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The work discussed in this thesis entitled “Electrochemical Carbon-Carbon and Carbon-

Heteroatom Bond Formation to Access Bioactive Compounds” provides a brief description 

of the development of the new method for the synthesis of α-aminated esters, C2-

heteroquaternary indolin-3-ones, 2,3-diarylquinoxalines, and dihydroindolo[1,2-c]quinazolin-

12(6H)-one by using electrochemical oxidative process. The developed strategy utilizes 

commercially available inexpensive starting materials. 

The First Chapter describes a brief historical overview, concepts, techniques, methodology, 

and the importance of electro-organic synthesis. This thesis work generally follows the 

electrochemical oxidative pathway; some of the selected electrochemical oxidative 

transformations are also discussed in this chapter.  

The Second Chapter described an efficient electrochemical protocol for intermolecular 

oxidative coupling between α-aryl acetates (C(sp3)-H bond) and secondary amines (N-H bond). 

The mild electrocatalytic condition furnishes α-amino-esters by stitching together two 

electronically mismatched units through C-N bond formation, with a high yield (up to 92%). The 

reactions can be scaled up without impacting the process efficiency, and the resulting α-amino-

esters can be functionalized to other similar biorelevant compounds.  

The Third chapter revealed a highly competent electrochemical method for directly 

synthesizing C2-quaternary-centered indolin-3-ones from 2-arylindoles. Including self-

dimerization of 2-arylindoles, several nucleophiles, such as indole, 1,3-dicarbonyls, pyrrole, 

allylsilane, and TMSCN, were added to in situ generated indole-3-ones through oxidative 

dearomatization of 2-arylindoles with good yields. The developed method has been applied for 

the product’s gram scale preparation, metagenediindole A synthesis and other late-stage 

synthetic transformations. This method has overcome limited nucleophiles addition to 2-

arylindoles under electrochemical conditions. 

The Fourth Chapter describes an efficient electrochemical protocol for directly synthesizing 2-

aryl-3-(2-aminoaryl) quinoxalines from 2-aryl indoles. The reaction proceeds through in situ 

generations of 2-arylindole-3-ones under electrochemical oxidative dearomatization of 2-

arylindoles, followed by a ring opening-cyclization sequence with 1,2-diamino arenes to 

construct substituted quinoxaline compounds with good yields. Apart from gram-scale synthesis, 

the prepared compounds were tested for late-stage functionalization.  
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Chapter Fifth describes a novel method for the electrochemical oxidative intermolecular [4 + 2] 

annulation of tertiary aryl amines and cyclic ketimines to access functionalized 

dihydroindolo[1,2-c]quinazolin-12(6H)-one moiety. This developed protocol can occur under air 

and metal-free conditions at room temperature, and a wide range of functional groups proved to 

be compatible under our optimized conditions. The reaction conditions were consistent with 

some drug structure derivatives.  

The Sixth chapter is a compilation of the overall thesis work, and the future scope of the present 

research work has also been highlighted in this chapter.  
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1.1 Introduction 

The severe restrictions on fossil fuels and finite resources encourage scientists to reconsider 

chemical synthesis and develop sustainable solutions. Many scientists are researching green 

chemistry ideas to reduce the environmental effects of chemical processes. It includes 

implementing waste reduction methods, generating more energy-efficient processes, and 

employing renewable feedstocks. Sustainable chemical processes can encourage resource 

conservation and contribute to reducing carbon emissions.1 

In an effort to cut waste production and carbon dioxide emissions, industries have shifted to 

renewable energy sources. Likewise, it would be ideal to see the development of new methods 

for organic synthesis that would improve the environmental friendliness of the processes used to 

create commercial products. In the big picture, this encourages creating a sustainable planet that 

permits an expanding economy. Using green chemistry techniques helps industrial businesses 

create distinct market sectors that enhance consumer satisfaction and talent retention. As such, a 

process’s “greenness” increases its perceived value and gives it a competitive edge when dealing 

with “selection pressure” brought on by ever-improving synthetic procedures.2-4  

Recent years have seen the acceptance of electro-organic synthesis as one of the critical 

techniques capable of achieving several desirable goals in the development of an 

environmentally friendly process by society. Electrochemistry is one of the most direct and 

closest approache to a chemist’s interaction with molecules because the electrostatic interactions 

between electrons and nuclei are the most fundamental in chemistry. Electrochemistry is 

naturally redox chemistry because it directly uses an electrical potential to add or remove 

electrons from such interactions.5a-m Therefore, using electricity in organic synthesis eliminates 

hazardous, toxic, and sometimes expensive chemical oxidants, reductants, and their direct 

chemical waste. Hence, electro-organic synthesis is inherently green and efficient for achieving 

sustainable, eco-friendly organic synthesis.6a-d 

This chapter aims to give readers a comprehensive grasp of electro-organic chemistry, including 

its history, development, and overview. Thus, this section will first provide a simplified timeline 

of historical milestones, followed by a detailed text description of some recent well-known and 

representative works of electro-organic synthesis (Figure 1.1) adapted from the work of the 

Baran group with general reaction schemes where necessary.7-8 
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Figure 1.1 The history of electro-organic chemistry from 1800-2023 

The history door of electro-organic synthesis was opened in 1800 with the invention of the Volta 

Pile. The Volta Pile, the first electric battery, enabled the continuous circulation of electrons over 

a circuit for the first time.9 After three decades, the world has made significant progress in 

understanding the nature of electricity, thanks to Michael Faraday’s essential discovery. The 

invention of electrochemical concepts like electrolysis, anode, and cathode, the discovery of ions 
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flowing through electrolyte solutions, and the establishment of Faraday’s laws of electrolysis 

(Eq. 1)10 can all be credited to Faraday’s extensive studies.11 

                                      
Faraday discovered that acetate salts could be electrolyzed to yield ethane and carbon dioxide, 

and Kolbe produced alkyl radicals upon oxidation of fatty acids at a platinum anode, which 

subsequently dimerized to furnish alkanes later reaction became famous as Kolbe electrolysis 

(Scheme 1.1).10,12 But Faraday’s has secured a position as a pioneer of electro-organic chemistry.  

 
Scheme 1.1 First electro-organic synthesis reported by Faraday and Kolbe 

1.2 Fundamental principles of electro-organic synthesis 

In an electrochemical reaction at an anode, oxidation occurs, resulting in the removing one or 

more electrons from the highest occupied molecular orbital (i.e., HOMO), forming a radical 

cation (R+˙). At a cathode, reduction results in the addition of electrons into the lowest 

unoccupied molecular orbital (i.e., LUMO), creating a radical anion (R-˙) (Figure 1.2).13-14 The 

electrolytic interaction between the electrode and reactant can be direct or mediated by redox 

species, i.e., indirect. These processes can be categorized as oxidation (at the anode) and 

reduction (at the cathode).  
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Figure 1.2 Mode of electrochemical reaction 

The electrosynthesis of organic compounds can be achieved by either adding or removing 

electrons from an organic compound, forming a reactive intermediate; these reaction 

intermediates undergo disproportionation, oxidation, and reduction reactions to give respective 

cation, anion, free radicals, which undergo various reactions such as nucleophilic or electrophilic 

substitution, dimerization, and radical reaction, etc. All reactive intermediates and subsequent 

chemical reactions are shown in (Figure 1.3).15 

 
Figure 1.3 Possible pathways for reactivity after a single-electron transfer (X = leaving the 

group) 
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The transfer of electrons plays a crucial role in most of the chemical reactions to activate starting 

materials. Since the electron donor and acceptor are present in the same solution in the 

electrochemical technique, the activity of reactive intermediates is exceptionally high compared 

to conventional methods. Traditionally, substrate activation has been carried out by employing 

thermal or photo energy outside the reaction system. In contrast, in electrochemical reactions, 

active species are generated by the movement of electrons between the electrode and substrate. 

Reversal of the polarity of functional groups is a unique feature of electro-organic chemistry.14 

Electron-rich sites transform into electron-deficient centers by removing an electron. Similarly, 

the electron-deficient moiety is converted into an electron-rich center by adding an electron 

(Figure 1.4).16 This type of in situ conversion is challenging in conventional organic chemistry. 

Hence, this strategy becomes a powerful tool for constructing complex molecules. 

 
Figure 1.4 Electrochemical approach towards umpolung reactions 

1.3 Basic requirements 

Electrodes replace chemical oxidants and reductants in electrochemical processes, where 

electron transfer happens heterogeneously at the electrode surface, resulting in oxidation at the 

anode and reduction at the cathode. Usually, just one electrode (the working electrode) is 

designed to react. It produces the desired product, whereas the reaction at the opposite electrode 

(the counter electrode) is sacrificial. Even yet, it is feasible to profit from both half-cell processes 

simultaneously. As a result, an electrochemical reaction requires at least two electrodes: a 

positive electrode (the anode) where oxidation takes place and a negative electrode (the cathode) 
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where reduction occurs. The two electrodes need to be connected to the power source, and a 

supporting electrolyte is usually required to facilitate the passage of the electric charge through 

poorly conductive organic solvents. The laboratory setup for electrolysis varies from a very 

simple one (a beaker with two electrodes immersed in the solution) to sophisticated instruments. 

Still, regardless of being simple or complex, the various setups have standard basic requirements 

for successful electrolysis.17-18 

1.3.1 The power supply 

A power supply is an electrical source that maintains a continuous flow of electrons through the 

cell by applying enough voltage to overcome the cell’s resistance. It has a vast and changeable 

range of capabilities and prices, ranging from relatively inexpensive tiny batteries to high-end, 

complex, programmable electronic devices that can accurately manage current and voltage 

across an extensive range of values and feed many cells simultaneously. 

1.3.2 The electrolysis cells 

The cell is a container that holds the electrolytic solution and at least two electrodes. It can be as 

simple as an open beaker, a flask with two electrodes linked to a power source, or a 

professionally built cell with different forms, materials, and degrees of sophistication depending 

on the demand and flow of electrochemical cells. Section 1.4 gives detailed information about 

cell designs and kinds. 

1.3.3 The electrodes 

In concept, electrodes can comprise any conductive or semi-conductive substance. Like the cell 

and the power supply, it can range from inexpensive graphite (a pencil), aluminium foil, or 

metallic cutlery to immensely expensive or boron-doped diamond (BDD). Because electron 

transfer occurs at the electrode surface, electrodes are the most distinct feature of the cell and are 

critical to efficient electrochemical transformation. In addition to adequate electric conductivity, 

electrode materials should be corrosion-resistant and chemically inert. The principal electrode-

related difficulty faced during electrolysis is electrode passivation, which occurs when an 

insulating layer forms on the electrode surface, reducing its activity owing to total or partial 

blocking of the electrode surface. The passive layer might be a metal oxide or polymeric film 

generated due to the oxidation of electron-rich organic molecules, particularly olefins and 

aromatic chemicals. Electrode passivation can be reduced by occasionally switching the 
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electrode polarity, using the same material for both the anode and the cathode, or adding an 

additive to boost the solubility of the polymeric material.19 

1.3.4 Solvent and electrolyte 

An electrolyte is a mixture subjected to electrolysis (the reaction mixture). It consists of the 

solvent or solvent mixture, supporting electrolytes, reactants, catalysts, additives, and products. 

The solvent system is critical for electrolysis success and achieving the desired outcome. The 

electrolysis in electro-organic synthesis is often done in organic solvents, which have weak 

electric conductivity and would need the addition of supporting electrolytes to reduce cell 

resistance and make the electrolysis practicable. The supporting electrolyte is a substance that is 

generally a salt (organic or inorganic) added to help electricity travel through the weakly 

conductive reaction medium. Sometimes, one or more reactants or additives required for the 

desired chemical reaction are ionizable and can serve as reactants while also increasing the 

conductivity of the combination, avoiding or reducing the need for additional supporting 

electrolytes. Inorganic salts like LiClO4 or organic salts like pyridinium and quaternary 

ammonium salts can act as electrolytes. Organic salts like Bu4NBF4 and similar compounds have 

the benefit of being readily soluble in organic solvents, but their removal from the product might 

be challenging at times.20 

1.4 Types of electrolysis cells 

As previously said, electrolysis cells can range from elementary beaker-type cells to complicated 

custom-built cells. This section will discuss the fundamental types of electrolysis cells found in 

synthetic organic chemistry laboratories. 

1.4.1. Undivided cells 

The undivided cell is the most straightforward cell design (Figure 1.5). The two electrodes in an 

undivided cell are immersed in the electrolytic solution stored in a vial, beaker, flask, or more 

elaborate, specifically built glassware or other materials; the distance between the two electrodes 

should be kept as small as possible to decrease cell resistance. A sequence of parallel plates can 

enhance the electrode surface area and, therefore, the cell production. Because there is no 

physical separation between the anode and the cathode in undivided cells, electrolyte 

components can reach both electrodes.25 As a result, the reactive intermediates or intended 

product(s) generated at one electrode should not experience a reverse reaction at the other 
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electrode; otherwise, a “chemical short-cut” is developed, resulting in a non or less productive 

process. In the case of anodic oxidation, a scenario is generally avoided by selecting a simple 

sacrificial (non-productive) counter-reaction, such as hydrogen gas evolution from the reduction 

of protic solvents or acids at the cathode. Sometimes, the counter-reaction is productive (paired 

electrolysis), producing a reagent or a reactive species required to synthesize the desired product, 

or it can be exploited to make a second desirable product. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.5 Undivided cell setup. Top left: Schematic representation; top right: Home-made; 

bottom left: Home-made; Commercially available electrasyn 2.0 from IKA 
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1.4.2 Divided cells 

It is sometimes essential to physically separate the anode from the cathode to prevent a 

“chemical short-cut” or unwanted reaction at the counter electrode. The H-cell is a more 

elaborate split cell design (Figure 1.6). The divided cell is made up of two compartments that are 

physically separated by a porous material such as sintered glass or ceramics or an ion exchange 

membrane such as Nafion membranes; these separators allow ion exchange between the two 

separated compartments and thus allow conductivity, but they prevent chemicals (substrates, 

reagents, product) from mixing from one container with the other. One chamber contains the 

anode and is charged with an anodic electrolyte (anolyte), while the other includes the cathode 

and is filled with a cathodic electrolyte (catholyte). Although the divided cell is more 

sophisticated and complicated than a primary undivided cell, its usage is sometimes unavoidable; 

also, the physical separation of the anolyte and catholyte allows for easy paired electrolysis and 

simplifies product isolation.18 

 

 

 

 

 

 

Figure 1.6 Divided cell setup 

1.5 Control modes of electrolysis 

Electrical factors can control electrochemical reactions. Ohm’s law (V = IR), which applies to all 

types of electrolysis, may be used to deduce the fundamental notions of electrolysis.17,18 As a 

result, electrolysis cells can operate in the following control modes: 

1.5.1 Constant potential electrolysis (Potentiostatic operation) 

Under the potentiostatic mode of operation, the electrolysis is performed at a constant potential 

applied over the whole electrolysis time, using a potentiostat as a power supply (Figure 1.7). 
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Figure 1.7 Schematic representation of electrolysis under potentiostatic mode of operation 

The applied voltage is adjusted to a precise value corresponding to the redox potential of a 

particular substrate in the reaction mixture. As a result, the redox potential of the desired 

substrate must be determined in the same solvent system utilized for the reaction, which may be 

accomplished by doing a cyclic voltammetry experiment before the electrolysis. 

The potentiostat frequently tunes the total voltage difference between the cathode and anode 

(Etotal) to keep the working electrode potential (Eworking) constant during electrolysis. The 

following equation can show Etotal. 

 
Where the Eworking and Ecounter abbreviations stand for the potentials of the working and counter 

electrodes, respectively, i is the applied current, and R is the resistance of the solution between 

the cathode and anode.  

1.5.2 Constant current electrolysis (Galvanostatic operation) 

Under the galvanostatic mode of operation, the electrolysis is performed at a constant current 

applied over the whole electrolysis time, using a galvanostat as a power supply. This operation 

mode is more straightforward than the potentiostatic mode, requiring only two electrodes, anode 

and cathode, and an inexpensive power supply (Figure 1.8). 
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Figure 1.8. Schematic representation of electrolysis under a galvanostatic mode of operation 

The current is kept constant throughout the reaction by varying the applied potential (roughly 

0.80V to 2.30V) in the constant current electrolysis (CCE) method. The CCE method is more 

convenient than the complex constant potential electrolysis (CPE) method. It is utilized in 

reasonably large-scale and simple reactions (a simple mechanism). In this work, we mainly use 

the CCE method because of its simplicity and high productivity. The total amount of electricity 

passed (in Faradays/mole) is calculated by the following equation:  

 
where I is current in mA (milli amperes), T is the time in seconds, and m is the amount of 

substrate in moles. 

1.6 Electrolysis techniques 

In electro-organic chemistry, electron transfer processes at the electrode surface are 

heterogeneous. However, it realized that different electrolysis techniques can depend on the 

mode of electron transfer from/to the electrode surface, chemicals in the bulk solution and, the 

following chemical transformations. Generally, the electron transfer process could be direct or 

indirect. 
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1.6.1 Direct electrolysis 

Direct electrolysis includes direct heterogeneous electron transfer at the electrode surface 

between the electrode and the chemical substrate. This heterogeneous electron transfer activates 

the initial material, producing reactive species that proceed through chemical transformations to 

make the end product (Figure 1.9).21-22 

 
Figure 1.9 Schematic representation of direct electrolysis 

1.6.2 Indirect electrolysis 

Direct heterogeneous electron transfer between the electrode and the substrate can sometimes be 

slow and inefficient. In some situations, direct electrolysis may result in the development of 

polymeric films e.g., oxidation of pyrrole and aniline, that coat the electrode surface, lowering 

conductivity and, in some cases, completely passivating the electrode. In such cases, where 

direct electrolysis is impractical, indirect electrolysis may be the answer. As an electron carrier in 

indirect electrolysis, a redox-active mediator is utilized. The mediator is activated at the 

electrode surface by heterogeneous electron transfer and subsequently conducts homogeneous 

electron transfer with the substrate in the bulk solution (Figure 1.10). Compared to direct 

electrolysis, the use of redox mediators can increase the efficiency of the electron transfer and 

improve the selectivity of a reaction. Chiral electrocatalysts have also been investigated to 

conduct asymmetric electrocatalysis.23-28 
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Figure 1.10 Schematic representation of indirect electrolysis 

1.7 Cyclic voltammetry 

Cyclic voltammetry (CV) is a powerful and popular electrochemical technique commonly 

employed to investigate the reduction and oxidation processes of molecular species. CV is also 

invaluable to study electron transfer-initiated chemical reactions, which include catalysis.29-31  

The traces in Figure 1.11 are called voltammograms or cyclic voltammograms. The x-axis 

represents a parameter that is imposed on the system, here the applied potential (E), while the y-

axis is the response, here the resulting current (i) passed. There are two kinds of CV conventions, 

as shown in Figure 1.11. 

   
Figure 1.11 Cyclic voltammograms and their conventions 

Electrochemical reversibility refers to the rate (rate constant) at which the electron transfer 

occurs between the working electrode (WE) and the redox species in the solution. If the rate is 

high then the transfer of electrons occurs rapidly without major thermodynamic hurdles, and it is 

known as an electrochemically reversible couple, whereas if the electron transfer occurs slowly 

(i.e. low rate constant) because of any barrier or complication, is referred to as an 
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electrochemically irreversible case. A rate of electron transfer between reversible and irreversible 

states comes under the quasi-reversible system. Nernst relationship is applicable every time if in 

the reversible system, both the oxidized and reduced structure are stable and the reaction can be 

run in both directions smoothly. Now we come to know that electrochemical reversibility is an 

operational thought that occurs during electrolysis. The electrochemical reaction may appear to 

be reversible in one kind of experiment and quasi-reversible or irreversible in other. According 

to the observation, the reversible nature of organic reactions is generally related to the formation 

of active species. 

 
Where O and R are the oxidized and reduced form of a redox couple in an aqueous media. The 

electrochemical method involves the shifting of an electron across the interfacial area of an 

electrode and solution (aq) phase species. 

  

  
Figure 1.12 (A) Electrochemically reversible electron transfer; (B) Electrochemically 

irreversible electron transfer; (C) Electrochemically quasi-reversible electron transfers; (D) 

Chemically irreversible transfer of electron 
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Electrochemical reversibility is generally defined as the ratio of charge transfer to mass transfer, 

and mass transfer is dependent on the scan rate. 

By using a cyclic voltameter we can find the reversible, irreversible, or quasi reversible nature of 

the reaction. Electrochemically reversible reactions yield the characteristic “duck curve” (Figure 

1.12A) with peaks of similar magnitude on both the forward and reverse scans. 

 
Figure 1.13 Typical cyclic voltammogram where ipc and ipa show the peak cathodic and anodic 

current respectively for a reversible reaction 

Reversible reactions are characterized by the following points:  

1. ipa/ipc = 1 i.e. ipa = ipc, (here anodic peak and cathodic peak current are represented by ipa 

and ipc ). 

2.  In the reversible process current maximum occurs at the same voltage for all scan rates 

due to rapid electron transfer kinetics i.e. peak potential is independent of scan rate. 

3. The separation of peak for the reversible reaction is (0.059/n)V (where n = number of 

electrons). 

4. Standard potential Eo = (Epa+Epc)/2 (Where Epa and Epc are anodic and cathodic peak 

potential). 

In irreversible or quasi-reversible reactions the value of ipa and ipc is never the same i.e. ipa/ipc ≠ 
1. This deviation from unity is due to the consequent chemical reaction that is activated by the 

electron transfer. Such electrochemical reactions can be complex, involving association, 

dissociation, isomerization, etc. There is no proper rule that distinguishes quasi-reversible from 

irreversible reactions. During CV sometimes a reversible wave looks like a quasi-reversible 

wave, this is due to the dirty electrode (Fig. 1.12C). Maximum current occurs at different 

voltages since electron transfer processes are slow relative to voltage scan rate. 
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1.8 Electrochemical oxidative transformation 

As mentioned in section 1.2, electrochemical reactions are divided into two categories: oxidative 

and reductive. Several groups have recently made significant efforts to develop electrochemical 

procedures since this thesis work generally follows the oxidative pathway; some of the selected 

electrochemical oxidative transformations are mentioned in section 1.7. 

In this context, Baran and co-workers have developed some elegant electrochemical methods, 

including the direct decarboxylative N-alkylation of heterocycles. This method applies non-

activated carboxylic acids as alkylating agents in the N-alkylation of heterocycles through an 

electrochemically driven anodic decarboxylative process. A broad substrate scope across various 

heterocycles and fewer synthetic steps are required to access such medicinally relevant structures 

(Scheme 1.2).32 

 

Scheme 1.2 Decarboxylative N-alkylation of heterocycles 

Mei and co-workers reported an electrochemical oxidative asymmetric Mannich reaction of 

glycine esters (4) with cyclic ketones (5). TEMPO was employed as a redox mediator in this 

reaction, effectively avoiding the excessive oxidation of the products. In addition, after a series 

of screenings, the authors used (R)-pyrrolidine-3-carboxylic acid as the chiral organocatalyst, 

platinum sheets as the anode and cathode with a constant current of 1.5 mA and DMSO as the 

Solvent. Under the optimal conditions, 41 Mannich-type amino acid derivatives (6) were 

reported with yields from 33% to 80% and good to excellent diastereoselectivity and 

enantioselectivity (up to 99% ee and up to 99:1 dr). Surprisingly, no electrolytes and sacrificial 

agents were used in this reaction system  (Scheme 1.3).33 

 
Scheme 1.3 Indirect electrochemical oxidative asymmetric Mannich reaction of glycine 

esters with cyclic ketones 



CHAPTER - 1 
 

18

In 2016, Zeng et al. reported an efficient electrochemical amino-oxygenation of styrenes (7) to 

synthesize 3-alkoxy-substituted indolines (8) (Scheme 1.4). The reaction was performed in an 

undivided cell with graphite plates for both the anode and cathode. Different substituted N-(2-

vinylphenyl) sulfonamides were compatible with the methodology. Mechanistic studies revealed 

that in situ generated molecular iodine was the active species. Intramolecular nucleophilic attack 

on the iodonium ion by the sulfonamide followed by nucleophilic substitution by methoxide 

gave the desired product.34 

 
Scheme 1.4 Electrochemical synthesis of indolines mediated by n-Bu4NI 

In 2017, Lei and co-workers developed the intramolecular dehydrogenative C(sp2)–C(sp2) bond 

formation of N-aryl enamines (9) for the synthesis of indoles (10) (Scheme 1.5). Platinum plates, 

both the anode and cathode, were used in this electrosynthesis. Potassium iodide acted as both 

the supporting electrolyte and redox mediator for the oxidation of the substrates. The amidyl 

radical was proposed to be generated from the oxidation of the substrate by the in situ generated 

I+. Further intramolecular radical cyclization gave the desired product. Moreover, this 

electrolytic system was also applicable to achieve the intramolecular dehydrogenative C–N bond 

formation of N-pyridyl enamines to synthesize imidazo[1,2-a]pyridines.35 

 
Scheme 1.5 Electrochemical intramolecular C–H/C–H cross-coupling for the synthesis of 

indoles 

In 2018, Zeng and co-workers reported that CF3SO2Na, a stable and readily available reagent, 

can be used as a CF3 source in the presence of a halogen mediator. Using a catalytic amount of 
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Bu4NBr, electrolysis of acrylamides (11) afforded trifluoromethylated 2-indolinone (12) 

derivatives. The Br− was initially oxidized to Br2 on the anode. Br2 then reacted with CF3SO2Na 

to produce CF3SO2Br, which was reduced on the cathode to afford an oxygen-centered radical 

intermediate. Subsequent elimination of SO2 formed the CF3 radical. The addition of the 

generated CF3 radical to acrylamide allowed the radical cyclization reaction to proceed. Further 

oxidation on the anode and deprotonation afforded the desired products (Scheme 1.6).36 

 
Scheme 1.6 Bromide-catalyzed tandem trifluoromethylation/cyclization of N-arylacrylamides 

Zhou’s team in 2021 developed a novel and efficient strategy for synthesizing 1,2-disubstituted 

benzimidazoles (14) via electrochemical oxidative dehydrogenation C–N bond formation. This 

electrosynthesis method could address the limitations of the C(sp3)–H intramolecular amination. 

This electrochemical strategy provides a simple and practical approach to synthesizing 

benzimidazole derivatives with moderate to good yields under mild conditions. The reaction 

exhibited a wide range of substrates and avoided the use of metal catalysts and stoichiometric 

oxidants. In this reaction, tertiary amine was converted to a nitrogen-centered radical cation. 

After electron transfer and deprotonation, the imine cation is formed. The nucleophilic addition 

produces a cyclization product, and finally, anode oxidation aromatization gives the ultimate 

disubstituted benzimidazole product (Scheme 1.7).37 

 
Scheme 1.7 Intramolecular amination with anilines 
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Ye and co-workers reported a significant method for utilization of α-methyl styrene derivatives 

(15 and 16) to accomplish [4+2] cycloaddition-rearrangement-aromatization in a metal-/oxidant-

free electrochemical fashion by using tris(4-bromophenyl)amine (TBPA) as a mediator (Scheme 

1.8). This transformation was tolerant to various α-methyl styrene derivatives and could provide 

the corresponding products (17) in good yields. The typical features of this reaction are its 

scalability, absence of high valence substrates, oxidants, and metals, and significant synthetic 

value in constructing polycyclic aromatic compounds.38 

 
Scheme 1.8 Electron-catalyzed [4+2] cycloaddition of two-component α-methyl styrenes 

Lei and co-workers reported a dearomative [4+2] cycloaddition between different indoles 

through an electrochemical fashion (Scheme 1.9). Moreover, simple procedures could transform 

the product into useful synthetic intermediates and pharmaceutical compounds. In particular, this 

method applies to functionalize methionine, melatonin-involved cycloaddition, and cycloaddition 

involving loxoprofen, probenecid, and zaltoprofen. All of them exhibited non-negligible 

responsiveness. Additionally, the reaction shows reasonable practicability at gram-scale 

experiments and pyrimido[5,4-b]indoles synthesis in high yields that can be helpful synthetic 

intermediates. The possible mechanism of the reaction is as follows. Initially, the oxidation 

of indole (18) at the anode generates the indole radical cation. Simultaneously, (19) undergoes 

SET oxidation with the assistance of an equivalent base to generate the N-centred radical. The 

indole radical cation and the N-centred radical undergo a radical–radical cross-coupling reaction 

and subsequent intramolecular cycloaddition to give the product (20) with excellent 

regioselectivity. Hexafluoroisopropanol (HFIP) is produced simultaneously with cathodic 

reduction during the reaction, releasing hydrogen gas 39 
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Scheme 1.9  Electrochemical catalyzed [4 + 2] cycloaddition between indoles and 1-alkyl indole 

derivatives 

In 2022, Sun’s group reported the electrochemical [3 + 2] cycloaddition of anilines (21) and 1,3-

dicarbonyl (22) derivatives (Scheme 1.10). The reaction is directly executed with 30 mol% 

TfOH in a solution of n-Bu4NBF4 in HFIP without the need for metal catalysts or external 

oxidants, providing a powerful method for the construction of a broad range of multi-substituted 

indoles (23). The anodic oxidation of aniline and 1,3-dicarbonyl simultaneously forms nitrogen-

centered radical and 1,3-dicarbonyl radical, in which nitrogen-centered radical resonates to give 

carbon-centered radical. Later, radical–radical cross-coupling and tautomerization followed 

intramolecular condensation to afford the final product. Meanwhile, the cathode reduces protons 

to H2.40 

 
Scheme 1.10 Electrochemical [3 + 2] cycloaddition of anilines and 1,3-dicarbonyl derivatives 

Lei and co-workers have recently reported an interesting electrochemical oxidative 

difunctionalization of diazo compounds (25) with two different nucleophiles (24 and 26) 

(Scheme 1.11). The reaction can be carried out using inexpensive and commercially accessible 

radical sources (such as S and C) and nucleophiles (such as alcohol, amine, acid, and halogen 

anion). This straightforward approach eliminates the use of transition metals and external 

oxidants, as well as the pre-activation of substrates (such as electrophiles) and harsh conditions. 
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Excellent functional group compatibility, large-scale synthesis efficiency, and a wide range of 

synthetic applications demonstrate the transformation’s capabilities.41 

 
Scheme 1.11 Electrochemical oxidative difunctionalization of diazo compounds 

1.9 Conclusion and outlook 

The goal of this Ph.D. work is to broaden the scope of electro-organic synthesis to include the 

formation of carbon-carbon and carbon-nitrogen bonds using an electrochemical oxidative 

pathway. This chapter presents a brief historical overview, as well as concepts, techniques, 

methodology, and the importance of electro-organic synthesis. Recently, electro-organic 

synthesis has been recognized as one of the primary techniques capable of achieving several 

desirable goals to establish an environmentally friendly procedure. This methodology can be 

used to replace harmful redox reagents, decrease the energy requirement, and for the in situ 

generation of unstable reagents. The electrochemical technique is a simple and potent method in 

modern organic synthesis. The electrochemical process can accomplish various functional group 

conversions and carbon-carbon or carbon-heteroatom bond formations. Several electrochemical 

transformations and efficient processes were developed using batch or flow electrolysis cells. 

Electro-organic synthesis applications are not restricted to the small laboratory scale; specific 

large-scale production procedures have already been established and are involved in the creation 

of value-added compounds on an industrial scale. Electrolysis occurs on the electrode surface, 

allowing for selective redox chemical changes without external oxidizing or reducing reagents, 

eliminating the creation of chemical waste associated with previous approaches. As a result, 

electroorganic synthesis is innately greener than the traditional chemical approaches, lowering 

the environmental impact of chemical operations. 
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2.1 Introduction 

The direct oxidative cross-dehydrogenative coupling (CDC) of C–H (carbon-hydrogen) and N–H 

(nitrogen-hydrogen) bonds to form a new C–N bond is indeed an essential and influential method 

in modern organic synthesis. This transformation allows for the efficient construction of C–N 

bonds, which are prevalent in a wide range of organic compounds, including pharmaceuticals, 

agrochemicals, and materials. This method offers several advantages including atom efficiency, 

less waste, and avoiding pre-functionalized starting materials. The CDC reaction involves 

directly coupling a C–H bond from one reactant and an N–H bond from another to form a new 

C–N bond. This process usually requires an oxidant or catalyst to promote the reaction.1a It 

represents a high-step and atom-economical process since prefunctionalization of the substrates 

is avoided, and hydrogen is the only formal byproduct.1b Along this line, significant advances 

have been made, especially in the oxidative C(sp2)–H couplings to form various C–N 

bonds.  The α-C(sp3)–H functionalization and α-amination of carbonyl compounds remain a 

transformation of central importance in synthetic and medicinal chemistry as a straightforward 

route to versatile building units widely present in natural products and pharmaceuticals.1c-g A 

reaction between nucleophilic-synthons of carbonyl compounds, such as enolates or enamines 

with preformed electrophilic amine reagents, is a well-explored technique to access α-amino-

carbonyls.2 Besides, the reaction between pre-functionalized carbonyls and nucleophilic amine 

(N-δ) has also been explored along with other conventional methods.3 The direct C(sp3)−H 

functionalization will offer a straightforward approach to introduce functionality to organic 

skeletons.4 The direct dehydrogenative C-N bond formation between the proximal position of 

carbonyls and the nucleophilic amine is the shortest route to access α-amino carbonyls. However, 

it requires a polarity reversal of two electronically mismatched units.5 Despite remarkable recent 

advances for accessing α-amino-carbonyls, more strictly, these methods are mainly limited to the 

readily enolizable lower oxidation state substrates, such as aldehydes/ketones (Scheme 2.1), and 

hardly applicable with esters. The direct decarboxylative coupling between highly activated acids 

with amine is an exciting way to access α-amino acid esters6 and other methods.7 Thus, 

developing a direct, simple, and environmental friendly process accessing α-amino carbonyls 

such as α-amino acid esters is highly desirable. Notably, α-amino acids and their derivatives have 

medicinal significance and importance in artificial sweeteners, food additives, cosmetic 

additives, and many more applications (Figure 2.1).8  
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Figure 2.1 Representative examples of α-amino carbonyl compounds 

In this context, MacMillan and coworkers developed direct α-amination of carbonyl compounds 

like ketones, esters, and aldehydes (1) with cyclic and acyclic secondary amines (2) under Cu-

catalyzed aerobic conditions. In this reaction, copper(II) bromide (0.1 equiv.) acts as the 

brominating agent, and air is the oxidant to furnish α-aminated compounds (3) in up to 93% yield 

(Scheme 2.1).5a  

 
Scheme 2.1 Copper-catalyzed synthesis of α-aminated compounds 

Initially, Prabhu and coworkers reported that aryl/heteroaryl-ketones (4) with aliphatic or 

aromatic substituents on the α-position were successfully aminated with cyclic secondary amines 

(2) when treated with N-iodosuccinimide (30 mol%) and tertbutyl hydroperoxide (3.0 equiv.) to 

afford desired products (5) in up to 80% yield (Scheme 2.2). The use of the methodology was 

demonstrated by the synthesis of an ifenprodil derivative in 50% yield from commercially 

available starting materials.5b 

 
Scheme 2.2 NIS-catalyzed oxidative coupling of ketones and secondary amines 
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In 2015, the Sekar group developed an NBS-mediated open-flask synthesis of benzylic alcohols 

(6) and nitrogen nucleophiles (2) (Scheme 2.3). This operationally simple transformation 

produced the desired products (5) in up to 94% yield, with secondary cyclic amines yielding the 

best results. Although the electronic properties of the aromatic substituent 

had no effects on yields, sterically hindered starting materials resulted in a significant decrease. 

From commercially available starting materials, 60% and 68% of the medicinally relevant 

amfepramone and pyrovalerone were obtained in a single step, respectively.5c 

 
Scheme 2.3 NBS-mediated synthesis of α-amino ketones from benzylic alcohol 

Guo and coworkers showed that the substrate scope could be extended to include primary and 

acyclic secondary amines (2) when employing ammonium iodide (15 mol%) and sodium 

percarbonate (Scheme 2.4). Notably, amines containing reactive functional groups, such as allyl 

or aniline, were tolerated in this methodology. The synthesis of amfepramone in 72% yield 

demonstrated the procedure's utility.5d  

 
Scheme 2.4 NH4I/peroxide-mediated α-amination of ketones 

In 2016, electrochemical α-halogenation was applied to amino ketone synthesis to remove the 

stoichiometric oxidants or metals requirement. Liang et al. demonstrated that molecular iodine 

could be generated from ammonium iodide (0.5 equiv.) at the cell's graphite anode in an 

undivided cell, allowing for α-iodination of several mono disubstituted-ketones (7). The transient 

α-iodocarbonyl was substituted in situ with a variety of secondary amines (2) to obtain the 
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desired α-amino ketones (8) in up to 75% yield, with cyclic amines performing on average better 

than acyclic substrates (Scheme 2.5).5e  

 
Scheme 2.5 Synthesis of α-amino ketones via the electrochemical oxidative cross-

dehydrogenative coupling 

On the other hand, electrochemical organic transformations have recently gained much attention 

as sustainable protocols under mild conditions.9 The electrochemical oxidative C-H 

functionalization for C-C,10 C-O11 and C-N12 bond formation has been achieved using metal-

catalysis or metal-free conditions. Despite these efforts, the direct electrochemical amination of 

the C(sp3)-H bond remains elusive.13 In this chapter, we wish to disclose the synthesis of α-

amino acid esters through electrochemical oxidative coupling between benzylic C(sp3)-H bonds 

and secondary amines. The protocol offers mild and direct access to various α-amino acid esters 

under metal-free conditions while tolerating organic functionalities (Scheme 2.6) 

 
Scheme 2.6 Electrochemical amination of the α-aryl acetates 

2.2 Results and discussion 

To evaluate the feasibility of our proposed synthetic pathway, initially, we examined the model 

reaction; methyl 2-(3-chlorophenyl) acetate 1a, and pyrrolidine 2a were employed as model 

substrates (Table 2.1). Extensive experiments for finding suitable reaction parameters such as 

electrodes, electrolytes, catalysts, and solvents (Table 2.1) were performed and led to identifying 

the optimal reaction conditions. The desired α-amino ester 3aa was obtained in 89% yield under 

optimized conditions (entry 1, Table 2.1). Next, increasing (entry 2, Table 2.1) or decreasing the 

applied current (entry 3, Table 2.1) from standard conditions to the vessel reduces the reaction 
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yields. A similar result with 45-65% yields was obtained by changing the electrode system under 

standardized conditions (entries 4-7, Table 2.1). When the iodide source changed as an NH4I, the 

desired product yield decreased to 76% respectively (entry 8, Table 2.1). For instance, no desired 

product was found when NaBr were employed instead of KI (entry 9, Table 2.1). No desired 

product 3aa was detected by without KI and electric current (entries 10–11, Table 2.1). 

Moreover, other electrolytes were also tested, such as  n-Bu4NBF4 and n-Bu4NClO4, but all gave 

inferior results compared to LiClO4 (entries 12–13, Table 2.1). The addition of bases (1.0 equiv.) 

under standard conditions (entries 14-15, Table 2.1) or varying solvent medium (entries 16-18, 

Table 2.1) did not improve the reaction yields. Thus, we prefer to perform the reaction under 

optimized conditions. 

With the optimal conditions, the reaction's scope was investigated with various esters and amines 

(Table 2.1). Initially, pyrrolidine was tested with multiple meta-chlorophenyl acetic esters (-Me, 

-Et, -iPr, -tBu) and furnished corresponding α-amino-esters 3aa-3da (up to 89%). Moreover, 

different ortho-chlorophenyl acetic esters (i.e., -Me, -Et, -allyl, -cyclohexyl, -benzyl and -

piperonyl) were initially employed with pyrrolidine to finish corresponding α-amino-esters 3ea-

3ja (up to 76%). Next, a series of methyl and ethyl α-aryl acetates having substitutions 

(halogens/electron-withdrawing group) at the different aromatic ring positions were tested with 

pyrrolidine, and corresponding final products 3ka-3ra obtained up to 85%.  

However, the reaction did not produce the desired outcome in the presence of electron-donating 

groups. The scope of various acyclic/cyclic secondary amines was tested with methyl 2-(3-

chlorophenyl) acetate 1a to yield corresponding products 3ab-3al (up to 92%). A similar trend 

was observed in the formation of 3kc-3nc and 3ef-3of, where piperidine and morpholine were 

coupled with various esters. The protocol was extended with a secondary amine that exists in 

cetirizine, a drug molecule, and complementary product 3aj was obtained with 68% yield under 

optimized conditions. The developed method is mainly limited to α-aryl acetates and secondary 

aliphatic amines. The reaction failed to give α-amino-α-aryl acetates with 

aniline(s)/primary/secondary aromatic amines or with sterically hindered aromatic 

esters/acids/amides and aliphatic ester under optimized conditions. 
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Table 2.1 Optimization of reaction conditions a 

 

Entry Variation from standard conditions Yield (%) 

1 none 89 

2 I = 10.0 mA, instead of I = 8.0 mA 56 

3 I = 6.0 mA, instead of I = 8.0 mA 71 

4 C(+)/C(-) used instead of  C(+)/Cu(-) 65 

5 Cu(+)/C(-) used instead of  C(+)/Cu(-) - 

6 C(+) | Pt(-) used instead of  C(+)/Cu(-) 55 

7 Pt(+) | Pt(-) used instead of  C(+)/Cu(-) 45 

8 TBAI (0.5 equiv.) used instead of  KI (0.5 equiv.) 76 

9 NaBr (0.5 equiv.) used instead of  KI (0.5 equiv.) 0 

10 without KI - 

11 without electricity - 

12 n-Bu4NBF4 (1.0 equiv.) used instead of  LiClO4 (1.0 equiv.) 81 

13 n-Bu4NClO4 (1.0 equiv.) used instead of  LiClO4 (1.0 equiv.) 75 

14 Lutidine (1.0 equiv.) used as an additive 74 

15 K2CO3 (1.0 equiv.) used as an additive 68 

16 MeOH as a solvent instead of CH3CN 45 

17 DMF as a solvent instead of CH3CN 20 

18 THF as a solvent instead of CH3CN 38 
 

aReaction conditions: 1a (1.0 mmol), 2a (3.0 mmol), KI (0.5 mmol), LiClO4 ( 1.0 mmol) in 

MeCN (10 mL), C-anode, Cu-cathode, undivided cell, constant current = 8 mA, at rt under N2 

atmosphere for 14 h. bAll isolated yields were based on 1a.  
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Table 2.2 Substrate scope of various esters 1a 

 

aReaction conditions: ester (1.0 mmol), amine (3.0 mmol), KI (0.5 mmol), LiClO4 (1.0 mmol) 

in CH3CN (10 mL), C-anode, Cu-cathode, undivided cell, constant current = 8 mA, at rt under 

N2 atmosphere for 12-20 h. bAll isolated yields were based on ester. 



CHAPTER - 2 
 

34

Table 2.3 Substrate scope of various amines and estersa 

 
aReaction conditions: ester (1.0 mmol), amine (3.0 mmol), KI (0.5 mmol), LiClO4 (1.0 mmol) 

in CH3CN (10 mL), C-anode, Cu-cathode, undivided cell, constant current = 8 mA, at rt under 

N2 atmosphere for 12-20 h. bAll isolated yields were based on ester. 
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2.3 Cyclic voltammetry experiment 

 

 
Figure 2.2 Cyclic voltammogram of CH3CN/LiClO4 (10 mL, 0.1 M) (black); KI (0.01 M) in 

CH3CN/LiClO4 (10 mL, 0.1 M) (red); ester 1a (0.01 M), KI (0.01 M) in CH3CN/LiClO4 (10 

mL, 0.1 M) (blue); ester 1a (0.01 M), pyrrolidine 2a (0.01 M), KI (0.01 M) in CH3CN/LiClO4 

(10 mL, 0.1 M) (green); Reference electrode: Ag/AgCl (3 M KCl), scan rate: 0.2 V/s. 

For clarification of the reaction mechanism, electroanalytical measurements were performed. 

The cyclic voltammogram (CV) of KI with LiClO4 as an electrolyte showed redox Potential 

(peak potentials: +0.211 and -0.911 V vs Ag/AgCl as reference electrode). The CV of the 

substrates 1a, KI, and LiClO4 showed oxidation potential: +1.30 V vs Ag/AgCl as the reference 

electrode. Finally, the CV of all the reacting species 1a, 2a, KI, and LiClO4 showed oxidation 

potential: +1.05 V vs Ag/AgCl as a reference electrode (Figure 2.2). The formation of iodo-

compound 9 through the combination of ester 1 with in situ generated I2 could be the initial 

outcome before reacting with amine 2. 

2.4  Control experiments, Reaction mechanism, Synthetic applications 

A set of control experiments were performed to gain more mechanistic insights into the 

electrochemical process. Initially, α-iodo- α-aryl methyl acetate 38 (45%) was isolated when a 

controlled experiment was conducted with amine 2a (1.0 equiv.) under optimized conditions 

(Scheme 2.7 (i)). The resulting iodo-ester 9 was separately reacted with amine 2a (2.5 equiv.) to 

furnish 3aa (89% yield), which confirms that the reaction proceeds through α-iodination, 
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followed by displacement with the amine to provide the desired compound (Scheme 2.7 (ii)). On 

the other hand, the product 3aa formation was not observed with BHT or TEMPO as a radical 

scavenger under the standard electrochemical conditions, confirming the radical pathway of the 

reaction at the intermediate steps (Scheme 2.7 (iii)).  

 
Scheme 2.7 Set of control experiments 

We proposed a reaction mechanism based on the cyclic voltammogram (CV) and other 

controlled experimental observations (Scheme 2.8). Ester 9 could be generated through a radical 

pathway in which intermediate (A) developed through the sequential reaction with radical iodine 

(I*). Once the critical intermediate 9 is formed, it soon undergoes a nucleophilic substitution 

reaction with an amine 2a, leading to the final α-amination product 3aa, accompanying the 

second molecular HI. Simultaneously, the in situ generated HI is reduced to evolve H2 on the 

cathode surface and regenerate iodide-ion and the step of α-iodination of ester 1a; thus, requiring 

a catalytic amount of KI. Alternatively, ester 1a could react with molecular iodine, in situ 

generated through the anodic oxidation, to α-iodo-ester 9, which will undergo a displacement 

reaction with an amine.  

The practical utility of the developed electrochemical protocol was demonstrated for the gram-

scale, and 3ac (1.30 g, 90% yield) was obtained without much variation in the product yield 

under optimized conditions (eq. 1, Scheme 2.9). Besides, synthetic conversion of ester 3ac was 
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performed to corresponding azido compound 10 (58% yield) with a three-step protocol (eq. 2, 

Scheme 2.9). Similarly, α-amino ester 3ec was efficiently transformed to the corresponding 

amide 11 (76% yield) (eq. 3, Scheme 2.9). 

 
Scheme 2.8 Proposed reaction mechanism for the electrochemical amination of α-aryl acetates 

 
Scheme 2.9 Gram scale synthesis and synthetic applications to azido- and amide compounds 
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2.5 Conclusions 

In summary, we have developed an efficient electrochemical protocol for intermolecular 

oxidative coupling between α-aryl acetates (C(sp3)-H bond) and secondary amines (N-H bond). 

The mild electrocatalytic condition furnishes α-amino-esters by stitching together two 

electronically mismatched units through C-N bond formation, with a high yield (up to 92%). The 

reactions can be scaled up without impacting the process efficiency, and the resulting α-amino-

esters can be functionalized to other similar biorelevant compounds.  

2.6 General experimental methods 

Unless otherwise stated, all commercially available compounds were used as received without 

further purification. Graphite and other electrodes were purchased from IKA, and all the 

electrochemical reactions were performed under N2 at room temperature using IKA Electrasyn 

2.0. Cyclic Voltammetric (CV) experiments were performed using CH Instruments 

electrochemical Analyzer (Model CHI1200B). CH3CN and other solvents were obtained from 

Merck Life Science Private Limited and were distilled from appropriate drying agents before use 

in the reactions. All the α-aryl acetates were prepared using the reported procedure.14 Reactions 

under the standard conditions were monitored by thin-layer chromatography (TLC) on Merck 

silica gel 60 F254 pre-coated plates (0.25 mm) under UV light at 254 nm. Column 

chromatographic purification was performed on silica gel (100–200 mesh) using an eluent of 

petroleum ether and ethyl acetate. Chemical yields refer to pure (>95% purity by 1H NMR), 

isolated substances. Nuclear magnetic resonance (NMR) spectroscopy was recorded on a 400 

MHz-NMR Spectrometer (Bruker). 1H and 13C NMR spectra were recorded in CDCl3 and 

calibrated to the solvent resonance as internal standard (1H NMR, CDCl3 at 7.26 ppm, 13C NMR, 

CDCl3 at 77.0 ppm). High-resolution mass spectra were recorded on Agilent 6545 Q-TOF 

LC/MS. Melting points were determined by EZ–Melt Automated Melting Point Apparatus. 

2.6.1 General procedure for electrochemical α-amination of esters: A 10 mL dried undivided 

reaction cell equipped with a stirring bar was charged with appropriate α-aryl acetates 1 (1.0 

mmol, 1.0 equiv), secondary amine 2 (3.0 mmol, 3.0 equiv), KI (83 mg, 0.5 mmol, 0.5 equiv), 

and LiClO4 (106 mg, 1.0 mmol, 1.0 equiv) dissolved in CH3CN (10.0 mL). The reaction mixture 

was electrolyzed using a Graphite plate anode and Copper plate cathode at a constant current 

condition (8 mA) under the N2 atmosphere at room temperature. The Reaction progress was 

monitored by TLC. The reaction mixture was evaporated under reduced pressure, and the residue 
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mass was quenched by stirring between saturated aqueous Na2S2O3 solution (5.0 mL) and ethyl 

acetate (10.0 mL). The organic layer was separated, dried over anhydrous Na2SO4, and 

evaporated under reduced pressure. Purification on silica gel column chromatography using a 

mixture of petroleum ether and ethyl acetate (9:1 to 1:1) as eluent afforded pure α-amino α-aryl 

esters 3 (up to 92% yield). 

