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Preface 

The research embodied in the present thesis, entitled “Environmentally benign synthetic 

routes to fused heterocycles and their photophysical studies,” was initiated in the period 

July, 2018 to June, 2023 under the joint supervision of Dr. Amit Saha, Assistant Professor, 

Organic Chemistry Section, Department of Chemistry, Jadavpur University, Kolkata-700032, 

India and Dr. Shubhankar Samanta, Assistant Professor, Department of Chemistry, 

Bidhannagar College, Saltlake, Sector 1, Kolkata-700064, India. 

The prime focus of this research work is to explore the environmentally benign synthetic 

protocols of N-fused heterocycles and their application to photophysical studies. This thesis 

has been presented in six chapters: 

Chapter 1 describes the origin of green chemistry, the requirements of green techniques for 

organic syntheses, a brief description of numerous bioactive natural products, their wide 

application in drug molecules, fluorescence probes, the dye industry, and the material science 

of fused quinazolinones, isothiazoles, pyrroles, pyrrolo lactam rings, and pyrroloquinoline 

moieties. 

Chapter 2 explains all the chemicals and solvents utilised and the instrumental details 

required to complete the entire research work. 

Chapter 3 describes "A solvent- and catalyst-free tandem reaction: synthesis, and 

photophysical and biological applications of isoindoloquinazolinones". 

Chapter 4 depicts "Neat synthesis of isothiazole compounds, studies on their synthetic 

applications, and photophysical properties". 

Chapter 5 deals with the "Neat synthesis of c-fused pyrroles and its application to 

macrolactamization". 

Chapter 6 elaborately describes "Synthesis of multi-fused pyrrolo[1,2-a]quinoline systems by 

tandem aza-Michael-aldol reactions and their application to molecular sensing studies." 

 

                                                                                                                      

                                                                                                                            Anirban Bera          
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Abstract 

Heterocyclic molecules are highly significant as they possess biological, pharmacological, 

and industrial applications. Even though a number of excellent synthetic pathways for 

heterocyclic compounds have been identified, further research is needed on greener synthesis 

techniques such as microwave, grinding, ultrasonic, photochemical, and conventional heating 

route maps. Furthermore, these techniques become more eco-compatible when they generate 

value-added products without the use of solvents. Herein, we have disclosed some synthetic 

routes for heterocycles, which have not only bioactive scaffolds but also photophysical 

applications. In their summarized form, these are listed chronologically.             

            An easy green synthetic approach for fused isoindoloquinazolinones has been 

developed under neat reaction (yields up to 91%) condition. This new one-pot tandem 

methodology involves condensation of readily available anthranilamide with 3-(2-

formylcycloalkenyl)-acrylic ester under solvent- and catalyst-free condition. This strategy 

avoids the use of   oxidant, heavy metal catalyst and also free from work-up and generation of 

toxic by-products. A dramatic change of photophysical properties of 

dihydroisoindoloquinazolinones in basic and aqueous medium have also been documented in 

our study. Moreover, our model synthetic compound shows cytotoxic activity towards 

metastatic HepG2 and PC3 cancer cell lines.  
 

          Ammonium thiocyanate promoted simple, rapid and eco-friendly neat synthesis of 

isothiazoles has been developed for the first time. It is noteworthy that an instantaneous 

valuable synthetic route of β-enaminones has also been documented during the mechanistic 

investigation of isothiazole formation. Detail mechanistic explanation of isothaizole 

formation reaction is clearly explained by the control experiments. NBS promoted 

aromatisation of isothiazole derivatives and photophysical properties of an isothiazole-pyrene 

hybrid molecule have been investigated.  
 

          The current study describes an efficient environmental benign synthetic route of N-aryl 

substituted c-fused pyrrole derivatives via neat approach. It also provides base mediated 

intramolecular macrolactamization using amine ester amidation reaction and lead to fused 

diazocin-6(5H)-one with effective yields.  

              We have presented a weak acid promoted tandem aza-Michael-aldol strategy for the 

synthesis of diversely fused pyrrolo[1,2-a]quinoline (tricyclic to pentacyclic scaffolds) by the 
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construction of both pyrrole as well as quinoline ring in one-pot. The described protocol 

fabricated two C-N bonds and one C-C bond in the pyrrole-quinoline rings which have been 

sequentially formed under transition-metal-free conditions by the extrusion of eco-friendly 

water molecules. Ketorolac drug analogue has been synthesized following the current protocol 

and one of the synthesized tricyclic pyrrolo[1,2-a]quinoline fluorophore has been used to detect 

the highly toxic picric acid via fluorescent quenching effect. 

 

 

 

 

 

 

 

 

 

 

 

Overall graphical abstract of my entire thesis. 
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1.1. Origins of Green Chemistry: 

Everything we see, touch, and feel is a gift of chemistry. Chemistry brought about a 

revolution in human civilization up until roughly the middle of the 20th century. In this 

century, a multitude of potentially life-saving drug molecules, antibiotics, and 

pharmaceuticals came to light. The production of food and supply also rose significantly 

across the world as a result of the invention of hybrid varieties, novel farming methods, 

superior seeds, and the application of fertilizers, pesticides, and herbicides. According to the 

demands of modern civilization, the research community always continues their research in 

various types of chemical and pharmaceutical industries. As soon as chemistry became more 

advanced, its negative repercussions became apparent. Consequently, environmental 

pollution has escalated into a serious problem for our world. As a result, both aquatic and 

terrestrial life become damaged (Figure 1.1). Nowadays, people are very concerned about 

both their health and the environment. With a deep concern for the environment, chemists 

are introducing a new concept, “green chemistry”.1 

 

 

 

 

 

 

 

 

 

Figure 1.1. Advanced Chemistry: a big cause of environmental pollution. 
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1.1.1. Introducing a concept about green chemistry: 

The initial development of the concept of "green chemistry" was sparked by the Pollution 

Prevention Act (1990), which mandated that U.S. national policy. Although the U.S. 

Environmental Protection Agency (EPA) is recognised for being a monitoring body, it 

departed from the "command and control" or "end of pipe" strategy when putting into place 

what would later be known as its "green chemistry" programme.  

In 1991, a research grant was launched by the EPA’s Office of Pollution Prevention and 

Toxics for redesigning the existing chemicals and procedures to lessen the adverse impacts 

on both human health and the environment. Earlier in the 1990s, the EPA continued to 

sponsor fundamental green chemistry research in collaboration with the American National 

Science Foundation (NSF). 

Success stories in both academic and industrial green chemistry were brought to light in 1996 

with the inaugural edition of the annual Presidential Green Chemistry Challenge Awards. The 

awards programme is the cornerstone of the educational curriculum in green chemistry. 

In the mid-to-late 1990s, there was a rise in the number of international conferences on green 

chemistry, such as the Gordon Research Conferences, and green chemistry networks emerged 

in the United Kingdom, the United States, Italy, and Spain. 

In 1998, after the publication of the 12 Principles of Green Chemistry, the emerging science 

received a precise set of criteria for future advancement. The Royal Society of Chemistry 

introduced a journal, "Green Chemistry", in 1999 to promote the green approach in the 

research field. 

In the last decade, there have been an increasing number of national networks, prestigious 

journals have published special issues focused on green chemistry, and the popularity of the 

field has grown. In 2005, Chauvin, Grubbs, and Schrock were awarded the Nobel Prize in 

Chemistry for their commendable research work, which is convincing evidence of “a great 

step forward for green chemistry” (Figure 1.2).2 
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Figure 1.2. Nobel Prize winners in favour of Green Chemistry. 

Green Chemistry is known as sustainable chemistry or clean chemistry. A question often 

arises how we can fulfil the demands of our society without disturbing our environment. It 

can only be possible by maintaining the green protocol everywhere. Utilization of 

environmentally benign solvents, renewable materials, and non-toxic chemicals are the main 

key factors in green synthesis. The 12 Principles about green synthesis are given below 

(Figure 1.3).3 

 

 

 

 

 

 

 



Chapter 1 

 

Page | 4  
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3. Twelve principles of Green Chemistry proposed by Paul Anastas. 

1.1.2. A solvent selection guideline related to green synthesis: 

Aristotle, an ancient Greek philosopher, stated, “No Coopora nisi Fluida”, which translates 

as “No reaction occurs in the absence of solvent”.4 It is remarkable statement and hence 

chemists execute their reactions in the solvent phase. But any suitable reason can’t be found 

behind this. Chemists use different classes of organic solvents to carry out their reactions. 

All the marketed organic solvents are not environmentally acceptable. Some of them are 

toxic and hazardous, and not acceptable for the environment as well as human health. 

For this purpose, a number of pharmaceutical companies have reported solvent selection 

guides; more recently, Fischer et al. elegantly describe a comprehensive approach to the 

environmental selection of solvents based on the environment, health, and safety issues 

(Figure 1.4).5 
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Figure 1.4. A table about solvent selection guideline. 

Hexane, Benzene, Dimethyl Formamide (DMF), N-methyl pyrrolidinone (NMP), Pyridine 

etc. have been added to the "red list" in the industry due to their carcinogenicity, 

mutagenicity, nephrotoxicity, skin absorption/sensitization, and toxic properties. Pentane, Di-

isopropyl ether, and Diethyl ether have high flammability, the potential for high emissions 

through high vapour pressure and static charge, the potential for peroxide formation, and 

odour issues; hence, they are also included in the "red list" of solvent safety categories. For 

environmental regulatory considerations such as ground water contamination, ozone 

depletion potential, and photo-reactive potential, the chlorinated solvents chloroform, 

dichloromethane, and carbon tetrachloride are also restricted. Toluene, acetonitrile, 

tetrahydrofuran, dimethyl sulfoxide, etc. are moderately usable. Water, methanol, ethanol, 

acetone, ethyl acetate, propanol, butanol, etc. are preferred solvents and acceptable for the 

environment. To fully meet the development of human civilization, researchers are always 

engaged in the synthesis of heterocyclic and carbocyclic molecules using different toxic 

organic solvents in various fields (pharmaceutical, biological, material, light-emitting, toxic 
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metal ion sensing, molecular sensing, etc.). Among them, pharmaceutical development 

flourishes more in heterocyclic molecules. 

1.2. Importance of heterocycles in daily life: 

More than 80 % commercially available life-saving drug molecules come from heterocycles, 

and the synthesis of these compounds directly involves the pharmaceutical industry. 

Heterocyclic compounds are generally five- or six-membered ring cycles and contain at least 

one or more heteroatoms such as nitrogen (N), oxygen (O), and sulphur (S). Heterocyclic 

compounds are found as the core moiety in several bio-active natural products, bio-molecules 

(DNA & RNA, hemoglobin, chlorophyll, and so on), amino acids (tryptophan, L-proline, 

histidine, and so on), and vitamins (vitamin B 12, vitamin C, folic acid, thiamine, riboflavin, 

and so on).6 Most of the bioactive compounds come from heterocycles, which are widely 

used as modifiers in photography, cosmetics, and information storage devices. The 

pharmaceutical and agrochemical industries are totally dependent on heterocyclic 

compounds. Due to the great abundance of fused heterocycles in everywhere, a new trend in 

synthetic organic chemistry research has been noticed globally. 

Among them, N-fused heterocyclic frameworks such as fused quinazolinones, isothiazoles, 

pyrroles, pyrrolo lactam rings, and pyrroloquinoline moieties are the most celebrated organic 

molecules, which are all not abundant in nature but also found in non-naturally occurring 

compounds such as essential amino acids, vitamins, alkaloids, hormones, etc. All these 

nitrogen-containing heterocycles have a multitude of pharmacological activities, such as 

anticancer, antitumor, antifungal, antidiabetic, antiallergic, antiviral, antibacterial, anti-

inflammatory, anti-HIV, and pain-killing properties (Figure 1.5).7 
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Figure 1.5. Several bioactive N-fused heterocycles. 

We now turn our attention to a few N-fused alkaloids or bioactive molecules, such as 

Phaitanthrin E, Luotonin A, Ziprasidone, Ketorolac, and Crispine A, which contain fused 

quinazolinones, isothiazoles, pyrroles, pyrrolo lactam rings, and pyrroloquinoline moieties 

and were produced using conventional synthetic protocols. 

 

1.3. Limitations of conventional approaches for the synthesis of bioactive N-fused 

heterocycles: 

Phaitanthrins E was isolated from the Taiwanese orchid Phaius mishmensi by Wu and co-

workers. The synthesized derivatives of this natural alkaloid have antiproliferative effects 

against human colorectal cancer cells (DLD-1), and were found to have promising anticancer 

properties competitive with the natural Phaitanthrin E.  Some synthetic protocols of 

Phaitanthrin E are presented in Scheme 1.1.8 Isatoic anhydride condenses with indole-3-

carboxylate in presence of Cu (I) catalyst producing Phaitanthrin E. Another independent 

approach involves intramolecular dehydration of substrate followed by intramolecular 

nucleophilic addition and intramolecular substitution reactions in presence HMDS/ZnCl2 

furnished the alkaloid Phaitanthrin E (Scheme 1.1). However, all these cases red marked 

solvents are used to success the target and hence researchers are tried to develop solvent-free 

sustainable synthesis. 
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Scheme 1.1. Synthetic route of Phaitanthrin E. 

Luotonins are quinazolinones fused alkaloids which display three major skeleton types, 

namely Luotonins A, B, and E which have shown bio-activity against leukemia P-388 cells. 

Luotonin A is the most effective one, with its activity stemming from topoisomerase I-

dependent DNA-cleavage. Some of the synthetic processes are presented in Scheme 1.2.9 All 

these processes involved toxic solvents and synthetic chemist try to design new method to 

resolve pollutant issues. 

 

 

 

 

 

 

 

Scheme 1.2. Synthetic routes of Luotonin A. 

Ziprasidone has been found to be an atypical antipsychotic potential agent. The outline for 

the synthetic route of benzisothiazolylpiperazine derivatives is mentioned here (Scheme 

1.3).10 The entire protocol employs toxic chemicals and solvents such as chloroactyl chloride, 

triethylsilane, trifluoroacetic acid, and methyl isobutyl ketone, or DMF. All these things make 

it troublesome. So, we are finding a pathway that can make the intended molecule in a 

sustainable way. 
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Scheme 1.3. Synthesis of Ziprasidone. 

Numerous pharmaceuticals, natural products, and organic synthetic materials are built on the 

basis of pyrroles and indoles. (S)-ketorolac is a well-known NSAID-approved nonsteroidal 

anti-inflammatory drug molecule available on the market under the trade names Toradol and 

Biorolac. The synthetic route of ketorolac involving three steps is shown in Scheme 1.4.11 In 

every step, various types of organic solvents are used, such as triethyl amine, tetrahydrofuran, 

and 1,2-dimethoxyethane. Most of these are not friendly to our environment. Therefore, we 

are going to construct a scaffold that can produce the desired molecule in a green manner.  

 

 

 

 

 

 

 

Scheme 1.4. Synthesis of ketorolac. 

Crispine A, a pyrroloisoquinoline alkaloid found in Carduus crispus, has been shown to have 

pharmacological activities against the human cell lines HeLa, KB, and SKOV3. A Rh-

catalyzed asymmetric synthesis of it was presented here.12 However, in this multistep 
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synthetic protocol, several hazardous carcinogenic solvents were used shown in Scheme 1.5, 

which are not friendlier for our environment. Therefore, finding a green synthetic protocol is 

essential. 

 

 

 

 

 

 

 

Scheme 1.5. Synthetic route of Crispine A. 

Despite the fact that numerous technologies for synthesising pharmacological molecules and 

pharmaceutical active ingredients have been discovered, these techniques have a number of 

negative environmental effects. In order to get around these traditional tactics, researchers are 

always coming up with new strategies to stop environmental pollution problems. Toxic 

reagents and red or yellow marking solvent, for example, not only produce dangerous 

pollutants but also offer extremely efficient pathways to achieve the goal.  In this situation, 

modern science has started to pay more attention to green methodologies. 

1.3.1. Requirement of green techniques towards the organic synthesis:   

To meet the challenges of the development of organic chemistry, researchers and scientists 

devote their efforts to finding out how the synthetic conversion takes place while reducing 

environmental and health risks.13 Consequently, the researcher uses the non-toxic green 

solvents to perform the reaction. Besides this, it is also far better if it is possible to avoid the 

use of any solvent for chemical transformation, i.e., solvent-free synthesis. A solvent-free 

reaction reduces the multistep procedure, one of which is avoiding the aqueous work-up for 

purification purposes. Microwave irradiation (MW), ultrasound irradiation (US), 

conventional thermal heating, mechanochemistry (grinding), and ball milling techniques are 

mainly involved in the environmentally benign green synthesis. Photoinduced and 
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electrochemical methods are also the growing fields in the modern green chemistry scenario 

(Figure 1.6).  

 

 

 

 

 

 

 

 

 

 

 

Figure 1.6. Different techniques for green synthesis. 

Microwave heating,14 transfer energy directly to the reactant molecule in the reaction vessel 

and it reduces the reaction time compare to the conventional thermal heating. The chemical 

transformation under microwave irradiation takes place in faster rate, cost effective, gives the 

high yield product, and simplified the purification process in compare to the conventional 

heating. A new advanced technology, ultrasonic irradiation, creates cavitation bubbles of 

liquid molecules under spontaneous ultrasonic irradiation. The energy for chemical change is 

produced by the bubbles collapsing in subsequent compression cycles. As a result, the 

reaction proceeds at a faster rate and takes less time with high yields.15 Another mechanical 

technique, ball milling, is used to grind the powders into fine particles. In this technique, the 

reactant molecules are broken by mechanical forces.16 This technique has been attracted due 

to its simplicity, low cost, as well as its high yield. In the grinding technique, use of a 

grindstone facilitates safe, simple, solvent-free chemistry, as well as high yield, economic 

efficiency, and environmental friendliness.17 Photoinduced reaction is a modern field 
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involving a chemical transformation initiated by absorbing light radiation. In this method, 

organic substances get excited by absorbing heat energy, generating radicals or cations, and 

this radical helps to get the products.18 Another emerging technology, electrochemical 

synthesis, employs the transportation of electrons from the electrode to the chemical 

ingredients in the solution phase, either directly or in reverse, across the electrode/solution 

confluence, leading to chemical transformation. A galvanostat or potentiostat and an 

electrode-equipped electrochemical cell make up the straightforward equipment for 

electrochemical synthesis.19 The main benefits of electrochemical synthesis over other 

methods are not requiring chemical oxidants or reductants, mild reaction conditions, effective 

pollution control, higher selectivity, and higher yield percentages.  

Hence, all things involving green synthesis or solvent-free synthesis are healthier for the 

environment. By inspiring these green techniques, we focused our research towards solvent-

free synthesis or synthesis using green solvents towards fused quinazolinones, isothiazoles, 

pyrroles, pyrrolo lactam rings, and pyrroloquinoline moieties by conventional heating 

techniques in our laboratory (Figure 1.7). We have also explored our methodology using 

synthesized heterocyclic molecules to the natural products, biological activities, 

photophysical studies and molecular sensing properties. 

 

 

 

 

 

 

 

 

 

Figure 1.7. All compounds are synthesized using conventional heating techniques under 

green protocol. 
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1.4. Quinazolinone: 

 Quinazolinones are the most celebrated moiety in heterocyclic chemistry for their wide, and 

diverse biological activities. Presently, more than 200 naturally occurring bio-active 

quinazolinones are found in nature.20 Quinazolinone moieties have drawn high attention due 

to their medicinal applicability, such as their anticancer therapeutic potential, antidiabetic, 

analgesic, antibacterial, and anticonvulsant activities.20a Quinazoline's skeleton is structurally 

similar to that of purine and pyrimidine bases (Figure 1.8).20b-d  

 

 

 

Figure 1.8. Purine and pyrimidine bases of nucleic acid. 

1.4.1. Quinazolinone containing naturally occurring alkaloids: 

Now, we introduce with few naturally occurring bio-active quinazolinone moieties (Figure 

1.9). Penipanoid C was extracted from the Penicillium oxalicum 0312F1, a marine fungus, 

and later on isolated from Penicillium paneum SD-44. Penipanoid C exhibits inhibitory 

activity moderately against replication of tobacco mosaic virus.21a The first luciferase 

inhibitor, 2-(4-(methylamino)phenyl)quinazolin-4(3H)-one, was derived from Streptomyces 

sp. A496.21b Recently, 2-(1H-indol-3-yl)quinazolin-4(3H)-one has been identified from 

Streptomyces sp. BCC 21795 and displays a cytotoxic effect against Vero cells.21c (-)-

Chaetominine, a new framework of tripeptide alkaloidal metabolites, was characterized from 

the solid-substrate culture of Chaetomium sp. IFBE015, an endophytic fungus on the 

apparently healthy Adenophora axilliflora leaves.21d The cytotoxic assays of (-)-

Chaetominine exhibits highly potential activity in vitro against human leukemia K562 and 

colon cancer SW1116 with IC50 values 21 M and 28 M respectively.20a Isochaetominines 

C was isolated recently from Aspergillus sp. and displayed weak inhibitory activity against 

Na+/K+-ATPase.21e Aniquinazoline D was obtained from a marine mangrove leaf of 

Rhizophora stylosa., and exhibits effective potential against the brine shrimp with LD50 

value 3.42 µM.21f 
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Figure 1.9. Naturally occurring bioactive quinazolinone moieties. 

1.4.2. Quinazolinone containing drug molecules: 

Besides these bio-active natural products, quinazolinones have great abundance in the 

medicinal world. Many prescribed drug molecules are found in which quinazolinones are 

present in the core skeleton (Figure 1.10). Albaconazole,22a-c is an antifungal drug, has 

efficiency against vulvovaginal candidosis, a common infection in healthy women caused by 

Candida albicans. It also has potent in vitro activity against dermatophytes and some other 

filamentous and opportunistic fungi, such as Paecilomyces spp., Aspergillus spp., and 

Chaetomium spp. Febrifugine, a well-known prescribed drug used for the treatment of 

malaria, especially P. falciparum and P. vivax.22d-f Quinethazone helps control blood pressure 

and is used as an antihypertensive agent.22e-f  Nolatrexed (NOL) is a commercially available 

novel quinazoline-based therapeutic drug and used for the treatment of hepatocellular 

carcinoma (HCC).22a, e, g It also inhibits thymidylate synthase, which has been developed as an 

antitumor agent.22g Raltitrexed is also a quinazoline-based prescribed drug, used as 

chemotherapy for cancer patients.22h Fenquizone is a popular low-ceiling diuretic agent.22e, f 
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Figure 1.10. Useful prescribed drugs containing quinazolinone moieties. 

1.4.3. Fused quinazolinone: 

Like quinazolinone moieties, fused quinazolinones have great importance in our modern 

society. Quinazolinone is fused with the pyrrole, indole, and isoindole rings and gives more 

natural products and drug molecules. Some bioactive fused quinazolinone alkaloids are given 

below (Figure 1.11). Vasnetine is an analogous alkaloid of vasicinone and was isolated from 

the leaf extract of Adhatoda visca, commonly used as a bronchodilator and hypotensive 

medicine in India.23a, b Auranthine, a white solid fungal metabolite isolated from Penicillium 

aurantiogriseum, has cytotoxic properties against both human kidney epithelial cells (IHKE), 

and human liver cancer cell lines (HepG2). However, its methylated derivative was found to 

be more sensitive to IHKE cell lines (IC50 value is 25 M).23c-e Mackinazolinone, a 

quinazolino-carboline type alkaloids, exhibit diverse pharmacological activities such as anti-

microbial, anti-inflammatory, and antidepressant activities etc.23f-h Rutaecarpine, isolated 

from the dried fruits of Evodia rutaecarpa, is used for the treatment of headaches, dysentery, 

and gastrointestinal disorders.23i, j Phaitanthrin A, a new optically active alkaloid, has been 

identified from an orcid Phaius mishmensis and exhibited moderate cytotoxic effect against 

NCI-H460, SF-268, and MCF-7 cell lines with IC50 values of 27.0, 43.9, 33.8 µM 

respectively.20a 
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Figure 1.11. Some naturally occurring bio-active fused quinazolinone alkaloids. 

1.4.4. Photophysical applications of fused quinazolinone: 

Besides the availability of bioactive natural alkaloids, many novel quinazolinones have been 

found with excellent luminescence properties (Figure 1.12). The first batch of U.S. patents 

for newly formed fluorescent dyes containing an HPQ structure were requested by American 

Cyanamid Company in 1965. On the basis of this structure, further fluorescent materials and 

probes have now been invented. In 1992, PPQ, 2-(2′-phosphoryloxyphenyl)-4(3H)-

quinazolinone was created as a fluorescent phosphatase probe. PPQ can be precisely 

hydrolyzed into the unsolvable product HPQ as a luminous precipitate in water using alkaline 

phosphatase and acid. A new kind of fluorescent probe, CPPCQ, is a precipitate that 

fluoresces brightly right away after enzymatic hydrolysis and is commercialized under the 

trade name "ELF™ 97 Phosphate". 24 
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Figure 1.12. Various quinazolinone based fluorescence probes. 

Another quinazolinone-based 2-(2′-hydroxyphenyl)quinazolin-4(3H)-one enaminone 

derivative, QA, emits green fluorescence in PBS buffer solution (pH = 7.4). QA shows high 

selectivity towards Pd2+ ions over the other metal ions, with complete quenching of 

fluorescence at 538 nm (Scheme 1.6).25  

 

 

 

 

 

 

Scheme 1.6. Fluorescence on-off mechanism of quinazolinone based probe. 
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To selectively find Cu2+ ions, the synthetic dihydroquinazolinone derivatives, QZP, employ a 

fluorescence "turn-off" mechanism. QZP can bind Cu2+ ions by quenching the fluorescence 

of its (Scheme 1.7).26 

 

 

 

 

 

Scheme 1.7. Quinazolinone-based fluorescence sensor.  

1.4.5. Optoelectronic materials of quinazolinone: 

A series of quinazolinone-based probes have been found to have inherent emissive properties 

and are used as optoelectronic materials in the broad spectrum (Figure 1.13). Compound I, 

14H-quinazolino[3,2-f]phenanthridine-14-one derivatives, exhibited the emission of blue 

light in chloroform solvent.27a Compound 11-Hydroxy-6-phenyl-11b,12-dihydro-13H-

quinazolino[3,4-a]quinazolin-13-ones (II), displayed solid-state fluorescence in an orange-

green colour.27b Another compound, 6-Phenyl-5,6-dihydro-8H-quinazolino[4,3-b]quinazolin-

8-ones (III), emits bright blue lights in the solution phase.27b An efficient 1-H-

spiro[isoindoline-1,2'-quinazoline]-3,4'(3'H)-dione (IV), also emits fluorescence in the visible 

region from 413 nm to 436 nm with an effective stock shift value of 44-72 nm.27c 

 

 

 

 

 

 

Figure 1.13. Optoelectronic material based on quinazolinone based probe. 
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1.4.6. Agrochemical applications of quinazolinone:  

A major pest, the cotton leaf worm, Spodoptera littoralis (Boisd), destroys a variety of 

commercially significant cultivated crops, including cotton, tobacco, peanuts, soybeans, and 

vegetables. There is an approximate 26-100% yield loss in the crop as a consequence, 

according to research. Tetraactyl bis-quinazolin-4(3H)-one, a recently developed derivative, 

was effective against cotton leaf worm as an insecticide (Figure 1.14).28 

 

 

 

 

Figure 1.14. Insecticidal activity of quinazolinone derivative. 

After a brief discussion about quinazolinones and fused quinazolinones, we are now 

discussing about isothiazole derivatives.  

1.5. Isothiazole: 

Five-membered heterocycles containing sulphur (S) and nitrogen (N), two hetero atoms in a 

1,2-relationship, are known as isothiazole derivatives. Depending on the position of these 

heteroatoms, they may be classified in different classes (Figure 1.15). 

 

 

 

 

Figure 1.15. Classification of isothiazole derivatives. 

Isothiazole draws special attention due to its broad applicability in the medicinal, 

agrochemical, and pharmaceutical fields, as well as in the electronic materials and synthesis 

fields. Some isothiazole scaffolds display a wide range of bioactivities, such as antiviral, 

anticancer, antidiabetic, etc. (Figure 1.16).29a  
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Figure 1.16. Selected isothiazole molecules with pharmacological activities. 

Some isothiazole molecules are commercially available in the market as drug molecules, such 

as sulfamizole as an antibacterial sulfa drug, denotivir as antiviral drug, isotianil which is 

effective against rice blast, and methylchloroisothiazolone (MCIT), which is used as kathon 

preservatives (Figure 1.17).29a, b 

 

 

 

 

 

Figure 1.17. Commercially available important isothiazole moieties. 

1.5.1. Fused isothiazole: 

Fused isothiazole represents itself as an important five-membered heteroaromatic compound. 

Fused isothiazoles have various pharmacological activities in a broad spectrum, such as 

anticancer, antipsycotic, neuroprotective, and antitumor agents, etc. Selected fused 

isothiazole derivatives are displayed here with their pharmacological activities (Figure 

1.18).29 To treat solid tumours by inhibiting CAIX, benzo[d]isothiazol-3(2H)-one 1,1-dioxide 

is being developed as a therapeutic candidate.29c Tiospirone was investigated as a potential 

novel atypical antipsychotic medication since it contains significant 5-HT2A and D2 
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antagonist action.10 Lurasidone has a wide range of therapeutic benefits and is characterized 

by its multi-receptor affinity.29d 

 

 

 

 

 

 

 

 

 

 

Figure 1.18. Selected fused isothiazole moieties with pharmacological activities. 

1.5.2. Photophysical application of fused isothiazole derivatives: 

Isothiazoles are not only important for their pharmacological activities; they also show 

excellent fluorescence behaviour. Two newly synthesized ester derivatives of isothiazole 

moieties have been developed, and their optical properties are also documented here (Figure 

1.19). The absorption and emission spectra were recorded for both compounds in n-hexane 

and ethanol solvents. The emission properties depend on the solvent polarity. Solvent polarity 

influenced the intensity of the emission spectra. In an ethanol solution, n→π* and π→π* 

transitions take place for both the compounds, and the emission maxima move towards a red 

shift.30 
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Figure 1.19. Isothiazole based fluorescence probe. 

 

After the discussion about isothiazoles, we are now motivated towards another five 

membered heterocyclic molecule, fused pyrroles, and their family. 

1.6. Fused Pyrroles and their family:  

An important class of N-fused heterocycles includes pyrrole and its derivatives. Several 

bioactive natural compounds, such as porphyrins, bacteriochlorins, chlorophyll, 

porphyrinogens, vitamin B12, numerous cytochrome enzymes, bilirubin, and biliverdin 

derived from marine sources, have pyrrole as their primary structural component.31a-c Pyrrole 

derivatives are extensively used in the organic synthesis of agrochemicals, pharmaceuticals, 

photographic chemicals, perfumes, dyes, and other organic compounds.31b Pyrrole derivatives 

have exhibited diverse bioactivities such as antiviral, antifungal, antibacterial, antitumor, 

antioxidant, anti-inflammatory, anti-hyperlipidemic, antiparasitic, antimalarial, anti-HIV, 

anti-cancer, and analgesic effects.31a, c  

The cycloalkyl ring is fused with the pyrrole moiety at different positions, producing a 

different class of heterocyclic molecules, known as a, b, and c-fused pyrroles (Figure 1.20). 

The decoration of the pyrrole ring in the proper position via their important pharmacophore 

unit generated many natural and pharmaceutical active products. 
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Figure 1.20. Schematic representation of various fused pyrroles. 

1.6.1. a-fused Pyrrole: 

Different kinds of a-fused pyrrole are produced when a heterocyclic or carbocyclic ring is 

fused at the a-position of the pyrrole molecule. Some of them are found in many natural 

products as well, and they show various bioactivities such as antitumor, anti-HIV activities, 

anti-inflammatory, analgesic, and antibacterial properties (Figure 1.21).32a Ketorolac, a 

popularly prescribed drug, is utilized in cases of moderate to severe short-term pain.32b,c 

Another naturally occurring substance with a six-membered ring is pilogotin A and pilogotin 

B, which were extracted from Poliganotum sibircum.32d, e Pyrrole-fused heterocycles pyrrolo-

pyrimidine and pyrrolo-imidazole have been exhibited as antihypertensive agent with 

molluscicidal activity.32f 

 

 

 

 

 

Figure 1.21. Few bio-active, natural products containing a-fused pyrrole moieties. 
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1.6.2. b-fused Pyrrole: 

A heterocyclic or carbocyclic ring fused at the b-position of a pyrrole ring produces b-fused 

pyrrole, as for example in indole rings, which are bicyclic, planar, and aromatic in nature. 

Indole holds an important position in heterocyclic chemistry because of its bioactivities and 

medicinal applicability. The most familiar tryptophan is present in amino acids and protein 

chains.33a Again, the drug molecules serotonin, indomethacin, bufotinine, etc. are available on 

the market and contain the indole moiety as the key nucleus. In the case of animals, the 

indole-based drug Serotonin was used as a critical neurotransmitter (anticholinesterase-

monoamine oxidase inhibitor). Indomethacin, a non-steroidal anti-inflammatory drug, has 

been used to get relief from pain, fever, and inflammation. The Indole-containing natural 

product bufotenine isolated from the Physostigma venenosum seeds has been selected for the 

medication of Alzheimer's disease (Figure 1.22).33b, c 

 

 

 

 

 

Figure 1.22. Some b-fused pyrrole containing bio-active natural alkaloids. 

1.6.3. c-fused Pyrrole: 

 A novel family of pyrroles known as "c-fused pyrroles," including isoindole and isoindoline, 

is created when a carbocyclic or heterocyclic ring fuses at the c-position of a pyrrole. Again 

c-fused pyrrole can be obtained after fusion of saturated carbocyclic analogue (Figure 1.23). 

 

 

 

Figure 1.23. Schematic presentation of various types of c-fused pyrroles. 
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Pyrroles fused at the c-junction always get special priority as they are found in a broad range 

of various bioactive natural products. Here, we are basically focused on the isoindole moiety, 

as it is widely present in various bioactive natural products and pharmacophores (Figure 

1.24). A natural product with prominent physiological properties is mostly composed of 1,2-

substituted c-fused pyrrolonaphthoquinones. The examples are Azamonosporascone isolated 

from Monosporascus cannonballus and Reniera isoindole alkaloid, which showed 

antimicrobial activity.34a, b The well-known natural products Bhimamycin C and Bhimamycin 

D displayed activity in human ovarian cancer cell lines.34a, b 

 

 

 

 

 

 

 

 

Figure 1.24. Selected examples of natural products containing c-fused pyrrole. 

1.6.4. Photophysical applications of fused pyrrole: 

1.6.4.1. Metal ion sensing properties: 

Besides the availability of numerous bio-active natural products, fused pyrroles have diverse 

photophysical applications in a broad spectrum. Pyrrole-fused fluorophores can be widely 

used as chemosensors, dyes in textile industries, pigments, fluorescent makers, etc. 

Coumarin-based fused pyrrole is highly sensitive to the metal ions in living organisms. 

Although Cu+2 is an essential heavy metal for the human body, its irregular distribution can 

cause many crucial diseases like Parkinson's disease, Wilson’s disease, Alzheimer’s disease 

etc. Chromeno[4,3-b]pyrrol-4(1H)-one, coumarin-based fluorescent probe exhibited 

fluorescence “on-off” mechanism in the presence of metal ions. This synthesized probe 

selectively bound with Cu+2, showing a quenching effect (Scheme 1.8).35 
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Scheme 1.8.  Coumarin based fused pyrrole containing chemosensor. 

1.6.4.2. Pyrrole in dye and pigment industry: 

Pyrrolo[3,4-c]pyridines are considered to be the most significant class of fluorophores. Both 

1-imino-6,7-dimethyl-1,2-dihydro-3H-pyrrolo[3,4-c]pyridine-3,4(5H)-dione and 6,7-

dimethyl-1H-pyrrolo[3,4-c]pyridine-1,3,4(2H,5H)-trione fluorophores emit light in the 

bluish-green region and are extensively used as dyes, pigments, fluorescent markers, and 

metal sensors (Figure 1.25).36 

 

 

 

 

 

Figure 1.25.  Pyrrolo[3,4-c]pyridine-based dyes and pigments. 

BODIPYs (4,4-difluoro-4-bora-3a,4a-diaza-s-indacene) has two isoindole units joined by 

methyne carbon. This is an example of a fluorophore, which was discovered by Kreuzer and 

Treibs in 1968. These astonishing photophysical activities, with their high fluorescence 

quantum yield and good photostability, made them very charming for their various 

utilizations, such as photosensitizers for organic photovoltaics and fluorescent markers in bio-

imaging. The π-electron conjugation can be expanded also by the annulations of the aromatic 

rings into the pyrrole unit, resulting in a rigidified aromatic system and the fluorescent 

property (Figure 1.26).37 
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Figure 1.26. Fluorescent makers for bio-imaging. 

1.6.4.3. Pyrroles in material science:  

Organic materials having extensive π-conjugation with fused pyrroles are widely used as 

organic light-emitting diodes (OLEDs), organic field-effect transistors (OFETs), organic 

photovoltaics (OPVs), electrochromic materials, and sensors (Figure 1.27).38a, b Extensive π-

conjugation reduces the band gaps and also increases the charge transport mobilities due to 

more electronic coupling and systematic intermolecular π-π overlapping. Considering the vast 

applications in material science, fused pyrroles have gathered more attention recently. 

 

 

 

 

 

 

 

 

Figure 1.27. Multi-fused pyrroles used as OLEDs, OFETs and OPVs. 

QBPBP and QFBPBP are a new class of pyrrolo[3,2-b]pyrrole-based n-channel organic field-

effect transistors (OFETs). Recently, n-channel organic semiconductors have made great 

progress due to their high electron mobilities. Considering the crucial role of n-channel 

organic semiconductors in p-n junctions and complementary logic circuits, this is a 

challenging and significant aspect of organic transistors (Figure 1.28).39 
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Figure 1.28. High performance n-channel Organic Field-Effect Transistors (OFETs). 

Pyrrole-fused azacoronene exhibits good optoelectronic and electronic properties compared 

to polycyclic aromatic hydrocarbons and p-conjugated polymers. The introduction of 

nitrogen atoms into polycyclic aromatic hydrocarbons known as N-doped carbon materials 

used as semiconductors was formed by the intramolecular electrochemical oxidation coupling 

of pyrrole residues (Figure 1.29).40 

 

 

 

 

 

 

 

Figure 1.29. Pyrrole-fused azacoronene semiconductor. 

Organic solar cells (OSCs) have drawn worldwide attention due to their several merits, such 

as their light weight, semitransparency, flexibility, and low toxicity. PPIC1 and PPIC2 are 

pyrrolo[3,2-b]pyrrole-based 8-fused-ring electron acceptors (FREAs) in organic solar cells 

(OSCs). Pyrrolo[3,2-b]pyrrole (PP)-based OSCs show better power conversion efficiency 

(PCE) than naphthalene, thiophene, and pyrrole-bearing FREAs. PDPP2FT and PDPP3F, 

which contain diketopyrrolopyrrole (DPP) units and structurally low-band gap polymers, are 

reported as organic solar cells (Figure 1.30).41 
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Figure 1.30. Pyrrolo[3,2-b]pyrrole (PP) based organic solar cells (OSCs). 

1.7. Lactam ring: 

Lactams are cyclic amides derived from amino alkanoic acids. Cyclic esters with different 

ring sizes are available in the literature (Figure 1.31). Medium sized ring lactams are 

prevalent in many bioactive compounds and natural products. 

 

 

 

 

Figure 1.31. Different ring sizes using lactam scaffolds. 

1.7.1. Pyrrolo lactam:  

A number of biologically active natural molecules contain medium-sized ring lactams (8 - 11 

members), which are also interesting scaffolds in medicinal chemistry.42a, g Especially, 

medium-sized pyrrolo lactam rings are highly demandable molecules in light of their diverse 

bioactivities, such as anti-malarial, anti-cancer, and inflammatory properties, etc. (Figure 
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1.32). An alkaloid (+)-Balasubramide, containing an eight-membered ring lactam, was 

discovered in Clausena indica, a plant that thrives in SriLanka's central highland rainforests. 

It can help inhibit the neuroinflammation.42b, c Rhazinilam, first identified from the leaf 

extract of Rhazyz stricta in 1970. Later, it was also discovered in labs on Aspidosperma 

quebrachoblanco leaves with a 0.002% yield. It can be effective to inhibit tubulin 

formation.42a, d Lyngbyatoxin A, a first-generation indole alkaloid, is a highly inflammatory 

and vesicatory substrate that has been extracted from the blue-green alga Lyngbya majuscula 

Gomont.42a, e Decursivine, a novel alkaloid, was isolated from the stems and leaves of 

Rhaphidophora decursiva Schott. It exhibited moderate antimalarial activity against 

Plasmodium falciparum.42f Another eight-membered lactam ring containing the natural 

product SM-406 displayed anti-cancer activity.42g, h 

 

 

 

 

 

 

 

 

 

Figure 1.32. Natural products with medium-sized ring lactam. 

After the discussion of fused pyrroles and pyrrole-fused lactam rings, we shifted our attention 

towards pyrroloquinoline. 
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1.8. Pyrroloquinoline: 

Pyrroloquinoline introduced a new class to expand the fused pyrrole family. 

Pyrroloquinolines are widely present in a multitude of natural products, agrochemicals, and 

pharmaceutical substances, and additionally, the synthetic moieties of this class are capable 

of exhibiting the optical and electronic properties. The functionalized pyrroloquinolines have 

attracted a lot of synthetic interest because of their distinct biological activity and widespread 

use (Figure 1.33). Tylophora indica was the natural source of tylophorine, which has 

enormous bioactivities including anti-allergic, anti-inflammatory, antibacterial, anti-

asthmatic, antiviral, and antifungal properties. It also has been demonstrated that it is a strong 

inhibitor of eukaryotic protein synthesis, RNA transcription, and the activity of many cyclins 

that control the cell cycle.43 Gephyrotoxin, a substituted perhydropyrrolo[1,2-a]quinoline, 

was discovered in the secretions of the frog Dendrobates histrionics. Gephyrotoxin was 

discovered to have a variety of neurological effects, including a weak muscarinic 

antagonist.44 Tricyclic pyrrolo[1,2-a]quinolines are display several bio-activities in a broad 

spectrum, such as apoptosis inducer, antioxidant, antiproliferative, antibacterial, and 

antileukemic ingredients against P388 leukaemia.44a, c, d 

 

 

 

 

 

 

 

 

 

Figure 1.33. Numerous biological activities of naturally occurring pyrrolo[1,2-a]quinolines. 
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1.8.1. Pyrroloquinoline in material science: 

Pyrrolo[1,2-a]quinoline, one of the fundamental fused rings in heterocyclic chemistry, finds 

extensive usage in the field of material science. Incorporating a phosphorus atom into the π-

conjugated system of pyrrolo[1,2-a]quinoline produces new annulated 1,3-azaphospholes. 

This phosphorus-based annulated 1,3-azaphosphole is exclusively used as organic light-

emitting diodes (OLEDs) (Scheme 1.9).45 

 

 

 

 

 

Scheme 1.9. Pyrrolo[1,2-a]quinoline embedded organic light-emitting diodes (OLEDs). 

