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Abstract 

 
An efficient protocol for the synthesis of 1,3-disubstituted  
indolizine-containing unsymmetrical triarylmethane derivatives 
has been developed through a copper catalyzed 5-endo-dig 
cyclization of 2-(2-enynyl)pyridines followed by nucleophilic 
addition of organoboronic acids. A variety of substituted 
organoboronic acids and 2-(2-enynyl)-pyridines were subjected to 
react under the optimal reaction conditions, and the respective 
indolizine-based unsymmetrical triarylmethanes were obtained in 
moderate to good yields.  

 
Keywords: Triarylmethanes (TRAMs), Indolizine, Nitrogen-heterocycles, Cascade cyclization, Copper catalysis, Boronic 
acids

 
1. Introduction 
 
Indolizine is a versatile N-containing heterocyclic compound 
characterized by its unique bicyclic structure, which consists 
of a fused pyrrole and pyridine ring. This structure not only 
imparts indolizine with a distinctive chemical profile but also 
contributes to its wide-ranging biological and material 
applications.1 This structural moiety is highly regarded by 
synthetic chemists due to its frequent occurrence in a variety 
of natural alkaloids,2 agrochemicals,3 and other biologically 
active synthetic compounds.4 Notably, many natural and 
synthetic derivatives of indolizine have shown significant 
therapeutic potential, such as antibacterial,5 anticancer,6 
antitubercular,7 anti-inflammatory,8 and antifungal properties,9 
etc. (Figure 1). Apart from these, indolizine derivatives have 
also been explored as drugs in treating neurodegenerative 
diseases, cardiovascular conditions, and metabolic 
disorders.10 This diversity in their biological activity is 
attributed to the ability of the indolizine nucleus to interact 
with various biological targets which could affect multiple 
biological pathways, including enzyme inhibition, receptor 
modulation, and cell signalling interference.11 This versatility 
makes them valuable in drug discovery and development. 
Besides their pharmaceutical applications, these compounds 
have also found applications in material science, serving as 
fluorescent probes, dyes for dye-sensitized solar cells, and 
as components in organic light-emitting diodes (OLEDs).12 
Moreover, indolizine-based materials are being investigated 
for their potential in cell labelling and biomarkers, sensors, 
light-emitting devices, and as components in advanced 
nanomaterials.13 

 
 
 
Similarly, triarylmethanes (TRAMs), particularly, the 
unsymmetrical ones, have emerged as important and integral 
scaffolds in many pharmaceuticals and biologically active 
molecules.14 Several of them exhibit important therapeutic 
applications and are being explored as anti-breast cancer, 
anti-viral, anti-inflammatory and anti-TB agents (Figure 
1).14a,15 
 

 
 
Figure 1: Representative examples of indolizine- and 
unsymmetrical triarylmethanes (TRAMs)-based bioactive 
molecules. 
 
Besides the medicinal applications, molecules possessing 
triarylmethane motifs have also found remarkable 
applications in various other fields, such as in the dye 
industry, materials science and some triarylmethane 
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derivatives have been utilized as metal ion sensors and 
fluorescent probes.16 
       Due to the significant importance of indolizine as well as 
triarylmethane derivatives, spanning from fundamental 
chemistry to broad spectrum of practical applications in 
medicine and material science, have gained significant 
attention as valuable synthetic targets and attracted the 
synthetic community towards the development of different 
synthetic approaches to access indolizine derivatives, 
including transition metal-catalyzed annulation/coupling 
reactions, radical cyclization/cross-coupling reactions, and 
some metal free approaches as well.17 The most common 
protocols for the synthesis of indolizines involve metal-
catalyzed transformations of propargylic pyridines,18 
pyridinium salts,19 or pyrrole derivatives20 as the starting 
materials. Recently, another different approach has been 
developed to access highly substituted indolizine derivatives 
through a metal-catalyzed 5-endo-dig cyclization of 2-(2-
enynyl)-pyridines utilizing a wide range of nucleophiles (a, 
Scheme 1).21,22 Likewise, the dominant approaches for the 
synthesis of symmetrical and unsymmetrical triarylmethanes 
involve either a Lewis acid/Brønsted acid mediated Friedel-
Crafts reaction or a transition metal catalyzed cross coupling 
reaction of diarylmethanol derivatives with relevant aryl 
coupling partners, and other miscellaneous processes, 
including metal catalyzed direct arylation of diarylmethanes, 
have also been reported (b, scheme 1).23  
 

 
 
Scheme 1: Common Approaches Toward Indolizines and 
triarylmethanes and Our Approach to Indolizines-based 
Unsymmetrical Triarylmethanes. 
 
         While working on the development of new protocols to 
access indolizine containing diaryl- and triarylmethane 
derivatives,22 very recently, our research group reported a 
copper-catalyzed protocol to access heterocycles-based 
unsymmetrical triarylmethanes, containing both indolizine 
and chromone scaffolds in the same molecule.22a Apart from 
this, our group also developed a couple of protocols to 
access highly-substituted indolizine derivatives through a 
metal-catalyzed [3+2]-annulation of 2-pyridinyl-substituted p-
quinone methides (p-QMs) with terminal alkynes24a or N, N-
dimethyl enaminones.24b In line with this, we believed that it 
could be possible to access indolizine-containing 
unsymmetrical triarylmethanes by reacting 2-(2-

enynyl)pyridines  with organoboronic acids as a cheap and 
readily available starting materials (c, Scheme 1). 
 
 

2. Result and discussion: 
 
To optimize the reaction conditions, we chose 2-(2-
enynyl)pyridine 1a and readily available phenylboronic acid 
2a as model substrates, and the results from the optimization 
studies are as shown in Table 1. The preliminary experiment 
was performed with CuI as the catalyst and KOtBu as the 
base in MeCN solvent at room temperature, but no product 
formation was seen as the starting material was decomposed 
into many unidentified complex mixtures in 12 hours (Table 1, 
entry 1). To our pleasure, when the reaction temperature was 
increased to 70 oC, the desired product 3a was obtained in 
52% yield within 6 hours (Table 1, entry 2). Then the reaction 
was performed in 1,2-DCE as the solvent at 70 oC, the 
desired product was isolated in 58% yield in just 2 hours 
(Table 1, entry 3). When the reaction was performed with 
K3PO4 as the base, a slight increase in the yield of 3a (62%) 
was observed (Table 1, entry 4). Encouraged by this result, 
further optimization studies were performed using K3PO4 as 
the base in different other solvents such as 1,4-dioxane, 
DMF, etc. (Table 1, entries 5 to 7) however, the yield of 3a 
was inferior as compared to the reactions in 1,2-DCE. 
Further, the reaction was conducted with other copper-based 
catalysts such as Cu(OAc)2, Cu(OTf)2, CuBr, etc. (Table 1, 
entries 8 to 11) and it was found that the reaction with 
Cu(OTf).PhMe yielded the desired product 3a in 68% isolated 
yield after 2 hours (Table 1, entry 11). A considerable 
improvement in the yield of 3a was observed when the 
reaction temperature was raised to 80 oC, and in that case 
the product was obtained in 78% yield (Table 1, entry 12). 
Fascinated with these results, we further optimized the 
reaction conditions using different inorganic and organic 
bases such as K2CO3, NaHCO3, NEt3, etc. However, in those 
cases no improvement in the yield 3a was observed (Table 1, 
entries 13 to 15). Only trace amount of the product formation 
was seen when PdCl2 was used as the catalyst even after 24 
hours (Table 1, entry 16). The reaction was also performed 
with various silver salts such as AgOCOCF3 and AgSbF6, as 
well as with Bi(OTf)3 as a catalyst, but these salts were 
proven to be ineffective for this transformation as the starting 
material was decomposed to a complex mixture in those 
cases (Table 1, entries 17-19). No product formation was 
seen in the absence of the catalyst, which indicates that a  
catalyst is required to drive this transformation (Table 1, entry 
 20). 
         With the optimized reaction conditions in hands, the 
generality of this transformation was investigated using 
different substituted phenylboronic acids 2a-n and 2-(2-
enynyl)pyridine 1a. A wide range of arylboronic acids 
containing different substituents on the phenyl ring were 
subjected to react under the optimized reaction condition and 
in all those cases, the corresponding products 3a-m were 
isolated in moderate to good yields (Scheme 2). The reaction 
worked well with arylboronic acids substituted with electron-
rich groups 2b-g, and the respective products 3b-g were 
isolated in moderate to good yields (68-82%). Halogen-
substituted boronic acids 2h-j also reacted efficiently with 1a, 
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and the corresponding products 3h-j were obtained in the 
range of 42-74% isolated yields. Aryl boronic acids 2k and 2l 
substituted with an electron-withdrawing –CF3 group, also  

Table 1: Optimization Studya 

 

 

 
aReaction conditions: All the reactions were carried out with 
0.1067 mmol (30 mg) of 1a, 1.5 equiv. of boronic acid, 2.0 
equiv. of base and 10 mol % of catalyst in (1.5 ml solvent). 
bIsolated yields; c2.0 equiv. of boronic acid, 2.5 equiv. of base 
(K3PO4) with respect to 1a and 10 mol % catalyst at 80 oC 
was found to be optimal. ND = Not detected. NR = No 
reaction. 

underwent the reaction smoothly affording the product 3k and 
3l in 44 and 45% yield respectively. The reaction of 1a with a 
bulky naphthalene-based boronic acid 2m produced the 
product 3m in 51% yield.The reaction also worked well with 
cyclohexyl boronic acids 2n, however, the yield was low in 
that case as the products 3n was isolated only  in 34% yield.   

Scheme 2: Substrate scope with different aryl boronic acidsb 

 

aReaction conditions: All the reactions were carried out with 
0.1067 mmol (30 mg) of 1a, 2.0 equiv. of bobonic acids (2a-
n) and 2.5 equiv. K3PO4 in (1.5 ml 1,2-DCE solvent). bYields 
reported are isolated yields. 

            Next, we went on to investigate the substrate scope 
with 2-(2-enynyl) pyridines 1b-h having different aryl 
substituents (both electron-rich and electron-poor) at the 
alkyne part and, to our delight, in all those cases, the 
expected products 4a-f were obtained in the range of 55-68% 
yield under the optimized reaction conditions (Scheme 3). 
The 2-(2-enynyl) pyridine 1h, substituted with a cyclohexyl 
group furnished the product 4g in 53% yield. 

