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General information

- Unless otherwise stated, all reagents were purchased from commercial suppliers and used without further
purification. Reactions were monitored by thin-layer chromatography (TLC) on silica gel 60-F;s4 aluminum
plates (Merck) and/or gas chromatography-mass spectrometry (GCMS). Visualization of compounds on TLC
was accomplished by irradiation with UV light at 254 nm and/or vanillin stain. GCMS Analysis was performed
with ‘Agilent 7820A’ gas chromatograph equipped with ‘Agilent 5975’ quadrupole mass selective detector,
using Agilent HP-5MS capillary column (30 m, 0.25 mm, 0.25 um film).

Column chromatography was performed using silica gel 60 (particle size 0.040-0.063 mm) purchased from
Sigma-Aldrich.
Proton and Carbon NMR spectra were recorded on Varian Mercury 300 MHz spectrometer in deuterated

solvent. Proton chemical shifts are reported in ppm (6) relative to tetramethylsilane with the solvent
resonance employed as the internal standard (CDCl;, § 7.26 ppm). *C Chemical shifts are reported in ppm
from tetramethylsilane with the solvent resonance as the internal standard (CDCl;, & 77.0 ppm). Data is
reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet),
integration and coupling constants (Hz).

- High resolution mass spectra were determined on a ThermoScientific LTQ Orbitrap XL (FTMS).

- Infrared (IR) spectra were recorded on a ThermoFischer Scientific NICOLET iS10 spectrometer.

Thermal Analysis

- The thermal decomposition temperature was recorded in nitrogen atmosphere by thermogravimetric
analysis (TGA) technique on Mettler Toledo TG50 Analyzer. The temperature, weight, and tau lag were
calibrated using the Aluminum/Zinc standard sample. High-purity nitrogen (99.999%) was passed throughout
the experiments to avoid contamination from the external atmosphere. Thermal stability was investigated
by heating from 25 °C to 700 °C at a heating rate of 10 °C/min.

- The measurement of phase transition temperature was recorded by differential scanning calorimeter (DSC)
using Mettler Toledo DSC1.

Preparation of a-enaminones

Procedure A: to a solution of 1,2-cyclohexadione (1.00 equiv.) in MeOH (0.3 M), was added corresponding
primary amine (1.00 equiv.) in one portion. The solution was left to stir for 2-5 hours at 60-80 °C. The mixture
was concentrated under high vacuum. The product was purified by flash chromatography (neutral aluminium
oxide 90, diethyl ether\ethyl acetate in hexane, unless otherwise stated) to yield the corresponding a-
enaminone.

Preparation of desired product

Procedure B (from a-enaminone): a solution of a-enaminone (1.00 equiv.), proline (2.00 equiv.) and potassium
iodide (1.00 equiv.) in MeOH (0.27 M) was left to stir for 8 hours at 100 °C. The mixture was concentrated
under high vacuum. The product was purified by flash chromatography (silica gel, methanol, and ethyl acetate
in DCM), to yield the corresponding desired product.
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Procedure C (one-pot): a mixture of dione (1.00 equiv.), primary amine (1.00 equiv.), proline (2.00 equiv.) and
KI (1.00 equiv.) in MeOH (0.27 M) was left to stir for 10-24 hours at 100 °C. The mixture was concentrated
under high vacuum. The product was purified by flash chromatography (silica gel, methanol, and ethyl acetate
in DCM), to yield the corresponding desired product.

2-(benzylamino)cyclohex-2-en-1-one: general procedure A was applied using 1,2-

2 “\/© cyclohexadione (1.00 equiv., 0.8 g, 7.00 mmol), phenylmethanamine (1.00 equiv., 0.77 ml,

é/ 7.00 mmol), in MeOH (0.3 M, 22.50 ml), 4 h, 80 °C. Purification of the crude product by flash

column chromatography (20% ethyl acetate in hexane) yielded a-enaminone (1.20 g, yellow

solid). ™H NMR (300 MHz, Chloroform-d) § 7.37 —7.27 (m, 6H), 5.44 (t, J = 4.7 Hz, 1H), 4.09 (s, 2H), 2.54 — 2.45

(m, 2H), 2.34 (g, J = 5.6 Hz, 2H), 1.95 (p, J = 6.2 Hz, 2H). 13C NMR (75 MHz, Chloroform-d) 6 195.82, 140.35,

139.03, 128.51, 127.38, 127.09, 111.78, 47.55, 37.92, 24.50, 23.49. IR (neat): 3406, 3029, 2928, 2834, 1658,
1618, 1486, 1207, 1129, 969, 868, 802, 740, 697 cm ™ 1.

? applied using 1,2-cyclohexadione (1.00 equiv., 1.0 g 8.90 mmol), (4-(tert-

H
@/N butyl)phenyl)methanamine (1.00 equiv., 1.57 ml, 8.90 mmol), in MeOH (0.3 M, 30.0
ml), 4 h, 80 °C. Purification of the crude product by flash column chromatography (5%
dichloromethane, 15% ethyl acetate in hexane) yielded a-enaminone (1.40 g, yellow crystals). 'H NMR (300
MHz, Chloroform-d) 6 7.36 (d, J = 8.2 Hz, 2H), 7.23 (s, 2H), 5.61 (s, 1H), 4.05 (s, 2H), 2.54 — 2.45 (m, 2H), 2.36
(9, J = 5.6 Hz, 2H), 1.96 (p, J = 6.2 Hz, 2H), 1.32 (s, 10H). 3C NMR (75 MHz, Chloroform-d) 6 195.86, 150.04,
140.51, 135.94, 127.24, 125.42, 111.64, 47.28, 37.94, 34.49, 31.39, 24.51, 23.49. IR (neat): 3406, 2953, 2865,
2830, 1662, 1625, 1486, 1352, 1264, 1179, 1158, 962, 866, 813, 703 cm™*. HRMS (m/z) calc. for C;,H,,NO
(IM+H]*): 258.1858; found: 258.1859.

\/@/t_gu 2-((4-(tert-butyl)benzyl)amino)cyclohex-2-en-1-one: general procedure A was

equiv., 1.03 ml, 8.65 mmol), in MeOH (0.3 M, 29.00 ml), 4 h, 80 °C. Purification of the

crude product by flash column chromatography (15% ethyl acetate in hexane) yielded a-
enaminone (1.19 g, yellow solid). *H NMR (300 MHz, Chloroform-d) § 7.23 (d, J = 8.2 Hz, 1H), 6.89 — 6.73 (m,
2H), 5.43 (t, J = 4.7 Hz, 1H), 4.10 (s, 2H), 2.53 — 2.44 (m, 2H), 2.34 (g, J = 5.6 Hz, 2H), 1.96 (g, J = 6.3 Hz, 2H). 3C
NMR (75 MHz, Chloroform-d) 6 195.70, 163.76, 163.61, 162.30, 162.14, 160.48, 160.33, 159.01, 158.86,
139.95, 130.08, 130.00, 129.95, 129.87, 121.85, 121.81, 121.65, 121.61, 112.02, 111.29, 111.25, 111.02,
110.96, 104.01, 103.68, 103.34, 40.41, 40.36, 37.80, 24.41, 23.37. 9F NMR (282 MHz, Chloroform-d) 6 -112.05
(p, J = 7.6 Hz), -115.02 (q, J = 8.5 Hz). IR (neat): 3405, 2915, 2832, 1661, 1624, 1498, 1425, 1358, 1264, 1130,
1084, 961, 864, 806, 723 cm™ 1. HRMS (m/z) calc. for C;3H;4F,NO ([M+H]*): 238.1043; found: 238.1043.

o F (2,4-difluorophenyl)methanamine: general procedure A was applied using 1,2-
H\/@ cyclohexadione (1.00 equiv., 0.97 g, 8.65 mmol), (2,4-difluorophenyl)methanamine (1.00
F

2-((4-vinylbenzyl)amino)cyclohex-2-en-1-one: general procedure A was applied using

A
7 n\/©/\ 1,2-cyclohexadione (1.00 equiv., 0.83 g, 7.36 mmol), (4-vinylphenyl)methanamine (1.00

equiv., 1.00 ml, 7.36 mmol), in MeOH (0.3 M, 25.00 ml), 4 h, 80 °C. Purification of the
crude product by flash column chromatography (20% ethyl acetate in hexane) yielded
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a-enaminone (0.15 g, orange-black oil). *H NMR (300 MHz, Chloroform-d) 6 7.38 (d, J = 7.9 Hz, 2H), 7.25 (d, J
= 6.9 Hz, 3H), 6.71 (dd, J = 17.6, 10.9 Hz, 1H), 5.74 (d, J = 17.6 Hz, 1H), 5.44 (t, J = 4.7 Hz, 1H), 5.23 (d, J = 10.9
Hz, 1H), 4.08 (s, 2H), 2.54 — 2.43 (m, 2H), 2.33 (q, J = 5.6 Hz, 2H), 1.95 (p, J = 6.2 Hz, 2H). 3C NMR (75 MHz,
Chloroform-d) & 195.88, 140.28, 138.69, 136.47, 127.99, 127.51, 126.35, 113.59, 111.92, 47.27, 37.90, 24.48,
23.46. IR (neat): 3405, 2924, 2856, 1664, 1624, 1490, 1351, 1156, 1126, 987, 917, 824, 792, 701 cm™~1. HRMS
(m/z) calc. for C;5sH;gNO ([M+H]*): 228.1388; found: 228.1388.

1,2-cyclohexadione (1.00 equiv., 0.6 g, 5.40 mmol), (4-bromophenyl)methanamine (1.00

equiv., 0.68 ml, 5.40 mmol), in MeOH (0.3 M, 18.00 ml), 4 h, 80 °C, Yielded a-enaminone

(1.23 g, dark orange solid). *H NMR (300 MHz, Chloroform-d) § 7.44 (d, J = 8.2 Hz, 2H),
7.17 (d, J = 8.0 Hz, 2H), 5.38 (t, J = 4.7 Hz, 1H), 4.05 (s, 2H), 2.53 — 2.45 (m, 2H), 2.32 (g, J = 5.6 Hz, 2H), 1.94 (p,
J = 6.3 Hz, 2H). 3C NMR (75 MHz, Chloroform-d) & 195.83, 140.07, 138.10, 131.56, 128.94, 120.75, 112.13,
46.88, 37.85, 24.43, 23.41. IR (neat): 3398, 2946, 2920, 2855, 2825, 1664, 1623, 1485, 1335, 1157, 1126, 1067,
1009, 888, 868, 796, 722, 708 cm ™ 1.

o Br 2-((4-bromobenzyl)amino)cyclohex-2-en-1-one: general procedure A was applied using
(T
'

2-(cycloheptylamino)cyclohex-2-en-1-one: general procedure A was applied using 1,2-

o]
N cyclohexadione (1.00 equiv., 0.56 g, 5.00 mmol), cycloheptanamine (1.00 equiv., 0.64 ml, 5.00
\O mmol), in MeOH (0.3 M, 16.70 ml), 4 h, 80 °C. Purification of the crude product by flash

column chromatography (15% ethyl acetate, 20% diethyl ether in hexane) yielded a-
enaminone (0.70 g, orange oil). *H NMR (300 MHz, Chloroform-d) § 5.31 (t, J = 4.8 Hz, 1H), 3.08 (dp, J = 8.3,
4.3 Hz, 1H), 2.49 — 2.41 (m, 2H), 2.36 (q, J = 5.6 Hz, 2H), 1.89 (ddt, J = 18.0, 11.4, 5.5 Hz, 4H), 1.68 — 1.32 (m,
10H). ¥C NMR (75 MHz, Chloroform-d) § 196.17, 139.07, 110.79, 52.69, 38.00, 34.02, 28.34, 24.61, 24.48,
23.48. IR (neat): 3403, 2917, 2858, 2832, 1663, 1623, 1509, 1493, 1453, 1340,1245, 1178, 1125, 1031, 810,
796, 710 cm™1. HRMS (m/z) calc. for C;3H,;NO (M*): 207.1623; found: 207.1623.

g 2-((4-fluorobenzyl)amino)cyclohex-2-en-1-one: general procedure A was applied using

® n\/©/ 1,2-cyclohexadione (1.00 equiv., 1.00 g, 9.00 mmol), (4-fluorophenyl)methanamine (1.00

ij/ equiv., 1.13 ml, 9.00 mmol), in MeOH (0.3 M, 30.00 ml), 4 h, 80 °C. Purification of the

crude product by flash column chromatography (10% ethyl acetate in hexane) yielded a-

enaminone (0.82 g, green solid). *H NMR (300 MHz, Chloroform-d) § 7.29 — 7.20 (m, 2H), 7.06 — 6.93 (m, 2H),

5.39 (t, J = 4.7 Hz, 1H), 4.04 (s, 2H), 2.48 (dd, J = 7.3, 6.0 Hz, 2H), 2.33 (q, J = 5.6 Hz, 2H), 1.95 (q, J = 6.3 Hz, 2H).