HSQ 1, HSQ 2, and HSQ 3, three novel pyrroloquinolines containing acceptor-donor-

acceptor (A-D-A) type molecules, were extensively used as dyes (Figure 1.34). These dyes 

exhibited bright yellow to orange fluorescence in the solid state. The photophysical behaviour 

of these dyes showed viscosity-sensitive emission, i.e., the enhancement of emission intensity 

by 33-43 folds in glycerol.46 

 

 

 

 

 

Figure 1.34.  Pyrroloquinoline-based synthetic fluorescence dyes. 
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1.8.2. Sensing properties of Pyrroloquinoline: 

APQ, a fluorophore based on pyrrolo[2,3-c]quinoline, has good sensing properties. It can 

effectively detect the Fe+3 ion by quenching the fluorescence intensity. By incubating the Fe+3 

ion, it demonstrated significant fluorescence behaviour ("turn on-off") (Scheme 1.10).47 

 

 

 

 

 

Scheme 1.10. Iron sensing properties of pyrrolo[2,3-c]quinoline based fluorophore. 
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1.9. Conclusion: 

Based on the discussion of the importance of numerous N-fused heterocycles, our primary 

goal was to synthesise N-fused heterocycles following environmentally friendly protocols. By 

avoiding toxic materials, employing benign solvents and auxiliaries, and simplifying reaction 

processes, we have developed inherently safe chemistry. The entire thesis consists of a green 

synthetic protocol, a solvent-free strategy, or using benign solvents for the synthesis of 

various N-fused heterocyclic molecules and their photophysical applications, and is entitled 

“Environmentally benign synthetic routes to fused heterocycles and their photophysical 

studies”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.35. Chapter wise schematic representation of our synthesized scaffolds. 
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This chapter explains the materials used during the entire research project and also described 

the analytical instrumental details related to the research work. 

 

2.1. Chemicals and solvents: 
 

All commercially available chemicals and solvents are used in this entire study which has been 

given in Table 2.1.1 (chemicals) and Table 2.1.2 (solvents).    

 

 2.1.1. Used chemicals with their manufacturers:  

 

 

 

 

Name of Chemicals Manufacturer 

7-Methoxy-1-tetralone, 6-Methoxy-1-tetralone, 5-

Methoxy-1-tetralone, 2-Bromobenzaldehyde, 

Cyclopentanone, Cycloheptanone, 1-Acetylpyrene, 

Anthranilamide, 5,8-Dimethoxy-1-tetralone, 5-

Methoxy-2-tetralone, 8-Methoxy-2-tetralone, 2-

Phenylacetophenone, Chroman-4-one, 6-Chloro-4-

chromanone, 3´-Methylacetophenone, 2-

Aminobenzylamine, 2-Acetylnaphthalin, tert-

Butyl acrylate, 2'-Nitroacetophenone 
 

 

 

 

 

Sigma-Aldrich 

4-Methyl-1-tetralone, 7-Bromo-1-tetralone, 7-

Chloro-1-tetralone, 7-Nitro-1-tetralone, 

 5-Chloro-2-nitrobenzaldehyde, Copper(II) 

trifluoromethanesulfonate, 4-Bromo-2-

nitrobenzaldehyde 

 

 

 

BLD pharm 

Cyclohexanone, Cyclooctanone, Acetophenone, 

Trifluoroacetic acid, Ammonium chloride, Sodium 

carbonate, Acetic acid, Acrylonitrile, TLC Silica 

gel 60 F254, Phenol, Vanillin, Potassium 

thiocyanate 

 

MERCK 
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2.1.2. Used solvents with their manufacturers: 

 

 

 

Name of Chemicals Manufacturer 

Ammonium thiocyanate, 4-Bromoaniline, 

Palladium(II) acetate, Palladium(II) chloride 

 

HIMEDIA 

Potassium-tert-butoxide, Sodium hydride, 

Phosphorous tribromide, 1-tetralone, Hydrazine 

hydrated, Methyl acrylate 

 

SPECTROCHEM PVT. LTD. 

4-Chloroaniline, p-toluidine, Sodium hydrogen 

carbonate, p-Chlorophenol, Picric acid 

 

LOBA chemie 

N-Bromo succinimide, o-Nitrophenol, 

Tetrabutylammoniumbromide, 

3-Aminothiophene-2-carboxamide 

SRL 

Sodium dithionite, 2-Nitrobenzaldehyde, 

Aminoacetaldehyde dimethyl acetal 
Avra Synthesis PVT. LTD. 

Acrylonitrile, Sodium sulphate RANKEM 

Ethyl acrylate, Isatoic anhydride SDFCL 

p-Nitrophenol, m-Nitrophenol, Benzoic acid, p-

Nitrobenzoic acid, Potassium carbonate 
NICE CHEMICAL Pvt. Ltd. 

MTT reagent for cell culture SRL 

 

Name of Solvents Manufacturer 

Methanol, Ethanol, Petroleum ether, Hexane, 

Ethyl acetate, Acetone, N, N-Dimethylformamide, 

Tetrahydrofuran, 1,4-Dioxane, Dimethyl 

sulphoxide, Triethyl amine, Diethyl ether 

 

RANKEM 

Acetonitrile, DMSO-d6, Chloroform-d Sigma-Aldrich 

Chloroform, Toluene, Dichloromethane MERCK 

1,2-Dichloroethane SRL 
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2.2. Methodologies: 

2.2.1. Crystallographic data analysis: 

Single crystals of synthesized compounds were recorded on a CMOS based Bruker D8 Venture 

PHOTON 100 diffractometer at 298K equipped with a INCOATEC micro-focus source with 

graphite monochromatic Mo Kα radiation (λ = 0.71073 Å) operation at 50 kV and 30 mA. 

Information of the Single crystal was obtained by sending the cif file to the Cambridge 

crystallographic data center (CCDC). 

 

2.2.2. NMR spectra: 

Bruker-Advanced Digital instruments were used for recording the 1H NMR and 13C NMR 

spectra. 1H NMR spectra were recorded on 300 MHz, 400 MHz, and 500 MHz instruments 

using CDCl3/DMSO-d6 solvents, while tetramethylsilane (TMS) was used as an internal 

standard. Chemical shifts were recorded in ppm units. 13C NMR (75 MHz, 100 MHz, and 125 

MHz) spectral analysis was recorded on a 300 MHz, 400 MHz, and 500 MHz instrument with 

proton decoupling. 

  

2.2.3. Mass spectra: 

ESI-HRMS spectra were recorded on XEVO G2-XS QTOF and Waters Xevo G-2 S QTOF 

instrument with electrospray ionization mass spectrophotometer.  

 

2.2.4. UV-Visible and Fluorescence spectroscopy: 

 

The UV/Vis absorption spectral data were recorded on Shimadzu UV–2450 UV/vis 

spectrophotometer, Labtronics Model LT-291, and Shimadzu UV spectrophotometer UV-1800.  

The emission spectral data were recorded on Photon Technology International S/N-3201, 

PerkinElmer Fluorescence Spectrometer (Model LS 45), and Jobin Yvon Fluoromax 

spectrofluorometer. 

 

2.2.5. Chromatography: 

Chromatographic purifications were performed with 60–120 mesh or 100–200 mesh silica gel 

in SRL grade. For reaction monitoring, commercially available pre-coated silica gel 60 F254 

TLC sheets were used. A fractional mixture of petroleum ether and ethyl acetate was used as 

an eluent. Molecular sieves (4 Å) were used to distil and store the solvents. 
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2.2.6. Cell culture: 

PC3 and HepG2 cells were kept alive in RPMI containing 10% fetal bovine serum, 1 × non-

essential amino acid, L-glutamine (2 mM), streptomycin (100 U/mL), and penicillin (100 

U/mL) at 37 oC, 5% CO2, and 95% relative humidity (RH). After overnight cell germination, 

aphidicolin (6 µM) was applied to the cells in an exponential phase. 
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3.1. Introduction: 

Quinazolinones always get a special honour due to their wide abundance in several biologically 

active natural products, pharmaceuticals, and agrochemicals.1a Substituted quinazolinones 

have drawn our attention because of their significant bioactivities, such as anticancer, 

antidiabetic, anti-inflammatory, antimicrobial, antitubercular, and antiviral properties.1  

3.1.1. Quinazolinone based natural alkaloids: 

Quinazolinone scaffolds are found in approximately more than 200 bioactive naturally 

occurring alkaloids isolated from various plants and various microorganisms.1e Among various 

quinazolinone compounds, Luotonin A2, a well-known alkaloid found in Peganum 

nigellastrum, displays significant cytotoxicity towards leukaemia P388 cells. Vasicione3, 

extracted from the leaves of Adhatoda vasica Nees, has inhibitory effects on bronchodilatory 

disease. Tryptanthrin,4 Isaindigotone,5 and Wuzhuyurutine A6 show potential activities against 

cancer cell lines, inflammatory condition and gastrointestinal disorders respectively (Figure 

3.1). 
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Figure 3.1. Isoindoloquinazolinone based naturally occurring bioactive alkaloids. 
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3.1.2. Application in pharmaceutical chemistry: 

Besides their diverse and significant pharmacological activities, quinazolinones are 

ubiquitously found in many marketed drugs that are clinically used and prescribed for the 

treatment of various diseases (Figure 3.2).7a Anagrelide is chemically known as 6,7-dichloro-

1,5-dihydroimidazo(2,1-b)quinazolin-2(3H)-one and it is used for the treatment of 

thrombocytosis and chronic myeloid leukaemia.7b, c Evodiamine, extracted from the Evodia 

plants, reduces the uptake of fat in animal models. It can also help inhibit the growth of cancer 

cells.1e, 7c Afloqualone is prescribed as a sedative and muscle relaxant drug with the trade name 

Arofuto®.1e, 7c The brand names of quazinone are dozonone and posicor, which is chemically 

known as (3R)-6-chloro-3-methyl-5,10-dihydroimidazo[2,1-b]quinazolin-2(3H)-one. It is very 

useful for the treatment of heart disease, especially as a vasodilator and cardiotonic drug.7c 

 

 

 

 

 

Figure 3.2.  Some quinazolinone embedded marketed drug molecules. 

 

3.1.3. Photophysical properties of quinazolinone scaffolds: 

Since, quinazolinone scaffolds are widely distributed in nature and frequent application in 

biology, so researchers are continuously finding the application in photophysical properties for 

cell-imaging studies. Quinazolinone-based another probe, QBH involves fluorescence on-off 

mechanism in presence of HClO/ClO −. This probe helps to cell imaging detection of 

hypochlorite in living cells and especially, it is effective to detect the hypochlorite in water 

sample (Figure 3.3).8 
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Figure 3.3. QBH probe displayed fluorescence quenching with hypochlorite. 

3.1.4. Multiple properties of quinazolinone-based fluorescence dye: 

A fluorescence probe is a very powerful tool in biological research. A quinazolinone-based 

novel dye, 6-dimethylamino-2-(quinolin-2-yl)-quinazolin-4(3H)-one (DMAQQ), exhibited 

bright green fluorescence in the presence of HeLa cells excited by one and two photons and 

offers a new platform for bio-imaging applications (Figure 3.4).9 

 

 

 

Figure 3.4. DMAQQ, quinazolinone based novel dye. 

3.1.5. Application in material science: 

The novel quinazoline-containing chelating ligand 2,4-[bis-(2,4-dihydroxybenzylidene)]-

dihydrazinoquinazoline (DBHQ) can bind with the Ga3+ ion, forms a DBHQ-Ga3+ complex 

and hence, it has been used as an element in the semiconductor industry and electronic 

instruments. The fluorescence intensity of this complex is also increased by the addition of 

some phosphorylated compounds. When phosphorylated amino acids such as serine and 

tyrosine, glucose-6-phosphate (G6P), and pyridoxal-50-phosphate (PLP) were added to the 

DBHQ-Ga3+ complex, the fluorescence quantum yield of the complex increased many fold 

(1.38–1.59 times) (Figure 3.5).10 

 



Chapter 3 

 

Page | 49  
 

 

 

 

 

 

 

 

Figure 3.5. DBHQ, a quinazolinone embedded semiconductor. 

 

3.1.6. Application in Co-ordination Chemistry: 

Novel 3-aryl-4(3H)-quinazolinone-2-carboxaldehyde thiosemicarbazones usually react with 

metal ions and produce a chelating complex, where the ligand plays the role of a chelating 

agent. This thiosemicarbazone derivative of 4(3H)-quinazolinone-2-carboxaldehyde can easily 

bind with copper (II) and zinc (II) metal ions (Figure 3.6). The copper (II) chelating complexes 

have potential activity against cancer cells. The zinc complex is well-known to show various 

biological activities such as analgesic, anticonvulsant, antimicrobial, and cytotoxic activities 

towards Ehrlich Ascites Carcinoma cells.11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6. Quinazolinone based chelating complexes. 
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After a prolonged investigation on the applications of quinazolinones and fused 

quinazolinones, we are currently focused on the various synthetic methods of fused 

quinazolinones that have been developed using green and conventional approaches. 

 

3.2. Literature Survey: 

3.2.1. Traditional pathways towards quinazolinone synthesis: 

(i) Metal-catalyzed approaches: 

R. Jana et al.1a established ruthenium (II)-catalyzed neutral C-H allylation for the synthesis of 

dihydroisoquinolino[1,2-b]quinazolinones by using 2-arylquinazolinones and allyl acetate.  

This tandem protocol involves C-H allylation at first, then hydroamination takes place via 

intermolecular fashion with -CONH group present in close proximity. No external oxidant such 

as copper (II) or silver (I) salts are required; this reaction proceeds only in the presence of a 

ruthenium (II) catalyst via a redox-neutral protocol. The highly selective product can be 

achieved smoothly in a very short time and in a single operation (Scheme 3.1). 

 

 

 

 

Scheme 3.1. Ruthenium (II)-catalyzed neutral C−H allylation/Hydroamination Cascade 

reaction access to dihydroisoquinolino[1,2-b]quinazolinones. 

J. Q. Liu et al.12 have reported consecutive Cu-catalyzed Sonogashira coupling and 

hydroamination protocols for the isoindolo[1,2-b]quinazolin-10(12H)-one synthesis. From 

retrosynthesis analysis, it was found that 2-(2-bromophenyl)quinazolin-4(3H)-one, a good 

precursor, was prepared from o-bromobenzaldehyde and 2-aminobenzamide. At first, 2-(2-

bromophenyl)quinazolin-4(3H)-one involves Sonogashira coupling with phenylacetylene in 

the presence of CuI/L-proline and Cs2CO3 in dioxane solvent, and then intra-molecular 

hydroamination cyclization takes place as there -CONH group present in the intermediate. To 

enhance the substrate scope, they used electron-donating and electron-withdrawing 

substituents on the benzene ring, and they obtained moderate to excellent yield (Scheme 3.2). 
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Scheme 3.2. Cu-catalyzed synthesis of isoindolo[1,2-b]quinazolin-10(12H)-one via 

Sonogashira coupling and hydroamination reaction. 

X. S. Wang and his co-worker13 developed the first copper (I)-catalyzed synthetic protocol of 

isoindolo[1,2-b]quinazoline derivatives. For this transformation, they have selected 2-

bromobenzaldehyde and diethyl 2-(2-aminobenzamido)malonates as reactant partners. These 

two reacting partners react with each other in the presence of CuI and Cs2CO3 by using 1,4-

dioxane solvent, resulting in novel isoindolo[1,2-b]quinazoline derivatives with moderate to 

excellent yields (Scheme 3.3). 

 

 

 

 

 

 

 

 

 

 

Scheme 3.3. Copper-catalyzed synthetic protocol of isoindolo[1,2-b]quinazoline. 

X. Fan and his research group14 explained a highly efficient, one-pot, three-component 

palladium-catalyzed cascade pathway for the formation of isoindolo[2,1‐a]quinazoline 

derivatives. Herein, they disclose the synthetic pathway starting with commercially available 

2-bromobenzaldehydes, 2-aminobenzamides, and carbon monoxide. Here, 2‐

aminobenzamides underwent condensation reactions with 2‐bromobenzaldehydes to form 2,3‐

dihydroquinazolin‐4(1H)‐ones which cyclocarbonylation in the presence carbon monoxide and 

Pd catalyst to form the desired ultimate fused product (Scheme 3.4). 
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Scheme 3.4. Palladium‐catalyzed three‐component cascade protocol of isoindolo[2,1‐

a]quinazoline. 

X. F. Wu and his co-workers15 described a palladium-catalyzed synthetic protocol for 

isoindoloquinazolinones starting from 2-aminobenzyl amine and 1,2-dibromobenzenes. In the 

presence of Pd (II) catalyst via dicarbonylation followed by the formation of 2-(2-

aminobenzyl)isoindoline-1,3-dione and 12,13-Dihydro-5H-dibenzo[b,g][1,5]-diazonine-6,11-

dione intermediate, the desired product isoindoloquinazolinone was obtained (Scheme 3.5). 

 

 

 

 

 

 

 

 

 

 

 
 

Scheme 3.5. Palladium-catalyzed synthesis of isoindoloquinazolinones via dicarbonylation. 
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(ii) Metal-free approaches: 

A. K. Saikia and his research group16 introduced a new direction for the synthesis of 

isoindolo[2,1-a]quinazolinones utilizing aza-Prins type intramolecular cyclization. In the 

presence of Lewis acid, the N-acyliminium ion will be generated, and simultaneously the enol 

form will occur for nucleophilic attack, very similar to aza-Prins type cyclization to produce 

isoindolo[2,1-a]quinazolinones with excellent yields. The major advantages of this strategy are 

metal-free synthesis, mild reaction conditions, and inexpensive reagents (Scheme 3.6). 

 

 

 

 

 

 

Scheme 3.6. Synthesis of isoindolo[2,1-a]quinazolinones via aza-Prins cyclization. 

A. Mondal et al.17 reported a one-pot synthetic protocol of isoindole-fused quinazolin 4-ones. 

He has described an acid catalyzed condensation reaction between readily available 

anthranilamide and dialdehyde. This protocol involves intramolecular 1,3-hydride transfer 

(Scheme 3.7). 

 

 

 

 

Scheme 3.7. One-pot, acid catalyzed synthesis of isoindole-fused quinazolin 4-ones. 

R. Akula and his research group18 reported a simple, convenient, and efficient one-pot synthetic 

protocol of tetracyclic isoindoloquinazolinones. From retrosynthetic analysis, it was found that 

2-(phenylethynyl) benzonitrile is a good starting material for the synthesis of isoindolo[1,2-

a]quinazoline. This 2-(phenylethynyl) benzonitrile and (2- aminophenyl) methanol in the 

presence of Lewis acid, BF3·Et2O involves the formation of two rings via the construction of a 

sequential C-N bond and produces 12-benzylidene-10,12-dihydroisoindolo[1,2-b]quinazoline 

derivatives (Scheme 3.8). 
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Scheme 3.8. A convenient one-pot synthetic protocol of tetracyclic isoindoloquinazolinones. 
 

 Y. Wang and his co-workers19 approach a convenient sequential pathway that describes the 

metal-free annulation of unactivated substituted N-cyanamide alkenes and aldehydes for the 

formation of dihydroisoquinolinones. This strategy involves oxidative cascade decarbonylation 

of aldehydes with N-cyanamide alkenes to construct the C-C/C-N bonds (Scheme 3.9). 

 

 

 

 

Scheme 3.9. A convenient metal-free decarbonylative annulation of alkenes for the synthesis 

of dihydroisoquinolinones. 

(iii) Tandem approach: 

A. Dömling and his co-workers20 developed a multicomponent synthetic approach to diverse 

polycyclic quinazolinones. Here, the synthetic protocol of isoindolo[1,2-b]quinazolinones is 

described via two strategies: The first strategy involves a Pd-catalyzed Ugi four-component 

reaction (Ugi-4CR) of o-cyanobenzaldehyde, o-bromobenzoic acid, isocyanide, and ammonia 
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followed by intramolecular N-arylation to get the desired products. The second strategy also 

involves the Ugi four-component reaction (Ugi-4CR) using benzoic acid, o-iodobenzaldehyde, 

isocyanides, and cyanamide through radical cyclization in the presence of AIBN to construct 

the quinazolinones (Scheme 3.10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 3.10. Multicomponent synthetic protocol of polycyclic quinazolinones. 

 

3.2.2. Green pathways towards quinazolinone synthesis: 

(i) Synthetic approaches of grinding: 

The grinding technique has various interesting benefits, including being an economically 

effective method, reducing reaction times, and providing high yields. So, it is very useful to us. 

Kawade et al.21 accomplished a solvent-free grinding technique in creating quinazolinone 

derivatives. They combined anthranilic acid, aromatic amines, and triethyl orthoformate in a 

mortar for this synthetic purpose and then added an organocatalyst, thiamine hydrochloride (10 

mol %). After that, they grind the reacting mixture well with a pestle for 45 to 60 minutes 

(Scheme 3.11). 
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Scheme 3.11. Solvent-free grinding approach of quinazolinone. 

A. Kumar and his worker22 described an innovative, green approach for the synthesis of 3-

arylideneaminoquinazolin-4(1H)-ones by employing a "solvent-assisted grinding" process 

involving o-aminobenzhydrazide and aldehydes or ketones at ambient temperature. The 

necessary products were quickly created by simply pulverising the reacting particles in the 

absence of a solvent or using two drops of DMSO solvent (Scheme 3.12).  

 

 

 

 

 

 

 

 

 

 

Scheme 3.12. Solvent-assisted grinding technique for the quinazolin-4(1H)-ones. 

Another research group led by M. Wang23 also reported a grinding protocol for 2-substituted-

2,3-dihydro-4(1H)-quinazolinones that uses anthranilamide with aldehydes, or ketones, and 

cerous methanesulfonate as catalyst for condensation reactions in an aqueous environment 

(Scheme 3.13). 
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Scheme 3.13. Synthesis 2-substituted-2,3-dihydro-4(1H)-quinazolinones via grinding. 

(ii) Microwave assisted synthetic approach: 

Microwave heating is a powerful tool in green synthesis. Herein, we describe different 

approaches to quinazolinones via microwave irradiation. A metal-, oxidant-, and solvent-free 

synthetic route has been recognized by D. Sarma et al. to make quinazolin-4(3H)-ones using 

2-aminobenzonitrile and aldehydes heated in a microwave.24 Another group led by R. Teixeira 

found a green approach to 4-phenylquinazolin-2(1H)-one derivatives.25 They conducted the 

reaction in a sealed tube employing 2-aminobenzophenone and urea in acetic acid under 

microwave irradiation to get the desired product (Scheme 3.14). 

 

 

 

 

 

 

 

 

Scheme 3.14. Various microwave-heating synthetic approach of quinazolinones. 
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➢ Microwave assisted solvent-free synthesis of Luotonin: 

Yadav and Reddy26 exposed the method for making Luotonin A, which is based on a 

microwave-heated reaction between isatoic anhydride and 3-oxo-1H-pyrrolo[3,4-b]quinoline 

under neat conditions. For the synthesis of Luotonin A, the reported protocol was a clean, 

simple, effective, and high-yielding procedure (Scheme 3.15). 

 

 

 

 

 

Scheme 3.15. Microwave assisted solvent-free synthesis of Luotonin A. 

 

(iii) Synthetic approaches of ultrasonic irradiation:  

Chen et al.27 depicted a three-component, one-pot protocol for the synthesis of 2,3-

dihydroquinazolin-4(1H)-one by employing isatoic anhydride, amine, and aromatic aldehyde 

under ultrasonic irradiation. Another research team led by N. C. Dige28 has shown an 

ultrasound-assisted synthetic route of 4-oxoquinazolin-3(4H)-yl)furan-2-carboxamide 

derivatives starting from isatoic anhydride, salicylaldehydes, and 2-furoic hydrazide using p-

TSA in an ethanol-water medium. This superior technique reduces the reaction time, involves 

mild reaction conditions, and provides high yields (Scheme 3.16). 
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Scheme 3.16. Various synthetic approach of quinazolinones via ultrasound irradiation. 
 

(iv) Synthetic approaches using green solvents: 

R. Akula29 also reported another pathway, i.e., a catalyst- and metal-free, green pathway for 

the synthesis of quinazoline derivatives starting from isatoic anhydride. At first, isatoic 

anhydride reacts with amine partners; decarboxylation occurs, then it reacts with 3-

bromoisobenzofuran-1(3H)-one and produces dihydroisoindoloquinazoline derivatives with 

good yields. The entire protocol involves the formation of two rings governed by the C-N bond 

(Scheme 3.17). 

    

 

 

 

 

 

 

 

Scheme 3.17. Catalyst- and metal-free green protocol of fused quinazoline derivatives. 
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L. Lu et al.30 depicted an ionic liquid-mediated green synthetic protocol of isoindolo[2,1-

a]quinazoline derivatives based on an iodine-catalyzed reaction between 2-aminobenzamides 

and 2-formylbenzoic acid. At first, these two reacting partners underwent condensation 

reactions, then acylamino groups were attacked in intramolecular fashion in the iodine-

activated intermediate, and finally, intramolecular cyclization took place by eliminating the 

water molecules to produce the isoindolo[2,1-a]quinazoline moieties (Scheme 3.18). 

 

 

 

 

 

 

 

 

Scheme 3.18. Ionic liquid mediated synthetic protocol of isoindolo[2,1-a]quinazoline. 

An environmentally acceptable, one-pot, highly efficient protocol was developed by R. V. Devi 

et al.31 for the synthetic purpose of isoindolo[2,1-a]quinazoline by using deep eutectic solvents. 

Recently, deep eutectic solvents have been recognized as green solvents due to their 

biodegradable, non-volatile, nontoxic, non-flammable, recyclable, and inexpensive properties. 

Herein is described a reaction between 2-formylbenzoic acid and various easily available 2-

aminobenzamide derivatives in the presence of DESs (ChCl-TsOH) to obtain the isoindolo[2,1-

a]quinazoline derivatives (Scheme 3.19). 
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Scheme 3.19. Synthesis of isoindolo[2,1-a]quinazoline by deep eutectic solvents. 

(v) Photoinduced synthetic approaches: 

Photoinduced catalyst-free reactions give a clear indication of the advancement of green and 

sustainable chemistry in organic syntheses.  

T. K. Sarma et al.32 reported a visible light-promoted, simple-to-use, environmentally friendly 

method for synthesising quinazolinone derivatives starting from inexpensive anthranilamide. 

Tert-butyl hydroperoxide (TBHP), an oxidising agent that is broken down into radicals, is used 

to carry out this reaction in an aqueous medium. This transition doesn't require a photocatalyst 

or an external catalyst. As TBHP decomposes more rapidly after being exposed to visible light 

irradiation, free radicals are generated, which act as a trigger for this domino reaction (Scheme 

3.20).  

 

 

 

 

Scheme 3.20. Visible light-promoted synthetic approach of quinazolinone. 

3.2.3. Photoinduced total synthesis of quinazoline-based natural products: 

An efficient photoinduced radical cyclization via copper-catalyzed domino-type reaction 

protocol was governed by H. Baguia et al.33 for the synthesis of Luotonin A, Rosettacin, and 

Deoxyvasicinone. This photo redox transformation takes place smoothly starting from 2-iodo-

3-aminomethylquinoline under visible light irradiation by using [(DPEphos)(bcp)Cu]PF6 as a 

Cu-catalyst, and the radical cyclization of cyanamides and ynamides occurs to provide the 

desired products (Scheme 3.21). 
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Scheme 3.21. Total synthesis of luotonin A, rosettacin, and deoxyvasicinone. 

  

The above literature survey, shows a wide spectrum of methodologies developed by multiple 

groups by using various solvents, metals, and catalysts to synthesize the different fused 

quinazolinone derivatives. To the best of our knowledge, solvent-free synthesis of 

isoindoloquinazolinones via conventional heating process is still limited. So, it has been a 

challenging task to find an efficient and convenient solvent-free synthetic route from easily 

available starting materials. After a prolonged investigation and as a part of our ongoing studies 

devoted towards the development of new heterocycles,34 we have successfully developed 

solvent-free protocol of pyrrolo/isoindolo quinazolinone derivatives using conventional 

thermal heating, which is discussed below. 
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3.3. Present work: 

❖ Herein, we have disclosed an operatively simple, catalyst- and solvent-free synthesis of 

pyrrolo/isoindolo quinazolinone derivatives from 3-(2-formylcycloalkenyl)-acrylic 

ester derivatives 1 and anthranilamide 2 under conventional heating conditions (120 

oC) with moderate to good yields (Scheme 3.22). 

❖ The photophysical properties of dihydroisoindoloquinazolinones in basic and aqueous 

medium have also been documented in our study. 

❖ Our model synthetic compound shows cytotoxic activity towards metastatic HepG2 and 

PC3 cancer cell lines. 

 

 

 

 

 

 

 

 

Scheme 3.22. Overall synthetic observations of fused quinazolinones. 

3.4. Results & discussion: 

At the outset of this investigation to synthesize highly condensed fused quinazolinone 

derivatives 3, reaction was commenced with (E)-methyl 3-(2-formylphenyl)acrylate 1a and 

anthranilamide 2a in DMSO at room temperature, but no reaction occurred (Table 3.1; entry 

1). However, the intermolecular condensation reaction followed by intramolecular aza-

cyclization in one-pot succeeded by increasing the temperature up to 120 oC in DMSO (entry 

4). It was found that cyclization was inefficient below 120 oC (entries 2-3). The two-

component coupling reaction proceeds satisfactorily in toluene and ethanol (entries 5-6). 

However, no fruitful product was isolated in acetonitrile, THF and dioxane (entries 7-9).  In 

order to increase the efficacy of our developed methodology, studies without any solvent were 



Chapter 3 

 

Page | 64  
 

carried out and the desired fused quinazolinones 3a was obtained in very good yield (91%), 

(entry 10).  

Table 3.1: Optimization of reaction conditions towards highly condensed quinazolinonea 

 

 

 

 

aConditions: (E)-methyl 3-(2-formylphenyl)acrylate 1a (1 mmol), anthranilamide 2a (1 

mmol), solvent (2 ml); b Reaction performed without solvent. 

With the optimal condition in hand, the scope of the new two-component neat reaction was 

evaluated with a variety of substrates as shown in Table 3.2. Methyl/ethyl/tertiary butyl of (E)-

3-(2-formylphenyl)acrylates were smoothly converted to the corresponding 

isoindoloquinazolines 3a-3c in moderate to high yields. The cyclized product 3b was 

unambiguously confirmed by X-ray crystal structure shown in Figure 3.7.35
 With this 

encouraging result in hand, scope of the neat reaction was examined with different cycloalkenyl 

derivatives. Formation of the oxidized and reduced forms of the cyclized product depends on 

the nature of the ring. Aromatic moieties of ester derivatives were prone to air oxidation and 

Entry Solvent T (°C) Time (h) Yield of 

3a (%) 

1. DMSO 25 8 0 

2. DMSO 60 8 0 

3. DMSO 80 8 0 

4. DMSO 120 2 82 

5. Ethanol 78 2.5 73 

6. Toluene 110 3 85 

7. Acetonitrile 82 6 0 

8. THF 66 6 0 

9. Dioxane 101 6 0 

10. --- 120 2 91b 
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lead to 3a-3f, whereas the corresponding cycloalkenyl ester derivatives 3i-3q (7 and 8 

membered rings) are reluctant to air oxidation. On the contrary, methyl/ethyl (E)-3-(2-

formylcyclohexenyl)acrylates 3g and 3h smoothly transformed to their corresponding oxidized 

quinazolinones. The two component coupling reactions of 2-aminothiophene-3-carboxamide 

2c with (E)-3-(2-formylphenyl)acrylates under neat condition were well tolerated and delivers 

3f, 3m and 3n. We further extended the scope of the novel methodology to pentacyclic 

quinazolinones 3o but the yield of the desired product was reduced to 55% for the highly steric 

constancy of the staring material.  Notably, chloride and bromide substituted anthranilamide 

(2b-2c) were unable to produce cyclized products 3d and 3e at 120 oC under neat condition 

and the condensations were performed at 140 oC under solvent-free condition which resulted 

the formations of desired products (3d and 3e) in good yields. Neat reaction of 1a was unhappy 

for electron withdrawing substituent (-NO2) in anthranilamide furnish very low yield of 3r 

(23%) but two component coupling reaction was auspicated in DMSO at 120 oC and gave two 

isomeric quinazolinones 3r & 3s in moderate yield. Nevertheless, only one isomer 3p was 

generated for cycloheptenyl system under equivalent conditions. Our green protocol was 

equally adequate to another acrylonitrile substituted aza-Michael acceptor and furnished good 

yield of quinazolinone derivative 3q. Further, we have extended the scope of the reaction to 

the substrate (2E,4E)-methyl 6-oxo-4-phenylhexa-2,4-dienoate which furnished cyclized 

product 3t with good yield 72%.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7. ORTEP diagram for 3b. 
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Table 3.2: Substrate scope for tandem one-pot neat reactionb 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

bConditions: (E)-methyl 3-(2-formylcycloalkenyl)acrylate 1a (1 mmol), anthranilamide 2 (1 

mmol); c reactions were performed at 140 oC; a reaction were performed in DMSO.  
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The mechanism of the reaction could be ascertained via four-step sequential process in one-pot 

(Scheme 3.23). The step-atom economical mechanistic pathway involves schiff base (A) 

formation followed by intramolecular aza-cyclization to produce intermediate B, which afford 

quinazolinone derivative after air oxidation.36 The quinazolinone intermediate C undergoes 

intramolecular aza-Michaeal reaction provided fruitful condensed derivative 3a-3h and 3q-

3r.37 The product formation of 3i-3p could be elucidate via competitive intramolecular aza-

Michael reaction of more nucleophilic amide N-atom. 

 

 

 

 

 

 

 

 

 

Scheme 3.23. Plausible mechanism for the synthesis of fused quinazolinone. 

The formation of 3s and 3t could be explain via two step 1,5-H shift of I intermediate (Scheme 

3.24).  

 

 

 

 

 

 

 

Scheme 3.24. Synthetic route of isomerised quinazolinone. 
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Interestingly, it is noticed that the substrate 3j poses high fluorescent property and hence 

investigation of photophysical property has also been discussed. The tolerance of these 

valuable functional groups would offer an opportunity for further transformation.  

 

3.4.1. Photophysical Studies: 

After successful synthetic studies, attention was drawn towards photophysical studies of 

synthesized dihydroquinazolinone molecule 3j. The UV/Vis absorption spectra of degassed 

2×10-6 M solution of 3j in different solvents have been recorded (Figure 3.8), and the results 

are tabulated in Table 3.3.  

Excited state properties of quinazolinone derivative 3j were investigated by fluorescence 

emission spectroscopy. Like other quinazolinone derivatives, the fluorescence properties of 3j 

were also found to be strongly dependent on solvent polarity.38 The heterocyclic compound 3j 

showed negative solvatochromatic emission (Figure 3.9) as a function of solvent polarity.39 

As the solvent polarity increases (from non-polar e.g., toluene to polar e.g., acetonitrile 

(MeCN)), a hypsochromic shift for 3j was noticed and the emission maximum was found to 

shift from 431 to 416 nm. The above solvent effect observed is due to their close lying (1π-π*) 

and (1n-π*) singlet excited states.40 Higher the dissolving ability of solvent with lower dielectric 

constant (non-polar solvent) favour, the π-π* interaction in quinazolinone unit and produce 

greater emission.41 Conversely, in polar protic solvent (e.g., MeOH) due to intermolecular H-

bonding effect with quinazolinone unit, the π-π* transition is dominated which results shifting 

in the emission band to longer wave length. 

 

 

 

 

 

 

 

 

Figure 3.8. UV-Vis absorption spectra of 3j in different solvents. 
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Figure 3.9. Fluorescence of quinazolinone derivative in different solvents. 

 

Table 3.3: UV-Vis absorption and fluorescence data of 3j in different solvent 

 

 

A fluorescence property of dihydroquinazolinone derivative 3j was also investigated in an 

aqueous binary solvent system to understand the effect of hydrogen bonding interaction. The 

emission spectra (Figure 3.10) of 3j in CH3CN–H2O binary mixtures were recorded and it was 

observed that increasing the amount of water in the CH3CN–H2O mixture, there is a bit of 

bathochromic shift with gradual decrease in fluorescence intensity. The above fact can be 
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attributed due to solute–solvent interactions through the formation of hydrogen-bonds between 

the solvent and the heterocyclic part of quinazolinone moiety (Scheme 3.25).42 

 

 

 

 

 

 

Scheme 3.25. Solvent-solute H-bonding interaction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.10. Fluorescence quenching of 3j water % in MeCN-H2O mixture. 

 

 

 

 

 

 

Scheme 3.26. Solute-alkali interaction in excited state. 
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As the quinazolinone derivative contain base labile proton (NH) so it is quite interesting to 

check the emission spectral behaviour with increase of pH (Figure 3.11). The fluorescence 

maximum of 3j in neutral CH3CN is around 412 nm, which is red shifted to ≈ 437 nm by the 

successive addition of different concentration of NaOH (micro molar). This is because in pure 

CH3CN, protonated 3j is the predominant species. Thus, the fluorescence spectrum in pure 

CH3CN is mainly due to protonated 3j in the excited state. At higher pH, the bathochromic 

shift was obtained due to the deprotonation of 3j followed by extended conjugation and 

decrease of fluorescence intensity may be explain by the lower solubility of the molecule in 

alkali solution (Scheme 3.26).   

 

 

 

 

 

 

 

 

 

Figure 3.11. Fluorescence spectral change of 3j by stepwise addition of NaOH in CH3CN (λmax 

shifted from 408 nm in pure CH3CN to 438 nm in CH3CN-206 µM NaOH). 

3.4.2. Biological Study: 

After successful investigation of the photophysical properties, our research turned towards 

biological application of our model compound 3j using two different metastatic cancer cell 

lines; hepatocellular carcinoma (HepG2) and prostate cancer (PC3). HepG2 is a human liver 

cancer cell line, obtained from the liver tissue of a 15-year-old American adolescent boy of 

European ancestry.43 The human prostate cancer cell line (PC3) is derived from bone 

metastasis of a grade IV prostatic adenocarcinoma from a 62-year-old male Caucasian which 

is used widely in research and drug development.44 To examine the anticancer activity of the 
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compound 3j, HepG2 and PC3 were seeded in 48 well plates at 1 × 104 cells per well in DMEM 

and RPMI (10% FBS) medium respectively and exposed to 3j at different concentrations for 

24 h (Figure 3.12). After incubation, cells were washed twice with PBS and incubated with 

MTT solution (450 μg/ml) for 3 h at 37 °C. The resulting formazan crystals were dissolved in 

a MTT solubilising buffer and the absorbances were measured at 570 nm by using a microplate 

reader (Biotek, USA). Each point was assessed in triplicate. Untreated cells were considered 

as 100% viable. We found that this compound has significant anticancer activity against both 

of this cell lines. IC-50 value of this compound was found to be 134 µg /ml for HepG2 cells 

and 112 µg /ml for PC3 cells.  

 

 

 

 

 

 

 

 

Figure 3.12.  Cytotoxic effect of the compound 3j on PC3 and HepG2 cells. 

Cells were incubated with increasing concentrations of the compound for 24 h and their 

percentage of survivability was assessed by MTT assay. Data represented are means ± SD of 

three identical experiments made in three replicates.  

3.5. Conclusion: 

To conclude, an environmentally benign catalyst- and solvent-free tandem approach for the 

synthesis of highly functionalized fused quinazolinones with good to excellent yields has been 

demonstrated. The designed substrate, 3-(2-formylcycloalkenyl)acrylic ester derivatives are 

effective coupling partners for anthranilamide compounds to synthesize highly fused 

quinazolinones under neat condition with wide substrate scope, step-atom economy and 

minimal work-up procedure. The synthesized compounds show good fluorescence property 

and hence of photophysical properties in different solvents and solvent-solute interaction in the 

excited state of synthesized fluorophore are also documented. Since our study compound 

chemosensitized to HepG2 and PC3 cells lines. So, we will use this compound in in-vivo mouse 

model for future research.    
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3.6. Experimental section: 

General information:  

1H NMR (400 MHz) and 1H NMR (500 MHz) spectra were recorded on a 400 MHz and 500 

MHz spectrometer in CDCl3 / DMSO-d6 solvent using TMS as the internal standard. 13C NMR 

was recorded in the same MHz instruments. HRMS was measured using a TOF analyzer. 60-

120 or 100-200 mesh silica gels (SRL) were used for column chromatographic purification. 

Progress of the reaction was monitored by using precoated silica gel 60 F254 TLC sheets 

(Merck). Petroleum ether (boiling range 60-80 C) or n-hexane was used as the eluent for 

column chromatographic separation. Solvents were distilled, dried and stored over molecular 

sieves (4 Å). The UV-Vis absorption spectra were recorded on a Shimadzu UV-2450 UV-Vis 

spectrophotometer and the fluorescence emission spectra were recorded on Photon Technology 

International S/N-3201. 

General Procedure for the preparation of 1a – 1j:34 

β-Bromovinyl aldehyde or 2-Bromo Benzaldehyde 1 (1 mmol), Na2CO3 (4 mmol), Bu4NBr (1 

mmol), PdCl2 (10 mol%), and H2O (5 mL) were taken in a two-neck, round-bottom flask. 

Acrylic ester (4 mmol) was added, and the mixture stirred for 2 h in 50 °C, diluted with brine 

solution, and extracted with EtOAc (3 × 25mL). The extracted solution was dried over Na2SO4, 

and the solvent was evaporated. The product was purified by column chromatography using 

EtOAc–PE as eluent. 

Preparation of (E)-3-(2-formylcyclohept-1-en-1-yl)acrylonitrile (1k): 

2-bromocyclohept-1-ene-1-carbaldehyde (1 mmol), P(o-tolyl)3 (0.25 mmol), Pd(OAc)2 (10 

mol%), triethyl amine (1mL), methanol (1mL), acetonitrile (1mL) were placed in a two-neck, 

round-bottom flask. Acrylonitrile (2 mmol) was added and the mixture stirred in inert 

atmosphere for 2 h in 80 oC and extracted with EtOAc (3 × 25 mL). The extracted solution was 

dried over Na2SO4, and the solvent was evaporated. The product was purified by column 

chromatography using EtOAc–PE as eluent. 
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Preparation of 2-amino-5-nitrobenzamide (2e): 

Isatoic anhydride (1 mmol) was dissolved in 5 mL conc. H2SO4 and it was placed in ice bath. 

NaNO3 (1 mmol) was taken in another round-bottom flask and it also kept in ice bath. The 

acidic solution of isatoic anhydride was added drop wise to the ice cooled NaNO3 and the 

resulting mixture stirred continuously for 1 h. After that, the reaction mixture was poured in 

ice cube, a yellow precipitation was obtained. This precipitation was collected by filtration and 

dried. This yellow precipitation was dissolved in 15 mL liq. NH3. This mixture was allowed to 

stir in reflux condition at ~ 80 oC for 8 h. After, the filtration of this reaction mixture a yellow 

precipitation was collected and dried. 

General Procedure for preparation of (3a – 3t): 

Compound 1 (1.0 mmol) and 2 (1.0 mmol) were taken in a round-bottom flask and it was placed 

in a heating oil bath. The heating of the resulting mixture was carried out up to 2 h in open 

flask at 120 C under the neat condition. The progress of the reaction was monitored by TLC. 

The crude residue was purified by silica-gel (100-200 mesh) column chromatography using 

ethyl acetate and petroleum ether (1:2) as an eluent to get the desired product 3. 

