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All reagents, starting materials and solvents were obtained from commercial 

suppliers (unless mentioned) and used without further purification. Solvents were dried 

using standard protocols. Unless otherwise noted, all the reactions were performed in oven-

dried glassware under an argon atmosphere with magnetic stirring. Unless otherwise stated, 

all reactions were carried out under inert atmosphere using Schlenk techniques. Moisture 

sensitive reagents or solutions were transferred via syringe or cannula and were introduced 

to the apparatus via rubber septa. The progress of reactions was monitored by TLC (thin 

layer chromatography) with 0.25 mm pre-coated silica gel plates (60 F254) or Gas 

Chromatography. Visualization of TLC was done with UV light, Iodine adsorbed on silica 

gel or by immersion in ethanolic solution of phosphomolybdic acid (PMA), p-anisaldehyde 

or KMnO4 followed by heating with a heat gun. Flash silica gel column chromatography 

(100-200 or 230-400 mesh size) or crystallization was performed for the purification of 

products. All the melting points are uncorrected and were recorded using Büchi B-540. All 

1
H, 

13
C, 

31
P, and 

19
F spectra were recorded on Bruker AV, 400/500, JEOL 400 MHz 

spectrometers in appropriate solvents using TMS as internal standard or the solvent signals 

as secondary standards and the chemical shifts are shown in δ scales. HRMS (ESI) were 

recorded on ORBITRAP mass analyzer (Q Exactive). UV–visible absorption spectra were 

measured with a Perkin Elmer LAMBDA 950 UV/Vis Spectrophotometers. Fluorescence 

spectra were recorded by Photon Technology International, Quanta Master™ 400 Spectro 

fluorometer and absolute quantum yields were determined using a calibrated integrating 

sphere system. Time-resolved fluorescence spectra were measured using a Horiba - 

Lifetime Fluorescence Spectrofluorometers system equipped with a PLP-10 picosecond 

light pulser (LED wavelengths: 470 or 570 nm). Single-crystal data was collected on a 

Super Nova Dual source X-ray diffractometer system (Agilent Technologies). 
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Gold Complex 

The thesis mainly emphasized on the study of coinage metal mediated intramolecular cyclisation 

of pyridino-alkynes. The work embodied in this thesis has been divided into four chapters as 

described below. 

Chapter 1: Coinage Metal Catalysed Intramolecular Amino-Functionalisation of Alkynes: 

A General Introduction 

Coinage metals (copper, silver and gold) are extensively used in the field of organic 

synthesis. These metals mainly act as soft and carbophilic Lewis acids. In general, these metals 

are the most effective catalysts for the electrophilic activation of alkynes under homogeneous 

conditions and utilizing this, a broad range of versatile synthetic tools have been developed for 

the construction of new carbon-carbon or carbon-heteroatom bonds. Thus, the molecular 

complexity could be afforded from simple starting materials. 

 In this chapter, literature reports are described in which the coinage metals are used as 

catalysts to activate the alkynes for synthesis of various molecular scaffolds. Intramolecular 

amino-functionalization of alkynes is typically focused here which encompasses hydroamination, 

carboamination, amino-halogenation, amino-alkynylaton and amino-oxygenations. 
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Scheme 1: 

 

 

 

Chapter 2: Copper-Mediated Intramolecular Carboamination of Pyridino-Alkynes: An 

Access to Ionic Polycyclic Aromatic Hydrocarbons (PAHs) 

 Polycyclic aromatic hydrocarbons (PAHs) have attracted considerable attention due to 

their fascinating structural features and wide range of applications in organic, optical and 

electronic materials. Recently, it has been shown that ionic N-doped PAHs exhibit intriguing 

optical properties. To access N-doped ionic PAHs, most of the approaches are based on Rh/Ru 

catalyzed C–H activation between arenes/heteroarenes and alkynes. The major drawbacks of 

which are the requirement of stoichiometric oxidants, bases or harsh reaction conditions. 

 In this chapter, synthesis of N-doped ionic polycyclic aromatic hydrocarbons (PAHs) via 

carboamination of alkynes by using copper(II) catalyst has been described. The reaction is 

proposed to proceed through the intramolecular alkynes/azadienes [4+2]-cycloaddition cascade. 

Here Cu(II) plays a dual role by not only initiating the cascade transformation but also providing 

the counterion. The PAHs developed via this method exhibit tunable emission wavelengths and 

good quantum efficiency. The method shows excellent functional group tolerance and proceeds 

under mild conditions. 
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Scheme 2: 

 

 

Chapter 3: Silver-Mediated Intramolecular Hydroamination Reactions of Pyridino-

Alkynes: An Access to Ionic Solid Light Emitters 

 Luminescent organic materials have fundamental importance because of their potential 

application in biology, chemistry, and optoelectronic devices. Additionally these luminescent 

materials can also hold significant potential in the field of bio-imaging, provided that they do 

exhibit aggregation-induced emission (AIE) and do not cause aggregation-caused quenching 

(ACQ) in aqueous biological systems. Molecular packing arrangements play a key role in 

dominating the photophysical properties of luminophores in aggregated state but fine control of 

the molecular packing is a great challenge. 

 In this chapter, an efficient method for accessing ionic solid light emitters via silver 

mediated endo-selective intramolecular cyclisation of pyridino-alkynes has been described. 

Herein, the silver salt plays dual role, first as a reaction mediator and second as a counter ion 

provider. The photophysical properties of solid state emitters have been tuned by using different 

substituents on molecular scaffolds as well as varying the counter ions. 

 

Scheme 3:  
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Chapter 4: Accessing a Library of Pyrido-Isoquinoline Based Gold(I) Complexes via 

Intramolecular Aminoauration Reactions of Pyridino-Alkynes 

 

 The accidental discovery of the anticancer properties of platinum-based drugs triggered 

the development of alternative metal-based drugs. However, the platinum-based treatment of 

tumor diseases is massively hampered by severe side-effects and development of resistance. 

Therefore, in the twentieth century gold complexes were introduced for the treatment for 

rheumatoid arthritis, culminating in the introduction of the oral drug Auranofin. Henceforth, 

further research on new scaffolds for gold complexes which may find appropriate medicinal 

usage in future is essential. 

 In this chapter, library based approach to synthesize pyrido-isoquinoline based ionic gold 

complexes via intramolecular aminoauration has been described. The reaction offers an efficient 

approach to ionic gold complexes. Be noted that the reaction is proceeding equally well with 

both sterically hindered phosphine and di-phosphine ligands and further screening for their 

biological activity is going on. Also, functionalization of synthesized gold complexes has been 

achieved. 

Scheme 4: 

 

Noteworthy Findings: 

 Developed an efficient method for the constuction of N-doped ionic PAHs through 

copper(II)-mediated intramolecular carboamination of alkynes  

 Developed a route to easily access ionic solid light emitters via hydroamination of pyridino-

alkynes by using silver (I) salts  

 Developed a method for accessing library of pyrido-isoquinoline based gold(I) complexes via 

intramolecular aminoauration reactions of pyridino-alkynes 
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Literature precedences in which the coinage metals are used as catalysts to activate 

the alkynes for synthesis of various molecular scaffolds are described here. The 

reactions explained here are basically intramolecular amino-functionalisation of 

alkynes, for example, hydroamination, carboamination, amino-halogenation, amino-

alkynylation and amino-oxygenations. 
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1.1 Introduction: 

A catalyst is a chemical coupound that upon addition to a reaction does not affect the 

thermodynamics but increases the rate of reaction. In periodic table transition metals are 

well reputed for catalysis in organic synthesis. In particular group 11 consisting of metals 

(copper, silver, gold) embedded in transition metal (d block) are known as noble metals or 

coinage metals (Fig.1). Previously it was assumed that these coinage metals are inert, but 

later it was found that it also possesing excellent chemical reactivity. The current great 

interest in the photophysics, photochemistry, and catalytic activity of d
10

 complexes of the 

coinage metals is fully supported in the literature.
1
 Coinage metals are among the major 

players in modern catalysis, they can easily lend and take electrons from other molecules. 

By taking this advantage of reactivity several reports have emerged in the literature of -

activation.  

 

Fig 1.1: Coinage metals 

In C-C multiple bonds, particularly alkynes and their derivatives are one of the most 

commonly encountered and versatile functional groups in organic synthesis because of their 

abundance and various reactivities.
2
 These fundamental functional motifs can serve as 

molecular building blocks for the design of novel organic transformations and developing 

functional materials.
3
 In particular, as can be understood from the advances in transition 

metal-catalysed transformations, they can be used to easily access complex molecular 

scaffolds.
4
 Coinage metal salts have demonstrated remarkable alkynophilicity owing to 

their π-coordination with the carbon-carbon multiple bond, making them ideal catalysts for 

alkyne-based organic reactions. With the assistance of coinage metals and nucleophile 

tethered alkynes, molecular complexity can be generated. Mechanistically, the co-

ordination of metal catalysts to the π-system renders the alkyne moiety susceptible to 

nucleophilic attack, thus enabling the intramolecular cyclization. 
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1.2 Amino-functionalisation: 

Amine functionalisation of alkyne is important in many biological systems. The 

design and development of novel methodologies which enable facile access to valuable 

heterocycles remain a subject of intensive research in chemical sciences. Among these 

nitrogen heterocycles are an important class of compounds that occur widely in nature
5
 and 

that display varied and often potent biological activity.
6
 Similarly, acyclic amines are 

extensively used in pharmaceuticals,
7
 agrochemicals, and cosmetics, and are considered  to 

be the most crucial intermediates in several industrial processes.
8
 These acyclic amines can 

be prepared by intramolecular amino-functionalisation. The intramolecular amino-

functionalisation of C-C multiple bonds has emerged as hot topic of research as it provides 

biologically and medicinally essential motifs. These cyclization reactions of aminoalkynes 

have provided numerous modular approaches for the synthesis of such N-heterocycles. 

This chapter includes mainly the following topics: 

 Hydroamination of Alkynes 

 Carboamination of Alkynes 

 Amino-halogenation of Alkynes 

 Amino-alkynylation of Alkynes and  

 Amino-oxygenation of Alkynes 

Only selected reports have been discussed here on the above-mentioned categories. 

1.2.1 Hydroamination of Alkynes: 

Addition of -N and -H across C-C multiple bonds leads to hydroaminated products,
9
 

and various cyclization reactions of aminoalkynes have been developed to provide various 

N-containing heterocycles (Fig 1.2).
10

 Moreover, hydroamination products of aminoalkynes 

bearing primary amine moieties rapidly isomerize to afford  cyclic imines. In general, 

hydroamination has been accomplished by the activation of either amine or C–C triple bond 
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aided by acids, bases, transition metals, etc.
11

 In this section, hydroamination by coinage 

metal catalysis is described. 

 

Fig 1.2: Hydroamination of alkynes by coinage metal catalysis 

In 1991, Utimoto et al. reported Au (III) catalysed cyclization of 5-alkynylamines to 

afford 2,3,4,5-tetrahydropyridines (Scheme 1.1).
12

 The report emphasized on the anti-

addition of gold and nitrogen in a 6-exo-dig fashion to the acetylenic bond to give 

vinylaurate species which renders the product after protonolysis and isomerization. 

Scheme 1.1: Au (III) catalysed hydroamination of 5-alkynylamine  

 

In 2004 Marinelli and co-workers, reported base or acid-free mild and green 

procedure for annulation reaction of 2-alkynylanilines using gold (III) in ethanol or aqueous 

ethanol at room temperature to furnish various derivatives of indoles in good yields via 5-

endo-dig cyclization (Scheme 1.2).
13

 The step-economic protocol has been reported for the 

gold-catalysed conversion of 2-alkynylanilines to afford 3-bromo and 3-iodoindoles using 

appropriate electrophilic halide source.  

Scheme 1.2: Au (III) catalysed annulation reaction of 2-alkynylanilines 

 

In 2012, Bandini et al. achieved an unprecedented gold-catalysed cascade sequence 

for the synthesis of azepino[1,2-a]indoles (Scheme 1.3).
14

 The cascade reaction offers high 
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yields and water as stoichiometric by-product. Experimental studies showed the key role of 

vinyl gold intermediate in the last step of ring closing. 

Scheme 1.3: Gold-catalysed cascade reaction for the synthesis of azepinoindoles 

 

Later, in 2014, Shi et al. reported gold catalysed hydroamination of tethered 

triazole-alkyne in 5-endo-dig cyclization to achieve fluorescent active triazapentalene 

zwitterions  (TAPZs) (Scheme 1.4).
15

 This strategy provides fair to good yields of expected 

TAPZs in most of the cases. Moreover, some of the modified TAPZs display outstanding 

fluorescence highlighting the immense potential of this new disclosed TAPZ synthesis 

methodology. 

Scheme 1.4: Synthesis of fluorescent TAPZs via gold-catalysed hydroamination 

 

Unsworth and Taylor's group developed a series of high-yielding Ag(I)-catalysed 

cyclization reactions of pyridine-, isoquinoline, and pyrazineynones (Scheme 1.5).
16

 This 

newly reported methodology was undoubtedly a scalable improvement incomparison to the 

previously reported thermal cyclizations methods. The quinolizinone products were then 

used to prepare the alkaloid lasubine II. 
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Scheme 1.5: Silver catalysed dearomative approach to quinolizidine alkaloids  

  

1.2.2 Carboamination of Alkynes: 

Carboaminationa formal addition of -C and -N moeties over an unsaturated C-C 

multiple bond to form new C-C and C-N bonds simultaneously which is undoubtedly a 

highly potential method for introducing carbon and nitrogen bearing functional group onto 

organic molecules.
17

 

 

Fig 1.3: Carboamination of alkynes by coinage metal catalysis 

In 2004 Hiroya group reported a base promoted copper-catalysed sequential 

cyclization reaction by prior treatment of KH with 2-ethynyl aniline derivatives tethered 

with leaving group which causes for the second cyclization and afford a tricyclic ring 

system
18

 through carboamination. The second cyclization was limited up to five and six 

members. The key step of this reaction (i.e. indole synthesis) has been used for the formal 

and total synthesis of hippadine. 

Scheme 1.6: Copper catalysed sequential cyclization of 2-ethynyl aniline derivatives  

 

Later, Takemoto et al. reported gold(I) catalysed intramolecular carboamination of 

(2-alkynyl)benzyl carbamates, furthermore, the carboamination of alkynyl carbamates 



Chapter 1: Coinage Metal-Catalysed Intramolecular Amino-functionalisation of 

Alkynes: A General Introduction 

 

Page 8 

 

having an acetal or enone was successfully applied for the concise synthesis of tetracyclic 

heterocycles via the tandem cyclization to synthesis dihydroisoquinoline based tetracyclic 

heterocycles (Scheme 1.7).
19 

The methodology was utilized for the formal total synthesis of 

nitidine. 

Scheme 1.7: Gold(I)-catalysed tandem cyclization of alkynyl carbamates  

 

In 2010, Fujii and Ohno achieved novel gold (I) catalysed intramolecular cascade 

hydroamination-cycloisomerization reaction of novel aniline substituted diethynylarenes 

for the synthesis of aryl- and heteroaryl-annulated carbazoles (Scheme 1.8).
20

 Cascade 

cyclization achieved via Ph3PAuCl/AgOTf catalysis which renders the polycyclic aromatic 

compounds under base free condition. 

Scheme 1.8: gold (I) catalysed intramolecular cascade to the synthesis of arylated 

carbazoles 

 

In 2014, Chan and co-workers reported a method for synthesis of spiro-indolines 

started from 1-(2-(allylamino)phenyl-4-hydroxy-but-2-yn-1-ones via silver (AgOTf) 

catalysis (Scheme 1.9).
21

 The proposed mechanistic path involves allenamide and 

spirocyclic Wheland intermediate. The developed methodology was very robust, general in 

scope, and efficient to access the novel spirocyclic products in high yield.  
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Scheme 1.9: Gold(I)-catalysed efficient access to spiro-indolines 

 

Tian and Eycken coworkers reported cationic gold(I) catalysed cascade via 

nucleophilic cyclization/1,3-migration/cycloisomerization to obtain diverse 

pyridoisoindolones (Scheme 1.10).
22

 Substituent dependant divergence in product 

formation was obtained, where the electronic effect on the migrating groups and steric 

effect of the secondary amide moieties plays a crucial role. 

Very recently, Patil and coworkers  explored an interesting example of gold-

catalysed cycloisomerization of pyridine-bridged 1,8-diynes involving carbene/alkyne 

metathesis (Scheme 1.11).
23

 The method offers efficient access to the regioselective 

synthesis of luminescent cyclazines. DFT calculations of the possible mechanistic pathways 

highly supported the involvement of a β-gold vinyl cation species over 1,6-carbene transfer 

process. This methodology was also extended for the synthesis of highly underscored 

triarylmethanes. 

 Scheme 1.10: Gold(I)-cyclization/1,3 migration/cycloisomerization reaction 
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Scheme 1.11: Gold(III)-catalysed synthesis of cyclazines via -gold vinyl cation species  

 

1.2.3 Amino-halogenation of Alkynes: 

Addition of –N and –X (halogen) across the C-C triple bond leads to amino-

halogenated products. Organic molecules containing both halogen and amine functionalities 

concurrently have been evident in various bioactive secondary metabolites.
24

 Halogen 

containing compounds are valuable intermediates in organic synthesis as the halogen can 

serve for cross-coupling and substitution reactions.  

 

Fig 1.4: Aminohalogenation of alkynes by coinage metal catalysis 

In 2011, , Xu et al. disclosed the synthesis of fluorinated pyrazoles via gold-

catalysed intramolecular tandem amino-fluorinationof alkynes by employing Selectfluor as 

the halogen source (Scheme 1.12).
25

 The method offers an efficient access to numerous 

fluorinated derivatives of pyrazoles in fair to excellent yield at room temperature. The 

presence of the Au catalyst was required for the reaction to occur. 

Scheme 1.12: Synthesis of fluoropyrazoles 

 

Liu and co-workers demonstrated the Ag-catalysed intramolecular oxidative amino-

fluorination of alkynes, in 2012 (Scheme 1.13).
26

 Synthesis of 4-fluoroisoquinolines from 
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alkynylimines, via an endo cyclization approach, was reported by employing NFSI. The 

present strategy was efficient for the modular synthesis of 4-fluoroisoquinolines and 4-

fluoropyrrolo[α] isoquinolines. 

Scheme 1.13: Silver catalysed oxidative amino-fluorination of alkynes 

 

Wu et al. reported the synthesis of fluorinated imidazole derivatives starting from 

propargyl amidines (Scheme 1.14).
27

 Fluorinated propargyl amidines under gold(I) 

catalysis underwent a 5-exo-dig-cyclization followed by fluorination cascade in the 

presence of Selectfluor to sponsor new Csp
3
-F bond. 

Scheme 1.14: Synthesis of fluorinated imidazole derivatives under gold catalysis  

 

Michelet and co-workers reported one-pot gold(III) catalysed tandem amino-

fluorination of unprotected 2‑alkynylanilines in two steps. It provided a general method for 

synthesis of 3,3-difluoro-2-substituted-3H-indoles and the procedure was further employed 

for the synthesis of 2-aryl-3-fluoro-1H-indoles  under mild condition (Scheme 1.15)
28

. 

Scheme 1.15: Synthesis of fluorinated indole derivatives under gold(III) catalysis  

 

Pale and Blanc et al. reported an efficient route to polysubstituted pyrrolin-4-ones 

via unprecedented gold (I) catalysed cyclization/nucleophilic substitution reaction by using 
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various nucleophiles.
29

 For the synthesis of derivatives of 3-iodopyrrolin-4-one NIS was 

used as a nucleophile (Scheme 1.16). The proposed mechanism includes intramolecular 

cyclization of N-sulfonylated azetidine on the ynone part followed by a nucleophilic 

substitution and opening of the so-formed azetidinium ion. 

Scheme 1.16: Gold catalysed amino-iodination of alkyne to produce iodo-pyrrolidinone 

 

1.2.4 Amino-alkynylation of Alkynes:  

The addition of nitrogen and carbon across C-C triple bond leads to carboamination 

products,
30

 although there exists a large number of reports amino-alkynylation reactions 

remain scarce. Alkyne moieties are important functional groups and are employed as key 

substrates in many organic transformations. Recent developments of catalytic 

aminoalkynylation reactions of alkynes using various transition metal catalysts has been 

discussed herein.  

 

Fig 1.5: Aminoalkynylation of alkynes by coinage metal catalysis 

In 2016, our group reported gold (I) catalysed synthesis of alkynylated 

quinalizinones via aminoalkynylation of pyridine-alkynes (Scheme 1.17),
31

 1-

[(triisopropylsilyl)-ethynyl]-1,2-benziodoxol-3(1H)-one (TIPS-EBX) was utilized as 

alkynylating agent. 
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Scheme 1.17: Gold(I) catalysed aminoalkynylation of alkyne  

 

1.2.5 Amino-oxygenation of Alkynes: 

Amino-oxygenation of alkyne has evolved as an important process which involves 

the installation of a nitrogen and oxygen atoms simultaneously on alkyne to afford 

nitrogen-containing heterocycles.
32

 In this regard, in 2014, copper
33

, gold-catalysed
34

 

aminooxygenation of alkynes that deals with the condensation of 2-aminopyridines and 3-

arylpropiolaldehyde was reported. Similarly, a silver-catalysed intramolecular 

aminooxygenation of functionalized N-(prop-2-yn-1-yl)pyridin-2- amines to sponsor 3-

aroylimidazo[1,2-a]pyridines in good yields was also reported.
35

 In all these cases O2 

source was used for oxygen incorporation. 

 

Fig 1.4: Amino-oxygenation of alkynes by coinage metal catalysis 

Our continuous efforts on gold catalysis for the amino functionalisation of alkynes 

brought us on the first report of oxidative gold(I)/gold(III) catalysed intramolecular 1,2-

amino-oxygenation of the alkyne (Scheme 1.18).
36

 Not only do these reaction present an 

easy access to a structurally valuable ionic pyridinium-oxazole dyad with modular emission 

wavelengths; but the application of these fluorophores as potential biomarkers has also 

been investigated. 
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Scheme 1.18: Oxidative gold(I)/gold(III) catalysed amino-oxygenation of alkyne  

 

1.3 Conclusion: 

In conclusion, this chapter covers the amino-functionalisation of alkyne by using 

coinage metal catalysis. It provides valuable heterocyclic compounds that are vital in drug 

and material chemistry. Gold catalysed amino-functionalisation reactions are currently 

undergoing in our lab to generate new reactivities and selectivities.  
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Chem. Comm., 2018 54, 11909 

A copper-promoted intramolecular [4+2]-annulation cascade to access ionic N-doped 

polycyclic aromatic hydrocarbons (PAHs) with tunable emission wavelengths has been 

discussed here. It is proven that the reaction can also be made catalytic with respect to 

Cu(OTf)2, when an external oxidant, Selectfluor was used. 
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2.1 Introduction: 

Polycyclic aromatic hydrocarbons (PAHs) or polyaromatic hydrocarbons are 

organic compounds which contains only carbon and hydrogen that are composed of 

multiple aromatic rings with delocalising electrons. PAHs have attracted considerable 

attention due to their distinctive properties including stacking behavior arising from the 

nature of planar molecules.
1
 The merger of heteroatoms such as boron,

2
 nitrogen, 

phosphorus,
3
 oxygen,

4
 or sulfur

4
 in the aromatic framework of PAHs can tune their 

supramolecular, physical and chemical properties. As a subset of these compounds, 

nitrogen-doped PAHs represent an major class of molecules that have applications in the 

field of optoelectronics, light emitting-diodes, supercapacitors and bio-imaging.
5
 Recently, 

it has been shown that ionic N-doped PAHs exhibit interesting optical and aggregation 

behavior properties.
6
 Successful approaches to access N-doped ionic PAHs are discussed 

below. 

Haung and co-workers reported Rh/O2 catalytic system to produce isoquinolium 

salts via oxidative C-H activation annulation reactions from arenes and alkynes (Scheme 

2.1).
7
 Mechanistic studies reveal the strong evidence of oxidized Rh(III)from Rh(I) 

facilitated by acid. Similarly, You et al. developed rhodium -catalyzed oxidative CH 

activation/cyclization of azo compounds with alkynes to create cinnoline and cinnolinium 

frameworks in efficient method.
8
 In this report, a stoichiometric metal oxidant was used. 

Scheme 2.1: Rhodium catalyzed annulations reaction between alkynes and arynes 

 

Choudhuri et al. demonstrated that NHC directed two consecutive sequential 

reactions to construct benzoimidazo quinolizinium scaffold-containing polycyclic 

heteroaromatic molecules (Scheme 2.2) via Rh−CNHC/Rh−Caryl bond functionalization 

with internal alkynes.
9
 Mechanistic investigation was conducted through series of control 

studies. Later, similarly Davies and Macgregor synthesized heterocyclic cations by the 

Rh(III)-catalyzed oxidative C−C and C−N coupling of 1-phenylpyrazole, 2-vinylpyridine, 

2-phenylpyridine, with alkynes. The reactions proceed via initial heteroatom-directed C−H 

activation, alkyne insertion, and reductive coupling, it was supported by experimental and 
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DFT studies. Heteroatom-directed C−H activation step was favored by more polar 

solvents.
10

 

Scheme 2.2: Rhodium catalyzed annulations reaction between alkynes and arynes 

 

In 2016, Choudhuri et al. developed a bimodal C-H activation-functionalization 

protocol by utilizing chelating organic molecules to explore a novel chemo-divergent 

rollover pathway for the synthesis of annulated or alkenylated products (Scheme 2.3).
11

 C-

H activation of rollover pyridine was achieved, within a chelated “NHC−Rh
III
−pyridine” 

platform, further annulative functionalization of the resulting cyclometalated species with 

internal alkynes to produce imidazo-naphthyridinium motifs. In another mode, alkenylated 

imidazolium compounds were obtained under a similar reaction condition. 

Scheme 2.3: Rhodium catalyzed “Rollover Pathway”  

 
 

Wang and co-workers developed a one-pot process for synthesis of highly 

substituted quinolizino-quinolinium- and pyrido-quinolinium-based polyheteroaromatic 

compounds via rhodium(III)-catalyzed multiple C−H bond activation annulations 

reactions(Scheme 2.4).
12

 In similar line, Gao et al. reported rhodium(III)-catalyzed C–H 

annulation of N-arylpyridinium salts with alkynes to access cationic 12-azapyrene salts 

with fluorescence properties (Scheme 2.4). The obtained aza-pyrene salts were intense 

fluorescent emissive in solution as well as in the solid state with tunable wavelenth.
13
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Scheme 2.4: Rhodium-catalyzed 1:2 oxidative annulations with alkynes  

 

Li and Wei group designed and synthesized a novel family of p-extended 

viologens from simple and readily available chemicals (Scheme 2.5).
14

 Synthesized 

viologens exhibit excellent electrochemical properties and high thermal stability. 

Scheme 2.5: Three-step synthesis of viologens  

 

Saá et al. group reported Rh(III) catalyzed synthesis of N-doped benzo-

fluoranthenium salts via a double oxidative annulation reaction between 

arylbenzimidazoles and alkynes (Scheme 2.6).
15

 The reaction proceeds via double 

annulation C−H activation and forms two C-N bonds. Reported skeletons showed intense 

fluorescence. 

Scheme 2.6: Rh(III)-catalyzed double- oxidative annulations 

 

Inagi et al. group reported N-cationic doped PAHs with different counterions 

(Scheme 2.7).
16

 The reaction proceeded via intramolecular aromatic nucleophilic 

substitution (SNAr) reaction of fluoroarenes and pyridine groups, promoted by 

trimethylsilyl (TMS). Electrochemical properties and optical properties of the obtained 

nitrogen cation-doped PAHs studies suggested that they have good emission properties 

and low-lying LUMO levels. 
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Scheme 2.7: Synthesis of ring-fused bispyridinium salts via intramolecular SNAr reaction 

 

Wong et al. reported the synthesis of fluorescent quinolizinium compounds via 

gold-catalyzed photosensitizer-free visible light-mediated cis-difunctionalization reaction. 

(Scheme 2.8).
17

 The reaction showed excellent regioselectivity, good functional group 

compatibility and chemo-selectivity towards silyl-substituted alkynes. The obtained 

compounds showed tunable emission properties and large stock shifts, and also it has 

applied in cellular imaging with subcellular properties. These quinolizinium based 

fluorophores can utilize as photo-catalysts for photo-oxidative amidation of aldehydes and 

secondary amines. 

Scheme 2.8: Photosensitizer free visible light-mediated gold-catalyzed quinilizinium 

compounds 

 

Kim and the group reported Pt metal-activated intramolecular C−N bond formation 

between the pyridine nitrogen and alkynes for construction of a quinolizinium-type 

systems (Scheme 2.9).
18

 Cyclization and subsequent dehydration step induced by the Pt 

catalyst and protic acid. Mechanistic studies reveal that reaction proceeds via platinum-

carbene intermediate. 

Scheme 2.9: Construction of hetero-arenes via Pt catalysis 

 

 

It is noticed that nearly all the reaction to synthesize N-doped PAHs reported 

between arenes/heteroarenes and alkynes via C-H activation, and it requires mainly 
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rhodium catalysis as well as stoichiometric metal oxidant. A representative overview of all 

the N-doped PAH cores has been given below. 

 

During the last decades, Rh- and Co-catalyzed reactions between alkynes and 

azadienes, involving C–H activation, have emerged as an important tool for accessing 

heterocyclic quaternary ammonium salts (Scheme 2.10a). For instance, the groups of 

Jones,
19

 Cheng,
20

 Huang,
21

 You
22

 and Jun
23

 showed the utility of Rh-complexes for such 

reactions. Recently, Pèrez- Temprano,
24

 Cheng
25

 and Wang,
26

 in their independent reports, 

have successfully demonstrated the use of Co-catalysts for the analogous transformations. 

In all of these reports, we noted that the reaction conditions which were used are harsh and 

super stoichiometric amount of oxidant were necessary to complete the reaction. Herein, 

we envisioned that in the presence of gold catalyst alkyne activates and the subsequent 

attack of pyridyl nitrogen will lead quaternary ammonium salt which renders the product 

via C-H functionalization and reductive elimination of catalyst. 

2.2 Present work 

To overcome the limitations of reported methods, we sought our attention in our 

current interest Au(I)/Au(III) catalysis
27

 and inspired by Zhang’s report,
28

 we envisioned that 

in the presence of gold catalyst alkyne activates and the subsequent attack of pyridyl 

nitrogen will lead to vinyl gold(I), subsequently oxidation of Au(I) by Selectfluor to 

Au(III) which will render the product via C-H functionalization and reductive elimination 

of the catalyst (Scheme 2.10b). 
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Scheme 2.10: Concept Accessing heterocyclic quaternary ammonium salts via formal [4+2]- annulation: 

Known and present work. 

2.2.1 Optimization of the reaction condition: 

Based on our previous report on the gold-catalyzed oxidative intramolecular 1,2-

amino-oxygenation reaction of alkynes,
27

 we envisioned that the substrate of type 1 would 

undergo intramolecular[4+2]-annulation reactions to produce ionic N-doped PAHs. 

Towards this end, several metal catalysts/oxidants were screened. At first, we started with 

the screening of metal catalysis with Selectfluor as an oxidant. Unfortunately, in presence 

with gold catalysts, we did not observe our expected product. Then, we moved further to 

copper catalysis, expected product observed in presence with catalyst Cu(OTf)2 (Table 1). 

After observing Cu(OTf)2 standard catalyst we moved to optimize the oxidants but 

Selectfluor only gave the prominent result (Table 2).  

Table 1: Screening of metal catalysts:
[a] 

 

Sr. No. cat [M] Yield (%)
[b]

 

1. (C6F5)3PAuCl -- 

2. Ph3PAuCl -- 

3. JohnPhosAuCl -- 

4. [Cu(OTf)]2·C6H6 48 

5. CuCl2 41 

6. Cu(OAc)2 52 

7. Cu(OTf)2 62 

8. Cu(ACN)4BF4 57 
[a]

Reaction conditions: 0.13 mmol 1a, 0.13 mmol Selectfluor, 10 mol% cat [M], 

CH3CN (2.0 mL), 80 °C, 12 h. 
[b]

Isolated yields.  
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Table 2: Effect of oxidants:
 [a] 

 

Sr. No. Oxidant Yield (%)
[b]

 

1. Selectfluor 75
[c]

 

2. Ph2I(OTf) -- 

3. PhI(OAc)2 -- 

4. PhI(CF3CO2)2 -- 

5. AgOAc 16
[d]

 

6. - 17
[d]

 
[a]

Reaction conditions: 0.13 mmol 1a, 0.13 mmol oxidant, 10 mol% Cu(OTf)2, CH3CN 

(2.0 mL), 80 °C, 12 h. 
[b]

Isolated yields. 
[c]

Counter anion X = BF4.
 
 
[d]

Counter anion X = 

OTf.
 
  

Later the productivity of the reaction was examined by varying the mol% of 

catalyst Cu(OTf)2. We found that by increasing the mol% of catalyst, the yield of the 

product also increased as observed from table 3. In order to conceive this transformation 

catalytically we screened various choose additives. Unfortunately, a catalytic version of 

this reaction was not realized (cf. Table 4). 

Table 3: Variation in catalyst loading:
 [a] 

 

Sr. No. X mol% Yield (%)
[b]

 

1. 10 17 

2. 50 37 

3. 100 78 

4. 120 81 
[a]

Reaction conditions: 0.13 mmol 1a, X mol% Cu(OTf)2, CH3CN (2.0 mL), 80 °C, 12 h. 
[b]

Isolated yields
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Table 4: Screening of various additives (1a → 2a):
 [a] 

 

Sr. No. Additives Yield (%)
[b]

 

1. TfOH -- 

2. NaOTf 15 

3. Zn(OTf)2 36 

4. Mg(OTf)2 25 

5. Sc(OTf)3 28 
[a]

Reaction conditions: 0.13 mmol 1a, 10 mol% Cu(OTf)2, 1.0 equiv 

additive, CH3CN (2.0 mL), 80 °C, 12 h. 
[b]

Isolated yields. 

Our systematic optimization studies revealed that refluxing 1a in CH3CN in the 

presence of stoichiometric amounts of Cu(OTf)2 is the best condition to achieve the 

desired PAH (2a) in 78% yield. Interestingly, Cu(OTf)2 exhibits a dual role by mediating 

the cascade transformation as well as providing counter ion. Be noted that the Cu-

catalyzed reactions of alkenes, involving the simultaneous formation of C-N and C-C 

bonds, are known in the literature. However, to the best of our knowledge, the parallel 

reactions of alkynes have never been reported. 

2.2.2 Scope of the reaction: 

With the optimized reaction conditions (Table 3 entry 3), we sought to investigate 

the substrate scope for this reaction. The results are presented in Table 5. In general, 

substrates with variation in aryl ring at alkyne-terminus with varying functional groups, 

such as alkyl and OMe were well tolerated (2b-2d). However, stronger electron-donating 

group such as NMe2 was found to be unsuitable for the reaction. The reaction smoothly 

tolerated to varying substitution patterns (ortho, meta, para) on the aforementioned aryl 

moiety to furnish the corresponding PAHs in good yields (2f-2n). Next, substrates bearing 

bulky aromatics or long-chain/cyclic aliphatics at the alkyne terminal position of the 

pyridino alkynes were screened. For instance, the substrate with sterically demanding 1-

Np and pyrenyl aromatic ring efficiently afforded desired PAHs 2o and 2p in 80% and 

85% yield, respectively. Further, in the cases where aliphatic substituents were placed on 

the alkyne terminus, the desired PAHs 2q-2s obtained in good yield. Next, we focused our 

attention to scrutinize the tolerance of the substituents on the Ar ring. Pleasingly, the 
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introduction of Cl, F and Me substituents on the ring resulted in the formation of desired 

PAHs 2t-2x in 60-70% yields. Similarly, the reaction tolerates di-substitutions at Ar ring 

to offer the products 2y-2aa in moderate yields. 

Table 5: Substrate scope with Ar
a,b

 

a
Reaction conditions: 0.13 mmol 1, 1.0 equiv Cu(OTf)2, CH3CN (2 mL), 80 °C, 12 h. 

b
Isolated yield. 

c
Complex reaction mixture was obtained. 

To understand the tolerance of substituents at Ar′ ring, substrates 1ab-1am were 

examined under the optimized reaction conditions (Table 6). It was observed that 1ab-1ah 

underwent smooth reactions to provide desired PAHs 2ab-2ah in good yields (58-84%). 

Moreover, 1-Np, 2-Np, 9-phenanthryl groups were well tolerated under the present 

reaction conditions to produce desired PAHs (2ai-2al) in good yields.  

Even, the benzothiophenyl moiety was also well tolerated giving PAH 2am in 65% 

yield. The scalability of the methods was demonstrated by the large-scale synthesis 

employing 1a (2.7 mmol) as a starting material (2a, 76%). 
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Table 6: Substrate scope with Ar
a,b 

a
React

ion conditions: 0.13mmol1, 1.0 equiv Cu(OTf)2, CH3CN (2 mL), 80 °C, 12 h. 
b
Isolated yield. 

c
CCDC for 2aj 

– 182419. 

Interestingly, we found that the reaction can be made catalytic with stoichiometric 

amount oxidant with respect to Cu(OTf)2 (ref. table 2). When 1a, 1b and 1ag were treated 

with 10 mol% Cu(OTf)2 in the presence of Selectfluor, the reaction proceeded smoothly to 

produce 2a′, 2b′ and 2ag′ in 75, 63 and 65 % yields, respectively. 

