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SYNOPSIS 

 

This thesis aims to investigate the potential of modern advancements in 

carbon-carbon (C–C) bond formation, with a specific emphasis on C–H 

activation and functionalization facilitated by visible light-mediated 

photo-redox catalysis and transition metal catalysis. These innovative 

strategies enable the construction of C–C bonds under mild conditions, 

typically at room temperature, offering a greener and more sustainable 

approach to synthetic transformations. In Chapter 1, we introduced the 

literature study of coupling reactions, particularly for C-C bond 

formation facilitated by transition metal catalysts. This discussion was 

extended to include visible-light photoinduced pathways for C-H 

functionalization, highlighting their growing significance in modern 

organic synthesis. Furthermore, advanced methodologies that integrate 

photocatalysis with transition metal catalysis to achieve efficient C-C 

bond formation, emphasizing their innovative potential have been 

discussed. Finally, we briefly discussed the importance of 2-phenyl-4H-

pyrido[1,2-a]pyrimidin-4-one and reviewed previous reports on the 

synthesis and functionalization of 2-phenyl-4H-pyrido[1,2-a]pyrimidin-

4-one, providing a foundation for further exploration in this area. 

Current thesis work focuses on the regio-selective C–H activation and 

subsequent functionalization, such as arylation, acylation, alkylation, 

and alkenylation of 2-Phenyl-4H-pyrido[1,2-a]pyrimidin-4-one and 

related heterocycles under visible light photo-redox catalytic conditions 

or through the synergistic merging of photo-redox with transition metal 

catalysis.  

Chapter 2: Visible Light Assisted, Direct C3−H Arylation of 

Pyrido[1,2-a]pyrimidin-4-ones and Thiazolo[3,2-a]pyrimidin-5-ones 

In Chapter 2, we demonstrated the metal-free, visible light-induced 

photocatalyzed, direct C3-H arylation of 2-methyl and 2-aryl-4H-

pyrido[1,2-a]-pyrimidin-4-ones and 7-methyl and 7-aryl-5H-

thiazolo[3,2-a]pyrimidin-5-ones with aryldiazonium salts (Scheme 1). 
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A nontoxic, inexpensive organic dye was utilized as a photo-redox 

catalyst for this operationally simple and mild C–H arylation reaction, 

showing good functional group tolerance and broad substrate scope. The 

synthetic and practical utility of this approach was demonstrated by 

synthesizing therapeutically important endothelial cell dysfunction 

inhibitors and anti-inflammatory agents, as well as successful gram-

scale synthesis. For the mechanistic study, various control experiments 

were conducted, including fluorescence quenching experiments, radical 

trapping experiments, light-on-off experiments, and quantum yield 

calculations. 

 

Scheme 1. Photoinduced C3-arylation of pyrido[1,2-a]pyrimidin-4-one and 

bio-active compounds. 

 

Reference: Bhawale R. T., Kshirsagar U. A., J. Org. Chem., 2023, 88, 

9537−9542. 

 

Chapter 3: Synergistic Approach for Decarboxylative Ortho C–H 

Aroylation of 2-Aryl-pyrido[1,2-a]pyrimidin-4-ones and 

Thiazolopyrimidinones  

 

This chapter discussed a mild and efficient synergistic aroylation of 2-

aryl-pyrido[1,2-a]pyrimidin-4-ones and their derivatives. By merging 

palladium-catalyzed C–H activation with visible-light mediated photo-

redox catalysis, regio-selective C-H aroylation via decarboxylation of 

phenyl glyoxylic acid was carried out in the presence of oxygen as a 

green oxidant (Scheme 2). For the mechanistic study, several control 

experiment was carried out with radical scavengers, and trapped radical 
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intermediates were isolated and characterized using NMR and HRMS 

analysis. 

 

Scheme 2. Photoinduced ortho C-H acylation of pyrido[1,2-a]pyrimidin-4-one 

Reference: Bhawale R. T., Sarothiya D., Kshirsagar U. A. Asian J. Org. Chem 

2022, e202200134. 

 

Chapter 4: Visible-Light Induced Ag-Palladacycle-complex Mediated 

Regioselective C–H Arylation 

 

In this chapter, we report the development of a photocatalyst-free, 

visible light-mediated, regioselective ortho C–H arylation of pyrido[1,2-  

 

Scheme 3. Photoinduced Ag-Palladacycle-complex mediated arylation 

ofpyrido[1,2-a]pyrimidin-4-one. 
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a]pyrimidin-4-ones and related heteroarenes at room temperature using 

a palladium (II) catalyst provided desired products in 41-95% yields 

(Scheme 3). A mechanistic study using control experiments, with 

radical scavengers, UV-visible study, DFT study, light-on-off 

experiments, kinetic isotopic effect, H/D labelling experiments, and 

quantum yield measurements was carried out.  

Reference: Bhawale R. T., Chillal A. S., Ghosh S., Kshirsagar U. A. Adv. 

Synth. Catal. 2024, 366, 3603–3609 

 

Chapter 5: Visible-Light-Enabled Regioselective C−H alkylation and 

alkenylation of 2-Aryl Heterocycles using Dual Catalysis 

In this chapter, we have discussed the dual catalytic, silver/copper-free, 

external oxidant-free, mild, and simple strategy for site-selective  

 

Scheme 4. This approach for photoinduced alkylation and alkenylation of 2-

aryl heterocycles. 

 

alkylation as well as alkenylation of 4H-pyrido[1, 2-a]pyrimidin-4-ones 

and other related 2-aryl heterocycles with maleimides by merging of 

organic dyes with rhodium-catalyst, in the presence of acid or base under 

visible light irradiation at room temperature in an aqueous reaction 

condition (Scheme 4). This operationally simple and mild approach 
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enables the selective formation of alkylation and alkenylation products 

up to 92% yield under silver-free conditions with excellent substrate 

scope. For the mechanistic examination, control experiments such as 

KIE, H/D labelling experiments, light-on-off investigations, and 

quantum yield measurements were conducted to substantiate the 

proposed mechanistic pathways. Additionally, present conditions were 

found adequate for scale-up synthesis. 

Reference: Bhawale R. T., Chillal A. S., Kshirsagar U. A. Adv. Synth. Catal. 

2025, 367, e202401294. 

Conclusion: 

The functionalization of fused heterocycles and nitrogen-containing 

heterocycles continues to be a compelling area of research in organic 

synthesis due to its broad applications across various fields, including 

medicinal chemistry, agrochemicals, pharmaceuticals, and materials 

science. The core focus of this thesis is to develop novel strategies for 

C–C bond formation via visible light-mediated C–H functionalization of 

2-aryl heterocycles. Specifically, we have explored the reactivity of the 

2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one scaffold, employing a 

photo-redox catalysis as well as a dual catalytic approach that 

synergistically merges photo-redox and transition metal catalysis to 

provide sustainable and mild pathways.  
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Chapter 1 

 

1.1  Introduction 

Organic synthesis plays a crucial role in chemical sciences and has 

emerged as a cornerstone for the development of versatile and essential 

classes of substrates. It contributes significantly to enhancing the quality 

of life by addressing social needs through innovative solutions. Over the 

past few decades, substantial progress in practical organic chemistry has 

revolutionized the field, enabling the precise design and efficient 

synthesis of target molecules. These advancements have paved the way 

for the creation of novel materials and products, driving scientific 

discovery and meeting the demands of modern society with enhanced 

specificity and functionality.[1] Particularly, cross-coupling reactions, 

including Suzuki-Miyaura, Stille, Hiyama, Negishi, Mizoroki-Heck, 

Sonogashira, Kumada, etc.[2-4] have been extensively employed with 

significant success in organic synthesis (Figure 1.1). These reactions 

facilitate the formation of C-C and C-X (C= N, O, S, P) bonds, allowing 

for the efficient construction of complex molecules from readily 

available starting materials. Their versatility and effectiveness in 

creating diverse functionalized products have made them indispensable 

tools in the area of medicinal chemistry and materials science. However, 

despite the growing emphasis on green chemistry principles, which 

promote synthetic designs focused on step and atom economy with 

 

Figure 1.1 Transition metal (TM) catalyzed cross-coupling reactions 
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minimal waste, so many existing methods still depend on pre-

functionalized starting materials. These include the use of aryl halides, 

pseudohalides, and organometallic reagents such as Grignard reagents 

(RMgX), stannanes (ArSnR3), and zinc reagents (RZnX) (Figure 

1.1a).[2] Consequently, direct C–H bond functionalization of aryl (Ar-

H) compounds with alkyl halides (R-X) is an emerging area in 

sustainable organic synthesis. This strategy avoids the need for pre-

functionalization, which often generates waste, and makes the process 

more atom economical. By utilizing environmentally benign catalysts 

and mild reaction conditions, this method can align with sustainability 

goals, reducing waste and energy consumption while maintaining high 

efficiency (Figure 1.1b).[3] Another intriguing approach for C–C bond 

formation is the cross-dehydrogenative coupling reaction (CDC), which 

enables direct bond formation between two C–H bonds. Conversely, this 

method generally necessitates the use of stoichiometric external 

oxidants. additives to facilitate the reaction, posing a challenge to 

sustainability and scalability (Figure 1.1c).[4] 

1.2  Transition metal catalyst for C–H activation and 

functionalization 

Over the past decade, transition metal-catalyzed C–H activation and 

functionalization have emerged as powerful and efficient strategies for 

C-C and C-X (X= O, N, S, P) bond formation in synthetic organic 

chemistry.[5] This approach eliminates the need for pre-functionalized 

substrates, reduces salt waste, and decreases production time and costs 

by enhancing step and atom economy. Using directing groups (DGs) 

containing coordinating atoms in heterocycles, metal catalysis facilitates 

the selective cleavage of C–H bonds at specific positions within 

molecules. While C–H activation traditionally occurs at the ortho 

position, recent advancements have enabled selective activation at the 

meta and para positions as well. These developments expand the scope 

of C–H functionalization, offering new avenues for various molecular 

modifications.[6]  
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1.2.1 C-C, C-X bond formation via C–H activation[7-9] 

 

Figure 1.2 Transition metal (TM) catalyzed C–H activation/Functionalization. 

 

Recent advancements have shown that direct C–H functionalization via 

C–H bond activation, facilitated by transition metal catalysis, leads to 

the formation of carbon-carbon bonds (Figure 1.2). Particularly, C–H 

bond activation refers to the process of cleaving the relatively inert C–

H bond, which is one of the most stable and unreactive bonds in organic 

molecules due to its high bond dissociation energy and lack of polarity. 

Accordingly, the term "C–H activation" can be misleading, since it 

requires external intervention, typically in the form of a transition metal 

catalyst, to break these bonds. The primary objective of C–H activation 

strategies is to convert these unreactive bonds into more reactive 

intermediates, enabling further chemical transformations. After the C-H 

bond activation step, it forms a carbon-metal (C-M) containing 

intermediate, which can then undergo further transformations to produce 

a new C-C or C-X bond. This C–H functionalization protocol has 

become a valuable tool in organic synthesis, allowing for the overview 

of functional groups such as aryl, acyl, alkyl, amine, and many more 

substituents onto target molecules. This strategy not only simplifies the 

construction of complex molecular architectures but also aligns with the 

principles of green chemistry by reducing the need for pre-

functionalized substrates and minimizing waste.  

Transition metal catalysts, particularly palladium, rhodium, and 

ruthenium, have emerged as indispensable tools for C–H bond activation 

and functionalization, offering unparalleled efficiency and versatility in 

chemical transformations. Among the most prominent metals, palladium 

stands out for its remarkable ability to mediate assorted transformations 

such as oxidative addition, reductive elimination, and exhibit flexibility 
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for functionalization. These capabilities make palladium catalysts 

essential for constructing complex molecular architectures with 

precision. Similarly, rhodium catalysts have garnered significant 

attention for their exceptional reactivity and selectivity in C–H 

activation processes. Rhodium complexes are particularly effective in 

facilitating intramolecular and intermolecular reactions under mild 

conditions, thereby expanding the scope of accessible chemical 

frameworks. They have proven invaluable in synthesizing biologically 

active molecules and advanced materials. On the other hand, Ruthenium 

catalysts offer unique advantages due to their robustness and cost-

effectiveness compared to other transition metals. Ruthenium-based 

systems excel in promoting challenging transformations, including 

regioselective C–H activation and functionalization of inactivated 

substrates. Their versatility has made them a cornerstone in developing 

sustainable and innovative synthetic methodologies. 

1.2.2 Palladium-catalyzed C–H functionalization 

Palladium-catalyzed C–H activation plays a crucial role in structural 

modification, particularly in the build-up of C-C bonds. Palladium 

catalysts are highly valued due to their ability to access multiple 

oxidation states, which facilitates the functionalization of inert C–H 

bonds into C-C, C–Heteroatom, and other essential bonds. This 

versatility makes palladium a critical catalyst for modern organic 

conversions. In the reaction mechanism, palladium catalysts operate 

through multiple oxidation states, enabling key transformations in 

organic synthesis, such as bond formation, C–H activation, and 

functional group interconversions. Typically, palladium (0) is 

oxidatively added to produce palladium (II), which allows C–H bond 

functionalization. As well, palladium (IV) intermediates can be formed 

by additional oxidation of palladium (II). In the mechanistic pathway, 

palladium is known to move between oxidation levels ranging from zero 

to four. The ability of palladium to achieve higher oxidation states, 

particularly palladium (IV), is critical for enhancing selectivity, 

especially in challenging C–H activation processes. Coordinating 
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ligands, including phosphines (PR3), N-heterocyclic carbenes (NHCs), 

and pyridine-derived ligands, are frequently utilized with palladium 

catalysts to improve selectivity and enable challenging C–H activation. 

These ligands are essential in controlling palladium reactivity, 

stabilizing various oxidation states, and improving the catalyst's 

performance to facilitate more efficient and selective transformations in 

intricate synthetic processes.[10] Here, discussing a few selected reports 

(Scheme 1.1). In 2009, Wu’s and colleagues demonstrated a method for 

ortho C–H arylation of pyridine and 2-phenylpyridine derivatives. This 

process utilized transition metal catalysis, with potassium aryl 

trifluoroborates as arylating agents, copper as a co-catalyst, and p-

benzoquinone. The reaction proceeded efficiently in the presence of an 

elevated temperature of 120 °C (Scheme 1.1a).[11] Yang’s and 

colleagues later reported a palladium-catalyzed acylation of 2-aryl 

benzoxazole using aldehydes. This reaction occurred under oxidative 

conditions with tert-butyl hydroperoxide (TBHP) as the oxidant and 

chlorobenzene as the solvent, enabling efficient C-C bond formation or  

 

Scheme 1.1 Selected palladium-catalyzed C-C bond formation reactions 
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corresponding acylation of 2-aryl benzoxazoles (Scheme 1.1b).[12] 

Afterward, Tan’s and co-workers reported the synthesis of anthranilic 

ethyl esters from anilides through a palladium-catalyzed 

dehydrogenative coupling reaction, using TBHP as the oxidant. Under 

these conditions, a wide range of substrates were well tolerated, 

achieving yields between 40-66% (Scheme 1.1c).[13] Further, cyclic and 

open-chain alkenylation of heteroarenes with N-methyl maleimides and 

substituted styrene derivatives. These reactions proceed with palladium-

catalyzed functionalization under thermal conditions, demonstrating 

good functional group tolerance with acceptable yields of the 

corresponding alkenylated products. (Scheme 1.1d-e).[14-15] 

1.2.3 Rhodium-catalyzed C–H functionalization 

In recent decades, transition metal-rhodium-catalyzed C–H 

functionalization has developed as a particularly effective methodology 

for constructing complex molecular architectures, including the 

functionalization of bioactive compounds. Rhodium catalysts are 

invaluable in modern synthetic chemistry due to their ability to 

selectively activate and functionalize inert C–H bonds. This strategy 

holds immense potential due to the abundance of C–H bonds in organic 

molecules, providing direct and atom-economical pathways for 

molecular diversification. Therefore, Pharmaceuticals, agrochemicals, 

and other industries benefit from its application, which has enabled them 

to synthesize a wide range of structurally various and functionally 

complex compounds from simple precursors. Rhodium catalysts play a 

critical role in the formation of new bonds within chemical feedstocks 

due to their versatility like, the Rh(I) or Rh(III) species can form 

rhodium-carbon bonds through C–H activation for further conversion. 

This transformation usually involves an initial oxidative addition, 

followed by reductive elimination, ultimately forming C-C or C-X 

bonds. The catalyst is then regenerated, enabling it to participate in 

further catalytic cycles. [16-22] 



9 
 

Rhodium-catalyst-based C–H functionalization exhibits high regio- and 

chemo-selectivity, which can be fine-tuned by the presence or absence 

of directing ligands. Incorporating ligands or directing groups into the 

catalytic system profoundly influences the selectivity of these 

transformations. Exploring the diversity of rhodium catalyst ligands 

includes cyclopentadienyl, pentamethylcyclopentadienyl derivatives, 

and substituted phosphine oxides. Additionally, directing groups such as 

phosphines, dendritic phosphonated ligands, pyridyl, and oxazoline 

derivatives play a crucial role in guiding the activation site, allowing for 

controlled, selective bond formation. Classically, C–H functionalization 

reactions proceed via chelation-assisted mechanisms, whereby the 

directing group coordinates to the rhodium center, steering activation 

towards a specific C–H bond. This precise control over bond formation 

makes rhodium catalysts highly valued for their efficiency in 

constructing complex molecules and provides high selectivity with 

minimal waste. A few selected C–C bond-forming examples are 

discussed in (Scheme 1.2). 

In 2011, Chang’s and colleagues demonstrated a rhodium-catalyzed 

ortho C–H olefination of benzaldehydes and benzoates utilizing silver 

hexafluoroantimonate, copper acetate, and 1,2-dichloroethane (DCE) as 

a solvent, using 110 °C temperatures for 12 hours (Scheme 1.2a).[16] 

Further, Zhang and colleagues developed that arenes and heteroarenes 

get oxidative carbonylated by rhodium-catalyzed directing groups, 

effectively converting them into esters under oxidative CO atmospheric 

conditions (Scheme 1.2b).[17] In 2014, Li’s and co-workers explored the 

rhodium(III)-catalyzed ortho C–H alkynylation of heteroaromatic 

substrates using hypervalent iodine-alkyne reagents in the presence of 

zinc triflate under thermal conditions for directing group-assisted 

alkynylation (Scheme 1.2c).[18] In 2011, the Glorius group reported a 

Rh(III)-catalyzed ortho-olefination of key structural motifs such as 

acetophenones and benzamides, employing styrene as the olefin source, 

in the presence of silver salts and copper acetate as co-catalysts at 120 

°C for 16 hours. This transformation exhibited excellent tolerance towa- 
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Scheme 1.2 Selected rhodium-catalyzed C-C bond formation reactions 

-rd both electron-rich and electron-deficient substrates, delivering high 

yields with remarkable regioselectivity (Scheme 1.2d).[19] In a 

complementary study, Li and co-workers described a rhodium-

catalyzed, directing group-assisted C–H arylation with 4-hydroxycyclo-

hexa-2,5-dienones as arylating source, where aromatization served as 

the driving force for product formation. The author performed this 

arylation, using silver salts, zinc catalysts, and 1,2-dichloroethane 

(DCE) as the solvent at 100 °C, which enabled the efficient synthesis of 

di- and tri-substituted phenols, with yields reaching up to 78% (Scheme 

1.2e).[20] Furthermore, an alkylation and alkenylation strategy was 

developed using N-alkyl maleimides with heteroarenes under Rh(III)-

catalyzed conditions. The reaction employed silver salts and 1,2- 
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dichloroethane (DCE) as the solvent, conducted at temperatures ranging 

from 100-120 °C, showing a wide substrate scope. The methodology 

provided 3-arylbenzo[d]isoxazoles derivatives in yields ranging from 

51% to 99%, while isoquinolones derivatives were obtained in yields of 

19-96% (Schemes 1.2f & g).[21,22] 

 

1.2.4 Ruthenium-catalyzed C–H functionalization [23-26] 

Synthetic chemists are attracted to ruthenium-catalyzed C–H 

functionalization because of its low cost, selectivity, versatility, 

sustainability, and mild reaction conditions. The Miura and co-workers 

developed the ruthenium-catalyzed ortho C–H alkenylation of 

benzamide substrates using alkene reagents. The reaction was conducted 

under thermal conditions in the presence of silver salts and copper 

catalysts under a nitrogen atmosphere (Scheme 1.3a).[23] Furthermore, 

Frost’s, Szostak’s, and Baidya’s groups discovered that a range of C–C 

bond-forming reactions, including acylation, alkylation, and arylation, 

were achieved using ruthenium catalysts in combination with various 

ligands, bases, or acids. These transformations were typically carried out 

at temperatures of 100-130 °C with 15–24 hours of the reaction times 

(Scheme 1.3b-d).[24-26] 

Scheme 1.3 Selected ruthenium-catalyzed C-C bond formation reactions 
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Recently, organic chemists have increasingly prioritized the 

development of eco-friendly and sustainable methodologies and 

technologies. The traditional reliance on thermal energy to drive 

chemical reactions is gradually being supplemented and, in some cases, 

replaced by alternative energy sources. These include electrochemical, 

microwave, photochemical, and sonochemical methods, among others. 

Such innovations represent a paradigm shift towards greener and more 

efficient approaches in chemical synthesis, aligning with broader goals 

of sustainability and environmental stewardship.[27] 

1.3  Visible light-mediated photo-redox catalysis for C-C 

bond formation 

The recent renaissance of photo-redox-catalyzed C–H functionalization 

has emerged as a prevailing strategy in drug discovery, particularly for 

forming C–C bonds via various reaction pathways. This method offers 

significant advantages, as it operates under mild conditions, typically at 

room temperature using visible light as a traceless and sustainable 

energy source to achieve efficient product formation. This approach has 

garnered considerable attention for its potential to enable selective and 

efficient chemical transformations, making it a valuable tool in modern 

organic synthesis.[28] 

1.3.1 A brief history of visible light in chemical 

transformations 

For millennia, civilizations have understood the essential role of light in 

supporting life on Earth. As the primary light source and energy driving 

biological processes, the sun has been revered and studied throughout 

history. Various traditional remedies, some dating back centuries, 

suggest that sunlight exposure was an essential component of medical 

treatments. In the 19th century, significant advancements were made in 

the understanding of light and its properties. William Herschel 

discovered infrared radiation while investigating the thermal effects of 

sunlight, identifying a form of radiation beyond the visible red spectrum. 

Similarly, Johann Ritter uncovered ultraviolet (UV) radiation by  
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Figure 1.3 Relationship Between Energy and Wavelength of Light 

 

studying the chemical reactions of silver chloride when exposed to 

sunlight, thus marking the opposite end of the visible spectrum. Further, 

James Clerk Maxwell combined the law of electricity and magnetism, 

resulting in the development of classical electromagnetism, which 

unifies the theory of electromagnetic waves, including visible light. The 

reaction of energy with a wavelength of light is shown in Figure 1.3. 

The first practical incandescent light bulb invented by Thomas Edison 

revolutionized artificial lighting and provided the foundation for modern 

lighting systems. In the early 20th century, Albert Einstein introduced the 

concept of photons-discrete packets of light energy to explain the 

photoelectric effect. As a result of this discovery, the quantum theory of 

light was established, making visible light more understandable at the 

atomic level.[29] With the invention of fiber-optic technology in the late 

20th century, Charles K. Kao revolutionized telecommunications by 

using light to transmit data over long distances with minimal loss. Light-

emitting diode (LED) technology advanced dramatically in the 1990s 

when blue LEDs were invented, enabling the development of white 

LEDs. As a consequence of this breakthrough, highly energy-efficient 

and durable light sources were developed, revolutionizing modern 

lighting. Recently, visible light has been sporadically employed and 

gained attention for its role in photo-redox chemistry, enabling 

sustainable chemical transformations under mild, environmentally 

benign conditions. Photocatalysis techniques are particularly important 

in processes such as C–H functionalization, where visible light-driven 
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reactions facilitate the straightforward route of Carbon-Carbon bond 

through greater efficiency and selectivity. As green chemistry advances, 

visible-light-induced photo-redox catalysis has become a key 

component, offering innovative synthesis methodologies. It includes 

application in our own research, where visible light can be used to drive 

the C–H functionalization in heterocyclic compounds, making chemical 

processes more sustainable and energy-efficient.[30] 

1.3.2  Photo-redox Catalysis: Light-driven synthetic 

chemistry 

Photo-redox catalysis is the process in which a catalyst absorbs light 

energy either visible or UV light to drive oxidation-reduction (redox) 

reactions and enable single-electron transfer reactions (SETs). As a 

result of irradiation, the catalyst undergoes transitions between its 

excited oxidative and reductive states, allowing electron transfer 

between the catalyst and substrate to occur. The precise control of redox 

potentials results in the generation of reactive radical intermediates, 

which promote the activation of traditionally inert chemical bonds in an 

energy-efficient environment. As a modern organic synthesis strategy, 

photo-redox catalysis has become increasingly important because it 

allows the previously inaccessible reaction pathways and enables the 

construction of structurally complex molecules with high chemo-

selectivity and regioselectivity.[31,32] The photo-redox strategy has 

become integral to the advancement of sustainable methodologies, 

offering novel opportunities for selective functionalization in the context 

of green chemistry.[33] As demonstrated in Figure 1.4, photocatalysts 

are excited under visible light to generate an excited state photocatalyst 

(PC)*, which initiates an oxidative cycle involving oxidizing agents. The 

excited photocatalyst (PC)* first reacts with oxidizing agent OA1, 

resulting in the formation of a photocatalytic cation radical (PC)+• and 

an anion radical (OA1)
-•. Afterward, the ground state photocatalyst (PC) 

is regenerated by a reducing agent (RA2, electron donor) generating a 

cation radical of (RA2)
+•. Concomitantly, in the reductive quenching 
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cycle, the photocatalyst is excited under visible light to generate the 

excited state photocatalyst (PC)*, which then reacts with a reducing 

agent (RA1), generating an anion radical of the photocatalyst (PC)
-• and 

a cation radical of RA1
+•. This anion radical, (PC)

-• reacts with an 

oxidizing agent (OA2) restoring the ground state of the photocatalyst 

(PC) with anion radical of OA
-•. [34] 

 

Figure 1.4 Oxidative and Reductive quenching cycle of photocatalyst 

 

For a compound to function efficiently as a photo-redox catalyst in the 

visible light spectrum, it must meet several key criteria. 

1. The catalyst should absorb visible light effectively within the range 

(400-700 nm) to ensure optimal photoexcitation by readily accessible 

light sources, such as sunlight or LEDs, facilitating the effective 

initiation of photo-redox processes. 

2. The single-electron transfer (SET) processes should be achieved by 

the catalyst having sufficient redox potential to enable both oxidative 

and reductive interactions with the substrates. 

3. The catalyst should exhibit redox potentials compatible with 

facilitating single-electron transfer (SET) reactions, ensuring that its 

excited state possesses sufficient energy to participate in both oxidation 

and reduction with the intended substrates. 

4. The excited state (PC*) must exhibit a sufficiently long lifetime to 

enable productive interactions with substrates before relaxation to the 
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ground state. Additionally, the excited state should facilitate efficient 

energy transfer to substrates or intermediates, driving the desired 

chemical transformations. 

5. The photocatalyst should demonstrate high photostability, resisting 

decomposition or degradation under prolonged light exposure and 

multiple redox cycles, to maintain sustained catalytic activity. 

Furthermore, it should exhibit efficient renewability after each catalytic 

cycle, ensuring continuous turnover without significant loss of 

performance. 

1.3.3 Metal-based photo-redox catalysts [34,35] 

Metal-based photo-redox catalysts are a class of catalysts that integrate 

the properties of both organometallic complexes and photo-redox 

systems. These catalysts typically feature a central transition metal, such 

as iridium, ruthenium, copper, and other metals (Fe, Ni, Au etc.) 

coordinated with organic ligands like phenylpyridine, bipyridyl etc. 

(Figure 1.5). Due to their unique photochemical properties, these 

coordination complexes have gathered significant attention as photo-

redox catalysts. Under visible light irradiation, these metal-based 

catalysts are promoted from their ground state to an electronically 

excited state (PC*), transforming into an active species capable of 

initiating key reaction pathways. This excitation enables the catalyst to 

facilitate single-electron transfer (SET) processes, which can proceed 

through either oxidative or reductive mechanisms, depending on the 

reaction conditions. The effectiveness of these catalysts is further 

enhanced by their well-tuned redox potentials and relatively long-lived 

excited states, making them highly versatile for photo-redox catalysis in 

the presence of suitable oxidizing or reducing agents. 

1.3.4 Organic photo-redox catalysts [34,35,36] 

Organic photo-redox catalysts are a class of purely organic compounds 

(carbon-based) capable of mediating photo-redox reactions under light 

irradiation. These catalysts enable a wide range of otherwise thermally  
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 Figure 1.5 Metal-based photo-redox catalyst 

inaccessible transformations by harnessing the energy of ultraviolet 

(UV) or visible light. By facilitating challenging oxidation and reduction 

reactions, organic photo-redox catalysts play a crucial role in advancing 

modern synthetic chemistry. The major advantages of organic photo-

redox catalysts work without requiring metals, making them an 

attractive alternative due to their sustainability, cost-effectiveness, and 

reduced environmental impact. They are particularly valuable in 

promoting substrate activation and driving key transformations such as 

C–C, and C–X bond formation.  Additionally, their versatility allows 

them to mediate various reaction types, including cross-coupling C–H 

functionalization, and more. Some organic photo-redox catalysts that 

absorb UV light (Figure 1.6a) have traditionally been used in chemical 

reactions. However, the reliance on UV light presents notable 

drawbacks, including high energy requirements, safety concerns, and 

limited functional group compatibility. To address these challenges,  
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Figure 1.6 Organic photo-redox catalyst (a) & (b) 

recent advancements have focused on the of use organic dyes as 

photocatalysts (Figure 1.6b). These dyes absorb visible light, providing 

a sustainable and efficient alternative for chemical transformations.  

1.3.5 Semiconductor photo-redox catalysts  

An additional type of photo-redox catalyst is a semiconductor photo-

redox catalyst. It utilizes the unique electronic properties of 

semiconductors to facilitate redox reactions, specifically C–H 

functionalization of organic molecules, under light irradiation. This 

process involves activating inert carbon-hydrogen (C–H) bonds and 

transforming them into diverse chemical modifications. Examples of 

semiconductor photo-redox catalysts include Titanium dioxide (TiO2), 

Zinc oxide (ZnO), Zinc sulfide (ZnS), Cadmium sulfide (CdS), 

Antimony trioxide (Sb2O3) which are used to promote these 

transformations under UV or visible light, depending on their bandgap 

properties. [37] 
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1.3.6 Application of photo-redox catalyst in C–H 

functionalization 

Photo-redox-catalyzed C–H functionalization has significant 

applications in drug discovery, particularly in the formation of C–C 

bonds through aroylation, arylation, and alkylation.[38,39] The scheme 

1.4 illustrates several selected examples of C–H functionalization 

reactions. One notable example is the work by Liu and co-workers in 

2021. A novel photo-redox catalyzed method was developed using eosin 

Y as a photocatalyst to promote cyclization and acylation reactions of 

N-propargyl indoles. This approach employs aryl or alkyl-substituted 

oxime esters as acyl donors, facilitating the efficient synthesis of 2-

acylated 9H-pyrrolo[1,2-a]indoles under visible light irradiation at 

ambient temperature for 20 hours (Scheme 1.4a).[40] The Singh group 

demonstrated an effective approach for synthesizing α,β-unsaturated 

ketone derivatives through the C(sp3)–H functionalization of toluene 

and phenylacetylene substrates. Utilizing an organic dye as the catalyst, 

this reaction selectively transforms various methyl arenes and aromatic 

alkynes into the target products with the source of visible light (Scheme 

1.4b).[41] Additionally, the Trienes group demonstrated coupling 

reactions in the presence of aryl halides and 1,3-azoles using photo-

redox conditions under visible light irradiation, foremost to the 

formation of arylated products (Scheme 1.4c).[42] These transformations 

highlight the versatility of visible-light-induced processes in 

synthesizing valuable organic molecules. Next, Lei and co-workers 

developed an arylation strategy for isoquinoline using 

Ru(bpy)3Cl2.6H2O as a photocatalyst under visible light irradiation at 

room temperature. This photo-redox catalyzed approach enabled the 

efficient synthesis of isoquinoline derivatives, including alkaloids such 

as menisporphine and daurioxoisoporphine C. The method showcases 

the utility of Ru-based photo-redox catalysis in the functionalization of 

heterocycles and the synthesis of biologically relevant compounds 

(Scheme 1.4d).[43] In addition to other photo-redox, organic dyes have 

been extensively employed in C–H functionalization. Notably, several 
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reports highlight using eosin Y as a photocatalyst for C–H arylation 

under visible light conditions, additional two significant studies are 

highlighted. König’s and groups developed a metal-free C–H arylation 

methodology involving diazonium salts and heterocycles. Similarly, 

Kim’s groups reported the C–H arylation of quinoxalin-2(1H)-ones 

using diazonium salts and aryl boronic acids under visible light 

irradiation. These studies demonstrate the versatility of eosin Y in  

 

Scheme 1.4 Selected Examples of Photoinduced C-H Functionalization 

facilitating C–H bond arylation reactions (Scheme 1.4e & f).[44-45] Wei’s 

and co-workers reported a C–H alkylation methodology employing 

organic photocatalysts, such as rose bengal, under visible light 

irradiation. This approach facilitated the alkylation of quinoxalin-2(1H)-

ones using simple ethers as alkylating agents. Quinoxalin-2(1H)-ones 

were employed as the limiting reagents, demonstrating the efficacy of 
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organic photocatalysts in promoting C–H alkylation under visible light 

irradiation (Scheme 1.4g).[46] 

1.4  Merging of transition metal catalysis and photo-redox 

catalysis 

Recently, photo-redox catalysts have been employed in conjunction 

with other catalytic systems, such as transition metal catalysis, in dual 

catalytic strategies to enhance reactivity and broaden the scope of 

transformations. This merging of transition metal catalysis with photo-

redox catalysis has become a more advanced strategy for developing 

novel chemical bond formation pathways using visible light. In this dual 

catalysis strategy, traditionally inert C–H bonds are efficiently activated 

through the synergistic action of a transition metal catalyst and a photo-

redox catalyst. The photo-redox catalyst facilitates the generation of 

reactive radical intermediates, enabling subsequent C–C bond formation 

or other bond-forming reactions. Notably, these transformations occur 

under exceptionally mild conditions, highlighting the approach's 

practicality and versatility in complex chemical synthesis. 

Mechanically, photocatalysts absorb visible light, excited from the 

ground state to an excited state. These excited photocatalysts can then 

engage in single-electron transfer (SET) events, either through oxidative 

or reductive quenching pathways, to activate unreactive substrates. 

Upon activation, the substrate generates radical intermediates that can 

further react with corresponding coupling partners, facilitating the 

desired functionalization under mild, energy-efficient conditions. This 

synergistic blend between transition metal catalysis and photo-redox 

catalysis is especially advantageous for challenging substrates such as 

those with unreactive C–H bonds or substrates requiring alkyl, aryl, 

acyl, etc. radical intermediates enabling regioselective and 

stereoselective transformations with high efficiency. The merging of 

photocatalysis and transition metal catalysis offers distinct mechanistic 

pathways for C–H functionalization, such as (1) C–H activation driven 

by photocatalysts and transition metal catalysts, (2) radical-radical cross 
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Figure 1.7 Merging of TM catalyst with PC 

-coupling, and (3) dual catalysis (as predicted in Figure 1.7). Each 

pathway exploits the synergistic roles of light and transition metals to 

promote efficient bond formation under mild, sustainable conditions.[47] 

In the C–H activation path, a photocatalyst absorbs visible light to reach 

an excited state, facilitating the generation of radical intermediates from 

substrates containing carbon or heteroatoms (e.g., acyl, aryl, alkyl, or 

heteroatoms such as N, O, and S). Concurrently, a transition metal 

catalyst (e.g., Pd, Ni, Au, Ru, Rh, Co) activates the C–H bond, initiating 

a catalytic cycle. In the presence of the transition metal catalyst, the 

radical intermediate is converted into the desired product by doing an 

interaction with it. In radical cross-coupling, the photocatalyst generates 

reactive radicals through either hydrogen atom transfer (HAT) processes 

or single electron transfer (SET). These radicals can then be intercepted 

by the transition metal catalyst, accelerating the chemical 

transformation. This approach provides access to complex molecular 

architectures via radical intermediates. Finally, in dual catalysis, the 

transition metal catalyst activates otherwise inert C–H bonds, while the 

photocatalyst supplies the necessary redox equivalents to drive the 

catalytic cycle under visible light. This dual catalytic strategy lowers the 

energy barrier for bond formation and enhances the efficiency of C–H 

functionalization.[48] 

Overall, these approaches expand the toolkit for developing novel, green 

synthetic methodologies, enabling the construction of molecular 

scaffolds under mild, visible-light-driven conditions. Since the early 
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breakthroughs in acylation reactions, research groups led by 

MacMillan,[49] Wang,[50] and Xia [51] have pioneered transition metal-

catalyzed, photo-redox-catalyzed acylation reactions under visible light 

irradiation (typically using blue or green LEDs), resulting in various 

carbonyl-containing products (Scheme 1.5a-c). In 2017, both Gau's[52] 

and Xu's[53] research groups independently reported the palladium-

catalyzed, photo-redox-driven C–H arylation of heteroarenes  

Scheme 1.5 Photoinduced C-H Activation and Functionalization  

using aryl diazonium salts under blue LED irradiation, with methanol as 

the solvent (Scheme 1.5d-e). It was demonstrated that visible light-

driven catalysis was successful in forming C-C bonds through C–H 

activation. Since then, several methodologies have emerged employing 

this dual catalytic system for C-C and C-X bond formation. Huang and 

co-workers[54] developed an alkenylation approach via a Heck-type 
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reaction, combining a palladium catalyst and a photo-redox catalyst in 

the presence of visible light (Scheme 1.5f). 

