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Section S1. Spectral data

[CholineCl][ZnCl2]3 

HO
N+

Cl-
ZnCl2 3

IR (KBr, cm-1)3543, 3033, 2966, 1619, 1475, 1130, 954, 863 cm-1.

HRMS (ESI) m/z [Choline + H]+ 105.0504

                      m/z [ZnCl3]- 170.8356, [Zn2Cl5]- 306.6968, [Zn3Cl7]- 444.5604
1H NMR (500 MHz, DMSO-d6) δ 5.22 (s, 1H), 3.81 (m, 2H), 3.38 – 3.36 (m, 2H), 

3.09 (s, 9H).
13C NMR (125 MHz, DMSO-d6) δ 67.8, 55.9, 54.2, 54.1, 54.0.

1-Allyl-3-methylimidazolium tetrafluoromethanesulfonate

N N
OTf

1H NMR (500 Hz, CDCl3) δ 9.62 (s, 1H), 7.42 (s, 1H), 7.33 (s, 1H), 6.01–5.95 (q, J 

= 10.5 Hz, 17 Hz, 1H), 5.46–5.42 (t, J = 8.5 Hz, 2H), 4.88–4.87 (d, J = 6.5 Hz, 2H), 

4.00 (s, 3H). 
13C NMR (125 Hz, CDCl3) δ 135.9, 127.8, 121.6, 121.0, 119.8, 114.5, 50.3, 34.9.

HR MS (ESI) m/z 123.0971 ([M]+)

2,5-Dimethyl-1-phenyl-1H-pyrrole1-6

N

Yellow solid, mp 52-54 °C
1H NMR (500 MHz, CDCl3) δ 7.49 – 7.46 (t, J = 7 Hz, 2H), 7.43 – 7.40 (t, J = 7.5 

Hz, 1H), 7.24 – 7.23 (d, J = 7 Hz, 2H), 5.93 (s, 2H), 2.06 (s, 6H). 
13C NMR (125 MHz, CDCl3) δ 139.1, 129.0, 128.8, 128.3, 127.6, 105.6, 13.0.

GC-MS (EI, 70 eV) m/z 171 ([M]+)
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2,5-Dimethyl-1-(o-tolyl)-1H-pyrrole1, 2, 4, 7

N

Yellow oil
1H NMR (500 MHz, CDCl3) δ 7.33 – 7.32 (m, 2H), 7.29 – 7.27 (m, 1H), 7.17 – 

7.15 (d, J = 7.5 Hz, 2H), 5.91 (s, 2H), 1.94 (s, 3H), 1.92 (s, 6H).
13C NMR (125 MHz, CDCl3) δ 137.1, 130.7, 128.9, 128.3, 128.2, 126.6, 105.2, 

29.7, 17.0, 12.5.

GC-MS (EI, 70 eV) m/z 185 ([M]+)

1-(4-Hydroxyphenyl)-2,5-dimethyl-1H-pyrrole7, 17, 19, 20

NHO

Yellow solid, mp 105-107 °C
1H-NMR (500 MHz, DMSO-d6) δ 9.66 (s, 1H), 7.01 – 6.98 (m, 2H), 6.85 – 6.82 (m, 

2H), 5.71 (s, 2H), 1.90 (s, 6H).
13C-NMR (125 MHz, DMSO-d6) δ 157.2, 130.0, 129.5, 128.1, 116.1, 105.7, 13.3.

GC-MS (EI, 70 eV) m/z 187 ([M]+).

1-(2’-Hydroxy-5’-methylphenyl)-2,5-dimethyl-1H-pyrrole

N

OH

Black oil
1H NMR (500 MHz, CDCl3): δ = 7.14 – 7.12 (dd, J = 2 Hz, 2 Hz, 1H), 6.96 – 6.95 

(d, J = 8.5 Hz, 1H), 6.92 – 6.91 (d, J = 1.5 Hz, 1H), 5.94 (s, 2H), 5.08 (s, 1H), 2.31 

(s, 3H), 1.98 (s, 6H).
13C NMR (125 MHz, CDCl3) δ 150.4, 130.5, 130.1, 129.4, 129.0, 116.5, 115.9, 

106.7, 20.4, 12.3.

