KAl(SO4)2.12H2O (Alum) Reusable An Efficacious Heterogeneous Catalyst for the One-Pot Synthesis of Some New spiro[imidazo[1,2-a]pyridine-7,3'-indole]-2',5(1'H,6H)-dione Derivatives
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Experimental
Experimental section
All reagents and solvents are commercially available and were purchased and used without further purification. The progresses of reactions were monitored by thin layer chromatography (TLC) using Merck silica gel plates. Melting points were obtained in open capillary tubes on an Electro-thermal 9200 apparatus. IR spectra were recorded in KBr pellets on a Shimadzu IR 470 spectrophotometer. 1H NMR (300 MHz) and 13C NMR (75 MHz) spectra were determined on a Bruker 300 DRX Avance instrument, Elemental analyses for C, H and N were performed using a Heraus CHN rapid analyzer. 
General method for the preparation of spiro[imidazo[1,2-a]pyridine-7,3'-indole]-2',5(1'H,6H)-dione 5
In a 25 mL flask, a mixture comprising of 10 mL EtOH, ethylene diamine 1 (1 mmol, 0.06 g) and 1,1-bis(methylthio)-2-nitro ethylene 2 (1 mmol, 0.165 g)  was stirred at reflux conditions for 4 h. After synthesis of ketene diaminal 6 (detected by TLC, ethylacetate/n-hexane, 4:1), alum (0.3 mmol, 0.2 g), isatins 3 (1 mmol), and meldrum's acid 4 (1 mmol) were added to the reaction mixture, and it continue at reflux conditions for the time period as represented in Table 1. Then the reaction mixture was cooled to room temperature and filtered by a sinter funnel. For separation of catalyst (alum), water (20 mL) was added to the resulting solid, the precipitates were filtered and recrystallized whit ethanol to afford pure product 5a-i.
	Table 1: Preparation of  spiro imidazo[1,2-a]pyridines  5 by condensation of ethylene diamine 1, 1,1-bis(methylthio)-2-nitro ethylene 2, isatin 3, and  meldrum's acid 4


	Products
	R1
	R2
	n
	Time (min)
	Yield (%)a
	Mp (°C)

	5a
	H
	H
	1
	110
	90
	318-320

	5b
	Br
	H
	1
	70
	93
	253-255

	5c
	NO2
	H
	1
	60
	93
	310-312

	5d
	Cl
	H
	1
	80
	92
	300-302

	5e
	Me
	H
	1
	100
	88
	318-320

	5f
	H
	Me
	1
	110
	90
	286-288

	5g
	H
	H
	2
	100
	90
	290-292

	5h
	Br
	H
	2
	60
	91
	322-324

	5i
	NO2
	H
	2
	70
	92
	296-298

	
	
	
	
	
	
	
















