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Pd–Cu catalyzed heterocyclization during Sonogashira
coupling: synthesis of 2-benzylimidazo[1,2-a]pyridine
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Abstract

The reaction of 2-amino-1-(2-propynyl)pyridinium bromide with various iodobenzenes, catalyzed by Pd–Cu, leads to the formation of
2-benzylimidazo[1,2-a]pyridines.
� 2008 Elsevier Ltd. All rights reserved.
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Imidazopyridine derivatives are of wide interest because
of their diverse biological activities and clinical applica-
tions.1 Their core ring system is present in numerous antiv-
irial,2 antiprotozoal3 and antiherpes4 drugs.

Although several procedures have been developed for
the synthesis of imidazo[1,2-a]pyridines,5 no examples
involving arylation of imidazopyridine by Pd–Cu catal-
ayzed (Sonogashira coupling) reactions have been reported
in the literature.

The Sonogashira reaction, that is, the palladium and
copper co-catalyzed coupling of terminal alkynes with aryl
and vinyl halides, is one of the most widely used C–C bond
forming reactions.6,7 It provides an efficient route to aryl
alkynes, which are interesting intermediates for the prepa-
ration of a variety of target compounds with applications
ranging from natural products8 and pharmaceuticals9 to
molecular organic materials.10 Due to the utility of the
products, the development of new catalyst systems has
received considerable attention.

Palladium catalyzed reactions11 have been immensely
practical for both carboannulation12 and heteroannula-
tion13 processes. In continuation of our recent studies14
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on the synthesis of fused heterocycles and the Pd-catalyzed
reaction of acetylenes leading to heterocyclic compounds of
biological significance, we became interested in developing
a synthetic route to substituted imidazo[1,2-a]pyridines.

In this Letter, we report that the treatment of 2-amino-
pyridine 1 with propargyl bromide in refluxing ethanol
affords 2-amino-1-(2-propynyl)pyridinium bromide 2 in
good yield.

The 1H NMR spectrum of 2 showed a CH proton at
3.85 ppm, CH2 protons at 5.12 ppm and a single resonance
for the NH2 group at 8.72 ppm; this signal was removed on
deuteration.

When compound 2 was treated in DMF with the aryl
halides 3a–i and triethylamine in the presence of bis(tri-
phenylphosphine)palladium chloride(II) and copper iodide
at room temperature, the 2-substituted imidazo[1,2-a]pyr-
idines 4a–i were obtained in good to high yields
(Scheme 1, Table 1).

The reactions had to be carried out under an argon
atmosphere, and the mixture of DMF and triethylamine
had to be degassed prior to use.

A possible two step mechanism for the reaction is illus-
trated in Scheme 1. First a standard Sonogashira coupling,
then a known Pd(II) catalyzed intermolecular cyclization of
a nucleophilic nitrogen moiety with the triple bond, and
finally base induced aromatization could give product 4.15

mailto:mbakherad@shahroodut.ac.ir


Table 1
Melting points and yields of 2-benzylimidazo[1,2-a]pyridines 4a–i

Product Ar Mp (�C) Yield (%)

4a

NO2

250–251 78

4b

NO2

294–295 76

4c

NO2

256–257 85

4d

CH3

NO2

263–264 92

4e

NO2

Cl

231–232 69

4f

Cl

NO2

246–247 66

4g

CN

210–211 80

4h

COMe

236–237 75

4i

COOMe

260–261 82
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However, other mechanisms for this reaction are also
plausible, for example, cyclization via initial generation of
the exocyclic olefin followed by an intermolecular Heck
reaction, which would provide a facile pathway for the
migration of the double bond into the endocyclic position,16

or alternatively a 5-exo-dig cyclization may be triggered
simply by the formation of an Ar–Pd(II) species followed
by reduction, elimination and isomerization. This type of
cyclization has been observed for acetylenic lactams.17

The presence of electron withdrawing groups such as
NO2, Cl and CN on the aryl iodide seems to be essential.
When p-iodoanisole was used as the aryl iodide, Sonogash-
ira coupling could not be achieved.

It is also noteworthy that in the case of iodobenzene as
the aryl iodide, the cyclization occurred without the
involvement of the aryl iodide. The product of this
reaction was identified as 2-methylimidazo[1,2-a]pyridine
5 (Scheme 2).

In conclusion, we have developed a successful palladium
catalyzed reaction for the synthesis of 2-arylsubstituted
imidazo[1,2-a]pyridines from the readily available starting
materials.

