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Introduction

Although the indolizine {pyrrolo[1,2-a]pyridine} nucleus 
is isomeric with indole, the chemistry and biological poten-
tial of its derivatives are relatively unexplored. The 
indolizine nucleus is, however, present in polycyclic com-
pounds exhibiting anti-cancer activity, notably camptoth-
ecin 1 (first reported in 1966) and its synthetic derivatives, 
irinotecan and topotecan (Figure 1).1,2 1-Substituted 
indolizines, such as the hydrazido derivative 2, have been 
shown to exhibit anti-microbial and anti-tubercular activ-
ity,3 while others, such as the 1,2,3,7-tetrasubstituted deriv-
ative 3, exhibit central nervous system (CNS) depressant 
activity.3 Various methods of synthesising indolizine deriv-
atives have been developed.4,5 These include transition 
metal-catalysed cyclo-isomerisation of readily available 
non-conjugated 2-propargylpyridines6; cycloaddition reac-
tions of 2-cyclopropenylpyridine in the presence of 
RhCl(PPh3)3 or CuI7; cyclisation of propargylic pyridines 
in the presence of iodine, Pd, Cu or other metals in a polar 
protic solvent8–10; and the Chichibabin indolizine synthesis, 
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involving base-mediated cyclisation of 1-substituted-
2-methylpyridinium salts.11 The application of Morita–
Baylis–Hillman (MBH) methodology in the synthesis of 
indolizines was first reported by our group12,13 and, in this 
communication, we now report the use of this approach in 
the preparation of a range of indolizine-2-carboxamido 
derivatives and the evaluation of their anti-malarial, anti-
trypanosomal and anti-tuberculosis potential and their 
HIV-1 protease (PR) and integrase (IN) inhibition activity.

Results and discussion

In the synthesis of the critical indolizine-2-carboxylic acids 
9 and 10 (Scheme 1), a step-wise approach was initially 
adopted, in which thermal cyclisation is facilitated by prior 
acetylation of the MBH adduct 5.14 Such acetylation has 
been achieved either by refluxing the adduct in acetic anhy-
dride for 30 min or by treating the adduct with acetyl chlo-
ride in the presence of pyridine at room temperature. 
However, we found that prior acetylation and isolation of 
the acetylated adduct 7 is not necessary, and that the 
indolizine-2-carboxylate esters 7 and 8 may be generated 
efficiently by refluxing a mixture of the MBH adduct 5 in 
acetic anhydride in a one-pot approach.12,15 The complicat-
ing co-formation of both the desired product 7 and its 
3-acetylated analogue 8 was simply avoided by controlling 
the reaction time. Thus, treatment of the MBH adduct 5 
with refluxing Ac2O for 2 days yielded methyl indolizine-
2-carboxylate 7 in 93% yield,16 while extending the reac-
tion time to 7 days afforded the 3-acetylated analogue 8, in 
83% yield.

The indolizine-2-carboxylic acids 9 and 10, the critical 
precursors for the amidation studies, were obtained by 
base-catalysed hydrolysis of the respective esters 7 and 8. 
Indolizine-2-carboxylic acid 9 was obtained as yellow crys-
tals in 86% yield, the 3-acetoxy analogue 10 in up to 93% 
yield, contaminated in some cases with the non-acetylated 
acid 9 – an observation attributed to competitive, sequential 
de-acylation and saponification steps.

In earlier studies in our group,12,13,17 the inability to gen-
erate the acid chloride of indolizine-2-carboxylic acid 
prompted the use of 1,1′-carbonyldiimidazole (CDI) as a 
coupling agent, which permitted the formation of indolizine-
2-carboxamides from the acid 9 and aliphatic amines in 
good yields.18,19 However, attempted application of this 