 

3.6.1. Characterization of NMR data for (3a – 3t): 

Methyl 2-(10-oxo-10,12-dihydroisoindolo[1,2-b]quinazolin-12-yl)acetate:  (3a)37 

Yellow solid (278.5 mg, 91%), mp. 104 oC.  1H NMR (400 MHz, Chloroform-d): δ 8.36 – 8.32 

(m, 1H), 8.16 (d, J = 7.0 Hz, 1H), 7.83 – 7.68 (m, 2H), 7.62 – 

7.51 (m, 3H), 7.47 (t, J = 6.0 Hz, 1H), 5.87 (dd, J = 7.8, 3.6 Hz, 

1H), 3.72 – 3.67 (m, 1H), 3.66 (s, 3H), 2.98 (dd, J = 16.5, 7.9 

Hz, 1H). 13C NMR (125 MHz, Chloroform-d): δ 170.4, 160.8, 

154.4, 149.2, 143.3, 134.4, 132.7, 131.9, 129.4, 127.4, 126.6, 

126.5, 123.5, 123.2, 121.0, 58.5, 52.0, 35.8. HRMS calcd. for C18H15N2O3: (M+H)+ 307.1084, 

found : 307.1083. 
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Ethyl 2-(10-oxo-10,12-dihydroisoindolo[1,2-b]quinazolin-12-yl)acetate:  (3b) 

Off white solid (272.0 mg, 85%), mp. 132 oC.  1H NMR (500 MHz, Chloroform-d): δ 8.34 (d, 

J = 7.5 Hz, 1H), 8.16 (d, J = 7.5 Hz, 1H), 7.82 – 7.64 (m, 2H), 

7.63 – 7.50 (m, 3H), 7.48 (t, J = 7.2 Hz, 1H), 5.85 (dd, J = 7.7, 

3.7 Hz, 1H), 4.08 (q, J = 7.2 Hz, 2H), 3.65 (dd, J = 16.2, 3.7 Hz, 

1H), 3.04 (dd, J = 16.2, 7.7 Hz, 1H), 1.12 (t, J = 7.2 Hz, 3H). 

13C NMR (125 MHz, Chloroform-d): δ 169.7, 160.7, 154.5, 

149.2, 143.3, 134.3, 132.6, 131.9, 129.4, 127.8, 126.6, 126.5, 123.6, 123.3, 121.0, 60.6, 58.6, 

35.9, 14.0. HRMS calcd. for C19H17N2O3: (M+H)+ 321.1241, found : 321.1239. 

Tert-butyl 2-(10-oxo-10,12-dihydroisoindolo[1,2-b]quinazolin-12-yl)acetate:  (3c) 

Off white solid (268.0 mg, 77%), mp. 141 oC.  1H NMR (500 MHz, Chloroform-d): δ 8.35 (d, 

J = 7.9 Hz, 1H), 8.17 (d, J = 7.4 Hz, 1H), 7.82 – 7.74 (m, 2H), 

7.61 – 7.56 (m, 3H), 7.48 (t, J = 7.37 Hz, 1H), 5.78 (dd, J = 

6.9, 3.6 Hz, 1H), 3.46 (dd, J = 15.8, 3.6 Hz, 1H), 3.22 – 3.17 

(m, 1H), 1.19 (s, 9H). 13C NMR (125 MHz, Chloroform-d): δ 

168.7, 160.6, 154.6, 149.0, 143.2, 134.3, 132.5, 132.0, 129.3, 127.2, 126.5, 126.4, 123.5, 123.3, 

121.0, 81.3, 58.8, 36.6, 27.6 (3C). HRMS calcd. for C21H21N2O3: (M+H)+ 349.1554, found : 

349.1552. 

Methyl 2-(8-chloro-10-oxo-10,12-dihydroisoindolo[1,2-b]quinazolin-12-yl)acetate:  (3d) 

Off white solid (244.8 mg, 72%), mp. 145 oC.  1H NMR (500 MHz, Chloroform-d): δ 8.19 – 

8.13 (m, 1H), 8.04 (d, J = 6.8 Hz, 1H), 7.75 (d, J = 7.5 Hz, 

1H), 7.66 – 7.52 (m, 1H), 7.53 – 7.49 (m, 3H), 5.77 – 5.73 

(m, 1H), 3.58 (s, 3H), 3.56 (dd, J = 14.3, 3.9 Hz, 1H), 2.96 

– 2.89 (m, 1H). 13C NMR (125 MHz, Chloroform-d): δ 

170.1, 159.5, 154.6, 147.5, 143.3, 134.7, 132.8, 131.5, 129.5, 128.8, 126.3, 125.9, 123.6, 123.2, 

121.9, 58.7, 51.9, 35.5. HRMS calcd. for C18H14ClN2O3: (M+H)+ 341.0695, found : 341.0694. 
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Methyl 2-(6,8-dibromo-10-oxo-10,12-dihydroisoindolo[1,2-b]quinazolin-12-yl)acetate:  (3e) 

Off white solid (323.3 mg, 70%), mp. 168 oC.  1H NMR (500 MHz, Chloroform-d): δ 8.37 (s, 

1H), 8.18 (d, J = 7.5 Hz, 1H), 8.11 (s, 1H), 7.63 – 7.54 (m, 

2H), 7.45 – 7.42 (m, 1H), 5.81 (dd, J = 7.5, 3.5 Hz, 1H), 

3.65 (s, 3H), 3.63 – 3.60 (m, 1H), 3.00 (dd, J = 16.4, 7.7 Hz, 

1H). 13C NMR (125 MHz, Chloroform-d): δ 170.0, 158.9, 

155.2, 146.0, 143.2, 140.3, 133.1, 131.4, 129.5, 128.7, 

124.1, 123.5, 123.1, 121.9, 119.3, 58.8, 52.0, 35.3. HRMS calcd. for C18H13Br2N2O3: (M+H)+ 

462.9295, found : 462.9294. 

Methyl 2-(4-oxo-4,6-dihydrothieno[2',3':4,5]pyrimido[2,1-a]isoindol-6-yl)acetate:  (3f) 

Off white solid (243.4 mg, 78%), mp. 167 oC.  1H NMR (400 MHz, Chloroform-d): δ 8.11 (d, 

J = 6.9 Hz, 1H), 7.81 (d, J = 5.3 Hz, 1H), 7.62 – 7.57 (m, 3H), 

7.42 (d, J = 5.2 Hz, 1H), 5.85 (dd, J = 7.9, 3.7 Hz, 1H), 3.73 (dd, 

J = 16.5, 3.7 Hz, 1H), 3.66 (s, 3H), 2.99 (dd, J = 16.5, 7.9 Hz, 

1H). 13C NMR (100 MHz, Chloroform-d): δ 170.1, 168.2, 167.1, 

155.7, 151.9, 143.4, 141.1, 133.8, 129.9, 128.7, 125.2, 117.4, 

116.5, 61.3, 51.6, 46.4. HRMS calcd. for C16H13N2O3S: (M+H)+ 313.0649, found : 313.0647. 

Methyl 2-(10-oxo-1,2,3,4,10,12-hexahydroisoindolo[1,2-b]quinazolin-12-yl)acetate:  (3g) 

Yellow solid (229.4 mg, 74%), mp. 114 oC.  1H NMR (400 MHz, Chloroform-d): δ 8.29 (d, J 

= 8.1 Hz, 1H), 7.72 – 7.71 (m, 2H), 7.43 – 7.42 (m, 1H), 5.18 

(m, 1H), 3.63 (s, 3H), 3.35 (dd, J = 15.7, 3.4 Hz, 1H), 3.00 (dd, 

J = 15.1, 7.4 Hz, 1H), 2.51 (m, 2H), 2.36 (m, 2H), 1.85 – 1.74 

(m, 2H), 1.32 – 1.24 (m, 2H). 13C NMR (100 MHz, Chloroform-

d): δ 168.9, 160.8, 151.6, 149.3, 134.5, 134.2, 132.7, 127.6, 

126.5, 126.0, 121.0, 59.6, 52.2, 38.2, 22.8, 21.9, 21.6, 21.1. HRMS calcd. for C18H19N2O3: 

(M+H)+ 311.1397, found : 311.1396. 
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Ethyl 2-(10-oxo-1,2,3,4,10,12-hexahydroisoindolo[1,2-b]quinazolin-12-yl)acetate:  (3h) 

Yellow solid (246.3 mg, 76%), mp. 98 oC.  1H NMR (400 MHz, Chloroform-d): δ 8.29 – 8.22 

(m, 1H), 7.71 – 7.69 (m, 2H), 7.43 – 7.39 (m, 1H), 5.15 (m, 1H), 

4.08 – 3.98 (m, 2H), 3.26 (dd, J = 15.4, 3.8 Hz, 1H), 3.10 (dd, 

J = 15.4, 6.9 Hz, 1H), 2.49 – 2.35 (m, 4H), 1.86 – 1.73 (m, 4H), 

1.07 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, Chloroform-d): δ 

169.6, 160.3, 157.9, 152.3, 149.4, 134.5, 134.1, 131.8, 127.2, 

126.5, 126.0, 61.3, 60.9, 33.6, 23.5, 22.1, 21.6, 20.4, 14.1. HRMS calcd. for C19H21N2O3: 

(M+H)+ 325.1554, found : 325.1552. 

Methyl 2-(13-oxo-5,5a,7,8,9,10,11,13-octahydro-6H-cyclohepta[3,4]pyrrolo[2,1-

b]quinazolin-11-yl)acetate:  (3i) 

Yellow solid (270.7 mg, 83%), mp. 133 oC. 1H NMR (400 MHz, Chloroform-d): δ 7.99 (d, J 

= 7.5 Hz, 1H), 7.38 (t, J = 7.4 Hz, 1H), 6.92 (t, J = 7.5 Hz, 1H), 

6.59 (d, J = 8.3 Hz, 1H), 5.94 (s, 1H), 5.30 (s, 1H), 4.47 (d, J 

= 6.2 Hz, 1H), 3.70 (s, 3H), 2.92 – 2.87 (m, 1H), 2.50 (d, J = 

17.0 Hz, 1H), 2.26 – 2.09 (m, 2H), 1.78 – 1.77 (m, 2H), 1.51 – 

1.32 (m, 4H), 1.27 – 1.24 (m, 2H). 13C NMR (100 MHz, 

Chloroform-d): δ 172.4, 166.0, 148.2, 135.9, 133.9, 129.3, 129.1, 119.4, 118.1, 111.4, 67.1, 

53.6, 52.3, 35.1, 33.8, 32.1, 31.0, 26.8, 25.4. HRMS calcd. for C19H23N2O3: (M+H)+ 327.1710, 

found : 327.1711. 

Ethyl 2-(13-oxo-5,5a,7,8,9,10,11,13-octahydro-6H-cyclohepta[3,4]pyrrolo[2,1-

b]quinazolin-11-yl)acetate:  (3j) 

Yellow solid (272.1 mg, 80%), mp. 130 oC. 1H NMR (400 MHz, DMSO-d6): δ 8.09 (s, 1H), 

7.75 (d, J = 6.9 Hz, 1H), 7.38 (t, J = 7.8 Hz, 1H), 6.86 (t, J = 7.4 

Hz, 1H), 6.80 (d, J = 8.3 Hz, 1H), 5.05 (s, 1H), 4.75 – 4.74 (m, 

1H), 4.10 (q, J = 7.1 Hz, 2H), 2.79  – 2.76 (m, 1H), 2.46 (m, 

1H),  2.42 – 2.25 (m, 3H), 2.04 – 1.98 (m, 1H), 1.94 – 1.88 (m, 

1H), 1.81– 1.78 (m, 1H), 1.61 – 1.55 (m, 4H), 1.15 (t, J = 7.0 

Hz, 3H).  13C NMR (100 MHz, Chloroform-d): δ 171.9, 166.0, 148.3, 135.8, 133.8, 129.3, 

129.1, 119.3, 118.1, 111.4, 67.1, 61.4, 53.7, 35.2, 33.8, 32.1, 31.0, 26.8, 25.4, 14.4. HRMS 

calcd. for C20H25N2O3: (M+H)+ 341.1867, found : 341.1866. 
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Methyl 2-(14-oxo-5,5a,6,7,8,9,10,11,12,14-decahydrocycloocta[3,4]pyrrolo[2,1-

b]quinazolin-12-yl)acetate:  (3k) 

White solid (248.3 mg, 73%), mp. 159 oC.  1H NMR (400 MHz, DMSO-d6): δ 8.24 (s, 1H), 

7.75 (d, J = 7.5 Hz, 1H), 7.37 (t, J = 7.8 Hz, 1H), 6.87 (t, J = 

7.4 Hz, 1H), 6.80 (d, J = 8.3 Hz, 1H), 5.11 (s, 1H), 4.79 (d, J = 

5.2 Hz, 1H), 3.61 (s, 3H), 2.67 (m, 1H), 2.50 (s, 1H), 2.39 – 

2.31 (m, 2H), 2.16 (d, J = 14.4 Hz, 1H), 1.87 (d, J = 12.2 Hz, 

1H), 1.64 – 1.53 (m, 2H), 1.34 (m, 4H), 1.23 – 1.21 (m, 2H). 

13C NMR (125 MHz, Chloroform-d): δ 172.4, 165.8, 148.3, 133.6, 133.4, 129.2, 126.3, 119.2, 

118.2, 111.3, 64.9, 53.8, 52.2, 31.4, 31.3, 29.3, 27.8, 26.2, 25.9, 25.8. HRMS calcd. for 

C20H25N2O3: (M+H)+ 341.1867, found : 341.1865. 

Ethyl 2-(14-oxo-5,5a,6,7,8,9,10,11,12,14-decahydrocycloocta[3,4]pyrrolo[2,1-b]quinazolin-

12-yl)acetate:  (3l) 

Yellow solid (255.0 mg, 72%), mp. 123 oC.  1H NMR (400 MHz, Chloroform-d): δ 7.97 (dd, J 

= 7.8, 1.6 Hz, 1H), 7.37 (ddd, J = 8.3, 7.3, 1.7 Hz, 1H), 6.90 (t, J 

= 8.0 Hz, 1H), 6.58 (d, J = 8.0 Hz, 1H), 5.35 (s, 1H), 4.45 (d, J = 

8.2 Hz, 1H), 4.19 – 4.10 (m, 2H), 2.61 (t, J = 17.1 Hz, 2H), 2.41 

(t, J = 9.9 Hz, 2H), 2.12 (d, J = 14.4 Hz, 1H), 1.48 – 1.36 (m, 

9H), 1.22 (t, J = 7.1 Hz, 3H).   13C NMR (100 MHz, Chloroform-

d): δ 172.0, 166.1, 148.5, 133.9, 133.5, 129.3, 126.2, 119.3, 118.1, 111.5, 65.0, 61.5, 53.9, 31.5, 

31.3, 29.4, 27.9, 26.4, 26.0 (2C), 14.3. HRMS calcd. for C21H27N2O3: (M+H)+ 355.2023, found 

: 355.2022. 

Methyl 2-(4-oxo-6,7,8,9,10,11,11b,12-octahydro-4H-cyclohepta[3,4]pyrrolo[1,2-

a]thieno[2,3-d]pyrimidin-6-yl)acetate:  (3m) 

Yellow solid (232.4 mg, 70%), mp. 148 oC.  1H NMR (400 MHz, DMSO-d6): δ 7.72 (d, J = 5.3 

Hz, 1H), 7.56 (s, 1H), 6.89 (d, J = 5.3 Hz, 1H), 5.01 (s, 1H), 

4.78 (d, J = 5.4 Hz, 1H), 3.62 (s, 3H), 2.73 (m, 1H), 2.49 – 2.22 

(m, 3H), 2.04 – 1.91 (m, 2H), 1.78 (m, 1H), 1.61 – 1.59 (m, 

3H), 1.20 – 1.13 (m, 2H). 13C NMR (100 MHz, Chloroform-d): 

δ 172.0, 163.6, 154.0, 136.2, 133.7, 129.0, 114.7, 110.2, 68.5, 
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55.5, 52.5, 35.2, 33.5, 32.1, 29.2, 26.8, 25.4. HRMS calcd. for C17H21N2O3S: (M+H)+ 

333.1275, found : 333.1276. 

Methyl 2-(4-oxo-4,6,7,8,9,10,11,12,12b,13-decahydrocycloocta[3,4]pyrrolo[1,2-

a]thieno[2,3-d]pyrimidin-6-yl)acetate:  (3n) 

Off white solid (252.6 mg, 73%), mp. 139 oC.  1H NMR (400 MHz, Chloroform-d): δ 7.48 (d, 

J = 5.3 Hz, 1H), 6.53 (d, J = 5.2 Hz, 1H), 5.40 (s, 1H), 5.34 (s, 

1H), 4.41 (d, J = 5.0 Hz, 1H), 3.70 (s, 3H), 2.79 (dd, J = 16.8, 

5.9 Hz, 1H), 2.58 (d, J = 16.8 Hz, 1H), 2.41 – 2.37 (m, 2H), 2.15 

– 2.12 (m, 1H), 2.01 – 1.97 (m, 1H), 1.70 – 1.60 (m, 2H), 1.56 

– 1.37 (m, 6H). 13C NMR (100 MHz, Chloroform-d): δ 172.0, 

163.9, 154.7, 139.3, 134.6, 133.9, 125.8, 114.5, 66.6, 55.9, 52.5, 31.7, 31.2, 31.0, 27.8, 26.4, 

26.2, 25.9. HRMS calcd. for C18H23N2O3S: (M+H)+ 347.1431, found : 347.1430. 

Ethyl 2-(12-oxo-5,6,6b,7,12,14-hexahydrobenzo[4,5]isoindolo[1,2-b]quinazolin-14-

yl)acetate:   (3o) 

Yellow solid (205.7 mg, 55%), mp. 145 oC.  1H NMR (400 MHz, Chloroform-d): δ 8.02 (d, J 

= 7.8 Hz, 1H), 7.43 (t, J = 7.6 Hz, 1H), 7.37 – 7.17 (m, 3H), 

6.97 (t, J = 7.4 Hz, 1H), 6.68 (d, J = 8.0 Hz, 1H), 6.04 (s, 1H), 

5.69 (s, 1H), 4.71 – 4.70 (m, 1H), 4.20 – 4.08 (m, 2H), 3.15 – 

3.00 (m, 2H), 2.85 – 2.83 (m, 2H), 2.52 – 2.39 (m, 1H), 2.20 – 

2.16 (m, 1H), 1.18 (t, J = 7.1 Hz, 3H). 13C NMR (125 MHz, 

Chloroform-d): δ 171.5, 168.1, 160.8, 149.3, 137.7, 134.5, 134.0, 130.9, 129.9, 128.5, 127.6, 

127.1, 126.7, 126.4, 124.7, 122.5, 66.3, 60.9, 53.3, 29.7, 27.8, 18.2, 13.7. HRMS calcd. for 

C23H23N2O3: (M+H)+ 375.1710, found : 375.1711. 

Methyl 2-(2-nitro-13-oxo-5,5a,7,8,9,10,11,13-octahydro-6H-cyclohepta[3,4]pyrrolo[2,1-

b]quinazolin-11-yl)acetate: (3p)a 

Yellow solid (230.1 mg, 62%), mp. 168 oC. 1H NMR (400 MHz, DMSO-d6) δ 8.50 (d, J = 2.8 

Hz, 2H), 8.17 (dd, J = 9.3, 2.8 Hz, 1H), 7.10 (d, J = 9.6 Hz, 

1H), 5.10 (s, 1H), 5.03 (d, J = 5.6 Hz, 1H), 3.61 (s, 3H), 2.79 

– 2.74 (m, 1H), 2.38 – 2.23 (m, 3H), 2.04 – 1.96 (m, 1H), 1.87 

(dd, J = 15.1, 6.5 Hz, 1H), 1.78 – 1.74 (m, 2H), 1.60 – 1.50 

(m, 4H). 13C NMR (75 MHz, DMSO-d6) δ 170.4, 169.3, 162.7, 155.4, 152.4, 129.3, 126.1, 



Chapter 3 

 

Page | 80  
 

123.9, 116.9, 113.1, 66.2, 53.8, 52.1, 34.1, 32.4, 31.0, 28.8, 26.0,24.0. HRMS calcd. for 

C19H22N3O5: (M+H)+ 372.1561, found : 372.1562. 

2-(13-oxo-7,8,9,10,11,13-Hexahydro-6H-cyclohepta[3,4]pyrrolo[2,1-b]quinazolin-11-

yl)acetonitrile: (3q) 

Yellow solid (215.4 mg, 74%), mp. 134 oC. 1H NMR (400 MHz, Chloroform-d) δ 7.83 (dd, J 

= 7.7, 1.3 Hz, 1H), 7.25 – 7.23 (m, 1H), 6.78 (t, J = 7.3 Hz, 1H), 

6.60 (d, J = 8.0 Hz, 2H), 2.04 – 1.99 (m, 4H), 1.60 – 1.58 (m, 

3H), 1.55 – 1.49 (m, 3H), 1.27 – 1.23 (m, 2H). 13C NMR (101 

MHz, Chloroform-d) δ 164.2, 145.7, 134.0, 132.0, 131.0, 128.9, 

128.4, 118.8, 117.7, 115.2, 114.9, 72.6, 41.6 (2C), 29.1 (2C), 21.6 

(2C). HRMS calcd. for C18H18N3O: (M+H)+ 292.1452, found : 292.1450. 

 

Methyl 2-(8-nitro-10-oxo-10,12-dihydroisoindolo[1,2-b]quinazolin-12-yl)acetate: (3r)a 

Brown liquid (112.3 mg, 32%). 1H NMR (400 MHz, Chloroform-d) δ 9.19 (d, J = 2.6 Hz, 1H), 

8.55 (dd, J = 9.3, 2.5 Hz, 1H), 8.22 (d, J = 7.7 Hz, 1H), 7.93 

(d, J = 9.0 Hz, 1H), 7.70 – 7.63 (m, 3H), 5.87 (dd, J = 7.4, 

3.6Hz, 1H), 3.63 (s, 3H), 3.61 – 3.59 (m, 1H), 3.14 – 3.08 (m, 

1H). 13C NMR (101 MHz, Chloroform-d) δ 170.0, 159.6, 

157.6, 153.3, 145.4, 143.8, 134.0, 129.9, 128.7, 128.6, 124.4, 123.4, 123.3, 121.6, 121.4, 59.2, 

52.2, 35.3. HRMS calcd. for C18H14N3O5: (M+H)+ 352.0935, found : 352.0937. 

 

Methyl (E)-2-(8-nitro-10-oxo-5,10-dihydroisoindolo[1,2-b]quinazolin-12(4bH)-

ylidene)acetate: (3s)a 

Off white solid (186.0 mg, 53%), mp. 152 oC. 1H NMR (500 MHz, 12% DMSO-d6 in 

Chloroform-d) δ 8.61 (d, J = 2.5 Hz, 1H), 8.12 (d, J = 15.6 

Hz, 1H), 8.00 (dd, J = 9.0, 2.6 Hz, 1H), 7.77 (s, 1H), 7.64 (d, 

J = 7.7 Hz, 1H), 7.55 (d, J = 7.0 Hz, 1H), 7.43 – 7.37 (m, 2H), 

6.73 (d, J = 9.0 Hz, 1H), 6.28 (d, J = 4.9 Hz, 1H), 3.67 (s, 

3H). 13C NMR (126 MHz, 12% DMSO-d6 in Chloroform-d) δ 166.0, 162.1, 152.0, 140.4, 

138.0, 137.2, 133.1, 129.8, 129.3, 128.5, 128.0, 126.9, 124.8, 121.0, 114.0, 112.4, 64.6, 51.2. 

HRMS calcd. for C18H14N3O5: (M+H)+ 352.0935, found : 352.0934. 
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Ethyl (E)-2-(9-oxo-2-phenyl-4,9-dihydropyrrolo[2,1-b]quinazolin-1(3aH)-ylidene)acetate: 

(3t) 

Yellow solid (249.2 mg, 72%), mp. 72 oC. 1H NMR (400 MHz, DMSO-d6): δ 8.15 (s, 1H), 

7.58 – 7.54 (m, 1H), 7.50 – 7.39 (m, 2H), 7.29 (d, J = 6.9 Hz, 2H), 

7.24 (t, J = 7.1 Hz, 1H), 6.80 (s, 1H), 6.71 – 6.66 (m, 2H), 6.47 

(d, J = 9.4 Hz, 1H), 5.33 (d, J = 15.6 Hz, 1H), 4.89 (d, J = 9.5 Hz, 

1H), 4.08 (q, J = 7.2 Hz, 2H), 1.17 (td, J = 7.0, 3.2 Hz, 3H). 13C 

NMR (100 MHz, Chloroform-d): δ 166.6, 164.8, 146.6, 146.4, 143.3, 135.3, 134.5, 134.0, 

129.0 (2C), 128.9 (2C), 128.7, 128.6, 123.9, 119.5, 115.5, 114.9, 63.2, 60.7, 14.3. HRMS calcd. 

for C21H19N2O3: (M+H)+ 347.1397, found : 347.1396. 
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3.6.2. Representative NMR spectra: 

1H NMR Spectra of 3a (400 MHz, Chloroform-d): 

 

 

 

                                   

 

 

 

 

 

 

 

13C NMR Spectra of 3a (125 MHz, Chloroform-d): 
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1H NMR Spectra of 3d (500 MHz, Chloroform-d): 

 

 

 

 

 

 

 

 

 

 

 

13C NMR Spectra of 3d (125 MHz, Chloroform-d): 
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1H NMR Spectra of 3f (400 MHz, Chloroform-d): 

 

 

 

 

 

 

 

 

 

 

13C NMR Spectra of 3f (100 MHz, Chloroform-d): 
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1H NMR Spectra of 3g (400 MHz, Chloroform-d): 

 

 

 

 

 

 

 

 

 

 

13C NMR Spectra of 3g (100 MHz, Chloroform-d): 
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1H NMR Spectra of 3j (400 MHz, DMSO-d6): 

 

 

 

 

 

 

 

 

 

 

 

13C NMR Spectra of 3j (100 MHz, Chloroform-d): 
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1H NMR Spectra of 3m (400 MHz, DMSO-d6): 

 

 

 

 

 

 

 

 

 

 

13C NMR Spectra of 3m (100 MHz, Chloroform-d): 
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1H NMR Spectra of 3o (400 MHz, Chloroform-d): 

 

 

 

 

 

 

 

 

 

13C NMR Spectra of 3o (125 MHz, Chloroform-d): 
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1H NMR Spectra of 3p (400 MHz, DMSO-d6): 

 

 

 

 

 

 

 

 

 

 

 

13C NMR Spectra of 3p (75 MHz, DMSO-d6): 
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1H NMR Spectra of 3q (400 MHz, Chloroform-d): 

 

 

 

 

 

 

 

 

 

 

 

13C NMR Spectra of 3q (101 MHz, Chloroform-d): 
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1H NMR Spectra of 3s (500 MHz, 12% DMSO-d6 in Chloroform-d): 

 

 

 

 

 

 

 

 

 

 

 

13C NMR Spectra of 3s (126 MHz, 12% DMSO-d6 in Chloroform-d): 
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1H NMR Spectra of 3t (400 MHz, DMSO-d6): 

 

 

 

 

 

 

 

 

 

 

13C NMR Spectra of 3t (100 MHz, Chloroform-d): 
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3.6.3. Representative HRMS spectra: 

Methyl 2-(4-oxo-4,6-dihydrothieno[2',3':4,5]pyrimido[2,1-a]isoindol-6-yl)acetate:  (3f) 

 

 

 

 

 

 

 

 

 

 

 

 

Methyl 2-(10-oxo-1,2,3,4,10,12-hexahydroisoindolo[1,2-b]quinazolin-12-yl)acetate:  (3g) 
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Ethyl 2-(13-oxo-5,5a,7,8,9,10,11,13-octahydro-6H-cyclohepta[3,4]pyrrolo[2,1-

b]quinazolin-11-yl)acetate:  (3j) 

 

 

 

 

 

 

 

 

 

 

 

 

Methyl 2-(4-oxo-6,7,8,9,10,11,11b,12-octahydro-4H-cyclohepta[3,4]pyrrolo[1,2-

a]thieno[2,3-d]pyrimidin-6-yl)acetate:  (3m) 
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3.6.4. Crystallographic information: 

Identification code AB-14_a 

Empirical formula C19H16N2O3 

Formula weight 320.34 

Temperature/K 293(2) 

Crystal system monoclinic 

Space group P21/c 

a/Å 8.90430(10) 

b/Å 21.8459(3) 

c/Å 7.86370(10) 

α/° 90.00 

β/° 100.695(2) 

γ/° 90.00 

Volume/Å3 1503.09(3) 

Z 4 

ρcalcg/cm3 1.416 

μ/mm-1 0.792 

F(000) 672.0 

Crystal size/mm3 0.1 × 0.05 × 0.05 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 10.1 to 132.26 

Index ranges -10 ≤ h ≤ 10, -25 ≤ k ≤ 25, -8 ≤ l ≤ 9 

Reflections collected 16614 

Independent reflections 2624 [Rint = 0.0399, Rsigma = 0.0224] 

Data/restraints/parameters 2624/0/218 

Goodness-of-fit on F2 1.048 

Final R indexes [I>=2σ (I)] R1 = 0.0403, wR2 = 0.0996 

Final R indexes [all data] R1 = 0.0432, wR2 = 0.1019 

Largest diff. peak/hole / e Å-3 0.20/-0.28 

 

 

 

 

 

 

 

Molecular structure of 3b determined by SCXRD analysis. Thermal ellipsoids are shown in 

50% probability level. (CCDC number of 3b is 1945935). 

Atom color code: Grey = Carbon atom, Blue = Nitrogen atom, Red = Oxygen atom, and 

White = Hydrogen atom. 
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4.1. Introduction: 

Isothiazoles are five-membered nitrogen (N) and sulfur (S) containing heterocycles which had 

been ubiquitously found in various bio-active alkaloids, and synthetic intermediates as a key 

structure. Among aromatic heterocycles, isothiazoles are considered as a valuable tool for the 

synthetic purpose in agrochemicals and pharmaceuticals industries. Substituted isothiazoles 

have wide spread of biological applications, such as anticancer, antifungal, antidiabetic, and 

neuroprotective agents, HIV inhibitor, and anti-bacterial agent etc. (Figure 4.1).1 

4.1.1. Isothiazole in alkaloids: 

Brassilexin, and Sinalexin are two highly important bio-active molecules which exhibit 

antifungal activity as phytoalexins. Brassilexin is found in identified by Brassica species, and 

sinalexin is obtained from Sinapis alba.2 An isothiazolonaphthoquinone, aulosirazole, isolated 

from the blue-green algae Aulosira fertilissima Ghose, displayed cytotoxicity against 

selectively solid tumor cells. It can destroy the solid tumor cells in greater extent than the 

leukemia cells.2b, 3 Pronqodine A is a quinone-embedded isothiazole analogue, which regulates 

the prostaglandin E2 release from human synovial sarcoma SW982 cells.2b, 4 Similar analogues, 

HDAC inhibitor shows anticancer activities.1b GPR 120 agonist has antidiabetic properties. 

Benz-1,2-thiazole derivative, mGlu4 modulator has neuroprotective properties1b (Figure 4.1). 

 

 

 

 

 

 

 

 

 

 

Figure 4.1. Some bio-active substituted isothiazole moieties. 
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4.1.2. Isothiazole in drug molecules: 

Substituted isothiazoles have great abundance in medical world. Many commercially available 

drug molecules are directly related to the isothiazole moieties. So, it has broad spectrum in 

pharmaceutical industries. Zipracidone, a d-fused isothiazole based bio-active molecule, is 

used as antipsychotic drugs. The brand name of zipracidone is Geodon. It is also used for the 

treatment of bipolar disorder, and schizophrenia.5 Another atypical antipsychotic drug is 

perospirone with dopamine (DA) D2-receptor antagonist.6 Monocyclic isothiazoles, such as 

denotivir and sulfasomizole are used as antiviral and antibacterial drug respectively1b, 5, 7 

(Figure 4.2). 

 

 

 

 

 

 

 

 

Figure 4.2. Drug molecules containing isothiazole moieties. 

4.1.3. Agrochemical uses: 

Besides the pharmacological activities substituted isothiazoles have extensively been used in 

agrochemical industries. Benzene-embedded isothiazole, Benclothiaz has the insecticide 

composition and is used as pesticide.8a Acylated aminoisothiazole is also used as insecticide8b 

(Figure 4.3).   

 

 

 

 

Figure 4.3. Application in agrochemical industries of isothiazole derivatives. 
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4.1.4. Application in consumer products: 

After the remarkable applications in pharmaceuticals, and agrochemical industries, we 

observed that isothiazol-3-ones have a great contribution in cosmetic, paints, leather industries 

as a consumer product. The isothiazolinones such as, methylisothiazolinone (MI), 

benzisothiazolinone (BIT), octylisothiazolione (OIT), methylchloroisothiazolinone (MCI), and 

dichlorocthylisothiazolinone (DCOIT) are commonly used in commercial purpose (Figure 

4.4).9 Methylisothiazolinone is used in cosmetics, paints, and water treatment plant for 

purification of waste water. When it is combined with MCI in 3:1 proportion, it becomes 

Kathon, an active commercial biocide. OIT, and BIT are generally used in leather products and 

for cleaning purpose respectively. DCOIT is extensively used as antifouling agent to destroy 

the unwanted biofouling. 

 

 

 

 

Figure 4.4. Chemical structures of common isothiazolinones consumer products. 

4.1.5. Application as dye: 

Recently, heterocyclic azo dyes snatch the great attention in modern textile world for their 

brilliant colour, and chromophoric strength. 3-Amino-5-nitro-[2,1]-benzisothiazole is very 

useful as diazonium component for the formation of disperse dye having high market value. 

As for example, it produces C.I. Disperse Blue 148, the best blue trichromatic azo dye (Figure 

4.5).1 

 

 

 

 

 

Figure 4.5. Benzisothiazole based azo-dye. 
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4.1.6. Isothiazole in nucleobases: 

Generally, nucleobases present in DNA and RNA are nonemissive but it becomes emissive 

when it is attached with isothiazole scaffolds. The combination of ribonucleoside purine 

mimics with isothiazoles and construct an emissive isothiazolo analogues, isothiazolo[4,3-

d]pyrimidine (Figure 4.6).11 

 

 

 

 

Figure 4.6. Isothiazole based fluorescent ribonucleoside.  

Following an in-depth study into the uses of fused isothiazoles, our present attention focuses 

on the synthetic approaches for preparing fused isothiazoles following both conventional and 

green methods. 

4.2. Literature survey: 

[A] Conventional approaches: 

(i) Metal catalyzed synthetic approaches: 

X. Ma et al.12 described a Cu-catalyzed three-component protocol for the synthesis of 

isothiazoles. This synthetic protocol involving a reaction among the enaminoesters, 

bromodifluoroalkyl compounds, and sulphur with high selectivity. The isothiazoles were 

formed by breaking of two C−F bonds simultaneous creation of the new C−S, C−N, and N−S 

bonds (Scheme 4.1). 

 

 

 

 

Scheme 4.1. Synthesis of isothiazoles via Cu-catalyzed three-component reaction. 
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A. Demonceau et al.13 developed a Pd/Cu-catalyzed, base-promoted one-pot synthetic protocol 

for enyne-substituted benzoisothiazole starting from 2-iodo-N-(trimethylsilylethynyl)benzene-

sulfonamides. Initially, ynamide was derived by performing a reaction with N-phenyl 2-

iodobenzenesulfonamide and potassium hexamethyldisilazane in toluene, followed by the 

addition of trimethylsilylethynyliodonium triflate. After that, this ynamide underwent 5-exo-

dig cyclization with trimethylsilylacetylene in the presence of Pd/Cu-catalyst and Et3N. Finally, 

tetrabutylammonium fluoride is used for desilylation to produce enyne-substituted 

benzoisothiazole (Scheme 4.2). 

 

 

 

 

 

 

 

 

 

Scheme 4.2. Pd/Cu-catalyzed synthetic protocol of enyne-substituted benzoisothiazole. 

 

P. H. Lee and his research group14 described rhodium-catalyzed protocol for obtaining 

isothiazole moieties. This protocol described 1,2,3-thiadiazoles underwent transannulation 

with nitriles in presence of Rh-catalyst by the formation of α-thiavinyl Rh-carbenoid 

intermediate (Scheme 4.3).  
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Scheme 4.3. Rhodium-catalyzed a convenient procedure for preparing isothiazole derivatives. 

 

(ii) Metal-free synthetic approaches: 

J. Han and his research group15 discovered a new synthetic route for the formation of 

isothiazole derivatives using N-propargylsulfinylamide. The group reported a TFA-promoted 

reaction where tert-butanesulfinyl group is involved in intramolecular cyclization of amide and 

provides rapid synthesis of polyfunctionalized isothiazoles. This protocol represents a new kind 

of reactivity looks of tert-butanesulfinamide and provides valuable isothiazoles (Scheme 4.4). 

 

 

 

 

 

 

 

 

Scheme 4.4. Synthesis of isothiazoles using N-propargylsulfinylamide. 
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X. G. Zhang and his co-worker16 have been developed an easy, facile method for the synthetic 

purpose of isothiazoles. This method describes a demethoxylative cycloaddition reaction of 

alkynyl oxime ethers promoted by sodium hydrogen carbonate in presence of Na2S as sulphur 

source. Usage of stable and cheap Na2S and NaHCO3 are the major advantages of this 

methodology. This efficient protocol involved formation of multi bond (N-S, and C-S bond) in 

one-pot, wide substrate scope with moderate to excellent yields (Scheme 4.5).  

 

 

 

 

 

 

 

Scheme 4.5. Synthesis of isothiazoles via cycloaddition of alkynyl oxime ethers. 

Y. Li and his group17 depicted a transition metal-free synthetic approach of various 

functionalized isothiazole derivatives. Herein, an efficient, one-pot synthetic protocol has been 

described through the combination of alkynones, NH4I, and EtOCS2K three-component 

annulation. In this protocol C-N, N-S, and C-S bonds are consecutively formed and delivered a 

series of functionalized isothiazoles with excellent yields (Scheme 4.6).  

 

 

 

 

Scheme 4.6. Transition metal-free synthetic route of isothiazoles via three-component reaction. 

Z. Sun and his co-worker 18 brought to light a thermal reaction for the synthesis of 3-substituted 

aryl[4,5]isothiazoles by simply heating the starting ingredients in toluene with a catalytic 

quantity of  p-toluenesulfonic acid (Scheme 4.7).  
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Scheme 4.7. Synthesis of 3-substituted aryl[4,5]isothiazoles via thermal reaction. 

G. J. Deng and his research group 19 developed a novel transition metal-free synthetic approach 

of 1,2-benzisothiazole derivatives by using amidines and easily available elemental sulphur. 

This reaction involved formation of S-N/C-S bond between elemental sulphur and 2-halo 

amidines with cheap reagent K3PO4. Initially, S-N bond was governed in intermediate A, by 

the nucleophilic attack of imine with elemental sulphur. Then intermediate B was formed by 

eliminating S7 and deprotonation of intermediate A. Finally, intramolecular nucleophilic 

substitution took place, C-S bond was formed and we obtained the desired products with good 

to excellent yields (Scheme 4.8). 

 

 

 

 

 

 

 

 

Scheme 4.8. Transition metal-free approach of 1,2-benzisothiazole. 

M. Wang et al.8a developed a synthetic strategy for benzisothiazoles via three-component 

reaction by using ammonium, and elemental sulfur under metal-free conditions. Quinoline or 

pyridine based ortho-functionalized aldehydes are preferably chosen as substrate for this 

protocol and gets excellent yields. At first, of o-halogenated aromatic aldehyde undergoes 



Chapter 4 

 

Page | 108  

 

phosphate assisted nucleophilic substitution by S8 produces the intermediate I. Path-a explains, 

amine and aldehyde readily form imine. Then intramolecular substitution reaction followed by 

deprotonation takes place to obtain the desired product. Alternatively, Path-b explains, first 

the halogenated nucleophilic substitution attack occurs to form the diaryldisulfide, then it 

follows the same protocols with path-a to construct the desired product. This strategy is also 

applicable for gram-scale reaction with satisfactory yield (Scheme 4.9).  

 

 

 

 

 

 

 

 

 

 

Scheme 4.9. Synthesis of benzisothiazoles via metal-free, three-component reaction. 

 

[B] Green synthetic approaches: 

(i) Metal- and catalyst-free synthetic approach: 

G. Shukla et al.20 established an easy operationally simple, user-friendly approach for the 

synthesis of 3,5-disubstituted isothiazole derivatives via [4 + 1] annulation of β-

ketodithioesters with NH4OAC under catalyst- and metal-free condition. Here, ammonium 

acetate plays a crucial role as the source of both ammonium and base. The formation of 

substituted-isothiazole involved first imine formation, then cyclization, followed by aerial 

oxidation, which took place in a sequential manner to form consecutive C−N and S−N bonds 

in a single pot (Scheme 4.10). 
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Scheme 4.10. A user-friendly protocol for the preparation of 3,5-disubstituted isothiazoles via 

[4 + 1] annulation. 

(ii) Photoinduced synthetic approach: 

M. J. Cabrera et al.21 discovered a visible light-assisted synthetic protocol to produce 

isothiazole derivatives using an α-amino-oxy acid. This method entails the formation of an 

iminyl radical through a photo redox reaction with a single electron transfer, followed by 

cyclization, to produce the N-S bond. This easy-to-use approach offers metal-free, mild 

conditions, a wide application, and extensive functional group tolerance, and it represents a 

novel environmentally acceptable method for producing these extremely valuable isothiazole 

derivatives (Scheme 4.11).  

 

 

 

 

 

 

 

Scheme 4.11. Visible light-promoted synthetic route to produce isothiazoles. 
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(iii) Microwave assisted synthetic approach: 

P. Bezbaruah et al.22 depicted a novel, one-pot microwave-assisted synthetic strategy of fused 

isothiazole derivatives starting from β-bromo vinyl aldehydes with sodium thiocyanate and 

urea. Under microwave heating ammonia was released from urea, which can easily undergo 

the reaction with β-bromo vinyl aldehydes and formed imine intermediate A. This imine 

intermediate facilitated to the formation of intermediate B by the nucleophilic addition of 

‘SCN’. Finally, nucleophilic substitution takes place at the S-atom by the elimination of 

cyanide and desired steroidal, non-steroidal isothiazoles obtained (Scheme 4.12). 

 

 

 

 

 

 

 

 

 

Scheme 4.12. Microwave-assisted synthesis of fused isothiazoles.            

 According to the literature review, numerous groups have developed distinct processes for 

synthesising isothiazole derivatives employing various solvents, metals, and catalysts. As far 

as we are aware, there hasn't been any progress in solvent-free isothiazole synthesis. Therefore, 

it has been really hard to develop a practical and effective solvent-free synthetic approach using 

readily available raw ingredients. After a protracted period of research, we succeeded in 

developing this kind of procedure, which is covered below. 

4.3. Present Work: 

❖ Herein, we report for the first time, Ammonium thiocyanate promoted simple, rapid and 

eco-friendly neat synthesis of isothiazoles has been developed for the first time. 

(Scheme 4.13).  
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❖ It is noteworthy that an instantaneous valuable synthetic route of β-enaminones has also 

been documented during the mechanistic investigation of isothiazole formation. Detail 

mechanistic explanation of isothaizole formation reaction is clearly explained by the 

control experiments.  