1.5  Innovation and bioactivity of heterocyclic compounds 

Heterocyclic compounds represent a ubiquitous and integral class of 

substrates in pharmaceutical chemistry. Heterocyclic compounds, a 

cornerstone in the realm of organic synthesis, are characterized by ring 

structures comprising at least two distinct types of atoms. Specifically, 

when a ring system contains carbon atoms in conjunction with 

heteroatoms such as nitrogen (N), oxygen (O), or sulfur (S), it is 

classified as an organic heterocyclic compound. These compounds are 

highly significant in advanced organic synthesis due to their widespread 

presence in bioactive molecules. Heterocyclic chemistry is a crucial and 

captivating field, primarily due to the widespread presence of 

heterocycles in abundant therapeutic compounds. These compounds are 

extensively utilized across pharmaceuticals, veterinary medicine, and 

agrochemicals, making them indispensable in these industries. The 

development of new synthetic methods and the progress in medicinal 

chemistry have led to the design of drug molecules with enhanced 

efficacy and targeted drug delivery.[55-57] 

As a result, heterocyclic chemistry remains a central area of research, 

driving the discovery and improvement of compounds with wide-

ranging applications across various scientific fields. A few selected 

naturally occurring pyridine derivatives, along with drugs and bioactive 

compounds that incorporate pyridine as a core structure, are shown in 

Figure 1.8.[58,59]  

Approximately 85% of physiologically active medications contain at 

least one heteroatom, such as nitrogen, with pyridine being a key 

structural component in many of these pharmaceutical compounds. 

Pyridine serves as a critical core in many drug molecules, playing a 

significant role in their biological activity, enzymatic inhibition, 

antimicrobial activity, and anti-cancer properties, highlighting their 

significance in medicinal chemistry. The pyridine core is a fundamental  
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Figure 1.8 Pyridine-based bioactive compounds 

structure found in a wide array of heterocyclic compounds and is 

commonly present in various bioactive molecules (Figure 1.9). 

Examples include heterocycles like quinoline, imidazo[1,2-a]pyridine 

pyrimido[1,2-a]indole, 4H-pyrido[1,2-a]pyrimidin-4-one, pyrido[2,3-

b]pyrazine, 1H-pyrazolo[3,4-b]pyridine, 3H-imidazo[4,5-b]pyridine,  

Figure 1.9 Pyridine-Based Heterocycles: Essential Building Blocks in 

Bioactive Molecules 
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and [1,2,4]triazolo[1,5-a]pyrimidine. These compounds play essential 

roles in various biological activities.[60-64] 

1.5.1 4H-Pyrido[1,2-a]pyrimidin-4-ones: Biologically 

importance 

The 4H-pyrido[1,2-a]pyrimidin-4-one scaffold stands out as a distinct 

nitrogen-containing heterocycle, featuring a fused pyridine and 

pyrimidine ring structure. This structure is composed of a 4H-pyridine 

fused with 1,2-diazine (pyrimidine), where the carbonyl group at the 

fourth position defines the "4-one" nomenclature, while the "4H" 

signifies the hydrogen located on the nitrogen of the pyrimidine ring. 

4H-pyrido[1,2-a]pyrimidin-4-ones, a type of fused heterocycle, are 

structurally and chemically versatile. The 4H-pyrido[1,2-a]pyrimidin-4-

one scaffold, first investigated in the mid-20th century, has garnered 

significant attention due to its rigid and planar architecture, which 

facilitates interactions with various biological targets. This structural 

feature has made these compounds highly attractive in drug discovery 

and development.[65] 

4H-pyrido[1,2-a]pyrimidin-4-ones scaffold or their derivatives are 

recognized for their potent bioactivity and multifunctional utility, 

serving as critical motifs in diverse fields such as natural product 

chemistry, pharmaceuticals, agrochemicals, materials science, and 

medicinal compounds. The unique structural attributes of this scaffold 

make it a valuable target for research in these areas. A wide range of 

medicinal applications have been investigated for 4H-pyrido[1,2-

a]pyrimidin-4-ones, which are illustrated in Figure 1.10. The 

therapeutic versatility of these compounds is noteworthy, including anti-

allergic activity (e.g., Permirolast, endothelial cell dysfunction 

inhibition, and tranquilizing effects, as seen in Pirenperone. 

Furthermore, they have shown promising anticancer activity, function 

as ERPα reverse agonists, and are used in the treatment of spinal 

muscular atrophy, exemplified by Evrysdi. Other notable activities 

include CXCR3 antagonism, efflux pump inhibition, PI3K inhibition, 
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antidepressant effects e.g., Lusaperidone, aldose reductase inhibition, 

EPIs in pseudomonas aeruginosa, Quorum sensing inhibitor. With these 

wide-ranging biological functions, scaffolds are highly valuable for drug 

development due to their broad therapeutic potential.[65] 

Figure 1.10 Biological active compounds of 4H-pyrido[1,2-a]pyrimidin-4-

one 

1.5.2 A classical route for the synthesis of 4H-pyrido[1,2-

a]pyrimidin-4-one 

A classical synthesis route and functionalization of the 4H-pyrido[1,2-

a]pyrimidin-4-one scaffold have been extensively covered in the 

existing literature.[65] Scheme 1.6 discusses selected synthetic routes for 

preparing pyrido[1,2-a]pyrimidin-4-ones and highlights key 

methodologies. In 2014, Dong and colleagues reported a cyclization 

strategy utilizing a 2-aminopyridine derivative and malononitrile in the 

presence of phosphorus pentoxide (P2O5) and formic acid as solvent. 

This reaction was conducted at 105 °C for 12 hours (Scheme 1.6a).[66] 

Similarly, in 2005, Jeong et al. employed a related approach to 
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synthesize 4H-pyrido[1,2-a]pyrimidin-4-one scaffolds (Scheme 1.6 b). 

They used 2-aminopyridine as a key substrate, reacting it with ethyl 

acetoacetate under acidic conditions, specifically with p-toluene 

sulfonic acid (PTSA) in toluene, under reflux conditions.[67] In 2015, the  

Scheme 1.6 Classical synthetic route of 4H-pyrido[1,2-a]pyrimid- in-4-

one scaffolds 

Jaenicke group introduced a novel methodology utilizing bismuth 

chloride neat conditions at 100 °C for 3 hours to synthesize derivatives 

of 4H-pyrido[1,2-a]pyrimidin-4-one (Scheme 1.6c).[68] Subsequently, 

in 2017, Liu and colleagues developed another synthetic route using 

either a beta-keto ester or a beta-diketone in combination with the 

aminopyridine derivative (Scheme 1.6d).[69] 

1.5.3 Functionalization of 4H-pyrido[1,2-a]pyrimidin-4-

one scaffold 

As discussed in the previous section and supported by the literature, 4H-

pyrido[1,2-a]pyrimidin-4-one serves as a crucial structural core in many 

essential medicinal compounds. Not only does the 4H-pyrido[1,2-

a]pyrimidin-4-one core exhibit bioactivity, but its functionalized 

derivatives also demonstrate significant biological effects in various 

compounds. As a result, several researchers have focused on developing 

novel functionalization strategies for this moiety. In 2015, Guchhait et 

al. pioneered an arylation methodology for the pyrido[1,2-a]pyrimidin-
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4-one scaffold, offering a robust approach to introduce aryl groups, 

achieving efficient transformations at a reaction temperature of 110 °C 

(Scheme 1.7a).[70] Subsequent progress was made by both the Cao’s[71] 

and Liang[72] groups, who independently developed palladium-

catalyzed C3 alkenylation of the 4H-pyrido[1,2-a]pyrimidin-4-one 

derivatives. The reactions, performed at 80 °C to 110 °C, resulted in 

valuable alkenylated products that display substantial synthetic and 

pharmacological potential (Scheme 1.7b). Functionalization strategies 

have been employed to investigate the formation of C-S, C-Se, and C-P 

bonds. Wang’s group[73] and Das’s group[74,75] reported efficient 

selenylation and sulfenylation reactions, conducted at temperatures 

spanning from room temperature to 110 °C, offering versatile tools for 

further scaffold diversification (Scheme 1.7c). In 2021, Guo's co-

workers developed a silver-catalyzed C3 phosphorylation of the 4H-

pyrido[1,2-a]pyrimidin-4-one core, achieving high selectivity at a 

reaction temperature of 80 °C (Scheme 1.7d).[76] These developments 

underscore the growing versatility of functionalization strategies for the 

pyrido[1,2-a]pyrimidin-4-one framework, with various methods 

available for the introduction of alkenyl, aryl, selenyl, sulfonyl, and 

phosphoryl groups under a wide range of reaction conditions, from 

ambient temperature to elevated temperatures. The demand for novel 

heterocyclic compounds is driving the development of heterocyclic 

compounds through environmentally friendly methods, such as 

reactions at room temperature and under cost-effective conditions, 

which is a significant area of research. This thesis focuses on visible 

light photoinduced C–H functionalization of 2-aryl heterocycles via a 

dual catalytic system, merging photo-redox catalysis with transition 

metal catalysis under visible light irradiation at ambient temperature. 

The existing approach aims to achieve sustainable and efficient 

synthetic transformations.  
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Scheme 1.7 Functionalization of pyrido[1,2-a]pyrimidin-4-one 

1.6  Aim of thesis 

This thesis aims to explore the C-C bond functionalized methodologies 

in heterocyclic compounds, highlighting their importance in medicinal 

chemistry. In the past several years, cross-coupling reactions and 

transition metal-catalyzed thermal reactions have become widely 

utilized for C-C bond formation. However, these approaches often 

require pre-functionalized substrates and mostly rely on high 

temperatures, stoichiometric amounts of oxidants, ligands, and other 

additives, and sensitivity of certain functional groups (amine, hydroxyl, 

etc.) which pose challenges in terms of sustainability and operational 

simplicity, especially in environmentally conscious chemistry. 

Looking at these requirements, in this thesis we focused on the C-H 

activation and functionalization, facilitated by visible light-mediated 

photo-induced pathways for C-C bond formation via direct C-H 

arylation, acylation, alkylation, and alkenylation of bioactive 2-phenyl-

4H-pyrido[1,2-a]pyrimidin-4-ones and other related 2-aryl 

heterocycles. Further, by merging photo-redox catalysis with transition 

metal catalysis, we introduced novel approaches that enable C-C bond 
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formation at ambient conditions providing a more sustainable alternative 

to the classical synthetic transformations.  
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Chapter 2 

Visible Light Assisted, Direct C3−H Arylation of 

Pyrido[1,2-a]pyrimidin-4-ones and Thiazolo[3,2-

a]pyrimidin-5-ones 

 

2.1 Introduction 

The fused heterocyclic compounds are prevalent structural motifs in 

several clinical drugs and therapeutic agents and are widely utilized 

across various pharmaceutical and agrochemical applications.[1-4] The 

bioactivity and drug-like properties of pyrido[1,2-a]pyrimidin-4-ones 

make it an attractive scaffold in drug discovery.[5-9] For example 2,3-

Diaryl-4H-pyrido[1,2-a]pyrimidin-4-one derivatives act as an 

endothelial cell dysfunction inhibitor and smooth muscle cell activator 

(Figure 2.1).[10] 

 

Figure 2.1 Biologically active C-3 arylated pyrido[1,2-a]pyrimidin-4-ones. 

Additionally, C3-H arylated pyrido[1,2-a]pyrimidin-4-one showed 

various biological activities as shown in (Figure 2.1), such as modulator 

of platelet activation and aggregation,[11] anti-inflammatory,[12] 

antitubercular,[13] CXCR3 antagonist,[14] antiallergic activities 
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(pemirolast),[15] and efflux pump inhibition,[16] as well as 

acetylcholinesterase,[17] antioxidants,[18] and antipsychotics.[19]  

2.2 Previous Reports 

The C3-H Arylation reaction of pyrido[1,2-a]pyrimidin-4-one has been 

previously reported via transition metal-catalyzed cross-coupling 

reactions at elevated temperatures (Scheme 2.1).[20,10.21,22,23] The first 

reports that Vanelle and co-workers developed a Pd-catalyzed Suzuki-

Miyaura cross-coupling reaction for C3-H arylated 

 

Scheme 2.1 Previous reports on C3-arylation of pyrido[1,2-a]pyrimidin-4-

one 

pyrido[1,2-a]pyrimidin-4-one by reacting 3-iodo-pyrido[1,2-

a]pyrimidin-4-ones  with aryl boronic acids under microwave irradiation 

at 100 °C for 2 h (Scheme 2.1a).[20] Whereas, the La Motta research 

team reported the synthesis of 2,3-diaryl-4H-pyrido[1,2-a]pyrimidin-4-

ones compounds via Pd-catalyzed cross-coupling of 3-bromo-2-aryl-

4H-pyrido[1,2-a]pyrimidin-4-ones with aryl boronic acid by refluxing it 

in using toluene as solvent (Scheme 2.1 b).[10,21] Furthermore, for the C-

3 arylation of pyrido[1,2-a]pyrimidin-4-one framework, Guchhait co-

workers developed Ag-promoted, Pd-catalyzed C–H coupling of 4H-

pyrido[1,2-a]pyrimidin-4-one with bromo-arenes and acids, silver salt, 
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ligands, bases under argon atmosphere to generate 3-aryl-4H-

pyrido[1,2-a]pyrimidin-4-one using 100 °C of reaction temperature 

(Scheme 2.1 c).[22] Lately, the Kim group and later Wei group developed 

visible light-induced photocatalyzed C–H arylation of Quinoxalin-2(H)- 

ones with aryl diazonium salts and DMSO or DMF as a solvent (Scheme 

2.1 d).[23] Nevertheless, these transformations suffer from certain 

disadvantages such as required transition metal catalysts and ligands, 

high temperature, pre-functionalized starting materials, high cost[24] etc. 

Moreover, the susceptible nature of the pyrido[1,2-a]pyrimidin-4-one 

framework to the harsh conditions results in decomposition or thermal 

rearrangement of the main skeletal structure, which is the deterring 

factor for suitable derivatization of this class of scaffold.[22,25-27] 

2.3 Objective 

Development of transition-metal-free, convergent, mild, and efficient 

methods for direct C3-H arylation of 4H-pyrido[1,2-a]pyrimidin-4-one 

is highly essential. Visible light-promoted photo redox catalysis has 

been developed as a powerful synthetic tool and attracted significant 

interest from the synthetic community for a wide range of synthetic 

transformations under mild conditions.[24,28-31]  We have developed the 

visible light-promoted, eosin-Y-catalyzed, direct C3-H arylation of 4H-

pyrido[1,2-a]pyrimidin-4-one using aryl diazonium compounds under 

very mild reactions conditions (Scheme 2.2).[32] 

 

Scheme 2.2 Photoinduced C3-arylation of pyrido[1,2-a]pyrimidin-4-one 

2.4 Result and Discussion 

A preliminary investigation of the reaction condition was initiated by 

irradiating the mixture of 2-phenyl-4H-pyrido[1,2-a]pyramidin-4-one 
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(1a, 0.2 mmol) with 4-methoxybenzenediazonium tetrafluoroborate (2a, 

0.6 mmol) in presence of acridinium salt (3 mol%) as a photocatalyst in 

acetonitrile (2.0 mL) under blue light at room temperature (Table 2.1; 

entry 1). After irradiating the stirring reaction mixture for 24 h, product 

3a was isolated in 24% yields. The structure of product 3 was confirmed 

with the help of NMR spectroscopy and single crystal x-ray (CCDC No. 

2225945 of 3s).[33] With this result, further optimization of the reaction 

condition was performed. When the reaction was performed in the 

presence of Na2CO3 (0.4 mmol) as a base, it delivered the expected 

product in 47% after 24 h (entry 2). Reaction with other organic dyes as 

photocatalysts (entries 3-7) such as fluorescein, rhodamine, methylene 

blue, eosin-Y, and rose bengal provided the desired product in 

progressive yields, amongst which eosin-Y provided the best yield 

(81%, entry 6). Reaction in the presence of other inorganic bases such 

as K2CO3, Cs2CO3, and NaHCO3 gave slightly lower yields (entries 8-

10), whereas organic bases such as DBU and Et3N were unable to 

produce the desired product in encouraging yields (entries 11 and 12). 

The reaction was performed in different solvents. Results revealed that 

the replacement of acetonitrile with chlorinated solvents (DCE or 

DCM), 1,4-Dioxane, or other polar solvents such as methanol, acetic 

acid, or dimethyl formamide provided the desired product in very poor 

yield (5-20%, entries 13-18), except methanol (38%, entry 16). Apart 

from acetonitrile, the reaction delivered the expected product in 

moderate yield when dimethyl sulfoxide was used as a solvent (66%, 

entry 19). Upon performing the reaction in the absence of photocatalyst 

(entry 20) or light (entry 21) or in the absence of both, photo-catalyst 

and light (entry 22), product yield drastically drops to 27%, 21%, and 

19% respectively. The reaction using NaOAc as a base in the absence of 

a photocatalyst and light (entry 23) produced the desired product with 

a 23% yield. With a lower amount of 4-methoxy benzene 

diazoniumtetrafluoroborate (2.0 and 1.0 equiv.), the yield of the desired 

product was diminished to 50% and 36% respectively (entry 24-25). 

When the light source was changed from blue to green, it was observed 

that the desired product yield decreased to 62% (entry 26). 
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Table 2.1 Optimization of the reaction conditions.[a] 

[a]Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), photo-catalyst (3 mol%), 

base (0.4 mmol), solvent (2.0 mL), blue LED, rt, 24 h. [b]isolated yields. [c]No 

photo-catalyst. [d]No light. [e]No light, no photo-catalyst. [f]0.4 mmol of 2a. 
[g]0.2 mmol of 2a. [h]green LED. DCE =1,2 dichloroethylene; DCM = 

dichloromethane; dioxane = 1,4-Dioxane; DMF = N,N-dimethylformamide; 

DMSO = dimethyl sulfoxide. 

 

 

 

entry photocatalyst base solvent yield (%)[b] 

1 acridinium salt - CH3CN 24 

2 acridinium salt Na2CO3 CH3CN 47 

3 fluorescein Na2CO3 CH3CN 39 

4 rhodamine Na2CO3 CH3CN 58 

5 methylene blue  Na2CO3 CH3CN 61 

6 eosin Y Na2CO3 CH3CN 81 

7 rose bengal Na2CO3 CH3CN 64 

8 eosin Y K2CO3 CH3CN 67 

9 eosin Y Cs2CO3 CH3CN 53 

10 eosin Y NaHCO3 CH3CN 48 

11 eosin Y DBU CH3CN 42 

12 eosin Y Et3N CH3CN 38 

13 eosin Y Na2CO3 DCE 10 

14 eosin Y Na2CO3 DCM 12 

15 eosin Y Na2CO3 dioxane 20 

16 eosin Y Na2CO3 methanol 38 

17 eosin Y Na2CO3 AcOH 17 

18 eosin Y Na2CO3 DMF 7 

19 eosin Y Na2CO3 DMSO 66 

20c - Na2CO3 CH3CN 27 

21d eosin Y Na2CO3 CH3CN 21 

22e - Na2CO3 CH3CN 19 

23e - NaOAc CH3CN 23 

24f eosin Y Na2CO3 CH3CN 50 

25g eosin Y Na2CO3 CH3CN 36 

26h eosin Y Na2CO3 CH3CN 62 
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Scheme 2.3 Substrate scope for arylation of pyrido[1,2-a]pyrimidin-4-ones[a] 

 
[a]Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), eosin Y (3 mol%), 

Na2CO3 (0.4 mmol), CH3CN (2.0 mL), blue LED, rt, 24 h. 

 

With the optimization of reaction conditions, further study of the 

substrate scope of direct C–H arylation of various 2-aryl-pyrido[1,2-

a]pyrimidin-4-ones with 4-methoxybenzenediazonium 

tetrafluoroborate was pursued (Scheme 2.3). Substitutions of methyl 

groups on different positions of 2-phenyl-pyrido[1,2-a]pyrimidin-4-

ones yielded the desired products 3b-e in good yields (67%, 71%, 69%,  

and 78%, respectively). Halo-substituted (-F, -Cl, -Br) 2-phenyl-

pyrido[1,2-a]pyrimidin-4-ones delivered expected products 3f-h in 

good to moderate yields (64%, 66%, and 70% respectively). 2-Aryl-

pyrido[1,2-a]pyrimidin-4-ones having substitution on the 2-phenyl ring 

(-OMe, -F, -Cl, -Br) also delivered desired C3 arylated products 3i-m in 

good yields (68%, 67%, 66%, 69% and 61%, respectively). Because of 

the biological importance of 6-aryl-5H-thiazolo[3,2-a]pyrimidin-5- 
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ones (Figure 2.1), various 7-aryl-5H-thiazolo[3,2-a]pyrimidin-5-ones 

were selectively arylated at the C6 position using the above-mentioned 

reaction conditions in good yields to afford corresponding C6 arylated 

products 3n-p (65-72%). 

     Further, the suitability of other substituted aryldiazonium salts (2a-

g) for visible light mediated C3 arylation reaction of 2-aryl-pyrido[1,2-

a]pyrimidin-4-ones and 7-aryl/alkyl-5H-thiazolo[3,2-a]pyrimidin-5- 

ones were investigated (Scheme 2.4). Reaction of benzenediazonium 

tetrafluoroborate with 2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one gave 

corresponding arylated product 3q in 60% yield. Further, 2-phenyl-4H-

pyrido[1,2-a]pyrimidin-4-one was allowed to react with 2-bromo-, 4-

nitro-, and 3-nitro-diazonium tetrafluoroborate under optimized reaction 

conditions, which delivered corresponding C3 arylated 2-phenyl-4H-

pyrido[1,2-a]pyrimidin-4-one derivatives 3r-t in good yields (64%,   

Scheme 2.4 Substrate Scope of aryl diazonium tetrafluoroborate[a] 

 
[a]Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), eosin Y (3 mol%), 

Na2CO3 (0.4 mmol), CH3CN (2.0 mL), blue LED, rt, 24 h. 
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72% and 68% respectively). Later, different 7-aryl-5H-thiazolo[3,2-

a]pyrimidin-5-ones were selectively arylated at the C6 position with 4-

nitro-diazonium tetrafluoroborate under optimized reaction conditions 

to provide corresponding C6 arylated products 3u-x in good to excellent 

yields (68%,70%,75% and 69% respectively). We were delighted to 

observe that the above-mentioned visible light-assisted C–H arylation 

strategy could be extended to the 2-methyl-4H-pyrido[1,2-a]pyrimidin-

4-ones and 7-methyl-5H-thiazolo[3,2-a]pyrimidin-5-ones. 2-Methyl-

4H-pyrido[1,2-a]pyrimidin-4-one was reacted with halogenated (F, Cl) 

diazonium tetrafluoroborate to produce 3y and 3z in 64% and 67% yield 

respectively. The reaction was unable to produce the desired C3-arylated 

product 3aa with 7-methyl-4H-pyrido[1,2-a]pyrimidin-4-one. In this 

reaction, the starting material was found to be unreacted. 7-Methyl-5H-

thiazolo[3,2-a]pyrimidin-5-one with halogenated (F, Cl) diazonium 

tetrafluoroborate delivered corresponding C6 arylated products 3ab and 

3ac in 69% and 66% yield respectively.  

 

Application of the present protocol was demonstrated in the synthesis of 

biologically active compounds (Scheme 2.5). When 2-(3,4- 

dimethoxyphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one (1u) and 

benzenediazonium tetrafluoroborate were irradiated with blue light in 

the presence of eosin-Y, it produced endothelial cell dysfunction 

inhibitor[10] 3ad in 71% yield (Scheme 2.5a). In addition to this, 2-

methyl-4H-pyrido[1,2-a]pyrimidin-4-one (1v) was reacted with 

benzenediazonium tetrafluoroborate under optimized reaction 

conditions to produce 3ae in 70% yield. Product 3ae was further 

converted into anti-inflammatory compound 5 using a previously 

reported method (Scheme 2.5b).[12] Moreover, to determine the practical 

utility of the developed approach, a scale-up reaction was carried out on 

a 2.25 mmol scale with 2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one 

providing a 61% yield of corresponding C3 arylated product 3s (Scheme 

2.5c). 
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Scheme 2.5 Synthesis of bioactive molecules and Scale-up reaction 

 

    To gain more insights into this visible light-mediated photocatalyzed 

radical reaction mechanism, a series of control experiments were 

performed (Scheme 2.6). The reaction was performed under standard  

conditions in the presence of 2,2,6,6-tetramethylpiperidine-1-oxyl 

(TEMPO) as a radical scavenger. In the presence of 2.0 and 3.0 equiv. 

of TEMPO, product formation was drastically reduced to 13% and 08% 

respectively, whereas complete inhibition of product formation was 

observed in the presence of 4.0 equivalent of TEMPO. Additionally, the 

TEMPO trapped aryl radical intermediates 6 was detected by HRMS 

(Scheme 2.6a). A light on-off experiment was performed to investigate 

the light-dependent radical reaction.  Results suggested most of the 

product, formation takes place with constant light irradiation (Scheme 

2.6b). A fluorescence quenching study of photo-catalyst was performed 

with 1a, 2a, and base. 4-methoxybenzenediazonium tetrafluoroborate 
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2a was observed as a potential fluorescence quencher (Scheme 2.6c-f). 

Further, the quantum yield (QY) of the model reaction was measured to 

be Φ = 5.98 which supports the radical chain propagation of the reaction. 

Scheme 2.6 Control experiments and Fluorescence quenching study.  

 

     Based on the above results of control experiments and mechanistic 

study available in the literature,[24,28,34] a plausible visible light-mediated 

radical reaction mechanism for C3 arylation is outlined (Scheme 2.7).   
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Scheme 2.7 Proposed reaction mechanism. 

 

It is speculated that the excited state of eosin-Y (EY*) generated upon 

blue light irradiation underwent oxidative quenching through single 

electron is speculated that the excited state of eosin-Y (EY*) generated 

upon blue light irradiation underwent oxidative quenching through 

single electron transfer (SET) with 4-methoxybenzenediazonium 

tetrafluoroborate 2a to form methoxybenzene radical [A].  

Methoxybenzene radical [A] reacted with 2-phenyl-4H-pyrido[1,2-

a]pyrimidin-4-one (1a) generating a radical intermediate [B]. 

Intermediate [B] may react with EY•+ or undergo radical-chain 

propagation with 4-methoxybenzenediazonium tetrafluoroborate 2a to 

generate cation intermediate [C]. This cation intermediate [C] delivered 

the final C3 arylated product 3a after a base-mediated deprotonation 

event. 

2.5 Summary 

To conclude, we developed the metal-free, visible light-induced 

photocatalyzed C3-H arylation of 2-methyl and 2-aryl-4H-pyrido[1,2-
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a]-pyrimidin-4-ones with aryldiazonium salts. In addition to this, 7-

methyl and 7-aryl-5H-thiazolo[3,2-a]pyrimidin-5-ones were found 

suitable substrates for direct C6-H arylation. A nontoxic, inexpensive 

organic dye was utilized as a photo-redox catalyst for this operationally 

simple and mild C–H arylation reaction showing good functional group 

tolerance and broad substrate scope. The synthetic and practical utility 

of this approach was demonstrated by synthesizing therapeutically 

important endothelial cell dysfunction inhibitors and anti-inflammatory 

agents as well as successful gram-scale synthesis. Further, extensions 

of this approach and their application in complex bioactive molecules 

are currently being investigated. 

2.6 Experimental section 

The general procedure for synthesis of 2-methyl-4H-pyrido[1,2-

a]pyrimidin-4-one derivatives (1):[35] All 2-methyl-4H-pyrido[1,2-

a]pyrimidin-4-ones (1) were prepared using the reported procedure and 

confirmed by NMR analysis. A mixture of substituted 2-aminopyridine 

(7, 20.0 mmol, 1.0 equiv.) and ethyl acetoacetate (9, 40.0 mmol, 2.0 

equiv.) and BiCl3 (5 mol%, 1 mmol) was heated in an oil bath at 100 °C 

temperature for 5 h. After 5 h the mixture was cooled to room 

temperature and was diluted with ethanol (5 mL). The solid was filtered, 

and filtrate was purified by silica-gel column chromatography (ethyl 

acetate: petroleum ether) to give 2-methyl-4H-pyrido[1,2-a]pyrimidin-

4-ones (1). 

The general procedure for synthesis of aryl diazonium salts (2a-

g):[36] The aryl diazonium salts 2a-g were synthesized according to the 

literature procedure. In a 50 mL of the round-bottom flask containing 

aniline (10, 20.0 mmol, 1.0 equiv.) in 8 mL of distilled water, was added 

a solution of HBF4 (50 wt.% in H2O, 90.0 mmol, 4.5 equiv.) at 0-5 °C 

temperature. Then, a precooled solution of NaNO2 (46.0 mmol, 2.3 

equiv.) in water (4 mL) was added dropwise into the above reaction 

mixture. During the addition, the temperature was carefully kept 
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between 0-5 °C and then the resulting mixture was left to stir at 0 °C for 

another 1 h. The resulting precipitate was collected by filtration. The 

crude product was dissolved in acetone, recrystallized by adding diethyl 

ether, and isolated by filtration. Recrystallization may be repeated again 

to obtain a white/light pink powder and dried under vacuum at room 

temperature.  

 

Procedure for synthesis of 3-(4-methoxyphenyl)-2-phenyl-4H-

pyrido[1,2-a]pyrimidin-4-one (3a): Acetonitrile (2.0 mL) was added 

to the mixture of 2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one (1a, 45 

mg, 0.2 mmol, 1.0 equiv.), 4-methoxybenzenediazonium 

tetrafluoroborate (2a, 135 mg, 0.6 mmol, 3.0 equiv.), eosin Y (4 mg, 3 

mol%), and Na2CO3 (43 mg, 0.4 mmol, 2.0 equiv.) in an oven dried 

reaction vessel equipped with magnetic stirring bar. Resulting reaction 

mixture was stirred at room temperature under irradiation of blue LED 

for 24 h. Reaction was quenched by adding H2O (2 mL) and resulting 

reaction mixture was extracted with EtOAc (3 × 25 mL) and was washed 

with brine solution and dried over Na2SO4. Combined organic layer was 

concentrated under reduced pressure to yield crude product which was 

further purified by silica gel column chromatography (ethyl acetate: 

petroleum ether) to give desired product 3a in 81% (53 mg). 

2.7 Characterization data of 3a-3ae, 5 

3-(4-Methoxyphenyl)-2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one 

(3a): Light green solid; 81% (53 mg); m.p.180-182 °C; 1H NMR (500 

MHz, CDCl3): δ 9.11 (d, J = 7.5 Hz, 1H), 7.74 – 7.68 (m, 2H), 7.44 – 

7.42 (m, 2H), 7.27 – 7.24 (m, 3H), 7.21 (d, J = 8.7 Hz, 2H), 7.14 – 7.11 

(m, 1H), 6.82 (d, J = 8.8 Hz, 2H), 3.78 (s, 3H); 13C{1H} NMR (126 

MHz, CDCl3): δ = 161.0, 158.8, 158.5, 149.4, 139.3, 135.6, 132.5, 

129.9, 128.7, 128.0, 127.6, 126.9, 126.7, 115.6, 115.4,  113.7, 55.3; 

HRMS (ESI, m/z): calcd for C21H17N2O2 [M+H]+: 329.1285, found : 

329.1284.  
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3-(4-Methoxyphenyl)-9-methyl-2-phenyl-4H-pyrido[1,2-a]pyrimidi 

n-4-one (3b): Light yellow solid; 67% (46 mg); m.p.178-180 °C; 1H 

NMR (500 MHz, CDCl3): δ 9.00 (d, J = 6.7 Hz, 1H), 7.57 (d, J = 6.9 

Hz, 1H), 7.52 (d, J = 6.2 Hz, 2H), 7.28 – 7.21 (m, 5H), 7.03 (t, J = 7.0 

Hz, 1H), 6.85 (d, J = 8.6 Hz, 2H), 3.80 (s, 3H), 2.65 (s, 3H); 13C NMR 

(126 MHz, CDCl3): δ = 159.6, 159.2, 158.8, 148.9, 139.6, 135.4, 134.2, 

132.5, 130.4, 128.8, 127.9, 127.4, 125.7, 115.1, 114.9, 113.8, 55.3, 18.2; 

IR (ATR): 1656, 1510, 1247, 1025, 766, 692 cm-1; HRMS (ESI, m/z): 

calcd for C22H19N2O2[M+ H]+: 343.1441, found : 342.1454.  

3-(4-Methoxyphenyl)-8-methyl-2-phenyl-4H-pyrido[1,2-a]pyrimidi 

n-4-one (3c): Yellow solid; 71% (48 mg); m.p.170-172 °C; 1H NMR 

(500 MHz, CDCl3): δ 9.01 (d, J = 7.3 Hz, 1H), 7.51 (s, 1H), 7.42 – 7.40 

(m, 2H), 7.26 – 7.24 (m, 3H), 7.19 (d, J = 7.3 Hz, 2H), 6.98 (d, J = 7.3 

Hz, 1H), 6.81 (d, J = 8.7 Hz, 2H), 3.78 (s, 3H), 2.49 (s, 3H); 13C NMR 

(126 MHz, CDCl3): δ = 161.4, 158.7, 158.6, 149.5, 147.7, 139.5, 132.6, 

129.9, 128.7, 128.0, 127.2, 127.0, 124.8, 118.2, 114.8, 113.7, 55.3, 21.6; 

IR (ATR): 1654, 1506, 1234, 1171, 696, 538 cm-1; HRMS (ESI, m/z): 

calcd for C22H19N2O2[M+ H]+: 343.1441, found : 343.1457. 

3-(4-Methoxyphenyl)-7-methyl-2-phenyl-4H-pyrido[1,2-a]pyrimidi 

n-4-one (3d): Light green solid; 69% (46 mg); m.p.180-182 °C; 1H 

NMR (500 MHz, CDCl3): δ 8.90 (s, 1H), 7.65 (d, J = 9.0 Hz, 1H), 7.57 

(d, J = 9.2 Hz, 1H), 7.41 – 7.39 (m, 2H), 7.25 – 7.23 (m, 3H), 7.19 (d, J 

= 8.7 Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H), 3.77 (s, 3H), 2.43 (s, 3H); 13C 

NMR (126 MHz, CDCl3): δ = 160.7, 158.7, 158.4, 148.4, 139.5, 138.6, 

132.5, 129.8, 128.6, 128.0, 127.2, 126.2, 125.7, 124.9, 115.3, 113.5, 

55.3, 18.6; HRMS (ESI, m/z): calcd for C22H19N2O2[M+ H]+: 343.1441, 

found: 343.1444. 

3-(4-Methoxyphenyl)-6-methyl-2-phenyl-4H-pyrido[1,2-a]pyrimidi 

n-4-one (3e): White solid; 78% (53 mg); m.p.176-178 °C; 1H NMR 

(500 MHz, CDCl3): δ 7.47 – 7.40 (m, 4H), 7.26 – 7.16 (m, 5H), 6.82 (d, 

J = 8.2 Hz, 2H), 6.65 (d, J = 6.8 Hz, 1H), 3.77 (s, 3H), 3.05 (s, 3H); 13C 

NMR (126 MHz, CDCl3): δ = 162.7, 159.2, 158.6, 151.8, 143.9, 138.9, 
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134.7, 132.4, 129.7, 128.6, 127.9, 127.3, 125.6, 118.2, 117.3, 113.7, 

55.2, 24.8; IR (ATR): 1662, 1506, 1243, 1029, 803, 700 cm-1; HRMS 

(ESI, m/z): calcd for C22H19N2O2[M+ H]+: 343.1441, found: 343.1456. 

7-Fluoro-3-(4-methoxyphenyl)-2-phenyl-4H-pyrido[1,2-a]pyrimidi 

n-4-one (3f): Yellow solid; 64% (44 mg); m.p.186-188 °C; 1H NMR 

(500 MHz, CDCl3): δ 9.00 (d, J = 4.8 Hz, 1H), 7.75 – 7.72 (m, 1H), 7.64 

– 7.60 (m, 1H), 7.42 (d, J = 7.3 Hz, 2H), 7.27 – 7.25 (m, 3H), 7.20 (d, J 

= 8.8 Hz, 2H), 6.82 (d, J = 8.2 Hz, 2H), 3.78 (s, 3H); 13C NMR (126 

MHz, CDCl3): δ = 160.7, 158.9, 158.1 (d, JCF = 1.9 Hz), 155.2 (d, JCF = 

245 Hz), 147.3, 139.1, 132.5, 129.9, 128.9, 128.7 (d, JCF = 7.4 Hz), 

128.3, 128.1, 126.6, 115.5, 113.8 (d, JCF = 4.7 Hz), 113.4, 55.3; 19F 

NMR (471 MHz, CDCl3) δ -132.98 (s, 1F); IR (ATR): 1662, 1514, 

1241, 1029, 836, 540 cm-1; HRMS (ESI, m/z): calcd for 

C21H16FN2O2[M+H]+: 347.1190, found: 347.1204. 

7-Chloro-3-(4-methoxyphenyl)-2-phenyl-4H-pyrido[1,2-

a]pyrimidin-4-one (3g): Pale yellow solid; 66% (47 mg); m.p.184-186 

°C; 1H NMR (500 MHz, CDCl3): δ 9.12 (s, 1H), 7.69 – 7.64 (m, 2H), 

7.42 (d, J = 6.9 Hz, 2H), 7.29 – 7.25 (m, 3H), 7.20 (d, J = 8.2 Hz, 2H), 

6.84 (d, J = 8.3 Hz, 2H), 3.80 (s, 3H); 13C NMR (126 MHz, CDCl3): δ 

= 160.9, 159.0, 157.7, 147.7, 139.0, 136.9, 132.5, 129.9, 129.0, 128.1, 

127.8, 126.6, 125.3, 124.1, 116.3, 113.8, 55.3; IR (ATR): 1664, 1514, 

1245, 1029, 823, 540 cm-1; HRMS (ESI, m/z): calcd for 

C21H16ClN2O2[M+ H]+: 363.0894, found: 363.0907. 