aYields based on isatin




Spectral data for products
8-nitro-2,3-dihydro-1H-spiro[imidazo[1,2-a]pyridine-7,3'-indole]-2',5(1'H,6H)-dione (5a):
White solid, MP: 318-320 °C, IR (KBr) (νmax/cm-1) 3331 (NH), 3329 (NH),3128, 1725 (C=O), 1683 (C=O), 1632; 1H NMR (300 MHz, DMSO-d6) δH (ppm) 2.35-2.40 (d, 1H, J=15.9, CH2), 3.02-3.07 (d,1H, J=15.9, CH2), 3.79-3.85 (m, 2H, CH2), 3.92-4.05 (m, 2H, CH2), 6.82-6.91 (m, 2H, Ar-H), 7.13-7.21 (m, 2H, Ar-H), 9.83 (s, 1H, NH), 10.57 (s, 1H, NH); 13C NMR (75 MHz, DMSO-d6) δC (ppm) 42.2, 43.7, 44.7, 50.0, 110.5, 122.4, 123.2, 129.4, 132.3, 142.5, 152.5, 154.0, 166.1, 178.0. MS (EI, 70 eV) m/z: 300.26 (M+). Anal.Calcd for C14H12N4O4: C, 56.00; H, 4.03; N, 18.66 %. Found: C, 56.88; H, 3.86; N, 18.50 %.
5'-bromo-8-nitro-2,3-dihydro-1H-spiro [imidazo [1,2-a]pyridine-7,3'-indole]-2',5(1'H,6H)-dione (5b):
White solid, MP: 253-255 °C, IR (KBr) (νmax/cm-1) 3361 (NH), 3279 (NH),3024, 1730 (C=O), 1679 (C=O), 1645; 1H NMR (300 MHz, DMSO-d6) δH (ppm) 2.43-2.49 (d, 1H, J=16.2, CH2), 3.00-3.06 (d,1H, J=16.2, CH2), 3.79-3.84 (m, 2H, CH2), 3.92-4.10 (m, 2H, CH2), 6.79-6.82 (d, 1H, J=9, Ar-H), 7.35-7.39 (m, 1H, Ar-H), 7.42 (s, 1H, Ar-H), 9.87 (s, 1H, NH), 10.72 (s, 1H, NH); 13C NMR (75 MHz, DMSO-d6) δC (ppm) 41.8, 43.8, 44.8, 50.3, 105.5, 112.4, 114.2, 126.1, 132.1, 134.8, 142.0, 154.1, 165.7, 177.9. MS (EI, 70 eV) m/z: 379.16 (M+). Anal.Calcd for C14H11BrN4O4: C, 44.35; H, 2.92; N, 14.78 %. Found: C, 44.24; H, 2.81; N, 14.65 %.
5',8-dinitro-2,3-dihydro-1H-spiro [imidazo [1,2-a]pyridine-7,3'-indole]-2',5(1'H,6H)-dione (5c):
White solid, MP: 310-312 °C, IR (KBr) (νmax/cm-1) 3355 (NH), 3258 (NH),2925, 1735 (C=O), 1682 (C=O), 1645; 1H NMR (300 MHz, DMSO-d6) δH (ppm) 2.62-2.68 (d, 1H, J=16.5, CH2), 3.00-3.06 (d,1H, J=16.5, CH2), 3.84-3.87 (m, 2H, CH2), 3.91-4.08 (m, 2H, CH2), 7.04-7.06 (d, 1H, J=7.8, Ar-H), 8.10 (s, 1H, Ar-H)8.17-8.20 (d, 1H, J=8.4, Ar-H), 9.95 (s, 1H, NH), 11.33 (s, 1H, NH); 13C NMR (75 MHz, DMSO-d6) δC (ppm) 41.1, 43.8, 44.8, 50.1, 110.5, 119.1, 125.1, 131.4, 133.4, 140.9, 143.1, 154.1, 165.4, 193.1. MS (EI, 70 eV) m/z: 345.26 (M+). Anal.Calcd for C14H11N5O6: C, 48.70; H, 3.21; N, 20.28 %. Found: C, 48.57; H, 3.10; N, 20.17 %.
5'-chloro-8-nitro-2,3-dihydro-1H-spiro[imidazo[1,2-a]pyridine-7,3'-indole]-2',5(1'H,6H)-dione (5d):
White solid, MP: 300-302 °C, IR (KBr) (νmax/cm-1) 3278 (NH), 3136 (NH),2931, 1753 (C=O), 1701 (C=O), 1659; 1H NMR (300 MHz, DMSO-d6) δH (ppm) 2.43-2.48 (d, 1H, J=16.2, CH2), 3.01-3.06 (d,1H, J=16.2, CH2), 3.79-3.84 (m, 2H, CH2), 3.89-4.04 (m, 2H, CH2), 6.84-6.86 (d, 1H, J=8.1, Ar-H), 7.22-7.26 (m, 1H, Ar-H), 7.32 (s, 1H, Ar-H), 9.86 (s, 1H, NH), 10.70 (s, 1H, NH); 13C NMR (75 MHz, DMSO-d6) δC (ppm) 41.8, 43.9, 44.8, 49.3, 103.9, 108.3, 114.8, 123.1, 128.1, 134.8, 142.0, 153.8, 163.3, 177.9. MS (EI, 70 eV) m/z: 334.71 (M+). Anal.Calcd for C14H11Cl N4O4: C, 50.24; H, 3.31; N, 16.74 %. Found: C, 50.11; H, 3.18; N, 16.59 %.
5'-methyl-8-nitro-2,3-dihydro-1H-spiro[imidazo[1,2-a]pyridine-7,3'-indole]-2',5(1'H,6H)-dione (5e):