❖ We were also successful to prepare corresponding aromatized polycyclic isothiazoles 4 

from the newly synthesized isothiazole derivatives, 2 by mild oxidative procedure using 

NBS (N-bromo succinimide) (Scheme 4.13).  

❖ A new fluorescence active pyrene substituted isothiazole has been synthesized and its 

detailed photophysical properties have been documented in the latter section (Scheme 

4.13) of this article. 

 

 

 

 

 

 

 

  

  

 

 

 

Scheme 4.13. An outlook of our overall observation. 

 

4.4. Results & discussion: 

The mission was started with β-bromo vinyl aldehyde which has been used to prepare many 

useful molecules by our group.23 β-Bromo vinyl aldehyde has two important functionalities 

that can participate in metal or metal-free transformations. The replacement of vinyl bromide 

is very difficult but it becomes easier when electron-withdrawing formyl group is present at 
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the β-position. Thiocyanate is a good nucleophile which can replace vinyl bromide via addition 

elimination reaction. Therefore, we have used ammonium thiocyanate which may act as the 

source of both nitrogen and sulfur and reacts with aldehyde as well as vinyl bromide part of 1. 

This protocol furnished good yields of isothiazoles 2b (78%) when 3 mmol of ammonium 

thiocyanate is used in aqueous methanolic medium (entry 1, Table 4.1). The reaction was also 

found to proceed successfully with NH4Cl/KSCN, Na2S/ NH4Cl and Na2S2O3/NH4Cl in 

aqueous methanolic medium but the yield was poor and requires long time (entries 2, 3 & 4, 

Table 4.1). In order to develop an environmentally benign approach for the synthesis of 

heterocyclic compound we have used aqueous medium in our current transformation but the 

reaction did not proceed at all (entry 5, Table 4.1). Then we tried the reaction in neat condition 

and the reaction was found to complete within 5 hours to produce the desired product in 90% 

yield (entry 8, Table 4.1). Surprisingly, it has been found that with increasing the amount of 

ammonium thiocyanate and temperature, the reaction time period is reduced significantly. The 

desired product was obtained within 10 minutes at 130 oC under neat conditions in the presence 

of 10 mmol NH4SCN (entry 13, Table 4.1). Thus, this condition makes a greater impact from 

the environmental point of view. Neat condition was also tested in presence of Na2S2O3/NH4Cl 

but the yield of 2b was only 55% (entry 14, Table 4.1). 
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Table 4.1: Optimization of reaction condition for the synthesis of d-fused isothiazolea 

 

 

 

 

a Reaction Conditions: β-bromo vinyl aldehyde 1b (1 mmol), solvent (3 mL), NH4SCN (3 

mmol), temperature 70 oC; b Reaction performed without solvent at 70 oC; c Reaction performed 

without solvent at 130 oC with 10 mmol of NH4SCN. 

To understand the dependance of yield of reaction on the amount of NH4SCN used, we have 

plotted the yields of isothiazole 2b obtained under neat condition within 1 hour of time period 

at 70 oC with the different amounts (in mmol) of ammonium thiocyanate used in the reactions  

Entry Additive Medium Time (h) Yield (%) 

1 NH4SCN (3 mmol) MeOH-H2O (1:1) 5 78 

2 NH4Cl (1 mmol) 

KSCN (2 mmol) 

MeOH-H2O (1:1) 12 70 

3 NH4Cl (1 mmol) 

Na2S (2 mmol) 

MeOH-H2O (1:1) 12 72 

4 NH4Cl (1mmol) 

Na2S2O3 (2 mmol) 

MeOH-H2O (1:1) 10 70 

5 NH4SCN (3 mmol) Water 10 NR 

6 NH4SCN (1 mmol) Neat 10 NRb 

7 NH4SCN (2 mmol) Neat 5 20b 

8 NH4SCN (3 mmol) Neat 5 80b 

9 NH4SCN (4 mmol) Neat 4 84b 

10 NH4SCN (5 mmol) Neat 2.5 86b 

11 NH4SCN (6 mmol) Neat 2 87b 

12 NH4SCN (10 mmol) Neat 1 90b 

13 NH4SCN (10 mmol) Neat 0.17 90c 

14 NH4Cl (1 mmol) 

Na2S2O3 (2 mmol) 

Neat 12 55b 
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(Figure 4.7(a)). It has been observed that the yield of reaction does not increase beyond 10 

mmol of NH4SCN at 70 oC. Next, we have studied another plot at constant amount of NH4SCN 

(10 mmol) at different temperature with time periods of the reactions to get the maximum yield 

of isothiazole (Figure 4.7(b)). The time reduced to 10 minutes at 130 oC for completion of the 

reaction. 

 

Figure 4.7. Schematic representation of the ammonium thiocyanate promoted neat reaction to 

produce d-fused isothiazole derivatives. (a) Reagent-dependent conversion efficiency of the 

neat reaction with different mmol of ammonium thiocyanate at constant temperature and time. 

(b) Temperature and time dependent plot to get maximum yield at constant equivalent of 

reagent. Yields were determined by isolation of the product via column chromatography. 

 

From the Table 4.1 and Figure 4.7, we have found that isothiazole formation becomes very 

fast at 130 oC in presence of 10 mmol of NH4SCN under neat condition. With this optimum 

condition in hand (Table 4.1, entry 13), we extended our studies using different substituted β-

bromo vinyl aldehydes (Table 4.2). Electron donating and withdrawing groups substituted aryl 

rings furnished the corresponding tricyclic d-fused isothiazole products appreciably (2b-2e & 

2g, 76-90%) under neat conditions in presence of ammonium thiocyanate. Since, both the 

nucleophilic and electrophilic additions are involved in process of isothiazole ring formation, 

the reaction is favored by the groups of both types of electronic natures. In case of unsubstituted 
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aryl ring 1a and the cycloalkyl substituent 1j-1l without any electronic sense the yield of 

isothiazoles got reduced. With increasing ring size in the cycloalkyl ring (2j-2l) afforded 

bicyclic isothiazoles with ascending order (62-86%) and it became highest in 8-membered 

fused isothiazoles 2l under neat condition. This may be due to the tolerance of temperature of 

higher molecular weight of cycloalkyl ring under neat conditions. This methodology also 

provided isomeric isothiazole 2m and 2n by taking 2-bromo vinyl aldehyde instead of 1-bromo 

vinyl aldehyde with effective yield 66% and 71% respectively. 

 

Table 4.2: Neat synthetic approach of isothiazoles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cReaction Conditions: β-bromo vinyl aldehyde 1 (1 mmol), NH4SCN (10 mmol), 130 oC, 10 

minutes. 

The protocol was also applicable with respect to practical aspect. From a practical standpoint, 

the reaction was performed in gm scale and found good yield of isothiazole derivative 2b under 
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neat conditions. We have got 650 mg of product 2b from 1 g of 1b and hence 80 % yield of the 

desired isothiazoles was obtained at 130 oC after 2 h of heating. The time required in gram 

scale neat reaction was greater compared to the mg scale reaction (Scheme 4.14). 

 

 

 

 

 

 

 

 

Scheme 4.14. Synthesis of isothiazole 2b in gram scale. 

 

To study the general applicability of our reaction to the acyclic system, we have started our 

reaction with (Z)-3-bromo-2,3-diphenylacrylaldehyde 1o for the construction of 4,5 diphenyl 

substituted isothiazole derivatives 2o under optimum conditions (neat) and found the 

isothiazole derivatives in good yields within 15 minutes. An engaging result was observed for 

the substrate (Z)-3-bromo-3-(pyren-1-yl)acrylaldehyde 1p which gave pyrene substituted new 

blue fluorescent probe 2p with 78% yield (Scheme 4.15). This result enforces us to further 

study the photophysical behavior and it has been discussed in the next section. 

 

 

 

 

 

 

 

 

Scheme 4.15. Synthesis of isothiazole from acyclic precursors. 

 

To investigate the mechanism of isothiazole formation under neat condition, we have done 

some control experiments in presence of ammonium thiocyanate as single reagent (Scheme 

4.16). The reaction did not take place with 1 mmol NH4SCN at 70 oC (Scheme 4.16a). The 

reaction produced 20% yield of 2b in presence of 2 mmol NH4SCN at 70 oC and a dramatic 
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change was observed after adding 10 mmol of NH4SCN (Scheme 4.16c). After changing the 

reaction condition by the addition of 1 mmol p-toluidine with 1 mmol NH4SCN, a different 

product i.e., β-enaminone 3b was formed with 69% yield (Scheme 4.16d). Further, vinyl 

bromide is not replaced by the addition of KSCN with 1b (Scheme 4.16e). Again p-tolyl imine 

derivative of 1b did not furnish desired product 3b or 1bc. From the literature observation, it 

was shown that β-thiocyano vinyl imine 1bc must be formed in the reaction medium during 

isothiazole formation.22 Again, from our experiment, it has been showed that vinyl bromide is 

not replaced in the presence of formyl or imine derivative. We can anticipate that thiocyanate 

replaced vinyl bromide from unstable hemiaminal intermediate 1ba. This has been facilitated 

if the reaction medium has sufficient acidity. Consequently, the rate of vinyl bromide 

displacement is directly proportional to the increase of acidity of NH4SCN and it has been 

enhanced with excess addition of NH4SCN. Therefore, with 10 mmol of NH4SCN, 2b was 

formed exclusively within 10 minutes. 
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Scheme 4.16. Series of control experiments for isothiazole/ β-enaminone formation. 

 

 

 



Chapter 4 

 

Page | 119  

 

From these observations we have proposed a detailed mechanism of reaction which was not 

discussed in the earlier report (R. C. Boruah et al.).22 At first, substrate 1 reacts with amine 

source to produce hemiaminal intermediate A, then thiocyanate replaces vinyl bromide via the 

elimination of water molecule. The driving force for water elimination is the strength of acidity 

and then the intermediate D or F is formed via the addition elimination mechanism. The F 

intermediate underwent intramolecular cyclisation to produce desired isothiazole 2.  However, 

in presence of p-toluidine it generates trans-β-thiocyano imine D which cannot undergo 

intramolecular cyclisation as it is locked in trans form and hence readily hydrolysed to give β-

enaminones 3 with good yield. Thus, it has been concluded that a specific stereochemistry is 

needed for intramolecular aza-cyclisation to get isothiazole derivatives 2 (Scheme 4.17). 

 

 

 

 

 

 

 

 

 

 

Scheme 4.17. Mechanistic explanation of ammonium thiocyanate promoted neat reaction. 

 

β-Enaminones are important building blocks for the construction of a variety of pharmaceutical 

compounds, including anti-inflammatory agents, anti-convulsant, anti-cancer agents, and 

antibacterial.24 In addition, substituted β-enaminones are commonly used as intermediates in 

the synthesis of heterocycles, such as pyridines, indoles, pyrroles and pyrazole derivatives 

(Scheme 4.18).25 Due to the wide application of β-enaminones in organic synthesis and drug  
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development, much attention has been paid to develop a facile, green, and practical method for 

the preparation of β-enaminones. In addition to isothiazole synthesis, we have also developed 

a synthetic route of β-enaminones from β-bromo vinyl aldehyde and aryl amine. This valuable 

intermediate will help to prepare various heterocycles in due time and will be useful to the 

synthetic organic chemists. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 4.18. Synthetic use of β-enaminone derivatives. 

 

Considering above findings, we have synthesized different β-eanaminones 3a-3f via 

momentary change (2-3 minutes) under solvent-free condition (Table 4.3) and the structure of 

one of them 3c was unambiguously confirmed by X-ray analysis which established the best 

evidence of the formation of 3. N-aryl-β-eanaminones of cyclohexanone, cycloheptanone, 

cyclooctanone and tetralone derivatives were synthesized with good yields 3a-3f (62-76%). 

However, diastereomeric mixture of 3f (E:Z = 3:1) was obtained with moderate yield when p-

bromoanline was taken as the coupling partner with 1. 
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Table 4.3: Momentary synthetic route of N-aryl β-enaminones 

 

 

 

 

 

 

 

 

 

 

 

 

Reaction Conditions: β-bromo vinyl aldehyde 1 (1 mmol), NH4SCN (1 mmol), ArNH2 (1 

mmol), room temperature, 2-3 min. 

 

After synthesis of β-eanaminones via momentary transformation, we wish to utilize the 

valuable intermediate in organic synthesis. Herein, we have achieved N-p-tolylformamide 3da 

in the presence of potassium carbonate DMSO at 120 oC with the substrate 3d. The formation 

of the product can be explained by the base mediated isomerization followed by hydrolysis to 

afford the desired formyl substituted p-tolyl derivative with 62% yield (Scheme 4.19).  

 

 

 

 

 

Scheme 4.19. Synthetic application of β-eanaminone intermediate. 
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Next, we concentrated on halogen functionalisation of isothiazole derivatives by considering 

the utility of chemical properties. Halogen-substituted isothiazoles are highly reactive synthetic 

building blocks, allowing the ability to obtain polyfunctional isothiazoles with a wide variety 

of substituents. Hence, we wish to synthesize such halogen-substituted isothiazole ring as our 

newly tricyclic d-fused isothiazole derivatives 2 and we anticipated that 3-position is more 

susceptible for halogen-substitution as another position is blocked by ring substitution. Hence, 

we have used NBS for the said transformation. However, the reaction did not produce halogen-

substituted isothiazole derivatives and surprisingly afforded complete aromatic compound 4 

via the two-step mild oxidative reaction (Table 4.4). At first, halogenation occurred with 

NBS/AcOH in dicholoromethane at room temperature at benzylic-sp3 carbon atom and then 

elimination afforded highly aromatic tri-cyclic fused compounds with good yield within 6 h. 

To extend the scope for aromatization reactions, we have tested the reaction with a 4-methyl 

substituted β-bromo vinyl aldehyde derivative and found the formation of aromatized 

compound 4g with a 61% yield. Previously, similar aromatic derivatives were obtained by 

refluxing the reaction mixture at high temperature for 16 hours in toluene medium in presence 

of stoichiometric amount of DDQ 26 but we have achieved the synthesis of aromatic compounds 

efficiently by NBS promoted clean room temperature protocol. 
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Table 4.4: NBS-promoted aromatization  

 

 

 

 

 

 

 

 

 

 

 

 

Reaction Conditions: Substrate 1 or 2 (1 mmol), NBS (1 mmol), AcOH (1 drop), CH2Cl2 (3 

mL), room temperature. 

 

4.4.1. Photophysical study: 

Pyrene substituted fluorophore has been great attention in material science, organic light-

emitting diodes (OLEDS), light-emitting electrochemical materials, etc. due to their having 

different emissive properties in the functionalized form.27 Although a number of articles have 

been published regarding fluorescent properties of pyrene with different functionalities mainly 

at 1/3/6 or 8-position are known but isothiazole substituted pyrene fluorophore is still not 

reported.28 In continuation application in the fluorescence properties of newly synthesized 

compounds,29, 23 we have designed a new fluorophore which has not been synthesized as a 

pyrene substituent at 1-position. To establish the photophysical properties of our synthesized 

pyrene fluorophore, we have determined absorption peak in polar aprotic, polar protic, and 

nonpolar solvents (Figure 4.8a and Table 4.5). It was found that absorption maxima (λmax) 

fall in the range 344-349 nm in different solvents. Considering the absorption peak in UV-Vis 

spectra, we have also recorded the emission spectra excited at 344 nm in the same solvents and 

emission maxima vary from 408-424 nm (Figure 4.8b and Table 4.5). Our study also revealed 
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that the highest emission maxima along with the additional maxima will appear in the 424 nm, 

680 nm in DMSO and greater stock shift (77 nm) exhibited in the polar protic MeOH. The 

higher bathochromic shift in the emission spectra in the polar protic solvent (421 nm) compare 

to the nonpolar solvent toluene (409 nm) which may be due to the specific interactions such as 

hydrogen bonding or molecular aggregations.30 In the viscose polar aprotic DMSO solvent the 

higher bathochromic shift and lower emission intensity can be explained by the rigid rotation 

of isothiazole unit in pyrene group in the viscose solvent leads to the twisted conformation in 

the excited state and hence dipole moment has been changed in the excited state.30 Hence, these 

initial observations in different solvents argued that our newly designed compound may be 

used for the detection of proton/metal/molecular sensing in due time.  

 

Table 4.5: UV-Vis absorption and fluorescence data of 2p in different solvents 

 

Solvents Ԑa (25 oC) λmax
b (nm) λem

c(nm) Ԑmax
d 

(105 M-1cm-1) 

Stokes shift e 

(nm) 

1,4-dioxane 2.25 346 408 2.07 62 

Toluene 2.38 348 409 3.25 61 

Chloroform 4.81 347 414 4.57 67 

THF 7.58 346 409 3.71 63 

DCM 8.93 346 415 3.09  69 

MeOH 32.70 344 421 2.58 77 

Acetonitrile 37.50 345 416 2.68 71 

DMSO 46.68 349 424, 680 2.91 75 

 

aDielectric constant at 25 oC. bMaximum absorption wavelength. cMaximum emission 

wavelength. dMolar absorption coefficient at maximum absorption wavelength. eDifference 

between absorption maximum and emission maximum. 
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Figure 4.8. Photophysical properties of 2p, (a) Absorption and (b) fluorescence spectra of 2p 

recorded at concentration 2.0 ×10-5 M in different solvents. 

 

4.5. Conclusion: 

In conclusion, we have developed ammonium thiocyanate promoted first neat synthetic 

approach of isothiazole to both cyclic/acyclic precursors and the fate of reaction with different 

equivalent of ammonium thiocyanate vs temperature/time/yield was observed. The availability 

of various β-bromo vinyl aldehydes and the simplicity of the developed method can provide 

broad synthetic options for the synthesis of isothiazole derivatives. An instantaneous synthetic 

transformation to β-enaminones by the addition of aryl amine with ammonium thiocyanate in 

β-bromo vinyl aldehydes derivatives was also included during the mechanistic consideration 

of isothiazole formation. Further functionalization in fused isothiazoles via NBS promoted 

aromatization is another application of our developed methodology. We have also successfully 

investigated emission properties of newly synthesized isothiozole substituted pyrene-based 

fluorophore and other photophysical properties progress in our laboratory.  
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4.6. Experimental section: 

General information:  

1H NMR spectra of all the synthesized compounds were recorded on a 400 MHz and 500 MHz 

spectrometers in CDCl3 solvent using TMS as the internal standard. 13C NMR was recorded in 

the same MHz instruments. 60-120 or 100-200 mesh silica gels (SRL) were used for column 

chromatographic purification. Progress of the reaction was monitored by using precoated silica 

gel 60 F254 TLC sheets (Merck). Petroleum ether (boiling range 60-80 oC) or n-hexane and 

ethyl acetate (b.p. 77.1 oC) were used as the eluent for column chromatographic separation. 

Solvents were distilled, dried and stored over molecular sieves (4 Å). The UV-Vis absorption 

spectra were recorded on UV-Vis spectrophotometer (Labtronics Model LT-291) and the 

fluorescence emission spectra were recorded on PerkinElmer Fluorescence Spectrometer 

(Model LS 45). 

General Procedure for the preparation of 1a – 1o: 

At first distilled chloroform (2 mL), DMF (3 mmol) were taken in a dry in a two-neck round-

bottom flask and this round-bottom flask was placed in an ice-bath. Then PBr3 (2.7 mmol) was 

added dropwise into the round-bottom flask and the resulting mixture was allowed to stir until 

a white complex formed. After that substrate was dissolved in distilled chloroform and slowly 

added to the resulting reaction. Finally, the reaction mixture was allowed for stirring 8 h at 

room temperature. The crude residue was purified by silica-gel (60-120 mesh) in column 

chromatography using petroleum ether and ethyl acetate (30:1) as an eluent to get the desired 

product 1. 

General Procedure for the preparation of 2a – 2o: 

β-Bromovinyl aldehyde 1 (1mmol) and NH4SCN (10 mmol) were taken in a one-neck round-

bottom flask and it was placed in a heating oil bath. The reaction was heated for 10 minutes at 

130 oC under neat conditions The progress of the reaction was monitored by TLC. The crude 

residue was purified by silica-gel (100-200 mesh) in column chromatography using petroleum 

ether and ethyl acetate (20:1) as an eluent to get the desired product 2. 
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General Procedure for the preparation of 3a – 3e: 

β-Bromovinyl aldehyde 1 (1mmol), NH4SCN (1 mmol) and p-toluidine (1 mmol) were taken 

in a one-neck round-bottom flask. An instantaneous change will occur by the change of colour 

within 2-3 minutes at room temperature under the neat condition. The crude residue was 

purified by silica-gel (100-200 mesh) in column chromatography using petroleum ether and 

ethyl acetate (30:1) as an eluent to get the desired product 3. 

General Procedure for the preparation of N-p-tolylformamide 3da: 

Substrate 3da (1mmol) was taken in a one-neck round-bottom flask and dissolved in DMSO 

(3 mL). Then K2CO3 (1 mmol) was added to this reaction mixture and allowed for stirring 3h 

at 120 oC. The progress of the reaction was monitored by TLC. The crude residue was purified 

by silica-gel (100-200 mesh) in column chromatography using petroleum ether and ethyl 

acetate (5:1) as an eluent to get the desired product. 

General Procedure for the preparation of 4a – 4g: 

Substrate 1 or 2 (1 mmol) was taken in a two-neck round-bottom flask. Then NBS (1 mmol) 

was dissolved in CH2Cl2 (3 mL) and added into this reaction mixture. After that AcOH (1 drop) 

was dissolved in CH2Cl2 and added to it. Finally, the reaction mixture was allowed for stirring 

under inert conditions at room temperature. The progress of the reaction was monitored by 

TLC. The crude residue was purified by silica-gel (100-200 mesh) in column chromatography 

using petroleum ether and ethyl acetate (50:1) as an eluent to get the desired product 4. 
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4.6.1. Characterization of NMR data: 

4,5-Dihydronaphtho[2,1-d]isothiazole: (2a) 

Brown liquid (134.6 mg, 72%). 1H NMR (500 MHz, CDCl3) δ 8.31 (s, 1H), 7.42 – 7.41 (m, 

1H), 7.29 – 7.23 (m, 3H), 2.99 – 2.96 (m, 2H), 2.92 – 2.89 (m, 2H). 13C NMR 

(126 MHz, CDCl3) δ 158.4, 156.8, 135.4, 134.0, 129.2, 128.6, 128.5, 127.3, 

125.2, 29.0, 21.3. HRMS calcd. for C11H10NS: (M+H)+ 188.0536, found : 

188.0534. 

7-Methoxy-4,5-dihydronaphtho[2,1-d]isothiazole: (2b) 

Brown solid (195.3 mg, 90%), mp. 59 oC. 1H NMR (500 MHz, CDCl3) δ 8.20 (s, 1H), 7.28 (d, 

J = 8.5 Hz, 1H), 6.76 (d, J = 2.5 Hz, 1H), 6.70 (dd, J = 8.5, 2.5 Hz, 

1H),3.77 (s, 3H), 2.90 – 2.87 (m, 2H), 2.82 – 2.80 (m, 2H). 13C NMR 

(126 MHz, CDCl3) δ160.3, 158.4, 156.6, 137.4, 132.6, 126.5, 121.8, 

114.2, 112.3, 55.4, 29.5, 21.3. HRMS calcd. for C12H12NOS: (M+H)+ 

218.0641, found : 218.0644. 

8-Methoxy-4,5-dihydronaphtho[2,1-d]isothiazole: (2c) 

Brown solid (191.0 mg, 88%), mp. 64 oC. 1H NMR (400 MHz, CDCl3) δ 8.31 (s, 1H), 7.19 (d, 

J = 8.4 Hz, 1H), 6.95 (d, J = 2.6 Hz, 1H), 6.82 (dd, J = 8.3, 2.6 Hz, 

1H), 3.82 (s, 3H), 2.89 – 2.88 (m, 4H). 13C NMR (101 MHz, CDCl3) 

δ 158.8, 158.5, 157.0, 134.5, 131.0, 129.4, 127.7, 114.8, 110.5, 55.6, 

28.3, 21.8. HRMS calcd. for C12H12NOS: (M+H)+ 218.0641, found : 

218.0638. 

6-Methoxy-4,5-dihydronaphtho[2,1-d]isothiazole: (2d) 

Yellow solid (180.1 mg, 83%), mp. 82 oC. 1H NMR (400 MHz, CDCl3) δ 8.35 (s, 1H), 8.17 – 

8.07 (m, 1H), 7.49 (d, J = 8.8 Hz, 1H), 6.76 (d, J = 8.8 Hz, 1H), 3.86 (s, 

3H), 3.01 (t, J = 7.6 Hz, 2H), 2.89 – 2.85 (m, 2H). 13C NMR (101 MHz, 

CDCl3) δ 156.1, 154.9, 153.9, 134.9, 131.9, 127.2, 122.9, 121.2, 112.4, 

56.1, 22.4, 21.0. HRMS calcd. for C12H12NOS: (M+H)+ 218.0641, found 

: 218.0643. 
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6,9-Dimethoxy-4,5-dihydronaphtho[2,1-d]isothiazole: (2e) 

Yellow solid (187.7 mg, 76%), mp. 101 oC .1H NMR (500 MHz, CDCl3) δ 8.28 (s, 1H), 6.84 

(d, J = 9.0 Hz, 1H), 6.79 (d, J = 9.0 Hz, 1H), 3.95 (s, 3H), 3.83 (s, 3H), 3.00 

(d, J = 8.0 Hz, 2H), 2.92 (d, J = 8.0 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ 

154.5, 153.0, 151.0, 149.4, 132.7, 124.9, 119.8, 111.7, 108.8, 56.2, 56.0, 

21.6, 20.8. HRMS calcd. for C13H14NO2S: (M+H)+ 248.0747, found : 

248.0744. 

5-Methyl-4,5-dihydronaphtho[2,1-d]isothiazole: (2f) 

Brown liquid (136.7 mg, 68%). 1H NMR (500 MHz, CDCl3) δ 8.31 (s, 1H), 7.43 (d, J = 7.5 

Hz, 1H), 7.32 – 7.28 (m, 2H), 7.26 – 7.23 (m, 1H), 3.14 (q, J =6.8 Hz, 1H), 

3.02 (dd, J = 15.5, 6.5 Hz, 1H), 2.73 (dd, J = 15.5, 6.0 Hz, 1H), 1.23 (d, J = 

7.0 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 157.7, 157.3, 140.4, 132.7, 

129.5, 127.7, 127.3, 127.1, 125.4, 33.5, 29.0, 20.5. HRMS calcd. for 

C12H12NS: (M+H)+ 202.0692, found : 202.0690. 

8-Bromo-4,5-dihydronaphtho[2,1-d]isothiazole: (2g) 

White solid (238.4 mg, 90%), mp. 70 oC. 1H NMR (500 MHz, CDCl3) δ 8.34 (s, 1H), 7.57 (d, 

J = 1.7 Hz, 1H), 7.40 (dd, J = 8.1, 1.7 Hz, 1H), 7.18 (d, J = 8.1 Hz, 1H), 

2.96 – 2.94 (m, 4H). 13C NMR (126 MHz, CDCl3) δ 156.9, 156.8, 134.5, 

134.2, 131.8, 130.4, 130.0, 127.8, 120.6, 28.6, 21.2. HRMS calcd. for 

C11H9BrNS: (M+H)+ 265.9641, found : 265.9642. 

4H-chromeno[3,4-d]isothiazole: (2h) 

Red liquid (126.6 mg, 67%). 1H NMR (500 MHz, CDCl3) δ 8.23 (s, 1H), 7.35 (dd, J = 7.7, 1.2 

Hz, 1H), 7.25 – 7.23 (m, 1H), 6.99 – 6.96 (m, 2H), 5.34 (s, 2H). 13C NMR 

(126 MHz, CDCl3) δ 154.8, 153.3, 152.2, 131.4, 128.5, 125.3, 122.3, 117.5, 

117.2, 64.7. HRMS calcd. for C10H8NOS: (M+H)+ 190.0328, found : 

190.0327. 
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7-Chloro-4H-chromeno[3,4-d]isothiazole: (2i) 

Yellow solid (144.9 mg, 65%), mp. 105 oC. 1H NMR (500 MHz, CDCl3) δ 8.29 (s, 1H), 7.38 

(s, 1H), 7.24 – 7.21 (m, 1H), 6.96 (dd, J = 8.7, 1.2 Hz, 1H),5.41 (s, 2H). 

13C NMR (126 MHz, CDCl3) δ 153.6, 153.1, 150.6, 136.5, 130.9, 

127.2, 124.8, 118.7, 118.6, 64.8. HRMS calcd. for C10H7ClNOS: 

(M+H)+ 223.9939, found : 223.9936. 

4,5,6,7-Tetrahydrobenzo[d]isothiazole: (2j) 

Yellow oil (86.2 mg, 62%). 1H NMR (400 MHz, CDCl3) δ 8.19 (s, 1H), 2.86 (t, J 

= 6.1 Hz, 2H), 2.68 (t, J = 6.1 Hz, 2H), 1.88 – 1.76 (m, 4H). 13C NMR (101 MHz, 

CDCl3) δ 157.6, 131.0, 128.9, 23.4, 23.1, 22.9, 22.4. HRMS calcd. for C7H10NS: 

(M+H)+ 140.0536, found : 140.0533. 

5,6,7,8-Tetrahydro-4H-cyclohepta[d]isothiazole: (2k) 

Yellow oil (107.1 mg, 70%). 1H NMR (400 MHz, CDCl3) δ 8.10 (s, 1H), 2.92 

– 2.88 (m, 2H), 2.77 – 2.73 (m, 2H), 1.89 – 1.85 (m, 2H), 1.72 – 1.67 (m, 2H), 

1.64 – 1.60 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 159.4, 138.8, 131.7, 32.2 

(2C), 27.8, 27.8, 27.7. HRMS calcd. for C8H12NS: (M+H)+ 154.0692, found : 

154.0688. 

4,5,6,7,8,9-Hexahydrocycloocta[d]isothiazole: (2l) 

Yellow oil (143.6 mg, 86%). 1H NMR (400 MHz, CDCl3) δ 8.17 (s, 1H), 2.97 

– 2.94 (m, 2H), 2.74 – 2.71 (m, 2H), 1.65 – 1.64 (m, 4H), 1.41 – 1.40 (m, 4H). 

13C NMR (101 MHz, CDCl3) δ 158.7, 145.6, 131.5, 31.4, 30.8, 25.6, 25.3, 24.7, 

24.4. HRMS calcd. for C9H14NS: (M+H)+ 168.0849, found : 168.0848. 

 

6-Methoxy-4,5-dihydronaphtho[1,2-d]isothiazole: (2m) 

Yellow solid (143.2 mg, 66%), mp. 86 oC. 1H NMR (500 MHz, CDCl3) δ 

10.21 (s, 1H), 7.31 – 7.28 (m, 1H), 7.20 (t, J = 7.5 Hz, 1H), 6.91 (d, J = 8.0 

Hz, 1H), 3.91 (s, 3H), 3.07 – 2.98 (m, 4H). 13C NMR (126 MHz, CDCl3) 

δ189.1, 156.3, 144.4, 132.1, 130.0, 127.8, 122.6, 114.4, 110.8, 55.5, 31.7, 

20.4. HRMS calcd. for C12H12NOS: (M+H)+ 218.0641, found : 218.0638. 
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9-Methoxy-4,5-dihydronaphtho[1,2-d]isothiazole: (2n) 

Yellow solid (154.1 mg, 71%), mp. 97 oC. 1H NMR (400 MHz, CDCl3) δ 10.04 (s, 1H), 7.28 

(t, J = 7.9 Hz, 1H), 6.91 – 6.87 (m, 2H), 3.86 (s, 3H), 3.00 – 2.88 (m, 4H). 

13C NMR (101 MHz, CDCl3) δ 171.2, 168.1, 136.9, 131.7, 128.4, 126.9, 

124.1, 115.0, 111.6, 61.6, 31.1, 21.1. HRMS calcd. for C12H12NOS: 

(M+H)+ 218.0641, found : 218.0644. 
 

4,5-Diphenylisothiazole: (2o) 

Yellow solid (189.6 mg, 80%), mp. 86 oC. 1H NMR (300 MHz, CDCl3) δ 

8.52 (s, 1H), 7.34 - 7.32 (m, 10H). 13C NMR (76 MHz, CDCl3) δ 161.7, 

159.3, 135.7, 133.0, 130.6, 129.2, 129.1 (2C), 129.0 (2C), 128.9 (2C), 

128.8 (2C), 127.8. HRMS calcd. for C15H12NS: (M+H)+ 238.0692, found 

: 238.0690. 

5-(Pyren-1-yl)isothiazole: (2p) 

Brown solid (222.3 mg, 78%), mp. 108 oC. 1H NMR (400 MHz, CDCl3) δ 8.66 (s, 1H), 8.30 

(d, J = 9.2 Hz, 1H), 8.22 – 8.15 (m, 3H), 8.12 – 8.01 (m, 5H), 7.53 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 166.1, 157.7, 132.0, 131.4, 130.8, 128.8, 

128.6, 128.5, 127.8, 127.3, 126.5, 126.0, 125.6, 125.5, 125.0, 124.7, 

124.6, 124.5, 124.1. HRMS calcd. for C19H12NS: (M+H)+ 286.0692, found 

: 286.0688. 

(E)-2-((p-tolylamino)methylene)-3,4-dihydronaphthalen-1(2H)-one: (3a) 

Brown solid (173.6 mg, 66%), mp. 116 oC. 1H NMR (300 MHz, CDCl3) δ 11.89 (d, J = 12.0 

Hz, 1H), 7.95 (dd, J = 7.5, 1.5 Hz, 1H), 7.35 – 7.23 (m, 3H), 

7.19 – 7.12 (m, 1H), 7.04 (d, J = 8.4 Hz, 2H), 6.90 (d, J = 

8.4 Hz, 2H), 2.88 -2.81 (m, 2H), 2.61 – 2.57 (m, 2H), 2.23 

(s, 3H). 13C NMR (76 MHz, CDCl3) δ 187.5, 142.3, 142.1, 

138.3, 135.3, 132.7, 131.9, 130.3(2C), 128.0, 126.9, 126.6, 

116.1 (2C), 104.8, 29.9, 27.8, 20.8. HRMS calcd. for C18H18NO: (M+H)+ 264.1390, found : 

264.1386. 
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(E)-6-methoxy-2-((p-tolylamino)methylene)-3,4-dihydronaphthalen-1(2H)-one: (3b) 

Brown solid (202.2 mg, 69%), mp. 122 oC. 1H NMR (300 MHz, CDCl3) δ 11.87 (d, J = 11.8 

Hz, 1H), 8.02 (d, J = 8.6 Hz, 1H), 7.35-7.31 (m, 1H), 

7.14 (d, J = 8.2 Hz, 2H), 6.99 (d, J = 8.5 Hz, 2H), 6.89 

(dd, J = 8.6, 2.5 Hz, 1H), 6.73 (d, J = 2.4 Hz, 1H), 3.88 

(s, 3H), 2.93 – 2.89 (m, 2H), 2.71 – 2.66 (m, 2H), 2.33 

(s, 3H). 13C NMR (76 MHz, CDCl3) δ 187.1, 162.6, 144.4, 141.5, 138.5, 132.4, 130.3 (2C), 

128.9, 128.7, 121.4, 115.9 (2C), 112.7, 104.6, 55.5, 30.4, 28.1, 20.8. HRMS calcd. for 

C19H20NO2: (M+H)+ 294.1496, found : 294.1494. 

(E)-2-((p-tolylamino)methylene)cyclohexan-1-one: (3c) 

Yellow solid (133.3 mg, 62%), mp. 85 oC. 1H NMR (300 MHz, CDCl3) δ 11.87 (d, J = 12.1 

Hz, 1H), 7.14 – 7.08 (m, 3H), 6.92 (d, J = 8.4 Hz, 2H), 2.46 – 2.35 

(m, 4H), 2.29 (s, 3H), 1.82 – 1.70 (m, 4H). 13C NMR (76 MHz, 

CDCl3) δ 204.5, 142.2, 138.5, 132.2, 130.1 (2C), 115.8 (2C), 109.9, 

44.7, 32.9, 31.8, 31.1, 25.2. HRMS calcd. for C14H18NO: (M+H)+ 

216.1390, found : 216.1393. 

(E)-2-((p-tolylamino)methylene)cycloheptan-1-one: (3d) 

Yellow solid (167.2 mg, 73%), mp. 91 oC. 1H NMR (400 MHz, CDCl3) δ 11.49 (d, J = 11.0 

Hz, 1H), 7.15 (d, J = 12.0 Hz, 1H), 7.08 (d, J = 8.2 Hz, 2H), 6.89 

(d, J = 8.3 Hz, 2H), 2.57 – 2.54 (m, 2H), 2.38 – 2.35 (m, 2H), 

2.28 (s, 3H), 1.74 – 1.64 (m, 6H). 13C NMR (101 MHz, CDCl3) δ 

204.5, 142.2, 138.6, 132.2, 130.2 (2C), 115.8 (2C), 110.0, 44.8, 

38.2, 33.0, 32.0, 29.8, 22.8. HRMS calcd. for C15H20NO: (M+H)+ 

230.1547, found : 230.1545. 

(E)-2-((p-tolylamino)methylene)cyclooctan-1-one: (3e) 

Yellow solid (184.8 mg, 76%), mp. 75 oC. 1H NMR (400 MHz, 

CDCl3) δ 11.87 (d, J = 11.7 Hz, 1H), 7.13 – 7.06 (m, 3H), 6.90 

(d, J = 8.5 Hz, 2H), 2.57 – 2.53 (m, 2H), 2.44 – 2.40 (m, 2H), 

2.27 (s, 3H), 1.77 – 1.71 (m, 2H), 1.59 – 1.50 (m, 6H). 13C NMR  
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(101 MHz, CDCl3) δ 204.2, 142.7, 138.4, 132.4, 130.2(2C), 116.0(2C), 108.8, 39.7, 33.7, 30.5, 

29.0, 26.3, 26.0, 20.8. HRMS calcd. for C16H22NO: (M+H)+ 244.1703, found : 244.1701. 

2-(((4-bromophenyl)amino)methylene)-6-methoxy-3,4-dihydronaphthalen-1(2H)-one: (3f)  

Brown solid (232.0 mg, 65%, Diastereomeric mixture). mp. 92-94 oC. 1H NMR (300 MHz, 

CDCl3) Z (major) δ 11.73 (d, J = 11.7 Hz, 1H), 7.90 (d, 

J = 8.6 Hz, 1H), 7.33 – 7.29 (m, 2H), 7.17 – 7.16 (m, 

2H), 6.84 – 6.80 (m, 2H), 6.79 – 6.75 (m, 1H), 3.76 (s, 

3H), 2.81 – 2.77 (m, 2H), 2.59 – 2.54 (m, 2H); 1H NMR 

(300 MHz, CDCl3) E (minor) δ 7.21 – 7.18 (m, 2H), 7.03 – 6.97 (m, 1H), 6.89 – 6.86 (m, 1H), 

6.69 – 6.62 (m, 2H), 6.47 – 6.45 (m, 2H), 3.71 (s, 3H), 2.74 – 2.69 (m, 2H), 2.48 – 2.39 (m, 

2H). 13C NMR (76 MHz, CDCl3) δ 189.9, 187.6, 162.8, 144.6, 144.2, 143.0, 140.1, 140.0, 

132.6, 132.3, 132.1, 132.0, 131.9, 130.6, 129.7, 129.1, 128.4, 124.3, 122.2, 121.4, 117.2, 116.8, 

116.6, 115.5, 114.9, 113.6, 112.8, 112.7, 111.4, 111.2, 110.7, 109.9, 105.8, 55.5, 55.4, 30.4, 

30.2, 28.1, 26.9, 23.5. HRMS calcd. for C18H17BrNO2: (M+H)+ 358.0444, found : 358.0448. 

N-p-tolylformamide: (3da) 

Brown liquid (87.7 mg, 65%, Diastereomeric mixture). 1H NMR (500 MHz, CDCl3) (E-isomer) 

δ 8.64 (d, J = 11.5 Hz, 1H), 7.44 (d, J 

= 8.4 Hz, 2H), 7.17 (d, J = 8.3 Hz, 

2H), 2.36 (s, 3H). (Z-isomer) 8.37 

(m, 1H), 7.15 (d, 2H, J = 8.5Hz), 7.01 

(d, J = 8.3 Hz, 2H), 2.34 (s, 3H). 13C 

NMR (126 MHz, CDCl3) (E-isomer) 

δ 162.5, 135.1, 134.4, 130.2 (2C), 129.8, 129.5 (2C), 20.8. (Z-isomer) 158.8, 134.2, 133.9, 

121.1, 119.9 (2C), 119.2 (2C), 20.7 HRMS calcd. for C8H10NO: (M+H)+ 136.0764, found : 

136.0761. 

 

Naphtho[2,1-d]isothiazole: (4a) 

Yellow solid (162.8 mg, 88%), mp. 126 oC. 1H NMR (400 MHz, CDCl3) δ 8.97 (s, 1H), 8.12 

– 8.10 (m, 1H), 7.98 – 7.96 (m, 1H), 7.92 (d, J = 8.7 Hz, 1H), 7.74 (d, J = 

8.6 Hz, 1H), 7.64 – 7.62 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 155.6, 

154.6 153.2, 132.1, 129.0, 128.1, 127.4, 126.7, 126.3, 125.4, 120.6. HRMS 

calcd. for C11H8NS: (M+H)+ 186.0379, found : 186.0377. 
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7-Methoxynaphtho[2,1-d]isothiazole: (4b) 

Off white solid (144.0 mg, 67%), mp.142 oC.1H NMR (400 MHz, CDCl3) δ 8.93 (s, 1H), 8.18 

(d, J = 9.1 Hz, 1H), 8.06 (d, J = 8.9 Hz, 1H), 7.97 (d, J = 9.1 Hz, 

1H), 7.33 (d, J = 9.0 Hz, 1H), 7.28 (m, 1H), 4.06 (s, 3H). 13C NMR 

(101 MHz, CDCl3) δ 157.5, 155.5, 153.4, 132.4, 131.0, 128.9, 

126.1, 125.3, 122.3, 121.9, 113.6, 57.1. HRMS calcd. for 

C12H10NOS: (M+H)+ 216.0485, found : 216.0484. 

 

8-Methoxynaphtho[2,1-d]isothiazole: (4c) 

Off white solid (124.7 mg, 58%), mp. 155 oC. 1H NMR (400 MHz, CDCl3) δ 8.94 (s, 1H), 8.16 

(s, 1H), 7.82 (d, J = 8.8 Hz, 1H), 7.58 (d, J = 8.6 Hz, 1H),7.46 (s, 

1H), 7.30 (s, 1H), 4.06 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 

157.0, 155.8, 154.7, 133.3, 127.4, 126.3, 125.3, 119.3, 114.7, 

108.4, 104.8, 56.6. HRMS calcd. for C12H10NOS: (M+H)+ 

216.0485, found : 216.0488. 

 

5-Methylnaphtho[2,1-d]isothiazole: (4d) 

Yellow liquid (103.5 mg, 52%). 1H NMR (400 MHz, CDCl3) δ 9.01 (s, 

1H), 8.06 (d, J = 8.4 Hz, 1H), 8.00 (d, J = 7.7 Hz, 1H), 7.76 – 7.58 (m, 

3H), 2.79 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 156.7, 155.3, 152.4, 

134.2, 131.8, 128.7, 127.2, 125.8, 125.7, 120.4, 116.3, 18.6. HRMS calcd. 

for C12H10NS: (M+H)+ 200.0536, found : 200.0539. 

