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Abstract 
Reaction of ethyl (Z)-3-(heteroaryl/aryl)-2-((triphenyl-λ5-phosphaneylidene) 
amino) acrylates intermediates with 2,3-thiophenedicarboxaldehyde was used 
in novel Tandem three consecutive reactions: aza-Wittig, imine condensation 
and electrophilic heteroaromatic cyclization to obtain a series of indolizines. 
A tentative mechanism of this reaction is proposed. 
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1. Introduction 

Synthetic organic chemistry presents a significant and still growing number of 
reports focused on the synthesis of molecules with biological and pharmaceutical 
potential [1] [2] [3] [4] [5]. In particular, the development of new routes to 
achieve both, new and improved synthesis of these products, is in constant de-
mand [6] [7] [8]. In this context, synthesis of indolizines compounds has been 
reported using ingenious and sophisticated pyridine starting strategies [9]-[19]. 

Indolizine synthesis is of growing interest in medicinal chemistry. The indoli-
zines nuclei are present for example in more complex molecules with potent 
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analgesic [20], anti-inflammatory [21] [22] [23] [24], antimicrobial [25] [26], 
hypoglycemic [27], CNS depressor [28], antioxidant [29] [30] [31] and anti- 
cancerogenic activities [32] [33] [34], inhibitors that modulate gene transcrip-
tion [35]. Indolizine derivatives obtaining have become an important topic in 
organic synthesis. 

The indolizine containing molecules then became a challenging synthetic tar-
get and several strategic routes to build completely new structures in this family 
or simply to obtain known molecules in reduced number of steps or avoiding 
expensive reagents were proposed [36] [37] [38]. 

In this context, we developed in this study a new strategy toward the title 
compounds using the iminophosphorane intermediates and their reaction with 
2,3-thiophenedicarboxaldehyde. This coupling is leading to the formation of the 
molecules derived from alkaloids core, specifically that of indolizines. 

2. Experimental 
2.1. General 

All reactions were run under nitrogen atmosphere without moisture. Anhydrous 
solvents (ethanol, toluene) and reagents were used as from commercial bottles. 
Melting points were determined with a Kofler Hot Stage Apparatus and were not 
corrected. The Hydrogen Nuclear Magnetic Resonance (1H NMR) and Car-
bon-13 Nuclear Magnetic Resonance (13C NMR) spectra were recorded on a 
Bruker 300 Megahertz (MHz) spectrometer operating at observation frequency 
of 300 MHz for 1H and 75 MHz for 13C, also was used a Varian 500MHz spec-
trometer operating at observation frequency of 500 MHz for 1H and 125 MHz 
for 13C; chemical shifts for hydrogen are given in parts per million (ppm) rela-
tives to tetramethyl silane (TMS) using the central peak of chloroform (CHCl3) 
(δ = 7.26 ppm) as internal standard. Chemical shifts for 13C NMR spectra are 
recorded in parts per million from tetramethyl silane using the central peak of 
CDCl3 (δ = 77.16 ppm) as the internal standard, all 13C NMR spectra were ob-
tained with complete proton decoupling. 

2.2. Synthesis of Indolizine Compounds 

General procedure for the synthesis of indolizine compounds 
A mixture of 0.1 mmol of the iminophosphorane intermediate (1-10) (Scheme 

1 and Table 1) and 0.1 mmol of the corresponding 2,3-thiophenecarboxaldehyde 
in 2 mL of xylene was refluxed for 48 h. The mixture was allowed to reach the 
room temperature and then purified by column chromatography (silica gel 70 - 
230 mesh) yielding solids in all cases (19-37). 

Ethyl bisthieno [3,2-a:2,3-g]indolizine-5-carboxylate (19). Red solid yield 
89%. Low-Resolution Mass Spectrometry (LRMS) Electronic Impact (E.I.) m/z 
(%): 301 (M+, 100), 273 (42); C15H10BrNO2S2; Molecular weight (MW) 380.28 
g/mol. Fourier Transform Infrared (FTIR) (cm−1): ν = 3182, 3109, 1706, 1294, 
1193, 1153, 1095, 1060. RMN 1H 500 MHz (CDCl3) (ppm) δ: 1.49 (t, 3H, J = 7.0 
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Hz); 4.48 (q, 2H, J = 7.0 Hz); 7.19 (d, 1H, J = 5.5 Hz); 7.49 (dd, 1H, J = 5.0, 0.5 
Hz); 7.62 (dd, 1H, J = 5.0, 1.0 Hz); 7.76 (d, 1H, J = 5.0 Hz); 8.21 (d, 1H, J = 0.5 
Hz); 9.02 (d, 1H, J = 0.5 Hz). RMN 13C 125 MHz (CDCl3) (ppm) δ: 14.35; 61.59; 
106.15; 114.86; 116.26; 121.70; 122.30; 125.35; 125.68; 128.19; 131.45; 133.3; 
137.0, 137.2; 162.79. 

Ethyl bisthieno [2,3-a:2,3-g]indolizine-5-carboxylate (20). Red solid yield 
89%. LRMS (E.I.) m/z (%): 301 (M+, 100), 273 (42); C15H10BrNO2S2; MW 380.28 
g/mol. FT-IR ATR (cm−1): ν = 3182, 3109, 1706, 1294, 1193, 1153, 1095, 1060. 
RMN 1H 500 MHz (CDCl3) (ppm) δ: 1.48 (t, 3H, J = 7.0 Hz); 4.49 (q, 2H, J = 7.0 
Hz); 7.26 (d, 1H, J = 5.5 Hz); 7.35 (d, 1H, J = 5.0 Hz); 7.75 (d, 1H, J = 5.0, Hz); 
7.77 (dd, 1H, J = 5.0, 1.0 Hz); 8.22 (d, 1H, J = 0.5 Hz); 9.09 (s, 1H). RMN 13C 125 
MHz (CDCl3) (ppm) δ: 14.35; 61.63; 106.50; 115.15; 116.53; 121.45; 122.3; 
125.36; 125.68; 128.2; 131.45; 133.28; 137.00; 137.2, 162.8. 

Ethyl bisthieno [3,2-a:3,2-g]indolizine-5-carboxylate (21). Red solid yield 
70%. LRMS (E.I.) m/z (%): 301 (M+, 100), 273 (50); C15H10BrNO2S2; MW 380.28 
g/mol. FT-IR ATR (cm−1): ν = 3007, 2929, 1702, 1627, 1469, 1447, 1370, 1194. 
1159, 1095. RMN 1H 500 MHz (CDCl3) (ppm) δ: 1.48 (t, 3H, J = 7.0 Hz); 4.49 (q, 
2H, J = 7.0 Hz); 6.67 (d, 1H, J = 5.5 Hz); 6.76 (d, 1H, J = 5.5, Hz); 6.87 (d, 1H, J = 
5.0 Hz); 6.98 (dd, 1H, J = 5.0, 1.0 Hz); 8.22 (d, 1H, J = 1.0 Hz); 9.09 (d, 1H, J = 
0.5 Hz). RMN 13C 125 MHz (CDCl3) (ppm) δ: 14.15; 61.19; 107.13; 115.49; 
116.36; 119.11; 119.53; 121.84; 122.85; 124.21; 124.7; 126.4; 130.74; 135.12, 
162.82. 