1. Synthesis of 2-amino-1-(2-propynyl)pyridinium bromide 2

A mixture of 2-aminopyridine (1.9 g, 20 mmol) and
propargyl bromide (2 mL, 24 mmol) in ethanol (10 mL)
was heated under reflux for 1 h. The precipitate formed
was filtered off and recrystallized from ethanol to afford
the title compound. Yield, 80%; mp 168–169 �C; 1H
NMR d (500 MHz, DMSO-d6): 3.85 (s, 1H, CH), 5.12 (s,
2H, CH2), 6.85–8.23 (m, 4H, PyH), 8.72 (s, 2H, NH2);
13C NMR d (125 MHz, DMSO-d6): 43.86, 76.04, 80.46,
114.00, 115.84, 139.83, 143.57, 154.52; IR, m (KBr disc):
3300, 3200, 2100 cm�1, MS: m/z, 212. Anal. Calcd for
C8H9BrN2: C, 45.09; H, 4.26; N, 13.15. Found: C, 45.50;
H, 4.08; N, 13.51.

2. Syntheses of 2-substituted imidazo [2,1-a]pyridines 4a–i

A mixture of the aryl iodide (0.75 mmol), (PPh3)2PdCl2
(0.05 mmol), CuI (0.1 mmol) and triethylamine (3 mmol)
was stirred in DMF (5 mL) at room temperature under
an argon atmosphere. 2-Amino-1-(2-propynyl)pyridinium
bromide (1.27 mmol) was then added and the mixture
was stirred at room temperature for 16 h. After completion
of the reaction, the resulting solution was concentrated in
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vacuo and the crude product was subjected to silica gel col-
umn chromatography using CHCl3–CH3OH (95:5) as elu-
ent to afford the pure product (Table 1).

Compound 4a: 1H NMR d (500 MHz, DMSO-d6): 4.46
(s, 2H, CH2), 6.98–8.00 (m, 8H, PyH, ArH), 8.66 (s, 1H,
CH of imidazole); 13C NMR d (125 MHz, DMSO-d6):
34.25, 114.60, 116.24, 122.85, 123.15, 129.10, 130.22,
130.95, 132.15, 134.27, 136.23, 139.12, 146.25, 148.33; IR,
m (KBr disc): 1510, 1340 cm�1, MS: m/z, 253. Anal. Calcd
for C14H11N3O2: C, 66.40; H, 4.38; N, 16.59. Found: C,
66.12; H, 4.11; N, 16.65.

Compound 4b: 1H NMR d (500 MHz, DMSO-d6): 4.29
(s, 2H, CH2), 6.97–8.32 (m, 8H, PyH, ArH), 8.58 (s, 1H,
CH of imidazole); 13C NMR d (125 MHz, DMSO-d6):
33.92, 114.35, 116.55, 122.30, 127.95, 128.26, 130.15,
130.90, 133.17, 133.86, 135.86, 138.60, 146.20, 147.31; IR,
m (KBr disc): 1500, 1335 cm�1, MS: m/z, 253. Anal. Calcd
for C14H11N3O2: C, 66.40; H, 4.38; N, 16.59. Found: C,
66.51; H, 4.42; N, 16.37.

Compound 4c: 1H NMR d (500 MHz, DMSO-d6): 4.31
(s, 2H, CH2), 6.96–8.31 (m, 8H, PyH, ArH), 8.65 (s, 1H,
CH of imidazole); 13C NMR d (125 MHz, DMSO-d6):
34.21, 114.60, 116.76, 123.25, 128.30, 131.10, 131.87,
132.90, 135.82, 138.86, 145.27, 147.32; IR, m (KBr disc):
1510, 1340 cm�1, MS: m/z, 253. Anal. Calcd for
C14H11N3O2: C, 66.40; H, 4.38; N, 16.59. Found: C,
66.22; H, 4.26; N, 16.41.

Compound 4d: 1H NMR d (500 MHz, DMSO-d6): 2.35
(s, 3H, CH3), 4.28 (s, 2H, CH2), 7.00–8.02 (m, 7H, PyH,
ArH), 8.58 (s, 1H, CH of imidazole); 13C NMR d
(125 MHz, DMSO-d6): 20.03, 33.95, 114.86, 116.46,
121.75, 121.97, 125.30, 128.06, 130.83, 131.38, 133.05,
136.21, 139.13, 146.35, 147.86; IR, m (KBr disc): 1520,
1340 cm�1, MS: m/z, 267. Anal. Calcd for C15H13N3O2:
C, 67.40; H, 4.90; N, 15.72. Found: C, 66.88; H, 4.74; N,
15.89.