Scheme 3: Substrate scope with different 2-(2-
enynyl)pyridinesb 

 

aReaction conditions: All the reactions were carried out with 
0.086 – 0.104 mmol (30 mg) of 1b-h, 2.0 equiv. of bobonic 

Entry Catalyst Base Solvent 

Temp 

[ ˚C] 

Time 
[h] 

Yield 
(%)b 

1 CuI KOtBu MeCN RT 12 ND 

2 CuI KOtBu MeCN 70 6 52 

3 CuI KOtBu 1,2-DCE 70 2 58 

4 CuI K3PO4 1,2-DCE 70 2 62 

5 CuI K3PO4 PhMe 70 12 60 

6 CuI K3PO4 
1,4- 

Dioxane 
70 36 42 

7 CuI K3PO4 DMF 70 12 16 

8 Cu(OAc)
2 

K3PO4 1,2-DCE 70 24 36 

9 Cu(OTf)2 K3PO4 1,2-DCE 70 2 65 

10 
Cu(OTf).

PhMe 
K3PO4 1,2-DCE 70 2 68 

11 CuBr K3PO4 1,2-DCE 70 3 44 

12c 
Cu(OTf).

PhMe 
K3PO4 1,2-DCE 80 2 78 

13 
Cu(OTf).

PhMe K2CO3 1,2-DCE 80 6 63 

14 
Cu(OTf).

PhMe 
NaHCO3 1,2-DCE 80 6 42 

15 
Cu(OTf).

PhMe NEt3 1,2-DCE 80 12 36 

16 PdCl2 K3PO4 1,2-DCE 80 24 Trace 

17 
AgOCO

CF3 
K3PO4 1,2-DCE 80 24 ND 

18 AgSbF6 K3PO4 1,2-DCE 80 24 ND 

19 Bi(OTf)3 K3PO4 1,2-DCE 80 24 ND 

20 . . . K3PO4 1,2-DCE 80 24 NR 
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acid 2a and 2.5 equiv. K3PO4 in (1.5 ml 1,2-DCE solvent). 
bYields reported are Isolated yields. 

Then, the substrate scope studies were also elaborated to 
other 2-(2-enynyl) pyridines (1i-m) having different aryl 
substituents at the alkene part with phenyl boronic acid 2a 
and in all those cases the respective products 4h-l was 
isolated in (52-71%) yield. 2-(2-enynyl)pyridine 1i substituted 
with an electron-rich (-OEt) group and 2-(2-enynyl)pyridine 1j 
containing a fluorene substituent reacted smoothly to afford 
the corresponding products 4h and 4i in 71% and 64% yield 
respectively. 2-2(enynyl)pyridine 1k, substituted with a 
bromo-group provided the product 4j in 62% yield. The 
reaction also worked well with 2-2(enynyl)pyridine 1l and 1m, 
having bulky substituents such as naphthalene and 
anthracene at the alkene part, and the products 4k and 4l 
were obtained in 55% and 52% respectively. 2-
2(enynyl)quinoline 1n derived from quinaldic acid afforded 
the product 4m in 61% yield. Scheme 4 reveals the substrate 
scope of this protocol with 2-(2-enynyl) pyridines having 
different substituents at the alkene part. 

Scheme 4: Substrate scope with 2-(2-enynyl) pyridines 
having different substituents at the alkene partb 

 

aReaction conditions: All the reactions were carried out with 
0.079 – 0.092 mmol (30 mg) of 1i-n, 2.0 equiv. of bobonic 
acid 2a and 2.5 equiv. K3PO4 in (1.5 mL of 1,2-DCE solvent). 
bYields reported are Isolated yields.        

Based on the outcome of this methodology and previous 
literature reports,21,22 a plausible mechanism for this 
transformation was proposed, as shown in (Scheme 5). We 
propose that the reaction begins with the activation of the 
alkyne part of 2-(2-enynyl)pyridines 1a by the copper catalyst 
to generate intermediate I, which undergoes 5-endo-dig-
cyclization to produce the intermediate indolizinium salt II, in 
which the exocyclic alkene-part becomes relatively more 
electrophilic due to the generation of the positive charge on 
the nitrogen atom. Subsequently, remote nucleophilic 
addition of the aryl nucleophile from aryl-Cu complex 
(generated from the reaction of Cu catalyst with boronic acid 
2a under basic conditions) to the exocyclic olefinic center of 
intermediate II generates another intermediate III, which upon 

protodemetallation affords the final product 3a along with the 
regeneration of the catalyst. 

 

Scheme 5: Proposed Mechanism 

3. Conclusions 

In conclusion, we have developed an efficient protocol for the 
synthesis of 1,3-disubstituted indolizine containing 
unsymmetrical triarylmethane derivatives through a copper-
catalyzed 5-endo-dig cyclization of 2-(2-enynyl)pyridines 
followed by remote nucleophilic addition of organoboronic 
acids. The generality of this transformation was examined 
using a wide range of boronic acid and 2-(2-enynyl) 
pyridines, and the respective indolizine-based unsymmetrical 
triarylmethanes were obtained in moderate to good yields. 
This transformation was also found to be compatible to 
access pyrrolo-[1,2-a]-quinoline based unsymmetrical 
triarylmethanes which are another class of bio-active 
compounds. Considering the importance of indolizine as well 
as unsymmetrical triarylmethanes from medicinal chemistry 
to material science, we believe that these new class of 
heteroaryl-based triarylmethanes may find some applications 
in the future. 
 

4. Experimental Section 
 
General Information: All reactions were carried out in an 
oven dried round bottom flask. All the solvents were distilled 
before use and stored under argon atmosphere. Most of the 
reagents, starting materials were purchased from commercial 
sources and used as such. Melting points were recorded on 
SMP20 melting point apparatus and are uncorrected. 1H, 13C 
and 19F spectra were recorded in CDCl3 and DMSO-d6 (400, 
100 and 376 MHz respectively) on Bruker FT–NMR 
spectrometer. Chemical shift () values are reported in parts 
per million relative to TMS and the coupling constants (J) are 
reported in Hz. High resolution mass spectra were recorded 
on Waters Q–TOF Premier–HAB213 spectrometer. FT-IR 
spectra were recorded on a Perkin-Elmer FTIR spectrometer. 
Thin layer chromatography was performed on Merck silica 
gel 60 F254 TLC pellets and visualised by UV irradiation and 
KMnO4 stain. Column chromatography was carried out 
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through silica gel (100–200 mesh) using EtOAc/hexane as an 
eluent. 
General procedure for the addition of boronic acids to 2-
(2-enynyl)pyridines: 
 
Anhydrous 1,2-DCE solvent (1.5 mL) was added to the 
mixture of 2-(2-enynyl)pyridine (30 mg, 0.1067 mmol, 1.0 
equiv.), boronic acid (2.0 equiv.), K3PO4 (2.5 equiv.) and 
Cu(OTf).PhMe (10 mol %) under nitrogen atmosphere in an 
oven-dried round bottom flask and the resulting suspension 
was stirred at 80 oC in a pre-heated oil bath until the 2-(2-
enynyl)pyridine was completely consumed (based on TLC 
analysis). The reaction mixture was concentrated under 
reduced pressure and the residue was purified through a 
silica gel chromatography, using EtOAc/Hexane mixture as 
an eluent, to get the pure indolizine based unsymmetrical 
triarylmethanes. 
1-benzhydryl-3-phenylindolizine (3a): 
The reaction was performed at 0.1067 mmol scale of 1a; Rf = 
0.8 (5% EtOAc in hexane); green gummy solid (30.1 mg, 
78% yield); 1H NMR (400 MHz, CDCl3) δ 8.28 (d, J = 7.1 Hz, 
1H), 7.54 (d, J = 8.0 Hz, 2H), 7.43 (t, J = 7.6 Hz, 2H); 7.32 – 
7.30 (m, 3H), 7.29 – 7.26 (m, 6H), 7.22 (t, J = 6.9 Hz, 2H) ), 
7.17 (d, J = 9.04 Hz, 1H), 6.60 – 6.55 (m, 1H), 6.54 (s, 1H), 
6.46 (t, J = 6.92 Hz, 1H) ), 5.78 (s, 1H); 13C NMR (100 MHz, 
CDCl3) δ 144.8, 132.6, 130.8, 129.1, 129.0, 128.4, 128.0, 
127.0, 126.2, 124.5, 122.3, 118.1, 116.5, 116.4, 115.5, 110.8,  
48.7; FT-IR (thin film, neat): 3028, 1612, 1452, 1250, 736, 
696 cm-1; HRMS (ESI): m/z calcd for C27H22N [M+H]+ : 
360.1752; found : 360.1758. 
3-phenyl-1-[phenyl(o-tolyl)methyl]indolizine (3b): 
The reaction was performed at 0.1067 mmol scale of 1a; Rf = 
0.8 (5% EtOAc in hexane); green gummy solid (27.6 mg, 
69% yield); 1H NMR (400 MHz, CDCl3) δ 8.30 (d, J = 7.2 Hz, 
1H), 7.54 (d, J = 7.6 Hz, 2H), 7.43 (t, J = 7.6 Hz, 2H); 7.31 – 
7.28 (m, 3H), 7.24 – 7.17 (m, 4H) ), 7.15 – 7.10 (m, 3H), 7.04 
(d, J = 7.1 Hz, 1H), 6.59 – 6.55 (m, 1H), 6.48 – 6.45 (m, 2H), 
5.90 (s, 1H), 2.32 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 
144.2, 143.0, 136.4, 132.6, 130.8, 130.4, 129.3, 129.1, 129.0, 
128.4, 127.9, 127.0, 126.3, 126.1, 125.9, 124.4, 122.4, 118.1, 
116.3, 116.0, 115.9, 110.8, 45.2, 20.0; FT-IR (thin film, neat): 
2926, 1601, 1478, 1259, 748, 683 cm-1; HRMS (ESI): m/z 
calcd for C28H24N [M+H]+ : 374.1909; found : 374.1924. 
3-phenyl-1-[phenyl(p-tolyl)methyl]indolizine (3c):  
The reaction was performed at 0.1067 mmol scale of 1a; Rf = 
0.8 (5% EtOAc in hexane); pale yellow solid (32.7 mg, 82% 
yield); m. p. = 118 – 120 ºC; 1H NMR (400 MHz, CDCl3) δ 
8.28 (d, J = 7.2 Hz, 1H), 7.55 (d, J = 7.8 Hz, 2H), 7.44 (t, J = 
7.6 Hz, 2H), 7.31 (d, J = 7.4 Hz, 2H), 7.28 – 7.26 (m, 3H) 
7.22 (d, J = 6.9 Hz, 1H), 7.19 – 7.15 (m, 3H) ), 7.11 (d, J = 
7.9 Hz, 2H), 6.59 – 6.55 (m, 1H), 6.54 (s, 1H), 6.45 (t, J = 
6.76 Hz, 1H), 5.74 (s, 1H), 2.34 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 145.0, 141.8, 135.7, 132.6, 130.8, 129.09, 129.08, 
129.0 (2C), 128.4, 127.9, 126.9, 126.2, 124.4, 122.3, 118.2, 
116.7, 116.3, 115.5, 110.8, 48.3, 21.2; FT-IR (thin film, neat): 
2928, 1624, 1482, 1263, 753, 687 cm-1; HRMS (ESI): m/z 
calcd for C28H24N [M+H]+ : 374.1909; found : 374.1916. 
1-{[1,1'-biphenyl]-4-yl(phenyl)methyl}-3-phenylindolizine (3d): 
The reaction was performed at 0.1067 mmol scale of 1a; Rf = 
0.6 (5% EtOAc in hexane); pale yellow gummy solid (31.3 
mg, 67% yield); 1H NMR (400 MHz, CDCl3) δ 8.31 (d, J = 5.9 

