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Scheme S1. Synthesis of thermoresponsive cycloammonium ionic liquids 

[N4CRR][OTMBS], [N5CRR][OTMBS], and [N6CRR][OTMBS]. 
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Scheme S2. Synthesis of cycloammonium ionic liquids [N4C56][OTMBS], 

[N4C47][OTMBS], and [N4C57][OTs]. 
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Figure S1. Thermogravimetric analysis (TGA) of six cycloammonium ionic 

salts that were identified as TILs and measured under nitrogen at a scanning 

speed of 20 oC min-1. Tdcp reflects the temperature at which a weight loss of 

10% was observed: 319, 313, 302, 295, 294 and 289 oC for [N4C66][OTs], 

[N5C66][OTs], [N6C66][OTs], [N5C55][OTMBS], [N5C66][OTMBS], and 

[N6C55][OTMBS], respectively. 
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General procedure for synthesis of alkyl 4-methylbenzenesulfonates, R-OTs 

 

 

 

To a round-bottomed flask containing an alcohol (1.05 equiv) in dichloromethane was 

added potassium hydroxide (4 equiv) with stirring at 0 oC for 30 min. To this mixture, 

a solution of 4-methylbenzenesulfonyl chloride (5.003-9.050 g, 26.24-47.47 mmol) in 

dichloromethane was added slowly at 0 oC, then to room temperature. The reaction was 

performed and monitored by TLC until completion (6 h). The resulting solution was 

diluted with water and extracted with dichloromethane. The combined organic layers 

were washed with brine. The organic layer was dried over anhydrous sodium sulfate, 

filtered, concentrated under reduced pressure, and dried under vacuum, affording pure 

alkyl tosylate as a colorless liquid. When needed, silica gel column chromatography 

(ethyl acetate : hexane = 1 : 10, v/v) was carried out to afford the pure alkyl tosylate 

product as colorless liquid. 

Butyl 4-methylbenzenesulfonate: 81% isolated yield; colorless liquid; 1H NMR (400 

MHz, CDCl3)  0.86 (t, J = 7.4 Hz, CH3CH2, 3H), 1.35 (m, CH3CH2, 2H), 1.64 (m, 

OCH2CH2, 2H), 2.45 (s, CH3, 3H), 4.03 (t, J = 6.5 Hz, OCH2, 2H), 7.34 (d, J = 8.3 Hz, 

aryl H, 2H), 7.79 (d, J = 8.3 Hz, aryl H, 2H). 

Pentyl 4-methylbenzenesulfonate: 73% isolated yield; colorless liquid; 1H NMR (400 

MHz, CDCl3)  0.85 (t, J = 7.0 Hz, CH3 CH2, 3H), 1.21-1.33 (m, 2 × CH2, 4H), 1.64 

(m, OCH2CH2, 2H), 2.45 (s, CH3, 3H), 4.02 (t, J = 6.6 Hz, OCH2, 2H), 7.34 (d, J = 8.2 

Hz, aryl H, 2H), 7.79 (d, J = 8.2 Hz, aryl H, 2H). 

Hexyl 4-methylbenzenesulfonate: 74% isolated yield; colorless liquid; 1H NMR (400 

MHz, CDCl3)  0.85 (t, J = 6.9 Hz, CH3, 3H), 1.16-1.34 (m, 3 × CH2, 6H), 1.63 (m, 

OCH2CH2, 2H), 2.45 (s, CH3, 3H), 4.02 (t, J = 6.5 Hz, OCH2, 2H), 7.34 (d, J = 8.2 Hz, 

aryl H, 2H), 7.79 (d, J = 8.2 Hz, aryl H, 2H). 

Heptyl 4-methylbenzenesulfonate: 73% isolated yield; colorless liquid; 1H NMR (400 

MHz, CDCl3)  0.86 (t, J = 6.9 Hz, CH3, 3H), 1.17-1.33 (m, 4 × CH2, 8H), 1.63 (m, 

OCH2CH2, 2H), 2.45 (s, CH3C, 3H), 4.02 (t, J = 6.5 Hz, OCH2CH2, 2H), 7.34 (d, J = 

8.1 Hz, aryl H, 2H), 7.79 (d, J = 8.1 Hz, aryl H, 2H). 

Octyl 4-methylbenzenesulfonate: 78% isolated yield; colorless liquid; 1H NMR (400 

MHz, CDCl3)  0.87 (t, J = 7.7 Hz, CH3, 3H), 1.17-1.33 (m, 5 × CH2, 10H), 1.63 (m, 

OCH2CH2, 2H), 2.45 (s, CH3, 3H), 4.02 (t, J = 6.5 Hz, OCH2, 2H), 7.34 (d, J = 7.8 Hz, 

aryl H, 2H), 7.79 (d, J = 7.8 Hz, aryl H, 2H). 
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General procedure for synthesis of alkyl 2,4,6-trimethylbenzenesulfonates, R-

OTMBS 

 

 

 

To a round-bottomed flask containing an aliphatic alcohol (1.05 equiv) in 

dichloromethane was added potassium hydroxide (4 equiv) with stirring at 0 oC for 30 

min. To this mixture, a solution of 2,4,6-trimethylbenzenesulfonyl chloride (4.001-

10.062 g, 18.29-46.01 mmol) in dichloromethane was slowly added at 0 oC, then to 

room temperature. The reaction was carried out for 6 h to reach its completion. The 

resulting solution was diluted with water and extracted with dichloromethane. The 

combined organic layers were washed with brine. The organic layer was dried over 

anhydrous sodium sulfate, filtered, concentrated under reduced pressure, dried in 

vacuum, and finally affording the desired product as a colorless liquid. When needed, 

silica gel column chromatography (ethyl acetate : hexane = 1 : 10, v/v) was carried out 

to afford the pure R-OTMBS product as colorless liquid. 

Butyl 2,4,6-trimethylbenzenesulfonate: 74% isolated yield; colorless liquid; 1H NMR 

(400 MHz, CDCl3)  0.88 (t, J = 7.4 Hz, CH3CH2, 3H), 1.37 (m, CH3CH2, 2H), 1.64 

(m, OCH2CH2, 2H), 2.31 (s, p-CH3, 3H), 2.63 (s, o- & m-CH3, 6H), 3.97 (t, J = 6.5 Hz, 

OCH2, 2H), 6.97 (s, aryl H, 2H). 

Pentyl 2,4,6-trimethylbenzenesulfonate: 63% isolated yield; colorless liquid; 1H 

NMR (400 MHz, CDCl3)  0.86 (t, J = 7.0 Hz, CH3CH2, 3H), 1.23-1.35 (m, 2 × CH2, 

4H), 1.66 (m, OCH2CH2, 2H), 2.31 (s, p-CH3, 3H), 2.63 (s, o- & m-CH3, 6H), 4.00 (t, 

J = 6.6 Hz, OCH2, 2H), 6.97 (s, aryl H, 2H). 

