalyzed by Bu4NI and tolerated on both electron rich 

and electron poor oxindoles in excellent yields [24]. 

 

Scheme 4A.3 

Yang et al. employed the selective construction of functionalized spiro-indoline-

tetrapheno-furans from o-arylalkynylacetophenones and phenacylideneoxindoles using 

Cu(OTf)2/HOTf as catalyst (Scheme 4A.4). This protocol established the practical 

application of the domino C‒C coupling reaction in organic synthesis [25].  
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Scheme 4A.4 

Baharfar and co-workers demonstrated a simple and efficient protocol for the synthesis 

of novel spirooxindolo furan derivatives using isatins, 1,3-dicarbonyl compounds and N-

phenacyl pyridinium salts as the starting materials (Scheme 4A.5). Mild reaction conditions 

and simple work-up procedures were the advantages of this protocol [26].  

 

Scheme 4A.5 

Azimi et al. produced a facile and efficient protocol for the diastereoselective construction 

of novel spirooxindolo dihydrofurans by the three-component reaction of isatins, 3-

cyanoacetyl indole and N-phenacylpyridinium bromides (Scheme 4A.6). Preparation of 

highly functionalized spirooxindoles using commercially available starting materials in a 

single synthetic operation without isolating any intermediates were the main features of 

this reaction [27].  

 

Scheme 4A.6 

4A.2. Present work 

 In view of the aforementioned literature reports and considering the importance of 

spirooxindolo-furan moiety, herein we report an efficient three-component reaction of 

isatins 1a-f, malononitrile 2 and N-phenacylisoquinolinium bromides 3a-e for the 
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construction of isoquinoline based spirooxindolo-furans through [3+2] cycloaddition 

strategy (Scheme 4A.7). In addition, all the synthesized compounds were evaluated for in 

silico molecular docking and ADME prediction. 

 

Scheme 4A.7. Synthesis of isoquinoline based spirooxindolo-furans 4a-v.   

4A.2.1. Results and discussion 

 We began our study by choosing isatin 1a (1.0 mmol), malononitrile 2 (1.0 mmol) 

and 2-(2-oxo-2-phenylethyl)isoquinolin-2-ium bromide 3a (1.0 mmol) as initial starting 

materials and investigating the effect of solvents and bases on the product yield (Table 

4A.1). When the reaction was performed in DCM at room temperature without any base, 

the target product 4a was obtained in 10% yield (Table 4A.1, entry 1). However, a 

significant improvement in the yield was observed in the presence of Et3N in DCM (Table 

4A.1, entry 2). Later, we tried to explore the reaction in different solvents such as CHCl3, 

THF, 1,4-dioxane and water (Table 4A.1, entries 3-6). Among all, DCM is the best solvent 

for this cascade reaction (Table 4A.1, entry 2). Encouraged by these results, other bases 

such as DMAP, DABCO, DBU and K2CO3 were explored in DCM (Table 4A.1, entries 7-

10) and found that DABCO was the efficient base to produce the desired product 4a (Table 

4A.1 entry 8). Next, we screened different amounts of DABCO and found that the yield of 

the product decreased slightly when the amount of DABCO was 1.0 equiv and 2.0 equiv 

(Table 4A.1, entries 11,12). From these results, we determined that DABCO (1.5 equiv) as 

base in DCM at room temperature (Table 4A.1, entry 8) is the optimal reaction condition 

for the construction of desired product 4a.  
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Table 4A.1. Optimization of the reaction conditionsa 

 

Entry Solvent Base Time (h) Yield (%)b 

1 DCM -- 24 10 

2 DCM Et3N 8 70 

3 CHCl3 Et3N 8 65 

4 THF Et3N 10 50 

5 1,4-Dioxane Et3N 10 50 

6 H2O Et3N 24 20 

7 DCM DMAP 6 75 

8 DCM DABCO 4 85 

9 DCM DBU 6 75 

10 DCM K2CO3 6 60 

11c DCM DABCO 6 75 

12d DCM DABCO 4 82 

aReaction condition: isatin 1a (1.0 mmol), malononitrile 2 (1.0 mmol), compound 3a (1.0 

mmol) and base (1.5 equiv) in solvent (3 mL) at room temperature. bIsolated yields. c1.0 

equiv of base was used. d2.0 equiv of base was used. 

 The above optimized conditions were explored for the reaction generality and scope 

of the substrates (Table 4A.2). In general, different substituted isatins 1a-f and 

isoquinolinium bromides 3a-e can react smoothly and offered the desire products in good 

yields. Electron donating (‒CH3), withdrawing (‒NO2) and halo (‒Cl, ‒Br) substitutions on 

isoquinolinium bromide had no substantial impact on the efficiency of the reaction. 
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Table 4A.2. Synthesis of isoquinoline based spirooxindolo-furans 4a-va,b 

 
aReaction condition: isatins 1a-f (1.0 mmol), malononitrile 2 (1.0 mmol), compounds 3a-e 

(1.0 mmol) and DABCO (1.5 equiv) in 3 mL of DCM at room temperature. bIsolated yields. 
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 The plausible reaction mechanism for the generation of target compounds 4a-v was 

presented in Scheme 4A.8. Initially, isatin 1a on reaction with malononitrile 2 produces the 

intermediate A. On the other hand, N-phenacylisoquinolinium bromide 3a converts in to 

dipolar intermediate B in the presence of DABCO [28]. Further, this in situ generated ylide 

(B) undergoes [3+2] cycloaddition with A generates the intermediate C [29]. From this, the 

de-protonation and intramolecular annulation (E) produces the target compound 4a [30]. 

 

Scheme 4A.8. Plausible reaction mechanism for the generation of target compounds 4. 

 The structure of the target compounds (4a-v) were analyzed by IR, 1H NMR, 13C 

NMR and mass spectral data. In this, the IR spectrum of compound 4m shows the band at 

3157 cm-1 represents the –NH stretching frequency [31]. The 1H NMR spectrum of the 

compound 4m showed two singlets at δ 11.16 ppm and δ 9.59 ppm corresponds to the two 

N‒H protons of isatin and imine moieties [32,33]. The two –NH protons were further 

confirmed by D2O exchange 1H NMR spectrum (4a). In the 13C NMR spectrum the peak 

appeared at δ 87.14 ppm corresponds the spiro carbon, which was further determined by 

the absence of this spiro carbon peak in DEPT-135 NMR spectrum. The molecular weight 
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of the compound 4m was determined by the peak at m/z 511.1382 [M+H]+ in mass 

spectrum.  

4A.3. Molecular docking studies 

 All the synthesized compounds were successfully docked against Mycobacterium 

tuberculosis protein and the outcome of the results revealed that all the synthesized 

compounds 4a-v were efficiently fit into the active sites of the protein (PDB ID: 1DF7) 

[34]. The results of the molecular docking study were presented in Table 4A.3. Among all, 

the compounds 4a, 4b, 4d, 4e, 4j, 4k, 4m, 4n, 4o and 4v were showed good binding 

energies as -9.77, -9.75, -9.87, -10.32, -10.01, -9.78, -10.79, -10.99, -10.49 and -9.78 

kcal/mol respectively. Among these, the compound 4n exhibited more negative binding 

energy -10.99 kcal/mol, forms a hydrogen bond with the amino acid residue SER49 (2.70 

Å) and also forms four hydrophobic interactions (‧‧‧ and ‧‧‧alkyl) with the amino acids 

ILE5 (3.96 Å), ILE20 (4.36 and 4.66 Å) and PHE31 (4.54 Å). Whereas, the compound 4m 

displayed binding energy -10.79 kcal/mol and forms a hydrogen bond with the amino acid 

residue SER49 (2.69 Å) and also exhibit four hydrophobic interactions (‧‧‧ and ‧‧‧alkyl) 

with the amino acids ILE5 (3.88 Å), ILE20 (4.35 and 4.70 Å) and PHE31 (4.46 Å).  The 

ligand interactions of the compounds 4m and 4n with 1DF7 protein were presented in 

Figure 4A.5 and Figure 4A.6. 

Table 4A.3. Docking results of the compounds 4a-v against 1DF7 

Ent-

ry 
Compound 

Binding 

energy 

(kcal/mol) 

No. of 

hydrogen 

bonds 

Residues involved in 

the hydrogen bonding 

Hydrogen bond 

length (Å) 

1 4a -9.77 1 SER49 2.71 

2 4b -9.75 2 THR46, SER49 2.90, 2.63 

3 4c -9.66 3 HIS30, THR46, SER49 3.76, 2.85, 2.65 

4 4d -9.87 3 HIS30, THR46, SER49 3.77, 2.85, 2.66 

5 4e -10.32 1 ARG32 2.21 

6 4f -9.44 1 SER49 2.72 

7 4g -9.41 2 THR46, SER49 2.87, 2.64 

8 4h -9.35 2 THR46, SER49 2.85, 2.67 

9 4i -9.56 3 HIS30, THR46, SER49 3.77, 2.85, 2.66 

10 4j -10.01 2 ARG32, PRO51 2.15, 3.33 

11 4k -9.78 1 SER49 2.73 

12 4l -9.69 2 THR46, SER49 2.87, 2.64 
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13 4m -10.79 1 SER49 2.69 

14 4n -10.99 1 SER49 2.70 

15 4o -10.49 3 ARG32, PRO51 2.03, 2.85, 3.18 

16 4p -8.80 0 -- -- 

17 4q -9.24 0 -- -- 

18 4r -9.33 0 -- -- 

19 4s -9.55 0 -- -- 

20 4t -7.89 2 GLY15, SER49 3.63, 2.31 

21 4u -9.48 0 -- -- 

22 4v -9.78 1 PRO51 2.95 

 

Figure 4A.5. Binding interactions between compound 4m and active site of 1DF7. 

 

Figure 4A.6. Binding interactions between compound 4n and active site of 1DF7. 

4A.4. ADME prediction 

 Absorption, distribution, metabolism and excretion (ADME) data improves the 

selection and identification of molecules at the therapeutic dose with an optimal safety 

profile. Also, in silico prediction of pharmacokinetic parameters lowers the risk of failure 

of drug at the final stages of clinical trials [35]. The ADME prediction of the synthesized 

compounds 4a-v were illustrated in Table 4A.4. 
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 Estimation of octanol/water partition coefficient (lipophilicity) is examined by 

LogP. The predicted lipophilicity values are in the ranging from 3.953 to 5.653, and these 

values revealed that good lipophilicity of the compounds. The predicted aqueous solubility 

(LogS) values of the synthesized compounds ranging from -4.525 to -5.471, which reflects 

their moderate solubility in water due to presence of lipophilic groups. On the other hand, 

the topological polar surface area (TPSA) values (80.42-132.35) reveals that the 

compounds’ oral bioavailability is high. In general, higher the logarithm of the apparent 

permeability coefficient (logPapp) higher will be the Caco-2 permeability. From the results, 

it is predicted that all the compounds have shown moderate Caco-2 permeability in the 

range from 0.366 x 10-6 to 0.686 x 10-6. Interestingly, all the synthesized compounds exhibit 

high human intestinal absorption (HIA: 89-100%). Blood/brain partition coefficient 

(logBB) value is a measure of the ability of a drug to cross the blood-brain barrier (BBB). 

The target compounds are in considerable range of BBB. The observed drug like properties 

and in silico ADME prediction suggests that the target compounds 4a-v exhibit acceptable 

pharmacokinetic parameters and can be considered as lead molecules for the development 

of future drugs. 

Table 4A.4. Drug likeness and in silico ADME properties of the target compounds 4a-v 

En

try 
Mol.Wt 

H-

do-

nor 

H-

acce-

ptor 

No. of 

rotat-

able 

bonds 

LogP LogS 
TPSA 

(Å) 

Caco-2 

Permeabilit

y (logPapp 

in 10-6 cm/s) 

HIA (% 

absor-

bed) 

BBB 

permea-

bility 

(log BB) 

 ≤500 ≤5 ≤10 ≤10 ≤5 <0.5 ≤140 >8x10-6 
70 -

100% 
-3.0 - 1.2 

4a 442.47 2 6 1 4.064 -4.738 89.21 0.574 92.708 -0.372 

4b 456.50 2 6 1 4.520 -4.930 89.21 0.643 92.756 -0.397 

4c 476.91 2 6 1 4.742 -4.806 89.21 0.593 91.297 -0.551 

4d 521.37 2 6 1 4.882 -4.815 89.21 0.585 91.230 -0.571 

4e 487.47 2 9 2 3.998 -4.525 132.35 0.686 100 -0.591 

4f 460.46 2 6 1 4.161 -4.748 89.21 0.615 92.015 -0.58 

4g 474.49 2 6 1 4.627 -4.936 89.21 0.685 92.062 -0.605 

4h 494.91 2 6 1 4.860 -4.837 89.21 0.635 90.604 -0.758 

4i 439.35 2 6 1 5.000 -4.849 89.21 0.627 90.537 -0.779 

4j 505.46 2 9 2 4.085 -4.548 132.35 0.659 100 -0.798 

4k 476.92 2 6 1 4.681 -4.828 89.21 0.593 90.947 -0.556 

4l 490.15 2 6 1 5.126 -5.029 89.21 0.662 90.995 -0.58 

4m 511.36 2 6 1 5.364 -4.934 89.21 0.613 89.537 -0.734 

4n 555.81 2 6 1 5.505 -4.959 89.21 0.604 89.469 -0.754 
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4o 521.92 2 9 2 4.608 -4.630 132.35 0.591 100 -0.774 

4p 521.36 2 6 1 4.810 -4.852 89.21 0.584 90.88 -0.576 

4q 535.40 2 6 1 5.255 -5.058 89.21 0.654 90.928 -0.601 

4r 555.81 2 6 1 5.497 -4.970 89.21 0.604 89.469 -0.754 

4s 600.26 2 6 1 5.653 -5.005 89.21 0.596 89.402 -0.775 

4t 566.37 2 9 2 4.765 -4.654 132.35 0.594 100 -0.794 

4u 456.50 1 6 1 3.953 -4.970 80.42 0.528 95.533 -0.052 

4v 532.60 1 6 3 5.216 -5.471 80.42 0.366 96.442 -0.102 

Mol. Wt: molecular weight; H-donor: number of hydrogen bond donors; H-acceptor: 

number of hydrogen bond acceptors; LogP: octanol/water partition coefficient; LogS: aqua 

solubility parameter; TPSA: topological polar surface area; Caco-2: cell permeability; 

HIA: human intestinal absorption; LogBB: blood/brain partition co-efficient. 

4A.5. Conclusion 

 In this chapter, we have successfully established an efficient protocol for the 

generation of isoquinoline based spirooxindolo-furans through [3+2] cycloaddition of 

isatin malononitrile adducts with isoquinolinium ylides. This method exhibits the 

advantages of mild reaction conditions, easy operation and broad substrate scope. Further, 

in silico molecular docking study, ADME prediction and drug likeness profiles reveal that 

the target compounds represent a promising platform for the development of novel 

therapeutic agents. 

4A.6. Experimental Section 

4A.6.1. General procedure for isoquinoline based spirooxindolo-furans (4a-v) 

 To a solution of isatin 1 (1.0 mmol) in DCM, malononitrile 2 was added (1.0 mmol) 

and continued the reaction for 10 min, to this N-phenacylisoquinolinium bromides 3 (1.0 

mmol) and DABCO (1.5 equiv) were added and continue the reaction at room temperature. 

The progress of the reaction was monitored by TLC. After completion, the reaction mixture 

was filtered and the resulting solid product was recrystallized from methanol to afford the 

targeted compounds. 

4A.6.2. Molecular docking protocol 

 The docking studies are prominent tools for the assessment of the binding affinity 

to the ligand-protein receptor. All the synthesized compounds were subjected to in silico 

molecular docking studies by using the AutoDockTools (ADT) version 1.5.6 and 

AutoDock version 4.2.5.1 docking program [36]. The 3D-structures of all the synthesized 

compounds were prepared by using chem3D pro 12.0 software. The optimized 3D 
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structures were saved in pdb format. The structure of the dihydrofolate reductase of 

Mycobacterium tuberculosis (PDB code: 1DF7) protein was extracted from the protein data 

bank (http://www.rcsb.org/pdb). The bound ligand and water molecules in protein were 

removed by using Discovery Studio Visualizer version 4.0 to prepare the protein. Non polar 

hydrogens were merged and gasteiger charges were added to the protein. The grid file was 

saved in gpf format. The three dimensional grid box having dimensions 60 x 60 x 60 Å3 

was created around the protein with spacing 0.3750 Å. The genetic algorithm was carried 

out with the population size and the maximum number of evaluations were 150 and 

25,00,000 respectively. The docking output file was saved as Lamarckian Ga (4.2) in dpf 

format. The ligand-protein complex binding sites were visualized by Discovery Studio 

Visualizer version 4.0. 

4A.6.3. ADME prediction 

 In silico ADME properties and pharmacokinetic parameters of the synthesized 

compounds were calculated by using the online servers ADMETlab 2.0 and pkCSM 

[37,38]. The ADMET properties, human intestinal absorption (HIA), Caco-2 cell 

permeability, plasma protein binding and blood brain barrier penetration (BBB) were 

predicted using this program. 

4A.7. Spectral data of synthesized compounds 4a-v 

10-imino-2'-oxo-8-phenyl-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-a]isoquinoline-11,3'-

indoline]-10a(10H)-carbonitrile (4a) 

Yellow solid. mp: 175-177 °C. IR (KBr, cm‒1): 3162, 3030, 1656, 1572, 1468. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.00 (s, 1H), 9.55 (s, 1H), 7.61 (s, 2H), 7.49 (s, 4H), 7.45 (d, J 

= 6.0 Hz, 2H), 7.38 (d, J = 1.6 Hz, 2H), 7.18 (t, J = 7.6 Hz, 1H), 7.13 (d, J = 7.6 Hz, 1H), 

7.05 (t, J = 7.2 Hz, 1H), 6.93 (d, J = 6.8 Hz, 1H), 6.49 (d, J = 6.8 Hz, 1H), 5.95 (s, 1H). 13C 

NMR (100 MHz, DMSO-d6) δ: 171.23, 155.78, 139.62, 136.14, 130.85, 130.65, 130.36, 

129.33, 128.95, 128.17, 127.31, 127.07, 126.70, 124.15, 123.00, 122.04, 121.93, 112.17, 

112.12, 112.01, 110.58, 102.27, 87.47, 64.82, 55.38. ESI-MS (m/z): [M+H]+ calcd. for 

C28H19N4O2: 443.1508; found: 443.1517. 

10-imino-2'-oxo-8-(p-tolyl)-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-a]isoquinoline-

11,3'-indoline]-10a(10H)-carbonitrile (4b) 

Brown solid. mp: 190-192 °C. IR (KBr, cm‒1): 3166, 2922, 1653, 1566, 1467. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.99 (s, 1H), 9.49 (s, 1H), 7.49 (d, J = 8.0 Hz, 2H), 7.46 – 7.41 
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(m, 3H), 7.37 (d, J = 6.8 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 7.17 (t, J = 7.6 Hz, 1H), 7.12 

(d, J = 7.6 Hz, 1H), 7.05 (t, J = 7.6 Hz, 1H), 6.92 (d, J = 7.6 Hz, 1H), 6.48 (d, J = 7.6 Hz, 

1H), 5.91 (s, 1H), 2.34 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 171.22, 155.97, 140.27, 

139.60, 133.15, 130.84, 130.35, 129.89, 128.94, 128.19, 127.25, 127.03, 126.73, 124.15, 

122.97, 122.06, 121.90, 111.95, 110.55, 102.22, 87.44, 64.83, 52.19, 21.21. ESI-MS (m/z): 

[M+H]+ calcd. for C29H21N4O2: 457.1665; found: 457.1657. 

8-(4-chlorophenyl)-10-imino-2'-oxo-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4c) 

Brown solid. mp: 183-185 °C. IR (KBr, cm‒1): 3160, 3087, 1659, 1579, 1466. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.05 (s, 1H), 9.59 (s, 1H), 7.64 (d, J = 8.4 Hz, 2H), 7.56 (d, J = 

8.0 Hz, 2H), 7.48 – 7.44 (m, 3H), 7.38 (d, J = 7.2 Hz, 2H), 7.18 (t, J = 7.6 Hz, 1H), 7.12 

(d, J = 7.6 Hz, 1H), 7.05 (t, J = 7.6 Hz, 1H), 6.94 (d, J = 7.6 Hz, 1H), 6.49 (d, J = 7.6 Hz, 

1H), 6.03 (s, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 171.21, 155.10, 139.65, 135.49, 

135.20, 130.78, 130.39, 129.37, 128.99, 128.07, 127.32, 127.16, 126.65, 124.20, 123.07, 

121.97, 112.03, 110.64, 102.31, 87.05, 64.67, 52.11. ESI-MS (m/z): [M+H]+ calcd. for 

C28H18ClN4O2: 477.1118; found: 477.1117. 

8-(4-bromophenyl)-10-imino-2'-oxo-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4d) 

Yellow solid. mp: 183-185 °C. IR (KBr, cm‒1): 3156, 3085, 1658, 1577, 1465. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.05 (s, 1H), 9.59 (s, 1H), 7.70 (d, J = 8.8 Hz, 2H), 7.57 (d, J = 

8.4 Hz, 2H), 7.50 – 7.42 (m, 3H), 7.38 (d, J = 8.0 Hz, 2H), 7.18 (t, J = 7.6 Hz, 1H), 7.11 

(d, J = 7.6 Hz, 1H), 7.05 (t, J = 7.6 Hz, 1H), 6.94 (d, J = 7.6 Hz, 1H), 6.48 (d, J = 7.6 Hz, 

1H), 6.03 (s, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 171.21, 155.06, 139.65, 135.63, 

132.29, 130.78, 130.39, 129.62, 128.99, 128.06, 127.33, 127.17, 126.65, 124.29, 124.20, 

123.07, 121.97, 112.04, 110.65, 102.31, 87.11, 64.65, 52.04. ESI-MS (m/z): [M+H]+ calcd. 

for C28H18BrN4O2: 521.0613; found: 521.0613.  

10-imino-8-(4-nitrophenyl)-2'-oxo-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4e) 

Yellow solid. mp: 178-180 °C. IR (KBr, cm‒1): 3211, 3083, 1659, 1579, 1466. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.08 (s, 1H), 9.75 (s, 1H), 8.33 (d, J = 8.8 Hz, 2H), 7.93 (d, J = 

8.4 Hz, 2H), 7.49 7.44 (m, 3H), 7.39 (t, J = 8.8 Hz, 2H), 7.20 (t, J = 7.6 Hz, 1H), 7.14 (d, J 

= 7.2 Hz, 1H), 7.07 (t, J = 7.6 Hz, 1H), 6.94 (d, J = 7.6 Hz, 1H), 6.51 (d, J = 7.6 Hz, 1H), 
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6.14 (s, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 171.19, 154.36, 149.07, 143.20, 139.70, 

130.72, 130.48, 129.22, 129.07, 127.98, 127.40, 126.47, 124.31, 123.20, 122.08, 121.87, 

112.07, 111.78, 110.73, 102.53, 86.92, 64.59, 52.07. ESI-MS (m/z): [M+H]+ calcd. for 

C28H18N5O4: 488.1359; found: 488.1348. 

5'-fluoro-10-imino-2'-oxo-8-phenyl-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4f) 

Yellow solid. mp: 180-182 °C. IR (KBr, cm‒1): 3155, 3063, 1665, 1569. 1H NMR (400 

MHz, DMSO-d6) δ: 11.03 (s, 1H), 9.59 (s, 1H), 7.62 (d, J = 4.0 Hz, 2H), 7.53 – 7.47 (m, 

5H), 7.44 (dd, J = 6.0, 2.8 Hz, 1H), 7.39 (d, J = 7.2 Hz, 1H), 7.17 – 7.14 (m, 2H), 7.03 (td, 

J = 9.2, 2.4 Hz, 1H), 6.91 (dd, J = 8.4, 4.8 Hz, 1H), 6.56 (d, J = 7.6 Hz, 1H), 6.02 (s, 1H). 

13C NMR (100 MHz, DMSO-d6) δ: 171.25, 159.16 (d, J = 233.2 Hz), 135.98 (d, J = 23.0 

Hz), 131.06, 130.72, 130.59, 130.44, 129.37, 129.16, 127.83, 127.54, 127.25, 126.74, 

124.17, 123.28 (d, J = 9.6 Hz), 113.31, 113.08, 112.69, 112.07, 111.18 (d, J = 9.0 Hz), 

110.17, 109.91, 101.74, 87.54, 64.96, 52.29. ESI-MS (m/z): [M+H]+ calcd. for 

C28H18FN4O2: 461.1414; found: 461.1409. 

5'-fluoro-10-imino-2'-oxo-8-(p-tolyl)-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4g) 

Yellow solid. mp: 188-190 °C. IR (KBr, cm‒1): 3163, 3082, 1655, 1566, 1478. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.01 (s, 1H), 9.53 (s, 1H), 7.48 (d, J = 8.4 Hz, 4H), 7.45 (s, 1H), 

7.38 (d, J = 6.8 Hz, 1H), 7.29 (d, J = 7.6 Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 7.02 (t, J = 8.4 

Hz, 1H), 6.90 (dd, J = 8.0, 4.8 Hz, 1H), 6.54 (d, J = 7.6 Hz, 1H), 5.98 (s, 1H), 2.34 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ: 171.25, 159.15 (d, J = 233.2 Hz), 157.03, 140.35, 

135.73, 133.00, 130.59 (d, J = 16.8 Hz), 129.92, 129.14, 127.84 (d, J = 32.2 Hz), 127.18, 

126.76, 124.17, 123.30, 123.20, 113.27, 113.03, 112.60, 112.13, 111.14 (d, J = 8.0 Hz), 

110.14, 109.88, 101.67, 87.51, 64.98, 52.32, 21.20. ESI-MS (m/z): [M+H]+ calcd. for 

C29H20FN4O2: 475.1570; found: 475.1572. 

8-(4-chlorophenyl)-5'-fluoro-10-imino-2'-oxo-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4h) 

Yellow solid. mp: 185-187 °C. IR (KBr, cm‒1): 3167, 3086, 1660, 1579, 1478. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.06 (s, 1H), 9.63 (s, 1H), 7.64 (d, J = 8.8 Hz, 2H), 7.57 (d, J = 

8.8 Hz, 2H), 7.48 (s, 2H), 7.44 (dd, J = 6.4, 3.2 Hz, 1H), 7.39 (d, J = 7.2 Hz, 1H), 7.14 (d, 

J = 7.6 Hz, 2H), 7.01 (dd, J = 9.2, 2.4 Hz, 1H), 6.91 (dd, J = 8.4, 4.8 Hz, 1H), 6.55 (d, J = 
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7.6 Hz, 1H), 6.09 (s, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 171.24, 159.16 (d, J = 233.4 

Hz), 156.14, 135.79, 135.56, 135.04, 130.53 (d, J = 7.2 Hz), 129.94, 129.40 (d, J = 7.8 Hz), 

129.20, 127.73, 127.55, 126.68, 124.22, 123.21, 123.11, 113.40 (d, J = 23.4 Hz), 112.72, 

111.98, 111.89, 111.15, 110.26, 109.99, 101.76, 87.12, 64.81, 52.23. ESI-MS (m/z): 

[M+H]+ calcd. for C28H17ClFN4O2: 495.1024; found: 495.1020. 

8-(4-bromophenyl)-5'-fluoro-10-imino-2'-oxo-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4i) 

Brown solid. mp: 176-178 °C. IR (KBr, cm‒1): 3169, 3085, 1660, 1579, 1479. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.07 (s, 1H), 9.62 (s, 1H), 7.70 (d, J = 8.8 Hz, 2H), 7.56 (d, J = 

8.8 Hz, 2H), 7.46 (s, 2H), 7.38 (d, J = 6.8 Hz, 2H), 7.13 (d, J = 8.0 Hz, 1H), 7.03 (t, J = 9.2 

Hz, 1H), 6.92 (d, J = 4.8 Hz, 1H), 6.55 (d, J = 7.6 Hz, 1H), 6.09 (s, 1H), 5.75 (s, 1H). 13C 

NMR (100 MHz, DMSO-d6) δ: 171.23, 157.78 (d, J = 243.4 Hz), 139.68, 137.17, 131.80, 

130.68 (d, J = 9.2 Hz), 129.36, 128.98, 128.19, 127.51, 127.04, 125.79, 124.19, 123.10, 

122.35, 120.96, 112.37 (d, J = 24.6 Hz), 111.31, 110.18, 103.28, 88.47, 63.84, 55.28. ESI-

MS (m/z): [M+H+2]+ calcd. for C28H17BrFN4O2: 541.0474; found: 541.0473. 

5'-fluoro-10-imino-8-(4-nitrophenyl)-2'-oxo-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4j) 

Yellow solid. mp: 177-179 °C. IR (KBr, cm‒1): 3239, 3081, 1661, 1578, 1480. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.10 (s, 1H), 9.80 (s, 1H), 8.33 (d, J = 8.8 Hz, 2H), 7.93 (d, J = 

8.4 Hz, 2H), 7.49 (s, 2H), 7.45 (dd, J = 6.0, 2.8 Hz, 1H), 7.40 (d, J = 7.2 Hz, 1H), 7.19 – 

7.14 (m, 2H), 7.04 (td, J = 9.2, 2.4 Hz, 1H), 6.92 (dd, J = 8.4, 4.8 Hz, 1H), 6.58 (d, J = 7.6 

Hz, 1H), 6.20 (s, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 171.22, 159.20 (d, J = 233.4 Hz), 

155.37, 149.11, 143.03, 135.83, 130.55 (d, J = 8.4 Hz), 129.27, 129.16, 127.63, 126.50, 

124.34, 124.28, 123.10 (d, J = 9.4 Hz), 113.58 (d, J = 23.6 Hz), 112.75, 111.78, 111.63, 

111.34, 110.41, 110.14, 101.93, 86.98, 64.74, 52.18. ESI-MS (m/z): [M+H]+ calcd. for 

C28H17FN5O4: 506.1265; found: 506.2248. 

5'-chloro-10-imino-2'-oxo-8-phenyl-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4k) 

Orange solid. mp: 178-180 °C. IR (KBr, cm‒1): 3409, 3094, 1669, 1574, 1411. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.12 (s, 1H), 9.54 (s, 1H), 7.61 (d, J = 4.0 Hz, 2H), 7.49 (d, J = 

4.4 Hz, 5H), 7.45 – 7.42 (m, 1H), 7.38 (d, J = 7.6 Hz, 1H), 7.36 (d, J = 1.2 Hz, 1H), 7.22 

(dd, J = 8.4, 2.0 Hz, 1H), 7.13 (d, J = 7.6 Hz, 1H), 6.93 (d, J = 8.4 Hz, 1H), 6.53 (d, J = 7.6 



Chapter IV-A                            One-pot multicomponent...spiro[furo-pyrrolo[2,1-a]isoquinolino-indolines 

156 

 

Hz, 1H), 6.05 (s, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 171.00, 156.97, 138.12, 136.02, 

130.72, 130.49, 129.36, 129.20, 127.80, 127.57, 127.25, 126.57, 126.41, 125.85, 124.28, 

123.84, 122.51, 112.26, 112.08, 111.75, 101.18, 87.55, 64.97, 52.52. ESI-MS (m/z): 

[M+H]+ calcd. for C28H18ClN4O2: 477.1118; found: 477.1131. 

5'-chloro-10-imino-2'-oxo-8-(p-tolyl)-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4l) 

Yellow solid. mp: 186-188 °C. IR (KBr, cm‒1): 3136, 3075, 1655, 1565, 1417. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.11 (s, 1H), 9.49 (s, 1H), 7.49 (s, 1H), 7.48 (s, 3H), 7.45 – 7.42 

(m, 1H), 7.38 (d, J = 7.2 Hz, 1H), 7.35 (s, 1H), 7.29 (d, J = 7.6 Hz, 2H), 7.21 (dd, J = 8.4, 

1.2 Hz, 1H), 7.11 (d, J = 7.6 Hz, 1H), 6.93 (d, J = 8.0 Hz, 1H), 6.52 (d, J = 7.2 Hz, 1H), 

6.02 (s, 1H), 2.33 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 171.00, 157.17, 140.35, 

138.11, 133.03, 130.49, 129.91, 129.18, 127.81, 127.56, 127.18, 126.59, 126.36, 125.82, 

124.28, 123.85, 122.48, 112.15, 111.71, 101.14, 87.53, 64.98, 52.56, 21.20. ESI-MS (m/z): 

[M+H]+ calcd. for C29H20ClN4O2: 491.1275; found: 491.1270. 

5'-chloro-8-(4-chlorophenyl)-10-imino-2'-oxo-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4m) 

Yellow solid. mp: 180-182 °C. IR (KBr, cm‒1): 3157, 3063, 1659, 1576, 1416. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.16 (s, 1H), 9.59 (s, 1H), 7.64 (d, J = 8.4 Hz, 2H), 7.57 (d, J = 

8.8 Hz, 2H), 7.48 (d, J = 2.8 Hz, 2H), 7.44 (dd, J = 5.6, 3.2 Hz, 1H), 7.39 (d, J = 7.2 Hz, 

1H), 7.36 (d, J = 1.2 Hz, 1H), 7.22 (dd, J = 8.4, 2.0 Hz, 1H), 7.11 (d, J = 7.6 Hz, 1H), 6.94 

(d, J = 8.0 Hz, 1H), 6.53 (d, J = 7.6 Hz, 1H), 6.12 (s, 1H). 13C NMR (100 MHz, DMSO-d6) 

δ: 170.99, 156.25, 138.16, 135.57, 135.08, 130.52, 130.42, 129.40, 129.32, 129.24, 127.70, 

127.60, 126.50, 125.89, 124.34, 123.75, 122.60, 112.29, 112.00, 111.80, 101.23, 87.14, 

64.82, 52.47. ESI-MS (m/z): [M+H]+ calcd. for C28H17Cl2N4O2: 511.0729; found: 

511.1382. 

8-(4-bromophenyl)-5'-chloro-10-imino-2'-oxo-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4n) 

Yellow solid. mp: 181-183 °C. IR (KBr, cm‒1): 3164, 3064, 1659, 1576, 1416. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.16 (s, 1H), 9.59 (s, 1H), 7.70 (d, J = 8.8 Hz, 2H), 7.56 (d, J = 

8.4 Hz, 2H), 7.48 (s, 2H), 7.46 – 7.43 (m, 1H), 7.39 (d, J = 7.2 Hz, 1H), 7.35 (d, J = 1.2 

Hz, 1H), 7.22 (dd, J = 8.4, 2.0 Hz, 1H), 7.11 (d, J = 7.6 Hz, 1H), 6.94 (d, J = 8.4 Hz, 1H), 

6.53 (d, J = 7.2 Hz, 1H), 6.12 (s, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 170.99, 156.21, 
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138.16, 135.51, 132.32, 130.52, 130.42, 129.56, 129.24, 127.69, 127.60, 126.49, 125.89, 

124.34, 123.75, 122.60, 112.30, 112.00, 111.81, 101.22, 87.20, 64.81, 52.40. ESI-MS 

(m/z): [M+H]+ calcd. for C28H17BrClN4O2: 555.0223; found: 555.0228. 

5'-chloro-10-imino-8-(4-nitrophenyl)-2'-oxo-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4o) 

Yellow solid. mp: 179-181 °C. IR (KBr, cm‒1): 3181, 3088, 1661, 1576, 1473. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.19 (s, 1H), 9.77 (s, 1H), 8.33 (d, J = 8.4 Hz, 2H), 7.93 (d, J = 

8.4 Hz, 2H), 7.49 (s, 2H), 7.47 – 7.43 (m, 1H), 7.40 (d, J = 7.2 Hz, 2H), 7.24 (d, J = 7.2 

Hz, 1H), 7.13 (d, J = 7.6 Hz, 1H), 6.94 (d, J = 8.0 Hz, 1H), 6.55 (d, J = 7.6 Hz, 1H), 6.23 

(s, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 170.96, 155.47, 149.11, 143.08, 138.21, 130.61, 

130.35, 129.32, 129.16, 127.67, 127.61, 126.67, 126.29, 125.97, 124.41, 124.34, 123.65, 

122.75, 111.89, 101.45, 87.00, 64.75, 52.44. ESI-MS (m/z): [M+H]+ calcd. for 

C28H17ClN5O4: 522.0969; found: 522.0967. 

5'-bromo-10-imino-2'-oxo-8-phenyl-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4p) 

Yellow solid. mp: 184-186 °C. IR (KBr, cm‒1): 3158, 3095, 1671, 1572, 1467. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.01 (s, 1H), 9.57 (s, 1H), 7.60 (d, J = 8.0 Hz, 2H), 7.49-7.46 

(m, 4H), 7.37 (d, J = 7.2 Hz, 2H), 7.15 (d, J = 7.2 Hz, 2H), 7.03-6.97 (m, 2H), 6.91 (d, J = 

4.8 Hz, 1H), 6.54 (d, J = 7.2 Hz, 1H), 6.03 (s, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 

171.31, 158.09, 139.67, 134.63, 132.28, 131.79, 130.39, 129.12, 128.66, 128.04, 127.63, 

127.15, 126.55, 124.21, 124.10, 123.19, 112.64, 110.67, 102.32, 87.41, 64.85, 52.08. ESI-

MS (m/z): [M+H]+ calcd. for C28H18BrN4O2: 521.0613; found: 521.0645. 

5'-bromo-10-imino-2'-oxo-8-(p-tolyl)-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4q) 

Yellow solid. mp: 187-189 °C. IR (KBr, cm‒1): 3135, 2852, 1657, 1567, 1469. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.13 (s, 1H), 9.50 (s, 1H), 7.59 (s, 1H), 7.46 (s, 3H), 7.46 – 7.41 

(m, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.36 (s, 1H), 7.30 (d, J = 7.6 Hz, 2H), 7.21-7.16 (m, 1H), 

7.10 (d, J = 8.0 Hz, 1H), 6.92 (d, J = 7.6 Hz, 1H), 6.53 (d, J = 7.2 Hz, 1H), 5.96 (s, 1H), 

2.33 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 170.96, 157.18, 139.85, 138.10, 132.06, 

130.59, 129.94, 129.10, 127.85, 127.49, 126.69, 126.48, 125.85, 124.36, 123.82, 122.82, 

112.85, 111.11, 101.18, 87.56, 64.78, 52.86, 21.15. ESI-MS (m/z): [M+H]+ calcd. for 

C29H20BrN4O2: 535.0770; found: 535.1691. 
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5'-bromo-8-(4-chlorophenyl)-10-imino-2'-oxo-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4r) 

Yellow solid. mp: 182-184 °C. IR (KBr, cm‒1): 3140, 2837, 1659, 1567, 1415. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.06 (s, 1H), 9.66 (s, 1H), 7.66 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 

8.4 Hz, 2H), 7.47 (s, 2H), 7.45-7.40 (m, 1H), 7.38 (d, J = 7.6 Hz, 1H), 7.14 (d, J = 7.6 Hz, 

2H), 7.04 (m, 1H), 6.91 (dd, J = 8.8, 4.4 Hz, 1H), 6.57 (d, J = 8.8 Hz, 1H), 6.09 (s, 1H). 

13C NMR (100 MHz, DMSO-d6) δ: 171.26, 159.16, 156.14, 135.89, 135.66, 132.04, 

130.63, 129.98, 129.22, 127.78, 126.80, 124.44, 123.22, 114.08, 112.62, 111.65, 110.98, 

110.24, 108.98, 101.66, 87.10, 64.86, 52.26. ESI-MS (m/z): [M+H]+ calcd. for 

C28H17BrClN4O2: 555.0223; found: 555.1730. 

5'-bromo-8-(4-bromophenyl)-10-imino-2'-oxo-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4s) 

Yellow solid. mp: 184-186 °C. IR (KBr, cm‒1): 3142, 2835, 1660, 1575, 1469. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.18 (s, 1H), 9.60 (s, 1H), 7.72 (d, J = 8.4 Hz, 2H), 7.56 (d, J = 

8.4 Hz, 2H), 7.50 (s, 2H), 7.45 – 7.43 (m, 1H), 7.38 (d, J = 7.6 Hz, 1H), 7.34 (s, 1H), 7.22-

7.16 (m, 1H), 7.10 (d, J = 7.6 Hz, 1H), 6.96 (d, J = 8.8 Hz, 1H), 6.56 (d, J = 7.6 Hz, 1H), 

6.12 (s, 1H).  13C NMR (100 MHz, DMSO-d6) δ: 171.20, 156.22, 139.56, 136.52, 133.32, 

130.58, 130.40, 129.56, 127.70, 126.47, 125.80, 124.42, 123.76, 122.62, 112.32, 112.08, 

111.80, 101.12, 88.20, 65.01, 53.06. ESI-MS (m/z): [M+H]+ calcd. for C28H17Br2N4O2: 

598.9718; found: 598.9482. 