Hz, 1H), 7.63 (d, J = 7.4 Hz, 2H), 7.58 – 7.55  (m, 4H); 7.47 – 
7.43 (m, 4H), 7.37 – 7.30 (m, 8H), 7.26 – 7.22 (m, 2H),  6.62 
– 7.59 (m, 2H), 6.48 (t, J = 6.8 1H), 5.82 (s, 1H); 13C NMR 
(100 MHz, CDCl3) δ 144.7, 143.9, 141.1, 139.0, 132.6, 130.9, 
129.5, 129.1, 129.0, 128.8, 128.5, 127.9, 127.2, 127.1(2C), 
127.0, 126.3, 124.6, 122.4, 118.1, 116.5, 116.4, 115.5, 110.8, 
48.4; FT-IR (thin film, neat): 2926, 1610, 1486, 1259, 756, 
687 cm-1; HRMS (ESI): m/z calcd for C33H26N [M+H]+ : 
436.2065; found : 436.2054. 
1-[(4-methoxyphenyl)(phenyl)methyl]-3-phenylindolizine (3e): 
The reaction was performed at 0.1067 mmol scale of 1a; Rf = 
0.5 (5% EtOAc in hexane); pale yellow gummy solid (31.1 
mg, 74% yield); 1H NMR (400 MHz, CDCl3) δ 8.29 (d, J = 
7.12 Hz, 1H), 7.56 – 7.54 (m, 2H), 7.44 (t, J = 7.6 Hz, 2H), 
7.33 – 7.29 (m, 3H), 7.28 – 7.26 (m, 2H), 7.24 – 7.20 (m, 2H), 
7.18 – 7.16 (m, 2H), 6.87 – 6.84 (m, 2H), 6.60 – 6.56 (m, 1H), 
6.54 (s, 1H), 6.46 (t, J = 7.9 Hz, 1H), 5.73 (s, 1H), 3.80 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ 158.0, 145.1, 137.0, 
132.6, 130.8, 130.0, 129.1, 129.0, 128.4, 127.9, 127.0, 126.2, 
124.4, 122.3, 118.2, 116.8, 116.3, 115.5, 113.7, 110.8, 55.4, 
47.9; FT-IR (thin film, neat): 2834, 1512, 1436, 1248, 736, 
674 cm-1; HRMS (ESI): m/z calcd for C28H24NO [M+H]+ : 
390.1858; found : 390.1874.  
1-{[4-(tert-butyl)phenyl](phenyl)methyl}-3-phenylindolizine 
(3f): 
The reaction was performed at 0.1067 mmol scale of 1a; Rf = 
0.6 (5% EtOAc in hexane); pale yellow gummy solid (35.2 
mg, 79% yield); 1H NMR (400 MHz, CDCl3) δ 8.27 (d, J = 7.2 
Hz, 1H), 7.55 (d, J = 7.8 Hz, 2H), 7.44 (t, J = 7.4 Hz, 2H), 
7.32 – 7.26 (m, 7H), 7.21 – 7.18 (m, 4H), 6.59 – 6.55 (m, 2H) 
), 6.45 (t, J = 6.8 Hz, 1H), 5.74 (s, 1H), 1.32 (s, 9H); 13C NMR 
(100 MHz, CDCl3) δ 148.9, 145.1, 141.6, 132.7, 130.8, 129.1, 
129.0, 128.6, 128.3, 127.9, 126.9, 126.1, 125.2, 124.4, 122.3, 
118.2, 116.8, 116.3, 115.5, 110.8, 48.2, 34.5, 31.6; FT-IR 
(thin film, neat): 2964, 1606, 1258, 1388, 752, 699 cm-1; 
HRMS (ESI): m/z calcd for C31H30N [M+H]+ : 416.2378; found 
: 416.2364. 
1-[(2,5-dimethylphenyl)(phenyl)methyl]-3-phenylindolizine 
(3g): 
The reaction was performed at 0.1067 mmol scale of 1a; Rf = 
0.6 (5% EtOAc in hexane); pale yellow gummy solid (28.3 
mg, 68% yield); 1H NMR (400 MHz, CDCl3) δ 8.31 (d, J = 7.1 
Hz, 1H), 7.58 – 7.56 (m, 2H), 7.45 (t, J = 7.4 Hz, 2H), 7.33 – 
7.29 (m, 3H), 7.24 – 7.22 (m, 3H), 7.15 (d, J = 9.0 Hz, 1H), 
7.09 (d, J = 7.6 Hz, 1H), 6.97 (d, J = 7.6 Hz, 1H), 6.88 (s, 
1H), 6.58 (t, J = 7.0 Hz, 1H), 6.48 – 6.45 (m, 2H), 6.00 (s, 
1H), 2.29 (s, 3H), 2.24 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 
144.4, 142.7, 135.2, 133.2, 132.6, 130.9, 130.3, 129.7, 129.3, 
129.0, 128.3, 127.9, 127.0, 126.9, 126.1, 124.4, 122.3, 118.1, 
116.3, 116.1, 115.9, 110.7, 45.1, 21.4, 19.6; FT-IR (thin film, 
neat): 2921, 1614, 1492, 1305, 737, 658 cm-1; HRMS (ESI): 
m/z calcd for C29H26N [M+H]+ : 388.2065; found : 388.2058. 
1-[(4-fluorophenyl)(phenyl)methyl]-3-phenylindolizine (3h): 
The reaction was performed at 0.1067 mmol scale of 1a; Rf = 
0.8 (5% EtOAc in hexane); green gummy solid (17.1 mg, 
42% yield); 1H NMR (400 MHz, CDCl3) δ 8.28 (d, J = 7.2 Hz, 
1H), 7.54 – 7.52 (m, 2H), 7.44 (t, J = 7.6 Hz, 2H), 7.30 (t, J = 
7.4 Hz, 3H), 7.24 – 7.19 (m, 5H), 7.14 (d, J = 9.0 Hz, 1H), 
6.98 (t, J = 8.6 Hz, 2H), 6.58 (t, J = 6.4 Hz, 1H), 6.49 – 6.45 
(m, 2H), 5.74 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 161.5 (d, 
JC-F = 242.6 Hz), 144.6, 140.5 (d, JC-F = 3.1 Hz), 132.5, 130.7, 
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130.5 (d, JC-F = 7.8 Hz), 129.0, 128.5, 127.9, 127.1, 126.4, 
124.6, 122.4, 118.0, 116.6, 116.3, 115.3, 115.2, 115.0, 110.9, 
48.0; 19F{1H} NMR (376 MHz, CDCl3) δ −117.30; FT-IR (thin 
film, neat): 3064, 1614, 1582, 1256, 842, 738 cm-1; HRMS 
(ESI): m/z calcd for C27H21FN [M+H]+ : 378.1658; found : 
378.1642. 
1-[(4-chlorophenyl)(phenyl)methyl]-3-phenylindolizine (3i): 
The reaction was performed at 0.1067 mmol scale of 1a; Rf = 
0.7 (5% EtOAc in hexane); pale yellow solid (31.3 mg, 74% 
yield); m. p. = 114 – 116 ºC; 1H NMR (400 MHz, CDCl3) δ 
8.27 (d, J = 7.1 Hz, 1H), 7.53 (d, J = 7.6 Hz, 2H), 7.43 (t, J = 
7.3 Hz, 2H), 7.32 – 7.26 (m, 4H), 7.24 – 7.22 (m, 4H), 7.17 
(d, J = 7.7 Hz, 2H), 7.13 (d, J = 9.0 Hz, 1H), 6.58 (t, J = 7.4 
Hz, 1H), 6.48 – 6.44 (m, 2H), 5.72 (s, 1H); 13C NMR (100 
MHz, CDCl3) δ 144.3, 143.4, 132.4, 132.0, 130.8, 130.5, 
129.0, 128.5, 128.0, 127.1, 126.5, 124.6, 122.4, 118.0, 116.6, 
115.9, 115.3, 110.9, 48.1; FT-IR (thin film, neat): 3062, 1496, 
1305, 1204, 847 cm-1; HRMS (ESI): m/z calcd for C27H21ClN 
[M+H]+ : 394.1363; found : 394.1377. 
1-[(3,5-dichlorophenyl)(phenyl)methyl]-3-phenylindolizine (3j): 
The reaction was performed at 0.1067 mmol scale of 1a; Rf = 
0.6 (5% EtOAc in hexane); green gummy solid (26.3 mg, 
57% yield); 1H NMR (400 MHz, CDCl3) δ 8.27 (d, J = 7.1 Hz, 
1H), 7.55 – 7.53 (m, 2H), 7.44 (t, J = 7.4 Hz, 2H), 7.32 (t, J = 
6.8 Hz, 3H), 7.24 – 7.21 (m, 4H), 7.16 – 7.13 (m, 3H), 6.62 (t, 
J = 7.2 Hz, 1H), 6.50 – 6.48 (m, 2H), 5.70 (s, 1H); 13C NMR 
(100 MHz, CDCl3) δ 148.4, 143.2, 134.9, 132.3, 130.8, 129.1, 
129.0, 128.7, 128.0, 127.6, 127.2, 126.8, 126.6, 124.9, 122.5, 
117.7, 117.0, 115.1, 114.7, 111.0, 48.2; FT-IR (thin film, 
neat): 3060, 1492, 1305, 1253, 1154, 867, 737 cm-1; HRMS 
(ESI): m/z calcd for C27H20Cl2N [M+H]+ : 428.0973; found : 
428.0978. 
3-phenyl-1-{phenyl[4-(trifluoromethyl)phenyl]methyl}indolizine 
(3k): 
The reaction was performed at 0.1067 mmol scale of 1a; Rf = 
0.6 (5% EtOAc in hexane); pale yellow solid (20.2 mg, 44% 
yield); m. p. = 132 – 134 ºC; 1H NMR (400 MHz, CDCl3) δ 
8.28 (d, J = 7.2 Hz, 1H), 7.56 – 7.53 (m, 4H), 7.44 (t, J = 7.6 
Hz, 2H), 7.38 – 7.36 (m, 2H), 7.33 – 7.30 (m, 3H), 7.25 (t, J = 
4.9 Hz, 3H), 7.15 (d, J = 9.0 Hz, 1H), 6.61 (t, J = 6.5 Hz, 1H), 
6.50 – 6.46 (m, 2H), 5.81 (s, 1H); 13C NMR (100 MHz, CDCl3) 
δ 148.9, 143.8, 132.4, 130.8, 129.4, 129.08, 129.06, 128.6, 
128.4, 128.0, 127.2, 126.6, 125.4 (q, JC-F = 3.7 Hz), 124.8, 
124.5 (q, JC-F = 270 Hz), 122.5, 117.9, 116.8, 115.4, 115.3, 
111.0, 48.6; 19F{1H} NMR (376 MHz, CDCl3) δ −62.23; FT-IR 
(thin film, neat): 2934, 1428, 1332, 1259, 1126, 867, 756, 642 
cm-1; HRMS (ESI): m/z calcd for C28H21F3N [M+H]+ : 
428.1626; found : 428.1634. 
3-phenyl-1-{phenyl[3-(trifluoromethyl)phenyl]methyl}indolizine 
(3l): 
The reaction was performed at 0.1067 mmol scale of 1a; Rf = 
0.6 (5% EtOAc in hexane); pale yellow gummy solid (20.6 
mg, 45% yield); 1H NMR (400 MHz, CDCl3) δ 8.29 (d, J = 7.2 
Hz, 1H), 7.56 – 7.54 (m, 3H), 7.51 – 7.45 (m, 3H), 7.43 – 
7.39 (m, 2H), 7.34 – 7.31 (m, 3H), 7.26 – 7.24 (m, 3H), 7.17 
(d, J = 9.0 Hz, 1H), 6.61 (t, J = 6.9 Hz, 1H), 6.50 – 6.44 (m, 
2H), 5.83 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 145.8, 143.9, 
132.52, 132.50, 132.4, 130.8, 130.7, 130.5 (q, JC-F = 274 Hz), 
129.0, 128.8, 128.6, 128.0, 127.2, 126.6, 125.8 (q, JC-F = 3.7 
Hz), 124.8, 123.2 (q, JC-F = 3.7 Hz), 122.4, 117.8, 116.8, 
115.4, 115.2, 111.0, 48.5; 19F{1H} NMR (376 MHz, CDCl3) δ 

