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1. General remarks

NMR spectra were obtained on a BRUKER Ascend 400 and 500. The *H NMR (400 and 500
MHz) chemical shifts were measured relative to CDClz or DMSO-ds as the internal reference
(CDCls: 6 = 7.26 ppm; DMSO-ds: 6 = 2.50 ppm). The *C NMR (100 and 125 MHz) chemical
shifts were given using CDClz or DMSO-ds the internal standard (CDCls: 6 = 77.16 ppm; DMSO-
de: 0 = 39.52 ppm). High-resolution mass spectra (HR-MS) were obtained with a BRUKER solanX
70 FT-MS (ESI"). Fluorescence emission spectra were obtained using a Hitachi F-7000
fluorescence spectrometer. Melting points were determined with SGWe X-4 and are uncorrected.

Unless otherwise noted, all reagents were obtained from commercial suppliers and used without
further purification. Benzils, diphenylacetylene, 4,5-diphenyl-1,3-dihydro-2H-imidazol-2-one,
AgOAc, Cu(OTf)2 and Cu(OAc)2 H20 were purchased from Beijing Innochem Chemical
Engineering Reagent (China) Co., Ltd and Energy Chemical. [(Cp*RhCl,)2]* and alkynes® were

prepared according to the literature procedures.
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2. General procedures.
2.1 General procedure for the synthesis of N-H imidazoles (1-A, 1-C, 1-D and 15)

Compounds 1a-A3, 1d-A?, 1g-A°, 1h-A®, 1j-A7, 1a-D8, 1e-D® and 12° were prepared according
to modified literature procedure.

R’
OHO + R—CHO + NH,0Ac —OATHO HN)jN
R R 100 °C < -

A solution of benzil (1 mmol), aldehyde (1 mmol, 1 equiv), NHsOAc (11 mmol, 902 mg, 11
equiv), glacial acetic acid (3.6 mL) and H20O (0.4 mL) was reacted at 100 <C for 7 h. The reaction
mixture was cooled to room temperature. Afterwards, it was diluted with H2O (10 mL) and then
aq. NaHCO3 solution was added, and the mixture was extracted with CH2Cl2 (3 x 30 mL). The
combined organic phase was dried with Na.SO4. The volatiles were evaporated under reduced

pressure, and the residue was passed through silica gel column.



2-isopropyl-4,5-di-p-tolyl-1H-imidazole (1b-A)

White solid (225 mg, 77% yield), purification via a silica (100-200 mesh) gel

column (petroleum ether/EtOAc = 1/1, v/v). M.p.: 187.2-189.2 °C. *H NMR

(500MHz, CDCls): § = 7.37 (d, J = 7.5 Hz, 4H), 7.10 (d, J = 7.5 Hz, 4H),
O O 3.15-3.10 (m, 1H), 2.34 (s, 6H), 1.36 (d, J = 7.5 Hz, 6H) ppm. 13C NMR (125

MHz, CDCls): 0 = 152.86, 136.84, 129.32, 127.69, 28.46, 21.85, 21.37 ppm.
HRMS (ESI) m/z: calcd for C2oH23N2 ([M+H]™) 291.1861, found 291.1859.

2-isopropyl-4,5-bis(4-methoxyphenyl)-1H-imidazole (1c-A)

White solid (214 mg, 73% vyield), purification via a silica (100-200

mesh) gel column (petroleum ether/EtOAc = 1/1, v/v). M.p.: 191.8—

193.8 €. 'H NMR (500MHz, CDCls): § = 7.37 (d, J = 9.0 Hz, 4H),

6.82 (d, J = 9.0 Hz, 4H), 3.79 (s, 6H), 3.15-3.10 (m, 1H), 1.33-1.31

(m, 6H) ppm. 3C NMR (125 MHz, CDCls): § = 158.91, 152.68,

129.77,129.19, 125.20, 114.06, 55.36, 28.20, 21.72 ppm. HRMS (ESI)
m/z: calcd for C2oH23N202 ([M+H]") 323.1760, found 323.1762.

N/ NH

4,5-bis(4-chlorophenyl)-2-isopropyl-1H-imidazole (1e-A)

Yellow solid (222 mg, 67% yield), purification via a silica (100-200 mesh)
gel column (petroleum ether/EtOAc = 10/1—2/1, v/v). M.p.: 201.3-203.3
€. 'H NMR (500MHz, CDCls): 6 = 7.36 (d, J = 8.0 Hz, 4H), 7.27-7.26
(m, 4H, cover the solvent), 3.16-3.10 (m, 1H), 1.37 (d, J =7.0 Hz, 6H) ppm.
13C NMR (125 MHz, CDCls): 6 = 153.75, 133.47, 130.92, 129.19, 129.02,
28.38, 21.75 ppm. HRMS (ESI) m/z: calcd for C1gH17Cl2N2 ([M+H]") 331.0769, found 331.0766.

N/ NH

2-isopropyl-4,5-di(thiophen-2-yl)-1H-imidazole (1f-A)



Yellow solid (233 mg, 93% yield), purification via a silica (100-200 mesh) gel
j\/ column (petroleum ether/EtOAc = 5/1—3/2, viv). M.p.: 211.1-213.1 °C. H
— NMR (500MHz, CDCl3): 6 =7.26-7.25 (m, 2H, cover the solvent), 7.21 (s, 2H),
7.01 (s, 2H), 3.10-3.05 (m, 1H), 1.33 (d, J = 7.0 Hz, 6H) ppm. *C NMR (125
MHz, CDCl3): 6 = 153.62, 153.59, 127.43, 125.88, 125.39, 28.42, 21.70 ppm.
HRMS (ESI) m/z: calcd for C14H1sN2S2 ([M+H]*) 275.0677, found 275.0679.

2-(perfluorophenyl)-4,5-diphenyl-1H-imidazole (1i-A)
White solid (197 mg, 51% yield), purification via a silica (100-200 mesh) gel
Fs  column (petroleum ether/EtOAc = 3/1, v/v). M.p.: 186.4-188.4 °C. *H NMR

(500MHz, CDCl3): 6 =10.93 (br s, 1H), 7.46-7.45 (m, 4H), 7.27-7.26 (m, 6H,
N“ "NH

_ cover the solvent) ppm. 13C NMR (125 MHz, CDCls): ¢ = 133.45, 129.00,
128.81, 128.73, 128.62, 128.03, 127.90 ppm. HRMS (ESI) m/z: calcd for
Ca1H12FsN2 ([M+H]™) 387.0921, found 387.0915.

5-(4-chlorophenyl)-2-isopropyl-4-phenyl-1H-imidazole (1k-A)

White solid (262 mg, 88% yield), purification via a silica (100-200 mesh) gel

Nj\/NH column (petroleum ether/EtOAC = 4/1, v/v). M.p.: 198.7-200.7 °C. *H NMR
— (500MHz, CDCls): 6 = 9.17 (br s, 1H), 7.42-7.41 (m, 4H), 7.32 (t, J = 6.8

O O Hz, 2H), 7.29-7.23 (m, 3H, cover the solvent), 3.12-3.07 (m, 1H), 1.36 (d, J
oy = 7-0Hz, 6H) ppm. ¥C NMR (125 MHz, CDCls): 6 = 153.51, 132.72, 129.04,

128.86, 128.72, 127.94, 127.92, 127.62, 28.49, 21.81 ppm. HRMS (ESI) m/z: calcd for

C18H18CIN2 ([M+H]") 297.1159, found 297.1163.

2-isopropyl-4,5-bis(3-methoxyphenyl)-1H-imidazole (1I-A)

j\/ White solid (300 mg, 93% vyield), purification via a silica (100-
N” "NH 200 mesh) gel column (petroleum ether/EtOAC = 2/1, viv). M.p.:
117.7-119.7 °C. *H NMR (500MHz, CDCl3): 6 =7.18 (t,J = 7.3

MeO O O OMe 1, 2H), 7.07-7.05 (m, 4H), 6.77 (d, I = 7.5 Hz, 2H), 3.67 (s, 3H),



3.08-3.02(m, 1H), 1.30 (d, J = 6.5 Hz, 6H) ppm. 3C NMR (125 MHz, CDClz): § = 159.67, 153.37,
13451, 129.53, 120.46, 113.33, 113.05, 55.24, 28.41, 21.77 ppm. HRMS (ESI) m/z: calcd for
C20H23N202 ([M+H]") 323.1760, found 323.1762.

2-isopropyl-1H-phenanthro[9,10-d]imidazole (1m-A)

Yellow solid (80 mg, 31% yield), purification via a silica (100-200 mesh) gel

Nj/\/NH column (petroleum ether/EtOAc = 5/1, v/v). M.p.: 228.0-230.0 °C. *H NMR
(500MHz, CDCls): 6 = 8.73-8.71 (m, 2H), 8.54-8.52 (m, 2H), 7.57-7.54 (m,

OCO 4H), 3.46-3.40 (m, 1H), 1.42 (d, J = 7.0 Hz, 6H) ppm. 3C NMR (125 MHz,
CDCls): ¢ = 157.35, 130.53, 128.45, 127.27, 125.54, 124.32, 123.81, 122.15,

29.17, 21.96 ppm. HRMS (ESI) m/z: calcd for C1gH17N2 ([M+H]") 261.1392, found 261.1390.
2-(4-chlorobutyl)-4,5-diphenyl-1H-imidazole (1a-C)
c N7 NH column (petroleum ether/EtOAC = 1/1, v/v). M.p.: 135.7-137.7 °C. *H NMR
(500MHz, CDCl3): 6 =7.47 (d, J = 8.5 Hz, 2H), 7.43-7.38 (m, 3H), 7.34 (d,
O O 3=7.0Hz, 2H), 7.19 (t, J = 7.5 Hz, 2H), 7.12 (t, J = 7.3 Hz, 1H), 3.69 (5, 2H),
3.01 (s, 2H), 1.96 (s, 4H) ppm. 3C NMR (125 MHz, CDClzs): ¢ = 144.63,

136.75, 134.94, 131.27, 130.83, 128.98, 128.35, 128.17, 127.48, 126.90, 126.20, 44.01, 25.02,
23.18, 20.95 ppm. HRMS (ESI) m/z: calcd for CigH20CIN2 ([M+H]") 311.1315, found 311.1317.

J/j\ White solid (124 mg, 40% yield), purification via a silica (100-200 mesh) gel
|

2-(4-chlorobutyl)-4,5-di-p-tolyl-1H-imidazole (1b-C)

J/j\ Yellow solid (117 mg, 36% yield), purification via a silica (100-200 mesh)
Cl N7 NH gel column (petroleum ether/EtOAc = 1/1, v/v). M.p.: 138.0-140.0 °C. H
NMR (500MHz, CDCls): 0 = 7.37 (d, J = 8.0 Hz, 2H), 7.22 (s, 4H), 7.00 (d,

O O J=7.5Hz, 2H), 3.67 (s, 2H), 2.99 (s, 2H), 2.41 (s, 3H), 2.27 (s, 3H), 1.94 (s,

4H) ppm. C NMR (125 MHz, CDCls): 6 = 144.35, 138.12, 135.69, 132.13,

130.70, 129.70, 128.90, 128.29, 127.65, 127.07, 126.76, 43.94, 25.00, 23.20, 21.49, 21.27, 20.97
ppm. HRMS (ESI) m/z: calcd for C21H24CIN2 ([M+H]") 339.1628, found339.1631.



2-(4-chlorobutyl)-4,5-bis(4-chlorophenyl)-1H-imidazole (1c-C)
Yellow solid (99 mg, 26% yield), purification via a silica (100-200 mesh)
ClJ/Nj\NH gel column (petroleum ether/EtOAc = 1/1, v/v). M.p.: 152.9-154.9 °C. 'H
— NMR (500MHz, CDCls): 6 =7.41-7.39 (m, 2H), 7.36—7.34 (m, 2H), 7.25—
7.22 (m, 2H), 7.17-7.15 (m, 2H), 3.67 (s, 2H), 2.97 (s, 2H), 195-1.94 (m,
cl o 4H) ppm. *C NMR (125 MHz, CDCls): ¢ = 145.22, 136.01, 134.70,

132.95, 132.20, 131.98, 129.47, 128.49, 128.21, 126.41, 44.06, 24.77, 23.03, 20.70 ppm. HRMS
(ESI) m/z: calcd for C19H18CIzN2 ([M+H]*) 379.0536, found 379.0530.

(E)-2-(4-methoxystyryl)-4,5-diphenyl-1H-imidazole (1b-D)

OMe Yellow solid (345 mg, 95% vyield), purification via a silica (100-200 mesh) gel
column (petroleum ether/EtOAc = 5/1, v/V). M.p.: 170.9-172.9 °C. 'H NMR
(500MHz, CDCls): 6 = 7.52 (d, J = 7.0 Hz, 4H), 7.33-7.26 (m, 8H, cover the

_ solvent), 7.23 (d, J = 16.5 Hz, 1H), 6.85-6.80 (m, 3H), 3.80-3.79 (m, 3H) ppm. 3C
NMR (125 MHz, CDCls): ¢ = 159.91, 145.95, 132.70, 131.29, 129.09, 128.69,

)={ 128.15 127.96, 12755, 114.29, 114.00, 55.44 ppm. HRMS (ESI) m/z: calcd for
PR Ph CoH20N,0 ([M+H]*) 352.1576, found 352.1576.

(E)-2-(4-chlorostyryl)-4,5-diphenyl-1H-imidazole (1c-D)
Cl  Yellow solid (354 mg, 99% vyield), purification via a silica (100-200 mesh) gel
column (petroleum ether/EtOAc = 5/1—3/1, vIV). M.p.: 216.0-218.0 °C. 'H NMR
(500MHz, CDCls): 6 = 7.53 (d, J = 7.0 Hz, 4H), 7.35-7.27 (m, 10H), 7.24 (d, J =
Z 16.5 Hz, 1H), 6.89 (dd, J = 16.5 Hz, 5.5, 1H) ppm. 13C NMR (125 MHz, CDCls): 6
N” "NH
PhHPh

= 145.12, 134.83, 134.09, 130.10, 129.11, 128.81, 127.94, 127.78, 116.70 ppm.
HRMS (ESI) m/z: calcd for C2sH1sCIN2 ([M+H]*) 357.1159, found 357.1161.

(E)-4,5-bis(4-methoxyphenyl)-2-styryl-1H-imidazole (1d-D)



Ph Yellow solid (357 mg, 93% vyield), purification via a silica (100-200
Z mesh) gel column (petroleum ether/EtOAc = 5/1—3/1, viv). M.p.:
167.1-169.1 °C. 'H NMR (500MHz, CDCl3): 6 = 7.44-7.42 (m, 4H),

— 7.32-7.21 (m, 6H, cover the solvent), 6.89 (d, J = 16.5 Hz, 1H), 6.83

O O (t, J = 8.5 Hz, 4H), 3.79 (s, 3H), 3.77 (s, 3H) ppm. ¥*C NMR (125

MeO oMe MHz, CDCls): ¢ = 159.10, 144.90, 136.39, 131.29, 129.23, 128.81,

128.30, 128.27, 126.78, 125.11, 116.05, 114.13, 55.36 ppm. HRMS (ESI) m/z: calcd for
CasH22N202 ([M+H]") 382.1681, found 382.1683.

N” "NH

(E)-2-isopropyl-5-phenyl-4-styryl-1H-imidazole (15)

ipr Yellow solid (135 mg, 47% vyield), purification via a silica (100-200 mesh)
HN)%N gel column (petroleum ether/EtOAc = 1/1, v/v). M.p.: 169.4-171.4 °C. H
— NMR (500MHz, CDCls): 6 = 7.78 (d, J = 5.0 Hz, 2H), 7.42-7.41 (m, 5H),
Ph  7.32-7.20 (m, 3H), 7.20-7.15 (m, 2H), 7.10-7.07 (m, 1H), 3.13-3.10 (m, 1H),
1.35 (d, J = 6.0 Hz, 6H) ppm. 3C NMR (125 MHz, CDCls): § = 154.43,
137.72, 132.92, 128.84, 128.73, 128.55, 128.09, 127.39, 127.26, 127.00, 126.28, 117.80, 28.64,

21.78 ppm. HRMS (ESI) m/z: calcd for C20H21N2 ([M+H]") 289.1705, found 289.1707.