Ethyl bisthieno [2,3-a:3,2-g]indolizine-5-carboxylate (22). Red solid yield 
70%. LRMS (E.I.) m/z (%): 301 (M+, 100), 273 (50), C15H10BrNO2S2; MW 380.28 
g/mol. FT-IR ATR (cm−1): ν = 3007, 2929, 1702, 1627, 1469, 1447, 1370, 1194. 
1159, 1095. RMN 1H 500 MHz (C6D6) (ppm) δ: 1.47 (t, 3H, J = 7.0 Hz); 4.08 (q, 
2H, J = 7.0 Hz); 6.65 (d, 1H, J = 5.5 Hz); 6.77 (d, 1H, J = 5.0, Hz); 6.98 (2H); 7.32 
(dd, 1H, J = 5.0, 1.0 Hz); 7.89 (d, 1H, J = 1.0 Hz); 9.092 (d, 1H, J = 1.0 Hz). RMN 
13C 125 MHz (CDCl3) (ppm) δ: 14.1; 62.2; 107.5; 115.8; 116.8; 119.1; 119.9; 121.8; 
122.7; 123.3; 124.6; 129.8; 131.7; 136.2, 162.4. 

Ethyl 1-methyldithieno[3,2-a:2,3-g]indolizine-5-carboxylate (23). Orange 
solid, yield 65%. Melting point 115˚C - 118˚C. LRMS (E.I.) m/z (%): 315 (M+, 
10), 243 (100); C16H13NO2S2; MW 315.41 g/mol. FT-IR ATR (cm−1): ν = 3074, 
3056, 2977, 2924, 2856, 1690 (C = O) 1284, 691. RMN 1H 300MHz (CDCl3) 
(ppm) δ: 1.4 (t, 3H, J = 9.0 Hz); 2.37 (s, 3H); 4.3 (q, 2H, J = 9.0 Hz); 7.05 (s, 1H,); 
7.18 (s, 1H); 7.34 (s, 1H); 7.51 (d, 1H, J = 5.0 Hz); 7.94 (d, 1H, J = 5.0 Hz). RMN 
13C 300 MHz (CDCl3) (ppm) δ: 14.1; 16.4; 61.5; 111.5; 118.99; 119.13; 120.73; 
123.92; 124.07; 125.03; 128.05; 128.74; 128.78; 129.83; 134.63; 139.8; 159.7. 

Ethyl 1-methyldithieno[2,3-a:2,3-g]indolizine-5-carboxylate (24). Orange 
solid, yield 65%. Melting point 115˚C - 118˚C. LRMS (E.I.) m/z (%): 315 (M+, 
10), 243 (100); C16H13NO2S2; MW 315.41 g/mol. FT-IR ATR (cm−1): ν = 3074, 
3056, 2977, 2924, 2856, 1690, 1284, 691. RMN 1H 300MHz (CDCl3) (ppm) δ: 1.4 
(t, 3H, J = 9.0 Hz); 2.4 (s, 3H); 4.3 (q, 2H, J = 9.0 Hz); 7.06 (s, 1H); 7.26 (s, 1H); 
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7.32 (d, 1H, J = 5.5 Hz); 7.34 (s, 1H); 7.71 (d, 1H, J = 5.5 Hz). RMN 13C 300 MHz 
(CDCl3) (ppm) δ: 14.1; 16.5; 61.4; 111.5; 118.9; 119.13; 120.73; 123.92; 124.07; 
125.03; 128.05; 128.74; 128.78; 129.83; 134.63; 136; 139.4; 159.9. 

Ethyl 1-bromobisthieno [3,2-a:2,3-g]indolizine-5-carboxylate (25). Red 
solid, yield 82%. Melting point 96˚C - 98˚C. LRMS (E.I.) m/z (%): 381 (M+, 10), 
43 (100); C15H10BrNO2S2; MW 380.28 g/mol. FT-IR ATR (cm−1): ν = 3171, 3092, 
2957, 2924, 2855, 1706, 1209, 742. RMN 1H 300 MHz (CDCl3) (ppm) δ: 1.46 (t, 
3H, J = 6.0 Hz); 4.46 (q, 2H, J = 9.0 Hz); 7.19 (d, 1H, J = 5.0 Hz); 7.30 (d, 1H, J = 
5.0 Hz); 7.69 (s, 1H); 8.11 (s, 1H); 9.19 (s, 1H). RMN 13C 300 MHz (CDCl3) 
(ppm) δ: 13.73; 61.31; 106.82; 114.01; 114.98; 120.61; 121.37; 122.18; 124.20; 
127.45; 128.19; 130.28; 131.83; 135.30; 161.84. 

Ethyl 1-bromobisthieno [2,3-a:2,3-g]indolizine-5-carboxylate (26). Red 
solid, yield 82%. Melting point 96˚C - 98˚C. LRMS (E.I.) m/z (%): 381 (M+, 10), 
43 (100); C15H10BrNO2S2; MW 380.28 g/mol; yield 82%. FT-IR ATR (cm−1): ν = 
3171, 3092, 2957, 2924, 2855, 1706, 1209, 742. RMN 1H 300 MHz (CDCl3) (ppm) 
δ: 1.46 (t, 3H, J = 6.0 Hz); 4.46 (q, 2H, J = 9.0 Hz); 7.52 (d, 1H, J = 5.0 Hz); 7.54 
(dd, 1H, J = 0.5, 5.0 Hz); 7.71 (s, 1H); 8.09 (d, 1H, J = 0.5 Hz); 9.20 (s, 1H). RMN 
13C 300 MHz (CDCl3) (ppm) δ: 13.45; 61.24; 106.82; 113.85; 114.01; 114.98; 
121.37; 122.18; 124.20; 127.45; 128.19; 130.05; 131.83; 135.30; 161.84. 

Ethyl 1-phenyldithieno[3,2-a:2,3-g]indolizine-5-carboxylate (27). Brown 
solid, yield 81%. Melting point 114˚C - 118˚C. LRMS (E.I.) m/z (%): 377 (M+, 
10), 43 (100); C21H15NO2S2; MW 377.48 g/mol. FT-IR ATR (cm−1): ν = 3055, 
2958, 2926, 2871, 1692 (C = O) 1212, 691. RMN 1H 300 MHz (CDCl3) (ppm) δ: 
1.33 (t, 3H, J = 6.0 Hz); 4.28 (q, 2H, J = 9.0 Hz); 7.34 - 7.38 (m, 2H); 7.45 - 7.50 
(m, 5H); 7.57 (d, 1H, J = 6.0 Hz); 7.73 (s, 1H); 8.01 (s, 1H). RMN 13C 300 MHz 
(CDCl3) (ppm) δ: 14.1; 61.4; 111.7; 117.8; 118.2; 119.4; 120.9; 123.9; 125.2; 126.9; 
127.8; 128.6; 130.7; 131.6; 131.7; 133.2; 133.5; 135.2; 142.6; 160.7. 

Ethyl 1-phenyldithieno[2,3-a:2,3-g]indolizine-5-carboxylate (28). Brown 
solid, yield 81%. Melting point 114˚C - 118˚C. LRMS (E.I.) m/z (%): 377 (M+, 
10), 43 (100); C21H15NO2S2; MW 377.48 g/mol. FT-IR ATR (cm−1): ν = 3055, 
2958, 2926, 2871, 1692, 1212, 691. RMN 1H 300 MHz (CDCl3) (ppm) δ: 1.35 (t, 
6H, J = 6.0 Hz); 4.28 (q, 2H, J = 9.0 Hz); 7.34 - 7.38 (m, 2H,); 7.45 - 7.50 (m, 6H); 
7.57 (d, 1H, J = 6.0 Hz); 7.75 (s, 1H); 8.03 (s, 1H). RMN 13C 300 MHz (CDCl3) 
(ppm) δ: 14.13; 61.45; 111.78; 117.89; 118.23; 119.45; 120.98; 123.92; 125.23; 
126.93; 127.83; 128.63; 130.70; 131.66; 131.77; 133.20; 133.95; 135.20; 141.95; 
161.9. 