5'-bromo-10-imino-8-(4-nitrophenyl)-2'-oxo-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4t) 

Yellow solid. mp: 183-185 °C. IR (KBr, cm‒1): 3074, 2873, 1661, 1576, 1470. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.12 (s, 1H), 9.68 (s, 1H), 8.32 (d, J = 9.2 Hz, 2H), 7.96 (d, J = 

8.8 Hz, 2H), 7.49 (s, 2H), 7.45 – 7.40 (m, 1H), 7.38 (d, J = 7.2 Hz, 1H), 7.20 – 7.16 (m, 

2H), 7.04 – 6.98 (m, 1H), 6.92 (dd, J = 9.2, 5.2 Hz, 1H), 6.60 (d, J = 8.0 Hz, 1H), 6.20 (s, 

1H). 13C NMR (100 MHz, DMSO-d6) δ: 171.24, 159.18 155.26, 149.24, 143.53, 135.93, 

132.56, 129.24, 129.10, 127.62, 126.51, 124.31, 124.18, 113.68, 112.95, 111.88, 111.64, 

110.46, 101.93, 87.08, 64.68, 53.02. ESI-MS (m/z): [M+H]+ calcd. for C28H17BrN5O4: 

566.0464; found: 566.1340. 
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10-imino-1'-methyl-2'-oxo-8-phenyl-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4u) 

Yellow solid. mp: 171-173 °C. IR (KBr, cm‒1): 3429, 2924, 1651, 1564, 1409. 1H NMR 

(400 MHz, DMSO-d6) δ: 9.29 (s, 1H), 7.63 (d, J = 3.6 Hz, 2H), 7.50 (d, J = 3.2 Hz, 3H), 

7.46 (s, 1H), 7.44 (d, J = 8.8 Hz, 2H), 7.42 – 7.36 (m, 2H), 7.27 (t, J = 7.6 Hz, 1H), 7.13 

(dd, J = 13.2, 8.4 Hz, 3H), 6.54 (d, J = 7.2 Hz, 1H), 5.95 (s, 1H), 3.16 (s, 3H). 13C NMR 

(100 MHz, DMSO-d6) δ: 169.17, 155.72, 140.83, 135.87, 130.90, 130.72, 130.35, 129.40, 

129.01, 128.16, 127.32, 127.27, 127.02, 126.92, 124.02, 122.74, 122.51, 121.08, 112.77, 

112.13, 112.02, 109.61, 101.05, 87.53, 64.78, 51.92, 26.65. ESI-MS (m/z): [M+H]+ calcd. 

for C29H21N4O2: 457.1665; found: 457.1666. 

1'-benzyl-10-imino-2'-oxo-8-phenyl-11aH-spiro[furo[3',4':4,5]pyrrolo[2,1-

a]isoquinoline-11,3'-indoline]-10a(10H)-carbonitrile (4v) 

Brown solid. mp: 167-169 °C. IR (KBr, cm‒1): 3084, 2917, 1660, 1574, 1475. 1H NMR 

(400 MHz, DMSO-d6) δ: 11.10 (s, 1H), 9.67 (s, 1H), 8.33 (d, J = 8.4 Hz, 2H), 8.12 (s, 1H), 

7.65 (d, J = 7.6 Hz, 2H), 7.40 (d, J = 8.4 Hz, 4H), 7.35 (t, J = 7.2 Hz, 2H), 7.31 – 7.27 (m, 

2H), 7.19 (d, J = 7.6 Hz, 2H), 7.16 – 7.11 (m, 3H), 6.85 (t, J = 7.6 Hz, 2H), 6.77 (d, J = 7.6 

Hz, 1H), 6.20 (s, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 171.04, 155.67, 149.11, 143.72, 

143.08, 138.21, 137.61, 136.39, 130.35, 130.23, 129.05, 128.58, 128.06, 127.88, 127.49, 

127.07, 123.35, 122.42, 119.17, 115.14, 113.59, 112.87, 112.32, 110.01, 101.56, 87.08, 

64.82, 52.64. ESI-MS (m/z): [M+H]+ calcd. for C35H25N4O2: 533.1978; found: 533.1978. 
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4A.9. Selected IR, NMR (1H and 13C) and Mass spectra 

 

IR spectrum of the compound 4a 

 

1H NMR spectrum of the compound 4a 
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1H NMR (D2O exchange) spectrum of the compound 4a 

 
13C NMR spectrum of the compound 4a 
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Mass spectrum of the compound 4a 

 

IR spectrum of the compound 4g 
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1H NMR spectrum of the compound 4g 

 

13C NMR spectrum of the compound 4g 
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Mass spectrum of the compound 4g 

 

IR spectrum of the compound 4m 
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1H NMR spectrum of the compound 4m 

 

13C NMR spectrum of the compound 4m 
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DEPT-135 NMR spectrum of the compound 4m 

 

Mass spectrum of the compound 4m 



 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER-IV 

Section-B 

 

A three component [3+2] cycloaddition reaction for the 

synthesis of spirooxindolo-pyrrolizidines  
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4B.1. Introduction 

 Ultrasound irradiation has long been considered as a clean and efficient technique 

in organic synthesis [1]. The prominent features of ultrasound irradiation are energy saving, 

enhanced reaction rates, formation of pure products in high yields, shorter reaction times 

and operational simplicity compared with traditional methods [2,3]. Ultrasound produces 

both chemical and physical effects because of cavitational collapse and it induce the 

formation of chemical species which are not easily attained under conventional methods 

[4]. Also, multicomponent reactions (MCRs) are special type of synthetically prominent 

organic reactions in combinatorial and medicinal chemistry, in which three or more starting 

materials react together in a single pot to produce final product without isolating 

intermediates [5,6]. MCRs offer significant advantages like operational simplicity, 

lessening of energy consumption and high degree of atom economy [7].   

 On the other hand, spirooxindoles gained much attention in heterocyclic chemistry 

because of their highly pronounced pharmacological and biological activities [8,9]. A 

number of spirooxindoles were present in natural products such as spirotryprostatin A is an 

indolic alkaloid found in Aspergillus fumigatus fungus and can be serve as an anti-cancer 

drug [10]. Whereas, horsfiline is an oxindole alkaloid found in the plant horsfieldia superba, 

which is used in traditional herbal medicine as anti-analgesic [11]. Mitraphylline is an 

active alkaloid displaying various biological activities like anti-proliferative, non-narcotic 

drug and anti-cancer (Figure 4B.1) [12,13].  

 

Figure 4B.1 

 Spirooxindoles can also serve as synthetic intermediates for drug precursors or 

pharmaceuticals [14,15]. Therefore, finding an efficient and concise methods for the 

preparation of this type of moieties is a fascinating area in chemistry [16]. In recent years, 

many methods have been utilized to construct structurally diverse spirooxindoles [17]. 

https://en.wikipedia.org/wiki/Aspergillus_fumigatus
https://en.wikipedia.org/wiki/Horsfieldia_superba
https://en.wikipedia.org/wiki/Herbal_medicine
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4B.1.1. Reported methods for the synthesis and biological activity of spirooxindoles 

Kumar et al. reported an efficient synthesis of spiro-pyrido-pyrrolizines under solvent-

free microwave irradiation (Figure 4B.2). The synthesized compounds were screened for 

in vitro activity against mycobacterium tuberculosis H37Rv (MTB), multi-drug resistant 

M. tuberculosis (MDR-TB) and mycobacterium smegmatis (MC2) using agar dilution 

method and some compounds found to be most active against MTB and MDR-TB [18].  

 

Figure 4B.2 

Gollner and co-workers presented spirooxindole compounds as chemically stable and 

orally active inhibitors of the MDM2−p53 interaction (Figure 4B.3). Further structure 

based optimization resulted these compounds to bind MDM2 protein and to interrupt its 

protein-protein interaction (PPI) with TP53 and the compounds showed in vivo efficacy in 

a mouse SJSA-1 xenograft study [19]. 

 

Figure 4B.3 

Toumi et al. disclosed a series of rhodanine fused spirooxindolo-pyrrolidines by one-pot 

three component [3+2] cycloaddition (Figure 4B.4). Further, all the cycloadducts were 

evaluated for in vitro α-amylase inhibitory activity and showed good inhibition with respect 

to standard drug acarbose. In addition, the potent compounds were studied their in silico 

molecular docking analysis and in vivo hypoglycemic activity in alloxan-induced diabetic 

rats [20]. 
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Figure 4B.4 

de Silva et al. employed spirooxindolo-pyrrolizidine analogues by microwave assisted 

one-pot three component [3+2] cycloaddition reaction (Figure 4B.5). Further, the 

synthesized compounds were tested for in vitro anti-amyloidogenic activity for the 

treatment of Alzheimer’s disease with MTT assay [21].  

 

Figure 4B.5 

Kumar and co-workers design and synthesized bioisosteres of spirooxindole as inhibitors 

of the MDM2–p53 interaction for anti-breast cancer agents (Figure 4B.6). Further, in vivo 

efficacy was also investigated on xenograft tumors in athymic nude mice and the most 

active compound induced G1/S phase arrest and thus inhibited the growth of breast cancer 

cells [22].  

 

Figure 4B.6 

Prasanna et al. described a regio and stereoselective [3+2] cycloaddition for the synthesis 

of novel spiro-pyrrolothiazolyloxindoles (Figure 4B.7). The synthesized compounds were 

screened for their in vitro activity against mycobacterium tuberculosis H37Rv (MTB) using 
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agar dilution method and some compounds displayed potent activity than standard drugs 

ciprofloxacin and ethambutol [23].   

 

Figure 4B.7 

Barakat and co-workers employed a rapid combinatorial approach to produce a series of 

hybrid spirooxindole based MDM2 inhibitors (Figure 4B.8). Further, the selected 

compounds were screened for in vitro cytotoxic activity using MTT assay. In addition, in 

silico ADMET prediction and drug likeness properties were evaluated for the active 

compounds, the results showed no Lipinski violation [24].   

 

Figure 4B.8 

Huang et al. demonstrated the acetic acid catalyzed three-component reaction of 

pyrrolidine, aldehydes and phenacylideneoxindoles to afford functionalized spirooxindolo-

pyrrolizines (Scheme 4B.1). The obtained spirooxindole derivatives were evaluated in vitro 

against mouse colon cancer cells CT26 and human liver cancer cells HepG2 by MTT assay 

[25]. 

 

Scheme 4B.1 
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Sun et al. established a general and practical route for the in situ generation of azomethine 

ylide and its 1,3-dipolar cycloaddition reaction for the production of functionalized 

spirooxindolo-pyrrolizines (Scheme 4B.2). Comemercially available starting materials, 

milder reaction conditions and molecular diversity were the advantages of this reaction 

[26]. 

 

Scheme 4B.2 

Ganesh and co-workers developed a highly diastereoselective [3+2] cycloaddition 

strategy using oxindoles and α,β-disubstituted nitroethylenes to access tetra-substituted 

spiropyrrolidines (Scheme 4B.3). Further, the synthesized compounds were evaluated for 

in vitro anti-bacterial activity against gram-positive bacteria S. aureus [27].  

 

Scheme 4B.3 

Sakly et al. disclosed one-pot four component domino strategy for the generation of novel 

spirooxindolo-1,2,3-triazoles through stereo and regioselective [3+2] cycloaddition 

(Scheme 4B.4). Further, the synthesized compounds were screened for in vitro anti-fungal 

and anti-bacterial activities using agar dilution method [28]. 

 

Scheme 4B.4 
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Parthasarathy and co-workers described the synthesis of fused spiropyrrolizidine 

oxindoles via 1,3-dipolar cycloaddition of azomethine ylides with heterobicyclic alkenes 

(Scheme 4B.5). Utilization of heterobicyclic alkenes as dipolarophile was the main 

advantage of this reaction [29].   

 

Scheme 4B.5 

4B.2. Present work 

 Encouraged by the aforementioned literature reports and considering the 

significance of spirooxindoles, herein we have demonstrated a highly regioselective 

synthesis of aza-spirooxindoles from one-pot three component reaction via [3+2] 

cycloaddition between isatin-malononitrile adducts 1a-j and azomethine ylides, generated 

in situ from quinolinyl aldehydes 2a-b and cyclic α-amino acid 3 (Scheme 4B.6). In 

addition, all the synthesized compounds were screened for in silico molecular docking and 

ADME prediction. 

 

Scheme 4B.6. Synthesis of quinoline based spirooxindolo-pyrrolizidines 4a-t.   

4B.2.1. Results and discussion 

 We commenced our study by choosing 2-(2-oxoindolin-3-ylidene)malononitrile 1a, 

chloroquinolinyl aldehyde 2a and L-proline 3 as the model reactants to get the optimized 

reaction parameters (Table 4B.1). When the reaction was performed in MeOH at room 

temperature, the target product 4a was obtained with 45% yield in 20 h (Table 4B.1, entry 

1). The product yield increased with the rising reaction temperatures (Table 4B.1, entries 

2-6). Further, the reaction was conducted in different solvents such as EtOH, THF, CH3CN, 

toluene (Table 4B.1, entries 3-6). Among these, highest yield was obtained in THF (Table 

4B.1, entry 4). To increase the product yield and environmental concerns an attempt was 
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made under ultrasonication (RT and 60 °C) and to our delight, the reaction was feasible 

(Table 4B.1, entry 7-11). The highest yield of product was obtained when the reaction was 

carried out in THF at room temperature (Table 4B.1, entry 9). However, increasing reaction 

temperature and time had no significant impact on the yield (Table 4B.1, entries 10,11). 

Therefore, 1.0 mmol of 1a, 1.0 mmol of 2a and 1.0 mmol of 3 in 3 mL of THF at room 

temperature under ultrasonication (Table 4B.1, entry 9) is the best reaction condition for 

the generation of target compounds 4a-t. 

Table 4B.1. Optimization of the reaction conditionsa 

 

Entry Solvent Method Temp (°C) Time Yield (%)b 

1 MeOH Conventional RT 20 h 45 

2 MeOH Conventional Reflux 8 h 60 

3 EtOH Conventional Reflux 8 h 65 

4 THF Conventional Reflux 6 h 67 

5 CH3CN Conventional Reflux 6 h 65 

6 Toluene Conventional Reflux 10 h 48 

7 CH3CN Ultrasonication RT 60 min 70 

8 MeOH Ultrasonication RT 60 min 75 

9 THF Ultrasonication RT 40 min 83 

10 THF Ultrasonication 60 30 min 80 

11 THF Ultrasonication RT 90 min 84 

aReaction condition: compound 1a (1.0 mmol), chloroquinolinyl aldehyde 2a (1.0 mmol), 

and L-proline 3 (1.0 mmol), solvent (3 mL). bIsolated yields. 

With the optimized reaction conditions in hand, we have explored the substrate scope by 

taking various isatin-malononitrile adducts 1a-j, quinolinyl aldehydes 2a-b and L-proline 

3 (Table 4B.2). Isatin-malononitrile adducts having electron donating (‒Me, ‒OMe), 

electron withdrawing (‒NO2) and halogen (‒F, ‒Cl, ‒Br, ‒I) substitutions have no 

substantial impact on the efficiency of the reaction.  
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Table 4B.2. Synthesis of quinoline based spirooxindolo-pyrrolizidines 4a,b 

 
aReaction condition: compounds 1a-j (1.0 mmol), quinolinyl aldehydes 2a-b (1.0 mmol), 

L-proline 3 (1.0 mmol) in 3 mL of THF at room temperature under ultrasonication. 
bIsolated yields. 

 The plausible reaction mechanism for the generation of target compounds 4 is 

illustrated in Scheme 4B.7. Initially, azomethine ylide 6 has generated via intermediate 5 

formation between chloroquinolinyl aldehyde 2a and cyclic α-amino acid (L-proline) 3, by 

the elimination of H2O and CO2 [30]. Later, it undergoes [3+2] cycloaddition reaction with 

isatin-malononitrile adduct 1a generates the target compound 4a. 
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Scheme 4B.7. Plausible reaction mechanism for the generation of target compounds 4. 

 The structure of the target compounds (4a-t) were analyzed by IR, 1H NMR, 13C 

NMR and mass spectral data. In this context, IR spectrum of the compound 4l showed a 

band at 3213 cm-1 corresponds to ‒NH group and the bands at 1730 cm-1 and 1699 cm-1 

represents the amide carbonyls of oxindole and quinoline moieties respectively [31,32]. 

The 1H NMR spectrum of compound 4l showed the singlet signal corresponding to isatin 

‒NH proton at δ 11.47 ppm. Whereas, the multiplet in the range from δ 3.23 to δ 2.14 ppm 

attributed to the protons of pyrrolizidine ring. In the 13C NMR spectrum the peak appeared 

at δ 65.95 ppm corresponds the spiro carbon, which was further determined by the absence 

of this spiro carbon peak in DEPT-135 NMR spectrum. The mass spectrum of compound 

4l displayed a molecular ion peak at m/z 436.1804 [M+H]+. Furthermore, the 

regiochemistry of the target compounds were determined by SXRD method (4e and 4n). 

The ORTEP representation of the compounds 4e and 4n have shown in Figures 4B.9 and 

Figure 4B.10. The CCDC deposition numbers and salient features of crystallographic 

information of 4e and 4n have shown in Table 4B.3. 

 

 Figure 4B.9. ORTEP representation of 4e and the thermal ellipsoids are drawn at 

 50% probability level. The crystal 4e is the dimethyl sulfoxide solvate. 
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 Figure 4B.10. ORTEP representation of 4n and the thermal ellipsoids are drawn 

 at 50% probability level. The crystal 4n is the dimethyl sulfoxide solvate. 

Table 4B.3. Crystallographic data and refinement parameters of compounds 4e and 4n 

Identification code 4e 4n 

Empirical formula C25H17Cl2N5O C25H18FN5O2 

Formula weight 473.0810 439.1445 

Crystal system Monoclinic Triclinic 

Space group P21/c P-1 

T (K) 100  100 

a (Å) 17.1969 (19) 8.981 (2) 

b (Å) 9.5687 (10) 9.583 (3) 

c (Å) 17.1149 (17) 15.412 (4) 

α (°) 90 103.053 (13) 

β (°) 115.186(3) 97.931 (12) 

γ (°) 90 100.656 (12) 

Z 4 2 

V (Å3) 2548.6(5) 1247.3 (6) 

Dcalc (g/cm3) 1.440 1.378 

F (000) 1144.0 540.0 

µ (mm-1) 0.373 0.177 

Ɵ (°) 27 27 

Index ranges -21 ≤ h ≤ 21 

-12 ≤ k ≤ 12 

-21 ≤ l ≤ 21 

-11 ≤ h ≤ 11 

-12 ≤ k ≤ 12 

-19 ≤ l ≤ 19 

N-total 5556 5446 

Parameters 337 349 

R1 [I > 2 σ (I)] 0.0747 0.0447 

wR2 (all data) 0.2433 ( 5492) 0.1693 (5323) 

GOF 0.915 1.862 

CCDC 2129897 2129929 

4B.3. Molecular docking studies 

 In order to get a deeper insight into binding interactions of the targeted compounds, 

molecular docking studies were performed against dihydrofolate reductase of 
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mycobacterium tuberculosis (PDB code: 1DF7) [33]. The observed binding energies were 

depicted in Table 4B.4. The docked compounds (4a-t) were well fitted in the binding site 

of the protein 1DF7 and gives different polar and non-polar interactions with amino acid 

residues. Among all, the compounds 4j, 4m, 4r and 4t were showed good binding energies 

as -10.83, -9.88, -10.28 and -10.54 kcal/mol respectively. Among these, the compound 4j 

exhibited more negative binding energy -10.83 kcal/mol, forms two hydrogen bonds with 

the amino acid residue GLN28 (2.57 and 2.78 Å) and forms three hydrophobic interactions 

(‧‧‧ and ‧‧‧alkyl) with the amino acid residues. Whereas, the compound 4t showed 

binding energy -10.54 kcal/mol, forms three hydrogen bonds with amino acid residues 

ASP27 (2.42 and 3.11 Å), GLN28 (3.35 Å) and forms two hydrophobic interactions 

(‧‧‧) with the amino acids. The ligand interaction diagrams of the compounds 4j and 4t 

were presented in Figure 4B.11 and Figure 4B.12. 

Table 4B.4 Docking results of the compounds 4a-t against 1DF7 

Ent-

ry 
Compound 

Binding 

energy 

(kcal/mol) 

No. of 

hydrogen 

bonds 

Residues involved in 

the hydrogen bonding 

Hydrogen bond 

length (Å) 

1 4a -8.70 1 ALA7 2.81 

2 4b -7.82 1 PRO51 3.35 

3 4c -8.27 2 ALA7 2.05, 3.19 

4 4d -7.55 2 SER49, PRO51 2.87, 3.37 

5 4e -7.94 1 PRO51 3.37 

6 4f -8.02 1 PRO51 3.38 

7 4g -8.01 1 PRO51 3.46 

8 4h -8.94 2 GLY95, TYR100 3.66, 2.47 

9 4i -7.71 3 ASP27, GLN28 3.25, 3.54, 1.97 

10 4j -10.83 2 GLN28 2.57, 2.78 

11 4k -9.04 2 THR46, ILE94 3.01, 2.39 

12 4l -9.36 2 THR46, ILE94 2.97, 2.39 

13 4m -9.88 4 ALA7, THR46, ILE94 2.01, 3.29, 3.01, 

2.28 

14 4n -9.04 3 ALA7, THR46, ILE94 2.12, 3.02, 2.38 

15 4o -9.29 2 THR46, ILE94 2.93, 2.50 

16 4p -9.46 3 THR46, SER49, ILE94 2.58, 3.25, 2.94 

17 4q -9.45 3 THR46, SER49, ILE94 2.66, 3.17, 2.75 

18 4r -10.28 2 ILE94, TYR100 2.00, 2.13 

19 4s -8.47 2 ASP27, SER49 3.45, 2.04 
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20 4t -10.54 3 ASP27, GLN28 2.42, 3.11, 3.35 

 

Figure 4B.11. Binding interactions between compound 4j and active site of 1DF7. 

 

Figure 4B.12. Binding interactions between compound 4t and active site of 1DF7. 

4B.4. ADME prediction 

 Absorption, distribution, metabolism and excretion (ADME) data improves the 

selection and identification of molecules at the therapeutic dose with an optimal safety 

profile. Also, in silico prediction of pharmacokinetic parameters lowers the risk of failure 

of drug at the final stages of clinical trials [34]. The ADME prediction of the synthesized 

compounds 4a-t were presented in Table 4B.5. 

 Estimation of octanol/water partition coefficient (lipophilicity) is examined by 

LogP. The predicted lipophilicity values are in the ranging from 2.371 to 4.500, and these 

values revealed that high lipophilicity of the compounds. The predicted aqueous solubility 

(LogS) values of the synthesized compounds ranging from -3.288 to -5.217, which reflects 

their excellent solubility in water due to presence of lipophilic groups. On the other hand, 

the topological polar surface area (TPSA) values (< 140 Å) revealed that the compounds’ 

oral bioavailability is high. In general, higher the logarithm of the apparent permeability 

coefficient (logPapp) higher will be the Caco-2 permeability. From the results, it is 

predicted that all the compounds have shown high Caco-2 permeability in the range from -
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0.219 to 0.751. Interestingly, all the synthesized compounds exhibit high human intestinal 

absorption (HIA: 90.793-100%). Blood/brain partition coefficient (logBB) value is a 

measure of the ability of a drug to cross the blood-brain barrier (BBB). The target 

compounds are in considerable range of BBB. The observed drug like properties and in 

silico ADME prediction suggests that the target compounds 4a-t exhibit acceptable 

pharmacokinetic parameters and can be considered as lead molecules for the development 

of new drugs. 

Table 4B.5. Drug likeness and in silico ADME properties of the target compounds 4a-t 

En-

try 

Mol. 

Wt. 

H-

don

or 

H-

accept

or 

No. of 

rotatable 

bonds 

LogP LogS 
TPSA 

(Å) 

Caco-2 

Permeabilit

y (logPapp 

in 10-6 cm/s) 

HIA 

(% 

absorb

ed) 

BBB 

permeab

ility (log 

BB) 

 ≤500 ≤5 ≤10 ≤10 ≤5 <0.5 ≤140 >8x10-6 
70 -

100% 
-3.0 - 1.2 

4a 439.90 1 6 1 3.273 -3.841 92.81 0.378 100 -0.314 

4b 453.92 1 6 1 3.683 -4.188 92.81 0.373 100 -0.345 

4c 469.92 1 7 2 3.369 -3.988 102.04 0.396 100 -0.491 

4d 457.89 1 6 1 3.359 -3.978 92.81 0.410 100 -0.479 

4e 474.35 1 6 1 3.935 -4.710 92.81 0.260 100 -0.52 

4f 518.80 1 6 1 4.066 -4.833 92.81 0.265 100 -0.528 

4g 565.80 1 6 1 4.340 -5.217 92.81 0.281 100 -0.532 

4h 484.89 1 9 2 3.283 -4.547 135.95 -0.219 99.158 -0.843 

4i 453.92 0 6 1 3.200 -4.094 84.02 0.722 93.923 -0.335 

4j 530.03 0 6 3 4.500 -4.981 84.02 0.522 92.124 -0.353 

4k 421.45 2 7 1 2.428 -3.288 112.78 0.403 94.241 -0.520 

4l 435.48 2 7 1 2.839 -3.695 112.78 0.398 94.794 -0.551 

4m 451.48 2 8 2 2.503 -3.479 112.01 0.421 90.793 -0.653 

4n 439.44 2 7 1 2.508 -3.415 112.78 0.436 92.706 -0.668 

4o 455.90 2 7 1 3.118 -3.906 112.78 0.286 95.502 -0.704 

4p 500.35 2 7 1 3.262 -4.085 112.78 0.290 95.238 -0.724 

4q 547.35 2 7 1 3.628 -4.266 112.78 0.306 93.400 -0.711 

4r 466.45 2 10 2 2.465 -3.841 155.92 -0.694 91.095 -0.727 

4s 435.48 1 7 1 2.371 -3.420 103.99 0.751 97.496 0.242 

4t 511.58 1 7 3 3.687 -4.584 103.99 0.587 100 0.357 

Mol. Wt: molecular weight; H-donor: number of hydrogen bond donors; H-acceptor: 

number of hydrogen bond acceptors; LogP: octanol/water partition coefficient; LogS: aqua 

solubility parameter; TPSA: topological polar surface area; Caco-2: cell permeability; 

HIA: human intestinal absorption; LogBB: blood/brain partition co-efficient. 
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4B.5. Conclusion 

 This chapter describes the utilization of ultrasound irradiation as green protocol for 

the synthesis of quinoline based spirooxindolo-pyrrolizidines through [3+2] cycloaddition 

of isatin malononitrile adducts with azomethine ylides. This methodology has the 

advantages of mild reaction conditions, easy operation and broad substrate scope. 

Subsequently, in silico molecular docking study, ADME prediction and drug likeness 

profiles revealed that the synthesized compounds can serve as lead molecules in future 

research. 

4B.6. Experimental Section 

4B.6.1. General procedure for quinoline based spirooxindolo-pyrrolizidines (4a-t) 

 A mixture of isatin malononitrile adducts 1 (1.0 mmol), quinolinyl aldehydes 2 (1.0 

mmol) and L-proline 3 (1.0 mmol) in 3 mL of THF were kept at room temperature under 

ultrasonication for 40-60 min. After the complete consumption of starting materials 

(monitored by TLC), the resulting solid was filtered and recrystallized from acetone to 

furnish the desired products.  

4B.6.2. Molecular docking protocol 

 The docking studies are prominent tools for the assessment of the binding affinity 

to the ligand-protein receptor. All the synthesized compounds were subjected to in silico 

molecular docking studies by using the AutoDockTools (ADT) version 1.5.6 and 

AutoDock version 4.2.5.1 docking program [35]. The 3D-structures of all the synthesized 

compounds were prepared by using chem3D pro 12.0 software. The optimized 3D 

structures were saved in pdb format. The structure of the dihydrofolate reductase of 

Mycobacterium tuberculosis (PDB code: 1DF7) protein was extracted from the protein data 

bank (http://www.rcsb.org/pdb). The bound ligand and water molecules in protein were 

removed by using Discovery Studio Visualizer version 4.0 to prepare the protein. Non polar 

hydrogens were merged and gasteiger charges were added to the protein. The grid file was 

saved in gpf format. The three dimensional grid box having dimensions 60 x 60 x 60 Å3 

was created around the protein with spacing 0.3750 Å. The genetic algorithm was carried 

out with the population size and the maximum number of evaluations were 150 and 

25,00,000 respectively. The docking output file was saved as Lamarckian Ga (4.2) in dpf 

format. The ligand-protein complex binding sites were visualized by Discovery Studio 

Visualizer version 4.0. 
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4B.6.3. ADME prediction 

 In silico ADME properties and pharmacokinetic parameters of the synthesized 

compounds were calculated by using the online servers ADMETlab 2.0 and pkCSM 

[36,37]. The ADMET properties, human intestinal absorption (HIA), Caco-2 cell 

permeability, plasma protein binding and blood brain barrier penetration (BBB) were 

predicted using this program. 

4B.7. Spectral data of synthesized compounds 4a-t 

3'-(2-chloroquinolin-3-yl)-2-oxo-5',6',7',7a'-tetrahydro-1'H,3'H-spiro[indoline-3,2'-

pyrrolizine]-1',1'-dicarbonitrile (4a) 

White solid. mp: 219-221 °C. IR (KBr, cm‒1): 3383, 2974, 2247, 1737, 1653, 1473. 1H 

NMR (400 MHz, DMSO-d6) δ: 11.13 (s, 1H), 8.72 (s, 1H), 7.95 (d, J = 6.0 Hz, 1H), 7.84 

– 7.75 (m, 2H), 7.60 (bs, 1H), 7.51 (d, J = 6.0 Hz, 1H), 7.11 (s, 1H), 6.86 (s, 1H), 6.74 (d, 

J = 6.0 Hz, 1H), 5.14 (s, 1H), 4.92 – 4.91 (m, 1H), 3.07 (bs, 1H), 2.93 (bs, 1H), 2.47 – 2.40 

(m, 2H), 2.33 – 2.29 (m, 1H), 2.19 – 2.14 (m, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 

171.93, 148.87, 146.71, 142.50, 140.76, 131.68, 131.12, 129.34, 128.63, 127.95, 127.90, 

127.71, 126.75, 123.13, 122.18, 113.01, 111.99, 110.82, 71.91, 69.29, 66.25, 53.26, 48.47, 

28.30, 26.49. ESI-MS (m/z): [M+H]+ calcd. for C25H19ClN5O: 440.1278; found: 440.1241. 

3'-(2-chloroquinolin-3-yl)-5-methyl-2-oxo-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro[indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4b) 

Off-white solid. mp: 219-221 °C. IR (KBr, cm‒1): 3213, 2987, 2247, 1730, 1645, 1495. 1H 

NMR (400 MHz, DMSO-d6) δ: 11.47 (s, 1H), 8.11 (s, 1H), 7.65 (d, J = 6.4 Hz, 1H), 7.40 

(d, J = 7.2 Hz, 1H), 7.14 (d, J = 7.2 Hz, 2H), 7.03 (s, 1H), 6.92 (d, J = 7.2 Hz, 1H), 6.66 (d, 

J = 7.2 Hz, 1H), 4.70 (d, J = 3.6 Hz, 1H), 4.64 (s, 1H), 3.21 – 3.20 (m, 1H), 2.96 – 2.86 (m, 

1H), 2.45 – 2.41 (m, 1H), 2.33 – 2.32(m, 2H), 2.24 – 2.16 (m, 1H), 2.03 (s, 3H). 13C NMR 

(100 MHz, DMSO-d6) δ: 172.17, 161.18, 140.82, 138.21, 137.56, 130.80, 130.49, 130.35, 

128.37, 127.84, 124.08, 122.27, 119.20, 115.08, 113.08, 112.46, 110.06, 72.11, 67.63, 

65.95, 54.01, 48.60, 27.58, 26.78, 20.91. ESI-MS (m/z): [M+H]+ calcd. for C26H21ClN5O: 

454.1435; found: 454.1445. 

3'-(2-chloroquinolin-3-yl)-5-methoxy-2-oxo-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro[indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4c) 

Off-white solid. mp: 207-209 °C. IR (KBr, cm‒1): 3266, 2973, 2248, 1726, 1646, 1489. 1H 

NMR (400 MHz, DMSO-d6) δ: 10.97 (s, 1H), 8.82 (s, 1H), 7.99 (d, J = 8.0 Hz, 1H), 7.82 
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(d, J = 8.8 Hz, 1H), 7.78 – 7.72 (m, 1H), 7.63 (t, J = 7.2 Hz, 1H), 6.96 (s, 1H), 6.68 (s, 2H), 

5.12 (s, 1H), 4.96 (t, J = 5.6 Hz, 1H), 3.52 (s, 3H), 3.14 – 3.08 (m, 1H), 2.99 (s, 1H), 2.46 

– 2.39 (m, 2H), 2.31 – 2.28 (m, 1H), 2.20 – 2.13 (m, 1H). 13C NMR (100 MHz, DMSO-d6) 

δ: 172.16, 154.97, 148.87, 146.72, 140.56, 135.92, 131.66, 129.76, 128.97, 128.53, 128.31, 

128.04, 127.89, 127.74, 126.82, 124.28, 116.81, 114.33, 113.55, 113.10, 112.14, 111.38, 

72.11, 69.42, 66.73, 56.23, 53.33, 48.72, 28.15, 26.29. ESI-MS (m/z): [M+H]+ calcd. for 

C26H21ClN5O2: 470.1384; found: 470.1208. 

3'-(2-chloroquinolin-3-yl)-5-fluoro-2-oxo-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro[indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4d) 

White solid. mp: 209-211 °C. IR (KBr, cm‒1): 3429, 2918, 1733, 1644, 1487. 1H NMR (400 

MHz, DMSO-d6) δ: 11.19 (s, 1H), 8.78 (s, 1H), 7.97 (d, J = 8.4 Hz, 1H), 7.83 (d, J = 8.4 

Hz, 1H), 7.77 (t, J = 8.0 Hz, 1H), 7.63 (t, J = 7.6 Hz, 1H), 7.45 (d, J = 6.8 Hz, 1H), 6.98 

(td, J = 8.8, 2.0 Hz, 1H), 6.75 (dd, J = 8.4, 4.4 Hz, 1H), 5.14 (s, 1H), 4.97 (t, J = 6.4 Hz, 

1H), 3.11 – 3.06 (m, 1H), 2.97 –  2.91 (m, 1H), 2.47 – 2.37 (m, 2H), 2.34 – 2.26 (m, 1H), 

2.20 – 2.09 (m, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 171.89, 159.12 (d, J = 240.0 Hz), 

148.75, 146.75, 140.72, 138.88 (d, J = 1.8 Hz), 131.79, 129.22, 128.56, 128.11, 127.75, 

126.77, 124.70 (d, J = 8.6 Hz), 117.83 (d, J = 23.6 Hz), 115.78 (d, J = 26.2 Hz), 112.88, 

111.78, 71.84, 69.29, 66.68, 53.21, 48.37, 28.27, 26.47. ESI-MS (m/z): [M+H]+ calcd. for 

C25H18ClFN5O: 458.1184; found: 458.1186. 

5-chloro-3'-(2-chloroquinolin-3-yl)-2-oxo-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro[indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4e) 

White solid. mp: 232-234 °C. IR (KBr, cm‒1): 3432, 2991, 2244, 1736, 1644, 1479. 1H 

NMR (400 MHz, DMSO-d6) δ: 11.55 (s, 1H), 8.14 (s, 1H), 7.68 (d, J = 7.6 Hz, 1H), 7.43 

(t, J = 7.6 Hz, 1H), 7.21 – 7.13 (m, 4H), 6.81 (d, J = 8.8 Hz, 1H), 4.73 (dd, J = 7.2, 4.0 Hz, 

1H), 4.62 (s, 1H), 3.24 – 3.21 (m, 1H), 2.94 (dd, J = 15.2, 8.8 Hz, 1H), 2.46 – 2.38 (m, 1H), 

2.35 – 2.28 (m, 2H), 2.21 – 2.14 (m, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 172.20, 

161.22, 142.38, 138.23, 137.54, 130.67, 130.59, 130.41, 128.49, 127.04, 126.01, 125.45, 

122.41, 119.16, 115.19, 112.90, 111.82, 72.30, 67.74, 66.09, 54.06, 48.47, 27.53, 26.61. 

ESI-MS (m/z): [M+H]+ calcd. for C25H18Cl2N5O: 474.0888; found: 474.1086. 
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5-bromo-3'-(2-chloroquinolin-3-yl)-2-oxo-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro[indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4f) 

White solid. mp: 235-237 °C. IR (KBr, cm‒1): 3166, 2989, 2245, 1737, 1644, 1475. 1H 

NMR (400 MHz, DMSO-d6) δ: 11.45 (s, 1H), 8.12 (s, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.43 

(d, J = 7.6 Hz, 1H), 7.27 – 7.20 (m, 4H), 6.82 (d, J = 8.4 Hz, 1H), 4.75 – 4.70 (m, 1H), 4.63 

(s, 1H), 3.26 – 3.23 (m, 1H), 2.99 – 2.90 (m, 1H), 2.47 – 2.39 (m, 1H), 2.35 – 2.26 (m, 2H), 

2.21 – 2.15 (m, 1H).  13C NMR (100 MHz, DMSO-d6) δ: 173.25, 162.22, 143.38, 139.24, 

137.55, 131.69, 130.49, 128.59, 127.64, 126.20, 125.47, 122.43, 119.18, 115.29, 112.92, 

111.84, 72.20, 68.46, 66.19, 54.02, 48.27, 28.23, 26.51. ESI-MS (m/z): [M+H]+ calcd. for 

C25H18BrClN5O: 518.0383; found: 518.0482. 

3'-(2-chloroquinolin-3-yl)-5-iodo-2-oxo-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro[indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4g) 

White solid. mp: 240-242 °C. IR (KBr, cm‒1): 3458, 2990, 1737, 1648, 1476. 1H NMR (400 

MHz, DMSO-d6) δ: 11.27 (s, 1H), 8.74 (s, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.83 (d, J = 8.0 

Hz, 1H), 7.81 – 7.76 (m, 1H), 7.73 (s, 1H), 7.65 (t, J = 7.2 Hz, 1H), 7.43 (dd, J = 8.4, 1.2 

Hz, 1H), 6.58 (d, J = 8.0 Hz, 1H), 5.12 (s, 1H), 4.95 (t, J = 6.8 Hz, 1H), 3.14 – 3.04 (m, 

1H), 2.98 – 2.91 (m, 1H), 2.46 – 2.36 (m, 2H), 2.31 – 2.25 (m, 1H), 2.20 – 2.13 (m, 1H). 

13C NMR (100 MHz, DMSO-d6) δ: 171.55, 148.65, 146.75, 142.19, 140.73, 139.63, 

135.94, 131.80, 129.27, 128.49, 128.06, 127.75, 126.76, 125.53, 113.05, 112.97, 111.80, 

85.05, 72.06, 69.44, 66.30, 53.23, 48.28, 28.25, 26.39. ESI-MS (m/z): [M+H]+ calcd. for 

C25H18ClIN5O: 566.0245; found: 565.9703. 

3'-(2-chloroquinolin-3-yl)-5-nitro-2-oxo-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro[indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4h) 

Off-white solid. mp: 297-299 °C. IR (KBr, cm‒1): 3434, 2924, 2247, 1739, 1653, 1521. 1H 

NMR (400 MHz, DMSO-d6) δ: 11.30 (s, 1H), 8.82 (s, 1H), 8.13 (d, J = 8.8, 1H), 7.86 (s, 

1H), 7.70 (d, J = 7.6 Hz, 1H), 7.52 – 7.43 (m, 1H), 7.14 (d, J = 8.0 Hz, 1H), 7.08 – 7.02 

(m, 2H), 4.80 – 4.75 (m, 1H), 4.66 (s, 1H), 3.06 – 2.98 (m, 1H), 2.86 – 2.80 (m, 1H), 2.45 

– 2.39 (m, 1H), 2.36 – 2.25 (m, 2H), 2.23 – 2.08 (m, 1H).13C NMR (100 MHz, DMSO-d6) 

δ: 172.20, 152.63, 147.38, 142.57, 136.58, 132.85, 132.30, 130.31, 129.71, 128.60, 128.15, 

126.53, 113.63, 110.65, 87.02, 72.59, 64.10, 57.82, 48.02, 28.85, 26.13. ESI-MS (m/z): 

[M+H]+ calcd. for C25H18ClN6O3: 485.1129; found: 485.0795. 
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3'-(2-chloroquinolin-3-yl)-1-methyl-2-oxo-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro[indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4i) 

White solid. mp: 239-241 °C. IR (KBr, cm‒1): 3168, 2956, 2242, 1730, 1650, 1476. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.21 (s, 1H), 7.69 (d, J = 7.2 Hz, 1H), 7.48 – 7.40 (m, 1H), 

7.26 – 7.10 (m, 4H), 7.01 (d, J = 7.2 Hz, 1H), 6.84 (d, J = 7.6 Hz, 1H), 4.74 – 7.70 (m, 1H), 

4.64 (s, 1H), 3.22 (s, 3H), 2.99 (bs, 2H), 2.42 – 2.38 (m, 1H), 2.35 – 2.32 (m, 2H), 2.20 – 

2.12 (m, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 172.85, 152.63, 147.80, 144.13, 136.58, 

132.30, 130.03, 129.71, 128.15, 127.93, 126.53, 122.28, 113.63, 110.33, 72.32, 67.76, 

66.19, 54.08, 48.47, 32.85 27.63, 26.62. ESI-MS (m/z): [M+H]+ calcd. for C26H21ClN5O: 

454.1435; found: 454.1536. 

1-benzyl-3'-(2-chloroquinolin-3-yl)-2-oxo-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro[indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4j) 

White solid. mp: 244-246 °C. IR (KBr, cm‒1): 3368, 2954, 2245, 1736, 1648, 1475. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.11 (s, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.50 (d, J = 8.0 Hz, 

3H), 7.39 (t, J = 7.2 Hz, 2H), 7.32 – 7.29 (m, 2H), 7.19 – 7.12 (m, 3H), 6.89 (d, J = 7.6 Hz, 

1H), 6.74 (d, J = 8.0 Hz, 1H), 5.10 (bs 1H), 4.84 (s, 1H), 4.76 (s, 2H), 3.29 – 3.25 (m, 1H), 

2.98 – 2.83 (m, 1H), 2.46 – 2.40 (m, 1H), 2.35 – 2.31 (m, 2H), 2.24 – 2.14 (m, 1H). 13C 

NMR (100 MHz, DMSO-d6) δ: 171.45, 152.63, 145.08, 144.13, 136.92, 136.58, 132.30, 

130.31, 130.03, 129.93, 129.71, 128.78, 128.78, 128.57, 128.57, 128.15, 128.03, 126.53, 

122.28, 113.63, 113.63, 112.05, 74.59, 65.10, 57.42, 55.02, 46.84, 27.85, 25.13. ESI-MS 

(m/z): [M+H]+ calcd. for C32H25ClN5O: 530.1748; found: 530.1890. 