 

Scheme 2.11. Catalytic reactions with respect to Cu(OTf)2 in the presence of external oxidant 

2.3 Proposed mechanism: 

A plausible reaction pathway for the present transformation is depicted in Scheme 

2.12. At first, activation of the alkyne by the Cu(OTf)2 would occur to enable nucleophilic 

attack by the pyridyl nitrogen atom in 5-exo-dig fashion to generate vinyl copper 

intermediate I.  This intermediate would activate C-H bond of proximal aryl ring and 

subsequently remove TfOH to generate copper (II) intermediate II. Further, reductive 
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elimination would occur to form product 2a. The fact that the yield of the reaction was not 

hampered in the presence of the radical scavenger such as 2,2,6,6-tetra-methylpiperidine-

1-oxyl (TEMPO) rules out the possibility of radical mechanism. 

 

Scheme 2.12. A plausible reaction mechanism. 

The synthesized PAHs exhibit intense fluorescence and their photophysical 

properties were studied in CH2Cl2 solution (In experimetal procudures). The PL range 

shields the visible region, offering a palette of colors ranging from violet to orange (λem: 

434-619 nm, Figure 1). These luminogens have good photoluminescence capabilities with 

Φf values (0.06 to 0.88). Next, the PAHs were investigated by cyclic voltammetry and 

found that PAHs have high electron-accepting abilities and good electrochemical 

properties. 

2.4 Conclusion: 

In conclusion, Cu(II)-mediated intramolecular alkynes/azadienes [4+2]-annulation 

cascade has been disclosed. The reagent Cu(OTf)2 exhibits dual role by mediating the 

cascade transformation as well as providing counter ion. Further, by employing Selectfluor 

as an external oxidant, catalytic version of this reaction was realised successfully. The 

method provided efficient access to ionic N-doped PAHs with tunable emission 

wavelengths. 
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2.5 Experimental procedures: 

2.5.1 General procedure for preparation of substituted 2-alkynyl-bromobenzenes  

 

The bromo-alkynes S1-S12, S15-S24, and S26-S27 were reported in the literature and 

prepared according to the literature known procedures.
1
 The other analogs of bromo-

alkynes S13-S14 and S25 were prepared by slightly modified procedures. 

Representative procedure for Sonogashira cross-coupling reaction: A suspension of 2-

bromoiodobenzene (1.0 gm, 3.55 mmol, 1.0 equiv), PdCl2(PPh3)2 (50 mg, 2 mol%), Cu(I) 

iodide (20 mg, 3 mol%) in 20 mL of triethylamine was degassed with nitrogen for 5 

minutes. After 10 min, a solution of phenyl acetylene (0.49 mL, 1.1 equiv) in 

triethylamine (3.0 mL) was added drop-wise over 5 min via syringe and the reaction 

mixture was left to stir for 12 h. After complete consumption of the 2-bromoiodobenzene, 

as monitored by TLC, the reaction mixture was filtered through pad of celite and extracted 

with ethyl acetate (3 × 10 mL). The organic layer was washed with a saturated solution of 

NH4Cl (2 × 10 mL), water (2 × 10 mL), dried over Na2SO4 and the organic solvent was 

removed under vacuo. The reaction mixture was purified by flash chromatography on 

silica gel, (eluent: petroleum ether) to give the 1-bromo-2-(phenylethynyl) benzene (S1) in 

90% yield. 

                                                 
1 (a) Shaikh, A. C.; Ranade, D. S.; Rajamohanan, P. R.; Kulkarni, P. P.; Patil, N. T. Angew. Chem. Int. Ed. 

2017, 56, 757. (b) Shinde, P. S.; Shaikh, A. C.; Patil, N. T. Chem. Commun. 2016, 52, 8152. (c) Guo, R.; Li, 

K.-N.; Liu, B.; Zhu, H.-J.; Fan, Y.-M.; Gong, L.-Z. Chem. Commun. 2014, 50, 5451.  
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4-((2-bromophenyl)ethynyl)-2-chloro-1-methylbenzene (S13): 

 

Off white solid, 880 mg, 82% yield; mp = 58-60 °C; Rf = 0.80 (petroleum ether/ethyl 

acetate = 98/02); 
1
H NMR (400 MHz, CDCl3) δ = 7.63 (d, J = 7.9 Hz, 1 H), 7.59 (s, 1 H), 

7.56 (d, J = 7.3 Hz, 1 H), 7.38 (d, J = 7.3 Hz, 1 H), 7.30 (t, J = 7.6 Hz, 1 H), 7.15 - 7.24 

(m, 2 H), 2.41 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ = 136.9, 133.2, 132.4, 131.8, 

130.8, 129.8, 129.5, 127.0, 125.6, 125.1, 121.8, 92.5, 88.4, 20.1; HRMS (ESI) calcd for 

C15H11BrCl (M + H)
+
 304.9796, found 304.9794. 

2-((2-bromophenyl)ethynyl)-1-chloro-4-methoxybenzene (S14): 

 

Off white solid, 850 gm, 75% yield; mp = 60-62 °C; Rf = 0.75 (petroleum ether/ethyl 

acetate = 98/02); 
1
H NMR (500 MHz, CDCl3) δ = 7.57 - 7.66 (m, 2 H), 7.27 - 7.35 (m, 2 

H), 7.21 (d, J = 1.5 Hz, 1 H), 7.13 (d, J = 3.1 Hz, 1 H), 6.85 (dd, J = 8.8, 3.1 Hz, 1 H), 

3.82 (s, 3 H); 
13

C NMR (125 MHz, CDCl3) δ = 158.0, 133.8, 132.7, 130.2, 130.0, 127.8, 
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127.2, 125.8, 125.2, 123.5, 118.0, 116.7, 92.8, 90.8, 55.8; HRMS (ESI) calcd for 

C15H11BrCl (M + H)
+
 320.9676, found 320.9674. 

1-bromo-4,5-difluoro-2-(phenylethynyl)benzene (S25): 

 

Off white solid, 704 mg, 68% yield; mp = 50-52 °C; Rf = 0.80 (petroleum ether/ethyl 

acetate = 98/02); 
1
H NMR (500 MHz, CDCl3) δ = 7.58 (br.s., 2 H), 7.45 (br.s., 1 H), 7.39 

(br.s., 4 H); 
13

C NMR (125 MHz, CDCl3) δ = 151.0 - 149.0 (dd, J = 256.5 Hz, 14.3 Hz), 

150.2 - 148.2 ( dd, J = 249.9, 12.4), 131.7, 129.0, 128.4, 122.3, 122.2 - 122.1 (d, J = 3.8 

Hz), 121.6 - 121.5(d, J = 20.0 Hz), 121.3 - 121.1 (d, J = 19.0 Hz), 120.0 - 120.0 (d, J = 2.9 

Hz), 94.5, 86.2; HRMS (ESI) calcd for C14H8BrF2 (M + H)
+
 292.9786, found 292.9782. 

2.5.2 General procedure for preparation of 2-alkynylphenylboronic acids 

The boronic acid S28-S39, S41-S51 and S54 were reported in the literature and 

prepared according to the literature known procedures.
1
 The other boronic acids S40 and 

S52-S53 were prepared from slight modifications in literature known procedures. 

Representative procedure for the synthesis of boronic acid: In a two-necked round 

bottom flask, 1.6 M solution of 
n
BuLi in 

n
hexanes (3.1 mL, 1.3 equiv) was added drop-

wise to a solution of 2-phenylethynyl bromobenzene (S1) (1.0 g, 3.92 mmol, 1.0 equiv) in 

30 mL of diethyl ether under nitrogen atmosphere at ˗78 °C. The mixture was stirred at 

˗78 °C for 1 h and then at ˗40 °C for 1 h then cool back to ˗78 °C and B(O
i
Pr)3 (1.1 g, 1.5 

equiv) was added drop-wise. The mixture was allowed to warm up gradually to room 

temperature, while maintaining vigorous stirring for 16 h. Then, the reaction was 

quenched with 40 mL of 1N HCl for 30 minutes and extracted with ethyl acetate (3 x 20 

mL). The combined organic solution was dried over Na2SO4 and the organic solvent was 

removed under vacuo. The product was purified by flash chromatography on silica gel 

(eluent: petroleum ether/ethyl acetate) followed by recrystallization from petroleum ether 

to give the (2-(phenylethynyl)phenyl)boronic acid (S28) in 74% yield. 

Note: The boronic acid S52-S53 was accompanied with slight impurities and hence used 

directly for the next reaction without attempting further purification. 
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(2-((3-chloro-4-methylphenyl)ethynyl)phenyl)boronic acid (S40): 

 

Off white solid, 730 mg, 82% yield; mp = 160-162 °C; Rf = 0.40 (petroleum ether/ethyl 

acetate = 60/40); 
1
H NMR (500 MHz, DMSO-d6) δ = 8.20 (s, 2 H), 7.52 - 7.59 (m, 2 H), 

7.47 - 7.52 (m, 1 H), 7.32 - 7.42 (m, 4 H), 2.36 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) 

δ = 136.2, 133.4, 133.0, 131.5, 131.2, 131.0, 129.8, 128.9, 127.8, 124.9, 122.3, 91.8, 88.8, 

19.6; HRMS (ESI) calcd for C15H13O2BCl (M + H)
+
 271.0692, found 271.0698. 

2.5.3 Synthesis of 2-(4-methoxyphenyl)-6-(2(alkynyl)-phenyl)pyridines 
 

Representative procedure for Suzuki cross-coupling reaction:
29 

In a sealed tube, 2-

bromo-6-(4-methoxyphenyl)pyridine (200 mg, 0.760 mmol, 1.0 equiv) and (2-

(phenylethynyl) phenyl)boronic acid (S28) (203 mg, 1.2 equiv) in DMF/H2O (1:1, 4 mL) 

was degassed with nitrogen for 5 min. Next, Na2CO3 (240 mg, 3 equiv) and PdCl2(PPh3)2 

(27 mg, 5 mol%) were added under nitrogen atmosphere. The reaction mixture was stirred 

at 80 °C for 6 h. After complete consumption of starting material, as monitored by TLC, 

the resulting mixture was allowed to bring to room temperature. The reaction mixture was 
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diluted with NaHCO3 (5 mL) and then the product was extracted with ethyl acetate (3 × 5 

mL). The combined organic layer was dried over Na2SO4 and the organic solvent was 

removed under vacuo. The crude product was purified on a silica gel column using 

petroleum ether/ethyl acetate as eluent to afford 2-(4-methoxyphenyl)-6-(2-

(phenylethynyl)phenyl)pyridine (1a) in 82% yield. 

 

 

2-(4-methoxyphenyl)-6-(2-(phenylethynyl)phenyl)pyridine (1a): 

 

Off white solid, 225 mg, 82% yield; mp = 104-106 °C; Rf = 0.60 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ = 8.12 (d, J = 8.4 Hz, 2 H), 7.94 (d, J = 

7.6 Hz, 1 H), 7.91 (d, J = 7.6 Hz, 1 H), 7.82 (t, J = 7.6 Hz, 1 H), 7.67 - 7.73 (m, 2 H), 7.45 

- 7.52 (m, 1 H), 7.37 - 7.44 (m, 3 H), 7.28 - 7.34 (m, 3 H), 6.99 (d, J = 8.4 Hz, 2 H), 3.87 

(s, 3 H); 
13

C NMR (125 MHz, CDCl3) δ = 160.4, 157.1, 156.5, 142.5, 136.3, 133.3, 

132.1, 131.4, 129.9, 128.6, 128.3, 128.2, 128.1, 128.1, 123.4, 121.8, 121.4, 118.0, 114.0, 

92.5, 89.5, 55.3; HRMS (ESI) calcd for C26H20ON (M + H)
+
 362.1539, found 362.1545. 
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2-(4-methoxyphenyl)-6-(2-(p-tolylethynyl)phenyl)pyridine (1b): 

 

Off white solid, 240 mg, 84% yield; mp = 110-112 °C; Rf = 0.60 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (400 MHz, CDCl3) δ = 8.12 (d, J = 8.5 Hz, 2 H), 7.93 (t, J = 

8.5 Hz, 2 H), 7.81 (t, J = 7.6 Hz, 1 H), 7.64 - 7.73 (m, 2 H), 7.48 (t, J = 7.6 Hz, 1 H), 7.41 

(t, J = 7.3 Hz, 1 H), 7.27 - 7.34 (d, J = 7.9 Hz, 2 H), 7.08 - 7.15 (d, J = 7.3 Hz, 2 H), 7.00 

(d, J = 8.5 Hz, 2 H), 3.87 (s, 3 H), 2.36 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ = 160.4, 

157.2, 156.5, 142.3, 138.3, 136.3, 133.2, 132.2, 131.3, 129.9, 129.0, 128.4, 128.3, 128.1, 

121.9, 121.6, 120.4, 118.0, 114.1, 114.0, 92.7, 88.8, 55.3, 21.5; HRMS (ESI) calcd for 

C27H22ON (M + H)
+
 376.1696, found 376.1704. 

2-(4-methoxyphenyl)-6-(2-((4-pentylphenyl)ethynyl)phenyl)pyridine (1c): 

 

Off white solid, 295 mg, 90% yield; mp = 64-66 °C; Rf = 0.60 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (400 MHz, CDCl3) δ = 8.13 (d, J = 8.5 Hz, 2 H), 7.88 - 7.97 

(m, 2 H), 7.82 (t, J = 7.6 Hz, 1 H), 7.65 - 7.73 (m, 2 H), 7.45 - 7.52 (m, 1 H), 7.37 - 7.45 

(m, 1 H), 7.29 - 7.36 (m, J = 7.9 Hz, 2 H), 7.07 - 7.16 (d, J = 7.9 Hz, 2 H), 7.00 (d, J = 8.5 

Hz, 2 H), 3.87 (s, 3 H), 2.61 (t, J = 7.6 Hz, 2 H), 1.57 - 1.67 (m, 2 H), 1.30 - 1.40 (m, 4 H), 

0.92 (t, J = 6.7 Hz, 3 H); 
13

C NMR (100 MHz, CDCl3) δ = 160.4, 157.2, 156.4, 143.3, 

142.3, 136.3, 133.2, 132.2, 131.3, 129.9, 128.4, 128.3, 128.1, 121.9, 121.6, 120.5, 118.0, 

114.0, 92.7, 88.8, 55.3, 35.8, 31.4, 30.9, 22.5, 14.0; HRMS (ESI) calcd for C31H30ON (M 

+ H)
+
 432.2322, found 432.2332. 
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2-(4-methoxyphenyl)-6-(2-((4-methoxyphenyl)ethynyl)phenyl)pyridine (1d): 

 

Yellowish solid, 235 mg, 79% yield; mp = 90-92 °C; Rf = 0.55 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ = 8.11 (d, J = 8.0 Hz, 2 H), 7.88 - 7.96 

(m, 2 H), 7.81 (t, J = 7.6 Hz, 1 H), 7.61 - 7.70 (m, 2 H), 7.46 (t, J = 7.4 Hz, 1 H), 7.40 (t, J 

= 7.4 Hz, 1 H), 7.29 - 7.36 (m, J = 8.0 Hz, 2 H), 6.93 - 7.04 (m, J = 8.4 Hz, 2 H), 6.83 (d, J 

= 8.4 Hz, 2 H), 3.87 (s, 3 H), 3.81 (s, 3 H); 
13

C NMR (125 MHz, CDCl3) δ = 160.4, 

159.5, 157.3, 156.5, 142.2, 136.3, 133.1, 132.9, 132.2, 129.9, 128.3, 128.2, 128.1, 121.9, 

121.7, 118.0, 115.6, 114.0, 113.9, 92.5, 88.2, 55.3, 55.3; HRMS (ESI) calcd for 

C27H22O2N (M + H)
+
 392.1645, found 392.1654. 

4-((2-(6-(4-methoxyphenyl)pyridin-2-yl)phenyl)ethynyl)-N,N-dimethylaniline (1e): 

 

Brown solid, 247 mg, 80% yield; mp = 122-124 °C; Rf = 0.50 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ = 8.08 - 8.16 (d, J = 8.8 Hz, 2 H), 7.98 

(d, J = 7.6 Hz, 1 H), 7.91 - 7.97 (m, 1 H), 7.80 (t, J = 7.6 Hz, 1 H), 7.63 - 7.73 (m, 2 H), 

7.41 - 7.47 (m, 1 H), 7.38 (td, J = 7.5, 1.0 Hz, 1 H), 7.24 - 7.32 (m, J = 8.8 Hz, 2 H), 6.93 - 

7.04 (d, J = 8.8 Hz, 2 H), 6.59 - 6.65 (d, J = 8.8 Hz, 2 H), 3.87 (s, 3 H), 2.98 (s, 6 H); 
13

C 

NMR (125 MHz, CDCl3) δ = 160.3, 157.3, 156.4, 150.0, 141.8, 136.2, 132.8, 132.5, 

132.3, 129.9, 128.3, 128.0, 127.7, 122.2, 122.0, 117.9, 114.0, 111.8, 110.3, 93.9, 87.5, 

55.3, 40.2; HRMS (ESI) calcd for C28H25ON2 (M + H)
+
 405.1961, found 405.1965. 
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2-(2-((4-fluorophenyl)ethynyl)phenyl)-6-(4-methoxyphenyl)pyridine (1f): 

 

Off white solid, 234 mg, 81% yield; mp = 60-62 °C; Rf = 0.65 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (400 MHz, CDCl3) δ = 8.11 (d, J = 9.2 Hz, 2 H), 7.91 (d, J = 

7.9 Hz, 1 H), 7.87 - 7.75 (m, 2 H), 7.74 - 7.64 (m, 2 H), 7.49 (t, J = 7.3 Hz, 1 H), 7.41 (t, J 

= 7.3 Hz, 1 H), 7.35 (dd, J = 5.5, 8.5 Hz, 2 H), 7.06 - 6.90 (m, 4 H), 3.87 (s, 3 H); 
13

C 

NMR (100 MHz, CDCl3) δ = 163.6-161.2 (d, J = 9.2 Hz), 160.5, 157.2, 156.5, 142.5, 

136.4, 133.3, 133.2-133.2 (d, J = 3.1 Hz), 132.1, 129.9, 128.6, 128.3, 128.1, 121.7, 121.3, 

119.5, 118.0, 115.6-115.4 (d, J = 21.8 Hz), 114.0, 91.3, 89.2, 55.3; HRMS (ESI) calcd for 

C26H19ONF (M + H)
+
 380.1445, found 380.1450. 

2-(2-((4-chlorophenyl)ethynyl)phenyl)-6-(4-methoxyphenyl)pyridine (1g): 

 

Off white solid, 205 mg, 68% yield; mp = 134-136 °C; Rf = 0.55 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (400 MHz, CDCl3) δ = 8.13 (d, J = 8.5 Hz, 2 H), 7.93 (d, J = 

7.9 Hz, 1 H), 7.80 – 7.87 (m, 2 H), 7.72 (d, J = 7.3 Hz, 2 H), 7.52 (t, J = 7.6 Hz, 1 H), 7.44 

(t, J = 7.3 Hz, 1 H), 7.22 – 7.34 (m, 4 H), 7.01 (d, J = 8.5 Hz, 2 H), 3.89 (s, 3 H); 
13

C 

NMR (100 MHz, CDCl3) δ = 160.4, 157.1, 156.5, 142.6, 136.4, 134.1, 133.3, 132.6, 

132.0, 129.9, 128.8, 128.6, 128.3, 128.1, 121.9, 121.7, 121.1, 118.1, 114.0, 91.2, 90.5, 

55.3; HRMS (ESI) calcd for C26H19ONCl (M + H)
+
 396.1150, found 396.1161. 

 

 

 



Chapter 2: Copper-Mediated Intramolecular Carboamination of Pyridino-alkynes: 

An Access to Ionic Polycyclic Aromatic Hydrocarbons (PAHs) 
 

 

Page 39 
 

1-(4-((2-(6-(4-methoxyphenyl)39yridine-2-yl)phenyl)ethynyl)phenyl)pentan-1-one 

(1h): 

 

Off white solid, 220 mg, 65% yield; mp = 106-108 °C; Rf = 0.50 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ = 8.11 (d, J = 8.8 Hz, 2 H), 7.91 (d, J = 

7.6 Hz, 1 H), 7.85 – 7.89 (m, J = 8.4 Hz, 2 H), 7.78 – 7.84 (m, 2 H), 7.66 – 7.74 (m, 2 H), 

7.47 – 7.55 (m, 1 H), 7.37 – 7.46 (m, 3 H), 6.91 – 7.03 (d, J = 8.8 Hz, 2 H), 3.86 (s, 3 H), 

2.94 (t, J = 7.4 Hz, 2 H), 1.72 (quin, J = 7.5 Hz, 2 H), 1.41 (sxt, J = 7.5 Hz, 2 H), 0.96 (t, J 

= 7.2 Hz, 3 H); 
13

C NMR (125 MHz, CDCl3) δ = 199.7, 160.4, 157.1, 156.5, 142.8, 

136.4, 136.0, 133.4, 132.0, 131.5, 129.9, 129.1, 128.3, 128.2, 128.1, 127.9, 121.7, 120.9, 

118.1, 114.0, 92.8, 91.6, 55.3, 38.3, 26.4, 22.4, 13.9; HRMS (ESI) calcd for C31H28O2N 

(M + H)
+
 446.2115, found 446.2125. 

2-(4-methoxyphenyl)-6-(2-((2-methoxyphenyl)ethynyl)phenyl)pyridine (1i): 

 

Off white solid, 215 mg, 72% yield; mp = 92-94 °C; Rf = 0.55 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (400 MHz, CDCl3) δ = 8.10 - 8.17 (m, 3 H), 8.00 - 8.06 (m, 1 

H), 7.74 - 7.83 (m, 2 H), 7.69 (d, J = 7.8 Hz, 1 H), 7.51 (td, J = 7.6, 1.4 Hz, 1 H), 7.36 - 

7.46 (m, 2 H),  7.25 - 7.33 (m, 1 H), 6.98 - 7.04 (m, 2 H), 6.82 - 6.95 (m, 2 H), 3.87 (s, 3 

H), 3.84 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ = 160.3, 159.9, 156.8, 156.3, 142.0, 

136.2, 133.4, 133.3, 132.1, 129.9, 129.6, 128.4, 128.2, 128.0, 122.0, 121.6, 120.3, 117.8, 

113.9, 112.6, 110.6, 93.3, 89.2, 55.5, 55.2; HRMS (ESI) calcd for C27H22O2N (M + H)
+
 

392.1645, found 392.1652. 
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2-(4-methoxyphenyl)-6-(2-((3-methoxyphenyl)ethynyl)phenyl)pyridine (1j): 

 

Off white solid, 235 mg, 78% yield; mp = 78-80 °C; Rf = 0.55 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (400 MHz, CDCl3) δ = 8.07 - 8.18 (m, 2 H), 7.93 (dd, J = 7.8, 

0.9 Hz, 1 H), 7.86 - 7.91 (m, 1 H), 7.76 - 7.85 (m, 1 H), 7.71 (td, J = 7.8, 0.9 Hz, 2 H), 

7.50 (td, J = 7.8, 1.4 Hz, 1 H), 7.42 (td, J = 7.6, 1.4 Hz, 1 H), 7.17 - 7.25 (m, 1 H), 6.95 - 

7.04 (m, 3 H), 6.89 - 6.95 (m, 1 H), 6.79 - 6.89 (m, 1 H), 3.87 (s, 3 H), 3.74 (s, 3 H); 
13

C 

NMR (100 MHz, CDCl3) δ = 160.7, 159.5, 157.5, 156.7, 142.8, 136.7, 133.6, 132.4, 

130.2, 129.6, 128.9, 128.6, 128.4, 124.7, 124.3, 122.1, 121.6, 118.3, 116.5, 115.1, 114.3, 

92.7, 89.6, 55.6, 55.4; HRMS (ESI) calcd for C27H22O2N (M + H)
+
 392.1645, found 

392.1652. 

2-(2-((3-chlorophenyl)ethynyl)phenyl)-6-(4-methoxyphenyl)pyridine (1k): 

 

Off white solid, 225 mg, 75% yield; mp = 90-92 °C; Rf = 0.50 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ = 8.06 – 8.19 (m, J = 8.8 Hz, 2 H), 7.92 

(d, J = 7.6 Hz, 1 H), 7.79 – 7.86 (m, 2 H), 7.72 (dt, J = 6.0, 3.3 Hz, 2 H), 7.48 – 7.56 (m, 1 

H), 7.40 – 7.47 (m, 1 H), 7.38 (s, 1 H), 7.21 – 7.31 (m, 3 H), 6.96 – 7.04 (m, J = 8.8 Hz, 2 

H), 3.88 (s, 3 H); 
13

C NMR (125 MHz, CDCl3) δ = 160.4, 157.1, 156.5, 142.7, 136.4, 

134.0, 133.4, 132.0, 131.2, 129.9, 129.5, 129.4, 128.9, 128.3, 128.3, 128.2, 125.2, 121.7, 

120.9, 118.1, 114.0, 90.9, 90.7, 55.3; HRMS (ESI) calcd for C26H19ONCl (M + H)
+
 

396.1150, found 396.1155. 
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2-(2-((3,5-dimethoxyphenyl)ethynyl)phenyl)-6-(4-methoxyphenyl)pyridine (1l): 

 

Yellowish solid, 258 mg, 80% yield; mp = 98-100 °C; Rf = 0.50 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ = 7.93 (d, J = 7.6 Hz, 1 H), 7.84 – 7.89 

(m, 1 H), 7.81 (t, J = 7.8 Hz, 1 H), 7.73 (d, J = 7.2 Hz, 1 H), 7.70 (d, J = 7.6 Hz, 1 H), 7.46 

– 7.53 (m, 1 H), 7.40 – 7.45 (m, 1 H), 7.00 (d, J = 8.8 Hz, 2 H), 6.58 (d, J = 2.3 Hz, 2 H), 

6.44 – 6.48 (m, 1 H), 3.85 (s, 4 H), 3.73 (s, 6 H); 
13

C NMR (125 MHz, CDCl3) δ = 160.4, 

157.1, 156.2, 142.6, 136.3, 133.2, 131.9, 129.8, 128.6, 128.2, 128.1, 124.6, 121.7, 121.2, 

117.8, 113.9, 109.1, 101.6, 92.4, 89.0, 55.2; HRMS (ESI) calcd for C28H24O3N (M + H)
+
 

422.1751, found 422.1760. 

2-(2-((3-chloro-4-methylphenyl)ethynyl)phenyl)-6-(4-methoxyphenyl)pyridine (1m):  

 

Off white solid, 212 mg, 68% yield; mp = 136-138 °C; Rf = 0.55 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ = 8.07 – 8.15 (d, J = 8.8 Hz, 2 H), 7.91 

(d, J = 8.0 Hz, 1 H), 7.78 – 7.85 (m, 2 H), 7.64 – 7.72 (m, 2 H), 7.45 – 7.52 (m, 1 H), 7.39 

– 7.45 (m, 1 H), 7.34 – 7.39 (m, 1 H), 7.10 – 7.19 (m, 2 H), 6.97 – 7.02 (d, J = 8.8 Hz, 2 

H), 3.87 (s, 3 H), 2.37 (s, 3 H); 
13

C NMR (125 MHz, CDCl3) δ = 160.4, 157.1, 156.5, 

142.5, 136.4, 136.4, 134.1, 133.3, 132.1, 131.6, 130.7, 129.9, 129.6, 128.7, 128.3, 128.1, 

122.4, 121.7, 121.2, 118.1, 114.0, 91.1, 89.9, 55.3, 20.0; HRMS (ESI) calcd for 

C27H21ONCl (M + H)
+
 410.1306, found 410.1317. 
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2-(2-((2-chloro-5-methoxyphenyl)ethynyl)phenyl)-6-(4-methoxyphenyl)pyridine (1n): 

 

Off white solid, 235 mg, 72% yield; mp = 124-126 °C; Rf = 0.45 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (400 MHz, CDCl3) δ = 8.05 – 8.22 (d, J = 7.9 Hz, 2 H), 7.95 

(d, J = 7.3 Hz, 2 H), 7.72 – 7.85 (m, 2 H), 7.68 (d, J = 7.9 Hz, 1 H), 7.51 (t, J = 7.3 Hz, 1 

H), 7.43 (t, J = 7.3 Hz, 1 H), 7.25 (s, 1 H), 6.94 – 7.03 (d, J = 8.5 Hz, 2 H), 6.89 (br.s., 1 

H), 6.78 (d, J = 8.5 Hz, 1 H), 3.85 (s, 3 H), 3.67 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ 

= 160.3, 157.7, 156.8, 156.3, 142.5, 136.5, 133.7, 132.0, 129.9, 129.8, 128.9, 128.2, 128.1, 

127.3, 123.7, 122.0, 120.9, 118.0, 117.5, 116.1, 113.9, 94.1, 89.3, 55.4, 55.2; HRMS 

(ESI) calcd for C27H21O2NCl (M + H)
+
 426.1255, found 426.1267. 

2-(4-methoxyphenyl)-6-(2-(naphthalen-1-ylethynyl)phenyl)pyridine (1o): 

 

Off white solid, 235 mg, 74% yield; mp = 110-112 °C; Rf = 0.60 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ = 8.08 - 8.20 (m, 3 H), 7.91 - 8.00 (m, 2 

H), 7.77 - 7.88 (m, 4 H), 7.73 (d, J = 8.0 Hz, 1 H), 7.65 (d, J = 6.9 Hz, 1 H), 7.52 - 7.58 

(m, 1 H), 7.49 (q, J = 7.0 Hz, 2 H), 7.42 (td, J = 7.6, 2.3 Hz, 2 H), 6.98 (d, J = 8.8 Hz, 2 

H), 3.85 (s, 3 H); 
13

C NMR (125 MHz, CDCl3) δ = 160.4, 157.4, 156.6, 142.6, 136.6, 

133.4, 133.1, 133.1, 132.0, 130.3, 129.9, 128.6, 128.6, 128.3, 128.2, 128.1, 126.5, 126.3, 

126.3, 125.2, 122.0, 121.6, 121.1, 118.0, 114.0, 94.2, 90.8, 55.3; HRMS (ESI) calcd for 

C30H22ON (M + H)
+
 412.1696, found 412.1704. 
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2-(4-methoxyphenyl)-6-(2-(pyren-4-ylethynyl)phenyl)pyridine (1p): 

 

Yellow solid, 235 mg, 63% yield; mp = 154-156 °C; Rf = 0.65 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (400 MHz, CDCl3) δ = 8.35 (d, J = 9.2 Hz, 1 H), 8.12 - 8.21 

(m, 4 H), 8.04 - 8.09 (m, 3 H), 7.93 - 8.03 (m, 5 H), 7.91 (dd, J = 7.6, 1.6 Hz, 1 H), 7.85 (t, 

J = 7.8 Hz, 1 H), 7.77 (dd, J = 7.8, 0.9 Hz, 1 H), 7.46 - 7.59 (m, 2 H), 6.90 - 6.99 (m, 2 H), 

3.82 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ = 160.4, 157.5, 156.7, 142.7, 136.6, 133.4, 

132.1, 131.8, 131.2, 131.1, 131.0, 130.0, 129.5, 128.7, 128.4, 128.2, 128.1, 128.0, 127.2, 

126.2, 125.6, 125.5, 125.4, 124.4, 124.4, 124.2, 122.1, 121.8, 118.1, 118.0, 114.0, 95.1, 

91.9, 55.3; HRMS (ESI) calcd for C36H24ON (M + H)
+
 486.1852, found 486.1863. 

2-(2-(cyclohexylethynyl)phenyl)-6-(4-methoxyphenyl)pyridine (1q): 

 

Off white solid, 232 mg, 81% yield; mp = 98-100 °C; Rf = 0.65 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ = 8.13 - 8.05 (m, 2 H), 7.92 - 7.83 (m, 2 

H), 7.75 (t, J = 7.8 Hz, 1 H), 7.65 (d, J = 8.0 Hz, 1 H), 7.55 (d, J = 7.6 Hz, 1 H), 7.44 - 

7.37 (m, 1 H), 7.36 - 7.30 (m, 1 H), 7.01 (d, J = 8.8 Hz, 2 H), 3.88 (s, 3 H), 2.56 (t, J = 4.0 

Hz, 1 H), 1.84 - 1.74 (m, 2 H), 1.71 - 1.62 (m, 2 H), 1.53 - 1.40 (m, 3 H), 1.30 (d, J = 7.2 

Hz, 3 H); 
13

C NMR (125 MHz, CDCl3) δ = 160.3, 157.3, 156.3, 142.2, 136.0, 133.2, 

132.2, 129.8, 128.3, 128.2, 127.9, 127.7, 122.2, 122.0, 117.8, 113.9, 97.7, 80.2, 55.3, 32.3, 

29.7, 25.9, 24.7; HRMS (ESI) calcd for C26H19ONF (M + H)
+
 368.4990, found 368.4996. 

2-(2-(hex-1-yn-1-yl)phenyl)-6-(4-methoxyphenyl)pyridine (1r): 
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Off white solid, 220 mg, 85% yield; mp = 54-56 °C; Rf = 0.70 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ = 8.11 - 8.13 (d, J = 8.8 Hz, 2 H), 7.86 

(d, J = 8.0 Hz, 1 H), 7.89 (d, J = 8.0 Hz, 1 H), 7.76 (t, J = 7.6 Hz, 1 H), 7.66 (d, J = 8.0 

Hz, 1 H), 7.57 (d, J = 7.6 Hz, 1 H), 7.39 - 7.46 (m, 1 H), 7.30 - 7.38 (m, 1 H), 6.99 - 7.06 

(m, 2 H), 3.88 (s, 3 H), 2.38 (t, J = 7.1 Hz, 2 H), 1.52 (quin, J = 7.2 Hz, 2 H), 1.35 - 1.43 

(m, 2 H), 0.90 (t, J = 7.2 Hz, 3 H); 
13

C NMR (125 MHz, CDCl3) δ = 160.1, 157.1, 156.0, 

142.0, 135.8, 133.0, 132.0, 129.5, 127.9, 127.7, 127.5, 121.9, 121.6, 117.5, 113.7, 93.5, 

80.0, 55.0, 30.2, 21.6, 19.0, 13.3; HRMS (ESI) calcd for C24H24ON (M + H)
+
 342.1852, 

found 342.1860. 

2-(2-(cyclohex-1-en-1-ylethynyl)phenyl)-6-(4-methoxyphenyl)pyridine (1s): 

 

Off white solid, 230 mg, 82% yield; mp = 83-85 °C; Rf = 0.70 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ =  8.19 – 8.04 (m, J = 8.7 Hz, 2 H), 7.87 

(d, J = 7.8 Hz, 1 H), 7.90 (d, J = 7.6 Hz, 1 H), 7.77 (t, J = 7.8 Hz, 1 H), 7.65 (d, J = 7.8 

Hz, 1 H), 7.57 (d, J = 7.6 Hz, 1 H), 7.42 (t, J = 7.2 Hz, 1 H), 7.35 (t, J = 7.2 Hz, 1 H), 7.10 

– 6.88 (m, J = 8.7 Hz, 2 H), 6.09 (br. S., 1 H), 3.88 (s, 3 H), 2.21 – 1.98 (m, 4 H), 1.68 – 

1.56 (m, 4 H); 
13

C NMR (125 MHz, CDCl3) δ = 160.4, 157.2, 156.4, 142.1, 136.2, 135.0, 

133.1, 132.3, 129.8, 128.3, 128.0, 128.0, 121.9, 120.9, 117.9, 114.0, 94.5, 86.8, 55.3, 28.8, 

25.7, 22.3, 21.5; HRMS (ESI) calcd for C26H23ON (M + H)
+
 366.1352, found 366.1355. 

2-(4-methoxyphenyl)-6-(5-methyl-2-(phenylethynyl)phenyl)pyridine (1t): 

 

Off white solid, 230 mg, 80% yield; mp = 90-92 °C; Rf = 0.60 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (400 MHz, CDCl3) δ = 8.12 – 8.23 (d, J = 8.5 Hz, 2 H), 7.95 

(d, J = 7.3 Hz, 1 H), 7.77 – 7.89 (m, 2 H), 7.72 (d, J = 7.3 Hz, 1 H), 7.66 (d, J = 7.9 Hz, 1 

H), 7.45 (d, J = 3.7 Hz, 2 H), 7.32 – 7.39 (m, 3 H), 7.29 (s, 1 H), 7.01 – 7.08 (d, J = 8.5 

Hz, 2 H), 3.90 (s, 3 H), 2.52 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ = 160.3, 157.2, 
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156.4, 142.3, 138.7, 136.2, 133.2, 132.1, 131.3, 130.5, 129.0, 128.3, 128.2, 127.9, 123.6, 

121.9, 118.4, 118.0, 113.9, 91.7, 89.6, 55.2, 21.5; HRMS (ESI) calcd for C27H22ON (M + 

H)
+
 376.1696, found 376.1702. 

2-(5-fluoro-2-(phenylethynyl)phenyl)-6-(4-methoxyphenyl)pyridine (1u): 

 

Off white solid, 232 mg, 80% yield; mp = 60-62 °C; Rf = 0.60 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (400 MHz, CDCl3) δ = 8.12 (d, J = 8.5 Hz, 2 H), 7.98 (d, J = 

7.3 Hz, 1 H), 7.83 (t, J = 7.9 Hz, 1 H), 7.63 – 7.76 (m, 3 H), 7.41 (br.s., 2 H), 7.28 – 7.36 

(m, 3 H), 7.08 – 7.17 (m, 1 H), 7.01 (d, J = 8.5 Hz, 2 H), 3.87 (s, 3 H); 
13

C NMR (100 

MHz, CDCl3) δ = 163.8-161.3 (d, J = 249.6 Hz), 160.5, 156.6, 155.7, 144.6-144.6 (d, J = 

7.7 Hz), 138.8, 136.5, 135.2-135.1(d, J = 7.7 Hz), 131.8, 131.3, 128.3, 128.2, 125.4, 

123.2, 121.7, 118.5, 118.1, 117.4, 117.0-116.8 (d, J = 23.9 Hz), 115.6-115.4 (d, J = 22.3 

Hz), 114.1, 92.2, 88.5, 55.3; HRMS (ESI) calcd for C26H19ONF (M + H)
+
 380.1445, 

found 380.1452. 