Hexyl 2,4,6-trimethylbenzenesulfonate: 55% isolated yield; colorless liquid; 1H 

NMR (400 MHz, CDCl3)  0.86 (t, J = 7.0 Hz, CH3, 3H), 1.17-1.37 (m, 3 × CH2, 6H), 

1.65 (m, OCH2CH2, 2H), 2.31 (s, p-CH3, 3H), 2.63 (s, o- & m-CH3, 6H), 4.00 (t, J = 

6.6 Hz, OCH2, 2H), 6.97 (s, aryl H, 2H). 

Heptyl 2,4,6-trimethylbenzenesulfonate: 67% isolated yield; colorless liquid; 1H 

NMR (400 MHz, CDCl3)  0.86 (t, J = 6.8 Hz, CH3, 3H), 1.18-1.36 (m, 4 × CH2, 8H), 

1.65 (m, OCH2CH2, 2H), 2.31 (s, p-CH3, 3H), 2.63 (s, o- & m-CH3, 6H), 4.00 (t, J = 

6.6 Hz, OCH2, 2H), 6.97 (s, aryl H, 2H). 

Octyl 2,4,6-trimethylbenzenesulfonate: 63% isolated yield; colorless liquid; 1H NMR 

(400 MHz, CDCl3)  0.87 (t, J = 6.8 Hz, CH3, 3H), 1.18-1.36 (m, 5 × CH2, 10H), 1.65 
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(m, OCH2CH2, 2H), 2.31 (s, p-CH3, 3H), 2.63 (s, o- & m-CH3, 6H), 4.00 (t, J = 6.5 Hz, 

OCH2, 2H), 6.97 (s, aryl H, 2H). 

 

General procedure for synthesis of N,N-dialkylpyrrolidinium 4-

methylbenzenesulfonates, [N4CRR][OTs] 

 

 

 

To a solution of pyrrolidine (0.21-0.26 g, 2.85-3.70 mmol) in water (1 M) was added 

potassium carbonate (4 equiv) and an alkyl 4-methylbenzenesulfonate (2.05 equiv). The 

solution mixture was stirred and heated to reflux for 18 h. The reaction progress could 

be conveniently monitored by TLC. The resulting solution was cooled to room 

temperature, diluted with water, and extracted with dichloromethane. The organic layer 

was dried over anhydrous sodium sulfate, filtered, concentrated under reduced pressure, 

and dried in vacuum. The crude product was exhaustedly washed by diethyl ether to 

remove residual reactants, then concentrated under reduced pressure, and dried in 

vacuum, finally affording the desired product as a white solid. When needed, silica gel 

column chromatography (methanol : dichloromethane = 1 : 10, v/v) was carried out to 

afford the desired product. 

N,N-Dibutylpyrrolidinium 4-methylbenzenesulfonate, [N4C44][OTs]: 90% isolated 

yield; white solid; mp 104-105 oC; 1H NMR (400 MHz, CDCl3)  0.98 (t, J = 7.3 Hz, 2 

× CH3CH2, 6H), 1.42 (m, 2 × CH3CH2, 4H), 1.64 (m, 2 × NCH2CH2, 4H), 2.26 (m, 2 × 

NCH2CH2 ring, 4H), 2.33 (s, p-CH3, 3H), 3.33 (m, 2 × NCH2, 4H), 3.75 (m, 2 × NCH2 

ring, 4H), 7.13 (d, J = 8.0 Hz, aryl H, 2H), 7.79 (d, J = 8.0 Hz, aryl H, 2H); 13C NMR 

(100 MHz, CDCl3)  13.54, 19.57, 21.15, 21.68, 25.21, 59.08, 62.66, 125.82, 128.36, 

138.78, 144.29; EI-HRMS m/z [M]+ calcd for C12H26N 184.2065, found 184.2068. 

N,N-Dipentylpyrrolidinium 4-methylbenzenesulfonate, [N4C55][OTs]: 88% isolated 

yield; white solid; mp 147-148 oC; 1H NMR (400 MHz, CDCl3)  0.91 (t, J = 6.8 Hz, 2 

× CH3CH2, 6H), 1.30-1.41 (m, 4 × CH2, 8H), 1.65 (m, 2 × NCH2CH2, 4H), 2.27 (m, 2 

× NCH2CH2 ring, 4H), 2.33 (s, p-CH3, 3H), 3.32 (m, 2 × NCH2, 4H), 3.74 (m, 2 × NCH2 

ring, 4H), 7.13 (d, J = 8.0 Hz, aryl H, 2H), 7.79 (d, J = 8.0 Hz, aryl H, 2H);13C NMR 

(100 MHz, CDCl3)  13.75, 21.22, 21.74, 22.18, 23.10, 28.35, 59.25, 62.75, 125.92, 

128.43, 138.82, 144.23; EI-HRMS m/z [M]+ calcd for C14H30N 212.2378, found 

212.2381. 

N,N-Dihexylpyrrolidinium 4-methylbenzenesulfonate, [N4C66][OTs]: 88% isolated 
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yield; white solid; mp 169-170 oC; 1H NMR (400 MHz, CDCl3) 0.89 (t, J = 6.9 Hz, 2 

× CH3, 6H), 1.26-1.40 (m, 6 × CH2, 12H), 1.64 (m, 2 × NCH2CH2, 4H), 2.26 (m, 2 × 

NCH2CH2 ring, 4H), 2.33 (s, p-CH3, 3H),  3.31 (m, 2 × NCH2, 4H), 3.74 (m, 2 × NCH2 

ring, 4H), 7.13 (d, J = 8.0 Hz, aryl H, 2H), 7.79 (d, J = 8.0 Hz, aryl H, 2H); 13C NMR 

(100 MHz, CDCl3)  13.77, 21.14, 21.68, 22.29, 23.26, 25.90, 31.13, 59.22, 62.66, 

125.83, 128.35, 138.72, 144.32; EI-HRMS m/z [M]+ calcd for C16H34N 240.2691, found 

240.2693. 

N,N-Diheptylpyrrolidinium 4-methylbenzenesulfonate, [N4C77][OTs]: 90% isolated 

yield; white solid; mp 166-167 oC; 1H NMR (400 MHz, CDCl3)  0.88 (t, J = 6.9 Hz, 2 

× CH3, 6H), 1.20-1.40 (m, 8 × CH2, 16H), 1.64 (m, 2 × NCH2CH2, 4H), 2.23 (m, 2 × 

NCH2CH2 ring, 4H), 2.33 (s, p-CH3, 3H), 3.30 (m, 2 × NCH2, 4H), 3.73 (m, 2 × NCH2 

ring, 4H), 7.13 (d, J = 8.0 Hz, aryl H, 2H), 7.79 (d, J = 8.0 Hz, aryl H, 2H); 13C NMR 

(100 MHz, CDCl3)  13.92, 21.17, 21.70, 22.38, 23.33, 26.22, 28.72, 31.44, 59.22, 

62.69, 125.86, 128.37, 138.73, 144.31; EI-HRMS m/z [M]+ calcd for C18H38N 

268.3004, found 268.3009. 