 

8-Bromonaphtho[2,1-d]isothiazole: (4e) 

White solid (189.3 mg, 72%), mp. 122 oC. 1H NMR (500 MHz, CDCl3) δ 8.99 (s, 1H), 8.27 (s, 

1H), 7.97 (d, J = 8.7 Hz, 1H), 7.85 (d, J = 8.6 Hz, 1H), 7.73 (d, J = 

8.6 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ 155.5 (2C), 151.8, 

134.4, 131.2, 130.4, 127.6, 127.3, 126.2, 121.2, 121.0. HRMS calcd. 

for C11H7BrNS: (M+H)+ 263.9484, found : 263.9481. 
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6-Methoxynaphtho[2,1-d]isothiazole: (4f) 

Off white solid (163.4 mg, 76%), mp. 91 oC.1H NMR (300 MHz, CDCl3) δ 9.05 (s, 1H), 8.37 

– 8.31 (m, 2H), 8.02 (d, J = 8.9 Hz, 1H), 7.88 (d, J = 8.5 Hz, 1H), 6.93 

(d, J = 8.5 Hz, 1H), 4.06 (s, 3H). 13C NMR (76 MHz, CDCl3) δ 155.6, 

153.9, 152.0, 135.8, 131.5, 128.3, 127.2, 125.8, 121.1, 112.3, 107.3, 

56.2. HRMS calcd. for C12H10NOS: (M+H)+ 216.0485, found : 

216.0480. 
 

1-Bromo-4-methyl-2-naphthaldehyde: (4g) 

Off white solid (151.2 mg, 61 %), mp. 86 oC. 1H NMR (300 MHz, CDCl3) δ 10.51 (s, 1H), 

8.42 – 8.39 (m, 1H), 7.89 – 7.87 (m, 1H), 7.64 – 7.54 (m, 3H), 2.56 (s, 

3H). 13C NMR (76 MHz, CDCl3) δ 193.0, 136.7, 135.0, 132.0, 130.8, 

129.7, 129.4, 128.7, 127.7, 124.9, 124.4, 19.3. HRMS calcd. for 

C12H10BrO: (M+H)+ 248.9917, found : 248.9915. 
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4.6.2. Representative NMR Spectra: 

1H NMR of 2b (500 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

13C NMR of 2b (126 MHz, CDCl3): 
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1H NMR of 2h (500 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

13C NMR of 2h (126 MHz, CDCl3): 
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1H NMR of 2k (400 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

13C NMR of 2k (101 MHz, CDCl3): 
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1H NMR of 2m (500 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

13C NMR of 2m (126 MHz, CDCl3): 
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1H NMR of 2o (300 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

13C NMR of 2o (76 MHz, CDCl3): 
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1H NMR of 2p (400 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

13C NMR of 2p (101 MHz, CDCl3): 
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1H NMR of 3c (300 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C NMR of 3c (76 MHz, CDCl3): 
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1H NMR of 4b (400 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C NMR of 4b (101 MHz, CDCl3): 
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4.6.3. Representative HRMS spectra: 

7-Methoxy-4,5-dihydronaphtho[2,1-d]isothiazole: (2b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5,6,7,8-Tetrahydro-4H-cyclohepta[d]isothiazole: (2k) 
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6-Methoxy-4,5-dihydronaphtho[1,2-d]isothiazole: (2m) 

 

 

 

 

 

 

 

 

 

 
 

4,5-Diphenylisothiazole: (2o) 

 

 

 

 

 

 

 

 

5-(Pyren-1-yl)isothiazole: (2p) 
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(E)-2-((p-tolylamino)methylene)cyclohexan-1-one: (3c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7-Methoxynaphtho[2,1-d]isothiazole: (4b) 
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4.6.4. Crystallographic information: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Molecular structure of 3c determined by SCXRD analysis. Thermal ellipsoids are shown in 

50% probability level. (CCDC Number: 2117809)  

Atom color code: Grey = Carbon atom, Blue = Nitrogen atom, Red = Oxygen atom, and White 

= Hydrogen atom.  

Identification code d2nj01962k2 

Empirical formula C14H17NO 

Formula weight 215.28 

Temperature/K 273.15 

Crystal system monoclinic 

Space group P21/c 

a/Å 13.2601(17) 

b/Å 6.3866(8) 

c/Å 15.0670(18) 

α/° 90 

β/° 110.852(4) 

γ/° 90 

Volume/Å3 1192.4(3) 

Z 4 

ρcalcg/cm3 1.199 

μ/mm-1 0.075 

F(000) 464.0 

Crystal size/mm3 0.2 × 0.16 × 0.1 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 5.546 to 56.608 

Index ranges -17 ≤ h ≤ 17, -8 ≤ k ≤ 8, -20 ≤ l ≤ 20 

Reflections collected 24583 

Independent reflections 2949 [Rint = 0.0408, Rsigma = 0.0213] 

Data/restraints/parameters 2949/0/146 

Goodness-of-fit on F2 1.041 

Final R indexes [I>=2σ (I)] R1 = 0.0495, wR2 = 0.1339 

Final R indexes [all data] R1 = 0.0573, wR2 = 0.1407 

Largest diff. peak/hole / e Å-3 0.29/-0.15 
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Neat synthesis of c-fused pyrroles and its 
application to macrolactamization 
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5.1. Introduction: 

The chemistry of nitrogen-fused heterocycles has been widely studied in diverse fields. 

Pyrrole, one of the most celebrated heterocycles, is extensively found in several bioactive 

natural alkaloids, drug molecules, and living organisms such as cytochrome, heme protein, 

etc.1 Herein, we describe several bioactive natural alkaloids of pyrroles with their natural 

sources (Figure 5.1).  

5.1.1. Pyrrole based natural alkaloids: 

Fusarine was first discovered in 2012 and is derived from Aegiceras corniculatum, a marine 

mangrove fruit. It was found to have modest antiproliferative and cytotoxic effects on the 

human cell lines HeLa, HUVEC, and K-562.2a, b Pseudocerolide A, a new bromotyrosine-

derived alkaloid, was isolated from a marine sponge, Pseudoceratina sp., found in the South 

China Sea.2a, c Methyl marinamide, another marine alkaloid, was identified from Ircinia 

variabilis, a marine sponge. It displayed cytotoxic activity against both HepG2 and 95-D cell 

lines, and besides this, it showed insecticidal activity towards Aphis gossypii.2a, d-e Oroidin, a 

novel bromopyrrole alkaloid obtained from Stylissa sp., possesses bioactivities in a broad 

spectrum, like antimicrobial, antihistaminic, and antitubercular.2f-g 

 

 

 

 

 

 

 

 

Figure 5.1. Several pyrroles containing natural alkaloids. 
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5.1.2. Marine alkaloids containing c-fused pyrrole: 

Pyrroles fused in the c-position attract deep attention for their versatile applications. 

Numerous alkaloids, derived from sources like marine organisms, fungi, insects, and 

microbes, contain natural compounds with c-fused pyrrole rings with variable biological 

activities.3 Figure 5.2 shows some examples of c-fused pyrrole containing marine alkaloids 

with their natural sources. Albumycin and Nitricquinomycins A-C exhibited weak 

antibacterial activity2a, 4a and potent cytotoxic activity towards the human ovarian cancer cell 

line2a, 4b respectively. Another pyrrole-fused alkaloid, Biscogniauxone, and spirocyclic 

Spiroindimicins B–D were showed glycogen synthase kinase inhibitor2a, 4c and antitumor 

activities against several cancer cell lines2a, 4d respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2. Some marine alkaloids based on c-fused pyrroles. 

5.1.3. Drug molecules: 

Many drug molecules are reported in the literature with c-fused pyrrole as the key unit in 

their structure. The medical community has access to a wide variety of drug molecules that 

incorporate c-fused saturated pyrroles. Such types of several drug molecules are listed here 

(Figure 5.3). Telaprevir is an antiviral drug used to treat the Hepatitis C virus infection. It 
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was also used to inhibit the SARS-CoV-2 3CL and NS3/4A.1 An antipsychotic drug called 

lurasidone is used to treat bipolar disorder and schizophrenia. Additionally, it exhibited anti-

inflammatory properties.5a Lorpiprazole exhibits anxiolytic activity.5b Pomalidomide and 

Lenalidomide are two drug compounds with 3,4-pyrroledicarboximides that are used as anti-

inflammatory medications.5a Another therapeutic molecule that contains saturated pyrrole is 

asenapine. It is a sublingual pill used as an antipsychotic to treat people with schizophrenia 

and bipolar I disorder.1 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3. Several c-fused pyrroles-based drug molecules. 

5.1.4. Utilities of small sized lactam rings: 

In addition to c-fused pyrroles, multi-fused pyrroles are widely employed in a variety of 

natural product, pharmaceutical, and agrochemical sectors. We are primarily interested in a,c-

fused pyrrole systems where the lactam ring is one of the valuable scaffolds, along with other 

categories of heterocycles (Figure 5.4). The most well-known broad-spectrum antibiotics are 

Penicillins which have been used for the treatment of serious infections, and it has been 

postulated that their bactericidal killing mechanism involves a 4-membered lactam ring.6a 

SHR2415, a five-membered lactam, has proven to be a very effective ERK1/2 inhibitor.6b 

Hanishin, a six-membered lactam, has effective cytotoxicity against NSCLCN6, a human 
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lungs carcinoma.6c Seven-membered lactams, Latonduine A and B, are used as cytotoxic 

agents, and their regioisomers, paullones, act as cyclin-dependent kinase inhibitors.6d 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.4. Several 4-7 membered lactam rings. 

Higher-membered ring lactams are more popular in the medicinal field and appear more often 

in the natural products, compared to the 5-7-membered lactam. However, their synthetic 

methods are less studied in the literature. Hence, we are mainly focused on the synthetic and 

biological activities of medium-sized fused lactams (8-9 members). 

5.1.5. Pyrrole fused medium sized lactam ring: 

Pyrrole-fused azocines are constantly in demand because of their well-known therapeutic 

potential and the great abundance of bioactive natural products. Functionalized 8,5-fused 

bicyclic lactam is used as an antagonist of the X-linked inhibitor of apoptosis protein (XIAP), 

whose deregulation can result in "cancer and neurodegenerative disorders".7a-b 

Benzo[d]azocinone exhibits antiproliferative activity.7c Indolactam V, the 9-membered lactam 

ring, possesses tumour-protecting teleocidins7d (Figure 5.5). 
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Figure 5.5. Various medium sized (8-9 members) pyrrole fused lactam ring. 

5.1.6. Applications in material science: 

Pyrrole-fused fluorophores might be useful as light-emitting fluorophores, sensors, and 

electroluminescence materials for OLEDs, etc. Pyrrolo[3,4-c]coumarin is a blue light emitter 

that can be evaluated for its capacity to transport electrons.8a Indolizino[3,4,5-ab]isoindole 

derivatives A and B might make promising candidates for monolayer OLEDs that emit blue-

light while also being able to transport holes and electrons (Figure 5.6).8b 

 

 

 

 

 

 

Figure 5.6. Pyrrole based OLEDs and light-emitting fluorophores. 

Organic semiconductors are one of the most promising materials for biomedical uses due to 

their fabulous mechanical attributes in terms of flexibility, functionality, solution 

processability, and inexpensive processes. The organic polymer semiconductors are also used 

to detect biological analytes from a human body. Diketopyrrolopyrrol (DPP) is the main 

building block of DPP-DTT, p-type polymer-based semiconductors. A hole serves as a 

significant charge carrier in p-type semiconductors. The source electrode injects a hole that 

travels through the highest occupied molecular orbital (HOMO) energy level, permitting 

current to flow into the electronic aspect (Figure 5.7).9 
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Figure 5.7. Pyrrole fused semiconductor. 

5.1.7. Application in dye industry: 

BOPYPYs are a brand-new class of 5,6,5,6-tetracyclic fused-pyrroles used as fluorescent 

dyes, with substantial stokes shifts and strong fluorescence and molar extinction values. 

Another dye with extended conjugation was created by combining 4-

dimethylaminobenzaldehyde with BOPYPYs, which also functions as a pH-detective 

fluorescence sensor (Figure 5.8).10 

 

 

 

 

 

 

Figure 5.8. Pyrrole fused fluorescence dye. 

After brief study on the application of different fused pyrroles and their fused lactams, we are 

now engrossed on the different recent synthetic methodologies of pyrrole/c-fused 

pyrrole/pyrrole fused lactam which have synthesized by green and conventional pathways. 
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5.2. Literature survey: 

(A) Conventional pathways: 

(i) Metal-catalyzed approaches: 

K. Oh et al.11 described a silver-catalyzed synthetic protocol for pyrrole through Van Leusen 

pyrrole synthesis by asymmetric desymmetrization of cyclohexadienone. In an environment 

of Ag (I) catalyst and the chiral phosphino-carboamide ligand, the enantioselective Van 

Leusen pyrole synthesis was carried out using NasMIC as an isocyanomethyl sulfone mimic 

(Scheme 5.1). 

 

 

 

 

 

Scheme 5.1. Silver catalyzed synthetic route of c-fused pyrrole. 

R. Sarpong et al.12 reported a Rh-catalyzed protocol for the formation of 3,4-fused pyrroles 

using allenylalkyne substrates. In this one-pot transformation, both CuTc and Rh2(oct)4 have 

been applied (Scheme 5.2). 

 

 

 

 

Scheme 5.2. Rh-catalyzed protocol for the 3,4-fused pyrroles. 

(ii) Metal-free approaches: 

N. Yasmin and J. K. Ray13 developed an efficient synthetic protocol for the formation of c-

fused pyrroles starting from 3-(2-formyl-cycloalkenyl) acrylic esters or 3-(2-formyl-

cycloalkenyl) acrylonitriles with various amine partners in chloroform under ambient 

temperature. Herein, the formation of pyrrole derivatives is described by two possibilities. 
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One of them, amine, first attacks in an aza-Michael fashion, then intramolecular cyclization 

takes place, and the elimination of a water molecule helps to facilitate the formation of 

pyrrole derivatives. Another possibility is that amine first reacts with an aldehyde group, 

followed by intramolecular cyclization. They proved that latter pathway is more comfortable 

than the former one (Scheme 5.3). 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 5.3. Metal-free synthetic approach of c-fused pyrrole. 

A. Jana et. al.14 described a productive method for synthesising pyrroles by NaN3/NH4Cl, 

promoting intramolecular aza-annulation of the formyl group with the right alkenes at the 

adjacent position, and describing it in terms of high yield and regioselectivity. In order to 

synthesise bicyclic or tricyclic pyrroles with excellent yields, a wide range of applications, 

and high functional group tolerance, the metal-free exo-trig aza-cyclization approach has 

been expanded. As a consequence, this entire process offers mild reaction conditions, air 

stability, and metal-free synthesis, offering a healthier option for the environment (Scheme 

5.4). 
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Scheme 5.4. Metal-free NaN3/NH4Cl promoting synthetic protocol of c-fused pyrrole. 

S. Mondal and his co-workers15 established a convenient, metal- and catalyst-free protocol 

for the formation of c-fused pyrrole via a two-component coupling reaction. They have 

reported the coupling reaction between 3-(2-formylcycloalkenyl)-acrylic ester and hydrazine 

in toluene solvent under room temperature with good to excellent yields up to 95% (Scheme 

5.5).  

 

 

 

 

 

 

Scheme 5.5. Metal-, catalyst-free two component coupling protocol of c-fused pyrrole. 

S. Kiren and his group16 developed a novel, efficient synthetic route for pyrrolo[3,4-

b]pyridines starting from dihydropyridones. The pyrrole unit was obtained from 

dihydropyridone via three steps by using the toluenesulfonylmethyl isocyanide (TosMIC) 

reagent. Tosyl chloride is used to protect the pyrrole moieties from oxidation and 

polymerization. After tosylation, Grignard reagent was applied, and oxidative aromatization 

was followed to produce substituted pyrrolo[3,4-b]pyridines (Scheme 5.6). 
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Scheme 5.6. Synthetic route for pyrrolo[3,4-b]pyridines. 

S. K. Mondal and his group17 constructed various functionalized c-fused pyrroles and their 

application to intramolecular macrolactonization in their laboratory. For this synthesis 

purpose, they described a convenient two-component coupling reaction followed by base 

mediated intramolecular cyclization. In presence of K2CO3, the easily available 3-(2-

formylcycloalkenyl)-acrylic ester derivatives and hydroxylamine hydrochloride underwent 

aza-exo-trig cyclization in aqueous methanol solvent under ambient temperature and within 5 

minutes the pyrrole derivatives were formed with up to 98 % yields. Interestingly, when they 

used 2-amino ethanol and 3-amino propanol instead of hydroxylamine hydrochloride, the 

reactions gave highest yield in toluene solvent. After that, the formation of substituted pyrrole 

derivatives it underwent intramolecular lactonization in presence of potassium tertiary 

butoxide (tBuOK) and toluene at 0 oC to room temperature with moderate yields (Scheme 

5.7).  
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Scheme 5.7. Various approaches of c-fused pyrroles and its application to lactonization. 

In 2019, our research group18 has documented another one-pot a modified Pictet–Spengler 

type tandem cyclization for pyrrolo[1,2-a][1,4]-benzodiazepines synthesis via formation of c-

fused pyrrole intermediates under mild reaction condition. For this synthesis purpose, we 

have used 3-(2-formylcycloalkenyl)-acrylic ester derivatives and amino benzyl amine as a 

coupling partner in methanol, under room temperature within few minute pyrrole derivatives 

were fobtained. The Pictet–Spengler percussor react with various aldehyde and acetic acid or 

trifluoroacetic acid, the cyclized pyrrolo[1,2-a][1,4]-benzodiazepines were formed (Scheme 

5.8). 

 

 

 

 

 

 

 

 

Scheme 5.8. One-pot Pictet-Spengler type tandem protocol of pyrrole-fused benzodiazepines. 
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(B) Green pathways: 

(i) Microwave assisted synthetic approach: 

H. Karakus and Y. Dürüst 19 communicated a metal-free cycloaddition reaction between two 

reacting partner C-(4-substituted-phenyl)-N-(benzoyl)-N-methylglycines and 

benzo[b]thiophene 1,1-dioxide in the presence of toluene under microwave irradiation to 

synthesis the c-fused pyrroles. Here, acetic anhydride is used as dehydrating agent.  This 

protocol involves sulfone deoxygenation and gives the single regio isomeric product 

(Scheme 5.9). 

 

 

 

 

 

Scheme 5.9. Microwave assisted synthetic route to c-fused pyrrole. 

(ii) Ultrasound assisted synthetic approach: 

T. S. Li et. al.20 accomplished an ultrasound-assisted zirconium chloride catalyzed modified 

Paal-Knorr synthesis to produce the substituted pyrrole derivatives under neat conditions with 

good to excellent yields. Under ultrasound irradiation, organic reactions offer greater yields, 

reduce the reaction time, and have mild reaction conditions. Zirconium compounds are 

comparatively non-toxic, easy to access, inexpensive, and have high catalytic activity, so they 

can be used as catalysts (Scheme 5.10).  
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Scheme 5.10. Ultrasound assisted zirconium chloride catalyzed, solvent-free procedure of 

substituted pyrroles. 

(iii) Photoinduced synthetic approach: 

A. K. Sahoo et al.21 accomplished a green-light-mediated synthetic route of thio-

functionalized pyrroles by employing β-ketodinitriles and thiophenols in the presence of a 

photocatalyst, eosin Y. The detailed mechanistic study describes that the photoinduced thiyl 

radical attacks the nitrile groups of β-ketodinitriles, then consequently a nucleophilic attack 

and followed by aromatization take place to give the desired pyrroles (Scheme 5.11). 

 

 

 

 

 

 

Scheme 5.11. Green-light-mediated synthesis of pyrrole. 

(C) Miscellaneous approach: 

E. A. Anderson and his research group22 established a cycloisomerization to produce 

polysubstituted pyrrolopyrroles, assisted by gold-catalyzed synthesis from a valuable 

precursor, yndiamides. Herein, they documented their successful observations for this 

transformation via two optimized conditions at ambient temperature (Condition A) and a 

thermal cycloisomerization (Condition B). For a gold-catalyzed reaction at ambient 

temperature, the triple bond of yndiamides is activated towards attacking the alkyne to give 

the keteniminium ion. This keteniminium ion undergoes nucleophilic attack to produce a 

vinyl cation. This vinyl cation is trapped by the terminal nitrogen of yndiamides, and another 

ring is formed. Finally, 1,2-migration of the sulphonyl group followed by aromatization 

occurs to form the desired product. Under thermal conditions, yndiamides undergo a [3+2] 

cycloaddition reaction that produces the zwitterionic intermediate, followed by 1,2-migration 

of the sulphonyl group to give the desired product (Scheme 5.12). 
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Scheme 5.12. Gold-catalyzed and metal-free approaches of fused pyrrole. 

(D) Metal-free synthetic approaches of pyrrole fused lactam:  

J. B. Bremner and W. Sengpracha23 have established a novel, free radical cyclization protocol 

for the synthesis of indolo[2,1-d][1,5]benzodiazocine derivatives starting from 1-substituted 

indole. The effects of thermal radical 8-exo-trig cyclizations of precursor 1-indolyl 

haloacetamides, using tributyltin hydride, was investigated in an attempt to create a workable 

regioselective pathway to indolo-benzodiazocinone derivatives (Scheme 5.13).  
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Scheme 5.13. Synthesis of pyrrole fused lactam via free radical cyclization. 

J. Xiang and his co-workers24 reported an easy one-pot protocol for the development of 

pyrrole-fused 1,4-diazepanones. This procedure entails the sequential amide coupling 

reaction/intramolecular aza-Michael addition of pyrrole-2-carboxylic acids with allylamines 

derived by Morita-Baylis-Hillman. This method is useful for creating highly substituted fused 

1,4-diazepanone moieties due to the easily accessible starting ingredients, good 

stereoselectivity, and ability to be produced on a gram-scale (Scheme 5.14). 

 

 

 

 

 

 

 

Scheme 5.14. Synthetic protocol for the development of pyrrole-fused 1,4-diazepanones. 
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M. G. Uchuskin and his research group25 depicted a one-pot procedure to construct the 

isomeric pyrrolo[1,2-x][1,4]diazepinones. The entire method involves a condensation 

reaction between easily accessible furan containing aminoalkyl derivatives and amino acids, 

then deprotection followed by ring opening of furan and Paal-Knorr cyclization takes place. 

Utilizing this strategy isomeric pyrrolo[1,4]diazepin-3(2H)-one derivatives were synthesized. 

In presence of N-methylmorpholine (NMM) the acylation of 5-methylfurfurylamine takes 

place with N-Boc-β-alanine and 1-ethyl-3-[3-(dimethylamino)propyl]carbodiimide (EDC) 

lead to the formation of corresponding pyrrolo[1,2-a][1,4]diazepin-3(2H)-ones with good to 

excellent yield. Similarly, the combination of N-Boc-glycine and 2-(5-methylfuran-2-

yl)ethylamine governed the pyrrolo[1,2-d][1,4]diazepin-4(5H)-one with moderate yield 

(Scheme 5.15). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 5.15. Synthesis of pyrrole-fused 1,4-diazepanones from N-Boc-β-alanine and N-Boc-

glycine. 
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(E) Total synthesis of (+)-Balasubramide: 

(+)-Balasubramide, an eight-membered lactam ring, was isolated from the leaves of Clausena 

indica. J. Li et al.26 revealed the total synthesis of (+)-Balasubramide, starting with 

cinnamaldehyde and utilising an organocatalyst, diphenyl prolinol TES ether. This protocol 

involved the amine-ester interchange with N-methyltryptamine, followed by intramolecular 

cyclization using ytterbium (III) triflate [Yb(CF3SO3)3] as the catalyst (Scheme 5.16). 

 

 

 

 

 

 

 

 

 

 

 

Scheme 5.16. Organocatalysed asymmetric synthesis of (+)-Balasubramide. 

 

According to the literature study, several groups have created unique approaches for 

synthesising c-fused pyrroles and pyrrole-fused lactams employing various solvents, metals, 

and catalysts. As far as we know, no advancement has been made in solvent-free protocols. 

Therefore, we were inspired to develop a solvent-free protocol for synthesising c-fused 

pyrroles using conventional heating with readily available raw ingredients and also applied 

them in macrolactamization reactions, which are discussed below. 
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5.3. Present work: 

❖ The current study describes an efficient environmental benign synthetic route of N-

aryl substituted c-fused pyrrole derivatives via neat approach. 

❖ We also documented the base-mediated intramolecular macrolactamization using 

amine ester amidation reaction, which led to fused diazocin-6(5H)-one with effective 

yields.  

5.4. Results and discussion:  

The cyclizations strategies for the synthesis of 5-5, 5-6, 5-7 fused bicyclic ring systems are 

very common27 in the literature, but the formation of 5-8 fused ring heterocycles is very rare 

due to enthalpic factors, entropic factors and transannular interactions.28 In this context, we 

have developed neat synthetic approach for N-aryl/benzyl/amino fused pyrrole derivatives (2-

4) from 3-(3-formyl cycloalkenyl)-acrylic ester derivatives 1 and then macrolactamization 

was performed using the properly functionalized pyrrole system (Scheme 5.17). 

 

 

 

 

Scheme 5.17. Synthesis and macrolactamization of c-fused pyrroles. 

In our recent reported method, we have synthesized a series of pyrrole derivatives from the 

substrate 1 in solution phase. Previously, couplings of 1 with the aromatic amine, hydrazine 

and 2-aminobenzylamine were performed using the organic solvents, like dichloromethane, 

toluene and methanol respectively.13, 15, 17-19, 29 As, most of the organic solvents are toxic to 

the environment and health, we prompted to synthesize various isoindole derivatives under 

the neat reaction conditions. In our first attempt, the substrate 1a was allowed to react with 

amine coupling partners, 2-aminopyridine and 2-aminobenzylamine to produce the similar 

isoindole derivatives (2a and 4a, Scheme 5.18) in comparable yields within 30 minutes at 50-

60 oC and 1b was subjected to react with hydrazine which generates amide substituted 

isoindole derivative in 86% yield (3a, Scheme 5.18). Although the solvent added reaction 

requires less time compare to the solvent-free reaction, but solvent-free conditions is more 
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environmentally benign and less hazardous. It reduces use of hazardous chlorinated solvents 

and avoids the work-up process which is essential step for any solvent added reaction. 

 

 

 

 

 

 

 

 

 

 

 

Scheme 5.18. A comparative study between solvent-medium and solvent-free reaction. 

Our environmental benign neat protocol was applied in the reactions of different substituted 

acrylic ester derivatives with variety of amines. Thus, we have developed a general method 

for efficient synthesis of a series of polysubstituted fused pyrroles as shown in Table 5.1. 

From Table 5.1, we can see those anilines bearing electron withdrawing and electron 

donating substituents afforded tricyclic c-fused pyrroles in excellent yields (74-92%) within 

20-30 minutes at 50 oC under solvent-free open flask conditions 2a-2d. It is worth to point 

out that in case of the reaction with hydrazine corresponding N-substituted amine containing 

an amide functionality (3a) was obtained in 86% yield under neat condition at 60 oC. This 

compound has two fruitful functional groups for intramolecular nucleophilic addition which 

may further produce pyrrole fused heterocycles in due time. To explore the neat reaction 

condition, we have examined our reaction with 2-aminobenzylamine as coupling partner with 

the substrate 1. It was observed that different acrylic ester furnished c-fused pyrrole 

derivative 4a-4l with excellent yields (70-92%) within 30 minutes at 60 oC.  
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Table 5.1: Solvent-free synthesis of bicyclic & tricyclic c-fused pyrrolesab 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

abReagent & conditions: Substrate 1 (1 mmol), substituted amine (2 mmol), 50 oC, 20-30 

min; btemperature needed 60 oC. 

We were pleased to find that our substrate 4 has two important functionalities (-NH2 & -

CO2R) in proper location for intramolecular reaction. The efficiency of the intramolecular 

amide formation reaction was tested using different bases and solvents. From this screening 

experiment (Table 5.2), we found that the weak base K2CO3 (entry 1) is not suitable for 

lactamization. Aza-cyclization was started in presence of strong potassium tertiary butoxide 

as base in DMSO at room temperature (entry 2). Upon lowering the temperature to 0 oC, the 

yield of intramolecular amide formation increased significantly (80% yield) within 15 

minutes of time period in presence of the same base (entry 3). In presence of sodium hydride, 
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the yield of the reaction decreases compared to the KOtBu (entry 4). Exothermic nature of 

NaH/DMSO mixture30 reduces the yield of intramolecular amidation reaction. No conversion 

was observed using triethylamine as base (entry 5). In acetonitrile reaction medium the 

desired product was obtained with much lower yield (entry 6). Toluene, dioxane and 

chlorinated solvents did not furnish any cyclization product (entry 7-10). 

Table 5.2: Optimization studies for the intramolecular lactamizationa 

 

 

 

Entry Solvent Base Temperature (oC) Yield (%) 

1. DMSO K2CO3 0 NR 

2. DMSO KOtBu RT 20 

3. DMSO KOtBu 0 80 

4. DMSO NaH 0 73 

5. DMSO Et3N 0 NR 

6. CH3CN KOtBu 0 71 

7. Toluene KOtBu 0 NR 

8. Dioxane KOtBu 0 NR 

9. CHCl3 KOtBu 0 NR 

10. CH2Cl2 KOtBu 0 NR 

  

 aReagent & conditions: Substrate 4a (1 mmol), base (2 mmol), solvent 4 mL, 15 min; NR: 

No reaction. 

A variety of compounds containing pentacyclic and tetracyclic fused 8-membered lactam 

rings 5a-5f were prepared by using the optimized reaction conditions in acceptable yields 

(Table 5.3). Intramolecular lactamization proceeded smoothly using methyl & ethyl 

substituted ester derivatives. But the yields of pentacyclic fused pyrrolo 8-membered lactam 

derivatives 5a-5d are higher compared to the tetracyclic lactam 5e and 5f. It was noteworthy 
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that ethyl esters of 4 furnished poor yields of 5 compare to methyl ester due to the lower 

leaving aptitude of –OEt group. The lower yield of macrocyclic rings (5e and 5f) can be 

explained by the conformational strained of tetracyclic system. All the synthesized 

compounds were well characterized by spectral data (NMR & HRMS). 

Table 5.3: Base-promoted intramolecular lactamization reactiona 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aReagent & conditions: Substrate 4a-4l (1 mmol), KOtBu (2 mmol), DMSO (4 mL), 0 oC, 

15-20 min. 
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5.5. Conclusion: 

In conclusion, we have developed environmental benign synthetic route of different 

substituted fused pyrrole derivatives using neat approach. The suitably functionalised pyrrole 

derivatives undergo intramolecular macrolactamization to furnish a broad array of rare 8-5 

fused oxacinones with good yields.  

 

5.6. Experimental section: 

General information for synthetic compounds:  

1H and 13C NMR spectra of all the synthesized compounds were recorded in 400 MHz and 

500 MHz spectrometer in CDCl3 and DMSO-d6
 solvent using TMS as the internal standard. 

HRMS was measured by using a TOF analyzer. Precoated silica gel 60 F254 TLC sheets 

(Merck) was used for monitoring the reaction. For purification in column chromatography 

60-120 or 100-200 mesh silica gels (SRL) were used. n-Hexane (Merck) or petroleum ether 

(boiling range 60-80 oC) and ethyl acetate (b.p. 77.1 oC) eluent were used in column 

chromatographic separation. All solvents were dried, distilled and stored over molecular 

sieves (4 Å). 

General Procedure for preparation of 2, 3, 4: 

Substrate 1 (1 mmol) and aryl amine/hydrazine (1mmol) were taken in a one-neck round-

bottom flask. The reaction mixture was heated for 20-30 min at 50-60 oC under neat 

condition. The reaction was monitored by TLC. After completion the reaction, the crude 

residue was purified in column chromatography by using silica-gel (60-120 mesh) and 

petroleum ether - ethyl acetate (5:1) eluent to obtain the desired product 2. 

General Procedure for preparation of (5a – 5f): 

At first KOtBu (2 mmol) and DMSO (4 mL) were taken in a two-neck round-bottom flask. 

This two-necked round-bottom flask was placed in an ice-bath and allowed to stirring 10-15 

min. Then the substrate 4 (1 mmol) was dissolved in minimum amount of DMSO and added 

drop wise to the reaction mixture. The reaction was allowed for stirring 15-20 minutes at inert 

atmosphere. The reaction was monitored by TLC. After completion the reaction, the crude 

residue was purified in column chromatography by using basic alumina and ethyl acetate - 

dichloromethane (1:1) eluent to obtain the desired product 5. 
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5.6.1. Characterization of data: 

Methyl 2-(2-(pyridin-2-yl)-4,5-dihydro-2H-benzo[e]isoindol-1-yl)acetate:  (2a) (See the 

reference 31) 

Yellow solid (292.6 mg, 92%), m.p. 92-95 oC. 1H NMR (400 MHz, CDCl3): δ 8.41 (ddd, J = 

2.8, 2.0, 0.8 Hz, 1H), 7.77 – 7.73 (m, 1H), 7.47 (d, J = 8.4 Hz, 1H), 

7.33- 3.31 (m, 1H), 7.25 – 7.22 (m, 2H), 7.15 – 7.10 (m, 2H), 6.90 (s, 

1H), 4.16 (s, 2H), 3.70 (s, 3H), 2.88 – 2.85 (m, 2H), 2.73 – 2.69 (m, 

2H). 13C NMR (101 MHz, CDCl3): δ 171.9, 152.7, 148.3, 138.6, 

137.4, 132.1, 128.6, 126.8, 125.6, 123.8, 123.0, 122.7, 120.9, 120.6, 

115.9, 115.3, 52.1, 33.9, 31.4, 21.1. HRMS calcd. for C20H19N2O2: 

(M+H)+:  319.1448, found: 319.1450.  

 

Methyl 2-(2-(4-chlorophenyl)-7-methoxy-4,5-dihydro-2H-benzo[e]isoindol-1-yl)acetate: 

(2b) 

Yellow liquid (285.8 mg, 75%). 1H NMR (500 MHz, CDCl3): δ 7.43 (d, J = 8.6 Hz, 2H), 7.32 

(d, J = 8.7 Hz, 3H), 6.85 – 6.80 (m, 2H), 6.61 (s, 1H), 3.84 (s, 

3H), 3.78 (s, 2H), 3.72 (s, 3H), 2.90 – 2.88 (m, 2H), 2.75 – 2.72 

(m, 2H). 13C NMR (126 MHz, CDCl3): δ 171.4, 157.4, 138.5, 

133. 2, 129.4 (2C), 127.8 (2C), 125.1, 124.0, 121.2, 120.6, 119.3, 

117.5, 116.2, 114.7, 111.7, 55.2, 52.3, 32.2, 31.6, 20.9. HRMS 

calcd. for C22H21ClNO3: (M+H)+ 382.1212, found : 382.1214. 

 

2-(4-Bromophenyl)-1-(2-(methylperoxy)-2l2-ethyl)-4,5-dihydro-2H-benzo[e]isoindole: (2c) 

Yellow liquid (292.3 mg, 74%). 1H NMR (500 MHz, CDCl3): δ 7.60 (d, J = 8.6 Hz, 2H), 7.38 

(d, J = 7.9 Hz, 2H), 7.28 – 7.27 (m, 4H), 6.63 (s, 1H), 3.81 (s, 2H), 

3.73 (s, 3H), 2.93 – 2.91 (m, 2H), 2.77 – 2.74 (m, 2H). 13C NMR 

(126 MHz, CDCl3): δ 171.3, 138.9, 136.8, 132.4 (2C), 128.7, 128.1 

(2C), 126.7, 125.3, 123.1, 121.8, 121.3, 120.8, 120.3, 117.6, 115.4, 

52.3, 32.2, 31.2, 20.9. HRMS calcd. for C21H19BrNO2: (M+H)+ 

396.0601, found : 396.0602. 
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Methyl 2-(2-(4-bromophenyl)-7-methoxy-4,5-dihydro-2H-benzo[e]isoindol-1-yl)acetate: 

(2d) 

Yellow liquid (348.5 mg, 82%). 1H NMR (500 MHz, CDCl3): δ 7.59 (d, J = 8.6 Hz, 2H), 7.32 

– 7.26 (m, 3H), 6.86 – 6.80 (m, 2H), 6.62 (s, 1H), 3.84 (s, 3H), 

3.78 (s, 2H), 3.73 (s, 3H), 2.91 – 2.88 (m, 2H), 2.75 – 2.72 (m, 

2H). 13C NMR (126 MHz, CDCl3): δ 171.4, 157.4, 139.0, 138.5, 

132.4 (2C), 128.1 (2C), 125.1, 124.0, 121.3, 120.7, 119.2, 117.5, 

116.7, 114.7, 111.7, 55.3, 52.3, 32.2, 31.6, 20.9. HRMS calcd. for 

C22H21BrNO3: (M+H)+ 426.0707, found : 426.0708. 

 

2-(2-Amino-7-methoxy-4,5-dihydro-2H-benzo[e]isoindol-1-yl)acetohydrazide:  (3a) 

Yellow solid (246.0 mg, 86%), m.p. 154 oC. 1H NMR (400 MHz, DMSO-d6): δ 9.14 (s, 1H), 

7.35 (d, J = 8.4 Hz, 1H), 6.78 (s, 1H), 6.72 (d, J = 8.2 Hz, 1H), 

6.49 (s, 1H), 5.72 (s, 2H), 4.26 (m, 2H), 3.72 (s, 3H), 3.67 (s, 2H), 

2.73 – 2.67 (m, 2H). 

1H NMR (400 MHz, D2O exchange): δ 7.32 (d, J = 8.4 Hz, 1H), 

6.77 (s, 1H), 6.72 – 6.70 (m, 1H), 6.49 (s, 1H), 3.75 – 3.66 (m, 

5H), 2.65 (m, 2H), 2.45 (m, 2H). 

13C NMR (126 MHz, CDCl3): δ 171.5, 161.1, 149.0, 142.9, 139.8, 

134.6, 126.2, 124.1, 118.6, 113.9, 112.9, 55.4, 52.8, 28.4, 25.5. HRMS calcd. for 

C15H19N4O2: (M+H)+ 287.1510, found : 287.1511. 

 

Methyl 2-(2-(2-aminobenzyl)-4,5-dihydro-2H-benzo[e]isoindol-1-yl)acetate:  (4a) 

Yellow solid (318.4 mg, 92%), m.p. 117 oC. 1H NMR (400 MHz, CDCl3): δ 7.48 (d, J = 7.6 

Hz, 1H), 7.23 (d, J = 7.6 Hz, 2H),7.17 – 7.08 (m, 2H), 6.90 (d, J = 

7.2 Hz, 1H), 6.75 (t, J = 7.6 Hz, 1H), 6.69 (d, J = 7.9 Hz, 1H), 6.34 

(s, 1H), 4.99 (s, 2H), 3.93 (s, 2H), 3.73 (s, 3H), 2.83 (t, J = 6.9 Hz, 

2H), 2.62 (t, J = 6.9 Hz, 2H). 13C NMR (126 MHz, CDCl3): δ 171.4, 

145.1, 136.7, 132.5, 129.8, 129.2, 128.6, 126.7, 124.9, 123.1, 120.7, 

120.5, 119.9, 119.8, 118.5, 116.1, 116.0, 52.4, 48.1, 31.7, 31.4, 

21.0. HRMS calcd. for C22H23N2O2: (M+H)+ 347.1761, found : 347.1762. 
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Ethyl 2-(2-(2-aminobenzyl)-4,5-dihydro-2H-benzo[e]isoindol-1-yl)acetate:  (4b) 

Yellow solid (316.9 mg, 88%), m.p. 114 oC. 1H NMR (400 MHz, CDCl3): δ 7.53 (d, J = 7.6 

Hz, 1H), 7.25 (d, J = 7.5 Hz, 2H), 7.19 – 7.15 (m, 1H),7.11 (t, J = 

7.2 Hz, 1H), 6.93 (d, J = 7.3 Hz, 1H), 6.76 (t, J = 7.3 Hz, 1H), 6.70 

(d, J = 7.9 Hz, 1H), 6.33 (s, 1H), 5.01 (s, 2H), 4.22 (q, J = 7.2 Hz, 

2H), 3.93 (s, 2H), 3.88 (s, 2H), 2.85 (t, J = 6.8 Hz, 2H), 2.63 (t, J = 

6.8 Hz, 2H), 1.32 (t, J = 7.1 Hz, 3H).13C NMR (101 MHz, CDCl3): 

δ 171.1, 145.3, 136.8, 132. 7, 130.1, 129.3, 128.7, 126.7, 125.0, 

123.3, 120.7, 120.6, 120.1, 120.0, 118.5, 116.1, 116.0, 61.5, 48.2, 32.0, 31.5, 21.2, 14.4. 

HRMS calcd. for C23H25N2O2: (M+H)+ 361.1918, found : 361.1917. 

 

Methyl 2-(2-(2-aminobenzyl)-7-methoxy-4,5-dihydro-2H-benzo[e]isoindol-1-yl)acetate:  

(4c) 

Off white solid (319.7 mg, 85%), m.p. 115 oC. 1H NMR (400 MHz, CDCl3): δ 7.42 (d, J = 

8.4 Hz, 1H), 7.16 (td, J = 7.6,1.2 Hz, 1H), 6.91 (d, J = 6.4 

Hz, 1H), 6.82 – 6.75 (m, 2H), 6.75 – 6.73 (m, 1H), 6.69 (d, J 

= 8.0 Hz, 1H), 6.32 (s, 1H), 4.99 (s, 2H), 3.90 (s, 2H), 3.82 

(s, 3H), 3.73 (s, 3H), 2.83 – 2.79 (m, 2H), 2.63 – 2.59 (m, 

2H). 13C NMR (101 MHz, CDCl3): δ 171.5, 157.3, 145.2, 

138.5, 130.0, 129.3, 125.6, 124.2, 121.0, 120.1, 119.9, 119.0, 

118.6, 116.2, 116.0, 114.7, 111.8, 55.4, 52.5, 48.2, 31.9, 31.8, 21.2. HRMS calcd. for 

C23H25N2O3: (M+H)+ 377.1867, found : 377.1865. 