Ethyl 2-phenyldithieno[3,2-a:2,3-g]indolizine-5-carboxylate (29). Brown 
solid, yield 78%. Melting point 114˚C - 118˚C. MS (IE) m/z (%): 377 (M+,10); 
243 (100); C21H15NO2S2; MW 377.48 g/mol. FT-IR ATR (cm−1): ν = 3055, 2955, 
2921, 2851, 1690, 1205, 690. RMN 1H 300 MHz (CDCl3) (ppm) δ: 1.33 (t, 3H, J = 
6.0 Hz); 4.27 (q, 2H, J = 6.0 Hz); 7.36 (s, 1H, 138a y 138b); 7.43 - 7.46 (m, 6H); 
7.47 (d, 1H, J = 5.0 Hz); 7.76 (d, 1H, J = 0.5, 5.0 Hz); 8.02 (d, 1H, J = 0.5 Hz); 
8.38 (s, 1H). RMN 13C 300 MHz (CDCl3) (ppm) δ: 14.16; 61.47; 105.15, 111.85; 
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120.24; 120.25; 121.40; 124.84; 126.84; 128.60; 129.17; 130.34; 131.60; 134.08; 
134.63; 135.15; 137.63; 139.23; 159.7. 

Ethyl 2-phenyldithieno[2,3-a:2,3-g]indolizine-5-carboxylate (30). Brown 
solid, yield 78%. Melting point 114˚C - 118˚C. MS (IE) m/z (%): 377 (M+,10); 
243 (100); C21H15NO2S2; MW 377.48 g/mol. FT-IR (cm−1): ν = 3055, 2955, 2921, 
2851, 1690, 1205, 690. RMN 1H 300 MHz (CDCl3) (ppm) δ: 1.33 (t, 3H, J = 6.0 
Hz); 4.27 (q, 2H, J = 6.0 Hz); 7.36 (d, 1H, J = 0.5 Hz); 7.41 - 7.49 (m, 6H,); 7.61 
(d, 1H, J = 5.0 Hz); 8.0 (d, 1H, J = 0.5 Hz); 8.4 (s, 1H). RMN 13C 300 MHz 
(CDCl3) (ppm) δ: 14.13; 61.45; 111.85; 120.24; 120.25; 121.40; 124.84; 126.84; 
126.92; 128.60; 129.17; 130.34; 131.60; 134.08; 134.63; 135.15; 137.63; 139.23; 
159.9. 

Ethyl furo[2,3-g]thieno[3,2-a]indolizine-5-carboxylate (31). Yellow solid, 
yield 62%. Melting point 110˚C - 112˚C. LRMS (E.I.) m/z (%): 285 (M+, 10), 149 
(100); C15H11NO3S; MW 285.32 g/mol. FT-IR (cm−1): ν = 3396, 3185, 3114, 2950, 
2926, 2856, 1690, 1198. RMN 1H 300MHz (CDCl3) (ppm) δ: 1.33 (t, 3H, J = 6.0 
Hz); 4.26 (q, 2H, J = 9.0 Hz); 7.10 (d, 1H, J = 5.0 Hz); 7.16 (s, 2H); 7.69 (d, 1H, J 
= 6.0 Hz); 8.07 (s, 1H); 9.05 (d, 1H, J = 0.5 Hz). RMN 13C 300 MHz (CDCl3) 
(ppm) δ: 14.38; 61.63; 108.42; 109.36; 119.53; 120.09; 122.82; 124.48; 125.19; 
132.47; 137.8; 138.24; 144.47; 154.09; 167.01. 

Ethyl furo[2,3-g]thieno[2,3-a]indolizine-5-carboxylate (32). Yellow solid, 
yield 62%. Melting point 110˚C - 112˚C. LRMS (E.I.) m/z (%): 285 (M+, 10), 149 
(100); C15H11NO3S; MW 285.32 g/mol. FT-IR (cm−1): ν = 3396, 3185, 3114, 2950, 
2926, 2856, 1690, 1198. RMN 1H 300 MHz (CDCl3) (ppm) δ: 1.33 (t, 3H, J = 6.0 
Hz); 4.26 (q, 2H, J = 9.0 Hz); 7.04 (d, 1H, J = 5.0 Hz); 7.45 (d, 1H, J = 5.0 Hz); 
7.52 (d, 1H, J = 5.0 Hz); 7.80 (d, 1H, J = 3.0 Hz); 8.07 (s, 1H); 9.12 (s, 1H). RMN 
13C 300 MHz (CDCl3) (ppm) δ: 14.07; 61.57; 96.14; 119.53; 121.02; 122.82; 
124.48; 125.19; 131.32; 132.47; 137.8; 138.24; 144.13; 154.09; 167.01. 

Ethyl 2-phenylfuro[2,3-g]thieno[3,2-a]indolizine-5-carboxylate (33). Beige 
solid, yield 62%. Melting point 113˚C - 115˚C. LRMS (E.I.) m/z (%): 361 (M+, 
10), 149 (100); C21H15NO3S; MW 361.45 g/mol. FT-IR (cm−1): ν = 3396, 3185, 
3114, 2958, 2826, 2856, 1690, 1198, 756. RMN 1H 300 MHz (CDCl3) (ppm) δ: 
1.33 (t, 3H, J = 6.0 Hz); 4.26 (q, 2H, J = 9.0 Hz); 7.40 - 7.47 (m, 7H); 7.78 (d, 1H, 
J = 5.0 Hz); 8.07 (d, 1H, J = 0.5 Hz); 8.3 (s, 1H). RMN 13C 300 MHz (CDCl3) 
(ppm) δ: 14.38; 61.63; 96.14; 108.42; 109.36; 119.53; 120.09; 121.02; 122.82; 
124.48; 125.19; 131.32; 132.47; 137.81; 138.24; 144.13; 144.47; 154.09; 167.01. 

Ethyl 2-phenylfuro[2,3-g]thieno[2,3-a]indolizine-5-carboxylate (34). Beige 
solid, yield 62%. Melting point 113-115˚C. LRMS (E.I.) m/z (%): 361 (M+, 10), 
149 (100); C21H15NO3S; MW 361.45 g/mol. FT-IR (cm−1): ν = 3396, 3185, 3114, 
2958, 2826, 2856, 1690, 1198, 756. RMN 1H 300 MHz (CDCl3) (ppm) δ: 1.33 (t, 
3H, J = 6.0 Hz); 4.26 (q, 2H, J = 6.0 Hz); 7.33 (s, 1H); 7.40 - 7.47 (m, 5H); 7.6 (d, 
1H, J = 5.0 Hz); 7.80 (d, 1H, J = 5.0 Hz); 8.09 (s, 1H); 8.28 (s, 1H). RMN 13C 300 
MHz (CDCl3) (ppm) δ: 14.07; 61.57; 96.14; 108.42; 109.36; 119.53; 120.09; 
121.02; 122.82; 124.48; 125.19; 131.32; 132.47; 137.81; 138.24; 144.13; 144.47; 
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154.09; 167.01. 
Ethyl 3-methyl-3H-pyrrolo[2,3-g]thieno[3,2-a]indolizine-5-carboxylate 

(35). Red solid, yield 53%. Melting point 110˚C - 112˚C. LRMS (E.I.) m/z (%): 
299 (M+, 32), 225 (100); C16H14N2O2S; MW 298.36 g/mol. FT-IR (cm−1): ν = 
3056, 2980, 2951, 2924, 1733, 1182, 719. RMN 1H 300 MHz (CDCl3) (ppm) δ: 
1.37 (t, 3H, J = 6.0 Hz); 3.62 (s, 3H); 4.30 (q, 2H, J = 6.0 Hz); 6.72 (d, 1H, J = 4.0 
Hz); 6.81 (s, 1H); 7.39 (d, 1H, J = 4.0 Hz); 7.45 (s, 1H); 7.56 (d, 1H, J = 5.5 Hz); 
7.94 (d, 1H, J = 5.5 Hz). RMN 13C 75 MHz (CDCl3) (ppm) δ: 14.13; 36.16; 61.45; 
111.15; 118.99; 120.73; 123.92; 124.07; 125.03; 128.05; 128.78; 129.83; 130.79; 
134.63; 139.84; 160.9. 