13C NMR (75 MHz, Chloroform-d) 6 195.85, 163.55, 160.31, 140.21, 134.66, 134.62, 128.95, 128.84, 115.45,

115.17,111.97, 46.86, 37.87, 24.45, 23.43. 9F NMR (282 MHz, Chloroform-d) 6 -115.72 —-115.91 (m). IR (neat):

3405, 3031, 2931, 2866, 1665, 1626, 1602, 1505, 1211, 1155, 813, 791, 744 cm™~t. HRMS (m/z) calc. for
Ci3H1sFNO ([M+H]*): 220.1138; found: 220.1141.

N using 1,2-cyclohexadione (1.00 equiv., 0.64 g, 5.70 mmol), (2-(pyrrolidin-1-
N Yl)phenyl)methanamine (1.00 equiv., 1.00 ml, 5.70 mmol), in MeOH (0.3 M, 20.00 ml), 4 h,
] 80 °C. Purification of the crude product by flash column chromatography (5% ethyl acetate

o \/@ 2-((2-(pyrrolidin-1-yl)benzyl)amino)cyclohex-2-en-1-one: general procedure A was applied
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in hexane) yielded a-enaminone (0.27 g, brown solid). 'H NMR (300 MHz, Chloroform-d) § 7.29 —7.12 (m, 2H),
6.99 — 6.84 (m, 2H), 5.41 (t, J = 4.7 Hz, 1H), 4.06 (s, 2H), 3.20 — 3.11 (m, 4H), 2.53 — 2.43 (m, 2H), 2.35(q,/ = 5.6
Hz, 2H), 1.98 — 1.89 (m, 6H). 3C NMR (75 MHz, Chloroform-d) & 195.85, 148.70, 140.61, 129.75, 128.93, 127.69,
120.53,116.47,111.25, 51.25, 45.49, 38.01, 24.99, 24.58, 23.57. IR (neat): 3402, 2922, 2853, 1673, 1627, 1598,
1483, 1449, 1397, 1311, 1159, 1127, 865, 751 cm™ 1. HRMS (m/z) calc. for C;,H,,N,0 (M*): 270.1732; found:
270.1734.

o 2-((3-(1H-pyrazol-1-yl)benzyl)amino)cyclohex-2-enone: general procedure A was
N applied using 1,2-cyclohexadione (1.00 equiv., 0.64 g, 5.78 mmol), (3-(1H-pyrazol-1-
ij/ yl)phenyl)methanamine (1.00 equiv., 1.00 g, 5.78 mmol), in MeOH (0.3 M, 20.00 ml). The
setup was prepared under nitrogen atmosphere. 4 h, 80 °C, yielded a-enaminone (1.50

"\‘§ g, green solid). *H NMR (300 MHz, CDCls): § 7.89-7.85 (d, J = 2.5 Hz, 1H), 7.68-7.63 (d, J

N=/" = 1.8 Hz, 1H), 7.63-7.57 (q, J = 3.3, 1.8 Hz, 1H), 7.55-7.48 (ddd, J = 8.2, 2.2, 1.1Hz, 1H),
7.36-7.29 (t, J = 7.8 Hz, 1H), 7.18-7.12 (dt, J = 7.7, 1.3 Hz, 1H), 6.42-6.35 (m, 1H), 5.38-5.29 (t, J = 4.7 Hz, 1H),
4.12-4.04 (s, 2H), 2.45-2.37 (dd, J = 7.4, 5.9 Hz, 2H), 2.29-2.18 (q, J = 5.6 Hz, 2H), 1.92-1.79 (m, 2H). 2*C NMR
(75 MHz, CDCls): 6 195.80, 145.98, 141.00, 140.32, 140.32, 140.12, 129.54, 126.83, 125.10, 117.90, 117.75,
112.18, 107.59, 47.29, 37.82, 24.40, 23.38. IR (neat): 3410, 3124, 3037, 2939, 1669, 1625, 1592, 1517, 1487,

1391, 1350, 1040, 936, 787, 749, 729, 702, 685 cm™. HRMS (m/z) calc. for C;H;gN30 ([M+H]*): 268.1450;
found: 268.1450.

o (2)-2-(octadic-9-en-1-ylamino)cyclohex-2-enone:  general
(;/EN — Me procedure A was applied using 1,2-cyclohexadione (1.00
H equiv., 0.85 g, 7.60 mmol), oleylamine (1.00 equiv., 2.5 ml,

7.60 mmol), in MeOH (0.3 M, 25.00 ml), 3.5 h, 80 °C. Two phases was observed and separated. Purification of
the main phase by flash column chromatography (5% ethyl acetate in hexane) yielded a-enaminone (0.89 g,
dark blue oil). *H NMR (300 MHz, CDCls): § 5.47-5.27 (m, 3H), 4.22-4.01 (s, 1H), 2.85-2.74 (t, J = 7.0 Hz, 2H),
2.51-2.42 (m, 2H), 2.40-2.32 (g, J = 5.6 Hz, 2H), 2.06-1.88 (m, 6H), 1.61-1.50 (t, J = 7.1 Hz, 2H), 1.39-1.20 (dt, J
= 16.8, 5.1 Hz, 23H), 0.91-0.83(t, J = 6.5 Hz, 3H). 23C NMR (75 MHz, CDCls): 6 195.92, 140.71, 129.89, 129.76,
110.80, 43.21, 37.93, 31.89, 29.75, 29.72, 29.68, 29.51, 29.45, 29.42, 29.31, 29.22, 28.97, 27.28, 27.18, 27.16,
24.53,23.51,22.67,14.11. IR (neat): 3403, 2918, 2855, 2832, 1662, 1623, 1509, 1494, 1282, 1212, 1168, 1125,
1031, 975, 869, 810, 796, 721 cm™*. HRMS (m/z) calc. for C,,H,,NO ([M+H]*): 362.3423; found: 362.3426.

o 2-((2-methoxyethyl)amino)cyclohex-2-enone: general procedure A was applied using 1,2-

N cyclohexadione (1.00 equiv., 1.29 g, 11.50 mmol), 2-methoxyethylamine (1.00 equiv., 1.00 ml,

@/ \|\ 11.50 mmol), in MeOH (0.3 M, 35.00 ml), 2 h, 60 °C. Purification of the crude product by flash

OMe  column chromatography (20% diethyl ether in hexane) yielded a-enaminone (1.20 g, green

oil). *H NMR (300 MHz, CDCl3): 6 5.50-5.44 (t, J = 4.7 Hz, 1H), 4.53-4.28 (s, 1H), 3.59-3.51 (t, J = 5.3 Hz, 2H),

3.39-3.33 (s, 3H), 3.06-2.98 (t, J = 5.4 Hz, 2H), 2.51-2.44 (dd, J = 7.3, 6.0 Hz, 2H), 2.42-2.32 (q, J = 5.6 Hz, 2H),

2.01-1.89 (p, 2H). 3C NMR (75 MHz, CDCls): 6 195.77, 140.64, 111.58, 70.73, 58.81, 42.88, 37.91, 24.50,23.43.

IR (neat): 3405, 2930, 1668, 1453, 1194, 1115, 1018, 711 cm™~ 1. HRMS (m/z) calc. for CsH1sNNaO; ([M+Na]*):
192.0995; found: 192.0996.
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o 2-((4-isopropylbenzyl)amino)cyclohex-2-enone: general procedure A was applied using 1,2-

N cyclohexadione (1.00 equiv., 1.00 g, 8.90 mmol), 4-isopropylbenzylamine (1.00 equiv., 1.33 g,

@/ 8.90 mmol), in MeOH (0.3 M, 30.00 ml), 3.5 h, 80 °C, yielded a-enaminone (2.10 g, brown

solid). *H NMR (300 MHz, CDCls): § 7.25-7.15 (m, 4H), 5.48-5.42 (t, J = 4.7 Hz, 1H), 4.07-3.99 (s,

2H), 2.97-2.81 (m, 1H), 2.53-2.44 (t, 2H), 2.39-2.30 (q, J = 5.6 Hz, 2H), 2.00-1.89 (p, J = 6.2 Hz,

Me” “Me 2H), 1.27-1.21 (d, J = 6.9 Hz, 6H). 3C NMR (75 MHz, CDCls): & 195.67, 147.78, 140.48, 136.30,

127.49, 126.55, 111.67,47.36,37.93, 33.78, 24.51, 24.03, 23.48. IR (neat): 3405, 2953, 2864, 1663, 1623, 1494,

1336, 1157, 1127, 1051, 813, 796, 712 cm™ 1. HRMS (m/z) calc. for CiH,2NO ([M+H]*): 244.1695; found:
244.1701.

o 2-(([1,1’-biphenyl]-4-ylmethyl)amino)cyclohex-2-enone: general procedure A was applied

H using 1,2-cyclohexadione (1.00 equiv., 0.61 g, 5.46 mmol), 4-phenylbenzylamine (1.00 equiv.,

ij/ 1.00 g, 5.46 mmol), in MeOH (0.3 M, 20.00 ml). The setup was prepared under nitrogen

O atmosphere. 5 h, 80 °C, yielded a-enaminone (1.40 g, yellow solid). *H NMR (300 MHz, CDCls):

8 7.62-7.52 (td, J = 8.5 Hz, 4H), 7.47-7.40 (t, J = 7.4 Hz, 2H), 7.40-7.31 (m, 3H), 5.49-5.41 (t, J =

4.7Hz, 1H), 4.17-4.08 (s, 2H), 2.55-2.46 (t, 2H), 2.39-2.30 (g, J = 5.6 Hz, 2H), 2.01-1.90 (p, J = 6.2

O Hz, 2H). 3C NMR (75 MHz, CDCl3): & 195.92, 140.85, 140.35, 140.04, 138.11, 128.76, 127.80,