2-oxo-3'-(2-oxo-1,2-dihydroquinolin-3-yl)-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro[indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4k) 

Off-white solid. mp: 233-235 °C. IR (KBr, cm‒1): 3358, 2952, 2243, 1752, 1651, 1473. 1H 

NMR (400 MHz, DMSO-d6) δ: 11.49 (s, 1H), 10.81 (s, 1H), 8.11 (s, 1H), 7.65 (d, J = 7.6 

Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 7.16 – 7.10 (m, 4H), 6.80 (d, J = 7.6 Hz, 1H), 6.75 (t, J 

= 7.6 Hz, 1H), 4.67 (dd, J = 7.6, 4.4 Hz, 1H), 4.63 (s, 1H), 3.27 – 3.21 (m, 1H), 2.95 (dd, J 

= 15.6, 8.8 Hz, 1H), 2.47 – 2.40 (m, 1H), 2.37 – 2.29 (m, 2H), 2.22 – 2.13 (m, 1H). 13C 

NMR (100 MHz, DMSO-d6) δ: 172.51, 161.21, 143.34, 138.23, 137.29, 130.72, 130.56, 

130.51, 128.54, 127.10, 124.15, 122.25, 121.48, 119.19, 115.10, 113.00, 112.48, 110.42, 

72.41, 67.77, 65.95, 54.11, 48.74, 27.46, 26.64. ESI-MS (m/z): [M+H]+ calcd. for 

C25H20N5O2: 422.1617; found: 422.1814. 
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5-methyl-2-oxo-3'-(2-oxo-1,2-dihydroquinolin-3-yl)-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro [indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4l) 

White solid. mp: 219-221 °C. IR (KBr, cm‒1): 3213, 2988, 1730, 1699, 1644, 1495. 1H 

NMR (400 MHz, DMSO-d6) δ: 11.47 (s, 1H), 10.68 (s, 1H), 8.11 (s, 1H), 7.65 (d, J = 7.6 

Hz, 1H), 7.44 – 7.38 (m, 1H), 7.14 (d, J = 7.6 Hz, 2H), 7.03 (s, 1H), 6.92 (d, J = 7.6 Hz, 

1H), 6.66 (d, J = 8.0 Hz, 1H), 4.70 (dd, J = 7.6, 4.4 Hz, 1H), 4.64 (d, J = 0.8 Hz, 1H), 3.23 

– 3.18 (m, 1H), 2.94 – 2.88 (m, 1H), 2.47 – 2.40 (m, 1H), 2.36 – 2.28 (m, 2H), 2.23 – 2.14 

(m, 1H), 2.03 (s, 3H). 13C NMR (100MHz, DMSO-d6) δ: 172.17, 161.18, 140.82, 138.21, 

137.55, 130.80, 130.49, 130.34, 128.36, 127.84, 124.08, 122.27, 119.20, 115.08, 113.07, 

112.46, 110.06, 72.11, 67.63, 65.95, 54.01, 48.60, 27.57, 26.78, 20.91. ESI-MS (m/z): 

[M+H]+ calcd. for C26H22N5O2: 436.1773; found: 436.1804. 

5-methoxy-2-oxo-3'-(2-oxo-1,2-dihydroquinolin-3-yl)-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro [indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4m) 

Off-white solid. mp: 244-246 °C. IR (KBr, cm‒1): 3433, 2917, 2243, 1726, 1653, 1491. 1H 

NMR (400 MHz, DMSO-d6) δ: 11.49 (s, 1H), 10.63 (s, 1H), 8.17 (s, 1H), 7.68 (d, J = 5.6 

Hz, 1H), 7.43 (d, J = 7.2 Hz, 1H), 7.15 (d, J = 5.2 Hz, 2H), 6.71 (bs, 3H), 4.71 (d, J = 3.6 

Hz, 1H), 4.63 (s, 1H), 3.46 (s, 3H), 3.23 (s, 1H), 2.96 – 2.94 (m, 1H), 2.46 – 2.38 (m, 1H), 

2.37 – 2.26 (m, 2H), 2.23 – 2.15 (m, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 172.45, 

161.17, 154.38, 138.26, 137.28, 136.74, 130.80, 130.52, 128.42, 125.19, 122.31, 119.23, 

115.89, 115.13, 113.98, 113.09, 112.52, 110.83, 72.31, 67.74, 66.34, 55.97, 54.05, 48.72, 

27.49, 26.52. ESI-MS (m/z): [M+H]+ calcd. for C26H22N5O3: 452.1723; found: 452.1560. 

5-fluoro-2-oxo-3'-(2-oxo-1,2-dihydroquinolin-3-yl)-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro [indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4n) 

White solid. mp: 218-220 °C. IR (KBr, cm‒1): 3450, 2984, 2246, 1733, 1644, 1488. 1H 

NMR (400 MHz, DMSO-d6) δ: 11.54 (s, 1H), 10.86 (s, 1H), 8.15 (s, 1H), 7.68 (d, J = 7.6 

Hz, 1H), 7.43 (t, J = 7.6 Hz, 1H), 7.16 (d, J = 7.6 Hz, 2H), 7.07 (dd, J = 8.8, 2.4 Hz, 1H), 

6.99 (td, J = 9.6, 2.4 Hz, 1H), 6.80 (dd, J = 8.4, 4.4 Hz, 1H), 4.74 (dd, J = 7.6, 4.4 Hz, 1H), 

4.64 (s, 1H), 3.28 – 3.20 (m, 1H), 2.96 (dd, J = 15.6, 8.8 Hz, 1H), 2.47 – 2.39 (m, 1H), 2.36 

– 2.29 (m, 2H), 2.21 – 2.14 (m, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 172.49, 161.20, 

158.60 (d, J = 238.0 Hz), 139.76, 138.26, 137.45, 130.63 (d, J = 16.8 Hz), 128.54, 125.68 

(d, J = 8.4 Hz), 122.37, 119.15, 117.25 (d, J = 23.2 Hz), 115.17, 115.00, 114.74, 112.90, 
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112.26, 111.25 (d, J = 7.8 Hz), 72.33, 67.78, 66.35, 54.07, 48.56, 27.48, 26.56. ESI-MS 

(m/z): [M+H]+ calcd. for C25H19FN5O2: 440.1523; found: 440.1443. 

5-chloro-2-oxo-3'-(2-oxo-1,2-dihydroquinolin-3-yl)-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro [indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4o) 

White solid. mp: 240-242 °C. IR (KBr, cm‒1): 3201, 2990, 1736, 1698, 1643, 1478. 1H 

NMR (400 MHz, DMSO-d6) δ: 11.55 (s, 1H), 10.98 (s, 1H), 8.15 (s, 1H), 7.68 (d, J = 8.0 

Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 7.22 – 7.14 (m, 4H), 6.82 (d, J = 9.2 Hz, 1H), 4.73 (dd, J 

= 7.2, 4.0 Hz, 1H), 4.62 (s, 1H), 3.27 – 3.21 (m, 1H), 2.94 (dd, J = 15.6, 8.8 Hz, 1H), 2.46 

– 2.40 (m, 1H), 2.35 – 2.31 (m, 2H), 2.25 – 2.15 (m, 1H). 13C NMR (100 MHz, DMSO-d6) 

δ: 172.21, 161.22, 142.35, 138.21, 137.57, 130.69, 130.60, 130.38, 128.50, 127.04, 126.00, 

125.47, 122.44, 119.16, 115.19, 112.19, 111.83, 72.30, 67.72, 66.09, 54.06, 48.48, 27.53, 

26.61. ESI-MS (m/z): [M+H]+ calcd. for C25H19ClN5O2: 456.1227; found: 456.1008. 

5-bromo-2-oxo-3'-(2-oxo-1,2-dihydroquinolin-3-yl)-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro [indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4p) 

Off-white solid. mp: 237-239 °C. IR (KBr, cm‒1): 3432, 2988, 2244, 1737, 1644, 1475. 1H 

NMR (400 MHz, DMSO-d6) δ: 11.56 (s, 1H), 10.98 (s, 1H), 8.14 (s, 1H), 7.91 (bs, 1H), 

7.69 (s, 1H), 7.45 (s, 1H), 7.30 (s, 1H), 7.17 (s, 2H), 6.76 (s, 1H), 5.14 – 4.96 (m, 1H), 4.67 

(bs, 1H), 3.26 – 3.16 (m, 1H), 2.98 – 2.94 (m, 1H), 2.44 – 2.37 (m, 1H), 2.37 – 2.21 (m, 

3H). 13C NMR (100 MHz, DMSO-d6) δ: 172.09, 161.21, 142.75, 138.22, 137.55, 133.77, 

133.43, 130.67, 130.39, 129.76, 128.47, 126.36, 122.41, 119.17, 115.19, 113.02, 112.30, 

72.30, 67.74, 66.03, 54.05, 48.46, 27.54, 26.61. ESI-MS (m/z): [M+H]+ calcd. for 

C25H19BrN5O2: 500.0722; found: 500.0841. 

5-iodo-2-oxo-3'-(2-oxo-1,2-dihydroquinolin-3-yl)-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro [indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4q) 

White solid. mp: 245-247 °C. IR (KBr, cm‒1): 3458, 2991, 1738, 1642, 1458. 1H NMR (400 

MHz, DMSO-d6) δ: 11.54 (s, 1H), 10.96 (s, 1H), 8.13 (s, 1H), 7.69 (d, J = 8.4 Hz, 1H), 

7.48 – 7.43 (m, 2H), 7.41 (d, J = 1.2 Hz, 1H), 7.18 (d, J = 7.2 Hz, 2H), 6.65 (d, J = 8.4 Hz, 

1H), 4.68 (dd, J = 7.6, 4.4 Hz, 1H), 4.61 (d, J = 0.8 Hz, 1H), 3.25 – 3.20 (m, 1H), 2.94 (dd, 

J = 16.0, 8.4 Hz, 1H), 2.47 – 2.40 (m, 1H), 2.35 – 2.27 (m, 2H), 2.22 – 2.14 (m, 1H). 13C 

NMR (100 MHz, DMSO-d6) δ: 171.94, 161.21, 143.12, 139.14, 138.22, 137.56, 135.37, 

130.65, 130.41, 128.44, 126.55, 122.39, 119.17, 115.18, 112.74, 112.22, 83.97, 72.34, 
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67.74, 65.84, 54.01, 48.43, 27.54, 26.57. ESI-MS (m/z): [M+H]+ calcd. for C25H19IN5O2: 

548.0583; found: 548.0621. 

5-nitro-2-oxo-3'-(2-oxo-1,2-dihydroquinolin-3-yl)-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro [indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4r) 

Off-white solid. mp: 302-304 °C. IR (KBr, cm‒1): 3433, 2974, 2247, 1738, 1652, 1521. 1H 

NMR (400 MHz, DMSO-d6) δ: 11.71 (s, 1H), 11.60 (s, 1H), 8.22 (d, J = 6.0 Hz, 1H), 8.13 

(dd, J = 9.2, 1.2 Hz, 1H), 7.88 (s, 1H), 7.71 (d, J = 7.2 Hz, 1H), 7.49 – 7.40 (m, 1H), 7.14 

(d, J = 8.4 Hz, 2H), 7.02 (dd, J = 15.2, 8.8 Hz, 1H), 4.78 – 4.75 (m, 1H), 4.65 (s, 1H), 3.04 

– 2.98 (m, 1H), 2.85 – 2.79 (m, 1H), 2.47 – 2.40 (m, 1H), 2.38 – 2.25 (m, 2H), 2.23 – 2.05 

(m, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 172.97, 161.31, 149.91, 141.67, 138.14, 

137.67, 130.80, 130.27, 128.58, 127.94, 124.93, 123.21, 122.54, 115.22, 111.96, 110.77, 

72.58, 67.84, 65.74, 54.23, 48.40, 27.51, 26.48. ESI-MS (m/z): [M+H]+ calcd. for 

C25H19N6O4: 467.1468; found: 467.1501. 

1-methyl-2-oxo-3'-(2-oxo-1,2-dihydroquinolin-3-yl)-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro [indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4s) 

Off-white solid. mp: 313-315 °C. IR (KBr, cm‒1): 3437, 2940, 2245, 1727, 1651, 1493. 1H 

NMR (400 MHz, DMSO-d6) δ: 11.58 (s, 1H), 8.11 (s, 1H), 7.67 (d, J = 6.0 Hz, 1H), 7.46 

– 7.40 (m, 1H), 7.24 – 7.09 (m, 4H), 7.01 (d, J = 6.0 Hz, 1H), 6.81 (d, J = 7.2 Hz, 1H), 4.73 

– 7.71 (m, 1H), 4.62 (s, 1H), 3.20 (s, 3H), 2.98 (bs, 2H), 2.46 – 2.41 (m, 1H), 2.36 – 2.34 

(m, 2H), 2.24 – 2.19 (m, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 171.43, 161.30, 144.72, 

138.14, 137.16, 130.82, 130.69, 130.53, 128.56, 126.78, 123.52, 122.31, 122.13, 119.18, 

115.07, 109.39, 72.77, 68.44, 65.44, 54.32, 48.58, 27.44, 27.31, 26.64. ESI-MS (m/z): 

[M+H]+ calcd. for C26H22N5O2: 436.1773; found: 436.1579. 

1-benzyl-2-oxo-3'-(2-oxo-1,2-dihydroquinolin-3-yl)-5',6',7',7a'-tetrahydro-1'H,3'H-

spiro [indoline-3,2'-pyrrolizine]-1',1'-dicarbonitrile (4t) 

White solid. mp: 255-257 °C. IR (KBr, cm‒1): 3444, 2974, 2248, 1732, 1647, 1488. 1H 

NMR (400 MHz, DMSO-d6) δ: 11.64 (s, 1H), 8.12 (s, 1H), 7.65 (d, J = 7.6 Hz, 1H), 7.40 

(d, J = 8.4 Hz, 3H), 7.35 (t, J = 7.2 Hz, 2H), 7.31 – 7.27 (m, 2H), 7.16 – 7.11 (m, 3H), 6.85 

(t, J = 7.6 Hz, 1H), 6.77 (d, J = 7.6 Hz, 1H), 5.09 (d, J = 16.0 Hz, 1H), 4.82 (bs, 1H), 4.76 

(s, 2H), 3.27 – 3.23 (m, 1H), 2.99 – 2.93 (m, 1H), 2.48 – 2.41 (m, 1H), 2.39 – 2.32 (m, 2H), 

2.25 – 2.15 (m, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 171.04, 161.38, 143.72, 138.21, 

137.72, 136.39, 130.71, 130.23, 129.05, 128.58, 127.88, 127.49, 127.07, 123.35, 122.42, 
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119.17, 115.14, 112.87, 112.32, 110.01, 72.19, 67.78, 65.48, 54.09, 48.68, 43.98, 27.74, 

26.73. ESI-MS (m/z): [M+H]+ calcd. for C32H26N5O2: 512.2087; found: 512.2499. 
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4B.9. Selected IR, NMR (1H and 13C) and Mass spectra 

 

IR spectrum of the compound 4d 

 

1H NMR spectrum of the compound 4d 
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13C NMR spectrum of the compound 4d 

 

Mass spectrum of the compound 4d 
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IR spectrum of the compound 4l 

 

1H NMR spectrum of the compound 4l 
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13C NMR spectrum of the compound 4l 

 

DEPT-135 NMR spectrum of the compound 4l 
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Mass spectrum of the compound 4l 

 

IR spectrum of the compound 4o 
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1H NMR spectrum of the compound 4o 

 

13C NMR spectrum of the compound 4o 
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Mass spectrum of the compound 4o 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER-V 

Section-A 

 

Quinazolinone based spirooxadiazole hybrids: Design, synthesis 

and anti-tubercular activity 
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5A.1. Introduction 

 1,2,4-oxadiazoles are important five membered heterocycles which are widely exist 

in natural products and used as drugs in various pharmaceuticals [1]. The number of 

published research articles and patents on 1,2,4-oxadiazoles keep rising, reflecting that the 

area is still growing [2]. The high percentage of patents demonstrate a wide range of 

essential applications of 1,2,4-oxadiazoles as pharmacophores from pharmaceuticals to 

materials research [3]. There are numerous examples in the literature of 1,2,4-oxadiazole 

having structures displaying anti-cancer [4], anti-bacterial [5], anti-inflammatory [6], anti-

tubercular [7] and anti-oxidant activities [8]. 

 Nowadays, there are few commercially available drugs having 1,2,4-oxadiazole 

moiety such as pleconaril is an anti-viral drug for the prevention of asthma exacerbations  in 

patients exposed to picornavirus respiratory infections [9]. The drug proxazole is used as 

anti-biotic for the treatment of functional gastrointestinal disorders [10].  Whereas, 

oxolamine is an anti-inflammatory drug, which is also used as cough suppressant and is 

available as a generic drug in many juridictions [11]. On the other hand, ataluren, a small 

molecular drug sold under the brand name translarna, which is currently utilized as a 

medication for the treatment of duchenne muscular dystrophy (anti-inflammatory) [12]. 

The drug fasiplon is a nonbenzodiazepine anxiolytic drug from the imidazopyrimidine 

family of drugs [13] and the drug prenoxdiazine, marketed as libexin is used as anti-tussive 

[14].  

 

Figure 5A.1. Biologically potent drugs having 1,2,4-oxadiazole moiety. 

 In addition to their therapeutic significance, they have also drawn considerable 

attention in material science due to their thermal, electrical and optical properties [15]. 

https://en.wikipedia.org/wiki/Picornavirus
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1,2,4-oxadiazoles are employed as building blocks for organic solar cells and light emitting 

diodes [16]. These moieties can also be utilized as high energy density materials [17]. 

 On the other hand, quinazolinone and its derivatives attain a great deal of interest 

from synthetic as well as medicinal chemists due to their pharmacological properties [18]. 

They have shown broad spectrum of biological activities like anti-cancer, anti-bacterial, 

anti-microbial and anti-diabetic etc [19].  

5A.1.1. Reported methods for the preparation of 1,2,4-oxadiazoles 

Loboda et al. designed and synthesized a new class of 3,5-disubstituted 1,2,4-oxadiazoles 

as catalytic inhibitors of human topo IIα (Figure 5A.2). Inhibitor binding geometries in 

molecular dynamic simulations were evaluated for a deeper insight into molecular 

recognition with its macromolecular target. They have also tested for in vitro cytotoxicity 

of the selected compounds on MCF-7 cancer cell line [20].  

 

Figure 5A.2 

Li and co-workers reported 1,2,4-oxadiazole derivatives as novel GSK-3β inhibitors and 

evaluated their potential as multifunctional anti-alzheimer agents (Figure 5A.3). The 

synthesized compounds were also assessed their bidirectional transport studies for blood-

brain barrier permeability. Further, in vivo experiments revealed that a compound improved 

cognitive impairment in scopolamine-induced mouse models [21]. 

 

Figure 5A.3 

Potenza et al. developed structure based screening for the detection of 1,2,4-oxadiazoles 

as promising leads for the development of new anti-inflammatory agents through 

eicosanoid biosynthetic pathways (Figure 5A.4). Moreover, in vivo results of the 

synthesized compounds demonstrated that the compounds were able to attenuate leukocyte 

migration [22].  
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Figure 5A.4 

Oliveira et al. produced alkylated 1,2,4-oxadiazole glycoconjugates for the usage in 

chemotherapy against lung carcinoma and mycobacterium tuberculosis (Figure 5A.5). 

Further, in vitro cytotoxicity was screened against RAW 264.7 and HepG2 cells and the 

most promising anti-tubercular compounds showed better selective index. In addition, in 

silico molecular docking studies were evaluated to understand possible interactions and 

their stability within the binding pocket of the proteins [23].  

 

Figure 5A.5 

Mohamed and co-workers demonstrated novel 3-aryl-1,2,4-oxadiazoles derived from 

indomethacin as potent anti-inflammatory agents (Figure 5A.6). Moreover, in vivo anti-

inflammatory studies of synthesized compounds were evaluated. Molecular docking and 

ADME analysis were revealed that the compounds have reasonable drug-likeness with 

acceptable physicochemical properties [24]. 

 

Figure 5A.6 

Golushko et al. reported a tandem reaction of nitroalkenes with arenes and nitriles in the 

presence of superacid TfOH for the production of 1,2,4-oxadiazoles (Scheme 5A.1). The 

reaction occurs through a consequent interaction of arenes and nitriles, as nucleophiles with 

intermediate cationic species generated by the protonation of nitroalkenes in TfOH [25]. 
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Scheme 5A.1 

Bian et al. employed a direct strategy for the selective synthesis of 3-acyl-1,2,4-

oxadiazoles from alkynes and nitriles under iron nitrate mediated conditions (Scheme 

5A.2). In this reaction iron nitrate plays a dual role in the nitration of alkynes and in the 

activation of nitriles [26]. 

 

Scheme 5A.2 

Tron and co-workers developed a one pot route for the synthesis of 5-amino-1,2,4-

oxadiazoles using multicomponent reaction of chlorooximes, isocyanides and 

hydroxylamines via [3+1] cycloaddition reaction (Scheme 5A.3) [27].  

 

Scheme 5A.3 

Liu and co-workers described the copper catalyzed three component synthetic strategy for 

substituted 1,2,4-oxadiazole derivatives from readily available benzaldehyde, 

hydroxylamine and benzylamine (Scheme 5A.4). The construction of 1,2,4-oxadiazole 

possess [2+2+1] annulation via copper catalyzed dehydrogenative cyclization reaction [28]. 

 

Scheme 5A.4 

Wang and co-workers demonstrated a convenient and efficient approach for the synthesis 

of 5-amino-1,2,4-oxadiazoles through palladium catalyzed cyclization of isocyanides and 

amidoximes (Scheme 5A.5). The reaction proceeds via C‒N and C‒C bond formations 

under mild reaction conditions [29].  
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Scheme 5A.5 

Zhang et al. employed an efficient domino protocol for the synthesis of 1,2,4-oxadiazoles 

using 1-(2-oxo-2-arylethyl)pyridin-1-iums and benzamidines as precursors (Scheme 5A.6). 

This protocol exhibited excellent functional group tolerance and proceeded under mild 

reaction conditions [30].  

 

Scheme 5A.6 

5A.2. Present work and design strategy 

 Lu et al. described quinazolinones (Figure 5A.7. compound A) as novel anti-

tuberculosis agents [31]. Chakraborti and co-workers reported quinazolinone derivatives 

(Figure 5A.7. compound B) as anti-tubercular agents [32]. Borsoi et al. reported the 

therapeutic potential of quinoline and its derivatives (Figure 5A.7. compound C) as anti-

tuberculosis agents [33]. Patel et al. described quinolines (Figure 5A.7. compound D) as 

anti-tuberculosis agents [34]. Subramanian and co-workers reported anti-tuberculosis 

studies of new quinoline derivatives carrying 1,2,4-oxadiazole moiety (Figure 5A.7. 

compound E) [35]. Kumar et al. disclosed anti-tubercular activity of novel 1,2,4-

oxadiazole hybrids (Figure 5A.7. compound F) [36].  

 Encouraged by the above findings and considering the importance of 1,2,4-

oxadiazole moiety, we have designed and synthesized a new spiro heterocyclic system 

possessing quinazolinone-quinoline core connected by biologically prominent 1,2,4-

oxadiazole moiety.   
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 Figure 5A.7. Design strategy of quinolinyl spiroquinazolinoneoxadiazoles for 

 anti-tubercular activity. 

5A.2.1. Synthesis of quinazolinyl Schiff’s base 1 

  Aniline B′ (1.0 mmol) was added to a stirred solution of indolo[2,1-b]quinazoline-

6,12-dione A′ (1.0 mmol) in methanol (3 mL) at room temperature. To this BF3.Et2O (20 

mol%) was added and the mixture was stirred under reflux (Scheme 5A.7) until complete 

consumption of starting materials (judged by TLC). Reaction mixture was then brought to 

room temperature, the precipitated product was filtered and further it was purified by 

recrystallization from methanol [37]. 

 

Scheme 5A.7 
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 The target spiroquinazolinoneoxadiazoles 3a-o were synthesized by taking 

quinazolinyl Schiff’s bases 1a-h and N-hydroxycarbimidoyl chlorides 2a-b in DCM having 

Et3N as base at room temperature (Scheme 5A.8). The structures of all the synthesized 

compounds were well characterized by spectral data and were tested for in vitro anti-

tubercular activity. 

 

Scheme 5A.8. Synthesis of quinolinyl spiroquinazolinoneoxadiazoles 3a-o. 

5A.2.2. Results and discussion 

 6-(phenylimino)indolo[2,1-b]quinazolin-12(6H)-one 1a and N-hydroxy-

carbimidoyl chloride 2a were considered to optimize the reaction parameters (Table 5A.1). 

Initially, an attempt was carried in dichloromethane (DCM) at room temperature, trace 

amount of the desired product 3a was obtained (Table 5A.1, entry 1). Then the reaction 

was conducted in presence of Et3N in DCM at room temperature for 4 h. To our delight, 

the desired product 3a was obtained in 85% yield (Table 5A.1, entry 2). Further, a series 

of solvents including Et2O, H2O, MeOH and THF were screened (Table 5A.1, entries 3-6), 

and the results showed that DCM as best solvent to achieve target compound 3a. In order 

to find the efficiency, various bases such as DMAP, DABCO, DBU and K2CO3 were 

examined (Table 5A.1, entries 7-10) and it was found that Et3N as an efficient base for the 

generation of target compound 3a. Further, varying the base equivalents as 1.5 and 2.5 led 

to the negative influence on the product yield (Table 5A.1, entries 11,12). Therefore, it can 

be concluded that 1.0 mmol of 1a, 1.1 mmol of 2a and 2.0 equiv of Et3N in DCM at room 

temperature (Table 5A.1, entry 2) is the optimal reaction condition for the generation of 

target compounds.
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Table 5A.1. Optimization of the reaction conditionsa 

 

Entry Solvent Base Time (h) Yield (%)b 

1 DCM -- 12 trace 

2 DCM Et3N 4 85 

3 Et2O Et3N 10 55 

4 H2O Et3N 12 25 

5 MeOH Et3N 8 60 

6 THF Et3N 8 70 

7 DCM DMAP 6 75 

8 DCM DABCO 6 80 

9 DCM DBU 6 70 

10 DCM K2CO3 6 60 

11c DCM Et3N 4 75 

12d DCM Et3N 6 80 

aReaction condition: compound 1a (1.0 mmol), N-hydroxycarbimidoyl chloride 2a (1.1 

mmol), base (2.0 equiv) and solvent (3 mL) at room temperature. bIsolated yields. c1.5 

equiv of base. d2.5 equiv of base. 

 The optimized reaction condition was used to explore the substrate scope by taking 

various substituted quinazolinone Schiff’s bases 1a-h and N-hydroxycarbimidoyl chlorides 

2a-b (Table 5A.2). Quinazolinone Schiff’s bases having electron donating (‒Me, ‒OMe) 

and halo substituted (‒F, Cl, Br) groups have no substantial impact on the efficiency of the 

reaction. It was also found that the positions of the substituents on quinazolinone Schiff’s 

bases had no significant effect on reaction efficiency. 
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Table 5A.2. Synthesis of quinolinyl spiroquinazolinoneoxadiazoles 3a-oa,b 

   
aReaction condition: compounds 1a-h (1.0 mmol), N-hydroxycarbimidoyl chlorides 2a-b 

(1.1 mmol) and Et3N (2.0 equiv) in 3 mL of DCM at room temperature. bIsolated yields. 

 A plausible reaction mechanism for the generation of target compounds 3 was 

depicted in Scheme 5A.9. Initially N-hydroxycarbimidoyl chloride 2a reacted with Et3N to 

generate N-oxide. This in situ generated N-oxide undergoes 1,3-dipolar cycloaddition 

reaction with quinazolinone Schiff’s base 1a produces the target compound 3a [38]. 
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Scheme 5A.9. Plausible reaction pathway for the generation of target compounds 3a-o. 

 The structures of target compounds 3a-o were elucidated by IR, 1H, 13C NMR and 

mass spectral   methods. Further, the structures were authenticated by single crystal X-ray 

diffraction of 3a (Figure 5A.8). The IR spectrum of the compound 3a showed a peak at 

1697 cm-1 corresponds to amide carbonyl of quinazolinone moiety. In the 1H NMR 

spectrum, a singlet at δ 8.71 ppm corresponds to the ‒CH proton of quinoline ring which is 

adjacent to the oxadiazole moiety. A peak at δ 101.63 ppm in the 13C NMR represents the 

spiro carbon, which was further confirmed by the absence of this spiro carbon peak in 

DEPT-135 NMR spectrum of 3a. In the mass spectrum, the molecular ion peak at m/z 

528.0686 [M+H]+ determines the molecular weight of the compound 3a. Further, X-ray 

analysis data of compound 3a (CCDC:2108237) demonstrates the regiochemistry of the 

generated compounds and the structure refinement parameters of the compound 3a were 

represented in Table 5A.3.  

 

 Figure 5A.8. ORTEP representation of the compound 3a and the thermal 

 ellipsoids were drawn at 50% probability level. 

Table 5A.3. Salient features and crystallographic information of 3a 

Identification code 3a 

Empirical formula C31H18ClN5O2 

Formula weight 527.1149 
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Crystal system Monoclinic 

Space group P21/c 

T (K) 293 K 

a (Å) 12.0315 (14) 

b (Å) 11.8354 (12) 

c (Å) 17.3663 (19) 

α (°) 90 

β (°) 100.098 (5) 

γ (°) 90 

Z 4 

V (Å3) 2434.6 (5) 

Dcalc (g/cm3) 1.440 

F (000) 1088.0 

µ (mm-1) 0.199 

Ɵ (°) 26.368 

Index ranges -15 ≤ h ≤ 15 

-14 ≤ k ≤ 14 

-21 ≤ k ≤ 21 

N-total 4967 

Parameters 4728 

R1 [I > 2 σ (I)] 0.0331 

wR2 (all data) 0.0805 

GOF 1.052 

CCDC 2108237 

5A.2.3. Biological activity 

5A.2.3.1. Anti-tubercular activity (anti-TB) 

 The in vitro anti-tubercular screening of the target compounds 3a-o were evaluated 

against Mycobacterium tuberculosis (Mtb) H37Rv (ATCC27294) by the microplate alamar 

blue assay (MABA) method [39]. The minimum inhibitory concentration (MIC) values of 

3a-o along with standard drugs (Isoniazid, Rifampicin and Ethambutol) are provided in 

Table 5A.4. In comparison to the first line anti-TB drugs, compounds 3a-o exhibited potent 

to moderate activity against Mtb with MIC values ranging from 0.78 µg/mL to 25 µg/mL. 

Among them, seven compounds exhibit potent activity with MIC values less than or equal 

that of the standard drug, ethambutol (MIC = 1.56 µg/mL). Compounds 3b, 3e, 3f, 3h and 

3l exhibit higher potency (MIC = 0.78 µg/mL) than the standard drug ethambutol. The 

compounds 3j and 3o display significant activity (MIC = 1.56 µg/mL). Whereas, the 

compounds 3i, 3k and 3m show good activity with MIC value 3.125 µg/mL. While the 

remaining compounds exhibit moderate to poor activity.  
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Table 5A.4. In vitro anti-tubercular activity of the target compounds 3a-o  

Entry Compound  MIC (µg/mL) 
% of Inhibition 

@25 μMa 

1 3a 25 NDb 

2 3b 0.78 25.69 

3 3c 12.5 ND 

4 3d 12.5 ND 

5 3e 0.78 22.71 

6 3f 0.78 23.86 

7 3g 25 ND 

8 3h 0.78 27.72 

9 3i 3.125 19.91 

10 3j 1.56 20.94 

11 3k 3.125 21.87 

12 3l 0.78 23.88 

13 3m 3.125 19.04 

14 3n 12.5 ND 

15 3o 1.56 24.16 

16 Isoniazid 0.05 ND 

17 Rifampicin 0.1 ND 

18 Ethambutol 1.56 ND 
a% inhibition was examined using RAW 264.7 cell line, bND = not determined. 

5A.2.3.2. Cytotoxicity studies 

 The active analogues (3b, 3e, 3f, 3h, 3i, 3j, 3k, 3l, 3m and 3o) were also evaluated 

for their in vitro cytotoxicity effect against RAW 264.7 cells at 25μM concentration using 

MTT assay [40]. The percentage of inhibition data is summarized in Table 5A.4. From this 

data, it has been concluded that the most potent analogues were less toxic to RAW 264.7 

cells and are suitable for further mechanistic studies (Figure 5A.9). 

 
 Figure 5A.9. % inhibition of potent anti-tubercular compounds on RAW 264.7 

 cell line at 25 μM concentration. 
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5A.2.3.3. Structure activity relationship studies 

 In the structure activity relationship (SAR) studies, diverse donor and acceptor 

abilities of substituted groups on the phenyl ring and structural changes are crucial in their 

anti-tubercular activity of the title compounds. SAR studies reveal that the presence of 

halogens on the phenyl ring significantly enhances anti-tubercular activity. Whereas, the 

compounds having methyl group on phenyl ring exhibit potent activity than other electron 

releasing groups (‒OMe). However, the ‒Cl substitution on the quinoline moiety at 2-

position shows potent activity than oxygen (2-oxo) derivatives. 

5A.3. Molecular docking studies 

 The molecular docking studies were carried out against Mycobacterium 

tuberculosis protein (PDB ID: 1DF7) [41]. In the protein 1DF7, the best active molecules 

3b, 3e, 3f, 3g, 3h, 3j, 3k, 3m, 3n and 3o forming the ‧‧‧ stacking interactions with 

GLN28 (compound 3o with ALA7), and ‒C=O oxygen of quinazolinone ring forms 

hydrogen bonding interactions with TYR100 having dock scores -12.53, -11.94, -12.73, -

11.93, -12.92, -12.13, -11.86, -11.52, -12.33 and -11.87 respectively. From the docking 

scores, all the synthesized compounds have a good affinity towards anti-tubercular activity. 

The compound 3f showed binding energy -12.73 kcal/mol, forms three H-bonds with the 

amino acid residues GLN28 (2.76 Å), PRO51 (3.07 Å) and TYR100 (2.13 Å) and exhibited 

four hydrophobic interactions (‧‧‧alkyl) with the amino acids ILE20 (4.73 Å), LEU24 

(5.24 Å), LEU50 (4.81 Å) and PRO51 (5.01 Å) respectively. Whereas, the compound 3h 

exhibited more negative binding energy -12.92 kcal/mol, forms three hydrogen bonds with 

the amino acid residues GLN28 (2.76 Å), PRO51 (3.05 Å) and TYR100 (2.14 Å). Also, it 

forms four hydrophobic interactions (‧‧‧alkyl) with the amino acids ILE20 (4.82 Å), 

LEU24 (5.15 Å), LEU50 (4.81 Å) and PRO51 (5.01 Å) respectively. The ligand interaction 

diagrams of the best active molecules (3f and 3h) were depicted in Figure 5A.10 and Figure 

5A.11. The detailed hydrogen bonding profile of the target compounds with the protein 

1DF7 is given in Table 5A.5.  

Table 5A.5. Molecular docking results of the target compounds 3a-o against 1DF7 

S 

No. 
Compound 

Binding 

energy 

(kcal/mol) 

No. of 

hydrogen 

bonds 

Residues involved in the 

hydrogen bonding 

Hydrogen bond 

length (Å) 

1 3a -11.26 4 ALA7, GLN28, PRO51, 

TYR100 

2.06, 2.76, 2.84, 

3.61 
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2 3b -12.53 3 GLN28, PRO51, 

TYR100 

1.98, 2.76, 3.10 

3 3c -11.62 6 ALA7, TRP22, GLN28, 

PHE31, PRO51  

1.81, 2.71, 2.92, 

2.95, 3.38, 3.65 

4 3d -11.16 3 SER49, LEU50, PRO51 3.32, 3.34, 3.36 

5 3e -11.94 5 TRP22, LEU24, GLN28, 

PRO51, TYR100,  

1.98, 2.76, 2.87, 

3.08, 3.76  

6 3f -12.73 3 GLN28, PRO51, 

TYR100 

2.76, 3.07, 2.13  

7 3g -11.93 5 ALA7, GLN28, PHE31, 

PRO51, TYR100 

1.81, 2.73, 2.94, 

3.38, 3.63 

8 3h -12.92 3 GLN28, PRO51, 

TYR100  

2.76, 3.05, 2.14 

9 3i -10.99 3 ALA7, GLN28, PHE31  1.84, 2.77, 2.97 

10 3j -12.13 2 GLN28, TYR100 2.12, 2.79 

11 3k -11.86 3 TRP22, GLN28, 

TYR100 

1.95, 2.78, 2.81 

12 3l -10.94 3 GLY18, GLN28, SER49 2.24, 3.00, 3.04 

13 3m -11.52 4 TRP22, LEU24, GLN28, 

TYR100 

1.98, 2.77, 2.89, 

3.74 

14 3n -12.33 2 GLN28, TYR100 2.13, 2.78 

15 3o -11.87 2 ALA7, TYR100 1.77. 2.39 

 

Figure 5A.10. Binding interactions between compound 3f and active site of 1DF7. 

 

Figure 5A.11. Binding interactions between compound 3h and active site of 1DF7. 

 



Chapter V-A                                                                                 Quinazolinone…anti-tubercular activity 

214 

 

5A.4. ADME prediction 

The ADME properties of all the compounds 3a-o have shown satisfactory results [42]. All 

the compounds have shown good intestinal absorption which are nearer to 100. The 

compounds have shown moderate permeability for in silico Caco2 cells and MDCK cells. 

Blood-brain barrier penetration results demonstrated that all the compounds have high 

absorption into the CNS, and this indicates that these compounds have more capability to 

cross the CNS. All the compounds exhibit maximum skin permeability. From these results, 

we observed that the synthesized quinolinyl spiroquinazolinoneoxadiazoles have good 

ADME properties and all the obtained parameters are summarized in Table 5A.6. 

Table 5A.6. Prediction of ADME Properties of the title compounds 3a-o 

Ent

ry 

Mol. 

wt. 
aHIA bCaco2 cMDCK 

dPlasma 

Protein 

Binding 

eBBB 

fSkin 

Permea

bility 

gRule 

of 

five 

3a 527.97 98.32 35.62 0.762 100.00 2.68 -2.17 2 

3b 541.99 98.21 33.32 0.054 99.36 1.80 -2.24 2 

3c 557.99 98.26 33.02 0.045 96.55 3.91 -2.35 2 

3d 556.02 98.38 34.33 0.060 93.20 2.42 -2.16 2 

3e 545.95 98.32 32.94 0.051 99.36 3.50 -2.48 2 

3f 562.41 98.45 35.14 0.061 100.00 2.99 -2.20 2 

3g 562.41 98.45 35.62 1.563 99.81 3.36 -2.20 2 

3h 606.86 98.52 35.37 0.019 100.00 2.87 -2.15 2 

3i 509.52 97.62 26.79 0.134 99.61 1.94 -2.65 2 

3j 523.55 97.69 29.11 0.047 95.53 2.30 -2.60 2 

3k 539.55 97.50 29.75 0.044 95.53 1.33 -2.78 2 

3l 537.58 97.76 31.35 0.045 91.75 2.28 -2.53 2 

3m 527.51 97.63 27.35 0.046 99.21 1.85 -2.97 2 

3n 543.96 97.92 24.18 0.046 100.00 2.24 -2.67 2 

3o 543.96 97.92 24.25 0.081 100.00 2.39 -2.67 2 
a Human intestinal absorption, 70-100% good absorption; b >90 high permeability; c from 

3.4x10-6 to 20.2x10-6; d >90% strongly plasma protein binding; e >0.40 CNS active 

compound; f ranging from -6.1 to -0.19; g n-violation <1. 

5A.5. Conclusion 

 In this chapter a series of quinolinyl spiroquinazolinoneoxadiazoles were designed 

and synthesized. These compounds were screened for their in vitro anti-tubercular activity 

against mycobacterium tuberculosis H37Rv. Among them, 3b, 3e, 3f, 3h and 3l (MIC = 

0.78 µg/mL) were considered to be most active compounds than the standard drug 

ethambutol (MIC = 1.56 µg/mL). Whereas, the compounds 3i, 3j, 3k, 3m and 3o exhibited 

significant activity with MIC values ranging from 1.56 to 3.125 µg/mL. The potent anti-

tubercular activity of the compounds was accompanied with relatively low levels of 



Chapter V-A                                                                                 Quinazolinone…anti-tubercular activity 

215 

 

cytotoxicity, which revealed their therapeutic potential in the field of anti-tubercular agents. 

Structure activity studies indicated that methyl, fluoro, chloro and bromo substitution on 

phenyl ring may enhance the anti-tubercular activity. Furthermore, the molecular docking 

studies support that our best active compounds are showing relatively good interactions 

with Mycobacterium tuberculosis protein (1DF7) and also ADME properties of the target 

compounds were found to be in significantly acceptable ranges. Altogether, these 

compounds could pave the way for the development of future lead molecules for the 

generation of new anti-TB drugs. 

5A.6. Experimental Section 

5A.6.1. General procedure for the generation of target compounds 3a-o 

 To a solution of quinazolinone Schiff’s bases 1a-h (1.0 mmol) and N-

hydroxycarbimidoyl chlorides 2a-b (1.1 mmol) in DCM (3 mL) was added Et3N (2.0 equiv) 

drop wise about 10 min. The reaction was allowed to stir at room temperature for 

appropriate time. After completion of the reaction (monitored by TLC), reaction mixture 

was concentrated under reduced pressure and the residue was recrystallized from methanol 

to afford the desired products 3a-o. 

