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Experimental
General. All materials were purchased from Merck and Fluka and were used as received. All NMR spectra's were recorded on a Bruker AMX 300 MHz spectrometer and are referenced to the deuterated solvent used. The chemical shifts (δ) are reported in parts per million (ppm) Elemental analyses were carried out by a Perkin-Elmer 2004 (II) CHN analyzer. IR spectra were recorded in potassium bromide pellets on a Perkin Elmer FT spectrum RX1 over the range 400–4000 cm-1 and melting points were measured with a Barnstead Electrothermal 9200 apparatus. TGA measurement has been performed by a NETZSCH TG 209 F1 Iris instrument. The measurements were carried out under a flow of nitrogen and the sample (ca. 6.04 mg for compound (4) and 5.40 mg for compound (5)) was scanned between room temperature and 600 °C. The number-average molecular weight (Mn), weight average molecular weight (Mw) and polydispersity index (PDI) values were obtained via gel permeation chromatography (GPC) on the basis of polystyrene calibration using an Agilent GPC-Addon Rev. A02.02 as an apparatus and water as the eluent.
Synthesis of 1,1'-(propane-1,3-diyl)bis(1,4-diazabicyclo[2.2.2]octan-1-ium) bromide 3 
To a round-bottomed flask containing methanol as solvent, DABCO (3 equivalent) and 1,3-dibromopropane (1 equivalent) were added then the reaction mixture was stirred for 24 h at room temperature. Then, the solvent was evaporated to afford a white residue. The residue was treated with warm acetone, filtered and dried to afford pure compound (3). Yield: quantitative; white solid; mp 264 °C (decomposed); IR (KBr, cm-1): 3481, 2943, 1450, 1065; 1H NMR (300 MHz, D2O) δ 2.20-2.31 (2H, m), 3.10-3.15 (12H, m), 3.20-3.26 (4H, m), 3.35-3.40 (12H, m) ppm; 13C NMR (75 MHz, D2O) δ 15.3, 44.1, 52.4, 60.4 ppm; Anal. Calcd. (%) for C15H30Br2N4: C, 42.27; H, 7.09; N, 13.14; found: C, 41.90; H, 7.36; N, 12.79. 
Synthesis of 4,4'-(propane-1,3-diyl)bis(1-sulfo-1,4-diazabicyclo[2.2.2]octane-1,4-diium) dibromide dichloride 4
[bookmark: _GoBack]Chlorosulfonic acid (3 equivalent) was added drop by drop to a round-bottomed flask containing compound (3) (1 equivalent) and CH2Cl2 over a period of 30 min. at 0 °C.  Then, reaction temperature was increased to 25 °C and stirred for 3 hours. Finally, solvent was removed by filtration and the residue was washed with methanol to afford a white precipitate as pure compound. Yield: 93 %; white solid; IR (KBr, cm-1): 3387, 3026, 2918, 2520, 1200, 1048; 1H NMR (300 MHz, D2O) δ 2.31-2.40 (2H, m), 3.55-3.61 (4H, m), 3.76-3.81 (12H, m), 3.90-3.96 (12H, m) ppm; 13C NMR (75 MHz, D2O) δ 15.9, 43.8, 51.7, 60.7; Anal. Calcd. (%) for C15H32Br2Cl2N4O6S2: C, 27.33; H, 4.89; N, 8.50; found: C, 26.78; H, 4.77; N, 8.11.
Synthesis   of mono(4,4'-(propane-1,3-diyl)bis(1-sulfo-1,4-diazabicyclo[2.2.2]octane-1,4-diium)) hydrogensulfate  5
Excess amount of sulfuric acid (6 equivalent) was added dropwise to a suspension of compound (4) (1 equivalent) and CH2Cl2 in an ice bath for 20 min. The reaction mixture was refluxed for 24 h. Then, solvent was evaporated under reduced pressure and the white residue was washed with methanol to remove the excess of sulfuric acid. Yield: 94 %; white solid; mp °C; IR (KBr, cm-1): 3454, 3007, 2471, 1188, 1063; 1H NMR (300 MHz, D2O) δ 2.31-2.51 (2H, m), 3.57-3.63 (4H, t), 3.78-3.83 (12H, m), 3.92-3.97 (12H, m) ppm; 13C NMR (75 MHz, D2O) δ 15.4, 43.3, 50.6, 60.2 ppm; Anal. Calcd. (%) for C15H36N4O22S6: C, 22.06; H, 4.44; N, 6.86; found: C, 20.90; H, 4.30; N, 6.18.  
General procedure for the preparation of tetraketones 6a-j and Knoevenagel products 7a-f in water catalyzed by 5
A mixture of an active methylene compound (2 equivalents), aldehyde (1 equivalent) and 5 (1 mol %) was stirred for 3 h at room temperature. After completion of the reaction confirmed by thin layer chromatography (4:1; n-Hexane: ethyl acetate), the crude product was collected by filtration and purified by recrystallization from ethanol.
Synthesis of polycationic ammonium salt (PCAS)
A mixture of DABCO (10 mmol) and 1,3-dibromopropane (10 mmol) in methanol was stirred at reflux temperature for 2 days. The precipitate was filtered and was washed with diethyl ether and acetone. The precipitate was dried at 50 C for 2 hours (Yield: quantitative). 1H NMR (300 MHz, D2O) δ 4.11–4.0 (brs, 14H), 3.80 – 3.28 (brs, 4H), 2.60 – 2.45 (brs, 2H) ppm. 13C NMR (75 MHz, D2O) δ 60.6, 51.6, 16.4 ppm.

	Table 2. Melting point of the prepared compounds (found vs literature)




	     Entry                                Product                                                    m.p. (°C)                        m.p. (°C) [Lit.]

	1
	
	
	6a
	192-194
	194-196 [1]

	2
	
	
	6b 
	138-140
	143-144 [2]

	3
	
	
	6c
	198-202
	200-202 [2]

	4
	
	
	6d
	197-200
	200-202 [3]

	5
	
	
	6e 
	180-183
	179-181 [4]

	6
	
	
	6f 
	137-140
	138-140 [4]

	7
	
	
	6g 
	154-156
	155-157 [5]

	8
	
	
	6h 
	194-198
	192-196 [6]

	9
	
	
	6i 
	115-118
	120-122 [7]

	10
	
	
	6j 
	143-145
	142-144 [8]

	11
	
	
	7a 
	146-149
	150-151 [9]

	12
	
	
	7b 
	204-206
	201-202 [10]

	13
	
	
	7c 
	197-200
	202-203 [11]

	14
	
	
	7d 
	154-156
	152-155 [12]

	15
	
	
	7e 
	130-133
	133-134 [9]

	16
	
	
	7f 
	203-206
	200-202 [13]







	Table 1. pH value of compound 5 in different concentrations 

	Molarity (mol/litre)
	pH

	0.01 M
	1.8

	0.001 M
	2.35

	0.0001
	3.30

	1* 10-5
	4.26

	1* 10-6
	5.25



Copies of 1H and 13C NMR spectra for new compounds
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1H NMR and 13C NMR spectra for PCAS
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TGA analysis for compound 4
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TGA analysis for compound 5


GPC analysis of polymer PCAS
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Copies of 1H and 13C NMR for the selected products
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