2.6.2 Characterization data of synthesized compounds 

Methyl 2-(3-chlorophenyl)-2-(pyrrolidin-1-yl)acetate (±3aa): Purification with petroleum 

ether: EtOAc (9/1) as eluent); colorless Liquid (226 mg, 89% yield).1H NMR 

(400 MHz, CDCl3) δ 7.49 (d, J = 2.0 Hz, 1H), 7.37 – 7.33 (m, 1H), 7.29 – 

7.23 (m, 2H), 3.90 (s, 1H), 3.68 (s, 3H), 2.54 (td, J = 7.0, 2.6 Hz, 2H), 2.44 

(qt, J = 4.5, 1.8 Hz, 2H), 1.80 (ddd, J = 6.4, 4.7, 2.3 Hz, 4H). 13C{1H} NMR 

(100 MHz, CDCl3) δ 171.5, 139.2, 134.4, 129.7, 128.4 (2C), 126.5, 73.2, 52.4 (2C), 52.1, 23.2. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C13H17ClNO2 254.0942, Found 254.0941. 

Ethyl 2-(3-chlorophenyl)-2-(pyrrolidin-1-yl) acetate (±3ba): Purification with petroleum 

ether: EtOAc (9/1) as eluent); colorless liquid (228 mg, 85% yield). 1H NMR 

(400 MHz, CDCl3) δ 7.51 (d, J = 2.1 Hz, 1H), 7.38 (dt, J = 6.3, 2.0 Hz, 1H), 

7.30 – 7.26 (m, 2H), 4.27 – 4.08 (m, 2H), 3.89 (s, 1H), 2.57 (dd, J = 6.8, 2.2 

Hz, 2H), 2.52 – 2.41 (m, 2H), 1.86 – 1.78 (m, 4H), 1.22 (t, J = 7.1 Hz, 3H). 
13C{1H} NMR (100 MHz, CDCl3) δ 171.1, 139.5, 134.4, 129.7, 128.5, 128.4, 126.5,73.4, 61.7, 

52.4 (2C), 23.3 (2C), 14.0. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C14H19ClNO2 268.1099, 

Found 268.1098. 

Isopropyl 2-(3-chlorophenyl)-2-(pyrrolidin-1-yl) acetate (±3ca): Purification with petroleum 

ether:  EtOAc (9/1) as eluent); colorless liquid (228 mg, 81% yield). 1H 

NMR (400 MHz, CDCl3) δ 7.51 (d, J = 2.1 Hz, 1H), 7.40 – 7.36 (m, 1H), 

7.32 – 7.25 (m, 2H), 5.04 (hept, J = 6.6 Hz, 1H), 3.85 (s, 1H), 2.63 – 2.52 

(m, 2H), 2.46 (td, J = 8.2, 7.1, 5.1 Hz, 2H), 1.81 (ddd, J = 6.3, 4.9, 2.5 Hz, 

4H), 1.24 (d, J = 6.2 Hz, 3H), 1.15 (d, J = 6.3 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 

170.7, 139.7, 134.3, 129.6, 128.5, 128.3, 126.5, 73.6, 68.5, 52.4 (2C), 23.4 (2C), 21.7, 21.4. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C15H21ClNO2 282.1255, Found 282.1263. 
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tert-Butyl 2-(3-chlorophenyl)-2-(pyrrolidin-1-yl)acetate (±3da): Purification with petroleum 

ether: EtOAc (9/1) as eluent); colorless liquid (213 mg, 72% yield). 1H 

NMR (400 MHz, CDCl3) δ 7.51 (d, J = 2.0 Hz, 1H), 7.41 – 7.37 (m, 1H), 

7.29 (dd, J = 4.8, 1.7 Hz, 2H), 3.82 (s, 1H), 2.64 – 2.56 (m, 2H), 2.54 – 2.45 

(m, 2H), 1.84 – 1.80 (m, 4H), 1.42 (s, 9H). 13C{1H} NMR (100 MHz, 

CDCl3) δ 170.2, 139.8, 134.2, 129.5, 128.4, 128.1, 126.5, 81.4, 73.8, 52.2 (2C), 27.8 (3C), 23.3 

(2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C16H23ClNO2 296.1412, Found 295.1319. 

Methyl 2-(2-chlorophenyl)-2-(pyrrolidin-1-yl)acetate (±3ea): Purification with petroleum 

ether: EtOAc (9/1) as eluent); colorless Liquid (193 mg, 76% yield), 1H NMR 

(400 MHz, CDCl3) δ 7.68 (dd, J = 7.7, 1.9 Hz, 1H), 7.36 (dd, J = 7.8, 1.5 Hz, 

1H), 7.29 – 7.24 (m, 1H), 7.21 (td, J = 7.6, 1.9 Hz, 1H), 4.67 (s, 1H), 3.68 (s, 

3H), 2.63 (qd, J = 6.7, 3.0 Hz, 2H), 2.49 (td, J = 7.2, 2.5 Hz, 2H), 1.79 (dt, J = 

6.1, 3.0 Hz, 4H). 13C{1H} NMR (100 MHz, CDCl3) δ 171.6, 134.9, 133.9, 130.0, 129.6, 129.1, 

127.1, 67.8, 52.1 (2C), 52.0 (2C), 23.3. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C13H17ClNO2 

254.0942; Found 254.0938. 

Ethyl 2-(2-chlorophenyl)-2-(pyrrolidin-1-yl) acetate (±3fa): Purification with petroleum ether: 

EtOAc (9/1) as eluent); colorless liquid (198 mg, 74% yield), 1H NMR (400 

MHz, CDCl3) δ 7.72 (dd, J = 7.7, 1.9 Hz, 1H), 7.39 (dd, J = 7.8, 1.5 Hz, 1H), 

7.29 (td, J = 7.4, 1.6 Hz, 1H), 7.23 (td, J = 7.6, 1.9 Hz, 1H), 4.66 (s, 1H), 4.25 – 

4.10 (m, 2H), 2.66 (td, J = 7.1, 2.4 Hz, 2H), 2.52 (td, J = 7.2, 2.5 Hz, 2H), 1.81 

(dd, J = 6.3, 3.2 Hz, 4H), 1.22 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 171.2, 

135.0, 133.9, 130.0, 129.5, 129.0, 127.0, 68.0, 61.0, 52.0 (2C), 23.3 (2C), 14.1. HRMS (ESI-

TOF) m/z: [M + H+] Calcd for C14H19ClNO2 268.1099, Found 268.1095. 

Allyl 2-(2-chlorophenyl)-2-(pyrrolidin-1-yl)acetate (±3ga): Purification with petroleum ether: 

EtOAc (9/1) as eluent); colorless Liquid (204 mg, 73% yield), 1H NMR (400 

MHz, CDCl3) δ 7.74 (dd, J = 7.6, 1.7 Hz, 1H), 7.40 (dd, J = 7.8, 1.4 Hz, 1H), 

7.32 – 7.22 (m, 2H), 5.86 (ddt, J = 16.1, 10.8, 5.5 Hz, 1H), 5.28 – 5.16 (m, 

2H), 4.74 (s, 1H), 4.68 – 4.56 (m, 2H), 2.70 (dt, J = 10.5, 5.3 Hz, 2H), 2.59 –

2.50 (m, 2H), 1.90 – 1.76 (m, 4H). 13C{1H} NMR (100 MHz, CDCl3) δ 170.7, 134.8, 133.9, 

131.7, 130.1, 129.5, 129.1, 127.1, 118.1, 67.9, 65.4, 52.1 (2C), 23.3 (2C). HRMS (ESI-TOF) 

m/z: [M + H+] Calcd for C15H19ClNO2 280.1099, Found 280.1106. 
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Benzo[d][1,3]dioxol-5-ylmethyl 2-(2-chlorophenyl)-2-(pyrrolidin-1-yl)acetate (±3ha): 

Purification with petroleum ether: EtOAc (8/2) as eluent); colorless 

liquid (254 mg, 68% yield). 1H NMR (400 MHz, CDCl3) δ 7.68 (dd, J 

= 7.5, 2.0 Hz, 1H), 7.36 (dd, J = 7.5, 1.8 Hz, 1H), 7.28 – 7.18 (m, 2H), 

6.72 (s, 3H), 5.92 (s, 2H), 5.09 – 4.98 (m, 2H), 4.71 (s, 1H), 2.63 (td, J 

= 7.1, 2.3 Hz, 2H), 2.53 – 2.45 (m, 2H), 1.79 (dt, J = 6.0, 3.0 Hz, 4H). 13C{1H} NMR (100 MHz, 

CDCl3) δ 170.9, 147.5, 147.3, 134.7, 133.8, 130.0, 129.4, 129.3, 129.0, 126.9, 121.8, 108.6, 

107.9, 100.9, 67.8, 66.4, 51.9 (2C), 23.3 (2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C20H21ClNO4 374.1154, Found 374.1158. 

Benzyl 2-(2-chlorophenyl)-2-(pyrrolidin-1-yl)acetate (±3ia): Purification with petroleum 

ether: EtOAc (8/2) as eluent); colorless liquid (231 mg, 70% yield). 1H 

NMR (400 MHz, CDCl3) δ 7.66 (dd, J = 7.4, 2.1 Hz, 1H), 7.35 (dd, J = 

7.2, 2.1 Hz, 1H), 7.28 – 7.22 (m, 4H), 7.19 (td, J = 5.4, 2.5 Hz, 3H), 5.12 

(q, J = 12.5 Hz, 2H), 4.71 (s, 1H), 2.61 (td, J = 7.1, 2.2 Hz, 2H), 2.52 – 

2.44 (m, 2H), 1.77 (dt, J = 6.1, 3.1 Hz, 4H). 13C{1H} NMR (100 MHz, CDCl3) δ 171.0, 135.7, 

134.8, 133.9, 130.1, 129.5, 129.0, 128.4 (2C), 128.0, 127.8 (2C), 127.1, 67.9, 66.5, 52.0 (2C), 

23.4 (2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C19H21ClNO2 330.1255, Found 330.1173. 

Cyclohexyl 2-(2-chlorophenyl)-2-(pyrrolidin-1-yl)acetate (±3ja): Purification with petroleum 

ether: EtOAc (9/1) as eluent); colorless liquid (222 mg, 69% yield), 1H NMR 

(400 MHz, CDCl3) δ 7.75 – 7.70 (m, 1H), 7.35 (dd, J = 7.8, 1.4 Hz, 1H), 

7.29 – 7.17 (m, 2H), 4.80 (tt, J = 8.4, 3.7 Hz, 1H), 4.63 (s, 1H), 2.72 – 2.62 

(m, 2H), 2.56 – 2.47 (m, 2H), 1.84 – 1.75 (m, 5H), 1.72 – 1.60 (m, 2H), 1.47 

(m, 3H), 1.30 (m, 4H). 13C{1H} NMR (100 MHz, CDCl3) δ 170.4, 135.2, 133.8, 130.0, 129.4, 

128.9, 127.0, 73.0, 68.2, 52.1 (2C), 31.3, 31.0, 25.3, 23.4 (3C), 23.2. HRMS (ESI-TOF) m/z: [M 

+ H+] Calcd for C18H25ClNO2 322.1568, Found 322.1561. 

Methyl 2-phenyl-2-(pyrrolidin-1-yl)acetate (±3ka): Purification with petroleum ether: EtOAc 

(9/1) as eluent); colorless liquid (178 mg, 81% yield). 1H NMR (400 MHz, 

CDCl3) δ 7.39 (dd, J = 7.8, 1.6 Hz, 2H), 7.27 – 7.20 (m, 3H), 3.86 (s, 1H), 3.59 

(s, 3H), 2.52 – 2.45 (m, 2H), 2.36 (dd, J = 10.5, 3.2 Hz, 2H), 1.72 (td, J = 9.8, 

8.3, 5.1 Hz, 4H). 13C{1H} NMR (100 MHz, CDCl3) δ 172.0, 137.1, 128.4 (2C), 
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128.3 (2C), 128.2, 73.7, 52.4 (2C), 52.0, 23.2 (2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C13H18NO2 220.1332, Found 220.1328. 

Methyl 2-(2-fluorophenyl)-2-(pyrrolidin-1-yl)acetate (±3la): Purification with petroleum 

ether: EtOAc (9/1) as eluent); colorless liquid (168 mg, 71% yield). 1H NMR 

(400 MHz, CDCl3) δ 7.60 (td, J = 7.5, 1.7 Hz, 1H), 7.33 – 7.26 (m, 1H), 7.19 – 

7.13 (m, 1H), 7.10 – 7.03 (m, 1H), 4.50 (s, 1H), 3.71 (s, 3H), 2.63 (dt, J = 10.7, 

5.3 Hz, 2H), 2.51 (dt, J = 7.9, 5.1 Hz, 2H), 1.85 – 1.77 (m, 4H). 13C{1H} NMR 

(100 MHz, CDCl3) δ 171.6, 160.5 (d, J = 247.3 Hz), 130.0 (d, J = 3.4 Hz), 129.6 (d, J = 8.3 Hz), 

124.3 (d, J = 3.5 Hz), 123.9 (d, J = 13.4 Hz), 115.5 (d, J = 22.5 Hz), 64.0, 52.1, 51.9 (2C), 23.3 

(2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C13H17FNO2 238.1238, Found 238.1235. 

Methyl 2-(4-chlorophenyl)-2-(pyrrolidin-1-yl)acetate (±3ma): Purification with petroleum 

ether: EtOAc (9/1) as eluent); colorless liquid (216 mg, 85% yield). 1H NMR 

(400 MHz, CDCl3) δ 7.42 (d, J = 8.5 Hz, 2H), 7.30 (d, J = 8.5 Hz, 2H), 3.90 

(s, 1H), 3.68 (s, 3H), 2.58 – 2.50 (m, 2H), 2.46 – 2.38 (m, 2H), 1.80 (td, J = 

5.7, 3.1 Hz, 4H). 13C{1H} NMR (100 MHz, CDCl3) δ 171.2, 135.8, 134.10 

129.6 (2C), 128.7 (2C), 73.0, 52.4 (C), 52.1, 23.2 (2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd 

for C13H17ClNO2 254.0942, Found 254.0937. 

Methyl 2-(4-bromophenyl)-2-(pyrrolidin-1-yl)acetate (±3na): Purification with petroleum 

ether: EtOAc (9/1) as eluent); colorless liquid (246 mg, 83% yield). 1H 

NMR (400 MHz, CDCl3) δ 7.49 (d, J = 8.5 Hz, 2H), 7.38 (d, J = 8.5 Hz, 

2H), 3.91 (s, 1H), 3.70 (s, 3H), 2.56 (dt, J = 6.0, 3.2 Hz, 2H), 2.48 – 2.41 (m, 

2H), 1.82 (td, J = 5.7, 3.1 Hz, 4H). 13C{1H} NMR (100 MHz, CDCl3) δ 

171.8, 136.4, 131.7 (2C), 130.1 (2C), 122.3, 73.2, 52.5 (2C), 52.2, 23.3 (2C). HRMS (ESI-TOF) 

m/z: [M + H+] Calcd for C13H17BrNO2 298.0437, Found 298.0424. 

Methyl 2-(pyrrolidin-1-yl)-2-(4-(tosyloxy)phenyl)acetate (±3oa): Purification with petroleum 

ether: EtOAc (8/2) as eluent); colorless liquid (304 mg, 78% yield). 1H 

NMR (400 MHz, CDCl3) δ 7.73 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 8.6 Hz, 

2H), 7.32 (d, J = 8.0 Hz, 2H), 6.98 (d, J = 8.7 Hz, 2H), 3.92 (s, 1H), 3.70 (s, 

3H), 2.57 – 2.50 (m, 2H), 2.47 (s, 3H), 2.44 – 2.37 (m, 2H), 1.81 (td, J = 

10.2, 8.5, 5.3 Hz, 4H). 13C{1H} NMR (100 MHz, CDCl3) δ 171.7, 149.5, 145.4, 136.2, 132.5, 
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129.8 (2C), 129.7 (2C), 128.5 (2C), 122.5 (2C), 73.0, 52.5 (2C), 52.3, 23.3 (2C), 21.7. HRMS 

(ESI-TOF) m/z: [M + H+] Calcd for C20H24NO5S 390.1370, Found 390.1377. 

Ethyl 2-phenyl-2-(pyrrolidin-1-yl)acetate (±3pa): Purification with petroleum ether: EtOAc 

(9/1) as eluent); colorless liquid (180 mg, 77% yield). 1H NMR (400 MHz, 

CDCl3) δ 7.46 (dt, J = 8.4, 2.2 Hz, 2H), 7.34 – 7.27 (m, 3H), 4.22 – 4.06 (m, 2H), 

3.89 (s, 1H), 2.55 (td, J = 7.1, 2.4 Hz, 2H), 2.47 – 2.38 (m, 2H), 1.83 – 1.73 (m, 

4H), 1.18 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 171.6, 137.4, 

128.4 (2C), 128.3 (2C), 128.1, 73.9, 60.8, 52.4 (2C), 23.3 (2C), 14.0. HRMS (ESI-TOF) m/z: [M 

+ H+] Calcd for C14H20NO2 234.1489, Found 234.1486. 

Ethyl 2-(4-chlorophenyl)-2-(pyrrolidin-1-yl)acetate (±3qa): Purification with petroleum ether: 

EtOAc (9/1) as eluent); colorless liquid (212 mg, 79% yield). 1H NMR (400 

MHz, CDCl3) δ 7.44 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.5 Hz, 2H), 4.21 – 4.09 

(m, 2H), 3.89 (s, 1H), 2.56 (ddd, J = 8.7, 7.4, 4.2 Hz, 2H), 2.44 (ddd, J = 9.7, 

7.7, 4.3 Hz, 2H), 1.81 (td, J = 5.8, 3.1 Hz, 4H), 1.21 (t, J = 7.1 Hz, 3H). 
13C{1H} NMR (100 MHz, CDCl3) δ 171.4, 136.1, 134.0, 129.7 (2C), 128.7 (2C), 73.3, 61.1, 52.4 

(2C), 23.3 (2C), 14.1. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C14H19ClNO2 268.1099, Found 

268.1096. 

Ethyl 2-(4-bromophenyl)-2-(pyrrolidin-1-yl)acetate (±3ra): Purification with petroleum ether: 

EtOAc (9/1) as eluent); colorless liquid (240 mg, 77% yield). 1H NMR (400 

MHz, CDCl3) δ 7.44 (d, J = 8.5 Hz, 2H), 7.34 (d, J = 8.5 Hz, 2H), 4.20 – 4.05 

(m, 2H), 3.84 (s, 1H), 2.52 (td, J = 7.1, 2.4 Hz, 2H), 2.45 – 2.37 (m, 2H), 1.82 

– 1.73 (m, 4H), 1.17 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 

171.2, 136.5, 131.6 (2C), 130.0 (2C), 122.1, 73.2, 61.0, 52.4 (2C), 23.3 (2C), 14.0. HRMS (ESI-

TOF) m/z: [M + H+] Calcd for C14H19BrNO2 312.0594, Found 312.0571. 

Methyl 2-(3-chlorophenyl)-2-(diethyl amino)acetate (±3ab): Purification with petroleum 

ether: EtOAc (9/1) as eluent); colorless liquid (208 mg, 81% yield). 1H NMR 

(400 MHz, CDCl3) δ 7.49 – 7.45 (m, 1H), 7.35 – 7.26 (m, 3H), 4.48 (s, 1H), 

3.74 (s, 3H), 2.62 (q, J = 7.1 Hz, 4H), 1.02 (t, J = 7.2 Hz, 6H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 172.2, 139.3, 134.3, 129.6, 128.7, 128.1, 126.8, 68.7, 51.8, 43.7 (2C), 

12.0 (2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C13H19ClNO2 256.1099, Found 256.1096. 
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Methyl -2-(3-chlorophenyl)-2-(piperidin-1-yl)acetate (±3ac): Purification with petroleum 

ether: EtOAc (9/1) as eluent); Light Yellow Liquid (246 mg, 92% yield). 1H 

NMR (400 MHz, CDCl3) δ 7.46 (d, J = 2.0 Hz, 1H), 7.34 – 7.30 (m, 1H), 

7.30 – 7.23 (m, 2H), 3.96 (s, 1H), 3.69 (s, 3H), 2.37 (m, 4H), 1.59 (quin, J = 

5.5 Hz, 4H), 1.43 (m, J = 6.0 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 

171.6, 138.3, 134.3, 129.6, 128.7, 128.3, 126.8, 74.2, 52.2 (2C), 51.9, 25.7 (2C), 24.2. HRMS 

(ESI-TOF) m/z: [M + H+] Calcd for C14H19ClNO2 268.1099, Found 268.1104. 

Methyl 2-(3-chlorophenyl)-2-(4-hydroxypiperidin-1-yl)acetate (±3ad): Purification with 

petroleum ether: EtOAc (7/3) as eluent); colorless liquid (222 mg, 78% 

yield). 1H NMR (400 MHz, CDCl3) δ 7.43 (s, 1H), 7.32 – 7.23 (m, 3H), 4.01 

(s, 1H), 3.69 (s, 3H), 2.70 (ddt, J = 14.9, 9.1, 4.5 Hz, 2H), 2.30 – 2.20 (m, 

1H), 2.19 – 2.10 (m, 1H), 2.06 (s, 1H), 1.93 – 1.82 (m, 2H), 1.62 (ddq, J = 

18.7, 9.3, 5.8, 4.8 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 171.5, 138.1, 

134.4, 129.7, 128.6, 128.4, 126.8, 73.3, 67.5, 52.0, 48.7, 48.5, 34.1 (2C). HRMS (ESI-TOF) m/z: 

[M + H+] Calcd for C14H19ClNO3 284.1048, Found 284.1044. 

1-(1-(3-chlorophenyl)-2-methoxy-2-oxoethyl)piperidin-4-yl benzoate (±3ae): Purification 

with petroleum ether: EtOAc (8/2) as eluent); colorless semi-solid (295 mg, 

76% yield). 1H NMR (400 MHz, CDCl3) δ 8.05 – 7.99 (m, 2H), 7.54 (tt, J = 

6.9, 1.3 Hz, 1H), 7.48 (d, J = 1.7 Hz, 1H), 7.43 (t, J = 7.6 Hz, 2H), 7.36 – 

7.27 (m, 3H), 5.07 (tt, J = 7.6, 3.8 Hz, 1H), 4.07 (s, 1H), 3.70 (s, 3H), 2.78 – 

2.66 (m, 2H), 2.43 (q, J = 8.4 Hz, 2H), 2.08 – 1.99 (m, 2H), 1.94 – 1.83 (m, 

2H). 13C{1H} NMR (100 MHz, CDCl3) δ 171.3, 165.7, 138.0, 134.5, 132.8, 130.5, 129.8, 129.5 

(2C), 128.7, 128.6, 128.3 (2C), 126.8, 73.3, 70.0, 52.1, 48.4, 48.2, 30.6 (2C). HRMS (ESI-TOF) 

m/z: [M + H+] Calcd for C21H23ClNO4 388.1310, Found 388.1317. 

Methyl 2-(3-chlorophenyl)-2-morpholinoacetate (±3af): Purification with petroleum ether: 

EtOAc (9/1) as eluent); colorless semi-solid (200 mg, 74% yield). 1H NMR 

(400 MHz, CDCl3) δ 7.47 (d, J = 2.0 Hz, 1H), 7.36 – 7.24 (m, 3H), 3.96 (s, 

1H), 3.75 – 3.71 (m, 4H), 3.70 (s, 3H), 2.45 (dd, J = 6.3, 3.2 Hz, 4H). 
13C{1H} NMR (100 MHz, CDCl3) δ 171.9, 137.4, 134.5, 129.8, 128.8, 128.7, 

126.9, 73.7, 66.7 (2C), 52.1, 51.4 (2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C13H17ClNO3 

270.0891, Found 270.0890. 



CHAPTER - 2 
 

45

Methyl 2-(3-chlorophenyl)-2-(4-ethylpiperazin-1-yl)acetate (±3ag): Purification with 

petroleum ether: EtOAc (8/2) as eluent); colorless semi-solid (230 mg, 78% 

yield). 1H NMR (400 MHz, CDCl3) δ 7.44 (d, J = 1.8 Hz, 1H), 7.30 (dq, J = 

5.5, 1.8 Hz, 1H), 7.27 – 7.24 (m, 2H), 3.95 (s, 1H), 3.67 (s, 3H), 2.69 – 2.32 

(m, 10H), 1.06 (t, J = 7.2 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 

171.3, 137.8, 134.5, 129.8, 128.7, 128.6, 127.0, 73.6, 52.4 (3C), 52.2, 52.1, 

50.9, 11.8. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C15H22ClN2O2 297.1364, Found 

297.1352. 

Methyl 2-(3-chlorophenyl)-2-(4-phenylpiperazin-1-yl)acetate (±3ah): Purification with 

petroleum ether: EtOAc (8/2) as eluent); colorless semi-solid (266 mg, 77% 

yield). 1H NMR (400 MHz, CDCl3) δ 7.50 (d, J = 1.9 Hz, 1H), 7.37 (dt, J = 

6.7, 1.8 Hz, 1H), 7.32 (dt, J = 7.0, 1.6 Hz, 2H), 7.30 – 7.27 (m, 1H), 7.24 

(dd, J = 7.0, 1.8 Hz, 1H), 6.91 (d, J = 1.0 Hz, 1H), 6.90 – 6.88 (m, 1H), 6.88 

– 6.83 (m, 1H), 4.06 (s, 1H), 3.73 (s, 3H), 3.25 – 3.20 (m, 4H), 2.66 – 2.61 

(m, 4H). 13C{1H} NMR (100 MHz, CDCl3) δ 171.2, 151.1, 137.7, 134.6, 129.9, 129.1 (2C), 

128.8, 128.7, 127.0, 119.8, 116.1 (2C), 73.5, 52.2, 51.0 (2C), 49.0 (2C). HRMS (ESI-TOF) m/z: 

[M + H+] Calcd for C19H22ClN2O2 345.1364, Found 345.1359. 

Methyl 2-(3-chlorophenyl)-2-(4-(2,4-dinitrophenyl)piperazin-1-yl)acetate (±3al): 

Purification with petroleum ether: EtOAc (1/1) as eluent); Yellow solid (mp 

= 185 oC), (314 mg, 72% yield). 1H NMR (400 MHz, CDCl3) δ 8.69 (d, J = 

2.7 Hz, 1H), 8.27 (dd, J = 9.3, 2.7 Hz, 1H), 7.48 (s, 1H), 7.35 (q, J = 5.2, 3.7 

Hz, 3H), 7.09 (d, J = 9.3 Hz, 1H), 4.13 (s, 1H), 3.74 (s, 3H), 3.36 – 3.30 (m, 

4H), 2.71 – 2.65 (m, 4H). 13C{1H} NMR (100 MHz, CDCl3) δ 170.7, 149.1, 

138.7, 138.4, 136.8, 134.8, 130.0, 129.0, 128.8, 128.3, 127.0, 123.6, 119.3, 

72.6, 52.4, 50.4 (2C), 50.1 (2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C19H20ClN4O6 

435.1066, Found 435.0993. 

Methyl-2-phenyl-2-(piperidin-1-yl)acetate (±3kc): Purification with petroleum ether: EtOAc 

(9/1) as eluent); colorless liquid (180 mg, 77% yield). 1H NMR (400 MHz, 

CDCl3) δ 7.42 (dt, J = 8.3, 2.3 Hz, 2H), 7.35 – 7.28 (m, 3H), 3.97 (s, 1H), 3.67 

(s, 3H), 2.38 (m, 4H), 1.59 (quin, J = 5.5 Hz, 4H), 1.42 (m, 2H).  13C{1H} NMR 
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(100 MHz, CDCl3) δ172.3, 136.2, 128.8, 128.4, 128.1, 75.0, 52.4 (2C), 51.8, 25.7 (2C),24.3. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C14H20NO2 234.1489, Found 234.1489. 

Methyl 2-(2-chlorophenyl)-2-(piperidin-1-yl)acetate (±3ec): Purification with petroleum ether: 

EtOAc (9/1) as eluent); colorless liquid (188 mg, 70% yield). 1H NMR (400 

MHz, CDCl3) δ 7.65 (dd, J = 7.7, 1.9 Hz, 1H), 7.34 (dd, J = 7.8, 1.5 Hz, 1H), 

7.25 (td, J = 7.5, 1.5 Hz, 1H), 7.19 (td, J = 7.6, 1.9 Hz, 1H), 4.60 (s, 1H), 3.66 

(s, 3H), 2.50 (dt, J = 10.6, 5.2 Hz, 2H), 2.39 (dt, J = 10.9, 5.4 Hz, 2H), 1.57 

(quin, J = 5.2 Hz, 4H), 1.42 (quin, J = 5.9 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ171.4, 

134.5, 134.1, 129.9, 129.5, 128.9, 126.8, 69.5, 52.1 (2C), 51.8, 25.9 (2C), 24.2. HRMS (ESI-

TOF) m/z: [M + H+] Calcd for C14H19ClNO2 268.1099, Found 268.1100.  

Methyl 2-(4-chlorophenyl)-2-(piperidin-1-yl)acetate (±3mc): Purification with petroleum 

ether: EtOAc (9/1) as eluent); colorless liquid (212 mg, 79% yield). 1H NMR 

(400 MHz, CDCl3) δ δ 7.37 (d, J = 8.5 Hz, 2H), 7.29 (d, J = 8.6 Hz, 2H), 

3.94 (s, 1H), 3.67 (s, 3H), 2.35 (m, 4H), 1.57 (quin, J = 5.5 Hz, 4H), 1.43 (m, 

2H).  13C{1H} NMR (100 MHz, CDCl3) δ171.9, 134.8, 134.0, 130.1 (2C), 

128.6 (2C), 74.1, 52.3 (2C), 51.9, 25.7 (2C), 24.2. HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C14H19ClNO2 268.1099, Found 268.1097. 

Methyl 2-(4-bromophenyl)-2-(piperidin-1-yl)acetate (±3nc): Purification with petroleum 

ether: EtOAc (9/1) as eluent); colorless liquid (244 mg, 78% yield). 1H NMR 

(400 MHz, CDCl3) δ 7.46 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H), 3.95 

(s, 1H), 3.68 (d, J = 1.1 Hz, 3H), 2.37 (t, J = 5.4 Hz, 4H), 1.59 (quin, J = 5.3 

Hz, 4H), 1.47 – 1.39 (m, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 171.7, 

135.4, 131.5 (2C), 130.4 (2C), 122.1, 74.1, 52.2 (2C), 51.9, 25.7 (2C), 24.2. HRMS (ESI-TOF) 

m/z: [M + H+] Calcd for C14H19BrNO2 312.0594, Found 312.0571. 

Methyl 2-(2-chlorophenyl)-2-morpholinoacetate (±3ef): Purification with petroleum ether: 

EtOAc (9/1) as eluent); colorless liquid (197 mg, 73% yield). 1H NMR (400 

MHz, CDCl3) δ 7.65 (dd, J = 7.5, 2.0 Hz, 1H), 7.39 (dd, J = 7.7, 1.7 Hz, 1H), 

7.29 (dd, J = 7.4, 5.6 Hz, 1H), 7.25 (dd, J = 7.5, 5.4 Hz, 1H), 4.68 (s, 1H), 3.72 

(t, J = 4.7 Hz, 4H), 3.70 (s, 3H), 2.58 (dd, J = 10.6, 5.6 Hz, 2H), 2.52 – 2.46 (m, 

2H). 13C{1H} NMR (100 MHz, CDCl3) δ 171.0, 134.8, 133.1, 129.9, 129.7, 129.3, 127.0, 68.8, 



CHAPTER - 2 
 

47

66.8 (2C), 52.0, 51.2 (2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C13H17ClNO3 270.0891, 

Found 270.0896. 

Methyl 2-(4-chlorophenyl)-2-morpholinoacetate (±3mf): Purification with petroleum ether: 

EtOAc (9/1) as eluent); colorless liquid (205 mg, 76% yield). 1H NMR (400 

MHz, CDCl3) δ 7.40 (d, J = 8.5 Hz, 2H), 7.33 (d, J = 8.6 Hz, 2H), 3.96 (s, 

1H), 3.75 – 3.70 (m, 4H), 3.69 (s, 3H), 2.47 – 2.42 (m, 4H). 13C{1H} NMR 

(100 MHz, CDCl3) δ 171.1, 134.3,133.9, 130.1 (2C), 128.8 (2C),73.5, 66.7 

(2C), 52.0, 51.4 (2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C13H17ClNO3 270.0891, Found 

270.0893. 

Methyl 2-(4-bromophenyl)-2-morpholinoacetate (±3nf): Purification with petroleum ether: 

EtOAc (9/1) as eluent); colorless liquid (236 mg, 75% yield). 1H NMR (400 

MHz, CDCl3) δ 7.49 (d, J = 8.5 Hz, 2H), 7.34 (d, J = 8.5 Hz, 2H), 3.95 (s, 

1H), 3.75 – 3.71 (m, 4H), 3.69 (s, 3H), 2.49 – 2.41 (m, 4H). 13C{1H} NMR 

(100 MHz, CDCl3) δ 171.1, 134.4, 131.8 (2C), 130.4 (2C), 122.6, 73.6, 66.7 

(2C), 52.1, 51.5 (2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C13H17BrNO3 314.0386, Found 

314.0376. 

Methyl 2-morpholino-2-(4-(tosyloxy)phenyl)acetate (±3of): Purification with petroleum ether: 

EtOAc (7/3) as eluent); colorless semi-solid (296 mg, 73% yield). 1H NMR 

(400 MHz, CDCl3) δ 7.70 (d, J = 8.3 Hz, 2H), 7.37 (d, J = 8.6 Hz, 2H), 7.30 

(d, J = 8.0 Hz, 2H), 6.97 (d, J = 8.7 Hz, 2H), 3.96 (s, 1H), 3.71 – 3.68 (m, 

4H), 3.67 (s, 3H), 2.44 (s, 3H), 2.43 – 2.34 (m, 4H). 13C{1H} NMR (100 

MHz, CDCl3) δ 171.1, 149.6, 145.5, 134.1, 132.4, 130.1 (2C), 129.7 (2C), 128.4 (2C), 122.5 

(2C), 73.4, 66.6 (2C), 52.1, 51.4 (2C), 21.7. HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C20H24NO6S 406.1319, Found 406.1326. 

Methyl 2-(3-chlorophenyl)-2-(4-((4-chlorophenyl)(phenyl)methyl)piperazin-1-yl)acetate 

(±3aj): Purification with petroleum ether: EtOAc (8/2) as eluent); colorless 

semi-solid (282 mg, 60% yield). 1H NMR (400 MHz, CDCl3) δ 7.45 (s, 1H), 

7.38 – 7.31 (m, 4H), 7.31 – 7.23 (m, 5H), 7.23 – 7.14 (m, 3H), 4.23 (s, 1H), 

4.00 (s, 1H), 3.68 (s, 3H), 2.46 (m, 8H). 13C{1H} NMR (100 MHz, CDCl3) δ 

171.2, 137.7, 134.5, 132.5, 129.7, 129.2 (3C), 128.8, 128.6 (3C), 128.5, 
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127.8 (3C), 127.2, 126.9, 75.2, 73.4, 52.1, 51.5 (2C), 51.1 (2C). HRMS (ESI-TOF) m/z: [M + 

H+] Calcd for C26H27Cl2N2O2 469.1444 Found 469.1453. 

Controlled Experiments: Electrolysis with constant current condition (8 mA) was carried out 

using Graphite plate anode and a Copper plate cathode for 12 h through an undivided reaction 

cell equipped with a stirring bar and methyl 2-(3-chlorophenyl)acetate 1a (184 mg, 1.0 mmol, 

1.0 equiv), pyrrolidine 2a (71 mg, 1.0 mmol, 1.0 equiv), KI (83 mg, 0.5 mmol, 0.5 equiv), and 

LiClO4 (106 mg, 1.0 mmol, 1.0 equiv) dissolved in 10.0 mL of CH3CN. The Reaction progress 

was monitored by TLC. Using a reduced amount of amine 2a (1.0 equiv.) under standard 

conditions, we observed the formation of α-iodo-ester 9 (139 mg, 45% yield) and expected 

product 3aa (<10% yield), after purification.  

Methyl 2-iodo-2-phenylacetate (±9): Purification with petroleum ether: EtOAc (9/1) as eluent); 

colorless liquid (139 mg, 45% yield). 1H NMR (400 MHz, CDCl3) δ 7.49 – 

7.46 (m, 1H), 7.38 – 7.34 (m, 1H), 7.31 – 7.26 (m, 2H), 4.32 (s, 1H), 3.46 (s, 

3H). 13C{1H} NMR (100 MHz, CDCl3) δ 171.1, 137.9, 134.6, 130.0, 128.5, 

128.4, 126.6, 54.4, 52.3. HRMS (ESI-TOF) m/z: [M + Na+] Calcd for C9H8IClO2Na 332.9150, 

Found 332.9128. 

To a stirred solution of 9 (130 mg, 0.4 mmol, 1.0 equiv) and 2a (71 mg, 1.0 mmol, 2.5 equiv) in 

CH3CN (4.0 mL) was added Et3N (61 mg, 0.6 mmol, 1.5 equiv) and left for 3 h at room 

temperature. Once 9 disappeared from TLC, the reaction mixture was diluted with brine (4.0 

mL) and extracted with ethyl acetate (10.0 mL). The combined organic layer was dried 

over anhydrous Na2SO4, concentrated, and purified to afford 3aa (90 mg, 89%) as a pale yellow 

liquid. 

Reaction in the presence of radical inhibitors (TEMPO/BHT). To a 10 mL dried undivided 

reaction cell equipped with a stirring bar were added methyl 2-(3-chlorophenyl) acetate 1a (100 

mg, 0.54 mmol, 1.0 equiv), pyrrolidine 2a (114 mg, 1.6 mmol, 3.0 equiv), KI (45 mg, 0.27 

mmol, 0.5 equiv), TEMPO (211 mg, 1.35 mmol, 2.5 equiv) OR BHT (297 mg, 1.35 mmol, 2.5 

equiv), and LiClO4 (57 mg, 1.0 mmol, 1.0 equiv) dissolved in 10.0 mL of CH3CN. The 

combined reaction mixture was electrolyzed under standard conditions. The trace of product 3aa 

was observed (TEMPO) or not observed (BHT) on TLC. 
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Gram-scale synthesis of 3ac: A 100 mL three-neck round bottom flask (as an undivided cell) 

was equipped with a graphite plate anode and a Copper plate cathode which was connected to a 

DC-regulated power supply. To the cell were added methyl 2-(3-chlorophenyl) acetate  1a (1.0 g, 

5.43 mmol, 1.0 equiv), piperidine 2c (1.38 g, 16.25 mmol, 3.0 equiv), KI (0.45 g, 2.71 mmol, 0.5 

equiv), and LiClO4 (0.58 g, 5.43 mmol, 1.0 equiv) dissolved in 40.0 mL of CH3CN. While 

stirring, the mixture was electrolyzed under constant current conditions (8 mA) under N2 

atmosphere at room temperature. The Reaction progress was monitored by TLC. Electrodes were 

washed with ethyl acetate (10 mL); when the reaction was finished, the solvent was removed 

under reduced pressure. The residue was poured into a saturated aqueous Na2S2O3 (20.0 mL) and 

extracted with ethyl acetate (2 × 20.0 mL). The combined organic layer was separated, washed 

with brine, dried over anhydrous Na2SO4, and concentrated under reduced pressure. The crude 

cycloadduct was purified by column chromatography on silica gel using petroleum ether: EtOAc 

(9/1) afforded pure 3ac (1.30 g, 90%). 

1-(2-azido-1-(3-chlorophenyl)]ethyl)piperidine (±10): To a stirred solution of 3ac (200 mg, 

0.74 mmol, 1.0 equiv) in dry THF (10.0 mL) at 0°C was added LiAlH4 (93 

mg, 2.24 mmol, 3.0 equiv) portion-wise over 10 min. The combined mixture 

was stirred at room temperature for 4 hours before cooling to 0°C and 

quenched slowly with aqueous  NH4Cl solution (10.0 mL). The reaction 

mixture was further stirred with EtOAc (30.0 mL). The solid mass was removed by filtration, 

and the aqueous layer was again extracted with EtOAc (10.0 mL). The combined organic 

mixture was concentrated under reduced pressure, and crude alcohol was used further without 

purification.  

An oven-dried 25 mL round-bottom flask was charged with crude alcohol (200 mg, crude 

weight), Et3N (146 μl, 1.05 mmol, 1.5 equiv), and DMAP (9.0 mg, 0.07 mmol, 0.1 equiv) in 

CH2Cl2 (5.0 mL) added a solution of TsCl (147 mg, 0.77 mmol, 1.1 equiv) in CH2Cl2 (3.0 mL) at 

0 oC under N2 atmosphere. The resulting mixture was further stirred at rt for 10 h before 

quenched with saturated aqueous NaHCO3 (8.0 mL) and stirred with additional CH2Cl2 (10.0 

mL). The combined organic layer was separated, dried over anhydrous Na2SO4, and concentrated 

under reduced pressure, and crude tosyl-product was used further without purification.  

To a solution, crude tosylate (315 mg, crude weight) in DMF (4.0 ml) was added NaN3 (98 mg, 

1.5 mmol, 2.0 equiv) and heated at 65°C for 8 h. The mixture was cooled to room temperature 
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and stirred between H2O (4.0 mL) and EtOAc (10.0 mL). The organic layer was separated and 

washed with brine, dried over anhydrous Na2SO4, and concentrated under reduced pressure. 

Purification by column chromatography using petroleum ether: EtOAc (8:2) as eluent) afforded 

10 as a transparent oil (114 mg, 58% after three steps). 1H NMR (400 MHz, CDCl3) δ 7.33 – 

7.29 (m, 3H), 7.20 (d, J = 10.1 Hz, 1H), 4.64 (dd, J = 9.8, 3.9 Hz, 1H), 2.70 (dd, J = 13.4, 9.8 

Hz, 1H), 2.58 (dd, J = 9.9, 5.8 Hz, 2H), 2.52 (dd, J = 13.4, 3.9 Hz, 1H), 2.49 – 2.42 (m, 2H), 

1.62 (m, 4H), 1.46 (quin, J = 5.7 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 140.9, 134.4, 

129.8, 128.1, 126.9, 124.9, 65.5, 62.5, 54.8 (2C), 25.8 (2C), 24.2. HRMS (ESI-TOF) m/z: [M + 

H+] Calcd for C13H18ClN4 265.1215, Found 265.1219. 

Benzo[d][1,3]dioxol-5-ylmethyl 2-(2-chlorophenyl)-2-(pyrrolidin-1-yl)acetate (±11): To a 

stirred solution of the ester 3ec (100 mg, 0.37 mmol, 1. 0 equiv) in THF: H2O 

(2:1, 6.0 mL) was added LiOH.H2O (47 mg, 1.1 mmol, 3.0 equiv) at rt and 

further stirred for 8-10 h. The reaction mixture was evaporated to dryness and 

the resulting solid crude material was taken forward without purification. This 

crude solid mass was taken in DMF (4.0 mL), added DIPEA (70 μL, 0.4 mmol, 1.1 equiv), 

subsequently, EDC.HCl (1-ethyl-3(3-dimethylaminopropyl)-carbodiimidehydrochloride) (77 mg, 

0.4 mmol, 1.1 equiv), HOBt (1-Hydroxybenzotriazole) (54 mg, 0.4 mmol, 1.1 equiv) and 

the diethyl amine (35 mg, 0.48 mmol, 1.3 equiv) was added at and cooled to 0°C. The reaction 

mixture was further stirred at rt for 12 h, before quenching with H2O (5.0 mL) and stirred with 

EtOAc (10 mL). The organic layer was separated, dried over anhydrous Na2SO4, and 

concentrated under reduced pressure. Purification by column chromatography using petroleum 

ether: EtOAc (7/3) afforded 11 (87 mg, 76% after two steps) as a colorless liquid. 1H NMR (400 

MHz, CDCl3) δ 7.68 (dd, J = 7.6, 2.0 Hz, 1H), 7.30 (dd, J = 7.7, 1.6 Hz, 1H), 7.22 – 7.12 (m, 

2H), 4.72 (s, 1H), 3.33 (m, 2H), 3.18 (m, 2H), 2.56 – 2.45 (m, 2H), 2.41 (m, 2H), 1.56 – 1.43 (m, 

4H), 1.34 (quin, J = 5.8 Hz, 2H), 0.99 (q, J = 7.1 Hz, 6H). 13C{1H} NMR (100 MHz, CDCl3) δ 

169.7, 134.4, 133.9, 131.2, 129.1, 128.8, 126.8, 65.6, 51.9 (2C), 41.2, 40.4, 25.9 (2C), 24.3, 14.1, 

12.5. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C17H26ClN2O 309.1728, Found 309.1728. 
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Figure 2.3: 1H and 13C NMR spectra of 3aa 
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Figure 2.4: 1H and 13C NMR spectra of 3aj 
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Figure 2.5: 1H and 13C NMR spectra of 9 
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 Figure 2.6: 1H and 13C NMR spectra of 10 
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Figure 2.7: 1H and 13C NMR spectra of 11 
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3.1 Introduction 

2,2-Disubstituted 1,2-dihydro-3H-indol-3-one with a heteroquaternary stereocenter at the C2 

position represents an elite unit as an integral part of many essential compounds (Figure 3.1).1-5 

This unit has also been applied as a starting material to access complex polycyclic heterocycles.6-

8 The related compounds have also displayed exciting applications in optoelectronic and material 

science in recent years.9-11  

 
Figure 3.1 Selected natural products and bioactive compounds with the 2,2-disubstituted 

indolin-3-one  

Due to the high synthetic and biological importance of C2-quaternary indoline-3-ones, several 

methods have been developed.12 More firmly, these methods can be broadly divided into two 

main categories: (i) chemoselective nucleophilic addition to preformed 2-arylindole-3-one, an 

activated cyclic C-acylimine (Path 1, Figure 3.2),13-24 (ii) direct oxidative dearomative 

transformations on 2-arylindoles with various nucleophiles (Path 2, Figure 3.2).25-41 Additional 
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methods42-47 that mainly involve transition-metals catalyzed transformations,48-57 photooxidative 

rearrangements,58-60 have also been developed to access this unit. Despite these existing methods, 

creating a more general strategy for accessing 2,2-disubstituted indolin-3-ones from 2-substituted 

indoles under mild conditions is highly attractive.  

 
Figure 3.2 General routes to access 2,2-disubstituted indolin-3-ones 

3.2 Direct oxidative dearomative transformations on 2-arylindoles (path 2) 

3.2.1 Conventional methods 

In this context, in 2012, Zhang and co-workers developed a copper-catalyzed method for the 

dimerization of 2-arylindoles (1), followed by cyclization to obtain the desired product (2) 

(Scheme 3.1). This transformation provides a novel route for accessing fused nitrogen-

containing heterocycles. An inexpensive copper catalyst and O2 or air as the oxidant is a practical 

advantage. Incorporating an oxygen atom into the organic frameworks from atmospheric 

molecular oxygen (O2) offers the ideal oxidation process.25  

 
Scheme 3.1 Copper-catalyzed oxidative cyclization of various 2-arylindoles 

Kong et al. have explored cu-catalyzed trimerization of indoles (3) to access indolin-3-one (4) 

decorated with quaternary carbon centers at the C-2 position using TEMPO as oxidant catalyst 

and benzoic acid as an additive in acetonitrile (Scheme 3.2).26 
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Scheme 3.2 TEMPO & Copper-catalyzed oxidative trimerization substituted indoles 

Lin et al. demonstrated the silver-catalyzed oxidative self-dimerization of 2-substituted indole 

derivatives (1) using TEMPO  as an oxidant and benzoic acid as an additive. Thus, 2,2- 

disubstituted indolin-3-one (5) was obtained with high regioselectivity and moderate to excellent 

yields (Scheme 3.3).27 The whole procedure was carried out in pyridine as a solvent at 65 °C for 

48 h using expensive chemicals like TEMPO, which makes this protocol less practical. 

 
Scheme 3.3 Silver-catalyzed TEMPO oxidative homo dimerization of 2-aryl indole 

On the other hand, cross-addition of indole to 2-substituted indole could be another way to 

achieve C2-quaternary indolin-3-ones; however, it is a difficult task to accomplish in terms of 

selectivity. In this context, Kashyap and co-workers developed an exciting and very first protocol 

for the Pd-catalyzed cross-addition of indoles (3) to 2-substituted indoles (1) to access 2,2-

disubstituted indolin-3-ones (6) in a chemoselective fashion involving oxidative dearomatization 

of 2-aryl or 2- alky indoles from TBHP (t-butyl hydrogen peroxide), Manganese dioxide, and 

Kornblum−DeLaMare type reactions in acetonitrile at 65 oC (Scheme 3.4).28 
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Scheme 3.4 Pd-catalyzed oxidative dearomatization of 2-aryl or 2-alkyl-indoles 

In 2016, Li and co-workers developed copper-catalyzed oxidative 

dearomatization/spirocyclization of indole-2-carboxamides (7) using tert-butyl hydroperoxide 

(TBHP) as the oxidant that provides rapid and efficient access to C2-spiro-pseudoindoxyls (8). 

Two of the sp2 C–H bonds are functionalized during the reaction process, and the reaction likely 

proceeds via the formation of a highly reactive 3H-indol-3-one intermediate followed by 

aromatic electrophilic substitution with the N-aryl ring of the amide moiety (Scheme 3.5).29 

 
Scheme 3.5 Cu-catalyzed oxidative dearomatization/spirocyclization of  indole-2-carboxamides 

Zhou et al. have explored the Ru-catalyzed oxidative dearomatization of 2-alkyl or 2-aryl-

substituted indoles (1) coupled with a cascade transformation; it provides a new system for the 

construction of indolin-3-ones (5) bearing a C2-quaternary functionality. This reaction occurs 

readily with RuCl3·3H2O as a catalyst, and NaICO4 is used as an oxidant in acetonitrile. 2-(3-

Indolyl)- substituted indolin-3-ones were obtained in medium to high yields (Scheme 3.6).30 

 
Scheme 3.6 Ru-catalyzed oxidative dearomatization of  2-substituted indole 
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In 2018, Li and co-workers developed the asymmetric oxidative Mannich reaction for the first 

time, combining photocatalysis with the non-natural catalytic activity of a hydrolase (Scheme 

3.7). In this approach, 2,2-disubstituted indole-3-ketones (10) were synthesized asymmetrically 

from 2-aryl indoles (1) by a one-pot method combining visible-light catalysis and enzymatic 

catalysis. Under the optimized conditions, which consist of Ru(bpy)3Cl2 as the photocatalyst, 

0.16 mol% wheat germ lipase (WGL) as the biocatalyst, N, N-dimethylformamide (DMF) as the 

solvent, a 32 W compact fluorescent lamp (CFL) as the light source, and an oxygen atmosphere, 

the desired products were obtained with 10–70% yields, 32–86% ee and 3:1–5:1 dr. Different 2-

arylindoles and aliphatic ketones were investigated, and all were well tolerated.31  

Scheme 3.7 Asymmetric oxidative Mannich reaction combining photocatalysis and enzymatic 

catalysis 

Yu and co-workers developed a straightforward metal-free method for the synthesis of indolin-3-

one for the cross-addition of indoles (3) with 2-substituted indoles (1) to access a series of 2,2-

disubstituted indolin-3-ones (6). The following transformation was carried out on a small-scale 

microwave at a high temperature (Scheme 3.8).32 

 
Scheme 3.8 Microwave-assisted synthesis of 2,2-disubstituted indolin-3-ones. 

