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Abstract 

Complex natural molecules often consist of small molecular 

entities in a systematic arrangement, and these architectural units 

usually make them useful as an overall bio-construct. Fused pyridine 

compounds belong to the largest family of aza-heteroaromatics. These 

are extensively distributed in nature in plants, marine organisms, 

insects, mammalians, and human tissues body fluids. These 

heterocycles modulate a diverse set of biological activities by 

interacting with biomolecules like proteins in living systems. Hence, 

significant biological processes can be manipulated by cautious 

alteration of protein expressions using these external ligands (agonists 

and antagonists) as molecular tools. Often structural analogs of newly 

discovered molecules with the known ligands play a pivotal role in 

solving this riddle. 

Azaindoles (pyrrollo-pyridines) are the closest bio-isosteres of 

indoles and purines and play an indispensable role in mimicking the 

natural ligand-target interactions. Recently, pyrrollo-pyridines have 

become an integral core unit in some critical drug candidates. 

However, their synthesis in the laboratory has always been a challenge 

for chemists. Due to the pyridine ring's electron-deficient nature, 

classical indole synthesis such as Fischer and Madelung cyclization are 

inefficient in azaindole synthesis. The recent advances in 

organometallic chemistry have enabled us to devise efficient 

methodologies for azaindole synthesis and functionalization. However, 

the developed protocols have not been realized sufficiently in the 

pharmaceutical industries. The use of the heavy metal catalyst in the 

synthetic strategy may lead to unwanted toxicity and inaccuracy in the 

biological studies. 

 Fused indolopyridines or carbolines are widely attributed to 

their DNA intercalation properties, inhibition of cyclin-dependent 

kinases (CDKs), topoisomerases, monoamine oxidase, interaction with 

benzodiazepine and 5-hydroxy serotonin receptors. This class of 

heterocycles has demonstrated a broad spectrum of pharmacological 
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properties, including sedative, anxiolytic, hypnotic, anti-convulsant, 

anti-viral, anti-parasitic, and anti-microbial activities. Although the 

synthesis of tailored carboline derivatives still remains a challenge to 

synthetic chemists, the overall assessment of existing protocols reveals 

low yield, limited substrate scope, use of specific substrates, and 

involvement of extreme thermal conditions, corrosive reagents, and 

toxic heavy metal catalysts. 

 Over the last two decades, the furopyridines have been 

extensively studied as bio-isosteres of indoles. Hence, these 

heterocycles have emerged as useful pharmacophores in therapeutic 

agents for treating cognitive or autoimmune disorders, migraine, 

irritable bowel syndrome, and asthma. Benzofuropyridine, another 

intriguing member of the fused pyridine class, has also found attention-

grabbing applications in the pharmaceutical and OLED industry. The 

synthetic procedures for these important heterocyclic-cores have 

remained confined due to limited substrate scope and lack of 

innovative approaches. Azabenzofuran or pyridofuran has attracted 

more attention after the recent success of TAM16 against drug-

susceptible and drug-resistant clinical isolates of Mycobacterium 

tuberculosis. The in vitro and in vivo studies of TAM16 have displayed 

comparable efficacy to the first-line TB drug isoniazid. In the process, 

polyketide synthase (Pks13) has emerged as a prime target for potential 

drug candidates in the field. It is essential for the synthesis of mycolic 

acids required for the cell wall of the pathogen. 

 The present thesis work describes the development of an 

unprecedented methodology for the synthesis of fused-pyridine 

heterocycles such as substituted 5-azaindoles, γ-carbolines, furo[3,2-

c]pyridines, and benzofuro[3,2-c]pyridines. Subsequently, these 

nitrogen-heterocycles have been transformed into potential bio-

constructs for therapeutic applications. The thesis work comprises of 

following chapters: 

1. Serendipitous base-catalyzed condensation-heteroannulation of 

iminoesters: A regioselective route to the synthesis of 4,6-

disubstituted 5-azaindoles 
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2. Synthesis of 1-indolyl-3,5,8-substituted -carbolines: One-pot 

metal-solvent free protocol and biological evaluation 

3. One-pot synthesis of furo[3,2-c]pyridines and benzofuro[3,2-

c]pyridines: Development of isatin molecular hybrids for 

treatment of tuberculosis 

 

1. Serendipitous base-catalyzed condensation-heteroannulation of 

iminoesters: A regioselective route to the synthesis of 4,6-

disubstituted 5-azaindoles 

In this chapter, we discuss a serendipitous discovery of a one-pot 

approach to prepare 4,6-disubstituted 5-azaindoles from simple 

precursors such as pyrrole-2-carboxaldehyde and glycine alkyl esters 

using common non-nucleophilic base diisopropylethylamine (DIPEA). 

This novel methodology is a metal-free, solvent-free protocol with an 

easy operational method to access the above-mentioned heterocyclic 

framework in moderate to good yields. The unprecedented approach 

discloses an interesting condensation-heterocyclization reaction 

mechanistically. The in situ formed iminoester of pyrrole-2-aldehydes, 

and glycine ester goes into a condensation reaction with excess 

pyrrole-2-aldehyde to give the title compound 4,6-disubstituted 5-

azaindole. The heterocyclic core structure is unequivocally 

characterized by various spectroscopic techniques (1H, 13C, DEPT, 

HRMS, IR), including single-crystal XRD for a representative 5-

azaindole derivative 3aa. Several other 6-substituted derivatives of 5-

azaindoles with functional groups such as carboxylic acid, cyanide, 

primary alcohol, carbaldehyde are synthesized, which are otherwise 

difficult to prepare by conventional methods. Theoretical (DFT) 

studies also support the proposed mechanism for the formation of 5-

azaindole regioisomer. A structural analog of selective CB2 agonist 

GSK554418A has been synthesized with potential anticancer activity.  

 

2. Synthesis of 1-indolyl-3,5,8-substituted -carbolines: One-pot 

metal-solvent free protocol and biological evaluation 
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This chapter comprises the development of a novel metal-free, solvent-

free protocol synthetic protocol for 1-indolyl-3,5,8-substituted γ-

carbolines. The substrates utilized are not expensive and readily 

available. The developed protocol is operationally simple with easy 

work-up procedures, single-step purification, and high product yield. 

The synthesized γ-carboline core offers a broad range of tunable 

optical activity. The novel compounds have also been examined for 

their innate cytotoxicity against a panel of cancer cell lines. 

Delightfully, the above-mentioned fluorescent compounds are 

cytotoxic in the micromolar range of concentrations. We have also 

performed the cell uptake studies on the title compounds, and a decent 

cytosolic uptake has been observed, even in sub-micromolar 

concentrations.   

 

3. One-pot synthesis of furo[3,2-c]pyridines and benzofuro[3,2-

c]pyridines: Development of isatin molecular hybrids for 

treatment of tuberculosis 

This chapter describes the development of a novel protocol for the 

synthesis of substituted furo[3,2-c]pyridines and benzofuro[3,2-

c]pyridines. With reference to the recent success of benzofuran core 

molecule TAM16 and newly developed isatin hybrids against 

multidrug-resistant clinical isolates of Mycobacterium tuberculosis, the 

synthesized novel molecules herein are transformed into corresponding 

isatin hybrids to develop an unprecedented series of anti-mycobacterial 

compounds. The new molecular hybrids were tested against non-

virulent and virulent species of mycobacterium to check their efficacy 

as anti-mycobacterial. The bacterial growth was examined by 

calculating CFU (colony forming unit) with known concentrations of 

compounds for fixed time intervals such as 6, 12, 24, and 48 h. 

According to these in vitro studies, the newly developed hybrid 15ba is 

active against M. Smegmatis and M. bovis BCG with IC50 values 50–

100 µM. 
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Chapter 1 

Introduction 

1.1 Fused-pyrido heterocycles 

Nitrogen-containing heterocyclic compounds are the most 

privileged class of organic compounds. These are present in the core of a 

wide range of bio-molecules such as nucleic acids, amino acids, vitamins, 

and carbohydrates, and alkaloids (Figure 1.1).  

 

Figure 1.1 Pyridine subunit highlighted in the biomolecules 1–3 

 

The aza-heterocycles are prevalent in the number of drug 

molecules, and new entries are added in the list every year. The structural 

analysis of FDA approved small-molecule drugs in the year 2019 confirm 

that around 85% of drugs (27 out of 32) belong to the category of 

nitrogen-heterocycles [1]. Moreover, most of the approved small 

molecules are anticancer drugs (Figure 1.2). Six-membered nitrogen atom 

containing heterocyclic unit, i.e., a pyridine ring, is present in many 

natural products such as vitamins, co-enzymes, and alkaloids. Nature has 

preferred pyridine moiety in these bio-molecules to improve water 

solubility using its innate weak basicity. 
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Figure 1.2 US-FDA approved aza-heterocyclic small molecules 4–11 for 

oncology in 2019 

The fused-pyrido heterocycles mainly constitute pyrrollopyridines 

(azaindoles), furopyridines, and thienopyridines in 5:6 (bicyclic) systems. 

Indolopyridines (carbolines), benzofuropyridines, and 

benzothienopyridines are the members of 6:5:6 (tricyclic) systems.  

According to the position of the heteroatom in the pyrrollopyridine 

or azaindole, the heterocyclic system is designated as 4-, 5-, 6- or 7-
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azaindole in a 5:6 bicyclic system (both rings have a nitrogen heteroatom) 

or in the case of benzo-fused azaindole, the heterocyclic system is called 

as α-, β-, γ-, or δ-carboline or indolopyridine in a 6:5:6 tricyclic system. 

The respective position of the oxygen and nitrogen atoms in furopyridines 

constitute four isomers of this class (Figure 1.3). 

 

Figure 1.3 Pyrido-fused bicyclic (5-6) and tricyclic (6-5-6) systems with 

two heteroatoms (1:1) 

Azaindoles are rare in nature; few examples like variolins are 

present in marine alkaloids. However, many synthetic azaindoles are an 

integral part of various drug-like molecules, including several kinase 

inhibitors [2]. β-carboline sub-unit is often present in indole alkaloids [3]. 

Other carboline isomers viz., α-carboline, γ-carboline, and δ-carboline are 
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mostly synthetic and extensively used in drug-like molecular architectures 

[4]. 

In the past two decades, furopyridines have emerged as crucial 

structural subunits in drug-like molecules due to their structural analogy 

with indoles and azaindoles [5]. The recent applications of benzofuran [6] 

and pyridofuran [7] derivatives as Pks13 inhibitors to control mycolic acid 

synthesis in Mycobacterium tuberculosis have attracted a tremendous 

amount of attention from the scientific community. Inhibitors of Pks13, 

including the most potent TAM16 (MIC 0.09μM), belong to the 

benzofuran-5-ol framework and is structurally very close to furo[3,2-

c]pyridine. Benzofuro[3,2-c]pyridine is another member of the class with 

critical biological applications [8]. 

The research work described in this thesis revolves around the 

design and development of synthetic protocols for the synthesis of fused-

pyrido heterocycles such as 5-azaindoles, γ-carbolines, furo[3,2-

c]pyridine, and benzofuro[3,2-c]pyridines (highlighted chemical structures 

in figure 1.3) and their biological applications. Therefore, in this chapter, 

we provide a review of the synthesis and applications of the above-

mentioned heterocyclic frameworks. 

 

1.2 Review of recent literature for the synthesis of fused-

pyrido heterocycles 

 

1.2.1 Synthesis of azaindoles and carbolines 

Purificação et al. have recently introduced a palladium-catalyzed 

versatile approach to synthesize 4-, 5-, 6-, and 7-azaindoles [9]. The 

developed one-pot synthesis has a broad substrate scope compatibility 

with electron-withdrawing and electron-donating groups. In this method, 

o-aminobromopyridines 12 undergoes N-arylation, followed by the 

Sonogashira coupling reaction with substituted terminal aryl alkynes, and 

subsequent cyclization in one-pot to furnish N-substituted-2-aryl-4- or 5- 
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or 6- or 7-azaindoles 13 in 22-68% yields. The straightforward procedure 

developed herein avoids multiple purification steps and gives an excellent 

yield of the product (Scheme 1.1). 

 

 

Scheme 1.1 Palladium-catalyzed one-pot synthesis of 4-, 5-, 6-, and 7-

azaindoles 

Pires et al. have developed a one-pot palladium-catalyzed cascade 

C−N cross-coupling/Heck reaction of alkenyl bromides 14 with o-

aminobromopyridines 12 as a practical approach for the synthesis of 2,3-

disubstituted azaindoles 15 via one-step methodology [10]. The substrate 

scope is broad, and several substituted 2,3-disubstituted azaindoles 15 

have been prepared by this procedure (Scheme 1.2). 

 

 

Scheme 1.2 Palladium-catalyzed cascade C−N cross-coupling/Heck 

reaction 
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Ortgies et al. synthesized various 1,2,3-trisubstituted substituted 

azaindoles 17 by selenium catalyzed intramolecular amination of 

substituted o-vinyl aminopyridines 16 using N-fluorobenzenesulfonimide 

as an oxidant [11]. In this methodology, selenium catalyst activates alkene 

side-chain for the formation of C(sp2)-N bond leading to intramolecular 

amination. The developed protocol shows excellent functional group 

tolerance resulting in the synthesis of a library of azaindole heterocycles 

(Scheme 1.3). 

 

Scheme 1.3 Selenium catalyzed intramolecular amination of substituted o-

vinyl aminopyridines 16 for the synthesis of 1,2,3-trisubstituted azaindoles 

17. 

Calvet et al. demonstrated that 2- or 6-chloro-4-acetamido-3-

iodopyridines 18 could readily undergo hetero-annulation reaction with p-

substituted diaryl alkynes in the presence of palladium catalyst [12]. The 

optimized reaction herein provides 2,3,4,6-tetrasubstituted 5-azaindoles 19 

in excellent yields (Scheme 1.4). 
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Scheme 1.4 Palladium-catalyzed hetero-annulation reaction of 2- or 6-

chloro-4-acetamido-3-iodopyridines 18 with p-substituted diaryl alkynes 

 

Moustafa et al. reported [3+2] dipolar cycloaddition between 

substituted 3,4-cyclopropano-N-tosylpiperidines 20 and alkyl or aryl 

nitriles [13] followed by oxidation using SeO2, detosylation, and 

aromatization to furnish 2,3-disubstituted 5-azaindoles 21 in excellent 

yields. The substrates are easy to prepare, and the authors have reported a 

gram-scale synthesis of the same (Scheme 1.5). 

 

 

 

Scheme 1.5 [3+2] Dipolar cycloaddition for the synthesis of 2,3-

disubstituted-5-azaindoles 

 

1.2.2 Synthesis of γ-carbolines 

Xu et al. have recently reported a synergistic copper/iridium 

catalyzed asymmetric cascade allylation reaction of aldimine esters 22 and 
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indolyl allylic carbonates 23 [14] for the synthesis of several tetrahydro-γ-

carbolines 24 with multiple chiral centers in high stereo-selectivity and 

optical purity (Scheme 1.6). 

 

 

Scheme 1.6 Cu/Ir mediated stereoselective synthesis of tetrahydro-γ-

carbolines 

In TosMIC (tosylmethyl isocyanide) chemistry, isocyanide 

derivatives are important building blocks due to the amphiphilic nature of 

the isocyanide moiety. The cyclization of a TosMIC derivative by 

aromatic electrophilic substitution and isocyanide attack on electrophile 

often occurs in a tandem process. Gutierrez et al. have recently reported 

(Scheme 1.7)  preparation of a series of 1,3-disubstituted γ-carbolines 26 

by heterocyclization of α-indol-2-yl-methyl TosMIC 25 in the presence of 

trifluoroacetic acid or aluminum chloride and an electrophile [15].  

 

 



     

Chapter 1 

  

9 
 

Scheme 1.7 Heterocyclization of α-indol-2-ylmethyl TosMIC derivative in 

the presence of an electrophile to 1,3-disubstituted γ-carbolines 

Chepyshev et al. have synthesized N-methyl ingenine B, a natural 

product using isocyanide chemistry (Scheme 1.8). The natural product, 

ingenine B (γ-carboline alkaloid, 58 shown in figure 1.6) was first isolated 

from the Indonesian sponge Acanthostrongylophora ingens and was found 

to have prominent cytotoxicity against murine lymphoma cells L5178Y. o-

Methoxyaryl-2-sulfonylmethylisocyanide 27 undergoes in situ 

silylation/olefination with aldehyde 28 to provide alkenyl isocyanide 29. 

The conjugate addition of 29 with lithiated N-methyl indole 30 provides 

sulfonylisocyanide derivative 31, which on exposure to trifluoroacetic acid 

was converted to N-methyl ingenine B 32 [16]. 

 

Scheme 1.8 Synthesis of ingenine B derivative 32 

 

Wang et al. have developed a novel protocol for synthesis of 

substituted β- and γ-carbolines through redox-free palladium-catalyzed 

heterocyclization of C(3) or C(2)-substituted indoles and nitriles [17]. 1-

(1-Methyl or benzyl-1H-indol-3/2-yl)propan-2-one or acetate 33 

undergoes Pd catalyzed C-H activation to make a palladium complex. The 
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co-ordination of nitrile compound 34 to Pd-center gives a ketimine 

intermediate, which leads to the formation of β- or γ-carbolines framework 

35.  

 

 

 

Scheme 1.9 Palladium-catalyzed C-H activation/nitrile 

addition/heterocyclization for the synthesis of β- and γ-carbolines 

Hao et al. developed a simple but efficient method for the 

synthesis of spirodihydro carboline [18]. A catalytic amount of iodine 

promotes dehydration of indolyl alcohol derivative 36, leading to an 

indolyl carbocation formation. The attack of enaminone 37 on this 

carbocation induces a cascade [3+3] cycloaddition to furnish γ-carboline 

core 38 in moderate to good yields (Scheme 1.10).  
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Scheme 1.10 Iodine catalyzed formal [3+3] cycloaddition to synthesize 

spirodihydro carbolines 

 

1.2.3 Synthesis of furo[3,2-c]pyridines 

Kuethe developed a rapid strategy to access 2-aryl-2,3-

dihydrofuro[3,2-b], [3,2-c], and [2,3-b]pyridines 41 from o-nitropicolines 

39 and aryl aldehydes in the presence of tetrabutylammonium fluoride and 

Hunig’s base (DIPEA) [19]. In the presence of a base, o-nitropicoline 39 

and aryl aldehydes 40 condense to form an aldol product (Scheme 1.11). 

The aldol intermediate is activated by tetrabutylammonium fluoride in the 

presence of a polar aprotic solvent at high temperature for aromatic 

nucleophilic substitution leading to the replacement of nitro group on the 

pyridine ring and furnish the 2-aryl-2,3-dihydrofuropyridines 41. 

 

 

Scheme 1.11 Synthesis of 2-aryl-2,3-dihydrofuropyridines 

 

Anion relay enabled [3+3] annulation of conjugated ene-yne-

ketones 42 and active methylene isocyanides 43 was developed by Dong 
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et al. for efficient synthesis of biologically valuable furo[3,2-c]pyridine 

derivatives [20]. Silver carbonate abstracts a proton from the active 

methylene center of isocyanide 43 to form a carbanion, which undergoes 

intermolecular Michael addition on α,β-unsaturated ketone 42 to form an 

intermediate. Next, a silver catalyzed anion relay-based cycloaddition 

enables the formation of densely substituted furo[3,2-c]pyridines 44 

(Scheme 1.12). 

 

Scheme 1.12 Silver catalyzed anion relay enabled [3+3] annulation 

 

Li et al. developed a new methodology for synthesis of N-

substituted-6-methyl-4-oxo-4,5-dihydrofuro[3,2-c]pyridine-2,3-

dicarbonitriles 46 using 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) as 

building block and oxidant [21]. The methodology resulted in the 

formation of furan-based heterocycles from simple synthetic precursors 

such as N-substituted 4-hydroxyl-5-methylpyridinones 45. 

 

 

Scheme 1.13 DDQ catalyzed synthesis of dihydrofuro[3,2-c]pyridine-2,3-

dicarbonitriles 
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Mal et al. described a gold (III) catalyzed route for synthesis of chiral 3-

formyl furans from suitably protected (1-alkynyl)-2,3-dihydropyran-4-one 

47 [22]. The furan derivative was transformed into a corresponding 1,5-

dicarbonyl compound through a titanium tetrabromide catalyzed reaction, 

which on further treatment with ammonium acetate under mildly acidic 

conditions form furo[3,2-c]pyridine derivative 48 (Scheme 1.14). 

 

 

Scheme 1.14 Synthesis of 2,6-disubstituted furo[3,2-c]pyridine 

 

1.2.4 Synthesis of benzofuro[3,2-c]pyridines 

Kumar et al. devised a silver catalyzed tandem approach to 

synthesize benzofuropyridines by the reaction of o-alkynyl aldehyde with 

tert-butylamine under mild conditions [23]. A series of deuterium labeling 

experiments determined the role of solvent ethanol in the protocol 

(Scheme 1.15). 

 

Scheme 1.15 Synthesis of substituted benzofuro[3,2-c]pyridines 
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1.3 The role of 5-azaindoles in cancer therapy 

Cancer is a common name for a large group of malignant diseases. 

The disease cancer may begin from a single abnormal cell, and it is 

characterized by excessive and uncontrolled cell growth leading to the 

formation of tumors. The abnormal cells slowly spread throughout the 

body (metastasis) and result in several other health complications [24].  

Kinases are enzymes to regulate the activation (by 

phosphorylation) of biomolecules by using ATP. The human kinome 

comprises more than 500 protein kinases, which play a vital role in cell 

cycle management. These protein kinases are excellent targets in 

oncology, and protein kinases inhibition has been widely explored in 

cancer research [2]. 

Azaindoles (pyrrollopyridines) are the closest bio-isostere of 

indoles and purines. They are rare in nature except for few marine 

alkaloids like variolins (Figure 1.4). Variolin B was first isolated from rare 

antarctic sponge Kirkpatrickia varialosa in 1994. It was later found to be a 

potent cyclin-dependent kinases (CDKs) inhibitor regulating the cell cycle 

by taking control of cell division, cell differentiation, and apoptosis [25].  

 

Figure 1.4 Natural azaindole derivatives found in antarctic sponges: 

Variolins  
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Cell division cycle 7 kinase (cdc7 kinase) is a protein kinase, 

responsible for cell cycle regulation with the help of DNA helicase 

enzyme that unwinds DNA double-strand. The function of cdc7 kinase is 

essential in the initiation of DNA replication. A very high concentration of 

cdc7 kinase has been noticed in several types of cancers, including 

leukemia, breast, lung, and colon cancers. Bryan and co-workers have 

developed 5-azaindole core-based potent and selective cdc7 kinase 

inhibitor 52 (Figure 1.5) with improved metabolic stability [26]. 

Chk1 or checkpoint kinase 1 regulates DNA damage response in 

the cell cycle. It helps in maintaining sustainable growth in healthy cells 

by keeping the damaged cells out of the system. Lefoix et al. have 

discovered a series of symmetrical and unsymmetrical 5-

azaindolocarbazole 53 (Figure 1.5) and proved their potent chk1 inhibition 

activity experimentally. These compounds have significant applications in 

multi-drug anticancer therapy [27]. 
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Figure 1.5 Biologically active 5-azaindole derivatives 

Rho-kinase (ROCK) plays a fundamental role in cell-signaling 

pathways responsible for cell adhesion-migration and cellular 

contractions. Rho-kinase inhibition has been profoundly studied in cancer 

metastasis. Moreover, ROCK inhibition has also been studied in the 

management and therapy of hypertension, glaucoma, asthma, stroke, and 

erectile dysfunction. Chowdhury et al. synthesized a series of azaindole-

based potent and highly selective ROCK inhibitors 54 (Figure 1.5) to treat 

cancer and other ailments [28]. 

Cannabinoid receptors are transmembrane proteins belonging to G-

protein coupled receptor superfamily. These receptors are of two types, 

namely CB1 and CB2. The cannabinoid-cannabinoid receptor interaction 

is well studied for its anti-palliative effects. The selective targeting of the 

CB2 receptor by the agonist 55 (Figure 1.5) is well-established to treat 

neuropathic pain [29]. Contemporary literature shows that CB2 protein 

may become a vital target for developing new anticancer molecules as 

CB2 agonists regulate key cell signaling pathways, including cell survival, 

angiogenesis, and metastasis [30].  

1.4 Biological applications of γ-carbolines 

Bovine viral diarrhea (BVD) is a fatal disease of cattle caused by a 

virus and is a significant reason for cattle-loss worldwide. Sako et al. have 

developed a novel series of γ-carbolines 56 with anti-BVDV activity  

(Figure 1.6). These compounds have EC50 values in the nanomolar range 

with high selectivity index and minimal off-site activity [31]. 

Chen et al. have synthesized γ-carboline based tubulin 

polymerization inhibitor 57 (Figure 1.6). The novel N-γ-carboline aryl 

sulfonamide bind to the colchicines binding site of tubulin, arresting the 

cell cycle in the G2/M phase. The anticancer property of 57 was examined 

against a panel of cancer cell lines such as lung (A549 cells) and breast 
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(MCF-7 cells) cancers, and the compounds were found to be active in the 

micromolar range of concentrations [32]. 

 

Figure 1.6 Biologically active γ-carboline derivatives 

Bromodomain and extra terminal (BET) proteins have recently 

emerged as a novel class of therapeutic targets for treating cancer. There 

are 46 bromodomain-containing proteins encoded in the human genome, 

and broadly these are classified into eight subfamilies. The literature 

survey suggests that careful regulation of gene transcription by selective 

targeting of bromodomains may bring innovative changes in treating 

cancer. BET inhibitors, IBET-762 and OTX015, are rapidly advancing 

into clinical trials for various human cancers. Ran et al. have synthesized a 
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new γ-carboline derivative 59 (Figure 1.6) with promising bromodomain 

inhibitor activity at low nanomolar concentrations and very high 

selectivity [33]. 

Tubastatin A is a potent (IC50 = 15 nM) and selective HDAC6 

inhibitor promoting neuron re-growth in neurodegenerative diseases and 

brain injury. In 2010, Butler et al. demonstrated that tubastatin-A 60 

(Figure 1.6) induces elevated levels of acetylated α-tubulin in primary 

neuron cultures leading to neuron regeneration [34]. 

1.5 Tuberculosis: Current status and the emerging role of 

small molecules in the management of disease 

Tuberculosis (TB) caused by Mycobacterium tuberculosis (Mtb) is 

one of the leading causes of death worldwide, surpassing HIV/AIDS. 

Millions of people are affected by tuberculosis every year. The statistics in 

the last two decades show the rapid emergence of multidrug-resistant 

(MDR) and extremely drug-resistant (XDR) Mtb strains. Mycobacterium 

tuberculosis strains resistant to the anti-TB drugs, isoniazid, and 

rifampicin, are termed multidrug-resistant TB (MDR-TB) strains. 

Extensively drug-resistant TB (XDR-TB) is a severe case of multidrug 

resistance in which pathogens are resistant to all second-line drugs. Both 

MDR-TB and XDR-TB do not respond to the standard anti-TB drugs and 

are emerging threats to the success of anti-TB programs. According to the 

latest WHO report, an estimated 480,000 new MDR-TB and an additional 

100,000 rifampicin-resistant TB (RR-TB) cases have been reported, with 

50% of these cases are from China and India. The current anti-TB regime 

involves six to nine months long administration of a cocktail of antibiotics. 

In the case of MDR-TB and XDR-TB, the treatment duration may vary 

from several months to years. The use of second-line antibiotics has made 

the problem even more complicated. The partial elimination of these drug-

resistant bacteria strains often results in a relapse of the disease with 

higher mortality rates [35]. Furthermore, Mtb forms well-structured 
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extracellular matrix called “biofilms” responsible for increased drug 

tolerance and chronic illness [36]. Therefore, with available over-the-

counter drugs, we are unable to keep a check on this fatal disease. This 

leads to an urgent need for new antibiotics with alternative working 

principles. 

 

Figure 1.7 Polyketide synthetase 13 (Pks13) inhibitors [6,7] 

 Polyketide synthase is a class of enzymes in bacteria, which 

catalyze condensation reaction to produce α-alkyl β-ketoacids, the direct 

precursors of mycolic acids. The majority of mycolic acid derivatives 

form the mycolate-containing lipids, which play a decisive role in 

pathologies caused by the mycobacteria, act either as pro-inflammatory 

agents or as T cell activators. More recently, benzofuran inhibitors of 

polyketide synthetase 13 (pks13) have shown encouraging results in the in 

vitro and in vivo studies. One such derivative 61, TAM16, was found to be 

potent against acute and chronic mouse TB models when administered 

orally as a single dose. The simplified dosing regimen, increasing patient 

compliance, and zero pre-existing resistance in clinical strains of TB have 

increased the chances of its clinical success [6]. 
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 The success of benzofuran based molecules has inspired the 

development of several new pyridofuran derivatives 62 as a treatment for 

drug-resistant tuberculosis due to structural similarity [7]. These 

molecules are further transformed into molecular hybrids to fine-tune their 

biological activities. 

1.6 Benzofuropyridine core and its biological application 

Kennis et al. developed a series of compounds with high affinity to 

α2-adrenoreceptor. In vitro and in vivo evaluation of the most potent 

derivative 63 show great potential for a new class of antidepressants [8]. 

 

Figure 1.8 Antidepressant benzofuro[3,2-c]pyridine based molecule   

1.7 Organization of the thesis 

The present thesis has been summarized into five chapters to gain 

deep insight into the complete research work. 

Chapter 1 describes the introduction to the topic and the scope of the 

thesis. A review of the recently developed synthetic protocols for fused-

pyrido heterocycles and their biological applications is included herein. 

Chapter 2 describes the serendipitous discovery of a novel protocol for 

the synthesis of substituted 5-azaindoles. The application of this 

methodology is described in this chapter. 

Chapter 3 describes the design and development of an unprecedented 

one-pot protocol for the synthesis of γ-carboline derivatives. These newly 
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synthesized carbolines possess interesting biological and optical 

properties. 

Chapter 4 deals with the development of a one-pot synthesis for 

substituted furo[3,2-c]pyridines and substituted benzofuro[3,2-c]pyridines. 

This chapter contains the design, synthesis, and biological evaluation of 

novel furopyridine-isatin hybrids to treat tuberculosis. 

Chapter 5 deals with the conclusion of the thesis work and its future 

scope.  
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Chapter 2 

Serendipitous base catalysed condensation-

heteroannulation of iminoesters: A regioselective route to 

synthesis of 4,6-disubstituted 5-azaindoles  

2.1 Introduction  

Azaindoles are privileged heterocycles as they are the closest 

bioisosteres of indoles and purines. They are rare, except in few marine 

alkaloids such as variolins [1] and martinellic acid [2] along with their 

derivatives. In particular, the 5-azaindole core moiety is well exploited in 

drug design due to its strong homology with 5-hydroxy indole, a main 

metabolite of indole moiety present in several biomolecules like 

melatonin, serotonin, and 5-hydroxy indole acetic acid [3]. Many 

important drug candidates [4–7] have been discovered recently which 

contain the 5-azaindole core (Figure 2.1) and research is being carried out 

to exploit the full potential of this heterocyclic motif.  