N,N-Dioctylpyrrolidinium 4-methylbenzenesulfonate, [N4C88][OTs]: 91% isolated 

yield; white solid; mp 168-169 oC; 1H NMR (400 MHz, CDCl3)  0.88 (t, J = 6.8 Hz, 2 

× CH3, 6H), 1.20-1.41 (m, 10 × CH2, 20H), 1.65 (m, 2 × NCH2CH2, 4H), 2.27 (m, 2 × 

NCH2CH2 ring, 4H), 2.33 (s, p-CH3, 3H), 3.32 (m, 2 × NCH2, 4H), 3.75 (m, 2 × NCH2 

ring, 4H), 7.13 (d, J = 8.0 Hz, aryl H, 2H), 7.80 (d, J = 8.0 Hz, aryl H, 2H); 13C NMR 

(100 MHz, CDCl3)  13.94, 21.15, 21.69, 22.48, 23.31, 26.24, 28.93, 29.00, 31.55, 

59.21, 62.69, 125.84, 128.37, 138.73, 144.27; EI-HRMS m/z [M]+ calcd for C20H42N 

296.3317, found 296.3319. 

 

General procedure for synthesis of N,N-dialkylpyrrolidinium 2,4,6-

trimethylbenzenesulfonates, [N4CRR][OTMBS] 

 

 

 

To a solution of pyrrolidine (0.19-0.26 g, 2.70-3.63 mmol) in water (1 M) was added 

potassium carbonate (4 equiv) and an alkyl 2,4,6-trimethylbenzenesulfonate (2.05 

equiv). The solution mixture was stirred and heated to reflux for 18 h. The reaction 

progress could be conveniently monitored by TLC. After cooling to room temperature, 

the resulting solution was diluted with water and extracted with dichloromethane three 

times. The organic layer was dried over anhydrous sodium sulfate, filtered, 
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concentrated under reduced pressure, and dried in vacuum. The crude product was 

washed by diethyl ether to remove residual reactants, then concentrated under reduced 

pressure, and dried in vacuum, finally affording the desired product as white solid. 

When needed, silica gel column chromatography (methanol : dichloromethane = 1 : 10, 

v/v) was carried out to afford the desired product. 

N,N-Dibutylpyrrolidinium 2,4,6-trimethylbenzenesulfonate, [N4C44][OTMBS]: 

88% isolated yield; white solid; mp 87-88 oC; 1H NMR (400 MHz, CDCl3)  0.99 (t, J 

= 7.3 Hz, 2 × CH3CH2, 6H), 1.42 (m, 2 × CH3CH2, 4H), 1.65 (m, 2 × NCH2CH2, 4H), 

2.21 (s, p-CH3, 3H), 2.27 (m, 2 × NCH2CH2 ring, 4H), 2.70 (s, o- & m-CH3, 6H), 3.34 

(m, 2 × NCH2, 4H), 3.77 (m, 2 × NCH2 ring, 4H), 6.80 (s, aryl H, 2H); 13C NMR (100 

MHz, CDCl3)  13.55, 19.59, 20.63, 21.66, 23.04, 25.23, 58.98, 62.62, 130.30, 136.71, 

137.34, 141.59; EI-HRMS m/z [M]+ calcd for C12H26N 184.2065, found 184.2067. 

N,N-Dipentylpyrrolidinium 2,4,6-trimethylbenzenesulfonate, [N4C55][OTMBS]: 

79% isolated yield; white solid; mp 66-67 oC; 1H NMR (400 MHz, CDCl3)  0.91 (t, J 

= 6.8 Hz, 2 × CH3, 6H), 1.30-1.41 (m, 4 × CH2, 8H), 1.65 (m, 2 × NCH2CH2, 4H), 2.21 

(s, p-CH3, 3H), 2.27 (m, 2 × NCH2CH2 ring, 4H), 2.70 (s, o- & m-CH3, 6H), 3.32 (m, 2 

× NCH2, 4H), 3.75 (m, 2 × NCH2 ring, 4H), 6.80 (s, aryl H, 2H); 13C NMR (100 MHz, 

CDCl3)  13.67, 20.60, 21.65, 22.09, 22.97, 23.03, 28.23, 59.10, 62.59, 130.29, 136.68, 

137.31, 141.58; EI-HRMS m/z [M]+ calcd for C14H30N 212.2378, found 212.2374. 

N,N-Dihexylpyrrolidinium 2,4,6-trimethylbenzenesulfonate, [N4C66][OTMBS]: 

76% isolated yield; white solid; mp 59-60 oC; 1H NMR (400 MHz, CDCl3)  0.88 (t, J 

= 6.8 Hz, 2 × CH3, 6H), 1.24-1.41 (m, 6 × CH2, 12H), 1.64 (m, 2 × NCH2CH2, 4H), 

2.21 (s, p-CH3, 3H), 2.27 (m, 2 × NCH2CH2 ring, 4H), 2.70 (s, o- & m-CH3, 6H), 3.31 

(m, 2 × NCH2, 4H), 3.75 (m, 2 × NCH2 ring, 4H), 6.80 (s, aryl H, 2H); 13C NMR (100 

MHz, CDCl3)  13.75, 20.59, 21.64, 22.27, 23.04, 23.23, 25.87, 31.11, 59.12, 62.60, 

130.29, 136.67, 137.30, 141.54; EI-HRMS m/z [M]+ calcd for C16H34N 240.2691, found 

240.2695. 

N,N-Diheptylpyrrolidinium 2,4,6-trimethylbenzenesulfonate, [N4C77][OTMBS]: 

71% isolated yield; white solid; mp 56-57 oC; 1H NMR (400 MHz, CDCl3)  0.88 (t, J 

= 6.9 Hz, 2 × CH3, 6H), 1.21-1.40 (m, 8 × CH2, 16H), 1.65 (m, 2 × NCH2CH2, 4H), 

2.21 (s, p-CH3, 3H), 2.27 (m, 2 × NCH2CH2 ring, 4H), 2.70 (s, o- & m-CH3, 6H), 3.32 

(m, 2 × NCH2, 4H), 3.76 (m, 2 × NCH2 ring, 4H), 6.80 (s, aryl H, 2H); 13C NMR (100 

MHz, CDCl3)  13.88, 20.58, 21.63, 22.32, 23.03, 23.25, 26.14, 28.66, 31.39, 59.11, 

62.61, 130.29, 136.66, 137.32, 141.46; EI-HRMS m/z [M]+ calcd for C18H38N 

268.3004, found 268.2998. 