5A.6.2. Protocol for the anti-TB screening 

 The MIC of the synthesized compounds was tested using in vitro microplate alamar 

blue assay method [43]. The Mycobacterium tuberculosis H37Rv strain (ATCC27294) was 

used for the screening. The inoculum was prepared from fresh LJ medium re-suspended in 

7H9-S medium (7H9 broth, 0.1% casitone, 0.5% glycerol, supplemented oleic acid, 

albumin, dextrose, and catalase [OADC]), adjusted to a OD590 1.0, and diluted 1:20; 100 

µL was used as inoculum. Each drug stock solution was thawed and diluted in 7H9-S at 

four-fold the final highest concentration tested. Serial two-fold dilutions of each drug were 

prepared directly in a sterile 96-well microtiter plate using 100 µL 7H9-S. A growth control 

containing no antibiotic and a sterile control were also prepared on each plate. Sterile water 

was added to all perimeter wells to avoid evaporation during the incubation. The plate was 

covered, sealed in plastic bags and incubated at 37 oC in normal atmosphere. After 7 days 

incubation, 30 µL of alamar blue solution was added to each well, and the plate was re-

incubated overnight. A change in colour from blue (oxidised state) to pink (reduced) 

indicated the growth of bacteria, and the MIC was defined as the lowest concentration of 

drug that prevented this change in colour. 
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5A.6.3. In vitro cytotoxicity screening 

 The in vitro cytotoxicity of the privileged anti-tubercular active analogues with 

lower MIC value were assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) assay against growth inhibition of RAW 264.7 cells at 25 μM concentration 

[44]. Cell lines were maintained at 37 °C in a humidified 5% CO2 incubator (Thermo 

scientific). Detached the adhered cells and followed by centrifugation to get cell pellet. 

Fresh media was added to the pellet to make a cell count using haemocytometer and plate 

100 μL of media with cells ranging from 5,000 - 6,000 per well in a 96-well plate. The plate 

was incubated overnight in CO2 incubator for the cells to adhere and regain its shape. After 

24 h cells were treated with the test compounds at 25 μg/mL diluted using the media to 

deduce the percentage inhibition on normal cells. The cells were incubated for 48 h to assay 

the effect of the test compounds on different cell lines. Zero hour reading was noted down 

with untreated cells and also control with 1% DMSO to subtract further from the 48 h 

reading. After 48 h incubation, cells were treated by MTT (4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) dissolved in PBS (5 mg/mL) and incubated for 3-4 h at 37 

°C. The formazan crystals thus formed were dissolved in 100 μL of DMSO and the viability 

was measured at 540 nm on a multimode reader (Spectra max). The values were further 

calculated for percentage inhibition which in turn helps us to know the cytotoxicity of the 

test compounds. 

5A.6.4. Molecular docking protocol 

 The docking studies are predominating tools for the assessment of the binding 

affinity to the ligand-protein receptor. All the synthesized compounds were subjected to in 

silico molecular docking studies by using the AutoDockTools (ADT) version 1.5.6 and 

AutoDock version 4.2.5.1 docking program [45]. The 3D-structures of all the synthesized 

compounds were prepared by using chem3D pro 12.0 software. The optimized 3D 

structures were saved in pdb format. The structure of the dihydrofolate reductase of 

Mycobacterium tuberculosis (PDB code: 1DF7) protein was extracted from the protein data 

bank (http://www.rcsb.org/pdb). The bound ligand and water molecules in protein were 

removed by using Discovery Studio Visualizer version 4.0 to prepare the protein. Non polar 

hydrogens were merged and gasteiger charges were added to the protein. The grid file was 

saved in gpf format. The three dimensional grid box having dimensions 60 x 60 x 60 Å3 

was created around the protein with spacing 0.3750 Å. The genetic algorithm was carried 

out with the population size and the maximum number of evaluations were 150 and 
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25,00,000 respectively. The docking output file was saved as Lamarckian Ga (4.2) in dpf 

format. The ligand-protein complex binding sites were visualized by Discovery Studio 

Visualizer version 4.0. 

5A.6.5. ADME prediction 

 In silico ADME prediction of the synthesized compounds were calculated by using 

the online servers ADMETlab 2.0 and pkCSM [46]. The ADMET properties, human 

intestinal absorption (HIA), Caco-2 cell permeability, plasma protein binding and blood 

brain barrier penetration (BBB) were predicted using this program. 

5A.7. Spectral data of the synthesized compounds 3a-o 

3'-(2-chloroquinolin-3-yl)-4'-phenyl-4'H,12H-spiro[indolo[2,1-b]quinazoline-6,5'-

[1,2,4] oxadiazol]-12-one (3a) 

White solid. mp: 249-251 ℃. IR (KBr, cm‒1): 1697, 1654. 1H NMR (400 MHz, CDCl3) δ: 

8.71 (s, 1H), 8.52 (d, J = 6.8 Hz, 1H), 8.36 (d, J = 7.6 Hz, 1H), 8.06 - 8.00 (m, 2H), 7.97 – 

7.91 (m, 2H), 7.81 (d, J = 7.2 Hz, 2H), 7.66 – 7.62 (m, 2H), 7.56 (s, 1H), 7.51 (s, 1H) 6.92 

(s, 3H), 6.81 (s, 2H). 13C NMR (100 MHz, CDCl3) δ: 159.18, 153.57, 148.23, 147.99, 

146.98, 139.71, 134.87, 134.64, 133.08, 132.30, 129.41, 129.28, 129.22, 129.16, 128.66, 

128.42, 128.03, 127.59, 127.12, 126.98, 126.82, 126.38, 126.29, 126.12, 122.46, 118.63, 

117.57, 117.45, 101.63. HRMS (ESI, m/z): calcd. for C31H19ClN5O2 [M+H]+: 528.1227; 

found: 528.0686. 

3'-(2-chloroquinolin-3-yl)-4'-(p-tolyl)-4'H,12H-spiro[indolo[2,1-b]quinazoline-6,5'- 

[1,2,4] oxadiazol]-12-one (3b) 

White solid. mp: 255-257 ℃. IR (KBr, cm‒1): 1688, 1647. 1H NMR (400 MHz, DMSO-d6) 

δ: 9.11 (s, 1H), 8.40 (d, J = 6.8 Hz, 1H), 8.30 (d, J = 4.8 Hz, 1H), 8.23 (d, J = 6.8 Hz, 1H), 

8.09 (d, J = 7.2 Hz, 1H), 7.96 (s, 4H), 7.77 (d, J = 8.0 Hz, 1H), 7.69 (s, 2H), 7.56 (d, J = 

3.6 Hz, 1H), 6.78 (s, 4H), 1.98 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 158.32, 153.68, 

152.62, 147.40, 147.11, 146.42, 143.00, 139.09, 137.32, 135.20, 133.18, 132.84, 131.67, 

129.79, 128.74, 128.29, 127.75, 127.60, 126.76, 126.55, 125.85, 122.00, 117.70, 116.56, 

100.81, 20.20. HRMS (ESI, m/z): calcd. for C32H21ClN5O2 [M+H]+: 542.1384; found: 

542.1383. 
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3'-(2-chloroquinolin-3-yl)-4'-(4-methoxyphenyl)-4'H,12H-spiro[indolo[2,1-

b]quinazoline-6, 5'-[1,2,4]oxadiazol]-12-one (3c) 

White solid. mp: 230-232 ℃. IR (KBr, cm‒1): 1694, 1655. 1H NMR (400 MHz, CDCl3) δ: 

8.67 (s, 1H), 8.49 (d, J = 7.6 Hz, 1H), 8.35 (d, J = 7.6 Hz, 1H), 8.09 (d, J = 6.8 Hz, 1H), 

8.00 (d, J = 8.4 Hz, 1H), 7.95 (d, J = 7.6 Hz, 2H), 7.82 (t, J = 7.6 Hz, 2H), 7.66 – 7.50 (m, 

4H), 6.82 (d, J = 8.0 Hz, 2H), 6.41 (d, J = 8.4 Hz, 2H), 3.51 (s, 3H). 13C NMR (100 MHz, 

DMSO-d6) δ: 158.35, 153.80, 152.88, 147.41, 147.20, 146.45, 143.04, 139.10, 135.25, 

133.20, 132.86, 129.16, 128.74, 128.36, 127.79, 127.63, 126.64, 126.40, 125.96, 125.82, 

122.01, 117.67, 116.57, 114.40, 100.84, 54.96. HRMS (ESI, m/z): calcd. for C32H21ClN5O3 

[M+H]+: 558.1333; found: 558.1330. 

3'-(2-chloroquinolin-3-yl)-4'-(2,4-dimethylphenyl)-4'H,12H-spiro[indolo[2,1-

b]quinazoline-6,5'-[1,2,4]oxadiazol]-12-one (3d) 

White solid. mp: 245-247 ℃. IR (KBr, cm‒1): 1687, 1651. 1H NMR (400 MHz, CDCl3) δ: 

8.64 (s, 1H), 8.51 (s, 1H), 8.36 (t, J = 8.0 Hz, 1H), 7.99 (d, J = 7.2 Hz, 2H), 7.89 (d, J = 8.0 

Hz, 2H), 7.81 (d, J = 6.4 Hz, 2H), 7.63 – 7.54 (m, 3H), 7.49 – 7.43 (m, 1H), 6.62 (dt, J = 

15.6, 7.6 Hz, 3H), 2.20 (s, 3H), 1.98 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 158.18, 

147.25, 147.06, 146.24, 142.95, 138.12, 136.37, 135.30, 133.09, 132.87, 132.01, 129.56, 

128.74, 128.66, 128.30, 128.08, 127.66, 127.02, 126.90, 126.67, 125.64, 117.77, 116.52, 

100.92, 20.13, 17.92. HRMS (ESI, m/z): calcd. for C33H23ClN5O2 [M+H]+: 556.1540; 

found: 556.1530. 

3'-(2-chloroquinolin-3-yl)-4'-(4-fluorophenyl)-4'H,12H-spiro[indolo[2,1-

b]quinazoline-6,5'- [1,2,4]oxadiazol]-12-one (3e) 

White solid. mp: 250-252 ℃. IR (KBr, cm‒1): 1690, 1652. 1H NMR (400 MHz, DMSO-d6) 

δ: 9.18 (s, 1H), 8.40 (d, J = 7.6 Hz, 1H), 8.31 (d, J = 8.0 Hz, 1H), 8.25 (d, J = 8.0 Hz, 1H), 

8.10 (d, J = 6.8 Hz, 1H), 7.97 (s, 4H), 7.80 (t, J = 7.2 Hz, 1H), 7.70 (t, J = 7.6 Hz, 2H), 7.56 

(t, J = 7.6 Hz, 1H), 6.96 (d, J = 3.6 Hz, 2H), 6.89 (t, J = 8.4 Hz, 2H). 13C NMR (100 MHz, 

DMSO-d6) δ: 161.78 (d, J = 244.6 Hz), 158.34, 153.51, 152.47, 147.45, 146.94, 146.39, 

143.20, 139.21, 135.14, 133.28, 132.90, 130.70, 129.16 (d, J = 9.0 Hz), 128.75, 128.36 (d, 

J = 8.8 Hz), 127.77 (d, J = 21.0 Hz), 126.66, 126.56, 125.79, 125.37, 122.10, 117.37, 

116.59, 116.40, 116.17, 100.80. HRMS (ESI, m/z): calcd. for C31H18ClFN5O2 [M+H]+: 

546.1133; found: 546.1122. 
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4'-(4-chlorophenyl)-3'-(2-chloroquinolin-3-yl)-4'H,12H-spiro[indolo[2,1-

b]quinazoline-6,5'- [1,2,4]oxadiazol]-12-one (3f) 

White solid. mp: 256-258 ℃. IR (KBr, cm‒1): 1690, 1650. 1H NMR (400 MHz, DMSO-d6) 

δ: 9.20 (s, 1H), 8.42 (d, J = 8.0 Hz, 1H), 8.32 (d, J = 8.0 Hz, 1H), 8.26 (d, J = 8.0 Hz, 1H), 

8.05 (d, J = 7.6 Hz, 1H), 8.00-7.93 (m, 4H), 7.81 (t, J = 7.2 Hz, 1H), 7.71 (dd, J = 12.0, 6.4 

Hz, 2H), 7.54 (t, J = 7.6 Hz, 1H), 7.10 (d, J = 8.4 Hz, 2H), 6.88 (d, J = 8.4 Hz, 2H). 13C 

NMR (100 MHz, DMSO-d6) δ: 158.37, 153.41, 152.21, 147.50, 146.83, 146.39, 143.24, 

139.28, 135.13, 133.62, 133.36, 132.95, 131.69, 129.42, 128.82, 128.40, 128.28, 127.79, 

127.71, 127.57, 126.69, 126.51, 125.84, 125.15, 122.18, 117.35, 116.66, 100.75. HRMS 

(ESI, m/z): calcd. for C31H18Cl2N5O2 [M+H]+: 562.0838; found: 562.0844. 

4'-(3-chlorophenyl)-3'-(2-chloroquinolin-3-yl)-4'H,12H-spiro[indolo[2,1-

b]quinazoline-6,5'- [1,2,4]oxadiazol]-12-one (3g) 

White solid. mp: 227-229 ℃. IR (KBr, cm‒1): 1693, 1657. 1H NMR (400 MHz, DMSO-d6) 

δ: 9.23 (s, 1H), 8.42 (d, J = 8.0 Hz, 1H), 8.29 (dd, J = 15.2, 8.0 Hz, 2H), 8.08 (d, J = 7.2 

Hz, 1H), 8.03-7.93 (m, 4H), 7.82 (t, J = 7.6 Hz, 1H), 7.72 (t, J = 7.6 Hz, 2H), 7.55 (t, J = 

7.6 Hz, 1H), 7.06 (d, J = 5.2 Hz, 2H), 6.91 (s, 1H), 6.84 – 6.81 (m, 1H). 13C NMR (100 

MHz, DMSO-d6) δ: 158.40, 153.34, 152.07, 147.52, 146.86, 146.39, 143.34, 139.34, 

136.15, 135.20, 133.47, 133.09, 133.06, 131.06, 128.83, 128.49, 128.29, 127.83, 127.63, 

127.42, 126.73, 126.60, 125.81, 125.77, 125.04, 124.59, 122.19, 117.32, 116.68, 100.76. 

HRMS (ESI, m/z): calcd. for C31H18Cl2N5O2 [M+H]+: 562.0838; found: 562.0832. 

4'-(4-bromophenyl)-3'-(2-chloroquinolin-3-yl)-4'H,12H-spiro[indolo[2,1-

b]quinazoline-6,5'- [1,2,4]oxadiazol]-12-one (3h) 

White solid. mp: 267-269 ℃. IR (KBr, cm‒1): 1689, 1651. 1H NMR (400 MHz, DMSO-d6) 

δ: 9.19 (s, 1H), 8.42 (d, J = 8.0 Hz, 1H), 8.32 (d, J = 7.6 Hz, 1H), 8.26 (d, J = 8.0 Hz, 1H), 

8.04 (d, J = 7.6 Hz, 1H), 8.01 – 7.92 (m, 4H), 7.81 (t, J = 7.6 Hz, 1H), 7.71 (dd, J = 11.6, 

6.8 Hz, 2H), 7.53 (t, J = 7.6 Hz, 1H), 7.23 (d, J = 8.0 Hz, 2H), 6.80 (d, J = 8.4 Hz, 2H). 13C 

NMR (100 MHz, DMSO-d6) δ: 158.37, 153.39, 152.14, 147.50, 146.81, 146.38, 143.23, 

139.28, 135.12, 134.07, 133.36, 132.95, 132.34, 128.81, 128.39, 128.27, 127.88, 127.80, 

127.56, 126.69, 126.49, 125.84, 125.12, 122.19, 120.11, 117.34, 116.66, 100.70. HRMS 

(ESI, m/z): calcd. for C31H18BrClN5O2 [M+H]+: 606.0332; found: 606.0344. 
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3'-(2-oxo-1,2-dihydroquinolin-3-yl)-4'-phenyl-4'H,12H-spiro[indolo[2,1-

b]quinazoline-6,5'- [1,2,4]oxadiazol]-12-one (3i) 

White solid. mp: 260-262 ℃. IR (KBr, cm‒1): 1665, 1601. 1H NMR (400 MHz, DMSO-d6) 

δ: 11.95 (s, 1H), 8.60 (s, 1H), 8.38 (d, J = 7.6 Hz, 1H), 8.28 (d, J = 7.2 Hz, 1H), 7.98 (d, J 

= 6.0 Hz, 1H), 7.94 (s, 2H), 7.87 (d, J = 5.2 Hz, 1H), 7.68 (d, J = 6.8 Hz, 2H), 7.59 (t, J = 

6.8 Hz, 1H), 7.52 (t, J = 6.8 Hz, 1H), 7.31 – 7.26 (m, 3H), 7.01 (d, J = 7.2 Hz, 2H), 6.83 

(d, J = 6.0 Hz, 2H). 13C NMR (100 MHz, DMSO-d6) δ: 158.43, 146.42, 143.47, 135.81, 

135.22, 132.27, 129.01, 128.77, 128.28, 127.58, 126.82, 126.77, 126.69, 126.58, 126.38, 

126.29, 125.43, 122.44, 121.96, 118.18, 117.27, 116.59, 115.24, 100.66. HRMS (ESI, m/z): 

calcd. for C31H20N5O3 [M+H]+: 510.1566; found: 510.1565. 

3'-(2-oxo-1,2-dihydroquinolin-3-yl)-4'-(p-tolyl)-4'H,12H-spiro[indolo[2,1-

b]quinazoline-6,5' -[1,2,4]oxadiazol]-12-one (3j) 

White solid. mp: 264-266 ℃. IR (KBr, cm‒1): 1688, 1651. 1H NMR (400 MHz, CDCl3) δ: 

11.42 (s, 1H), 8.50 (d, J = 8.0 Hz, 1H), 8.41 (s, 1H), 8.36 (d, J = 8.0 Hz, 1H), 8.15 (d, J = 

7.2 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.79 (t, J = 7.6 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 

7.61 (t, J = 8.0 Hz, 1H), 7.59 – 7.47 (m, 3H), 7.29 (s, 1H), 7.24 (s, 1H), 6.80 (d, J = 8.0 Hz, 

2H), 6.69 (d, J = 8.0 Hz, 2H), 2.01 (s, 3H).13C NMR (100 MHz, DMSO-d6) δ: 158.42, 

158.35, 153.87, 153.19, 146.41, 143.37, 139.61, 138.56, 136.53, 135.17, 132.92, 132.87, 

132.17, 129.45, 128.95, 128.70, 128.26, 127.53, 126.69, 126.64, 126.30, 126.04, 122.35, 

121.91, 118.13, 117.30, 116.52, 115.18, 100.64, 20.27. HRMS (ESI, m/z): calcd. for 

C32H22N5O3 [M+H]+: 524.1723; found: 524.1717. 

4'-(4-methoxyphenyl)-3'-(2-oxo-1,2-dihydroquinolin-3-yl)-4'H,12H-spiro[indolo[2,1-

b] quinazoline-6,5'-[1,2,4]oxadiazol]-12-one (3k) 

White solid. mp: 273-275 ℃. IR (KBr, cm‒1): 1684, 1650. 1H NMR (400 MHz, DMSO-d6) 

δ: 11.95 (s, 1H), 8.56 (s, 1H), 8.36 (d, J = 8.0 Hz, 1H), 8.28 (d, J = 8.0 Hz, 1H), 8.06 (d, J 

= 7.2 Hz, 1H), 7.97 (d, J = 5.2 Hz, 2H), 7.86 (d, J = 7.6 Hz, 1H), 7.68 (dd, J = 15.2, 6.8 Hz, 

2H), 7.61 – 7.54 (m, 2H), 7.30 – 7.24 (m, 2H), 6.86 (d, J = 8.4 Hz, 2H), 6.57 (d, J = 8.8 

Hz, 2H), 3.50 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 158.44, 158.32, 158.03, 153.95, 

153.45, 146.41, 143.37, 139.58, 138.55, 135.16, 132.86, 132.11, 128.89, 128.63, 128.23, 

127.53, 126.74, 126.62, 126.31, 122.31, 121.88, 118.08, 117.21, 116.47, 115.16, 113.97, 

100.68, 54.90. HRMS (ESI, m/z): calcd. for C32H22N5O4 [M+H]+: 540.1672; found: 

540.1678. 
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4'-(2,4-dimethylphenyl)-3'-(2-oxo-1,2-dihydroquinolin-3-yl)-4'H,12H-spiro 

[indolo[2,1-b] quinazoline-6,5'-[1,2,4]oxadiazol]-12-one (3l) 

White solid. mp: 252-254 ℃. IR (KBr, cm‒1): 1696, 1653. 1H NMR (400 MHz, DMSO-d6) 

δ: 11.88 (s, 1H), 8.53 (s, 1H), 8.35 (d, J = 8.4 Hz, 1H), 8.26 (d, J = 6.0 Hz, 1H), 8.05 (d, J 

= 6.8 Hz, 1H), 7.98 – 7.90 (m, 2H), 7.81 (d, J = 6.0 Hz, 1H), 7.67 (d, J = 6.8 Hz, 2H), 7.55 

(d, J = 7.6 Hz, 2H), 7.25 – 7.21 (m, 2H), 6.75 (d, J = 7.6 Hz, 1H), 6.71 (s, 1H), 6.64 (d, J 

= 7.6 Hz, 1H), 2.15 (s, 3H), 1.98 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 158.44, 158.22, 

153.61, 146.25, 143.08, 139.50, 138.09, 137.68, 135.25, 132.79, 132.14, 131.60, 131.00, 

130.87, 129.66, 128.87, 128.68, 128.07, 127.00, 126.84, 126.52, 122.28, 121.78, 117.94, 

117.26, 115.09, 100.70, 20.23, 18.04. HRMS (ESI, m/z): calcd. for C33H24N5O3 [M+H]+: 

538.1879; found: 538.1864. 

4'-(4-fluorophenyl)-3'-(2-oxo-1,2-dihydroquinolin-3-yl)-4'H,12H-spiro[indolo[2,1-b] 

quinazoline-6,5'-[1,2,4]oxadiazol]-12-one (3m) 

White solid. mp: 261-263 ℃. IR (KBr, cm‒1): 1685, 1651. 1H NMR (400 MHz, DMSO-d6) 

δ: 11.98 (s, 1H), 8.63 (s, 1H), 8.38 (d, J = 8.0 Hz, 1H), 8.29 (d, J = 7.6 Hz, 1H), 8.02 (d, J 

= 7.6 Hz, 1H), 7.96 (d, J = 2.4 Hz, 2H), 7.89 (d, J = 7.6 Hz, 1H), 7.69 (d, J = 8.0 Hz, 2H), 

7.61 (t, J = 7.6 Hz, 1H), 7.54 (t, J = 7.6 Hz, 1H), 7.31-7.25 (m, 2H), 6.93-6.87 (m, 4H). 13C 

NMR (100 MHz, DMSO-d6) δ: 161.59 (d, J = 243.6 Hz) 158.32, 153.71, 153.22, 146.39, 

143.69, 139.69, 138.69, 135.15, 133.04, 132.27, 131.91, 129.01 (d, J = 29.0 Hz), 128.47 

(d, J = 8.8 Hz), 128.26, 127.54, 126.65, 126.32 (d, J = 4.8 Hz), 122.40, 122.00, 118.14, 

116.87, 116.57, 115.95, 115.72, 115.22, 100.70. HRMS (ESI, m/z): calcd. for C31H19FN5O3 

[M+H]+: 528.1472; found: 528.1481. 

4'-(4-chlorophenyl)-3'-(2-oxo-1,2-dihydroquinolin-3-yl)-4'H,12H-spiro[indolo[2,1-b] 

quinazoline-6,5'-[1,2,4]oxadiazol]-12-one (3n) 

White solid. mp: 263-265 ℃. IR (KBr, cm‒1): 1687, 1651. 1H NMR (400 MHz, DMSO-d6) 

δ: 12.00 (s, 1H), 8.66 (s, 1H), 8.41 (d, J = 7.6 Hz, 1H), 8.30 (d, J = 7.2 Hz, 1H), 7.99 – 7.94 

(m, 3H), 7.90 (d, J = 7.6 Hz, 1H), 7.69 (d, J = 5.2 Hz, 2H), 7.62 (t, J = 7.2 Hz, 1H), 7.52 

(t, J = 6.8 Hz, 1H), 7.33 – 7.28 (m, 2H), 7.11 (d, J = 8.0 Hz, 2H), 6.86 (d, J = 8.0 Hz, 2H). 

13C NMR (100 MHz, DMSO-d6) δ: 158.37, 158.22, 153.56, 152.89, 146.36, 143.67, 139.72, 

138.69, 135.10, 134.93, 133.08, 132.29, 130.94, 129.00, 128.71, 128.25, 127.52, 126.87, 

126.65, 126.21, 126.07, 122.39, 122.05, 118.16, 116.81, 116.62, 115.23, 100.57. HRMS 

(ESI, m/z): calcd. for C31H19ClN5O3 [M+H]+: 544.1176; found: 544.1181. 
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4'-(3-chlorophenyl)-3'-(2-oxo-1,2-dihydroquinolin-3-yl)-4'H,12H-spiro[indolo[2,1-b] 

quinazoline-6,5'-[1,2,4]oxadiazol]-12-one (3o) 

White solid. mp: 236-238 ℃. IR (KBr, cm‒1): 1687, 1665. 1H NMR (400 MHz, DMSO-d6) 

δ: 12.03 (s, 1H), 8.67 (s, 1H), 8.41 (d, J = 7.6 Hz, 1H), 8.29 (d, J = 7.2 Hz, 1H), 7.99 (d, J 

= 7.2 Hz, 1H), 7.94 (s, 2H), 7.91 (d, J = 8.0 Hz, 1H), 7.69 (t, J = 7.6 Hz, 2H), 7.62 (t, J = 

8.8 Hz, 1H), 7.56 – 7.51 (m, 1H), 7.30 (dd, J = 16.8, 8.0 Hz, 2H), 7.05 (d, J = 8.4 Hz, 2H), 

6.88 (s, 1H), 6.80 (d, J = 7.6 Hz, 1H).13C NMR (100 MHz, DMSO-d6) δ: 158.66, 153.69, 

152.97, 146.49, 144.14, 139.87, 138.92, 137.52, 135.55, 133.55, 133.07, 130.92, 129.37, 

129.16, 128.44, 127.94, 127.09, 126.95, 126.57, 126.17, 125.17, 124.12, 122.90, 122.16, 

118.39, 116.83, 115.54, 100.83. HRMS (ESI, m/z): calcd. for C31H19ClN5O3 [M+H]+: 

544.1176; found: 544.1157. 
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5A.9. Selected IR, NMR (1H and 13C) and Mass spectra 

 

IR spectrum of the compound 3a 

  
1H NMR spectrum of the compound 3a 
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13C NMR spectrum of the compound 3a 

 

DEPT-135 NMR spectrum of the compound 3a 
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Mass spectrum of the compound 3a 

 

IR spectrum of the compound 3f 
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1H NMR spectrum of the compound 3f 

 

13C NMR spectrum of the compound 3f 
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Mass spectrum of the compound 3f 

 

IR spectrum of the compound 3m 
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1H NMR spectrum of the compound 3m 

 

13C NMR spectrum of the compound 3m 



Chapter V-A                                                                                 Quinazolinone…anti-tubercular activity 

232 

 

 

Mass spectrum of the compound 3m 



 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER-V 

Section-B 

 

One-pot multicomponent synthesis of novel quinazolinone 

based spirocyclopropane hybrids and their in silico molecular 

docking studies  
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5B.1. Introduction 

 The construction of spirocyclopropanes with inherent three dimensional 

rigidity and unique metabolic stability has received great attention in organic and medicinal 

chemistry [1]. Spirocyclopropane moiety is found to be an important scaffold of many 

synthetic as well as natural products of biological interest [2,3]. spirocyclopropanes have 

been used as diverse pharmaceutical drugs such as anti-cancer agents [4], HIV inhibitors 

[5], kinase inhibitors [6], and anti-obesity agents [7]. For instance, the natural product 

ptaquiloside A (Figure 5B.1) exhibits anti-cancer activity [8]. Spirocyclopropane linked 

oxindoles B and C (Figure 5B.1) have been found as potent anti-cancer and HIV-1 

inhibitors [9,10]. Also, spirocyclopropane linked pyrazolone D (Figure 5B.1) exhibits anti-

fungal activity [11]. Whereas, the compound E (Figure 5B.1) acts as progesterone 

antagonist [12]. Naturally occurring hapalindolinone F (Figure 5B.1) is reported as 

vasopressin antagonist [13], and also the compound G in Figure 5B.1 (CFI-400945) is an 

orally available PLK4 inhibitor for the treatment of cancer [14]. 

 

Figure 5B.1. Biologically potent drugs having spirocyclopropane moiety. 

 In addition to their medicinal importance, they have also got lot of interest in 

functional materials [15], and also serve as key precursors in synthetic organic chemistry 

[16]. The structural and biological importance of these moieties promoted the development 

of numerous methodologies, including Simmons-Smith type reactions [17], Michael 

initiated ring closure [18], Corey-Chaykovsky reaction with sulfonium ylides [19] and with 

diazo compounds. 
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 On the other hand, quinazolinone forms a main group of nitrogen heterocycles 

exhibit broad spectrum of biological applications such as anti-cancer [20], anti-bacterial 

[21], anti-inflammatory [22], anti-tubercular [23] etc. Nevertheless, multicomponent 

reactions (MCRs) are considered to be most efficient strategies for the generation of drug 

like complex molecules without isolating the intermediates [24,25]. Among these, [3+2] 

cycloaddition MCRs has been extensively used for the synthesis of nitrogen heterocycles 

[26]. 

5B.1.1. Reported methods for the preparation of spirocyclopropanes 

Chen and co-workers described a novel Michael/alkylation cascade reaction of 3-

bromooxindoles with α,β-unsaturated acyl phosphonates for the construction of 

spirocyclopropyl oxindoles (Scheme 5B.1). In this reaction DABCO wielding as a robust 

catalyst and the synthetic methodology has applicable for the generation of a high active 

non-nucleoside reverse transcriptase (NNRT1) inhibitors against HIV-1 [27]. 

 

Scheme 5B.1 

Mei et al. reported a highly efficient asymmetric ring-opening/cyclopropanation reaction 

of 3-(oxyethylidene)-2-oxoindolines with cyclic sulfur ylides for the synthesis of sulfur-

containing spirocyclopropyl oxindoles (Scheme 5B.2). The reaction offered an efficient 

method to produce numerous chiral sulfur-containing compounds having vicinal tertiary or 

quaternary carbon chiral centers [28].  

 

Scheme 5B.2 

Wang et al. described a new enantioselective cyclopropanation of 3-alkenyl-oxindoles 

with sulfoxonium ylides by utilizing a chiral N,N’-dioxide/Mg(OTf)2 complex as the 

catalyst (Scheme 5B.3). In this reaction the corresponding chiral spirocyclopropyl 

oxindoles having three continuous chiral carbon centres were obtained in good yields [29].  
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Scheme 5B.3 

You and co-workers presented an efficient and divergent synthesis of spirocyclopropyl 

oxindoles via controllable reaction of isatin-derived para-quinone methides with sulfur 

ylides without a catalyst and an additive (Scheme 5B.4) [30].  

 

Scheme 5B.4 

Su and co-workers developed sulfide catalyzed diastereoselective spirocyclopropanation 

reaction for the generation of spirocyclopropanyl-pyrazolones through [2+1] annulation 

(Scheme 5B.5). High diastereoselectivity, short reaction times and broad substrate scope 

are the main advantages of this methodology [31]. 

 

Scheme 5B.5 

Li et al. employed an efficient synthesis of spirocyclopropanes via a multicomponent 

reaction of aldehydes, Meldrum’s acid and sulfoxonium ylides (Scheme 5B.6). In this 

reaction both aryl and alkyl aldehydes were well tolerated to produce broad range of 

cyclopropanes in good yields [32]. 

 

 

Scheme 5B.6 
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Liu et al. demonstrated a highly efficient and metal free tandem annulation approach for 

the synthesis of novel spirocyclopropyl fused pyrazolinones from pyrazole ketones and two 

component sulfur ylides in an acidic medium (Scheme 5B.7) [33].  

 

Scheme 5B.7 

Fang et al. displayed a base mediated [2+1] cycloaddition reaction for the regio- and 

diastereo-selective spirocyclopropanation of benzofuran derived azadienes via 1,4-

addition/dearomatization under mild reaction conditions (Scheme 5B.8) [34]. 

 

Scheme 5B.8 

Zhao et al. developed a Michael/alkylation cascade reaction for the generation of nitro-

spirocyclopropanes by using arylenechromanone and bromonitroalkane as reactants 

(Scheme 5B.9). This reaction produces broad range of spirocyclopropanes containing three 

adjacent stereogenic centers [35]. 

 

Scheme 5B.9 

5B.2. Present work 

 In view of the aforementioned literature reports and considering the importance of 

spirocyclopropane moiety, herein we report an efficient three-component reaction of 

aldehydes 1a-i, tosylhydrazine 2 and quinazolinyl chalcones 3a-c for the construction of 

spirocyclopropane-indoloquinazolinones through [3+2] cycloaddition strategy (Scheme 

5B.10). In addition, all the synthesized compounds were evaluated their in silico molecular 

docking and ADME prediction. 
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Scheme 5B.10. Synthesis of quinazolinone based spirocyclopropanes 4a-v.   

5B.2.1. Results and discussion 

 We began our study by choosing benzaldehyde 1a (1.0 mmol), tosylhydrazine 2 

and 6-(2-(4-methoxyphenyl)-2-oxoethylidene)indolo[2,1-b]quinazolin-12(6H)-one 3a (1.0 

mmol) as initial starting materials and investigating the effect of solvents and bases on the 

product yield (Table 5B.1). When the reaction was performed in methanol under reflux 

without any base, the target spirocyclopropane product 4a was obtained in 12% yield 

(Table 5B.1, entry 1). However, a significant improvement in the yield (40%) was observed 

in the presence of Cs2CO3 (20 mol%) in methanol (Table 5B.1, entry 2). Later, we tried to 

explore the reaction in different solvents such as EtOH, CH3CN, DMF and DMSO (Table 

5B.1, entries 3-6). Among all CH3CN is the best solvent for this cascade reaction (Table 

5B.1, entry 4). We further conducted the reaction in different temperatures (Table 5B.1, 

entries 7,8) and found that 50 °C was the efficient temperature to give the desired product 

4a. Encouraged by these results, other bases such as K2CO3, DABCO, DMAP and Et3N in 

CH3CN were explored (Table 5B.1, entries 9-12), but could not get the satisfactory results. 

Next, we screened different amounts of Cs2CO3 and found that the yield of the product 

decreased slightly when the weight of Cs2CO3 was 10 mol% and 30 mol% (Table 5B.1, 

entries 13,14). From these results, the optimal reaction condition for the preparation of 

desired product 4a was determined to be Cs2CO3 (20 mol%) in CH3CN at 50 °C (Table 

5B.1, entry 7).
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Table 5B.1. Optimization of the reaction conditionsa 

 

Entry Base (20 mol%) Solvent Temp  (°C) Time (h) Yield (%)b 

1 - MeOH Reflux 24 12 

2 Cs2CO3 MeOH Reflux 8 40 

3 Cs2CO3 EtOH Reflux 8 50 

4 Cs2CO3 CH3CN Reflux 3 80 

5 Cs2CO3 DMF 100 5 72 

6 Cs2CO3 DMSO 100 5 70 

7 Cs2CO3 CH3CN 50 2.5 83 

8 Cs2CO3 CH3CN RT 8 62 

9 K2CO3 CH3CN 50 4 75 

10 DABCO CH3CN 50 4 60 

11 DMAP CH3CN 50 6 55 

12 Et3N CH3CN 50 6 50 

13c Cs2CO3 CH3CN 50 3 75 

14d Cs2CO3 CH3CN 50 3 80 

aReaction condition: benzaldehyde 1a (1.0 mmol), tosylhydrazine 2 (1.0 mmol), compound 

3a (1.0 mmol), and base (20 mol%) in solvent (3 mL). bIsolated yields. c10 mol% of base 

was used. d30 mol% of base was used. RT = room temperature. 

 Under the optimal reaction conditions, the substrate scope of this protocol was 

investigated with various benzaldehydes 1a-i (Table 5B.2). Different substituted aromatic 

benzaldehydes were well tolerated and provided the targeted compounds 4a-v in good 

yields. The benzene ring bearing a methyl (‒Me) group at para-position react smoothly 

under optimized conditions afford the target product in high yield. The aromatic ring having 

electron donating (‒OMe) group regardless of substituted positions (meta- or para-) were 

produced the corresponding products in good yield. The phenyl group having halogens (‒

F, ‒Cl, ‒Br) either at para-position or at the ortho-position (‒Cl) afforded the 
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corresponding products in good yields. In addition, presence of electron withdrawing group 

(‒CN) had also no substantial impact on the product yield. 

Table 5B.2. Synthesis of quinazolinone based spirocyclopropanes 4a-va,b 

 
aReaction condition: aldehydes 1a-i (1.0 mmol), tosylhydrazine 2 (1.0 mmol), chalcones 

3a-c (1.0 mmol) and Cs2CO3 (20 mol%) in 3 mL of CH3CN at 50 °C. bIsolated yields. 
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 The plausible reaction mechanism for the generation of target compounds 4a-v was 

depicted in Scheme 5B.11. Initially, benzaldehyde 1a on reaction with tosylhydrazine 2 

produces the tosylhydrazone A. Then, the intermediate B is generated from tosylhydrazone 

A by treating with Cs2CO3. The in situ generated intermediate C (from B) undergoes [3+2] 

cycloaddition reaction with compound 3a followed by the subsequent loss of nitrogen 

affords the target compound 4a. 

 
Scheme 5B.11. Plausible reaction pathway for the generation of target compounds 4. 

 The structure of the target compounds (4a-v) were analyzed by IR, 1H NMR, 13C 

NMR and mass spectral data. In this, the IR spectrum of compound 4j shows the bands at 

1680 cm-1 and 1637 cm-1 represents the benzoyl carbonyl group and quinazolinone 

carbonyl group respectively [36,37]. The 1H NMR spectrum of the compound 4j showed 

two signals at δ 4.74 ppm and δ 4.30 ppm corresponds to the two C‒H protons of 

spirocyclopropane moiety. In the 13C NMR spectrum the peak appeared at δ 40.63 ppm 

corresponds the spiro carbon, which was further determined by the absence of this spiro 

carbon peak in DEPT-135 NMR spectrum (4a). The mass spectrum of compound 4j 

displayed a molecular ion peak at m/z 493.17 [M+H]+. Furthermore, the regiochemistry of 

the target compounds were determined by SCXRD method (4j, 4p and 4s). The ORTEP 

representation of the compounds 4j, 4p and 4s have shown in Figures 5B.2, 5B.3 and 5B.4. 

The CCDC deposition numbers and salient features of crystallographic information of 4j, 

4p and 4s have shown in Table 5B.3. 
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 Figure 5B.2. ORTEP representation of 4j and the thermal ellipsoids are drawn at 

 50% probability level. 

 

 Figure 5B.3. ORTEP representation of 4p and the thermal ellipsoids are drawn at 

 50% probability level. 

 

 Figure 5B.4. ORTEP representation of 4s and the thermal ellipsoids are drawn at 

 50% probability level. 
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Table 5B.3. Crystallographic data and refinement parameters of compounds 4j, 4p and 4s 

Identification code 4j 4p 4s 

Empirical formula C30H18ClFN2O2 C31H21BrN2O2 C30H18BrFN2O2 

Formula weight 492.1041 532.0786 536.0536 

Crystal system Triclinic Triclinic Triclinic 

Space group P-1 P-1 P-1 

T (K) 100 100 100 

a (Å) 12.0460(15) 8.9166(16) 12.058(5) 

b (Å) 14.3604(17) 10.0403(18) 14.560(5) 

c (Å) 15.1144(18) 14.995(3) 15.168(4) 

α (°) 106.245(4) 73.860(5) 107.431(10) 

β (°) 108.930(4) 80.662(6) 107.212(14) 

γ (°) 99.535(4) 66.181(5) 100.582(16) 

Z 4 2 4 

V (Å3) 2277.8(5) 1177.8(4) 2316.1(14) 

Dcalc (g/cm3) 1.437 1.504 1.541 

F (000) 1016.0 544.0 1088.0 

µ (mm-1) 0.209 1.779 1.815 

Ɵ (°) 26.998 26.999 27.000 

Index ranges -15 ≤ h ≤ 15 

-18 ≤ k ≤ 18 

-19 ≤ l ≤ 19 

-11 ≤ h ≤ 11 

-12 ≤ k ≤ 12 

-19 ≤ l ≤ 19 

-15 ≤ h ≤ 15 

-18 ≤ k ≤ 18 

-19 ≤ l ≤ 19 

N-total 9967 5146 10127 

Parameters 650 327 650 

R1 [I > 2 σ (I)] 0.0468 0.0271 0.0420 

wR2 (all data) 0.1208( 9961) 0.0963( 5053) 0.1168( 10110) 

GOF 1.132 1.353 1.225 

CCDC 2131180 2131181 2131182 

5B.3. Molecular docking studies 

 Molecular docking is an essential tool employed in the study of binding interactions 

between target proteins and ligands. It is proficient in the virtual screening of drug like 

compounds and determining the ligand’s binding conformations and affinities to the 

protein, thereby resulting in the amelioration of drug development research [38]. Three 

Mycobacterium tuberculosis proteins PDB ID: 1DF7, 1P44 and 4TZK were taken as target 

proteins for molecular docking study of the synthesized compounds to rationalize their anti-

tubercular property. The outcome of the molecular docking study revealed that all the 

synthesized compounds were successfully docked, and efficiently fit into the active sites of 

the proteins. The results of the molecular docking study were presented in Table 5B.4. 