Ethyl 3-methyl-3H-pyrrolo[2,3-g]thieno[3,2-a]indolizine-5-carboxylate 
(36). Red solid, yield 53%. Melting point 110˚C - 112˚C. LRMS (E.I.) m/z (%): 
299 (M+, 32), 225 (100); C16H14N2O2S; MW 298.36 g/mol. FT-IR (cm−1): ν = 
3056, 2980, 2951, 2924, 1733, 1182, 719. RMN 1H 300 MHz (CDCl3) (ppm) δ: 
1.37 (t, 3H, J = 6.0 Hz); 3.6 (s, 3H); 4.30 (q, 2H, J = 6.0 Hz); 6.44 (d, 1H, J = 3.0 
Hz); 6.81 (s, 1H); 6.94 (d, 1H, J = 3.0 Hz); 7.45 (s, 1H); 7.71 (d, 1H, J = 5.0 Hz); 
7.80 (d, 1H, J = 5.0 Hz). RMN 13C 75 MHz (CDCl3) (ppm) δ: 14.13; 36.16; 61.45; 
111.15; 118.99; 120.73; 123.92; 124.07; 125.03; 128.74; 128.78; 129.83; 130.79; 
134.63; 139.84; 159.8. 

Ethyl 3-benzyl-3H-pyrrolo[2,3-g]thieno[3,2-a]indolizine-5-carboxylate 
(37). Red solid, yield 49%. Melting point 80˚C - 82˚C. LRMS (E.I.) m/z (%): 374 
(M+, 100), 301 (54); C22H18N2O2S; MW 374.45 g/mol. FT-IR (cm−1): ν = 3093, 
2985, 2951, 2923, 1730, 1102, 729. RMN 1H 300 MHz (CDCl3) (ppm) δ: 1.42 (t, 
3H, J = 7.0 Hz); 4.43 (q, 2H, J = 7.0 Hz); 5.18 (s, 2H); 6.72 (d, 1H, J = 3.0 Hz); 
6.93 (d, 1H, J = 3.0); 7.19 (d, 1H, J = 5.0 Hz); 7.28-30 (m, 6H); 7.62 (s, 1H); 8.51 
(s, 1H). RMN 13C 75 MHz (CDCl3) (ppm) δ: 14.1; 52.7; 60.53; 101.51; 108.67; 
119.92; 120.36; 123.02; 124.07; 125.03; 125.7; 127.32; 128.74; 128.78; 129.83; 
130.79; 134.63; 137.3; 139.84; 159.8. 

3. Results 

Our group has already been interested in iminophosphorane chemistry. For 
example, these substrates were used in the synthesis of several heterocyclic 
products such as thienopyridines [39]. In this work we report a new Tandem 
process of three consecutive reactions: aza-Wittig, Imine condensation and 
Electrophilic Aromatic Substitution, for obtaining heterocyclic structures of in-
dolizines. 

3.1. Iminophosphoranes Intermediates Synthesis 

First, the starting aromatic/heteroaromatic iminophoshorane acrylate interme-
diates were constructed through two consecutive reactions. Aromatic/ heteroa-
romatic aldehydes were the starting materials, which through an initial aldol 
condensation reaction with ethyl azido acetate in a basic ethanolic medium 
produced the corresponding aryl/heteroaryl azido acrylates. Later, with the use 
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of triphenylphosphine, the azide group was transformed to the intermediated 
aryl/heteroaryl iminophosphoranes (1-11, Scheme 1). The overall yields of these 
two consecutive reactions for the iminophosphoranes intermediates are good, 
ranging from 76% to 95% (see Table 1). 

 

 
Scheme 1. Intermediates iminophosphoranes formed by two consecutive reactions from 
aldehydes. (i) aldolic condensation, (ii) Staudinger reaction. 

 
Table 1. Iminophosphoranes intermediates synthesized (see Scheme 1). 

Entry Starting aldehyde Iminophosphorane Yield (%)a 

1 2-thiophenecarboxaldehyde 1 86 

2 3-thiophenecarboxaldehyde 2 90 

3 4-methyl-2-thiophenecarboxaldehyde 3 76 

4 4-bromo-2-thiophenecarboxaldehyde 4 82 

5 5-phenyl-2-thiophenecarboxaldehyde 5 85 

6 4-phenyl-2-thiophenecarboxaldehyde 6 90 

7 2-furanecarboxaldehyde 7 79 

8 4-phenyl-2-furanecarboxaldehyde 8 81 

9 N-methyl-2-pyrrolecarboxaldehyde 9 95 

10 N-benzyl-2-pyrrolecarboxaldehyde 10 83 

11 Phtalaldehyde 11 95 

a. Yield for isolated compound. 
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3.2. Isoindolones Strategy 

Once the iminophosphoranes intermediates were obtained, the work was fo-
cused on studying their reactivity with different ortho-dialdehydes. In pre-
vious studies reported, the reaction of iminophosphoranes with aromatic dial-
dehydes produces the corresponding isoindolones [40]. Our first experiments 
were designed to test the reactivity of iminophosphoranes intermediates with 
phtalaldehyde, 2,3-Naphthalenedicarboxaldehyde and 2,3-thiophenecar-boxalde- 
hyde. The results obtained shown that the phtalaldehyde reaction with any type of 
iminophosphoranes intermediate results in the corresponding isoindolone (12, 13 
and 15, Scheme 2), same results were observed with 2,3-Naphthalenedicarboxal- 
dehyde (14 and 16, Scheme 2). Furthermore, when the reaction occurs between 
2,3-thiophenedicarboxaldehyde with ethyl (Z)-3-phenyl-2-((triphenyl-l5-phospha- 
neylidene)amino)acrylate (11), is also observed the formation of the isoindolones 
(17 and 18, Scheme 2). These results proven that any combination in which the 
benzene rings is present, both in the iminophosphoranes intermediate and the di-
aldehyde, results in the formation of the isoindolone heterocycle. Yields for these 
reactions agree with those reported in previous works (Table 2) [40]. 

 

 
Scheme 2. Isoindolones formed by iminophosphorane intermediates (1, 2, 11) and 
phtaladehyde, 2,3-Naphthalenedicarboxaldehyde and thiophene-2,3-dicarboxaldehyde reac-
tion. 

 
Table 2. Iminophosphorane reactivity using aromatic or heteroaromatic dialdehydes (see Scheme 2). 