HRMS (ESI) m/z calcd for [M + H]+ C13H16NO+ 202.1226, found 202.1201.
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1-(2’-Hydroxy-5’-nitrophenyl)-2,5-dimethyl-1H-pyrrole

OH

O2N N

Orange solid, mp 167-170 °C
1H NMR (500 MHz, CDCl3) δ 8.28 – 8.24 (dd, J = 2.5 Hz, 2.5 Hz, 1H), 8.09 – 8.08 

(d, J = 3 Hz, 1H), 7.18 – 7.16 (d, J = 9.5 Hz, 1H), 5.99 (s, 2H), 1.99 (s, 6H).
13C NMR (125 MHz, CDCl3) δ 158.7, 141.3, 129.1, 126.1, 125.7, 116.8, 107.9, 

12.3.

HRMS (ESI) m/z calcd for [M + H]+ C12H13N2O3
+ 233.0920, found 233.0939.

1-(2’-Amino-4’-nitrophenyl)-2,5-dimethyl-1H-pyrrole

NH2

N

O2N

Yellow solid, m.p. = 128-130 °C
1H NMR (500 MHz, CDCl3) δ 7.65 – 7.63 (m, 2H), 7.21 – 7.19 (d, J = 9 Hz, 1H), 

5.97 (s, 2H), 3.82 (s, 2H), 1.97 (s, 6H).
13C NMR (125 MHz, CDCl3) δ 145.1, 130.3, 130.2, 124.0, 118.0, 112.8, 109.8, 

107.1, 12.2.

HRMS (ESI) m/z calcd for [M + H]+ C12H14N3O2
+ 230.1049, found 230.1011.

1-(3,5-Dichlorophenyl)-2,5-dimethyl-1H-pyrrole8

N

Cl

Cl

Orange solid, mp 79-81 °C
1H NMR (500 MHz, CDCl3) δ 7.42 – 7.41 (t, J = 2 Hz, 1H), 7.15 – 7.14 (d, J = 1.5 

Hz, 2H), 5.90 (s, 2H), 2.06 (s, 6H).
13C NMR (125 MHz, CDCl3) δ 141.0, 135.2, 128.6, 128.6, 127.0, 106.7, 29.7, 13.0.
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GC-MS (EI, 70 eV) m/z 239 ([M]+)

1-(2,5-Dichlorophenyl)-2,5-dimethyl-1H-pyrrole9

N

Cl

Cl

Black solid, mp 136-137 °C
1H NMR (500 MHz, CDCl3) δ 7.51 – 7.50 (d, J = 8.5 Hz, 1H), 7.42 – 7.39 (dd, J = 

2.5 Hz, 2.5 Hz, 1H), 7.36 – 7.35 (d, J = 2.5 Hz, 1H), 5.97 (s, 2H), 2.01 (s, 6H).
13C NMR (125 MHz, CDCl3) δ 138.1, 133.0, 132.7, 131.0, 130.8, 129.8, 128.6, 

106.2, 12.5.

GC-MS (EI, 70 eV) m/z 239 ([M]+)

1-(3,4-Dichlorophenyl)-2,5-dimethyl-1H-pyrrole1, 2, 4, 5

N

Cl

Cl

Yellow solid, mp 101-103 °C
1H NMR (500 MHz, CDCl3) δ 7.55 – 7.54 (d, J = 8.5 Hz, 1H), 7.35 (d, J = 2.5 Hz, 

1H), 7.10 – 7.08 (m, 1H), 5.91 (s, 2H), 2.05 (s, 6H).
13C NMR (125 MHz, CDCl3) δ 138.5, 133.0, 132.0, 130.8, 130.2, 128.7, 127.6, 

106.5, 13.0.

GC-MS (EI, 70 eV) m/z 239 ([M]+)

1-(2,5-Dibromophenyl)-2,5-dimethyl-1H-pyrrole

N

Br

Br

Yellow oil
1H NMR (500 MHz, CDCl3) δ 7.59 – 7.57 (d, J = 8.5 Hz, 1H), 7.47 – 7.44 (m, 2H), 

5.92 (s, 2H), 1.97 (s, 6H).
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13C-NMR (125 MHz, CDCl3) δ 140.0, 134.3, 133.6, 133.0, 128.4, 123.5, 121.3, 

106.1, 12.6.