A review of the literature reveals that several methods [8] are 

available for the synthesis of azaindole moiety. The classical Fischer 

indolization and Bartoli indole synthesis are not very efficient at 

synthesizing azaindole core due to the electron deficient nature of the 

pyridine ring which does not favour an essential step involving a [3,3] 

sigmatropic rearrangement during the synthesis [9]. In contrast, the 

standard indole synthetic protocols including methodologies developed by 

Leimgruber-Batcho [10], Larock [11], and Hemetsberger–Knittel [12] 

have been successfully extended to synthesize 5-azaindole core by careful 

selection of specific substrates. Moreover, Heck [13] and Sonogashira [14] 

C–C cross coupling reactions have been proved to be instrumental in 

developing new methodologies for a vast range of heterocycles of this 

category. In addition, zirconocene mediated cross-coupling reaction [15] 
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of silanes with organonitriles and TiCl3 catalysed [16] cyclisation of 

isonicotinoyl derivatives of aminopyridines are noteworthy contributions 

of transition metal mediated synthesis of 5-azaindoles. 

 

Figure 2.1 Pharmacologically active molecules containing the 5-azaindole 

core [4–7] 

Most of these strategies involve multistep reactions including harsh 

conditions in one or more steps during their synthesis. Additionally, these 

methods rely on highly functionalized nitro or amino-pyridine derivatives, 

which are expensive and not available easily. The limited substrate scope 

results in the formation of highly substituted products with very less 

flexibility for further modifications. 

2.2 Results and discussion 

During our ongoing exploration of pyrrole iminoester 4 as versatile 

building block for heterocycle synthesis, we have serendipitously 
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encountered a novel and highly regioselective route to synthesize the 5-

azaindole core through one-pot condensation-heteroannulation of 

iminoester 4 derived from pyrrole-2-aldehyde 1a and glycine ester 2a. The 

results of these studies are presented in this chapter. 

 

Scheme 2.1 Imination of pyrrole-2-carboxaldehydes: A comparison 

between previous [17, 18] and present studies 

 The condensation of amino methylene compounds with pyrrole-2-

aldehydes 1 is well reported in the literature [17, 18]. These studies have 

motivated us to prepare pyrrole iminoester 4 that can be used for 

synthesizing new biologically active heterocycles (Scheme 2.1). However, 

reported procedure [17] for the synthesis of 4 was not reproducible, and 

only traces of 4 were observed in our experiments (Table 2.1). 

 In order to optimize the reaction, various reaction conditions were 

screened including the usage of an organic base such as 

diisopropylethylamine (pKa = 10.75) under reflux in toluene in presence of 

4 Å molecular sieves to sequester the eliminated water molecules during 
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condensation reaction between pyrrole-2-aldehyde and glycine ester 

hydrochloride (Entry 1, Table 2.1). 

S.

No 

No. of 

equiv. 

of  1a 

used 

No. 

of 

equiv. 

of  2a 

used 

Base 

(equiv.) 

Solvent Addit

ive 

Temp. Reactio

n Time 

Yield* 

1 1.0 1.0 DIPEA 

(3.5) 

Toluene 4Å 

MS 

Reflux 48 h 38% 

(3aa) 

2 1.0 1.0 Et3N (3.5) Toluene 4Å 

MS 

Reflux 48 h No 

product 

3 2.0 1.0 NaH (3.5) THF - RT to 

reflux 

24 h No 

product 

4 2.0 1.0 K2CO3 

(6.5) 

Et2O - RT to 

reflux 

24 h No 

product 

5 2.0 1.0 Cs2CO3 

(2.0) 

DMF - RT to 

reflux 

24 h No 

product 

6 2.0 1.0 DIPEA 

(3.5) 

- - 150°C/

Sealed 

tube 

6 h 58% 

(3aa) 

7 1.0 5.0 DIPEA 

(15.0) 

- - 100°C/

Sealed 

tube 

48 h 34% 

(3aa) 

8 2.0 1.0 DBU (3.5) - - 150°C/

Sealed 

tube 

  6 h 31% 

(3aa) 

9 2.0 1.0 DIPEA 

(3.5) 

- - 150°C/ 

200 

mbar 

(micro

wave) 

10 min Trace 

(3aa) 

10 2.0 1.0 DIPEA 

(3.5) 

- DDQ 

(1.0) 

150°C/

Sealed 

tube 

16 h No 

product 
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11 2.0 1.0 DIPEA 

(3.5) 

- - 50°C/ 

Sealed 

tube 

24 h No 

product 

equiv. = no. of equivalents;*isolated yield 

Table 2.1 Optimization of reaction conditions for formation of 3aa 

To our surprise, the product was not the expected iminoester 4 but 

was characterized and confirmed by X-ray diffraction study (Figure 2.2) 

as methyl 1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-

c]pyridine-6-carboxylate 3aa or 5-azaindole in 38% yield. 

 

 

Figure 2.2 Molecular structure of 3aa (CCDC 1836867) 

With the above findings, next we carried out the optimization of 

the reaction conditions to synthesize 3aa from 1a and 2a using various 

organic or inorganic bases in different solvents at different reaction 

temperatures (Entries 2–5, Table 2.1). However, neither 3aa nor the 

iminoester 4 was obtained when mild organic base (Et3N, Entry 2), strong 

(NaH, Entry 3) or weak inorganic bases such as K2CO3 (Entry 4) or 

Cs2CO3 (Entry 5) were utilized. Subsequently, it was found that under 

solvent-free conditions, when N-benzyl pyrrole-2-carboxaldehyde 1a (2.0 

equiv.) was reacted with glycine methyl ester HCl salt 2a (1.0 equiv.) in 

the presence of DIPEA (3.5 equiv.) at 150 °C in a sealed tube for 6 h, the 

reaction proceeded smoothly to provide 3aa in an improved yield of 58% 

(Entry 6, Table 2.1). Increasing the equivalents of glycine ester 2a to 5.0 

equiv. and DIPEA to 15 equiv. resulted only in the degradation of 3aa to 
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34% yield (Entry 7, Table 2.1). Use of stronger base such as DBU (Entry 

8) resulted in further decrease of yield of 3aa to 31%. Microwave 

irradiation (Entry 9) or use of additives such as DDQ at 150 °C didn’t 

facilitate the formation of 3aa due to the decomposition of DDQ by water 

molecules generated during the formation of intermediates 4 and 7 (Entry 

10). Moreover, decreasing the reaction temperature to 50 °C under solvent 

free condition was completely detrimental and prevented the formation of 

3aa (Entry 11). 

The methodology was further extended to other N-substituted 

pyrrole-2-carboxaldehydes 1b–h and 1i along with a range of 

aminomethylene compounds 2b–d to examine the scope of the reaction for 

a general 5-azaindole synthesis, and the results are summarized in Scheme 

2.2. In general, electron rich pyrrole-2-aldehydes 1a–c having higher 

nucleophilicity in the pyrrole ring resulted in the formation of 

corresponding 4,6-disubstituted 5-azaindoles 3ab–bc and 3fa in good 

yields, whereas electron deficient pyrrole-2-aldehydes 1d and 1e yielded 

4,6-disubstituted 5-azaindoles 3da–ea in moderate yields. 

Interestingly, N-(4-methoxybenzyl) and 5-methyl substituents 

increase the nucleophilicity of the pyrrole ring to afford 3ba and 3fa in 

61% and 64% yields, respectively, under optimized reaction conditions. 

Pyrrole-2-carboxaldehyde derivatives with moderate electron withdrawing 

groups (1d and 1e) including tosyl and benzene sulfonyl were also 

successfully transformed into their corresponding 5-azaindole products 

(3da and 3ea), but comparatively with lower yields and a longer reaction 

time (12 h). In general, glycine methyl ester HCl salt 2a was found to be 

more effective in terms of higher yields in a given transformation in 

comparison to ethyl ester and tert-butyl esters of glycine. However, 

reaction of 2-aminoacetonitrile 2d with 1a did not result in the formation 

of cyano derivative of 5-azaindole, 3ad. 
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Overall, the observed results show that nucleophilicity of the 

pyrrole ring plays a decisive role in the formation of 5-azaindole product 

under the newly developed protocol. The pyrrole unit with higher electron 

density may exhibit slower rate of imine formation. However, as soon as 

the iminoester intermediate 4 is formed, it readily generates a carbon 

nucleophile 5 to facilitate condensation reaction of 5 with another 

molecule of pyrrole-2-aldehyde to give the corresponding 4,6-

disubstituted 5-azaindoles. 
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Scheme 2.2 Synthesis of 5-azaindole derivatives 3aa–fa 

Pyrrole-2-aldehydes 1g and 1h and fused pyrrole-2-aldehyde 1i 

failed to form the corresponding 5-azaindoles 3ga, 3ha and 3ia. The 
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presence of electron withdrawing halogen group in the N-benzyl 

substituent, as in the case of 1g (2'-bromo-N-benzyl), inhibits the 

formation of iminoester intermediate 4g, which is necessary for further 

condensation with another molecule of 1g to form 5-azaindole 3ga. Even 

though the presence of EWG on the nitrogen atom of the pyrrole ring was 

tolerated well as in the case of aldehydes 1d and 1e, N-Boc-pyrrole-2-

aldehyde 1h does not result in the formation of the desired 5-azaindole 

product, 3ha. Probably this is due to the labile nature of N-Boc group at 

higher temperature leading to severe decomposition of the aldehyde 1h. 

Benzocyclopenta fused pyrrole-2-aldehyde 1i did not result in the 

formation of 5-azaindole because of severe steric crowding. 

The probable mechanism (Scheme 2.3) for the conversion of 

pyrrole-2-aldehydes (1a–e) to 5-azaindoles (3aa–fa) involves initial 

formation of trans iminoester 4 from N-protected pyrrole-2-aldehyde 1 

and glycine alkyl esters (2a–c). In the presence of Hunig’s base, carbon 

nucleophile 5 is generated by abstraction of active methylene proton from 

trans iminoester 4 which further undergoes nucleophilic addition with 

another molecule of N-protected pyrrole-2-aldehyde 1 to give an 

intermediate imino alcohol 6. Iminoalcohol 6 eliminates a molecule of 

water under the reaction conditions to give an iminoenamine intermediate 

7 which can undergo ring closure reaction via path a or path b. 

In path a, imine nitrogen of intermediate 7 is protonated by the 

conjugate acid (+BH) to form the iminium intermediate which undergoes 

electrophilic aromatic substitution at the 3-position of the pyrrole unit to 

form the second C–C bond in 8. Intermediate 8 aromatises by the loss of 

proton to give 4,6-disubstituted 4,5-dihydroazaindole 9a. In path b, 7 

would undergo thermal 6-π electrocyclic reaction of a conjugated triene 

system to form 4,6-disubstituted 4,8-dihydroazaindole 9b. In situ 

dehydrogenation of 9a or 9b by aerial oxidation leads to the formation of 

4,6-disubstituted-5-azaindoles 3aa–fa. 
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Scheme 2.3 Plausible mechanism for the formation of the 5-azaindole 

core 

During the formation of azaindoles, all the substrates, 1a–f, were 

exclusively transformed to 5-azaindoles and no traces of 6-azaindole 

regioisomers were observed which proves that the heterocyclization 

reaction is highly regiospecific (Scheme 2.4). The exclusive formation of 

the 5-azaindole regioisomer is explained by proposing an intermediate 7 

before heteroannulation takes place. Pyrrole ring A predominantly prefers 

to participate in nucleophilic addition on intermediate 7 compared to the 

standard Michael type addition of pyrrole ring B. Density functional 

theoretical (details in the experimental section) calculations also show that 

nucleophilic addition is favoured (by 6.44 kcal/mol) over Michael 

addition, between the formation of 5- and 6-dihydroazaindoles 9a and 9c. 
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This indicates that 9a is thermodynamically stable over 9c. This may be 

the reason for the selective formation of 5-azaindole regioisomer in the 

developed protocol (Scheme 2.4). 

 

Scheme 2.4 Relative energy between the formation of 5-azaindole (9a) 

and 6-azaindole (9c) regioisomers calculated using the B3LYP/6-

311++G** level of theory 

The carboxylic ester functionality in 3aa can be easily transformed 

into variety of 6-substituted 5-azaindole derivatives 10–13. Ester 3aa was 

reacted with aqueous ammonia in alkaline methanolic solution to yield the 

corresponding 6-carboxamide 5-azaindole derivative 10. Mild dehydration 

of 10 using phosphoryl chloride provided 6-cyano 5-azaindole 11. The 

carboxylic ester in 3aa was smoothly transformed into primary alcohol 12 

in good yield using lithium aluminium hydride as the reducing agent. The 

introduction of a formyl group into the pyridine ring of 5-azaindole 

without affecting the highly nucleophilic C-2 and C-3 positions of the 
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pyrrole ring was also achieved by controlling the oxidation of primary 

alcohol 12 to 6-carbaldehyde 5-azaindole 13 using manganese dioxide as a 

mild oxidizing agent (Scheme 2.5). It is imperative to note that the 

introduction of electron withdrawing functional groups in the pyridine ring 

of 5-azaindole is difficult and rare. 

 

Scheme 2.5 Synthesis of novel 5-azaindole derivatives 

The effects of substituents at C-4 and C-5 positions of pyrrole-2-

aldehyde were thoroughly investigated for understanding the synthetic 

scope of the reaction and summarized in Scheme 2.6.  

A range of C-4 and C-5 substituted pyrrole-2-carboxaldehyde 

derivatives were synthesized via reported procedures [19] and were 

subjected to heterocyclization reactions. It was found out that any 

substitution (Br or Ph) at the C-4 position of pyrrole-2-carboxaldehyde is 

not conducive to heterocyclization. Small substituents such as the methyl 

group are well tolerated at the C-5 position of pyrrole-2-carboxaldehyde; 

however, bulkier substituents such as the benzyl group are not tolerated in 

the new protocol for conversion into the corresponding 2-substituted 5-

azaindole derivatives. Electron donating (Bn, Me, 4-MeO-benzyl) or 
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withdrawing substituents (tosyl, PhSO2) at the 1-position of pyrrole are 

also well tolerated (Scheme 2.6). 

 

Scheme 2.6 Effects of C-4 and C-5 substituents on the heterocyclization 

reaction 

We also envisaged that the 5-azaindole derivative 15 has 

remarkable structural similarity to the selective CB2 agonist 

GSK554418A (Figure 2.1) and is expected to have a similar biological 

profile. Subsequently, the methyl ester in 3ca was hydrolysed to 6-

carboxylic acid 5-azaindole, 14, which was coupled with morpholine to 

give 6-morpholino amide derivative 15 in moderate yield (Scheme 2.7). In 

vitro analysis of 15 to confirm the CB2 agonistic activity in cancer cell 

lines was carried out in our laboratory, and unfortunately no significant 

cell death was observed in these experiments. 
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Scheme 2.7 Synthesis of a possible CB2 agonist molecule 

A crossover experiment with two different pyrrole-2-aldehydes 1a 

and 1d produced a single crossover product 16, which indicates that this 

reaction solely goes through an intermolecular and chemoselective fashion 

(Scheme 2.8). Electron deficient N-tosylpyrrole-2-aldehye 1d reacts with 

glycine methyl ester initially to form an iminoester intermediate 4, which 

undergoes nucleophilic addition with electron rich N-benzylpyrrole-2-

aldehdye 1a followed by sequence of transformations as described in 

Scheme 2.3 to give 4,6-disubstituted-5-azaindole 16 as the product and not 

the other isomer 17. This is because glycine methyl ester reacts faster with 

1d to form iminoester intermediate 4 due to the increased electrophilicity 

of the 2-aldehdye functionality in 1d. This experiment opens a new avenue 

to prepare various 5-azaindole derivatives with different N-protecting 

groups in the side chain pyrrole and fused pyridopyrrole moieties. 
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Scheme 2.8 Crossover experiment to form 5-azaindole 16 

2.3 Conclusion 

In summary, we have discovered an unprecedented one-pot 

protocol for the synthesis of 4,6-disubstituted 5-azaindole derivatives. The 

approach discloses mechanistically an interesting heterocyclization 

reaction through imination of pyrrole-2-aldehydes with glycine esters and 

in situ condensation of the imino ester to another molecule of pyrrole-2-

aldehyde to afford 4,6-disubstituted 5-azaindoles in moderate to good 

yields.  

2.4 Experimental section 

2.4.1 General information 

All reactions were carried out in oven dried glass wares with magnetic 

stirring. 1e, 2a, 2c, 2d along with other reagents were obtained from 

commercial supplier and used without further purification. NMR spectra 

were recorded on AvanceIII400 Ascend Bruker. CDCl3 and D2O were 

used as NMR solvents. Chemical shifts (δ) reported as part per million 

(ppm) and TMS was used as internal reference. High resolution mass 
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spectra were obtained through Bruker Daltonik High Performance LC MS 

(Electrospray Ionization Quadrupole time-of-flight) spectrometer. X-ray 

structure analysis was carried out at Single crystal X-ray diffractometer 

Bruker KAPPA APEXII. Melting points (m.p.) are uncorrected and were 

measured on Veego melting point apparatus (Capillary method). 

Analytical thin layer chromatography (TLC) was carried out on silica gel 

plates (silica gel 60 F254 aluminium supported plates); the spots were 

visualized with an UV lamp (254 nm and 365 nm) or using chemical 

staining with Brady’s reagent, KMnO4, ninhydrin, iodine, and 

bromocresol. Column chromatography was performed using silica gel 

(100–200 mesh or 230–400 mesh) and neutral alumina (175 mesh). DMF, 

DCM, DMA, toluene, and acetonitrile were dried using CaH2 and distilled 

over flame-dried 4Å molecular sieves. THF and Et2O were dried over 

Na/benzophenone and stored over flame-dried 4Å molecular sieves under 

inert atmosphere prior to use. Organic bases including DIPEA, Et3N, and 

DBU were stored over anhydrous KOH pellets. 

2.4.2 Experimental details and characterization data 

2.4.2.1 Synthesis of starting materials 1a–i and 2b 

1-Benzyl-1H-pyrrole-2-carbaldehyde (1a). Crushed potassium 

hydroxide (1.175 gm, 21 mmol) was dissolved in dimethyl sulfoxide (5 

mL) in a round-bottom flask (100 mL) by stirring for 5 min at room 

temperature. Solid pyrrole-2-carboxaldehyde (500 mg, 5.25 mmol) was 

added to the reaction mixture in one portion and stirred for 45 min at the 

same temperature. Subsequently, the reaction mixture was cooled to 0 °C 

and benzyl bromide (1.25 mL, 10.5 mmol) was added through a glass 

syringe drop-wise over a period of 5 min. The reaction mixture was 

warmed to room temperature, monitored by TLC and stirred for another 
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45 min. After the completion of reaction, the reaction mixture was 

quenched with milli-Q water (MQ, 10 mL) and extracted with diethyl 

ether (3×10 mL). The combined organic layers was dried over anhydrous 

Na2SO4, filtered, and concentrated under reduced pressure. The crude 

residue was purified over silica gel (100–200 mesh) column 

chromatography using hexane:EtOAc (99.5:0.5) as eluent to afford 1a. 

Yield 85% (824 mg); Yellow oily liquid; Rf 0.50 (9:1 hexane-EtOAc); 1H 

NMR (400 MHz, CDCl3) δ 9.47 (s, 1H), 7.27–7.13 (m, 3H), 7.12–7.00 (m, 

2H), 6.93–6.80 (m, 2H), 6.18 (dd, J = 3.2, 2.7 Hz, 1H), 5.47 (s, 2H); 13C 

NMR (100 MHz, CDCl3) δ 179.5, 137.6, 131.6, 131.4, 128.7, 127.7, 

127.3, 124.8, 110.2, 52.0. 

1-(4-Methoxybenzyl)-1H-pyrrole-2-carbaldehyde (1b). 

Under inert atmosphere, in a two-neck round-bottom flask (50 mL), 

sodium hydride (55–60% suspension in oil, 100 mg, 2.52 mmol) was 

suspended in dry dimethyl formamide (3 mL) at room temperature. 

Pyrrole-2-carboxaldehyde (200 mg, 2.10 mmol) was added to the reaction 

mixture in one portion and stirred for 30 min at the same temperature. 

Subsequently, the reaction mixture was cooled to 0 °C and 4-methoxy 

benzyl chloride (0.34 mL, 2.52 mmol) was added through a glass syringe 

drop-wise over a period of 5 min under inert atmosphere. The reaction 

mixture was allowed to warm to room temperature, stirred for another 2 h 

and monitored by TLC. After the completion of the reaction, the reaction 

mixture was quenched with milli-Q water (MQ, 10 mL) and extracted with 

CH2Cl2 (3 × 5 mL). The combined organic layers was dried over 

anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The 

crude residue was purified over silica gel (230–400 mesh) column 

chromatography using hexane:EtOAc (98.0:2.0) as eluent to afford 1b. 
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Yield 95% (430 mg); Dark yellow oily liquid; Rf 0.45 (4:1 hexane-

EtOAc); 1H NMR (400 MHz, CDCl3) δ 9.55 (s, 1H), 7.13 (d, J = 8.3 Hz, 

2H), 6.98–6.91 (m, 2H), 6.83 (d, J = 8.3 Hz, 2H), 6.24 (dd, J = 2.8, 2.4 

Hz, 1H), 5.48 (s, 2H), 3.76 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 179.5, 

159.2, 131.5, 131.2, 129.6, 128.9, 124.9, 114.1, 110.1, 55.3, 51.5. 

1-Methyl-1H-pyrrole-2-carbaldehyde (1c). Potassium tertiary 

butoxide (1.188 gm, 10.50 mmol) and 18-crown-6 ether (0.16 mL, 0.72 

mmol) were suspended in diethyl ether (10 mL) in a two-neck round-

bottom flask (50 mL) at room temperature. Pyrrole-2-carboxaldehyde (1.0 

gm, 10.50 mmol) was added to the reaction mixture in one portion and 

stirred for 15 min at the same temperature. Subsequently, the reaction 

mixture was cooled to 0 °C and methyl iodide (0.32 mL, 5.25 mmol) was 

added through a glass syringe drop-wise over a period of 5 min. Reaction 

mixture was allowed to warm to room temperature, stirred for another 24 

h and monitored by TLC. After the completion of reaction, the reaction 

mixture was quenched with milli-Q water (MQ, 10 mL) and extracted with 

EtOAc (3 × 5 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The 

crude residue was purified over silica gel (230–400 mesh) column 

chromatography using hexane:EtOAc (99:1) as eluent to afford 1c. Yield 

83% (950 mg); Light yellow liquid; Rf 0.25 (4:1 hexane-EtOAc); 1H NMR 

(400 MHz, CDCl3) δ 9.54 (s, 1H), 6.98–6.88 (m, 1H), 6.88–6.83 (m, 1H), 

6.25–6.17 (m, 1H), 3.95 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 179.6, 

132.1, 132.0, 124.1, 109.5, 36.5. 
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1-Tosyl-1H-pyrrole-2-carbaldehyde (1d). Sodium hydride 

(55–60% suspension in oil, 50 mg, 1.31 mmol) was suspended in dry 

dimethyl formamide (3 mL) in a two-neck round-bottom flask (50 mL) at 

room temperature under an inert atmosphere. Pyrrole-2-carboxaldehyde 

(100 mg, 1.05 mmol) was added to the reaction mixture in one portion at 

0°C and stirred for 20 min. Subsequently, tosyl chloride (200 mg, 1.05 

mmol) was added in one portion and reaction mixture was stirred at room 

temperature overnight (monitored by TLC). After the completion of 

reaction, the reaction mixture was quenched with milli-Q water (MQ, 10 

mL) and extracted with EtOAc (3 × 10 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated under 

reduced pressure. The crude residue was purified over silica gel (230–400 

mesh) column chromatography using hexane:EtOAc (95:5) as eluent to 

afford 1d. Yield 80% (210 mg); Yellow liquid; Rf 0.25 (9:1 hexane-

EtOAc); 1H NMR (400 MHz, CDCl3) δ 9.96 (s, 1H), 7.78 (d, J = 8.3 Hz, 

2H), 7.64–7.55 (m, 1H), 7.30 (d, J = 8.3 Hz, 2H), 7.14 (dd, J = 3.3, 1.2 

Hz, 1H), 6.39 (dd, J = 3.3, 3.0 Hz, 1H), 2.40 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 179.0, 146.0, 130.2, 129.6, 129.5, 127.8, 127.5, 124.5, 112.4, 

38.0. 

N5,N5,N10,N10-tetramethyl-5,10-dihydrodipyrrolo[1,2-

a:1',2'-d]pyrazine-5,10-diamine. A solution of pyrrole-2-carboxaldehyde 

(500 mg, 5.25 mmol) in dimethylamine (1.05 mL, 40% in H2O) was 

stirred at room temperature for 3 h. The precipitated solid was collected by 



     

Chapter 2 

  

46 
 

filtration and dried under reduced pressure. The crude solid was 

recrystallized from hot EtOAc (10 mL) and hexane (5 mL) to afford the 

dimer. Yield 67% (430 mg); Pink solid; Rf 0.30 (8:2 hexane-EtOAc); 1H 

NMR (400 MHz, CDCl3) δ 6.99–6.91 (m, 2H), 6.29–6.23 (m, 2H), 6.20–

6.13 (m, 2H), 5.87 (s, 2H), 2.22 (s, 12H). 

1-Benzyl-5-methyl-1H-pyrrole-2-carbaldehyde (1f). 

Freshly prepared N5,N5,N10,N10-tetramethyl-5,10-dihydrodipyrrolo[1,2-

a:1',2'-d]pyrazine-5,10-diamine (1.0 gm,4.09 mmol) was dissolved in dry 

THF (15 mL) in a round bottom flask (100 mL)  under an inert atmosphere 

at 0 °C. n-BuLi (1.6 M in hexane, 5.62 mL, 9.00 mmol) was added to the 

reaction mixture slowly, through a glass syringe over a period of 10 min at 

the same temperature. The reaction mixture warmed to 5 °C and continued 

for stirring for another 2 h. The reaction mixture was once again cooled to 

0 °C and methyl iodide (1.02 mL, 16.36 mmol) was added through a glass 

syringe over a period of 10 min. The reaction mixture was warmed to 

room temperature and stirred for 5 h. Saturated NaHCO3 (25 mL) and MQ 

water (25 mL) were added and the mixture was heated at 80 °C for 16 h. 

The reaction mixture was extracted with DCM (3 × 20 mL). The 

combined organic layers were dried over anhydrous Na2SO4, filtered, and 

concentrated under reduced pressure. The crude residue with crushed 

KOH (1.234 gm, 22.00 mmol) were dissolved in DMSO (6 mL) in a round 

bottom flask (100 mL) at room temperature with stirring. Benzyl bromide 

(0.98 mL, 8.25 mmol) was added using a glass syringe drop-wise over a 

period of 10 min and further stirred for overnight at room temperature. 

The reaction mixture was quenched with milli-Q water (15 mL) and 

extracted with EtOAc (5 × 10 mL). The combined organic layers were 

dried over anhydrous Na2SO4, filtered, and concentrated under reduced 
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pressure. The crude residue was purified over silica gel (230–400 mesh) 

column chromatography using hexane:acetone (96:4) as eluent to afford 

1f.Yield 55% (600 mg); Dark yellow oily liquid; Rf 0.45 (9:1 hexane-

acetone); 1H NMR (400 MHz, CDCl3) δ 9.45 (s, 1H), 7.37–7.17 (m, 3H), 

6.97 (m, 2H), 6.91 (d, J = 3.8 Hz, 1H), 6.08 (d, J = 3.8 Hz, 1H), 5.63 (s, 

2H), 2.19 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 178.6, 140.9, 137.6, 

131.8, 128.7, 127.2, 126.2, 125.2, 110.4, 48.3, 12.2. 

1-(2-Bromobenzyl)-1H-pyrrole-2-carbaldehyde (1g). Sodium 

hydride (55–60% suspension in oil, 100 mg, 2.52 mmol) was suspended in 

dry dimethyl formamide (2 mL) in a two-neck round-bottom flask (50 

mL) at room temperature under an inert atmosphere. Pyrrole-2-

carboxaldehyde (200 mg, 2.10 mmol) was added to the reaction mixture in 

one portion and stirred for 20 min at the same temperature. Subsequently, 

the reaction mixture was cooled to 0 °C and 2-bromobenzyl chloride (0.31 

mL, 2.52 mmol) was added using a glass syringe drop-wise over a period 

of 5 min. The reaction mixture was warmed to room temperature and 

stirred for further 2 h (monitored by TLC). After the completion of 

reaction, the reaction mixture was quenched with milli-Q water (10 mL) 

and extracted with EtOAc (3 × 5 mL). The combined organic layers was 

dried over anhydrous Na2SO4, filtered, and concentrated under reduced 

pressure. The crude residue was purified over silica gel (230–400 mesh) 

column chromatography using hexane:EtOAc (99.0:1.0) as eluent to 

afford 1g. Yield 78% (430 mg); White solid; Rf 0.60 (8:2hexane-EtOAc); 

1H NMR (400 MHz, CDCl3) δ 9.57 (s, 1H), 7.56 (d, J = 7.8 Hz, 1H), 7.19 

(dd, J = 7.5, 7.5 Hz, 1H),7.12 (dd, J = 7.8, 7.3 Hz, 1H), 7.00 (d, J = 3.0 

Hz, 1H), 6.98–6.93 (m, 1H), 6.67(d, J = 7.5 Hz, 1H), 6.30 (dd, J = 3.0, 2.6 
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Hz, 1H), 5.65 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 179.5, 137.1, 132.8, 

131.7, 131.5, 129.2, 128.3, 127.9, 124.7, 122.7, 110.4, 52.1. 

Tert-butyl 2-formyl-1H-pyrrole-1-carboxylate (1h). 

Pyrrole-2-carboxaldehyde (500 mg, 5.25 mmol) and N,N-dimethylamino 

pyridine (65 mg, 0.52 mmol) were dissolved in acetonitrile (5 mL) in a 

two-neck round-bottom flask (50 mL) at room temperature. Boc anhydride 

(1.44 mL, 6.30 mmol) was added to the reaction mixture through a glass 

syringe over a period of 5 min at room temperature under inert atmosphere 

and stirred for further 2 h (monitored by TLC). After the completion of 

reaction, the reaction mixture was quenched with milli-Q water (10 mL) 

and extracted with EtOAc (3 × 5 mL). The combined organic layers were 

dried over anhydrous Na2SO4, filtered, and concentrated under reduced 

pressure. The crude residue was purified over silica gel (230–400 mesh) 

column chromatography using hexane:EtOAc (99:1) as eluent to afford 

1h. Yield 92% (950 mg); Pale yellow oily liquid; Rf 0.35 (9:1 hexane-

EtOAc); 1H NMR (400 MHz, CDCl3) δ 10.30 (s, 1H), 7.44–7.39 (m, 1H), 

7.16 (d, J = 2.5 Hz, 1H), 6.26 (dd, J = 3.3, 2.5 Hz, 1H), 1.62 (s, 9H); 13C 

NMR (100 MHz, CDCl3) δ 182.3, 148.4, 134.8, 127.4, 121.2, 111.7, 85.8, 

28.0. 