In 2019,  Zhang’s group reported an enantioselective oxidative Mannich reaction between 

aldehydes or ketones (9) and indolones, which were generated in situ through an oxygen atom 

transfer from an N-oxoammonium salt to a 2-substituted indole (1). After an optimization 
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process, they selected TEMPO+OTf- as the best N-oxoammonium salt to accomplish the in situ 

oxidation of C-2-substituted indole in 12 h. Then, the corresponding carbonyl compound and L-

proline are added to obtain the desired product (10) in excellent stereocontrol through an 

asymmetric Mannich alkylation. With these conditions, they explored the scope of this 

transformation using differently substituted indoles, aldehydes, and ketones. These researchers 

could obtain the desired products in high to excellent yields, diastereomeric ratios, and 

enantiomeric excesses (Scheme 3.9).33 

 
Scheme 3.9 Enantioselective dearomative oxyalkylation of 2 arylindoles with aldehydes and 

ketones 

The same group described the TEMPO oxoammonium salt-mediated oxidative dearomatization 

of 2-arylindoles (1) at room temperature. Aryl, alkynyl, alkenyl potassium trifluoroborate, and 

allyl or cyanotrimethylsilane (11) were all compiled for these transformations. Under very mild 

conditions, dearomative oxyalkynylation and oxyalkenylation of indoles to structurally diverse 

2,2-disubstituted indolin-3-ones (12) were developed for the first time with high atom economy. 

In addition, dearomative oxyarylation, oxyallylation, and oxycyanation of indoles were also 

demonstrated. Mechanism studies indicated that TEMPO oxoammonium salt was the sole 

oxidant source through an electron donor-acceptor (EDA) intermediate (Scheme 3.10).34 

 
Scheme 3.10 TEMPO+ClO4

- -mediated oxidative dearomatization of 2-substituted indoles 
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In continuation, Our group also developed an efficient protocol for synthesizing 2,2-disubstituted 

indolin-3-ones under mild conditions in the same year. This reaction involves the copper-

catalyzed in situ oxidative dearomatization of 2-arylindoles (1) to indol-3-one, followed by self-

dimerization (5) and cross-addition (6) with indoles (3) under favorable conditions. The result 

generates various C2-tetrasubstituted indolin-3-ones with good to high yields (62–82%) (Scheme 

3.11).35 

 
Scheme 3.11 Cu-catalyzed oxidative dimerization of 2-aryl indoles and cross-addition with 

indoles 

Zhou et al. have explored the Ru-catalyzed oxidative dearomatization of 2-alkyl or 2-aryl-

substituted indoles (1) coupled with a cascade transformation; it provides a new system for the 

construction of indolin-3-ones (5) bearing a C2-quaternary functionality. This reaction occurs 

readily with RuCl3·3H2O as a catalyst, and TBHP is used as an oxidant in ethyl acetate. 2-(3-

Indolyl)- substituted indolin-3-ones were obtained in medium to high yields (Scheme 3.12).36 

 
Scheme 3.12 Ru-catalyzed oxidative functionalization of 2-arylindoles 
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In 2020, Li and co-workers achieved an excellent result by combining photocatalysis 

and organocatalysis for asymmetric oxidative alkylation of 2-arylindoles (1) to access 2,2-

disubstituted indolin-3-ones (10). Under these conditions, which consisted of Ru(bpy)3Cl2 as a 

photocatalyst, l-proline or d-proline as an organocatalyst, 2,6-lutidine as an additive, ethanol as a 

solvent, and blue LEDs as the light source, under an oxygen atmosphere, the desired products 

were obtained with 20–92% yields, 90–99% ee and 5:1 to 20:1 d.r. 26 examples were reported. 

Various substituents on indole and both chain and cyclic aliphatic ketones (9) were well tolerated 

(Scheme 3.13).37 

 
Scheme 3.13 Combination of photocatalysis and organocatalysis for asymmetric oxidative 

alkylation of 2-arylindoles 

In 2020, Zhang and his team reported the oxidative dearomative cross-dehydrogenative coupling 

of 2-arylindoles (1) with various C-H nucleophiles (13). This process features a broad substrate 

scope concerning indoles and nucleophiles, affording structurally diverse 2,2-disubstituted 

indolin-3-ones (14) in high yields (up to 99%). Moreover, various C-H nucleophiles such as 

pyrrole, thiophene, acetaldehyde, and acetone were also suitable substrates, and all the 2,2-

disubstituted indolin-3-ones were obtained as racemic molecules. The oxidative dimerization and 

trimerization of indoles have also been demonstrated under the same conditions(Scheme 3.14).38 
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Scheme 3.14 Oxidative dearomative cross-dehydrogenative coupling of indoles with various C-

H nucleophiles 

Smith & co-workers developed an operationally simple method for converting 2-substituted 

indoles (1) to 2,2-disubstituted indoxyls (16) with a broad substrate scope for indole and 

nucleophiles (15). This method provides convenient and relatively unique access to such 

heterocycles with 2,2-dialkyl substitution and free N–H groups, making it appealing for 

medicinal chemistry applications. They showcased its utility in concise total syntheses of 

trigonoliimine C (6 steps) and brevianamide A (7 steps), among the shortest approaches to these 

targets reported (Scheme 3.15).39 

Scheme 3.15 Mo-catalyzed oxidative dearomatization of 2-substituted indoles with various C-H 

nucleophiles 

Zhao et al. developed a protocol of one-pot asymmetric oxidative dearomatization of 2-

substituted indoles (1) to realize the synthesis of C2-tetrasubstituted indolin-3-ones. This strategy 

combines transition-metal catalysis and organocatalysis and undergoes two processes, including 

CuI-catalyzed oxidative dearomatization of 2-substituted indoles using O2 as green oxidant and 
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L-proline-promoted asymmetric Mannich reaction with ketones or aldehydes (9). A series of 

chiral C2-tetrasubstituted indolin-3-ones (10) were synthesized via this strategy (Scheme 3.16).40 

 
Scheme 3.16 Asymmetric oxidative dearomatization of 2-substituted indoles to construct the C2 

tetrasubstituted indolin-3-ones 

Patureau & co-workers reported the unprecedented Te-catalyzed dehydrogenative homo 

dimerization (5) of 2-substituted indoles (1). This represents a rare redox-active phenotellurazine 

catalyst-enabled method and the first that does not involve a phenothiazine substrate. The most 

important features of this reaction are its O2-mediated character and the absence of a background 

reaction when the Te(II) catalyst is omitted. Furthermore, this reaction is operational with only 

10 mol % of Te catalyst loading (Scheme 3.17).41  

 
Scheme 3.17 Te-catalyzed dehydrogenative homo dimerization of 2-arylindoles. 
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3.2.2 Electrochemical methods 

On the other hand, electrochemical synthesis has recently gained enormous interest due to using 

electrons as reagents for oxidative/reductive conversion and an excellent functional group 

tolerance under mild conditions.61-66 The electrochemical strategies have recently been applied to 

a series of carbon-carbon/carbon-heteroatom bond-forming reactions along with cascade 

transformations. Under electrochemical conditions, oxidative dearomatization of 2-arylindoles 

and subsequent direct Mannich reaction of ketones using amine-catalysis have recently been 

developed to access 2,2-disubstituted indolin-3-ones.67-70  

In this context, He and co-workers have created a direct enantioselective synthesis of C2-

quaternary indolin-3-ones (10) by combining electrocatalysis with organocatalysts. This protocol 

utilized (2,2,6,6-tetramethylpiperidin-1-yl)oxyl (TEMPO) as a redox mediator. The experiment 

revealed that adding TEMPO could improve the yield, but the enantioselectivity and 

diastereoselectivity were unaffected. After extensive optimization of reaction conditions, the 

optimal reaction conditions were determined as follows: using platinum sheets as the anode and 

cathode, tetrabutylammonium perchlorate (TBAP) as the electrolyte, 10 mol% TEMPO as a 

redox mediator, N, N-dimethylformamide/2,2,2-trifluoroethanol (3:1) as a mixed solvent, 

benzoic acid as an additive at a constant current of 0.8 mA under an air atmosphere. The reaction 

shows good functional group tolerance (Scheme 3.18).71  

 
Scheme 3.18 Electrochemical oxidation of 2-arylindoles and subsequent Mannich reaction with 

proline 

Long et al. recently developed an exciting method for the direct asymmetric synthesis of  2,2-

disubstituted 3-carbonyl indoles by combining electrochemistry with Lipase catalysis. Various 

2,2-disubstituted 3-carbonyl indoles (10) with stereogenic quaternary carbon centers can be 

directly synthesized from 2-substituted indoles (1) and ketones (9) in satisfactory yields with 
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good enantio- and diastereoselectivities under mild reaction conditions. Crucially, this 

unprecedented protocol demonstrated that hydrolase catalysis is compatible with organic 

electrosynthesis. This protocol expands the types of enzymes in enzymatic electrosynthesis, 

enabling the synthesis of complex chiral molecules without the need for any transition metals, 

ligands, or stoichiometric oxidants (Scheme 3.19).72  

 
Scheme 3.19 Combination of electrocatalysis and enzymatic catalysis for asymmetric oxidative 

alkylation of 2-arylindoles 

Despite the presence of these graceful electrochemical methods in combination with another 

catalysis, developing a more general approach that could overcome the nucleophile’s limitation 

is still required. In this chapter, we disclose a simple study to access C2-tertiary carbon indolin-

3-one (16) via oxidative-dearomatization followed by in situ addition of several nucleophiles 

under mild electrochemical conditions (Scheme 3.20). 

Scheme 3.20  Electrochemical oxidative synthesis of C2-quaternary indolin-3-ones with the 

various nucleophiles 
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3.3 Results and discussion 

Considering this idea, we initiated our study with 2-phenyl indole 1a as a suitable substrate for 

oxidative dimerization under electrochemical conditions (Table 3.1). Detailed studies concerning 

electrodes, electrolytes, catalysts, and solvents were carried out (Table 3.1) and led to the optimal 

reaction conditions. To our delight, 2-phenyl-2-(2-phenyl-1H-indol-3-yl)indolin-3-one 5a was 

obtained in 76% yield under optimized conditions (entry 1, Table 3.1). The reaction furnishes a 

trace amount of the product in the absence of TEMPO (entry 2, Table 3.1) and n-Bu4NPF6 (entry 

3, Table 3.1), whereas no 5a was observed without current (entry 4, Table 3.1). Next, fewer 

results were obtained without lutidine (entry 5, Table 3.1). The addition of bases (2.0 equiv.) 

under standard conditions (entries 6-7, Table 3.1) and changing the electrode system under 

standardized conditions (entries 8-9, Table 3.1) didn’t improve reaction yields. The reaction 

outcome did not improve either by decreasing (entry 10, Table 3.1) or increasing (entry 11, Table 

3.1) the applied current. Product 5a was obtained with 61% and 65% yields when TEMPO (10 

mol%) (entry 12, Table 3.1) and 2,6-lutidine (1.0 equiv.) (entry 13, Table 3.1) were applied 

under standard conditions. A reduction in the yield (35%) was observed with N2 purging instead 

of air (entry 14, Table 3.1). By varying solvent mediums like CH3CN/TFE (9:1) and 

CH3CN/HFIP (9:1) instead of CH3CN/H2O (9:1) (entries 15-16, Table 3.1) and other electrolytes 

were also tested, such as  n-Bu4NBF4 and n-Bu4NClO4, but all gave inferior results compared to 

n-Bu4NPF6 (entries 17–18, Table 3.1). Moreover, other mediators, such as ferrocene and 

ammonium iodide, were also tested, with no improved result concerning standard reaction 

conditions. Therefore, we conducted our experiment under optimum conditions (entry 1, Table 

3.1). 

With the optimized conditions for the oxidative-dimerization of 2-arylindoles, we examine the 

method’s scope with a variety of 2-arylindoles (Table 3.). 2-Arylindole 1 substituting with 

electron-donating/withdrawing groups at the C2-aryl ring produced corresponding dimerized 

products 5b-5i with good yields (58-79%) under optimized conditions. While substitutions at the 

indole ring also furnished the complementary products 5j-5l with promising results (64-68%) 

(Table 3.2).  
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Table 3.1 Optimization of the reaction conditionsa 

 
Entry Variation from standard conditions Yield (%) 

1 none 76 

2 without TEMPO <10 

3 without n-Bu4NPF6 <10 

4 without current - 

5 without 2,6-lutidine 35 

6 pyridine (2.0 equiv) used as an additive 60 

7 K2CO3 (2.0 equiv) used as an additive 45 

8 C(+)/C(-) used instead of  C(+)/Cu(-) 56 

9 C(+) | Pt(-) used instead of  C(+)/Cu(-) <10% 

10 I = 1.0 mA, instead of I = 1.5 mA 45 

11 I = 2.0 mA, instead of I = 1.5 mA 58 

12 TEMPO (10 mol%) instead of (20 mol%) 61 

13 2,6-lutidine (1.0 equiv) used instead of (2.0 equiv) 65 

14 N2 instead of air 35 

15 CH3CN/TFE (9:1) used instead of  CH3CN/H2O (9:1) 64 

16 CH3CN/HFIP (9:1) used instead of  CH3CN/H2O (9:1) 62 

17 n-Bu4NBF4 (1.0 equiv.) used instead of  LiClO4 (1.0 equiv.) 45 

18 n-Bu4NClO4 (1.0 equiv.) used instead of  LiClO4 (1.0 equiv.) 60 

19 Cp2Fe (20 mol%) used as a mediator 26 

20 NH4I (20 mol%) used as a mediator <10 
 

aReaction conditions: 1a (1.0 mmol, 2.0 equiv), n-Bu4NPF6 (0.5 mmol, 1.0 equiv), TEMPO (0.1 
mmol, 20 mol%), 2,6-lutidine (1.0 mmol, 2.0 equiv) CH3CN/H2O (9:1), C(+) | Cu( ), undivided 
cell, constant current = 1.5 mA, air, rt, 24 h. bAll isolated yields of 5a after column 
chromatography were based on 1a.  
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Table 3.2 Substrate scope for the self-dimerization of 2-arylindoles. 

 
 

 aReaction conditions: 1 (1.0 mmol, 2.0 equiv), n-Bu4NPF6 (0.5 mmol, 1.0 equiv), TEMPO (0.1 
mmol, 20 mol%), 2,6-lutidine (1.0 mmol, 2.0 equiv) CH3CN/H2O (9:1), C( ) | Cu( ), undivided 
cell, constant current = 1.5 mA, air, rt, 24 h. bAll isolated yields of 5 after column 
chromatography were based on 1.  
 



CHAPTER - 3 
 

74

Table 3.3 Optimization of the reaction conditions with 13h as a nucleophilea 

 
Entry Variation from standard conditions Yield (%) 

1 none 73% 

2 13h (1.0 equiv.) was used 51% 

3 13h (2.0 equiv.) was used 60% 

4 13h (4.0 equiv.) was used 73% 
 

aReaction conditions: 1a (0.5 mmol, 1.0 equiv), 13h (1.5 mmol, 3.0 equiv), n-Bu4NPF6 (0.5 

mmol, 1.0 equiv), TEMPO (0.1 mmol, 20 mol%), 2,6-lutidine (1.0 mmol, 2.0 equiv) 

CH3CN/H2O (9:1), C( ) | Cu( ), undivided cell, constant current = 1.5 mA, rt, 24 h. bAll isolated 

yield of 16ah was based on 1a.  

Next, we explored the developed conditions with a slight variation for several other nucleophiles 

13 with 2-arylindoles 1a (Table 3.4), and the results are shown in Table 3.4. Initially, indole 3a 

and substituted indoles 3b-3c were utilized as nucleophiles, resulting in 16aa (70%) and 16ab-

16ac (62% and 73%).  

Next, a series of 1,3-dicarbonyls such as 1,3-diesters 13d-13f, 1,3-keto-esters 13g-13h, and 1,3-

diketocarbonyl 13i as nucleophiles also furnished the corresponding products 16ad-16ai (60-

78%). A single crystal X-ray analysis confirmed the structure of product 16ah (CCDC 

2167742).73 Other neutral nucleophiles such as methyl 2-cyanoacetate 13j, allylsilane 13k, 

pyrrole 13l, and TMSCN 13m also furnished corresponding products 16aj-16am with good 

yields (60-67%) under standard conditions. Next, a series of 2-arylindoles with substitutions like- 

Me, F, Cl, and Br were examined on both the aryl rings. A series of related products 16bh-16jh 

(59-74% yields) were obtained with ethyl 3-oxo-3-phenylpropanoate 13h as a nucleophile. Later, 

the direct oxidative transformation was extensively expanded to the cross-combination of 2-

arylindoles with several nucleophiles, and related products 16da-16le were obtained with 

moderate to good yields (57–72%) under optimized conditions (Table 3.4).  

 



CHAPTER - 3 
 

75

Table 3.4 Substrate scope of 2-substituted indole 1 with various nucleophiles 13.a 

 
aReaction conditions: 1a (0.5 mmol, 1.0 equiv), 13h (1.5 mmol, 3.0 equiv), n-Bu4NPF6 (0.5 
mmol, 1.0 equiv), TEMPO (0.1 mmol, 20 mol%), 2,6-lutidine (1.0 mmol, 2.0 equiv) 
CH3CN/H2O (9:1), C( ) | Cu( ), undivided cell, constant current = 1.5 mA, air, rt, 24 h. bAll 
isolated yields of 16 were based on 1.  
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3.4 Cyclic voltammetry experiment 

Cyclic voltammetry (CV) was performed using a three-electrodes cell (glassy carbon as the 

working electrode, Pt wire as the auxiliary electrode, and Ag/AgCl as reference electrode) in 

CH3CN: H2O (9:1) and n-Bu4NPF6 (0.02 M solution) as the supporting electrolyte at room 

temperature. The scan rate was 0.2 V/s, ranging from 1.0 V to +2.0 V; Ag/AgCl as the 

reference electrode. The CV was plotted using the IUPAC convention (Figure 3.3). Oxidation 

potential was measured for 1a (Eox = +1.30 V vs. Ag/AgCl as reference electrode) and TEMPO 

(Eox = +0.89 V vs Ag/AgCl as reference electrode), respectively. In comparison, 

1a+13h+TEMPO showed oxidation potential [Eox = +1.40 V vs. Ag/AgCl as reference 

electrode).  

 

Figure 3.3 Cyclic voltammogram of CH3CN/H2O/n-Bu4NPF6 (12 mL, 0.02M) (Black); 1a (2.0 

mM) in CH3CN/H2O/n-Bu4NPF6 (12 mL, 0.02M) (Red); TEMPO (2.0 mM) in CH3CN/H2O/n-

Bu4NPF6 (12 mL, 0.02M) (Blue); 1a (2.0 mM), 13h (2.0 mM), TEMPO (2.0 mM) in 

CH3CN/H2O/n-Bu4NPF6 (12 mL, 0.02M) (Green); Reference electrode: Ag/AgCl (3M KCl), 

scan rate: 0.2 V/s. all experiments done at room temperature. 

 



CHAPTER - 3 
 

77

3.5  Control experiments, Reaction mechanism, Synthetic applications 

The product 16ah formation was not observed with BHT or TEMPO as a radical scavenger 

under the standard electrochemical conditions, confirming the radical nature of the reaction at the 

intermediate step (Scheme 3.21). 

 

Scheme 3.21: Control experiment 

A probable mechanism has been proposed based on the literature available in this direction.71-72 

As shown in Scheme 3.21, TEMPO underwent oxidation at the anode to generate TEMPO+, 

which could oxidize 2-arylindole 1 to radical cation A. After deprotonation, radical B and the 

subsequently resonating radical C are generated from A. The radical C reacts with O2 to create 

radical D, which converts to radical E before generating indole-3-one F by discharging a 

hydroxyl radical. Finally, various nucleophiles react with F and furnished product 16. In situ, 

HRMS data confirmed the formation of intermediate 2-phenylindole-3-one F (Ar = Ph).  

 
Scheme 3.22: A tentative mechanism for the electrochemical synthesis of C2-quaternary 

indoline-3-ones (16) 
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The practicality of the developed method was shown at the gram-scale preparation of compound 

16ah (1.02 g, 65% yield) under optimized conditions (Scheme 3.23a). Next, the developed 

method was applied successfully for the synthesis of metagenediindole A (65% yield) (Scheme 

3.23b(i)). Additional synthetic transformations were performed to access 1H-pyrazole-fused 

indolin-3-one 18 (82%, Scheme 3.23b(ii)) and 1,2-dihydro-3H-pyrazol-3-one based indolin-3-

one 19 (78%, Scheme 3.23b(iii)), respectively, when compound 16ai and 16dh were treated with 

hydrazine-hydrate in EtOH under reflux conditions.  

 

Scheme 3.23 Synthetic applications (a) gram-scale synthesis of 16ah; (b) (i) synthesis of 

metagenediindole A, access to (ii) 1H-pyrazole-fused indolin-3-one 18, (iii) 1,2-dihydro-3H-

pyrazol-3-one based indolin-3-one 19 

3.6 Conclusion 

In conclusion, we have established a highly competent electrochemical method for directly 

synthesizing C2-quaternary-centered indolin-3-ones from 2-arylindoles. Including self-

dimerization of 2-arylindoles, several nucleophiles, such as indole, 1,3-dicarbonyls, pyrrole, 
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allylsilane, and TMSCN, were added to in situ generated indole-3-ones through oxidative 

dearomatization of 2-arylindoles with good yields. The developed method has been applied for 

the product’s gram scale preparation, metagenediindole A synthesis, and other late-stage 

synthetic transformations. This method has overcome limited nucleophiles addition to 2-

arylindoles under electrochemical conditions.  

3.7 General experimental methods  

All reactions were observed using Thin-layer chromatography (on SiO2 gel F254 plates) and 

performed on IKA ElectroSyn 2.0 Pro under standard conditions. The desired compounds were 

purified through Flash column chromatography packed with silica gel (100-200 mesh size) as the 

stationary phase and a mixture of petroleum ether-acetone as an eluent. Melting points were 

determined in open capillary tubes on an EZ-Melt Automated melting point apparatus. NMR 

spectra were recorded on a Bruker AV 400 spectrometer. The chemical shifts were reported in 

parts per million (ppm) using deuterated solvent as the internal standard. High-resolution mass 

spectra (HRMS-ESI) were recorded using a quadrupole time-of-flight (Q-TOF) mass 

spectrometer (Applied Biosystems). The cyclic voltammetry was performed using CH 

Instruments Electrochemical Analyzer (Model CHI1200B) with a three-electrodes cell (glassy 

carbon as the working electrode (3-mm diameter, circular), Pt wire as the auxiliary electrode, and 

Ag/AgCl as the reference electrode). Before experimenting, the electrode was polished with 

Micro Polish Alumina Powder 0.05 μm as per the following method: The alumina (0.05 μm) was 

mixed with water on the polishing pad to make a paste. The working electrode was then rubbed 

on the polishing pad with some alumina paste while ensuring that the face of the working 

electrode remained flat, and polishing was performed in figure-8 so that grooves did not develop 

on the electrode surface. After polishing for about 30 seconds, the electrode was sonicated in 

deionized water for no more than 1-minute. Finally, the electrode was washed with deionized 

water, and the electrode surface was dried before use. All cyclic voltammetry experiments were 

performed after nitrogen purging for deoxygenation purposes. The cyclic voltammetry was 

performed using CH Instruments electrochemical Analyzer (Model CHI1200B). All the 

chemicals were obtained from the commercial supplier and were used without purification. All 

starting 2-arylindoles were prepared using the reported procedure,74 whereas a few cross-indole 

products were matched with the reported ones.35, 38 Oil baths were used for heating conditions. 
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3.7.1 General procedure for the synthesis of compound 5 

A 10 mL dried undivided reaction cell with a stirring bar was charged with 1 (1.0 mmol, 2.0 

equiv), n-Bu4NPF6 (193 mg, 0.5 mmol, 1.0 equiv), and TEMPO (15 mg, 0.1 mmol, 20 mol %), 

2,6-lutidine (1.0 mmol, 2.0 equiv) in CH3CN: H2O (10 mL, 9:1). The Graphite-plate anode and 

Copper-plate cathode were dipped into the reaction mixture and electrolyzed at a constant 

current condition (1.5 mA) under an air atmosphere at room temperature, and TLC monitored the 

reaction. Upon completion, the reaction mixture was evaporated under reduced pressure, and 

crude mass was stirred between ethyl acetate (10 mL) and NH4Cl (10 mL, 10% solution) for five 

minutes. The organic phase was separated, dried over anhydrous Na2SO4 and evaporated under 

reduced pressure. Purification of crude mass on silica gel column chromatography using a 

mixture of petroleum ether and acetone as eluent-furnished product 5 (61-79% yields). 

3.7.2 General procedure for the synthesis of compound 16 

A 10 mL dried undivided reaction cell with a stirring bar was charged with 1 (0.5 mmol, 1.0 

equiv), nucleophiles 13 (1.5 mmol, 3.0 equiv), n-Bu4NPF6 (193 mg, 0.5 mmol, 1.0 equiv), and 

TEMPO (15 mg, 0.1 mmol, 20 mol%), 2,6-lutidine (1.0 mmol, 2.0 equiv) in CH3CN: H2O (10 

mL, 9:1). Graphite-plate anode and Copper-plate cathode were dipped into the reaction mixture 

and electrolyzed at a constant current condition (1.5 mA) under an air atmosphere at room 

temperature, and TLC monitored the reaction. Upon completion, the reaction mixture was 

evaporated under reduced pressure, and crude mass was stirred between ethyl acetate (10 mL) 

and NH4Cl (10 mL, 10% solution) for five minutes. The organic phase was separated, dried over 

anhydrous Na2SO4, and evaporated under reduced pressure. Purification of crude mass on silica 

gel column chromatography using a mixture of petroleum ether and acetone as eluent furnished 

product 16 (57-78% yields). 

3.7.3 Characterization data of synthesized compounds 

2-Phenyl-2-(2-phenyl-1H-indol-3-yl)indolin-3-one (±5a): Purification with petroleum ether: 

acetone (9/1) as eluent); yellow solid (152 mg, 76% yield, mp = 207-212 
oC). 1H NMR (400 MHz, CDCl3) δ 8.11 (s, 1H), 7.53 – 7.47 (m, 2H), 7.47 – 

7.42 (m, 1H), 7.40 (d, J = 7.7 Hz, 1H), 7.32 (d, J = 8.1 Hz, 1H), 7.28 – 7.22 

(m, 1H), 7.21 – 7.10 (m, 8H), 7.00 (d, J = 8.0 Hz, 1H), 6.93 (m, 1H), 6.80 (t, 

J = 7.7 Hz, 1H), 6.71 (d, J = 8.2 Hz, 1H), 5.17 (s, 1H). 13C{1H} NMR (100 

MHz, CDCl3) δ 200.3, 159.4 140.4, 137.1, 137.1, 135.5, 133.3, 129.7 (2C), 128.3 (2C), 127.7 
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(2C), 127.5, 127.4, 127.2 (2C), 125.4 (2C), 122.4, 121.6, 120.4, 120.0, 119.2, 112.3, 112.1, 

110.7, 72.1. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C28H21N2O 401.1648, Found 401.1642. 

2-(4-Fluoro-3-methylphenyl)-2-(2-(4-fluoro-3-methylphenyl)-1H-indol-3-yl)indolin-3-one 

(±5b): Purification with petroleum ether: acetone (9/1) as eluent; yellow 

solid (151 mg, 65% yield, mp = 222-225 oC). 1H NMR (400 MHz, CDCl3 

with few drops of DMSO-d6) δ 8.15 (s, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.39 

(d, J = 7.8 Hz, 1H), 7.29 (t, J = 8.0 Hz, 3H), 7.15 (t, J = 6.8 Hz, 1H), 6.95 

(dd, J = 9.4, 6.5 Hz, 2H), 6.90 (t, J = 5.6 Hz, 1H), 6.85 – 6.76 (m, 5H), 5.22 

(s, 1H), 2.12 (s, 3H), 2.01 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3, few drops of DMSO-d6) δ 

200.8, 160.3 (d, J = 246.9 Hz), 160.2 (d, J = 244.3 Hz), 159.3, 136.8, 136.5, 135.4, 135.0 (d, J = 

2.6 Hz), 132.9 (d, J = 5.2 Hz), 130.2 (d, J = 5.2 Hz), 128.8 (d, J = 2.9 Hz), 128.1 (d, J = 7.8 Hz), 

126.9, 125.7 (d, J = 7.7 Hz), 124.5, 123.4 (d, J = 17.5 Hz), 123.2 (d, J = 17.7 Hz), 121.2, 120.2, 

119.4, 118.9, 118.1, 113.5, 113.4 (d, J = 43.6 Hz), 111.9, 111.2, 110.8, 70.8, 14.0 (d, J = 3.0 Hz), 

13.7 (d, J = 3.4 Hz). 19F NMR (376 MHz, CDCl3) δ -118.4, -120.3. HRMS (ESI-TOF) m/z: [M + 

H+] Calcd for C30H23F2N2O 465.1773, Found 465.1779. 

2-(3-Chlorophenyl)-2-(2-(3-chlorophenyl)-1H-indol-3-yl)indolin-3-one (±5c): Purification 

with petroleum ether: acetone (9/1) as eluent; yellow solid (143 mg, 61% 

yield, mp = 161-165 oC). 1H NMR (400 MHz, CDCl3) δ 8.20 (s, 1H), 7.55 – 

7.50 (m, 2H), 7.46 (d, J = 7.3 Hz, 1H), 7.38 (dt, J = 7.5, 1.5 Hz, 1H), 7.33 (d, 

J = 8.1 Hz, 1H), 7.22 – 7.16 (m, 2H), 7.13 – 7.01 (m, 5H), 6.94 (d, J = 4.0 

Hz, 2H), 6.88 (dt, J = 7.1, 3.1 Hz, 2H), 5.21 (s, 1H). 13C{1H} NMR (100 

MHz, CDCl3) δ 199.9, 159.3, 141.9, 137.7, 135.9, 135.6, 134.5, 134.1, 133.6, 130.0, 129.5, 

128.9, 128.4, 127.8, 127.7, 127.1, 127.0, 125.8, 125.5, 122.9, 121.0, 120.4, 120.4, 120.1, 112.7, 

112.4, 111.0, 71.4. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C28H19Cl2N2O 469.0869, Found 

469.0865. 

2-(4-Chlorophenyl)-2-(2-(4-chlorophenyl)-1H-indol-3-yl)indolin-3-one (±5d): Purification 

with petroleum ether: acetone (9/2) as eluent; yellow solid (150 mg, 64% 

yield, mp = 196-200 oC). 1H NMR (400 MHz, CDCl3) δ 8.14 (s, 1H), 7.53 

(dd, J = 7.2, 1.2 Hz, 1H), 7.47 (d, J = 8.7 Hz, 2H), 7.38 (dd, J = 13.9, 7.9 Hz, 

2H), 7.23 – 7.16 (m, 3H), 7.13 (d, J = 8.5 Hz, 2H), 7.04 (d, J = 8.5 Hz, 2H), 
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6.95 (dt, J = 16.1, 8.0 Hz, 2H), 6.91 – 6.84 (m, 2H), 5.20 (s, 1H). 13C{1H} NMR (100 MHz, 

CDCl3) δ 199.7, 159.2, 138.7, 137.5, 135.8, 135.5, 134.6, 133.7, 131.2, 132.0, 131.1 (2C), 128.7 

(2C), 128.4 (2C), 127.8 (2C), 127.1, 125.5, 122.8, 121.1, 120.5, 120.4, 119.8, 112.5, 110.9, 71.4. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C28H19Cl2N2O 469.0869, Found 469.0871. 

2-(p-Tolyl)-2-(2-(p-tolyl)-1H-indol-3-yl)indolin-3-one (±5e): Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (150 mg, 70% yield, mp = 159-162 oC). 
1H NMR (400 MHz, CDCl3) δ 8.10 (s, 1H), 7.46 – 7.40 (m, 1H), 7.40 – 7.34 

(m, 3H), 7.28 (d, J = 8.1 Hz, 1H), 7.13 (t, J = 8.0 Hz, 1H), 7.04 – 6.90 (m, 

8H), 6.78 (t, J = 7.4 Hz, 1H), 6.68 (d, J = 8.2 Hz, 1H), 5.17 (s, 1H), 2.33 (s, 

3H), 2.27 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.5, 159.1, 138.0, 

137.5, 137.1, 137.0, 136.9, 135.5, 130.3, 129.5, 128.9 (2C), 128.3 (2C), 127.5, 127.1 (2C), 125.3, 

122.1, 121.6 (2C), 120.4, 119.8, 118.9, 112.1, 111.8, 110.6, 71.9, 21.2, 21.0. HRMS (ESI-TOF) 

m/z: [M + H+] Calcd for C30H25N2O 429.1961, Found 429.1959. 

2-(3-Methoxyphenyl)-2-(2-(3-methoxyphenyl)-1H-indol-3-yl)indolin-3-one (±5f): 

Purification with petroleum ether: acetone (9/1) as eluent; yellow solid 

(134 mg, 58% yield, mp = 204-208 oC). 1H NMR (400 MHz, CDCl3) δ 

8.10 (s, 1H), 7.49 – 7.41 (m, 2H), 7.32 (d, J = 8.2 Hz, 1H), 7.17 – 7.04 

(m, 6H), 6.94 (t, J = 7.3 Hz, 1H), 6.80 (m, 3H), 6.71 (m, 2H), 6.64 (m, 

1H), 5.20 (s, 1H), 3.67 (s, 3H), 3.56 (s, 3H). 13C{1H} NMR (100 MHz, 

CDCl3) δ 200.1, 159.4, 159.2, 158.7, 141.9, 137.1, 137.0, 135.4, 134.6, 129.2, 128.8, 127.3, 

125.4, 122.4, 121.8, 121.5, 120.4, 120.1, 119.7, 119.2, 114.8, 114.7 (2C), 113.2, 112.9, 112.2, 

110.7, 72.0, 55.2, 54.9. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C30H25N2O3 461.1860, Found 

461.1866.  

2-(4-Methoxyphenyl)-2-(2-(4-methoxyphenyl)-1H-indol-3-yl)indolin-3-one (±5g): 

Purification with petroleum ether: acetone (9/1) as eluent; yellow solid (177 

mg, 77% yield, mp = 182-185 oC). 1H NMR (400 MHz, CDCl3) δ 8.07 (s, 

1H), 7.46 – 7.37 (m, 4H), 7.30 (d, J = 8.1 Hz, 1H), 7.15–7.11 (m, 1H), 7.02 

(d, J = 8.7 Hz, 2H), 6.99–6.90 m, 2H), 6.78 (t, J = 7.2 Hz, 1H), 6.75 – 6.70 

(m, 3H), 6.65 (d, J = 8.7 Hz, 2H), 5.18 (s, 1H), 3.77 (s, 3H), 3.73 (s, 3H). 
13C{1H} NMR (100 MHz, CDCl3) δ 200.6, 159.5, 159.2, 159.1, 137.0, 136.8, 135.4, 132.5, 131.0 

(2C), 128.4 (2C), 127.5, 125.5, 125.4, 122.2, 121.5, 120.5, 119.9, 119.0, 113.7 (2C), 113.1 (2C), 
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112.2, 112.2, 110.6, 71.6, 55.3, 55.2. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C30H25N2O3 

461.1860, Found 461.1866. 

2-(3,4-Dimethoxyphenyl)-2-(2-(3,4-dimethoxyphenyl)-1H-indol-3-yl)indolin-3-one (±5h): 

Purification with petroleum ether: acetone (8/2) as eluent; yellow solid 

(206 mg, 79% yield, mp = 207-210 oC). 1H NMR (400 MHz, CDCl3) δ 

8.12 (s, 1H), 7.48 – 7.40 (m, 2H), 7.31 (d, J = 8.1 Hz, 1H), 7.18 – 7.09 

(m, 1H), 7.08 – 7.03 (m, 1H), 7.03 – 6.95 (m, 2H), 6.95 – 6.88 (m, 1H), 

6.84 – 6.78 (m, 2H), 6.79 – 6.74 (m, 1H), 6.72 – 6.66 (m, 2H), 6.61 (d, 

J = 1.9 Hz, 1H), 5.22 (s, 1H), 3.86 (s, 3H), 3.81 (s, 3H), 3.69 (s, 3H), 3.52 (s, 3H). 13C{1H} NMR 

(100 MHz, CDCl3) δ 200.4, 159.2, 149.1, 148.8, 148.7, 148.0 137.0 (2C), 135.3, 132.9, 127.5, 

125.9, 125.5, 122.2, 121.9, 121.5, 120.6, 120.0, 119.2 (2C), 113.3, 112.1, 111.9, 111.3, 110.7, 

110.6, 110.5, 71.8, 55.9, 55.9 (2C), 55.4. HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C32H29N2O5 521.2071, Found 521.2067. 

2-(3,4-Dichlorophenyl)-2-(2-(3,4-dichlorophenyl)-1H-indol-3-yl)indolin-3-one (±5i): 

Purification with petroleum ether: acetone (9/1) as eluent; yellow solid (186 

mg, 69% yield, mp = 182-184 oC). 1H NMR (400 MHz, CDCl3) δ 8.34 (s, 

1H), 7.63 (d, J = 2.0 Hz, 1H), 7.58 – 7.51 (m, 1H), 7.37 (d, J = 7.6 Hz, 1H), 

7.31 (dd, J = 8.4, 2.1 Hz, 2H), 7.19 (dd, J = 7.6, 3.8 Hz, 3H), 7.05 – 7.03 (m, 

1H), 6.98 – 6.86 (m, 5H), 5.30 (s, 1H). 13C{1H} NMR (100 MHz, CDCl3) δ 

199.6, 159.3, 140.0, 138.0, 135.5, 134.7, 132.7, 132.4, 132.2, 131.8, 131.8, 131.7, 130.0, 129.4, 

128.9, 128.7, 126.9, 126.7, 125.3, 123.1, 120.6 (2C), 120.4, 120.2, 112.8, 112.4, 111.2, 70.7. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C28H17Cl4N2O 537.0090, Found 537.0096. 

5-Chloro-2-(5-chloro-2-phenyl-1H-indol-3-yl)-2-phenylindolin-3-one (±5j): Purification with 

petroleum ether: acetone (9/1) as eluent; yellow solid (150 mg, 64% 

yield, mp = 172-175 oC). 1H NMR (400 MHz, CDCl3) δ 8.25 (s, 1H), 

7.47 – 7.42 (m, 2H), 7.40 (dd, J = 8.6, 2.1 Hz, 1H), 7.32 (dd, J = 8.3, 4.8 

Hz, 2H), 7.25 (dd, J = 5.4, 1.8 Hz, 3H), 7.21 (d, J = 9.4 Hz, 2H), 7.18 (s, 

1H), 7.15 (s, 1H), 7.14 – 7.10 (m, 2H), 6.91 (d, J = 1.7 Hz, 1H), 6.65 (d, 

J = 8.6 Hz, 1H), 5.17 (s, 1H). 13C{1H} NMR (100 MHz, CDCl3) δ 199.0,157.3, 139.6, 138.4, 

137.2, 133.9, 132.7, 129.6 (2C), 128.7, 128.6 (2C), 128.3, 128.1, 127.9 (2C), 127.1 (2C), 125.7, 
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124.6, 124.4, 122.8, 121.2, 121.0, 113.4, 111.8, 111.5, 72.7. HRMS (ESI-TOF) m/z: [M + H+] 

Calcd for C28H19Cl2N2O 469.0869, Found 469.0873. 

5-Bromo-2-(5-bromo-2-phenyl-1H-indol-3-yl)-2-phenylindolin-3-one (±5k): Purification with 

petroleum ether: acetone (9/1) as eluent; yellow solid (179 mg, 64% 

yield, mp = 181-183 oC). 1H NMR (400 MHz, CDCl3) δ 8.15 (s, 1H), 

7.52 – 7.47 (m, 2H), 7.42 (dd, J = 6.5, 3.2 Hz, 2H), 7.34 – 7.28 (m, 1H), 

7.26 – 7.17 (m, 7H), 7.16 – 7.11 (m, 2H), 7.04 (d, J = 1.4 Hz, 1H), 6.58 

(d, J = 8.5 Hz, 1H), 5.13 (s, 1H). 13C{1H} NMR (100 MHz, CDCl3) δ 

198.6, 157.5, 139.7, 139.5, 138.1, 134.1, 132.6, 129.6 (2C), 128.9, 128.8, 128.6 (2C), 128.1, 

127.9 (2C), 127.7, 127.1 (2C), 125.4, 124.1, 121.7, 113.7, 113.3, 112.1, 111.4, 111.2, 72.6. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C28H19Br2N2O 556.9859, Found 556.9851.  

5-Methyl-2-(5-methyl-2-(p-tolyl)-1H-indol-3-yl)-2-(p-tolyl)indolin-3-one (±5l): Purification 

with petroleum ether: acetone (9/1) as eluent; yellow solid (155 mg, 

68% yield, mp = 205-207 oC). 1H NMR (400 MHz, CDCl3) δ 7.94 (s, 

1H), 7.34 (d, J = 8.1 Hz, 2H), 7.27 (s, 1H), 7.21 (s, 1H), 7.18 (d, J = 8.2 

Hz, 1H), 7.02 – 6.92 (m, 7H), 6.85 (s, 1H), 6.61 (d, J = 8.2 Hz, 1H), 

5.01 (s, 1H), 2.33 (s, 3H), 2.28 (s, 3H), 2.26 (s, 6H). 13C{1H} NMR 

(100 MHz, CDCl3) δ 200.0, 157.8, 138.3, 137.9, 137.8, 137.1, 137.0, 133.9, 130.6, 129.6 (2C), 

128.9, 128.9 (2C), 128.5, 128.3 (2C), 127.8, 127.2 (2C), 124.7, 123.8, 121.3, 120.8, 112.3, 111.6, 

110.3, 72.5, 21.7, 21.3, 21.0, 20.6. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C32H29N2O 

457.2274, Found 457.2268. 

2-(1H-Indol-3-yl)-2-phenylindolin-3-one (±16aa): Purification with petroleum ether: acetone 

(9/1) as eluent; yellow solid (113 mg, 70% yield, mp = 189-192 oC). 1H 

NMR (400 MHz, CDCl3) δ 8.25 (s, 1H), 7.69 (d, J = 7.7 Hz, 1H), 7.56 (d, J 

= 7.2 Hz, 2H), 7.50 (t, J = 7.7 Hz, 1H), 7.35 (d, J = 8.1 Hz, 1H), 7.29 (d, J = 

6.8 Hz, 3H), 7.20 – 7.11 (m, 3H), 6.98 (t, J = 7.5 Hz, 1H), 6.94 – 6.86 (m, 

2H), 5.40 (s, 1H). 13C{1H} NMR (10 MHz, CDCl3) δ 200.6, 160.5, 139.5, 137.5, 136.9, 128.4 

(2C), 127.7, 126.8 (2C), 125.6, 125.6, 123.8, 122.5, 120.0, 119.7, 119.6, 119.6, 115.5, 112.9, 

111.6, 71.3. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C22H17N2O 325.1335, Found 325.1337. 
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2-(5-Bromo-1H-indol-3-yl)-2-phenylindolin-3-one (±16ab): Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (125 mg, 62% yield, mp = 206-209 oC). 
1H NMR (400 MHz, CDCl3) δ 8.42 (s, 1H), 7.70 (d, J = 7.8 Hz, 1H), 7.57 – 

7.53 (m, 1H), 7.53 – 7.49 (m, 2H), 7.34 – 7.28 (m, 4H), 7.26 (dd, J = 8.6, 

1.8 Hz, 1H), 7.22 (d, J = 8.6 Hz, 1H), 7.16 (s, 1H), 6.97 (d, J = 8.2 Hz, 1H), 

6.92 (t, J = 7.4 Hz, 1H), 5.40 (s, 1H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.5, 160.5, 139.1, 

137.8, 135.6, 128.6 (2C), 128.0, 127.3, 126.6 (2C), 125.6, 125.4, 125.0, 122.2, 119.8, 119.3, 

115.1, 113.3, 113.1, 112.9, 71.1. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C22H16BrN2O 

403.0441, Found 403.0447. 

2-(5-Methoxy-1H-indol-3-yl)-2-phenylindolin-3-one (±16ac): Purification with petroleum 

ether: acetone (9/1) as eluent; yellow solid (129 mg, 73% yield, mp = 

195-197 oC). 1H NMR (400 MHz, CDCl3) δ 8.14 (s, 1H), 7.72 (d, J = 7.7 

Hz, 1H), 7.66 – 7.58 (m, 2H), 7.56 – 7.49 (m, 1H), 7.38 – 7.25 (m, 4H), 

7.12 (d, J = 2.6 Hz, 1H), 6.96 (d, J = 8.2 Hz, 1H), 6.92 (t, J = 7.4 Hz, 

1H), 6.85 (dd, J = 8.8, 2.4 Hz, 1H), 6.58 (d, J = 2.2 Hz, 1H), 5.39 (s, 1H), 3.63 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 200.7, 160.5, 154.0, 139.3, 137.5, 132.0, 128.4 (2C), 127.7, 126.8 

(2C), 126.0, 125.5, 124.5, 119.8, 119.6, 115.5, 112.9, 112.3, 112.3, 100.9, 71.3, 55.6. HRMS 

(ESI-TOF) m/z: [M + H+] Calcd for C23H19N2O2 355.1441, Found 355.1447. 

Dimethyl-2-(3-oxo-2-phenylindolin-2-yl)malonate (±16ad): Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (119 mg, 70% yield, mp = 155-157 oC). 
1H NMR (400 MHz, CDCl3) δ 7.58 – 7.54 (m, 1H), 7.53 – 7.48 (m, 2H), 7.48 

– 7.44 (m, 1H), 7.33 – 7.30 (m, 1H), 7.28 (dd, J = 7.4, 1.4 Hz, 1H), 7.25 – 

7.22 (m, 1H), 6.98 (dt, J = 8.1, 0.7 Hz, 1H), 6.81 (m, 1H), 6.05 (s, 1H), 4.75 

(s, 1H), 3.57 (s, 3H), 3.49 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 197.9, 168.2, 166.5, 

160.0, 137.3, 136.7, 128.9 (2C), 128.1, 125.4, 125.2(2C), 119.3, 119.2, 111.5, 70.2, 58.5, 52.6 

(2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C19H18NO5 340.1179, Found. 340.1185. 

Diethyl 2-(3-oxo-2-phenylindolin-2-yl)malonate (±16ae): Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (138 mg, 75% yield, mp = 171-173 oC). 
1H NMR (400 MHz, CDCl3) δ7.55 (d, J = 7.7 Hz, 1H), 7.52 – 7.48 (m, 2H), 

7.45 (m, 1H), 7.29 (m, 2H), 7.25 – 7.20 (m, 1H), 6.95 (d, J = 8.2 Hz, 1H), 6.82 
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– 6.76 (m, 1H), 6.07 (s, 1H), 4.70 (s, 1H), 4.09 – 3.96 (m, 3H), 3.89 (m, 1H), 1.00 (t, J = 7.1 Hz, 

3H), 0.84 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 197.9, 167.7, 166.2, 160.0, 

137.2, 136.9, 128.8 (2C), 128.0, 125.4, 125.3 (2C), 119.5, 119.1, 111.4, 70.2, 61.9, 61.6, 58.7, 

13.7, 13.3. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C21H22NO5 368.1492, Found 368.1488. 

Diisopropyl 2-(3-oxo-2-phenylindolin-2-yl)malonate (±16af): Purification with petroleum 

ether: acetone (9/1) as eluent; yellow solid (154 mg, 78% yield, mp = 168-171 
oC). 1H NMR (400 MHz, CDCl3) δ 7.57 – 7.53 (m, 1H), 7.53 – 7.49 (m, 2H), 

7.45 (m, 1H), 7.31 – 7.28 (m, 1H), 7.27 (t, J = 1.5 Hz, 1H), 7.25 – 7.20 (m, 

1H), 6.95 (d, J = 8.2 Hz, 1H), 6.83 – 6.77 (m, 1H), 6.07 (s, 1H), 4.85 (m, 2H), 

4.65 (s, 1H), 1.08 (d, J = 6.3 Hz, 3H), 1.05 (d, J = 6.3 Hz, 3H), 0.97 (d, J = 6.3 Hz, 3H), 0.72 (d, 

J = 6.3 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 197.9, 167.3, 165.8, 160.1, 137.1, 137.1, 

128.7 (2C), 127.9, 125.4, 125.3 (2C), 119.7, 119.0, 111.3, 70.2, 69.9, 69.2, 58.9, 21.3, 21.2, 21.2, 

20.5. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C23H26NO5  396.1805, Found 396.1807. 

Ethyl 3-oxo-2-(3-oxo-2-phenylindolin-2-yl) butanoate (±16ag): Purification with petroleum 

ether: acetone (9/1) as eluent; yellow solid (101 mg, 60% yield, mp = 164-166 
oC). 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 7.7 Hz, 3H), 7.49 – 7.43 (m, 

1H), 7.30 (t, J = 7.4 Hz, 2H), 7.22 (d, J = 7.3 Hz, 1H), 6.96 (d, J = 8.2 Hz, 

1H), 6.79 (t, J = 7.4 Hz, 1H), 6.17 (s, 1H), 4.93 (s, 1H), 4.07 – 3.88 (m, 2H), 

2.16 (s, 3H), 0.90 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 203.4, 198.9, 166.3, 

160.2, 137.3, 137.3, 128.9 (2C), 128.0, 125.3, 125.2 (2C), 119.4, 119.0, 111.5, 70.3, 63.0, 61.9, 

32.9, 13.4. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C20H20NO4 338.1387, Found 338.1383. 