GC-MS (EI, 70 eV) m/z 326 ([M]+)

1-(4-Iodophenyl)-2,5-dimethyl-1H-pyrrole18, 19

NI

Yellow solid, mp 63-65 °C
1H-NMR (500 MHz, CDCl3) δ 7.80 – 7.79 (d, J = 8.5 Hz, 2H), 6.97 – 6.96 (d, J = 8 

Hz, 2H), 5.90 (s, 2H), 2.03 (s, 6H).
13C-NMR (125 MHz, CDCl3) δ 138.8, 138.3, 130.2, 128.6, 106.2, 92.9, 13.0.

GC-MS (EI, 70 eV) m/z 297 ([M]+).

1-([1,1'-Biphenyl]-2-yl)-2,5-dimethyl-1H-pyrrole21

N

Yellow solid, mp 98-99 °C
1H NMR (500 MHz, CDCl3) δ 7.55 – 7.53 (dd, J = 1.5 Hz, 8 Hz, 1H), 7.48 – 7.45 

(dt, J = 1.5 Hz, 1H), 7.43 – 7.39 (dt, J = 1.5 Hz, 1H), 7.25 – 7.22 (m, 4H), 7.01 – 

6.99 (dd, J = 2 Hz, 2H), 5.76 (s, 2H), 1.84 (s, 6H). 
13C NMR (125 MHz, CDCl3) δ 140.4, 138.7, 136.4, 130.82, 129.9, 128.5, 128.5, 

128.3, 128.2, 128.0, 127.3, 105.8, 12.9.

GC-MS (EI, 70 eV) m/z 247 ([M]+)

Methyl 4-(2,5-dimethyl-1H-pyrrol-1-yl)benzoate22-25

O

O

N
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White solid, mp 100-102 °C
1H NMR (500 MHz, CDCl3) δ 8.16 – 8.13 (m, 2H), 7.30 – 7.27 (m, 2H), 5.92 (s, 

2H), 3.96 (s, 3H), 2.05 (s, 6H).
13C NMR (125 MHz, CDCl3) δ 166.4, 143.2, 130.5, 129.3, 128.6, 128.1, 106.5, 

52.3, 13.0. 

GC-MS (EI, 70 eV) m/z 229 ([M]+)

1-(4-Cyanophenyl)-2,5-Dimethyl-1H-pyrrole1, 2, 5, 7

N N

White solid, mp 93-94 °C
1H NMR (500 MHz, CDCl3) δ 7.79 – 7.77 (m, 2H), 7.35 – 7.33 (m, 2H), 5.94 (s, 

2H), 2.05 (s, 6H).
13C NMR (125 MHz, CDCl3) δ 143.1, 133.1, 129.0, 128.5, 118.2, 111.5, 107.2, 

13.1. 

GC-MS (EI, 70 eV) m/z 196 ([M]+)

2,5-Dimethyl-1-(4-nitrophenyl)-1H-pyrrole2, 4, 5, 7, 17

NO2N

Yellow solid, mp 144-146 °C
1H NMR (500 MHz, CDCl3) δ 8.35 – 8.34 (d, J = 9 Hz, 2H), 7.40 – 7.38 (d, J = 9 

Hz, 2H), 5.96 (s, 2H), 2.07 (s, 6H).
13C NMR (125 MHz, CDCl3) δ 146.8, 144.8, 128.8, 124.6, 109.0, 107.4, 29.7.

GC-MS (EI, 70 eV) m/z 216 ([M]+)

N-(2,4-Dinitrophenyl)-2,5-dimethyl-1H-pyrrol-1-amine10, 14-16

H
N N

NO2

O2N
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Yellow solid, mp 182-184 °C
1H NMR (500 MHz, CDCl3) δ 9.96 (s, 1H), 9.19 – 9.18 (d, J = 2.5 Hz, 1H), 8.27 – 

8.24 (m, 1H), 6.22 – 6.20 (d, J = 9.5 Hz, 1H), 5.94 (s, 2H), 2.08 (s, 6H).
13C NMR (125 MHz, CDCl3) δ 148.7, 139.2, 130.9, 127.4, 123.5, 114.6, 105.7, 

11.1.