Entry Starting Iminophosphorane Isoindolone Obtained Yield (%)a 

1 Ethyl (Z)-3-(thiophen-2-yl)-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (1) 12 87 

2 Ethyl (Z)-3-(thiophen-3-yl)-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (2) 13 90 

3 Ethyl (Z)-3-(thiophen-2-yl)-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (1) 14 87 

4 Ethyl (Z)-3-phenyl-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (11) 16 87 

5 Ethyl (Z)-3-phenyl-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (11) 16 70 

6 Ethyl (Z)-3-phenyl-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (11) 17 86 

7 Ethyl (Z)-3-phenyl-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (11) 18 86 

a. Yield for isolated derivatives. 
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3.3. Indolizine Protocol 

During the study of iminophosphoranes intermediates reactivity with aromatic 
dialdehydes, we carry out the reaction between the iminophosphoranes ethyl 
(Z)-3-(thiophen-2-yl)-2-((triphenyl-l5-phosphaneylidene)amino)acrylate (1) with 
2,3-thiophendicarboxaldehyde, detecting a different product from that 
isoindolones previously observed, the structural elucidation showed a indolizine 
heterocycle as the product of this reaction. 

This reaction seems to indicate that existence of thiophen moiety on both 
reagents, dialdehyde and iminophophoranes, changes the reaction course toward 
production of indolizine rather than isoindolone compounds earlier reported. 
An important characteristic of this reaction was the obtaining of indolizine as a 
pair of structural isomers (19 and 20, Scheme 3), in a proportion of 50% each. 

 

 
Scheme 3. Indolizines formed by iminophosphorane heteroaromatic intermediates (1-10) 
and, 2,3-thiophenedicarboxaldehyde reaction. 
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We were then essentially interested in the formation of this latter family of 
indolizine compounds; whereby we chose several iminophosphorane interme-
diates with thiophene as the central heterocycle. Initially, the isomer derived 
from 3-thiophenyl (2) was chosen; as well as the 2-thiophenyl derivatives subs-
tituted in position four with methyl (3), bromine (4), and phenyl (6) groups, and 
finally the derivative of 2-thiophenyl substituted in position five by phenyl group 
(5) (Scheme 1). 

Continuing with the study for the formation of indolizine, the reaction of imino-
phosphorane 2 with 2,3-thiophenedicarboxaldehyde was carried out, resulting in 
indolizine as its structural isomer pair (21 and 22, Scheme 3). Thiophene imino-
phosphorane derivatives 3 to 6 were reacted with 2,3-thiophenedicarboxaldehyde 
finding the same result, the formation of indolizine as its pair of isomers in the same 
proportion each (23-30, Scheme 3). The yields for this indolizines 19-30 shown in 
Table 3 (entries 1-6) are good ranging from 70% to 82%. 

Understanding that aromatic carbocycles as part of iminophosphoranes or di-
aldehydes are not suitable materials for indolizine formation, we set out to carry 
out this strategy using furans (7 and 8, Scheme 1) and pyrrole (9 and 10, Scheme 
1) heterocycles instead thiophene moiety in iminophosphoranes. The results 
shown that indolizine are obtained as its two structural isomers when the imino-
phosphoranes with pyrrole or furan react with 2,3-thiophenedicarboxaldehyde but 
yields of indolizines dropped to 50% - 60% level (entries 7 - 10, Table 3), means 
lower than for more aromatic thiophene analog. Finally, the mechanism of this 
tandem aza-Wittig reaction of thiophenyliminophosphorane acrylates with 
2,3-thiophenedicarboxyaldehyde leading to indolizines should be re-examined in 
view of electrocyclic closure-SE hypothesis, because of puzzling high aromaticity 
of thiophene ring factor. 

3.4. Proposed mechanism 

According to this mechanism (as highlighted in Scheme 3 and detailed in  
 
Table 3. Indolizines results. 

Entry Initial Iminophosphorane Indolizine formed Yield (%)a 

1 Ethyl (Z)-3-(thiophen-2-yl)-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (1) 19, 20 76 

2 Ethyl (Z)-3-(thiophen-3-yl)-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (2) 21, 22 82 

3 Ethyl (Z)-3-(4-methylthiophen-2-yl)-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (3) 23, 24 70 

4 Ethyl (Z)-3-(4-bromothiophen-2-yl)-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (4) 25, 26 80 

5 Ethyl (Z)-3-(4-phenylthiophen-2-yl)-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (5) 27, 28 78 

6 Ethyl (Z)-3-(5-phenylthiophen-2-yl)-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (6) 29, 30 81 

7 Ethyl (Z)-3-(furan-2-yl)-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (7) 31, 32 62 

8 Ethyl (Z)-3-(4-phenylfuran-2-yl)-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (8) 33, 34 62 

9 Ethyl (Z)-3-(1-methyl-1H-pyrrol-2-yl)-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (9) 35, 36 51 

10 Ethyl (Z)-3-(1-benzyl-1H-pyrrol-2-yl)-2-((triphenyl-λ5-phosphaneylidene)amino)acrylate (10) 37 48 

a. Yield for isolated compounds. 
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Schemes 4 and Scheme 5) the initial attack of the iminophosphorane can take 
place on the electrophilic carbon of aldehyde group on C-2, then, via betaine (i) 
to a formation of oxazaphosphetane ring (ii) followed by elimination to imine 
(iii). The presented mechanism (Scheme 4) is showing the initial attack on C-2. 
The reverse sequence, on carbon C-3 aldehyde will produce the isomeric indoli-
zine (Scheme 5). 

This sequence of reactions can occur on either of two aldehyde groups, 
2-aldehyde or 3-aldehyde, because of already stated similar activation of these 
two carbons exercised by sulfur pulling effect. According to the initial two alde-
hyde site attacks, two isomeric indolizine skeletons, which differ in the position 
of sulfur on the thiophene ring (S-6 or S-4) could be obtained. The calculated 
total energies of these two isomers are very close (Hyper Chem 7.02 Mm+, ∆E = 
0.4 kcal/mole, 19 and 20, Scheme 4 and Scheme 5). 

The final proposal for this mechanism outcome involves an intramolecular  
 

 
Scheme 4. Proposed mechanism for ethyl bisthieno[3,2-a:2,3-g]indolizine-5-carboxylate (19) isomer formation. 

 

 
Scheme 5. Proposed mechanism for ethyl bisthieno[2,3-a:2,3-g]indolizine-5-carboxylate (20) isomer formation. 
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imine (iii) reaction with the remaining aldehyde to generate a reactive iminium 
intermediate (iv). Interestingly, this same intermediate has been involved on 
isoindolone formation; the main change here is that the iminium intermediate 
undergoes an aromatic electrophilic substitution on the thiophene ring to give 
the system of four fused heterocyclic rings (v) which is finally dehydrated to 
aromatize the entire indolizine system. 

3.5. Spectroscopic Differentiation of Structural Isomers 

In a series of reported reactions, summarized in Scheme 3 and Table 3, the 
formation of two isomeric indolizines was found. Table 4 describes the detailed 
examination of NMR spectra for the indolizines 19 and 20 obtained. Differen-
tiating the 19 and 20 isomers was made possible by their long-distance spin  

 
Table 4. NMR data characterization for two indolizine structural isomers. 

