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ABSTRACT 
 

Nitrogen containing heterocycles have a wide range of applications in various fields of science 

such as medicine, pharmaceuticals, and material chemistry. The synthesis and functionalization 

of these heterocycles through inert C-H bond activation has attracted the attention of synthetic 

organic chemists. The thesis titled “C-H Bond Functionalization of Selected Azaheterocycles 

under Metal-Free and Photochemical Conditions” aims to develop new synthetic 

methodologies for the direct functionalization of biologically active nitrogen containing 

heterocycles. The thesis is divided into five chapters. 

The first chapter of the thesis gives a brief introduction of transition-metal-free reactions and 

iodine(III) reagents. The commercially available I(III) reagent, PIDA was utilized for the [1,2]-

ipso-migration in Mannich bases derived from imidazo[1,2-a]pyridines for the preparation of 3-

aminoimidazo[1,2-a]pyridine derivatives which were easily transformed to the corresponding 2-

aryl-N-(pyridin-2-yl)imidazo[1,2-a]pyridin-3-amines by treating with NaHCO3 in methanol. The 

reaction is believed to proceed through [1,2]-ipso-heteroaryl migration via formation of a 

Wheland-type aziridine intermediate followed by nucleophile-assisted ring opening reaction and 

thereby forming a series of forty-one compounds in moderate to good yields.  

The second chapter of the thesis focuses on the development of a new synthetic methodology 

for regioselective benzoylation of imidazoheterocycles using arylglyoxylic acids as a benzoyl 

source. The reaction was achieved without the need for metal- or photocatalysts, instead utilizing 

K2S2O8 as the oxidant. The reaction was shown to produce good yields and tolerate a wide range 

of functional groups, making it a versatile tool for the synthesis of 5-aroylimidazo[1,2-

a]pyridines. Control experiments suggested that the reaction proceeds via radical pathway. 

Importantly, the protocol is amenable for scale-up, and the mild reaction conditions make it a 

promising approach for the synthesis of a variety of biologically active compounds under metal-

free conditions.  

The third chapter of the thesis describes a highly selective difluoroalkoxylation of imidazo[1,2-

a]pyridines under visible-light irradiation. The developed protocol has high functional group 

tolerance and is compatible with a wide range of alcohols (1° and 2°) without any electronic and 

steric constraints. This sustainable and environmentally benign reaction provides moderate to 
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excellent yields of difluoroalkoxylated products. Control experiments suggested that the reaction 

proceeds via radical pathway. The salient features of this protocol include broad substrate scope, 

sustainable source of energy, and mild reaction conditions. Additionally, the post-

functionalization of Zolimidine, a gastroprotective drug, under the standard conditions 

demonstrates the potential utility of this method in pharmaceutical synthesis. 

The fourth chapter of the thesis describes the TEMPO-mediated cross-dehydrogenative 

coupling of C(sp3-H) bond and C(sp2-H) bond for direct hydroxyfluoroalkylation of indoles and 

imidazo[1,2-a]pyridines by fluorinated alcohols. The developed synthetic protocol is 

operationally simple and provides a wide range of C3-hydroxyfluoroalkylated indoles and 

imidazo[1,2-a]pyridines in good to excellent yields. The synthetic utility of the protocol was 

showcased through gram-scale synthesis of the target products. Mechanistic investigation 

revealed that the reaction involves a radical process. 

The fifth chapter of the thesis describes a developed synthetic strategy for the regioselective 

decoration of quinoxalin-2(1H)-ones with alkoxy, alkylthio, alkylamino, and arylseleno groups 

at the C3 position under metal- and photocatalyst-free conditions. The method offers a broad 

substrate scope, including bioactive molecules, and provides mild reaction conditions, readily 

available coupling partners, high yields, scalability, step-economy, and environmentally benign 

conditions. The protocol's synthetic utility was demonstrated through gram-scale synthesis and 

C3-alkoxylation of quinoxalin-2(1H)-one with natural alcohols, and the synthesis of aldose 

reductase (ALR2) inhibitor in excellent yields. Control experiments support a radical pathway 

for the reaction. 

Finally, in the sixth chapter of the thesis, summary of the thesis work is presented along with 

the future scope of the research work. 
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1.1  INTRODUCTION 
 

Heterocyclic chemistry constitutes one of the major and esteemed branches of organic com-

pounds, due to the widespread role of heterocyclic compounds in the natural product synthesis,1 

pharmaceutical industry,2 and material chemistry.3 Especially, nitrogen containing heterocycles 

are part of many important bioactive molecules and exhibits interesting pharmacological prop-

erties such as anti-microbial,4-5 anti-spasmodics,6 anti-viral,7 tubulin inhibitor,8 anti-tumor,9 

anti-infective,10 anxiolytic agent,11 gastroprotective agent12 and hypnotics13 (Figure 1.1). More-

over, their strong DNA intercalating property makes them suitable candidates as anti-neoplastic 

and mutagenic agents.14-16 Over the last two decades, considerable efforts have been devoted 

by researchers for developing simple, efficient and straightforward strategies for the synthesis 

and functionalization of nitrogen heterocycles.17-19  

 

Figure 1.1 Selected commercially available bioactive N-heterocyclic compounds   
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1.1.1 Transition-metal catalyzed reactions 
 
The development of innovative protocols that either involve the advanced or novel process to 

construct complex molecules or improve the green aspects, like atom- and step-economy of 

existing methods, is the perpetual aim of synthetic chemists. In this regard, transition-metal 

catalyzed C-H activation has emerged as one of the most proficient and continuously growing 

approaches over the past century and has affected the industries like environmental protection 

fine chemicals, food processing and energy processing. The direct construction of C-X (X = C 

or heteroatom) bonds from unactivated C-H bonds truncate the unnecessary requirement of 

prefunctionalized starting materials and therefore, turn-up into a more economic and straight-

forward strategy in comparison to traditional cross-coupling reactions (Figure 1.2). Delightedly 

in 2010, the remarkable successes and contributions made via transition-metal catalyzed reac-

tions were honored by the Noble Prize in chemistry. A classical synthetic mechanism generally 

involves the metal or metal salts as catalysts to activate the inert C-H bond via oxidative addi-

tion which followed by pi-insertion and reductive elimination affords the desired product. Nev-

ertheless, several challenges perceived in catalytic C-H functionalization reactions have re-

stricted their widespread applicability or practicality to some extent. As a first point, most of 

the transition-metal catalysts are generally very expensive, and usually requires the assistance 

of auxiliary ligands, which can be even more expensive and sometimes follows laborious syn-

thetic protocols.20-21 Secondly, air and moisture sensitivity of most of the transition-metal cata-

lysts limits their use only under precise conditions.22 Third issue deals with the varying degrees 

of toxicity in most of the transition-metal catalysts.23 Also, contributing to health problems ex-

clusion of even the trace amount of these transition-metal residues from desired products is not 

only challenging and expensive but also imperative, especially in pharmaceuticals.24-25 Next, 

the requirement of cocatalysts and additives for the promotion in reactivity and selectivity is 

also a critical and inevitable step in such reactions.26 Last but not the least is low catalyst turn-

over in transition-metal catalyzed C-H functionalization, which is a big concern for the reac-

tions which involves C-H activation step.27 As a matter of fact, excessive employment of tran-

sition-metal catalysts is not consistent with sustainable development.20 Obviously, for direct 

formation of carbon-heteroatom bond an alternative pathway under transition-metal-free con-

ditions is highly appealing which not only accomplish traditional metal catalyzed route but also 
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overcome the inadequacies of such transformations. Owing to the rapid development in the 

research methodologies, synthetic chemists always sought to find out an easy alternate route 

for direct C-X bond formation. In this regard, researchers are focusing on the gradual shift 

towards the transition-metal-free chemistry that has been receiving a substantial attention for 

the past few decades.    

 

Figure 1.2 Types of transition-metal catalyzed C-H functionalization 

1.1.2 Transition-metal-free reactions 

Unlike metal-based catalysis, metal-free protocols have been globally adopted due to their 

greater sustainability,28 cost-effectiveness29 and durability.30 In addition, such methodologies 

include utilization of less toxic compounds, which makes them more suitable for long-term 

usage. In the context of green chemistry, the development of new synthetic protocols that de-

liver high atom-economy, reduce chemical waste generation, and compatible with environment 

are highly desirable. This can be very well accomplished using transition-metal- free C-H func-

tionalization, as this approach provides a combination of easily handleable reagents along with 

the eco-friendly reaction medium.31  Despite making significant efforts for the advancement of 

transition-metal-free reactions and paying attention to their promotion, this field still lacks basic 

knowledge and systematic exploration. The reason being the unavoidable utilization of transi-

tion-metal catalyst for the synthesis of substrates and difficulty to root-out the transition-metal 

residues from the reaction medium. A trace amount of transition-metals remaining in the reac-

tion system will fundamentally influence the exact reaction pathway in some cases, thus making 

it difficult to classify the corresponding reactions. So far, the term is used to define the reactions 
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which may produce similar results as those of transition-metal catalyzed reactions, without em-

ploying transition-metal catalysts (Figure 1.3). Due to the simplicity of transition-metal-free 

approach and its application in synthesis and functionalization of biologically active molecules, 

pharmaceuticals, and natural products, this area has been emerged as a hot topic for researchers. 

 
Figure 1.3 General representation of transition-metal-free C-H functionalization 

Proven mechanistic pathways for transition-metal-free protocol includes: 1) Radical pathway, 

during these processes a radical species is added to the radical acceptor substrate to create a σ-

complex which undergoes SET followed by loss of proton, or elimination of the leaving group 

for the formation of product. 2) Hypervalent iodine pathway, similar to radical processes hy-

pervalent iodine reagent follows two types of mechanistic pathway with nucleophiles, viz. elec-

trophilic oxidation pathway and radical pathway. In electrophilic oxidation type reactions (i) 

ligand exchange, (ii) reductive elimination, and (iii) ligand coupling is the typical reactivity 

pattern whereas, in radical type reactions, single-electron transfer (SET) and homolytic reac-

tions are commonly observed under appropriate conditions. 3) Substitution (electrophilic and 

nucleophilic) reactions, in such reactions the electrophiles and nucleophiles are respectively 

added to electron-rich and electron-deficient aromatic rings followed by rapid proton loss. 4) 

Aryne mechanism, one of the most electrophilic reactive intermediates is aryne intermediate, 

the reaction of which includes addition of nucleophile followed by attack of aryl anion inter-

mediate to the electrophile. 5) Photoinduced reactions, the reactions in which energy are trans-

ferred to organic compounds via photochemical methods are photoinduced reactions. Such re-

actions are initiated by SET (single electron transfer) process in the presence of visible light 

and followed by the generation of ionic or radical intermediates which contribute to the product 

formation.      

Transition-metal catalysts and/or transition-metal containing oxidants are key ingredients in 

many organic transformations. It is, however, possible to perform these reactions under metal-

free conditions in the presence of some inorganic oxidants that mimic the role of transition-

metal catalysts. Such oxidants exhibit distinctive characteristics that allow them to initiate as 

well as continue the reaction or alter its course resulting in different outcome. Hypervalent-
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iodine reagents are one class of such oxidants, which have emerged as an alternative tool to 

transition-metal catalysts in modern synthetic chemistry.  

1.1.3 Chemistry of hypervalent-iodine reagents 

Iodine being one of the most heavy and large elements in the periodic table, forms anomalous 

three-center-four-electron (3c-4e-) bond by the overlapping of 5p orbitals rather than the regular 

interatomic π-overlapping of lighter group-17 elements. Such 3c-4e- bonds are termed as hy-

pervalent bonds as the compound bearing such bonds can form stable compounds even with 

higher oxidation states. Notably, the chemical reactivity patterns and the structural characteris-

tics of polyvalent iodine compounds could be very well explained considering the low strength 

and highly polarized nature of these hypervalent bonds. Some commonly used organohyperva-

lent iodine compounds are depicted in Figure 1.4. On the basis of oxidation states, commonly 

known polyvalent iodine compounds are classified as (i) trivalent  iodine derivatives (λ3-

iodanes) and, (ii) pentavalent iodine derivatives (λ5-iodanes). In iodine(III) compounds, the cen-

tral iodine atom have 10 electrons with bipyramidal geometry in which the axial position is 

occupied by the more electronegative heteroatomic atom X whereas, the equatorial positions 

are occupied by the lone pairs of electron and less electronegative atom R. Pseudo trigonal 

bipyramidal geometry is observed in case of iodonium salts (6) where central iodine atom con-

sists of 8 electrons along with the weakly bonded counter anion. 

 

Figure 1.4 Commonly used organohypervalent iodine compounds 
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The shape of trivalent iodanes (RIX2) is approximately T-shape where X−I−R bond angle is 

close to 90° and the linear X−I−X bond is formed by the pure p-π overlapping. On evaluation 

of the bond lengths in λ3-iodanes, the I−X bond is found to be longer than the normal I−X 

covalent bond length which not only makes the bond weaker and highly polarized but also 

justifies the high electrophilic character of such scaffolds (Figure 1.5).    

 
Figure 1.5 Shape and geometry of trivalent iodanes (RIX2) 

These properties of hypervalent iodine compounds (especially, λ3-iodanes) allows them to find 

wide application in the field of synthetic chemistry.32 In general, such molecules provide their 

valuable contribution as electrophilic ligand transfer reagents and selective oxidants in many 

organic transformations which are classically performed using transition-metal chemistry. Most 

common synthetic processes performed by these reagents include oxidative C–H functionali-

zation, rearrangements, stereoselective synthesis, SET processes, spirocyclization, hetero-cy-

clization, and numerous reactions resulting in the formation of new C–C, C–N and other C–

heteroatom or heteroatom–heteroatom bonds.33-36 Not only this, there is a great interest in ap-

plying hypervalent iodine(III) reagents in the total synthesis of natural products due to their 

admirable efficiency, single-step conversion, low cost, and low toxicity as compared to heavy 

metals.37 The escalating interest of researchers in the synthetic applications of such compounds 

is highlighted by the numerous book chapters and several comprehensive reviews.38-41  

Wei group described a λ3-iodane mediated synthetic route for the azidation of 2-oxindoles (12). 

The structurally important 3-azido-2-oxindoles (14) were obtained using TMSN3 (13) in the 

presence of PIDA as an oxidant, triethylamine as a base, and acetonitrile as solvent at room 
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temperature. The protocol provided a wide range of azide substituted oxindoles in good to ex-

cellent yields indicating the broad functional group tolerance along with large scale applicabil-

ity (Scheme 1.1).42  

 

Scheme 1.1 PIDA-mediated azidation of oxindoles 

Hajra and his team showcased that imidazopyridines (15) could be oxidatively aminated using 

saturated azaheterocycles (16) in the presence of PIDA (Scheme 1.2a).43 Various aliphatic ni-

trogen containing heterocycles such as piperidine, thiomorpholine, and morpholine were effec-

tively tolerated by the reaction condition and thus, furnished a diverse library of aminated com-

pounds (17) in moderate to good yields. Based on the preliminary tests, a radical pathway was 

proposed by the authors. Later, Kita group demonstrated the direct C-N coupling of phenothi-

azines (16) with nucleophiles (18) such as phenols and anilines in the presence of substituted 

benziodoxole as oxidizing agent to afford the selective N-arylphenothiazines (19) (Scheme 

1.2b).44  

 
Scheme 1.2 λ3-iodane mediated intermolecular C–N cross-coupling of saturated azaheterocy-

cle with various nucleophiles 

Paveliev et al. reported the hypervalent iodine (III) catalyzed intramolecular C−N coupling of 

α,β-unsaturated hydrazones (20) (Scheme 1.3).45 Electrochemical treatment of substituted hy-

drazones in situ generated an active λ3-iodane via anodic oxidation aryl iodide in the presence 

of TFE, which eventually affords the substituted pyrazoles (21) in 46% - 88% yields. The key 
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role of in-situ constructed hypervalent iodine reagent in the newly formed C−N bond, was pre-

dicted through NMR and CV experiments.     

 

Scheme 1.3 PIDA-mediated intramolecular C–N coupling of substituted hydrazones 

Tang and co-workers have developed a facile route for the functionalization of unsubstituted β-

enamino esters (22). Substituted acyloxy-2H-azirine (23) and sulfonyloxy-2H-azirine (25) de-

rivatives were efficiently synthesized in the presence of PIDA (2 equiv.) with carboxylic acids 

or sulfonic acids in moderate to good yields (Scheme 1.4).46 Moreover, the control experiments 

predicted the formation of tosyloxy substituted β-enamino ester as an intermediate step, which 

is further cyclized to afford tosyloxy-2H-azirine. Acetyloxy 2H-azirine derivatives (24) could 

also be synthesized following the parallel pathway.  

 

Scheme 1.4 PIDA-mediated oxidative acyloxylation, acetoxylation, and sulfonylation of β-

enamino esters 

Hypervalent iodine reagents mediated rearrangement reactions are of great interest due to their 

prominent electrophilic nature that leads to the unique transformations.47-51 A careful literature 

survey indicates that hypervalent iodine reagents can realize [1,2]-migration, [3,3]-sigmatropic/ 

iodonium-Claisen rearrangement, ring contraction, ring expansion, Beckmann rearrangement, 

and Hofmann rearrangement. Over the past few years, a considerable upsurge is observed in 

the [1,2]-migratory rearrangement reactions mediated through hypervalent iodine reagents. 
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Among all, PIDA mediated [1,2]-carbon-to-carbon migration is very well investigated. 52-57 In 

1984 the Tamura group, for the first time reported the [1,2]-aryl migration reaction of aryl ethyl 

ketones (26) in the presence of PhI(OAc)2. The reaction was assumed to give an intermediate 

(27), which underwent [1,2]-aryl migration, followed by hydrolysis, to afford methyl 2-ar-

ylpropionate (28) as the desired products (Scheme 1.5).58  

 

Scheme 1.5 PIDA-mediated [1,2]-oxidative rearrangement reaction of propiophenones 

Cai et al. reported an efficient protocol for the development of a variety of α-aryl-γ-methyl-

sulfinyl ketones (31) via oxidative [1,2]-alkylarylation of unactivated alkenes (29) with DMSO. 

The reaction is postulated to proceed through intermediate (30) with the collaborative interac-

tions of PhI(OAc)2 with visible light irradiation and organic photosensitizer 4CzIPN under tran-

sition-metal-free conditions (Scheme 1.6).59 Good to excellent yields of sulfinyl ketones, high 

regioselectivity, functional group compatibility and remarkable kinetic isotope effect are the 

promising features of the designed strategy.  

 

Scheme 1.6 PIDA-mediated [1,2]-alkylarylation of unactivated alkenes and DMSO 

Song and co-workers reported PhI(OAc)2-mediated radical cyclization followed by 1,2-car-

bonyl migration of β-aminoenones (32) for the synthesis of quinolones (34) via intermediate 

(33) (Scheme 1.7).60 It appears attractive that the method follows selective cleavage of inert 

C(sp3)-C(sp2) ortho to carbonyl carbon which overcomes the requirement to pre-functionalize 

the substrates. Notably, wide functional group tolerance, diverse substrate scope with excellent 



Chapter 1 

10 

 

selectivity and no metal additive made this strategy more concise to access pharmaceutically 

important 4-quinolone derivatives.  

 

Scheme 1.7 PIDA-mediated [1,2]-oxidative rearrangement reaction of β-aminoenones 

In 2018, Muarai group reported the first PIDA mediated [1,2]-carbon-to-nitrogen oxidative re-

arrangement reaction by using secondary amines (35) in the presence of TFE (Scheme 1.11).61 

Synthetic application of this approach in affording diverse macrocyclic and polycyclic fused 

heterocycles (37) by utilizing various amines makes it more versatile.  

 

Scheme 1.8 PIDA-mediated [1,2]-oxidative rearrangement reaction of secondary amines 

Extending this strategy, the same group in 2019 reported the PIDA mediated oxidative rear-

rangement reaction of primary amines (38). Unlike the reaction of secondary amines, this 

method utilizes PhI(OAc)2 and Cs2CO3 synergistically  for the efficient construction of cyclic, 

acyclic and large ring compounds (40) (Scheme 1.9).62 Several preliminary experiments sug-

gested a concerted mechanism for the reaction via intermediate (39), rather than nitrene or rad-

ical based mechanism. Chang group in 2021 also reported the ipso rearrangement of primary 

amines under similar conditions but used iodine as a promotor.63 

 

Scheme 1.9 PIDA-mediated [1,2]-oxidative rearrangement reaction of primary amines 
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Mandal and Pramanik developed an operationally simple and highly diastereoselective strategy 

involving ring expansion via 1,2-bond migration and simultaneous hydroxy insertion in the 

presence of PhI(OAc)2. Commenced from the spiro-fused quinoxaline (42) (which were syn-

thesized by condensation of (41) and 1,2-cyclic diones), hydroxylated polycyclic pyrrolo/in-

dolo[1,2-a]quinoxaline-fused lactam derivatives (43) were afforded in good-to-excellent yield 

with significant functional group tolerance in very rapid timeframe (Scheme 1.10).64 Addition-

ally, having a chiral center at the bridgehead along with one or two axially chiral biaryl or N-

arylindolyl bridges makes the molecule nonplanar.  

 

Scheme 1.10 PIDA-mediated [1,2]-oxidative rearrangement reaction of spiro-fused quinoxa-

line 

As part of our interest in synthesis and functionalization of azaheterocycles, herein, we report 

PIDA-mediated [1,2]-ipso-migration of heteroaryl rings in Mannich bases (44) to give the cor-

responding N-acetoxymethyl/N-alkoxymethyl-N-aryl-imidazo[1,2-a]pyridine-3-amines (45) 

under mild reaction conditions (Scheme 1.11).  

 
Scheme 1.11 Synthesis of 3-aminoimidazo[1,2-a]pyridine 

1.2 RESULTS AND DISCUSSION 

Our studies commenced with the reaction of Mannich base i.e. N-((2-phenylimidazo[1,2-a]pyr-

idin-3-yl)methyl)pyridin-2-amine (44a) using iodobenzene diacetate as an oxidant. Model re-

action of 44a with PIDA in ethyl acetate at 50 °C produced ((2-phenylimidazo[1,2-a]pyridin-

3-yl)(pyridin-2-yl)amino)methyl acetate (45a) in 75% yield within 3 h (Table 1.1, entry 1). 
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The molecular structure of 45a was established by the 1H (Figure 1.6) and 13C NMR (Figure 

1.7), DEPT-135 NMR (Figure 1.8), LC-HRMS spectroscopic data (Figure 1.9) and was further 

confirmed unambiguously by a single crystal X-ray diffraction analysis (Figure 1.10, CCDC 

No. 1957417). 

 

Figure 1.6 1H NMR spectrum of ((2-phenylimidazo[1,2-a]pyridin-3-yl)(pyridin-2-
yl)amino)methyl acetate (45a) recorded in CDCl3 

 

 

Figure 1.7 13C{1H} NMR spectrum of ((2-phenylimidazo[1,2-a]pyridin-3-yl)(pyridin-2-
yl)amino)methyl acetate (45a) recorded in CDCl3 
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Figure 1.8 DEPT-135 NMR spectra of ((2-phenylimidazo[1,2-a]pyridin-3-yl)(pyridin-2-
yl)amino)methyl acetate (45a) recorded in CDCl3 
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Figure 1.9 LC-HRMS of ((2-phenylimidazo[1,2-a]pyridin-3-yl)(pyridin-2-yl)amino)methyl 
acetate 45a 

 
Figure 1.10 ORTEP diagram of 45a (CCDC No 1957417).  The thermal ellipsoids are drawn 

at 50% probability level 

The initial results prompted us to evaluate the effect of different solvents such as 1,2-DCE, 

toluene, THF, 1,4-dioxane, DMSO, DMF, DMA, H2O and MeOH on the outcome of reaction 

(Table 1.1, entries 1-11). The screening results concluded that the use of 1,2-DCE and toluene 

increased the yield of 45a from 75% to 82% and 90%, respectively (Table 1.1, entries 1 vs 2 

and 3). Meanwhile, other solvents (THF, 1,4-Dioxane, DMSO, DMF and DMA) resulted in 

reduced yields of 45a (Table 1.1, entry 1 vs entries 4-8). The use of environmentally benign 

solvent such as water with or without phase-transfer-catalyst (SLS) did not improve the yield 

of 45a (Table 1.1, entries 9-10). On the other hand, N-(methoxymethyl)-2-phenyl-N-(pyridin-

2-yl)imidazo[1,2-a]pyridin-3-amine (48aa) was obtained in 90% yield with trace of 45a when 

methanol was used as solvent (Table 1.1, entry 11).  Decreasing amount of PIDA (1.2 equiv.) 

showed detrimental effect on the yield of 45a (Table 1.1, entry 12). The use of PIFA (bis(tri-

fluoroacetoxy)iodo)benzene) and organo-catalytic conditions66-67 did not produce the desired 

product 45a (Table 1.1, entry 13, 14). The reaction did not proceed in presence of Koser’s 

reagent as an oxidant in the reaction and 44a remained unreacted after 3 h (Table 1.1, entry 

15). 
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Table 1.1 Optimization of reaction conditionsa  

 
Entry Oxidant Solvent % Yield 45ab 

1 PhI(OAc)2 EtOAc 75 

2 PhI(OAc)2 1,2-DCE 82 

3 PhI(OAc)2 Toluene 90 

4 PhI(OAc)2 THF 37 

5 PhI(OAc)2 1,4-Dioxane 48 

6 PhI(OAc)2 DMSO 39 

7 PhI(OAc)2 DMF 70 

8 PhI(OAc)2 DMA 29 

9 PhI(OAc)2 H2O 7 

10c PhI(OAc)2 H2O 16 

11 PhI(OAc)2 MeOH <5d 

12e PhI(OAc)2 Toluene 83 

13 PhI(OCOCF3)2 Toluene 0 

14f PhI + m-CPBA Toluene Trace 

15 HTIB Toluene - g 
aReaction conditions: 44a (0.5 mmol), oxidant (1.5 equiv.), solvent (5 mL), 50 °C, 3 h. bIsolated 
yield. cSLS (20 mol %) was used. dMethoxylated product 47aa was obtained in 90% yield. e1.2 
equiv. of PIDA was used. fPhI (20 mol %) with m-CPBA (3 equiv.) and AcOH (5 equiv.) was 
used. gNo reaction.  

With the optimized conditions in hand (Table 1.1, entry 3), the scope and generality of the 

methodology was investigated systematically (Table 1.2). At the beginning, Mannich bases of 

imidazopyridine with various substituents (Me, OMe, F, Cl, Br, CN and CF3) on C-2 aryl ring 

reacted smoothly under optimized reaction conditions and produced the corresponding acetox-

ylated products (45a-h) in good to excellent (69-93%) yields. It was observed that Mannich 

bases with the electron-donating groups on C-2 aryl ring provided better yields than the elec-
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tron-withdrawing groups on C2 aryl ring (Table 1.2, compare 45a and 45b-c vs 45d-h). Man-

nich base with thiophene ring at the C2 position also afforded the desired acetoxylated product 

(45j) in 84% yield. 

Table 1.2 Substrate scope for acetoxylated derivativesa,b 

  

 
aReaction conditions: 44 (0.5 mmol), PIDA (1.5 equiv.), toluene (5 mL), 50 °C, 3 h. bIsolated 
yields. 

Next, Mannich bases decorated with substituents (Me and Cl) at different positions on imid-

azo[1,2-a]pyridine nucleus and pyridine ring delivered the corresponding acetoxylated products 

(45k-m) in high (82-88%) yield under the identical reaction conditions. Interestingly, the tert-

butyl group at C2 position of Mannich base also afforded the desired product (45p) in 42% 

yield.  

During the reaction condition optimization studies it was observed that the use of methanol as 

solvent resulted 47aa in 90% yield along with a trace amount (<5%) of acetoxy product 45a 

(Table 1.1, entry 11). It might be due to the relatively high nucleophilicity of methoxide group 

as compared to the acetate group, which facilitated the ring opening of aziridine intermediate 
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better than the acetate group resulting the methoxylated product in excellent yield. The structure 

of 47aa was established by the 1H NMR (Figure 1.11), 13C{1H} NMR (Figure 1.12), and 

HRMS spectroscopic data (Figure 1.13) and was further confirmed unambiguously by a single 

crystal X-ray diffraction analysis ((Figure 1.14, CCDC No. 1913162).  

 

Figure 1.11 1H NMR spectrum of N-(methoxymethyl)-2-phenyl-N-(pyridin-2-yl)imidazo 
[1,2-a]pyridin-3-amine (47aa) recorded in CDCl3 

 

Figure 1.12 13C{1H} NMR spectrum of N-(methoxymethyl)-2-phenyl-N-(pyridin-2-yl)imid-
azo [1,2-a]pyridin-3-amine (47aa) recorded in CDCl3 
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Figure 1.13 LC-HRMS spectrum of N-(methoxymethyl)-2-phenyl-N-(pyridin-2-yl)imidazo 
[1,2-a]pyridin-3-amine (47aa) 

 

Figure 1.14 ORTEP diagram of 47aa (CCDC No 1913162).  The thermal ellipsoids are 
drawn at 50% probability level 

We then took up a systematic study to evaluate the formation of alkoxylated products by em-

ploying different alcohols 46 as solvent with 44a (Table 1.3). It was found that primary alcohols 

such as methanol, ethanol, isopropyl alcohol, propargyl alcohol, allyl alcohol, fluorinated alco-

hol (hexafluoro-2-propanol and 2-triflurorethanol) as well as secondary alcohol such as cyclo-

pentanol smoothly reacted with 44a and delivered the desired alkoxylated products 47aa-47ah 

in 53-90% yields. A long chain alcohol i.e. lauryl alcohol also reacted and gave the desired 

product 47ai in low yield (35%), while phenol could not afford the respective product 47af, 

most likely due to the weak nucleophilicity of phenol.68 Functionalized alcohols such as pro-

pargyl alcohol 46g and allyl alcohol 46h also reacted well and furnished the respective products 
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47ag and 47ah in 76% and 53% yields, respectively. This transformation is interesting from 

the view-point of medicinal chemistry as it further opens scope of post-modification.  

Further, Mannich bases bearing methyl (44b), methoxy (44i) and fluoro (44d) groups on the 

C2 aryl ring, chloro (44m) group on imidazo[1,2-a]pyridine nucleus reacted smoothly with 

different alcohols (MeOH, EtOH and HFIP) in the presence of PIDA to give corresponding 

alkoxylated products (47ba-47ma) in good to excellent (74-92%) yields. Similarly, Mannich 

bases with methyl (44n) and chloro (44o) groups on the pyridine ring also participated in the 

reaction and gave corresponding alkoxylated products 47na-47oa in excellent yield (83-89%). 

Table 1.3 Substrate scope for alkoxylated derivativesa,b 

 

aReaction conditions: 44 (0.5 mmol), PIDA (1.5 equiv.), ROH (46) (5 mL), 50 °C for 3 h. 
bIsolated yields. 
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Next, scope of the reaction for Mannich bases derived from imidazo[1,2-a]pyridines and ani-

lines was studied (Table 1.4). To our satisfaction, rearranged product methoxymethyl amines 

50 were obtained in good to excellent yields (73-81%) from the reaction of 48 with PIDA in 

methanol. On the other hand, (aryl(2-aryllimidazo[1,2-a]pyridin-3-yl)amino)methanols 49 

were obtained when 48 was allowed to react with PIDA in toluene. Results from these reactions 

indicated that the pyridyl ring has no specific role in the 1,2-ipso-migration in Mannich bases. 

Structure of compounds 49 and 50 was confirmed by NMR (1H, 13C) and HRMS analysis. Fur-

ther, structure of 49a was also elucidated by single crystal X-ray diffraction analysis (CCDC 

1986133) (Figure 1.15). It is worth mentioning that the reaction of N-((1-tosyl-1H-indol-3-

yl)methyl)aniline with PIDA in toluene resulted 1-tosyl-1H-indole-3-carbaldehyde instead of 

the desired rearranged product. Formation of 3-formylindole derivative can be explained via 

PIDA mediated oxidation of secondary amine to imine followed by hydrolysis.69   

Table 1.4 Substrate scope for Mannich bases derived from arylaminesa,b 

 
aReaction conditions: 48 (0.5 mmol), PIDA (1.5 equiv.), MeOH (5 mL), 50 °C for 3 h. bIsolated 
yields. 
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Figure 1.15 ORTEP diagram of 49a (CCDC No 1913162).  The thermal ellipsoids are drawn 

at 50% probability level 

Furthermore, to evaluate the potentiality of the developed methodology for the large-scale syn-

thesis of acetoxylated and alkoxylated compounds, we performed gram-scale reaction of 44a 

(1.5 g) under standard reaction conditions in toluene and MeOH (Scheme 1.12). To our expec-

tation, the desired products 45a and 47aa were obtained in 84% and 82% yields, respectively. 

 

Scheme 1.12 Gram scale experiment 

To demonstrate the synthetic utility of the developed protocol, acetoxylated derivatives 45 were 

transformed to 3-(pyridin-2-yl)aminoimidazo[1,2-a]pyridines (Scheme 1.13). On stirring ace-

toxylated product 45a with NaHCO3 for 2 h in MeOH, 2-phenyl-N-(pyridin-2-yl)imidazo[1,2-

a]pyridin-3-amine (51a) was obtained in 95% yield. Similarly, 2-aryl-N-(pyridin-2-yl)ami-

noimidazo[1,2-a]pyridines 51b, 51c and 51m were obtained in 93%, 92% and 96% yields from 

45b, 45c and 45m, respectively. This is noteworthy to mention that the purity of the products 

51 was obtained in >96% through HPLC analysis without using column chromatography. The 

3-arylaminoimidazo[1,2-a]pyridines are generally prepared by the Groebke-Blackburn-

Bienaymé reaction which require isocyanides as one of the substrate.70 The developed method 
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provides a simple and straightforward synthetic strategy for the preparation of bioactive 3-ar-

ylaminoimidazo[1,2-a]pyridines.71-72   

 

Scheme 1.13 Synthetic utility: removal of methyl acetate 

To gain an insight into the mechanism for the oxidative 1,2-migration followed by functionali-

zation, a set of control experiments were performed (Scheme 1.14). First, to confirm the role 

of PIDA, we performed the reaction of 44a in toluene and methanol in the absence of PIDA. 

The reaction did not produce the corresponding products 45a and 47aa, justifying the essential 

role of PIDA in the reaction (Scheme 1.14a). Second, reaction of 44a under standard reaction 

conditions in the presence of different radical scavengers including 2,2,6,6-tetramethylpiperi-

dine-1-oxy (TEMPO), 1,2-diphenylethylene (DPE) and butylated hydroxytoluene (BHT) re-

sulted 45a in 86%, 88% and 89% yields, respectively (Scheme 1.14b). Similarly, product 47aa 

was also formed in 84% yield from the reaction of 44a with PIDA in methanol in the presence 

of TEMPO (Scheme 1.14c). The results from radical scavengers experiments ruled out the in-

volvement of the radical pathway which is in stark contrast to what is observed by Murai in the 

PIDA-mediated direct 1,2-C-to-N migration of amines.61-62 Based on these results and effect of 

substituents on C2 aryl ring on the yields of products, we believe that the reaction involves a 

non-radical, ionic mechanism. 
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Scheme 1.14 Control experiments 

Based on the control experiments and literature reports,73-74 a plausible mechanistic pathway is 

depicted in Scheme 1.15. It is believed that initially, the reaction of 44 with PhI(OCOCH3)2 

gives the iodinated intermediate A with the removal of acetic acid. The intermediate A is further 

converted into a Wheland-type aziridine intermediate B via nucleophilic ipso-attack of imid-

azo[1,2-a]pyridinyl group and subsequent removal of iodobenzene and acetate group . The in-

termediate B is then attacked by acetate/alkoxy nucleophile at strained methylene carbon initial 

and results in the formation of [1,2]-ipso-migrated acetoxylated or alkoxylated product 45/47. 

 

Scheme 1.15 Proposed reaction mechanism 
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1.3 CONCLUSIONS 
In summary, this chapter delineates a novel protocol for the preparation of 3-amino-imid-

azo[1,2-a]pyridine derivatives in moderate to excellent yields through PIDA-mediated [1,2]-

ipso-migration in Mannich bases derived from imidazo[1,2-a]pyridines, 2-aminopyridines/ar-

ylamines and formaldehyde. The reaction is believed to proceed through [1,2]-ipso-heteroaryl 

migration via the formation of a Wheland-type aziridine intermediate followed by nucleophile-

assisted ring opening reaction. The protocol is amenable for a scale-up reaction and the acetox-

ylated products 45 were easily transformed to the corresponding 2-aryl-N-(pyridin-2-yl)imid-

azo[1,2-a]pyridin-3-amines 51 by treating with NaHCO3 in methanol. Given the high pharma-

ceutical importance of 3-amino-imidazo[1,2-a]pyridine derivatives, the newly developed meth-

odology will be useful for the synthesis of highly versatile 3-arylaminoimidazo[1,2-a]pyridines 

under metal-free and mild conditions. 

1.4 EXPERIMENTAL SECTION 
1.4.1. General Information   

Melting points were determined in open capillary tubes on EZ-Melt automated melting point 

apparatus and are uncorrected. All the compounds were fully characterized by 1H, 13C{1H}, and 

further confirmed by ESI-HRMS analysis. Reactions were monitored by using thin layer chro-

matography (TLC) on 0.2 mm silica gel F254 plates (Merck). 1H and 13C{1H} NMR spectra 

were recorded on Bruker Avance 400 NMR spectrometer at 400 MHz and 100 MHz frequency, 

respectively, with CDCl3 as the solvent using TMS as an internal standard. Peak multiplicities 

of 1H NMR signals were designated as s (singlet), d (doublet), dd (doublet of doublet), dt (dou-

blet of triplet), td (triplet of doublet), t (triplet), q (quartet), m (multiplet), etc. Chemical shifts 

(δ) and coupling constants (J) are reported in parts per million (ppm) relative to the residual 

signal of TMS in deuterated solvents and hertz, respectively. ESI-HRMS were recorded using 

Agilent 6545 Q-TOF LC/MS. IR spectra were recorded using an FT-IR spectrophotometer, and 

values are reported in cm−1. Column chromatography was performed over silica gel (60-120 

mesh) using EtOAc–hexanes as eluent. All the chemicals were obtained from the commercial 

suppliers and used without further purification. The Mannich bases of imidazo[1,2-a]pyridines 

(44 and 48) were prepared either by the reaction of 2-arylimidazo[1,2-a]pyridines (5.33 mmol) 
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and 2-aminopyridines in TBHP75 or by reductive amination of 2-arylimidazo[1,2-a]pyridine-3-

carbaldehyde (5.33 mmol) with arylamines.76  

1.4.2 Experimental Procedure for the Preparation of Acetoxy Products (45) or Hemiami-

nals (49) 

To a solution of 44 or 48 (0.5 mmol; 1 equiv.) in toluene (5 mL) was added PhI(OAc)2 (1.5 

equiv.) at room temperature and the reaction mixture was stirred at 50 °C for 3 h. After com-

pletion of the reaction, observed by TLC, the mixture was allowed to attain room temperature. 

The reaction mixture was poured into water (20 mL) and extracted with ethyl acetate (3 × 15 

mL). The combined organic layer was dried over anhydrous Na2SO4 and evaporated under vac-

uum. The resulting crude solid was purified by column chromatography (silica gel 60-120 

mesh) using EtOAc-hexanes as an eluent to afford 45 or 49. 

((2-Phenylimidazo[1,2-a]pyridin-3-yl)(pyridin-2-yl)amino)methyl acetate (45a): White solid; 

161 mg, 90% yield; Eluent system: EtOAc:hexanes (25:75); mp = 195-

196 °C; 1H NMR (400 MHz, CDCl3) δ = 8.42-8.40 (m, 1H), 7.94-7.91 

(m, 2H), 7.85 (d, J = 6.8 Hz, 1H), 7.70 (d, J = 9.0 Hz, 1H), 7.48-7.43 

(m, 1H), 7.40-7.36 (m, 2H), 7.33-7.25 (m, 2H), 6.91 (ddd, J = 7.3, 5.0, 

0.9 Hz, 1H), 6.79 (td, J = 6.7, 1.2 Hz, 1H), 6.42 (d, J = 10.3 Hz, 1H), 6.27 (d, J = 8.4 Hz, 1H), 

5.69 (d, J = 10.2 Hz, 1H), 1.89 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 170.6, 155.5, 

148.6, 143.2, 139.7, 138.8, 132.7, 128.6, 128.2, 126.8, 125.6, 122.5, 119.7, 118.0, 116.8, 112.5, 

107.9, 74.2, 20.9; HRMS (ESI) m/z: [M + H]+ Calcd for C21H19N4O2  359.1503; found 

359.1503. 

(Pyridin-2-yl(2-(p-tolyl)imidazo[1,2-a]pyridin-3-yl)amino)methyl acetate (45b): White solid; 

169 mg, 91% yield; Eluent system: EtOAc:hexanes (25:75); mp = 195-

196 °C; 1H NMR (400 MHz, CDCl3) δ = 8.40-8.38 (m, 1H), 7.83-7.79 

(m, 3H), 7.67 (dt, J = 9.0, 1.1 Hz, 1H), 7.45-7.40 (m, 1H), 7.27-7.23 

(m, 1H, overlapped with CDCl3 residual signal), 7.17 (d, J = 8.0 Hz, 

2H), 6.90-6.87 (m, 1H), 6.76 (td, J = 6.7, 1.1 Hz, 1H), 6.42 (d, J = 10.2 Hz, 1H), 6.23 (d, J = 

8.4 Hz, 1H), 5.64 (d, J = 10.2 Hz, 1H), 2.33 (s, 3H), 1.90 (s, 3H); 13C{1H} NMR (100 MHz, 

CDCl3) δ = 170.6, 155.5, 148.6, 143.1, 139.7, 138.7, 138.1, 129.8, 129.4, 126.7, 125.4, 122.5, 

119.4, 117.9, 116.8, 112.3, 108.0, 74.4, 21.2, 20.9; HRMS (ESI) m/z: [M + H]+ Calcd for  

C22H21N4O2
+ 373.1659; found 373.1651. 
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((2-(4-Methoxyphenyl)imidazo[1,2-a]pyridin-3-yl)(pyridin-2-yl)amino)methyl acetate (45c): 

White solid; 180 mg, 93% yield; Eluent system: EtOAc:hexanes 

(30:70); mp = 167-169 °C; 1H NMR (400 MHz, CDCl3) δ = 8.41-8.39 

(m, 1H), 7.87-7.83 (m, 2H), 7.82 (dt, J = 6.8, 1.2 Hz, 1H), 7.66 (dt, J 

= 9.0, 1.1 Hz, 1H), 7.45-7.41 (m, 1H), 7.27-7.22 (m, 1H, overlapped 

with CDCl3 residual signal), 6.92-6.87 (m, 3H), 6.76 (td, J = 6.7, 1.1 Hz, 1H), 6.41 (d, J = 10.2 

Hz, 1H), 6.24 (d, J = 8.4 Hz, 1H), 5.67 (d, J = 10.2 Hz, 1H), 3.81 (s, 3H), 1.91 (s, 3H); 13C{1H} 

NMR (100 MHz, CDCl3) δ = 170.7, 159.7, 155.5, 148.6, 143.1, 139.6, 138.8, 128.1, 125.4, 

125.3, 122.4, 118.8, 117.8, 116.8, 114.1, 112.3, 108.0, 74.3, 55.2, 21.0; HRMS (ESI) m/z: [M 

+ H]+ Calcd for C22H21N4O3
+ 389.1608; found 389.1598. 

((2-(4-Fluorophenyl)imidazo[1,2-a]pyridin-3-yl)(pyridin-2-yl)amino)methyl acetate (45d): 

White solid; 152 mg, 81% yield; Eluent system: EtOAc:hexanes 

(25:75); mp = 177-179 °C; 1H NMR (400 MHz, CDCl3) δ = 8.41 (d, 

J = 4.6 Hz, 1H), 7.92-7.89 (m, 2H), 7.84 (d, J = 6.8 Hz, 1H), 7.69 

(d, J = 9.1 Hz, 1H), 7.49-7.44 (m, 1H), 7.31-7.27 (m, 1H), 7.07 (t, J 

= 8.7 Hz, 2H), 6.92 (dd, J = 6.8, 5.2 Hz, 1H), 6.81 (t, J = 6.6 Hz, 1H), 6.37 (d, J = 10.2 Hz, 1H), 

6.26 (d, J = 8.4 Hz, 1H), 5.72 (d, J = 10.2 Hz, 1H), 1.91 (s, 3H); 13C{1H} NMR (100 MHz, 

CDCl3) δ = 170.6, 162.7 (d, 1JC-F = 246 Hz), 155.4, 148.7, 143.1, 138.9, 138.8, 128.9 (d, 3JC-F 

= 3.0 Hz), 128.7 (d, 3JC-F = 8.0 Hz), 125.7, 122.5, 119.4, 118.0, 117.0, 115.6 (d, 2JC-F = 22 Hz), 

112.6, 107.8, 74.1, 20.9; HRMS (ESI) m/z: [M + H]+ Calcd for C21H18FN4O2
+ 377.1408; found 

377.1420. 

((2-(4-Chlorophenyl)imidazo[1,2-a]pyridin-3-yl)(pyridin-2-yl)amino)methyl acetate (45e): 

White solid; 166 mg, 80% yield; Eluent system: EtOAc:hexanes 

(25:75); mp = 164-166 °C; 1H NMR (400 MHz, CDCl3) δ = 8.39 (d, J 

= 3.0 Hz, 1H), 7.86-7.81 (m, 3H), 7.66 (d, J = 9.0 Hz, 1H), 7.46-7.42 

(m, 1H), 7.34-7.26 (m, 3H, overlapped with CDCl3 residual signal), 

6.90 (d, J = 7.4, 5.0 Hz, 1H), 6.79 (t, J = 6.8 Hz, 1H), 6.34 (d, J = 10.3 Hz, 1H), 6.23 (d, J = 8.4 

Hz, 1H), 5.69 (d, J = 10.3 Hz, 1H), 2.97 (unassigned impurity other than compound), 1.89 (s, 

3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 170.6, 155.3, 148.7, 143.2, 138.9, 138.6, 134.1, 

131.2, 128.8, 128.1, 125.8, 122.5, 119.8, 118.0, 117.0, 112.7, 107.8, 74.1, 20.9; HRMS (ESI) 

m/z: [M + H]+ Calcd for C21H18ClN4O2
+ 393.1113; found 393.1115. 
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((2-(4-Bromophenyl)imidazo[1,2-a]pyridin-3-yl)(pyridin-2-yl)amino)methyl acetate (45f): 

White solid; 181 mg, 83% yield; Eluent system: EtOAc:hexanes 

(20:80); mp = 174-176 °C; 1H NMR (400 MHz, CDCl3) δ = 8.40-8.38 

(m, 1H), 7.83-7.78 (m, 3H), 7.67 (d, J = 9.1 Hz, 1H), 7.50-7.42 (m, 

3H), 7.30-7.27 (m, 1H), 6.91 (dd, J = 6.9, 5.2 Hz, 1H), 6.79 (td, J = 

6.8, 0.8 Hz, 1H), 6.34 (d, J = 10.3 Hz, 1H), 6.23 (d, J = 8.4 Hz, 1H), 5.69 (d, J = 10.3 Hz, 1H), 

1.90 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 170.6, 155.3, 148.7, 143.2, 138.8, 138.6, 

131.8, 131.7, 128.4, 125.8, 122.5, 122.4, 119.8, 118.1, 117.0, 112.7, 107.8, 74.1, 20.9; HRMS 

(ESI) m/z: [M + H]+ Calcd for C21H18BrN4O2
+ 437.0608; found 437.0593. 

((2-(4-Cyanophenyl)imidazo[1,2-a]pyridin-3-yl)(pyridin-2-yl)amino)methyl acetate (45g): 

Colorless semi-solid; 147.5 mg, 77% yield; Eluent system: 

EtOAc:hexanes (25:75); 1H NMR (400 MHz, CDCl3) δ = 8.40 (d, 

J = 4.0 Hz, 1H), 8.04 (d, J = 8.4 Hz, 2H), 7.83 (d, J = 6.8 Hz, 1H), 

7.68 (d, J = 9.1 Hz, 1H), 7.64 (d, J = 8.3 Hz, 2H), 7.49-7.45 (m, 

1H), 7.34-7.29 (m, 1H), 6.93 (dd, J = 7.3, 5.0 Hz, 1H), 6.83 (t, J = 6.8 Hz, 1H), 6.32 (d, J = 

10.4 Hz, 1H), 6.25 (d, J = 8.3 Hz, 1H), 5.72 (d, J = 10.4 Hz, 1H), 1.89 (s, 3H); 13C{1H} NMR 

(100 MHz, CDCl3) δ = 170.5, 155.0, 148.8, 143.4, 139.0, 137.5, 137.3, 132.5, 132.4, 127.2, 

126.4, 122.6, 121.0, 118.8, 118.3, 117.3, 113.1, 111.4, 107.8, 74.0, 20.9; HRMS (ESI) m/z: [M 

+ H]+ Calcd for C22H18N5O2
+ 384.1455, found 384.1443. 

(Pyridin-2-yl(2-(4-(trifluoromethyl)phenyl)imidazo[1,2-a]pyridin-3-yl)amino)methyl acetate 

(45h): White solid; 147 mg, 69% yield; Eluent system: EtOAc:hex-

anes (25:75); mp = 144-146 °C; 1H NMR (400 MHz, CDCl3) δ = 8.40 

(d, J = 5.0 Hz, 1H), 8.03 (d, J = 8.1 Hz, 2H), 7.84 (d, J = 6.9 Hz, 1H), 

7.70 (d, J = 9.1 Hz, 1H), 7.62 (d, J = 8.1 Hz, 2H), 7.47 (t, J = 8.0 Hz, 

1H), 7.30 (t, J = 7.8 Hz, 1H), 6.92 (t, J = 6.0 Hz, 1H), 6.82 (t, J = 6.8 Hz, 1H), 6.33 (d, J = 10.4 

Hz, 1H), 6.26 (d, J = 8.4 Hz, 1H), 5.72 (d, J = 10.3 Hz, 1H), 1.88 (s, 3H); 13C{1H} NMR (100 

MHz, CDCl3) δ = 170.6, 155.2, 148.8, 143.3, 138.9, 138.2, 136.3, 129.9 (q, 2JC-F = 32 Hz), 

127.0, 126.1, 125.6 (q, 3JC-F = 3.0 Hz), 124.1 (q, 1JC-F = 270 Hz), 122.6, 120.6, 118.3, 117.1, 

112.9, 107.8, 74.0, 20.9; HRMS (ESI) m/z: [M + H]+ Calcd for C22H18F3N4O2
+ 427.1376; found 

427.1359. 
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((2-(3-Methoxyphenyl)imidazo[1,2-a]pyridin-3-yl)(pyridin-2-yl)amino)methyl acetate (45i):  

White solid; 87 mg, 45% yield; Eluent system: EtOAc:hexanes (30:70); 

mp = 97–99 °C; 1H NMR (400 MHz, CDCl3) δ 8.42 (d, J = 5.2 Hz, 

1H), 7.87 (d, J = 6.8 Hz, 1H), 7.72 (d, J = 9.2 Hz, 1H), 7.52–7.46 (m, 

3H), 7.32–7.27 (m, 2H), 6.94–6.87 (m, 2H), 6.82 (t, J = 6.8 Hz, 1H), 

6.42 (d, J = 10.0 Hz, 1H), 6.28 (d, J = 8.4 Hz, 1H), 5.72 (d, J = 10.4 Hz, 1H), 3.77 (s, 3H), 1.92 

(s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 170.6, 159.8, 155.6, 148.6, 143.1, 139.6, 138.8, 

134.0, 129.7, 125.6, 122.5, 119.9, 119.2, 118.1, 116.9, 114.9, 112.6, 111.6, 108.0, 74.2, 55.2, 

20.9; HRMS (ESI) m/z: [M + H]+ Calcd for C22H21N4O3
+ 389.1608; found 389.1598. 

(Pyridin-2-yl(2-(thiophen-2-yl)imidazo[1,2-a]pyridin-3-yl)amino)methyl acetate (45j): White 

solid; 153 mg, 84% yield; Eluent system: EtOAc:hexanes (30:70); mp = 

116-118 °C; 1H NMR (400 MHz, CDCl3) δ = 8.40 (d, J = 3.9 Hz, 1H), 

7.87 (d, J = 6.7 Hz, 1H), 7.67 (d, J = 9.1 Hz, 1H), 7.46 (d, J = 3.2 Hz, 

1H), 7.44-7.40 (m, 1H), 7.31-7.25 (m, 2H), 7.04 (dd, J = 4.8, 3.8 Hz, 

1H), 6.89 (dd, J = 6.9, 5.2 Hz, 1H), 6.80 (t, J = 6.6 Hz, 1H), 6.54 (d, J = 10.3 Hz, 1H), 6.20 (d, 

J = 8.4 Hz, 1H), 5.68 (d, J = 10.3 Hz, 1H), 2.98 (unassigned impurity other than compound), 

1.98 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 170.6, 155.1, 148.5, 143.3, 138.7, 135.9, 

135.3, 127.8, 126.0, 125.8, 124.9, 122.5, 118.5, 117.8, 117.0, 112.6, 108.0, 74.2, 21.1; HRMS 

(ESI) m/z: [M + H]+ Calcd for C19H17N4O2S+ 365.1067; found 365.1058. 

((6-Methyl-2-phenylimidazo[1,2-a]pyridin-3-yl)(pyridin-2-yl)amino)methyl acetate (45k): 

White solid; 164 mg, 88% yield; Eluent system: EtOAc:hexanes 

(25:75); mp = 169-171 °C; 1H NMR (400 MHz, CDCl3) δ = 8.42-8.40 

(m, 1H), 7.89-7.86 (m, 2H), 7.60-7.56 (m, 2H), 7.46-7.42 (m, 1H), 

7.37-7.33 (m, 2H), 7.30-7.25 (m, 1H, overlapped with CDCl3 residual 

signal), 7.11 (dd, J = 9.2, 1.7 Hz, 1H), 6.92-6.89 (m, 1H), 6.33 (d, J = 10.3 Hz, 1H), 6.25 (dt, J 

= 8.4, 1.0 Hz, 1H), 5.75 (d, J = 10.2 Hz, 1H), 2.98 (unassigned impurity other than compound), 

2.27 (s, 3H), 1.86 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 170.6, 155.6, 148.6, 142.2, 

139.5, 138.8, 132.8, 128.8, 128.6, 128.1, 126.7, 122.4, 120.0, 119.3, 117.4, 116.8, 108.0, 74.1, 

20.9, 18.3; HRMS (ESI) m/z: [M + H]+ Calcd for C22H21N4O2
+ 373.1659; found 373.1649. 
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((7-Methyl-2-phenylimidazo[1,2-a]pyridin-3-yl)(pyridin-2-yl)amino)methyl acetate (45l): 

White solid; 158 mg, 85% yield; Eluent system: EtOAc:hexanes 

(25:75); mp = 163-165 °C; 1H NMR (400 MHz, CDCl3) δ = 8.41 (dd, 

J = 5.0, 1.8 Hz, 1H), 7.90 (d, J = 7.2 Hz, 2H), 7.72 (d, J = 6.9 Hz, 1H), 

7.46-7.42 (m, 2H), 7.36 (t, J = 7.2 Hz, 2H), 7.29 (t, J = 7.2 Hz, 1H), 

6.90 (dd, J = 7.3, 5.0 Hz, 1H), 6.62 (dd, J = 7.0, 1.6 Hz, 1H), 6.42 (d, J = 10.2 Hz, 1H), 6.26 

(d, J = 8.4 Hz, 1H), 5.67 (d, J = 10.2 Hz, 1H), 2.43 (s, 3H), 1.90 (s, 3H); 13C{1H} NMR (100 

MHz, CDCl3) δ = 170.7, 155.6, 148.5, 143.6, 139.3, 138.7, 136.6, 132.8, 128.6, 128.1, 126.7, 

121.8, 119.2, 116.8, 116.4, 115.1, 108.0, 74.3, 21.4, 21.0; HRMS (ESI) m/z: [M + H]+ Calcd 

for C22H21N4O2
+ 373.1659; found 373.1645. 

((6-Chloro-2-phenylimidazo[1,2-a]pyridin-3-yl)(pyridin-2-yl)amino)methyl acetate (45m): 

White solid; 161 mg, 82% yield; Eluent system: EtOAc:hexanes 

(25:75); mp = 170-172 °C; 1H NMR (400 MHz, CDCl3) δ = 8.41 (d, 

J = 4.0 Hz, 1H), 7.89-7.86 (m, 3H), 7.62 (d, J = 9.5 Hz, 1H), 7.48 (t, 

J = 8.2 Hz, 1H), 7.38-7.29 (m, 3H), 7.23 (dd, J = 9.5, 2.0 Hz, 1H), 

6.93 (t, J = 6.1 Hz, 1H), 6.40 (d, J = 10.4 Hz, 1H), 6.27 (d, J = 8.4 Hz, 1H), 5.64 (d, J = 10.3 

Hz, 1H), 1.91 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 170.6, 155.1, 148.7, 141.5, 140.7, 

138.9, 132.3, 128.7, 128.5, 127.0, 126.8, 121.0, 120.5, 120.2, 118.4, 117.2, 107.8, 74.1, 20.9; 

HRMS (ESI) m/z: [M + H]+ Calcd for C21H18ClN4O2
+ 393.1113; found 393.1110. 

((4-Methylpyridin-2-yl)(2-phenylimidazo[1,2-a]pyridin-3-yl)amino)methyl acetate (45n): 

White solid; 165.5 mg, 89% yield; Eluent system: EtOAc:hexanes 

(25:75); mp = 156-158 °C; 1H NMR (400 MHz, CDCl3) δ = 8.25 (d, J 

= 5.1 Hz, 1H), 7.92-7.90 (m, 2H), 7.82 (dt, J = 6.8, 1.2 Hz, 1H), 7.69 

(d, J = 9.0 Hz, 1H), 7.38-7.34 (m, 2H), 7.31-7.24 (m, 2H, overlapped 

with CDCl3 residual signal), 6.77 (td, J = 6.8, 0.8 Hz, 1H), 6.72 (d, J = 

5.0 Hz, 1H), 6.37 (d, J = 10.2 Hz, 1H), 6.06 (s, 1H), 5.66 (d, J = 10.3 Hz, 1H), 2.10 (s, 3H), 

1.86 (s, 3H) ppm; 13C{1H} NMR (100 MHz, CDCl3) δ = 170.6, 155.7, 150.2, 148.2, 143.2, 

139.6, 132.7, 128.6, 128.2, 126.8, 125.6, 122.6, 119.9, 118.4, 118.0, 112.5, 108.1, 74.4, 21.2, 

20.9 ppm; HRMS (ESI) m/z: [M + H]+ Calcd for C22H21N4O2
+ 373.1659; found 373.1670. 
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((5-Chloropyridin-2-yl)(2-phenylimidazo[1,2-a]pyridin-3-yl)amino)methyl acetate (45o): 

White solid; 170.5 mg, 87% yield; Eluent system: EtOAc:hexanes 

(25:75); mp = 156-158 °C; 1H NMR (400 MHz, CDCl3) δ = 8.32 (d, J = 

2.5 Hz, 1H), 7.87 (d, J = 7.8 Hz, 2H), 7.81 (d, J = 6.8 Hz, 1H), 7.69 (d, J 

= 9.1 Hz, 1H), 7.41-7.27 (m, 5H), 6.80 (t, J = 6.8 Hz, 1H), 6.33 (d, J = 

10.3 Hz, 1H), 6.21 (d, J = 8.8 Hz, 1H), 5.63 (d, J = 10.3 Hz, 1H), 1.88 (s, 

3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 170.5, 153.9, 147.1, 143.2, 139.7, 138.5, 132.5, 

128.7, 128.4, 126.8, 125.8, 124.4, 122.4, 119.3, 118.1, 112.7, 108.9, 74.3, 20.9; HRMS (ESI) 

m/z: [M + H]+ Calcd for C21H18ClN4O2
+ 393.1113; found 393.1100. 