—_—

Synthesis of dio-1a-A:

o AcOH/H,0
Dt >*CHO + NH4OAc 100 °C

D D D D
d10-1 a-A

A solution of dio-benzil® (0.5 mmol), isobutyraldehyde (0.5 mmol, 1 equiv), NHsOAc (5 mmol,
451 mg), glacial acetic acid (1.5 mL) and H20O (0.2 mL) was reacted at 100 <C for 7 h. The reaction
mixture was cooled to room temperature. Afterwards, it was diluted with H,O (5 mL) and then ag.
NaHCO3 solution was added, and the mixture was extracted with CH2Clz (3 x 30 mL). The

combined organic phase was dried with Na.SO4. The volatiles were evaporated under reduced



pressure and the crude product was purified by silica gel column chromatography (petroleum
ether/EtOAC = 2/1, vIv) to give dio-1a-A as white solid (135 mg, 99% vyield).

2-isopropyl-4,5-bis(phenyl-ds)-1H-imidazole (dio-1a-A)

M.p.: 196.1-198.1 °C. 'H NMR (500MHz, DMSO-ds): 6 = 11.96 (s,
1H), 3.04-2.99 (m, 1H), 1.31 (d, J = 6.5 Hz, 6H) ppm. ¥*C NMR (125
MHz, DMSO-ds): ¢ = 153.10, 135.59, 134.89, 131.47, 128.09 (t, J =
24.7 Hz), 127.66 (t, J = 11.9 Hz), 127.38 (t, J = 11.8 Hz), 126.57 (t, J =
22.9 Hz), 125.91, 27.79, 21.72 ppm. HRMS (ESI) m/z: calcd for
Ci1gHoD1oN2 ([M+H]") 273.2113, found 273.2156.

2.2 General procedure for the synthesis of N-methyl imidazoles 1-B

Compounds 1a-BY°, 1c-B! and 1d-B¥ were prepared according to modified literature

procedure.

R

H R /
N NaH N

I />—R' + CH3l ———= I ,—R'
N r.t. R N

The mixture of NaH (60% weight dispersion in mineral oil, 1.4 mmol, 61.3 mg), imidazole (1.12

R

mmol) and dry THF (2 mL) was stirred below 30 <C for 1 h at room temperature, before CHzsl
(1.18 mmol, 73.5 pi) was added dropwise to react overnight. After the reaction was completed,
the mixture was worked-up with H20 (20 mL) and CH2Cl, (3 <20 mL). The combined organic
phase was dried with Na>SOs, evaporated in vacuo, and purified by flash column chromatography

on silica gel.

4,5-bis(4-methoxyphenyl)-1-methyl-1H-imidazole (1b-B)

NZON— Yellow oil (168mg, 57% yield), purification via a silica (100-200 mesh)

— gel column (petroleum ether/EtOAc = 1/1, v/v). *H NMR (500MHz,

O O CDCls): 5 = 7.54 (s, 1H), 7.41 (d, J = 8.5 Hz, 2H), 7.23 (d, J = 8.5 Hz,
MeO oMe 2H), 6.97 (d, J = 8.5 Hz, 2H), 6.76 (d, J = 8.5 Hz, 2H), 3.85(s, 3H),
3.75 (s, 3H), 3.44 (s, 3H) ppm. 13C NMR (125 MHz, CDCls): 6 = 159.72, 158.14, 137.82, 137.02,



131.97, 127.75, 127.70, 127.53, 122.73, 114.45, 113.58, 55.30, 55.16, 32.11 ppm. HRMS (ESI)
m/z: calcd for C21H2sN202 ([M+H]") 295.1447, found 295.1448.

4,5-bis(3-methoxyphenyl)-1-methyl-1H-imidazole (1e-B)
SN Yellow oil (141 mg, 48% yield), purification via a silica (100-200
mesh) gel column (petroleum ether/EtOAc/CH3Cl1=3/2/1—1/1/1,

MeO O O OMe  y/v). 1H NMR (500MHz, CDCls3): 6 = 7.57-7.56 (m, 1H), 7.37
(td, J = 8.0 Hz, 2.7 Hz, 1H), 7.14 (s, 1H), 7.12-7.05 (m, 2H), 6.97

(d, J=8.5Hz, 1H), 6.94-6.93 (m, 1H), 6.87(s, 1H), 6.70 (d, J = 8.0 Hz, 1H), 3.78 (d, J = 3.0 Hz,
3H), 3.67 (d, J = 3.0 Hz, 3H), 3.48 (d, J = 4.0 Hz, 3H) ppm. *C NMR (125 MHz, CDCl3): 6 =
160.05, 159.57, 138.10, 137.41, 136.02, 132.03, 130.19, 129.20, 129.05, 123.20, 119.12, 116.23,
114.46, 113.17, 111.16, 55.45, 55.13, 32.30 ppm. HRMS (ESI) m/z: calcd for CisH1oN202

([M+H]") 295.1447, found 295.1444.

N

4,5-bis(3-methoxyphenyl)-1,2-dimethyl-1H-imidazole (1f-B)

J\ Yellow oil (237 mg, 77% yield), purification via a silica (200-300

N/_N/ mesh) gel column (petroleum ether/EtOAc = 1/1, v/v). 'H NMR

(500MHz, CDCls): ¢ = 7.37 (t, J = 8.0 Hz, 1H), 7.10 (t, J = 8.3

MeO O O OMe Hz, 1H), 7.04-7.03 (m, 2H), 6.97-6.95 (m, 1H), 6.92 (d, J = 7.5

Hz, 1H), 6.86 (d, J = 1.5 Hz, 1H), 6.70-6.68 (m, 1H), 3.78 (s, 3H), 3.64 (s, 3H), 3.38 (s, 3H), 2.49

(s, 3H) ppm. 3C NMR (125 MHz, CDCl3): 6 = 160.04, 159.49, 144.68, 135.59, 132.44, 130.20,

129.22, 129.03, 123.38, 119.31, 116.34, 114.42, 113.03, 111.38, 55.48, 55.14, 31.31, 13.59 ppm.
HRMS (ESI) m/z: calcd for C19H21N202 ([M+H]") 309.1603, found 309.1600.

4,5-bis(3-methoxyphenyl)-1-methyl-2-propyl-1H-imidazole (1g-B)

P Yellow oil (164 mg, 49% yield), purification via a silica (100-200
N/_N/ mesh) gel column (petroleum ether/EtOACc/CH2Cl= 5/2/2, viv).
1H NMR (500MHz, CDCls): § = 7.35 (t, J = 8.0 Hz, 1H), 7.11—

MeO O OMe
O 7.05 (M, 3H), 6.96-6.91 (m, 2H), 6.86 (s, 1H), 6.67 (d, J = 7.5 Hz,
1H), 3.78 (5, 3H), 3.64 (s, 3H), 3.38 (s, 3H), 2.76 (t, J = 7.8 Hz, 2H), 1.88-1.81(m, 2H), 1.07 (t, J

10



= 7.3 Hz, 3H) ppm. 3C NMR (125 MHz, CDCls): § = 155.01, 154.46, 143.44, 131.28, 131.18,
127.92, 125.09, 124.12, 123.80, 118.45, 114.45, 111.38, 109.23, 107.72, 106.55, 50.45, 50.11,
26.08, 24.67, 16.80, 9.26 ppm. HRMS (ESI) m/z: calcd for CaiH2sN202 ([M+H]) 337.1916,
found 337.1919.

2-isopropyl-4,5-bis(3-methoxyphenyl)-1-methyl-1H-imidazole (1h-B)

j\/ Yellow oil (279 mg, 83% yield), purification via a silica (100-200

N7 "N~ mesh) gel column (petroleum ether/EtOACc = 5/1, v/v). 'H NMR

— (500MHz, CDCl3): 6 = 7.35 (t, J = 7.8 Hz, 1H), 7.10-7.06 (m,

MeO O O OMe  3H), 6.95-6.91 (m, 2H), 6.87-6.86 (m, 1H), 6.676.65 (m, 1H),

3.77 (s, 3H), 3.64 (s, 3H), 3.39 (s, 3H), 3.11-3.06 (m, 1H), 1.43 (d, J = 7.0 Hz, 6H) ppm. 3C NMR

(125 MHz, CDCls): 0 = 159.94, 159.40, 152.74, 136.40, 136.01, 132.86, 130.00, 129.06, 128.67,

123.44,119.55, 116.36, 114.18, 112.49, 111, 55.39, 55.03, 30.80, 26.75, 21.41 ppm. HRMS (ESI)
m/z: calcd for C21H2sN20; ([M+H]") 337.1916, found 337.1917.

2-(tert-butyl)-4,5-bis(3-methoxyphenyl)-1-methyl-1H-imidazole (1i-B)

Yellow oil (183 mg, 52% yield), purification via a silica (200-300

Nj\/N/ mesh) gel column (petroleum ether/EtOAc = 20/1, v/v). 'H NMR

_ (500MHz, CDCls): 6 = 7.37 (t, J = 7.8 Hz, 1H), 7.07 (d, J = 7.5

MeO O O oMme Hz 3H),6.96 (d,J=8.0Hz, 1H), 6.92 (d, J= 7.5 Hz, 1H),6.86 (s,

1H), 6.65-6.64 (m, 1H), 3.79 (s, 3H), 3.64 (s, 3H), 3.51 (s, 3H),

1.53 (s, 9H) ppm. 3C NMR (125 MHz, CDCls): ¢ = 160.01, 159.41, 153.89, 136.47, 134.81,

133.13, 130.27, 130.10, 129.10, 123.70, 119.29, 116.53, 114.35, 112.36, 111.51, 55.46, 55.04,

33.67, 33.30, 29.53 ppm. HRMS (ESI) m/z: calcd for C22H27N202 ([M+H]") 351.2073, found
351.2073.

2.3 Optimization data of the C4(5)-H activation/annulation of 1a-A and 2a
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Table S1 Optimization of the reaction conditions 2

Conditions | j\/ o
. Ph  [CP'RNChl, (2.5 mol %) | A\
o T Cu(OTf, (1 equiv) _/ N\}—ph
PH MeOH, air PH
Ph 100 °C, 10 h
1a-A 2a (1 equiv) 3a
Entry Oxidant (x equiv) Solvent (mL) Yield (%)”
1 AgOAC (1) DCE 27
2 AgOAC (1) MeOH 64(67°)
3 Cu(OAc)2 H20 (1) MeOH 61
4 Cu(OAc)2 H20 (2) t-BuOH ND
5 Cu(OAc)2 H20 (2) Toluene 25
6 Cu(OAc)2 H20 (2.2) acetone 27¢
7 AgOAC (1)/Cu(OAC)2 H20 (0.2) MeOH 41
8 AgOAC (0.1)/Cu(OAc)2 H20 (1) MeOH 42
9 AgOACc (1)/Cu(OAc)2 H20 (1) MeOH 39
10 Ag20 (1) MeOH 30
11 AgNO:s3 (1) MeOH 70
12 Cu(OTf2 (1) MeOH 93(89°)
13 Cu(OAc)2 H20 (2.2) MeOH 90f
14 -- MeOH 68¢

2Reaction conditions: 1a (0.1 mmol), 2a (0.1 mmol), [RhCp*Cl>]> (2.5 mol %), oxidant (x equiv) in MeOH (1
mL) at 100 <C for 10 h under air. ® Isolated yield. ¢ Under a N, atmosphere. ¢ At 120 <C under a N2 atmosphere.
¢ 2a (2 equiv). f With AgSbFs (20 mol%) at 60 °C. ¢ Under the O, atmosphere.

2.4 General procedure for the synthesis of products 3

R4 Conditions |
PN Rs [CP*RhC,]; (2.5 mol %)
N “NH - N
o H o . | | Cu(OTf), (1 equiv)
MeOH, air R
2

R
2 @ Rs 100 °C, 10 h

1-A 2 (1 equiv)

A

R

12



Conditions I: To a dry Schlenk tube (25 mL) with a magnetic stir bar was added imidazole 1-A
(0.1 mmol, 1.0 equiv), alkyne 2 (0.1 mmol, 1.0 equiv), [RhCp*Cl;]2 (1.5 mg, 2.5 mol %), Cu(OTf),
(36.2 mg, 0.1 mmol, 1.0 equiv) and MeOH (1 mL). The mixture was stirred at 100 <C for 10 h
under air. After the reaction was completed, the solvent was removed under reduced pressure, and
the residue was purified by a silica gel column, eluting with petroleum ether/EtOAc (80/1—20/1,
v/v) to afford product 3.

2.5 General procedure for the synthesis of products 4

Conditions |

R'I
) ns R* [Cp*RhCly], (2.5 mol %)
NZ N/R )
Cu(OTf), (1 equiv)

— qoe || MeOH, air

2
R @ R4 100 °C, 10 h

1-B 2 (1 equiv)

Conditions I: To a dry Schlenk tube (25 mL) with a magnetic stir bar was added imidazole 1-B
(0.2 mmol, 1.0 equiv), alkyne 2 (0.1 mmol, 1.0 equiv), [RhCp*Cl>]2 (1.5 mg, 2.5 mol %), Cu(OTf).
(36.2 mg, 0.1 mmol, 1.0 equiv) and MeOH (1mL). The mixture was stirred at 100 <C for 10 h
under air. After the reaction was completed, the solvent was removed under reduced pressure, and
the residue was purified by a silica gel column, eluting with CH2Cl,/MeOH (100/1—40/1, v/v) to
afford product 4.

2.6 General procedure for the synthesis of products 5

Conditions | R
R2 [Cp*RhCl,], (2.5 mol %) N

7
Cl N”"NH g || Cu(OTf), (1 equiv) NN R2
" MeOH, air R OTf
Ly w o owem UG
1-C 2 (1 equiv) S

Conditions I: To a dry Schlenk tube (25 mL) with a magnetic stir bar was added imidazole 1-C
(0.2 mmol, 1.0 equiv), alkyne 2 (0.1 mmol, 1.0 equiv), [RhCp*Cl>]2 (1.5 mg, 2.5 mol %), Cu(OTf).
(36.2 mg, 0.1 mmol, 1.0 equiv) and MeOH (1 mL). The mixture was stirred at 100 < for 10 h
under air. After the reaction was completed, the solvent was removed under reduced pressure, and
the residue was purified by a silica gel column, eluting with CH2Cl2/MeOH (100/1—80/1, v/v) to
afford product 5.

13



2.7 General procedure for the synthesis of products 6

Ph Ph

XX Conditions I RZ_/X ,

R2  [Cp*RhCly], (2.5 mol %) | R
N "NH Cu(OTf), (2 equiv) RZ N3N N\ __R2
= Ho MeOH, ai — R
e air -

R1 ’ 1
@ R2 100 °C, 10 h R @ ot
1-D 2 (2 equiv) 6

Conditions I1: To a dry Schlenk tube (25 mL) with a magnetic stir bar was added imidazole 1-
D (0.1 mmol, 1.0 equiv), alkyne 2a (0.2 mmol, 2.0 equiv), [RhCp*Cl2]2 (1.5 mg, 2.5 mol %),
Cu(OTf)2 (72.4 mg, 0.2 mmol, 2.0 equiv) and MeOH (1 mL). The mixture was stirred at 100 T
for 10 h under air. After the reaction was completed, the solvent was removed under reduced
pressure, and the residue was purified by a silica gel column, eluting with petroleum ether/EtOAc
(2/1—1/1) or CH2Cl/MeOH (100/1—60/1, v/v) to afford product 6.

2.8 General procedure for the synthesis of products 7

0 Conditions III R
R [Cp*RhCly, (2.5 mol %)
HN~ NH ’ Cu(OAc),*H,0 (2.2 equiv) 2 '}l N R
* | | acetone, air
O O R 60 °C, 12 h O O
1-E 2 (1 equiv) 7

Conditions I11I: To a dry Schlenk tube (25 mL) with a magnetic stir bar was added imidazole 1-
D (23.6 mg, 0.1 mmol, 1.0 equiv), alkyne 2a (0.1 mmol, 2.0 equiv), [RhCp*Cl.]> (1.5 mg, 2.5
mol %), Cu(OAc). H20 (44 mg, 0.22 mmol, 2.2 equiv) and acetone (0.5 mL). The mixture was
stirred at 60 <C for 12 h under air. After the reaction was completed, the solvent was removed
under reduced pressure, and the residue was purified by a silica gel column, eluting with petroleum
ether/EtOAc (60/1—40/1, v/v) to afford product 7.