Ethyl 3-oxo-2-(3-oxo-2-phenylindolin-2-yl)-3-phenylpropionate (±16ah): Purification with 

petroleum ether: acetone (9/1) as eluent; yellow solid (146 mg, 73% yield, mp 

= 162-164 oC). 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 7.5 Hz, 2H), 7.61 – 

7.56 (m, 2H), 7.55 – 7.47 (m, 3H), 7.47 – 7.41 (m, 2H), 7.19 (t, J = 7.4 Hz, 

2H), 7.13 (t, J = 7.2 Hz, 1H), 7.00 (d, J = 8.2 Hz, 1H), 6.80 (t, J = 7.4 Hz, 1H), 

6.46 (s, 1H), 5.77 (s, 1H), 4.02 – 3.83 (m, 2H), 0.83 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (100 

MHz, CDCl3) δ 199.0, 195.1, 166.6, 160.5, 137.4, 137.3, 136.9, 133.8, 128.8 (2C), 128.7 (2C), 

128.4 (2C), 127.8, 125.4, 125.2 (2C), 119.3, 118.9, 111.6, 71.1, 61.9, 58.2, 13.3. HRMS (ESI-

TOF) m/z: [M + H+] Calcd for C25H22NO4 400.1543, Found 400.1539. 
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3-(3-Oxo-2-phenylindolin-2-yl)pentane-2,4-dione (±16ai): Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (95 mg, 62% yield, mp = 148-150 oC). 1H 

NMR (400 MHz, CDCl3) δ 7.62 – 7.58 (m, 2H), 7.52 (d, J = 7.7 Hz, 1H), 7.47 

(m, 1H), 7.32 (d, J = 7.0 Hz, 2H), 7.25 (d, J = 2.2 Hz, 1H), 6.98 (d, J = 8.3 Hz, 

1H), 6.79 (t, J = 7.4 Hz, 1H), 6.29 (s, 1H), 5.08 (s, 1H), 2.13 (s, 3H), 2.04 (s, 

3H). 13C{1H} NMR (100 MHz, CDCl3) δ 203.5, 200.0, 199.5, 160.7, 138.0, 137.5, 128.9 (2C), 

128.1, 125.4 (2C), 125.3, 119.3, 119.1, 112.2, 71.1, 71.1, 33.0, 31.3. HRMS (ESI-TOF) m/z: [M 

+ H+] Calcd for C19H18NO3 308.1281, Found 308.1287. 

Methyl 2-cyano-2-(3-oxo-2-phenylindolin-2-yl)acetate (±16aj): Purification with petroleum 

ether: acetone (8/2) as eluent; yellow solid (dr = 1:1, 100 mg, 65% yield, mp 

= 145-147 oC). 1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 7.7 Hz, 1H), 7.55 

(dt, J = 7.1, 3.7 Hz, 3H), 7.45 – 7.35 (m, 3H), 7.05 (d, J = 8.2 Hz, 1H), 6.93 

(t, J = 7.5 Hz, 1H), 5.65 (s, 1H), 4.79 (s, 1H), 3.64 (s, 3H). 13C{1H} NMR 

(100 MHz, CDCl3) δ 195.8, 163.4, 159.6, 137.7, 134.5, 129.4 (2C), 129.2, 125.6, 125.2 (2C), 

120.6, 119.6, 114.5, 112.2, 70.1, 53.6, 46.7. HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C18H15N2O3 307.1077, Found 307.1085. 

2-Allyl-2-phenylindolin-3-one (±16ak): Purification with petroleum ether: acetone (9/1) as 

eluent; yellow solid (83 mg, 67% yield, mp = 149-151 oC). 1H NMR (400 MHz, 

CDCl3) δ 7.64 – 7.59 (m, 2H), 7.57 (m, 1H), 7.48 (m, 1H), 7.37 – 7.34 (m, 1H), 

7.33 (d, J = 1.5 Hz, 1H), 7.30 – 7.25 (m, 1H), 6.96 (dt, J = 8.3, 0.9 Hz, 1H), 6.83 

(m, 1H), 5.59 (m, 1H), 5.16 (m, 1H), 5.12 (s, 1H), 5.07 (m, 1H), 3.08 – 3.02 (m, 

1H), 2.65 (m, 1H). 13C{1H} NMR (100 MHz, CDCl3) δ 201.1, 160.2, 138.5, 137.4, 132.5, 128.6 

(2C), 127.6, 125.8 (2C), 125.4, 119.7, 119.5, 119.2, 112.2, 70.7, 42.8. HRMS (ESI-TOF) m/z: 

[M + H+] Calcd for C17H16NO 250.1226, Found 250.1230. 

2-Phenyl-2-(1H-pyrrol-2-yl)indolin-3-one (±16al): Purification with petroleum ether: acetone 

(9/1) as eluent; yellow solid (85 mg, 62% yield, mp = 210-212 oC). 1H NMR 

(400 MHz, CDCl3) δ 8.84 (s, 1H), 7.64 (d, J = 7.7 Hz, 1H), 7.50 (m, 1H), 7.29 

(q, J = 3.6 Hz, 3H), 7.24 (dd, J = 6.9, 3.0 Hz, 2H), 6.93 (d, J = 8.3 Hz, 1H), 6.88 

(t, J = 7.5 Hz, 1H), 6.78 (q, J = 2.3 Hz, 1H), 6.28 – 6.24 (m, 1H), 6.20 (q, J = 2.9 



CHAPTER - 3 
 

88

Hz, 1H), 5.37 (s, 1H). 13C{1H} NMR (100 MHz, CDCl3) δ 201.0, 160.9, 140.7, 137.9, 129.0, 

128.7 (2C), 128.3, 126.6 (2C), 125.6, 119.8, 119.5, 118.5, 112.6, 108.4, 107.1, 70.8. HRMS 

(ESI-TOF) m/z: [M + H+] Calcd for C18H15N2O 275.1179, Found 275.1173. 

2-(3-Methoxyphenyl)-3-oxoindoline-2-carbonitrile (±16am): Purification with petroleum 

ether: acetone (7/3) as eluent; yellow solid (70 mg, 60% yield, mp = 136-138 
oC). 1H NMR (400 MHz, CDCl3) δ 7.65 (d, J = 7.8 Hz, 1H), 7.63 – 7.58 (m, 

1H), 7.54 (dd, J = 6.7, 2.9 Hz, 2H), 7.44 – 7.39 (m, 3H), 7.04 (d, J = 8.3 Hz, 

1H), 7.00 (t, J = 7.5 Hz, 1H), 5.41 (s, 1H).13C{1H} NMR (100 MHz, CDCl3) δ 

190.8, 160.2, 138.9, 133.1, 129.7, 129.4 (2C), 126.6, 125.3 (2C), 121.5, 116.9, 116.7, 112.7, 

65.5. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C15H11N2O 235.0866, Found 235.0872. 

Ethyl-2-(2-(4-fluoro-3-methylphenyl)-3-oxoindolin-2-yl)-3-oxo-3-phenylpropanoate 

(±16bh): Purification with petroleum ether: acetone (9/1) as eluent; yellow 

solid (142 mg, 66% yield, mp = 220-221°C). 1H NMR (400 MHz, CDCl3) δ 

7.90 – 7.85 (m, 2H), 7.58 (t, J = 7.4 Hz, 2H), 7.52 – 7.42 (m, 3H), 7.37 – 7.28 

(m, 2H), 7.00 (d, J = 8.2 Hz, 1H), 6.85 – 6.78 (m, 2H), 6.44 (s, 1H), 5.69 (s, 

1H), 4.00 – 3.83 (m, 2H), 2.11 (d, J = 1.4 Hz, 3H), 0.84 (t, J = 7.1 Hz, 3H). 
13C{1H} NMR (100 MHz, CDCl3) δ 199.1, 195.1, 166.4, 160.7 (d, J = 245.7 Hz), 160.4, 137.5, 

136.9, 133.9, 132.6 (d, J = 3.4 Hz), 128.8 (2C), 128.5 (d, J = 11.3 Hz), 128.4 (2C), 125.4, 125.1 

(d, J = 17.6 Hz), 124.4 (d, J = 8.14 Hz), 119.2, 119.0, 115.3 (d, J = 22.7 Hz), 111.7, 70.5, 62.0, 

58.2, 14.7 (d, J = 3.3 Hz), 13.3. 19F NMR (376 MHz, CDCl3) δ -118.9. HRMS (ESI-TOF) m/z: 

[M + H+] Calcd for C26H23FNO4 432.1606, Found 432.1614. 

Ethyl-2-(2-(3-chlorophenyl)-3-oxoindolin-2-yl)-3-oxo-3-phenylpropanoate (±16ch): 

Purification with petroleum ether: acetone (9/1) as eluent; yellow solid (128 

mg, 59% yield, mp = 160-162°C). 1H NMR (400 MHz, CDCl3) δ 7.90 – 7.85 

(m, 2H), 7.61 – 7.54 (m, 3H), 7.52 – 7.47 (m, 1H), 7.47 – 7.42 (m, 3H), 7.14 

– 7.09 (m, 2H), 7.01 (d, J = 8.3 Hz, 1H), 6.83 (t, J = 7.4 Hz, 1H), 6.47 (s, 

1H), 5.69 (s, 1H), 3.99 – 3.83 (m, 2H), 0.83 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (100 MHz, 

CDCl3) δ 198.5, 194.8, 166.2, 160.4, 139.6, 137.7, 136.6, 134.7, 134.0, 130.0, 128.8 (2C), 128.4 

(2C), 128.0, 125.7, 125.4, 123.7, 119.2, 119.1, 111.8, 70.6, 62.1, 58.3, 13.3. HRMS (ESI-TOF) 

m/z: [M + H+] Calcd for C25H21ClNO4 434.1154, Found 434.1158.  
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Ethyl-2-(2-(4-chlorophenyl)-3-oxoindolin-2-yl)-3-oxo-3-phenylpropanoate. (±16dh): 

Purification with petroleum ether: acetone (8/2) as eluent; yellow solid (132 

mg, 61% yield, mp = 145-147°C). 1H NMR (400 MHz, CDCl3) δ 7.87 (dd, J = 

8.3, 1.0 Hz, 2H), 7.61 – 7.55 (m, 2H), 7.49 (m, 3H), 7.47 – 7.41 (m, 2H), 7.18 

– 7.14 (m, 2H), 6.99 (d, J = 8.2 Hz, 1H), 6.85 – 6.78 (m, 1H), 6.51 (s, 1H), 

5.71 (s, 1H), 4.00 – 3.83 (m, 2H), 0.83 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (100 

MHz, CDCl3) δ 198.7, 194.8, 166.2, 160.4, 137.6, 136.6, 136.1, 134.0, 133.8, 128.9 (2C), 128.8 

(2C), 128.4 (2C), 126.8 (2C), 125.3, 119.1, 119.1, 111.7, 70.6, 62.0, 58.2, 13.3. HRMS (ESI-

TOF) m/z: [M + H+] Calcd for C25H21ClNO4 434.1154, Found 434.1150. 

Ethyl-2-(2-(4-bromophenyl)-3-oxoindolin-2-yl)-3-oxo-3-phenylpropanoate (±16eh): 

Purification with petroleum ether: acetone (8/2) as eluent; yellow solid (153 

mg, 64% yield, mp = 159-161°C). 1H NMR (400 MHz, CDCl3) δ 7.88 (dt, J = 

8.5, 1.5 Hz, 2H), 7.60 – 7.56 (m, 2H), 7.51 – 7.48 (m, 1H), 7.47 (s, 1H), 7.45 – 

7.41 (m, 3H), 7.34 – 7.29 (m, 2H), 6.99 (d, J = 8.2 Hz, 1H), 6.86 – 6.78 (m, 

1H), 6.47 (s, 1H), 5.69 (s, 1H), 3.99 – 3.83 (m, 2H), 0.83 (t, J = 7.1 Hz, 3H). 
13C{1H} NMR (100 MHz, CDCl3) δ 198.6, 194.8, 166.2, 160.4, 137.7, 136.7, 136.6, 134.1, 131.8 

(2C), 128.9 (2C), 128.4 (2C), 127.1 (2C), 125.4, 122.1, 119.2, 119.1, 111.7, 70.7, 62.1, 58.2, 

13.3. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C25H21BrNO4 478.0648, Found 478.0644. 

Ethyl-3-oxo-2-(3-oxo-2-(p-tolyl)indolin-2-yl)-3-phenylpropanoate (±16fh): Purification with 

petroleum ether: acetone (9/1) as eluent; yellow solid (141 mg, 68% yield, mp 

= 180-182 °C). 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 7.7 Hz, 2H), 7.57 

(t, J = 7.6 Hz, 2H), 7.45 (m, 3H), 7.38 (d, J = 7.6 Hz, 2H), 6.99 (d, J = 7.9 

Hz, 3H), 6.79 (t, J = 7.3 Hz, 1H), 6.43 (s, 1H), 5.77 (s, 1H), 3.91 (m, 2H), 

2.18 (s, 3H), 0.82 (t, J = 7.0 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 

199.1, 195.1, 166.6, 160.5, 137.5, 137.3, 137.0, 134.3, 133.7, 129.6 (2C), 128.7 (2C), 128.5 (2C), 

125.4, 125.1 (2C), 119.3, 118.8, 111.5, 71.0, 61.9, 58.0, 20.8, 13.3. HRMS (ESI-TOF) m/z: [M + 

H+] Calcd for C26H24NO4 414.1700, Found 414.1704. 
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Ethyl-2-(2-(3-methoxyphenyl)-3-oxoindolin-2-yl)-3-oxo-3-phenylpropanoate (±16gh): 

Purification with petroleum ether: acetone (9/1) as eluent; yellow solid 

(150 mg, 70% yield, mp = 190-192 °C). 1H NMR (400 MHz, CDCl3) δ 

7.90 (d, J = 7.5 Hz, 2H), 7.57 (dd, J = 11.9, 7.5 Hz, 2H), 7.45 (dt, J = 15.3, 

7.8 Hz, 3H), 7.08 (dd, J = 14.0, 7.7 Hz, 3H), 6.98 (d, J = 8.2 Hz, 1H), 6.80 

(t, J = 7.4 Hz, 1H), 6.66 (dt, J = 6.4, 2.3 Hz, 1H), 6.44 (s, 1H), 5.77 (s, 1H), 3.92 (m, 2H), 3.63 

(s, 3H), 0.82 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 198.8, 195.0, 166.5, 160.5, 

159.8, 138.9, 137.4, 136.9, 133.8, 129.8, 128.7 (2C), 128.4 (2C), 125.4, 119.2, 118.9, 117.5, 

113.0, 111.5, 111.3, 71.1, 61.9, 58.0, 55.0, 13.3. HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C26H24NO5 430.1649, Found 430.1655. 

2-(3-Chlorophenyl)-3-oxoindoline-2-carbonitrile (±16dm): Purification with petroleum ether: 

acetone (8/2) as eluent; yellow solid (77 mg, 57% yield, mp = 147-149 °C). 1H 

NMR (400 MHz, CDCl3 with few drops of DMSO-d6) δ 8.90 (s, 1H), 7.69 (m, 

1H), 7.56 (dt, J = 7.7, 2.5 Hz, 3H), 7.50 – 7.46 (m, 2H), 7.13 (d, J = 8.3 Hz, 

1H), 6.99 – 6.92 (m, 1H). 13C{1H} NMR (100 MHz, CDCl3 with few drops of 

DMSO-d6) δ 189.3, 159.7, 137.8, 132.4, 130.2, 127.5 (2C), 125.1 (2C), 124.0, 118.4, 114.8, 

112.7, 110.9, 62.4. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C15H10ClN2O 269.0476, Found 

269.0474. 

2-(3-Methoxyphenyl)-3-oxoindoline-2-carbonitrile (±16gm): Purification with petroleum 

ether: acetone (9/1) as eluent; yellow solid (78 mg, 59% yield, mp = 155-

157 °C). 1H NMR (400 MHz, CDCl3) δ 7.65 – 7.57 (m, 2H), 7.31 (t, J = 

8.0 Hz, 1H), 7.13 – 7.09 (m, 1H), 7.07 (t, J = 2.0 Hz, 1H), 7.03 (s, 1H), 

7.01 (d, J = 2.5 Hz, 1H), 6.92 (dd, J = 8.2, 2.0 Hz, 1H), 5.48 (s, 1H), 3.80 

(s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 190.6, 160.2, 160.2, 138.9, 134.5, 130.5, 126.6, 

121.4, 117.4, 116.8, 116.7, 115.0, 112.7, 111.2, 65.4, 55.4. HRMS (ESI-TOF) m/z: [M + H+] 

Calcd for C16H13N2O2 265.0972, Found 265.0978. 

2-(4-Chlorophenyl)-2-(1H-indol-3-yl)indolin-3-one (±16da): Purification with petroleum 

ether: acetone (9/1) as eluent; yellow solid (115 mg, 64% yield, mp = 178-

180 °C). 1H NMR (400 MHz, CDCl3) δ 8.26 (s, 1H), 7.69 (d, J = 7.7 Hz, 

1H), 7.54 – 7.47 (m, 3H), 7.37 (d, J = 8.2 Hz, 1H), 7.28 – 7.23 (m, 2H), 7.21 
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– 7.16 (m, 1H), 7.12 (m, 2H), 7.03 – 6.97 (m, 1H), 6.91 (t, J = 8.2 Hz, 2H), 5.35 (s, 1H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 200.2, 160.5, 138.1, 137.7, 136.9, 133.7, 128.5 (2C), 128.3 (2C), 

125.6, 125.3, 123.7, 122.7, 120.2, 119.9, 119.5, 119.4, 115.2, 113.1, 111.7, 70.8. HRMS (ESI-

TOF) m/z: [M + H+] Calcd for C22H16ClN2O 359.0946, Found 359.0952. 

2-(1H-Indol-3-yl)-2-(p-tolyl)indolin-3-one (±16fa): Purification with petroleum ether: acetone 

(9/1) as eluent; yellow solid (118 mg, 70% yield, mp = 189-191 °C). 1H 

NMR (400 MHz, CDCl3) δ 8.29 (s, 1H), 7.69 (d, J = 7.3 Hz, 1H), 7.49 (m, 

1H), 7.43 (d, J = 8.2 Hz, 2H), 7.34 (d, J = 8.1 Hz, 1H), 7.20 – 7.13 (m, 2H), 

7.10 (dd, J = 5.3, 2.6 Hz, 3H), 7.01 – 6.95 (m, 1H), 6.93 – 6.84 (m, 2H), 

5.39 (s, 1H), 2.31 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 201.0, 160.6, 137.5, 137.5, 137.0, 

136.5, 129.2 (2C), 126.7 (2C), 125.7, 125.6, 123.8, 122.5, 120.0, 119.8, 119.6, 119.5, 115.5, 

112.9, 111.7, 71.2, 31.6. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C23H19N2O 339.1492, 

Found 339.1494.  

Dimethyl-2-(5-methyl-3-oxo-2-phenylindolin-2-yl)malonate (±16hd): Purification with 

petroleum ether: acetone (9/1) as eluent; yellow solid (127 mg, 72% 

yield, mp = 169-171 °C). 1H NMR (400 MHz, CDCl3) δ 7.52 – 7.46 (m, 

2H), 7.35 (s, 1H), 7.32 – 7.27 (m, 3H), 7.24 (dd, J = 8.3, 6.0 Hz, 1H), 

6.90 (d, J = 8.3 Hz, 1H), 5.92 (s, 1H), 4.75 (s, 1H), 3.56 (s, 3H), 3.50 (s, 

3H), 2.26 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 198.0, 168.2, 166.5, 158.5, 138.7, 136.8, 

128.8 (3C), 128.0, 125.2 (2C), 124.8, 119.4, 111.4, 70.6, 58.4, 52.6, 52.5, 20.5. HRMS (ESI-

TOF) m/z: [M + H+] Calcd for C20H20NO5 354.1336, Found 354.1332. 

Ethyl 2-(5-methyl-3-oxo-2-phenylindolin-2-yl)-3-oxo-3-phenylpropanoate (±16hh): 

Purification with petroleum ether: acetone (9/1) as eluent; yellow solid 

(153 mg, 74% yield, mp = 160-162 °C). 1H NMR (400 MHz, CDCl3) δ 

7.90 – 7.86 (m, 2H), 7.56 (tt, J = 6.9, 1.2 Hz, 1H), 7.52 – 7.48 (m, 2H), 

7.43 (t, J = 7.7 Hz, 2H), 7.39 – 7.37 (m, 1H), 7.32 (dd, J = 8.3, 1.5 Hz, 

1H), 7.20 – 7.15 (m, 2H), 7.14 – 7.09 (m, 1H), 6.93 (d, J = 8.3 Hz, 1H), 6.32 (s, 1H), 5.77 (s, 

1H), 4.03 – 3.85 (m, 2H), 2.27 (s, 3H), 0.85 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (100 MHz, 

CDCl3 with few drops of DMSO-d6) δ 197.0, 192.5, 165.1, 158.2, 136.9, 136.2, 135.0, 132.0, 

127.2 (2C), 126.8 (2C), 126.4 (2C), 125.6, 125.4, 123.4 (2C), 121.8, 116.3, 110.4, 69.6, 59.5, 
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55.9, 18.3, 11.4. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C26H24NO4 414.1700, Found 

414.1704. 

Ethyl-2-(2-(4-chlorophenyl)-5-methyl-3-oxoindolin-2-yl)-3-oxo-3-phenylpropanoate 

(±16ih): Purification with petroleum ether: acetone (9/1) as eluent; yellow 

solid (157 mg, 70% yield, mp = 188-190 °C). 1H NMR (400 MHz, CDCl3) 

δ 7.87 (d, J = 7.7 Hz, 2H), 7.58 (t, J = 7.5 Hz, 1H), 7.45 (q, J = 7.8 Hz, 

4H), 7.38 (s, 1H), 7.32 (d, J = 8.4 Hz, 1H), 7.15 (d, J = 8.3 Hz, 2H), 6.92 

(d, J = 8.3 Hz, 1H), 6.32 (s, 1H), 5.68 (s, 1H), 3.92 (m, 2H), 2.27 (s, 3H), 

0.85 (t, J = 7.2 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 198.8, 194.9, 166.3, 158.9, 139.1, 

136.7, 136.3, 134.0, 133.8, 128.9 (2C), 128.8 (2C), 128.7, 128.4 (2C), 126.8 (2C), 124.7, 119.2, 

111.6, 71.0, 62.0, 58.3, 20.5, 13.4. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C26H23ClNO4 

448.1310, Found 448.1316. 

Dimethyl-2-(2-(4-bromophenyl)-5-methyl-3-oxoindolin-2-yl)malonate (±16jd): Purification 

with petroleum ether: acetone (9/1) as eluent; yellow solid (149 mg, 69% 

yield, mp = 179-181 °C). 1H NMR (400 MHz, CDCl3) δ 7.44 – 7.38 (m, 

4H), 7.35 (s, 1H), 7.31 (dd, J = 8.3, 1.6 Hz, 1H), 6.89 (d, J = 8.3 Hz, 1H), 

5.93 (s, 1H), 4.66 (s, 1H), 3.59 (s, 3H), 3.49 (s, 3H), 2.26 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 197.6, 168.1, 166.2, 158.4, 138.9, 136.2, 

131.9 (2C), 129.0, 127.1 (2C), 124.8, 122.4, 119.3, 111.5, 70.1, 58.3, 52.7, 52.7, 20.5. HRMS 

(ESI-TOF) m/z: [M + H+] Calcd for C20H19BrNO5 432.0441, Found 432.0437. 

Diethyl-2-(2-(4-bromophenyl)-5-methyl-3-oxoindolin-2-yl)malonate (±16je): Purification 

with petroleum ether: acetone (9/1) as eluent; yellow solid (166 mg, 72% 

yield, mp = 175-177 °C). 1H NMR (400 MHz, CDCl3) δ 7.41 (s, 4H), 7.34 

(d, J = 1.8 Hz, 1H), 7.32 – 7.27 (m, 1H), 6.87 (d, J = 8.3 Hz, 1H), 5.99 – 

5.93 (m, 1H), 4.62 (s, 1H), 4.17 – 4.05 (m, 1H), 4.03 (dd, J = 7.4, 4.5 Hz, 

1H), 4.01 – 3.95 (m, 1H), 3.95 – 3.86 (m, 1H), 2.25 (s, 3H), 1.07 (t, J = 7.1 

Hz, 3H), 0.88 (t, J = 7.2 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 197.6, 167.6, 165.9, 

158.5, 138.8, 136.4, 131.8 (2C), 128.9, 127.2 (2C), 124.7, 122.3, 119.4, 111.4, 70.1, 62.0, 61.7, 

58.5, 20.4, 13.7, 13.3. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C22H23BrNO5 460.0754, 

Found 460.0757. 
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Diisopropyl-2-(2-(4-bromophenyl)-5-methyl-3-oxoindolin-2-yl)malonate (±16jf): Purification 

with petroleum ether: acetone (9/1) as eluent; yellow solid (159 mg, 65% 

yield, mp = 202-204 °C). 1H NMR (400 MHz, CDCl3) δ 7.40 (s, 4H), 7.34 

(s, 1H), 7.31 – 7.27 (m, 1H), 6.87 (d, J = 8.3 Hz, 1H), 5.94 (s, 1H), 4.85 

(m, 2H), 4.55 (s, 1H), 2.25 (s, 3H), 1.12 (d, J = 6.3 Hz, 3H), 1.05 (d, J = 

6.3 Hz, 3H), 1.01 (d, J = 6.3 Hz, 3H), 0.75 (d, J = 6.2 Hz, 3H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 167.2, 165.5, 158.5, 138.7, 136.6, 131.7 (2C), 128.8, 127.3 (2C), 

124.8, 122.2, 119.6, 111.4, 77.2, 70.1, 70.0, 69.4, 58.8, 21.4, 21.3, 21.2, 20.6, 20.4. HRMS (ESI-

TOF) m/z: [M + H+] Calcd for C24H27BrNO5 488.1067, Found 488.1061. 

Ethyl-2-(2-(4-bromophenyl)-5-methyl-3-oxoindolin-2-yl)-3-oxo-3-phenylpropanoate 

(±16jh): Purification with petroleum ether: acetone (9/1) as eluent; yellow 

solid (170 mg, 69% yield, mp = 201-203 °C). 1H NMR (400 MHz, CDCl3) 

δ 7.87 (d, J = 7.7 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.46 (s, 1H), 7.45 – 

7.40 (m, 3H), 7.37 (s, 1H), 7.31 (t, J = 8.8 Hz, 3H), 6.92 (d, J = 8.3 Hz, 

1H), 6.33 (s, 1H), 5.69 (s, 1H), 3.92 (m,  2H), 2.27 (s, 3H), 0.85 (t, J = 7.1 

Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 198.7, 194.8, 166.3, 158.9, 139.1, 136.9, 136.7, 

134.0, 131.8 (2C), 128.8 (2C), 128.7, 128.4 (2C), 127.1 (2C), 124.7, 122.0, 119.2, 111.6, 71.0, 

62.0, 58.2, 20.5, 13.4. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C26H23BrNO4 492.0805, 

Found 492.0813. 

3-(2-(4-Bromophenyl)-5-methyl-3-oxoindolin-2-yl)pentane-2,4-dione (±16jn): Purification 

with petroleum ether: acetone (9/1) as eluent); yellow solid (130 mg, 65% 

yield, mp = 176-178 °C). 1H NMR (400 MHz, CDCl3) δ 7.50 (d, J = 8.5 

Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 10.8 Hz, 2H), 6.89 (d, J = 

8.2 Hz, 1H), 6.16 (s, 1H), 5.00 (s, 1H), 2.25 (s, 3H), 2.13 (s, 3H), 2.04 (s, 

3H). 13C{1H} NMR (100 MHz, CDCl3) δ 203.3, 200.1, 199.5, 159.5, 140.1, 

137.3, 132.2 (2C), 129.5, 127.7 (2C), 124.8, 122.6, 119.4, 112.7, 71.4, 71.3, 33.2, 31.7, 20.8. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C20H19BrNO3 400.0543, Found 400.0547. 
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Di-tert-butyl 2-(2-(4-bromophenyl)-5-methyl-3-oxoindolin-2-yl)malonate (±16jo): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid 

(163 mg, 63% yield, mp = 189-191 °C). 1H NMR (400 MHz, CDCl3) δ 

7.40 (d, J = 1.0 Hz, 4H), 7.33 (dd, J = 1.9, 0.9 Hz, 1H), 7.30 (dd, J = 8.3, 

1.9 Hz, 1H), 6.86 (d, J = 8.3 Hz, 1H), 5.90 (s, 1H), 4.45 (s, 1H), 2.26 (s, 

3H), 1.24 (s, 9H), 1.13 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ 197.7, 

167.0, 165.3, 158.5, 138.7, 137.0, 131.6 (2C), 128.7, 127.3 (2C), 124.9, 122.0, 119.6, 111.3, 

83.2, 82.6, 70.4, 60.2, 27.6 (3C), 27.4 (3C), 20.5. HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C26H31BrNO5 516.1380, Found 516.1376. 

Diethyl 2-(5-chloro-3-oxo-2-phenylindolin-2-yl)malonate (±16ke): Purification with 

petroleum ether: acetone (9/1) as eluent); yellow solid (141 mg, 70% yield, 

mp = 151-154 oC). 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 2.2 Hz, 1H), 

7.53 – 7.49 (m, 2H), 7.43 (dd, J = 8.6, 2.2 Hz, 1H), 7.36 – 7.32 (m, 1H), 

7.32 – 7.29 (m, 1H), 7.29 – 7.26 (m, 1H), 6.95 (d, J = 8.6 Hz, 1H), 6.17 (s, 

1H), 4.72 (s, 1H), 4.12 – 3.93 (m, 4H), 1.04 (t, J = 7.1 Hz, 3H), 0.96 (t, J = 7.1 Hz, 3H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 196.8, 167.6, 166.0, 158.2, 137.0 (2C), 136.2, 128.8, 128.2 (2C), 

125.2, 124.6, 124.2, 120.6, 112.5, 70.8, 62.0, 61.7, 58.6, 13.6, 13.4. HRMS (ESI-TOF) m/z: [M + 

H+] Calcd for C21H21ClNO5 402.1103, Found 402.1107. 

Diethyl 2-(5-bromo-3-oxo-2-phenylindolin-2-yl)malonate (±16le): Purification with petroleum 

ether: acetone (9/1) as eluent); yellow solid (141 mg, 67% yield, mp = 165-

168 oC). 1H NMR (400 MHz, CDCl3) δ 7.66 (s, 1H), 7.56 – 7.51 (m, 1H), 

7.48 (d, J = 7.9 Hz, 2H), 7.28 (m, 3H), 6.88 (d, J = 8.6 Hz, 1H), 6.15 (s, 

1H), 4.69 (s, 1H), 4.10 – 3.90 (m, 4H), 1.01 (t, J = 7.1 Hz, 3H), 0.94 (t, J = 

7.1 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 196.7, 167.6, 166.0, 158.6, 139.7, 136.2, 128.9 

(2C), 128.3, 127.8, 125.2 (2C), 121.2, 113.0, 111.1, 70.8, 62.1, 61.7, 58.7, 13.7, 13.5. HRMS 

(ESI-TOF) m/z: [M + H+] Calcd for C21H21BrNO5 446.0598, Found 446.0606. 

Control experiment 

To a 10 mL dried undivided reaction cell equipped with a stirring bar were added 1a (0.5 mmol, 

1.0 equiv), 13h (1.5 mmol, 3.0 equiv), n-Bu4NPF6 (193 mg, 0.5 mmol, 1.0 equiv.), and 

TEMPO (15 mg, 0.1 mmol, 20 mol%), 2, 6-lutidine (1.0 mmol, 2.0 equiv), BHT (2.5 mmol) 

dissolved in CH3CN: H2O (10 mL, 9:1). Graphite-plate anode and Copper-plate cathode were 
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dipped into the reaction mixture and electrolyzed at a constant current condition (1.5 mA) under 

an air atmosphere at room temperature, and TLC monitored the reaction. The desired product 

16ah was not observed on TLC. 

2-(1H-Indol-3-yl)-2-methylindolin-3-one (±16ka): Purification with petroleum ether: acetone 

(9/1) as eluent); yellow solid (85 mg, 65% yield, mp = 205-207 °C). 1H 

NMR (400 MHz, CDCl3) δ 8.39 (s, 1H), 7.72 (d, J = 6.7 Hz, 1H), 7.55 (m, 

1H), 7.33 (d, J = 8.0 Hz, 1H), 7.28 (d, J = 7.4 Hz, 1H), 7.15 (m, 1H), 7.05 

(d, J = 2.5 Hz, 1H), 6.99 (m, 1H), 6.94 – 6.87 (m, 2H), 5.06 (s, 1H), 1.80 (s, 

3H). 13C{1H} NMR (100 MHz, CDCl3) δ 203.6, 160.1, 137.6, 136.8, 125.4, 124.9, 122.7, 122.4, 

120.0, 119.8, 119.7, 119.2, 115.5, 112.6, 111.5, 65.8, 24.0. HRMS (ESI-TOF) m/z: [M + H+] 

Calcd for C17H15N2O 263.1179, Found 263.1185. 

Gram-scale synthesis of 16ah: A 100 mL three-neck round bottom flask (as an undivided cell) 

was charged with 1a (0.76 g, 3.93 mmol, 1.0 equiv), 13h (2.26 g, 11.79 mmol, 3.0 equiv), n-

Bu4NPF6 (1.52g, 3.93 mmol, 1.0 equiv), and TEMPO (0.122 g, 0.78 mmol, 20 mol%), 2, 6-

lutidine (0.842 g, 7.86 mmol, 2.0 equiv) dissolved in CH3CN: H2O (36 mL, 9:1). Graphite plate 

anode and a Copper-plate cathode that was connected to a DC regulated power supply dipped 

into the reaction mixture and electrolyzed at a constant current condition (1.5 mA) under an air 

atmosphere at room temperature, and the reaction progress was monitored by TLC. The reaction 

solvent was evaporated under reduced pressure once the reaction was finished, after the usual 

workup and silica gel column chromatography purification furnished compound 16ah (1.02 g) 

with 65% yield.  

2-(3,5-Dimethyl-1H-pyrazol-4-yl)-2-phenylindolin-3-one (±18): To a stirred solution of 16ai 

(100 mg, 0.32 mmol, 1.0 equiv) in ethanol (6.0 mL) in a dry 25 mL round-

bottom flask was added hydrazine-hydrate (80%, 19 μL, 0.48 mmol, 1.5 equiv) 

dropwise over 10 min at room temperature. The resulting mixture was heated at 

80°C using an oil bath for 4 h, and the reaction progress was monitored by 

TLC. Upon completion, the reaction mixture was cooled to 0 oC, and the resulting precipitate 

was filtered and washed with cold diethyl ether (5 mL). The crude solid was recrystallized from 

ethanol and afforded 18 (82% yield). Yellow solid (56 mg, 82% yield, mp = 230–232 oC). 1H 

NMR (400 MHz, DMSO-d6) δ 12.12 (s, 1H), 8.09 (s, 1H), 7.51 – 7.44 (m, 3H), 7.41 (d, J = 7.7 

Hz, 1H), 7.36 – 7.25 (m, 3H), 6.91 (d, J = 8.3 Hz, 1H), 6.70 (t, J= 7.4 Hz, 1H), 1.64 (s, 6H). 
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13C{1H} NMR (100 MHz, DMSO-d6) δ 201.1, 161.0, 140.8, 138.2, 128.7 (2C), 127.9, 127.1 

(2C), 125.0, 118.1, 117.9 (2C), 114.9, 112.1 (2C), 70.2, 40.7, 40.5. HRMS (ESI-TOF) m/z:  [M + 

H+] Calcd for C19H18N3O 304.1444, Found 304.1432.  

2-(4-Chlorophenyl)-2-(3-oxo-5-phenyl-2,3-dihydro-1H-pyrazol-4-yl)indolin-3-one (±19): To 

a stirred solution of 16dh (100 mg, 0.23 mmol, 1 equiv) in ethanol (6.0 mL) in 

a dry 25 mL round-bottom flask was added hydrazine-hydrate (80% sol., 14 

μL, 0.35 mmol, 1.5 equiv) dropwise over 10 min at room temperature. The 

resulting mixture was heated at 80°C using an oil bath for 4 h, and the reaction 

progress was monitored by TLC. Upon completion, the reaction mixture was 

cooled to 0 oC; the resulting precipitate was filtered and washed with cold diethyl ether (5 mL). 

The crude solid was recrystallized from ethanol, yielding 19 (78%). ellow solid (82 mg, 78% 

yield, mp = 210-211 oC). 1H NMR (400 MHz, CDCl3) δ 8.99 (s, 2H), 7.37 (t, J = 7.7 Hz, 1H), 

7.32 (d, J = 7.6 Hz, 1H), 7.26 (d, J = 8.6 Hz, 2H), 7.16 (t, J = 7.3 Hz, 1H), 7.07 (t, J = 7.5 Hz, 

2H), 7.01 – 6.94 (m, 4H), 6.76 (d, J = 8.2 Hz, 1H), 6.68 (t, J = 7.4 Hz, 1H), 6.09 (s, 1H). 13C{1H} 

NMR (100 MHz, CDCl3 with few drops of DMSO-d6) δ 201.1, 160.4, 138.2, 137.7, 133.2, 130.6, 

129.1 (2C), 128.8, 128.5, 128.3 (3C), 128.1 (2C) 127.9 (2C), 125.4, 125.3, 119.0, 118.8, 112.3, 

69.4. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C23H17ClN3O2 402.1004, Found 402.0998. 



CHAPTER - 3 
 

97

Figure 3.4:  1H and 13C NMR spectra of 5a 
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Figure 3.5: 1H and 13C NMR spectra of 16aa 
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Figure 3.6: 1H and 13C NMR spectra of 18 
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Figure 3.7: 1H and 13C NMR spectra of 19 
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3.8 Single crystal X-ray diffraction experiment and analysis 

3.8.1 Single crystal XRD experiments for (16ah): 

The single crystal XRD data collection and data reduction were performed using CrysAlis 

PRO on a single crystal Rigaku Oxford XtaLab Pro Kappa dual home/near diffractometer. The 

crystals were kept at 93(2) K during data collection using CuKα (λ = 1.54184 Å) radiation. 

Using Olex2[1], the structure was solved with the ShelXT[2] structure solution program using 

Intrinsic Phasing and refined with the ShelXL[3] refinement package using Least Squares 

minimisation. 

3.8.2 Single crystal structure, Cell parameters, and Structure data of compound (16ah) 

[exp_972_IK_YN-373_autored] 

Single crystals of compound 16ah C26H23NO4 was obtained as brown blocks through the slow 

evaporation of (ethyl acetate + hexane) solvent mixture solution at room temperature. The 

compound 16ah crystallized in a monoclinic, P21/c space group with the following unit cell 

parameters: C26H23NO4 (M =413.45 g/mol): monoclinic, space group P21/c (no. 14), a = 

9.86960(10) Å, b = 12.08520(10) Å, c = 18.1457(2) Å, β = 96.2890(10)°, V = 2151.32(4) Å3, Z = 

4, T = 93(2) K, μ(Cu Kα) = 0.696 mm-1, Dcalc = 1.277 g/cm3, 13553 reflections measured 

(8.808° ≤ 2Θ ≤ 159.594°), 4519 unique (Rint = 0.0361, Rsigma = 0.0379) which were used in all 

calculations. The final R1 was 0.0433 (I > 2σ(I)) and wR2 was 0.1215 (all data). The complete 

crystal structure and refinement information is deposited into the Cambridge Crystallographic 

Data Centre (CCDC 2167742) (Table 3.5). One molecular compound C26H23NO4 appeared in an 

asymmetric unit during crystal structure solution, Z'=1. The ORTEP diagram of compound 16ah 

and the atom number scheme is given in Figure 3.8. The compound obtained and crystallized as 

enantiomeric mixtures: four molecules (Z=4), two pairs of enantiomers, occupied per unit cell. 

 
Figure 3.8 ORTEP diagram of compound 16ah (CCDC 2167742) 
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Table 3.5 Crystal data and structure refinement for (16ah) [Exp_972_IK_YN-

373_autored.] 

Identification code exp_972_IK_YN-373_autored 

Empirical formula C26H23NO4 

Formula weight 413.45 

Temperature/K 93(2) 

Crystal system monoclinic 

Space group P21/c 

a/Å 9.86960(10) 

b/Å 12.08520(10) 

c/Å 18.1457(2) 

α/° 90 

β/° 96.2890(10) 

γ/° 90 

Volume/Å3 2151.32(4) 

Z 4 

ρcalcg/cm3 1.277 

μ/mm-1 0.696 

F(000) 872.0 

Crystal size/mm3 0.35 × 0.12 × 0.07 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 8.808 to 159.594 

Index ranges -10 ≤ h ≤ 11, -14 ≤ k ≤ 14, -23 ≤ l ≤ 22 

Reflections collected 13553 

Independent reflections 4519 [Rint = 0.0361, Rsigma = 0.0379] 

Data/restraints/parameters 4519/0/282 

Goodness-of-fit on F2 1.077 

Final R indexes [I>=2σ (I)] R1 = 0.0433, wR2 = 0.1193 

Final R indexes [all data] R1 = 0.0458, wR2 = 0.1215 
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Largest diff. peak/hole / e Å-3 0.25/-0.26 
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aminoaryl)quinoxalines via Oxidative 
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Diaminoarenes 
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4.1 Introduction 

Quinoxaline unit is an essential class of nitrogen-containing scaffolds commonly used in many 

areas of modern research, from drug discovery to material science. This versatile structure can be 

used to develop a wide range of products, from kinase inhibitors to antimicrobial agents and 

other bioactive compounds (Figure 4.1).1-6  

 

Figure 4.1 Selected bioactive compounds with the quinoxaline unit 

Besides, the quinoxaline unit displayed a substantial role in DNA-cleaving agents,7-8 and 

functional materials applications.9-10 Consequently, several methods have been developed for 

synthesizing quinoxalines;11-14 however, the condensation reaction between 1,2-

phenylenediamines and 1,2-diketones is the most straightforward and explored method to access 

this unit.15-19 Besides, condensation between 1,2-phenylenediamines and 1,2-diketones 

surrogates such as 1,2-diols,20-23 α-hydroxy ketones,24-25 α-haloketones,26-30 or alkynes,31-36 along 

with other methods.37-38 However, these methods are practically tedious and provide poor 

regioselectivity during isomeric product formation with elaborately designed and 

unsymmetrically substituted reactants. Thus, developing more general and regioselective access 
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to quinoxalines is highly required.   

4.2 General approach for the synthesis of quinoxaline 

In this context, Hansen and co-workers developed a catalyst-free protocol for the synthesis of 

quinoxalines (3) via the classical cyclocondensation reaction between aryldiamines (2) and 

dicarbonyl compounds (1) (Scheme 4.1). This transformation provides a novel route for 

accessing fused nitrogen-containing heterocycles. The cyclocondensation occurs fast under 

straightforward reaction conditions in medium to excellent chemical yields. In this reaction, 

methanol as solvent typically proceeds at room temperature, open to air, and with only 1 minute 

reaction time.15  

 
Scheme 4.1 Catalyst-free one-minute synthesis of quinoxalines 

Domingo’s group reported the ammonium bifluoride catalyzed cyclocondensation of 1,2-

arylene-diamines (4) with 1,2-dicarbonyl compounds (1) at room temperature in methanol/water 

to desired product quinoxalines or pyrido[2,3-b]pyrazines (5) in excellent yields (Scheme 4.2). 

Importantly, 2,8-disubstituted quinoxalines and 3-substituted pyrido[2,3-b]pyrazines were 

regioselectively formed by the reaction of arylglyoxals with 3-methylbenzene-1,2-diamine or 

pyridine-2,3-diamine  respectively.16 

 
Scheme 4.2 Ammonium bifluoride catalyzed synthesis of quinoxalines 

In 2008, Zhang and co-workers developed a Gallium(III) triflate-catalyzed reaction of 

phenylene-1,2-diamines (7) and 1,2-diketones (6) to produce quinoxalines (8) in excellent to 

quantitative yields (Scheme 4.3). The reactions proceed with 1 mol % of Gallium(III) triflate in 

ethanol at room temperature. The catalyst can be recycled at least ten times.17 
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Scheme 4.3 Gallium(III) triflate catalyzed synthesis of quinoxalines 

More et al. disclosed a simple, efficient, and eco-friendly method for the synthesis of 

quinoxalines (9) from various 1,2-diketones (1) and 1,2-diamines (7) using cheap and readily 

available CAN as a catalyst (Scheme 4.4). This protocol shows high reaction rates, excellent 

product yields, and simple filtration, making this methodology an alternative platform to the 

conventional acid/base-catalyzed thermal processes. Still, it also becomes significant under 

environmentally greener and safer methods.18 

 
Scheme 4.4 Cerium (IV) ammonium nitrate catalyzed synthesis of quinoxalines 

Petrini’s group reported synthetic approaches for the quinoxalines (9). The utilization of the 

NADES, ChCl/water (1 : 3.3), provides a remarkable green medium, enabling the fast activation 

of reactants and easy recovery of products to avoid further purification. This procedure has been 

utilized for the preparation of simple as well as functionalized quinoxalines embedding acetal 

protecting groups, which are unaffected by the reaction conditions (Scheme 4.5).19 

 
Scheme 4.5 Natural deep eutectic solvent (NADESs) promoted the synthesis of quinoxalines 

4.2.1 Quinoxaline synthesis from 2-arylindoles 

2-Arylindoles are central structural motifs in many pharmaceutically active compounds.39 Due to 

the inherent electron-richness of 2-arylindoles, oxidative-dearomative ring-opening 
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transformations with different nucleophiles have recently been studied to access several 

heteroaromatic compounds.40-46 Yan et al. recently developed an interesting approach for 

synthesizing 2,3-diarylquinoxalines (12) through NIS-mediated ring opening of 2-arylindoles 

(10) with 1,2-diamino benzenes (11) (Scheme 4.6). The key to this tandem reaction was the 

formation of 3-iodoindoles, which underwent Kornblum-type oxidation with DMSO to generate 

active 2-arylindole-3-ones. The active imines were captured in situ by 1,2-diaminoarenes to 

construct diverse quinoxalines. The protocol featured a broad range of tolerant functional groups 

and mild reaction conditions 47 

 

Scheme 4.6 NIS-mediated direct access to 2-aryl-3-(2-aminoaryl)quinoxalines 

Besides, electrochemical organic transformations that use electrons as reagents for 

oxidative/reductive conversion and an excellent functional group tolerance under benign 

conditions have recently been influential in expanding modern organic synthesis.48-53 Developing 

an environmentally benign organic-electrosynthesis approach for constructing privileged 

heterocycles has become a fascinating goal for synthetic chemists. In this direction, few 

electrochemical oxidative-dearomative transformations of 2-arylindoles have been developed; 

however, they are mainly limited to accessing 2,2-disubstituted indolin-3-ones.54-56 Thus, 

developing an electrochemical method to synthesize 2,3-diarylquinoxalines via oxidative-

dearomative conversions of 2-aryl indole will be highly interesting. This chapter presents our 

unprecedented results in synthesizing 2-aryl-3-(2-aminoaryl) quinoxalines (12) from 2-

arylindoles (10) and 1,2-diaminoarenes (11) under mild electrochemical conditions. The reaction 

proceeds through in situ generations of 2-arylindole-3-ones under electrochemical oxidative 

dearomatization of 2-arylindoles, followed by a ring opening-cyclization sequence with 1,2-

diaminoarenes (Scheme 4.7). 



CHAPTER - 4 
 

112

 
Scheme 4.7 Direct electrochemical synthesis of 2-aryl-3-(2-aminoaryl)quinoxalines 

4.3 Results and discussion  

We initiated our study for electrochemical oxidative dearomatization followed by a ring opening-

cyclization sequence with 2-phenyl indole 10a and o-phenylenediamine 11a as suitable 

substrates (Table 4.1). Detailed studies concerning electrodes, electrolytes, catalysts, and 

solvents were carried out (Table 4.1) and led to the optimal reaction conditions. To our delight, 

2-(3-phenylquinoxalin-2-yl)aniline 12aa was obtained in 75% yield under optimized conditions 

(entry 1, Table 4.1). The reaction furnishes a trace amount of the product in the absence of 

TEMPO (entry 2, Table 4.1) and n-Bu4NPF6 (entry 3, Table 4.1), whereas no 12aa was observed 

without current (entry 4, Table 4.1). Next, product 12aa obtained a 45% yield and 60% when 

C(+)/C(-) and C(+)/Cu(-) electrodes were used under standard conditions (entries 5-6, Table 4.1). 

The reaction outcome did not improve either by decreasing (entry 7, Table 4.1) or increasing 

(entry 8, Table 4.1) the applied current. The product 12aa was obtained with 63% yields when 

TEMPO (10 mol%) (entry 9, Table 4.1), whereas a trace amount of product 12aa was observed 

with N2 purging instead of air (entry 10, Table 4.1). Adding 2,6-Lutidine (1.0 equiv.) as a base 

under standard conditions (entry 11, Table 4.1) and lowering the amount of o-phenylenediamine 

11a (2.0 equiv) (entry 12, Table 4.1) didn’t improve the reaction yield. By varying solvent 

mediums like CH3CN/H2O (9:1) and CH3CN/HFIP (9:1) instead of CH3CN/CF3CH2OH (9:1) 

(entries 13-14, Table 4.1) and other electrolytes were also tested, such as  n-Bu4NBF4 and n-

Bu4NClO4, but all gave inferior results compared to n-Bu4NPF6 (entries 15–16, Table 4.1). 