127.26, 127.22, 127.05, 111.96, 47.26, 37.93, 24.51, 23.48. IR (neat): 3406, 2953, 2915, 2832,

1662, 1625, 1490, 1426, 1357, 1265, 1206, 1130, 1085, 962, 865, 806, 759, 723, 692 cm™!. HRMS (m/z) calc.
for CigH0NO ([M+H]*): 278.1539; found: 278.1545.

o 2-((2,3-dihydro-1H-inden-1-yl)amino)cyclohex-2-enone: general procedure A was
n\@ applied using 1,2-cyclohexadione (1.00 equiv., 1.01 g, 9.00 mmol), 1-aminoindane (1.00
ij/ equiv., 1.15 ml, 9.00 mmol), in MeOH (0.3 M, 30.00 ml), 4 h, 80 °C. Purification of the crude
product by flash column chromatography (5% ethyl acetate in hexane) yielded a-

enaminone (1.24 g, orange solid). *H NMR (300 MHz, CDCls): § 7.36-7.30 (m, 1H), 7.26-7.14 (m, 3H), 5.70-5.61
(t, J = 4.7 Hz, 1H), 4.70-4.61 (t, 1H), 4.59-4.40 (s, 1H), 3.07-2.92 (m, 1H), 2.90-2.78 (dt, J = 15.8, 7.7 Hz, 1H),
2.54-2.48 (dd, J = 7.6, 5.7 Hz, 2H), 2.48-2.37(h, J = 4.4 Hz, 3H), 2.06-1.94 (m, 2H), 1.90-1.74 (dq, J = 14.4, 7.7 Hz,
1H). 3C NMR (75 MHz, CDCl3): § 195.82, 144.36, 143.47, 139.97, 127.82, 126.58, 124.76, 124.29, 111.21, 57.77,

38.02, 33.16, 30.35, 24.66, 23.54. IR (neat): 3405, 3022, 2934, 2858, 1665, 1624, 1476, 1356, 1165, 1127, 874,
814, 751, 714 cm™1. HRMS (m/z) calc. for C1sH17NO (M*): 227.1310; found: 227.1308.

o 2-(butylamino)cyclohex-2-enone: general procedure A was applied using 1,2-cyclohexadione

H (1.00 equiv., 1.68 g, 15.00 mmol), n-buthylamine (1.00 equiv., 1.50 ml, 15.00 mmol), in MeOH

ij/ W\ (0.3 M, 45.00 ml), 4 h, 80 °C, yielded a-enaminone (3.00 g, brown oil). *H NMR (300 MHz,

CDCls): 8 5.45-5.39 (t, J = 4.7 Hz, 1H), 2.86-2.78 (t, J = 7.0 Hz, 2H), 2.50-2.42 (m, 2H), 2.41-2.32

Me (g, J = 5.6 Hz, 2H), 2.00-1.89 (p, J = 6.3 Hz, 2H), 1.61-1.49 (m, 2H), 1.45-1.31 (dq, J = 14.3, 7.2

Hz, 2H), 0.98-0.88 (t, J = 7.3 Hz, 3H). *3C NMR (75 MHz, CDCl3): § 195.98, 140.71, 110.90, 42.88, 37.93, 31.04,

24.52,23.50, 20.38, 13.88. IR (neat): 3402, 2918, 2859, 2832, 1662, 1623, 1509, 1494, 1281, 1245, 1167, 1125,
1031, 809, 796, 721 cm™ L. HRMS (m/z) calc. for C10H1sNO([M+H]*): 168.1388; found: 168.1387.
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methoxyphenyl)methanamine (1.00 equiv., 1.11 ml, 8.65 mmol), in MeOH (0.3 M,

29.00 ml), 4 h, 80 °C, yielded a-enaminone (2.00 g, dark brown gelatinous solid). 'H
NMR (300 MHz, Chloroform-d) 6 7.25 — 7.18 (m, 2H), 6.90 — 6.83 (m, 2H), 5.45 (t, J = 4.7 Hz, 1H), 4.00 (s, 2H),
3.81 (s, 3H), 2.53 —2.45 (m, 2H), 2.35 (q, / = 5.6 Hz, 2H), 1.95 (p, J = 6.3 Hz, 2H). *3C NMR (75 MHz, Chloroform-
d) 6 195.90, 158.70, 140.40, 130.97, 128.68, 113.86, 111.76, 55.27, 47.03, 37.92, 24.50, 23.47. IR (neat): 3403,
2917, 2859, 2832, 1662, 1623, 1509, 1494, 1283, 1245, 1158, 1125, 1031, 810, 796, 710 cm™~1. HRMS (m/z)
calc. for C;4,H;gNO, ([M+H]*): 232.1338; found: 232.1341.

o 0. e 2-((4-methoxybenzyl)amino)cyclohex-2-en-1-one: general procedure A was applied
? H\/@ using  1,2-cyclohexadione (1.00 equiv.,, 097 g 865 mmol), (4-

28: 4-(2-methoxyethyl)-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-a]imidazol-4-ium
Q/»N} ] iodide: general procedure B was applied using a-enaminone (1.00 equiv., 0.17 g, 1.00 mmol),

N ; proline (2.00 equiv., 0.23 g, 2.00 mmol), potassium iodide (1.00 equiv., 0.25 g, 1.00 mmol), in
MeOH (0.27 M, 3.80 ml), 8 h, 100 °C. Purification of the crude product by flash column
OMe chromatography (10% methanol, 20% ethyl acetate in DCM) yielded desired product (0.27 g,

76% yield, brown liquid). *H NMR (300 MHz, CDCls): § 4.30-4.48 (m, 4H), 3.69-3.63 (t, J = 5.0 Hz, 2H), 3.49-3.41
(t, J = 7.7 Hz, 2H), 3.36-3.32 (s, 3H), 2.92-2.79 (p, J = 7.5 Hz, 2H), 2.65-2.55 (d, J = 5.4 Hz, 4H), 1.93-1.85 (p, J =
2.9 Hz, 4H). 3C NMR (75 MHz, CDCls): § 150.24, 132.82, 125.74, 70.09, 59.03, 47.01, 46.62, 25.43, 24.37, 21.44,
21.22, 20.49, 20.06. IR (neat): 2932, 1631, 1555, 1424, 1305, 1199, 1115, 1088, 1019, 858, 829 cm™~ 1. HRMS
(m/z) calc. for C13H21N,0 (M*): 221.1648; found: 221.1643.

general procedure B was applied using a-enaminone (1.00 equiv., 0.104 g, 0.50 mmol), proline

| (2.00 equiv., 0.115 g, 1.00 mmol), potassium iodide (1.00 equiv., 0.083 g, 0.50 mmol), in MeOH

(0.27 M, 1.90 ml), 8 h, 100 °C. Purification of the crude product by flash column chromatography

O (10% methanol, 10% diethyl ether in DCM) yielded desired product (0.055 g, 28% yield, brown

liquid). 'H NMR (300 MHz, Chloroform-d) & 4.26 (t, J = 7.3 Hz, 2H), 4.03 (tt, J = 11.2, 3.7 Hz, 1H), 3.41 (t, /= 7.6

Hz, 2H), 2.88 (p, J = 7.5 Hz, 2H), 2.65 — 2.52 (m, 4H), 2.18 (ddt, J = 13.9, 6.1, 3.5 Hz, 2H), 1.86 (qd, J = 12.1, 7.0

Hz, 9H), 1.60 (m, 8H). 3C NMR (75 MHz, Chloroform-d) & 148.02, 131.83, 126.20, 70.52, 60.37, 46.07, 34.72,

26.76, 25.94, 25.73, 24.85, 21.77, 21.27, 21.24, 20.15. IR (neat): 2924, 2855, 1629, 1538, 1444, 1427, 1115,
1017, 919, 724 cm™1. HRMS (m/z) calc. for C;,H,; N, (M*): 259.2174; found: 259.2169.

29: 4-cycloheptyl-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-alimidazol-4-ium iodide:
N
Lo
N

N 30: 4-cyclohexyl-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-a]imidazol-4-ium iodide:

C[ /;:l general procedure B was applied using a-enaminone (1.00 equiv., 0.06 g, 0.30 mmol), proline

; N+ (2.00 equiv., 0.07 g, 0.60 mmol), potassium iodide (1.00 equiv., 0.05 g, 0.30 mmol), in MeOH

(0.27 M, 1.15 ml), 8 h, 100 °C. Purification of the crude product by flash column chromatography

(10% methanol, 10% diethyl ether in DCM) yielded desired product (0.09 g, 81% yield, brown

liquid). 'H NMR (300 MHz, Chloroform-d) & 4.25 (t, J = 7.3 Hz, 2H), 3.92 (tt, J = 12.4, 3.8 Hz, 1H), 3.44 (t, /= 7.6

Hz, 2H), 2.88 (p, J = 7.5 Hz, 2H), 2.60 (q, J = 4.8 Hz, 4H), 2.18 — 2.10 (m, 2H), 1.98 — 1.83 (m, 6H), 1.72 (tt, J =

12.5, 6.3 Hz, 4H), 1.39 (qt, J = 12.9, 3.3 Hz, 2H). 3C NMR (75 MHz, CDCl3) § 132.23, 126.21, 58.12, 45.89, 32.49,
26.34, 25.70, 25.46, 24.82, 21.77, 21.22, 20.13.
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N 31: 4-butyl-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-a]imidazol-4-ium iodide: general

Q/j/)j procedure B was applied using a-enaminone (1.00 equiv., 0.08 g, 0.50 mmol), proline (2.00

N [ equiv., 0.115 g, 1.00 mmol), potassium iodide (1.00 equiv., 0.083 g, 0.50 mmol), in MeOH (0.27

KL M, 1.90 ml), 8 h, 100 °C. Purification of the crude product by flash column chromatography

Me (10% methanol, 25% ethyl acetate in DCM) yielded desired product (0.06 g, 34% yield, brown

liquid). *H NMR (300 MHz, CDCls): 6 4.24-4.15 (t, J = 7.3 Hz, 2H), 3.98-3.89 (t, J = 7.4 Hz, 2H), 3.37-3.29 (t, J =

7.6 Hz, 2H), 2.88-2.76 (p, J = 7.5 Hz, 2H), 2.57-2.45 (m, 4H), 1.86-1.74 (p, J = 3.6 Hz, 4H), 1.74-1.62 (m, 2H), 1.31-

1.23 (h, J = 7.4 Hz, 2H), 0.92-0.83(p, J = 7.3 Hz, 3H). 3C NMR (75 MHz, CDCl3): & 149.51, 132.55, 126.16, 46.75,

46.55, 31.50, 25.62, 24.45, 21.57, 21.30, 20.53, 20.09, 19.86, 13.53. IR (neat): 2931, 2859, 1630, 1555, 1426,
1378, 1306, 1116, 1022, 919, 724 cm™1. HRMS (m/z) calc. for C;,H,3N, (M*): 219.1861; found: 219.1863.