2-(5-chloro-2-(phenylethynyl)phenyl)-6-(4-methoxyphenyl)pyridine (1v): 

 

Off white solid, 250 mg, 83% yield; mp = 84-86 °C; Rf = 0.55 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (400 MHz, CDCl3) δ = 8.11 (d, J = 8.5 Hz, 2 H), 7.87 – 8.00 

(m, 2 H), 7.82 (t, J = 7.9 Hz, 1 H), 7.71 (d, J = 7.9 Hz, 1 H), 7.58 – 7.66 (m, 1 H), 7.39 (d, 

J = 4.3 Hz, 3 H), 7.27 – 7.34 (m, 3 H), 7.01 (d, J = 8.5 Hz, 2 H), 3.87 (s, 3 H); 
13

C NMR 

(100 MHz, CDCl3) δ = 160.5, 156.7, 155.7, 143.8, 138.8, 136.5, 134.5, 134.4, 131.8, 

131.4, 130.0, 128.4, 128.3, 125.4, 123.1, 121.8, 119.9, 118.5, 118.1, 114.1, 114.1, 93.3, 

88.5, 55.3; HRMS (ESI) calcd for C26H19ONCl (M + H)
+
 396.1150, found 396.1159. 
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2-(4-methoxyphenyl)-6-(4-methyl-2-(phenylethynyl)phenyl)pyridine (1w): 

 

Off white solid, 206 mg, 72% yield; mp = 148-150 °C; Rf = 0.60 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (400 MHz, CDCl3) δ = 8.09 - 8.15 (m, 2 H), 7.90 (d, J = 7.8 

Hz, 1 H), 7.85 (d, J = 7.8 Hz, 1 H), 7.80 (t, J = 7.8 Hz, 1 H), 7.67 (dd, J = 7.8, 0.9 Hz, 1 

H), 7.54 (s, 1 H), 7.37 - 7.43 (m, 2 H), 7.28 - 7.33 (m, 4 H), 6.95 - 7.02 (m, 2 H), 3.87 (s, 3 

H), 2.44 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ = 160.3, 157.1, 156.4, 139.7, 138.0, 

136.3, 133.7, 132.2, 131.4, 129.9, 129.6, 128.3, 128.2, 128.1, 123.5, 121.7, 121.1, 117.8, 

113.9, 92.1, 89.7, 55.3, 21.0; HRMS (ESI) calcd for C27H22ON (M + H)
+
 376.1696, found 

376.1703. 

2-(4-chloro-2-(phenylethynyl)phenyl)-6-(4-methoxyphenyl)pyridine (1x):  

 

Off white solid, 226 mg, 75% yield; mp = 140-142 °C; Rf = 0.55 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (400 MHz, CDCl3) δ = 8.10 (d, J = 9.2 Hz, 2 H), 7.90 (d, J = 

8.5 Hz, 2 H), 7.81 (t, J = 7.6 Hz, 1 H), 7.63 - 7.72 (m, 2 H), 7.46 (dd, J = 8.5, 1.8 Hz, 1 H), 

7.36 - 7.43 (m, 2 H), 7.27 - 7.36 (m, 3 H), 7.00 (d, J = 8.5 Hz, 2 H), 3.87 (s, 3 H); 
13

C 

NMR (100 MHz, CDCl3) δ = 160.5, 156.6, 156.0, 140.8, 136.4, 133.9, 132.7, 131.9, 

131.5, 131.3, 128.8, 128.5, 128.3, 128.3, 122.9, 121.6, 118.2, 114.0, 93.5, 88.2, 55.3; 

HRMS (ESI) calcd for C26H19ONCl (M + H)
+
 396.1150, found 396.1159. 

2-(4,5-difluoro-2-(phenylethynyl)phenyl)-6-(4-methoxyphenyl)pyridine (1y): 
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Off white solid, 240 mg, 79% yield; mp = 100-102 °C; Rf = 0.55 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (400 MHz, CDCl3) δ = 8.09 (d, J = 8.5 Hz, 2 H), 7.95 (d, J = 

7.9 Hz, 1 H), 7.78 - 7.88 (m, 2 H), 7.71 (d, J = 7.9 Hz, 1 H), 7.48 (dd, J = 10.4, 7.9 Hz, 1 

H), 7.37 - 7.43 (m, 2 H), 7.33 (br.s., 3 H), 7.01 (d, J = 8.5 Hz, 2 H), 3.88 (s, 3 H); 
13

C 

NMR (100 MHz, CDCl3) δ = 160.6, 156.7, 155.0, 151.8 - 149.1 (dd, J = 252.0 Hz, 13.1 

Hz), 151.2 - 148.5 (dd, J = 250.5 Hz, 13.1 Hz), 139.8, 139.7, 138.9, 136.6, 131.7, 131.4, 

128.6, 128.4, 128.3, 128.3, 125.4, 122.8, 121.7 - 121.5 (d, J = 18.5 Hz), 121.6, 119.1 - 

119.0 (d, J = 18.5 Hz), 118.5, 118.1, 117.9, 114.1, 93.0, 87.5, 55.3; HRMS (ESI) calcd 

for C26H18ONF2 (M + H)
+
 398.1351, found 398.1358. 

2-(3,5-dimethyl-2-(phenylethynyl)phenyl)-6-(4-methoxyphenyl)pyridine (1z): 

 

Off white solid, 245 mg, 82% yield; mp = 86-88 °C; Rf = 0.60 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ = 8.07 - 8.17 (d, J = 8.8 Hz, 2 H), 7.76 - 

7.87 (m, 2 H), 7.68 (d, J = 7.2 Hz, 1 H), 7.52 (s, 1 H), 7.34 - 7.41 (m, 2 H), 7.27 - 7.32 (m, 

3 H), 7.17 (s, 1 H), 6.95 - 7.03 (d, J = 8.8 Hz, 2 H), 3.87 (s, 3 H), 2.62 (s, 3 H), 2.44 (s, 3 

H); 
13

C NMR (125 MHz, CDCl3) δ = 160.3, 158.0, 156.4, 142.8, 141.0, 138.1, 136.1, 

132.3, 131.2, 130.3, 128.4, 128.2, 128.0, 127.8, 123.9, 122.1, 118.4, 117.9, 113.9, 96.4, 

88.2, 55.3, 21.5, 21.3; HRMS (ESI) calcd for C28H24ON (M + H)
+
 390.1852, found 

390.1861. 

2-(3,5-dimethoxy-2-(phenylethynyl)phenyl)-6-(4-methoxyphenyl)pyridine (1aa): 

 

Yellow solid, 258 mg, 80% yield; mp = 102-104 °C; Rf = 0.45 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ = 8.08 - 8.16 (m, 2 H), 7.93 (d, J = 7.6 

Hz, 1 H), 7.81 (t, J = 7.6 Hz, 1 H), 7.70 (d, J = 6.9 Hz, 1 H), 7.38 - 7.45 (m, 2 H), 7.25 - 

7.33 (m, 3 H), 7.10 (d, J = 2.3 Hz, 1 H), 6.96 - 7.03 (m, 2 H), 6.59 (d, J = 2.3 Hz, 1 H), 

3.97 (s, 3 H), 3.92 (s, 3 H), 3.86 (s, 3 H); 
13

C NMR (125 MHz, CDCl3) δ = 161.7, 160.5, 
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160.3, 157.0, 156.3, 145.3, 136.1, 131.9, 131.1, 128.2, 128.0, 127.5, 124.0, 122.2, 118.2, 

113.9, 106.3, 103.8, 98.4, 95.6, 85.5, 56.1, 55.4, 55.2; HRMS (ESI) calcd for C28H24O3N 

(M + H)
+
 422.1751, found 422.1756. 

2.5.4 Synthesis of 2-aryl (phenylethynyl)phenyl)pyridines  

 

Representative procedure for Suzuki cross-coupling reaction:
1
 In a sealed tube, 2-

bromo-6-(3-isopropyl-4-methoxyphenyl)pyridine (200 mg, 0.65 mmol, 1.0 equiv) and aryl 

boronic acid (S28) (174 mg, 1.2 equiv) in DMF/H2O 1:1 (4 mL) was degassed with 

nitrogen for 5 min. Next, Na2CO3 (204 mg, 3 equiv) and PdCl2(PPh3)2 (22.8 mg, 5 mol%) 

were added under nitrogen atmosphere. The reaction mixture was stirred at 80 °C for 6 h. 

After complete consumption of starting material, as monitored by TLC, the resulting 

mixture was allowed to bring to room temperature.  

The reaction mixture was diluted with NaHCO3 (5 mL) and then the product was extracted 

with ethyl acetate (3 × 5 mL). The combined organic layer was dried over Na2SO4 and the 

organic solvent was removed under vacuo. The crude product was purified on a silica gel 

column using petroleum ether/ethyl acetate as eluent to afford 2-(3-isopropyl-4-

methoxyphenyl)-6-(2-(phenylethynyl)phenyl) pyridine (1ab) in 84% yield. 
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2-(3-isopropyl-4-methoxyphenyl)-6-(2-(phenylethynyl)phenyl)pyridine (1ab): 

 

Off white solid, 205 mg, 84% yield; mp = 142-144 °C; Rf = 0.60 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (400 MHz, CDCl3) δ = 7.92 - 8.03 (m, 3 H), 7.86 - 7.92 (m, 1 

H), 7.82 (t, J = 7.6 Hz, 1 H), 7.70 (d, J = 7.3 Hz, 2 H), 7.45 - 7.53 (m, 1 H), 7.33 - 7.45 (m, 

3 H), 7.27 - 7.32 (m, 3 H), 6.93 (d, J = 8.5 Hz, 1 H), 3.89 (s, 3 H), 3.36 (dt, J = 13.9, 6.8 

Hz, 1 H), 1.27 (d, J = 6.7 Hz, 6 H); 
13

C NMR (100 MHz, CDCl3) δ = 157.8, 157.1, 157.1, 

142.6, 137.0, 136.2, 133.2, 132.0, 131.4, 130.0, 128.5, 128.2, 128.1, 128.0, 125.6, 125.0, 

123.5, 121.7, 121.4, 118.2, 110.4, 92.4, 89.5, 55.5, 27.2, 22.6; HRMS (ESI) calcd for 

C29H26ON (M + H)
+
 404.2009, found 404.2019. 

2-(3,4-dimethoxyphenyl)-6-(2-(phenylethynyl)phenyl)pyridine (1ac): 

 

Yellowish solid, 185 mg, 78% yield; mp = 98-100 °C; Rf = 0.55 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ = 7.90 (d, J = 7.6 Hz, 1 H), 7.83 - 7.88 

(m, 2 H), 7.81 (t, J = 7.8 Hz, 1 H), 7.67 - 7.75 (m, 2 H), 7.65 (dd, J = 8.4, 1.9 Hz, 1 H), 

7.49 (t, J = 7.1 Hz, 1 H), 7.40 - 7.44 (m, 1 H), 7.34 - 7.40 (m, 2 H), 7.26 - 7.31 (m, 3 H), 

6.94 (d, J = 8.4 Hz, 1 H), 3.93 (s, 3 H), 3.88 (s, 3 H); 
13

C NMR (125 MHz, CDCl3) δ = 

157.1, 156.3, 149.8, 149.0, 142.4, 136.3, 133.2, 132.4, 131.3, 129.7, 128.4, 128.2, 128.1, 

128.0, 123.3, 121.8, 121.4, 119.4, 118.1, 110.9, 110.1, 92.3, 89.4, 55.8, 55.6; HRMS 

(ESI) calcd for C27H22ON (M + H)
+
 392.1645, found 392.1654. 

2-(3-chloro-4-methoxyphenyl)-6-(2-(phenylethynyl)phenyl)pyridine (1ad): 
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Off white solid, 152 mg, 64% yield; mp = 130-132 °C; Rf = 0.55 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ = 8.24 (d, J = 2.3 Hz, 1 H), 8.03 (dd, J = 

8.6, 2.1 Hz, 1 H), 7.93 (d, J = 8.0 Hz, 2 H), 7.82 (t, J = 7.8 Hz, 1 H), 7.73 (d, J = 7.6 Hz, 1 

H), 7.66 (d, J = 8.0 Hz, 1 H), 7.48 - 7.54 (m, 1 H), 7.37 - 7.47 (m, 3 H), 7.27 - 7.36 (m, 3 

H), 6.97 (d, J = 8.8 Hz, 1 H), 3.94(s, 3 H); 
13

C NMR (125 MHz, CDCl3) δ = 157.3, 155.5, 

155.1, 142.1, 136.4, 133.3, 132.9, 131.4, 129.8, 128.7, 128.6, 128.2, 128.1, 126.3, 123.3, 

122.7, 122.3, 121.4, 118.0, 111.8, 92.5, 89.3, 56.1; HRMS (ESI) calcd for C26H19ONCl 

(M + H)
+
 396.1150, found 396.1149. 

2-(4-methoxynaphthalen-1-yl)-6-(2-(phenylethynyl)phenyl)pyridine (1ae): 

 

Off white solid, 178 mg, 72% yield; mp = 120-122 °C; Rf = 0.65 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ = 8.41 (d, J = 8.0 Hz, 1 H), 8.32 (d, J = 

8.4 Hz, 1 H), 8.07 (d, J = 7.6 Hz, 1 H), 7.97 (d, J = 7.6 Hz, 1 H), 7.91 (t, J = 7.8 Hz, 1 H), 

7.74 (d, J = 7.2 Hz, 1 H), 7.69 (d, J = 7.6 Hz, 1 H), 7.59 (d, J = 7.6 Hz, 1 H), 7.45 - 7.56 

(m, 5 H), 7.38 - 7.45 (m, 1 H), 7.28 - 7.37 (m, 3 H), 6.90 (d, J = 7.6 Hz, 1 H), 4.05 (s, 3 

H); 
13

C NMR (125 MHz, CDCl3) δ = 158.9, 157.3, 155.8, 142.4, 135.9, 133.1, 132.1, 

131.4, 131.2, 129.9, 128.6, 128.3, 128.2, 128.1, 128.1, 126.8, 125.7, 125.5, 125.1, 123.5, 

123.4, 122.1, 122.0, 121.3, 103.3, 92.6, 89.4, 55.5; HRMS (ESI) calcd for C30H22ON (M 

+ H)
+
 412.1696, found 412.1698. 

2-(4-methoxy-3,5-dimethylphenyl)-6-(2-(phenylethynyl)phenyl)pyridine (1af): 

 

Off white solid, 178 mg, 76% yield; mp = 122-124 °C; Rf = 0.60 (petroleum ether/ethyl 

acetate = 90/10); 
1
H NMR (500 MHz, CDCl3) δ = 7.91 (d, J = 7.6 Hz, 1 H), 7.86 - 7.89 

(m, 1 H), 7.82 (t, J = 7.8 Hz, 1 H), 7.79 (s, 2 H), 7.65 - 7.74 (m, 2 H), 7.45 - 7.52 (m, 1 H), 

7.36 - 7.45 (m, 3 H), 7.24 - 7.34 (m, 3 H), 3.76 (s, 3 H), 2.33 (s, 7 H); 
13

C NMR (125 

MHz, CDCl3) δ = 157.9, 157.3, 156.8, 142.5, 136.3, 135.0, 133.3, 131.4, 131.0, 129.9, 
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128.6, 128.2, 128.1, 127.6, 123.5, 122.0, 121.5, 118.6, 92.4, 89.5, 59.7, 16.2; HRMS 

(ESI) calcd for C28H24ON (M + H)
+
 390.1852, found 390.1853. 

2-phenyl-6-(2-(phenylethynyl)phenyl)pyridine (1ag): 

 

Orange thick liquid, 218 mg, 78% yield; Rf = 0.50 (petroleum ether/EtOAc = 97/03); 
1
H 

NMR (500 MHz,CDCl3) δ = 8.16 (d, J = 7.2 Hz, 2 H), 7.96 (t, J = 8.6 Hz, 2 H), 7.86 (t, J 

= 7.8 Hz, 1 H), 7.76 (d, J = 8.0 Hz, 1 H), 7.72 (d, J = 7.2 Hz, 1 H), 7.51 - 7.45 (m, 3 H), 

7.41 (d, J = 3.4 Hz, 2 H), 7.43 (d, J = 5.0 Hz, 2 H), 7.34 - 7.28 (m, 3 H); 
13

C NMR (125 

MHz,CDCl3) δ = 157.3, 156.9, 142.3, 139.5, 136.4, 133.3, 131.4, 129.9, 128.8, 128.6, 

128.6, 128.2, 128.2, 128.2, 127.1, 123.4, 122.5, 121.4, 118.8, 92.5, 89.4; HRMS (ESI) 

calcd for C25H18N
 
(M + H)

+ 
332.1434, found 332.1434. 

2-(3, 5-dimethoxyphenyl)-6-(2-(phenylethynyl)phenyl)pyridine (1ah): 

 

Off white solid, 238 mg, 90% yield; mp = 145-147 °C; Rf = 0.30 (petroleum ether/EtOAc 

= 95/05); 
1
H NMR (400 MHz,CDCl3) δ = 8.01 - 7.93 (m, 1 H), 7.91 (d, J = 7.9 Hz, 1 H), 

7.86 (t, J = 7.9 Hz, 1 H), 7.72 (t, J = 7.3 Hz, 2 H), 7.48 (d, J = 6.7 Hz, 1 H), 7.45 - 7.40 

(m, 1 H), 7.40 - 7.35 (m, 2 H), 7.34 - 7.27 (m, 5 H), 6.58 - 6.48 (m, 1 H), 3.83 (s, 6 H); 
13

C 

NMR (100 MHz,CDCl3) δ = 161.0, 157.3, 156.5, 142.3, 141.7, 136.5, 133.2, 131.4, 

129.9, 128.6, 128.3, 128.2, 123.3, 122.8, 121.5, 119.0, 105.2, 101.2, 92.4, 89.4, 55.4; 

HRMS (ESI) calcd for C27H22O2N
+ 

(M + H)
+
 
 
392.1648, found 392.1645. 

2-(naphthalen-2-yl)-6-(2-(phenylethynyl)phenyl)pyridine (1ai): 
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Orange thick liquid, 165 mg, 78% yield; Rf = 0.50 (petroleum ether/EtOAc = 97/03); 
1
H 

NMR (500 MHz,CDCl3) δ = 8.65 (s, 1 H), 8.40 - 8.29 (m, 1 H), 8.05 - 7.98 (m, 2 H), 7.95 

(d, J = 8.8 Hz, 1 H), 7.93 - 7.86 (m, 4 H), 7.77 (d, J = 7.6 Hz, 1 H), 7.56 - 7.49 (m, 3 H), 

7.49 - 7.41 (m, 3 H), 7.36 - 7.27 (m, 3 H); 
13

C NMR (125 MHz,CDCl3) δ = 157.5, 156.7, 

142.3, 136.8, 136.5, 133.6, 133.5, 133.3, 131.4, 130.0, 128.7, 128.6, 128.3, 128.2, 128.2, 

128.1, 127.6, 126.4, 126.3, 126.1, 124.8, 123.4, 122.6, 121.4, 119.1, 92.6, 89.5; HRMS 

(ESI) calcd for C29H19N
 
(M + H)

+
 382.1519, found 382.1523. 

2-(6-methoxynaphthalen-2-yl)-6-(2-(phenylethynyl)phenyl)pyridine (1aj): 

 

Off white solid, 214 mg, 82% yield; mp = 150-152 °C; Rf = 0.50(petroleum ether/EtOAc = 

95/05); 
1
H NMR (500 MHz,CDCl3) δ = 8.60 - 8.48 (m, 1 H), 8.25 (dd, J = 1.7, 8.6 Hz, 1 

H), 7.98 - 7.94 (m, 1 H), 7.94 - 7.89 (m, 1 H), 7.88 - 7.83 (m, 2 H), 7.80 (d, J = 8.4 Hz, 1 

H), 7.76 (d, J = 8.4 Hz, 1 H), 7.73 - 7.67 (m, 1 H), 7.49 (dt, J = 1.3, 7.5 Hz, 1 H), 7.42 (dd, 

J = 1.3, 7.4 Hz, 1 H), 7.40 - 7.37 (m, 2 H), 7.28 - 7.24 (m, 3 H), 7.17 - 7.12 (m, 2 H), 3.93 

(s, 3 H); 
13

C NMR (125 MHz,CDCl3) δ = 158.2, 157.5, 156.9, 142.5, 136.4, 134.9, 134.8, 

133.4, 131.5, 130.3, 130.0, 129.0, 128.6, 128.3, 128.2, 127.1, 126.3, 125.3, 123.5, 122.3, 

121.5, 119.0, 118.8, 105.7, 92.6, 89.5, 55.3; HRMS (ESI) calcd for C30H22ON
+ 

(M + H)
 +

 

412.1693, found 412.1696. 

2-(naphthalen-1-yl)-6-(2-(phenylethynyl)phenyl)pyridine (1ak): 

 

Orange thick liquid, 167 mg, 79% yield; Rf = 0.50 (petroleum ether/EtOAc = 97/03); 
1
H 

NMR (500 MHz,CDCl3) δ = 8.24 (d, J = 8.4 Hz, 2 H), 7.97 (t, J = 6.9 Hz, 2 H), 7.90 - 

7.84 (m, 1 H), 7.83 - 7.78 (m, 1 H), 7.74 - 7.69 (m, 3 H), 7.67 (d, J = 7.2 Hz, 2 H), 7.50 - 

7.46 (m, 2 H), 7.42 - 7.36 (m, 3 H), 7.34 - 7.28 (m, 3 H); 
13

C NMR (125 MHz,CDCl3) δ = 

157.4, 156.4, 142.3, 141.6, 140.7, 138.4, 136.5, 133.3, 131.4, 130.0, 128.8, 128.6, 128.3, 
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128.2, 128.2, 127.5, 127.4, 127.1, 123.4, 122.6, 121.4, 118.7, 92.5, 89.4; HRMS (ESI) 

calcd for C29H19N
 
(M + H)

+
 382.1519, found 382.1520. 

2-(phenanthren-9-yl)-6-(2-(phenylethynyl)phenyl)pyridine (1al): 

 

Off white solid, 180 mg, 70% yield; mp = 112-114 °C; Rf = 0.50 (petroleum ether/EtOAc 

= 97/03); 
1
H NMR (500 MHz,CDCl3) δ =8.78 (d, J = 8.0 Hz, 1 H), 8.73 (d, J = 8.4 Hz, 1 

H), 8.21 (d, J = 8.0 Hz, 1 H), 8.09 (d, J = 7.6 Hz, 1 H), 7.99 - 7.94 (m, 2 H), 7.94 - 7.90 

(m, 1 H), 7.83 (d, J = 8.0 Hz, 1 H), 7.73 - 7.66 (m, 3 H), 7.66 - 7.62 (m, 1 H), 7.62 - 7.57 

(m, 1 H), 7.55 - 7.50 (m, 1 H), 7.49 - 7.43 (m, 3 H), 7.43 - 7.38 (m, 1 H), 7.35 - 7.29 (m, 3 

H);
 13

C NMR (125 MHz,CDCl3) δ = 159.0, 157.6, 142.3, 137.4, 136.1, 133.2, 131.5, 

130.8, 130.5, 130.4, 130.0, 129.0, 128.7, 128.7, 128.4, 128.3, 128.2, 126.9, 126.7, 126.6, 

126.5, 123.6, 123.4, 122.9, 122.7, 122.5, 121.5, 92.7, 89.4; HRMS (ESI) calcd for 

C33H21N
+ 

(M + H)
 +

 432.1750, found 432.1756. 

2-(benzo[b]thiophen-2-yl)-6-(2-(phenylethynyl)phenyl)pyridine (1am): 

 

Off white solid, 223 mg, 84% yield; mp = 115-117 °C; Rf = 0.50(petroleum ether/EtOAc = 

95/05); 
1
H NMR (500 MHz,CDCl3) δ = 8.00 (d, J = 8.0 Hz, 1 H), 8.03 (d, J = 7.6 Hz, 1 

H), 7.94 (s, 1 H), 7.86 (d, J = 8.4 Hz, 1 H), 7.84 – 7.76 (m, 3 H), 7.71 (d, J = 7.6 Hz, 1 H), 

7.55 – 7.50 (m, 1 H), 7.46 – 7.40 (m, 3 H), 7.38 – 7.34 (m, 2 H), 7.33 – 7.28 (m, 3 H); 
13

C 

NMR (125 MHz,CDCl3) δ = 157.3, 152.2, 145.2, 141.6, 140.8, 140.5, 136.3, 133.3, 

131.4, 130.1, 128.7, 128.4, 128.3, 128.2, 124.9, 124.5, 124.4, 124.2, 124.1, 123.4, 123.2, 

122.5, 121.3, 121.1, 118.0, 92.8, 89.3; HRMS (ESI) calcd for C27H18SN
+ 

(M + 

H)
+
388.1154, found 388.1154. 
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2.5.5 Copper-promoted intramolecular formal [4+2] annulation of alkynes with 

 azadiene   

 

Representative procedure: To a screw-cap vial containing a stir bar were added 2-(4-

methoxyphenyl)-6-(2-(phenylethynyl)phenyl)pyridine (1a) (50 mg, 0.13 mmol, 1.0 equiv),  

Cu(Otf)2 (50 mg, 1.0 equiv) and CH3CN (4 mL). The reaction vial was fitted with a cap, 

evacuated and back filled with N2 and heated at 80 °C for 12 h. When the reaction time 

was completed, the reaction mixture was allowed to cool at ambient temperature. The 

mixture was diluted with CH2Cl2 (10 mL) and the combined mixture was concentrated in 

vacuo and the resulting residue was purified by column chromatography on silica 

(CH2Cl2/MeOH; 95:05) to afford the product 2a in 78% yield. 

General procedure for catalytic formal [4+2] annulation reaction 

 

Representative procedure: To a screw-cap vial containing a stir bar were added 2-(4-

methoxyphenyl)-6-(2-(phenylethynyl)phenyl)pyridine (1a) (50 mg, 0.13 mmol, 1.0 equiv),  

Cu(OTf)2 (5.0 mg, 10 mol%), Selectfluor (49 mg, 1.0 equiv.) and CH3CN (4 mL). The 

reaction vial was fitted with a cap, evacuated and back filled with N2 and heated at 80 °C 

for 12 h. When the reaction time was completed, the reaction mixture was allowed to cool 

at ambient temperature. The mixture was diluted with CH2Cl2 (10 mL) and the combined 

mixture was concentrated in vacuo and the resulting residue was purified by column 

chromatography on silica (CH2Cl2/MeOH; 95:05) to afford the product 2a' in 75% yield. 
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6-methoxy-8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2a): 

 

Off white solid, 52 mg, 78% yield; mp = 312-314 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ = 9.79 (d, J = 8.8 Hz, 1 H), 9.55 (d, J = 9.2 Hz, 1 H), 

9.34 (d, J = 7.6 Hz, 1 H), 9.07 (t, J = 8.2 Hz, 1 H), 8.86 (d, J = 7.6 Hz, 1 H), 8.02 - 7.92 

(m, 2 H), 7.88 (br. s., 3 H), 7.75 (t, J = 7.6 Hz, 1 H), 7.70 (d, J = 3.4 Hz, 2 H), 7.24 - 7.14 

(m, 1 H), 6.88 (d, J = 8.0 Hz, 1 H), 3.91 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 

163.0, 141.1, 138.9, 138.2, 134.9, 134.4, 132.5, 132.1, 132.0, 131.0, 130.5, 130.3, 130.0, 

129.3, 128.4, 123.4, 123.2, 121.3, 120.7, 118.7, 118.1, 108.2, 56.0;
 19

F NMR (376.5 MHz, 

DMSO-d6)δ = 77.75; HRMS (ESI) calcd for C26H18ON
+ 

(M - OTf)
+
 360.1381, found 

360.1383. 

6-methoxy-8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

tetrafluoroborate (2a'): 

 
Off white solid, 44 mg, 75% yield; mp = 240-242 °C; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 

1
H NMR (400 MHz,DMSO-d6) δ = 9.79 (d, J = 8.5 Hz, 1 H), 9.55 (d, J = 9.2 Hz, 1 H), 

9.34 (d, J = 7.3 Hz, 1 H), 9.07 (t, J = 7.9 Hz, 1 H), 8.86 (d, J = 7.9 Hz, 1 H), 8.04 - 7.91 

(m, 2 H), 7.91 - 7.82 (m, 3 H), 7.75 (t, J = 7.6 Hz, 1 H), 7.70 (d, J = 3.1 Hz, 2 H), 7.29 - 

7.10 (m, 1 H), 6.88 (d, J = 7.9 Hz, 1 H), 3.91 (s, 3 H); 
13

C NMR (100 MHz,DMSO-d6) δ 

= 163.0, 141.1, 138.9, 138.2, 134.9, 134.4, 132.5, 132.1, 132.0, 131.0, 130.4, 130.3, 130.0, 

129.3, 128.4, 123.4, 123.2, 121.3, 120.7, 118.7, 118.1, 108.2, 56.0;
 19

F NMR (376.5 MHz, 

DMSO-d6)δ = 148.26; HRMS (ESI) calcd for C25H16ON
+ 

(M - BF4)
+
 360.1383, found 

360.1380. 
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6-methoxy-8-(p-tolyl)benzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate(2b): 

 

Off white solid, 52 mg, 76% yield; mp = 278-280 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (400 MHz, DMSO-d6) δ = 9.78 (d, J = 8.5 Hz, 1 H), 9.55 (d, J = 9.2 Hz, 1 H), 

9.33 (d, J = 7.3 Hz, 1 H), 9.06 (t, J = 7.9 Hz, 1 H), 8.86 (d, J = 7.3 Hz, 1 H), 8.02 - 7.89 

(m, 2 H), 7.78 (t, J = 7.3 Hz, 1 H), 7.72 - 7.63 (m, J = 7.3 Hz, 2 H), 7.62 - 7.48 (m, J = 7.3 

Hz, 2 H), 7.23 (s, 1 H), 6.97 (d, J = 7.9 Hz, 1 H), 3.91 (s, 3 H), 2.61 (s, 3 H); 
13

C NMR 

(100 MHz, DMSO-d6) δ = 163.0, 141.0, 140.0, 138.8, 138.1, 135.1, 134.6, 132.5, 132.0, 

131.0, 130.6, 130.4, 130.3, 129.2, 129.1, 128.4, 123.4, 123.3, 121.2, 120.6, 118.7, 118.0, 

108.3, 56.1, 21.2; HRMS (ESI) calcd for C27H20ON
+ 

(M - OTf)
+
 374.1515, found 

374.1537 

6-methoxy-8-(p-tolyl)benzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

tetrafluoroborate (2b'): 

 
Off white solid, 37 mg, 63% yield; mp = 230-232 °C; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 

1
H NMR (400 MHz,DMSO-d6) δ = 9.77 (d, J = 8.5 Hz, 1 H), 9.54 (d, J = 9.2 Hz, 1 H), 

9.33 (d, J = 7.3 Hz, 1 H), 9.14 - 8.98 (m, 1 H), 8.86 (d, J = 7.9 Hz, 1 H), 8.05 - 7.85 (m, 2 

H), 7.77 (t, J = 7.6 Hz, 1 H), 7.68 (d, J = 7.9 Hz, 2 H), 7.63 - 7.51 (m, 2 H), 7.23 (d, J = 

2.4 Hz, 1 H), 6.97 (d, J = 7.9 Hz, 1 H), 3.91 (s, 3 H), 2.61 (s, 3 H); 
13

C NMR (100 

MHz,DMSO-d6) δ = 163.0, 141.0, 140.0, 138.8, 138.1, 135.1, 134.6, 132.5, 132.0, 131.0, 

130.6, 130.4, 130.3, 129.2, 129.1, 128.4, 123.4, 123.3, 121.2, 120.6, 118.7, 118.0, 108.3, 

56.1, 21.2; HRMS (ESI) calcd for C25H16ON
+ 

(M - BF4)
+
 374.1539, found 374.1537. 
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6-methoxy-8-(4-pentylphenyl)benzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2c): 

 

Off white solid, 50 mg, 74% yield; mp = 220-222 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ =  9.78 (d, J = 8.8 Hz, 1 H), 9.55 (d, J = 9.2 Hz, 1 H), 

9.33 (d, J = 7.6 Hz, 1 H), 9.06 (t, J = 8.0 Hz, 1 H), 8.86 (d, J = 7.6 Hz, 1 H), 8.01 - 7.90 

(m, 2 H), 7.73 (t, J = 7.6 Hz, 1 H), 7.71 - 7.66 (m, J = 7.6 Hz, 2 H), 7.63 - 7.52 (m, J = 8.0 

Hz, 2 H), 7.22 (d, J = 1.9 Hz, 1 H), 6.91 (d, J = 8.0 Hz, 1 H), 3.91 (s, 3 H), 2.87 (t, J = 7.4 

Hz, 2 H), 1.80 (t, J = 6.9 Hz, 2 H), 1.47 - 1.37 (m, 4 H), 0.94 (t, J = 6.5 Hz, 3 H); 
13

C 

NMR (125 MHz, DMSO-d6) δ = 163.0, 144.8, 141.0, 138.8, 138.2, 135.1, 134.6, 132.5, 

131.9, 131.0, 130.4, 130.3, 129.9, 129.4, 129.2, 128.5, 123.4, 123.2, 121.2, 120.7, 118.7, 

118.1, 108.4, 56.0, 35.0, 30.9, 30.3, 22.0, 14.0; HRMS (ESI) calcd for C31H28ON
+ 

(M - 

OTf)
+
 430.2165, found 430.2165. 

6-methoxy-8-(4-methoxyphenyl)benzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2d): 

 

Off white solid, 33 mg, 48% yield; mp = 218-220 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ = 9.77 (d, J = 8.5 Hz, 1 H), 9.53 (d, J = 9.3 Hz, 1 H), 

9.32 (d, J = 7.6 Hz, 1 H), 9.05 (t, J = 8.2 Hz, 1 H), 8.86 (d, J = 7.8 Hz, 1 H), 8.02 - 7.91 

(m, 2 H), 7.82 - 7.75 (m, 1 H), 7.67 - 7.59 (m, 2 H), 7.47 - 7.39 (m, J = 8.7 Hz, 2 H), 7.27 

(d, J = 2.6 Hz, 1 H), 7.04 (d, J = 7.9 Hz, 1 H), 3.99 (s, 3 H), 3.93 (s, 3 H); 
13

C NMR (125 

MHz, DMSO-d6) δ = 163.0, 160.6, 141.0, 138.7, 138.1, 135.3, 134.5, 132.6, 132.0, 131.0, 

130.9, 130.4, 130.2, 128.4, 123.8, 123.4, 121.2, 120.6, 118.7, 118.0, 115.5, 108.3, 56.1, 

55.5; HRMS (ESI) calcd for C27H20O2N
+ 

(M - OTf)
+
 390.1489, found 390.1484. 
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8-(4-fluorophenyl)-6-methoxybenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2f): 

 

Off white solid, 54 mg, 78% yield; mp = 348-350 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (400 MHz, DMSO-d6) δ = 9.79 (d, J = 8.5 Hz, 1 H), 9.56 (d, J = 9.2 Hz, 1 H), 

9.34 (d, J = 7.9 Hz, 1 H), 9.08 (t, J = 8.2 Hz, 1 H), 8.87 (d, J = 7.9 Hz, 1 H), 8.03 - 7.91 

(m, 2 H), 7.86 - 7.69 (m, 5 H), 7.19 (br. s., 1 H), 6.96 (d, J = 7.9 Hz, 1 H), 3.93 (s, 3 H); 

13
C NMR (100 MHz, DMSO-d6) δ =163.2 (d, J = 247.4 Hz), 163.1, 141.1, 139.0, 138.2, 

135.1, 133.5, 132.7, 132.2, 131.9, 131.8, 131.1, 130.3, 130.2 128.4, 128.4 (d, J = 3.08 Hz) 

123.4 (d, J = 13.10 Hz), 121.4, 120.7, 118.7, 118.1, 117.3(d, J = 22.35 Hz), 108.1, 56.1; 

HRMS (ESI) calcd for C26H17FON
+ 

(M - OTf)
+
 378.1340, found 378.1345. 