 N

S

S

H

H

O

O

H

H

H
1

2
3

4
5

6
7

9
810

3J10,9
=5.0 Hz

5J10,7
=0.5 Hz

5J7,10
=0.5 Hz

3J1,2
=5.5 Hz

5J1,4
=0.5 Hz

5J4,1
=0.5 Hz

14

15

13

11

12

15 16
17

(19)

 

N

S

S

H
H

H

O

O

H

H

3J10
,
9
=5.0 Hz

5J10,7
=1.0 Hz

5J7,10
=1.0 Hz

1

2

7
11

3
4
5

6

89

12 13 14

15

10
17

1615
(20)

 

No. 
Carbon 

δC (ppm) 
δH 

(ppm) 
Proton Coupling  

(Hz) 
δC (ppm) 

δH 
(ppm) 

Proton Coupling  
(Hz) 

1 121.0 7.52 dd 3J = 5.5; 5J = 0.5a    

2 131.4 7.2 d 3J = 5.5 131.4 7.36 d 3J = 5.5 

3    121.0 7.26 d 3J = 5.5 

4 137.2   137.2   

5 116.5 8.21 d 3J = 0.5 116.5 8.2 s 

6       

7 125.3   125.3   

8 115.1 9.14 d 3J = 0.5 115.1 9.2 d 3J = 1.0 

9 106.5   106.5   

10       

11 128.2 7.76 d 3J = 5.0 128.2 7.75 d 3J = 5.0 

12 122.3 7.64 dd 3J = 5.0; 5J = 0.5a 122.3 7.76 dd 3J = 5.0; 5J = 1.0* 

13 133.3   133.3   

14 137.0   137.0   

15 162.8   162.8   

16 61.6 4.49 q 3J = 7.0 61.6 4.49  

17 14.3 1.48 t 3J = 7.0 14.3 1.48  

a. W coupling. 
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coupling systems. For example, in isomer 19 two long-distance couplings are 
observed in W, first hydrogen on C1 occurs as a double of double system due to 
three bond coupling with hydrogen on C2 (3J = 5.5 Hz), but also hydrogen on C1 
has a long-distance coupling in W with hydrogen on C5 (5J = 0.5 Hz). Second, 
the hydrogen on C12 in isomer 19 is a double of double system presenting a 
three-bond coupling with the hydrogen on C11 (3J = 5.5 Hz), and the W 
long-distance coupling with hydrogen on C8 (5J = 0.5 Hz). 

On other hand, isomer 20 only exhibits one W long-distance coupling, hy-
drogen on C12 a double of double system has three-bonds coupling with hydro-
gen on C11(3J = 5.0 Hz) and a W long-distance coupling with hydrogen on C8 
(5J = 1.0 Hz). The number of long-distance couplings is therefore the key to the 
unequivocal isomer’s differentiation. This observation shown for isomers 19 and 
20, applies to the rest of the isomers obtained in this series with different starting 
heterocycles materials. 

4. Conclusions 

Nineteen indolizine derivatives (eight pairs of structural isomers, Scheme 3) 
were obtained using various heterocyclic compounds containing thiophene, fu-
rane or pyrrole moieties. This synthetic route represented an advantage over 
previously reported, since it was carried out in a single reaction step from the 
generally easy synthesized iminophosphoranes. 

In this synthesis, we faced a problem of orientation of aza-Wittig tandem 
reaction toward isoindolone or indolizine. For this last family compound two 
isomeric structures are formed, this corresponding to the initial attack on C-2 of 
thiophene aldehyde, to obtain the isomers 19, 21, 23, 25, 27, 29, 31, 33 and 35, 
or the initial attack on C-3 of thiophene aldehyde to produce the isomers 20, 22, 
24, 26, 28, 30, 32, 34 and 36. 

The mechanism explaining the formation of indolizine core compounds, over 
isoindolone, obtained in this reaction is proposed according to Novel Tandem 
three consecutive reactions, aza-Wittig, Imine Condensation and Electrophilic 
Aromatic Substitution Strategy. Finally, it was clear that the activation role of 
thiophene ring, as a sulfur containing five-member heterocycle, is essential to 
the success of this synthesis. The same phenyl containing iminophosphoranes or 
dialdehydes does not produce the indolizine of core products. 

Acknowledgements 

A financial support from UAEMex (Project No. 4734/2019CIB) and CONACyT 
(postgraduate scholarship) is gratefully acknowledged. The authors would like 
to thank M.N. Zavala-Segovia, L. Triana-Cruz (CCIQS UAEM-UNAM) for the 
technical support. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

https://doi.org/10.4236/ijoc.2021.112006


J. C. González-Rodríguez et al. 
 

 

DOI: 10.4236/ijoc.2021.112006 68 International Journal of Organic Chemistry 
 

References 
[1] Cichewicz, R.H. and Kouzi, S.A. (2004) Chemistry, Biological Activity, and Che-

motherapeutic Potential of Betulinic Acid for the Prevention and Treatment of 
Cancer and HIV Infection. Medicinal Research Reviews, 24, 90-114.  
https://doi.org/10.1002/med.10053  

[2] Leeson, P.D. (2012) Chemical Beauty Contest. Nature, 481, 455-456.  
https://doi.org/10.1038/481455a  

[3] Lipinski, C.A., Lombardo, F., Domini, B.W. and Feeney, P.J. (1997) Experimental 
and Computational Approaches to Estimate Solubility and Permeability in Drug 
Discovery and Development Settings. Advanced Drug Delivery Reviews, 23, 3-25.  
https://doi.org/10.1016/S0169-409X(96)00423-1  

[4] Wenlock, M.C., Austin, R.P., Barton, P. and Leeson, P.D. (2003) A Comparison of 
Physiochemical Property Profiles of Development and Marketed Oral Drugs. Screws. 
Journal of Medical Chemistry, 46, 1250-1256.  
https://doi.org/10.1021/jm021053p  

[5] Leeson, P.D. and Springthorpe, B. (2007) Experimental and Computational Ap-
proaches to Estimate Solubility and Permeability in Drug Discovery and Develop-
ment Settings. Nature Reviews Drug Discovery, 6, 881-890.  
https://doi.org/10.1038/nrd2445  

[6] Tan, D.S. (2005) Diversity-Oriented Synthesis: Exploring the Intersections between 
Chemistry and Biology. Nature Chemical Biology, 1, 74-84.  
https://doi.org/10.1038/nchembio0705-74  

[7] Ertl, P., Rohde, B. and Selzer, P. (2000) Experimental and Computational Ap-
proaches to Estimate Solubility and Permeability in Drug Discovery and Develop-
ment Settings. Journal of Medical Chemistry, 43, 3714-3717.  
https://doi.org/10.1021/jm000942e  

[8] Affleck, R.L. (2001) Solutions for Library Encoding to Create Collections of Discrete 
Compounds. Current Opinion in Chemical Biology, 5, 257-263.  
https://doi.org/10.1016/S1367-5931(00)00200-3  

[9] Allgäuer, D.S. and Mayr, H. (2013) One-Pot Two-Step Synthesis of 1-(Ethoxycar- 
bonyl)indolizines via Pyridinium Ylides. European Journal of Organic Chemistry, 
2013, 6379-6388. https://doi.org/10.1002/ejoc.201300784  

[10] Albadejo, M.J., Alonso, F. and Yus, M. (2013) Synthesis of Indolizines and Heterocyc-
lic Chalcones Catalyzed by Supported Copper Nanoparticles. Chemistry—A European 
Journal, 19, 5242-5245. https://doi.org/10.1002/chem.201204305  

[11] Alcaide, B., Almendros, P., Alonso, J.M. and Aly, M.F. (2003) Useful Dual Diels-Alder 
Behavior of 2-Azetidinone-Tethered Aryl Imines as Azadienophiles or Azadienes: A 
β-Lactam-Based Stereocontrolled Access to Optically Pure Highly Functionalized In-
dolizidine Systems. Chemistry A European Journal, 9, 3415-3426.  
https://doi.org/10.1002/chem.200304712  

[12] Abaszadeh, M. and Seifi, M. (2014) Ultrasound-Assisted 1,3-dipolar Cycloaddition 
and Cyclopropanation Reactions for the Synthesis of Bis-Indolizine and Bis-Cyclo- 
propane Derivatives. Organic & Biomolecular Chemistry, 12, 7859-7863.  
https://doi.org/10.1039/C4OB01305K  