7-Bromo-3-(4-methoxyphenyl)-2-phenyl-4H-pyrido[1,2-a]pyrimidi 

n-4-one (3h): Light green solid; 70% (62 mg); m.p.186-188 °C; 1H 

NMR (500 MHz, CDCl3): δ 9.21 (s, 1H), 7.73 (d, J = 9.5 Hz, 1H), 7.60 

(d, J = 9.5 Hz, 1H), 7.41 (d, J = 7.0 Hz, 2H), 7.29 – 7.23 (m, 3H), 7.19 

(d, J = 8.1 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 3.79 (s, 3H); 13C NMR 

(126 MHz, CDCl3): δ = 160.9, 159.0, 157.6, 147.8, 139.0, 138.9, 132.5, 

129.9, 129.0, 128.1, 127.8, 127.7, 126.6, 116.4, 113.8, 110.7, 55.3; IR 

(ATR): 1656, 1510, 1245, 1029, 823, 540 cm-1; HRMS (ESI, m/z): 

calcd for C21H16BrN2O2[M+ H]+: 407.0389, found: 407.0405. 
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2,3-Bis(4-methoxyphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one (3i): 

Pale yellow solid; 68% (48 mg); m.p.186-188 °C; 1H NMR (500 MHz, 

CDCl3): δ 9.08 (d, J = 7.2 Hz, 1H), 7.69 – 7.68 (m, 2H), 7.42 (d, J = 8.9 

Hz, 2H), 7.23 (d, J = 8.8 Hz, 2H), 7.11 – 7.08 (m, 1H), 6.86 (d, J = 8.8 

Hz, 2H), 6.78 (d, J = 8.8 Hz, 2H), 3.80 (s, 3H), 3.78 (s, 3H); 13C NMR 

(126 MHz, CDCl3): δ = 160.5, 160.1, 158.7, 158.6, 149.3, 135.5, 132.5, 

131.6, 131.6, 127.6, 127.4, 126.7, 115.2, 114.9, 113.8, 113.5, 55.3, 55.3; 

IR (ATR): 1668, 1508, 1234, 1025, 828, 760 cm-1; HRMS (ESI, m/z): 

calcd for C22H19N2O3 [M+ H]+: 359.1390, found: 359.1404. 

2-(4-Fluorophenyl)-3-(4-methoxyphenyl)-4H-pyrido[1,2-a]pyramid 

in-4-one (3j): Brown solid; 67% (46 mg); m.p.186-188 °C; 1H NMR 

(500 MHz, CDCl3): δ 9.10 (d, J = 7.1 Hz, 1H), 7.74 – 7.70 (m, 2H), 7.44 

– 7.41 (m, 2H), 7.19 (d, J = 8.8 Hz, 2H), 7.15 – 7.12 (m, 1H), 6.94 (t, J 

= 8.7 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 3.80 (s, 3H); 13C NMR (126 

MHz, CDCl3): δ = 164.0 (d, JCF = 249.1 Hz), 159.9, 158.9, 158.5, 149.5, 

135.8, 135.4, 135.37, 132.5, 132.0 (d, JCF = 8.4 Hz), 127.7, 126.8, 126.7, 

115.5, 115.2 (d, JCF = 21.6 Hz), 113.9, 55.3; 19F NMR (471 MHz, 

CDCl3) δ -112.27 (s, 1F); IR (ATR): 1660, 1510, 1234, 1029, 830, 772 

cm-1; HRMS (ESI, m/z): calcd for C21H16FN2O2 [M+ H]+: 347.1190, 

found: 347.1208. 

2-(4-Chlorophenyl)-3-(4-methoxyphenyl)-4H-pyrido[1,2-a]pyrimid 

in-4-one (3k): Brown solid; 66% (47 mg); m.p.188-190 °C; 1H NMR 

(500 MHz, CDCl3): δ 9.09 (d, J = 7.2 Hz, 1H), 7.74 – 7.69 (m, 2H), 7.38 

(d, J = 8.5 Hz, 2H), 7.23 (d, J = 8.5 Hz, 2H), 7.19 (d, J = 8.7 Hz, 2H), 

7.15 – 7.12 (m, 1H), 6.84 (d, J = 8.7 Hz, 2H), 3.80 (s, 3H); 13C NMR 

(126 MHz, CDCl3): δ = 159.6, 158.9, 158.5, 149.5, 137.8, 135.8, 134.9, 

132.4, 131.3, 128.3, 127.6, 126.7, 126.6, 115.6, 115.6, 113.9, 55.3; IR 

(ATR): 1658, 1508, 1243, 1023, 828, 821 cm-1; HRMS (ESI, m/z): 

calcd for C21H16ClN2O2 [M+ H]+: 363.0895, found: 363.0899. 

2-(4-Bromophenyl)-3-(4-methoxyphenyl)-4H-pyrido[1,2-a]pyramid 

in-4-one (3l): White solid; 69% (55 mg); m.p.186-188 °C; 1H NMR 

(500 MHz, CDCl3): δ 9.10 (d, J = 7.1 Hz, 1H), 7.75 – 7.70 (m, 2H), 7.39 



59 
 

(d, J = 8.2 Hz, 2H), 7.32 (d, J = 8.2 Hz, 2H), 7.19 – 7.14 (m, 3H), 6.85 

(d, J = 8.4 Hz, 2H), 3.80 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 

159.7, 159.0, 158.5, 149.5, 138.3, 135.8, 132.5, 131.6, 131.3, 127.7, 

126.7, 126.6, 123.3, 115.6, 115.6, 113.9, 55.3; HRMS (ESI, m/z): calcd 

for C21H16BrN2O2 [M+ H]+: 407.0390, found: 407.0393. 

2-(3-Bromophenyl)-3-(4-methoxyphenyl)-4H-pyrido[1,2-a]pyramid 

in-4-one (3m): Yellow solid; 61% (49 mg); m.p.184-186 °C; 1H NMR 

(500 MHz, CDCl3): δ 9.10 (d, J = 7.2 Hz, 1H), 7.74 – 7.72 (m, 3H), 7.40 

(d, J = 8.1 Hz, 1H), 7.20 – 7.14 (m, 4H), 7.04 (t, J = 7.9 Hz, 1H), 6.84 

(d, J = 8.7 Hz, 2H), 3.79 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 

159.1, 159.0, 158.4, 149.4, 141.2, 136.0, 132.7, 132.4, 131.7, 129.3, 

128.6, 127.6, 126.6, 126.3, 122.2, 115.8, 115.7, 113.9, 55.3; IR (ATR): 

1668, 1512, 1243, 1175, 1029, 760 cm-1; HRMS (ESI, m/z): calcd for 

C21H16BrN2O2 [M+ H]+: 407.0390, found: 407.0399. 

6-(4-Methoxyphenyl)-7-phenyl-5H-thiazolo[3,2-a]pyrimidin-5-one 

(3n): Light green solid; 65% (45 mg); m.p.168-170 °C; 1H NMR (500 

MHz, CDCl3): δ 8.04 (d, J = 4.9 Hz, 1H), 7.37 (d, J = 7.1 Hz, 2H), 7.26 

– 7.23 (m, 3H), 7.16 (d, J = 8.2 Hz, 2H), 7.01 (d, J = 5.0 Hz, 1H), 6.82 

(d, J = 8.3 Hz, 2H), 3.78 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 

160.3, 159.8, 159.2, 158.9, 138.7, 132.5, 129.8, 128.8, 128.0, 126.1, 

122.4, 116.5, 113.8, 111.8, 55.3; IR (ATR): 1649, 1512, 1241, 1175, 

1027, 733 cm-1; HRMS (ESI, m/z): calcd for C19H15N2O2S [M+ H]+: 

335.0848, found: 335.0863. 

7-(4-Chlorophenyl)-6-(4-methoxyphenyl)-5H-thiazolo[3,2-a]pyrimi 

din-5-one (3o): Yellow solid; 72% (52 mg); m.p.178-180 °C; 1H NMR 

(500 MHz, CDCl3): δ 8.03 (d, J = 4.9 Hz, 1H), 7.32 (d, J = 8.4 Hz, 2H), 

7.21 (d, J = 8.5 Hz, 2H), 7.14 (d, J = 8.6 Hz, 2H), 7.03 (d, J = 5.0 Hz, 

1H), 6.83 (d, J = 8.6 Hz, 2H), 3.79 (s, 3H); 13C NMR (126 MHz, 

CDCl3): δ = 160.4, 159.1, 159.0, 158.4, 137.0, 134.9, 132.4, 131.3, 

128.2, 125.7, 122.4, 116.5, 114.0, 112.0, 55.3; IR (ATR): 1658, 1512, 

1241, 1025, 838, 719 cm-1; HRMS (ESI, m/z): calcd for C19H14ClN2O2S 

[M+ H]+: 369.0459, found: 369.0474. 
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6-(4-Methoxyphenyl)-7-(p-tolyl)-5H-thiazolo[3,2-a]pyrimidin-5-one 

(3p): Yellow solid; 68% (46 mg); m.p.178-180 °C; 1H NMR (500 MHz, 

CDCl3): δ 8.02 (d, J = 4.9 Hz, 1H), 7.28 (d, J = 8.1 Hz, 2H), 7.17 (d, J 

= 8.3 Hz, 2H), 7.04 (d, J = 7.9 Hz, 2H), 7.00 (d, J = 4.9 Hz, 1H), 6.83 

(d, J = 8.2 Hz, 2H), 3.79 (s, 3H), 2.30 (s, 3H); 13C NMR (126 MHz, 

CDCl3): δ = 160.2, 159.8, 159.3, 158.8, 138.9, 135.7, 132.4, 129.8, 

128.7, 126.3, 122.4, 116.1, 113.8, 111.7, 55.3, 21.4; IR (ATR): 1645, 

1510, 1247, 1027, 807, 743 cm-1; HRMS (ESI, m/z): calcd for 

C20H17N2O2S [M+ H]+: 349.1005, found: 349.1019. 

2,3-Diphenyl-4H-pyrido[1,2-a]pyrimidin-4-one (3q): Light green 

solid; 60% (35 mg); m.p.178-180 °C; 1H NMR (500 MHz, CDCl3): δ 

9.11 (d, J = 7.2 Hz, 1H), 7.74 – 7.71 (m, 2H), 7.41 – 7.39 (m, 2H), 7.27 

– 7.20 (m, 8H), 7.15 – 7.11 (m, 1H); 13C NMR (126 MHz, CDCl3): δ = 

161.4, 158.3, 149.6, 139.2, 135.9, 134.9, 131.4, 129.9, 128.8, 128.1, 

128.0, 127.7, 127.3, 126.8, 115.9, 115.5; IR (ATR): 1664, 1454, 1269, 

1078, 758, 700, 534 cm-1; HRMS (ESI, m/z): calcd for C20H15N2O 

[M+H]+: 299.1179, found: 299.1193.  

3-(2-Bromophenyl)-2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one 

(3r): White solid; 64% (48 mg); m.p.182-184 °C; 1H NMR (500 MHz, 

CDCl3): δ 9.14 (d, J = 7.2 Hz, 1H), 7.79 (d, J = 4.2 Hz, 2H), 7.62 – 7.61 

(dd, J = 7.9, 1.3 Hz, 1H), 7.46 – 7.44 (m, 2H), 7.25 – 7.12 (m, 7H); 13C 

NMR (126 MHz, CDCl3): δ = 161.9, 157.3, 150.2, 138.7, 136.5, 136.3, 

133.0, 132.9, 129.4, 129.3, 129.1, 128.0, 127.9, 127.5, 126.9, 126.0, 

116.0, 115.7; HRMS (ESI, m/z): calcd for C20H14BrN2O[M+ H]+: 

377.0284, found: 377.0299.  

3-(4-Nitrophenyl)-2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one (3s): 

Yellow solid; 72% (49 mg); m.p.174-176 °C; 1H NMR (500 MHz, 

CDCl3): δ 9.14 (d, J = 7.2 Hz, 1H), 8.11 (d, J = 8.9 Hz, 2H), 7.84 – 7.77 

(m, 2H), 7.47 (d, J = 8.8 Hz, 2H), 7.37 (d, J = 6.7 Hz, 2H), 7.33 – 7.30 

(m, 1H), 7.28 – 7.22 (m, 3H); 13C NMR (126 MHz, CDCl3): δ = 162.3, 

157.7, 150.1, 146.6, 142.4, 138.4, 136.9, 132.5, 129.8, 129.5, 128.4, 

127.8, 126.9, 123.3, 116.2, 113.4; IR (ATR): 1660, 1508, 1331, 1088, 
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770, 692 cm-1; HRMS (ESI, m/z): calcd for C20H14N3O3[M+ H]+: 

344.1030, found: 344.1034.  

3-(3-Nitrophenyl)-2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one (3t): 

Dark brown solid; 68% (46 mg); m.p.180-182 °C; 1H NMR (500 MHz, 

CDCl3): δ 9.14 (d, J = 7.1 Hz, 1H), 8.21 (t, J = 2.0 Hz, 1H), 8.09 (d, J = 

8.1 Hz, 1H), 7.84 – 7.79 (m, 2H), 7.57 (d, J = 7.8 Hz, 1H), 7.42 (d, J = 

8.0 Hz, 1H), 7.39 – 7.35 (m, 2H), 7.31 – 7.24 (m, 4H); 13C NMR (126 

MHz, CDCl3): δ = 162.3, 157.9, 150.1, 148.1, 138.3, 137.7, 136.9, 

136.8, 129.8, 129.4, 128.9, 128.4, 127.8, 126.9, 126.6, 122.2, 116.2, 

113.3; IR (ATR): 1668, 1522, 1341, 1072, 752, 688 cm-1; HRMS (ESI, 

m/z): calcd for C20H14N3O3[M+H]+: 344.1029, found: 344.1039.  

6-(4-Nitrophenyl)-7-phenyl-5H-thiazolo[3,2-a]pyrimidin-5-one 

(3u): Off-white solid; 68% (47 mg); m.p.180-182 °C; 1H NMR (500 

MHz, CDCl3): δ 8.11 (d, J = 8.8 Hz, 2H), 8.08 (d, J = 4.9 Hz, 1H), 7.42 

(d, J = 8.8 Hz, 2H), 7.32 – 7.29 (m, 3H), 7.26 – 7.23 (m, 2H), 7.12 (d, J 

= 4.9 Hz, 1H); 13C NMR (126 MHz, CDCl3): δ = 161.8, 161.1, 158.2, 

146.8, 141.6, 137.7, 132.4, 129.8, 129.7, 128.4, 123.3, 122.5, 114.5, 

112.6; IR (ATR): 1641, 1506, 1337, 858, 700, 513 cm-1; HRMS (ESI, 

m/z): calcd for C18H12N3O3S [M+ H]+: 350.0593, found: 350.0609. 

7-(4-Fluorophenyl)-6-(4-nitrophenyl)-5H-thiazolo[3,2-a]pyrimidin-

5-one (3v): Brown solid; 70% (51 mg); m.p.188-190 °C; 1H NMR (500 

MHz, CDCl3): δ 8.13 (d, J = 8.7 Hz, 2H), 8.07 (d, J = 4.9 Hz, 1H), 7.42 

(d, J = 8.7 Hz, 2H), 7.33– 7.30 (m, 2H), 7.14 (d, J = 4.9 Hz, 1H), 6.94 

(t, J = 8.6 Hz, 2H); 13C NMR (126 MHz, CDCl3): δ = 164.3 (d, JCF = 

251.3 Hz), 161.8, 159.8, 158.1, 146.8, 141.5, 133.7 (d, JCF = 3.3 Hz), 

132.4, 132.0 (d, JCF = 8.6 Hz), 123.4, 122.4, 115.6 (d, JCF = 21.7 Hz), 

114.3, 112.7; 19F NMR (471 MHz, CDCl3) δ -110.26 (s, 1F); IR (ATR): 

1643, 1508, 1339, 1232, 842, 737 cm-1; HRMS (ESI, m/z): calcd for 

C18H11FN3O3S [M+H]+: 368.0500, found: 368.0504. 

7-(4-Chlorophenyl)-6-(4-nitrophenyl)-5H-thiazolo[3,2-a]pyrimidin-

5-one (3w): Pale yellow solid; 75% (57 mg); m.p.176-178 °C; 1H NMR 

(500 MHz, CDCl3): δ 8.15 (d, J = 8.3 Hz, 2H), 8.08 (d, J = 5.0 Hz, 1H), 
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7.43 (d, J = 8.1 Hz, 2H), 7.28 – 7.22 (m, 4H), 7.13 (d, J = 5.0 Hz, 1H); 

13C NMR (126 MHz, CDCl3): δ = 161.9, 159.7, 158.2, 147.0, 141.3, 

136.1, 136.0, 132.4, 131.3, 128.7, 123.6, 122.6, 114.6, 112.7; IR (ATR): 

1662, 1506, 1339, 1101, 846, 741 cm-1; HRMS (ESI, m/z): calcd for 

C18H11ClN3O3S [M+H]+: 384.0204, found: 384.0204. 

6-(4-Nitrophenyl)-7-(p-tolyl)-5H-thiazolo[3,2-a]pyrimidin-5-one 

(3x): Brown solid; 69% (50 mg); m.p.178-180 °C; 1H NMR (500 MHz, 

CDCl3): δ 8.12 – 8.0 (dd, J = 8.9, 2.1 Hz, 2H), 8.07 – 8.04 (dd, J = 4.9, 

1.8 Hz, 1H), 7.43 – 7.41 (m, 2H), 7.21 (d, J = 7.5 Hz, 2H), 7.10 (d, J = 

4.9 Hz, 1H), 7.05 (d, J = 7.8 Hz, 2H), 2.31 (s, 3H); 13C NMR (126 MHz, 

CDCl3): δ = 161.6, 161.2, 158.3, 146.7, 141.9, 140.0, 134.7, 132.4, 

129.9, 129.1, 123.3, 122.4, 114.2, 112.5, 21.4; IR (ATR): 1639, 1508, 

1335, 1105, 828, 739 cm-1; HRMS (ESI, m/z): calcd for C19H14N3O3S 

[M+ H]+: 364.0750, found: 364.0754. 

3-(4-Fluorophenyl)-2,7-dimethyl-4H-pyrido[1,2-a]pyrimidin-4-one 

(3y): Off-white solid; 64% (34 mg); m.p.140-142 °C; 1H NMR (500 

MHz, CDCl3): δ 8.83 (s, 1H), 7.58 – 7.52 (m, 2H), 7.34 – 7.31 (m, 2H), 

7.13 (t, J = 8.5 Hz, 2H), 2.41 (s, 3H), 2.34 (s, 3H); 13C NMR (126 MHz, 

CDCl3): δ = 163.3 (d, JCF = 206 Hz), 161.6, 157.3, 148.4, 139.0, 132.2 

(d, JCF = 7.9 Hz), 131.1 (d, JCF = 3.3 Hz), 125.5, 125.4, 125.0, 115.7, 

115.6 (d, JCF = 21.4 Hz), 23.8, 18.5; 19F NMR (471 MHz, CDCl3) δ -

114.60 (s, 1F); HRMS (ESI, m/z): calcd for C16H14FN2O [M+H]+: 

269.1085, found: 269.1085. 

3-(4-Chlorophenyl)-2,7-dimethyl-4H-pyrido[1,2-a]pyrimidin-4-one 

(3z): Pale yellow solid; 67% (38 mg); m.p.158-160 °C; 1H NMR (500 

MHz, CDCl3): δ 8.83 (s, 1H), 7.60 – 7.55 (m, 2H), 7.42 (d, J = 8.4 Hz, 

2H), 7.30 (d, J = 8.4 Hz, 2H), 2.42 (s, 3H), 2.35 (s, 3H); 13C NMR (126 

MHz, CDCl3): δ = 161.5, 157.1, 148.4, 139.3, 133.6, 133.5, 131.9, 

128.8, 125.8, 125.2, 125.1, 115.6, 23.7, 18.5; HRMS (ESI, m/z): calcd 

for C16H14ClN2O [M+H]+: 285.0789, found: 285.0788. 

6-(4-Fluorophenyl)-7-methyl-5H-thiazolo[3,2-a]pyrimidin-5-one 

(3ab):  Pale yellow solid; 69% (36 mg); m.p.144-146 °C; 1H NMR (500 
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MHz, CDCl3): δ 7.97 (d, J = 4.9 Hz, 1H), 7.30 – 7.27 (m, 2H), 7.12 (t, J 

= 8.7 Hz, 2H), 6.98 (d, J = 4.9 Hz, 1H), 2.28 (s, 3H); 13C NMR (126 

MHz, CDCl3): δ = 163.4 (d, JCF = 246.1 Hz), 161.0, 160.6, 158.3, 132.2 

(d, JCF = 8.0 Hz), 130.0 (d, JCF = 3.6 Hz), 122.4, 116.8, 115.7 (d, JCF = 

21.3 Hz), 111.3, 23.4; 19F NMR (471 MHz, CDCl3) δ -114.3 (s, 1F); 

HRMS (ESI, m/z): calcd for C13H9FN2OSNa[M+Na]+: 283.0312, 

found: 283.0312. 

6-(4-Chlorophenyl)-7-methyl-5H-thiazolo[3,2-a]pyrimidin-5-one 

(3ac): Pale yellow solid; 66% (37 mg); m.p.146-148 °C; 1H NMR (500 

MHz, CDCl3): δ 7.98 (d, J = 4.9 Hz, 1H), 7.43 (d, J = 8.0 Hz, 2H), 7.28 

(d, J = 7.9 Hz, 2H), 6.99 (d, J = 4.9 Hz, 1H) 2.29 (s, 3H); 13C NMR (126 

MHz, CDCl3): δ = 161.0, 160.7, 158.1, 133.8, 132.6, 131.9, 128.8, 

122.4, 116.6, 111.3, 23.4;  HRMS (ESI, m/z): calcd for 

C13H9ClN2OSNa[M+Na]+: 299.0016, found: 299.0012. 

2-(3,4-Dimethoxyphenyl)-3-phenyl-4H-pyrido[1,2-a]pyrimidin-4-

one (3ad): White solid; 71% (50 mg); m.p.178-180 °C; 1H NMR (500 

MHz, CDCl3): δ 9.09 (d, J = 7.2 Hz, 1H), 7.72 (d, J = 3.3 Hz, 2H), 7.33 

– 7.29 (m, 4H), 7.26 – 7.20 (m, 2H), 7.13 – 7.10 (m, 1H), 6.84 (d, J = 

2.0 Hz, 1H), 6.79 (d, J = 8.5 Hz, 1H), 3.85 (s, 3H), 3.53 (s, 3H); 13C 

NMR (126 MHz, CDCl3): δ = 160.4, 158.4, 149.7, 149.5, 148.0, 135.8, 

135.5, 131.3, 131.3, 128.4, 127.6, 127.3, 126.7, 123.2, 115.3, 115.2, 

113.6, 110.6, 55.9, 55.6; IR (ATR): 1660, 1508, 1253, 1134, 754, 595 

cm-1; HRMS (ESI, m/z): calcd for C22H18N2O3Na[M+Na]+: 381.1210, 

found: 381.1218.  

2-Methyl-3-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one (3ae): brown 

solid; 70% (33 mg); m.p.130-132 °C; 1H NMR (500 MHz, CDCl3): δ 

9.06 (d, J = 8.4 Hz, 1H), 7.73 – 7.70 (m, 1H), 7.63 (d, J = 7.8 Hz, 1H), 

7.47 – 7.44 (m, 2H), 7.38 – 7.36 (m, 3H), 7.13 – 7.10 (m, 1H), 2.38 (s, 

3H); 13C NMR (126 MHz, CDCl3): δ = 162.2, 157.5, 149.4, 135.9, 

135.0, 130.4, 128.6, 127.8, 127.7, 125.9, 117.1, 115.2, 23.9; HRMS 

(ESI, m/z): calcd for C15H13N2O [M+H]+: 237.1022, found: 237.1023. 
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(E)-2-(2-(3-(2,4-dimethylphenyl)-1-(p-tolyl)-1H-pyrazol-4-yl)vinyl)-

3-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one (5): Yellow solid; 37% 

(55 mg); m.p.158-160 °C; 1H NMR (500 MHz, CDCl3): δ 8.96 (d, J = 

6.1 Hz, 1H), 8.04 (s, 1H), 7.87 (d, J = 15.6 Hz, 1H), 7.63 – 7.55 (m, 4H), 

7.42 – 7.39 (m, 3H), 7.31 – 7.29 (m, 2H), 7.24 (d, J = 8.1 Hz, 2H), 7.19 

(d, J = 8.1 Hz, 1H), 7.00 – 6.97 (m, 3H), 6.59 (d, J = 15.6 Hz, 1H), 2.38 

(s, 3H), 2.37 (s, 3H), 2.22 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 

158.2, 156.4, 152.8, 149.2, 138.1, 137.5, 136.9, 136.6, 135.4, 134.1, 

131.4, 131.0, 130.3, 130.0, 129.5, 128.4, 128.3, 127.5 (2C), 126.5, 

126.4, 126.1, 123.5, 120.1, 119.0, 115.5, 114.3, 21.5, 21.1, 20.1; HRMS 

(ESI, m/z): calcd for C34H28N4O [M+H]+: 509.2336, found: 509.2331. 
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2.8 1H and 13C NMR spectra of selected compounds 

 
Figure 2.2 1H NMR spectrum of compound 3a (500 MHz, CDCl3) 

 

 

 

Figure 2.3 13C NMR spectrum of compound 3a (126 MHz, CDCl3) 
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Figure 2.4 1H NMR spectrum of compound 3b (500 MHz, CDCl3) 

 

 

 

 

 

 

Figure 2.5 13C NMR spectrum of compound 3b (126 MHz, CDCl3) 
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Figure 2.6 1H NMR spectrum of compound 3c (500 MHz, CDCl3) 

 

 

 

 

 

Figure 2.7 13C NMR spectrum of compound 3c (126 MHz, CDCl3) 
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Figure 2.8 1H NMR spectrum of compound 3d (500 MHz, CDCl3) 

 

 

 

 

 

Figure 2.9 13C NMR spectrum of compound 3d (126 MHz, CDCl3) 
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Figure 2.10 1H NMR spectrum of compound 3ad (500 MHz, CDCl3) 

 

 

 

 
Figure 2.11 13C NMR spectrum of compound 3ad (126 MHz, CDCl3) 
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Figure 2.12 1H NMR spectrum of compound 5 (500 MHz, CDCl3) 

 

 

Figure 2.13 13C NMR spectrum of compound 5 (126 MHz, CDCl3) 
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2.9 The Single Crystal X-ray Diffraction data 

The Single crystal X-ray Diffraction study of compound 3s and which 

was readily crystalized from the mixture of dichloromethane and 

acetonitrile. 

      
Figure 2.14 ORTEP plot of compound 3s (CCDC 2225945) with 50% 

ellipsoid probability 

 

Table 2.2 The single crystal X-ray diffraction data of compound 3s 

Compound name 3-(4-Nitrophenyl)-2-phenyl-

4H-pyrido[1,2-a]pyrimidin-4-

one 

Empirical formula C20H13N3O3 

Formula weight 343.0957 

Temperature/K 293(2) 

Wavelength (Å) 0.71073 Å 

Crystal system triclinic 

Space group P-1 

a/Å 12.3173(6) 

b/Å 12.8009(7) 

c/Å 13.8376(7) 

α/° 87.743(4) 

β/° 65.867(5) 
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γ/° 66.105(5) 

Volume/Å3 1799.50(18) 

Z 2 

ρcalcg/cm3 1.343 

μ/mm-1 0.093 

F (000) 756.0 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 5.902 to 49.996 

Index ranges -14 ≤ h ≤ 14, -15 ≤ k ≤ 15, -16 

≤ l ≤ 16 

Reflections collected 17883 

Independent reflections 6299 [Rint = 0.0425, Rsigma = 

0.0445] 

Data/restraints/parameters 6299/0/498 

Goodness-of-fit on F2 1.120 

Final R indexes [I>=2σ (I)] R1 = 0.0615, wR2 = 0.1738 

Final R indexes [all data] R1 = 0.0908, wR2 = 0.1907 

Largest diff. peak/hole / e Å-3 0.20/-0.34 
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Chapter 3 

Synergistic Approach for Decarboxylative Ortho 

C–H Aroylation of 2-Aryl-pyrido[1,2-a]pyrimidin-

4-ones and Thiazolopyrimidinones  

3.1 Introduction 

The nitrogen-fused heterocyclic motifs are significant to lead 

molecules because of their wide range of biological activities and 

applications in pharma, material sciences, and agrochemicals.[1-4] 

Amongst them, pyrido[1,2-a]pyrimidin-4-one is an intriguing 

scaffold because of its prevalence in various bioactive molecules, 

drugs, and natural products (Figure 3.1).[5-8] The derivatives of 

pyrido[1,2-a]pyrimidin-4-one display a wide array of bio-

activities, such as acetylcholinesterase inhibition, MexAB-OprM 

specific efflux pump inhibition,  CXCR3 antagonism, anti-ulcer, 

antipsychotic, anti-allergic, antioxidant, and antihypertensive 

seganserin.[9-12] Diaryl ketone motifs are not only found in 

pharmaceuticals, and natural products but also crucial precursors 

 

Figure 3.1 Biologically active pyrido[1,2-a]pyrimidin-4-ones. 
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of a wide range of bioactive natural products and bioactive 

compounds.[13-15] Friedal-Craft acylation of aromatic rings is the 

classical, effective, and frequently employed protocol for aryl 

ketones, which suffers from certain limitations such as 

stoichiometric use of Lewis acid catalysts, weak regioselectivity, 

poor functional group tolerance, and harsh reaction conditions.[16-

17] Consequently, alternative approaches and protocols are 

desirable. In the past few decades, direct C–H functionalization 

catalyzed by transition metal catalysts has been considerably 

developed to provide distinctive opportunities for various C–H 

functionalization reactions including carbonylative derivatization. 

[18-20] This invaluable process has a remarkable capacity for the 

rapid construction of a large number of organic molecules. Still, it 

has some limitations such as requiring excess stoichiometric 

amounts of toxic and expensive oxidant and high temperature 

reactions. Recently, visible light-mediated photo-redox catalysis 

has emerged as an important and attractive tool for the activation 

of substrate, generation, and utilization of radical intermediates for 

a diverse range of organic transformations under extremely mild 

conditions.[21-23] Of late, the merger of transition-metal catalysis 

with photo-redox catalysis has appeared as a very powerful 

synthetic platform and attracted prominent interest.[24-25] 

Exploration of this synergistic blend of ubiquitous catalysis has not 

only allowed the expansion of potent synthetic conversion which 

is difficult to access but has also the ability to overcome the 

disadvantages of the use of one catalyst system.[26] In this dual 

catalysis, photocatalysis gives access to the reactive radical 

intermediates from simple and easily available functional groups 

and on blend with transition metal catalysis offers unique pathways 

of direct coupling of non-traditional nucleophilic partners. 

Successful installation of specific functional groups has been 

achieved using dual catalysis by merging transition metal catalysis 

and photocatalysis by different research groups. [27-29] 
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3.2 Previous Reports 

A few examples are known for aroylation/acylation 

functionalization by merging transition metal catalysis with photo-

redox catalysis.[13,26,30,31] Palladium-catalyzed C–H acylation of 2-

phenyl pyridine with aldehydes has been reported by Xia et al. by 

merging with photo-redox catalysis (Scheme 3.1a).[13] Because of 

being the versatile and greener alternative to an acylating agent, α-

keto acid performed a crucial role in radical acylation. Ortho-

acylation of acetanilids has been developed by Wang et. al. by 

merging palladium catalysis with a photo-redox catalysis (Scheme 

3.1b).[26] Whereas, C–H acylation of azo- and azoxybenzenes was 

reported with α-keto acid by dual catalysis protocol (Scheme 

3.1c).[30] Wang and Cao et. al. developed a palladium-catalyzed 

dehydrogenative coupling approach for the C3 alkenylation of 

pyrido[1,2-a]pyrimidin-4-ones (Scheme 3.1d).[31]  

 

 

Scheme 3.1 C–H functionalization of N-containing heterocycles. 
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3.3 Objective 

 

Scheme 3.2 Photoinduced ortho C-H acylation of pyrido[1,2-a]pyrimidin-4-

one 

We have developed a synergistic approach for the acylation of 

pyrido[1,2-a]pyrimidin-4-one using the greener acylating agent α-

keto carboxylic acid. In this protocol, we have combined transition 

metal catalysis with photo-redox catalysis under visible light 

irradiation. Utilizing oxygen as a green oxidant and acetic acid as 

the solvent, the reaction proceeds under mild conditions at room 

temperature for 28-48 hours. (Scheme 3.2).[32]  

3.4 Result and Discussion 

Our initial investigation commenced with the reaction of 2-phenyl-4H-

pyrido[1,2-a]pyrimidin-4-one (1a) with phenyl glyoxylic acid (2a) in 

presence of Pd(OAc)2 (15 mol%) as transition metal catalyst, 

[Ru(bpy)3]Cl2.6H2O (4 mol%) as photo-redox catalyst and K2S2O8 as 

oxidant in toluene as solvent at room temperature under the irradiation 

of 458 nm blue LED. After 48 h expected product 3a was isolated in 

22% yield. (Table 3.1; entry 1). The structure of 3a was characterized 

and confirmed by NMR spectroscopy, HRMS, and single-crystal X-ray 

analysis (CCDC no. 2130006). An improved result of product 3a was 

obtained when the reaction was carried out in the presence of 

trifluoroacetic acid (TFA, 0.1 mL) as an additive (61%, entry 2). The 

use of Pd(OTf)2 as a catalyst, with and without additive was unable to 

provide prominent results (entries 3 and 4). With these initial results, the 

reaction was studied for further optimization of reaction condition first 

by varying the photocatalyst such as [Ir(ppy)2(dtbbpy)]PF6, rose bengal, 

and Eosin-Y but change in the photo-redox catalyst provided inferior  
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Table 3.1 Optimization table[a] 

 

entry catalyst oxidant solvent Time Yield[b] 

1[c] [Ru(bpy)3]Cl2.6H2O K2S2O8 Toluene 48 22 

2 [Ru(bpy)3]Cl2.6H2O K2S2O8 Toluene 48 61 

3[c,d] [Ru(bpy)3]Cl2.6H2O K2S2O8 Toluene 48 36 

4[d] [Ru(bpy)3]Cl2.6H2O K2S2O8 Toluene 48 53 

5 [Ir(ppy)2(dtbbpy)]PF6 K2S2O8 Toluene 48 54 

6 Rose Bengal K2S2O8 Toluene 48 52 

7 Eosin Y K2S2O8 Toluene 48 55 

8 [Ru(bpy)3]Cl2.6H2O K2S2O8 DCE 48 30 

9 [Ru(bpy)3]Cl2.6H2O K2S2O8 ACN 48 22 

10 [Ru(bpy)3]Cl2.6H2O K2S2O8 DMSO 48 trace 

11 [Ru(bpy)3]Cl2.6H2O K2S2O8 MeOH 48 68 

12 [Ru(bpy)3]Cl2.6H2O K2S2O8 Toluene:MeOH 48 65 

13 [Ru(bpy)3]Cl2.6H2O K2S2O8 Toluene:H2O 48 40 

14 [Ru(bpy)3]Cl2.6H2O K2S2O8 AcOH 28 78 

15 [Ru(bpy)3]Cl2.6H2O Na2S2O8 AcOH 28 84 

16 [Ru(bpy)3]Cl2.6H2O (NH4)2S2O8 AcOH 28 67 

17 [Ru(bpy)3]Cl2.6H2O TBHP AcOH 28 64 

18 [Ru(bpy)3]Cl2.6H2O DTPB AcOH 28 60 

19 [Ru(bpy)3]Cl2.6H2O O2 AcOH 28 91 

20[e] [Ru(bpy)3]Cl2.6H2O O2 AcOH 28 70 

21[f] [Ru(bpy)3]Cl2.6H2O O2 AcOH 28 42 

22 [Ru(bpy)3]Cl2.6H2O air AcOH 28 56 

23[g] [Ru(bpy)3]Cl2.6H2O O2 AcOH 28 32 

24[h] [Ru(bpy)3]Cl2.6H2O O2 AcOH 28 53 

25[i] [Ru(bpy)3]Cl2.6H2O O2 AcOH 28 62 

[a]Reaction conditions: 1a (0.1 mmol), 2a (0.3 mmol), Pd(OAc)2 (15 mol%), photo-

catalyst (4 mol%), oxidant (4 equiv.), additive (0.1 mL TFA), solvent (2.0 mL), 458 

nm blue LED, rt. [b]isolated yields. [c]without additive. [d]Pd(OTf)2 was used instead of 

Pd(OAc)2. [e]10 mol% of Pd(OAc)2 was used. [f]5 mol % of Pd(OAc)2 was used. 
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[g]without light. [h]0.1 mmol of 2a was used. [i]0.2 mmol of 2a was used. TBHP = tert-

butyl hydroperoxide, DTBP = di-tert-butyl peroxide. 

 

results (54%, 52%, 55% respectively, entries 5-7). When the reaction 

was performed in various solvents of different polarity and 

combinations of solvents (entries 8-13), only polar protic solvents such 

as methanol (68% and 65%, entries 11 and 12) offered improved yields. 

When the reaction was performed in acetic acid, quantitative conversion 

of starting material was observed in only 28 h to provide a 78% yield of 

3a (entry 14). Upon replacement of oxidant with Na2S2O8 gave desired 

product 3a in 84% (entry 15) whereas, a decrease in the yield of 3a was 

observed on using other oxidants such as (NH4)2S2O8, TBHP, DTPB 

(60-67%; entries 16-18). Gratifyingly, when the reaction was carried out 

in the presence of eco-friendly and very economical O2 as a green 

oxidant, TLC results confirmed a clean reaction within 28 h with 

complete consumption of starting material 1a and provided motivating 

isolated yield of 3a in 91% (entry 19). Notably, when loading of the 

Pd(OAc)2 catalyst was reduced from 15 mol% to 10  and 5 mol%, a 

decrease in the yield was observed (entries 20-21); whereas the use of 

ambient air as an oxidant instead of O2 also afforded 3a in decreased 

yield (56%; entry 22). When the reaction was performed in the absence 

of light, a drastic diminishing in the yield was observed (32%; entry 23). 