8-(4-chlorophenyl)-6-methoxybenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2g): 

 

Off white solid, 51 mg, 75% yield; mp = 285-287 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ = 9.79 (d, J = 8.5 Hz, 1 H), 9.56 (d, J = 9.3 Hz, 1 H), 

9.35 (d, J = 7.6 Hz, 1 H), 9.08 (t, J = 8.1 Hz, 1 H), 8.88 (d, J = 7.8 Hz, 1 H), 8.07 - 7.90 

(m, 4 H), 7.82 (t, J = 7.6 Hz, 1 H), 7.74 (d, J = 8.2 Hz, 2 H), 7.18 (d, J = 2.1 Hz, 1 H), 6.99 

(d, J = 8.1 Hz, 1 H), 3.93 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 163.1, 141.1, 

139.0, 138.3, 135.3, 134.8, 133.1, 132.6, 132.2, 131.4, 131.2, 131.0, 130.3, 130.3, 130.2, 

128.5, 123.5, 123.3, 121.4, 120.7, 118.7, 118.1, 108.0, 56.2; HRMS (ESI) calcd for 

C26H17ClON
+ 

(M - OTf)
+
 394.0993, found 394.0998. 
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6-methoxy-8-(4-pentanoylphenyl)benzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2h): 

 

Off white solid, 53 mg, 81% yield; mp = 240-242 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ = 9.81 (d, J = 8.5 Hz, 1 H), 9.58 (d, J = 9.3 Hz, 1 H), 

9.36 (d, J = 7.5 Hz, 1 H), 9.10 (t, J = 8.2 Hz, 1 H), 8.89 (d, J = 7.9 Hz, 1 H), 8.48 - 8.42 

(m, J = 8.2 Hz, 2 H), 8.02 - 7.95 (m, 2 H), 7.90 - 7.83 (m, J = 8.2 Hz, 2 H), 7.80 - 7.71 (m, 

1 H), 7.15 (d, J = 2.4 Hz, 1 H), 6.93 (d, J = 8.1 Hz, 1 H), 3.92 (s, 3 H), 3.27 (t, J = 7.2 Hz, 

2 H), 1.74 (quin, J = 7.4 Hz, 2 H), 1.47 (sxt, J = 7.4 Hz, 2 H), 0.99 (t, J = 7.3 Hz, 3 H); 
13

C 

NMR (125 MHz, DMSO-d6) δ = 199.8, 163.1, 141.1, 139.1, 138.3, 138.0, 136.5, 134.6, 

133.4, 132.4, 132.2, 131.2, 130.4, 130.1, 129.9, 129.5, 128.5, 123.5, 123.3, 121.3, 120.8, 

118.7, 118.1, 108.2, 56.1, 37.9, 25.8, 21.8, 13.9; HRMS (ESI) calcd for C31H26O2N
+ 

(M - 

OTf)
+
 444.1925, found 444.1925.  

6-methoxy-8-(2-methoxyphenyl)benzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2i): 

 

Pale yellow solid, 39 mg, 57% yield; mp = 220-222 °C; Rf = 0.50 (CH2Cl2/MeOH = 

95/05); 
1
H NMR (500 MHz, DMSO-d6) δ = 9.78 (d, J = 8.4 Hz, 1 H), 9.54 (d, J = 9.3 Hz, 

1 H), 9.32 (d, J = 7.6 Hz, 1 H), 9.06 (t, J = 8.1 Hz, 1 H), 8.86 (d, J = 7.9 Hz, 1 H), 8.02 - 

7.93 (m, 2 H), 7.91 - 7.84 (m, 1 H), 7.78 (t, J = 7.6 Hz, 1 H), 7.56 (d, J = 8.5 Hz, 1 H), 

7.53 - 7.46 (m, 1 H), 7.41 (t, J = 7.4 Hz, 1 H), 7.18 (d, J = 2.4 Hz, 1 H), 7.01 (d, J = 7.9 

Hz, 1 H), 3.91 (s, 3 H), 3.69 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 163.1, 156.8, 

141.0, 138.9, 138.2, 134.8, 132.6, 132.5, 132.2, 131.9, 131.1, 130.8, 130.3, 130.2, 128.5, 

123.5, 122.9, 122.0, 121.3, 120.8, 120.0, 118.6, 118.1, 112.8, 107.9, 56.1, 55.9; HRMS 

(ESI) calcd for C27H20O2N
+ 

(M - OTf)
+ 

390.1489, found 390.1474. 
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6-methoxy-8-(3-methoxyphenyl)benzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2j): 

 

Off white solid, 42 mg, 62% yield; mp = 285-287 °C; Rf = 0.40 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ = 9.79 - 9.69 (m, 1 H), 9.52 (dt, J = 3.1, 6.1 Hz, 1 H), 

9.36 - 9.25 (m, 1 H), 9.08 - 8.97 (m, 1 H), 8.84 (t, J = 6.1 Hz, 1 H), 8.00 - 7.89 (m, 2 H), 

7.82 - 7.69 (m, 2 H), 7.43 (dd, J = 2.3, 8.4 Hz, 1 H), 7.28 - 7.20 (m, 3 H), 6.97 (d, J = 8.0 

Hz, 1 H), 3.92 (s, 3 H), 3.86 (s, 3 H); 
13

C NMR (100 MHz, DMSO-d6) δ = 163.1, 160.3, 

141.1, 138.9, 138.2, 134.9, 134.1, 133.4, 132.4, 132.1, 131.4, 131.1, 130.3, 128.4, 123.4, 

121.3, 120.7, 118.7, 118.1, 116.0, 114.6, 108.3, 56.1, 55.5; HRMS (ESI) calcd for 

C27H20O2N
+ 

(M - OTf)
+
 390.1484, found 390.1489. 

8-(3-chlorophenyl)-6-methoxybenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2k): 

 

Off white solid, 49 mg, 72% yield; mp = 258-260 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ9.81 (d, J = 8.7 Hz, 1 H), 9.57 (d, J = 9.3 Hz, 1 H), 

9.36 (d, J = 7.6 Hz, 1 H), 9.09 (t, J = 8.2 Hz, 1 H), 8.89 (d, J = 7.9 Hz, 1 H), 8.02 - 7.97 

(m, 2 H), 7.96 (dd, J = 1.1, 2.1 Hz, 1 H), 7.95 - 7.88 (m, 1 H), 7.84 - 7.79 (m, 2 H), 7.70 

(d, J = 7.5 Hz, 1 H), 7.18 (d, J = 2.6 Hz, 1 H), 6.93 (d, J = 8.1 Hz, 1 H), 3.94 (s, 3 H); 
13

C 

NMR (125 MHz, DMSO-d6) δ = 163.2, 141.1, 139.2, 138.3, 134.7, 134.6, 134.2, 132.6, 

132.3, 132.1, 131.2, 130.6, 130.4, 130.1, 129.2, 128.5, 128.2, 123.6, 123.2, 121.4, 120.8, 

118.7, 118.2, 108.1, 56.2; HRMS (ESI) calcd for C26H17ClON
+ 

(M - OTf)
+
 394.0993, 

found 394.0977. 
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8-(3,5-dimethoxyphenyl)-6-methoxybenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2l): 

 

Pale yellow solid, 52 mg, 78% yield; mp = 198-200 °C; Rf = 0.60 (CH2Cl2/MeOH = 

90/10); 
1
H NMR (500 MHz, DMSO-d6) δ = 9.79 (d, J = 8.5 Hz, 1 H), 9.55 (d, J = 9.2 Hz, 

1 H), 9.34 (d, J = 7.8 Hz, 1 H), 9.07 (t, J = 8.1 Hz, 1 H), 8.87 (d, J = 7.8 Hz, 1 H), 8.00 - 

7.95 (m, 2 H), 7.84 (t, J = 7.7 Hz, 1 H), 7.31 (d, J = 2.4 Hz, 1 H), 7.11 (d, J = 7.9 Hz, 1 H), 

6.97 (t, J = 2.1 Hz, 1 H), 6.83 (d, J = 2.1 Hz, 2 H), 3.95 (s, 3 H), 3.85 (s, 6 H); 
13

C NMR 

(125 MHz, DMSO-d6) δ = 163.1, 161.6, 141.1, 138.9, 138.1, 134.8, 134.1, 134.0, 132.3, 

132.2, 131.1, 130.2, 130.2, 128.4, 123.5, 123.4, 121.3, 120.7, 118.6, 118.1, 108.3, 107.1, 

101.8, 56.2, 55.7; HRMS (ESI) calcd for C28H22O3N
+ 

(M - OTf)
+
 420.1594, found 

420.1566. 

8-(3-chloro-4-methylphenyl)-6-methoxybenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-

ium trifluoromethanesulfonate (2m): 

 

Off white solid, 51 mg, 76% yield; mp = 264-266 °C; Rf = 0.60 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ = 9.79 (d, J = 8.5 Hz, 1 H), 9.56 (d, J = 9.3 Hz, 1 H), 

9.34 (d, J = 7.6 Hz, 1 H), 9.08 (t, J = 8.1 Hz, 1 H), 8.88 (d, J = 7.8 Hz, 1 H), 8.04 - 7.93 

(m, 2 H), 7.86 (d, J = 7.8 Hz, 1 H), 7.82 (t, J = 7.5 Hz, 1 H), 7.77 (d, J = 1.4 Hz, 1 H), 7.60 

(dd, J = 1.5, 7.6 Hz, 1 H), 7.21 (d, J = 2.4 Hz, 1 H), 6.99 (d, J = 8.1 Hz, 1 H), 3.94 (s, 3 

H), 2.62 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 163.1, 141.1, 139.1, 138.2, 138.0, 

134.8, 134.8, 132.9, 132.7, 132.7, 132.2, 131.4, 131.2, 130.3, 130.2, 129.6, 128.5, 128.2, 

123.5, 123.3, 121.3, 120.7, 118.6, 118.1, 108.2, 56.2, 19.8; HRMS (ESI) calcd for 

C27H19ClON
+ 

(M - OTf)
+
 408.1150, found 408.1141. 
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8-(2-chloro-5-methoxyphenyl)-6-methoxybenzo[1,2]indolizino[5,4,3-ab]isoquinolin-

13-ium trifluoromethanesulfonate (2n): 

 

Off white solid, 42 mg, 63% yield; mp = 210-212 °C;Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ = 9.82 (d, J = 8.5 Hz, 1 H), 9.59 (d, J = 9.3 Hz, 1 H), 

9.36 (d, J = 7.8 Hz, 1 H), 9.10 (t, J = 8.2 Hz, 1 H), 8.90 (d, J = 7.8 Hz, 1 H), 8.04 - 7.98 

(m, 2 H), 7.92 (d, J = 9.0 Hz, 1 H), 7.86 (t, J = 7.6 Hz, 1 H), 7.49 (dd, J = 3.1, 9.0 Hz, 1 

H), 7.29 (d, J = 2.9 Hz, 1 H), 7.15 (d, J = 2.4 Hz, 1 H), 6.99 (d, J = 8.1 Hz, 1 H), 3.96 (s, 3 

H), 3.83 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 163.4, 159.2, 141.2, 139.4, 138.4, 

134.0, 132.7, 132.6, 131.7, 131.5, 131.0, 130.4, 129.7, 128.7, 123.6, 123.6, 122.9, 121.4, 

121.0, 118.6, 118.4, 116.5, 107.8, 56.3, 55.9; HRMS (ESI) calcd for C27H19ClO2N
+ 

(M - 

OTf)
+
424.1099, found 424.1099. 

6-methoxy-8-(naphthalen-1-yl)benzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2o): 

 

Off white solid, 54 mg, 80% yield; mp = 303-305 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ = 9.85 (d, J = 8.5 Hz, 1 H), 9.62 (d, J = 9.2 Hz, 1 H), 

9.36 (d, J = 7.3 Hz, 1 H), 9.16 - 9.04 (m, 1 H), 8.85 (d, J = 7.9 Hz, 1 H), 8.44 (d, J = 7.9 

Hz, 1 H), 8.25 (d, J = 8.5 Hz, 1 H), 8.03 - 7.92 (m, 2 H), 7.91 - 7.79 (m, 2 H), 7.64 (t, J = 

7.3 Hz, 1 H), 7.56 (t, J = 7.6 Hz, 1 H), 7.42 (d, J = 7.9 Hz, 1 H), 7.34 (t, J = 7.6 Hz, 1 H), 

6.94 (br. s., 1 H), 6.45 (d, J = 7.9 Hz, 1 H), 3.74 (s, 3 H); 
13

C NMR (125 MHz, DMSO-

d6) δ = 163.0, 141.2, 139.0, 138.7, 135.4, 133.5, 133.4, 132.7, 132.0, 131.1, 131.0, 130.7, 

130.5, 130.1, 129.4, 128.8, 128.6, 128.2, 127.5, 127.1, 126.4, 125.0, 123.4, 123.0, 120.9, 

120.8, 119.0, 118.0, 108.4, 56.0; HRMS (ESI) calcd for C30H20ON
+ 

(M - OTf)
+
 410.1539, 

found 410.1544. 
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6-methoxy-8-(pyren-1-yl)benzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2p): 

 

Yellow solid, 55 mg, 85% yield; mp = 337-339 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, DMSO-d6) δ = 9.90 (d, J = 8.8 Hz, 1 H), 9.66 (d, J = 9.2 Hz, 1 H), 9.39 

(d, J = 7.6 Hz, 1 H), 9.15 (t, J = 8.2 Hz, 1 H), 8.86 (d, J = 7.6 Hz, 1 H), 8.74 (d, J = 8.0 

Hz, 1 H), 8.58 - 8.40 (m, 3 H), 8.31 (d, J = 7.6 Hz, 1 H), 8.34 (d, J = 7.2 Hz, 1 H), 8.18 (t, 

J = 7.4 Hz, 1 H), 8.06 (d, J = 9.2 Hz, 1 H), 7.98 (d, J = 9.2 Hz, 1 H), 7.82 (t, J = 7.6 Hz, 1 

H), 7.71 (d, J = 9.2 Hz, 1 H), 7.39 (t, J = 7.6 Hz, 1 H), 7.05 - 6.85 (m, 1 H), 6.19 (d, J = 

8.0 Hz, 1 H), 3.64 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 163.1, 141.2, 139.0, 

138.7, 135.7, 133.7, 133.1, 132.2, 132.0, 131.0, 130.9, 130.4, 130.4, 130.1, 129.3, 129.1, 

128.9, 128.6, 127.5, 127.0, 126.3, 126.2, 126.1, 126.0, 124.2, 124.0, 123.7, 123.4, 122.9, 

121.1, 120.8, 119.0, 118.0, 108.5, 55.9; HRMS (ESI) calcd for C36H22ON
+ 

(M - OTf)
+
 

484.1696, found 484.1700. 

8-cyclohexyl-6-methoxybenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2q): 

 

White solid, 50 mg, 72% yield; mp = 280-282 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (400 MHz, DMSO-d6) δ = 9.65 (d, J = 8.5 Hz, 1 H), 9.45 (d, J = 9.2 Hz, 1 H), 9.26 

(d, J = 7.3 Hz, 1 H), 9.03 - 8.86 (m, 2 H), 8.73 (d, J = 7.9 Hz, 1 H), 8.25 (br. s., 1 H), 8.18 

- 8.10 (m, 1 H), 8.10 - 8.01 (m, 1 H), 7.92 (d, J = 9.2 Hz, 1 H), 4.48 (br. s., 1 H), 4.18 (br. 

s., 3 H), 2.59 (d, J = 10.4 Hz, 2 H), 2.06 (d, J = 9.8 Hz, 4 H), 1.99 - 1.90 (m, 1 H), 1.79 (d, 

J = 10.4 Hz, 2 H), 1.71 - 1.57 (m, 1 H); 
13

C NMR (100 MHz, DMSO-d6) δ = 162.1, 

140.6, 138.2, 137.7, 133.5, 132.8, 130.7, 130.4, 130.2, 128.6, 125.0, 123.5, 121.0, 120.4, 
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118.9, 117.4, 108.9, 56.3, 30.1, 26.5, 25.4; HRMS (ESI) calcd for C26H24ON
+ 

(M - OTf)
+
 

366.1852, found 366.1852. 

8-butyl-6-methoxybenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2r): 

 

Off white solid, 53 mg, 74% yield; mp = 209-211 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (400 MHz, DMSO-d6) δ = 9.64 (d, J = 8.5 Hz, 1 H), 9.42 (d, J = 9.2 Hz, 1 H), 

9.24 (d, J = 7.9 Hz, 1 H), 9.02 - 8.81 (m, 2 H), 8.69 (d, J = 7.9 Hz, 1 H), 8.16 - 8.08 (m, 1 

H), 8.08 - 7.99 (m, 2 H), 7.90 (d, J = 9.2 Hz, 1 H), 4.17 (s, 3 H), 3.93 (t, J = 7.6 Hz, 2 H), 

1.87 (d, J = 6.7 Hz, 2 H), 1.76 - 1.62 (m, 2 H), 1.02 (t, J = 7.3 Hz, 3 H); 
13

C NMR (100 

MHz, DMSO-d6) δ = 163.3, 140.5, 138.0, 137.5, 137.0, 134.2, 132.8, 132.2, 130.8, 130.1, 

130.0, 128.4, 124.6, 123.4, 121.6, 120.5, 118.4, 117.5, 106.7, 56.5, 40.1, 31.5, 27.1, 22.3, 

14.0; HRMS (ESI) calcd for C24H22ON
+ 

(M - OTf)
+
 340.1696, found 340.1698. 

8-(cyclohex-1-en-1-yl)-6-methoxybenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2s): 

 

Off white solid, 40 mg, 58% yield; mp = 228-230 °C; Rf = 0.60 (CH2Cl2/MeOH = 95/05); 

1
H NMR (400 MHz, DMSO-d6) δ = 9.71 (d, J = 8.4 Hz, 1 H), 9.48 (d, J = 9.2 Hz, 1 H), 

9.29 (d, J = 7.3 Hz, 1 H), 9.00 (t, J = 8.2 Hz, 1 H), 8.89 (d, J = 7.5 Hz, 1 H), 8.52 (d, J = 

7.8 Hz, 1 H), 8.16 - 7.99 (m, 2 H), 7.95 (dd, J = 2.5, 9.1 Hz, 1 H), 7.74 (d, J = 2.6 Hz, 1 

H), 6.22 (br. s., 1 H), 4.13 (s, 3 H), 2.49 - 2.46 (m, 4 H), 2.14 - 1.94 (m, 4 H); 
13

C NMR 

(125 MHz, DMSO-d6) δ = 163.1, 140.9, 138.5, 137.9, 136.6, 134.2, 132.6, 132.2, 131.3, 

130.9, 130.3, 130.2, 128.4, 123.9, 123.4, 121.5, 120.5, 118.8, 117.9, 107.4, 56.2, 28.5, 

25.1, 22.4, 21.3; HRMS (ESI) calcd for C26H22ON
+ 

(M - OTf)
+ 

364.1696, found 

364.1719. 
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6-methoxy-11-methyl-8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2t): 

 

Off white solid, 50 mg, 70% yield; mp = 287-289 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ = 9.75 (d, J = 8.5 Hz, 1 H), 9.52 (d, J = 9.2 Hz, 1 H), 

9.24 (d, J = 7.3 Hz, 1 H), 9.03 (t, J = 7.9 Hz, 1 H), 8.66 (s, 1 H), 7.94 (dd, J = 1.8, 9.2 Hz, 

1 H), 7.87 (br. s., 3 H), 7.68 (d, J = 3.7 Hz, 2 H), 7.56 (d, J = 7.9 Hz, 1 H), 7.23 - 7.11 (m, 

1 H), 6.74 (d, J = 7.9 Hz, 1 H), 3.90 (s, 3 H), 2.56 (s, 3 H); 
13

C NMR (125 MHz, DMSO-

d6) δ = 163.0, 141.6, 141.0, 138.8, 138.2, 134.9, 133.6, 133.1, 132.5, 132.2, 130.5, 130.4, 

130.0, 129.3, 128.4, 127.9, 123.2, 123.0, 121.1, 120.6, 118.5, 117.9, 108.1, 56.0, 21.4; 

HRMS (ESI) calcd for C27H20ON
+ 

(M - OTf)
+
 374.1538, found 374.1539. 

11-fluoro-6-methoxy-8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2u): 

 

Off white solid, 43 mg, 62% yield; mp = 247-249 °C; Rf = 0.60 (CH2Cl2/MeOH = 95/05); 

1
H NMR (400 MHz, DMSO-d6) δ = 9.84 (d, J = 8.8 Hz, 1 H), 9.56 (d, J = 9.3 Hz, 1 H), 

9.34 (d, J = 7.8 Hz, 1 H), 9.10 (t, J = 8.3 Hz, 1 H), 8.83 (dd, J = 2.1, 8.4 Hz, 1 H), 7.98 

(dd, J = 2.4, 9.1 Hz, 1 H), 7.92 - 7.83 (m, 3 H), 7.75 - 7.64 (m, 3 H), 7.20 (d, J = 2.5 Hz, 1 

H), 6.87 (dd, J = 4.8, 8.8 Hz, 1 H), 3.91 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 

163.2 (d, J = 249.7 Hz), 163.2, 140.2 (d, J = 4.5 Hz), 138.8, 138.3, 135.0, 134.1, 132.4, 

132.3, 131.9, 131.8, 130.6, 130.1, 129.3, 128.5, 126.8 (d, J = 1.8 Hz), 125.5 (d, J = 10 

Hz), 121.4 (d, J = 7.27 Hz), 120.2(d, J = 24.5 Hz), 118.7 (d, J = 21.8 Hz), 110.3, 110.1, 

108.2, 56.1; HRMS (ESI) calcd for C26H17FON
+ 

(M - OTf)
+ 

378.1289, found 378.1302. 
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11-chloro-6-methoxy-8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2v): 

 

Off white solid, 44 mg, 65% yield; mp = 303-305 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ = 9.84 (d, J = 8.4 Hz, 1 H), 9.57 (d, J = 9.2 Hz, 1 H), 

9.37 (d, J = 7.6 Hz, 1 H), 9.16 - 9.01 (m, 2 H), 8.00 (dd, J = 2.3, 9.2 Hz, 1 H), 7.92 - 7.80 

(m, 4 H), 7.69 (d, J = 3.4 Hz, 2 H), 7.20 (d, J = 2.3 Hz, 1 H), 6.84 (d, J = 8.8 Hz, 1 H), 

3.91 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 163.2, 140.0, 139.0, 138.2, 135.8, 

134.9, 134.7, 132.1, 131.9, 130.6, 130.1, 129.3, 128.9, 128.5, 124.6, 123.4, 121.6, 121.4, 

118.8, 108.3, 56.1; HRMS (ESI) calcd for C26H17ClON
+ 

(M - OTf)
+
 394.1254, found 

394.1054. 

6-methoxy-10-methyl-8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2w): 

 

Off white solid, 41 mg, 60% yield; mp = 300-302 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (400 MHz, DMSO-d6) δ = 9.74 (d, J = 8.5 Hz, 1 H), 9.54 (d, J = 9.2 Hz, 1 H), 

9.25 (d, J = 7.3 Hz, 1 H), 9.03 (t, J = 7.9 Hz, 1 H), 8.73 (d, J = 7.9 Hz, 1 H), 7.96 (dd, J = 

2.4, 9.2 Hz, 1 H), 7.88 (d, J = 3.7 Hz, 3 H), 7.78 (d, J = 7.9 Hz, 1 H), 7.69 (d, J = 3.7 Hz, 2 

H), 7.26 - 7.15 (m, 1 H), 6.59 (s, 1 H), 3.90 (s, 3 H), 2.33 (s, 3 H); 
13

C NMR (100 MHz, 

DMSO-d6) δ = 163.0, 142.3, 141.2, 138.9, 138.2, 134.9, 134.3, 132.4, 132.2, 132.2, 130.7, 

130.4, 130.0, 129.3, 128.4, 128.0, 123.3, 123.2, 121.3, 120.2, 118.7, 117.6, 108.2, 56.1, 

21.9; HRMS (ESI) calcd for C27H20ON
+ 

(M - OTf)
+
 374.1540, found 374.1539. 
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10-chloro-6-methoxy-8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2x): 

 

Off white solid, 42 mg, 64% yield; mp = 308-310 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ = 9.82 (d, J = 8.5 Hz, 1 H), 9.58 (d, J = 9.4 Hz, 1 H), 

9.36 (d, J = 7.7 Hz, 1 H), 9.09 (t, J = 8.1 Hz, 1 H), 8.92 (d, J = 8.5 Hz, 1 H), 8.06 (dd, J = 

1.9, 8.3 Hz, 1 H), 8.01 (dd, J = 2.6, 9.2 Hz, 1 H), 7.94 - 7.87 (m, 3 H), 7.74 - 7.67 (m, 2 

H), 7.23 (d, J = 2.5 Hz, 1 H), 6.68 (d, J = 1.7 Hz, 1 H), 3.92 (s, 3 H); 
13

C NMR (100 MHz, 

DMSO-d6) δ = 163.2, 140.3, 139.1, 138.2, 136.4, 135.2, 134.8, 131.8, 131.5, 131.1, 130.7, 

130.2, 129.3, 129.0, 128.6, 125.3, 122.7, 121.8, 121.0, 119.0, 118.5, 108.4, 56.2; HRMS 

(ESI) calcd for C26H17ClON
+ 

(M - OTf)
+
 394.0988, found 394.0993. 

10,11-difluoro-6-methoxy-8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2y): 

 

White solid, 47 mg, 68% yield; mp = 238-240 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, DMSO-d6) δ = 9.85 (d, J = 8.4 Hz, 1 H), 9.59 (d, J = 9.2 Hz, 1 H), 9.31 

(d, J = 7.6 Hz, 1 H), 9.12 (q, J = 7.5 Hz, 2 H), 8.02 (d, J = 8.8 Hz, 1 H), 7.91 (s, 3 H), 7.77 

- 7.65 (m, 2 H), 7.24 (s, 1 H), 6.62 - 6.42 (m, 1 H), 3.92 (s, 3 H); 
13

C NMR (100 MHz, 

DMSO-d6) δ = 163.5, 153.1 (d, J = 14 Hz), 153.0 (d, J = 14.6 Hz), 150.6 (d, J = 14.6 Hz), 

150.4 (d, J = 13.8 Hz), 140.0, 139.2, 138.5, 135.3, 135.0, 131.7, 131.5, 130.5, 129.8 (d, J 

= 228.8 Hz), 129.5, 127.5 (d, J = 10 Hz), 127.4 (d, J = 7 Hz), 122.0, 120.0 (d, J = 239.6 

Hz), 119.1, 112.9 (d, J = 21.5 Hz), 111.8 (d, J = 21.5 Hz), 108.6, 56.4; HRMS (ESI) calcd 

for C26H16F2ON
+ 

(M - OTf)
+
 396.1194, found 396.1190. 
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6-methoxy-9,11-dimethyl-8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2z): 

 

Off white solid, 42 mg, 62% yield; mp = 268-270 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ = 9.67 (d, J = 8.0 Hz, 1 H), 9.46 (d, J = 8.8 Hz, 1 H), 

9.20 (d, J = 7.2 Hz, 1 H), 8.98 (t, J = 7.4 Hz, 1 H), 8.53 (s, 1 H), 7.90 (d, J = 8.4 Hz, 1 H), 

7.83 – 7.66 (m, 5 H), 7.43 (s, 1 H), 7.23 (s, 1 H), 3.87 (s, 3 H), 2.54 (s, 3 H), 1.56 (s, 3 H); 

13
C NMR (125 MHz, DMSO-d6) δ = 162.9, 141.5, 141.3, 138.7, 138.3, 137.0, 135.4, 

135.2, 135.2, 134.6, 134.2, 131.9, 131.9, 130.1, 128.8, 128.1, 127.1, 120.7, 120.4, 118.0, 

117.0, 109.0, 55.9, 21.0, 20.9; HRMS (ESI) calcd for C28H22ON
+ 

(M – Otf)
+
 388.1699, 

found 388.1696. 

6,9,11-trimethoxy-8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2aa): 

 

Yellow solid, 50 mg, 74% yield; mp = 263-265 °C; Rf = 0.40 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, DMSO-d6) δ = 9.67 (d, J = 8.4 Hz, 1 H), 9.40 (d, J = 9.2 Hz, 1 H), 9.24 

(d, J = 7.6 Hz, 1 H), 8.97 (t, J = 8.0 Hz, 1 H), 7.99 (s, 1 H), 7.83 (d, J = 8.4 Hz, 1 H), 7.74 

– 7.59 (m, 3 H), 7.50 (d, J = 6.9 Hz, 2 H), 7.06 (br. S., 1 H), 6.76 (s, 1 H), 3.98 (s, 3 H), 

3.83 (s, 3 H), 3.21 (s, 3 H; 
13

C NMR (125 MHz, DMSO-d6) δ = 163.7, 162.7, 155.9, 

141.2, 138.4, 138.2, 136.0, 135.8, 133.4, 133.1, 132.9, 130.2, 128.7, 128.1, 127.6, 120.8, 

120.1, 117.9, 117.5, 111.7, 108.9, 102.4, 98.6, 56.4, 55.8; HRMS (ESI) calcd for 

C28H22O3N
+ 

(M – Otf)
+
 420.1591, found 420.1594. 
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5-isopropyl-6-methoxy-8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2ab): 

 

white solid, 51 mg, 74% yield; mp = 270-272 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, DMSO-d6) δ = 9.97 (d, J = 8.4 Hz, 1 H), 9.41 - 9.30 (m, 2 H), 9.06 (t, J 

= 8.0 Hz, 1 H), 8.88 (d, J = 7.6 Hz, 1 H), 7.95 (t, J = 7.4 Hz, 1 H), 7.88 (br. s., 3 H), 7.76 

(t, J = 7.6 Hz, 1 H), 7.71 (br. s., 2 H), 7.21 (s, 1 H), 6.89 (d, J = 8.0 Hz, 1 H), 3.85 (s, 3 H), 

3.67 - 3.53 (m, 1 H), 1.45 (d, J = 6.5 Hz, 6 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 

160.8, 143.6, 140.8, 138.2, 137.8, 134.4, 133.3, 132.3, 131.9, 131.8, 130.8, 130.4, 130.4, 

130.2, 130.0, 129.3, 123.1, 119.0, 105.7, 56.0, 27.4, 22.3; HRMS (ESI) calcd for 

C29H24ON
+ 

(M - OTf)
+
 402.1850, found 402.1852. 

5,6-dimethoxy-8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2ac): 

 

Yellow solid, 54 mg, 78% yield; mp = 295-297 °C; Rf = 0.40 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, DMSO-d6) δ = 9.94 (d, J = 8.4 Hz, 1 H), 9.38 (d, J = 7.2 Hz, 1 H), 9.05 

(t, J = 7.4 Hz, 1 H), 8.89 (br. s., 1 H), 8.87 (d, J = 8.0 Hz, 1 H), 7.98 - 7.83 (m, 4 H), 7.79 - 

7.65 (m, 3 H), 7.19 (br. s., 1 H), 6.87 (d, J = 7.6 Hz, 1 H), 4.23 (br. s., 3 H), 3.82 (br. s., 3 

H); 
13

C NMR (125 MHz, DMSO-d6) δ = 154.2, 152.9, 140.5, 137.2, 136.6, 134.4, 132.4, 

131.8, 130.6, 130.4, 130.0, 129.7, 129.4, 128.9, 123.3, 122.7, 121.3, 120.6, 118.3, 106.3, 

105.9, 57.1, 56.0; HRMS (ESI) calcd for C27H20O2N
+ 

(M - OTf)
+
 390.1486, found 

390.1489. 
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5-chloro-6-methoxy-8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2ad): 

 

Off white solid, 40 mg, 58% yield; mp = 303-305 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ = 9.87 (d, J = 8.7 Hz, 1 H), 9.83 (s, 1 H), 9.40 (d, J = 

7.6 Hz, 1 H), 9.11 (t, J = 8.2 Hz, 1 H), 8.89 (d, J = 7.8 Hz, 1 H), 7.97 (t, J = 7.5 Hz, 1 H), 

7.89 (br. s., 3 H), 7.77 (t, J = 7.7 Hz, 1 H), 7.72 (d, J = 3.5 Hz, 2 H), 7.31 (s, 1 H), 6.88 (d, 

J = 8.1 Hz, 1 H), 3.92 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 158.0, 141.2, 139.1, 

137.3, 134.1, 133.6, 132.7, 132.1, 131.8, 131.2, 130.6, 130.3, 130.2, 130.1, 129.4, 127.8, 

127.6, 123.5, 123.3, 121.2, 119.2, 118.7, 107.5, 56.8; HRMS (ESI) calcd for 

C26H17ClON
+ 

(M - OTf)
+
388.1696, found 388.1695. 

5-methoxy-7-phenylbenzo[h]benzo[1,2]indolizino[5,4,3-ab]isoquinolin-15-ium 

trifluoromethanesulfonate (2ae): 

 

Yellowish solid, 53 mg, 78% yield; mp = 288-290 °C; Rf = 0.40 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ = 9.82 (d, J = 8.8 Hz, 1 H), 9.43 (d, J = 7.6 Hz, 1 H), 

9.23 (d, J = 8.4 Hz, 1 H), 9.05 (t, J = 8.0 Hz, 1 H), 8.93 (d, J = 7.6 Hz, 1 H), 8.62 (d, J = 

8.0 Hz, 1 H), 8.20 - 8.14 (m, 1 H), 8.11 - 8.05 (m, 1 H), 8.00 (t, J = 7.6 Hz, 1 H), 7.91 (br. 

s., 3 H), 7.83 - 7.73 (m, 3 H), 7.07 (s, 1 H), 6.91 (d, J = 8.0 Hz, 1 H), 3.99 (s, 3 H); 
13

C 

NMR (100 MHz, DMSO-d6) δ = 158.9, 140.6, 137.8, 136.5, 135.9, 133.9, 133.5, 132.6, 

131.9, 131.2, 130.5, 130.4, 130.1, 129.9, 129.6, 129.5, 129.4, 129.2, 127.1, 125.4, 123.4, 

123.3, 123.0, 119.4, 118.0, 117.7, 99.9, 56.3; HRMS (ESI) calcd for C30H20ON
+ 

(M - 

OTf)
+
 410.1535, found 410.1539. 
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6-methoxy-5,7-dimethyl-8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2af): 

 

Off white solid, 43 mg, 63% yield; mp = 245-247 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ = 9.84 (d, J = 8.5 Hz, 1 H), 9.49 (s, 1 H), 9.37 (d, J = 

7.6 Hz, 1 H), 9.08 (t, J = 8.1 Hz, 1 H), 8.84 (d, J = 7.6 Hz, 1 H), 7.93 - 7.78 (m, 4 H), 7.71 

(d, J = 7.0 Hz, 2 H), 7.65 (t, J = 7.6 Hz, 1 H), 6.32 (d, J = 8.1 Hz, 1 H), 3.80 (s, 3 H), 2.70 

(s, 3 H), 2.11 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 161.8, 140.7, 138.6, 138.0, 

137.2, 136.5, 136.4, 132.5, 131.8, 131.0, 130.7, 130.6, 130.2, 130.1, 129.9, 129.6, 129.3, 

126.5, 123.5, 123.3, 122.3, 121.1, 118.5, 60.5, 17.2, 15.1; HRMS (ESI) calcd for 

C28H22ON
+ 

(M - OTf)
+
 388.1696, found 388.1695. 

8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium trifluoromethanesulfonate 

(2ag): 

 

White solid, 43 mg, 60% yield; mp = 288-290 °C; Rf = 0.60 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, DMSO-d6) δ = 9.94 (d, J = 8.5 Hz, 1 H), 9.64 (d, J = 8.3 Hz, 1 H), 9.48 

(d, J = 7.7 Hz, 1 H), 9.17 (t, J = 8.3 Hz, 1 H), 8.91 (d, J = 8.0 Hz, 1 H), 8.37 - 8.30 (m, 1 

H), 8.30 - 8.24 (m, 1 H), 8.02 - 7.94 (m, 2 H), 7.92 - 7.84 (m, 3 H), 7.81 - 7.74 (m, 1 H), 

7.73 - 7.63 (m, 2 H), 6.91 (d, J = 8.0 Hz, 1 H); 
13

C NMR (100 MHz, DMSO-d6) δ = 

141.6, 139.4, 138.5, 135.5, 133.9, 132.3, 132.2, 131.6, 131.0, 130.4, 130.4, 130.2, 130.0, 

129.4, 127.5, 126.1, 124.6, 123.6, 123.2, 121.3, 119.5; HRMS (ESI) calcd for C25H16N
+ 

(M - OTf)
+
 330.1312, found 330.1315. 
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8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium tetrafluoroborate (2ag’): 

 

White solid, 35 mg, 65% yield; mp = 288-290 °C; Rf = 0.60 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, DMSO-d6) δ = = 9.94 (d, J = 8.5 Hz, 1 H), 9.64 (d, J = 8.2 Hz, 1 H), 

9.48 (d, J = 7.6 Hz, 1 H), 9.18 (t, J = 8.2 Hz, 1 H), 8.91 (d, J = 7.9 Hz, 1 H), 8.38 – 8.31 

(m, 1 H), 8.31 – 8.22 (m, 1 H), 8.02 – 7.93 (m, 2 H), 7.92 – 7.84 (m, 3 H), 7.78 (t, J = 7.6 

Hz, 1 H), 7.74 – 7.62 (m, 2 H), 6.91 (d, J = 8.1 Hz, 1 H); 
13

C NMR (100 MHz, DMSO-

d6) δ = 141.6, 139.4, 138.5, 135.5, 133.9, 132.3, 132.2, 131.6, 131.0, 130.4, 130.4, 130.2, 

130.0, 129.4, 127.5, 126.1, 124.6, 123.6, 123.2, 121.3, 119.5; HRMS (ESI) calcd for 

C25H16N
+ 

(M – BF4)
+
 330.1311, found 330.1315. 