32: (Z)-4-(octadic-9-en-1-yl)-2,3,5,6,7,8-hexahydro-

(Xﬁ — Me 1H-benzo[d]pyrrolo[1,2-alimidazol-4-ium iodide:
N I general procedure B was applied using a-enaminone
(1.00 equiv., 0.18 g, 0.50 mmol), proline (2.00 equiv.,

0.115 g, 1.00 mmol), potassium iodide (1.00 equiv.,
0.083 g, 0.50 mmol), in MeOH (0.27 M, 1.90 ml), 8 h, 100 °C. Purification of the crude product by flash column
chromatography (5% methanol, 25% ethyl acetate in DCM) yielded desired product (0.08 g, 30% yield, brown
liquid). *H NMR (300 MHz, CDCls): § 5.4-5.24 (m, 2H), 4.30-4.18 (t, J = 7.3 Hz, 2H), 4.02-3.90 (t, J = 7.6 Hz, 2H),
3.44-3.32 (t,J = 7.6 Hz, 2H), 2.93-2.80 (m, 2H), 2.62-2.48 (m, 4H), 2.04-1.65 (m, 10H), 1.38-1.13 (m, 22H), 0.89-
0.77 (t,J = 6.5 Hz, 3H). 3C NMR (75 MHz, CDCl3): & 149.57, 132.57, 130.02, 129.62, 126.23, 47.04, 46.58, 31.87,
29.73, 29.66, 29.59, 29.50, 29.34, 29.30, 29.14, 29.01, 28.98, 27.20, 27.13, 26.63, 25.64, 24.57, 22.67, 21.61,
21.35,20.57, 20.13, 14.13. IR (neat): 2921, 2851, 1630, 1556, 1457, 1377, 1306, 1020, 721 cm™1. HRMS (m/z)
calc. for C,gH,9N, (M*): 413.3896; found: 413.3900.

Me 33: 2,3-diethyl-1-(2-methoxyethyl)-6,7-dihydro-5H-pyrrolo[1,2-a]imidazol-4-ium iodide:
Me\l/j'}j general procedure C was applied using 3,4-hexanedione (1.00 equiv., 0.36 ml, 3.00 mmol),

2-methoxyethylamine (1.00 equiv., 0.26 ml, 3.00 mmol), proline (2.00 equiv., 0.69 g, 6.00
H | mmol), potassium iodide (1.00 equiv., 0.49 g, 3.00 mmol), in MeOH (0.27 M, 12.00 ml), 24 h,
o. 100 °C. Purification of the crude product by flash column chromatography (10% methanol,
30% ethyl acetate in DCM) yielded desired product (0.22 g, 21% yield, brown liquid). *H NMR
(300 MHz, CDCl3): & 4.34-4.22 (m, 4H), 3.73-3.65 (t, J = 4.9 Hz, 2H), 3.51-3.43 (t, J = 7.7 Hz, 2H), 3.36-3.31(s,
3H), 2.94-2.80 (m, 2H), 2.69-2.55 (m, 4H), 1.27-1.16 (q, J = 7.8 Hz, 6H). 3C NMR (75 MHz, CDCl3): & 150.83,
134.98, 128.14, 70.38, 59.14, 47.14, 47.09, 25.34, 25.03, 17.13, 16.74, 14.53, 13.79. IR (neat): 2970, 2932,
1619, 1560, 1453, 1301, 1359, 1310, 1197, 1115, 1017, 918, 835, 729 cm™ . HRMS (m/z) calc. for C;3H,,N,0
([M+H]*): 224.1889; found: 224.1889.

H, 34: (4aS,11aS)10-(2-methoxyethyl)-2,3,4,4a,6,7,8,9,11,11a-decahydro-1H-
4 N ,, benzo[4,5]imidazo[1,2-a)indol-10-ium iodide: general procedure B was applied using
/JN ” H  a-enaminone (1.00 equiv., 0.08 g, 0.50 mmol), L-octahydroindol-2-carboxylic acid (2.00

I
MO equiv., 0.17 g, 1.00 mmol), potassium iodide (1.00 equiv., 0.083 g, 0.50 mmol), in MeOH
o
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(0.27 M, 1.90 ml), 25 h, 100 °C. Purification of the crude product by flash column chromatography (10%
methanol, 20% ethyl acetate in DCM) yielded desired product (0.07 g, 37% yield, brown liquid). *H NMR (300
MHz, CDCl3): 6 4.56-4.46 (m, 1H), 4.24-4.13 (t, J = 4.9 Hz, 2H), 3.57-3.49 (t, J = 4.9 Hz, 2H), 3.33-3.24 (dd, J =
16.1, 6.9 Hz, 1H), 3.23-3.19 (s, 3H), 3.11-3.01 (dt, J = 12.8, 6.3 Hz, 1H), 3.00-2.88 (dd, J = 16.2, 6.6 Hz, 1H), 2.65-
2.35 (m, 4H), 2.02-1.58 (m, 8H), 1.52-1.30 (m, 4H). 3C NMR (75 MHz, CDCls): § 150.01, 132.26, 125.44, 70.08,
59.63, 59.04, 47.19, 39.81, 29.72, 27.50, 26.58, 21.40, 21.32, 20.68, 20.55, 20.22. IR (neat): 2928, 2855, 1626,
1552, 1508, 1444, 1199, 1116, 1017, 919, 854, 725 cm™ L. HRMS (m/z) calc. for C;,H,,N,0 (M*): 275.2123;
found: 275.2122.

Me 35: 4-(2-methoxyethyl)-8-methyl-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-alimidazol-

4-jum iodide: general procedure B was applied using a-enaminone (1.00 equiv., 0.09 g, 0.50

Q?Q mmol), proline (2.00 equiv., 0.115 g, 1.00 mmol), potassium iodide (1.00 equiv., 0.083 g, 0.50

N mmol), in MeOH (0.27 M, 1.90 ml), 8 h, 100 °C. Purification of the crude product by flash column

chromatography (10% methanol, 15% ethyl acetate, 15% diethyl ether in DCM) yielded desired

OMe product (0.113 g, 62% yield, brown liquid). *H NMR (300 MHz, Chloroform-d) § 4.21 (dt, J = 13.7,

6.7 Hz, 4H), 3.65 (t, J = 4.9 Hz, 2H), 3.35 (dq, J = 5.8, 3.5, 3.0 Hz, 2H), 3.29 (s, 3H), 2.97 (dt, J = 7.2, 3.7 Hz, 1H),

2.79 (p, J = 7.6 Hz, 2H), 2.54 (p, J = 5.1, 4.7 Hz, 2H), 1.86 — 1.65 (m, 4H), 1.19 (d, J = 3.1 Hz, 3H).23C NMR (75

MHz, CDCl3) 6 151.04, 137.06, 125.46, 70.35, 59.14, 47.19, 46.62, 29.86, 29.63, 25.48, 25.37, 25.05, 20.32,
19.96, 17.26.

N 36: 4-benzyl-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-a]limidazol-4-ium iodide: general
QTQ procedure B was applied using a-enaminone (1.00 equiv., 0.10 g, 0.50 mmol), proline (2.00
I equiv., 0.115 g, 1.00 mmol), potassium iodide (1.00 equiv., 0.083 g, 0.50 mmol), in MeOH (0.27

Y

M, 1.90 ml), 8 h, 100 °C. Purification of the crude product by flash column chromatography

(10% methanol, 20% ethyl acetate in DCM) yielded desired product (0.07 g, 50% yield, brown
liquid). *H NMR (300 MHz, Chloroform-d) § 7.34 — 7.17 (m, 5H), 5.19 (s, 2H), 4.17 (t, J = 7.3 Hz, 2H), 3.12 (t, J =
7.6 Hz, 2H), 2.72 (p, J = 7.5 Hz, 2H), 2.52 (s, 2H), 2.42 (s, 2H), 1.81—1.68 (m, 4H). *C NMR (75 MHz, Chloroform-
d) 6 149.95, 133.02, 132.62, 129.31, 128.98, 128.09, 126.29, 50.56, 46.56, 25.52, 24.67, 21.50, 21.23, 20.71,
20.11. IR (neat): 2921, 2852, 1635, 1555, 1496, 1453, 1364, 1019, 751, 700 cm~t. HRMS (m/z) calc. for
C,7H,1N, (M*): 253.1705; found: 253.1707.

QN 37: 4-(4-fluorobenzyl)-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-a]imidazol-4-ium
/+/)j iodide: general procedure B was applied using a-enaminone (1.00 equiv., 0.11 g, 0.50 mmol),
\ I proline (2.00 equiv., 0.115 g, 1.00 mmol), potassium iodide (1.00 equiv., 0.083 g, 0.50 mmol),

/@2 in MeOH (0.27 M, 1.90 ml), 8 h, 100 °C. Purification of the crude product by flash column
F chromatography (10% methanol, 20% diethyl ether in DCM) yielded desired product (0.07 g,
35% yield, brown liquid). *H NMR (300 MHz, Chloroform-d) & 7.35 (dd, J = 8.4, 5.2 Hz, 2H), 7.05 (t, J = 8.4 Hz,
2H), 5.26 (s, 2H), 4.20 (t, J = 7.3 Hz, 2H), 3.21 (t,J = 7.6 Hz, 2H), 2.78 (p, / = 7.5 Hz, 2H), 2.61 — 2.42 (m, 4H), 1.82
(p, J = 2.7 Hz, 4H). 3C NMR (75 MHz, Chloroform-d) 6 162.77 (d, J = 248.8 Hz), 149.97, 132.99, 130.40 (d, J =
8.5 Hz), 128.51 (d, J = 3.4 Hz), 126.39, 116.32 (d, J = 21.9 Hz), 49.90, 46.50, 25.51, 24.82, 21.51, 21.22, 20.78,

20.09. *F NMR (282 MHz, Chloroform-d) & -111.89 — -112.15 (m). IR (neat): 2922, 2854, 1636, 1603, 1555,
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1509, 1444, 1421, 1221, 1160, 1016, 917, 823, 726 cm~1. HRMS (m/z) calc. for Ci7H2oN2F (M*): 271.1611;
found: 271.1616.

N 38: 4-(2,4-difluorobenzyl)-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-a]imidazol-4-
QTQ ium iodide: general procedure B was applied using a-enaminone (1.00 equiv., 0.12 g, 0.50
[ mmol), proline (2.00 equiv., 0.115 g, 1.00 mmol), potassium iodide (1.00 equiv., 0.083 g, 0.50
/@\) mmol), in MeOH (0.27 M, 1.90 ml), 8 h, 100 °C. Purification of the crude product by flash
F F column chromatography (10% methanol, 10% ethyl acetate, 10% diethyl ether in DCM)
yielded desired product (0.11 g, 51% yield, dark orange-brown liquid). *H NMR (300 MHz, Chloroform-d) § 7.61
(td, J = 8.6, 6.1 Hz, 1H), 6.92 —6.71 (m, 2H), 5.25 (s, 2H), 4.15 (t, J = 7.3 Hz, 2H), 3.23 (t, J = 7.6 Hz, 2H), 2.74 (p,
J=7.5Hz, 2H), 2.48 (dt, J = 11.0, 5.4 Hz, 4H), 1.75 (h, J = 5.1, 3.9 Hz, 4H). 3C NMR (75 MHz, Chloroform-d) &
163.87 (dd, J = 185.4, 12.1 Hz), 160.54 (dd, J = 183.4, 12.1 Hz), 161.83, 161.67, 159.40, 159.24, 150.08, 145.98,
133.07, 132.81 (dd, J = 9.9, 4.8 Hz), 126.23, 116.15 (dd, J = 14.6, 3.8 Hz), 112.28 (dd, J = 21.3, 3.6 Hz), 104.54
(t,J=25.3 Hz), 60.33, 46.51, 44.65, 44.62, 37.75, 29.58, 25.49, 24.72, 24.69, 22.69, 21.87, 21.49, 21.16, 20.64,
20.06, 14.12. >F NMR (282 MHz, Chloroform-d) § -106.69 (h, J = 8.4, 7.9 Hz), -112.33 (q, J = 9.1 Hz). IR (neat):
2932, 1662, 1617, 1603, 1551, 1505, 1426, 1274, 1140, 1096, 964, 918, 849, 724 cm™t. HRMS (m/z) calc. for
C17H19N2F2 (M+)I 289.1516; found: 289.1514.