Formation of product 3a was observed in lower yield when phenyl 

glyoxylic acid was used in lower equivalents (53 and 62%, entries 24 

and 25).  

To explore the further substrate scope of this optimized synergistic 

reaction approach, diverse 2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one 

(1a-s) reacted with phenyl glyoxylic acid (2a) (Scheme 3.3). When the 

reaction was performed with methyl substitution at various positions of 

the pyrido-pyrimidin-4-one ring (1b-d), it provided resultant aroylated 

product 3b-d (89%, 77%, and 61% respectively). Reaction with 

halogen-substituted pyrido-pyrimidin-4-ones 1e-g with phenyl 

glyoxylic acid (2a) under optimized reaction conditions, provided 

expected product 3e-g in very good yield (77%, 74%, and 78%  
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Scheme 3.3 Substrate scope for aroylation of pyrido[1,2-a]pyrimidin-4-ones[a] 

 

[a]Reaction conditions: 1 (0.2 mmol), 2 (0.6 mmol), Pd(OAc)2 (15 mol %), 

[Ru(bpy)3]Cl2.6H2O (4 mol %), AcOH (4.0 mL), TFA (0.2 mL), O2, rt, 28-48 h, 458 

nm blue LED. 

respectively). Electron-releasing groups such as methoxy and methyl on 

2-phenyl ring gave the desired product in 72% and 75% yield 

respectively. Whereas reaction with 2-phenyl-4H-pyrido[1,2-

a]pyrimidin-4-one having electron-withdrawing halogen groups on 

the 2-phenyl ring as well as on pyrido ring provided expected products 

(3j-p) in moderate yields (46-67%). When 7-phenyl-5H-thiazolo[3,2-

a]pyrimidin-5-one (1q-s) was subjected under synergistic aroylation 

conditions, delightedly it provided corresponding expected products 

(3q-s) in good to excellent yields (58-83%). 

 

Further, the influence of substituted phenyl glyoxylic acid on 

the reactivity of dual catalytic aroylation was investigated 

(Scheme 3.4). When 4-methylphenyl glyoxylic acid was treated 

with 2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one under optimized 

reactions, it provided an expected product in 56% yield. Whereas, 
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4-methoxy phenyl glyoxylic acid under similar conditions 

provided an expected product in 66% yield. Phenyl glyoxylic acid 

having moderated electron-withdrawing groups such as F, Cl, and 

Br provided desired products 3v-x in very good yields (62-85%) 

under optimized reaction conditions. Whereas very strong 

electron-withdrawing groups on phenyl glyoxylic acid such as 

the nitro group also provided a desired product in only 33% yield. 

Substitution of halogen on phenyl glyoxylic acid and 

methyl/methoxy group on 2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-

one under optimized conditions provided desired products in 

excellent yields (85-91%). When 2-oxo propanoic acid was treated 

with 2-phenyl-4H-pyrido-[1,2-a]pyrimidin-4-one under this dual 

catalytic reaction condition, no desired product (3ad) was 

observed. 

Scheme 3.4 Substrate scope of α-oxo carboxylic acids[a] 

 

[a]Reaction conditions: 1 (0.2 mmol), 2 (0.6 mmol), Pd(OAc)2 (15 mol %), 

[Ru(bpy)3]Cl2.6H2O (4 mol %), AcOH (4.0 mL), TFA (0.2 mL), O2, rt, 28-48 

h, 458 nm blue LED. 

To gain insights into the mechanistic pathway, a control experiments 

were carried out. Decarboxylative acylation was tried under standard 

reaction conditions in the presence of different equivalents of TEMPO 

as a radical quencher. Only 29% and 16% of the desired product were 
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formed when 2 and 3 equivalents of TEMPO were present in 

the reaction respectively (Scheme 3.5). The formation of the desired  

Scheme 3.5 Radical scavenger experiment 

 
 

product was not observed in the presence of 4 and 5 equivalent of 

TEPMO, but the formation of acyl-trapped intermediate 4 was observed. 

Moreover, complete inhibition of the formation of desired product 3a 

was observed when the reaction was performed in the presence of 3 and 

4 equivalent of 3,5-di-tert-butyl-4-hydroxytoluene (BHT) respectively.  

 

A plausible synergistic catalytic mechanism is proposed as shown in 

scheme 3.6 based on literature study and controlled experiments[13, 33-34] 

Scheme 3.6 Proposed mechanism for synergistic aroylation 
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.Photoexcitation of photo-catalyst [Ru(bpy)3]
2+ by visible light 

generates its excited state [Ru(bpy)3]
2+*. [Ru(bpy)3]

2+* oxidizes phenyl 

glyoxylic acid (2a) to intermediate A and undergoes reduction to 

[Ru(bpy)3]
+. Intermediate A generates acyl radical intermediate (B) via 

decarboxylation.  Molecular oxygen regenerates [Ru(bpy)3]
2+ by 

oxidizing [Ru(bpy)3]
+. Whereas, the palladium catalytic cycle can be 

commenced with C–H activation of 2-phenyl-pyrido[1,2-a]pyrimidin-4-

one (1a) to generate palladacycle intermediate (C). This intermediate 

(C) would undergo oxidative coupling with radical intermediate (B), to 

furnish the putative Pd(III) intermediate (D) and then Pd(IV) 

intermediate (E) under oxidative conditions. Reductive elimination 

from the intermediate (E) would lead to the desired acylated product 3a 

alongside Pd(II) species for the next catalytic cycle. 

3.5 Summary 

In this chapter, we developed a very mild and efficient synergistic 

aroylation of 2-aryl-pyrido[1,2-a]pyrimidin-4-ones by merging with a 

palladium-catalyst with a ruthenium photocatalyst under visible light 

irradiation in the presence of greener oxygen as oxidant using extremely 

mild conditions for C–H functionalization with good functional group 

tolerance. Having said that, the significant therapeutic of pyrido[1,2-

a]pyrimidin-4-one and aryl ketones, this blend of the mild catalytic 

process of decarboxylative aroylation and aroylated products would be 

very attractive for applications and further synthetic modification for 

drug design and SAR. 

 

3.6 Experimental section 

The General procedure for synthesis of substituted pyrido[1,2-

α]pyrimidin-4-ones (1) 

All the starting material 1 were prepared using the reported 

procedure.[35] A mixture of substituted 2-aminopyridine (1.0 

mmol) and the substituted β-keto ester (1.5 mmol) in 
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polyphosphoric acid (2.00 g) was heated at 100 °C temperature 

with vigorous stirring under a nitrogen atmosphere. After 3.0 h, the 

mixture was cooled in an ice bath and neutralized with 5% aqueous 

sodium hydroxide. The solid precipitate was collected by filtration 

and washed with water. The crude products were purified by 

recrystallization from ethanol to give the corresponding products. 

 

General procedure for decarboxylative aroylation of pyrido[1,2-

a]pyrimidin-4-one derivatives (3a-ac) 

2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one (1, 0.2 mmol), 2-oxo-2-

phenylacetic acid (2, 0.6 mmol), Pd(OAc)2 (15 mol%), 

[Ru(bpy)3]Cl2.6H2O (4 mol%), TFA (0.2 mL), AcOH (4 mL) were 

added to an oven dried reaction vessel equipped with magnetic stirring 

bar and reaction mixture was irradiated using 458 nm blue LED under 

O2 atmosphere (O2 balloon) for 28-48 h. Reaction progress was 

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

was quenched by adding 10% NaHCO3 (10 mL), and the resulting 

reaction mixture was extracted with EtOAc (3 × 25 mL) and was washed 

with brine solution and dried over Na2SO4. The combined organic layer 

was concentrated under reduced pressure to yield crude product and was 

purified by silica gel column chromatography (ethyl acetate: petroleum 

ether/Hexane 3:10) to give the desired product 3a-ac. The ortho-

aroylated products were successfully characterized and confirmed 

through multiple analytical techniques, including 1HNMR, 13C NMR 

spectroscopy, high-resolution mass spectrometry (HRMS), and infrared 

(IR) spectroscopy in the solid state (KBr). These complementary 

methods provided robust evidence for the structural integrity and purity 

of the synthesized compounds. 

3.7 Characterization data of 3a-ac 

2-(2-Benzoylphenyl)-4H-pyrido[1,2-a] pyrimidin-4-one (3a): 

Reaction time: 28 h; white solid; 91% (59 mg); m.p.166-168 °C; 1H 

NMR (500 MHz, CDCl3): δ 8.92 (d, J = 5.3 Hz, 1H), 7.84 (d, J = 7.5 
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Hz, 1H), 7.75 (d, J = 8.1 Hz, 2H), 7.64 – 7.57 (m, 3H), 7.54 (d, J = 7.3 

Hz, 1H), 7.38 (t, J = 8.7 Hz, 1H), 7.28 (t, J = 7.7 Hz, 2H), 7.21 (d, J = 

8.9 Hz, 1H), 7.04 (t, J = 6.9 Hz, 1H), 6.76 (s, 1H); 13C NMR (126 MHz, 

CDCl3): δ = 197.7, 161.9, 158.3, 150.0, 140.3, 138.2, 137.5, 136.4, 

132.5, 130.3, 130.1, 129.2, 129.1, 128.7, 128.2, 127.2, 126.1, 115.6, 

101.9; IR (neat, KBr): 1689, 1627, 1444, 1274, 929, 777, 611 cm-1; 

HRMS (ESI, m/z): calculated for C21H14N2O2Na+ [M+Na]+: 349.0947, 

found: 349.0947.  

2-(2-Benzoylphenyl)-8-methyl-4H-pyrido[1,2-a]pyrimidin-4-one 

(3b): Reaction time: 32 h; white solid; 89% (61mg), m.p.176-178 °C; 

1H NMR (500 MHz, CDCl3): δ 8.73 (d, J = 7.1 Hz, 1H), 7.75 (d, J = 7.3 

Hz, 1H), 7.66 (d, J = 7.5 Hz, 2H), 7.56 - 7.42 (m, 3H), 7.31 (t, J = 7.2 

Hz, 1H), 7.21 (t, J = 7.5 Hz, 2H), 6.92 (s, 1H), 6.80 (d, J = 6.9 Hz, 1H), 

6.61 (s, 1H), 2.30 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 197.6, 

162.0, 158.3, 149.9, 148.6, 140.1, 138.1, 137.6, 132.3, 130.1, 129.9, 

129.0, 128.9, 128.5, 128.0, 126.4, 124.0, 118.2, 100.9, 21.4; IR (neat, 

KBr): 1693, 1577, 1496, 1460, 1180, 759, 621 cm-1; HRMS (ESI, m/z): 

calculated for C22H17N2O2 [M+H]+: 341.1285, found: 341.1294 

2-(2-Benzoylphenyl)-7-methyl-4H-pyrido[1,2-a]pyrimidin-4-one 

(3c): Reaction time: 32 h; white solid; 77% (53mg), m.p.178-180 °C; 1H 

NMR (500 MHz, CDCl3): δ 8.72 (s, 1H), 7.82 (d, J = 7.5 Hz, 1H), 7.72 

(d, J = 7.7 Hz, 2H), 7.62-7.52 (m, 3H), 7.46 (d, J = 9.0 Hz, 1H), 7.36 (t, 

J =7.4 Hz, 1H), 7.26 (t, J = 7.6 Hz, 2H), 7.16 (d, J = 9.0 Hz, 1H), 6.73 

(s, 1H), 2.35 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 197.7, 161.4, 

158.2, 148.9, 140.2, 139.4, 138.2, 137.5, 132.4, 130.3, 130.0, 129.0, 

129.0, 128.5, 128.2, 126.0, 125.5, 124.7, 101.6, 18.4; IR (neat, KBr): 

1677, 1527, 1454, 1386, 1118, 773, 619 cm-1; HRMS (ESI, m/z): 

calculated for C22H17N2O2 [M+H]+: 341.1285, found: 341.1291.  

2-(2-Benzoylphenyl)-6-methyl-4H-pyrido[1,2-a]pyrimidin-4-one 

(3d): Reaction time: 48 h; grey white solid; 61% (42mg), m.p.168-170 

°C; 1H NMR (500 MHz, CDCl3): δ 7.82 (d,  J= 7.1 Hz, 1H), 7.75 (d, J 

= 7.5 Hz, 2H), 7.60-7.50 (m, 3H), 7.41 (t, J = 7.2 Hz, 1H), 7.33 - 7.27 
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(m, 3H), 6.93 (d, J = 8.8 Hz, 1H), 6.58-6.54 (m, 2H), 2.98 (s, 3H); 13C 

NMR (126 MHz, CDCl3): δ = 197.6, 162.6, 160.0, 152.5, 144.0, 140.2, 

138.3, 136.9, 135.4, 132.4, 130.2, 130.0, 129.1, 128.9, 128.4, 128.2, 

124.9, 118.4, 104.0, 24.7; IR (neat, KBr): 1689, 1498, 1458, 1284, 1116, 

769, 621 cm-1; HRMS (ESI, m/z): calculated for C22H17N2O2 [M+H]+: 

341.1285, found: 341.1285.   

2-(2-Benzoylphenyl)-7-flouro-4H-pyrido[1,2-a]pyrimidin-4-one 

(3e): Reaction time: 48 h; matte brown solid; 77% (53mg), m.p.176-178 

°C; 1H NMR (500 MHz, CDCl3): δ 8.82 (s, 1H), 7.82 (d, J = 7.5 Hz, 

1H), 7.73 (d, J = 7.7 Hz, 2H), 7.63 - 7.57 (m, 2H), 7.53 - 7.49 (m, 2H), 

7.40 (t, J = 7.5 Hz, 1H), 7.29 (t, J = 7.6 Hz, 2H), 7.23 - 7.20 (m, 1H), 

6.77 (s, 1H); 13C NMR (126 MHz, CDCl3): δ = 197.6, 161.6, 157.8, 

155.1 (d, JCF = 246.3 Hz), 148.0, 140.3, 138.0, 137.2, 132.6, 130.3, 

130.2, 129.2, 129.1, 129.0 (d, JCF = 25.3 Hz), 128.7, 128.3, 128.0 (d, JCF 

= 7.3 Hz), 113.6 (d, JCF = 41.2 Hz), 101.7; IR (neat, KBr): 1703, 1589, 

1531, 1452, 1284, 1114, 842, 619 cm-1; HRMS (ESI, m/z): calculated 

for C21H14FN2O2 [M+H]+: 345.1034, found: 345.1037.  

2-(2-Benzoylphenyl)-7-chloro-4H-pyrido[1,2-a]pyrimidin-4-one 

(3f): Reaction time: 32 h; pale yellow solid; 74% (53mg), m.p.166-168 

°C; 1H NMR (500 MHz, CDCl3): δ 8.93 (s, 1H), 7.82 (d, J = 7.4 Hz, 

1H), 7.73 (d, J = 7.7 Hz, 2H), 7.63 - 7.57 (m, 2H), 7.53 - 7.50 (m, 2H), 

7.40 (t, J = 7.4 Hz, 1H), 7.30 (t, J = 7.6 Hz, 2H), 7.15 (d, J = 9.4 Hz, 

1H), 6.77 (s, 1H); 13C NMR (126 MHz, CDCl3): δ = 197.5, 161.8, 157.3, 

148.4, 140.3, 138.0, 137.7, 137.0, 132.6, 130.4, 130.3, 129.1(2C), 128.7, 

128.3, 127.0, 125.0, 124.3, 102.4; IR (neat, KBr ): 1688, 1622, 1450, 

1386, 1124, 767, 617 cm-1; HRMS (ESI, m/z): calculated for 

C21H14ClN2O2 [M+H]+: 361.0738, found: 361.0739.  

2-(2-Benzoylphenyl)-7-bromo-4H-pyrido[1,2-a]pyrimidin-4-one 

(3g): Reaction time: 32 h; pale yellow solid; 78% (63mg), m.p.170-172 

°C; 1H NMR (500 MHz, CDCl3): δ 9.04 (s, 1H), 7.82 (d, J = 7.4 Hz, 

1H), 7.73 (d, J = 7.7 Hz, 2H), 7.63 - 7.57 (m, 3H), 7.54 (d, J = 7.1 Hz, 

1H), 7.41 (t, J = 7.4 Hz, 1H), 7.30 (t, J = 7.6 Hz, 2H), 7.08 (d, J = 9.4 
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Hz, 1H), 6.78 (s, 1H); 13C NMR (126 MHz, CDCl3): δ = 197.5, 161.9, 

157.2, 148.5, 140.3, 139.8, 138.0, 137.1, 132.6, 130.3, 130.3, 129.1(2C), 

128.7, 128.3, 127.4, 127.0, 110.9, 102.5; IR (neat, KBr): 1679, 1620, 

1446, 1384, 1116, 767, 617 cm-1; HRMS (ESI, m/z): calculated for 

C21H14BrN2O2 [M+H]+: 405.0233, found: 405.0236.  

2-(2-Benzoyl-4-methoxyphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one 

(3h): Reaction time: 28 h; white solid; 72% (51mg), m.p.148-150 °C; 

1H NMR (500 MHz, CDCl3): δ 8.89 (d, J = 6.9 Hz,  1H), 7.80 (d, J = 

8.6 Hz, 1H), 7.75 (d, J = 7.7 Hz, 2H), 7.55 (t, J = 7.7 Hz,  1H), 7.37 (t, 

J = 7.4 Hz, 1H), 7.30 (t, J = 7.6 Hz, 2H), 7.11 (t, J = 8.7 Hz, 2H), 7.01 - 

6.98 (m, 2H), 6.71 (s, 1H), 3.88 (s, 3H); 13C NMR (126 MHz, CDCl3): 

δ = 197.2, 161.3, 161.1, 158.3, 149.8, 142.1, 138.1, 136.3, 132.4, 130.0, 

129.3, 129.0, 128.2, 127.2, 125.8, 115.8, 115.3, 114.2, 100.6, 55.7; 

HRMS (ESI, m/z): calculated for C22H17N2O3 [M+H]+: 357.1234, 

found: 357.1234.  

2-(2-Benzoyl-4-methylphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one 

(3i): Reaction time: 28 h; light brown solid; 75% (51mg), m.p.172-174 

°C; 1H NMR (500 MHz, CDCl3): δ 8.90 (d, J = 7.2 Hz, 1H), 7.74 (d, J 

= 7.8 Hz, 3H), 7.57 (t, J = 7.9 Hz, 1H), 7.42 - 7.36 (m, 2H), 7.33 (s, 1H), 

7.29 (d, J = 7.7 Hz, 2H), 7.18 (d, J = 8.9 Hz, 1H), 7.01 (t, J = 6.9 Hz, 

1H), 6.74 (s, 1H), 2.45 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 197.9, 

161.7, 158.3, 149.9, 140.7, 140.3, 138.3, 136.3, 134.5, 132.3, 130.9, 

129.6, 129.0, 128.5, 128.2, 127.2, 126.0, 115.4, 101.3, 21.4; HRMS 

(ESI, m/z): calculated for C22H17N2O2 [M+H]+: 341.1285, found: 

341.1285.  

2-(2-Benzoyl-4-fluorophenyl)-4H-pyrido[1,2-a]pyrimidin-4-one 

(3j): Reaction time: 48 h; light brown solid; 46% (32mg), m.p.154-156 

°C; 1H NMR (500 MHz, CDCl3): δ 8.91 (d, J = 7.2 Hz, 1H), 7.85 - 7.82 

(m, 1H), 7.74 (d, J = 7.7 Hz, 2H), 7.59 (t, J = 7.9 Hz, 1H), 7.41 (t, J = 

7.4 Hz, 1H), 7.30 (t, J = 7.7 Hz, 3H), 7.24 - 7.22 (m, 1H), 7.16 (d, J = 

8.9 Hz, 1H), 7.04 (t, J = 6.9 Hz, 1H), 6.71 (s, 1H); 13C NMR (126 MHz, 

CDCl3): δ = 196.0, 164.6 (d, JCF = 253.4 Hz), 160.7, 158.2, 150.0, 142.7, 
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(d, JCF = 6.8 Hz), 137.6, 136.6, 133.5 (d, JCF = 3.3 Hz), 132.8, 130.8 (d, 

JCF = 8.5 Hz), 129.1, 128.4, 127.3, 126.0, 117.3, (d, JCF = 21.6 Hz), 

116.4 (d, JCF = 23.2 Hz),115.6, 101.5; IR (neat, KBr): 1685, 1589, 1454, 

1390, 1114, 835, 621 cm-1; HRMS (ESI, m/z): calculated for 

C21H14FN2O2 [M+H]+: 345.1034, found: 345.1034. 

2-(2-Benzoyl-4-chlorophenyl)-4H-pyrido[1,2-a]pyrimidin-4-one 

(3k): Reaction time: 28 h; white solid; 56% (40mg), m.p.160-162 °C; 

1H NMR (500 MHz, CDCl3): δ 8.92 (d, J = 7.1 Hz, 1H), 7.79 (d, J = 8.3 

Hz, 1H), 7.74 (d, J = 7.7 Hz, 2H), 7.62 - 7.57 (m, 2H), 7.50 (d, J = 2.2 

Hz, 1H), 7.41 (t, J = 7.4 Hz, 1H), 7.31 (t, J = 7.6 Hz, 2H), 7.16 (d, J = 

8.8 Hz, 1H), 7.05 (t, J = 6.9 Hz, 1H), 6.73 (s, 1H); 13C NMR (126 MHz, 

CDCl3): δ = 196.0, 160.6, 158.2, 150.0, 141.9, 137.7, 136.6, 136.5, 

135.8, 132.8, 130.3, 129.9, 129.1, 129.0, 128.4, 127.3, 126.0, 115.7, 

101.6; IR (neat, KBr): 1687, 1631, 1454, 1388, 1110, 777, 617 cm-1; 

HRMS (ESI, m/z): calculated for C21H14ClN2O2 [M+H]+: 361.0738, 

found: 361.0738.  

2-(2-Benzoyl-4-bromophenyl)-4H-pyrido[1,2-a]pyrimidin-4-one 

(3l): Reaction time: 32 h; pale yellow solid; 56% (45mg), m.p.166-168 

°C; 1H NMR (500 MHz, CDCl3): δ 8.92 (d, J = 8.9 Hz, 1H), 7.75 – 7.70 

(m, 4H), 7.65 (d, J = 2.0 Hz, 1H), 7.61 – 7.58 (m, 1H), 7.41 (t, J = 7.4 

Hz, 1H), 7.31 (t, J = 7.7 Hz, 2H), 7.16 (d, J = 8.9 Hz, 1H), 7.05 (t, J = 

6.2 Hz, 1H), 6.73 (s, 1H); 13C NMR (126 MHz, CDCl3): δ = 195.9, 

160.7, 158.2, 150.0, 142.0, 137.6, 136.6, 136.2, 133.2, 132.8, 131.9, 

130.0, 129.1, 128.4, 127.3, 126.0, 124.7, 115.7, 101.6; HRMS (ESI, 

m/z): calculated for C21H14BrN2O2 [M+H]+: 405.0233, found: 405.0231. 

2-(2-Benzoyl-5-bromophenyl)-4H-pyrido[1,2-a]pyrimidin-4-one 

(3m): Reaction time: 48 h; pale yellow solid; 49% (40mg), m.p.172-174 

°C; 1H NMR (500 MHz, CDCl3): δ 8.92 (d, J = 7.2 Hz, 1H), 7.97 (d, J 

= 1.9 Hz, 1H), 7.72 (d, J = 7.9 Hz, 3H), 7.64 - 7.60 (m, 1H), 7.42 - 7.38 

(m, 2H), 7.29 (t, J = 7.7 Hz, 2H), 7.23 (d, J = 8.9 Hz, 1H), 7.06 (t, J = 

6.9 Hz, 1H), 6.69 (s, 1H); 13C NMR (126 MHz, CDCl3): δ = 196.7, 

160.5, 158.0, 150.2, 139.5, 138.9, 137.8, 136.7, 133.0, 132.7, 131.6, 
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130.6, 129.1, 128.3, 127.3, 126.1, 124.4, 115.8, 102.2; HRMS (ESI, 

m/z): calculated for C21H14BrN2O2 [M+H]+: 405.0233, found: 405.0231.  

2-(2-Benzoyl-4-chlorophenyl)-8-methyl-4H-pyrido[1,2-

a]pyrimidin-4-one (3n): Reaction time: 48 h; light green solid; 67% 

(50mg), m.p.176-178 °C; 1H NMR (500 MHz, CDCl3): δ 8.79 (d, J = 

7.3 Hz, 1H), 7.77 (d, J = 8.4 Hz, 1H) 7.73 (d, J = 7.7 Hz, 2H), 7.57 (d, 

J = 8.4 Hz, 1H), 7.48 (d, J = 1.8 Hz, 1H), 7.40 (t, J = 7.4 Hz, 1H), 7.30 

(t, J = 7.6 Hz, 2H), 6.93 (s, 1H), 6.87 (d, J = 7.2 Hz, 1H), 6.64 (s, 1H), 

2.36 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 196.0, 160.8, 158.3, 

150.0, 148.9, 141.8, 137.7, 136.4, 136.0, 132.7, 130.2, 129.8, 129.1, 

129.0, 128.3, 126.5, 124.0, 118.4, 100.7, 21.5; IR (neat, KBr): 1689, 

1583, 1496, 1386, 1105, 829, 615 cm-1; HRMS (ESI, m/z): calculated 

for C22H16ClN2O2 [M+H]+: 375.0895, found: 375.0895. 

2-(2-Benzoyl-4-bromophenyl)-8-methyl-4H-pyrido[1,2-

a]pyrimidin-4-one (3o): Reaction time: 48 h; white solid; 52% (43mg), 

m.p.172-174 °C; 1H NMR (500 MHz, CDCl3): δ 8.80 (d, J = 7.2 Hz, 

1H), 7.74 - 7.69 (m, 4H), 7.64 (d, J = 2.0 Hz, 1H), 7.41 (t, J = 7.4 Hz, 

1H), 7.31 (t, J = 7.6 Hz, 2H), 6.94 (s, 1H), 6.88 (d, J = 7.3 Hz, 1H), 6.65 

(s, 1H), 2.37 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 195.9, 160.9, 

158.3, 150.0, 148.9, 141.9, 137.7, 136.5, 133.2, 132.7, 131.9, 130.0, 

129.1, 128.4, 126.6, 124.6, 124.0, 118.4, 100.8, 21.5; HRMS (ESI, m/z): 

calculated for C22H16BrN2O2 [M+H]+: 419.0390, found: 419.0388.  

2-(2-Benzoyl-4-methylphenyl)-7-chloro-4H-pyrido[1,2-

a]pyrimidin-4-one (3p): Reaction time: 48 h; white solid; 63% (47mg), 

m.p.176-178 °C; 1H NMR (500 MHz, CDCl3): δ 8.91 (d, J = 2.4 Hz, 

1H), 7.72 - 7.70 (m, 3H), 7.50 (dd, J = 9.5, 2.4 Hz, 1H), 7.42 - 7.37 (m, 

2H), 7.32 (d, J = 1.7 Hz, 1H), 7.28 (t, J = 7.6 Hz, 2H), 7.11 (d, J = 9.4 

Hz, 1H), 6.75 (s, 1H), 2.45 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 

197.7, 161.7, 157.4, 148.3, 141.0, 140.4, 138.2, 137.5, 134.1, 132.5, 

131.0, 129.7, 129.1, 128.5, 128.3, 126.9, 125.1, 124.1, 101.9, 21.4; 

HRMS (ESI, m/z): calculated for C22H16ClN2O2 [M+H]+: 375.0895, 

found: 375.0890.  
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7-(2-Benzoylphenyl)-5H-thiazolo[3,2-a]pyrimidin-5-one (3q): 

Reaction time: 48 h; pale yellow solid; 68% (45mg), m.p.166-168 °C; 

1H NMR (500 MHz, CDCl3): δ 7.85 (d, J = 4.9 Hz, 1H), 7.74 (d, J = 7.3 

Hz, 1H), 7.69 (d, J = 7.2 Hz, 1H), 7.61 - 7.53 (m, 3H), 7.39 (t, J = 7.3 

Hz, 1H), 7.29 (t, J = 7.6 Hz, 2H), 6.90 (d, J = 4.9 Hz, 1H), 6.53 (s, 1H); 

13C NMR (126 MHz, CDCl3): δ = 197.5, 161.8, 161.5, 158.6, 139.8, 

138.0, 137.0, 132.6, 130.5, 130.1, 129.4, 129.0, 128.7, 128.3, 121.8, 

111.8, 103.4; IR (neat, KBr): 1677, 1595, 1461, 1384, 1118, 783, 619 

cm-1; HRMS (ESI, m/z): calculated for C19H13N2O2S[M+H]+: 

333.0692, found: 333.0685.  

7-(2-Benzoyl-4-methylphenyl)-5H-thiazolo[3,2-a]pyrimidin-5-one 

(3r): Reaction time: 48 h; brown solid; 83% (57mg), m.p.164-166 °C; 

1H NMR (500 MHz, CDCl3): δ 7.84 (d, J = 4.9 Hz, 1H), 7.69 (d, J = 

7.9 Hz, 2H), 7.65 (d, J = 7.9 Hz, 1H), 7.41 - 7.34 (m, 3H), 7.29 (t, J = 

7.6 Hz, 2H), 6.88 (d, J = 4.9 Hz, 1H), 6.52 (s, 1H), 2.45 (s, 3H); 13C 

NMR (126 MHz, CDCl3): δ = 197.8, 161.7, 161.4, 158.3, 140.8, 139.8, 

138.1, 134.0, 132.5, 131.1, 129.9, 128.9, 128.5, 128.3, 121.8, 111.6, 

102.8, 21.4; IR (neat, KBr): 1693, 1598, 1506, 1382, 1122, 833, 617 

cm-1; HRMS (ESI, m/z): calculated for C20H15N2O2S[M+H]+: 

347.0849, found: 347.0849.  

7-(2-Benzoyl-4-chlorophenyl)-5H-thiazolo[3,2-a]pyrimidin-5-one 

(3s): Reaction time: 48 h; yellow solid; 58% (42mg), m.p.162-164 °C; 

1H NMR (500 MHz, CDCl3): δ 7.87 (d, J = 4.9 Hz, 1H), 7.71 - 7.68 (m, 

3H), 7.58 (d, J = 8.3 Hz, 1H), 7.52 (s, 1H), 7.43 (t, J = 7.4 Hz, 1H), 7.32 

(t, J = 7.6 Hz, 2H), 6.91 (d, J = 4.8 Hz, 1H), 6.51 (s, 1H); 13C NMR (126 

MHz, CDCl3): δ = 195.9, 161.9, 160.3, 158.5, 141.3, 137.4, 136.6, 

135.3, 132.9, 130.5, 129.9, 129.4, 129.0, 128.4, 121.9, 111.9, 103.3; 

HRMS (ESI, m/z): calculated for C19H12ClN2O2SNa+
 [M+Na]+: 

389.0122, found: 389.0122.  

2-(2-(4-Methylbenzoyl)phenyl)-4H-pyrido[1,2-a]pyrimidin-4-one 

(3t): Reaction time: 48 h; white solid; 56% (38mg), m.p.160-162 °C; 1H 

NMR (500 MHz, CDCl3): δ 8.93 (d, J = 7.2 Hz, 1H), 7.83 (d, J = 7.5 
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Hz, 1H), 7.65 - 7.55 (m, 5H), 7.51 (d, J = 7.2 Hz, 1H), 7.24 (d, J = 8.9 

Hz, 1H), 7.10 (d, J = 7.9 Hz, 2H), 7.04 (t, J = 6.9 Hz, 1H), 6.75 (s, 1H), 

2.31 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 197.5, 162.0, 158.4, 

150.0, 143.3, 140.6, 137.4, 136.4, 135.7, 130.1, 130.0, 129.4, 129.0, 

129.0, 128.7, 127.2, 126.2, 115.5, 102.0, 21.7; HRMS (ESI, m/z): 

calculated for C22H17N2O2 [M+H]+: 341.1285, found: 341.1281.  

2-(2-(4-Methoxybenzoyl)phenyl)-4H-pyrido[1,2-a]pyrimidin-4-one 

(3u): Reaction time: 48 h; white solid; 66% (47mg), m.p.152-154 °C; 

1H NMR (500 MHz, CDCl3): δ 8.94 (d, J = 7.1 Hz, 1H), 7.82 (d, J = 7.6 

Hz, 1H), 7.74 (d, J = 8.5 Hz, 2H), 7.61 - 7.54 (m, 3H), 7.50 (d, J = 7.3 

Hz, 1H), 7.24 (d, J = 9.0 Hz, 1H), 7.04 (t, J = 6.9 Hz, 1H), 6.80 (d, J = 

8.5 Hz, 2H), 6.74 (s, 1H), 3.78 (s, 3H); 13C NMR (126 MHz, CDCl3): δ 

= 196.5, 163.1, 162.2, 158.4, 150.1, 140.6, 137.4, 136.4, 131.6,131.2, 

130.0, 129.9, 128.9, 128.8, 127.2, 126.2, 115.5, 113.7, 102.1, 55.5; 

HRMS (ESI, m/z): calculated for C22H17N2O3 [M+H]+: 357.1234, 

found: 357.1230. 

2-(2-(4-Fluorobenzoyl)phenyl)-4H-pyrido[1,2-a]pyrimidin-4-one 

(3v): Reaction time: 48 h; pale yellow solid; 62% (43mg), m.p.152-154 

°C; 1H NMR (500 MHz, CDCl3): δ 8.94 (d, J = 7.1 Hz, 1H), 7.84 (d, J 

= 7.6 Hz, 1H), 7.78 - 7.75 (m, 2H), 7.63 - 7.56 (m, 3H), 7.50 (d, J = 7.2 

Hz, 1H), 7.18 (d, J = 9.0 Hz, 1H), 7.05 (t, J = 6.9 Hz, 1H), 6.97 (t, J = 

8.4 Hz, 2H), 6.76 (s, 1H); 13C NMR (126 MHz, CDCl3): δ = 196.1, 

166.3 (d, JCF = 254.2 Hz), 161.7, 158.3, 150.0, 140.0, 137.4, 136.6, 

134.7 (d, JCF = 3.1 Hz), 131.7 (d, JCF = 9.2 Hz), 130.4, 130.2, 128.9, 

128.7, 127.3, 126.0, 115.6 (d, JCF = 15.2 Hz), 115.3, 101.9; HRMS (ESI, 

m/z): calculated for C21H14FN2O2 [M+H]+: 345.1034, found: 345.1034.  

2-(2-(4-Chlorobenzoyl)phenyl)-4H-pyrido[1,2-a]pyrimidin-4-one 

(3w): Reaction time: 48 h; pale yellow solid; 85% (61mg), m.p.162-164 

°C; 1H NMR (500 MHz, CDCl3): δ 8.94 (d, J = 7.1 Hz, 1H), 7.84 (d, J 

= 7.6 Hz, 1H), 7.69 (d, J = 8.2 Hz, 2H), 7.63 - 7.56 (m, 3H), 7.49 (d, J 

= 7.3 Hz, 1H), 7.28 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.9 Hz, 1H), 7.06 

(t, J = 6.9 Hz, 1H), 6.77 (s, 1H); 13C NMR (126 MHz, CDCl3): δ = 
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196.4, 161.5, 158.3, 150.0, 139.8, 138.8, 137.3, 136.6, 136.6, 130.4, 

130.4, 130.2, 128.9, 128.7, 128.6, 127.3, 125.9, 115.7, 101.7; HRMS 

(ESI, m/z): calculated for C21H14ClN2O2 [M+H]+: 361.0738, found: 

361.0734. 

2-(2-(4-Bromobenzoyl) phenyl)-4H-pyrido[1,2-a]pyrimidin-4-one 

(3x): Reaction time: 48 h; white solid; 84% (67mg), m.p.164-166 °C; 

1H NMR (500 MHz, CDCl3): δ 8.95 (d, J = 7.1 Hz, 1H), 7.85 (d, J = 7.1 

Hz, 1H), 7.64 - 7.56 (m, 5H), 7.49 (d, J = 7.5 Hz, 1H), 7.44 (d, J = 8.5 

Hz, 2H), 7.19 (d, J = 8.9 Hz, 1H), 7.06 (t, J = 6.9 Hz, 1H), 6.78 (s, 1H); 

13C NMR (126 MHz, CDCl3): δ = 196.6, 161.5, 158.3, 150.0, 139.8, 

137.3, 137.0, 136.7, 131.6, 130.6, 130.5, 130.3, 128.9, 128.7, 127.6, 

127.3, 125.9, 115.7, 101.7; HRMS (ESI, m/z): calculated for 

C21H14BrN2O2 [M+H]+: 405.0233, found: 405.0234. 

2-(2-(3-Nitrobenzoyl)-4H-pyrido[1,2-a]pyrimidin-4-one (3y): 

Reaction time: 48 h; pale yellow solid; 33% (40mg), m.p.174-176 °C; 

1H NMR (500 MHz, CDCl3): δ 8.93 (d, J = 7.1 Hz, 1H), 8.61 (s, 1H), 

8.23 (d, J = 8.1 Hz, 1H), 7.99 (d, J = 7.7 Hz, 1H), 7.89 (d, J = 7.6 Hz, 

1H),  7.70 - 7.61 (m, 3H), 7.56 (d, J = 7.5 Hz, 1H), 7.48 (t, J = 7.9 Hz, 

1H), 7.15 (d, J = 8.9 Hz, 1H), 7.07 (t, J = 6.9 Hz, 1H), 6.81 (s, 1H); 13C 

NMR (126 MHz, CDCl3): δ = 195.2, 160.9, 158.2, 149.9, 148.3, 140.0, 

138.9, 137.3, 137.0, 134.2, 131.0, 130.7, 129.5, 129.0, 128.8, 127.5, 

126.5, 125.6, 123.5, 115.9, 101.5; HRMS (ESI, m/z): calculated for 

C21H13N3O4Na+ [M+Na]+: 394.0798, found: 394.0794.  

