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Abstract: Multicomponent reactions (MCR) are efficient and versatile modern synthetic tools, they 

also have several advantages such as high convergence, operational simplicity, atomic economy, 

friendly conditions and MCR products are obtained with good to excellent overall yields. The 

Groebke-BlackBurn-Bienaymé (GBB) multicomponent reaction based on isocyanide (IMCR) in the 

synthesis of imidazo[1,2-α]pyridines (IMPs) under green catalyst as montmorillonite K-10 has been 

little reported. Therefore, the present work describes the novel ultrasound irradiation (USI)-assisted 

one-pot synthesis for analogs of imidazo[1,2-α] pyridines (IMPs) incorporating the carbazole scaf-

fold. 
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1. Introduction 

Carbazole imidazo[1,2-α]pyridines are a distinguished class of aromatic heterocy-

clics of interest because of the occurrence of its derivatives in biologically active com-

pounds and the pharmacology that both parts of the system exhibit in common as antivi-

ral, antimicrobial, anti-inflammatory and with applications in the field of optics. [1,2] Tra-

ditional procedures to synthetize imidazo [1,2-α]pyridines are: (i) condensation of 2-ami-

nopyridines with α-halo carbonyl (ii) copper-catalyzed three component reactions of 2-

aminopyridines, aldehydes, and alkynes, both inefficient and with several disadvantage 

in the conditions of reaction such as high temperature, low yields, expensive catalyst, and 

non-greener solvents, (iii) via Groebke-Blackburn-Bienaymé reaction (GBBR) that is an 

efficient methodologies to synthesize complex molecules from the simple materials with 

high atom economy. [3] Multicomponent reactions (MCRs) have gained a considerable 

attention among the organics chemists during the last decades being an efficient method 

in organic synthesis [4–8] and the GBBR has emerged as a very important multicompo-

nent reaction with a high number of reports. [8,9]  

Meenakshisundaram, S., et in 2016 reported the synthesis and anticancer activity of 

five molecules containing carbazole with imidazo[1,2-α] pyridine (Scheme 1), [8] Our 

group reported in 2018 the first efficient and mild USI assisted GBB based methodology 

for the green synthesis of new bound type bis-heterocyclic carbazolyl imidazo[1,2-α]pyr-

idine-3- amines in excellent yields. [9] Herein, we report a one-pot GBBR strategy for the 

synthesis of carbazole imidazo[1,2-α]pyridine using montmorillonite as catalyst.  
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PREVIOUS WORK 

(a) Meenakshisundaram, S., et al. 2016 [8]. 

 

(b) This work 

 

Scheme 1. (a) Previous work on the synthesis of series of five 3-imidazo[1,2-α]pyridine carbazoles 

by MCR (b) Ultrasound assisted one-pot synthesis of GBB products type bis-heterocycles 

2. Results and Discussion 

To synthetize the carbazolyl imidazo[1,2α] pyridines different conditions were stud-

ied to get the better yields, for the optimization of reaction conditions was used 9-octyl-

9H-carbazole-3-aldehyde 5 (1 mmol), 2-aminopyridine 3a (1 mmol), cyclohexyl isocyanide 

6a (1 mmol) in EtOH as a solvent and montmorillonite and USI (Table 1). Firstly, we made 

the GGBR at room temperature without catalyst and 7a was obtained in 10% yield (Table 

1, entry 1). When the reaction was heated to 60 °C 7a is obtained in 30% yield (Table 1, 

entry 2). When the reaction was carried out using catalytic montmorillonite K-10 at room 

temperature, product 7a was formed in 20% yields (Table 1, entry 3). Then, on heating at 60 

°C with montmorillonite K-10, the yield of product 7a increased to 50% (Table 1, entry 4).  

Table 1. Optimization of reaction conditions 7a. 

 

Entry Catalyst (10 mol%) Temp (°C) Time (h) Yield (%) b 

1 - Rt 2 10 

2 - 60 2 30 

3 K-10 Montmorillonita Rt 2 20 

4 K-10 Montmorillonita 60 2 50 
a All reactions were carried out in USI (42 kHz) using equimolar amounts of 5, 3a, and 6a. b Isolated 

yield. Rt = room temperature. 