39: (R)-2-hydroxy-4-(4-methoxybenzyl)-2,3,5,6,7,8-hexahydro-1H-

QTQ"‘OH benzo[d]pyrrolo[1,2-a]limidazol-4-ium iodide (7p): general procedure B was applied

” s using a-enaminone (1.00 equiv., 0.069 g, 0.30 mmol), trans-4-Hydroxy-L-proline (2.00

equiv., 0.079 g, 0.60 mmol), potassium iodide (1.00 equiv., 0.050 g, 0.30 mmol), in

Me0/©) MeOH (0.27 M, 1.15 ml), 8 h, 100 °C. Purification of the crude product by flash column

chromatography (10% methanol, 15% ethyl acetate, 15% diethyl ether in DCM) yielded

desired product (0.040 g, 34% yield, brown liquid). 'H NMR (300 MHz, Chloroform-d) & 7.23 (d, J = 8.5 Hz, 2H),

6.92 — 6.87 (m, 2H), 5.10 (s, 2H), 4.41 (dd, J = 12.1, 5.6 Hz, 1H), 4.18 (dd, J = 12.0, 1.9 Hz, 1H), 3.79 (s, 4H), 3.71

—3.66 (m, 1H), 3.44 (dd, J = 17.8, 6.4 Hz, 1H), 3.15 (d, J = 17.9 Hz, 1H), 2.61 — 2.54 (m, 2H), 2.50 (s, 2H), 1.84 (p,

J=2.9 Hz, 4H). 3C NMR (75 MHz, Chloroform-d) & 160.3, 147.98, 132.71, 129.92, 126.53, 124.1, 114.78, 72.08,

55.45, 55.40, 50.22, 34.95, 29.68, 21.59, 21.29, 20.80, 20.12. IR (neat): 3297, 2929, 1732, 1631, 1611, 1553,
1513, 1441, 1422, 1359, 1303, 1249, 1177, 1080, 945, 820, 736, 726 cm™ .

N 40: 4-(4-bromobenzyl)-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-a]imidazol-4-ium
Qj/)j iodide: general procedure B was applied using a-enaminone (1.00 equiv., 0.14 g, 0.50

N I mmol), proline (2.00 equiv., 0.115 g, 1.00 mmol), potassium iodide (1.00 equiv., 0.083 g,

/@2 0.50 mmol), in MeOH (0.27 M, 1.90 ml), 8 h, 100 °C. Purification of the crude product by
Br flash column chromatography (10% ethyl acetate, 20% isopropanol in DCM) yielded desired
product (0.11 g, 47% vyield, brown liquid). *H NMR (300 MHz, Chloroform-d) § 7.45 (d, J = 8.0 Hz, 3H), 7.22 (d,
J=8.1Hz, 2H), 5.23 (s, 2H), 4.18 (t, J = 7.3 Hz, 2H), 3.21 (t, J = 7.6 Hz, 2H), 2.76 (p, J = 7.5 Hz, 2H), 2.53 (s, 2H),
2.42 (s, 2H), 1.77 (g, J = 2.9, 2.5 Hz, 5H). 3C NMR (75 MHz, Chloroform-d) & 150.04, 133.02, 132.42, 131.73,
129.99, 126.46, 123.05, 49.97, 46.58, 25.52, 24.82, 21.50, 21.22, 20.77, 20.10. IR (neat): 2923, 2852, 1643,
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1550, 1488, 1439, 1421, 1409, 1307, 1070, 1009, 916, 798, 725 cm™. HRMS (m/z) calc. for C;,H,oN,Br (M"):
331.0810; found: 331.0810.

alimidazol-4-ium iodide: general procedure B was applied using a-enaminone (1.00

N equiv., 0.13 g, 0.50 mmol), proline (2.00 equiv., 0.115 g, 1.00 mmol), potassium iodide

(1.00 equiv., 0.083 g, 0.50 mmol), in MeOH (0.27 M, 1.90 ml), 8 h, 100 °C. Purification of

O O the crude product by flash column chromatography (10% methanol, 20% ethyl acetate

QN 41: 4-([1,1’-biphenyl]-4-ylmethyl)-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-
T, Q

in DCM) yielded desired product (0.07 g, 30% yield, brown liquid). *H NMR (300 MHz,

CDCls): 6 7.57-7.45 (dd, J = 15.6, 7.5 Hz 4H), 7.39-7.28 (m, 5H), 5.28-5.21 (s, 2H), 4.23-
4.11 (t, J = 7.3 Hz, 2H) 3.23-3.15 (t, J = 7.6 Hz, 2H), 2.81-2.66 (p, J = 7.5 Hz, 2H), 2.57-2.42 (d, J = 20.5 Hz, 4H),
1.81-1.72 (g, J = 2.9 Hz, 4H). 3C NMR (75 MHz, CDCls): 6150.00, 141.71, 139.80, 133.05, 131.62, 128.86, 128.65,
127.86, 127.74, 126.97, 126.33, 50.30, 46.56, 25.54, 24.74, 21.53, 21.25, 20.76, 20.12. IR (neat): 2932, 1631,
1550, 1486, 1443, 1424, 1305, 1017, 1006, 918, 852, 767, 724, 699 cm™L. HRMS (m/z) calc. for CasHasN2 (M*):
329.2012; found: 329.2060.

QN 42: 4-(4-(tert-butyl)benzyl)-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-alimidazol-4-
/+Q ium iodide: general procedure B was applied using a-enaminone (1.00 equiv., 0.12 g, 0.50

[ mmol), proline (2.00 equiv., 0.115 g, 1.00 mmol), potassium iodide (1.00 equiv., 0.083 g,
t-Bu

~

0.50 mmol), in MeOH (0.27 M, 1.90 ml), 8 h, 100 °C. Purification of the crude product by

flash column chromatography (5% ethyl acetate, 10% methanol, 25% diethyl ether in DCM)
yielded desired product (0.125 g, 57% yield, brown liquid). *H NMR (300 MHz, Chloroform-d) & 7.32 (d, J = 8.1
Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 5.15 (s, 2H), 4.19 (t, J = 7.3 Hz, 2H), 3.14 (t, J = 7.6 Hz, 2H), 2.75 (p, J = 7.5 Hz,
2H), 2.51 (d, J = 35.5 Hz, 4H), 1.78 (p, J = 2.8 Hz, 4H), 1.22 (s, 9H). 3C NMR (75 MHz, Chloroform-d) & 152.07,
149.76, 132.96, 129.60, 127.79, 126.18, 50.19, 46.55, 34.58, 31.15, 29.56, 25.53, 24.52, 21.51, 21.23, 20.69,
20.12. IR (neat): 2922, 2851, 1628, 1547, 1512, 1443, 1425, 1360, 1298, 1255, 1212, 1178, 1117, 1013, 919,
864, 827, 725 cm™1. HRMS (m/z) calc. for C,;Hy9N, (M*): 309.2331; found: 309.2336.

ium iodide: general procedure B was applied using a-enaminone (1.00 equiv., 0.12 g,

0.50 mmol), proline (2.00 equiv., 0.115 g, 1.00 mmol), potassium iodide (1.00 equiv.,

0.083 g, 0.50 mmol), in MeOH (0.27 M, 1.90 ml), 8 h, 100 °C. Purification of the crude

product by flash column chromatography (10% methanol, 20% ethyl acetate in DCM)

Me yielded desired product (0.07 g, 32% yield, brown liquid). *H NMR (300 MHz, CDCl3): &

7.25-7.16 (m, 4H), 5.23-5.14 (s, 2H), 4.27-4.18 (t, J = 7.3 Hz, 2H), 3.26-3.16 (t, J = 7.6 Hz, 2H), 2.94-2.74 (m, 3H),

2.63-2.47 (d, J = 19.6 Hz, 4H), 1.91-1.79 (p, J = 2.8 Hz, 4H), 1.24-1.17 (d, J = 6.9 Hz, 6H). 3C NMR (75 MHz,

CDCl3): 6 149.94, 149.92, 133.01, 129.99, 128.10, 127.38, 126.23, 50.34, 46.51, 33.76, 25.53, 24.66, 23.83,
21.55,21.28, 20.71, 20.12. IR (neat): 2955, 2865, 1631, 1552, 1422, 1017, 919, 819, 726 cm™ 1.

QN 43: 4-(4-isopropylbenzyl)-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-a]imidazol-4-
T. Q
N™ _

[

Me
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44: 4-(2-(pyrrolidin-1-yl)benzyl)-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-a]limidazol-4-

Qj;j ium iodide: general procedure B was applied using a-enaminone (1.00 equiv., 0.135 g, 0.50

N |‘ mmol), proline (2.00 equiv., 0.115 g, 1.00 mmol), potassium iodide (1.00 equiv., 0.083 g, 0.50

©\) mmol), in MeOH (0.27 M, 1.90 ml), 8 h, 100 °C. Purification of the crude product by flash column

NQ chromatography (10% methanol, 30% ethyl acetate in DCM) yielded desired product (0.067 g,

30% yield, brown liquid). *"H NMR (300 MHz, Chloroform-d) & 7.25 — 7.15 (m, 1H), 6.99 (d, J =

8.1 Hz, 1H), 6.89 (d, J = 4.4 Hz, 2H), 5.16 (s, 2H), 4.22 (t, J = 7.3 Hz, 2H), 3.11 - 2.95 (m, 7H), 2.74 (p, J = 7.5 Hz,

2H), 2.55 (g, J = 3.8 Hz, 2H), 2.34 (d, J = 6.3 Hz, 2H), 1.90 — 1.84 (m, 4H), 1.75 (p, J = 3.2 Hz, 4H). *C NMR (75

MHz, Chloroform-d) 6 149.98, 149.30, 133.09, 129.58, 128.88, 126.19, 124.74, 122.13, 118.20, 52.52, 47.62,

46.57, 25.57, 24.94, 24.36, 21.52, 21.33, 20.40, 20.16. IR (neat): 2937, 2856, 1632, 1598, 1555, 1490, 1448,
1306, 918, 759, 723 cm™ 1. HRMS (m/z) calc. for C,;H,gN3 (M*): 322.2283; found: 322.2282.