2-(2-(4-Chlorobenzoyl)phenyl)-8-methyl-4H-pyrido[1,2-

a]pyrimidin-4-one (3z): Reaction time: 48 h; white solid; 85% (64mg), 

m.p.176-178 °C; 1H NMR (500 MHz, CDCl3): δ 8.83 (d, J = 7.2 Hz, 

1H), 7.83 (d, J = 9.0 Hz, 1H), 7.68 (d, J = 8.6 Hz, 2H), 7.63 - 7.55 (m, 

2H), 7.49 (d, J = 7.3 Hz 1H), 7.27 (d, J = 8.7 Hz, 2H), 6.97 (s, 1H) 6.90 

(dd, J = 7.3, 2.0 Hz 1H), 6.69 (s, 1H), 2.39 (s, 3H); 13C NMR (126 MHz, 

CDCl3): δ = 196.5, 161.7, 158.4, 150.0, 149.0, 139.7, 138.7, 137.5, 

136.7, 130.4 (2C), 130.2, 128.9, 128.6, 128.6, 126.6, 124.0, 118.4, 
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100.9, 21.5; HRMS (ESI, m/z): calculated for C22H16ClN2O2 [M+H]+: 

375.0895, found: 375.0890.  

2-(2-(4-Chlorobenzoyl)-4-methylphenyl)-4H-pyrido[1,2-

a]pyrimidin-4-one (3aa): Reaction time: 32 h; pale yellow solid; 91% 

(68mg), m.p.178-180 °C; 1H NMR (500 MHz, CDCl3): δ 8.94 (d, J = 

7.1 Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.70 (d, J = 8.2 Hz, 2H), 7.60 (t, 

J = 7.9 Hz, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.29 - 7.26 (m, 3H), 7.17 (d, J 

= 9.1 Hz, 1H), 7.05 (t, J = 6.9 Hz, 1H), 6.76 (s, 1H) 2.46 (s, 3H); 13C 

NMR (126 MHz, CDCl3): δ = 196.6, 161.3, 158.3, 149.9, 140.9, 139.9, 

138.7, 136.8, 136.5, 134.3, 131.0, 130.4, 129.4, 128.6, 128.6, 127.3, 

125.8, 115.5, 101.2, 21.4; HRMS (ESI, m/z): calculated for 

C22H16ClN2O2 [M+H]+: 375.0895, found: 375.0890. 

2-(2-(4-Bromobenzoyl)phenyl)-8-methyl-4H-pyrido[1,2-

a]pyrimidin-4-one (3ab): Reaction time: 32 h; pale yellow solid; 89% 

(74mg), m.p.174-176 °C; 1H NMR (500 MHz, CDCl3): δ 8.84 (d, J = 

7.3 Hz, 1H), 7.83 (d, J = 6.6 Hz, 1H), 7.63 - 7.55 (m, 4H),  7.49 (d, J = 

7.3 Hz, 1H), 7.44 (d, J = 8.4 Hz, 2H), 6.98 (s, 1H), 6.91 (dd, J = 7.3, 1.9 

Hz, 1H), 6.70 (s, 1H) 2.39 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 

196.7, 161.8, 158.4, 150.0, 149.0, 139.7, 137.5, 137.0, 131.6, 130.6, 

130.5, 130.2, 129.0, 128.7, 127.5, 126.6, 124.0, 118.5, 100.9, 21.5. 

HRMS (ESI, m/z): calculated for C22H16BrN2O2 [M+H] +: 419.0390, 

found: 419.0393.  

2-(2-(4-Bromobenzoyl)-4-methoxyphenyl)-4H-pyrido[1,2-

a]pyrimidin-4-one (3ac): Reaction time: 32 h; pale yellow solid; 86% 

(75mg), m.p.166-168 °C; 1H NMR (500 MHz, CDCl3): δ 8.93 (d, J = 

7.1 Hz, 1H), 7.82 (d, J = 8.6 Hz, 1H), 7.63 - 7.58 (m, 3H), 7.45 (d, J = 

8.2 Hz, 2H), 7.13 (d, J = 9.0 Hz, 2H), 7.04 (t, J = 6.9 Hz, 1H), 6.98 (d, 

J = 2.7 Hz, 1H), 6.74 (s, 1H) 3.88 (s, 3H); 13C NMR (126 MHz, CDCl3): 

δ = 196.2, 161.4, 160.8, 158.4, 149.8, 141.6, 137.0, 136.6, 131.7, 130.5, 

130.1, 129.0, 127.5, 127.4, 125.7, 116.0, 115.5, 114.1, 100.4, 55.8; 

HRMS (ESI, m/z): calculated for C22H16BrN2O3 [M+H]+: 435.0339, 

found: 435.0338. 



101 
 

2,2,6,6-tetramethylpiperidin-1-yl benzoate (4): 1H NMR (500MHz, 

CDCl3): δ 8.29 (d, J = 7.0 Hz, 2H), 7.79 - 7.76 (m, 1H), 7.68 - 7.65 (m, 

2H), 2.02 - 1.89 (m, 3H), 1.82 - 1.78 (m, 2H), 1.68 - 1.65 (m, 1H), 1.49 

(s, 6H), 1.33 (s, 6H); 13C NMR (126 MHz, CDCl3): δ = 165.3, 132.0, 

128.7, 128.6, 127.6, 59.3, 38.0, 31.0, 19.9, 16.0; HRMS (ESI, m/z): 

calculated for C16H24NO2 [M+H]+: 262.1802, found: 262.1798. 
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3.8 1H and 13C NMR spectra of selected compounds 

 

Figure 3.2 1H NMR spectrum of compound 3a (500 MHz, CDCl3) 

 

 

 

 

 

 

Figure 3.3 13C NMR spectrum of compound 3a (126 MHz, CDCl3) 
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Figure 3.4 1H NMR spectrum of compound 3b (500 MHz, CDCl3) 

 

 

 

 

 

 
Figure 3.5 13C NMR spectrum of compound 3b (126 MHz, CDCl3) 
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Figure 3.6 1H NMR spectrum of compound 3c (500 MHz, CDCl3) 

 

 

 

 

 

 

Figure 3.7 13C NMR spectrum of compound 3c (126 MHz, CDCl3) 

 

 

 



105 
 

 

Figure 3.8 1H NMR spectrum of compound 3d (500 MHz, CDCl3) 

 

 

 

 

 

 
Figure 3.9 13C NMR spectrum of compound 3d (126 MHz, CDCl3) 
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Figure 3.10 1H NMR spectrum of compound 3e (500 MHz, CDCl3) 

 

 

 

 

 
Figure 3.11 13C NMR spectrum of compound 3e (126 MHz, CDCl3) 

 

 

 



107 
 

3.9 The single-crystal X-ray diffraction data 

The single-crystal X-ray diffraction study of 3a. The compound 3a was 

readily crystallized from mixtures of acetonitrile and dichloromethane. 

 

                       

Table 3.2 Crystal data and structure refinement for 3a. 
Compound 3a 

Empirical formula C21H14N2O2 

Formula weight 326.1055 

Temperature/K 293(2) 

Wavelength (Å) 0.71073 Å 

Crystal system orthorhombic 

Space group Pna21 

a/Å 12.7445(3) 

b/Å 16.2952(5) 

c/Å 7.8165(2) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 1623.29(8) 

Z 8 
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ρcalcg/cm3 2.671 

μ/mm-1 0.175 

F (000) 1360.0 

Radiation MoKα (λ = 0.71073) 

2Θ range for data 

collection/° 
5.934 to 58.64 

Index ranges -15 ≤ h ≤ 17, -20 ≤ k ≤ 21, -10 ≤ l ≤ 10 
 

Reflections collected 17337 

Independent reflections 3962 [Rint = 0.0567, Rsigma = 0.0441] 

Data/restraints/parameters 3962/1/226 

Goodness-of-fit on F2 1.098 

Final R indexes [I>=2σ (I)] R1 = 0.0522, wR2 = 0.1139 

Final R indexes [all data] R1 = 0.0729, wR2 = 0.1349 

Largest diff. peak/hole / e 

Å-3 
0.24/-0.17 

Flack parameter 0.0(8) 
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Chapter 4 

Visible-Light Induced Ag-Palladacycle-complex 

Mediated Regioselective C–H Arylation 

 

4.1 Introduction 

The heterocyclic biaryl motifs constitute highly significant structural 

elements in a wide array of pharmaceuticals, natural products, and 

organic materials.[1-4] Consequently, it has been demonstrated that the 

direct regioselective arylation via the activation of C–H bonds through 

transition metal catalysis, leading to the synthesis of biaryl compounds, 

is a crucial aspect of ongoing research efforts in the realm of aryl-aryl 

(C-C) bond formation.[5-9] This is due to the multitude of benefits it 

offers, including regioselectivity, broad substrate applicability, and 

excellent tolerance to various functional groups.[10-12] In spite of these 

developments, regioselective C–H arylation reactions through C–H 

activation still require harsh reaction conditions, including elevated 

temperatures, strong oxidizing agents, ligands, etc.[13-15] Recently, 

researchers have embraced visible light-mediated photocatalysis as a 

profoundly influential and practical approach, leveraging its tools to 

propel advancements in organic synthesis.[16-17] These transformations 

mainly rely on the external photo-catalyst based on transition metal 

complexes or organic dyes.[18-22] Apart from this, recently, it has been 

observed that these reactions can be performed under external 

photocatalyst-free conditions, such as through electron donor-acceptor 

(EDA) complexes.[23-26]    

Traditionally, the aryl radical generation under photo-catalytic 

conditions entails the use of diverse sources, including aryl halides, aryl 

carboxylic acids, Ar-DBT+ salts, and aryl boronic acids, which are often 

dependent on external stoichiometric reagents.[27-30] Aryl diazonium 

salts are crucial arylating agents in synthetic organic chemistry 
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employing visible light-mediated photocatalysis,[31-32]  and this 

significance arises from their readily available aniline precursors and 

heightened reactivity, attributed to their low reduction potential (-0.16V 

vs SCE).[33]  

4.2 Previous Reports 

In 2011, the Sanford group innovated regioselective C–H arylation of 2-

aryl heterocyclic substrates by amalgamating transition metal catalysis 

(Pd) with photo-redox catalysis (Ru), under the visible light source at 

room temperature. The procedure entailed the initial generation of an 

aryl radical from an aryl diazonium salt using a Ru-based photocatalyst 

(Scheme 4.1a).[34] Furthermore, similar approaches were developed by 

various groups. [18, 19, 35] In 2018, Wang and colleagues employed tandem 

catalysis for regio-selective C–H arylation under photo-catalytic 

 

Scheme 4.1 Previous reports on visible light-mediated photoinduced arylation  

 

conditions using palladium complex (B1) as a tandem catalyst 

performing the dual role of C–H activation and photo-catalysis (Scheme 

4.1b).[36] Very recently, the Maiti group devised a ligand-controlled, 

external photocatalyst-free visible light-induced cross-electrophile 
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coupling reaction for biaryl synthesis using a Pd-catalyst (Scheme 

4.1c).[37-40] These processes allow arylation reactions to be carried out at 

room temperature in the presence of a photocatalyst or Pd catalyst and 

ligand. Ackermann’s group demonstrated the in-situ generation of an 

arene-Mn-diazo complex (D1) capable of photoexcitation under visible 

light irradiation for the aryl radical generation and subsequent arylation 

(Scheme 4.1d).[41]  

4.3 Objective 

 

Scheme 4.2 Light-mediated photoinduced arylation of pyrido[1,2-

a]pyrimidin-4-one. 

We have developed an external photocatalyst-free, visible light-

mediated regio-selective ortho C–H arylations of pyrido[1,2-

a]pyrimidin-4-ones as well as of other heteroarenes at ambient 

temperature using a simple palladium (II) catalyst under ligand-free 

conditions. Observations of colored aggregates, DFT study, and UV-

visible analysis suggest the in-situ generated silver-palladacycle 

complexes of 2-aryl heteroarenes could absorb visible light and play a 

crucial role in generating aryl radicals from aryldiazonium salts, leading 

to the regioselective ortho C–H arylated products (Scheme 4.2).[42]   

4.4 Result and Discussion 

We investigated the reaction parameters using 2-phenyl-4H-pyrido[1,2-

a]pyrimidin-4-ones (1a) and 4-methoxy benzenediazonium 

tetrafluoroborate (2a) employing Pd(OAc)2 (5 mol%), Ag2CO3 (30 

mol%), trifluoroacetic acid (TFA, 0.1 mL),[43-45] and methanol as the 

solvent under blue LED irradiation at 30 °C for 24 hours which yielded 

the regioselective ortho C–H arylated product, 2-(4'-methoxy-[1,1'-

biphenyl]-2-yl)-4H-pyrido[1,2-a]pyrimidin-4-one (3a), in 88% yield  
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Table 4.1 Optimization of the reaction conditions[a] 

[a]Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol), Pd(OAc)2 (5 mol%), 

Ag2CO3 (30 mol%), TFA 0.1 mL, MeOH 2.0 mL, blue LED, 30 °C, 24 h. 
[b]isolated yields. n.d.-not detected. 

(Table 4.1, entry 1). The structure of the ortho-arylated product 3a was 

confirmed by the NMR spectroscopy, HRMS analysis, and single-

crystal X-ray analysis (CCDC:2287203 of 3w).[46] Using ethanol as a 

solvent instead of methanol provided a decreased yield of 3a (47%, entry 

2), whereas DMF gave a much lower amount (15%, entry 3). 

Subsequently, alternative solvents such as DCE, ACN, DMSO, and 

toluene were explored. Unfortunately, these solvents proved unsuitable 

for generating the desired products (entry 4). When the reaction was 

conducted using other silver salts instead of silver carbonate, a lowered 

 
 

Entry Variation from the above conditions Yield[b] 

1 Std. conditions 88% 

2 EtOH instead of MeOH 47% 

3 DMF instead of MeOH 15% 

4 DCE/ACN/DMSO/Toluene as solvent n.d. 

5 AgNO3/AgBF4/AgPF6/CF3COOAg instead 

Ag2CO3   

53/52/39/50% 

6 2a used as 1.2 equiv. 68% 

7 No TFA 64% 

8 No Palladium catalyst n.d. 

9 No Ag2CO3 n.d. 

10 No light n.d. 

11 green LED instead of blue LED 15% 

12 CFL blub instead of blue LED 41% 

13 Std. conditions with N2 77% 

14 Eosin Y as Photocatalyst (3%), no Ag2CO3  5% 
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yield of desired product 3a was observed (39-53%, entry 5). A reduction 

in yield for the formation of product 3a was also noted when the aryl 

diazonium salt was employed in a 1.2 equivalent (68%, entry 6). In the 

absence of TFA, the yield 3a decreased to 64% (entry 7).  It is 

noteworthy that the presence of palladium catalyst, silver salt, and blue 

light (422-490) was very crucial to the formation of the desired product, 

as the formation of 3a was not observed in the absence of a palladium 

catalyst (entry 8), or silver salt (entry 9), or light (entry 10), and the 

starting material was found to be unreacted. Notably, when the reaction 

was performed under green light (470-566), a meagre yield of 3a was 

obtained (15%, entry 11), whereas, under irradiation of white light 

(white CFL), the desired product was obtained in 41% yield (entry 12). 

When the reaction was performed under a nitrogen atmosphere, the yield 

of the desired product was lowered (77%, entry 13), suggesting no 

involvement of oxygen in the reaction. When the reaction was carried 

out using Eosin-Y (3 mol%) as a photocatalyst under standard 

conditions but in the absence of silver salt, desired product 3a was 

obtained in only 5% yield, indicating the potential importance of silver 

salt in the reaction (entry 14). 

 

After optimizing the reaction conditions, we investigated the substrate 

scope of ortho C–H arylation with substituted 2-aryl-pyrido[1,2-

a]pyrimidin-4-ones (1) and 4-methoxybenzenediazonium 

tetrafluoroborate (2a) (Scheme 4.3). A methyl group substituted on 

different positions of 2-aryl-pyrido[1,2-a]pyrimidin-4-ones underwent 

smooth ortho C–H arylation reaction under optimized conditions and 

yielded corresponding products 3b-d in good to excellent yields (68-

95%). Electron-withdrawing halogens (-F, -Cl, -Br) on 2-aryl-

pyrido[1,2-a]pyrimidin-4-ones successfully delivered the desired 

products 3e-g with favourable outcomes (75-77%). Altering the 

substitution patterns on ortho and meta positions of the 2-aryl ring of 2-

aryl-pyrido[1,2-a]pyrimidin-4-ones by strong donating methoxy group 

and halogens, produced the corresponding products 3h-3l in 65-95% 
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yield. Further, the ortho arylation approach was applied to structurally 

diverse 7-phenyl-5H-thiazolo[3,2-a]pyrimidin-5-ones, forming 3m and 

Scheme 4.3 Substrate scope arylation of pyrido[1,2-a]pyrimidin-4-

ones[a] 

 

[a]Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol), Pd(OAc)2 (5 mol%), 

Ag2CO3(30 mol%), TFA 0.1 mL, MeOH 2.0 mL, blue LED, 30 °C, 24 h.; nr = 

no reaction. 

3n in 68% and 79%, respectively. Having methyl and halogens at 

various positions on 2-aryl-4H-pyrido[1,2-a]pyrimidin-4-one yielded 

the desired products 3o, 3p, and 3q in good yields of 68%, 71%, and 

74%, respectively. The reaction with 2-(2-benzoyl phenyl)-4H-

pyrido[1,2-a]pyrimidin-4-one did not produce the desired product 3r, 

and the starting material was found to be unreacted. 

Subsequently, the substrate scope of substituted aryl diazonium salts 

was also investigated (Scheme 4.4). Para-substituted (-Me, -F, -Cl, -Br) 

aryl diazonium salts were reacted with 2-phenyl-4H-pyrido[1,2-

a]pyrimidin-4-one to give the corresponding C–H arylated products 3s-

v in good yields (65-80%). Notably, para-substituted aryl diazonium 
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salts having strong withdrawing groups (-NO2, -CF3, -CN) produced 

desired products 3w-3y in excellent yields (75-88%). Whereas ortho 

bromo-benzene diazonium tetrafluoroborate delivered the desired 

Scheme 4.4 Scope of aryl diazonium tetrafluoroborate[a] 

 

[a]Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol), Pd(OAc)2 (5 mol%), 

Ag2CO3(30 mol%), TFA 0.1 mL, MeOH 2.0 mL, blue LED, 30 °C, 24 h, 
[b]without Ag2CO3. 

 

-product 3z in moderate yield (57%). Importantly, meta-nitrobenzene 

diazonium tetrafluoroborate gave an excellent yield of the desired 

product 3aa (94%). 3,4-Dichlorobenzenediazonium tetrafluoroborate 

with 1a, produced ortho arylated product 3ab in 74% yield. 

 

Next, the generality of the optimized external photocatalyst-free, light-

induced reaction condition for ortho C–H arylation was explored on a 

diverse range of 2-aryl heterocycles (Scheme 4.5). At the outset, the 

reaction between 2-phenylquinazolin-4(3H)-one and 4-substituted 

benzene-diazonium tetrafluoroborate (-Cl, -NO2) led to the formation of 

the targeted products 4a and 4b, with impressive yields of 77% and 84%, 

respectively. Whereas the reaction failed to produce desired products 

4c-4d when 3-benzyl and 3-ethyl-2-phenylquinazolin-4(3H)-one was 

reacted with 2a. Further, 3-phenylquinoxalin-2(1H)-one and 1-methyl-
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3-phenyl-quinoxalin-2(1H)-one was both reacted with 4-

methoxybenzenediazonium tetrafluoroborate to give 4e and 4f in 72% 

and 83% yield, respectively.   2-Phenylpyridine, 2-phenylbenzo-

[d]thiazole, 1-phenylisoquinoline, 2-phenylquinoline, and 2-methyl- 

Scheme 4.5 Scope of various heterocyclic compound arylation[a] 

 

[a]Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol), Pd(OAc)2 (5 mol%), 

Ag2CO3(30 mol%), TFA 0.1 mL, MeOH 2.0 mL, blue LED, 30 °C, 24 h.; nr = 

no reaction. 

5,7-diphenylpyrazolo[1,5-a]pyrimidine were successfully underwent 

the regioselective C–H arylation under the optimized reaction conditions 

to deliver desired products 4g-4k in moderate yields (41-57%). 

In addition, scale-up synthesis of compound 3w was performed under 

optimized reaction conditions to deliver the desired product 3w in 63% 

yield (Scheme 4.6).  

Scheme 4.6 Scale-up synthesis of compound 3w 
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To gain insight into the mechanism of the photocatalyst-free, ortho C–

H arylation reaction, a series of control experiments were conducted 

(Scheme 4.7). The investigation commenced by examining radical 

scavengers to elucidate the nature of the reaction pathway, precisely 

whether it followed an ionic or radical mechanism. A light-mediated 

reaction was executed in the presence of the radical scavenger TEMPO 

in varying equivalents under the standard conditions (Scheme 4.7a). 

The yield of the ortho-arylated desired product significantly decreased 

to 18%, accompanied by the formation of TEMPO adduct 5a, as 

confirmed through high-resolution mass spectrometry (HRMS) 

analysis. In addition to the light dependency of the reaction- 

 

Scheme 4.7 Control experiments, light On/Off, color observation and 
UV-visible study 
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(Table 4.1, entry 10), the light-on-off experiment was performed 

(Scheme 4.7b), which further established the necessity of the 

continuous irradiation of the blue light for the anticipated reaction. The 

quantum yield of the reaction was measured to be Ф = 0.185. Each 

reaction component and their diverse combinations (I-V) in methanol as 

solvent were observed visually (Scheme 4.7c). It was observed that 

individual components 1a (I), 2a (II), and the mixture of 1a+2a (III) 

were almost colorless, whereas visual coloration emerged notably for 

the combination of 1a with Pd(II) catalyst and Ag2CO3, i.e., IV, and 

reaction mixture (V). The UV-visible spectroscopic study of these 

individual components and their combinations (I-V) revealed that 

individual components such as pyrido[1,2-a]pyrimidin-4-one (1a), 4-

methoxy benzene diazonium tetrafluoroborate (2a), or a mixture of 

1a+2a did not exhibit absorption above 400 nm. However, the 

combination of 1a with Pd(II) catalyst and Ag2CO3 i.e. IV and reaction 

mixture (V), absorption gradually increased, surpassing 400 nm 

(Scheme 4.7d). Further, UV-visible spectroscopic analysis was 

conducted on various aryl-diazonium tetrafluoroborate using methanol 

as solvent. The findings indicated that the absorption for most aryl-

diazonium tetrafluoroborate occurred below 390 nm. Exceptions were 

observed in the cases of 4-bromo, 4-nitro, and 3-nitro aryl-diazonium 

tetrafluoroborate, where a subtle increase in absorption beyond 400 nm 

was observed (Scheme 4.7e). Further, H/D exchange experiments were 

conducted using CD3OD under standard reaction conditions, both in the 

absence and presence of 4-methoxy benzene diazonium 

tetrafluoroborate (2a). Additionally, Kinetic Isotope Effect experiments 

were performed using 1a and [D5]-1a under standard reaction 

conditions. 

Further, time-dependent density functional theory (TDDFT) 

calculations of possible intermediates were performed. Based on the 

results and observations of the above control experiments, DFT studies, 

and previous literature reports, [23-26, 47-51] plausible reaction mechanism 

paths for the reaction are proposed (Scheme 4.8). The mechanism 

initiates with the formation of palladacycle intermediate [A]. Time-
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dependent density functional theory (TDDFT) calculations show that the 

EDA complex [B] is supposed to absorb light ~488 nm. This excitation 

is an intermolecular charge transfer excitation (Figure 4.1). 

 

Figure 4.1 a) Optimized structure of the EDA complex [B] and b) Table 

of intermolecular charge transfer excitation energy in the EDA complex 

(B3LYP/def2-TZVP) 

 

As TDDFT is known to underestimate such excitations, we have 

employed other approaches in (Figure 4.1b) to provide a possible 

energy range of ~408-488 nm where this excitation may occur for the 

EDA complex. Previous studies [23-26] have suggested that heterocycles, 

when combined with aryl diazonium salt, form EDA complexes, which 

may play a role in light absorption and generation of aryl radicals for 

subsequent arylation. Oliveira’s group has shown that the formation of 

the EDA complex is solvent-dependent.[23] Aprotic solvents like DMSO 

facilitate the formation of the EDA complex, but in the presence of 

protic solvents, the formation of the EDA complex has not been 

observed.[23] The color observation (Scheme 4.7c) and UV-visible study 

(Scheme 4.7d) of the mixture of 1a with 2a do not prominently suggest 

the formation of an EDA complex between them. It may be possible that 

a weak EDA complex between 1a and 2a may generate aryl radical 

under visible light irradiation (Scheme 4.8, Path A) and combine with 

palladacycle intermediate [A] to form an intermediate [G]. Although the 

possibility of generation of aryl radicals through a slow decomposition 

of aryl diazonium salt under visible light may not be completely ruled 

out (Scheme 4.8, Path B), aryl diazonium salts did not show prominent 

UV-visible absorption in the visible range (Scheme 4.7e).[49] The 

combination of palladacycle intermediate [A] with silver carbonate 
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Scheme 4.8 Plausible reaction mechanism 

 

 

forms a silver-palladacycle complex [E] which can further undergo 

excitation upon absorption of blue light to generate an excited 

intermediate [E]*. The computed optimized structure of the Ag-

Palladacycle complex [E] is presented in scheme 4.9. 

 
Figure 4.2 Orbitals involved in the low-lying excited states in 

intermediate [E]. 

 

TDDFT calculation shows that complex [E] has two excitations, 2.64 

eV (470 nm) and 2.76 eV (449 nm), that come in the blue region (Figure 

4.2). Both these excitations correspond to electronic transitions from Pd 

4d orbitals to Ag 5s orbital. Hence, computation suggests that metal-to-

metal electronic excitations play an essential role in the photocatalysis 

process. 
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Scheme 4.9 Computed structure of intermediate [E] 

 

This justifies the fact that the reaction does not occur without a 

palladium catalyst or silver carbonate (Table 4.1, entries 8 & 9). Further, 

excited intermediate [E]* generates radical intermediate [D] from aryl 

diazonium salt 2 and Palladium (III) intermediate [F]. Palladacycle 

intermediate [A] undergoes oxidative coupling with aryl radical [D], 

providing the Pd(III) intermediate [G]. Pd(III) intermediate[G] is 

oxidized to the Pd(IV) intermediate [H] by the reduction of [F] to [E]. 

Finally, reductive elimination occurs, producing the ortho-arylated 

product 3a and Pd(II) for the subsequent cycle. The fact that the 

necessity of the silver salt and Pd(II), as well as the formation of colored 

aggregate between 1a, Pd(II), and Ag (Scheme 4.7c) and their UV-

visible absorption above 400 nm (Scheme 4.7d) underscores the 

potential involvement of silver-Pd-complex [E] in this process. DFT 

study of the complex [E] further supports this. 

4.5 Summary 

An extrinsic photocatalyst-free and ligand-free approach is developed, 

featuring an in situ formed Ag-Pd complex-mediated regioselective C–

H arylation of 4H-pyrido[1,2-a]pyrimidin-4-ones under visible-light 

irradiation. This method yields ortho-arylated products with 41-95% 

efficiency at room temperature. To support the possible mechanistic 

paths, various controlled experiments, UV-visible spectroscopic 

analysis, observation of colored complexes, and their DFT studies have 

been carried out.  Apart from 4H-pyrido[1,2-a]pyrimidin-4-ones, the 

range of 2-aryl heterocycles successfully underwent regioselective ortho 
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C–H arylation by a photocatalyst-free visible light-induced approach. 

The current method for ortho C–H arylation has proven to be applicable 

to the scalable synthesis process. 

4.6 Experimental section 

Procedure for synthesis of 2-(4'-methoxy-[1,1'-biphenyl]-2-yl)-4H-

pyrido[1,2-a]pyrimidin-4-one (3a): 

A mixture of 2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one (1a) (1.0 

equiv., 0.2 mmol, 45 mg), 4-methoxybenzenediazonium 

tetrafluoroborate (2a) (1.5 equiv., 0.3 mmol, 67 mg), Pd(OAc)2 (5 

mol%), Ag2CO3 (30 mol%) were added in oven-dried reaction vessel 

equipped with magnetic stirring bar, followed by addition of methanol 

(2.0 mL) and TFA (0.1 mL). The reaction mixture was stirred at room 

temperature (30 °C) under blue LED irradiation for 24 h. The resulting 

reaction mixture was quenched with water (2.0 mL), extracted with ethyl 

acetate (3 × 10 mL), and washed with brine solution. The combined 

organic layer was separated and dried over Na2SO4. After filtration and 

evaporation under reduced pressure to yield the crude product, which 

was further subjected to silica gel column chromatography using pet 

ether: ethyl acetate as eluent to give product 2-(4'-methoxy-[1,1'-

biphenyl]-2-yl)-4H-pyrido[1,2-a]pyrimidin-4-one (3a) in 88% (57 mg). 

The above procedure was used to synthesize all ortho-arylated 2-phenyl-

pyrido[1,2-a]pyrimidin-4-ones (3a-3ab) and (4a-4k). 

4.7 Mechanistic insights into product formation (3a) 

A mixture of 2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one (1a) (1.0 

equiv., 0.4 mmol) and Pd(OAc)2 (1.0 equiv.) was placed in an oven-

dried reaction vessel equipped with a magnetic stirring bar. Methanol 

(4.0 mL) and TFA (0.2 mL) were added, and the mixture was stirred at 

room temperature (30 °C) under blue LED irradiation for 3 hours. The 

mixture was then filtered, producing the intermediate compound [A], 

which was light yellow in color. Further, the reaction of intermediate 

[A] was performed with aryl diazonium salt under standard conditions 
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with and without Ag2CO3. The formation of the desired ortho-arylated 

product 3a was observed in an 83% yield in the presence of Ag2CO3 

(100 mol%), in a 61% yield in the presence of Ag2CO3 (30 mol%), 

whereas in the absence of Ag2CO3, it delivered the desired product 3a 

in 21% yield, which further highlights the role of Ag2CO3 in arylation 

reaction. 

 

Scheme 4.10: Mechanistic insights into product formation (3a) 

4.8 Characterization data of 3a-3ab and 4a-4k 

2-(4'-Methoxy-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-a]pyrimidin-4-

one (3a): Brown solid; yield: 88% (57 mg); m.p.168-170 °C; 1H NMR 

(500 MHz, CDCl3): δ 9.02 (d, J = 7.2 Hz, 1H), 7.71 (t, J = 8.2 Hz, 2H), 

7.64 (d, J = 9.0 Hz, 1H), 7.50 - 7.42 (m, 3H), 7.19 (d, J = 8.1 Hz, 2H), 

7.12 (t, J = 7.0 Hz, 1H), 6.80 (d, J = 8.2 Hz, 2H), 6.22 (s, 1H), 3.77 (s, 

3H); 13C NMR (126 MHz, CDCl3): δ = 165.1, 158.9, 157.8, 151.0, 

140.7, 137.7, 136.2, 133.3, 131.0, 130.5, 130.0, 129.6, 127.4, 127.3, 

126.7, 115.4, 113.9, 105.7, 55.3; IR (ATR): 1672, 1514, 1471, 1243, 

1033, 836, 760 cm-1; HRMS (ESI, m/z): calcd for C21H17N2O2[M+H]+: 

329.1285, found: 329.1290. 

 

2-(4'-Methoxy-[1,1'-biphenyl]-2-yl)-6-methyl-4H-pyrido[1,2-

a]pyrimidin-4-one (3b): Golden solid; yield: 68% (46 mg); m.p.160-

162 °C; 1H NMR (500 MHz, CDCl3): δ 7.70 (d, J = 7.3 Hz, 1H), 7.45 - 
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7.34 (m, 5H), 7.21 (d, J = 8.7 Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H), 6.62 (d, 

6.5 Hz, 1H), 6.03 (s, 1H), 3.78 (s, 3H), 3.02 (s, 3H); 13C NMR (126 

MHz, CDCl3): δ = 163.2, 162.0, 158.8, 153.4, 143.9, 140.6, 137.2, 

135.0, 133.4, 130.9, 130.4, 129.8, 129.4, 127.3, 125.6, 118.2, 113.8, 

107.7, 55.3, 24.8; IR (ATR): 1668, 1475, 1438, 1236, 1027, 799, 756 

cm-1; HRMS (ESI, m/z): calcd for C22H19N2O2[M+H]+: 343.1441, 

found: 343.1454. 

 

2-(4'-Methoxy-[1,1'-biphenyl]-2-yl)-7-methyl-4H-pyrido[1,2-

a]pyrimidin-4-one (3c): Grey solid; yield: 70% (48 mg); m.p.186-188 

°C; 1H NMR (500 MHz, CDCl3): δ 8.82 (s, 1H), 7.69 (d, J = 7.5 Hz, 

1H), 7.56 (s, 2H), 7.48 - 7.40 (m, 3H), 7.18 (d, J = 8.6 Hz, 2H), 6.78 (d, 

J = 8.5 Hz, 2H), 6.19 (s, 1H), 3.76 (s, 3H), 2.41 (s, 3H); 13C NMR (126 

MHz, CDCl3): δ = 164.7, 158.9, 157.7, 150.0, 140.7, 139.2, 137.8, 

133.4, 130.9, 130.5, 130.0, 129.5, 127.4, 126.2, 125.8, 124.8, 113.9, 

105.4, 55.3, 18.5; IR (ATR): 1670, 1524, 1473, 1243, 1033, 819, 758 

cm-1; HRMS (ESI, m/z): calcd for C22H19N2O2[M+H]+: 343.1441, 

found: 343.1446. 

 

2-(4'-Methoxy-[1,1'-biphenyl]-2-yl)-8-methyl-4H-pyrido[1,2-

a]pyrimidin-4-one (3d): White solid; yield: 95% (64 mg); m.p.170-172 

°C; 1H NMR (500 MHz, CDCl3): δ 8.90 (d, J = 7.3 Hz, 1H), 7.67 (d, J 

= 7.6 Hz, 1H), 7.47 - 7.40 (m, 4H), 7.18 (d, J = 8.7 Hz, 2H), 6.95 - 6.93 

(dd, J = 7.3, 1.9 Hz, 1H), 6.79 (d, J = 8.7 Hz, 2H), 6.13 (s, 1H), 3.76 (s, 

3H), 2.46 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 165.4, 158.8, 157.8, 

151.0, 148.3, 140.6, 137.9, 133.3, 130.9, 130.5, 129.9, 129.4, 127.3, 

126.6, 124.8, 118.2, 113.9, 104.8, 55.3, 21.6; IR (ATR): 1674, 1516, 

1469, 1243, 1177, 830, 762 cm-1; HRMS (ESI, m/z): calcd for 

C22H19N2O2[M+H]+: 343.1441, found: 343.1444. 

 

7-Fluoro-2-(4'-methoxy-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-

a]pyrimidin-4-one (3e): Light yellow solid; yield: 77% (52 mg); 

m.p.168-170 °C; 1H NMR (500 MHz, CDCl3): δ 8.92 (d, J = 4.9 Hz, 

1H), 7.69 (d, J = 7.3 Hz, 1H), 7.64 - 7.62 (m, 2H), 7.51 - 7.42 (m, 3H), 



133 
 

7.17 (d, J = 8.6 Hz, 2H), 6.80 (d, J = 8.6 Hz, 2H), 6.24 (s, 1H), 3.78 (s, 

3H); 13C NMR (126 MHz, CDCl3): δ = 164.7, 158.9, 157.3 (d, JCF = 2.1 

Hz), 155.2 (d, JCF = 245.8 Hz), 149.0, 140.7, 137.4, 133.2, 131.0, 130.5, 

130.0, 129.7, 128.8 (d, JCF = 22.7 Hz), 128.6 (d, JCF = 4.9 Hz), 127.4, 

113.9, 113.7 (d, JCF = 41.1 Hz), 105.4, 55.3; 19F NMR (471 MHz, 

CDCl3): δ = -132.9 (s, 1F); HRMS (ESI, m/z): calcd for 

C21H16FN2O2[M+H]+: 347.1190, found: 347.1210. 

 

7-Chloro-2-(4'-methoxy-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-

a]pyrimidin-4-one (3f): Light green solid; yield: 76% (55 mg); 

m.p.164-166 °C; 1H NMR (500 MHz, CDCl3): δ 9.02 (d, J = 2.4 Hz, 

1H), 7.69 (d, J = 7.6 Hz, 1H), 7.64 (dd, J = 9.5, 2.4 Hz, 1H), 7.57 (d, J 

= 9.5 Hz, 1H), 7.50 - 7.41 (m, 3H), 7.17 (d, J = 8.6 Hz, 2H), 6.80 (d, J 

= 8.6 Hz, 2H), 6.24 (s, 1H), 3.77 (s, 3H); 13C NMR (126 MHz, CDCl3): 

δ = 164.9, 158.9, 156.8, 149.4, 140.7, 137.4, 137.3, 133.1, 131.0, 130.5, 

129.9, 129.7, 127.7, 127.4, 125.1, 124.1, 113.9, 106.1, 55.3; IR (ATR): 

1682, 1623, 1518, 1464, 1241, 1031, 830, 762 cm-1; HRMS (ESI, m/z): 

calcd for C21H16ClN2O2[M+H]+: 363.0895, found: 363.0906. 