Compound 4e: 1H NMR d (500 MHz, DMSO-d6): 4.41
(s, 2H, CH2), 6.94–8.32 (m, 7H, PyH, ArH), 8.56 (s, 1H,
CH of imidazole); 13C NMR d (125 MHz, DMSO-d6):
33.81, 114.16, 116.32, 123.30, 128.36, 130.04, 130.64,
131.24, 132.43, 134.27, 137.46, 138.87, 144.30, 148.68; IR,
m (KBr disc): 1510, 1350 cm�1, MS: m/z, 287. Anal. Calcd
for C14H10ClN3O2: C, 58.45; H, 3.50; N, 14.61. Found: C,
58.30; H, 3.41; N, 14.50.

Compound 4f: 1H NMR d (500 MHz, DMSO-d6): 4.25
(s, 2H, CH2), 6.95–8.03 (m, 7H, PyH, ArH), 8.59 (s, 1H,
CH of imidazole); 13C NMR d (125 MHz, DMSO-d6):
33.75, 114.37, 116.86, 123.80, 126.58, 127.72, 128.23,
130.85, 131.47, 132.36, 135.30, 137.65, 141.11, 148.15, IR,
m (KBr disc): 1510, 1345 cm�1, MS: m/z, 287. Anal. Calcd
for C14H10ClN3O2: C, 58.45; H, 3.50; N, 14.61. Found: C,
58.26; H, 3.41; N, 14.27.

Compound 4g: 1H NMR d (500 MHz, DMSO-d6): 4.31
(s, 2H, CH2), 6.99–8.32 (m, 8H, PyH, ArH), 8.59 (s, 1H,
CH of imidazole); 13C NMR d (125 MHz, DMSO-d6):
34.26, 113.15, 114.86, 116.34, 120.06, 129.10, 130.55,
131.08, 131.67, 137.35, 140.22, 141.37, 148.24; IR, m (KBr
disc): 2200 cm�1, MS: m/z, 233. Anal. Calcd for
C15H11N3: C, 77.23; H, 4.75; N, 18.01. Found: C, 77.52;
H, 4.63; N, 18.08.

Compound 4h: 1H NMR d (500 MHz, DMSO-d6): 2.51
(s, 3H, CH3), 4.22 (s, 2H, CH2), 6.96–7.87 (m, 8H, PyH,
ArH), 8.60 (s, 1H, CH of imidazole); 13C NMR d
(125 MHz, DMSO-d6): 27.49, 34.20, 114.33, 116.12,
127.51, 129.26, 130.09, 130.77, 133.27, 135.98, 137.35,
138.49, 145.30, 198.26; IR, m (KBr disc): 1690 cm�1, MS:
m/z, 250. Anal. Calcd for C16H14N2O: C, 76.78; H, 5.64;
N, 11.19. Found: C, 76.60; H, 5.46; N, 11.25.

Compound 4i: 1H NMR d (500 MHz, DMSO-d6): 3.81
(s, 3H, CH3), 4.24 (s, 2H, CH2), 7.01–8.32 (m, 8H, PyH,
ArH), 8.64 (s, 1H, CH of imidazole); 13C NMR d
(125 MHz, DMSO-d6): 33.89, 51.76, 114.54, 116.28,
128.36, 129.15, 130.05, 130.68, 132.84, 136.98, 138.08,
139.31, 148.93, 167.35; IR, m (KBr disc): 1710 cm�1, MS:
m/z, 266. Anal. Calcd for C16H14N2O2: C, 72.16; H, 5.30;
N, 10.52. Found: C, 71.74; H, 5.45; N, 10.30.