45: 4-(3-(1H-pyrazol-1-yl)benzyl)-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-

ij)j alimidazol-4-ium iodide: general procedure B was applied using a-enaminone (1.00

C';\‘l N = equiv., 0.13 g, 0.50 mmol), proline (2.00 equiv., 0.115 g, 1.00 mmol), potassium iodide
\©) (1.00 equiv., 0.083 g, 0.50 mmol), in MeOH (0.27 M, 1.90 ml), 8 h, 100 °C. Purification of

the crude product by flash column chromatography (10% methanol, 20% ethyl acetate in
DCM) yielded desired product (0.12 g, 54% yield, brown liquid). *H NMR (300 MHz, CDCl;): & 8.17-8.12 (d, J =
2.5 Hz, 1H), 7.78-7.73 (d, J = 2.0 Hz, 1H), 7.66-7.55 (m, 2H), 7.42-7.34 (t, J = 7.9 Hz, 1H), 7.19-7.14 (d, J = 7.7 Hz,
1H), 6.38-6.34 (t, J = 2.2 Hz, 1H), 5.31-5.23 (s, 2H), 4.17-4.09 (t, J = 7.3 Hz, 2H), 3.21-3.12 (t, J = 7.6 Hz, 2H), 2.75-
2.64 (m, 2H), 2.53-2.39 (m, 4H), 1.77-1.68 (dq, J = 7.9, 5.4, 4.0 Hz, 4H). 3C NMR (75 MHz, CDCls): 6 150.06,
141.32, 140.57, 134.24, 133.14, 130.55, 127.77, 126.36, 126.08, 119.24, 118.61, 108.15, 50.27, 46.48, 25.46,
24.83,21.49,21.18, 20.83, 20.06. IR (neat): 2924, 1851, 1632, 1609, 1594, 1552, 1519, 1450, 1392, 1305, 1046,
945, 915, 792, 759, 724, 691 cm™t. HRMS (m/z) calc. for CyoH,3N, (M*): 319.1923; found: 319.1920.

iodide: general procedure B was applied using a-enaminone (1.00 equiv., 0.114 g, 0.50

Q/_gj 46:  4-(4-vinylbenzyl)-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-a]imidazol-4-ium

+.

i I mmol), proline (2.00 equiv., 0.115 g, 1.00 mmol), potassium iodide (1.00 equiv., 0.083 g,
\/@2 0.50 mmol), in MeOH (0.27 M, 1.90 ml), 8 h, 100 °C. Purification of the crude product by
X flash column chromatography (10% methanol, 20% ethyl acetate in DCM) yielded desired

product (0.08 g, 40% vyield, brown liquid). *H NMR (300 MHz, Chloroform-d) § 7.35 (d, J = 8.0 Hz, 2H), 7.22 (d,

J=7.9Hz, 2H), 6.61 (dd, J = 17.6, 10.9 Hz, 1H), 5.69 (d, J = 17.6 Hz, 1H), 5.20 (s, 2H), 4.18 (t, J = 7.3 Hz, 2H), 3.16

(t, J = 7.6 Hz, 2H), 2.74 (p, J = 7.5 Hz, 2H), 2.59 — 2.35 (m, 4H), 1.77 (h, J = 5.4 Hz, 4H). 3C NMR (75 MHz,

Chloroform-d) 6 149.95, 138.21, 135.74, 133.04, 131.93, 128.46, 127.02, 126.33, 115.22, 50.39, 46.55, 25.53,

24.75,21.52,21.25,20.76, 20.13. IR (neat): 2923, 2852, 1729, 1628, 1547, 1443, 1425, 1360, 1304, 1212, 1118,

1014, 918, 864, 827, 772, 724 cm™1. HRMS (m/z) calc. for C;9H,3N, (M*): 279.1877; found: 279.1855.

47: 4-(2,3-dihydro-1H-inden-1-yl)-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-a]imidazol-
Q?Nﬁ ] 4-ium iodide: general procedure B was applied using a-enaminone (1.00 equiv., 0.11 g, 0.50

~

; mmol), proline (2.00 equiv., 0.11 g, 1.00 mmol), potassium iodide (1.00 equiv., 0.08 g, 0.50
mmol), in MeOH (0.27 M, 1.90 ml), 8 h, 100 °C. Purification of the crude product by flash column
chromatography (10% methanol, 20% ethyl acetate in DCM) yielded desired product (0.11 g,
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56% yield, brown liquid). *H NMR (300 MHz, CDCls): § 7.45-7.22 (m, 4H), 5.78-5.68 (dd, J = 8.3 Hz, 1H), 4.32-
4.19 (m, 1H), 4.19-4.04 (ddd, J = 14.4, 8.5, 3.7 Hz, 1H), 3.31-3.17 (ddd, J = 15.5, 8.8, 6.0 Hz, 1H), 3.07-2.93 (ddd,
J=16.5, 8.9, 5.4 Hz, 1H), 2.87-2.68 (m, 3H), 2.68-2.46 (m, 4H), 2.46-2.21 (m, 3H), 1.92-1.78 (p, J = 2.7 Hz, 4H).
13C NMR (75 MHz, CDCls): 6 148.92, 144.81, 136.80, 132.43, 130.11, 127.58, 126.67, 125.83, 125.51, 62.36,
46.08, 33.40, 30.73, 25.38, 24.86, 21.72, 21.28, 21.11, 20.17. IR (neat): 2928, 2853, 1630, 1538, 1425, 1305,
1024, 918, 759, 723 cm™ 1. HRMS (m/z) calc. for C;oH,3N, (M*): 279.1861; found: 279.1862.

QN 48: 4-benzyl-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-a]imidazol-4-ium
) /
+2

trifluoromethanesulfonate: general procedure B was applied using a-enaminone (1.00

Yo (0.3 equiv., 0.049 g, 0.1 mmol) instead of KI, in MeOH (0.27 M, 1.15 ml), 17 h, 100 °C. The

crude was purified at first through a silica plug using an eluent composed of 10% methanol,
20% ethyl acetate in DCM. Then, flushed with DCM, EtOAc, Hexane and finally with DCM/Hexane 50/50%
(0.050g, 42% yield, brown liquid). *"H NMR (300 MHz, CDCl3) § 7.42 — 7.34 (m, 3H), 7.21 (dd, J = 7.4, 2.2 Hz, 2H),
5.13 (s, 2H), 4.14 (t,J = 7.3 Hz, 2H), 3.01 (t, / = 7.6 Hz, 2H), 2.74 (p, J = 7.5 Hz, 2H), 2.56 (dp, J = 5.8, 3.0 Hz, 2H),
2.47 (t,J=4.3 Hz, 2H), 1.83 (t, J = 3.1 Hz, 4H). 3C NMR (75 MHz, CDCl3) 6 150.16, 132.95 (d, J = 7.3 Hz), 129.37,
129.02, 127.86, 126.20, 49.89, 45.83, 25.30, 23.46, 21.52, 21.25, 20.50, 19.77. **F NMR (282 MHz, CDCl3) 6§ -
78.50. IR (neat): 2950, 1632, 1556, 1455, 1426, 1258, 1221, 1155, 1026, 739, 698 cm™~1. HRMS (m/z) calc. for
C17H21N, (M+H) *: 253.16993; found: 253.16988.

N 0.2 equiv, 0.060 g, 0.3 mmol), proline (2.00 equiv., 0.069 g, 0.6 mmol), and scandium triflate

bromide: general procedure B was applied using a-enaminone (1.00 equiv., 0.051 g, 0.3 mmol),

proline (2.00 equiv., 0.069 g, 0.6 mmol), and potassium bromide (1.00 equiv., 0.036 g, 0.3 mmol)

instead of KI, in MeOH (0.27 M, 1.15 ml), 8 h, 100 °C. Purification of the crude product by flash

column chromatography (10% methanol, 20% ethyl acetate in DCM) yielded desired product
(0.03 g, 19% vyield, brown liquid). *"H NMR (300 MHz, CDCl5) § 4.36 (t, J = 5.0 Hz, 2H), 4.21 (t, J = 7.3 Hz, 2H),
3.68-3.63 (m, 2H), 3.52 (t, J = 7.6 Hz, 2H), 3.33 (s, 3H), 2.85 (p, / = 7.5 Hz, 2H), 2.60 (d, J = 6.2 Hz, 4H), 1.87 (p,
J = 2.9 Hz, 4H). *C NMR (75 MHz, CDCl5) 6 151.09, 133.06, 125.56, 70.78, 70.17, 59.09, 59.06, 46.99, 46.93,
46.28, 25.55, 24.50, 21.61, 21.52, 21.39, 20.49, 20.03, 19.99. IR (H;0): 2917, 2848, 2360, 1560, 1459, 1361,
1201, 1115, 1084, 1014 cm™1. HRMS (m/z) calc. for C;3H,; N, O (M+H) *: 221.16484; found: 221.16469.

N 49: 4-(2-methoxyethyl)-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-a]imidazol-4-ium
B Q
N _
H Br

OMe

N 50: 4-(2-methoxyethyl)-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-a]imidazol-4-
QTQO\\ CF, ium bis((trifluoromethyl)sulfonyl)amide: general procedure B was applied using a-
N enaminone (1.00 equiv., 0.051 g, 0.3 mmol), proline (2.00 equiv., 0.069 g, 0.6 mmol), and
lithium bis(trifluoromethanesulfonyl)imide (1.00 equiv., 0.086 g, 0.3 mmol) instead of K,
in MeOH (0.27 M, 1.15 ml), 8 h, 100 °C. Purification of the crude product by flash column
chromatography (10% methanol, 20% ethyl acetate in DCM) yielded desired product (0.087 g, 58% yield, brown
liquid). 'H NMR (300 MHz, CDCls) § 4.17 — 3.95 (m, 4H), 3.56 (t, J = 4.9 Hz, 2H), 3.28 (s, 3H), 3.14 (t, J = 7.7 Hz,
2H), 2.74 (p, J = 7.5 Hz, 2H), 2.52 (d, J = 5.4 Hz, 4H), 1.83 (p, J = 3.0 Hz, 4H). 3C NMR (75 MHz, CDCl3) 6 150.45,
132.84, 125.79, 121.90, 117.63, 69.95, 58.89, 46.31, 45.82, 25.10, 23.31, 21.46, 21.24, 20.16, 19.65. F NMR
(282 MHz, CDCl3) & -79.03. IR (neat): 2922, 2851, 1635, 1555, 1457, 1350, 1332, 1225, 1177, 1133, 1052, 787,
739 cm™. HRMS (m/z) calc. for C;3H,; N, O (M+H) *: 221.16484; found: 221.16467.

OMe CF,
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51: 4-benzyl-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-a]imidazol-4-ium

Q/TQ tetrafluoroborate: general procedure B was applied using a-enaminone (1.00 equiv., 0.033 g,

N~ _ 0.16 mmol), proline (2.00 equiv., 0.037 g, 0.32 mmol), and copper(ll) tetrafluoroborate

BF4 hexahydrate (1.00 equiv., 0.056 g, 0.16 mmol) instead of KI, in MeOH (0.27 M, 0.65 ml), 17 h,

100 °C. The crude was purified by flushing the crude compound through a silica plug using

DCM and eluent composed of 10% methanol, 20% ethyl acetate in DCM (0.026 g, 47% vyield,

brown liquid). *H NMR (300 MHz, CDCls) & 7.40 — 7.32 (m, 3H), 7.21 (dd, J = 7.4, 1.9 Hz, 2H), 5.11 (s, 2H), 4.12

(t,J=7.3 Hz, 2H), 2.99 (t, J = 7.6 Hz, 2H), 2.73 (p, J = 7.5 Hz, 2H), 2.54 (h, J = 3.0 Hz, 2H), 2.45 (t, J = 4.1 Hz, 2H),

1.81 (t, J = 3.3 Hz, 4H). 13C NMR (75 MHz, CDCl5) § 150.15, 132.98, 132.91, 129.34, 128.95, 127.87, 126.19,

77.50,77.08, 76.65, 49.73, 45.80, 25.32, 23.22, 21.54, 21.27, 20.47, 19.72. >F NMR (282 MHz, CDCl;) 6 -153.86,

-153.91. IR (neat): 2949, 1741, 1637, 1558, 1455, 1309, 1285, 1047, 1035, 917, 750, 700 cm™~'. HRMS (m/z)
calc. for C;7H,1 N, (M+H) *: 253.16993; found: 253.16931.

general procedure B was applied using a-enaminone (1.00 equiv., 0.028 g, 0.14 mmol), proline

- (2.00 equiv., 0.032 g, 0.28 mmol), and sodium fluoride (1.00 equiv., 0.006 g, 0.14 mmol)

instead of KI, in MeOH (0.27 M, 0.55 ml), 17 h, 100 °C. The crude was purified by flushing the

©) crude compound twice through a silica plug using DCM and eluent composed of 10%

methanol, 20% ethyl acetate in DCM (0.004 g, 11% vyield, yellow liquid). *"H NMR (300 MHz,

CDCls) 6 7.37 (d, J = 6.7 Hz, 6H), 5.36 (s, 3H), 4.21 (t, J = 7.2 Hz, 3H), 3.33 (t, J = 7.7 Hz, 3H), 2.88 — 2.76 (m, 3H),

2.59 (s, 3H), 2.53 (s, 3H). 3C NMR (75 MHz, CDCl5) 150.78, 133.29, 132.98, 129.32, 128.96, 127.96, 125.94,

77.45,77.02,76.60,50.13, 46.17, 25.59, 24.14, 21.60, 21.34, 20.62, 19.93. °F NMR (282 MHz, CDCl5) § -142.54.