2,5-Dimethyl-N-phenyl-1H-pyrrol-1-amine10-13

H
N N

Yellow solid, mp 82-85 °C
1H NMR (500 MHz, CDCl3) δ 7.32 – 7.29 (t, J = 9 Hz, 2H), 6.92 – 6.90 (t, J = 7.5 

Hz, 1H), 6.86 – 6.83 (t, J = 7 Hz, 1H), 6.47 – 6.46 (d, J = 7.5 Hz, 2H), 6.32 (s, 1H), 

5.87 (s, 2H), 2.14 (s, 6H).
13C NMR (125 MHz, CDCl3) δ 142.4, 120.5, 118.6, 113.2, 112.0, 103.5, 14.8.

GC-MS (EI, 70 eV) m/z 186 ([M]+)

N1,N2-bis(2-(2,5-Dimethyl-1H-pyrrol-1-yl)ethyl)ethane-1,2-diamine

N
H
N

N
H

N

Yellow oil
1H NMR (500 MHz, CDCl3) δ 5.77 – 5.76 (d, J = 5 Hz, 4H), 3.88 – 3.85 (t, J = 7 

Hz, 4H), 2.83 – 2.81 (t, J = 7 Hz, 4H), 2.71 (s, 4H), 2.23 (s, 12H).
13C NMR (125 MHz, CDCl3) δ 127.6, 105.4, 49.7, 49.0, 43.7, 12.6.

HRMS (ESI) m/z calcd for [M + H]+ C18H31N4
+ 303.2543, found 303.2575.
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Section S2. 1H, 13C NMR and HRMS spectroscopy
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1H NMR, 13C NMR, IR and HRMS of [CholineCl][ZnCl2]3
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1H NMR, 13C NMR, and HRMS of 3-allyl-1-methylimidazolium 

trifluoromethanesulfonate [AMIm](OTf)
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1H NMR, 13C NMR, and GC-MS of 2,5-Dimethyl-1-phenyl-1H-pyrrole
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1H NMR, 13C NMR, and GC-MS of 2,5-Dimethyl-1-(o-tolyl)-1H-pyrrole
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1H NMR, 13C NMR, and GC-MS of 1-(4-Hydroxyphenyl)-2,5-dimethyl-1H-

pyrrole
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1H NMR, 13C NMR, and HRMS of 1-(2’-Hydroxy-5’-methylphenyl)-2,5-

dimethyl-1H-pyrrole
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1H NMR, 13C NMR, and HR-MS of 1-(2’-Hydroxy-5’-nitrophenyl)-2,5-

dimethyl-1H-pyrrole
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1H NMR, 13C NMR, and GC-MS of 1-(2’-Amino-4’-nitrophenyl)-2,5-dimethyl-

1H-pyrrole

NH2

N

O2N

NH2

N

O2N
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1H NMR, 13C NMR, and GC-MS of 1-(3,5-Dichlorophenyl)-2,5-dimethyl-1H-

pyrrole



S26



S27

1H NMR, 13C NMR, and GC-MS of 1-(2,5-Dichlorophenyl)-2,5-dimethyl-1H-

pyrrole
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1H NMR, 13C NMR, and GC-MS of 1-(3,4-Dichlorophenyl)-2,5-dimethyl-1H-

pyrrole
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1H NMR, 13C NMR, and GC-MS of 1-(2,5-Dibromophenyl)-2,5-dimethyl-1H-

pyrrole
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1H NMR, 13C NMR, and GC-MS of 1-(4-Iodophenyl)-2,5-dimethyl-1H-pyrrole
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1H NMR, 13C NMR, and GC-MS of 1-([1,1'-Biphenyl]-2-yl)-2,5-dimethyl-1H-

pyrrole
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1H NMR, 13C NMR, and GC-MS of methyl 4-(2,5-dimethyl-1H-pyrrol-1-

yl)benzoate
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1H NMR, 13C NMR, and GC-MS of 1-(4-cyanophenyl)-2,5-Dimethyl-1H-pyrrole



S40



S41

1H NMR, 13C NMR, and GC-MS of 2,5-dimethyl-1-(4-nitrophenyl)-1H-pyrrole
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1H NMR, 13C NMR, and GC-MS of N-(2,4-dinitrophenyl)-2,5-dimethyl-1H-

pyrrol-1-amine
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1H NMR, 13C NMR, and GC-MS of 2,5-dimethyl-N-phenyl-1H-pyrrol-1-amine



S45



S46

1H NMR, 13C NMR, and HRMS of N1,N2-bis(2-(2,5-Dimethyl-1H-pyrrol-1-

yl)ethyl)ethane-1,2-diamine
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