 

7-Bromo-2-(4'-methoxy-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-

a]pyrimidin-4-one (3g): White solid; yield: 75% (60 mg); m.p.186-188 

°C; 1H NMR (500 MHz, CDCl3): δ 9.13 (d, J = 2.3 Hz, 1H), 7.73 (dd, J 

= 9.4, 7.5 Hz, 2H), 7.50 - 7.41 (m, 4H), 7.16 (d, J = 8.3 Hz, 2H), 6.80 

(d, J = 8.3 Hz, 2H), 6.24 (s, 1H), 3.78 (s, 3H); 13C NMR (126 MHz, 

CDCl3): δ = 165.0, 158.9, 156.7, 149.4, 140.7, 139.5, 137.3, 133.1, 

131.0, 130.5, 129.9, 129.8, 127.7, 127.5, 127.4, 113.9, 110.8, 106.2, 

55.3; IR (ATR): 1678, 1512, 1464, 1243, 1035, 828, 760 cm-1; HRMS 

(ESI, m/z): calcd for C21H16BrN2O2[M+H]+: 407.0390, found: 

407.0399. 

2-(4',5-Dimethoxy-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-

a]pyrimidin-4-one (3h): Brown solid; yield: 94% (66 mg); m.p.174-

176 °C; 1H NMR (500 MHz, CDCl3): δ 8.98 (d, J = 7.2 Hz, 1H), 7.72 - 

7.67 (m, 2H), 7.62 (d, J = 8.9 Hz, 1H), 7.19 (d, J = 8.3 Hz, 2H), 7.08 (t, 

J = 6.9 Hz, 1H), 6.98 (d, J = 8.5 Hz, 1H), 6.92 (s, 1H), 6.81 (d, J = 8.2 
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Hz, 2H), 6.13 (s, 1H), 3.87 (s, 3H), 3.77 (s, 3H); 13C NMR (126 MHz, 

CDCl3): δ = 164.3, 160.2, 158.8, 157.5, 150.7, 142.2, 135.7, 133.1, 

131.4, 130.2, 130.0, 127.1, 126.4, 116.0, 114.9, 113.7, 112.8, 105.1, 

55.3, 55.0; HRMS (ESI, m/z): calcd for C22H19N2O3[M+H]+: 359.1390, 

found: 359.1398. 

 

2-(5-Fluoro-4'-methoxy-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-

a]pyrimidin-4-one (3i): White solid; yield: 81% (56 mg); m.p.162-164 

°C; 1H NMR (500 MHz, CDCl3): δ 9.01 (d, J = 6.3 Hz, 1H), 7.73 - 7.69 

(m, 2H), 7.62 (d, J = 9.0 Hz, 1H), 7.17 - 7.11 (m, 5H),  6.81 (d, J = 8.7 

Hz, 2H), 6.15 (s, 1H), 3.77 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 

164.2 (d, JCF = 20.7 Hz), 162.2, 159.2, 157.7, 151.0, 143.1 (d, JCF = 8.3 

Hz), 136.3 133.8 (d, JCF = 3.2 Hz), 132.2 (d, JCF = 1.7 Hz), 132.1 (d, JCF 

= 8.8 Hz), 130.4, 127.4, 126.6, 117.7 (d, JCF = 21.6 Hz), 115.5, 114.3 (d, 

JCF = 21.5 Hz), 114.0, 105.6, 55.3; 19F NMR (471 MHz, CDCl3): δ = -

112.0 (s, 1F); IR (ATR): 1670, 1464, 1440, 1243, 1175, 1023, 819, 766 

cm-1;  HRMS (ESI, m/z): calcd for C21H16FN2O2[M+H]+: 347.1190, 

found: 347.1202. 

 

2-(5-Chloro-4'-methoxy-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-

a]pyrimidin-4-one (3j): Brown solid; yield: 95% (68 mg); m.p.178-180 

°C; 1H NMR (500 MHz, CDCl3): δ 9.01 (d, J = 7.1 Hz, 1H), 7.72 (t, J 

= 7.8 Hz, 1H), 7.67 (dd, J = 8.2, 8.9 Hz, 2H), 7.39 (t, J = 7.3 Hz, 2H), 

7.17 - 7.12 (m, 3H), 6.80 (d, J = 8.3 Hz, 2H), 6.15 (s, 1H), 3.77 (s, 3H); 

13C NMR (126 MHz, CDCl3): δ = 163.9, 159.3, 157.7, 151.1, 142.4, 

136.4, 136.1, 135.5, 132.0, 131.5, 130.9, 130.4, 127.4, 127.4, 126.7, 

115.6, 114.1, 105.6, 55.3; HRMS (ESI, m/z): calcd for 

C21H16ClN2O2[M+H]+: 363.0895, found: 363.0898. 

 

2-(5-Bromo-4'-methoxy-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-

a]pyrimidin-4-one (3k): Light yellow solid; yield: 69% (55 mg); 

m.p.192-194 °C; 1H NMR (500 MHz, CDCl3): δ 9.01 (d, J = 7.0 Hz, 

1H), 7.73 (t, J = 7.7 Hz, 1H), 7.65 (d, J = 8.7 Hz, 1H), 7.60 - 7.56 (m, 

3H), 7.15 (t, J = 7.7 Hz, 1H), 6.81 (d, J = 8.1 Hz, 2H), 6.16 (s, 1H), 3.78 
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(s, 3H); 13C NMR (126 MHz, CDCl3): δ = 163.9, 159.3, 157.7, 151.1, 

142.6, 136.5, 136.4, 133.7, 131.8, 131.6, 130.4, 130.3, 127.4, 126.6, 

123.8, 115.6, 114.0, 105.5, 55.3; IR (ATR): 1678, 1514, 1438, 1245, 

1015, 817, 768  cm-1; HRMS (ESI, m/z): calcd for 

C21H16BrN2O2[M+H]+: 407.0390, found: 407.0399. 

 

2-(4-Bromo-4'-methoxy-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-

a]pyrimidin-4-one (3l): Light green solid; yield: 65% (44 mg); 

m.p.186-188 °C; 1H NMR (500 MHz, CDCl3): δ 9.01 (d, J = 7.1 Hz, 

1H), 7.87 (d, J = 2.2 Hz, 1H), 7.77 - 7.73 (m, 1H), 7.68 (d, J = 8.9 Hz, 

1H), 7.60 (dd, J = 8.3, 2.2 Hz, 1H), 7.29 (d, J = 8.2 Hz, 1H), 7.16 - 7.13 

(m, 3H), 6.80 (d, J = 8.7 Hz, 2H), 6.14 (s, 1H), 3.77 (s, 3H); 13C NMR 

(126 MHz, CDCl3): δ = 163.4, 159.2, 157.6, 151.2, 139.6, 139.3, 136.4, 

132.8, 132.5, 132.5, 132.0, 130.4, 127.4, 126.7, 121.3, 115.7, 114.0, 

105.7, 55.3; HRMS (ESI, m/z): calcd for C21H16BrN2O2[M+H]+: 

407.0390, found: 407.0392. 

 

7-(4'-Methoxy-[1,1'-biphenyl]-2-yl)-5H-thiazolo[3,2-a]pyrimidin-5-

one (3m): Light yellow solid; yield: 68% (46 mg); m.p.168-170 °C; 1H 

NMR (500 MHz, CDCl3): δ 7.96 (d, J = 4.8 Hz, 1H), 7.66 (d, J = 7.7 

Hz, 1H), 7.48 - 7.45 (m, 1H), 7.43 - 7.39 (m, 2H), 7.18 (d, J = 8.7 Hz, 

2H), 6.98 (d, J = 4.8 Hz, 1H), 6.84 (d, J = 8.6 Hz, 2H), 6.07 (s, 1H), 3.79 

(s, 3H); 13C NMR (126 MHz, CDCl3): δ = 164.1, 162.5, 158.9, 158.5, 

140.7, 136.9, 133.2, 131.0, 130.4, 129.8, 129.7, 127.3, 122.0, 114.0, 

111.5, 106.5, 55.3; HRMS (ESI, m/z): calcd for C19H15N2O2S[M+H]+: 

335.0849, found: 335.0854.  

 

7-(4'-Methoxy-5-methyl-[1,1'-biphenyl]-2-yl)-5H-thiazolo[3,2-

a]pyrimidin-5-one(3n): Brownish solid; yield: 79% (54 mg); m.p.164-

166 °C; 1H NMR (500 MHz, CDCl3): δ 7.94 (d, J = 4.9 Hz, 1H), 7.59 

(d, J = 7.8 Hz, 1H), 7.24 - 7.21 (m, 2H), 7.17 (d, J = 8.5 Hz, 2H), 6.97 

(d, J = 4.9 Hz, 1H), 6.83 (d, J = 8.2 Hz, 2H), 6.03 (s, 1H), 3.79 (s, 3H), 

2.42 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 164.0, 162.4, 158.9, 

158.5, 140.6, 139.8, 134.0, 133.3, 131.8, 130.4, 129.9, 128.0, 121.9, 
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113.9, 111.4, 106.3, 55.3, 21.4; HRMS (ESI, m/z): calcd for 

C20H17N2O2S[M+H]+: 349.1005, found: 349.1015. 

 

2-(5-Chloro-4'-methoxy-[1,1'-biphenyl]-2-yl)-8-methyl-4H-

pyrido[1,2-a]pyrimidin-4-one (3o): Brown solid; yield: 68% (51 mg); 

m.p.158-160 °C; 1H NMR (500 MHz, CDCl3): δ 8.90 (d, J = 7.1 Hz, 

1H), 7.65 (d, J = 8.1 Hz, 1H), 7.45 (s, 1H), 7.40 - 7.38 (m, 2H), 7.17 (d, 

J = 8.6 Hz, 2H), 6.97 (d, J = 7.2 Hz, 1H), 6.80 (d, J = 8.3 Hz, 2H), 6.07 

(s, 1H), 3.77 (s, 3H), 2.47 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 

164.1, 159.2, 157.7, 151.0, 148.5, 142.3, 136.3, 135.3, 132.0, 131.4, 

130.7, 130.4, 127.3, 126.7, 124.7, 118.3, 114.0, 104.7, 55.3, 21.6; IR 

(ATR): 1670, 1514, 1458, 1241, 1019, 914, 821 cm-1; HRMS (ESI, 

m/z): calcd for C22H18ClN2O2[M+H]+: 377.1051, found: 377.1060 

 

2-(5-Bromo-4'-methoxy-[1,1'-biphenyl]-2-yl)-8-methyl-4H-

pyrido[1,2-a]pyrimidin-4-one (3p): Golden solid; yield: 71% (58 mg); 

m.p.170-172 °C; 1H NMR (500 MHz, CDCl3): δ 8.90 (d, J = 7.3 Hz, 

1H), 7.57 - 7.55 (m, 3H), 7.41 (s, 1H), 7.16 (d, J = 8.7 Hz, 2H), 6.97 (d, 

J = 7.3 Hz, 1H), 6.80 (d, J = 8.7 Hz, 2H), 6.08 (s, 1H), 3.77 (s, 3H), 2.47 

(s, 3H); 13C NMR (126 MHz, CDCl3): δ = 164.2, 159.2, 157.7, 151.1, 

148.6, 142.5, 136.8, 133.6 131.9, 131.5, 130.4, 130.3, 126.7, 124.7, 

123.6, 118.3, 114.0, 104.7, 55.3, 21.6; HRMS (ESI, m/z): calcd for 

C22H18BrN2O2[M+H]+: 421.0546, found: 421.0555. 

 

7-Chloro-2-(4'-methoxy-5-methyl-[1,1'-biphenyl]-2-yl)-4H-

pyrido[1,2-a]pyrimidin-4-one (3q): White solid; yield: 74% (55 mg); 

m.p.164-166 °C; 1H NMR (500 MHz, CDCl3): δ 9.01 (d, J = 2.6 Hz, 

1H), 7.62 (d, J = 7.9 Hz, 2H), 7.56 (d, J = 9.5 Hz, 1H), 7.24 (d, J = 5.3 

Hz, 2H), 7.16 (d, J = 8.7 Hz, 2H), 6.80 (d, J = 8.7 Hz, 2H), 6.21 (s, 1H), 

3.78 (s, 3H), 2.43 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 164.9, 

158.9, 156.8, 149.3, 140.7, 139.9, 137.2, 134.5 133.3, 131.8, 130.5, 

130.0, 128.1, 127.6, 125.1, 124.0, 113.9, 106.0, 55.3, 21.4; HRMS (ESI, 

m/z): calcd for C22H18ClN2O2[M+H]+: 377.1051, found: 377.1065. 
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2-(4'-Methyl-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-a]pyrimidin-4-

one (3s): White solid; yield: 80% (49 mg); m.p.194-196 °C; 1H NMR 

(500 MHz, CDCl3): δ 9.02 (d, J = 7.1 Hz, 1H), 7.72 (t, J = 7.8 Hz, 2H), 

7.65 (d, J = 8.9 Hz, 1H), 7.49 - 7.42 (m, 3H), 7.16 - 7.11 (m, 3H), 7.07 

(d, J = 7.8 Hz, 2H), 6.19 (s, 1H), 2.31 (s, 3H); 13C NMR (126 MHz, 

CDCl3): δ = 165.0, 157.8, 151.0, 141.1, 138.0, 137.8, 136.9, 136.1, 

131.0, 130.0, 129.6, 129.3, 129.2, 127.5, 127.4, 126.7, 115.4, 105.8, 

21.3; IR (ATR): 1674, 1518, 1464, 1257, 1017, 795, 760  cm-1; HRMS 

(ESI, m/z): calcd for C21H17N2O[M+H]+: 313.1335, found: 313.1339. 

 

2-(4'-Fluoro-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-a]pyrimidin-4-one 

(3t): Brown solid; yield: 65% (40 mg); m.p.182-184 °C; 1H NMR (500 

MHz, CDCl3): δ 9.02 (d, J = 7.1 Hz, 1H), 7.71 (t, J = 7.4 Hz, 2H), 7.59 

(d, J = 8.9 Hz, 1H), 7.51 - 7.45 (m, 2H), 7.42 (d, J = 7.3 Hz, 1H), 7.24 - 

7.21 (m, 2H), 7.12 (t, J = 6.9 Hz, 1H), 6.95 (t, J = 6.9 Hz, 2H),  6.23 (s, 

1H); 13C NMR (126 MHz, CDCl3): δ = 164.8, 163.1 (d, JCF = 246.4 Hz), 

157.7, 151.0, 140.0, 137.8, 137.0 (d, JCF = 3.4 Hz), 136.3, 131.0, 130.9, 

130.0, 129.6, 127.8, 127.3, 126.6, 115.5 (d, JCF = 16.4 Hz), 115.2, 105.5;  

19F NMR (471 MHz, CDCl3): δ = -115.5 (s, 1F); IR (ATR): 1668, 1520, 

1471, 1411, 1012, 830, 758  cm-1; HRMS (ESI, m/z): calcd for 

C20H14FN2O[M+H]+: 317.1086, found: 317.1085. 

 

2-(4'-Chloro-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-a]pyrimidin-4-

one (3u): White solid; yield: 77% (50 mg); m.p.190-192 °C; 1H NMR 

(500 MHz, CDCl3): δ 9.03 (d, J = 6.6 Hz, 1H), 7.74 - 7.69 (m, 2H), 7.59 

(d, J = 9.0 Hz, 1H), 7.51 - 7.48 (m, 2H), 7.42 - 7.40 (m, 1H), 7.24 - 7.19 

(m, 4H), 7.15 - 7.12 (m, 1H), 6.26 (s, 1H); 13C NMR (126 MHz, CDCl3): 

δ = 163.6, 156.6, 149.8, 138.6, 138.4, 136.7, 135.2, 132.1, 129.7, 129.5, 

128.9, 128.6, 127.4, 126.9, 126.2, 125.5, 114.4, 104.3; IR (ATR): 1668, 

1625, 1469, 1411, 920, 832, 760  cm-1; HRMS (ESI, m/z): calcd for 

C20H14ClN2O[M+H]+: 333.0789, found: 333.0804. 

 

2-(4'-Bromo-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-a]pyrimidin-4-one 

(3v): White solid; yield: 74% (55 mg); m.p.196-198 °C; 1H NMR (500 
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MHz, CDCl3): δ 9.02 (d, J = 7.1 Hz, 1H), 7.73 - 7.68 (m, 2H), 7.58 (d, 

J = 9.0 Hz, 1H), 7.50 - 7.47 (m, 2H), 7.41 - 7.37 (m, 3H), 7.14 - 7.11 

(m, 3H), 6.25 (s, 1H); 13C NMR (126 MHz, CDCl3): δ = 164.6, 157.7, 

150.9, 140.0, 139.7, 137.7, 136.4, 131.5, 131.0, 130.8, 130.1, 129.7, 

128.0, 127.3, 126.6, 121.5, 115.6, 105.4; IR (ATR): 1670, 1522, 1462, 

1411, 1066, 825, 762  cm-1; HRMS (ESI, m/z): calcd for 

C20H14BrN2O[M+H]+: 377.0284, found: 377.0294. 

 

2-(4'-Nitro-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-a]pyrimidin-4-one 

(3w): Light yellow solid; yield: 75% (50 mg); m.p.196-198 °C; 1H 

NMR (500 MHz, CDCl3): δ 9.02 (d, J = 7.2 Hz, 1H), 8.12 (d, J = 8.8 

Hz, 2H), 7.73 - 7.69 (m, 2H), 7.55 - 7.54 (m, 2H), 7.47 - 7.42 (m, 4H), 

7.14 (t, J = 6.9 Hz, 1H), 6.31 (s, 1H); 13C NMR (126 MHz, CDCl3): δ = 

164.2, 157.7, 150.9, 148.2, 146.8, 138.8, 138.0, 136.7, 130.7, 130.3, 

130.2, 129.9, 129.0, 127.4, 126.5, 123.5, 115.8, 105.1; HRMS (ESI, 

m/z): calcd for C20H14N3O3[M+H]+: 344.1030, found: 344.1036. 

 

2-(4'-(Trifluoromethyl)-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-

a]pyrimidin-4-one (3x): Brown white solid; yield: 79% (57 mg); 

m.p.168-170 °C; 1H NMR (500 MHz, CDCl3): δ 9.03 (d, J = 7.1 Hz, 

1H), 7.73 - 7.70 (m, 2H), 7.55 - 7.51 (m, 5H),  7.44 (d, J = 8.1 Hz, 1H), 

7.40 (d, J = 8.0 Hz, 2H), 7.14 (t, J = 6.9 Hz, 1H), 6.29 (s, 1H); 13C NMR 

(126 MHz, CDCl3): δ = 164.5, 157.8, 151.0, 144.9, 139.6, 137.9, 136.5, 

130.9, 130.2, 129.8, 129.7, 128.5, 127.4, 126.6, 125.3, 125.29, 125.26(d, 

JCF = 3.9 Hz), 115.7, 105.3; 19F NMR (471 MHz, CDCl3): δ = -62.4 (s, 

3F); IR (ATR): 1680, 1524, 1471, 1321, 1066, 836, 762  cm-1; HRMS 

(ESI, m/z): calcd for C21H13F3N2ONa[M+Na]+: 389.0872, found: 

389.0854. 

 

2'-(4-Oxo-4H-pyrido[1,2-a]pyrimidin-2-yl)-[1,1'-biphenyl]-4-

carbonitrile (3y): Light yellow solid; yield: 88% (56 mg); m.p.182-184 

°C; 1H NMR (500 MHz, CDCl3): δ 9.02 (d, J = 7.2 Hz, 1H), 7.75 - 7.71 

(m, 2H), 7.55 - 7.50 (m, 5H),  7.42 (d, J = 6.9 Hz, 1H), 7.38 (d, J = 8.2 

Hz, 2H), 7.16 (t, J = 6.9 Hz, 1H), 6.29 (s, 1H); 13C NMR (126 MHz, 
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CDCl3): δ = 164.0, 157.6, 150.8, 146.0, 139.2, 137.6, 136.9, 132.1, 

130.7, 130.2, 130.0, 129.9, 128.8, 127.4, 126.3, 118.9, 115.9, 110.8, 

105.1; HRMS (ESI, m/z): calcd for C21H14N3O[M+H]+: 324.1131, 

found: 324.1139. 

 

2-(3'-Bromo-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-a]pyrimidin-4-one 

(3z): Brown solid; yield: 57% (42 mg); m.p.188-190 °C; 1H NMR (500 

MHz, CDCl3): δ 8.97 (d, J = 7.0 Hz, 1H), 7.85 (d, J = 7.1 Hz, 1H), 7.67 

(t, J = 7.0 Hz, 1H), 7.57 - 7.50 (m, 4H), 7.36 (d, J = 8.9 Hz, 1H), 7.25 

(d, J = 4.6 Hz, 2H), 7.15 - 7.11 (m, 1H), 7.08 (t, J = 7.1 Hz, 1H), 6.23 

(s, 1H); 13C NMR (126 MHz, CDCl3): δ = 163.7, 157.9, 150.8, 141.9, 

140.1, 137.9, 136.0, 132.8, 131.6, 131.3, 129.6, 129.3, 129.0, 128.5, 

127.3, 127.3, 126.7, 123.6, 115.3, 104.7; HRMS (ESI, m/z): calcd for 

C20H14BrN2O[M+H]+: 377.0284, found: 377.0289. 

 

2-(3'-Nitro-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-a]pyrimidin-4-one 

(3aa): Light yellow solid; yield: 94% (63 mg); m.p.184-186 °C; 1H 

NMR (500 MHz, CDCl3): δ 9.02 (d, J = 7.2 Hz, 1H), 8.23 (s, 1H), 8.10 

(d, J = 8.0 Hz, 1H), 7.76 - 7.73 (m, 2H), 7.59 - 7.54 (m, 4H), 7.47 (d, J 

= 8.6 Hz, 1H), 7.41 (t, J = 7.9 Hz, 1H), 7.16 (t, J = 6.9 Hz, 1H), 6.28 (s, 

1H); 13C NMR (126 MHz, CDCl3): δ = 163.9, 157.6, 150.8, 148.2, 

142.8, 138.5, 137.6, 137.0, 135.5, 130.8, 130.3, 130.1, 129.1, 128.8, 

127.4, 126.3, 124.3, 122.1, 116.0, 105.1; HRMS (ESI, m/z): calcd for 

C20H14N3O3[M+H]+: 344.1030, found: 344.1034.  

 

2-(3',4'-Dichloro-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-a]pyrimidin-

4-one (3ab): White solid; yield: 74% (53 mg); m.p.136-138 °C; 1H 

NMR (500 MHz, CDCl3): δ 9.04 (d, J = 6.5 Hz, 1H), 7.76 - 7.73 (m, 

1H), 7.71 - 7.69 (m, 1H), 7.61 (d, J = 9.0 Hz, 1H), 7.52 - 7.49 (m, 2H), 

7.44 (d, J = 2.1 Hz, 2H), 7.40 - 7.38 (m, 1H), 7.29 (d, J = 8.2 Hz, 1H), 

7.16 (t, J = 6.9 Hz, 1H), 7.05 (dd, J = 8.3, 2.1 Hz, 1H), 6.29 (s, 1H); 13C 

NMR (126 MHz, CDCl3): δ = 164.2, 157.7, 150.9, 141.1, 138.5, 137.6, 

136.7, 132.4, 131.4, 131.1, 130.8, 130.2, 130.2, 129.8, 128.9, 128.5, 
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127.4, 126.5, 115.8, 105.2; HRMS (ESI, m/z): calcd for 

C20H13Cl2N2O[M+H]+: 367.0399, found: 367.0403. 

 

2-(4'-Chloro-[1,1'-biphenyl]-2-yl)quinazolin-4(3H)-one (4a):  Cream 

solid; yield: 77% (50 mg); m.p.164-166 °C; 1H NMR (500 MHz, 

CDCl3): δ 10.33 (s, 1H), 8.16 (d, J = 7.9 Hz, 1H), 7.81 - 7.75 (m, 3H), 

7.56 (t, J = 7.6 Hz, 1H), 7.52 - 7.41 (m, 3H), 7.23 (d, J = 8.6 Hz, 2H), 

7.17 (d, J = 8.5 Hz, 2H); 13C NMR (126 MHz, CDCl3): δ = 162.5, 153.7, 

149.0, 139.6, 137.9, 135.0, 134.1, 132.7, 131.2, 130.9, 130.5, 130.4, 

128.8, 128.3, 127.9, 127.3, 126.5, 120.6; HRMS (ESI, m/z): calcd for 

C20H14ClN2O[M+H]+: 333.0789, found: 333.0791. 

 

2-(4'-Nitro-[1,1'-biphenyl]-2-yl)quinazolin-4(3H)-one (4b): Cream 

solid; yield: 84% (56 mg); m.p.238-240 °C; 1H NMR (500 MHz, 

CDCl3): δ 11.14 (s, 1H), 8.13 (d, J = 7.9 Hz, 1H), 8.05 (d, J = 8.6 Hz, 

2H), 7.81 - 7.76 (m, 2H), 7.65 (d, J = 7.9 Hz, 2H), 7.58 (t, J = 6.9 Hz, 

1H), 7.51 - 7.45 (m, 4H); 13C NMR (126 MHz, CDCl3): δ = 163.2, 

153.0, 148.9, 147.2, 146.8, 139.0, 135.3, 132.9, 131.3, 130.8, 130.3, 

130.1, 129.2, 128.0, 127.5, 126.3, 123.6, 120.4; HRMS (ESI, m/z): calcd 

for C20H14N2O3[M+H]+: 344.1030, found: 344.1028.  

 

3-(4'-Methoxy-[1,1'-biphenyl]-2-yl)quinoxalin-2(1H)-one (4e): Pale 

yellow solid; yield: 72% (47 mg); m.p.162-164 °C; 1H NMR (500 MHz, 

DMSO-d6): δ 12.65 (s, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.55 - 7.49 (m, 

3H), 7.46 - 7.41 (m, 2H), 7.30 - 7.24 (m, 2H), 7.12 (d, J = 8.2 Hz, 2H), 

6.82 (d, J = 8.2 Hz, 2H), 3.68 (s, 3H); 13C NMR (126 MHz, DMSO-d6): 

δ = 160.2, 158.3, 153.7, 140.8, 135.4, 133.4, 132.2, 131.9, 130.2, 129.9, 

129.5, 129.3 (2C), 128.7, 126.5, 123.2, 115.2, 113.6, 55.0; HRMS (ESI, 

m/z): calcd for C21H17N2O2[M+H]+: 329.1285, found: 329.1284. 

 

3-(4'-Methoxy-[1,1'-biphenyl]-2-yl)-1-methylquinoxalin-2(1H)-one 

(4f): Brown solid; yield: 83% (56 mg); m.p.156-158 °C; 1H NMR (500 

MHz, CDCl3): δ 7.88 (d, J = 7.9 Hz, 1H), 7.56 - 7.48 (m, 3H), 7.44 - 

7.40 (m, 2H), 7.33 (t, J = 7.7 Hz, 1H), 7.24 (d, J = 8.4 Hz, 1H), 7.20 (d, 
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J = 8.6 Hz, 2H), 6.75 (d, J = 8.7 Hz, 2H), 3.72 (s, 3H), 3.49 (s, 3H); 13C 

NMR (126 MHz, CDCl3): δ = 159.4, 158.7, 154.1, 141.5, 135.6, 134.2, 

133.7, 133.0, 130.44, 130.39, 129.97, 129.95, 129.8, 129.7, 127.1, 

123.7, 113.76, 113.72, 55.3, 29.4; HRMS (ESI, m/z): calcd for 

C22H19N2O2[M+H]+: 343.1441, found: 343.1441. 

 

2-(4'-Nitro-[1,1'-biphenyl]-2-yl)pyridine (4g): Light yellow solid; 

yield: 43% (23 mg); m.p.128-130 °C; 1H NMR (500 MHz, CDCl3): δ 

8.58 (d, J = 4.9 Hz, 1H), 8.09 (d, J = 8.7 Hz, 2H), 7.70 - 7.68 (m, 1H), 

7.56 - 7.50 (m, 3H), 7.45 - 7.43 (m, 1H), 7.31 (d, J = 8.7 Hz, 2H), 7.19 

- 7.16 (m, 1H), 7.02 (d, J = 7.7 Hz, 1H); 13C NMR (126 MHz, CDCl3): 

δ = 158.5, 149.5, 148.4, 146.7, 139.5, 138.6, 136.3, 130.9, 130.5, 130.4, 

129.1, 129.0, 125.2, 123.4, 122.1; HRMS (ESI, m/z): calcd for 

C17H13N2O2[M+H]+: 277.0972, found: 277.0961. 

 

2-(4'-Methoxy-[1,1'-biphenyl]-2-yl)benzo[d]thiazole (4h): Light 

yellow solid; yield: 41% (26 mg); m.p.172-174 °C; 1H NMR (500 MHz, 

CDCl3): δ 8.04 (t, J = 7.6 Hz, 2H), 7.69 (d, J = 7.9 Hz, 1H), 7.47 - 7.40 

(m, 3H), 7.37 (d, J = 7.4 Hz, 1H), 7.29 (d, J = 7.7 Hz, 1H), 7.22 (d, J = 

8.5 Hz, 2H), 6.85 (d, J = 8.7 Hz, 2H), 3.78 (s, 3H); 13C NMR (126 MHz, 

CDCl3): δ = 168.2, 159.5, 152.8, 141.5, 136.8, 132.8, 132.6, 131.3, 

131.1, 130.5, 130.2, 127.6, 126.0, 125.0, 123.3, 121.5, 113.9, 55.3; 

HRMS (ESI, m/z): calcd for C20H15NOSNa[M+Na]+: 340.0767, found: 

340.0754. 

 

1-(4'-Methoxy-[1,1'-biphenyl]-2-yl)isoquinoline (4i): Brown solid; 

yield: 57% (35 mg); m.p.144-146 °C; 1H NMR (500 MHz, CDCl3): δ 

8.54 (d, J = 5.7 Hz, 1H), 7.74 (d, J = 8.2 Hz, 1H), 7.59 - 7.50 (m, 6H), 

7.47 (t, J = 7.5 Hz, 1H), 7.31 (t, J = 7.7 Hz, 1H), 7.00 (d, J = 8.5 Hz, 

2H), 6.55 (d, J = 8.5 Hz, 2H), 3.62 (s, 3H); 13C NMR (126 MHz, 

CDCl3): δ = 161.6, 158.3, 141.9, 141.3, 138.1, 136.2, 133.6, 130.8, 

130.2, 130.0, 129.97, 128.9, 127.6, 127.4, 127.0, 126.97, 126.7, 120.0, 

113.0, 55.1; HRMS (ESI, m/z): calcd for C22H18NO[M+H]+: 312.1383, 

found: 312.1377. 
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2-(4'-Methoxy-[1,1'-biphenyl]-2-yl)quinoline (4j): Brown solid; 

yield: 53% (33 mg); m.p.158-160 °C; 1H NMR (500 MHz, CDCl3): δ 

8.40 (d, J = 8.5 Hz, 1H), 8.01 (d, J = 8.6 Hz, 1H), 7.87 - 7.81 (m, 3H), 

7.63 (t, J = 7.6 Hz, 1H), 7.57 - 7.49 (m, 3H), 7.14 (d, J = 8.2 Hz, 2H), 

7.04 (d, J = 8.5 Hz, 1H), 6.77 (d, J = 8.2 Hz, 2H), 3.75 (s, 3H); 13C NMR 

(126 MHz, CDCl3): δ = 159.3, 159.1, 144.8, 141.0, 137.8, 136.0, 132.9, 

131.4, 131.3, 131.1, 130.8, 130.4, 127.8, 127.75, 127.74, 126.8, 126.6, 

124.3, 114.0, 55.3; HRMS (ESI, m/z): calcd for C22H18NO[M+H]+: 

312.1383, found: 312.1381. 

 

5-(4'-Methoxy-[1,1'-biphenyl]-2-yl)-2-methyl-7-

phenylpyrazolo[1,5-a]pyrimidine (4k) Pale yellow solid; yield: 56% 

(44 mg); m.p.150-152 °C; 1H NMR (500 MHz, CDCl3): δ 7.91 (d, J = 

9.1 Hz, 1H), 7.58 (d, J = 6.5 Hz, 2H), 7.51 - 7.40 (m, 6H), 7.22 (d, J = 

8.7 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 6.59 (s, 1H), 6.30 (s, 1H), 3.81 (s, 

3H), 2.53 (s, 3H); 13C NMR (126 MHz, CDCl3): δ = 159.3, 158.5, 155.0, 

150.8, 144.3, 140.7, 137.9, 133.6, 131.4, 131.1, 130.7, 130.6, 130.3, 

129.7, 129.3, 128.5, 127.8, 114.2, 109.6, 96.6, 55.5, 15.0; HRMS (ESI, 

m/z): calcd for C26H21N3O[M+H]+: 392.1757, found: 392.1758. 
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4.9 1H and 13C NMR spectra of selected compounds 

Figure 4.3 1H NMR spectrum of compound 3a (500 MHz, CDCl3) 

 

 

 

 

Figure 4.4 13C NMR spectrum of compound 3a (126 MHz, CDCl3) 
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Figure 4.5 1H NMR spectrum of compound 3b (500 MHz, CDCl3) 

 

 

 

 

Figure 4.6 13C NMR spectrum of compound 3b (126 MHz, CDCl3) 
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Figure 4.7 1H NMR spectrum of compound 3c (500 MHz, CDCl3) 

 

 

 

 

Figure 4.8 13C NMR spectrum of compound 3c (126 MHz, CDCl3) 
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Figure 4.9 1H NMR spectrum of compound 4a (500 MHz, CDCl3) 

 

 

 

 

 Figure 4.10 13C NMR spectrum of compound 4a (126 MHz, CDCl3) 
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Figure 4.11 1H NMR spectrum of compound 4f (500 MHz, CDCl3) 

 

 

 

 

Figure 4.12 13C NMR spectrum of compound 4f (126 MHz, CDCl3): 
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4.10 Computational studies 

It is well known that TDDFT with several local and global hybrid 

exchange-correlation functionals underestimate intermolecular charge 

transfer excitations. Constrained DFT can eliminate that error. Here, this 

EDA complex has an intermolecular charge transfer excited state with 

excitation energy between 2.54 eV to 3.04 eV. 

 

Computational Details[52-53] All molecular geometries were optimized 

at the Kohn-Sham density functional theory level with B3LYP 

exchange-correlation functional and def2-TZVP basis set. Grimme’s D3 

dispersion correction was used with Beck-Johnson damping factor. 

TDDFT calculations were also performed at the same level of theory. 

Solvent effects were modeled via the conductor-like screening model 

(COSMO). All calculations were performed using NWChem 

computational chemistry software. 

4.11 The Single Crystal X-ray Diffraction data 

Sample Preparation: 2-(4'-Nitro-[1,1'-biphenyl]-2-yl)-4H-pyrido[1,2-

a]pyrimidin-4-one (3w) was dissolved in 5.0 mL of acetonitrile. The 

solution was stored at room temperature for seven days, followed by 

further storage in a -20 °C freezer for another five days, forming 

yellowish crystals. The single crystal X-ray diffraction data for 3w were 

obtained with a 50% ellipsoid probability. 

The single crystal X-ray diffraction data were collected using MoK𝛼 (λ= 

0.71073) radiation on a SCXRD dual core Agilent Technologies 

(Oxford Diffraction) Supernova CCD System. Structure refinements 

were carried out using SELEXT and OLEX2. Direct method was used 

to solve this structure, and routine refinement was used to refine the 

solution. These data can be obtained free of charge from The Cambridge 

Crystallographic Data Centre via www.ccdc.cam.uk/request/cif. (or 

from the Cambridge Crystallographic Data Centre,12 Union Road, 

Cambridge CB21 EZ, UK; Fax: (+44) 1223-336-033; or 

deposit@ccdc.cam.ac.uk). 

http://www.ccdc.cam.uk/request/cif
mailto:deposit@ccdc.cam.ac.uk
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Figure 4.13.  The ORTEP plot of sample 3w (CCDC 2287203) with 

50% ellipsoid probability. 

 

 

 

Table 4.2 The crystallographic data for compound 3w: 

Compound name 2-(4'-Nitro-[1,1'-biphenyl]-2-

yl)-4H-pyrido[1,2-

a]pyrimidin-4-one 

Empirical formula C20H13N3O3 

Formula weight 343.33 

Temperature/K 293(2) 

Wavelength (Å) 0.71073 Å 

Crystal system triclinic 

Space group P-1 

a/Å 7.2670(6) 

b/Å 13.4090(12 

c/Å 17.3897(14) 

α/° 94.103(7) 

β/° 90.679(7) 

γ/° 100.511(7) 
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Volume/Å3 1661.3(2) 

Z 7 

ρcalcg/cm3 1.373 

μ/mm-1 0.095 

F (000) 712.0 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 5.82 to 58.242 

Index ranges -9 ≤ h ≤ 9, -17 ≤ k ≤ 18, -23 ≤ 

l ≤ 23 

Reflections collected 17876 

Independent reflections 7836 [Rint = 0.0525, Rsigma 

= 0.0650] 

Data/restraints/parameters 7836/0/469 

Goodness-of-fit on F2 1.058 

Final R indexes [I>=2σ (I)] R1 = 0.0651, wR2 = 0.1606 

Final R indexes [all data] R1 = 0.1131, wR2 = 0.1970 

Largest diff. peak/hole / e Å-3 0.33/-0.34 
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Chapter 5 

Visible-Light-Enabled Regioselective C–H 

alkylation and alkenylation of 2-Aryl Heterocycles 

using Dual Catalysis 

 

5.1 Introduction 

Heterocyclic scaffolds containing nitrogen are extensively utilized due 

to their biological activity in numerous therapeutic molecules.[1-4] The 

site-selective functionalization of various heterocyclic compounds, 

particularly at the ortho-position via alkylation and alkenylation 

strategies, is well-regarded for its practical feasibility and high 

effectiveness.[5-7] The maleimide and succinimide scaffolds, either aryl 

or heterocyclic, are frequently found in natural products and 

pharmaceutical ingredients, demonstrating a diverse array of biological 

activities.[8-9]  

 

5.2 Previous Reports 

In previous studies, several reports have demonstrated the achievement 

of directing group-assisted transition metal-catalyzed C–H alkylation or 

alkenylation with maleimides under thermal reaction conditions. 