Among all the screened compounds, the compounds 4i and 4r showed more negative 

binding energies. The compound 4i displayed better binding energy (-11.48 kcal/mol) with 

two hydrogen bond interactions to the active site of 1DF7, displayed the negative binding 
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energy (-10.99 kcal/mol) to the active site of 1P44, and also exhibited -10.69 kcal/mol 

binding energy with four hydrogen bond interactions to the protein 4TZK. The binding 

interactions were depicted in Figure 5B.5a, b and c. Likewise, the compound 4r interacts 

with binding site of 1DF7 (-11.59 kcal/mol) with three hydrogen bonds. However, 4r 

displayed more negative binding energy (-11.03 kcal/mol) with two hydrogen bond 

interactions to the protein 1P44, and also exhibited better binding energy (-10.65 kcal/mol) 

with four hydrogen bonds to the active site of 4TZK as depicted in Figure 5B.6a, b and c. 

Whereas, the compounds 4l, 4m, 4n, 4u and 4v exhibits good binding energies -11.32, -

11.35, -11.32, -11.37 and -11.46 respectively with the protein 1DF7. From these results, it 

is revealed that all the synthesized compounds exhibit better binding energies (-8.56 to -

11.59 kcal/mol) than the standard drug isoniazid, and may serve as potential anti-tubercular 

leads. 

Table 5B.4. Docking results of the title compounds 4a-v against target proteins 

Entry 1DF7 1P44 4TZK 

Binding 

energy 

(kcal/mol) 

No. of 

hydrogen 

bonds 

Binding 

energy 

(kcal/mol) 

No. of 

hydrogen 

bonds 

Binding 

energy 

(kcal/mol) 

No. of 

hydrogen 

bonds 

4a -10.65 4 -10.06 4 -9.87 4 

4b -11.00 3 -10.33 5 -9.91 3 

4c -11.18 4 -10.20 3 -9.91 3 

4d -10.52 3 -9.62 1 -9.82 3 

4e -11.05 3 -9.71 2 -9.84 3 

4f -11.21 4 -9.63 3 -9.32 3 

4g -10.93 2 -8.56 0 -10.15 1 

4h -11.21 2 -10.49 0 -10.31 3 

4i -11.48 2 -10.99 0 -10.69 4 

4j -10.81 2 -10.40 1 -10.12 3 

4k -11.20 2 -10.65 0 -10.29 3 

4l -11.32 2 -10.12 1 -10.28 2 

4m -11.35 1 -10.78 2 -10.37 3 

4n -11.32 2 -10.93 2 -10.31 3 

4o -11.02 2 -10.66 1 -10.36 3 

4p -11.27 1 -10.76 1 -10.49 3 

4q -11.25 4 -10.96 2 -10.26 2 

4r -11.59 3 -11.03 2 -10.65 4 

4s -10.87 2 -10.68 2 -10.32 3 

4t -11.29 2 -10.92 0 -10.49 3 

4u -11.37 0 -11.07 1 -10.51 0 

4v -11.46 2 -11.04 0 -10.56 3 

Isoni- 

azid 
-5.23 5 -5.72 3 -5.58 4 
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 Figure 5B.5. 3D and 2D interaction poses of compound 4i to the binding site 

 residues of target proteins a) 1DF7; b) 1P44; c) 4TZK. 
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 Figure 5B.6. 3D and 2D interaction poses of compound 4r to the binding site 

 residues of target proteins a) 1DF7; b) 1P44; c) 4TZK. 

5B.4. ADME prediction 

 Absorption, distribution, metabolism and excretion (ADME) data improves the 

selection and identification of molecules at the therapeutic dose with an optimal safety 

profile. Also, in silico prediction of pharmacokinetic parameters lowers the risk of failure 

of drug at the final stages of clinical trials [39]. The ADME prediction of the synthesized 

compounds 4a-v were illustrated in Table 5B.5. 

 Estimation of octanol/water partition coefficient (lipophilicity) is examined by 

LogP. The predicted lipophilicity values are in the ranging from 4.385 to 6.034, and these 

values revealed that moderate lipophilicity of the compounds. The predicted aqueous 
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solubility (LogS) values of the synthesized compounds ranging from -5.032 to -6.980, 

which reflects their moderate solubility in water due to presence of lipophilic groups. On 

the other hand, the topological polar surface area (TPSA) values reveals that the 

compounds’ oral bioavailability is high. In general, higher the logarithm of the apparent 

permeability coefficient (logPapp) higher will be the Caco-2 permeability. From the results, 

it is predicted that all the compounds except 4c and 4n have shown high Caco-2 

permeability in the range from 0.868 to 0.914. Interestingly, all the synthesized compounds 

exhibit high human intestinal absorption (HIA:100%). Blood/brain partition coefficient 

(logBB) value is a measure of the ability of a drug to cross the blood-brain barrier (BBB). 

The target compounds are in considerable range of BBB. The observed drug like properties 

and in silico ADME prediction suggests that the target compounds 4a-v exhibit acceptable 

pharmacokinetic parameters and can be considered as lead molecules for the development 

of novel drugs. 

Table 5B.5. Drug likeness and in silico ADME properties of the target compounds 4a-v 

Ent-

ry 
Mol. Wt 

H-

do-

nor 

H-

acc-

eptor 

No. of 

rotat-

able 

bonds 

LogP LogS 
TPSA 

(Å) 

Caco-2 

Permeabili-

ty (logPapp 

in 10-6 cm/s) 

HIA 

(% 

absor-

bed) 

BBB 

permea

-bility 

(log BB) 

 ≤500 ≤5 ≤10 ≤10 ≤5 <0.5 ≤140 >8x10-6 
70 - 

100% 

-3.0 - 

1.2 

4a 470.16 0 5 4 4.385 -6.154 61.19 0.885 100 -0.622 

4b 484.17 0 5 4 4.918 -6.113 61.19 0.874 100 -0.634 

4c 500.17 0 6 5 4.47 -5.250 70.42 0.365 100 -0.717 

4d 488.15 0 5 4 4.558 -5.032 61.19 0.913 100 -0.773 

4e 504.12 0 5 4 5.144 -6.031 61.19 0.872 100 -0.647 

4f 548.07 0 5 4 5.310 -6.017 61.19 0.869 100 -0.648 

4g 474.11 0 4 3 5.068 -6.980 51.96 0.886 100 -0.532 

4h 488.13 0 4 3 5.572 -6.929 51.96 0.875 100 -0.544 

4i 504.12 0 5 4 5.146 -6.109 61.19 0.887 100 -0.93 

4j 492.10 0 4 3 5.226 -5.937 51.96 0.914 100 -0.683 

4k 508.07 0 4 3 5.77 -6.813 51.96 0.873 100 -0.557 

4l 508.07 0 4 3 5.615 -6.834 51.96 0.897 100 -0.488 

4m 552.02 0 4 3 5.904 -6.793 51.96 0.871 100 -0.558 

4n 499.11 0 5 3 4.757 -6.646 75.75 0.325 100 -0.623 
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4o 518.06 0 4 3 5.234 -6.963 51.96 0.884 100 -0.533 

4p 532.08 0 4 3 5.713 -6.910 51.96 0.873 100 -0.545 

4q 548.07 0 5 4 5.31 -5.822 61.19 0.878 100 -0.824 

4r 548.07 0 5 4 5.318 -6.094 61.19 0.885 100 -0.932 

4s 536.05 0 4 3 5.395 -5.924 51.96 0.912 100 -0.684 

4t 552.02 0 4 3 5.904 -6.793 51.96 0.871 100 -0.558 

4u 552.02 0 4 3 5.765 -6.814 51.96 0.895 100 -0.489 

4v 595.97 0 4 3 6.034 -6.771 51.96 0.868 100 -0.559 

MW: molecular weight; H-donor: number of hydrogen bond donors; H-acceptor: number 

of hydrogen bond acceptors; LogP: octanol/water partition coefficient; LogS: aqua 

solubility parameter; TPSA: topological polar surface area; Caco-2: cell permeability; 

HIA: human intestinal absorption; LogBB: blood/brain partition co-efficient. 

5B.5. Conclusion 

 In this chapter, we have successfully established an efficient protocol for the 

synthesis of quinazolinone based spirocyclopropanes through [3+2] cycloaddition reaction 

of quinazolinone chalcones with tosylhydrazones. The advantages of this methodology are 

mild reaction conditions, easy operation and high tolerance of various functional groups on 

aromatic ring. Further, in silico Molecular docking study, ADME prediction and drug 

likeness profiles reveal that the title compounds represent a promising platform for the 

development of new therapeutic agents. 

5B.6. Experimental Section 

5B.6.1. General procedure for the generation of target compounds (4a-v) 

 In 3 mL of acetonitrile, aldehydes 1a-i (1.0 mmol) and tosylhydrazine 2 (1.0 mmol) 

were added and stirred at room temperature for 10 min. To this quinazolinyl chalcones 3a-

c (1.0 mmol) and Cs2CO3 (20 mol%) were added and kept the reaction at 50 °C for 

appropriate time. After completion of the reaction (monitored by TLC), reaction mixture 

was concentrated under reduced pressure and the residue was chromatographed on silica 

gel (EtOAc/n-hexane 1:10-1:9) to afford the desired products 4a-v. 

5B.6.2. Molecular docking protocol 

 The docking studies are prominent tools for the assessment of the binding affinity 

to the ligand-protein receptor. All the synthesized compounds were subjected to in silico 

molecular docking studies by using the AutoDockTools (ADT) version 1.5.6 and 

AutoDock version 4.2.5.1 docking program [40]. The 3D-structures of all the synthesized 
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compounds were prepared by using chem3D pro 12.0 software. The optimized 3D 

structures were saved in pdb format. The structure of the dihydrofolate reductase of 

Mycobacterium tuberculosis (PDB code: 1DF7) protein and enoyl reductase proteins 1P44 

and 4TZK were extracted from the protein data bank (http://www.rcsb.org/pdb). The bound 

ligand and water molecules in protein were removed by using Discovery Studio Visualizer 

version 4.0 to prepare the protein. Non polar hydrogens were merged and gasteiger charges 

were added to the protein. The grid file was saved in gpf format. The three dimensional 

grid box having dimensions 60 x 60 x 60 Å3 was created around the protein with spacing 

0.3750 Å. The genetic algorithm was carried out with the population size and the maximum 

number of evaluations were 150 and 25,00,000 respectively. The docking output file was 

saved as Lamarckian Ga (4.2) in dpf format. The ligand-protein complex binding sites were 

visualized by Discovery Studio Visualizer version 4.0. 

5B.6.3. ADME prediction 

 In silico ADME properties and pharmacokinetic parameters of the synthesized 

compounds were calculated by using the online servers ADMETlab 2.0 and pkCSM [41]. 

The ADMET properties, human intestinal absorption (HIA), Caco-2 cell permeability, 

plasma protein binding and blood brain barrier penetration (BBB) were predicted using this 

program. 

5B.7. Spectral data of synthesized compounds 4a-v 

2-(4-methoxybenzoyl)-3-phenyl-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-12'-one (4a) 

White solid. mp: 185-187 °C. IR (KBr, cm‒1): 1684, 1637, 1600, 1465. 1H NMR (400 MHz, 

DMSO-d6) δ: 8.52 (d, J = 8.0 Hz, 1H), 8.25 (dd, J = 8.0, 1.2 Hz, 1H), 7.87 (d, J = 8.8 Hz, 

2H), 7.79 (td, J = 8.4, 1.6 Hz, 1H), 7.55 – 7.49 (m, 3H), 7.46 – 7.40 (m, 2H), 7.34 – 7.22 

(m, 5H), 6.96 (d, J = 9.2 Hz, 2H), 4.73 (d, J = 8.8 Hz, 1H), 4.27 (d, J = 8.8 Hz, 1H), 3.75 

(s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 191.02, 164.16, 159.71, 155.47, 147.02, 139.80, 

134.92, 132.94, 131.16, 130.55, 129.88, 129.09, 128.35, 128.04, 127.79, 127.63, 126.98, 

126.75, 126.60, 121.74, 120.93, 116.66, 114.70, 55.99, 42.89, 41.94, 40.86. HRMS (ESI, 

m/z): [M+H]+ calcd. for C31H23N2O3: 471.1709; found: 471.1691. 
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2-(4-methoxybenzoyl)-3-(p-tolyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-12'-one (4b) 

White solid. mp: 213-215 °C. IR (KBr, cm‒1): 3052, 2966, 1686, 1639, 1600, 1465. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.51 (d, J = 8.0 Hz, 1H), 8.24 (dd, J = 8.0, 1.2 Hz, 1H), 

7.87 (d, J = 8.8 Hz, 2H), 7.82 – 7.78 (m, 1H), 7.53 (td, J = 8.0, 1.2 Hz, 1H), 7.49 (d, J = 

8.0 Hz, 1H), 7.44 (dd, J = 6.4, 2.0 Hz, 1H), 7.41 (d, J = 8.0 Hz, 2H), 7.33 – 7.27 (m, 2H), 

7.09 (d, J = 8.0 Hz, 2H), 6.96 (d, J = 9.2 Hz, 2H), 4.73 (d, J = 9.2 Hz, 1H), 4.20 (d, J = 8.8 

Hz, 1H), 3.74 (s, 3H), 2.24 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 191.08, 164.16, 

159.71, 155.47, 147.06, 139.73, 136.93, 134.96, 131.14, 130.39, 129.88, 129.71, 129.19, 

128.63, 128.29, 127.71, 126.98, 126.77, 126.60, 121.69, 120.93, 116.64, 114.71, 56.00, 

42.88, 42.15, 41.05, 21.21. ESI-MS (m/z): [M+H]+ calcd. for C32H25N2O3: 485.19; found: 

485.27. 

2-(4-methoxybenzoyl)-3-(3-methoxyphenyl)-12'H-spiro[cyclopropane-1,6'-

indolo[2,1-b] quinazolin]-12'-one (4c) 

White solid. mp: 161-163 °C. IR (KBr, cm‒1): 3000, 2932, 1683, 1636, 1596, 1466. 1H 

NMR (400 MHz, DMSO-d6) δ: 1H NMR (400 MHz, DMSO) δ 8.52 (d, J = 8.0 Hz, 1H), 

8.25 (dd, J = 8.0, 1.6 Hz, 1H), 7.87 (d, J = 8.8 Hz, 2H), 7.81 (td, J = 8.4, 1.6 Hz,, 1H), 7.53 

(td, J = 8.0, 1.6 Hz,, 1H), 7.46 (d, J = 8.8 Hz, 1H), 7.43 (dd, J = 8.0, 1.6 Hz, 1H), 7.33 – 

7.26 (m, 2H), 7.19 – 7.15 (m, 2H), 7.06 (d, J = 7.6 Hz, 1H), 6.95 (d, J = 8.8 Hz, 2H), 6.80 

(dd, J = 8.0, 2.4 Hz, 1H), 4.77 (d, J = 8.8 Hz, 1H), 4.24 (d, J = 8.8 Hz, 1H), 3.74 (s, 3H), 

3.74 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 191.01, 164.15, 159.72, 159.22, 155.51, 

147.04, 139.78, 134.98, 134.46, 131.17, 129.87, 129.10, 129.00, 128.35, 127.63, 127.01, 

126.79, 126.59, 122.94, 121.70, 120.97, 116.66, 115.76, 114.69, 113.86, 55.99, 55.60, 

43.00, 42.01, 40.98. ESI-MS (m/z): [M+H]+ calcd. for C32H25N2O4: 501.18; found: 501.24. 

2-(4-fluorophenyl)-3-(4-methoxybenzoyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-b] 

quinazolin]-12'-one (4d) 

White solid. mp: 223-225 °C. IR (KBr, cm‒1): 3077, 2925, 1671, 1637, 1599, 1466. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.52 (d, J = 8.0 Hz, 1H), 8.25 (dd, J = 8.0, 1.2 Hz, 1H), 

7.86 (d, J = 9.2 Hz, 2H), 7.80 (td, J = 8.4, 1.6 Hz, 1H), 7.59 – 7.52 (m, 3H), 7.45 (d, J = 

8.4 Hz, 2H), 7.33 – 7.26 (m, 2H), 7.10 (t, J = 8.8 Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H), 4.71 

(d, J = 8.8 Hz, 1H), 4.27 (d, J = 8.8 Hz, 1H), 3.75 (s, 3H). 13C NMR (100 MHz, DMSO-

d6) δ: 190.92, 164.16, 163.14 (d, J = 242 Hz), 159.72, 155.48, 147.02, 139.84, 134.98, 
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132.67 (d, J = 9.0 Hz), 131.18, 129.86, 129.24 (d, J = 3.0 Hz), 128.95, 128.38, 127.62, 

127.02, 126.76, 126.57, 121.74, 120.96, 116.66, 114.87 (d, J = 18 Hz), 114.66, 56.00, 

43.14, 40.80, 40.63. ESI-MS (m/z): [M+H]+ calcd. for C31H22FN2O3: 489.16; found: 

489.23. 

2-(4-chlorophenyl)-3-(4-methoxybenzoyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-b] 

quinazolin]-12'-one (4e) 

White solid. mp: 190-192 °C. IR (KBr, cm‒1): 3066, 2931, 1685, 1637, 1600, 1466. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.52 (d, J = 8.0 Hz, 1H), 8.26 (dd, J = 7.6, 1.2 Hz, 1H), 

7.86 (d, J = 9.2 Hz, 2H), 7.84 – 7.79 (td, J = 8.4, 1.6 Hz, 1H), 7.57 (d, J = 8.4 Hz, 2H), 7.56 

– 7.52 (m, 1H), 7.47 (d, J = 8.0 Hz, 1H), 7.44 (dd, J = 8.0, 1.6 Hz, 1H), 7.34 (d, J = 8.4 Hz, 

2H), 7.32 – 7.26 (m, 2H), 6.96 (d, J = 8.8 Hz, 2H), 4.73 (d, J = 8.8 Hz, 1H), 4.27 (d, J = 

8.8 Hz, 1H), 3.75 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 190.83, 164.17, 159.70, 

155.43, 146.98, 139.86, 135.01, 132.51, 132.37, 132.06, 131.19, 129.82, 128.82, 128.44, 

127.92, 127.64, 127.06, 126.77, 126.58, 121.79, 120.98, 116.66, 114.69, 55.99, 42.95, 

40.82, 40.74. ESI-MS (m/z): [M+H]+ calcd. for C31H22ClN2O3: 505.13; found: 505.21. 

2-(4-bromophenyl)-3-(4-methoxybenzoyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b] quinazolin]-12'-one (4f) 

White solid. mp: 250-252 °C. IR (KBr, cm‒1): 3004, 2965, 1687, 1654, 1625, 1594, 1466. 

1H NMR (400 MHz, DMSO-d6) δ: 8.49 (d, J = 8.0 Hz, 1H), 8.22 (d, J = 7.2 Hz, 1H), 7.78 

(d, J = 8.8 Hz, 3H), 7.62 (d, J = 8.8 Hz, 2H), 7.50 (t, J = 7.6 Hz, 1H), 7.46 – 7.39 (m, 4H), 

7.28 (t, J = 7.6 Hz, 1H), 7.24 (d, J = 7.2 Hz, 1H), 6.81 (d, J = 8.4 Hz, 2H), 4.71 (d, J = 8.8 

Hz, 1H), 4.20 (d, J = 8.8 Hz, 1H), 3.67 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 190.83, 

164.19, 159.71, 146.98, 139.85, 135.05, 132.87, 132.47, 131.91, 131.77, 131.20, 130.84, 

129.81, 128.80, 128.46, 127.65, 127.10, 126.79, 126.60, 121.80, 120.96, 116.66, 116.11, 

114.70, 114.16, 56.00, 42.89, 40.90, 40.71. ESI-MS (m/z): [M+H]+ calcd. for 

C31H22BrN2O3: 549.08; found: 549.15. 

2-(4-chlorobenzoyl)-3-phenyl-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-12'-one (4g) 

White solid. mp: 216-218 °C. IR (KBr, cm‒1): 3053, 2924, 1680, 1636, 1600, 1466. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.53 (d, J = 8.0 Hz, 1H), 8.25 (dd, J = 8.0, 1.2 Hz, 1H), 

7.90 (d, J = 8.4 Hz, 2H), 7.81 – 7.75 (m, 1H), 7.51 (d, J = 8.8 Hz, 5H), 7.48 – 7.43 (m, 1H), 

7.40 (d, J = 8.0 Hz, 1H), 7.33 (dd, J = 8.0, 0.8 Hz, 1H), 7.29 (d, J = 7.6 Hz, 2H), 7.27 – 



Chapter V-B                                                               One-pot multicomponent…molecular docking studies 

251 

 

7.21 (m, 2H), 4.77 (d, J = 8.8 Hz, 1H), 4.29 (d, J = 8.8 Hz, 1H).  13C NMR (100 MHz, 

DMSO-d6) δ: 192.13, 159.72, 155.33, 147.00, 139.90, 139.30, 135.55, 134.91, 132.78, 

130.66, 130.57, 129.57, 128.81, 128.50, 128.04, 127.83, 127.64, 127.01, 126.75, 126.59, 

121.74, 121.01, 116.70, 42.98, 41.82, 41.14. ESI-MS (m/z): [M+H]+ calcd. for 

C30H20ClN2O2: 475.12; found: 475.19. 

2-(4-chlorobenzoyl)-3-(p-tolyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-12'-one (4h) 

White solid. mp: 218-220 °C. IR (KBr, cm‒1): 3051, 2922, 1680, 1641, 1601, 1465. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.52 (d, J = 8.0 Hz, 1H), 8.25 (dd, J = 8.0, 1.2 Hz, 1H), 

7.90 (d, J = 8.8 Hz, 2H), 7.80 (td, J = 8.4, 1.6 Hz, 1H), 7.54 (dd, J = 8.0, 0.8 Hz, 1H), 7.51 

(d, J = 8.8 Hz, 2H), 7.46 (d, J = 8.4 Hz, 2H), 7.41 (d, J = 8.0 Hz, 2H), 7.34 – 7.27 (m, 2H), 

7.09 (d, J = 8.0 Hz, 2H), 4.76 (d, J = 8.8 Hz, 1H), 4.24 (d, J = 8.8 Hz, 1H), 2.25 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ: 192.37, 159.69, 155.43, 147.00, 144.98, 139.82, 

134.93, 134.47, 132.88, 130.56, 129.97, 128.99, 128.87, 128.40, 128.04, 127.80, 127.63, 

126.99, 126.75, 126.59, 121.77, 120.95, 116.66, 42.96, 41.90, 40.98, 21.64. ESI-MS (m/z): 

[M+H]+ calcd. for C31H22ClN2O2: 489.13; found: 489.20. 

2-(4-chlorobenzoyl)-3-(3-methoxyphenyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-12'-one (4i) 

White solid. mp: 193-195 °C. IR (KBr, cm‒1): 3049, 2934, 1680, 1635, 1585, 1465. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.52 (d, J = 8.0 Hz, 1H), 8.25 (d, J = 7.6 Hz, 1H), 7.90 (d, 

J = 8.0 Hz, 2H), 7.80 (t, J = 7.6 Hz, 1H), 7.55 – 7.49 (m, 3H), 7.45 (t, J = 7.6 Hz, 2H), 7.33 

– 7.26 (m, 2H), 7.17 (s, 2H), 7.06 (d, J = 6.8 Hz, 1H), 6.80 (d, J = 7.6 Hz, 1H), 4.80 (d, J 

= 8.8 Hz, 1H), 4.27 (d, J = 8.4 Hz, 1H), 3.73 (s, 3H).  13C NMR (100 MHz, DMSO-d6) δ: 

192.11, 159.74, 159.22, 155.37, 147.01, 139.89, 139.29, 135.54, 134.97, 134.29, 130.67, 

129.56, 129.01, 128.82, 128.50, 127.64, 127.04, 126.79, 126.58, 122.96, 121.70, 121.05, 

116.70, 115.84, 113.87, 55.62, 43.07, 41.83, 41.23. ESI-MS (m/z): [M+H]+ calcd. for 

C31H22ClN2O3: 505.13; found: 505.21. 

2-(4-chlorobenzoyl)-3-(4-fluorophenyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-12'-one (4j) 

White solid. mp: 220-222 °C. IR (KBr, cm‒1): 3054, 2924, 1680, 1637, 1601, 1466. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.52 (d, J = 7.6 Hz, 1H), 8.25 (d, J = 7.6 Hz, 1H), 7.90 (d, 

J = 8.4 Hz, 2H), 7.80 (t, J = 7.2 Hz, 1H), 7.60 – 7.55 (m, 2H), 7.54 – 7.47 (m, 3H), 7.46 – 
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7.40 (m, 2H), 7.34 – 7.27 (m, 2H), 7.10 (t, J = 8.4 Hz, 2H), 4.74 (d, J = 8.4 Hz, 1H), 4.30 

(d, J = 8.4 Hz, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 192.02, 163.17 (d, J = 242 Hz), 

159.72, 155.35, 146.99, 139.96, 139.29, 135.53, 134.96, 132.70 (d, J = 8 Hz), 130.68, 

129.56, 129.09 (d, J = 3.0 Hz), 128.67, 128.52, 127.62, 127.04, 126.76, 126.55, 121.74, 

121.05, 116.70, 114.87 (d, J = 21.0 Hz), 43.23, 40.95, 40.63. ESI-MS (m/z): [M+H]+ calcd. 

for C30H19ClFN2O2: 493.11; found: 493.17. 

2-(4-chlorobenzoyl)-3-(4-chlorophenyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-12'-one (4k) 

White solid. mp: 215-217 °C. IR (KBr, cm‒1): 3084, 3060, 1677, 1642, 1603, 1466. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.52 (d, J = 8.0 Hz, 1H), 8.24 (d, J = 7.6 Hz, 1H), 7.89 (d, 

J = 8.4 Hz, 2H), 7.80 (t, J = 7.2 Hz, 1H), 7.57 (d, J = 8.0 Hz, 2H), 7.53 (bs, 1H), 7.50 (d, J 

= 8.4 Hz, 2H), 7.46 – 7.44 (m, 2H), 7.33 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 4.76 

(d, J = 8.4 Hz, 1H), 4.31 (d, J = 8.8 Hz, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 191.93, 

159.71, 155.31, 146.97, 139.99, 139.31, 135.51, 134.98, 132.55, 132.42, 131.93, 130.69, 

129.56, 128.57, 127.92, 127.64, 127.07, 126.77, 126.55, 121.81, 121.08, 116.70, 43.06, 

41.03, 40.69. ESI-MS (m/z): [M+H]+ calcd. for C30H19Cl2N2O2: 509.08; found: 509.14. 

2-(4-chlorobenzoyl)-3-(2-chlorophenyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-12'-one (4l) 

White solid. mp: 220-222 °C. IR (KBr, cm‒1): 3067, 3021, 1672, 1644, 1605, 1467. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.54 (d, J = 8.0 Hz, 1H), 8.26 (dd, J = 8.0, 1.2 Hz, 1H), 

7.92 (d, J = 8.8 Hz, 2H), 7.88 (d, J = 7.6 Hz, 1H), 7.74 (td, J = 8.0, 1.6 Hz, 1H), 7.54 – 7.50 

(m, 3H), 7.47 (td, J = 8.0, 1.6 Hz, 1H), 7.43 (td, J = 7.6, 1.2 Hz, 1H), 7.35 – 7.29(m, 3H), 

7.26 (td, J = 6.0, 1.2 Hz, 1H), 7.18 (dd, J = 8.0, 0.8 Hz, 1H), 4.68 (d, J = 8.8 Hz, 1H), 4.11 

(d, J = 8.4 Hz, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 191.94, 159.71, 155.31, 146.97, 

139.98, 139.31, 135.51, 134.99, 132.55, 132.41, 131.94, 130.69, 129.56, 128.57, 127.92, 

127.64, 127.08, 126.78, 126.56, 121.81, 121.08, 116.70, 43.06, 41.02, 40.64. ESI-MS 

(m/z): [M+H]+ calcd. for C30H19Cl2N2O2: 509.08; found: 509.14. 

2-(4-bromophenyl)-3-(4-chlorobenzoyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-12'-one (4m) 

White solid. mp: 224-226 °C. IR (KBr, cm‒1): 3086, 3059, 1676, 1643, 1604, 1466. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.52 (d, J = 8.0 Hz, 1H), 8.25 (dd, J = 8.0, 1.2 Hz, 1H), 

7.89 (d, J = 8.8 Hz, 2H), 7.83 – 7.78 (m, 1H), 7.55 (dd, J = 8.4, 1.2 Hz, 2H), 7.51 (d, J = 
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2.0 Hz, 2H), 7.49 (d, J = 4.8 Hz, 2H), 7.48 – 7.43 (m, 3H), 7.34 – 7.30 (m, 1H), 7.28 (dd, 

J = 8.0, 1.6 Hz, 1H), 4.76 (d, J = 8.8 Hz, 1H), 4.29 (d, J = 8.8 Hz, 1H). 13C NMR (100 

MHz, DMSO-d6) δ: 191.92, 159.71, 155.31, 146.97, 139.99, 139.31, 135.51, 134.99, 

132.90, 132.35, 130.83, 130.69, 129.56, 128.57, 128.56, 127.65, 127.08, 126.78, 126.55, 

121.82, 121.09, 121.01, 116.70, 43.01, 41.00, 40.77. ESI-MS (m/z): [M+H]+ calcd. for 

C30H19BrClN2O2: 553.03; found: 553.10. 

4-(2-(4-chlorobenzoyl)-12'-oxo-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-3-yl)benzonitrile (4n) 

White solid. mp: 220-222 °C. IR (KBr, cm‒1): 3033, 2924, 2232, 1682, 1645, 1602, 1465. 

1H NMR (400 MHz, DMSO-d6) δ: 8.52 (d, J = 8.0 Hz, 1H), 8.25 (d, J = 7.2 Hz, 1H), 7.90 

(d, J = 8.4 Hz, 2H), 7.80 (td, J = 8.0, 1.2 Hz, 1H), 7.77 – 7.74 (m, 4H), 7.55 (d, J = 7.2 Hz, 

1H), 7.51 (d, J = 8.8 Hz, 2H), 7.49 – 7.44 (m, 1H), 7.40 (d, J = 8.0 Hz, 1H), 7.31 (q, J = 

7.6 Hz, 2H), 4.80 (d, J = 8.8 Hz, 1H), 4.42 (d, J = 8.4 Hz, 1H). 13C NMR (100 MHz, 

DMSO-d6) δ: 191.74, 159.69, 155.25, 146.88, 140.10, 139.35, 138.96, 135.46, 135.00, 

131.87, 131.82, 130.74, 129.56, 128.75, 128.26, 127.58, 127.14, 126.78, 126.56, 121.94, 

121.12, 119.36, 116.72, 110.38, 42.98, 41.03, 40.61. ESI-MS (m/z): [M+Na]+ calcd. for 

C31H18ClN3O2Na: 521.09; found: 521.27. 

2-(4-bromobenzoyl)-3-phenyl-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-12'-one (4o) 

White solid. mp: 218-220 °C. IR (KBr, cm‒1): 3085, 3053, 1682, 1637, 1600, 1466. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.53 (d, J = 8.0 Hz, 1H), 8.25 (dd, J = 8.0, 1.2 Hz, 1H), 

7.82 (d, J = 8.4 Hz, 2H), 7.80 - 7.76 (m, 1H), 7.66 (d, J = 8.8 Hz, 2H), 7.55 - 7.50 (m, 3H), 

7.48 – 7.44 (m, 1H), 7.40 (d, J = 8.0 Hz, 1H), 7.34 (d, J = 7.2 Hz, 1H), 7.29 (d, J = 6.8 Hz, 

2H), 7.27 – 7.22 (m, 2H), 4.76 (d, J = 8.8 Hz, 1H), 4.30 (d, J = 8.8 Hz, 1H). 13C NMR (100 

MHz, DMSO-d6) δ: 192.36, 159.72, 155.33, 147.00, 139.91, 135.85, 134.92, 132.79, 

132.54, 130.74, 130.59, 128.81, 128.57, 128.51, 128.04, 127.83, 127.64, 127.02, 126.75, 

126.59, 121.73, 121.02, 116.71, 42.96, 41.76, 41.10. ESI-MS (m/z): [M+H]+ calcd. for 

C30H20BrN2O2: 519.07; found: 519.18. 

2-(4-bromobenzoyl)-3-(p-tolyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-12'-one (4p) 

White solid. mp: 216-218 °C. IR (KBr, cm‒1): 1679, 1640, 1600, 1584, 1464. 1H NMR (400 

MHz, DMSO-d6) δ: 8.52 (d, J = 8.0 Hz, 1H), 8.25 (d, J = 7.2 Hz, 1H), 7.80 (d, J = 8.4 Hz, 
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3H), 7.65 (d, J = 8.4 Hz, 2H), 7.53 (t, J = 7.6 Hz, 1H), 7.46 (d, J = 8.4 Hz, 2H), 7.41 (d, J 

= 8.0 Hz, 2H), 7.35 – 7.30 (m, 1H), 7.29 – 7.26 (m, 1H), 7.09 (d, J = 7.6 Hz, 2H), 4.76 (d, 

J = 9.2 Hz, 1H), 4.24 (d, J = 8.8 Hz, 1H), 2.25 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 

192.41, 159.72, 155.32, 147.03, 139.85, 136.97, 135.86, 134.95, 132.54, 130.72, 130.43, 

129.55, 128.91, 128.62, 128.57, 128.44, 127.71, 127.01, 126.77, 126.59, 121.68, 121.02, 

116.69, 42.95, 41.98, 41.29, 21.22.  ESI-MS (m/z): [M+H]+ calcd. for C31H22BrN2O2: 

533.09; found: 533.23. 

2-(4-bromobenzoyl)-3-(4-methoxyphenyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-12'-one (4q) 

White solid. mp: 224-226 °C. IR (KBr, cm‒1): 3081, 2926, 1672, 1642, 1602, 1466. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.52 (d, J = 8.0 Hz, 1H), 8.25 (d, J = 7.2 Hz, 1H), 7.80 (t, 

J = 8.4 Hz, 3H), 7.65 (d, J = 8.8 Hz, 2H), 7.53 (t, J = 7.6 Hz, 1H), 7.49 – 7.42 (m, 4H), 

7.34 – 7.26 (m, 2H), 6.84 (d, J = 8.4 Hz, 2H), 4.74 (d, J = 8.8 Hz, 1H), 4.23 (d, J = 8.8 Hz, 

1H), 3.70 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 192.43, 159.73, 159.05, 155.33, 

147.06, 139.82, 135.88, 134.94, 132.53, 131.72, 130.70, 128.94, 128.54, 128.36, 127.71, 

126.98, 126.75, 126.57, 124.48, 121.61, 121.00, 116.69, 113.42, 55.48, 43.12, 41.75, 41.28. 

ESI-MS (m/z): [M+H]+ calcd. for C31H22BrN2O3: 549.08; found: 549.13. 

2-(4-bromobenzoyl)-3-(3-methoxyphenyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-12'-one (4r) 

White solid. mp: 164-166 °C. IR (KBr, cm‒1): 2925, 2853, 1680, 1637, 1600, 1466. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.52 (d, J = 8.0 Hz, 1H), 8.25 (dd, J = 8.0, 1.2 Hz, 1H), 

7.83 – 7.78 (m, 3H), 7.65 (d, J = 8.8 Hz, 2H), 7.54 (td, J = 8.0, 0.8 Hz, 1H), 7.47 – 7.42 

(m, 2H), 7.34 – 7.26 (m, 2H), 7.19 – 7.15 (m, 2H), 7.06 (d, J = 7.6 Hz, 1H), 6.80 (dd, J = 

8.0, 2.4 Hz, 1H), 4.79 (d, J = 8.8 Hz, 1H), 4.27 (d, J = 8.8 Hz, 1H), 3.74 (s, 3H). 13C NMR 

(100 MHz, DMSO-d6) δ: 192.33, 159.74, 159.22, 155.36, 147.01, 139.88, 135.84, 134.97, 

134.28, 132.52, 130.73, 129.01, 128.81, 128.55, 128.51, 127.63, 127.05, 126.79, 126.58, 

122.96, 121.68, 121.04, 116.71, 115.83, 113.87, 55.62, 43.05, 41.81, 41.22. ESI-MS (m/z): 

[M+H]+ calcd. for C31H22BrN2O3: 549.08; found: 549.17. 

2-(4-bromobenzoyl)-3-(4-fluorophenyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-12'-one (4s) 

White solid. mp: 216-218 °C. IR (KBr, cm‒1): 1680, 1637, 1600, 1583, 1566, 1465. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.52 (d, J = 8.0 Hz, 1H), 8.25 (dd, J = 8.0, 1.2 Hz, 1H), 
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7.81 (d, J = 8.4 Hz, 2H), 7.78 (d, J = 8.0 Hz, 1H), 7.65 (d, J = 8.4 Hz, 2H), 7.57 (dd, J = 

8.4, 2.0 Hz, 2H), 7.53 (t, J = 7.2 Hz, 1H), 7.48 – 7.41 (m, 2H), 7.32 (t, J = 8.0 Hz, 1H), 

7.27 (t, J = 6.4 Hz, 1H), 7.10 (t, J = 8.8 Hz, 2H), 4.74 (d, J = 8.8 Hz, 1H), 4.30 (d, J = 8.8 

Hz, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 192.23, 163.16 (d, J = 241.8 Hz), 159.72, 

155.34, 146.99, 139.95, 135.83, 134.95, 132.70 (d, J = 8.2 Hz), 132.52, 130.75, 129.09 (d, 

J = 2.8 Hz), 128.66, 128.57, 128.52, 127.62, 127.03, 126.76, 126.55, 121.73, 121.05, 

116.70, 114.87 (d, J = 21.2 Hz), 43.21, 40.94, 40.63. ESI-MS (m/z): [M+H]+ calcd. for 

C30H19BrFN2O2: 537.06; found: 537.16. 

2-(4-bromobenzoyl)-3-(4-chlorophenyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-12'-one (4t) 

White solid. mp: 210-212 °C. IR (KBr, cm‒1): 3080, 3057, 1674, 1642, 1604, 1466. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.52 (d, J = 8.0 Hz, 1H), 8.25 (dd, J = 8.0, 1.2 Hz, 1H), 

7.81 (d, J = 8.4 Hz, 3H), 7.65 (d, J = 8.8 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H), 7.56 – 7.52 (m, 

1H), 7.47 – 7.43 (m, 2H), 7.35 – 7.30 (m, 3H), 7.28 (t, J = 7.2 Hz, 1H), 4.76 (d, J = 8.8 Hz, 

1H), 4.31 (d, J = 8.8 Hz, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 192.16, 159.71, 155.31, 

146.96, 139.98, 135.79, 134.99, 132.56, 132.52, 132.40, 131.93, 130.77, 128.58, 127.92, 

127.64, 127.07, 126.78, 126.56, 121.79, 121.08, 116.71, 43.03, 40.99, 40.61 ESI-MS (m/z): 

[M+H]+ calcd. for C30H19BrClN2O2: 553.03; found: 553.10. 

2-(4-bromobenzoyl)-3-(2-chlorophenyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-b] 

quinazolin]-12'-one (4u) 

White solid. mp: 213-215 °C. IR (KBr, cm-1): 3057, 2924, 1680, 1640, 1601, 1466. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.55 (d, J = 8.0 Hz, 1H), 8.26 (dd, J = 8.0, 1.2 Hz, 1H), 

7.88 (d, J = 7.6 Hz, 1H), 7.84 (d, J = 8.4 Hz, 2H), 7.77 – 7.71 (m, 1H), 7.66 (d, J = 8.4 Hz, 

2H), 7.55 – 7.51 (m, 1H), 7.49 – 7.45 (m, 1H), 7.43 (td, J = 6.8, 0.8 Hz, 1H), 7.36 – 7.28 

(m, 3H), 7.25 (td, J = 8.0, 0.8 Hz, 1H), 7.18 (d, J = 7.6 Hz, 1H), 4.68 (d, J = 8.4 Hz, 1H), 

4.12 (d, J = 8.4 Hz, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 192.15, 159.63, 155.40, 

146.96, 140.05, 135.79, 135.12, 134.99, 132.91, 132.53, 131.96, 130.82, 129.79, 128.90, 

128.73, 128.62, 128.54, 127.47, 127.19, 127.12, 126.79, 126.74, 121.59, 120.92, 116.69, 

43.14, 40.64. ESI-MS (m/z): [M+H]+ calcd. for C30H19BrClN2O2: 553.03; found: 553.10. 

 

 



Chapter V-B                                                               One-pot multicomponent…molecular docking studies 

256 

 

2-(4-bromobenzoyl)-3-(4-bromophenyl)-12'H-spiro[cyclopropane-1,6'-indolo[2,1-

b]quinazolin]-12'-one (4v) 

White solid. mp: 232-234 °C. IR (KBr, cm‒1): 3056, 2924, 1673, 1642, 1604, 1466. 1H 

NMR (400 MHz, DMSO-d6) δ: 8.51 (d, J = 8.0 Hz, 1H), 8.24 (d, J = 7.6 Hz, 1H), 7.81 (d, 

J = 8.4 Hz, 3H), 7.64 (d, J = 8.8 Hz, 2H), 7.55 – 7.51 (m, 3H), 7.48 – 7.42 (m, 4H), 7.32 

(d, J = 7.6 Hz, 1H), 7.28 (d, J = 7.2 Hz, 1H), 4.75 (d, J = 8.8 Hz, 1H), 4.29 (d, J = 8.8 Hz, 

1H). 13C NMR (100 MHz, DMSO-d6) δ: 192.14, 159.71, 155.31, 146.96, 139.98, 135.80, 

134.98, 132.90, 132.52, 132.35, 130.83, 130.76, 128.58, 128.55, 127.65, 127.08, 126.78, 

126.55, 121.80, 121.09, 121.01, 116.71, 42.98, 40.99, 40.75. ESI-MS (m/z): [M+H]+ calcd. 

for C30H19Br2N2O2: 596.98; found: 597.02. 
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5B.9. Selected IR, NMR (1H and 13C) and Mass spectra 

  

IR spectrum of the compound 4a 

 
1H NMR spectrum of the compound 4a 
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13C NMR spectrum of the compound 4a 

 

DEPT-135 NMR spectrum of the compound  4a
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Mass spectrum of the compound 4a 

  

IR spectrum of the compound 4p 
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1H NMR spectrum of the compound 4p 

 

13C NMR spectrum of the compound 4p 
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Mass spectrum of the compound 4p 

  

IR spectrum of the compound 4s 
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1H NMR spectrum of the compound 4s 

 

13C NMR spectrum of the compound 4s 
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Ultrasound promoted synthesis of novel quinazolinyl-

bisspirooxindolo-pyrrolidines via [3+2] cycloaddition reaction 

 

 



Chapter VI-A                                                                           Ultrasound promoted...cycloaddition reaction 

266 

 

6A.1. Introduction 

 Green chemistry has become an emerging tool in synthetic chemistry and plays an 

important role in controlling the environmental pollution by utilizing eco-friendly solvents, 

catalysts and suitable reaction conditions [1]. In this view, ultrasonic irradiation is an 

extensively utilized green technique in organic synthesis according to its specific properties 

like shorter reaction time, higher yields, and waste minimization [2]. Ultrasonication cause 

acoustic cavitation which generate mechanical vibration between particles to produce 

mechanical and thermal energy for the utilization of chemical reaction without any 

significant change in reaction medium [3].  