2.9 General procedure for the synthesis of products 8
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(o) Conditions IV R

[CP*RNCl,], (2.5 mol %) NN
| CulOAD)H;0 (1 equiy) R 7 N N—r

MesCOOH (60 mol %)
O O R toluene, air Q Q

120°C, 12 h 8
1-B 2 (1 equiv)

Conditions 1V: To a dry Schlenk tube (25 mL) with a magnetic stir bar was added imidazole 1-
B (0.1 mmol, 1.0 equiv), alkyne 2a (0.2 mmol, 2.0 equiv), [RhCp*Cl2]> (1.5 mg, 2.5 mol %),
Cu(OAc)2 H20 (20 mg, 0.1 mmol, 1 equiv), MesCOOH (9.8 mg, 60 mol %) and toluene (0.5 mL).
The mixture was stirred at 120 <T for 12 h under air. After the reaction was completed, the solvent
was removed under reduced pressure, and the residue was purified by a silica gel column, eluting
with petroleum ether/EtOAc (60/1—40/1, v/v) to afford products 8.

3 Chemo-selectivity experiments

Ph Ph Ph

Nﬁ Ph . @:57 N
 NH H [CP*RhCly], (2.5 mol %) =N Ph—\_N__
Ph + | | Cu(OTf), (1 equiv) ~ Ph N _~pp Ph
H 100 °C, 10 h, air | Ph
Ph MeOH Ph
tivity: C4(5)an-H > C2yin-H
1a-D 2a reacuivity ( )aryl Vinyl 10’ 75% 10-, n.d.

To a dry Schlenk tube with a magnetic stir bar was added 1a-D (32.2 mg, 0.1 mmol, 1 equiv),
2a(17.8 mg, 0.1 mmol, 1 equiv), [RhCp*Cl2]2 (1.5 mg, 2.5 mol %), Cu(OTf)2 (36.2 mg, 0.1 mmol,
1.0 equiv) and MeOH (1 mL). The mixture was stirred at 100 <C for 10 h under air. After the
reaction was completed, the mixture was passed through a silica gel column (100-200 mesh),
eluting with petroleum ether/EtOAc (50/1, v/v) to afford product 10 as a yellow solid.
(E)-1,5,6-triphenyl-3-styrylimidazo[5,1-a]isoquinoline (10)

Ph Yellow solid (38 mg, 76% yield). M.p.: 263.9-265.9 °C. 'H NMR (500MHz,

\ CDClIz): 6 =8.03 (d, J=8.5Hz, 1H), 7.80 (d, J = 7.5 Hz, 2H), 7.56 (t, J = 7.5

oh N\‘N Ph Hz, 2H), 7.52-7.47 (m, 2H), 7.40-7.36 (m, 5H), 7.28-7.21 (m, 5H), 7.17-7.10
1 (m, 6H), 6.92 (d, J = 7.0 Hz, 2H), 5.85 (d, J = 15.5 Hz, 1H) ppm. 13C NMR

Ph' (125 MHz, CDCls): § = 140.44, 137.19, 136.62, 136.35, 136.03, 134.83,

132.84, 131.35, 131.19, 130.17, 129.24, 129.04, 128.94, 128.40, 128.26,
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128.17, 127.84, 127.63, 127.28, 126.83, 126.62, 125.44, 125.28, 122.49, 116.97 ppm. HRMS
(ESI) m/z: calcd for Ca7H27N2 ([M+H]") 499.2174, found 499.2177.

Ph Ph Ph

. o “oTf Et ~oTf
—N gt [CP*RNhC, (2.5 mol %) Ph | Ph

Cu(OTH), (1 Et

Ph._N._~~pp u(OTf), (1 equiv) N +N Et )N +N

+ |l 100 °C, 10 h, air A\
Ph Et MeOH

reactivity: O Q O Q

10 C2inyi-H > residual C4(5),y-H 11, 73% 1M nd.

To adry Schlenk tube with a magnetic stir bar was added 10 (49.8 mg, 0.1 mmol, 1 equiv), hex-
3-yne (8.2 mg, 0.1 mmol, 1 equiv), [RhCp*Cl2]2 (1.5 mg, 2.5 mol %), Cu(OTf)2 (36.2 mg, 0.1
mmol, 1.0 equiv) and MeOH (1 mL). The mixture was stirred at 100 <C for 10 h under air. After
the reaction was completed, the mixture was passed through a silica gel column (100-200 mesh),
eluting with CH2Cl,/CH30H (80/1—70/1, v/v) to afford product 11.
10,11-diethyl-5,6,9,13-tetraphenylpyrido[2’,1":2,3]imidazo[5,1-a]isoquinolin-12-ium
trifluoromethanesulfonate (11)

Et Ph Yellow solid (53 mg, 73% vyield). M.p.: 253.3-255.3 °C. 'H NMR (500MHz,
7\ - CDClIz): 6 =7.96 (d, J = 8.0 Hz, 2H), 7.81-7.74 (m, 3H), 7.47 (d, J = 7.5 Hz,
o QTN o 2H), 7.42 (t, J = 7.5 Hz, 1H), 7.36-7.30 (m, 5H), 7.29-7.23 (m, 6H, cover the

| solvent), 7.22-7.19 (m, 2H), 7.03 (d, J = 8.0 Hz, 3H), 6.13 (s, 1H), 2.92 (g, J =

P73 Hz, 2H), 2.67 (9, J = 7.5 Hz, 2H), 1.00 (t, J = 7.3 Hz, 3H),0.94 (t, J= 7.5

Hz, 3H) ppm. 3C NMR (125 MHz, CDCls): 6 = 146.53, 143.55, 138.32, 134.64,

134.58, 132.87, 132.72, 132.63, 131.87, 131.82, 131.49, 131.11, 131.04, 130.40, 130.32, 129.97,
129.86, 129.46, 129.40, 128.94, 128.68, 128.44, 128.42, 128.37, 127.94, 127.71, 124.77, 121.93,
119.98, 113.08, 22.03, 21.93, 14.67, 13.80 ppm. HRMS (ESI) m/z: calcd for CasHszsN2*

(IM—OTf]*) 579.2795, found 579.2796.
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N= H —N
Ph [Cp*RhCl]5 (2.5 mol %) =N

Cu(OTH), (1 equiv) Ph NP P NN ~pnh
100 °C, 10 h, air | Ph

Ph MeOH Ph
1313'=1:16 isolable

12 2a reactivity: C2,-H > C4(5),py1-H 13, 25% 13', 40% (X-ray)

To a dry Schlenk tube with a magnetic stir bar was added 12 (29.6 mg, 0.1 mmol, 1 equiv), 2a
(17.8 mg, 0.1 mmol, 1 equiv), [RhCp*Cl.]2 (1.5 mg, 2.5 mol %), Cu(OTf)2 (36.2 mg, 0.1 mmol,
1.0 equiv) and MeOH (1 mL). The mixture was stirred at 100 <C for 10 h under air. After the
reaction was completed, the mixture was passed through a silica gel column (100-200 mesh),
eluting with petroleum ether/EtOAc (50/1—30/1, v/v) to afford products 13 as a yellow solid (12
mg, 25% yield) and 13" as a white solid (19 mg, 40% yield).
1,3,5,6-tetraphenylimidazo[5,1-a]isoquinoline (13)

Ph>_ Yellow solid (12 mg, 25% yield). M.p.: 267.0-269.0 °C. 'H NMR (500MHz,

—N

Pho_N_Jp, CDCls):0=8.18(d, J=7.5Hz 1H),7.85 (d, J=7.0 Hz, 2H), 753 (t, I = 7.5
| Hz, 2H), 7.45 (t, J = 7.3 Hz, 1H), 7.30-7.27 (m, 1H), 7.24-7.18 (m, SH), 7.11—

Ph

7.08 (m, 4H), 6.97 (t, J = 7.0 Hz, 1H), 6.93-6.88 (m, 4H), 6.81-6.73 (m, 3H)
ppm. 3C NMR (125 MHz, CDCls): 6 = 142.35, 136.78, 136.72, 135.22,
133.22, 132.92, 131.54, 131.47, 130.18, 129.91, 129.33, 128.81, 128.04, 127.98, 127.87, 127.64,
127.29, 127.16, 127.10, 126.98, 126.85, 126.54, 125.36, 125.20, 122.40 ppm. HRMS (ESI) m/z:
calcd for CssHosN2* ([M+H]) 473.2018, found 473.2020.
2,3,5,6-tetraphenylimidazo[2,1-a]isoquinoline (13")
White solid (19 mg, 40% yield). M.p.: 266.8-268.8 °C. 'H NMR (500MHz,
CDClz): 6 =8.97 (d, J = 7.5 Hz, 1H), 7.66 (t, J = 7.5 Hz, 1H), 7.48-7.45 (m,
N7ON | Ph 3H), 7.28 (s, 1H), 7.21-7.16(m, 6H), 7.07 (d, J = 6.5 Hz, 2H), 6.98 (t, J = 6.8
PhHPh Hz, 1H), 6.92-6.87 (m, 4H), 6.83-6.78 (m, 3H), 6.72 (t, J = 7.3 Hz, 2H) ppm.
13C NMR (125 MHz, CDCls): 6 = 143.31, 142.10, 136.58, 134.92, 134.83,
132.80, 132.08, 131.97, 131.56, 130.44, 128.40, 128.13, 127.89, 127.83, 127.76, 127.24, 127.14,
126.99, 126.93, 126.39, 126.24, 125.15, 123.79, 123.50 ppm. HRMS (ESI) m/z: calcd for
CasHsN2" ([M+H]Y) 473.2018, found 473.2019.

Ph
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o\ NH [Cp*RhCly], (2.5 mol %)
+ | | Cu(OTf), (1 equiv)
H 100 °C, 10 h, air
Ph MeOH
12 2a (2 equiv) 14, 41%

To a dry Schlenk tube with a magnetic stir bar was added 12 (29.6 mg, 0.1 mmol, 1 equiv), 2a
(35.6 mg, 0.2 mmol, 2 equiv), [RhCp*Cl:]2 (1.5 mg, 2.5 mol %), Cu(OTf)2 (36.2 mg, 0.1 mmol,
1.0 equiv) and MeOH (1 mL). The mixture was stirred at 100 <C for 10 h under air. After the
reaction was completed, the mixture was passed through a silica gel column (200-300 mesh),
eluting with CH2Cl./MeOH (40/1—20/1, v/v) to afford products 14 as a yellow solid (28 mg,
35% yield).
5,6,12,13,15-pentaphenylimidazo[2,1-a:4,3-a']diisoquinolin-14-ium
trifluoromethanesulfonate (14)

Ph Yellow solid (28 mg, 35% yield). M.p.: 135.3-137.3 €. 'H NMR (500MHz,

/ +\ pn CDCls): 0 =7.87 (d, J = 8.5 Hz, 1H), 7.45-7.39 (m, 8H), 7.30-7.26 (m, 6H,
SN _/N _ggf cover the solvent), 7.22-7.17 (m, 8H), 7.11 (t, J = 7.8 Hz, 2H), 7.00-6.99 (m,
3H), 6.94 (m, J = 8.5 Hz, 1H), 6.91-6.84 (m, 3H), 6.79-6.76 (m, 1H) ppm.

Ph 13C NMR (125 MHz, CDCls): ¢ = 135.51, 135.06, 134.15, 133.50, 132.91,
132.68, 132.17, 131.74, 131.21, 131.08, 131.04, 130.94, 130.71, 130.56,

130.24, 130.11, 129.90, 129.48, 129.25, 129.05, 128.96, 128.63, 128.55, 128.30, 128.19, 128.09,
127.94,127.70,127.61, 127.45, 126.52, 126.24, 126.15, 124.16, 122.82, 116.97 ppm. HRMS (ESI)

m/z: calcd for CagHasN2 ([M—OTf]*) 649.2638, found 649.2635.

i A li
Pr Ph pr Ph Pr
NN Ph  [Cp*RhCl,], (2.5 mol %) ) *\

H — H o, || Cu(OAc),*H,0 (2.2 equiv) Ph
=X Ph acetone, N,
Ph o
- 120°C, 12 h

2a
reactivity: C4(5)ary-H > C4(5)yiny-H

The mixture of 15 (0.1 mmol, 1 equiv), 2a (0.1 mmol, 1 equiv), [RhCp*Cl;]> (1.5 mg, 2.5
mol %), Cu(OAc)2 H20 (44 mg, 0.22 mmol, 2.2 equiv) and acetone (1 mL) was stirred at 120 C

16, 50%

16, n.d.
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for 10 h under an N2 atmosphere. After the reaction was completed, the mixture was passed through
a silica gel column (200-300 mesh), eluting with petroleum ether/EtOAc (100/1—80/1, v/v) to
afford product 16.
(E)-3-isopropyl-5,6-diphenyl-1-styrylimidazo[5,1-a]isoquinoline (16)
Yellow solid (23 mg, 50% vyield). M.p.: 133.3-135.3 °C. 'H NMR
N:Q\ (500MHz, CDCls): 6 =8.38 (d, J =8.0 Hz, 1H), 7.81 (d, J = 15.5 Hz, 1H),
PN N P 7.67-7.64 (m, 3H), 7.53 (t, J = 7.5 Hz, 1H), 7.39 (t, J = 7.5 Hz, 2H), 7.27—
l ph 7.18 (m, 10H, cover the solvent), 7.09—7.08 (m, 2H), 7.04 (d, J = 8.0 Hz,
1H), 2.07-2.02 (m, 1H), 1.08 (d, J = 6.5 Hz, 6H) ppm. 13C NMR (125 MHz,
CDCls): 0 = 149.86, 138.50, 136.66, 134.88, 132.89, 131.42, 130.74, 129.98, 129.77, 128.76,
128.73, 128.18, 128.14, 128.07, 127.15, 127.07, 126.82, 126.70, 126.32, 126.13, 125.27, 123.12,
121.34, 27.66, 22.66 ppm. HRMS (ESI) m/z: calcd for CssH2gN> ([M+H]") 465.2331, found
465.2230.

4 Regio-selectivity experiments
\

oTf N— OTf
/ Ph  [Cp*RhCly]; ( 25mo|% \\\\N o
MeO | N> . H Cu(OTf), (1 equiv) O \ N Ph O + |
/
o
MeO N N 100 °C, 10 h, air Ph MeO Ph
MeOH
MeO OMe
1i-B 2a 4i (1:1) 4i'

To adry Schlenk tube with a magnetic stir bar was added 1i-B (29.4 mg, 0.1 mmol, 1 equiv), 2a
(17.8 mg, 0.1 mmol, 1 equiv), [RhCp*Cl2]2 (1.5 mg, 2.5 mol %), Cu(OTf)2 (36.2 mg, 0.1 mmol, 1
equiv) and MeOH (1 mL). The mixture was stirred at 100 < for 10 h under air. After the reaction
was completed, the mixture was passed through a silica gel column (200-300 mesh), eluting with
CH2Cl2/MeOH (80/1—60/1, v/v) to afford a mixture of 4i and 4i'. The ratio of 4i/4i" was
determined to be 1.0/1 by *H NMR (see below).
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'H NMR (500 MHz, CDCls) of 4i and 4i"

MeO
O / Ph [Cp*RhCly], (2.5 mol %)
MeO N I Cu(OT), (1 equiv)

100 °C, 10 h, air

,
N
MeO ’
O Ph MeOH

1j-B 2a

(1.1:

To a dry Schlenk tube with a magnetic stir bar was added 1j-B (30.8 mg, 0.1 mmol, 1 equiv),
2a (17.8 mg, 0.1 mmol, 1 equiv), [RhCp*Cl2]2 (1.5 mg, 2.5 mol %), Cu(OTf)2 (36.2 mg, 0.1 mmol,
1 equiv) and MeOH (1 mL). The mixture was stirred at 100 <C for 10 h under air. After the reaction
was completed, the mixture was passed through a silica gel column (200-300 mesh), eluting with
CH2Cl2/MeOH (80/1—60/1, v/v) to afford a mixture of 4j and 4j'. The ratio of 4j/4j" was
determined to be 3.00/2.68 = 1.1/1 by *H NMR (see below).
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IH NMR (500 MHz, CDCls) of 4j and 4j"
\ "Pr
MeO N oTf
/ Ph [Cp*RhCly], (2.5 mol %) ~ Ph
MeO \N>’,,Pr I Cu(OT), (1 equiv) .
/ + >
N 100 °C, 10 h, air

MeO Ph MeOH
MeO

1k-B 2a 4k

4’