 

Ethyl 2-(2-(2-aminobenzyl)-7-methoxy-4,5-dihydro-2H-benzo[e]isoindol-1-yl)acetate:  (4d) 

Off white solid (242.7 mg, 78%), m.p. 112 oC. 1H NMR (400 MHz, CDCl3): δ 7.46 (d, J = 

8.0 Hz, 1H), 7.16 (t, J = 8.0 Hz, 1H), 6.92 (d, J = 6.8 Hz, 1H), 

6.82 – 6.68 (m, 4H), 6.31 (s, 1H), 4.99 (s, 2H), 4.20 (q, J = 

7.2 Hz, 2H), 3.89 (s, 2H), 3.82 (s, 3H), 2.83 – 2.78 (m, 2H), 

2.63 – 2.59 (m, 2H), 1.31 (t, J = 7.2 Hz, 3H). 13C NMR (101 

MHz, CDCl3): δ 171.2, 157.2, 145.3, 138.5, 130.1, 129.3, 

125.7, 124.3, 120.9, 120.1, 119.8, 119.1, 118.5, 116.1, 115.9, 

114.7, 111.8, 61.4, 55.4, 48.2, 32.1, 31.9, 21.2, 14.3. HRMS calcd. for C24H27N2O3: (M+H)+ 

391.2023, found : 391.2024. 
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Methyl 2-(2-(2-aminobenzyl)-8-methoxy-4,5-dihydro-2H-benzo[e]isoindol-1-yl)acetate:  

(4e) 

Off white solid (327.2 mg, 87%), m.p. 84 oC. 1H NMR (400 MHz, CDCl3): δ7.17 – 7.12 (m, 

3H), 6.89 (d, J = 7.4 Hz, 1H), 6.74 (td, J = 7.2, 0.8 Hz,1H), 

6.70 – 6.65 (m, 2H), 6.33 (s, 1H), 5.01 (s, 2H), 3.92 (s, 2H), 

3.84 (s, 3H), 3.72 (s, 3H), 2.77 – 2.74 (m, 2H), 2.60 – 2.56 (m, 

2H). 13C NMR (101 MHz, CDCl3): δ 171.2, 158.5, 145.0, 

133.3, 129.8, 129.2, 129.1, 129.0, 120.7, 120.6, 120.0, 119.9, 

118.5, 116.1, 116.0, 110.4, 109.0, 55.2, 52.4, 48.0, 31.7, 30.4, 

21.3. HRMS calcd. for C23H25N2O3: (M+H)+ 377.1867, found : 377.1866. 

 

Ethyl 2-(2-(2-aminobenzyl)-8-methoxy-4,5-dihydro-2H-benzo[e]isoindol-1-yl)acetate:  (4f) 

Off white solid (312.1 mg, 80%), m.p. 82 oC. 1H NMR (400 MHz, CDCl3): δ 7.17 – 7.11 (m, 

3H), 6.90 (d,  J = 7.4 Hz, 1H), 6.74 (td, J = 7.4, 0.9 Hz, 1H), 

6.70 – 6.64 (m, 2H), 6.31 (s, 1H), 5.01 (s, 2H), 4.19 (q, J = 

7.2 Hz, 2H), 3.90 (s, 2H), 3.83 (s, 3H), 2.76 – 2.73 (m, 2H), 

2.59 – 2.55 (m, 2H), 1.28 (t, J = 7.2 Hz, 3H). 13C NMR (101 

MHz, CDCl3): δ 171.0, 158.6, 145.2, 133.5, 130.0, 129.6, 

129.3, 129.2, 129.1, 120.7, 120.1, 120.0, 118.5, 116.1, 116.0, 

110.4, 109.1, 61.6, 55.4, 48.2, 32.0, 30.5, 21.4, 14.3. HRMS calcd. for C24H27N2O3: (M+H)+ 

391.2023, found : 391.2022. 

 

Methyl 2-(2-(2-aminobenzyl)-5-methyl-4,5-dihydro-2H-benzo[e]isoindol-1-yl)acetate:  (4g) 

White solid (298.9 mg, 83%), m.p. 116 oC. 1H NMR (500 MHz, CDCl3): δ 7.39 (d, J = 7.6 

Hz, 1H), 7.18 – 7.13 (m, 2H), 7.07 – 7.02 (m, 2H), 6.77 (d, J = 7.4 Hz, 

1H), 6.65 (t, J = 7.5 Hz, 1H), 6.61 (d, J = 8.0 Hz, 1H), 6.26 (s, 1H), 

4.91 (s, 2H), 3.84 (d, J = 16.5 Hz, 1H), 3.79 (d, J = 16.5 Hz, 1H), 3.62 

(s, 3H), 2.90 – 2.87 (m, 1H), 2.67 (dd, J = 14.5, 5.1 Hz, 1H), 2.33 (dd, 

J = 14.5, 5.9 Hz, 1H), 1.11 (d, J = 6.9 Hz, 3H). 13C NMR (126 MHz, 

CDCl3): δ 171.5, 144.8, 141.5, 131.8, 129.7, 129.2, 127.3, 126.7, 

125.3, 123.4, 121.3, 119.8, 119.5, 119.1, 118.8, 117.0, 116.3, 52.5, 48.2, 35.1, 31.9, 28.7, 

20.4. HRMS calcd. for C23H25N2O2: (M+H)+ 361.1918, found : 361.1917. 
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Ethyl 2-(2-(2-aminobenzyl)-5-methyl-4,5-dihydro-2H-benzo[e]isoindol-1-yl)acetate:  (4h) 

White solid (276.9 mg, 74%), m.p. 117 oC. 1H NMR (500 MHz, CDCl3): δ 7.50 (d, J = 7.6 

Hz, 1H), 7.28 – 7.20 (m, 2H), 7.12 (q, J = 8.2, 7.6 Hz, 2H), 6.88 (d, J 

= 7.4 Hz, 1H), 6.72 (t, J = 7.4 Hz, 1H), 6.67 (d, J = 7.9 Hz, 1H), 6.32 

(s, 1H), 4.99 (s, 2H), 4.18 (qd, J = 7.1, 1.8 Hz, 2H), 4.00 – 3.71 (m, 

4H), 2.98 – 2.95 (m, 1H), 2.75 (dd, J = 14.5, 5.1 Hz, 1H), 2.40 (dd, J 

= 14.5, 6.0 Hz, 1H), 1.27 (t, J = 7.1 Hz, 3H), 1.19 (d, J = 7.0 Hz, 3H). 

13C NMR (176 MHz, CDCl3): δ 171.0, 145.1, 141.4, 131.8, 129.8, 

129.2, 127.2, 126.5, 125.1, 123.4, 120.9, 119.9, 119.3, 118.9, 118.5, 116.8, 116.0, 61.4, 48.1, 

35.0, 32.0, 28.6, 20.3, 14.3. HRMS calcd. for C24H27N2O2: (M+H)+ 375.2074, found : 

375.2075. 

 

Methyl 2-(2-(2-aminobenzyl)-4,5,6,7-tetrahydro-2H-isoindol-1-yl)acetate:  (4i) 

Yellow solid (226.6 mg, 76%), m.p. 71 oC. 1H NMR (500 MHz, CDCl3): δ 7.04 (t, J = 7.6 

Hz, 1H), 6.83 (d, J = 7.1 Hz, 1H), 6.65 (t, J = 7.4 Hz, 1H), 6.57 (d, J = 

7.8 Hz, 1H), 6.11 (s, 1H), 4.80 (s, 2H), 3.56 (s, 3H), 3.47 (s, 2H), 2.41 

– 2.39 (m, 4H), 1.68 – 1.60 (m, 4H). 13C NMR (126 MHz, CDCl3): δ 

171.5, 145.2, 130.1, 129.1, 121.1, 119.2, 119.1, 119.0, 118.4, 116.1, 

116.0, 52.1, 48.2, 30.3, 24.0, 23.9, 22.0, 21.5. HRMS calcd. for 

C18H23N2O2: (M+H)+ 299.1761, found : 299.1762. 

 

Ethyl 2-(2-(2-aminobenzyl)-4,5,6,7-tetrahydro-2H-isoindol-1-yl)acetate:  (4j) 

Yellow solid (218.5 mg, 70%), m.p. 69 oC. 1H NMR (500 MHz, CDCl3): δ 7.16 (td, J = 7.8, 

1.4 Hz, 1H), 6.97 (d, J = 7.0 Hz, 1H), 6.78 – 6.74 (m, 1H), 6.69 (d, J = 

7.9 Hz, 1H), 6.21 (s, 1H), 4.92 (s, 2H), 4.13 (q, J = 7.1 Hz, 2H), 3.57 (s, 

2H), 2.52 – 2.50 (m, 4H), 1.76 – 1.71 (m, 4H), 1.28 (t, J = 7.1 Hz, 3H). 

13C NMR (126 MHz, CDCl3): δ 171.2, 145.3, 130.3, 129.1, 121.0, 119.4, 

119.1, 119.0, 118.3, 116.0, 115.9, 61.0, 48.2, 30.5, 24.0, 23.9, 22.0, 21.5, 

14.2. HRMS calcd. for C19H25N2O2: (M+H)+ 313.1918, found : 313.1917. 
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Methyl 2-(2-(2-aminobenzyl)-2,4,5,6,7,8-hexahydrocyclohepta[c]pyrrol-1-yl)acetate:  (4k) 

Yellow solid (240.3 mg, 77%), m.p. 78 oC. 1H NMR (500 MHz, CDCl3): δ 7.16 (td, J = 7.8, 

1.4 Hz, 1H), 6.92 (d, J = 7.4 Hz, 1H), 6.76 (td, J = 7.4, 0.9 Hz, 1H), 6.69 

(d, J = 7.9 Hz, 1H), 6.23 (s, 1H), 4.88 (s, 2H), 3.66 (s, 3H), 3.62 (s, 2H), 

2.55 – 2.49 (m, 4H), 1.82 – 1.81 (m, 2H), 1.65 – 1.60 (m, 4H). 13C NMR 

(126 MHz, CDCl3): δ 171.7, 145.2, 130.0, 129.0, 125.0, 124.6, 121.2, 

120.4, 118.4, 117.3, 116.0, 52.1, 48.1, 33.2, 30.2, 30.1, 29.9, 28.2, 27.0. 

HRMS calcd. for C19H25N2O2: (M+H)+ 313.1918, found : 313.1919. 

 

Ethyl 2-(2-(2-aminobenzyl)-2,4,5,6,7,8-hexahydrocyclohepta[c]pyrrol-1-yl)acetate: (4l) 

Yellow solid (234.8 mg, 72%), m.p. 75 oC. 1H NMR (500 MHz, CDCl3): δ 7.17 (t, J = 7.6 

Hz, 1H), 6.96 – 6.94 (m, 1H), 6.76 (t, J = 7.7 Hz, 1H), 6.70 (d, J = 7.9 

Hz, 1H), 6.22 (s, 1H), 4.90 (s, 2H), 4.13 (q, J = 7.1 Hz, 2H), 3.61 (s, 

2H), 2.56 – 2.49 (m, 4H), 1.83 – 1.80 (m, 2H), 1.66 – 1.60 (m, 4H), 

1.27 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, CDCl3): δ 171.3, 145.3, 

130.1, 129.0, 124.9, 124.6, 121.1, 120.6, 118.3, 117.2, 116.0, 61.0, 

48.1, 33.2, 30.4, 30.3, 30.0, 28.2, 27.0, 14.2. HRMS calcd. for 

C20H27N2O2: (M+H)+ 327.2074, found : 327.2072. 

 

5,12,13,16-Tetrahydrobenzo[g]benzo[6,7][1,5]diazocino[2,1-a]isoindol-6(7H)-one:  (5a) 

Off white liquid (251.3 mg for 4a 80%; 197.9 mg for 4b 63%). 1H NMR (400 MHz, CDCl3): 

δ 8.25 (s, 1H), 7.52 (dd, J = 7.4, 1.6 Hz, 1H), 7.45 – 7.34 (m, 3H), 7.28 

– 7.26 (m, 1H), 7.19 – 7.14 (m, 2H), 7.04 (td, J = 9.2, 1.2 Hz, 1H), 6.53 

(s, 1H), 4.95 (s, 2H), 3.72 (s, 2H), 2.79 – 2.76 (m, 2H), 2.62 – 2.58 (m, 

2H). 13C NMR (101 MHz, CDCl3): δ 171. 6, 137.9, 137.1, 132. 6, 

132.1, 131.4, 130.2, 128.6, 128.5, 126.7, 125.4, 125.0, 123.5, 120.6, 

120.3, 119.2, 117. 8, 50.3, 33.0, 31.5, 21.1. HRMS calcd. for 

C21H19N2O: (M+H)+ 315.1499, found : 315.1498. 
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10-Methoxy-5,12,13,16-tetrahydrobenzo[g]benzo[6,7][1,5]diazocino[2,1-a]isoindol-6(7H)-

one:  (5b) 

Yellow oil (244.3 mg for 4c 71%; 220.2 mg for 4d 64%). 1H NMR (500 MHz, DMSO-d6): δ 

10.05 (s, 1H), 7.72 – 7.58 (m, 4H), 7.47 – 7.36 (m, 1H), 7.26 

(dd, J = 12.9, 8.2 Hz, 1H), 6.89 – 6.82 (m, 1H), 6.75 – 6.71 (m, 

1H), 4.92 (s, 2H), 4.03 – 4.00 (m, 2H), 3.72 (s, 3H), 2.99 (s, 1H), 

2.89 (s, 1H), 2.73 – 2.67 (m, 2H). 13C NMR (101 MHz, CDCl3): 

δ 171.8, 158.4, 138.2, 133.5, 131.9, 131.2, 130.1, 129.5, 129.0, 

128.4, 125.4, 120.7, 120.2, 119.4, 117.8, 109.9, 109.7, 55.3, 

50.2, 33.1, 30.6, 21.4. HRMS calcd. for C22H21N2O2: (M+H)+ 345.1605, found : 345.1606. 

 

9-Methoxy-5,12,13,16-tetrahydrobenzo[g]benzo[6,7][1,5]diazocino[2,1-a]isoindol-6(7H)-

one:  (5c) 

Yellow oil (234.0 mg for 4e 68%; 206.4 mg for 4f 60%). 1H NMR (400 MHz, CDCl3): δ 8.04 

(d, J = 5.2 Hz, 1H), 7.52 (dd, J= 7.4, 1.6 Hz, 1H), 7.43 – 7.36 (m, 

2H), 7.27 (s, 1H), 7.14 – 7.12 (m, 2H), 6.69 (dd, J = 6.3, 2.9 Hz, 

1H), 6.52 (s, 1H), 4.94 (s, 2H), 3.82 (s, 3H), 3.71 (s, 2H), 2.82 – 

2.78 (m, 2H), 2.57 – 2.54 (m, 2H). 13C NMR (101 MHz, CDCl3): δ 

171.5, 156.9, 137.9, 133.7, 132.1, 131.5, 130.1, 128.6, 126.7, 125.4, 

125.1, 120.7, 120.4, 119.4, 117.6, 116.6, 107.7, 55.6, 50.2, 32.9, 22.6, 20.4. HRMS calcd. for 

C22H21N2O2: (M+H)+ 345.1605, found : 345.1604. 

 

12-Methyl-5,12,13,16-tetrahydrobenzo[g]benzo[6,7][1,5]diazocino[2,1-a]isoindol-6(7H)-

one:  (5d) 

Yellow oil (206.7 mg, for 4g 63%; 203.4 mg for 4h 62%). 1H NMR (500 MHz, DMSO-d6 ): 

δ 10.09 (s, 1H), 7.72 – 7.66 (m, 1H), 7.60 (d, J = 7.3 Hz, 1H), 7.47 (t, 

J = 8.1 Hz, 1H), 7.38 (t, J = 7.7 Hz, 1H), 7.24 (dd, J = 16.4, 7.6 Hz, 

2H), 7.15 (t, J = 7.3 Hz, 1H), 7.06 (t, J = 7.3 Hz, 1H), 6.76 (s, 1H), 

4.95 (s, 2H), 3.54 – 3.46 (m, 2H), 2.90 – 2.86 (m, 1H), 2.66 – 2.62 (m, 

2H), 1.13 (d, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CDCl3): δ 172.1, 

141.6, 138.2, 131.9, 131.8, 131.3, 130.1, 128.4, 127.0, 126.5, 125.4, 

125.1, 123.7, 119.6, 119.2, 119.0, 118.5, 50.3, 35.1, 33.2, 28.7, 20.1. HRMS calcd. for 

C22H21N2O: (M+H)+ 329.1656, found : 329.1657. 
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5,8,9,10,11,14-Hexahydrobenzo[6,7][1,5]diazocino[2,1-a]isoindol-6(7H)-one:  (5e) 

Off white liquid (149.0 mg, for 4i 56%; 138.3 mg for 4j 52%). 1H NMR 

(400 MHz, CDCl3): δ 7.12 (d, J = 7.4 Hz, 1H), 7.06 (t, J = 7.3 Hz, 1H), 

6.66 – 6.61 (m, 3H), 4.67 (s, 2H), 2.60 (s, 2H), 2.32 – 2.28 (m, 4H), 1.62 

– 1.49 (m, 4H). 13C NMR (101 MHz, CDCl3): δ 171.8, 137.8, 132.0, 

131.9, 129.9, 128.6, 125.6, 119.2, 119.0, 118.5, 117.9, 50.0, 31.9, 24.0, 

23.9, 21.9, 21.4. HRMS calcd. for C17H19N2O: (M+H)+ 267.1499, found : 

267.1498. 

 

5,7,8,9,10,11,12,15-Octahydro-6H-benzo[f]cyclohepta[3,4]pyrrolo[1,2-a][1,5]diazocin-6-

one:  (5f) 

Off white liquid (151.2 mg for 4k 54%; 145.6 mg for 4l 52%). 1H NMR 

(400 MHz, CDCl3): δ 8.37 (s, 1H), 7.48 (dd, J = 7.4, 1.6 Hz, 1H), 7.40 – 

7.31 (m, 2H), 7.23 (d, J = 7.2 Hz, 1H), 6.41 (s, 1H), 4.83 (s, 2H), 3.26 (s, 

2H), 2.51 – 2.43 (m, 4H), 1.76 – 1.72 (m, 3H), 1.59 – 1.56 (m, 3H). 13C 

NMR (101 MHz, CDCl3): δ 172.2, 138.0, 132.1, 131.9, 129. 9, 128.4, 

125.4, 124.8, 124.7, 119.6, 119.1, 49.9, 33.2, 31.7, 30.1, 29.9, 28.1, 26.7. 

HRMS calcd. for C18H21N2O: (M+H)+ 281.1656, found : 281.1657. 
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5.6.2. Representative NMR spectra: 

1H NMR spectra of 2b (500 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

13C NMR spectra of 2b (126 MHz, CDCl3): 
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1H NMR spectra of 2c (500 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

13C NMR spectra of 2c (126 MHz, CDCl3): 
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1H NMR spectra of 3a (400 MHz, DMSO-d6): 

 

 

 

 

 

 

 

 

 

 

 

1H NMR spectra of 3a (400 MHz, D2O exchange): 
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13C NMR spectra of 3a (126 MHz, CDCl3): 
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1H NMR spectra of 4a (400 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

13C NMR spectra of 4a (126 MHz, CDCl3): 
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1H NMR spectra of 4b (400 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

13C NMR spectra of 4b (101 MHz, CDCl3): 
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1H NMR spectra of 4k (500 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

13C NMR spectra of 4k (126 MHz, CDCl3): 
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1H NMR spectra of 5a (400 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

13C NMR spectra of 5a (101 MHz, CDCl3): 
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1H NMR spectra of 5f (400 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

13C NMR spectra of 5f (101 MHz, CDCl3): 
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5.6.3. Representative High-resolution mass spectra: 

Methyl 2-(2-(4-chlorophenyl)-7-methoxy-4,5-dihydro-2H-benzo[e]isoindol-1-yl)acetate: 

(2b) 

 

 

 

 

 

 

 

2-(4-bromophenyl)-1-(2-(methylperoxy)-2l2-ethyl)-4,5-dihydro-2H-benzo[e]isoindole: (2c) 
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2-(2-Amino-7-methoxy-4,5-dihydro-2H-benzo[e]isoindol-1-yl)acetohydrazide: (3a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Methyl 2-(2-(2-aminobenzyl)-4,5-dihydro-2H-benzo[e]isoindol-1-yl)acetate:  (4a) 
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Ethyl 2-(2-(2-aminobenzyl)-4,5-dihydro-2H-benzo[e]isoindol-1-yl)acetate:  (4b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Methyl 2-(2-(2-aminobenzyl)-2,4,5,6,7,8-hexahydrocyclohepta[c]pyrrol-1-yl)acetate:  (4k) 
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5,12,13,16-Tetrahydrobenzo[g]benzo[6,7][1,5]diazocino[2,1-a]isoindol-6(7H)-one:  (5a) 

 

 

 

 

 

 

 

 

 

 

 

5,7,8,9,10,11,12,15-Octahydro-6H-benzo[f]cyclohepta[3,4]pyrrolo[1,2-a][1,5]diazocin-6-

one:  (5f) 
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6.1. Introduction: 

Multi-fused pyrroles expand the fused pyrrole family and generate a new class pyrrolo[1,2-

a]quinoline. Pyrrolo[1,2-a]quinoline systems are one the most important scaffold of fused 

pyrrole family. Tricyclic to pentacyclic pyrrolo[1,2-a]quinolines are extensively found in 

numerous number of natural products with their biological activities such as anti-cancer, 

antiviral, antibacterial, antioxidant, antihypoxia, multidrug-resistance reversing, and HIV-1 

integrase inhibitory activities as depicted in Figure 6.1.1  

 

6.1.1. Pyrroloquinoline based natural alkaloids: 

An ancient Chinese folk remedy, Crispine A, was identified from Carduus crispus and was 

used to alleviate stomachaches, colds, and rheumatism.1a KC 11404, another tricyclic natural 

product, is used as an anti-asthmatic agent.1b Jamtinine and Hirsutine, isoquinoline alkaloids, 

are isolated from Cocculus hirsutus, and it is highly reputed for its medicinal properties.1c-e 

Goniomitine was obtained from the root bark of Gonioma Malagasy,1f, g and Leucomidine B 

was identified from the bark of Leuconotis griffithii.1f, h Both substances are used as 5-HT6 

antagonists.1f CRR-271, a novel alkaloid, can inhibit the poly (ADP-ribose) polymerase-1 and 

protect cells from oxidative DNA damage.1c, i Tronocarpine is a pentacyclic alkaloid that is 

used as an anticancer agent.1b Lamellarins D, pentacyclic pyrroloquinoline-based alkaloids, 

were isolated from the marine prosobranch mollusk Lamellaria sp. in 1985. The anti-cancer 

activity of Lamellarin helps the development of new drugs. Lamellarin D has the effective 

potential to inhibit topoisomerase I. Recently, it has been used as the only topoisomerase I 

inhibitor in clinic instead of camptothecin-based medicine.1j-l  
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Figure 6.1. Tricyclic-Pentacyclic pyrrolo[1,2-a]quinoline based natural products. 

 

6.1.2. Pyrroloquinoline based drug molecules: 

Besides the availability of a large number of bio-active natural products pyrroloquinoline 

pharmacophores have tremendous benefits in medicinal chemistry. The medicinal potential of 

this scaffold opened a new window to the medicinal chemists for the development of drug 

synthesis. Topotecan and Camptothecin are two valuable pyrroloquinoline based marketed 

drug used as anti-cancer medicine (Figure 6.2).2  
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Figure 6.2. Pyrroloquinoline based marketed drug. 

6.1.3. Pyrroloquinoline based fluorescent probe: 

In addition, the pyrrolo[1,2-a]quinoline derivatives have equal importance as a fluorescence 

probe. A novel thiophene-embedded pyrrolo[1, 2-a]quinoxaline, TAAPP, was developed as a 

fluorescent sensor for the detection of selective nanomolar sodium ions. The emission spectra 

show that the ligand selectively recognised the Na+ ions via a “turn-off” mechanism. The 

emission intensity of TAAPP was significantly changed by the quenching effect with the 

addition of Na+ ions (Scheme 6.1).3 

 

 

 

 

 

 

Scheme 6.1. Detection of sodium ions of a pyrrolo[1,2-a]quinoxaline based fluorescent 

sensor. 

The organic emission-tunable fluorescent probe Seoul-Fluor and its analogous compound 

named Kaleidolizine (KIz) have aggregation-induced emission (AIE) properties, and C3-

Indo-Fluoro, a full-color-tunable fluorophore, was developed (Figure 6.3).4 
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Figure 6.3. Pyrroloquinoline based organic fluorophore. 

6.1.4. Molecular sensing properties: 

Besides these versatile applications, pyrroloquinoline moieties show good molecular sensing 

properties. In this context, a new pyrene tethered 1-(pyridin-2-yl)imidazo[1,5-a]pyridine-

based fluorescent probe, TL18, has been developed and has shown high selectivity and 

sensitivity towards picric acid compared to other explosives and organic/inorganic acids 

(Scheme 6.2). This probe successfully attained a detection limit of 63 nM, according to the 

quantitative analysis of fluorescence titration TL18 with picric acid.5 

 

 

 

 

 

 

 

Scheme 6.2. Molecular sensing properties of pyrroloquinoline based fluorophore. 

6.1.5. Pyrroloquinolines in material science: 

In the world of lighting technology, organic light-emitting diodes (OLEDs) have gathered an 

enormous amount of attention, and they emit light by utilising their electroluminescence 

behaviour. Different researcher designed the substrates via the balancing the holes and 

electrons in the emitting layer, bipolar host materials have typically been employed in 

phosphorescent organic light-emitting diodes (PhOLEDs). Herein, three bipolar materials 
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such as 4-(9-phenyl-9H-carbazol-3-yl)pyrrolo[1,2-a]quinoxaline (3CBZ-PQ), 4-(4-(9H-

carbazol-9-yl)phenyl)pyrrolo[1,2-a]quinoxaline (4CBZ-PQ), and N,N-diphenyl-4-

(pyrrolo[1,2-a]quinoxalin-4-yl)aniline (TPA-PQ) have been employed as highly efficient red 

PhOLEDs (Figure 6.4).6 

 

 

   

 

 

 

 

 

Figure 6.4. Pyrrolo[1,2-a]quinoxaline based organic light emitting diodes. 

Besides the sensing or AIE properties, it has been used in the electroluminescence material 

when dicyanomethylene-4H-pyran chromophores (DCM) are attached with pyrroloquinoline 

derivatives, i.e., DCQTB. Chemists have shown a great deal of interest in dicyanomethylene-

4H-pyran chromophores (DCM), one type of electroluminescent diode (OLED) emitter, due 

to their superior photophysical characteristics. DCM chromophores have a donor-π-acceptor 

structure with a wide absorption band resulting from the internal charge transfer (ICT) 

process. DCQTB displays blue-shifted absorbance, improved electroluminescence (EL) 

efficiency, and red-shifted fluorescence (Figure 6.5).7 

 

 

 

 

 

Figure 6.5. Pyrrolo[1,2-a]quinoline containing chromophore. 
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After a brief study on the numerous numbers of bioactive alkaloids and the diverse uses of 

pyrroloquinolines, we are now engrossed on the various synthetic methodologies of 

pyrroloquinolines that have been synthesized by conventional and green pathways with a 

pyridine ring, a pyrrole ring, or without a pyridine and pyrrole ring at all. 

6.2. Literature survey: 

6.2.1.  Synthesis of pyrroloquinoline in the presence of pyridine ring: 

(a) Metal-catalyzed synthetic approaches: 

A. K. Verma et al.8 developed an efficient synthetic strategy for the pyrrolo[1,2-a]quinoline 

derivatives through a site-selective cyclization, and consequently, in the presence of a silver 

catalyst or inexpensive iodine, a ring opening of pyran takes place under mild conditions 

(Scheme 6.3). In this site-selective approach, the attack by the pyridyl nitrogen predominates 

over the attack by the aryl ring and leads to the 5-endo-dig cyclization. The preferential 

attacking site was also demonstrated by Density Functional Theory.  

 

 

 

 

 

 

 

 

 

 

Scheme 6.3. Silver catalyzed site selective synthetic route to pyrrolo[1,2-a]quinolines. 

H-L. Cui and X-H. Chen9 established a copper-catalyzed synthetic methodology for 

pyrrolo[2,1-a]isoquinoline derivatives using tetrahydroisoquinolines, aldehydes, and terminal 
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alkynes via a cascade sequence of condensation, addition, oxidation, and cyclization (Scheme 

6.4).  

 

 

 

 

Scheme 6.4. Copper-catalyzed synthetic methodology for pyrrolo[2,1-a]isoquinolines. 

(b) Metal-free synthetic approaches: 

L. Zhen and his research group10 developed a novel diethyl azodicarboxylate (DEAD)-

promoted metal-free methodology for the formation of pyrrolo[2,1-a]isoquinolines via an 

oxidative tandem [3+2] cycloaddition reaction (Scheme 6.5). DEAD is a versatile oxidant 

that helps the transformation from tertiary amines to azomethine ylides smoothly through 

iminium ion formation by oxidation-deprotonation steps. The entire protocol offers a simple 

oxidation step with wide substrate scope and good to excellent yields.  
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Scheme 6.5. DEAD promoted metal-free synthetic route of pyrrolo[1,2-a]quinolines. 

X. L. Ma and his co-workers11 established an easy operational catalyst-free synthesis for the 

pyrrolo[1,2-a]quinolines via a [3+2] cycloaddition reaction starting from 2-methylquinolines, 

alkynoates, and aldehydes (Scheme 6.6). A one-pot reaction has two steps, beginning with 

readily available materials and the air-tolerant reaction condition, all of which simplify the 

process. Only water molecules are eliminated here as a by-product, thus the protocol offers an 

environmentally friendly process with a broad application in organic chemistry. 

 

 

 

 

Scheme 6.6. Synthesis of pyrrolo[1,2-a]quinolines via [3+2] cycloaddition reaction. 

(c) Green approaches: 

(i) Microwave assisted synthetic approaches: 

R. C. Boruah et al.12 reported a microwave-assisted three-component indolizine synthesis 

process using pyridine, acyl bromide, and acetylene in the presence of basic alumina in a one-

pot strategy (Scheme 6.7). 

 

 

 

 

Scheme 6.7. Microwave promoted three-component synthesis procedure of indolizine. 

G. S. Astakhov et al.13 found a convenient synthetic protocol for the formation of 5,6-

dihydropyrrolo[2,1-a]isoquinolines bearing different electron-withdrawing groups at the C-2 

position, involving a two-component domino-type reaction in between 1-aroyl-3,4-

dihydroisoquinolines and conjugated alkenes (Scheme 6.8). 
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Scheme 6.8. Microwave assisted two-component domino-type synthetic protocol of 5,6-

dihydropyrrolo[2,1-a]isoquinolines. 

(ii) Ultrasound assisted synthetic approach: 

M. Pal et al.14 designed an ultrasound-mediated Bischler-type synthetic protocol of 6-

substituted 2,3-dihydro-1H-pyrrolo[3,2,1-ij]quinolines. In this process, 2-(3,4-

dihydroquinolin-1(2H)-yl)-1-alkyl/aryl ethanones had been cyclodehydrated while being 

exposed to ultrasound and p-TSA (Scheme 6.9). By using this protocol, they synthesized a 

series of derivatives with good yields. 

 

 

 

 

  

Scheme 6.9. Ultrasound assisted synthetic protocol of 2,3-dihydro-1H-pyrrolo[3,2,1-

ij]quinolines. 

(iii) Synthetic approach using green solvent: 

S. Kumar et al.15 described a water-mediated, simple, clean, and green protocol for tetracyclic 

pyrrolo[1,2-a]quinoline derivatives from N-ylide and N-aryl maleimides involving the [3 + 2] 

cycloaddition reaction at room temperature (Scheme 6.10). The easy operational 

cycloaddition reaction, benign solvent use, shorter reaction time, and high yielding procedure 

are the major advantages of this protocol. 
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Scheme 6.10. Water mediated synthetic protocol of tetracyclic pyrrolo[1,2-a]quinoline 

derivatives. 

6.2.2.  Synthesis of pyrroloquinoline in the presence of pyrrole ring: 

(a) Metal-catalyzed approaches: 

D. I. Chai and M. Lautens16 have reported a water-accelerated palladium-catalyzed tandem 

reaction between gem-dibromoolefins and boronic acid via Suzuki-Miyaura coupling to 

construct the pyrrolo[1,2-a]quinolines (Scheme 6.11). This methodology is compatible with 

various functionalized phenyl rings of gem-dibromovinyl and with a wide variation of 

alkenyl, alkyl, and aryl boronic acids. In addition, mechanistic study indicates that water has 

a crucial role in accelerating the Suzuki-Miyaura coupling reaction. Water also helps to 

reduce the by-products. 

 

 

 

 

 

Scheme 6.11. Palladium-catalyzed tandem approach of pyrrolo[1,2-a]quinolines. 

M. Nayak and I. Kim17 accomplished a synthetic way for the novel pyrrolo[1,2-a]quinoline 

moieties employing a sequential Sonogashira coupling reaction/intramolecular alkyne-

carbonyl metathesis process (Scheme 6.12). At first, 1-(2-haloaryl)-1H-pyrrole-2-

carbaldehydes were prepared by the Paal-Knorr synthesis of the pyrrole ring and 
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consequently the Vilsmeier-Haack formylation of 2-haloanilines. Then 1-(2-haloaryl)-1H-

pyrrole-2-carbaldehydes underwent the Sonogashira coupling reaction by using Pd catalyst, 

CuI, and Et3N in acetonitrile solvent, followed by intramolecular alkyne-aldehyde metathesis 

occurs in the presence of TFA to give the cyclized pyrrolo[1,2-a]quinoline derivatives. 

 

 

 

 

 

 

 

 

 

Scheme 6.12. Metal catalyzed synthetic approach of pyrrolo[1,2-a]quinolines. 

(b) Metal-free approaches: 

A. K. Verma and his co-workers18 reported an iodine-mediated electrophilic ring closure 

reaction for the construction of 5-iodopyrrolo[1,2-a]quinolines with excellent yields. This 

procedure involves the C-C bond formation via regioselective and electrophilic 6-endo-dig 

cyclization (Scheme 6.13). Here, employing iodine media is safer for handling and more 

cost-effective. The iodo derivatives of pyrroloquinolines offer diversifying functionalities on 

quinoline moieties, which is extremely helpful for assessing morphological and biological 

activities. 
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Scheme 6.13. Iodine-mediated ring closure reaction of 5-iodopyrrolo[1,2-a]quinolines. 

C. Richardson and his research group19 discovered a new synthetic route of pyrrolo[1,2-

a]quinoline derivatives carrying carboxylate functionalities in the 5-position. This protocol is 

totally temperature-dependent and requires a low temperature. The intramolecular SNAr-

elimination takes place at low temperature, leading to the construction of pyrroloquinoline. 

The pyrrolide anion intermediate, depending on the temperature of the reaction and the 

electron deficiency of the nitroaryl ring, accelerated the intramolecular SNAr reaction, which 

is responsible for the pyrroloquinoline formation. This method avoids using solvents with 

high boiling points and permits collaboration with thermosensitive substrates (Scheme 6.14). 

 

 

 

 

 

 

 

 

 

Scheme 6.14. Metal-free synthetic approach of pyrrolo[1,2-a]quinolines. 

P. Ngernmeesri and his group20 found a novel synthetic, transition-metal-free pathway for 

indolo[1,2-a]quinolines. This procedure uses 2-fluorobenzaldehyde and 2-methylindoles in 

combination with Cs2CO3, DMF, and 120 oC to perform an aromatic substitution reaction 

sequentially followed by Knoevenagel condensation to get the desired product (Scheme 

6.15). 
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Scheme 6.15. Transition-metal-free synthetic pathway for indolo[1,2-a]quinolines. 

According to D. R. Joshi and I. Kim,21 a base-promoted Michael-aldol double elimination 

synthesis process makes it simple to access novel indolizines having two acyl groups at C5 

and C7 positions, where chromone is used as a two-carbon unit for the first-time synthesis of 

a pyridine moiety. Under metal-free and environmentally friendly circumstances, several 

equivalents might be easily accessible in good quantities (Scheme 6.16). 

 

 

 

 

 

 

 

 

 

Scheme 6.16. Metal-free base promoted synthetic route of indolizines. 

(c) Green approaches: 

(i) Microwave assisted synthetic approach: 

M. Baumann and I. R. Baxendale22 prepared a series of tricyclic pyrrolo[1,2-a]quinolines 

containing phosphine oxide or phosphonate by an efficient cascade reaction. This novel 

cascade sequence makes use of the in-situ conversion of propargylic alcohols into transitory 

allenes employing an ingenious [2,3]-sigmatropic rearrangement, followed by the trapping of 

the subsequent allenes by an adjoining pyrrole ring. Additionally, the first small-scale batch 

technique was successfully converted into a continuous flow process, enabling the effective 

fabrication of particular pyrrolo[1,2-a]quinolines on a multigram scale (Scheme 6.17). 
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Scheme 6.17. Microwave assisted synthetic protocol for tricyclic pyrrolo[1,2-a]quinolines. 

(ii) Photoinduced synthetic approach: 

B. König et al.23 first reported a photocatalytic synthetic route for pyrrolo[1,2-a]quinolines 

starting from N‐aryl halides and aryl alkynes. 1‐(2,6‐dibromophenyl)‐1H-pyrrole and 

1‐(2‐Bromophenyl)‐1H‐pyrrole react with aromatic alkynes in the presence of rhodamine 6G 

in catalytic amount and N,N-diisopropylethylamine (DIPEA) under the influence of blue light 

irradiation to produce the corresponding intramolecular cyclized product. This approach 

offers a single step, a mild reaction environment, and avoids transition metals (Scheme 6.18). 

 

 

 

 

 

 

 

 

 

Scheme 6.18.  Photoinduced synthetic route for pyrrolo[1,2-a]quinolines. 
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6.2.3. Synthesis of pyrroloquinoline in the absence of pyridine/pyrrole ring: 

(a) Metal-catalyzed approaches: 

M. Arisawa et al.24 invented a one-pot ruthenium-catalysed ring-closing metathesis/oxidation 

protocol to construct several isoindolo[2,1-a]quinolines starting from N-allyl-N-benzyl-2-

vinylaniline derivatives (Scheme 6.19). This tandem approach illustrated that 1,2-

dihydroquinolines were produced by first treating N-allyl-N-benzyl-2-vinylaniline with a 

ruthenium catalyst (10 mol%) in benzene solvent under reflux conditions for 30 minutes. 

After that, without any purification, these 1,2-dihydroquinolines facilitate 1,3-dipolar 

cycloaddition with 1,3-dipolarophiles to give the desired products in good quantities.  

 

 

 

 

 

Scheme 6.19. Ruthenium-catalysed one-pot synthetic protocol of isoindolo[2,1-a]quinolines. 

W. Zhou et al.25 described a rhodium (III)-catalyzed synthetic protocol for the pyrrolo[1,2-

a]quinolines via intramolecular annulation and successive aromatization of o-alkynyl amino 

aromatic ketones. This procedure govern the pyrrole and quinoline rings of pyrrolo[1,2-

a]quinolines in one-pot (Scheme 6.20).   

 

 

 

 

Scheme 6.20. Rhodium (III)-catalyzed synthetic protocol for the pyrrolo[1,2-a]quinolines. 

(b) Metal-free approaches: 

In a one-pot procedure, Z. Luo et al.26 have invented a catalyst-free, highly effective, and 

useful approach for the synthesis of physiologically intriguing pyrrolo[1,2-a]quinolines and 

1,4-dihydroquinolines by employing N-methylanilines and alkynoates. According to this 
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approach, a sp3 C-H bond can be directly functionalized via a pathway including a α-amino 

alkyl radical to produce C-C bonds. In detail, the mechanism study states that the 

intermolecular [4+2] reaction then undergoes a [3+2] radical cyclization step (Scheme 6.21).  

 

 

 

 

Scheme 6.21. Metal-free synthetic route for pyrrolo[1,2-a]quinolines. 

M. Shi and his associates27 depicted a switchable intermolecular annulation between 

substituted ortho-aminoacetophenones and alkynones by employing phosphine-catalyzed 

reactions to produce the benzo-fused indolizine derivatives. This cyclized product was 

selectively formed with good yields by the in-situ generation of a zwitterionic intermediate. 

To produce the equivalent pyrrolo[1,2-a]quinolines, the zwitterionic intermediate could 

proceed through a cascade of intermolecular nucleophilic assault, cycloaddition, and 

intramolecular condensation with a broad substrate scope (Scheme 6.22). 

 

 

 

 

Scheme 6.22. Phosphine-catalyzed intermolecular annulation reaction of benzo-fused 

indolizines. 

6.2.4. Total synthesis of Licofelone drug molecule: 

Licofelone, a nonsteroidal anti-inflammatory pill, is presently being studied in phase-III 

clinical trials to treat osteoarthritis. In order to build Licofelone, S. Rádl et al.28 used Fenton's 

reagent to catalyse a successful radical alkylation between 2,3-dihydro-1H-pyrrolizine and 

iodoacetonitrile or iodoacetates (Scheme 6.23). 
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Scheme 6.23. Total synthesis of Licofelone. 

From the aforementioned literature review, it is clear that numerous techniques have been 

established by various groups in order to synthesise pyrroloquinoline derivatives with a 

pyridine ring, a pyrrole ring, or without a pyridine and pyrrole ring. However, there are still 

certain limitations on pyrroloquinoline synthesis in green pathways that start without a 

pyridine or pyrrole ring. Therefore, discovering a green synthesis route to produce 

pyrrolo[1,2-a]quinolines has been a difficult task. After a protracted inquiry, we have 

successfully developed a green approach employing methanol solvent, which is discussed 

below.  

6.3. Present work: 

❖ We have presented a weak acid promoted tandem aza-Michael-aldol strategy for the 

synthesis of diversely fused pyrrolo[1,2-a]quinoline (tricyclic to pentacyclic scaffolds) 

by the construction of both pyrrole as well as quinoline ring in one-pot. 

❖ Ketorolac drug analogue has been synthesized following the current protocol. 

❖ One of the synthesized tricyclic pyrrolo[1,2-a]quinoline fluorophore has been used to 

detect the highly toxic picric acid via fluorescent quenching effect. 
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Herein, we have designed a protocol for the synthesis of pyrrolo[1,2-a]quinoline (tricyclic to 

pentacyclic) in a single-pot Michael-aldol reaction within a short reaction time under green 

condition. The coupling reactions were performed with two substrates 2-nitrobenzaldehyde 

1a and 3-(2-formylcycloalkenyl)-acrylic ester derivatives 2 in the presence of weak organic 

acid catalyst AcOH in MeOH.  The generation of nontoxic by-products is another attraction 

of this protocol. 

3-(2-Formylcycloalkenyl)-acrylic ester derivatives with two reactive functional groups (,-

unsaturated ester and aldehyde) have been explored for the synthesis of heterocyclic 

compounds by our research group.29 In these consequences, we have taken two partners 

which underwent reduction/aza-Michael addition/aldol condensation smoothly to form 

multiple C-C and C-N bonds in a sequential reaction.  

 

6.4. Results and Discussion: 

From the retrosynthetic analysis, we have planned to synthesize the fused bicyclic ring 

structure of pyrroloquinoline by the reaction of easily available precursor 3-(2-

Formylcycloalkenyl)-acrylic ester derivative and 2-aminobenzaldehyde. However, 2-

aminobenzaldehyde has a tendency for dimerization. So, we anticipated that 2-

nitrobenzaldehyde could be taken as a good alternative to aminoaldehyde and it can readily 

take part in the reductive cyclization.30 Sodium dithionite is one of the popular transition-

metal-free chemoselective reducing agents and it has been successfully used in the direct 

preparation of 2-aminoaldehyde from 2-nitrobenzaldehyde. Hence, we have first started our 

mission with the reductive cyclization via tandem protocol in the presence of 2-

nitrobenzaldehyde with substrate 2d for the construction of two rings in one reaction vessel.  