 Owing to their unique structural features and interesting biological profiles, 

spirooxindoles are taken as privileged structural motifs for new drug discovery [4,5]. 

Synthetic and natural alkaloids having spirooxindole moiety shows wide range of 

biological activities such as anti-cancer [6], anti-malarial [7], anti-microbial [8], anti-

oxidant [9], anti-viral [10] etc. In particular, bisspirooxindoles have emerged as attractive 

synthetic targets due to their versatile pharmacological properties [11,12]. 

6A.1.1. Reported methods for the synthesis and biological evaluation of 

bisspirooxindoles 

Barakat and co-workers synthesized new bisspirooxindoles with pyrrolidines and 

thioxothiazolidinones via regioselective 1,3-dipolar cycloaddition reaction (Figure 6A.1). 

The synthesized compounds showed better anti-microbial and anti-fungal activity than the 

selected standard drugs [13]. 

 

Figure 6A.1 

Rouatbi et al. reported the synthesis of dispiro heterocyclic compounds through [3+2] 

cycloaddition reaction of azomethine ylides and bis(arylidene)indanones (Figure 6A.2). 

The synthesized compounds were screened against Mycobacterium tuberculosis using the 

agar dilution method and displayed good activities [14]. 
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Figure 6A.2 

Kia et al. disclosed one-pot three component reaction of 1-acryloyl-3,5-bisaryl 

methylidene-piperidinones with isatin and sarcosine to furnish bis-spiropyrrolidine 

heterocyclic compounds having functionalized piperidine, pyrrolidine and oxindole 

structural moieties (Figure 6A.3). These compounds displayed good inhibitory activity 

against acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). Further, molecular 

docking studies were carried out and the obtained values were in good correlation with IC50 

values of the synthesized compounds [15].   

 

Figure 6A.3 

Chakraborty et al. prepared dispirooxindolo andrographolide derivatives from isatin, N-

benzyl glycine and andrographolide via azomethine ylide cycloaddition reaction (Figure 

6A.4). The cytotoxic effect of the synthesized compounds was studied against MCF-7 

breast cancer cell line [16]. 

 

Figure 6A.4 
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Ramesh et al. produced a simple, efficient and regioselective synthesis of functionalized 

bisspirooxindolo-pyrrolidines using ceric ammonium nitrate as a catalyst in aqueous 

medium (Figure 6A.5). All the synthesized compounds were tested for in vitro anti-

microbial activity and they have shown good anti-microbial activity against bacillus 

subtilis [17]. 

 

Figure 6A.5 

Lotfy et al. demonstrated a regio- and stereo-selective synthesis of new bisspirooxindoles 

via 1,3-dipolar cycloaddition reaction (Figure 6A.6). Further, the compounds were 

evaluated for in vitro against two cancer cell lines, including MCF-7 breast cancer and 

K562-leukemia cell lines and they have exhibited good activity [18].  

 

Figure 6A.6 

Yuan and co-workers employed an organocatalytic asymmetric [3+2] cycloaddition 

reaction of trifluoroethylisatin ketimines with β-trifluoromethyl enones for the generation 

of bis(trifluoromethyl)-pyrrolidinyl spirooxindoles (Scheme 6A.1). The main significance 

of this protocol was its extremely high efficiency in the synthesis of structurally diverse 

spirocyclic oxindoles bearing four contiguous stereo-centers [19]. 

 



Chapter VI-A                                                                           Ultrasound promoted...cycloaddition reaction 

269 

 

 

Scheme 6A.1 

Zhang and co-workers described a facile synthesis of bisspirooxindoles through one-pot 

[3+2] cycloaddition reaction (Scheme 6A.2). The structures and relative configuration of 

the synthesized compounds were confirmed by single crystal X-ray diffraction analysis. 

High efficacy, mild reaction conditions and convenient operation were the main features of 

this protocol [20].  

 

Scheme 6A.2 

Bhandari et al. reported a facile approach for the synthesis of pyrrolidine fused 

bisspirooxindoles through microwave assisted one-pot three component [3+2] 

cycloaddition of azomethine ylides and 3-alkenyloxindoles (Scheme 6A.3). The additive 

free, high atom economy and wide substrate scope make this protocol attractive and useful 

for the synthesis of pharmacological heterocyclic compounds [21]. 

 

Scheme 6A.3 

Shahrestani et al. demonstrated the synthesis of highly enantioenriched bisspirooxindole 

pyrrolidines via asymmetric [3+2] cycloaddition of isatin-derived azomethine ylides by 2-

oxoindolin-3-ylidene acetyl sultam (Scheme 6A.4). These compounds can undergo retro-

Mannich ring-opening cyclization and generated a new class of unusual diastereoisomers 

of bisspirooxindole pyrrolidines [22]. 
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Scheme 6A.4 

6A.2. Present work and design strategy 

 Spirooxindole bearing compound A (Figure 6A.7) exhibited potent anti-tubercular 

activity [23]. Mhiri et al. described dispirooxindolopyrrolizidines as potential anti-

tubercular agents (Figure 6A.7, compound B) [24]. Arumugam and co-workers reported 

novel spirooxindolopyrrolidines as anti-mycobacterial (anti-TB) agents (Figure 6A.7, 

compound C) [25]. On the other hand, quinazolinones were also widely occur in 

pharmaceuticals [26], natural products [27] and shows broad spectrum of biological 

activities, including anti-cancer [28], anti-inflammatory [29] anti-viral [30] anti-microbial 

[31] anti-alzheimer [32] etc. Kamal and co-workers reported quinazolinones as anti-

tubercular agents (Figure 6A.7, compound D) [33]. Lu et al. disclosed quinazolinone 

benzoates as novel anti-tuberculosis agents (Figure 6A.7, compound E) [34]. 

 Encouraged by the above literature reports and considering the significance of 

bisspirooxindoles, we have designed and synthesized novel quinazolinone based 

pyrrolidino-bisspirooxindoles.  

 

 Figure 6A.7. Representative examples of anti-tubercular spirooxindoles, 

 quinazolinones as well as the compounds designed in this study. 
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 The title compounds 4a-o were synthesized by taking isatins 1a-c, quinazolinyl 

chalcones 2a-e and sarcosine 3 as starting materials in CH3CN under ultrasonication 

(Scheme 6A.5). Further, the title compounds were evaluated for in vitro anti-tubercular 

activity and in silico molecular docking studies. 

 

Scheme 6A.5. Synthesis of quinazolinyl-bisspirooxinolo-pyrrolidines 4a-o. 

6A.2.1. Results and discussion 

 We commenced our study by choosing isatin 1a, 6-(2-oxo-2-phenyl-

ethylidene)indolo[2,1-b]quinazolin-12(6H)-one 2a and sarcosine 3 as the model reactants 

to get the optimized reaction parameters (Table 6A.1). Initially, the model reaction was 

carried in MeOH at room temperature resulting the desired product 4a in 45% yield (Table 

6A.1, entry 1). The product yield increased with the rising reaction temperatures (Table 

6A.1, entries 2-6). Further, the reaction was conducted in different solvents such as EtOH, 

1,4-dioxane, CH3CN, toluene (Table 6A.1, entries 3-6). Among these, highest yield was 

obtained in CH3CN (Table 6A.1, entry 5). To increase the product yield and environmental 

concerns an attempt was made under ultrasonication (RT and 60 °C), and to our surprise, 

the reaction was feasible (Table 6A.1, entry 7-9). The highest yield of product was obtained 

when the reaction was carried out in CH3CN at 60 °C (Table 6A.1, entry 8). However, 

increasing reaction time has no significant impact on the yield (Table 6A.1, entry 9). Thus, 

1.0 mmol of 1a, 1.0 mmol of 2a and 1.0 mmol of 3 in 3 mL of CH3CN at 60 °C under 

ultrasonication (Table 6A.1, entry 8) is the best reaction condition for the generation of 

target compounds 4a-o. 
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Table 6A.1. Optimization of the reaction conditionsa 

 
Entry Solvent Method Temp (°C) Time Yield (%)b 

1 MeOH Conventional RT 20 h 45 

2 MeOH Conventional Reflux 8 h 60 

3 EtOH Conventional Reflux 8 h 65 

4 1,4-Dioxane Conventional Reflux 9 h 47 

5 CH3CN Conventional Reflux 6 h 70 

6 Toluene Conventional Reflux 10 h 48 

7 CH3CN Ultrasonication RT 120 min 75 

8 CH3CN Ultrasonication 60 35 min 83 

9 CH3CN Ultrasonication 60 90 min 84 

aReaction condition: isatin 1a (1.0 mmol), compound 2a (1.0 mmol), and sarcosine 3 (1.0 

mmol), solvent (3 mL). bIsolated yields. 

With the optimized reaction conditions in hand, we have explored the substrate scope by 

taking various isatins 1a-c, quinazolinone chalcones 2a-e and sarcosine 3 (Table 6A.2). 

Quinazolinone chalcones bearing electron donating (‒Me, ‒OMe) and halogen (‒Cl, ‒Br) 

substitutions have no substantial impact on the efficiency of the reaction. Nevertheless, we 

also found that halo (‒Cl, ‒Br) substituted isatins could react smoothly to provide the 

desired products in good yields.  
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Table 6A.2. Synthesis of quinazolinyl-bisspirooxindolo-pyrrolidines 4a,b 

 
aReaction condition: isatins 1a-c (1.0 mmol), quinazolinone chalcones 2a-e (1.0 mmol) and 

sarcosine 3 (1.0 mmol) in 3 mL of CH3CN under ultrasonication at 60 °C. bIsolated yields. 

 The plausible reaction mechanism for the generation of target compounds 4 is 

illustrated in Scheme 6A.6. Initially, azomethine ylide 6 has generated via oxazolidinone 5 

formation between isatin 1a and sarcosine 3, by the elimination of H2O and CO2. Later, it 

undergoes [3+2] cycloaddition reaction with quinazolinone chalcone 2a delivers the target 

compound 4a. 
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Scheme 6A.6. Plausible reaction mechanism for the generation of target compounds 4. 

 The possible mode of approach of azomethine ylide (dipole 6) is shown in Figure 

6A.8. The regioselectivity of cycloaddition in the product formation can be demonstrated 

by considering secondary orbital interaction (SOI) of the nitrogen atom of the dipolarophile 

(chalcone 2a) [35]. As a result of SOI, the observed regioisomer 4a via path A is more 

favourable than path B, which was also evidenced by NMR and single crystal analysis. 

 

Figure 6A.8. mode of approach of azomethine ylide 6. 

 The structures of all the target compounds 4a-o were characterized by using 

spectroscopic (IR, 1H, 13C NMR and mass) methods, and finally authenticated by single 

crystal X-ray diffraction (SXRD) of 4a (Figure 6A.9). In this context, IR spectrum of 

compound 4a showed a band at 3186 cm-1 corresponds to ‒NH group and the bands at 1709 

cm-1, 1688 cm-1 and 1640 cm-1 represents benzoyl carbonyl group and the amide carbonyls 

of oxindole and quinazolinone moieties respectively [36]. In the 1H NMR spectrum, peaks 

at δ 5.75 (dd, J = 10.0, 6.4 Hz, 1H), δ 4.22 (dd, J = 8.8, 6.8 Hz, 1H), and δ 3.89 (t, J = 10.0 

Hz, 1H) ppm corresponds to the protons of pyrrolidine ring. In 13C NMR the peaks at δ 
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79.07 and δ 62.03 represents the two spiro carbons of oxindole and quinazolinone moieties 

respectively, and the spiro carbons were further determined by absence of those peaks in 

DEPT-135 NMR spectrum (4a). The molecular ion peak at m/z 525.1853 [M+H]+ in the 

mass spectrum determines the molecular weight of the compound 4a. In addition, SXRD 

data of compound 4a (CCDC: 2116963) demonstrates the regiochemistry of the generated 

compounds. The structure refinement parameters of the compound 4a were represented in 

Table 6A.3.  

 

 Figure 6A.9. ORTEP representation of the compound 4a and the thermal 

 ellipsoids were drawn at 50% probability level. 

Table 6A.3. Salient features and crystallographic information of 4a 

Identification code 4a 

Empirical formula C33H24N4O3 

Formula weight 524.5687 

Crystal system Triclinic 

Space group P-1 

T (K) 100 K 

a (Å) 9.5818 (3) 

b (Å) 15.5984 (6) 

c (Å) 17.7898 (6) 

α (°) 74.743 (1) 

β (°) 80.975 (1) 

γ (°) 89.035 (1) 

Z 2 

V (Å3) 2532.58 (15) 

Dcalc (g/cm3) 1.375 

F (000) 1094.0 

µ (mm-1) 0.090 

Ɵ (°) 28.719 

Index ranges -12 ≤ h ≤ 12 

-21 ≤ k ≤ 21 

-24 ≤ k ≤ 24 
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N-total 13104 

Parameters 723 

R1 [I > 2 σ (I)] 0.0793 

wR2 (all data) 0.2346 

GOF 1.439 

CCDC 2116963 

6A.2.2. Biological activity 

6A.2.2.1. Anti-tubercular activity (anti-TB) 

 The in vitro anti-tubercular screening of the target compounds 4a-o were evaluated 

against Mycobacterium tuberculosis H37Rv (ATCC27294) by the microplate alamar blue 

assay (MABA) method [37]. The minimum inhibitory concentration (MIC) values of 4a-o 

along with standard drugs (Isoniazid, Rifampicin and Ethambutol) are provided in Table 

6A.4. In comparison to the first line anti-TB drugs, compounds 4a-o exhibited significant 

to moderate activity against Mtb with MIC values ranging from 3.125 µg/mL to 25 µg/mL. 

Among them, the compounds 4c, 4f and 4k exhibit significant activity (MIC = 3.125 

µg/mL) when compared to the standard drug ethambutol. Whereas the compounds 4a, 4h, 

4i, 4m and 4n displayed good activity (MIC = 6.25 µg/mL). While the remaining 

compounds exhibit moderate to poor activity. 

Table 6A.4. In vitro anti-tubercular activity of the target compounds 4a-o 

Entry Compound MIC 

(µg/mL) 

% of Inhibition 

@25μMa 

1 4a 6.25 22.05 

2 4b 12.5 NDb 

3 4c 3.125 21.04 

4 4d ˃25 ND 

5 4e 12.5 ND 

6 4f 3.125 23.68 

7 4g ˃25 ND 

8 4h 6.25 25.10 

9 4i 6.25 18.92 

10 4j 12.5 ND 

11 4k 3.125 17.65 

12 4l ˃25 ND 

13 4m 6.25 23.65 

14 4n 6.25 21.14 

15 4o 12.5 ND 

16 Isoniazid 0.05 ND 

17 Rifampicin 0.1 ND 

18 Ethambutol 1.56 ND 
a% inhibition was examined using RAW 264.7 cell line, bND = not determined. 
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6A.2.2.2. Cytotoxicity studies 

 The active analogues (4a, 4c, 4f, 4h, 4i, 4k, 4m and 4n) were also evaluated for in 

vitro cytotoxicity effect against RAW 264.7 cells at 25μM concentration using MTT assay 

[38]. The percentage of inhibition data is presented in Table 6A.4. From this data, it has 

been concluded that the promising active compounds were less toxic to RAW 264.7 cells 

and were suitable for further mechanistic studies (Figure 6A.10).  

 
 Figure 6A.10. % inhibition of potent anti-tubercular compounds on RAW 264.7 

 cell line at 25μM concentration. 

6A.2.2.3. Structure activity relationship studies  

 The structure activity relationship (SAR) studies unveils that the diverse donor and 

acceptor abilities of substituted groups on the phenyl ring and structural changes are crucial 

in their anti-tubercular activity of the title compounds. The presence of methoxy (‒OMe) 

substitution on the phenyl ring is significantly enhances the anti-tubercular activity when 

compared to other substitutions. Whereas, the compounds having halo (‒Cl, ‒Br) 

substitution on isatin ring exhibited good activity than the unsubstituted isatin. 

6A.3. Molecular docking studies 

 In order to investigate the binding sites and the protein-ligand interactions of target 

compounds 4a-o the computational molecular docking studies were performed against 

dihydrofolate reductase of Mycobacterium Tuberculosis (PDB code: 1DF7) [39]. In silico 

molecular docking studies revealed that the active molecules showed good binding energy 

to the target protein, ranging from -7.94 to -10.06 kcal/mol. Among these, the most potent 

compounds 4c and 4f exhibited the lowest binding energies -10.03 kcal/mol and -10.06 

kcal/mol respectively. The compound 4c forms three H-bonds with the amino acid residues 

GLN28 (3.73 Å), LYS53 (2.64 Å), ILE94 (3.41 Å) and exhibited four hydrophobic 

interactons (‧‧‧ and ‧‧‧alkyl) with the amino acid residues. Whereas, the compound 4f 
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forms two H-bonds with the amino acid residues SER49 (2.95 Å), ILE94 (3.60 Å) and 

forms three hydrophobic (‧‧‧ and ‧‧‧alkyl) interactions. The binding energies of active 

molecules and their H-bonding interactions found in the docking study were in good 

correlation with their anti-tuberculosis studies. The detailed H-bonding profile of the title 

compounds with the protein 1DF7 is given in Table 6A.5. The ligand interactions of the 

compounds 4c and 4f were presented in Figure 6A.11 and Figure 6A.12.  

Table 6A.5 Docking results of the compounds 4a-o against 1DF7 

Ent-

ry 
Compound 

Binding 

energy 

(kcal/mol) 

No. of 

hydrogen 

bonds 

Residues involved in the 

hydrogen bonding 

Hydrogen bond 

length (Å) 

1 4a -9.03 5 ASP27, PHE31, 

LEU50, PRO51, ILE94 

3.03, 3.29, 3.34, 

3.42, 3.47 

2 4b -8.39 5 ALA7, ASP27, PHE31, 

TYR100 

2.33, 2.77, 2.84, 

2.84, 3.17 

3 4c -10.03 3 GLN28, LYS53, ILE94 3.73, 2.64, 3.41  

4 4d -8.49 5 ALA7, ASP27, PHE31, 

TYR100 

2.20, 2.51, 2.77, 

2.83, 3.17 

5 4e -8.69 2 ILE94  3.04, 3.57 

6 4f -10.06 2 SER49, ILE94 2.95, 3.60 

7 4g -8.46 1 ILE94  2.75 

8 4h -8.35 2 LYS53, ILE94 2.65, 2.77 

9 4i -8.56 1 ILE94 2.73 

10 4j -8.53 1 ILE94 2.70 

11 4k -9.69 3 PHE31, SER49, ILE94 2.59, 3.16, 3.65 

12 4l -8.09 1 ILE94 2.75 

13 4m -7.94 3 LYS53, ILE94 2.66, 2.78, 3.08 

14 4n -8.19 1 ILE94 2.99 

15 4o -8.20 1 ILE94 2.67 

 
 Figure 6A.11. Binding interactions between compound 4c and active site of 

 Mycobacterium tuberculosis protein (PDB ID: 1DF7). 
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 Figure 6A.12. Binding interactions between compound 4f and active site of 

 Mycobacterium tuberculosis protein (PDB ID: 1DF7). 

6A.4. Conclusion 

 In this chapter a series of novel quinazolinone based pyrrolidino-bisspirooxindoles 

were designed and synthesized via [3+2] cycloaddition reaction under ultrasonication. The 

synthesized compounds were well characterized and determined by SXRD method (4a). In 

vitro anti-tubercular screening results revealed that, the compounds having methoxy (‒

OMe) substitution showed better anti-tubercular profile than other compounds against M. 

tuberculosis H37Rv. The active compounds were exhibited relatively low levels of 

cytotoxicity against RAW 264.7 cell line, which revealed their growth of therapeutic 

potential in the field of anti-tubercular agents. In addition, the molecular docking studies 

support that the potent compounds have better binding capacity towards the target enzyme. 

These results suggest that the synthesized pyrrolidino-bisspirooxindoles would be 

promising hits for the development of anti-TB leads.  

6A.5. Experimental Section 

6A.5.1. Typical procedure for the synthesis of quinazolinone based pyrrolidino-

bisspirooxindoles 4a-o 

 A mixture of isatins 1 (1.0 mmol), quinazolinone chalcones 2 (1.0 mmol) and 

sarcosine 3 (1.0 mmol) in 3 mL of CH3CN were heated at 60 °C under ultrasonication for 

35-60 min. After the complete consumption of starting materials (monitored by TLC), the 

reaction mixture was cooled to room temperature. The resulting solid was filtered and 

recrystallized from methanol to furnish the desired products.  

6A.5.2. Protocol for the anti-TB screening 

 The MIC of the synthesized compounds was tested using in vitro microplate alamar 

blue assay method [40]. The Mycobacterium tuberculosis H37Rv strain (ATCC27294) was 
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used for the screening. The inoculum was prepared from fresh LJ medium re-suspended in 

7H9-S medium (7H9 broth, 0.1% casitone, 0.5% glycerol, supplemented oleic acid, 

albumin, dextrose, and catalase [OADC]), adjusted to a OD590 1.0, and diluted 1:20; 100 

µL was used as inoculum. Each drug stock solution was thawed and diluted in 7H9-S at 

four-fold the final highest concentration tested. Serial two-fold dilutions of each drug were 

prepared directly in a sterile 96-well microtiter plate using 100 µL 7H9-S. A growth control 

containing no antibiotic and a sterile control were also prepared on each plate. Sterile water 

was added to all perimeter wells to avoid evaporation during the incubation. The plate was 

covered, sealed in plastic bags and incubated at 37 oC in normal atmosphere. After 7 days 

incubation, 30 µL of alamar blue solution was added to each well, and the plate was re-

incubated overnight. A change in colour from blue (oxidised state) to pink (reduced) 

indicated the growth of bacteria, and the MIC was defined as the lowest concentration of 

drug that prevented this change in colour. 

6A.5.3. In vitro cytotoxicity screening 

 The in vitro cytotoxicity of the privileged anti-tubercular active analogues with 

lower MIC value were assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) assay against growth inhibition of RAW 264.7 cells at 25 μM concentration 

[41]. Cell lines were maintained at 37 °C in a humidified 5% CO2 incubator (Thermo 

scientific). Detached the adhered cells and followed by centrifugation to get cell pellet. 

Fresh media was added to the pellet to make a cell count using haemocytometer and plate 

100 μL of media with cells ranging from 5,000 - 6,000 per well in a 96-well plate. The plate 

was incubated overnight in CO2 incubator for the cells to adhere and regain its shape. After 

24 h cells were treated with the test compounds at 25 μg/mL diluted using the media to 

deduce the percentage inhibition on normal cells. The cells were incubated for 48 h to assay 

the effect of the test compounds on different cell lines. Zero hour reading was noted down 

with untreated cells and also control with 1% DMSO to subtract further from the 48 h 

reading. After 48 h incubation, cells were treated by MTT (4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) dissolved in PBS (5 mg/mL) and incubated for 3-4 h at 37 

°C. The formazan crystals thus formed were dissolved in 100 μL of DMSO and the viability 

was measured at 540 nm on a multimode reader (Spectra max). The values were further 

calculated for percentage inhibition which in turn helps us to know the cytotoxicity of the 

test compounds. 
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6A.5.4. Molecular docking protocol 

 The docking studies are predominating tools for the assessment of the binding 

affinity to the ligand-protein receptor. All the synthesized compounds were subjected to in 

silico molecular docking studies by using the AutoDockTools (ADT) version 1.5.6 and 

AutoDock version 4.2.5.1 docking program [42]. The 3D-structures of all the synthesized 

compounds were prepared by using chem3D pro 12.0 software. The optimized 3D 

structures were saved in pdb format. The structure of the dihydrofolate reductase of 

Mycobacterium tuberculosis (PDB code: 1DF7) protein was extracted from the protein data 

bank (http://www.rcsb.org/pdb). The bound ligand and water molecules in protein were 

removed by using Discovery Studio Visualizer version 4.0 to prepare the protein. Non polar 

hydrogens were merged and gasteiger charges were added to the protein. The grid file was 

saved in gpf format. The three dimensional grid box having dimensions 60 x 60 x 60 Å3 

was created around the protein with spacing 0.3750 Å. The genetic algorithm was carried 

out with the population size and the maximum number of evaluations were 150 and 

25,00,000 respectively. The docking output file was saved as Lamarckian Ga (4.2) in dpf 

format. The ligand-protein complex binding sites were visualized by Discovery Studio 

Visualizer version 4.0. 

6A.6. Spectral data of synthesized compounds 4a-o 

4'-benzoyl-1'-methyl-12''H-dispiro[indoline-3,2'-pyrrolidine-3',6''-indolo[2,1-

b]quinazoline]-2,12''-dione (4a) 

Off-white solid. mp: 239-241 ℃. IR (KBr, cm‒1): 3186, 1709, 1688, 1640, 1470. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.48 (s, 1H), 8.09-8.04 (m, 2H), 7.93 (t, J = 7.6 Hz, 1H), 7.833-

7.784 (m, 2H), 7.60 (t, J = 7.6 Hz, 1H), 7.52 – 7.48 (m, 2H), 7.19 (t, J = 7.6 Hz, 1H), 7.04 

(d, J = 7.6 Hz, 2H), 6.95 (t, J = 7.6 Hz, 1H), 6.84 (t, J = 7.6 Hz, 2H), 6.49 (d, J = 7.6 Hz, 

1H), 6.42 (t, J = 7.6 Hz, 1H), 5.84 (d, J = 7.6 Hz, 1H), 5.75 (dd, J = 10.0, 6.4 Hz, 1H), 4.22 

(dd, J = 8.8, 6.8 Hz, 1H), 3.89 (t, J = 10 Hz, 1H), 2.22 (s, 3H). 13C NMR (100 MHz, DMSO-

d6) δ: 199.26, 175.74, 158.49, 156.21, 146.52, 143.69, 139.53, 137.46, 135.40, 132.59, 

130.43, 129.98, 129.73, 128.37, 128.16, 127.92, 127.58, 126.60, 126.26, 125.40, 122.79, 

121.16, 120.80, 115.69, 109.79, 79.07, 62.03, 53.54, 51.71, 35.30. ESI mass spectrum 

(m/z): calcd. for C33H25N4O3 [M+H]+:  525.1927; obsd.: 525.1853. 
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1'-methyl-4'-(4-methylbenzoyl)-12''H-dispiro[indoline-3,2'-pyrrolidine-3',6''-

indolo[2,1-b]quinazoline]-2,12''-dione (4b) 

Pale brown solid. mp: 214-216 ℃. IR (KBr, cm‒1): 3193, 1714, 1670, 1638, 1463. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.49 (s, 1H), 8.09 (t, J = 8.4 Hz, 2H), 7.93 (t, J = 7.6 Hz, 1H), 

7.82 (d, J = 8.4 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.60 (t, J = 7.6 Hz, 1H), 7.54 – 7.44 (m, 

2H), 6.96 (d, J = 8.0 Hz, 3H), 6.64 (d, J = 8.0 Hz, 2H), 6.50 (d, J = 7.6 Hz, 1H), 6.42 (t, J 

= 7.6 Hz, 1H), 5.86 (d, J = 7.2 Hz, 1H), 5.72 (q, J = 6.4 Hz, 1H), 4.18 (q, J = 7.2 Hz, 1H), 

3.87 (t, J = 10.0 Hz, 1H), 2.22 (s, 3H), 2.03 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 

198.82, 175.97, 158.56, 156.22, 146.50, 143.60, 143.01, 139.55, 135.42, 134.78, 130.44, 

129.93, 129.69, 128.47, 128.34, 128.13, 127.94, 127.68, 126.41, 126.23, 125.43, 122.86, 

121.21, 120.86, 115.75, 109.85, 78.90, 62.15, 53.60, 51.74, 35.27, 21.21. ESI mass 

spectrum (m/z): calcd. for C34H27N4O3 [M+H]+: 539.2083; obsd.: 539.1985. 

4'-(4-methoxybenzoyl)-1'-methyl-12''H-dispiro[indoline-3,2'-pyrrolidine-3',6''-

indolo[2,1-b]quinazoline]-2,12''-dione (4c) 

Off-white solid. mp: 200-202 ℃. IR (KBr, cm‒1): 3267, 1714, 1686, 1639, 1465. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.47 (s, 1H), 8.11 – 8.08 (m, 2H), 7.95 – 7.91 (m, 1H), 7.84 – 

7.81 (m, 1H), 7.79 (d, J = 7.6 Hz, 1H), 7.62 – 7.58 (m, 1H), 7.51 – 7.44 (m, 2H), 7.11 (d, J 

= 8.8 Hz, 2H), 6.94 (td, J = 8.0, 1.2 Hz, 1H), 6.49 (d, J = 7.6 Hz, 1H), 6.44 – 6.37 (m, 3H), 

5.85 (d, J = 7.2 Hz, 1H), 5.72 (dd, J = 10.4, 6.4 Hz, 1H), 4.18 (dd, J = 9.2, 6.4 Hz, 1H), 

3.87 (t, J = 9.6 Hz, 1H), 3.52 (s, 3H), 2.22 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 

197.14, 175.83, 162.77, 158.60, 156.38, 146.59, 143.70, 139.51, 135.40, 130.38, 130.00, 

129.90, 129.81, 128.41, 128.10, 127.98, 126.53, 126.16, 125.43, 122.91, 121.15, 120.89, 

115.68, 113.33, 109.78, 78.92, 62.32, 55.68, 53.18, 52.01, 35.33. ESI mass spectrum (m/z): 

calcd. for C34H27N4O4 [M+H]+: 555.2032; obsd.: 555.1954. 

4'-(4-chlorobenzoyl)-1'-methyl-12''H-dispiro[indoline-3,2'-pyrrolidine-3',6''-

indolo[2,1-b]quinazoline]-2,12''-dione (4d) 

White solid. mp: 224-226 ℃. IR (KBr, cm‒1): 3195, 1717, 1681, 1637, 1462. 1H NMR (400 

MHz, DMSO-d6) δ: 10.49 (s, 1H), 8.07 (t, 2H, J = 8.8 Hz), 7.93 (t, 1H, J = 8.0 Hz), 7.79 

(t, 2H, J = 8.8 Hz), 7.60 (t, 1H, J = 7.6 Hz), 7.53 – 7.45 (m, 2H), 6.98 (d, 2H, J = 8.4 Hz), 

6.93 (d, 1H, J = 7.6 Hz), 6.85 (d, 2H, J = 8.4 Hz), 6.50 (d, 1H, J = 7.6 Hz), 6.41 (t, 1H, J = 

7.6 Hz), 5.84 (d, 1H, J = 7.6 Hz), 5.70 (dd, 1H, J = 10.0, 6.4 Hz), 4.17 (dd, 1H, J = 9.2, 6.4 

Hz), 3.83 (t, 1H, J = 10.0 Hz), 2.19 (s, 3H).13C NMR (100 MHz, DMSO-d6) δ: 198.47, 
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175.93, 158.49, 155.97, 146.37, 143.54, 139.41, 137.55, 136.04, 135.56, 130.52, 130.17, 

129.40, 128.40, 128.30, 127.99, 126.50, 126.39, 125.40, 122.72, 121.28, 120.66, 115.77, 

109.91, 78.91, 62.01, 53.77, 51.46, 35.23. ESI mass spectrum (m/z): calcd. for 

C33H24ClN4O3 [M+H]+: 559.1537; obsd.: 559.1464. 

4'-(4-bromobenzoyl)-1'-methyl-12''H-dispiro[indoline-3,2'-pyrrolidine-3',6''-

indolo[2,1-b]quinazoline]-2,12''-dione (4e) 

Off-white solid. mp: 228-230 ℃. IR (KBr, cm‒1): 3197, 1718, 1681, 1636, 1461. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.50 (s, 1H), 8.10 (t, J = 8.0 Hz, 2H), 7.94 (t, J = 7.6 Hz, 1H), 

7.83 (d, J = 7.2 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.62 (t, J = 7.6 Hz, 1H), 7.54-7.48 (m, 

2H), 7.02 (d, J = 8.4 Hz, 2H), 6.97-6.91 (m, 3H), 6.50 (d, J = 8.0 Hz, 1H), 6.43 (t, J = 7.6 

Hz, 1H), 5.86 (d, J = 7.6 Hz, 1H), 5.73 (dd, J = 10.0, 6.4 Hz, 1H), 4.19 (dd, J = 8.8, 6.7 Hz, 

1H), 3.85 (t, J = 9.6 Hz, 1H), 2.22 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 198.62, 

175.75, 158.44, 156.06, 146.42, 143.67, 139.50, 136.45, 135.49, 130.95, 130.48, 130.14, 

129.52, 128.42, 128.22, 127.94, 126.56, 125.41, 122.76, 121.22, 120.78, 115.78, 109.86, 

78.86, 62.03, 53.84, 51.50, 35.27. ESI mass spectrum (m/z): calcd. for C33H24BrN4O3 

(M+H)+: 605.1011; obsd.: 605.0904. 

4'-benzoyl-5-chloro-1'-methyl-12''H-dispiro[indoline-3,2'-pyrrolidine-3',6''-

indolo[2,1-b]quinazoline]-2,12''-dione (4f) 

Off-white solid. mp: 212-214 ℃. IR (KBr, cm‒1): 3363, 1680, 1662, 1646, 1464. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.64 (s, 1H), 8.10 (d, J = 7.2 Hz, 2H), 7.94 (t, J = 7.2 Hz, 1H), 

7.80 (d, J = 7.2 Hz, 2H), 7.61 (t, J = 7.6 Hz, 1H), 7.53 (bs, 2H), 7.21 (t, J = 7.2 Hz, 1H), 

7.07 (d, J = 7.2 Hz, 2H), 7.02 (d, J = 7.6 Hz, 1H), 6.87 (t, J = 7.2 Hz, 2H), 6.50 (d, J = 8.0 

Hz, 1H), 5.73 (d, J = 9.2 Hz, 2H), 4.22 (t, J = 7.6 Hz, 1H), 3.89 (t, J = 9.6 Hz, 1H), 2.24 (s, 

3H). 13C NMR (100 MHz, DMSO-d6) δ: 199.04, 175.42, 158.49, 155.81, 146.44, 142.52, 

139.56, 137.36, 135.46, 132.68, 130.30, 130.19, 129.42, 128.26, 127.98, 127.63, 126.65, 

126.28, 125.50, 125.16, 124.80, 120.79, 115.79, 111.20, 79.16, 62.04, 53.38, 51.85, 35.38. 

ESI mass spectrum (m/z): calcd. for C33H24ClN4O3 [M+H]+: 559.15; obsd.: 559.15. 

5-chloro-1'-methyl-4'-(4-methylbenzoyl)-12''H-dispiro[indoline-3,2'-pyrrolidine-

3',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4g) 

Pale brown solid. mp: 245-247 ℃. IR (KBr, cm‒1): 3357, 1735, 1689, 1639, 1462. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.64 (s, 1H), 8.12 (d, 2H, J = 7.6 Hz), 7.94 (t, 1H, J = 7.6 Hz), 

7.79 (t, 2H, J = 9.2 Hz), 7.62 (t, 1H, J = 7.6 Hz), 7.56 – 7.48 (m, 2H), 7.03-6.97 (m, 3H), 
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6.67 (d, 2H, J = 7.6 Hz), 6.51 (d, 1H, J = 8.4 Hz), 5.75 (s, 1H), 5.69 (dd, 1H, J = 10.2, 6.4 

Hz), 4.20 – 4.16 (m, 1H), 3.87 (t, 1H, J = 9.8 Hz), 2.24 (s, 3H), 2.05 (s, 3H). 13C NMR (100 

MHz, DMSO-d6) δ: 198.51, 175.51, 158.53, 155.89, 146.45, 143.06, 142.51, 139.62, 

135.45, 134.73, 130.28, 130.10, 129.46, 128.53, 128.22, 127.94, 127.77, 126.50, 126.23, 

125.52, 125.17, 124.88, 120.91, 115.84, 111.20, 78.97, 62.17, 53.44, 51.93, 35.37, 21.25. 

ESI mass spectrum (m/z): calcd. for C34H26ClN4O3 [M+H]+: 573.1693; obsd.: 573.1593. 

5-chloro-4'-(4-methoxybenzoyl)-1'-methyl-12''H-dispiro[indoline-3,2'-pyrrolidine-

3',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4h) 

Off-white solid. mp: 200-202 ℃. IR (KBr, cm‒1): 3353, 1659, 1643, 1464. 1H NMR (400 

MHz, DMSO-d6) δ: 10.63 (s, 1H), 8.15 – 8.10 (m, 2H), 7.95 – 7.91 (m, 1H), 7.82 – 7.77 

(m, 2H), 7.61 (td, J = 8.4, 1.2 Hz, 1H), 7.55 – 7.47 (m, 2H), 7.15 (d, J = 8.8 Hz, 2H), 7.01 

(dd, J = 8.4, 2.4 Hz, 1H), 6.50 (d, J = 8.4 Hz, 1H), 6.42 (d, J = 8.8 Hz, 2H), 5.75 (d, J = 2.4 

Hz, 1H), 5.70 (dd, J = 10.8, 6.8 Hz, 1H), 4.18 (dd, J = 9.2, 6.4 Hz, 1H), 3.87 (t, J = 10.0 

Hz, 1H), 3.53 (s, 3H), 2.23 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 196.92, 175.52, 

162.85, 158.61, 155.99, 146.52, 142.54, 139.56, 135.47, 130.26, 130.08, 130.02, 129.80, 

129.64, 128.20, 127.99, 126.59, 126.19, 125.54, 125.17, 124.93, 120.90, 115.80, 113.40, 

111.18, 79.02, 62.33, 55.70, 53.02, 52.16, 35.40. ESI mass spectrum (m/z): calcd. for 

C34H26ClN4O4 [M+H]+: 589.1643; obsd.: 589.1662. 

5-chloro-4'-(4-chlorobenzoyl)-1'-methyl-12''H-dispiro[indoline-3,2'-pyrrolidine-

3',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4i) 

Pale green solid. mp: 229-231 ℃. IR (KBr, cm‒1): 3334, 1732, 1690, 1640, 1463. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.65 (s, 1H), 8.12 (dd, J = 6.4, 5.2 Hz, 2H), 7.94 (t, J = 7.2 Hz, 

1H), 7.80 (d, J = 6.4 Hz, 1H), 7.77 (d, J = 8.4 Hz, 1H), 7.62 (t, J = 7.2 Hz, 1H), 7.57 – 7.49 

(m, 2H), 7.06 (s, 1H), 7.03 (s, 1H), 7.01 (dd, J = 8.4, 2.4 Hz, 1H), 6.91 (d, J = 8.4 Hz, 2H), 

6.50 (d, J = 8.4 Hz, 1H), 5.74 (d, J = 2.0Hz, 1H), 5.73 – 5.69 (m, 1H), 4.19 (dd, J = 9.2, 

6.4 Hz, 1H), 3.86 (t, J = 10.0 Hz, 1H), 2.23 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 

198.14, 175.38, 158.46, 155.71, 146.37, 142.54, 139.55, 136.04, 135.52, 130.32, 129.52, 

129.25, 128.31, 128.09, 127.96, 126.62, 126.35, 125.51, 125.19, 124.78, 120.80, 115.88, 

111.23, 78.99, 62.06, 53.62, 51.72, 35.36. ESI mass spectrum (m/z): calcd. for 

C33H23Cl2N4O3 [M+H]+: 593.1147; obsd.: 593.1035. 
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4'-(4-bromobenzoyl)-5-chloro-1'-methyl-12''H-dispiro[indoline-3,2'-pyrrolidine-

3',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4j) 

White solid. mp: 190-192 ℃. IR (KBr, cm‒1): 3273, 1718, 1690, 1640, 1464. 1H NMR (400 

MHz, DMSO-d6) δ: 10.66 (s, 1H), 8.14 (d, J = 7.6 Hz, 2H), 7.95 (t, J = 7.6 Hz, 1H), 7.82-

76 (m, 2H), 7.63 (t, J = 7.6 Hz, 1H), 7.58-7.50 (m, 2H), 7.03 (t, J = 8.4 Hz, 3H), 6.96 (d, J 

= 8.0 Hz, 2H), 6.51 (d, J = 8.4 Hz, 1H), 5.75 (s, 1H), 5.71 (t, J = 6.8 Hz, 1H), 4.19 (t, J = 

8.8 Hz, 1H), 3.86 (t, J = 10 Hz, 1H), 2.24 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 

198.40, 175.41, 158.45, 155.69, 146.36, 142.53, 139.56, 136.37, 135.54, 131.03, 130.34, 

129.59, 129.20, 128.31, 127.95, 126.66, 126.37, 125.51, 125.20, 124.79, 120.81, 115.90, 

111.26, 78.95, 62.05, 53.68, 51.66, 35.36. ESI mass spectrum (m/z): calcd. for 

C33H23BrClN4O3 [M+H]+: 639.0622; obsd.: 639.0509. 