To a dry Schlenk tube with a magnetic stir bar was added 1k-B (33.6 mg, 0.1 mmol, 1 equiv),
2a(17.8 mg, 0.1 mmol, 1 equiv), [RhCp*Cl2]2 (1.5 mg, 2.5 mol %), Cu(OTf)2 (36.2 mg, 0.1 mmol,
1 equiv) and MeOH (1 mL). The mixture was stirred at 100 <C for 10 h under air. After the reaction

was compeleted, the mixture was passed through a silica gel column (200-300 mesh), eluting with
CH2Cl2/MeOH (80/1—60/1, v/v) to afford a mixture of 4k and 4k’. The ratio of 4k/4k" was
determined to be 3.00/1.00 = 3.0/1 by *H NMR (see below).
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IH NMR (500 MHz, CDCIls) of 4k and 4k*
Pr_
oTf
O / Ph  [Cp*RhCl,], (2.5 mol %) o
N .
MeO ip Cu(OTf), (1 equiv)
R
MeO N 100 °C, 10 h, air Ph
e
Ph MeOH
OMe

11-B 2a

The mixture of 1I-B (33.6 mg, 0.1 mmol, 1 equiv), 2a (17.8 mg, 0.1 mmol, 1 equiv),

[RhCp*Cl]2 (1.5 mg, 2.5 mol %), Cu(OTf), (36.2 mg, 0.1 mmol, 1 equiv) and MeOH (1 mL) was

stirred at 100 <C for 10 h under air. After the reaction was completed, the mixture was passed

through a silica gel column (200-300 mesh), eluting with CH>Cl,/MeOH (70/1, v/v) to afford a

mixture of 41 and 41'. (41/41' = 5/1). The ratio of 41/4]' was determined to be 3.00/0.60 = 5.0/1 by
H NMR (see below).
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'H NMR (500 MHz, CDCls) of 4l and 4I'

5 Isotope labeling experiments

H-D exchange experiments:

ipr Pr
N)\NH [CP*RhCl,], (2.5 mol %) 7% N7 °NH 7%
_ CuOTH, (1equv) XA 7~ P
O O CD;0OD/CH50H O O
100°C, 1 h L
1a-A d-1a-A

The mixture of imidazole 1la-A (13.1 mg, 0.05 mmol), [(Cp*RhCl.).] (0.8 mg, 2.5 mol %),
Cu(OTf)2 (18.1 mg, 0.05 mmol, 1.0 equiv), CH3OH (0.25 mL) and CD30D (0.25 mL) was reacted
at 100 <C for 1 h under air. After the reaction was cooled down, the solvent was evaporated under

reduced pressure and the residue was purified by flash column chromatography on silica gel,
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eluting with petroleum ether/EtOAc (5/1, v/v) to afford corresponding deuterium d-1a-A.*H NMR

analysis showed that 7% [(4.00-3.71)/4=0.07] hydrogen at the ortho positions of the phenyl ring
was deuterated.
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IH NMR (500 MHz, DMSO-ds) of d-1a-A
PN
NN [CP*RhClyl, (2.5 mol %)  <9% N7 °N— 0%

— Cu(OTf), (1 equiv) = P

O O CD40D/CH;0OH O O
100 °C. 1 h 5 b
1a-B d-1a-B

The mixture of imidazole 1a-B (11.7 mg, 0.05 mmol), [(Cp*RhCl,).] (0.8 mg, 2.5 mol %),
Cu(OTf)2 (18.1 mg, 0.05 mmol, 1.0 equiv), CH30H (O.25 mL) and CD30D (0.25 mL) was reacted
at 100 <C for 1 h under air. After the reaction was cooled down, the solvent was evaporated under

reduced pressure and the residue was purified by flash column chromatography on silica gel,
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eluting with CH2CIl,/CH3sOH (20/1, v/v) to afford corresponding deuterium d-1a-B. *H NMR

analysis showed that <5% hydrogen at the ortho positions of the phenyl ring was deuterated.
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'H NMR (500 MHz, CDCls) of d-1a-B

K z
N7 NH Cl [CP'RACIo); (2.5 mol %) <7% N7°NH Cl
— Cu(OTf); (1 equiv)
CD30D/CH,OH O O
100°C, 1h
<7%
e d-1a-C

The mixture of imidazole 1a-C (15.5 mg, 0.05 mmol), [(Cp*RhCl,)2] (0.8 mg, 2.5 mol %),
Cu(OTf)2 (18.1 mg, 0.05 mmol, 1.0 equiv), CH3OH (0.25 mL) and CD30D (0.25 mL) was reacted

at 100 <C for 1 h under air. After the reaction was cooled down the solvent was evaporated under

reduced pressure and the residue was purified by flash column chromatography on silica gel,
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eluting with petroleum ether/EtOAc (5/1, v/v) to afford corresponding deuterium d-1a-C.*H NMR

analysis showed that <7% hydrogen at the ortho positions of the phenyl ring was deuterated.
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'H NMR (500 MHz, CDCls) of d-1a-C

Ph
0,
/ 0% D~ D 27%
[Cp*RhCl,], (2.5 mol %)
N/ NH Cu(OTf), (1 equiv) 54% N/ NH
D 54%
CD30D/CH;0H

O O 100°C, 1 h

1a-D d-1a-D

The mixture of imidazole 1a-D (16.1 mg, 0.05 mmol), [(Cp*RhCl.).] (0.8 mg, 2.5 mol %),
Cu(OTf)2 (18.1 mg, 0.05 mmol, 1.0 equiv), CH3OH (0.25 mL) and CD30D (0.25 mL) was reacted
at 100 <C for 1 h under air. After the reaction was cooled down, the solvent was evaporated under

reduced pressure and the residue was purified by flash column chromatography on silica gel,
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eluting with petroleum ether/EtOAc (10/1, v/v) to afford corresponding deuterium d-1a-D. *H
NMR analysis showed that 54% [(4-1.83)/4=0.54] hydrogen at the ortho positions of the phenyl
ring was deuterated and 27% [(1-0.73)/1=0.27] hydrogen at the alkene was deuterated.
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IH NMR (500 MHz, CDCls) of d-1a-D

)

N [CP*RNCly]; (2.5 mol %) 37°/°HN)J\NH 37%

HN™ NH —
NaOAc (1 equiv) D D

acetone/CD;0D O O
O O 60 °C,0.5h

D D

1a-E d-1a-E
The mixture of imidazole 1a-E (11.8 mg, 0.05 mmol), [(Cp*RhCl,);] (0.8 mg, 2.5 mol %),
NaOAc (6.8 mg, 1 equiv), acetone (0.25 mL) and CDsOD (0.25 mL) was reacted at 60 <C for 0.5
h under air. After the reaction was cooled down, the solvent was evaporated under reduced pressure

and the residue was purified by flash column chromatography on silica gel, eluting with

27



CH,Cl,/CH30H (40/1, v/v) to afford corresponding deuterium d-1a-E. *H NMR analysis showed
that 37% [(8-6.52)/4=0.37] hydrogen at the ortho positions of the phenyl ring was deuterated.
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IH NMR (500 MHz, DMSO-ds) of d-1a-E

0
j\ [CP*RhClo, 25mol %) 759, N 75%
HN” “NH

HN™ °NH  Cu(OAc),*H,0 (1 gquw) D o D
— NH4O0Ac (1 equiv)

THF/CD40D O O
O O 120°C, 0.5 h

D D

1a-E d-1a-E
The mixture of imidazole 1a-E (11.8 mg, 0.05 mmol), [(Cp*RhCl,);] (0.8 mg, 2.5 mol %),
Cu(OAc)2 H20 (10mg, 1 equiv), NH4OAc (7.7 mg, 2 equiv), THF (0.25 mL) and CD30D (0.25
mL) was reacted at 120 <C for 0.5 h under air. After the reaction was cooled down the solvent was
evaporated under reduced pressure and the residue was purified by flash column chromatography
on silica gel, eluting with petroleum ether/EtOAc (1/1, v/v) to afford corresponding deuterium d-
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1a-E.H NMR analysis showed that 75% [(8-5.19)/4=0.75] hydrogen at the ortho positions of the

phenyl ring was deuterated.

IH NMR (500 MHz, DMSO-ds) of d-1a-E

(=] -+
= L ) w = =
Iy —~— SN T it = 1=}
= e A “ v pc
—~ l‘l:_l‘“l‘“l‘*l‘* Larl - ]
)
-
-~ e 0o o LB A - I - — (=]
i el o= O 00O O U oo e o o
= R R R R “ i
— L S e S e Sl et ol S S e S e ]
L L LY T
Sl
1
0
HN T NH
|
1 I
J
| | R R
= @S
S S S
-~ oD -l
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
12.5 11.5 10.5 95 90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 10 05 0.0

fl (ppm)

|
N 7&.) i‘-h_._.___..l)x‘_,_ - L -

4

e
. y
= )
= —
(o] Wi
T T T T T T T T T T T T T T T T T T T T T
12 11. 10.5 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
fl (ppm)
Ph Ph
/
Ph

[CP*RNCl,], (2.5 mol%)
NN .

Ph—7 N\ Cu(OTf), (1 equiv)

CD,0D (0.5 mL)

O O 100°C, 1 h

10
The mixture of imidazole 10 (24.9 mg, 0.05 mmol), [(Cp*RhCl;)2] (0.8 mg, 2.5 mol %),
Cu(OTf)2 (18.1 mg, 0.05 mmol, 1.0 equiv) and CD30D (0.5 mL) was reacted at 100 T for 1 h
under air. After the reaction was cooled down, the solvent was evaporated under reduced pressure

and the residue was purified by flash column chromatography on silica gel, eluting with petroleum
ether/EtOAc (50/1, v/v) to afford corresponding deuterium d-10. *H NMR analysis showed that 0%
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hydrogen at the alkene was deuterated, and 0% hydrogen at the ortho positions of the phenyl ring

was deuterated.
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'H NMR (500 MHz, CDCls) of d-10

Kinetic isotope effect (KIE):

(1) Competition experiment:

; ipr
Pr
Y N” "NH Ph
N~ NH Conditions A
— + + | | 3a
O O @ @ Ph Knlkp = 4.0 : 1
1a-A d10-1 a-A 2a

The mixture of imidazole 1a-A (13.1 mg, 0.05 mmol), dio-1a-A (13.6 mg, 0.05 mmol), 2a (17.8
mg, 0.1 mmol, 2 equiv), [(Cp*RhCl2).] (1.5 mg, 2.5 mol %), Cu(OTf)2 (36.2 mg, 0.1 mmol, 2
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equiv) and MeOH (1 mL) was reacted at 100 <C for 2 h under air. After the reaction was cooled
down the solvent was evaporated under reduced pressure and the residue was purified by flash
column chromatography on silica gel, eluting with petroleum ether/EtOAc (20/1, v/v) to afford
corresponding deuterium 3a and d-3a (15 mg, 34%) as a white solid. The ratio of 3a/(d-3a) in the
crude mixture of products was determined to be 4.0 [kn/kp = 0.8/(1.0-0.8)] by *H NMR (see below).
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'H NMR spectrum of 3a/(d-3a) in the crude mixture
(2) Parallel experiment:
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ipr Conditions A ipr

Ph
z Ph [Cp*RhC|2]2 (25 mol %) N ~ N

Ph

N~ NH Cu(OT), (1 equiv) — N

— + |

MeOH, air
SRCHENE N ORE

1a-A 2a
3a, 42% yield
ipr
)\ Conditions A
N” "NH Ph[Cp*RhCly], (2.5 mol %)
. | | Cu(OTf), (1 equiv)

@ @ MeOH, air
Ph 100°C, 2 h

d10-1a-A 2a

kulkp = 2.1 : 1 d-3a, 19% vyield

Two sets of reactions were carried out in a parallel manner follow the general procedure: the
mixture of 1a (26.2 mg, 0.1 mmol) or dio-1a-A (27.1 mg, 0.1 mmol), 2a (17.8 mg, 0.1 mmol,
1 equiv), [(Cp*RhCl2)2] (1.5 mg, 2.5 mol %), Cu(OTf). (36.2 mg, 0.1 mmol, 1 equiv) and
MeOH (1 mL) was stirred at 100 <T for 2 h under air. After the reaction was cooled down the
solvent was evaporated under reduced pressure and the residue was purified by flash column
chromatography on silica gel, eluting with petroleum ether/EtOAc (40/1—20/1, v/v) to afford
corresponding deuterium 3a (18.5 mg, 42%) and (d-3a) (8.7 mg, 19%) as a white solid. The
kn/kp (2.1/1.0) ratio value was calculated according to the isolated yields of 3a/(d-3a) =
18.5/8.7 = 2.1.

3-isopropyl-5,6-diphenyl-1-(phenyl-d5)imidazo[5,1-a]isoquinoline-7,8,9,10-d4  (d-3a).
White (8.7 mg, 19% vield). M.p.: 239.7-241.7 €. 'H NMR (500MHz, CDCls): 6 = 7.20-7.18
(m, 8H, cover the solvent), 7.11-7.10 (m, 2H), 2.09 (s, 1H), 1.07 (d, J = 4.5 Hz, 6H) ppm. 3C
NMR (125 MHz, CDCls): 6 = 148.99, 137.17, 136.80, 135.06, 134.23, 132.57, 131.42, 130.80,
128.95, 128.73, 128.16, 128.02, 127.02, 126.53, 125.66, 123.98, 27.48, 22.75 ppm. HRMS
(ESI) m/z: calcd for C32H1sDgN2 ([M+H]") 448.2739, found 448.2740.

6 Synthesis of complex Rh-NH
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Ph Ph

f [Cp*RhCl,], (0.5 equiv) i
NaOAc (1 equiv) CL N
h

’z f N
N~ NH MeOH LHNY “N--Rpy
filtration
O O isolated
1a-D Rh-NH, 73% vyield

To a dry Schlenk tube with a magnetic stir bar was added 1a-D (16.1 mg, 0.05 mmol, 1 equiv),
[(Cp*RNCl2)2] (10 mg, 0.025 mmol, 0.5 equiv), NaOAc (24.6 mg, 6 equiv) and MeOH (1 mL).
The mixture was stirred at 60 <T for 48 h under an N, atmosphere. After the reaction was cooled
down the precipitate was collected by filtration and washed with MeOH (1 mL) to afford Rh-NH
(11 mg, 73%) as a brown solid.

Cp*Rh((E)-4,5-diphenyl-2-styryl-1H-imidazole)Cl
Ph Brown solid (11 mg, 73% yield). M.p.: 196.1-198.1 €. 'H NMR
i (500MHz, DMSO-ds): 6 =13.93 (s, 1H), 7.91 (d, J = 16.5 Hz, 1H), 7.72
HN \Nfé;@/\ (d,J=7.0Hz, 2H), 7.61 (t, J = 7.5 Hz, 5H), 7.56 (d, J = 7.5 Hz, 1H),
751 (t, J=7.5Hz, 2H), 7.42 (t, J = 7.0 Hz, 1H), 7.31 (d, J = 7.5 Hz,

O O 1H), 7.12 (t, J = 7.0 Hz, 1H), 7.01-6.94 (m, 2H), 1.66 (s, 15H) ppm. 13C

NMR (125 MHz, DMSO-ds): 0 = 165.73, 147.39, 142.89, 140.18, 136.94, 135.76, 129.88, 129.78,

129.39, 128.24, 127.26, 125.08, 121.41, 114.52, 101.67, 101.63, 9.51 ppm. HRMS (ESI) m/z:
calcd for Ca3Hs2N2Rh ([M-CI]) 559.1621, found 559.1630.

<10 6 |*ESI rt: 0.084-0.334 min, 46 Frag=150. 0V 11035516. d
6 * 323. 1645
5 Ph

4 HN' * Nesgn \
\ ] ]
|

M-cl*

1 AR A0
645. 3024 200 9005
149. 0237 175. 2986 % 799. 2005
ks | |

T T 1 T T T . T T h T T . T : T T - U
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Counts vs. ( m/z)

Figure S1 ESI-HRMS spectrum of mechanistic study
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Ph Ph

= Y
Ph Rh-NH (5 mol%) Ph
Cu(OTf), (1 equiv)

N/ NH || ph—y/ N °N
MeOH, air —
W O O O
1a-D 10, 52% yield

To a dry Schlenk tube with a magnetic stir bar was added 1a-D (16.1 mg, 0.05 mmol, 1 equiv),
2a (8.9 mg, 0.05 mmol, 1 equiv), Rh-NH (1.4 mg, 5 mol%), Cu(OTf)2 (18.1 mg, 0.05 mmol, 1
equiv) and MeOH (0.5 mL) was stirred at 100 <C for 10 h under air. After the reaction was
completed, the mixture was passed through a silica gel column (100-200 mesh), eluting with
petroleum ether/EtOAc (40/1—20/1, v/v) to afford the product 10 (13 mg, 52%) as a yellow solid.