−62.31; FT-IR (thin film, neat): 2934, 1324, 1253, 1121, 867, 
762 cm-1; HRMS (ESI): m/z calcd for C28H21F3N [M+H]+ : 
428.1626; found : 428.1647. 
1-[naphthalen-2-yl(phenyl)methyl]-3-phenylindolizine (3m): 
The reaction was performed at 0.1067 mmol scale of 1a; Rf = 
0.6 (5% EtOAc in hexane); pale yellow gummy solid (22.5 
mg, 51% yield); 1H NMR (400 MHz, CDCl3) δ 8.29 (d, J = 7.1 
Hz, 1H), 7.82 – 7.80 (m, 1H), 7.78 – 7.72 (m, 2H), 7.64 (s, 
1H), 7.55 – 7.53 (m, 2H), 7.44 – 7.40 (m, 5H), 7.31 – 7.29 (m, 
5H), 7.25 (dd, J = 8.6, 4.2 Hz, 1H), 7.20 (d, J = 9.0 Hz, 1H), 
6.58 – 6.54 (m, 2H), 6.46 (t, J = 7.0 Hz, 1H), 5.93 (s, 1H); 13C 
NMR (100 MHz, CDCl3) δ 144.6, 142.4, 133.6, 132.5, 132.3, 
130.9, 129.2, 129.0, 128.4, 128.05, 128.00, 127.96, 127.92, 
127.7, 127.2, 127.0, 126.3, 126.0, 125.5, 124.5, 122.4, 118.2, 
116.5, 116.2, 115.6, 110.8, 48.8; FT-IR (thin film, neat): 3056, 
1602, 1347, 1264, 847, 732 cm-1; HRMS (ESI): m/z calcd for 
C31H24N [M+H]+ : 410.1909; found : 410.1921. 
1-[cyclohexyl(phenyl)methyl]-3-phenylindolizine (3n): 
The reaction was performed at 0.1067 mmol scale of 1a; Rf = 
0.6 (5% EtOAc in hexane); green gummy solid (13.4 mg, 
34% yield); 1H NMR (400 MHz, CDCl3) δ 8.23 (d, J = 7.1 Hz, 
1H), 7.61 – 7.59 (m, 2H), 7.48 (t, J = 7.6 Hz, 3H), 7.39 – 7.36 
(m, 2H), 7.32 – 7.26 (m, 3H), 6.15 (t, J = 7.2 Hz, 1H), 6.93 (s, 
1H), 6.62 (t, J = 7.1 Hz, 1H), 6.41 (t, J = 6.6 Hz, 1H), 3.84 (d, 
J = 10.4 Hz, 1H), 2.15 (q, J = 10.8, 21.6 Hz, 1H), 1.72 – 1.46 
(m, 6H), 1.32 – 1.11 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 
145.5, 145.4, 132.8, 129.0, 128.6, 128.5, 128.4, 128.2, 127.9, 
126.9, 125.8, 125.7, 122.3, 117.8, 112.7, 110.5, 49.8, 42.9, 
32.4, 26.8, 26.6; FT-IR (thin film, neat): 2956, 1658, 1496, 
1362, 703 cm-1; HRMS (ESI): m/z calcd for C27H28N [M+H]+ : 
366.2222; found : 366.2208. 
1-benzhydryl-3-(4-methoxyphenyl)indolizine (4a): 
The reaction was performed at 0.0964 mmol scale of 1b; Rf = 
0.5 (5% EtOAc in hexane); pale yellow gummy solid (24.2 
mg, 64% yield); 1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 7.1 
Hz, 1H), 7.45 (d, J = 7.6 Hz, 2H), 7.31 – 7.30 (m, 2H), 7.28 – 
7.26 (m, 6H), 7.23 – 7.19 (m, 2H), 7.16 (d, J = 9.0 Hz, 1H), 
7.98 (d, J = 7.7 Hz, 2H), 6.54 (t, J = 7.2 Hz, 1H), 6.47 (s, 1H), 
6.43 (t, J = 13.4 Hz, 1H), 5.77 (s, 1H), 3.84 (s, 3H);  13C NMR 
(100 MHz, CDCl3) δ 158.8, 144.9, 130.3, 129.5, 129.1, 128.4, 
126.2, 125.1, 124.2, 122.3, 118.1, 116.1, 116.0, 115.0, 114.4, 
110.6, 55.5, 48.7; FT-IR (thin film, neat): 2834, 1523, 1364, 
1249, 1186, 863, 736 cm-1; HRMS (ESI): m/z calcd for 
C28H24NO [M+H]+ : 390.1858; found : 390.1852. 
1-benzhydryl-3-(p-tolyl)indolizine (4b): 
The reaction was performed at 0.1016 mmol scale of 1c; Rf = 
0.6 (5% EtOAc in hexane); pale yellow solid (26.0 mg, 68% 
yield); m. p. = 122 – 124 ºC; 1H NMR (400 MHz, CDCl3) δ 
8.23 (d, J = 7.1 Hz, 1H), 7.42 (d, J = 7.6 Hz, 2H), 7.31 – 7.27 
(m, 4H), 7.26 – 7.24 (m, 5H), 7.23 – 7.18 (m, 3H), 7.15 (d, J = 
9.0 Hz, 1H), 6.55 (t, J = 6.5 Hz, 1H), 6.49 (s, 1H), 6.43 (t, J = 
6.9 Hz, 1H), 5.75 (s, 1H), 2.39 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 144.8, 136.8, 130.6, 129.7, 129.1, 128.4 (2C), 
127.9, 126.2, 124.5, 122.4, 118.1, 116.3, 116.2, 115.2, 110.7, 
48.7, 21.4; FT-IR (thin film, neat): 2926, 1486, 1358, 1264, 
749 cm-1; HRMS (ESI): m/z calcd for C28H24N [M+H]+ : 
374.1909; found : 374.1915. 
1-benzhydryl-3-(4-methoxy-2-methylphenyl)indolizine (4c): 
The reaction was performed at 0.0922 mmol scale of 1d; Rf = 
0.4 (5% EtOAc in hexane); pale yellow solid (20.6 mg, 55% 
yield); m. p. = 124 – 126 ºC; 1H NMR (400 MHz, CDCl3) δ 
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7.53 (d, J = 7.0 Hz, 1H), 7.33 – 7.31 (m, 2H), 7.29 (brs, 5H), 
7.28 – 7.21 (m, 4H), 7.17 (d, J = 9.0 Hz, 1H), 6.89 (s, 1H), 
6.82 (d, J = 8.4 Hz, 1H), 6.55 (t, J = 7.0 Hz, 1H), 6.42 – 6.39 
(m, 2H), 5.82 (s, 1H), 3.86 (s, 3H), 2.12 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ 159.6, 145.1, 139.9, 132.5, 129.4, 129.1, 
128.3, 126.1, 124.2, 123.2, 122.7, 117.8, 115.8, 115.64, 
115.60, 115.3, 111.4, 110.2, 55.4, 48.8, 20.2; FT-IR (thin film, 
neat): 2934, 1606, 1364, 1243, 768, 739 cm-1; HRMS (ESI): 
m/z calcd for C29H26NO [M+H]+ : 404.2014; found : 404.1999. 
1-benzhydryl-3-(3-fluorophenyl)indolizine (4d): 
The reaction was performed at 0.1002 mmol scale of 1e; Rf = 
0.6 (5% EtOAc in hexane); pale yellow gummy solid (23.0 
mg, 60% yield); 1H NMR (400 MHz, CDCl3) δ 8.29 (d, J = 7.2 
Hz, 1H), 7.38 (t, J = 7.4 Hz, 1H),  7.34 – 7.30 (m, 5H), 7.28 – 
7.22 (m, 7H), 7.19 (d, J = 9.0 Hz, 1H), 6.99 (t, J = 8.3 Hz, 
1H), 6.61 (t, J = 7.2 Hz, 1H), 6.56 (s, 1H), 6.51 (t, J = 6.8 Hz, 
1H), 5.78 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 163.3 (d, JC-F 
= 244.5 Hz), 144.6, 134.7 (d, JC-F = 33.1 Hz), 131.3, 130.5 (d, 
JC-F = 8.7 Hz), 130.2, 128.8 (d, JC-F = 66.7 Hz), 126.3, 123.3 
(d, JC-F = 2.7 Hz), 123.2 (d, JC-F = 10.0 Hz), 122.3, 118.3, 
116.9, 116.8, 115.9, 114.4 (d, JC-F = 21.9 Hz), 113.7 (d, JC-F = 
21.1 Hz), 111.2, 48.7; 19F{1H} NMR (376 MHz, CDCl3) δ 
−112.50; FT-IR (thin film, neat): 3058, 1612, 1583, 1367, 
1256, 736, 630 cm-1; HRMS (ESI): m/z calcd for C27H21FN 
[M+H]+ : 378.1658; found : 378.1668. 
1-benzhydryl-3-(4-chlorophenyl)indolizine (4e): 
The reaction was performed at 0.0950 mmol scale of 1f; Rf = 
0.5 (5% EtOAc in hexane); pale yellow solid (23.3 mg, 62% 
yield); m. p. = 126 – 128 ºC; 1H NMR (400 MHz, CDCl3) δ 
8.27 (d, J = 7.1 Hz, 1H), 7.53 (d, J = 7.6 Hz, 2H), 7.43 (t, J = 
7.3 Hz, 2H), 7.32 – 7.26 (m, 4H), 7.24 – 7.22 (m, 4H), 7.17 
(d, J = 7.7 Hz, 2H), 7.13 (d, J = 9.0 Hz, 1H), 6.58 (t, J = 7.4 
Hz, 1H), 6.48 – 6.44 (m, 2H), 5.72 (s, 1H); 13C NMR (100 
MHz, CDCl3) δ 144.3, 143.4, 132.4, 132.0, 130.8, 130.5, 
129.0, 128.5, 128.0, 127.1, 126.5, 124.6, 122.4, 118.0, 116.6, 
115.9, 115.3, 110.9, 48.1; FT-IR (thin film, neat): 3060, 1494, 
1309, 1204, 847, 739, 697 cm-1; HRMS (ESI): m/z calcd for 
C27H21ClN [M+H]+ : 394.1363; found : 394.1347. 
1-benzhydryl-3-[2-(trifluoromethyl)phenyl]indolizine (4f): 
The reaction was performed at 0.0859 mmol scale of 1g; Rf = 
0.6 (5% EtOAc in hexane); pale green gummy solid (20.6 mg, 
56% yield); 1H NMR (400 MHz, CDCl3) δ 8.26 (d, J = 7.1 Hz, 
1H), 7.62 – 7.58 (m, 3H), 7.53 – 7.47 (m, 3H), 7.46 – 7.39 (m, 
2H), 7.34 – 7.31 (m, 2H), 7.28 (t, J = 7.4 Hz, 2H), 7.26 – 7.24 
(m, 2H), 7.18 (d, J = 9.0 Hz, 1H), 6.66 (t, J = 7.6 Hz, 1H), 
6.54 – 6.47 (m, 2H), 5.86 (s, 1H); 13C NMR (100 MHz, CDCl3) 
δ 145.6, 132.5, 132.4 (q, JC-F = 2.9 Hz), 130.8, 130.5, 129.0, 
128.8, 128.6 (q, JC-F = 276.4 Hz), 128.0, 127.2, 126.6, 126.4 
(q, JC-F = 5.2 Hz), 124.8, 123.2, 122.4, 117.8, 116.8, 115.4, 
111.0, 48.6; 19F{1H} NMR (376 MHz, CDCl3) δ −60.13; FT-IR 
(thin film, neat): 2934, 1438, 1326, 1178, 866, 763 cm-1; 
HRMS (ESI): m/z calcd for C28H21F3N [M+H]+ : 428.1626; 
found : 428.1642. 
1-benzhydryl-3-cyclohexylindolizine (4g): 
The reaction was performed at 0.1044 mmol scale of 1h; Rf = 
0.6 (5% EtOAc in hexane); pale green gummy solid (20.4 mg, 
53% yield); 1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 6.6 Hz, 
1H), 7.33 – 7.29 (m, 4H), 7.26 – 7.21 (m, 6H), 7.12 (d, J = 8.7 
Hz, 1H), 6.52 – 6.45 (m, 2H), 6.27 (s, 1H), 5.77 (s, 1H), 2.84 
– 2.80 (m, 1H), 2.09 (d, J = 9.6 Hz, 2H), 1.89 – 1.79 (m, 3H), 
1.45 (q, J = 9.1 Hz, 4H) 1.35 – 1.30 (m, 1H); 13C NMR (100 