5H-Pyrrolo[2,1-a]isoindole-3-carbaldehyde (1i). 1-(2-

Bromobenzyl)-1H-pyrrole-2-carbaldehyde (1g, 300 mg, 1.14 mmol) was 

dissolved in dry N,N-Dimethyl acetamide (DMA, 2 mL) in a three-neck 

round-bottom flask (50 mL) and the solution was degassed (through N2 

bubbling). KOAc (112 mg, 1.14 mmol) and Pd(PPh3)4 (70 mg, 0.06 mmol) 

were added to the reaction mixture at room temperature in one portion. 
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The reaction mixture was heated at 140 °C using oil bath under inert 

atmosphere, monitored by TLC for another 7 h. After the completion of 

reaction, the reaction mixture was quenched with brine (5 mL) and 

extracted with EtOAc (3 × 5 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated under reduced 

pressure. The crude residue was purified over silica gel (230–400 mesh) 

column chromatography using hexane:EtOAc (98:2) as eluent to afford 1i. 

Yield 76% (160 mg); Yellow crystalline solid; m.p. = 128–130 °C; Rf 0.70 

(2:1 hexane-EtOAc);1H NMR (400 MHz, CDCl3) δ 9.58 (s, 1H), 7.69–

7.59 (m, 1H), 7.53–7.46 (m, 1H), 7.45–7.29 (m, 2H), 7.12–7.03 (m, 

1H),6.52–6.41 (m, 1H), 5.20 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 

178.3, 146.1, 141.9, 131.4, 129.8, 128.2, 127.4, 125.7, 123.5, 120.5, 101.3, 

52.4. 

Glycine ethyl ester HCl salt (2b). Glycine (5.0gm, 

66.60 mmol) was suspended in dry ethanol (30 mL) in around-bottom 

flask (250 mL). The suspension was cooled to 0 °C and thionyl chloride 

(7.3 mL, 100 mmol) was added drop-wise through a glass syringe over a 

period of 10 min. The reaction mixture was refluxed overnight and 

monitored using TLC. The excess solvent was evaporated under reduced 

pressure and the residue was further washed with diethyl ether (3 × 10 

mL) to afford 2b. Crude yield 97% (8.980 gm); Off white solid; 1H NMR 

(400 MHz, D2O) δ 4.29 (q, J = 7.3 Hz, 2H), 3.90 (s, 2H), 1.28 (t, J = 7.3 

Hz, 3H); 13C NMR (100 MHz, D2O) δ 168.2, 63.4, 40.3, 13.2. 

2.4.2.2 General procedure for synthesis of Alkyl 4-(1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridine-6-carboxylate derivatives 3aa–fa  

A mixture of glycine alkyl ester hydrochloride (2a–c, 1 mmol), aldehyde 

(1a–i, 2 mmol) and N,N-Diisopropylethylamine (DIPEA, 3.5 mmol) was 

heated at 150 °C  for 6–12 h in a sealed tube (25 mL, Borosilicate) with 
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constant stirring (monitored by TLC). The reaction mixture was cooled to 

room temperature, diluted with CH2Cl2 (1 × 10 mL) and washed with 

brine (1 × 10 mL). The reaction mixture was further extracted with 

CH2Cl2 (3 × 10 mL). The combined organic layer was dried over 

anhydrous Na2SO4, filtered, concentrated, and purified over neutral 

alumina (175 mesh) column chromatography using hexane-EtOAc solvent 

mixture as eluent. 

Methyl1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3aa). According to the general 

procedure mentioned above, 1a (100 mg, 0.54 mmol), 2a (34 mg, 0.27 

mmol) and DIPEA (0.165 mL, 0.95 mmol) were heated in a sealed tube at 

150 °C for 6 h. After workup, the crude residue was purified through 

alumina (neutral, 175 mesh) column chromatography using hexane-EtOAc 

(94:6) as eluent; Yield 58% (66 mg); Yellow crystalline solid; m.p. = 134–

136 °C; Rf  0.65 (2:1 hexane-EtOAc); IR (KBr) 3028 (=C–H), 2922–2850 

(C–H), 1722 (C=O), 1712–1554 (C=C), 1357 (C–H bend), 779 (=C–H 

bend) cm-1; 1H NMR (500 MHz, CDCl3) δ 8.01 (s, 1H), 7.35–7.27 (m, 

3H), 7.24 (d, J = 3.2 Hz, 1H), 7.18–7.13 (m, 2H), 7.12–7.08 (m, 3H), 

7.07–7.02 (m, 2H), 6.91 (d, J = 3.2 Hz, 1H), 6.90–6.87 (m, 1H), 6.82 (dd, 

J = 3.7, 1.7 Hz, 1H), 6.29 (dd, J = 2.9, 2.3 Hz, 1H), 5.88 (s, 2H), 5.34 (s, 

2H), 3.95 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 167.4, 145.8, 140.5, 

139.6, 138.7, 136.2, 131.2, 130.4, 129.0, 128.2, 128.2, 127.1, 127.0, 126.8, 

125.7, 125.0, 113.2, 108.2, 105.7, 103.7, 52.5, 51.7, 50.2; HRMS (ESI) 

calcd for [C27H23N3O2+H+] 422.1863, found 422.1859. 
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Methyl1-(4-methoxybenzyl)-4-(1-(4-

methoxybenzyl)-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate 

(3ba). According to the general procedure mentioned above, 1b (100 mg, 

0.46 mmol), 2a (29 mg, 0.23 mmol) and DIPEA (0.140 mL, 0.81 mmol) 

were heated in a sealed tube at 150 °C for 6 h. After workup, the crude 

residue was purified through alumina (neutral, 175 mesh) column 

chromatography using hexane-EtOAc (88:12) as eluent; Yield 61% (68 

mg); Yellow liquid; Rf 0.60 (1:1 hexane-EtOAc); IR (KBr) 3073 (=C–H), 

2958–2851 (C–H), 1743 (C=O), 1109–1029 (C–O) cm-1; 1H NMR (400 

MHz, CDCl3) δ 8.04 (s, 1H), 7.22 (d, J = 3.2 Hz, 1H), 7.08 (d, J = 8.5 Hz, 

2H), 7.02 (d, J = 8.5 Hz, 2 H), 6.90–6.81 (m, 4H), 6.78 (dd, J = 3.5, 1.5 

Hz, 1H), 6.69 (d, J = 8.8 Hz, 2H), 6.25 (dd, J = 3.3, 2.6 Hz, 1H), 5.77 (s, 

2H), 5.28 (s, 2H), 3.97 (s, 3H), 3.78 (s, 3H), 3.69 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 166.7, 158.8, 157.8, 145.1, 139.6, 137.9, 130.9, 130.3, 

129.6, 127.9, 127.8, 127.4, 124.7, 124.4, 113.7, 112.9, 112.5, 107.3, 105.0, 

102.8, 54.6, 54.4, 51.7, 50.4, 49.0; HRMS (ESI) calcd for 

[C29H27N4O3+H+] 482.2074, found 482.2074. 

Methyl1-methyl-4-(1-methyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridine-6-carboxylate (3ca). According to the general 

procedure mentioned above, 1c (100 mg, 0.92 mmol), 2a (29 mg, 0.46 

mmol) and DIPEA (0.281 mL, 1.61 mmol) were heated in a sealed tube at 
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150 °C for 6 h. After workup, the crude residue was purified through 

alumina (neutral, 175 mesh) column chromatography using hexane-EtOAc 

(92:8) as eluent; Yield 48% (59 mg); Yellowish-brown liquid; Rf  0.60 (1:1 

hexane-EtOAc); IR (KBr) 3126–3084 (=C–H), 2926–2852 (C–H), 1732 

(C=O), 1714–1556 (C=C), 1350 (C–H bend), 721 (=C–H bend) cm-1; 1H 

NMR (400 MHz, CDCl3) δ 8.04 (s, 1H), 7.24–7.17 (m, 1H), 6.89–6.81 (m, 

1H), 6.80–6.74 (m, 1H), 6.73–6.68 (m, 1H), 6.25–6.13 (m, 1H), 4.03 (s, 

3H), 3.97 (s, 3H), 3.85 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 167.5, 

145.7, 140.7, 138.5, 132.0, 130.7, 126.2, 124.9, 112.6, 107.5, 105.5, 103.1, 

52.5, 36.4, 33.1; HRMS (ESI) calcd for [C15H15N3O2+H+] 270.1237, 

found 270.1233. 

Tert-butyl-1-benzyl-4-(1-benzyl-1H-pyrrol-2-

yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3ac). According to the 

general procedure mentioned above, 1a (100 mg, 0.54 mmol), 2c (45 mg, 

0.27 mmol) and DIPEA (0.165 mL, 1.61 mmol) were heated in a sealed 

tube at 150 °C for 8 h. After workup, the crude residue was purified 

through alumina (neutral, 175 mesh) column chromatography using 

hexane-EtOAc (95:5) as eluent; Yield 40% (50 mg); Yellow liquid; Rf 

0.50 (4:1 hexane-EtOAc); IR (KBr) 3063 (=C–H), 2976–2849 (C–H), 

1732 (C=O), 1701–1564 (C=C), 1363 (C–H bend), 723 (=C–H bend) cm-

1; 1H NMR (400 MHz, CDCl3) δ 7.93 (s, 1H), 7.37–7.26 (m, 3H), 7.22 (d, 

J = 3.2 Hz, 1H), 7.19–7.04 (m, 7H), 6.91 (d, J = 3.2 Hz, 1H), 6.89–6.82 

(m, 2H), 6.26 (dd, J = 3.2, 3.0 Hz, 1H), 6.03 (s, 2H), 5.33 (s, 2H), 1.59 (s, 

9H); 13C NMR (100 MHz, CDCl3) δ 166.0, 145.4, 140.7, 140.2, 139.8, 

136.3, 130.9, 130.5, 129.0, 128.3, 128.1, 127.2, 127.0, 126.8, 125.8, 124.3, 
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113.3, 108.1, 105.0, 103.5, 81.1, 51.8, 50.1, 28.3; HRMS (ESI) calcd for 

[C30H29N3O2+H+] 464.2333, found 464.2334. 

Ethyl 1-methyl-4-(1-methyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridine-6-carboxylate (3cb). According to the general 

procedure mentioned above, 1c (100 mg, 0.92 mmol), 2b (64 mg, 0.46 

mmol) and DIPEA (0.281 mL, 1.61 mmol) were heated in a sealed tube at 

150 °C for 7 h. After workup, the crude residue was purified through 

alumina (neutral, 175 mesh) column chromatography using hexane-EtOAc 

(92:8) as eluent Yield 46% (60 mg); Light yellow liquid; Rf  0.50 (2:1 

hexane-EtOAc); IR (KBr) 3077 (=C–H), 2957–2850 (C–H), 1731 (C=O), 

1714–1558 (C=C), 1374 (C–H bend),725 (=C–H bend) cm-1; 1H NMR 

(400 MHz, CDCl3) δ 8.04 (s, 1H), 7.24–7.19 (m, 1H), 6.92–6.85 (m, 1H), 

6.83–6.78 (m, 1H), 6.78–6.72 (m, 1H), 6.27–6.19 (m, 1H), 4.46 (q, J = 6.8 

Hz, 2H), 4.10 (s, 3H), 3.88 (s, 3H), 1.45 (t, J = 6.8 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 166.9, 145.5, 140.7, 138.7, 131.9, 130.7, 126.3, 

124.6, 112.7, 107.5, 105.2, 103.0, 61.3, 36.6, 33.1, 14.4; HRMS (ESI) 

calcd for [C16H17N3O2+H+] 284.1394, found 284.1389. 

Ethyl1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3ab). According to the general 

procedure mentioned above, 1a (100 mg, 0.54 mmol), 2b (38 mg, 0.27 

mmol) and DIPEA (0.165 mL, 0.95 mmol) were heated in a sealed tube at 
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150 °C for 6 h. After workup, the crude residue was purified through 

alumina (neutral, 175 mesh) column chromatography using hexane-EtOAc 

(94:6) as eluent; Yield 55% (65 mg); Yellow liquid; Rf 0.60 (4:1 hexane-

EtOAc); IR (KBr) 3056 (=C–H), 2977–2851 (C–H), 1729 (C=O), 1712–

1554 (C=C), 1367 (C–H bend), 726 (=C–H bend) cm-1; 1H NMR (400 

MHz, CDCl3) δ 7.99 (s, 1H), 7.38–7.26 (m, 3H), 7.26–7.21 (m, 1H), 7.19–

7.13 (m, 2H), 7.13–7.02 (m, 5H), 6.95–6.90 (m, 1H), 6.90–6.86 (m, 1H), 

6.85–6.80 (m, 1H), 6.33–6.24 (m, 1H), 5.94 (s, 2H), 5.35 (s, 2H), 4.41 (q, 

J = 6.8 Hz, 2H), 1.38 (t, J = 6.8 Hz, 3H);  13C NMR (100 MHz, CDCl3) δ 

166.9, 145.7, 140.6, 139.7, 139.0, 136.3, 131.1, 130.4, 129.0, 128.3, 128.2, 

127.2, 127.0, 126.8, 125.8, 124.8, 113.3, 108.2, 105.5, 103.6, 61.3, 51.7, 

50.2, 14.4; HRMS (ESI) calcd for [C28H25N3O2+H+] 436.2020, found 

436.2024. 

 

Ethyl 1-(4-methoxybenzyl)-4-(1-(4-

methoxybenzyl)-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate 

(3bb). According to the general procedure mentioned above, 1b (100 mg, 

0.46 mmol), 2b (32 mg, 0.23 mmol) and DIPEA (0.140 mL, 0.81 mmol); 

Yield 60% (68 mg) were heated in a sealed tube at 150 °C for 8 h. After 

workup, the crude residue was purified through alumina (neutral, 175 

mesh) column chromatography using hexane-EtOAc (90:10) as eluent; 

Yellow liquid; Rf 0.55 (2:1 hexane-EtOAc); IR (KBr) 3067 (=C–H), 

2955–2852 (C–H), 1738 (C=O),1713–1515 (C=C),1369 (C–H bend), 

1106–1028 (C–O), 727 (=C–H bend) cm-1; 1H NMR (400 MHz, CDCl3) δ 

8.03 (s, 1H), 7.21 (d, J = 3 Hz, 1H), 7.08 (d, J = 8.5 Hz, 2H), 7.05 (d, J = 
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8.8 Hz, 2H), 6.88 (d, J = 3.0 Hz, 1H), 6.87–6.82 (m, 3H), 6.80 (dd, J = 

3.3, 1.2 Hz, 1H), 6.69 (d, J = 8.8 Hz, 2H), 6.26 (dd, J = 3.0, 2.5 Hz, 1H), 

5.83 (s, 2H), 5.28 (s, 2H), 4.43 (q, J = 7.0 Hz, 2H), 3.78 (s, 3H), 3.70 (s, 

3H), 1.40 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 167.0, 159.5, 

158.5, 145.7, 140.4, 138.9, 131.7, 130.9, 130.3, 128.6, 128.6, 128.2, 125.4, 

124.8, 114.4, 113.7, 113.2, 108.0, 105.5, 103.5, 61.3, 55.3, 55.2, 51.1, 

49.7, 14.4; HRMS (ESI) calcd for [C30H29N3O4+H+] 496.2231, found 

496.2230. 

Tert-butyl 1-(4-methoxybenzyl)-4-(1-

(4-methoxybenzyl)-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-

carboxylate (3bc). According to the general procedure mentioned above, 

1b (100 mg, 0.46 mmol), 2c (39 mg, 0.23 mmol) and DIPEA (0.140 mL, 

0.81 mmol) were heated in a sealed tube at 150 °C for 7 h. After workup, 

the crude residue was purified through alumina (neutral, 175 mesh) 

column chromatography using hexane-EtOAc (9:1) as eluent; Yield 42% 

(50 mg); Yellow-orange oily liquid; Rf 0.55 (2:1 hexane-EtOAc); IR 

(KBr) 3066 (=C-H), 2995–2833 (C-H), 1730 (C=O), 1715–1554 (C=C), 

1366 (C–H bend), 1113–1033 (C–O), 727 (=C–H bend) cm-1; 1H NMR 

(400 MHz, CDCl3) δ 7.96 (s, 1H), 7.19 (d, J = 3.3 Hz, 1H), 7.08 (d, J = 

8.6 Hz, 2H), 7.04 (d, J = 8.5 Hz, 2H), 6.88 (d, J = 3.3 Hz, 1H), 6.87–6.79 

(m, 4H), 6.69 (d, J = 8.5 Hz, 2H), 6.25 (dd, J = 3.5, 2.4 Hz, 1H), 5.93 (s, 

2H), 5.26 (s, 2H), 3.78 (s, 3H), 3.69 (s, 3H), 1.61 (s, 9H); 13C NMR (100 

MHz, CDCl3) δ 166.1, 159.5, 158.5, 145.4, 140.6, 140.1, 131.8, 130.7, 

130.4, 128.7, 128.6, 128.3, 125.5, 124.3, 114.4, 113.7, 113.3, 108.0, 105.0, 
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103.4, 81.1, 55.3, 55.2, 51.3, 49.7, 28.3; HRMS (ESI) calcd for 

[C32H33N3O4+H+] 524.2544, found 524.2551. 

Methyl 1-tosyl-4-(1-tosyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3da). According to the general 

procedure mentioned above, 1d (100 mg, 0.40 mmol), 2a (25 mg, 0.20 

mmol) and DIPEA (0.122 mL, 0.70 mmol) were heated in a sealed tube at 

150 °C for 12 h. After workup, the crude residue was purified through 

alumina (neutral, 175 mesh) column chromatography using hexane-EtOAc 

(85:15) as eluent; Yield 47% (52 mg); Off white solid; m.p. = 120–122 

°C; Rf 0.50 (1:1 hexane-EtOAc); IR (KBr) 3132–3064 (=C–H), 2955–

2850 (C–H), 1728 (C=O), 1710–1512 (C=C), 1371 (C–H bend), 1309 (N–

S=O), 1145 (S=O), 725 (=C–H bend) cm-1; 1H NMR (400 MHz, CDCl3) δ 

8.72 (s, 1H), 7.93 (d, J = 8.0 Hz, 2H), 7.86 (d, J = 8.3 Hz, 2H), 7.70 (d, J = 

3.8 Hz, 1H), 7.41–7.36 (m, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.29–7.25 (m, 

2H), 6.66 (d, J = 3.8 Hz, 1H), 6.41–6.36 (m, 1H), 6.33 (dd, J = 3.3, 2.6 

Hz, 1H), 4.03 (s, 3H), 2.40 (s, 3H), 2.38 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 166.1, 146.2, 145.5, 145.0, 142.0, 139.3, 136.0, 134.8, 131.0, 

130.5, 130.2, 129.8, 129.3, 128.3, 127.2, 124.3, 117.3, 112.2, 110.2, 108.1, 

53.0, 29.8, 21.7; HRMS (ESI) calcd for [C27H23N3O6S2+H+] 550.1101, 

found 550.1096. 
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Methyl 1-(phenylsulfonyl)-4-(1-

(phenylsulfonyl)-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-

carboxylate (3ea). According to the general procedure mentioned above, 

1e (100 mg, 0.43 mmol), 2a (27 mg, 0.21 mmol) and DIPEA (0.128 mL, 

0.74 mmol) were heated in a sealed tube at 150 °C for 12 h. After workup, 

the crude residue was purified through alumina (neutral, 175 mesh) 

column chromatography using hexane-EtOAc (85:15) as eluent; Yield 

45% (49 mg); Yellow solid; m.p. = 104–106 °C; Rf 0.50 (1:1 hexane-

EtOAc); IR (KBr) 3132–3064 (=C–H), 3005–2850 (C–H), 1728 (C=O), 

1710–1512 (C=C), 1371 (C–H bend), 1309 (N–S=O), 1145 (S=O), 725 

(=C–H bend) cm-1; 1H NMR (400 MHz, CDCl3) δ 8.74 (s, 1H), 8.06 (d, J 

= 7.5 Hz, 2H), 7.99 (d,  J = 7.5 Hz, 2H), 7.71 (d, J = 3.8 Hz, 1H), 7.67–

7.43 (m, 6H), 7.40 (dd, J = 3.0, 1.5 Hz, 1H), 6.67 (d, J = 3.8 Hz, 1H), 6.42 

(dd, J = 3.0, 1.5 Hz, 1H), 6.35 (dd, J = 3.3, 2.5 Hz, 1H), 4.01 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 166.0, 145.3, 142.1, 139.3, 139.0, 137.7, 

134.8, 133.8, 131.0, 129.8, 129.6, 129.3, 129.1, 128.1, 127.1, 124.4, 117.5, 

112.3, 110.1, 108.2, 52.9; HRMS (ESI) calcd for [C25H19N3O6S2+Na+] 

544.0607, found 544.0603. 
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Methyl 1-benzyl-4-(1-benzyl-5-methyl-1H-

pyrrol-2-yl)-2-methyl-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3fa). 

According to the general procedure mentioned above, 1f (100 mg, 0.50 

mmol), 2a (32 mg, 0.25 mmol) and DIPEA (0.150 mL, 0.88 mmol) were 

heated in a sealed tube at 150 °C for 6 h. After workup, the crude residue 

was purified through alumina (neutral, 175 mesh) column chromatography 

using hexane-EtOAc (90:10) as eluent; Yield 64% (72 mg); Yellow liquid; 

Rf 0.55 (2:1 hexane-EtOAc); IR (KBr) 3027 (=C–H), 2949–2852 (C–H), 

1727 (C=O), 1712–1539 (C=C), 1355 (C-H bend), 782 (=C-H bend) cm-1; 

1H NMR (400 MHz, CDCl3) δ 7.88 (s, 1H), 7.43–7.26 (m, 3H), 7.19–7.01 

(m, 3H), 6.99–6.90 (m, 2H), 6.89–6.82 (m, 2H), 6.80–6.66 (m, 2H), 6.12–

6.02 (m, 1H), 5.92 (s, 2H), 5.33 (s, 2H), 3.87 (s, 3H), 2.38 (s, 3H), 2.22 (s, 

3H); 13C NMR (100 MHz, CDCl3); 
13C NMR (100 MHz, CDCl3) δ 167.5, 

144.7, 141.4, 140.5, 139.9, 138.0, 136.5, 133.2, 130.4, 129.5, 129.0, 128.2, 

127.7, 126.3, 126.1, 126.0, 112.3, 107.5, 105.1, 102.5, 52.3, 47.8, 46.8, 

12.9, 12.7; HRMS (ESI) calcd for [C29H27N3O2+H+] 450.2176, found 

450.2173. 
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2.4.2.3 Synthesis of 5-azaindole derivatives 10–16 

1-Benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridine-6-carboxamide (10). In around-bottom flask (100 

mL), Methyl 1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-

c]pyridine-6-carboxylate (3aa, 100 mg, 0.24 mmol) and KOH (14 mg, 

0.24 mmol) was dissolved in methanol (5 mL) at room temperature under 

continuous stirring. Aqueous ammonia (25%, 0.350 mL, 9.40 mmol) was 

added to the mixture dropwise using a glass syringe over a period of 10 

min. The reaction mixture was stirred at the room temperature for further 

24 h. After the completion of the reaction, MeOH was evaporated under 

reduced pressure. MilliQ water (5 mL) and EtOAc (5 mL) was added to 

the residue and organic layer was separated. The aqueous phase was 

further extracted with EtOAc (5 × 3 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated under 

reduced pressure. The residue was purified using EtOAc as eluent over 

neutral alumina (175 mesh) column chromatography; Yield 78% (150 

mg); Yellow gummy liquid; Rf 0.50 (EtOAc); IR (KBr) 3431 (N–H), 3033 

(=C–H), 2960–2852 (C–H), 1677 (C=O), 1562 (C–N bend), 1376–1360 

(C–H bend), 1296–1029 (C–O), 726 (=C–H bend) cm-1; 1H NMR (400 

MHz, CDCl3) δ 8.07 (s, 1H), 7.38–7.19 (m, 7H), 7.16–7.06 (m, 3H), 6.95 

(d, J = 3.0 Hz, 1H), 6.92–6.85 (m, 2H), 6.85–6.78 (m, 1H), 6.40 (dd, J = 

3.0, 2.6 Hz, 1H), 5.59 (s, 2H), 5.38 (s, 2H), 4.89 (brs, 2H); 13C NMR (100 

MHz, CDCl3) δ 168.1, 144.1, 141.1, 140.0, 136.3, 131.0, 129.0, 129.0, 

128.7, 128.1, 127.0, 127.0, 126.9, 126.1, 125.3, 124.9, 112.6, 108.8, 103.5, 
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103.0, 51.3, 50.2; MS (ESI) calcd for [C26H22N4O+H+] 407.1866, found 

407.2023.* 

*The compound 10 is unstable in polar solvent to record a good HRMS.  

1-Benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridine-6-carbonitrile (11). An oven-dried single neck 

round-bottom flask (25 mL) was charged with 1-Benzyl-4-(1-benzyl-1H-

pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxamide 10 (40 mg, 0.098 

mmol) and POCl3 (5 mL) was added drop-wise using a glass syringe over 

a period of 20 min at room temperature. A reflux condenser was fixed to 

the round bottom flask and the reaction mixture was heated at 60 °C and 

stirred for overnight. After the completion of the reaction (monitored by 

TLC), the reaction mixture was diluted with toluene (5 mL) and the 

solvent was evaporated under reduced pressure. Saturated NaHCO3 (10 

mL) was added slowly to the reaction mixture to neutralize excess 

phosphorous oxychloride. The aqueous phase was extracted with EtOAc 

(5 × 3 mL). The combined organic layers were dried over anhydrous 

Na2SO4, filtered, and concentrated under reduced pressure. The residue 

was purified using hexane-EtOAC (90:10) as eluent over neutral alumina 

(175 mesh) column chromatography to afford 11; Yield 66% (25 mg); 

colorless liquid; Rf 0.20 (2:1 hexane-EtOAc); IR (KBr) 3431 (N–H), 3031 

(=C–H), 2960–2852 (C–H), 2223 (–CN stretch), 1588–1530 (C=C), 

1376–1360 (C–H bend), 725 (=C–H bend) cm-1; 1H NMR (400 MHz, 

CDCl3) δ 7.43 (s, 1H), 7.39–7.31 (m, 3H), 7.30 (d, J = 3.0 Hz, 1H), 7.22–

7.02 (m, 7H), 6.94 (d, J = 3.0 Hz, 1H), 6.93–6.89 (m, 1H), 6.85 (dd, J = 

3.5, 1.2 Hz, 1H), 6.31 (dd, J = 3.0, 2.4 Hz, 1H), 5.75 (s, 2H), 5.31 (s, 2H); 
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13C NMR (100 MHz, CDCl3) δ 147.3, 139.2, 135.5, 131.7, 129.5, 129.2, 

128.5, 128.5, 128.4, 127.2, 127.0, 126.9, 126.6, 124.6, 123.1, 119.2, 114.1, 

109.1, 108.4, 104.1, 52.1, 50.6; HRMS (ESI) calcd for [C26H20N4+H+] 

389.1761, found 389.1777. 

(1-Benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridin-6-yl)methanol (12). In a two-neck round-bottom 

flask (50 mL), Methyl 1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridine-6-carboxylate (3aa, 250 mg, 0.59 mmol) was 

dissolved in dry THF (5 mL) under an inert atmosphere. The reaction 

mixture was cooled to 0 °C before addition of solid LiAlH4 (68 mg, 1.78 

mmol) in single portion. The reaction mixture was warmed to room 

temperature and further stirred for 20 min. After the consumption of ester 

3aa, as confirmed by TLC, the reaction mixture was quenched with 

saturated NH4Cl (10 mL) solution and further diluted with EtOAc (10 

mL). The aqueous layer was extracted using EtOAc (10 × 3 mL). The 

combined organic extracts were dried over anhydrous Na2SO4, filtered, 

evaporated under reduced pressure, and the crude residue was purified 

over neutral alumina (175 mesh) column chromatography using hexane-

EtOAC (75:25) as eluent; Yield 94% (220 mg); colorless liquid; Rf 0.35 

(2:1 hexane-EtOAc); IR (KBr) 3414 (O–H), 3028 (=C–H), 2958–2850 

(C–H), 1695–1559 (C=C), 1357 (C–H bend), 1100–1023 (C–O stretch) 

cm-1; 1H NMR (400 MHz, CDCl3) δ 7.36–7.17 (m, 6H), 7.13 (d, J = 3.3 

Hz, 1H), 7.07 (dd, J = 7.5, 8.0 Hz, 4H), 6.90 (s, 1H), 6.89–6.80 (m, 3H), 

6.36 (dd, J = 3.0, 2.6 Hz, 1H), 5.65 (s, 2H), 5.28 (s, 2H), 4.63 (s, 2H), 3.24 

(brs, 1H);13C NMR (100 MHz, CDCl3) δ 149.6, 144.7, 141.6, 139.7, 
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136.6, 131.1, 129.2, 129.0, 128.5, 128.0, 127.0, 126.8, 126.3, 125.2, 122.7, 

112.6, 108.5, 103.0, 99.0, 64.7, 51.7, 50.1; HRMS (ESI) calcd for 

[C26H23N3O+H+] 394.1914, found 394.1913. 

1-Benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridine-6-carbaldehyde (13). A solution of (1-Benzyl-4-(1-

benzyl-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridin-6-yl)methanol 12 (100 

mg, 0.25 mmol) was prepared in dichloromethane (5 mL) in around-

bottom flask (100 mL) and solid MnO2 (326 mg, 3.75 mmol) was added in 

single portion. A double-walled reflux condenser was fixed to the round-

bottom flask and reaction mixture was refluxed overnight. After the 

completion of reaction, solvent was evaporated under reduced pressure. 

The residual mixture was purified over neutral alumina (175 mesh) 

column chromatography using hexane-EtOAc (95:5) as eluent; Yield 70% 

(70 mg); Off white liquid; Rf 0.55 (2:1 hexane-EtOAc); IR (KBr) 3030 

(=C–H), 2960–2852 (C–H), 1696 (C=O), 1606–1556 (C=C), 1358–1331 

(C–H bend), 1287–1079 (C–O), 725 (=C–H bend) cm-1;  1H NMR (400 

MHz, CDCl3) δ 10.02 (s, 1H), 7.83 (s, 1H), 7.42–7.27 (m, 4H), 7.23–7.02 

(m, 7H), 6.98–6.93 (m, 1H), 6.92–6.88 (m, 1H), 6.88–6.82 (m, 1H), 6.42–

6.28 (m, 1H), 5.81 (s, 2H), 5.36 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 

194.3, 146.3, 145.1, 140.4, 139.5, 136.0, 132.3, 130.3, 129.1, 128.4, 128.3, 

127.0*, 126.8, 126.2, 125.9, 113.3, 108.5, 103.7, 102.2, 51.9, 50.4; HRMS 

(ESI) calcd for [C26H21N3O+H+] 392.1757, found 392.1756. 