N,N-Dioctylpyrrolidinium 2,4,6-trimethylbenzenesulfonate, [N4C88][OTMBS]: 

72% isolated yield; white solid; mp 51-52 oC; 1H NMR (400 MHz, CDCl3)  0.88 (t, J 

= 6.8 Hz, 2 × CH3, 6H), 1.20-1.41 (m, 10 × CH2, 20H), 1.64 (m, 2 × NCH2CH2, 4H), 
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2.21 (s, p-CH3, 3H), 2.27 (m, 2 × NCH2CH2 ring, 4H), 2.70 (s, o- & m-CH3, 6H), 3.32 

(m, 2 × NCH2, 4H), 3.76 (m, 2 × NCH2 ring, 4H), 6.80 (s, aryl H, 2H); 13C NMR (100 

MHz, CDCl3)  13.92, 20.60, 21.64, 22.46, 23.04, 23.26, 26.19, 28.90, 28.97, 31.51, 

59.10, 62.61, 130.29, 136.67, 137.29, 141.50; EI-HRMS m/z [M]+ calcd for C20H42N 

296.3317, found 296.3310. 

 

Synthesis of N-butylpyrrolidine and N-pentylpyrrolidine 

 

 

 

To a round-bottomed flask containing pyrrolidine (0.409 g, 5.75 mmol for the reaction 

with butylbromide; 1.012 g, 14.23 mmol for the reaction with pentylbromide) was 

added 35% aqueous sodium hydroxide (0.85 and 2.1 mL, respectively) in 

dimethylformamide (1.3 M) with stirring for 1 h at room temperature. To the solution 

mixture, 1-bromoalkane (1.3 equiv) was then added slowly. The reaction was carried 

out at room temperature for 12 h. The progress of the reaction could be conveniently 

monitored by TLC. The resulting solution was diluted with water and extracted with 

ethyl acetate three times. The combined organic layers were washed with water. The 

organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure, finally affording the desired products. 

N-Butylpyrrolidine: 60% isolated yield; yellow liquid; 1H NMR (400 MHz, CDCl3)  

0.92 (t, J = 7.3 Hz, CH3, 3H), 1.34 (m, CH3CH2, 2H), 1.51 (m, NCH2CH2, 2H), 1.78 

(m, 2 × NCH2CH2 ring, 4H), 2.43 (m, NCH2, 2H), 2.50 (m, 2 × NCH2 ring, 4H). 

N-Pentylpyrrolidine: 66% isolated yield; yellow liquid; 1H NMR (400 MHz, CDCl3) 

 0.90 (t, J = 6.9 Hz, CH3, 3H), 1.24-1.38 (m, 2 × CH2, 4H), 1.52 (m, NCH2CH2, 2H), 

1.77 (m, 2 × NCH2CH2 ring, 4H), 2.41 (m, NCH2, 2H), 2.48 (m, 2 × NCH2 ring, 4H). 

 

Synthesis of N-butyl-N-heptylpyrrolidinium 2,4,6-trimethylbenzenesulfonate 

[N4C47][OTMBS], N-hexyl-N-pentylpyrrolidinium 2,4,6-

trimethylbenzenesulfonate [N4C56][OTMBS], and N-heptyl-N-

pentylpyrrolidinium 4-methylbenzenesulfonate [N4C57][OTs] 
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To a round-bottomed flask containing N-alkylpyrrolidine (0.061-0.438 g, 0.43-3.44 

mmol) was added alkyl 2,4,6-trimethylbenzenesulfonate (1 equiv) for [N4C47][OTMBS] 

and [N4C56][OTMBS] synthesis, and alkyl 4-methylbenzenesulfonate (1 equiv) for 

[N4C57][OTs] synthesis. Under neat conditions, the mixture was stirred and heated at 

100 oC for 12 h. After cooling to room temperature, the solution was evaporated and 

the crude product was purified by column chromatography (methanol : 

dichloromethane = 1 : 10, v/v) to afford the desired pure product as white solid. 

N-Butyl-N-heptylpyrrolidinium 2,4,6-trimethylbenzenesulfonate 

[N4C47][OTMBS]: 77% isolated yield; white solid; 1H NMR (400 MHz, CDCl3)  0.88 

(t, J = 6.9 Hz, heptyl CH3, 3H), 0.96 (t, J = 7.3 Hz, butyl CH3, 3H), 1.19-1.35 (m, 4 × 

CH2, 8H), 1.39 (m, CH3CH2, 2H), 1.61 (m, 2 × NCH2CH2, 4H), 2.21 (s, p-CH3, 3H), 

2.23 (m, 2 × NCH2CH2 ring, 4H), 2.69 (s, o- & m-CH3, 6H), 3.29 (m, 2 × NCH2, 4H), 

3.71 (m, 2 × NCH2 ring, 4H), 6.79 (s, aryl H, 2H); 13C NMR (100 MHz, CDCl3)  

13.76, 14.13, 19.78, 20.83, 21.87, 22.57, 23.26, 23.50, 25.44, 26.40, 28.92, 31.64, 

59.20, 59.36, 62.85, 130.53, 136.92, 137.60, 141.68; EI-HRMS m/z [M]+ calcd for 

C15H32N 226.2529, found 226.2531. 

N-Hexyl-N-pentylpyrrolidinium 2,4,6-trimethylbenzenesulfonate 

[N4C56][OTMBS]: 66% isolated yield; white solid; 1H NMR (400 MHz, CDCl3)  0.89 

(m, 2 × CH3, 6H), 1.25-1.40 (m, 5 × CH2, 10H), 1.62 (m, 2 × NCH2CH2, 4H), 2.21 (s, 

p-CH3, 3H), 2.24 (m, 2 × NCH2CH2 ring, 4H), 2.69 (s, o- & m-CH3, 6H), 3.29 (m, 2 × 

NCH2, 4H), 3.71 (m, 2 × NCH2 ring, 4H), 6.79 (s, aryl H, 2H); 13C NMR (100 MHz, 

CDCl3)  13.90, 13.98, 20.83, 21.87, 22.33, 22.51, 23.20, 23.20, 23.26, 23.47, 26.11, 

28.46, 31.35, 59.35, 62.86, 130.54, 136.92, 137.61, 141.66; EI-HRMS m/z [M]+ calcd 

for C15H32N 226.2529, found 226.2530. 