The conditions showed in entry 4 were utilized to synthesize a series of four 3-imid-

azo[1,2-α]pyridine carbazoles bound type bis-heterocycles (Scheme 2). The versatility of 

the method was examined using different amino azines bearing both electron donating 
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and electron withdrawing groups, sterically crowded substituents as aliphatic and aro-

matic isocyanides. The products (7a–d) were obtained in moderate yields (50–55%). The 

compounds were purified using silica-gel column chromatography, the structure for iso-

lated product was confirmed by 1H and 13C NMR (Figure 1). 

 

Figure 1. 1H NMR spectrum of compound 7d. 

 

Scheme 2. Substrate Scope. 

3. Experimental Section 

3.1. General Information, Software, Instrumentation and Chemicals 

1H and 13C NMR spectra were acquired on Bruker Advance III spectrometer (500 

MHz). The solvent for NMR samples was CDCl3. Chemical shifts are reported in parts per 

million (δ/ppm). Internal reference for NMR spectra is TMS at 0.00 ppm. Coupling con-

stants are reported in Hertz (J/Hz). Multiplicities of signals are reported using the stand-

ard abbreviations: singlet (s), doublet (d), triplet (t), the quartet (q) and multiplet (m). 

NMR spectra were analyzed using the MestreNova software (version 6.0.2-5475). IR spec-

tra were recorded on a Perkin Elmer 100 spectrometer by the ATR method using neat 

compounds. The wavelengths are reported in reciprocal centimeters ( max/cm-1). FT-IR 
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spectra were analyzed using the Report Builder software (Rev. 2.01). HRMS spectra were 

acquired on a MaXis-Impact ESI(+)-QqTOF Bruker mass spectrometer. HRMS spectra 

were analyzed using the data Analysis (Bruker, version 4.1). Ultrasound irradiated reac-

tions were performed in sealed vials (10 mL) placed in a water bath of a Branson 1510 

sonicator cleaner working at 42 kHz ± 6% frequencies. The reaction progress was moni-

tored by TLC and the spots were visualized under UV light (254 or 365 nm). Melting 

points were determined on a Fisher-Johns apparatus and were uncorrected. The solvents 

were distilled and dried according to standard procedures. Commercially available rea-

gents were purchased to Sigma-Aldrich and were used without further purification. 

Structure names and drawings were done using the ChemBioDraw Ultra software (ver-

sion 16.0.1.4(61). 

3.2. Synthesis and Characterization of the Carbazolyl-Imidazo[1,2-α]pyridine-3-Amines (7a-d) 

General Procedure (GP): In a sealed vial (10 mL) for USI-assisted reactions, a solu-

tion of 9-octyl-9H-carbazole-3-carbaldehyde (1.0 equiv.) in EtOH [0.5 M] was placed. 

Then, 2-aminopyridine (1.0 equiv.), montmorillonite K-10 (0.1 equiv.) and the correspond-

ing isocyanide (1.0 equiv.) were added sequentially. The vial was closed, and the reaction 

mixture was sonicated (42 kHz ± 6%) at 60 °C for 2 hours. Then, the solvent was removed 

by vacuum and purified by column chromatography by using silica gel of 230–400 mesh 

using hexane and ethyl acetate as eluent 6/4 v/v; to afford pure products. The solid prod-

ucts obtained from the reaction was filtered and washed with deionized water (10 mL) 

and used as such for analytical characterization. Specified details of each product are 

given below. 

3.3. Spectral Data 

3.3.1. N-cyclohexyl-2-(9-octyl-9H-carbazol-3-yl) imidazo[1,2-α] pyridin-3-amine (7a) 

 

According to GP 9-octyl-9H-carbazole-3-carbaldehyde (100 mg, 0.325 mmol), 2-ami-

nopyridine (30.6 mg, 0.325 mmol), cyclohexyl isocyanide (0.041mL, 0.325 mmol.), and 

montmorillonite K-10 (0.0325 mmol) in EtOH (0.5 M) to obtain black gummy paste; 50%; 