5,7-dimethoxy-8-phenylbenzo[1,2]indolizino[5,4,3-ab]isoquinolin-13-ium 

trifluoromethanesulfonate (2ah): 

 

Yellow solid, 58 mg, 84% yield; mp = 302-304 °C; Rf = 0.40 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, DMSO-d6) δ = 9.90 (d, J = 8.4 Hz, 1 H), 9.39 (d, J = 7.6 Hz, 1 H), 9.01 

(t, J = 8.0 Hz, 1 H), 8.80 (d, J = 8.0 Hz, 1 H), 8.48 (d, J = 1.9 Hz, 1 H), 7.83 (t, J = 7.6 Hz, 

1 H), 7.75 – 7.66 (m, 3 H), 7.62 (t, J = 7.6 Hz, 1 H), 7.56 – 7.44 (m, 2 H), 7.26 (d, J = 1.9 

Hz, 1 H), 6.35 (d, J = 8.0 Hz, 1 H), 4.16 (s, 3 H), 3.54 (s, 3 H); 
13

C NMR (125 MHz, 

DMSO-d6) δ = 163.0, 159.5, 140.7, 137.7, 137.0, 136.8, 135.5, 131.7, 130.9, 130.0, 129.9, 

129.1, 128.6, 128.4, 127.5, 123.1, 122.9, 121.8, 119.5, 117.5, 105.0, 99.4, 56.8, 56.5; 

HRMS (ESI) calcd for C27H20O2N
+ 

(M – OTf)
+
 390.1488, found 390.1489. 
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10-phenylbenzo[f]benzo[1,2]indolizino[5,4,3-ab]isoquinolin-15-ium 

trifluoromethanesulfonate (2ai): 

 

Yellow solid, 45 mg, 65% yield; mp = 306-308 °C; Rf = 0.60 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, DMSO-d6) δ = 10.08 (d, J = 8.4 Hz, 1 H), 9.60 - 9.50 (m, 2 H), 9.21 - 

9.12 (m, 1 H), 8.94 (d, J = 7.6 Hz, 1 H), 8.76 (d, J = 8.8 Hz, 1 H), 8.39 (d, J = 7.6 Hz, 1 

H), 8.01 - 7.93 (m, 5 H), 7.86 (t, J = 7.4 Hz, 1 H), 7.78 (d, J = 6.9 Hz, 2 H), 7.73 (t, J = 7.8 

Hz, 1 H), 7.48 (t, J = 7.8 Hz, 1 H), 6.50 (d, J = 8.4 Hz, 1 H); 
13

C NMR (125 MHz, 

DMSO-d6) δ = 140.1, 138.1, 137.1, 136.8, 136.0, 135.2, 133.8, 131.9, 131.0, 131.0, 130.6, 

130.4, 130.0, 130.0, 129.6, 129.1, 128.7, 127.8, 127.3, 125.7, 123.8, 123.3, 122.5, 121.6, 

119.7; HRMS (ESI) calcd for C29H18N
+ 

(M - OTf)
+
 380.1429, found 380.1434. 

7-methoxy-10-phenylbenzo[f]benzo[1,2]indolizino[5,4,3-ab]isoquinolin-15-ium 

trifluoromethanesulfonate (2aj): 

 

Yellow solid, 52 mg, 76% yield; mp = 294-296 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, DMSO-d6) δ = 9.97 (d, J = 8.0 Hz, 1 H), 9.59 - 9.36 (m, 2 H), 9.13 (br. 

s., 1 H), 8.92 (d, J = 6.9 Hz, 1 H), 8.62 (d, J = 8.0 Hz, 1 H), 7.97 (br. s., 4 H), 7.81 (br. s., 

2 H), 7.79 - 7.69 (m, 3 H), 7.09 (d, J = 8.4 Hz, 1 H), 6.48 (d, J = 7.2 Hz, 1 H), 3.94 (s, 3 

H); 
13

C NMR (125 MHz, DMSO-d6) δ = 159.5, 140.0, 137.9, 137.7, 137.1, 136.8, 135.4, 

133.7, 133.1, 131.8, 131.1, 130.9, 130.9, 130.7, 130.0, 129.0, 128.7, 124.0, 123.8, 123.4, 

123.3, 122.1, 119.1, 118.3, 109.8, 55.7; HRMS (ESI) calcd for C30H20ON
+ 

(M - OTf)
+
 

410.1537, found 410.1539. 
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7-phenylbenzo[h]benzo[1,2]indolizino[5,4,3-ab]isoquinolin-15-ium 

trifluoromethanesulfonate (2ak): 

 

Off white solid, 46 mg, 66% yield; mp = 278-280 °C; Rf = 0.60 (CH2Cl2/MeOH = 95/05); 

1
H NMR (400 MHz, DMSO-d6) δ = 9.97 (d, J = 8.5 Hz, 1 H), 9.71 (d, J = 8.5 Hz, 1 H), 

9.47 (d, J = 7.3 Hz, 1 H), 9.17 (t, J = 8.2 Hz, 1 H), 8.91 (d, J = 7.9 Hz, 1 H), 8.65 (d, J = 

8.5 Hz, 1 H), 8.07 (s, 1 H), 7.98 (t, J = 7.3 Hz, 1 H), 7.90 (br. s., 3 H), 7.76 (d, J = 6.7 Hz, 

3 H), 7.62 - 7.53 (m, 2 H), 7.53 - 7.45 (m, 1 H), 6.92 (d, J = 7.9 Hz, 1 H); 
13

C NMR (100 

MHz, DMSO-d6) δ = 145.0, 141.6, 139.5, 138.3, 138.0, 135.4, 132.9, 132.6, 132.2, 132.0, 

131.1, 130.6, 130.4, 130.3, 130.3, 130.1, 129.5, 129.5, 129.3, 127.5, 127.1, 124.4, 123.7, 

123.6, 123.3, 121.4, 119.4; HRMS (ESI) calcd for C29H18N
+ 

(M - OTf)
+
 380.1440, found 

380.1445. 

9-phenyldibenzo[f,h]benzo[1,2]indolizino[5,4,3-ab]isoquinolin-17-ium 

trifluoromethanesulfonate (2al): 

 

Yellow solid, 47 mg, 70% yield; mp = 307-309 °C; Rf = 0.60 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, DMSO-d6) δ = 9.63 (d, J = 8.8 Hz, 1 H), 9.56 (d, J = 7.6 Hz, 1 H), 9.10 

- 9.05 (m, 2 H), 9.03 (d, J = 8.0 Hz, 1 H), 8.99 (d, J = 8.0 Hz, 1 H), 8.71 (d, J = 8.0 Hz, 1 

H), 8.09 - 8.05 (m, 1 H), 8.02 (t, J = 7.8 Hz, 2 H), 7.94 (d, J = 8.8 Hz, 1 H), 7.93 - 7.83 (m, 

4 H), 7.83 - 7.75 (m, 3 H), 7.40 (t, J = 7.6 Hz, 1 H), 6.86 (d, J = 8.4 Hz, 1 H); 
13

C NMR 

(125 MHz, DMSO-d6) δ = 139.3, 137.1, 136.5, 135.1, 134.1, 133.9, 132.4, 131.9, 131.6, 

131.1, 130.7, 130.6, 130.5, 130.5, 130.4, 129.8, 128.9, 128.4, 127.3, 127.2, 127.0, 126.2, 

124.6, 124.4, 123.8, 123.4, 119.5; HRMS (ESI) calcd for C33H20N
+ 

(M - OTf)
+
 430.1588, 

found 430.1590. 
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8-phenylbenzo[4,5]thieno[2,3-a]isoindolo[1,2,3-de]quinolizin-14-ium 

trifluoromethanesulfonate (2am): 

 

Yellowish solid, 45 mg, 65% yield; mp = 268-270 °C; Rf = 0.40 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, DMSO-d6) δ = 9.55 (d, J = 7.6 Hz, 1 H), 9.51 (d, J = 8.4 Hz, 1 H), 

9.08 (t, J = 8.0 Hz, 1 H), 8.95 (d, J = 7.8 Hz, 1 H), 8.56 (d, J = 8.1 Hz, 1 H), 8.03 - 7.93 

(m, 4 H), 7.85 - 7.75 (m, 4 H), 7.49 (t, J = 7.8 Hz, 1 H), 7.08 (d, J = 8.4 Hz, 1 H), 6.90 (d, 

J = 8.1 Hz, 1 H); 
13

C NMR (100 MHz, DMSO-d6) δ = 141.3, 140.1, 137.7, 137.6, 135.8, 

134.0, 133.7, 133.4, 132.8, 132.7, 132.1, 131.0, 130.7, 130.5, 130.0, 129.8, 128.4, 126.4, 

125.4, 124.5, 123.6, 123.1, 122.9, 120.2; HRMS (ESI) calcd for C27H16SN
+ 

(M - OTf)
+
 

386.1010, found 386.1014. 

Gram Scale Synthesis of 2a: In a round bottom flask, equipped with magnetic stir bar, 

were added 2-(4-methoxyphenyl)-6-(2-(phenylethynyl)phenyl)pyridine (1a) (1g, 2.7 

mmol, 1.0 equiv), Cu(OTf)2 (997 mg, 2.7 mmol, 1.0 equiv) and CH3CN (40 mL) under 

inert atmosphere. The reaction mixture was heated at 80 °C for 12 h. The mixture was 

diluted with CH2Cl2 (10 mL) and the combined mixture was concentrated in vacuo and the 

resulting residue was purified by column chromatography on silica (CH2Cl2/MeOH; 

95:05) to afford the product 2a (1.05 g) in 76% yield. 

2.6 Control experiments: 

2.6.1 Reaction of 1a with TEMPO under standard reaction conditions 

 

To a stirred solution of 1a (20 mg, 0.055 mmol) in CH3CN (1 ml) was added 

Cu(OTf)2, (20 mg, 0.055 mmol), TEMPO (11 mg, 0.066 mmol) at rt. The resulting 

mixture was stirred at 80 °C for 12 h. The mixture was diluted with CH2Cl2 and the 
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reaction mixture was concentrated in vacuo. The resulting residue was purified by column 

chromatography on silica (CH2Cl2/MeOH; 95:05) to afford the product 2a (18 mg) in 70% 

yield. 

2.7 ORTEP diagrams: 

Sr. No Compound Structure ORTEP Diagram 

1 

 
CCDC No 1824190 

 

2 

 
CCDC No 1824191 

 
 

 

2.8 Photophysical data of the representative ionic PAHs  

Table S1. Spectral properties of selected ionic PAHs in CH2Cl2 at RT (10
-5

M) 

Comp λabs 

(nm)
[a]

 

λem 

(nm)
[b]

 

ΔStoke’s 

(nm)
[c]

 

ϕf
[d]

 τf 

(ns)
[e]

 

2a 388 444 56 0.86 6.52 

2p 386 619 233 0.06 10.48 

2aa 417 482 65 0.38 2.38 

2ag 385 434 49 0.74 0.46 

2ah 454 507 53 0.88 4.89 

2ai 428 470 42 0.54 2.58 

2aj 346 495 149 0.73 4.37 

2al 415 490 75 0.57 7.52 
[a]

The maximum absorption bands more than 300 nm; Excited at the longest maximum 

absorption band in CH2Cl2; 
[b]

Excited wavelength; 
[c]

Stokes shift = λem - λabs; 
[d]

Quinine 
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sulfate and fluorescein was used as the standard for calculation of quantum yield; 

[e]
Fluorescent lifetime. 

300 400 500
0.0

0.1

0.2

0.3

0.4

0.5

0.6

 

 

A
b

s
o

rp
ti

o
n

 I
n

te
n

s
it

y

Wavelength (nm)

 2a

 2p

 2aa

 2ag

 2ai

 2al

 2aj

 2ah

 

Figure S1. Absorption spectra of selected ionic PAHs in CH2Cl2 at RT 

 

Figure S2. Photographs of selected ionic PAHs in CH2Cl2 at RT under UV light (λexc = 

365nm) 
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Figure S3: Emission decay profile of selected PAHs 

Discussion on the photophysical data of the selected ionic PAHs: 

Most of these compounds display bright fluorescence. These PAHs appear to be a 

new class of fluorescent materials and their photo- physical properties of selected ionic 

PAHs were studied in CH2Cl2 at RT. The absorption and excitation maxima, the 

photoluminescence (PL) maxima and quantum yields (ϕf), as well as the excited state 

lifetimes (τƒ) of these compounds in CH2Cl2 solution are listed in Tables 1, whereas the 

corresponding absorption, emission, excitation spectra are depicted in Figures S1, S2 and 

S3. The photoluminescence spectra of fluorophore show intense peaks between λem: 434–

619 nm (Table S1) with Stokes shifts varies between (50-233 nm) which reveals violet-to-

red fluorescence emissions depending on the functional group present. Substituent’s like 

methoxy and plain phenyl core had only a modest effect on the fluorescent properties (2ag 

and 2a, Table S1). Extension of the π-conjugated systems leads to significant 

bathochromic shifts in emission (2p, Table S1). These fluorophores have good 

photoluminescence capabilities with Φf values ranging between 0.40 to 10.48. The life 

time τƒ values are consistent with a doublet multiplicity.  
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2.9 Cyclic voltammetry 
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Figure S22. Cyclic voltammograms recorded for 2a(a), 2p(b), 2aa(c), 2ag(d), 2ai(e), 

2al(f), 2ah(g), 2aj(h) in acetonitrile and 0.1 M TBAP using Pt disc as working electrode. 

Scan rate – 100 mV/s.  
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Table S2. Electrochemical data of representative ionic PAHs:  

 

Comp 
λ(nm) 

onset 

Eg opt 

(eV) 

Ered 

(V) 

LUMO 

(eV) 

HOMO 

(eV) 

2a 410 3.03 -1.57 -2.83 -5.86 

2p 526 2.36 -1.32 -3.08 -5.44 

2aa 457 2.71 -1.29 -3.11 -5.82 

2ag 400 3.10 -1.34 -3.06 -6.16 

2ai 428 2.90 -1.25 -3.15 -6.05 

2al 453 2.74 -1.21 -3.19 -5.93 

2ah 474 2.62 -1.33 -3.07 -5.69 

2aj 448 2.77 -1.32 -3.08 -5.85 

HOMO level is calculated using electrochemically determined LUMO level and energy 

gap as obtained spectro-photometrically. 
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2.10  Selected NMR spectra: 
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Silver(I) salts promoted intramolecular endo-selective hydroamination reactions of 2-

(2-alkynylphenyl)pyridines to access a new class of N-doped ionic solid light emitters 

is described. Interestingly, AgOTf exhibits a dual role by mediating the hydroamination 

reaction as well as providing a counter ion 



Chapter 3: Silver-Mediated Intramolecular Hydroamination Reactions of Pyridino-

alkynes: An Access to Ionic Solid Light Emitters 

 

Page 126 
 

 

Contents 

3.1 Introduction 127 

3.2 Present Work 130 

3.3 Optimization table 131 

3.4 Substrate scope 132 

3.5 Conclusion 134 

3.6 Experimental procedures 135 

3.7 Photophysical data of the representative ionic solid light emitters 162 

3.8 Selected Nmr spectra 165 

3.9 References 197 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 3: Silver-Mediated Intramolecular Hydroamination Reactions of Pyridino-

alkynes: An Access to Ionic Solid Light Emitters 

 

Page 127 
 

3.1 Introduction 

Design and development of luminescent organic materials is of prime importance 

due to their immense application in biology, chemistry, and optoelectronic device.
1
 In 

general, these fluorophores have been observed to operate most efficiently under high-

dilution conditions; whereas the fluorescence quenching (Aggregation Caused Quenching- 

Fig 3.1a) is studied under highly concentrated conditions and in solid state. As a 

consequence, the effective application of these luminescent molecules remains limited to 

narrow range of conditions. 

In recent years, ionic solid fluorophores been in the limelight due to their typical 

properties such as high thermal stabilities, phase tunabilities and water solubilities.
2
 

However, ionic solid fluorophores display an interesting phenomenon, wherein, compounds 

exhibit little or no fluorescence in dilute solution, but become remarkably fluorescent once 

aggregated in the solid state. This remarkable increase in fluorescence was due to restricted 

intramolecular rotation (RIR) and has been termed as aggregation induced emission (AIE).
3 

Hexaphenylsilole (HPS) is one of the first silole derivatives which displayed the AIE 

phenomenon and hence, HPS can be considered as an archetypal AIE luminogen
4
 HPS was 

discovered to be a propeller-shaped non-planar molecule after structural inspections unlike 

other conventional luminophores for instance the disc-like planar perylene. 

 

(a) (b) 

Fig 3.1: a) Conventional luminophore system (ACQ); b) Aggregation induced emission (AIE). 

Tang group proposed, the RIR process is responsible for the AIE effect. To 

understand this effect, they conducted a number of control experiments, activated the RIR 

process externally and fastened the covalent bonds of aryl rotors to set off the RIR process 
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at the molecular level internally.The luminogens became emissive in response to both the 

external and internal controls providing strong experimental evidence to support RIR 

mechanistic hypothesis.
5
 

 

 Fig 3.2: Factors which governs the AIE. 

Inspired by these features their application are mounting several fields including 

material science and biology. As a subset, quaternary nitrogen-containing aromatic 

heterocycles represent an important class of molecules that have interesting applications in 

the field of optoelectronics, light emitting-diodes, supercapacitors and bio-imaging (Fig 

1a).
6
 In this chapter reports on pyridinium solid light emitters have been discussed. 

In recent years a series of conjugated polymers have been developed, which showed 

enhanced light emissions in the solid state because of aggregation of compounds. A 

structural generality that is commonly found in these polymers is that each of their 

repeating units bear phenyl rotor(s) and an olefin stator;
7
 which also resembles the 

tetraphenylethene (TPE), a well-known AIE luminogen.
8
 In case of TPE, phenyl rotors 

surround the olefin stator and AIE effect is accounted by the RIR process. Taking this 

inherent property of TPE in account, pyridinium based AIEgens has been reported. 

Based on the strategy discussed above, Tang et al. reported the synthesis of a new 

yellow-emissive AIE dye by attaching a pyridinium unit to TPE through vinyl 

functionality. Some of the multifunctional properties for instance morpho- and mechano-

chromism, optical waveguide and imaging of mitochondrion have been studied.
9
 Further, 

they extended this TPE-Py into TPE-DPy. Interestingly, TPE-DPy molecules also exhibits 

aggregation-induced emission enhancement properties and irreversible mechanochromic 
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behavior.
10

 In 2015, D. Zhang and G. Zhang et al. reported salts of highly solid-state 

emissive pyridinium-substituted tetraphenylethylene with different anions. The emission 

colors had tuned by the counter anions.
11

 Again Tang et al. reported a dual functional 

aggregation-enhanced emission (AEE) molecule, TPE-isoquinoline (TPE-IQ), which 

targets and illuminates mitochondria in live and fixed cells. More interestingly, TPE-IQ 

have been found to be good photosensitizer employed to generate reactive oxygen species 

(ROS) in mitochondria region in order to induce cell apoptosis.
12

 Further modification in 

TPE-IQ to electron-donating methoxy group TPE-IQ-2O gave excellent activity towards 

selective staining and killing of cancer cells using white light irradiation.
13

 The same group 

in 2018 reported an efficient synthesis to develop three new double bond-free AIEgens that 

displayed high stability and tolerated multiple functionalities. By the placement of various 

electron donor groups to the electron-deficient isoquinolinium core,
14

 their emission colors 

were modulated with both visible one-photon and near-infrared two-photon excitations. 

General representation of all the above discussed Type A solid light emitters has been 

presented. 

polysubstituted cationic 12-azapyrene salts by employing rhodium(III)-catalyzed C–

H annulation of alkynes with N-arylpyridinium salts. Thus obtained substituted salts 

exhibited intense and tunable fluorescent emission in solid as well as in the solution state
15

 

Recently, Patel et al. reported Ru(II)-catalyzed synthesis of multifunctional AEEgens series 

with tunable emission via quinoxaline- directed oxidative annulation of 2-arylqoinoxalines. 

The synthesized annulated quaternary ammonium salt possesses 

aggregation enhanced emission via RIR mechanism and donor-π-acceptor 

interaction. These compounds exhibit mechanochromic property and have 

an anticancer effect on cells.
16

 These reports are summarized in type B 

design. 

Pyridinium molecules being electron-deficient in nature, could form intermolecular 

charge transfer complexes with other donor molecules.
17

 In this regard, Jie Zhang et al. 

reported the synthesis of pyridinium molecules which have bright white light emission 

through aggregation of molecules. Intramolecular charge transfer has been studied via 

single-crystal, photophysical and computational studies. It has been demonstrated that the 
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excitation of a newly generated intermolecular charge transfer band at the ground state that 

cooperates with the non-quenched high-energy monomer emission to produce white light 

was responsible for the additional low-energy emission.
18

 Recently Suna et al. 

reported aggregation-induced emission by pyridinium-pyridinium interactions 

through non-covalent intermolecular interactions between Py
+
 subunits.

19
 Later, 

they also showed an innovative approach to furnish AIEgens by exploiting the 

non-covalent intermolecular 
+
- interactions in-between the quaternary Py

+
 or Im

+ 

(imidazolium) cations and aromatic  systems.
20

 Building on to these reports, we wanted to 

develop such kind of solid fluorophore which will merge the concept intermolecular charge 

transfer and RIR in one frame; and our experimental investigation in this regard have been 

disclosed herein. 

3.2 Present Work 

 As far as our prior reports in this direction are concerned, we have developed gold-

catalysed oxidative intramolecular 1,2-amino-oxygenation reactions of alkynes to produce 

structurally unique ionic pyridinium-oxazole dyad with tunable emission wavelengths 

(Scheme 1c).
21

 Soon after, we reported the Cu(II)-mediated intramolecular 

alkynes/azadienes [4+2]-formal annulation cascade to provide efficient access to ionic N-

doped PAHs with tunable emission wavelengths (Scheme 1c).
22

 Unfortunately, all the 

developed molecules  are solution state emitter (ACQ) only, and do not display any 

significant emission in solid state.  

 We surmised that the substrate of type 1 (R = Ar) in the presence of appropriate 

metal catalysts would produce cove shaped 4,6-diarylated isoquinolopyridinium (IQP) salts 

(Type D) via endo-selective hydroamination (Scheme 1c). The approximation was based on 

the thinking that flat disk-like aromatic molecules at the 2
nd

 and 6
th

 position of IQP will 

disrupt the planarity thereby hampering
23

 the intramolecular rotation (IMR) which is the 

main requirement for the molecule to be a solid emitter. Herein, we disclose an AgOTf 

promoted intramolecular hydroamination reactions of 2-(2-alkynylphenyl)pyridines to 

access a new class of N-doped ionic solid light emitters. In these reactions, AgOTf played a 

dual role by mediating the hydroamination reaction as well as providing a counter ion. 
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Scheme 1. Design of N-doped ionic solid light emitters 

3.3 Optimization table 

Table 1. Optimization of reaction conditions
a,b 

 
 

Sr. No. Cat Additives 
Yield (%)

[b]
 

1. Ph3PAuOTf NaOTf -- 

2. Ph3PAuOTf Mg(OTf)2 -- 

3. Ph3PAuOTf Sc(OTf)3 -- 

4. Ph3PAuOTf TfOH -- 

5. (C6F5)3PAuOTf NaOTf -- 

6. AgOTf NaOTf 09 

7. AgOTf TfOH 09 

8. AgOTf -- 09 
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9. AgOTf -- 45
c
 

10. AgOTf -- 94
d
 

11. AgOTf -- 90
d,e

 

12. AgOTf -- 88
d,f

 

a
Reaction conditions: 1a (0.1 mmol), metal catalyst (0.01 mmol, 10 mol%), moist DCE (2.0 

mL), 12h. 
b
Isolated yields; 

c
0.5 equiv. catalyst was used, 

d
1.0 equiv. catalyst was used, 

e
Solvent CHCl3 was used. 

f
Solvent CH3CN was used. (moist DCE : dry DCE with 0.200 

mmol of water was used)
 

 

To validate the above-mentioned hypothesis, our study commenced by using 2-(2-

alkynylphenyl)pyridine (1a) as model substrate, which has been efficiently prepared by Pd-

catalyzed cross-coupling reactions. To begin with, the effect of various carbophilic 

activator were studied, for example the Au(I) salts which would coordinate to the alkyne 

subsequently triggering an intramolecular attack of pyridyl nitrogen in 6-endo-dig fashion 

to generate vinyl-gold intermediate and subsequent protodeauration leads to product. To 

test the hypothesis, the reaction of 2-phenyl-6-(2-(phenylethynyl)phenyl)pyridine (1a) in 

the presence of Ph3PAuOTf with various counter ion providers like NaOTf, MgOTf, 

Sc(OTf)3 and TfOH was tested. Unfortunately, the the desired product was not obtained in 

either of the entries (Table 1, entries 1-5). Pleasingly, the desired hydroamination product 

2a, albeit in 9% yield, was obtained when 10 mol% of AgOTf was used in combination 

with additive (entry 6-7). From these result, we conclude additives are inert in reaction 

condition, hence by exceeding the mol% AgOTf (1 equiv) and interestingly yield of the 

product enhanced up to 94%. Next, the various other solvents were examined (entries 11-

12), however, a detrimental effect in the yield was observed. 

3.4 Substrate scope 

With the optimized reaction conditions in hand, we explored the generality of the 

reaction. The results are summarized in Table 2. At first, substrates with variation at -para 

position of aryl ring (Ar) at the C-2 position of pyridine (1a-1g) were put to test. Substrates 

bearing electron-withdrawing and electron-donating groups were well-tolerated to furnish 

the corresponding product in good to excellent yields (2a-2g). To understand the tolerance 

of the substituents at the Ar' ring on the same position at the C-2 position, substrates 1h-1j 
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was examined under the optimized reaction conditions. It was observed that 1h-1j 

underwent smooth reactions to provide the desired products 2h-2j in good yields (74–93%). 

Even the hetero-aromatic 2-benzothiophenyl and 9-carbazolyl moieties were also well-

tolerated giving the desired product 90% and in 85% yield respectively. 

Table 2: Substrate Scope
a,b

 

 

a
Reaction conditions: 1 (0.1 mmol), 1.0 equiv. AgOTf, moist DCE (2.0 mL), 80 °C, 12h. 

b
Isolated yields. 

Next, our efforts were directed to examine the tolerance of substitution of the C-6 

phenyl ring of pyridinyl scaffold. Introduction of Me, 
t
Bu, Ph, 1-Nap and Cl, at meta-

position to the aforementioned phenyl ring resulted in good to excellent yield of the 

reaction (2m-2q). Additionally, the substitution of Me and Cl at para position on the same 

ring, resulted in good yield of expected products (2r and 2s). Also, the reaction tolerates di-

substitutions at the phenyl ring to offer the products 2t, and 2u in 85% and 88% yields, 

respectively.  

It was further noted that various substitution patterns on the aryl (Ar'') ring of 

alkynes, such as 4-Me, 2-OMe, 4-OMe and di-substitution are also well tolerated under the 
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standard reaction conditions, and the corresponding products (2v-2z) were isolated in 

excellent yields (90-92%). Also, the alkyne tethered aryl ring with 1-Nap also resulted in 

good yield (2aa). Switching the pyridyl ring with an isoquinoline ring did not hamper the 

reaction and 2ab was isolated in 88% yield. The scalability of the method was 

demonstrated by the large-scale synthesis employing 1a (1.0 mmol) as a starting material 

(2a, 76%). In this reaction the Lewis acidic character of silver complexes allows the  

activation of C-C triple bond in pyridine-alkyne core triggering a 6-endo-dig attack from 

the N-center to generate a vinyl-argentum species which undergo proto-deargentation to 

afford  our observed product. 

Various groups found that the effect of the counter ion could change the emission 

behavior and molecular crystal packing of the salts.
24

 Different counter ion bearing 

isoquinolopyridinium (IQP) salts were synthesized by using corresponding silver salts 

under optimized reaction condition (Table 3).
 

Table 3. Variation of counter-ions 
b
 

 
a
Reaction conditions: 1c (0.1 mmol), 1.0 equiv. AgX, moist DCE (2.0 mL), 80 °C, 12h. 

b
Isolated yields. 

3.5 Conclusion 

In conclusion, a novel silver mediated color-tunable N-doped series of highly 

emissive luminogens in solid state has been designed and developed. The reagent AgOTf 

exhibits a dual role by mediating the cascade transformation as well as providing a counter 

ion. Excellent photo-physical properties and their crystallography studies indicate that this 

class of compounds could have potential application in optoelectronic devices. 
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3.6 Experimental procedures 

3.6.1 Synthesis of starting materials 

 
 

Synthesis of 1-(3-bromo-4-iodophenyl)naphthalene (S1) 

To a solution of 2-bromo-4-(naphthalen-1-yl)aniline (2 g, 6.70 mmol) dissolved in 

CH3CN (40 mL) was added p-toluenesulfonic acid (3.46 g, 20.12 mmol), then the mixture 

was cooled to 0 °C, and it was added a solution of NaNO2 (0.69 g, 10.05 mmol) in water 

(10 mL). After addition, the reaction was kept at the temperature lower than 5 °C for 30 

min and it was added a solution of KI (1.66 g, 10.05 mmol) in water (10 mL). After 

addition, the reaction was kept at room temperature overnight, poured into water (300 mL) 

and extracted with CH2Cl2. The organic phase was dried over Na2SO4. 

1-(3-bromo-4-iodophenyl)naphthalene (S1): 

 

White solid, 2.20 gm, 80% yield; Rf = 0.50(Hexane/EtOAc = 95/05); 
1
H NMR (700 MHz, 

CDCl3) δ = 7.98 (d, J = 8.0 Hz, 1 H), 7.93 (d, J = 8.2 Hz, 1 H), 7.90 (d, J = 8.2 Hz, 1 H), 

7.83 (d, J = 8.4 Hz, 1 H), 7.79 (s, 1 H), 7.53 (t, J = 7.5 Hz, 2 H), 7.50 - 7.46 (m, 1 H), 7.39 

(d, J = 6.9 Hz, 1 H), 7.18 - 7.13 (m, 1 H); 
13

C NMR (175 MHz, CDCl3) δ = 
13

C NMR 

(176MHz ,CHLOROFORM-d) δ = 142.5, 140.0, 137.5, 134.0, 133.7, 131.1, 130.2, 129.7, 

128.5, 128.4, 126.9, 126.5, 126.1, 125.3, 125.3, 99.7, 77.2, 76.8; HRMS (ESI) calcd for 

C16H10BrI (M + H)
+
 408.9012, found 408.9015. 
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3.6.2  General procedure for preparation of substituted 2-alkynyl-bromobenzenes 

The bromo-alkynes S2-S9 and S13-S17 were reported in the literature and prepared according 

to the literature known procedure.
1
 The other bromo-alkynes S10-S12 were prepared from 

the literature known procedure by slightly modified procedure. 

Representative procedure for Sonogashira cross-coupling: A suspension of 2-bromo-4-

(tert-butyl)-1-iodobenzene (2 gm, 5.89 mmol, 1.0 equiv ), PdCl2(PPh3)2 (83 mg, 0.11 

mmol, 2 mol%), Cu(I) iodide (33.5 mg, 0.17 mmol, 3 mol%) in 20 mL of triethylamine was 

degassed three times. After 10 min a solution of phenylacetylene (0.71 mL, 6.48 mmol, 1.1 

equiv) in triethylamine (3 mL) was added drop-wise over 5 min via syringe and the reaction 

mixture was left to stir for 12 h. After the total consumption of the 2-bromo-4-(tert-butyl)-

1-iodobenzene, as monitored by TLC, the reaction mixture was filtered through celite and 

extracted with ethyl acetate (3 × 10 mL). The organic layer was washed with a saturated 

solution of NH4Cl (2 × 10 mL), water (2 × 10 mL), dried over Na2SO4 and the solvent was 

removed under vacuo. The reaction mixture was purified by flash chromatography on silica 

gel, (eluent: petroleum ether) to give the 2-bromo-4-(tert-butyl)-1-(phenylethynyl)benzene 

(S11) in 88% yield. Note: The Aryl bromo alkyne S10 was accompanied with slight impurity 

and hence used directly for next reaction without attempting further purification. 

 

3-bromo-4-(phenylethynyl)-1,1'-biphenyl (S11): 

                                                 
1 (a) Shaikh, A. C.; Ranade, D. S.; Rajamohanan, P. R.; Kulkarni, P. P.; Patil, N. T. Angew. Chem. Int. Ed. 

2017, 56, 757. (b) Shinde, P. S.; Shaikh, A. C.; Patil, N. T. Chem. Commun. 2016, 52, 8152. (c) Guo, R.; Li, 

K.-N.; Liu, B.; Zhu, H.-J.; Fan, Y.-M.; Gong, L.-Z. Chem. Commun. 2014, 50, 5451. (d) Yoo, W.-J.; Nguyen, 

T. V. Q.; Kobayashi, S. Angew. Chem., Int. Ed. 2014, 53          e    rner       t r ov  P.; Sheppard, T. D. 

J. Am. Chem. Soc. 2010, 132, 5968. 
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Off white solid, 1.57 gm, 85% yield; mp = 74-76 °C; Rf = 0.50 (Hexane/EtOAc = 98/02); 

1
H NMR (700 MHz, CDCl3) δ = 7.90 (s, 1 H), 7.64 (d, J = 7.3 Hz, 3 H), 7.60 (d, J = 7.5 

Hz, 2 H), 7.55 (d, J = 8.0 Hz, 1 H), 7.49 (t, J = 7.3 Hz, 2 H), 7.44 - 7.39 (m, 4 H); 
13

C 

NMR (175 MHz, CDCl3) δ = 142.4, 138.9, 133.4, 131.7, 130.8, 128.9, 128.6, 128.4, 

128.1, 127.0, 126.0, 125.7, 124.0, 122.9, 94.4, 88.0; HRMS (ESI) calcd for C20H13Br
 
(M + 

Na)
+
 355.0093, found 355.0075. 

1-(3-bromo-4-(phenylethynyl)phenyl)naphthalene (S12): 

 

Off white solid, 1.64 gm, 88% yield; mp = 75-77 °C; Rf = 0.60 (Hexane/EtOAc = 95/05); 

1
H NMR (500 MHz, CDCl3) δ = 7.99 - 7.91 (m, 3 H), 7.87 - 7.83 (m, 1 H), 7.76 - 7.67 (m, 

3 H), 7.60 - 7.50 (m, 3 H), 7.50 - 7.41 (m, 5 H); 
13

C NMR (125 MHz, CDCl3) δ = 142.2, 

137.9, 133.7, 132.8, 131.7, 131.1, 128.8, 128.6, 128.4, 128.4, 126.9, 126.4, 126.0, 125.5, 

125.4, 125.3, 124.2, 122.9, 94.3, 88.0; HRMS (ESI) calcd for C24H15Br
 
(M + H)

+
 

383.0412, found 383.0415. 

3.6.3  General procedure for preparation of 2-alkynylphenylboronic acids 

The boronic acid S18-S25, and S29-S33 were reported in the literature and prepared according 

to the literature known procedure.
 
The other boronic acids S26-S28 were prepared from 

literature known procedure with slight modifications. 

Representative procedure for lithiation/borylation: In a two-necked round bottom flask, 

1.6 M solution of 
n
BuLi in n hexanes (4.5 mL, 7.18 mmol, 1.5 equiv) was added drop-wise 

to a solution of 2-bromo-4-(tert-butyl)-1-(phenylethynyl)benzene (1.5 g, 4.78 mmol, 1.0 

equiv) in 45 mL of diethyl ether under nitrogen atmosphere at -78 °C. The mixture was 

stirred at -78 °C for 1 h and then at -40 °C for 1 h then cool back to -78 °C and B(O
i
Pr)3 
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(1.65 g, 8.78 mmol, 1.5 equiv) was added drop-wise. The mixture was allowed to warm up 

gradually to room temperature, while maintaining vigorous stirring for 16 h. Then, the 

reaction was quenched with 40 mL of 1N HCl for 30 minutes and extracted with ethyl 

acetate (3 x 20 mL). The combined organic solution was dried over Na2SO4 and the solvent 

was removed under vacuo. The product was purified by flash chromatography on silica gel, 

(eluent: petroleum ether/ethyl acetate) followed by recrystallization from petroleum ether to 

give the product (5-(tert-butyl)-2-(phenylethynyl)phenyl)boronic acid (S26) in 80% yield. 

Note: All the boronic acids were carried forward for the next reaction without purification. 

 

3.6.4 Synthesis of 2-(aryl)-6-(2(alkynyl)-phenyl)pyridines
 

Representative procedure for Suzuki cross-coupling reaction: In a sealed tube 2,6-di-

Bromopyridine (200 mg, 0.84 mmol, 1.0 equiv) and 4-Acetylphenyl boronic acid (S28) (139 

mg, 1.0 equiv) in DMF/H2O (1:1, 4 mL) was degassed with nitrogen for 5 min. Next, 

Na2CO3 (265 mg, 3 equiv) and PdCl2(PPh3)2 (30 mg, 5 mol%) were added under nitrogen 

atmosphere. The reaction mixture was stirred at 80 °C for 4 h. After complete consumption 

of starting material, as monitored by TLC, the resulting mixture was allowed to bring to 

room temperature. The reaction mixture was diluted with NaHCO3 (5 mL), and then the 

product was extracted with ethyl acetate (3 × 5 mL). The combined organic layer was dried 

over Na2SO4 and the organic solvent was removed under vacuo. The crude product was 

purified on a silica gel column using petroleum ether/ethyl acetate as eluent to afford 1-(4-

(6-bromopyridin-2-yl)phenyl)ethan-1-one (S35)in 70% yield. Note: 



Chapter 3: Silver-Mediated Intramolecular Hydroamination Reactions of Pyridino-

alkynes: An Access to Ionic Solid Light Emitters 

 

Page 139 
 

 

4-(6-bromopyridin-2-yl)benzonitrile (S34): 

 

white solid, 131 mg, 65% yield; mp = 95-97 °C; Rf = 0.30 (Hexane/EtOAc = 95/05); 
1
H 

NMR (400 MHz, CDCl3) δ = 8.12 (d, J = 8.3 Hz, 2 H), 7.79 - 7.72 (m, 3 H), 7.70 - 7.64 

(m, 1 H), 7.51 (d, J = 7.7 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3) δ = 156.2, 142.5, 141.6, 

139.3, 132.6, 127.7, 127.5, 119.5, 118.5, 113.1; HRMS (ESI) calcd for C12H7BrN2
 
(M + 

H)
+
 258.9865, found 258.9855. 