4'-benzoyl-5-bromo-1'-methyl-12''H-dispiro[indoline-3,2'-pyrrolidine-3',6''-

indolo[2,1-b]quinazoline]-2,12''-dione (4k) 

White solid. mp: 229-231 ℃. IR (KBr, cm‒1): 3362, 1682, 1658, 1639, 1464. 1H NMR (400 

MHz, DMSO-d6) δ: 10.64 (s, 1H), 8.10 (d, 2H, J = 7.6 Hz), 7.94 (t, 1H, J = 7.6 Hz), 7.79 

(d, 2H, J = 8.0 Hz), 7.61 (t, 1H, J = 7.6 Hz), 7.56-7.49 (m, 2H), 7.21 (t, 1H, J = 7.6 Hz), 

7.14 (d, 1H, J = 9.2 Hz), 7.07 (d, 2H, J = 7.6 Hz), 6.87 (t, 2H, J = 7.6 Hz), 6.45 (d,1H, J = 

8.0 Hz), 5.86 (s, 1H), 5.73 (dd, 1H, J = 10.2, 6.4 Hz), 4.22 (dd, 1H, J = 8.8, 6.8 Hz), 3.89 

(t,1H, J = 9.8 Hz), 2.24 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 199.06, 175.30, 158.51, 

155.83, 146.45, 142.92, 139.59, 137.38, 135.47, 133.10, 132.69, 130.19, 129.46, 128.33, 

128.27, 127.99, 127.65, 126.67, 126.26, 125.12, 120.81, 115.79, 112.86, 111.69, 79.19, 

62.07, 53.35, 51.87, 35.40. ESI mass spectrum (m/z): calcd. for C33H24BrN4O3 [M+H]+: 

605.1011; obsd.: 605.0935. 

5-bromo-1'-methyl-4'-(4-methylbenzoyl)-12''H-dispiro[indoline-3,2'-pyrrolidine-

3',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4l) 

Pale brown solid. mp: 246-248 ℃. IR (KBr, cm‒1): 3332, 1732, 1687, 1640, 1463. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.63 (s, 1H), 8.11 (s, 2H), 7.92 (s, 1H), 7.78 (s, 2H), 7.60 (s, 

1H), 7.52 (d, J = 6.0 Hz, 2H), 7.13 (s, 1H), 6.97 (s, 2H), 6.66 (s, 2H), 6.45 (s, 1H), 5.86 (s, 

1H), 5.68 (s, 1H), 4.17 (s, 1H), 3.90 – 3.79 (m, 1H), 2.22 (s, 3H), 2.03 (s, 3H). 13C NMR 

(100 MHz, DMSO-d6) δ: 198.50, 175.34, 158.54, 155.91, 146.47, 143.04, 142.93, 139.65, 

135.44, 134.76, 133.06, 130.09, 129.51, 128.54, 128.34, 128.21, 127.94, 127.78, 126.51, 
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126.18, 125.20, 120.94, 115.83, 112.84, 111.68, 79.01, 62.20, 53.40, 51.96, 35.39, 21.25. 

ESI mass spectrum (m/z): calcd. for C34H26BrN4O3 [M+H]+:  619.1168; obsd.: 619.1099. 

5-bromo-4'-(4-methoxybenzoyl)-1'-methyl-12''H-dispiro[indoline-3,2'-pyrrolidine-

3',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4m) 

White solid. mp: 194-196 ℃. IR (KBr, cm‒1): 3353, 1730, 1687, 1642, 1464. 1H NMR (400 

MHz, DMSO- d6) δ: 10.63 (s, 1H), 8.13 (t, J = 8.4 Hz, 2H), 7.93 (t, J = 7.6 Hz, 1H), 7.80 

(t, J = 8.0 Hz, 2H), 7.61 (t, J = 7.6 Hz, 1H), 7.55 – 7.47 (m, 2H), 7.16 – 7.10 (m, 3H), 6.47 

– 6.41 (m, 3H), 5.87 (s, 1H), 5.69 (dd, J = 10.0, 6.8 Hz, 1H), 4.17 (t, J = 8.4 Hz, 1H), 3.87 

(t, J = 9.6 Hz, 1H), 3.54 (s, 3H), 2.23 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 196.92, 

175.38, 162.85, 158.61, 155.99, 146.52, 142.93, 139.57, 135.47, 133.05, 130.09, 130.01, 

129.81, 129.67, 128.35, 128.27, 128.20, 127.99, 126.59, 126.16, 125.24, 120.90, 115.78, 

113.41, 112.85, 111.66, 79.05, 62.35, 55.71, 52.98, 52.18, 35.42. ESI mass spectrum (m/z): 

calcd. for C34H26BrN4O4 [M+H]+: 633.1137; obsd.: 633.1046. 

5-bromo-4'-(4-chlorobenzoyl)-1'-methyl-12''H-dispiro[indoline-3,2'-pyrrolidine-

3',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4n) 

White solid. mp: 234-236 ℃. IR (KBr, cm‒1): 3317, 1730, 1693, 1643, 1463. 1H NMR (400 

MHz, DMSO-d6) δ: 10.66 (s, 1H), 8.13 (t, 2H, J = 6.0 Hz), 7.95 (t, 1H, J = 7.2 Hz), 7.79 

(dd, 2H, J = 11.6, 8.0 Hz), 7.63 (t, 1H, J = 7.6 Hz), 7.59 – 7.48 (m, 2H), 7.15 (d, 1H, J = 

8.0 Hz), 7.06 (d, 2H, J = 8.0 Hz), 6.92 (d, 2H, J = 8.0 Hz), 6.47 (d, 1H, J = 8.4 Hz), 5.88 

(s, 1H), 5.72 (dd, 1H, J = 9.2, 6.4 Hz), 4.19 (t, 1H, J = 7.6 Hz), 3.87 (t, 1H, J = 9.6 Hz), 

2.24 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 198.17, 175.28, 158.48, 155.70, 146.37, 

142.92, 139.56, 137.61, 136.15, 136.04, 135.55, 133.14, 130.32, 129.54, 128.33, 128.10, 

126.63, 126.34, 125.09, 120.79, 115.87, 112.89, 111.74, 79.02, 62.07, 53.59, 51.73, 35.38. 

ESI mass spectrum (m/z): calcd. for C33H23BrClN4O3 [M+H]+: 639.0622; obsd.: 639.0505. 

5-bromo-4'-(4-bromobenzoyl)-1'-methyl-12''H-dispiro[indoline-3,2'-pyrrolidine-

3',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4o) 

Pale green solid. mp: 239-241 ℃. IR (KBr, cm‒1): 3426, 1717, 1687, 1640, 1465. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.67 (s, 1H), 8.15 (s, 2H), 7.96 (d, 1H, J = 2.0 Hz), 7.87 – 7.76 

(m, 2H), 7.64-7.54 (m, 3H), 7.16 (d, 1H, J = 5.7 Hz), 7.02 (m, 4H), 6.47 (d, 1H, J = 6.0 

Hz), 5.89 (s, 1H), 5.76 – 5.68 (m, 1H), 4.20 (d, 1H, J = 2.0 Hz), 3.88 (d, 1H, J = 9.2 Hz), 

2.25 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 198.39, 175.26, 158.45, 155.70, 146.37, 

142.93, 139.58, 136.38, 135.53, 133.13, 131.03, 130.33, 129.60, 129.24, 128.30, 127.95, 
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126.66, 126.33, 125.10, 120.82, 115.89, 112.88, 111.73, 78.98, 62.07, 53.65, 51.69, 35.38. 

ESI mass spectrum (m/z): calcd. for C33H23Br2N4O3 [M+H]+: 683.01; obsd.: 683.00. 
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6A.8. Selected IR, NMR (1H and 13C) and Mass spectra 

 

IR spectrum of the compound 4a 

 

1H NMR spectrum of the compound 4a 
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13C NMR spectrum of the compound 4a 

 

DEPT-135 NMR spectrum of the compound 4a 
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Mass spectrum of the compound 4a 

 

IR spectrum of the compound 4g 
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1H NMR spectrum of the compound 4g 

 

13C NMR spectrum of the compound 4g 
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Mass spectrum of the compound 4g 

 

IR spectrum of the compound 4i 
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1H NMR spectrum of the compound 4i 

 

13C NMR spectrum of the compound 4i 
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Mass spectrum of the compound 4i 



 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER-VI 

Section-B 

 

A one-pot multicomponent [3+2] cycloaddition strategy for the 

synthesis of quinazolinyl-bisspirooxindolo-pyrrolizidines under 

ultrasonication 
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6B.1. Introduction 

 Ultrasound irradiation is a useful and ecofriendly technique that can be applied in 

various organic synthesis [1]. The chemical and mechanical effects that are permitted by 

acoustic cavitation enhance the application of this methodology to a broad scope of organic 

reactions [2]. The ability to achieve reaction selectivity that is not feasible with 

conventional heating, short reaction time, enhancing selectivity, improving reaction rates 

and yields are the main features of the ultrasound assisted synthesis [3]. Because of these 

advantages, the ultrasound irradiated organic reactions emerges new applications in 

industry [4]. 

 On the other hand, spirooxindoles are important class of heterocyclic compounds 

in organic chemistry that are widely used in pharmaceutical [5] and natural products [6]. 

They exhibit wide range of biological activities such as anti-cancer [7], anti-bacterial [8], 

anti-microbial [9], anti-fungal [10], anti-tubercular [11] etc. Despite their therapeutic 

activities, spiro compounds are employed in various applications of science [12,13], 

industries [14,15] and agriculture [16,17]. Therefore, the generation of these kind of 

pharmaceutically and biologically active spirooxindoles is highly desirable in organic 

chemistry [18]. 

6B.1.1. Reported methods for the synthesis and biological evaluation of 

bisspirooxindoles 

Dong et al. disclosed oxazolones grafted dispirooxindoles via three-component diversity 

oriented synthesis of benzylidene-2-phenyloxazolones with azomethine ylides (Figure 

6B.1). All the synthesized compounds were displayed good in vitro anti-cancer activity 

against various cancer cell lines. Further, apoptosis studies and molecular docking studies 

were also evaluated for the active compounds [19]. 

 

Figure 6B.1 

Knorr and co-workers reported a diversity oriented synthesis of spiropyrrolo[1,2-

a]isoquinolines via diastereoselective and regiodivergent multicomponent [3+2] 
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cycloaddition reaction (Figure 6B.2). Further, in vitro and in vivo anti-diabetic activity was 

evaluated for the synthesized compounds. In addition, in silico molecular docking and 

ADME prediction were studied for drug likeness properties of active compounds [20]. 

 

Figure 6B.2 

Thangamani and coworkers synthesized dispirooxindole pyrrolothiazoles through 

multicomponent [3+2] cycloaddition reaction of azomethine ylide with 2,6-di 

(arylmethylidene)-4-methylcyclohexanones (Figure 6B.3). The synthesized compounds 

were subjected to cytotoxicity evaluation using K562-leukemia cell line. Further, green 

chemistry metrics and molecular docking studies were evaluated for the synthesized 

compounds [21]. 

 

Figure 6B.3 

Kumar and co-workers presented a stereoselective synthesis of novel dispiroheterocyclic 

hybrids including indolizine, oxindole and substituted piperidine moieties utilizing 

[bmim]Br as solvent and catalyst (Figure 6B.4). Further, they were tested for their anti-

inflammatory activities against chronic inflammation in animal models and three 

compounds were exhibit significant activity [22]. 

 

Figure 6B.4 
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Davis et al. explored the Diels-Alder [4+2] cycloaddition reaction of substituted oxindoles 

with cyclopentadiene to generate a series of spirocycles (Figure 6B.5). Further, these 

scaffolds were screened against cytochrome P450 enzyme CYP121 of Mycobacterium 

tuberculosis using UV–Vis spectrophotometric assay [23]. 

 

Figure 6B.5 

Arumugam and co-workers employed a stereo and regioselective synthesis of β-lactam 

grafted spirooxindolopyrrolidine hybrids via ionic liquid mediated [3+2] cycloaddition 

reaction (Figure 6B.6). Further, in vitro anti-tubercular activity of the synthesized 

spiroheterocyclic compounds were assessed against Mycobacterium tuberculosis H37Rv, 

and some of the compounds showed potent activity [24]. 

 

Figure 6B.6 

Murali et al. prepared a series of dispiro compounds having oxindole-pyrrolo-carbazole 

hybrids via three component 1,3-dipolar cycloaddition reaction using azomethine ylide and 

2-arylidenetetrahydrocarbazoleones (Figure 6B.7). The synthesized compounds were 

screened for in vitro cytotoxic activity by MTT assay on breast cancer cell line MCF-7 and 

lung cancer cell line A-549. In addition, morphological changes and apoptosis induction of 

the compounds were studied by fluorescent microscopic and by flow cytometry analyses 

[25]. 
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Figure 6B.7 

Zhang and co-workers introduced a straightforward and highly efficient pseudo five-

component reaction for the diastereoselective synthesis of bispirooxindolo-pyrrolidines 

with a butterfly shaped skeleton (Scheme 6B.1). Utilizing recyclable zeolite HY as catalyst, 

bioderived EtOH as a solvent and eliminating intermediate purification furnished this 

protocol as green synthesis [26]. 

 

Scheme 6B.1 

Lin et al. developed an efficient and practical organocatalytic asymmetric domino 

Michael/Mannich [3+2] cycloaddition of trifluoroethylisatin ketimines and arylidene 

azlactones for the generation of pyrrolidinyl dispirooxindoles (Scheme 6B.2). In this 

reaction, a broad range of dispirooxindoles having four contiguous stereogenic centers 

including two vicinal spiro quaternary chiral centers were obtained under mild reaction 

conditions [27]. 

 

Scheme 6B.2 
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Chen et al. reported a highly regio and stereoselective asymmetric [3+2] cycloaddition 

reaction for the synthesis of cyclopentenyldispirooxindoles bearing two adjacent 

quaternary spirocenters (Scheme 6B.3). This straightforward annulation reaction generated 

the corresponding products with high stereoselectivities using chiral tertiary amine as 

catalyst [28]. 

 

Scheme 6B.3 

Xia et al. employed an efficient and diastereoselective oxa-1,3-dipolar cycloaddition 

reaction between oxindoles and amino acids for the generation of oxazolidine-

dispirooxindoles having vicinal quaternary carbon centers (Scheme 6B.4). Operational 

simplicity, reliable scalability, broad substrate scope and chromatography-free purification 

rendered this protocol more efficient and environmentally benign [29]. 

 

Scheme 6B.4 

Yang and co-workers constructed a series of dispirooxindolo-piperazine ring systems 

through acid promoted self-1,3-dipolar [3+3] cycloaddition of azomethine ylides with 

various cyclic amino acids (Scheme 6B.5). In this reaction, a variety of unprecedented 

dispirooxindolo-piperazines were prepared with good diastereoselectivities [30].  

 

Scheme 6B.5 

Reddy and co-workers explored a stereoselective synthesis of highly functionalized 

dispirooxindoles through [3+2] cycloaddition reaction of carbonyl ylides with 
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arylideneoxindoles using rhodium catalyst (Scheme 6B.6). This method accessed a wide 

range of substrates and paved a way to produce biologically relevant dispirooxindoles [31].  

  

Scheme 6B.6 

6B.2. Present work 

 Encouraged by the above literature reports and considering the significance of 

bisspirooxindoles, we have synthesized the novel quinazolinone based pyrrolizidino-

bisspirooxindoles using quinazolinyl chalcones 1a-e, isatins 2a-c, and L-proline 3 as 

starting materials in CH3CN under ultrasonication at 60 °C (Scheme 6B.7). Further, the 

title compounds were evaluated for in vitro anti-tubercular activity and in silico molecular 

docking studies. 

 

Scheme 6B.7. Synthesis of quinazolinyl-bisspirooxindolo-pyrrolizidines 4a-o. 

6B.2.1. Results and discussion 

 We commenced our study by choosing 6-(2-oxo-2-phenyl-ethylidene)indolo[2,1-

b]quinazolin-12(6H)-one 1a, isatin 2a and L-proline 3 as the model reactants to get the 

optimized reaction parameters  (Table 6B.1). Initially, the model reaction was carried in 

MeOH at room temperature resulting the desired product 4a in 50% yield (Table 6B.1, 

entry 1). The product yield was increased with the rising reaction temperatures (Table 6B.1, 

entries 2-6). Further, the reaction was conducted in different solvents such as EtOH, 1,4-

dioxane, CH3CN, toluene (Table 6B.1, entries 3-6). Among these, highest yield was 

obtained in CH3CN (Table 6B.1, entry 5). To increase the product yield and environmental 

concerns an attempt was made under ultrasonication (RT and 60 °C) and to our delight, the 
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reaction was feasible (Table 6B.1, entry 7-9). The highest yield of product was obtained 

when the reaction was carried out in CH3CN at 60 °C (Table 6B.1, entry 8). However, 

increasing reaction time has no significant impact on the yield (Table 6B.1, entry 9). Thus, 

1.0 mmol of 1a, 1.0 mmol of 2a and 1.0 mmol of 3 in 3 mL of CH3CN under ultrasonication 

at 60 °C (Table 6B.1, entry 8) is the best reaction condition for the generation of target 

compounds 4a-o. 

Table 6B.1. Optimization of the reaction conditionsa 

 

Entry Solvent Method Temp (°C) Time Yield (%)b 

1 MeOH Conventional RT 20 h 50 

2 MeOH Conventional Reflux 6 h 65 

3 EtOH Conventional Reflux 6 h 68 

4 1,4-Dioxane Conventional Reflux 8 h 50 

5 CH3CN Conventional Reflux 6 h 75 

6 Toluene Conventional Reflux 10 h 45 

7 CH3CN Ultrasonication RT 120 min 80 

8 CH3CN Ultrasonication 60 40 min 88 

9 CH3CN Ultrasonication 60 90 min 88 

aReaction condition: compound 1a (1.0 mmol), isatin 2a (1.0 mmol), and L-proline 3 (1.0 

mmol), solvent (3 mL). bIsolated yields. 

 With the optimized reaction conditions in hand, we have explored the substrate 

scope by taking various quinazolinone chalcones 1a-e, isatins 2a-c and L-proline 3 (Table 

6B.2). Quinazolinone chalcones bearing electron donating (‒Me, ‒OMe) and halogen (‒Cl, 

‒Br) substitutions have no substantial impact on the efficiency of the reaction. 

Nevertheless, we also found that halo (‒Cl, ‒Br) substituted isatins could react smoothly to 

provide the desired products in good yields.  
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Table 6B.2. Synthesis of quinazolinyl-bisspirooxindolo-pyrrolizidines 4a,b 

 
aReaction condition: quinazolinone chalcones 1a-e (1.0 mmol), isatins 2a-c (1.0 mmol), 

and L-proline 3 (1.0 mmol) in 3 mL of CH3CN under ultrasonication at 60 °C. bIsolated 

yields. 

 The plausible reaction mechanism for the generation of target compounds 4 is 

illustrated in Scheme 6B.8. Initially, azomethine ylide 6 has generated via oxazolidinone 5 

formation between isatin 2a and L-proline 3, by the elimination of H2O and CO2. Later, it 

undergoes [3+2] cycloaddition reaction with quinazolinone chalcone 1a delivers the target 

compound 4a. 
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Scheme 6B.8. Plausible reaction mechanism for the generation of target compounds 4. 

 The possible mode of approach of azomethine ylide (dipole 6) is shown in Figure 

6B.8. The regioselectivity of cycloaddition in the product formation can be demonstrated 

by considering secondary orbital interaction (SOI) of the nitrogen atom of the dipolarophile 

(chalcone 2a) [32]. As a result of SOI, the observed regioisomer 4a via path A is more 

favourable than path B, which was also evidenced by NMR analysis. 

 

Figure 6B.8. mode of approach of azomethine ylide 6. 

 The structures of the synthesized scaffolds 4a-o were in well agreement with their 

spectral (IR, 1H, 13C NMR and mass) data. IR spectrum of the target compound 4a showed 

a band at 3182 cm-1 represents the NH group, and the bands at 1743 cm-1, 1686 cm-1 and 

1639 cm-1 corresponds to benzoyl carbonyl group, amide carbonyls of oxindole and 

quinazolinone moieties respectively [33]. The 1H NMR spectra showed the singlet signal 

corresponding to isatin NH proton at δ 10.50 ppm. Whereas, the multiplet in the range from 
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δ 4.70 to δ 2.00 ppm attributed to the protons of pyrrolizidine ring. 13C NMR displayed 

signals at δ 78.40 and δ 67.38 ppm attributable for the two spiro carbons of oxindole and 

quinazolinone moiety respectively.  The molecular ion peak at m/z 551.1983 [M+H]+ in the 

mass spectrum determined the molecular weight of the compound 4a. 

6B.2.2. Biological activity 

6B.2.2.1. Anti-tubercular activity (anti-TB) 

 The target compounds 4a-o were subjected to in vitro anti-tubercular screening 

against Mycobacterium tuberculosis H37Rv (ATCC27294) by the microplate alamar blue 

assay (MABA) method [34]. Isoniazid, Rifampicin and Ethambutol were used as reference 

drugs. The minimum inhibitory concentration (MIC) values of 4a-o were summarized in 

Table 6B.3. Among the tested compounds most of them showed good anti-tubercular 

activity with MIC values in the rage of 1.56 to 25 μg/mL. The compounds 4b and 4i 

exhibited potent activity (MIC = 1.56 μg/mL) than the reference drug ethambutol. Also, 

the compound 4e displayed significant activity (MIC = 3.125 µg/mL) when compared to 

ethambutol. Whereas, the compounds 4d, 4g, 4h, 4j and 4n displayed good activity (MIC 

= 6.25 µg/mL). All the remaining compounds exhibited moderate to poor activity in the 

range of 12.5 to 25 µg/mL. 

Table 6B.3. In vitro anti-tubercular activity of the target compounds 4a-o 

Entry Compound MIC 

(µg/mL) 

% of Inhibition 

@25μMa 

1 4a 12.5 NDb 

2 4b 1.56 17.12 

3 4c 25 ND 

4 4d 6.25 24.76 

5 4e 3.125 16.79 

6 4f 12.5 ND 

7 4g 6.25 16.49 

8 4h 6.25 24.16 

9 4i 1.56 19.47 

10 4j 6.25 17.82 

11 4k 12.5 ND 

12 4l 12.5 ND 

13 4m 12.5 ND 

14 4n 6.25 21.14 

15 4o 25 ND 

16 Isoniazid 0.05 ND 

17 Rifampicin 0.1 ND 

18 Ethambutol 1.56 ND 
a% inhibition was examined using RAW 264.7 cell line, bND = not determined. 
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6B.2.2.2. Cytotoxicity studies 

 The active compounds (4b, 4d, 4e, 4g, 4h, 4i, 4j and 4n) were tested for their 

cytotoxicity against RAW 264.7 cells at 25μM concentration using MTT assay [35]. As 

depicted in Table 6B.3, the promising active compounds exhibited poor cytotoxicity 

against normal cells RAW 264.7 cells and were suitable for further mechanistic studies 

(Figure 6B.9).  

 

 Figure 6B.9 % inhibition of potent anti-tubercular compounds on RAW 264.7 

 cell line at 25μM concentration. 

6B.2.2.3. Structure activity relationship studies  

 Structure activity relationship (SAR) studies revealed that diverse donor and 

acceptor abilities of substituted groups on the phenyl ring are crucial in their anti-tubercular 

activity of the synthesized compounds. The presence of methyl (‒Me) and chloro (‒Cl) 

moieties on the phenyl ring is significantly enhances the anti-tubercular activity when 

compared with the other functional groups. Whereas the isatin moiety having chlorine (‒

Cl) substitution showed good activity than the other substituted or unsubstituted isatins. 

6B.3. Molecular docking studies 

 In order to get a deeper insight into binding interactions of the spiropyrrolizidines, 

molecular docking studies were performed against dihydrofolate reductase of 

Mycobacterium Tuberculosis (PDB code: 1DF7) [36]. The observed binding energies were 

depicted in Table 6B.4. The docked compounds (4a-o) were well fitted in the binding site 

of the protein 1DF7 and gives different polar and non-polar interactions with amino acid 

residues. Among all, the compound 4i exhibited more negative binding energy -9.26 

kcal/mol, forms two hydrogen bonds with the amino acid residues PHE31 (3.02 Å), PRO51 



Chapter VI-B                                                                  A one-pot multicomponent…under ultrasonication 

309 

 

(2.92 Å) and forms five hydrophobic interactions (‧‧‧ and ‧‧‧alkyl) with the amino acid 

residues. Whereas, the compound 4b showed binding energy -8.97 kcal/mol, forms three 

hydrogen bonds with amino acid residues GLN28 (1.70 Å), PHE31 (3.29 Å), ILE94 (2.17 

Å) and forms two hydrophobic interactions (‧‧‧) with the amino acids. In addition, the 

compounds 4f and 4k exhibited good binding energies -8.97 kcal/mol and -9.19 kcal/mol 

respectively. The ligand interaction diagrams of the compounds 4b and 4i were presented 

in Figure 6B.10 and Figure 6B.11. 

Table 6B.4 Docking results of the compounds 4a-o against 1DF7 

Ent-

ry 

Compound Binding 

energy 

(kcal/mol) 

No. of 

hydrogen 

bonds 

Residues invoved in the 

hydrogen bonding 

Hydrogen bond 

length (Å) 

 

1 4a -8.69 2 ASP27 2.54, 2.60 

2 4b -8.97 3 GLN28, PHE31, ILE94 1.70, 3.29, 2.17  

3 4c -7.73 4 ILE20, GLN28, SER49, 

LEU50 

2.18, 2.90, 3.36, 

3.38 

4 4d -8.09 2 ILE20, LEU50 2.28, 3.05 

5 4e -6.97 2 PRO51, ILE94  2.10, 3.42 

6 4f -8.97 2 ASP27 2.46, 2.53 

7 4g -8.41 5 ASP27, GLN28, 

PHE31, LEU50, PRO51  

2.14, 2.18, 2.44, 

3.01, 3.20 

8 4h -8.15 4 ILE20, TRP22, GLN28, 

PHE31  

2.15, 2.57, 2.96, 

3.59 

9 4i -9.26 2 PHE31, PRO51 3.02, 2.92 

10 4j -8.30 4 PHE31, PRO51, ILE94 1.72, 3.02, 3.23, 

4.14 

11 4k -9.19 2 ASP27 2.50, 2.61 

12 4l -8.54 5 ASP27, GLN28, 

PHE31, LEU50, PRO51 

2.13, 2.19, 2.43, 

3.01, 3.21 

13 4m -8.31 4 ILE20, TRP22, GLN28, 

PHE31 

2.37, 2.52, 2.93, 

3.70 

14 4n -8.40 6 ASP27, GLN28, 

PHE31, SER49, LEU50, 

PRO51  

2.08, 2.20, 2.43, 

3.00, 3.15, 3.24 

15 4o -8.20 5 GLN28, PHE31, 

SER49, LEU50, PRO51 

1.77, 2.30, 3.05, 

3.44, 3.68 
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 Figure 6B.10. Binding interactions between compound 4b and active site of 

 Mycobacterium tuberculosis protein (PDB ID: 1DF7). 

 
 Figure 6B.11. Binding interactions between compound 4i and active site of 

 Mycobacterium tuberculosis protein (PDB ID: 1DF7). 

6B.4. Conclusion 

 In this chapter a series of novel quinazolinone based pyrrolizidino-

bisspirooxindoles were synthesized via [3+2] cycloaddition reaction under ultrasonication. 

In vitro anti-tubercular screening results revealed that, the compounds having methyl (‒

Me) and chloro (‒Cl) substitutions on the phenyl ring showed better anti-tubercular profile 

than other compounds against M. tuberculosis H37Rv. The active compounds were 

exhibited relatively low levels of cytotoxicity against RAW 264.7 cell line, which revealed 

their growth of therapeutic potential in the field of anti-tubercular agents. In addition, the 

molecular docking studies support that the potent compounds have good binding capacity 

towards the target enzyme. These results revealed that the synthesized pyrrolizidino-

bisspirooxindoles would be promising hits for the development of anti-TB leads.  
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6B.5. Experimental Section 

6B.5.1. Typical procedure for the synthesis of quinazolinone based pyrrolizidino-

bisspirooxindoles 4a-o 

 A mixture of quinazolinone chalcones 1 (1.0 mmol), isatins 2 (1.0 mmol) and L-

proline 3 (1.0 mmol) in 3 mL of CH3CN were heated at 60 °C under ultrasonication for 40-

60 min. After the complete consumption of starting materials (monitored by TLC), the 

reaction mixture was cooled to room temperature. The resulting solid was filtered and 

recrystallized from methanol to furnish the desired products.  

6B.5.2. Protocol for the anti-TB screening 

 The MIC of the synthesized compounds was tested using in vitro microplate alamar 

blue assay method [37]. The Mycobacterium tuberculosis H37Rv strain (ATCC27294) was 

used for the screening. The inoculum was prepared from fresh LJ medium re-suspended in 

7H9-S medium (7H9 broth, 0.1% casitone, 0.5% glycerol, supplemented oleic acid, 

albumin, dextrose, and catalase [OADC]), adjusted to a OD590 1.0, and diluted 1:20; 100 

µL was used as inoculum. Each drug stock solution was thawed and diluted in 7H9-S at 

four-fold the final highest concentration tested. Serial two-fold dilutions of each drug were 

prepared directly in a sterile 96-well microtiter plate using 100 µL 7H9-S. A growth control 

containing no antibiotic and a sterile control were also prepared on each plate. Sterile water 

was added to all perimeter wells to avoid evaporation during the incubation. The plate was 

covered, sealed in plastic bags and incubated at 37 oC in normal atmosphere. After 7 days 

incubation, 30 µL of alamar blue solution was added to each well, and the plate was re-

incubated overnight. A change in colour from blue (oxidised state) to pink (reduced) 

indicated the growth of bacteria, and the MIC was defined as the lowest concentration of 

drug that prevented this change in colour. 

6B.5.3. In vitro cytotoxicity screening 

 The in vitro cytotoxicity of the privileged anti-tubercular active analogues with 

lower MIC value were assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) assay against growth inhibition of RAW 264.7 cells at 25 μM concentration 

[38]. Cell lines were maintained at 37 °C in a humidified 5% CO2 incubator (Thermo 

scientific). Detached the adhered cells and followed by centrifugation to get cell pellet. 

Fresh media was added to the pellet to make a cell count using haemocytometer and plate 

100 μL of media with cells ranging from 5,000 - 6,000 per well in a 96-well plate. The plate 
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was incubated overnight in CO2 incubator for the cells to adhere and regain its shape. After 

24 h cells were treated with the test compounds at 25 μg/mL diluted using the media to 

deduce the percentage inhibition on normal cells. The cells were incubated for 48 h to assay 

the effect of the test compounds on different cell lines. Zero hour reading was noted down 

with untreated cells and also control with 1% DMSO to subtract further from the 48 h 

reading. After 48 h incubation, cells were treated by MTT (4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) dissolved in PBS (5 mg/mL) and incubated for 3-4 h at 37 

°C. The formazan crystals thus formed were dissolved in 100 μL of DMSO and the viability 

was measured at 540 nm on a multimode reader (Spectra max). The values were further 

calculated for percentage inhibition which in turn helps us to know the cytotoxicity of the 

test compounds. 

6B.5.4. Molecular docking protocol 

 The docking studies are predominating tools for the assessment of the binding 

affinity to the ligand-protein receptor. All the synthesized compounds were subjected to in 

silico molecular docking studies by using the AutoDockTools (ADT) version 1.5.6 and 

AutoDock version 4.2.5.1 docking program [39]. The 3D-structures of all the synthesized 

compounds were prepared by using chem3D pro 12.0 software. The optimized 3D 

structures were saved in pdb format. The structure of the dihydrofolate reductase of 

Mycobacterium tuberculosis (PDB code: 1DF7) protein was extracted from the protein data 

bank (http://www.rcsb.org/pdb). The bound ligand and water molecules in protein were 

removed by using Discovery Studio Visualizer version 4.0 to prepare the protein. Non polar 

hydrogens were merged and gasteiger charges were added to the protein. The grid file was 

saved in gpf format. The three dimensional grid box having dimensions 60 x 60 x 60 Å3 

was created around the protein with spacing 0.3750 Å. The genetic algorithm was carried 

out with the population size and the maximum number of evaluations were 150 and 

25,00,000 respectively. The docking output file was saved as Lamarckian Ga (4.2) in dpf 

format. The ligand-protein complex binding sites were visualized by Discovery Studio 

Visualizer version 4.0. 

6B.6. Spectral data of synthesized compounds 4a-o 

1'-benzoyl-5',6',7',7a'-tetrahydro-1'H,12''H-dispiro[indoline-3,3'-pyrrolizine-2',6''-

indolo[2,1-b]quinazoline]-2,12''-dione (4a) 

Off-white solid. mp: 200-202 ℃. IR (KBr, cm‒1): 3182, 1743, 1686, 1639, 1469. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.50 (s, 1H), 8.14 – 8.08 (m, 2H), 8.03 (d, J = 7.6 Hz, 1H), 7.92 
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(t, J = 7.2 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.60 – 7.52 (m, 3H), 7.16 (d, J = 7.2 Hz, 1H), 

7.12 (d, J = 8.0 Hz, 2H), 6.93-6.85 (m, 3H), 6.47 (d, J = 7.6 Hz, 1H), 6.42 (t, J = 7.6 Hz, 

1H), 6.18 (d, J = 7.6 Hz, 1H), 5.71 (d, J = 8.4 Hz, 1H), 4.70 (dd, J = 14.8, 9.6 Hz, 1H), 2.74 

(t, J = 8.4 Hz, 1H), 2.62 (dd, J = 16.0, 9.2 Hz, 1H), 2.48 (d, J = 8.0 Hz, 1H), 2.34 – 2.25 

(m, 1H), 2.18-2.08 (m, 1H), 2.05 – 2.00 (m, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 

199.58, 177.68, 158.40, 154.88, 146.38, 142.86, 139.25, 137.52, 135.30, 132.52, 130.12, 

130.06, 128.90, 128.50, 128.17, 127.97, 127.88, 127.66, 126.48, 125.61, 125.03, 121.12, 

120.84, 115.94, 109.71, 78.40, 67.38, 65.43, 56.78, 47.40, 31.33, 30.55. ESI mass spectrum 

(m/z): calcd. for C35H27N4O3 [M+H]+: 551.2083; obsd.: 551.1983. 

1'-(4-methylbenzoyl)-5',6',7',7a'-tetrahydro-1'H,12''H-dispiro[indoline-3,3'-

pyrrolizine-2',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4b) 

Off-white solid. mp: 213-215 ℃. IR (KBr, cm‒1): 3402, 1729, 1679, 1634, 1465. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.58 (s, 1H), 8.35 (d, J = 7.2 Hz, 1H), 8.28 (d, J = 7.6 Hz, 1H), 

8.08 (d, J = 8.0 Hz, 1H), 8.01 (t, J = 7.6 Hz, 2H), 7.75 (d, J = 7.6 Hz, 1H), 7.71 (d, J = 6.8 

Hz, 1H), 7.32-7.21 (m, 3H), 7.04 (t, J = 7.6 Hz, 1H), 6.91 (d, J = 8.0 Hz, 1H), 6.72 (d, J = 

8.4 Hz, 2H), 6.61 (d, J = 7.6 Hz, 2H), 5.55 (s, 1H), 4.85 (d, J = 8.4 Hz, 1H), 4.19 (q, J = 

8.4 Hz, 1H), 2.69 (t, J = 7.6 Hz, 1H), 2.05 (s, 3H), 1.83 (dd, J = 12.4, 8.0 Hz, 2H), 1.73 – 

1.66 (m, 1H), 1.40-1.32 (m, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 198.59, 175.59, 

158.61, 155.97, 146.53, 143.14, 142.59, 139.70, 135.53, 134.81, 130.36, 130.18, 129.54, 

128.61, 128.30, 128.02, 127.85, 126.58, 126.31, 125.60, 125.25, 124.96, 120.99, 115.92, 

111.28, 79.05, 66.71, 62.25, 53.52, 52.01, 35.45, 34.68, 21.33. ESI mass spectrum (m/z): 

calcd. for C36H29N4O3 [M+H]+: 565.2240; obsd.: 565.2237. 

1'-(4-methoxybenzoyl)-5',6',7',7a'-tetrahydro-1'H,12''H-dispiro[indoline-3,3'-

pyrrolizine-2',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4c) 

Pale brown solid. mp: 189-191 ℃. IR (KBr, cm‒1): 3330, 1734, 1671, 1640, 1464. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.63 (s, 1H), 8.18 (d, J = 4.4 Hz, 1H), 8.07 (t, J = 8.0 Hz, 2H), 

7.92 (t, J = 7.6 Hz,  1H), 7.79 (d, J = 7.2 Hz, 1H), 7.60 – 7.53 (m, 3H), 7.48 (t, J = 8.4 Hz,  

1H), 7.22 (d, J = 8.0 Hz, 2H), 7.09 (d, J = 7.2 Hz, 1H), 6.43 (d, J = 7.6 Hz, 3H), 6.23 (s, 

1H), 5.65 (d, J = 8.0 Hz, 1H), 4.67 (q, J = 8.0 Hz, 1H), 3.49 (s, 3H), 2.76 (t, J = 10.0 Hz, 

1H), 2.62 - 2.57 (m, 1H), 2.44 – 2.37 (m, 1H), 2.30 -2.23 (m, 1H), 2.17 - 2.07 (m, 1H), 2.04 

– 1.97 (m, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 196.51, 175.11, 162.44, 158.20, 155.58, 

146.11, 142.13, 139.16, 135.06, 129.85, 129.68, 129.61, 129.40, 129.24, 127.88, 127.79, 
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127.58, 126.18, 125.78, 125.13, 124.76, 124.52, 120.49, 115.39, 112.99, 110.77, 78.61, 

66.92, 61.92, 55.29, 52.61, 51.75, 35.00, 34.04. ESI mass spectrum (m/z): calcd. for 

C36H29N4O4 [M+H]+: 581.2189; obsd.: 581.2080. 

1'-(4-chlorobenzoyl)-5',6',7',7a'-tetrahydro-1'H,12''H-dispiro[indoline-3,3'-

pyrrolizine-2',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4d) 

White solid. mp: 209-211 ℃. IR (KBr, cm‒1):3363, 1696, 1680, 1646, 1464. 1H NMR (400 

MHz, DMSO-d6) δ: 10.60 (s, 1H), 8.35 (d, J = 8.0 Hz, 1H), 8.31 – 8.27 (m, 1H), 8.05 (t, J 

= 7.6 Hz, 1H), 8.01 (d, J = 6.8 Hz, 1H), 7.77 (d, J = 7.2 Hz, 1H), 7.71 (t, J = 6.8 Hz, 1H), 

7.32 (d, J = 7.6 Hz, 1H), 7.28 – 7.25 (m, 2H), 7.05 (t, J = 7.6 Hz, 1H), 6.90 (dd, J = 8.4, 

6.6 Hz, 4H), 6.79 (d, J = 8.4 Hz, 2H), 5.55 (s, 1H), 4.84 (d, J = 7.6 Hz, 1H), 4.18 (q, J = 

8.0 Hz, 1H), 2.69 (t, J = 8.0 Hz, 1H), 1.86-1.78 (m, 2H), 1.73-1.65 (m, 1H), 1.41 – 1.33 

(m, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 198.97, 177.34, 158.57, 154.67, 146.43, 

142.32, 139.48, 136.67, 135.68, 132.99, 131.20, 130.70, 129.85, 128.73, 128.54, 128.18, 

127.57, 126.87, 126.79, 123.76, 121.08, 116.36, 113.08, 111.89, 78.53, 67.61, 65.57, 57.14, 

47.58, 31.53, 30.76. ESI mass spectrum (m/z): calcd. for C35H26ClN4O3 [M+H]+: 585.1693; 

obsd.: 585.1616. 

1'-(4-bromobenzoyl)-5',6',7',7a'-tetrahydro-1'H,12''H-dispiro[indoline-3,3'-

pyrrolizine-2',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4e) 

Pale yellow solid. mp: 204-206 ℃.  IR (KBr, cm‒1): 3344, 1731, 1692, 1639, 1466. 1H 

NMR (400 MHz, DMSO-d6) δ:  10.60 (s, 1H), 8.36 (d, J = 8.0 Hz, 1H), 8.29-8.27 (m, 1H), 

8.07-8.00 (m, 3H), 7.76 (d, J = 7.6 Hz, 1H), 7.72 (t, J = 8.0 Hz, 1H), 7.32 (d, J = 8.0 Hz, 

1H), 7.29 – 7.26 (m, 2H), 7.06 (d, J = 7.2 Hz, 1H), 7.02 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 

7.6 Hz, 1H), 6.71 (d, J = 8.4 Hz, 2H), 5.55 (s, 1H), 4.84 (d, J = 7.6 Hz, 1H), 4.21 – 4.14 

(m, 1H), 2.68 (t, J = 7.6 Hz, 1H), 1.84 – 1.77 (m, 2H), 1.75-1.64 (m, 1H), 1.41 – 1.33 (m, 

1H). 13C NMR (100 MHz, DMSO-d6) δ: 197.66, 176.03, 157.26, 153.36, 145.12, 141.01, 

138.17, 135.36, 134.37, 131.69, 129.89, 129.39, 128.54, 127.42, 127.24, 126.87, 126.26, 

125.56, 125.48, 125.44, 122.46, 119.77, 115.06, 111.77, 110.58, 77.22, 66.30, 64.26, 55.83, 

46.27, 30.22, 29.45. ESI mass spectrum (m/z): calcd. for C35H26BrN4O3 [M+H+2]+: 

631.1188; obsd.: 631.1061. 
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1'-benzoyl-5-chloro-5',6',7',7a'-tetrahydro-1'H,12''H-dispiro[indoline-3,3'-

pyrrolizine-2',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4f) 

Off-white solid. mp: 212-214 ℃. IR (KBr, cm‒1): 3309, 1738, 1670, 1639, 1466. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.64 (s, 1H), 8.20 – 8.15 (m, 1H), 8.11 – 8.03 (m, 2H), 7.93 (t, 

J = 7.2 Hz, 1H), 7.79 (d, J = 7.2 Hz, 1H), 7.61 – 7.55 (m, 3H), 7.19-7.13 (m, 3H), 6.98 (dd, 

J = 8.4, 2.0 Hz, 1H), 6.90 (t, J = 7.6 Hz, 2H), 6.48 (d, J = 8.4 Hz, 1H), 6.09 (s, 1H), 5.67 

(d, J = 8.0 Hz, 1H), 4.72-4.66 (m, 1H), 2.78 (t, J = 8.8 Hz, 1H), 2.61 (dd, J = 16.0, 7.6 Hz, 

1H), 2.49 – 2.41 (m, 1H), 2.33 – 2.25 (m, 1H), 2.19 – 2.08 (m, 1H), 2.07 – 1.99 (m, 1H). 