The attempt failed to get the desired aminoaldehyde for aza-addition with the substrate 2d, 

instead, we have found the chemo-selective reduction of π-bond in the presence of sodium 

dithionite in the boiling THF-H2O to get 2' (Scheme 6.24, one-pot strategy). This result 

further proves that sodium dithionite has a greater tendency for reduction of polar π-bond 

compared to the nitro group reduction. Next, we have planned an alternative pathway by two-

pot sequential reactions where 2-nitrobenzaldehyde was first reduced to the aminoaldehyde 

with sodium dithionite and after aqueous work-up it was added to the solution of the substrate 

2d in methanol (Scheme 6.24, sequential strategy). Substrate 2d could not add to the 

reductive part of 1a even after 24 h of reflux in methanol. However, reduction/aza-

Michael/aldol reactions have successfully happened with 1a and 2d in presence of AcOH in 
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methanol under refluxing conditions. Hence, we have envisaged that direct construction of 

the pyrrole/isoindole ring along with isoquinoline ring was carried out in a consecutive 

manner involving four steps (A-B-C-D) without need of isolation and purification technique 

and formed desired pyrrolo/isoindolo[1,2-a]quinoline with excellent yield. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 6.24. Schematic representation for stepwise formation of our target compound. 

According to our hypothesis, initially, we planned to establish the tandem protocol by 

selecting the model substrates methyl (E)-3-(2-formyl-6-methoxy-3,4-dihydronaphthalen-1-

yl)acrylate 2a and 2-nitrobenzaldehyde as coupling partners. Coupling reaction was started 

with the addition of 40 µL of acetic acid at 40 oC or 70 oC in MeOH but did not achieve 

desired product 3a (entry 1 & 2, Table 6.1). Interestingly, pentacyclic angular multi-

substituted isoindoloquinoline scaffold was formed with 86% yield by the addition 160 µL of 
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AcOH (entry 4, Table 6.1). However, the yield of 3a did not improve significantly even after 

the addition of 240 µL of AcOH (entry 5, Table 6.1). This has been confirmed by the study 

of the kinetics of the developed protocol with respect to the amount of AcOH (µL) used at a 

constant temperature (70 oC) and found that the yield of the cyclized product was gradually 

increased up to 6 h (Table 6.1, graphical plot of yield vs time). With respect to the 

environmental concern, we wanted to perform a reaction under solvent-free conditions by the 

addition of 60 µL AcOH but only 60% yield of 3a (entry 6, Table 6.1) was obtained. The 

comfortability of the developed protocol was also checked with protic, aprotic and non-polar 

solvents (e.g., Water, THF, 1,4-dioxane, and toluene) in the presence of 160 µL of AcOH and 

found that the desired scaffolds were formed with 25-55% yield except DMF (entry 7-11, 

Table 6.1). In the presence of TFA (20 µL) and p-TsOH (0.5 equiv) (entry 12-13, Table 6.1) 

the desired product was formed with 40 and 65% yield respectively. However, in the case of 

TFA small amount of water elimination product was obtained along with 3a. The efficiency 

of the cyclization reaction was also checked with the transition metal catalyst Cu(OTf)2 in 

methanol to produce the product with 54% yield after 6 h (entry 14, Table 6.1). 
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Table 6.1. Optimization of reaction condition for the synthesis of pyrrolo[1,2-

a]quinoline 

________________________________________________________________________ 

 

 

 

 

_______________________________________________________ 

Reaction and conditions: Substrate (i) 2-nitrobenzaldehyde 1a (1 mmol, 1 equiv), Na2S2O4 

(6 mmol, 6 equiv), THF-Water, 60 oC, 15 min.; (ii) (E)-3-(2-formyl-6-methoxy-3,4-

dihydronaphthalen-1-yl)acrylate 2a (1 mmol, 1 equiv.), Solvent (4 mL), Glacial AcOH (40 - 

240 µL). 

Sl. No. Reaction conditions Temperature 

(oC) 

Time (h) Yield (%) 

1. AcOH (40 µL) in MeOH 40 8 NR 

2. AcOH (40 µL) in MeOH 70 8 NR 

3. AcOH (120 µL) in MeOH 70 6 75 

4. AcOH (160 µL) in MeOH 70 5 86 

5. AcOH (240 µL) in MeOH 70 5 87 

6. AcOH (60 µL) in Neat 75 8 60 

7. AcOH (160 µL) in Water 75 8 50 

8. AcOH (160 µL) in THF 70 10 45 

9. AcOH (160 µL) in 1,4-Dioxane 70 7 25 

10. AcOH (160 µL) in DMF 70 12 NR 

11. AcOH (160 µL) in Toluene 70 6 55 

12. TFA (20 µL) in MeOH 70 4 40 

13. p-TsOH (0.5 equiv) in MeOH 70 6 65 

14. Cu-Triflet (0.5 equiv) in MeOH 70 6 54 
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After the successful optimization studies, we have examined the scope of reaction using the 

reaction condition (entry 4, Table 6.1) which was supported by the corresponding kinetics 

study. The reactions were investigated in presence of different substituents in the naphthyl 

ring of 2 using different Michael acceptors at position-1 (Table 6.2). The Michael and aldol 

addition both were unfavorable in presence of -OtBu group but it become favorable with -

OMe, -OEt in ester. The 5-OMe/7-OMe groups in 2 have no resonance effect with the C-1 

substituent in the naphthyl ring but it has electron withdrawing inductive effect and hence it 

shows a similar effect with 7-Br/7-Cl substituents. They gave moderate yields of products 3f, 

3i, 3k and 3l (64-75%). This may be due to the lower rate of enolization during aldol addition 

in the presence of electron-withdrawing groups. The product 3 has two stereocentres which 

have been formed after aldol addition. Hence, there is a possibility to form the 

diastereoselective products during the aldol addition. Our protocol furnishes exclusively only 

one diastereomer (see experimental section, Figure 6.12) except 3g, 3h and 3j. In case of 3g 

and 3h, two diastereomeric mixture have been observed with the ratio 56:44 and 62:38 

respectively and it has been confirmed by NMR/HPLC analysis (see experimental section, 

Figure 6.13). This may be due to the presence of another chiral center at C-4 position. 

Diastereomeric ratio (74:26) of 3j has been obtained due to presence of –COMe group 

instead of –CHO group in the substrate 1. All the synthesized products are characterized by 

NMR and HRMS analysis. The structure of product 3a was unambiguously confirmed by X-

ray crystallographic study (Figure 6.6), which reveals that two rings are formed via tandem 

aza-Michael-aldol reactions. From the X-ray analysis it has been shown that 3a compound 

was produced diastereoselctively. It has been further proved by HPLC analysis, (see 

experimental section, Figure 6.12). The cis orientation of two stereogenic centers was further 

supported by the series of 2D NMR (NOESY, HSQC, HMBC and COSY; see experimental 

section) experiments. For example, NOESY spectrum exhibited strong correlation between 

H-16 and H-17 hence H-16/H-17 are cis oriented. Spatial correlation was observed between 

H-7 and H-17 in NOESY; HMBC experiment showed strong correlation H-17/C-16 and H-

16/C-17. 

 

 

 

 

Figure 6.6. X-ray structure of 3a and it numbers-assigned structure. 
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Table 6.2. Substrate scope of pyrrolo[1,2-a]quinoline synthesis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reaction Conditions: (i) Substituted 2-nitrobenzaldehyde 1 (1 mmol, 1 equiv), Na2S2O4 (6 

mmol, 6 equiv), THF-Water, 60 oC, 15 min.; (ii) 3-(2-formylcycloalkenyl)-acrylic ester 

derivatives 2 (1 mmol, 1equiv), MeOH (4-5 mL), Glacial AcOH (160 µL), 70 oC, 5-6 h. 
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To check the tolerance of our developed protocol with stronger electron withdrawing group, 

we took –NO2 group in the aryl ring in 2 under identical condition but it did not couple with 

1a rather it underwent intramolecular oxa-Michael addition by methanol molecules and 

furnished diastereomeric mixture (55:45) of dihydrofuran derivatives 4a (Scheme 6.25). 

Similar diastereomeric mixture 4b, 4c was also formed (not isolated) with the change of the 

solvent molecule from methanol to isopropanol or THF in the presence of AcOH which 

readily eliminate the added solvent molecule to form c-fused furan derivative 4' 85% & 73% 

respectively. Hence, we think that electronic effect is more prominent for inhibit the 

formation desired product pyrrolo[1,2-a]quinoline where highly electrophilic carbonyl group 

of 2l readily attack by the alcohol molecules compare to the less nucleophilic 1a substrate. 

 

 

 

 

 

 

 

 

 

Scheme 6.25. Study of the reaction with stronger electron withdrawing substituent. 

To further explore the utility of our method, we wanted to examine the reaction in the 

cycloalkenyl system to get the tetracyclic fused pyrrolo[1,2-a]quinoline which has been 

found in biologically active natural alkaloids such as jamitinine and hirsutine.31 These natural 

product analogs were successfully synthesized using reductive/aza-Michael/aldol reaction 

under the optimized reaction condition as described in Table 6.3. The yield of the cyclized 

products depends on the ring size as well as alkoxy substituents. Similar effect of ester 

functionality (-OMe to -OEt) for the formation of 3 and 6 has been observed under optimized 

condition (e.g., 72 to 61% for 6a-6b & 78 to 63% for 6c-6d) (Table 6.3). The cyclooctyl ring 

furnished better yields compared to the cycloheptyl rings but the cyclohexyl ring deliberately 

eliminate the water molecules after sequential cyclization and furnished 5 with 63% yields. 
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From the series of results, it has been argued that lowering the ring size is uncomfortable for 

the aldol product formation and hence cyclohexyl leads to dissimilar results by the formation 

of stable geometry product 5 after extrusion of water. The formation of pyrrolo[1,2-

a]quinoline became completely stopped in the case cyclopentenyl system and it underwent 

acetal formation 7 in the presence of methanol and AcOH. Here, the unstabilization factor in 

the small ring proves to inhibit aza-Michael reaction with the aryl amine partner. 

Table 6.3. Substrate scope for the synthesis of tetracyclic fused pyrrolo[1,2-a]quinoline 

systems 

 

 

 

 

 

 

 

 

 

 

 

Reaction Conditions: (i) 2-nitrobenzaldehyde 1a (1 mmol, 1 equiv), Na2S2O4 (6 mmol, 6 

equiv), THF-Water, 60 oC, 15 min.; (ii) 3-(2-formylcycloalkenyl)-acrylic ester derivatives 2 

(1 mmol, 1 equiv), MeOH (4-5 mL), Glacial AcOH (160 µL), 70 oC, 5-6 h. 

Besides the tetracyclic and pentacyclic scaffolds, we have further elaborated our 

methodology to the synthesis of tricyclic scaffolds of pyrrolo[1,2-a]quinolines which exist in 

different natural products and have been isolated from various sources and show diverse 

biological activities in the folk medicines of tropical and subtropical regions.32 These 

moieties have been synthesized from methyl (2E,4E)-4-aryl-6-oxohexa-2,4-dienoate 2 under 

identical optimized conditions with the 2-nitrobenzaldehyde 1a as coupling partners (Table 
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6.4). Yields of the tandem cyclized products were comparatively lowered than the tetracyclic 

or pentacyclic pyrrolo[1,2-a]quinoline analogs. Substrates containing Ar = Ph, 3-Me-C6H4, 2-

naphthyl furnished moderate yields of tricyclic derivatives (62-59%). Among them an 

interesting blue fluorescent was observed for the compound 8a. Hence, detailed 

photophysical study was carried out for the further utilization of our product 8a and it is 

discussed in the latter section. In case of the substrate 2v (4- and 5-positions are substituted 

with -Ph groups), oxa-Michael addition is preferable over the aza-Michael reaction and it 

gave 3,4-diphenyl substituted furan 9 (56%) instead of pyrroloquinoline derivative. 

 

Table 6.4. Substrate scope of pyrrolo[1,2-a]quinoline synthesis from acyclic precursors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reaction Conditions: (i) 2-nitrobenzaldehyde 1a (1 mmol, 1 equiv), Na2S2O4 (6 mmol, 6 

equiv), THF-Water, 60 oC, 15 min.; (ii) 3-(2-formylcycloalkenyl)-acrylic ester derivatives 2 

(1 mmol, 1 equiv), MeOH (4-5 mL), Glacial AcOH (160 µL), 70 oC, 5-6 h. 
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From the systematic substrate scope analysis it has been found that the substrates 2l, 2r, 2v 

fail to produce desired pyrrolo[1,2-a]quinolines under the optimized conditions (Table 6.1, 

entry 4). In all cases MeOH takes part in the side reaction to form dihydrofuran/acetal/furan 

4, 7, 9 derivatives. Consequently, we anticipated that in the absence of MeOH may reach to 

our goal. Hence we have applied neat conditions (Table 6.1, entry 6) but unfortunately we 

did not get any pyrrolo[1,2-a]quinolines (Scheme 6.26). 

 

 

 

 

 

 

 

 

 

 

 

Scheme 6.26. Unsuccessful results for the synthesis pentacyclic to tricyclic pyrrolo[1,2-

a]quinoline under neat conditions. 

After successful synthesis of pentacyclic to tricyclic embedded pyrrolo[1,2-a]quinoline ring, 

we tried to eliminate water molecules from the hydroxyl substituted pyrroloquinoline 

derivatives under the standardized conditions using an increased amount of AcOH. The –OH 

group remains intact even after adding 600 µL AcOH. This result reveals that the acidity of 

AcOH is not sufficient to remove the water molecule. In order to obtain the dehydrated 

products, the hydroxyl substituted pyrrolo[1,2-a]quinoline derivatives 3 were stirred at room 

temperature in presence of 6 (N) HCl (500 µL) in MeOH. It has been found that the 

unsaturated desired compounds 10 were obtained in 67-71% yields (Table 6.5). 
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Table 6.5. Synthetic approach of water eliminated products of pyrrolo[1,2-a]quinoline 

 

 

 

 

 

 

 

 

 

Reaction Conditions: Substrate 3 (1 mmol, 1 equiv), MeOH (4-5 mL), 6 (N) HCl (500 µL), 

rt, 5 - 6 h. 

We have added another useful feather to our developed protocol by synthesizing the 

Ketorolac analog. Ketorolac is the non-steroidal anti-inflammatory drug (NSAIDs) that helps 

to reduce the prostaglandins production by the cells of the immune system that causes fever 

and pain due to inflammation and hence it is enormously used as pain reliever.33 However, 

these molecules have some adverse effects, consequently, there have been ongoing efforts to 

develop more effective and less toxic compounds. In this connection, we wish to synthesize 

such analog applying our developed protocol where aminoacetaldehyde dimethyl acetal was 

used instead of 2-nitrobenzaldehyde as the partner to react with the substrate 2a. Ketorolac is 

a pyrrolizine which contains one pyrrole ring attached at C1-C2 position with another 

saturated analog of pyrrole ring. Hence, our target is to synthesize pyrrolizine ring by aza-

Michael reaction followed by aldol reaction using the aldehyde-protected amine partner 11 

and substrate 2a or 2s in presence of AcOH in MeOH at 70 oC. But in the said conditions, we 

only got c-fused pyrrole 12 or 13 where N-alkyl contains aldehyde in the protected form 

(Table 6.6). The remaining aldol reaction was succeeded in the presence of o-phosphoric 

acid in EtOH at 70 oC with moderate yields. 

 

 

https://www.medicinenet.com/aches_pain_fever/article.htm
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Table 6.6. Synthetic approach of analogous compounds of various bio-active natural 

products  

 

 

 

 

 

 

 

 

Reaction Conditions: (i) Substrate 2a or 2s (1 mmol, 1 equiv), amino acetaldehyde dimethyl 

acetal 11 (1 mmol, 1 equiv), MeOH (4-5 mL), Glacial AcOH (120 µL), 70 oC, 1h (ii) 

Substrate 12 (229.8 mg) or 13 (166.7 mg), o-Phosphoric acid (4 mL) in EtOH (4 mL), 70 oC, 

2h. 

6.4.1. Theoretical study for mechanism: 

Amine group of 2-aminobenzaldehyde attack to the aldehyde group of 2d instead of at the β-

position of α,β-unsaturated ester could produce the intermediate hemiaminal compound A'. 

Now, the compound A' could convert into the compound D in two pathways. In the first path, 

water elimination of A' gives the imine B which can be converted to the D through the 

aromatization of C (2H-pyrrol-1-ium compound) obtained from intra-molecular aza-Michael 

of imine B. However, in the second path, it can be predicted that the intra-molecular aza-

Michael of A' can produce 2,5-dihydro-1H-pyrrole compound B' which could form pyrrole 

derivative D through aromatization by water elimination reaction. It is interesting to note that 

the compound D could exist in two diastereoisomeric forms (D and D') in an equilibrium by 

the rotation of C-N bond. Aromatic electrophilic attack on aldehyde group of D' by C2 of 

pyrrole produce F which could give expected product G (not obtained). However, the 
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obtained product 3d could be formed through the intramolecular aldol reaction of enol E 

which was produced from D. The plausible mechanism is shown in the Scheme 6.27. 

 

Scheme 6.27. The plausible reaction mechanism for the formation of compound 3d. 

A computational study on the production of unexpected product 3d from compounds 2-

aminobenzaldehyde and 2d have been performed here with the help of DFT method. The 

reaction prefers only one reaction path and produce compound 3d as the only product. The 

DFT calculation may help to understand the preference of the path. The formation of 

intermediate A' from 2-aminobenzaldehyde and 2d is low energy process and ΔG (change of 

free energy) involved in this process is -15.82 kcal/mol (Figure 6.7). From A', either water 

elimination to give B (ΔG = 19.05 kcal/mol) or the formation of B' (ΔG = 12.04 kcal/mol) by 

intramolecular cyclization through the nucleophilic attack of amine at β-position of α,β-

unsaturated ester are endothermic reaction. Now conversion of B to C (ΔG = -18.55 

kcal/mol) through the imine N-nucleophilic attack at β-position of α,β-unsaturated ester is 

favorable. Aromatization the ionic intermediate C to form D (ΔG = 0.105 kcal/mol) make 

aldehyde and ester groups closer to each other. However, the same process (aromatization) of 
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B' (where aldehyde and ester groups are already in close proximity) to give D is a favored 

process. Now, rotation of N-C (phenyl) bond of D can produce D' (ΔG = -3.21 kcal/mol) 

where the said groups are far apart from each other. Enol E (ΔG = -1.58 kcal/mol) formation 

from D is favored due to formation of hydrogen bond between enol hydrogen and aldehyde 

oxygen. Such hydrogen bond in E make susceptible the aldol type intramolecular attack by 

enol to the aldehyde which give the product 3d (ΔG = -28.02 kcal/mol). However, the stable 

conformer D' of D do not have stabilization by hydrogen bond formation after enolization. 

Therefore, it can produce stable (with respect to D') compound F (ΔG = -11.35 kcal/mol) by 

intramolecular aromatic electrophilic substitution reaction at the C2 of pyrrole ring of D. The 

formation of G (ΔG = -0.165 kcal/mol) from F is not favored which may be due to the strain 

of the molecule having reactive 1H-pyrrolizine ring. 

 

 

 

 

 

 

 

 

Figure 6.7. Energy profile diagram of the formation of 3d. 

 

6.4.2. Photophysical studies: 

After successful synthesis of pyrrolo[1,2-a]quinoline derivatives in different class via 

environmentally benign protocol, we wanted to investigate photophysical properties of newly 

synthesized and highly functionalized florescent molecule in correlation with the prevention 

of environmental pollution. The explosive nature of the nitroaromatic compounds is 

enormously used in chemical laboratories, mining units, chemical industries, and military 

training and hence it is highly exposed to the nature.34 Extensive consumptions of toxic 
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nitrophenol compounds in industries regularly contaminate the waste waters and eventually 

causes detrimental effects to the living organisms even at their trace amounts. Hence, the 

specific recognition of such toxic material has been developed using various methodologies 

based on several small molecule sensors, nanoparticles, nano-fibers, gels polymers and metal-

organic frameworks (MOFs) etc.35 Though the different techniques have been listed in 

literature for the detection of nitro-aromatic compounds in micromolar level but fluorescence 

sensors have high demanding techniques due to their high sensitivity, cost efficiency, simple 

instrumentation, easy sample preparation and quick response. Herein, we have synthesized a 

pyrrolo[1,2-a]quinoline based a sensor containing Phenyl, hydroxyl and ester functionalities 

which exhibited good fluorescent properties for the detection of picric acid via quenching 

effect. Notably, most of the literature reports on picric acid/4-NP sensors via fluorescence 

quenching effect. To the best of our knowledge, there are no literature reports found where 

the fluorescent intensity of the fluorophore enhances with all analytes except picric acid 

which showed quenching effect. To establish this effect, we first measured the UV-Vis 

absorption spectra of the solution (2×10-5 M for 8a; Figure 6.8) in different solvents and 

found the λmax around 276-293 nm which are displayed in Table 6.7. Furthermore, we have 

measured the emission wavelength in the different solvents from the less polar to higher polar 

solvents including polar protic MeOH solvent (Table 6.7). We observed that the emission 

spectra are controlled by the viscosity of the solvents instead of the solvent polarity. Our 

synthesized fluorophore 8a has ability to show atropisomerism via C-C bond rotation (see 

experimental section, Figure 6.14) and hence the emission intensity of the molecule was 

governed by the viscosity of solvents through fluorescence emission and non-radiative de-

excitation.36 Restricted rotation of the C-C bond is inhibited with increasing viscosity of the 

solvents. The Figure 6.9 showed the higher emission intensity of 8a in DMSO (η20°C = 1.99 

cP) and dioxane solvents (η20°C = 1.17 cP) and it exhibited similar observation in lower 

viscose solvents (CHCl3 for η20°C = 0.51 cP, CH2Cl2 for η20°C = 0.44 cP, MeOH for η20°C 

=0.54 cP, CH3CN for η20°C = 0.38 cP). 
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Figure 6.8. Absorption spectra of 8a recorded at concentration 2.0×10-5 M in different 

solvents. 

 

Table 6.7. UV-Vis absorption and emission data of 8a in different solvents 

 

aDielectric constant at 25 oC. bViscocity of different solvents at 20 oC. cMaximum absorption 

wavelength. dMaximum emission wavelength. eMolar absorption co-efficient at maximum 

absorption wavelength.  f Difference between emission maxima and absorption maxima. 

Since the attached phenyl ring in the pyrrolo[1,2-a]quinoline can freely rotate in non-viscose 

solvent, in DMSO solvent the rotation becomes restricted and result in enhanced emission. 

With the addition of non-viscose toluene in DMSO solution of 8a (2×10-5 M), emission 

intensity was gradually decreased (Figure 6.9. (b)). This is attributed to the free rotation of 

the phenyl ring of the pyrrolo[1,2-a]quinoline derivative and resulting non-radiative decay of 

the excited state energy.  

Solvent Ԑ a (25 oC) Viscosity b 

(cP) 

λmax 
c 

 (nm) 

λemi 
d 

(nm) 

Ԑmax 
e 

(105 M-1cm-1) 

Stokes 

Shift f 

(nm) 

1,4-dioxane 2.25 1.17 293 334 0.15 41 

Chloroform 4.81 0.51 277 353 1.82 76 

DCM 8.93 0.44 279 337 1.67 58 

MeOH 32.70 0.54 276 334 0.23 58 

Acetonitrile 37.5 0.38 281 333 0.16 52 

DMSO 46.68 1.99 282 337 0.41 55 
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Figure 6.9. (a) Fluorescence spectra of 8a recorded at concentration 2.0×10-5 M in different 

solvents. (b) Fluorescence quenching of 8a by stepwise addition of Toluene (µL) in DMSO-

Toluene mixture. 

Our synthesized fluorophore has different functionality for acid-base reaction and –OH group 

has greater tendency to eliminate the water molecule to form more stabilized α,β-unsaturated 

ester and hence we choose some organic aromatic nitro phenol compounds that create 

environmental pollution in huge extent along with the aromatic carboxyl derivative for the 

acid-base interaction. To get an insight into the interaction of compounds with electron-

deficient nitroaromatics and carboxylic acids, emission studies were carried out (Figure 

6.10). The emission of 8a displayed a significant change upon the addition of picric acid thus 

making it as an interesting sensor for the detection of toxic material (see experimental 

section, Figure 6.15). The emission intensity of compound 8a was significantly enhances by 

the addition of 0.2 mL of 20 μM different nitro phenols, aromatic carboxylic acids and 

trifluroacetic acid (TFA) into a 2 mL solution of compound 8a in CH3CN (20 μM) except 

picric acid which quenches the fluorescence intensity. The disappearance of bluish green 

emission of compound 8a was observed more effectively with picric acid which could be 

visualized under UV light of long wavelength (lamp excitation-365 nm) (Scheme 6.28). 
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(a)                                                                         (b) 

 

 

 

 

 

 

 

 

Figure 6.10. (a) Emission spectra of compound 8a with different organic compounds [λext = 

285 nm] (Concentration: 2×10-5 M solution in CH3CN).  (b) Changes in fluorescence 

intensity of the fluorophores 8a [plotted as (F-Fo)/Fo*100] observed upon the addition of 

various analytes. 

This unusual phenomenon can be explained by the greater capability of picric acid to 

protonate –OH group as well as the N-atom of fluorophore 8a, due to the lower pKa (0.3) 

value compared to the other examined analytes. The eliminating tendency of –OH group in 

the fluorophore make it more planner form which can strongly interact with the most electron 

deficient aromatic compound via π-π interactions.37 Furthermore, the higher acidity of picric 

acid also protonates the N-atom of 8a, forming charge complexes. This also results in the 

excited state energy transfer from 8a to the picrate anion and accordingly radiation less 

deactivation of the excited state to observe the fluorescence quenching.29b The acidic 

properties of other analytes are sufficient to interact with –OH group but not sufficient to 

protonate the N-atom of 8a. Consequently, in the presence of other 

nitroaromatics/nitrocarboxylic acids, 8a can form 8ab which enhances the fluorescence 

intensity due to the planner and conjugated structure but cannot form 8ac which quenches the 

fluorescence intensity. However, pKa of TFA (0.5) is very close to picric acid, so the 

enhancement of fluorescent intensity is not so much as like of other acidic analytes. This can 

be attributed as the picric acid has lower pKa value than TFA, hence it has stronger capability 

to protonate the N-atom of pyrrole ring of 8ab and picrate ion has extra π-electron in the 

aromatic ring which further interacts with the planner 8ab leads to the quenching effect. 

These observations indicated that our synthetic fluorophore 8a has the good capacity to detect 
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the picric acid in the presence different nitro phenols, aromatic carboxylic acids and 

trifluoroacetic acid (TFA). 

 

 

 

 

 

 

 

 

 

 

 

Scheme 6.28. Chemical interaction of fluorophore with analytes. 
 

6.5. Conclusion: 

In summary, we have disclosed a tandem cyclization using Michael-aldol reaction between 

reductive partners of 2-nitrobenzaldehyde with 3-(2-formylcycloalkenyl)-acrylic ester 

derivatives with being the formation of C–N and C-C bonds in one step by the elimination of 

water molecule as the only by-product. This process chronologically furnished highly 

substituted tri/tetra/pentacyclic pyrrolo[1,2-a]quinoline embedded scaffolds with moderate to 

good yields. In addition, the target-oriented synthetic route of pyrrole fused drugs analog, 

Toradol/Ketorol has also been documented with the help of modified reacting aliphatic amine 

partners instead of 2-nitrobenzaldehyde. We have also included a detailed mechanistic 

observation via DFT study with the comparison reactivity to the addition of –CHO by the C-2 

position and C-5 substituents (–CH2CO2R) of the pyrrole ring. Furthermore, the 

photophysical application of new synthetic fluorophores and preliminary sensing properties 

add a new era to our developed protocol. The broad substrate scope and the significant 

application of the cyclized products (drugs analog and photophysical study) revealed the 

potential value of this novel synthetic protocol. 
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6.6. Experimental Section: 

General information:  

1H NMR spectra of all the synthesized compounds were recorded on a 300 MHz, 400 MHz 

and 500 MHz spectrometers in CDCl3 and d6-DMSO solvents using TMS as the internal 

standard. 13C NMR spectra were recorded in the same MHz instruments. Structural 

assignments were made with additional information from gCOSY, gHSQC, and gHMBC 

experiments. Mass spectra were recorded in High-resolution (ESI-TOF) mass spectrometer. 

Silica gels 60-120 or 100-200 mesh (SRL) were used for column chromatographic 

purification. Progress of the reaction was monitored by using precoated silica gel 60 F254 

TLC sheets (Merck). Petroleum ether (boiling range 60-80 oC) or n-hexane and ethyl acetate 

(b.p. 77.1 oC) were used as the eluent for column chromatographic separation. Solvents were 

distilled, dried and stored over molecular sieves (4 Å). The UV-Vis absorption spectra were 

recorded on UV-Vis spectrophotometer (Shimadzu UV spectrophotometer UV-1800) and the 

fluorescence emission spectra were recorded on Jobin Yvon Fluoromax spectrofluorometer. 

All the reaction temperatures mentioned above 25 °C refer to oil bath temperature.  

General Procedure for the preparation of 2: 

 

 

 

 

 

 

 

Step-l: Preparation of β-Bromovinyl aldehyde.1 

Step-ll: Preparation of acrylic ester derivatives 2.2 
 

General Procedure for the preparation of 3–9:  

Reaction was conducted in consecutive two-step procedures: 

Step I: At first 2-nitrobenzaldehyde 1 (1 mmol, 1 equiv.) was reduced to the 2-

aminobenzaldehyde with sodium dithionite (6 mmol, 6 equiv.) in THF-H2O (1:1) at 60 oC 

within 15-20 minutes. The progress of the reaction was monitored by TLC. After completion 
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the reduction, the reaction mixture was diluted with EtOAc (20.0 mL) and washed with brine 

water (3 × 20.0 mL). The organic layer was dried (anhydrous Na2SO4), filtered, and 

concentrated under reduced pressure.  

Step II: The crude reduced product from step I, i.e., 2-aminobenzaldehyde was added to the 

substrate 2 (1 mmol, 1 equiv.) in methanol (4-5 mL). Then glacial AcOH (160 µL) was added 

into this reaction mixture. After that, the reaction mixture was allowed for stirring up to 5-6 h 

at 70 oC. The progress of the reaction was monitored by TLC. After the completion of the 

reaction, the crude mixture was neutralized with NaHCO3 solution (500 mg in 10 mL water). 

Then it was extracted with EtOAc (20.0 mL) followed by washing with brine water (2 × 10.0 

mL) and then solvent was removed under reduced pressure. The crude residue was purified 

by column chromatography (100-200 mesh of silica gel) using ethyl acetate and petroleum 

ether (1:5) as an eluent to get the desired product 3-9. 

 General Procedure for the preparation of 10: 

Compound 3 (1 mmol, 1 equiv.) was taken in methanol (4-5 mL) and 500 µL of 6 (N) HCl 

was added into this reaction mixture. The reaction was allowed for stirring up to 5-6 h at 

room temperature.  The progress of the reaction was monitored by TLC. After formation of 

desired product, the crude mixture was obtained by dilution with EtOAc (20.0 mL) followed 

by wash with brine water (2 × 10.0 mL). Then it was concentrated under reduced pressure, 

The crude residue was purified by column chromatography (100-200 mesh of silica-gel) 

using ethyl acetate and petroleum ether (1:10) as an eluent to get the desired product 10. 

General Procedure for the preparation of 14: 

This reaction has been carried out in two steps procedures: 

Setp I: Substrates 2a or 2s (1 mmol, 1 equiv.) and amino acetaldehyde dimethyl acetal 11 (1 

mmol, 1 equiv.) in presence of glacial AcOH (120 µL) in MeOH (4-5 mL) were taken in a 

reaction vessel. This reaction mixture was allowed for stirring 1 h at 70 oC. The reaction 

mixture was extracted EtOAc (20 mL) followed by wash with brine water (2 × 10.0 mL). 

Then the solvent was evaporated under reduced pressure. After that, the pure c-fused pyrrole 

12 (229.8 mg) or 13 (166.7 mg) respectively were obtained by column chromatography (100-

200 mesh of silica-gel) using ethyl acetate and petroleum ether (1:5) eluent.  

Step II: Then this c-fused pyrrole 12 (229.8 mg) or 13 (166.7 mg) was taken in ethanol (4 

mL) and o-phosphoric acid (4 mL) was added into the reaction mixture. The reaction mixture 



Chapter 6 

 

Page | 238  
 

was allowed for stirring up to 2 h at 70 oC. The progress of the reaction was monitored by 

TLC. Then the resulting mixture was neutralized with NaHCO3 solution (500 mg in 10 ml 

water) and it was extracted with EtOAc (20.0 mL) followed by washing with brine water (2 × 

10.0 mL). After that, solvent was removed under reduced pressure. The crude residue was 

purified by column chromatography (100-200 mesh of silica-gel) using ethyl acetate and 

petroleum ether (1:1) as an eluent to get the desired product 14. 

Preparation of single crystal via diffusion method: 

30.0 mg solid compound of 3a was dissolved with 1-2 mL acetonitrile solvent in a crystal 

tube (inner vessel). Then this crystal tube was placed carefully in a Borosil glass tube (outer 

vessel) which contain diethyl ether (2-3 mL). Finally, it kept at room temperature upon a sand 

tray. After several days by slow evaporation of solvent single crystal of 3a was observed 

(Figure 6.11). 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.11: Crystal growth technique (diffusion method).  

 

6.6.1. Crystallographic information of compound 3a: 

For the determination of X-ray crystal structures, a single crystal of 3a was selected and 

mounted with paratone oil on a glass fiber using gum. The crystallographic data was recorded 

on a CMOS based Bruker D8 Venture PHOTON 100 diffractometer at 298K equipped with a 

INCOATEC micro-focus source with graphite monochromatic Mo Kα radiation (λ = 0.71073 

Å) operation at 50 kV and 30 mA. The CCDC 2114554 of 3a has been obtained after the 

deposition at Cambridge Crystallographic Data Centre. 
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Empirical formula C23H21NO4 

Formula weight 375.41 

Temperature/K 273.15 

Crystal system triclinic 

Space group P-1 

a/Å 9.3667(8) 

b/Å 10.4746(11) 

c/Å 19.6039(19) 

α/° 90.087(3) 

β/° 91.203(3) 

γ/° 93.931(3) 

Volume/Å3 1918.4(3) 

Z 4 

ρcalcg/cm3 1.300 

μ/mm-1 0.089 

F (000) 792.0 

Crystal size/mm3 0.28 × 0.24 × 0.18 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 4.412 to 56.604 

Index ranges -12 ≤ h ≤ 11, -13 ≤ k ≤ 13, -25 ≤ l ≤ 26 

Reflections collected 63916 

Independent reflections 9285 [Rint = 0.0433, Rsigma = 0.0285] 

Data/restraints/parameters 9285/0/511 

Goodness-of-fit on F2 1.092 

Final R indexes [I>=2σ (I)] R1 = 0.0570, wR2 = 0.1242 

Final R indexes [all data] R1 = 0.0756, wR2 = 0.1385 

Largest diff. peak/hole / e Å-3 0.20/-0.15 
 

 

6.6.2. Characterization of spectral data: 

Methyl 3-(2-formyl-3,4-dihydronaphthalen-1-yl)propanoate:   (2') 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 20:1 to 

8:1); yellow liquid, 28% yield, 68.3 mg. 1H NMR (300 MHz, CDCl3) 

δ 10.35 (s, 1H), 7.53 – 7.50 (m, 1H), 7.31 – 7.28 (m, 2H), 7.24 – 7.21 

(m, 1H), 3.68 (s, 3H), 3.43 – 3.37 (m, 2H), 2.75 – 2.70 (m, 2H), 2.61 – 

2.48 (m, 4H). 13C{1H} NMR (76 MHz, CDCl3) δ 190.5, 172.7, 150.5, 

139.6, 134.8, 133.3, 130.3, 128.5, 127.1, 124.7, 52.0, 34.7, 27.8, 21.5, 

20.2. HRMS (ESI) m/z: [M + H]+ Calcd for C15H17O3 245.1179; Found 245.1181. 
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Methyl (13R,14R)-13-hydroxy-3-methoxy-5,6,13,14-tetrahydrobenzo[6,7]isoindolo[2,1-

a]quinoline-14-carboxylate:  (3a) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 20:1 to 

5:1); yellow solid, 86% yield, 322.6 mg; mp 54-55 oC.  1H NMR (300 MHz, CDCl3) δ 7.58 

(d, J = 7.6 Hz, 1H), 7.44 (d, J = 8.1 Hz, 1H), 7.23 – 7.19 (m, 2H), 7.13 

– 7.08 (m, 1H), 6.91 (s, 1H), 6.74 (s, 1H), 6.73 (m, 1H), 5.02 (d, J = 

6.0 Hz, 1H), 4.51 (d, J = 5.7 Hz, 1H), 3.72 (s, 3H), 3.50 (s, 3H), 2.82 – 

2.71 (m, 2H), 2.69 – 2.54 (m, 2H). 13C{1H} NMR (76 MHz, CDCl3) δ 

171.9, 157.8, 138.6, 134.9, 129.4, 128.4, 125.4, 124.9, 124.6, 124.4, 

122.7, 120.1, 117.6, 114.9, 114.7, 112.1, 111.6, 68.0, 55.4, 52.7, 45.0, 31.5, 21.1. HRMS 

(ESI) m/z: [M + H]+ Calcd for C23H22NO4 376.1551; Found 376.1548. 
 

Ethyl (13R,14R)-13-hydroxy-3-methoxy-5,6,13,14-tetrahydrobenzo[6,7]isoindolo[2,1-

a]quinoline-14-carboxylate:  (3b) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 20:1 to 

5:1); yellow solid, 77% yield, 299.6 mg; mp 52-54 oC. 1H NMR (300 MHz, CDCl3) δ 7.69 (d, 

J = 7.5 Hz, 1H), 7.61 (d, J = 8.1 Hz, 1H), 7.34 – 7.27 (m, 3H), 7.03 (s, 

1H), 6.88 – 6.84 (m, 2H), 5.14 – 5.10 (m, 1H), 4.59 (d, J = 5.9 Hz, 

1H), 4.06 (qd, J = 7.1, 1.4 Hz, 2H), 3.86 (s, 3H), 2.91 – 2.88 (m, 2H), 

2.84 – 2.68 (m, 2H), 1.04 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (76 MHz, 

CDCl3) δ 171.2, 157.7, 138.5, 135.1, 129.3, 128.3, 125.3, 125.1, 

124.6, 124.2, 122.6, 119.9, 117.7, 114.8, 114.6, 111.9, 111.5, 67.9, 61.5, 55.4, 45.4, 31.4, 

21.1, 13.9. HRMS (ESI) m/z: [M + H]+ Calcd for C24H24NO4 390.1707; Found 390.1703. 
 

Tert-butyl (13R,14R)-13-hydroxy-3-methoxy-5,6,13,14-tetrahydrobenzo[6,7]isoindolo[2,1-

a]quinoline-14-carboxylate:  (3c) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 15:1 to 

5:1); yellow solid, 69% yield, 287.8 mg; mp 54-55 oC. 1H NMR (500 

MHz, CDCl3) δ 7.66 (d, J = 7.6 Hz, 1H), 7.58 (d, J = 8.2 Hz, 1H), 

7.33 – 7.28 (m, 2H), 7.18 (td, J = 7.4, 1.4 Hz, 1H), 7.00 (s, 1H), 6.84 

– 6.82 (m, 2H), 5.10 – 5.07 (m, 1H), 4.47 (d, J = 6.0 Hz, 1H), 3.84 (s, 

3H), 2.89 – 2.67 (m, 4H), 1.20 (s, 9H). 13C{1H} NMR (126 MHz, 
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CDCl3) δ 170.3, 157.7, 138.5, 135.2, 129.6, 128.2, 125.3, 125.2, 124.8, 124.1, 122.7, 119.8, 

118.4, 114.7, 114.6, 111.9, 111.2, 82.8, 68.0, 55.4, 46.4, 31.5, 27.9 (3C), 21.2. HRMS (ESI) 

m/z: [M + H]+ Calcd for C26H28NO4 418.2020; Found 418.2024. 

Methyl (13R,14R)-13-hydroxy-5,6,13,14-tetrahydrobenzo[6,7]isoindolo[2,1-a]quinoline-14-

carboxylate:   (3d) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 15:1 to 

5:1); yellow solid, 79% yield, 272.6 mg; mp 68-69 oC. 1H NMR (500 MHz, CDCl3) δ 7.70 (d, 

J = 7.7 Hz, 1H), 7.61 (d, J = 7.6 Hz, 1H), 7.36 – 7.17 (m, 6H), 7.04 (s, 

1H), 5.13 – 5.09 (m, 1H), 4.66 (d, J = 5.9 Hz, 1H), 3.88 (s, 1H), 3.60 

(s, 3H), 2.93 – 2.84 (m, 3H), 2.75 – 2.69 (m, 1H). 13C{1H} NMR (126 

MHz, CDCl3) δ 171.9, 136.9, 134.9, 131.6, 129.5, 128.8, 128.5, 126.9, 

125.8, 125.4, 124.6, 123.9, 123.2, 120.2, 118.7, 115.0, 111.7, 68.0, 

52.7, 44.9, 31.1, 21.1. HRMS (ESI) m/z: [M + H]+ Calcd for C22H20NO3 346.1445; Found 

346.1442. 

Ethyl (13R,14R)-13-hydroxy-5,6,13,14-tetrahydrobenzo[6,7]isoindolo[2,1-a]quinoline-14-

carboxylate:   (3e) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 20:1 to 

5:1); yellow solid, 70% yield, 251.4 mg; mp 66-68 oC.  1H NMR (400 MHz, CDCl3) δ 7.67 

(d, J = 7.6 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.34 – 7.27 (m, 4H), 7.18 

(dt, J = 15.3, 7.4 Hz, 2H), 7.02 (s, 1H), 5.12 (s, 1H), 4.61 (d, J = 5.9 

Hz, 1H), 4.05 (dtt, J = 10.7, 7.1, 3.6 Hz, 2H), 3.79 (s, 1H), 2.92 – 2.66 

(m, 4H), 1.02 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (76 MHz, CDCl3) δ 

171.3, 136.9, 135.0, 131.7, 129.8, 129.4, 128.8, 128.4, 126.9, 125.7, 

125.4, 124.5, 124.1, 123.2, 118.9, 114.9, 111.6, 68.0, 61.7, 45.2, 31.1, 21.1, 13.9. HRMS 

(ESI) m/z: [M + H]+ Calcd for C23H22NO3 360.1601; Found 360.1605. 

Methyl (13R,14R)-13-hydroxy-4-methoxy-5,6,13,14-tetrahydrobenzo[6,7]isoindolo[2,1-

a]quinoline-14-carboxylate:  (3f) 

Purified by silica gel column chromatography (eluent: petroleum 

ether/ethyl acetate = 20:1 to 5:1); yellow solid, 71% yield, 266.3 mg; mp 

73-75 oC.  1H NMR (500 MHz, CDCl3) δ 7.69 (d, J = 7.6 Hz, 1H), 7.36 – 

7.31 (m, 2H), 7.29 – 7.27 (m, 2H), 7.24 – 7.21 (m, 1H), 7.04 (s, 1H), 6.83 
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– 6.81 (m, 1H), 5.12 – 5.09 (m, 1H), 4.66 (d, J = 5.9 Hz, 1H), 3.90 (s, 3H), 3.60 (s, 3H), 3.33 

– 3.29 (m, 1H), 2.87 – 2.83 (m, 1H), 2.66 – 2.55 (m, 2H). 13C{1H} NMR (126 MHz, CDCl3) 

δ 171.9, 157.1, 134.9, 132.8, 129.5, 128.5, 127.1, 125.4, 124.5, 123.2, 120.2, 118.9, 117.6, 

116.8, 115.1, 111.6, 108.4, 68.1, 55.7, 52.7, 45.0, 22.3, 20.4. HRMS (ESI) m/z: [M + H]+ 

Calcd for C23H22NO4 376.1551; Found 376.1549. 