((2-(tert-Butyl)imidazo[1,2-a]pyridin-3-yl)(pyridin-2-yl)amino)methyl acetate (45p): White 

solid; 71 mg, 42% yield; Eluent system: EtOAc:hexanes (40:60); mp = 

126–128 °C; 1H NMR (400 MHz, CDCl3) δ 8.36 (d, J = 4.0 Hz, 1H), 7.86 

(d, J = 6.8 Hz, 1H), 7.64 (d, J = 9.2 Hz, 1H), 7.45–7.40 (m, 1H), 7.22 (t, J 

= 8.0 Hz, 1H), 6.86 (dd, J = 7.2, 5.0 Hz, 1H), 6.73 (t, J = 6.8 Hz, 1H), 6.63 

(d, J = 10.0 Hz, 1H), 6.04 (d, J = 8.4 Hz, 1H), 5.52 (d, J = 10.4 Hz, 1H), 2.06 (s, 3H), 1.41 (s, 

9H); 13C{1H} NMR (100 MHz, CDCl3) δ 170.7, 155.9, 150.0, 148.3, 142.3, 138.3, 125.0, 122.6, 

119.0, 117.6, 116.4, 111.8, 108.1, 76.0, 33.3, 30.0, 21.2; HRMS (ESI) m/z: [M + H]+ Calcd for 

C19H23N4O2
+ 339.1816; found 339.1425. 

(Phenyl(2-phenylimidazo[1,2-a]pyridin-3-yl)amino)methanol (49a): White solid; 119 mg, 75% 

yield; Eluent system: EtOAc:hexanes (35:65); mp = 135-137 °C;  1H 

NMR (400 MHz, CDCl3) δ 7.86 (d, J = 7.4 Hz, 2H), 7.79 (d, J = 6.8 Hz, 

1H), 7.45 (d, J = 9.0 Hz, 1H), 7.26 – 7.22 (m, 5H), 7.10 (dd, J = 9.1, 6.6 

Hz, 1H), 6.93 (t, J = 7.3 Hz, 1H), 6.85 (d, J = 8.2 Hz, 2H), 6.62 (t, J = 

6.7 Hz, 1H), 5.37 (d, J = 11.5 Hz, 1H), 5.13 (d, J = 11.2 Hz, 1H); 13C{1H} NMR (100 MHz, 

CDCl3): δ 145.0, 142.5, 138.4, 132.6, 129.8, 128.6, 128.0, 126.6, 125.4, 123.1, 122.1, 120.6, 

117.2, 114.4, 112.3, 76.1; HRMS (ESI) m/z: [M + H]+ Calcd for C20H18N3O+ 316.1444; found 

316.1431. 
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((2-Phenylimidazo[1,2-a]pyridin-3-yl)(p-tolyl)amino)methanol (49b): Off-white solid; 119 

mg, 72% yield; Eluent system: EtOAc:hexanes (35:65); mp = 140-142 

°C; 1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 7.3 Hz, 2H), 7.83 (d, J = 

6.8 Hz, 1H), 7.53 (d, J = 9.1 Hz, 1H), 7.34 – 7.25 (m, 3H), 7.16 – 7.13 

(m, 1H), 7.07 (d, J = 8.0 Hz, 2H), 6.78 (d, J = 8.1 Hz, 2H), 6.67 – 6.63 

(m, 1H), 5.34 (s, 1H), 5.14 (s, 1H), 2.29 (s, 3H); 13C{1H} NMR (100 

MHz, CDCl3) δ 142.6, 138.6, 132.9, 130.3, 130.0, 128.0, 127.1, 126.6, 125.3, 123.2, 122.4, 

117.4, 114.3, 113.5, 112.3, 76.5, 20.4; HRMS (ESI) m/z: [M + H]+ Calcd for C21H20N3O+ 

330.1601; found 330.1599. 

((2-(4-Methoxyphenyl)imidazo[1,2-a]pyridin-3-yl)(p-tolyl)amino)methanol (49c): White solid; 

140 mg, 78% yield; Eluent system: EtOAc:hexanes (40:60); mp = 

118-120 °C;  1H NMR (400 MHz, CDCl3) δ 7.88 – 7.86 (m, 2H), 

7.82 (dt, J = 6.8, 1.2 Hz, 1H), 7.54 (dt, J = 9.0, 1.1 Hz, 1H), 7.16 

(ddd, J = 9.0, 6.7, 1.3 Hz, 1H), 7.09 – 7.04 (m, 2H), 6.89 – 6.84 (m, 

2H), 6.80 – 6.75 (m, 2H), 6.67 (td, J = 6.8, 1.1 Hz, 1H), 5.32 (s, 

1H), 5.16 (s, 1H), 3.81 (s, 3H), 2.29 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 159.5, 142.6, 

142.5, 138.7, 130.3, 129.9, 128.0, 125.5, 125.1, 122.9, 121.5, 117.3, 114.2, 114.1, 112.1, 76.2, 

55.2, 20.4; HRMS (ESI) m/z: [M + H]+ Calcd for  C22H22N3O2
+ 360.1707; found 360.1693. 

((4-Chlorophenyl)(2-phenylimidazo[1,2-a]pyridin-3-yl)amino)methanol (49d): White solid; 

124 mg, 71% yield; Eluent system: EtOAc:hexanes (45:55); mp = 173–

175 °C; 1H NMR (400 MHz, CDCl3) δ 7.84–7.82 (m, 2H), 7.77 (dd, J = 

6.6, 1.4 Hz, 1H), 7.50–7.46 (m, 1H), 7.26–7.24 (m, 3H), 7.20–7.12 (m, 

3H), 6.77 (d, J = 8.8 Hz, 2H), 6.67 (t, J = 6.8 Hz, 1H), 5.30 (d, J = 11.6 

Hz, 1H), 5.12 (d, J = 11.6 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 

143.7, 142.6, 138.6, 132.4, 129.6, 128.6, 128.2, 126.5, 125.7, 125.5, 122.8, 121.6, 117.4, 115.6, 

112.5, 76.2; HRMS (ESI) m/z: [M + H]+ Calcd for  C20H17ClN3O+ 350.1055; found 350.1051. 

1.4.3 Experimental Procedure for the Preparation of Alkoxy Product (47 or 50). 

To a solution of 44 or 48 (0.5 mmol; 1 equiv.) in alcohol (5 mL) was added PhI(OAc)2 (1.5 

equiv.) at room temperature and the reaction mixture was stirred at 50 °C for 3 h. After com-

pletion of the reaction, alcohol was evaporated under vacuum. The resulting crude solid was 
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purified by column chromatography (silica gel 60-120 mesh) using EtOAc-hexanes as an eluent 

to afford 47 or 50. 

N-(Methoxymethyl)-2-phenyl-N-(pyridin-2-yl)imidazo[1,2-a]pyridin-3-amine (47aa): White 

solid; 148.5 mg, 90% yield; Eluent system: EtOAc:hexanes (35:65); 

mp = 116-117 °C; 1H NMR (400 MHz, CDCl3) δ = 8.39 (d, J = 3.2 Hz, 

1H), 7.97-7.94 (m, 3H), 7.68 (d, J = 9.1 Hz, 1H), 7.44-7.37 (m, 3H), 

7.33-7.25 (m, 2H), 6.85 (dd, J = 6.7, 5.3 Hz, 1H), 6.78 (t, J = 6.6 Hz, 

1H), 6.22 (d, J = 8.4 Hz, 1H), 5.94 (d, J = 9.5 Hz, 1H), 4.72 (d, J = 9.5 Hz, 1H), 3.36 (s, 3H) ; 
13C{1H} NMR (100 MHz, CDCl3) δ = 156.2, 148.6, 143.1, 138.7, 138.5, 133.0, 128.7, 128.1, 

126.6, 125.4, 123.2, 121.1, 117.7, 116.1, 112.3, 107.8, 82.0, 56.6 ; HRMS (ESI) m/z: [M + H]+ 

Calcd for C20H19N4O+ 331.1553; found 331.1554. 

N-(Ethoxymethyl)-2-phenyl-N-(pyridin-2-yl)imidazo[1,2-a]pyridin-3-amine (47ab): White 

solid; 136 mg, 79% yield; Eluent system: EtOAc:hexanes (32:68); mp 

= 120-122 °C; 1H NMR (400 MHz, CDCl3) δ = 8.36-8.34 (m, 1H), 

7.94-7.91 (m, 3H), 7.66 (d, J = 9.1 Hz, 1H), 7.41-7.34 (m, 3H), 7.31-

7.22 (m, 2H, overlapped with CDCl3 residual signal), 6.82 (dd, J = 6.6, 

5.1 Hz, 1H), 6.75 (td, J = 6.7, 1.2 Hz, 1H), 6.20 (d, J = 8.6 Hz, 1H), 5.98 (d, J = 10.0 Hz, 1H), 

4.78 (d, J = 9.9 Hz, 1H), 3.63-3.55 (m, 1H), 3.55-3.45 (m, 1H), 1.08 (t, J = 7.0 Hz, 3H); 13C{1H} 

NMR (100 MHz, CDCl3) δ = 156.4, 148.5, 143.1, 138.7, 138.5, 133.0, 128.6, 128.0, 126.7, 

125.4, 123.3, 121.1, 117.7, 116.0, 112.1, 107.7, 80.0, 64.8, 15.2; HRMS (ESI) m/z: [M + H]+ 

Calcd for C21H21N4O+ 345.1710; found 345.1715. 

2-Phenyl-N-(pyridin-2-yl)-N-((2,2,2-trifluoroethoxy)methyl)imidazo[1,2-a]pyridin-3-amine 

(47ac): Colorless viscous oil; 132 mg, 78% yield; Eluent system: 

EtOAc:hexanes (35:65); 1H NMR (400 MHz, CDCl3) δ = 8.29-8.27 

(m, 1H), 7.81 (d, J = 7.0 Hz, 3H), 7.59 (d, J = 9.1 Hz, 1H), 7.35-7.26 

(m, 3H), 7.23-7.15 (m, 2H), 6.78 (dd, J = 7.0, 5.2 Hz, 1H), 6.69 (t, J 

= 6.8 Hz, 1H), 6.11 (d, J = 8.4 Hz, 1H), 5.97 (d, J = 10.1 Hz, 1H), 4.94 (d, J = 10.1 Hz, 1H), 

4.05 (q, J = 8.8 Hz, 2H); 13C{1H} NMR (100 MHz, CDCl3) δ = 155.8, 148.4, 143.2, 139.1, 

138.8, 132.8, 128.7, 128.2, 126.7, 125.7, 123.9 (q, 1JC-F = 278 Hz), 122.9, 120.3, 117.8, 116.7, 

112.5, 107.9, 81.7, 67.4 (q, 2JC-F = 34 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C21H18F3N4O+ 

339.1427; found 339.1425. 
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N-(((1,1,1,3,3,3-Hexafluoropropan-2-yl)oxy)methyl)-2-phenyl-N-(pyridin-2-yl)imidazo[1,2-

a]pyridin-3-amine (47ad): White solid; 196 mg, 84% yield; Eluent 

system: EtOAc:hexanes (35:65); mp = 151-153 °C; 1H NMR (400 

MHz, CDCl3) δ = 8.41-8.39 (m, 1H), 7.91-7.88 (m, 3H), 7.70 (d, J 

= 9.1 Hz, 1H), 7.49-7.45 (m, 1H), 7.42-7.27 (m, 4H), 6.96-6.92 (m, 

1H), 6.80 (td, J = 6.8, 1.2 Hz, 1H), 6.23-6.20 (m, 2H), 5.55 (sept, J = 6.1 Hz, 1H), 5.16 (d, J = 

10.8 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ = 155.1, 148.1, 143.3, 139.1, 139.0, 132.6, 

128.8, 128.3, 126.6, 125.9, 122.94, 122.93, 121.8 (q, 1JC-F = 282 Hz), 119.8, 117.8, 117.1, 112.7, 

108.1, 83.9, 75.8 (p, 1JC-F = 32 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C22H17F6N4O+ 

467.1301; found 467.1294. 

N-((Cyclopentyloxy)methyl)-2-phenyl-N-(pyridin-2-yl)imidazo[1,2-a]pyridin-3-amine (47ae): 

Colorless semi-solid; 107.5 mg, 56% yield; Eluent system: 

EtOAc:hexanes (30:70); 1H NMR (400 MHz, CDCl3) δ = 8.33(dd, J 

= 5.0, 1.8 Hz, 1H), 7.96-7.93 (m, 3H), 7.65 (dt, J = 9.0, 1.2 Hz, 1H), 

7.41-7.34 (m, 3H), 7.30-7.21 (m, 2H, overlapped with CDCl3 residual 

signal), 6.80 (dd, J = 7.2, 5.0 Hz, 1H), 6.73 (td, J = 6.8, 0.9 Hz, 1H), 

6.20 (d, J = 8.4 Hz, 1H), 5.99 (d, J = 9.8 Hz, 1H), 4.74 (d, J = 9.8 Hz, 1H), 4.07-4.03 (m, 1H), 

1.65-1.41 (m, 8H); 13C{1H} NMR (100 MHz, CDCl3) δ = 156.4, 148.5, 143.1, 138.7, 138.4, 

133.1, 128.6, 128.0, 126.7, 125.4, 123.6, 121.2, 117.6, 115.9, 111.9, 107.7, 79.7, 78.2, 32.6, 

32.3, 23.5, 23.4; HRMS (ESI) m/z: [M + H]+ Calcd for C24H25N4O+ 385.2023; found 385.2012. 

2-Phenyl-N-((prop-2-yn-1-yloxy)methyl)-N-(pyridin-2-yl)imidazo[1,2-a]pyridin-3-amine 

(47ag): White solid; 134.5 mg, 76% yield; Eluent system: 

EtOAc:hexanes (25:75); mp = 105-107 °C; 1H NMR (400 MHz, 

CDCl3) δ = 8.36 (d, J = 4.0 Hz, 1H), 7.96-7.91 (m, 3H), 7.70 (d, J = 

8.9 Hz, 1H), 7.44-7.35 (m, 3H), 7.32-7.27 (m, 2H), 6.86-6.83 (m, 

1H), 6.78 (t, J = 6.6 Hz, 1H), 6.24 (d, J = 8.4 Hz, 1H), 6.05 (d, J = 10.0 Hz, 1H), 4.89 (d, J = 

10.0 Hz, 1H), 4.33-4.23 (m, 2H), 2.30 (t, J = 2.4 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 

= 156.0, 148.5, 142.9, 138.6, 128.7, 128.2, 126.7, 125.93, 125.90, 123.4, 120.8, 117.5, 116.4, 

112.5, 107.8, 79.8, 79.3, 74.4, 56.5; HRMS (ESI) m/z: [M + H]+ Calcd for C22H19N4O+ 

355.1553; found 355.1556. 
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N-((Allyloxy)methyl)-2-phenyl-N-(pyridin-2-yl)imidazo[1,2-a]pyridin-3-amine (47ah): White 

solid; 94 mg, 53% yield; Eluent system: EtOAc:hexanes (25:75); mp 

= 65-67 °C; 1H NMR (400 MHz, CDCl3) δ = 8.38 (s, 1H), 7.95 (d, J 

= 3.4 Hz, 3H), 7.69 (d, J = 9.1 Hz, 1H), 7.44-7.25 (m, 4H, overlapped 

with CDCl3 residual signal), 6.86-6.75 (m, 2H), 6.23 (d, J = 8.5 Hz, 

1H), 6.02 (d, J = 9.9 Hz, 1H), 5.85-5.76 (m, 1H), 5.17-5.07 (m, 2H), 4.83 (d, J = 9.9 Hz, 1H), 

4.09 (s, 2H); 13C{1H} NMR (100 MHz, CDCl3) δ = 156.3, 148.5, 143.1, 138.8, 138.5, 134.3, 

133.0, 128.7, 128.0, 126.7, 125.4, 123.3, 121.0, 117.7, 116.8, 116.1, 112.2, 107.8, 79.7, 70.0; 

HRMS (ESI) m/z: [M + H]+ Calcd for C22H21N4O+ 357.1710; found 357.1725. 

N-((Dodecyloxy)methyl)-2-phenyl-N-(pyridin-2-yl)imidazo[1,2-a]pyridin-3-amine (47ai): Yel-

low oil; 85 mg, 35% yield; Eluent system: EtOAc:hexanes (20:80); 
1H NMR (400 MHz, CDCl3) δ = 8.35-8.33 (m, 1H), 7.94-7.91 (m, 

3H), 7.66 (dt, J = 9.0, 1.2 Hz, 1H), 7.42-7.34 (m, 3H), 7.31-7.22 (m, 

2H, overlapped with CDCl3 residual signal), 6.83-6.80 (m, 1H), 6.74 

(td, J = 6.7, 1.1 Hz, 1H), 6.22 (d, J = 8.6 Hz, 1H), 5.95 (d, J = 9.8 Hz, 

1H), 4.77 (d, J = 9.8 Hz, 1H), 3.54-3.48 (m, 1H), 3.42-3.47 (m, 1H), 1.61-1.52 (m, 2H), 1.44 

(t, J = 6.5 Hz, 2H), 1.25 (br s, 16H), 0.88-0.85 (m, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 

156.4, 148.5, 143.1, 138.7, 138.4, 133.0, 128.6, 128.0, 126.7, 125.4, 123.4, 121.2, 117.6, 116.0, 

112.1, 107.7, 80.3, 69.4, 31.9, 29.7, 29.66, 29.63, 29.61, 29.5, 29.4, 29.38, 29.35, 26.0, 22.6, 

14.1; HRMS (ESI) m/z: [M + H]+ Calcd for C31H41N4O+ 485.3275; found 485.3243. 

N-(Methoxymethyl)-N-(pyridin-2-yl)-2-(p-tolyl)imidazo[1,2-a]pyridin-3-amine (47ba): White 

solid; 158 mg, 92% yield; Eluent system: EtOAc:hexanes 

(35:65); mp = 126-128 °C; 1H NMR (400 MHz, CDCl3) δ = 8.36-

8.34 (m, 1H), 7.92 (dt, J = 6.8, 1.2 Hz, 1H), 7.82 (d, J = 8.2 Hz, 

2H), 7.66 (d, J = 9.0, 1H), 7.39 (m, 1H), 7.26-7.22 (m, 1H, over-

lapped with CDCl3 residual signal), 7.17 (d, J = 8.0 Hz, 2H), 6.83-6.80 (m, 1H), 6.75 (td, J = 

6.8, 1.2 Hz, 1H), 6.19 (d, J = 8.4 Hz, 1H), 5.91 (d, J = 9.6 Hz, 1H), 4.69 (d, J = 9.6 Hz, 1H), 

3.34 (s, 3H), 2.33 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ = 156.2, 148.5, 142.9, 138.6, 

138.5, 138.0, 130.0, 129.4, 126.5, 125.5, 123.2, 120.8, 117.5, 116.1, 112.3, 107.8, 81.9, 56.6, 

21.3; HRMS (ESI) m/z: [M + H]+ Calcd for C21H21N4O+ 345.1710 found 345.1711. 
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N-(Ethoxymethyl)-N-(pyridin-2-yl)-2-(p-tolyl)imidazo[1,2-a]pyridin-3-amine (47bb): White 

solid; 143 mg, 80% yield; Eluent system: EtOAc:hexanes 

(35:65); mp = 150-152 °C; 1H NMR (400 MHz, CDCl3) δ = 8.35-

8.33 (m, 1H), 7.92 (d, J = 6.8 Hz, 1H), 7.83 (d, J = 8.2 Hz, 2H), 

7.68 (d, J = 9.0 Hz, 1H), 7.41-7.36 (m, 1H), 7.27-7.22 (m, 1H, 

overlapped with CDCl3 residual signal), 7.17 (d, J = 7.9 Hz, 2H), 6.82-6.79 (m, 1H), 6.75 (td, 

J = 6.8, 1.1 Hz, 1H), 6.20 (d, J = 8.6 Hz, 1H), 5.98 (d, J = 9.9 Hz, 1H), 4.76 (d, J = 9.9 Hz, 1H), 

3.63-3.55 (m, 1H), 3.53-3.45 (m, 1H), 2.33 (s, 3H), 1.08 (t, J = 7.1 Hz, 3H); 13C{1H} NMR 

(100 MHz, CDCl3) δ = 156.3, 148.5, 142.9, 138.5, 138.4, 138.0, 129.9, 129.4, 126.5, 125.5, 

123.3, 120.8, 117.5, 116.0, 112.2, 107.7, 80.0, 64.7, 21.3, 15.2; HRMS (ESI) m/z: [M + H]+ 

Calcd for C22H23N4O+ 359.1866; found 359.1878. 

N-(((1,1,1,3,3,3-Hexafluoropropan-2-yl)oxy)methyl)-N-(pyridin-2-yl)-2-(p-tolyl)imidazo[1,2-

a]pyridin-3-amine (47bd): White solid; 194 mg, 81% yield; Elu-

ent system: EtOAc:hexanes (35:65); mp = 154-156 °C; 1H NMR 

(400 MHz, CDCl3) δ = 8.38-8.36 (m, 1H), 7.85 (d, J = 6.8 Hz, 

1H), 7.76 (d, J = 8.2 Hz, 2H), 7.66 (d, J = 9.0 Hz, 1H), 7.46-7.41 

(m, 1H), 7.28-7.24 (m, 1H, overlapped with CDCl3 residual signal), 7.18 (d, J = 7.8 Hz, 2H), 

6.92-6.89 (m, 1H), 6.77 (td, J = 6.8, 1.2 Hz, 1H), 6.20-6.17 (m, 2H), 5.52 (sept, J = 6.1 Hz, 

1H), 5.12 (d, J = 10.7 Hz, 1H), 2.34 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 155.1, 148.0, 

143.3, 139.2, 139.0, 138.3, 129.8, 129.5, 126.5, 125.8, 122.87, 122.86, 121.8 (q, 1JC-F = 281 

Hz), 119.4, 117.7, 117.0, 112.5, 108.2, 83.9, 75.8 (p, 2JC-F = 32 Hz), 21.3; HRMS (ESI) m/z: [M 

+ H]+ Calcd for C23H19F6N4O+ 481.1458; found 481.1438. 

N-(Methoxymethyl)-2-(3-methoxyphenyl)-N-(pyridin-2-yl)imidazo[1,2-a]pyridin-3-amine 

(47ia): Off-white solid; 88 mg, 49% yield; EtOAc:hexanes (40:60); 

mp = 136–138 °C; 1H NMR (400 MHz, CDCl3) δ 8.38 (dd, J = 4.8, 

2.0 Hz, 1H), 7.97 (d, J = 6.8 Hz, 1H), 7.69 (d, J = 8.8 Hz, 1H), 

7.56–7.51 (m, 2H), 7.45–7.41 (m, 1H), 7.31–7.26 (m, 2H, over-

lapped with the CDCl3 residual signal), 6.89–6.84 (m, 2H), 6.79 (t, J = 6.8 Hz, 1H), 6.23 (d, J 

= 8.4 Hz, 1H), 5.94 (d, J = 9.6 Hz, 1H), 4.75 (d, J = 9.6 Hz, 1H), 3.78 (s, 3H), 3.38 (s, 3H); 
13C{1H} NMR (100 MHz, CDCl3) δ 159.9, 156.3, 148.6, 143.0, 138.6, 138.5, 134.3, 129.7, 
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125.5, 123.2, 121.3, 119.1, 117.8, 116.2, 114.7, 112.4, 111.4, 107.8, 82.0, 56.6, 55.2; HRMS 

(ESI) m/z: [M + H]+ Calcd for C21H21N4O2
+ 361.1659; found 361.1648. 

2-(4-Fluorophenyl)-N-(methoxymethyl)-N-(pyridin-2-yl)imidazo[1,2-a]pyridin-3-amine 

(47da): White solid; 136 mg, 78% yield; Eluent system: EtOAc:hex-

anes (35:65); mp = 168-170 °C; 1H NMR (400 MHz, CDCl3) δ = 8.34 

(d, J = 4.0 Hz, 1H), 7.92-7.88 (m, 3H), 7.64 (d, J = 9.0 Hz, 1H), 7.39 

(t, J = 7.2 Hz, 1H), 7.24 (t, J = 8.0 Hz, 1H, overlapped with CDCl3 residual signal), 7.04 (t, J = 

8.6 Hz, 2H), 6.82 (t, J = 5.4 Hz, 1H), 6.75 (t, J = 6.7 Hz, 1H), 6.19 (d, J = 8.4 Hz, 1H), 5.84 (d, 

J = 9.5 Hz, 1H), 4.73 (d, J = 9.5 Hz, 1H), 3.34 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 

162.6 (d, 1JC-F, 246 Hz), 156.1, 148.6, 143.1, 138.5, 138.0, 129.2 (d, 3JC-F, 3 Hz), 128.5 (d, 3JC-

F, 8 Hz), 125.6, 123.2, 120.8, 117.6, 116.3, 115.6 (d, 2JC-F, 22 Hz), 112.4, 107.7, 81.8, 56.6; 

HRMS (ESI) m/z: [M + H]+ Calcd for C20H18FN4O+ 349.1459; found 349.1475. 

6-Chloro-N-(methoxymethyl)-2-phenyl-N-(pyridin-2-yl)imidazo[1,2-a]pyridin-3-amine (47la): 

White solid; 135 mg, 74% yield; Eluent system: EtOAc:hexanes 

(35:65); mp = 180-182 °C; 1H NMR (400 MHz, CDCl3) δ = 8.37-8.35 

(m, 1H), 7.99 (d, J = 1.4 Hz, 1H), 7.90 (d, J = 7.2 Hz, 2H), 7.60 (d, J = 

9.5 Hz, 1H), 7.45-7.41 (m, 1H), 7.38-7.34 (m, 2H), 7.32-7.28 (m, 1H), 

7.20 (dd, J = 9.5, 1.9 Hz, 1H), 6.86 (dd, J = 6.8, 5.1, 1H), 6.22 (d, J = 8.7 Hz, 1H), 5.89 (d, J = 

9.5 Hz, 1H), 4.67 (d, J = 9.5 Hz, 1H), 3.37 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 155.9, 

148.7, 141.4, 139.7, 138.7, 132.5, 128.8, 128.4, 126.9, 126.6, 121.6, 121.2, 120.8, 118.1, 116.5, 

107.6, 81.8, 56.5; HRMS (ESI) m/z: [M + H]+ Calcd for C20H18ClN4O+ 365.1164; found 

365.1173. 

N-(Methoxymethyl)-N-(4-methylpyridin-2-yl)-2-phenylimidazo[1,2-a]pyridin-3-amine (47na): 

White solid; 153 mg, 89% yield; Eluent system: EtOAc:hexanes 

(35:65); mp = 162-164 °C; 1H NMR (400 MHz, CDCl3) δ = 8.20 (d, J 

= 5.1 Hz, 1H), 7.95-7.90 (m, 3H), 7.69 (dt, J = 9.0, 1.1 Hz, 1H), 7.38-

7.34 (m, 2H), 7.31-7.23 (m, 2H, overlapped with CDCl3 residual sig-

nal), 6.76 (td, J = 6.8, 1.0 Hz, 1H), 6.66 (d, J = 5.1 Hz, 1H), 6.03 (s, 

1H), 5.89 (d, J = 9.6 Hz, 1H), 4.66 (d, J = 9.6 Hz, 1H), 3.31 (s, 3H), 2.09 (s, 3H); 13C{1H} NMR 

(100 MHz, CDCl3) δ = 156.4, 149.8, 148.2, 142.9, 138.3, 132.8, 128.7, 128.1, 126.6, 125.7, 
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123.3, 121.3, 117.7, 117.5, 112.4, 108.0, 82.1, 56.5, 21.2; HRMS (ESI) m/z: [M + H]+ Calcd 

for C21H21N4O2
+ 345.1710; found 345.1736. 

N-(((1,1,1,3,3,3-Hexafluoropropan-2-yl)oxy)methyl)-N-(4-methylpyridin-2-yl)-2 phenylimid-

azo[1,2-a]pyridin-3-amine (47nd): White solid; 199 mg, 83% yield; 

Eluent system: EtOAc:hexanes (30:70); mp = 163-164 °C; 1H NMR 

(400 MHz, CDCl3) δ = 8.22 (d, J = 5.2 Hz, 1H), 7.90-7.86 (m, 3H), 

7.68 (d, J = 9.0 Hz, 1H), 7.40-7.36 (m, 2H), 7.33-7.26 (m, 2H, over-

lapped with CDCl3 residual signal), 6.78 (t, J = 6.7 Hz, 1H), 6.75 (d, J = 5.1 Hz, 1H), 6.18 (d, 

J = 10.8 Hz, 1H), 6.01 (s, 1H), 5.57 (sept, J = 6.0 Hz, 1H), 5.10 (d, J = 10.8 Hz, 1H), 2.10 (s, 

3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 155.3, 150.5, 147.7, 143.3, 139.0, 132.7, 128.8, 

128.3, 126.6, 125.9, 123.03, 123.01, 121.9 (q, 1JC-F = 281 Hz), 120.0, 118.6, 117.7, 112.6, 108.3, 

84.0, 75.8 (p, 2JC-F = 32 Hz), 21.2; HRMS (ESI) m/z: [M + H]+ Calcd for  C23H19F6N4O+ 

481.1458; found 481.1475. 

N-(5-Chloropyridin-2-yl)-N-(methoxymethyl)-2-phenylimidazo[1,2-a]pyridin-3-amine (47oa): 

White solid; 158 mg, 87% yield; Eluent system: EtOAc:hexanes (35:65); 

mp = 150-152 °C; 1H NMR (400 MHz, CDCl3) δ = 8.29 (d, J = 2.6 Hz, 

1H), 7.90 (t, J = 6.5 Hz, 3H), 7.66 (d, J = 9.0 Hz, 1H), 7.39-7.24 (m, 5H, 

overlapped with CDCl3 residual signal), 6.78 (t, J = 6.8 Hz, 1H), 6.16 (d, 

J = 8.9 Hz, 1H), 5.83 (d, J = 9.6 Hz, 1H), 4.70 (d, J = 9.6 Hz, 1H), 3.34 (s, 3H); 13C{1H} NMR 

(100 MHz, CDCl3) δ = 154.7, 147.0, 143.1, 138.7, 138.3, 132.8, 128.7, 128.2, 126.6, 125.6, 

123.6, 123.1, 120.7, 117.8, 112.5, 108.7, 82.1, 56.7; HRMS (ESI) m/z: [M + H]+ Calcd for  

C20H18ClN4O+ 365.1164; found 365.1157. 

N-(Methoxymethyl)-N,2-diphenylimidazo[1,2-a]pyridin-3-amine (50a): White solid; 133 mg, 

81% yield; Eluent system: EtOAc:hexanes (35:65); mp = 183-185 °C;  
1H NMR (400 MHz, CDCl3) δ 8.00 – 7.98 (m, 2H), 7.87 (dt, J = 6.8, 1.2 

Hz, 1H), 7.68 (dt, J = 9.1, 1.1 Hz, 1H), 7.41 (m, 2H), 7.36 – 7.30 (m, 

2H), 7.32 – 7.20 (m, 2H), 6.98 (m, 1H), 6.88 – 6.84 (m, 2H), 6.75 (td, J 

= 6.8, 1.1 Hz, 1H), 5.26 (d, J = 10.2 Hz, 1H), 4.75 (d, J = 10.2 Hz, 1H), 3.28 (s, 3H); 13C{1H} 

NMR (100 MHz, CDCl3) δ 145.2, 142.8, 138.7, 133.2, 129.8, 128.7, 128.0, 126.7, 125.3, 123.4, 

122.5, 120.9, 117.7, 114.5, 112.2, 85.6, 55.5; HRMS (ESI) m/z: [M + H]+ Calcd for  C21H20N3O+ 

330.1601; found 330.1597.  
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N-(Methoxymethyl)-2-phenyl-N-(p-tolyl)imidazo[1,2-a]pyridin-3-amine (50b): White solid; 

132 mg, 77% yield; Eluent system: EtOAc:hexanes (38:62); mp = 180-

182 °C;  1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 7.1 Hz, 2H), 7.87 

(d, J = 6.8 Hz, 1H), 7.67 (d, J = 9.0 Hz, 1H), 7.41 (t, J = 7.5 Hz, 2H), 

7.33 (t, J = 7.3 Hz, 1H), 7.29 – 7.19 (m, 1H), 7.09 (d, J = 8.1 Hz, 2H), 

6.75 (dd, J = 15.8, 7.6 Hz, 3H), 5.23 (d, J = 10.5 Hz, 1H), 4.73 (d, J = 10.3 Hz, 1H), 3.27 (s, 

3H), 2.31 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 142.9, 142.7, 138.6, 133.3, 130.3, 130.2, 

128.7, 128.0, 126.7, 125.2, 123.4, 122.8, 117.6, 114.6, 112.2, 85.8, 55.4, 20.5; HRMS (ESI) 

m/z: [M + H]+ Calcd for  C22H22N3O+ 344.1757; found 344.1755. 

N-(Methoxymethyl)-2-(4-methoxyphenyl)-N-(p-tolyl)imidazo[1,2-a]pyridin-3-amine (50c): 

Colourless semi-solid; 137 mg, 73% yield; Eluent system: 

EtOAc:hexanes (40:60); 1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 

8.4 Hz, 2H), 7.86 (d, J = 6.8 Hz, 1H), 7.65 (d, J = 9.0 Hz, 1H), 7.24 

– 7.20 (m, 1H), 7.08 (d, J = 8.1 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H), 

6.77 – 6.72 (m, , 3H), 5.21 (d, J = 10.3 Hz, 1H), 4.73 (d, J = 10.3 Hz, 1H), 3.84 (s, 3H), 3.27 

(s, 3H), 2.30 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 159.5, 143.0, 142.7, 138.6, 130.2, 

130.1, 128.0, 125.9, 125.0, 123.3, 121.9, 117.4, 114.5, 114.2, 112.0, 85.7, 55.5, 55.2, 20.5; 

HRMS (ESI) m/z: [M + H]+ Calcd for  C23H24N3O2
+ 374.1863; found 374.1857. 

N-(4-Chlorophenyl)-N-(methoxymethyl)-2-phenylimidazo[1,2-a]pyridin-3-amine (50d): Off-

white solid; 101.5 mg, 56% yield; Eluent system: EtOAc:hexanes (35:65); 

mp = 161–163 °C; 1H NMR (400 MHz, CDCl3) δ 7.97–7.94 (m, 2H), 7.86 

(d, J = 6.4 Hz, 1H), 7.69 (d, J = 9.2 Hz, 1H), 7.43–7.39 (m, 2H), 7.35–

7.31 (m, 1H), 7.27–7.21 (m, 3H), 6.79–6.72 (m, 3H), 5.21 (d, J = 10.0 Hz, 

1H), 4.73 (d, J = 10.0 Hz, 1H), 3.27 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 143.9, 142.8, 

138.7, 133.0, 129.6, 128.7, 128.2, 126.6, 125.9, 125.4, 123.1, 122.0, 117.7, 115.8, 112.4, 85.6, 

55.5; HRMS (ESI) m/z: [M + H]+ Calcd for  C21H19ClN3O+ 364.1211; found 364.1206. 

1.4.4 Experimental Procedure for the Preparation of 2-Phenyl-N-(pyridin-2-yl)imid-

azo[1,2-a]pyridin-3-amine (51). 

To a solution of ((2-phenylimidazo[1,2-a]pyridin-3-yl)(pyridin-2-yl)amino)methyl acetate 45a 

(0.14 mmol; 1 equiv.) in MeOH (5 mL) was added NaHCO3 (9 equiv.) at room temperature and 

the reaction mixture was stirred at 50 °C for 2 h. After completion of the reaction, methanol 
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was evaporated under vacuum. The resulting crude solid was washed with diethyl ether to get 

the pure off-white solid of 51a in 95% yield. The compound was pure enough based on NMR 

spectrum analysis.  

2-Phenyl-N-(pyridin-2-yl)imidazo[1,2-a]pyridin-3-amine (51a): Off-white solid; 38 mg, 95% 

yield; mp = 224-226 °C (lit.,77 225-228 °C); 1H NMR (400 MHz, CDCl3) δ 

= 8.13 (d, J = 5.1 Hz, 1H), 8.09-8.06 (m, 2H), 7.89 (d, J = 7.0 Hz, 1H), 7.68 

(d, J = 9.0 Hz, 1H), 7.59 (br s, 1H), 7.41-7.34 (m, 3H), 7.30-7.24 (m, 2H), 

6.81 (td, J = 6.7, 1.1 Hz, 1H), 6.74 (dd, J = 7.1, 5.0 Hz, 1H), 6.12 (d, J = 8.4 Hz, 1H); 13C{1H} 

NMR (100 MHz, CDCl3) δ = 156.9, 148.5, 142.9, 139.3, 138.7, 133.1, 128.6, 127.9, 126.9, 

125.1, 122.5, 117.8, 116.6, 115.6, 112.4, 106.5; HRMS (ESI) m/z: [M + H]+ Calcd for  

C18H15N4
+ [M + H]+ 287.1291; found 287.1299. 

N-(Pyridin-2-yl)-2-(p-tolyl)imidazo[1,2-a]pyridin-3-amine (51b): White solid; 39 mg, 93% 

yield; mp = 222-224 °C (lit.,77 223-225 °C); 1H NMR (400 MHz, 

CDCl3) δ = 8.18 (d, J = 4.1 Hz, 1H), 7.97 (d, J = 7.4 Hz, 2H), 7.89 (d, 

J = 6.8 Hz, 1H), 7.67 (d, J = 9.0 Hz, 1H), 7.42-7.37 (m, 1H), 7.28-7.23 

(m, 1H, overlapped with CDCl3 residual signal), 7.18 (d, J = 8.2 Hz, 3H), 6.81 (t, J = 6.7 Hz, 

1H), 6.76 (dd, J = 7.2, 5.0 Hz, 1H), 6.12 (d, J = 8.4 Hz, 1H), 2.34 (s, 3H); 13C{1H} NMR (100 

MHz, CDCl3) δ = 156.9, 148.6, 142.9, 139.6, 138.6, 137.8, 130.3, 129.3, 126.8, 125.0, 122.5, 

117.7, 116.2, 115.6, 112.2, 106.4, 21.2; HRMS (ESI) m/z: [M + H]+ Calcd for C19H17N4
+ 

301.1448; found 301.1435. 

2-(4-Methoxyphenyl)-N-(pyridin-2-yl)imidazo[1,2-a]pyridin-3-amine (51c): Off-white solid; 

41 mg, 92% yield; mp = 203-205 °C (lit.,77 218-221 °C); 1H NMR 

(400 MHz, CDCl3) δ = 8.24 (d, J = 5.0 Hz, 1H), 8.01 (d, J = 8.5 Hz, 

2H), 7.89 (d, J = 6.8 Hz, 1H), 7.66 (d, J = 9.0 Hz, 1H), 7.42 (t, J = 7.7 

Hz, 1H), 7.28-7.24 (m, 1H, overlapped with CDCl3 residual signal), 6.93 (d, J = 8.4 Hz, 2H), 

6.83-6.78 (m, 2H), 6.69 (s, 1H), 6.14 (d, J = 8.3 Hz, 1H), 3.83 (s, 3H); 13C{1H} NMR (100 

MHz, CDCl3) δ = 159.5, 156.8, 148.7, 142.9, 139.6, 138.6, 128.3, 125.8, 125.0, 122.4, 117.6, 

115.7, 115.5, 114.0, 112.2, 106.4, 55.2; HRMS (ESI) m/z: [M + H]+ calcd for C19H17N4O+ 

317.1397; found 317.1406. 
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N-(4-Methylpyridin-2-yl)-2-phenylimidazo[1,2-a]pyridin-3-amine  (51m): Brown solid; 40 mg, 

96% yield; mp = 223-225 °C; 1H NMR (400 MHz, CDCl3) δ = 8.08-8.04 

(m, 3H), 7.88 (dt, J = 6.8, 1.2 Hz, 1H), 7.67 (d, J = 9.0 Hz, 1H), 7.39-

7.36 (m, 2H), 7.31-7.23 (m, 2H, overlapped with CDCl3 residual signal), 

6.83-6.79 (m, 2H), 6.60 (d, J = 5.1 Hz, 1H), 5.92 (s, 1H), 2.10 (s, 3H); 
13C{1H} NMR (100 MHz, CDCl3) δ = 156.9, 150.1, 148.3, 143.0, 139.5, 133.2, 128.6, 127.9, 

127.0, 125.2, 122.6, 117.8, 117.3, 116.6, 112.4, 106.6, 21.1; HRMS (ESI) m/z: [M + H]+ Calcd 

for  C19H17N4
+ 301.1448; found 301.1460. 

 

 

 

1.4.5 X-ray Crystallographic Analysis of Compound 45a, 47aa and 49a 

The crystal data collection and data reduction were performed using CrysAlis PRO on a single 

crystal Rigaku Oxford XtaLab Pro diffractometer. The crystal was kept at 93(2) K during data 

collection. Using Olex278, the structure was solved with the ShelXT79 structure solution pro-

gram using Intrinsic Phasing and refined with the ShelXL80 refinement package using Least 

Squares minimisation. 

The single crystals of the compound 45a (C21H18N4O2) (Figure 1.10), 47aa (C20H18N4O) (Fig-

ure 1.14) and 49a (C20H17N3O) (Figure 1.15) were obtained from slow evaporation of ethyl 

acetate solutions. The 45a, 47aa and 49a were crystallized in monoclinic, triclinic and mono-

clinic crystal system with P21/n, P-1 and P21/c space groups respectively. The crystal structures 

information of 45a, 47aa and 49a are deposited to Cambridge Crystallographic Data Center 

and the CCDC numbers for the 45a, 47aa and 49a are 1957417, 1913162 and 1986133, respec-

tively.  

Table 1.5 Crystal data and structure refinement for 45a, 47aa and 49a 

Identification code  45a  47aa 49a 
Empirical formula  C21H18N4O2  C20H18N4O  C20H17N3O  
Formula weight  358.39  330.38  315.36  
Temperature/K  93(2)  93(2)  93(2)  
Crystal system  monoclinic  triclinic  monoclinic  
Space group  P21/n  P-1  P21/c  
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a/Å  9.0770(3)  8.7653(6)  13.0780(2)  
b/Å  17.0044(6)  9.1903(6)  17.8116(2)  
c/Å  11.4160(3)  11.0216(7)  13.6505(2)  
α/°  90  69.082(6)  90  
β/°  93.418(3)  84.898(6)  98.6840(10)  
γ/°  90  88.480(5)  90  
Volume/Å3  1758.91(10)  826.04(10)  3143.30(8)  
Z  4  2  8  
ρcalcg/cm3  1.353  1.328  1.333  
μ/mm-1  0.090  0.085  0.670  
F(000)  752.0  348.0  1328.0  
Crystal size/mm3  0.3 × 0.3 × 0.3  0.3 × 0.3 × 0.2  0.2 × 0.08 × 0.05  

Radiation  MoKα  
(λ = 0.71073)  

MoKα  
(λ = 0.71073)  

CuKα  
(λ = 1.54184)  

2Θ range for data collection/°  7.152 to 62.27  6.38 to 62.496  8.22 to 159.586  

Index ranges  
-12 ≤ h ≤ 11,  
-24 ≤ k ≤ 24,  
-15 ≤ l ≤ 16  

-12 ≤ h ≤ 11,  
-13 ≤ k ≤ 13,  
-15 ≤ l ≤ 15  

-16 ≤ h ≤ 10,  
-22 ≤ k ≤ 22,  
-16 ≤ l ≤ 17  

Reflections collected  19506  14537  22372  

Independent reflections  5024 [Rint = 0.0103,  
       Rsigma = 0.0080]  

4603 [Rint = 0.0499,  
       Rsigma = 0.0461]  

6664 [Rint = 0.0353,  
Rsigma = 0.0361]  

Data/restraints/parameters  5024/0/245  4603/0/227  6664/0/435  
Goodness-of-fit on F2  1.028  1.122  1.054  

Final R indexes [I>=2σ (I)]  R1 = 0.0389,  
wR2 = 0.1057  

R1 = 0.0779,  
wR2 = 0.2427  

R1 = 0.0484,  
wR2 = 0.1149  

Final R indexes [all data]  R1 = 0.0409,  
wR2 = 0.1074  

R1 = 0.0930,  
wR2 = 0.2546  

R1 = 0.0545,  
wR2 = 0.1184  

Largest diff. peak/hole / e Å-3  0.43/-0.38  0.72/-0.48  0.55/-0.29  
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2.1  INTRODUCTION 
Synthetic chemistry has entered a new era of organic transformations with the invention of free 

radical based C-C bond formation under mild conditions. After a considerable advancement 

since last half century, free-radical reactions are no longer termed as “notoriously uncontrolla-

ble”. The pioneering work from various groups in the diverse fields of free-radical chemistry 

has grabbed the researcher’s attention and inspired them to venture into this field.1-2 As a result, 

new milestones have been achieved in the arsenal of synthetic methodology via free-radical 

based C-C bond formation reactions. In saturated carbon skeletons, the C-H bond is typically 

activated through the homolytic abstraction of H-atom by the reactive radical species. However, 

with the unsaturated systems the process is not that easy and follows an alternative pathway in 

which the reactive radical species first interact with the conjugated π-system followed by the 

condition dependent homolytic or heterolytic C-H bond cleavage. In this context, the last dec-

ade has witnessed a tremendous emergence of milder, easily operable and environmental benign 

free-radical reaction conditions especially for C-C bond formation in unsaturated systems. One 

such easy, efficient and versatile protocol in the expanse of free-radical facilitated reactions is 

“Minisci reaction”.3  

2.1.1 Minisci reaction 

A typical Minisci reaction is the one in which an alkyl carboxylic acid generates a free-radical 

with the help of silver salt and persulphates and is added on the electron deficient heteroarenes. 

However, Lynch and several other groups in late 1960s already discussed the possibility of 

adding free-radical to electron deficient heteroarenes.4-5 The commonly used electron deficient 

heteroarenes are pyridines and quinolines and in both of these regioselective functionalization 

is a big challenge. In this regard, Lynch disclosed the necessity of acidic reaction condition 

during phenylation of pyridines in order to majorly achieve the C2-substituted product.6 Later 

on, Minisci et al. delineated several methods for the construction of C2- and C4-substituted 

pyridines and quinolines using alkyl radicals in the presence of iron catalyst and peroxides.7-8 

In the consecutive year, an effective method for C-H functionalization of pyridines and quino-

lines was disclosed by the same group using alkyl radical produced through oxidative decar-

boxylation of corresponding carboxylic acids.9 Since then, an incredible progress was observed 

in this field, however it is still necessary to maintain the acidic reaction conditions in order to 

reduce the LUMO energy of the heterocycles for radical addition. The theoretical background 
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of Minisci type reactions was attractively clarified in a review by Opatz et al. in 2014.10 Ac-

cording to the group, initially the nucleophilic carbon centered radical is added to electron de-

ficient heteroarenes which is already activated in the presence of acid. The resulting intermedi-

ate B could follow two different plausible pathways for the construction of C−C bond through 

free-radical mechanism. In one possible pathway, the deprotonation of α-hydrogen affords a 

neutral radical species C which rearomatizes via single electron transfer (SET) followed by 

again deprotonation to showcase the newly formed C−C bond (Figure 2.1a). In another pro-

spect, if the reaction proceeds through hydrogen atom transfer (HAT) from the radical cation 

intermediate B, then it could directly afford the rearomatized product in one step (Figure 2.1b). 

Certainly, the majority of Minisci-type reactions follow these basic pathways. However, for 

any individual reaction, the integration of radical producing mechanism underlying with the 

Minisci-type addition makes the overall mechanism much more complicated.        

 
Figure 2.1. Generalized mechanism of Minisci-type reactions 

In order to achieve the selective functionalization between uniformly activated positions of pyr-

idine and quinolines, different research groups have studied multiple factors including type of 

acid used for activation, solvent polarity, solubility of reagents and nature of radical generated. 

However, due to the similar LUMO coefficient it is often a challenging task which ends up with 

the formation of mixture of isomers along with low yield. Therefore, regioselectivity and poor 

yield are the main hurdle faced in Minisci chemistry. The recent analysis of Baran, Blackmond 

and O'Hara for the regioselectivity of different heterocyclic compounds assures that this aspect 

remains a challenge and new methods which have ability of controlling this feature are highly 



Chapter 2 
 

49 

 

desirable. Moreover, it is worthy to mention that the regio-selectivity issue in some cases can 

be overcome by making proper substitutions in the ring. Over the years, several research groups 

worked in this direction and tried to overcome the limitations in Minisci chemistry. Engross-

ment of electrolysis and photocatalysis has also risen as a fascinating approach which is com-

piled in several independent review articles and book chapters. Multiple radical precursors have 

been utilized to decorate the basic heterocycles via Minisci reaction some of them are men-

tioned in Figure 2.2. 

 

Figure 2.2 Array of radical precursors used for Minisci-type reaction 

Liu’s group in 2020, reported the K2S2O8-mediated ring-opening of cyclopropanols (2) for the 

synthesis of β-heteroarylated ketones (3). The metal-free β-carbonyl alkylation devoid any 

acidic or photocatalytic conditions and tolerates diverse heterocyclic compounds (1) such as, 

pyridines, pyridazine, phenanthroline, benzo[d]thiazole, quinolines and isoquinolines affording 

good to excellent yield of corresponding products (Scheme 2.1).11 Eco-friendly conditions 

which are also amenable for gram scale synthesis, gigantic functional group tolerance and com-

patibility with diverse heteroarenes are some eye-catching features of their work. 

 

Scheme 2.1 Minisci-type β-carbonyl alkylation of various heteroarenes 

An example of photo-induced Minisci reaction was disclosed by Zhu group which includes the 

metal-free alkylation of different heterarenes (1) (Scheme 2.2).12 The reaction is believed to 
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proceed through amidyl/alkoxy radical generation in the presence of visible light, which is re-

sponsible for the coupling of cyclic/acyclic alkanes (4) with varied heterocycles to subsequently 

produce site selective alkylated N-heteroarenes (5). The environmentally benign reaction con-

ditions resulted in moderate to good yield of the alkylated product with discrete functionalized 

heteroarenes.  

 

Scheme 2.2 Minisci type alkylation of various heteroarene 

Synthesis of alkoxyamines (8) form carboxylic acids (6) and TEMPO (7) was reported for the 

first time by Goran and Andreas (Scheme 2.3).13 The developed silver-free Minisci-type oxi-

dative decarboxylation was performed in biphasic solvent system to improve the site-selectivity 

and avoid the persulfate promoted oxidation of TEMPO. Notably, the developed protocol pro-

vided an important step for the synthesis of indatraline, an antidepressant drug.  

 

Scheme 2.3 Minisci type aminoxylation of carboxylic acids with TEMPO 

A silver-free, substrate dependent method was disclosed by Khudale and Wang for the efficient 

methylation and acetylation of N-heteroarene using PEG 400 as methyl and acetyl surrogate 

under acidic conditions. C2-methylation (10) was obtained when quinazolinones (9) were used, 

however acetylated products (11) were observed in case of electron-deficient heteroarenes (1) 

(Scheme 2.4).14 The proposed method has potential for synthesizing methaquanone (a sedative 

hypnotic drug) and its analogues by one-pot strategy. Extensive substrate scope, good func-

tional group tolerance and sustainable carbon surrogate makes this method more precise for the 

synthesis of bioactive scaffolds.  
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Scheme 2.4 Minisci-type methylation and acetylation of N-heteroarenes using PEG-400 as 
methyl and acetyl surrogate 

In 2021, Zhu and colleagues showcased a visible-light induced synthesis of thioflavones (16) 

via metal-free Minisci-type decarboxylative arylation of methylthiolated alkynones (13) with 

α-keto acids (12) in the presence of 4CzIPN (19) as a photocatalyst (Scheme 2.5).15 The de-

scribed method was equally implemented for N-arylpropiolamides (14), and N-acryloyl-2-phe-

nyl benzoimidazole/indole (15) under standard reaction conditions to afford aroylazaspiro 

[4.5]trienones (17) and benzimidazo/indolo[2,1-a]isoquinolin-6(5H)-ones (18), respectively.  

 

Scheme 2.5 Minisci-type acylation of β-carbolines and indoles 

Lee group developed a very straightforward approach for hydrodecarboxylation of carboxylic 

acids (20). A large number of alkyl carboxylic acids such as primary, secondary, tertiary, 

strained, cyclic, from natural products (ketopinic acid) and pharmaceuticals (naproxen) were 

well tolerated under the designed protocol affording decent yield of the hydrodecarboxylated 

porducts (21) (Scheme 2.6).16 The promising advantage included no use of external hydrogen 

atom source which is a great limitation in traditional decarboxylation reactions.  
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Scheme 2.6 Minisci-type hydrodecarboxylation of aliphatic carboxylic acids 

Interestingly, following the aforementioned method for the decarboxylation, the same group 

reported the C–H carboxyamidation of purine bases (22) using oxamic acids (23) as amide 

surrogates. Multiple 1°, 2°, or 3° oxamic acids were compatible and the corresponding amides 

(24) were obtained in excellent yield (Scheme 2.7).17 Late-stage functionalization of purine 

bases via traditional transformations enhanced the utility of this method for the synthesis of bio-

relevant molecules.  

 

Scheme 2.7 Minisci-type amindation of purine bases  

Extending the prior work, a chromatography-free C–H dicarbamoylations (26) of phenanthro-

lines (25) has also been reported (Scheme 2.8).18 The developed method provided a 2-step syn-

thesis of 4,7-diisobutoxy-N2,N9-diphenyl-1,10-phenanthroline-2,9-dicarbox amide, which was 

traditionally produced by following 11 synthetic steps.  

 

Scheme 2.8 Minisci-type dicarbamoylation of phenanthrolines 
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Similarly, Dinesh and Nagarajan demonstrated the decarboxylative C-C bond formation of in-

doles (27) and β-carbolines (28) with α-oxo (29)/ketoacids (12) for the effectual construction 

of 3-carbaldehyde indoles (30) and acylated β-carbolines (31) in the presence of (NH4)2S2O8. 

The site selective formylation of indole afforded one-pot synthesis of pityriacitrins, an active 

indole alkaloid (Scheme 2.9).19  

 

Scheme 2.9 Minisci type acylation/formylation of β-carbolines and indoles  

Laha group disclosed a simple, site-selective acylation of electron-rich pyrroles (32) with          α-

ketoacids (12) which later come-up as non-classical Minisci-type reaction. The monoacyl sub-

stituted pyrroles (35) were obtained by following two plausible pathways. Either by umplong 

reactivity of acyl radical (33) followed by electrophilic substitution with 32 or by nucleophilic 

attack of acyl radical to the electronically-poor pyrrole radical cation (34) generated via SET 

from sulfate radical anion (Scheme 2.10).20 The developed method avoids imposing acidic and 

silver catalyzed reaction conditions which were in strong contrast with traditional Minisci-re-

action.  

 

Scheme 2.10 Minisci-type amindation of purine bases 

On the other hand, imidazo[1,2-a]pyridine is an aromatic, bicyclic heterocycle containing a 5-

membered imidazo ring fused with a 6-membered pyridine ring. As a result of fusion of elec-

tron-rich and electron-deficient rings, the properties of overall organic molecule become very 
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diverse since two different charge densities are carried in a single organic molecule. Due to 

manifold properties, the core imidazopyridine scaffold act as a building block for not only the 

biologically relevant compounds but also plays significant role in the field of polymer chemis-

try21-22 and optoelectronics.23-24-25 Many marketed drugs involve imidazopyridine skeleton for 

example, Zolpidem (or Ambien®) is employed as a sedative and used in the therapy for insom-

nia.26 Necopidem and Saripidem has binding affinity for central benzodiazepine receptor (CBR) 

and consumed as anxioytic agents.27 Olprinone is a cardiotonic agent and used in the treatment 

of heart failure.28 Zolimidine, a gastroprotective agent, also exhibits an imidazopyridine in its 

structure.29 Divaplon acts as partial agonist and anticonvulsant drug30, is from imidazopyridine 

family as well (Figure 2.3). More recently, researchers considered further biological applica-

tions for these molecules, such as antitumor, anti-inflammatory, antiviral, antibacterial, and an-

algesic properties.31-36  

 

Figure 2.3 Some commercially available drugs containing imidazopyridine skeleton 

Due to these many applications imidazopyridines have had a long-lasting interest in organic 

and medicinal chemistry and therefore, it is of great practical significance to construct such a 

kind of molecular skeleton efficiently and greenly. In this regard numerous amounts of work 

have been reported of the functionalization of these fused heterocycles, majorly at C3 position37-

40 but the functionalization at C5 position in very less explored. Sun et al. reported the regiose-

lective synthesis of C5-silylated imidazo[1,2-a]pyridines (38) using 2-aryl imidazopyridines 
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(36) and silanes (37) in the presence of Lewis acid and peroxide (Scheme 2.11).41 The devel-

oped CDC reaction at C5 position was predominantly controlled by coordination of Zn(OTf)2 

with 36.  

 

Scheme 2.11 Regioselective C5-silylation of imidazo[1,2-a]pyridines 

Yan group described the peroxide mediated CDC reaction of imidazo[1,2-a]pyridines (36) and 

alcohols (39) to afford C5-hydroalkylated product (40) (Scheme 2.12).42 Numerous imidaz-

opyridines substituted at different positions and various primary and secondary alcohols were 

tolerated under the developed conditions and the corresponding products were obtained in de-

cent yields. Notably, cleavage of C(sp3)–H bond was indicated as the rate-determining step 

through KIE experiment.  

 

Scheme 2.12 Regioselective C5-hydroalkylation of imidazo[1,2-a]pyridines 

C5-Methylation of imidazo[1,2-a]pyridines (36) was investigated by Yan group using perox-

ides in acetic acid (Scheme 2.13).43 Dicumyl peroxide effectively acted as a methyl source as 

well as the radical initiator in this work and the resulting methylated imidazopyridines (41) 

were obtained in good yields.  

 

Scheme 2.13 Regioselective C5-methylation of imidazo[1,2-a]pyridines 
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Jin group also disclosed an efficient method for C5-alkylation of imidazo[1,2-a]pyridines (36) 

in the presence of visible-light. This method utilized N-hydroxyphthalimide (NHPI) esters (42) 

as alkyl source and produced the corresponding C5-alkylated products (43) in good yields 

(Scheme 2.14).44 Subsequently, a Mn(II)-catalyzed oxidative decarbonylation of aliphatic al-

dehydes for the regioselective synthesis of C5-alkylated imidazoheterocycles was reported by 

Sadhanendu and Alaknanda.45   

 

Scheme 2.14 Regioselective C5-alkylation of imidazo[1,2-a]pyridines 

Among the limited reports on the C5-functionalization of imidazo heterocycles, only one report 

showcased the Minisci-type reaction which included the visible-light induced C5-borylation of 

imidazo[1,2-a]pyridines (36) with NHC-BH3 (44) in the presence of 4CzIPN as a photosensi-

tizer. The method developed by Zheng et al. provided a very convenient synthetic strategy for 

the construction of structurally complex borylated imidazopyridines (45) in a regioselective 

manner. (Scheme 2.15).46 Environmentally benign reaction conditions, sp2 C-B bond for-

mation, huge array of compounds are the fascinating properties of this work.    

 

Scheme 2.15 Minisci-type regioselective C5-borylation of imidazo[1,2-a]pyridines 

To the best of our knowledge, there is no report for C5-acylation of imidazopyridines. There-

fore, in continuation of our interest in functionalization of aza-heterocycles and the importance 

of biorelevant imidazopyridines (36), we have developed a silver-free Minisci-type C5-aroy-

lation of imidazo hetroarenes using α-keto acids (12) as aroyl source in the presence of K2S2O8 

as a radical initiator (Scheme 2.16). 
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Scheme 2.16 Regioselective C5-aroylation of imidazo[1,2-a]pyridines 

2.2 RESULTS AND DISCUSSION 

An initial reaction of 2-phenylimidazo[1,2-a]pyridine 36a (0.26 mmol, 1 equiv.) and phenyl-

glyoxylic acid 12a (0.51 mmol, 2 equiv.) in the presence of Na2S2O8 (0.77 mmol, 3.0 equiv.) at 

60 °C after 3 h afforded 5-benzoyl-2-phenylimidazo[1,2-a]pyridine (46aa) and (2-phenylimid-

azo[1,2-a]pyridine-5,8-diyl)bis(phenylmethanone) (47aa) in 29% and 10% yields, respectively 

(Table 2.1, entry 1). On changing the oxidant to K2S2O8 the yield of 46aa increased to 49% 

whereas, the use of (NH4)2S2O8 was found to be less effective for this protocol (Table 2.1, 

entries 2 and 3). Oxidants such as TBHP (tert-butyl hydroperoxide) and IBD (iodobenzene 

diacetate) were also found to be ineffective for this reaction (Table 2.1, entries 4 and 5). Screen-

ing of different solvents viz. DMSO, DMF, DMA, CH3CN, toluene and H2O revealed that polar 

aprotic solvents such as DMSO, DMF and DMA were more suitable media for this reaction 

(Table 2.1, entries 6–10). Interestingly, the yield of 46aa improved to 56% when a mixture of 

DMSO and H2O (3 : 1, v/v) was used as the reaction medium (Table 2.1, entry 11). The yield 

of 46aa increased to 62% on increasing the amount of 12a (0.6 mmol, 3 equiv.) but no incre-

ment in the yield of 46aa was observed on further increasing the amount of 12a (Table 2.1, 

entries 12 and 13). A detrimental effect on the yield of 46aa was observed when additives such 

as AgNO3, TFA and DIPEA were used in the reaction (Table 2.1, entries 14–16). The reaction 

did not proceed at room temperature and 46aa was obtained in 12% and 53% yields when the 

model reaction was performed at 40 °C and 100 °C, respectively (Table 2.1, entries 17–19). 