N-Heptyl-N-pentylpyrrolidinium 4-methylbenzenesulfonate [N4C57][OTs]: 67% 

isolated yield; white solid; 1H NMR (400 MHz, CDCl3)  0.89 (m, 2 × CH3, 6H), 1.21-

1.39 (m, 6 × CH2, 12H), 1.64 (m, 2 × NCH2CH2, 4H), 2.25 (bs, 2 × NCH2CH2 ring, 

4H), 2.33 (s, p-CH3, 3H), 3.30 (m, 2 × NCH2, 4H), 3.72 (m, 2 × NCH2 ring, 4H), 7.13 

(d, J = 8.0 Hz, aryl H, 2H), 7.78 (d, J = 8.0 Hz, aryl H, 2H); 13C NMR (100 MHz, 

CDCl3)  13.89, 14.11, 21.34, 21.88, 21.88, 22.30, 22.55, 23.18, 23.48, 26.38, 28.44, 

28.89, 31.62, 59.41, 62.85, 126.02, 128.56, 138.95, 144.50; EI-HRMS m/z [M]+ calcd 

for C16H34N 240.2686, found 240.2696. 

 

General procedure for synthesis of N,N-dialkylpiperidinium 4-

methylbenzenesulfonate, [N5CRR][OTs] 
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To a solution of piperdine (0.285-0.338 g, 3.35-3.97 mmol) in water (1 M) was added 

potassium carbonate (4 equiv) and alkyl 4-methylbenzenesulfonate (2.05 equiv). The 

mixture solution was stirred and heated to reflux for 18 h. After cooling to room 

temperature, the resulting solution was diluted with water and extracted with 

dichloromethane three times. The organic layer was dried over anhydrous sodium 

sulfate, filtered, concentrated under reduced pressure, and dried in vacuum. The crude 

product was washed using diethyl ether to remove residual reactants, concentrated 

under reduced pressure, and dried in vacuum, finally affording the desired product as 

white solid. 

N,N-Dibutylpiperidinium 4-methylbenzenesulfonate, [N5C44][OTs]: 83% isolated 

yield; white solid; mp 111-112 oC; 1H NMR (400 MHz, CDCl3)  0.99 (t, J = 7.2 Hz, 2 

× CH3, 6H), 1.43 (m, 2 × CH3CH2, 4H), 1.61 (m, 2 × NCH2CH2, 4H), 1.84 (bs, 

CH2CH2CH2 ring, 6H), 2.33 (s, p-CH3, 3H), 3.38 (m, 2 × NCH2, 4H), 3.64 (bs, 2 × 

NCH2 ring, 4H), 7.13 (d, J = 7.6 Hz, aryl H, 2H), 7.81 (d, J = 7.6 Hz, aryl H, 2H); 13C 

NMR (100 MHz, CDCl3)  13.54, 19.57, 19.69, 20.54, 21.12, 23.33, 57.87, 58.85, 

125.85, 128.29, 138.66, 144.42; EI-HRMS m/z [M]+ calcd for C13H28N 198.2222, found 

198.2222. 

N,N-Dipentylpiperidinium 4-methylbenzenesulfonate, [N5C55][OTs]: 60% isolated 

yield; white solid; mp 114-115 oC; 1H NMR (400 MHz, CDCl3)  0.92 (t, J = 6.8 Hz, 2 

× CH3, 6H), 1.31-1.42 (m, 4 × CH2, 8H), 1.62 (m, 2 × NCH2CH2, 4H), 1.85 (bs, 2 × 

CH2CH2CH2 ring, 6H), 2.33 (s, p-CH3, 3H), 3.36 (m, 2 × NCH2, 4H), 3.65 (bs, 2 × 

NCH2 ring, 4H), 7.13 (d, J = 8.0 Hz, aryl H, 2H), 7.81 (d, J = 8.0 Hz, aryl H, 2H); 13C 

NMR (100 MHz, CDCl3)  13.69, 19.71, 20.54, 21.12, 21.13, 22.10, 28.26, 58.03, 

58.84, 125.87, 128.30, 138.65, 144.41; EI-HRMS m/z [M]+ calcd for C15H32N 

226.2535, found 226.2531. 

N,N-Dihexylpiperidinium 4-methylbenzenesulfonate, [N5C66][OTs]: 67% isolated 

yield; white solid; mp 125-126 oC; 1H NMR (400 MHz, CDCl3)  0.89 (t, J = 6.7 Hz, 2 

× CH3, 6H), 1.27-1.42 (m, 6 × CH2, 12H), 1.61 (m, 2 × NCH2CH2, 4H), 1.84 (bs, 

CH2CH2CH2 ring, 6H), 2.33 (s, p-CH3, 3H), 3.36 (m, 2 × NCH2, 4H), 3.64 (bs, 2 × 

NCH2 ring, 4H), 7.13 (d, J = 8.0 Hz, aryl H, 2H), 7.81 (d, J = 8.0 Hz, aryl H, 2H); 13C 

NMR (100 MHz, CDCl3)  13.76, 19.73, 20.54, 21.13, 21.39, 22.29, 25.91, 31.13, 

58.03, 58.85, 125.87, 128.30, 138.64, 144.40; EI-HRMS m/z [M]+ calcd for C17H36N 

254.2848, found 254.2848. 



13 
 

N,N-Diheptylpiperidinium 4-methylbenzenesulfonate, [N5C77][OTs]: 60% isolated 

yield; white solid; mp 123-124 oC; 1H NMR (400 MHz, CDCl3)  0.89 (t, J = 6.8 Hz, 2 

× CH3, 6H), 1.21-1.41 (m, 8 × CH2, 16H), 1.61 (m, 2 × NCH2CH2, 4H), 1.84 (bs, 

CH2CH2CH2 ring, 6H), 2.33 (s, p-CH3, 3H), 3.35 (m, 2 × NCH2, 4H), 3.63 (bs, 2 × 

NCH2 ring, 4H), 7.13 (d, J = 8.0 Hz, aryl H, 2H), 7.81 (d, J = 8.0 Hz, aryl H, 2H); 13C 

NMR (100 MHz, CDCl3)  13.89, 19.72, 20.53, 21.12, 21.42, 22.34, 26.19, 28.69, 

31.41, 58.01, 58.85, 125.86, 128.29, 138.62, 144.40; EI-HRMS m/z [M]+ calcd for 

C19H40N 282.3161, found 282.3155. 

N,N-Dioctylpiperidinium 4-methylbenzenesulfonate, [N5C88][OTs]: 51% isolated 

yield; white solid; mp 125-126 oC; 1H NMR (400 MHz, CDCl3)  0.88 (t, J = 6.8 Hz, 2 

× CH3, 6H), 1.20-1.41 (m, 8 × CH2, 16H), 1.60 (m, 2 × NCH2CH2, 4H), 1.85 (bs, 

CH2CH2CH2 ring, 6H), 2.33 (s, p-CH3, 3H), 3.35 (m, 2 × NCH2, 4H), 3.64 (bs, 2 × 

NCH2 ring, 4H), 7.13 (d, J = 8.0 Hz, aryl H, 2H), 7.81 (d, J = 8.0 Hz, aryl H, 2H); 13C 

NMR (100 MHz, CDCl3)  13.94, 19.75, 20.54, 21.15, 21.44, 22.47, 26.25, 28.93, 

29.01, 31.54, 58.02, 58.87, 125.88, 128.32, 138.66, 144.34; EI-HRMS m/z [M]+ calcd 

for C21H44N 310.3474, found 310.3470. 