Methyl (14R)-13-hydroxy-5-methyl-5,6,13,14-tetrahydrobenzo[6,7]isoindolo[2,1-

a]quinoline-14-carboxylate:  (3g) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 18:1 to 

5:1); yellow solid, 73% yield, 262.1 mg; mp 59-61 oC.  1H NMR (300 MHz, CDCl3) δ Major: 

7.64 (d, J = 7.7 Hz, 2H), 7.34 – 7.21 (m, 6H), 6.99 (s, 1H), 5.10 – 5.07 

(m, 1H), 4.59 (d, J = 5.9 Hz, 1H), 3.55 (s, 3H), 3.12 – 3.08 (m, 1H), 2.92 

– 2.90 (m, 1H), 2.60 (dd, J = 14.8, 2.6 Hz, 1H), 1.36 (d, J = 7.1 Hz, 3H), 

Minor: 7.56 – 7.54 (m, 2H), 7.18 – 7.11 (m, 6H), 6.98 (s, 1H), 5.05 – 

5.02 (m, 1H), 4.63 (d, J = 5.9 Hz, 1H), 3.51 (s, 3H), 2.87 – 2.86 (m, 1H), 

2.79 (dd, J =  14.5, 5.0 Hz, 1H), 2.42 (dd, J =  14.7, 10.9 Hz, 1H), 1.08 

(d, J = 7.1 Hz, 3H). 13C{1H} NMR (76 MHz, CDCl3) δ 171.9 (2C), 142.0, 141.2, 134.9 (2C), 

131.3, 130.3, 129.4, 129.3 (2C), 128.5, 128.4, 128.3, 126.9, 126.7, 126.3, 126.1, 126.0, 125.5, 

125.4, 124.5 (2C), 124.2, 123.9, 122.7, 121.1, 120.1, 119.4, 118.6, 118.5, 114.9, 113.0, 111.8, 

67.9 (2C), 52.7 (2C), 45.1, 45.0, 35.3, 34.4, 29.5, 27.9, 21.5, 19.5. HRMS (ESI) m/z: [M + 

H]+ Calcd for C23H22NO3 360.1601; Found 360.1599. 

Ethyl (14R)-13-hydroxy-5-methyl-5,6,13,14-tetrahydrobenzo[6,7]isoindolo[2,1-a]quinoline-

14-carboxylate: (3h) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 15:1 to 

5:1); yellow solid, 67% yield, 250.0 mg; mp 50-52 oC.  1H NMR (300 MHz, CDCl3) δ Major: 

7.64 (d, J = 7.7 Hz, 2H), 7.28 – 7.15 (m, 6H), 7.03 (s, 1H), 5.12 – 5.07 

(m, 1H), 4.61 (d, J = 5.9 Hz, 1H), 4.02 – 3.94 (m, 2H), 2.84 (dd, J = 

14.5, 5.0 Hz, 1H), 2.65 (dd, J = 4.9, 2.6 Hz, 1H), 2.48 (dd, J = 14.0, 

10.2Hz, 1H), 1.13 (d, J = 7.1 Hz, 3H), 1.04 (t, J = 7.1 Hz, 3H). Minor: 

7.68 (d, J = 7.1 Hz, 2H), 7.37 – 7.30 (m, 6H), 7.04 (s, 1H), 5.16 – 5.14 

(m, 1H), 4.67 (d, J = 5.8 Hz, 1H), 4.09 – 4.04 (m, 2H), 3.16 – 3.12 (m, 

1H), 2.93 (dd, J = 14.2, 5.2 Hz, 2H), 1.38 (d, J = 6.8 Hz, 3H), 0.97 (t, J = 7.1 Hz, 3H). 

13C{1H} NMR (76 MHz, CDCl3) δ 171.3 (2C), 141.9, 141.3, 135.1, 135.0, 131.4, 130.4, 

129.5, 129.4, 128.4 (2C), 128.3, 126.8, 126.6, 126.4, 126.0, 125.9, 125.4 (2C), 124.5, 124.4 
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(2C), 124.0, 122.6, 121.0, 120.0, 119.4, 118.8, 118.7, 114.9 (2C), 112.9, 111.7, 68.1, 68.0, 

61.7, 61.6, 45.3, 45.2, 35.3, 34.5, 29.4, 27.9, 21.6, 19.6, 14.0, 13.9. HRMS (ESI) m/z: [M + 

H]+ Calcd for C24H24NO3 374.1758; Found 374.1756. 

 

Ethyl (13R,14R)-13-hydroxy-2-methoxy-5,6,13,14-tetrahydrobenzo[6,7]isoindolo[2,1-

a]quinoline-14-carboxylate:   (3i) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 20:1 to 

5:1); yellow solid, 71% yield, 276.3 mg; mp 55-57 oC.  1H NMR (300 MHz, CDCl3) δ 7.63 

(d, J = 7.5 Hz, 1H), 7.29 – 7.14 (m, 5H), 6.99 (s, 1H), 6.70 (dd, J = 

8.3, 2.6 Hz, 1H), 5.08 – 5.04 (m, 1H), 4.58 (d, J = 6.0 Hz, 1H), 4.02 

(q, J = 4.8 Hz, 2H), 3.82 (s, 3H), 2.81 – 2.65 (m, 4H), 1.00 (t, J = 

7.1 Hz, 3H). 13C{1H} NMR (76 MHz, CDCl3) δ 170.9, 158.7, 134.9, 

132.5, 129.8, 129.4, 129.3, 129.1, 128.3, 125.3, 124.4, 123.2, 118.8, 

114.9, 111.7, 110.9, 110.1, 67.8, 61.6, 55.5, 45.4, 30.1, 21.3, 13.9. HRMS (ESI) m/z: [M + 

H]+ Calcd for C24H24NO4 390.1707; Found 390.1705. 

 

Methyl (13S,14R)-13-hydroxy-3-methoxy-13-methyl-5,6,13,14-

tetrahydrobenzo[6,7]isoindolo[2,1-a]quinoline-14-carboxylate:   (3j) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 15:1 to 

5:1); yellow solid, 84% yield, 326.8 mg; mp 44-46 oC. 1H NMR (500 MHz, CDCl3) δ Major: 

7.55 (d, J = 8.5 Hz, 1H), 7.49 (d, J = 7.8 Hz, 1H), 7.38 (m, 2H), 7.14 

– 7.12 (m, 1H), 7.05 (s, 1H), 6.86 (m, 2H), 4.43 (s, 1H), 3.83 (s, 3H), 

3.56 (s, 3H), 2.87 – 2.80 (m, 4H), 1.83 (s, 3H). Minor: 7.69 (d, J = 8.0 

Hz, 1H), 7.62 (d, J = 8.4 Hz, 1H), 7.30 – 7.28 (m, 2H), 7.20 – 7.18 

(m, 1H), 6.99 (s, 1H), 6.83 (s, 2H), 4.34 (s, 1H), 3.84 (s, 3H), 3.59 (s, 

3H), 2.71 – 2.61 (m, 4H), 1.32 (s, 3H). 13C{1H} NMR (126 MHz, 

CDCl3) δ 172.3, 170.4, 157.8, 138.6, 138.5, 135.4, 134.4, 133.9, 129.6, 129.5, 128.3, 125.5, 

125.4, 125.0, 124.8, 124.7, 124.6, 124.5, 124.1, 122.9, 122.7, 121.6, 120.5, 118.1, 117.3, 

116.9, 115.6, 115.0, 114.7 (2C), 114.1, 112.1, 111.5 (2C), 71.9, 69.7, 55.4 (2C), 52.9 (2C), 

52.7, 52.4, 52.3, 50.8, 31.5, 31.4, 24.3, 21.1. HRMS (ESI) m/z: [M + H]+ Calcd for 

C24H24NO4 390.1707; Found 390.1705. 
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Methyl (13R,14R)-2-bromo-13-hydroxy-5,6,13,14-tetrahydrobenzo[6,7]isoindolo[2,1-

a]quinoline-14-carboxylate:  (3k) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 20:1 to 

10:1); yellow solid, 64% yield, 270.7 mg; mp 114-116 oC.  1H NMR (300 MHz, CDCl3) δ 

7.78 (d, J = 2.1 Hz, 1H), 7.70 (d, J = 7.5 Hz, 1H), 7.35 – 7.24 (m, 

4H), 7.13 (d, J = 8.1 Hz, 1H), 7.03 (s, 1H), 5.13 (dd, J = 10.4, 5.7 Hz, 

1H), 4.61 (d, J = 5.8 Hz, 1H), 3.81 (d, J = 10.5 Hz, 1H), 3.64 (s, 3H), 

2.88 – 2.65 (m, 4H). 13C{1H} NMR (76 MHz, CDCl3) δ 171.5, 135.6, 

134.6, 133.7, 130.2, 129.6, 128.5, 128.4, 126.8, 125.5, 124.9, 122.9, 

120.5, 119.2, 119.1, 115.1, 111.9, 67.9, 52.8, 44.8, 30.6, 20.8. HRMS (ESI) m/z: [M + H]+ 

Calcd for C22H19BrNO3 424.0550; Found 424.0550. 
 

Methyl (13R,14R)-2-chloro-13-hydroxy-5,6,13,14-tetrahydrobenzo[6,7]isoindolo[2,1-

a]quinoline-14-carboxylate:  (3l) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 20:1 to 

8:1); yellow solid, 75% yield, 284.3 mg; mp 119-121 oC.  1H NMR (300 MHz, CDCl3) δ 7.72 

(d, J = 7.7 Hz, 1H), 7.64 (d, J = 2.1 Hz, 1H), 7.37 – 7.21 (m, 4H), 7.15 

(dd, J = 8.1, 2.1 Hz, 1H), 7.06 (s, 1H), 5.15 (dd, J = 10.0, 5.9 Hz, 1H), 

4.64 (d, J = 5.9 Hz, 1H), 3.87 (d, J = 10.7 Hz, 1H), 3.66 (s, 3H), 2.89 – 

2.81 (m, 3H), 2.73 – 2.68 (m, 1H). 13C{1H} NMR (76 MHz, CDCl3) δ 

171.5, 135.1, 134.7, 133.2, 132.4, 129.9, 129.5, 128.5, 125.5 (2C), 

124.9, 123.9, 122.9, 119.3, 119.1, 115.1, 111.9, 67.9, 52.7, 44.8, 30.5, 20.9. HRMS (ESI) 

m/z: [M + H]+ Calcd for C22H19ClNO3 380.1055; Found 380.1053. 
 

Methyl (13R,14R)-11-chloro-13-hydroxy-3-methoxy-5,6,13,14-

tetrahydrobenzo[6,7]isoindolo[2,1-a]quinoline-14-carboxylate:  (3m) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 20:1 to 

6:1); off white solid, 65% yield, 265.9 mg; mp 172-173 oC. 1H NMR (300 MHz, CDCl3) δ 

7.66 (s, 1H), 7.52 (d, J = 7.5 Hz, 1H), 7.29 – 7.18 (m, 2H), 6.96 (s, 

1H), 6.85 – 6.82 (m, 2H), 5.09 – 5.04 (m, 1H), 4.59 (d, J = 5.9 Hz, 

1H), 3.84 (s, 3H), 3.80 (s, 1H), 3.61 (s, 3H), 2.90 – 2.64 (m, 4H). 

13C{1H} NMR (76 MHz, CDCl3) δ 171.7, 157.9, 138.7, 133.6, 131.2, 

129.9, 128.4, 125.9, 125.0, 124.3, 123.1, 120.4, 117.3, 116.2, 114.7, 

112.1, 111.7, 67.7, 55.4, 52.8, 44.8, 31.4, 21.1. HRMS (ESI) m/z: [M + H]+ Calcd for 

C23H21ClNO4 410.1161; Found 410.1158. 
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Methyl (13R,14R)-10-bromo-13-hydroxy-3-methoxy-5,6,13,14-

tetrahydrobenzo[6,7]isoindolo[2,1-a]quinoline-14-carboxylate:  (3n) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 20:1 to 

5:1); yellow solid, 62% yield, 280.8 mg; mp 153-155 oC. 1H NMR (300 MHz, CDCl3) δ 7.53 

(t, J = 7.2 Hz, 2H), 7.42 (s, 1H), 7.30 (d, J = 8.2 Hz, 1H), 6.96 (s, 

1H), 6.85 – 6.82 (s, 2H), 5.06 – 5.01 (m, 1H), 4.58 (d, J = 5.9 Hz, 

1H), 3.84 (s, 3H), 3.77 (d, J = 10.3 Hz, 1H), 3.61 (s, 3H), 2.88 – 

2.64 (m, 4H). 13C{1H} NMR (76 MHz, CDCl3) δ 171.8, 158.0, 

138.7, 136.1, 128.4, 127.2 (2C), 125.1, 124.2, 123.4, 121.9, 120.6, 118.1, 117.6, 114.7, 112.2, 

111.7, 67.8, 55.4, 52.8, 44.8, 31.3, 21.0. HRMS (ESI) m/z: [M + H]+ Calcd for C23H21BrNO4 

454.0656; Found 454.0652. 
 

Methyl 2-(3-methoxy-8-nitro-2,3,4,5-tetrahydro-1H-cyclopenta[a]naphthalen-1-yl)acetate:  

(4a) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 10:1 to 

3:1); brown liquid, 74% yield, 236.1 mg. 1H NMR (300 MHz, DMSO-d6) δ Major: 8.08 (d, J 

= 1.9 Hz, 1H), 7.81 (d, J = 2.4 Hz, 1H), 7.54 – 7.53 (m, 1H), 5.83 (d, 

J = 4.0 Hz, 1H), 5.63 (s, 1H), 3.61 (s, 3H), 3.20 (s, 3H), 3.06 – 2.98 

(m, 3H), 2.49 – 2.44 (m, 3H). Minor: 8.05 (d, J = 2.1 Hz, 1H), 7.79 

(d, J = 2.3 Hz, 1H), 7.52 – 7.51 (m, 1H), 5.68 – 5.65 (m, 1H), 5.51 – 

5.47 (m, 1H), 3.64 (s, 3H), 3.31 (s, 3H), 2.95 – 2.90 (m, 3H), 2.42 – 

2.40 (m, 3H). 13C{1H} NMR (76 MHz, DMSO-d6) δ 170.6 (2C), 146.6, 144.2, 137.5 (2C), 

135.9, 135.8, 130.2, 130.1, 129.2 (2C), 122.9, 122.8, 117.3, 117.2, 108.4, 108.2, 80.4, 79.7, 

78.8, 75.3, 53.7, 52.6, 51.6 (2C), 40.9, 39.9, 27.9, 27.8, 19.4, 19.0. HRMS (ESI) m/z: [M + 

Na]+ Calcd for C16H17NO6Na 342.0954; Found 342.0956. 

Methyl 2-(8-nitro-4,5-dihydronaphtho[1,2-c]furan-1-yl)acetate:   (4') 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 30:1 to 

10:1); yellow liquid, 85% yield, 244.0 mg and 73% yield, 209.5 mg for 2-propanol and THF 

respectively. 1H NMR (300 MHz, CDCl3) δ 8.39 (d, J = 2.5 Hz, 1H), 

8.04 (dd, J = 8.3, 2.5 Hz, 1H), 7.41 (d, J = 8.3 Hz, 1H), 7.27 (s, 1H), 

3.99 (s, 2H), 3.81 (s, 3H), 2.99 - 2.95 (m, 2H), 2.76 - 2.72 (m, 2H). 

13C{1H} NMR (76 MHz, CDCl3) δ 169.4, 147.4, 144.3, 143.4, 136.2, 

131.1, 129.6, 122.3, 121.5, 119.1, 118.6, 52.8, 34.3, 30.8, 18.8. HRMS 

(ESI) m/z: [M + H]+ Calcd for C15H14NO5 288.0874; Found 288.0874. 
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Methyl 7,8,9,10-tetrahydroisoindolo[2,1-a]quinoline-6-carboxylate:  (5) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 30:1 to 

20:1); yellow solid, 63% yield, 175.8 mg; mp 84-86 oC. 1H NMR (300 MHz, CDCl3) δ 7.76 

(d, J = 8.4 Hz, 1H), 7.67 – 7.61 (m, 2H), 7.53 (ddd, J = 8.5, 7.2, 1.5 

Hz, 1H), 7.37 (s, 1H), 7.28 – 7.23 (m, 1H), 3.97 (s, 3H), 2.84 – 2.82 

(m, 4H), 1.85 – 1.81 (m, 4H). 13C{1H} NMR (76 MHz, CDCl3) δ 

167.6, 134.1, 129.6 (2C), 125.8, 123.4, 123.3, 122.7, 121.9, 121.5, 

114.6, 113.9, 109.3, 52.3, 24.2, 23.9, 23.5, 22.9. HRMS (ESI) m/z: 

[M + H]+ Calcd for C18H18NO2 280.1339; Found 280.1337. 

 

Methyl (5R,6R)-5-hydroxy-6,7,8,9,10,11-hexahydro-5H-cyclohepta[3,4]pyrrolo[1,2-

a]quinoline-6-carboxylate:  (6a)  

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 25:1 to 

10:1); yellow solid, 72% yield, 224.0 mg; mp 110-112 oC. 1H NMR (300 MHz, CDCl3) δ 

7.67 (d, J = 7.6 Hz, 1H), 7.31 - 7.28 (m, 1H), 7.22 – 7.12 (m, 2H), 

6.91 (s, 1H), 5.12 – 5.06 (m, 1H), 4.26 (d, J = 5.9 Hz, 1H), 3.82 – 

3.76 (m, 1H), 3.58 (s, 3H), 2.63 – 2.59 (m, 4H), 1.89 – 1.82 (m, 3H), 

1.69 – 1.68 (m, 3H). 13C{1H} NMR (76 MHz, CDCl3) δ 172.1, 134.9, 

128.9, 128.3, 128.2, 125.6, 125.4, 123.9, 119.4, 114.4, 112.4, 67.8, 

52.4, 43.5, 33.1, 30.1, 29.6, 28.4, 26.7. HRMS (ESI) m/z: [M + H]+ Calcd for C19H22NO3 

312.1601; Found 312.1599. 

 

Ethyl (5R,6R)-5-hydroxy-6,7,8,9,10,11-hexahydro-5H-cyclohepta[3,4]pyrrolo[1,2-

a]quinoline-6-carboxylate:  (6b) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 25:1 to 

10:1); yellow solid, 61% yield, 198.3 mg; mp 116-118 oC. 1H NMR (500 MHz, CDCl3) δ 

7.66 (d, J = 7.7 Hz, 1H), 7.29 – 7.27 (m, 1H), 7.20 (d, J = 7.9 Hz, 1H), 

7.14 (t, J = 7.5 Hz, 1H), 6.90 (s, 1H), 5.08 (dd, J = 10.1, 5.7 Hz, 1H), 

4.24 (d, J = 6.0 Hz, 1H), 4.10 – 3.94 (m, 2H), 3.74 (d, J = 11.1 Hz, 

1H), 2.62 – 2.61 (m, 5H), 1.86 – 1.84 (m, 2H), 1.70 – 1.64 (m, 3H), 

1.12 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (126 MHz, CDCl3) δ 171.6, 

134.9, 129.0, 128.3, 128.2, 125.6, 125.4, 123.8, 119.6, 114.3, 112.3, 67.8, 61.3, 43.7, 33.2, 

30.1, 29.7, 28.4, 26.7, 14.0. HRMS (ESI) m/z: [M + H]+ Calcd for C20H24NO3 326.1758; 

Found 326.1760. 
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Methyl (5R,6R)-5-hydroxy-5,6,7,8,9,10,11,12-octahydrocycloocta[3,4]pyrrolo[1,2-

a]quinoline-6-carboxylate:  (6c) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 20:1 to 

5:1); yellow solid, 78% yield, 253.6 mg; mp. 108-109 oC. 1H NMR (500 MHz, CDCl3) δ 7.64 

(d, J = 7.5 Hz, 1H), 7.29 – 7.28 (m, 1H), 7.22 (d, J = 8.1 Hz, 1H), 

7.14 (t, J = 7.5 Hz, 1H), 6.90 (s, 1H), 5.05 (s, 1H), 4.22 (d, J = 5.8 

Hz, 1H), 3.82 (m, 1H), 3.55 (s, 3H), 2.65 – 2.56 (m, 4H), 1.65 – 1.58 

(m, 4H), 1.47 (s, 4H). 13C{1H} NMR (126 MHz, CDCl3) δ 172.2, 

135.0, 128.9, 128.3, 126.4, 125.5, 123.9, 123.4, 119.5, 114.4, 112.5, 

67.9, 52.3 (2C), 43.7, 32.3, 30.5, 25.9, 24.3, 22.6. HRMS (ESI) m/z: [M + H]+ Calcd for 

C20H24NO3 326.1758; Found 326.1755. 

 

Ethyl (5R,6R)-5-hydroxy-5,6,7,8,9,10,11,12-octahydrocycloocta[3,4]pyrrolo[1,2-

a]quinoline-6-carboxylate:  (6d) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 30:1 to 

20:1); pale yellow liquid, 63% yield, 213.6 mg. 1H NMR (300 MHz, CDCl3) δ 7.64 (d, J = 

7.6 Hz, 1H), 7.28 – 7.20 (m, 2H), 7.13 (td, J = 7.5, 1.4 Hz, 1H), 6.89 (s, 

1H), 5.04 (dd, J = 10.8, 5.7 Hz, 1H), 4.18 (d, J = 5.7 Hz, 1H), 4.08 – 

3.92 (m, 2H), 3.81 (d, J = 10.8 Hz, 1H), 2.63 – 2.54 (m, 4H), 1.62 (s, 

4H), 1.47 – 1.46 (m, 4H), 1.07 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (76 

MHz, CDCl3) δ 171.8, 135.1, 129.2, 128.3, 126.4, 125.5, 123.8, 123.2, 

119.7, 114.4, 112.4, 68.1, 61.4, 43.8, 32.4, 30.5, 25.9 (2C), 24.4, 22.6, 14.0. HRMS (ESI) 

m/z: [M + H]+ Calcd for C21H26NO3 340.1914; Found 340.1910. 

 

Methyl (E)-3-(2-(dimethoxymethyl)cyclopent-1-en-1-yl)acrylate:   (7) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 30:1 to 

20:1); pale yellow liquid, 82% yield, 185.4 mg. 1H NMR (300 MHz, 

CDCl3) δ 7.75 (d, J = 15.6 Hz, 1H), 5.79 (d, J = 15.6 Hz, 1H), 5.14 (s, 

1H), 3.72 (s, 3H), 3.31 (s, 6H), 2.55 – 2.54 (m, 4H), 1.92 – 1.81 (m, 

2H). 13C{1H} NMR (76 MHz, CDCl3) δ 167.8, 146.7, 137.6, 137.5, 

119.4, 100.6, 53.9 (2C), 51.6, 33.7, 33.1, 21.5. HRMS (ESI) m/z: [M + Na]+ Calcd for 

C12H18O4Na 249.1102; Found 249.1104. 
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Methyl (4R,5R)-5-hydroxy-3-phenyl-4,5-dihydropyrrolo[1,2-a]quinoline-4-carboxylate: 

(8a) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 15:1 to 

5:1); yellow solid, 62% yield, 197.8 mg; mp 41-43 oC. 1H NMR (300 

MHz, CDCl3) δ 7.70 (dd, J = 7.6, 1.0 Hz, 1H), 7.51 – 7.27 (m, 9H), 

6.53 (d, J = 3.1 Hz, 1H), 5.09 – 5.07 (m, 1H), 4.44 (d, J = 5.6 Hz, 1H), 

3.58 (s, 3H). 13C{1H} NMR (76 MHz, CDCl3) δ 172.2, 135.4, 135.0, 

129.8, 128.8 (2C), 128.6, 127.8 (2C), 126.5, 125.8, 125.0, 124.9, 

120.5, 116.6, 115.2, 110.7, 68.4, 52.7, 44.3. HRMS (ESI) m/z: [M + H]+ Calcd for 

C20H18NO3 320.1288; Found 320.1282. 

 

Methyl (4R,5R)-5-hydroxy-3-(m-tolyl)-4,5-dihydropyrrolo[1,2-a]quinoline-4-carboxylate:  

(8b) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 15:1 to 

5:1); yellow liquid, 59% yield, 196.5 mg. 1H NMR (300 MHz, 

CDCl3) δ 7.70 (d, J = 8.3 Hz, 1H), 7.38 – 7.37 (m, 2H), 7.33 – 7.31 

(m, 3H), 7.27 – 7.25 (m, 3H), 6.53 (d, J = 3.0 Hz, 1H), 5.09 (s, 1H), 

4.45 (d, J = 5.6 Hz, 1H), 3.58 (s, 3H), 2.43 (s, 3H). 13C{1H} NMR 

(76 MHz, CDCl3) δ 172.2, 138.3, 135.3, 134.9, 129.8, 129.3, 128.7, 

128.6, 127.2, 125.7, 124.9 (2C), 120.4, 120.2, 116.6, 115.2, 110.8, 68.3, 52.7, 44.3, 21.7. 

HRMS (ESI) m/z: [M + H]+ Calcd for C21H20NO3 334.1445; Found 334.1444. 

 

Methyl (R)-5-hydroxy-3-(naphthalen-2-yl)-4,5-dihydropyrrolo[1,2-a]quinoline-4-

carboxylate:  (8c) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 15:1 to 

7:1); yellow liquid, 60% yield, 221.4 mg. 1H NMR (300 MHz, CDCl3) 

δ 7.95 (d, J = 5.4 Hz, 1H), 7.91 – 7.88 (m, 2H), 7.74 – 7.66 (m, 2H), 

7.56 – 7.50 (m, 2H), 7.42 – 7.40 (m, 1H), 7.33 (d, J = 3.1 Hz, 1H), 7.30 

– 7.27 (m, 3H), 6.66 (d, J = 3.0 Hz, 1H), 5.11 (s, 1H), 4.55 (d, J = 5.6 

Hz, 1H), 3.61 (s, 3H). 13C{1H} NMR (76 MHz, CDCl3) δ 172.1, 134.9, 

133.8, 129.8, 129.3 (2C), 128.9, 128.7, 128.2, 127.8, 127.2, 126.3, 125.9, 125.1, 124.5, 124.4, 

124.2, 120.2, 117.6, 115.3, 110.9, 68.3, 52.7, 44.5. HRMS (ESI) m/z: [M + H]+ Calcd for 

C24H20NO3 370.1445; Found 370.1444. 
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Methyl 2-(3,4-diphenylfuran-2-yl)acetate:   (9) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 15:1 to 

5:1); yellow solid, 56% yield, 163.5 mg; mp 45-47 oC. 1H NMR (300 

MHz, CDCl3) δ 7.60 (s, 1H), 7.38 – 7.35 (m, 3H), 7.30 – 7.23 (m, 5H), 

7.18 (dd, J = 7.2, 2.6 Hz, 2H), 3.79 (s, 3H), 3.75 (s, 2H). 13C{1H} NMR 

(76 MHz, CDCl3) δ 170.2, 145.4, 139.0, 132.3, 132.1, 129.9 (2C), 128.5 

(2C), 128.4 (2C), 128.3 (2C), 127.3, 127.1, 126.9, 123.6, 52.5, 32.8. 

HRMS (ESI) m/z: [M + H]+ Calcd for C19H17O3 293.1179; Found 293.1175.  

 

Ethyl 4-methoxy-5,6-dihydrobenzo[6,7]isoindolo[2,1-a]quinoline-14-carboxylate:  (10a) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 40:1 to 

20:1); brown liquid, 67% yield, 248.6 mg. 1H NMR (500 MHz, CDCl3) δ 7.82 (d, J = 8.4 Hz, 

1H), 7.77 (s, 1H), 7.70 (d, J = 7.9 Hz, 1H), 7.58 – 7.54 (m, 2H), 7.31 

(t, J = 7.5 Hz, 1H), 7.17 (t, J = 8.0 Hz, 1H), 6.82 (d, J = 7.7 Hz, 1H), 

6.76 (d, J = 8.1 Hz, 1H), 4.10 (q, J = 7.1 Hz, 2H), 3.89 (s, 3H), 3.00 – 

2.98 (m, 2H), 2.84 – 2.81 (m, 2H), 0.85 (t, J = 7.1 Hz, 3H). 13C{1H} 

NMR (126 MHz, CDCl3) δ 168.1, 156.5, 134.3, 134.1, 130.2, 129.9, 

127.8, 125.9, 124.8, 124.3, 124.2, 123.7, 122.3, 122.2, 118.8, 116.2, 114.1, 108.7, 107.9, 

61.8, 55.8, 21.9, 21.4, 13.4. HRMS (ESI) m/z: [M + H]+ Calcd for C24H22NO3 372.1601; 

Found 372.1602.  

 

Methyl 3-methoxy-5,6-dihydrobenzo[6,7]isoindolo[2,1-a]quinoline-14-carboxylate: (10b) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 25:1 to 

10:1); orange solid, 71% yield, 253.5 mg; mp. 151-152 oC. 1H NMR (300 MHz, CDCl3) δ 

7.82 – 7.76 (m, 2H), 7.69 (d, J = 7.9 Hz, 1H), 7.58 – 7.50 (m, 2H), 

7.32 – 7.27 (m, 1H), 7.03 (d, J = 8.4 Hz, 1H), 6.87 – 6.77 (m, 2H), 

3.84 (s, 3H), 3.68 (s, 3H), 2.94 – 2.91 (m, 2H), 2.88 – 2.85 (m, 2H). 

13C{1H} NMR (76 MHz, CDCl3) δ 168.5, 157.4, 138.4, 134.4, 130.2, 

129.8, 127.1, 126.4, 125.7, 124.1, 123.9, 123.6, 122.2, 121.3, 115.9, 114.0, 113.8, 111.3, 

108.8, 55.4, 52.5, 31.4, 21.9. HRMS (ESI) m/z: [M + H]+ Calcd for C23H20NO3 358.1445; 

Found 358.1448.  

 

Methyl 5-methyl-5,6-dihydrobenzo[6,7]isoindolo[2,1-a]quinoline-14-carboxylate: (10c) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 25:1 to 

10:1); yellow liquid, 70% yield, 238.7 mg. 1H NMR (300 MHz, CDCl3) δ 7.84 – 7.78 (m, 
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2H), 7.72 – 7.69 (m, 2H), 7.60 – 7.54 (m, 2H), 7.34 – 7.29 (m, 2H), 7.22 

– 7.11 (m, 2H), 3.62 (s, 3H), 3.14 – 3.07 (m, 1H), 2.98 (dd, J = 14.9, 5.0 

Hz, 1H), 2.68 – 2.61 (m, 1H), 1.00 – 0.96 (m, 3H). 13C{1H} NMR (76 

MHz, CDCl3) δ 168.5, 141.1, 134.3, 132.0, 131.1, 130.2, 129.9, 128.9, 

126.4, 126.2, 125.8, 125.6, 125.5, 124.2, 124.1, 123.7, 122.2, 114.1, 

109.4, 52.3, 34.5, 29.6, 19.5. HRMS (ESI) m/z: [M + H]+ Calcd for C23H20NO2 342.1496; 

Found 342.1497. 

 

(10R,11R)-10-Hydroxy-3-methoxy-5,9,10,11-tetrahydro-6H-benzo[g]pyrrolo[2,1-

a]isoindole-11-carboxylic acid:  (14a) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 10:1 to 

2:1); yellow liquid, 41% yield, 78.4 mg. 1H NMR (300 MHz, CDCl3) δ 7.99 (d, J = 8.6 Hz, 

1H), 6.84 – 6.80 (m, 2H), 6.68 – 6.67 (m, 1H), 4.17 – 4.07 (m, 2H), 

3.85 (s, 3H), 3.82 – 3.80 (m, 2H), 3.67 (bs, 1H), 2.99 – 2.95 (m, 

2H), 2.50 – 2.45 (m, 2H). 13C{1H} NMR (76 MHz, CDCl3) δ 

167.8, 157.5, 151.0, 138.5, 131.0 (2C), 128.9 (2C), 124.4, 114.8, 

112.0, 65.7, 55.4, 53.6, 38.9, 32.1, 22.8. HRMS (ESI) m/z: [M]+ Calcd for C17H17NO4 

299.1158; Found 299.1155. 
 

(1R,2R)-2-Hydroxy-7-phenyl-2,3-dihydro-1H-pyrrolizine-1-carboxylic acid: (14b) 

Purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 10:1 to 

2:1); brown liquid, 52% yield, 69.5 mg. 1H NMR (400 MHz, CDCl3) 

δ 7.40 – 7.34 (m, 5H), 6.70 (d, J = 3.0 Hz, 1H), 6.39 (d, J = 3.0 Hz, 

1H), 4.31 (t, J = 6.7 Hz, 2H), 4.09 (d, J = 6.8 Hz, 1H), 3.73 – 3.72 (m, 

1H), 3.68 (bs, 1H). 13C{1H} NMR (101 MHz, CDCl3) δ 167.9, 131.0, 

128.9, 128.6 (2C), 128.5 (2C), 128.3, 126.2, 122.1, 109.8, 65.7, 56.7, 

32.1. HRMS (ESI) m/z: [M + H]+ Calcd for C14H14NO3 244.0975; Found 244.0975. 
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6.6.3. Representative NMR spectra: 

1H NMR of 2' (300 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR of 2' (76 MHz, CDCl3): 
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1H NMR of 3a (300 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

13C{1H} NMR of 3a (76 MHz, CDCl3): 
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1H NMR of 3h (300 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR of 3h (76 MHz, CDCl3): 
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1H NMR of 3j (500 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR of 3j (126 MHz, CDCl3): 
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1H NMR of 3k (300 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR of 3k (76 MHz, CDCl3): 
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1H NMR of 3m (300 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

13C{1H} NMR of 3m (76 MHz, CDCl3): 
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1H NMR of 4' (300 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR of 4' (76 MHz, CDCl3): 
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1H NMR of 5 (300 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR of 5 (76 MHz, CDCl3): 
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1H NMR of 6a (300 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR of 6a (76 MHz, CDCl3): 
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1H NMR of 8a (300 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR of 8a (76 MHz, CDCl3): 
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1H NMR of 10a (500 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR of 10a (126 MHz, CDCl3): 
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1H NMR of 14a (300 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR of 14a (76 MHz, CDCl3): 
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1H NMR of 14b (400 MHz, CDCl3): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR of 14b (101 MHz, CDCl3): 
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6.6.4. 2D NMR Spectra of 3a: 

At first, we have designated the particular resonance value of different protons and carbons of 

3a using HSQC and HMBC experiment and the 1H-13C correlation has summarized in the 

tables. 

 

HSQC experiment: 

 

 

 

 

 

 

 

 

 

 

1H NMR 13C{1H} NMR 

2.69-2.54 (H4) 21.1 (C4) 

2.82-2.71 (H3) 31.5 (C3) 

3.50 (s, 3H) (H25) 52.7 (C25) 

3.72 (s, 3H), (H24) 55.4 (C24) 

4.51 (d, 1H, J = 5.7 Hz) (H17) 45.0 (C17) 

5.02 (d, 1H, J = 6.0 Hz) (H16) 68.0 (C16) 

6.74-6.73 (m, 1H) (H8) 112.1 (C8) 

6.76 (s, 1H) (H11) 114.7 (C11) 

6.91 (s, 1H) (H10) 111.6 (C10) 

7.13-7.08 (m, 1H) (H20) 124.4 (H20) 

7.23-7.19 (m, 2H) (H18, H19) 124.9 (H19), 114.9 (H18) 

             7.44 (d, 1H, J = 8.1 Hz) (H7) 124.6 (C7) 

7.58 (d, 1H, J = 7.6 Hz) (H21) 125.4 (C21) 
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HMBC experiment: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1H NMR 13C{1H} NMR 

2.69-2.54 (H4) 31.5 

2.82-2.71 (H3) 21.1 

3.50 (s, 3H) (H25) 171.9 

3.72 (s, 3H), (H24) 157.8 

4.51 (d, 1H, J = 5.7 Hz) (H17) 68.0, 171.9, 117.6, 120.1 

5.02 (d, 1H, J = 6.0 Hz) (H16) 45.0, 171.9, 129.4 

6.74-6.73 (m, 1H) (H8) 112.1 

6.76 (s, 1H) (H11) 31.5 

6.91 (s, 1H) (H10) 112.1, 120.1 

7.13-7.08 (m, 1H) (H20) 114.9, 124.9, 129.4 

7.23-7.19 (m, 2H) (H18, H19) 111.6, 122.7, 134.9 

7.44 (d, 1H, J = 8.1 Hz) (H7) 117.6, 138.6, 157.8 

7.58 (d, 1H, J = 7.6 Hz) (H21) 68.0, 129.4, 128.4, 134.9 
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From these tables it has clearly showed that the stereogenic protons are resonate at δ4.51 (H-

17) and δ5.02 (H-16) and the corresponding 13C δ45.0 (C-17), δ68.0 (C-16) respectively. 

Nearest protons resonate at δ7.44 (H-7), δ7.58 (H-21) with corresponding 13C δ124.6 (C-7), 

δ125.4 (C-21). H-25 resonate at δ3.50 for 1H-NMR δ52.7 for 13C NMR. H-22, -OH proton is 

not observed due to it exchangeable nature. 
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COSY experiment: 

After designation of particular value of proton/carbon correlation, we have carried out 2D 

COSY experiment for find out primary correlation between coupling protons. The 

characteristics peak at δ4.51 (H-16) and δ5.02 (H-17) are strongly coupled to each other 

(designate as red arrow) and weak coupling occurred with H-16/H-21, H-11/H-4, and H-3/H-

10. From the literature study it has been argued that strong correlation occurred between cis 

oriented protons compared to the trans oriented protons. Hence the new stereogenic canters 

are cis with respect to two H-atoms.   
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NOESY experiment: 

NOESY has also support the space correlation between H-16/H-17 (red arrow in the below 

structure) which are present in proximity and it is possible if they are cis-oriented. Additional 

space correlation also found between H-17/H-7. There is no correlation with H-25/H-16 or H-

25/H-17. Hence –CO2Me/-H16 are present in the trans orientation. If H-16/H17 oriented in 

trans relationship then we should not get correlation in NOESY spectrum but in practical we 

get a strong correlation and hence it is further proof that H-16/H-17 are cis oriented. 
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ROESY experiment: 

We have got similar cross peak pattern in the ROESY as that of the NOESY. Same space 

correlation observed between two stereogenic centers H-16/H-17 and H-17/H-7. This 

observation indicated that the peak obtained NOESY is not due to the diffusion correlation it 

is the actual space correlation for the cis-orientation of H-16/H-17. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From this series of experiment, it has been concluded that our synthetic compound 3a is 

diastereomerically pure and racemic and H-16/H-17 are cis oriented. 
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6.6.5. HPLC analysis report: 

Report of the chiralpak column of 3a: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.12.  HPLC analysis report of compound 3a. 
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Explanation for the diastereomeric mixture of 3g and 3h: 

The tandem aza-Michael-aldol strategy for the formation of fused diastereomeric mixture 3g and 

3h can be explained in the presence of extra stereogenic center at the substrates 2g and 2h. 

Here 4 diastereomeric pairs are possible according to the stereochemical terminology of the 

substrate 3g and 3h, but two pairs are easily omitted as our protocol produce cis-aldol product 

(I/II/V/VI) and trans aldol product III/IV/VII/VIII are not formed. Here –Me group at 4-

position distinguish the two diastereomeric pairs (I/V and II/VI). This is the indirect evidence 

for the formation of cis aldol product; if trans-aldol product was obtained then we get actually 

4-set of peaks for –Me group. But in practice, we get two set of –Me group. So, we got the 

mixture of two diastereomeric pairs for the substrate 3g and 3h. This can be further proved by 

HPLC experiment of 3h where two diastereomers I & II are present in the appreciable 

amount. 
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Report of the chiralpak column of 3h: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.13. HPLC analysis report of compound 3h. 
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6.6.6. Representative HRMS spectra: 

 

Methyl 3-(2-formyl-3,4-dihydronaphthalen-1-yl)propanoate:   (2') 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Methyl (13R,14R)-13-hydroxy-3-methoxy-5,6,13,14-tetrahydrobenzo[6,7]isoindolo[2,1-

a]quinoline-14-carboxylate:  (3a) 
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Ethyl (14R)-13-hydroxy-5-methyl-5,6,13,14-tetrahydrobenzo[6,7]isoindolo[2,1-a]quinoline-

14-carboxylate: (3h) 

 

 

 

 

 

 

 

 

 

 

Methyl (13S,14R)-13-hydroxy-3-methoxy-13-methyl-5,6,13,14-tetrahydrobenzo[6,7]isoindolo[2,1-

a]quinoline-14-carboxylate:   (3j) 

 

 

 

 

 

 

Methyl (13R,14R)-2-bromo-13-hydroxy-5,6,13,14-tetrahydrobenzo[6,7]isoindolo[2,1-

a]quinoline-14-carboxylate:  (3k) 
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Methyl (13R,14R)-11-chloro-13-hydroxy-3-methoxy-5,6,13,14-tetrahydrobenzo[6,7]isoindolo[2,1-

a]quinoline-14-carboxylate:  (3m) 

 

 

 

 

 

 

 

 

Methyl 2-(8-nitro-4,5-dihydronaphtho[1,2-c]furan-1-yl)acetate:   (4') 

 

 

 

 

 

 

 

Methyl 7,8,9,10-tetrahydroisoindolo[2,1-a]quinoline-6-carboxylate:  (5) 
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Methyl (5R,6R)-5-hydroxy-6,7,8,9,10,11-hexahydro-5H-cyclohepta[3,4]pyrrolo[1,2-

a]quinoline-6-carboxylate:  (6a)  

 

 

 

 

 

 

Methyl (4R,5R)-5-hydroxy-3-phenyl-4,5-dihydropyrrolo[1,2-a]quinoline-4-carboxylate: 

(8a) 

 

 

 

 

 

 

 

Ethyl 4-methoxy-5,6-dihydrobenzo[6,7]isoindolo[2,1-a]quinoline-14-carboxylate:  (10a) 
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(10R,11R)-10-Hydroxy-3-methoxy-5,9,10,11-tetrahydro-6H-benzo[g]pyrrolo[2,1-

a]isoindole-11-carboxylic acid:  (14a) 

 

 

 

 

 

 

 

 

 

 

(1R,2R)-2-Hydroxy-7-phenyl-2,3-dihydro-1H-pyrrolizine-1-carboxylic acid: (14b) 
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❖ 1H NMR of 8a in the highly viscose DMSO solvent: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.14. 1H NMR of 8a in the highly viscose DMSO solvent. 

 

 

 

❖ Picric acid sensing fluorescence quenching plot of 8a:  

 

 

 

 

 

 

 

 

 

 

 

Figure 6.15. Fluorescence quenching of 8a (2×10-5 M solution in ACN) by stepwise addition 

of picric acid (2×10-3 M solution in ACN).  
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