7 Proposed mechanism of the synthesis of products 6

Ph
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B
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Figure S2 Proposed mechanism

8 Photophysical Properties

Fluorescence spectra of 13 and 13’
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Figure S3 (Dashed line) excitation spectra and (full line) emission spectra of 13 and 13". (13: Jex = 290 nm; 13"
Aex = 350 nm).

9 X-ray Crystallographic Analysis

General Crystal Growing Conditions of 30: X-ray quality single crystals of 30 was grown from

the co-solvent of DCM, EA and petroleum ether (5:1:1, v/v) at room temperature by slow
evaporation for 3 days.
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Figure S4 The molecular structure of 30 (CCDC 2192426). Thermal ellipsoids are shown at the 50% probability

level.

Table S2 Crystal data and structure refinement for tyn.

Identification code tyn
Empirical formula CssH3oN2
Formula weight 478.61
Temperature/K 193.00
Crystal system monoclinic
Space group P21/n

alA 9.8910(10)
b/A 17.766(2)
c/A 15.4481(16)
a/° 90

/e 99.452(6)
v/° 90
Volume/A3 2677.7(5)
z 4
peaicg/cm?® 1.187
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w/mm 0.069

F(000) 1016.0
Crystal size/mm?3 0.13 x0.1 x0.1
Radiation MoKa (A =0.71073)

20 range for data collection/< 4.572 to 55.13

Index ranges -12<h<12,-19<k<23,-17<1<20
Reflections collected 25087

Independent reflections 6091 [Rint=0.0786, Rsigma = 0.0695]
Data/restraints/parameters 6091/1179/358

Goodness-of-fit on F? 1.025

Final R indexes [I>=2c (1)] R1=0.0601, wR> = 0.1450

Final R indexes [all data] R1=0.1075, wR2=0.1719

Largest diff. peak/hole / e A®  0.25/-0.24

Table S3 Fractional Atomic Coordinates (<10%) and Equivalent Isotropic Displacement

Parameters (A2x10%) for tyn. Ueq is defined as 1/3 of the trace of the orthogonalised

Uis tensor.

Atom X y z U(eq)
N2 2962.1(13) 4101.2(8) 5622.1(9) 35.2(3)
N1 3628.7(15) 3002.6(9) 6234.8(10) 43.2(4)
C20 2030.9(16) 3767.3(11) 4097.3(12) 38.1(4)
C9 3226.3(16) 5436.8(10) 6126.2(11) 36.7(4)
C8 2751.7(16) 4875.1(10) 5430.7(11) 36.1(4)
C7 2192.9(16) 5088.5(11) 4609.1(12) 37.1(4)
Ci15 1781.9(16) 4537.8(11) 3915.4(12) 38.9(4)
C30 3621.0(19) 4026.6(12) 7310.4(12) 44.5(4)
Cc21 2767.1(16) 3557.3(10) 4948.8(12) 37.4(4)
C4 1985.8(17) 5907.6(11) 4411.0(12) 39.0(4)
C10 4622.8(18) 5572.1(12) 6385.8(13) 44.1(4)
Ci4 2297.7(18) 5867.9(11) 6494.5(12) 42.5(4)
C19 1515.2(18) 3233.0(12) 3455.6(13) 45.6(5)
C22 3245.6(18) 2893.4(11) 5346.6(13) 41.7(4)
C29 3448.8(17) 3720.2(11) 6396.2(12) 39.8(4)
Ci16 1128.3(19) 4748.1(13) 3072.0(12) 47.8(5)
C3 3068.2(19) 6367.0(12) 4290.8(13) 49.3(5)
C23 3443(2) 2152.3(12) 4963.2(14) 49.2(5)
C13 2747(2) 6411.6(12) 7112.0(14) 52.9(5)
C18 842(2) 3452.8(13) 2645.4(13) 50.6(5)
C5 697.0(18) 6230.7(12) 4364.2(13) 49.8(5)
Cil1 5071(2) 6109.7(13) 7008.2(14) 54.1(5)
C17 680(2) 4210.7(14) 2446.9(13) 53.5(5)
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Table S3 Fractional Atomic Coordinates (x<10%) and Equivalent Isotropic Displacement
Parameters (A2x103) for tyn. Ueq is defined as 1/3 of the trace of the orthogonalised

Uis tensor.

Atom X
C6 504(2)
C12 4136(2)
C1 1592(2)
Cc2 2873(2)
C24 3188(3)
C28 3958(2)
C25 3411(3)
C27 4146(3)
C26 3872(4)
C31 2776(4)
C34 2856(5)
C32 5083(4)
C35 4345(6)
C33 5188(5)
C35A 3414(8)
C33A 2410(6)
C34A 4826(8)
C31A 4604(6)
C32A 2255(5)

y
6992.6(13)

6530.9(13)
7440.9(13)
7127.0(13)
1504.4(13)
2090.0(14)
804.3(16)
1392.8(18)
762.0(19)
3554(3)
3853(3)
4054(3)
3913(3)
4382(3)
3935(5)
4408(4)
3859(5)
3518(4)
4080(3)

z
4215.2(15)
7371.7(14)
4102.1(14)
4138.0(15)
5400.2(16)
4179.9(17)

5042(2)
3821(2)
4260(3)
7868(2)
8814(3)
7761(2)
9211(3)
8679(3)
9140(5)
8508(4)
8869(5)
7940(4)
7592(3)

U(eq)
58.3(6)
58.8(6)
57.2(6)
57.6(6)
66.5(6)
67.0(6)
93.7(9)
92.3(9)

106.5(10)
64.7(10)
75.7(12)
63.5(9)
76.7(11)
84.6(12)
71.7(15)
65.4(13)
76.0(15)
62.4(12)
53.9(11)

Table S4 Anisotropic Displacement Parameters (A2x103) for tyn. The Anisotropic

displacement factor exponent takes the form: -2a?[h2a*?U11+2hka*b*U12+...].

Atom
N2
N1
C20
C9
C8
C7
C15
C30
Cc21
C4
C10
Cl4
C19
c22
C29

U1
31.1(7)
40.5(8)
29.8(8)
33.8(8)
28.5(7)
28.3(7)
30.6(8)
45.2(9)
31.8(8)
35.1(8)
35.0(8)
35.5(8)
40.2(9)
36.8(9)
34.7(8)

U2z
34.8(8)
39.9(9)

43.8(10)
37.2(9)
36.6(10)
40.6(10)
46.3(11)
43.9(10)
38.1(10)
42.1(10)
49.0(11)
45.3(11)
47.7(11)
38.7(10)
40.1(10)

Uss
38.9(8)
47.8(9)
40.7(9)
38.4(9)
42.7(9)
42.3(9)
39.6(9)

42.1(10)
42.5(9)
38.9(9)
48.4(10)
46.3(10)
48.9(11)
48.8(11)
43.3(10)

U2s
-2.0(7)
-2.0(8)
-3.4(8)
0.5(8)
0.0(8)
1.2(8)
0.0(8)
0.4(8)
-3.7(8)
2.6(8)
-4.1(9)
-3.1(8)
-5.9(9)
-2.0(8)
1.7(8)

Uis
3.3(6)
2.9(7)
6.0(7)
4.0(7)
4.5(7)
5.5(7)
4.7(7)
0.7(8)
6.3(7)
3.3(7)
6.8(8)
5.9(7)
7.1(8)
4.5(8)
2.6(7)

U2
0.7(6)
2.3(7)
-2.7(7)
-2.1(7)
-0.9(7)
-2.3(7)
-3.8(7)
0.9(8)
-1.9(7)
-0.7(8)
-5.2(8)
-0.1(8)
-5.9(8)
-0.3(8)
1.3(7)
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Table S4 Anisotropic Displacement Parameters (A2x103) for tyn. The Anisotropic
displacement factor exponent takes the form: -2a?[h2a*?U11+2hka*b*U12+...].

Atom U1 U22 Uss U2s Uis U2
Cl6 44.5(10) 54.4(12) 42.7(10) 3.009) 2.5(8) -4.3(9)
C3 34.9(9) 48.4(11) 64.4(12) 9.2(10) 7.7(8) 0.6(8)
Cc23 47.2(10) 41.0(11) 56.4(12) -3.1(9) -0.3(9) 4.5(9)
C13 52.3(11) 52.1(13) 54.7(12) -12.8(10) 9.7(9) 3.4(10)
C18 47.1(10) 60.2(14) 43.1(11) -8.5(10) 3.5(9) -9.7(10)
C5 33.7(9) 51.8(12) 62.7(12) 9.1(10) 4.5(8) 1.7(8)
Cl1 41.4(10) 65.0(14) 54.4(12) -7.5(11) 3.1(9) -13.9(10)
C17 51.4(11) 67.8(15) 39.3(10) 0.8(10) 1.7(9) -9.4(10)
C6 41.9(10) 57.6(13) 73.4(14) 11.4(11) 3.8(10) 14.0(10)
C12 60.5(12) 58.2(14) 55.9(13) -16.3(11) 4.1(10) -14.2(11)
C1 56.6(12) 45.6(12) 65.7(14) 10.8(10) -1.5(10) 4.4(10)
Cc2 46.0(11) 52.0(13) 72.5(14) 14.4(11) 2.8(10) -7.0(10)
C24 86.6(15) 43.1(13) 63.3(14) -0.4(11) -7.5(12) 0.5(11)
C28 70.9(13) 57.3(14) 75.1(15) -11.2(12) 19.1(12) 10.5(11)
C25 131(2) 45.4(15) 94(2) -0.3(14) -12.4(17) 8.3(15)
Cc27 114(2) 73.8(19) 91.1(19) -22.5(16) 21.9(16) 24.6(16)
C26 142(2) 66.0(19) 106(2) -26.6(18) 4(2) 31.0(18)
C31 74(2) 69(2) 52.6(18) 0.6(17) 13.9(16) -9.0(18)
C34 80(2) 83(2) 64(2) 0(2) 11.4(19) -6(2)
C32 55.5(17) 79(2) 51.3(17) 1.3(17) -4.2(15) -2.1(17)
C35 79(2) 95(2) 56(2) 8(2) 6.5(19) 4(2)
C33 83(2) 100(3) 64(2) -2(2) -10.5(19) -13(2)

Table S5 Bond Lengths for tyn.

AtomAtom Length/A  AtomAtom Length/A
N2 C8 1415(2) C19 C18  1.374(3)
N2 C21  14102) C22 C23  1.470(3)
N2 C29 1.390(2) Cl6 Ci7 1.379(3)
NI C22 1376(2) C3 C2 1.379(3)
N1 C29  1.317(2) C23 C24  1.379(3)
C20 C15  1411(3) C23 C28  1.392(3)
C20 C21  1444(3) Cl13 C12  1.382(3)
C20 C19  1406(3) Cl18 Cl7  1.384(3)
co9 c8 1.485(2) C5 C6 1.381(3)
C9 C10  1.3952) Cl1 Cl2  1.379(3)
C9 Cl4 1388(2) C6 C1 1.372(3)
c8 C7 1353(2) Cl C2 1.377(3)
C7 CI15  1459(3) C24 C25  1.393(4)
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Table S5 Bond Lengths for tyn.

AtomAtom Length/A  AtomAtom Length/A
Cr C4 1.494(3) C28 C27 1.382(3)
C15 Cil6 1.407(3) C25 C26 1.363(5)
C30 C29 1.497(3) C27 C26 1.360(5)
C30 C31 1.543(4) C31 C34 1.546(6)
C30 C32 1.499(4) C34 C35 1.503(6)
C30 C31A 1.548(6) C32 C33 1.520(6)
C30 C32A 1489(5) C35 C33 1.513(7)
C21 C22 1.377(3) C35AC33A 1.526(9)
C4 C3 1.383(3) C35AC34A 1.528(9)
C4 C5 1.389(2) C33AC32A 1.515(7)
Cl0 Cc11 1.376(3) C34AC31A 1.540(8)
Cl4 C13 1.379(3)

Table S6 Bond Angles for tyn.

Atom Atom Atom Angle/* Atom Atom Atom
C21 N2 C8 120.97(14) N1 C22 C23
C29 N2 C8 132.19(15) C21 C22 cC23
C29 N2 C21 106.69(15) N2 C29 C30
C29 N1 C22 107.56(16) N1 C29 N2
Cl15 C20 C21 118.52(16) N1 C29 C30
C19 C20 Ci15 118.90(17) Cl7 Cle Ci15
Cl19 C20 C21 122.55(18) C2 C3 cC4
Ci0 C9 C8 120.30(16) C24 C23 C22
C14 C9 C8 121.04(15) C24 C23 Cz28
C14 C9 C10 118.55(17) C28 C23 C22
N2 C8 C9 118.94(15) Cl4 C13 C12
C7 C8 N2 119.47(16) C19 C18 C17
Cr C8 (9 121.50(17) C6 C5 CcC4
C8 C7 Ci15 121.53(18) Cl10 Cl1 cC12
C8 C7v (4 119.09(16) Cl6 Cl1l7 C18
Ci5 C7 C4 119.38(15) Cl C6 C5
C20 Ci15 cC7v 119.08(16) Cl1 C12 cC13
Cl6 C15 C20 118.73(18) C6 Cl1 cC2
Cl6 Ci5 C7 122.18(18) ClL C2 cCs3
C29 C30 C31 109.9(2) C23 C24 C25
C29 C30 C32 113.7(2) C27 C28 C23
C29 C30 C31A 110.0(3) C26 C25 C24
C32 C30 C31 109.2(3) C26 C27 C28
C32AC30 C29 109.3(2) C27 C26 C25

Angle/®
119.67(17)
130.24(18)
127.19(17)
110.31(16)
122.19(17)

120.7(2)
120.76(18)

120.2(2)

118.8(2)

120.9(2)
120.01(19)
119.96(19)
120.93(18)
120.03(18)
120.41(19)
120.04(19)
119.98(19)

119.7(2)

120.4(2)

119.8(3)

120.8(3)

119.9(3)

119.2(3)

121.3(3)
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Table S6 Bond Angles for tyn.
Atom Atom Atom
C32AC30

N2
C22
C22
C3
C3
C5
Cil1
C13
C18
N1

C21
C21
C21
C4

C4

C4

C10
C14
C19
C22

C31A
C20
N2
C20
C7
C5
C7
C9
C9
C20
C21

Angle/*
111.1(3)
118.85(16)
105.22(15)
135.45(18)
121.28(16)
118.24(19)
120.46(16)
120.73(18)
120.69(17)
121.0(2)
110.02(17)

Table S7 Torsion Angles for tyn.

A
N2
N2
N2
N2
N1
N1
C20
C20
C20
C20
C9
C9
C9
C9
C8
C8
C8
C8
C8
C8
C8
C8
C8
C8
C7

B

C

D

C8 C7 Ci15
C8 C7 C4

C21
C21
C22
C22
C15
C21
C21
C19
C8
C8
C10
Cl4
N2
N2
N2
N2
C9
C9
Cc7
C7
C7
Cc7
C15

C22
C22
C23
C23
C16
C22
C22
C18
C7
Cc7
Cl1
C13
C21
C21
C29
C29
C10
C14
C15
C15
C4
C4
C16

N1
C23
C24
C28
C17

N1
C23
C17
C15

C4
C12
C12
C20
C22

N1
C30
Cl1
C13
C20
Cl6

C3

C5
C17

Angle/*
0.9(2)

-179.47(14)

4.14(19)

-172.74(18)

39.7(3)
-136.8(2)
3.1(3)

-167.33(18)

15.8(3)
0.9(3)

177.26(15)

-3.1(2)
-1.1(3)
-0.1(3)
-15.2(2)

171.57(14)
-172.08(15)

14.2(3)

177.76(19)
-177.10(18)

-2.9(2)

176.28(16)

77.1(2)
-101.4(2)

-176.11(17)

Atom Atom Atom Angle/°
C30 C31 C34 113.1(3)
C35 C34 C31 107.7(4)
C30 C32 (33 111.0(3)
C34 C35 C33 114.1(4)
C35 (C33 C32 109.7(4)
C33AC35AC34A 113.7(6)
C32AC33AC35A 110.0(5)
C35AC34AC31A 107.1(6)
C34AC31AC30 109.5(5)
C30 C32AC33A 109.9(4)
A B C D
Cl4 C9 C8 N2
Cl4 C9 C8 C7
Cl4 C9 C10 Cl1
Cl4 C13 C12 Cl1
C19 C20 Ci15 Cc7
Cl19 C20 Ci5 C16
Cl9 C20 Cc21 N2
Cl9 C20 C21 C22
C19 C18 C17 C16
C22 N1 C29 N2
C22 N1 C29 C30
C22 C23 C24 C25
C22 C23 (28 C27
C29 N2 C8 C9
C29 N2 C8 C7
C29 N2 C21 C20
C29 N2 C21 C22
C29 N1 C22 C21
C29 N1 C22 C23
C29 C30 C31 C34
C29 C30 C32 C33
C29 C30 C31A C34A
C29 C30 C32A C33A
C3 C4 C5 C6
C23 C24 C25 C26

Angle/®
-112.40(19)
71.2(2)
1.4(3)
0.5(3)
173.86(15)
-5.3(2)
-164.97(15)
5.6(3)
-3.3(3)
-0.74(19)
173.35(16)
-178.4(2)
179.8(2)
6.7(3)
-176.82(16)
168.74(15)
-4.44(17)
-2.2(2)
175.05(16)
-177.8(3)
179.1(3)
177.4(4)
-178.6(4)
-1.0(3)
-0.4(4)
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Table S7 Torsion Angles for tyn.