Rf = 0.3 (Hexane-AcOEt = 6/4 V/V); FT-IR (ATR) max/cm-1 3331, 3115, 2924, 1283, 1228, 1141; 

1H NMR (500 MHz, CDCl3) δ 8.76 (s, 1H), 8.14–8.10 (m, 2H), 8.06 (d, J = 6.7 Hz, 1H), 7.55 

(d, J = 8.9 Hz, 1H), 7.43–7.38 (m, 1H), 7.31 (d, J = 8.2 Hz, 2H), 7.21–7.17 (m, 1H), 6.99–6.93 

(m, 1H), 6.66–6.61(m, 1H), 4.26–4.20 (m, 1H), 4.17–4.12 (m, 2H), 2.97–2.8 (m, 1H), 1.84–1.72 

(m, 5H), 1.61–155 (m, 2H), 1.34–1.29 (m, 1H), 1.23–1.11(m, 8H), 1.09–1.01(m, 4H), 0.84–

0.74(m, 5H); 13C NMR (126 MHz, CDCl3) δ 140.8, 140.1, 125.8, 124.9, 124.2, 123.1, 123.0, 

120.9, 119.3, 108.7, 57.0, 43.4, 34.2, 31.8, 29.7, 29.4, 29.2, 29.1, 27.4, 25.7, 24.8, 24.7, 22.6, 14.1; 

HR-MS (ESI+) m/z calculated for [C33H41N4]+ [M+H]+: 493.3325, found 493.3343. 
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3.3.2. N-(4-methoxyphenyl)-2-(9-octyl-9H-carbazol-3-yl) imidazo[1,2-α] pyridin-3-amine 

(7b) 

 

According to GP 9-octyl-9H-carbazole-3-carbaldehyde (100 mg, 0.325 mmol), 2-ami-

nopyridine (30.6 mg, 0.325 mmol), 4-Methoxy phenyl isocyanide (43.3 mg, 0.325 mmol) 

and montmorillonite K-10 (0.0325 mmol) in EtOH (0.5 M) to obtain pale brown solid; 53%; 

melting point = 115–117 °C; Rf = 0.3 (Hexane-AcOEt = 6/4 V/V); FT-IR (ATR) max/cm−1 3325, 

3118, 2929, 1290, 1230, 1151; 1H NMR (500 MHz, CDCl3) δ 8.77 (s, 1H), 8.08 (d, J =8.5 Hz, 

1H), 8.03 (d, J = 7.7 Hz, 1H), 7.79 (d, J =6.6 Hz, 1H), 7.63 (d, J = 8.3 Hz, 1H), 7.47–7.42 (m, 

1H), 7.37 (d, J = 8.2 Hz, 1H), 7.30 (d, J =8.5 Hz, 1H), 7.23–7.14(m, 2H), 6.79 (d, J =8.7 Hz, 

2H), 6.73–6.66 (m, 1H), 6.56 (d, J =8.73, 2H), 5.47 (s, 1H), 4.23 (d, J =6.8Hz, 2H), 3.73 (s, 3H), 

1.83–1.77 (m, 2H), 1.41–1.16 (m, 9H), 1.12 (s, 1H), 0.91–0.81 (m, 3H); 13C NMR (126 MHz, 

CDCl3) δ 153.5, 140.8, 140.2, 138.7, 125.7, 124.9, 123.2, 122.7, 120.8, 119.3, 119.0, 118.1, 115.3, 

114.5, 108.7, 55.5, 43.2, 31.8, 29.4, 29.2, 29.0, 27.3, 22.6, 14.1; HR-MS (ESI+) m/z calculated 

for [C34H37N4O] + [M+H]+: 517.2961, found 517.2973. 