 

General procedure for synthesis of N,N-dialkylpiperidinium 2,4,6-

trimethylbenzenesulfonate, [N5CRR][OTMBS] 

 

 

 

To a solution of piperdine (0.308-0.391 g, 3.62-4.59 mmol) in water (1 M) was added 

potassium carbonate (4 equiv) and an alkyl 2,4,6-trimethylbenzenesulfonate (2.05 

equiv). The mixture solution was stirred and heated to reflux for 18 h. After cooling to 

room temperature, the resulting solution was diluted with water and extracted with 

dichloromethane three times. The organic layer was dried over anhydrous sodium 

sulfate, filtered, concentrated under reduced pressure, and dried in vacuum. The crude 

product was washed using diethyl ether to remove residual reactants, then concentrated 

under reduced pressure, and dried in vacuum, finally affording the desired product. 

When needed, product could be further purified by silica gel column chromatography 

(methanol : dichloromethane = 1 : 10, v/v) to afford the pure product. 

N,N-Dibutylpiperidinium 2,4,6-trimethylbenzenesulfonate, [N5C44][OTMBS]: 

56% isolated yield; white solid; mp 101-102 oC; 1H NMR (400 MHz, CDCl3)  0.99 (t, 

J = 7.2 Hz, 2 × CH3, 6H), 1.43 (m, 2 × CH3CH2, 4H), 1.60 (m, 2 × NCH2CH2, 4H), 



14 
 

1.84 (bs, CH2CH2CH2 ring, 6H), 2.21 (s, p-CH3, 3H), 2.71 (s, o- & m-CH3, 6H), 3.38 

(m, 2 × NCH2, 4H), 3.65 (bs, 2 × NCH2 ring, 4H), 6.80 (s, aryl H, 2H); 13C NMR (100 

MHz, CDCl3)  13.55, 19.56, 19.70, 20.55, 20.59, 23.03, 23.33, 57.79, 58.85, 130.24, 

136.71, 137.27, 141.64; EI-HRMS m/z [M]+ calcd for C13H28N 198.2222, found 

198.2220. 

N,N-Dipentylpiperidinium 2,4,6-trimethylbenzenesulfonate, [N5C55][OTMBS]: 

60% isolated yield; white solid; mp 97-98 oC; 1H NMR (400 MHz, CDCl3)  0.92 (t, J 

= 6.8 Hz, 2 × CH3, 6H), 1.30-1.42 (m, 4 × CH2, 8H), 1.61 (m, 2 × NCH2CH2, 4H), 1.84 

(bs, CH2CH2CH2 ring, 6H), 2.21 (s, p-CH3, 3H), 2.71 (s, o- & m-CH3, 6H), 3.36 (m, 2 

× NCH2, 4H), 3.64 (bs, 2 × NCH2 ring, 4H), 6.80 (s, aryl H, 2H); 13C NMR (100 MHz, 

CDCl3)  13.65, 19.69, 20.53, 20.57, 21.08, 22.08, 23.03, 28.22, 57.92, 58.82, 130.23, 

136.69, 137.21, 141.65; EI-HRMS m/z [M]+ calcd for C15H32N 226.2535, found 

226.2539. 

N,N-Dihexylpiperidinium 2,4,6-trimethylbenzenesulfonate, [N5C66][OTMBS]: 

59% isolated yield; white solid; mp 74-75 oC; 1H NMR (400M Hz, CDCl3)  0.89 (t, J 

= 6.9 Hz, 2 × CH3, 6H), 1.27-1.41 (m, 6 × CH2, 12H), 1.60 (m, 2 × NCH2CH2, 4H), 

1.84 (bs, CH2CH2CH2 ring, 6H), 2.21 (s, p-CH3, 3H), 2.71 (s, o- & m-CH3, 6H), 3.36 

(m, 2 × NCH2, 4H), 3.64 (bs, 2 × NCH2 ring, 4H), 6.80 (s, aryl H, 2H); 13C NMR (100 

MHz, CDCl3)  13.76, 19.76, 20.55, 20.61, 21.40, 22.30, 23.07, 25.91, 31.14, 57.97, 

58.88, 130.28, 136.73, 137.27, 141.59; EI-HRMS m/z [M]+ calcd for C17H36N 

254.2848, found 254.2852. 

N,N-Diheptylpiperidinium 2,4,6-trimethylbenzenesulfonate, [N5C77][OTMBS]: 

54% isolated yield; white solid; mp 75-76 oC; 1H NMR (400 MHz, CDCl3)  0.89 (t, J 

= 6.8 Hz, 2 × CH3, 6H), 1.22-1.40 (m, 8 × CH2, 16H), 1.60 (m, 2 × NCH2CH2, 4H), 

1.84 (bs, CH2CH2CH2 ring, 6H), 2.21 (s, p-CH3, 3H), 2.71 (s, o- & m-CH3, 6H), 3.35 

(m, 2 × NCH2, 4H), 3.64 (bs, 2 × NCH2 ring, 4H), 6.80 (s, aryl H, 2H); 13C NMR (100 

MHz, CDCl3)  13.88, 19.71, 20.54, 20.59, 21.39, 22.33, 23.05, 26.16, 28.67, 31.39, 

57.94, 58.86, 130.25, 136.70, 137.23, 141.58; EI-HRMS m/z [M]+ calcd for C19H40N 

282.3161, found 282.3164. 