13C NMR (100 MHz, DMSO-d6) δ: 199.39, 177.33, 154.54, 146.31, 141.69, 139.30, 

137.46, 135.39, 132.63, 130.35, 129.95, 128.63, 128.41, 127.99, 127.95, 127.73, 127.07, 

126.80, 126.55, 126.51, 125.68, 125.15, 120.84, 116.07, 111.11, 78.52, 67.36, 63.76, 56.64, 

54.10, 47.38, 31.42. ESI mass spectrum (m/z): calcd. for C35H26ClN4O3 [M+H]+:  

585.1693; obsd.: 585.1610. 

5-chloro-1'-(4-methylbenzoyl)-5',6',7',7a'-tetrahydro-1'H,12''H-dispiro[indoline-

3,3'-pyrrolizine-2',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4g) 

Pale brown solid. mp: 220-222 ℃. IR (KBr, cm‒1): 3344, 1734, 1673, 1639, 1465. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.64 (s, 1H), 8.17 (t, J = 4.4 Hz, 1H), 8.07 (t, J = 7.6 Hz, 2H), 

7.93 (t, J = 7.2 Hz, 1H), 7.77 (d, J = 8.4 Hz, 1H), 7.60 (d, J = 7.6 Hz, 1H), 7.58 – 7.53 (m, 

2H), 7.02 (d, J = 8.0 Hz, 2H), 6.97 (d, J = 8.0 Hz, 1H), 6.66 (d, J = 7.6 Hz, 2H), 6.48 (d, J 

= 8.0 Hz, 1H), 6.12 (s, 1H), 5.62 (d, J = 8.0 Hz, 1H), 4.66 (dd, J = 14.4, 9.6 Hz, 1H), 2.77 

(t, J = 8.4 Hz, 1H), 2.60 (dd, J = 16.8, 9.2 Hz, 1H), 2.44 (t, J = 9.6 Hz, 1H), 2.32 – 2.23 (m, 

1H), 2.16 – 2.01 (m, 2H), 1.99 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 198.82, 175.97, 

158.57, 156.22, 146.50, 143.60, 143.01, 139.55, 135.42, 134.78, 130.44, 129.93, 129.69, 

128.47, 128.34, 127.94, 127.68, 126.41, 126.23, 125.43, 122.86, 121.22, 120.86, 115.75, 

109.85, 78.90, 62.15, 53.61, 52.22, 51.75, 35.27, 31.95, 21.21. ESI mass spectrum (m/z): 

calcd. for C36H28ClN4O3 [M+H]+:  599.1850; obsd.: 599.1843. 

5-chloro-1'-(4-methoxybenzoyl)-5',6',7',7a'-tetrahydro-1'H,12''H-dispiro[indoline-

3,3'-pyrrolizine-2',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4h) 

Off-white solid. mp: 190-192 ℃. IR (KBr, cm‒1):3333, 1729, 1667, 1639, 1462. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.64 (s, 1H), 8.18 (t, J = 6.0 Hz, 1H), 8.09 (t, J = 5.6 Hz, 1H), 

8.06 (d, J = 8.0 Hz, 1H), 7.93 (t, J = 7.2 Hz, 1H), 7.79 (d, J = 8.4 Hz, 1H), 7.60 (d, J = 7.6 

Hz, 1H), 7.57 – 7.54 (m, 2H), 7.22 (d, J = 8.4 Hz, 2H), 6.98 (d, J = 10.0 Hz, 1H), 6.48 (d, 
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J = 8.0 Hz, 1H), 6.43 (d, J = 8.4 Hz, 2H), 6.12 (s, 1H), 5.66 (d, J = 8.4 Hz, 1H), 4.67 (dd, 

J = 14.4, 9.2 Hz, 1H), 3.49 (s, 3H), 2.77 (t, J = 8.4 Hz, 1H), 2.60 (dd, J = 16.0, 8.4 Hz, 1H), 

2.45 – 2.37 (m, 1H), 2.31 – 2.24 (m, 1H), 2.16 – 2.07 (m, 1H), 2.05 – 2.01 (m, 1H). 13C 

NMR (100 MHz, DMSO-d6) δ: 196.97, 177.39, 162.84, 158.47, 154.64, 146.38, 141.69, 

139.21, 135.40, 130.26, 130.21, 129.87, 129.12, 128.66, 128.22, 128.05, 127.18, 126.48, 

126.39, 125.71, 125.16, 120.91, 116.05, 113.31, 111.11, 78.48, 67.75, 65.65, 55.95, 55.64, 

47.35, 31.37, 30.53. ESI mass spectrum (m/z): calcd. for C36H28ClN4O4 [M+H]+: 615.1799; 

obsd.: 615.1691. 

5-chloro-1'-(4-chlorobenzoyl)-5',6',7',7a'-tetrahydro-1'H,12''H-dispiro[indoline-3,3'-

pyrrolizine-2',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4i) 

Off-white solid. mp: 216-218 ℃. IR (KBr, cm‒1): 3305, 1737, 1689, 1642, 1464. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.64 (s, 1H), 8.21 – 8.16 (m, 1H), 8.09 – 8.06 (m, 2H), 7.96 – 

7.91 (m, 1H), 7.77 (d, 1H, J = 8.0 Hz), 7.62-7.60 (m, 1H), 7.59 – 7.55 (m, 2H), 7.12 (d, 1H, 

J = 2.0 Hz), 7.10 (d, 1H, J = 2.0 Hz), 6.98 (dd,1H, J = 8.4, 2.4 Hz), 6.93 (d, 1H, J = 2.0 

Hz), 6.91 (d, 1H, J = 2.0 Hz), 6.48 (d, 1H, J = 8.4 Hz), 6.12 (d, 1H, J = 2.4 Hz), 5.64 (d, 

1H, J = 8.4 Hz), 4.71 – 4.63 (m, 1H), 2.76 (dd, 1H, J = 15.2, 7.2 Hz), 2.63-2.57 (m,1H), 

2.47 – 2.39 (m, 1H), 2.31-2.25 (m, 1H), 2.18 – 2.08 (m, 1H), 2.05 – 2.00 (m, 1H). 13C NMR 

(100 MHz, DMSO-d6) δ: 198.48, 177.28, 158.36, 154.43, 146.22, 141.69, 139.24, 137.60, 

136.10, 135.46, 130.47, 130.24, 129.97, 129.56, 129.16, 128.33, 128.04, 127.04, 126.56, 

125.69, 125.19, 120.83, 116.15, 111.30, 111.16, 78.33, 67.39, 65.38, 56.87, 47.35, 31.31, 

30.53. ESI mass spectrum (m/z): calcd. for C35H25Cl2N4O3 [M+H]+: 619.1304; obsd.: 

619.20. 

1'-(4-bromobenzoyl)-5-chloro-5',6',7',7a'-tetrahydro-1'H,12''H-dispiro[indoline-3,3'-

pyrrolizine-2',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4j) 

White solid. mp: 212-214 ℃. IR (KBr, cm‒1): 3303, 1737, 1669, 1640, 1465. 1H NMR (400 

MHz, DMSO-d6) δ:  10.65 (s, 1H), 8.18 (dd, J = 5.6, 3.2 Hz, 1H), 8.08 (d, J = 6.4 Hz, 2H), 

7.94 (t, J = 7.6 Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.62 – 7.55 (m, 3H), 7.06 – 6.96 (m, 5H), 

6.48 (d, J = 8.4 Hz, 1H), 6.11 (d, J = 1.6 Hz, 1H), 5.62 (d, J = 8.4 Hz, 1H), 4.66 (dd, J = 

14.0, 9.0 Hz, 1H), 2.77 (t, J = 8.0 Hz, 1H), 2.63 – 2.56 (m, 1H), 2.46 - 2.39 (m, 1H), 2.31 

– 2.24 (m, 1H), 2.17 – 2.08 (m, 1H), 2.05 – 2.01 (m, 1H). 13C NMR (100 MHz, DMSO-d6) 

δ: 198.26, 176.80, 157.87, 153.96, 145.74, 141.22, 138.77, 135.97, 134.98, 130.50, 130.01, 

129.50, 129.13, 127.99, 127.82, 127.49, 126.57, 126.17, 126.09, 125.22, 124.71, 120.37, 
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115.68, 110.69, 77.82, 66.90, 64.85, 56.48, 46.87, 30.82, 30.06. ESI mass spectrum (m/z): 

calcd. for C35H25BrClN4O3 [M+H]+: 665.0778; obsd.: 665.0664. 

1'-benzoyl-5-bromo-5',6',7',7a'-tetrahydro-1'H,12''H-dispiro[indoline-3,3'-

pyrrolizine-2',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4k) 

Pale green solid. mp: 215-217 ℃. IR (KBr, cm‒1): 3315, 1735, 1670, 1638, 1467. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.63 (s, 1H), 8.16 (d, J = 0.8 Hz, 1H), 8.04 (d, J = 8.0 Hz, 2H), 

7.91 (s, 1H), 7.78 (d, J = 6.8 Hz, 1H), 7.57 (s, 3H), 7.14 (d, J = 6.0 Hz, 3H), 7.10 (s, 1H), 

6.89 (s, 2H), 6.42 (d, J = 6.8 Hz, 1H), 6.21 (s, 1H), 5.66 (d, J = 7.6 Hz, 1H), 4.68 (s, 1H), 

2.76 (s, 1H), 2.59 (d, J = 8.0 Hz, 1H), 2.40 (s, 1H), 2.26 (d, J = 4.0 Hz, 1H), 2.15 – 2.08 

(m, 1H), 2.03 (d, J = 3.6 Hz, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 199.40, 177.21, 

158.43, 154.53, 146.30, 142.06, 139.31, 137.46, 135.38, 132.74, 132.63, 130.33, 128.64, 

128.49, 128.39, 128.29, 127.95, 127.72, 127.37, 126.53, 126.47, 120.83, 116.06, 112.85, 

111.62, 78.55, 67.38, 65.61, 56.62, 47.39, 31.43, 30.51. ESI mass spectrum (m/z): calcd. 

for C35H26BrN4O3 [M+H]+: 631.1168; obsd.: 631.1069. 

5-bromo-1'-(4-methylbenzoyl)-5',6',7',7a'-tetrahydro-1'H,12''H-dispiro[indoline-

3,3'-pyrrolizine-2',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4l) 

Off-white solid. mp: 225-227 ℃. IR (KBr, cm‒1):3344, 1735, 1673, 1639, 1465. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.64 (s, 1H), 8.17 (s, 1H), 8.06 (d, J = 5.2 Hz, 2H), 7.93 (t, J = 

8.4 Hz, 1H), 7.77 (d, J = 7.2 Hz, 1H), 7.61 – 7.56 (m, 3H), 7.09 (d, J = 7.2 Hz, 1H), 7.02 

(d, J = 7.2 Hz, 2H), 6.66 (d, J = 7.2 Hz, 2H), 6.43 (d, J = 7.6 Hz, 1H), 6.24 (s, 1H), 5.61 (d, 

J = 8.4 Hz, 1H), 4.69-4.63 (m, 1H), 2.76 (t, J = 9.2 Hz, 1H), 2.59 (d, J = 10.0 Hz, 1H), 2.43 

(t, J = 11.2 Hz, 1H), 2.30 – 2.24 (m, 1H), 2.16 – 2.03 (m, 1H), 1.99 (s, 3H). 13C NMR (100 

MHz, DMSO-d6) δ: 198.87, 177.23, 158.42, 154.60, 146.32, 142.96, 142.08, 139.32, 

135.37, 134.89, 132.71, 130.27, 128.58, 128.45, 128.20, 127.98, 127.81, 127.45, 126.39, 

120.97, 116.08, 112.84, 111.62, 78.37, 67.53, 65.53, 56.69, 47.35, 31.39, 30.53, 21.21. ESI 

mass spectrum (m/z): calcd. for C36H28BrN4O3 [M+H]+: 643.1345; obsd.: 643.1343. 

5-bromo-1'-(4-methoxybenzoyl)-5',6',7',7a'-tetrahydro-1'H,12''H-dispiro[indoline-

3,3'-pyrrolizine-2',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4m) 

White solid. mp: 210-212 ℃. IR (KBr, cm‒1):3295, 1737, 1673, 1643, 1464. 1H NMR (400 

MHz, DMSO-d6) δ: 10.64 (s, 1H), 8.18 (d, J = 6.4 Hz, 1H), 8.11 – 8.05 (m, 2H), 7.92 (t, J 

= 7.2 Hz, 1H), 7.79 (d, J = 7.6 Hz, 1H), 7.60 (d, J = 7.2 Hz, 1H), 7.55 (d, J = 7.2 Hz, 2H), 

7.22 (d, J = 8.0 Hz, 2H), 7.10 (d, J = 8.8 Hz, 1H), 6.43 (d, J = 8.4 Hz, 3H), 6.24 (s, 1H), 
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5.65 (d, J = 7.2 Hz, 1H), 4.68 (dd, J = 16.0, 10.0 Hz, 1H), 3.49 (s, 3H), 2.77 (t, J = 10.4 

Hz, 1H), 2.60 (dd, J = 11.2, 6.8 Hz, 1H), 2.44 – 2.39 (m, 1H), 2.30 – 2.24 (m, 1H), 2.14 – 

2.09 (m, 1H), 2.04 – 1.98 (m, 1H). 13C NMR (100 MHz, DMSO-d6) δ: 198.47, 175.93, 

158.49, 155.97, 146.37, 143.54, 139.41, 137.55, 136.04, 135.55, 130.52, 130.17, 129.40, 

128.40, 128.30, 127.99, 126.49, 126.39, 125.40, 122.72, 121.28, 120.66, 115.76, 109.91, 

78.91, 65.72, 62.01, 57.18, 53.77, 51.46, 35.23, 32.62. ESI mass spectrum (m/z): calcd. for 

C36H28BrN4O4 [M+H+2]+: 661.1273; obsd.: 661.1190. 

5-bromo-1'-(4-chlorobenzoyl)-5',6',7',7a'-tetrahydro-1'H,12''H-dispiro[indoline-3,3'-

pyrrolizine-2',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4n) 

White solid. mp: 221-223 ℃. IR (KBr, cm‒1): 3306, 1730, 1666, 1642, 1464. 1H NMR (400 

MHz, DMSO-d6) δ: 10.67 (s, 1H), 8.20 (d, J = 4.8 Hz, 1H), 8.09 (d, J = 3.2 Hz, 2H), 7.95 

(s, 1H), 7.79 (s, 1H), 7.60 (s, 3H), 7.12 (d, J = 4.0 Hz, 3H), 6.94 (d, J = 5.2 Hz, 2H), 6.45 

(d, J = 7.2 Hz, 1H), 6.25 (s, 1H), 5.64 (s, 1H), 4.68 (s, 1H), 2.83 – 2.75 (m, 1H), 2.61 (d, J 

= 7.2 Hz, 1H), 2.47 – 2.41 (m, 1H), 2.29 (s, 1H), 2.14 (d, J = 8.0 Hz, 1H), 2.07 – 2.00 (m, 

1H). 13C NMR (100 MHz, DMSO-d6) δ: 198.49, 177.30, 158.37, 154.42, 146.21, 141.68, 

139.23, 137.60, 136.09, 135.47, 130.47, 130.25, 129.97, 129.56, 129.15, 128.61, 128.33, 

128.03, 126.51, 125.69, 125.20, 120.81, 116.14, 111.17, 78.33, 67.39, 65.37, 56.88, 47.35, 

31.30, 30.52. ESI mass spectrum (m/z): calcd. for C35H25BrClN4O3 [M+H]+: 665.0778; 

obsd.: 665.0690. 

5-bromo-1'-(4-bromobenzoyl)-5',6',7',7a'-tetrahydro-1'H,12''H-dispiro[indoline-

3,3'-pyrrolizine-2',6''-indolo[2,1-b]quinazoline]-2,12''-dione (4o) 

Off-white solid. mp: 218-220 ℃. IR (KBr, cm‒1): 3304, 1731, 1668, 1642, 1465. 1H NMR 

(400 MHz, DMSO-d6) δ: 10.67 (s, 1H), 8.20 (s, 1H), 8.09 (s, 2H), 7.99 – 7.92 (m, 1H), 7.78 

(d, 1H, J = 7.6 Hz), 7.60 (d, 3H, J = 1.6 Hz), 7.11 (d, 1H, J = 8.0 Hz), 7.04 (d, 4H, J = 10.4 

Hz), 6.45 (d, 1H, J = 8.0 Hz), 6.25 (s, 1H), 5.63 (d, 1H, J = 7.2 Hz), 4.69 (m, 1H), 2.83 – 

2.73 (m, 1H), 2.61 (d, 1H, J = 8.4 Hz), 2.45 (dd, 1H, J = 10.8, 4.0 Hz), 2.33 – 2.25 (m, 1H), 

2.15 – 2.00 (m, 2H). 13C NMR (100 MHz, DMSO-d6) δ: 198.75, 177.12, 158.35, 154.45, 

146.21, 142.10, 139.26, 136.45, 135.46, 132.77, 130.98, 130.48, 129.63, 128.51, 128.32, 

127.96, 127.35, 126.65, 126.57, 126.52, 123.54, 120.86, 116.14, 112.86, 111.67, 78.31, 

67.39, 65.35, 56.92, 47.36, 31.31, 30.54. ESI mass spectrum (m/z): calcd. for 

C35H25Br2N4O3 [M+H]+: 709.0293; obsd.: 709.0149. 
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6B.8. Selected IR, NMR (1H and 13C) and Mass spectra 

 

IR spectrum of the compound 4a 

 

1H NMR spectrum of the compound 4a 
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13C NMR spectrum of the compound 4a 

 

Mass spectrum of the compound 4a 
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IR spectrum of the compound 4h 

 

1H NMR spectrum of the compound 4h 
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13C NMR spectrum of the compound 4h 

 

Mass spectrum of the compound 4h 
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IR spectrum of the compound 4j 

 

1H NMR spectrum of the compound 4j 
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13C NMR spectrum of the compound 4j 

 

Mass spectrum of the compound 4j 
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Synthesis and anti-tubercular activity of heterocyclic and spiro compounds 

CHAPTER-I 

Introduction 

This chapter describes literature survey, objectives and brief introduction about 

nitrogen, oxygen heterocycles and spiro heterocyclic compounds. Nitrogen or oxygen 

heterocycles such as pyrrole, pyrazole, triazole, furan and oxadiazole are the significant 

moieties for the discovery and development of many biologically potent molecules [1,2]. 

Development of new methodologies for the synthesis of nitrogen or oxygen containing 

heterocycles and spiro heterocyclics has become thrust area to the researchers across the world 

[3]. However, majority of the synthetic protocols involves use of toxic metals and harsh 

reaction conditions. For the past few decades green chemistry is playing a crucial role in 

minimizing the waste production and developing environment sustainable methodologies [4]. 

In this regard, green protocols such as one-pot approach, transition metal free and ultrasound 

assisted reactions are the emerging techniques for the synthesis of heterocyclic and spiro 

heterocyclic compounds under the green chemistry principles [5]. Based on the environmental 

concerns and biological applications of these heterocyclics, we have developed new methods 

for the generation of heterocyclic compounds. 

 All the compounds described in the thesis were characterized by FT-IR, NMR 

and Mass spectral data and the regiochemistry of the compounds were determined by single 

crystal X-ray diffraction method. The anti-tubercular (anti-TB) activity of the compounds were 

evaluated by Microplate Alamar Blue Assay method and ethambutol was used as the standard 

drug. The molecular docking studies were carried out by using AutoDock Tools (ADT) version 

1.5.6, AutoDock version 4.2.5.1 docking program and the results were visualized by using 

Discovery tools software. 

CHAPTER-II 

Part A 

A green catalyst Fe(OTs)3/SiO2 for the synthesis of 4-pyrrolo-12-

oxoquinazolines 

Iron based heterogeneous acid catalysts have been focused in the organic synthesis in 

view of their excellent catalytic performance including ease of separation, recyclability and 

reusability [6]. Fe(OTs)3/SiO2 is considered as one of the most important acid catalysts and has 

been utilized as an effective catalyst in organic transformations due to their high strength of 
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acidity, non-toxicity and high activity at low temperature [7]. On the other hand, utilization of 

solvent-free protocols remains as a straight forward process by simplifying the product 

recovery, avoiding the use of toxic solvents, lessening waste generation and reducing the 

operational costs without altering the physical properties of the starting materials and nature of 

the reactions [8]. Encouraged by these advantages, we depict an environmentally friendly green 

methodology for synthesizing 4-pyrrolo-12-oxoquinazolines by means of solvent-free grinding 

reaction.  

The reaction of indolo[2,1-b]quinazoline-6,12-dione A (1 mmol) with acetophenone B 

(1 mmol) in methanol (3 mL) having 10% aq. NaOH at room temperature affords 6-hydroxy-

6-(2-oxo-2-phenylethyl)indolo[2,1-b]quinazolin-12(6H)-one (1’). The obtained intermediate 

1’ was treated with 20 mol% BF3.Et2O in acetic acid at 60 °C generates the chalcone 1 in 88% 

yield (scheme 2A.1). 

 

Scheme 2A.1. Synthesis of the chalcone 1. 

The optimal reaction conditions are, in an agate mortar a mixture of chalcones 1 (1 

mmol), 1,3-diketone 2 (1 mmol), ammonium acetate 3 (2.5 mmol) and 100 mg of 

Fe(OTs)3/SiO2 were added and thoroughly grinded with a pestle manually until the completion 

of the reaction, after that ethyl acetate (5mL) was added. The catalyst was recovered by 

filtration, washed with ethanol. The filtrate was concentrated to furnish the desired products 

4a-s with 88-96% yields (Scheme2A.2).  
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Scheme 2A.2. Synthesis of novel 4-pyrrolo-12-oxoquinazolines 4a-s. 

The in vitro anti-tubercular screening of the target compounds 4a-s were evaluated 

against Mycobacterium tuberculosis H37Rv by the microplate alamar blue assay (MABA) 

method. Among them, two compounds (4o and 4r) show moderate activity (MIC = 6.25 

µg/mL) than the standard drug ethambutol (MIC = 1.56 µg/mL). 

Molecular docking studies 

The molecular docking studies were performed against Mycobacterium tuberculosis 

enzyme [PDB ID: 1DF7]. As observed from the docking, the compound 4o displayed good 

inhibition activity with binding energy  ̶ 11.59 kcal/mol and forms three hydrogen bonds with 

amino acid residues ILE5 (2.49 Å), SER49 (1.78 Å) and ILE94 (2.75 Å), nine hydrophobic 

interactions with TRP6, ALA7, ILE14, ILE20, PHE31 and LEU50 of the protein 1DF7 and its 

best docking poses were shown in figure 2A.1. 

   

        a)            b)   

 Fig. 2A.1. The best docked pose of 4o with the protein 1DF7. a) The hydrogen bonding 

 interactions. b) The hydrophobic interactions. 
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CHAPTER-II 

Part B 

Transition metal- and oxidant-free regioselective synthesis of  

3,4,5-trisubstituted pyrazoles via [3+2] cycloaddition reaction 

Pyrazole moiety features a major role in heterocyclic compounds displaying wide range 

of biological activities such as anti-cancer, anti-mycobacterial, anti-microbial, anti-leukemic 

etc. They also act as ideal structural motifs in many pharmaceuticals and natural products [9]. 

The importance of pyrazoles and their derivatives has prompted the development of numerous 

routes to synthesize this kind of heterocycles [10]. However, these methods suffer from poor 

regioselectivity, use of transition metal sources and limited substrate scope. Therefore, 

transition metal free and high yielding protocol for poly substituted pyrazoles is highly 

desirable. By considering these, herein we report 3,4,5-trisubstituted pyrazoles under transition 

metal- and oxidant-free one-pot three component approach. 

The optimized reaction conditions are as follows. In an oven dried round bottom flask, 

aldehyde 2 (1 mmol) and tosyl hydrazide 3 (1 mmol) were stirred in DMF for 10 min at room 

temperature, then the chalcones 1 (1 mmol) and cesium carbonate (3 eq) were added and the 

reaction mixture was allowed to stir at 100 °C to produce the targeted products 4a-y in 75-88% 

yields (Scheme 2B.1). The regiochemistry of the compounds (4a) were determined by using 

single crystal X-ray diffraction method. 
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Scheme 2B.1. Synthesis of 3,4,5-trisubstituted pyrazoles 4a-y. 

The synthesized compounds 4a-y were tested for their in vitro anti-tubercular activity 

against Mycobacterium tuberculosis H37Rv. Among all, two compounds (4e and 4o) show 

good activity (MIC = 3.125 µg/mL) than the standard drug ethambutol (MIC = 1.56 µg/mL). 

Molecular docking studies 

The molecular docking studies were performed against Mycobacterium tuberculosis 

enzyme [PDB ID: 1DF7]. As observed from the docking, the compound 4o displayed good 

inhibition activity with the more negative binding energy ( ̶ 9.46 kcal/mol), forms two hydrogen 

bonds with amino acid residues ALA7 (2.24 Å), TYR100 (1.84 Å) and six hydrophobic 
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interactions with ILE5, ALA7, PHE31, and ILE94 of the protein 1DF7 and its best docking 

poses were shown in figure 2B.1. 

   

        a)            b)   

 Fig. 2B.1. The best docked pose of 4o with the protein 1DF7. a) The hydrogen bonding 

 interactions. b) The hydrophobic interactions. 

CHAPTER-III 

A photoinduced multicomponent regioselective synthesis of 1,4,5-

trisubstituted-1,2,3-triazoles: Transition metal-, azide- and oxidant-free 

protocol 

Triazoles constitute a major role in chemical community due to their wide range of 

applications in medicinal and in organic synthesis [11]. Because of their diverse applications 

in the field of medicinal and material sciences, several methodologies have been demonstrated 

to construct these interesting moieties [12]. However, most reactions reported so far depend on 

organic azides that are explosive and hard to handle on a large scale [13]. A noteworthy 

transition metal- and azide-free protocol for the synthesis of triazoles has been explored by 

multicomponent and oxidative coupling reactions. Therefore, more attention has been gained 

towards the design of transition metal- and azide-free routes for the synthesis of 1,2,3-triazoles 

from readily available and cheap starting materials [14]. In light of these, we report 

tosylhydrazone based transition metal-, azide- and oxidant-free route for the regioselective 

synthesis of 1,4,5-trisubstituted-1,2,3-triazoles. 

The optimized reaction conditions are as follows, in an oven dried round bottom flask 

aldehyde 2 (1 mmol) and tosyl hydrazide 3 (1 mmol) were stirred in DMF for 10 min at room 

temperature, then isatin Schiff base 1 (1 mmol) and cesium carbonate (3 eq) were added and 

the mixture was allowed to stir at 100 °C under sunlight to produce the targeted products 4a-

al with 75-90% yields (Scheme 3.1). The regiochemistry of the compounds (4g) were 

determined by using single crystal X-ray diffraction method. 
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Scheme 3.1. Regioselective synthesis of 1,4,5-trisubstituted-1,2,3-triazoles 4a-al. 

The in vitro anti-tubercular screening of the target compounds 4a-al were evaluated 

against Mycobacterium tuberculosis H37Rv. Among them, three compounds (4a, 4o and 4z) 

show moderate activity (MIC = 6.25 µg/mL), when compared with the standard drug 

ethambutol (MIC = 1.56 µg/mL). 
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Molecular docking studies 

The molecular docking studies were performed against Mycobacterium tuberculosis 

enzyme [PDB ID: 1DF7]. As observed from the docking, the compound 4o displayed good 

inhibition activity with the better binding energy  ̶ 9.82 kcal/mol and forms two hydrogen bonds 

with amino acid residues ALA7 (2.21 Å) and TYR100 (2.26 Å), nine hydrophobic interactions 

with ILE5, ALA7, ILE14, ILE20, TYR100 and ALA126 of the protein 1DF7 and its best 

docking poses were shown in figure 3.1. 

  

               a)           b)   

 Fig. 3.1. The best docked pose of 4o with the protein 1DF7. a) The hydrogen bonding 

 interactions. b) The hydrophobic interactions. 

CHAPTER-IV  

Part A  

One-pot multicomponent reaction for the synthesis of functionalized 2'-

oxo-spiro[furo-pyrrolo[2,1-a]isoquinolino-indolines 

In the recent years of synthetic organic chemistry, spirooxindoles have gained much 

attention due to their diverse biological activities and pharmacological applications. 

Spirooxindole is a key structure of many naturally occurring substances and therapeutically 

important molecules [15]. On the other hand, isoquinoline and furan derivatives have attracted 

extensive research interest towards synthetic chemists due to their significant applications in 

medicinal chemistry [16,17]. Hence, the synthesis of molecular framework which contains 

spirooxindole and isoquinoline in a highly regioselective manner is challenging and have 

drawn much interest of researchers. Inspired by these, herein we report the regioselective 

synthesis of spiroisoquinolino-indolines by one-pot multicomponent approach. 

The optimal reaction conditions are as follows. In an oven dried round bottom flask 

isatin 1 (1 mmol) and malononitrile 2 (1 mmol) were stirred in DCM for 5 min at room 

temperature, then the ylide 3 (1 mmol) and DABCO (1.2 mmol) were added and the mixture 
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was allowed to stir at room temperature for 4-6 hours to produce the desired products 4a-v with 

74-87% yields (Scheme 4A.1). 

 

 

 

Scheme 4A.1. Synthesis of 2'-oxo-spiro[furo-pyrrolo[2,1-a]isoquinolino-indolines 4a-v. 

Molecular docking studies 

The molecular docking studies were performed against Mycobacterium tuberculosis 

enzyme [PDB ID: 1DF7]. As observed from the docking, the compound 4n displayed good 

inhibition activity with significant binding energy ( ̶ 10.99 kcal/mol) and forms a hydrogen 

bond with amino acid residue SER49 (2.69 Å), seven hydrophobic interactions with ILE5, 
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ALA7, PHE31, ILE20, THR46 and PRO51 of the protein 1DF7 and its best docking poses 

were shown in figure 4A.1.  

   

                  a)             b) 

 Fig. 4A.1. The best docked pose of 4n with the protein 1DF7. a) The hydrogen bonding 

 interactions. b) The hydrophobic interactions. 

CHAPTER-IV 

Part B 

A three component [3+2] cycloaddition reaction for the synthesis of 

spirooxindolo-pyrrolizidines 

[3+2] cycloadditions are the fundamental reactions for the efficient synthesis of 

heterocycles, bioactive compounds and pharmaceutical agents [18]. In the recent years, 

construction of aza-spirooxindoles have attracted much attention due to their combination of 

two pharmacophores linked by a spiro core [19]. In this regard, we have demonstrated a highly 

regioselective synthesis of aza-spirooxindoles from one-pot three component reaction via [3+2] 

cycloaddition reaction between isatin-malononitrile adduct and azomethine ylides, generated 

in situ from cyclic α-amino acids and quinoline aldehydes. 

The optimized reaction conditions for the target compounds 4a-t are as follows, in 3 

mL of THF, isatin-malononitrile adduct 1 (1 mmol), quinoline aldehydes 2 (1 mmol) and L-

proline 3 (1 mmol) were added and the reaction mixture was kept at room temperature under 

ultrasonic bath for 40-60 minutes to produce the desired products 4a-t with 78-88% yields 

(scheme 4B.1). The regiochemistry of the compounds (4n) were determined by using single 

crystal X-ray diffraction method. 
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Scheme 4B.1. Synthesis of novel aza-spirooxindoles 4a-t. 

Molecular docking studies 

The molecular docking studies were performed against Mycobacterium tuberculosis 

enzyme [PDB ID: 1DF7]. As observed from the docking, the compound 4j displayed good 

inhibition activity with significant binding energy ( ̶ 10.83 kcal/mol) and forms two hydrogen 

bonds with amino acid residue GLN28 (2.57 and 2.78 Å), eight hydrophobic interactions with 

ILE20, TRP22, PHE31, PRO51, VAL54 and LEU57 of the protein 1DF7 and its best docking 

poses were shown in figure 4B.1. 

   

               a)              b)   

 Fig. 4B.1. The best docked pose of 4j with the protein 1DF7. a) The hydrogen bonding 

 interactions. b) The hydrophobic interactions. 
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CHAPTER-V 

Part A 

Quinazolinone based spirooxadiazole hybrids: Design, synthesis and anti-

tubercular activity 

Tuberculosis (TB) is the chronic infectious pulmonary disease induced by 

Mycobacterium tuberculosis (M. tuberculosis) and is one of the top ten causes of mortalities 

throughout the world [20]. 1,2,4-oxadiazole ring system acts as an essential part of the 

pharmacophore for several drugs, which exhibit various biological activities such as anti-

cancer, anti-inflammation, anti-obesity [21] etc. Based on these, an attempt was commenced 

to design and synthesize the spiro heterocyclic system possessing quinazolinone-quinoline core 

connected by biologically prominent 1,2,4-oxadiazole moiety and further evaluated their in 

vitro anti-tubercular activity. 

The optimized reaction conditions are as follows, to a solution of quinazolinone Schiff 

bases 1 (1 mmol) and N-hydroxycarbimidoyl chlorides 2 (1.1 mmol) in DCM (3 mL) was added 

Et3N (2 eq) drop wise about 10 min. The reaction was allowed to stir at room temperature for 

4-5.5 hours to afford the desired products 3a-o in 78-86% yields (Scheme 5A.1). 

 

 

Scheme 5A.1. Synthesis of quinolinyl spiroquinazolinoneoxadiazoles 3a-o. 

The synthesized compounds 3a-o were tested for their in vitro anti-tubercular activity 

against Mycobacterium tuberculosis H37Rv. Among all, five compounds (3b, 3e, 3f, 3h and 
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3l) exhibit higher potency (MIC = 0.78 µg/mL) than the standard drug ethambutol (MIC = 1.56 

µg/mL). 

Molecular docking studies 

The molecular docking studies were performed against M. tuberculosis enzyme [PDB 

ID: 1DF7]. As observed from the docking, the compound 3h displayed good inhibition activity 

with the more negative binding energy ( ̶ 12.92 kcal/mol) and forms three hydrogen bonds with 

amino acid residues GLN28 (2.76 Å), PRO51 (3.05 Å), and TYR100 (2.14 Å), nine 

hydrophobic interactions with ILE5, ALA7, ILE20, THR46, PRO51, and VAL54 of the protein 

1DF7 and its best docking poses were shown in figure 5A.1. 

   

          a)     b)   

 Fig. 5A.1. The best docked pose of 3h with the protein 1DF7. a) The hydrogen bonding 

 interactions. b) The hydrophobic interactions. 

CHAPTER-V 

Part B 

One-pot multicomponent synthesis of novel quinazolinone based 

spirocyclopropane hybrids and their in silico molecular docking studies 

 Quinazolinone is an important class of nitrogen heterocycles exhibits broad spectrum 

of biological applications including anti-cancer, anti-HIV, anti-inflammatory, and anti-

mycobacterial activities [22]. Similarly, cyclopropane moiety is important building block for 

the researchers due to its wide pharmacological activities [23]. Based on biological significance 

of quinazolinone and cyclopropane derivatives, we have made an attempt to synthesize these 

moieties in a single frame via one-pot multicomponent approach. 

 The optimized reaction conditions for the target compounds 4a-v are as follows. In a 3 

mL of acetonitrile, aldehydes 2 (1 mmol) and tosyl hydrazide 3 (1 mmol) were added and 

stirred at room temperature for 10 min. To this, chalcones 1 (1 mmol) and cesium carbonate 

(20 mol%) were added and the reaction mixture was allowed to heat at 50 °C for 2-3 hours to 
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produce the desired products 4a-v in 73-85% yields (scheme 5B.1). The synthesized 

compounds were well characterized by using IR, 1H, 13C NMR, mass spectral data and the 

structures of the compounds (4j) were confirmed by the single crystal X-ray diffraction 

method. 

 

 

Scheme 5B.1. Synthesis of quinazolinone based spirocyclopropanes 4a-v. 

Molecular docking studies 

The molecular docking studies were performed against M. tuberculosis enzyme [PDB 

ID: 1DF7]. As observed from the docking, the compound 4r displayed good inhibition activity 

with more negative binding energy ( ̶ 11.63 kcal/mol) and forms two hydrogen bonds with 

amino acid residues ALA7 (3.11 Å) and PHE31 (3.93 Å) and six hydrophobic interactions with 

ALA7, ILE20, PRO51 and VAL54 of the protein 1DF7 and its best docking poses were shown 

in figure 5B.1. 
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         a)             b)   

 Fig. 5B.1. The best docked pose of 4r with the protein 1DF7. a) The hydrogen bonding 

 interactions. b) The hydrophobic interactions. 

CHAPTER-VI 

Part A 

Ultrasound promoted synthesis of novel quinazolinyl-bisspirooxindolo-

pyrrolidines via [3+2] cycloaddition reaction 

[3+2] cycloaddition reactions of azomethine ylides with olefinic dipolarophiles 

constitutes one of the major approaches for the regio- and stereo-selective synthesis of various 

pyrrolidine derivatives [24]. Owing to their unique structural features and interesting biological 

profiles, spirooxindoles are considered as privileged structural motifs for new drug discovery 

[25]. On the other hand quinazolinones are also widely occur in pharmaceuticals, natural 

products and shows broad spectrum of biological activities. In this context, we have 

demonstrated quinazolinyl bisspirooxindoles by incorporating the versatile motifs like 

spirooxindoles and quinazolinones in a single frame.  

The optimized reaction conditions are as follows, in 3 mL of acetonitrile, isatins 1 (1 

mmol), quinazolinone chalcones 2 (1 mmol) and sarcosine 3a (1 mmol) were added and the 

reaction mixture was kept at 60 °C under ultrasonic bath for 35-60 minutes to produce the 

desired products 4a-o with 78-85% yields (scheme 6A.1).  
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Scheme 6A.1. Synthesis of novel quinazolinyl-bisspirooxindolo pyrrolidines 4a-o. 

The in vitro anti-mycobacterial (anti-TB) screening of the target compounds 4a-o were 

evaluated against Mycobacterium tuberculosis H37Rv. Among them, three compounds (4c, 4f 

and 4k) show good activity (MIC = 3.125 µg/mL), when compared with the standard drug 

ethambutol (MIC = 1.56 µg/mL). 

Molecular docking studies 

The molecular docking studies were performed against Mycobacterium tuberculosis 

enzyme [PDB ID: 1DF7]. As observed from the docking, the compound 4f displayed good 

inhibition activity with better binding energy ( ̶ 10.06 kcal/mol) and forms a hydrogen bond 

with amino acid residue SER49 (2.95 Å), five hydrophobic interactions with ILE20, PRO51, 

VAL54 and ILE94 of the protein 1DF7 and its best docking poses were shown in figure 6A.1. 

   

                a)       b)   

 Fig. 6A.1. The best docked pose of 4f with the protein 1DF7. a) The hydrogen bonding 

 interactions. b) The hydrophobic interactions. 
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CHAPTER-VI 

Part B 

A one-pot multicomponent [3+2] cycloaddition strategy for the synthesis of 

quinazolinyl-bisspirooxindolo-pyrrolizidines under ultrasonication 

In the past few years the ultrasound assisted protocols became efficient methodology 

in synthetic organic chemistry as an alternative to traditional methods. In ultrasonication the 

chemical reactions are processed by cavitation made by ultra-sonic waves traveling in the liquid 

[26]. On the other hand, the 1,3-dipolar cycloaddition of isatin-derived azomethine ylides to 

dipolarophiles represents the most expedient route for the synthesis of spirooxindolo 

pyrrolizidines [27]. The foregoing biological applications of spirooxindole moieties 

encouraged us to construct the hybrid heterocycles having a bisspirooxindolo pyrrolizidine via 

ecofriendly ultrasound irradiation. 

The optimized reaction conditions are as follows, in 3 mL of acetonitrile, isatins 1 (1 

mmol), quinazolinone chalcones 2 (1 mmol) and L-proline 3 (1 mmol) were added and the 

reaction mixture was kept at 60 °C under ultrasonic bath for 40-60 minutes to produce the 

desired products 4a-o with 81-89% yields (scheme 6B.1).  

 

 

Scheme 6B.1. Synthesis of novel quinazolinyl-bisspirooxindolo pyrrolizidines 4a-o. 
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The synthesized compounds 4a-o were tested for their in vitro anti-tubercular activity 

against Mycobacterium tuberculosis H37Rv. Among all, two compounds (4b and 4i) display 

significant activity (MIC = 1.56 µg/mL) to the standard drug ethambutol (MIC = 1.56 µg/mL). 

Molecular docking studies 

The molecular docking studies were performed against Mycobacterium tuberculosis 

 enzyme [PDB ID: 1DF7]. As observed from the docking, the compound 4i displayed good 

inhibition activity with a significant binding energy ( ̶ 9.26 kcal/mol) and forms two hydrogen 

bonds with amino acid residues PHE31 (3.02 Å) and PRO51 (2.92 Å), five hydrophobic 

interactions with ILE20, LEU50, PRO51 and VAL54 of the protein 1DF7 and its best docking 

poses were shown in figure 6B.1. 

   

            a)         b)   

 Fig. 6B.1. The best docked pose of 4i with the protein 1DF7. a) The hydrogen bonding 

 interactions. b) The hydrophobic interactions. 
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