The yield of 46aa did not increase on prolonging the reaction time to 24 h (Table 2.1, entry 

20). Thus, 12a (3.0 equiv.), K2S2O8 (3.0 equiv.), and DMSO/H2O (3 mL, 4 : 1 v/v) at 60 °C for 

3 h were selected as the optimum reaction conditions for this reaction (Table 2.1, entry 12). 
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Table 2.1 Optimization of reaction conditions for 46aaa 

 

Entry Oxidant Solvent 

% yieldb 

46aa 47aa 

1 Na2S2O8 DMSO 29 10 

2 K2S2O8 DMSO 49 15 

3 (NH4)2S2O8 DMSO 20 <10 

4 TBHP DMSO —c — 

5 PIDA DMSO —c — 

6 K2S2O8 DMF 47 18 

7 K2S2O8 DMA 45 15 

8 K2S2O8 Toluene —c — 

9 K2S2O8 CH3CN —c — 

10 K2S2O8 H2O 21 <10 

11 K2S2O8 DMSO/H2O 56 14 

12d K2S2O8 DMSO/H2O 62 12 

13e K2S2O8 DMSO/H2O 61 17 

14d,f K2S2O8 DMSO/H2O 26 <10 

15d,g K2S2O8 DMSO/H2O 29 <10 

16d,h K2S2O8 DMSO/H2O 29 <10 

17d,i K2S2O8 DMSO/H2O —c — 

18d,j K2S2O8 DMSO/H2O 12 — 

19d,k K2S2O8 DMSO/H2O 53 17 

20d,l K2S2O8 DMSO/H2O 60 18 
aReaction conditions: 36a (0.2 mmol), 12a (0.5 mmol), K2S2O8 (3.0 equiv.), and solvent (3 
mL), 60 °C, 3 h. bIsolated yield. cNo reaction. d12a (0.6 mmol) was used. e12a (0.8 mmol) 
was used. fAgNO3 (1.5 equiv.) was used as an additive. gTFA (1.5 equiv.) was used as an 
additive. hDIPEA (1.5 equiv.) was used as an additive. iReaction at room temperature. jReac-
tion at 40 °C. kReaction at 100 °C. lReaction time: 24 h. 

The structure of 46aa was fully elucidated by 1H (Figure 2.4) and 13C{1H} NMR (Figure 2.5). 

In 1H NMR spectrum the C5 proton of 2-phenylimidazoyridine has vanished and the C3 proton 

https://pubs.rsc.org/en/content/articlelanding/2020/ob/d0ob01842b#tab1fna
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has shifted to the deshielded region at δ 9.24 ppm. In 13C{1H} NMR spectrum the carbonyl 

carbon was observed at 190.4 ppm. The remaining protons and carbons of the compound 46aa 

were observed at their respective positions in 1H and 13C{1H} NMR. The reason of shifting of 

C3 proton is NOE effect due to the ortho-proton of benzoyl group. Furthermore, the structure 

of 46aa was unambiguously confirmed by HRMS analyses (Figure 2.6) and a single-crystal X-

ray diffraction study (Figure 2.7) (CCDC 1978834). 

 

Figure 2.4 1H NMR spectrum of phenyl(2-phenylimidazo[1,2-a]pyridin-5-yl)methanone 
(46aa) recorded in CDCl3 

 

Figure 2.5 13C{1H} NMR spectrum of phenyl(2-phenylimidazo[1,2-a]pyridin-5-yl)methanone 
46aa recorded in CDCl3 
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Figure 2.6 HRMS spectrum of of phenyl(2-phenylimidazo[1,2-a]pyridin-5-yl)methanone 
46aa 

 

Figure 2.7 ORTEP diagram of 46aa (CCDC No 1978834).  The thermal ellipsoids are drawn 
at 50% probability level 

After confirming the structure of 46aa, a series of experiments were performed to optimize the 

reaction conditions for decarboxylative benzoylation of 36a using 12a as a benzoyl source (Ta-

ble 2.1). With the optimized reaction conditions in hand, we investigated the scope of imid-
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azo[1,2-a]pyridines (Table 2.2). A wide range of 2-arylimidazo[1,2-a]pyridines with both elec-

tron-donating and electron-withdrawing substituents such as Me, OMe, CF3, CN and halogens 

at the C2-benzene ring (36a–g) on reaction with 12a afforded the corresponding benzoylated 

products (46aa–ga) with good yields. 2-(Thiophen-2-yl)imidazo[1,2-a]pyridine (36h) also suc-

cessfully afforded the desired benzoylated products (46ha) in 50% yield. Similarly, the reaction 

of 2-arylimidazo[1,2-a]pyridines substituted with methyl and bromo groups at different posi-

tions on the pyridine ring (36i–n) afforded the corresponding benzoyl derivatives (46ia–na) in 

good yields (63–83%). It was found that the imidazo[1,2-a]pyridines with a methyl substituent 

on the pyridine ring at C6- and C8-positions provided higher yields as compared to unsubsti-

tuted imidazo[1,2-a]pyridines. A C3-substituted substrate, 3-methyl-2-phenylimidazo[1,2-

a]pyridine (36o), also reacted under these conditions to give the corresponding C5-benzoyl de-

rivative (46oa) in 68% yield. Interestingly, the reaction of imidazo[1,2-a]pyrimidines (36p–s) 

with substituents such as methyl, methoxy and chloro groups on the C2-benzene ring 

with 12a provided the corresponding C5-benzoyl derivatives 46pa–sa in high yields (76–85%). 

The higher yield in the case of imidazo[1,2-a]pyrimidines as compared to imidazo[1,2-a]pyri-

dines may be due to the extra stability of the radical intermediate by the nitrogen atom of the 

pyrimidine ring and/or more electron deficient pyrimidine rings. Benzoylation of a commercial 

drug molecule, Zolimidine, was performed under optimized conditions to give the correspond-

ing C5-benzoylated derivative 46ta in 62% yield. Finally, the substrate scope of arylglyoxylic 

acids (12) was examined. The reaction of 36a with a variety of substituted arylglyoxylic acids 

(12b–e) afforded the corresponding benzoylated products (46ab–ae) in good yields (67–76%). 

Heteroarylglyoxylic acids viz. 3-indoleglyoxylic acid (12f) and 2-thiopheneglyoxylic acid 

(12g) also reacted successfully under these conditions to afford the corresponding prod-

ucts 46af and 46ag in 78% and 55% yields, respectively.  
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Table 2.2 Substrate scope for benzoylation of imidazoheterocyclesa,b,c 

 
aReaction conditions: 36 (0.5 mmol), 12 (1.5 mmol), K2S2O8 (3 equiv.), and DMSO : H2O (3.0 
mL, 4 : 1 v/v), 60 °C, 3 h. bIsolated yields. cIn most of the cases, C3-benzoylated deriva-
tives were formed in a small amount (5–10%) which were not isolated. 

For additional confirmation 1D NOE experiment with 46pa was performed which also cleared 

the regioselectivity at C5 position (Figure 2.8). When proton at δ = 8.92 ppm was selectively 

irradiated, it leads to partial NOE enhancement of the signal at δ = 8.14, 7.92 and 7.62 ppm. It 

indicates that the benzoyl group is in proximity with the proton at C3 position. Also, irradiation 

https://pubs.rsc.org/en/content/articlelanding/2020/ob/d0ob01842b#tab2fna
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of signal at δ = 8.70 ppm shows a NOE enhancement of proton at δ = 7.23 ppm only. A clear 

NOE enhancement of the proton at C3 position (δ = 8.92 ppm) and ortho protons of phenyl ring 

(δ = 7.92 ppm) was also observed when the signal at δ = 8.14 ppm was selectively irradiated. 

This confirms the presence of benzoyl group at C5 position of imidazo[1,2-a]pyrimidines. 

 

 

 

 

Figure 2.8 NOE spectra of phenyl(2-phenylimidazo[1,2-a]pyrimidin-5-yl)methanone 46pa 

recorded in CDCl3 

To verify the efficiency of the designed protocol, the gram-scale synthesis of 46aa was carried 

out by the reaction of 36a (5 mmol) with 12a (15 mmol) under the standard reaction conditions 

(Scheme 2.17). To our expectation, the desired C5-benzoylated product 46aa was isolated in 

63% yield without a significant change in the efficacy of the reaction. Furthermore, synthetic 

https://pubs.rsc.org/en/content/articlelanding/2020/ob/d0ob01842b#sch2
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application of the method was demonstrated by reducing 46aa to phenyl(2-phenylimidazo[1,2-

a]pyridin-5-yl)methanol (48) in 90% yield using sodium borohydride in methanol (Scheme 

2.17). 

 

Scheme 2.17 a) Gram scale synthesis of 46aa and (b) reduction of 46aa using NaBH4. 

To gain insights into the benzoylation reaction mechanism, a few control experiments were 

performed (Scheme 2.18). The model reaction of 36a with 12a failed to produce the desired 

product 46aa in the presence of a radical scavenger TEMPO (2,2,6,6-tetramethylpiperidine-1-

oxy), but 2,2,6,6-tetramethylpiperidin-1-yl benzoate (49) was isolated (Scheme 2.18a). Simi-

larly, the reaction of 36a with 12a in the presence of BHT (butylated hydroxytoluene) under 

standard reaction conditions also failed to produce the desired product 46aa (Scheme 2.18b). 

Formation of 2,6-diisopropyl-4-methylphenyl benzoate (50) was detected by HRMS analysis 

of the reaction mixture. Furthermore, heating 12a under optimal reaction conditions produced 

benzaldehyde (51) in 57% yield (Scheme 2.18c). The results from these control experiments 

suggested that the benzoyl radical may be formed through the decarboxylative reaction of phe-

nylglyoxylic acid. The reaction of 5-methyl-2-phenylimidazo[1,2-a]pyridine (36t) 

with 12a under standard reaction conditions failed to produce any product and 36t was recov-

ered in 80% yield (Scheme 2.18d). Finally, a competitive reaction between 2-arylimidazo[1,2-

a]pyridines, 36c and 36e, produced the corresponding products 46ca and 46ea in a 2 : 1 ratio 

(Scheme 2.18e), indicating that the substrate with electron donating substituents at the C2-ben-

zene ring of the imidazo-[1,2-a]pyridines is more favourable for this reaction. 
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Scheme 2.18 Control experiments 

Based on the control experiments and literature reports,42-43, 47-48 a plausible mechanistic path-

way is depicted in Scheme 2.19. First, the thermal decomposition of K2S2O8 generated sulfate 

radicals (SO4˙−).49 Next, the oxidative decarboxylation of 12a in the presence of SO4˙− gener-

ated benzoyl radicals (A), which then reacted regioselectively at the C5-position of 36a to af-

ford the radical intermediate B. Finally, hydrogen radical abstraction (HRA) by SO4˙− or per-

sulfate mediated single-electron transfer (SET) followed by deprotonation produced the desired 

product 46aa. 

 

Scheme 2.19 Proposed reaction mechanism 
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2.3 CONCLUSIONS 

In summary, we have developed a metal- and photocatalyst-free K2S2O8-mediated reaction for 

regioselective benzoylation of imidazoheterocycles using arylglyoxylic acids as a benzoyl 

source. The reaction produced good yields and tolerated a wide range of functional groups both 

on imidazoheterocycles as well as on arylglyoxylic acids. Control experiments indicated that 

the reaction is likely to proceed via a radical pathway. The developed protocol is amenable for 

a scale-up reaction. Given the high pharmaceutical importance of imidazo[1,2-a]pyridines, the 

newly developed method will be useful for the synthesis of a variety of 5-aroylimidazo[1,2-

a]pyridines under metal-free and mild reaction conditions. 

2.4 EXPERIMENTAL SECTION 

2.4.1 General Information 

All the chemicals were obtained from commercial suppliers and used without further purifica-

tion. Arylglyoxylic acids were synthesized by the oxidation of the corresponding aryl methyl 

ketones using selenium dioxide following the reported procedure.50 Zolimidine was synthesized 

by reacting 2-(4-bromophenyl)-imidazo[1,2-a]pyridine with sodium methane sulfonate in the 

presence of CuI/L-proline51. Reactions were monitored by using thin-layer chromatography 

(TLC) on 0.2 mm silica gel F254 plates. Column chromatography was performed over silica 

gel (100–200 mesh) using Hexanes/EtOAc as an Eluent system. Melting points were deter-

mined in open capillary tubes on an automated melting point apparatus and are uncorrected. 1H 

and 13C{1H} NMR spectra were recorded on Bruker Avance 400 NMR spectrometer at 400 

MHz and 100 MHz frequency, respectively, with CDCl3 as the solvent using TMS as an internal 

standard or DMSO-d6 as the solvent. Chemical shifts (δ) and coupling constants (J) are reported 

in parts per million (ppm) and hertz, respectively. The peak multiplicities of 1H NMR signals 

were designated as s (singlet), d (doublet), dd (doublet of doublet), dt (doublet of triplet), td 

(triplet of doublet), t (triplet), q (quartet), m (multiplet), etc. HRMS (ESI) was performed using 

Agilent 6545 Q-TOF LC/MS spectrometer. 
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2.4.2 Experimental Procedure for the Preparation of Benzoylated Products (46) 

To a solution of 36 (0.51 mmol, 1.0 equiv.) in DMSO : H2O (3 mL, 4 : 1 v/v) was added aryl-

glyoxylic acid 12 (1.54 mmol, 3.0 equiv.) and K2S2O8 (1.54 mmol, 3.0 equiv.) at room temper-

ature and the reaction mixture was stirred at 60 °C for 3 h. After completion of the reaction 

monitored by TLC, the reaction mixture was allowed to attain room temperature. It was poured 

into water (10 mL) and extracted with ethyl acetate (3 × 5 mL). The combined organic layer 

was dried over anhydrous Na2SO4 and evaporated under vacuum. The resulting crude oil was 

purified by column chromatography (silica gel 100–200 mesh) using Hexanes/EtOAc as an El-

uent system to afford 46. 

Phenyl(2-phenylimidazo[1,2-a]pyridin-5-yl)methanone (46aa): Yellow solid; 96 mg, 62% yield; 

Eluent system: Hexanes/EtOAc (8 : 2 v/v); mp = 163–165 °C; 1H NMR 

(400 MHz, CDCl3) δ = 9.24 (s, 1H), 8.09–8.07 (m, 2H), 7.98 (d, J = 8.8 

Hz, 1H), 7.87–7.85 (m, 2H), 7.71–7.67 (m, 1H), 7.58 (t, J = 7.7 Hz, 

2H), 7.50 (t, J = 7.7 Hz, 2H), 7.41–7.37 (m, 2H), 7.30–7.26 (m, 

1H); 13C{1H} NMR (100 MHz, CDCl3) δ = 190.4, 147.5, 146.3, 137.6, 133.5, 132.8, 131.7, 

129.7, 128.8, 128.6, 128.3, 126.3, 122.5, 122.4, 122.2, 111.0; HRMS (ESI) m/z: [M + H]+ Calcd 

for  C20H15N2O+ 299.1179; found 299.1174. 

Phenyl(2-(p-tolyl)imidazo[1,2-a]pyridin-5-yl)methanone (46ba): Yellow solid; 105.5 mg, 71% 

yield; Eluent system: Hexanes/EtOAc (8 : 2 v/v); mp = 164–166 

°C;  1H NMR (400 MHz, CDCl3) δ = 9.21 (s, 1H), 7.98–7.95 (m, 

3H), 7.86–7.84 (m, 2H), 7.71–7.66 (m, 1H), 7.57 (t, J = 7.6 Hz, 

2H), 7.39 (dd, J = 7.2, 1.2 Hz, 1H), 7.31 (d, J = 8.0 Hz, 2H), 7.26 

(dd, J = 8.8, 7.2 Hz, 1H), 2.43 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 190.4, 147.7, 

146.3, 138.2, 137.6, 132.8, 131.6, 130.7, 129.7, 129.5, 128.6, 126.2, 122.4, 122.3, 122.0, 110.7, 

21.4; HRMS (ESI) m/z: [M + H]+ Calcd for C21H17N2O+ 313.1335; found 313.1331. 

(2-(4-Methoxyphenyl)imidazo[1,2-a]pyridin-5-yl)(phenyl)-methanone (46ca): Yellow solid; 101 

mg, 69% yield; Eluent system: Hexanes/ EtOAc (8 : 2 v/v); mp = 

181–183 °C; 1H NMR (400 MHz, CDCl3) δ = 9.17 (s, 1H), 8.01 

(d, J = 8.3 Hz, 2H), 7.95 (d, J = 8.9 Hz, 1H), 7.85 (d, J = 7.6 Hz, 

2H), 7.68 (t, J = 7.4 Hz, 1H), 7.57 (t, J = 7.7 Hz, 2H), 7.38 (d, J = 

7.2 Hz, 1H), 7.27–7.23 (m, 1H), 7.03 (d, J = 8.3 Hz, 2H), 3.90 (s, 3H); 13C{1H} NMR (100 
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MHz, CDCl3) δ = 190.4, 159.9, 147.6, 146.3, 137.7, 132.8, 131.5, 129.7, 128.6, 127.6, 126.2, 

122.3, 122.2, 121.9, 114.3, 110.2, 55.4; HRMS (ESI) m/z: [M + H]+ Calcd for 

C21H17N2O2
+ 329.1285, found 329.1279. 

4-(5-Benzoylimidazo[1,2-a]pyridin-2-yl)benzonitrile (46da): Yellow solid; 91 mg, 62% yield; Elu-

ent system: Hexanes/EtOAc (8 : 2 v/v); mp = 173–175 °C;  1H 

NMR (400 MHz, CDCl3) δ = 9.31 (s, 1H), 8.18 (d, J = 8.0 Hz, 2H), 

7.97 (d, J = 8.8 Hz, 1H), 7.86 (d, J = 7.6 Hz, 2H), 7.77 (d, J = 7.7 

Hz, 2H), 7.70 (t, J = 7.4 Hz, 1H), 7.59 (t, J = 7.6 Hz, 2H), 7.44 

(d, J = 7.0 Hz, 1H), 7.35–7.31 (m, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ = 190.1, 146.1, 

144.3, 137.2, 137.1, 133.3, 132.7, 132.0, 129.8, 128.8, 126.8, 124.0, 122.9, 122.4, 118.9, 112.2, 

111.8; HRMS (ESI) m/z: Calcd for C21H14N3O+ 324.1131, found 324.1127. 

(2-(4-Fluorophenyl)imidazo[1,2-a]pyridin-5-yl)(phenyl)methanone (46ea): Yellow solid; 83 mg, 

56% yield; Eluent system: Hexanes/ EtOAc (8 : 2 v/v); mp = 171–

173 °C; 1H NMR (400 MHz, CDCl3) δ = 9.19 (s, 1H), 8.05 (dd, J = 

8.8, 5.6 Hz, 2H), 7.96 (d, J = 8.8 Hz, 1H), 7.86 (d, J = 7.2 Hz, 2H), 

7.69 (t, J = 7.4 Hz, 1H), 7.58 (t, J = 7.6 Hz, 2H), 7.40 (d, J = 7.2 Hz, 

1H), 7.30–7.26 (m, 1H), 7.18 (t, J = 8.6 Hz, 2H); 13C{1H} NMR (100 MHz, CDCl3) δ = 190.1, 

163.2 (d, 1JC-F  = 248.7 Hz), 145.3, 144.8, 137.1, 133.2, 131.7, 129.8, 128.76, 128.3 (d, 3JC-F = 

8.3 Hz), 123.9, 122.8, 121.6, 116.1, 115.9, 110.6; HRMS (ESI) m/z: [M + H]+ Calcd for 

C20H14FN2O+ 317.1085, found 317.1079. 

(2-(4-Bromophenyl)imidazo[1,2-a]pyridin-5-yl)(phenyl)methanone (46fa): Yellow solid; 82.5 mg, 

60% yield; Eluent system: Hexanes/ EtOAc (8 : 2 v/v); mp = 176–

178 °C;  1H NMR (400 MHz, CDCl3) δ = 9.22 (s, 1H), 7.97–7.93 

(m, 3H), 7.85 (dd, J = 8.2, 1.4 Hz, 2H), 7.71–7.67 (m, 1H), 7.63–

7.62 (m, 1H), 7.60 (t, J = 2.2 Hz, 2H), 7.58–7.56 (m, 1H), 7.41 

(dd, J = 7.2, 1.2 Hz, 1H), 7.31–7.27 (m, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ = 190.2, 

146.0, 145.7, 137.3, 133.1, 132.0, 131.9, 131.7, 129.8, 128.7, 127.9, 123.1, 122.6, 122.6, 122.2, 

111.0; HRMS (ESI) m/z: [M + H]+ Calcd for C20H14BrN2O+ 377.0248, found 377.0250. 
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(2-(2-Methoxyphenyl)imidazo[1,2-a]pyridin-5-yl)(phenyl)-methanone (46ga): Yellow solid; 102 

mg, 70% yield; Eluent system: Hexanes/ EtOAc (8 : 2 v/v); mp = 127–

129 °C; 1H NMR (400 MHz, CDCl3) δ = 9.38 (s, 1H), 8.57 (d, J = 2.8 

Hz, 1H), 7.96 (d, J = 8.8 Hz, 1H), 7.87 (d, J = 7.2 Hz, 2H), 7.69 (t, J = 

7.6 Hz, 1H), 7.58 (t, J = 7.6 Hz, 2H), 7.46–7.43 (m, 1H), 7.38–7.36 (m, 

1H), 7.29–7.25 (m, 2H), 6.92 (d, J = 8.8 Hz, 1H), 4.02 (s, 3H); 13C{1H} NMR (100 MHz, 

CDCl3) δ = 190.0, 156.1, 144.2, 137.2, 133.3, 132.2, 132.0, 131.6, 130.3, 129.9, 128.9, 128.8, 

123.9, 122.5, 121.6, 115.0, 113.6, 112.8, 55.9; HRMS (ESI) m/z: [M + H]+ Calcd for 

C21H17N2O2
+ 329.1285, found 329.1288. 

Phenyl(2-(thiophen-3-yl)imidazo[1,2-a]pyridin-5-yl)methanone (46ha): Yellow solid; 75.5 mg, 

50% yield; Eluent system: Hexanes/EtOAc (8 : 2 v/v); mp = 145–147 

°C; 1H NMR (400 MHz, CDCl3) δ = 9.12 (s, 1H), 7.95–7.91 (m, 2H), 

7.85 (d, J = 7.6 Hz, 2H), 7.69 (t, J = 7.8 Hz, 1H), 7.65 (d, J = 5.2 Hz, 

1H), 7.58 (t, J = 7.6 Hz, 2H), 7.45–7.43 (m, 1H), 7.40 (d, J = 7.2 Hz, 

1H), 7.26 (d, J = 8.0 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ = 190.4, 146.2, 143.8, 137.6, 

135.5, 132.8, 131.6, 129.7, 128.6, 126.2, 126.1, 122.4, 122.3, 122.2, 122.0, 111.0; HRMS (ESI) 

m/z: [M + H]+ Calcd for C18H13N2OS+ 305.0743, found 305.0738. 

(6-Methyl-2-phenylimidazo[1,2-a]pyridin-5-yl)(phenyl)methanone (46ia): Yellow solid; 104.5 mg, 

70% yield; Eluent system: Hexanes/EtOAc (8 : 2 v/v); mp = 181–

183 °C; 1H NMR (400 MHz, CDCl3) δ = 9.09 (s, 1H), 8.05 (d, J = 

8, 2H), 7.86 (d, J = 8, 2H), 7.74 (s, 1H), 7.70 (t, J = 7.6 Hz, 1H), 

7.59 (t, J = 7.4 Hz, 2H), 7.48 (t, J = 7.4 Hz, 2H), 7.37 (t, J = 7.4 Hz, 

1H), 7.20 (s, 1H), 2.46 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 190.3, 146.9, 146.6, 

138.0, 134.1, 133.9, 132.4, 130.0, 129.6, 128.7, 128.5, 128.1, 126.4, 123.2, 121.3, 111.5, 17.8; 

HRMS (ESI) m/z: [M + H]+ Calcd for C21H17N2O+ 313.1335, found 313.1337. 

(6-Methyl-2-(p-tolyl)imidazo[1,2-a]pyridin-5-yl)(phenyl)-methanone (46ja): Yellow solid; 112 mg, 

76% yield; Eluent system: Hexanes/ EtOAc (8 : 2 v/v); mp = 

173–175 °C; 1H NMR (400 MHz, CDCl3) δ = 9.08 (s, 1H), 7.95 

(d, J = 8.4 Hz, 2H), 7.86–7.84 (m, 2H), 7.80 (s, 1H), 7.70 (t, J = 

7.4 Hz, 1H), 7.58 (t, J = 7.6 Hz, 2H), 7.30 (d, J = 8.8 Hz, 2H), 

7.22 (d, J = 2.0 Hz, 1H), 2.46 (s, 3H), 2.42 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 190.2, 
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146.3, 146.1, 138.4, 137.4, 133.8, 133.0, 131.0, 130.0, 129.8, 129.6, 128.7, 126.2, 124.7, 120.6, 

109.8, 21.4, 21.1; HRMS (ESI) m/z: [M + H]+ Calcd for C22H20N2O+ 313.1335, found 

313.1332. 

(2-(4-Methoxyphenyl)-6-methylimidazo[1,2-a]pyridin-5-yl)-(phenyl)methanone (46ka): Orange 

solid; 110 mg, 77% yield; Eluent system: Hexanes/EtOAc 

(8 : 2 v/v); mp = 188–190 °C; 1H NMR (400 MHz, 

CDCl3) δ = 9.01 (s, 1H), 7.98 (d, J = 8.8 Hz, 2H), 7.85 (d, J = 

6.8 Hz, 2H), 7.70–7.67 (m, 2H), 7.58 (t, J = 7.6 Hz, 2H), 7.18 

(d, J = 1.2 Hz, 1H), 7.01 (d, J = 8.4 Hz, 2H), 3.89 (s, 3H), 2.45 (s, 3H); 13C{1H} NMR (100 

MHz, CDCl3) δ = 190.4, 159.8, 147.1, 146.7, 137.7, 132.8, 132.7, 130.9, 129.7, 128.6, 127.5, 

126.5, 124.4, 120.9, 114.2, 109.4, 55.3, 21.0; HRMS (ESI) m/z: [M + H]+ Calcd for 

C22H19N2O2
+ 343.1441, found 343.1440. 

(8-Methyl-2-phenylimidazo[1,2-a]pyridin-5-yl)(phenyl)methanone (46la): Yellow solid; 124 mg, 

83% yield; Eluent system: Hexanes/EtOAc (8 : 2 v/v); mp = 156–158 

°C; 1H NMR (400 MHz, CDCl3) δ = 9.29 (s, 1H), 8.11–8.09 (m, 2H), 

7.84–7.82 (m, 2H), 7.66 (t, J = 7.4 Hz, 1H), 7.56 (t, J = 7.4 Hz, 2H), 

7.49 (t, J = 7.6 Hz, 2H), 7.37 (t, J = 7.4 Hz, 1H), 7.33 (d, J = 7.2 Hz, 

1H), 7.06 (dd, J = 7.2, 0.8 Hz, 1H), 2.83 (s, 3H); 13C{1H} NMR (100 

MHz, CDCl3) δ = 190.3, 146.9, 146.6, 138.1, 134.1, 133.9, 132.5, 130.0, 129.6, 128.7, 128.5, 

128.1, 126.4, 123.2, 121.3, 111.5, 17.8; HRMS (ESI) m/z: [M + H]+ Calcd for 

C21H17N2O+ 313.1335, found 313.1332. 

(2-(4-Chlorophenyl)-8-methylimidazo[1,2-a]pyridin-5-yl)(phenyl)-methanone (46ma): Yellow solid; 

125 mg, 75% yield; Eluent system: Hexanes/EtOAc (8 : 2 v/v); mp 

= 169–171 °C; 1H NMR (400 MHz, CDCl3 δ = 9.26 (s, 1H), 8.05–

8.02 (m, 2H), 7.83–7.81 (m, 2H), 7.69–7.65 (m, 1H), 7.57 (t, J = 

7.6 Hz, 2H), 7.47–7.44 (m, 2H), 7.34 (d, J = 7.6 Hz, 1H), 7.08 

(dd, J = 7.2, 0.8 Hz, 1H), 2.81 (s, 3H); 13C{1H} NMR (100 MHz, 

CDCl3) δ = 190.1, 146.2, 145.1, 137.8, 134.1, 133.9, 132.7, 131.7, 130.0, 129.7, 129.0, 128.6, 

127.7, 123.4, 122.3, 111.5, 17.9; HRMS (ESI) m/z: [M + H]+ Calcd for 

C21H16ClN2O+ 347.0946, found 349.0946. 



Chapter 2 
 

71 

 

(7-Bromo-2-phenylimidazo[1,2-a]pyridin-3-yl)(phenyl)methanone (46na): Yellow solid; 86.5 mg, 

63% yield; Eluent system: Hexanes/EtOAc (8 : 2 v/v); mp = 189–191 

°C; 1H NMR (400 MHz, CDCl3) δ = 7.95 (dd, J = 8.4, 1.2 Hz, 2H), 

7.89 (dd, J = 8.4, 1.2 Hz, 2H), 7.76–7.72 (m, 1H), 7.69 (dd, J = 9.6, 

0.4 Hz, 1H), 7.65 (s, 1H), 7.59–7.55 (m, 2H), 7.44–7.39 (m, 3H), 

7.36–7.32 (m, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ = 189.4, 147.2, 144.4, 135.5, 134.2, 

132.8, 132.2, 130.0, 129.5, 128.8, 128.5, 128.4, 126.2, 118.9, 108.0, 105.5; HRMS (ESI) m/z: 

[M + H]+ Calcd for C20H14BrN2O+ 377.0284, found 377.0279. 

(3-Methyl-2-phenylimidazo[1,2-a]pyridin-5-yl)(phenyl)methanone (46oa): Yellow solid; 102 mg, 

68% yield; Eluent system: Hexanes/EtOAc (8 : 2 v/v); mp = 174–176 

°C; 1H NMR (400 MHz, CDCl3) δ = 8.04 (d, J = 7.6 Hz, 2H), 7.92 

(d, J = 8.8 Hz, 1H), 7.82 (d, J = 7.6 Hz, 2H), 7.72 (t, J = 7.0 Hz, 1H), 

7.58 (t, J = 7.6 Hz, 2H), 7.51 (t, J = 7.6 Hz, 2H), 7.40 (t, J = 7.2 Hz, 

1H), 7.26 (t, J = 7.8 Hz, 1H), 7.12 (d, J = 6.8 Hz, 1H), 2.33 (s, 3H); 13C{1H} NMR (100 MHz, 

CDCl3) δ = 188.0, 145.3, 145.2, 136.4, 134.3, 134.2, 130.6, 129.9, 129.0, 128.9, 128.5, 127.8, 

121.6, 120.7, 119.4, 118.0, 14.4; HRMS (ESI) m/z: [M + H]+ Calcd for C21H17N2O+ 313.1335, 

found 313.1329. 

Phenyl(2-phenylimidazo[1,2-a]pyrimidin-5-yl)methanone (46pa): Yellow solid; 130 mg, 81% 

yield; Eluent system: Hexanes/EtOAc (8 : 2 v/v); mp = 190–192 °C; 1H 

NMR (400 MHz, CDCl3) δ = 8.92 (s, 1H), 8.69 (d, J = 4.4 Hz, 1H), 8.14 

(d, J = 6.8 Hz, 2H), 7.91 (d, J = 7.2 Hz, 2H), 7.75 (t, J = 7.4 Hz, 1H), 

7.62 (t, J = 7.8 Hz, 2H), 7.50 (t, J = 7.4 Hz, 2H), 7.41 (t, J = 7.4 Hz, 

1H), 7.22 (d, J = 4.4 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ = 189.8, 150.0, 149.6, 147.5, 

136.5, 135.8, 134.1, 132.9, 130.0, 129.0, 128.8, 126.6, 113.1, 108.4; HRMS (ESI) m/z: [M + 

H]+ Calcd for C19H14N3O+ 300.1131, found 300.1129. 

Phenyl(2-(p-tolyl)imidazo[1,2-a]pyrimidin-5-yl)methanone (46qa): Yellow solid; 127.5 mg, 85%; 

Eluent system: Hexanes/EtOAc (8 : 2 v/v); mp = 121–123 °C; 1H 

NMR (400 MHz, CDCl3) δ = 8.89 (s, 1H), 8.67 (d, J = 3.2 Hz, 1H), 

8.04 (d, J = 7.6 Hz, 2H), 7.91 (d, J = 8.0 Hz, 2H), 7.77–7.73 (m, 

1H), 7.61 (t, J = 7.6 Hz, 2H), 7.32–7.28 (m, 2H), 7.22–7.21 (m, 1H), 

2.43 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 189.8, 150.0, 149.9, 147.2, 139.1, 136.3, 
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135.9, 134.0, 130.2, 129.9, 129.6, 129.0, 126.5, 112.9, 108.1, 21.4; HRMS (ESI) m/z: [M + H]+ 

Calcd for C20H16N3O+ 314.1288, found 314.1281. 

(2-(4-Methoxyphenyl)imidazo[1,2-a]pyrimidin-5-yl)(phenyl)-methanone (46ra): Yellow solid; 117.5 

mg, 81% yield; Eluent system: Hexanes/ EtOAc (8 : 2 v/v); mp = 

159–162 °C; 1H NMR (400 MHz, CDCl3) δ = 8.87 (s, 1H), 8.66 

(d, J = 4.4 Hz, 1H), 8.09 (d, J = 8.0 Hz, 2H), 7.91 (d, J = 7.6 Hz, 

2H), 7.75 (t, J = 7.6 Hz, 1H), 7.62 (t, J = 7.6 Hz, 2H), 7.21 (d, J = 

4.4 Hz, 1H), 7.04 (d, J = 8.4 Hz, 2H), 3.90 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 189.9, 

160.5, 150.0, 149.8, 147.0, 136.1, 135.9, 134.0, 130.0, 129.0, 128.0, 125.6, 114.3, 113.0, 107.6, 

55.4; HRMS (ESI) m/z: [M + H]+ Calcd for C20H16N3O2
+ 300.1131, found 300.1134. 

(2-(4-Chlorophenyl)imidazo[1,2-a]pyrimidin-5-yl)(phenyl)-methanone (46sa): Yellow solid; 110 

mg, 76% yield; Eluent system: Hexanes/EtOAc (8 : 2 v/v); mp = 

175–177 °C; 1H NMR (400 MHz, CDCl3) δ = 8.89 (s, 1H), 8.71 

(d, J = 4.4 Hz, 1H), 8.08–8.06 (m, 2H), 7.92–7.90 (m, 2H), 7.78–

7.74 (m, 1H), 7.62 (t, J = 7.6 Hz, 2H), 7.48–7.45 (m, 2H), 7.23 

(d, J = 4.4 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ = 189.7, 150.0, 148.4, 147.8, 136.6, 

135.8, 134.9, 134.2, 131.5, 130.0, 129.1, 129.0, 127.8, 113.1, 108.5; HRMS (ESI) m/z: [M + 

H]+ Calcd for C19H13ClN3O+ 334.0742, found 334.0737. 

(2-(4-(Methylsulfonyl)phenyl)imidazo[1,2-a]pyridin-5-yl)(phenyl)-methanone (46ta): Yellow solid; 

70 mg, 51% yield; Eluent system: Hexanes/EtOAc (6 : 4, v/v); 

mp = 217–219 °C; 1H NMR (400 MHz, CDCl3) δ = 9.32 (s, 

1H), 8.29 (d, J = 8.4 Hz, 2H), 8.08 (t, J = 8.2 Hz, 3H), 7.88 

(d, J = 7.2 Hz, 2H), 7.72 (t, J = 7.2 Hz, 1H), 7.60 (t, J = 7.4 Hz, 

2H), 7.50 (d, J = 6.8 Hz, 1H), 7.43–7.40 (m, 1H), 3.13 (s, 3H); 13C NMR (100 MHz, CDCl3) δ = 

189.9, 140.3, 136.8, 133.5, 132.0, 130.3, 129.9, 129.1, 128.9, 128.6, 128.2, 127.6, 127.2, 123.2, 

122.0, 112.3, 44.6; HRMS (ESI) m/z: [M + H]+ Calcd for C21H17N2O3S+ 377.0954, found 

377.0932. 
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(4-Methoxyphenyl)(2-phenylimidazo[1,2-a]pyridin-5-yl)-methanone (46ab): Yellow solid; 121 mg, 

72% yield; Eluent system: Hexanes/ EtOAc (8 : 2 v/v); mp = 153–155 

°C; 1H NMR (400 MHz, CDCl3) δ = 9.02 (s, 1H), 8.05 (d, J = 7.2 Hz, 

2H), 7.91 (t, J = 8.4 Hz, 3H), 7.48 (t, J = 7.6 Hz, 2H), 7.38 (t, J = 7.4 

Hz, 1H), 7.33 (d, J = 6.8 Hz, 1H), 7.25 (d, J = 7.2 Hz, 1H), 7.05 (d, J = 

8.8 Hz, 2H), 3.95 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 189.0, 

163.8, 147.1, 146.3, 133.6, 132.4, 132.2, 129.8, 128.8, 128.2, 126.3, 122.3, 121.8, 120.7, 114.0, 

110.6, 55.6; HRMS (ESI) m/z: [M + H]+ Calcd for C21H17N2O2
+ 329.1285, found 329.1297. 

(2-Methoxyphenyl)(2-phenylimidazo[1,2-a]pyridin-5-yl)-methanone (46ac): Yellow solid; 128 mg, 

76% yield; Eluent system: Hexanes/ EtOAc (8 : 2 v/v); mp = 178–180 

°C; 1H NMR (400 MHz, CDCl3) δ = 9.52 (s, 1H), 8.13–8.10 (m, 2H), 

8.03 (d, J = 8.8 Hz, 1H), 7.56 (td, J = 8.6, 1.6 Hz, 1H), 7.51 (t, J = 7.6 

Hz, 2H), 7.45 (dd, J = 7.6, 1.6 Hz, 1H), 7.40 (t, J = 7.4 Hz, 1H), 7.35–

7.33 (m, 1H), 7.28–7.24 (m, 1H), 7.15–7.11 (m, 1H), 7.06 (d, J = 8.4 

Hz, 1H), 3.78 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 190.3, 157.3, 147.1, 146.0, 133.0, 

132.6, 132.5, 129.5, 128.9, 128.5, 127.8, 126.4, 123.2, 122.9, 122.4, 120.7, 111.6, 111.4, 55.7; 

HRMS (ESI) m/z: [M + H]+ Calcd for C21H17N2O2
+ 329.1285, found 329.1278. 

(2-Phenylimidazo[1,2-a]pyridin-5-yl)(3,4,5-trimethoxyphenyl)-methanone (46ad): Yellow solid; 

150 mg, 75% yield; Eluent system: Hexanes/EtOAc (8 : 2 v/v); mp = 

140–142 °C; 1H NMR (400 MHz, CDCl3) δ = 9.05 (s, 1H), 8.09 (d, J = 

7.2 Hz, 3H), 7.51 (t, J = 7.6 Hz, 2H), 7.47 (d, J = 7.2 Hz, 1H), 7.43–

7.39 (m, 1H), 7.36 (d, J = 8.0 Hz, 1H), 7.13 (s, 2H), 4.01 (s, 3H), 3.94 

(s, 6H); 13C{1H} NMR (100 MHz, CDCl3) δ = 188.9, 153.2, 143.0, 

133.0, 131.9, 129.0, 129.0, 128.6, 128.0, 126.5, 123.8, 121.7, 121.4, 110.6, 107.9, 107.6, 61.1, 

56.5; HRMS (ESI) m/z: [M + H]+ Calcd for C23H21N2O4
+ 389.1489, found 389.1486. 

(4-Fluorophenyl)(2-phenylimidazo[1,2-a]pyridin-5-yl)methanone (46ae): Yellow solid; 108.5 mg, 

67% yield; Eluent system: Hexanes/EtOAc (8 : 2 v/v); mp = 171–173 

°C; 1H NMR (400 MHz, CDCl3) δ = 9.17 (s, 1H), 8.08–8.06 (dd, J = 

8.8, 1.6 Hz, 2H), 7.97 (d, J = 8.8 Hz, 1H), 7.93–7.90 (m, 2H), 7.50 

(t, J = 7.7 Hz, 2H), 7.40 (d, J = 7.6 Hz, 1H), 7.36 (dd, J = 7.2, 1.6 Hz, 

1H), 7.30–7.24 (m, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 188.8, 
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147.5, 146.3, 133.7 (d, J = 3.3 Hz), 133.3, 132.4 (d, J = 9.1 Hz), 131.5, 128.8, 128.4, 126.3, 

122.6, 122.2, 122.0, 116.1, 115.8, 110.9; HRMS (ESI) m/z: [M + H]+ Calcd for 

C20H14FN2O+ 317.1085, found 317.1087. 

(1H-Indol-3-yl)(2-phenylimidazo[1,2-a]pyridin-5-yl)methanone (46af): Yellow solid; 136 mg, 78% 

yield; Eluent system: Hexanes/EtOAc (8 : 2 v/v); mp = 235–237 °C; 1H 

NMR (400 MHz, CDCl3) δ = 8.80 (d, J = 4.0 Hz, 1H), 8.46–8.44 (m, 

1H), 8.01–7.99 (m, 2H), 7.84–7.80 (m, 2H), 7.51 (d, J = 6.8 Hz, 1H), 

7.46–7.41 (m, 2H), 7.37–7.33 (m, 4H), 7.28–7.24 (m, 1H); 13C{1H} 

NMR (100 MHz, DMSO-d6) δ = 183.6, 146.1, 145.5, 137.5, 137.5, 

134.6, 134.1, 129.2, 128.4, 126.6, 126.2, 124.6, 124.1, 122.2, 121.9, 

120.1, 117.4, 115.4, 113.1, 109.8; HRMS (ESI) m/z: [M + H]+ Calcd for C22H16N3O+ 338.1288, 

found 338.1290. 

(2-Phenylimidazo[1,2-a]pyridin-5-yl)(thiophen-2-yl)methanone (46ag): Yellow solid; 86 mg, 55% 

yield; Eluent system: Hexanes/EtOAc (8 : 2 v/v); mp = 174–176 °C; 1H 

NMR (400 MHz, CDCl3) δ = 9.0 (s, 1H), 8.04 (d, J = 7.2 Hz, 2H), 7.97 

(d, J = 8.8 Hz, 1H), 7.84 (d, J = 4.4 Hz, 1H), 7.80 (d, J = 3.6 Hz, 1H), 

7.60 (d, J = 6.8 Hz, 1H), 7.48 (t, J = 7.2 Hz, 2H), 7.39–7.36 (m, 1H), 

7.31 (d, J = 8.8 Hz, 1H), 7.26–7.24 (m, 1H); 13C{1H} NMR (100 MHz, 

CDCl3) δ = 181.4, 147.1, 146.2, 142.7, 135.3, 134.9, 133.4, 131.9, 128.8, 128.3, 128.3, 126.3, 

122.4, 122.1, 119.8, 110.5; HRMS (ESI) m/z: [M + H]+ Calcd for C18H13N2OS+ 305.0743, 

found 305.0748. 

(2-Phenylimidazo[1,2-a]pyridine-5,8-diyl)bis(phenylmethanone) (47aa): Yellow solid; 31 mg, 15% 

yield; Eluent system: Hexanes/EtOAc (8 : 2 v/v); mp = 175–177 °C; 1H 

NMR (400 MHz, CDCl3) δ = 9.22 (s, 1H), 8.00 (dd, J = 8.2, 1.4 Hz, 

2H), 7.96 (dd, J = 8.2, 1.4 Hz, 2H), 7.91 (dd, J = 8.2, 1.4 Hz, 2H), 7.74–

7.70 (m, 1H), 7.68–7.64 (m, 1H), 7.62–7.58 (m, 3H), 7.51 (d, J = 7.6 

Hz, 2H), 7.44 (d, J = 8.0 Hz, 2H), 7.41–7.39 (m, 2H); 13C{1H} NMR 

(100 MHz, CDCl3) δ = 193.1, 190.0, 148.4, 143.8, 137.2, 136.6, 133.8, 133.3, 133.2, 132.7, 

132.4, 130.5, 129.9, 128.8, 128.6, 128.5, 128.4, 126.6, 122.4, 120.8, 110.9; HRMS (ESI) m/z: 

[M + H]+ Calcd for C27H19N2O2
+ 403.1441, found 403.1439. 



Chapter 2 
 

75 

 

2,2,6,6-Tetramethylpiperidin-1-yl benzoate (49): Eluent system: Hexanes/EtOAc (8 : 2 v/v); white 

solid; 45 mg; mp = 105–107 °C; 1H NMR (400 MHz, CDCl3) δ = 8.14–8.11 

(m, 1H), 8.10–8.09 (m, 1H), 7.62–7.58 (m, 1H), 7.51–7.47 (m, 2H), 1.84–

1.70 (m, 4H), 1.64–1.60 (m, 2H), 1.30 (s, 6H), 1.15 (s, 6H); 13C{1H} NMR 

(100 MHz, CDCl3) δ = 166.4, 132.8, 129.6, 128.4, 60.4, 39.1, 32.0, 20.9, 

17.0; HRMS (ESI) m/z: [M + H]+ Calcd for C16H24NO2
+ 262.1802, found 262.1807. 

2.4.3 Experimental Procedure for the Synthesis of phenyl(2-phenylimidazo[1,2-a]pyridin-5-

yl)methanol (48) 

To a solution of 46aa (0.17 mmol; 1.0 equiv.) in methanol (10 mL) was added NaBH4 (0.25 

mmol; 1.5 equiv.) portion-wise at room temperature and the reaction mixture was continued for 

1 h. After completion of the reaction monitored by TLC, the solvent was evaporated under 

reduced pressure and the resulting crude solid was washed with diethyl ether and n-pentane to 

get reduced compound phenyl(2-phenylimidazo[1,2-a]pyridin-5-yl)methanol (48) as white solid; 

yield: 45 mg (90%); mp = 96–98 °C; Eluent system: Hexanes/EtOAc 

(8 : 2 v/v); 1H NMR (400 MHz, CDCl3) δ = 7.76–7.74 (m, 3H), 7.34–

7.32 (m, 8H), 6.95 (t, J = 8.0 Hz, 1H), 6.59 (d, J = 7.2 Hz, 1H), 5.97 

(s, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ = 145.9, 144.7, 139.0, 

138.8, 133.2, 128.8, 128.6, 128.4, 128.0, 126.8, 126.1, 124.8, 115.7, 111.6, 107.3, 72.6; HRMS 

(ESI) m/z: [M + H]+ Calcd for C20H17N2O+ 301.1335, found 301.1337. 

2.4.4 X-ray Crystallographic Analysis of Phenyl(2-phenylimidazo[1,2-a]pyridin-5-

yl)methanone (46aa) 

The crystals of the compound 46aa (C20H14N2O) (Figure 2.8) were grown in chloroform solu-

tion. 46aa was crystallized in orthorhombic crystal system with Pbca space group. The crystal 

structure information of 46aa is deposited to Cambridge Crystallographic Data Center and the 

CCDC numbers for the 46aa is 1978834.  

The crystal data collection and data reduction were performed using CrysAlis PRO on a single 

crystal Rigaku Oxford XtaLab Pro diffractometer. The crystal was kept at 93(2) K during data 

collection. Using Olex252, the structure was solved with the ShelXT53 structure solution pro-

gram using Intrinsic Phasing and refined with the ShelXL54 refinement package using Least 

Squares minimisation. 
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Table 2.3: Crystal data and structure refinement for 46aa  

Identification code  46aa  
Empirical formula  C20H14N2O  
Formula weight  298.33  
Temperature/K  93(2)  
Crystal system  orthorhombic  
Space group  Pbca  
a/Å  8.3127(2)  
b/Å  17.1849(3)  
c/Å  20.9916(4)  
α/°  90  
β/°  90  
γ/°  90  
Volume/Å3  2998.71(11)  
Z  8  
ρcalcg/cm3  1.322  
μ/mm-1  0.656  
F(000)  1248.0  
Crystal size/mm3  0.1 × 0.1 × 0.1  
Radiation  CuKα (λ = 1.54184)  
2Θ range for data collection/°  8.424 to 159.084  
Index ranges  -10 ≤ h ≤ 8, -21 ≤ k ≤ 17, -25 ≤ l ≤ 26  
Reflections collected  10545  
Independent reflections  3204 [Rint = 0.0331, Rsigma = 0.0312]  
Data/restraints/parameters  3204/0/208  
Goodness-of-fit on F2  1.096  
Final R indexes [I>=2σ (I)]  R1 = 0.0442, wR2 = 0.1217  
Final R indexes [all data]  R1 = 0.0464, wR2 = 0.1239  
Largest diff. peak/hole / e Å-3  0.24/-0.27  
CCDC 1978834 
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4.1 INTRODUCTION 
Organofluorine compounds have become increasingly important in modern chemical and phar-

maceutical research due to their unique physicochemical properties (Figure 3.1).1-3 The incor-

poration of fluorine into organic compounds greatly enhances their lipophilicity, metabolic sta-

bility, membrane permeability, and protein-ligand interactions.4-6 As, fluorine is the most elec-

tronegative element, making it highly polarizing, and thus, its introduction into organic mole-

cules can significantly affect their physicochemical properties. Pharmaceuticals are one of the 

most notable applications of organofluorine compounds. Incorporation of fluorine into an or-

ganic compound is vital for drug development because of its tendency to modify the reactivity, 

selectivity, and specificity of drug molecules towards their target receptors, making them more 

effective and safer for human use. Apart from the pharmaceutical industry, organofluorine com-

pounds also find extensive use in agrochemicals, materials science, and industrial chemistry. 

For example, fluoropolymers like Teflon exhibit unique thermal and chemical resistance, mak-

ing them ideal for various applications, including coatings, insulators, and non-stick surfaces.  

 

Figure 3.1 Organofluorine compounds in pharmaceuticals, agrochemicals and polymer 
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Fluorinated solvents and surfactants are also popular in various industrial processes due to their 

excellent solvent properties and environmental compatibility. Such compounds are also im-

portant in modern synthetic organic chemistry as they serve as versatile building blocks for the 

preparation of complex organic molecules. The unique reactivity and selectivity of fluorine in 

various reactions, such as nucleophilic substitution and electrocyclic reactions, enable the se-

lective modification of organic molecules in a predictable manner. This makes them indispen-

sable in fields like pharmacology,7 agrochemistry,8-9 materials science,10 and electrochemis-

try.11 Overall, the importance of organofluorine compounds in various fields cannot be over-

stated, and their future applications are promising. 

Although several methodologies exist for introducing fluorine, geminal difluorination has be-

come a focal point of research due to its unique ability to introduce two fluorine atoms into a 

molecule.12-17 Several research groups have been consistently putting efforts to develop a more 

convenient, efficient and green protocol for the construction of such motifs. Fluorination is 

commonly achieved by using F2, HF, CF3OF, XeF2, SbF3 and FClO4 as fluorinating reagents 

(Scheme 3.1).18-23 Certain limitations like requirement of harsh reaction conditions, which often 

result in poor selectivity and low yields, toxicity, difficulty in handling, and/or cost hinder their 

widespread use in organic synthesis. Furthermore, some methods also require the use of haz-

ardous solvents or catalysts, which can be challenging to remove and may lead to environmental 

concerns. These limitations have spurred the development of new, easy and innovative fluori-

nation methods using fluorinating reagents such as Selectfluor, NFSI, DAST, that are milder, 

more selective, and more environmentally friendly.   

 

Scheme 3.1 Traditional methods for C-F coupling 

Various electrophilic, nucleophilic and radical-based fluorinating agents enables the construc-

tion of wide range of fluorinating compounds with diverse properties. Some commonly used 

fluorinating reagents are depicted in Figure 3.2. The importance of fluorinating reagent could 
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be anticipated through its capability of introducing fluorine atom(s) selectively into organic 

molecules. This ability makes them essential in the synthesis of various fluorine-containing 

compounds, modification of functional groups, and late-stage fluorination of complex mole-

cules with high efficiency and selectivity. The importance of fluorinating reagents in synthetic 

organic chemistry cannot be overstated, as they provide versatile tools for the design and de-

velopment of new molecules with improved properties and potential applications.  

 

Figure 3.2 Examples of fluorinating reagents 

In 2011, Jiao group developed a transition-metal free, highly regioselective difluorination of 

substituted indoles (1) using Selectfluor as the electrophilic fluorinating reagent. 3,3-difluoroin-

dolin-2-ols (2) were obtained from N-protected indoles while 3,3-difluoro-2-phenyl-3H-indole 

(2’) were obtained from free-NH indoles. Control experiments indicated the inevitable role of 

base and suggested ionic pathway for the reaction (Scheme 3.2).24  

 

Scheme 3.2 Regioselective difluorohydroxylation of indoles 
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Liu et al. reported a similar method for the regioselective fluorination of imidazo[1,2-a]pyridine 

(3) in aqueous conditions by using DMAP as base and Selectfluor as electrophilic fluorinating 

agent. While focusing on the electrophilic mono-fluorination of imidazo[1,2-a]pyridines (4), 

the group also obtained three examples of 3,3-difluoro-2-alkoxy-2-aryl imidazopyridines (5) by 

changing the nucleophile to alcohols. Moreover, the reaction was believed to proceed through 

electrophilic fluorinated mechanism (Scheme 3.3).25  

 

Scheme 3.3 Regioselective fluorination of imidazo[1,2-a]pyridines 

In the same year, Walton et al. reported a Selectfluor-mediated difluoroalkylation and difluo-

rohydroxylation of 3,5-diphenylpyrazole (6) including the detailed charge density study of 

products (7) and (8) with respect to parent pyrazole (Scheme 3.4). X-ray crystal data and charge 

density analysis demonstrated the unusually long bond length of the N−N in the substrate mol-

ecule. After the difluoro substitution, the electron density between the two nitrogen atoms has 

also been found to be significantly contracted.26  

 

Scheme 3.4 Regioselective fluorination of imidazo[1,2-a]pyridines 

Alternatively, 3,3-difluoro-2-substituted-3H-indoles (2’) were also synthesized via one-pot 

two-step Au-catalyzed cyclization followed by electrophilic fluorination of 2-alkynylanilines 

(9) by Michelet group (Scheme 3.5a).27 The procedure was also extended for the synthesis of 
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2-aryl-3-fluoro-1H-indoles (10). Notably, this methodology does not require the use of bases, 

acids, or N-protective groups, making it a simple and efficient process. Similarly Lei et al. 

reported the condition dependent synthesis of  2-aryl-3-fluoro-1H-indoles (10), 3,3-difluoro -

3H-indoles (2’) and 3,3-difluoro-2-hydroxy-3H-indoles (2) using Ag-catalyzed one-pot cy-

clization followed by electrophilic fluorination of 9 (Scheme 3.5a).28 

 

Scheme 3.5 Au/Ag-catalyzed cyclization/fluorination of 2-alkynylanilines 

Despite some great advantages, these methods suffer with some challenges such as limited sub-

strate scope, maintenance of low temperature, requirement of metal catalysts, etc. Thus, there 

is still a need to develop a more effective, economical and green method for the difluorination 

of heterocycles. 

Visible light is considered an ideal reagent for green synthesis due to its non-toxic nature, ability 

to generate no waste and obtainable from renewable resources.29 Visible light induced reactions 

have gained significant importance in synthetic organic chemistry in recent years due to their 

ability to achieve selective transformations and functionalization that are difficult or impossible 

to achieve using traditional thermal or chemical methods.30 Visible light has the ability to acti-

vate specific functional groups, leading to specific bond formation or cleavage, thus offering 

greater control over reaction kinetics and product selectivity, leading to more efficient and high-

yielding reactions.31 These advantages have revolutionized the field of synthetic organic chem-

istry by providing a sustainable, efficient, and selective tool for the preparation of complex 

organic molecules. Visible-light induced reactions have been used for a diverse range of organic 
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transformations ranging from oxidative cross-coupling reactions for the formation of C–C or 

C–heteroatom bonds, rearrangement reactions to various other challenging reactions.32-35 De-

spite significant progress in the field of synthetic chemistry through visible-light induced trans-

formations, difluorination induced by visible light is still not well explored.    

On the other hand, imidazo[1,2-a]pyridines are privileged heterocyclic scaffolds that have 

gained considerable attention in medicinal chemistry,36 synthetic chemistry,37-38 and material 

chemistry.39 Their presence as a building block in various commercially available drugs high-

lights their importance in pharmaceutical industries.40-42 Additionally, imidazo[1,2-a]pyridines 

exhibit diverse biological activities making them attractive targets for drug discovery.42 Owing 

to the unique structural features, such as the presence of multiple heteroatoms and aromatic 

rings, imidazo[1,2-a]pyridines can interact with various biological targets. As a result of their 

vast applicability in diverse fields of science, there is a growing interest in developing efficient 

synthetic methods to functionalize these compounds at specific positions. Among various po-

sitions, C3-functionalization of imidazo[1,2-a]pyridines has attracted significant attention due 

to its ability to modulate the biological activity of these compounds.43 Being the most nucleo-

philic position, the C3-position of imidazo[1,2-a]pyridine is susceptible to attack by electro-

philes or radicals. A series of methods have been achieved for the C–H bond functionalization 

specifically at C3-position in the way to construct C–C or C–heteroatom bond however, the 

difluoroalkoxylation of imidazo[1,2-a]pyridine under mild reaction conditions is still challeng-

ing. Therefore, in continuation with our interest in the radical-mediated C–H functionalization 

of heterocyclic compounds, herein we have developed a visible-light induced regioselective 

difluoroalkoxylation of imidazo[1,2-a]pyridines using NFSI as fluorine source (Scheme 3.6).   