3.3.3. N-(4-methoxyphenyl)-7-methyl-2-(9-octyl-9H-carbazol-3-yl) imidazo[1,2-α] pyri-

din-3-amine (7c) 

 

According to GP 9-octyl-9H-carbazole-3-carbaldehyde (100 mg, 0. 325 mmol.), 4-Me-

thyl-2-aminopyridine (35.1 mg, 0.325 mmol.), 4-Methoxy phenyl isocyanide (43.3 mg, 

0.325 mmol) and montmorillonite K-10 (0.0325 mmol) to obtain white solid; 51%; melting 

point = 141–143 °C; Rf = 0.3 (Hexane-AcOEt = 6/4 V/V); FT-IR (ATR) max/cm-1 3335, 3120, 

2934, 1286, 1230, 1151; 1H NMR (500 MHz, CDCl3) δ 8.73 (s, 1H), 8.10–8.0 (m,2H), 7.67 (d, 

J = 6.8 Hz, 1H), 7.47–7.41 (m, 1H), 7.37 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 8.6 Hz, 1H), 7.24–7.17 

(m, 1H), 6.78 (d, J = 8.9 Hz, 2H), 6.56 (d, J = 8.92, 2H), 6.50 (d, J = 6.6Hz, 1H), 5.51 (s, 1H), 

4.27–4.19 (m, 2H), 3.73 (s, 3H), 2.35 (s, 3H), 1.89–1.77 (m, 2H), 1.35–1.18 (m, 9H), 1.12 (s, 

1H), 0.89–0.81 (m, 3H); 13C NMR (126 MHz, CDCl3) δ 153.4, 140.7, 140.2, 139.1, 125.6, 124.9, 

123.1, 123.0, 121.9, 120.7, 119.1, 118.9, 117.6, 115.3, 114.4, 108.6, 55.7, 43.2, 31.8, 31.3, 29.4, 

29.2, 29.0, 27.3, 22.6, 21.4, 14.1; HR-MS (ESI+) m/z calculated for [C35H39N4O] + [M+H]+: 

531.3118 found 531.3125.  
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3.3.4. 6-chloro-N-(4-methoxyphenyl)-2-(9-octyl-9H-carbazol-3-yl) imidazo[1,2-α] pyri-

din-3-amine (7d) 

 

According to GP 9-octyl-9H-carbazole-3-carbaldehyde (100mg, 0.325 mmol), 5-

Chloro-2-aminopyridine (41.8 mg, 0.325 mmol) 4-Methoxy phenyl isocyanide (43.3 mg, 

0.325 mmol) and montmorillonite K-10 (0.0325 mmol) to obtain pale white solid; 55%; 

melting point = 144–146 °C; Rf = 0.35 (Hexane-AcOEt = 6/4 V/V); FT-IR (ATR) max/cm−1 

3321, 3119, 2927, 1288, 1238, 1147; 1H NMR (500 MHz, CDCl3) δ 8.69 (s, 1H), 8.08–7.98 (m, 

2H), 7.81 (s, 1H), 7.54 (d, J =9.0Hz, 1H), 7.48–7.43 (m, 1H), 7.38 (d, J =8.2 Hz, 1H), 7.31 (d, J 

= 8.6Hz, 1H), 7.24-7.18 (m, 1H), 7.09 (d, J = 8.92, 1H), 6.81 (d, J = 8.9Hz, 2H), 6.58 (d, J = 

8.9Hz, 2H), 5.49 (s, 1H), 4.29–4.17 (m, 2H), 3.75 (s, 3H), 1.88–1.78 (m, 2H), 1.28–1.19 (m, 

7H), 1.11 (s, 2H), 0.89–0.82 (m, 4H); 13C NMR (126 MHz, CDCl3) δ 153.7, 140.7, 140.3, 138.3, 

125.8, 124.6, 123.1, 123.0, 120.6, 120.5, 119.2, 119.1, 118.6, 115.4, 114.6, 108.8, 108.7, 55.7, 43.2, 

38.1, 29.4, 29.2, 29.0,27.3, 22.6, 14.1; HR-MS (ESI+) m/z calculated for [C34H36ClN4O] + 

[M+H]+: 551.2572 found 551.2545. 

4. Conclusions 

Was developed a mild USI assisted GBB based methodology for ecofriendly synthe-

sis of bis-heterocyclic carbazolyl imidazo[1,2-α]pyridine-3-amines in good overall yields 

of 50–55%. Between its advantages the methodology uses green, available, cheap catalyst 

and solvent. This novel one-pot process allowed the synthesis of bound type bis-hetero-

cycles containing two privileged scaffolds, which similar structure to other molecules re-

ported with anticancer activity. 
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