1-(4-(6-bromopyridin-2-yl)phenyl)ethan-1-one (S35): 

 

White solid, 163 mg, 70% yield; mp = 98-100 °C; Rf = 0.50(EtOAc/Hexane = 90/10); 
1
H 

NMR (700 MHz, CDCl3) δ = 8.11 - 8.07 (m, J = 8.2 Hz, 2 H), 8.06 - 8.02 (m, J = 8.4 Hz, 

2 H), 7.75 (d, J = 7.5 Hz, 1 H), 7.64 (t, J = 7.7 Hz, 1 H), 7.47 (d, J = 7.7 Hz, 1 H), 2.65 (s, 3 

H); 
13

C NMR (175 MHz, CDCl3) δ = 197.7, 157.1, 142.3, 141.6, 139.1, 137.6, 128.8, 

127.2, 127.1, 119.5, 26.8; HRMS (ESI) calcd for C13H10BrON
 
(M + Na)

+ 
297.9838, found 

297.9858. 

1-bromo-3-(4-methoxyphenyl)isoquinoline (S36): 

 

White solid, 164 mg, 75% yield; mp = 104-106 °C; Rf = 0.30 (EtOAc/Hexane = 95/05); 
1
H 

NMR (400 MHz, CDCl3) δ = 8.17 - 8.09 (m, 1 H), 7.84 (s, 1 H), 7.79 (d, J = 8.2 Hz, 1 H), 

7.73 - 7.63 (m, 3 H), 7.54 (ddd, J = 1.2, 7.0, 8.4 Hz, 1 H), 7.11 - 7.01 (m, 2 H), 3.91 (s, 3 
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H); 
13

C NMR (100 MHz, CDCl3) δ = 161.3, 160.4, 139.0, 135.0, 131.5, 130.7, 130.7, 

127.9, 127.4, 126.1, 125.6, 122.4, 113.9, 55.4; HRMS (ESI) calcd for C16H12BrON
 
(M + 

Na)
+
 335.9994, found 336.0021. 

3.6.5 Synthesis of 2-aryl 6-(2(alkynyl)-aryl) pyridines 

The 2-aryl 6-(2(alkynyl)-aryl) pyridines 1a-1ab, 1f, 1h-1k, 1m, and 1q-1aa were reported 

in the literature and prepared according to the literature known procedures.
2
 The other 2-

aryl 6-(2(alkynyl)-aryl) pyridines 1c-1e, 1g 1l, 1n-1p and 1ab were prepared from slight 

modifications in literature known procedures. 

Representative procedure for Suzuki cross-coupling reaction:In a sealed tube 2-bromo-6-

(4-methoxyphenyl)pyridine (200 mg, 0.757 mmol, 1.0 equiv) and (5-(tert-butyl)-2-

(phenylethynyl)phenyl)boronic acid (229 mg, 0.825 mmol, 1.1 equiv) in DMF/H2O 1:1 (4 

mL) was degassed with nitrogen for 5 min. Next, Na2CO3 (260 mg, 2.47 mmol, 3 equiv) 

and PdCl2(PPh3)2 (27mg, 0.038 mmol, 5 mol%) were added under nitrogen atmosphere. 

The reaction mixture was stirred at 80 °C for 6 h. After complete consumption of starting 

material, as monitored by TLC, the resulting mixture was allowed to bring to room 

temperature. The reaction mixture was diluted with NaHCO3 (5 mL), and then the product 

was extracted with ethyl acetate (3 × 5 mL). The combined organic layer was dried over 

Na2SO4 and the organic solvent was removed under vacuo. The crude product was purified 

on a silica gel column using petroleum ether/ethyl acetateas eluent to afford 2-(5-(tert-

butyl)-2-(phenylethynyl)phenyl)-6-(4-methoxyphenyl)pyridine (1n) in 80% yield. Note: 

The aryl pyridine alkyne 1ab was accompanied with slight impurity and hence used 

directly for next reaction without attempting further purification 

 

 

 

 

                                                 
2
 Mule R. D.; Shaikh A. C.; Gade A. B.; Patil N. T. Chem. Commun. 2018, 54, 11909. 
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2-([1,1'-biphenyl]-4-yl)-6-(2-(phenylethynyl)phenyl)pyridine (1c): 

 

Off white solid, 197 mg, 75% yield; mp = 138-140 °C; Rf = 0.30 (Hexane/EtOAc = 95/05); 

1
H NMR (500 MHz, CDCl3) δ = 8.27 - 8.21 (m, 2 H), 8.01 - 7.94 (m, 2 H), 7.88 (t, J = 7.8 

Hz, 1 H), 7.81 (dd, J = 0.8, 7.9 Hz, 1 H), 7.75 - 7.69 (m, 3 H), 7.69 - 7.65 (m, 2 H), 7.55 - 

7.43 (m, 4 H), 7.43 - 7.36 (m, 3 H), 7.33 - 7.28 (m, 3 H); 
13

C NMR (125 MHz, CDCl3) δ = 

157.4, 156.4, 142.3, 141.6, 140.7, 138.4, 136.5, 133.3, 131.4, 129.9, 128.8, 128.6, 128.3, 

128.2, 128.2, 127.4, 127.4, 127.1, 123.4, 122.6, 121.4, 118.7, 92.5, 89.4; HRMS (ESI) 

calcd for C31H21N
 
(M + H)

+ 
408.1747, found 408.1767. 
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4-(6-(2-(phenylethynyl)phenyl)142yridine-2-yl)benzonitrile (1d): 

 

White solid, 165 mg, 60% yield; mp = 104-106 °C; Rf = 0.40 (Hexane/EtOAc = 85/15); 
1
H 

NMR (700 MHz, CDCl3) δ = 8.25 (d, J = 8.2 Hz, 2 H), 8.02 (d, J = 8.0 Hz, 1 H), 7.94 – 

7.87 (m, 2 H), 7.77 (d, J = 7.7 Hz, 1 H), 7.74 – 7.70 (m, 3 H), 7.50 (t, J = 7.5 Hz, 1 H), 7.45 

(t, J = 7.5 Hz, 1 H), 7.40 – 7.36 (m, 2 H), 7.35 – 7.28 (m, 3 H); 
13

C NMR (175 MHz, 

CDCl3) δ = 157.7, 154.4, 143.4, 141.6, 136.8, 133.4, 132.5, 132.4, 131.3, 129.7, 128.6, 

128.5, 128.3, 127.5, 127.4, 123.6, 123.1, 121.4, 119.4, 119.2, 118.8, 112.2, 92.6, 89.2; 

HRMS (ESI) calcd for C26H16N2
 
(M + Na)

+
 379.1206, found 379.1203. 

1-(4-(6-(2-(phenylethynyl)phenyl)142yridine-2-yl)phenyl)ethan-1-one (1e): 

 

White solid, 205 mg, 76% yield; mp = 125-127 °C; Rf = 0.30 (Hexane/EtOAc = 90/10); 
1
H 

NMR (700 MHz, CDCl3) δ = 8.28 – 8.23 (m, J = 8.2 Hz, 2 H), 8.07 – 8.03 (m, J = 8.2 Hz, 

2 H), 8.01 (d, J = 7.7 Hz, 1 H), 7.93 (d, J = 7.5 Hz, 1 H), 7.90 (dt, J = 2.3, 7.8 Hz, 1 H), 

7.81 (d, J = 7.7 Hz, 1 H), 7.72 (d, J = 7.5 Hz, 1 H), 7.51 (t, J = 7.5 Hz, 1 H), 7.44 (t, J = 7.5 

Hz, 1 H), 7.41 – 7.36 (m, 2 H), 7.34 – 7.28 (m, 3 H), 2.65 (s, 3 H); 
13

C NMR (175 MHz, 

CDCl3) δ = 197.9, 157.7, 155.5, 143.7, 142.0, 137.0, 136.6, 133.3, 131.4, 129.9, 128.7, 

128.7, 128.4, 128.3, 128.3, 127.1, 123.4, 123.3, 121.4, 119.3, 92.6, 89.2, 26.7; HRMS 

(ESI) calcd for C27H19ON
 
(M + Na)

+
 396.1359, found 396.1359. 
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9-(4-(6-(2-(phenylethynyl)phenyl)pyridin-2-yl)phenyl)-9H-carbazole (1g): 

 

White solid, 159 mg, 64% yield; mp = 151-153 °C; Rf = 0.30 (Hexane/EtOAc = 85/15); 
1
H 

NMR (400 MHz, CDCl3) δ = 8.44 - 8.36 (m, 2 H), 8.22 - 8.15 (m, J = 7.8 Hz, 2 H), 8.02 - 

7.90 (m, 3 H), 7.89 - 7.83 (m, 1 H), 7.75 (dd, J = 1.2, 7.6 Hz, 1 H), 7.70 - 7.65 (m, J = 8.6 

Hz, 2 H), 7.55 - 7.49 (m, 2 H), 7.49 - 7.41 (m, 7 H), 7.36 - 7.29 (m, 5 H); 
13

C NMR (175 

MHz,DMSO-d6) δ = 157.6, 155.9, 142.2, 140.7, 138.4, 138.2, 136.7, 133.4, 131.4, 129.9, 

128.7, 128.5, 128.3, 128.3, 128.2, 127.0, 126.0, 123.4, 123.4, 122.7, 121.5, 120.3, 120.0, 

118.8, 109.8, 92.5, 89.4; HRMS (ESI) calcd for C37H24N2
 
(M + H)

+
 497.2012, found 

497.1990. 

9-(6-(2-(phenylethynyl)phenyl)pyridin-2-yl)-9H-carbazole (1l): 

 

Off white solid, 208 mg, 80% yield; mp = 128-130 °C; Rf = 0.30 (Hexane/EtOAc = 95/05); 

1
H NMR (700 MHz, CDCl3) δ = 8.16 - 8.10 (m, 3 H), 8.04 (t, J = 7.7 Hz, 1 H), 7.97 (d, J 

= 8.2 Hz, 3 H), 7.73 (d, J = 7.7 Hz, 1 H), 7.65 (d, J = 7.7 Hz, 1 H), 7.52 - 7.48 (m, 1 H), 

7.46 - 7.41 (m, 5 H), 7.35 - 7.30 (m, 5 H); 
13

C NMR (175 MHz, CDCl3) δ = 157.7, 151.4, 

141.3, 139.6, 138.1, 133.4, 131.4, 129.9, 128.8, 128.5, 128.4, 128.4, 126.1, 124.3, 123.2, 

121.7, 121.3, 120.8, 120.1, 117.5, 111.4, 93.0, 89.2; HRMS (ESI) calcd for C31H20N2
+ 

(M 

+ Na)
+
 443.1519, found 443.1521. 
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2-(5-(tert-butyl)-2-(phenylethynyl)phenyl)-6-(4-methoxyphenyl)pyridine (1n): 

 

White solid, 240 mg, 76% yield; mp = 116-118 °C; Rf = 0.40 (Hexane/EtOAc = 95/05); 
1
H 

NMR (700 MHz, CDCl3) δ = 8.14 – 8.11 (m, 2 H), 7.92 (d, J = 1.9 Hz, 1 H), 7.87 (dd, J = 

0.9, 7.7 Hz, 1 H), 7.82 (t, J = 7.7 Hz, 1 H), 7.71 – 7.68 (m, 1 H), 7.63 (d, J = 8.2 Hz, 1 H), 

7.45 (dd, J = 2.0, 8.1 Hz, 1 H), 7.40 – 7.35 (m, 2 H), 7.28 (dd, J = 2.7, 3.8 Hz, 3 H), 7.02 – 

6.97 (m, 2 H), 3.87 (s, 3 H), 1.41 (s, 9 H); 
13

C NMR (175 MHz, CDCl3) δ = 160.4, 157.7, 

156.4, 151.8, 142.1, 136.3, 133.0, 132.2, 131.4, 128.3, 128.2, 127.9, 126.9, 125.4, 123.7, 

121.9, 118.6, 117.9, 114.0, 91.7, 89.6, 55.3, 34.9, 31.2; HRMS (ESI) calcd for C30H27NO
 

(M +H)
+
 418.2165, found 418.2180. 

2-(4-methoxyphenyl)-6-(4-(phenylethynyl)-[1,1’-biphenyl]-3-yl)pyridine (1o): 

 

White solid, 285 mg, 86% yield; mp = 113-115 °C; Rf = 0.40 (Hexane/EtOAc = 95/05); 
1
H 

NMR (700 MHz, CDCl3) δ = 8.15 (s, 1 H), 8.13 (d, J = 8.2 Hz, 2 H), 7.93 (d, J = 7.7 Hz, 1 

H), 7.84 (t, J = 7.7 Hz, 1 H), 7.77 (d, J = 8.0 Hz, 1 H), 7.74 – 7.68 (m, 3 H), 7.66 (d, J = 8.0 

Hz, 1 H), 7.49 (t, J = 7.3 Hz, 2 H), 7.43 – 7.36 (m, 3 H), 7.31 (br. S., 3 H), 6.99 (d, J = 8.2 

Hz, 2 H), 3.87 (s, 3 H); 
13

C NMR (175 MHz, CDCl3) δ = 160.4, 157.2, 156.6, 142.9, 

141.3, 140.3, 136.4, 133.7, 132.1, 131.4, 128.8, 128.6, 128.3, 128.3, 128.1, 127.7, 127.2, 

126.7, 123.5, 122.0, 120.4, 118.2, 114.0, 93.1, 89.4, 55.3; HRMS (ESI) calcd for 

C32H23NO
 
(M + H)

+
 438.1856, found 438.1857. 
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2-(4-methoxyphenyl)-6-(5-(naphthalen-1-yl)-2-(phenylethynyl)phenyl)pyridine (1p): 

 

White solid, 226 mg, 83% yield; mp = 108-110 °C; Rf = 0.50 (Hexane/EtOAc = 95/05); 
1
H 

NMR (700 MHz, CDCl3) δ = 8.11 - 8.05 (m, 4 H), 7.94 (d, J = 8.0 Hz, 1 H), 7.97 (d, J = 

7.7 Hz, 1 H), 7.91 (d, J = 8.0 Hz, 1 H), 7.86 - 7.82 (m, 2 H), 7.71 (d, J = 7.7 Hz, 1 H), 7.60 

- 7.52 (m, 4 H), 7.51 - 7.47 (m, 1 H), 7.44 (br. s., 2 H), 7.32 (br. s., 3 H), 6.95 (d, J = 7.7 

Hz, 2 H), 3.84 (s, 3 H); 
13

C NMR (175 MHz, CDCl3) δ = 160.4, 157.0, 156.5, 142.4, 

141.0, 139.4, 136.5, 133.8, 133.3, 132.0, 131.6, 131.5, 131.4, 129.9, 128.3, 128.3, 128.2, 

128.0, 127.0, 126.2, 126.0, 125.9, 125.4, 123.5, 121.9, 120.4, 118.1, 114.0, 92.9, 89.5, 55.3; 

HRMS (ESI) calcd for C36H25NO
 
(M + H)

+
 488.2009, found 488.2000. 

3.6.5 Copper-promoted intramolecular carboamination of alkynes 

 

Representative procedure: To a screw-cap vial containing a stir bar were added 2-phenyl-

6-(2-(phenylethynyl)phenyl)pyridine (1a) (50 mg, 0.15mmol, 1.0 equiv),  AgOTf (39 mg, 

0.15mmol, 1.0 equiv) and moist DCE (4 mL). The reaction vial was fitted with a cap, 

evacuated and backfilled with N2 and heated at 80 °C for 6-12 h. When the reaction time 

was completed, the reaction mixture was allowed to cool at ambient temperature. The 

mixture was diluted with CH2Cl2 (10 mL) and the combined mixture was concentrated in 

vacuo and the resulting residue was purified by column chromatography on silica 

(CH2Cl2/MeOH; 95:05) to afford the product 2a in 80% yield. 
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4,6-diphenylpyrido[2,1-a]isoquinolin-5-ium trifluoromethanesulfonate (2a): 

 

Yellow solid, 57 mg, 80% yield; mp = 210-212 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, DMSO-d6) δ = 9.62 (dd, J = 1.1, 8.8 Hz, 1 H), 9.23 (d, J = 8.4 Hz, 1 H), 

8.74 (dd, J = 7.5, 8.5 Hz, 1 H), 8.29 (d, J = 7.2 Hz, 1 H), 8.25 (s, 1 H), 8.19 - 8.15 (m, 1 H), 

8.14 - 8.08 (m, 2 H), 7.32 - 7.28 (m, 2 H), 7.27 - 7.22 (m, 1 H), 7.22 - 7.18 (m, 2 H), 7.18 - 

7.12 (m, 5 H); 
13

C NMR (125 MHz,DMSO-d6) δ = 150.8, 148.3, 141.2, 139.9, 137.0, 

136.8, 134.2, 131.7, 130.9, 129.8, 128.6, 128.5, 128.4, 128.3, 128.3, 128.1, 127.5, 127.4, 

125.8, 125.3, 122.3, 120.6(d, J = 322.43); HRMS (ESI) calcd for C25H18N
+
 (M - OTf)

+
 

332.1434, found 332.1421. 

6-phenyl-4-(p-tolyl)pyrido[2,1-a]isoquinolin-5-ium trifluoromethanesulfonate (2b): 

 

Yellow solid, 62 mg, 86% yield; mp = 238-240 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, CD3CN) δ = 9.28 (d, J = 8.7 Hz, 1 H), 8.96 (d, J = 8.4 Hz, 1 H), 8.60 

(dd, J = 7.6, 8.4 Hz, 1 H), 8.22 - 8.14 (m, 1 H), 8.14 - 8.09 (m, 1 H), 8.09 - 8.04 (m, 1 H), 

7.98 (s, 1 H), 7.94 (dd, J = 1.3, 7.4 Hz, 1 H), 7.20 - 7.12 (m, 3 H), 7.12 - 7.03 (m, 4 H), 

7.00 (d, J = 8.1 Hz, 2 H), 2.24 (s, 3 H); 
13

C NMR (125 MHz, CD3CN) δ = 153.2, 149.6, 

142.8, 142.0, 141.0, 138.0, 135.7, 135.1, 132.9, 132.4, 132.1, 130.4, 130.0, 129.7, 129.6, 

129.5, 129.5, 129.3, 128.9, 128.7, 126.7, 126.4, 123.5, 123.0, 122.8, 121.0, 118.7, 21.4; 

HRMS (ESI) calcd for C26H20N
+
 (M - OTf)

+
 346.1590, found 346.1614. 
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4-([1,1'-biphenyl]-4-yl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate(2c):  

 

Yellow solid, 56 mg, 82% yield; mp = 203-205 °C; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, CD3CN) δ = 99.32 (dd, J = 1.1, 8.6 Hz, 1 H), 8.99 (d, J = 8.2 Hz, 1 H), 

8.63 (dd, J = 7.6, 8.5 Hz, 1 H), 8.23 - 8.17 (m, 1 H), 8.17 - 8.06 (m, 2 H), 8.05 - 7.99 (m, 2 

H), 7.60 - 7.52 (m, 2 H), 7.52 - 7.45 (m, 2 H), 7.45 - 7.38 (m, 3 H), 7.31 - 7.25 (m, 2 H), 

7.18 - 7.11 (m, 5 H); 
13

C NMR (125 MHz, CD3CN) δ = 152.5, 149.6, 143.6, 142.7, 140.8, 

140.5, 138.0, 136.7, 135.6, 132.9, 132.1, 130.1, 130.0, 129.5, 129.2, 128.9, 128.8, 128.2, 

128.0, 126.5, 126.4, 123.1, 120.9, 119.0; HRMS (ESI) calcd for C31H22N
+
 (M - OTf)

+
 

408.1747, found 408.1756. 

4-(4-cyanophenyl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium trifluoromethanesulfonate 

(2d):  

 

Yellow solid, 50 mg, 71% yield; mp = 232-234 °C; Rf = 0.40 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, CD3CN) δ = 9.37 (d, J = 8.5 Hz, 1 H), 9.02 (d, J = 8.2 Hz, 1 H), 8.64 (t, 

J = 8.0 Hz, 1 H), 8.26 - 8.20 (m, 1 H), 8.17 (t, J = 7.2 Hz, 1 H), 8.15 - 8.06 (m, 2 H), 7.96 

(d, J = 6.9 Hz, 1 H), 7.60 - 7.47 (m, J = 8.4 Hz, 2 H), 7.40 - 7.30 (m, J = 8.2 Hz, 2 H), 7.27 

- 7.17 (m, 3 H), 7.13 (d, J = 7.0 Hz, 2 H); 
13

C NMR (175 MHz, CD3CN) δ = 150.1, 149.8, 

142.2, 141.5, 140.8, 137.7, 135.9, 133.5, 133.1, 132.4, 130.4, 130.1, 130.0, 129.9, 129.5, 

129.4, 129.1, 126.6, 126.4, 124.1, 123.1, 121.2, 118.8, 114.0; HRMS (ESI) calcd for 

C26H17N
+
 (M - OTf)

+
 357.1386, found 357.1407. 
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4-(4-acetylphenyl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium trifluoromethanesulfonate 

 (2e):  

 

Greenish solid, 49 mg, 70% yield; mp = 236-238 °C; Rf = 0.20 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, CD3CN) δ = 9.36 (d, J = 8.5 Hz, 1 H), 9.01 (d, J = 8.2 Hz, 1 H), 8.63 

(t, J = 7.9 Hz, 1 H), 8.25 - 8.18 (m, 1 H), 8.16 (t, J = 7.4 Hz, 1 H), 8.13 - 8.08 (m, 1 H), 

8.06 (s, 1 H), 7.98 (d, J = 7.3 Hz, 1 H), 7.76 - 7.68 (m, J = 7.9 Hz, 2 H), 7.35 - 7.28 (m, J = 

8.1 Hz, 2 H), 7.19 - 7.09 (m, 5 H), 2.51 (s, 3 H); 
13

C NMR (125 MHz, CD3CN) δ = 198.2, 

151.3, 149.7, 142.5, 141.4, 140.9, 138.6, 137.8, 135.8, 133.1, 132.4, 130.2, 129.8, 129.8, 

129.6, 129.4, 129.3, 129.1, 129.0, 126.6, 126.4, 123.7, 119.2, 117.0, 27.1; HRMS (ESI) 

calcd for C27H20ON
+
 (M - OTf)

+
 374.1539, found 374.1541. 

4-(4-methoxyphenyl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2f) 

 

Yellow solid, 66 mg, 94% yield; mp = 200-202 °C; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, DMSO-d6) δ = 9.55 (dd, J = 1.0, 8.6 Hz, 1 H), 9.19 (d, J = 8.2 Hz, 1 H), 

8.71 (dd, J = 7.6, 8.4 Hz, 1 H), 8.27 (d, J = 7.5 Hz, 1 H), 8.20 (s, 1 H), 8.15 (t, J = 7.5 Hz, 1 

H), 8.12 - 8.06 (m, 2 H), 7.28 - 7.24 (m, 2 H), 7.20 - 7.13 (m, 5 H), 6.79 - 6.72 (m, 2 H), 

3.71 (s, 3 H); 
13

C NMR (125 MHz,DMSO-d6) δ = 160.5, 151.1, 148.1, 141.2, 139.8, 

137.0, 134.0, 133.7, 132.3, 131.5, 130.8, 130.0, 129.7, 129.4, 128.6, 128.3, 128.2, 128.2, 

127.2, 127.2, 125.7, 125.3, 122.0, 121.7, 119.4, 114.0, 55.4; HRMS (ESI) calcd for 

C26H20NO
+
 (M - OTf)

+
 362.1539, found 362.1521. 
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4-(4-(9H-carbazol-9-yl)phenyl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2g) 

 

Yellow solid, 52 mg, 80% yield; mp = 230-232 °C; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (700 MHz, CD3CN) δ = 9.37 (dd, J = 0.9, 8.6 Hz, 1 H), 9.02 (d, J = 8.4 Hz, 1 H), 

8.68 (t, J = 8.0 Hz, 1 H), 8.22 (d, J = 7.5 Hz, 1 H), 8.19 (d, J = 7.7 Hz, 2 H), 8.15 (t, J = 7.4 

Hz, 1 H), 8.12 - 8.07 (m, 3 H), 7.53 - 7.46 (m, 4 H), 7.45 - 7.41 (m, 2 H), 7.37 - 7.32 (m, 4 

H), 7.31 - 7.26 (m, 5 H); 
13

C NMR (125 MHz, CD3CN) δ = 151.7, 149.7, 142.5, 141.2, 

140.9, 140.1, 138.1, 136.5, 135.6, 133.0, 132.3, 131.2, 130.3, 130.0, 129.9, 129.4, 129.3, 

129.2, 129.0, 127.9, 127.3, 126.6, 126.4, 124.4, 123.4, 123.1, 121.6, 121.5, 121.2, 110.7; 

HRMS (ESI) calcd for C37H25N2
+
 (M - OTf)

+
 497.2012, found 497.2005. 

4-(3,5-dimethoxyphenyl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2h) 

 

Yellow solid, 74 mg, 93% yield; mp = 178-180 °C; Rf = 0.30 (CH2Cl2/MeOH = 93/07); 
1
H 

NMR (500 MHz, CD3CN) δ = 9.35 (d, J = 8.7 Hz, 1 H), 9.02 (d, J = 8.2 Hz, 1 H), 8.67 - 

8.61 (m, 1 H), 8.24 - 8.19 (m, 1 H), 8.18 - 8.14 (m, 1 H), 8.12 (dd, J = 1.3, 8.3 Hz, 1 H), 

8.04 (s, 1 H), 8.02 (dd, J = 1.3, 7.4 Hz, 1 H), 7.28 - 7.21 (m, 3 H), 7.20 - 7.15 (m, 2 H), 

6.38 (d, J = 2.1 Hz, 2 H), 6.33 (t, J = 2.2 Hz, 1 H), 3.69 (s, 6 H); 
13

C NMR (125 MHz, 

CD3CN) δ = 162.0, 152.5, 149.5, 142.9, 140.8, 139.4, 137.8, 135.6, 133.1, 132.2, 129.9, 

129.5, 129.5, 129.1, 128.9, 126.6, 126.5, 123.5, 123.4, 121.0, 107.8, 103.3, 56.4; HRMS 

(ESI) calcd for C27H22O2N
+
 (M - OTf)

+
 392.1645, found 392.1623. 
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4-(anthracen-9-yl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium trifluoromethanesulfonate 

(2i): 

 

Orangish yellow solid, 50 mg, 74% yield, mp = 280-282 °C; Rf = 0.30 (CH2Cl2/MeOH = 

95/05); 
1
H NMR (500 MHz, CD3CN) δ = 9.61 (d, J = 8.7 Hz, 1 H), 9.14 (dd, J = 3.4, 5.7 

Hz, 1 H), 8.77 (t, J = 8.0 Hz, 1 H), 8.48 (s, 1 H), 8.23 (d, J = 7.3 Hz, 1 H), 8.20 - 8.07 (m, 3 

H), 8.07 - 7.96 (m, J = 8.4 Hz, 2 H), 7.75 (s, 1 H), 7.52 (t, J = 7.5 Hz, 2 H), 7.40 (t, J = 7.6 

Hz, 2 H), 7.28 - 7.13 (m, J = 8.7 Hz, 2 H), 6.60 - 6.43 (m, 1 H), 6.37 (t, J = 7.6 Hz, 2 H), 

6.24 (d, J = 7.5 Hz, 2 H); 
13

C NMR (175 MHz, CD3CN) δ = 149.3, 148.6, 141.9, 140.5, 

135.7, 135.5, 133.3, 132.7, 132.4, 132.3, 131.8, 130.1, 130.0, 129.7, 129.4, 129.1, 129.0, 

128.3, 127.9, 127.4, 127.0, 126.8, 126.7, 124.7, 124.5, 123.1, 121.2; HRMS (ESI) calcd 

for C33H22N
+
 (M - OTf)

+
 432.1725, found 432.1728. 

4-(phenanthren-9-yl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2j): 

 

Yellow solid, 57 mg, 85% yield; mp = 268-270 °C; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, CD3CN) δ = 9.48 (d, J = 8.7 Hz, 1 H), 9.07 (d, J = 8.1 Hz, 1 H), 8.71 (t, 

J = 8.1 Hz, 1 H), 8.65 (d, J = 8.5 Hz, 1 H), 8.68 (d, J = 8.5 Hz, 1 H), 8.22 (dd, J = 1.8, 5.6 

Hz, 1 H), 8.19 - 8.08 (m, 3 H), 7.89 (s, 1 H), 7.82 - 7.73 (m, 2 H), 7.72 - 7.62 (m, 3 H), 7.52 

- 7.46 (m, 1 H), 7.40 (d, J = 8.1 Hz, 1 H), 6.90 (d, J = 7.6 Hz, 1 H), 6.65 (t, J = 7.6 Hz, 1 

H), 6.61 - 6.50 (m, 2 H), 6.46 (d, J = 7.5 Hz, 1 H); 
13

C NMR (125 MHz, CD3CN) δ = 

150.8, 149.2, 142.6, 140.7, 136.8, 135.7, 133.3, 132.8, 132.4, 132.2, 131.8, 131.4, 131.3, 

131.2, 130.4, 129.9, 129.5, 129.3, 129.2, 129.0, 128.7, 128.6, 128.6, 128.5, 128.4, 128.3, 
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127.9, 126.7, 126.7, 125.8, 124.4, 124.0, 123.6, 123.5, 121.0; HRMS (ESI) calcd for 

C33H22N
+
 (M - OTf)

+
 432.1747, found 432.1750. 

4-(benzo[b]thiophen-2-yl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2k) 

 

Yellow solid, 62 mg, 90% yield, mp = 208-210 °C; Rf = 0.40 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, CD3CN) δ = 9.32 (dd, J = 1.2, 8.7 Hz, 1 H), 8.98 (d, J = 8.4 Hz, 1 H), 

8.61 (dd, J = 7.5, 8.5 Hz, 1 H), 8.22 (d, J = 7.3 Hz, 1 H), 8.15 (dt, J = 1.1, 7.6 Hz, 2 H), 

8.12 - 8.05 (m, 2 H), 7.85 - 7.76 (m, 1 H), 7.75 - 7.69 (m, 1 H), 7.39 (tt, J = 5.6, 7.3 Hz, 2 

H), 7.35 (s, 1 H), 7.28 (dd, J = 1.4, 8.0 Hz, 2 H), 7.12 - 7.00 (m, 3 H); 
13

C NMR (125 

MHz, CD3CN) δ = 150.0, 146.1, 142.7, 141.7, 140.7, 139.7, 137.5, 137.3, 135.9, 133.2, 

132.4, 130.7, 130.2, 129.9, 129.5, 129.5, 129.4, 128.4, 127.6, 126.7, 126.5, 126.3, 126.0, 

123.9, 123.5, 123.3, 121.0,; HRMS (ESI) calcd for C27H18NS
+
 (M - OTf)

+
 388.1154, found 

388.1182. 

4-(9H-carbazol-9-yl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2l) 

 

Yellow solid, 57 mg, 85% yield; mp = 290-298 °C; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, CD3CN) δ =  9.44 (d, J = 8.7 Hz, 1 H), 9.05 (d, J = 8.1 Hz, 1 H), 8.80 (t, 

J = 8.2 Hz, 1 H), 8.38 (d, J = 7.8 Hz, 1 H), 8.22 - 8.10 (m, 3 H), 7.99 - 7.84 (m, 3 H), 7.43 - 

7.31 (m, 4 H), 7.00 (d, J = 8.1 Hz, 2 H), 6.68 (qd, J = 4.3, 8.5 Hz, 1 H), 6.60 (d, J = 4.4 Hz, 

4 H); 
13

C NMR (125 MHz, CD3CN) δ = 149.0, 143.4, 142.2, 140.6, 139.1, 135.8, 134.6, 

132.4, 129.6, 129.4, 129.3, 128.0, 127.6, 127.0, 126.9, 126.7, 125.9, 125.5, 124.0, 123.4, 

121.6, 111.6; HRMS (ESI) calcd for C31H22N2
+
 (M - OTf)

+
 421.1699, found 421.1697. 
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4-(4-methoxyphenyl)-10-methyl-6-phenylpyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2m): 

 

Yellow solid, 63 mg, 90% yield; mp = 190-192 °C; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (400 MHz, DMSO-d6) δ = 9.53 (d, J = 8.5 Hz, 1 H), 9.04 (br. s., 1 H), 8.68 (t, J = 

7.9 Hz, 1 H), 8.27 - 8.12 (m, 2 H), 8.08 - 7.96 (m, 2 H), 7.30 - 7.22 (m, J = 8.3 Hz, 2 H), 

7.21 - 7.12 (m, 5 H), 6.80 - 6.70 (m, J = 8.5 Hz, 2 H), 3.71 (s, 3 H), 2.71 (s, 3 H) ; 
13

C 

NMR (100 MHz, DMSO-d6) δ = 160.4, 150.9, 147.8, 141.3, 140.5, 139.5, 137.0, 135.5, 

129.9, 129.6, 129.5, 128.5, 128.2, 128.1, 128.1, 127.2, 127.1, 125.3, 125.1, 122.3, 121.6, 

119.1, 114.0, 55.4, 21.7; HRMS (ESI) calcd for C27H22NO
+
 (M - OTf)

+
 376.1696, found 

376.1692. 

 

10-(tert-butyl)-4-(4-methoxyphenyl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2n): 

 

Yellow solid, 62 mg, 92% yield; mp = 245-247 °C; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, CD3CN) δ = 9.35 (dd, J = 1.2, 8.7 Hz, 1 H), 8.84 (s, 1 H), 8.55 (dd, J = 

7.5, 8.5 Hz, 1 H), 8.23 (dd, J = 1.7, 8.4 Hz, 1 H), 8.11 (d, J = 8.4 Hz, 1 H), 7.94 (s, 1 H), 

7.91 (dd, J = 1.3, 7.4 Hz, 1 H), 7.26 – 7.12 (m, 5 H), 7.12 – 7.06 (m, 2 H), 6.76 – 6.61 (m, 2 

H), 3.74 (s, 3 H), 1.55 (s, 9 H); 
13

C NMR (125 MHz, CD3CN) δ = 162.2, 156.0, 153.0, 

149.5, 142.4, 140.4, 138.1, 134.0, 131.1, 131.0, 130.5, 129.9, 129.6, 129.3, 129.2, 128.5, 

128.4, 126.3, 123.5, 122.7, 122.2, 121.0, 118.7, 115.3, 56.3, 36.8, 31.4; HRMS (ESI) calcd 

for C30H28ON
+
 (M – OTf)

+
 418.2165, found 418.2172. 
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4-(4-methoxyphenyl)-6,10-diphenylpyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2o): 

 

Yellow solid, 59 mg, 88% yield; mp = 250-252 °C; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, CD3CN) δ = 9.41 (d, J = 8.5 Hz, 1 H), 9.12 (s, 1 H), 8.59 (t, J = 8.0 Hz, 

1 H), 8.40 – 8.35 (m, 1 H), 8.27 – 8.21 (m, 1 H), 8.01 – 7.98 (m, 1 H), 7.98 – 7.93 (m, 3 H), 

7.63 (t, J = 6.9 Hz, 2 H), 7.58 – 7.51 (m, 1 H), 7.22 – 7.16 (m, 5 H), 7.15 – 7.10 (m, 2 H), 

6.72 (d, J = 8.9 Hz, 2 H), 3.75 (s, 3 H); 
13

C NMR (125 MHz, CD3CN) δ = 162.3, 157.5, 

153.2, 149.6, 144.6, 142.8, 140.7, 140.1, 138.0, 134.5, 131.9, 131.2, 130.5, 130.4, 130.0, 

130.0, 129.6, 129.6, 128.9, 128.5, 128.4, 127.0, 124.3, 122.9, 121.0, 115.3, 56.3; HRMS 

(ESI) calcd for C32H24NO
+
 (M – OTf)

+
 438.1852, found 438.1825. 