 

Scheme 3.6 Visible-light induced difluoroalkoxylation of imidazo[1,2-a]pyridines 
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4.2 RESULTS AND DISCUSSION 
We initiated our study for optimizing reaction conditions using imidazo[1,2-a]pyridine 3a and 

methanol 11a as model substrates. After an extensive survey of the reaction conditions by var-

iation of photocatalyst, additive, fluorine source, solvent, and light source, we achieved 86% 

yield of 3,3-difluoro-2-methoxy-2-arylimidazo[1,2-a]pyridines 5aa by using NFSI as a fluori-

nating reagent under the irradiation of 15 W blue LEDs for 8 h (Table 3.1, entry 1). The mo-

lecular structure of 5aa was fully characterized by NMR (1H, Figure 3.3, 13C{1H}, Figure 3.4, 
19F, Figure 3.5) and HRMS (Figure 3.6). The addition of a catalytic amount of photocatalyst 

(2 mol %) like (Mes-Acr-Me)+, rose-bengal and rhodamine 6G had no significant effect on the 

yield (72-75%) of the desired product (Table 3.1, entries 2-4). In the presence of TFA as addi-

tive, the reaction afforded 5aa in 23% yield due to the formation of complex reaction mixture, 

demonstrating the ability to proceed under additive-free conditions (Table 3.1, entry 5). When 

selectfluor was used as a fluorinating reagent, the reaction still produced the desired product 

5aa, but its yield was suppressed to 55% (Table 3.1, entry 6). Replacement of blue LEDs with 

white and green LEDs yielded target product 5aa in 73% and 17% yield, respectively (Table 

3.1, entries 7 and 8). Notably, the effect of solvents on the reaction cannot be ignored. It was 

observed that protic solvent was the most suitable reaction medium providing higher yield, 

while aprotic solvents such as CH3CN, DCE, and THF resulted in lower yields (Table 3.1, 

compare entry 1 with entries 9-11). It was also found that the amount of fluorine source was 

crucial as increasing the amount did not improve the reaction, but decreasing it to 1.5 equivalent 

resulted in lower yields of 5aa (Table 3.1, entries 12-13). Moreover, prolonging the reaction 

for 24 h did not have any significant effect, and the target product 5aa was obtained in 83% 

yield. Further exploration of the reaction conditions revealed that both NFSI and visible light 

played vital roles (Table 3.1, entries 14-15). 
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Table 3.1 Optimization of the reaction condition for the synthesis of 5aaa 

Entry Deviation in reaction conditions % Yield of 5aab 
1 none 86 
2 (Mes-Acr-Me)+ as photocatalyst 72 
3 Rose bengal as photocatalyst 75 
4 Rhodamine 6G as photocatalyst 73 
5 TFA as additive 23 
6 Selectfluor as fluorinating reagent 55 
7 White light 73 
8 Green light 17 
9c CH3CN as solvent 78 
10c DCE as solvent 55 
11c THF as solvent 68 
12 NFSI 3.0 equiv. 80 
13 NFSI 1.5 equiv. 76 
14 Reaction time 24 h 83 
15 Without NFSI nr 
16 Without light nr 

aReaction condition: 3a (0.26 mmol, 1.0 equiv.), 11a (1.5 mL), NFSI (0.51 mmol, 2 equiv.), 
photocatalyst (2 mol %), additive (0.26 mmol, 1.0 equiv), solvent (1.5 mL), under the irradia-
tion of 15 W blue LEDs at RT for 8 h. bIsolated yield. c11a (1.29 mmol, 5 equiv.), nr = No 
reaction. 
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Figure 3.3 1H NMR spectrum of 3,3-difluoro-2-methoxy-2-phenyl-2,3-dihydroimidazo[1,2-
a]pyridine (5aa) recorded in CDCl3 

 

Figure 3.4 13C{1H} NMR spectrum of 3,3-difluoro-2-methoxy-2-phenyl-2,3-dihydroimidazo 
[1,2-a]pyridine (5aa) recorded in CDCl3 
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Figure 3.5 19F NMR spectrum of 3,3-difluoro-2-methoxy-2-phenyl-2,3-dihydroimidazo[1,2-
a]pyridine (5aa) recorded in CDCl3 

After determining the optimized reaction conditions (Table 3.1, entry 1), we explored substrate 

scope for photo-difluoromethoxylation with respect to imidazo[1,2-a]pyridines. As shown in 

Table 3.2, various imidazo[1,2-a]pyridines with electron-donating as well as electron-with-

drawing substituents at the 3- or 4- position of C2-phenyl ring smoothly reacted under the op-

timized conditions and afforded the corresponding 3,3-difluoro-2-methoxy-2-arylimidaz-

opyridines (5aa–5ka) in high yields (71–89%) after the 8–15 h of irradiation. Notably, extended 

irradiation time was necessary for electronically poor substates. Sterically encumbered imid-

azo[1,2-a]pyridines with methoxy and nitro groups at the 3-position of the C2-phenyl ring (5ja–

5ka) showed lower yields. Subsequently, imidazo[1,2-a]pyridine derivatives bearing substitu-

tion on the pyridyl ring were also investigated. Substrates bearing –Me and –Br substituents at 

C6–, C7–, and C8– position of the pyridyl ring (3l–3q) were well tolerated yielding the corre-

sponding products (5la–5qa) 65–90%. To our delight, imidazopyridines bearing 2–naphthyl, 

2–thienyl, 2–(2–methyl)thienyl, 3–thienyl, and 3–coumarinyl, readily underwent photo-difluo-

romethoxylation under the optimized reaction to deliver the corresponding products (5ra–5va) 
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in 68–84% yields. Furthermore, the structure of 5ga was unambiguously confirmed by single-

crystal X-ray diffraction study (CCDC 2244256) (Figure 3.7).  

Table 3.2 Scope and versality of imidazo[1,2-a]pyridinesa,b  

 
aReaction condition: 3 (0.26 mmol, 1.0 equiv.), 11a (1.5 mL), NFSI (0.51 mmol, 2 equiv.) under 
the irradiation of 15 W blue LEDs at rt for 8-15 h. bIsolated yield.  
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Figure 3.7 ORTEP diagram of 5ga (CCDC 2244256). The thermal ellipsoids are drawn at 
50% probability level 

Next, we investigated the scope and versatility of photo-difluoroalkoxylation with respect to a 

series of alcohols reacting with 3a under optimal conditions (Table 3.3). Primary alcohols such 

as EtOH (11b), nPrOH (11c), nBuOH (11d) and (CH3)2CHCH2CH2OH (11e) reacted smoothly 

and afforded the corresponding products 11ab–11ae in 80–91% yields. Interestingly, secondary 

alcohols (IPA and cyclopropanol) also reacted smoothly, affording the corresponding products 

5af and 5ag in 92% and 93% yield, respectively. However, the reaction failed to produce the 

target product with tertiary alcohol, possibly due to steric hindrance, although the reaction did 

produce a monofluorinated product (14). The reaction also underwent smoothly with allyl al-

cohol, benzyl alcohol and propargyl alcohol resulting the corresponding products 5ah–5ak in 

70–88% yields. Pleasingly, TMS-substituted pentynol (11l), 2-phenylethanol (11m), 2-naph-

thylethanol (11n), and 3-phenylpropanol (11o) provided corresponding products (5al–5ao) in 

65–76% yield under standard reaction conditions. It is also noteworthy that out of the two ter-

minal hydroxyl groups in ethylene glycol, only one hydroxyl group reacted with 3a to yield 

5ap in 69% yield. Finally, 2-chloroethanol, a halogenated alcohol underwent smooth conver-

sion to provide 75% yield of 5aq. The structure of 5ai was unambiguously confirmed by single-

crystal X-ray diffraction study (CCDC 2244257) (Figure 3.8). 
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Table 3.3 Scope and versality of alcoholsa,b 

aReaction condition: 3a (0.26 mmol, 1.0 equiv.), 11 (1.5 mL), NFSI (0.51 mmol, 2 equiv.) under 
the irradiation of 15 W blue LEDs at RT for 8 h. bIsolated yield. 

 

Figure 3.8 ORTEP diagram of 5ai (CCDC 2244257). The thermal ellipsoids are drawn at 
50% probability level 



Chapter 3 
 

94 

 

After exploring the substrate scope, the practical applicability of the reaction was demonstrated 

by a scale-up experiment. The reaction of imidazo[1,2-a]pyridine 3a (1 g, 5.15 mmol) under 

the optimized conditions afforded 5aa in 1.12 g (83% yield), without any significant change in 

the efficacy of the reaction (Scheme 3.7a). Furthermore, the synthetic utility of the designed 

method was demonstrated by the post-functionalization of Zolimidine (3w), a gastro-protective 

drug. Delightfully, the substrate underwent smooth conversion, and the desired 3,3-difluoro-2-

methoxy-2-(4-(methylsulfonyl)phenyl)-2,3-dihydroimidazo[1,2-a]pyridine (5wa) was ob-

tained in 77% yield (Scheme 3.7b). To further elucidate the mechanism of this reaction, several 

preliminary mechanistic investigations were conducted. At first, the effect of radical inhibitors 

was examined. Addition of butylated hydroxytoluene (BHT) and diphenylethylene to the reac-

tion of 1a and 11a under standard reaction conditions led to complete suppression of the for-

mation of product 5aa. HRMS analysis of the mixture revealed the formation of BHT-OMe 

(12) and DPE-F (13) adducts (Scheme 3.7c, d). Radical trapping experiments indicated the 

radical pathway for the reaction, unlike the ionic mechanism reported by Liu et al.24 and Lin et 

al.25 Moreover, the formation of the difluoroalkoxylated product 5aa when starting with a mon-

ofluorinated substrate 14 suggested it to be a plausible intermediate during the reaction 

(Scheme 3.7e). To confirm that the reaction was light-induced, an ON/OFF experiment was 

performed. Under the ON condition, the reaction was irradiated with visible light, while under 

the OFF condition, the reaction was performed in the dark. The progress of reaction was rec-

orded with 1H NMR and it was observed that the reaction under the ON condition produced a 

significant amount of the desired product, while under the OFF condition, there was no detect-

able product formation. This confirms that the developed difluoroalkoxylation was indeed a 

photochemical process (Scheme 3.7f). The UV/vis absorption spectra of some substrates were 

recorded at room temperature. The absorption spectra of 3a and 3a+NFSI in MeOH indicated 

the absorption range from UV to visible wavelengths with the absorption edge at about 450–

500 nm. The difluoromethoxylation of 3a was carried out upon the irradiation of blue LED, 

white LED, and green LED afforded 5aa in 86%, 73%, and 17% yields, respectively (Table 

3.1, entry 7 and 8). These yields are correlated with the spectral overlap between the emission 

of radiation light and the absorbance of 3a. 



Chapter 3 
 

95 

 

 

 

Scheme 3.7. Preliminary mechanistic investigations and synthetic utility 

On the basis of the above evidence and previous reports, a plausible mechanism for this visible-

light-induced difluoroalkoxylation is proposed (Scheme 3.8). The bond dissociation energy 

(BDE) of NFSI is 63.5 kcal/mol, which indicates that this transformation initiates with the 
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cleavage of N−F bond of NFSI under the visible-light irradiation and thus, producing the cor-

responding radicals. The generated electrophilic fluorine radical reacts regioselectively at the 

nucleophilic C3-position of imidazo[1,2-a]pyridine 3 to produce the highly unstable radical 

intermediate A. Next, hydrogen radical abstraction (HRA) by bissulfonylamidyl radical from 

C2 position of intermediate A formed the monofluorinated intermediate 14. This compound 

would undergo a similar process to produce the unstable 3,3-difluorinated radical B, which was 

then attacked by alkoxy radical (generated via HRA by bissulfonylamidyl radical) to generate 

the difluoroalkoxylated product 5.   

 

Scheme 3.8. Plausible mechanism 

4.3 CONCLUSIONS 

A highly selective difluoroalkoxylation of imidazo[1,2-a]pyridines under the irradiation of vis-

ible-light was reported. The reaction was compatible with a large number of imidazo[1,2-a]pyr-

idines and alcohols (1° and 2°) without electronic and steric constraints. Broad substrate scope, 

high functional group tolerance with moderate to excellent yields of difluoroalkoxylated prod-

ucts, environmentally benign reaction conditions and sustainable source of energy are the sali-

ent features of the designed protocol. Furthermore, the reaction was believed to follow radical 

pathway according to the control experiments. Post-functionalization of Zolimidine, a gastro-

protective drug under the standard conditions and gram-scale synthesis of 5aa demonstrates the 

potential utility of this method. 

4.4 EXPERIMENTAL SECTION 

4.4.1 General Information  

All the chemicals and solvents were purchased from commercial suppliers and used without 

purification unless otherwise noted. Imidazo[1,2-a]pyridines were synthesized by following the 
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reported procedure. All reactions were monitored by thin layer chromatography (TLC) on pre-

coated 0.2 mm silica gel F254 plates (Merck) and visualized under a UV lamp (366 or 254 nm). 

Desired products were purified by column chromatography (Silica gel 100-200 mesh size) us-

ing a gradient of ethyl acetate and hexanes as eluent. Melting points were determined in open 

capillary tubes on an EZ-Melt automated melting point apparatus and are uncorrected. All the 

compounds were fully characterized by 1H, 13C{1H} and 19F NMR spectra using Bruker Avance 

400 spectrometer at 400 MHz, 100 MHz and 376 MHz, respectively. Chemical shifts (δ) are 

reported in parts per million (ppm) and coupling constants (J) are reported in hertz (Hz) relative 

to the residual signal of TMS in deuterated solvents. Abbreviations to represent multiplicities 

are s (singlet), d (doublet), t (triplet), q (quartet), quint (quintet), sext (sextet), sept (septet) dd 

(double doublet), dt (double triplet), dq (double quartet), td (triplet of doublet), ddd (doublet of 

doublet of doublet) and m (multiplet). High-resolution mass spectra (HRMS) were recorded by 

using electrospray ionization (ESI) method on an Agilent Q-TOF 6545 LC-MS spectrometer. 

Single crystal X-ray analysis was performed on a Rigaku Oxford XtaLAB AFC12 (RINC): 

Kappa dual home/near diffractometer. 

4.4.2 General Procedure for the Difluoroalkoxylation of Imidazo[1,2-a]pyridines 

An oven dried 10 mL reaction tube was charged with compound 3 (0.26 mmol; 1.0 equiv.), and 

NFSI (0.51 mmol, 2.0 equiv.) in 11 as solvent at room temperature and the reaction mixture 

was irradiated under 15 W blue LEDs for 8-15 h. After completion of the reaction as monitored 

by TLC, reaction mixture was concentrated in vacuum. The resulting crude was purified by 

column chromatography (neutral alumina) using EtOAc/Hexanes as an eluent to afford corre-

sponding products 5. 

3,3-Difluoro-2-methoxy-2-phenyl-2,3-dihydroimidazo[1,2-a]pyridine (5aa): Pale yellow solid 

(58 mg, 86% yield); Purification by column chromatography on neutral 

alumina (eluents: EtOAc/Hexanes = 1.5/8.5); mp = 101-102 °C; 1H NMR 

(400 MHz, CDCl3) δ = 7.67 – 7.65 (m, 2H), 7.46 – 7.41 (m, 3H), 7.11 – 

7.07 (m, 2H), 6.64 (d, J = 10.0 Hz, 1H), 5.97 (t, J = 6.6 Hz, 1H), 3.34 (s, 

1H); 13C{1H} NMR (100 MHz, CDCl3) δ = 157.6 (dd, 3JC-F = 6.5, 2.4 Hz), 139.1, 134.9 (d, 3JC-

F = 2.9 Hz), 129.2, 128.3 (d, 4JC-F = 1.8 Hz), 128.2, 127.7, 124.0 (dd, 1JC-F = 274.7, 262.5 Hz), 

117.3, 106.2 , 99.2 (dd, 2JC-F = 29.2, 13.2 Hz), 51.6; 19F NMR (376 MHz, CDCl3) δ = -77.54 
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(d, J = 183.5 Hz), -108.14 (d, J = 183.5 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for 

C14H12F2N2O+ 262.0918; found 262.0921. 

3,3-Difluoro-2-methoxy-2-(p-tolyl)-2,3-dihydroimidazo[1,2-a]pyridine (5ba): Pale yellow 

solid (63 mg, 89% yield); Purification by column chromatography on 

neutral alumina (eluents: EtOAc/Hexanes = 3.0/7.0); mp = 172-173 

°C; 1H NMR (400 MHz, CDCl3) δ = 7.57 (d, J = 8.8 Hz, 1H), 7.10 – 

7.05 (m, 2H), 6.95 (d, J = 9.2 Hz, 1H), 6.61 (d, J = 10 Hz, 1H), 5.95 

(t, J = 6.4 Hz, 1H), 3.84 (s, 3H), 3.32 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 160.2, 

157.4 (dd, 3JC-F = 6.5, 2.2 Hz), 139.0, 129.0, 128.3 (d, 4JC-F = 1.6 Hz), 126.8 (d, 3JC-F = 2.8 Hz), 

124.0 (dd, 1JC-F = 274.8, 262.2 Hz), 117.3, 113.5, 106.2, 99.1 (dd, 2JC-F = 29.2, 13.3 Hz), 55.2, 

51.5; 19F NMR (376 MHz, CDCl3) δ = -77.48 (d, J = 183.1 Hz), -108.47 (d, J = 183.1 Hz); 

HRMS (ESI) m/z: [M + H]+ Calcd for C15H15F2N2O+ 289.1147; found 289.1144. 

3,3-Difluoro-2-methoxy-2-(4-methoxyphenyl)-2,3-dihydroimidazo[1,2-a]pyridine (5ca): Pale 

yellow solid (56 mg, 85% yield); Purification by column chroma-

tography on neutral alumina (eluents: EtOAc/Hexanes = 3.0/7.0); 

mp = 184-186 °C; 1H NMR (400 MHz, CDCl3) δ = 7.57 (d, J = 8.8 

Hz, 1H), 7.10 – 7.05 (m, 2H), 6.95 (d, J = 9.2 Hz, 1H), 6.61 (d, J = 

10 Hz, 1H), 5.95 (t, J = 6.4 Hz, 1H), 3.84 (s, 3H), 3.32 (s, 3H); 13C{1H} NMR (100 MHz, 

CDCl3) δ = 160.2, 157.4 (dd, 3JC-F = 6.5, 2.2 Hz), 139.0, 129.0, 128.3 (d, 4JC-F = 1.6 Hz), 126.8 

(d, 3JC-F = 2.8 Hz), 124.0 (dd, 1JC-F = 274.8, 262.2 Hz), 117.3, 113.5, 106.2, 99.1 (dd, 2JC-F = 

29.2, 13.3 Hz), 55.2, 51.5; 19F NMR (376 MHz, CDCl3) δ = -77.48 (d, J = 183.1 Hz), -108.47 

(d, J = 183.1 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C15H15F2N2O+ 289.1147; found 

289.1144. 

2-(4-Bromophenyl)-3,3-difluoro-2-methoxy-2,3-dihydroimidazo[1,2-a]pyridine (5da): Pale 

yellow solid (68 mg, 81% yield); Purification by column chromatog-

raphy on neutral alumina (eluents: EtOAc/Hexanes = 3.0/7.0); mp = 

184-186 °C; 1H NMR (400 MHz, CDCl3) δ = 7.57 – 7.52 (m, 4H), 

7.14 – 7.09 (m, 2H), 6.63 (d, J = 9.6 Hz, 1H), 6.00 (t, J = 6.8 Hz, 1H), 

3.32 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 157.9 (dd, 3JC-F = 6.5, 2.2 Hz), 139.4, 134.2 

(d, 3JC-F = 2.8 Hz), 131.4, 129.5, 128.2 (d, 4JC-F = 1.8 Hz), 123.8 (dd, 1JC-F = 275.1, 263.2 Hz), 

123.5, 117.2, 106.5, 98.8 (dd, 2JC-F = 29.2, 13.6 Hz), 51.6; 19F NMR (376 MHz, CDCl3) δ = -
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77.14 (d, J = 184.2 Hz), -108.35 (d, J = 184.2 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for 

C14H12BrF2N2O+ 341.0096; found 341.0098. 

2-(4-Chlorophenyl)-3,3-difluoro-2-methoxy-2,3-dihydroimidazo[1,2-a]pyridine (5ea): Pale 

yellow solid (65 mg, 78% yield); Purification by column chromatog-

raphy on neutral alumina (eluents: EtOAc/Hexanes = 2.0/8.0); mp = 

184-186 °C; 1H NMR (400 MHz, CDCl3) δ = 7.59 (d, J = 8.4 Hz, 2H), 

7.38 (d, J = 8.4 Hz, 2H), 7.08 (t, J = 8.2 Hz, 2H), 6.60 (d, J = 9.6 Hz, 

1H), 5.96 (t, J = 6.8 Hz, 1H), 3.31 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 157.8 (dd, 
3JC-F = 6.6, 2.2 Hz), 139.3, 135.1, 133.7 (d, 3JC-F = 2.7 Hz), 129.2, 128.4, 128.2 (d, 4JC-F = 1.6 

Hz), 124.6 (dd, 1JC-F =274.85, 263.05 Hz), 117.2, 106.4, 98.8 (dd, 2JC-F = 29.1, 13.5 Hz), 51.5; 
19F NMR (376 MHz, CDCl3) δ = -77.21 (d, J = 184.2 Hz), -108.34 (d, J = 184.2 Hz); HRMS 

(ESI) m/z: [M + H]+ Calcd for C14H12ClF2N2O+ 297.0601; found 297.0606. 

3,3-Difluoro-2-(4-fluorophenyl)-2-methoxy-2,3-dihydroimidazo[1,2-a]pyridine (5fa): Pale 

yellow solid (71 mg, 83% yield); Purification by column chromatog-

raphy on neutral alumina (eluents: EtOAc/Hexanes = 3.0/7.0); mp = 

184-186 °C; 1H NMR (400 MHz, CDCl3) δ = 7.66 – 7.62 (m, 2H), 

7.13 – 7.08 (m, 4H), 6.62 (d, J = 9.6 Hz, 1H), 5.98 (t, J = 6.8 Hz, 1H), 

3.32 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 163.3 (d, 1JC-F = 246.1 Hz), 157.7 (dd, 3JC-

F = 6.6, 2.1 Hz), 139.3, 130.9 (t, 3JC-F = 2.9 Hz), 129.6 (d, 3JC-F = 8.4 Hz), 128.2 (d, 4JC-F = 1.7 

Hz), 123.93 (dd, 1JC-F = 274.7, 263.1 Hz), 117.2, 115.1 (d, 2JC-F = 21.5 Hz), 106.4, 98.8 (dd, 
2JC-F = 29.2, 13.6 Hz), 51.5; 19F NMR (376 MHz, CDCl3) δ = -77.09 (d, J = 183.4 Hz), -108.57 

(d, J = 183.4 Hz), -112.84; HRMS (ESI) m/z: [M + H]+ Calcd for C14H12F3N2O+ 281.0896; 

found 281.0900. 

3,3-Difluoro-2-methoxy-2-(4-nitrophenyl)-2,3-dihydroimidazo[1,2-a]pyridine (5ga): Pale yel-

low solid (69 mg, 71% yield); Purification by column chromatog-

raphy on neutral alumina (eluents: EtOAc/Hexanes = 3.0/7.0); mp 

= 184-186 °C; 1H NMR (400 MHz, CDCl3) δ = 8.28 – 8.25 (m, 2H), 

7.86 – 7.83 (m, 2H), 7.18 – 7.09 (m, 2H), 6.65 (d, J = 9.2 Hz, 1H), 

6.04 (t, J = 6.8 Hz, 1H), 3.34 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 158.3 (dd, 3JC-F = 

6.6, 2.2 Hz), 148.6, 142.7 (d, 3JC-F = 2.8 Hz), 139.8, 128.8, 128.1 (d, 4JC-F = 1.6 Hz), 123.3, 

123.4 (dd, 1JC-F = 275.8, 264.0 Hz), 117.1, 106.9, 98.5 (dd, 2JC-F = 29.0, 13.9 Hz), 51.7; 19F 
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NMR (376 MHz, CDCl3) δ = -76.81 (d, J = 184.2 Hz), -107.72 (d, J = 184.2 Hz); HRMS (ESI) 

m/z: [M + H]+ Calcd for C14H12F2N3O3
+ 308.0841; found 308.0839. 

3,3-Difluoro-2-methoxy-2-(4-(trifluoromethyl)phenyl)-2,3-dihydroimidazo[1,2-a]pyridine 

(5ha): Pale yellow solid (58 mg, 77% yield); Purification by col-

umn chromatography on neutral alumina (eluents: EtOAc/Hexanes 

= 3.0/7.0); mp = 184-186 °C; 1H NMR (400 MHz, CDCl3) δ = 7.79 

(d, J = 8.0 Hz, 2H), 7.68 (d, J = 8.0 Hz, 2H), 7.15 – 7.09 (m, 2H), 

6.66 – 6.63 (m, 1H), 6.01 (t, J = 6.8 Hz, 1H) 3.34 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 

= 158.0 (dd, 3JC-F = 6.6, 2.3 Hz), 139.5, 139.3 (d, 4JC-F = 1.4 Hz), 131.3 (q, 2JC-F = 32.1 Hz), 

128.2, 126.1, 125.15 (q, 3JC-F = 3.7 Hz), 124.0 (q, 1JC-F = 270.7 Hz), 123.9 (dd, 1JC-F = 275.3, 

263.7 Hz), 117.2, 106.6, 98.8 (dd, 2JC-F = 29.4, 13.8 Hz), 51.7; 19F NMR (376 MHz, CDCl3) δ 

= -62.63 , -77.11 (d, J = 183.9 Hz), -108.10 (d, J = 184.2 Hz); HRMS (ESI) m/z: [M + H]+ 

Calcd for C15H12F5N2O+ 331.0864; found 331.0861. 

4-(3,3-Difluoro-2-methoxy-2,3-dihydroimidazo[1,2-a]pyridin-2-yl)benzonitrile (5ia): Pale yel-

low solid (59 mg, 80% yield); Purification by column chromatog-

raphy on neutral alumina (eluents: EtOAc/Hexanes = 3.0/7.0); mp 

= 184-186 °C; 1H NMR (400 MHz, CDCl3) δ = 7.78 (d, J = 8.8 Hz, 

2H), 7.71 (d, J = 8.4 Hz, 2H), 7.17 – 7.09 (m, 2H), 6.64 (d, J = 9.6 

Hz, 1H), 6.03 (t, J = 6.6 Hz, 1H), 3.32 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 158.2 

(dd, 3JC-F = 6.6, 2.3 Hz), 140.8 (d, 3JC-F = 2.6 Hz), 139.7, 132.0, 128.5 (d, 4JC-F = 0.7 Hz), 128.1 

(d, 4JC-F = 1.5 Hz), 123.8 (dd, 1JC-F = 275.7, 263.9 Hz), 118.6, 117.1, 113.1, 106.8, 98.6 (dd, 
2JC-F = 29.1, 13.6 Hz), 51.7; 19F NMR (376 MHz, CDCl3) δ = -76.88 (d, J = 184.2 Hz), -107.76 

(d, J = 184.2 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C15H12F2N3O+ 288.0943; found 

288.0944. 

3,3-Difluoro-2-methoxy-2-(3-methoxyphenyl)-2,3-dihydroimidazo[1,2-a]pyridine (5ja): Off-

white solid (56 mg, 75% yield); Purification by column chromatog-

raphy on neutral alumina (eluents: EtOAc/Hexanes = 2.0/8.0); mp = 

104-105 °C; 1H NMR (400 MHz, CDCl3) δ = 7.35 (t, J = 8.0 Hz, 

1H), 7.26 (d, J = 7.6 Hz, 1H), 7.21 (s, 1H), 7.11 – 7.07 (m, 2H), 6.96 

(dd, J = 8.2, 1.8 Hz, 1H), 6.63 (d, J = 10.0 Hz, 1H), 5.97 (t, J = 6.6 Hz, 1H), 3.85 (s, 3H), 3.35 
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(s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 159.6, 157.6 (dd, 3JC-F = 6.6, 2.3 Hz), 139.1, 

136.6 (d, 3JC-F = 2.7 Hz), 129.2, 128.3 (d, 4JC-F = 1.6 Hz), 124.0 (dd, 1JC-F = 274.9, 263.1 Hz), 

120.1, 117.3, 115.1, 113.0, 106.3, 99.1 (dd, 2JC-F = 29.1, 13.4 Hz), 55.3, 51.7; 19F NMR (376 

MHz, CDCl3) δ = -77.91 (d, J = 183.5 Hz), -108.30 (d, J = 183.5 Hz); HRMS (ESI) m/z: [M + 

H]+ Calcd for C15H15F2N2O2
+ 293.1096; found 293.1100. 

3,3-Difluoro-2-methoxy-2-(3-nitrophenyl)-2,3-dihydroimidazo[1,2-a]pyridine (5ka): Yellow 

solid (60 mg, 83% yield); Purification by column chromatography 

on neutral alumina (eluents: EtOAc/Hexanes = 2.0/8.0); mp = 146-

147 °C; 1H NMR (400 MHz, CDCl3) δ = 8.54 (t, J = 1.8 Hz, 1H), 

8.28 (dd, J = 8.8, 2.0 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.61 (t, J = 

8.0 Hz, 1H), 7.19 – 7.15 (m, 1H), 7.11 (d, J = 6.8 Hz, 1H), 6.67 (d, J = 9.6 Hz, 1H), 6.05 (t, J 

= 6.8 Hz, 1H), 3.36 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 158.3 (dd, 3JC-F = 6.6, 2.3 

Hz), 148.3, 139.8, 138.0 (d, 3JC-F = 2.8 Hz), 133.8, 129.2 128.1 (d, 4JC-F = 1.7 Hz), 124.2, 123.8 

(dd, 1JC-F = 277.4, 265.6 Hz), 123.0 (d, 1JC-F = 0.6 Hz), 117.2, 106.9, 98.5 (dd, 2JC-F = 29.0, 14.0 

Hz), 51.7; 19F NMR (376 MHz, CDCl3) δ = -76.40 (d, J = 184.3 Hz), -107.72 (d, J = 184.3 Hz); 

HRMS (ESI) m/z: [M + H]+ Calcd for C14H12F2N3O3
+ [M + H]+ 308.0841; found 308.0840. 

3,3-Difluoro-2-methoxy-6-methyl-2-phenyl-2,3-dihydroimidazo[1,2-a]pyridine (5la): Pale yel-

low solid (66 mg, 78% yield); Purification by column chromatog-

raphy on neutral alumina (eluents: EtOAc/Hexanes = 1.5/8.5); mp 

= 184-186 °C; 1H NMR (400 MHz, CDCl3) δ = 7.67 – 7.64 (m, 2H), 

7.45 – 7.40 (m, 3H), 7.01 (d, J = 7.2 Hz, 1H), 6.42 (s, 1H), 5.83 (d, 

J = 6.8 Hz, 1H), 3.33 (s, 3H), 2.17 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 157.9 (dd, 
3JC-F = 6.5, 2.3 Hz), 150.9, 135.2 (d, 3JC-F = 2.7 Hz), 129.1, 128.1, 127.7, 127.1 (d, 4JC-F = 1.6 

Hz), 123.9 (dd, 1JC-F = 274.2, 262.8 Hz), 114.5, 109.3, 99.4 (dd, 2JC-F = 29.1, 13.4 Hz), 51.5, 

22.2; 19F NMR (376 MHz, CDCl3) δ = -77.62 (d, J = 183.1 Hz), -107.94 (d, J = 183.1 Hz); 

HRMS (ESI) m/z: [M + H]+ Calcd for C15H15F2N2O+ 277.1147; found 277.1143. 

6-Bromo-3,3-difluoro-2-methoxy-2-phenyl-2,3-dihydroimidazo[1,2-a]pyridine) (5ma): Pale 

yellow solid (63 mg, 70% yield); Purification by column chroma-

tography on neutral alumina (eluents: EtOAc/Hexanes = 1.5/8.5); 

mp = 184-186 °C; 1H NMR (400 MHz, CDCl3) δ = 7.63 – 7.61 (m, 

2H), 7.44 – 7.42 (m, 3H), 7.22 (d, J = 1.2 Hz, 1H), 7.11 (dd, J = 
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10.0, 2.0 Hz, 1H), 6.58 (d, J = 10.0 Hz, 1H), 3.33 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 

= 155.6 (dd, 3JC-F  = 6.4, 2.2 Hz), 142.4, 134.3 (d, 3JC-F  = 2.8 Hz), 129.4, 128.3, 128.0 (d, 4JC-

F = 2.0 Hz), 127.6, 126.2 (dd, 1JC-F = 269.2, 258.6 Hz), 118.5, 99.6 (dd, 2JC-F = 29.2, 13.4 Hz), 

51.8; 19F NMR (376 MHz, CDCl3) δ = -80.73 (d, J = 179.3 Hz), -106.16 (d, J = 179.3 Hz); 

HRMS (ESI) m/z: [M + H]+ Calcd for C14H12BrF2N2O+ 341.0096; found 341.0100 

3,3-Difluoro-2-methoxy-8-methyl-2-phenyl-2,3-dihydroimidazo[1,2-a]pyridine (5na): Pale 

yellow solid (63 mg, 90% yield); Purification by column chromatog-

raphy on neutral alumina (eluents: EtOAc/Hexanes = 3.0/7.0); mp = 

172-173 °C; 1H NMR (400 MHz, CDCl3) δ = 7.57 (d, J = 8.8 Hz, 1H), 

7.10 – 7.05 (m, 2H), 6.95 (d, J = 9.2 Hz, 1H), 6.61 (d, J = 10 Hz, 1H), 

5.95 (t, J = 6.4 Hz, 1H), 3.84 (s, 3H), 3.32 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 160.2, 

157.4 (dd, 3JC-F  = 6.5, 2.2 Hz), 139.0, 129.0, 128.3 (d, 4JC-F = 1.6 Hz), 126.8 (d, 3JC-F  = 2.8 

Hz), 124.0 (dd, 1JC-F  = 274.8, 262.2 Hz), 117.3, 113.5, 106.2, 99.1 (dd, 2JC-F  = 29.2, 13.3 Hz), 

55.2, 51.5; 19F NMR (376 MHz, CDCl3) δ = -77.48 (d, J = 183.1 Hz), -108.47 (d, J = 183.1 

Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C15H15F2N2O+ 289.1147; found 289.1144. 

7-Bromo-2-(4-bromophenyl)-3,3-difluoro-2-methoxy-2,3-dihydroimidazo[1,2-a]pyridine 

(5oa): Pale yellow solid (54 mg, 65% yield); Purification by col-

umn chromatography on neutral alumina (eluents: EtOAc/Hex-

anes = 1.5/8.5); mp = 184-186 °C; 1H NMR (400 MHz, CDCl3) 

δ = 7.56 (d, J = 8.8 Hz, 2H), 7.49 (d, J = 8.0 Hz, 2H), 7.23  (m, 

1H), 7.11 (dd, J = 10.0, 2.0 Hz, 1H), 6.57 (d, J = 10.0 Hz, 1H), 3.31 (s, 3H); 13C{1H} NMR 

(100 MHz, CDCl3) δ = 155.8 (dd, 3JC-F  = 6.5, 2.1 Hz), 142.6, 133.6 (d, 3JC-F  = 2.7 Hz), 131.5, 

129.4, 127.9 (d, 3JC-F  = 2.1 Hz), 123.6 (dd, 1JC-F  = 276.6, 264.5 Hz), 123.7, 118.4, 99.2 (dd, 
2JC-F  = 29.1, 13.6 Hz), 51.8; 19F NMR (376 MHz, CDCl3) δ = -76.80 (d, J = 181.6 Hz), -107.77 

(d, J = 181.2 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C14H11Br2F2N2O+ 418.9201; found 

418.9197. 
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2-(4-Chlorophenyl)-3,3-difluoro-2-methoxy-8-methyl-2,3-dihydroimidazo[1,2-a]pyridine 

(5pa): Pale yellow solid (60 mg, 77% yield); Purification by column 

chromatography on neutral alumina (eluents: EtOAc/Hexanes = 

1.5/8.5); mp = 184-186 °C; 1H NMR (400 MHz, CDCl3) δ = 7.61 (d, 

J = 8.4 Hz, 2H), 7.39 (d, J = 8.8 Hz, 2H), 7.00 (d, J = 7.2 Hz, 1H), 

6.92 (dt, J = 6.8, 1.1 Hz, 1H), 5.95 (t, J = 6.8 Hz, 1H), 3.35 (s, 3H), 2.22 (s, 3H); 13C{1H} NMR 

(100 MHz, CDCl3) δ = 158.6 (dd, 3JC-F  = 6.2, 2.2 Hz), 135.8, 135.0, 134.1 (d, 3JC-F  = 3.0 Hz), 

129.2, 128.3, 126.6, 125.4 (d, 3JC-F  = 2.2 Hz), 124.4 (dd, 1JC-F  = 274.7, 263.1 Hz), 106.4, 98.8 

(dd, 2JC-F  = 29.1, 13.6 Hz), 51.4, 16.8; 19F NMR (376 MHz, CDCl3) δ = -76.56 (d, J = 184.2 

Hz), -107.27 (d, J = 183.9 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C15H14ClF2N2O+ 

311.0757; found 311.0756. 

6-Bromo-3,3-difluoro-2-methoxy-2-(4-methoxyphenyl)-2,3-dihydroimidazo[1,2-a]pyridine 

(5qa): Pale yellow solid (55 mg, 78% yield); Purification by 

column chromatography on neutral alumina (eluents: 

EtOAc/Hexanes = 1.5/8.5); mp = 184-186 °C; 1H NMR (400 

MHz, CDCl3) δ = 7.53 (d, J = 8.8 Hz, 2H), 7.22 (d, J = 0.8 Hz, 

1H), 7.09 (dd, J = 10.0, 1.6 Hz, 1H), 6.95 (d, J = 8.8 Hz, 2H), 6.57 (d, J = 10.0 Hz, 1H), 3.85 

(s, 3H), 3.30 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 160.4, 155.5 (dd, 3JC-F  = 6.4, 2.0 

Hz), 142.4, 129.0, 128.0 (d, 3JC-F  = 2.2 Hz), 126.1 (d, 3JC-F  = 2.9 Hz), 123.8 (dd, 1JC-F  = 276.3, 

263.5 Hz), 118.4, 113.6, 99.4 (dd, 2JC-F  = 29.4, 13.4 Hz), 98.5, 55.3, 51.6; 19F NMR (376 MHz, 

CDCl3) δ = -77.13 (d, J = 180.8 Hz), -107.85 (d, J = 180.8 Hz); HRMS (ESI) m/z: [M + H]+ 

Calcd for C15H14BrF2N2O2
+ 371.0201; found 371.0206. 

3,3-Difluoro-2-methoxy-2-(naphthalen-2-yl)-2,3-dihydroimidazo[1,2-a]pyridine (5ra): Pale 

yellow solid (61 mg, 80% yield); Purification by column chroma-

tography on neutral alumina (eluents: EtOAc/Hexanes = 1.5/8.5); 

mp = 184-186 °C; 1H NMR (400 MHz, CDCl3) δ = 8.24 (s, 1H), 

7.93 – 7.88 (m, 3H), 7.72 (dd, J = 8.8, 1.2 Hz, 1H), 7.55 – 7.50 

(m, 2H), 7.14 – 7.12 (m, 1H), 7.10 (d, J = 6.4 Hz, 1H), 6.70 (d, J = 8.0 Hz, 1H), 5.98 (t, J = 6.6 

Hz, 1H), 3.37 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 157.7 (dd, 3JC-F  = 6.6, 2.2 Hz), 

139.2, 133.8, 132.9, 132.4 (d, 3JC-F  = 2.9 Hz), 128.5, 128.3 (d, 3JC-F  = 2.2 Hz), 128.0, 127.6, 

126.6, 126.2, 124.90, 124.88, 124.1 (dd, 1JC-F  = 275.0, 263.0 Hz), 117.3, 106.3, 99.4 (dd, 2JC-F  
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= 29.1, 13.5 Hz), 51.7; 19F NMR (376 MHz, CDCl3) δ = -77.42 (d, J = 184.2 Hz), -107.81 (d, 

J = 184.2 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C18H15F2N2O+ 313.1147; found 313.1149. 

3,3-Difluoro-2-methoxy-2-(thiophen-2-yl)-2,3-dihydroimidazo[1,2-a]pyridine (5sa): Pale yel-

low solid (66 mg, 84% yield); Purification by column chromatography 

on neutral alumina (eluents: EtOAc/Hexanes = 1.5/8.5); mp = 184-186 

°C; 1H NMR (400 MHz, CDCl3) δ = 7.59 (dd, J = 3.0, 1.0 Hz, 1H), 7.36 

(dd, J = 5.0, 3.0 Hz, 1H), 7.19 (d, J = 5.2 Hz, 1H), 7.09 – 7.04 (m, 2H), 

6.58 (d, J = 9.2 Hz, 1H), 5.95 (t, J = 6.8 Hz, 1H), 3.34 (s, 3H); 13C{1H} NMR (100 MHz, 

CDCl3) δ = 157.4 (dd, 3JC-F  = 6.1, 2.5 Hz), 139.2, 136.8 (d, 3JC-F  = 3.3 Hz), 128.2 (d, 4JC-F  = 

1.6 Hz), 126.7 (d, 4JC-F  = 1.1 Hz), 126.0, 125.8, 123.8 (dd, 1JC-F  = 274.7, 262.8 Hz), 117.1, 

106.3, 97.6 (dd, 2JC-F  = 29.0, 14.1 Hz), 51.7; 19F NMR (376 MHz, CDCl3) δ = -80.14 (d, J = 

184.2 Hz), -106.42 (d, J = 184.2 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C12H11F2N2OS+ 

269.0555; found 269.0552. 

3,3-Difluoro-2-methoxy-2-(5-methylthiophen-2-yl)-2,3-dihydroimidazo[1,2-a]pyridine (5ta): 

Pale yellow solid (50 mg, 68% yield); Purification by column chroma-

tography on neutral alumina (eluents: EtOAc/Hexanes = 1.5/8.5); mp = 

184-186 °C; 1H NMR (400 MHz, CDCl3) δ = 7.12 – 7.09 (m, 2H), 7.07 

(d, J = 3.6 Hz, 1H), 6.74 (d, J = 3.4, 1.0 Hz, 1H), 6.60 (d, J = 9.6 Hz, 

1H), 5.99 (t, J = 6.6 Hz, 1H), 3.43 (s, 3H), 2.50 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 

157.7 (dd, 3JC-F  = 6.4, 2.6 Hz), 141.6, 139.3, 135.7 (d, 3JC-F  = 3.2 Hz), 128.3 (d, 4JC-F  = 1.7 

Hz), 127.8, 125.4, 123.6 (dd, 1JC-F  = 275.4, 262.6 Hz), 117.1, 106.5, 97.7 (dd, 2JC-F  = 28.3, 

14.3 Hz), 51.8, 15.4; 19F NMR (376 MHz, CDCl3) δ = -79.39 (d, J = 180.5 Hz), -107.68 (d, J = 

180.5 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C13H13F2N2OS+ 283.0711; found 283.0715. 

3,3-Difluoro-2-methoxy-2-(thiophen-3-yl)-2,3-dihydroimidazo[1,2-a]pyridine (5ua): Pale yel-

low solid (57 mg, 75% yield); Purification by column chromatography 

on neutral alumina (eluents: EtOAc/Hexanes = 1.5/8.5); mp = 184-186 

°C; 1H NMR (400 MHz, CDCl3) δ = 7.61 (dd, J = 2.8, 1.2 Hz, 1H), 7.38 

(dd, J = 4.8, 3.2 Hz, 1H), 7.21 (d, J = 5.2 Hz, 1H), 7.11 – 7.06 (m, 2H), 

6.60 (d, J = 10.0 Hz, 1H), 5.97 (t, J = 6.8 Hz, 1H), 3.35 (s, 3H); 13C{1H} NMR (100 MHz, 

CDCl3) δ = 157.4 (dd, 3JC-F  = 6.6, 2.5 Hz), 139.1, 136.8 (d, 3JC-F  = 3.3 Hz), 128.2 (d, 4JC-F  = 

2.2 Hz), 126.7, 126.0, 125.8, 123.8 (dd, 1JC-F  = 275.1, 263.0 Hz), 117.2 , 106.2, 97.5 (d, 2JC-F  
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= 29.9, 15.9 Hz), 51.7; 19F NMR (376 MHz, CDCl3) δ = -80.22 (d, J = 184.2 Hz), -106.40 (d, 

J = 184.2 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C12H11F2N2OS+ 269.0555; found 

269.0552. 

3-(3,3-Difluoro-2-methoxy-2,3-dihydroimidazo[1,2-a]pyridin-2-yl)-2H-chromen-2-one (5va): 

Pale yellow solid (60 mg, 69% yield); Purification by column chro-

matography on neutral alumina (eluents: EtOAc/Hexanes = 

1.5/8.5); mp = 184-186 °C; 1H NMR (400 MHz, CDCl3) δ = 8.41 

(s, 1H), 7.58 – 7.54 (m, 2H), 7.37 (d, J = 8.4 Hz, 1H), 7.32 – 7.28 

(m, 2H), 7.18 – 7.13 (m, 1H), 6.61 (d, J = 9.6 Hz, 1H), 6.03 (t, J = 7.0 Hz, 1H), 3.42 (s, 3H); 
13C{1H} NMR (100 MHz, CDCl3) δ = 158.7, 157.6 (d, 3JC-F  = 6.2 Hz), 154.3, 143.8, 139.8, 

132.3, 128.6, 128.3, 124.4, 123.3 (dd, 1JC-F  = 276.8, 264.6 Hz), 123.2 (d, 4JC-F  = 1.9 Hz), 

118.4, 116.8, 116.5, 106.6, 97.4 (dd, 2JC-F  = 29.6, 14.6 Hz), 51.6; 19F NMR (376 MHz, CDCl3) 

δ = -77.83 (d, J = 184.2 Hz), -107.71 (d, J = 184.2 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for 

C17H13F2N2O3
+ 331.0889; found 331.0892. 

3,3-difluoro-2-methoxy-2-(4-(methylsulfonyl)phenyl)-2,3-dihydroimidazo[1,2-a]pyridine 

(5wa): Pale yellow solid (63 mg, 89% yield); Purification by col-

umn chromatography on neutral alumina (eluents: EtOAc/Hex-

anes = 3.0/7.0); mp = 172-173 °C; 1H NMR (400 MHz, CDCl3) 

δ = 7.57 (d, J = 8.8 Hz, 1H), 7.10 – 7.05 (m, 2H), 6.95 (d, J = 9.2 

Hz, 1H), 6.61 (d, J = 10 Hz, 1H), 5.95 (t, J = 6.4 Hz, 1H), 3.84 (s, 3H), 3.32 (s, 3H); 13C{1H} 

NMR (100 MHz, CDCl3) δ = 160.2, 157.4 (dd, 3JC-F  = 6.5, 2.2 Hz), 139.0, 129.0, 128.3 (d, 4JC-

F  = 1.6 Hz), 126.8 (d, 3JC-F  = 2.8 Hz), 124.0 (dd, 1JC-F = 274.8, 262.2 Hz), 117.3, 113.5, 106.2, 

99.1 (dd, 2JC-F  = 29.2, 13.3 Hz), 55.2, 51.5; 19F NMR (376 MHz, CDCl3) δ = -77.48 (d, J = 

183.1 Hz), -108.47 (d, J = 183.1 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C15H15F2N2O3S+ 

289.1147; found 289.1144. 

2-Ethoxy-3,3-difluoro-2-phenyl-2,3-dihydroimidazo[1,2-a]pyridine (5ab): Pale yellow solid 

(63 mg, 91% yield); Purification by column chromatography on neutral 

alumina (eluents: EtOAc/Hexanes = 1.5/8.5); mp = 184-186 °C; 1H NMR 

(400 MHz, CDCl3) δ = 7.66 (dd, J = 7.0, 2.2 Hz, 2H), 7.42 (dd, J = 5.2, 

1.4 Hz, 2H), 7.35 – 7.33 (m, 1H), 7.11 – 7.07 (m, 1H), 6.64 (d, J = 10.0 Hz, 1H), 5.97 (t, J = 

6.6 Hz, 1H), 3.76 – 3.69 (m, 1H), 3.47 – 3.40 (m, 1H), 1.21 (t, J = 7.0 Hz, 3H); 13C{1H} NMR 
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(100 MHz, CDCl3) δ = 157.2 (dd, 3JC-F  = 6.1, 2.5 Hz), 139.0, 135.7 (d, 3JC-F  = 3.1 Hz), 129.0, 

128.1, 128.0, 127.5, 125.9 (dd, 1JC-F  = 195.4, 178.4 Hz), 117.2, 106.2, 100.9 (dd, 2JC-F  = 29.1, 

13.6 Hz Hz), 59.8, 15.6; 19F NMR (376 MHz, CDCl3) δ = -77.72 (d, J = 180.5 Hz), -107.46 (d, 

J = 184.2 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C15H15F2N2O+ 277.1147; found 277.1142. 

3,3-Difluoro-2-phenyl-2-propoxy-2,3-dihydroimidazo[1,2-a]pyridine (5ac): Pale yellow solid 

(59 mg, 87% yield); Purification by column chromatography on neutral 

alumina (eluents: EtOAc/Hexanes = 1.5/8.5); mp = 184-186 °C; 1H NMR 

(400 MHz, CDCl3) δ = 7.68 – 7.65 (m, 2H), 7.43 – 7.40 (m, 3H), 7.09 – 

7.05 (m, 2H), 6.62 (d, J = 10.0 Hz, 1H), 5.95 (t, J = 6.6 Hz, 1H), 3.62 

(dt, J = 9.2, 6.8 Hz, 1H), 3.32 (dt, J = 9.2, 7.2 Hz, 1H), 1.61 (sext, J = 7.2 Hz, 2H), 0.90 (t, J = 

7.4 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 157.3 (dd, 3JC-F  = 6.4, 2.5 Hz), 138.9, 135.8 

(d, 3JC-F  = 2.8 Hz), 129.0, 128.4 (d, 4JC-F  = 1.5 Hz), 128.1, 127.6, 124.0 (dd, 1JC-F  = 274.8, 

264.4 Hz), 117.2, 106.1, 98.9 (dd, 2JC-F  = 28.8, 13.5 Hz), 65.6, 23.3, 10.5; 19F NMR (376 MHz, 

CDCl3) δ = -77.77 (d, J = 184.2 Hz), -107.44 (d, J = 180.5 Hz); HRMS (ESI) m/z: [M + H]+ 

Calcd for C16H17F2N2O+ 291.1303; found 291.1301. 

2-Butoxy-3,3-difluoro-2-phenyl-2,3-dihydroimidazo[1,2-a]pyridine (5ad): Pale yellow solid 

(57 mg, 80% yield); Purification by column chromatography on neutral 

alumina (eluents: EtOAc/Hexanes = 1.5/8.5); mp = 184-186 °C; 1H NMR 

(400 MHz, CDCl3) δ = 7.67 – 7.65 (m, 2H), 7.43 – 7.40 (m, 3H), 7.09 – 

7.05 (m, 2H), 6.61 (d, J = 10.0 Hz, 1H), 5.94 (t, J = 6.8 Hz, 1H), 3.67 

(dt, J = 9.2, 6.4 Hz, 1H), 3.35 (dt, J = 9.2, 6.8 Hz, 1H), 1.65 – 1.51 (quint, J = 7.6 Hz, 2H), 1.40 

– 1.30 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 157.3 (dd, 3JC-

F  = 6.4, 2.3 Hz), 138.9, 135.8 (d, 3JC-F = 2.7 Hz), 129.0, 128.3 (d, 4JC-F = 1.4 Hz), 128.1, 127.6, 

124.0 (dd, 1JC-F = 274.7, 262.8 Hz), 117.2, 106.1, 98.9 (dd, 2JC-F  = 28.8, 13.5 Hz), 63.8, 32.2, 

19.2, 13.9; 19F NMR (376 MHz, CDCl3) δ = -77.74 (d, J = 184.2 Hz), -107.48 (d, J = 180.5 

Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C17H19F2N2O+ 305.1460; found 305.1459. 
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3,3-Difluoro-2-(isopentyloxy)-2-phenyl-2,3-dihydroimidazo[1,2-a]pyridine (5ae): Pale yellow 

solid (54 mg, 84% yield); Purification by column chromatography on 

neutral alumina (eluents: EtOAc/Hexanes = 1.5/8.5); mp = 184-186 °C; 
1H NMR (400 MHz, CDCl3) δ 7.67 – 7.64 (m, 2H), 7.44 – 7.40 (m, 3H), 

7.08 – 7.04 (m, 2H), 6.61 (d, J = 10.0 Hz, 1H), 5.94 (t, J = 6.8 Hz, 1H), 

3.70 (dt, J = 9.2, 6.8 Hz, 1H), 3.37 (dt, J = 9.2, 6.8 Hz, 1H), 1.69 (sept, 

J = 6.8 Hz, 1H), 1.49 (q, J = 6.8 Hz, 2H), 0.86 (d, J = 6.8 Hz, 3H), 0.84 (d, J = 6.4 Hz, 3H); 
13C{1H} NMR (100 MHz, CDCl3) δ = 157.3 (dd, 3JC-F = 6.5, 2.3 Hz), 138.9, 135.8 (d, 3JC-F = 

2.7 Hz), 129.0, 128.3 (d, 4JC-F  = 1.4 Hz), 128.1, 127.5 (d, 4JC-F = 0.8 Hz), 124.0 (dd, 1JC-F = 

274.8, 262.8 Hz), 117.2, 106.1, 98.9 (dd, 2JC-F = 28.9, 13.5 Hz), 62.5, 38.9, 25.0, 22.7, 22.6; 19F 

NMR (376 MHz, CDCl3) δ = -77.74 (d, J = 184.2 Hz), -107.50 (d, J = 184.2 Hz); HRMS (ESI) 

m/z: [M + H]+ Calcd for C18H21F2N2O+ 319.1616; found 319.1611. 

3,3-Difluoro-2-isopropoxy-2-phenyl-2,3-dihydroimidazo[1,2-a]pyridine (5af): Pale yellow 

solid (58 mg, 92% yield); Purification by column chromatography on neu-

tral alumina (eluents: EtOAc/Hexanes = 1.5/8.5); mp = 101-102 °C; 1H 

NMR (400 MHz, CDCl3) δ = 7.67 – 7.65 (m, 2H), 7.46 – 7.41 (m, 3H), 

7.11 – 7.07 (m, 2H), 6.64 (d, J = 10.0 Hz, 1H), 5.97 (t, J = 6.6 Hz, 1H), 

3.34 (s, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ = 157.6 (dd, 3JC-F  = 6.5, 2.4 Hz), 139.1, 134.9 

(d, 3JC-F = 2.9 Hz), 129.2, 128.3 (d, 4JC-F = 1.8 Hz), 128.2, 127.7, 124.0 (dd, 1JC-F = 274.7, 262.5 

Hz), 117.3, 106.2 , 99.2 (dd, 2JC-F = 29.2, 13.2 Hz), 51.6; 19F NMR (376 MHz, CDCl3) δ = -

77.54 (d, J = 183.5 Hz), -108.14 (d, J = 183.5 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for 

C14H12F2N2O+ 262.0918; found 262.0921. 

2-(Cyclopentyloxy)-3,3-difluoro-2-phenyl-2,3-dihydroimidazo[1,2-a]pyridine (5ag): Pale yel-

low solid (63 mg, 93% yield); Purification by column chromatography 

on neutral alumina (eluents: EtOAc/Hexanes = 3.0/7.0); mp = 172-173 

°C; 1H NMR (400 MHz, CDCl3) δ = 7.57 (d, J = 8.8 Hz, 1H), 7.10 – 

7.05 (m, 2H), 6.95 (d, J = 9.2 Hz, 1H), 6.61 (d, J = 10 Hz, 1H), 5.95 (t, 

J = 6.4 Hz, 1H), 3.84 (s, 3H), 3.32 (s, 3H); 13C{1H} NMR (100 MHz, 

CDCl3) δ = 160.2, 157.4 (dd, 3JC-F = 6.5, 2.2 Hz), 139.0, 129.0, 128.3 (d, 4JC-F = 1.6 Hz), 126.8 

(d, 3JC-F = 2.8 Hz), 124.0 (dd, 1JC-F = 274.8, 262.2 Hz), 117.3, 113.5, 106.2, 99.1 (dd, 2JC-F = 

29.2, 13.3 Hz), 55.2, 51.5; 19F NMR (376 MHz, CDCl3) δ = -77.48 (d, J = 183.1 Hz), -108.47 
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(d, J = 183.1 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C15H15F2N2O+ 289.1147; found 

289.1144. 

2-(Allyloxy)-3,3-difluoro-2-phenyl-2,3-dihydroimidazo[1,2-a]pyridine (5ah): Pale yellow 

solid (62 mg, 78% yield); Purification by column chromatography on 

neutral alumina (eluents: EtOAc/Hexanes = 3.0/7.0); mp = 184-186 °C; 
1H NMR (400 MHz, CDCl3) δ = 7.57 (d, J = 8.8 Hz, 1H), 7.10 – 7.05 

(m, 2H), 6.95 (d, J = 9.2 Hz, 1H), 6.61 (d, J = 10 Hz, 1H), 5.95 (t, J = 

6.4 Hz, 1H), 3.84 (s, 3H), 3.32 (s, 3H); 13C{1H} NMR (100 MHz, 

CDCl3) δ = 160.2, 157.4 (dd, 3JC-F = 6.5, 2.2 Hz), 139.0, 129.0, 128.3 (d, 4JC-F = 1.6 Hz), 126.8 

(d, 3JC-F = 2.8 Hz), 124.0 (dd, 1JC-F = 274.8, 262.2 Hz), 117.3, 113.5, 106.2, 99.1 (dd, 2JC-F = 

29.2, 13.3 Hz), 55.2, 51.5; 19F NMR (376 MHz, CDCl3) δ = -77.48 (d, J = 183.1 Hz), -108.47 

(d, J = 183.1 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C15H15F2N2O+ 289.1147; found 

289.1144. 

2-(Benzyloxy)-3,3-difluoro-2-phenyl-2,3-dihydroimidazo[1,2-a]pyridine (5ai): Pale yellow 

solid (59 mg, 88% yield); Purification by column chromatography on 

neutral alumina (eluents: EtOAc/Hexanes = 3.0/7.0); mp = 184-186 °C; 
1H NMR (400 MHz, CDCl3) δ = 7.57 – 7.52 (m, 4H), 7.14 – 7.09 (m, 

2H), 6.63 (d, J = 9.6 Hz, 1H), 6.00 (t, J = 6.8 Hz, 1H), 3.32 (s, 3H); 
13C{1H} NMR (100 MHz, CDCl3) δ = 157.9 (dd, 3JC-F = 6.5, 2.2 Hz), 139.4, 134.2 (d, 3JC-F = 

2.8 Hz), 131.4, 129.5, 128.2 (d, 4JC-F = 1.8 Hz), 123.8 (dd, 1JC-F = 275.1, 263.2 Hz), 123.5, 

117.2, 106.5, 98.8 (dd, 2JC-F = 29.2, 13.6 Hz), 51.6; 19F NMR (376 MHz, CDCl3) δ = -77.14 (d, 

J = 184.2 Hz), -108.35 (d, J = 184.2 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C14H12BrF2N2O+ 

341.0096; found 341.0098. 

3,3-Difluoro-2-phenyl-2-(prop-2-yn-1-yloxy)-2,3-dihydroimidazo[1,2-a]pyridine (5aj): Pale 

yellow solid (60 mg, 75% yield); Purification by column chromatog-

raphy on neutral alumina (eluents: EtOAc/Hexanes = 2.0/8.0); mp = 

184-186 °C; 1H NMR (400 MHz, CDCl3) δ = 7.59 (d, J = 8.4 Hz, 2H), 

7.38 (d, J = 8.4 Hz, 2H), 7.08 (t, J = 8.2 Hz, 2H), 6.60 (d, J = 9.6 Hz, 

1H), 5.96 (t, J = 6.8 Hz, 1H), 3.31 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 157.8 (dd, 
3JC-F = 6.6, 2.2 Hz), 139.3, 135.1, 133.7 (d, 3JC-F = 2.7 Hz), 129.2, 128.4, 128.2 (d, 4JC-F = 1.6 

Hz), 124.6 (dd, 1JC-F =274.85, 263.05 Hz), 117.2, 106.4, 98.8 (dd, 2JC-F = 29.1, 13.5 Hz), 51.5; 
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19F NMR (376 MHz, CDCl3) δ = -77.21 (d, J = 184.2 Hz), -108.34 (d, J = 184.2 Hz); HRMS 

(ESI) m/z: [M + H]+ Calcd for C14H12ClF2N2O+ 297.0601; found 297.0606. 

2-(But-3-yn-1-yloxy)-3,3-difluoro-2-phenyl-2,3-dihydroimidazo[1,2-a]pyridine (5ak): Pale 

yellow solid (55 mg, 70% yield); Purification by column chromatog-

raphy on neutral alumina (eluents: EtOAc/Hexanes = 3.0/7.0); mp = 

184-186 °C; 1H NMR (400 MHz, CDCl3) δ = 7.66 – 7.62 (m, 2H), 7.13 

– 7.08 (m, 4H), 6.62 (d, J = 9.6 Hz, 1H), 5.98 (t, J = 6.8 Hz, 1H), 3.32 

(s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 157.8 (dd, 3JC-F = 6.6, 

2.2 Hz), 139.3, 135.1, 133.7 (d, 3JC-F = 2.7 Hz), 129.2, 128.4, 128.2 (d, 
4JC-F = 1.6 Hz), 124.6 (dd, 1JC-F =274.85, 263.05 Hz), 117.2, 106.4, 98.8 (dd, 2JC-F = 29.1, 13.5 

Hz), 51.5, 21.6; 19F NMR (376 MHz, CDCl3) δ = -77.09 (d, J = 183.4 Hz), -108.57 (d, J = 183.4 

Hz), -112.84; HRMS (ESI) m/z: [M + H]+ Calcd for C14H12F3N2O+ 281.0896; found 281.0900. 