3. Synthesis of 2-methylimidazo[1,2-a]pyridine 5

A mixture of iodobenzene (0.75 mmol), (PPh3)2PdCl2
(0.05 mmol), CuI (0.1 mmol) and triethylamine (3 mmol)
was stirred in DMF (5 mL) at room temperature under
an argon atmosphere. 2-Amino-1-(2-propynyl)pyridinium
bromide (1.27 mmol) was then added and the mixture
was stirred at room temperature for 12 h. After completion
of the reaction, the resulting solution was concentrated in
vacuo and the crude product was subjected to silica gel
column chromatography using CHCl3–CH3OH (95:5) as
eluent to afford the pure product. Yield, 66%, mp 280–
281 �C; 1H NMR d (500 MHz, DMSO-d6): 1.21 (s, 3H,
CH3), 7.03–7.59 (m, 4H, PyH), 8.29 (s, 1H, CH of imidaz-
ole); 13C NMR d (125 MHz, DMSO-d6): 34.08, 114.54,
116.22, 130.12, 130.78, 137.06, 140.02, 147.95; IR, m (KBr
disc): 1610 cm�1, MS: m/z, 132. Anal. Calcd for C8H8N2:
C, 72.72; H, 6.06; N, 21.21. Found: C, 72.68; H, 6.02; N,
21.23.

Acknowledgement

The authors thank the Research Council of Shahrood
University of Technology for the support of this work.

References and notes

1. (a) Enguehard, C.; Fauvelle, F.; Debouzy, J.; Peinnequin, A.; Thery,
I.; Dabouis, V.; Gueiffier, A. Eur. J. Pharm. Sci. 2005, 24, 219; (b)
Gudmundsson, K. S.; Johns, B. A. Org. Lett. 2003, 5, 1369; (c)
Hamdouchi, C.; Zhong, B.; Mendoza, J.; Collins, E.; Jaramillo, C.;
Diego, J.; Robertson, D.; Spencer, C. D.; Anderson, B. D.; Watkins,
S. A.; Zhang, F.; Brooks, H. B. Bioorg. Med. Chem. Lett. 2005, 15,
1943.

2. Puerstinger, G.; Paeshuyse, J.; Declercq, E.; Neyts, J. Bioorg. Med.

Chem. Lett. 2007, 17, 390.
3. (a) Biftu, T.; Feng, D.; Fisher, M.; Liang, G.-B.; Qian, X.; Scribner,

A.; Dennis, R.; Lee, S.; Liberator, P. A.; Brown, C.; Gurnett, A.;
Leavitt, P. S.; Thompson, D.; Mathew, J.; Misura, A.; Samaras, S.;



3822 M. Bakherad et al. / Tetrahedron Letters 49 (2008) 3819–3822
Tamas, T.; Sina, J. F.; McNulty, K. A.; McKnight, C. G. Bioorg.

Med. Chem. Lett. 2006, 16, 2479; (b) Ismail, M. A.; Arafa, R. K.;
Wenzler, T.; Brun, R.; Tanious, F. A.; Wilson, W. D.; Boykin, D. W.
Bioorg. Med. Chem. 2008, 16, 683.

4. Gudmundsson, K. S.; Johns, B. A. Bioorg. Med. Chem. Lett. 2007, 17,
2735.

5. (a) Ueno, M.; Togo, H. Synthesis 2004, 16, 2673; (b) Ternke, M.;
Vasella, A. Tetrahedron: Asymmetry 2005, 16, 449; (c) Kuethe, J. T.;
Wong, A.; Davies, I. W. J. Org. Chem. 2004, 69, 7752; (d) Krasovsky,
A. L.; Nenajdenko, V. G.; Balenkova, E. S. Synthesis 2002, 10, 1379;
(e) Jones, R. C. F.; Dimopoulos, P.; Coles, S. C.; Light, M. E.;
Hursthouse, M. B. J. Chem. Soc., Perkin Trans. 1 2000, 2331.

6. Rossi, R.; Carpita, A.; Bellina, F. Org. Prep. Proced. Int. 1995, 129.
7. Sonogashira, K. J. Organomet. Chem. 2002, 653, 46.
8. (a) Paterson, I.; Davies, R. D.; Marquez, R. Angew. Chem., Int. Ed.

2001, 40, 603; (b) Toyota, M.; Komori, C.; Ihara, M. J. Org. Chem.

2000, 65, 7110; (c) Yoshimura, F.; Kawata, S.; Hirama, M.
Tetrahedron Lett. 1999, 40, 8281; (d) Miller, M. W.; Johnson, C. R.
J. Org. Chem. 1997, 62, 1582; (e) Sakai, A.; Aoyama, T.; Shioiri, T.
Tetrahedron Lett. 1999, 40, 4211; (f) Graham, A. E.; McKerrecher,
D.; Davies, D. H.; Taylor, R. J. K. Tetrahedron Lett. 1996, 37, 7445.