Therefore, we conducted our experiments under optimum conditions (entry 1, Table 4.1). 
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Table 4.1 Optimization of the reaction conditionsa 

 
 

Entry Variation from standard conditions Yield (%) 

1 none 75 

2 without TEMPO <5 

3 without n-Bu4NPF6 <10 

4 without current - 

5 C(+)/C(-) used instead of  Pt(+)/Pt(-) 45 

6 C(+)/Cu(-) used instead of  Pt(+)/Pt(-) 60 

7 I = 1.0 mA, instead of I = 1.5 mA 65 

8 I = 2.0 mA, instead of I = 1.5 mA 58 

9 TEMPO (10 mol%) instead of (20 mol%) 63 

10 N2 instead of air <5 

11 2,6-lutidine (1.0 equiv) 68 

12 11a (2.0 equiv) was used 62 

13 CH3CN/H2O (9:1) used instead of  CH3CN/CF3CH2OH (9:1) 58 

14 CH3CN/HFIP (9:1) used instead of  CH3CN/CF3CH2OH (9:1) 65 

15 n-Bu4NBF4 (1.0 equiv.) used instead of  n-Bu4NPF6 (1.0 equiv.) 58 

16 n-Bu4NClO4 (1.0 equiv.) used instead of  n-Bu4NPF6 (1.0 equiv.) 45 
 

aReaction conditions: 10a (0.5 mmol, 1.0 equiv), 11a (1.5 mmol, 3.0 equiv), n-Bu4NPF6 (0.5 

mmol, 1.0 equiv), TEMPO (0.1 mmol, 20 mol%), CH3CN/CF3CH2OH (9:1), Pt( ) | Pt( ), 

undivided cell, constant current = 1.5 mA, air, rt, 20 h. bAll isolated yields of 12aa after column 

chromatography were based on 10a.  
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Having developed the optimized conditions for the electrochemical oxidative 

dearomatization/addition-cyclization sequence, we examine the method’s scope with various 2-

arylindoles 10 and o-amino-anilines 11 (Table 4.2). Initially, a series of 2-Arylindole 10a-10m 

was tested by substituting with electron-withdrawing groups or electron-donating at the C2-aryl 

ring, producing corresponding products 12aa-12ma (55-75%) under optimized conditions. When 

the C2-aryl ring was replaced with naphthyl 10n and 5-bromo thienyl 10o, complementary 

products 12na (67%) and 12oa (56%) were obtained, respectively. While having different 

substitutions at the indole-ring of 2-arylindole also furnished the complementary products 12pa-

12ua (67-74%). Next, we check the generality of 1,2-diaminoarenes 11b-11l having different 

substitutions at ortho-, meta- or para-positions with 2-phenyl indole 10a and furnished related 

products 12ab-12al (57-73%) (Table 4.2). In the case of unsymmetrically substituted 1,2-

diaminoarenes such as 11b, 11d, 11f, and 11i, the corresponding regio-isomeric products were 

also observed as minor products (≤10% yields), whereas in the case of 1,2-diaminoarene 11aj, an 

inseparable mixture (2:1) of regioisomeric product 12aj was obtained. 

Later, the developed method was expanded to the cross-combination of 2-arylindoles 10 with 

other 1,2-diaminoarenes 11, and related products 12qg-12uk were obtained with comparable 

yields (57–72%) (Table 4.2). The single crystal X-ray analysis for compounds 12aa (CCDC 

2258070),57 12ag (CCDC 2258074), 12ak (CCDC 2258069), and 12al (CCDC 2258072) 

confirmed the assigned structures.58 
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Table 4.2 Generality concerning various 2-substituted indoles 

 
 

Reaction conditions: 10 (0.5 mmol, 1.0 equiv), 11 (1.5 mmol, 3.0 equiv), n-Bu4NPF6 (0.5 

mmol, 1.0 equiv), TEMPO (0.1 mmol, 20 mol%), CH3CN/CF3CH2OH (9:1), Pt( ) | Pt( ), 

undivided cell, constant current = 1.5 mA, air, rt, 20-25 h. bAll isolated yields of 12 were based 

on 10.  
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Table 4.3 Generality concerning various 1,2-diaminobenzene and 2-substituted indoles 

 

Reaction conditions: 10 (0.5 mmol, 1.0 equiv), 11 (1.5 mmol, 3.0 equiv), n-Bu4NPF6 (0.5 

mmol, 1.0 equiv), TEMPO (0.1 mmol, 20 mol%), CH3CN/CF3CH2OH (9:1), Pt( ) | Pt( ), 

undivided cell, constant current = 1.5 mA, air, rt, 20-25 h. bAll isolated yields of 12 were based 

on 10.  
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4.4 Cyclic voltammetry experiment 

Cyclic voltammetry (CV) was performed using a three-electrodes cell (glassy carbon as the 

working electrode, Pt wire as the auxiliary electrode, and Ag/AgCl as reference electrode) in 

CH3CN: CF3CH2OH (9:1) and n-Bu4NPF6 (0.02 M solution) as the supporting electrolyte at 

room temperature. The Ag/AgCl as the reference electrode, and the scan rate was 0.2 V/s, 

ranging from 1.0 V to +2.0 V. The oxidation potentials for 10a (Eox = +1.29 V vs Ag/AgCl as 

reference electrode), TEMPO (Eox = +0.88 V vs Ag/AgCl as reference electrode), and 

10a+11a+TEMPO (Eox = +1.12 V vs Ag/AgCl as reference electrode) were measured, 

respectively, as shown in Figure 4.2. The CV was plotted using the IUPAC convention.  

 

Figure 4.2 Cyclic voltammogram of: CH3CN/CF3CH2OH/n-Bu4NPF6 (12 mL, 0.02M) (black), 

10a (2.0 mM) in CH3CN/CF3CH2OH/n-Bu4NPF6 (12 mL, 0.02M) (red), TEMPO (2.0 mM) in 

CH3CN/CF3CH2OH/n-Bu4NPF6 (12 mL, 0.02M) (blue), 10a (2.0 mM), 11a (2.0 mM), TEMPO 

(2.0 mM) in CH3CN/CF3CH2OH/n-Bu4NPF6 (12 mL, 0.02M) (green), Reference electrode: 

Ag/AgCl (3M KCl), scan rate: 0.2 V/s. All experiments have been done at room temperature. 

4.5 Control experiments, Reaction mechanism, Synthetic applications  

The formation of product 12aa was not observed with BHT as a radical scavenger under the 

standard electrochemical conditions, confirming the radical nature of the reaction at the 

intermediate step (Scheme 4.8). 
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Scheme 4.8: Control experiment 

A probable mechanism has been proposed based on our previous work and the available 

literature (Scheme 4.9). The anodic oxidation of TEMPO generates TEMPO+ and oxidizes 2-

arylindole 10 to radical cation A. The radical B and later C, generated through deprotonation of 

A, react with O2 to create radical D and subsequently to radical E before generating indole-3-one 

F via the removal of hydroxyl radical. Later, the condensation of intermediate F and the 1,2-

diaminoarenes 11 via intermediate G and H eventually generated 12 with an overall indole-ring 

opening reaction. In situ HRMS data also confirmed the formation of intermediate 2-arylindole-

3-one F (Ar = Ph). 

 
Scheme 4.9: A tentative mechanism for the electrochemical synthesis of 2-Aryl-3-(2-

aminoaryl)quinoxalines 12 
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Scheme 4.10: Synthetic applications (a) gram-scale synthesis of 12aa; (b) (i) synthesis of 2-(2-

(1H-pyrrol-1-yl)phenyl)-3-phenyl quinoxaline 13, (ii) N-benzyl-2-(3-phenylquinoxalin-2-

yl)aniline 14, (iii) 5-(dimethylamino)-N-(2-(3-phenylquinoxalin-2-yl)phenyl)naphthalene-1-

sulfonamide 16 

The synthetic utility of the method was tested at the gram-scale synthesis of compound 12aa 

(1.15 g, 68% yield) under optimized conditions (Scheme 4.10a). Next, the Paal-Knorr reaction of 

12aa was performed with aqueous succinaldehyde in ethanol at room temperature to access 2-(2-

(1H-pyrrol-1-yl)phenyl)-3-phenyl quinoxaline 13 (85% yield) (Scheme 4.10b(i)). The reduction 
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amination of 12aa with benzaldehyde was carried out to access N-benzyl-2-(3-phenylquinoxalin-

2-yl)aniline 14 (76% yield) (Scheme 4.10b(ii)). Furthermore, 12aa were treated with 5-

(dimethylamino)naphthalene-1-sulfonyl chloride, i.e., dansyl chloride in DMF under reflux 

conditions to furnish corresponding sulfonamide 16 ((62% yield) Scheme 4.10b(iii)); however, 

the resulting compound did not provide significant fluorescence.   

4.6 Conclusion 

In conclusion, we have developed an efficient electrochemical protocol for directly synthesizing 

2-aryl-3-(2-aminoaryl) quinoxalines from 2-aryl indoles. The reaction proceeds through in situ 

generations of 2-arylindole-3-ones under electrochemical oxidative dearomatization of 2-

arylindoles, followed by a ring opening-cyclization sequence with 1,2-diamino arenes to 

construct substituted quinoxaline compounds with good yields. Apart from gram-scale synthesis, 

the prepared compounds were tested for late-stage functionalization.  

4.7 General experimental methods 

All reactions were observed using thin-layer chromatography (on SiO2 gel F254 plates) and 

performed on an IKA ElectroSyn 2.0 Pro instrument under standard conditions. The desired 

compounds were purified through flash column chromatography packed with silica gel (100−200 

mesh size) as the stationary phase and a mixture of petroleum ether and acetone as the eluent. 

Melting points were determined in open capillary tubes on an EZMelt Automated melting point 

apparatus and are uncorrected. NMR spectra were recorded on a Bruker AV 400 spectrometer. 

The chemical shifts were reported in parts per million using a deuterated solvent as the internal 

standard. High-resolution mass spectra (HRMS-ESI) were recorded using a quadrupole time-of-

flight (QTOF) mass spectrometer (Applied Biosystems). Cyclic voltammetry was performed 

using a CH Instruments electrochemical analyzer (model CHI1200B) with a three-electrodes cell 

[glassy carbon as the working electrode (3 mm diameter, circular), Pt wire as the auxiliary 

electrode, and Ag/AgCl as the reference electrode]. Before the experiments, the electrode was 

polished with Micro Polish Alumina Powder 0.05 μm using the following method. The alumina 

(0.05 μm) was mixed with water on the polishing pad to make a paste. The working electrode 

was then rubbed on the polishing pad with some alumina paste while ensuring that the face of the 

working electrode remained flat, and polishing was performed in figure eight so that grooves do 

not develop in the electrode surface. After being polished for 30 s, the electrode was sonicated 

in deionized water for ≤1 min. Finally, the electrode was washed with deionized water, and the 
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electrode surface was dried before use. All cyclic voltammetry experiments were performed after 

nitrogen purging for deoxygenation purposes. Cyclic voltammetry was performed using a CH 

Instruments electrochemical analyzer (model CHI1200B). All the chemicals were obtained from 

a commercial supplier and used without purification. All starting 2-arylindoles were prepared 

using the reported procedure,59 oil baths were used for heating conditions. 

4.7.1 General procedure for the synthesis of compound 12  

A 10 mL dried undivided reaction cell with a stirring bar was charged with 1 (0.5 mmol, 1.0 

equiv), o-amino-anilines 3 (1.5 mmol, 3.0 equiv), n-Bu4NPF6 (193 mg, 0.5 mmol, 1.0 equiv.), 

and TEMPO (15 mg, 0.1 mmol, 20 mol%), in CH3CN/CF3CH2OH (10 mL, 9:1). Platinum-plate 

anode and Platinum-plate cathode were dipped into the reaction mixture and electrolyzed at a 

constant current condition (1.5 mA) under an air atmosphere at room temperature, and the 

reaction progress was monitored by TLC. Upon completion, the reaction mixture was evaporated 

under reduced pressure, and crude mass was stirred between ethyl acetate (10 mL) and NH4Cl 

(10 mL, 10% solution) for five minutes. The organic phase was separated, dried over anhydrous 

Na2SO4, and evaporated under reduced pressure. Purification of crude mass on silica gel column 

chromatography using a mixture of petroleum ether and acetone as eluent furnished product 3 

(45-75% yields).  

4.7.2 Characterization data of synthesized compounds 

2-(3-Phenylquinoxalin-2-yl)aniline (12aa). Purification with petroleum ether: acetone (9/1) as 

eluent; yellow solid (112 mg, 75% yield, mp = 152 154 oC). 1H NMR (400 

MHz, CDCl3) δ 8.22 – 8.16 (m, 1H), 8.14 – 8.09 (m, 1H), 7.77 (qd, J = 6.8, 3.5 

Hz, 2H), 7.59 (dt, J = 7.0, 2.3 Hz, 2H), 7.36 – 7.30 (m, 3H), 7.16 – 7.10 (m, 

1H), 6.86 (dd, J = 7.8, 1.6 Hz, 1H), 6.80 (dd, J = 8.1, 1.0 Hz, 1H), 6.56 (td, J = 

7.6, 1.1 Hz, 1H), 4.63 (s, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 154.2, 152.9, 145.3, 141.0, 

140.3, 138.9, 131.7, 129.9 (3C), 129.5 (2C), 129.2, 128.8, 128.6, 128.2 (2C), 123.1, 117.9, 116.8. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C20H16N3 298.1339, Found 298.1343. 

2-(3-(4-Fluorophenyl)quinoxalin-2-yl)aniline (12ba). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (88 mg, 56% yield, mp = 131 133 oC). 
1H NMR (400 MHz, CDCl3) δ 8.21 – 8.17 (m, 1H), 8.14 – 8.09 (m, 1H), 

7.78 (qd, J = 6.9, 3.5 Hz, 2H), 7.61 (m, 2H), 7.19 – 7.13 (m, 1H), 7.07 – 
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7.00 (m, 2H), 6.88 (dd, J = 7.7, 1.3 Hz, 1H), 6.84 – 6.80 (m, 1H), 6.63 – 6.58 (m, 1H), 4.64 (s, 

2H). 13C{1H} NMR (100 MHz, CDCl3) δ 163.0 (d, J = 248.7 Hz), 152.9, 152.6, 145.2, 140.8, 

140.2, 134.8 (d, J = 3.1 Hz), 131.5 (2C), 131.4, 129.9 (d, J = 7.8 Hz), 129.9 (2C), 129.0, 128.5, 

122.8, 117.9, 116.8 (2C), 115.1 (d, J = 21.2 Hz). HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C20H15FN3 316.1245, Found 316.1248. 

2-(3-(2,4-Difluorophenyl)quinoxalin-2-yl)aniline (12ca). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (92 mg, 55% yield, mp = 148 150 oC). 
1H NMR (400 MHz, CDCl3) δ 8.19 – 8.11 (m, 2H), 7.83 – 7.78 (m, 2H), 

7.64 – 7.58 (m, 1H), 7.14 – 7.08 (m, 1H), 6.97 (td, J = 8.5, 2.3 Hz, 1H), 6.82 

– 6.77 (m, 2H), 6.73 (td, J = 9.6, 2.3 Hz, 1H), 6.51 (t, J = 7.5 Hz, 1H), 4.74 

(s, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 164.7 (d, J = 11.8 Hz), 162.2 (d, J = 11.8 Hz), 161.2 

(d, J = 12.2 Hz), 158.7 (d, J = 12.2 Hz), 153.8, 149.5 (d, J = 1.4 Hz), 145.6, 140.7 (d, J = 12.4 

Hz), 132.32 (dd, J = 9.8, 4.5 Hz), 130.5 (d, J = 5.9 Hz), 130.1 (2C), 129.2, 128.7, 123.87 (dd, J = 

14.7, 3.9 Hz), 122.1 (d, J = 1.6 Hz), 117.6, 116.9, 111.83 (dd, J = 21.5, 3.6 Hz), 104.20 (t, J = 

25.5 Hz). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C20H14F2N3 334.1150, Found 334.1153. 

2-(3-(4-Fluoro-3-methylphenyl)quinoxalin-2-yl)aniline (12da). Purification with petroleum 

ether: acetone (9/1) as eluent; yellow solid (99 mg, 60% yield, mp = 

173 175 oC). 1H NMR (400 MHz, CDCl3) δ 8.19 (dd, J = 6.3, 3.2 Hz, 1H), 

8.12 (dd, J = 6.3, 3.2 Hz, 1H), 7.80 (q, J = 5.4, 3.8 Hz, 2H), 7.55 (d, J = 6.2 

Hz, 1H), 7.30 (dd, J = 5.7, 2.8 Hz, 1H), 7.16 (t, J = 7.6 Hz, 1H), 6.93 (t, J = 

9.0 Hz, 1H), 6.86 (dd, J = 19.6, 7.8 Hz, 2H), 6.61 (t, J = 7.4 Hz, 1H), 4.61 (s, 2H), 2.28 (s, 3H). 
13C{1H} NMR (100 MHz, CDCl3) δ 161.7 (d, J = 246.0 Hz), 153.3, 152.7, 145.2, 140.9, 140.3, 

134.5 (d, J = 3.5 Hz), 132.8 (d, J = 5.6 Hz), 131.5, 130.0 (d, J = 4.1 Hz), 129.9, 129.1, 128.8 (d, 

J = 8.4 Hz), 128.6, 125.0, 124.8, 123.1, 118.0, 116.9 (2C), 114.7 (d, J = 22.2 Hz), 14.4. HRMS 

(ESI-TOF) m/z: [M + H+] Calcd for C21H17FN3 330.1402, Found 330.1406. 

2-(3-(2-Chlorophenyl)quinoxalin-2-yl)aniline (12ea). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (98 mg, 59% yield, mp = 160 162 oC). 1H 

NMR (400 MHz, CDCl3) δ 8.22 – 8.17 (m, 1H), 8.14 (m, 1H), 7.83 – 7.77 (m, 

2H), 7.55 – 7.51 (m, 1H), 7.36 – 7.27 (m, 3H), 7.10 – 7.04 (m, 1H), 6.80 (dd, J 

= 7.8, 1.2 Hz, 1H), 6.76 (d, J = 7.8 Hz, 1H), 6.47 – 6.41 (m, 1H), 4.87 (s, 2H). 
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13C{1H} NMR (100 MHz, CDCl3) δ 153.6, 153.0, 145.9, 140.6, 140.4, 138.3, 133.0, 131.4, 

130.8, 130.4, 130.0, 129.9, 129.8, 129.6, 129.2, 128.6, 126.8, 121.8, 117.2, 116.8. HRMS (ESI-

TOF) m/z: [M + H+] Calcd for C20H15ClN3 332.0950, Found 332.0954. 

2-(3-(3-Chlorophenyl)quinoxalin-2-yl)aniline (12fa). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (108 mg, 65% yield, mp = 171 173 oC). 
1H NMR (400 MHz, CDCl3) δ 8.17 (dp, J = 7.3, 2.9 Hz, 1H), 8.14 – 8.09 (m, 

1H), 7.82 – 7.76 (m, 2H), 7.71 (t, J = 1.8 Hz, 1H), 7.36 – 7.30 (m, 2H), 7.20 (t, 

J = 7.9 Hz, 1H), 7.15 (td, J = 8.1, 1.5 Hz, 1H), 6.86 – 6.80 (m, 2H), 6.58 (td, J 

= 7.6, 0.9 Hz, 1H), 4.63 (s, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 152.7, 152.7, 145.3, 140.9, 

140.6, 140.5, 134.3, 131.6, 130.3, 130.2 (2C), 129.5, 129.3 (2C), 128.9, 128.6, 127.8, 122.6, 

118.1, 117.0. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C20H15ClN3 332.0950, Found 

332.0948. 

2-(3-(4-Chlorophenyl)quinoxalin-2-yl)aniline (12ga). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (103 mg, 62% yield, mp = 155 159 
oC). 1H NMR (400 MHz, CDCl3) δ 8.19 – 8.15 (m, 1H), 8.13 – 8.08 (m, 

1H), 7.82 – 7.75 (m, 2H), 7.53 (d, J = 8.5 Hz, 2H), 7.29 (s, 2H), 7.17 – 7.12 

(m, 1H), 6.86 – 6.79 (m, 2H), 6.63 – 6.56 (m, 1H), 4.60 (s, 2H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 153.0, 152.7, 145.3, 141.0, 140.5, 137.4, 135.1, 131.6, 130.9 (2C), 

130.1 (2C), 129.3, 128.7, 128.5, 123.0, 122.9 (2C) 118.2, 117.0. HRMS (ESI-TOF) m/z: [M + 

H+] Calcd for C20H15ClN3 332.0950, Found 332.0947. 

2-(3-(2,4-Dichlorophenyl)quinoxalin-2-yl)aniline (12ha). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (112 mg, 61% yield, mp = 181 183 
oC). 1H NMR (400 MHz, CDCl3) δ 8.15 (m, 2H), 7.82 (m, 2H), 7.46 (d, J = 

8.2 Hz, 1H), 7.38 – 7.36 (m, 1H), 7.34 – 7.29 (m, 1H), 7.10 (t, J = 7.6 Hz, 

1H), 6.77 (d, J = 8.0 Hz, 2H), 6.49 (t, J = 7.5 Hz, 1H), 4.83 (s, 2H). 
13C{1H} NMR (100 MHz, CDCl3) δ 153.5, 152.0, 145.9, 140.7, 140.4, 137.0, 135.1, 133.9, 

132.3, 130.7, 130.7, 130.2, 130.1, 129.6, 129.2, 128.7, 127.3, 121.6, 117.5, 116.9. HRMS (ESI-

TOF) m/z: [M + H+] Calcd for C20H14Cl2N3 366.0560, Found 366.0566. 
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2-(3-(3,4-Dichlorophenyl)quinoxalin-2-yl)aniline (12ia). Purification with petroleum ether: 

acetone ( ) as eluent; yellow solid (104 mg, 57% yield, mp = 180 183 
oC). 1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 3.9 Hz, 1H), 8.11 (dd, J = 

6.5, 2.9 Hz, 1H), 7.84 (s, 1H), 7.83 – 7.76 (m, 2H), 7.32 (q, J = 8.3 Hz, 

2H), 7.18 (t, J = 7.5 Hz, 1H), 6.84 (t, J = 6.3 Hz, 2H), 6.63 (t, J = 7.4 Hz, 

1H), 4.60 (s, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 152.4, 151.5, 145.1, 140.8, 140.5, 138.7, 

133.1, 132.5, 131.4, 131.3, 130.4, 130.3, 130.2, 129.9, 129.1, 128.8, 128.6, 122.4, 118.2, 117.0. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C20H14Cl2N3 366.0560, Found 366.0565. 

2-(3-(4-Bromophenyl)quinoxalin-2-yl)aniline (12ja). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (122 mg, 65% yield, mp = 155 159 
oC). 1H NMR (400 MHz, CDCl3) δ 8.19 – 8.13 (m, 1H), 8.13 – 8.07 (m, 

1H), 7.81 – 7.74 (m, 2H), 7.49 – 7.43 (m, 4H), 7.17 – 7.12 (m, 1H), 6.83 

(m, 2H), 6.59 (td, J = 7.6, 1.0 Hz, 1H), 4.61 (s, 2H). 13C{1H} NMR (100 

MHz, CDCl3) δ 152.9, 152.6, 145.2, 140.9, 140.4, 137.8, 131.6, 131.3 (2), 131.1 (2C), 130.1 

(3C), 129.2, 128.6, 123.4, 122.8, 118.2, 117.0. HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C20H15BrN3 376.0444, Found 376.0445. 

2-(3-(p-Tolyl)quinoxalin-2-yl)aniline (12ka). Purification with petroleum ether: acetone (9/1) 

as eluent; yellow solid (109 mg, 70% yield, mp = 155 159 oC). 1H NMR 

(400 MHz, CDCl3) δ 8.19 – 8.14 (m, 1H), 8.12 – 8.07 (m, 1H), 7.79 – 7.72 

(m, 2H), 7.48 (d, J = 8.1 Hz, 2H), 7.16 – 7.11 (m, 3H), 6.89 (dd, J = 7.7, 

1.4 Hz, 1H), 6.83 – 6.79 (m, 1H), 6.58 (td, J = 7.6, 1.1 Hz, 1H), 4.58 (s, 

2H), 2.35 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 154.2, 152.9, 145.2, 141.1, 140.3, 138.9, 

136.0, 131.7, 129.9 (2C), 129.7, 129.4 (2C), 129.2, 129.0 (2C), 128.6, 123.5, 118.1, 116.9, 21.3. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C21H18N3 312.1495, Found 312.1496. 

2-(3-(4-Isobutylphenyl)quinoxalin-2-yl)aniline (12la). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (127 mg, 72% yield, mp = 

152 154 oC). 1H NMR (400 MHz, CDCl3) δ 8.21 – 8.15 (m, 1H), 8.13 

– 8.07 (m, 1H), 7.79 – 7.71 (m, 2H), 7.49 (d, J = 8.2 Hz, 2H), 7.15 – 

7.08 (m, 3H), 6.87 (dd, J = 7.7, 1.4 Hz, 1H), 6.82 – 6.77 (m, 1H), 6.55 

(td, J = 7.6, 1.0 Hz, 1H), 4.63 (s, 2H), 2.47 (d, J = 7.2 Hz, 2H), 1.86 (dh, J = 13.6, 7.2 Hz, 1H), 
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0.89 (d, J = 6.6 Hz, 6H). 13C{1H} NMR (100 MHz, CDCl3) δ 154.3, 153.0, 145.3, 142.6, 141.0, 

140.3, 136.2, 131.7, 129.8, 129.8, 129.7, 129.3 (2C), 129.1, 129.0 (2C), 128.6, 123.3, 117.9, 

116.9, 45.1, 30.1, 22.3 (2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C24H24N3 354.1965, 

Found 354.1966. 

2-(3-(3,4-Dimethoxyphenyl)quinoxalin-2-yl)aniline (12ma). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (122 mg, 68% yield, mp = 211 213 
oC). 1H NMR (400 MHz, CDCl3) δ 8.17 – 8.14 (m, 1H), 8.10 – 8.06 (m, 

1H), 7.74 (m, 2H), 7.30 (dd, J = 8.3, 2.1 Hz, 1H), 7.13 (m, 1H), 7.07 (d, J 

= 2.0 Hz, 1H), 6.93 (dd, J = 7.7, 1.4 Hz, 1H), 6.84 (d, J = 8.4 Hz, 1H), 

6.81 – 6.78 (m, 1H), 6.62 (td, J = 7.6, 1.1 Hz, 1H), 3.88 (s, 3H), 3.66 (s, 3H). 13C{1H} NMR 

(100 MHz, CDCl3) δ 153.5, 152.7, 149.7, 148.3, 145.0, 141.1, 140.2, 131.3, 131.0, 129.9, 129.8, 

129.6, 129.0, 128.6, 123.9, 122.6, 118.3, 116.8, 112.7, 110.8, 55.8, 55.6. HRMS (ESI-TOF) m/z: 

[M + H+] Calcd for C22H20N3O2 358.1551, Found 358.1555. 

2-(3-(Naphthalen-2-yl)quinoxalin-2-yl)aniline (12na). Purification with petroleum ether: 

acetone ( ) as eluent; yellow solid (116 mg, 67% yield, mp = 155 159 
oC). 1H NMR (400 MHz, CDCl3) δ 8.26 – 8.20 (m, 2H), 8.17 – 8.12 (m, 

1H), 7.80 (m, 4H), 7.75 (d, J = 8.6 Hz, 1H), 7.62 (dd, J = 8.5, 1.7 Hz, 1H), 

7.52 – 7.45 (m, 2H), 7.14 – 7.09 (m, 1H), 6.90 (dd, J = 7.7, 1.4 Hz, 1H), 

6.84 – 6.80 (m, 1H), 6.49 (td, J = 7.7, 0.9 Hz, 1H), 4.67 (s, 2H). 13C{1H} NMR (100 MHz, 

CDCl3) δ 154.0, 153.1, 145.3, 141.1, 140.4, 136.4, 133.3, 133.1, 131.7, 130.0 (2C), 129.9, 129.5, 

129.2, 128.7, 128.6, 127.6 (2C), 126.8, 126.7, 126.1, 123.2, 118.1, 116.9. HRMS (ESI-TOF) m/z: 

[M + H+] Calcd for C24H18N3 348.1495, Found 348.1497. 

2-(3-(5-Bromothiophen-2-yl)quinoxalin-2-yl)aniline (12oa). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (107 mg, 56% yield, mp = 153 155 oC). 
1H NMR (400 MHz, CDCl3) δ 8.12 (d, J = 7.8 Hz, 1H), 8.07 (d, J = 7.7 Hz, 

1H), 7.79 – 7.69 (m, 2H), 7.41 (d, J = 4.8 Hz, 1H), 7.33 – 7.27 (m, 1H), 7.20 

(d, J = 7.4 Hz, 1H), 6.96 (d, J = 3.3 Hz, 1H), 6.92 – 6.89 (m, 1H), 6.86 (dd, J 

= 7.6, 4.9 Hz, 1H), 4.03 (s, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 150.9, 147.5, 144.7, 142.5, 

141.1, 140.3, 130.5, 130.5, 130.3, 129.6 (2C), 128.8, 128.8 (2C), 128.0, 124.1, 118.8, 116.9. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C18H13BrN3S 382.0009, Found 382.0015. 
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4-Chloro-2-(3-phenylquinoxalin-2-yl)aniline (12pa). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (116 mg, 70% yield, mp = 155 157 o 

C). 1H NMR (400 MHz, CDCl3) δ 8.23 – 8.16 (m, 1H), 8.14 – 8.08 (m, 1H), 

7.80 (m, 2H), 7.58 (dd, J = 7.4, 1.7 Hz, 2H), 7.37 (q, J = 5.5, 5.0 Hz, 3H), 

7.09 (dd, J = 8.6, 2.3 Hz, 1H), 6.87 (d, J = 2.3 Hz, 1H), 6.72 (d, J = 8.6 Hz, 

1H), 4.53 (s, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 154.0, 151.5, 143.9, 141.2, 140.4, 138.4, 

131.1, 130.4, 130.2, 129.8, 129.4 (2C), 129.3, 129.2, 128.7, 128.4 (2C), 124.5, 122.6, 118.1. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C20H15ClN3 332.0950, Found 332.0955. 

4-Bromo-2-(3-phenylquinoxalin-2-yl)aniline (12qa). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (126 mg, 67% yield, mp = 165 167 
oC). 1H NMR (400 MHz, CDCl3) δ 8.19 (dd, J = 6.6, 2.8 Hz, 1H), 8.10 (dd, 

J = 6.4, 3.0 Hz, 1H), 7.78 (m, 2H), 7.61 – 7.55 (m, 2H), 7.37 (d, J = 6.7 Hz, 

3H), 7.20 (dd, J = 8.6, 2.1 Hz, 1H), 7.01 (d, J = 2.0 Hz, 1H), 6.65 (d, J = 8.6 

Hz, 1H), 4.55 (s, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 153.9, 151.3, 144.3, 141.1, 140.3, 

138.3, 134.0, 132.6, 130.3, 130.1, 129.4 (2C), 129.3, 129.1, 128.6, 128.4 (2C), 124.8, 118.3, 

109.4. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C20H15BrN3 376.0444, Found 376.0448. 

4-Methyl-2-(3-phenylquinoxalin-2-yl)aniline (12ra). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (112 mg, 72% yield, mp = 144 146 
oC). 1H NMR (400 MHz, CDCl3) δ 8.18 (dd, J = 7.4, 2.1 Hz, 1H), 8.12 (dd, 

J = 7.1, 2.4 Hz, 1H), 7.76 (p, J = 6.2 Hz, 2H), 7.63 – 7.58 (m, 2H), 7.37 – 

7.30 (m, 3H), 6.94 (d, J = 7.6 Hz, 1H), 6.72 (s, 1H), 6.69 (d, J = 8.1 Hz, 

1H), 4.31 (s, 2H), 2.03 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 154.1, 153.0, 142.6, 140.9, 

140.4, 138.8, 131.9, 130.5, 129.8, 129.8, 129.4 (2C), 129.1, 128.7, 128.6, 128.1 (2C), 127.2, 

123.4, 116.9, 20.1. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C21H18N3 312.1495, Found 

312.1496. 

2-(3-(4-Bromophenyl)quinoxalin-2-yl)-4-methylaniline (12sa). Purification with petroleum 

ether: acetone (9/1) as eluent; yellow solid (135 mg, 69% yield, mp = 

186 188 oC). 1H NMR (400 MHz, CDCl3) δ 8.15 (m, 1H), 8.13 – 8.08 (m, 

1H), 7.79 (dd, J = 3.4, 1.3 Hz, 1H), 7.78 – 7.75 (m, 1H), 7.49 (d, J = 8.9 

Hz, 2H), 7.45 (d, J = 8.9 Hz, 2H), 6.97 (dd, J = 8.1, 1.6 Hz, 1H), 6.72 (s, 
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1H), 6.70 (s, 1H), 4.31 (s, 2H), 2.07 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 152.9, 152.8, 

142.6, 141.0, 140.6, 137.8, 131.7, 131.3 (2C), 131.1 (2C), 130.8, 130.1, 130.1, 129.2, 128.7, 

127.6, 123.4, 123.3, 117.1, 20.3. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C21H17BrN3 

390.0600, Found 390.0608. 

4-Methyl-2-(3-(p-tolyl)quinoxalin-2-yl)aniline (12ta). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (116 mg, 71% yield, mp = 206 208 
oC). 1H NMR (400 MHz, CDCl3) δ 8.21 – 8.16 (m, 1H), 8.15 – 8.10 (m, 

1H), 7.78 (p, J = 6.9 Hz, 2H), 7.52 (d, J = 7.8 Hz, 2H), 7.15 (d, J = 7.7 Hz, 

2H), 6.98 (d, J = 7.9 Hz, 1H), 6.79 (s, 1H), 6.72 (d, J = 8.1 Hz, 1H), 4.29 

(s, 2H), 2.37 (s, 3H), 2.08 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 154.1, 153.0, 142.5, 

141.1, 140.5, 138.9, 136.0, 131.8, 130.6, 129.8, 129.7, 129.4 (2C), 129.2, 128.9 (2C), 128.7, 

127.4, 123.9, 117.0, 21.3, 20.3. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C22H20N3 326.1652, 

Found 326.1654. 

2-(3-(4-Methoxyphenyl)quinoxalin-2-yl)-4-methylaniline (12ua). Purification with petroleum 

ether: acetone (9/1) as eluent; yellow solid (126 mg, 74% yield, mp = 

198 200 oC). 1H NMR (400 MHz, CDCl3) δ 8.14 (dd, J = 22.0, 7.2 Hz, 

2H), 7.76 (p, J = 7.1 Hz, 2H), 7.60 (d, J = 8.3 Hz, 2H), 6.98 (d, J = 7.6 

Hz, 1H), 6.87 (d, J = 8.3 Hz, 2H), 6.82 (s, 1H), 6.72 (d, J = 8.0 Hz, 1H), 

4.28 (s, 2H), 3.83 (s, 3H), 2.11 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 160.2, 153.5, 152.8, 

142.4, 141.1, 140.3, 131.6, 131.1, 130.9 (2C), 130.5, 129.8, 129.5, 129.0, 128.6, 127.4, 124.0, 

117.0, 113.6 (2C), 55.2, 20.3. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C22H20N3O 342.1601, 

Found 342.1606. 

2-(6-Fluoro-3-phenylquinoxalin-2-yl)aniline (12ab). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (93 mg, 59% yield, mp = 152 155 oC). 
1H NMR (400 MHz, CDCl3) δ 8.20 (dd, J = 9.2, 5.7 Hz, 1H), 7.75 (dd, J = 

9.1, 2.7 Hz, 1H), 7.62 – 7.55 (m, 3H), 7.36 (qd, J = 5.1, 1.9 Hz, 3H), 7.19 – 

7.13 (m, 1H), 6.87 (dd, J = 7.8, 1.4 Hz, 1H), 6.85 – 6.81 (m, 1H), 6.61 – 

6.55 (m, 1H), 4.66 (s, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 162.8 (d, J = 246.0 Hz), 153.2, 

153.6 (d, J = 3.3 Hz), 145.3, 141.1 (d, J = 12.8 Hz), 138.6, 138.2 (d, J = 0.7 Hz), 131.7, 131.3 (d, 

J = 9.8 Hz), 130.2, 129.5 (2C), 128.9, 128.3 (2C), 122.7, 120.6 (d, J = 26.4 Hz), 118.0, 117.0, 
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112.1 (d, J = 21.2 Hz). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C20H15FN3 316.1245, Found 

316.1248. 

2-(6,7-Difluoro-3-phenylquinoxalin-2-yl)aniline (12ac). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (95 mg, 57% yield, mp = 127 130 oC). 
1H NMR (400 MHz, CDCl3) δ 7.91 (t, J = 9.3 Hz, 1H), 7.84 (t, J = 9.3 Hz, 

1H), 7.56 (d, J = 6.3 Hz, 2H), 7.34 (q, J = 6.1 Hz, 3H), 7.14 (t, J = 7.6 Hz, 

1H), 6.82 (dd, J = 15.6, 7.9 Hz, 2H), 6.56 (t, J = 7.5 Hz, 1H), 4.58 (s, 2H). 
13C{1H} NMR (100 MHz, CDCl3) δ 154.4 (d, J = 2.3 Hz), 153.7 (dd, J = 17.9, 1.8 Hz), 153.2 (d, 

J = 2.3 Hz),  151.1 (dd, J = 17.4, 1.8 Hz), 145.2, 138.3, 138.2(d, J = 2.3 Hz), 137.6 (dd, J = 8.9, 

2.9 Hz),  131.7, 130.2, 129.4 (2C), 129.1, 128.3 (2C), 122.5, 118.1, 117.0, 114.7 (dd, J = 15.5, 

3.2 Hz), 114.2 (dd, J = 12.7, 5.6 Hz). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C20H14F2N3 

334.1151, Found 334.1150. 

2-(6-Chloro-3-phenylquinoxalin-2-yl)aniline (12ad). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (100 mg, 60% yield, mp = 178 180 
oC). 1H NMR (400 MHz, CDCl3) δ 8.11 (d, J = 6.0 Hz, 1H), 8.09 (s, 1H), 

7.71 (dd, J = 9.0, 2.2 Hz, 1H), 7.58 – 7.54 (m, 2H), 7.38 – 7.30 (m, 3H), 

7.13 (m, 1H), 6.84 (dd, J = 7.8, 1.4 Hz, 1H), 6.82 – 6.79 (m, 1H), 6.54 (td, J 

= 7.7, 1.1 Hz, 1H), 4.66 (s, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 154.4, 153.9, 145.4, 140.6, 

139.5, 138.6, 135.7, 131.8, 130.9, 130.5, 130.2, 129.5 (2C), 129.0, 128.3 (2C), 127.5, 122.6, 

118.0, 117.0. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C20H15ClN3 332.0950, Found 

332.0956. 

2-(6,7-Dichloro-3-phenylquinoxalin-2-yl)aniline (12ae). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (125 mg, 68% yield, mp = 175 177 
oC). 1H NMR (400 MHz, CDCl3) δ 8.28 (s, 1H), 8.21 (s, 1H), 7.58 – 7.56 

(m, 1H), 7.56 – 7.54 (m, 1H), 7.39 – 7.30 (m, 3H), 7.14 (td, J = 8.1, 1.5 Hz, 

1H), 6.82 (td, J = 8.0, 1.0 Hz, 2H), 6.54 (td, J = 7.7, 1.0 Hz, 1H), 4.66 (s, 

2H). 13C{1H} NMR (100 MHz, CDCl3) δ 155.3, 154.1, 145.4, 139.7, 139.0, 138.3 (2C), 134.4, 

131.8, 130.4, 129.8, 129.5 (2C), 129.3, 129.1, 128.3 (2C), 122.3, 118.0, 117.1. HRMS (ESI-

TOF) m/z: [M + H+] Calcd for C20H14Cl2N3 366.0560, Found 366.0565. 
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2-(6-Bromo-3-phenylquinoxalin-2-yl)aniline (12af). Purification with petroleum ether: acetone 

(9/1) as eluent; yellow solid (117 mg, 62% yield, mp = 195 197 oC). 1H 

NMR (400 MHz, CDCl3) δ 8.28 (d, J = 1.9 Hz, 1H), 8.03 (d, J = 8.9 Hz, 

1H), 7.84 (dd, J = 8.9, 1.9 Hz, 1H), 7.60 – 7.53 (m, 2H), 7.33 (q, J = 5.6 Hz, 

3H), 7.16 – 7.10 (m, 1H), 6.82 (dd, J = 11.6, 8.0 Hz, 2H), 6.54 (t, J = 7.4 

Hz, 1H), 4.67 (s, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 154.6, 153.9, 145.5, 140.9, 139.7, 

138.6, 133.5, 131.8, 130.8, 130.5, 130.2, 129.5 (2C), 129.1, 128.3 (2C), 123.8, 122.6, 118.0, 

117.0. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C20H15BrN3 376.0444, Found 376.0446. 

2-(6,7-Dibromo-3-phenylquinoxalin-2-yl)aniline (12ag). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (159 mg, 70% yield, mp = 216 219 
oC). 1H NMR (400 MHz, CDCl3) δ 8.47 (s, 1H), 8.39 (s, 1H), 7.59 – 7.53 

(m, 2H), 7.39 – 7.30 (m, 3H), 7.16 – 7.11 (m, 1H), 6.85 – 6.78 (m, 2H), 

6.56 – 6.51 (m, 1H), 4.68 (s, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 

155.4, 154.2, 145.5, 140.1, 139.5, 138.3, 133.2, 132.5, 131.8, 130.4, 129.5 (2C), 129.3, 128.3 

(2C), 126.4 (2C), 122.2, 118.0, 117.1. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C20H14Br2N3 

455.9529, Found 455.9532. 

5-(2-Aminophenyl)-6-phenylpyrazine-2,3-dicarbonitrile (12ah). Purification with petroleum 

ether: acetone (9/1) as eluent; yellow solid (82 mg, 55% yield, mp = 221 222 
oC). 1H NMR (400 MHz, DMSO-d6 & CDCl3) δ 7.52 (d, J = 7.4 Hz, 2H), 7.37 

(t, J = 7.2 Hz, 1H), 7.29 (d, J = 7.6 Hz, 2H), 7.09 (t, J = 7.4 Hz, 1H), 6.79 (d, J 

= 7.6 Hz, 1H), 6.74 (d, J = 8.2 Hz, 1H), 6.43 (t, J = 7.4 Hz, 1H), 5.13 (s, 2H). 
13C{1H} NMR (100 MHz, DMSO-d6 & CDCl3) δ 155.0, 154.9, 145.7, 134.6, 130.8, 130.0, 

129.8, 128.3 (2C), 128.2, 127.5 (2C), 117.7, 116.1 (2C), 116.0, 112.1, 112.6. HRMS (ESI-TOF) 

m/z: [M + H+] Calcd for C18H12N5 298.1088, Found 298.1085. 

2-(5-Methyl-3-phenylquinoxalin-2-yl)aniline (12ai). Purification with petroleum ether: acetone 

(9/1) as eluent; yellow solid (103 mg, 66% yield, mp = 160 162 oC). 1H NMR 

(400 MHz, CDCl3) δ 8.03 – 7.99 (m, 1H), 7.66 (dd, J = 8.3, 7.1 Hz, 1H), 7.59 

(m, 3H), 7.34 (t, J = 2.2 Hz, 2H), 7.33 – 7.31 (m, 1H), 7.12 (m, 1H), 6.86 (dd, J 

= 7.8, 1.4 Hz, 1H), 6.83 (dd, J = 8.1, 0.9 Hz, 1H), 6.52 (td, J = 7.7, 1.1 Hz, 

1H), 4.96 (s, 2H), 2.82 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 153.7, 151.4, 145.8, 140.9, 
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139.3, 136.7, 132.2, 129.9, 129.8, 129.7, 129.6 (2C), 128.7, 128.2 (2C), 128.1, 127.1, 123.0, 

117.7, 117.0, 17.3. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C21H18N3 312.1495, Found. 

312.1491. 

2-(6-Methyl-3-phenylquinoxalin-2-yl)aniline/2-(7-methyl-3-phenylquinoxalin-2-yl)aniline 

(12aj). Purification with petroleum ether: acetone 

( ) as eluent; yellow solid (2:1 by NMR) (109 mg, 

70% yield, mp = 156 159 oC). 1H NMR (400 MHz, 

CDCl3) δ 8.03 (dd, J = 29.8, 8.5 Hz, 1H), 7.92 (d, J = 

31.8 Hz, 1H), 7.63 – 7.55 (m, 3H), 7.35 – 7.28 (m, 3H), 7.14 – 7.08 (m, 1H), 6.86 (dd, J = 7.7, 

1.2 Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.58 – 6.52 (m, 1H), 4.62 (s, 2H), 2.62 (s, 1H), 2.61 (s, 

2H). 13C{1H} NMR (100 MHz, CDCl3) δ 153.3, 152.7, 145.3, 140.4, 139.5, 139.0, 132.2, 132.2, 

131.7, 129.8, 129.7, 129.5, 129.5, 128.7, 128.7, 128.6, 128.1, 128.1, 128.0, 127.4, 123.2, 117.9, 

117.9, 116.8, 21.8. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C21H18N3 312.1495, Found 

312.1497. 

2-(6,7-Dimethyl-3-phenylquinoxalin-2-yl)aniline (12ak). Purification with petroleum ether: 

acetone (9/1) as eluent; yellow solid (119 mg, 73% yield, mp = 169 172 
oC). 1H NMR (400 MHz, CDCl3) δ 7.95 (s, 1H), 7.87 (s, 1H), 7.61 – 7.56 

(m, 2H), 7.36 – 7.32 (m, 3H), 7.13 (m, 1H), 6.87 (dd, J = 7.7, 1.4 Hz, 1H), 

6.81 (dd, J = 8.1, 0.9 Hz, 1H), 6.57 (td, J = 7.6, 1.1 Hz, 1H), 4.61 (s, 2H), 

2.54 (d, J = 1.1 Hz, 3H), 2.53 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 153.2, 151.8, 145.2, 

140.5, 140.4, 140.0, 139.4, 139.2, 131.7, 129.6, 129.5 (2C), 128.5, 128.2, 128.1 (2C), 127.6, 

123.5, 117.9, 116.8, 20.3 (2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C22H20N3 326.1652, 

Found 326.1655. 

2-(3-Phenylbenzo[g]quinoxalin-2-yl)aniline (12al). Purification with petroleum ether: acetone 

(9/1) as eluent; yellow solid (113 mg, 65% yield, mp = 180 183 oC). 1H 

NMR (400 MHz, CDCl3) δ 8.74 (s, 1H), 8.66 (s, 1H), 8.12 (tq, J = 6.8, 3.3 

Hz, 2H), 7.66 – 7.61 (m, 2H), 7.58 (dq, J = 6.6, 3.4 Hz, 2H), 7.36 (dq, J = 

6.6, 3.2 Hz, 3H), 7.17 – 7.11 (m, 1H), 6.88 (dd, J = 7.8, 1.3 Hz, 1H), 6.84 

(d, J = 8.0 Hz, 1H), 6.58 – 6.53 (m, 1H), 4.83 (s, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 155.0, 

153.8, 145.6, 139.1, 137.7, 137.1, 134.1, 134.0, 131.9, 130.1, 129.5 (2C), 129.0, 128.6, 128.5 



CHAPTER - 4 
 

131

(2C), 128.2, 127.6, 126.8 (2C), 126.7, 122.9, 117.8, 117.0. HRMS (ESI-TOF) m/z: [M + H+] 

Calcd for C24H18N3 348.1495, Found 348.1493. 

4-Bromo-2-(6,7-dibromo-3-phenylquinoxalin-2-yl)aniline (12qg). Purification with petroleum 

ether: acetone (9/1) as eluent; yellow solid (174 mg, 65% yield, mp = 

165 167 oC). 1H NMR (400 MHz, CDCl3) δ 8.50 (s, 1H), 8.42 (s, 1H), 

7.57 (dt, J = 6.6, 1.5 Hz, 2H), 7.47 – 7.43 (m, 1H), 7.43 – 7.41 (m, 1H), 

7.40 – 7.37 (m, 1H), 7.24 (dd, J = 8.6, 2.3 Hz, 1H), 6.99 (d, J = 2.3 Hz, 

1H), 6.69 (d, J = 8.6 Hz, 1H), 4.64 (s, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 155.1, 152.7, 

144.4, 140.3, 139.4, 137.7, 134.0, 133.3, 133.1, 132.6, 129.7, 129.4 (2C), 128.5 (2C), 126.9, 

126.7, 123.9, 118.6, 109.4. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C20H13Br3N3 531.8654, 

Found 531.8657. 

2-(6,7-Difluoro-3-phenylquinoxalin-2-yl)-4-methylaniline (12rc). Purification with petroleum 

ether: acetone (9/1) as eluent; yellow solid (99 mg, 57% yield, mp = 

189 191 oC). 1H NMR (400 MHz, CDCl3) δ 7.91 (dd, J = 10.2, 8.4 Hz, 

1H), 7.84 (dd, J = 10.1, 8.4 Hz, 1H), 7.57 (dq, J = 6.2, 2.2 Hz, 2H), 7.39 

– 7.30 (m, 3H), 6.95 (dd, J = 8.2, 1.5 Hz, 1H), 6.71 – 6.67 (m, 2H), 4.32 

(s, 2H), 2.03 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 154.4 (d, J = 2.8 Hz), 153.7 (dd, J = 

17.9, Hz), 153.2 (d, J = 2.8 Hz),  151.1 (d, J = 17.8 Hz), 142.6, 138.3, 138.2 (d, J = 2.3 Hz), 

137.6 (dd, J = 8.9, 2.9 Hz),  131.8, 130.9, 129.4 (2C), 129.1, 128.2 (2C), 127.4, 122.9, 117.1, 

114.7(dd, J = 15.5, 3.2 Hz), 114.2 (dd, J = 12.7, 5.6 Hz), 20.1. HRMS (ESI-TOF) m/z: [M + H+] 

Calcd for C21H16F2N3 348.1307, Found 348.1308. 