3,3-Difluoro-2-phenyl-2-((5-(trimethylsilyl)pent-4-yn-1-yl)oxy)-2,3-dihydroimidazo[1,2-

a]pyridine (5al): Pale yellow solid (55 mg, 77% yield); Purifica-

tion by column chromatography on neutral alumina (eluents: 

EtOAc/Hexanes = 3.0/7.0); mp = 184-186 °C; 1H NMR (400 

MHz, CDCl3) δ = 8.28 – 8.25 (m, 2H), 7.86 – 7.83 (m, 2H), 7.18 

– 7.09 (m, 2H), 6.65 (d, J = 9.2 Hz, 1H), 6.04 (t, J = 6.8 Hz, 1H), 

3.34 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 158.2 (dd, 
3JC-F = 6.6, 2.3 Hz), 140.8 (d, 3JC-F = 2.6 Hz), 139.7, 132.0, 128.5 (d, 4JC-F = 0.7 Hz), 128.1 (d, 
4JC-F = 1.5 Hz), 123.8 (dd, 1JC-F = 275.7, 263.9 Hz), 118.6, 117.1, 113.1, 106.8, 98.6 (dd, 2JC-F 
= 29.1, 13.6 Hz), 51.7; 19F NMR (376 MHz, CDCl3) δ = -76.88 (d, J = 184.2 Hz), -107.76 (d, 

J = 184.2 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C21H25F2N2OSi+ 387.1699; found 

387.1702. 

3,3-Difluoro-2-phenethoxy-2-phenyl-2,3-dihydroimidazo[1,2-a]pyridine (5am): Pale yellow 

solid (64 mg, 65% yield); Purification by column chromatography on 

neutral alumina (eluents: EtOAc/Hexanes = 3.0/7.0); mp = 184-186 °C; 
1H NMR (400 MHz, CDCl3) δ = 7.79 (d, J = 8.0 Hz, 2H), 7.68 (d, J = 

8.0 Hz, 2H), 7.15 – 7.09 (m, 2H), 6.66 – 6.63 (m, 1H), 6.01 (t, J = 6.8 

Hz, 1H) 3.34 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 158.0 (dd, 
3JC-F = 6.6, 2.3 Hz), 139.5, 139.3 (d, 4JC-F = 1.4 Hz), 131.3, 128.2, 126.1, 125.15 (q, 3JC-F = 3.7 
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Hz), 124.0 (dd, 1JC-F = 275.7, 263.9 Hz), 117.2, 106.6, 98.8 (dd, 2JC-F = 29.4, 13.8 Hz), 51.7, 

35.5; 19F NMR (376 MHz, CDCl3) δ = -62.63 , -77.11 (d, J = 183.9 Hz), -108.10 (d, J = 184.2 

Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C15H12F5N2O+ 331.0864; found 331.0861. 

3,3-Difluoro-2-(2-(naphthalen-1-yl)ethoxy)-2-phenyl-2,3-dihydroimidazo[1,2-a]pyridine 

(5an): Pale yellow solid (66 mg, 76% yield); Purification by column 

chromatography on neutral alumina (eluents: EtOAc/Hexanes = 

3.0/7.0); mp = 184-186 °C; 1H NMR (400 MHz, CDCl3) δ = 7.78 (d, J 

= 8.8 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H), 7.17 – 7.09 (m, 2H), 6.64 (d, J 

= 9.6 Hz, 1H), 6.03 (t, J = 6.6 Hz, 1H), 3.32 (s, 3H); 13C{1H} NMR 

(100 MHz, CDCl3) δ = 158.2 (dd, 3JC-F = 6.6, 2.3 Hz), 140.8 (d, 3JC-F = 

2.6 Hz), 139.7, 132.0, 128.5 (d, 4JC-F = 0.7 Hz), 128.1 (d, 4JC-F = 1.5 Hz), 123.8 (dd, 1JC-F = 

275.7, 263.9 Hz), 118.6, 117.1, 113.1, 106.8, 98.6 (dd, 2JC-F = 29.1, 13.6 Hz), 51.7; 19F NMR 

(376 MHz, CDCl3) δ = -76.88 (d, J = 184.2 Hz), -107.76 (d, J = 184.2 Hz); HRMS (ESI) m/z: 

[M + H]+ Calcd for C15H12F2N3O+ 288.0943; found 288.0944. 

3,3-Difluoro-2-phenyl-2-(3-phenylpropoxy)-2,3-dihydroimidazo[1,2-a]pyridine (5ao): Off-

white solid (56 mg, 69% yield); Purification by column chromatog-

raphy on neutral alumina (eluents: EtOAc/Hexanes = 2.0/8.0); mp = 

104-105 °C; 1H NMR (400 MHz, CDCl3) δ = 7.35 (t, J = 8.0 Hz, 1H), 

7.26 (d, J = 7.6 Hz, 1H), 7.21 (s, 1H), 7.11 – 7.07 (m, 2H), 6.96 (dd, J 

= 8.2, 1.8 Hz, 1H), 6.63 (d, J = 10.0 Hz, 1H), 5.97 (t, J = 6.6 Hz, 1H), 

3.85 (s, 3H), 3.35 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 159.6, 157.6 (dd, 3JC-F = 6.6, 

2.3 Hz), 139.1, 136.6 (d, 3JC-F = 2.7 Hz), 129.2, 128.3 (d, 4JC-F = 1.6 Hz), 124.0 (dd, 1JC-F = 

274.9, 263.1 Hz), 120.1, 117.3, 115.1, 113.0, 106.3, 99.1 (dd, 2JC-F = 29.1, 13.4 Hz), 55.3, 51.7; 
19F NMR (376 MHz, CDCl3) δ = -77.91 (d, J = 183.5 Hz), -108.30 (d, J = 183.5 Hz); HRMS 

(ESI) m/z: [M + H]+ Calcd for C15H15F2N2O2
+ 293.1096; found 293.1100. 

2-((3,3-Difluoro-2-phenyl-2,3-dihydroimidazo[1,2-a]pyridin-2-yl)oxy)ethan-1-ol (5ap): Yel-

low solid (59 mg, 69% yield); Purification by column chromatography 

on neutral alumina (eluents: EtOAc/Hexanes = 2.0/8.0); mp = 146-147 

°C; 1H NMR (400 MHz, DMSO-d6) δ = 8.54 (t, J = 1.8 Hz, 1H), 8.28 

(dd, J = 8.8, 2.0 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.61 (t, J = 8.0 Hz, 

1H), 7.19 – 7.15 (m, 1H), 7.11 (d, J = 6.8 Hz, 1H), 6.67 (d, J = 9.6 Hz, 
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1H), 6.05 (t, J = 6.8 Hz, 1H), 3.36 (s, 3H); 13C{1H} NMR (100 MHz, DMSO-d6) δ = 158.3 (dd, 
3JC-F = 6.6, 2.3 Hz), 148.3, 139.8, 138.0 (d, 3JC-F = 2.8 Hz), 133.8, 129.2 128.1 (d, 4JC-F = 1.7 

Hz), 124.2, 123.8 (dd, 1JC-F = 277.4, 265.6 Hz), 123.0 (d, 4JC-F = 0.6 Hz), 117.2, 106.9, 98.5 

(dd, 4JC-F = 29.0, 14.0 Hz), 51.7; 19F NMR (376 MHz, CDCl3) δ = -76.40 (d, J = 184.3 Hz), -

107.72 (d, J = 184.3 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C14H15F2N2O2
+ [M + H]+ 

293.1096; found 293.1091. 

2-(2-Chloroethoxy)-3,3-difluoro-2-phenyl-2,3-dihydroimidazo[1,2-a]pyridine (5aq): Pale yel-

low solid (54 mg, 75% yield); Purification by column chromatography 

on neutral alumina (eluents: EtOAc/Hexanes = 1.5/8.5); mp = 184-186 

°C; 1H NMR (400 MHz, CDCl3) δ = 7.67 – 7.64 (m, 2H), 7.45 – 7.40 (m, 

3H), 7.01 (d, J = 7.2 Hz, 1H), 6.42 (s, 1H), 5.83 (d, J = 6.8 Hz, 1H), 3.33 

(s, 3H), 2.17 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 157.9 (dd, J 

= 6.5, 2.3 Hz), 150.9, 135.2 (d, J = 2.7 Hz), 129.1, 128.1, 127.7, 127.1 (d, J = 1.6 Hz), 123.9 

(dd, J = 274.2, 262.8 Hz), 114.5, 109.3, 99.4 (dd, J = 29.1, 13.4 Hz), 51.5, 22.2; 19F NMR (376 

MHz, CDCl3) δ = -77.62 (d, J = 183.1 Hz), -107.94 (d, J = 183.1 Hz); HRMS (ESI) m/z: [M + 

H]+ Calcd for C15H14ClF2N2O+ 311.0757; found 311.0753. 

4.4.3 X-ray Crystallographic Analysis of Compound 5ga, and 5ai 

The single crystals of the compound 5ga (C14H11F2N3O3, Figure 3.7) and 5ai (C20H16F2N2O, 

Figure 3.8) was obtained from slow evaporation of chloroform. 5ga was crystallized in triclinic 

crystal system with P-1 space group and 5ai was crystallized in orthorhombic crystal system 

with Pbcn space group. The crystal structure information of 5ga and 5ai is deposited to Cam-

bridge Crystallographic Data Center and the CCDC numbers for the 5ga is 2244256, and for 

5ai is 2244257.  

The crystal data collection and data reduction were performed using CrysAlis PRO on a single 

crystal Rigaku Oxford XtaLab Pro diffractometer. The crystal was kept at 93(2) K during data 

collection. Using Olex244, the structure was solved with the ShelXT45 structure solution pro-

gram using Intrinsic Phasing and refined with the ShelXL46 refinement package using Least 

Squares minimization.  

Table 3.4: Crystal data and structure refinement for 5ga and 5ai 
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Identification code 5ga 5ai  
Empirical formula C14H11F2N3O3 C20H16F2N2O  
Formula weight 307.26 338.35  
Temperature/K 133(2) 133(2)  
Crystal system triclinic orthorhombic  
Space group P-1 Pbcn  
a/Å 7.33770(10) 20.2135(5)  
b/Å 7.58970(10) 8.1716(2)  
c/Å 12.3784(2) 20.2646(4)  
α/° 107.700(2) 90  
β/° 99.408(2) 90  
γ/° 91.054(2) 90  
Volume/Å3 646.195(18) 3347.24(13)  
Z 2 8  
ρcalcg/cm3 1.579 1.343  
μ/mm-1 1.143 0.826  
F(000) 316.0 1408.0  
Crystal size/mm3 0.24 × 0.15 × 0.05 0.15 × 0.08 × 0.05  
Radiation Cu Kα (λ = 1.54184) Cu Kα (λ = 1.54184)  
2Θ range for data collection/° 7.618 to 159.482 8.728 to 159.658  

Index ranges 
-9 ≤ h ≤ 9,  
-9 ≤ k ≤ 4,  
-14 ≤ l ≤ 15 

-25 ≤ h ≤ 15,  
-5 ≤ k ≤ 9,  
-25 ≤ l ≤ 23 

 

Reflections collected 6432 11012  

Independent reflections 2712 [Rint = 0.0251,  
           Rsigma = 0.0274] 

3513 [Rint = 0.0428,  
          Rsigma = 0.0367] 

 

Data/restraints/parameters 2712/0/200 3513/0/226  
Goodness-of-fit on F2 1.054 1.109  
Final R indexes [I>=2σ (I)] R1 = 0.0417, wR2 = 0.1100 R1 = 0.0423, wR2 = 0.1230  
Final R indexes [all data] R1 = 0.0426, wR2 = 0.1110 R1 = 0.0463, wR2 = 0.1264  
Largest diff. peak/hole / e Å-3 0.23/-0.36 0.29/-0.30  
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4.6 INTRODUCTION 
From more than half past century, an increasing number of heterocyclic compounds continued 

to penetrate in various research fields especially in medicinal chemistry. It could be very clearly 

estimated by the unremitting growth of heteroarene ring count of commercial oral drugs since 

1960s.1-5 According to the recent report by GlaxoSmithKline (GSK) developability assays, the 

library of successful drug candidates till 21st century has significantly increased the number of 

heteroaryl rings per molecule from 0.38 to 0.69, which corresponds to approximately 80% 

growth.6-7 Indoles and imidazopyridines are among such heteroarenes which have been consist-

ently utilized over the years in biologically active scaffolds. C3-functionalized indoles and im-

idazopyridines not only found their utility in medicinal chemistry, but these privileged skeletons 

also offer diverse applications in the field of pharmaceuticals, material chemistry, photochem-

istry, dyes, and agrochemicals as well. In addition, such heterocycles act as valuable building 

blocks for the construction of multiple complex molecules. Tryptophan, which is a C3-substi-

tuted indole amino acid plays a crucial role in protein synthesis. Drugs like indomethacin and 

plant-based biologically active components like strychnine and LSD are some other essential 

components of indole. On the other hand, C3-substituted imidazopyridines exhibit a variety of 

biological activities, including antiviral, antibacterial, and anticancer properties. Several mar-

keted drugs like Zolpidem, Alpidem, Necopidem, Zolimidine, enhance the practical applicabil-

ity of imidazopyridines. Thus, with their incorporation into medicinal compounds, the indole 

and imidazopyridine nucleus has become an indispensable and versatile heterocyclic system 

with a broad range of biological activities, making them crucial pharmacophores in medicine 

(Figure 4.1). Having such a wide application in various fields of science, functionalization of 

these pharmacophores specifically at C3 position is always a topic of interest for the organic 

synthetic chemists. 
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Figure 4.1 Bioactive C3-substituted indole and imidazopyridine molecules 

Since, introduction of hydroxyflouoroalkyl groups at the C3-position of indole and imidaz-

opyridine could impart distinctive properties to the molecule, in this regard synthetic chemists 

are increasingly focusing on the construction of such scaffolds via C-H bond activation. One of 

the key benefits of hydroxyfluoroalkylation is increasing the lipophilicity of a molecule due to 

the high electronegativity of the fluoroalkyl group. It is useful in drug design, as increased 

lipophilicity can enhance solubility and subsequently the ability of drug to cross cell membranes 

and reach its target site.8 Moreover, fluorinated alkyl groups can also enhance a molecule's 

stability, bioavailability, and metabolic profile.9-11 The hydrogen bonding produced due to 

fluoro group has potential to increase the stability and efficacy of the molecule by allowing it 

to interact more effectively with the biological target.12 Due to their unique electronic properties 

fluorinated alkyl groups can also enhance the performance of materials used in electronic de-

vices, such as displays and solar cells.13 Additionally, they can increase the resistance of agri-

cultural chemicals to environmental degradation, making them more effective in protecting 

crops.14-15 In recent years, researchers have developed various methods for achieving hy-

droxyfluoroalkylation on heterocycles. Friedel-Crafts alkylation with fluorocarbonyls is one of 

the most common and well-explored approach.  

Liu et al. and Chen et al. independently achieved Cu catalyzed hydroxyfluoroalkylation of elec-

tron-rich N-heterocycles via direct C(sp2)–H/C(sp3)–H coupling with fluorinated alcohols. The 

former group utilized DCP/CuBr catalytic system for the coupling of pyrroles/indoles (1) with 

2,2,2-trifluoroethanol (TFE) (2) to afford hydroxypolyfluoroalkylated heteroarenes (3) in regi-

ospecific manner (Scheme 4.1a).16 The latter group employed hexafluoroisopropanol (HFIP) 
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(4) as source of hydroxyfluoroalkylation with pyrroles/indoles (1) in the presence of Cu(OAc)2 

and DTBBPY and obtained the desired product (5) in decent yields (Scheme 4.1b).17 Subse-

quently, Cai and co-workers reported an efficient method for the synthesis of α,α-difluorome-

thyl carbinols (8) utilizing electron-rich arenes (6), such as indoles, phenols, and anilines, in 

combination with 2,2-difluorovinyl arylsulfonates (7) in trifluoroethanol (Scheme 4.1c).18 The 

method is characterized by its simple protocol, readily accessible substrates, wide substrate 

scope, excellent functional group tolerance, and significant role of α,α-difluoromethyl carbinols 

as therapeutic agents. The critical role of trifluoroethanol in initiating the reaction was predicted 

through the control experiments. All these reactions involve a Friedel–Crafts reaction of elec-

tron-rich heteroarenes with in situ generated fluorocarbonyls. However, limited fluoroalcohols 

reduces the potency of the reaction.  

 

Scheme 4.1 Hydroxyfluoroalkylation of electron-rich (hetero)arenes via Friedel-Crafts reac-
tion 

Another approach for hydroxyfluoroalkylation is through fluoroalkyl halides. Jiao group pre-

sented the synthesis of β-perfluoroalkylated alcohols (11) with unactivated alkenes (9) and 

commercially accessible fluoroalkyl iodides (10) in the presence of Ru(bpy)3Cl2.6H2O as photo 

catalyst under the irradiation of visible light (Scheme 4.2a).19 The methodology exhibited mild 
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reaction conditions, a wide substrate scope, and simple operation. According to the control ex-

periments, the generation of fluoroalkyl radicals through the reductive quenching of photocata-

lytic cycle is the key step to initiate the reaction. Similarly, Sun and coworkers reported the 

cobalt-catalyzed hydroxyperfluoroalkylation for the synthesis of β-perfluoroalkyl alcohols (11) 

by utilizing fluoroalkyl iodides (10) with styrenes as well as other non-activated aliphatic ole-

fins (9) (Scheme 4.2b).20 

 

Scheme 4.2 Hydroxyfluoroalkylation of non-activated alkenes with fluoroalkyl halides 

By merging C–I cleavage and C–C bond coupling, Yang and Fang collaboratively developed 

an efficient method for site-selective C3-hydroxyfluoroalkylation of indole/pyrrole derivatives 

(5) using heptafluoroisopropyl iodides (10) and free (NH)-indoles (1) as substrates (Scheme 

4.3).21 The constructed molecules were obtained in average yields and later successfully modi-

fied through carbon–oxygen bond, offering excellent derivatizations. Notably, a broad range of 

organo-fluorine (NH)-heteroarenes derivatives, excellent functional group tolerance and use of 

molecular oxygen as an oxidant are some salient features of the work. 

 

Scheme 4.3 Pd-catalyzed hydroxyfluoroalkylation of indoles 
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While the aforementioned methods have proven effective for hydroxyfluoroalkylation of N-

heteroarenes, they do have their limitations in terms of atom economy, harsh reaction condi-

tions, high costs, and waste generation. Cross-dehydrogenative coupling (CDC) reactions offer 

an attractive alternative in these terms. CDC reactions can be used to efficiently construct C-C 

and C-X bonds via the direct coupling of two C-H bonds, eliminating the need for external 

reagents or prefunctionalization steps. This approach has many advantages in organic synthetic 

chemistry, including improved atom economy, milder reaction conditions, and reduced waste 

production. In addition, CDC reactions have demonstrated remarkable functional group toler-

ance, allowing for the selective construction of complex molecules with high regio- and stereo 

selectively. As a result, CDC reactions have emerged as a powerful tool for the preparation of 

structurally diverse fluorinated compounds, including those with hydroxyfluoroalkyl moieties, 

and have the potential to greatly impact drug discovery and material science. 

Yao group delineated an efficient copper(II)-catalyzed CDC reaction for the synthesis of fluoro-

alkylated arylamines (13) using substituted anilines (12) and hexafluoroisopropanol (4) 

(Scheme 4.4).22 Notably, the reaction followed radical pathway and single electron transfer 

(SET) process was believed to be the key step for initiating the reaction. In addition, tolerance 

to secondary,  tertiary, acyclic, and cyclic anilines substituted at different positions broaden the 

substrate scope of the developed approach to afford the fluorinated arylamines in excellent 

yields.  

 

Scheme 4.4 Cu-catalyzed hydroxytrifluoroalkylation of arylamines 

Hydroxypolyfluoroalkyation of electron-deficient alkenes (14) using hexafluoroacetone hy-

drate (15) via photoredox-catalyzed CDC reaction was reported by Xie et al. in 2022. By ex-

ploiting the delicate aldehyde/ketone-gem-diol equilibrium, their approach allowed the effec-

tive generation of polyfluorocarbinol radical through phosphine-mediated deoxygenation 

which performed as the key step to afford bis(trifluoromethyl)carbinols (16) in decent yields 

(Scheme 4.5).23 The reaction is characterized by mild conditions, excellent regioselectivity, 
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broad functional group tolerance, and readily available substrates, making it a valuable tool for 

synthesizing underdeveloped polyfluoroalkylated scaffolds.  

 

Scheme 4.5 Ir-catalyzed photochemical hydroxytrifluoroalkylation of alkenes 

A facile photoredox strategy for the synthesis of hydroxypolyfluoro substituted isoquinolines 

(19) has been developed by Sharma and group. The method utilized incorporation of trifluoro-

ethanol onto isoquinolines (17) by using N-trifluoroethoxyphthalimide (18) as a successful hy-

droxyfluoroalkyl radical precursor (Scheme 4.6).24 Control experiments suggested a radical 

pathway which is also supported by DFT calculations which disclosed the formation of C-cen-

tered trifluoroethanol radical from O-centered trifluoroethoxy radical via 1,2-HAT step. Mild 

reaction conditions, excellent regioselectivity and good yield are the highlighting features of 

this work. 

 

Scheme 4.6 Ir-catalyzed photoredox hydroxytrifluoroalkylation of isoquinolines 

Recently, Liu and coworkers disclosed a Ru-catalyzed hydroxyfluoroalkylation of 2-aryl pyri-

dines (20) with easily available fluorinated alcohols (2) for the synthesis of ortho-selective tri-

fluorocarbinols (21) (Scheme 4.7).25 In this reaction TEMPO plays an important role by gen-

erating a C-centered radical of TFE which on reaction with 20 affords the corresponding prod-

ucts in moderate to good yields. The key feature of the reaction includes operational simplicity, 

atom- and step-economy, and excellent selectivity. 
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Scheme 4.7 Ru-catalyzed hydroxytrifluoroalkylation of 2-arylpyridines 

Yu group developed a transition-metal free cross-dehydrogenative coupling for the introduction 

of polyfluorinated alcohols (2) into quinones, coumarins, and chromones (22). This one-step 

hydrogen atom transfer (HAT) method offers a straightforward and efficient approach for the 

synthesis of hydroxyfluoroalkylated compounds (23) (Scheme 4.8).26 Control experiments sup-

ported a radical mechanism for the reaction, in which the α-OH-polyfluoroalkyl radical was 

proposed as the key intermediate. Additionally, using water as the solvent and with high atom-

economy, this strategy presents a green and valuable option for organic synthesis.  

 

Scheme 4.8 Hydroxytrifluoroalkylation of quinones or chromones 

2,2,6,6-Tetramethylpiperidinyl-1-oxyl (TEMPO) is a versatile and widely used stable organic 

radical in organic synthetic chemistry. It is a small organic molecule with a nitroxyl group that 

possesses a stable unpaired electron, which imparts its radical character. TEMPO has found 

extensive applications in many areas of synthetic chemistry due to its unique properties. One 

of the significant roles of TEMPO is as a radical scavenger in many organic reactions. In the 

presence of a radical initiator, TEMPO can efficiently trap the radicals generated during the 

reaction. This role of TEMPO helps to prevent unwanted side reactions and provides a con-

trolled reaction environment.27-28 TEMPO-based oxidation reactions have become a popular 

alternative to metal-catalyzed oxidations, mainly because of their mild conditions, tolerance 

towards various functional groups, and the generation of non-toxic byproducts.29-30 Addition-

ally, TEMPO has been used as a spin probe for studying the kinetics and mechanisms of radical 
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reactions in various systems.31 TEMPO has also found applications in the synthesis of poly-

mers. It has been used as a co-monomer in the radical polymerization of various monomers, 

such as styrene and acrylates, to introduce controlled amounts of radicals into the polymer 

chain. This approach has been used to generate new functionalized polymers with unique prop-

erties.32-34 Overall valuable properties of TEMPO for organic chemists in designing and syn-

thesizing new molecules and materials has been reported by numerous research groups in the 

form of reviews.35-37  

Intrigued by the former studies on the importance of hydroxyfluoroalkylation of different het-

erocycles and our continuous interest in functionalization of biorelevant indoles (1) and imid-

azopyridines (24), we have developed a transition-metal free TEMPO-mediated cross-dehydro-

genative coupling of indoles (1) and imidazopyridines (24) with polyfluorinated alcohols (2) 

for the construction of C3-hydroxyfluoroalkylated indoles (3) and imidazoheterocycles (25) 

(Scheme 4.9). 

 
Scheme 4.9 TEMPO-mediated hydroxyfluoroalkylation of indole and 2-aryl imidazopyridine 

4.7 RESULTS AND DISCUSSION 
We commenced our studies for hydroxyfluoroalkylation with 2-phenylindole (1a) and 2,2,2-

trifluoroethanol (TFE, 2a) as the model substrates (Table 4.1). Initially, the reaction of 1a (0.4 

mmol) was carried out in TFE (2.0 mL) using (2,2,6,6-tetra-methylpiperidin-1-yl)oxyl 

(TEMPO, 3 equiv.) as the oxidant at 90 °C. We were delighted to observe formation of 3-(2,2,2-

trifluoro-1-hydroxyethyl)indole (3aa) in 36% yield within 12 h (Table 4.1, entry 1). The mo-

lecular structure of 3aa was fully characterized by NMR (1H, Figure 4.2, 13C{1H}, Figure 4.3, 
19F, Figure 4.4) and HRMS (Figure 4.5). While in the absence of TEMPO, as expected for-

mation of 3aa was not observed (Table 4.1, entry 2). Other oxidants such as K2S2O8, TBHP 

and DCP were found ineffective (Table 4.1, entries 3-5). Increasing the reaction time slightly 

improved the reaction efficiency and 3aa was formed in 41% yield (Table 4.1, entry 6). Further 
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prolonging the reaction for 36 h did not improve the yield of 3aa (Table 4.1, entry 7). Signifi-

cant improvement in the yield of 3aa was observed on increasing reaction temperature upto 150 

°C (Table 4.1, entries 8-10). Further increase in temperature showed detrimental effect on the 

yield of 3aa (Table 4.1, entry 11). On increasing amount of TEMPO to 3 equiv. at 150 °C, 3aa 

was formed in 89% NMR yield (85% isolated) (Table 4.1, entry 12). Subsequent increase in 

the amount of TEMPO to 3.5 equiv. resulted in lower yield of 3aa (Table 4.1, entry 13). Use 

of acetic acid as additive decreased the reaction time to 3 h with slightly lower yields (Table 

4.1, entry 14) 

Table 4.1 Optimization of reaction conditions for the synthesis of 3aaa 

 
Entry Oxidant Temp (°C) Time (h) %Yield (3aa)b,c 

1  TEMPO 90  12  36 (30) 

2  -  90  12  0 

3  K2S2O8 90  12  0 

4  TBHP  90  12  0 

5  DCP  90  12  0 

6  TEMPO 90  24  41 (34) 

7  TEMPO 90  36  40 (30) 

8  TEMPO 110  24  55 (48) 

9  TEMPO 130  24  60 (52) 

10  TEMPO 150  24  65 (57) 

11  TEMPO 160  24  50 (44) 

12d TEMPO 150  24  89 (85) 

13e TEMPO 150  24  85 (82) 

14f  TEMPO 150  3  78 (72) 
aReaction conditions: 1a (1 equiv., 0.4 mmol), oxidant (2 equiv.), TFE (2a, 1.5 mL), sealed 
tube. bYield calculated based on 1H NMR. cValues in parenthesis refers to isolated yield after 
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column chromatography. d3.0 equiv. of TEMPO was used. e3.5 equiv. of TEMPO was used. 
fReaction performed in the presence of acetic acid (2 equiv.). 

 
Figure 4.2 1H NMR of 2,2,2-trifluoro-1-(2-phenyl-1H-indol-3-yl)ethan-1-ol (3aa) recorded in 

CDCl3 
 

 
Figure 4.3 13C{1H} NMR of 2,2,2-trifluoro-1-(2-phenyl-1H-indol-3-yl)ethan-1-ol (3aa) rec-

orded in CDCl3 
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Figure 4.4 19F NMR of 2,2,2-trifluoro-1-(2-phenyl-1H-indol-3-yl)ethan-1-ol (3aa) recorded 

in CDCl3 

 
Figure 4.5 HRMS of 2,2,2-trifluoro-1-(2-phenyl-1H-indol-3-yl)ethan-1-ol (3aa) 

With the optimized reaction conditions in hand, we examined the scope and limitations of this 

strategy against a variety of indoles (Table 4.2). Initially, 2-arylindoles (1a-l) were reacted with 

2a under standard conditions and corresponding hydoxyfluoroalykated products 3aa-la were 

obtained in good to excellent yields (64-91%). Interestingly, 2-arylindoles with electron-with-

drawing groups on C2-aryl ring produced higher yield (compare 3ea-ha vs 3ga). 2-(Thiophen-

2-yl)-1H-indole (1m) and 2-methyl-1H-indole (1n) also gave corresponding products 3ma and 

3na in 84% and 71% yields, respectively. C2-Unsubstituted indoles (1o-u) bearing either elec-

tron-donating or -withdrawing groups, such as methyl, methoxy, benzyloxy, chloro and carbox-

ylate at different positions (1a-u) reacted smoothly generating the corresponding 3-(2,2,2-tri-

fluoro-1-hydroxyethyl)indoles (3oa-3ua) in moderate to good yields (49-72%). Captivatingly, 

N-substituted indoles with methyl, ethyl and benzyl groups (1v-z’) also afforded corresponding 

products 3va-3z’a in good yields (60-79%). Notably, the tolerance of halogen substituents pro-

vided handles for further functionalization. The structures of the products were confirmed by 
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NMR (1H, 19F, and 13C{1H}) and HMRS data. The structures of 3ba (CCDC 2033964, Figure 

4.6) and 3fa (CCDC 2033965, Figure 4.7) were unambiguously confirmed by single-crystal X-

ray analysis. 

After evaluating the substrate scope with respect to indoles, we explored the possibility of using 

different alcohols under optimal conditions. 2,2,3,3,3-Pentafluoropropan-1-ol (2b) and 

2,2,3,3,4,4,4-heptafluorobutan-1-ol (2c) reacted with indole (1o) under optimized reaction con-

ditions and afforded the corresponding hydoxyfluoroalykated products 3ob and 3oc in 63% and 

69% yield, respectively. Similarly, 2-tolylindole (1d) on reaction with 2b produced 

hydoxyfluoroalykated products 3db in 74% yield. Unfortunately, hydoxyalykated product 

could not be isolated from the reaction of 1a with ethanol, butanol and 2-hexafluropropanol 

under these conditions.  

Table 4.2. Hydroxyfluoroalkylation of indoles.a,b 

 
aReaction conditions: 1 (1 equiv., 0.4 mmol), 2 (2.0 mL), TEMPO (3.0 equiv.), 150 °C, 24 h, 
sealed tube. bIsolated yields. 
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Figure 4.6 ORTEP diagram of 3ba (CCDC No 2033964).  The thermal ellipsoids are drawn 

at 50% probability level 

 
Figure 4.7 ORTEP diagram of 3fa (CCDC No 2033965).  The thermal ellipsoids are drawn at 

50% probability level  

To further extend the scope of this reaction, imidazo[1,2-a]pyridine (24a) was allowed to react 

with 2a. A small change in the reaction conditions (increase the reaction time to 36 h and low-

ering reaction temperature to 120 °C) afforded 2,2,2-trifluoro-1-(2-phenylimidazo[1,2-a]pyri-

din-3-yl)ethanol 25aa in good yield (81%). The product was confirmed by NMR (1H Figure 

4.8, 13C{1H} Figure 4.9, and 19F Figure 4.10) and HRMS spectra (Figure 4.11). The structure 
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of 25aa (CCDC 2033967) was unambiguously confirmed by single-crystal X-ray analysis (Fig-

ure 4.12). 

 

Figure 4.8 1H NMR spectrum of 2,2,2-trifluoro-1-(2-phenylimidazo[1,2-a]pyridin-3-yl)ethan-
1-ol (25aa) recorded in DMSO-d6 

 

 

Figure 4.9 13C{1H} NMR spectrum of 2,2,2-trifluoro-1-(2-phenylimidazo[1,2-a]pyridin-3-
yl)ethan-1-ol (25aa) recorded in DMSO-d6 
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Figure 4.10 19F NMR spectrum of 2,2,2-trifluoro-1-(2-phenylimidazo[1,2-a]pyridin-3-
yl)ethan-1-ol (25aa) recorded in DMSO-d6 

 
 

Figure 4.11 HRMS of 2,2,2-trifluoro-1-(2-phenylimidazo[1,2-a]pyridin-3-yl)ethan-1-ol 
(25aa) 
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Figure 4.12 ORTEP diagram of 45aa (CCDC No 2033967).  The thermal ellipsoids are 

drawn at 50% probability level 

We then evaluated substrate scope for imidazo[1,2-a]pyridines (Table 4.3). Reaction of imid-

azo[1,2-a]pyridines having electron-donating as well electron-withdrawing substituents on C2-

phenyl ring and imidazo[1,2-a]pyridine nucleus (24b-p) with 2a afforded the corresponding 

2,2,2-trifluoro-1-hydroxyethyl derivatives 25ba-pa in moderate to good yields (63-81%). 2-

(Thiophen-3-yl)imidazo[1,2-a]pyridine (24g) also successfully afforded desired product 25ga 

in 81% yield. Reaction of imidazo[1,2-a]pyrimidines (24o and 24p) with 2a provided the cor-

responding 2,2,2-trifluoro-1-hydroxyethyl derivatives 25oa and 25pa in 54% and 47%, respec-

tively. Interestingly, reaction of 24a, 24c and 24g with 2b afforded the corresponding products 

25ab, 25cb and 25gb in good yields 73%, 65% and 72% yield respectively. Reaction of 24a 

with 2c also gave the corresponding 2,2,2-trifluoro-1-hydroxyethyl derivative 25ac in 56% 

yield.  The NMR (1H, 19F, and 13C{1H}) and HRMS data of 25 were in good agreement with 

the structures, and the structure 25ba (CCDC 2033968, Figure 4.13) were unambiguously con-

firmed by single-crystal X-ray analysis.  
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Table 4.3 Hydroxyfluoroalkylation of imidazo[1,2-a]pyridines.a,b 

  
aReaction conditions: 24 (1 equiv., 0.5 mmol), 2 (2.0 mL), TEMPO (3.0 equiv.), 120 °C, 36 h, 
sealed tube. bIsolated yields. 

 
Figure 4.13 ORTEP diagram of 45ba (CCDC No 2033968).  The thermal ellipsoids are 

drawn at 50% probability level 
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The robustness of this CDC reaction was demonstrated by generating gram quantities of 3aa 

and 25ia. The gram-scale reaction of 1a and 24i with 2a produced corresponding products 3aa 

and 25ia in 83% (1.25 g) and 74% (1.06 g) yield, respectively (Scheme 4.10). 

 
Scheme 4.10 Gram scale synthesis of 3aa and 25ia 

To demonstrate synthetic utility of the developed protocol, late-stage functionalization of Zo-

limidine (24q), a gastroprotective drug was performed. Delightfully, reaction of 24q with TFE 

under standard conditions produced the hydoxyfluoroalykated product 25qa in 63% yield 

(Scheme 4.11).  

 
Scheme 4.11 Late-stage functionalization of Zolimidine 

Furthermore, the synthetic application of hydoxyfluoroalykated products was demonstrated by 

converting 3aa to trifluorinated 3‐indolyl(heteroaryl)methanols via Yb(OTf)3 catalyzed 

Friedel‐Crafts reaction (Scheme 4.12). Reaction of 3aa with 1a and pyrrole (26) in the presence 

of Yb(OTf)3 (10 mol%) in toluene at 90 °C for 12 h gave 3,3'-(2,2,2-trifluoroethane-1,1-

diyl)bis(2-phenyl-1H-indole) (27) and  2-phenyl-3-(2,2,2-trifluoro-1-(1H-pyrrol-3-yl)ethyl)-

1H-indole (28) in 60 and 59% yield, respectively. 

 
Scheme 4.12 Yb(OTf)3 catalyzed Friedel‐Crafts reaction of 3aa 

Some control experiments were performed to gain insights into the reaction mechanism of this 

CDC reaction (Scheme 4.13). First, the effect of radical scavenger was studied by performing 



Chapter 4 
 

134 

 

the reaction of 1a with 2a in the presence of butylated hydroxytoluene (BHT) (Scheme 4.13a). 

Formation of 3aa was completely suppressed with concomitant formation of BHT‐indole ad-

duct 29 resulting from substitution of a benzylic C−H bond38 indicating that the reaction in-

volves radical pathway which is contrary to the ionic mechanism reported by Jiang group.17 No 

product formation was observed from the reaction of 1a and 2a in the presence of BHT and 

absence of TEMPO (Scheme 4.13b) indicating crucial role of TEMPO in initiating the reaction. 

Further, reaction of 1a in the presence of TEMPO and BHT resulted in the formation of 4,4'-

(ethane-1,2-diylidene)bis(2,6-di-tert-butylcyclohexa-2,5-dienone) (30) in 32% yield and ad-

duct 29 was not observed under these conditions (Scheme 4.13c). A peak at m/z 158.1523 cor-

responding to TEMP-OH (31) was observed along with peaks for 24b and 25ba in the HRMS 

analysis of the reaction mixture of reaction between 24b and 2a after 12 h under standard con-

ditions (Scheme 4.13d). 

 
Scheme 4.13 Control experiments 

Based on the experimental results and literature reports,16, 39-40 a plausible mechanism of the 

developed CDC reaction is proposed in Scheme 4.14. First, α-hydrogen atom abstraction by 

TEMPO generated C-centred radical I, which abstracted C3-hydrogen from indole to generate 
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indole radical (II). Recombination of radical I and II produced product 3. In another pathway 

radical I on addition to indole (1) produced radical intermediate III. Next, intermediate III 

either underwent hydrogen atom abstraction by TEMPO to produce product 3 (Path B) or pro-

duced iminium ion IV by single electron transfer (SET) process (Path C). In path C, elimination 

of proton from intermediate IV produced product 3. Based on control experiment path A seems 

to be more probable however, path B and path C can’t be ruled out.  

 
Scheme 4.14 Plausible mechanism for TEMPO-mediated hydroxyfluoroalkylation 

4.8 CONCLUSIONS 

In summary, TEMPO-mediated cross-dehydrogenative coupling of C(sp3-H) bond and C(sp2-

H) bond has been developed for direct hydroxyfluoroalkylation of indoles and imidazo[1,2-

a]pyridines by fluorinated alcohols under metal-free reaction conditions. The developed syn-

thetic protocol is operationally simple and provides a wide range of C3-hydroxyfluoroalkylated 

indoles and imidazo[1,2-a]pyridines in good to excellent yields. Broad substrate scope and high 

functional group tolerance are the silent features of the developed method. The synthetic utility 

of the protocol was showcased through gram-scale synthesis of 3aa and 25ia. Moreover, 2,2,2-

trifluoro-1-(2-phenyl-1H-indol-3-yl)ethanol could be elegantly transformed to 3,3'-(2,2,2-tri-

fluoroethane-1,1-diyl)bis(2-phenyl-1H-indole) and 2-phenyl-3-(2,2,2-trifluoro-1-(1H-pyrrol-

3-yl)ethyl)-1H-indole. Mechanistic investigation revealed that the reaction involves radical pro-

cess. 
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4.9 EXPERIMENTAL SECTION 

4.9.1 General Information  

All chemicals and solvents were purchased from commercial suppliers and used without puri-

fication, unless otherwise mentioned.  2-Arylindoles41-42 and imidazo[1,2-a]pyridines43 were 

synthesized by following the reported procedure. All reactions were monitored by thin layer 

chromatography (TLC) on pre-coated silica gel 60 F254 aluminium foils and visualised under 

a UV lamp (366 or 254 nm). Desired products were purified by column chromatography (Silica 

gel 100-200 mesh size) using a gradient of ethyl acetate and hexane as mobile phase. The 1H, 
13C and 19F NMR spectra were recorded on a 400 MHz spectrometer.  Chemical shifts (δ) are 

reported in parts per million (ppm) and coupling constants (J) are reported in hertz (Hz). High-

resolution mass spectra (HRMS) were recorded on a Q-TOF mass spectrometer. 

4.9.2 General Procedure for the C3-Fluoroalkylation of Indoles 

An oven dried sealed tube charged with compound 1 (0.5 mmol; 1.0 equiv.) in 2 (2 mL) fol-

lowed by TEMPO (3.0 equiv.) was added at room temperature and the reaction mixture was 

stirred at 150 °C for 24 h. After completion of the reaction monitored by TLC, then reaction 

mixture was allowed to attain room temperature. The reaction mixture was poured into water 

(20 mL) and extracted with ethyl acetate (3 × 15 mL). The combined organic layer was dried 

over anhydrous Na2SO4 and evaporated under vacuum. The resulting crude was purified by 

column chromatography (silica gel 100-200 mesh) using EtOAc:hexanes as an eluent to afford 

3. 

4.9.3 Analytical Data of Synthesized Products  

2,2,2-Trifluoro-1-(2-phenyl-1H-indol-3-yl)ethan-1-ol (3aa): White solid; 98.9 mg, 85% yield; 

Rf =0.7, Eluent system: EtOAc:hexanes (1.5:8.5); mp = 134-136 °C; 1H 

NMR (400 MHz, CDCl3) δ = 8.32 (s, 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.56 – 

7.52 (m, 5H), 7.45 (d, J = 8.0 Hz, 1H), 7.32 – 7.23 (m, 2H) (with merged 

CDCl3 peak), 5.35 (q, J = 7.3 Hz, 1H), 2.50 (s, 1H); 13C{1H} (100 MHz, 

CDCl3) δ = 138.9, 135.9, 131.4, 129.1, 129.1, 129.0, 126.1, 125.4 (C-F, 1JC-F = 280.7 Hz), 

123.1, 121.2 (C-F, 4JC-F = 3.2 Hz), 120.9, 111.1, 106.1, 68.0 (C-F, 2JC-F = 33.3 Hz); 19F NMR 

(376 MHz, CDCl3) δ -75.73 (s, 3F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for C16H13F3NO+ 

292.0944, found 292.0941. 
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2,2,2-Trifluoro-1-(5-methyl-2-phenyl-1H-indol-3-yl)ethan-1-ol (3ba): White solid; 112 mg, 

70% yield; Rf =0.7, Eluent system: EtOAc:hexanes (1.5:8.5); mp = 146-

148 °C; 1H NMR (400 MHz, CDCl3) δ = 8.24 (s, 1H), 7.75 (s, 1H), 7.53 

– 7.49 (m, 5H), 7.31 (d, J = 8.0 Hz, 1H), 7.13 (d, J = 8.0 Hz, 1H), 5.32 

(q, J = 7.3 Hz, 1H), 2.56 (s, 1H), 2.52 (s, 3H); 13C{1H} (100 MHz, 

CDCl3) δ = 139.0, 134.3, 131.6, 130.3, 129.0, 129.0, 128.9, 126.3, 125.5 (C-F, 1JC-F = 280.9 

Hz), 124.7, 120.7 (C-F, 4JC-F = 2.6 Hz), 110.8, 105.6, 68.1 (C-F, 2JC-F = 33.3 Hz), 21.6; 19F 

NMR (376 MHz, CDCl3) δ = -75.62 (s, 3F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for 

C17H15F3NO+ 306.1100, found 306.1087. 

1-(5-Bromo-2-phenyl-1H-indol-3-yl)-2,2,2-trifluoroethan-1-ol (3ca): White solid; 148 mg, 

75% yield; Rf =0.7, Eluent system: EtOAc:hexanes (1.5:8.5); mp = 158-

160 °C; 1H NMR (400 MHz, CDCl3) δ = 8.37 (s, 1H), 8.10 (s, 1H), 7.53 

(s, 5H), 7.37 (dd, J = 8.8, 1.6 Hz, 1H), 7.29 – 7.27 (m, 1H) (with merged 

CDCl3 peak), 5.30 (q, J = 6.4 Hz, 1H), 2.56 (s, 1H); 13C{1H} (100 MHz, 

CDCl3) δ = 139.9, 134.5, 130.9, 129.4, 129.2, 128.9, 127.9, 126.7, 126.0, 123.9 (C-F, 4JC-F = 

2.9 Hz), 114.2, 112.5, 105.8, 67.8 (C-F, 2JC-F = 33.4 Hz);  19F NMR (376 MHz, CDCl3) δ -75.87 

(s, 3F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for C16H12BrF3NO+ 370.0049, found 370.0045. 

2,2,2-Trifluoro-1-(2-(p-tolyl)-1H-indol-3-yl)ethan-1-ol (3da): White solid; 122 mg, 64% yield; 

Rf =0.7, Eluent system: EtOAc:hexanes (1.5:8.5); mp = 138-140 

°C; 1H NMR (400 MHz, CDCl3) δ = 8.28 (s, 1H), 7.95 (d, J = 7.2 

Hz, 1H), 7.43 (s, 3H), 7.34 (d, J = 6.8 Hz, 2H), 7.31 – 7.27 (m, 

1H), 7.25 – 7.23 (m, 1H), 5.34 (q, J = 7.6 Hz, 1H), 2.47 (s, 4H); 

13C{1H} (100 MHz, CDCl3) δ = 139.2, 139.1, 135.8, 129.8, 128.8, 128.5, 126.1, 125.5 (C-F, 
1JC-F = 281.1 Hz), 122.9, 121.0 (C-F, 4JC-F = 3.1 Hz), 120.8, 111.0, 105.9, 68.1 (C-F, 2JC-F = 

33.4 Hz), 21.3; 19F NMR (376 MHz, CDCl3) δ -75.72 (s, 3F) ppm; HRMS (ESI) m/z: [M + H]+ 

calcd for C17H15F3NO+ 306.1100, found 306.1094. 
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2,2,2-Trifluoro-1-(2-(4-fluorophenyl)-1H-indol-3-yl)ethan-1-ol (3ea): White solid; 123.6 mg, 

75% yield; Rf =0.7, Eluent system: EtOAc:hexanes (1.5:8.5); mp = 

142-144 °C; 1H NMR (400 MHz, CDCl3) δ 8.31 (s, 1H), 7.95 (d, J 

= 8.0 Hz, 1H), 7.54 – 7.50 (m, 2H), 7.43 (d, J = 8.0 Hz, 1H), 7.32 – 

7.28 (m, 1H), 7.26 – 7.21 (m, 3H), 5.27 (q, J = 7.3 Hz, 1H), 2.58 (s, 

1H); 13C{1H} (100 MHz, CDCl3) δ 164.4, 162.0, 137.8, 135.9, 130.9, 130.8, 127.5 (C-F, 4JC-F 

= 3.4 Hz), 126.0, 125.4 (C-F, 1JC-F = 280.9 Hz), 123.2, 121.2 (C-F, 4JC-F = 2.7 Hz), 121.0, 116.3, 

116.0, 111.1, 106.3, 68.0 (C-F, 2JC-F = 33.2 Hz); 19F NMR (376 MHz, CDCl3) δ -75.83 (s, 3F), 

-111.62 (s, 1F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for C16H12F4NO+ 310.0850, found 

310.0852. 

1-(2-(4-Chlorophenyl)-1H-indol-3-yl)-2,2,2-trifluoroethan-1-ol (3fa): White solid; 105.3 mg, 

81% yield; Rf =0.5, Eluent system: EtOAc:hexanes (2.0:8.0); mp = 

132-134 °C; 1H NMR (400 MHz, CDCl3) δ = 8.32 (s, 1H), 7.95 (d, 

J = 8.0 Hz, 1H), 7.52 – 7.47 (m, 4H), 7.43 (d, J = 8.0 Hz, 1H), 7.32 

– 7.29 (m, 1H), 7.26 – 7.22 (m, 1H), 5.28 (q, J = 7.6 Hz, 1H), 2.59 

(s, 1H); 13C{1H} (100 MHz, CDCl3) δ = 137.5, 136.0, 135.3, 130.2, 129.9, 129.3, 126.0, 125.3 

(C-F, 1JC-F = 280.9 Hz), 123.4, 121.2 (C-F, 4JC-F = 2.6 Hz), 121.1, 111.2, 106.5, 68.0 (C-F, 2JC-

F = 33.5Hz); 19F NMR (376 MHz, CDCl3) δ = -75.80 (s, 3F) ppm; HRMS (ESI) m/z: [M + H]+ 

calcd for C16H12ClF3NO+ 326.0554, found 326.0550. 

2,2,2-Trifluoro-1-(2-(4-(trifluoromethyl)phenyl)-1H-indol-3-yl)ethan-1-ol (3ga): White solid; 

104.8 mg, 73% yield; Rf =0.3, Eluent system: EtOAc:hexanes 

(1.5:8.5); mp = 136-138 °C; 1H NMR (400 MHz, CDCl3) δ = 8.36 

(s, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.80 (d, J = 7.6 Hz, 2H), 7.68 (d, 

J = 7.6 Hz, 2H), 7.46 (d, J = 8.0 Hz, 1H), 7.33 (t, J = 7.4 Hz, 1H), 

7.28 – 7.24 (m, 1H) (with merged CDCl3 peak), 5.31 (q, J = 7.3 Hz, 1H), 2.55 (s, 1H); 13C{1H} 

(100 MHz, CDCl3) δ = 136.9, 136.1, 135.0, 131.2, 130.9, 129.3, 126.0 (C-F, 4JC-F = 3.7 Hz), 

125.3 (C-F, 1JC-F = 280.8 Hz), 123.9 (C-F, 1JC-F = 270.7 Hz), 123.7, 121.5 – 121.4 (C-F, 4JC-F = 

3.0 Hz), 121.2, 111.3, 107.2, 67.9 (C-F, 2JC-F = 33.5 Hz); 19F NMR (376 MHz, CDCl3) δ = -

62.73 (s, 3F), -75.83 (s, 3F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for C17H12F6NO+ 360.0818, 

found 360.0819. 
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2,2,2-Trifluoro-1-(2-(4-nitrophenyl)-1H-indol-3-yl)ethan-1-ol (3ha): White solid; 122.3 mg, 

91% yield; Rf =0.5, Eluent system: EtOAc:hexanes (2.0:8.0); mp 

= 144-146 °C; 1H NMR (400 MHz, CDCl3) δ = 10.85 (s, 1H), 

8.15 – 8.13 (d, J = 8.8 Hz, 2H), 7.78 (d, J = 8.4 Hz, 1H), 7.64 – 

7.62 (d, J = 8.8 Hz, 2H), 7.28 (d, J = 8.4 Hz, 1H), 7.06 – 7.02 (m, 

1H), 6.97 – 6.93 (m, 1H), 5.96 (d, J = 4.4 Hz, 1H), 5.18 – 5.13 (m, 1H); 13C{1H} (100 MHz, 

CDCl3) δ = 147.0, 138.8, 136.8, 135.4, 129.6, 126.7, 125.7 (C-F, 1JC-F = 281.3 Hz), 123.7, 

123.0, 121.9 (C-F, 4JC-F = 2.3 Hz), 120.0, 111.5, 108.6, 66.8 (C-F, 2JC-F = 32.5 Hz); 19F NMR 

(376 MHz, CDCl3) δ = -75.52 (d, J = 7.5 Hz, 3F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for 

C16H12F3N2O3
+ 337.0795, found 337.0779. 

2,2,2-Trifluoro-1-(2-(4-methoxyphenyl)-1H-indol-3-yl)ethan-1-ol (3ia): White solid; 89.9 mg, 

70% yield; Rf =0.3, Eluent system: EtOAc:hexanes (1.5:8.5); mp 

= 132-134 °C; H NMR (400 MHz, CDCl3) δ = 8.25 (s, 1H), 7.94 

(d, J = 7.6 Hz, 1H), 7.47 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 8.0 Hz, 

1H), 7.30 – 7.21 (m, 2H) (with merged CDCl3 peak), 7.05 (d, J = 

8.4 Hz, 2H), 5.31 (q, J = 7.3 Hz, 1H), 3.90 (s, 3H), 2.47 (s, 1H); 13C{1H} (100 MHz, CDCl3) δ 

= 160.3, 138.9, 135.8, 130.2, 126.1, 125.5 (C-F, 1JC-F = 280.8 Hz), 123.7, 122.8, 121.0 – 120.9 

(m), 120.8, 114.5, 111.0, 105.7, 68.1 (C-F, 2JC-F = 33.3 Hz), 55.4; 19F NMR (376 MHz, CDCl3) 

δ -75.74 (s, 3F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for C17H15F3NO2
+ 322.1049, found 

322.1035. 

4-(3-(2,2,2-Trifluoro-1-hydroxyethyl)-1H-indol-2-yl)phenol (3ja): White solid; 81.0 mg, 66% 

yield; Rf =0.3, Eluent system: EtOAc:hexanes (1.5:8.5); mp = 158-

160 °C; 1H NMR (400 MHz, CDCl3) δ = 10.13 (s, 1H), 7.76 – 7.74 

(m, 1H), 7.24 – 7.22 (m, 3H), 7.00 – 6.91 (m, 2H), 6.79 (d, J = 8.0 

Hz, 2H), 5.12 (q, J = 7.9 Hz, 1H); 13C{1H} (100 MHz, CDCl3) δ = 

157.7, 138.9, 136.0, 130.3, 126.6, 126.0 (C-F, 1JC-F = 280.8 Hz), 123.0, 121.6, 121.3 (C-F, 4JC-

F = 2.3 Hz), 119.6, 115.7, 111.1, 105.6, 67.2 (C-F, 2JC-F = 32.5 Hz);  19F NMR (376 MHz, 

CDCl3) δ = -77.37 (s, 3H) ppm; HRMS (ESI) m/z: [M + H]+ calcd for C16H13F3NO2
+ 308.0893, 

found 308.0892. 
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2,2,2-Trifluoro-1-(2-(3-(trifluoromethyl)phenyl)-1H-indol-3-yl)ethan-1-ol (3ka): White solid; 

113.4 mg, 79% yield; Rf =0.5, Eluent system: EtOAc:hexanes 

(2.0:8.0); mp = 130-132 °C; 1H NMR (400 MHz, CDCl3) δ 8.36 (s, 

1H), 7.98 (d, J = 8.0 Hz, 1H), 7.83 (s, 1H), 7.76 (d, J = 8.4 Hz, 2H), 

7.68 (t, J = 7.6 Hz, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.33 (t, J = 7.2 Hz, 

1H), 7.25 (d, J = 7.6 Hz, 1H), 5.29 (q, J = 7.2 Hz, 1H), 2.54 (s, 1H); 

13C{1H} (100 MHz, CDCl3) δ 136.9, 136.1, 132.3, 131.8, 131.5, 131.2, 129.7, 126.0, 125.7 (C-

F, 4JC-F = 3.5 Hz), 125.3 (C-F, 1JC-F = 281.1 Hz), 123.7 (C-F, 1JC-F = 270.9 Hz), 123.6, 121.4 

(C-F, 4JC-F = 3.0 Hz), 121.2, 111.3, 107.1, 68.0 (C-F, 2JC-F = 33.5 Hz); 19F NMR (376 MHz, 

CDCl3) δ -62.79 (s, 3F), -75.92 (s, 3F); HRMS (ESI) m/z: [M + H]+ calcd for C17H12F6NO+ 

360.0818, found 360.0807. 
1-(2-(2,4-Difluorophenyl)-1H-indol-3-yl)-2,2,2-trifluoroethan-1-ol (3la): White solid; 92.9 

mg, 71% yield; Rf =0.5, Eluent system: EtOAc:hexanes (2.0:8.0); 

mp = 138-140 °C; 1H NMR (400 MHz, CDCl3) δ = 8.42 (s, 1H), 7.97 

(d, J = 8.4 Hz, 1H), 7.52 – 7.47 (m, 1H), 7.45 (d, J = 8.0 Hz, 1H); 

7.34 – 7.30 (m, 1H), 7.26 – 7.23 (m, 1H), 7.08 – 7.00 (m, 2H),  5.19 

(q, J = 6.7 Hz, 1H), 2.62 (s, 1H); 13C{1H} (100 MHz, CDCl3) δ = 

164.8 (C-F, 3JC-F = 12.0 Hz), 162.3 (C-F, 3JC-F = 11.8 Hz), 161.6 (C-F, 3JC-F = 12.1 Hz), 159.1 

(C-F, 3JC-F = 12.2 Hz), 136.0, 132.8 (dd, J = 9.8, 3.7 Hz), 131.2, 125.5, 125.2 (C-F, 1JC-F = 280.9 

Hz), 123.5, 121.2 (C-F, 4JC-F = 2.7 Hz), 121.0, 112.1 (dd, J = 21.5, 3.6 Hz), 111.1, 108.1, 104.9 

(C-F, 2JC-F = 25.4 Hz), 68.1 (C-F, 2JC-F = 33.7 Hz); 19F NMR (376 MHz, CDCl3) δ = -77.07 (s, 

3F), -107.04 (d, J = 8.6 Hz), -109.8 (d, J = 8.6 Hz); HRMS (ESI) m/z: [M + H]+ calcd for 

C16H11F5NO+ 328.0755, found 328.0729. 

2,2,2-Trifluoro-1-(2-(thiophen-2-yl)-1H-indol-3-yl)ethan-1-ol (3ma): White solid; 99.8 mg, 

84% yield; Rf =0.7, Eluent system: EtOAc:hexanes (1.5:8.5); mp = 128-

130 °C; 1H NMR (400 MHz, CDCl3) δ = 8.33 (s, 1H), 7.95 (d, J = 8.0 

Hz, 1H), 7.50 (dd, J = 5.0, 1.0 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.32 – 

7.28 (m, 2H) (with merged CDCl3 peak), 7.25 – 7.19 (m, 2H), 5.51 (q, J 

= 6.9 Hz, 1H), 2.61 (s, 1H); 13C{1H} (100 MHz, CDCl3) δ = 136.0, 132.2, 131.7, 128.1, 127.7, 

127.3, 126.3, 125.4 (C-F, 1JC-F = 280.8 Hz); 123.5, 121.3 (C-F, 4JC-F = 2.4 Hz), 121.1, 111.1, 



Chapter 4 
 

141 

 

107.0, 68.0 (C-F, 2JC-F = 33.6 Hz); 19F NMR (376 MHz, CDCl3) δ = -76.12 (s, 3F) ppm; HRMS 

(ESI) m/z: [M + H]+ calcd for C14H11F3NOS+ 298.0508, found 298.0506. 

2,2,2-Trifluoro-1-(2-methyl-1H-indol-3-yl)ethan-1-ol (3na): White solid; 65.0 mg, 71% yield; 

Rf =0.2, Eluent system: EtOAc:hexanes (3.5:6.5); mp = 118-120 °C; 1H 

NMR (400 MHz, DMSO-d6) δ = 11.10 (s, 1H), 7.68 (d, J = 8.0 Hz, 1H), 

7.32 (d, J = 8.0 Hz, 1H), 7.06 (t, J = 7.2 Hz, 1H), 7.00 (t, J = 7.4 Hz, 1H), 

6.48 (d, J = 4.4 Hz, 1H), 5.36 (q, J = 4.0 Hz, 1H), 2.44 (s, 3H); 13C{1H} (100 

MHz, DMSO-d6) δ = 140.3, 140.0, 132.3, 131.4 (C-F, 1JC-F = 281.4 Hz), 125.6, 124.6, 124.0, 

115.7, 110.3, 71.2 (C-F, 2JC-F = 31.8 Hz), 16.9; 19F NMR (376 MHz, DMSO-d6) δ = -71.58 (s, 

3F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for C11H11F3NO+ 230.0787, found 230.0789. 

2,2,2-Trifluoro-1-(1H-indol-3-yl)ethan-1-ol (3oa): White solid; 42. 1 mg, 49% yield; Rf =0.3, 

Eluent system: EtOAc:hexanes (3.0:7.0); mp = 126-128 °C; 1H NMR (400 

MHz, CDCl3) δ = 8.33 (s, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.43 (d, J = 8.0 

Hz, 1H), 7.38 (s, 1H), 7.28 (t, J = 7.6 Hz, 1H), 7.22 (t, J = 7.6 Hz, 1H), 5.39 

(q, J = 6.9 Hz, 1H), 2.54 (s, 1H); 13C{1H} (100 MHz, CDCl3) δ = 136.1, 

125.7, 125.0 (C-F, 1JC-F = 271.0 Hz), 123.7, 123.0, 120.6, 119.4, 111.5, 109.8, 67.6 (C-F, 2JC-F 

= 33.5 Hz); 19F NMR (376 MHz, CDCl3) δ = -77.86 (s, 3F) ppm; HRMS (ESI) m/z: [M + H]+ 

calcd for C10H9F3NO+ 216.0631, found 216.0630. 