*higher intensity carbon 
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1-Methyl-4-(1-methyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridine-6-carboxylic acid (14). Around-bottom flask (50 

mL) was charged with Methyl 1-methyl-4-(1-methyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridine-6-carboxylate (3ca, 200 mg, 0.74 mmol) dissolved 

in THF (3 mL). 1M aqueous LiOH solution (2.5 mL) was added at room 

temperature and the reaction mixture was stirred for 3 h at the same 

temperature (monitored by TLC). After the consumption of 3ca, diethyl 

ether (10 mL) and saturated NaHCO3 (10 mL) was added to the reaction 

mixture. The aqueous layer was separated and acidified to pH 4 (by drop-

wise addition of 6N HCl). The aqueous phase was extracted with EtOAc 

(5 × 10 mL). The combined organic layers were dried over anhydrous 

Na2SO4, filtered, and evaporated under reduced pressure to give crude 

product 14 which was utilized in the next step without further purification; 

Crude yield 90% (172 mg); Yellow oily liquid; Rf 0.10 (EtOAc); 1H NMR 

(400 MHz, CDCl3) δ 8.14 (s, 1H), 7.32 (d, J = 3.0 Hz, 1H), 6.90 (d, J = 

3.0 Hz, 1H), 6.86 (m, 1H), 6.77 (dd, J = 3.5, 1.3 Hz, 1H), 6.29 (dd, J = 

2.8, 2.4 Hz, 1H), 3.94 (s, 3H), 3.91 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ 164.8, 142.8, 140.3, 135.8, 132.0, 128.2, 125.8, 124.5, 112.6, 107.3, 

102.9, 102.7, 35.3, 32.3; HRMS (ESI) calcd for [C14H13N3O2+H+] 

256.1081, found 256.1066. 

(1-Methyl-4-(1-methyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridin-6-yl)(morpholino)methanone (15). A two-neck 
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round-bottom flask (50 mL) was charged with unpurified 14 (100 mg, 

0.39 mmol) dissolved in dry DMF (4 mL) under an inert atmosphere. The 

reaction mixture was cooled briefly to 0°C before addition of morpholine 

(0.13 mL, 1.57 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 

(300 mg, 1.57 mmol), hydroxybenzotriazole (212 mg, 1.57 mmol) and 

DIPEA (0.54 mL, 3.13 mmol) in a sequential manner under constant 

stirring. The reaction mixture was warmed to room temperature, stirred for 

further 16 h. After the consumption of 14 as confirmed by TLC, cold brine 

(10 mL) was added to the reaction mixture. The reaction mixture was 

extracted with EtOAc (10 × 3 mL) and the combined organic layers were 

dried over anhydrous Na2SO4, filtered, concentrated, and purified over 

neutral alumina (175 mesh) column chromatography using hexane-EtOAc 

(50:50) as eluent; Yield 49% (60 mg); White crystalline solid; m.p. = 95–

96 °C; Rf 0.40 (1:1 hexane-EtOAc); IR (KBr) 3065 (=C–H), 2957–2850 

(C–H),1682 (C=O), 1641–1513 (C=C),1371 (C–H bend), 723 (=C–H 

bend) cm-1; 1H NMR (400 MHz, CDCl3) δ 7.65 (s, 1H), 7.17 (d, J = 3.0 

Hz, 1H), 6.82 (d, J = 3.0 Hz, 1H), 6.80–6.77 (m, 1H), 6.76–6.71 (m, 1H), 

6.25 (dd, J = 2.8, 2.4 Hz, 1H), 3.97 (s, 3H), 3.92–3.76 (m, 9H), 3.72–3.60 

(m, 2H); 13C NMR (100 MHz, CDCl3) δ 169.2, 144.2, 144.1, 141.1, 131.1, 

130.9, 125.9, 123.4, 112.6, 107.6, 104.3, 102.8, 67.3, 67.0, 48.1, 43.1, 

36.6, 32.9; HRMS (ESI) calcd for [C18H20N4O2+H+] 325.1659, found 

325.1655. 

Methyl 1-benzyl-4-(1-tosyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridine-6-carboxylate (16). A mixture of N-benzyl pyrrole-

2-aldehyde 1a (37 mg, 0.20 mmol) and N-tosyl pyrrole-2-aldehyde 1d (50 
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mg, 0.20 mmol), glycine methyl ester hydrochloride 2a (25 mg, 0.20 

mmol) and DIPEA (0.12 mL, 0.70 mmol) was heated in a sealed tube at 

150 °C for 6 h. The crude mixture was diluted with CH2Cl2 (10 mL) and 

washed with brine solution (10 mL). The aqueous layer was extracted with 

CH2Cl2 (3 × 10 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, concentrated, and purified over neutral 

alumina (175 mesh) column chromatography using hexane-EtOAc (80:20) 

as eluent; Yield 41% (40 mg); White crystalline solid; m.p. = 130–32 °C; 

Rf 0.22 (3:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 8.15 (s, 1H), 

7.93 (d, J = 8.0 Hz, 2H), 7.34–7.09 (m, 9H), 6.54–6.47 (m, 1H), 6.45–6.37 

(m, 1H), 6.29 (dd, J = 2.8, 2.4 Hz, 1H), 5.34 (s, 2H), 3.92 (s, 3H), 2.33 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 167.1, 144.8, 144.6, 139.9, 139.0, 

136.3, 136.0, 132.1, 131.8, 129.6, 129.1, 128.34, 128.31, 128.2, 127.1, 

123.7, 116.7, 111.9, 107.7, 103.4, 52.7, 50.4, 21.7; HRMS (ESI) calcd for 

[C27H23N3O4S+H+] 486.1409, found 486.1452. 

2.4.2.4 Density Functional Theory Calculations 

The density functional theoretical calculations are done at B3LYP/6-

311++G** level of theory using Gaussian 09 D.01 program [20–22]. 
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2.4.3 Copies of 1H, 13C NMR spectra for synthesized compounds  

 

Figure 2.3 1H NMR spectrum of 1-benzyl-1H-pyrrole-2-carbaldehyde 

(1a) 

 

Figure 2.4 13C NMR spectrum of 1-benzyl-1H-pyrrole-2-carbaldehyde 

(1a)  
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Figure 2.5 1H NMR spectrum of 1-(4-methoxybenzyl)-1H-pyrrole-2-

carbaldehyde (1b) 

 

 

Figure 2.6 13C NMR spectrum of 1-(4-methoxybenzyl)-1H-pyrrole-2-

carbaldehyde (1b) 
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Figure 2.7 1H NMR spectrum of 1-methyl-1H-pyrrole-2-carbaldehyde 

(1c) 

 

 

Figure 2.8 13C NMR spectrum of 1-methyl-1H-pyrrole-2-carbaldehyde 

(1c) 
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Figure 2.9 1H NMR spectrum of 1-tosyl-1H-pyrrole-2-carbaldehyde (1d) 

 

 

Figure 2.10 13C NMR spectrum of 1-tosyl-1H-pyrrole-2-carbaldehyde 

(1d) 
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Figure 2.11 1H NMR spectrum of N5,N5,N10,N10-tetramethyl-5,10-

dihydrodipyrrolo[1,2-a:1',2'-d]pyrazine-5,10-diamine 

 

Figure 2.12 1H NMR spectrum of 1-benzyl-5-methyl-1H-pyrrole-2-

carbaldehyde (1f) 

 



     

Chapter 2 

  

71 
 

 

Figure 2.13 13C NMR spectrum of 1-benzyl-5-methyl-1H-pyrrole-2-

carbaldehyde (1f) 

 

Figure 2.14 1H NMR spectrum of 1-(2-bromobenzyl)-1H-pyrrole-2-

carbaldehyde (1g) 
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Figure 2.15 13C NMR spectrum of 1-(2-bromobenzyl)-1H-pyrrole-2-

carbaldehyde (1g) 

 

 

Figure 2.16 1H NMR spectrum of tert-butyl 2-formyl-1H-pyrrole-1-

carboxylate (1h)  



     

Chapter 2 

  

73 
 

 

Figure 2.17 13C NMR spectrum of tert-butyl 2-formyl-1H-pyrrole-1-

carboxylate (1h) 

 

Figure 2.18 1H NMR spectrum of 5H-pyrrolo[2,1-a]isoindole-3-

carbaldehyde (1i) 
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Figure 2.19 13C NMR spectrum of 5H-pyrrolo[2,1-a]isoindole-3-

carbaldehyde (1i) 

 

Figure 2.20 1H NMR spectrum of glycine ethyl ester HCl salt (2b)  
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Figure 2.21 13C NMR spectrum of glycine ethyl ester HCl salt (2b) 

 

Figure 2.22 1H NMR spectrum (500 MHz) of methyl 1-benzyl-4-(1-

benzyl-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3aa)  
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Figure 2.23 13C NMR spectrum of methyl 1-benzyl-4-(1-benzyl-1H-

pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3aa) 

 

Figure 2.24 DEPT-135° spectrum of methyl 1-benzyl-4-(1-benzyl-1H-

pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3aa) 
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Figure 2.25 HRMS data of methyl 1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3aa) 

 

Figure 2.26 1H NMR spectrum of methyl 1-(4-methoxybenzyl)-4-(1-(4-

methoxybenzyl)-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate 

(3ba) 
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Figure 2.27 13C NMR spectrum of methyl 1-(4-methoxybenzyl)-4-(1-(4-

methoxybenzyl)-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate 

(3ba) 

 

Figure 2.28 HRMS data of methyl 1-(4-methoxybenzyl)-4-(1-(4-

methoxybenzyl)-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate 

(3ba) 
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Figure 2.29 1H NMR spectrum of methyl 1-methyl-4-(1-methyl-1H-

pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3ca) 

 

Figure 2.30 13C NMR spectrum of methyl 1-methyl-4-(1-methyl-1H-

pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3ca)  
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Figure 2.31 HRMS data of methyl 1-methyl-4-(1-methyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3ca) 

 

Figure 2.32 1H NMR spectrum of tert-butyl 1-benzyl-4-(1-benzyl-1H-

pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3ac) 
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Figure 2.33 13C NMR spectrum of tert-butyl 1-benzyl-4-(1-benzyl-1H-

pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3ac) 

 

Figure 2.34 HRMS data of tert-butyl 1-benzyl-4-(1-benzyl-1H-pyrrol-2-

yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3ac) 
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Figure 2.35 1H NMR spectrum of ethyl 1-methyl-4-(1-methyl-1H-pyrrol-

2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3cb) 

 

Figure 2.36 13C NMR spectrum of ethyl 1-methyl-4-(1-methyl-1H-pyrrol-

2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3cb) 

  



     

Chapter 2 

  

83 
 

 

Figure 2.37 HRMS data of ethyl 1-methyl-4-(1-methyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3cb) 

 

Figure 2.38 1H NMR spectrum of ethyl 1-benzyl-4-(1-benzyl-1H-pyrrol-2-

yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3ab)  
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Figure 2.39 13C NMR spectrum of ethyl 1-benzyl-4-(1-benzyl-1H-pyrrol-

2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3ab) 

 

Figure 2.40 HRMS data of ethyl 1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3ab) 
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Figure 2.41 1H NMR spectrum of ethyl 1-(4-methoxybenzyl)-4-(1-(4-

methoxybenzyl)-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate 

(3bb) 

 

Figure 2.42 13C NMR spectrum of ethyl 1-(4-methoxybenzyl)-4-(1-(4-

methoxybenzyl)-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate 

(3bb) 
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Figure 2.43 HRMS data of ethyl 1-(4-methoxybenzyl)-4-(1-(4-

methoxybenzyl)-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate 

(3bb) 

 

Figure 2.44 1H NMR spectrum of tert-butyl 1-(4-methoxybenzyl)-4-(1-(4-

methoxybenzyl)-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate 

(3bc) 
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Figure 2.45 13C NMR spectrum of tert-butyl 1-(4-methoxybenzyl)-4-(1-(4-

methoxybenzyl)-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate 

(3bc) 

 

Figure 2.46 HRMS data of tert-butyl 1-(4-methoxybenzyl)-4-(1-(4-

methoxybenzyl)-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate 

(3bc) 
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Figure 2.47 1H NMR spectrum of methyl 1-tosyl-4-(1-tosyl-1H-pyrrol-2-

yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3da) 

 

Figure 2.48 13C NMR spectrum of methyl 1-tosyl-4-(1-tosyl-1H-pyrrol-2-

yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3da)  
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Figure 2.49 HRMS data of Methyl 1-tosyl-4-(1-tosyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridine-6-carboxylate (3da) 

 

Figure 2.50 1H NMR spectrum of methyl 1-(phenylsulfonyl)-4-(1-

(phenylsulfonyl)-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-

carboxylate (3ea)  
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Figure 2.51 13C NMR spectrum of methyl 1-(phenylsulfonyl)-4-(1-

(phenylsulfonyl)-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-

carboxylate (3ea) 

 

Figure 2.52 HRMS data of methyl 1-(phenylsulfonyl)-4-(1-

(phenylsulfonyl)-1H-pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-

carboxylate (3ea) 
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Figure 2.53 1H NMR spectrum of methyl 1-benzyl-4-(1-benzyl-5-methyl-

1H-pyrrol-2-yl)-2-methyl-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3fa) 

 

Figure 2.54 13C NMR spectrum of methyl 1-benzyl-4-(1-benzyl-5-methyl-

1H-pyrrol-2-yl)-2-methyl-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3fa) 

 



     

Chapter 2 

  

92 
 

 

Figure 2.55 HRMS data of methyl 1-benzyl-4-(1-benzyl-5-methyl-1H-

pyrrol-2-yl)-2-methyl-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (3fa) 

 

Figure 2.56 1H NMR spectrum of 1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridine-6-carboxamide (10) 

  



     

Chapter 2 

  

93 
 

 

Figure 2.57 13C NMR spectrum of 1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridine-6-carboxamide (10) 

 

Figure 2.58 Mass data of 1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridine-6-carboxamide (10) 
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Figure 2.59 1H NMR spectrum of 1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridine-6-carbonitrile (11) 

 

Figure 2.60 13C NMR spectrum of 1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridine-6-carbonitrile (11)  
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Figure 2.61 HRMS data of 1-Benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridine-6-carbonitrile (11) 

 

Figure 2.62 1H NMR spectrum of 1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridin-6-yl)methanol (12)  
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Figure 2.63 13C NMR spectrum of 1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridin-6-yl)methanol (12) 

 

Figure 2.64 HRMS data of 1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridin-6-yl)methanol (12) 
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Figure 2.65 1H NMR spectrum of 1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridine-6-carbaldehyde (13) 

 

Figure 2.66 13C NMR spectrum of 1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridine-6-carbaldehyde (13) 
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Figure 2.67 HRMS data of 1-benzyl-4-(1-benzyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridine-6-carbaldehyde (13) 

 

Figure 2.68 Crude 1H NMR spectrum of 1-methyl-4-(1-methyl-1H-pyrrol-

2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylic acid (14) 
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Figure 2.69 Crude 13C NMR spectrum of 1-methyl-4-(1-methyl-1H-

pyrrol-2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylic acid (14) 

 

Figure 2.70 HRMS data of 1-methyl-4-(1-methyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridine-6-carboxylic acid (14) 
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Figure 2.71 1H NMR spectrum of 1-methyl-4-(1-methyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridin-6-yl)(morpholino)methanone (15) 

 

Figure 2.72 13C NMR spectrum of 1-methyl-4-(1-methyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridin-6-yl)(morpholino)methanone (15) 
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Figure 2.73 HRMS data of 1-methyl-4-(1-methyl-1H-pyrrol-2-yl)-1H-

pyrrolo[3,2-c]pyridin-6-yl)(morpholino)methanone (15) 

 

Figure 2.74 1H NMR spectrum of methyl 1-benzyl-4-(1-tosyl-1H-pyrrol-2-

yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (16) 
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Figure 2.75 13C NMR spectrum of methyl 1-benzyl-4-(1-tosyl-1H-pyrrol-

2-yl)-1H-pyrrolo[3,2-c]pyridine-6-carboxylate (16) 

 

Figure 2.76 HRMS data of methyl 1-benzyl-4-(1-tosyl-1H-pyrrol-2-yl)-

1H-pyrrolo[3,2-c]pyridine-6-carboxylate (16) 
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Chapter 3 

Synthesis of 1-indolyl-3,5,8-substituted -carbolines: One-

pot solvent-free protocol and biological evaluation 

3.1 Introduction 

Carbolines are privileged aza-heterocycles found in the core of 

several natural and synthetic compounds and are known for their 

biological applications. Among the four different isomers, 9H-pyrido[3,4-

b]indole (β-carboline) is the most naturally abundant, present for instance, 

in the alkaloid harmine, a well-known selective inhibitor of monoamine 

oxidase-A (MAO-A) [1]. On the contrary, 5H-pyrido[4,3-b]indole (-

carboline) are comparatively less examined, although these heterocycles 

have shown promising biological activities in preclinical and clinical 

studies (Figure 3.1) [2–6].  

The pyrimidine--carboline alkaloid ingenine B (isolated from an 

Indonesian sponge) exhibited pronounced cytotoxicity against a murine 

lymphoma cell line [7] and several isocanthine analogs are effective 

against cervical cancer (HeLa cells) [8]. Moreover, -carbolines are known 

for their well-established DNA intercalating [9] and anti-Alzheimer [10] 

properties.  

The classical Graebe-Ullmann synthesis [11] of γ-carbolines, one 

of the very early protocols in the domain, is based on the thermal 

decomposition of N-pyridylbenzotriazoles. Later, the reaction conditions 

were modified to make this reaction more versatile and operationally 

simple such as by the use of microwave irradiation [12]. Meanwhile, the 

Fischer indole synthesis was successfully extended for the synthesis of 

significant biologically active tetrahydro--carboline derivatives [13,14]. 

A systematic assessment of the above Graebe-Ullmann and Fischer 

synthesis protocols revealed that these reactions are associated with i) low 
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Figure 3.1 Selected examples of compounds containing γ-carboline core 

product yield ii) limited scope including the use of a very specific set of 

substrates, and iii) involvement of extreme thermal conditions with the use 

of corrosive reagents. Much later, Larock and co-workers developed 

Pd/Cu-catalyzed imino-annulation of internal alkynes [15], which paved 

the way for transition-metal catalyzed cyclization as easy access to these 

scaffolds. Notably, the gold-catalyzed tandem cycloisomerization/ 

Pictet−Spengler cyclization of 2-(4-aminobut-1-yn-1-yl)aniline [16], the 

Ru and Rh catalyzed [2+2+2] cycloadditions of yne-ynamides [17], and 

the Pd-catalyzed tandem coupling-cyclization [18] are significant works in 

the area (Scheme 3.1). However, the use of toxic and expensive metal 

catalysts has limited their development as environment-friendly synthetic 

protocols. More recently, an acid-catalyzed cyclization of α-indol-2-

ylmethyl TosMIC (tosylmethyl isocyanide) derivatives to synthesize 

heterocycles [19] has been thoroughly studied (Scheme 3.1), including the 

synthesis of the carboline alkaloid ingenine B [20]. The iodine-catalyzed 

[3+3] cycloaddition of indolyl alcohol to enaminones [21] and thiourea-

catalyzed iso-Pictet-Spengler reaction of isotryptamine with aldehydes 

[22], are some noteworthy contributions in the field. 
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Scheme 3.1 The synthetic strategy of present work in comparison with 

previous reports 

A cascade or domino reaction is an interesting approach for the 

design efficient one-step transformation for complex molecule synthesis 

[23, 24]. Employing domino reactions to simplify cumbersome industrial 

processes can afford complex pharmaceutical products in an economical 

and environment-friendly manner [25]. Easy workup procedures and 

single-step purification reduce the efforts in synthesis of complex 

molecular architectures. Therefore, cascade reactions essential in synthetic 

organic chemistry, even with moderate yields [26]. Recently, Such 

reactions have claimed their much deserving place in drug designing and 

natural product synthesis [27]. In the literature, there is only a limited 

number of direct synthetic procedures to prepare -carbolines till date [28], 

and this gives a cutting-edge advantage to our new protocol wherein a 
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solvent and metal-free direct access to the γ-carboline core from 

substituted indole-2-aldehyes and glycine ester salts has been discovered. 

3.2 Results and Discussion 

The base-catalyzed imination of aromatic aldehydes is a valuable 

method in organic synthesis to synthesize a variety of heterocyclic 

building blocks [29]. Among all the reported iminoesters, alkyl-N-

arylidene glycinates have attracted much attention in recent years. For 

instance, the metal-catalyzed asymmetric [3+2] cycloaddition of ethyl N-

benzylideneglycinate with electron-deficient alkenes has been reported to 

yield substituted pyrrolidines [30]. 

Recently, we reported the synthesis of substituted pyrrole-2-

aldehydes to 5-azaindole transformation during a base-catalyzed imination 

reaction [31]. However, we envisioned that our methodology might be 

strategically applied towards synthesis of substituted -carbolines as C-3 

nucleophilic attack is more favored in indoles than in pyrroles. In this 

chapter, we report an interesting observation for conversion of substituted 

indole-2-aldehydes 1 to 1-indolyl-3,5,8-substituted -carbolines 3 by a 

cascade imination-heterocylisation pathway when treated with the salt 

glycine methyl ester hydrochloride (2a) in the presence of a base.  

Earlier in the literature, it was reported that 1H-indole-2-

carbaldehyde derivatives underwent condensation with N-

arylideneglycinate to form pyrimidoindole derivatives [32]. However, 

when 1-methyl-1H-indole-2-carbaldehyde (1a) and glycine methyl ester 

hydrochloride salt (2a) were reacted in the presence of DIPEA (Hünig’s 

base) at room temperature in a non-polar solvent such as toluene, only 

marginal amounts of the corresponding imine was observed, that could not 

be isolated (Table 3.1; entry 1). When the reaction mixture was further 

heated to reflux for 16 h, only traces of 1-indolyl 3,5,8-substituted -

carboline 3aa were formed that were still insufficient for complete 
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characterization. Intending to improve the yield of 3aa, we screened 

various solvents, non-nucleophilic organic bases such as triethylamine and 

DBU, and several inorganic bases like K2CO3, Cs2CO3, and NaH (Table 

3.1; entries 2–6). 

 

Entry 

 

mmol 

of 1a 

(conc.) 

 

mmol of 

2a 

(conc.) 

Base (3.5 

equiv., no of 

mmol, 

conc.) 

Solvent 

(5mL) 

Temp. Yield 

1 0.62 

mmol 

(0.12 

M) 

0.31 

mmol 

(0.06 

M) 

DIPEA 

(1.09 mmol, 

0.21 M) 

Toluenea RT to 

reflux 

Trace 

2 0.62 

mmol 

(0.12 

M) 

0.31 

mmol 

(0.06 

M) 

Et3N (1.09 

mmol, 0.21 

M) 

Toluenea RT to 

reflux 

No 

product 

3 0.62 

mmol 

(0.12 

M) 

0.31 

mmol 

(0.06 

M) 

DBU (1.09 

mmol, 0.21 

M) 

Toluenea RT to 

reflux 

Trace 

4 0.62 

mmol 

(0.12 

0.31 

mmol 

(0.06 

K2CO3 (1.09 

mmol, 0.21 

M) 

Et2O
a RT to 

reflux 

No 

product 
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M) M) 

5 0.62 

mmol 

(0.12 

M) 

0.31 

mmol 

(0.06 

M) 

Cs2CO3 

(1.09 mmol, 

0.21 M) 

DMF a RT to 

reflux 

No 

product 

6 0.62 

mmol 

(0.12 

M) 

0.31 

mmol 

(0.06 

M) 

NaH (1.09 

mmol, 0.21 

M) 

THFa RT to 

reflux 

No 

product 

7 0.62 

mmol 

0.31 

mmol 

DIPEAb  --- 120 °C 70% 

Table 3.1 Optimization of reaction conditions for the transformation of 1-

methylindole-2-carbaldeyde (1a) to γ-carboline 3aa: aReactions were 

monitored by TLC for 3 h at room temperature followed by reflux for 16 h 

in the appropriate solvent; bSolvent-free reaction carried out in a 25 mL 

borosilicate sealed tube in a preheated oil bath in an air atmosphere at 120 

°C 

After systematic screening of several reaction conditions, we found 

that heating at 120 °C of a neat mixture consisting of 1-methyl-1H-indole-

2-carbaldehyde, (1a, 2.0 equiv.), glycine methyl ester HCl salt (2a, 1.0 

equiv.), and DIPEA (3.5 equiv.) in a sealed tube for 6 h, led to the 

isolation of γ-carboline 3aa in 70% yield (Table 3.1; entry 7). The product 

3aa was subsequently characterized by various spectroscopic techniques. 

With the initial success at hand, the reaction was found to be 

equally effective with various glycine alkyl ester HCl salts 2a–2c but 

failed to result in the formation of 1-indolyl-3-cyano-5-methyl -carboline 

derivative 3ad when 2-aminoacetonitrile 2d was utilized as the 

condensation component.  
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Scheme 3.2 Series of 1-indolyl-3,5,8-substituted -carboline 3aa–ac, 3ba–

ea and 1-indolyl-1,2-dihydro-3,5-substituted -carboline 3ga derivatives  

Then, a range of 1,5-substituted indole-2-carboxaldehyde 

derivatives 1a–h was synthesized to evaluate the scope of the reaction, 

further. Indole-2-carbaldehyde derivatives with electron-donating 1-

substituent on the indole ring system 1a–e were transformed in moderate 

to good yields into their corresponding -carboline derivatives 3aa–ac, 

and 3ba–ea due to an enhanced C-3 nucleophilicity of indole nucleus 
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(Scheme 3.3). The formation of the corresponding -carboline was 

confirmed unequivocally by single-crystal X-ray diffraction analysis of 

3ac (Figure 3.2). 

 

Figure 3.2 Single-crystal XRD structure of 3ac (CCDC: 1897787) 

 The presence of two substituents in the 1,5-position of indole-2-

carbaldehyde substrates such as 1e (5-methoxy-1-methyl-1H-indole-2-

carbaldehyde) and 1f (1-methyl-5-phenyl-1H-indole-2-carbaldehyde) 

influenced the outcome of the heterocylization reaction in different ways. 

For instance, 1-methyl-5-methoxy substituted compound 1e was 

successfully transformed into 1-indolyl-3-carbomethoxy-5-methyl-8-

methoxy -carboline (3ea) in 72% yield, whereas the 1-methoxy-5-phenyl-

substituted indole carbaldehyde 1f remained unreacted under optimized 

reaction condition and did not yield the expected 5-methyl-1-(1-methyl-5-

phenyl-1H-indol-2-yl)-3-carbomethoxy-8-phenyl -carboline derivative 

3fa. The reason for this remains unclear but is likely due to the electron-

withdrawing nature of the phenyl substituent at the 5-position in substrate 

1f. Indole substrates with a weak electron-withdrawing substituent in the 

1-position such as N-tosyl in 1-tosyl-1H-indole-2-carbaldehyde (1g) did 

not affect the reaction course. The substrate was smoothly transformed 

into the corresponding 1-indolyl-3,5-substituted 1,2-dihydro--carboline 

derivative 3ga instead of completely aromatized -carboline when heated 

at 120 °C with glycine methyl ester hydrochloride and DIPEA for 8 h in a 
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sealed tube. However, electron-withdrawing 1-substituent such as N-Boc 

group in 1-tert-butyloxycarbonyl-1H-indole-2-carbaldehyde (1h), 

impeded the conversion to -carboline 3ha (structure not shown) due to 

probable decomposition and decrease in nucleophilicity at 3-position in 

substrate 1h. 

The probable mechanistic explanation (Scheme 3.3) for the 

formation of -carboline derivatives 3aa–ac and 3ba–ea involves the 

initial formation of trans-iminoester 4 from N-protected indole-2-

carboxaldehydes 1a–e and 1g, and glycine alkyl esters 2a–c. The Hünig’s 

base, DIPEA, helps abstract active methylene proton from iminoester 4 to 

generate enolate ion 5, which undergoes nucleophilic addition with 

another molecule of aldehyde 1 to furnish iminoalcohol intermediate 6. 

The iminoalcohol 6 undergoes dehydration under the reaction condition to 

give E-imine/Z-enamine 7a or Z-imine/E-enamine 7c intermediates 

irreversibly, which plays a decisive role in determining ring closure via 

either path a or path b. 

In path a, protonation of the imine nitrogen in 7a by the conjugate 

acid (+BH) leads to an electrophilic aromatic substitution at the 3-position 

of the indole unit to form a carbon-carbon bond in the intermediate 8. A 

further proton abstraction in 8 by the base gives then gives the 1-indolyl-

3,5-substituted 1,2-dihydro--carboline intermediate 9a or 3ga. In path b, 

the intermediate 7a cyclizes via a thermal 6-π electrocyclic reaction of the 

conjugated triene system to form the 1-indolyl-3,5-substituted 1,9β-

dihydro--carboline 9b, that may also undergo a [1,5]-sigmatropic 

hydrogen shift, to reinstall aromaticity of the indole ring, leading to the 

formation of 9a. In situ oxidation of intermediates 9a or 9b, probably from 

the dissolved oxygen present in the reaction mixture, leads to the 

formation of 1-indolyl-3,5,8-substituted -carbolines 3aa–ac and 3ba–ea. 

We successfully isolated and characterized 1,2-dihydro -carboline 

derivative 3ga, which again verifies the proposed mechanism. 



     

Chapter 3 

  

116 
 

 

Scheme 3.3 Plausible mechanism for the formation of 1,2-dihydro--

carboline derivative 3ga and 1-indolyl-3,5,8-substituted -carbolines 3aa–

ac and 3ba–ea 

During the formation of carbolines, the substrates, 1a–e and 1g 

were exclusively transformed to -carbolines or 1,2-dihydro--carbolines 

9a and no traces of any β-carboline regioisomers (9c) were observed, 

which proves that the heterocyclization reaction is highly regiospecific 

(Figure 3.3). The -carbolines formed during the heterocyclization are 

isolated, and characterized unequivocally by various spectroscopic 
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techniques. Though transition states are important in understanding the 

mechanism of a reaction but finding such transitions states require higher 

computational resources which we do not have at our disposal. Therefore, 

we presume -carboline formation is thermodynamically favorable and to 

confirm the formation of thermodynamic product we have calculated the 

total energies of the products. 

The exclusive formation of -carboline regioisomer is explained by 

proposing an intermediate 7a before the heterocyclization reaction takes 

place. Indole ring A predominantly participates in electrophilic aromatic 

substitution on the intermediate 7a over Michael's addition of indole ring 

B which is geometrically impossible. 

Density functional theoretical calculations were carried out using 

the B3LYP/6-311++G** level of theory [33–35] to understand the 

reaction pathways (path a or path b) and regioselectivity for the formation 

of -carboline from 9a/9b or β-carboline 9c from 7a or 7c intermediates, 

respectively. 

First, we have calculated the total energies of the two 

intermediates, 9a and 9b, formed from 7a via two different pathways, as 

shown in scheme 3.3.  The calculated total energies of the intermediates 

show that the intermediate 9a generated via path a to be more stable (by 

14.6 Kcal/mol) compared to the intermediate 9b generated via path b. 

Therefore, we conclude that path a is preferable over path b based on the 

total energies of the intermediates (Scheme 3.3). 
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Figure 3.3 DFT relative energy calculation for the formation of -

carboline 9a over β-carboline 9c regioisomer from 7a using B3LYP/6-

311++G** level of theory 

Next, we have calculated the zero-point corrected total energies of 

the intermediates 9a, 9b, and 9c to understand the regioselectivity of the 

formation of carbolines through electrophilic aromatic substitution (9a), 

thermal 6π-electrocyclization (9b) or Michael addition (9c) reactions 

(Scheme 3.3, Figure 3.3). Additionally, it is important to note that the 

intermediate 7a (E-imine/Z-enamine) can exist in equilibrium with 7c (Z-

imine/E-enamine) (Figure 3.3). The calculated total energy values show 

that the product, 1,2-dihydro--carboline, 9a formed via electrophilic 

aromatic substitution is 16.6 Kcal/mol more stable over the product, 1,2-

dihydro-β-carboline, 9c formed via Michael addition reaction. This 

indicates that the -regioisomer 9a is thermodynamically stable over β-

regioisomer 9c (Figure 3.3). 