[13] Belguedj, R., Bouacida, S., Merazig, H., Belfaitah, A. and Bouraiou, A. (2015) 
1-(2’-Benzimidazolylmethyl)-pyridinium ylide in the One-Pot Synthesis of Indoli-
zine and Benzimidazo[1,2-a]pyridine Derivatives. Zeitschrift für Naturforschung B, 
70, 555-561. https://doi.org/10.1515/znb-2015-0016  

https://doi.org/10.4236/ijoc.2021.112006
https://doi.org/10.1002/med.10053
https://doi.org/10.1038/481455a
https://doi.org/10.1016/S0169-409X(96)00423-1
https://doi.org/10.1021/jm021053p
https://doi.org/10.1038/nrd2445
https://doi.org/10.1038/nchembio0705-74
https://doi.org/10.1021/jm000942e
https://doi.org/10.1016/S1367-5931(00)00200-3
https://doi.org/10.1002/ejoc.201300784
https://doi.org/10.1002/chem.201204305
https://doi.org/10.1002/chem.200304712
https://doi.org/10.1039/C4OB01305K
https://doi.org/10.1515/znb-2015-0016


J. C. González-Rodríguez et al. 
 

 

DOI: 10.4236/ijoc.2021.112006 69 International Journal of Organic Chemistry 
 

[14] Bertallo, C.R.D.S., Arrojo, T.R., Toledo, M.F.Z.J., Sadler, S.A., Vessecchi, R., Steel, 
P.G. and Clososki, G.C. (2019) 1-(2’-Benzimidazolylmethyl)-pyridinium ylide in the 
One-Pot Synthesis of Indolizine and Benzimidazo[1,2-a]Pyridine Derivatives. Eu-
ropean Journal of Organic Chemistry, 2019, 5205-5213.  
https://doi.org/10.1002/ejoc.201900608  

[15] Campomolla, S.S., Lim, N. and Zhang, H. (2015) Single-Step Synthesis of 5,6,7,8- 
Tetrahydroindolizines via Annulation of 2-Formylpiperidine and 1,3-Dicarbonyl 
Compounds. Organic Letters, 17, 3564-3567.  
https://doi.org/10.1021/acs.orglett.5b01671  

[16] Chandrashekharappa, S., Venugopala, K.N., Nayak, S.K.M., Gleiser, R., García D.A., 
Kumalo, H.M. and Odhav B. (2015) One-Pot Microwave Assisted Synthesis and 
Structural Elucidation of Novel Ethyl 3-substituted-7-methylindolizine-1-carbo- 
xylates with Larvicidal Activity against Anopheles arabiensis. Journal of Molecular 
Structure, 1156, 377-384. https://doi.org/10.1016/j.molstruc.2017.11.131  

[17] He, L., Yang, Y., Liu, X., Liang, G., Li, C., Wang, D. and Pan, W. (2015) 
Iodine-Mediated Oxidative Cyclization of 2-(Pyridin-2-yl)acetate Derivatives with 
Alkynes: Condition-Controlled Selective Synthesis of Multisubstituted Indolizines. 
Synthesis, 52, 459-470. https://doi.org/10.1055/s-0039-1690229  

[18] Jadhay, A.H., Atar, A.B. and Kang, J. (2015) A [bmim]Cl-Promoted Domino Pro-
tocol Using an Isocyanide-Based [4+1]-cycloaddition Reaction for the Synthesis of 
Diversely Functionalized 3-alkylamino-2-alkyl/aryl/hetero-aryl Indolizine-1-carbo- 
nitriles under Solvent-Free Conditions. New Journal of Chemistry, 44, 3241-3248.  
https://doi.org/10.1039/C9NJ05738B  

[19] Kim, H., Kim, S., Son, J., Baek, Y., Um, K. and Lee, P.H. (2017) One-Pot Synthesis 
of Indolizines via Sequential Rhodium-Catalyzed [2+1]-Cyclopropanation, Palla-
dium-Catalyzed Ring Expansion, and Oxidation Reactions from Pyridotriazoles and 
1,3-Dienes. Organic Letters, 19, 5677-5680.  
https://doi.org/10.1021/acs.orglett.7b02826  

[20] Varadi, A., Marrone, G.F., Palmer, T.C., Narayan, A., Szabó, M.R., LeRouzic, V., 
Grinell, S.G., Subrath, J.J., Warner, E, Kalra, S., Hunkele, A., Pagirsky, J., Eans, S.O., 
Medina, J.M., Xu, J., Pan, Y.-X., Borics, A., Pasterrak, G.W., MacLaughlin, J.P. and 
Majumderar, S. (2017) Mitragynine/Corynantheidine Pseudoindoxyls as Opioid Anal-
gesics with Mu Agonism and Delta Antagonism, Which Do Not Recruit β-Arrestin-2. 
Journal of Medicinal Chemistry, 59, 8381-8397.  
https://doi.org/10.1021/acs.jmedchem.6b00748  

[21] Kallay, K.R. and Doerge, R.F. (1972) p-Substituted 1,2-Diphenylindolizines as An-
ti-Inflammatory Agents. Journal of Pharmaceutical Sciences, 61, 949-951.  
https://doi.org/10.1002/jps.2600610629  

[22] Kitadokoro, K., Hagishita, S., Sato, T., Ohtani, M. and Miki, K. (1998) Crystal 
Structure of Human Secretory Phospholipase A2-IIA Complex with the Potent In-
dolizine Inhibitor 120-1032. The Journal of Biochemistry, 123, 619-623.  
https://doi.org/10.1093/oxfordjournals.jbchem.a021982  

[23] Oslund, R.C., Cermak, N. and Gelb, M.H. (2008) Highly Specific and Broadly Po-
tent Inhibitors of Mammalian Secreted Phospholipases A2. Journal of Medicinal 
Chemistry, 51, 4708-4714. https://doi.org/10.1021/jm800422v  

[24] Dawood, K.M., Abdel-Gawad, H., Ellithey, M., Mohamed, H.A. and Hegazi, B. 
(2006) Synthesis, Anticonvulsant, and Anti-Inflammatory Activities of Some New 
Benzofuran-Based Heterocycles. Archiv der Pharmazie, 339, 133-140.  
https://doi.org/10.1002/ardp.200500176  

https://doi.org/10.4236/ijoc.2021.112006
https://doi.org/10.1002/ejoc.201900608
https://doi.org/10.1021/acs.orglett.5b01671
https://doi.org/10.1016/j.molstruc.2017.11.131
https://doi.org/10.1055/s-0039-1690229
https://doi.org/10.1039/C9NJ05738B
https://doi.org/10.1021/acs.orglett.7b02826
https://doi.org/10.1021/acs.jmedchem.6b00748
https://doi.org/10.1002/jps.2600610629
https://doi.org/10.1093/oxfordjournals.jbchem.a021982
https://doi.org/10.1021/jm800422v
https://doi.org/10.1002/ardp.200500176


J. C. González-Rodríguez et al. 
 

 

DOI: 10.4236/ijoc.2021.112006 70 International Journal of Organic Chemistry 
 

[25] Gundersen, L.L., Charnock, C., Negussie, A.H., Rise, F. and Teklu, S. (2007) Synthe-
sis of Indolizine Derivatives with Selective Antibacterial Activity against Mycobac-
terium tuberculosis. European Journal of Pharmaceutical Sciences, 30, 26-35. 
https://doi.org/10.1016/j.ejps.2006.09.006  

[26] Huang, W., Zuo, T., Jin, H., Liu, Z., Yang, Z., Yu, X., Zhang, L. and Zhang, L. (2013) 
Design, Synthesis, and Biological Evaluation of Indolizine Derivatives as HIV-1 
VIF–ElonginC Interaction Inhibitors. Molecular Diversity, 17, 221-243.  
https://doi.org/10.1007/s11030-013-9424-3  