2,2,2-Trifluoro-1-(5-methyl-1H-indol-3-yl)ethan-1-ol (3pa): White solid; 52.2 mg, 57% yield; 

Rf =0.2, Eluent system: EtOAc:hexanes (3.5:6.5); mp = 116-118 °C; 1H 

NMR (400 MHz, CDCl3) δ = 8.24 (s, 1H), 7.56 (s, 1H), 7.34 (d, J = 2.0 

Hz, 1H), 7.31 (s, 1H), 7.11 (dd, J = 8.0, 1.6 Hz, 1H), 5.36 (q, J = 6.9 

Hz, 1H), 2.52 (s, 1H), 2.50 (s, 3H); 13C{1H} (100 MHz, CDCl3) δ = 

134.4, 130.0, 126.0, 124.9 (C-F, 1JC-F = 280.2 Hz), 124.6, 123.8, 118.9, 111.1, 109.3, 67.5 (C-

F, 2JC-F = 33.3 Hz), 21.5; 19F NMR (376 MHz, CDCl3) δ = -77.78 (d, J = 6.8 Hz, 3F) ppm; 

HRMS (ESI) m/z: [M + H]+ calcd for C11H11F3NO+ 230.0787, found 230.0767. 
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2,2,2-Trifluoro-1-(5-methoxy-1H-indol-3-yl)ethan-1-ol (3qa): White solid; 58.8 mg, 60% 

yield; Rf =0.3, Eluent system: EtOAc:hexanes (3.0:7.0); mp = 142-

144 °C; 1H NMR (400 MHz,CDCl3) δ = 9.79 (s, 1H), 7.18 – 7.16 (m, 

2H), 7.07 (s, 1H), 6.73 – 6.70 (m, 1H), 5.55 – 5.50 (m, 1H), 5.19 – 

5.14 (m, 1H), 3.73 (s, 3H); 13C{1H} (100 MHz, CDCl3) δ = 154.0, 

131.4, 126.4, 125.4 (C-F, 1JC-F = 280.5 Hz), 124.8, 112.4, 112.3, 109.6 (C-F, 4JC-F = 1.1 Hz), 

101.1, 66.9 (C-F, 2JC-F = 32.6 Hz), 55.8; 19F NMR (376 MHz, CDCl3) δ = -77.66 (d, J = 7.1 Hz, 

3F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for C11H11F3NO2
+ 246.0736, found 246.0735. 

1-(5-(Benzyloxy)-1H-indol-3-yl)-2,2,2-trifluoroethan-1-ol (3ra): White solid; 92.4 mg, 72% 

yield; Rf =0.2, Eluent system: EtOAc:hexanes (3.0:7.0); mp = 138-140 

°C; 1H NMR (400 MHz, DMSO-d6) δ = 11.12 (s, 1H), 7.50 (d, J = 7.2 

Hz, 2H), 7.44 (d, J = 2.0 Hz, 1H), 7.41 (t, J = 7.4 Hz, 2H), 7.35 – 7.31 

(m, 3H), 6.89 (dd, J = 8.8, 1.6 Hz, 1H), 6.50 (d, J = 5.2 Hz, 1H), 5.37 

(q, J = 6.7 Hz, 1H), 5.10 (s, 2H); 13C{1H} (100 MHz, DMSO-d6) δ = 152.9, 138.2, 131.9, 128.8, 

128.1, 128.1, 126.8, 126.3 (C-F, 1JC-F = 281.0 Hz) , 126.0, 112.7, 112.6, 109.9, 103.5, 70.3, 

66.3 (C-F, 2JC-F = 31.6 Hz); 19F NMR (376 MHz, DMSO-d6) δ = -76.53 (d, J = 7.5 Hz, 3F) ppm; 

HRMS (ESI) m/z: [M + H]+ calcd for C17H15F3NO2
+ 322.1049, found 322.1042. 

1-(5-Chloro-1H-indol-3-yl)-2,2,2-trifluoroethan-1-ol (3sa): Semi solid; 64.9 mg, 65% yield; Rf 

=0.3, Eluent system: EtOAc:hexanes (1.5:8.5); 1H NMR (400 MHz, 

CDCl3) δ = 8.45 (s, 1H), 7.73 (d, J = 1.6 Hz, 1H), 7.34 – 7.29 (m, 2H), 

7.21 (dd, J = 8.8, 2.0 Hz, 1H), 5.30 (q, J = 6.3 Hz, 1H); 13C{1H} (100 

MHz, CDCl3) δ = 134.4, 126.8, 126.3, 125.2 (C-F, 4JC-F = 1.8 Hz), 124.7 

(C-F, 1JC-F = 280.2 Hz), 119.0, 119.0, 112.5, 109.4 (C-F, 4JC-F = 1.7 Hz), 67.4 (C-F, 2JC-F = 33.5 

Hz); 19F NMR (376 MHz, CDCl3) δ = -77.92 (s, 3F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for 

C10H6ClF3NO+ 250.0241, found 250.0262. 

Methyl 3-(2,2,2-trifluoro-1-hydroxyethyl)-1H-indole-5-carboxylate (3ta): White solid; 69.9 

mg, 64% yield; Rf =0.3, Eluent system: EtOAc:hexanes (1.5:8.5); 

mp = 124-126 °C; 1H NMR (400 MHz, DMSO-d6) δ = 11.61 (s, 

1H), 8.45 (s, 1H), 7.77 (s, 1H) 7.60– 7.51 (m, 2H), 6.67 (s, 1H), 5.46 

(s, 1H), 3.87 (s, 3H); 13C{1H} (100 MHz, DMSO-d6) δ = 167.7, 
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139.3, 127.4, 126.1 (C-F, 1JC-F = 279.9 Hz), 125.8, 124.7, 123.1, 122.8, 121.1, 112.2, 111.5, 

66.4 (C-F, 2JC-F = 31.9 Hz), 52.2; 19F NMR (376 MHz, DMSO-d6) δ = -76.61 ppm; HRMS 

(ESI) m/z: [M + H]+ calcd for C12H11F3NO3
+ 274.0686, found 274.0685. 

2,2,2-Trifluoro-1-(7-methyl-1H-indol-3-yl)ethan-1-ol (3ua): White solid; 55.9 mg, 61% yield; 

Rf =0.2, Eluent system: EtOAc:hexanes (3.5:6.5); mp = 118-120 °C; 1H 

NMR (400 MHz, CDCl3) δ = 8.24 (s, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.36 (d, 

J = 1.6 Hz, 1H), 7.16 (t, J = 7.4 Hz, 1H), 7.10 (d, J = 7.2 Hz, 1H), 5.37 (q, 

J = 6.8 Hz, 1H), 2.52 (s, 3H), 2.33 (s, 1H); 13C{1H} (100 MHz, CDCl3) δ = 

135.7, 125.3, 124.9 (C-F, 1JC-F = 279.9 Hz), 123.5, 123.4, 120.8, 120.7, 

117.0, 110.3, 67.6 (C-F, 2JC-F = 33.6 Hz), 16.5; 19F NMR (376 MHz, CDCl3) δ = -77.83 (d, J = 

6.8 Hz, 3F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for C11H11F3NO+ 230.0787, found 

230.0780. 

2,2,2-Trifluoro-1-(1-methyl-2-phenyl-1H-indol-3-yl)ethan-1-ol (3va): White solid; 75.6 mg, 

62% yield; Rf =0.7, Eluent system: EtOAc:hexanes (1.5:8.5); mp = 84-86 

°C; 1H NMR (400 MHz, CDCl3) δ = 7.95 (d, J = 7.6 Hz, 1H), 7.56 – 7.54 

(m, 3H), 7.43 – 7.41 (m, 3H),  7.37 – 7.33 (m, 1H), 7.28 – 7.24 (m, 1H), 

5.05 (q, J = 7.5 Hz, 1H), 3.61 (s, 3H); 13C{1H} (100 MHz, CDCl3) δ = 141.5, 

137.4, 130.7, 130.3, 129.2, 128.7, 125.0, 125.3 (C-F, 1JC-F = 280.9 Hz), 

122.5, 120.9 (C-F, 4JC-F = 3.0 Hz), 120.6, 109.7, 106.2, 68.4 (C-F, 2JC-F = 33.5 Hz), 30.8; 19F 

NMR (376 MHz, CDCl3) δ = -76.21 (s, 3F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for 

C17H15F3NO+ 306.1100, found 306.1082. 

1-(1-Ethyl-2-phenyl-1H-indol-3-yl)-2,2,2-trifluoroethan-1-ol (3wa): White solid; 88.0 mg, 

69% yield; Rf =0.3, Eluent system: EtOAc:hexanes (1.5:8.5); mp = 90-92 

°C; 1H NMR (400 MHz, CDCl3) δ = 8.02 (d, J = 7.2 Hz, 1H), 7.60 (s, 3H), 

7.52 –  7.50 (m, 3H), 7.40 (t, J = 7.2 Hz, 1H), 7.31 (t, J = 7.0 Hz, 1H), 5.10 

(s, 1H), 4.11 (d, J = 3.2 Hz, 2H), 2.23 (s, 1H), 1.34 (t, J = 6.8 Hz, 3H); 

13C{1H} (100 MHz, CDCl3) δ =  141.0, 136.1, 130.5, 129.3, 128.7, 125.4, 

125.4 (C-F, 1JC-F = 280.9 Hz), 122.4, 121.1 (C-F, 4JC-F = 2.6 Hz), 120.6, 110.0, 106.4, 68.5 (C-

F, 2JC-F = 33.7 Hz), 38.84 , 15.37; 19F NMR (376 MHz, CDCl3) δ = -76.13 (s, 3F) ppm; HRMS 

(ESI) m/z: [M + H]+ calcd for C18H17F3NO+ 320.1257, found 320.1260. 
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2,2,2-Trifluoro-1-(1-methyl-1H-indol-3-yl)ethan-1-ol (3xa): White solid; 70.5 mg, 77% yield; 

Rf =0.3, Eluent system: EtOAc:hexanes (1.5:8.5); mp = 68-70 °C; 1H NMR 

(400 MHz, DMSO-d6) δ = 7.76 (s, 1H), 7.48 (s, 2H), 7.23 (s, 1H), 7.13 (s, 

1H), 6.60 (s, 1H), 5.43 (s, 1H), 3.81 (s, 3H); 13C{1H} (100 MHz, DMSO-

d6) δ = 141.8, 134.2, 131.5, 130.9 (C-F, 1JC-F = 280.9 Hz), 126.7, 124.9, 

124.4, 115.1, 114.0, 70.9 (C-F, 2JC-F = 31.7 Hz), 37.6; 19F NMR (376 MHz, 

DMSO-d6) δ = -76.61 (s, 3F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for C11H11F3NO+ 

230.0787, found 230.0780. 

2,2,2-Trifluoro-1-(5-methoxy-1-methyl-1H-indol-3-yl)ethan-1-ol (3ya): White solid; 62.2 mg, 

60% yield; Rf =0.4, Eluent system: EtOAc:hexanes (2.0:8.0); mp = 

106-108 °C; 1H NMR (400 MHz, DMSO-d6) δ = 7.39 (s, 1H), 7.34 (d, 

J = 8.8 Hz, 1H), 7.20 (s, 1H), 6.84 (d, J = 8.8 Hz, 1H), 6.49 (d, J = 5.6 

Hz, 1H), 5.39 – 5.32 (m, 1H), 3.77 (s, 3H), 3.76 (s, 3H); 13C{1H} (100 

MHz, DMSO-d6) δ = 154.0, 132.3, 129.8, 127.2, 126.2 (C-F, 1JC-F = 281.0 Hz), 112.0, 111.1, 

108.8, 101.9, 66.0 (C-F, 2JC-F = 31.5 Hz), 55.8, 33.0; 19F NMR (376 MHz, DMSO-d6) δ = -

76.58 (s, 3F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for C12H13F3NO2
+ 260.0893, found 

260.0887. 

1-(1-Ethyl-1H-indol-3-yl)-2,2,2-trifluoroethan-1-ol (3za): White solid; 76.8 mg, 79% yield; Rf 

=0.3, Eluent system: EtOAc:hexanes (1.5:8.5); mp = 76-78 °C; 1H NMR 

(400 MHz, CDCl3) δ = 7.76 (d, J = 7.6 Hz, 1H), 7.41 (d, J = 8.4 Hz, 1H), 

7.33 – 7.29 (m, 2H), 7.24 – 7.20 (m, 1H), 5.38 (q, J = 6.9 Hz, 1H), 4.21 (q, 

J = 7.3 Hz, 2H), 2.50 (s, 1H), 1.52 (t, J = 7.4 Hz, 3H); 13C{1H} (100 MHz, 

CDCl3) δ = 136.0, 126.5, 125.0 (C-F, 2JC-F = 280.1 Hz), 122.3, 120.1, 119.5, 

109.8, 108.2, 67.5 (C-F, 2JC-F = 33.3 Hz), 41.2, 15.3; 19F NMR (376 MHz, CDCl3) δ = -77.76 

(s, 3F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for C12H13F3NO+ 244.0944, found 244.0933. 
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1-(1-Benzyl-1H-indol-3-yl)-2,2,2-trifluoroethan-1-ol (3z’a): White solid; 83.0 mg, 68% yield; 

Rf =0.3, Eluent system: EtOAc:hexanes (2.0:8.0); mp = 88-90 °C; 1H NMR 

(400 MHz, CDCl3) δ = 7.78 (d, J = 8.0 Hz, 1H), 7.36 – 7.32 (m, 5H), 7.27 

(d, J = 7.6 Hz, 1H), 7.24 – 7.20 (m, 1H), 7.16 (d, J = 6.8 Hz, 2H), 5.44 – 

5.38 (m, 1H), 5.34 (s, 2H), 2.46 (s, 1H); 13C{1H} NMR (100 MHz, CDCl3) 

δ = 136.7, 136.6, 128.9, 127.9, 127.6, 127.0, 126.6, 125.0 (C-F, 1JC-F = 280.0 Hz), 122.7, 120.4, 

119.6, 110.2, 108.8, 67.6 (C-F, 2JC-F = 33.4 Hz), 50.3; 19F NMR (376 MHz, CDCl3) δ = -77.79 

(s, 3F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for C17H15F3NO+ 306.1100, found 306.1097. 

2,2,3,3,3-Pentafluoro-1-(2-(p-tolyl)-1H-indol-3-yl)propan-1-ol (3db): White solid; 105.1 mg, 

74% yield; Rf =0.2, Eluent system: EtOAc:hexanes (3.5:6.5); mp 

= 108-110 °C; 1H NMR (400 MHz, CDCl3) δ = 8.29 (s, 1H), 7.95 

(d, J = 5.2 Hz, 1H), 7.43 (t, J = 7.4 Hz, 3H), 7.35 – 7.33 (m, 2H), 

7.29 (d, J = 5.6 Hz, 1H), 7.25 (t, J = 7.4 Hz, 1H), 5.49 – 5.43 (m, 

1H), 2.47 (s, 3H), 2.41 (s, 1H); 13C{1H} (100 MHz, CDCl3) δ = 139.2, 135.9, 129.8, 128.8, 

128.7, 128.4, 126.3, 123.0, 121.1 (dd, 3JC-F = 7.3, 1.9 Hz), 120.9, 111.1, 105.8, 66.9 (C-F, 2JC-F 

= 26.8), 21.3; 19F NMR (376 MHz, CDCl3) δ = -81.90 (s, 3F), -117.82 (d, J = 273.5 Hz, 1F), -

127.49 (d, J = 273.4 Hz, 1F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for C18H15F5NO+ 356.1068, 

found 356.1063. 

2,2,3,3,3-Pentafluoro-1-(1H-indol-3-yl)propan-1-ol (3ob): White solid; 66.8 mg, 63% yield; Rf 

=0.2, Eluent system: EtOAc:hexanes (3.5:6.5); mp = 104-106 °C; 1H 

NMR (400 MHz, CDCl3) δ = 8.28 (s, 1H), 7.79 (d, J = 7.6 Hz, 1H), 7.46 

– 7.41 (m, 2H), 7.30 (d, J = 5.6 Hz, 1H), 7.24 (t, J = 7.4 Hz, 1H), 5.52 (dd, 

J = 17.6, 7.6 Hz, 1H), 2.34 (s, 1H); 13C{1H} (100 MHz, CDCl3) δ = 136.0, 

125.8, 124.3, 123.0, 120.7, 119.4, 111.6, 109.8, 66.6 (C-F, 2JC-F = 29.0); 19F NMR (376 MHz, 

CDCl3) δ = -81.38 (s, 3F), -121.68 (d, J = 272.2 Hz, 1F), -128.47 (d, J = 272.2 Hz, 1F) ppm; 

HRMS (ESI) m/z: [M + H]+ calcd for C11H9F5NO+ 266.0599, found 266.0606. 
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4,4,4,4,4,4,4-Heptafluoro-1-(1H-indol-3-yl)-4l8-but-2-yn-1-ol (3oc): White solid; 86.9 mg, 

69% yield; Rf =0.2, Eluent system: EtOAc:hexanes (3.5:6.5); mp = 96-98 

°C; 1H NMR (400 MHz, CDCl3) δ = 8.36 (s, 1H), 7.78 (d, J = 7.6 Hz, 1H), 

7.46 – 7.42 (m, 2H), 7.32 – 7.22 (m, 2H), 5.61 – 5.55 (m, 1H), 2.39 (s, 

1H); 13C{1H} (100 MHz, CDCl3) δ = 136.0, 125.8, 124.3, 123.0, 120.7, 

119.4, 111.5, 109.8, 66.7 (dd, 2JC-F = 29.6, 23.1 Hz); 19F NMR (376 MHz, CDCl3) δ = -80.85 

(s, 3F), -118.75 (dp, J = 279.3, 10.7 Hz, 1F), -124.53 – -124.94 (m, 1F), -125.29 – -125.79 (m, 

2F) ppm; HRMS (ESI) m/z: [M + H]+ calcd for C12H9F7NO+ 316.0567, found 316.0555.  

4.9.4 General Procedure for the C3-Fluoroalkylation of Imidazopyridines 

An oven dried sealed tube charged with compound 24 (0.5 mmol; 1.0 equiv.) in 2 (2 mL) fol-

lowed by TEMPO (3.0 equiv.) was added at room temperature and the reaction mixture was 

stirred at 120 °C for 36 h. After completion of the reaction monitored by TLC, then reaction 

mixture was allowed to attain room temperature. The reaction mixture was poured into water 

(20 mL) and extracted with ethyl acetate (3 × 15 mL). The combined organic layer was dried 

over anhydrous Na2SO4 and evaporated under vacuum. The resulting crude was purified by 

column chromatography (silica gel 100-200 mesh) using EtOAc-hexanes as an eluent to afford 

25. 

2,2,2-Trifluoro-1-(2-phenylimidazo[1,2-a]pyridin-3-yl)ethan-1-ol (25aa): White solid; 118.3 

mg, 81% yield; Eluent system: EtOAc:hexanes (3:7); mp = 188-190 °C; 
1H NMR (400 MHz, DMSO-d6) δ = 8.68 (d, J = 6.8, 1H), 7.71 – 7.68 

(m, 3H), 7.56 – 7.52 (m, 2H), 7.48 – 7.43 (m, 2H), 7.42 – 7.38 (m, 1H), 

7.04 (td, J = 7.0, 1.1 Hz, 1H), 5.73 – 5.66 (m, 1H); 13C{1H} NMR (100 

MHz, DMSO-d6) δ = 146.0, 145.7, 134.1, 129.2, 129.0, 128.7, 127.8 (C-F, 4JC-F = 2.7 Hz),  

126.0 (C-F, 1JC-F = 282.6 Hz), 126.4, 117.5, 114.1, 113.0, 65.6 (C-F, 2JC-F = 32.4 Hz); 19F NMR 

(376 MHz, DMSO-d6) δ = -74.59 (s, 3F); HRMS (ESI) m/z: [M + H]+ calcd for C15H12F3N2O+ 

293.0896, found 293.0895. 

2,2,2-Trifluoro-1-(2-(p-tolyl)imidazo[1,2-a]pyridin-3-yl)ethan-1-ol (25ba): White solid; 104.0 

mg, 68% yield; Eluent system: EtOAc:hexanes (1.5:8.5); mp = 

186-188 °C; 1H NMR (400 MHz, CDCl3) δ = 8.55 (t, J = 5.8 Hz, 

1H), 7.45 – 7.42 (m, 1H), 7.38 (t, J = 6.8 Hz, 2H), 7.13 – 7.09 (m, 

3H), 6.90 – 6.89 (m, 1H), 6.68 (q, J = 6.3 Hz, 1H), 5.47 – 5.42 (m, 
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1H), 2.26 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ = 146.3, 145.7, 137.9, 130.7, 129.2, 

128.6, 127.7 (C-F, 4JC-F = 3.5 Hz), 127.7, 125.4 (C-F, 1JC-F = 282.3 Hz), 125.4, 116.9, 114.0, 

111.9, 65.8 (C-F, 2JC-F = 33.2 Hz), 21.2; 19F NMR (376 MHz, CDCl3) δ = -74.55 (s, 3F); HRMS 

(ESI) m/z: [M + H]+ calcd for C16H14F3N2O+ 307.1053, found 307.1027.  

2,2,2-Trifluoro-1-(2-(4-methoxyphenyl)imidazo[1,2-a]pyridin-3-yl)ethan-1-ol (25ca): White 

solid; 106.3 mg, 66% yield; Eluent system: EtOAc:hexanes (2:8); 

mp = 190-192 °C; 1H NMR (400 MHz, DMSO-d6) δ = 8.65 (d, J 

= 7.2 Hz, 1H), 7.65 (t, J = 9.4 Hz, 3H), 7.42 (d, J = 5.2 Hz, 1H), 

7.40 – 7.36 (m, 1H), 7.10 (d, J = 8.8 Hz, 2H), 7.03 – 6.99 (m, 1H), 

5.70 – 5.63 (m, 1H), 3.83 (s, 3H); 13C{1H} NMR (100 MHz, DMSO-d6) δ = 159.8, 145.8, 145.6, 

130.2, 127.7 (C-F, 4JC-F = 3.0 Hz), 126.3, 126.3, 125.9 (C-F, 1JC-F = 282.3 Hz), 117.3, 114.7, 

113.4, 112.9, 65.6 (C-F, 2JC-F = 32.7 Hz), 55.6; 19F NMR (376 MHz, DMSO-d6) δ = -73.83 (d, 

J = 7.9 Hz, 3F); HRMS (ESI) m/z: [M + H]+ calcd for C16H14F3N2O2
+ 323.1002, found 

323.0987. 

2,2,2-Trifluoro-1-(2-(4-fluorophenyl)imidazo[1,2-a]pyridin-3-

yl)ethan-1-ol (25da): White solid; 108.5 mg, 70% yield; Eluent sys-

tem: EtOAc:hexanes (2:8); mp = 209-211 °C; 1H NMR (400 MHz, 

DMSO-d6) δ =  8.68 (d, J = 6.8 Hz, 1H), 7.76 – 7.72 (m, 2H), 7.68 

(d, J = 8.8 Hz, 1H), 7.45 (d, J = 5.6 Hz, 1H), 7.41 – 7.34 (m, 3H), 7.05 – 7.01 (m, 1H), 5.72 – 

5.65 (m, 1H); 13C{1H} NMR (100 MHz, DMSO-d6) δ = 163.8, 161.4, 145.6, 145.0, 131.0 (C-

F, 3JC-F = 8.3 Hz), 130.5 (C-F, 4JC-F = 3.0 Hz), 127.8 (C-F, 4JC-F = 2.5 Hz), 125.9 (C-F, 1JC-F = 

282.5 Hz ), 126.5, 117.5, 116.2, 116.0, 114.0, 113.1, 65.5 (C-F, 2JC-F = 32.6 Hz); 19F NMR (376 

MHz, DMSO-d6) δ = -73.98 (s, 3F), -113.77 (s, 1H); HRMS (ESI) m/z: [M + H]+ calcd for 

C15H11F4N2O+ 311.0802, found 311.0791. 

1-(2-(4-Bromophenyl)imidazo[1,2-a]pyridin-3-yl)-2,2,2-trifluoroethan-1-ol (25ea): White 

solid; 141.0 mg, 76% yield; Eluent system: EtOAc:hexanes (3:7); 

mp = 206-208 °C; 1H NMR (400 MHz, DMSO-d6) δ = 8.68 (d, J = 

7.2 Hz, 1H), 7.75 – 7.72 (m, 2H), 7.70 – 7.65 (m, 3H), 7.45 (d, J = 

5.2 Hz, 1H), 7.43 – 7.39 (m, 1H), 7.04 (dt, J = 6.8, 1.2 Hz, 1H), 

5.75 – 5.68 (m, 1H); 13C{1H} NMR (100 MHz, DMSO-d6) δ = 145.7, 144.6, 133.2 (C-F, 4JC-F 

= 1.7 Hz), 132.2, 131.0, 127.8 (C-F, 4JC-F = 2.3 Hz), 125.8 (C-F, 1JC-F = 283.1 Hz), 126.8, 122.3, 
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117.4, 114.3, 113.3, 65.4 (C-F, 2JC-F = 32.3 Hz); 19F NMR (376 MHz, DMSO-d6) δ = -74.12 (s, 

3F);  HRMS (ESI) m/z: [M + H]+ calcd for C15H11BrF3N2O+ 371.0001, found 370.9971. 

2,2,2-Trifluoro-1-(2-(2-methoxyphenyl)imidazo[1,2-a]pyridin-3-yl)ethan-1-ol (25fa): White 

solid; 109.5 mg, 68% yield; Eluent system: EtOAc:hexanes (2:8); mp 

= 206-208 °C; 1H NMR (400 MHz, CDCl3) δ = 8.64 (d, J = 7.2 Hz, 

1H), 7.52 (d, J = 9.2 Hz, 1H), 7.34 – 7.30 (m, 1H), 7.28 – 7.26 (m, 1H), 

7.23 (ddd, J = 9.0, 6.8, 1.1 Hz, 1H), 6.90 – 6.86 (m, 2H), 6.82 (td, J = 

6.8, 1.2 Hz, 1H), 5.48 (q, J = 7.8 Hz, 1H), 3.59 (s, 3H); 13C{1H} NMR 

(100 MHz, CDCl3) δ = 156.4, 145.9, 143.2, 132.1, 130.0, 127.1 (C-F, 4JC-F = 3.3 Hz), 125.5, 

124.9 (C-F, 1JC-F = 281.9 Hz), 122.1, 120.8, 117.0, 115.0, 112.3 , 111.1 , 66.4 (C-F, 2JC-F = 33.8 

Hz), 55.4; 19F NMR (376 MHz, CDCl3) δ = -75.28 (s, 3F);  HRMS (ESI) m/z: [M + H]+ calcd 

for C16H14F3N2O2
+ 323.1002, found 323.0994. 

2,2,2-Trifluoro-1-(2-(thiophen-3-yl)imidazo[1,2-a]pyridin-3-yl)ethan-1-ol (25ga): White 

solid; 120.7 mg, 81% yield; Eluent system: EtOAc:hexanes (1.5:8.5); 

mp = 220-222 °C; 1H NMR (400 MHz, DMSO-d6) δ = 8.67 (d, J = 6.8 

Hz, 1H), 7.81 (dd, J = 2.8, 1.2 Hz, 1H), 7.71 – 7.70 (m, 1H), 7.65 (d, J 

= 9.2 Hz, 1H), 7.55 (dd, J = 5.2, 1.2 Hz, 1H), 7.43 (d, J = 5.6 Hz, 1H), 

7.37 (ddd, J = 9.0, 6.8, 1.1 Hz, 1H), 7.01 (td, J = 6.8, 1.1 Hz, 1H), 5.86 – 5.79 (m, 1H); 13C{1H} 

NMR (100 MHz, DMSO-d6) δ = 145.6, 141.1, 134.4, 128.2, 127.6 (C-F, 4JC-F = 2.8 Hz), 127.5, 

127.0, 125.8 (C-F, 1JC-F = 282.0 Hz), 124.5, 117.0, 113.6, 113.3, 65.3 (C-F, 2JC-F = 32.8 Hz); 
19F NMR (376 MHz, DMSO-d6) δ = -69.82 (s, 3F);  HRMS (ESI) m/z: [M + H]+ calcd for 

C13H10F3N2OS+ 299.0460, found 299.0453. 

2,2,2-Trifluoro-1-(6-methyl-2-phenylimidazo[1,2-a]pyridin-3-yl)ethan-1-ol (25ha): White 

solid; 96.4 mg, 63% yield; Eluent system: EtOAc:hexanes 

(1.5:8.5); mp = 234-236 °C; 1H NMR (400 MHz, DMSO-d6) δ = 

8.45 (s, 1H), 7.69 – 7.67 (m, 2H), 7.60 (d, J = 9.2 Hz, 1H), 7.52 

(t, J = 7.6 Hz, 2H), 7.46 – 7.42 (m, 1H), 7.41 (d, J = 5.6 Hz, 1H), 

7.26 (dd, J = 9.2, 1.6 Hz, 1H), 5.69 – 5.61 (m, 1H), 2.34 (s, 3H); 13C{1H} NMR (100 MHz, 

DMSO-d6) δ = 145.8, 144.8, 134.2, 129.3, 129.1, 128.9, 128.6, 127.4, 125.0 (C-F, 1JC-F = 280.0 

Hz), 124.6, 122.1, 117.0, 113.8, 65.6 (C-F, 2JC-F = 32.5 Hz), 18.3; 19F NMR (376 MHz, DMSO-
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d6) δ = -73.74 (s, 3F);  HRMS (ESI) m/z: [M + H]+ calcd for C16H14F3N2O+ 307.1053, found 

307.1026. 

2,2,2-Trifluoro-1-(6-methyl-2-(p-tolyl)imidazo[1,2-a]pyridin-3-yl)ethan-1-ol (25ia): White 

solid; 118.4 mg, 74% yield; Eluent system: EtOAc:hexanes 

(1.5:8.5); mp = 234-236 °C; 1H NMR (400 MHz, DMSO-d6) 

δ = 8.53 (d, J = 7.1 Hz, 1H), 7.57 (d, J = 7.8 Hz, 2H), 7.45 – 

7.39 (m, 2H), 7.32 (d, J = 7.8 Hz, 2H), 6.86 (dd, J = 7.1, 1.8 

Hz, 1H), 5.67 – 5.60 (m, 1H), 2.39 (s, 3H), 2.38 (s, 3H); 13C{1H} NMR (100 MHz, DMSO-d6) 

δ = 146.1, 145.8, 138.0, 136.8, 131.4, 129.7, 128.7, 126.9 (C-F, 4JC-F = 3.0 Hz), 126.0 (C-F, 1JC-

F = 282.3 Hz), 115.6, 115.4, 113.2, 65.6 (C-F, 2JC-F = 32.3 Hz), 21.3, 21.2; 19F NMR (376 MHz, 

DMSO-d6) δ = -69.18 (s, 3F);  HRMS (ESI) m/z: [M + H]+ calcd for C17H16F3N2O+ 321.1209, 

found 321.1212. 

2,2,2-Trifluoro-1-(6-methyl-2-(4-nitrophenyl)imidazo[1,2-a]pyridin-3-yl)ethan-1-ol (25ja): 

White solid; 143.5 mg, 69% yield; Eluent system: 

EtOAc:hexanes (2:8); mp = 254-256 °C; 1H NMR (400 

MHz, DMSO-d6) δ = 8.61 (d, J = 6.8 Hz, 1H), 8.36 (d, J = 

8.8 Hz, 2H), 8.02 (d, J = 8.8 Hz, 2H), 7.53 (d, J = 5.2 Hz, 

1H), 7.49 (s, 1H), 6.92 (dd, J = 7.2, 1.2 Hz, 1H), 5.82 (dt, J = 13.3, 6.7 Hz, 1H), 2.40 (s, 3H); 
13C{1H} NMR (100 MHz, DMSO-d6) δ = 147.4, 146.3, 143.1, 140.8, 137.7, 129.9, 127.0 (C-F, 
4JC-F = 2.1 Hz), 125.8 (C-F, 1JC-F = 282.6 Hz), 124.3, 116.1, 115.9, 115.1, 65.3 (C-F, 2JC-F = 

32.2 Hz), 21.2; 19F NMR (376 MHz, DMSO-d6) δ = -74.22 (d, J = 7.9 Hz); HRMS (ESI) m/z: 

[M + H]+ calcd for C16H13F3N3O3
+ 352.0904, found 352.0879. 

1-(6-Bromo-2-phenylimidazo[1,2-a]pyridin-3-yl)-2,2,2-trifluoroethan-1-ol (25ka): White 

solid; 150.2 mg, 81% yield; Eluent system: EtOAc:hexanes (3:7); 

mp = 228-230 °C; 1H NMR (400 MHz, DMSO-d6) δ = 8.81 (s, 1H), 

7.71 (d, J = 8.8 Hz, 3H), 7.56 – 7.52 (m, 3H), 7.48 (d, J = 7.2 Hz, 

1H), 5.76 (q, J = 8.0 Hz, 1H); 13C{1H} NMR (100 MHz, DMSO-

d6) δ = 146.6, 144.2, 133.5, 129.3, 129.3, 129.0, 128.9, 127.1 (C-F, 4JC-F = 2.7Hz), 126.1 (C-F, 
1JC-F = 236.8 Hz), 118.8, 114.7, 106.9, 65.2 (C-F, 2JC-F = 35.6 Hz); 19F NMR (376 MHz, DMSO-

d6) δ = -73.74 (s, 3F);  HRMS (ESI) m/z: [M + H]+ calcd for C15H11BrF3N2O+ 371.0001 found 

370.9980.  
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1-(6-Bromo-2-(4-bromophenyl)imidazo[1,2-a]pyridin-3-yl)-2,2,2-trifluoroethan-1-ol (25la): 

White solid; 180.0 mg, 80% yield; Eluent system: EtOAc:hex-

anes (3.5:6.5); mp = 202-204 °C; 1H NMR (400 MHz, DMSO-

d6) δ = 8.85 (s, 1H), 7.77 – 7.69 (m, 5H), 7.63 (d, J = 5.6 Hz, 

1H), 7.58 (dd, J = 9.6, 1.6 Hz, 1H), 5.84 – 5.77 (m, 1H); 
13C{1H} NMR (100 MHz, DMSO-d6) δ = 145.3, 144.2, 132.8, 132.2, 131.0, 129.6, 127.1(C-F, 
4JC-F = 1.7 Hz), 123.0 (C-F, 1JC-F = 261.8 Hz), 122.5, 118.9, 115.0, 107.2, 65.4 – 65.1(m); 19F 

NMR (376 MHz, DMSO-d6) δ = -74.25 (s, 3F);  HRMS (ESI) m/z: [M + H]+ calcd for 

C15H10Br2F3N2O+ 448.9106, found 448.9081. 

2,2,2-Trifluoro-1-(8-methyl-2-phenylimidazo[1,2-a]pyridin-3-yl)ethan-1-ol (25ma): White 

solid; 114.8 mg, 75% yield; Eluent system: EtOAc:hexanes (3:7); mp 

= 236-238 °C; 1H NMR (400 MHz, DMSO-d6) δ = 8.52 (d, J = 6.8 Hz, 

1H), 7.70 – 7.68 (m, 2H), 7.53 (t, J = 7.4 Hz, 2H), 7.48 – 7.44 (m, 1H), 

7.41 (d, J = 5.6 Hz, 1H), 7.20 (d, J = 6.8 Hz, 1H), 6.93 (t, J = 7.0 Hz, 

1H), 5.69 – 5.62 (m, 1H), 2.6 (s, 3H); 13C{1H} NMR (100 MHz, 

DMSO-d6) δ = 146.1, 145.5, 134.2, 129.1, 129.0, 128.6, 127.0, 125.9 (C-F, 1JC-F = 282.6 Hz), 

125.5 (C-F, 4JC-F = 3.2 Hz), 124.8, 114.5, 112.9, 65.6 (C-F, 2JC-F = 32.5 Hz), 17.1; 19F NMR 

(376 MHz, DMSO-d6) δ = -73.84 (d, J = 8.1 Hz, 3F);  HRMS (ESI) m/z: [M + H]+ calcd for 

C16H14F3N2O+ 307.1053, found 307.1044. 

1-(2-(4-Chlorophenyl)-8-methylimidazo[1,2-a]pyridin-3-yl)-2,2,2-trifluoroethan-1-ol (25na): 

White solid; 134.0 mg, 79% yield; Eluent system: EtOAc:hexanes 

(3.5:6.5); mp = 270-272 °C; 1H NMR (400 MHz, DMSO-d6) δ = 

8.54 (d, J = 6.8 Hz, 1H), 7.75 – 7.73 (m, 2H), 7.61 – 7.58 (m, 2H), 

7.44 (d, J = 5.2 Hz, 1H), 7.21 (d, J = 7.2 Hz, 1H), 6.94 (t, J = 7.0 

Hz, 1H), 5.68 (dt, J = 8.0, 5.6 Hz, 1H), 2.54 (s, 3H); 13C{1H} NMR 

(100 MHz, DMSO-d6) δ = 146.1, 144.1, 133.4, 133.1, 130.7, 129.2, 127.0, 125.9 (C-F, 1JC-F = 

282.7 Hz), 125.5 (C-F, 4JC-F = 2.4 Hz), 125.0, 114.8, 113.1, 65.5 (C-F, 2JC-F = 32.5 Hz), 17.1; 
19F NMR (376 MHz, DMSO-d6) δ = -73.99 (d, J = 8.0 Hz, 3F); HRMS (ESI) m/z: [M + H]+ 

calcd for C16H13ClF3N2O+ 341.0663, found 341.0641. 
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2,2,2-Trifluoro-1-(2-(4-methoxyphenyl)imidazo[1,2-a]pyrimidin-3-yl)ethan-1-ol (25oa): 

White solid; 87.2 mg, 54% yield; Eluent system: EtOAc:hexanes 

(2:8); mp = 218-220 °C; 1H NMR (400 MHz, DMSO-d6) δ = 

9.01 (d, J = 6.8 Hz, 1H), 8.65 (dd, J = 4.0, 2.0 Hz, 1H), 7.68 (d, 

J = 8.8 Hz, 2H), 7.54 (d, J = 5.2 Hz, 1H), 7.17 (dd, J = 7.0, 4.2 

Hz, 1H), 7.12 (d, J = 8.4 Hz, 2H), 5.78 – 5.67 (m, 1H), 3.83 (s, 3H); 13C{1H} NMR (100 MHz, 

DMSO-d6) δ = 160.1, 151.7, 148.5, 146.7, 135.9 (C-F, 4JC-F = 2.9 Hz), 130.3, 125.9 (C-F, 1JC-F 

= 282.5 Hz), 125.7, 124.5, 114.8, 112.1, 109.6, 65.5 (C-F, 2JC-F = 32.5 Hz), 55.7; 19F NMR (376 

MHz, DMSO-d6) δ = -74.18 (d, J = 7.5 Hz, 3F);  HRMS (ESI) m/z: [M + H]+ calcd for 

C15H13F3N3O2
+ 324.0954, found 324.0941. 

1-(2-(4-Bromophenyl)imidazo[1,2-a]pyrimidin-3-yl)-2,2,2-trifluoroethan-1-ol (25pa): White 

solid; 87.4 mg, 47% yield; Eluent system: EtOAc:hexanes (3:7); 

mp = 212-214 °C; 1H NMR (400 MHz, DMSO-d6) δ = 9.06 (d, J = 

6.8 Hz, 1H), 8.69 (dd, J = 4.0, 2.0 Hz, 1H), 7.76 – 7.70 (m, 4H), 

7.58 (d, J = 5.2 Hz, 1H), 7.20 (dd, J = 6.8, 4.0 Hz, 1H), 5.82 – 5.75 

(m, 1H); 13C{1H} NMR (100 MHz, DMSO-d6) δ = 152.3, 148.6, 145.4, 136.1 (C-F, 4JC-F = 2.6 

Hz), 132.7, 132.3, 131.0, 125.8 (C-F, 1JC-F = 282.1 Hz), 122.7, 113.1, 109.9, 65.3 (C-F, 2JC-F = 

32.5 Hz); 19F NMR (376 MHz, DMSO-d6) δ = -74.32 (d, J = 7.5 Hz, 3F);  HRMS (ESI) m/z: [M 

+ H]+ calcd for C14H10BrF3N3O+ 371.9954, found 371.9942. 

2,2,3,3,3-Pentafluoro-1-(2-phenylimidazo[1,2-a]pyridin-3-yl)propan-1-ol (25ab): White solid; 

124.8 mg, 73% yield; Eluent system: EtOAc:hexanes (2.5:7.5); mp = 

208-210 °C; 1H NMR (400 MHz, DMSO-d6) δ = 8.67 (d, J = 5.6 Hz, 

1H), 7.72 – 7.64 (m, 4H), 7.54 (t, J = 7.4 Hz, 2H), 7.49 – 7.45 (m, 3H), 

7.44 – 7.38 (m, 2H), 7.05 (td, J = 6.9, 1.3 Hz, 1H), 5.77 (dt, J = 24.4, 

5.8 Hz, 1H); 13C{1H} NMR (100 MHz, DMSO-d6) δ = 146.4, 145.9, 134.1, 129.2, 128.8 (C-F, 
4JC-F = 1.8 Hz), 128.8, 127.8, 127.7, 126.5, 117.6, 113.8, 113.1, 64.7 (dd, 2JC-F = 28.6, 21.2 Hz); 
19F NMR (376 MHz, DMSO-d6) δ = -81.16 (s, 3F), -116.14 (dd, J = 271.1, 6.1 Hz, 1F), -125.46 

(ddd, J = 271.2, 24.0, 2.9 Hz, 1F); HRMS (ESI) m/z: [M + H]+ calcd for C16H12F5N2O+ 

343.0864, found 343.0838. 
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2,2,3,3,3-Pentafluoro-1-(2-(4-methoxyphenyl)imidazo[1,2-a]pyridin-3-yl)propan-1-ol (25cb): 

White solid; 120.9 mg, 65% yield; Eluent system: EtOAc:hex-

anes (2:8); mp = 228-230 °C; 1H NMR (400 MHz, DMSO-d6) δ 

= 8.65 (dd, J = 7.4, 2.6 Hz, 1H), 7.67 (d, J = 8.8 Hz, 1H), 7.60 

(d, J = 8.4 Hz, 2H), 7.45 (d, J = 5.2 Hz, 1H), 7.39 (t, J = 7.8 Hz, 

1H), 7.10 (d, J = 8.4 Hz, 2H), 7.02 (t, J = 7.0 Hz, 1H), 5.75 (dt, J = 24.8, 5.4 Hz, 1H), 3.83 (s, 

3H); 13C{1H} NMR (100 MHz, DMSO-d6) δ = 159.8, 146.3, 145.8, 130.1, 130.1, 127,7, 127.6, 

126.4, 126.3, 120.7, 117.4, 114.7, 113.2, 112.9, 64.7 (dd, 2JC-F = 28.8, 21.2 Hz), 55.7; 19F NMR 

(376 MHz, DMSO-d6) δ = -81.11 (s, 3F), -115.99 (d, J = 271.1 Hz, 1F), -125.56 (d, J = 271.1 

Hz, 1F); HRMS (ESI) m/z: [M + H]+ calcd for C17H14F5N2O2
+ 373.0970, found 373.0945. 

2,2,3,3,3-Pentafluoro-1-(2-(thiophen-3-yl)imidazo[1,2-a]pyridin-3-yl)propan-1-ol (25gb): 

White solid; 125.3 mg, 72% yield; Eluent system: EtOAc:hexanes 

(2:8); mp = 214-216 °C; 1H NMR (400 MHz, DMSO-d6) δ = 8.66 (d, J 

= 6.9, Hz, 1H), 7.77 – 7.71 (m, 3H), 7.66 (d, J = 9.0 Hz, 1H), 7.48 (dd, 

J = 11.9, 4.6 Hz, 3H), 7.42 – 7.35 (m, 1H), 7.02 (t, J = 6.9 Hz, 1H), 

5.89 (dd, J = 24.9, 5.4 Hz, 1H); 13C{1H} NMR (100 MHz, DMSO-d6) δ = 145.8, 141.9, 135.9, 

128.2, 127.7, 127.6, 127.5, 126.5, 124.2, 124.2, 117.4, 113.3, 113.0, 64.69 (dd, 2JC-F = 29.4, 

21.4 Hz); 19F NMR (376 MHz, DMSO-d6) δ = -80.87 (s, 3F), -116.19 (d, J = 271.5 Hz, 1F), -

126.12 (dd, J = 24.8, 24.4, 1F); HRMS (ESI) m/z: [M + H]+ calcd for C14H10F5N2OS+ 349.0429, 

found 349.0418. 

4,4,4,4,4,4,4-Heptafluoro-1-(2-phenylimidazo[1,2-a]pyridin-3-yl)-4l8-but-2-yn-1-ol (25ac): 

White solid; 109.8 mg, 56% yield; Eluent system: EtOAc:hexanes (2:8); mp = 224-226 °C; 1H 

NMR (400 MHz, DMSO-d6) δ = 8.69 (d, J = 4.3 Hz, 1H), 7.70 (d, J = 

9.0 Hz, 1H), 7.68 – 7.63 (m, 3H), 7.53 (t, J = 7.4 Hz, 2H), 7.51 – 7.44 

(m, 3H), 7.41 (ddd, J = 8.9, 6.8, 1.0 Hz, 2H), 7.04 (td, J = 6.9, 1.3 Hz, 

1H), 5.83 (dt, J = 25.5, 5.2 Hz, 1H); 13C{1H} NMR (100 MHz, DMSO-

d6) δ = 146.5, 146.0, 134.1, 129.2, 128.8, 127.8, 127.7, 126.6, 117.6, 113.8, 113.1, 64.87 (dd, 
2JC-F = 29.3, 21.2 Hz); 19F NMR (376 MHz, DMSO-d6) δ = -80.27 (t, J = 8.2 Hz, 3F), -113.46 

(d, J = 277.9 Hz, 1F), -122.14 (dtd, J = 277.7, 15.7, 8.0 Hz, 1F), -124.75 (dt, J = 290.4, 7.2 Hz, 

1F), -126.89 (ddd, J = 290.4, 10.7, 3.8 Hz, 1F);  HRMS (ESI) m/z: [M + H]+ calcd for 

C17H12F7N2O+ 393.0832, found 393.0793. 
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2,2,2-Trifluoro-1-(2-(4-(methylsulfonyl)phenyl)imidazo[1,2-

a]pyridin-3-yl)ethan-1-ol (25qa): White solid;  116.6 mg, 

63% yield; Eluent system: EtOAc:hexanes (1:1); mp = 236-

238 °C; 1H NMR (400 MHz, DMSO-d6) δ = 8.73 (d, J = 6.5 

Hz, 1H), 8.13 – 7.96 (m, 4H), 7.73 (d, J = 8.9 Hz, 1H), 7.53 (d, J = 5.0 Hz, 1H), 7.48 – 7.37 

(m, 1H), 7.07 (t, J = 6.6 Hz, 1H), 5.89 – 5.74 (m, 1H), 3.30 (s, 3H); 13C{1H} NMR (100 MHz, 

DMSO-d6) δ = 145.9, 144.0, 140.6, 139.0, 129.7, 127.9, 127.2, 127.0, 124.4, 117.7, 115.2, 

113.5, 65.4 (C-F, 2JC-F = 33.0 Hz), 55.3, 44.0; 19F NMR (376 MHz, DMSO-d6) δ = -74.10 (s, 

3F);  HRMS (ESI) m/z: [M + H]+ calcd for C16H14F3N2O3S+ 371.0672, found 371.0683. 

4.9.5 General Procedure for the Synthesis of 27 and 28 

To a solution of 3aa (0.5 mmol; 1.0 equiv.) in toluene (2 mL) was added 1a or 26 (1.0 equiv.) 

and Yb(OTf)3 (10 mol%) at room temperature and the reaction mixture was stirred at 90 °C for 

12 h in a sealed tube. After completion of the reaction monitored by TLC, the reaction mixture 

was allowed to attain room temperature. The reaction mixture was poured into water (20 mL) 

and extracted with ethyl acetate (3 × 15 mL). The combined organic layer was dried over an-

hydrous Na2SO4 and evaporated under vacuum. The resulting crude was purified by column 

chromatography (silica gel 100-200 mesh) using EtOAc-hexanes as an eluent to afford 27 or 

28. 

3,3'-(2,2,2-Trifluoroethane-1,1-diyl)bis(2-phenyl-1H-indole) (27) : White solid; 139.8 mg, 60% 

yield; Rf =0.4, Eluent system: EtOAc:hexanes (3.5:6.5); mp = 246-248 °C; 
1H NMR (400 MHz, DMSO-d6) δ = 11.43 (s, 2H), 7.76 (d, J = 8.0 Hz, 2H), 

7.36 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 7.2 Hz, 2H), 7.27 (t, J = 7.2 Hz, 4H), 

7.15 (d, J = 7.6 Hz, 4H), 7.10 (d, J = 7.6 Hz, 2H), 6.98 (t, J = 7.6 Hz, 2H), 

5.55 (q, J = 11.7 Hz, 1H); 13C NMR (100 MHz, DMSO-d6) δ =  143.0, 141.1, 137.5, 134.1, 

133.6, 133.2, 131.6, 126.4, 125.5, 124.5, 116.6, 111.2; 19F NMR (376 MHz, DMSO-d6) δ =  -

61.97 (d, J = 12.0 Hz), -74.43 (d, J = 8.3 Hz) ppm; HRMS (ESI) m/z: [M + H]+ calcd for 

C30H22F3N2
+ 467.1730, found 467.1712. 
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2-Phenyl-3-(2,2,2-trifluoro-1-(1H-pyrrol-3-yl)ethyl)-1H-indole (28) : White solid; 100.3 mg, 

59% yield; Rf =0.3, Eluent system: EtOAc:hexanes (3.5:6.5); mp = 

210-212 °C; 1H NMR (400 MHz, DMSO-d6) δ = 8.32 (s, 1H), 8.14 (s, 

1H), 7.59 (d, J = 8.0 Hz, 1H), 7.53 – 7.52 (m, 3H), 7.50 (d, J = 2.8 Hz, 

1H), 7.46 (d, J = 8.4 Hz, 1H), 7.30 – 7.26 (m, 1H) (with merged CDCl3 

peak), 7.16 (t, J = 7.6 Hz, 1H), 6.69 (q, J = 2.4 Hz, 1H), 6.31 (s, 1H), 6.22 (q, J = 2.8 Hz, 1H), 

5.19 (q, J = 9.6 Hz, 1H); 13C NMR (100 MHz, DMSO-d6) δ = 138.9, 136.0, 131.7, 129.2, 128.9 

(C-F, 4JC-F = 2.3 Hz), 128.0, 126.9, 125.2, 124.3, 122.8, 121.4 (C-F, 4JC-F = 3.3 Hz), 120.7, 

117.6, 111.1, 108.8, 108.2 (C-F, 4JC-F = 1.8 Hz), 104.4 (C-F, 4JC-F = 2.3 Hz), 41.4 (C-F, 2JC-F = 

30.3 Hz); 19F NMR (376 MHz, DMSO-d6) δ =  -66.04 (s, 3F) ppm; HRMS (ESI) m/z: [M + H]+ 

calcd for C20H16F3N2
+ 341.1260, found 341.1239.  

2,6-Di-tert-butyl-4-((2-phenyl-1H-indol-3-yl)methylene)cyclohexa-2,5-dien-1-one (29): Red 

solid; 58.3 mg, 55% yield; Rf =0.8,  Eluent system: EtOAc:hexanes 

(1:9); mp = 172-174 °C; 1H NMR (400 MHz, DMSO-d6) δ = 12.30 

(s, 1H), 7.69 – 7.66 (m, 3H), 7.60 (s, 1H), 7.56 (t, J = 7.4 Hz, 2H), 

7.53 – 7.48 (m, 2H), 7.46 (d, J = 2.0 Hz, 1H), 7.31 (d, J = 2.0 Hz, 

1H), 7.27 (d, J = 2.0 Hz, 1H), 7.21 – 7.17 (m, 1H), 1.30 (s, 9H), 

1.12 (s, 9H); 13C{1 NMR (100 MHz, DMSO-d6) δ = 185.8, 159.7, 145.9, 145.2, 141.8, 140.0, 

137.3, 136.0, 131.8, 130.5, 129.5, 129.3, 128.1, 127.6, 123.7, 121.4, 120.3, 112.7, 110.2, 35.2, 

29.8;  HRMS (ESI) m/z: [M + H]+ calcd for C29H32NO+ 410.2478, found 410.2484. 

4,4'-(Ethane-1,2-diylidene)bis(2,6-di-tert-butylcyclohexa-2,5-dien-1-one) (30): Yellow solid; 

36.0 mg, 32% yield; Rf =0.8,  Eluent system: EtOAc:hexanes 

(1:9); mp = 142-144 °C; 1H NMR (400 MHz, CDCl3) δ = 7.55 

(d, J = 2.4 Hz, 2H), 7.27 (s, 2H), 7.05 (d, J = 2.4 Hz, 2H), 1.40 

(s, 18H), 1.36 (s, 18H); 13C{1H} NMR (100 MHz, CDCl3) δ = 

186.4, 150.1, 149.8, 136.1, 134.2, 133.4, 124.5, 35.8, 35.4, 29.7, 

29.6; HRMS (ESI) m/z: [M + H]+ calcd for C30H43O2
+ 435.3258, found 435.3269. 

4.4.6 X-ray Crystallographic Analysis of Compound 3ba, 3fa, 25aa, and 25ba 

The crystal data collection and data reduction were performed using CrysAlis PRO on a single 

crystal Rigaku Oxford XtaLab Pro diffractometer. The crystal was kept at 93(2) K during data 
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collection. Using Olex252, the structure was solved with the ShelXT53 structure solution pro-

gram using Intrinsic Phasing and refined with the ShelXL54 refinement package using Least 

Squares minimization.  

The single crystals of the compound 3ba (C17H14F3NO, Figure 4.6) and 3fa (C16H11ClF3NO, 

Figure 4.7) was obtained from slow evaporation. 3ba was crystallized in triclinic crystal system 

with P-1 space group and 3fa was crystallized in triclinic crystal system with P-1 space group. 

The crystal structure information of 3ba and 3fa is deposited to Cambridge Crystallographic 

Data Center and the CCDC numbers for the 3ba is 2033964 and for 3fa is 2033965. 

 

Table 4.4: Crystal data and structure refinement for 3ba and 3fa 

Identification code 3ba  3fa  
Empirical formula C17H14F3NO C16H11ClF3NO 
Formula weight 305.29 325.71 
Temperature/K 93(2) 93(2) 
Crystal system triclinic triclinic 
Space group P-1 P-1 
a/Å 7.3286(2) 7.4247(3) 
b/Å 8.0698(2) 7.7269(2) 
c/Å 13.2600(3) 13.8749(2) 
α/° 102.542(2) 94.305(2) 
β/° 101.298(2) 98.646(2) 
γ/° 105.440(2) 112.442(3) 
Volume/Å3 710.53(3) 719.67(4) 
Z 2 2 
ρcalcg/cm3 1.427 1.503 
μ/mm-1 0.988 2.684 
F(000) 316.0 332.0 
Crystal size/mm3 0.15 × 0.12 × 0.1 0.15 × 0.08 × 0.05 
Radiation Cu Kα (λ = 1.54184) Cu Kα (λ = 1.54184) 
2Θ range for data collection/° 7.092 to 158.01 12.526 to 159.754 

Index ranges 
-4 ≤ h ≤ 9,  
-10 ≤ k ≤ 7,  
-16 ≤ l ≤ 14 

-7 ≤ h ≤ 9,  
-9 ≤ k ≤ 8,  
-17 ≤ l ≤ 17 

Reflections collected 3824 6808 

Independent reflections 2465 [Rint = 0.0206,  
         Rsigma = 0.0287] 

3023 [Rint = 0.0297,  
          Rsigma = 0.0356] 
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Data/restraints/parameters 2465/0/201 3023/0/200 
Goodness-of-fit on F2 1.066 1.130 

Final R indexes [I>=2σ (I)] R1 = 0.0527, wR2 = 0.1486 R1 = 0.0395, wR2 = 
0.1110 

Final R indexes [all data] R1 = 0.0546, wR2 = 0.1523 R1 = 0.0412, wR2 = 
0.1122 

Largest diff. peak/hole / e Å-3 0.24/-0.43 0.36/-0.43 
 

The single crystals of the compound 25aa (C15H11F3N2O, Figure 4.12), and 25ba 

(C16H13F3N2O, Figure 4.13) was obtained from slow evaporation of CDCl3. 25aa was crystal-

lized in monoclinic crystal system with P21/c space group and 25ba was crystallized in ortho-

rhombic crystal system with Pna21 space group. The crystal structure information of 25aa, and 

25ba is deposited to Cambridge Crystallographic Data Center and the CCDC numbers for the 

25aa is 2033967 and for 25ba is 2033968.  

 

Table 4.5: Crystal data and structure refinement for 25aa and 25ba 

Identification code 25aa  25ba  
Empirical formula C15H11F3N2O C16H13F3N2O 
Formula weight 292.26 306.28 
Temperature/K 93(2) 93(2) 
Crystal system monoclinic orthorhombic 
Space group P21/c Pna21 
a/Å 11.8860(3) 18.8821(3) 
b/Å 9.2524(2) 7.45630(10) 
c/Å 12.6896(3) 19.7935(4) 
α/° 90 90 
β/° 111.635(3) 90 
γ/° 90 90 
Volume/Å3 1297.21(6) 2786.74(8) 
Z 4 8 
ρcalcg/cm3 1.496 1.460 
μ/mm-1 1.079 1.031 
F(000) 600.0 1264.0 
Crystal size/mm3 0.1 × 0.05 × 0.05 0.15 × 0.05 × 0.03 
Radiation Cu Kα (λ = 1.54184) Cu Kα (λ = 1.54184) 
2Θ range for data collection/° 8.002 to 159.554 8.936 to 159.012 
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Index ranges 
-14 ≤ h ≤ 15,  
-6 ≤ k ≤ 11,  
-16 ≤ l ≤ 15 

-23 ≤ h ≤ 22, -4 ≤ k ≤ 9, -12 
≤ l ≤ 24 

Reflections collected 6786 10447 

Independent reflections 2750 [Rint = 0.0332,  
         Rsigma = 0.0416] 

4333 [Rint = 0.0339, 
Rsigma = 0.0505] 

Data/restraints/parameters 2750/0/191 4333/1/402 
Goodness-of-fit on F2 1.089 1.051 
Final R indexes [I>=2σ (I)] R1 = 0.0443, wR2 = 0.1278 R1 = 0.0979, wR2 = 0.2192 
Final R indexes [all data] R1 = 0.0478, wR2 = 0.1310 R1 = 0.1013, wR2 = 0.2273 
Largest diff. peak/hole / e Å-3 0.25/-0.32 1.67/-0.30 
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5.1 INTRODUCTION 
Quinoxalin-2(1H)-one ring system is a highly important heterocyclic framework in organic 

chemistry due to its wide range of applications in the fields of drug discovery and agrochemi-

cals.1-2 In particular, C3-substituted quinoxalin-2(1H)-ones have been extensively studied for 

their diverse biological activities. For instance, several studies have demonstrated that these 

compounds possess potent anti-tumor activity, making them promising candidates for the de-

velopment of novel anticancer agents.3 In addition, C3-substituted quinoxalin-2(1H)-ones have 

also been investigated as inhibitors of aldose reductase, an enzyme that has been implicated in 

various diabetic complications.4 Another area where these compounds have shown promise is 

in the inhibition of serine/threonine kinase STK33, which has been identified as a potential 

therapeutic target for the treatment of several types of cancer.5 C3-substituted quinoxalin-

2(1H)-ones have also been explored as inhibitors of blood coagulation factor Xa, an important 

target in the treatment of thromboembolic disorders.6 Furthermore, these compounds have been 

investigated as histamine-4 receptor antagonists, which could have potential applications in the 

treatment of allergic disorders. Thus, the wide range of biological activities exhibited by C3-

substituted quinoxalin-2(1H)-ones highlights their potential as valuable lead compounds for the 

development of novel therapeutics in various fields. Some selected bioactive C3-substituted 

quinoxalin-2(1H)-ones are represented in Figure 5.1.  