MHz, CDCl3) δ 145.2, 129.14, 129.10, 128.3 (2C), 126.1, 
121.8, 118.0, 114.6, 114.5, 110.7, 109.8, 48.9, 35.4, 31.8, 
26.7, 26.5; FT-IR (thin film, neat): 2953, 1656, 1494, 1256, 
863, 724, cm-1; HRMS (ESI): m/z calcd for C27H28N [M+H]+ : 
366.2222; found : 366.2234. 
1-[(4-ethoxyphenyl)(phenyl)methyl]-3-phenylindolizine (4h): 
The reaction was performed at 0.0922 mmol scale of 1i; Rf = 
0.4 (5% EtOAc in hexane); pale yellow gummy solid (26.5 
mg, 71% yield); 1H NMR (400 MHz, CDCl3) δ 8.28 (d, J = 7.2 
Hz, 1H), 7.56 – 7.53 (m, 2H), 7.44 (t, J = 7.5 Hz, 2H), 7.32 – 
7.30 (m, 2H), 7.28 – 7.26 (m, 3H), 7.24 – 7.20 (m, 1H), 7.18 – 
7.15 (m, 3H), 6.86 – 6.82 (m, 2H), 6.57 (ddd, J = 7.4, 6.4, 1.0 
Hz, 1H), 6.53 (s, 1H), 6.45 (td, J = 7.3, 1.3 Hz, 1H), 5.72 (s, 
1H), 4.02 (q, J = 7.0 Hz, 2H), 1.41 (t, J = 7.0 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ 157.4, 145.2, 136.8, 132.6, 130.8, 
130.0, 129.1, 129.0, 128.4, 127.9, 126.9, 126.1, 124.4, 122.3, 
118.2, 116.9, 116.3, 115.5, 114.3, 110.8, 63.5, 47.9, 15.1; 
FT-IR (thin film, neat): 2963, 1604, 1436, 1267, 754, 701 cm-

1; HRMS (ESI): m/z calcd for C29H26NO [M+H]+ : 404.2014; 
found : 404.2027. 
1-[(9H-fluoren-2-yl)(phenyl)methyl]-3-phenylindolizine (4i): 
The reaction was performed at 0.0812 mmol scale of 1j; Rf = 
0.5 (5% EtOAc in hexane); pale yellow solid (23.4 mg, 64% 
yield); 1H NMR (400 MHz, CDCl3) δ 8.31 (d, J = 7.1 Hz, 1H), 
7.77 (d, J = 7.5 Hz, 1H), 7.73 (d, J = 7.9 Hz, 1H); 7.57 (d, J = 
7.6 Hz, 2H), 7.53 (d, J = 7.4 Hz, 1H); 7.46 – 7.43 (m, 3H), 
7.37 (t, J = 7.4 Hz,1H), 7.35 – 7.26 (m, 8H), 7.21 (d, J = 9.1 
Hz, 1H), 6.60 – 6.57 (m, 2H), 6.47 (t, J = 6.8 Hz,1H), 5.87 (s, 
1H), 3.86 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 145.0, 143.7, 
143.6, 143.5, 141.8, 140.0, 132.6, 130.9, 129.2, 129.0, 128.4, 
127.9, 127.8, 127.0, 126.8, 126.5, 126.3, 125.7, 125.1, 124.5, 
122.4, 119.8, 119.7, 118.2, 116.7, 116.4, 115.6, 110.8, 48.9, 
37.1; FT-IR (thin film, neat): 2962, 1604, 1434, 1267, 846, 
753, cm-1; HRMS (ESI): m/z calcd for C34H26N [M+H]+ : 
448.2065; found : 448.2052. 
1-[(4-bromophenyl)(phenyl)methyl]-3-phenylindolizine (4j): 
The reaction was performed at 0.0833 mmol scale of 1k; Rf = 
0.5 (5% EtOAc in hexane); pale green gummy solid (22.7 mg, 
62% yield); 1H NMR (400 MHz, CDCl3) δ 8.28 (d, J = 8.3 Hz, 
1H), 7.54 (d, J = 7.7 Hz, 2H), 7.46 – 7.40 (m, 4H), 7.33 – 7.29 
(m, 3H), 7.24 – 7.23 (m, 3H), 7.15 – 7.12 (m, 3H), 6.60 (t, J = 
7.4 1H), 6.49 – 6.45 (m, 2H), 5.72 (s, 1H); 13C NMR (100 
MHz, CDCl3) δ 144.2, 143.9, 132.4, 131.5, 130.9, 130.8, 
129.0 (2C), 128.5, 128.0, 127.1, 126.5, 124.6, 122.4, 120.1, 
118.0, 116.7, 115.8, 115.3, 110.9, 48.2; FT-IR (thin film, 
neat): 3056, 1601, 1496, 1306, 737, 687 cm-1; HRMS (ESI): 
m/z calcd for C27H21BrN [M+H]+ : 438.0857; found : 438.0838. 
1-[naphthalen-1-yl(phenyl)methyl]-3-phenylindolizine (4k): 
The reaction was performed at 0.0905 mmol scale of 1l; Rf = 
0.5 (5% EtOAc in hexane); pale yellow gummy solid (20.5 
mg, 55% yield); 1H NMR (400 MHz, CDCl3) δ 8.29 (d, J = 7.1 
Hz, 1H), 7.82 – 7.80 (m, 1H), 7.78 – 7.72 (m, 2H), 7.64 (s, 
1H), 7.55 – 7.53 (m, 2H), 7.44 – 7.40 (m, 5H), 7.31 – 7.29 (m, 
5H), 7.25 (dd, J = 8.6, 4.2 Hz, 1H), 7.20 (d, J = 9.0 Hz, 1H), 
6.58 – 6.54 (m, 2H), 6.46 (t, J = 7.0 Hz, 1H), 5.93 (s, 1H); 13C 
NMR (100 MHz, CDCl3) δ 144.6, 142.4, 133.6, 132.5, 132.3, 
130.9, 129.2, 129.0, 128.4, 128.05, 128.00, 127.96, 127.92, 
127.7, 127.2, 127.0, 126.3, 126.0, 125.5, 124.5, 122.4, 118.2, 
116.5, 116.2, 115.6, 110.8, 48.8; FT-IR (thin film, neat): 2923, 
1600, 1487, 1336, 1254, 757, 687 cm-1; HRMS (ESI): m/z 
calcd for C31H24N [M+H]+ : 410.1909; found : 410.1917. 
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1-[anthracen-9-yl(phenyl)methyl]-3-phenylindolizine (4l): 
The reaction was performed at 0.0786 mmol scale of 1m; Rf 
= 0.5 (5% EtOAc in hexane); pale yellow solid (19.0 mg, 52% 
yield); m. p. = 156 – 158 ºC; 1H NMR (400 MHz, CDCl3) δ 
8.47 (s,1H), 8.37 (d, J = 8.9 Hz, 2H), 8.30 (d, J = 7.1 Hz, 1H); 
8.03 (d, J = 8.4 Hz, 2H); 7.46 – 7.44 (m, 2H), 7.43 – 7.37 (m, 
4H) 7.35 – 7.28 (m, 4H), 7.26 – 7.18 (m, 6H), 6.64 – 6.60 (m, 
2H),  6.48 (t, J = 6.8 1H); 13C NMR (100 MHz, CDCl3) δ 
145.1, 136.6, 132.5, 132.2, 131.5, 130.7, 129.3, 128.9, 128.4, 
128.0, 127.5, 126.9, 125.8, 125.4, 124.8, 124.6, 122.5, 118.2, 
116.7, 115.9, 114.5, 110.8, 41.9; FT-IR (thin film, neat): 3057, 
1607, 1473, 1348, 1187, 863, 734 cm-1; HRMS (ESI): m/z 
calcd for C35H26N [M+H]+ : 460.2065; found : 460.2045. 
3-benzhydryl-1-phenylpyrrolo[1,2-a]quinoline (4m): 
The reaction was performed at 0.0905 mmol scale of 1n; Rf = 
0.5 (5% EtOAc in hexane); pale yellow solid (22.7 mg, 61% 
yield); 1H NMR (400 MHz, CDCl3) δ 7.58 (d, J = 7.7 Hz, 1H), 
7.51 – 7.50 (m, 3H), 7.44 – 7.41 (m, 2H), 7.40 – 7.36 (m, 1H), 
7.33 – 7.28 (m, 8H), 7.25 – 7.21 (m, 3H), 7.19 – 7.17 (m, 1H), 
7.11 (t, J = 7.8 Hz, 1H), 6.92 (d, J =9.3, Hz, 1H); 6.38 (s, 1H), 
5.80 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 144.7, 135.7, 
134.4, 129.7, 129.4, 129.3, 129.2 (2C), 128.6, 128.5, 128.4, 
127.6, 126.4, 126.3, 125.6, 123.4, 119.3, 118.7, 117.8, 117.6, 
48.5; FT-IR (thin film, neat): 3059, 1599, 1448, 1327, 1257, 
753 cm-1; HRMS (ESI): m/z calcd for C31H24N [M+H]+ : 
410.1909; found : 410.1924. 
 