[27] Teklu, S., Gundersen, L.L., Rise, F. and Tilset, M. (2005) Electrochemical Studies of 
Biologically Active Indolizines. Tetrahedron, 61, 4643-4656.  
https://doi.org/10.1016/j.tet.2005.02.078  

[28] Antonini, I., Claudi, F, Gulini, U., Micossi, L. and Venturi, F. (1979) Indolizine De-
rivatives with Biological Activity IV: 3-(2-Aminoethyl)-2-methylindolizine, 3-(2- 
aminoethyl)-2-methyl-5,6,7,8-tetrahydroindolizine, and Their Iv-Alkyl Derivatives. 
Journal of Pharmaceutical Sciences, 68, 321-324.  
https://doi.org/10.1002/jps.2600680317  

[29] De, A.U. and Saha, B.P. (1973) Search for Potential Oral Hypoglycemic Agents: 
Synthesis and Activity of 2-(Af-Alkylaminomethyl) Indolizines. Journal of Pharma-
ceutical Sciences, 62, 1897-1898. https://doi.org/10.1002/jps.2600621142  

[30] De, A.U. and Saha, B.P. (1975) Indolizines II: Search for Potential Oral Hypogly-
cemic Agents. Journal of Pharmaceutical Sciences, 64, 249-252.  
https://doi.org/10.1002/jps.2600640211  

[31] Narajji, C., Karvekar, M.D. and Das, A.K. (1975) Synthesis and Antioxidant Activity 
of 3,3’-diselanediylbis (N,N-disubstituted indolizine-1-carboxamide) and Deriva-
tives. South African Journal of Chemistry, 61, 53-55. 
http://www.scielo.org.za/scielo.php?script=sci_arttext&pid=S0379-4350200
8000100011&lng=en&tlng=en  

[32] James, D.A., Koya, K., Li, H., Liang, G., Xia, Z., Ying, W., Wu, Y. and Sun, L.J. 
(2008) Indole- and Indolizine-Glyoxylamides Displaying Cytotoxicity against Mul-
tidrug Resistant Cancer Cell Lines. Bioorganic & Medicinal Chemistry Letters, 18, 
1784-1787. https://doi.org/10.1016/j.bmcl.2008.02.029  

[33] Shen, Y.M., Lv, P.C., Chen, W., Liu, P.G., Zhang, M.Z. and Zhu, H.L. (2010) Syn-
thesis and Antiproliferative Activity of Indolizine Derivatives Incorporating a Cyc-
lopropylcarbonyl Group against Hep-G2 Cancer Cell Line. European Journal of 
Medicinal Chemistry, 45, 3184-3190. https://doi.org/10.1016/j.ejmech.2010.02.056  

[34] Marco, E., Laine, W., Tardy, C., Lansiaux, A., Iwao, M., Ishibashi, F., Bailly, C. and 
Gago, F. (2005) Molecular Determinants of Topoisomerase I Poisoning by Lamella-
rins:  Comparison with Camptothecin and Structure-Activity Relationships. Euro-
pean Journal of Medicinal Chemistry, 48, 3796-3807.  
https://doi.org/10.1021/jm049060w  

[35] Li, G., Wu, X., Sun, P., Zhang, Z., Shao, E., Mao, J., Cao, H. and Huang, H. (2021) 
Dithiolation Indolizine Exerts Viability Suppression Effects on A549 Cells via Trig-
gering Intrinsic Apoptotic Pathways and Inducing G2/M Phase Arrest. Biomedicine 
& Pharmacotherapy, 133, 110961. https://doi.org/10.1016/j.biopha.2020.110961  

[36] Penteado, F., Gómez, C.S., Monzón, L.I., Perin, G., Silveira, C.C. and Lenardao, E. 
(2020) Photocatalytic Synthesis of 3-Sulfanyl- and 1,3-Bis(sulfanyl)indolizines Me-
diated by Visible Light. European Journal of Medicinal Chemistry, 2020, 2110-2115.  
https://doi.org/10.1002/ejoc.202000162  

[37] Ramesh, V., Devi, N.S., Velusamy, M. and Shanmugan, S. (2019) Catalyst free Syn-

https://doi.org/10.4236/ijoc.2021.112006
https://doi.org/10.1016/j.ejps.2006.09.006
https://doi.org/10.1007/s11030-013-9424-3
https://doi.org/10.1016/j.tet.2005.02.078
https://doi.org/10.1002/jps.2600680317
https://doi.org/10.1002/jps.2600621142
https://doi.org/10.1002/jps.2600640211
http://www.scielo.org.za/scielo.php?script=sci_arttext&pid=S0379-43502008000100011&lng=en&tlng=en
http://www.scielo.org.za/scielo.php?script=sci_arttext&pid=S0379-43502008000100011&lng=en&tlng=en
https://doi.org/10.1016/j.bmcl.2008.02.029
https://doi.org/10.1016/j.ejmech.2010.02.056
https://doi.org/10.1021/jm049060w
https://doi.org/10.1016/j.biopha.2020.110961
https://doi.org/10.1002/ejoc.202000162


J. C. González-Rodríguez et al. 
 

 

DOI: 10.4236/ijoc.2021.112006 71 International Journal of Organic Chemistry 
 

thesis of Highly Functionalized Indolizines from in Situ Generated Pyridinium 
Ylides via One-Pot Multicomponent Reaction. Chemistry Select, 4, 3717-3721.  
https://doi.org/10.1002/slct.201900665  

[38] Rani, P., Siril, P.F. and Srivastava, R. (2017) Cu Nanoparticles Decorated Cu Or-
ganic Framework Based Efficient and Reusable Heterogeneous Catalyst for Coupl-
ing Reactions. Molecular Catalysis, 433, 100-110.  
https://doi.org/10.1016/j.mcat.2016.12.009  

[39] Corona, D., Díaz, E., Barrios, H., Sánchez, E., Alvarado C., Jankowski, C.K. and 
Guzmán, A. (2009) 2D 1H and 13C NMR Conformational Studies of Thienopyridines 
and Carboline Biarylic Compounds. Spectrochimica Acta Part A, 74, 515-525.  
https://doi.org/10.1016/j.saa.2009.06.060  

[40] Corona, D., Díaz, E., Guzmán, A. and Jankowski, C.K. (2005) Synthesis, Proton and 
13C NMR and Reaction Mechanism Studies of Novel Isoindolones Derivatives, Ob-
tained through TAWERS Procedure. Spectrochimica Acta Part A, 61, 2788-2795.  
https://doi.org/10.1016/j.saa.2004.10.025  

 
 

https://doi.org/10.4236/ijoc.2021.112006
https://doi.org/10.1002/slct.201900665
https://doi.org/10.1016/j.mcat.2016.12.009
https://doi.org/10.1016/j.saa.2009.06.060
https://doi.org/10.1016/j.saa.2004.10.025

	Novel Tandem Three Consecutive Reactions: Aza-Wittig, Imine Condensation and Electrophilic Aromatic Substitution Strategy to Indolizine Synthesis
	Abstract
	Keywords
	1. Introduction
	2. Experimental
	2.1. General
	2.2. Synthesis of Indolizine Compounds

	3. Results
	3.1. Iminophosphoranes Intermediates Synthesis
	3.2. Isoindolones Strategy
	3.3. Indolizine Protocol
	3.4. Proposed mechanism
	3.5. Spectroscopic Differentiation of Structural Isomers

	4. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