Interestingly, the -carboline derivatives were found to be highly 

fluorescent under UV light irradiation. A systematic literature survey 



     

Chapter 3 

  

119 
 

revealed that the structural core of carbolines had been widely exploited 

for the development of organic fluorescent entities, and in general, their 

UV absorbance ranges between 340 to 380 nm. For deeper insight into the 

optical properties of novel substituted -carbolines, absorption and 

emission studies were carried out in different organic solvents (Figure 

3.4). The representative -carboline derivative tert-butyl-5-methyl-1-(1-

methyl-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3ac) 

revealed similar absorption features with a shift in absorption maximum in 

different solvents. The highest absorption maximum (λmax) was observed 

at 230 nm for 3ac in DMSO (Figure 3.4, left side). 

 

Figure 3.4 UV-vis absorption (left side) and emission (right side) spectra 

of 3ac measured in different solvents 

The fluorescence studies carried out for 3ac in four different 

solvents revealed that emission maxima shifted bathochromically by 

almost 40 nm upon changing the solvent polarity, for instance, from non-

polar hexane to moderately polar dichloromethane and then highly polar 

DMSO (Table 3.2, Figure 3.4). The fluorescence quenching of 3ac in 

methanol is attributed to the partial protonation of the carboline unit's 

nitrogen atoms facilitated by polar-protic solvent [36]. 
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Figure 3.5 Fluorescence decay profile of 3ac in DMSO (left side; λexc 360 

nm) and 10-5 M solutions of compound 3ac in four different solvents 

under UV chamber (right side) 

The fluorescence lifetimes were measured by time-correlated 

single-photon counting (TCSPC) experiments. The average fluorescence 

lifetime of compound 3ac was found to be 8.35 nanoseconds (ns) and 4.73 

ns in DMSO and DCM, respectively (Table 3.2, Figure 3.5). 

Solvent 

 

λabs (nm) ε (103 M-1 cm-1) λem (nm) τ (ns) 

Hexane 204, 262, 290, 355 0.78 386, 480 1.90 

DCM 210, 266, 290, 356 1.01 405, 520 4.73 

MeOH 220, 265, 290, 355 2.05 407, 422 0.99 

DMSO 230, 266, 290, 357 1.67 413, 555 8.35 

Table 3.2 Optical data for -carboline 3ac 

A panel of carboline derivatives 3ac, 3bc, 3ca, and 3ga, along with 

a standard drug, doxorubicin, were screened for their cytotoxicity against 

various cancer lines (Figure 3.6, Table 3.3) such as MCF-7 (breast 

cancer), A431 (skin cancer), A549 (lung cancer), HEK293 (human 

embryonic kidney cells), HeLa (cervical cancer), and macrophage or 
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immune cell line (RAW 264.7). The cancer cells were treated with 

increasing concentration of carboline derivatives 3ac, 3bc, 3ca, 3ga and 

doxorubicin (0.1 μM, 0.25 μM, 0.5 μM, 1 μM, 2.5 μM, 5 μM, 10 μM, 25 

μM, 50 μM, 100 μM) and incubated for 48 h. Half-maximal inhibitory 

studies show that -carbolines are highly toxic to cancer cells in 

micromolar concentrations similar to doxorubicin, whereas they are non-

cytotoxic (Figure 3.7) to human macrophages or immune cells. 
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Figure 3.6 Dose vs response or IC50 curves for the representative -

carbolines, 3ac, 3bc, 3ca, 3ga and doxorubicin against cancer cell lines 

Compound IC50 in cancer cell lines (µM) 

-Carboline MCF7 A431 A549 HEK293 HeLa 

3ac 5.59 4.89 4.76 2.29 4.89 

3bc 7.07 9.18 5.53 7.14 8.15 

3ca 2.99 4.47 5.27 6.73 1.30 

3ga 3.71 3.57 5.05 4.98 1.07 

Doxorubicin 5.92 4.68 2.09 8.84 7.77 

Table 3.3 IC50 values of -carbolines 3ac, 3bc, 3ca, 3ga and doxorubicin 

in various cancer cell lines 
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Figure 3.7 Dose vs response curve of -carbolines 3ac, 3bc, 3ca, 3ga in 

the macrophage cell line, RAW 264.7 

 

Figure 3.8 Laser scanning confocal microscopy studies (λex = 405 nm; 

collection range = 420–470 nm) for uptake of 3ac in HeLa cells; a) 

Confocal fluorescent image of HeLa cells after 3 h incubation with 10 μM 

concentration of 3ac (20X magnification, 2X zoom); b) DIC image of 

HeLa cells; c) Overlay of (a) and (b) indicating distribution of 3ac in 

cytoplasm with distinct cell nucleus; d) Confocal image of HeLa cells 

d) e) f)

a) b) c)

a

) 
c

) 
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after 3 h incubation with 100 nM concentration of 3ac (20X 

magnification, 2X zoom); e) DIC image of HeLa cells; f) Overlay of (d) 

and (e) showing nominal uptake of 3ac in cytoplasm. 

At last, to evaluate cell uptake of the novel -carboline for 

fluorescence imaging, live-cell imaging experiments were performed. In 

brief, HeLa cells were incubated with 3ac (10 μM and 100 nM) and the 

cellular uptake were examined using confocal microscopy (λex = 405 nm; 

λem = 420–470 nm). Compound 3ac showed excellent cytosolic uptake in 

cancer cells when incubated at a 10 μM concentration, whereas only little 

uptake was observed at a concentration of 100 nM (Figure 3.8). 

 

3.3 Conclusion 

In summary, we have developed an operationally simple one-pot 

synthetic protocol for the synthesis of highly substituted -carboline 

derivatives. The metal- and solvent-free method provides direct access to 

complex molecular structures in good yield from inexpensive substrates. 

The optical and biological evaluations carried out for representative -

carbolines revealed promising photophysical and anticancer properties of 

the core framework for developing novel theranostic applications to 

diagnose and treat cancer in the future. 

3.4 Experimental section 

3.4.1 General information 

All reactions were carried out in oven-dried glassware with magnetic 

stirring. Starting materials and other reagents were obtained from a 

commercial supplier and used without further purification. Compounds 

1a–b, 1d, 1g–h, 12a–b, 12e–f, 12i, 14d, 14g, and 15 were prepared by 

methods reported in the literature [37–48]. NMR spectra were recorded on 
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Avance III 400 Ascend Bruker. CDCl3 and D2O were used as NMR 

solvents. Chemical shifts (δ) were reported as part per million (ppm), and 

TMS was used as an internal reference. High-resolution mass spectra were 

recorded through Bruker Daltonik High-Performance LC-MS 

(Electrospray Ionization Quadrupole time-of-flight) spectrometer. X-ray 

structure analysis was carried out at a Single crystal X-ray diffractometer 

Bruker KAPPA APEXII. Melting points (m.p.) are uncorrected and were 

measured on the Veego melting point apparatus (Capillary method). 

Analytical thin-layer chromatography (TLC) was carried out on silica gel 

plates (silica gel 60 F254 aluminum supported plates), and the spots were 

visualized with a UV lamp (254 nm and 365 nm) or using chemical 

staining with Brady’s reagent, KMnO4, ninhydrin, iodine, and 

bromocresol. Column chromatography was performed using silica gel 

(100–200 mesh or 230–400 mesh) and neutral alumina (175 mesh). DMF, 

DCM, DMA, Toluene, and Acetonitrile were dried using CaH2 and 

distilled over flame-dried 4Å molecular sieves. THF and Et2O were dried 

over Na/benzophenone and stored over flame-dried 4Å molecular sieves 

under an inert atmosphere prior to use. Organic bases, including DIPEA, 

Et3N, and DBU, were stored over anhydrous KOH pellets. 

3.4.2 Experimental details and characterization data 

3.4.2.1 Synthesis of precursors or indole substrates 1a–h 
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Scheme 3.4 Synthesis of N-substituted indole-2-carboxaldehyde 

derivatives 1a, 1b, 1e, and 1f 

 

Scheme 3.5 Preparation of 12f by Suzuki (sp2 C- sp2 C) reaction 

 

Scheme 3.6 Synthesis of N-substituted indole-2-carboxaldehyde 

derivatives 1d and 1g 
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Scheme 3.7 Synthesis of N-substituted indole-2-carboxaldehydes 1c and 

1h 

A. Synthesis of N-substituted indole-2-carboxaldehyde derivatives 1a, 

1b, 1e, and 1f 

(a) General procedure for the synthesis of N-substituted indoles 12a–

b, 12e and 12i 

Crushed potassium hydroxide (5.0 equiv.) was dissolved in N,N-dimethyl 

formamide (5 mL) in a two-neck round-bottom flask (50 mL) by stirring 

for 5 min at room temperature. 5-Substituted indole, 11a, 11e, or 11i (1.0 

equiv.) was added to the reaction mixture in one portion and stirred for 

another 5 min under an inert atmosphere. Subsequently, the reaction 

mixture was cooled to 0 °C, and benzyl bromide or methyl iodide (2.0 

equiv.) was added using a glass syringe dropwise over a period of 5 min. 

The reaction mixture was warmed to room temperature, monitored by 

TLC, and stirred for another 1 h. After the completion of the reaction, the 

reaction mixture was quenched with cold brine (10 mL) and extracted with 

EtOAc (3 × 10 mL). The combined organic layers was dried over 

anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The 
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crude residue was purified over silica gel (230–400 mesh) column 

chromatography using hexane:EtOAc solvent mixture as eluent to afford 

12a–b, 12e, and 12i. 

1-Methyl-1H-indole (12a). According to the general procedure 

mentioned above, methyl iodide (1.06 mL, 17.08 mmol) was added to a 

mixture of KOH (2.40 g, 42.68 mmol) and indole (11a, 1.0 g, 8.54 mmol) 

in DMF (5 mL) drop-wise and reaction was stirred at room temperature 

for 1 h. After workup, the crude residue was purified over silica gel (230–

400 mesh) column chromatography using hexane-EtOAc (99.0:1.0) as 

eluent. Yield 92% (1.03 g); Off white liquid; Rf 0.50 (9:1 hexane-EtOAc); 

1H NMR (400 MHz, CDCl3) δ 7.62 (d, J = 7.8 Hz, 1H), 7.30 (d, J = 7.5 

Hz, 1H), 7.21 (dd, J = 7.8, 7.3 Hz, 1H), 7.10 (dd, J = 7.5, 7.3 Hz, 1H), 

7.01 (d, J = 3.0 Hz, 1H), 6.47 (d, J = 3.0 Hz, 1H), 3.74 (s, 1H); 13C NMR 

(100 MHz, CDCl3) δ 136.8, 128.8, 128.5, 121.5, 120.9, 119.3, 109.2, 

100.9, 32.8. 

1-Benzyl-1H-indole (12b). According to the general procedure 

mentioned above, benzyl bromide (68 µL, 5.12 mmol) was added to a 

mixture of KOH (0.957 g, 17.07 mmol) and indole 11a (0.500 g, 4.27 

mmol) in DMF (3 mL) drop-wise and reaction was stirred at room 

temperature for 2 h. After workup, the crude residue was purified over 

silica gel (230–400 mesh) column chromatography using hexane as eluent. 

Yield 93% (0.824 g); Pale green liquid; Rf 0.60 (9:1 hexane-EtOAc); 1H 

NMR (400 MHz, CDCl3) δ 7.65 (d, J = 7.8 Hz, 1H), 7.32–7.20 (m, 4H), 
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7.16 (ddd, J = 7.6, 7.0, 0.7 Hz), 7.13–7.06 (m, 4H), 6.55 (d, J = 3.0 Hz, 

1H), 5.31 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 137.6, 136.3, 128.8, 

128.7, 128.3, 127.6, 126.8, 121.7, 121.0, 119.6, 109.7, 101.7, 50.1. 

5-Methoxy-1-methyl-1H-indole (12e). According to the 

general procedure mentioned above, methyl iodide (169 µL, 2.72 mmol) 

was added to a mixture of KOH (0.380 g, 6.79 mmol) and 5-methoxy 

indole 11e (0.20 g, 1.36 mmol) in DMF (3 mL) drop-wise and reaction 

was stirred at room temperature for 30 min. After workup, the crude 

residue was purified over silica gel (230–400 mesh) column 

chromatography using hexane-EtOAc (98:2) as eluent. Yield 99% (0.216 

g); White solid; Rf 0.40 (9:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) 

δ 7.22 (d, J = 8.8 Hz, 1H), 7.13–7.09 (m, 1H), 7.02 (d, J = 2.5 Hz, 1H), 

6.94–6.87 (m, 1H), 6.42 (d, J = 2.5 Hz, 1H), 3.86 (s, 3H), 3.76 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 154.0, 132.2, 129.3, 128.8, 111.9, 109.9, 

102.6, 100.4, 55.9, 33.0. 

5-Bromo-1-methyl-1H-indole (12i). According to the general 

procedure mentioned above, methyl iodide (317 µL, 5.10 mmol) was 

added to a mixture of KOH (0.71 g, 12.75 mmol) and 5-bromo indole 11i 

(0.50 g, 2.55 mmol) in DMF (3 mL) drop-wise and reaction was stirred at 

room temperature for 1 h. After workup, the crude residue was purified 

over silica gel (230–400 mesh) column chromatography using hexane-

EtOAc (98:2) as eluent. Yield 99% (0.525 g); Pale yellow liquid; Rf 0.45 

(9:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 1.5 Hz, 
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1H), 7.30 (dd, J = 8.8, 1.5 Hz, 1H), 7.18 (d, J = 8.8 Hz, 1H), 7.04 (d, J = 

3.0 Hz, 1H), 6.43 (d, J = 3.0 Hz, 1H), 3.76 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 135.4, 130.2, 130.0, 124.3, 123.3, 112.7, 110.7, 100.6, 33.0. 

(b) Preparation of 12f by Suzuki (sp2 C- sp2 C) reaction 

1-Methyl-5-phenyl-1H-indole (12f). 5-Bromo-1-methyl-

1H-indole 12i, (0.200 g, 0.95 mmol) and phenyl boronic acid (0.14 g, 1.14 

mmol) were dissolved in a mixture (4:1) of dimethoxyethane (DME) and 

milli-Q water in a two-neck round-bottom flask (100 mL) and the solution 

was degassed (by bubbling N2 gas for 30 min). K3PO4 (403 mg, 1.90 

mmol) and Pd(PPh3)4 (23 mg, 0.02 mmol) were added to the reaction 

mixture at room temperature in one portion. The reaction mixture was 

heated at 65 °C using oil bath under an inert atmosphere, monitored by 

TLC for 16 h. After the completion of the reaction, the reaction mixture 

was quenched with brine (5 mL) and extracted with EtOAc (3 × 10 mL). 

The combined organic layers were dried over anhydrous Na2SO4, filtered, 

and concentrated under reduced pressure. The crude residue was purified 

over silica gel (230–400 mesh) column chromatography using 

hexane:EtOAc (96:4) as eluent to afford 12f. Yield 81% (0.160 g); White 

solid; Rf 0.55 (9:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 7.87 (d, 

J = 1.2 Hz, 1H), 7.68 (d, J = 7.8 Hz, 2H), 7.51 (dd, J = 8.3, 1.2 Hz, 1H), 

7.46 (dd, J = 7.8, 7.6  Hz, 2H), 7.40 (d, J = 8.3 Hz, 1H), 7.33 (dd, J = 7.3, 

7.3 Hz, 1H), 7.09 (d, J = 2.8 Hz, 1H), 6.56 (d, J = 2.8 Hz, 1H), 3.82 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 142.7, 136.3, 132.9, 129.5, 129.0, 

128.7, 127.5, 126.3, 121.5, 119.5, 109.5, 101.4, 33.0. 
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(c) General procedure for the synthesis of N-substituted indole-2-

carboxaldehydes 1a–b, 1e, and 1f 

 N-Substituted indole, 12a–b, 12e or 12f (1.0 equiv.) was dissolved 

in anhydrous diethyl ether (10 mL) in a two neck round bottom flask (50 

mL) fitted with a double-walled condenser, under an inert atmosphere at 

room temperature. n-BuLi (1.2 equiv.) was added to the reaction mixture 

using a glass syringe in a dropwise manner at the same temperature over a 

period of 10 min. The reaction mixture was further heated to reflux for 3 h 

on a preheated oil bath and allowed to cool to ambient temperature. 

Anhydrous DMF (1.5 equiv.) was added to the N-substituted 2-lithiated 

indole anion and heated to reflux further for another 5 h. Saturated 

ammonium chloride (20 mL) was added to the reaction mixture at room 

temperature, and the aqueous layer was extracted with EtOAc (3 × 10 

mL). The combined organic layers was dried over anhydrous Na2SO4, 

filtered, and concentrated under reduced pressure. The crude residue was 

purified using hexane: EtOAc as eluent over silica gel column 

chromatography to afford 1a–b, 1e, 1f. 

1-Methyl-1H-indole-2-carbaldehyde (1a). According to 

the general procedure mentioned above, 1-methyl-1H-indole (12a, 1.0 g, 

7.62 mmol) was dissolved in dry diethyl ether (10 mL) under an inert 

atmosphere. n-BuLi (5.71 mL, 9.17 mmol, 1.6 M in hexane) was added 

dropwise at room temperature, and the reaction mixture was heated to 

reflux for 3 h.  

 The reaction mixture was allowed to cool to room temperature, and 

DMF (0.88 mL, 11.43 mmol) was added. The reaction mixture was further 

heated to reflux for 5 h and allowed to cool to room temperature. Saturated 

ammonium chloride (20 mL) was added to the reaction mixture, and the 
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aqueous layer was extracted with EtOAc (3 × 10 mL). The combined 

organic layers was dried over anhydrous Na2SO4, filtered, concentrated, 

and purified over silica gel (230–400 mesh) column chromatography using 

hexane-EtOAc (98:2) as eluent. Yield 79% (0.946 g); Pale yellow liquid; 

Rf 0.50 (8:2 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 9.88 (s, 1H), 

7.73 (d, J = 8.0 Hz, 1H), 7.50–7.34 (m, 2H), 7.24 (s, 1H), 7.18 (dd, J = 

7.8, 7.6 Hz, 1H), 4.09 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 182.9, 

140.9, 135.7, 126.9, 126.3, 123.4, 120.9, 117.5, 110.4, 31.5. 

1-Benzyl-1H-indole-2-carbaldehyde (1b). According to 

the general procedure, 1-benzyl-1H-indole (2b, 0.75 g, 3.62 mmol) was 

dissolved in dry diethyl ether (7.5 mL) under an inert atmosphere. n-BuLi 

(2.70 mL, 4.34 mmol, 1.6 M in hexane) was added dropwise at room 

temperature, and the reaction mixture was heated to reflux for 3 h.  

 The reaction mixture was allowed to cool to room temperature, 

followed by the addition of DMF (0.40 mL, 5.43 mmol). The reaction 

mixture was further heated to reflux for 5 h and allowed to cool to room 

temperature. Saturated ammonium chloride (20 mL) was added, and the 

aqueous layer was extracted with EtOAc (3 × 10 mL). The combined 

organic layers was dried over anhydrous Na2SO4, filtered, concentrated, 

and purified over silica gel (230–400 mesh) column chromatography using 

hexane-EtOAc (98:2) as eluent. Yield 83% (0.710 g); Yellow liquid; Rf 

0.60 (8:2 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 9.90 (s, 1H), 

7.76 (d, J = 8.0 Hz, 1H), 7.42–7.34 (m, 2H), 7.33 (s, 1H), 7.28–7.14 (m, 

4H), 7.12–7.05 (m, 2H), 5.83 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 

182.7, 140.7, 137.8*, 135.4, 128.6, 127.4, 127.2, 126.6, 123.5, 121.2, 

118.3, 111.1, 48.0. 
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*Higher intensity carbon 

5-Methoxy-1-methyl-1H-indole-2-carbaldehyde (1e). 

According to the general procedure, 5-methoxy-1-methyl-1H-indole, 12e, 

(0.200 g, 1.24 mmol) was dissolved in dry diethyl ether (5 mL) under an 

inert atmosphere. n-BuLi (0.93 mL, 1.49 mmol, 1.6 M in hexane) was 

added dropwise at room temperature, and the reaction mixture was heated 

to reflux for 3 h.  

 The reaction mixture was allowed to cool to room temperature, and 

DMF (0.14 mL, 1.86 mmol) was added to the reaction mixture. The 

reaction mixture was further heated to reflux for 5 h and cooled to ambient 

temperature before the addition of saturated ammonium chloride (10 mL) 

solution. The aqueous layer was extracted with EtOAc (3 × 10 mL), and 

the combined organic layers was dried over anhydrous Na2SO4. The 

organic layer was filtered, concentrated, and purified over silica gel (230–

400 mesh) column chromatography using hexane-EtOAc (90:10) as 

eluent. Yield 58% (0.137 g); Off white solid; Rf 0.35 (8:2 hexane-EtOAc); 

1H NMR (400 MHz, CDCl3) δ 9.83 (s, 1H), 7.28 (d, J = 8.8 Hz, 1H), 7.13 

(s, 1H), 7.12–7.06 (m, 2H), 4.05 (s, 3H), 3.85 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 182.7, 154.8, 136.6, 135.9, 126.5, 119.0, 116.5, 111.4, 

102.7, 55.7, 31.7. 

1-Methyl-5-phenyl-1H-indole-2-carbaldehyde (1f). 

According to the general procedure, 1-methyl-5-phenyl-1H-indole (12f, 
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0.13 g, 0.63 mmol) was dissolved in dry diethyl ether (5 mL) under an 

inert atmosphere. n-BuLi (0.47 mL, 0.75 mmol, 1.6 M in hexane) was 

added dropwise at room temperature, and the reaction mixture was heated 

to reflux for 3 h. The reaction mixture was allowed to cool to room 

temperature, and DMF (0.07 mL, 0.95 mmol) was added to the reaction 

mixture and further heated to reflux for 5 h. Saturated ammonium chloride 

solution (10 mL) was added to the mixture after cooling to room 

temperature. The aqueous layer was extracted with EtOAc (3 × 10 mL), 

and the combined organic layers was dried over anhydrous Na2SO4. The 

organic layer was filtered, concentrated, and purified over silica gel (230–

400 mesh) column chromatography using hexane-EtOAc (96:4) as eluent. 

Yield 68% (0.100 g); White solid; Rf 0.50 (9:1 hexane-EtOAc); 1H NMR 

(400 MHz, CDCl3) δ 9.90 (s, 1H), 7.95–7.88 (m, 1H), 7.69 (dd, J = 8.8, 

1.5 Hz, 1H), 7.66–7.59 (m, 2H), 7.50–7.41 (m, 3H), 7.34 (dd, J = 7.5, 7.3 

Hz, 1H), 7.29 (s, 1H), 4.12 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 182.9, 

141.5, 140.4, 136.3, 134.5, 128.9, 127.3, 127.0, 126.9, 126.8, 121.5, 117.7, 

110.7, 31.8. 

B. Synthesis of N-substituted indole-2-carboxaldehyde derivatives 1d 

and 1g 

(a) General procedure for the synthesis of N-substituted ethyl-1H-

indole-2-carboxylate 14d and 14g 

 In a round bottom flask (50 mL), sodium hydride (NaH, 2.0 equiv.) 

was added to dry DMF (2 mL), and the suspension was cooled to 0 °C 

under an inert atmosphere. Ethyl indole-2-carboxylate, 13 (1.0 equiv.) was 

added to the suspension in one portion, and the reaction mixture was 

stirred for 5 min at the same temperature. Alkyl or tosyl halide (1.5 equiv.) 

was added to the reaction mixture dropwise via a glass syringe, and the 

reaction mixture was allowed to warm to room temperature and stirred 

further until 13 was consumed completely. 
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 EtOAc (5 mL) was added to the reaction mixture, followed by cold 

brine (5 mL). The aqueous layer was extracted with EtOAc (3 × 5 mL), 

and the combined organic layers was dried over anhydrous Na2SO4, 

filtered, and concentrated under reduced pressure. The crude residue was 

purified using hexane: EtOAc as eluent over silica gel (230–400 mesh) 

column chromatography. 

Ethyl 1-butyl-1H-indole-2-carboxylate (14d). 

According to the general procedure, NaH (46 mg, 1.06 mmol, 55–60% in 

mineral oil) was added to dry DMF (2 mL) in a 50 mL round bottom flask, 

and the suspension was cooled to 0 °C under an inert atmosphere. Ethyl 

indole-2-carboxylate (100 mg, 0.53 mmol) was added to the suspension in 

one portion, and the reaction mixture was stirred for 5 min at the same 

temperature. n-Butyl iodide (91 µL, 0.80 mmol) was added dropwise to 

the reaction mixture and stirred at room temperature for a further 5 min. 

 After the completion of the reaction as confirmed by TLC, EtOAc 

(5 mL) was added to the reaction mixture followed by cold brine solution 

(5 mL). The aqueous layer was further extracted with EtOAc (3 × 5 mL) 

and the combined organic layers was dried over anhydrous Na2SO4. The 

organic layer was filtered, concentrated and purified over silica gel (230–

400 mesh) column chromatography using hexane-EtOAc (98:2) as eluent. 

Yield 98% (0.125 g); Colorless liquid; Rf 0.45 (9:1 hexane-EtOAc); 1H 

NMR (400 MHz, CDCl3) δ 7.67 (d, J = 8.0 Hz, 1H), 7.40 (d, J = 7.8 Hz, 

1H), 7.36–7.28 (m, 2H), 7.14 (dd, J = 7.8, 7.0 Hz, 1H), 4.57 (t, J = 7.5 Hz, 

2H), 4.38 (q, J = 7.0 Hz, 2H), 1.86–1.71 (m, 2H), 1.45–1.31 (m, 5H), 0.95 

(t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 162.1, 139.1, 127.5, 

126.0, 124.8, 122.6, 120.4, 110.5, 110.4, 60.5, 44.6, 32.8, 20.2, 14.4, 13.9. 
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Ethyl 1-tosyl-1H-indole-2-carboxylate (14g). 

According to the general procedure, NaH (46 mg, 1.06 mmol, 55–60% in 

mineral oil) was added to dry DMF (2 mL) in a 50 mL round bottom flask, 

and the suspension was cooled to 0 °C under an inert atmosphere. Ethyl 

indole-2-carboxylate (100 mg, 0.53 mmol) was added in one portion, and 

the reaction mixture was stirred for 5 min at the same temperature. Tosyl 

chloride (0.152 g, 0.80 mmol) was added in one portion to the reaction 

mixture and stirred further at room temperature overnight. 

 After the completion of the reaction, as confirmed by TLC, EtOAc 

(5 mL) was added to the reaction mixture followed by cold brine (5 mL). 

The aqueous layer was further extracted with EtOAc (3 × 5 mL) and the 

combined organic layers was dried over anhydrous Na2SO4. The organic 

layer was filtered, concentrated and purified over silica gel (230–400 

mesh) column chromatography using hexane-EtOAc (90:10) as eluent. 

Yield 98% (0.180 g); Colorless liquid; Rf 0.50 (8:2 hexane-EtOAc); 1H 

NMR (400 MHz, CDCl3) δ 8.10 (d, J = 8.5 Hz, 1H), 7.91 (d, J = 8.0 Hz, 

2H), 7.55 (d, J = 7.8 Hz, 1H), 7.42 (dd, J = 8.5, 7.8 Hz, 1H), 7.30–7.20 

(m, 3H), 7.14 (s, 1H), 4.41 (q, J = 7.0 Hz, 2H), 2.36 (s, 3H), 1.39 (t, J = 

7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 161.4,144.9, 138.2, 135.7, 

131.9, 129.6, 128.2, 127.4, 126.9, 124.1, 122.4, 116.5, 115.4, 62.0, 21.6, 

14.1. 

(b) General procedure for synthesis of N-substituted indole-2-

carboxaldehyde 1d and 1g 
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 N-substituted ethyl indole-2-carboxylate 14d or 14g (1.0 equiv.) 

was dissolved in dry THF and cooled to 0 °C under an inert atmosphere. 

Lithium aluminium hydride (LiAlH4, 3.0 equiv.) was added in one portion 

to the mixture with constant stirring. The reaction mixture was allowed to 

warm at room temperature and continued to stir for a further 20 min.  

 After the completion of the reaction, a saturated ammonium 

chloride solution (5 mL) was added cautiously to quench the reaction. The 

aqueous layer was extracted with EtOAc (3 × 10 mL), and the combined 

organic layers were dried over anhydrous Na2SO4. The organic layer was 

filtered, concentrated, and used as such in the next step without further 

purification. 

 The crude residue was dissolved in dichloromethane (10 mL), 

MnO2 (15.0 equiv.) was added in one portion, and the reaction mixture 

was heated to reflux for 12–48 h. After the completion of the reaction, 

CH2Cl2 was evaporated under reduced pressure, and the crude residue was 

purified through silica gel (230–400 mesh) column chromatography using 

the hexane-EtOAc mixture as eluent. 

1-Butyl-1H-indole-2-carbaldehyde (1d). According to 

the general procedure, 14d (125 mg, 0.51 mmol) was dissolved in dry 

THF (3 mL) in a round bottom flask (50 mL) under an inert atmosphere. 

The solution was cooled to 0 °C, and LiAlH4 (59 mg, 1.53 mmol) was 

added in one portion to the reaction mixture. The reaction mixture was 

allowed to warm to room temperature and stirred for another 20 min.  

 After the completion of the reaction, a saturated ammonium 

chloride solution (5 mL) was added cautiously to quench the reaction. The 
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aqueous layer was extracted with EtOAc (3 × 10 mL), and the combined 

organic layers was dried over anhydrous Na2SO4. The organic layer was 

filtered, concentrated, and used as such in the next step without further 

purification. 

 The crude residue was dissolved in dichloromethane (10 mL), 

MnO2 (652 mg, 7.50 mmol) was added in one portion and the reaction 

mixture was heated to reflux for 24 h. After the completion of reaction, 

CH2Cl2 was evaporated under reduced pressure and the crude residue was 

purified through silica gel (230–400 mesh) column chromatography using 

hexane-EtOAc (90:10) as eluent. Yield 98% (100 mg); White gummy 

solid; Rf 0.55 (4:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 9.80 (s, 

1H), 7.66 (d, J = 8.0 Hz, 1H), 7.38–7.29 (m, 2H), 7.18 (s, 1H), 7.13–7.05 

(m, 1H), 4.49 (t, J = 7.3 Hz, 2H), 1.75–1.63 (m, 2H), 1.34–1.22 (m, 2H), 

0.86 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 181.5, 139.3, 

134.4, 125.7, 125.4, 122.4, 119.8, 116.8, 109.7, 43.5, 31.6, 19.1, 12.8. 

1-Tosyl-1H-indole-2-carboxylate (1g). According to the 

general procedure, 14g (180 mg, 0.52 mmol) was dissolved in dry THF (3 

mL) in a round bottom flask (50 mL) under an inert atmosphere. The 

solution was cooled to 0 °C, and LiAlH4 (60 mg, 1.56 mmol) was added in 

one portion, and the reaction mixture was allowed to warm to room 

temperature with constant stirring for another 20 min.  

 After the completion of the reaction, a saturated ammonium 

chloride solution (5 mL) was added cautiously to quench the reaction. The 

aqueous layer was extracted with EtOAc (3 × 10 mL), and the combined 
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organic layers was dried over anhydrous Na2SO4. The organic layer was 

filtered, concentrated, and used as such in the next step without further 

purification. 