A B C D Angle/* A B C D Angle/°
Cr C4 C3 C2 -177.77(19) C23 C28 C27 C26 -2.5(4)
Cr C4 C5 C6 17748(19) C5 C4 C3 C2 0.7(3)
C15 C20 C21 N2 12.9(2) C5 C6 C1 Cc2 0.0(3)
C15 C20 C21 C22 -176.54(19) C6 Cl1 (2 C3 -0.3(3)
C15 C20 C19 C18 3.5(3) C24 (C23 C28 C27 3.2(3)
C15 C7 C4 C3 -1033(2) C24 C25 C26 C27 1.2(5)
Cl5 C7 C4 Cb 78.3(2) C28 C23 C24 C25 -1.8(3)
C15 Cle Ci7 C18 1.3(3) C28 C27 C26 C25 0.3(5)
C30 C31 C34 C35 -54.1(5) C31 C30 C29 N2 122.0(3)
C30 C32 C33 C35 58.3(5) C31 C30 C29 N1 -51.1(3)
C21 N2 C8 C9 -168.12(14) C31 C30 C32 C33 -57.8(4)
C21 N2 C8 C7 8.3(2) C31 C34 C35 C33 54.8(6)
C21 N2 C29 N1 3.30(18) C34 C35 Ca33 C32 -57.9(6)
C21 N2 C29 C30 -170.42(16) C32 C30 C29 N2 -115.3(3)
C21 C20 Ci5 C7 -4.1(2) C32 C30 C29 N1 71.6(3)
C21 C20 Ci15 Cl1l6 176.74(15) C32 C30 C31 C34 56.9(4)
C21 C20 C19 C18 -178.72(17) C35AC33A C32A C30 -56.2(7)
C21 C22 C23 C24 -143.6(2) C35AC34AC31A C30 57.4(7)
C21 C22 C23 Cz8 39.8(3) C33AC35A C34A C31A -57.1(9)
C4 C7 C15 C20 177.47(15) C34AC35A C33A C32A 56.8(8)
C4 C7 C15 Ci16 -3.4(2) C31A C30 C29 N2 -161.7(3)
C4 C3 C2 C1 0.0(3) C31A C30 C29 N1 25.2(3)
C4 C5 C6 C1 0.7(3) C31A C30 C32A C33A 59.7(5)
Cl0 C9 C8 N2 71.4(2) C32A C30 C29 N2 75.9(3)
Cl0 C9 C8 C7 -105.0(2) C32A C30 C29 N1 -97.1(3)
Cl10 C9 Ci4 cC13 -0.8(3) C32A C30 C31A C34A -61.4(6)
Cl10 Cl1l1 Ci12 cC13 0.1(3)

Table S8 Hydrogen Atom Coordinates (A=10%) and Isotropic Displacement Parameters
(A2x103) for tyn.

Atom X y z U(eq)
H30 3251.88 4551.67 7278.53 53
H30A 4180(50) 4540(30) 7370(30) 53
H10 5271.86 5290.07 6130.12 53
H14 1342.34 5787.52 6319.43 51
H19 1633.98 2711.98 3584.18 55
H16 994.47 5266.25 2931.62 57
H3 3956.33 6156.61 4313.7 59
H13 2102.57 6704.31 7359.02 64
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Table S8 Hydrogen Atom Coordinates (A=104) and Isotropic Displacement Parameters
(A2x103) for tyn.

Atom X y z U(eq)
H18 488.67 3084.94 2221.76 61
H5 -62.68 5923.24 4435.76 60
H11l 6025.3 6190.84 7187.59 65
H17 256.53 4361.36 1876.32 64
H6 -381.21 7206.57 4191 70
H12 444553 6902.8 7800.36 71
H1 1461.53 7965.17 3999.55 69
H2 3626.64 7435.76 4057.06 69
H24 2860.93 1535.23 5943.98 80
H28 4182.36 2532.29 3888.34 80
H25 3240.91 356.84 5343.8 112
H27 4463.62 1354.82 3274.78 111
H26 4005.02 282.12 4015.43 128
H31A 3112.16 3027.88 7891.44 78
H31B 1805.83 3549.85 7578 78
H34A 2411.8 4353.06 8807.07 91
H34B 2379.08 3504.7 9163.16 91
H32A 5624.9 4367.07 7412.69 76
H32B 5472.52 3539.88 7798.49 76
H35A 4739.84 3400 9278.64 92
H35B 4416.1 4135.53 9804.05 92
H33A 6157.53 4385.95 8968.86 102
H33B 4848.38 4906.82 8642.7 102
H35C 3021.58 3426.26 9181.41 86
H35D 3524.16 4165.96 9730.78 86
H33C 1507.41 4416.61 8706.18 78
H33D 2749.37 4931.88 8503.48 78
H34C 5419.41 3526.4 9283.49 91
H34D 5270.69 4357.91 8868.56 91
H31C 4208.39 3006.92 7952.35 75
H31D 5493.74 3475.68 7728.77 75
H32C 1836 3573.97 7585.36 65
H32D 1642.88 4404.95 7178.4 65

Atom Occupancy  Atom Occupancy  Atom Occupancy
H30 0.592(3) H30A 0.408(3) C31 0.592(3)
H31A 0.592(3) H31B 0.592(3) C34 0.592(3)
H34A 0.592(3) H34B 0.592(3) C32 0.592(3)



Atom Occupancy Atom Occupancy  Atom Occupancy
H32A 0.592(3) H32B 0.592(3) C35 0.592(3)
H35A 0.592(3) H35B 0.592(3) C33 0.592(3)
H33A 0.592(3) H33B 0.592(3) C35A 0.408(3)
H35C 0.408(3) H35D 0.408(3) C33A 0.408(3)
H33C 0.408(3) H33D 0.408(3) C34A 0.408(3)
H34C 0.408(3) H34D 0.408(3) C31A 0.408(3)
H31C 0.408(3) H31D 0.408(3) C32A 0.408(3)
H32C 0.408(3) H32D 0.408(3)

General Crystal Growing Conditions of 3s: X-ray quality single crystals of 3s was grown from
the co-solvent of DCM, MeOH, EA and petroleum ether (5:1:1:1, v/v) at room temperature by

slow evaporation for one week.

Figure S5 The molecular structure of 3s (CCDC 2176133). Thermal ellipsoids are shown at the 50% probability

level.

Table S9 Crystal data and structure refinement for TYN-116.

Identification code TYN-116
Empirical formula CzaH30N20-
Formula weight 498.60
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Temperature/K
Crystal system
Space group
alA

b/A

c/A

o/°

pr°

v/°
Volume/A3
Z
pealcg/cm?
p/mm?
F(000)

Radiation

193.0
orthorhombic
P212121
8.3102(5)
13.4519(8)
23.6430(13)
90

90

90

2643.0(3)

4

1.253

0.078

1056.0
MoKa (A =0.71073)

20 range for data collection/® 3.484 to 54.998

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c ()]

Final R indexes [all data]

-10<h<8,-15<k<17,-30<1<30
23771

5985 [Rint = 0.0517, Rsigma = 0.0428]
5985/0/347

1.063

R1=0.0436, wR2 = 0.1080
R1=0.0509, WR2 = 0.1129

Largest diff. peak/hole / e A0.36/-0.25

Flack parameter

-0.5(8)

45



Table S10 Fractional Atomic Coordinates (x<10%) and Equivalent Isotropic Displacement
Parameters (A2x10%) for TYN-116. Ueqis defined as 1/3 of the trace of the orthogonalised

Uwstensor.
Atom
N2
02
o1
N1
C20
C33
C32
C6
C30
C34
Ci11
C17
C31
C28
C7
C5
c21
C2
C19
C10
C4
C22
C15
C9
C3

X
6079(2)
7057(2)
4291(3)
3875(2)
9763(3)
5772(3)
4882(3)
6798(3)
7396(3)
4406(3)
3546(3)
11282(3)
8386(3)
4701(3)
6496(3)
8130(3)
7647(3)
7489(3)
9549(3)
4250(3)
9135(3)
8605(3)
12357(3)
3476(4)
8828(3)

y
5339.1(13)

6857.3(15)
3138.1(15)
4457.8(14)
6942.1(17)
5411.8(16)
4743.2(17)
6008.1(16)
5843.8(16)
4851.3(16)
4626.2(17)
6521.5(19)
6395.0(16)
4364.9(18)
6144.1(17)
6487.5(16)
5743.8(16)
6739.0(18)
7896.0(18)
4008.4(18)
7072.6(18)
4981(2)
7980(2)
3773(2)
7201.6(19)

z
2611.0(8)
5001.6(7)
5066.4(8)
2783.0(8)
2426.3(9)
3194.2(9)

2381.3(10)
3549.2(9)
2362.0(9)
3284.9(9)
3820.6(10)
2412.3(11)
2691.6(9)
1786.0(10)
4125.4(9)
3296.8(9)
1742.5(10)
4450.6(10)
2211.6(11)
4216.9(10)
3639.1(10)
1533.7(11)
1972.7(12)
4721.9(11)
4207.7(11)

U(eq)
24.8(4)
47.2(5)
54.8(6)
30.9(4)
27.3(5)
25.3(4)
28.4(5)
25.1(4)
25.6(4)
27.2(4)
31.1(5)
34.0(5)
26.1(4)
33.5(5)
30.6(5)
26.9(4)
28.5(5)
33.5(5)
35.0(5)
35.6(5)
33.6(5)
38.1(6)
42.5(6)
42.4(6)
37.2(6)
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Table S10 Fractional Atomic Coordinates (x<10%) and Equivalent Isotropic Displacement
Parameters (A2x10%) for TYN-116. Ueqis defined as 1/3 of the trace of the orthogonalised
Uistensor.

Atom X y z U(eq)

C18 10851(3) 8409(2) 1984.8(12) 41.6(6)
C16 12562(3) 7036(2) 2183.7(12) 43.1(6)
Cc23 6911(3) 6394.4(19) 1366.9(10) 38.9(6)
C24 8770(4) 4851(2) 958.8(12) 51.0(7)
C26 7083(4) 6251(2) 787.7(12) 51.4(8)
C25 7987(4) 5478(3) 589.4(12) 55.6(8)
C29 5176(4) 3277(2) 1767.3(13) 54.9(8)
C12 2026(4) 5009(2) 3926.8(14) 51.0(7)
Cc27 2973(4) 4488(3) 1582.6(13) 56.0(8)
Cl14 1972(4) 4170(3) 4827.9(14) 59.5(9)
C1 8082(4) 7448(4) 5351.9(14) 73.0(12)
C13 1258(4) 4776(3) 4429.0(16) 69.8(10)
Cs8 3597(6) 2901(3) 5603.0(14) 75.4(11)

Table S11 Anisotropic Displacement Parameters (A2x103) for TYN-116. The Anisotropic

displacement factor exponent takes the form: -2a?[h2a*?U11+2hka*b*U12+...].

Atom U U2z Uss U2 U3 U1z
N2 24.0(9) 26.4(9) 23.9(9) -1.4(7) -0.2(7) -2.3(7)
02 47.5(11) 64.5(12) 29.5(9) -10.4(9) -0.6(8) -10.9(10)
01 74.3(15) 57.7(12) 32.3(10) 12.4(9) 1.6(10) -9.9(11)
N1 27.5(10) 34.7(10) 30.5(10) -1.8(8) 1.6(8) -6.0(8)
C20 27.5(11) 30.4(11) 24.1(10) -3.4(9) 1.1(9) -4.1(9)
C33 25.8(10) 25.7(10) 24.3(10) -0.3(8) 0.9(9) 0.6(8)
C32 27.5(11) 30.1(11) 27.4(11) -0.6(9) -1.5(9) -4.6(9)

C6 25.3(10) 24.7(10) 25.2(10) -0.5(8) -1.0(8) 1.3(8)



Table S11 Anisotropic Displacement Parameters (A2x103) for TYN-116. The Anisotropic

displacement factor exponent takes the form: -2a?[h2a*?U11+2hka*b*U12+...].

Atom U U22 Uss Uz3 Uis U
C30 24.0(10) 26.1(10) 26.6(10) -0.2(8) 1.5(9) -0.5(8)
C34 24.8(11) 29.3(10) 27.5(11) -0.3(9) 1.6(9) -0.4(8)
Cl1 29.9(12) 33.0(11) 30.4(11) -2.5(9) 3.2(10) -4.8(9)
C17 30.2(12) 34.0(12) 37.8(13) -0.4(10) 2.1(10) -1.7(10)
C31 23.7(10) 27.1(10) 27.4(11) -1.7(8) 2.1(8) 0.0(8)
C28 36.7(12) 37.5(12) 26.4(11) -2.4(9) 0.3(10) -11.0(10)
Cc7 31.1(12) 33.6(11) 27.2(11) -0.4(9) 1.0(9) -1.5(9)
C5 26.1(10) 27.3(10) 27.4(11) -2.2(9) -1.6(9) 0.6(8)
C21 26.3(11) 31.5(11) 27.7(11) -0.9(9) 0.7(9) -6.5(9)
C2 34.7(12) 41.0(13) 24.8(11) -4.8(10) -2.5(10) 0.8(10)
C19 35.7(12) 32.2(12) 37.1(13) -0.7(10) -0.5(11) 0.3(10)
C10 39.3(13) 37.4(12) 30.0(12) 1.4(10) 5.1(10) -3.6(10)
C4 30.9(12) 36.3(12) 33.7(12) -4.5(10) -1.7(10) -4.4(10)
C22 34.5(13) 44.3(14) 35.6(13) -8.1(11) 1.1(11) 2.8(11)
C15 40.1(14) 47.0(15) 40.3(14) -4.6(12) 9.0(12) -18.0(12)
C9 56.3(17) 40.1(13) 31.0(13) 0.9(11) 4.6(12) -13.3(13)
C3 36.8(13) 41.4(13) 33.4(12) -7.6(11) -4.8(11) -5.6(11)
C18 50.4(16) 34.5(12) 39.7(13) 3.1(11) 1.4(12) -10.6(11)
C16 28.4(12) 47.5(14) 53.2(16) -4.5(13) 6.6(12) -3.9(11)
C23 47.8(15) 36.2(13) 32.7(13) 2.6(10) -1.0(11) -2.5(11)
C24 49.4(17) 62.4(18) 41.2(15) -17.1(14) 8.7(13) -1.7(15)
C26 73(2) 49.6(16) 31.9(13) 10.7(12) -6.5(14) -14.1(15)
C25 72(2) 67(2) 27.7(13) -8.3(13) 7.9(14) -15.5(17)
C29 74(2) 47.5(16) 43.7(16) -15.1(13) -4.6(15) 2.1(15)
C12 39.6(15) 63.0(18) 50.4(16) 8.7(14) 12.1(13) 7.2(14)
C27 51.6(17) 75(2) 41.7(16) -12.3(15) -14.6(14) 1.2(16)
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Table S11 Anisotropic Displacement Parameters (A2x103) for TYN-116. The Anisotropic
displacement factor exponent takes the form: -2a?[h2a*?U11+2hka*b*U12+...].