However, the majority of rhodium and ruthenium-catalyzed C–H 

alkylation and alkenylation strategies necessitate silver additives, 

stoichiometric amounts of oxidants (Cu(OAc)2, Ag2CO3, AgOAc, 

TBHP etc.), and elevated temperatures (80-120 °C) in organic solvents 

as reaction media (Scheme 5.1a).[10-16] Recently, Koenigs and co-

workers developed a rhodium-catalyzed alkylation of 2-phenyl pyridine 

with maleimides via external photocatalyst-free visible light and 

propionic acid-induced protodemetalation reaction (Scheme 5.1b).[17] 
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Scheme 5.1 Previous reports for alkylation and alkenylation of heterocycles 

with maleimides 

 

However, limitations of this approach include the need for silver salts, 

the use of organic solvents, and its applicability being restricted to 2-

phenyl pyridine and quinoline derivatives. Additionally, due to the 

necessity of acid, this approach is limited to alkylation only. 

Consequently, developing a mild, environmentally friendly, and 

operationally simple reaction condition method for achieving the desired 

C–H alkylation and alkenylation with maleimides would be highly 

advantageous. In recent times, there has been a growing interest in 

visible-light photo-redox catalysis in organic synthesis due to its 

relevance in sustainable chemistry as an increasingly attractive 

technique for substrate activation and functionalization.[18-20] Under 

mild reaction conditions, this catalytic method allows the formation of a 

variety of substrates, often without the need for stoichiometric oxidants 

or additives.[21-23] Recently, synthetic chemists have discovered 

significant benefits from dual catalysis, which combines photocatalysis 

with transition metal catalysis particularly when it comes to selectively 

accessing and activating specific functional groups or bonds to produce 

C-C bonds under mild and simple conditions under mild and simple 

conditions.[24-25]  
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5.3 Objective 

 

Scheme 5.2 Current approach for photoinduced alkylation and alkenylation of 

2-aryl heterocycles. 

 
In this chapter we developed a dual catalytic, silver/copper-free, external 

oxidant-free, mild, and simple strategy for site-selective alkylation as 

well as alkenylation of 4H-pyrido[1,2-a]pyrimidin-4-ones and other 

related 2-aryl heterocycles with maleimides by merging of organic dyes 

with rhodium-catalyst, in the presence of acid or base under visible light 

irradiation at room temperature in an aqueous reaction condition 

(Scheme 5.2).[26]  

5.4 Result and Discussion 

Optimization of reaction conditions was performed on 2-phenyl-4H- 

pyrido[1,2-a]pyrimidin-4-one (1a) as 4H-pyrido[1,2-a]-pyrimidin-4-

ones stand out as an intriguing scaffold due to their incorporation in 

various pharmacological compounds exhibiting a range of 

bioactivities.[27-28] We began our study by reacting 2-phenyl-4H-

pyrido[1,2-a]pyrimidin-4-one (1a) with 1-methyl-1H-pyrrole-2,5-dione 

(2a), using [RhCp*Cl2]2 (5 mol%) as a catalyst, Eosin Y (3 mol%) as a 

photocatalyst, and AcOH (0.5 mL) as an additive in water as solvents. 

After illuminating the reaction mixture to blue LED at room temperature 

(30 °C) for 12 hours, the formation of alkylated product 3a was 

selectively observed in 91% yield (Table 5.1, entry 1). When the 

reaction was carried out without acetic acid, the desired product 3a was 

not detected (entry 2). Subsequently, other acid additives were screened, 

which were unsuitable for better results (entries 3-4). When the reaction 

was performed in an O2 atmosphere (entry 5), it produced the desired  
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Table 5.1. Selected optimization of reaction conditions[a,b] 

[a]Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), [RhCp*Cl2]2 (5 mol%), 

Eosin-Y (3 mol%), AcOH (0.5 mL), H2O (2.0 mL), air, blue LED, 30 °C, 12 

h. [b]Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), [RhCp*Cl2]2 (10 

mol%), Eosin-Y (3 mol%), AcONa (0.2 mmol), H2O (2.0 mL), air, blue LED, 

rt (30 °C), 24 h. [c]isolated yields. n.d.- not detected. 

product in comparable yield (90%) as in open-air. Whereas reaction in 

N2 atmosphere, produced the desired product in a very low yield (35%, 

entry 6). Furthermore, the Rh catalyst was essential, as the reaction was 

not initiated in its absence (entry 7). Whereas, replacing Rh-catalyst with 

a Ru-based catalyst led to a significantly reduced yield of desired 

product 3a (48%, entry 8). When the reaction was performed in the 

visible light but without the eosin-Y, the yield of desired product was 

 

entry Variation from the above conditions        Yield (%)[c] 

  3a 4a 

1[a] No any change 91 n.d. 

2[a] without AcOH n.d. n.d. 

3[a] TFA instead of AcOH n.d. n.d. 

4[a] PivOH instead of AcOH 39 n.d. 

5[a] O2 balloon 90 n.d. 

6[a] N2 balloon 35 n.d. 

7[a] without Rh cat. n.d. n.d. 

8[a] [Ru(p-cymene)Cl2]2 instead of Rh cat. 48 n.d. 

9[a] without Eosin-Y 72 n.d. 

10[a] without light & Eosin-Y 32 n.d. 

11[a] AcONa instead of AcOH 08 59 

12[b] No any change 11 82 

13[b] without AcONa n.d. n.d. 

14[b] AcOK instead of AcONa 10 34 

15[b] AcONH4 instead of AcONa 08 26 

16[b] O2 balloon 12 79 

17[b] N2 balloon trace trace 

18[b] without Rh cat. n.d. n.d. 

19[b] [Ru(p-cymene)Cl2]2 instead of Rh cat. n.d. n.d. 

20[b] without Eosin-Y trace 18 

21[b] without light & Eosin-Y trace 12 
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lowered to 72% (entry 9). Notably, when the reaction was carried out in 

the absence of both light and eosin-Y, the product yield was drastically 

decreased to 32%, indicating the critical role of visible light photo-

catalysis (entry 10). Significantly, when the reaction was conducted in 

the presence of AcONa instead of AcOH, it produced alkylated product 

3a in only 8%, while 59% of alkenylated product 4a was formed (entry 

11). Fortunately, a brief optimization of the reaction condition resulted 

in 82% of the alkenylated product 4a and 11% of the 3a in 24 hours 

reaction duration (entry 12). In the absence of AcONa, the desired 

product 4a was not observed (entry 13). Subsequently, other bases, such 

as AcOK and AcONH4 were investigated, but it resulted in lower yields 

of 4a (entries 14-15). In the meantime, the reaction using an O2 balloon 

yielded a slightly lower yield of 79% (entry 16), and an N2 atmosphere 

resulted in only a trace amount of 4a (entry 17). In the absence of the 

Rh-catalyst or replacing the Rh-catalyst with other catalysts, such as Ru-

catalyst, the desired alkenylated product 4a was not detected (entries 18-

19). When the reaction was performed in the visible light but without 

the eosin-Y, the desired product 4a was observed in only 18% yield 

(entry 20). Whereas in the dark and without eosin-Y, the reaction yielded 

12% of 4a (entry 21). 

With these optimizations of the reaction conditions, further substrate 

scope for the alkylation of 2-aryl-pyrido[1,2-a]pyrimidin-4-ones with 

various maleimides was explored (Scheme 5.3). Alkylation of 

substituted 2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-ones (-Me, -Cl, -Br) 

produced the desired products (3b-d) with good yields of 87%, 71%, 

and 69%, respectively. 2-Aryl-pyrido[1,2-a]pyrimidin-4-ones having 

substituents on 2-aryl ring (p-F, p-Br, m-Br) resulted in the desired 

products (3e-g) in acceptable yields of 74%, 70%, and 62%, 

respectively. Substrates having disubstituent, produced the desired 

products (3h and 3i) in 73% and 92% yield, respectively. Other 

maleimides such as N-allyl, -Bn, -cyclopropyl, and -isobutyl maleimides 

were reacted with 1a to produce the desired alkylated products (3j-m) 

in good yields (77-86%). The reaction of the maleimides with free N-H 
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Scheme 5.3 Substrate scope for alkylation of pyrido[1,2-a]pyrimidin-4-

ones with maleimides[a]
 

 

[a]Reaction conditions: 1 (0.2 mmol), 2 (0.4 mmol), [RhCp*Cl2]2 (5 mol%), 

Eosin-Y (3 mol%), AcOH (0.5 mL), H2O (2.0 mL), air, blue LED, 30 °C, 12 

h. [b]Reaction conditions: 1 (0.2 mmol), 2 (0.4 mmol), [RhCp*Cl2]2 (5 mol%), 

AcOH (0.5 mL), H2O (2.0 mL), air, blue LED, rt (30 °C), 12 h. NR- no 

reaction. 

 

group with 1a under optimized reaction conditions produced the product 

3n with a moderate yield of 58%. Similarly, the reaction of N-phenyl, 

strong donating substituted N-(4-methoxyphenyl) maleimides, and 

strong withdrawing substituted N-(4-nitrophenyl) maleimides 

proceeded smoothly with 2-phenyl-pyrido[1,2-a]pyrimidin-4-ones, 

yielding the expected products 3o, 3p, and 3q in 73%, 81%, and 71%, 

respectively. Alkylation on all these substrates was also performed 

under optimized conditions, but in the absence of Eosin Y to substantiate 

the importance of the photocatalyst (3b-p, Table 2, condition b). Most 
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of the substrates provided a very poor yield of alkylated product under 

photocatalyst-free conditions. Heterocyclic-ring substituted indole-

maleimide underwent the alkylation reaction smoothly, yielding 68% of 

the intended product 3r. Dimethyl maleate was found unreactive 

coupling partner in the alkylation reaction, as the desired product 3s was 

not detected. 

 

To further assess the adaptability of the visible light-mediated 

photocatalyzed alkenylation reaction, the reaction was performed on 

various 2-aryl-pyrido[1,2-a]pyrimidin-4-ones (Scheme 5.4). 

Maleimides with different N-substituents (-Me, -isobutyl, -Bn) reacted 

smoothly with various 2-aryl-pyrido[1,2-a]pyrimidin-4-ones, producing 

the desired alkenylated products (4a-d) in moderate to good yields (57-

82%). Subsequently, the reaction of N-aryl maleimides with 2-aryl-

pyrido[1,2-a]pyrimidin-4-ones yielded the respective alkenylated 

products 4e-i in 54-62% yields. Maleimides with N-naphthyl substituent 

yielded the desired alkenylated product 4j in moderate yield (49%).  

Scheme 5.4 Substrate scope for alkenylation of pyrido[1,2-a]pyrimidin-

4-ones with maleimides[a] 

 

[a]Reaction conditions: 1 (0.2 mmol), 2 (0.4 mmol), [RhCp*Cl2]2 (10 mol%), 

Eosin-Y (3 mol%), AcONa (0.2 mmol), H2O (2.0 mL), air, blue LED, rt 

(30 °C), 24 h. 
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Next, the visible light-enabled ortho alkylation and alkenylation 

protocol was evaluated on other 2-aryl heterocycles using N-alkyl/aryl 

maleimides (Scheme 5.5). 2-Phenylquinazolin-4(3H)-one with 1-

methyl-1H-pyrrole-2,5-dione under optimized reaction conditions for 

alkylation reaction delivered corresponding alkylated product (5a) in 

62% yield. Further, 2-phenylquinoline, 2-methyl-5,7-

diphenylpyrazolo[1,5-a]pyrimidine, 1-methyl-3-phenylquinoxalin-

2(1H)-one and 7-(p-tolyl)-5H-thiazolo[3,2-a]pyrimidin-5-one were 

reacted successfully with N-alkyl/aryl maleimides under alkylation 

reaction conditions, yielding the desired alkylated products (5b-h) in 

good to moderate yields (54-74%). Further attempts were made for the 

alkenylation on 1-methyl-3-phenylquinoxalin-2(1H)-one and 7-(p-

tolyl)-5H-thiazolo[3,2-a]pyrimidin-5-one with maleimides under 

visible light photo-redox alkenylation reaction conditions. Resulting 

alkenylated products 5i, and 5j were isolated in 53%, and 56% yield, 

respectively.  

Scheme 5.5 Substrate scope for alkylation and alkenylation of other 

heterocycles with maleimides[a,b] 

[a]Reaction conditions: 1 (0.2 mmol), 2 (0.4 mmol), [RhCp*Cl2]2 (5 mol%), 

Eosin-Y (3 mol%), AcOH (0.5 mL), H2O (2.0 mL), air, blue LED, 30 °C, 12 

h. [b]Reaction conditions: 1 (0.2 mmol), 2 (0.4 mmol), [RhCp*Cl2]2 (10 mol%), 

Eosin-Y (3 mol%), AcONa (0.2 mmol), H2O (2.0 mL), air, blue LED, rt 

(30 °C), 24 h. 
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To gain insight into the dual catalytic alkylation and alkenylation 

reaction mechanisms, a series of control experiments were conducted 

(Scheme 5.6). First, the reaction was carried out in the presence of 

radical scavenger TEMPO (2,2,6,6-tetramethylpiperidin-1-yl)oxyl), 

which completely or significantly inhibited the formation of products 3a 

and 4a (Scheme 5.6a). Next, H/D exchange experiments were 

performed using CD3OD (0.5 mL), revealing significant deuterium 

incorporation. In the absence of 2a under alkenylation reaction 

conditions, [D]n-1a’ exhibited 84% deuterium incorporation. Similarly, 

under alkylation reaction conditions with 1a and in the absence of 2a, 

[D]n-1a showed 69% deuterium incorporation (Scheme 5.6b). 

Additionally, H/D exchange experiments were conducted with 1a in the 

presence of 2a under alkenylation reaction conditions, where [D]n-1a’ 

showed 40% and [D]n-4a showed 10% deuterium incorporation. Under  

Scheme 5.6 Mechanistic findings: control experiments  
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alkylation reaction conditions with 1a in the presence of 2a, [D]n-1a 

exhibited 11% and [D]n-3a exhibited 6% deuterium incorporation 

(Scheme 5.6c). These findings indicate that, in both the alkenylation and 

alkylation reactions the C–H bond activation is reversible[29]. Next, a 

kinetic isotope effect experiment was performed using 1a or 1a-D5 with 

1-methyl-1H-pyrrole-2,5-dione (2a) in parallel reactions. The kH/kD 

values were Calculated using 1H NMR spectroscopy, 1.04 for the 

alkenylation reaction [D]4-4a and 1.06 for the alkylation reaction [D]4-

3a (Scheme 5.6d). These results suggest that C–H bond cleavage is not 

involved in the rate-determining step.[30] The generation of H2O2 was 

confirmed by using both a peroxide kit and a KMnO4 test (Scheme 

5.6e).  

Next, light-on-off experiments suggest the requirement of continuous 

light for the reaction (Scheme 5.7a). Quantum yield calculations were 

performed for both alkylation (Φ = 0.197) and alkenylation (Φ = 0.157) 

reactions. Further, to assess the scalability of the dual catalytic 

alkylation and alkenylation methodology, a scale-up synthesis was 

performed with 2.25 mmol of 2-phenyl-pyrido[1,2-a]pyrimidin-4-ones  

Scheme 5.7 Light on-off experiments 
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under standard reaction conditions. This resulted in yields of 84% of 

alkylated product 3a and 62% of alkenylated product 4a (Scheme 5.7b). 

 

Based on the analysis of control experiments and the literature[17,31-33] 

study, plausible mechanistic pathways for the alkylation and 

alkenylation of 2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one with 

maleimide were proposed (Scheme 5.8). First, the Rh(III) undergoes 

ligand exchange with an acid or base to generate intermediate A. 

Intermediate A undergoes C–H activation with 1a to the rhodacycle B. 

Further, coordination with maleimide 2a generates intermediate C, 

which subsequently undergoes migratory insertion to afford Rh(III) 

intermediate D. In the presence of sodium acetate, the intermediate D 

undergoes β-hydrogen elimination, resulting in the alkenylated product 

4a and Rh(I) species. Conversely, protonation in an acidic medium leads 

to the generation of the alkylated product 3a along with the Rh(I)  

Scheme 5.8 Proposed reaction mechanism for alkylation and 
alkenylation 
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species. The Rh(I) species gets converted to Rh(III) through a visible-

light-induced photocatalyzed oxidation. 

5.5 Summary 

In summary, we developed mild, facile, and operationally simple dual 

catalysis conditions for visible light-induced rhodium-catalyzed, site-

selective alkylation and alkenylation of 2-aryl heteroaryl compounds 

with maleimide in the presence of water as a solvent at room 

temperature. Merger of organic photo-redox catalyst with rhodium-

catalyst enables the synthesis of alkylation and alkenylation products, 

incorporating a diverse range of H/alkyl/arylated and N-heteroaryl 

maleimides with good substrate scope and up to 92%. Control 

experiments, H/D labeling, KIE studies, and light on-off experiments 

were conducted to substantiate the proposed mechanistic pathways. 

Additionally, present conditions were found adequate for scale-up 

synthesis. 

5.6 Experimental section 

General procedure for the synthesis of H/alkyl/aryl maleimides [34] 

All 1-H/alkyl/aryl-1H-pyrrole-2,5-dione compounds (2) were prepared 

according to the literature. To a solution of substituted maleic anhydride 

(2.0 g, 20.4 mmol) in acetic acid (15 mL), the corresponding amine 

(H/alkyl/aryl, 40.8 mmol) was added in a 100 mL round-bottom flask. 

The reaction mixture was heated in an oil bath at 110 °C for 8 hours. 

Afterward, the mixture was cooled, and the acetic acid was removed 

under vacuum. The reaction mixture was then neutralized to pH 6-7 

using aqueous NaHCO3. The resulting mixture was extracted with ethyl 

acetate (3 × 25 mL), followed by washing with 1N HCl and a brine 

solution. The combined organic layers were separated, dried over 

Na2SO4, and filtered. Evaporation under reduced pressure yielded the 

crude product, which was purified using silica gel column 

chromatography with petroleum ether and ethyl acetate as the eluent to 

afford the desired product 2 in good yield. 
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Procedure for synthesis of 1-methyl-3-(2-(4-oxo-4H-pyrido[1,2-

a]pyrimidin-2-yl)phenyl)pyrrolidine-2,5-dione (3a): In an oven-dried 

reaction vessel equipped with a magnetic stirring bar, 2-phenyl-4H-

pyrido[1,2-a]pyrimidin-4-one (1a) (1.0 equiv., 0.2 mmol, 45 mg), 1-

methyl-1H-pyrrole-2,5-dione (2a) (2.0 equiv., 0.4 mmol, 45 mg), 

[RhCp*Cl2]2 (5 mol%), and Eosin Y (3 mol%) were added, followed by 

H2O (2.0 mL) and AcOH (0.5 mL). The reaction mixture was stirred at 

room temperature (30 °C) under blue LED irradiation for 12 hours. After 

completion, the reaction mixture was extracted with ethyl acetate (3 × 

10 mL) and washed with a brine solution. The combined organic layers 

were dried over Na2SO4, filtered, and concentrated under reduced 

pressure to yield the crude product, which was further purified by silica 

gel column chromatography using petroleum ether and ethyl acetate as 

eluents, affording the solid product 1-methyl-3-(2-(4-oxo-4H-

pyrido[1,2-a]pyrimidin-2-yl)phenyl)pyrrolidine-2,5-dione (3a) in 91% 

yield (61 mg). This procedure was used to synthesize all ortho-alkylated 

2-phenyl-pyrido[1,2-a]pyrimidin-4-one derivatives (3a-r) and (5a-h). 

 

Procedure for synthesis of 1-methyl-3-(2-(4-oxo-4H-pyrido[1,2-

a]pyrimidin-2-yl)phenyl)-1H-pyrrole-2,5-dione (4a): In an oven-dried 

reaction vessel equipped with a magnetic stirring bar, 2-phenyl-4H-

pyrido[1,2-a]pyrimidin-4-one (1a) (1.0 equiv., 0.2 mmol, 45 mg), 1-

methyl-1H-pyrrole-2,5-dione (2a) (2.0 equiv., 0.4 mmol, 45 mg), 

[RhCp*Cl2]2 (10 mol%), Eosin Y (3 mol%), and NaOAc (1.0 equiv., 0.2 

mmol, 17 mg) were added, followed by H2O (2.0 mL). The reaction 

mixture was stirred at room temperature (30 °C) under blue LED 

irradiation for 24 hours. Afterward, the reaction mixture was extracted 

with ethyl acetate (3 × 10 mL) and washed with a brine solution. The 

combined organic layers were dried over Na2SO4, filtered, and 

concentrated under reduced pressure to obtain the crude product. This 

was then purified by silica gel column chromatography using petroleum 

ether and ethyl acetate as eluents, yielding the solid product 1-methyl-

3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-yl)phenyl)-1H-pyrrole-2,5-

dione (4a) in 82% yield (55 mg) and 3a in 11% yield. This procedure 
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was used for the synthesis of all ortho-alkenylated 2-phenyl-pyrido[1,2-

a]pyrimidin-4-one derivatives (4a-j) and (5i-j). 

5.7 Characterization data of 3a-r, 4a-j and 5a-j 

1-Methyl-3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-

yl)phenyl)pyrrolidine-2,5-dione (3a): Light pink solid; yield: 91% (61 

mg); m.p.196-198 °C; 1H NMR (500 MHz, CDCl3): δ 9.10 (d, J = 7.2 

Hz, 1H), 7.82 – 7.78 (m, 1H), 7.59 – 7.54 (m, 2H), 7.47 – 7.40 (m, 2H), 

7.23 – 7.19 (m, 2H), 6.69 (s, 1H), 4.50 (dd, J = 9.5 Hz, 5.7 Hz, 1H), 3.26 

(dd, J = 18.3 Hz, 9.5 Hz, 1H), 3.05 (dd, J = 18.3 Hz, 5.8 Hz, 1H), 2.89 

(s, 3H); 13C NMR (126 MHz, CDCl3): δ 178.3, 176.7, 164.3, 157.9, 

150.4, 138.4, 137.2, 135.7, 130.6, 130.5, 129.5, 128.3, 127.6, 126.2, 

116.0, 104.2, 44.8, 39.0, 25.1; IR (ATR): 1690, 1625, 1430, 1280, 1121, 

777, 675 cm-1; HRMS (ESI, m/z): calcd for C19H16N3O3[M+H]+: 

334.1186, found: 334.1181. 

 

1-Methyl-3-(2-(7-methyl-4-oxo-4H-pyrido[1,2-a]pyrimidin-2-

yl)phenyl)pyrrolidine-2,5-dione (3b): Yellow solid; yield: 87% (60 

mg); m.p.252-254 °C; 1H NMR (500 MHz, CDCl3): δ 8.91 (s, 1H), 7.66 

(d, J = 9.0 Hz, 1H), 7.55 (d, J = 7.4 Hz, 1H), 7.51 (d, J = 9.0 Hz, 1H), 

7.46 – 7.39 (m, 2H), 7.22 (d, J = 7.5 Hz, 1H), 6.66 (s, 1H), 4.49 (dd, J = 

9.5 Hz, 5.7 Hz, 1H), 3.27 (dd, J = 18.2 Hz, 9.5 Hz, 1H), 3.07 (dd, J = 

18.3 Hz, 5.8 Hz, 1H), 2.89 (s, 3H), 2.45 (s, 3H); 13C NMR (126 MHz, 

CDCl3): δ 178.2, 176.8, 164.0, 157.9, 149.3, 140.0, 138.6, 135.6, 130.6, 

130.3, 129.6, 128.3, 126.4, 125.7, 125.1, 103.9, 45.0, 39.0, 25.1, 18.5; 

IR (ATR): 1683, 1634, 1436, 1283, 1121, 71, 664 cm-1; HRMS (ESI, 

m/z): calcd for C20H18N3O3[M+H]+: 348.1343, found: 348.1340. 

3-(2-(7-Chloro-4-oxo-4H-pyrido[1,2-a]pyrimidin-2-yl)phenyl)-1-

methylpyrrolidine-2,5-dione (3c): Brown solid; yield: 71% (52 mg); 

m.p. 220-222 °C; 1H NMR (500 MHz, CDCl3): δ 9.11 (s, 1H), 7.71 (dd, 

J = 9.4 Hz, 2.4 Hz, 1H), 7.54 – 7.50 (m, 2H), 7.47 – 7.40 (m, 2H), 7.23 

(d, J = 7.6 Hz, 1H), 6.72 (s, 1H), 4.48 (dd, J = 9.5 Hz, 5.7 Hz, 1H), 3.27 

(dd, J = 18.2 Hz, 9.5 Hz, 1H), 3.05 (dd, J = 18.3 Hz, 5.8 Hz, 1H), 2.90 

13 13 
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(s, 3H); 13C NMR (126 MHz, CDCl3): δ 178.1, 176.7, 164.5, 157.0, 

148.9, 138.2, 138.2, 135.7, 130.7, 130.6, 129.6, 128.4, 127.4, 125.4, 

124.6, 104.8, 44.8, 39.0, 25.2; IR (ATR): 1685, 1498, 1437, 1284, 1120, 

953, 762 cm-1; HRMS (ESI, m/z): calcd for C19H15ClN3O3[M+H]+: 

368.0796, found: 368.0781. 

 

3-(2-(7-Bromo-4-oxo-4H-pyrido[1,2-a]pyrimidin-2-yl)phenyl)-1-

methylpyrrolidine-2,5-dione (3d): Light green solid; yield: 69% (56 

mg); m.p.198-200 °C; 1H NMR (500 MHz, CDCl3): δ 9.22 (s, 1H), 7.81 

(d, J = 9.3 Hz, 1H), 7.55 (d, J = 7.5 Hz, 1H), 7.48 – 7.41 (m, 3H), 7.23 

(d, J = 7.5 Hz, 1H), 6.73 (s, 1H), 4.49 (dd, J = 9.5 Hz, 5.7 Hz, 1H), 3.27 

(dd, J = 18.2 Hz, 9.5 Hz, 1H), 3.06 (dd, J = 18.3 Hz, 5.6 Hz, 1H), 2.91 

(s, 3H); 13C NMR (126 MHz, CDCl3): δ 178.1, 176.7, 164.5, 157.0, 

148.9, 138.2, 138.2, 135.7, 130.7, 130.6, 129.6, 128.4, 127.4, 125.4, 

124.6, 104.8, 44.8, 39.0, 25.2; HRMS (ESI, m/z): calcd for 

C19H15BrN3O3[M+H]+: 412.0291, found: 412.0294. 

 

3-(5-Fluoro-2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-yl)phenyl)-1-

methylpyrrolidine-2,5-dione (3e): Light yellow solid; yield: 74% (52 

mg); m.p.230-232 °C; 1H NMR (500 MHz, CDCl3): δ 9.11 (d, J = 7.2 

Hz, 1H), 7.82 (t, J = 7.9 Hz, 1H), 7.59 – 7.54 (m, 2H), 7.22 (t, J = 6.9 

Hz, 1H), 7.14 – 7.11 (m, 1H), 6.97 (d, J = 9.3 Hz, 1H), 6.66 (s, 1H), 4.51 

(dd, J = 9.5, 5.6 Hz, 1H), 3.30 (dd, J = 18.3, 9.6 Hz, 1H), 3.06 (dd, J = 

18.3, 5.8 Hz, 1H), 2.91 (s, 3H); 13C NMR (126 MHz, CDCl3): δ 177.7, 

176.3, 164.6, 163.2 (d, JCF = 69.9 Hz), 157.8, 150.4, 138.2 (d, JCF = 7.4 

Hz), 137.5, 134.6, 132.8 (d, JCF = 8.7 Hz), 127.7, 126.1, 116.6 (d, JCF = 

22.5 Hz), 116.2, 115.6 (d, JCF = 21.1 Hz), 104.2, 44.5, 38.7, 25.3; 19F 

NMR (471 MHz, CDCl3): δ = -112.0 (s, 1F; HRMS (ESI, m/z): calcd 

for C19H15FN3O3[M+H]+: 352.1092, found: 352.1092. 

 

3-(5-Bromo-2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-yl)phenyl)-1-

methylpyrrolidine-2,5-dione (3f): White solid; yield: 70% (57 mg); 

m.p.236-238 °C; 1H NMR (500 MHz, CDCl3): δ 9.11 (d, J = 7.0 Hz, 

1H), 7.85 (t, J = 7.8 Hz, 1H), 7.58 (t, J = 9.8 Hz, 2H), 7.44 (d, J = 8.2 
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Hz, 1H), 7.38 (s, 1H), 7.26 – 7.23 (m, 1H), 6.66 (s, 1H), 4.48 – 4.45 (m, 

1H), 3.29 (dd, J = 18.2, 9.4 Hz, 1H), 3.08 (dd, J = 17.5, 4.9 Hz, 1H), 

2.90 (s, 3H); 13C NMR (126 MHz, CDCl3): δ  177.8, 176.3, 162.8, 

157.7, 150.3, 137.8, 137.6, 137.2, 132.5, 132.2, 131.6, 127.8, 126.0, 

124.8, 116.4, 104.1, 44.6, 38.7, 25.3; HRMS (ESI, m/z): calcd for 

C19H14BrN3O3Na[M+Na]+: 434.0111, found: 434.0102. 

 

3-(4-Bromo-2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-yl)phenyl)-1-

methylpyrrolidine-2,5-dione (3g): Orange solid; yield: 62% (51 mg); 

m.p.226-228 °C; 1H NMR (500 MHz, CDCl3): δ 9.12 (d, J = 7.2 Hz, 

1H), 7.85 (t, J = 7.9 Hz, 1H), 7.70 (d, J = 2.1 Hz, 1H), 7.62 – 7.57 (m, 

2H), 7.26 – 7.24 (m, 1H), 7.12 (d, J = 8.2 Hz, 1H), 6.67 (s, 1H), 4.45 

(dd, J = 9.6, 5.6 Hz, 1H), 3.27 (dd, J = 18.2, 9.3 Hz, 1H), 3.02 (dd, J = 

18.5, 5.6 Hz, 1H), 2.90 (s, 3H); 13C NMR (126 MHz, CDCl3): δ 177.9, 

176.3, 162.3, 157.6, 150.4, 140.2, 137.8, 134.6, 133.4, 133.4, 130.9, 

127.8, 126.0, 122.1, 116.5, 104.3, 44.3, 38.6, 25.3; HRMS (ESI, m/z): 

calcd for C19H14BrN3O3Na[M+Na]+: 434.0111, found: 434.0122. 

 

3-(5-Bromo-2-(8-methyl-4-oxo-4H-pyrido[1,2-a]pyrimidin-2-

yl)phenyl)-1-methylpyrroli -dine-2,5-dione (3h): Brown solid; yield: 

73% (61 mg); m.p.218-220 °C; 1H NMR (500 MHz, CDCl3): δ 9.0 (d, 

J = 7.3 Hz, 1H), 7.57 (dd, J = 8.3, 2.1 Hz, 1H), 7.43 – 7.37 (m, 3H), 7.11 

(d, J = 7.3 Hz, 1H), 6.57 (s, 1H), 4.49 (dd, J = 9.5, 5.6 Hz, 1H), 3.32 (dd, 

J = 18.5, 9.5 Hz, 1H), 3.04 (dd, J = 18.4, 5.6 Hz, 1H), 2.94 (s, 3H), 2.53 

(s, 3H); 13C NMR (126 MHz, CDCl3): δ 178.0, 176.2, 157.4, 149.8, 

137.5, 136.9, 132.1, 132.0, 131.5, 129.9, 127.0, 124.8, 123.6, 123.6, 

119.3, 103.1, 44.2, 38.4, 25.2, 21.7; HRMS (ESI, m/z): calcd for 

C20H16BrN3O3Na[M+Na]+: 448.0267, found: 448.0257. 

 

3-(2-(7-Chloro-4-oxo-4H-pyrido[1,2-a]pyrimidin-2-yl)-5-

methylphenyl)-1-methylpyrrol- idine-2,5-dione (3i): Ash-brown 

solid; yield: 92% (69 mg); m.p.228-230 °C; 1H NMR (500 MHz, 

CDCl3): δ 9.10 (s, 1H), 7.71 (d, J = 9.5 Hz, 1H), 7.52 (d, J = 9.3 Hz, 

1H), 7.45 (d, J = 7.9 Hz, 1H), 7.23 (d, J = 8.1 Hz, 1H), 7.01 (s, 1H), 6.71 
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(s, 1H), 4.48 (dd, J = 9.5, 5.7 Hz, 1H), 3.27 (dd, J = 18.3, 9.5 Hz, 1H), 

3.05 (dd, J = 18.3, 5.8 Hz, 1H), 2.92 (s, 3H), 2.39 (s, 3H); 13C NMR 

(126 MHz, CDCl3): δ 178.3, 176.8, 164.4, 157.0, 148.8, 141.0, 138.2, 

135.6, 135.3, 130.8, 130.3, 129.2, 127.2, 125.4, 124.6, 104.5, 44.8, 39.0, 

25.2, 21.4; IR (ATR): 1686, 1631, 1437, 1280, 1121, 830, 757 cm-1; 

HRMS (ESI, m/z): calcd for C20H17ClN3O3[M+H]+: 382.0953, found: 

382.0959. 

 

1-Allyl-3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-

yl)phenyl)pyrrolidine-2,5-dione (3j): Brunette solid; yield: 86% (61 

mg); m.p.192-194 °C; 1H NMR (500 MHz, CDCl3): δ 9.10 (d, J = 7.2 

Hz, 1H), 7.71 (t, J = 7.9 Hz, 1H), 7.59 (d, J = 9.0 Hz, 1H), 7.54 (d, J = 

7.5 Hz, 1H), 7.45 – 7.41 (m, 2H), 7.21 – 7.17 (m, 2H), 6.68 (s, 1H), 5.70 

– 5.62 (m, 1H), 5.19 (d, J = 17.2 Hz, 1H), 5.09 (d, J = 10.1 Hz, 1H), 4.52 

(dd, J = 9.6, 5.8 Hz, 1H), 4.03 – 3.99 (m, 2H), 3.30 (dd, J = 18.4, 9.5 

Hz, 1H), 3.11 (dd, J = 18.3, 5.8 Hz, 1H); 13C NMR (126 MHz, CDCl3): 

δ 177.6, 176.1, 164.6, 158.0, 150.5, 138.8, 136.9, 135.8, 130.6 (2C), 

130.4, 129.2, 128.3, 127.5, 126.5, 118.8, 115.9, 104.3, 44.7, 41.2, 39.1; 

HRMS (ESI, m/z): calcd for C21H17N3O3Na[M+Na]+: 382.1162, found: 

382.1162. 

 

1-Benzyl-3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-

yl)phenyl)pyrrolidine-2,5-dione (3k): Dull-brown solid; yield: 82% 

(66 mg); m.p.206-208 °C; 1H NMR (500 MHz, CDCl3): δ 9.08 (d, J = 

7.2 Hz, 1H), 7.82 (t, J = 7.9 Hz, 1H), 7.62 (d, J = 8.9 Hz, 1H), 7.54 (d, 

J = 8.4 Hz, 1H), 7.44 – 7.38 (m, 2H), 7.33 (d, J = 8.4 Hz, 2H), 7.26 – 

7.22 (m, 4H), 7.13 (d, J = 7.6 Hz, 1H), 6.68 (s, 1H), 4.65 (d, J = 14.0 

Hz, 1H), 4.56 (d, J = 14.0 Hz, 1H), 4.51 (dd, J = 9.5, 5.4 Hz, 1H), 3.29 

(dd, J = 18.5, 9.5 Hz, 1H), 3.03 (dd, J = 18.4, 5.4 Hz, 1H); 13C NMR 

(126 MHz, CDCl3): δ 178.3, 176.2, 157.5, 149.9, 138.3, 137.7, 135.8, 

135.7, 130.8, 130.6, 129.9, 128.8, 128.8, 128.7, 128.3, 128.0, 127.8, 

125.3, 116.7, 104.2, 44.2, 42.7, 38.7; HRMS (ESI, m/z): calcd for 

C25H19N3O3Na[M+Na]+: 432.1319, found: 432.1311. 
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1-Cyclopropyl-3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-

yl)phenyl)pyrrolidine-2,5-dione (3l): Light brown solid; yield: 77% 

(55 mg); m.p.204-206 °C; 1H NMR (500 MHz, CDCl3): δ 9.09 (d, J = 

7.2 Hz, 1H), 7.78 (t, J = 7.9 Hz, 1H), 7.60 (d, J = 8.9 Hz, 1H), 7.54 (d, 

J = 7.6 Hz, 1H), 7.45 – 7.38 (m, 2H), 7.20 – 7.17 (m, 2H), 6.68 (s, 1H), 

4.39 (dd, J = 9.8, 6.0 Hz, 1H), 3.20 (dd, J = 18.2, 9.7 Hz, 1H), 3.05 (dd, 

J = 18.3, 6.1 Hz, 1H), 2.48 – 2.44 (m, 1H), 0.87 – 0.80 (m, 4H); 13C 

NMR (126 MHz, CDCl3): δ 178.5, 177.1, 164.5, 158.0, 150.4, 138.5, 

137.1, 135.8, 130.6, 130.4, 129.5, 128.2, 127.5, 126.4, 115.9, 104.2, 

44.5, 38.8, 22.6, 4.6 (2C); HRMS (ESI, m/z): calcd for 

C21H17N3O3Na[M+Na]+: 382.1162, found: 382.1165. 

 

1-Isobutyl-3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-

yl)phenyl)pyrrolidine-2,5-dione (3m): Charcoal solid; yield: 84% (62 

mg); m.p.220-222 °C; 1H NMR (500 MHz, CDCl3): δ 9.11 (d, J = 7.2 

Hz, 1H), 7.81 (t, J = 7.9 Hz, 1H), 7.62 (d, J = 8.9 Hz, 1H), 7.55 (d, J = 

7.6 Hz, 1H), 4.48 – 4.40 (m, 2H), 7.21 (d, J = 7.5 Hz, 2H), 6.70 (s, 1H), 

4.54 (dd, J = 9.7, 5.6 Hz, 1H), 3.32 – 3.24 (m, 3H), 3.01 (dd, J = 18.5, 

5.6 Hz, 1H), 2.04 – 1.99 (m, 1H), 0.87 (d, J = 6.7 Hz, 6H); 13C NMR 

(126 MHz, CDCl3): δ 178.4, 176.8, 164.5, 158.0, 150.5, 138.8, 137.0, 

136.1, 130.5, 130.5, 128.7, 128.2, 127.5, 126.4, 115.9, 104.4, 46.3, 44.2, 

39.0, 27.2, 20.2 (2C); HRMS (ESI, m/z): calcd for 

C22H21N3O3Na[M+Na]+: 398.1475, found: 398.1476. 