N,N-Dioctylpiperidinium 2,4,6-trimethylbenzenesulfonate, [N5C88][OTMBS]: 51% 

isolated yield; white solid; mp 86-87 oC; 1H NMR (400 MHz, CDCl3)  0.88 (t, J = 6.8 

Hz, 2 × CH3, 6H), 1.20-1.41 (m, 10 × CH2, 20H), 1.60 (m, 2 × NCH2CH2, 4H), 1.85 

(bs, CH2CH2CH2 ring, 6H), 2.21 (s, p-CH3, 3H), 2.71 (s, o- & m-CH3, 6H), 3.36 (m, 2 

× NCH2, 4H), 3.65 (bs, 2 × NCH2 ring, 4H), 6.80 (s, aryl H, 2H); 13C NMR (100 MHz, 

CDCl3)  13.94, 19.76, 20.56, 20.62, 21.43, 22.47, 23.08, 26.24, 28.92, 29.00, 31.53, 

57.96, 58.90, 130.29, 136.73, 137.27, 141.55; EI-HRMS m/z [M]+ calcd for C21H44N 

310.3474, found 310.3468. 
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General procedure for synthesis of N,N-dialkylazepanium 4-

methylbenzenesulfonate, [N6CRR][OTs] 

 

 

 

To a solution of azepane (0.271-0.405 g, 2.73-4.08 mmol) in water (1 M) was added 

potassium carbonate (4 equiv) and an alkyl 4-methylbenzenesulfonate (2.05 equiv). The 

mixture solution was stirred and heated to reflux for 18 h. After cooling to room 

temperature, the resulting solution was diluted with water and extracted with 

dichloromethane three times. The organic layer was dried over anhydrous sodium 

sulfate, filtered, concentrated under reduced pressure, and dried in vacuum. The crude 

product was washed by diethyl ether to remove residual reactants, concentrated under 

reduced pressure, and dried in vacuum, finally affording the desired product. 

N,N-Dibutylazepanium 4-methylbenzenesulfonate, [N6C44][OTs]: 79% isolated 

yield; white solid; mp 125-126 oC; 1H NMR (400 MHz, CDCl3)  0.99 (t, J = 7.3 Hz, 2 

× CH3CH2, 6H), 1.42 (m, 2 × CH3CH2, 4H), 1.68 (m, 2 × NCH2CH2CH2 ring, 4H), 1.75 

(bs, 2 × NCH2CH2, 4H), 1.95 (bs, 2 × NCH2CH2 ring, 4H), 2.33 (s, p-CH3, 3H), 3.37 

(m, 2 × NCH2, 4H), 3.57 (m, 2 × NCH2 ring, 4H), 7.13 (d, J = 8.0 Hz, aryl H, 2H), 7.80 

(d, J = 8.0 Hz, aryl H, 2H); 13C NMR (100 MHz, CDCl3)  13.54, 19.61, 21.12, 21.72, 

24.24, 27.36, 60.90, 62.75, 125.88, 128.24, 138.57, 144.55; EI-HRMS m/z [M]+ calcd 

for C14H30N 212.2378, found 212.2375. 

N,N-Dipentylazepanium 4-methylbenzenesulfonate, [N6C55][OTs]: 68% isolated 

yield; white solid; mp 157-158 oC; 1H NMR (400 MHz, CDCl3)  0.91 (t, J = 6.8 Hz, 2 

× CH3, 6H), 1.31-1.40 (m, 4 × CH2, 8H), 1.67 (m, 2 × NCH2CH2CH2 ring, 4H), 1.75 

(bs, 2 × NCH2CH2, 4H), 1.94 (bs, 2 × NCH2CH2 ring, 4H), 2.32 (s, p-CH3, 3H), 3.35 

(m, 2 × NCH2, 4H), 3.57 (m, 2 × NCH2 ring, 4H), 7.12 (d, J = 8.0 Hz, aryl H, 2H), 7.80 

(d, J = 8.0 Hz, aryl H, 2H); 13C NMR (100 MHz, CDCl3)  13.77, 21.12, 21.75, 22.30, 

25.95, 27.35, 31.14, 61.04, 62.75, 125.90, 128.24, 138.53, 144.56; EI-HRMS m/z [M]+ 

calcd for C16H34N 240.2697, found 240.2688. 

N,N-Dihexylazepanium 4-methylbenzenesulfonate, [N6C66][OTs]: 62% isolated 

yield; white solid; mp 175-176 oC; 1H NMR (400 MHz, CDCl3)  0.89 (t, J = 7.0 Hz, 2 

× CH3, 6H), 1.27-1.42 (m, 6 × CH2, 12H), 1.67 (m, 2 × NCH2CH2CH2 ring, 4H), 1.75 

(bs, 2 × NCH2CH2, 4H), 1.95 (bs, 2 × NCH2CH2 ring, 4H), 2.32 (s, p-CH3, 3H), 3.34 

(m, 2 × NCH2, 4H), 3.57 (m, 2 × NCH2 ring, 4H), 7.12 (d, J = 8.0 Hz, aryl H, 2H), 7.80 

(d, J = 8.0 Hz, aryl H, 2H); 13C NMR (100 MHz, CDCl3)  13.71, 21.12, 21.74, 22.04, 
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22.11, 27.35, 27.35 28.30, 61.02, 62.73, 125.90, 128.24, 138.56, 144.55; EI-HRMS m/z 

[M]+ calcd for C18H38N 268.3004, found 268.3003. 

N,N-Diheptylazepanium 4-methylbenzenesulfonate, [N6C77][OTs]: 66% isolated 

yield; white solid; mp 169-170 oC; 1H NMR (400 MHz, CDCl3)  0.88 (t, J = 6.9 Hz, 2 

× CH3, 6H), 1.21-1.40 (m, 8 × CH2, 16H), 1.66 (m, 2 × NCH2CH2CH2 ring, 4H), 1.75 

(bs, 2 × NCH2CH2, 4H), 1.95 (bs, 2 × NCH2CH2 ring, 4H), 2.32 (s, p-CH3, 3H), 3.34 

(m, 2 × NCH2, 4H), 3.57 (m, 2 × NCH2 ring, 4H), 7.12 (d, J = 8.0 Hz, aryl H, 2H), 7.80 

(d, J = 8.0 Hz, aryl H, 2H); 13C NMR (100 MHz, CDCl3)  13.91, 21.14, 21.77, 22.37, 

26.24, 27.36, 28.72, 28.72, 31.45, 61.03, 62.77, 125.92, 128.25, 138.53, 144.55; EI-

HRMS m/z [M]+ calcd for C20H42N 296.3317, found 296.3322. 

N,N-Dioctylazepanium 4-methylbenzenesulfonate, [N6C88][OTs]: 68% isolated 

yield; white solid; mp 172-173 oC; 1H NMR (400 MHz, CDCl3)  0.88 (t, J = 6.9 Hz, 2 

× CH3, 6H), 1.21-1.40 (m, 10 × CH2, 20H), 1.66 (m, 2 × NCH2CH2CH2 ring, 4H), 1.75 

(bs, 2 × NCH2CH2, 4H), 1.95 (bs, 2 × NCH2CH2 ring, 4H), 2.32 (s, p-CH3, 3H), 3.34 

(m, 2 × NCH2, 4H), 3.57 (m, 2 × NCH2 ring, 4H), 7.12 (d, J = 8.0 Hz, aryl H, 2H), 7.80 

(d, J = 8.0 Hz, aryl H, 2H); 13C NMR (100 MHz, CDCl3)  13.94, 21.13, 21.74, 22.35, 

22.47, 26.28, 27.35, 28.95, 29.01, 31.55, 61.01, 62.75, 125.90, 128.26, 138.55, 144.49; 

EI-HRMS m/z [M]+ calcd for C22H46N 324.3630, found 324.3638. 