method to access indolizine-2-carboxamides using more 
complex and medicinally interesting amines proved unsuc-
cessful. Following further exploratory, but unsuccessful 
studies, involving the use of organoboron catalysts (boric 
acid, trimethyl borate, phenylboronic acid and tris(2,2,2-
trifluoroethyl) borate), attention was turned to the use of 
propylphosphonic acid anhydride (T3P) − a coupling agent 
that has found use in a range of multi-component transfor-
mations, including the amidation of carboxylic acids.20 
Examination of the efficacy of this reagent, by varying the 
base, the solvent, the temperature and the work-up proto-
col, finally permitted the synthesis, albeit in no more than 
modest yields, of novel carboxamides from reactions of the 
indolizine-2-carboxylic acids 9 and 10 with a series of 
amines as outlined in Scheme 2. These amines included: 
phenylhydrazine and hydrazine to afford compounds 11a,b 
and 13b as analogues of isoniazid, an anti-tuberculosis 
drug to which resistance has emerged;21 compounds con-
taining the medicinally significant pyridinyl,22 furfuryl23 
and thiazolyl24 moieties, namely, 2-(2-pyridinyl)ethyl-
amine, furfurylamine, 2-aminothiazole and 2-aminopyri-
dine to afford the N-substituted carboxamides 11c, 11e, 12f 
and 12g, respectively; and benzylamine, leading to 
N-benzylindolizine-2-carboxamide 11d. It should be noted 
that the indolizine-2-carboxamides 11d and 11e were 
obtained from 3-acetylindolizine-2-carboxylic acid 10, the 
reactions proceeding with a de-acetylation step. While the 
yields were variable and the products subject to decomposi-
tion, nuclear magnetic resonance (NMR) and high-resolu-
tion mass spectra (HRMS) analyses permitted their 
unambiguous characterisation, with infrared (IR) data con-
firming the presence of the required NH and the amide 
C=O absorption bands. Other researchers have observed 
inherent instability and lack of reactivity in certain 
indolizine derivatives.25,26

Indolizines have been reported to exhibit a wide range of 
biological activities, including anti-mycobacterial27 and 
anti-HIV-1 activity.28,29 Preliminary assessments of the bio-
logical activity of indolizine-2-carboxamide derivatives 
prepared in this study against HIV-1 IN and HIV-1 PR, 
malaria, trypanosomiasis and tuberculosis were under-
taken. While none of these compounds showed toxicity 
against Human Embryonic Kidney 293 (HEK 293) cells at 
a concentration of 20 µM, their activity in the other assays 
proved to be generally disappointing. The carbohydrazide 
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Figure 1. Biologically active indolizine derivatives.
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(11a) and thiazole (12f) derivatives, however, exhibited 
some anti-mycobacterial activity (11a: MIC90 = 31.3 µg 
mL−1; 12f: MIC90 = 15.6 µg mL−1 (both after 14 days in the 
7H9 GLU Tx medium).

In conclusion, the indolizine-2-carboxylic acids 9 and 
10 were obtained efficiently via time-controlled, chemose-
lective cyclisation of the MBH adduct 5. Furthermore, use 
of T3P has provided access to a range of indolizines-2-car-
boxamide derivatives, reflecting the substrate scope of this 
coupling agent. Although, in some cases, the amides were 
obtained in rather low yields, sufficient quantities were iso-
lated to permit their full characterisation and preliminary 
biological evaluation.

Experimental

General

The reagents used in this project were supplied by Merck® 
and used without further purification. Thin layer chroma-
tography was carried out using Merck silica gel 60 PF254 
plates and was viewed under UV light, while column and 

preparative layer chromatography was carried out using 
Merck silica gel 60 and Kieselgel 60 PF254, respectively. 
Where required, solvents were purified according to meth-
ods prescribed by Vogel et al.30 Melting points were meas-
ured using a Reichert hot-stage apparatus and are 
uncorrected. The IR data were obtained using a Perkin–
Elmer Fourier-transform infrared (FTIR) spectrophotome-
ter. NMR spectra were recorded on Bruker Fourier 300 
MHz, Bruker Avance III 400 MHz or Bruker Avance II 600 
MHz spectrometers in CDCl3, methanol-d4 or DMSO-d6 
and calibrated using solvent signals (δH: 7.26 ppm for 
CDCl3, 2.50 ppm for DMSO-d6 and 3.31 ppm (quintuplet) 
for methanol-d4; δC: 77.0 ppm for CDCl3, 39.4 ppm for 
DMSO-d6 and 49.1 for methanol-d4). The spectra were pro-
cessed using Bruker Topspin® 3.5 software. High-resolution 
electrospray ionisation mass spectra (ESI-HRMS) were 
recorded on a Waters Synapt G2 spectrometer (University 
of Stellenbosch, Stellenbosch, South Africa).