IR (H,0): 2923, 2852, 2359, 1723, 1556, 1455, 698 cm™1. HRMS (m/z) calc. for C;,H,; N, (M+H) *: 253.16993;
found: 253.16937.

Q 52: 4-benzyl-2,3,5,6,7,8-hexahydro-1H-benzo[d]pyrrolo[1,2-a]imidazol-4-ium  fluoride:
N

/) /

+2
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2-(benzylamino)cyclohex-2-en-1-one
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2-((2,4-difluorobenzyl)amino)cyclohex-2-en-1-one
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2-((4-vinylbenzyl)amino)cyclohex-2-en-1-one
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2-((4-bromobenzyl)amino)cyclohex-2-en-1-one
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2-(cycloheptylamino)cyclohex-2-en-1-one
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2-((4-fluorobenzyl)amino)cyclohex-2-en-1-one
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2-((2-(pyrrolidin-1-yl)benzyl)amino)cyclohex-2-en-1-one
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2-((3-(1H-pyrazol-1-yl)benzyl)Jamino)cyclohex-2-enone
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(Z)-2-(octadic-9-en-1-ylamino)cyclohex-2-enone
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2-((2-methoxyethyl)amino)cyclohex-2-enone
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2-((4-isopropylbenzyl)amino)cyclohex-2-enone

YT~
Llasd

T6°T
€6'T /
S6'T\L
86'T 7
00T s
€€T
PET V
9€'C \
8EC
LT
6v°C

18T
88'C
06'C

[{°x4

€0y —

b’
9'S W
LY'S

LTL
ONN/
1L
¢~.n\

H
Ni
e” Me

——=="F00'T

|mmﬁ.¢

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1(ppm)

5.5

2
)

\n
©

N
N

7.5

8.0

8.5

9.0

9.5

8¥'€C
£€0'%C W
1R 24

8L°€E —
€67LE —

9E Ly —

T —
SS9ZT ~
6v° 21—

0£°9ET —
8¥'0vT —

8LLbT —

88'G6T —

Ayl

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S25



2-((4-methoxybenzyl)amino)cyclohex-2-en-1-one
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2-(([1,2’-biphenyl]-4-ylmethyl)amino)cyclohex-2-enone
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2-((2,3-dihydro-1H-inden-1-yl)amino)cyclohex-2-enone
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2-(butylamino)cyclohex-2-enone

oy
€60
60
Se'T
8E'T
ov'T
Er'T
ST
€51
€S'T
$S'T
Ss'T
98’1
85T &

€6'T
S6'T
L6°T

66'T —

se'e
LET~
8eT \
o'z
Sb'T
e
0s°
08
8T
S8'C

s \

&S —7
br'S 7

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

9.5

).0

88'€T —

8€'0C ~
0S'€Z~_
[4R 7
vO'TE —

€68 —

88'cy —

06°0TT —

TL0PT —

86'G6T —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S29



(28)

L8'T
88T
68
06'T
16T
65T
197
£€9°C
18
¥8'C
987~
687 \
16

see
142 #
9p'e ~\
6v'e~"
S9'€ —
L9°€

69°€

Ty
[x44 H/
9T
9Ty
8T
621

P

ey

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

9.0

9.5

9002
6102 V
w7
[ “
LEvT \

(3414

99~
100~

£0°65 —

60°0L —

bLSTT —

°8TET —

YT0ST —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S30



(29)

Fet

Feeo
Foet

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

10.0

sToz
yTTT
1T1e
212 ~X

S8'HT ~_
€L'st
¥6°ST N
9,92

wre—

L0°9 —

LE°09 —

e5°0L —

0C'9¢T —

€8'TET —

86°GHT —
20°8pT —

A

. b

-10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

230

S31



(30)

88'7
067
€6
TH'E
v ]
1€
98¢ 1
8¢
68¢ 1
06°¢
26
€6°€
v6'€
96°€
16'€
223
ST
LTy

€PpP2 97°L -

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

.0.0

€T°0C
wne
LLTT
8T

v

YE'9T
(4

68'Sh —

Tr'8s —

Tzt —

€TCET —

-10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

230

S32



(31)

98°0
6870
16°0
STTA
LT
0€°T
e T A
SET
L£7T
€97
99T 4
89°T
89T
69T

T

TLT AN

SLT-F

ST
9T
8.1
6L'T
08T
18T

s8'T

1t

125

26°€

——m——m

ey

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

9.5

£S°ET — —_—3

98'6T k

60°0¢ —
€50z - =

0£°1Z —_—

£L5°TC

Sb'vT —_—=
79'st =

0S'TE \

SS9

SL9% v

9T'92T —

SSCET —

15°6VT — -3

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S33



(32)

wun
80
980
228
€27
STT
82T K
0E'T

TET A
174

vLT 1

ST
8T
S8'T
98°T
£8°T

88'T ~

v6'T F
96T
86T
00T

Nm.N/

vST—
LST
6S°C
19°C
S8'C
8T
06'C

9g'E >
[
e \

S6'E

16€~
00v "
£Th~_

STy
TP \

67°S
0€'s
1€°6
€S
€€'S
SE'S

”ﬂ

00°¢

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

9.5

).0

€2°92T ~
29621 ~_
20°0£T
1§72ET

L5°6VT —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S34



(33)

8T'T
T V

fraas W

9T

852
192
€97
¥9'Z
997
e
V8T~
ez
68
gee
beE V
PhE~L
E-T
pay
89
ose
e
sty
T V

0y —F
€Y \
€€y

0.5

2.0 1.5 1.0

2.5

3.0

3.5

4.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

9.0

9.5

6L°€T

€SPT V
YLOT —
ETLT /

€0°ST~.
ve'sz

60°LY
vﬁ.nwv
PT'65 —

8€°0L —

P81 —

86'PET —

€8°0ST —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S35



(34)

€T
€67
vET
€7
66T
T
9T
8b'T
05T
[RE
€97
b1
99'1
891
69'1
o1
o1
€T u
(74

51
9T
1
mﬁi
08'1

187

23 m
68'T

161 4

16°T
€6'T
S6'T
96T |
86T |
8€°C ]
6£C ]
0v'Z
W
b
6+°C
1572
[Axa
§S°T
95°C
£5°C
8577
191
£€9°C
¥9°C
06'C
£€6'C
96'C
86'C
00°€
20°€
v0'€ |
90°€
80°€
0T°€
17°¢€
ST€
sTe]
L€
0€°€
°€e
15°€ 1
€5°€
$S°€
95°€
LT
8T'v
0Tt
8v'v
[y
18v 1
€57

SSp -

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

9.0

9.5

).0

coe
§5°0C
89°0C

404
[ 7
85°9Z ~_
0szz—
et

18°6€ —

6T Ly —

$0'65 ~
€965~

80°0L —

144 T4 %

9TTET —

T0°0ST —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S36



(35)

0.5

9TLT
96'6T /
€T~
S0°'Ss¢
LE°ST
8b°'SC V.
£9°6C N.

98°6C

1.0

1.5

79'9r ~
L 6Ly~

PT°65 —

2.5

SE'0L—

3.5

4.0
f1 (ppm)

9b'SeT —

4.5

90°LET —

5.0

PO IST —

6.5

10

20

30

40

50

60

70

200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

210




(36)

mﬂv/
LTy —F
m.:u\

6T'S —

0L
wL
€TL
L7
8L
0€L

€€°L

W:Am

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5
f1 (ppm)

8.0 7.5 7.0 6.5 6.0 5.5 5.0

8.5

9.0

1107

1202 V
€17
05'TZ W
B.vN \
Nm.mN

95°9p —
95°05 —

6C°9¢T
60°8CT ”

86821~
16717

29°CET 7
20°€EET \

S6'6vT —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S38



(37)

08'T
8T
[4:as
€8'T
+8'T
9W'T
8b'C
6b'C
0S¢
§§'C
95T
LS'C
85T
65T
€LT
9LT
8LC
8'C
€8'C
6T°E
1Te
vTE

e

ma.‘u/
0Ty —
MN..N\

9T's —

0L

S0 V
o
22N
YeLF
SEL \“

LETL

0.0

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

8.5

9.0

6002
E.ONV
w7
E.R“
Nm.VN\
15°'52

0S'9Y —
06’6 —

8T°9TT
LY'9TT v
6€£°9CT
8b'8CT /
£5°8CT
SE0ET
9b°0ET “‘

66°CET \

L6°6VT —

ETT9T —
TPIT —

81°9TT
LP'OTT

116

117

88T~
€5'8e1 -

SE0ET ~—.
9b"0ET ~

€T°19T

9T

u

129 128

130

162

165

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

90°CTT-
S0CTT-
€0°CTT-
zoerT-
00°CTT-
L6TTT-

90'Z11-

s0'Z11- V >
£0'ZTT- —=
z0T1- \\r

00°CTT- \

L6'TTT-

-112.1

-111.9

-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-10

10

20

f1 (ppm)

S39



(38)

0L'T
w
€L'T
YT
SLT
LT
64T
Sb'e
JA4
8b'C
0sC
sT
[A*n4
69°C
LT
vLT
9T
64T
TTe
€Te
9T'e

R EEEN P N

[454
mﬁ.vV
LT

€L9
€L9
SL°9
99
LL9
6,9
089
¥8'9
+¥8'9

98'9
89
68°9
069
85,
6S°L W
09,
w9L
€97,
S9°L

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

(4544
90°02
+9°0C

91T
6’12
812 B
6922~ _ —
69'4C 3
[7R% ——
mv.mN\
85'62
see— -
29wy
mw.vvv. —
150v 7
<
Lo =
€609 — 07401 — - -—3
bSHOT - 1
18501 — ko
€0°9TT [ 2
o
80°911 AN [
2z9TT — = F
0zb0T Lz91T L
$S'50T
£8'50T
[AR43+ J—
9T'TIT
op'ZTT W
SPTIT _ =
€0°9TT 3
80°9TT
TToTT
LT9TT E
€921 — —z
TL2ET 3
8L77€T -
v8'TET
16°2€T
L0°€€T
86'SHT — —
80°0ST —
$T'6ST =Y
AN -
ptids oTTIT — —3
. 0b'ZTT == =
95291 \. sz11 - ——
2LT9t 4
20°591 \ 1 3
LEEL S N F m
8L7ZET ~- t
v8ZET 7
16° [
L0°€ET t
0
- 0N
a 3
YT6ST ~ r
or'esT - L 3
=
L9T9T~ [~
€191 — T L
95291 — —=
zzor ¢
L ©
=
2059T~ L
81°591 ©
e