5. Acknowledgements 

The authors gratefully acknowledge IISER Mohali for the 
financial support and infrastructure. F. A., P. K. R and S. F. 
thanks UGC, New Delhi and IISER Mohali for providing a 
research fellowship. The NMR and HRMS facilities at IISER 
Mohali are gratefully acknowledged. 
 

6. Notes 

The authors declare no competing financial interest. 

7. References 

1. Elattar, K. M.; Youssef, I.; Fadda, A. A. Reactivity of 
indolizines in organic synthesis. Synth. Commun., 2016, 46, 
719 – 744. 

2. (a) Michael, J. P. Indolizidine and Quinolizidine Alkaloids. 
Nat. Prod. Rep. 2005, 22, 603 − 626. (b) Iwao, M.; Fukuda, 
T.; Ishibashi, F. Synthesis and Biological Activity of 
Lamellarin Alkaloids: An Overview. Heterocycles 2011, 83, 
491 − 529. (c) Bailly, C. Anticancer Properties of 
Lamellarins Mar. Drugs 2015, 13, 1105 – 1123. 

3. Smith, S. C.; Clarke, E. D.; Ridley, S. M.; Bartlett, D.; 
Greenhow, D. T.; Glithro, H.; Klong, A. Y.; Mitchell, G.; 
Mullier, G. W. Herbicidal Indolizine-5,8-diones: Photosystem 
I Redox Mediators. Pest Manage. Sci. 2005, 61, 16 − 24. 

4. (a) Weide, T.; Arve, L.; Prinz, H.; Waldmann, H.; Kessler, H. 
3-Substituted Indolizine-1-carbonitrile Derivatives as 
Phosphatase Inhibitors. Bioorg. Med. Chem. Lett. 2006, 16, 
59 − 63. (b) Arvin-Berod, M.; Desroches-Castan, A.; Bonte, 
S.; Brugière, S.; Couté, Y.; Guyon, L.; Feige, J.-J.; 
Baussanne, I.; Demeunynck, M. Indolizine-Based Scaffolds 
as Efficient and Versatile Tools: Application to the Synthesis 
of Biotin-Tagged Antiangiogenic Drugs. ACS Omega 2017, 
2, 9221 − 9230. 

5. (a) Gundersen, L. L.; Charnock, C.; Negussie, A. H.; Rise, 
F.; Teklu, S. Synthesis of indolizine derivatives with 
selective antibacterial activity against Mycobacterium 

tuberculosis. Eur. J. Pharm. Sci. 2007, 30, 26 – 35. (b) 
Gundersen, L. -L.; Negussie, A. H.; Rise, F.; Østby, O. B. 
Antimycobacterial Activity of 1-Substituted Indolizines. Arch. 
Pharm. Chem. Life Sci. 2003, 336, 191 – 195. 

6. (a) James, D. A.; Koya, K.; Li, H.; Liang, G.; Xia, Z.; Ying, 
W.; Wu, Y.; Sun, L. Indole- and indolizine-glyoxylamides 
displaying cytotoxicity against multidrug resistant cancer cell 
lines. Bioorg. Med. Chem. Lett. 2008, 18, 1784 – 1787. (b) 
Bloch, W. M.; Derwent-Smith, S. M.; Issa, F.; Morris, J. C.; 
Sumby, L. M.; Rendina, C. J. Fused pyrazino[2,3-
b]indolizine and indolizino[2,3-b]quinoxaline derivatives; 
synthesis, structures, and properties. Tetrahedron 2011, 67, 
9368 – 9375. (c) Shen, Y. -M.; Lv, P.-C.; Chen, W.; Liu, P.-
G.; Zhang, M.-Z.; Zhu, H.-L. Synthesis and antiproliferative 
activity of indolizine derivatives incorporating a 
cyclopropylcarbonyl group against Hep-G2 cancer cell line. 
Eur. J. Med. Chem. 2010, 45, 3184 – 3190. (c) da Silva, T. 
S.; da Silva Souza, Matheus.; Andricopulob, A. D.; Coelho, 
F. Discovery of indolizine lactones as anticancer agents and 
their optimization through late-stage functionalization. RSC 
Adv. 2023, 13, 20264 – 20270. (d) Jadhav, M.; Mali, K.; 
Rajput, V.; Das, R.; Shard, A. Exploring the decadal 
evolution of indolizine scaffold for anticancer innovations: a 
comprehensive analysis. Med. Chem. Res. 2024, 
https://doi.org/10.1007/s00044-024-03280-6 

7. Haroun, S. Shashikanth, V. Mohanlall, Mailavaram, R. Anti-
tubercular activity and molecular docking studies of 
indolizine derivatives targeting mycobacterial InhA enzyme. 
J. Enzyme Inhib. Med. Chem. 2021, 36, 1472 – 1487. 

8. (a) Dawood, K. M.; Abdel-Gawad, H.; Ellithey, M.; 
Mohamed, H. A.; Hegazi, B. Synthesis, Anticonvulsant, and 
Anti-inflammatory Activities of Some New Benzofuran-
Based Heterocycles. Arch. Pharm. Chem. Life Sci. 2006, 
339, 133 – 140. (b) Attalah, K. M.; Abdalla, A. N.; Aslam, A.; 
Ahmed, M.; Abourehab, M. A. S.; ElSawy, N. A.; Gouda, A. 
M. Ethyl benzoate bearing pyrrolizine/indolizine moieties: 
Design, synthesis and biological evaluation of anti-
inflammatory and cytotoxic activities. Bioorg. Chem. 2020, 
94, 103371. 

9. (a) Østby, O. B.; Dalhus, B.; Gundersen, L.-L.; Rise, F.; 
Bast, A.; Haenen, G. R. M. M. Synthesis of 1-Substituted 7-
Cyano-2,3-diphenylindolizines and Evaluation of Antioxidant 
Properties. Eur. J. Org. Chem. 2000, 2000, 3763 − 3770. (b) 
Hazra, A.; Mondal, S.; Maity, A.; Naskar, S.; Saha, P.; 
Paira, R.; Sahu, K. B.; Paira, P.; Ghosh, S.; Sinha, C.; 
Samanta, A.; Banerjee, S.; Mondal, N. B. Amberlite−IRA-
402 (OH) Ion Exchange Resin Mediated Synthesis of 
Indolizines, Pyrrolo [1,2-a] quinolines and Isoquinolines: 
Antibacterial and Antifungal Evaluation of the Products. Eur. 
J. Med. Chem. 2011, 46, 2132 − 2140. (c) Bloch, W. M.; 
Derwent-Smith, S. M.; Issa, F.; Morris, J. C.; Rendina, L. M.; 
Sumby, C. J. Fused Pyrazino[2,3-b]indolizine and 
Indolizino[2,3-b]quinoxaline Derivatives; Synthesis, 
Structures, and Properties. Tetrahedron 2011, 67, 9368 − 
9375. (d) Dawood, K. M.; Abbas, A. A. Inhibitory Activities of 
Indolizine Derivatives: A Patent Review. Expert Opin. Ther. 
Pat. 2020, 30, 695 − 714. (d) Miranda-Sánchez, D.; 
Escalante, C. H.; Andrade-Pavón, D.; Gómez-García, O.; 
Barrera, E.; Villa-Tanaca, L.; Delgado, F.; Tamariz, J. 
Pyrrole-Based Enaminones as Building Blocks for the 
Synthesis of Indolizines and Pyrrolo[1,2-a]pyrazines 
Showing Potent Antifungal Activity. Molecules 2023, 28, 
7223. 

10. Singh, G. S.; Mmatli, E. E. Recent progress in synthesis and 
bioactivity studies of indolizines. Eur. J. Med. Chem. 2011, 
46, 5237 – 5257. 

11. (a) Dawood, K. M., Abbas, A. A. Inhibitory activities of 
indolizine derivatives: a patent review. Expert Opin. Ther. 
Pat. 2020, 30, 695 – 714. (b) Gupta, S. P.; Mathur, A. N.; 
Nagappa, A. N.; Kumar, D.; Kumaran, S. A quantitative 
structure–activity relationship study on a novel class of 
calcium-entry blockers: 1-[{4-
(aminoalkoxy)phenyl}sulphonyl]indolizines. Eur. J. Med. 
Chem., 2003, 38, 867 – 873. (c) Weide, T.; Arve, L.; Prinz, 
H.; Waldmann, H.; Kessler, H. 3-Substituted indolizine-1-



Prayogik Rasayan                                                      

https://doi.org/10.53023/p.rasayan-1205         64   
 

Prayogik Rasayan 2024, 08(03), 56 - 66 

carbonitrile derivatives as phosphatase inhibitors. Bioorg. 
Med. Chem. Lett. 2006, 16, 59 – 63. 