 The crude residue was dissolved in dichloromethane (10 mL), 

MnO2 (649 mg, 7.46 mmol) was added in one portion and the reaction 

mixture was heated to reflux for 48 h. After the completion of the reaction, 

CH2Cl2 was evaporated under reduced pressure and the crude residue was 

purified through silica gel (230–400 mesh) column chromatography using 

hexane-EtOAc (90:10) as eluent. Yield 89% (132 mg); White gummy 

solid; Rf 0.40 (4:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 10.5 (s, 

1H), 8.22 (d, J = 7.5 Hz, 1H), 7.65 (d, J = 8.3 Hz, 2H),7.61 (d, J = 7.3 Hz, 

1H),7.51 (dd, J = 7.5, 7.5 Hz, 1H), 7.46 (s, 1H), 7.30 (dd, J = 7.5, 7.3 Hz, 

1H), 7.18 (d, J = 8.3 Hz, 2H), 2.32 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

183.4, 145.6, 138.5, 137.8, 134.7, 130.0, 128.8, 128.2, 126.7, 124.8, 123.6, 

118.9, 115.4, 21.6. 

C. Synthesis of N-substituted indole-2-carboxaldehydes 1c and 1h 

1H-indole-2-carbaldehyde (15). Ethyl indole-2-

carboxylate 13, (200 mg, 1.06 mmol) was dissolved in dry THF under an 

inert atmosphere, and the solution was cooled to 0 °C before the addition 

of LiAlH4 (120 mg, 3.17 mmol) in a single portion. The reaction mixture 

was allowed to warm to room temperature and stirred for another 1 h. 

After the completion of the reaction, as confirmed by TLC, the 

reaction mixture was quenched using saturated ammonium chloride (10 

mL), and the aqueous layer was extracted with EtOAc (3 × 10 mL). The 

combined organic layers was dried over anhydrous Na2SO4, filtered, and 

concentrated under reduced pressure. 
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 The crude residue was dissolved in CH2Cl2 (10 mL), MnO2 (1.382 

gms, 15.90 mmol) was added to the solution at room temperature in one 

portion and the reaction mixture was heated to reflux for 12 h. After the 

completion of the reaction, the crude reaction mixture was filtered through 

celite and recrystallized using 10% CH2Cl2 in hexane. Yield 88% (105 

mg); Yellow crystalline solid; Rf 0.60 (4:1 hexane-EtOAc); 1H NMR (400 

MHz, CDCl3) δ 9.85 (s, 1H), 9.66 (s, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.48 

(d, J = 7.5 Hz, 1H), 7.40 (dd, J = 8.0, 7.3 Hz, 1H), 7.29 (s, 1H), 7.18 (dd, J 

= 7.5, 7.3 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 182.4, 138.3, 136.0, 

127.43, 127.35, 123.5, 121.3, 115.3, 112.7. 

1-(4-Methoxybenzyl)-1H-indole-2-carbaldehyde 

(1c). Under an inert atmosphere, indole-2-carbaldehyde 15 (135 mg, 0.93 

mmol) was dissolved in dry DMF (3 mL) in a single neck round bottom 

flask (50 mL). The mixture was cooled to 0 °C, and sodium hydride (56 

mg, 1.40 mmol, 60% in mineral oil) was added in a single portion with 

stirring. The reaction mixture was allowed to warm to room temperature 

and stirred for further 5 minutes. 4-Methoxy benzyl chloride (250 µL, 1.86 

mmol) was added dropwise to the reaction mixture at room temperature, 

and the reaction was stirred for another 1 h. 

 After the completion of the reaction, cold brine solution (5 mL) 

was added cautiously to quench the reaction. The aqueous layer was 

extracted with EtOAc (3 × 10 mL) and the combined organic layers were 

dried over anhydrous Na2SO4. The organic layer was filtered, concentrated 

and purified through silica gel (230–400 mesh) column chromatography 

using hexane-EtOAc (95:5) as eluent. Yield 81% (200 mg); White solid; 

Rf 0.45 (9:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 9.90 (s, 1H), 
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7.75 (d, J = 8.2 Hz, 1H), 7.46–7.34 (m, 2H), 7.31 (s, 1H), 7.18 (dd, J = 

7.8, 6.8 Hz, 1H), 7.08 (d, J = 8.5 Hz, 2H), 6.78 (d, J = 8.5 Hz, 2H), 5.76 

(s, 2H), 3.73 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 182.7, 158.9, 140.6, 

135.3, 129.9, 128.1, 127.2, 126.6, 123.5, 121.2, 118.4, 114.0, 111.1, 55.2, 

47.4. 

Tert-butyl 2-formyl-1H-indole-1-carboxylate (1h). A 

stirred solution of indole-2-carbaldehyde 15, (75 mg, 0.52 mmol), 

trimethylamine (86 µL, 0.62 mmol), and dimethyl aminopyridine (6 mg, 

0.05 mmol) in dry THF (3 mL) was cooled to 0 °C, and Boc anhydride 

(145 µL, 0.62 mmol) was added dropwise to the mixture using a glass 

syringe under an inert atmosphere. The reaction mixture was allowed to 

warm to room temperature and stirred overnight. 

After the completion of the reaction, the reaction mixture was 

concentrated under reduced pressure and the crude product was purified 

through silica gel (230–400 mesh) column chromatography using hexane-

EtOAc (95:5.0) as eluent. Yield 94% (120 mg); White gummy solid; Rf 

0.50 (9:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 10.43 (s, 1H), 

8.16 (d, J = 7.8 Hz, 1H), 7.67 (d, J = 7.5 Hz, 1H), 7.48 (dd, J = 7.8, 7.8 

Hz, 1H), 7.43 (s, 1H), 7.29 (dd, J = 7.8, 7.5 Hz, 1H), 1.71 (s, 9H); 13C 

NMR (100 MHz, CDCl3) δ 184.2, 149.9, 137.94, 137.9, 128.3, 127.6, 

123.9, 123.2, 116.5, 116.1, 85.6, 28.2. 

3.4.2.2 General procedure for the synthesis of 1-indolyl-3,5,8-

substituted -carbolines 3aa–ac, 3ba–ea and 1-indolyl-1,2-dihydro-3,5-

substituted -carbolines 3ga derivatives 
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A mixture of N-substituted indole-2-aldehyde (1a–h, 2.0 mmol), 

glycine alkyl ester hydrochloride (2a–c, 1.0 mmol), and DIPEA (3.5 

mmol) was heated in a sealed tube for 3–8 h at 120 °C. After the 

completion of the reaction, as evident by TLC, the reaction mixture was 

diluted with dichloromethane (CH2Cl2, 10 mL) and washed with cold 

brine (10 mL). The aqueous layer was again extracted with CH2Cl2 (3 × 10 

mL). Organic layers were pooled and dried over anhydrous Na2SO4, 

filtered, concentrated under reduced pressure, and purified over neutral 

alumina gel (175 mesh) column chromatography, using a mixture of ethyl 

acetate and hexane as eluent to afford products 3aa–ac, 3ba–ea, and 3ga. 

Methyl 5-methyl-1-(1-methyl-1H-indol-2-yl)-5H-

pyrido[4,3-b]indole-3-carboxylate (3aa). According to the general 

procedure mentioned above, 1a (0.100 g, 0.62 mmol), 2a (39 mg, 0.31 

mmol) and DIPEA (190 µL, 1.09 mmol) were heated in a sealed tube at 

120 °C for 6 h. After workup, the crude reaction mixture was purified 

through alumina (neutral, 175 mesh) column chromatography using 

hexane-EtOAc (80:20) as eluent; Yield 70% (80 mg); Yellow solid; m.p. = 

210–212 °C; Rf 0.35 (2:1 hexane-EtOAc); IR (KBr) 3055 (=C–H), 2956–

2854 (C–H), 1734 (C=O), 1687–1534 (C=C), 1407–1376 (C–H bend), 782 

(=C–H bend) cm-1; 1H NMR (400 MHz, CDCl3) δ  8.31 (s, 1H), 7.82 (d, J 

= 8.0 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H),  7.56 (dd, J = 8.0, 7.3 Hz, 1H), 

7.51 (d, J = 8.3 Hz, 1H), 7.45 (d, J = 8.3 Hz, 1H), 7.33 (dd, J = 8.0, 7.8 

Hz, 1H), 7.19 (dd, J = 7.5, 7.5 Hz, 1H), 7.15 (dd, J = 7.6, 7.5 Hz, 1H), 

6.99 (s, 1H), 4.05 (s, 3H), 4.00 (s, 3H), 3.75 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 166.9, 146.3, 145.8, 142.9, 142.2, 138.3, 137.6, 128.1, 127.9, 
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123.1, 122.4, 121.3, 121.2, 121.1, 120.8, 119.8, 109.8, 109.1, 105.7, 104.3, 

53.0, 31.0, 29.6; HRMS (ESI) calcd for [C23H19N3O2+H+] 370.1550, 

found 370.1515. 

Ethyl 5-methyl-1-(1-methyl-1H-indol-2-yl)-5H-

pyrido[4,3-b]indole-3-carboxylate (3ab). According to the general 

procedure mentioned above, 1a (0.100 g, 0.62 mmol), 2b (43 mg, 0.31 

mmol) and DIPEA (190 µL, 1.09 mmol) were heated in a sealed tube at 

120 °C for 6 h. After workup, the crude reaction mixture was purified 

through alumina (neutral, 175 mesh) column chromatography using 

hexane-EtOAc (85:15) as eluent; Yield 66% (78 mg); Yellow solid; m.p. = 

175–177 °C; Rf 0.40 (2:1 hexane-EtOAc); IR (KBr) 3058 (=C–H), 2988–

2851 (C–H), 1735 (C=O), 1704–1536 (C=C), 1409–1375 (C–H bend), 780 

(=C–H bend) cm-1; 1H NMR (400 MHz, CDCl3) δ  8.27 (s, 1H), 7.89 (d, J 

= 8.0 Hz, 1H), 7.73 (d, J = 7.8 Hz, 1H),  7.56 (dd, J = 7.8, 7.3 Hz, 1H), 

7.50 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.33 (dd, J = 7.8, 7.8 

Hz, 1H), 7.19 (m, 2H), 7.01 (s, 1H), 4.53 (q, J = 7.0 Hz, 2H), 3.99 (s, 3H), 

3.79 (s, 3H), 1.48 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

166.3, 146.3, 145.9, 143.2, 142.2, 138.3, 137.6, 128.0, 127.8, 123.1, 122.4, 

121.2, 121.1, 120.9, 120.8, 119.8, 109.8, 109.1, 105.5, 104.4, 61.9, 31.1, 

29.5, 14.5; HRMS (ESI) calcd for [C24H21N3O2+H+] 384.1707, found 

384.1672. 
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Tert-butyl 5-methyl-1-(1-methyl-1H-indol-2-yl)-

5H-pyrido[4,3-b]indole-3-carboxylate (3ac). According to the general 

procedure mentioned above, 1a (0.100 g, 0.62 mmol), 2c (52 mg, 0.31 

mmol) and DIPEA (190 µL, 1.09 mmol) were heated in a sealed tube at 

120 °C for 8 h. After workup, the crude reaction mixture was purified 

through alumina (neutral, 175 mesh) column chromatography using 

hexane-EtOAc (90:10) as eluent; Yield 67% (85 mg); Yellow solid; m.p. = 

200–202 °C;Rf 0.60 (2:1 hexane-EtOAc); IR (KBr) 3053 (=C–H), 2972–

2852 (C–H), 1729 (C=O), 1686–1532 (C=C), 1412–1365 (C–H bend), 781 

(=C–H bend) cm-1; 1H NMR (400 MHz, CDCl3) δ 8.14 (s, 1H), 8.07 (d, J 

= 8.0 Hz, 1H), 7.73 (d, J = 7.8 Hz, 1H), 7.55 (dd, J = 7.5, 7.5 Hz, 1H), 

7.52–7.43 (m, 2H), 7.33 (dd, J = 8.0, 7.3 Hz, 1H), 7.23–7.11 (m, 2H),7.06 

(s, 1H), 3.97 (s, 3H), 3.88 (s, 3H), 1.69 (s, 9H);13C NMR (100 MHz, 

CDCl3) δ 165.2, 146.2, 146.1, 144.3, 142.2, 138.4, 137.7, 127.8, 127.7, 

123.1, 122.4, 121.2, 120.9*, 120.3, 119.7, 109.8, 109.0, 104.7, 104.6, 81.9, 

31.2, 29.5, 28.3; HRMS (ESI) calcd for [C26H25N3O2+H+] 412.2020, 

found 412.2012. 

*Higher intensity carbon 



     

Chapter 3 

  

146 
 

Methyl 5-benzyl-1-(1-benzyl-1H-indol-2-yl)-

5H-pyrido[4,3-b]indole-3-carboxylate (3ba). According to the general 

procedure mentioned above, 1b (100 mg, 0.42 mmol), 2a (26 mg, 0.21 

mmol) and DIPEA (95 µL, 0.74 mmol) were heated in a sealed tube at 120 

°C for 6 h. After workup, the crude reaction mixture was purified through 

alumina (neutral, 175 mesh) column chromatography using hexane-EtOAc 

(85:15) as eluent; Yield 58% (63 mg); Yellow solid; m.p. = 168–170 °C; 

Rf 0.60 (2:1 hexane-EtOAc);IR (ATR) 3062 (=C–H), 2920–2850 (C–H), 

1710 (C=O), 1667–1528 (C=C), 1467–1315 (C–H bend), 787–694 (=C–H 

bend) cm-1;1H NMR (400 MHz, CDCl3) δ  8.20 (s, 1H), 8.13 (d, J = 8.0 

Hz, 1H), 7.75 (d, J = 7.5 Hz, 1H), 7.48 (dd, J = 7.5, 7.3 Hz, 1H), 7.41 (m, 

2H), 7.35–7.23 (m, 4H), 7.20 (d, J = 7.5 Hz, 1H), 7.16 (d, J = 8.0 Hz, 1H), 

7.14–7.08 (m, 3H), 6.99–6.89 (m, 5H), 5.67 (s, 2H), 5.60 (s, 2H), 3.98 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 166.8, 146.5, 145.8, 142.9, 141.7, 

138.3, 138.1, 136.9, 135.6, 129.0, 128.1*, 128.0, 127.9, 126.7, 126.6, 

126.3, 123.3, 122.7, 121.3, 121.13, 121.06, 121.0, 120.0, 110.6, 109.6, 

105.7, 105.5, 52.9, 47.7, 46.8; HRMS (ESI) calcd for [C35H27N3O2+H+] 

522.2176, found 522.2160. 

*Higher intensity carbon 
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Ethyl 5-benzyl-1-(1-benzyl-1H-indol-2-yl)-5H-

pyrido[4,3-b]indole-3-carboxylate (3bb). According to the general 

procedure mentioned above, 1b (0.100 g, 0.62 mmol), 2b (43 mg, 0.31 

mmol) and DIPEA (190 µL, 1.09 mmol) were heated in a sealed tube at 

120 °C for 6 h. After workup, the crude reaction mixture was purified 

through alumina (neutral, 175 mesh) column chromatography using 

hexane-EtOAc (80:20) as eluent; Yield 51% (85 mg); Reddish yellow 

liquid; Rf 0.40 (2:1 hexane-EtOAc); IR (KBr) 3059 (=C–H), 2965–2860 

(C–H), 1722 (C=O), 1609–1574 (C=C), 1423–1383 (C–H bend), 799 

(=C–H bend) cm-1; 1H NMR (400 MHz, CDCl3) δ 8.21–8.14 (m, 2H), 7.75 

(d, J = 7.5 Hz, 1H),7.47 (dd, J = 7.8, 7.3 Hz, 1H),7.40 (m, 2H), 7.35–7.23 

(m, 4H),7.20 (d, J = 7.3 Hz, 1H), 7.16 (d, J = 7.3 Hz, 1H),7.14–7.08 (m, 

3H), 7.02–6.89 (m, 5H),5.72 (s, 2H), 5.59 (s, 2H), 4.45 (q, J = 7.1 Hz, 

2H), 1.40 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 166.2, 146.5, 

145.9, 143.2, 141.7, 138.4, 138.1, 136.9, 135.7, 129.0, 128.2, 128.1, 128.0, 

127.8, 126.7, 126.6, 126.4, 123.3, 122.7, 121.2, 121.1, 121.0, 120.9, 120.0, 

110.6, 109.6, 105.52, 105.48, 61.8, 47.7, 46.8, 14.4; HRMS (ESI) calcd 

for[C36H29N3O2+H+] 536.2333, found 536.2349. 
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Tert-butyl 5-benzyl-1-(1-benzyl-1H-indol-2-

yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3bc). According to the general 

procedure mentioned above, 1b (0.100 g, 0.62 mmol), 2c (52 mg, 0.31 

mmol) and DIPEA (190 µL, 1.09 mmol) were heated in a sealed tube at 

120 °C for 8 h. After workup, the crude reaction mixture was purified 

through alumina (neutral, 175 mesh) column chromatography using 

hexane-EtOAc (85:15) as eluent; Yield 47% (82 mg); Yellow solid; m.p. = 

148–150 °C; Rf 0.60 (2:1 hexane-EtOAc); IR (ATR) 3062 (=C–H), 2926–

2848 (C–H), 1706 (C=O), 1665–1531 (C=C), 1495–1323 (C–H bend), 

782–694 (=C–H bend) cm-1; 1H NMR (400 MHz, CDCl3) δ 8.28 (d, J = 

8.0 Hz, 1H), 8.06 (s, 1H), 7.75 (d, J = 7.8 Hz, 1H), 7.47 (dd, J = 7.5, 7.3 

Hz, 1H),7.43–7.36 (m, 2H),7.34–7.22 (m, 4H), 7.21–7.15 (m, 2H), 7.15–

7.10 (m, 3H), 7.02–6.93 (m, 5H),5.86 (s, 2H), 5.58 (s, 2H), 1.63 (s, 9H); 

13C NMR (100 MHz, CDCl3) δ 165.2, 146.4, 146.1, 144.5, 141.7, 138.6, 

138.1, 137.0, 135.8, 129.0, 128.2, 128.0, 127.84, 127.75, 126.7, 126.5, 

126.4, 123.3, 122.7, 121.2, 121.1, 120.9, 120.4, 120.0, 110.6, 109.6, 105.7, 

104.9, 81.8, 47.5, 46.8, 28.2; HRMS (ESI) calcd for[C38H33N3O2+H+] 

564.2646, found 564.2644. 
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Methyl 5-(4-methoxybenzyl)-1-(1-(4-

methoxybenzyl)-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate 

(3ca). According to the general procedure mentioned above, 1c (100 mg, 

0.38 mmol), 2a (24 mg, 0.19 mmol) and DIPEA (120 µL, 0.66 mmol) 

were heated in a sealed tube at 120 °C for 3 h. After workup, the crude 

reaction mixture was purified through alumina (neutral, 175 mesh) column 

chromatography using hexane-EtOAc (85:15) as eluent; Yield 60% (66 

mg); Yellow solid; m.p. = 106–108 °C; Rf 0.60 (2:1 hexane-EtOAc); 

IR(ATR) 3056 (=C–H), 2952–2835 (C–H), 1737 (C=O), 1664–1512 

(C=C), 1457–1348 (C–H bend), 1106–989 (C–O),819–695 (=C–H bend) 

cm-1; 1H NMR (400 MHz, CDCl3) δ 8.22 (s, 1H), 8.04 (d, J = 8.0 Hz, 1H), 

7.73 (d, J = 7.8 Hz, 1H), 7.51–7.39 (m, 3H), 7.27 (d, J = 7.3 Hz, 1H), 7.18 

(dd, J = 7.5, 7.0 Hz, 1H), 7.12 (dd, J = 7.3, 7.3 Hz, 1H), 7.07 (d, J= 8.5 

Hz, 2H), 7.06 (s, 1H), 6.85 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 

6.45 (d, J = 8.5 Hz, 2H), 5.55 (s, 2H), 5.54 (s, 2H), 3.99 (s, 3H), 3.76 (s, 

3H), 3.52 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.9, 159.4, 158.4, 

146.6, 145.7, 142.9, 141.7, 138.0, 137.0, 130.4, 128.1, 127.95, 127.92, 

127.75, 127.68, 123.3, 122.6, 121.2, 121.1, 121.04, 121.01, 119.9, 114.5, 

113.5, 110.6, 109.6, 105.7, 105.3, 55.3, 55.1, 52.9, 47.2, 46.4; HRMS 

(ESI) calcd for[C37H31N3O4+H+] 582.2387, found 582.2373. 

 

 



     

Chapter 3 

  

150 
 

Methyl 5-butyl-1-(1-butyl-1H-indol-2-yl)-5H-

pyrido[4,3-b]indole-3-carboxylate (3da). According to the general 

procedure mentioned above, 1d (0.100 g, 0.49 mmol), 2a (31 mg, 0.25 

mmol) and DIPEA (114 µL, 0.88 mmol) were heated in a sealed tube at 

120 °C for 3 h. After workup, the crude reaction mixture was purified 

through alumina (neutral, 175 mesh) column chromatography using 

hexane-EtOAc (85:15) as eluent; Yield 54% (61 mg); Yellow liquid; Rf 

0.60 (2:1 hexane-EtOAc); IR (KBr) 3064 (=C–H), 2972–2854 (C–H), 

1726 (C=O), 1621–1570 (C=C), 1462–1317 (C–H bend), 796 (=C–H 

bend) cm-1; 1H NMR (400 MHz, CDCl3) δ 8.27 (s, 1H), 8.00 (d, J = 8.0 

Hz, 1H), 7.72 (d, J = 7.5 Hz, 1H),  7.59–7.45 (m, 3H), 7.30 (dd, J = 7.6, 

7.5 Hz, 1H), 7.18 (dd, J = 8.2, 7.2 Hz, 1H), 7.13 (dd, J = 8.2, 7.3 Hz, 1H), 

6.97 (s, 1H), 4.43 (t, J = 6.8 Hz, 2H), 4.34 (t, J = 7.0 Hz, 2H), 4.05 (s, 3H), 

2.00–1.87 (m, 2H), 1.71–1.60 (m, 2H), 1.52–1.39 (m, 2H), 1.16–1.04 (m, 

2H), 0.99 (t, J = 7.0 Hz, 3H), 0.62 (t, J = 7.3 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 167.1, 146.8, 145.4, 142.7, 141.6, 137.7, 136.9, 127.92, 

127.87, 123.3, 122.2, 121.3, 120.9, 120.8*, 119.6, 110.2, 109.3, 105.6, 

104.7, 52.9, 43.9, 43.4, 32.2, 31.1, 20.6, 20.0, 13.9, 13.5; HRMS (ESI) 

calcd for[C29H31N3O2+H+] 454.2489, found 454.2559. 

*Carbon merged 
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Methyl 8-methoxy-1-(5-methoxy-1-methyl-

1H-indol-2-yl)-5-methyl-5H-pyrido[4,3-b]indole-3-carboxylate (3ea). 

According to the general procedure mentioned above, 1e (70 mg, 0.37 

mmol), 2a (23 mg, 0.18 mmol) and DIPEA (110 µL, 0.63 mmol) were 

heated in a sealed tube at 120 °C for 3 h. After workup, the crude reaction 

mixture was purified through alumina (neutral, 175 mesh) column 

chromatography using hexane-EtOAc (85:15) as eluent; Yield 72% (55 

mg); Yellow solid; m.p. = 160–162 °C; Rf 0.60 (2:1 hexane-EtOAc); IR 

(ATR) 3070 (=C–H), 2957–2850 (C–H), 1701 (C=O), 1660–1528 (C=C), 

1485–1329 (C–H bend), 1105–991 (C–O), 810–688 (=C–H bend) cm-1; 1H 

NMR (400 MHz, CDCl3) δ 8.26 (s, 1H), 7.40 (d, J = 9.8 Hz, 1H), 7.32 (d, 

J = 8.8 Hz, 1H),  7.21–7.16 (m, 2H), 7.15 (d, J = 2.0 Hz, 1H), 6.97 (dd, J 

= 9.0 Hz, 2.3 Hz, 1H), 6.91 (s, 1H), 4.05 (s, 3H), 3.96 (s, 3H), 3.89 (s, 

3H), 3.71 (s, 3H), 3.55 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 167.0, 

154.8, 154.3, 146.3, 145.8, 142.6, 137.9, 137.2, 133.8, 128.1, 121.2, 120.8, 

117.7, 112.8, 110.4, 109.9, 105.8, 105.0, 103.8, 102.5, 55.8, 55.7, 53.0, 

31.1, 29.6; HRMS (ESI) calcd for [C25H23N3O4+H+] 430.1761, found 

430.1764. 
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Methyl 5-tosyl-1-(1-tosyl-1H-indol-2-yl)-2,5-

dihydro-1H-pyrido[4,3-b]indole-3-carboxylate (3ga). According to the 

general procedure mentioned above, 1g (0.100 g, 0.33 mmol), 2a (21 mg, 

0.17 mmol) and DIPEA (101 µL, 0.58 mmol) were heated in a sealed tube 

at 120 °C for 8 h. After workup, the crude reaction mixture was purified 

through alumina (neutral, 175 mesh) column chromatography using 

hexane-EtOAc (90:10) as eluent; Yield 63% (70 mg); Yellow solid; m.p. = 

205–207 °C; Rf 0.60 (2:1 hexane-EtOAc); IR (ATR) 3413 (N–H), 3062 

(=C–H), 2956–2850 (C–H), 1706 (C=O), 1633–1489 (C=C), 1448–1350 

(C–H bend), 1307 (N–S=O), 1145 (S=O),812–687 (=C–H bend) cm-1; 1H 

NMR (400 MHz, CDCl3) δ 8.16 (dd, J = 8.0, 8.0 Hz, 2H), 7.73 (d, J = 8.5 

Hz, 2H), 7.70 (d, J = 8.5 Hz, 2H), 7.32–7.26 (m, 3H),7.24–7.19 (m, 3H), 

7.18–7.14 (m, 2H), 7.09 (d, J = 2.0 Hz, 1H), 6.98 (dd, J = 7.5, 7.3 Hz, 

1H), 6.59 (d, J = 2.0 Hz, 1H), 6.38 (d, J = 7.8 Hz, 1H), 5.90 (s, 1H), 5.64 

(s, 1H), 3.83 (s, 3H), 2.41 (s, 3H), 2.37 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 163.9, 145.4, 145.0, 139.4, 137.7, 137.4, 136.3, 135.2, 135.0, 

132.6, 130.1, 129.9, 128.8, 127.7, 126.8, 126.3, 125.2, 124.4, 124.0, 123.8, 

121.2, 117.5, 114.9,114.8, 113.1, 110.6, 94.4, 52.6, 47.9, 21.7, 21.6; 

HRMS* (ESI) calcd for[C35H27N3O6S2+H+] 650.1414, found 650.1386. 

*HRMS peak corresponds to dehydrogenated (aromatized) form of 3ga. 
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3.4.2.3 UV calibration of -carboline 3ac in organic solvents 

 

Figure 3.9 UV calibration curve for -carboline 3ac in different solvents 

3.4.2.4 In vitro cytotoxicity studies 

3.4.2.4.1 Cytotoxicity analysis in cancer and macrophage cells 

Cancer (MCF7, A431, A549, HEK293 or HeLa cell lines) or 

RAW264.7 cells were seeded in a 96-well plate (4,200 cells/well) and 

allowed to form a monolayer for a period of 48 h. Old medium was 

replaced with fresh medium (0.2 mL) containing an increasing 

concentration of -carboline derivatives 3ac, 3bc, 3ca, 3ga and 

doxorubicin (0.1 μM, 0.25 μM, 0.5 μM, 1 μM, 2.5 μM, 5 μM, 10 μM, 25 

μM, 50 μM, 100 μM) and incubated for 48 h or 3 h, respectively. Spent 

medium in each well were discarded, and cells were rinsed with PBS (3 × 

0.2 mL) followed by treatment with 0.5% crystal violet (0.05 mL) for 20 

minutes at room temperature. Cells were rinsed with PBS (3 ×0.2 mL), 

methanol (0.20 mL) was added to each well and incubated for 20 minutes. 



     

Chapter 3 

  

154 
 

The absorbance from each well proportional to the live cell was measured 

using Synergy H1 multimode plate reader (BioTek Instruments, Inc., 

Winooski, VT, USA) at an excitation and emission wavelength of 530 nm 

and 590 nm, respectively. 

Dose vs response curves were obtained from a plot of semi-

log[conc] vs intensity of fluorescence emission, and IC50 (concentration at 

which 50% of the enzymatic activity is inhibited) was calculated for 

carboline derivative or doxorubicin using GraphPad Prism, version 7.02 

for Windows (GraphPad Software, San Diego, CA). 

3.4.2.4.2 HeLa cell uptake study of -carboline 3ac 

A live-cell imaging experiment was performed with HeLa cells. 

The HeLa cells were plated in a 4-well confocal dish (cell count ≈ 100 

cells per well) and incubated for 48 h at 37 °C under 5% CO2. After 3 h of 

incubation with carboline derivative 3ac (10 nM, 100 nM, 1 μM, 10 μM, 

and 100 μM), cellular uptake and distribution were monitored by using 

confocal microscopy (λex = 405 nm; λem range  = 420–470 nm). 