9. (a) Nicolaou, K. C.; Dai, W.-M. Angew. Chem., Int. Ed. Engl. 1991,
30, 1387; (b) Grissom, J. W.; Gunawardena, G. U.; Klingberg, D.;
Huang, D. Tetrahedron 1996, 52, 6453.

10. (a) Wu, R.; Schumm, J. S.; Pearson, D. L.; Tour, J. M. J. Org. Chem.

1996, 61, 6906; (b) Bunz, U. H. F. Chem. Rev. 2000, 100, 1605.
11. Heck, R. F. Org. React. 1982, 27, 345.
12. (a) Ihle, N. C.; Heathcock, C. H. J. Org. Chem. 1993, 58, 560; (b)

Larock, R. C.; Doty, M. J.; Cacchi, S. J. Org. Chem. 1993, 58, 4579;
(c) Trost, B. M.; Tanoury, G. J.; Lautens, M.; Chan, C.; McPherson,
D. T. J. Am. Chem. Soc. 1994, 116, 4255; (d) Ma, S.; Negishi, E.-i. J.

Am. Chem. Soc. 1995, 117, 6345; (e) Tietze, L. F.; Nobel, T.; Spescha,
M. J. Am. Chem. Soc. 1998, 120, 8971.

13. (a) Arcadi, A.; Cacchi, S.; Mainelli, F. Tetrahedron Lett. 1989, 30,
2581; (b) Negishi, E.-i.; Coperet, C.; Ma, S.; Lion, S.-Y.; Lire, F.
Chem. Rev. 1996, 96, 365; (c) Bouyssi, D.; Caviechioli, M.; Balme, G.
Synlett 1997, 944; (d) Roesch, K. R.; Larock, R. C. J. Org. Chem.

1998, 63, 5306; (e) Larock, R. C.; Yum, E. K.; Refvik, M. D. J. Org.

Chem. 1998, 63, 7652; (f) Larock, R.; Can, X. J. Org. Chem. 1999, 64,
1875; (g) Roesch, K. R.; Larock, R. C. Org. Lett. 1999, 4, 553; (h)
Larock, R. C. J. Organomet. Chem. 1999, 576, 111.

14. (a) Heravi, M. M.; Bakherad, M.; Rahimizadeh, M.; Bakavoli, M.
Phosphorus, Sulfur Silicon Relat. Elem. 2002, 177, 2403; (b) Bakavoli,
M.; Bakherad, M.; Rahimizadeh, M.; Heravi, M. M. Phosphorus,

Sulfur Silicon Relat. Elem. 2003, 178, 1157; (c) Heravi, M. M.;
Bakherad, M.; Rahimizadeh, M.; Bakavoli, M.; Ghassemzadeh, M.
Phosphorus, Sulfur Silicon Relat. Elem. 2005, 180, 2477; (d) Heravi,
M. M.; Bakherad, M.; Rahimizadeh, M.; Bakavoli, M.; Ghassem-
zadeh, M. Heterocycl. Commun. 2004, 10, 335; (e) Heravi, M. M.;
Keivanloo, A.; Rahimizadeh, M.; Bakavoli, M.; Ghassemzadeh, M.
Tetrahedron Lett. 2004, 45, 5747; (f) Heravi, M. M.; Kivanloo, A.;
Rahimzadeh, M.; Bakavoli, M.; Ghassemzadeh, M.; Neumüller, B.
Tetrahedron Lett. 2005, 46, 1607.

15. Bates, D. K.; Xia, M. D.; Aho, M.; Mueller, H.; Raghavan, R. R.
Heterocycles 1999, 51, 475.

16. Yin, L. X.; Liebscher, E. Synthesis 2004, 14, 1329.
17. Karstens, W. F. J.; Stol, M.; Rutjes, F. P. J. T.; Kooijman, H.; Spek,

A. L.; Hiemstra, H. J. Organomet. Chem. 2001, 624, 244.


	Pd-Cu catalyzed heterocyclization during Sonogashira  coupling: synthesis of 2-benzylimidazo[1,2-a]pyridine
	Synthesis of 2-amino-1-(2-propynyl)pyridinium bromide 2
	Syntheses of 2-substituted imidazo [2,1-a]pyridines 4a-i
	Synthesis of 2-methylimidazo[1,2-a]pyridine 5
	Acknowledgement
	References and notes