12. (a) Kim, E.; Koh, M.; Lim, B. J.; Park, S. B. Emission 
Wavelength Prediction of a Full-Color-Tunable Fluorescent 
Core Skeleton, 9-Aryl-1,2-dihydropyrrolo[3,4-b]indolizin-3-
one. J. Am. Chem. Soc. 2011, 133, 6642 – 6649. (b) Song, 
Y. R.; Lim, C.W.; Kim, T.W. Synthesis and photophysical 
properties of 1,2-diphenylindolizine derivatives: fluorescent 
blue-emitting materials for organic light-emitting device. 
Luminescence 2015, 31, 364 – 371. (c) Huckaba, A. J.; 
Giordano, F.; McNamara, L. E.; Dreux, K. M.; Hammer, N. 
I.; Tschumper, G. S.; Zakeeruddin, S. M.; Grätzel, M.; 
Nazeeruddin, M. K.; Delcamp, J. H. Indolizine-Based 
Donors as Organic Sensitizer Components for Dye-
Sensitized Solar Cells. Adv. Energy Mater. 2015, 5, 
1401629. (d) Bertallo, C. R. S.; Berlim, L. S.; Olivier, D. S.; 
Arroio, T. R.; Ito, A. S.; Clososki, G. C. Synthesis and 
photophysical properties of 2-aryl-5-carbonyl indolizines. 
Dyes and Pigments 2022, 198, 109996. (e) Zhang, Y.; 
Garcia-Amorós, J.; Captain, B.; Raymo, F. M. A fluorescent 
and halochromic indolizine switch. J. Mater. Chem. C, 2016, 
4, 2744 – 2747. (f) Wan, J.; Zheng, C. J.; Fung, M. K.; Liu, 
X. K.; Lee, C. S.; Zhang, X. H. Multifunctional electron-
transporting indolizine derivatives for highly efficient blue 
fluorescence, orange phosphorescence host and two-color 
based white OLEDs. J. Mater. Chem. 2012, 22, 4502 – 
4510. 

13. (a) Ge, Y.; Liu, A.; Dong, J.; Duan, G.; Cao, X.; Li, F. A 
Simple pH Fluorescent Probe Based on New Fluorophore 
Indolizine for Imaging of Living Cells. Sens. Actuators B, 
2017, 247, 46 – 49. (b) Marangoci, N.-L.; Popovici, L.; Ursu, 
E.-L.; Danac, R.; Clima, L.; Cojocaru, C.; Coroaba, A.; 
Neamtu, A.; Mangalagiu, I.; Pinteala, M.; Rotaru, A. Pyridyl-
indolizine derivatives as DNA binders and pH-sensitive 
fluorescent dyes. Tetrahedron 2016, 72, 8215 – 8222. (c) 
Delcamp, J. H.; Yella, A.; Holcombe, T. W.; Nazeeruddin, 
M. K.; Gratzel, M. The Molecular Engineering of Organic 
Sensitizers for Solar-Cell Applications. Angew. Chem. Int. 
Ed. 2013, 52, 376 – 378. 

14. For selected examples: (a) Mondal, S.; Panda, G. Synthetic 
Methodologies of Achiral Diarylmethanols, Diaryl and 
Triarylmethanes (TRAMs) and Medicinal Properties of Diaryl 
and Triarylmethanes-an Overview. RSC Adv. 2014, 4, 
28317 – 28358. (b) Al-awasmeh, R. A.; Lee, Y.; Cao, M. Y.; 
Gu, X.; Vassilakos, A.; Wright, J. A.; Young, A. 
Triarylmethane derivatives as antiproliferative agents. 
Bioorg. Med. Chem. Lett. 2004, 14, 347 – 350. (c) 
Benzaquen, L. R.; Brugnara, C.; Byers, H. R.; Gattoni-Celli, 
S.; Halperin, J. A. Clotrimazole inhibits cell proliferation in 
vitro and in vivo. Nat. Med. 1995, 1, 534 – 540. 

15. (a) Shagufta; Srivastava, A. K.; Sharma, R.; Mishra, R.; 
Balapure, A. K.; Murthy, P. S. R.; Panda, G. Substituted 
phenanthrenes with basic amino side chains: a new series 
of anti-breast cancer agents. Bioorg. Med. Chem. 2006, 14, 
1497 – 505. (b) Rauer, H.; Lanigan, M. D.; Pennington, M. 
W.; Aiyar, J.; Ghanshani, S.; Cahalan, M. D.; Norton, R. S.; 
Chandy, K. G. Structure-guided transformation of 
charybdotoxin yields an analog that selectively targets 
Ca(2+)-activated over voltage-gated K(+) channels. J. Biol. 
Chem. 2000, 275, 1201 – 1208. (c) Singh, P.; Manna, S. K.; 
Jana, A. K.; Saha, T.; Mishra, P.; Bera, S.; Parai, M. K.; 
Kumar M, S. L.; Mondal, S.; Trivedi, P.; Chaturvedi, V.; 
Singh, S.; Sinha, S.; Panda, G. Thiophene containing 
trisubstituted methanes [TRSMs] as identified lead against 
Mycobacterium tuberculosis. Eur. J. Med. Chem. 2015, 95, 
357 – 368. (d) Ichite, N.; Chougule, M. B.; Jackson, T.; 
Fulzele, S. V.; Safe, S.; Singh, M. Enhancement of 
docetaxel anticancer activity by a novel diindolylmethane 
compound in human non-small cell lung cancer. Clin. 
Cancer. Res. 2009, 15, 543 – 552. 

16. (a) Kim, H. N.; Lee, H. M.; Kim, H. J.; Kim, J. S.; Yoon, J. A 
new trend in rhodamine-based chemosensors: application 
of spirolactam ring-opening to sensing ions. Chem. Soc. 
Rev. 2008, 37, 1465 – 1472. (b) Beija, M.; Afonso, C. A. M.; 
Martinho, J. M. G. Synthesis and applications of Rhodamine 

derivatives as fluorescent probes. Chem. Soc. Rev. 2009, 
38, 2410 – 2433. (c) Strekowski, L.; Lee, H.; Lin, S. Y.; 
Czarny, A.; Deerveer, D. V. Synthesis and conformation of 
2-aminophenyldiarylperfluoroalkylmethanes (Molecular 
propellers) J. Org. Chem. 2000, 65, 7703 – 7706. (d) Noack, 
A.; Schroder, A.; Hartmann, H. Synthesis and spectral 
characterization of a new class of heterocyclic analogues of 
crystal violet dyes. Angew. Chem., Int. Ed. 2001, 40, 3008 – 
3011. 

17. For recent reviews: (a) Sadowski, B.; Klajn, J.; Gryko, D. T. 
Recent Advances in the Synthesis of Indolizines and Their 
π-expanded Analogues. Org. Biomol. Chem. 2016, 14, 
7804 – 7828. (b) Hui, J.; Ma, Y.; Zhao, J.; Cao, H. Recent 
Advances in The Synthesis of Indolizine and its Derivatives 
by Radical Cyclization/Cross-coupling. Org. Biomol. Chem. 
2021, 19, 10245 – 10258. For selected recent examples: (a) 
Lv, X.; Gao, P.; Zhao, X.; Jiang, Z. Metal-Free Construction 
of Multisubstituted Indolizines via Intramolecular Amination 
of Allylic Alcohols. J. Org. Chem. 2023, 88, 9459 – 9468. (b) 
Hou, X.; Wang, R.; Fang, F.; Qu, Z.; Zhou, J.; Yu, T.; Wang, 
D.; Liu, H.; Zhou, Y. Rh(III)-Catalyzed C–H 
Activation/Annulation for the Construction of Quinolizinones 
and Indolizines. Org. Lett. 2024, 26, 4451 – 4456. (c) Zhu, 
B. -K.; Xu, H.; Xiao, L.; Chang, X.; Wei, L.; Teng, H.; Dang, 
Y.; Dong, X. -Q.; Wang, C. -J. Enantio- and 
diastereodivergent synthesis of fused indolizines enabled by 
synergistic Cu/Ir catalysis. Chem. Sci. 2023, 14, 4134 – 
4142. 

18. For selected examples: (a) Seregin, I. V.; Gevorgyan, V. 
Gold-Catalyzed 1,2-Migration of Silicon, Tin, and 
Germanium en Route to C-2 Substituted Fused Pyrrole-
Containing Heterocycles. J. Am. Chem. Soc. 2006, 128, 
12050 – 12051. (b) Xu, T.; Alper, H. Synthesis of Indolizine 
Derivatives by Pd-Catalyzed Oxidative Carbonylation. Org. 
Lett. 2015, 17, 4526 – 4529. (c) Oh, K. H.; Kim, S. M.; Park, 
S. Y.; Park, J. K. Base-Controlled Cu-Catalyzed Tandem 
Cyclization/Alkynylation for the Synthesis of Indolizines. 
Org. Lett. 2016, 18, 2204 – 2207. 