Atom U U22 Uss Uz3 Uis U
C14 61(2) 72(2) 46.4(17) 5.3(15) 26.1(15) -7.2(17)
C1 61(2) 122(3) 36.0(15) -28.0(19) 0.8(15) -28(2)
C13 49.2(19) 92(3) 68(2) 8(2) 29.8(17) 11.9(19)
C8 112(3) 78(2) 36.6(16) 16.7(16) 10.9(19) -21(2)

Table S12 Bond Lengths for TYN-116.
Atom Atom Length/A Atom  Atom Length/A

N2 €33 1.406(3) Cl7 Cl6 1.380(3)
N2 32 1.388(3) C31 C5 1.452(3)
N2 €30 1.416(3) C28 C29 1.517(4)
02 C2 1.361(3) c28 Cc27 1.523(4)
02 cC1 1.429(4) c7  C2 1.383(3)
o1 9 1.361(3) C5 C4 1.404(3)
o1 c8 1.430(4) c21  C22 1.389(3)
N1  C32 1.323(3) c21  C23 1.389(3)
N1  C34 1.372(3) c2 C3 1.398(4)
Cc20 C17 1.384(3) Cl19 C18 1.391(4)
C20 C31 1.498(3) Cl0 C9 1.393(3)
C20 C19 1.391(3) c4 C3 1.379(3)
C33 C6 1.440(3) C22 C24 1.377(4)
C33 C34 1.380(3) C15 Ci8 1.379(4)
C32 C28 1.504(3) C15 Ci6 1.375(4)
c6 C7 1.397(3) cO Cl14 1.382(5)
c6 C5 1.413(3) C23 C26 1.390(4)

Cc30 C31 1.354(3) C24 C25 1.377(5)



Table S12 Bond Lengths for TYN-116.

Atom Atom
C3o c21
C34 Cl1
Ci1 C10
Cl1 C12

Length/A
1.486(3)
1.485(3)
1.382(3)
1.387(4)

Atom  Atom
C26  C25
C12 Ci13
Ci14 C13

Table S13 Bond Angles for TYN-116.

Atom Atom Atom

C33
C32
C32
C2
C9
C32
C17
C17
C19
N2
C34
C34
N2
N1
N1
C7
C7
C5
N2

N2
N2
N2
02
01
N1
C20
C20
C20
C33
C33
C33
C32
C32
C32
C6
C6
C6
C30

C30
C33
C30
C1
C8
C34
C31
C19
C31
C6
N2
C6
C28
N2
C28
C33
C5
C33
C21

Angle/®
120.96(18)
107.11(18)
131.92(19)

117.6(2)

118.1(3)
107.79(19)

120.4(2)

119.0(2)

120.5(2)
120.20(19)
105.28(18)

134.5(2)

129.3(2)
109.88(19)

120.7(2)

122.3(2)

119.5(2)
118.14(19)
118.36(18)

Atom Atom Atom

C32
C32
C29
C2
C6
C4
C4
C22
C23
C23
02
02
C7
C18
Cl1
C3
C24
C16
o1

C28
C28
C28
C7
C5
C5
C5
C21
C21
C21
C2
C2
C2
C19
C10
C4
C22
C15
C9

Length/A

C29
C27
C27
C6
C31
C6
C31
C30
C30
C22
C7
C3
C3
C20
C9
C5
C21
C18
C10

1.366(5)
1.384(4)
1.381(5)

Angle/*
109.1(2)
110.7(2)
110.0(2)
120.7(2)
119.48(19)
118.6(2)
121.9(2)
119.9(2)
120.8(2)
119.4(2)
116.3(2)
123.4(2)
120.3(2)
119.9(2)
121.5(3)
121.5(2)
120.1(3)
119.4(2)
115.2(3)
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Table S13 Bond Angles for TYN-116.

Atom Atom Atom Angle/* Atom Atom Atom Angle/*
C31 C30 N2 119.54(19) 01 C9 Cl4 125.7(3)
C3l1 C30 C21 122.1(2) Ci4 C9 C10 119.1(3)
N1 C34 C33 109.93(19) C4 C3 C2 119.4(2)
N1 C34 Cl1 120.3(2) C15 Ci18 C19 120.4(2)
C33 C34 Ci11 129.8(2) Cl15 Cl6 C17 120.7(3)
Cl10 Ci11 cC34 119.8(2) C21 C23 C26 119.8(3)
C10 Ci11 cC12 119.1(2) C25 C24 C22 120.1(3)
Cl2 Cl1 C34 121.1(2) C25 C26 C23 120.0(3)
Cl6 C17 C20 120.5(2) C26 C25 C24 120.5(3)
C30 C31 C20 119.48(19) Cl3 Cl2 C11 119.4(3)
C30 C31 C5 121.64(19) Cl3 Cl14 C9 119.5(3)
C5 (C31 C20 118.86(19) Cl4 C13 C12 121.5(3)

Table S14 Hydrogen Atom Coordinates (A=10%) and Isotropic Displacement Parameters
(A2x10°%) for TYN-116.

Atom X y z U(eq)
H17 1144411 5873.34 2561.28 41
H28 5431.32 4751.33 1531.8 40
H7 5598.51 5824.66 4295.53 37
H19 8514.55 8196.46 2219.98 42
H10 5285.15 3738.34 4143.15 43
H4 10046.26 7386.79 3475.32 40
H22 9147.42 4548.98 1787.8 46
H15 13246.07 8333.43 1819.82 51
H3 9520.45 7601.41 4432.32 45

H18 10701.11 9059.5 1837.19 50



Table S14 Hydrogen Atom Coordinates (A=10%) and Isotropic Displacement Parameters
(A2x10%) for TYN-116.

Atom X y z U(eq)
H16 13595.63 6735.16 2172.01 52
H23 6292.52 6936.05 1505.26 47
H24 9424.53 4328.81 816.98 61
H26 6571.17 6690.38 529.84 62
H25 8077.39 5371.97 193.36 67
H29A 6315.63 3210.04 1867.46 82
H29B 5001.58 3016.49 1385.07 82
H29C 4519.58 2901.31 2037.11 82
H12 1516.3 5427.37 3657.2 61
H27A 2244.2 4139.79 1841.13 84
H27B 2866.44 4208.41 1201.75 84
H27C 2696.72 5196.51 1573.96 84
H14 1432.62 4026.18 5172.62 71
H1A 8181.56 8115.99 5189.79 109
H1B 9148.28 7139.24 5373.82 109
H1C 7619.38 7494.83 5732.21 109
H13 217.68 5039.69 4501 84
HBA 2555.06 2575.2 5545.72 113
H8B 3443.89 3512.48 5821.73 113
H8C 4317.34 2452.43 5809.54 113

General Crystal Growing Conditions of 13": X-ray quality single crystals of 13" was grown from
the co-solvent of DCM, MeOH, EA and petroleum ether (5:1:1:1, v/v) at room temperature by

slow evaporation for 2 days.
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Figure S6 The molecular structure of 13> (CCDC 2176134). Thermal ellipsoids are shown at the 50% probability
level.

Table S15 Crystal data and structure refinement for TYN-84.

Identification code TYN-84
Empirical formula CasH24N2
Formula weight 472.56
Temperature/K 100.0
Crystal system triclinic
Space group P-1

alA 9.9002(17)
b/A 10.9305(19)
c/A 12.260(2)
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o

o/

pre
y/°
Volume/A®
Z
peaicg/cm?®
w/mm?
F(000)

Radiation

20 range for data collection/°

Index ranges

Reflections collected

Independent reflections

Data/restraints/parameters

Goodness-of-fit on F2

Final R indexes [[>=2c (I)]

Final R indexes [all data]

109.205(7)

92.503(8)

101.866(8)

1217.2(4)

2

1.289

0.075

496.0

MoKa (A =0.71073)

4.234 10 50.816
-11<h<11,-13<k<13,-14<1<14
13958

4390 [Rint= 0.0806, Rsigma = 0.0805]
4390/0/335

1.078

R1=0.0748, wR2 = 0.2064
R1=10.0897, wR, = 0.2274

Largest diff. peak/hole / e A® 0.30/-0.37

Table S16 Fractional Atomic Coordinates (<10%) and Equivalent Isotropic Displacement
Parameters (A2x103) for TYN-84. Uegis defined as 1/3 of the trace of the orthogonalised

Uistensor.
Atom

N1

N2

C10

C24

C27

C7

X
7460.4(18)
7909.5(18)

6426(2)
8572(2)
7198(2)
5785(3)

y z U(eq)
5179.6(16) 4968.4(14) 20.6(5)
7172.0(17) 4730.3(15) 22.0(5)
3932.1(19) 7422.8(18) 21.6(5)

6620(2) 2741.8(18) 22.6(5)
7091(2) 6622.6(17) 21.1(5)
2439(2) 8868(2) 30.0(6)
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Table S16 Fractional Atomic Coordinates (x<10%) and Equivalent Isotropic Displacement
Parameters (A2x10%) for TYN-84. Ueqis defined as 1/3 of the trace of the orthogonalised

Uwstensor.
Atom
Cc28
C35
c21
C25
C34
C32
C33
Ci11
C23
C30
C4
C16
C31
C5
C9
C3
C26
C22
C20
C8
C6
C29
C15
C2
C17

X
6838(2)
7517(2)
9187(2)
7047(2)
8120(2)
7090(2)
7857(2)
5087(2)
8360(2)
6728(2)
7074(2)
8005(2)
6780(2)
5812(2)
7436(2)
8310(2)
7281(2)
8755(2)
9562(2)
7108(3)
5792(2)
6610(2)
6853(2)
8283(2)
9324(2)

y
6235(2)

6537(2)
7962(2)
8986(2)
6217(2)
4319.7(19)
4978(2)
3669(2)
5742(2)
8154(2)
2884(2)
3702(2)
4820(2)
1943(2)
3428(2)
2471(2)
8462(2)
6207(2)
8425(2)
2694(2)
610(2)
6802(2)
2677(2)
1138(2)
3531(2)

Z
7259.1(18)
5449.7(18)
2959.9(19)
8269.4(19)
3733.0(18)
5603.4(18)
3845.9(17)
7731.8(19)
1587.2(18)
8927.4(19)
5037.1(17)
2995.2(17)
6715.7(18)
4658.3(18)
7834.3(19)
4883.8(18)
7127.4(19)

697(2)
2067(2)
8561(2)

4103.6(19)
8431.8(18)
2401.3(18)
4348.9(19)
2732.6(18)

U(eq)
20.4(5)
20.2(5)
24.7(5)
25.3(5)
21.6(5)
20.1(5)
20.1(5)
26.4(5)
25.8(5)
25.6(5)
21.2(5)
21.4(5)
21.3(5)
24.8(5)
26.0(5)
24.2(5)
24.3(5)
30.7(6)
29.6(6)
32.0(6)
28.7(6)
23.2(5)
23.7(5)
29.6(6)
24.3(5)
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Table S16 Fractional Atomic Coordinates (x<10%) and Equivalent Isotropic Displacement
Parameters (A2x10%) for TYN-84. Ueqis defined as 1/3 of the trace of the orthogonalised

Uistensor.

Atom X y z U(eq)
C19 9344(2) 7545(2) 926(2) 31.8(6)
C12 4763(2) 2918(2) 8448(2) 29.9(6)
C13 8337(3) 1350(2) 1342.1(19) 28.9(6)
C1 7022(3) 199(2) 3951(2) 30.9(6)
c18 9492(2) 2367(2) 1917.1(19) 27.5(5)
Cl14 7021(2) 1512(2) 1586.5(19) 28.0(6)

Table S17 Anisotropic Displacement Parameters (A2x103) for TYN-84. The Anisotropic
displacement factor exponent takes the form: -2ax?[h2a*?U11+2hka*b*U12+...].

Atom Ui U22 Uss Uzs U3 U1z

N1 24.9(10) 20.4(9) 17.6(9) 6.1(7) 3.6(7) 8.1(8)
N2 25.0(10) 21.4(9) 19.5(9) 5.4(7) 2.4(7) 7.5(7)
C10 25.8(12) 17.5(10) 18.0(10) 2.2(8) 3.2(8) 4.2(9)
C24 23.2(11) 26.2(11) 20.7(11) 8.6(9) 3.6(9) 9.6(9)
C27 20.0(11) 23.1(11) 19.3(11) 4.6(9) 1.5(9) 7.7(9)
C7 35.0(14) 29.2(12) 31.9(12) 17.8(10) 9.9(10) 7.2(10)
C28 18.6(11) 22.4(11) 19.7(10) 5.6(9) 1.3(8) 6.2(9)
C35 22.4(11) 19.1(10) 18.8(10) 5.3(8) 1.9(8) 6.0(8)
C21 25.1(12) 26.7(11) 23.0(11) 7.9(9) 4.2(9) 8.5(9)
C25 28.5(12) 18.5(10) 25.1(11) 2.3(9) 3.0(9) 5.8(9)
C34 22.0(11) 23.3(10) 19.6(10) 6.1(8) 3.4(8) 7.2(9)
C32 18.9(11) 20.6(11) 21.3(11) 7.7(9) 3.5(8) 4.9(9)
C33 20.2(11) 23.3(11) 16.5(10) 7.2(8) 1.2(8) 3.909)
Cl1 25.8(12) 28.8(11) 26.9(11) 11.9(9) 1.7(9) 8.0(9)
C23 27.3(12) 27.8(11) 23.0(11) 7.9(9) 2.7(9) 9.7(9)
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Table S17 Anisotropic Displacement Parameters (A2x103) for TYN-84. The Anisotropic
displacement factor exponent takes the form: -2a?[h2a*?U11+2hka*b*U12+...].

Atom U U22 Uss Uz3 Uis U
C30 26.1(12) 27.7(11) 19.6(10) 2.7(9) 3.9(9) 7.5(9)
C4 26.1(12) 20.7(10) 17.5(10) 6.9(8) 3.8(8) 6.5(9)
C16 24.7(12) 24.5(10) 17.1(10) 8.6(8) 4.6(9) 7.6(9)
C31 20.9(11) 21.4(11) 20.5(10) 5.7(9) 2.2(8) 5.3(9)
C5 24.8(12) 25.7(11) 23.4(11) 8.5(9) 3.9(9) 5.0(9)
C9 24.3(12) 26.8(11) 28.6(11) 10.8(9) 6.3(9) 7.2(9)
C3 24.0(12) 25.5(11) 22.0(11) 6.6(9) 0.9(9) 6.5(9)
C26 23.7(12) 24.5(11) 23.4(11) 5.8(9) 1.8(9) 7.3(9)
C22 33.5(13) 38.0(13) 22.1(11) 9.1(10) 5.3(10) 13.2(11)
C20 30.3(13) 29.4(12) 32.6(12) 14.3(10) 6.9(10) 8.1(10)
C8 34.3(14) 31.4(12) 39.8(13) 19.9(11) 6.3(11) 14.8(10)
C6 31.5(13) 25.0(11) 26.0(11) 6.9(9) 4.2(10) 1.7(10)
C29 22.9(11) 26.8(11) 20.0(11) 7.4(9) 4.5(9) 6.5(9)
C15 24.6(12) 26.3(11) 20.9(10) 8.1(9) 2.8(9) 7.5(9)
C2 34.4(14) 28.3(11) 26.2(12) 6.2(9) 4.1(10) 13.1(10)
C17 23.3(12) 25.0(11) 21.2(10) 5.5(9) 2.2(9) 2.9(9)
C19 30.5(13) 42.2(14) 29.7(12) 19.5(11) 8.5(10) 10.8(11)
C12 27.5(13) 33.4(12) 31.8(12) 14.4(10) 9.4(10) 7.4(10)
C13 39.0(14) 23.9(11) 20.8(11) 1.2(9) 3.5(10) 11.7(10)
C1 37.9(14) 21.4(11) 31.7(12) 5.009) 5.3(10) 9.7(10)
C18 27.5(12) 32.8(12) 23.0(11) 7.8(9) 5.6(9) 11.3(10)
C14 27.8(13) 27.8(12) 24.4(11) 4.4(9) 1.2(9) 5.6(10)
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Table S18 Bond Lengths for TYN-84.
Atom Atom Length/A Atom Atom Length/A