 3.4.2.5 Density Functional Theory Calculations 

All the calculations have been carried out using the Becke's three-

parameter hybrid exchange functional and Lee–Yang–Parr's correlation 

functional (B3LYP) and 6-311++G**(d,p) basis sets as implemented in 

the Gaussian 09 program. The calculated total (E) and relative (∆E) 

energies for 7a, 7c, 9a, 9b and 9c are as follows: 

Compound Electronic energy + 

ZPE (hartrees) 

Relative Energy 

(Kcal/mol) 

E-Imine/Z-enamine precursor (7a) –1203.7126   7.78 

Z-Imine/E-enamine precursor (7c) –1203.6972 17.44 

1,2-Dihydro--carboline (9a)  –1203.7250   0.00 

1,6-Dihydro--carboline (9b)  –1203.7018 14.55 

1,2-Dihydro-β-carboline (9c) –1203.6986 16.56 
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3.4.3 Copies of 1H, 13C NMR spectra for synthesized compounds 

 

Figure 3.10 1H NMR spectrum of 1-methyl-1H-indole-2-carbaldehyde 

(1a) 

 

Figure 3.11 13C NMR spectrum of 1-methyl-1H-indole-2-carbaldehyde 

(1a) 
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Figure 3.12 1H NMR spectrum of 1-benzyl-1H-indole-2-carbaldehyde 

(1b) 

 

Figure 3.13 13C NMR spectrum of 1-benzyl-1H-indole-2-carbaldehyde 

(1b) 
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Figure 3.14 1H NMR spectrum of 1-(4-methoxybenzyl)-1H-indole-2-

carbaldehyde (1c) 

 

Figure 3.15 13C NMR spectrum of 1-(4-methoxybenzyl)-1H-indole-2-

carbaldehyde (1c) 
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Figure 3.16 1H NMR spectrum of 1-butyl-1H-indole-2-carbaldehyde (1d) 

 

Figure 3.17 13C NMR spectrum of 1-butyl-1H-indole-2-carbaldehyde (1d) 
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Figure 3.18 1H NMR spectrum of 5-methoxy-1-methyl-1H-indole-2-

carbaldehyde (1e) 

 

Figure 3.19 13C NMR spectrum of 5-methoxy-1-methyl-1H-indole-2-

carbaldehyde (1e) 
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Figure 3.20 1H NMR spectrum of 1-methyl-5-phenyl-1H-indole-2-

carbaldehyde (1f) 

 

Figure 3.21 13C NMR spectrum of 1-methyl-5-phenyl-1H-indole-2-

carbaldehyde (1f) 
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Figure 3.22 1H NMR spectrum of 1-tosyl-1H-indole-2-carboxylate (1g) 

 

 

Figure 3.23 13C NMR spectrum of 1-tosyl-1H-indole-2-carboxylate (1g) 
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Figure 3.24 1H NMR spectrum of tert-butyl 2-formyl-1H-indole-1-

carboxylate (1h) 

 

 

Figure 3.25 13C NMR spectrum of tert-butyl 2-formyl-1H-indole-1-

carboxylate (1h) 
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Figure 3.26 1H NMR spectrum of methyl 5-methyl-1-(1-methyl-1H-indol-

2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3aa) 

 

Figure 3.27 13C NMR spectrum of methyl 5-methyl-1-(1-methyl-1H-indol-

2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3aa) 
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Figure 3.28 HRMS of methyl 5-methyl-1-(1-methyl-1H-indol-2-yl)-5H-

pyrido[4,3-b]indole-3-carboxylate (3aa) 

 

Figure 3.29 1H NMR spectrum of ethyl 5-methyl-1-(1-methyl-1H-indol-2-

yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3ab) 
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Figure 3.30 13C NMR spectrum of ethyl 5-methyl-1-(1-methyl-1H-indol-2-

yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3ab) 

 

Figure 3.31 HRMS of ethyl 5-methyl-1-(1-methyl-1H-indol-2-yl)-5H-

pyrido[4,3-b]indole-3-carboxylate (3ab) 
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Figure 3.32 1H NMR spectrum of tert-butyl 5-methyl-1-(1-methyl-1H-

indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3ac) 

 

Figure 3.33 13C NMR spectrum of tert-butyl 5-methyl-1-(1-methyl-1H-

indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3ac) 
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Figure 3.34 HRMS of tert-butyl 5-methyl-1-(1-methyl-1H-indol-2-yl)-5H-

pyrido[4,3-b]indole-3-carboxylate (3ac) 

 

Figure 3.35 1H NMR spectrum of methyl 5-benzyl-1-(1-benzyl-1H-indol-

2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3ba) 
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Figure 3.36 13C NMR spectrum of methyl 5-benzyl-1-(1-benzyl-1H-indol-

2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3ba) 

 

Figure 3.37 HRMS of methyl 5-benzyl-1-(1-benzyl-1H-indol-2-yl)-5H-

pyrido[4,3-b]indole-3-carboxylate (3ba)  
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Figure 3.38 1H NMR spectrum of ethyl 5-benzyl-1-(1-benzyl-1H-indol-2-

yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3bb) 

 

Figure 3.39 13C NMR spectrum of ethyl 5-benzyl-1-(1-benzyl-1H-indol-2-

yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3bb) 
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Figure 3.40 HRMS of ethyl 5-benzyl-1-(1-benzyl-1H-indol-2-yl)-5H-

pyrido[4,3-b]indole-3-carboxylate (3bb) 

 

Figure 3.41 1H NMR spectrum of tert-butyl 5-benzyl-1-(1-benzyl-1H-

indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3bc) 
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Figure 3.42 13C NMR spectrum of tert-butyl 5-benzyl-1-(1-benzyl-1H-

indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3bc) 

 Figure 3.43 HRMS of tert-butyl 5-benzyl-1-(1-benzyl-1H-indol-2-yl)-5H-

pyrido[4,3-b]indole-3-carboxylate (3bc)  
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Figure 3.44 1H NMR spectrum of methyl 5-(4-methoxybenzyl)-1-(1-(4-

methoxybenzyl)-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate 

(3ca) 

 

Figure 3.45 13C NMR spectrum of methyl 5-(4-methoxybenzyl)-1-(1-(4-

methoxybenzyl)-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate 

(3ca) 
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Figure 3.46 HRMS of methyl 5-(4-methoxybenzyl)-1-(1-(4-

methoxybenzyl)-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate 

(3ca) 

 

Figure 3.47 1H NMR spectrum of methyl 5-butyl-1-(1-butyl-1H-indol-2-

yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3da) 
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Figure 3.48 13C NMR spectrum of methyl 5-butyl-1-(1-butyl-1H-indol-2-

yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3da) 

 

Figure 3.49 HRMS of methyl 5-butyl-1-(1-butyl-1H-indol-2-yl)-5H-

pyrido[4,3-b]indole-3-carboxylate (3da) 
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Figure 3.50 1H NMR spectrum of methyl 8-methoxy-1-(5-methoxy-1-

methyl-1H-indol-2-yl)-5-methyl-5H-pyrido[4,3-b]indole-3-carboxylate 

(3ea) 

 

Figure 3.51 13C NMR spectrum of methyl 8-methoxy-1-(5-methoxy-1-

methyl-1H-indol-2-yl)-5-methyl-5H-pyrido[4,3-b]indole-3-carboxylate 

(3ea) 
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Figure 3.52 HRMS of methyl 8-methoxy-1-(5-methoxy-1-methyl-1H-

indol-2-yl)-5-methyl-5H-pyrido[4,3-b]indole-3-carboxylate (3ea) 

 

Figure 3.53 1H NMR spectrum of methyl 5-tosyl-1-(1-tosyl-1H-indol-2-

yl)-2,5-dihydro-1H-pyrido[4,3-b]indole-3-carboxylate (3ga) 
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Figure 3.54 13C NMR spectrum of methyl 5-tosyl-1-(1-tosyl-1H-indol-2-

yl)-2,5-dihydro-1H-pyrido[4,3-b]indole-3-carboxylate (3ga) 

 

Figure 3.55 HRMS of methyl 5-tosyl-1-(1-tosyl-1H-indol-2-yl)-2,5-

dihydro-1H-pyrido[4,3-b]indole-3-carboxylate (3ga) 
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Figure 3.56 1H NMR spectrum of 1-methyl-1H-indole (12a) 

 

Figure 3.57 13C NMR spectrum of 1-methyl-1H-indole (12a) 
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Figure 3.58 1H NMR spectrum of 1-benzyl-1H-indole (12b) 

 

Figure 3.59 13C NMR spectrum of 1-benzyl-1H-indole (12b) 
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Figure 3.60 1H NMR spectrum of 5-methoxy-1-methyl-1H-indole (12e) 

 

Figure 3.61 13C NMR spectrum of 5-methoxy-1-methyl-1H-indole (12e) 
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Figure 3.62 1H NMR spectrum of 1-methyl-5-phenyl-1H-indole (12f) 

 

Figure 3.63 13C NMR spectrum of 1-methyl-5-phenyl-1H-indole (12f) 
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Figure 3.64 1H NMR spectrum of 5-bromo-1-methyl-1H-indole (12i) 

 

Figure 3.65 13C NMR spectrum of 5-bromo-1-methyl-1H-indole (12i) 
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Figure 3.66 1H NMR spectrum of ethyl 1-butyl-1H-indole-2-carboxylate 

(14d) 

 

Figure 3.67 13C NMR spectrum of ethyl 1-butyl-1H-indole-2-carboxylate 

(14d) 
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Figure 3.68 1H NMR spectrum of ethyl 1-tosyl-1H-indole-2-carboxylate 

(14g) 

 

Figure 3.69 13C NMR spectrum of ethyl 1-tosyl-1H-indole-2-carboxylate 

(14g) 
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Figure 3.70 1H NMR spectrum of 1H-indole-2-carbaldehyde (15) 

 

Figure 3.71 13C NMR spectrum of 1H-indole-2-carbaldehyde (15) 
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Chapter 4 

One-pot synthesis of furo[3,2-c]pyridines and 

benzofuro[3,2-c]pyridines: Development of isatin molecular 

hybrids for treatment of tuberculosis 

4.1 Introduction  

In the global tuberculosis report-2020, World Health Organisation 

(WHO) admits that despite all the efforts to eradicate tuberculosis (TB), 

the number of TB cases is falling very slowly compared to WHO's target 

in its initiative called ‘End TB strategy’. Tuberculosis is the leading cause 

of death from a single infectious agent surpassing HIV/AIDS. The 

emerging drug-resistance is also reflected in the increased death toll. In the 

calendar year of 2019, an estimated 1.4 million TB-related deaths have 

been recorded, with an over 10% increase in multidrug-resistant TB cases 

[1].  

Mycobacterium tuberculosis (Mtb) strains resistant to the 

conventional anti-TB drugs, isoniazid (INH) and rifampicin, are termed as 

multidrug-resistant TB (MDR-TB) strains. Extensively drug-resistant TB 

(XDR-TB) is a severe case of multidrug resistance in which pathogens are 

resistant to all fluoroquinolone and other second-line anti-TB injectable 

drugs such as amikacin, kanamycin, or capreomycin. Both MDR-TB and 

XDR-TB do not respond to the standard anti-TB drugs and are emerging 

threats to the success of anti-TB programs [2]. More recently, two new 

drugs, bedaquiline (BDQ) and delamanid (DLM) have been introduced to 

counter these drug-resistant pathogens. Unfortunately, the controversies 

related to bedaquiline uses have introduced an urgent need to develop new 

chemical entities with improved efficacy and alternative working 

principles. 
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There is a rapid increase in drug resistance of Mtb, mainly due to 

its bacterial cell wall’s complex structure. The outermost layer of the 

bacterial cell wall in Mtb is made up of complex fatty acids called mycolic 

acid (MA). The mycolic acid layer makes a hydrophobic protective layer 

around the bacteria and is critical for its viability and virulence. The 

biosynthetic pathway for MA is a validated target for many first and 

second-line anti-TB drugs. For instance, isoniazid (INH) pro-drug 

interactions with NAD (nicotinamide adenine dinucleotide) inhibit enoyl-

ACP reductase, an important enzyme in MA synthesis. This was a key 

strategy against Mtb for several decades. Unfortunately, a mutation in the 

inhA gene and its promoter region has complicated the situation by 

conferring resistance to INH and the second-line TB drug ethionamide 

(ETH) [3]. 

In Mtb, more than 20 enzymes together make a multi-enzyme 

complex for the biosynthesis of MA. Hence, this pathway is crucial for 

developing new TB drugs, especially in the context of the emergence of 

drug resistance. Polyketide synthetase 13 (Pks13) performs the final 

assembly step of the mycolic acid synthesis, and recently it has emerged 

as a novel drug target for the treatment of MDR-TB and XDR-TB [4]. 

 Furopyridines and benzofuropyridines are less explored 

heterocycles in comparison to their iso-structural analogs indoles and 

carbolines. In a typical furopyridine ring, an electron-rich five-membered 

furan ring is fused with another electron-deficient six-membered pyridine 

ring. This unusual structural framework confers the structural motif with 

unique chemical properties and makes them challenging to synthesize in 

the laboratory. The first and the most apparent synthetic strategy involves 

forming a furan ring from a suitable pyridine substrate. However, the use 

of i) specific pyridine substrates as building blocks, ii) expensive heavy 

metal catalysts for coupling reactions, and iii) multiple synthetic and 

purification steps leading to limited yields of the desired product confines 
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the overall scope of the strategy. Alternatively, a few research groups have 

thoroughly investigated pyridine ring formation over a furan derivative 

[5]. The synthetic protocol developed by Shiotani and Morita [6], 

Friedlander-type [7], and Combes-type reactions of 2-amino furan 

derivatives [8] has been extensively used to synthesize biologically active 

compounds of this class. In the last two decades, the furopyridine core has 

been exploited much in a variety of synthetic drug molecules such as anti-

mycobacterial agents [9], MCH-1 antagonists [10], and kinase inhibitors 

[11]. Therefore, it is pertinent to look for alternative protocols for the 

synthesis of furopyridines and related compounds. 

4.2 Results and discussion 

Chemical architecture-wise inhibitors of Pks13, including the most 

potent TAM16 (MIC 0.09μM), belong to benzofuran-5-ol core (Figure 

4.1), which can be obtained only by multi-step synthetic procedures [12]. 

Moreover, Fumagalli et al. [9] have identified a few new furopyridine 

derivatives targeting the same protein due to their structural similarity and 

almost identical physicochemical properties.  
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Figure 4.1 Potent anti-mycobacterial compounds targeting Pks13 (A) the 

structure of TAM16, (B) the furopyridine derivative active against MDR-

TB 

During our exploration of heterocyclic iminoesters as a valuable 

synthetic building block, we serendipitously discovered metal and solvent-

free one-pot synthetic protocol for the synthesis of fused aza-

heteroaromatics. Several new azaindoles [13] and carboline [14] 

derivatives have been synthesized and screened for their biological and 

photophysical properties. Further, we envisaged that we can synthesize 

novel furopyridine derivatives by this newly developed protocol for aza-

heteroaromatics and explore the activity of new molecular scaffolds 

against recently emerged target protein Pks13 for the treatment of 

tuberculosis. 

This chapter describes the synthesis of substituted furo[3,2-

c]pyridines, benzofuro[3,2-c]pyridines, isatin molecular hybrids, and their 

applications in the treatment of tuberculosis. Initially, we explored the 

developed methodology for the preparation of methyl 4-(furan-2-

yl)furo[3,2-c]pyridine-6-carboxylate 3aa by a reaction between furan-2-

carboxaldehyde 1a and glycine methyl ester hydrochloride 2a in the 

presence of the Hunig’s base (DIPEA) in toluene at room temperature. In 

this attempt, a trace amount of corresponding imine product was observed, 

which could not be isolated or characterized. However, when we heated 

the reaction mixture to reflux, we were able to identify the desired 

furo[3,2-c]pyridine 3aa, albeit in a poor yield of 25% (Entry 1, Table 4.1). 

In order to improve the yield of 3aa, we systematically scrutinized 

several reaction conditions. During optimization experiments, we 

examined the heterocyclization reaction using a strong inorganic base, 

sodium hydride (Entry 2, Table 4.1), to weak inorganic bases like K2CO3, 

Cs2CO3 (Entries 3-4, Table 4.1),  and organic bases such as Et3N, and 



     

Chapter 4 

  

197 
 

DBU (Entries 5-6, Table 4.1),   in polar aprotic solvents such as THF, 

Et2O, DMF to less polar solvents like toluene. In most of these reaction 

conditions, the substrate 1a underwent decomposition into a tar-like 

substance that remained insoluble in organic solvents (Table 4.1). Finally, 

we were able to optimize the heterocyclization reaction under solvent-free 

one-pot protocol, wherein heating furan-2-carboxaldehyde (1a, 2.0 equiv.) 

and glycine methyl ester hydrochloride (2a, 1.0 equiv.) with DIPEA (3.5 

equiv.) in a sealed tube at 120 ºC resulted in formation of 3aa in a 

moderate yield of 50% (Entry 7, Table 4.1). 

Entry Base (3.5 

equiv.) 

Solvent Temp. Yield of 3aa 

1 DIPEA Toluenea RT to reflux 25% 

2 NaH THFa RT to reflux No product 

3 K2CO3  Et2O
a RT to reflux No product 

4 Cs2CO3  DMF a RT to reflux No product 

5 Et3N  Toluenea RT to reflux No product 

6 DBU  Toluenea RT to reflux Trace 

7 DIPEAb --- 120 °C 50% 

Table 4.1 Optimization of reaction conditions: aReactions were monitored 

by TLC for 3 h at room temperature followed by reflux for 16 h in an 

appropriate solvent; bSolvent-free reaction was carried out in a 25 mL 

borosilicate sealed tube in a preheated oil bath at 120 °C under normal 

atmosphere  
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Scheme 4.1 Synthesis of furo[3,2-c]pyridine 3aa–ba and benzofuro[3,2-

c]pyridine derivatives 3da–dc 

The optimized reaction conditions were used to prepare other 

derivatives such as 3ab and 3ac, showing that the change of alkyl ester 

group on glycine ester hydrochloride salt does not affect the 

heterocyclization reaction. In general, glycine methyl ester HCl salt 2a 

was more effective in terms of higher yields in a given transformation 

compared to an ethyl ester and tert-butyl esters of glycine. 
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The methodology was further extended to other 5-substituted 

furan-2-carboxaldehyde 1b to examine the scope of the reaction for a 

general furo[3,2-c]pyridine synthesis, and the results are summarized in 

Scheme 4.1. In general, electron-rich 5-methyl furan-2-carboxaldehyde 1a 

having higher nucleophilicity in the furan ring resulted in corresponding 

2,4,6-substituted furo[3,2-c]pyridine 3ba in 54% yield. 

However, when thiophene-2-carboxaldehyde 1c was utilized as the 

substrate to prepare the corresponding thieno[3,2-c]pyridine 3ca, the 

reaction failed to yield without trace of formation of 3ca due to possible 

decomposition of 1c within the first 15-minutes of the reaction. 

Interestingly when benzo-fused furan-2-carboxaldehyde derivative 

such as benzofuran-2-carboxaldehyde 1d was reacted with glycine methyl 

ester hydrochloride 2a in the presence of the Hunig’s base (DIPEA) in a 

sealed tube under optimized reaction conditions,  the corresponding 

methyl 1-(benzofuran-2-yl)benzofuro[3,2-c]pyridine-3-carboxylate 3da 

was obtained in 60% yield. With the success of this reaction, additionally, 

the heterocyclization reaction was found to be general with glycine ethyl 

ester hydrochloride 2b and glycine tert-butyl ester hydrochloride 2c to 

form the corresponding ethyl 1-(benzofuran-2-yl)benzofuro[3,2-

c]pyridine-3-carboxylate 3db and tert-butyl 1-(benzofuran-2-

yl)benzofuro[3,2-c]pyridine-3-carboxylate 3dc in 55% and 45% yields, 

respectively. 

 Next, our attempts to convert benzo[b]thiophene-2-

carboxaldehyde 1e into the corresponding benzo[4,5]thieno[3,2-c]pyridine 

3ea by following a similar protocol does not result in the formation of 3ea 

probably due to decomposition of the substrate 1e.  

The probable mechanistic explanation (Scheme 4.2) for the 

formation of furo[3,2-c]pyridine 3aa–ba and benzofuro[3,2-c]pyridine 

derivatives 3da–dc involves the initial formation of trans iminoester 4 
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from furan-2-carboxaldehydes 1a–b or benzofuran-2-carboxaldehyde 1d 

and glycine alkyl esters 2a–c. The Hunig’s base, DIPEA, helps abstracts 

active methylene proton from iminoester 4 to generate enolate ion 5, 

which undergoes nucleophilic addition with another molecule of aldehyde 

1 to furnish iminoalcohol intermediate 6. The iminoalcohol 6 undergoes 

dehydration under the reaction condition to give iminoenamine 

intermediate 7, which plays a decisive role in determining ring closure via 

path a or path b.  

In path a, protonation of imine nitrogen in 7 by conjugate acid 

(+BH) drives the reaction in the forward direction for electrophilic 

aromatic substitution at the 3-position of the furan unit to form a carbon-

carbon bond in the intermediate 8. Further, proton abstraction in 8 by base 

gives 2-substituted 4-(furan-2-yl)-4,5-dihydrofuro[3,2-c]pyridine-6-

carboxylate or 1-(benzofuran-2-yl)-1,2-dihydrobenzofuro[3,2-c]pyridine-

3-carboxylate intermediate 9a. In path b, the intermediate 7 would 

undergo thermal 6π-electrocyclic reaction of a conjugated triene system to 

form 2-substituted 4-(furan-2-yl)-4,8-dihydrofuro[3,2-c]pyridine-6-

carboxylate or 1-(benzofuran-2-yl)-1,11-dihydrobenzofuro[3,2-c]pyridine-

3-carboxylate intermediate 9b. In situ oxidation of 9a or 9b, probably 

from the dissolved oxygen present in the reaction mixture, leads to the 

formation of the furo[2,3-c]pyridine 3aa–ba and benzofuro[2,3-c]pyridine 

3da–dc derivatives described in this chapter. 
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Scheme 4.2 Plausible mechanism for the formation of 4-(furo-2-yl) 

furo[3,2-c]pyridine-6-carboxylate 3aa–ba and 1-(benzofuro-2-yl) 

benzofuran[3,2-c]pyridine-3-carboxylate 3da–3dc derivatives 

During the formation of furo or benzofuro[3,2-c]pyridines, the 

substrates, 1a–c and 1d were exclusively transformed to 4,5-

dihydrofuro[3,2-c]pyridines or 1,2-dihydrobenzofuro[3,2-c]pyridines 9a 

and no traces of furo or benzofuro[3,2-d]pyridine regioisomers 9c were 

observed, which proves that the heterocyclization reaction is highly 

regiospecific (Figure 4.2). The exclusive formation of furo or 

benzofuro[3,2-c]pyridine regioisomer is explained by proposing an 

intermediate 7 before the heterocyclization reaction takes place. Furan or 
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benzofuran ring A predominantly participates in electrophilic aromatic 

substitution on the intermediate 7 over Michael's addition of furan or 

benzofuran ring B. 

Density functional theoretical calculations were carried out using 

the B3LYP/6-311++G** level of theory to understand the reaction 

pathways (path a or path b) and regioselectivity for the formation of furo 

or benzofuro[3,2-c]pyridines from 9a or 9b and furo or benzofuro[3,2-

d]pyridine regioisomers 9c from 7. 

First, we have calculated the total energies of the two 

intermediates, 9a and 9b, formed from 7 via two different pathways, as 

shown in scheme 4.2.  The calculated total energies of the intermediates 

show that the intermediate 9a generated via path a to be more stable (by 

21.7 or 17.9 Kcal/mol respectively for furo[3,2-c]pyridine or 

benzofuro[3,2-c]pyridine derivatives) compared to the intermediate 9b 

generated via path b. Therefore, we can conclude that path a is preferable 

over path b based on the total energies of the intermediates (Scheme 4.2). 
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Figure 4.2 DFT relative energy calculation for the formation of furo or 

benzofuro[3,2-c]pyridines 9a over furo or benzofuro[3,2-d]pyridines 9c 

regioisomer using B3LYP/6-311++G** level of theory 

 

Next, we have calculated the zero-point corrected total energies of 

the intermediates 9a, 9b, and 9c to understand the regioselectivity of the 

formation of furo or benzofuropyridines through electrophilic aromatic 

substitution (9a), thermal 6π-electrocyclization (9b) or Michael addition 

(9c) reactions (Scheme 4.2 and Figure 4.2). The calculated total energy 

values show that the precursor, 4,5-dihydrofuro[3,2-c]pyridine or 1,2-

dihydrobenzofuro[3,2-c]pyridine, 9a formed via electrophilic aromatic 

substitution is 19.9 or 19.3 Kcal/mol more stable, repectively, over the 

product, 4,5-dihydrofuro[3,2-d]pyridine or 1,2-dihydrobenzofuro[3,2-

d]pyridine regioisomer, 9c formed via Michael addition reaction. This 

indicates that the furo or benzofuro[3,2-c]pyridine regioisomer 9a is 

thermodynamically stable over furo or benzofuro[3,2-d]pyridine 

regioisomer 9c (Figure 4.2). 

The use of molecular hybrids in drug discovery programs is a 

relatively new concept, in which two pharmacophores are chemically 

combined to a single molecular entity for synergistic effect [15]. Isatin or 

indoline-2,3-dione is a chemically and biologically very stable molecule. 

It has been extensively used in drug design because of its innate 

pharmacological activities as anti-TB, antibacterial, antiviral, antitumour, 

anticonvulsant, antihelmintic, antidepressant, anti-inflammatory and 

antioxidant agent. The anti-mycobacterial properties of isatin core have 

been exploited to the most in the form of quinolone-isatin, thiazole-isatin, 

tetrahydropyrimidine-isatin, thiolactone-isatin, isoniazid-isatin, and β-

lactam-isatin hybrids [16]. 

Gao et al. have recently developed a benzofuran-isatin hybrid 

series against MTB H37Rv and MDR-TB strains [17]. This study inspired 
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us to build novel furopyridine-isatin hybrids for anti-mycobacterial 

properties. According to our hypothesis, the furopyridine moiety will bind 

to the target Pks13 enzyme due to its structural similarity with the 

benzofuran core of the TAM16 molecule to arrest the mycolic acid 

synthesis, and the isatin unit will be able to kill the bacteria. 

The furopyridine derivative 3ba was reduced by lithium aluminum 

hydride in polar aprotic solvent to afford corresponding primary alcohol 

10ba in 66% yield to achieve this target. Alcohol 10ba was propargylated 

by generating alkoxide ion using a strong base, sodium hydride, and 

subsequent nucleophilic substitution with propargyl bromide (80% in 

toluene) to provide the terminal alkyne 11ba in 70% yield (Scheme 4.3). 

 

Scheme 4.3 Synthesis of terminal alkyne derivative 11ba 

Isatin 12 was treated with 1,2-dibromoethane in the presence of 

K2CO3 in DMF to obtain N-(2-bromoethyl)indoline-2,3-dione 13 in 80% 

yield. The bromine atom in 13 can be readily replaced with azido group by 

overnight reaction with sodium azide in dimethylformamide (DMF) at 

room temperature to afford 14 in 92% yield (Scheme 4.4).  
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Scheme 4.4 Synthesis of azido isatin derivative 14 

The final step of this multistep synthesis was crucial, wherein, 

terminal alkynes 11ba and azide 14 were coupled by standard click 

chemistry reaction, using monohydrated copper acetate as a catalyst for 

1,3-dipolar cycloaddition in dimethylformamide (DMF) solvent at room 

temperature to afford the final molecule furopyridine-isatin hybrid 15ba in 

76% yield (Scheme 4.5). 

 

Scheme 4.5 Synthesis of triazole-tethered furopyridine-isatin hybrid 15ba 

 Next, we were curious to examine the anti-mycobacterial activity 

of this newly developed furopyridine-isatin hybrid 15ba. We began our 

studies with a drug-susceptible, non-virulent strain of the Mtb. 

Mycobacterium smegmatis single colony was inoculated in 7H9 
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Middlebrook media containing Tween80 and incubated at 37 ºC for 36 h 

for visible bacterial culture. OD600 of the bacterial culture was measured 

and set to 0.1 optical density (OD). A mixture of bacterial culture and 

different concentrations of 15ba was prepared in different microcentrifuge 

tubes, maintaining 200 µL as the final volume of the mixture for all the 

concentrations. The above mixtures were incubated at 37 ºC for different 

time durations such as 0, 6, 12, and 24 h. The mixtures were serially 

diluted up to 10-5 M concentrations of 15ba. 5 µL of each of the mixture 

was drawn-out for plating in Petri-dishes containing 7H9/LB agar media. 

The Petri-dishes were further incubated at 37 ºC for 36 h or more for 

visible bacterial colonies to appear. Then, colony counting was performed 

using the colony counter. The results of this study are depicted in figure 

4.3. To our delight, bacterial growth was inhibited to a great extent while 

using 50–100 µM concentration of furopyridine-isatin hybrid 15ba. 
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Figure 4.3 Anti-tuberculosis activity of furopyridine-isatin hybrid 15ba 

on non-virulent strain Mycobacterium smegmatis; IC50 = 50–100 µM 
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Figure 4.4 Anti-tuberculosis activity of furopyridine-isatin hybrid 15ba 

on virulent strain Mycobacterium bovis BCG; IC50 = 50–100 µM 

  With the initial success, we decided to perform the anti-

mycobacterial activity of 15ba on the virulent strain of the 

mycobacterium. Following the protocol mentioned earlier, we performed 

the anti-mycobacterial activity, with a virulent strain of mycobacterium, 

Mycobacterium bovis BCG (7H9 Middlebrook media with Tween80 and a 

nutrient supplement OADC was used). The furopyridine-isatin hybrid 

15ba once again was found to kill Mycobacterium bovis BCG strain with a 

concentration of 50–100 µM (Figure 4.4). 

4.3 Conclusion 

We have developed in chapter an unprecedented one-pot protocol 

for the synthesis of substituted furo[3,2-c]pyridines and substituted 

benzofuro[3,2-c]pyridines. The representative furo[3,2-c]pyridine 

derivative 3ba was transformed into a novel therapeutic tool for 

tuberculosis in the form of furopyridine-isatin hybrid 15ba. The novel 

hybrid 15ba possesses anti-mycobacterial activity and inhibits bacterial 

growth in micromolar concentrations. 
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Further, we are in the process of examining the anti-mycobacterial 

activity of 15ba on multidrug-resistant strains of Mtb. Besides, at present, 

we are also improving the efficacy of the newly designed hybrid 

derivative. With SAR studies and molecular modeling, designing more 

potent anti-TB molecules of this series is currently underway in our 

research group. 

4.4 Experimental section 

4.4.1 General information 

All reactions were carried out in oven-dried glasswares with 

magnetic stirring. Starting substrates and other reagents were obtained 

from a commercial supplier and used without further purification. NMR 

spectra were recorded on Avance III 400 Ascend Bruker. CDCl3 and D2O 

were used as NMR solvents. Chemical shifts (δ) reported as part per 

million (ppm), and TMS was used as an internal reference. High-

resolution mass spectra were recorded through Bruker Daltonik High-

Performance LC-MS (Electrospray Ionization Quadrupole time-of-flight) 

spectrometer. X-ray structure analysis was carried out at a Single crystal 

X-ray diffractometer Bruker KAPPA APEXII. Melting points (m.p.) are 

uncorrected and were measured on Veego melting point apparatus 

(Capillary method). Analytical thin-layer chromatography (TLC) was 

carried out on silica gel plates (silica gel 60 F254 aluminum supported 

plates) and the spots were visualized with an UV lamp (254 nm and 365 

nm) and using chemical staining with Brady’s reagent, KMnO4, ninhydrin, 

iodine, and bromocresol. Column chromatography was performed using 

silica gel (100–200 mesh or 230–400 mesh) and neutral alumina (175 

mesh). DMF, DCM, DMA, toluene, and acetonitrile were dried using 

CaH2 and distilled over flame-dried 4Å molecular sieves. THF and Et2O 

were dried over Na/benzophenone and stored over flame-dried 4Å 

molecular sieves under an inert atmosphere prior to use. Organic bases 
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including DIPEA, Et3N, and DBU were stored over anhydrous KOH 

pellets. 

4.4.2 Experimental section and characterization data 

4.4.2.1 General procedure for the synthesis of furo[3,2-c]pyridines 3aa–ba 

and benzofuro[3,2-c]pyridines 3da–dc 

A mixture of glycine alkyl ester hydrochloride 2a–c (1.0 mmol), 

heterocyclic aldehyde 1a–e (2.0 mmol) and N,N-Diisopropylethylamine 

(3.5 mmol) was heated at 120 °C  for 6–8 h in a sealed tube (25 mL, 

Borosilicate) with constant stirring (monitored by TLC). The reaction 

mixture was cooled to room temperature, diluted with CH2Cl2 (1 × 10 

mL), and washed with brine (1 × 10 mL). The reaction mixture was 

further extracted with CH2Cl2 (3 × 10 mL). The combined organic layer 

was dried over anhydrous Na2SO4, filtered, concentrated, and purified 

over neutral alumina (175 mesh) column chromatography using hexane-

EtOAc solvent mixture as eluent. 