 
Figure 5.1 Biologically active C3-substituted quinoxalin-2(1H)-ones 

Specified the importance of the quinoxalin-2(1H)-one ring system, significant efforts have been 

directed toward the development of sustainable and economical methods for its synthesis and 
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functionalization.7-8 In this context, direct activation/functionalization of C-H bonds at the C3 

position has emerged as an important approach for constructing C3-substituted quinoxalin-

2(1H)-ones. Over the past few years, several research groups have given considerable attention 

towards the synthesis of C3-substituted quinoxalin-2(1H)-ones through direct C-H arylation,9-

10 alkylation,11-14 acylation,15-16 alkoxylation,17 amination,18-19 amidation,20 sulfenylation,21 and 

phosphorylation22 under transition-metal catalysis or photocatalysis (Figure 5.2). The utiliza-

tion of direct C-H bond functionalization technique not only provide an environmentally 

friendly option to conventional methods but also enable more flexibility and versatility in the 

construction and modification of complex molecules.  

 

Figure 5.2 C3-Functionalization of quinoxalin-2(1H)-ones 

Zhao and Xie have independently reported a facile approach for the alkoxylation of quinoxalin-

2(1H)-ones (1) using alcohols (2) as the alkoxylation reagent and solvent under visible light 

irradiation to produce the 3-alkoxylated quinoxalin-2(1H)-ones (3) (Scheme 5.1a).23 The 
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method offers tolerance to commercially available primary and secondary alcohols as reagent 

and solvent which makes the reaction economically attractive. The protocol exhibits excellent 

functional group compatibility providing a wide range of products. Similarly, Zhang group re-

ported the synthesis of 3-alkoxylated quinoxalin-2(1H)-ones (3) via transition-metal free cross-

dehydrogenative coupling of quinoxalin-2(1H)-ones (1) and alcohols (2) by utilizing 

PhI(OTFA)2 as an oxidant as well as radical initiator (Scheme 5.1b). 17 Jiang et al. further 

explored the methodology and disclosed the electrochemical construction of the 3-alkoxylated 

quinoxalin-2(1H)-ones (3) from quinoxalin-2(1H)-ones (1) and alcohols (2). The metal- and 

oxidant- free conditions, broad substrate scope and vast functional group tolerance are some of 

the highlighting features of this method (Scheme 5.1c).24   

 

Scheme 5.1 Metal-free C3-alkoxylation of quinoxalin-2(1H)-ones   

Xia group has developed a resourceful method for fluoroalkoxylation of quinoxalin-2(1H)-ones 

(1) at the C3 position under visible light irradiation. This approach employs readily available 

fluoroalkyl alcohols (4) as fluoroalkoxylation reagents, allowing a wide range of substrates to 

provide moderate to good yields of fluoroalkoxylated products (5) (Scheme 5.2a).25 This trans-

formation utilizes oxygen as an oxidant, making it more environmentally friendly. Control ex-

periments suggested a radical mechanism for the reaction. Alternatively, Zhang et al. reported 

the synthesis of fluoroalkoxylated products (5) through PhI(TFA)2 mediated SET process. The 

developed method involved generation of alkoxy radical from (4) in the presence of PhI(TFA)2 

which on reaction with (1) followed by deprotonation resulted the desired product in excellent 
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yields (Scheme 5.2b).26 Subsequently, Su et al. developed a copper-catalyzed cross-dehydro-

genative coupling of quinoxalin-2(1H)-ones (1) and fluoroalkyl alcohol, HFIP (4) in the pres-

ence of PhI(OAc)2 as an external oxidizing agent to afford the corresponding fluoroalkylated 

products (5) in average yields (Scheme 5.2c).27   

 

Scheme 5.2 C3-Fluoroalkoxylation of quinoxalin-2(1H)-ones 

Wei, Li and Pan group have independently disclosed the sulfenylation of quinoxalin-2(1H)-

ones (1) using alkyl/aryl thiols (6) under visible-light irradiations. Wei group employed rhoda-

mine B as photocatalyst for constructing 3-sulfenylated quinoxalin-2(1H)-ones (7) in the pres-

ence of 3 W blue LED lamp (Scheme 5.3a).21 Alternatively, Li group utilized rhodamine 6G 

as photocatalyst in the presence of TFA as an additive to obtain a variety of 3-sulfenylated 

quinoxalin-2(1H)-ones (7) under the irradiation of 3 W blue LEDs (Scheme 5.3b). Several 

mechanistic investigations in both works suggested nucleophilic attack of thiols (6) at the ni-

trogen centered radical generated from quinoxalin-2(1H)-ones via SET process rather than S-

centered radical from thiol. With the further exploration and modification in the existing meth-

ods, Pan group disclosed a photocatalyst- and oxidant-free strategy for 3-sulfenylated quinox-

alin-2(1H)-ones (7) by irradiating quinoxalin-2(1H)-ones (1) and alkyl/aryl thiols (6) under a 9 

W blue LED lamp (Scheme 5.3c).28 Further, Shen et al. described a cerium-catalyzed C3-sul-

fenylatation of quinoxalin-2(1H)-ones (1). The method utilized CeCl3/K2S2O8 system for the 

activation of diaryldisulfides (6) in presence of 3 W blue LEDs and afforded 3-sulfenylated 

quinoxalin-2(1H)-ones (7) in decent yields (Scheme 5.3d).29  
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Scheme 5.3 Visible-light induced C3-sulfenylatation of quinoxalin-2(1H)-ones 

Zhou and co-workers reported the electrochemical synthesis of 3-sulfenylated quinoxalin-

2(1H)-ones (7) by the reaction of quinoxalin-2(1H)-ones (1) with alkyl/aryl thiols (6) using 

Pt(+) | Pt(-) electrodes containing undivided cell (Scheme 5.4).30 In contrast to earlier methods, 

the formation of S-centered radical was proposed in this method. Control experiments were 

performed through cyclic voltammetry which also supported the oxidation of 6 due to lower 

oxidation potential as compared to 1.  

 

Scheme 5.4 Electrochemical C3-sulfenylatation of quinoxalin-2(1H)-ones 

In 2008, Gulevskaya for the first time reported C3-amination of quinoxalin-2(1H)-ones. Re-

stricted examples of 3-aminoquinoxalin-2(1H)-ones (9) have been achieved through nucleo-

philic aromatic substitution of different 1° or 2° aliphatic amines (8) and quinoxalin-2(1H)-ones 

(1) in the presence of AgPy2MnO4 or KMnO4 as oxidant (Scheme 5.5).31 Limited substrate 
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scope, use of very strong oxidants and specific reaction conditions renders the employment of 

this method for practical purpose.  

 

Scheme 5.5 AgPy2MnO4/KMnO4 mediated C3-amination of quinoxalin-2(1H)-ones 

Li and colleagues have developed a Cu-catalyzed approach for oxidative amination of quinox-

alin-2(1H)-ones (1) enabling the utilization of 1° and 2° aliphatic amines (8) in DMSO at 100 

°C. The reaction yields numerous 3-aminoquinoxalin-2(1H)-ones (9) in moderate to good 

yields, utilizing molecular oxygen as the primary oxidizing agent (Scheme 5.6).32 A non-radical 

mechanism is proposed for this Cu-catalyzed oxidative amination.  

 

Scheme 5.6 Cu-catalyzed C3-amination of quinoxalin-2(1H)-ones 

Synthesis of various 3-aminoquinoxalin-2(1H)-ones (9) has also been reported by Jain group 

via I2/TBHP catalyzed cross-dehydrogenative coupling of quinoxalin-2(1H)-ones (1) and ali-

phatic amines (8) (Scheme 5.6).33 One-pot construction of histamine-4 receptor antagonist and 

two-step synthesis of aldose reductase inhibitor demonstrated the practical utility of the method. 

Based on control experiments, a non-radical mechanism which involved the N-iodination as 

one of the plausible intermediate is proposed for the reaction.  
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Scheme 5.6 I2/TBHP catalyzed C3-amination of quinoxalin-2(1H)-ones 

PhI(OAc)2-mediated oxidative cross-dehydrogenative coupling of quinoxalin-2(1H)-ones (1) 

and azoles (8) has been developed by Wiminsong and Yotphan for the effective production of 

3-(azol-1-yl)quinoxalin-2-one (9) molecules (Scheme 5.7).34 Through the control experiments, 

the reaction was believed to proceed through formation of azole radical intermediate which on 

reaction with 1 followed by hydrogen radical abstraction resulted the corresponding 3-amino-

quinoxalin-2(1H)-ones derivatives. 

 

Scheme 5.7 PhI(OAc)2-mediated C3-amination of quinoxalin-2(1H)-ones 

Wei and Zhao group collectively developed a visible-light induced C(sp2)-H/ N-H coupling of 

quinoxalin-2(1H)-ones (1) with 1° and 2° aliphatic amines (8) in the presence of Eosin Y as 

photocatalyst to deliver different 3-aminoquinoxalin-2(1H)-ones (9) in good yields (Scheme 

5.8).35 The effect of photo-irradiation has been proved via on/off experiment and the presence 

of nitrogen radical which is generated after photo-irradiation, has been suggested through ESR 

experiment.  

 

Scheme 5.8 Visible-light induced C3-amination of quinoxalin-2(1H)-ones 
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Li et al. disclosed an electrochemical cross-dehydrogenative coupling for the synthesis of 3-

aminoquinoxalin-2(1H)-ones (9), by employing quinoxalin-2(1H)-ones (1) with aliphatic 

amines and azoles (8) in an undivided cell (Scheme 5.9).36 Radical scavenging and cyclic vol-

tametric measurements indicated radical mechanism for the developed protocol. 

 

Scheme 5.9 Electrochemical C3-amination of quinoxalin-2(1H)-ones 

Although the reported methods for the functionalization of quinoxalin-2(1H)-ones have proven 

advantageous in certain aspects, they still face certain limitations like limited substrate scope, 

the use of toxic solvents, high temperatures, and the use of photocatalysts that obstruct their 

employment for industrial application. Therefore, it is essential to investigate a more resource-

ful, versatile, and planet-friendly methods for the synthesis of C3-substitued quinoxalin-2(1H)-

ones, that is also economically viable. 

On the other hand, Selectfluor is a remarkably stable and easy to handle compound which is 

commonly employed as an effective electrophilic fluorinating reagent and now gaining promi-

nence as a powerful oxidant in numerous organic transformations.37-38 Its mild oxidizing prop-

erties have enabled the successful synthesis of various functionalized heterocycles.39-40 In re-

cent years, it has been increasingly recognized as a versatile mediator for metal-free radical-

based C-H functionalization reactions, offering a powerful and practical alternative to tradi-

tional transition-metal catalyzed reactions.22, 41-45  

Lei's group recently described an innovative approach using Selectfluor to promote oxidative α 

C(sp3)–H arylation of alcohols (2) with heteroarenes (10) under visible light irradiation. The 

hydroxyalkylated heteroarenes (12) were obtained in good yields from primary, secondary, and 

tertiary alcohols (Scheme 5.10a).43  The rection is believed to initiate through photoinduced N-

F bond activation as suggested by the EPR experiment. Later, the same group showcased the 

alkylation of heteroarenes by employing simple alkanes, ethers, and methylarenes (11) with 
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heteroarenes (10), following the same reaction condition under the irradiation of 3 W blue LEDs 

(Scheme 5.10b).46  

 

Scheme 5.10 Selectfluor promoted oxidative α C(sp3)–H arylation of alcohols/alkanes with 
heteroarenes  

In continuation with our interest in the functionalization of aza-heterocycles and radical induced 

reactions we developed a Selectfluor-promoted oxidative coupling of quinoxalin-2(1H)-ones 

with alcohols, thiols, amines, and selenols leading to the formation of C-O, C-S, C-N, and C-

Se bonds in good to excellent (53-95%) yields (Scheme 5.11).  

 

Scheme 5.11 Selectfluor-mediated C3-alkoxylation, sulfenylation, amination, and selenyla-
tion of quinoxalin-2(1H)-ones  

5.2 RSULTS AND DISCUSSION 
We commenced our investigation using the model reaction of quinoxalin-2(1H)-one 1a with 

ethanol 2a in the presence of Selectfluor in acetonitrile. Interestingly, desired product, 3-ethox-

yquinoxalin-2(1H)-one 3aa was obtained in 92% yield after allowing the reaction to continue 

at room temperature for 12 h. The effect of different parameters like additive, solvent, time, and 

temperature was investigated on model reaction (Table 5.1). Use of acidic (AcOH, TFA, TsOH, 

and ADA) or basic additive (Et3N) led to decrease in the yield of 3aa. Similarly, no significant 

increase in the yield of 3aa was observed by replacing CH3CN with other solvents (DCM, THF 
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amd DMF), varying equivalence of Selectfluor, reaction temperature or reaction time. The mo-

lecular structure of 3aa was fully characterized by NMR (1H, Figure 5.2, 13C{1H}, Figure 5.3) 

and HRMS (Figure 5.4). 

 

Table 5.1 Optimization of reaction conditions for the synthesis 3aaa. 

 
Entry Deviation in reaction conditions % Yield of 3aab 

1 none 92 
2 AcOH as additive 72 
3 TFA as additive 43 
4 TsOH as additive 35 
5 ADA as additive 23 
6 Et3N as additive 16 
7 EtOH as solvent 75 
8 DCM as solvent 61 
9 THF as solvent 78 

10 DMF as solvent 55 
11 Selectfluor 3 equiv. 85 
12 Selectfluor 1.5 equiv. 63 
13 Reaction time 24 h 90 
14 Reaction temperature 50 °C 88 
15 Reaction temperature 100 °C 78 
16 Without Selectfluor nr 

aReaction conditions: 1a (0.34 mmol), 2a (5 equiv.), Selectfluor (2 equiv.), additive (2 equiv.), 
solvent 2 mL, rt for 12 h. bIsolated yield. AcOH = Acetic acid; TFA = Trifluoroacetic acid; 
TsOH = p-Toluenesulfonic acid; ADA = 1-Adamantanecarboxylic acid; DCM = Dichloro-
methane; THF = Tetrahydrofuran; DMF = N, N-dimethylformamide; nr = No reaction. 
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Figure 5.3 1H  NMR spectrum of 3-ethoxyquinoxalin-2(1H)-one (3aa) recorded in CDCl3 

 
Figure 5.4 13C{1H} NMR of 3-ethoxyquinoxalin-2(1H)-one (3aa) recorded in CDCl3 
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With established reaction conditions in hand, we first examined substrate scope of quinoxalin-

2(1H)-ones 1b-1l by their reaction with 2a. As shown in Table 5.2, a wide range of quinoxalin-

2(1H)-ones substituted with various functionalities such as −CH3, −C2H5, −n-C4H9, cyclo-

propylmethyl, benzyl, −CO2Et, −CH2COPh, allyl, propynyl, 4-chloro, and 4,5-dimethyl were 

well tolerated, and the corresponding alkoxylated products 3ba–3la were obtained in 73–95% 

isolated yields.  

Table 5.2 Alkoxylation of quinoxalin-2(1H)-onesa,b 

 
aReaction conditions: 1 (0.34 mmol), 2 (5 equiv.), Selectfluor (2 equiv.), CH3CN (2 mL), rt, 12 
h. bIsolated yield. 
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Subsequently, substrate scope of alcohols was examined. A wide range of alcohols 2a-2l in-

cluding primary, secondary, allylic, propargylic and benzylic alcohols could smoothly react 

with 1a, providing the desired alkoxylated products 3aa–3al in 71-93% isolated yields. The 

scope of alcohol was further extended to quinoxalin-2(1H)-ones substituted with menthol 

(3am), cholesterol (3an) and cetyl alcohol (3ao). To our delight the corresponding alkoxylated 

products were produced in 90%, 73%, and 61% yields, respectively.  

The versatility of the current protocol was also demonstrated by fluoroalkoxylation of quinox-

alin-2(1H)-ones (Table 5.3). Reaction of 1a-1m with trifluoroethanol 4a in the presence of 

Selectfluor (2 equiv.) in CH3CN at room temperature afforded corresponding trifluoroalkox-

ylated products 5aa-5na in 53−90% yields. The substrate 1n was mixture of two isomers and 

thus we obtained corresponding product 5na as mixture of two isomers. Reaction of 1a with 

1,1,1,2,2-petrafluropropanol 4b also afforded corresponding alkoxylated product 5ab in 85% 

yield. Structures of 5aa (CCDC 2178009) (Figure 5.5) and 5ca (CCDC 2178501) (Figure 5.6) 

were also unambiguously confirmed by single crystal X-ray analysis. 

 

Figure 5.5 ORTEP diagram of 5aa (CCDC No 2178009).  The thermal ellipsoids are drawn 
at 50% probability level 
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Figure 5.6 ORTEP diagram of 5ca (CCDC No 2178501).  The thermal ellipsoids are drawn at 

50% probability level 

Table 5.3. Fluoroalkoxylation of quinoxalin-2(1H)-onesa,b 

 

aReaction conditions: 1 (0.34 mmol), 4 (5 equiv.), Selectfluor (2 equiv.), CH3CN (2 mL), rt, 12 
h. bIsolated yield. 
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Encouraged by the success of alkoxylation of quinoxalin-2(1H)-ones, we proceeded to explore 

the C3-sulfenylation (Table 5.4). To our delight, 3-(ethylthio)quinoxalin-2(1H)-one 7aa was 

obtained in 89% yield by the reaction of 1a with ethanethiol 6a in the presence of Selectfluor 

(2 equiv.) in CH3CN at room temperature. Various other quinoxalin-2(1H)-ones 1b-1l also 

smoothly reacted with 6a under standard conditions to afford corresponding sulfenylated prod-

ucts 7ba-7la in 64-81% yields. 

Table 5.4. Thioalkoxylation of quinoxalin-2(1H)-onesa,b 

 

aReaction conditions: 1 (0.34 mmol), 6 (5 equiv.), Selectfluor (2 equiv.), CH3CN (2 mL), rt, 12 

h. bIsolated yield. 

To further illustrate the potential application of this method, we thought to apply our strategy 

toward amination of quinoxalin-2(1H)-ones (Table 5.5). We first investigated reaction of 1a 

with propyl amine 8a in the presence of Selectfluor (2 equiv.) in CH3CN at room temperature. 

To our satisfaction, the reaction yielded 3-propylaminoquinoxalin-2(1H)-one 9aa in 76% yield. 

Reaction of other substituted quinoxalin-2(1H)-ones 1b-1m with 8a also produced correspond-

ing aminated products in good (60-77%) yields. Cyclohexylamine 8b, propargylamine 8c and 

benzylamine 8d were well tolerated to give target products 9ab, 9ac and 9ad in 69%, 60% and 

62% yields, respectively. Structures of 9da (CCDC 2206580) (Figure 5.7) and 9ia (CCDC 

2207035) (Figure 5.8) were unambiguously confirmed by single crystal X-ray analysis. 
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Table 5.5. Amination of quinoxalin-2(1H)-onesa,b 

 
aReaction conditions: 1 (0.34 mmol), 8 (5 equiv.), Selectfluor (2 equiv.), CH3CN (2 mL), rt, 12 
h. bIsolated yield. 

 
Figure 5.7 ORTEP diagram of 9da (CCDC No 2206580).  The thermal ellipsoids are drawn 

at 50% probability level 
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Figure 5.8 ORTEP diagram of 9ia (CCDC No 2207035).  The thermal ellipsoids are drawn at 

50% probability level 

This method was next utilized for the selenyaltion of quinoxalin-2(1H)-ones (Table 5.6). Inter-

estingly, 3-(phenylselanyl)quinoxalin-2(1H)-one 15aa and 1-methyl-3-(phenylselanyl)quinox-

alin-2(1H)-one 15ba were isolated in 75% and 79% yield, respectively by the reaction of 1a 

and 1b with benzeneselenol 14 in the presence of Selectfluor (2 equiv.) in CH3CN at room 

temperature.  

Table 5.6. Selenylation of quinoxalin-2(1H)-ones 

 

To demonstrate the synthetic utility of our new C–H functionalization method, gram-scale syn-

thesis of representative compounds was performed (Scheme 5.12). Notably, the reaction of 1a 

(1 g, 6.85 mmol), with 2a, 4a, 6a and 8a (5 equiv.) under standard reaction conditions afforded 

desired products 3aa, 5aa, 7aa and 9aa in 90%, 88%, 85%, and 74% yields, respectively 

(Scheme 5.12a). Further, the synthetic utility of alkoxylated products was demonstrated by 

conducting subsequent derivatizations. Hydrolysis of 3ga using KOH in methanol followed by 

acidification produced an aldose reductase (ALR2) inhibitor 16 in 96% yield (Scheme 5.12b). 

Similarly, reaction of 5aa with POCl3 in pyridine followed by reaction with morpholine (13) 
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produced 4-(3-ethoxyquinoxalin-2-yl)morpholine (17) in 72% yield (Scheme 5.12c). The tri-

fluoroethoxyl group has been used as a good leaving group in SNAr reactions. We therefore 

utilized it to prepare histamine-4 receptor antagonist (18) by the reaction of 5ma with 1-

methylpiperazine (Scheme 5.12d). 

 

Scheme 5.12 Gram-scale synthesis and synthetic applications 

To uncover evidence for the presence of radical intermediate in the reaction mechanism, radical 

capture experiments were carried out (Scheme 5.13). Introducing radical scavenger 2,2,6,6-

tetramethyliperidine N-oxide (TEMPO) or butylated hydroxytoluene (BHT) into model reac-

tion of 1a with 2a under standard conditions completely inhibited formation of 3aa. Further, 

formation of BHT adducts 19 & 20, and TEMPO adduct 21 was detected by ESI-HRMS. These 

results suggest that a radical pathway could be involved in this reaction. 
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Scheme 5.13 Radical trapping experiments 

A plausible mechanism for this transformation is proposed on the basis of previous literature 

reports43, 47 and result of radical trapping experiment (Scheme 5.14). Initially, quinoxalin-2-one 

derived radical B can be generated in two distinct pathways, either through generation of inter-

mediate A by single electron transfer (SET) from Selectfluor followed by nucleophilic attack 

of ethanol to A (Path I) or by attack of ethoxy radical generated by hydrogen atom abstraction 

(HAT) to quinoxalin-2-one (Path II). Finally, product 3aa is obtained either by HAT from in-

termediate B or elimination of HF from intermediate C which is generated by coupling of flu-

orine radical with intermediate B. 

 

Scheme 5.14 Plausible mechanism 

5.3 CONCLUSIONS 
In summary, we have developed a simple and highly efficient Selectfluor-mediated method for 

diverse functionalization of quinoxalin-2(1H)-ones under metal- and photocatalyst-free condi-

tions. Various C3-substituted quinoxalin-2(1H)-ones could be prepared in good to excellent 

yields. The protocol features a broad substrate scope, mild conditions, and excellent functional 
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group tolerance. The method provides a convenient strategy for alkoxylation, flouoroalkoxyla-

tion, sulfenylation, amination, and selenylation at C3-position of quinoxalin-2(1H)-ones. Syn-

thetic potential of the method has been demonstrated by gram scale synthesis, C3-alkoxylation 

of quinoxalin-2(1H)-one with natural alcohols and synthesis of aldose reductase (ALR2) inhib-

itor. These finding are expected to open a new avenue for late-stage functionalization of quinox-

alin-2(1H)-one based bioactive molecules under mild reaction conditions. 

5.4 EXPERIMENTAL SECTION 

5.4.1 General Information 

All the chemicals and solvents were purchased from commercial suppliers and used without 

purification, unless otherwise noted. Quinoxalin-2(1H)-ones were synthesized by the conden-

sation of o-phenylenediamines with ethyl glyoxalate in ethanol/toluene according to a reported 

procedure.48 All reactions were monitored by thin layer chromatography (TLC) on pre-coated 

0.2 mm silica gel F254 plates (Merck) and visualised under a UV lamp (366 or 254 nm). Desired 

products were purified by column chromatography (Silica gel 100-200 mesh size) using a gra-

dient of ethyl acetate and hexanes as mobile phase. Melting points were determined in open 

capillary tubes on an EZ-Melt automated melting point apparatus and are uncorrected. All the 

compounds were fully characterized by 1H, 13C and 19F NMR spectra using Bruker Avance 400 

spectrometer at 400 MHz, 100 MHz and 376 MHz, respectively. Chemical shifts (δ) are re-

ported in parts per million (ppm) and coupling constants (J) are reported in hertz (Hz) relative 

to the residual signal of TMS in deuterated solvents. Abbreviations to represent multiplicities 

are s (singlet), d (doublet), t (triplet), q (quartet), quint (quintet), sext (sextet), sept (septet) dd 

(double doublet), dt (double triplet), dq (double quartet), td (triplet of doublet), ddd (doublet of 

doublet of doublet) and m (multiplet). High-resolution mass spectra (HRMS) were recorded by 

using electrospray ionization (ESI) method on an Agilent Q-TOF 6545 LC-MS spectrometer. 

Single crystal X-ray analysis was performed on a Rigaku Oxford XtaLAB AFC12 (RINC): 

Kappa dual home/near diffractometer. 

5.4.2 General Procedure for the Synthesis of Quinoxalin-2(1H)-ones  

An oven dried 25 mL round bottom flask was charged with o-phenylenediamines (10 mmol), 

ethyl glyoxalate (2.4 g, 12 mmol) and a solution of ethanol and toluene (20 mL, 1: 1 v/v). The 

reaction mixture was stirred at 85 °C for 12 h. After completion of the reaction monitored by 
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TLC, reaction mixture was allowed to attain room temperature. The residue was concentrated 

in vacuum. The obtained solid was washed with H2O and dried in oven to afford corresponding 

quinoxalin-2(1H)-one. The substrate was used as such without purification for further transfor-

mations. 

5.4.3 General Procedure for the C3-Alkoxylation/ Fluoroalkoxylation of Quinoxalin-

2(1H)-ones 

An oven dried 10 mL round bottom flask was charged with quinoxalin-2(1H)-ones 1 (0.34 

mmol; 1.0 equiv.), 2 or 4 (1.71 mmol; 5.0 equiv.) and Selectflour (2.0 equiv.) in CH3CN at 

room temperature and the reaction mixture was stirred for 12 h. After completion of the reaction 

monitored by TLC, reaction mixture was concentrated in vacuum. The resulting crude was pu-

rified by column chromatography (silica gel 100-200 mesh) using EtOAc-hexanes as an eluent 

to afford corresponding products 3 or 5. 

3-Ethoxyquinoxalin-2(1H)-one (3aa): White solid; 60 mg, 92% yield; purification by column 

chromatography on silica gel  (eluents: EtOAc /Hexane = 1.5/8.5); mp = 

184-186 °C; 1H NMR (400 MHz, CDCl3) δ 12.55 (s, 1H), 7.61 (d, J = 7.6 

Hz, 1H), 7.43 (d, J = 7.6 Hz, 1H), 7.35 (t, J = 7.2 Hz, 1H), 7.29 (t, J = 7.2 

Hz, 1H), 4.60 (q, J = 6.9 Hz, 2H), 1.53 (t, J = 7.0 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) 

δ 154.1, 152.9, 131.4, 129.2, 127.0, 126.6, 124.4, 115.9, 63.7, 14.2; HRMS (ESI) m/z: [M + H]+ 

Calcd for C10H11N2O2
+ 191.0815; found 191.0816. 

3-Ethoxy-1-methylquinoxalin-2(1H)-one (3ba): White solid; 60 mg, 87% yield; purification by 

column chromatography on silica gel (eluents: EtOAc /Hexane = 1.5/7.5); 

mp = 130-132 °C; 1H NMR (400 MHz, CDCl3) δ 7.63 (dd, J = 7.8, 1.4 Hz, 

1H), 7.43 – 7.39 (m, 1H), 7.33 – 7.25 (m, 2H), 4.56 (q, J = 7.1 Hz, 2H), 

3.73 (s, 3H), 1.51 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 

153.9, 151.2, 131.5, 131.2, 127.5, 126.9, 123.9, 113.6, 63.5, 29.5, 14.2; HRMS (ESI) m/z: [M 

+ H]+ Calcd for C11H13N2O2
+ 205.0972; found 205.0976. 

3-Ethoxy-1-ethylquinoxalin-2(1H)-one (3ca): White solid; 61 mg, 83% yield; purification by 

column chromatography on silica gel (eluents: EtOAc /Hexane = 2.0/8.0); 

mp = 112-114 °C; 1H NMR (400 MHz, CDCl3) δ 7.66 – 7.64 (m, 1H), 

7.44 – 7.40 (m, 1H), 7.32 – 7.28 (m, 2H), 4.56 (q, J = 7.1 Hz, 2H), 4.36 

(q, J = 7.2 Hz, 2H), 1.52 (t, J = 7.0 Hz, 3H), 1.40 (t, J = 7.0 Hz, 3H); 
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13C{1H} NMR (100 MHz, CDCl3) δ 153.9, 150.7, 131.6, 130.4, 127.8, 126.9, 123.7, 113.5, 

63.4, 37.6, 14.2, 12.4; HRMS (ESI) m/z: [M + H]+ Calcd for C12H15N2O2
+ 219.1128; found 

219.1125. 

1-Butyl-3-ethoxyquinoxalin-2(1H)-one (3da): White solid; 67 mg, 80% yield; purification by 

column chromatography on silica gel (eluents: EtOAc /Hexane = 1.5/3.5); 

mp = 120-122 °C; 1H NMR (400 MHz, CDCl3) δ 7.64 (dd, J = 7.8, 1.4 

Hz, 1H), 7.43 – 7.38 (m, 1H), 7.31 – 7.26 (m, 2H), 4.55 (q, J = 7.1 Hz, 

2H), 4.31 – 4.27 (m, 2H), 1.80 – 1.72 (m, 2H), 1.52 (t, J = 7.0 Hz, 3H), 

1.49 (sext, J = 7.4 Hz, 2H), 1.01 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 153.9, 

150.9, 131.5, 130.7, 127.8, 126.8, 123.7, 113.6, 63.4, 42.4, 29.3, 20.2, 14.2, 13.8; HRMS (ESI) 

m/z: [M + H]+ Calcd for C14H19N2O2
+ 247.1441; found 247.1438. 

1-(Cyclopropylmethyl)-3-ethoxyquinoxalin-2(1H)-one (3ea): White solid; 61 mg, 74% yield; 

purification by column chromatography on silica gel (eluents: EtOAc 

/Hexane = 3.0/7.0); mp = 100-102 °C; 1H NMR (400 MHz, CDCl3) δ 7.63 

(d, J = 7.6 Hz, 1H), 7.42 – 7.37 (m, 2H), 7.30 – 7.26 (m, 1H), 4.54 (q, J 

= 7.2 Hz, 2H), 4.21 (d, J = 6.8 Hz, 2H), 1.51 (t, J = 7.0 Hz, 3H), 1.34 – 

1.26 (m, 1H), 0.61 – 0.51 (m, 4H); 13C{1H} NMR (100 MHz, CDCl3) δ 

154.0, 151.2, 131.5, 130.9, 127.7, 126.8, 123.7, 113.9, 63.5, 46.4, 14.2, 9.6, 4.1; HRMS (ESI) 

m/z: [M + H]+ Calcd for C14H17N2O2
+ 245.1285; found 245.1288. 

1-Benzyl-3-ethoxyquinoxalin-2(1H)-one (3fa): White solid; 84 mg, 88% yield; mp = 154-156 

°C; purification by column chromatography on silica gel (eluents: EtOAc 

/Hexane = 3.0/7.0); 1H NMR (400 MHz, CDCl3) δ 7.66 – 7.64 (m, 1H), 

7.35 – 7.26 (m, 7H), 7.23 – 7.21 (m, 1H), 5.54 (s, 2H), 4.60 (q, J = 7.1 

Hz, 2H), 1.56 (t, J = 7.0 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 

154.0, 151.4, 135.2, 131.5, 130.8, 128.9, 127.7, 127.6, 127.0, 126.9, 123.9, 114.5, 63.6, 46.2, 

14.2; HRMS (ESI) m/z: [M + H]+ Calcd for C17H17N2O2
+ 281.1285; found 281.1289. 

Ethyl 2-(3-ethoxy-2-oxoquinoxalin-1(2H)-yl)acetate (3ga): Purification by column chromatog-

raphy on silica gel (eluents: EtOAc /Hexane = 2.0/8.0); White solid (106 

mg, 95% yield); mp = 142-144 °C; 1H NMR (400 MHz, CDCl3) δ 7.66 

(dd, J = 8.0, 1.2 Hz, 1H), 7.41 – 7.36 (m, 1H), 7.33 – 7.29 (m, 1H), 7.03 

(dd, J = 8.2, 1.0 Hz, 1H), 5.07 (s, 2H), 4.58 (q, J = 7.1 Hz, 2H), 4.26 (q, J 
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= 7.1 Hz, 2H), 1.53 (t, J = 7.0 Hz, 3H), 1.29 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (100 MHz, 

CDCl3) δ 167.0, 153.6, 150.9, 131.3, 130.7, 127.8, 127.1, 124.2, 113.0, 63.6, 62.0, 43.8, 14.2, 

14.1; HRMS (ESI) m/z: [M + H]+ Calcd for C14H17N2O4
+ 277.1183; found 277.1180. 

3-Ethoxy-1-(2-oxo-2-phenylethyl)quinoxalin-2(1H)-one (3ha): White solid; 93 mg, 89% yield; 

mp = 112-114 °C; Purification by column chromatography on silica gel 

(eluents: EtOAc /Hexane = 2.5/7.5); 1H NMR (400 MHz, CDCl3) δ 8.12 

– 8.09 (m, 2H), 7.72 – 7.66 (m, 2H), 7.58 (t, J = 7.6 Hz, 2H), 7.31 – 7.28 

(m, 2H), 6.92 – 6.89 (m, 1H), 5.78 (s, 2H), 4.61 (q, J = 7.1 Hz, 2H), 1.54 

(t, J = 7.0 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 191.0, 153.7, 151.1, 134.6, 134.3, 

131.4, 130.9, 129.0, 128.2, 127.8, 127.0, 124.0, 113.5, 63.6, 48.7, 14.2; HRMS (ESI) m/z: [M 

+ H]+ Calcd for C18H17N2O3
+ 309.1234; found 309.1230. 

1-Allyl-3-ethoxyquinoxalin-2(1H)-one (3ia): White solid; 71 mg, 91% yield; Purification by 

column chromatography on silica gel (eluents: EtOAc /Hexane = 3.0/7.0); 

mp = 68-70 °C; 1H NMR (400 MHz, CDCl3) δ 7.65 (dd, J = 8.0, 1.6 Hz, 

1H), 7.40 – 7.36 (m, 1H), 7.30 (dd, J = 7.8, 1.4 Hz, 1H), 7.28 – 7.24 (m, 

1H), 6.00 – 5.90 (m, 1H), 5.28 (dd, J = 10.4, 0.8 Hz, 1H), 5.20 (dd, J = 

17.2, 0.8 Hz, 1H), 4.94 (dt, J = 5.2, 1.6 Hz, 2H), 4.57 (q, J = 7.1 Hz, 2H), 1.52 (t, J = 7.0 Hz, 

3H); 13C{1H} NMR (100 MHz, CDCl3) δ 153.9, 150.8, 131.4, 130.7, 130.6, 127.62, 127.58, 

126.8, 118.1, 114.2, 63.5, 44.8, 14.2; HRMS (ESI) m/z: [M + H]+ Calcd for C13H15N2O2
+ 

231.1128; found 231.1130. 

3-Ethoxy-1-(prop-2-yn-1-yl)quinoxalin-2(1H)-one (3ja): White solid; 70 mg, 85% yield; Puri-

fication by column chromatography on silica gel (eluents: EtOAc /Hexane 

= 2.0/8.0); mp = 132-134 °C; 1H NMR (400 MHz, CDCl3) δ 7.68 – 7.64 

(m, 1H), 7.45 (dd, J = 6.1, 1.4 Hz, 2H), 7.35 (ddd, J = 8.3, 6.1, 2.5 Hz, 

1H), 5.10 (d, J = 2.5 Hz, 2H), 4.58 (q, J = 7.1 Hz, 2H), 2.30 (t, J = 2.5 Hz, 

1H), 1.52 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 153.6, 150.4, 131.4, 130.0, 

127.7, 127.0, 124.3, 114.1, 76.8, 73.2, 63.7, 31.8, 14.2; HRMS (ESI) m/z: [M + H]+ Calcd for 

C13H13N2O2
+ 229.0972; found 229.0976. 
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7-Chloro-3-ethoxyquinoxalin-2(1H)-one (3ka): White solid; 56 mg, 73% yield; Purification by 

column chromatography on silica gel (eluents: EtOAc /Hexane = 

2.0/8.0); mp = 169-171 °C; 1H NMR (400 MHz, CDCl3) δ 11.88 (s, 

1H), 7.56 (d, J = 8.4 Hz, 1H), 7.41 (d, J = 2.4 Hz, 1H), 7.28 – 7.25 

(dd, J = 8.4, 2.0 Hz, 1H), 4.62 (q, J = 7.1 Hz, 2H), 1.56 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (100 

MHz, CDCl3) δ 154.2, 152.4, 132.6, 130.0, 129.8, 127.8, 124.9, 115.3, 64.0, 14.1; HRMS (ESI) 

m/z: [M + H]+ Calcd for C10H10ClN2O2
+ 225.0425; found 225.0427. 

3-Ethoxy-6,7-dimethylquinoxalin-2(1H)-one (3la): White solid; 65 mg, 88% yield; Purification 

by column chromatography on silica gel (eluents: EtOAc /Hexane = 

2.0/8.0); mp = 148-150 °C; 1H NMR (400 MHz, CDCl3) δ 11.76 (s, 

1H), 7.41 (s, 1H), 7.15 (s, 1H), 4.59 (q, J = 7.1 Hz, 2H), 2.36 (s, 3H), 

2.34 (s, 3H), 1.55 (t, J = 7.0 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 153.7, 152.6, 136.6, 

133.4, 129.5, 127.0, 126.9, 116.0, 63.5, 19.6, 19.5, 14.2; HRMS (ESI) m/z: [M + H]+ Calcd for 

C12H15N2O2
+ 219.1128; found 219.1131. 

3-Propoxyquinoxalin-2(1H)-one (3ab): White solid; 63 mg, 91% yield; mp = 91-93 °C; Purifi-

cation by column chromatography on silica gel (eluents: EtOAc /Hex-

ane = 1.5/8.5); 1H NMR (400 MHz, CDCl3) δ 11.53 (s, 1H), 7.65 – 

7.63 (m, 1H), 7.38 – 7.34 (m, 2H), 7.33 – 7.29 (m, 1H), 4.51 (t, J = 

7.0 Hz, 2H), 1.98 (sext, J = 7.3 Hz, 2H), 1.10 (t, J = 7.4 Hz, 3H); 13C{1H} NMR (100 MHz, 

CDCl3) δ 154.4, 152.4, 131.3, 129.2, 127.0, 126.7, 124.4, 115.5, 69.3, 21.8, 10.5; HRMS (ESI) 

m/z: [M + H]+ Calcd for C11H13N2O2
+ 205.0972; found 205.0975. 

3-Butoxyquinoxalin-2(1H)-one (3ac): White solid; 66 mg, 89% yield; Purification by column 

chromatography on silica gel (eluents: EtOAc /Hexane = 2.0/8.0); 

mp = 80-82 °C; 1H NMR (400 MHz, CDCl3) δ 10.90 (s, 1H), 7.65 

– 7.63 (m, 1H), 7.40 – 7.35 (m, 1H), 7.33 – 7.29 (m, 2H), 4.54 (t, 

J = 6.8 Hz, 2H), 1.93 (quint, J = 7.2 Hz, 2H), 1.55 (sext, J = 7.5 Hz, 2H), 1.03 (t, J = 7.4 Hz, 

3H); 13C{1H} NMR (100 MHz, CDCl3) δ 154.5, 152.0, 131.3, 129.1, 127.0, 126.8, 124.3, 115.2, 

67.6, 30.5, 19.2, 13.8; HRMS (ESI) m/z: [M + H]+ Calcd for C12H15N2O2
+ 219.1128; found 

219.1125. 
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3-Isobutoxyquinoxalin-2(1H)-one (3ad): White solid; 63 mg, 85% yield; Purification by col-

umn chromatography on silica gel (eluents: EtOAc /Hexane = 

2.0/8.0); mp = 68-70°C; 1H NMR (400 MHz, CDCl3) δ 11.82 (s, 1H), 

7.64 (d, J = 7.6 Hz, 1H), 7.38 – 7.37 (m, 2H), 7.33 – 7.30 (m, 1H), 

4.32 (d, J = 7.2 Hz, 2H), 2.32 (sept, J = 6.7 Hz, 1H), 1.11 (s, 3H), 

1.10 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 154.5, 152.5, 131.3, 129.2, 127.0, 126.7, 

124.3, 115.6, 73.8, 27.6, 19.3; HRMS (ESI) m/z: [M + H]+ Calcd for C12H15N2O2
+ 219.1128; 

found 219.1125. 

3-(Isopentyloxy)quinoxalin-2(1H)-one (3ae): White solid; 68 mg, 86% yield; Purification by 

column chromatography on silica gel (eluents: EtOAc /Hexane = 

1.5/8.5); mp = 81-83°C; 1H NMR (400 MHz, CDCl3) δ 11.63 (s, 

1H), 7.65 (d, J = 7.6 Hz, 1H), 7.38 – 7.35 (m, 2H), 7.33 – 7.29 (m, 

1H), 4.58 (t, J = 6.8 Hz, 2H), 1.92 – 1.82 (m, 3H), 1.04 (s, 3H),  1.02 (s, 3H); 13C{1H} NMR 

(100 MHz, CDCl3) δ 154.4, 152.3, 131.3, 129.1, 127.0, 126.7, 124.4, 115.4, 66.4, 37.2, 25.1, 

22.6; HRMS (ESI) m/z: [M + H]+ Calcd for C13H17N2O2
+ 233.1285; found 233.1283. 

3-Isopropoxyquinoxalin-2(1H)-one (3af): White solid; 56 mg, 81% yield; Purification by col-

umn chromatography on silica gel (eluents: EtOAc /Hexane = 2.5/7.5); 

mp = 100-102 °C; 1H NMR (400 MHz, CDCl3) δ 12.33 (s, 1H), 7.62 

(dd, J = 7.8, 1.4 Hz, 1H), 7.43 (dd, J = 8.0, 1.2 Hz, 1H), 7.36 (td, J = 

7.6, 1.5 Hz, 1H), 7.30 (td, J = 7.6, 1.5 Hz, 1H), 5.55 (sept, J = 6.2 Hz, 1H), 1.52 (s, 3H), 1.51 

(s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 153.7, 153.0, 131.5, 129.1, 126.8, 126.5, 124.3, 

115.9, 70.8, 21.6; HRMS (ESI) m/z: [M + H]+ Calcd for C11H13N2O2
+ 205.0972; found 

205.0969. 

3-(Cyclopentyloxy)quinoxalin-2(1H)-one (3ag): White solid; 71 mg, 90% yield; Purification by 

column chromatography on silica gel (eluents: EtOAc /Hexane = 

2.0/8.0); mp = 80-82°C; 1H NMR (400 MHz, CDCl3) δ 12.03 (s, 1H), 

7.63 (d, J = 8.0 Hz, 1H), 7.37 – 7.34 (m, 2H), 7.31 – 7.28 (m, 1H), 

5.61 – 5.60 (m, 1H), 2.16 – 2.11 (m, 2H), 1.99 – 1.96 (m, 2H), 1.90 – 1.89 (m, 2H), 1.70 – 1.67 

(m, 2H); 13C{1H} NMR (100 MHz, CDCl3) δ 154.2, 152.8, 131.5, 129.1, 126.8, 126.7, 124.3, 
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115.6, 80.2, 32.6, 24.1; HRMS (ESI) m/z: [M + H]+ Calcd for C13H15N2O2
+ 231.1128; found 

231.1131. 

3-(Allyloxy)quinoxalin-2(1H)-one (3ah): White solid; 52 mg, 75% yield; Purification by col-

umn chromatography on silica gel (eluents: EtOAc /Hexane = 

1.5/8.5); mp = 144-146 °C; 1H NMR (400 MHz, CDCl3) δ 11.21 (s, 

1H), 7.66 – 7.64 (m, 1H), 7.41 – 7.37 (m, 1H), 7.34 – 7.30 (m, 2H), 

6.27 – 6.17 (m, 1H), 5.52 (dq, J = 17.2, 1.3 Hz, 1H), 5.37 (dd, J = 10.4, 1.2 Hz, 1H), 5.07 (dt, 

J = 6.0, 1.2 Hz, 2H); 13C{1H} NMR (100 MHz, CDCl3) δ 153.8, 152.3, 132.0, 131.1, 129.3, 

127.2, 126.8, 124.4, 119.4, 115.5, 68.3; HRMS (ESI) m/z: [M + H]+ Calcd for C11H11N2O2
+ 

203.0815; found 203.0811. 

3-(Benzyloxy)quinoxalin-2(1H)-one (3ai): White solid; 77 mg, 89% yield; Purification by col-

umn chromatography on silica gel (eluents: EtOAc /Hexane = 

2.0/8.0); mp = 150-152 °C; 1H NMR (400 MHz, CDCl3) δ 12.27 (s, 

1H), 7.65 (dd, J = 7.6, 1.2 Hz, 1H), 7.58 (d, J = 7.2 Hz, 2H), 7.41 – 

7.30 (m, 6H), 5.60 (s, 2H); 13C{1H} NMR (100 MHz, CDCl3) δ 153.9, 152.6, 135.8, 131.1, 

129.4, 128.8, 128.5, 128.3, 127.2, 126.7, 124.4, 115.8, 69.1; HRMS (ESI) m/z: [M + H]+ Calcd 

for C15H13N2O2
+ 253.0972; found 253.0970. 

3-(Prop-2-yn-1-yloxy)quinoxalin-2(1H)-one (3aj): White solid; 49 mg, 71% yield; Purification 

by column chromatography on silica gel (eluents: EtOAc /Hexane = 

2.5/7.5); mp = 112-114 °C; 1H NMR (400 MHz, CDCl3) δ 12.00 (s, 

1H), 7.57 (d, J = 7.6 Hz, 1H), 7.30 – 7.24 (m, 2H), 7.22 – 7.18 (m, 

1H), 5.06 (s, 2H), 2.48 (s, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 

153.3, 151.2, 130.4, 130.3, 127.2, 126.7, 123.7, 115.4, 77.9, 75.2, 54.5; HRMS (ESI) m/z: [M 

+ H]+ Calcd for C11H9N2O2
+ 201.0659; found 201.0656. 

3-(Pent-4-yn-1-yloxy)quinoxalin-2(1H)-one (3ak): White solid; 64 mg, 88% yield; Purification 

by column chromatography on silica gel (eluents: EtOAc /Hex-

ane = 1.5/8.5); mp = 84-86 °C; 1H NMR (400 MHz, CDCl3) δ 

11.80 (s, 1H), 7.65 (d, J = 7.6, 1H), 7.42 – 7.37 (m, 2H), 7.34 – 

7.30 (m, 1H), 4.65 (t, J = 6.6 Hz, 2H), 2.51 (t, J = 7.0 Hz, 2H), 2.17 (quin, J = 6.8 Hz, 2H); 
13C{1H} NMR (100 MHz, CDCl3) δ 154.2, 152.4, 131.2, 129.2, 127.1, 126.8, 124.4, 115.6, 
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106.0, 85.4, 66.3, 27.6, 16.7; HRMS (ESI) m/z: [M + H]+ Calcd for C13H13N2O2
+ [M + H]+ 

229.0972; found 229.0969. 

3-(2-Hydroxyethoxy)quinoxalin-2(1H)-one (3al): White solid; 66 mg, 93% yield; Purification 

by column chromatography on silica gel (eluents: EtOAc /Hexane 

= 7.5/2.5); mp = 122-124 °C; 1H NMR (400 MHz, DMSO-d6) δ 

12.37 (s, 1H), 7.51 (d, J = 8.0 Hz, 1H), 7.34 (t, J = 7.4 Hz, 1H), 

7.26 – 7.20 (m, 2H), 4.94 (t, J = 5.4 Hz, 1H), 4.38 (t, J = 5.2 Hz, 2H), 3.77 (q, J = 5.2 Hz, 2H); 
13C{1H} NMR (100 MHz, DMSO-d6) δ 155.2, 150.9, 130.75, 130.66, 127.2, 126.5, 123.7, 

115.4, 68.9, 63.2; HRMS (ESI) m/z: [M + H]+ Calcd for C10H11N2O3
+ 207.0764; found 

207.0760. 

3-(((1R,2R,5R)-2-Isopropyl-5-methylcyclohexyl)oxy)quinoxalin-2(1H)-one (3am): White 

solid; 92 mg, 90% yield; Purification by column chromatography on 

silica gel (eluents: EtOAc /Hexane = 2.0/8.0); mp = 98-100 °C; 1H 

NMR (400 MHz, CDCl3) δ 12.00 (s, 1H), 7.63 (dd, J = 7.8, 1.0 Hz, 

1H), 7.40 (dd, J = 8.0, 1.2 Hz, 1H), 7.38 – 7.32 (dt, J = 7.4, 1.3 Hz, 

1H), 7.31 – 7.27 (m, 1H), 5.30 (td, J = 10.8, 4.4 Hz, 1H), 2.30 – 2.27 (m, 1H), 2.14 – 2.07 (m, 

1H), 1.80 – 1.74 (m, 3H), 1.69 – 1.60 (m, 1H), 1.30 – 1.14 (m, 2H), 0.98 (d, J = 6.8 Hz, 3H), 

0.94 (d, J = 7.2 Hz, 3H), 0.83 (d, J = 7.2 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 154.0, 

152.8, 131.5, 129.1, 126.64, 126.56, 124.2, 115.7, 47.1, 40.0, 34.4, 31.6, 26.2, 23.6, 22.2, 20.8, 

16.5; HRMS (ESI) m/z: [M + H]+ Calcd for C18H25N2O2
+ 301.1911; found 301.1907.  

3-(((3S,8S,9R,10R,13R,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-2,3,4,7,8,9,10, 

11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl)oxy)quinoxalin-

2(1H)-one (3an): White solid; 132 mg, 73% 

yield; mp = 180-182 °C; Purification by column 

chromatography on silica gel (eluents: EtOAc 

/Hexane = 1.5/8.5); 1H NMR (400 MHz, 

CDCl3) δ 11.74 (s, 1H), 7.63 (d, J = 7.6 Hz, 1H), 

7.40 – 7.30 (m, 3H), 5.47 (d, J = 3.6 Hz, 1H), 

5.22 – 5.14 (m, 1H), 2.64 (d, J = 7.6 Hz, 2H), 

2.19 – 1.82 (m, 6H), 1.65 – 1.50 (m, 6H), 1.42 – 1.24 (m, 7H), 1.22 – 1.15 (m, 4H), 1.11 (s, 

3H), 1.06 – 1.02 (m, 3H), 0.95 (d, J = 6.8 Hz, 3H), 0.90 (dd, J = 6.6, 1.8 Hz, 6H), 0.72 (s, 3H); 
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13C{1H} NMR (100 MHz, CDCl3) δ 153.4, 152.8, 140.0, 131.6, 128.7, 127.0 , 126.8, 124.6, 

122.7, 115.6, 56.8, 56.2, 50.2, 42.4, 39.8, 39.5, 37.8, 37.1, 36.8, 36.2, 35.8, 32.0, 31.9, 28.2, 

28.0, 27.4, 24.3, 23.8, 22.8, 22.6, 21.1, 19.4, 18.7, 14.1, 11.9; HRMS (ESI) m/z: [M + H]+ Calcd 

for C35H51N2O2
+ 531.3945; found 531.3949. 

3-(Hexadecyloxy)quinoxalin-2(1H)-one (3ao): White solid; 80 mg, 61% yield; Purification by 

column chromatography on silica gel (eluents: EtOAc /Hexane = 

1.0/9.0); mp = 92-94 °C; 1H NMR (400 MHz, CDCl3) δ 11.97 (s, 

1H), 7.64 (d, J = 7.9 Hz, 1H), 7.39 – 7.35 (m, 2H), 7.31 (t, J = 8.0 

Hz, 1H), 4.54 (t, J = 6.8 Hz, 2H), 1.94 (quin, J = 7.1 Hz, 2H), 1.54 – 1.47 (m, 2H), 1.44 – 1.38 

(m, 2H), 1.28 (s, 22H), 0.90 (t, J = 6.8 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 154.5, 

152.6, 131.4, 129.1, 126.9, 126.7, 124.4, 115.7, 67.9, 31.9, 29.70, 29.67, 29.63, 29.56, 29.4, 

28.5, 25.9, 22.7, 14.1; HRMS (ESI) m/z: [M + H]+ Calcd for C24H39N2O2
+ 387.3006; found 

387.3011. 

3-(2,2,2-Trifluoroethoxy)quinoxalin-2(1H)-one (5aa): White solid; 72 mg, 86% yield;  Purifi-

cation by column chromatography on silica gel (eluents: EtOAc /Hex-

ane = 1.5/8.5; mp = 154-156 °C; 1H NMR (400 MHz, CDCl3) δ 11.47 

(s, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.59 – 7.45 (m, 1H), 7.41 – 7.34 (m, 

2H), 4.97 (q, J = 8.2 Hz, 2H); 13C{1H} NMR (100 MHz, CDCl3) δ 152.4, 151.1, 130.1, 129.8, 

128.3, 127.1, 124.7, 124.5 (q, 1JC-F = 276.3 Hz), 115.5, 63.0 (q, 2JC-F = 35.3 Hz); 19F{13C} NMR 

(376 MHz, CDCl3) δ -73.00 (t, J = 8.3 Hz); HRMS (ESI) m/z: calcd for C10H8F3N2O2
+ 

245.0532; found 245.0525. 

1-Methyl-3-(2,2,2-trifluoroethoxy)quinoxalin-2(1H)-one (5ba): White solid; 77 mg, 88% yield;  

Purification by column chromatography on silica gel (eluents: EtOAc 

/Hexane = 1.5/8.5; mp = 126-128 °C; 1H NMR (400 MHz, CDCl3) δ 

7.67 (dd, J = 8.0, 1.6 Hz, 1H), 7.53 – 7.48 (m, 1H), 7.36 (td, J = 7.8, 

1.2 Hz, 1H), 7.32 (dd, J = 8.4, 1.2 Hz, 1H), 4.93 (q, J = 8.3 Hz, 2H), 

3.77 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 152.0, 150.2, 132.1, 130.0, 128.2, 127.9, 

124.2, 123.1 (q, C-F, 1JC-F = 273.0 Hz), 113.8, 62.8 (q, C-F, 2JC-F =  36.7 Hz), 29.6; 19F{13C} 

NMR (376 MHz, CDCl3) δ -73.02 (t, J = 8.3 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for 

C11H10F3N2O2
+ 259.0689; found 259.0691.  
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1-Ethyl-3-(2,2,2-trifluoroethoxy)quinoxalin-2(1H)-one (5ca): White solid; 82 mg, 89% yield; 

Purification by column chromatography on silica gel (eluents: EtOAc 

/Hexane = 2.0/8.0); mp = 118-120 °C; 1H NMR (400 MHz, CDCl3) δ 

7.68 (dd, J = 8.2, 1.4 Hz, 1H), 7.51 – 7.47 (m, 1H), 7.36 – 7.32 (m, 

2H), 4.92 (q, J = 8.1 Hz, 2H), 4.39 (q, J = 7.2 Hz, 2H), 1.42 (t, J = 7.2 

Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 152.0, 149.7, 131.0, 130.3, 128.1, 124.0, 123.1 

(q, C-F, 1JC-F = 275.6 Hz), 113.7, 62.7 (q, C-F, 2JC-F = 36.7 Hz), 37.9, 12.4; 19F{13C} NMR (376 

MHz, CDCl3) δ -73.0 (t, J = 8.3 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C12H12F3N2O2
+ 

273.0845; found 273.0841.  

1-Butyl-3-(2,2,2-trifluoroethoxy)quinoxalin-2(1H)-one (5da): White solid; 72 mg, 71% yield; 

Purification by column chromatography on silica gel (eluents: EtOAc 

/Hexane = 2.0/8.0); mp = 124-126 °C; 1H NMR (400 MHz, CDCl3) δ 

7.68 – 7.66 (m, 1H), 7.51 – 7.47 (m, 1H), 7.36 – 7.31 (m, 2H), 4.91 (q, 

J = 8.3 Hz, 2H), 4.33 – 4.29 (m, 2H), 1.82 – 1.74 (m, 2H), 1.56 – 1.47 

(m, 2H), 1.03 (t, J = 7.4 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 152.0, 149.9, 131.3, 

130.3, 128.1, 128.0, 124.0, 123.2 (q, 1JC-F = 268.7 Hz), 113.8, 62.8 (q, 2JC-F = 36.7 Hz), 42.6, 

29.2, 20.2, 13.7; 19F NMR (376 MHz, CDCl3) δ -73.02 (t, J = 8.3 Hz); HRMS (ESI) m/z: [M + 

H]+ Calcd for C14H16F3N2O2
+ 301.1158; found 301.1160.  

1-(Cyclopropylmethyl)-3-(2,2,2-trifluoroethoxy)quinoxalin-2(1H)-one (5ea): White solid; 77 

mg, 76% yield; Purification by column chromatography on silica gel 

(eluents: EtOAc /Hexane = 1.5/8.5); mp = 136-138 °C; 1H NMR (400 

MHz, CDCl3) δ 7.66 (dd, J = 8.0, 1.6 Hz, 1H), 7.43 – 7.40 (m, 1H), 

7.33 – 7.27 (m, 2H), 5.97 – 5.87 (m, 1H), 5.17 – 5.10 (m, 2H), 4.56 

(q, J = 7.2 Hz, 2H), 4.39 – 4.35 (m, 2H), 2.58 – 2.52 (m, 2H); 13C{1H} NMR (100 MHz, CDCl3) 

δ 153.9, 134.0, 127.8, 127.7, 126.9, 125.0, 123.8, 123.2 (q, 1JC-F = 268.7 Hz), 119.8, 117.7, 

113.6, 63.5 (q, 2JC-F = 36.7 Hz), 41.8, 31.5, 14.2, 4.1; 19F NMR (376 MHz, CDCl3) δ -73.02 (t, 

J = 8.3 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C14H14F3N2O2
+ 299.1002; found 299.1000. 
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1-Benzyl-3-(2,2,2-trifluoroethoxy)quinoxalin-2(1H)-one (5fa): White solid; 90 mg, 79% yield; 

Purification by column chromatography on silica gel (eluents: EtOAc 

/Hexane = 2.5/7.5); mp = 148-150 °C; 1H NMR (400 MHz, CDCl3) δ 

7.67 (dd, J = 7.8, 1.4 Hz, 1H), 7.40 – 7.34 (m, 2H), 7.33 – 7.27 (m, 

6H), 5.56 (s, 2H), 4.95 (q, J = 8.3 Hz, 2H); 13C{1H} NMR (100 MHz, 

CDCl3) δ 152.1, 150.4, 134.9, 131.4, 130.2, 129.0, 128.1, 128.0, 127.8, 127.0, 124.2, 123.0 (q, 
1JC-F = 270.7 Hz), 114.6, 62.9 (q, 2JC-F = 38.0 Hz), 46.4; 19F NMR (376 MHz, CDCl3) δ -72.97 

(t, J = 8.5 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C17H14F3N2O2
+ 335.1002; found 335.0999.  

Ethyl 2-(2-oxo-3-(2,2,2-trifluoroethoxy)quinoxalin-1(2H)-yl)acetate (5ga): White solid; 91 mg, 

81% yield; Purification by column chromatography on silica gel (elu-

ents: EtOAc /Hexane = 2.0/8.0); mp = 122-124 °C; 1H NMR (400 

MHz, CDCl3) δ 7.69 (dd, J = 8.0, 1.2 Hz, 1H), 7.49 – 7.44 (m, 1H), 

7.36 (td, J = 8.0, 1.2 Hz, 1H), 7.08 (dd, J = 8.4, 1.2 Hz, 1H), 5.08 (s, 

2H), 4.93 (q, J = 8.3 Hz, 2H), 4.28 (q, J = 7.1 Hz, 2H), 1.30 (t, J = 7.0 Hz, 3H); 13C{1H} NMR 

(100 MHz, CDCl3) δ 166.8, 151.8, 150.0, 148.3, 131.3, 128.3, 128.2, 125.9 (q, 1JC-F = 272.7 

Hz), 124.5, 113.3, 63.7 (q, 2JC-F = 38.0 Hz), 62.2, 43.9, 14.1; 19F NMR (376 MHz, CDCl3) δ -

72.99 (t, J = 8.2 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C14H14F3N2O4
+ 331.0900; found 

331.0901.  