The synthesis and characterisation of compounds 5 and 
6 have been reported previously.12,19 In this study, however, 
methyl indolizine-2-carboxylate 6 was generated directly 
from the MBH adduct 5. Full experimental details and 1H 
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Scheme 1. Synthetic access to the indolizine-2-carboxylic acids 9 and 10 as critical precursors for the formation of the targeted 
indolizine-2-carboxamides 11 and 12.
3-HQ = 3-hydroxyquinuclidine.
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Scheme 2. Synthesis of indolizine-2-carboxamide derivatives. Reagents and conditions: (i) CHCl3: DIPEA (2:1), (ii) T3P, −20 to −10 
°C then rt and (iii) T3P, −20 to −10 °C then reflux.

and 13C NMR spectra for new compounds are provided in 
the Supplementary file. The bioassay protocols follow 
those reported previously,15 and the mycobacterial assay 
and results are also provided in the Supplementary file.

General procedure for the synthesis of the 
indolizine-2-carboxylate esters 7 and 8

A stirred solution of methyl 3-hydroxy-2-methylene-3-(2-
pyridinyl)propanoate 5 (2.00 g, 10.4 mmol) in acetic anhy-
dride (15 mL) was refluxed for 2 days. The reaction mixture 
was cooled to room temperature, concentrated in vacuo and 
the residue poured with stirring into a mixture of CH2Cl2 
and satd. aq. NaHCO3. The organic phase was washed with 
10% aq. NaHCO3 and dried over anhydr. MgSO4. The 
crude product was purified by column chromatography on 
silica gel (elution with hexane: EtOAc (3:2)) to afford 
methyl indolizine-2-carboxylate 7 as light green crystals 
(1.69 g, 93%), m.p. 99–101 °C (lit.12 99–101 °C).

General procedure for the synthesis of the 
indolizine-2-carboxylic acids 9 and 10

To a solution of methyl indolizine-2-carboxylate 7 (1.18 g, 
6.70 mmol) in a mixture of methanol: water (1:1; 10 mL) 
was added NaOH (1.61 g, 40.2 mmol) and the reaction mix-
ture was stirred at room temperature for 2 days. Sufficient 
water was added to solubilize the solid material present in 
the reaction mixture and the pH was adjusted with dilute 
HCl to ca. pH 2–3. The aqueous layer was extracted with 

EtOAc (2 × 100 mL) and the combined organic extracts 
were dried over MgSO4 and concentrated in vacuo to afford, 
as yellow crystals, indolizine-2-carboxylic acid 9 (0.93 g, 
86%); m.p. 216–218 °C (lit.12 219–222 °C).

General procedure for the amidation 
reactions of indolizine-2-carboxylic acids 9 
and 10

A stirred solution of indolizine-2-carboxylic acid 9 (0.10 g, 
0.62 mmol), phenylhydrazine (73.6 mg, 0.68 mmol) in a 
mixture of DIPEA:CHCl3 (12 mL; 2:1) in a stoppered flask 
was cooled to between −20 and −10 °C. Propylphosphonic 
anhydride solution (0.59 g, 1.9 mmol) was slowly added to 
maintain the internal temperature below 0 °C. The stirred 
mixture was allowed to warm to room temperature and 
stirred for 2 days. The reaction mixture was diluted with 
CHCl3 (10 mL), filtered and the filtrate was concentrated in 
vacuo. The crude product was purified by preparative layer 
chromatography on silica gel (elution with hexane: EtOAc 
(5:2)) to afford, as red crystals, N2-phenylindolizine-2-
carbohydrazide 11a (25.8 mg, 17%), m.p. 199–201 °C 
(Found MH+: 252.1135. Calc. for C15H14N3O: 252.1137); 
νmax (ATR)/cm−1 3339, 3223 (NH) and 1643 (C=O); δH 
(600 MHz; DMSO-d6) 6.62 (1H, t, J = 7.3 Hz, ArH), 6.70 
(1H, t, J = 7.3 Hz, ArH), 6.73–6.76 (3H, m, ArH), 6.78 
(1H, s, ArH), 6.88 (1H, s, 3H), 7.14 (2H, t, J = 7.9 Hz, 
ArH), 7.45 (1H, d, J = 9.1 Hz, ArH), 7.85 (1H, d, J = 2.7 
Hz, NH), 8.05 (1H, s, ArH), 8.28 (1H, d, J = 7.0 Hz, ArH) 
and 10.10 (1H, d, J = 2.7 Hz, NH); δC (150 MHz; 
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DMSO-d6) 98.0, 111.6, 112.2, 114.4, 118.3, 118.4, 119.6, 
121.8, 126.2, 128.7, 132.0, 149.8 (ArC) and 163.8 (C=O).