4-Methyl-2-(3-(p-tolyl)benzo[g]quinoxalin-2-yl)aniline (12tl). Purification with petroleum 

ether: acetone (9/1) as eluent; yellow solid (130 mg, 69% yield, mp = 

190 193 oC). 1H NMR (400 MHz, CDCl3) δ 8.72 (s, 1H), 8.64 (s, 1H), 

8.09 (m, 2H), 7.55 (dd, J = 7.3, 2.6 Hz, 4H), 7.16 (d, J = 7.9 Hz, 2H), 

6.97 (dd, J = 8.1, 1.5 Hz, 1H), 6.81 – 6.78 (m, 1H), 6.72 (d, J = 8.1 Hz, 

1H), 4.49 (s, 2H), 2.37 (s, 3H), 2.06 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 154.8, 153.9, 

142.8, 139.0, 137.8, 137.2, 136.1, 133.9, 133.8, 131.9, 130.7, 129.4 (2C), 128.8 (2C), 128.5, 

128.4, 127.4, 127.1, 126.8, 126.6 (2C), 123.6, 117.0, 21.3, 20.2. HRMS (ESI-TOF) m/z: [M + 

H+] Calcd for C26H22N3 376.1809, Found 376.1811. 
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2-(3-(4-Methoxyphenyl)-6,7-dimethylquinoxalin-2-yl)-4-methylaniline (12uk). Purification 

with petroleum ether: acetone (9/1) as eluent; yellow solid (133 mg, 

72% yield, mp = 219 221 oC). 1H NMR (400 MHz, CDCl3) δ 7.89 (s, 

1H), 7.83 (s, 1H), 7.54 (d, J = 8.7 Hz, 2H), 6.94 (dd, J = 8.1, 1.7 Hz, 

1H), 6.84 (s, 2H), 6.78 (s, 1H), 6.67 (d, J = 8.1 Hz, 1H), 4.20 (s, 2H), 

3.79 (s, 3H), 2.50 (s, 3H), 2.49 (s, 3H), 2.08 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 160.0, 

152.6, 151.7, 142.4, 140.3, 140.1, 140.0, 139.3, 131.7, 131.5, 130.8 (2C), 130.3, 128.1, 127.7, 

127.4, 124.4, 116.9, 113.5 (2C), 55.2, 20.3, 20.3, 20.3. HRMS (ESI-TOF) m/z: [M + H+] Calcd 

for C24H24N3O 370.1914, Found 370.1911. 

Controlled Experiments: To a 10 mL dried undivided reaction cell equipped with a stirring bar 

were added 10a (0.5 mmol, 1.0 equiv), 11a (1.5 mmol, 3.0 equiv), n-Bu4NPF6 (193 mg, 0.5 

mmol, 1.0 equiv.), and TEMPO (15 mg, 0.1 mmol, 20 mol%), BHT (2.5 mmol) dissolved in 

CH3CN: CF3CH2OH (10 mL, 9:1). Platinum-plate anode and Platinum-plate cathode were 

dipped into the reaction mixture and electrolyzed at a constant current condition (1.5 mA) under 

standard conditions. The desired product 12aa formation was not observed on TLC.  

Gram-Scale synthesis of 12aa. A 100 mL three-neck round bottom flask (as an undivided cell) 

was charged with 10a (1.1 g, 5.69 mmol, 1.0 equiv), 11a (1.84 g, 17.07 mmol, 3.0 equiv), n-

Bu4NPF6 (2.2 g, 5.69 mmol, 1.0 equiv), and TEMPO (0.177 g, 1.13 mmol, 20 mol%), in 

CH3CN/CF3CH2OH (36 mL, 9:1). Platinum-plate anode and Platinum-plate cathode that was 

connected to a DC regulated power supply dipped into the reaction mixture and electrolyzed at a 

constant current condition (1.5 mA) under an air atmosphere at room temperature, and the 

reaction progress was monitored by TLC. The reaction solvent was evaporated under reduced 

pressure once the reaction was finished, after the usual workup and silica gel column 

chromatography purification furnished compound 12aa (1.15 g) with 68% yield. 

2-(2-(1H-Pyrrol-1-yl)phenyl)-3-phenyl quinoxaline (13). To a stirred solution of 12aa (100 

mg, 0.33 mmol, 1.0 equiv) in ethanol (6.0 mL) in a dry 25 mL round-bottom 

flask was added succinaldehyde (3.0 M sol., 0.50 mmol, 170 μL, 1.5 equiv) at 

room temperature under an N2 atmosphere. The mixture was stirred at rt for 10 

h, and the reaction progress was monitored by TLC. The reaction mixture was 

concentrated under reduced pressure and diluted with EtOAc (10 mL). The resultant mixture was 

washed with H2O (3×5.0 mL). The organic layer was separated, dried over anhydrous Na2SO4, 
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and concentrated under reduced pressure. Purification by column chromatography using 

petroleum ether/EtOAc (9/1) as the eluent afforded 13 as yellow solid (97 mg, 85% yield, mp = 

168-170 o C). 1H NMR (400 MHz, CDCl3) δ 8.24 – 8.19 (m, 1H), 8.16 – 8.12 (m, 1H), 8.05 (d, J 

= 2.3 Hz, 1H), 7.85 – 7.80 (m, 2H), 7.61 (dd, J = 8.6, 2.3 Hz, 1H), 7.29 – 7.24 (m, 2H), 7.16 (t, J 

= 7.7 Hz, 2H), 7.02 (dd, J = 7.1, 1.6 Hz, 2H), 6.99 (d, J = 8.5 Hz, 1H), 5.87 (t, J = 2.2 Hz, 2H), 

5.76 (t, J = 2.2 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 152.7, 150.1, 140.5, 140.0, 137.5, 

135.7, 134.2, 133.7, 132.3, 129.5, 129.1, 128.4, 128.1, 127.7, 127.6 (2C), 126.9 (2C), 125.4, 

120.1 (2C), 119.3, 109.1 (2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C24H18N3 348.1495, 

Found 348.1499. 

N-Benzyl-2-(3-phenylquinoxalin-2-yl)aniline (14). To a stirred solution of 12aa (100 mg, 0.33 

mmol, 1.0 equiv) in ethanol (6.0 mL) in a dry 25 mL round-bottom flask was added 

benzaldehyde (35 mg, 0.33 mmol, 1 equiv), and a few drops of acetic acid at room temperature 

under an N2 atmosphere. The resulting mixture was stirred at reflux 

temperature for 6 h. The precipitate was formed, which was further cooled to 0 

°C, and sodium cyanoborohydride was added portion-wise over 10 min and 

then stirred for 2-3 h. The reaction progress was monitored by TLC. The 

reaction mixture was concentrated under reduced pressure and diluted with 

EtOAc (10 mL). The resultant mixture was washed with H2O (3×5.0 mL). The organic layer was 

separated, dried over anhydrous Na2SO4, and concentrated under reduced pressure. Purification 

by column chromatography using petroleum ether/acetone (8/2) as the eluent afforded 14 as 

yellow solid (97 mg, 76% yield, mp = 230 233 oC). 1H NMR (400 MHz, CDCl3) δ 8.20 – 8.16 

(m, 1H), 8.10 – 8.06 (m, 1H), 7.80 – 7.73 (m, 2H), 7.60 – 7.57 (m, 2H), 7.38 – 7.33 (m, 3H), 

7.32 – 7.28 (m, 4H), 7.24 (dd, J = 6.2, 2.7 Hz, 1H), 7.19 – 7.15 (m, 1H), 6.96 (dd, J = 7.6, 1.5 

Hz, 1H), 6.71 (d, J = 8.1 Hz, 1H), 6.56 (td, J = 7.5, 0.9 Hz, 1H), 5.88 (t, 1H), 4.36 (d, J = 4.9 Hz, 

2H). 13C{1H} NMR (100 MHz, CDCl3) δ 154.3,153.0, 146.2, 141.1, 140.4, 139.2, 139.0, 131.8, 

130.3, 130.0, 129.9, 129.5 (2C), 129.2, 128.9, 128.6 (3C), 128.2 (2C), 127.2 (2C), 127.0, 122.9, 

116.8, 111.9, 47.8. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C27H22N3 388.1808, Found 

388.1813. 
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5-(Dimethylamino)-N-(2-(3-phenylquinoxalin-2-yl)phenyl)naphthalene-1-sulfonamide (16). 

To a stirred solution of 12aa (100 mg, 0.33 mmol, 1.0 equiv) in DMF (5.0 mL) in a dry 25 mL 

round-bottom flask was added dansyl chloride (108 mg, 0.4 mmol, 1.2 

equiv), and pyridine (133 μL, 1.66 mmol, 5 equiv) at room temperature 

under an N2 atmosphere. The resulting mixture was stirred at reflux 

temperature overnight, and the reaction progress was monitored by TLC. 

Upon completion, the reaction mixture was quenched with H2O (5.0 mL) 

and stirred with EtOAc (10 mL). The organic layer was separated, dried over 

anhydrous Na2SO4, and concentrated under reduced pressure. Purification by column 

chromatography using petroleum ether/EtOAc (9/1) as the eluent afforded 16 as yellow solid 

(110 mg, 62% yield, mp = 205-207 o C). 1H NMR (400 MHz, CDCl3) δ 10.26 (s, 1H), 8.25 – 

8.21 (m, 2H), 8.19 (dd, J = 7.3, 1.2 Hz, 1H), 8.11 – 8.08 (m, 1H), 8.00 – 7.96 (m, 1H), 7.93 – 

7.86 (m, 2H), 7.51 (d, J = 8.6 Hz, 1H), 7.36 (dd, J = 8.4, 7.4 Hz, 1H), 7.31 – 7.27 (m, 1H), 7.18 – 

7.12 (m, 1H), 6.96 (t, J = 7.8 Hz, 2H), 6.73 (td, J = 7.7, 1.1 Hz, 1H), 6.60 (dd, J = 7.8, 1.4 Hz, 

1H), 6.49 (d, J = 7.5 Hz, 1H), 6.27 – 6.21 (m, 2H), 6.03 – 5.95 (m, 1H), 2.38 (s, 6H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 151.7, 150.1, 140.9, 139.6, 137.7, 135.0, 134.3, 131.8, 131.0, 130.6, 

130.5, 130.1, 130.0, 129.6, 129.4, 129.3 (2C), 129.2, 128.6, 128.5, 128.5, 127.7 (2C), 127.1, 

125.5, 124.3, 122.6, 117.6, 114.6, 44.7 (2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C32H27N4O2S 531.1849, Found. 531.1852. 
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Figure 4.3. 1H and 13C NMR spectra of 12aa 
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Figure 4.4. 1H and 13C NMR spectra of 12ba 
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Figure 4.5. 1H and 13C NMR spectra of 13 
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Figure 4.6. 1H and 13C NMR spectra of 14 
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Figure 4.7. 1H and 13C NMR spectra of 16 
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4.8 Single crystal X-ray diffraction experiment and analysis 

4.8.1 Single crystal XRD experiments: 

The single crystal XRD data collection and data reduction were performed using CrysAlis PRO 

on a single crystal Rigaku Oxford XtaLab Pro Kappa dual home/near diffractometer. The 

crystals were kept at 123(2) K during data collection using CuKα (λ = 1.54184 Å) radiation. 

Using Olex260, the structure was solved with the ShelXT61 structure solution program using 

Intrinsic Phasing and refined with the ShelXL62 refinement package using Least Squares 

minimization. 

4.8.2 Single crystal structure, Cell parameters, and Structure data of compound 12aa 

(exp_1208_YN-587_20220910):  

The compound 12aa (exp_1208_YN-587_20220910), C20H15N3, crystallized as a yellow block 

from the slow evaporation of the solution of this compound in CHCl3:Hexane mixed solvents. 

The compound crystallized in a monoclinic system, P21/n space group with following crystal 

data parameters, crystal data for C20H15N3 (M =297.35 g/mol): monoclinic, space group P21/n 

(no. 14), a = 14.4369(3) Å, b = 6.69760(10) Å, c = 16.4090(3) Å, β = 103.040(2)°, V = 

1545.71(5) Å3, Z = 4, T = 133(2) K, μ(Cu Kα) = 0.602 mm-1, Dcalc = 1.278 g/cm3, 8829 

reflections measured (9.266° ≤ 2Θ ≤ 159.898°), 3267 unique (Rint = 0.0308, Rsigma = 0.0360) 

which were used in all calculations. The final R1 was 0.0429 (I > 2σ(I)) and wR2 was 0.1260 (all 

data). The crystallographic details of the compound 12aa (exp_1208_YN-587_20220910) are 

deposited to the Cambridge Crystallographic (CCDC 2258070). The crystal data and structure 

refinement for compound 12aa are shown in Table 4.4. The ORTEP diagram as the crystal 

structure of compound 12aa (exp_1208_YN-587_20220910) is illustrated in Figure 4.8.  

 

Figure 4.8. ORTEP diagram of compound 12aa (exp_1208_YN-587_20220910). 
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Table 4.4: Crystal data and structure refinement for compound 12aa (exp_1208_YN-

587_20220910). 

Identification code exp_1208_YN-587_20220910 

Empirical formula C20H15N3 

Formula weight 297.35 

Temperature/K 133(2) 

Crystal system monoclinic 

Space group P21/n 

a/Å 14.4369(3) 

b/Å 6.69760(10) 

c/Å 16.4090(3) 

α/° 90 

β/° 103.040(2) 

γ/° 90 

Volume/Å3 1545.71(5) 

Z 4 

ρcalcg/cm3 1.278 

μ/mm-1 0.602 

F(000) 624.0 

Crystal size/mm3 0.23 × 0.14 × 0.11 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 9.266 to 159.898 

Index ranges -18 ≤ h ≤ 17, -8 ≤ k ≤ 8, -20 ≤ l ≤ 17 

Reflections collected 8829 

Independent reflections 3267 [Rint = 0.0308, Rsigma = 0.0360] 

Data/restraints/parameters 3267/0/209 

Goodness-of-fit on F2 1.058 

Final R indexes [I>=2σ (I)] R1 = 0.0429, wR2 = 0.1224 

Final R indexes [all data] R1 = 0.0465, wR2 = 0.1260 
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Largest diff. peak/hole / e Å-3 0.23/-0.24 
 

4.8.3 Single crystal structure, Cell parameters, and Structure data of compound 12ag 

(exp_1380_YN-593_20230316): 

The compound 12ag (exp_1380_YN-593_20230316), C20H13Br2N3, crystallized as brown colour 

blocks from the slow evaporation of a solution of this compound in CHCl3:Hexane mixed 

solvents. The compound crystallized in an orthorhombic system, Pbcn space group with 

following crystal data parameters, crystal data for C20H13Br2N3 (M =455.15 g/mol): 

orthorhombic, space group Pbcn (no. 60), a = 7.78610(10) Å, b = 15.7236(2) Å, c = 

28.1772(4) Å, V = 3449.61(8) Å3, Z = 8, T = 133(2) K, μ(Cu Kα) = 6.012 mm-1, Dcalc = 

1.753 g/cm3, 12473 reflections measured (6.274° ≤ 2Θ ≤ 159.74°), 3665 unique (Rint = 0.0286, 

Rsigma = 0.0262) which were used in all calculations. The final R1 was 0.0369 (I > 2σ(I)), 

and wR2 was 0.0970 (all data). The crystallographic details of compound 12ag (exp_1380_YN-

593_20230316) are deposited to the Cambridge Crystallographic (CCDC 2258074). The crystal 

data and structure refinement for compound 12ag are shown in Table 4.5. The ORTEP diagram 

as the crystal structure of compound 12ag (exp_1380_YN-593_20230316) is illustrated in 

Figure 4.9.  

 

Figure 4.9. ORTEP diagram of compound 12ag (exp_1380_YN-593_20230316). The thermal 

ellipsoids are drawn at a 50 % probability level (CCDC 2258074). 
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Table 4.5: Crystal data and structure refinement for exp_1380_YN-593_20230316. 

Identification code exp_1380_YN-593_20230316 

Empirical formula C20H13Br2N3 

Formula weight 455.15 

Temperature/K 133(2) 

Crystal system orthorhombic 

Space group Pbcn 

a/Å 7.78610(10) 

b/Å 15.7236(2) 

c/Å 28.1772(4) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 3449.61(8) 

Z 8 

ρcalcg/cm3 1.753 

μ/mm-1 6.012 

F(000) 1792.0 

Crystal size/mm3 0.15 × 0.1 × 0.08 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 6.274 to 159.74 

Index ranges -9 ≤ h ≤ 9, -18 ≤ k ≤ 19, -35 ≤ l ≤ 28 

Reflections collected 12473 

Independent reflections 3665 [Rint = 0.0286, Rsigma = 0.0262] 

Data/restraints/parameters 3665/0/231 

Goodness-of-fit on F2 1.059 

Final R indexes [I>=2σ (I)] R1 = 0.0369, wR2 = 0.0958 

Final R indexes [all data] R1 = 0.0384, wR2 = 0.0970 

Largest diff. peak/hole / e Å-3 0.88/-0.96 
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4.8.4  Single crystal structure, Cell parameters, and Structure data of compound 12ak 

(exp_1196_YN-600_20220822): 

The compound 12ak (exp_1196_YN-600_20220822), C22H19N3, crystallized as a yellow block 

from the slow evaporation of a solution of this compound in Hexane:DCM: Acetone mixed 

solvents. The compound crystallized in orthorhombic system, Pbcn space group with following 

crystal data parameters, crystal data for C22H19N3 (M =325.40 g/mol): orthorhombic, space 

group Pbcn (no. 60), a = 7.9836(2) Å, b = 15.5913(3) Å, c = 27.5447(5) Å, V = 

3428.62(12) Å3, Z = 8, T = 133(2) K, μ(Cu Kα) = 0.585 mm-1, Dcalc = 1.261 g/cm3, 12029 

reflections measured (6.418° ≤ 2Θ ≤ 159.162°), 3637 unique (Rint = 0.0366, Rsigma = 0.0390) 

which were used in all calculations. The final R1 was 0.0461 (I > 2σ(I)) and wR2 was 0.1286 (all 

data). The crystallographic details of the compound 12ak (exp_1196_YN-600_20220822) are 

deposited to the Cambridge Crystallographic (CCDC 2258069). The crystal data and structure 

refinement for compound 12ak are shown in Table 4.6. The ORTEP diagram as the crystal 

structure of compound 12ak (exp_1196_YN-600_20220822) is illustrated in Figure 4.10.  

 

Figure 4.10. ORTEP diagram of compound 12ak (exp_1196_YN-600_20220822). The thermal 

ellipsoids are drawn at a 50 % probability level (CCDC 2258069).  

Table 4.6: Crystal data and structure refinement for 12ak (exp_1196_YN-600_20220822). 

Identification code exp_1196_YN-600_20220822 

Empirical formula C22H19N3 
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Formula weight 325.40 

Temperature/K 133(2) 

Crystal system orthorhombic 

Space group Pbcn 

a/Å 7.9836(2) 

b/Å 15.5913(3) 

c/Å 27.5447(5) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 3428.62(12) 

Z 8 

ρcalcg/cm3 1.261 

μ/mm-1 0.585 

F(000) 1376.0 

Crystal size/mm3 0.24 × 0.12 × 0.04 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 6.418 to 159.162 

Index ranges -10 ≤ h ≤ 8, -19 ≤ k ≤ 17, -35 ≤ l ≤ 35 

Reflections collected 12029 

Independent reflections 3637 [Rint = 0.0366, Rsigma = 0.0390] 

Data/restraints/parameters 3637/0/229 

Goodness-of-fit on F2 1.065 

Final R indexes [I>=2σ (I)] R1 = 0.0461, wR2 = 0.1250 

Final R indexes [all data] R1 = 0.0513, wR2 = 0.1286 

Largest diff. peak/hole / e Å-3 0.28/-0.27 
 

4.8.5 Single crystal structure, Cell parameters, and Structure data of compound 12al 

(exp_1356_YN-596_20230208): 
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The compound 12al (exp_1356_YN-596_20230208), C24H17N3, crystallized as a yellow block 

from the slow evaporation of solution of this compound in CHCl3:Hexane mixed solvents. The 

compound crystallized in monoclinic system, P21/c space group with following crystal data 

parameters, crystal data for C24H17N3 (M =347.40 g/mol): monoclinic, space group P21/c (no. 

14), a = 14.8628(3) Å, b = 8.07630(10) Å, c = 15.5078(3) Å, β = 107.770(2)°, V = 

1772.69(6) Å3, Z = 4, T = 133(2) K, μ(Cu Kα) = 0.606 mm-1, Dcalc = 1.302 g/cm3, 9743 

reflections measured (11.704° ≤ 2Θ ≤ 159.726°), 3733 unique (Rint = 0.0329, Rsigma = 0.0369) 

which were used in all calculations. The final R1 was 0.0399 (I > 2σ(I)), and wR2 was 0.1081 (all 

data). The crystallographic details of the compound 12al (exp_1356_YN-596_20230208) are 

deposited to the Cambridge Crystallographic (CCDC 2258072). The crystal data and structure 

refinement for compound 12al are shown in Table 4.7. The ORTEP diagram as the crystal 

structure of compound 12al (exp_1356_YN-596_20230208) is illustrated in Figure 4.11.  

 

Figure 4.11. ORTEP diagram of compound 12al (exp_1356_YN-596_20230208). The thermal 

ellipsoids are drawn at 50 % probability level (CCDC 2258072). 

Table 4.7: Crystal data and structure refinement for 12al (exp_1356_YN-596_20230208). 

Identification code exp_1356_YN-596_20230208 

Empirical formula C24H17N3 

Formula weight 347.40 

Temperature/K 133(2) 
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Crystal system monoclinic 

Space group P21/c 

a/Å 14.8628(3) 

b/Å 8.07630(10) 

c/Å 15.5078(3) 

α/° 90 

β/° 107.770(2) 

γ/° 90 

Volume/Å3 1772.69(6) 

Z 4 

ρcalcg/cm3 1.302 

μ/mm-1 0.606 

F(000) 728.0 

Crystal size/mm3 0.16 × 0.09 × 0.06 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 11.704 to 159.726 

Index ranges -18 ≤ h ≤ 18, -9 ≤ k ≤ 9, -17 ≤ l ≤ 19 

Reflections collected 9743 

Independent reflections 3733 [Rint = 0.0329, Rsigma = 0.0369] 

Data/restraints/parameters 3733/0/249 

Goodness-of-fit on F2 1.066 

Final R indexes [I>=2σ (I)] R1 = 0.0399, wR2 = 0.1050 

Final R indexes [all data] R1 = 0.0442, wR2 = 0.1081 

Largest diff. peak/hole / e Å-3 0.14/-0.24 
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5.1 Introduction 

Poly-Heterocycles are frequently found in bioactive natural products and have been intensively 

studied as drug candidates, such as indolo[1,2-c]quinazoline, a kind of tetracyclic heterocycle, 

features a fusion of indole and quinazoline rings. The indolo[1,2-c]quinazoline is the core 

structure of various natural products and artificial compounds possessing potent anticancer, anti-

inflammatory, antimalarial, antiviral activities, and organic photoelectric properties.1-12 Some 

representative examples of this aspect are shown in Figure 5.1. 

Figure 5.1: Selected natural products and bioactive compounds having indolo[1,2-c]quinazoline 

as a core unit 

Due to the high synthetic and biological importance of indolo[1,2-c]quinazoline, several methods 

have been developed to access this scaffold. The indolo[1,2-c]quinazoline can be prepared in two 

forms: (i) unsaturated and (ii) saturated ones (Figure 5.2). The synthesis of unsaturated 

indolo[1,2-c]quinazoline moieties is well-explored, but no report has been found for saturated 

indolo[1,2-c]quinazoline unit. 

 
Figure 5.2  Two forms of indolo[1,2-c]quinazoline unit 

5.2 Synthesis of unsaturated indolo[1,2-c]quinazoline unit 

In this direction, Wu and colleagues discovered an effective two-step procedure for the synthesis 

of substituted 6-trifluoro methyl indolo[1,2-c]quinazolines from N-(2-iodophenyl) trifluoro 
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acetimidoyl chlorides and indoles via addition-elimination and subsequent palladium-catalyzed 

arylation. When the 2-position of indole was blocked by substitutions, a seven-membered ring 

was created instead. This methodology’s application was proved by the quick synthesis of 

additional trifluoromethylated polyheterocycles by Friedel-Crafts reaction/C-H bond 

functionalization utilizing N-(2-iodophenyl)trifluoroacetimidoyl chlorides as building blocks 

(Scheme 5.1).13 

 
Scheme 5.1 Pd-catalyzed synthesis of 6-trifluoromethylindolo[1,2-c]quinazolines 

Zhang and co-workers developed a simple and efficient copper-catalyzed method for the 

synthesis of indolo[1,2-c]quinazoline derivatives (5). In this protocol, air acts as the oxidant, 

cheap Cu(OAc)2 as the catalyst, and readily available 2-(2-halophenyl)-1H-indoles (3) and 

(aryl)methanamines (4) as the starting materials without the use of ligands. The accessibility and 

generality of this process make it highly valuable because of the medicinal importance of these 

polyheterocycles (Scheme 5.2).14 

 
Scheme 5.2 Cu-catalyzed synthesis of indolo[1,2-c]quinazoline 

Yao’s groups reported an alternative methodology to construct the indolo[1,2-c]quinazoline 

framework based on a zinc bromide-promoted domino sequence involving 5-endo-

dig hydroamination and intramolecular cyclization between the indole nitrogen with an amide 

group. The procedure includes mild conditions, benign functional group tolerance, and non-
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indole starting materials to create a variety of indolo[1,2-c]quinazoline derivatives (Scheme 

5.3).15 

 
Scheme 5.3 ZnBr2-promoted synthesis of indolo[1,2-c]quinazoline 

Guo et al. developed an efficient and general strategy for the selective synthesis of indolo[1,2-

c]quinazoline derivatives via copper-catalyzed one-pot sequential reactions of 2-(2-bromoaryl)-

1H-indoles, aldehydes, and aqueous ammonia. This synthetic route exhibits high efficiency and 

regioselectivity, readily obtainable starting materials, and operational simplicity (Scheme 5.4).16 

Scheme 5.4 Cu-catalyzed synthesis of indolo[1,2-c]quinazoline 

Fan and co-workers reported a protocol for the selective synthesis of indolo[1,2-c]quinazolines 

via the copper-catalyzed intramolecular N-cyclization reaction under acidic conditions. Notably, 

the selectivity of the reaction is exclusively dependent on the reaction solvents. With DMF as the 

reaction solvent, the indole substrates undergo a selective C3-oxygenation reaction to give 3H-

indol-3-ones as the main products, whereas, with 1,4-dioxane as the reaction medium, 

indolo[1,2-c]quinazolines are selectively obtained via an intramolecular indolyl N1-cyclization 

(Scheme 5.5).17 
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Scheme 5.5 Cu-catalyzed intramolecular indolyl N1-cyclization for indolo[1,2-c]quinazoline 

synthesis 

Szostak’s groups reported an Rh-catalyzed synthesis of indolo[1,2-c]quinazolines through direct 

C–H amidation and intramolecular N–H/N–C(O) cyclization of broadly available 2-aryl-1H-

indoles with dioxazolones. This mild and effective method provides the most straightforward 

platform for the synthesis of indolo[1,2-c]quinazolines discovered to date. The reaction had a 

broad scope concerning 2-arylindoles (12) and dioxazolone (13). The reaction occurs with 

excellent atom economy, producing H2O and CO2 as byproducts while avoiding substrate 

prefunctionalization (Scheme 5.6).18 

 
Scheme 5.6 Rh-catalyzed synthesis of indolo[1,2-c]quinazolines 

Fan and co-workers reported a reaction condition-controlled selective synthesis of indolo[1,2-

c]quinazolines (16) through the cascade reaction of 2-(1H-indol-2-yl)anilines (14) with 

sulfoxonium ylides (15). The formation of products involves the generation of a carbene species 

from sulfoxonium ylide and its N–H bond insertion reaction with 2-(1H-indol-2-yl)aniline 

followed by deoxygenative imine formation, intramolecular nitrogen or carbon nucleophilic 

addition and deoxygenative aromatization (Scheme 5.7).19 
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Scheme 5.7 Ru-catalyzed synthesis of indolo[1,2-c]quinazolines 

5.3 Photo-/electro-induced [4 + 2] annulation of tertiary anilines with dienophiles (alkene) 

5.3.1 Photo-induced [4 + 2] annulation 

In this context, in 2012, Bian and co-workers demonstrated the Ru(bpy)3Cl2-mediated visible 

light irradiation method for the preparation of tetrahydroquinoline (19) compounds from tertiary 

anilines (17) and N-arylmaleimides (18). This protocol is advantageous in terms of high catalytic 

efficiency and easy operation. This reaction is initiated by the single electron transfer from amine 

(17) to the photo-excited Ru(bpy)3Cl2, which generates the α-aminoalkyl radical. Ru(bpy)3(II)* 

is reduced to Ru(bpy)3(I) at the same time. Then, α-aminoalkyl radical is reacted with N-phenyl 

maleimide (18) via a radical addition process, and the latter then undergoes cyclization followed 

by aerobic oxidation, finally providing the annulated tetrahydroisoquinoline (19) product 

(Scheme 5.8). The catalyst Ru(bpy)3(II) is regenerated from Ru(bpy)3(I) via aerobic oxidation. 

This work serves as a new illustration that visible light photocatalysis will enhance the value of 

α-aminoalkyl radicals in organic synthesis.20 

 
Scheme 5.8 Ruthenium-catalyzed visible-light-mediated synthesis of tetrahydroquinolines  

 Zhu et al. have explored visible light photoredox-catalyzed intermolecular C–H 

functionalization reactions of tertiary amines (17). In this reaction, oxygen acts as a chemical 

switch to trigger a radical addition/cyclization reaction that resulted in the formation of 
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tetrahydroquinoline (21) derivatives in good yields under mild reaction conditions (Scheme 

5.9).21 This reaction follows the same mechanism pathway as discussed in Scheme 5.1. 

 
Scheme 5.9 Visible-light promoted iridium-catalyzed synthesis of tetrahydroquinolines 

In 2015, Shen’s group discovered a surface-modified titanium dioxide (TiO2/NiO) which acts as 

an excellent visible light-responsive photocatalyst in sp3 C-H bond activation in tertiary amines 

to execute direct cyclization between a wide variety of tertiary anilines (17) and maleimides (18). 

This is the first time that surface-modified TiO2 has been used for a purpose other than 

environmental protection to selectively accelerate synthetic organic processes. As per previously 

reported TiO2-catalyzed organic reactions that typically use a stoichiometric amount of 

conventional unmodified TiO2 (Degussa P25) in combination with UVA light, the extended 

absorption in the visible light region and the reduced hole–electron pair recombination of the 

NiO surface-modified catalysts allow them to be used in a catalytic amount as small as 1 mol % 

together with visible light irradiation to achieve high catalytic efficiency (Scheme 5.10). 

Furthermore, the high thermal and photochemical stability of these modified photocatalysts 

enables them to be quickly recovered by centrifugation and reused at least nine times without 

significant decay of the catalytic activity.22 

 
Scheme 5.10 Visible-light mediated cyclization of tertiary anilines with maleimides 
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Zhang and colleagues developed a metal-free approach for the synthesis of tetrahydroquinolines 

(19) from N, N-dimethylanilines (17), and maleimides (18) using molecular oxygen as an oxidant 

and Eosin Y as a catalyst under visible light irradiation. This methodology is green because it 

uses visible light and atmospheric oxygen as the greenest reagents and metal-free, low-cost Eosin 

Y as the photocatalyst to deliver the product at ambient temperature in a simple one-pot 

operation. This metal-free strategy uses aerobic oxidative cyclization via the sp3 C-H bond 

functionalization process to achieve good yields in a one-pot procedure under mild conditions 

(Scheme 5.11).23 

 
Scheme 5.11 Eosin Y-catalyzed visible-light mediated synthesis of tetrahydroquinolines 

Bissember and co-workers demonstrated the first example of the direct functionalization of α-

amino C–H bonds promoted by a copper-based visible light photocatalyst. This chemistry 

enables the rapid synthesis of complex and essential heterocyclic scaffolds, including novel 

octahydroisoquinolino[2,1-a]pyrrolo[3,4-c]quinoline frameworks as single diastereoisomers and 

a novel aglycone analogue of the natural product incargranine B. Trifluoroacetic acid (TFA) is 

crucial in mediating the aerobic oxidative quenching of a putative photoexcited copper(I) species 

involved in the catalytic cycle. As such, this process appears to be a rare example of a Brønsted 

acid-mediated radical reaction in organic synthesis. The outcomes of this research will contribute 

to expanding the scope and applications of visible light Cu(I) photocatalysis in organic synthesis 

in the future (Scheme 5.12).24 
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Scheme 5.12 Copper-catalyzed reactions of electron-deficient olefins with tertiary anilines 

Zhang’s team revealed in 2016 that a precise bandgap engineering technique of conjugated 

nanoporous poly-benzobisthiadiazole networks as metal-free, heterogeneous photocatalysts 

allows for adequate photoredox potential justification and optimized catalytic performance. Via 

copolymerization with an optimal composition of electron-withdrawing benzobisthiadiazole 

moiety, the resulting valence and conduction band positions of the polymers can be strategically 

aligned to bracket the redox potential of targeted individual reactions. The polymers’ enhanced 

visible light-active photocatalytic activity was utilized in the oxidative cyclization of N, N-

dimethylanilines (17) with maleimides (18) to yield tetrahydroquinoline (19) products, common 

structural motifs found in numerous pharmacologically relevant compounds (Scheme 5.13).25 

 
Scheme 5.13 The direct coupling of various tertiary anilines with N-substituted maleimides 

using P-BBT-10 as photocatalyst 

Xin et al. have explored a metal-free visible-light-driven reaction for the synthesis of 

tetrahydroquinoline (21) derivatives via tandem radical cyclization of N,N-dimethylanilines (17) 

with 2-benzylidene malononitrile (20). The mild conditions enable moderate yields using cheap 

and commercially available Rose Bengal instead of previous transition metal photocatalysts and 

a household light bulb instead of a high-intensity monochromatic LED light source. The yields 

obtained with this method can match the previously reported results, and twenty new 

tetrahydroquinoline derivatives were synthesized. This work demonstrates a synergistic benefit 
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of combining TFA with Rose Bengal, and it might provide a promising protocol for synthesizing 

tetrahydroquinoline derivatives (Scheme 5.14).26 

 
Scheme 5.14 Rose bengal-catalyzed visible-light mediated synthesis of tetrahydroquinolines 

Yadav and co-workers developed a simple metal-free [4+2] radical cyclization of N,N-

dimethylanilines with maleimides to produce tetrahydroquinolines utilizing N-

hydroxyphthalimides as an organophotoredox catalyst in visible light. At room temperature, 

C(sp3)-H activation of N,N-dimethylanilines results in the formation of α-amino radicals without 

the need of an oxidant. This method explains how to efficiently manufacture tricyclic 

heterocycles with acceptable to good yields under mild reaction conditions (Scheme 5.15).27 

 
Scheme 5.15 NHPI-catalyzed visible-light mediated synthesis of tetrahydroquinolines 

Guo et al. have developed a green, facile, and efficient method for synthesizing 

tetrahydroquinolines from N,N-dimethylanilines, and maleimides (Scheme 5.16). This 

methodology is notably green since it uses visible light and atmospheric oxygen as the greenest 

reagents and natural pigment chlorophyll as the photosensitizer in a straightforward procedure to 

deliver the products at ambient temperature. This approach allows for direct cyclization via an 

sp3 C-H bond functionalization process, resulting in tetrahydroquinoline frameworks useful in 

medical and pharmaceutical chemistry. Under mild circumstances, several substrates yielded 

moderate to high yields (61-98 %). This new approach is an example of investigating an 
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ecologically friendly, simple, and convenient synthesis pathway in organic chemistry that uses 

chlorophyll and light energy.28 

 
Scheme 5.16 Chlorophyll-catalyzed visible-light mediated synthesis of tetrahydroquinolines 

In 2018, Wu’s team successfully developed a redox-neutral reaction to achieve oxidative 

cyclization synthesis of tetrahydroquinolines in conjunction with hydrogenation. Various 

tetrahydroquinolines (19) were produced from tertiary anilines (17) and maleimides (18) in good 

to excellent yields by irradiating a catalytic quantity of photocatalyst Ru(bpy)3Cl2 and 

cobaloxime catalyst Co(dmgH)2pyCl with visible light. Simultaneously, the electron and proton 

removed from tertiary anilines are trapped by a cobaloxime catalyst, allowing for in-situ 

hydrogen transfer to maleimides (Scheme 5.17).29 

 
Scheme 5.17 Ru-catalyzed visible-light mediated synthesis of tetrahydroquinolines 

Sunden and co-workers developed a catalyst-free, photochemical oxidative annulation reaction 

between dialkylanilines (17) and maleimides (18) to generate tetrahydroquinolines (19) (Scheme 

5.18). This reaction is driven by the photochemical activity of an electron donor–acceptor (EDA) 

complex. It has a broad substrate scope and isolates the relevant products in good to excellent 

yields. Optimization has revealed that the wavelength of the light source must overlap with the 

absorption spectrum of the EDA complex, that atmospheric oxygen serves as an external 

oxidant, and that EDA complex concentration is critical for high reaction turnovers.30 
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Scheme 5.18 Light-induced α-aminoalkyl radical addition to maleimides 

Zhang and co-workers developed a versatile template-directed synthesis approach to prepare new 

types of photocatalyst-encapsulating metal–organic frameworks (photocatalyst@MOFs) with 

zeolite-like structures. Photocatalyst@MOFs showed remarkable heterogeneous catalytic activity 

for the reaction of aerobic oxidation of tertiary anilines (17) followed by cyclization with 

maleimides (18) under visible light due to the high robustness, permeant porosity, and protective 

effect of MOF matrixes (Scheme 5.19). Interestingly, photocatalyst@MOFs demonstrated 

increased photocatalytic activity when compared to homogeneous photocatalyst counterparts. 

The pores of MOFs may efficiently disperse the photocatalyst and enable the movement of 

reactants and products, which is required for high catalytic activity. This study reveals a novel 

approach for creating highly effective heterogeneous photocatalysts and expanding the catalytic 

applications of MOF materials.31 

 
Scheme 5.19 Ru@MOFs-catalyzed visible-light mediated synthesis of tetrahydroquinolines 

Sarkar and colleagues reported a macrocyclic mesotetraphenylporphyrin ligand coordinated 

Ni(II) complex (NiTPP) with excellent synthetic utility as a photoredox catalyst. This catalyst is 

superior to the known non-precious metal-based photocatalysts in ready availability and excited 

state redox properties. NiTPP also exhibits the dual activity of both excited state photo-oxidant 

and photo-reductant, as shown in maleimide annulation (Scheme 5.20). Considering the earth-
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abundant, less-toxic core metal and readily accessible ligand framework, mild reaction 

conditions, and high catalytic efficiency, this system is anticipated to offer new scope to promote 

green and economical synthesis using visible light photoredox catalysis.32 

 
Scheme 5.20 NiTPP-catalyzed visible-light mediated synthesis of tetrahydroquinolines 

Runemark et al. have developed a protocol for the visible-light-mediated synthesis of substituted 

tetrahydroquinolines (23) (Scheme 5.21). This reaction didn’t require any photocatalyst and 

relies on photoexcitation of an EDA complex formed between N-alkyl-N-methylaniline (17) and 

1,2-dibenzoyl ethylene (22), where atmospheric oxygen functions as the terminal oxidant. A 

broad substrate scope indicates the reaction’s tolerance for common functional groups. The 

resultant 3,4-dibenzoyl-THQ structure is further derivatized and demonstrated to be a helpful 

building block for the synthesis of fused heterocycles.33 

 
Scheme 5.21 Light-induced construction of tetrahydroquinolines 

Kokotos and co-workers developed a protocol for the synthesis of tricyclic cores from N,N-

dimethylanilines, and N-substituted maleimides utilizing benzaldehyde as the photoinitiator and 

cheap household lamps as the source of irradiation (Scheme 5.22). The various substituted N,N-

dimethylanilines (17), and N-substituted maleimides (18) were converted into the corresponding 

product (19) in moderate to high yields. Initially, upon excitation, benzaldehyde (PC) advances 

to its triplet state, and then, a radical pair is formed between an excited molecule of 
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benzaldehyde and a ground state molecule of benzaldehyde. This radical pair can react with 

oxygen to form peroxy radicals. One of these radicals, belonging to the radical pair or the peroxy 

radicals, can perform a hydrogen atom abstraction from the alpha position of the nitrogen of the 

dialkyl aniline, namely from the methyl substituent of the aniline forming the α-amino radical. 

Then, this radical reacts with the electrophilic double bond of the maleimide, forming a radical. 

Subsequently, an intramolecular annulation takes place, forming the main scaffold and then 

undergoing oxidation from the air’s oxygen, which is essential for the reaction to form the 

product.34 

 
Scheme 5.22 Benzaldehyde-catalyzed visible-light mediated construction of 

tetrahydroquinolines 

In 2022, Sunden’s team successfully developed a visible light-induced aerobic oxidative 

annulation reaction protocol between dialkylanilines (17) and activated alkenes (18) to deliver 

the desired product (19). This reaction is postulated to proceed via the excitation of an EDA 

complex formed between the catalyst 1,2-dibenzoyl ethylene and the amine reaction partner. The 

simple and available 1,2-dibenzoyl ethylene makes the developed protocol attractive as an 

alternative to the use of complex photoredox catalysts (Scheme 5.23).35 

 
Scheme 5.23 EDA catalysis for visible light-mediated synthesis of tetrahydroquinolines 
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5.3.2 Electro-induced [4 + 2] annulation 

In this context, Lei and co-workers reported an electrochemical oxidative [4 + 2] annulation 

between alkenes (24) and tertiary anilines (17) for the synthesis of tetrahydroquinoline 

derivatives (25)  (yields of up to 72%) (Scheme 5.24).36 The undivided cell was equipped with 

platinum electrodes, n-Bu4NBF4 as the electrolyte, and MeCN : AcOH (4 : 1) as a solvent mixture 

under a constant current (3mA) at room temperature. The methodology presented a broad 

reaction scope for electron-donating groups and electron-withdrawing groups. Additionally, 

heterocyclic enamines were well tolerated (naphthyl, thiophene, tetrahydrofuran, pyridine, and 

pyrrolidinone). The authors propose that the mechanism involves anodic oxidation of 17 to 

generate the radical cation stabilized by acetic acid, which, after deprotonation, would deliver the 

tertiary α-amino carbon radical. This radical would react with 24 via radical addition, followed 

by intramolecular cyclization and anodic oxidation, to form the final product 25. 

 
Scheme 5.24 Electrochemical oxidative [4 + 2] annulation between alkenes and tertiary anilines 
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Figure 5.3 The gap in the literature for utilization of tertiary aniline in [4 + 2] annulation 

reaction 

Despite these graceful photo/electrochemical methods, these strategies are mainly limited to the 

electronically rich alkenes (C=C) as dienophiles, whereas, the utilization of electron-deficient 

imines for oxidative [4 + 2] annulation remained unexplored (Figure 5.3). In this chapter, we 

present our first-time results in synthesizing dihydroindolo[1,2-c]quinazolin-12(6H)-one (27) 

from 2-aryl-3H-indol-3-one (26) and tertiary anilines (17) under mild electrochemical 

conditions. In this strategy, one partner loses only two hydrogen atoms while another partner 

reduces one degree of unsaturation, accompanied by hydrogen generation (Scheme 5.25).  

 
Scheme 5.25 Electrochemical oxidative [4 + 2] annulation between cyclic ketimine and tertiary 

anilines 
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5.4 Results and discussion 

To evaluate the feasibility of our proposed synthetic pathway, initially, we examined the model 

reaction; 2-phenyl-3H-indol-3-one 26a and N, N-dimethylaniline 17a were employed as model 

substrates (Table 5.1). Extensive experiments for finding suitable reaction parameters such as 

electrodes, electrolytes, catalysts, and solvents (Table 5.1) were performed and led to identifying 

the optimal reaction conditions. To our delight, desired 5-methyl-12a-phenyl-5,12a-

dihydroindolo[1,2-c]quinazolin-12(6H)-one 27aa was obtained in 81% yield under optimized 

conditions (entry 1, Table 5.1). The reaction furnishes 70 % product yield without TEMPO 

(entry 2, Table 5.1). For instance, no desired product was found without n-Bu4NBF4 (entry 3, 

Table 5.1) and current (entry 4, Table 5.1). Next, product 27aa obtained a 63% yield and 57% 

when C(+)/C(-) and C(+)/Pt(-) electrodes were used under standard conditions (entries 5-6, Table 

5.1). The reaction outcome did not improve either by decreasing (entry 7, Table 5.1) or 

increasing (entry 8, Table 5.1) the applied current. The product 27aa was obtained with 55% 

yields when TEMPO (10 mol%) (entry 9, Table 5.1), whereas a 69 % yield was observed of 

27aa with N2 purging instead of air (entry 10, Table 5.1). Moreover, other electrolytes were also 

tested, such as  n-Bu4NPF6 and n-Bu4NClO4, but all gave inferior results compared to n-

Bu4NBF4 (entries 11-12, Table 5.1). The addition of  HCl (1.0 equiv.) under standard conditions 

(entries 13, Table 5.1) and NaOAc (1.0 equiv.) (entries 14, Table 5.1) did not improve the 

reaction yields. Furthermore, increasing the N, N-dimethylaniline 17a  (2.0 equiv) (entry 15, 

Table 5.1) decreased the reaction yield. The choice of solvent is crucial to the reaction. DCE and 

MeOH were ineffective for this reaction (entries 16- 7, Table 5.1). Thus, we prefer to perform 

the reaction under optimized conditions. 

After confirming the optimized conditions for the electrochemical oxidative [4+2] annulation 

between cyclic ketimine and tertiary anilines, we examine the method’s scope with various 2-

aryl-3H-indol-3-one 26 and N,N-dimethylaniline 17 (Table 5.2). Initially, a series of 2-aryl-3H-

indol-3-one 26a-26l was tested by substituting with electron-withdrawing groups or electron-

donating at the C2-aryl ring, producing corresponding products 27aa-27la (70-86%) under 

optimized conditions. When the C2-aryl ring was replaced with naphthyl 26m, thienyl 26n, and 

5-bromo thienyl 26o, complementary products 27ma (70%), 27na (75%), and 27oa (72%) were 

obtained, respectively.  
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Table 5.1: Optimization of the reaction conditionsa 

 
Entry Variation from standard conditions Yield 

(%) 

1 none  81  

2 without TEMPO 70 

3 without n-Bu4NBF4 - 

4 without current - 

5 C(+)/C(-) used instead of  C(+)/Ni(-) 63 

6 C(+)/Pt(-) used instead of  C(+)/Ni(-) 57 

7 3 mA, 15 h  46 

8 10 mA,  5 h 58 

9 TEMPO (10 mol%)  55 

10 N2 instead of air 69 

11 n-Bu4NPF6 (1.0 equiv.) used instead of n-Bu4NBF4 (1.0 equiv.) 50 

12 n-Bu4NClO4 (1.0 equiv.) used instead of  n-Bu4NBF4 (1.0 equiv.) 45 

13 HCl (1.0 mmol)  20 

14 NaOAC (1.0 mmol) 40 

15 17a (1.0 mmol) was used 60 

16 DCE 44 

17 MeOH 30 
 

aReaction conditions: 26a (0.5 mmol, 1.0 equiv), 17a (0.5 mmol, 1.0 equiv), n-Bu4NBF4 (0.25 

mmol, 0.5 equiv), TEMPO (0.1 mmol, 20 mol%), AcOH (1.0 mmol, 2.0 equiv), CH3CN (8.0 

mL), in an Undivided cell with C(+) | Ni(-), constant current = 6 mA, air, rt, 8 h. bAll isolated 

yields of 3 after column chromatography were based on 26a. 
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Table 5.2: Electrochemical oxidative [4 + 2] annulation of  2-aryl-3H-indol-3-ones and N,N-

dimethylaniline 

 
aReaction conditions: 26 (0.5 mmol, 1.0 equiv), 17a (0.5 mmol, 1.0 equiv), n-Bu4NBF4 (0.25 

mmol, 0.5 equiv), TEMPO (0.1 mmol, 20 mol%), AcOH (1.0 mmol, 2.0 equiv), CH3CN (8.0 

mL), in an Undivided cell with C(+) | Ni(-), constant current = 6 mA, air, rt, 8 h. aAll isolated 

yields of 27 after column chromatography were based on 26. 
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Table 5.3: Electrochemical oxidative [4 + 2] annulation of  2-phenyl-3H-indol-3-one 

and tertiary anilines 
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aReaction conditions: 26a (0.5 mmol, 1.0 equiv), 17 (0.5 mmol, 1.0 equiv), n-Bu4NBF4 (0.25 

mmol, 0.5 equiv), TEMPO (0.1 mmol, 20 mol%), AcOH (1.0 mmol, 2.0 equiv), CH3CN (8.0 

mL), in an Undivided cell with C(+) | Ni(-), constant current = 6 mA, air, rt, 8 h. bAll isolated 

yields of 27 after column chromatography were based on 26a. 

While having different substitutions at the indole ring of 2-aryl-3H-indol-3-one also furnished 

the complementary products 27pa-27ra (68-82%). Next, a series of 2-aryl-3H-indol-3-one with 

substitutions like- Me, F, Br, and OMe were examined on both the aryl rings. A series of related 

products, 27sa-27va (68-87% yields), were obtained with N,N- dimethylaniline 17a as a second 

coupling partner. When the C2-aryl ring was replaced with a naphthyl ring and methyl substitute 

at the indole ring was tested under the optimized condition, the corresponding product 27wa was 

obtained with 78% yield. 

Next, we check the generality of N,N-dimethyl arylamine 17b-17ah having different 

substitutions at ortho-, meta- or para-positions with 2-phenyl-3H-indol-3-one 26a and furnished 

related products 27ab-27aah (65-92%) (Table 5.3). The single crystal X-ray analysis for 

compounds 27ma (CCDC 2310436), 27ab (CCDC 2310442), 27aj (CCDC 2310439) and 27ao 

(CCDC 2310469) confirmed the assigned structures. 

5.5 Cyclic voltammetry experiment 

Cyclic voltammetry (CV) was performed using a three-electrodes cell (glassy carbon as the 

working electrode, Pt wire as the auxiliary electrode, and Ag/AgCl as reference electrode) in 

CH3CN/n-Bu4NBF4 (12 mL, 0.02M) as the supporting electrolyte at room temperature. The 

Ag/AgCl as the reference electrode, and the scan rate was 0.2 V/s, ranging from +1.8 V to +2.0 

V. The oxidation potentials for 26a (Eox = -0.62 V vs. Ag/AgCl as reference electrode), 17a (Eox 
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= +1.12 V vs. Ag/AgCl as reference electrode), TEMPO (Eox = +0.1.36 V vs. Ag/AgCl as 

reference electrode), and 26a+17a+TEMPO+AcOH (Eox = +1.32 V and +1.50 V vs. Ag/AgCl as 

reference electrode) were measured, respectively, as shown in Figure 5.2. The CV was plotted 

using the IUPAC convention. 