4-(4-methoxyphenyl)-10-(naphthalen-1-yl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2p): 

 

Yellow solid, 59 mg, 91% yield; mp = 221-223 °C; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, CD3CN) δ = 9.29 - 9.24 (m, 1 H), 9.05 (s, 1 H), 8.54 (dd, J = 7.6, 8.4 Hz, 

1 H), 8.29 (d, J = 8.2 Hz, 1 H), 8.23 (dd, J = 1.4, 8.1 Hz, 1 H), 8.11 - 8.04 (m, 3 H), 7.95 

(dd, J = 1.1, 7.4 Hz, 1 H), 7.88 (d, J = 8.4 Hz, 1 H), 7.73 - 7.67 (m, 2 H), 7.65 - 7.60 (m, 1 

H), 7.56 (ddd, J = 1.1, 6.9, 8.3 Hz, 1 H), 7.24 - 7.18 (m, 5 H), 7.18 - 7.14 (m, 2 H), 6.78 - 

6.70 (m, 2 H), 3.76 (s, 3 H); 
13

C NMR (125 MHz, CD3CN) δ = 162.3, 153.2, 149.5, 144.5, 

142.9, 140.7, 139.0, 138.0, 137.3, 134.9, 132.1, 131.9, 131.1, 130.4, 130.0, 129.7, 129.6, 

129.3, 129.0, 128.4, 128.0, 127.4, 127.3, 126.7, 126.7, 126.0, 123.4, 122.7, 115.3, 56.3; 

HRMS (ESI) calcd for C36H26ON
+
 (M - OTf)

+
 489.2042, found 489.2070. 
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10-chloro-4-(4-methoxyphenyl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2q): 

 

Yellow solid, 60 mg, 87% yield; mp = 227-229 °C  Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, CD3CN) δ = 9.21 (dd, J = 1.2, 8.5 Hz, 1 H), 8.98 (d, J = 1.5 Hz, 1 H), 

8.61 (dd, J = 7.6, 8.4 Hz, 1 H), 8.14 (d, J = 8.4 Hz, 1 H), 8.06 (dd, J = 1.9, 8.5 Hz, 1 H), 

7.98 (dd, J = 1.4, 7.5 Hz, 1 H), 7.95 (s, 1 H), 3.74 (s, 3 H); 
13

C NMR (125 MHz, CD3CN) 

δ = 162.3, 153.4, 148.4, 143.1, 141.1, 137.7, 137.6, 135.5, 131.3, 131.2, 131.1, 130.2, 

130.1, 130.1, 129.5, 128.4, 128.0, 127.7, 125.9, 123.4, 122.8, 120.9, 115.3, 56.3; HRMS 

(ESI) calcd for C26H19ClON
+
 (M - OTf)

+
 396.1150, found 396.1130. 

4-(4-methoxyphenyl)-9-methyl-6-phenylpyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2r): 

 

Yellow solid, 59 mg, 85% yield; mp = 190-192 °C, Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, CD3CN) δ = 9.17 (d, J = 8.5 Hz, 1 H), 8.82 (d, J = 8.7 Hz, 1 H), 8.53 

(dd, J = 7.6, 8.5 Hz, 1 H), 7.95 (s, 1 H), 7.92 – 7.85 (m, 3 H), 7.19 – 7.14 (m, 5 H), 7.12 – 

7.08 (m, 2 H), 6.74 – 6.68 (m, 2 H), 3.74 (s, 3 H), 2.67 (s, 3 H); 
13

C NMR (125 MHz, 

CD3CN) δ = 162.2, 152.7, 149.6, 147.3, 143.0, 140.5, 138.1, 133.9, 133.1, 131.1, 130.5, 

130.0, 129.6, 128.9, 128.8, 128.5, 128.4, 126.5, 124.3, 123.5, 122.3, 121.0, 115.3, 56.3, 

22.1; HRMS (ESI) calcd for C27H22ON
+
 (M – OTf)

+
 376.1696, found 376.1672. 
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9-chloro-4-(4-methoxyphenyl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2s): 

 

Yellow solid, 55 mg, 80% yield; mp = 219-221 °C, Rf  = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, CD3CN) δ = 9.18 (dd, J = 0.9, 8.5 Hz, 1 H), 8.90 (d, J = 9.0 Hz, 1 H), 

8.59 (dd, J = 7.6, 8.5 Hz, 1 H), 8.17 (d, J = 2.1 Hz, 1 H), 8.02 (dd, J = 2.1, 8.9 Hz, 1 H), 

7.95 (dd, J = 1.2, 7.5 Hz, 1 H), 7.88 (s, 1 H), 7.20 – 7.15 (m, 5 H), 7.12 – 7.09 (m, 2 H), 

6.74 – 6.70 (m, 2 H), 3.74 (s, 3 H); 
13

C NMR (125 MHz, CD3CN) δ = 162.4, 157.0, 153.4, 

151.9, 149.2, 148.0, 144.0, 142.2, 141.3, 141.1, 141.1, 137.7, 134.0, 132.4, 131.2, 130.2, 

129.7, 129.6, 128.6, 128.4, 127.5, 125.1, 123.5, 122.6, 121.2, 115.3, 56.4; HRMS (ESI) 

calcd for C26H19ClON
+
 (M – OTf)

+
 396.1150, found 396.1128. 

4-(4-methoxyphenyl)-8,10-dimethyl-6-phenylpyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2t): 

 

Yellow solid, 59 mg, 85% yield; mp = 214-216 °C, Rf  = 0.40 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, CD3CN) δ = 9.21 (d, J = 8.5 Hz, 1 H), 8.63 (s, 1 H), 8.53 (t, J = 8.1 Hz, 

1 H), 7.93 (s, 1 H), 7.89 (dd, J = 1.1, 7.4 Hz, 1 H), 7.81 (s, 1 H), 7.20 – 7.10 (m, 7 H), 6.71 

(d, J = 8.7 Hz, 2 H), 3.74 (s, 3 H), 2.74 (s, 3 H), 2.68 (s, 3 H); 
13

C NMR (125 MHz, 

CD3CN) δ = 162.1, 152.6, 149.4, 142.9, 141.8, 140.3, 138.3, 137.8, 137.3, 131.0, 130.4, 

129.9, 129.8, 129.5, 129.0, 128.6, 126.8, 125.6, 123.7, 123.5, 122.6, 120.9, 115.2, 56.3, 

22.1, 19.0; HRMS (ESI) calcd for C28H24NO+ (M – OTf)
+
 390.1852, found 390.1864. 
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8,10-dimethoxy-4-(4-methoxyphenyl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2u): 

 

Yellow solid, 60 mg, 88% yield; mp =  217-219 °C; Rf = 0.50 (CH2Cl2/MeOH = 90/10); 
1
H 

NMR (500 MHz, CD3CN) δ = 9.25 – 9.19 (m, 1 H), 8.51 (dd, J = 7.6, 8.5 Hz, 1 H), 8.01 

(s, 1 H), 7.90 (dd, J = 1.2, 7.5 Hz, 1 H), 7.80 (d, J = 1.7 Hz, 1 H), 7.18 – 7.11 (m, 6 H), 7.09 

– 7.05 (m, 2 H), 6.73 – 6.67 (m, 2 H), 4.12 (s, 3 H), 4.07 (s, 3 H), 3.74 (s, 3 H); 
13

C NMR 

(125 MHz, CD3CN) δ = 164.0, 162.2, 158.1, 152.6, 148.3, 140.5, 139.8, 138.4, 131.1, 

130.6, 129.7, 129.6, 129.5, 128.8, 128.5, 123.5, 123.3, 123.1, 121.0, 119.4, 115.2, 105.5, 

105.5, 98.7, 57.6, 57.4, 56.3; HRMS (ESI) calcd for C28H24O3N
+
 (M – OTf)

+
 422.1751, 

found 422.1760. 

4-(4-methoxyphenyl)-6-(p-tolyl)pyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2v): 

 

Yellow solid, 57 mg, 82% yield; ; mp = 257-259 °C; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, CD3CN) δ = 9.22 (d, J = 8.7 Hz, 1 H), 8.93 (d, J = 8.4 Hz, 1 H), 8.56 

(t, J = 8.0 Hz, 1 H), 8.19 – 8.12 (m, 1 H), 8.10 (t, J = 7.5 Hz, 1 H), 8.07 – 8.01 (m, 1 H), 

7.94 (s, 1 H), 7.91 (dd, J = 1.1, 7.4 Hz, 1 H), 7.17 – 7.09 (m, 2 H), 6.98 (s, 4 H), 6.76 – 6.68 

(m, 2 H), 3.75 (s, 3 H), 2.23 (s, 3 H); 
13

C NMR (125 MHz, CD3CN) δ = 162.2, 153.1, 

149.5, 143.0, 140.6, 140.3, 135.3, 135.2, 132.9, 132.0, 131.0, 130.4, 130.0, 129.3, 129.3, 

128.4, 128.2, 126.4, 126.3, 123.5, 122.4, 115.1, 56.3, 21.2; HRMS (ESI) calcd for 

C27H22ON
+
 (M – OTf)

+
 376.1696, found 376.1677. 
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6-(2-methoxyphenyl)-4-(4-methoxyphenyl)pyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2w) 

 

Yellow solid, 63 mg, 92% yield; ; mp = 278-280 °C; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, CD3CN) δ =  9.25 (dd, J = 1.3, 8.6 Hz, 1 H), 8.95 (d, J = 8.2 Hz, 1 

H), 8.57 (dd, J = 7.6, 8.4 Hz, 1 H), 8.19 – 8.13 (m, 1 H), 8.10 (dt, J = 1.1, 7.4 Hz, 1 H), 

8.08 – 8.03 (m, 1 H), 8.00 (s, 1 H), 7.94 (dd, J = 1.4, 7.5 Hz, 1 H), 7.31 – 7.24 (m, 1 H), 

7.22 – 7.15 (m, 2 H), 7.09 – 6.96 (m, 1 H), 6.85 – 6.78 (m, 1 H), 6.75 – 6.65 (m, 3 H); 
13

C 

NMR (125 MHz, CD3CN) δ = 162.4, 156.0, 153.1, 148.0, 140.5, 140.4, 135.2, 132.6, 

132.2, 132.1, 131.7, 131.1, 130.4, 129.5, 129.3, 129.1, 128.6, 126.6, 126.2, 125.7, 123.5, 

122.6, 121.8, 121.0, 115.4, 114.9, 111.3, 56.3, 56.1; HRMS (ESI) calcd for C27H22O2N
+
 

(M – OTf)
+
 392.1645, found 392.1675. 

6-(4-chlorophenyl)-4-(4-methoxyphenyl)pyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2x): 

 

Yellow solid, 55 mg, 80% yield; mp = 218-220 °C; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H 

NMR (500 MHz, CD3CN) δ =  9.29 – 9.20 (m, 1 H), 8.95 (d, J = 8.2 Hz, 1 H), 8.67 – 8.51 

(m, 1 H), 8.20 – 8.14 (m, 1 H), 8.14 – 8.09 (m, 1 H), 8.09 – 8.04 (m, 1 H), 7.97 (s, 1 H), 

7.94 (dd, J = 1.4, 7.5 Hz, 1 H), 7.24 – 7.12 (m, 4 H), 7.12 – 7.05 (m, 2 H), 6.82 – 6.70 (m, 2 

H), 3.78 (s, 3 H): 
13

C NMR (125 MHz, CD3CN) δ = 162.4, 152.8, 149.5, 141.5, 140.9, 

136.6, 135.5, 135.2, 132.6, 132.3, 131.2, 130.3, 130.2, 129.5, 129.5, 129.4, 128.8, 126.5, 

123.4, 122.6, 120.9, , 115.3, 56.4; HRMS (ESI) calcd for  C26H19ClNO
+
 (M – OTf)

+
 

396.1150, found 396.1136. 
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6-(3,5-dimethoxyphenyl)-4-(4-methoxyphenyl)pyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2y): 

 

Yellow solid, 62 mg, 91% yield; mp =  222-224°C; Rf = 0.30 (CH2Cl2/MeOH = 97/03); 
1
H 

NMR (500 MHz, CD3CN) δ =  9.24 (dd, J = 1.3, 8.6 Hz, 1 H), 8.95 (d, J = 8.2 Hz, 1 H), 

8.57 (dd, J = 7.5, 8.5 Hz, 1 H), 8.18 – 8.14 (m, 1 H), 8.11 (dt, J = 1.1, 7.5 Hz, 1 H), 8.09 – 

8.04 (m, 1 H), 8.01 (s, 1 H), 7.93 (dd, J = 1.4, 7.5 Hz, 1 H), 7.21 – 7.15 (m, 2 H), 6.81 – 

6.73 (m, 2 H), 6.29 – 6.19 (m, 3 H), 3.77 (s, 3 H), 3.67 (s, 6 H); 
13

C NMR (125 MHz, 

CD3CN) δ = 162.2, 161.9, 153.2, 149.4, 142.5, 140.9, 139.7, 135.5, 132.7, 132.3, 131.4, 

130.3, 129.4, 129.4, 128.3, 126.6, 126.5, 123.5, 122.6, 115.1, 107.2, 102.0, 56.4, 56.3; 

HRMS (ESI) calcd for C28H24O3N
+
 (M - OTf)

+
 422.1751, found 422.1775. 

6-(2-chloro-5-methoxyphenyl)-4-(4-methoxyphenyl)pyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2z): 

 

Yellow solid, 62 mg, 92% yield; mp =  175-177 °C, Rf = 0.30 (CH2Cl2/MeOH = 94/06); 
1
H 

NMR (500 MHz, CD3CN) δ =  9.31 (d, J = 8.5 Hz, 1 H), 8.98 (d, J = 7.9 Hz, 1 H), 8.60 (t, 

J = 8.1 Hz, 1 H), 8.22 - 8.17 (m, 1 H), 8.16 - 8.09 (m, 2 H), 8.05 (s, 1 H), 7.99 (dd, J = 1.2, 

7.5 Hz, 1 H), 7.27 (dd, J = 2.4, 8.6 Hz, 1 H), 7.13 (dd, J = 2.4, 8.6 Hz, 1 H), 7.09 - 7.02 (m, 

1 H), 6.83 (dd, J = 2.6, 8.7 Hz, 1 H), 6.79 - 6.68 (m, 3 H), 3.78 (s, 3 H), 3.73 (s, 3 H); 
13

C 

NMR (125 MHz, CD3CN) δ = 162.6, 159.5, 152.7, 148.4, 141.0, 139.6, 136.2, 135.6, 

132.8, 132.3, 131.5, 131.2, 130.7, 130.3, 129.8, 129.6, 129.3, 126.8, 126.5, 124.0, 123.3, 

121.0, 118.0, 116.0, 114.9, 56.6, 56.4; HRMS (ESI) calcd for C27H21ClO2N+ (M - OTf)
+
 

426.1255, found 426.1276.
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4-(4-methoxyphenyl)-6-(naphthalen-1-yl)pyrido[2,1-a]isoquinolin-5-ium 

trifluoromethanesulfonate (2aa) 

 

Yellow solid, 60 mg, 88% yield; ; mp = 181-183 °C; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 

1
H NMR (500 MHz, CD3CN) δ =  9.35 (d, J = 8.7 Hz, 1 H), 9.03 (d, J = 8.1 Hz, 1 H), 8.57 

(t, J = 8.0 Hz, 1 H), 8.22 - 8.17 (m, 2 H), 8.17 - 8.09 (m, 2 H), 7.83 (d, J = 8.2 Hz, 1 H), 

7.79 (d, J = 7.3 Hz, 1 H), 7.75 (d, J = 8.2 Hz, 1 H), 7.52 (t, J = 7.5 Hz, 1 H), 7.40 (t, J = 7.6 

Hz, 1 H), 7.34 - 7.28 (m, 2 H), 7.27 - 7.23 (m, 1 H), 6.94 (dd, J = 2.4, 8.6 Hz, 1 H), 6.60 - 

6.48 (m, 2 H), 6.15 (dd, J = 2.6, 8.5 Hz, 1 H), 3.54 (s, 3 H); 
13

C NMR (125 MHz, CD3CN) 

δ = 161.5, 153.0, 149.2, 140.9, 140.5, 135.5, 134.6, 134.5, 132.7, 132.5, 131.2, 131.2, 

130.2, 130.1, 130.0, 129.8, 129.4, 129.1, 128.2, 127.7, 126.7, 126.7, 126.3, 124.8, 123.2, 

115.4, 114.0, 56.1; HRMS (ESI) calcd for C30H22NO
+
 (M - OTf)

+
 412.1696, found 

412.1711. 

8-(4-methoxyphenyl)-6-phenylisoquinolino[3,2-a]isoquinolin-7-ium 

trifluoromethanesulfonate (2ab): 

 

Yellow solid, 60 mg, 89% yield; Rf = 0.40 (CH2Cl2/MeOH = 95/05); 
1
H NMR (500 MHz, 

CD3CN) δ =  9.76 (s, 1 H), 8.91 (d, J = 7.9 Hz, 1 H), 8.53 (d, J = 8.2 Hz, 1 H), 8.25 - 8.15 

(m, 1 H), 8.08 (d, J = 8.9 Hz, 1 H), 8.05 - 7.94 (m, 3 H), 7.94 - 7.87 (m, 1 H), 7.65 (s, 1 H), 

7.27 - 7.08 (m, 5 H), 6.95 - 6.85 (m, 2 H), 6.85 - 6.73 (m, 2 H), 3.83 (s, 3 H); 
13

C NMR 

(125 MHz, CD3CN) δ = 162.6, 156.3, 142.0, 141.5, 139.3, 138.2, 136.8, 133.7, 133.5, 

132.7, 131.9, 130.1, 129.9, 129.5, 129.4, 129.3, 129.1, 128.6, 128.4, 128.4, 127.8, 127.3, 
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127.1, 125.5, 121.2,  115.5, 56.4; HRMS (ESI) calcd for C26H18ON
+
 (M - OTf)

+
 412.1705, 

found412.1702. 

4-(4-methoxyphenyl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium 

bis((trifluoromethyl)sulfonyl)amide (3a): 

 

Yellow solid, 82 mg, 93% yield; Rf = 0.40 (CH2Cl2/MeOH = 93/07); 
1
H NMR (500 MHz, 

CD3CN) δ = 9.23 (dd, J = 1.2, 8.7 Hz, 1 H), 8.93 (d, J = 8.2 Hz, 1 H), 8.57 (dd, J = 7.6, 8.5 

Hz, 1 H), 8.19 - 8.14 (m, 1 H), 8.11 (dt, J = 1.1, 7.5 Hz, 1 H), 8.08 - 8.03 (m, 1 H), 7.97 (s, 

1 H), 7.93 (dd, J = 1.4, 7.5 Hz, 1 H), 7.20 - 7.14 (m, 5 H), 7.14 - 7.09 (m, 2 H), 6.75 - 6.68 

(m, 2 H);  
13

C NMR (125 MHz, CD3CN) δ = 162.3, 153.1, 149.6, 142.9, 140.8, 138.0, 

135.5, 132.9, 132.2, 131.2, 130.4, 130.0, 129.6, 129.5, 129.4, 128.7, 128.5, 126.5, 126.5, 

122.5, 122.3, 119.7, 115.3, 56.4. 

4-(4-methoxyphenyl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium hexafluorostibate (3b): 

 

Yellow solid, 75 mg, 86% yield; Rf = 0.50 (CH2Cl2/MeOH = 93/07); 
1
H NMR (500 MHz, 

, CD3CN) δ = 9.22 (dd, J = 1.1, 8.6 Hz, 1 H), 8.93 (d, J = 8.2 Hz, 1 H), 8.57 (dd, J = 7.6, 

8.5 Hz, 1 H), 8.19 - 8.14 (m, 1 H), 8.13 - 8.09 (m, 1 H), 8.08 - 8.03 (m, 1 H), 7.97 (s, 1 H), 

7.93 (dd, J = 1.2, 7.5 Hz, 1 H), 7.21 - 7.15 (m, 5 H), 7.14 - 7.09 (m, 2 H), 6.75 - 6.68 (m, 2 

H), 3.74 (s, 3 H); 
13

C NMR (125 MHz, , CD3CN) δ = 162.3, 153.1, 149.6, 142.9, 140.8, 

138.0, 135.5, 132.9, 132.2, 131.2, 130.4, 130.0, 129.6, 129.5, 129.4, 128.7, 128.5, 126.5, 

126.5, 122.5, 115.3, 56.4. 
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4-(4-methoxyphenyl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium tetrafluoroborate (3c): 

 

Yellow solid, 54 mg, 87% yield; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 
1
H NMR (500 MHz, 

CD3CN) δ = 9.23 (d, J = 8.7 Hz, 1 H), 8.94 (d, J = 8.4 Hz, 1 H), 8.58 (t, J = 8.0 Hz, 1 H), 

8.21 - 8.13 (m, 1 H), 8.11 (t, J = 7.5 Hz, 1 H), 8.08 - 8.03 (m, 1 H), 7.97 (s, 1 H), 7.93 (dd, 

J = 1.2, 7.5 Hz, 1 H), 7.22 - 7.13 (m, 5 H), 7.13 - 7.08 (m, 2 H), 6.72 (d, J = 8.7 Hz, 2 H), 

3.74 (s, 3 H); 
13

C NMR (125 MHz, CD3CN) δ = 162.3, 156.6, 153.1, 149.6, 142.9, 140.9, 

138.0, 135.6, 135.3, 132.9, 132.3, 132.0, 131.2, 130.4, 130.0, 129.6, 129.4, 129.2, 128.8, 

128.6, 128.5, 126.7, 126.5, 126.3, 122.5, 115.3, 56.3. 

4-(4-methoxyphenyl)-6-phenylpyrido[2,1-a]isoquinolin-5-ium nitrate (3d): 

 

Yellow solid, 35 mg, 60% yield; Rf = 0.30 (CH2Cl2/MeOH = 90/10); 
1
H NMR (500 MHz, 

CD3CN) δ = 9.28 (dd, J = 1.2, 8.7 Hz, 1 H), 8.97 (d, J = 8.2 Hz, 1 H), 8.59 (dd, J = 7.6, 8.5 

Hz, 1 H), 8.19 - 8.14 (m, 1 H), 8.13 - 8.02 (m, 2 H), 7.97 (s, 1 H), 7.94 (dd, J = 1.4, 7.5 Hz, 

1 H), 7.21 - 7.14 (m, 5 H), 7.14 - 7.08 (m, 2 H), 6.76 - 6.65 (m, 2 H), 3.74 (s, 3 H); 
13

C 

NMR (125 MHz, CD3CN) δ = 162.3, 153.1, 149.6, 142.8, 140.9, 138.0, 135.4, 132.9, 

132.2, 131.2, 130.4, 130.0, 129.6, 129.5, 129.4, 128.7, 128.5, 126.6, 126.5, 122.6, 115.3, 

56.3. 

3.6.6 Representative procedure for the synthesis of enyne 2a at 1 mmol scale: 

To a screw-cap vial containing a stir bar were added 2-phenyl-6-(2-

(phenylethynyl)phenyl)pyridine (1a) (330 mg, 1.0mmol, 1.0 equiv), AgOTf (256 mg, 

1.0mmol, 1.0 equiv) and moist DCE (4 mL). The reaction vial was fitted with a cap, 

evacuated and back filled with N2 and heated at 80 °C for 6-12 h. When the reaction time 

was completed, the reaction mixture was allowed to cool at ambient temperature. The 

mixture was diluted with CH2Cl2 (10 mL) and the combined mixture was concentrated in 
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vacuo and the resulting residue was purified by column chromatography on silica 

(CH2Cl2/MeOH; 95:05) to afford the product 2a in 70% yield. 

3.7 Photophysical data of the representative ionic solid light emitters  

Table S1. Spectral properties of selected ionic solid light emitters  

Comp λabs 

(nm)
[a]

 

λem 

(nm)
[b]

 

Δ to e’s 

(nm)
[c]

 

ϕf
[d]

 τf 

(ns)
[e]

 

2f 445 500 55 0.05 10.38 

2m 448 506 58 0.12 16.4 

2o 450 530 80 0.32 2.6 

2r 443 505 62 0.28 14.6 

2t 449 542 93 0.34 4.5 

2u 460 590 130 0.51 7.2 

2y 425 480 55 0.24 18.6 

2aa 434 534 100 0.49 5.44 
[a]

The maximum absorption bands more than 300 nm; Excited at the longest maximum absorption band in 

CH2Cl2; 
[b]

Excited wavelength; 
[c]
 to es shift = λem - λabs; 

[d]
Quinine sulfate and fluorescein was used as the 

standard for calculation of quantum yield; 
[e]

Fluorescent lifetime 

 

Figure S1. Absorption spectra of selected ionic compounds in solid form 
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Figure S2. Emission spectra of selected ionic compounds in solid form 

 

Figure S3: Emission decay profile of selected compounds in solid form 
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Discussion on the photophysical data of the selected ionic solid light emitters: 

Most of these compounds display bright fluorescence. These isoquinolopyridinium 

(IQP) salts appear to be a new class of fluorescent materials and their photo- physical 

properties of selected ionic IQP salts were studied. The absorption and excitation maxima, 

the photoluminescence  PL  m xim   nd qu ntum yields  ϕf), as well as the excited state 

lifetimes  τƒ) of these compounds are listed in Tables S1, whereas the corresponding 

absorption, emission, excitation spectra are depicted in Figures S1, S2 and S3. The 

photoluminescence spectra of fluorophores show intense pe  s between λem: 434–619 nm 

(Table S1) with Stokes shifts varies between (55-130 nm) which reveals green-to-yellow 

fluorescence emissions. These fluorophores have good photoluminescence capabilities with 

Φf values ranging between 0.05 to 0.51  The life time τƒ values are consistent with a doublet 

multiplicity. 
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3.8 Selected NMR spectra 
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Manuscript under preparation 

Design and development of library-based approach for the synthesis gold(I) complexes through 

aminoauration of alkynes has been achieved. Current reaction proceeds under base free and at 

mild condition with excellent functional group tolerance. NHC, mono and bidented phosphine 

ligands worked appreciably under the present reaction condition to render desired product. 



Chapter 4: Accessing a Library of Pyrido-isoquinoline-based Gold(I) Complexes via 

Intramolecular Aminoauration Reactions of Pyridino-Alkynes 

 

Page 200 
 

 

Contents 

4.1 Introduction 201 

4.2 Present work 203 

4.3 Substrate scope 203 

4.4 Conclusion 205 

4.5 Experimental procedures 205 

4.6 Selected NMR spectra 219 

4.7 References 239 

4.1 Introduction 201 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4: Accessing a Library of Pyrido-isoquinoline-based Gold(I) Complexes via 

Intramolecular Aminoauration Reactions of Pyridino-Alkynes 

 

Page 201 
 

4.1 Introduction 

The construction of new carbon–carbon or carbon–heteroatom bonds is key feature 

in chemistry and it always attracts the interests of organic chemists. In the field of synthetic 

organic chemistry, the homogeneous gold catalysis has received great attention because of 

its reactivity and applications.
1
 Intra- or intermolecular nucleophilic attack on activated 

carbon-carbon multiple bonds achieved by gold catalysts, which are known to be extremely 

mild and effective soft -acids. In gold-catalysed reactions several organo-gold 

intermediates have been anticipated to support the advanced mechanisms; mostly in these 

intermediates gold-carbon bonds were cleaved by electrophiles (often proton) to achieve 

the products. Although various kinds of organogold compounds have been known in 

organometallic chemistry.
2
  

In homogeneous gold catalysis protodeauration of organogold intermediates was 

generally known to be fast process. Nowadays, synthetic organic chemists are able to 

isolate an organogold intermediates under certain conditions. In consequent, various new 

organogold complexes have been prepared and their existence has assisted mechanisms or 

emerged as new transformations, selected reports will be discussed in the category of 

aminoauration of alkynes. 

Hashmi et al. reported successful isolation and characterisation of two heteroaryl 

gold(I) compounds with stoichiometric amount of gold (IPrAuOTs) and base.
3
 It shows that 

the conditions using the IPr ligand and base can isolate broad scope for the isolation of the 

organometallic intermediates in gold-catalysed nucleophilic additions to alkynes (Scheme 

4.1).  

Scheme 4.1: Au (I) catalysed aminoauration of 2-alkynylaniline  

 

Bertrand and group reported a coincidentle discovery of the catalytic 

methylamination and hydroammoniumation of alkynes. Aiming to prepare the tricordinated 

alkynylamine gold complexes, unfortunately it rendered the hydroamination product, to 
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prevent this they prepared N,N-Dimethylated alkynyl aniline and subjected it with 

stoichiometric amount of cat. B and ended with aminoaurated product in excellent yield 

(Scheme 4.2).
4
 

Scheme 4.2: Au (I) catalysed aminoauration of 2-alkynyl N,N-dimehylaniline  

 

In same year, Shi et al. synthesised a new class of ionic organogold complexes from 

5-endo-dig cyclization of triazole-alkyne. Synthesised Au-C bond showed highly stable 

character towards air, moisture and acid.
5
 

Scheme 4.3: Au (I) catalysed aminoauration of triazole  

 

 
Zhang and coworkers investigated gold-catalysed cyclization oxidation of 

imidoalkyne. Stoichiometric amount of PPh3AuOTf and imidoalkyne offered gold carbene 

in moderate yield (Scheme 4.4).
6
 

Scheme 4.4: Au (I) catalysed aminoauration of 2-imidoalkyne  

 

Literature survey reveals that gold complexes are bioactive and they are applicable 

in variety of disease models; like, rheumatoid arthritis, cancers, auto-immune diseases, and 

other chronic inflammatory, as well as viral, fungal and bacterial infections.
7
 Gold I/III 

oxidation states are reasonably stable in aqueous solution to aid their use in biological 

research. To take this into account, it is essential to design and develop a library of gold 

complexes which will be utilized in chemistry as well as biology. 
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4.2 Present work 

As a part of continuing curiosity in Au(I)/Au(III) catalysis
[8]

 and encouraged by 

importance of gold complexes in biological activity, we envisioned that the substrate of 

type 1 (R = Ar, alkyl) in the presence of appropriate stoichiometric gold catalyst would 

produce cove shaped 4,6-diarylated isoquinolopyridinium (IQP) salts via endo-selective 

aminoauration. Herein, a new class of gold complexes synthesized from 2-(2-

alkynylphenyl)pyridines via LAu
I
X promoted intramolecular endo-selective aminoauration 

reaction. In these reactions, LAu
I
X played a dual role by mediating the amino-auration 

reaction as well as providing a counter ion. While prepairing gold complexes 

protodeauration of organogold intermediates is fast step, to exclude this we designed a 

substrate 1. One equivalent of Ph3PAuCl was observed to be optimal to furnish desired 

product 3a in good yield (70%).  

4.3 Synthesis of gold complexes: 

All Gold Complexes were prepared by treating pyridinoalkynes substrate (1) with 1 

equiv. of corresponding gold(I) precatalyst and 1 equiv. AgOTf in ACN at 80 °C for 12 

hours. At first, we tried methyl substituent at C6 position, it gave the corresponding product 

in 70 % yield. Later, phenyl substitution was examined and delightfully it provided the 

product in 85% yield (3b). Substitution on phenyl ring such as OMe, Cl provided 3c-3d in 

90% and 78% yield respectively. Notably, polyaromatic and heteroaromatic like 6-OMe-

naphthyl and 2-benzothiophenyl gave the corresponding product (3e and 3f) in good yields. 

Next, we aimed at the tolerance of the substituents on Ar ring at C2 position. Pleasingly, 

the introduction of –CF3, Me and F substituents on the ring resulted in the formation of 

desired products 3g-3i in 79-85% yield. Substrates with variation in aryl ring at alkyne-

terminus with varying functional groups, such as OMe, Cl, and 3,5 di-OMe were well 

tolerated (3j-3l). Next, substrates bearing bulky aromatics at the alkyne terminal position of 

the pyridino alkynes were screened. For instance, the substrate with sterically demanding 1-

Np ring efficiently afforded desired product in 86% yield. 
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Table 4.1. Substrate scope 
a,b 

 
a
Reaction conditions: 0.20 mmol 1, 0.20 mmol 2a, 0.20 mmol AgOTf, CH3CN 

(0.1 M), 80 
⸰
C, 6-12 h. 

b
 isolated yield. 

After that, the extent of the reaction with respect to a variety of phosphine ligands 

on gold (I) was examined. As judged from Table 4.2. Changing ligands didn’t affect the 

outcome of the reaction. At first JohnPhos ligand was tried which rendered the product in 

good yield (72%). Similarly, MePhos, SPhos also resulted in 75% and 82% yield, 

respectively. Later, ortho-substitution on phenyl ring also worked well to give 

corresponding product in 84% yield. Further, phosphine-based bidented lignads, such as 

BINAP and DPPF ligands were also found to be compatible with present reaction condition 

and provided the corresponding product 4e (85%) and 4f (88%) in good yield. Besides 

these phosphine ligands, NHC-based IPr ligand was also tried which provided the product 

4g in 88% yield. 

 

 

 

 



Chapter 4: Accessing a Library of Pyrido-isoquinoline-based Gold(I) Complexes via 

Intramolecular Aminoauration Reactions of Pyridino-Alkynes 

 

Page 205 
 

Table 4.2. Substrate scope
a,b 

 
a
Reaction conditions: 0.20 mmol 1,  0.20 mmol 2a, 0.20 mmol AgOTf, CH3CN 

(0.1 M), 80 
⸰
C, 6-12  h. 

b
 isolated yield. 

4.4 Conclusion: 

In conclusion, we have developed a method to access a library of gold complexes. 

Electronically variable as well as sterically demanding ligands were found to be compatible 

with present methodology. Moreover, current reaction proceeds under base free, and mild 

condition and it shows excellent functional group tolerance. 

4.5 Experimental procedures: 

All the starting materials were prepared according to literature known procedures.
1
 

And the characterization data of these compounds has already been provided earlier in 

chapter 2 and chapter 3. 

 

 

 

 

 

                                                 
1 (a) Mule R. D.; Shaikh A. C.; Gade A. B.; Patil N. T. Chem. Commun. 2018, 54, 11909; (b) Shaikh, A. C.; 

Ranade, D. S.; Rajamohanan, P. R.; Kulkarni, P. P.; Patil, N. T. Angew. Chem. Int. Ed. 2017, 56, 757; (c) 

Shinde, P. S.; Shaikh, A. C.; Patil, N. T. Chem. Commun. 2016, 52, 8152; (d) Guo, R.; Li, K.-N.; Liu, B.; 

Zhu, H.-J.; Fan, Y.-M.; Gong, L.-Z. Chem. Commun. 2014, 50, 5451. 
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4.5.1 Gold(I)-promoted aminoauration of pyridinoalkynes: 

 

Representative procedure: To a screw-cap vial containing a stir bar were added 2-methyl-

6-(2-(phenylethynyl)phenyl)pyridine (1a) (30 mg, 0.11 mmol, 1.0 equiv), Ph3PAuCl (2a) 

(54 mg, 1.0 equiv), AgOTf (28 mg, 1.0 equiv) and CH3CN (4 mL). The reaction vial was 

fitted with a cap, evacuated and back filled with N2 and heated at 80 °C for 12 h. When the 

reaction time was completed, the reaction mixture was allowed to cool at ambient 

temperature. The mixture was diluted with CH2Cl2 (10 mL) and the combined mixture was 

concentrated in vacuo and the resulting residue was purified by column chromatography on 

silica (CH2Cl2/MeOH; 95:05) to afford the product 3a in 68% yield. 

(3a): 

 

Pale yellow solid, 68 mg, 70% yield; Rf = 0.50 (CH2Cl2/MeOH = 95/05); 
1
H NMR (500 

MHz, DMSO-d6) δ = 9.43 (d, J = 8.1 Hz, 1 H), 9.11 (d, J = 8.5 Hz, 1 H), 8.75 - 8.64 (m, 1 

H), 8.49 (dd, J = 7.5, 8.5 Hz, 1 H), 8.14 - 8.07 (m, 1 H), 7.98 - 7.92 (m, 1 H), 7.90 (d, J = 

7.0 Hz, 1 H), 7.76 - 7.70 (m, 2 H), 7.66 - 7.62 (m, 3 H), 7.61 - 7.56 (m, 6 H), 7.46 - 7.38 

(m, 7 H), 7.36 - 7.31 (m, 2 H), 2.15 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 173.5, 

172.6, 148.0, 145.9, 143.2, 142.7, 142.7, 139.4, 138.0, 133.8, 133.7, 133.6, 132.7, 131.9, 

129.6, 129.5, 129.4, 129.1, 129.0, 128.8, 128.5, 127.8, 125.3, 124.5, 124.5, 121.9, 121.1, 

119.4, 116.8, 26.1; HRMS (ESI) calcd for C38H30AuPN
+
 (M - OTf)

+
 728.1812, found 

728.1815. 
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(3b): 

 

Yellow solid, 72 mg, 85% yield; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.48 (d, J = 7.8 Hz, 1 H), 9.15 (d, J = 8.4 Hz, 1 H), 8.66 (d, J = 7.9 Hz, 1 

H), 8.56 (dd, J = 7.5, 8.4 Hz, 1 H), 8.12 (t, J = 7.6 Hz, 1 H), 7.97 (t, J = 7.2 Hz, 1 H), 7.91 - 

7.83 (m, 1 H), 7.63 - 7.57 (m, 3 H), 7.56 - 7.49 (m, 6 H), 7.31 (d, J = 7.2 Hz, 3 H), 7.34 (d, 

J = 7.2 Hz, 3 H), 7.28 - 7.23 (m, 1 H), 7.20 (t, J = 7.4 Hz, 2 H), 7.15 - 7.12 (m, J = 7.2 Hz, 

2 H), 7.12 - 7.08 (m, J = 7.2 Hz, 2 H), 7.04 (t, J = 7.5 Hz, 1 H), 6.90 (t, J = 7.6 Hz, 2 H) ; 

13
C NMR (125 MHz, DMSO-d6) δ = 149.4, 146.8, 144.4, 143.4, 140.4, 137.9, 137.6, 

133.7, 133.6, 133.0, 131.8, 129.5, 129.4, 129.4, 129.2, 129.0, 128.9, 128.5, 128.1, 127.6, 

127.1, 125.6, 124.1, 121.7; HRMS (ESI) calcd for C43H32AuPN
+
 (M - OTf)

+
 790.1940, 

found 790.1930. 