19. For selected examples: (a) Marchalin, S.; Baumlovà, B.; 
Baran, P.; Oulyadi, H.; Daïch, A. Tandem Michael 
Addition/Amino-Nitrile Cyclization from 2-Formyl-1,4-DHP in 
the Synthesis of Novel Dihydroindolizine-Based 
Compounds. J. Org. Chem. 2006, 71, 9114 – 9127. (b) Yan, 
B.; Liu, Y. Gold-Catalyzed Multicomponent Synthesis of 
Aminoindolizines from Aldehydes, Amines, and Alkynes 
under Solvent-Free Conditions or in Water. Org. Lett. 2007, 
9, 4323 – 4326. (c) Kim, H.; Lee, K.; Kim, S.; Lee, P. H. An 
Efficient Preparation of Indolizines Through a Tandem 
Palladium-catalyzed Cross-coupling Reaction and 
Cycloisomerization. Chem. Commun. 2010, 46, 6341 – 
6343. (d) Albaladejo, M. J.; Alonso, F.; Yus, M. Synthesis of 
Indolizines and Heterocyclic Chalcones Catalyzed by 
Supported Copper Nanoparticles. Chem. - Eur. J. 2013, 19, 
5242 – 5245. (e) Kim, H.; Kim,S.; Kim, J.; Son, J. Y.; Baek, 
Y.; Um, K.; Lee, P. H. One-Pot Synthesis of Indolizines via 
Sequential Rhodium-Catalyzed [2+1]-Cyclopropanation, 
Palladium-Catalyzed Ring Expansion, and Oxidation 
Reactions from Pyridotriazoles and 1,3-Dienes. Org. Lett. 
2017, 19, 5677 − 5680. (f) Dong, S.; Huang, J.; Sha, H.; 
Qiu, L.; Hub, W.; Xu, X. Copper-catalyzed Formal [1+2+2]-
Annulation of Alkyne-tethered Diazoacetates and Pyridines: 
Access to Polycyclic Indolizines. Org. Biomol. Chem. 2020, 
18, 1926 – 1932. (g) Lu, C. J.; Yu, X.; Chen, Y. T.; Song, Q. 
B.; Wang, H. Indolizine Synthesis via Copper-catalyzed 
Cyclization of Gem-difluoroalkenes and 2-(pyridin2-
yl)acetate Derivatives. Org. Chem. Front. 2020, 7, 2313 – 
2318. (h) Xiao, X.; Han, P.; Zhou, H.; Liu, J. Palladium-
Catalyzed Difunctionalization of Alkenes by Relay Coupling 
with Propargylic Pyridines: Synthesis of Indolizine and 
Indolizinone-Containing Bisheterocycles. J. Org. Chem. 
2021, 86, 18179–18191. (i) Chen, Y.; Shatskiy, A.; Liu, J. -
Q.; Kärkäs, M. D.; Wang, X. –S. Silver-Promoted (4+1) 
Annulation of Isocyanoacetates with Alkylpyridinium Salts: 
Divergent Regioselective Synthesis of 1,2-Disubstituted 
Indolizines. Org. Lett. 2021, 23, 7555 – 7560. 



Prayogik Rasayan                                                      

https://doi.org/10.53023/p.rasayan-1205         65   
 

Prayogik Rasayan 2024, 08(03), 56 - 66 

20. For selected recent examples: (a) Liu, R.; Wang, Q.; Wei, 
Y.; Shi, M. Synthesis of Indolizine Derivatives Containing 
Eight-Membered Rings via a Gold-Catalyzed two Fold 
Hydroarylation of Diynes. Chem. Commun. 2018, 54, 1225 
– 1228. (b) Joshi, D. R.; Kim, I. Michael-Aldol Double 
Elimination Cascade to Make Pyridines: Use of Chromone 
for the Synthesis of Indolizines. J. Org. Chem. 2021, 86, 
10235 − 10248. (c) Joshi, D. R.; Kim, I. Synthesis of Poly-
Functionalized Indolizines via [5+1] Annulative Access to 
Pyridines. Adv. Synth. Catal. 2021, 363, 5330 – 5335. (d) 
Kim, S.; Lee, J. H.; Yoon, S. H.; Kim, I. A Regioselective [4 
+ 2] Annulation Approach to 5-acylindolizine-7-carbonitriles: 
Generation of Poly-Substituted Pyridines. Org. Biomol. 
Chem. 2021,19, 5806 – 5817. (e) Escalante, C. H. 
Hernández, F. A. C.; López, A. H.; Mora, E. I. M.; Delgado, 
F. Tamariz, J. Cascade Synthesis of Indolizines and 
Pyrrolo[1,2-a] Pyrazines from 2-Formyl-1-Propargylpyrroles. 
Org. Biomol. Chem. 2022, 20, 396 – 409. 

21. (a) Liu, R.-R.; Cai, Z.-Y.; Lu, C.-J.; Ye, S.-C.; Xiang, B.; 
Gao, J.; Jia, Y.-X. Indolizine Synthesis via Cu-catalyzed 
Cyclization of 2-(2-enynyl)pyridines with Nucleophiles. Org. 
Chem. Front. 2015, 2, 226 – 230. (b) Liu, R.-R.; Lu, C.-J.; 
Zhang, M.-D.; Gao, J. R.; Jia, Y.-X. Palladium-Catalyzed 
Three-Component Cascade Reaction: Facial Access to 
Densely Functionalized Indolizines. Chem. Eur. J. 2015, 21, 
7057 – 7060. (c) Bagle, P. N.; Mane, M. V.; Venka, K.; 
Shinde, D. R.; Shaikh, S. R.; Gonnade, R. G.; Patil, N. T. 
Au(i)/Ag(i) Co-Operative Catalysis: Interception of Ag-bound 
Carbocations with α-gold(i) enals in the Imino-Alkyne 
Cyclizations with N-allenamides. Chem. Commun. 2016, 52, 
14462 – 14465. (d) Pathipati, S. R.; van der Werf, A.; 
Selander, N. Diastereoselective Synthesis of Polycyclic 
Indolizines with 2-(2-Enynyl)pyridines and Enamines. Org. 
Lett. 2018, 20, 3691 – 3694. (e) Li, F.; Yang, Q.; Liu, M. –Y.; 
An, P. –X.; Du, Y. –L.; Wang, Y. -B. Ag(I)-Mediated 
Annulation of 2-(2-Enynyl)pyridines and Propargyl Amines 
to Access 1-(2H-Pyrrol-3-yl)indolizines. J. Org. Chem. 2024, 
89, 304 – 312. 

22. (a) Ahmad, F.; Ranga, P. K.; Fatma, S.; Anand, R. V. 
Domino Approach to Heterocycles-Based Unsymmetrical 
Triarylmethanes through Heteroannulation of 2-(2-Enynyl)-
pyridines with Enaminones. J. Org. Chem. 2024, 89, 12104 
– 12117. (b) Paluru, D. K.; Mahesh, S.; Ahmad, F.; Anand, 
R. V. A Cascade Synthesis of Hetero-arylated 
Triarylmethanes Through a Double 5-endo-dig Cyclization 
Sequence. Chem. Asian J. 2019, 14, 4688 – 4695. (c) 
Mahesh, S.; Paluru, D. K.; Ahmad, F.; Patil, S.; Kant, G.; 
Anand, R. V. Synthesis of Indolizine-Containing Diaryl- and 
Triarylmethanes through a Cu-Catalyzed Domino 
Cyclization of 2-(2-Enynyl)pyridines. Asian J. Org. Chem. 
2017, 6, 1857 – 1866. (d) Mahesh, S.; Anand, R. V. Cu-
Catalyzed Hydrophosphonylation of 2-(2-Enynyl)pyridines: 
Easy Access to Indolizine-Containing 
Diarylmethylphosphonates. Eur. J. Org. Chem. 2017, 2017, 
2698 – 2706. 

23. For reviews see: (a) Nambo, M.; Crudden, C. M. Recent 
Advances in the Synthesis of Triarylmethanes by Transition 
Metal Catalysis. ACS Catal. 2015, 5, 4734 – 4742. (b) 
Kshatriya, R.; Jejurkar V. P.; Saha, S. Advances in The 
Catalytic Synthesis of Triarylmethanes (TRAMs). Eur. J. 
Org. Chem. 2019, 2019, 3818 – 3841. (d) Singh, G.; 
Pandey, R.; Pankhade, Y. A.; Fatma, S.; Anand, R. V. 
Construction of Oxygen- and Nitrogen-based Heterocycles 
from p-Quinone Methides. Chem. Rec. 2021, 21, 4150 – 
4173. 

24. (a) Ahmad, F.; Ranga, P. K.; Pankhade, Y. A.; Fatma, S.; 
Gouda, A.; Anand, R. V. Pd(II)-Catalyzed Annulation of 
Terminal Alkynes with 2-Pyridinyl-substituted p-Quinone 
Methides: Direct Access to Indolizines. Chem. Commun. 
2022, 58, 13238 – 13241. (b) Ahmad, F.; Ranga, P. K.; 
Fatma, S.; Kumar, A.; Anand, R. V. Cu(II)-Catalyzed [3+2]-
Annulation of 2-Pyridinyl-substituted p-Quinone Methides 
with Enaminones: Access to Functionalized Indolizine 
Derivatives. Adv. Synth. Catal. 2023, 365, 3271 – 3276. 

8. About the author(s) 

 
Dr. Feroz Ahmad received his B. Sc. 
degree in 2012 from Govt. Degree 
College Kargil affiliated to University of 
Kashmir, and his M. Sc. degree from 
Rashtrasant Tukadoji Maharaj Nagpur 
University (RTMNU), Nagpur in 2014. 
He has recently completed his PhD 
degree from Indian Institute of Science 

Education and Research (IISER) Mohali, India, under the 
supervision of Prof. R. Vijaya Anand, where his research 
interest was primarily focused on the development of new 
synthetic protocols to access Nitrogen-containing 
heterocycles, especially indolizine based heterocycles. 
 
 

Ms. Shaheen Fatma received her 
master’s degree from Dr. Ram 
Manohar Lohia Avadh University, 
Faizabad, Uttar Pradesh, India. She 
joined the research group of Prof. R. V. 
Anand in August 2018 and worked on 
carbocation catalyzed organic 
transformations. She submitted her 
thesis in October 2024. Her research 

interests include organocatalytic applications of 
cyclopropenium salts and also the synthetic applications of p-
quinone methides.   
 
 

Dr. Pavit Kumar Ranga completed his 
Ph.D. in 2023 under the supervision of 
Prof. R. Vijaya Anand at the Indian 
Institute of Science Education and 
Research (IISER), Mohali, India. His 
doctoral research focused on 
cyclopropenium ions catalyzed organic 
transformations and their applications 

in the total synthesis of resveratrol-based natural products. 
Currently, he is a post-doctoral research associate in the 
Department of Energy and Environment Unit (EEU) at the 
Institute of Nano Science and Technology (INST), Mohali, 
India, working under the guidance of Prof. Kamalakannan 
Kailasam. 
 
 

Prof. Ramasamy Vijaya Anand 
obtained Ph.D. in synthetic organic 
chemistry from the Indian Institute of 
Technology (IIT) Kanpur in 2003. 
Subsequently, he moved to Glasgow, 
UK to take up a postdoctoral position at 
the University of Strathclyde, where he 
worked for two years. He held another 

postdoctoral stint at the Texas A&M University, College 
Station, USA prior to joining Dr. Reddy’s Laboratories at 
Hyderabad, India in 2006. In 2010, he moved to IISER 
Mohali, where he is currently working as a Professor at the 
Department of Chemical Sciences. His research group is 
interested in developing cyclopropenium salt-catalyzed 
organic transformations, and in the synthesis of natural and 
unnatural biologically active compounds from p-quinone 
methides.   
 
 



Prayogik Rasayan                                                      

https://doi.org/10.53023/p.rasayan-1205         66   
 

Prayogik Rasayan 2024, 08(03), 56 - 66 

Article Note: A collection of invited papers based on Award 

Lecture presentations in the International Symposium 
Science Beyond Boundary: Invention, Discovery, Innovation 
and Society ‘Rasayan 19’ held at IISER Kolkata during July 

29-30, 2024.  
 
 
 