 
Figure 5.4 Cyclic voltammogram of CH3CN/n-Bu4NBF4 (12 mL, 0.02M) (black), 26a (2.0 mM) 

in CH3CN/n-Bu4NBF4 (12 mL, 0.02M) (red), 17a (2.0 mM) in CH3CN/n-Bu4NBF4 (12 mL, 

0.02M) (blue), TEMPO (2.0 mM) in CH3CN/n-Bu4NBF4 (12 mL, 0.02M) (green), 26a (2.0 

mM), 17a (2.0 mM), TEMPO (2.0 mM), AcOH (2.0 mM)  in CH3CN/n-Bu4NBF4 (12 mL, 

0.02M) (pink), Reference electrode: Ag/AgCl (3M KCl), scan rate: 0.2 V/s. all experiments were 

done at room temperature 

5.6 Control experiments, Reaction mechanism, Synthetic applications 

The formation of product 27aa was not observed with BHT or TEMPO as a radical scavenger 

under the standard electrochemical conditions, confirming the radical nature of the reaction at the 

intermediate step (Scheme 5.26). 

Scheme 5.26: Control experiment 

A probable mechanism has been proposed based on the literature available in this direction. As 

shown in Scheme 5.27, TEMPO underwent oxidation at the anode to generate TEMPO+, which 

could oxidize 17a to a radical cation that can be stabilized by acetic acid. Afterward, the radical 
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cation resonates and deprotonates to get the tertiary α-amino carbon radical A; the radical 

intermediate A can react with 26a via a radical addition process, forming intermediate B. The 

subsequent radical B species could engage in an intramolecular cyclization reaction, followed by 

anodic oxidation, which produces the desired product 27aa, and another possible way could be 

the intermediate B again undergoes anodic oxidation that forms carbocation C, which follows the 

intramolecular Friedel crafts reaction to access the desired product 27aa. 

 
Scheme 5.27: A tentative mechanism for the electrochemical oxidative [4+2] annulation 

The practicality of the developed method was shown at the gram-scale preparation of compound 

27aa (1.3 g, 78% yield) under optimized conditions (Scheme 5.28a). Next, the developed 

method was applied successfully for the synthesis of 2,5-dimethyl-12a-phenyl-5,6,12,12a-

tetrahydroindolo[1,2-c]quinazolin-12-ol 28 (81%, (Scheme 5.28b)), respectively, when 

compound 27aa were treated with sodium borohydride and lithium bromide as an additive in 1, 

4-dioxane at 0 °C to rt conditions.  



CHAPTER - 5 
 

175

 
Scheme 5.28: Synthetic applications (a) gram-scale synthesis of 27aa; (b) synthesis of  2,5-

dimethyl-12a-phenyl-5,6,12,12a-tetrahydroindolo[1,2-c]quinazolin-12-ol 28 

5.7 Conclusions 

In conclusion, we have developed a novel method for the electrochemical oxidative 

intermolecular [4+2] annulation of tertiary aryl amines and cyclic ketimines to access 

functionalized dihydroindolo[1,2-c]quinazolin-12(6H)-one moiety. This developed protocol can 

occur under air and metal-free conditions at room temperature, and a wide range of functional 

groups proved to be compatible under our optimized conditions. Notably, the reaction conditions 

were consistent with some drug structure derivatives. Further studies on the reaction’s scope and 

application are ongoing in our laboratory. 

5.8 General experimental methods  

All reactions were observed using Thin-layer chromatography (on SiO2 gel F254 plates) and 

performed on IKA ElectroSyn 2.0 Pro under standard conditions. The desired compounds were 

purified through Flash column chromatography packed with silica gel (100-200 meshes size) as 

the stationary phase and a mixture of petroleum ether-acetone as eluent. Melting points were 

determined in open capillary tubes on an EZ-Melt Automated melting point apparatus and are 

uncorrected. NMR spectra were recorded on a Bruker AV 400 spectrometer. The chemical shifts 

were reported in parts per million (ppm) using deuterated solvent as the internal standard. High-

resolution mass spectra (HRMS-ESI) were recorded using a quadrupole time-of-flight (Q-TOF) 

mass spectrometer (Applied Biosystems). The cyclic voltammetry was performed using CH 
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Instruments Electrochemical Analyzer (Model CHI1200B) with a three-electrodes cell (glassy 

carbon as the working electrode (3-mm diameter, circular), Pt wire as the auxiliary electrode, and 

Ag/AgCl as the reference electrode). Before experimenting, the electrode was polished with 

Micro Polish Alumina Powder 0.05 μm as per the following method: The alumina (0.05 μm) was 

mixed with water on the polishing pad to make a paste. The working electrode was then rubbed 

on the polishing pad with some alumina paste while ensuring that the face of the working 

electrode remained flat, and polishing was performed in a figure-8 so that grooves do not 

develop in the electrode surface. After polishing for about 30 seconds, the electrode was 

sonicated in deionized water for no more than 1 minute. Finally, the electrode was washed with 

deionized water, and the electrode surface was dried before use. All cyclic voltammetry 

experiments were performed after nitrogen purging for deoxygenation purposes. The cyclic 

voltammetry was performed using CH Instruments electrochemical Analyzer (Model 

CHI1200B). All the chemicals were obtained from the commercial supplier and were used 

without Purification. The 2-arylindoles,37 2-aryl substituted 3H-indol-3-ones38 26, and tertiary 

aniline 17 were prepared according to the reported procedures.39 Oil baths were used for heating 

conditions. 

5.8.1 General procedure for the synthesis of compound 27 

A 10 mL dried undivided reaction cell with a stirring bar was charged with 26 (0.5 mmol, 1.0 

equiv.), N, N-Dimethylaniline 17 (0.5 mmol, 1.0 equiv.), n-Bu4NBF4 (82 mg, 0.25 mmol, 0.5 

equiv.), TEMPO (16 mg, 0.1 mmol, 20 mol%) and AcOH (60 mg, 1.0 mmol, 2.0 equiv.) in 

CH3CN (10 mL). The carbon-plate anode and nickel-plate cathode were dipped into the reaction 

mixture and electrolyzed at a constant current condition (6 mA) under an air atmosphere at room 

temperature. The reaction progress was monitored by TLC. Upon completion, the reaction 

mixture was evaporated under reduced pressure, and crude mass was stirred between ethyl 

acetate (10 mL) and NH4Cl (10 mL, 10% solution) for five minutes. The organic phase was 

separated, dried over anhydrous Na2SO4, and evaporated under reduced pressure. Purification of 

crude mass on silica gel column chromatography using a mixture of petroleum ether and acetone 

as eluent furnished product 27 (65-92% yields). 
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5.8.2 Characterization data of synthesized compounds 

5-Methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27aa): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (132 

mg, 81% yield, mp = 210-215 oC). 1H NMR (400 MHz, CDCl3) δ 7.73 – 7.69 

(m, 1H), 7.67 (dd, J = 7.9, 1.5 Hz, 1H), 7.57 (m, 1H), 7.30 (dt, J = 4.6, 2.3 Hz, 

3H), 7.23 – 7.17 (m, 3H), 7.14 (d, J = 8.3 Hz, 1H), 6.98 – 6.93 (m, 1H), 6.85 – 

6.80 (m, 1H), 6.70 (d, J = 8.3 Hz, 1H), 4.68 (d, J = 11.9 Hz, 1H), 4.27 (d, J = 12.0 Hz, 1H), 2.93 

(s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.1, 160.7, 145.7, 142.2, 136.8, 130.0, 128.7, 

128.6 (2C), 128.4 (2C), 128.0, 125.8, 123.0, 120.5, 118.3, 117.2, 112.5, 111.3, 74.4, 59.7, 36.8. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C22H19N2O 327.1492, found. 327.1493. 

12a-(4-Fluoro-3-methyl phenyl)-5-methyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-

one (±27ba): Purification with petroleum ether: acetone (8/2) as eluent); 

yellow solid (131 mg, 73% yield, mp = 152-154 oC). 1H NMR (400 MHz, 

CDCl3) δ 7.73 – 7.69 (m, 1H), 7.64 (dd, J = 7.9, 1.5 Hz, 1H), 7.58 (m, 1H), 

7.20 (m, 1H), 7.15 (d, J = 8.3 Hz, 1H), 7.02 – 6.88 (m, 4H), 6.85 – 6.79 (m, 

1H), 6.73 – 6.67 (m, 1H), 4.68 (d, J = 11.9 Hz, 1H), 4.25 (d, J = 12.0 Hz, 1H), 2.93 (s, 3H), 2.21 

(s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.1, 160.6, 145.6, 137.6 (d, J = 3.5 Hz), 136.9, 

131.6 (d, J = 5.4 Hz), 131.5, 130.0, 128.8, 128.0 (d, J = 8.3 Hz), 125.8, 125.0 (d, J = 17.6 Hz), 

122.9, 120.6, 118.3, 117.0, 114.8 (d, J = 22.6 Hz), 112.6, 111.4, 74.0, 59.7, 36.8, 14.7. HRMS 

(ESI-TOF) m/z: [M + H+] Calcd for C23H20FN2O 359.1554, Found. 359.1556. 

12a-(4-Fluorophenyl)-5-methyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27ca): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (121 

mg, 70% yield, mp = 173-175 oC). 1H NMR (400 MHz, CDCl3) δ 7.71 (m, 

1H), 7.64 (dd, J = 7.9, 1.6 Hz, 1H), 7.58 (m, 1H), 7.22 – 7.16 (m, 3H), 7.14 

(d, J = 8.3 Hz, 1H), 7.02 – 6.94 (m, 3H), 6.82 (td, J = 7.9, 1.2 Hz, 1H), 6.70 

(dd, J = 8.3, 1.0 Hz, 1H), 4.68 (d, J = 11.9 Hz, 1H), 4.24 (d, J = 12.0 Hz, 1H), 2.93 (s, 3H). 
13C{1H} NMR (100 MHz, CDCl3) δ 199.9, 162.4 (d, J = 247.5 Hz), 160.6, 145.6, 137.9 (d, J = 

3.3 Hz), 136.9, 130.5, 130.4, 129.9, 128.8, 125.8, 122.8, 120.6, 118.3, 116.9, 115.3, 115.1, 112.6, 

111.3, 73.8, 59.7, 36.8. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C22H18FN2O 345.1398, 

Found. 345.1399. 
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12a-(3-Chlorophenyl)-5-methyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27da): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (130 

mg, 72% yield, mp = 160-163 oC). 1H NMR (400 MHz, CDCl3) δ 7.71 (d, J = 

7.7 Hz, 1H), 7.66 (dd, J = 7.9, 1.5 Hz, 1H), 7.58 (m, 1H), 7.28 (dt, J = 8.0, 

1.7 Hz, 1H), 7.25 – 7.22 (m, 1H), 7.20 (m, 2H), 7.15 (d, J = 8.3 Hz, 1H), 7.12 

(dt, J = 7.3, 1.6 Hz, 1H), 6.97 (t, J = 7.4 Hz, 1H), 6.87 – 6.81 (m, 1H), 6.72 – 6.68 (m, 1H), 4.69 

(d, J = 12.0 Hz, 1H), 4.25 (d, J = 12.0 Hz, 1H), 2.93 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 

199.3, 160.6, 145.6, 144.0, 137.0, 134.3, 129.8, 129.6, 128.9, 128.7, 128.2, 126.8, 125.9, 122.7, 

120.7, 118.4, 116.3, 112.6, 111.4, 73.8, 59.8, 36.7. HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C22H18ClN2O 361.1102, Found. 361.1105. 

12a-(4-Chlorophenyl)-5-methyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27ea): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (134 

mg, 74% yield, mp = 158-160 oC). 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 

7.7 Hz, 1H), 7.66 – 7.62 (m, 1H), 7.61 – 7.55 (m, 1H), 7.28 (d, J = 8.6 Hz, 

2H), 7.23 – 7.17 (m, 1H), 7.17 – 7.13 (m, 3H), 6.96 (t, J = 7.4 Hz, 1H), 6.82 

(t, J = 7.3 Hz, 1H), 6.70 (d, J = 8.2 Hz, 1H), 4.69 (d, J = 12.0 Hz, 1H), 4.23 (d, J = 12.0 Hz, 1H), 

2.93 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 199.6, 160.6, 145.6, 140.6, 137.0, 134.0, 130.1 

(2C), 129.8, 128.9, 128.5 (2C), 125.8, 122.8, 120.7, 118.3, 116.7, 112.6, 111.4, 73.8, 59.7, 36.8. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C22H18ClN2O 361.1102, Found. 361.1105. 

12a-(3-Bromophenyl)-5-methyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27fa): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (156 

mg, 77% yield, mp = 108-110 oC). 1H NMR (400 MHz, CDCl3) δ 7.68 (dd, J 

= 18.4, 6.3 Hz, 2H), 7.62 – 7.53 (m, 1H), 7.43 (s, 1H), 7.35 (s, 1H), 7.17 (t, J 

= 12.8 Hz, 4H), 7.03 – 6.93 (m, 1H), 6.89 – 6.79 (m, 1H), 6.70 (d, J = 6.5 Hz, 

1H), 4.69 (d, J = 11.3 Hz, 1H), 4.25 (d, J = 11.6 Hz, 1H), 2.93 (s, 3H). 13C{1H} NMR (100 MHz, 

CDCl3) δ 199.2, 160.6, 145.6, 144.2, 137.0, 131.5, 131.2, 129.9, 129.8, 129.0, 127.4, 125.9, 

122.7, 122.6, 120.7, 118.4, 116.3, 112.6, 111.4, 73.8, 59.8, 36.7. HRMS (ESI-TOF) m/z: [M + 

H+] Calcd for C22H18BrN2O 405.0597, Found. 405.0598. 
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12a-(4-Bromophenyl)-5-methyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27ga): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (158 

mg, 78% yield, mp = 120-123 oC). 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 

7.6 Hz, 1H), 7.63 (d, J = 7.7 Hz, 1H), 7.58 (t, J = 7.6 Hz, 1H), 7.43 (d, J = 

8.3 Hz, 2H), 7.20 (t, J = 7.6 Hz, 1H), 7.14 (d, J = 8.3 Hz, 1H), 7.09 (d, J = 

8.3 Hz, 2H), 6.96 (t, J = 7.4 Hz, 1H), 6.82 (t, J = 7.5 Hz, 1H), 6.70 (d, J = 8.3 Hz, 1H), 4.68 (d, J 

= 12.0 Hz, 1H), 4.23 (d, J = 12.0 Hz, 1H), 2.92 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 

199.5, 160.6, 145.6, 141.1, 137.0, 131.5 (2C), 130.4 (2C), 129.8, 128.9, 125.8, 122.8, 122.3, 

120.7, 118.3, 116.6, 112.6, 111.4, 73.8, 59.7, 36.8. HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C22H18BrN2O 405.0597, Found. 405.0598. 

5-Methyl-12a-(p-tolyl)-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27ha): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (143 

mg, 84% yield, mp = 180-183 oC). 1H NMR (400 MHz, CDCl3) δ 7.73 – 

7.69 (m, 1H), 7.66 (dd, J = 7.9, 1.5 Hz, 1H), 7.56 (m, 1H), 7.19 (m, 1H), 

7.15 – 7.10 (m, 3H), 7.10 – 7.06 (m, 2H), 6.97 – 6.92 (m, 1H), 6.81 (td, J = 

8.0, 1.1 Hz, 1H), 6.72 – 6.68 (m, 1H), 4.67 (d, J = 11.9 Hz, 1H), 4.27 (d, J = 11.9 Hz, 1H), 2.92 

(s, 3H), 2.33 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.3, 160.6, 145.7, 139.3, 137.8, 

136.8, 130.0, 129.1 (2C), 128.6, 128.5 (2C), 125.7, 123.1, 120.4, 118.2, 117.3, 112.4, 111.3, 

74.2, 59.7, 36.8, 21.1. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C23H21N2O 341.1648, Found. 

341.1649. 

12a-(4-Isobutylphenyl)-5-methyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27ia): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid 

(150 mg, 78% yield, mp = 100-103 oC). 1H NMR (400 MHz, CDCl3) δ 

7.75 – 7.72 (m, 1H), 7.70 (dd, J = 7.9, 1.6 Hz, 1H), 7.59 (m, 1H), 7.21 

(m, 1H), 7.17 – 7.14 (m, 1H), 7.11 (d, J = 1.0 Hz, 4H), 6.97 (m, 1H), 

6.84 (m, 1H), 6.72 (dd, J = 8.3, 1.2 Hz, 1H), 4.70 (d, J = 11.9 Hz, 1H), 4.31 (d, J = 11.9 Hz, 1H), 

2.95 (s, 3H), 2.47 (d, J = 7.2 Hz, 2H), 1.84 (dp, J = 13.6, 6.8 Hz, 1H), 0.93 (d, J = 1.2 Hz, 3H), 

0.91 (d, J = 1.2 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.3, 160.6, 145.7, 141.5, 139.5, 

136.8, 130.0, 129.1 (2C), 128.6, 128.3 (2C), 125.7, 123.1, 120.4, 118.2, 117.4, 112.4, 111.3, 

74.3, 59.7, 45.0, 36.8, 30.1, 22.4, 22.4. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C26H27N2O 

383.2118, Found. 383.2119. 
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12a-(3-Methoxyphenyl)-5-methyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27ja): Purification with petroleum ether: acetone (8/2) as eluent); yellow 

solid (144 mg, 81% yield, mp = 170-173 oC). 1H NMR (400 MHz, CDCl3) 

δ 7.72 – 7.69 (m, 1H), 7.68 (dd, J = 7.9, 1.5 Hz, 1H), 7.56 (m, 1H), 7.23 (t, 

J = 8.0 Hz, 1H), 7.18 (m, 1H), 7.13 (d, J = 8.3 Hz, 1H), 6.97 – 6.92 (m, 

1H), 6.86 – 6.78 (m, 3H), 6.76 – 6.74 (m, 1H), 6.70 – 6.67 (m, 1H), 4.68 (d, J = 11.9 Hz, 1H), 

4.29 (d, J = 11.9 Hz, 1H), 3.73 (s, 3H), 2.92 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 199.8, 

160.6, 159.5, 145.6, 143.6, 136.8, 130.0, 129.4, 128.7, 125.8, 122.9, 121.0, 120.4, 118.2, 117.0, 

115.0, 113.0, 112.5, 111.3, 74.2, 59.7, 55.2, 36.8. HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C23H21N2O2 357.1598, Found. 357.1598. 

12a-(3,4-Dimethoxyphenyl)-5-methyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27ka): Purification with petroleum ether: acetone (8/2) as eluent); yellow 

solid (155 mg, 80% yield, mp = 160-162 oC). 1H NMR (400 MHz, CDCl3) 

δ 7.71 (d, J = 7.6 Hz, 1H), 7.66 (d, J = 7.6 Hz, 1H), 7.57 (t, J = 7.6 Hz, 

1H), 7.22 – 7.12 (m, 2H), 6.95 (t, J = 7.4 Hz, 1H), 6.77 (m, 3H), 6.69 (d, J 

= 8.3 Hz, 1H), 6.66 (s, 1H), 4.68 (d, J = 11.9 Hz, 1H), 4.29 (d, J = 11.9 Hz, 1H), 3.85 (s, 3H), 

3.75 (s, 3H), 2.93 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.1, 160.6, 148.9, 145.5, 136.8, 

134.5, 130.0, 128.7, 125.8, 122.9, 121.9, 120.4, 118.1, 117.2, 112.4, 111.4, 111.3 (2C), 110.5, 

74.4, 59.6, 55.9 (2C), 36.8. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C24H23N2O3 387.1703, 

Found. 387.1705. 

12a-(4-Methoxyphenyl)-5-methyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27la): Purification with petroleum ether: acetone (8/2) as eluent); yellow 

solid (153 mg, 86% yield, mp = 175-177 oC). 1H NMR (400 MHz, CDCl3) 

δ 7.71 (d, J = 7.7 Hz, 1H), 7.67 – 7.63 (m, 1H), 7.56 (t, J = 7.6 Hz, 1H), 

7.21 – 7.15 (m, 1H), 7.15 – 7.09 (m, 3H), 6.94 (t, J = 7.4 Hz, 1H), 6.82 (dd, 

J = 14.2, 8.1 Hz, 3H), 6.69 (d, J = 8.3 Hz, 1H), 4.67 (d, J = 11.9 Hz, 1H), 4.27 (d, J = 11.9 Hz, 

1H), 3.78 (s, 3H), 2.92 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.4, 160.5, 159.3, 145.6, 

136.8, 134.4, 129.9 (3C), 128.6, 125.7, 123.0, 120.4, 118.2, 117.4, 113.7 (2C), 112.4, 111.3, 

74.1, 59.6, 55.3, 36.8. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C23H21N2O2 357.1598, Found. 

357.1598. 
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5-Methyl-12a-(naphthalen-2-yl)-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27ma): Purification with petroleum ether: acetone (8/2) as eluent); yellow 

solid (132 mg, 70% yield, mp = 156-158 oC). 1H NMR (400 MHz, CDCl3) δ 

7.85 – 7.72 (m, 5H), 7.68 (s, 1H), 7.60 (t, J = 7.6 Hz, 1H), 7.47 (dq, J = 

11.9, 6.9 Hz, 2H), 7.27 (d, J = 4.2 Hz, 1H), 7.24 (s, 1H), 7.18 (d, J = 8.2 Hz, 

1H), 6.99 (t, J = 7.4 Hz, 1H), 6.89 (t, J = 7.4 Hz, 1H), 6.76 (d, J = 8.2 Hz, 1H), 4.70 (d, J = 12.0 

Hz, 1H), 4.29 (d, J = 12.0 Hz, 1H), 2.95 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.1, 

160.8, 145.8, 139.5, 136.8, 133.0, 132.9, 130.1, 128.9, 128.8, 128.4, 128.2, 127.5, 126.3, 126.1, 

125.8, 125.6, 123.1, 120.6, 118.3, 116.8, 112.6, 111.4, 74.6, 59.7, 36.8. HRMS (ESI-TOF) m/z: 

[M + H+] Calcd for C26H21N2O 377.1648, Found. 377.1650. 

5-Methyl-12a-(thiophen-2-yl)-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27na): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (125 

mg, 75% yield, mp = 140-143 oC). 1H NMR (400 MHz, CDCl3) δ 7.87 (dd, J = 

7.9, 1.4 Hz, 1H), 7.70 (d, J = 7.7 Hz, 1H), 7.61 – 7.55 (m, 1H), 7.29 – 7.27 (m, 

1H), 7.22 – 7.15 (m, 2H), 7.12 – 7.09 (m, 1H), 7.01 – 6.93 (m, 2H), 6.87 – 6.82 

(m, 1H), 6.67 (d, J = 8.2 Hz, 1H), 4.78 (d, J = 12.0 Hz, 1H), 4.52 (d, J = 12.1 Hz, 1H), 2.93 (s, 

3H). 13C{1H} NMR (100 MHz, CDCl3) δ 197.4, 159.8, 145.5, 144.9, 137.0, 129.2, 128.8, 127.2, 

126.9, 126.0, 125.8, 122.3, 120.8, 118.6, 118.3, 112.4, 111.5, 71.2, 60.1, 36.7. HRMS (ESI-TOF) 

m/z: [M + H+] Calcd for C20H17N2OS 333.1056, Found. 333.1058. 

12a-(5-Bromothiophen-2-yl)-5-methyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27oa): Purification with petroleum ether: acetone (8/2) as eluent); yellow 

solid (148 mg, 72% yield, mp = 128-130 oC). 1H NMR (400 MHz, CDCl3) δ 

7.85 (d, J = 7.4 Hz, 1H), 7.69 (d, J = 7.3 Hz, 1H), 7.58 (t, J = 7.2 Hz, 1H), 

7.18 (t, J = 8.8 Hz, 2H), 7.08 (s, 1H), 7.02 – 6.92 (m, 2H), 6.83 (t, J = 7.0 Hz, 

1H), 6.66 (d, J = 7.8 Hz, 1H), 4.77 (d, J = 12.0 Hz, 1H), 4.51 (d, J = 11.9 Hz, 1H), 2.93 (s, 3H). 
13C{1H} NMR (100 MHz, CDCl3) δ 197.4, 159.8, 145.6, 145.0, 137.0, 129.2, 128.9, 127.3, 

126.9, 126.1, 125.9, 122.4, 120.8, 118.6, 118.4, 112.4, 111.5, 71.2, 60.1, 36.8. HRMS (ESI-TOF) 

m/z: [M + H+] Calcd for C20H16BrN2OS 411.0161, Found. 411.0162. 
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10-Chloro-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27pa): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (123 

mg, 68% yield, mp = 122-124 oC). 1H NMR (400 MHz, CDCl3) δ 7.81 (d, J = 

1.9 Hz, 1H), 7.62 (m, 2H), 7.34 – 7.29 (m, 3H), 7.23 – 7.20 (m, 1H), 7.18 (dt, 

J = 6.1, 2.1 Hz, 2H), 7.04 (d, J = 8.7 Hz, 1H), 6.86 – 6.80 (m, 1H), 6.71 (d, J 

= 8.3 Hz, 1H), 4.62 (d, J = 12.0 Hz, 1H), 4.25 (d, J = 12.0 Hz, 1H), 2.92 (s, 3H). 13C{1H} NMR 

(100 MHz, CDCl3) δ 198.7, 159.3, 145.6, 141.6, 139.3, 130.0, 129.0, 128.6 (2C), 128.5 (2C), 

128.3, 128.2, 124.9, 118.5, 116.6, 113.1, 112.9, 112.6, 75.0, 59.7, 36.8. HRMS (ESI-TOF) m/z: 

[M + H+] Calcd for C22H18ClN2O 361.1102, Found. 361.1104. 

10-Bromo-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27qa): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (142 

mg, 70% yield, mp = 150-153 oC). 1H NMR (400 MHz, CDCl3) δ 7.81 (d, J = 

2.0 Hz, 1H), 7.62 (m, 2H), 7.33 – 7.29 (m, 3H), 7.23 – 7.16 (m, 3H), 7.04 (d, J 

= 8.7 Hz, 1H), 6.86 – 6.81 (m, 1H), 6.73 – 6.69 (m, 1H), 4.62 (d, J = 12.0 Hz, 

1H), 4.25 (d, J = 12.0 Hz, 1H), 2.92 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 198.6, 159.3, 

145.6, 141.6, 139.3, 130.0, 128.9, 128.6 (2C), 128.5 (2C), 128.2, 128.2, 124.8, 118.5, 116.5, 

113.1, 112.9, 112.6, 75.0, 59.7, 36.8. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C22H18BrN2O 

405.0597, Found. 405.0598. 

5,10-dimethyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27ra): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (140 

mg, 82% yield, mp = 180-183 oC). 1H NMR (400 MHz, CDCl3) δ 8.22 – 7.66 

(dd, J = 7.9, 1.5 Hz, 1H), 7.53 – 7.50 (m, 1H), 7.40 (dd, J = 8.4, 1.5 Hz, 1H), 

7.31 (qd, J = 4.5, 1.7 Hz, 3H), 7.23 – 7.16 (m, 3H), 7.07 (d, J = 8.4 Hz, 1H), 

6.82 (td, J = 7.5, 1.2 Hz, 1H), 6.69 (dd, J = 8.3, 1.2 Hz, 1H), 4.65 (d, J = 11.9 Hz, 1H), 4.24 (d, J 

= 12.0 Hz, 1H), 2.92 (s, 3H), 2.31 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.1, 159.1, 

145.7, 142.4, 138.1, 130.1 (2C), 128.7 (2C), 128.6, 128.3 (2C), 127.9, 125.2, 123.3, 118.2, 117.2, 

112.4, 111.3, 74.7, 60.0, 36.8, 20.5. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C23H21N2O 

341.1648, Found. 341.1649. 
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12a-(4-fluorophenyl)-5, 10-dimethyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27sa): Purification with petroleum ether: acetone (8/2) as eluent); yellow 

solid (124 mg, 69% yield, mp = 108-110 oC). 1H NMR (400 MHz, CDCl3) 

δ 7.62 (dd, J = 7.9, 1.5 Hz, 1H), 7.50 (p, J = 0.9 Hz, 1H), 7.41 (dd, J = 8.4, 

1.5 Hz, 1H), 7.21 – 7.15 (m, 3H), 7.07 (d, J = 8.4 Hz, 1H), 7.02 – 6.95 (m, 

2H), 6.83 – 6.78 (m, 1H), 6.68 (dd, J = 8.3, 0.9 Hz, 1H), 4.65 (d, J = 11.9 Hz, 1H), 4.21 (d, J = 

12.0 Hz, 1H), 2.92 (s, 3H), 2.31 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 199.9, 162.4 (d, J = 

247.1 Hz), 159.0, 145.6, 138.2, 138.2 (d, J = 3.2 Hz), 130.5, 130.5, 130.3, 129.9, 128.7, 125.2, 

123.1, 118.3, 117.1, 115.3, 115.1, 112.5, 111.3, 74.1, 59.9, 36.8, 20.5. HRMS (ESI-TOF) m/z: 

[M + H+] Calcd for C23H20FN2O 359.1554, Found. 359.1555. 

12a-(4-Bromophenyl)-5, 10-dimethyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27ta): Purification with petroleum ether: acetone (8/2) as eluent); yellow 

solid (153 mg, 73% yield, mp = 160-163 oC). 1H NMR (400 MHz, CDCl3) 

δ 7.63 – 7.58 (m, 1H), 7.49 (s, 1H), 7.41 (t, J = 7.0 Hz, 3H), 7.21 – 7.15 

(m, 1H), 7.10 – 7.04 (m, 3H), 6.81 (t, J = 7.4 Hz, 1H), 6.68 (d, J = 8.3 Hz, 

1H), 4.64 (d, J = 11.9 Hz, 1H), 4.19 (d, J = 12.0 Hz, 1H), 2.91 (s, 3H), 2.31 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 199.5, 159.0, 145.6, 141.3, 138.3, 131.5 (2C), 130.4 (3C), 129.9, 

128.8, 125.3, 123.1, 122.2, 118.3, 116.7, 112.5, 111.3, 74.2, 60.0, 36.8, 20.6. HRMS (ESI-TOF) 

m/z: [M + H+] Calcd for C23H20BrN2O 419.0754, Found. 419.0755. 

5, 10-Dimethyl-12a-(p-tolyl)-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27ua): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid 

(142 mg, 80% yield, mp = 176-178 oC). 1H NMR (400 MHz, CDCl3) δ 

7.66 – 7.62 (m, 1H), 7.51 (s, 1H), 7.39 (d, J = 8.3 Hz, 1H), 7.21 – 7.15 (m, 

1H), 7.09 (dt, J = 16.7, 8.3 Hz, 6H), 6.80 (t, J = 7.4 Hz, 1H), 6.68 (d, J = 

8.2 Hz, 1H), 4.63 (d, J = 11.9 Hz, 1H), 4.24 (d, J = 11.9 Hz, 1H), 2.91 (s, 3H), 2.33 (s, 3H), 2.31 

(s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.3, 159.0, 145.7, 139.5, 138.1, 137.7, 130.1 

(2C), 129.1 (2C), 128.6 (2C), 128.5, 125.1, 123.3, 118.2, 117.5, 112.4, 111.3, 74.6, 60.0, 36.8, 

21.1, 20.6. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C24H23N2O 355.1805, Found. 355.1806. 
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12a-(4-Methoxyphenyl)-5, 10-dimethyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27va): Purification with petroleum ether: acetone (8/2) as eluent); 

yellow solid (162 mg, 87% yield, mp = 170-172 oC). 1H NMR (400 

MHz, CDCl3) δ 7.63 (dd, J = 7.9, 1.5 Hz, 1H), 7.50 (d, J = 0.9 Hz, 1H), 

7.39 (dd, J = 8.4, 1.7 Hz, 1H), 7.17 (m, 1H), 7.14 – 7.09 (m, 2H), 7.06 (d, 

J = 8.4 Hz, 1H), 6.83 (dt, J = 8.5, 2.4 Hz, 2H), 6.81 – 6.78 (m, 1H), 6.70 – 6.66 (m, 1H), 4.64 (d, 

J = 11.9 Hz, 1H), 4.24 (d, J = 11.9 Hz, 1H), 3.78 (s, 3H), 2.91 (s, 3H), 2.31 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 200.4, 159.2, 158.9, 145.6, 138.1, 134.6, 130.1, 130.0, 129.9 (2C), 

128.5, 125.1, 123.2, 118.2, 117.5, 113.7 (2C), 112.4, 111.3, 74.4, 59.9, 55.3, 36.8, 20.5. HRMS 

(ESI-TOF) m/z: [M + H+] Calcd for C24H23N2O2 371.1754, Found. 371.1755. 

5, 10-dimethyl-12a-(naphthalen-2-yl)-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27wa): Purification with petroleum ether: acetone (8/2) as eluent); 

yellow solid (152 mg, 78% yield, mp = 133-135 oC). 1H NMR (400 MHz, 

CDCl3) δ 7.80 (dd, J = 9.4, 2.2 Hz, 2H), 7.77 – 7.75 (m, 1H), 7.75 – 7.72 

(m, 1H), 7.67 – 7.65 (m, 1H), 7.54 (s, 1H), 7.45 (m, 3H), 7.25 – 7.20 (m, 

2H), 7.09 (d, J = 8.4 Hz, 1H), 6.89 – 6.83 (m, 1H), 6.76 – 6.71 (m, 1H), 4.66 (d, J = 11.9 Hz, 

1H), 4.25 (d, J = 12.0 Hz, 1H), 2.93 (s, 3H), 2.33 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 

200.2, 159.2, 145.8, 139.7, 138.2, 133.0, 132.9, 130.3, 130.2, 128.9, 128.7, 128.4, 128.2, 127.5, 

126.3, 126.1, 125.7, 125.2, 123.3, 118.3, 116.9, 112.5, 111.4, 75.0, 60.0, 36.8, 20.6. HRMS 

(ESI-TOF) m/z: [M + H+] Calcd for C27H23N2O 391.1805, Found. 391.1806. 

3-Fluoro-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27ab): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (117 

mg, 68% yield, mp = 102-104 oC). 1H NMR (400 MHz, CDCl3) δ 7.74 – 7.70 

(m, 1H), 7.62 (dd, J = 8.7, 6.6 Hz, 1H), 7.59 – 7.56 (m, 1H), 7.32 (dd, J = 

5.1, 1.9 Hz, 3H), 7.20 – 7.16 (m, 2H), 7.13 (d, J = 8.3 Hz, 1H), 7.00 – 6.95 

(m, 1H), 6.51 (td, J = 8.5, 2.6 Hz, 1H), 6.38 (dd, J = 11.7, 2.5 Hz, 1H), 4.69 (d, J = 12.0 Hz, 1H), 

4.28 (d, J = 12.1 Hz, 1H), 2.91 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 199.9, 163.3 (d, J = 

244.7 Hz), 160.4, 147.1 (d, J = 10.6 Hz), 141.8, 136.9, 131.5 (d, J = 10.0 Hz), 128.5 (2C), 128.4 

(2C), 128.1, 125.8, 122.8, 120.7, 112.6 (d, J = 2.6 Hz), 111.2, 105.0 (d, J = 21.8 Hz), 99.3 (d, J = 

26.2 Hz), 73.8, 59.3, 36.7. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C22H18FN2O 345.1398, 

Found. 345.1399. 
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2-Fluoro-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27ac): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (121 

mg, 70% yield, mp = 105-107 oC). 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 

7.5 Hz, 1H), 7.61 – 7.56 (m, 1H), 7.45 (dd, J = 9.6, 3.0 Hz, 1H), 7.32 (dd, J = 

5.1, 1.9 Hz, 3H), 7.21 – 7.17 (m, 2H), 7.15 (d, J = 8.3 Hz, 1H), 6.97 (t, J = 

7.4 Hz, 1H), 6.92 (m, 1H), 6.65 (dd, J = 9.1, 4.7 Hz, 1H), 4.67 (d, J = 11.9 Hz, 1H), 4.22 (d, J = 

12.0 Hz, 1H), 2.90 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 199.6, 160.7, 155.7 (d, J = 238.1 

Hz), 142.3 (d, J = 2.0 Hz), 141.7, 137.1, 128.5 (4C), 128.2, 125.7, 122.9, 120.6, 118.6 (d, J = 6.8 

Hz), 116.2 (d, J = 23.5 Hz), 115.7 (d, J = 22.4 Hz), 113.6 (d, J = 7.3 Hz), 111.4, 74.2 (d, J = 1.8 

Hz), 59.9, 37.2. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C22H18FN2O 345.1398, Found. 

345.1399. 

3-Chloro-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27ad): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (137 

mg, 76% yield, mp = 112-114 oC). 1H NMR (400 MHz, CDCl3) δ 7.72 (d, J 

= 7.6 Hz, 1H), 7.58 (t, J = 7.5 Hz, 2H), 7.34 – 7.29 (m, 3H), 7.20 – 7.15 (m, 

2H), 7.12 (d, J = 8.3 Hz, 1H), 6.97 (t, J = 7.4 Hz, 1H), 6.81 – 6.75 (m, 1H), 

6.68 – 6.64 (m, 1H), 4.68 (d, J = 12.1 Hz, 1H), 4.29 (d, J = 12.1 Hz, 1H), 2.92 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 199.7, 160.4, 146.5, 141.6, 137.0, 134.8, 131.1, 128.5 (4C), 128.2, 

125.8, 122.8, 120.7, 118.1, 115.4, 112.2, 111.2, 73.9, 59.3, 36.7. HRMS (ESI-TOF) m/z: [M + 

H+] Calcd for C22H18ClN2O 361.1102, Found. 361.1103. 

2,3-Dichloro-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27ae): Purification with petroleum ether: acetone (8/2) as eluent); yellow 

solid (128 mg, 65% yield, mp = 142-144 oC). 1H NMR (400 MHz, CDCl3) δ 

7.74 – 7.71 (m, 2H), 7.59 (m, 1H), 7.35 – 7.31 (m, 3H), 7.18 – 7.14 (m, 2H), 

7.11 (d, J = 8.3 Hz, 1H), 7.01 – 6.97 (m, 1H), 6.74 (s, 1H), 4.68 (d, J = 12.1 

Hz, 1H), 4.29 (d, J = 12.1 Hz, 1H), 2.92 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 199.2, 

160.3, 144.9, 141.1, 137.2, 132.9, 131.0, 128.7 (2C), 128.5 (2C), 128.4, 126.0, 122.6, 121.2, 

120.9, 117.1, 113.8, 111.2, 73.6, 59.2, 36.7. HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C22H17Cl2N2O 395.0712, Found. 395.0712. 
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2-Chloro-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27af): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (139 

mg, 77% yield, mp = 152-154 oC). 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J 

= 7.7 Hz, 1H), 7.67 (d, J = 2.2 Hz, 1H), 7.58 (t, J = 7.6 Hz, 1H), 7.32 (d, J = 

3.8 Hz, 3H), 7.22 – 7.16 (m, 2H), 7.14 (s, 2H), 6.97 (t, J = 7.4 Hz, 1H), 6.61 

(d, J = 8.9 Hz, 1H), 4.68 (d, J = 12.0 Hz, 1H), 4.25 (d, J = 12.0 Hz, 1H), 2.91 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 199.5, 160.5, 144.2, 141.5, 137.0, 129.3, 128.7, 128.5 (4C), 128.2, 

125.8, 123.2, 122.7, 120.7, 118.6, 113.7, 111.3, 74.0, 59.5, 36.8.HRMS (ESI-TOF) m/z: [M + 

H+] Calcd for C22H18ClN2O 361.1102, Found. 361.1103. 

10-Methoxy-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27ag): Purification with petroleum ether: acetone (8/2) as eluent); 

yellow solid (175 mg, 78% yield, mp = 162-165 oC). 1H NMR (400 MHz, 

CDCl3) δ 7.72 – 7.67 (m, 1H), 7.54 (m, 1H), 7.34 (m, 3H), 7.25 (dd, J = 

5.4, 1.9 Hz, 2H), 7.07 (d, J = 8.3 Hz, 1H), 6.98 – 6.91 (m, 1H), 6.52 (s, 

1H), 6.39 (s, 1H), 4.54 (d, J = 11.9 Hz, 1H), 4.18 (d, J = 12.0 Hz, 1H), 2.94 (s, 3H), 2.22 (d, J = 

16.5 Hz, 6H). 13C{1H} NMR (100 MHz, CDCl3) δ 199.7, 159.5, 147.4, 142.2, 140.8, 137.8, 

136.5, 128.4 (2C), 128.3, 127.7, 125.5, 124.4 (2C), 124.2, 120.5, 111.8, 111.3 (2C), 76.2, 59.6, 

38.0, 22.7, 21.3. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C24H23BrN3O 448.1019, Found. 

448.1020. 

3-Bromo-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27ah): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (154 

mg, 76% yield, mp = 110-113 oC). 1H NMR (400 MHz, CDCl3) δ 7.74 – 

7.69 (m, 1H), 7.58 (m, 1H), 7.52 (d, J = 8.4 Hz, 1H), 7.34 – 7.29 (m, 3H), 

7.20 – 7.14 (m, 2H), 7.12 (d, J = 8.3 Hz, 1H), 7.00 – 6.95 (m, 1H), 6.92 (dd, 

J = 8.4, 1.9 Hz, 1H), 6.81 (d, J = 1.9 Hz, 1H), 4.68 (d, J = 12.1 Hz, 1H), 4.29 (d, J = 12.1 Hz, 

1H), 2.92 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 199.6, 160.4, 146.6, 141.5, 137.0, 131.4, 

128.6 (2C), 128.5 (2C), 128.2, 125.9, 123.1, 122.8, 121.0, 120.7, 115.9, 115.1, 111.2, 74.0, 59.3, 

36.7. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C22H18BrN2O 405.0597, Found. 405.0598. 
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3-Bromo-2,5-dimethyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27ai): Purification with petroleum ether: acetone (8/2) as eluent); yellow 

solid (170 mg, 81% yield, mp = 162-163 oC). 1H NMR (400 MHz, CDCl3) δ 

7.71 (d, J = 7.7 Hz, 1H), 7.57 (t, J = 7.6 Hz, 1H), 7.50 (s, 1H), 7.34 – 7.29 

(m, 3H), 7.17 (dd, J = 6.4, 2.8 Hz, 2H), 7.12 (d, J = 8.3 Hz, 1H), 6.97 (t, J = 

7.4 Hz, 1H), 6.88 (s, 1H), 4.64 (d, J = 12.0 Hz, 1H), 4.25 – 4.20 (m, 1H), 2.89 (s, 3H), 2.28 (s, 

3H). 13C{1H} NMR (100 MHz, CDCl3) δ 199.9, 160.5, 144.7, 141.7, 137.0, 131.5, 128.6 (2C), 

128.5 (2C), 128.2, 127.2, 125.8, 125.5, 122.8, 120.7, 116.4, 116.1, 111.3, 74.1, 59.5, 36.8, 21.8. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C23H20BrN2O 419.0754, Found. 419.0756. 

2-Bromo-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27aj): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (158 

mg, 78% yield, mp = 122-125 oC). 1H NMR (400 MHz, CDCl3) δ 7.79 (d, J 

= 2.4 Hz, 1H), 7.75 – 7.72 (m, 1H), 7.59 (m, 1H), 7.35 – 7.28 (m, 3H), 7.27 

(s, 1H), 7.21 – 7.16 (m, 2H), 7.13 (d, J = 8.3 Hz, 1H), 7.01 – 6.95 (m, 1H), 

6.56 (d, J = 8.9 Hz, 1H), 4.68 (d, J = 12.0 Hz, 1H), 4.26 (d, J = 12.1 Hz, 1H), 2.91 (s, 3H). 
13C{1H} NMR (100 MHz, CDCl3) δ 199.4, 160.4, 144.6, 141.5, 137.0, 132.1, 131.6, 128.5 (4C), 

128.2, 125.8 (2C), 122.7, 120.7, 119.0, 114.1, 111.2, 110.3, 73.9, 59.4, 36.7. HRMS (ESI-TOF) 

m/z: [M + H+] Calcd for C22H18BrN2O 405.0597, Found. 405.0598. 

2-Iodo-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27ak): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (181 

mg, 80% yield, mp = 162-164 oC). 1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 

1.8 Hz, 1H), 7.72 (d, J = 7.6 Hz, 1H), 7.58 (t, J = 7.5 Hz, 1H), 7.47 – 7.42 (m, 

1H), 7.36 – 7.29 (m, 3H), 7.21 – 7.15 (m, 2H), 7.12 (d, J = 8.3 Hz, 1H), 6.97 (t, J = 7.4 Hz, 1H), 

6.44 (d, J = 8.7 Hz, 1H), 4.67 (d, J = 12.0 Hz, 1H), 4.26 (d, J = 12.1 Hz, 1H), 2.90 (s, 3H). 
13C{1H} NMR (100 MHz, CDCl3) δ 199.4, 160.4, 145.1, 141.5, 137.7, 137.4, 137.0, 128.5 (4C), 

128.2, 125.8, 122.7, 120.7, 119.4, 114.6, 111.2, 79.5, 73.7, 59.3, 36.6. HRMS (ESI-TOF) m/z: 

[M + H+] Calcd for C22H18IN2O 453.0458, Found. 453.0460. 

3,5-Dimethyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27al): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (146 

mg, 86% yield, mp = 178-180 oC). 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J 
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= 7.5 Hz, 1H), 7.58 (t, J = 7.0 Hz, 2H), 7.33 (d, J = 5.5 Hz, 3H), 7.28 – 7.22 (m, 2H), 7.16 (d, J = 

8.3 Hz, 1H), 6.97 (t, J = 7.3 Hz, 1H), 6.69 (d, J = 7.6 Hz, 1H), 6.55 (s, 1H), 4.69 (d, J = 11.9 Hz, 

1H), 4.28 (d, J = 11.9 Hz, 1H), 2.94 (s, 3H), 2.32 (s, 3H).13C{1H} NMR (100 MHz, CDCl3) δ 

200.2, 160.6, 145.5, 142.1, 138.6, 136.7, 129.8, 128.6 (2C), 128.3 (2C), 127.9, 125.7, 123.0, 

120.4, 119.3, 114.2, 113.1, 111.3, 74.3, 59.7, 36.8, 21.6. HRMS (ESI-TOF) m/z: [M + H+] Calcd 

for C23H21N2O 341.1648, Found. 341.1650. 

2,3,5-Trimethyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27am): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (160 

mg, 90% yield, mp = 192-194 oC). 1H NMR (400 MHz, CDCl3) δ 7.74 – 

7.70 (m, 1H), 7.56 (m, 1H), 7.43 (s, 1H), 7.32 (m, 3H), 7.25 – 7.21 (m, 2H), 

7.14 (d, J = 8.3 Hz, 1H), 6.97 – 6.92 (m, 1H), 6.53 (s, 1H), 4.64 (d, J = 11.8 

Hz, 1H), 4.20 (d, J = 11.9 Hz, 1H), 2.90 (s, 3H), 2.22 (s, 3H), 2.18 (s, 3H). 13C{1H} NMR (100 

MHz, CDCl3) δ 200.3, 160.7, 143.9, 142.3, 137.2, 136.7, 130.5, 128.6 (2C), 128.3 (2C), 127.9, 

126.6, 125.7, 123.0, 120.3, 114.6, 114.1, 111.4, 74.3, 59.9, 37.0, 20.0, 18.8. HRMS (ESI-TOF) 

m/z: [M + H+] Calcd for C24H23N2O   355.1805, Found. 355.1808. 

2,5-Dimethyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27an): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (157 

mg, 92% yield, mp = 202-204 oC). 1H NMR (400 MHz, CDCl3) δ 7.72 (d, J 

= 7.7 Hz, 1H), 7.56 (t, J = 7.3 Hz, 1H), 7.48 (s, 1H), 7.35 – 7.29 (m, 3H), 

7.27 – 7.18 (m, 2H), 7.14 (d, J = 8.3 Hz, 1H), 7.04 – 6.98 (m, 1H), 6.95 (t, J 

= 7.4 Hz, 1H), 6.63 (d, J = 8.4 Hz, 1H), 4.65 (d, J = 11.9 Hz, 1H), 4.21 (d, J = 11.9 Hz, 1H), 2.89 

(s, 3H), 2.25 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.3, 160.7, 143.6, 142.3, 136.8, 

130.1, 129.4, 128.7 (2C), 128.4 (2C), 128.0, 127.7, 125.7, 123.0, 120.4, 117.2, 112.7, 111.4, 

74.4, 59.9, 37.0, 20.5. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C23H21N2O 341.1648, Found. 

341.1650. 

2-Ethyl-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27ao): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (156 

mg, 88% yield, mp = 192-195 oC). 1H NMR (400 MHz, CDCl3) δ 7.72 (d, J 

= 7.6 Hz, 1H), 7.59 – 7.53 (m, 1H), 7.51 (d, J = 1.9 Hz, 1H), 7.31 (dd, J = 

5.2, 1.8 Hz, 3H), 7.22 – 7.18 (m, 2H), 7.13 (d, J = 8.3 Hz, 1H), 7.04 (dd, J = 

8.4, 2.0 Hz, 1H), 6.94 (t, J = 7.3 Hz, 1H), 6.66 (d, J = 8.4 Hz, 1H), 4.65 (d, J = 11.8 Hz, 1H), 
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4.21 (d, J = 11.9 Hz, 1H), 2.90 (s, 3H), 2.55 (q, J = 7.5 Hz, 2H), 1.18 (t, J = 7.6 Hz, 3H). 
13C{1H} NMR (100 MHz, CDCl3) δ 200.2, 160.7, 143.8, 142.3, 136.7, 134.2, 129.2, 128.6 (2C), 

128.4 (2C), 128.1, 127.9, 125.7, 123.0, 120.3, 117.2, 112.7, 111.3, 74.5, 59.9, 37.0, 28.0, 15.8. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C24H23N2O 355.1805, Found. 355.1808. 