 

General procedure for synthesis of N,N-dialkylazepanium 2,4,6-

trimethylbenzenesulfonate, [N6CRR][OTMBS] 

 

 

 

To a solution of azepane (0.292-0.456 g, 2.94-4.60 mmol) in water (1 M) was added 

potassium carbonate (4 equiv) and alkyl 2,4,6-trimethylbenzenesulfonate (2.05 equiv). 

The mixture solution was stirred and heated to reflux for 18 h. After cooling down, the 

resulting solution was diluted with water and extracted with dichloromethane three 

times. The organic layer was dried over anhydrous sodium sulfate, filtered, 

concentrated under reduced pressure, and dried in vacuum. The crude product was 

washed using diethyl ether to remove residual reactants, then concentrated under 

reduced pressure, and dried in vacuum, finally affording the desire product. 

N,N-Dibutylazepanium 2,4,6-trimethylbenzenesulfonate, [N6C44][OTMBS]: 72% 

isolated yield; white solid; mp 102-103oC; 1H NMR (400 MHz, CDCl3)  0.98 (t, J = 

7.3 Hz, 2 × CH3CH2, 6H), 1.42 (m, 2 × CH3CH2, 4H), 1.66 (m, 2 × NCH2CH2CH2 ring, 
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4H), 1.78 (bs, 2 × NCH2CH2, 4H), 1.94 (bs, 2 × NCH2CH2 ring, 4H), 2.21 (s, p-CH3, 

3H), 2.70 (s, o- & m-CH3, 6H), 3.37 (m, 2 × NCH2, 4H), 3.57 (m, 2 × NCH2 ring, 4H), 

6.80 (s, aryl H, 2H); 13C NMR (100 MHz, CDCl3)  13.55, 19.62, 20.60, 21.74, 23.06, 

24.26, 27.32, 60.83, 62.68, 130.22, 136.73, 137.19, 141.76; EI-HRMS m/z [M]+ calcd 

for C14H30N 212.2378, found 212.2373. 

N,N-Dipentylazepanium 2,4,6-trimethylbenzenesulfonate, [N6C55][OTMBS]: 74% 

isolated yield; white solid; mp 120-121 oC; 1H NMR (400 MHz, CDCl3)  0.91 (t, J = 

6.8 Hz, 2 × CH3, 6H), 1.31-1.42 (m, 4 × CH2, 8H), 1.67 (m, 2 × NCH2CH2CH2 ring, 

4H), 1.74 (bs, 2 × NCH2CH2, 4H), 1.94 (bs, 2 × NCH2CH2 ring, 4H), 2.21 (s, p-CH3, 

3H), 2.71 (s, o- & m-CH3, 6H), 3.36 (m, 2 × NCH2, 4H), 3.58 (m, 2 × NCH2 ring, 4H), 

6.79 (s, aryl H, 2H); 13C NMR (100 MHz, CDCl3)  13.70, 20.60, 21.76, 22.05, 22.12, 

23.08, 27.31, 28.30, 60.95, 62.66, 130.23, 136.73, 137.16, 141.79; EI-HRMS m/z [M]+ 

calcd for C16H34N 240.2697, found 240.2694. 

N,N-Dihexylazepanium 2,4,6-trimethylbenzenesulfonate, [N6C66][OTMBS]: 76% 

isolated yield; white solid; mp 123-124 oC; 1H NMR (400MHz, CDCl3)  0.89 (t, J = 

6.9 Hz, CH3, 6H), 1.27-1.41 (m, 3 × CH2, 12H), 1.67 (m, NCH2CH2CH2 ring, 4H), 1.75 

(bs, NCH2CH2, 4H), 1.95 (bs, NCH2CH2 ring, 4H), 2.21 (s, CH3C, 3H), 2.71 (s, 

CH3CCSO3, 6H), 3.35 (m, NCH2, 4H), 3.58 (m, NCH2 ring, 4H), 6.80 (s, aryl H, 2H); 

13C NMR (100 MHz, CDCl3)  13.76, 20.59, 21.75, 22.30, 23.09, 25.94, 27.30, 27.30, 

31.13, 60.95, 62.66, 130.22, 136.71, 137.12, 141.80; EI-HRMS m/z [M]+ calcd for 

C18H38N 268.3004, found 268.3002. 

N,N-Diheptylazepanium 2,4,6-trimethylbenzenesulfonate, [N6C77][OTMBS]: 67% 

isolated yield; white solid; mp 98-99 oC; 1H NMR (400 MHz, CDCl3)  0.88 (t, J = 6.9 

Hz, 2 × CH3, 6H), 1.21-1.40 (m, 8 × CH2, 16H), 1.66 (m, 2 × NCH2CH2CH2 ring, 4H), 

1.74 (bs, 2 × NCH2CH2, 4H), 1.94 (bs, 2 × NCH2CH2 ring, 4H), 2.21 (s, p-CH3, 3H), 

2.71 (s, o- & m-CH3, 6H), 3.35 (m, 2 × NCH2, 4H), 3.57 (m, 2 × NCH2 ring, 4H), 6.80 

(s, aryl H, 2H); 13C NMR (100 MHz, CDCl3)  13.91, 20.61, 21.77, 22.36, 23.10, 26.23, 

27.31, 28.71, 28.71, 31.43, 60.95, 62.68, 130.23, 136.73, 137.13, 141.78; EI-HRMS 

m/z [M]+ calcd for C20H42N 296.3317, found 296.3321. 

N,N-Dioctylazepanium 2,4,6-trimethylbenzenesulfonate, [N6C88][OTMBS]: 69% 

isolated yield; white solid; mp 103-104 oC; 1H NMR (400 MHz, CDCl3)  0.88 (t, J = 

6.9 Hz, 2 × CH3, 6H), 1.21-1.40 (m, 10 × CH2, 20H), 1.67 (m, 2 × NCH2CH2CH2 ring, 

4H), 1.75 (bs, 2 × NCH2CH2, 4H), 1.95 (bs, 2 × NCH2CH2 ring, 4H), 2.21 (s, p-CH3, 

3H), 2.71 (s, o- & m-CH3, 6H), 3.36 (m, 2 × NCH2, 4H), 3.59 (m, 2 × NCH2 ring, 4H), 

6.80 (s, aryl H, 2H); 13C NMR (100 MHz, CDCl3)  13.95, 20.61, 21.77, 22.36, 22.48, 

23.11, 26.27, 27.31, 28.94, 29.00, 31.55, 60.94, 62.69, 130.23, 136.73, 137.11, 141.79; 

EI-HRMS m/z [M]+ calcd for C22H46N 324.3630, found 324.3631. 
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