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship and/or publication of this article: The 
authors thank Rhodes University and the South African Medical 
Research Council (SAMRC) for generous financial support and 
the SAMRC for a bursary (to K.C.S.). This research project was 
funded by the South African Medical Research Council 
(SAMRC) with funds from National Treasury under its Economic 
Competitiveness and Support Package.

ORCID iD

Perry T Kaye  https://orcid.org/0000-0002-5997-8121

Supplemental material

Supplemental material for this article is available online.

References 

 1. Wall ME, Wani M, Cook C, et al. J Am Chem Soc 1966; 88: 3888.
 2. Cragg GM and Newman DJ. J Ethnopharmacol 2005; 100: 72.
 3. Vemula VR, Vurukonda S and Bairi CK. Int J Pharm Sci Rev 

Res 2011;11: 159.
 4. Muregi FW and Ishih A. Drug Dev Res 2010; 71: 20.
 5. Hill JS and Isaacs NS. Tetrahedron Lett 1986; 27: 5007.
 6. Zhang C, Zhang H, Zhang L, et al. Organometallics 2013; 

32: 3738.
 7. Chuprakov S and Gevorgyan V. Org Lett 2007; 9: 4463.
 8. Helan V, Gulevich A and Gevorgyan V. Chem Sci 2015; 6: 1928.
 9. Xu T and Alper H. Org Lett 2015; 17: 4526.
 10. Sadowski B, Klajn J and Gryko DT. Org Biomol Chem 2016; 

14: 7804.
 11. Kostik EI, Abiko A and Oku A. J Org Chem 2001; 66: 2618.

 12. Bode ML and Kaye PT. J Chem Soc Perkin Trans 1 1990; 
2612.

 13. Bode ML and Kaye PT. J Chem Soc Perkin Trans 1 1993; 
1809.

 14. Bode ML. PhD Thesis, Rhodes University, Grahamstown, 
South Africa, 1994.

 15. Sekgota KC, Majumder S, Isaacs M, et al. Bioorg Chem 
2017; 75: 310–316.

 16. Sekgota KC. PhD Thesis, Rhodes University, Grahamstown, 
South Africa, 2019.

 17. Mciteka LP. PhD Thesis, Rhodes University, Grahamstown, 
South Africa, 2012.

 18. Bode ML, Kaye PT and George R. J Chem Soc Perkin Trans 
1 1994; 3023.

 19. Tukulula M, Klein R and Kaye PT. Synth Commun 2010; 40: 
2018.

 20. Waghmare AA, Hindupur RM and Pati HN. Rev J Chem 
2014; 4: 53.

 21. Smith CV, Sharma V and Sacchettini JC. Tuberculosis 2004; 
84: 45.

 22. Altaf AA, Shahzad A, Gul Z, et al. J Drug Des Med Chem 
2015; 1: 1.

 23. Banerjee R, Kumar H and Banerjee M. Int J Res Phytochem 
Pharmacol 2015; 5: 48.

 24. Chhabria MT, Patel S, Modi P, et al. Curr Top Med Chem 
2016; 16: 2841.

 25. Kuznetsov AG, Bush AA, Rybakov VB, et al. Molecules 
2005; 10: 1074.

 26. Gundersen L-L, Charnock C, Negussie AH, et al. Eur J 
Pharm Sci 2007; 30: 26.

 27. Amnerkar ND and Bhusari KP. J Enzym Inhib Med Ch 2011; 
26: 22.

 28. Gupta S, Mathur AN, Nagappa A, et al. Eur J Med Chem 
2003; 38: 867.

 29. Lee WG, Frey KM, Gallardo-Macias R, et al. Bioorg Med 
Chem Lett 2015; 25: 4824.

 30. Ghinet A, Abuhaie CM, Gautret P, et al. Eur J Med Chem 
2015; 89: 115.

 31. Vogel AI, Tatchell AR, Furnis BS, et al. Vogel’s textbook 
of practical organic chemistry. New York, John Wiley and 
Sons, 1989. 

https://orcid.org/0000-0002-5997-8121