2-Isopropyl-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27ap): Purification with petroleum ether: acetone (8/2) as eluent); yellow 

solid (155 mg, 84% yield, mp = 122-124 oC). 1H NMR (400 MHz, CDCl3) 

δ 7.72 (d, J = 7.6 Hz, 1H), 7.59 – 7.54 (m, 2H), 7.31 (td, J = 5.0, 1.7 Hz, 

3H), 7.22 – 7.18 (m, 2H), 7.14 (d, J = 8.3 Hz, 1H), 7.09 (dd, J = 8.5, 2.1 

Hz, 1H), 6.95 (t, J = 7.4 Hz, 1H), 6.67 (d, J = 8.5 Hz, 1H), 4.66 (d, J = 11.8 Hz, 1H), 4.21 (d, J = 

11.9 Hz, 1H), 2.90 (s, 3H), 2.83 (dt, J = 13.8, 6.9 Hz, 1H), 1.20 (dd, J = 6.9, 4.0 Hz, 6H). 
13C{1H} NMR (100 MHz, CDCl3) δ 200.1, 160.7, 143.9, 142.3, 138.8, 136.7, 128.6 (2C), 128.4 

(2C), 128.1, 127.9, 126.4, 125.7, 123.0, 120.3, 117.0, 112.6, 111.3, 74.5, 59.9, 36.9, 33.2, 24.2, 

23.9. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C25H25N2O 369.1961, Found. 369.1965. 

2-Butyl-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27aq): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid 

(159 mg, 83% yield, mp = 172-174 oC). 1H NMR (400 MHz, CDCl3) δ 

7.74 – 7.70 (m, 1H), 7.56 (m, 1H), 7.49 (d, J = 2.1 Hz, 1H), 7.31 (qd, J = 

4.3, 1.6 Hz, 3H), 7.22 – 7.17 (m, 2H), 7.13 (d, J = 8.3 Hz, 1H), 7.02 (dd, J 

= 8.4, 2.1 Hz, 1H), 6.98 – 6.92 (m, 1H), 6.64 (d, J = 8.4 Hz, 1H), 4.65 (d, J = 11.8 Hz, 1H), 4.21 

(d, J = 11.9 Hz, 1H), 2.89 (s, 3H), 2.54 – 2.48 (m, 2H), 1.58 – 1.48 (m, 2H), 1.32 (dq, J = 14.6, 

7.3 Hz, 2H), 0.90 (t, J = 7.3 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.2, 160.7, 143.8, 

142.4, 136.7, 132.9, 129.7, 128.7, 128.6 (2C), 128.4 (2C), 127.9, 125.7, 123.1, 120.4, 117.1, 

112.6, 111.3, 74.4, 59.9, 36.9, 34.7, 33.9, 22.3, 13.9. HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C26H27N2O   383.2118, Found. 383.2120. 

3-(Tert-butyl)-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27ar): Purification with petroleum ether: acetone (8/2) as eluent); 

yellow solid (164 mg, 86% yield, mp = 122-123 oC). 1H NMR (400 MHz, 

CDCl3) δ 7.70 (d, J = 7.6 Hz, 1H), 7.59 (d, J = 8.3 Hz, 1H), 7.57 – 7.52 

(m, 1H), 7.33 – 7.27 (m, 3H), 7.24 – 7.21 (m, 2H), 7.14 (d, J = 8.3 Hz, 

1H), 6.92 (t, J = 7.4 Hz, 1H), 6.86 (dd, J = 8.3, 1.8 Hz, 1H), 6.70 (d, J = 1.7 Hz, 1H), 4.67 (d, J = 
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11.9 Hz, 1H), 4.24 (d, J = 11.9 Hz, 1H), 2.93 (s, 3H), 1.28 (s, 9H). 13C{1H} NMR (100 MHz, 

CDCl3) δ 200.2, 160.7, 151.6, 145.3, 142.2, 136.7, 129.5, 128.6 (2C), 128.3 (2C), 127.9, 125.7, 

123.1, 120.4, 116.0, 114.3, 111.4, 109.5, 74.3, 60.0, 36.9, 34.7, 31.2 (3C). HRMS (ESI-TOF) 

m/z: [M + H+] Calcd for C26H27N2O   383.2118, Found. 383.2120. 

2-(Tert-butyl)-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27as): Purification with petroleum ether: acetone (8/2) as eluent); 

yellow solid (166 mg, 87% yield, mp = 142-143 oC). 1H NMR (400 MHz, 

CDCl3) δ 7.76 (d, J = 2.3 Hz, 1H), 7.75 – 7.71 (m, 1H), 7.56 (m, 1H), 

7.34 – 7.28 (m, 3H), 7.26 – 7.20 (m, 3H), 7.14 (d, J = 8.3 Hz, 1H), 6.97 – 

6.92 (m, 1H), 6.67 (d, J = 8.7 Hz, 1H), 4.66 (d, J = 11.8 Hz, 1H), 4.21 (d, J = 11.9 Hz, 1H), 2.90 

(s, 3H), 1.29 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.1, 160.7, 143.5, 142.3, 141.0, 

136.7, 128.5 (2C), 128.3 (2C), 127.9, 127.0, 125.7, 125.5, 123.0, 120.3, 116.7, 112.2, 111.2, 

74.5, 59.8, 36.8, 34.0, 31.4 (3C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C26H27N2O   

383.2118, Found. 383.2120. 

5-Methyl-2,12a-diphenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27at): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (171 

mg, 85% yield, mp = 166-168 oC). 1H NMR (400 MHz, CDCl3) δ 8.01 (d, J 

= 2.2 Hz, 1H), 7.77 – 7.74 (m, 1H), 7.62 – 7.56 (m, 3H), 7.49 (dd, J = 8.6, 

2.3 Hz, 1H), 7.39 (tt, J = 8.3, 1.8 Hz, 2H), 7.36 – 7.32 (m, 3H), 7.27 (m, 

3H), 7.17 (d, J = 8.3 Hz, 1H), 6.98 (m, 1H), 6.79 (d, J = 8.6 Hz, 1H), 4.72 (d, J = 11.9 Hz, 1H), 

4.32 (d, J = 12.0 Hz, 1H), 2.98 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.0, 160.7, 145.1, 

142.1, 140.5, 136.9, 130.9, 128.7 (4C), 128.5 (2C), 128.4, 128.1, 127.3, 126.5 (3C), 125.8, 123.0, 

120.6, 117.4, 112.9, 111.3, 74.5, 59.7, 36.8. HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C28H23N2O   403.1805, Found. 403.1806. 

7-Methyl-14b-phenyl-6,7,9,14b-tetrahydro-15H-indeno[1,2-g]indolo[1,2-c]quinazolin-15-

one (±27au): Purification with petroleum ether: acetone (8/2) as eluent); 

yellow solid (168 mg, 81% yield, mp = 205-207 oC). 1H NMR (400 

MHz, CDCl3) δ 8.05 (s, 1H), 7.71 (d, J = 7.6 Hz, 1H), 7.66 (d, J = 7.6 

Hz, 1H), 7.58 – 7.53 (m, 1H), 7.42 (d, J = 7.4 Hz, 1H), 7.30 (dp, J = 6.3, 

3.0 Hz, 4H), 7.25 – 7.21 (m, 2H), 7.19 – 7.16 (m, 1H), 7.13 (d, J = 8.4 Hz, 1H), 6.93 (t, J = 7.4 

Hz, 1H), 6.89 (s, 1H), 4.69 (d, J = 11.9 Hz, 1H), 4.29 (d, J = 11.9 Hz, 1H), 3.89 – 3.71 (m, 2H), 
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2.97 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.3, 160.6, 145.0, 144.4, 142.3, 142.1, 

141.8, 136.8, 132.6, 128.8 (2C), 128.4 (2C), 128.0, 126.7, 125.8, 125.4, 124.6, 123.0, 121.3, 

120.5, 119.4, 115.8, 111.3, 109.2, 74.7, 59.8, 37.2, 36.9. HRMS (ESI-TOF) m/z: [M + H+] Calcd 

for C29H23N2O   415.1805, Found. 415.1807. 

2-Methoxy-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27av): Purification with petroleum ether: acetone (8/2) as eluent); 

yellow solid (159 mg, 89% yield, mp = 182-185 oC). 1H NMR (400 MHz, 

CDCl3) δ 7.73 (d, J = 7.6 Hz, 1H), 7.60 – 7.54 (m, 1H), 7.31 (dd, J = 5.0, 

1.7 Hz, 3H), 7.27 (d, J = 2.9 Hz, 1H), 7.21 (dd, J = 6.6, 3.0 Hz, 2H), 7.15 

(d, J = 8.3 Hz, 1H), 6.95 (t, J = 7.4 Hz, 1H), 6.82 (dd, J = 9.0, 2.9 Hz, 1H), 6.69 (d, J = 9.0 Hz, 

1H), 4.64 (d, J = 11.8 Hz, 1H), 4.17 (d, J = 11.9 Hz, 1H), 3.73 (s, 3H), 2.87 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 200.1, 160.8, 152.3, 142.3, 140.4, 136.9, 128.6 (2C), 128.4 (2C), 

128.0, 125.6, 123.0, 120.4, 118.4, 115.9, 114.2, 114.0, 111.5, 74.5, 60.2, 55.7, 37.4. HRMS 

(ESI-TOF) m/z: [M + H+] Calcd for C23H21N2O2 357.1598, Found. 357.1599. 

1,2,3-Trimethoxy-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27aw): Purification with petroleum ether: acetone (8/2) as eluent); 

yellow solid (162 mg, 78% yield, mp = 170-171 oC). 1H NMR (400 MHz, 

CDCl3) δ 7.72 (d, J = 7.4 Hz, 1H), 7.52 (m, 1H), 7.35 – 7.27 (m, 3H), 7.24 

– 7.20 (m, 2H), 7.05 (d, J = 8.3 Hz, 1H), 6.95 (t, J = 7.4 Hz, 1H), 5.99 (s, 

1H), 4.53 (d, J = 11.9 Hz, 1H), 4.13 (d, J = 12.0 Hz, 1H), 3.83 (s, 3H), 3.73 (s, 3H), 3.64 (s, 3H), 

2.93 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 198.5, 159.0, 155.0, 154.0, 143.6, 142.3, 

136.1, 135.0, 128.1 (2C), 128.0 (2C), 127.4, 125.4, 124.6, 120.6, 111.7, 104.2, 92.0, 75.3, 60.7, 

60.6, 60.0, 55.7, 37.7. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C25H25N2O4   417.1809, Found. 

417.1811. 

2,3-Dimethoxy-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27ax): Purification with petroleum ether: acetone (8/2) as eluent); 

yellow solid (160 mg, 83% yield, mp = 156-158 oC). 1H NMR (400 MHz, 

CDCl3) δ 7.74 – 7.71 (m, 1H), 7.57 (m, 1H), 7.31 (dt, J = 5.8, 2.6 Hz, 3H), 

7.21 – 7.17 (m, 3H), 7.15 (d, J = 8.3 Hz, 1H), 6.99 – 6.93 (m, 1H), 6.30 (s, 1H), 4.64 (d, J = 11.9 

Hz, 1H), 4.16 (d, J = 12.0 Hz, 1H), 3.85 (s, 3H), 3.79 (s, 3H), 2.91 (s, 3H). 13C{1H} NMR (100 

MHz, CDCl3) δ 200.4, 160.7, 149.6, 142.4, 142.1, 140.8, 136.8, 128.7 (2C), 128.4 (2C), 128.0, 
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125.7, 123.1, 120.5, 112.8, 111.4, 108.7, 97.7, 74.0, 60.1, 56.4, 55.8, 37.6. HRMS (ESI-TOF) 

m/z: [M + H+] Calcd for C24H23N2O3   387.1703, Found. 387.1705. 

3-Ethynyl-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27ay): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid 

(154 mg, 88% yield, mp = 98-101 oC). 1H NMR (400 MHz, CDCl3) δ 7.72 

(d, J = 7.7 Hz, 1H), 7.62 (d, J = 8.1 Hz, 1H), 7.58 (t, J = 7.8 Hz, 1H), 7.34 

– 7.29 (m, 3H), 7.21 – 7.11 (m, 3H), 7.00 – 6.93 (m, 2H), 6.81 (s, 1H), 4.68 

(d, J = 12.0 Hz, 1H), 4.28 (d, J = 12.0 Hz, 1H), 3.03 (s, 1H), 2.92 (s, 3H). 13C{1H} NMR (100 

MHz, CDCl3) δ 199.6, 160.5, 145.4, 141.7, 137.0, 129.9, 128.6 (2C), 128.5 (2C), 128.2, 125.8, 

122.9, 122.3, 121.8, 120.7, 118.0, 115.7, 111.3, 83.8, 77.0, 74.2, 59.5, 36.7. HRMS (ESI-TOF) 

m/z: [M + H+] Calcd for C24H19N2O 351.1492, Found. 351.1495. 

5-Methyl-2-(methylthio)-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27az): Purification with petroleum ether: acetone (8/2) as eluent); yellow 

solid (147 mg, 79% yield, mp = 186-188 oC). 1H NMR (400 MHz, CDCl3) 

δ 7.74 – 7.70 (m, 1H), 7.67 (d, J = 2.3 Hz, 1H), 7.57 (m, 1H), 7.34 – 7.30 

(m, 3H), 7.19 (m, 3H), 7.13 (d, J = 8.3 Hz, 1H), 6.99 – 6.93 (m, 1H), 6.64 

(d, J = 8.7 Hz, 1H), 4.67 (d, J = 11.9 Hz, 1H), 4.24 (d, J = 12.0 Hz, 1H), 2.91 (s, 3H), 2.40 (s, 

3H). 13C{1H} NMR (100 MHz, CDCl3) δ 199.7, 160.5, 144.1, 141.9, 136.9, 130.1, 129.7, 128.6 

(2C), 128.4 (2C), 128.1, 126.3, 125.8, 122.9, 120.5, 117.9, 113.2, 111.2, 74.2, 59.6, 36.8, 18.0. 

HRMS (ESI-TOF) m/z: [M + H+] Calcd for C23H21N2OS 373.1369, Found. 373.1370. 

2-(2-Hydroxyethyl)-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27aaa): Purification with petroleum ether: acetone (8/2) as eluent); 

yellow solid (143 mg, 77% yield, mp = 120-123 oC). 1H NMR (400 

MHz, CDCl3) δ 7.74 – 7.70 (m, 1H), 7.57 (m, 1H), 7.53 (d, J = 2.0 Hz, 

1H), 7.33 – 7.28 (m, 3H), 7.19 (dt, J = 5.5, 2.0 Hz, 2H), 7.14 (d, J = 8.3 

Hz, 1H), 7.07 (dd, J = 8.4, 2.1 Hz, 1H), 6.98 – 6.93 (m, 1H), 6.66 (d, J = 8.4 Hz, 1H), 5.30 (s, 

1H), 4.66 (d, J = 11.9 Hz, 1H), 4.23 (d, J = 11.9 Hz, 1H), 3.78 (t, J = 6.6 Hz, 2H), 2.91 (s, 3H), 

2.77 (t, J = 6.6 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.2, 160.7, 144.5, 142.2, 136.9, 

130.2, 129.5, 128.6 (2C), 128.4 (2C), 128.1 (2C), 125.8, 123.0, 120.5, 117.5, 112.8, 111.4, 74.4, 

63.9, 59.8, 38.3, 36.9. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C24H23N2O2 371.1754, Found. 

371.1755. 
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2-(2-Methoxyethyl)-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27aab): Purification with petroleum ether: acetone (8/2) as eluent); 

yellow solid (154 mg, 80% yield, mp = 133-136 oC). 1H NMR (400 

MHz, CDCl3) δ 7.72 (d, J = 7.6 Hz, 1H), 7.57 (t, J = 7.7 Hz, 1H), 7.53 

(s, 1H), 7.35 – 7.29 (m, 3H), 7.20 (dd, J = 6.8, 2.3 Hz, 2H), 7.14 (d, J 

= 8.3 Hz, 1H), 7.10 – 7.05 (m, 1H), 6.95 (t, J = 7.4 Hz, 1H), 6.65 (d, J = 8.4 Hz, 1H), 4.66 (d, J = 

11.9 Hz, 1H), 4.22 (d, J = 11.9 Hz, 1H), 3.54 (td, J = 7.3, 4.6 Hz, 2H), 3.34 (s, 3H), 2.90 (s, 3H), 

2.79 (t, J = 7.1 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.1, 160.7, 144.2, 142.2, 136.8, 

130.0, 129.3, 128.6 (3C), 128.4 (2C), 128.0, 125.7, 123.0, 120.4, 117.1, 112.7, 111.3, 74.4, 73.7, 

59.8, 58.5, 36.8, 35.1. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C25H25N2O2 385.1911, Found. 

385.1915. 

2-(2-Chloroethyl)-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one 

(±27aac): Purification with petroleum ether: acetone (8/2) as eluent); 

yellow solid (152 mg, 78% yield, mp = 153-155 oC). 1H NMR (400 

MHz, CDCl3) δ 7.74 – 7.70 (m, 1H), 7.57 (m, 1H), 7.52 (d, J = 2.1 Hz, 

1H), 7.31 (dd, J = 5.0, 1.9 Hz, 3H), 7.20 – 7.16 (m, 2H), 7.14 (d, J = 8.3 

Hz, 1H), 7.06 (dd, J = 8.4, 2.1 Hz, 1H), 6.98 – 6.94 (m, 1H), 6.66 (d, J = 8.4 Hz, 1H), 4.67 (d, J 

= 11.9 Hz, 1H), 4.24 (d, J = 11.9 Hz, 1H), 3.64 (qt, J = 10.6, 7.4 Hz, 2H), 2.96 (t, J = 7.5 Hz, 

2H), 2.91 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.1, 160.7, 144.7, 142.1, 136.9, 130.1, 

129.3, 128.6 (2C), 128.5 (2C), 128.1, 127.8, 125.8, 123.0, 120.5, 117.3, 112.7, 111.3, 74.3, 59.7, 

45.4, 38.3, 36.8. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C24H22ClN2O 389.1415, Found. 

389.1415. 

2-((Allyloxy)methyl)-5-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-

one (±27aad): Purification with petroleum ether: acetone (8/2) as 

eluent); yellow solid (165 mg, 83% yield, mp = 107-110 oC). 1H 

NMR (400 MHz, CDCl3) δ 7.71 (d, J = 7.4 Hz, 1H), 7.61 (d, J = 1.9 

Hz, 1H), 7.59 – 7.55 (m, 1H), 7.30 (dt, J = 5.6, 2.6 Hz, 3H), 7.24 (dd, J = 8.5, 2.0 Hz, 1H), 7.22 

– 7.18 (m, 2H), 7.13 (d, J = 8.3 Hz, 1H), 6.95 (t, J = 7.4 Hz, 1H), 6.70 (d, J = 8.5 Hz, 1H), 5.99 – 

5.88 (m, 1H), 5.27 (dq, J = 17.2, 1.5 Hz, 1H), 5.20 – 5.15 (m, 1H), 4.67 (d, J = 11.9 Hz, 1H), 

4.45 – 4.37 (m, 2H), 4.26 (d, J = 12.0 Hz, 1H), 3.98 (d, J = 5.7 Hz, 2H), 2.92 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3) δ 200.0, 160.6, 145.3, 142.1, 136.8, 134.9, 129.8, 128.8, 128.7 (2C), 
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128.4 (2C), 128.0, 127.9, 125.8, 123.0, 120.5, 117.1, 116.7, 112.7, 111.3, 74.3, 71.8, 70.8, 59.7, 

36.8. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C26H25N2O2 397.1911, Found. 397.1915. 

5-Ethyl-2-methyl-12a-phenyl-5, 12a-dihydroindolo[1,2-c]quinazolin-12(6H)-one (±27aae): 

Purification with petroleum ether: acetone (8/2) as eluent); yellow solid (133 

mg, 75% yield, mp = 165-167 oC). 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J 

= 7.5 Hz, 1H), 7.55 (t, J = 7.5 Hz, 1H), 7.47 (s, 1H), 7.31 (s, 3H), 7.22 (d, J 

= 7.1 Hz, 2H), 7.09 (d, J = 8.2 Hz, 1H), 6.95 (dt, J = 15.1, 8.0 Hz, 2H), 6.62 

(d, J = 8.4 Hz, 1H), 4.67 (d, J = 12.0 Hz, 1H), 4.31 (d, J = 12.1 Hz, 1H), 3.44 (dt, J = 14.2, 7.2 

Hz, 1H), 3.32 (dq, J = 14.3, 6.9 Hz, 1H), 2.23 (s, 3H), 1.16 (t, J = 6.9 Hz, 3H).13C{1H} NMR 

(100 MHz, CDCl3) δ 200.3, 160.7, 142.3, 141.8, 136.7, 130.4, 129.4, 128.8 (2C), 128.4 (2C), 

127.9, 126.8, 125.7, 123.0, 120.3, 116.6, 112.3, 111.2, 74.5, 57.1, 43.5, 20.5, 11.5. HRMS (ESI-

TOF) m/z: [M + H+] Calcd for C24H23N2O 355.1805, Found. 355.1808. 

2-(5-Methyl-12-oxo-12a-phenyl-5, 6, 12, 12a-tetrahydroindolo[1,2-c]quinazolin-2-yl)ethyl 2-

(2-((2,6-dichlorophenyl)amino)phenyl)acetate (±27aaf): 

Purification with petroleum ether: acetone (8/2) as eluent); 

yellow solid (246 mg, 76% yield, mp = 208-210 oC). 1H 

NMR (400 MHz, CDCl3) δ 7.72 (d, J = 7.5 Hz, 1H), 7.60 – 

7.53 (m, 2H), 7.34 – 7.29 (m, 4H), 7.20 (m, 3H), 7.16 – 7.09 (m, 2H), 6.97 (m, 5H), 6.59 (d, J = 

8.5 Hz, 1H), 6.54 (d, J = 8.0 Hz, 1H), 4.66 (d, J = 11.9 Hz, 1H), 4.27 (m, 3H), 3.86 – 3.74 (m, 

2H), 2.87 (d, J = 10.3 Hz, 5H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.0, 172.3, 160.7, 144.5, 

142.7, 142.2, 137.8, 136.8, 130.9, 130.3, 129.5, 129.2, 128.8 (2C), 128.6 (3C), 128.4 (2C), 128.0, 

127.8, 127.4, 125.7, 124.4, 123.9, 123.0, 121.9, 120.5, 118.1, 117.2, 112.7, 111.3, 74.3, 66.0, 

59.7, 38.5, 36.8, 34.2. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C38H32Cl2N3O3 648.1815, 

Found. 648.1817. 

 5-Methyl-12-oxo-12a-phenyl-5, 6, 12, 12a-tetrahydroindolo[1, 2-c]quinazolin-2-yl)ethyl 2-

(4-isobutylphenyl)propanoate (±27aag): Purification 

with petroleum ether: acetone (8/2) as eluent); yellow 

solid (207 mg, 74% yield, mp = 130-133 oC). 1H NMR 

(400 MHz, CDCl3) δ 7.74 – 7.69 (m, 1H), 7.57 (m, 

1H), 7.52 (d, J = 1.8 Hz, 1H), 7.33 – 7.28 (m, 3H), 7.20 – 7.12 (m, 5H), 7.06 (d, J = 7.4 Hz, 2H), 

6.94 (m, 2H), 6.60 (dd, J = 8.5, 3.6 Hz, 1H), 4.67 (d, J = 11.9 Hz, 1H), 4.27 – 4.13 (m, 3H), 3.67 
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(p, J = 7.1 Hz, 1H), 2.90 (s, 3H), 2.79 (td, J = 6.8, 3.4 Hz, 2H), 2.43 (d, J = 7.0 Hz, 2H), 1.90 – 

1.78 (m, 1H), 1.45 (dd, J = 8.8, 7.2 Hz, 3H), 0.90 (dd, J = 6.6, 1.0 Hz, 6H). 13C{1H} NMR (100 

MHz, CDCl3) δ 200.0, 174.7, 160.6, 144.4, 142.2, 140.3, 137.7, 136.8, 130.2, 129.2 (3C), 128.6 

(2C), 128.4 (2C), 128.0, 127.6, 127.2 (2C), 125.7, 123.0, 120.4, 117.2, 112.7, 111.3, 74.3, 65.4, 

59.7, 45.1, 45.0, 36.8, 34.2, 30.8, 22.4 (2C), 18.3. HRMS (ESI-TOF) m/z: [M + H+] Calcd for 

C37H39N2O3 559.2955, Found. 559.2932. 

2-(5-Methyl-12-oxo-12a-phenyl-5, 6, 12, 12a-tetrahydroindolo[1, 2-c]quinazolin-2-yl)ethyl 

2-acetoxybenzoate (±27aah): Purification with petroleum 

ether: acetone (8/2) as eluent); yellow solid (192 mg, 72% 

yield, mp = 153-155 oC). 1H NMR (400 MHz, CDCl3) δ 7.98 

(d, J = 7.5 Hz, 1H), 7.70 (d, J = 7.6 Hz, 1H), 7.55 (dd, J = 19.1, 

8.7 Hz, 3H), 7.28 (d, J = 14.5 Hz, 3H), 7.21 – 7.05 (m, 6H), 6.95 (t, J = 7.4 Hz, 1H), 6.67 (d, J = 

8.4 Hz, 1H), 4.66 (d, J = 11.9 Hz, 1H), 4.41 (q, J = 6.6 Hz, 2H), 4.23 (d, J = 11.9 Hz, 1H), 2.98 – 

2.92 (m, 2H), 2.90 (s, 3H), 2.29 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3) δ 200.1, 169.8, 164.3, 

160.7, 150.7, 144.5, 142.2, 136.9, 133.7, 131.9, 130.2, 129.3, 128.6 (2C), 128.4 (2C), 128.0, 

127.4, 126.1, 125.8, 123.7, 123.2, 123.0, 120.5, 117.3, 112.9, 111.3, 74.4, 66.0, 59.7, 36.9, 34.3, 

21.0. HRMS (ESI-TOF) m/z: [M + H+] Calcd for C33H29N2O5 533.2071, Found. 533.2072. 

Control experiment  

To a 10 mL dried undivided reaction cell equipped with a stirring bar were added 26a (0.5 mmol, 

1.0 equiv), 17a (0.5 mmol, 1.0 equiv), n-Bu4NBF4 (82 mg, 0.25 mmol, 0.5 equiv.), and 

TEMPO (16 mg, 0.1 mmol, 20 mol%), AcOH (60 mg, 1.0 mmol, 2.0 equiv.), TEMPO (2.0 

mmol) and BHT (2.0 mmol) dissolved in CH3CN (10 mL). The carbon-plate anode and nickel-

plate cathode were dipped into the reaction mixture and electrolyzed at a constant current 

condition (6 mA) under standard conditions. The desired product 27aa formation was not 

observed on TLC. 

Supportive experiment to the radical reaction 

 2-(4-(Dimethylamino)phenyl)-2-phenylindolin-3-one (±29): To a stirred solution of 26a (0.5 

mmol) in CH3CN (3.0 mL) at room temperature was added 17a (0.5 

mmol) and AcOH (1.0 mmol). The mixture was stirred at room 

temperature for 16 h and quenched by a saturated solution of NaHCO3 

(10.0 mL). The aqueous layer was extracted with EtOAc (10.0 mL). The 
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combined organic mixture was concentrated under reduced pressure. Purification by column 

chromatography using petroleum ether/acetone (8/2) as the eluent afforded 29 as a yellow solid 

(151 mg, 92% yield, mp = 180-183 oC). 1H NMR (400 MHz, CDCl3) δ 7.67 – 7.62 (m, 1H), 7.46 

(m, 3H), 7.34 – 7.27 (m, 3H), 7.25 – 7.20 (m, 2H), 6.89 (d, J = 8.2 Hz, 1H), 6.86 – 6.81 (m, 1H), 

6.69 – 6.63 (m, 2H), 5.26 (s, 1H), 2.93 (s, 6H). 13C{1H} NMR (100 MHz, CDCl3) δ 201.4, 160.0, 

150.0, 141.3, 137.3, 128.6, 128.3 (2C), 128.1 (2C), 127.5, 127.4 (2C), 125.3, 119.9, 119.2, 112.4, 

112.3 (2C), 74.6, 40.4 (2C). HRMS (ESI-TOF) m/z: [M + H+] Calcd for C22H21N2O 329.1648, 

Found. 329.1650. 

Gram-scale synthesis of 27aa. A 100 mL three-neck round bottom flask (as an undivided cell) 

was charged with 26a (1.1 g, 5.3 mmol, 1.0 equiv), 17a (0.642 g, 5.3 mmol, 1.0 equiv), n-

Bu4NBF4 (873 g, 2.65 mmol, 0.5 equiv), and TEMPO (0.166 g, 1.06 mmol, 20 mol%) and 

AcOH (636 mg, 10.6 mmol, 2.0 equiv.) in CH3CN (36 mL). The carbon-plate anode and nickel-

plate cathode that were connected to a DC-regulated power supply dipped into the reaction 

mixture and electrolyzed at a constant current condition (6 mA) under an air atmosphere at room 

temperature. The reaction progress was monitored by TLC. The reaction solvent was evaporated 

under reduced pressure once the reaction was finished, after the usual workup and Purification 

by column chromatography furnished compound 27aa (1.34 g) with 78% yield. 

2, 5-Dimethyl-12a-phenyl-5, 6, 12, 12a-tetrahydroindolo[1, 2-c]quinazolin-12-ol (±28): To a 

stirred solution of 27aa (0.3 mmol) in dry 1,4-Dioxane (4.0 mL) at 0 °C was 

added LiBr (1.2 mmol) and NaBH4 (6.3 mmol) portion-wise over 5 min. The 

mixture was stirred at room temperature for 16 h and quenched slowly with 

aqueous NH4Cl solution (10.0 mL). The aqueous layer was extracted with 

EtOAc (10.0 mL). The combined organic mixture was concentrated under reduced pressure. 

Purification by column chromatography using petroleum ether/acetone (8/2) as the eluent 

afforded 28 as a colourless liquid (83 mg, 81% yield). 1H NMR (400 MHz, CDCl3) δ 7.54 – 7.50 

(m, 2H), 7.34 – 7.27 (m, 4H), 7.26 – 7.20 (m, 2H), 7.02 (d, J = 8.3 Hz, 1H), 6.83 (t, J = 7.4 Hz, 

1H), 6.73 (d, J = 7.9 Hz, 1H), 6.64 (d, J = 8.4 Hz, 1H), 5.80 (d, J = 11.6 Hz, 1H), 4.44 (d, J = 

11.7 Hz, 1H), 4.04 (d, J = 11.7 Hz, 1H), 2.82 (s, 3H), 2.29 (s, 3H), 1.79 (d, J = 11.6 Hz, 1H). 
13C{1H} NMR (100 MHz, CDCl3) δ 148.5, 146.7, 146.0, 132.5, 131.2, 129.5, 129.0, 128.0 (4C), 

127.2, 125.7, 124.8, 119.9, 119.0, 113.1, 109.5, 83.9, 76.6, 61.9, 37.2, 20.7. HRMS (ESI-TOF) 

m/z: [M + H+] Calcd for C23H23N2O 343.1805, Found. 343.1807. 
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Figure 5.5: 1H and 13C NMR spectra of 27aa 
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Figure 5.6: 1H and 13C NMR spectra of 27aaf 
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Figure 5.7:  1H and 13C NMR spectra of 27aah 
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Figure 5.8:  1H and 13C NMR spectra of 29 
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Figure 5.9:  1H and 13C NMR spectra of 28 
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5.9 Single crystal X-ray diffraction experiment and analysis 
5.9.1 Single crystal XRD experiments for (27ma) 
The single crystal X-ray diffraction data has been collected using graphite-monochromatic 

MoKα radiation (λ = 0.71073 Å) equipped with a SuperNova diffractometer, a single source at 

offset/far, with a HyPix3000 detector using ω scans at 293K with diffraction angles ranging from 

6.6° to 54.2°. The diffraction data were integrated and corrected for polarization and Lorentz 

effects, as well as an empirical absorption correction, was applied using SCALE3 ABSPACK in 

CrysAlisPro software (version 1.171.42.90a) [1]. The structure was solved via the intrinsic 

phasing method using SHELXT [2] structure solution program and the position of all the non-

hydrogen atoms was refined anistropically via full-matrix least-squares approach on F2 using 

SHELXL [3, 4] program. During the refinement process, all hydrogen atom positions were 

determined using difference Fourier maps, and these atoms were constrained to ride on their 

parent atoms during each refinement cycle. A total of 342 parameters were refined using 3956 

unique reflections, which converged the final R-factor to 0.042, weighted R-factor (wR) to 0.112 

and the goodness of fit (S) being 1.10 in the final refinement cycle. A precise crystallographic 

data was included in the Table 5.4. 

 
Figure 5.10 ORTEP diagram of compound 27ma (CCDC 2310436)  

Table 5.4. A precise crystallographic data for 27ma 

Crystal data  
CCDC number 2310436 
Chemical formula C26H20N2O 
Mr 376.44 
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Crystal system, space group Monoclinic, P21/n 
Temperature (K) 293 
a, b, c (Å) 8.8142 (3), 20.3997 (6), 11.2243 (3) 
β (°) 102.970 (3) 
V (Å3) 1966.72 (11) 
Z 4 
F(000) 792 
Dx (Mg m−3) 1.271 
Radiation type Mo Kα 
No. of reflections for cell measurement 13716 
θ range (°) for cell measurement 3.5–27.0 
μ (mm−1) 0.08 
Crystal shape Block 
Colour Clear light colourless 
Crystal size (mm) 0.02 × 0.02 × 0.02 
Data collection  

Diffractometer SuperNova, Single source at offset/far, 
HyPix3000 

Radiation source micro-focus sealed X-ray tube, SuperNova 
(Mo) X-ray Source 

Monochromator Mirror 
Detector resolution (pixels mm−1) 10.0000 
Scan method ω scans 

Absorption correction 

Multi-scan  
CrysAlisPro 1.171.42.90a (Rigaku Oxford 
Diffraction, 2023) Empirical absorption 
correction using spherical harmonics, 
implemented in SCALE3 ABSPACK scaling 
algorithm. 

Tmin, Tmax 0.462, 1.000 
No. of measured, independent and 
observed [I > 2σ(I)] reflections 21653, 3956, 3059  

Rint 0.041 
θ values (°) θmax = 27.1, θmin = 3.3 
(sin θ/λ)max (Å−1) 0.642 
Range of h, k, l h = −10→10, k = −25→26, l = −13→14 
Refinement  
Refinement on F2 
R[F2 > 2σ(F2)], wR(F2), S 0.042, 0.112, 1.10 
No. of reflections 3956 
No. of parameters 342 
No. of restraints 0 
H-atom treatment All H-atom parameters refined 

Weighting scheme w = 1/[σ2(Fo
2) + (0.0507P)2 + 0.2167P]  

where P = (Fo
2 + 2Fc

2)/3 
(Δ/σ)max < 0.001 



CHAPTER - 5 
 

204

Δρmax, Δρmin (e Å−3) 0.14, −0.15 
 

5.9.2 Single crystal XRD experiments for (27ab) 

The single crystal X-ray diffraction data has been collected using graphite-monochromatic 

MoKα radiation (λ = 0.71073 Å) equipped with a SuperNova diffractometer, single source at 

offset/far, with a HyPix3000 detector using ω scans at 293K with diffraction angles ranging from 

6.4° to 54.4°. The diffraction data were integrated and corrected for polarization and Lorentz 

effects, as well as an empirical absorption correction was applied using SCALE3 ABSPACK in 

CrysAlisPro software (version 1.171.42.90a) [1]. The structure was solved via intrinsic phasing 

method using SHELXT [2] structure solution program and the position of all the non-hydrogen 

atoms was refined anistropically via full-matrix least-squares approach on F2 using SHELXL [3, 

4] program. During the refinement process, all hydrogen atom positions were determined using 

difference Fourier maps and these atoms were constrained to ride on their parent atoms during 

each refinement cycle. A total of 303 parameters were refined using 3379 unique reflections, 

which converged the final R-factor to 0.045, weighted R-factor (wR) to 0.118 and the goodness 

of fit (S) being 1.04 in the final refinement cycle. A precise crystallographic data was included in 

the Table 5.5. 

 
Figure 5.11 ORTEP diagram of compound 27ab (CCDC 2310442)  

Table 5.5. A precise crystallographic data for 27ab 

Crystal data  
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CCDC number 2310442 
Chemical formula C22H17FN2O 
Mr 344.37 
Crystal system, space group Monoclinic, P21/n 
Temperature (K) 293 
a, b, c (Å) 8.3503 (3), 11.6445 (5), 17.5649 (5) 
β (°) 91.530 (3) 
V (Å3) 1707.32 (11) 
Z 4 
F(000) 720 
Dx (Mg m−3) 1.340 
Radiation type Mo Kα 
No. of reflections for cell measurement 7153 
θ range (°) for cell measurement 3.5–26.2 
μ (mm−1) 0.09 
Crystal shape Block 
Colour Clear light colourless 
Crystal size (mm) 0.02 × 0.02 × 0.02 
Data collection  

Diffractometer SuperNova, Single source at offset/far, 
HyPix3000 

Radiation source micro-focus sealed X-ray tube, SuperNova 
(Mo) X-ray Source 

Monochromator Mirror 
Detector resolution (pixels mm−1) 10.0000 
Scan method ω scans 

Absorption correction 

Multi-scan  
CrysAlisPro 1.171.42.90a (Rigaku Oxford 
Diffraction, 2023) Empirical absorption 
correction using spherical harmonics, 
implemented in SCALE3 ABSPACK 
scaling algorithm. 

Tmin, Tmax 0.683, 1.000 
No. of measured, independent and 
observed [I > 2σ(I)] reflections 16248, 3379, 2142  

Rint 0.040 
θ values (°) θmax = 27.2, θmin = 3.2 
(sin θ/λ)max (Å−1) 0.642 
Range of h, k, l h = −9→10, k = −14→14, l = −22→17 
Refinement  
Refinement on F2 
R[F2 > 2σ(F2)], wR(F2), S 0.045, 0.118, 1.04 
No. of reflections 3379 
No. of parameters 303 
No. of restraints 0 
H-atom treatment All H-atom parameters refined 
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Weighting scheme w = 1/[σ2(Fo
2) + (0.0504P)2 + 0.2106P]  

where P = (Fo
2 + 2Fc

2)/3 
(Δ/σ)max 0.001 
Δρmax, Δρmin (e Å−3) 0.13, −0.19 

 

5.9.3 Single crystal XRD experiments for (27aj) 

The single crystal X-ray diffraction data has been collected using graphite-monochromatic 

MoKα radiation (λ = 0.71073 Å) equipped with a SuperNova diffractometer, single source at 

offset/far, with a HyPix3000 detector using ω scans at 293K with diffraction angles ranging from 

6.8° to 54.2°. The diffraction data were integrated and corrected for polarization and Lorentz 

effects, as well as an empirical absorption correction was applied using SCALE3 ABSPACK in 

CrysAlisPro software (version 1.171.42.90a) [1]. The structure was solved via intrinsic phasing 

method using SHELXT [2] structure solution program and the position of all the non-hydrogen 

atoms was refined anistropically via full-matrix least-squares approach on F2 using SHELXL [3, 

4] program. During the refinement process, all hydrogen atom positions were determined using 

difference Fourier maps and these atoms were constrained to ride on their parent atoms during 

each refinement cycle. A total of 303 parameters were refined using 3425 unique reflections, 

which converged the final R-factor to 0.046, weighted R-factor (wR) to 0.090 and the goodness 

of fit (S) being 1.03 in the final refinement cycle. A precise crystallographic data was included in 

the Table 5.6. 

 
Figure 5.12 ORTEP diagram of compound 27aj (CCDC 2310439)  

Table 5.6. A precise crystallographic data for 27aj 

Crystal data  
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CCDC number 2310439 
Chemical formula C22H17BrN2O 
Mr 405.28 
Crystal system, space group Monoclinic, P21/c 
Temperature (K) 293 
a, b, c (Å) 8.4190 (3), 25.9317 (9), 8.1104 (3) 
β (°) 94.599 (3) 
V (Å3) 1764.95 (11) 
Z 4 
F(000) 824 
Dx (Mg m−3) 1.525 
Radiation type Mo Kα 
No. of reflections for cell measurement 6615 
θ range (°) for cell measurement 3.4–24.9 
μ (mm−1) 2.34 
Crystal shape Block 
Colour Clear light colourless 
Crystal size (mm) 0.02 × 0.02 × 0.02 
Data collection  

Diffractometer SuperNova, Single source at offset/far, 
HyPix3000 

Radiation source micro-focus sealed X-ray tube, SuperNova 
(Mo) X-ray Source 

Monochromator Mirror 
Detector resolution (pixels mm−1) 10.0000 
Scan method ω scans 

Absorption correction 

Multi-scan  
CrysAlisPro 1.171.42.90a (Rigaku Oxford 
Diffraction, 2023) Empirical absorption 
correction using spherical harmonics, 
implemented in SCALE3 ABSPACK scaling 
algorithm. 

Tmin, Tmax 0.758, 1.000 
No. of measured, independent and 
observed [I > 2σ(I)] reflections 15758, 3425, 2408  

Rint 0.040 
θ values (°) θmax = 27.1, θmin = 3.4 
(sin θ/λ)max (Å−1) 0.641 
Range of h, k, l h = −10→10, k = −32→31, l = −10→10 
Refinement  
Refinement on F2 
R[F2 > 2σ(F2)], wR(F2), S 0.046, 0.090, 1.03 
No. of reflections 3425 
No. of parameters 303 
No. of restraints 0 
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H-atom treatment All H-atom parameters refined 

Weighting scheme w = 1/[σ2(Fo
2) + (0.0272P)2 + 1.3639P]  

where P = (Fo
2 + 2Fc

2)/3 
(Δ/σ)max 0.001 
Δρmax, Δρmin (e Å−3) 0.43, −0.42 

 

5.9.2 Single crystal XRD experiments for (27ao) 

The single crystal X-ray diffraction data has been collected using graphite-monochromatic 

MoKα radiation (λ = 0.71073 Å) equipped with a SuperNova diffractometer, single source at 

offset/far, with a HyPix3000 detector using ω scans at 293K with diffraction angles ranging from 

7.2° to 61.0°. The diffraction data were integrated and corrected for polarization and Lorentz 

effects, as well as an empirical absorption correction was applied using SCALE3 ABSPACK in 

CrysAlisPro software (version 1.171.42.90a) [1]. The structure was solved via intrinsic phasing 

method using SHELXT [2] structure solution program and the position of all the non-hydrogen 

atoms was refined anistropically via full-matrix least-squares approach on F2 using SHELXL [3, 

4] program. During the refinement process, the H-atom positions were determined using 

difference Fourier maps, with an exception of those on C1 and C2 (which were fixed 

geometrically at the ideal locations), and these atoms were constrained to ride on their parent 

atoms during each refinement cycle. A total of 313 parameters were refined using 3528 unique 

reflections, which converged the final R-factor to 0.051, weighted R-factor (wR) to 0.140 and the 

goodness of fit (S) being 1.02 in the final refinement cycle. A precise crystallographic data was 

included in the Table 5.7. 

 
Figure 5.13 ORTEP diagram of compound 27ao (CCDC 2310469)  

Table 5.7 A precise crystallographic data for 27ao 

Crystal data  



CHAPTER - 5 
 

209

CCDC number 2310469 
Chemical formula C24H22N2O 
Mr 354.43 
Crystal system, space group Orthorhombic, Pna21 
Temperature (K) 293 
a, b, c (Å) 18.1966 (7), 11.0144 (4), 9.6570 (4) 
V (Å3) 1935.50 (13) 
Z 4 
F(000) 752 
Dx (Mg m−3) 1.216 
Radiation type Mo Kα 
No. of reflections for cell measurement 6527 
θ range (°) for cell measurement 3.6–26.5 
μ (mm−1) 0.08 
Crystal shape Block 
Colour Clear light colourless 
Crystal size (mm) 0.02 × 0.02 × 0.02 
Data collection  

Diffractometer SuperNova, Single source at offset/far, 
HyPix3000 

Radiation source micro-focus sealed X-ray tube, SuperNova 
(Mo) X-ray Source 

Monochromator Mirror 
Detector resolution (pixels mm−1) 10.0000 
Scan method ω scans 

Absorption correction 

Multi-scan  
CrysAlisPro 1.171.42.90a (Rigaku Oxford 
Diffraction, 2023) Empirical absorption 
correction using spherical harmonics, 
implemented in SCALE3 ABSPACK 
scaling algorithm. 

Tmin, Tmax 0.515, 1.000 
No. of measured, independent and 
observed [I > 2σ(I)] reflections 9826, 3528, 2794  

Rint 0.026 
θ values (°) θmax = 30.5, θmin = 3.6 
(sin θ/λ)max (Å−1) 0.714 
Range of h, k, l h = −22→20, k = −11→12, l = −13→13 
Refinement  
Refinement on F2 
R[F2 > 2σ(F2)], wR(F2), S 0.051, 0.140, 1.02 
No. of reflections 3528 
No. of parameters 313 
No. of restraints 1 

H-atom treatment H atoms treated by a mixture of independent 
and constrained refinement 
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Weighting scheme w = 1/[σ2(Fo
2) + (0.0925P)2]  

where P = (Fo
2 + 2Fc

2)/3 
(Δ/σ)max < 0.001 
Δρmax, Δρmin (e Å−3) 0.17, −0.23 

Absolute structure 
Flack x determined using 954 quotients 
[(I+)-(I-)]/[(I+)+(I-)] (Parsons, Flack and 
Wagner, Acta Cryst. B69 (2013) 249-259). 

Absolute structure parameter −0.3 (8) 
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6.1 General conclusions 

The work discussed in this thesis entitled “Electrochemical Carbon-Carbon and Carbon-

Heteroatom Bond Formation to Access Bioactive Compounds” provides a brief description 

of the development of the new method for the synthesis of α-aminated esters, C2-

heteroquaternary indolin-3-ones, 2,3-diarylquinoxalines, and dihydroindolo[1,2-c]quinazolin-

12(6H)-one by using electrochemical oxidative process. The developed strategy utilizes 

commercially available inexpensive starting materials. 

6.2 Specific conclusions 

The work mentioned in this thesis is divided into six chapters. 

The First Chapter describes a brief historical overview, concepts, techniques, methodology, 

and the importance of electro-organic synthesis. This thesis work generally follows the 

electrochemical oxidative pathway; some of the selected electrochemical oxidative 

transformations are also discussed in this chapter (Scheme 6.1). 

 
Scheme 6.1 General information of electro-organic synthesis and application 

The Second Chapter described an efficient electrochemical protocol for intermolecular 

oxidative coupling between α-aryl acetates (C(sp3)-H bond) and secondary amines (N-H bond). 

The mild electrocatalytic condition furnishes α-amino-esters by stitching together two 

electronically mismatched units through C-N bond formation, with a high yield (up to 92%). The 

reactions can be scaled up without impacting the process efficiency, and the resulting α-amino-

esters can be functionalized to other similar biorelevant compounds (Scheme 6.2). 

 
Scheme 6.2 Electrochemical oxidative α-amination of α-aryl acetates 
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The Third chapter revealed a highly competent electrochemical method for directly 

synthesizing C2-quaternary-centered indolin-3-ones from 2-arylindoles. Including self-

dimerization of 2-arylindoles, several nucleophiles, such as indole, 1,3-dicarbonyls, pyrrole, 

allylsilane, and TMSCN, were added to in situ generated indole-3-ones through oxidative 

dearomatization of 2-arylindoles with good yields. The developed method has been applied for 

the product’s gram scale preparation, metagenediindole-A synthesis, and other late-stage 

synthetic transformations. This method has overcome limited nucleophiles addition to 2-

arylindoles under electrochemical conditions (Scheme 6.3). 

 
Scheme 6.3 Electrochemical oxidative C2-quaternary indolin-3-ones 

The Fourth Chapter describes an efficient electrochemical protocol for directly synthesizing 2-

aryl-3-(2-aminoaryl) quinoxalines from 2-aryl indoles. The reaction proceeds through in situ 

generations of 2-arylindole-3-ones under electrochemical oxidative dearomatization of 2-

arylindoles, followed by a ring opening-cyclization sequence with 1,2-diamino arenes to 

construct substituted quinoxaline compounds with good yields. Apart from gram-scale synthesis, 

the prepared compounds were tested for late-stage functionalization (Scheme 6.4).  

 
Scheme 6.4 Electrochemical synthesis of quinoxaline from 2-arylindoles 

Chapter Fifth describes a novel method for the electrochemical oxidative intermolecular [4 + 2] 

annulation of tertiary aryl amines and cyclic ketimines to access functionalized 

dihydroindolo[1,2-c]quinazolin-12(6H)-one moiety. This developed protocol can occur under air 

and metal-free conditions at room temperature and a wide range of functional groups proved to 
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be compatible under our optimized conditions. The reaction conditions were consistent with 

some drug structure derivatives (Scheme 6.5). 

Scheme 6.5 Electrochemical oxidative [4 + 2] annulation between cyclic ketimine and tertiary 

anilines 

6.3 Future scope of the research work 

Electro-organic chemistry has received the attention of chemists due to its efficiency and ability 

to form organic molecules by adding or removing electrons. Organic electrosynthesis represents 

the synthetic chemist’s desire to move towards a greener and more efficient methodology, as it 

utilizes the cheapest and most versatile redox agent available on the market: electricity. In 

addition, the flexibility of electrons as redox agents can reduce or even eliminate our reliance on 

standard, often toxic, and environmental harmful metal-derived oxidizing agents. Organic 

electrosynthesis and its applications in academia and industry are gaining popularity as we seek 

more efficient and effective synthetic transformations. 

This thesis revolves around developing a new electrochemical methodology for organic 

reactions, mainly through mediators like iodide salt and TEMPO by electrochemical oxidative 

process. Having seen the potential of existing work, our group is committed to exploring the 

additional direction from this outcome. The following method may be developed using the 

electrochemical oxidative technique. 

(i) The [4 + 2] annulation between acyclic/cyclic imines, alkene, alkyne, and tertiary anilines 

can be achieved through the electrochemical oxidative method (Scheme 6.6). 

 
Scheme 6.6 Electrochemical oxidative [4 + 2] annulation  
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(ii) The direct constructions of carbon-carbon (C–C) bonds can be achieved through an 

electro-oxidative strategy. The reaction between the acyclic/cyclic imines and tertiary 

anilines to synthesize aminomethylated products (Scheme 6.7). 

 
Scheme 6.7 Electrochemical C-H aminomethylation of acyclic/cyclic imines 

(iii) The intermolecular electrochemical coupling between the benzylic C(sp3)–H bond 

and secondary amines towards the synthesis of α-amino α-aryl acetates in an 

asymmetric fashion can be achieved by using a chiral auxiliary (Scheme 6.8). 

 
Scheme 6.8 Electrochemical oxidative asymmetric α-amination of α-aryl acetates 
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