-10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

230

8€°CTT-
bETCTIT-
eI
8C°CIT-
9£°90T-
€£°901-
TL90T-
89°901-
S9°90T-
€9°90T-

i

-112.4

-112.2

-106.7 -106.8

-106.6

-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-10

10

20

f1 (ppm)

S40



(39)

8T
€8'T
+8'T
S8'T
98'T

0y \
0Ty

i4ad

oﬁ.m\

88'9
68’9
169
169
TTLN

€TL
YL

9T'L

21T

0z
Foo1
H/mm,H

WKGHA
~/€S'E

Fert
Fert

=00C

FTET

F£0T

0.5

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

10.5

1.0

(ppm)

f1

[A%4
08'02 V
61/
65'TC 7
89'67 —

S6'bE —

°T0s —

0b'SS v

Sb'SS

80'CL —

8L PTT —

oT'veT —
€592
°6'6CT —
TLTET ~

86'LbT —

€T°09T —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S41



(40)

€S —

LN
cvL

LN
WL

8'T

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

0.0

or'0z /
120t

e W
05127
8T \

5°se

859y —
L6'6Y —

S0'€TT
9v'9CT ”
66'6CT
EL'TET
TrTET W
CO'EET

+0°0ST —

-10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

230

S42



(41)

STy
wﬁ.vw
(44

§Ts—

0c'L
€L
€L
beL
Se'L
8e' L~
wif
05°L
052
'L

SS°L

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

95°9% —
0€°0S —

00°0ST —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

210

S43



(42)

1432

[TE~
6Tt -7
NN.v\

ST'S—

VAN
orL—
€L~
ver

=76

Toey

oz

00T

Es6'T
Fere

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

n
n

6.0

6.5

7.0

7.5

8.0

8.5

9.0

f1 (ppm)

10T

69°02 ~\
mN.HNW
ST 00
Nm..&\
€552

mm.mw\

ST'1E
wmém\

SS9 —
61°05 —

81°92T —
6L7LTT —
09'621 "
962761 —

9L'6vT —
£0°2ST —

-_—

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S44



(43)

0’1
wn W
vT1

€8T
¥8'T
S8'T
98T
8T
06T

15T
mm.m/
09°C
EW
647\
187 %
¥8'C
98T
68°C
16T
€6'C
61°E
43
iZ4

Ty
mm.vw
9P

0T's —

LTL
8T°L
0L —7
we \

STL

et

1.0 0.5

1.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
1 (ppm)

9.5

>

e
£8'€e

mw.E\

€5°ST
9L'€E —

oz
z.owﬂ/
81T
SS'TC

189 —
bE0S —

€2°92T ~\_
8ELTT —
el
01821 7
666717
TOEET

26°6vT
v6'6bT v.

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S45



(44)

€LT
(7
ST
9UL'T
LLT
S8'T
98T
L8°'T
88T
68T
1334
€€°T
S€C
vS'T
§§°C
95°C
L58°T
85C
69°C
LT
vL'T
9T
6L°C
00°€
10°€
e
€0°E
v0'E
90°€
6Tt
wy
124

e . Y g

9T's —

889
06'9
869
T0°L /
9T'L
LTL H/

6T°L—=
0zTL
TTL
€TL
YL

Fest

Tw.ﬁ

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

9102
0b°'0C /
£€€°TC
751 V

9e've ~F
v6'bT

LS°ST

LS9~
9Ly 7
T58°CS ~

07811 —
£1°22T ~_
A ARN
61921 ~
88'82T ~
85'621 ~
60°€ET —

0E°6PT ~
8661 =

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

S46



(45)

0L'T
LT
Ut

€L'T
vLT
SL'T
LLT
e
mv.NW
'z

mv.N\
89'C—~
OR.N\
we

vH.m/
LVE—F
ow.m\

154
mﬁ.vw
9TV

8T'G —

PE9

8€'9
9T'L

e D

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

8.5 8.0 7.5 7.0 6.5 6.0

9.0

9.5

90°0C
£8°0C %
8T'TC 7
6v°TC \
£8'vC \
9’ST

8p'9p —
42705 —

19811~
pT6IT "
80°92T

9€'92T AN
wizn
SS0ET
PTEET -7
vever
LS70bT ~
[4NTa S

90°0ST —

|

o

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S47



(46)

SLT
9T
LT
8L'T
wT
b
Sh'e
€5°C
ST
ST
95T
69°C
we
vLT
LLe
6L°C
£T'e
IT'E
8T'E

RNy

9T
mﬂ.vw
Ty

0z's
0z's

99°6 ~
ws—

959
659 >
299
S99 \

L

€L V
veL—
9€°L s

T

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

€T°0C
9L'02 %
sT'1T
[4-pr4
SLvT \

€5°GC

SS9 —
6€°0S —

€€9CT

oLzt V
9b'82T
E€6'TET —
bO'EET “
VvL'SET \
TT8ET

56°6bT —

-10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

230

S48



(47)

8T

]
o

S6'C 1
£6'C

T0°€
€0°€
¥0'€ |
90°€
6T°€ ]
12°€
e
vT'E ]
L€
87°€
80'v
0Tt
[AS S
[AS S
€TV
1494

mﬂ.v.d
LTy
wy
[xad
vy
STy
9Ty 1
LTV
TL'S
°ws
vL'S
SL'S
vl
v
LT
82,
62°L
1€
€€
bEL
9€°L 1
6€°L

wL-

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

9.0

9.5

oz
e /
8z1e

wie’
98+ -7
8’5z

€2:0s—
ob'ee —

80°9% —

9€'79 —

159°seT AN
eg'ser —2
G.wﬁ\
wm.mﬁ\
:.omﬂ\
epeer
08'9€T

18'ppT —
°6'8bT —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

$49



(48)

8T
38T
€8'T
¥8'T
S8'T
ST
A a4
8b'C
€S'C
§§'C
SS'C
95T
LS'T
LS'T
85T
69°C
we
vL'T
LLe
6LC
86'C
10€
€0°€
ey
j454
9Ty

e e 2 N2

7y
0z'L
we
€TL
ve'L
SE€L
9€L
LE°L
8EL
6E°L
oL
ob'L
e
WL

Fioz
Fiee

5.0 4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

LL6T
05°02 %
STIC—F
12 /r
[A°m 4
uv.mm\

0€£'sT

€86y —
68'6 —

ON.wNﬁ
wm.mNﬁ /
20°6CT /

LE6TT \

06°2ET \

00°€ET

w
.

9T°0ST —

24 22 20

26

133.2 1329

I

-10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

230

0584~

-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 ~-160 -170 -180 -190

-10

10

20

f1 (ppm)

S50



(49)

S8'T
98T
48T
88T
68T

852
197
297
082
€82 /
S8~
88' \
06
et
6bE
e H/
€5€
voe /o
bo'E
99
19€
8T AN
7y
A

SEP
9EY

8EY

9L —

—= 18T

- FTTe

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

5.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5

10.0

66°6T
€0°0C
61°0C
6€°TC
[A°nv4
19'1C
0S'vT
§5°ST

N

89
mm.wvw
66'9t

90°'6S
60°6S v.

LT0L~
8oL~

N

L

95621 —

90°€ET —

60°TST —

-10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

230

S51



(50)

E€PP2 9T L —

Feov

Froz

Esoz
Epee

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

10.0

S9°6T

wa.ONV
v 7
o‘\ﬁN“
ﬁm.mw\

0T°se

k.

78St~

1€°9% " =

688 —

ma.mmb"\J\

€9°LTT — I—
06'T¢T — —

64°SCT — E—

P8CET —

Sb'0ST —

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)

170

[ —

-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-10

10

20

f1 (ppm)

S52



(51)

- ©
_.J
° o
=
o .
L2 26T
- ?.QNW ——
71— —
bSTT * —
n [a4x4 D
6L'T Fa . \
081 414 L g
18T L
78T °
€81 L2
v81 o Fe rees
€T L cer.
. 98'€ST-
%4 08'5h — 3
9T [
T o €6y — —— L3
€5T L
vS'T
Ss'T o
95T [ e fL3
15T
mw.mu n
- - o
892 I3 Le
122
ece [ €PP2 §9°9L N\
sez o gL SsSs=——
8LC < PP ossL LS
16T
-
66'C t
20'e
n
60y = =)
<+ L
[48% o
1494 b
o o
| Lo
. . W~ -~
11 m\\J FE6'T 3 =
b a Q
e &
n o
FunE F o
LS L&
o —
61°92T
r JA: Vi e
1n S6'82T ~ = =3
61°L e veszr < —
oz'L 1621 7 —
17L r 86'ZET
we o L %
£PP2 92°L N -
8T'L .
oez~E =— ES6T|
€L - = Feee| 2
cey Fo ST'0ST — -—ra
seL
9€'L L
L o L8
6€'L LS -
obL ® 26T — L2
L oT~ -
LTTT~ t IS
L M vSTT— N N
r wwer— - 3
o Fe r3
o
| st — — | o
o (=]
- o
n ~ -
[ o [EayeY)
-
[ (71— — =3
° JA: Va4 = =
Lo )
- 56'82T — - o
pE'6TT —
[ 3
n B [~
o

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-90

S53

f1 (ppm)

-20 -30 -40 -50 -60 -70 -80

-10

10

20




(52)

€81
€81 H/
S8'T
98'1 N.
981
€5T
657\
6L'T
Nm.NV
8T
nm.N\
0E°E~\_
A
SE'E

(4
AN.VW
[xa4

9€'s —

veL
mN.n/
€PP2 92°2 ~\L

we,

9€°L
6EL

L

——ront

=490
I oL

0.5

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
1 (ppm)

10.5

£6'6T
79'0z V
vETT 7
09'1Z “
13874 \

65°SC

L9 —
€T°08 —

€1PP2 09°9L

==
€PP2 S¥°LL

b6'SCT /

96°LCT N

-

96°8¢T VM

zeeeT
86CET 7
6T €ET 7

8£°0ST —

—-—

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

f1 (ppm)

vSTHT- —

-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-10

10

20

f1 (ppm)

S54



Thermal Analysis for Imidazolium salt (43)

Me
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Figure 1. Decomposition of 43 through TGA plots analysis

.10 °C min~! ramping experiment.
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Figure 2. DSC thermograph of Imidazolium salt (43)
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Thermal Analysis for Imidazolium salt (28) QN
T. Q
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Figure 3. Decomposition of 28 through TGA plots analysis. 10 °C min~! ramping experiment.
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Figure 4. DSC thermograph of Imidazolium salt (28)
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Thermal Analysis for Imidazolium salt (50)
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Figure 5. Decomposition of 50 through TGA plots analysis. 10 °C min™*

ramping experiment.
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Figure 6. DSC thermograph of Imidazolium salt (50)
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