White solid, MP: 318-320 °C, IR (KBr) (νmax/cm-1) 3354 (NH), 3291 (NH),2986, 1731 (C=O), 1672 (C=O), 1615; 1H NMR (300 MHz, DMSO-d6) δH (ppm) 2.33-2.38 (d, 1H, J=15.9, CH2), 3.01-3.07 (d,1H, J=15.9, CH2), 3.81-3.86 (m, 2H, CH2), 3.93-4.07 (m, 2H, CH2), 6.72-6.75 (d, 1H, J=7.8, Ar-H), 6.93 (s, 1H, Ar-H), 6.97-7.00 (d, 1H, J=7.8, Ar-H), 9.77 (s, 1H, NH), 10.41 (s, 1H, NH); 13C NMR (75 MHz, DMSO-d6) δC (ppm) 21.4, 42.3, 43.6, 44.7, 50.0, 106.0, 110.2, 123.6, 129.6, 131.3, 132.4, 140.0, 153.9, 166.0, 178.0. MS (EI, 70 eV) m/z: 314.29 (M+). Anal.Calcd for C15H14 N4O4: C, 57.32; H, 4.49; N, 17.83 %. Found: C, 57.21; H, 4.35; N, 17.66 %.
1'-methyl-8-nitro-2,3-dihydro-1H-spiro[imidazo[1,2-a]pyridine-7,3'-indole]-2',5(1'H,6H)-dione (5f):
White solid, MP: 286-288 °C, IR (KBr) (νmax/cm-1) 3321 (NH),3024, 1742 (C=O), 1707 (C=O), 1628; 1H NMR (300 MHz, DMSO-d6) δH (ppm) 2.36-2.42 (d, 1H, J=15.9, CH2), 3.05-3.11 (d,1H, J=15.9, CH2), 3.81-3.86 (m, 2H, CH2), 3.97-4.06 (m, 2H, CH2), 6.95-7.04 (m, 2H, Ar-H), 7.18-7.21 (d, 1H, J=7.2, Ar-H), 7.30 (t, 1H, J=7.5, Ar-H), 9.08 (s, 1H, NH); 13C NMR (75 MHz, DMSO-d6) δC (ppm) 27.4, 42.0, 43.7, 44.8, 49.5, 106.0, 109.5, 122.4, 122.8, 123.0, 129.5, 144.0, 154.0, 166.0, 176.4. MS (EI, 70 eV) m/z: 314.29 (M+). Anal.Calcd for C15H14 N4O4: C, 57.32; H, 4.49; N, 17.83 %. Found: C, 57.17; H, 4.37; N, 17.70 %.
9'-nitro-1',2',3',4'-tetrahydrospiro[indole-3,8'-pyrido [1,2-a]pyrimidine]-2,6'(1H,7'H)-dione (5g):
Orange solid, MP: 290-292 °C, IR (KBr) (νmax/cm-1) 3321 (NH), 3263 (NH),2915, 1747 (C=O), 1698 (C=O), 1658; 1H NMR (300 MHz, DMSO-d6) δH (ppm) 1.90-2.05 (m, 2H, CH2), 2.59-2.64 (d, 1H, J=15.9, CH2), 3.27-3.32 (d,1H, J=15.9, CH2), 3.41-3.61 (m, 4H, CH2), 6.87-6.91 (m, 3H, Ar-H), 7.18-7.22 (m, 1H, Ar-H), 9.93 (s, 1H, NH), 10.21 (s, 1H, NH); 13C NMR (75 MHz, DMSO-d6) δC (ppm) 19.3, 35.1, 38.1, 39.8, 50.2, 106.5, 116.9, 120.6, 123.0, 126.5, 129.7, 139.9, 153.4, 168.0, 174.5. MS (EI, 70 eV) m/z: 314.29 (M+). Anal.Calcd for C15H14 N4O4: C, 57.32; H, 4.49; N, 17.83 %. Found: C, 57.18; H, 4.36; N, 17.69 %.
5-bromo-9'-nitro-1',2',3',4'-tetrahydrospiro[indole-3,8'-pyrido[1,2-a]pyrimidine]-2,6'(1H,7'H)-dione (5h):
White solid, MP: 322-324 °C, IR (KBr) (νmax/cm-1) 3340 (NH), 3257 (NH),3069, 1752 (C=O), 1690 (C=O), 1656; 1H NMR (300 MHz, DMSO-d6) δH (ppm) 1.94-2.06 (m, 2H, CH2), 2.61-2.66 (d, 1H, J=16.5, CH2), 3.27-3.33 (d,1H, J=16.5, CH2), 3.46-3.58 (m, 4H, CH2), 6.86-6.88 (d, 1H, J=8.4, Ar-H), 7.04 (s, 1H, Ar-H), 7.38-7.41 (d, 1H, J=8.4, Ar-H), 9.96 (s, 1H, NH), 10.35 (s, 1H, NH); 13C NMR (75 MHz, DMSO-d6) δC (ppm) 19.0, 19.3, 35.1, 38.1, 50.2, 117.0, 121.3, 123.0, 130.3, 133.3, 142.6, 152.9, 154.1, 165.3, 179.6. MS (EI, 70 eV) m/z: 393.19 (M+). Anal.Calcd for C15H13 BrN4O4: C, 45.82; H, 3.33; Br, 20.32; N, 14.25 %. Found: C, 45.68; H, 3.15; Br, 20.15; N, 14.12 %.
5,9'-dinitro-1',2',3',4'-tetrahydrospiro[indole-3,8'-pyrido[1,2-a]pyrimidine]-2,6'(1H,7'H)-dione (5i):
Orange solid, MP: 296-298 °C, IR (KBr) (νmax/cm-1) 3488 (NH), 3244 (NH),3095, 1754 (C=O), 1706 (C=O), 1657; 1H NMR (300 MHz, DMSO-d6) δH (ppm) 1.93-2.01 (m, 2H, CH2), 2.73-2.79 (d,1H, J=16.5, CH2), 3.47-3.54 (m, 5H, CH2), 7.09-7.12 (d, 1H, J=8.7, Ar-H), 7.74 (s, 1H, Ar-H), 8.13-8.16 (d, 1H, J=8.7, Ar-H), 10.04 (s, 1H, NH), 10.91 (s, 1H, NH); 13C NMR (75 MHz, DMSO-d6) δC (ppm) 19.0, 34.8, 36.6, 38.2, 50.1, 105,2, 117.3, 121.3, 123.0, 126.2, 142.6, 146.3, 154.1, 168.6, 173.5. MS (EI, 70 eV) m/z: 359.29 (M+). Anal.Calcd for C15H13 N5O6: C, 50.14; H, 3.65; N, 19.49 %. Found: C, 50.02; H, 3.51; N, 19.36 %.
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