1-(2-Oxo-2-phenylethyl)-3-(2,2,2-trifluoroethoxy)quinoxalin-2(1H)-one (5ha): White solid; 

111 mg, 90% yield; Purification by column chromatography on silica 

gel (eluents: EtOAc /Hexane = 2.5/7.5); mp = 154-156 °C; 1H NMR 

(400 MHz, CDCl3) δ 8.10 (dd, J = 8.2, 1.4 Hz, 2H), 7.73 – 7.69 (m, 

2H), 7.59 (t, J = 7.8 Hz, 2H), 7.39 (td, J = 7.6, 1.7 Hz, 1H), 7.33 (td, J 

= 8.0, 1.6 Hz, 1H), 6.95 (dd, J = 8.4, 1.4 Hz, 1H), 5.79 (s, 2H), 4.95 (q, J = 8.3 Hz, 2H); 13C{1H} 

NMR (100 MHz, CDCl3) δ 190.7, 151.8, 150.1, 134.5, 134.4, 131.5, 130.1, 129.1, 128.19, 

128.17, 128.1, 124.3, 123.1 (q, 1JC-F = 270.0 Hz), 113.7, 64.3 (q, 2JC-F = 38.0 Hz), 48.8; 19F 

NMR (376 MHz, CDCl3) δ -73.01 (t, J = 8.5 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for 

C18H14F3N2O3
+ 363.0951; found 363.0948. 
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1-Allyl-3-(2,2,2-trifluoroethoxy)quinoxalin-2(1H)-one (5ia): White solid; 70 mg, 72% yield; 

Purification by column chromatography on silica gel (eluents: EtOAc 

/Hexane = 1.5/8.5); mp = 172-174 °C; 1H NMR (400 MHz, CDCl3) δ 

7.67 (dd, J = 8.0, 1.6 Hz, 1H), 7.48 – 7.44 (m, 1H), 7.34 (td, J = 7.6, 

1.1 Hz, 1H), 7.30 (dd, J = 8.6, 1.0 Hz, 1H), 6.00 – 5.91 (m, 1H), 5.31 

(dd, J = 10.4, 0.8 Hz, 1H), 5.23 (dd, J = 17.2, 0.4 Hz, 1H), 4.97 – 4.89 (m, 4H); 13C{1H} NMR 

(100 MHz, CDCl3) δ 152.0, 149.8, 131.3, 130.3, 130.1, 128.0, 124.2, 123.1 (q, C-F, 1JC-F = 

275.9 Hz), 118.5, 114.4, 62.9 (q, 2JC-F = 38.0 Hz), 45.0; 19F NMR (376 MHz, CDCl3) δ -73.01 

(t, J = 8.5 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C13H12F3N2O2
+ 285.0845; found 285.0848. 

1-(Prop-2-yn-1-yl)-3-(2,2,2-trifluoroethoxy)quinoxalin-2(1H)-one (5ja): White solid; 77 mg, 

80% yield; Purification by column chromatography on silica gel (elu-

ents: EtOAc /Hexane = 1.5/8.5); mp = 146-148 °C; 1H NMR (400 

MHz, CDCl3) δ 7.69 (dd, J = 8.0, 1.6 Hz, 1H), 7.56 – 7.52 (m, 1H), 

7.49 (dd, J = 8.4, 1.2 Hz, 1H), 7.41 – 7.37 (m, 1H), 5.12 (d, J = 2.4 Hz, 

2H), 4.92 (q, J = 8.4 Hz, 2H), 2.33 (t, J = 2.6 Hz, 1H); 13C{1H} NMR 

(100 MHz, CDCl3) δ 151.8, 149.4, 130.6, 130.1, 128.2, 128.0, 124.6, 123.0 (q, 1JC-F = 269.3 

Hz), 114.4, 76.4, 73.5, 62.9 (q, 2JC-F = 38.0 Hz), 32.0; 19F NMR (376 MHz, CDCl3) δ -73.00 (t, 

J = 8.2 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C13H10F3N2O2
+ 283.0689; found 283.0684.  

7-Chloro-3-(2,2,2-trifluoroethoxy)quinoxalin-2(1H)-one (5ka): White solid; 50 mg, 53% yield; 

Purification by column chromatography on silica gel (eluents: 

EtOAc /Hexane = 3.0/7.0); mp = 154-156 °C; 1H NMR (400 MHz, 

CDCl3) δ 11.47 (s, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.49 – 7.45 (m, 

1H), 7.41 – 7.36 (m, 1H), 4.97 (q, J = 8.2 Hz, 2H); 13C{1H} NMR (100 MHz, CDCl3) δ 152.5, 

151.2, 130.2, 129.9, 128.4, 127.2, 124.8, 124.6 (q, 1JC-F = 276.3 Hz), 115.6, 63.1 (q, 2JC-F = 35.3 

Hz); 19F{13C} NMR (376 MHz, CDCl3) δ -73.01 (t, J = 8.3 Hz); HRMS (ESI) m/z: [M + H]+ 

Calcd for C10H7ClF3N2O2
+ 279.0143; found 279.0147. 

6,7-Dimethyl-3-(2,2,2-trifluoroethoxy)quinoxalin-2(1H)-one (5la): White solid; 75 mg, 81% 

yield; Purification by column chromatography on silica gel (elu-

ents: EtOAc /Hexane = 1.0/9.0); mp = 136-138 °C; 1H NMR (400 

MHz, CDCl3) δ 11.07 (s, 1H), 7.43 (s, 1H), 7.11 (s, 1H), 4.93 (q, J 

= 8.3 Hz, 2H), 2.38 (s, 3H), 2.36 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 162.3, 156.5, 
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138.0, 133.8, 128.2, 127.2, 125.3 (q, 1JC-F = 278.8 Hz), 115.8, 106.6, 62.8 (q, 2JC-F = 38.7 Hz), 

19.8, 19.5; 19F NMR (376 MHz, CDCl3) δ -72.99 (t, J = 8.2 Hz); HRMS (ESI) m/z: [M + H]+ 

Calcd for C12H12F3N2O2
+ 273.0845; found 273.0848.  

6,7-Dichloro-3-(2,2,2-trifluoroethoxy)quinoxalin-2(1H)-one (5ma): White solid; 81 mg, 77% 

yield; Purification by column chromatography on silica gel (elu-

ents: EtOAc /Hexane = 1.5/8.5); mp = 160-162 °C; 1H NMR (400 

MHz, CDCl3) δ 12.15 (s, 1H), 7.75 (s, 1H), 7.55 (s, 1H), 4.94 (q, J 

= 8.2 Hz, 2H); 13C{1H} NMR (100 MHz, CDCl3) δ 153.0, 151.2, 132.5, 129.4, 128.9, 128.7, 

128.0, 122.8 (q, C-F, 1JC-F = 276.2 Hz), 116.9, 66.3 (q, C-F, 2JC-F = 36.9 Hz); 19F NMR (376 

MHz, CDCl3) δ -72.98 (t, J = 8.2 Hz); HRMS (ESI) m/z: [M + H]+ Calcd for C10H6Cl2F3N2O2
+ 

312.9753; found 312.975. 

6/7-Methyl-3-(2,2,2-trifluoroethoxy)quinoxalin-2(1H)-one (5na): White solid; 75 mg, 82% 

yield; Purification by column chroma-

tography on silica gel (eluents: EtOAc 

/Hexane = 2.0/8.0; mp = 152-154 °C; 1H 

NMR (400 MHz, CDCl3) δ 7.54 (d, J = 8.0 Hz, 1H), 7.47 (d, J = 0.8 Hz, 1.6H), 7.31 (dd, J = 

8.4, 1.6 Hz, 1.6H), 7.20 (d, J = 8.4 Hz, 1.6H), 7.16 (dd, J = 8.0, 1.2 Hz, 1H), 7.10 (s, 1H), 4.94 

– 4.87 (m, 5H), 3.74 (s, 3H), 3.74 (s, 5H), 2.52 (s, 3H), 2.46 (s, 5H); 13C{1H} NMR (100 MHz, 

CDCl3) δ 152.1, 151.4, 150.3, 150.1, 138.6, 134.1, 131.9, 129.9, 129.8, 129.2, 127.9, 127.8, 

127.5, 125.4, 123.12 (q, J = 276 Hz), 123.11 (q, J = 276 Hz), 114.0, 113.5, 62.7 (q, J = 36.9 

Hz), 29.6, 29.5, 21.9, 20.7; 19F NMR (376 MHz, CDCl3) δ -72.99 – -73.06 (multiplet); HRMS 

(ESI) m/z: [M + H]+ Calcd for C11H10F3N2O2
+ 259.0689; found 259.0685.  

3-(2,2,3,3,3-Pentafluoropropoxy)quinoxalin-2(1H)-one (5ab): White solid; 85 mg, 85% yield; 

Purification by column chromatography on silica gel (eluents: EtOAc 

/Hexane = 1.0/9.0); mp = 130-132 °C; 1H NMR (400 MHz, CDCl3) δ 

11.77 (s, 1H), 7.68 – 7.66 (m, 1H), 7.50 – 7.45 (m, 1H), 7.43 (d, J = 

6.8 Hz, 1H), 7.39 – 7.34 (m, 1H), 5.04 (t, J = 13.0 Hz, 2H); 13C{1H} NMR (100 MHz, CDCl3) 

δ 152.4, 151.3, 130.0, 129.8, 128.4, 127.0, 125.5 (q, 1JC-F = 270.7 Hz), 124.8, 115.7, 61.8 (t, 
2JC-F = 27.2 Hz); 19F NMR (376 MHz, CDCl3) δ -83.7, -123.0 (t, J = 13.3 Hz); HRMS (ESI) 

m/z: [M + H]+ Calcd for C11H8F5N2O2
+ 295.0500; found 295.0494.  
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5.4.4 General Procedure for the C3-Sulfenylation of Quinoxalin-2(1H)-ones 

An oven dried 10 mL round bottom flask was charged with quinoxalin-2(1H)-ones 1 (0.34 

mmol; 1.0 equiv.), 6 (1.71 mmol; 5.0 equiv.) and Selectflour (2.0 equiv.) in CH3CN at room 

temperature and the reaction mixture was stirred for 12 h. After completion of the reaction 

monitored by TLC, reaction mixture was concentrated in vacuum. The resulting crude was pu-

rified by column chromatography (silica gel 100-200 mesh) using EtOAc-hexanes as an eluent 

to afford corresponding products 7. 

3-(Ethylthio)quinoxalin-2(1H)-one (7aa): White solid; 63 mg, 89% yield; Purification by col-

umn chromatography on silica gel (eluents: EtOAc /Hexane = 1.0/9.0); mp 

= 112-114 °C; 1H NMR (400 MHz, CDCl3) δ 11.80 (s, 1H), 7.80 – 7.77 

(m, 1H), 7.47 – 7.42 (m, 1H), 7.40 – 7.32 (m, 2H), 3.27 (q, J = 7.5 Hz, 

2H), 1.47 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 159.8, 154.8, 133.5, 129.0, 

128.3, 127.4, 124.4, 116.1, 23.8, 13.8; HRMS (ESI) m/z: [M + H]+ Calcd for C10H11N2OS+ 

207.0587; found 207.0590. 

3-(Ethylthio)-1-methylquinoxalin-2(1H)-one (7ba): White solid; 60 mg, 81% yield; Purification 

by column chromatography on silica gel (eluents: EtOAc /Hexane = 

1.5/8.5); mp = 102-104 °C; 1H NMR (400 MHz, CDCl3) δ 7.78 (dd, J = 

8.0, 1.6 Hz, 1H), 7.49 – 7.45 (m, 1H), 7.35 (dd, J = 7.6, 1.2 Hz, 1H), 7.32 

– 7.30 (m, 1H), 3.73 (s, 3H), 3.20 (q, J = 7.3 Hz, 2H), 1.43 (t, J = 7.4 Hz, 

3H); 13C{1H} NMR (100 MHz, CDCl3) δ 160.0, 153.4, 133.5, 131.4, 128.3, 128.1, 123.8, 113.7, 

29.3, 23.9, 13.8; HRMS (ESI) m/z: [M + H]+ Calcd for C11H13N2OS+ 221.0743; found 

221.0746. 

1-Ethyl-3-(ethylthio)quinoxalin-2(1H)-one (7ca): White solid; 63 mg, 78% yield; Purification 

by column chromatography on silica gel (eluents: EtOAc /Hexane = 

1.5/8.5); mp = 91-93 °C; 1H NMR (400 MHz, CDCl3) δ 7.81 – 7.78 (m, 

1H), 7.49 – 7.45 (m, 1H), 7.35 – 7.31 (m, 2H), 4.35 (q, J = 7.2 Hz, 2H), 

3.21 (q, J = 7.3 Hz, 2H), 1.44 (t, J = 7.0 Hz, 3H), 1.39 (d, J = 7.2 Hz, 3H); 
13C{1H} NMR (100 MHz, CDCl3) δ 160.0, 152.9, 133.9, 130.2, 128.6, 128.1, 123.6, 113.6, 

37.5, 23.9, 13.8, 12.4; HRMS (ESI) m/z: [M + H]+ Calcd for C12H15N2OS+ 235.0900; found 

235.0899. 
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1-Butyl-3-(ethylthio)quinoxalin-2(1H)-one (7da): White solid; 71 mg, 80% yield; Purification 

by column chromatography on silica gel (eluents: EtOAc /Hexane = 

1.0/9.0); mp = 86-88 °C; 1H NMR (400 MHz, CDCl3) δ 7.80 (dd, J = 8.6, 

1.4 Hz, 1H), 7.49 – 7.45 (m, 1H), 7.35 – 7.31 (m, 2H), 4.30 – 4.26 (m, 2H), 

3.21 (q, J = 7.3 Hz, 2H), 1.82 – 1.74 (m, 2H), 1.55 – 1.48 (m, 2H), 1.44 (t, 

J = 7.4 Hz, 3H), 1.02 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 160.1, 153.1, 

133.9, 130.5, 128.6, 128.0, 123.6, 113.8, 42.3, 29.7, 29.3, 23.9, 20.3, 13.8; HRMS (ESI) m/z: 

[M + H]+ Calcd for C14H19N2OS+ 263.1213; found 263.1212. 

1-(Cyclopropylmethyl)-3-(ethylthio)quinoxalin-2(1H)-one (7ea): White solid; 62 mg, 70% 

yield; Purification by column chromatography on silica gel (eluents: 

EtOAc /Hexane = 1.0/9.0); mp = 77-79 °C; 1H NMR (400 MHz, CDCl3) δ 

7.81 – 7.79 (m, 1H), 7.50 – 7.46 (m, 1H), 7.36 – 7.32 (m, 2H), 5.96 – 5.86 

(m, 1H), 5.18 – 5.11 (m, 2H), 4.37 – 4.22 (m, 2H), 3.21 (q, J = 7.5 Hz, 2H), 

2.55 (q, J = 7.5 Hz, 2H), 1.44 (t, J = 7.4 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 160.0, 

153.1, 133.8, 128.6, 128.1, 123.7, 117.7, 113.7, 46.4, 41.8, 31.4, 23.9, 13.8, 4.1; HRMS (ESI) 

m/z: [M + H]+ Calcd for C14H17N2OS+ 261.1056; found 261.1058. 

1-Benzyl-3-(ethylthio)quinoxalin-2(1H)-one (7fa): White solid; 81 mg, 81% yield; Purification 

by column chromatography on silica gel (eluents: EtOAc /Hexane = 

1.5/8.5); mp = 120-122 °C; 1H NMR (400 MHz, CDCl3) δ 7.80 (dd, J = 

7.8, 1.4 Hz, 1H), 7.36 – 7.26 (m, 8H), 5.53 (s, 2H), 3.25 (q, J = 7.5 Hz, 

2H), 1.47 (t, J = 7.4 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 160.1, 

153.6, 135.1, 133.8, 130.7, 128.9, 128.4, 128.1, 127.7, 127.0, 123.8, 114.6, 46.1, 24.1, 13.8; 

HRMS (ESI) m/z: [M + H]+ Calcd for C17H17N2OS+ 297.1056; found 297.1055. 

Ethyl 2-(3-(ethylthio)-2-oxoquinoxalin-1(2H)-yl)acetate (7ga): White solid; 70 mg, 71% yield; 

Purification by column chromatography on silica gel (eluents: EtOAc 

/Hexane = 1.5/8.5); mp = 118-120 °C; 1H NMR (400 MHz, CDCl3) δ 7.59 

(dd, J = 8.0, 1.2 Hz, 1H), 7.33 – 7.29 (m, 1H), 7.26 – 7.22 (m, 1H), 6.96 

(dd, J = 8.2, 1.0 Hz, 1H), 5.00 (s, 2H), 4.51 (q, J = 7.1 Hz, 2H), 4.18 (q, J 

= 7.1 Hz, 2H), 1.45 (t, J = 7.0 Hz, 3H), 1.21 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (100 MHz, 

CDCl3) δ 168.4, 156.0, 139.8, 139.3, 139.0, 130.3, 129.0, 127.3, 127.0, 62.7, 61.4, 14.2; HRMS 

(ESI) m/z: [M + H]+ Calcd for C14H17N2O3S+ 293.0954; found 293.0950. 
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3-(Ethylthio)-1-(2-oxo-2-phenylethyl)quinoxalin-2(1H)-one (7ha): White solid; 80 mg, 73% 

yield; Purification by column chromatography on silica gel (eluents: 

EtOAc /Hexane = 1.0/9.0); mp = 102-104 °C; 1H NMR (400 MHz, CDCl3) 

δ 8.11 – 8.09 (m, 2H), 7.82 (dd, J = 7.4, 1.6 Hz, 1H), 7.70 (t, J = 7.4 Hz, 

1H), 7.58 (t, J = 7.6 Hz, 2H), 7.39 – 7.31 (m, 2H), 6.95 (dd, J = 8.0, 1.2 

Hz, 1H), 5.76 (s, 2H), 3.25 (q, J = 7.3 Hz, 2H), 1.46 (t, J = 7.4 Hz, 3H); 13C{1H} NMR (100 

MHz, CDCl3) δ 190.9, 159.6, 153.2, 134.6, 134.3, 133.7, 130.8, 129.1, 128.6, 128.2, 123.9, 

113.6, 48.5, 24.0, 13.8; HRMS (ESI) m/z: [M + H]+ Calcd for C18H17N2O2S+ 325.1005; found 

325.1008. 

1-Allyl-3-(ethylthio)quinoxalin-2(1H)-one (7ia): White solid; 59 mg, 71% yield; Purification 

by column chromatography on silica gel (eluents: EtOAc /Hexane = 

2.0/8.0); mp = 88-90 °C; 1H NMR (400 MHz, CDCl3) δ 7.80 (dd, J = 8.0, 

1.2 Hz, 1H), 7.46 – 7.42 (m, 1H), 7.36 – 7.29 (m, 2H), 6.00 – 5.91 (m, 1H), 

5.32 – 5.27 (dd, J = 10.4, 0.4 Hz, 1H), 5.26 – 5.18 (dd, J = 17.2, 0.4 Hz, 

1H), 4.94 (dt, J = 5.2, 1.6 Hz, 2H), 3.22 (q, J = 7.5 Hz, 2H), 1.45 (t, J = 7.4 Hz, 3H); 13C{1H} 

NMR (100 MHz, CDCl3) δ 160.0, 153.0, 133.7, 130.6, 130.5, 128.4, 128.0, 123.8, 118.3, 114.3, 

44.7, 24.0, 13.8; HRMS (ESI) m/z: [M + H]+ Calcd for C13H15N2OS+ 247.0900; found 

247.0898. 

3-(Ethylthio)-1-(prop-2-yn-1-yl)quinoxalin-2(1H)-one (7ja): White solid; 63 mg, 76% yield; 

Purification by column chromatography on silica gel (eluents: EtOAc /Hex-

ane = 1.5/8.5); mp = 114-116 °C; 1H NMR (400 MHz, CDCl3) δ 7.81 (dd, 

J = 8.0, 1.2 Hz, 1H), 7.54 – 7.47 (m, 2H), 7.40 – 7.36 (m, 1H), 5.09 (d, J = 

2.4 Hz, 2H), 3.22 (q, J = 7.3 Hz, 2H), 2.31 (t, J = 2.4 Hz, 1H), 1.44 (t, J = 

7.4 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 159.8, 152.5, 133.7, 129.8, 128.4, 128.2, 

124.2, 114.3, 76.6, 73.4, 31.7, 24.0, 13.7; HRMS (ESI) m/z: [M + H]+ Calcd for C13H13N2OS+ 

245.0743; found 245.0748. 

7-Chloro-3-(ethylthio)quinoxalin-2(1H)-one (7ka): White solid; 51 mg, 64% yield; Purification 

by column chromatography on silica gel (eluents: EtOAc /Hexane = 

2.0/8.0); mp = 102-104 °C; 1H NMR (400 MHz, CDCl3) δ 12.21 (s, 1H), 

7.55 (t, J = 8.0 Hz, 1H), 7.29 – 7.24 (m, 1H), 7.12 (t, J = 7.0 Hz, 1H), 

3.13 (q, J = 7.2 Hz, 2H), 1.35 (t, J = 7.0 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 160.7, 
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153.9, 133.3, 131.7, 130.7, 128.2, 123.9, 115.4, 23.7, 13.7; HRMS (ESI) m/z: [M + H]+ Calcd 

for C10H10ClN2OS+ 241.0197; found 241.0200. 

3-(Ethylthio)-6,7-dimethylquinoxalin-2(1H)-one (7la): White solid; 63 mg, 79% yield; Purifi-

cation by column chromatography on silica gel (eluents: EtOAc /Hex-

ane = 2.0/8.0); mp = 123-125 °C; 1H NMR (400 MHz, CDCl3) δ 11.54 

(s, 1H), 7.55 (s, 1H), 7.13 (s, 1H), 3.24 (q, J = 7.5 Hz, 2H), 2.39 (s, 

4H), 2.37 (s, 3H), 1.46 (t, J = 7.4 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 158.3, 154.7, 

138.1, 133.3, 132.0, 127.5, 127.0, 116.2, 23.8, 19.9, 19.5, 13.8; HRMS (ESI) m/z: [M + H]+ 

Calcd for C12H15N2OS+ 235.0900; found 235.0898. 

Ethyl 2-((3-oxo-3,4-dihydroquinoxalin-2-yl)thio)acetate (7ab): White solid; 61 mg, 67% yield; 

Purification by column chromatography on silica gel (eluents: 

EtOAc /Hexane = 3.0/7.0); mp = 128-130 °C; 1H NMR (400 MHz, 

CDCl3) δ 12.09 (s, 1H), 7.73 (dd, J = 8.0, 1.2 Hz, 1H), 7.49 – 7.45 

(m, 1H), 7.42 – 7.40 (m, 1H), 7.36 – 7.32 (m, 1H), 4.28 (q, J = 7.1 

Hz, 2H), 4.03 (s, 2H), 1.33 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 168.9, 

158.2, 154.6, 133.2, 129.3, 128.9, 127.5, 124.6, 116.2, 61.8, 32.3, 14.3; HRMS (ESI) m/z: [M 

+ H]+ Calcd for C12H13N2O3S+ 265.0641; found 265.0638. 

5.4.5 General Procedure for the C3-Amination of Quinoxalin-2(1H)-ones 

An oven dried 10 mL round bottom flask was charged with quinoxalin-2(1H)-ones 1 (0.34 

mmol; 1.0 equiv.), 8 (1.71 mmol; 5.0 equiv.) and Selectflour (2.0 equiv.) in CH3CN at room 

temperature and the reaction mixture was stirred for 12 h. After completion of the reaction 

monitored by TLC, reaction mixture was concentrated in vacuum. The resulting crude was pu-

rified by column chromatography (silica gel 100-200 mesh) using EtOAc-hexanes as an eluent 

to afford corresponding products 9. 

3-(Propylamino)quinoxalin-2(1H)-one (9aa): White solid; 53 mg, 76% yield; Purification by 

column chromatography on silica gel (eluents: EtOAc /Hexane = 

2.5/7.5); mp = 148-150 °C; 1H NMR (400 MHz, CDCl3) δ 11.56 (s, 

1H), 7.57 (d, J = 8.0 Hz, 1H), 7.28 – 7.24 (m, 1H), 7.22 – 7.20 (m, 

2H), 6.35 (t, J = 5.4 Hz, 1H), 3.57 (q, J = 6.8 Hz, 2H), 1.78 (sext, J = 

7.3 Hz, 2H), 1.07 (t, J = 7.4 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 152.9, 149.5, 134.2, 
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126.9, 125.4, 124.5, 123.9, 115.3, 42.7, 22.4, 11.6; HRMS (ESI) m/z: [M + H]+ Calcd for 

C11H14N3O+ 204.1131; found 204.1130. 

1-Methyl-3-(propylamino)quinoxalin-2(1H)-one (9ba): White solid; 56 mg, 74% yield; Purifi-

cation by column chromatography on silica gel (eluents: EtOAc /Hex-

ane = 2.5/7.5); mp = 134-136 °C; 1H NMR (400 MHz, CDCl3) δ 7.57 

– 7.55 (m, 1H), 7.28 – 7.19 (m, 3H), 6.42 (s, 1H), 3.71 (s, 3H), 3.52 (q, 

J = 6.7 Hz, 2H), 1.73 (sext, J = 7.4 Hz, 2H), 1.04 (t, J = 7.4 Hz, 3H); 
13C{1H} NMR (100 MHz, CDCl3) δ 151.9, 149.0, 134.3, 129.3, 126.0, 124.1, 123.7, 113.5, 

42.6, 29.3, 22.4, 11.6; HRMS (ESI) m/z: [M + H]+ Calcd for C12H16N3O+ 218.1288; found 

218.1290. 

1-Ethyl-3-(propylamino)quinoxalin-2(1H)-one (9ca): White solid; 60 mg, 75% yield; Purifica-

tion by column chromatography on silica gel (eluents: EtOAc /Hexane 

= 2.0/8.0); mp = 152-154 °C; 1H NMR (400 MHz, CDCl3) δ 7.59 – 

7.57 (m, 1H), 7.27 – 7.24 (m, 3H), 6.40 (s, 1H), 4.35 (q, J = 7.2 Hz, 

2H), 3.53 (q, J = 6.7 Hz, 2H), 1.74 (sext, J = 7.3 Hz, 2H), 1.40 (t, J = 

7.2 Hz, 3H), 1.05 (t, J = 7.4 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 151.4, 149.0, 134.6, 

128.1, 126.4, 123.9, 123.7, 113.4, 42.6, 37.4, 22.5, 12.5, 11.6; HRMS (ESI) m/z: [M + H]+ 

Calcd for C13H18N3O+ 232.1444; found 232.1440. 

1-Butyl-3-(propylamino)quinoxalin-2(1H)-one (9da): White solid; 63 mg, 71% yield; Purifica-

tion by column chromatography on silica gel (eluents: EtOAc /Hexane 

= 2.5/7.5); mp = 126-128 °C; 1H NMR (400 MHz, CDCl3) δ 7.57 (d, J 

= 6.0 Hz, 1H), 7.25 – 7.23 (m, 3H), 6.41 (t, J = 5.6 Hz, 1H), 4.28 (t, J 

= 7.8 Hz, 2H), 3.53 (q, J = 6.7 Hz, 2H), 1.81 – 1.71 (m, 4H), 1.50 (sext, 

J = 7.5 Hz, 2H), 1.05 (t, J = 7.2 Hz, 3H), 1.02 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (100 MHz, 

CDCl3) δ 151.6, 149.0, 134.6, 128.3, 126.3, 123.9, 123.7, 113.6, 42.6, 42.3, 29.3, 22.4, 20.3, 

13.8, 11.6; HRMS (ESI) m/z: [M + H]+ Calcd for C15H22N3O+ 260.1757; found 260.1755. 

1-(Cyclopropylmethyl)-3-(propylamino)quinoxalin-2(1H)-one (9ea): White solid; 52 mg, 60% 

yield; Purification by column chromatography on silica gel (eluents: 

EtOAc /Hexane = 2.0/8.0); mp = 112-114 °C; 1H NMR (400 MHz, 

CDCl3) δ 7.59 – 7.76 (m, 1H), 7.27 – 7.22 (m, 4H), 6.39 (s, 1H), 5.97 

– 5.86 (m, 1H), 5.19 – 5.11 (m, 2H), 4.37 – 4.22 (m, 2H), 3.55 – 3.50 
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(m, 2H), 2.55 (q, J = 7.5 Hz, 2H), 1.74 (sext, J = 7.3 Hz, 2H), 1.05 (t, J = 7.4 Hz, 3H); 13C{1H} 

NMR (100 MHz, CDCl3) δ 153.9, 150.9, 134.0, 127.8, 126.9, 123.8, 117.7, 113.6, 63.5, 46.4, 

41.8, 31.5, 14.2, 9.6, 4.1; HRMS (ESI) m/z: [M + H]+ Calcd for C15H20N3O+ 258.1601; found 

258.1598. 

1-Benzyl-3-(propylamino)quinoxalin-2(1H)-one (9fa): White solid; 77 mg, 77% yield; Purifi-

cation by column chromatography on silica gel (eluents: EtOAc /Hex-

ane = 2.0/8.0); mp = 141-143 °C; 1H NMR (400 MHz, CDCl3) δ 7.59 

(dd, J = 7.8, 1.4 Hz, 1H), 7.36 – 7.32 (m, 2H), 7.29 – 7.25 (m, 3H), 

7.25 – 7.21 (m, 1H), 7.17 – 7.09 (m, 2H), 6.51 (t, J = 5.8 Hz, 1H), 5.53 

(s, 2H), 3.57 (q, J = 6.7 Hz, 2H), 1.77 (sext, J = 7.4 Hz, 2H), 1.07 (t, J = 7.4 Hz, 3H); 13C{1H} 

NMR (100 MHz, CDCl3) δ 152.2, 149.0, 135.4, 134.6, 128.9, 128.6, 127.6, 126.7, 126.2, 124.1, 

123.8, 114.4, 46.2, 42.7, 22.5, 11.6; HRMS (ESI) m/z: [M + H]+ Calcd for C18H20N3O+ 

294.1601; found 294.1595. 

Ethyl 2-(2-oxo-3-(propylamino)quinoxalin-1(2H)-yl)acetate (9ga): White solid; 69 mg, 77% 

yield; Purification by column chromatography on silica gel (eluents: 

EtOAc /Hexane = 2.5/7.5); mp = 143-145 °C; 1H NMR (400 MHz, 

CDCl3) δ 7.58 (dd, J = 7.8, 1.8 Hz, 1H), 7.26 (dd, J = 7.8, 1.4 Hz, 1H), 

7.21 (td, J = 7.8, 1.5 Hz, 1H), 6.98 (dd, J = 8.0, 1.2 Hz, 1H), 6.36 (s, 

1H), 5.05 (s, 2H), 4.27 (q, J = 7.1 Hz, 2H), 3.55 – 3.51 (m, 2H), 1.75 (sext, J = 7.3 Hz, 2H), 

1.29 (t, J = 7.2 Hz, 3H), 1.05 (t, J = 7.4 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 167.2, 

151.9, 148.6, 134.3, 128.5, 126.4, 124.4, 123.9, 112.9, 62.0, 43.9, 42.7, 22.4, 14.1, 11.6; HRMS 

(ESI) m/z: [M + H]+ Calcd for C15H20N3O3
+ 290.1499; found 290.1496. 

1-(2-Oxo-2-phenylethyl)-3-(propylamino)quinoxalin-2(1H)-one (9ha): White solid; 81 mg, 

74% yield; Purification by column chromatography on silica gel (elu-

ents: EtOAc /Hexane = 2.5/7.5); mp = 156-156 °C; 1H NMR (400 

MHz, CDCl3) δ 8.12 (dd, J = 8.4, 1.2 Hz, 2H), 7.73 – 7.69 (m, 1H), 

7.62 – 7.57 (m, 3H), 7.27 – 7.23 (m, 1H), 7.16 – 7.11 (m, 1H), 6.85 

(dd, J = 8.2, 1.0 Hz, 1H), 6.37 (t, J = 4.6 Hz, 1H), 5.76 (s, 2H), 3.59 – 3.54 (m, 2H), 1.76 (sext, 

J = 7.4 Hz, 2H), 1.06 (t, J = 7.4 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 191.1, 152.0, 

148.7, 134.6, 134.4, 134.3, 129.1, 128.7, 128.6, 126.4, 124.3, 123.8, 113.3, 48.7, 42.7, 22.4, 

11.6; HRMS (ESI) m/z: [M + H]+ Calcd for C19H20N3O2
+ 322.1550, found 322.1546. 
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1-Allyl-3-(propylamino)quinoxalin-2(1H)-one (9ia): White solid; 57 mg, 69% yield; Purifica-

tion by column chromatography on silica gel (eluents: EtOAc /Hexane 

= 2.5/7.5); mp = 136-138 °C; 1H NMR (400 MHz, CDCl3) δ 7.59 – 

7.57 (m, 1H), 7.28 – 7.22 (m, 1H), 7.21 – 7.18 (m, 2H), 6.41 (s, 1H), 

6.01 – 5.92 (m, 1H), 5.28 (d, J = 11.2 Hz, 1H), 5.20 (d, J = 17.6 Hz, 

1H), 4.93 (d, J = 5.2 Hz, 2H), 3.54 (q, J = 6.7 Hz, 2H), 1.74 (sext, J = 

7.3 Hz, 2H), 1.05 (t, J = 7.4 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 151.6, 148.9, 134.4, 

130.8, 128.4, 126.2, 124.1, 123.7, 117.8, 114.1, 44.7, 42.6, 22.4, 11.6; HRMS (ESI) m/z: [M + 

H]+ Calcd for C14H18N3O+ 244.1444; found 244.1447. 

1-(Prop-2-yn-1-yl)-3-(propylamino)quinoxalin-2(1H)-one (9ja): White solid; 61 mg, 75% 

yield; Purification by column chromatography on silica gel (eluents: 

EtOAc /Hexane = 2.5/7.5); mp = 118-120 °C; 1H NMR (400 MHz, 

CDCl3) δ 7.60 – 7.57 (m, 1H), 7.39 – 7.37 (m, 1H), 7.30 – 7.27 (m, 

2H), 6.39 (s, 1H), 5.08 (d, J = 2.4 Hz, 2H), 3.56 – 3.51 (m, 2H), 2.31 

(t, J = 2.6 Hz, 1H), 1.74 (sext, J = 7.5 Hz, 2H), 1.05 (t, J = 7.4 Hz, 3H); 13C{1H} NMR (100 

MHz, CDCl3) δ 151.3, 148.7, 134.5, 127.8, 126.3, 124.5, 123.9, 114.0, 76.9, 73.1, 42.7, 31.8, 

22.4, 11.6; HRMS (ESI) m/z: [M + H]+ Calcd for C14H16N3O+ 242.1288; found 242.1290. 

6,7-Dimethyl-3-(propylamino)quinoxalin-2(1H)-one (9la): White solid; 60 mg, 77% yield; Pu-

rification by column chromatography on silica gel (eluents: EtOAc 

/Hexane = 2.0/8.0); mp = 146-148 °C; 1H NMR (400 MHz, CDCl3) 

δ 9.85 (s, 1H), 7.60 (s, 1H), 6.96 (s, 1H), 2.95 – 2.91 (m, 2H), 2.39 

(s, 3H), 2.36 (s, 3H), 1.84 (sext, J = 7.1 Hz, 2H), 1.08 (t, J = 7.4 

Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 151.4, 138.1, 133.9, 128.3, 127.7, 127.1, 115.9, 

106.8, 62.6, 20.5, 19.8, 19.5, 11.4; HRMS (ESI) m/z: [M + H]+ Calcd for C13H18N3O+ 232.1444; 

found 232.1440. 

6,7-Dichloro-3-(propylamino)quinoxalin-2(1H)-one (9ma): White solid; 63 mg, 69% yield; 

Purification by column chromatography on silica gel (eluents: 

EtOAc /Hexane = 2.5/7.5); mp = 158-160 °C; 1H NMR (400 MHz, 

CDCl3) δ 11.51 (s, 1H), 7.64 (s, 1H), 6.44 (s, 1H), 3.53 (q, J = 6.8 

Hz, 3H), 1.80 – 1.76 (m, 2H), 1.07 (t, J = 7.4 Hz, 3H); 13C{1H} 
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NMR (100 MHz, CDCl3) δ 152.7, 149.6, 133.8, 127.9, 126.9, 126.5, 126.1, 116.2, 42.7, 22.3, 

11.6; HRMS (ESI) m/z: [M + H]+ Calcd for C13H18N3O+ 272.0352; found 272.0356. 

3-(cyclohexylamino)quinoxalin-2(1H)-one (9ab): White solid; 41 mg, 69% yield; Purification 

by column chromatography on silica gel (eluents: EtOAc /Hexane = 

3.0/7.0); mp = 132-134 °C; 1H NMR (400 MHz, CDCl3) δ 10.21 (s, 

1H), 7.60 (dd, J = 7.6, 2.0 Hz, 1H), 7.26 – 7.22 (m, 2H), 7.14 (dd, J = 

7.8, 1.8 Hz, 1H), 6.42 (s, 1H), 4.40 (dd, J = 5.4, 2.6 Hz, 2H), 2.32 (t, J 

= 2.4 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 151.9, 148.6, 133.5, 127.4, 125.9, 124.7, 

124.6, 115.0, 79.6, 71.7, 30.6; HRMS (ESI) m/z: [M + H]+ Calcd for C11H10N3O+ 200.0818; 

found 200.0819. 

3-(Prop-2-yn-1-ylamino)quinoxalin-2(1H)-one (9ac): White solid; 41 mg, 60% yield; Purifica-

tion by column chromatography on silica gel (eluents: EtOAc /Hexane 

= 3.0/7.0); mp = 132-134 °C; 1H NMR (400 MHz, CDCl3) δ 10.21 (s, 

1H), 7.60 (dd, J = 7.6, 2.0 Hz, 1H), 7.26 – 7.22 (m, 2H), 7.14 (dd, J = 

7.8, 1.8 Hz, 1H), 6.42 (s, 1H), 4.40 (dd, J = 5.4, 2.6 Hz, 2H), 2.32 (t, J 

= 2.4 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 151.9, 148.6, 133.5, 127.4, 125.9, 124.7, 

124.6, 115.0, 79.6, 71.7, 30.6; HRMS (ESI) m/z: [M + H]+ Calcd for C11H10N3O+ 200.0818; 

found 200.0819. 

3-(Benzylamino)quinoxalin-2(1H)-one (9ad): White solid; 53 mg, 62% yield; Purification by 

column chromatography on silica gel (eluents: EtOAc /Hexane = 

2.5/7.5); mp = 128-130°C; 1H NMR (400 MHz, CDCl3) δ 11.30 (s, 1H), 

7.61 – 7.59 (m, 1H), 7.46 (d, J = 7.2 Hz, 2H), 7.40 (t, J = 7.2 Hz, 2H), 

7.36 – 7.32 (m, 1H), 7.30 – 7.25 (m, 1H), 7.24 – 7.18 (m, 2H), 6.61 (t, J 

= 5.6 Hz, 1H), 4.80 (d, J = 5.6 Hz, 2H); 13C{1H} NMR (100 MHz, CDCl3) δ 152.7, 149.2, 

138.2, 134.0, 128.7, 128.1, 127.6, 127.1, 125.6, 124.6, 124.2, 115.3, 45.0; HRMS (ESI) m/z: 

[M + H]+ Calcd for C15H14N3O+ 252.1131; found 252.1135. 

5.4.6 General Procedure for the C3-Selenylation of Quinoxalin-2(1H)-ones 

An oven dried 10 mL round bottom flask was charged with quinoxalin-2(1H)-ones 1 (0.34 

mmol; 1.0 equiv.), 14 (1.71 mmol; 5.0 equiv.) and Selectflour (2.0 equiv.) in CH3CN at room 

temperature and the reaction mixture was stirred for 12 h. After completion of the reaction 
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monitored by TLC, reaction mixture was concentrated in vacuum. The resulting crude was pu-

rified by column chromatography (silica gel 100-200 mesh) using EtOAc-hexanes as an eluent 

to afford corresponding products 15. 

3-(Phenylselanyl)quinoxalin-2(1H)-one (15aa): Off-white solid; 52 mg, 75% yield; Purifica-

tion by column chromatography on silica gel (eluents: EtOAc /Hexane = 

2/3); mp = 170-172°C; 1H NMR (400 MHz, CDCl3) δ 12.13 (s, 1H), 8.27 

(s, 1H), 7.71 (d, J = 8.8 Hz, 1H), 7.64 – 7.63 (m, 2H), 7.43 – 7.38 (m, 3H), 

7.33 (s, 1H), 7.27 – 7.23 (dd, J = 8.4, 1.2 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 156.6, 

149.7, 138.0, 135.2, 131.9, 131.3, 129.8, 128.8, 128.4, 126.8, 117.1; HRMS (ESI) m/z: [M + 

H]+ Calcd for C14H11NOSe+ 303.0031; found 303.0045. 

1-Methyl-3-(phenylselanyl)quinoxalin-2(1H)-one (15ba): White solid; 53 mg, 79% yield; puri-

fication by column chromatography on silica gel (eluents: EtOAc /Hexane 

= 1/4); mp = 158-160°C; 1H NMR (400 MHz, CDCl3) δ 8.26 (s, 1H), 7.71 

(d, J = 8.8 Hz, 1H), 7.65 – 7.63 (m, 2H), 7.44 – 7.39 (m, 3H), 7.30 – 7.28 

(m, 2H), 3.56 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 154.9, 149.5, 

137.8, 135.1, 133.7, 132.1, 130.7, 129.9, 128.9, 128.6, 126.0, 115.2, 28.6; HRMS (ESI) m/z: 

[M + H]+ Calcd for C15H13N2OSe+ 317.0188; found 317.0185. 

5.4.7 Experimental Procedure for the Synthesis of 16 

An oven dried 10 mL round bottom flask was charged with compound 3ga (0.09 mmol; 1.0 

equiv.) and 2M KOH in MeOH at room temperature. The reaction mixture was stirred for 16 h 

at ambient temperature. After completion of the reaction monitored by TLC, the reaction mix-

ture was filtered and the residue was washed with diethyl ether. The white powder was dried 

under high vacuum to obtain 16. 

2-(3-Ethoxy-2-oxoquinoxalin-1(2H)-yl)acetic acid (16): White solid; 21 mg, 96% yield; mp = 

172-174 °C; 1H NMR (400 MHz, DMSO-d6) δ 7.60 – 7.58 (m, 1H), 7.44 

–  7.37 (m, 2H), 7.31 (t, J = 6.8 Hz, 1H), 4.96 (s, 1H), 4.49 – 4.38 (q, J = 

6.8 Hz, 2H), 1.39 (t, J = 7.0 Hz, 3H); 13C{1H} NMR (100 MHz, DMSO-

d6) δ 169.2, 153.8, 150.5, 131.4, 130.8, 127.6, 124.2, 114.9, 63.4, 44.5, 

14.5; HRMS (ESI) m/z: [M + H]+ Calcd for C12H13N2O4
+ 249.0870; found 249.0875. 
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5.4.8 Experimental Procedure for the Synthesis of 17 

A mixture of 5aa (0.16 mmol, 1 equiv.), POCl3 (1.2 equiv.) and pyridine (1.0 equiv.) in a 10 

mL pressure tube was stirred at 160 °C (in an oil bath) for 2 hours. After the completion of 

reaction as monitored by TLC, the reaction mixture was allowed to attain the room temperature 

and then quenched with saturated NaHCO3 solution. The mixture was extracted with EtOAc 

and the collected organic layer was washed with brine, dried with Na2SO4. The solvent was 

removed under reduced pressure, the resulting crude was used dried and taken in a 10 mL pres-

sure tube. Morpholine (1.5 equiv.), K2CO3 (1.5 equiv.) and CH3CN (1.5 mL) was added to the 

tube and reaction mixture was stirred at 85 °C (in an oil bath) for 12 hours. After completion of 

the reaction as monitored by TLC, the reaction mixture was diluted with H2O (3 mL) and ex-

tracted with EtOAc (2 × 3 mL). The collected organic layer was washed with brine, dried with 

Na2SO4. The solvent was removed under reduced pressure, and the resulting crude was purified 

by column chromatography (silica gel 100-200 mesh) using EtOAc-hexanes as an eluent to 

afford 17. 

4-(3-(2,2,2-trifluoroethoxy)quinoxalin-2-yl)morpholine (17): White solid; 26 mg, 72% yield; 

mp = 131-133 °C; 1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 7.6 Hz, 

1H), 7.72 (d, J = 7.6 Hz, 1H), 7.52 (t, J = 7.0 Hz, 1H), 7.46 (t, J = 7.2 

Hz, 1H), 4.95 (q, J = 8.4 Hz, 2H), 3.91 – 3.89 (m, 4H), 3.75 – 3.73 

(m, 4H); 13C{1H} NMR (100 MHz, CDCl3) δ 148.2, 146.2, 138.9, 

135.6, 127.4, 126.4, 126.21, 126.19, 123.5 (q, J = 275.4 Hz) 66.8, 62.5 (q, J = 36.0 Hz), 48.3; 

HRMS (ESI) m/z: [M + H]+ Calcd for C14H15F3N3O2
+ 314.1111; found 314.1106. 

5.4.9 Experimental Procedure for the Synthesis of 18 

An oven dried 10 mL pressure tube was charged with compound 5ma (0.08 mmol; 1.0 equiv.), 

1-methylpiprazine (0.012 mmol, 1.5 equiv.), Et3N (1.5 equiv.), DMSO at room temperature. 

The reaction mixture was stirred for 12 h at 120 °C (in an oil bath). After completion of the 

reaction as monitored by TLC, the reaction mixture was diluted with H2O (3 mL) and extracted 

with EtOAc (2 × 3 mL). The collected organic layer was washed with brine, dried with Na2SO4. 

The solvent was removed under reduced pressure, and the resulting crude was purified by col-

umn chromatography (silica gel 100-200 mesh) using EtOAc-hexanes as an eluent to afford 18. 
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6,7-Dichloro-3-(4-methylpiperazin-1-yl)quinoxalin-2(1H)-one (18): Off-white solid; 26 mg, 

65% yield; mp = 131-133 °C; 1H NMR (400 MHz, DMSO-d6) δ 

7.38 (d, J = 2.5 Hz, 1H), 7.17 (s, 3H), 3.92 – 3.77 (m, 4H), 2.43 – 

2.40 (m, 4H), 2.20 (s, 3H); 13C{1H} NMR (100 MHz, DMSO-d6) 

δ 152.8, 151.7, 132.8, 130.4, 125.5, 125.0, 123.4, 115.2, 55.0, 46.5, 

46.2; HRMS (ESI) m/z: [M + H]+ Calcd for C13H15Cl2N4O+ 313.0617; found 313.0611. 

5.4.10 Procedure for Radical Trapping Experiment. An oven dried 10 mL round bottom 

flask was charged with compound 1 (0.17 mmol; 1.0 equiv.), 2 (0.85 mmol; 5.0 equiv.), BHT 

(2 equiv.) and Selectflour (2.0 equiv.) in CH3CN (1 mL) at room temperature and the reaction 

mixture was stirred for 12 h. An aliquot of the reaction mixture was analysed using HRMS 

spectrometry. Peaks at m/z 265.2160 and 411.2567 corresponding to [M + H]+ ions of 19 and 

20, respectively were observed in the HRMS spectrum of the reaction mixture. Similarly, 

TEMPO (2 equiv.) was used instead of BHT and reaction mixture was analysed by HRMS. A 

peak at m/z = 202.1805 corresponding to 21 with molecular formula C11H24NO2
+ was observed. 

5.4.11 X-ray Crystallographic Analysis of Compound 5aa, 5ca, 9da and 9ia 

The crystal data collection and data reduction were performed using CrysAlis PRO on a single 

crystal Rigaku Oxford XtaLab Pro diffractometer. The crystal was kept at 93(2) K during data 

collection. Using Olex249, the structure was solved with the ShelXT50 structure solution pro-

gram using Intrinsic Phasing and refined with the ShelXL51 refinement package using Least 

Squares minimisation. 

The single crystals of the compound 5aa (C10H7F3N2O2) (Figure 5.4) and 5ca (C12H11F3N2O2) 

(Figure 5.5) were obtained from chloroform solution. 5aa was crystallized in monoclinic crys-

tal system with P21/c space group and 5ca was crystallized in triclinic crystal system with P-1 

space group.. The crystal structure information of 5aa and 5ca is deposited to Cambridge Crys-

tallographic Data Center and the CCDC numbers for 5aa is 2178009 and for 5ca is 2178501.  

Table 5.7: Crystal data and structure refinement for 5aa and 5ca 

Identification code 5aa  5ca  
Empirical formula C10H7F3N2O2 C12H11F3N2O2 
Formula weight 244.18 272.23 
Temperature/K 93(2) 123(2) 
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Crystal system monoclinic triclinic 
Space group P21/c P-1 
a/Å 7.40700(10) 9.3781(2) 
b/Å 14.9774(3) 10.2596(2) 
c/Å 8.9193(2) 12.8663(3) 
α/° 90 90.405(2) 
β/° 101.306(2) 94.661(2) 
γ/° 90 107.158(2) 
Volume/Å3 970.28(3) 1178.31(5) 
Z 4 4 
ρcalcg/cm3 1.672 1.535 
μ/mm-1 1.382 1.200 
F(000) 496.0 560.0 
Crystal size/mm3 0.4 × 0.1 × 0.04 0.2 × 0.14 × 0.08 
Radiation Cu Kα (λ = 1.54184) Cu Kα (λ = 1.54184) 
2Θ range for data collection/° 11.716 to 158.258 9.026 to 159.406 

Index ranges 
-9 ≤ h ≤ 9,  
-14 ≤ k ≤ 19,  
-11 ≤ l ≤ 9 

-11 ≤ h ≤ 7,  
-13 ≤ k ≤ 12,  
-15 ≤ l ≤ 16 

Reflections collected 5167 12828 

Independent reflections 2032 [Rint = 0.0192,  
          Rsigma = 0.0234] 

4939 [Rint = 0.0322,  
          Rsigma = 0.0370] 

Data/restraints/parameters 2032/0/154 4939/0/345 
Goodness-of-fit on F2 1.083 1.078 
Final R indexes [I>=2σ (I)] R1 = 0.0329, wR2 = 0.0885 R1 = 0.0374, wR2 = 0.0988 
Final R indexes [all data] R1 = 0.0346, wR2 = 0.0898 R1 = 0.0405, wR2 = 0.1014 
Largest diff. peak/hole / e Å-3 0.29/-0.28 0.33/-0.30 
 

The single crystals of the compound 9da (C15H21N3O) (Figure 5.6) and 9ia (C14H17N3O) were 

obtained from chloroform solution. 9da was crystallized in triclinic crystal system with P-1 

space group and 9ia was crystallized in monoclinic crystal system with P21/n space group.  The 

crystal structure information of 9da and 9ia are deposited to Cambridge Crystallographic Data 

Center and the CCDC numbers for 9da is 2206580 and for 9ia is 2207035.  

Table 5.8: Crystal data and structure refinement for 9da and 9ia 

Identification code 9da  9ia 
Empirical formula C15H21N3O C14H17N3O 
Formula weight 259.35 243.30 
Temperature/K 123 123(2) 



                                                                                         Chapter 5 
 

204 

 

Crystal system triclinic monoclinic 
Space group P-1 P21/n 
a/Å 8.7991(2) 11.9983(3) 
b/Å 8.9233(3) 4.78150(10) 
c/Å 10.0097(3) 22.0370(5) 
α/° 110.064(3) 90 
β/° 98.948(2) 96.867(2) 
γ/° 99.827(2) 90 
Volume/Å3 707.67(4) 1255.19(5) 
Z 2 4 
ρcalcg/cm3 1.217 1.288 
μ/mm-1 0.618 0.667 
F(000) 280.0 520.0 
Crystal size/mm3 0.17 × 0.08 × 0.03 0.15 × 0.06 × 0.04 
Radiation Cu Kα (λ = 1.54184) Cu Kα (λ = 1.54184) 
2Θ range for data collection/° 9.67 to 159.242 8.016 to 158.832 

Index ranges 
-11 ≤ h ≤ 11,  
-10 ≤ k ≤ 11,  
-10 ≤ l ≤ 12 

-14 ≤ h ≤ 13,  
-5 ≤ k ≤ 3,  
-25 ≤ l ≤ 28 

Reflections collected 6909 5885 

Independent reflections 2949 [Rint = 0.0295,              
           Rsigma = 0.0390] 

2596 [Rint = 0.0322, 
          Rsigma = 0.0427] 

Data/restraints/parameters 2949/0/174 2596/0/164 
Goodness-of-fit on F2 1.095 1.082 

Final R indexes [I>=2σ (I)] R1 = 0.0409, wR2 = 0.1122 R1 = 0.0402, wR2 = 0.1091 

Final R indexes [all data] R1 = 0.0454, wR2 = 0.1174 R1 = 0.0465, wR2 = 0.1128 

Largest diff. peak/hole / e Å-3 0.19/-0.26 0.16/-0.23 
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6.1 General conclusions 

Across the world, synthetic chemist always plays pivotal role in design and synthesis of bio-

logically potent fused heterocyclic molecules due to its wide applications in agrochemical, 

pharmaceuticals and their ubiquity in various natural products.  However, to achieve these com-

plex bioactive organic molecules with not only minimization of synthetic steps and with high 

atom economy but also easily from available precursors are the major concern. In this regards, 

synthesis of the complex heterocyclic frameworks in a single step is always on high priority. 

Besides, transition-metal-free C-H activation has attracted great attention over traditional tran-

sition-metal catalyzed methods for the construction of complex heterocyclic moieties without 

pre-functionalization of starting materials.  

In the recent years, C–H functionalization through transition-metal-free protocol has received 

great attention for the C–C and C–X (X = heteroatom.) bond formation. These methodologies 

provide high molecular complexity, excellent regioselectivity and exhibit high functional group 

tolerance. In the thesis entitled “C-H Bond Functionalization of Selected Aza-Heterocycles 

under Metal-free and Phtochemical Conditions” describes the functionalization of various 

nitrogen heterocycles through ionic/radical processes.  

Chapter 1 of the thesis describes the advantages of metal-free reactions over transition-metal 

catalyzed reactions for the functionalization of aza-heterocycles. The plenty of literature reports 

describes the scope of transition-metal-free reactions for synthetic chemists in decorating the 

N-heterocyclic skeletons with diverse functionalities.  

Further, the synthesis of N-acetoxymethyl, N-alkoxymthyl and N-hydroxymethyl N-aryl-imid-

azopyridine-3-amines has been described in the presence of PIDA as an oxidant (Scheme 6.1). 

The reaction is believed to pursue via formation of aziridine intermediate followed by nucleo-

phile assisted ring opening in imidazopyridine derived mannich bases. The described method 

was found to be tolerated by different substituted imidazopyridine and alcohols despite of their 

electronic nature providing excellent yields (upto 96%) of the corresponding products. All the 

synthesized compounds were characterized by NMR and mass spectroscopy and selected ex-

amples were unambiguously characterized by single-crystal XRD studies. The constructed mol-

ecules were easily transformed to N-pyridyl imidazopyridine 3-amines with high purity even 
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without performing column chromatography. Control experiments indicated non-radical path-

way fir the reaction.    

 

Scheme 6.1 PIDA-mediated synthesis of 3-aminoimidazo[1,2-a]pyridine 

Chapter 2 deals with the Minisci-reaction type C5-aroylation of imidazopyridines using potas-

sium persulfate as an oxidant. In this chapter we have demonstrated the development of a new 

synthetic methodology for regioselective benzoylation of imidazoheterocycles using arylgly-

oxylic acids as a aroyl source (Scheme 6.2). The reaction was accomplished without the need 

for metal- or photocatalysts. A total of 25 examples of 5-aroyl imidazo[1,2-a]pyridines were 

synthesized using this method, along with late-stage modification of the gastroprotective drug 

molecule, Zolimidine. The reaction was shown to produce good yields and tolerate a wide range 

of functional groups on both imidazoheterocycles and arylglyoxylic acids. Control experiments 

suggested that the reaction proceeds via a radical pathway. Importantly, the protocol is amena-

ble for scale-up, and the mild reaction conditions make it a promising approach for the synthesis 

of a variety of biologically active compounds under metal-free conditions. 

 
 

Scheme 6.2 Regioselective C5-aroylation of imidazo[1,2-a]pyridines 
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Chapter 3 describes significance of visible-light induced reactions along with the importance 

of organofluorine compounds. In this chapter a highly selective difluoroalkoxylation of imid-

azo[1,2-a]pyridines under visible-light irradiation was developed (Scheme 6.3). The reaction 

featured high functional group tolerance with moderate to excellent yields of difluoroalkox-

ylated products, as well as a broad substrate scope and environmentally benign reaction condi-

tions. Interestingly, several bioactive alcohols and imidazopyridines, including Zolimidine, a 

gastroprotective drug were well compatible with the developed method. The protocol was found 

to follow a radical pathway based on control experiments.  

 

 

Scheme 6.3 Visible-light induced difluoroalkoxylation of imidazo[1,2-a]pyridines 

In chapter 4, a TEMPO-mediated cross-dehydrogenative coupling of C(sp3)-H bond and 

C(sp2)-H bond was developed for direct hydroxyfluoroalkylation of indoles and imidazo[1,2-

a]pyridines by fluorinated alcohols under metal-free conditions (Scheme 6.4). The synthetic 

protocol was shown to be operationally simple, providing a wide range of C3-hydroxyfluoro-

alkylated indoles and imidazo[1,2-a]pyridines in good to excellent yields with high functional 

group tolerance. The developed method was showcased through gram-scale synthesis of 3aa 

and 25ia, and two elegant transformations of 2,2,2-trifluoro-1-(2-phenyl-1H-indol-3-yl)ethanol 

were demonstrated. Mechanistic investigation revealed that the reaction involves a radical pro-

cess.  
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Scheme 6.4 TEMPO-mediated hydroxyfluoroalkylation of indole and 2-aryl imidazopyridine 

Chapter 5 elaborates an interesting synthetic strategy for affording a wide range of quinoxalin-

2(1H)-ones decorated with alkoxy, alkylthio, alkylamino, and arylseleno groups at C3 positions 

under metal- and photocatalyst-free conditions. The method was shown to have broad substrate 

scope, including bioactive molecules. The mild reaction conditions, readily available coupling 

partners, high yields, scalability, step-economy, and metal- and photocatalyst-free conditions 

make it a promising approach for the synthesis of biologically active compounds. The synthetic 

utility of the developed protocol was demonstrated by gram-scale synthesis, C3-alkoxylation 

of quinoxalin-2(1H)-one with natural alcohols, and synthesis of aldose reductase (ALR2) in-

hibitor in excellent yields. Through control experiments, the mechanism of the reaction was 

proposed to involve radical pathway. 

 

Scheme 6.5 Selectfluor-mediated C3-alkoxylation, sulfenylation, amination, and selenylation 

of quinoxalin-2(1H)-ones 
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6.2 Future scope of the research work 

Nitrogen containing fused heterocyclic compounds have significant role in organic synthesis 

due to their wide range of applications in natural products, pharmaceuticals, medicinal chemis-

try, and material science. The major concern for the access of these potent heterocyclic com-

pounds is the requirement of pre-functionalized starting materials, ultimate multistep synthesis 

causes low atom and step economy. Thus, transition-metal-free C-H functionalization en-

grossed more attention in chemical transformations to afford the N-fused heterocycles in one 

step synthesis from readily available substrate.   

Although the thesis is primarily focused on the C-H reactions, still, there is broad scope for the 

synthesis of fused aza-heterocycles and their C-H activation. In particular, biologically im-

portant 2-arylimidazo[1,2-a]pyridines, 2-arylindoles and quinoxalin-2(1H)-ones were exclu-

sively explored and used for further C-H functionalization. Some of the target molecules are 

demonstrated below which can be prepared by minor modification of the reaction condition 

developed for the C-H bond functionalization and cross-coupling/annulation reactions (Figure 

6.1). Furthermore, it would be very interesting to explore synthesis of the target molecules using 

photo-induced process which is cheaper and environment friendly. 

 

 

Figure 6.1 Proposed target molecules for future study 
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