 

3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-yl)phenyl)pyrrolidine-

2,5-dione (3n): Off white solid; yield: 58% (37 mg); m.p.284-286 °C; 

1H NMR (500 MHz, DMSO-d6): δ 11.20 (s, 1H), 9.02 (d, J = 7.2 Hz, 

1H), 8.02 (t, J = 8.2 Hz, 1H), 7.65 (d, J = 8.9 Hz, 1H), 7.58 (d, J = 7.6 

Hz, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.44 – 7.37 (m, 3H), 6.58 (s, 1H), 4.55 

– 4.51 (m, 1H), 3.14 (dd, J = 17.9, 9.6 Hz, 1H), 2.83 (dd, J = 18.9, 5.0 

Hz, 1H); 13C NMR (126 MHz, DMSO-d6): δ 179.7, 177.9, 163.8, 157.2, 

150.1, 138.7, 137.9, 136.3, 130.0, 129.9, 129.8, 127.5, 127, 126.1, 

116.6, 102.8, 45.7, 39.8; IR (ATR): 1697, 1626, 1443, 1280, 1123, 830, 
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763 cm-1; HRMS (ESI, m/z): calcd for C18H14N3O3[M+H]+: 320.1030, 

found: 320.1039. 

 

3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-yl)phenyl)-1-

phenylpyrrolidine-2,5-dione (3o): Sandy brown solid; yield: 73% (57 

mg); m.p.184-186 °C; 1H NMR (500 MHz, CDCl3): δ 9.11 (d, J = 7.3 

Hz, 1H), 7.72 (t, J = 7.9 Hz, 1H), 7.60 – 7.58 (m, 2H), 7.52 – 7.45 (m, 

2H), 7.38 – 7.31 (m, 4H), 7.17 (t, J = 7.0 Hz, 1H), 7.12 (d, J = 8.1 Hz, 

2H), 6.74 (s, 1H), 4.68 (dd, J = 9.7, 5.9 Hz, 1H), 3.47 (dd, J = 18.4, 9.7 

Hz, 1H), 3.32 (dd, J = 18.5, 6.1 Hz, 1H); 13C NMR (126 MHz, CDCl3): 

δ 177.0, 175.6, 164.4, 157.9, 150.5, 138.5, 137.3, 135.7, 132.0, 130.8, 

130.5, 129.7, 129.1, 128.5 (2C), 127.5, 126.4, 126.1, 116.1, 104.3, 45.0, 

39.1; IR (ATR): 1681, 1495, 1451, 1382, 1165, 755, 697 cm-1; HRMS 

(ESI, m/z): calcd for C24H17N3O3Na[M+Na]+: 418.1162, found: 

418.1152. 

 

1-(4-Methoxyphenyl)-3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-

yl)phenyl)pyrrolidine-2,5-dione (3p): Orange-red solid; yield: 81% 

(68 mg); m.p.212-214 °C; 1H NMR (500 MHz, CDCl3): δ 9.10 (d, J = 

7.2 Hz, 1H), 7.74 (t, J = 7.9 Hz, 1H), 7.60 – 7.56 (m, 2H), 7.51 – 7.42 

(m, 2H), 7.34 (d, J = 7.6 Hz, 1H), 7.18 (t, J = 7.0 Hz, 1H), 7.03 (d, J = 

8.4 Hz, 2H), 6.88 (d, J = 8.5 Hz, 2H), 6.72 (s, 1H), 4.66 (dd, J = 9.7, 5.8 

Hz, 1H), 3.77 (s, 3H), 3.44 (dd, J = 18.4, 9.7 Hz, 1H), 3.27 (dd, J = 18.4, 

5.8 Hz, 1H); 13C NMR (126 MHz, CDCl3): δ 177.4, 175.9, 164.1, 159.4, 

157.8, 150.4, 138.4, 137.5, 135.8, 130.8, 130.6, 129.5, 128.4, 127.5, 

127.3, 126.2, 124.6, 116.2, 114.4, 104.2, 55.5, 44.8, 38.9; HRMS (ESI, 

m/z): calcd for C25H19N3O4Na[M+Na]+: 448.1268, found: 448.1256. 

 

1-(4-Nitrophenyl)-3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-

yl)phenyl)pyrrolidine-2,5-dione (3q): Brown solid; yield: 71% (62 

mg); m.p.180-182 °C; 1H NMR (500 MHz, CDCl3): δ 9.11 (d, J = 7.0 

Hz, 1H), 8.20 (d, J = 7.9 Hz, 2H), 7.71 – 7.68 (m, 1H), 7.61 (d, J = 7.3 

Hz, 1H), 7.54 – 7.46 (m, 3H), 7.39 (dd, J = 18.8, 7.8 Hz, 3H), 7.18 (t, J 

= 6.9 Hz, 1H), 6.74 (s, 1H), 4.70 (dd, J = 9.8, 6.3 Hz, 1H), 3.50 (dd, J = 
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18.4, 9.7 Hz, 1H), 3.42 (dd, J = 18.5, 6.5 Hz, 1H); 13C NMR (126 MHz, 

CDCl3): δ 176.1, 174.9, 164.5, 158.0, 150.5, 146.7, 138.4, 137.6, 137.3, 

134.9, 131.0, 130.6, 130.2, 128.8, 127.6, 126.3, 124.5, 124.2, 116.2, 

104.2, 45.4, 38.9; HRMS (ESI, m/z): calcd for C24H17N4O5[M+H]+: 

441.1193, found: 441.1193. 

 

1-(1H-Indol-6-yl)-3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-

yl)phenyl)pyrrolidine-2,5-dione (3r): Latte brown solid; yield: 68% 

(59 mg); m.p.174-176 °C; 1H NMR (500 MHz, DMSO-d6): δ  11.21 (s, 

1H), 9.02 (d, J = 7.2 Hz, 1H), 7.95 (t, J = 8.1 Hz, 1H), 7.66 (d, J = 9.0 

Hz, 1H), 7.57 (d, J = 7.6 Hz, 1H), 7.51 – 7.41 (m, 4H), 7.39 – 7.35 (m, 

2H), 7.13 (s, 1H), 6.62 – 6.58 (m, 2H), 6.42 (s, 1H), 4.75 – 7.71 (m, 1H), 

3.26 – 3.23 (m, 1H), 3.15 (dd, J = 17.5, 6.7 Hz, 1H); 13C NMR (126 

MHz, DMSO-d6): δ 178.4, 176.5, 174.3, 172.5, 164.4, 157.7, 150.8, 

139.5, 138.4, 137.0, 135.7, 130.4, 128.1, 127.7, 127.4, 127.3, 126.7, 

126.3, 120.1, 118.2, 117.2, 110.8, 103.4, 101.6, 48.9, 30.6; HRMS (ESI, 

m/z): calcd for C26H19N4O3[M+H]+: 435.1450, found: 435.1452. 

 

 

1-Methyl-3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-yl)phenyl)-1H-

pyrrole-2,5-dione (4a): White solid; yield: 82% (55 mg); m.p.238-240 

°C; 1H NMR (500 MHz, CDCl3): δ 9.06 (d, J = 7.2 Hz, 1H), 7.80 (d, J 

= 7.6 Hz, 1H), 7.73 (t, J = 7.9 Hz, 1H), 7.60 – 7.46 (m, 4H), 7.16 (t, J = 

7.0 Hz, 1H), 6.74 (s, 1H), 6.56 (s, 1H), 2.89 (s, 3H); 13C NMR (126 

MHz, CDCl3): δ 170.8, 170.1, 163.3, 158.2, 150.5, 149.1, 137.9, 137.0, 

131.0, 130.8, 130.2, 129.9, 128.2, 127.6, 125.9, 125.8, 115.8, 103.0, 

24.0; HRMS (ESI, m/z): calcd for C19H14N3O4[M+H]+: 332.1030, 

found: 332.1023. 

 

1-Isobutyl-3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-yl)phenyl)-1H-

pyrrole-2,5-dione (4b): Yellow solid; yield: 62% (46 mg); m.p.226-228 

°C; 1H NMR (500 MHz, CDCl3): δ 9.06 (d, J = 7.2 Hz, 1H), 7.78 (d, J 

= 7.6 Hz, 1H), 7.72 – 7.69 (m, 1H), 7.60 – 7.48 (m, 4H), 7.14 (t, J = 6.9 

Hz, 1H), 6.74 (s, 1H), 6.60 (s, 1H), 3.19 (d, J = 7.2 Hz, 2H), 1.78 – 1.73 
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(m, 1H), 0.72 (d, J = 6.7 Hz, 6H); 13C NMR (126 MHz, CDCl3): δ 171.1, 

170.1, 163.8, 158.2, 150.6, 148.5, 138.3, 136.7, 131.1, 130.8, 130.1, 

130.0, 128.2, 127.6, 126.2, 125.8, 115.7, 103.2, 45.3, 27.9, 20.0 (2C); 

HRMS (ESI, m/z): calcd for C22H20N3O3[M+H]+: 374.1499, found: 

374.1499.  

 

1-Benzyl-3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-yl)phenyl)-1H-

pyrrole-2,5-dione (4c): Off-white solid; yield: 57% (46 mg); m.p.232-

234 °C; 1H NMR (500 MHz, CDCl3): δ 9.02 (d, J = 7.3 Hz, 1H), 7.80 

(d, J = 7.6 Hz, 1H), 7.58 – 7.52 (m, 2H), 7.48 – 7.42 (m, 2H), 7.22 – 

7.15 (m, 5H), 7.08 (d, J = 7.8 Hz, 2H), 6.78 (s, 1H), 6.59 (s, 1H), 4.54 

(s, 2H); 13C NMR (126 MHz, CDCl3): δ 170.5, 169.5, 163.2, 158.3, 

150.3, 149.5, 138.0, 136.7, 136.5, 131.1, 130.8, 130.2, 129.8, 128.7, 

128.6, 128.3, 127.7, 127.3, 125.7, 125.4, 115.6, 102.7, 41.6; HRMS 

(ESI, m/z): calcd for C25H18N3O3[M+H]+: 408.1343, found: 408.1354.  

 

3-(5-Methoxy-2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-yl)phenyl)-1-

methyl-1H-pyrrole-2,5-dione (4d): Orange solid; yield: 68% (48 mg); 

m.p.210-212 °C; 1H NMR (500 MHz, CDCl3): δ 9.04 (d, J = 6.9 Hz, 

1H), 7.78 (d, J = 8.7 Hz, 1H), 7.72 – 7.68 (m, 1H), 7.41 (d, J = 8.9 Hz, 

1H), 7.14 – 7.08 (m, 2H), 6.98 (d, J = 2.7 Hz, 1H), 6.72 (s, 1H), 6.56 (s, 

1H), 3.88 (s, 3H), 2.91 (s, 3H); 13C NMR (126 MHz, CDCl3): δ 170.8, 

169.9, 162.7, 160.9, 158.1, 150.3, 149.6, 136.7, 131.4, 130.0, 129.8, 

127.5, 125.6, 125.4, 116.6, 115.7, 115.5, 102.0, 55.7, 23.9; IR (ATR): 

1687, 1601, 1436, 1123, 1019, 770 cm-1; HRMS (ESI, m/z): calcd for 

C20H16N3O3[M+H]+: 362.1135, found: 362.1142.  

 

3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-yl)phenyl)-1-phenyl-1H-

pyrrole-2,5-dione (4e): Light yellow solid; yield: 54% (42 mg); 

m.p.218-220 °C; 1H NMR (500 MHz, CDCl3): δ 9.07 (d, J = 5.8 Hz, 

1H), 7.86 (d, J = 7.3 Hz, 1H), 7.71 (t, J = 7.8 Hz, 1H), 7.64 – 7.57 (m, 

2H), 7.53 (d, J = 9.2 Hz, 1H), 7.34 (t, J = 7.8 Hz, 2H), 7.29 – 7.25 (m, 

2H), 7.16 – 7.11 (m, 3H), 6.84 (s, 1H), 6.74 (s, 1H); 13C NMR (126 

MHz, CDCl3): δ 169.5, 168.6, 163.1, 158.2, 150.4, 149.5, 137.8, 136.9, 
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131.6, 131.2, 131.0, 130.3, 129.8, 129.1, 129.0, 128.1, 127.7, 127.6, 

125.9, 125.4, 115.7, 102.9; IR (ATR): 1706, 1672, 1477, 1120, 753, 683 

cm-1; HRMS (ESI, m/z): calcd for C24H16N3O3[M+H]+: 394.1186, 

found: 394.1175.  

 

3-(2-(7-Methyl-4-oxo-4H-pyrido[1,2-a]pyrimidin-2-yl)phenyl)-1-

phenyl-1H-pyrrole-2,5-dione (4f): Orange solid; yield: 56% (46 mg); 

m.p.226-228 °C; 1H NMR (500 MHz, CDCl3): δ 8.87 (s, 1H), 7.85 (d, 

J = 8.5 Hz, 1H), 7.62 – 7.55 (m, 4H), 7.46 (d, J = 9.0 Hz, 1H), 7.34 (t, J 

= 7.6 Hz, 2H), 7.28 – 7.25 (m, 1H), 7.14 – 7.11 (m, 2H), 6.81 (s, 1H), 

6.72 (s, 1H), 2.41 (s, 3H); 13C NMR (126 MHz, CDCl3): δ 169.6, 168.6, 

162.7, 158.2, 149.6, 149.4, 139.8, 138.0, 131.7, 131.2, 131.0, 130.2, 

129.8, 129.0, 128.2, 127.7, 126.3, 125.9, 125.4 (2C), 125.1, 102.6, 18.4; 

IR (ATR): 1705, 1664, 1492, 1387, 1132, 754, 695 cm-1; HRMS (ESI, 

m/z): calcd for C25H18N3O3[M+H]+: 408.1343, found: 408.1356.  

 

1-(4-Methoxyphenyl)-3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-

yl)phenyl)-1H-pyrrole-2,5-dione (4g): Brunt orange solid; yield: 61% 

(51 mg); m.p.216-218 °C; 1H NMR (500 MHz, CDCl3): δ 9.05 (d, J = 

6.6 Hz, 1H), 7.84 (d, J = 7.9 Hz, 1H), 7.73 – 7.70 (m, 1H), 7.62 – 7.55 

(m, 4H), 7.16 – 7.12 (m, 1H), 7.02 (d, J = 9.0 Hz, 2H), 6.86 – 6.82 (m, 

3H), 6.73 (s, 1H), 3.74 (s, 3H); 13C NMR (126 MHz, CDCl3): δ 169.9, 

168.9, 163.2, 159.0, 158.2, 150.5, 149.4, 137.9, 136.9, 131.2, 131.0, 

130.3, 129.9, 128.2, 127.7, 127.5, 126.0, 125.4, 124.2, 115.8, 114.4, 

102.9, 55.5; HRMS (ESI, m/z): calcd for C25H18N3O4[M+H]+: 

424.1292, found: 424.1297.  

 

1-(4-Nitrophenyl)-3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-

yl)phenyl)-1H-pyrrole-2,5-dione (4h): Neon orange solid; yield: 58% 

(50 mg); m.p.238-240 °C; 1H NMR (500 MHz, CDCl3): δ 9.09 (d, J = 

7.2 Hz, 1H), 8.21 (d, J = 9.2 Hz, 2H), 7.89 (d, J = 7.6 Hz, 1H), 7.71 – 

7.57 (m, 4H), 7.44 (t, J = 10.4 Hz, 3H), 7.17 (t, J = 6.9 Hz, 1H), 6.85 (s, 

1H), 6.79 (s, 1H); 13C NMR (126 MHz, CDCl3): δ 168.6, 167.8, 162.9, 

158.2, 150.5, 150.3, 146.0, 137.9, 137.5, 137.2, 131.4, 131.2, 130.5, 
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130.0, 127.8, 127.7, 125.7, 125.5, 125.3, 124.5, 116.0, 103.0; HRMS 

(ESI, m/z): calcd for C24H14N4O5Na[M+Na]+: 461.0856, found: 

461.0840.  

 

1-(3,4-Dichlorophenyl)-3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-

yl)phenyl)-1H-pyrrole-2,5-dione (4i): Yellow solid; yield: 62% (56 

mg); m.p.210-212 °C; 1H NMR (500 MHz, DMSO-d6): δ 9.00 (d, J = 

7.2 Hz, 1H), 8.04 (d, J = 8.1 Hz, 1H), 7.97 (t, J = 7.9 Hz, 1H), 7.71 – 

7.60 (m, 4H), 7.62 (d, J = 9.0 Hz, 1H), 7.39 (t, J = 6.9 Hz, 1H), 7.31 (s, 

1H), 7.23 (s, 1H), 7.14 (d, J = 8.7 Hz, 1H), 6.90 (s, 1H); 13C NMR (126 

MHz, DMSO-d6): δ 168.7, 167.9, 162.0, 157.4, 149.9, 149.6, 138.4, 

137.0, 131.5, 131.4, 131.1, 130.9, 130.8, 130.3, 130.1, 129.5, 128.0, 

127.9, 127.1, 126.4, 125.5, 125.4, 116.8, 101.4; HRMS (ESI, m/z): calcd 

for C24H14Cl2N3O3[M+H]+: 462.0407, found: 462.0401.  

 

1-(Naphthalen-1-yl)-3-(2-(4-oxo-4H-pyrido[1,2-a]pyrimidin-2-

yl)phenyl)-1H-pyrrole-2,5-dione (4j): Red orange solid; yield: 49% 

(43 mg); m.p.224-226 °C; 1H NMR (500 MHz, CDCl3): δ 9.04 (d, J = 

7.2 Hz, 1H), 7.86 – 7.82 (m, 3H), 7.74 – 7.68 (m, 2H), 7.65 – 7.60 (m, 

3H), 7.45 – 7.42 (m, 3H), 7.33 – 7.30 (m, 1H), 7.20 (d, J = 8.5 Hz, 1H), 

7.12 – 7.09 (m, 1H), 6.92 (s, 1H), 6.81 (s, 1H); 13C NMR (126 MHz, 

CDCl3): δ 170.0, 169.0, 163.7, 158.1, 150.7, 149.4, 138.4, 136.9, 134.4, 

131.3, 131.1, 130.3, 130.2, 130.2, 129.9, 129.8, 128.6, 128.0, 127.7, 

126.9, 126.8, 126.5, 126.3, 126.2, 125.3, 122.4, 115.7, 103.2; IR (ATR): 

1709, 1680, 1406, 1131, 762, 679 cm-1; HRMS (ESI, m/z): calcd for 

C28H17N3O3Na[M+Na]+: 466.1162, found: 466.1178.  

 

1-Methyl-3-(2-(4-oxo-3,4-dihydroquinazolin-2-

yl)phenyl)pyrrolidine-2,5-dione (5a): Peach solid; yield: 62% (41 

mg); m.p.232-234 °C; 1H NMR (500 MHz, CDCl3): δ 11.18 (s, 1H), 

8.25 (d, J = 7.9 Hz, 1H), 7.76 (d, J = 6.8 Hz, 2H), 7.60 (d, J = 8.2 Hz, 

1H), 7.52 – 7.47 (m, 3H), 7.30 (d, J = 7.5 Hz, 1H), 4.38 (t, J = 7.6 Hz, 

1H), 3.27 (d, J = 7.6 Hz, 2H), 2.71 (s, 3H); 13C NMR (126 MHz, 

CDCl3): δ 178.8, 176.5, 162.8, 152.9, 148.3, 135.9, 135.0, 133.8, 131.4, 
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130.3, 130.1, 128.6, 127.6, 127.4, 126.7, 121.0, 45.1, 38.3, 25.2; IR 

(ATR): 1691, 1612, 1433, 1282, 1117, 953, 766 cm-1; HRMS (ESI, 

m/z): calcd for C19H15N3O3Na[M+Na]+: 356.1006, found: 356.1000.  

 

1-Methyl-3-(2-(quinolin-2-yl)phenyl)pyrrolidine-2,5-dione (5b): 

Gray solid; yield: 59% (37 mg); m.p.182-184 °C; 1H NMR (500 MHz, 

CDCl3): δ 8.26 (d, J = 8.5 Hz, 1H), 8.01 (d, J = 8.7 Hz, 1H), 7.85 (d, J 

= 8.1 Hz, 1H), 7.74 – 7.68 (m, 2H), 7.60 – 7.54 (m, 2H), 7.46 – 7.44 (m, 

2H), 7.30 – 7.28 (m, 1H), 4.36 (dd, J = 9.0, 6.4 Hz, 1H), 3.36 – 3.26 (m, 

2H), 2.61 (s, 3H); 13C NMR (126 MHz, CDCl3): δ 178.5, 176.9, 159.3, 

147.0, 140.2, 137.3, 135.9, 131.0, 130.2, 130.2, 129.4, 129.2, 128.2, 

127.7, 127.0, 126.8, 122.4, 45.5, 39.3, 24.9; HRMS (ESI, m/z): calcd 

for C20H16N2O2Na[M+Na]+: 339.1104, found: 339.1109. 

 

1-Phenyl-3-(2-(quinolin-2-yl)phenyl)pyrrolidine-2,5-dione (5c): 

Light-yellow solid; yield: 58% (43 mg); m.p.178-180 °C; 1H NMR (500 

MHz, CDCl3): δ 8.26 (d, J = 8.5 Hz, 1H), 8.03 (d, J = 8.5 Hz, 1H), 7.87 

(d, J = 8.1 Hz, 1H), 7.71 – 7.67 (m, 2H), 7.62 (dd, J = 5.7, 3.5 Hz, 1H), 

7.56 (t, J = 7.5 Hz, 1H), 7.50 (dd, J = 5.7, 3.4 Hz, 2H), 7.41 – 7.39 (m, 

1H), 7.27 – 7.24 (m, 3H), 6.78 – 6.76 (m, 2H), 4.57 (dd, J = 9.7, 6.3 Hz, 

1H), 3.68 (dd, J = 18.2, 6.3 Hz, 1H), 3.50 (dd, J = 18.2, 9.7 Hz, 1H); 13C 

NMR (126 MHz, CDCl3): δ 177.3, 175.8, 159.6, 147.4, 140.7, 137.2, 

135.8, 131.9, 131.1, 130.3, 130.2, 129.5, 129.4, 128.8, 128.3, 128.2, 

127.7, 127.0, 126.9, 126.2, 122.4, 45.8, 39.5; IR (ATR): 1697, 1494, 

1385, 1167, 831, 756, 696 cm-1; HRMS (ESI, m/z): calcd for 

C25H19N2O2[M+H]+: 379.1441, found: 379.1442.  

 

3-(2-(2-Methyl-7-phenylpyrazolo[1,5-a]pyrimidin-5-yl)phenyl)-1-

phenylpyrrolidine-2,5-dione (5d): Yellow solid; yield: 54% (49 mg); 

m.p.184-186 °C; 1H NMR (500 MHz, CDCl3): δ 8.12 – 8.10 (m, 2H), 

7.68 (dd, J = 7.2, 2.1 Hz, 1H), 7.57 – 7.56 (m, 3H), 7.51 – 7.47 (m, 2H), 

7.40 – 7.36 (m, 3H), 7.33 – 7.31 (m, 1H), 7.15 (s, 1H), 7.05 (d, J = 9.3 

Hz, 2H), 6.44 (s, 1H), 4.64 (dd, J = 9.3, 6.4 Hz, 1H), 3.50 – 3.42 (m, 

2H), 2.48 (s, 3H); 13C NMR (126 MHz, CDCl3): δ 177.3, 175.7, 157.8, 
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155.8, 149.7, 146.6, 138.7, 135.9, 132.1, 131.3, 131.3, 130.7, 130.1, 

129.5, 129.0, 128.8, 128.5, 128.4, 126.6, 126.3, 107.6, 97.1, 45.7, 39.1, 

14.9; HRMS (ESI, m/z): calcd for C29H22N4O2Na[M+Na]+: 481.1632, 

found: 481.1641.  

 

1-Methyl-3-(2-(4-methyl-3-oxo-3,4-dihydroquinoxalin-2-

yl)phenyl)pyrrolidine-2,5-dione (5e): Orange peel solid; yield: 74% 

(51 mg); m.p.186-188 °C; 1H NMR (500 MHz, CDCl3): δ 7.75 (t, J = 

8.9 Hz, 2H), 7.59 (t, J = 7.1 Hz, 1H), 7.46 – 7.40 (m, 2H), 7.36 (t, J = 

7.1 Hz, 2H), 7.27 – 7.25 (m, 1H), 4.28 – 4.25 (m, 1H), 3.76 (s, 3H), 3.27 

(dd, J = 18.3, 9.5 Hz, 1H), 3.15 (dd, J = 18.3, 6.0 Hz, 1H), 2.66 (s, 3H); 

13C NMR (126 MHz, CDCl3): δ 178.4, 176.6, 156.6, 154.6, 136.4, 

135.4, 133.6, 132.3, 131.2, 131.1, 130.3 (2C), 129.5, 127.4, 124.0, 

113.9, 45.1, 38.8, 29.7, 24.9; HRMS (ESI, m/z): calcd for 

C20H18N3O3[M+H]+: 348.1345, found: 348.1343. 

1-Benzyl-3-(2-(4-methyl-3-oxo-3,4-dihydroquinoxalin-2-

yl)phenyl)pyrrolidine-2,5-dione (5f): Orange solid; yield: 63% (53 

mg); m.p.174-176 °C; 1H NMR (500 MHz, CDCl3): δ 7.82 (d, J = 7.9 

Hz, 1H), 7.73 (d, J = 9.2 Hz, 1H), 7.60 (t, J = 7.9 Hz, 1H), 7.42 – 7.31 

(m, 6H), 7.26 – 7.24 (m, 3H), 7.17 (d, J = 9.0 Hz, 1H), 4.48 (d, J = 14.0 

Hz, 1H), 4.36 (d, J = 14.0 Hz, 1H), 4.27 (dd, J = 9.5, 5.6 Hz, 1H), 3.76 

(s, 3H), 3.28 (dd, J = 18.5, 9.4 Hz, 1H), 3.07 (dd, J = 18.5, 5.6 Hz, 1H); 

13C NMR (126 MHz, CDCl3): δ 177.9, 176.2, 156.5, 154.6, 136.7, 

135.9, 135.6, 133.6, 132.4, 131.1, 131.1, 130.4, 130.3, 128.9, 128.7(2C), 

128.0, 127.4, 124.0, 113.9, 44.7, 42.4, 38.9, 29.7; HRMS (ESI, m/z): 

calcd for C26H22N3O3[M+H]+: 424.1656, found: 424.1646. 

 

1-Isobutyl-3-(2-(4-methyl-3-oxo-3,4-dihydroquinoxalin-2-

yl)phenyl)pyrrolidine-2,5-dione (5g): White solid; yield: 72% (55 

mg); m.p.188-190 °C; 1H NMR (500 MHz, CDCl3): δ 7.81 (d, J = 7.9 

Hz, 1H), 7.72 (d, J = 7.5 Hz, 1H), 7.60 (t, J = 7.9 Hz, 1H), 7.47 – 7.41 

(m, 2H), 7.37 (d, J = 8.1 Hz, 2H), 7.24 (d, J = 7.3 Hz, 1H), 4.30 (dd, J = 

9.6, 5.6 Hz, 1H), 3.76 (s, 3H), 3.26 (dd, J = 18.5, 9.5 Hz, 1H), 3.14 (dd, 

J = 13.1, 7.5 Hz, 1H), 3.07 – 3.01 (m, 2H), 1.99 – 1.93 (m, 1H), 0.83 (d, 
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J = 3.4 Hz, 6H); 13C NMR (126 MHz, CDCl3): δ 178.4, 176.8, 156.5, 

154.6, 136.9, 135.7, 133.7, 132.5, 131.1, 131.1, 130.4, 130.3, 128.5, 

127.4, 124.0, 113.9, 46.1, 44.5, 38.8, 29.7, 27.1, 20.2, 20.1.; HRMS 

(ESI, m/z): calcd for C23H23N3O3Na[M+Na]+: 412.1632, found: 

412.1632. 

 

3-(5-Methyl-2-(5-oxo-5H-thiazolo[3,2-a]pyrimidin-7-yl)phenyl)-1-

phenylpyrrolidine-2,5-dione (5h): Light brown solid; yield: 59% (48 

mg); m.p.230-232 °C; 1H NMR (500 MHz, CDCl3): δ 8.04 (d, J = 4.9 

Hz, 1H), 7.46 – 7.43 (m, 3H), 7.36 (t, J = 7.1 Hz, 1H), 7.27 – 7.24 (m, 

3H), 7.12 (s, 1H), 7.02 (d, J = 5.0 Hz, 1H), 6.57 (s, 1H), 4.63 (dd, J = 

9.8, 5.7 Hz, 1H), 3.42 (dd, J = 18.6, 9.8 Hz, 1H), 3.15 (dd, J = 18.6, 5.8 

Hz, 1H), 2.41 (s, 3H); 13C NMR (126 MHz, CDCl3): δ 177.2, 175.6, 

163.7, 162.5, 158.6, 141.1, 135.5, 135.0, 132.2, 130.8, 130.3, 129.3, 

129.2, 128.6, 126.2, 122.1, 112.1, 105.2, 44.9, 38.7, 21.5; HRMS (ESI, 

m/z): calcd for C23H18N3O3S[M+H]+: 416.1063, found: 416.1053. 

 

1-Methyl-3-(2-(4-methyl-3-oxo-3,4-dihydroquinoxalin-2-

yl)phenyl)-1H-pyrrole-2,5-dione (5i): Off-white solid; yield: 53% (36 

mg); m.p.194-196 °C; 1H NMR (500 MHz, CDCl3): δ 8.01 (d, J = 9.6 

Hz, 1H), 7.77 (d, J = 8.2 Hz, 1H), 7.61 – 7.56 (m, 4H), 7.35 – 7.33 (m, 

2H), 6.52 (s, 1H), 3.73 (s, 3H), 2.85 (s, 3H); 13C NMR (126 MHz, 

CDCl3): δ 170.8, 170.4, 156.1, 154.6, 148.1, 135.9, 133.7, 132.8, 131.1, 

130.9, 130.3, 130.3, 130.1, 130.0, 128.9, 125.7, 124.0, 114.0, 29.6, 23.8; 

HRMS (ESI, m/z): calcd for C20H16N3O3[M+H]+: 346.1186, found: 

346.1170. 

 

1-Methyl-3-(5-methyl-2-(5-oxo-5H-thiazolo[3,2-a]pyrimidin-7-

yl)phenyl)-1H-pyrrole-2,5-dione (5j): Orange solid; yield: 56% (38.5 

mg); m.p.210-212 °C; 1H NMR (500 MHz, CDCl3): δ 8.01 (d, J = 4.7 

Hz, 1H), 7.66 (d, J = 7.9 Hz, 1H), 7.39 (d, J = 7.9 Hz, 1H), 7.27 (d, J = 

5.2 Hz, 2H), 7.01 (d, J = 4.8 Hz, 1H), 6.55 (d, J = 9.2 Hz, 1H), 2.98 (s, 

3H), 2.44 (s, 3H); 13C NMR (126 MHz, CDCl3): δ 170.7, 170.1, 162.6, 

158.7, 151.8, 148.9, 140.7, 134.3, 131.6, 131.4, 129.7, 128.0, 125.9, 
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122.2, 111.6, 103.7, 23.9, 21.2; HRMS (ESI, m/z): calcd for 

C18H14N3O3S[M+H]+: 352.0750, found: 352.0757. 
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5.8 1H and 13C NMR spectra of selected compounds 

 
Figure 5.1 1H NMR spectrum of compound 3a (500 MHz, CDCl3) 

 

 

 

Figure 5.2 13C NMR spectrum of compound 3a (126 MHz, CDCl3) 
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Figure 5.3 1H NMR spectrum of compound 3b (500 MHz, CDCl3) 

 

 

 

 

Figure 5.4 13C NMR spectrum of compound 3b (126 MHz, CDCl3) 
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Figure 5.5 1H NMR spectrum of compound 3c (500 MHz, CDCl3) 

 

 

 

 

Figure 5.6 13C NMR spectrum of compound 3c (126 MHz, CDCl3) 
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Figure 5.7 1H NMR spectrum of compound 5d (500 MHz, CDCl3) 

 

 

 

 

 

Figure 5.8 13C NMR spectrum of compound 5d (126 MHz, CDCl3) 
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Figure 5.9 1H NMR spectrum of compound 4a (500 MHz, CDCl3) 

 

 

 

 

 

 Figure 5.10 13C NMR spectrum of compound 4a (126 MHz, CDCl3) 
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Figure 5.11 1H NMR spectrum of compound 5i (500 MHz, CDCl3 

 

 

 

 

 

 

 
Figure 5.12 13C NMR spectrum of compound 5i (126 MHz, CDCl3) 
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6. Overall Conclusion and Future Scope 

 

6.1 Conclusion 

The focus of this thesis is on developing a novel strategy for C–C bond 

formation via harnessing the power of visible light-photo-redox 

catalysis for C–H functionalization of 2-aryl heterocycles. Specifically, 

we have explored the C-H functionalization of the 2-phenyl-4H-

pyrido[1,2-a]pyrimidin-4-one scaffold, employing a dual catalytic 

approach that synergistically merges photo-redox and transition metal 

catalysis to provide a greener and more sustainable pathway under mild 

conditions. These approaches not only enhance the efficiency of 

heterocyclic scaffold functionalization but also offer an environmentally 

friendly and operationally efficient pathway for sustainable synthetic 

transformations. 

In Chapter 1, we discussed an overview of synthetic methods and the 

advantages and limitations of cross-coupling reactions. Then we 

discussed transition metal catalysts, highlighting their role, particularly 

in C–H activation and functionalization processes, and their limitations. 

Further, visible light-mediated C–H functionalization overcomes the 

has been discussed. Additionally, the merging of transition metal 

catalysis with photo-redox that converts inert C–H bonds into C–C 

bonds, thereby enhancing the efficiency of bond-forming reactions has 

been discussed. This chapter also covers the significance of pyridine as 

a versatile core structure in the synthesis of various biologically active 

and pharmacologically relevant heterocyclic compounds. Finally, we 

delve into the bioactive scaffold 4H-pyrido[1,2-a]pyrimidin-4-one, 

summarizing its synthetic methodologies and the advancements in its 

functionalization reported to date. 

In Chapter 2, a metal-free, organic dye-catalyzed direct C3–H arylation 

of pyrido[1,2-a]pyrimidin-4-ones using visible light under mild 
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conditions has been discussed. This straightforward C–H 

functionalization method efficiently produces C3-arylated pyrido[1,2-

a]pyrimidin-4-one and thiazolo[3,2-a]pyrimidin-5-one derivatives, 

including medicinally relevant endothelial cell dysfunction inhibitors 

and anti-inflammatory agents, in good to excellent yields. The approach 

demonstrates good functional group tolerance, and it is suitable for 

scale-up synthesis. 

In Chapter 3, we presented a novel ortho C–H decarboxylative 

aroylation of pyrido[1,2-a]pyrimidin-4-one using phenyl glyoxylic acid. 

This methodology employs a synergistic catalytic system combining a 

ruthenium-photocatalyst with a palladium catalyst under visible light 

irradiation in the presence of greener oxygen as an oxidant using 

extremely mild conditions for C–H functionalization. The developed 

protocol efficiently delivers aryl ketone-functionalized pyrido[1,2-

a]pyrimidin-4-one derivatives in yields up to 91%, showcasing excellent 

functional group tolerance and a broad substrate scope under mild, 

environmentally friendly conditions. 

In Chapter 4, a visible-light-induced, photocatalyst-free, site-selective 

C-H arylation of 2-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one and 

related 2-aryl heteroarenes, achieving ortho-arylated products in 41–

95% yields at room temperature has been discussed. Mechanistic 

studies, including controlled experiments, UV-visible analysis, and DFT 

calculations, suggest that an in situ generated Ag-palladacycle complex 

absorbs visible light, facilitating aryl radical generation from 

aryldiazonium salts, leading to efficient C–H arylation under mild 

conditions. This approach is suitable for the scalable synthesis of the 

desired product.  

In Chapter 5, we described a visible-light-induced, ortho-selective C–H 

alkylation and alkenylation of 2-aryl heteroarenes with maleimides 

using dual catalysis, merging a rhodium-catalyst with eosin Y in the 

presence of water as reaction solvent. This mild, silver-free protocol 

achieves up to 92% yield with a broad substrate scope. Mechanistic 
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studies, including the KIE study, H/D labelling study, light on-off 

experiments, and quantum yield calculations, H2O2 detection tests, were 

performed to understand the reaction pathway. The approach is also 

suitable for scalable synthesis of the desired alkylated and alkenylated 

products. 

 

6.2. Future scope 

The functionalization of 2-aryl heterocycles and nitrogen-containing 

fused heterocycles continues to be a compelling area of research in 

organic synthesis due to its broad applications across various fields, 

including medicinal chemistry, agrochemicals, pharmaceuticals, and 

materials science. The methodologies developed in this context offer 

versatile pathways for synthesizing bioactive molecules and drug 

candidates with diverse pharmacological properties such as anti-

inflammatory, antitubercular, antiallergic, antioxidant, and 

antipsychotic activities. By streamlining synthetic routes, these 

approaches can significantly reduce the number of steps needed to 

access complex molecules. Furthermore, structural modifications of key 

bioactive scaffolds can enable the creation of compound libraries, 

facilitating the discovery and optimization of new therapeutic agents. 

Through comprehensive screening and structure-activity relationship 

(SAR) studies, these modifications can lead to the development of new 

lead molecules or drug candidates with improved efficacy and 

selectivity. 
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