(3c): 

 

Yellow solid, 72 mg, 90% yield; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.42 (d, J = 7.8 Hz, 1 H), 9.12 (d, J = 8.4 Hz, 1 H), 8.64 (d, J = 7.6 Hz, 1 

H), 8.58 - 8.49 (m, 1 H), 8.10 (t, J = 7.6 Hz, 1 H), 8.01 - 7.92 (m, 1 H), 7.91 - 7.83 (m, 1 

H), 7.62 - 7.57 (m, 3 H), 7.54 (dt, J = 1.8, 7.5 Hz, 6 H), 7.32 (d, J = 7.3 Hz, 3 H), 7.35 (d, J 

= 7.3 Hz, 3 H), 7.14 (d, J = 7.2 Hz, 2 H), 7.09 - 7.03 (m, 3 H), 6.98 - 6.91 (m, 2 H), 6.75 (d, 

J = 8.9 Hz, 2 H), 3.73 (s, 3 H) ; 
13

C NMR (125 MHz, DMSO-d6) δ = 172.2, 171.3, 160.1, 

149.7, 146.8, 144.4, 143.5, 140.3, 138.0, 133.7, 133.6, 133.4, 132.9, 131.8, 130.3, 129.5, 
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129.4, 129.3, 129.0, 128.6, 128.0, 127.4, 127.1, 125.5, 124.1, 122.0, 121.3, 120.9, 119.4, 

114.1, 55.4; HRMS (ESI) calcd for C44H34AuPON
+
 (M - OTf)

+
 820.2014, found 820.2005. 

(3d): 

 

Yellow solid, 62 mg, 78% yield; Rf = 0.40 (CH2Cl2/MeOH = 95/05); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.56 - 9.43 (m, 1 H), 9.16 (d, J = 8.4 Hz, 1 H), 8.67 (d, J = 7.6 Hz, 1 H), 

8.56 (dd, J = 7.4, 8.5 Hz, 1 H), 8.12 (t, J = 7.6 Hz, 1 H), 8.02 - 7.93 (m, 1 H), 7.88 (dd, J = 

1.1, 7.3 Hz, 1 H), 7.64 - 7.58 (m, 4 H), 7.58 - 7.52 (m, 7 H), 7.38 (br. s., 6 H), 7.28 - 7.24 

(m, J = 8.5 Hz, 2 H), 7.19 (d, J = 7.2 Hz, 2 H), 7.16 - 7.13 (m, J = 8.5 Hz, 2 H), 7.13 - 7.07 

(m, 1 H), 7.01 - 6.93 (m, 2 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 148.0, 146.9, 144.1, 

143.4, 140.5, 137.9, 136.3, 134.0, 133.8, 133.7, 133.6, 133.1, 131.9, 129.6, 129.5, 129.5, 

129.3, 129.1, 128.9, 128.5, 128.1, 127.6, 127.4, 125.6, 124.2, 122.1, 122.0, 119.4; HRMS 

(ESI) calcd for C43H31AuClPN
+
 (M - OTf)

+
 824.1554, found 824.1559. 

(3e): 

 

Yellow solid, 64 mg, 86% yield; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.48 (dd, J = 1.1, 8.8 Hz, 1 H), 9.16 (d, J = 8.5 Hz, 1 H), 8.71 - 8.63 (m, 1 

H), 8.58 (dd, J = 7.4, 8.5 Hz, 1 H), 8.17 - 8.07 (m, 1 H), 8.05 - 7.93 (m, 2 H), 7.70 (d, J = 

9.0 Hz, 1 H), 7.65 - 7.60 (m, 2 H), 7.59 - 7.54 (m, 3 H), 7.53 - 7.47 (m, 6 H), 7.35 - 7.25 

(m, 7 H), 7.21 (d, J = 7.5 Hz, 1 H), 7.18 - 7.12 (m, 2 H), 7.03 (d, J = 7.6 Hz, 1 H), 6.90 - 
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6.81 (m, 1 H), 6.72 (q, J = 7.8 Hz, 2 H), 3.88 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) δ 

= 172.7, 171.8, 158.4, 149.8, 146.8, 144.5, 144.4, 143.3, 140.5, 137.9, 134.2, 133.7, 133.6, 

133.0, 132.7, 131.8, 129.9, 129.5, 129.4, 129.0, 128.7, 128.6, 127.9, 127.8, 127.7, 127.6, 

127.4, 127.1, 127.0, 125.6, 125.1, 124.2, 124.1, 122.0, 121.5, 119.4, 119.3, 105.8, 55.3; 

HRMS (ESI) calcd for C48H36AuPON
+
 (M - OTf)

+
 870.2245, found 870.2259. 

(3f): 

 

Yellow solid, 65 mg, 84% yield; Rf = 0.40 (CH2Cl2/MeOH = 96/04); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.52 (d, J = 8.9 Hz, 1 H), 9.15 (d, J = 8.5 Hz, 1 H), 8.69 (d, J = 7.9 Hz, 1 

H), 8.61 - 8.51 (m, 1 H), 8.14 (t, J = 7.6 Hz, 1 H), 8.11 - 8.05 (m, 1 H), 8.02 - 7.95 (m, 1 

H), 7.92 - 7.87 (m, 1 H), 7.80 - 7.74 (m, 1 H), 7.62 - 7.57 (m, 3 H), 7.55 - 7.48 (m, 6 H), 

7.41 - 7.27 (m, 11 H), 6.96 (t, J = 7.4 Hz, 1 H), 6.80 (t, J = 7.8 Hz, 2 H); 
13

C NMR (125 

MHz, DMSO-d6) δ = 147.2, 144.5, 142.7, 140.7, 140.1, 138.5, 137.8, 137.5, 133.8, 133.7, 

133.3, 131.9, 129.6, 129.5, 129.0, 128.6, 128.0, 127.5, 127.3, 125.9, 125.7, 125.0, 124.8, 

124.1, 122.7, 122.4, 122.0, 119.4; HRMS (ESI) calcd for C45H32AuPSN
+
 (M - OTf)

+
 

846.1788, found 846.1795. 

(3g): 

 

Yellow solid, 60 mg, 83% yield; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.67 (d, J = 8.4 Hz, 1 H), 9.49 (s, 1 H), 8.81 (d, J = 8.2 Hz, 1 H), 8.61 (t, J 
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= 7.9 Hz, 1 H), 8.37 (d, J = 8.2 Hz, 1 H), 7.95 (d, J = 7.3 Hz, 1 H), 7.65 - 7.58 (m, 3 H), 

7.54 (t, J = 6.7 Hz, 6 H), 7.33 (d, J = 7.5 Hz, 3 H), 7.35 (d, J = 7.8 Hz, 3 H), 7.16 (d, J = 7.5 

Hz, 2 H), 7.11 - 7.05 (m, 3 H), 6.99 - 6.93 (m, 2 H), 6.77 (d, J = 8.7 Hz, 2 H), 3.74 (s, 3 H); 

13
C NMR (125 MHz, DMSO-d6) δ = 160.3, 150.3, 146.8, 146.2, 143.2, 142.4, 138.7, 

134.9, 133.8, 133.7, 131.9, 130.1, 129.6, 129.5, 129.3, 129.2, 128.9, 128.5, 128.2, 128.0, 

127.5, 125.1, 124.5, 123.5, 122.9, 122.0, 121.7, 119.4, 114.2, 55.4, 29.0; HRMS (ESI) 

calcd for C45H33F3OPN
+
 (M - OTf)

+
 888.1895, found 888.1912. 

(3h): 

 

Yellow solid, 67 mg, 85% yield; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.35 (d, J = 8.1 Hz, 1 H), 9.00 (d, J = 8.7 Hz, 1 H), 8.51 - 8.45 (m, 1 H), 

8.42 (s, 1 H), 7.79 (d, J = 7.6 Hz, 2 H), 7.62 - 7.58 (m, 3 H), 7.57 - 7.52 (m, 6 H), 7.41 - 

7.32 (m, 6 H), 7.13 (d, J = 7.2 Hz, 2 H), 7.07 - 7.02 (m, 3 H), 6.98 - 6.92 (m, 2 H), 6.75 (d, 

J = 8.9 Hz, 2 H), 3.72 (s, 3 H), 2.59 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 160.0, 

149.4, 146.7, 144.5, 143.5, 143.4, 140.5, 137.7, 133.7, 133.6, 133.0, 131.8, 130.9, 130.3, 

129.5, 129.4, 129.3, 128.5, 127.9, 127.1, 126.9, 125.5, 122.0, 120.9, 119.4, 114.1, 55.4,  

21.7; HRMS (ESI) calcd for C45H36AuOPN
+
 (M - OTf)

+
 834.2213, found 834.2215. 

(3i): 
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Yellow solid, 60 mg, 79% yield; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.35 (dd, J = 1.1, 8.7 Hz, 1 H), 9.29 (dd, J = 7.8, 12.1 Hz, 1 H), 8.60 - 8.45 

(m, 2 H), 7.89 (dd, J = 1.2, 7.3 Hz, 1 H), 7.65 - 7.56 (m, 3 H), 7.56 - 7.46 (m, 6 H), 7.38 - 

7.26 (m, 6 H), 7.14 - 7.09 (m, 2 H), 7.09 - 7.02 (m, 3 H), 6.98 - 6.89 (m, 2 H), 6.79 - 6.69 

(m, 2 H), 3.73 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 171.0, 170.2, 160.3, 151.4, 

151.2, 151.1, 150.0, 149.4, 149.3, 145.9, 145.0, 143.2, 139.0, 138.9, 138.3, 133.8, 133.7, 

131.9, 130.2, 129.6, 129.5, 129.5, 129.4, 129.0, 128.7, 128.1, 127.8, 127.5, 122.0, 121.9, 

121.7, 120.4, 120.2, 119.4, 114.2, 55.5; HRMS (ESI) calcd for C44H32AuF2NOP
+
 (M - 

OTf)
+
 856.1790, found 856.1802. 

(3j): 

 

Yellow solid, 67 mg, 88% yield; Rf = 0.30 (CH2Cl2/MeOH = 93/07); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.48 - 9.40 (m, 1 H), 9.11 (d, J = 8.4 Hz, 1 H), 8.64 (d, J = 7.8 Hz, 1 H), 

8.58 - 8.49 (m, 1 H), 8.09 (t, J = 7.3 Hz, 1 H), 8.00 - 7.93 (m, 1 H), 7.88 (dd, J = 1.1, 7.3 

Hz, 1 H), 7.65 - 7.57 (m, 3 H), 7.57 - 7.48 (m, 6 H), 7.39 - 7.28 (m, 7 H), 7.13 - 7.06 (m, 2 

H), 7.04 (dd, J = 2.3, 8.5 Hz, 1 H), 6.79 (dd, J = 2.6, 8.5 Hz, 1 H), 6.75 - 6.66 (m, 2 H), 

6.44 (t, J = 7.4 Hz, 1 H), 3.72 (s, 3 H), 3.34 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 

160.5, 155.2, 149.8, 145.9, 142.4, 140.5, 137.9, 134.1, 134.0, 133.7, 133.2, 132.2, 131.1, 

129.9, 129.8, 129.6, 129.6, 129.4, 127.5, 125.8, 124.1, 122.8, 121.5, 120.6, 119.3, 114.6, 

114.2, 110.5, 55.7, 55.4; HRMS (ESI) calcd for C45H36AuO2PN
+
 (M - OTf)

+
 850.2114, 

found 850.2116. 
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(3k): 

 

Yellow solid, 57 mg, 75% yield; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.44 (d, J = 7.9 Hz, 1 H), 9.13 (d, J = 8.4 Hz, 1 H), 8.63 (d, J = 7.8 Hz, 1 

H), 8.55 (t, J = 7.9 Hz, 1 H), 8.11 (t, J = 7.5 Hz, 1 H), 7.97 (t, J = 7.4 Hz, 1 H), 7.90 (d, J = 

7.2 Hz, 1 H), 7.65 - 7.57 (m, 4 H), 7.57 - 7.51 (m, 7 H), 7.36 (d, J = 8.4 Hz, 6 H), 7.23 (s, 1 

H), 7.18 - 7.09 (m, 2 H), 7.08 - 6.97 (m, 3 H), 6.88 (dd, J = 2.5, 8.6 Hz, 1 H), 6.75 (dd, J = 

2.5, 8.6 Hz, 1 H), 3.76 (s, 3 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 160.4, 149.4, 146.9, 

145.2, 142.7, 140.1, 138.1, 133.7, 133.6, 133.5, 133.1, 133.0, 131.9, 129.9, 129.8, 129.7, 

129.6, 129.5, 129.3, 129.0, 127.4, 127.0, 126.9, 125.6, 124.4, 122.0, 121.4, 119.4, 114.6, 

113.8, 55.4; HRMS (ESI) calcd for C44H33AuClNOP
+
 (M - OTf)

+
 854.1652, found 

854.1659. 

(3l): 

 

Yellow solid, 67 mg, 92% yield; Rf = 0.40 (CH2Cl2/MeOH = 92/08); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.42 (d, J = 8.2 Hz, 1 H), 9.12 (d, J = 8.4 Hz, 1 H), 8.63 (d, J = 7.9 Hz, 1 

H), 8.53 (t, J = 7.9 Hz, 1 H), 8.10 (t, J = 7.6 Hz, 1 H), 7.96 (t, J = 7.6 Hz, 1 H), 7.85 (d, J = 

7.2 Hz, 1 H), 7.65 - 7.57 (m, 3 H), 7.52 (t, J = 6.7 Hz, 6 H), 7.31 (d, J = 7.6 Hz, 3 H), 7.34 

(d, J = 7.8 Hz, 3 H), 7.14 - 7.06 (m, J = 8.7 Hz, 2 H), 6.84 - 6.77 (m, J = 8.7 Hz, 2 H), 6.31 

(d, J = 1.8 Hz, 2 H), 6.26 - 6.20 (m, 1 H), 3.73 (s, 3 H), 3.44 - 3.37 (m, 6 H); 
13

C NMR 

(125 MHz, DMSO-d6) δ = 160.2, 160.0, 149.8, 146.7, 145.1, 144.2, 140.2, 137.9, 133.7, 
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133.6, 133.5, 132.9, 131.9, 130.1, 129.8, 129.5, 129.4, 129.3, 129.1, 127.2, 125.5, 124.3, 

122.0, 121.2, 119.4, 114.0, 107.1, 100.0, 55.3, 54.9; HRMS (ESI) calcd for 

C46H38AuPO3N
+
 (M - OTf)

+
 880.2252, found 880.2256. 

(3m): 

 

Yellow solid, 64 mg, 86% yield; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.52 (d, J = 8.5 Hz, 1 H), 9.20 (d, J = 8.4 Hz, 1 H), 8.66 (d, J = 7.9 Hz, 1 

H), 8.57 - 8.46 (m, 1 H), 8.14 (t, J = 7.5 Hz, 1 H), 8.01 (t, J = 7.7 Hz, 1 H), 7.73 (t, J = 7.5 

Hz, 3 H), 7.58 - 7.52 (m, 4 H), 7.44 (t, J = 7.0 Hz, 6 H), 7.32 - 7.25 (m, 2 H), 7.23 - 7.19 

(m, 1 H), 7.15 (t, J = 7.6 Hz, 1 H), 7.04 (br. s., 6 H), 6.87 - 6.78 (m, 1 H), 6.64 (d, J = 8.5 

Hz, 1 H), 6.53 - 6.45 (m, 1 H), 6.18 (d, J = 8.5 Hz, 1 H), 3.49 (s, 3 H); 
13

C NMR (125 

MHz, DMSO-d6) δ = 159.1, 149.5, 146.6, 142.3, 140.1, 139.5, 137.4, 133.6, 133.5, 133.4, 

133.2, 132.9, 131.7, 130.0, 129.6, 129.3, 129.2, 129.1, 129.0, 128.8, 128.7, 128.6, 128.3, 

128.0, 127.8, 126.0, 125.8, 125.6, 125.2, 125.1, 124.2, 122.0, 121.9, 119.4, 114.3, 112.8, 

55.1; HRMS (ESI) calcd for C48H36AuPON
+
 (M - OTf)

+
 870.2215, found 870.2255. 

(4a): 

 

Yellow solid, 63 mg, 72% yield; Rf = 0.40 (CH2Cl2/MeOH = 95/05); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.35 (dd, J = 1.1, 8.7 Hz, 1 H), 9.05 (d, J = 8.2 Hz, 1 H), 8.47 (dd, J = 7.5, 

8.5 Hz, 1 H), 8.24 (d, J = 7.5 Hz, 1 H), 8.02 (t, J = 7.6 Hz, 1 H), 7.94 (dd, J = 3.1, 6.3 Hz, 1 
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H), 7.92 - 7.85 (m, 1 H), 7.77 (dd, J = 1.1, 7.2 Hz, 1 H), 7.64 - 7.56 (m, 2 H), 7.29 - 7.20 

(m, 3 H), 7.14 (br. s., 2 H), 7.01 - 6.89 (m, 7 H), 6.89 - 6.80 (m, 4 H), 3.79 (s, 3 H), 1.11 (s, 

9 H), 1.14 (s, 9 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 172.9, 172.1, 160.1, 149.4, 149.1, 

149.0, 146.3, 143.6, 143.0, 142.8, 140.9, 137.4, 134.8, 134.3, 132.6, 132.6, 131.8, 130.6, 

130.4, 129.1, 129.0, 128.7, 128.5, 128.0, 127.4, 127.0, 126.9, 126.7, 126.6, 126.5, 125.1, 

123.9, 120.8, 114.1, 55.5,  36.9, 36.7, 30.2, 30.1; HRMS (ESI) calcd for C46H46AuPON
+
 

(M - OTf)
+
 856.3054, found 856.3075. 

(4b): 

 

Yellow solid, 66 mg, 75% yield; Rf = 0.40 (CH2Cl2/MeOH = 95/05); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.43 - 9.30 (m, 1 H), 9.07 (d, J = 8.4 Hz, 1 H), 8.55 - 8.46 (m, 1 H), 8.25 (d, 

J = 7.8 Hz, 1 H), 8.03 (t, J = 7.3 Hz, 1 H), 7.91 (t, J = 7.6 Hz, 1 H), 7.84 - 7.74 (m, 2 H), 

7.62 - 7.52 (m, 2 H), 7.19 - 7.12 (m, 1 H), 7.06 - 6.94 (m, 7 H), 6.94 - 6.89 (m, 2 H), 6.89 - 

6.82 (m, 2 H), 6.80 (d, J = 7.3 Hz, 2 H), 6.76 - 6.70 (m, 1 H), 3.78 (s, 3 H), 2.22 - 2.07 (m, 

1 H), 1.87 (s, 3 H), 1.73 (br. s., 3 H), 1.64 (br. s., 3 H), 1.57 (br. s., 3 H), 1.33 (s, 1 H), 1.27 

- 1.10 (m, 7 H), 1.04 - 0.92 (m, 4 H),; 
13

C NMR (125 MHz, DMSO-d6) δ = 174.0, 173.2, 

160.1, 149.5, 147.8, 146.3, 143.4, 143.2, 141.6, 141.6, 141.0, 137.5, 134.8, 134.0, 133.5, 

131.7, 130.9, 130.4, 130.3, 129.6, 129.0, 128.8, 128.2, 127.8, 127.7, 127.2, 127.0, 126.7, 

126.5, 126.1, 125.6, 125.2, 123.9, 120.8, 119.4, 114.3, 113.9, 55.5, 36.7, 36.4, 34.4, 34.1, 

30.4, 28.8, 28.3, 26.1, 26.0, 25.6, 25.5, 25.4, 25.3, 20.6; HRMS (ESI) calcd for 

C51H52AuOPN
+
 (M - OTf)

+
 922.3445, found 922.3449. 
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(4c): 

 

Yellow solid, 76 mg, 82% yield; Rf = 0.40 (CH2Cl2/MeOH = 90/10); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.37 (dd, J = 1.1, 8.8 Hz, 1 H), 9.07 (d, J = 8.4 Hz, 1 H), 8.49 (dd, J = 7.5, 

8.5 Hz, 1 H), 8.36 (d, J = 7.3 Hz, 1 H), 8.08 - 7.98 (m, 1 H), 7.96 - 7.87 (m, 1 H), 7.79 (dd, 

J = 1.1, 7.4 Hz, 1 H), 7.76 - 7.68 (m, 1 H), 7.49 (t, J = 6.9 Hz, 2 H), 7.05 - 6.95 (m, 6 H), 

6.95 - 6.91 (m, 2 H), 6.90 - 6.82 (m, 3 H), 6.36 (d, J = 8.4 Hz, 2 H), 3.77 (s, 3 H), 3.58 (s, 6 

H), 2.37 - 2.23 (m, 2 H), 1.76 (d, J = 11.4 Hz, 2 H), 1.66 (d, J = 11.7 Hz, 2 H), 1.58 (t, J = 

12.5 Hz, 4 H), 1.53 - 1.42 (m, 2 H), 1.17 (quin, J = 13.2 Hz, 4 H), 1.11 - 0.95 (m, 6 H); 
13

C 

NMR (125 MHz, DMSO-d6) δ = 174.1, 173.2, 160.0, 156.8, 149.5, 146.3, 143.5, 143.3, 

143.3, 141.8, 141.7, 141.1, 137.5, 134.0, 132.8, 132.6, 132.5, 131.7, 130.7, 130.4, 129.2, 

129.2, 129.1, 128.9, 128.5, 127.8, 127.4, 127.0, 126.8, 125.2, 123.9, 122.0, 120.9, 119.4, 

118.8, 118.8, 114.0, 103.9, 55.5, 55.0, 35.9, 35.7, 30.2, 30.1, 28.8, 26.2, 26.1, 26.0, 25.9, 

25.5; HRMS (ESI) calcd for C52H54AuO3PN
+
 (M - OTf)

+
 968.3512, found 968.3517. 

(4d): 

 

Yellow solid, 70 mg, 84% yield; Rf = 0.30 (CH2Cl2/MeOH = 95/05); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.44 - 9.32 (m, 1 H), 9.08 (d, J = 8.4 Hz, 1 H), 8.51 (dd, J = 7.6, 8.3 Hz, 1 

H), 8.44 (d, J = 7.6 Hz, 1 H), 8.05 (t, J = 7.6 Hz, 1 H), 7.98 - 7.90 (m, 1 H), 7.82 (dd, J = 
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1.1, 7.3 Hz, 1 H), 7.59 - 7.49 (m, 3 H), 7.46 - 7.40 (m, 3 H), 7.30 (t, J = 7.6 Hz, 3 H), 7.05 - 

6.98 (m, J = 8.9 Hz, 2 H), 6.95 (d, J = 7.3 Hz, 2 H), 6.86 (t, J = 7.4 Hz, 1 H), 6.78 (d, J = 

7.6 Hz, 2 H), 6.80 (d, J = 7.8 Hz, 1 H), 6.75 - 6.69 (m, J = 8.7 Hz, 2 H), 6.61 (t, J = 7.8 Hz, 

2 H), 3.72 (s, 3 H), 2.34 (s, 9 H); 
13

C NMR (125 MHz, DMSO-d6) δ = 169.7, 168.8, 160.1, 

149.7, 146.8, 144.3, 144.3, 143.3, 142.1, 142.0, 140.1, 137.9, 133.3, 133.1, 133.0, 132.6, 

132.2, 132.2, 131.9, 130.3, 129.3, 128.3, 127.7, 127.3, 127.1, 127.1, 127.0, 125.7, 125.6, 

125.3, 124.1, 124.1, 122.0, 121.1, 119.4, 114.0, 55.4, 22.3, 22.2; HRMS (ESI) calcd for 

C47H40AuPON
+
 (M - OTf)

+
 862.2556, found 862.2571. 

(4e): 

 

Yellow solid, 143 mg, 85% yield; Rf = 0.50 (CH2Cl2/MeOH = 90/10); 
1
H NMR (500 

MHz, DMSO-d6) δ = 9.35 (dd, J = 1.1, 8.9 Hz, 2 H), 9.03 (d, J = 8.5 Hz, 2 H), 8.49 (dd, J 

= 7.6, 8.3 Hz, 2 H), 7.97 (d, J = 8.7 Hz, 2 H), 7.92 - 7.81 (m, 4 H), 7.81 - 7.68 (m, 4 H), 

7.63 - 7.50 (m, 4 H), 7.44 - 7.28 (m, 10 H), 7.23 (dt, J = 2.3, 7.8 Hz, 4 H), 7.15 (d, J = 7.3 

Hz, 2 H), 7.18 (d, J = 7.5 Hz, 2 H), 7.06 (t, J = 7.9 Hz, 2 H), 6.98 (d, J = 9.2 Hz, 2 H), 6.84 

(d, J = 7.8 Hz, 2 H), 6.81 - 6.72 (m, 8 H), 6.72 - 6.62 (m, 6 H), 6.54 - 6.48 (m, J = 7.6 Hz, 2 

H), 6.47 - 6.38 (m, J = 7.5 Hz, 2 H), 6.17 (t, J = 7.3 Hz, 2 H), 3.76 (s, 6 H); 
13

C NMR (125 

MHz, DMSO-d6) δ = 169.7, 168.9, 167.1, 163.1, 160.0, 149.7, 146.5, 143.8, 143.7, 142.7, 

142.2, 139.7, 137.9, 134.2, 134.1, 134.0, 133.5, 133.4, 132.9, 132.8, 132.0, 131.6, 131.4, 

130.9, 130.4, 130.3, 130.1, 129.6, 129.5, 129.4, 129.1, 129.0, 128.4, 128.2, 127.8, 127.6, 

127.4, 127.2, 126.8, 126.4, 125.3, 123.9, 123.9, 122.0, 120.9, 119.4, 114.2, 113.8, 55.5. 
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(4f): 

 

Yellow solid, 86 mg, 72% yield; Rf = 0.50 (CH2Cl2/MeOH = 90/10); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.44 (d, J = 8.5 Hz, 2 H), 9.14 (d, J = 8.4 Hz, 2 H), 8.74 - 8.60 (m, J = 7.9 

Hz, 2 H), 8.55 (t, J = 7.9 Hz, 2 H), 8.06 (t, J = 7.5 Hz, 2 H), 7.95 (t, J = 7.6 Hz, 2 H), 7.90 - 

7.81 (m, J = 7.3 Hz, 2 H), 7.46 (d, J = 6.7 Hz, 4 H), 7.45 - 7.37 (m, 8 H), 7.24 (d, J = 7.5 

Hz, 4 H), 7.26 (d, J = 7.8 Hz, 4 H), 7.14 (d, J = 7.3 Hz, 4 H), 7.09 - 6.94 (m, 10 H), 6.76 (d, 

J = 8.7 Hz, 4 H), 4.29 (br. s., 4 H), 3.94 (br. s., 4 H), 3.73 (s, 6 H); 
13

C NMR (125 MHz, 

DMSO-d6) δ = 171.9, 171.0, 160.0, 149.7, 146.7, 144.3, 143.5, 140.4, 138.1, 132.9, 132.8, 

131.5, 130.8, 130.4, 130.3, 129.1, 129.0, 128.6, 128.1, 127.2, 124.1, 121.9, 119.3, 114.0, 

74.3, 74.3, 74.2, 71.2, 70.7, 55.4. 

(4g): 

 

Yellow solid, 81 mg, 88% yield; Rf = 0.40 (CH2Cl2/MeOH = 92/08); 
1
H NMR (500 MHz, 

DMSO-d6) δ = 9.20 (dd, J = 1.2, 8.9 Hz, 1 H), 8.89 (d, J = 8.4 Hz, 1 H), 8.34 (dd, J = 7.3, 

8.5 Hz, 1 H), 7.92 (s, 2 H), 7.79 - 7.69 (m, 3 H), 7.62 (dd, J = 1.2, 7.2 Hz, 1 H), 7.56 - 7.49 

(m, 1 H), 7.46 (d, J = 7.9 Hz, 4 H), 7.13 (d, J = 7.3 Hz, 1 H), 6.85 - 6.77 (m, 2 H), 6.74 (t, J 

= 7.4 Hz, 1 H), 6.65 - 6.59 (m, J = 8.9 Hz, 2 H), 6.55 (d, J = 7.2 Hz, 2 H), 6.37 (t, J = 7.8 

Hz, 2 H), 3.73 (s, 3 H), 1.17 (d, J = 7.0 Hz, 12 H), 1.05 (d, J = 6.7 Hz, 12 H); 
13

C NMR 

(125 MHz, DMSO-d6) δ = 189.7, 168.2, 159.7, 149.1, 146.2, 145.2, 144.3, 142.9, 141.7, 
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137.0, 134.4, 133.7, 131.7, 130.5, 130.4, 128.7, 128.5, 127.4, 127.4, 126.7, 126.3, 124.9, 

124.8, 124.1, 123.4, 122.0, 120.8, 119.4, 116.9, 113.7, 55.4, 28.3, 23.9, 23.4; HRMS (ESI) 

calcd for C53H55AuON3
+
 (M - OTf)

+
 946.4187, found 946.4175. 
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4.6 Selected NMR spectra 
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Coinage metals are widely used in the field of organic synthesis. These metals mainly act as 

soft and carbophilic Lewis acids. Coinage metals are effective as catalyst for the electrophilic 

activation of alkynes and utilizing this, a broad range of versatile synthetic tools have been 

developed for the construction of new carbon-carbon or carbon-heteroatom bonds. Thus, the 

molecular complexity could be afforded from simple starting materials.  
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oxygenations reactions. In next chapter, synthesis of N-doped ionic polycyclic aromatic 

hydrocarbons (PAHs) via carboamination of alkynes by using copper(II) catalyst has been 

described. In these reactions Cu(II) played a dual role by not only initiating the cascade 
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tunable emission wavelengths and good quantum efficiency.  
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an efficient approach to ionic gold complexes. This reaction is proceeding equally well with both 

sterically hindered phosphine and di-phosphine ligands. 
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A new class of N-doped ionic PAHs via
intramolecular [4+2]-cycloaddition between
arylpyridines and alkynes†

Ravindra D. Mule, ab Aslam C. Shaikh, ab Amol B. Gadeab and Nitin T. Patil *c

Reported herein, for the first time, is a copper-promoted intra-

molecular [4+2]-cycloaddition cascade to access ionic N-doped

polycyclic aromatic hydrocarbons (PAHs) with tunable emission

wavelengths. It is shown that the reaction can be made catalytic

with respect to Cu(OTf)2 when an external oxidant, Selectfluor,

was used.

Polycyclic aromatic hydrocarbons (PAHs) with annulated aromatic
rings have attracted considerable attention due to their fascinating
structural features and wide range of applications in organic,
optical and electronic materials.1 It is known that the incorpora-
tion of heteroatoms in the aromatic framework of PAHs can
modulate their physical, chemical and supramolecular properties.2

As a subset of these compounds, nitrogen-doped PAHs represent
an important class of molecules that have interesting applica-
tions in the field of optoelectronics, light emitting-diodes, super-
capacitors and bio-imaging.3 Recently, it has been shown that
ionic N-doped PAHs exhibit interesting optical and aggregation
behavior properties.4 Therefore, it is not surprising that several
research groups across the globe are engaged in the design and
development of novel ionic N-doped PAHs (Fig. 1a, Type A–D).5

However, most of the approaches to access N-doped ionic PAHs
are based on Rh/Ru catalyzed C–H activation between arenes/
heteroarenes and alkynes.6

During the last decades, Rh and Co-catalyzed reactions
between alkynes and azadienes, involving C–H activation,
have emerged as an important tool for accessing heterocyclic
quaternary ammonium salts (Scheme 1a). For instance, the
groups of Jones,7 Cheng,8 Huang,9 You10 and Jun11 showed the

utility of Rh-complexes for such reactions. Recently, Pérez-
Temprano,12 Cheng13 and Wang,14 in their independent reports,
have successfully demonstrated the use of Co-catalysts for the
analogues transformations. Herein, we report the design and
development of a new class of ionic N-doped PAHs i.e. Type E
(Fig. 1b) via Cu-mediated alkyne/azadiene [4+2]-cycloaddition
cascades (Scheme 1b). The reaction was proposed to proceed
via initial amino-cupration followed by the C–H activation/
reductive elimination sequence to produce ionic N-doped PAHs
(Scheme 1b).

Based on our previous report on the gold-catalyzed oxidative
intramolecular 1,2-amino-oxygenation reaction of alkynes,15 we
envisioned that the substrate of type 1 would undergo intra-
molecular [4+2]-cycloaddition reactions to produce ionic N-doped
PAHs. Towards this end, several metal catalysts/oxidants were
screened.16 Our systematic optimization studies revealed that
refluxing 1a (Ar0 = 4-OMe-C6H4 and R = Ph) in CH3CN in the
presence of stoichiometric amounts of Cu(OTf)2 is the best
condition to achieve the desired PAH (2a) in 78% yield. Inter-
estingly, Cu(OTf)2 exhibits a dual role by mediating the cascade
transformation as well as providing a counter ion. It should be
noted that the Cu-catalyzed reactions of alkenes, involving the

Fig. 1 N-Doped ionic PAHs: known and present design.
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simultaneous formation of C–C and C–N bonds, are known in
the literature.17 However, to the best of our knowledge, the
analogous reactions of alkynes have never been reported.

With the optimized reaction conditions in hand, we sought
to explore the substrate scope for this reaction. The results are
presented in Table 1. In general, substrates with variation in
the aryl ring at the alkyne-terminus with varying functional
groups, such as alkyl and –OMe, were well tolerated (2b–2d).
However, a stronger electron donating group, such as –NMe2,

was found to be unsuitable for the reaction. The reaction smoothly
tolerated varying substitution patterns (ortho, meta and para) on
the aforementioned aryl moiety to furnish the corresponding PAHs
in good yields (2f–2n). Next, substrates bearing bulky aromatics or
long-chain/cyclic aliphatics at the alkyne terminal position of the
pyridino alkynes were screened. For instance, the substrate with
sterically demanding 1-Np and a pyrenyl aromatic ring efficiently
afforded the desired PAHs 2o and 2p in 80 and 85% yields,
respectively. Furthermore, in the cases where aliphatic substi-
tuents were placed on the alkyne terminus, the desired PAHs
2q–2s were obtained in good yields. Next, we directed our
attention to examining the tolerance of the substituents on
the Ar ring. Pleasingly, the introduction of the –Me, –F and –Cl
substituents on the ring resulted in the formation of the
desired PAHs 2t–2x in 60–70% yields. Similarly, the reaction
tolerates di-substitutions at the Ar ring to offer the products
2y–2aa in moderate yields.

To understand the tolerance of the substituents at the Ar0

ring, substrates 1ab–1am were examined under the optimized
reaction conditions (Table 2). It was observed that 1ab–1ah
underwent smooth reactions to provide the desired PAHs
2ab–2ah in good yields (58–84%). Moreover, 1-Np, 2-Np and
9-phenanthryl groups were well tolerated under the present
reaction conditions to produce the desired PAHs (2ai–2al)
in good yields. Even the benzothiophenyl moiety was
also well tolerated giving PAH 2am in 65% yield. The
scalability of the method was demonstrated by the large-
scale synthesis employing 1a (2.7 mmol) as a starting material
(2a, 76%).16

Scheme 1 Concepts for accessing heterocyclic quaternary ammonium
salts via formal [4+2]-cycloadditions: known and present work.

Table 1 Substrate scope with Ara,b

a Reaction conditions: 0.13 mmol 1, 1.0 equiv. Cu(OTf)2, CH3CN (2 mL),
80 1C, 12 h. b Isolated yield. c Complex reaction mixture was obtained.

Table 2 Substrate scope with Ar0a,b

a Reaction conditions: 0.13 mmol 1, 1.0 equiv. Cu(OTf)2, CH3CN (2 mL),
80 1C, 12 h. b Isolated yield. c CCDC for 2aj – 1824191.
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Interestingly, we found that the reaction can be made
catalytic with respect to Cu(OTf)2 when a stoichiometric
amount of oxidant was used (Scheme 2).16 When 1a, 1b and
1ag were treated with 10 mol% Cu(OTf)2 in the presence of
selectfluor, the reaction proceeded smoothly to produce 2a0, 2b0

and 2ag0 in 75, 63 and 65% yields, respectively.
A plausible reaction pathway for the present transformation

is depicted in Scheme 3. At first, the activation of the alkyne by
the Cu(OTf)2 would occur to enable nucleophilic attack by the
pyridyl nitrogen atom in a 5-exo-dig fashion to generate vinyl
copper intermediate I.18 This intermediate would activate the
C–H bond of the proximal aryl ring and subsequently remove
TfOH to generate copper(II) intermediate II.19 Furthermore,
reductive elimination would occur to form product 2a. The fact
that the yield of the reaction was not hampered in the presence
of a radical scavenger such as 2,2,6,6-tetra-methylpiperidine-1-
oxyl (TEMPO)16 rules out the possibility of a radical mechanism.

The synthesised PAHs exhibit intense fluorescence and their
photophysical properties were studied in CH2Cl2 solution
(Table S1, ESI†).16 The PL range covers the visible region,
offering a palette of colors ranging from violet to orange
(lem: 434–619 nm, Fig. 2). These fluorophores exhibit good photo-
luminescence capabilities with Ff values ranging from 0.02 to 0.88.
Next, the electrochemical properties of the representative PAHs
were investigated by cyclic voltammetry and the results indicated
that these PAHs exhibited high electron-accepting abilities.16

In conclusion, a Cu(II)-mediated intramolecular alkynes/
azadienes [4+2]-cycloaddition cascade has been disclosed. The
reagent Cu(OTf)2 exhibits a dual role by mediating the cascade
transformation as well as providing a counter ion. Furthermore, it

is shown that the reaction can be made catalytic with respect to
Cu(OTf)2 in the presence of an external oxidant, Selectfluor. The
method provided an efficient access to ionic N-doped PAHs with
tunable emission wavelengths.
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F. Tuyèras, P. Ochsenbein, F. Puntoriero, F. Nastasi, S. Campagna,
S. Griveau, F. Bedioui, I. Ciofini and P. P. Laine, Chem. – Eur. J.,
2010, 16, 11047; (d) J. Fortage, C. Peltier, F. Nastasi, F. Puntoriero,
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