 Methyl 4-(furan-2-yl)furo[3,2-c]pyridine-6-

carboxylate (3aa). According to the general procedure mentioned above, 

1a (200 mg, 2.08 mmol), 2a (130 mg, 1.04 mmol) and DIPEA (0.670 mL, 

3.72 mmol) were heated in a sealed tube at 120 °C for 6 h. After workup, 

the crude reaction mixture was purified through alumina (neutral, 175 

mesh) column chromatography using hexane-EtOAc (98:2) as eluent; 

Yield 50% (126 mg); Off white solid; m.p. = 95–97 °C; Rf 0.65 (4:1 

hexane-EtOAc); IR (KBr) 3032 (=C–H), 2957–2856 (C–H), 1731 (C=O), 

1713–1560 (C=C), 1359 (C–H bend), 1112–993 (C–O), 722 (=C–H bend) 

cm-1; 1H NMR (400 MHz, CDCl3) δ 8.19 (s, 1H), 7.85 (d, J = 3.0 Hz, 1H), 
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7.65 (dd, J = 1.9, 0.9 Hz, 1H), 7.45–7.40 (m, 1H), 7.36 (d, J = 3.0 Hz, 

1H), 6.61 (dd, J = 3.5 Hz, 1.9 Hz, 1H), 4.03 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 166.0, 160.6, 153.2,148.1, 144.2, 143.5, 143.2, 122.7, 112.2, 

111.4, 107.9, 106.9, 53.0; HRMS (ESI) calcd for [C13H9NO4+Na+] 

266.0424, found 266.0417. 

Ethyl 4-(furan-2-yl)furo[3,2-c]pyridine-6-carboxylate 

(3ab). According to the general procedure mentioned above, 1a (200 mg, 

2.08 mmol), 2b (145 mg, 1.04 mmol) and DIPEA (0.670 mL, 3.72 mmol) 

were heated in a sealed tube at 120 °C for 6 h. After workup, the crude 

reaction mixture was purified through alumina (neutral, 175 mesh) column 

chromatography using hexane-EtOAc (99:1) as eluent; Yield 48% (128 

mg); Yellow liquid; Rf 0.70 (4:1 hexane-EtOAc); IR (KBr) 3032 (=C–H), 

2976–2855 (C–H), 1742 (C=O), 1730–1524 (C=C), 1371 (C–H bend), 

1165–1005 (C–O), 741 (=C–H bend) cm-1; 1H NMR (400 MHz, CDCl3) δ 

8.17 (s, 1H), 7.83 (d, J = 2.0 Hz, 1H), 7.64 (m, 1H), 7.42 (dd, J = 2.0 Hz, 

0.8 Hz, 1H), 7.37 (d, J = 3.2 Hz, 1H), 6.60 (dd, J = 3.3 Hz, 1.8 Hz, 1H), 

4.49 (q, J = 7.3 Hz, 2H), 1.47 (t, J = 7.3 Hz, 3H); 13C NMR (400 MHz, 

CDCl3) δ 165.4, 160.7, 153.4, 148.1, 144.1, 143.6, 143.5, 122.5, 112.3, 

111.4, 107.8, 106.9, 62.0, 14.4; HRMS (ESI) calcd for [C14H11NO4+Na+] 

280.0580, found 280.0571. 

Tert-butyl 4-(furan-2-yl)furo[3,2-c]pyridine-6-

carboxylate (3ac). According to the general procedure mentioned above, 
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1a (200 mg, 2.08 mmol), 2c (175 mg, 1.04 mmol) and DIPEA (0.670 mL, 

3.72 mmol) were heated in a sealed tube at 120 °C for 8 h. After workup, 

the crude reaction mixture was purified through alumina (neutral, 175 

mesh) column chromatography using hexane-EtOAc (99:1) as eluent; 

Yield 45% (133 mg); Off white solid; m.p. = 78–80 °C; Rf 0.70 (4:1 

hexane-EtOAc); IR (KBr) 3032 (=C–H), 2976–2855 (C–H), 1742 (C=O), 

1730–1524 (C=C), 1371 (C–H bend), 1165–1005 (C–O), 741 (=C–H 

bend) cm-1; 1H NMR (400 MHz, CDCl3) δ 8.08 (s, 1H), 7.82 (d, J = 3.0 

Hz, 1H), 7.63 (dd, J = 1.5, 0.5 Hz, 1H), 7.43 (dd, J = 2.0 Hz, 0.8 Hz, 1H), 

7.39 (d, J = 3.0 Hz, 1H), 6.60 (dd, J = 3.5 Hz, 1.8 Hz, 1H), 1.66 (s, 9H); 

13C NMR (400 MHz, CDCl3) δ 164.0, 160.7, 153.7, 147.9, 144.6, 143.9, 

143.4, 122.2, 112.2, 111.2, 107.4, 106.9, 82.0, 28.2*; HRMS (ESI) calcd 

for [C16H15NO4+Na+] 308.0893, found 308.0890. *(higher intensity 

carbon) 

 Methyl 2-methyl-4-(5-methylfuran-2-yl)furo[3,2-

c]pyridine-6-carboxylate (3ba). According to the general procedure 

mentioned above, 1b (200 mg, 1.82 mmol), 2a (114 mg, 0.91 mmol) and 

DIPEA (0.555 mL, 3.18 mmol) were heated in a sealed tube at 120 °C for 

6 h. After workup, the crude reaction mixture was purified through 

alumina (neutral, 175 mesh) column chromatography using hexane-EtOAc 

(99:1) as eluent; Yield 54% (133 mg); Off white solid; Rf 0.70 (4:1 

hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 8.04 (s, 1H), 7.17 (d, J = 

3.0 Hz, 1H), 6.96 (s, 1H), 6.18 (d, J = 3.0 Hz, 1H), 4.00 (s, 3H), 2.55 (s, 

3H), 2.45 (s, 3H); 13C NMR (400 MHz, CDCl3) δ 166.2, 160.3, 159.4, 

154.2, 151.5, 142.3, 142.2, 124.0, 112.3, 108.5, 106.8, 102.9, 52.8, 14.2, 

14.0; HRMS (ESI) calcd for [C15H13NO4+Na+] 294.0742, found 294.0749. 
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 Methyl 1-(benzofuran-2-yl)benzofuro[3,2-

c]pyridine-3-carboxylate (3da). According to the general procedure 

mentioned above, 1d (100 mg, 0.68 mmol), 2a (43 mg, 0.34 mmol) and 

DIPEA (0.24 mL, 1.36 mmol) were heated in a sealed tube at 120 °C for 6 

h. After workup, the crude reaction mixture was purified through alumina 

(neutral, 175 mesh) column chromatography using hexane-EtOAc (98:2) 

as eluent; Yield 60% (70 mg); Yellow-orange solid; m.p. = 163–165 °C; 

Rf 0.40 (8:2 hexane-EtOAc); IR (KBr) 3065 (=C–H), 2948–2850 (C–H), 

1720 (C=O), 1612–1539 (C=C), 1350–1338 (C–H bend), 1256–1094 (C–

O), 735 (=C–H bend) cm-1; 1H NMR (400 MHz, CDCl3) δ 8.85 (d, J = 7.8 

Hz, 1H), 8.30 (s, 1H), 7.81 (s, 1H), 7.78–7.71 (m, 2H), 7.69 (d, J = 8.0 Hz, 

1H), 7.63 (dd, J = 8.0, 7.3 Hz, 1H), 7.51 (dd, J = 7.6, 7.5 Hz, 1H), 7.44 

(dd, J = 7.8, 7.5 Hz, 1H), 7.34 (dd, J = 7.6, 7.5 Hz, 1H), 4.08 (s, 3H); 13C 

NMR (400 MHz, CDCl3) δ 165.5, 162.7, 157.4, 155.4, 154.5, 145.4, 

144.3, 129.6, 128.4, 125.7, 125.6, 124.3, 123.7, 122.1, 120.9, 120.8, 111.9, 

111.5, 108.7, 108.4, 53.1; HRMS (ESI) calcd for [C21H13NO4+Na+] 

366.0737, found 366.0693. 

Ethyl 1-(benzofuran-2-yl)benzofuro[3,2-

c]pyridine-3-carboxylate (3db). According to the general procedure 

mentioned above, 1d (100 mg, 0.68 mmol), 2b (48 mg, 0.34 mmol) and 
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DIPEA (0.240 mL, 1.36 mmol) were heated in a sealed tube at 120 °C for 

6 h. After workup, the crude reaction mixture was purified through 

alumina (neutral, 175 mesh) column chromatography using hexane-EtOAc 

(98:2) as eluent; Yield 55% (67 mg); Yellow solid; m.p. = 141–143 °C; Rf 

0.40 (8:2 hexane-EtOAc); IR (KBr) 3065 (=C–H), 2987–2850 (C–H), 

1714 (C=O), 1625–1540 (C=C), 1367–1340 (C–H bend), 1266–1097 (C–

O), 750 (=C–H bend) cm-1; 1H NMR (400 MHz, CDCl3) δ 8.85 (d, J = 8.0 

Hz, 1H), 8.26 (s, 1H), 7.81 (s, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.72 (d, J = 

7.8 Hz, 1H), 7.67 (d, J = 8.3 Hz, 1H), 7.61 (dd, J = 8.0, 7.5 Hz, 1H), 7.49 

(dd, J = 8.0, 8.3 Hz, 1H), 7.43 (dd, J = 7.8, 7.5 Hz, 1H), 7.34 (dd, J = 8.0, 

8.3 Hz, 1H), 4.54 (q, 7.1 Hz, 2H), 1.51 (t, J = 7.1 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 164.9, 162.8, 157.4, 155.5, 154.7, 145.8, 144.3, 129.6, 

128.5, 125.74, 125.73, 124.3, 123.7, 122.2, 121.0, 120.7, 111.9, 111.6, 

108.7, 108.3, 62.2, 14.4; HRMS (ESI) calcd for [C22H15NO4+Na+] 

380.0893, found 380.0844. 

Tert-butyl 1-(benzofuran-2-yl)benzofuro[3,2-

c]pyridine-3-carboxylate (3dc). According to the general procedure 

mentioned above, 1d (100 mg, 0.68 mmol), 2c (57 mg, 0.34 mmol) and 

DIPEA (0.240 mL, 1.36 mmol) were heated in a sealed tube at 120 °C for 

7 h. After workup, the crude reaction mixture was purified through 

alumina (neutral, 175 mesh) column chromatography using hexane-EtOAc 

(98:2) as eluent; Yield 45% (64 mg); Yellow solid; m.p. = 100–102 °C; Rf 

0.40 (8:2 hexane-EtOAc); IR (KBr) 3060 (=C–H), 2977–2851 (C–H), 

1715 (C=O), 1626–1540 (C=C), 1365–1340 (C–H bend), 1273–1074 (C–

O), 738 (=C–H bend) cm-1; 1H NMR (400 MHz, CDCl3) δ 8.88 (d, J = 8.0 
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Hz, 1H), 8.18 (s, 1H), 7.83 (s, 1H), 7.74 (d, J = 7.8 Hz, 1H), 7.71 (d, J = 

8.3 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.59 (dd, J = 8.0, 7.3 Hz, 1H), 7.48 

(dd, J = 7.6, 7.5 Hz, 1H), 7.42 (dd, J = 8.3, 7.3 Hz, 1H), 7.33 (dd, J = 7.5, 

7.3 Hz, 1H), 1.71 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 163.6, 162.8, 

157.4, 155.4, 154.9, 146.8, 144.1, 129.3, 128.5, 125.7, 125.6, 124.2, 123.6, 

122.1, 121.0, 120.2, 111.8, 111.5, 108.6, 107.9, 82.4, 28.2*; HRMS (ESI) 

calcd for [C24H19NO4+Na+] 408.1206, found 408.1153. *(higher intensity 

carbon) 

4.4.2.2 Synthesis of furo[3,2-c]pyridine-isatin hybrid 15ba 

(2-Methyl-4-(5-methylfuran-2-yl)furo[3,2-

c]pyridin-6-yl)methanol (10ba). In a two-neck round-bottom flask (50 

mL), methyl 2-methyl-4-(5-methylfuran-2-yl)furo[3,2-c]pyridine-6-

carboxylate 3ba (250 mg, 0.92 mmol) was dissolved in dry THF (5 mL) 

under an inert atmosphere. The reaction mixture was cooled to 0 °C before 

addition of solid LiAlH4 (104 mg, 2.76 mmol) in a single portion. The 

reaction mixture was warmed to room temperature and stirred further for 

20 min. After the consumption of ester 3ba, as confirmed by TLC, the 

reaction mixture was cautiously quenched with saturated NH4Cl (10 mL) 

solution and further diluted with EtOAc (10 mL). The aqueous layer was 

extracted using EtOAc (10 × 3 mL). The combined organic extracts were 

dried over anhydrous Na2SO4, filtered, evaporated under reduced pressure, 

and the crude residue was purified through alumina (neutral, 175 mesh) 

column chromatography using hexane-EtOAc (80:20) as eluent; Yield 

66% (148 mg); Yellow liquid; Rf 0.45 (1:1 hexane-EtOAc); IR (KBr) cm-

1; 1H NMR (400 MHz, CDCl3) δ 7.15–7.05 (m, 2H), 6.90 (s, 1H), 6.17 (d, 

J = 1.7 Hz, 1H), 4.80 (s, 2H), 2.50 (s, 3H), 2.45 (s, 3H); 13C NMR (400 
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MHz, CDCl3) δ 161.2, 156.7, 153.8, 153.2, 152.3, 140.9, 120.4, 111.1, 

108.3, 102.3, 100.9, 64.3, 14.04, 14.01; HRMS (ESI) calcd for 

[C14H13NO3+H+] 244.0968, found 244.0967. 

2-Methyl-4-(5-methylfuran-2-yl)-6-((prop-2-

yn-1-yloxy)methyl)furo[3,2-c]pyridine (11ba). In a two-neck round-

bottom flask (50 mL), (2-methyl-4-(5-methylfuran-2-yl)furo[3,2-

c]pyridin-6-yl)methanol 10ba (70 mg, 0.29 mmol) was dissolved in dry 

DMF (2 mL) under an inert atmosphere. The reaction mixture was cooled 

to 0 °C before the addition of sodium hydride (55–60% suspension in 

mineral oil, 14 mg, 0.35 mmol) in a single portion, and the reaction 

mixture was stirred for 20 min at the same temperature. Propargyl bromide 

(80% in toluene, 33 µL, 0.35 mmol) was added drop-wise through a 

micropipette, and the reaction mixture was allowed to warm to room 

temperature and further stirred for 3 h. After the complete consumption of 

alcohol 10ba, as confirmed by TLC, the reaction mixture was quenched 

with brine (5 mL) solution and further diluted with EtOAc (10 mL). The 

aqueous layer was extracted using EtOAc (10 × 3 mL). The combined 

organic extracts were dried over anhydrous Na2SO4, filtered, evaporated 

under reduced pressure, and the crude residue purified through alumina 

(neutral, 175 mesh) column chromatography using hexane-EtOAc (97:3) 

as eluent and used for further transformation without characterization; 

Yield 70% (57 mg); Yellow oily liquid; Rf 0.70 (7:3 hexane-EtOAc).  
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1-(2-Bromoethyl)indoline-2,3-dione (13). In a two neck 

round bottom flask (50 mL), a suspension of sodium hydride (55–60% 

suspension in mineral oil, 60 mg, 1.50 mmol) was prepared in dry DMF (2 

mL) at room temperature. Isatin 12 (147 mg, 1.00 mmol) was added to this 

suspension at room temperature, and the reaction mixture was stirred for 

20 min at the same temperature. 1,2-Dibromoethane (90 µL, 1.00 mmol) 

was added drop-wise, and the reaction mixture was heated at 70 °C for 1 

h. After the completion of the reaction (as evident by TLC), EtOAc (10 

mL) and cold brine (10 mL) was added to the reaction mixture. The 

aqueous layer was further extracted with EtOAc (3 × 10 mL), and the 

organic layers were pooled to dry over anhydrous Na2SO4. The organic 

layer was filtered, concentrated, and purified through silica gel (230–400 

mesh) column chromatography using hexane-EtOAc (67:33) as eluent; 

Yield 80% (203 mg); Yellow-orange solid; Rf 0.30 (2:1 hexane-EtOAc); 

1H NMR (400 MHz, CDCl3) δ 7.67–7.57 (m, 2H), 7.14 (dd, J = 7.5, 7.5 

Hz, 1H), 6.99 (d, J = 7.8 Hz, 1H), 4.14 (t, J = 6.5 Hz, 2H), 3.60 (t, J = 6.5 

Hz, 2H); 13C NMR (400 MHz, CDCl3) δ 182.7, 158.2, 150.5, 138.4, 125.7, 

124.1, 117.6, 110.2, 42.0, 27.1. 

1-(2-Azidoethyl)indoline-2,3-dione (14). In an oven-dried 

one neck round-bottom flask (50 mL), 1-(2-bromoethyl)indoline-2,3-dione 

13, (50 mg, 0.20 mmol) was dissolved in DMF (3 mL), and sodium azide 

(52 mg, 0.80 mmol) was added to the reaction mixture in one portion, 

under an inert atmosphere at room temperature. The reaction mixture was 

stirred at room temperature overnight. After the completion of the 
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reaction, CH2Cl2 (10 mL) was added to the reaction mixture, followed by 

MQ water (10 mL). The aqueous layer was extracted with CH2Cl2 (3 × 10 

mL), and the organic layers were pooled to dry over anhydrous Na2SO4. 

The organic layer was filtered, concentrated, and purified through silica 

gel (230–400 mesh) column chromatography using hexane-EtOAc (67:33) 

as eluent; Yield 92% (40 mg); Orange solid; Rf 0.50 (2:1 hexane-EtOAc); 

1H NMR (400 MHz, CDCl3) δ 7.67–7.55 (m, 2H), 7.14 (dd, J = 7.5, 7.3 

Hz, 1H), 7.00 (d, J = 8.0 Hz, 1H), 3.88 (t, J = 5.8 Hz, 2H), 3.66 (t, J = 5.8 

Hz, 2H); 13C NMR (400 MHz, CDCl3) δ 182.7, 158.4, 150.7, 138.5, 125.6, 

124.1, 117.6, 110.3, 49.1, 39.7. 

 

1-(2-(4-(((2-methyl-4-(5-methylfuran-2-yl)furo[3,2-c]pyridin-6-

yl)methoxy)methyl)-1H-1,2,3-triazol-1-yl)ethyl)indoline-2,3-dione (15ba). 

 In a round bottom flask (25 mL), 2-methyl-4-(5-methylfuran-2-yl)-6-

((prop-2-yn-1-yloxy)methyl)furo[3,2-c]pyridine 11ba, (30 mg, 0.11 

mmol) and 1-(2-azidoethyl)indoline-2,3-dione 14, (24 mg, 0.11 mmol)  

were dissolved in DMF (2 mL). Monohydrate copper acetate (12 mg, 0.06 

mmol) was added in one portion to the above solution at room temperature 

under an inert atmosphere. The reaction mixture was stirred at the same 

temperature for 24 h. After the complete consumption of the starting 

materials, as confirmed by TLC, the reaction mixture was quenched with 

brine (5 mL) solution and further diluted with EtOAc (5 mL). The aqueous 

layer was extracted using EtOAc (5 × 3 mL). The combined organic 

extracts were dried over anhydrous Na2SO4, filtered, evaporated under 

reduced pressure, and the crude residue was purified through alumina 

(neutral, 175 mesh) column chromatography using CH2Cl2-MeOH (95:5) 
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as eluent; Yield 76% (41 mg); Yellow-orange amorphous solid; Rf 0.25 

(1:3 hexane-EtOAc) ); 1H NMR (400 MHz, CDCl3) δ 7.61 (s, 1H), 7.50 

(d, J = 7.6 Hz, 1H), 7.44 (dd, J = 7.8, 7.6 Hz, 1H), 7.24 (s, 1H), 7.03–6.93 

(m, 2H), 6.86 (s, 1H), 6.51 (d, J = 8.0 Hz, 1H), 6.16 (d, J = 2.8 Hz, 1H), 

4.73–4.67 (m, 4H), 4.66 (s, 2H), 4.24 (t, J = 6.0 Hz, 2H), 2.50 (s, 3H), 

2.44 (s, 3H); HRMS (ESI) calcd for [C27H23N5O5+Na+] 520.1591, found 

520.1361. 

4.4.2.3 Density Functional Theory Calculations 

All the calculations have been carried out using the Becke's three-

parameter hybrid exchange functional and Lee–Yang–Parr's correlation 

functional (B3LYP) and 6-311++G**(d,p) basis sets as implemented in 

the Gaussian 09 program. The calculated (B3LYP/6-311++G**) total 

energies of the intermediates 7, 9a, 9b, and 9c for furopyridine and 

benzofuropyridine derivatives are as follows:  

 

Furopyridine derivatives Electronic Energy 

+ ZPE (hartrees) 

Relative energies 

(kcal/mol) 

Furyl iminoenamine (7) –857.6055   5.39 

4,5-Dihydrofuro[3,2-

c]pyridines (9a) 

–857.6141   0.00 

4,8-Dihydrofuro[3,2-

c]pyridine (9b) 

–857.5795 21.71 

4,5-Dihydrofuro[3,2-

d]pyridine (9c) 

–857.5855 19.95 

 

Benzofuropyridine 

derivatives 

Electronic Energy 

+ ZPE (hartrees) 

Relative Energies 

(kcal/mol) 

Benzofuryliminoenamine 

(7) 

–1164.8831  7.59 
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1,2-Dihydrobenzofuro[3,2-

c]pyridines (9a) 

–1164.8952   0.00 

1,11-Dihydrobenzofuro[3,2-

c]pyridine (9b) 

–1164.8666 17.95 

1,2-Dihydrobenzofuro[3,2-

d]pyridine (9c) 

–1164.8645 19.26 

 

4.4.3 Copies of 1H, 13C NMR spectra for synthesized compounds 

 

Figure 4.5 1H NMR spectrum of methyl 4-(furan-2-yl)furo[3,2-

c]pyridine-6-carboxylate (3aa) 
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Figure 4.6 13C NMR spectrum of methyl 4-(furan-2-yl)furo[3,2-

c]pyridine-6-carboxylate (3aa) 

 

 

Figure 4.7 HRMS of methyl 4-(furan-2-yl)furo[3,2-c]pyridine-6-

carboxylate (3aa) 

 



     

Chapter 4 

  

221 
 

 

Figure 4.8 1H NMR spectrum of ethyl 4-(furan-2-yl)furo[3,2-c]pyridine-

6-carboxylate (3ab) 

 

 

Figure 4.9 13C NMR spectrum of ethyl 4-(furan-2-yl)furo[3,2-c]pyridine-

6-carboxylate (3ab) 
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Figure 4.10 HRMS of ethyl 4-(furan-2-yl)furo[3,2-c]pyridine-6-

carboxylate (3ab) 

 

Figure 4.11 1H NMR spectrum of tert-butyl 4-(furan-2-yl)furo[3,2-

c]pyridine-6-carboxylate (3ac) 
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Figure 4.12 13C NMR spectrum of tert-butyl 4-(furan-2-yl)furo[3,2-

c]pyridine-6-carboxylate (3ac) 

 

Figure 4.13 HRMS of tert-butyl 4-(furan-2-yl)furo[3,2-c]pyridine-6-

carboxylate (3ac) 
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Figure 4.14 1H NMR spectrum of methyl 2-methyl-4-(5-methylfuran-2-

yl)furo[3,2-c]pyridine-6-carboxylate (3ba) 

 

 

Figure 4.15 13C NMR spectrum of methyl 2-methyl-4-(5-methylfuran-2-

yl)furo[3,2-c]pyridine-6-carboxylate (3ba) 
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Figure 4.16 1H NMR spectrum of methyl 1-(benzofuran-2-

yl)benzofuro[3,2-c]pyridine-3-carboxylate (3da) 

 

Figure 4.17 13C NMR spectrum of methyl 1-(benzofuran-2-

yl)benzofuro[3,2-c]pyridine-3-carboxylate (3da) 
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Figure 4.18 HRMS of methyl 1-(benzofuran-2-yl)benzofuro[3,2-

c]pyridine-3-carboxylate (3da) 

 

Figure 4.19 1H NMR spectrum of ethyl 1-(benzofuran-2-yl)benzofuro[3,2-

c]pyridine-3-carboxylate (3db) 
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Figure 4.20 13C NMR spectrum of ethyl 1-(benzofuran-2-

yl)benzofuro[3,2-c]pyridine-3-carboxylate (3db) 

 

 

 Figure 4.21 HRMS of ethyl 1-(benzofuran-2-yl)benzofuro[3,2-

c]pyridine-3-carboxylate (3db) 
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Figure 4.22 1H NMR spectrum of tert-butyl 1-(benzofuran-2-

yl)benzofuro[3,2-c]pyridine-3-carboxylate (3dc) 

 

Figure 4.23 13C NMR spectrum of tert-butyl 1-(benzofuran-2-

yl)benzofuro[3,2-c]pyridine-3-carboxylate (3dc) 
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Figure 4.24 Mass data of tert-butyl 1-(benzofuran-2-yl)benzofuro[3,2-

c]pyridine-3-carboxylate (3dc) 

 

Figure 4.25 1H NMR spectrum of (2-methyl-4-(5-methylfuran-2-

yl)furo[3,2-c]pyridin-6-yl)methanol (10ba) 
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Figure 4.26 13C NMR spectrum of (2-methyl-4-(5-methylfuran-2-

yl)furo[3,2-c]pyridin-6-yl)methanol (10ba) 

 

Figure 4.27 HRMS of (2-methyl-4-(5-methylfuran-2-yl)furo[3,2-

c]pyridin-6-yl)methanol (10ba) 

 

Figure 4.28 Mass data of 2-methyl-4-(5-methylfuran-2-yl)-6-((prop-2-yn-

1-yloxy)methyl)furo[3,2-c]pyridine (11ba) 
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Figure 4.29 1H NMR spectrum of 1-(2-bromoethyl)indoline-2,3-dione 

(13) 

 

Figure 4.30 13C NMR spectrum of 1-(2-bromoethyl)indoline-2,3-dione 

(13) 
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Figure 4.31 1H NMR spectrum of 1-(2-azidoethyl)indoline-2,3-dione (14) 

 

Figure 4.32 13C NMR spectrum of 1-(2-azidoethyl)indoline-2,3-dione (14) 
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Figure 4.33 1H NMR spectrum of 1-(2-(4-(((2-methyl-4-(5-methylfuran-2-

yl)furo[3,2-c]pyridin-6-yl)methoxy)methyl)-1H-1,2,3-triazol-1-

yl)ethyl)indoline-2,3-dione (15ba) 

 

Figure 4.34 HRMS of 1-(2-(4-(((2-methyl-4-(5-methylfuran-2-yl)furo[3,2-

c]pyridin-6-yl)methoxy)methyl)-1H-1,2,3-triazol-1-yl)ethyl)indoline-2,3-

dione (15ba) 
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Chapter 5 

Conclusions and scope for future work 

5.1 Conclusion 

Fused-pyrido heterocycles is a significant class of nitrogen 

heterocycles because of their wide range of drug design and development 

applications. Several drug candidates have emerged from this class in 

recent times. The present thesis elicits developing a new synthetic strategy 

for fused-pyrido heterocycles such as 5-azaindoles, γ-carbolines, and 

furo[3,2-c]pyridines, and benzofuro[3,2-c]pyridines. Further, the newly 

synthesized molecules have been used in designing small molecule 

inhibitors to find alternative therapeutic solutions for diseases such as 

cancer and tuberculosis.  

Chapter 1 of the thesis provides a general outline of the topic. The 

key structural feature of fused-pyrido heterocycles and their different 

isomeric forms are discussed. An account of recent publications on 

developing novel synthetic procedures for the title molecules is described. 

The mentioned heterocycles are also present in several drug-like 

molecules. A summary of biologically significant members of pyrido 

heterocycles is given in this chapter.  

Chapter 2 describes a serendipitous discovery of a novel one-pot 

method to synthesize a 5-azaindole class of molecules. The synthetic 

protocol is further developed into a solvent-free one-pot cascade reaction 

for the above heterocycles. The optimized protocol is used to synthesize a 

range of compounds of this class. The effect of substituents at different 

positions of the pyrrole ring is examined for generalizing the scope of this 

heterocyclic transformation. A plausible mechanism for the given 

transformation is proposed, further verified by theoretical (DFT) 

calculations. With the help of standard functional group transformations, 
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several unique azaindole derivatives are prepared, which are difficult to 

prepare by conventional methods. A possible CB2 agonist analog is 

prepared and tested in vitro. 

Chapters 3 delineates the design and development of a novel 

synthetic protocol for γ-carbolines. A series of N-substituted indole-2-

carboxaldehyde derivatives is prepared, and the novel protocol for the 

synthesis of γ-carbolines is optimized. The developed one-pot solvent-free 

method is used to synthesize various derivatives, and the scope of the 

reaction is examined. The regioselective nature of the reaction is 

established via theoretical (DFT) calculations. The optical properties of 

these novel compounds are studied through excitation-emission studies. 

The representative members of the γ-carboline series are tested against a 

panel of cancer cell lines for their innate cytotoxicity. Representative γ-

carboline compound is traced inside the cervical (HeLa) cancer cells 

through cell uptake (confocal microscopy) studies.   

Chapter 4 describes a novel one-pot synthesis of furo[3,2-

c]pyridines and benzofuro[3,2-c]pyridines in the presence of Hunig’s base. 

A representative member of the furo[3,2-c]pyridine class is transformed 

into a corresponding isatin hybrid by using a standard click chemistry 

reaction. The newly developed furopyridine-isatin hybrid is tested for its 

anti-mycobacterial efficacy in non-virulent (M. smegmatis), and virulent 

(M. bovis BCG) strains of tuberculosis causing bacteria. The hybrid 

compound can control the bacterial population to a great extent while used 

in 50 to 100 µM concentrations.  

5.2 Scope for future work 

This thesis work contains the discovery of a novel one-pot protocol 

to synthesize fused-pyrido heterocycles. A library of heterocycles has been 

synthesized using this protocol. This work has enormous possibilities for 

future work. Some of these are enlisted below- 
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A) A library of novel fused-pyrido heterocycles has been prepared by a 

newly developed synthetic methodology. Synthetic azaindoles are known 

for their applications as kinase inhibitors. Kinase inhibitors play a key role 

in cancer therapy. The newly synthesized 5-azaindole derivatives can be 

screened for their kinase inhibitor activities. 

B) The molecular architecture of γ-carbolines has been exploited widely to 

develop DNA intercalators in the literature. The DNA intercalation 

properties of the synthesized γ-carbolines may be examined for further 

understanding of the mechanism of action. We are already working on 

understanding the exact mode of action of newly synthesized γ-carbolines 

in our laboratory. This may lead to the discovery of a new mechanism to 

kill cancer cells. 

C) We have reported our initial success in developing a potent anti-

mycobacterial compound in the form of a furopyridine-isatin hybrid. 

Further, we are analyzing the efficacy of this new molecular hybrid 

against the multidrug-resistant strain of Mtb. This may lead to the 

discovery of a potent drug against multidrug-resistant tuberculosis. 

Moreover, with the help of in silico studies, we can design more potent 

derivatives of the furo[3,2-c]pyridine family. This may bring a 

revolutionary change in the treatment of tuberculosis. 
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