N1  C35 1393(3) C32 cC4 1.489(3)
N1  C32 14103) C32 cC31 1.367(3)
N1 33 1.407(3)  C33 C16 1.481(3)
N2 35 1316(3) Cl1 CI12 1.392(3)
N2  C34 1379(3) C23 C22 1.387(3)
cl0 ci1 1.394(3)  C30 C29 1.379(3)
Cl0 cC31 15023) C4 C5 1.393(3)
Cl10 C9 1386(3) C4 C3 1.389(3)
c24 cCc21 1397(3) Cl6 Ci15 1.397(3)
C24 C34 1.480(3) Cl6 C17 1.394(3)
Cc24 C23 1402(3) C5 C6 1.386(3)
c27 C28 1406(3) C9 C8 1.390(3)
C27 C35 1442(3) C3  C2 1.382(3)
C27 C26 1.404(3)  C22 C19 1.387(3)
c7 cs8 1378(3) C20 C19 1.389(3)
C7 Cl2 1384(3) C6 Cl 1.382(3)
c28 C31 1456(3)  C15 Cl4 1.383(3)
c28  C29 14153) C2 C1 1.393(3)
c21  C20 1.384(3) Cl17 C18 1.383(3)
C25 C30 1.402(3)  C13 C18 1.390(3)
C25 C26 1377(3)  Cl13 Cl4 1.383(3)
C34 C33 1.379(3)

Table S19 Bond Angles for TYN-84.
Atom Atom Atom Angle/* Atom Atom Atom Angle/*
C35 N1 C32 121.41(17) Cl2 Ci1 C10 120.8(2)



Table S19 Bond Angles for TYN-84.
Atom Atom Atom

C35
C33
C35
Cl1
C9
C9
C21
C21
C23
C28
C26
C26
C8
C27
C27
C29
N1
N2
N2
C20
C26
N2
N2
C33
N1
C31

N1

N1

N2

C10
C10
C10
C24
C24
C24
C27
C27
C27
C7

C28
C28
C28
C35
C35
C35
C21
C25
C34
C34
C34
C32
C32

C33
C32
C34
C31
Cl1
C31
C34
C23
C34
C35
C28
C35
C12
C31
C29
C31
C27
N1

C27
C24
C30
C24
C33
C24
C4

N1

Angle/*
105.58(17)
133.00(17)
105.78(17)
119.95(19)

119.0(2)
120.89(19)
118.25(19)

118.1(2)
123.58(19)
118.65(19)
120.78(19)

120.5(2)

119.6(2)
119.43(19)
118.13(19)

122.4(2)
119.95(19)
112.20(17)
127.83(19)

121.4(2)
120.14(19)
119.03(18)
110.95(19)
130.02(19)
118.32(17)
119.71(18)

Atom Atom Atom

C22
C29
C5
C3
C3
C15
Cl7
C17
C28
C32
C32
C6
C10
C2
C25
C19
Cc21
C7
C1
C30
Cl4
C3
C18
C22
C7
Cl14

c23
C30
C4
C4
C4
C16
C16
C16
C31
c31
Cc31
C5
Cc9
Cc3
C26
C22
C20
c8
C6
C29
C15
C2
C17
C19
C12
C13

C24
C25
C32
C32
C5

C33
C33
C15
C10
C10
C28
C4

C8

C4

C27
C23
C19
C9

C5

C28
Cl6
C1

Cl6
C20
Cl1
C18

Angle/*
120.2(2)
120.46(19)
120.05(19)
120.47(19)
119.48(19)
121.98(19)
119.53(18)
118.43(19)
118.41(18)
120.71(18)
120.8(2)
120.2(2)
119.8(2)
120.0(2)
119.9(2)
120.9(2)
119.9(2)
121.1(2)
120.3(2)
120.6(2)
120.7(2)
120.5(2)
120.82(19)
119.3(2)
119.7(2)
119.66(19)
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Table S19 Bond Angles for TYN-84.

Atom Atom Atom Angle/* Atom Atom Atom Angle/*
C31 C32 C4 122.0(2) C6 Cl1 (2 119.5(2)
N1 C33 C16 126.48(18) Cl7 C18 (13 120.1(2)
C34 C33 N1 105.49(17) Cl5 Cl14 (13 120.3(2)
C34 (C33 C16 128.0(2)

Table S20 Hydrogen Atom Coordinates (A=10%) and Isotropic Displacement Parameters
(A2x10%) for TYN-84.

Atom X y z U(eq)
H7 5575.04 1936.27 9366.64 36
H21 9351.5 8569.02 3737.96 30
H25 7103 9914.02 8611.72 30
H11 4387.15 4006.65 7450.67 32
H23 7943.78 4824.57 1414.22 31
H30 6591.44 8525.18 9720.45 31
H5 4963.33 2215.54 4780.62 30
H9 8349.24 3584.62 7620.25 31
H3 9174.6 3105.96 5146.85 29
H26 7498.15 9026.42 6682.28 29
H22 8619.91 5600.98 -80.3 37
H20 9968.73 9342.85 2233.34 35
H8 7807.68 2362.88 8849.89 38
H6 4928.32 -24.12 3826.86 34
H29 6372.81 6245.19 8881.6 28
H15 5944.33 2781.52 2558.86 28
H2 9131.53 858.67 4251.57 35

H17 10118.69 4224.05 3118.73 29



Table S20 Hydrogen Atom Coordinates (A=10%) and Isotropic Displacement Parameters
(A2x103) for TYN-84.

Atom X y z U(eq)
H19 9595.6 7857.59 308.76 38
H12 3844.21 2735.05 8646.21 36
H13 8450.59 547.65 783.88 35
H1 7007.45 -715.72 3578.44 37
H18 10397.49 2261.54 1749.64 33

H14 6229.28 819.6 1193.19 34



10 Experimental data for the described substances

3-isopropyl-1,5,6-triphenylimidazo[5,1-a]isoquinoline (3a)

White solid (41 mg, 93% yield), purification via a silica (100-200 mesh) gel
N— column (petroleum ether/EtOAc = 50/1, v/v). M.p.: 242.5-244.5 °C. 'TH NMR
Ph—X_N._Ph (500MHz, CDClIs): 6 =8.01 (d, J=8.0 Hz, 1H), 7.76 (d, J = 8.0 Hz, 2H), 7.51
| o (43=75Hz,2H), 7.43 (t, J = 7.5 Hz, 1H), 7.30-7.28 (m, 3H), 7.26-7.15 (m,
7H, cover the solvent), 7.15-7.20 (m, 3H), 7.11 (d, J = 7.0 Hz, 2H), 7.01 (d, J
= 8.0 Hz, 1H), 2.13-2.07 (m, 1H), 1.08 (d, J = 6.5 Hz, 6H) ppm. 13C NMR (125 MHz, CDCls): ¢
=148.94,137.18, 136.74, 135.00, 134.15, 132.54, 131.40, 130.77, 130.23, 129.01, 128.81, 128.74,
128.16, 128.01, 127.82, 127.49, 127.03, 126.66, 126.08, 125.70, 123.99, 122.08, 27.47, 22.73 ppm.

HRMS (ESI) m/z: calcd for CaaH27N2 ([M+H]*) 439.2174, found 439.2168.

5,6-bis(4-butylphenyl)-3-isopropyl-1-phenylimidazo[5,1-a]isoquinoline (3b)
White solid (52 mg, 95% yield), purification via a silica (100-200
N— nBu mesh) gel column (petroleum ether/EtOAC/CH2Cl, = 40/2/1, viv).
Ph—X N O M.p.: 115.8-117.8 °C. 'H NMR (500MHz, CDCls3): 6 = 8.00 (d, J =
| 7.5Hz, 1H), 7.75 (d, J= 7.0 Hz, 2H), 7.51 (t, J = 7.5 Hz, 2H), 7.42 (t,
O O sy Y= 73 HzZ, 1H), 7.21-7.14 (m, 4H), 7.08 (d, J = 7.5 Hz, 1H), 7.04—
6.97 (M, 6H), 2.59-2.53 (m, 4H), 2.12-2.21 (m, 1H), 1.57-1.50 (m, 4H), 1.30-1.21 (m, 4H), 1.09
(d, J = 6.0 Hz, 6H), 0.90 (q, J = 7.2 Hz, 6H) ppm. ¥*C NMR (125 MHz, CDClz): § = 148.78,
143.41, 141.44, 133.76, 132.68, 132.17, 131.13, 130.54, 130.30, 129.19, 128.83, 128.21, 127.97,
127.42, 126.77, 126.20, 125.47, 123.95, 122.07, 35.38, 33.56, 33.44, 29.84, 27.38, 22.67, 22.29,
21.92, 14.12, 14.06 ppm. HRMS (ESI) m/z: calcd for CaoHasN2 ([M+H]") 551.3426, found

551.3428.

5,6-bis(4-chlorophenyl)-3-isopropyl-1-phenylimidazo[5,1-a]isoquinoline (3c)
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Grey solid (37 mg, 73% yield) via filtration. M.p.: 272.2-274.2 °C. 'H

:(L ‘ Cl' NMR (500MHz, CDCls): ¢ = 8.00 (d, J = 8.0 Hz, 1H), 7.74-7.72 (m,

| 2H), 7.51 (t, J = 7.5 Hz, 2H), 7.43 (t, J = 7.3 Hz, 1H), 7.29-7.27 (m,

O O 2H), 7.25-7.20 (m, 5H), 7.19-7.15 (m, 1H), 7.02 (d, J = 8.5 Hz, 2H),
cl

N
Ph—X N

6.95 (d, J = 8.0 Hz, 1H), 2.15-2.10 (m, 1H), 1.11 (g, J = 6.5 Hz, 6H)
ppm. 3C NMR (125 MHz, CDCls): 6 = 148.69, 135.17, 134.88, 133.44, 133.16, 132.57, 131.95,
131.35, 130.21, 128.90, 128.82, 128.63, 128.53, 128.11, 128.02, 126.50, 126.40, 125.70, 123.99,
122.24, 27.68, 22.61 ppm. HRMS (ESI) m/z: calcd for CaHasCloN, ([M+H]*) 507.1395, found
507.1397.

5,6-bis(4-bromophenyl)-3-isopropyl-1-phenylimidazo[5,1-a]isoquinoline (3d)
Yellow solid (55 mg, 92% yield), purification via a silica (100-200
N:)\ Br mesh) gel column (petroleum ether/EtOAc = 60/1—40/1, v/v). M.p.:
Ph—X N O 285.0-287.0 °C. 'H NMR (500MHz, CDCls): 6 =8.00 (d, J = 8.0 Hz,
| 1H), 7.73 (d, J = 7.0 Hz, 2H), 7.51 (t, J = 7.5 Hz, 2H), 7.45-7.39 (m,
O O gr SH), 7.24-7.15 (m, 4H), 6.97-6.94 (m, 3H), 2.17-2.09 (m, 1H), 1.12
(d, J = 7.0 Hz, 6H) ppm. *C NMR (125 MHz, CDClz): 6 = 148.63, 135.27, 133.52, 132.85,
132.17, 131.82, 131.61, 131.21, 130.23, 128.91, 128.45, 128.23, 128.11, 126.54, 125.62, 124.00,
123.47, 122.27, 121.71, 27.68, 22.56 ppm. HRMS (ESI) m/z: calcd for Cs2H25BroN2 ([M+H]Y)

597.0364, found 597.0365.

3-isopropyl-1-phenyl-5,6-di-m-tolylimidazo[5,1-a]isoquinoline (3e)
Yellow solid (34 mg, 72% yield), purification via a silica (100-200 mesh)
N— gel column (petroleum ether/EtOAc = 80/1—60/1, v/v). M.p.: 171.5—
Ph—X N O 173.5 €. 'H NMR (500MHz, CDClz): 6 =8.01(d, J=8.0 Hz, 1H), 7.76
| (d, J =8.0 Hz, 2H), 7.51 (t, J = 7.5 Hz, 2H), 7.43 (t, J = 7.5 Hz, 1H),
O O 7.21-7.10 (m, 5H), 7.08-7.04 (m, 3H), 7.00 (d, J = 7.5 Hz, 1H), 6.95—
6.88 (m, 2H), 2.26 (t, J = 6.3 Hz, 6H), 2.16-2.09 (m, 1H), 1.12—1.09 (m, 6H) ppm. 3C NMR (125
MHz, CDCl3): § = 148.87, 137.74, 137.44, 136.49, 132.47, 132.05, 131.35, 131.27, 130.31,

129.44,129.11, 128.83, 128.43, 128.36, 128.07, 127.99, 127.81, 127.48, 126.79, 126.22, 125.49,
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123.97, 122.09, 27.38, 22.72, 21.47, 21.43, 21.33, 21.32 ppm. HRMS (ESI) m/z: calcd for
CasHz1N2 ([M+H]") 467.2487, found 467.2490.

5,6-bis(3-bromophenyl)-3-isopropyl-1-phenylimidazo[5,1-a]isoquinoline (3f)
White solid (45 mg, 75% yield), purification via a silica (100-200 mesh)
N— gel column (petroleum ether/EtOACc = 30/1, v/v). M.p.: 158.4-160.4 °C.
Ph—_N l O 5, H NMR (500MHz, CDCl): ¢ = 8.00-7.98 (m, 1H), 7.74 (d, J = 7.0
Br Hz, 2H), 7.54-7.51 (m, 3H), 7.47-7.45 (m, 2H), 7.38 (d, J = 9.5 Hz,
O O 1H), 7.30-7.29 (m, 1H), 7.25-7.12 (m, 5H), 7.06-7.00 (m, 2H), 2.16—
2.11 (m, 1H), 1.17-1.16 (m, 6H) ppm. C NMR (125 MHz, CDCls): § = 148.54, 134.17, 134.04,
133.62, 133.42, 132.44, 132.41, 130.77, 130.32, 130.09, 129.97, 129.94, 129.86, 129.81, 129.75,
129.33, 129.17, 128.97, 128.24, 126.69, 123.89, 122.39, 122.35, 122.22, 27.62, 22.47 ppm.

HRMS (ESI) m/z: calcd for CazHasBraN2 ([M+H]*) 597.0364, found 597.0363.

5,6-diethyl-3-isopropyl-1-phenylimidazo[5,1-a]isoquinoline (3g)
Brown oil (31 mg, 91% vyield), purification via a silica (100-200 mesh) gel
N— column (petroleum ether/EtOAc = 80/1, v/v). H NMR (500MHz, CDCls): §
Ph—X_N =7.94 (d, J = 8.0 Hz, 1H), 7.69-7.67 (m, 3H), 7.47 (t, J = 7.5 Hz, 2H), 7.39
(t, J=7.5Hz, 1H), 7.34-7.31 (m, 1H), 7.15 (t, J = 7.0 Hz, 1H), 3.62-3.54 (m,
1H), 3.18 (q, J = 7.5 Hz, 2H), 2.93 (q, J = 7.5 Hz, 2H), 1.54 (d, J = 7.0 Hz,
6H), 1.36 (t, J = 7.3 Hz, 3H), 1.32 (t, J = 7.5 Hz, 3H) ppm. 3C NMR (125 MHz, CDCls): § =
146.76, 131.11, 131.06, 130.36, 129.14, 128.98, 128.86, 128.40, 127.72, 127.39, 126.88, 124.34,
123.69, 122.77, 29.43, 23.43, 22.14, 21.04, 14.63, 14.17 ppm. HRMS (ESI) m/z: calcd for
Ca4H27N2 ([M+H]") 343.2174, found 343.2176.

3-isopropyl-1-phenyl-5,6-di(thiophen-2-yl)imidazo[5,1-a]isoquinoline (3h)

Yellow solid (16 mg, 35% yield), purification via a silica (100-200 mesh)
gel column (petroleum ether/EtOAc = 30/1—20/1, v/v). M.p.: 198.0-200.0
€. 'H NMR (500MHz, CDCl3): § = 7.97-7.95 (m, 1H), 7.72 (d, J = 7.0
Hz, 2H), 7.50 (t, J = 7.5 Hz, 2H), 7.44-7.39 (m, 2H), 7.31 (d, J = 5.5 Hz,
1H), 7.22-7.20 (m, 3H), 7.09 (d, J = 3.0 Hz, 1H), 6.97 (t, J = 4.3 Hz, 2H),
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6.89 (d, J =3.0 Hz, 1H), 2.22-2.14 (m, 1H), 1.24 (s, 3H), 1.12 (s, 3H) ppm. 3C NMR (125 MHz,
CDClg): ¢ = 149.37, 137.05, 136.94, 135.12, 134.49, 130.93, 130.19, 130.04, 128.96, 128.85,
128.24, 127.92, 127.53, 126.81, 126.79, 126.70, 126.60, 126.28, 125.89, 123.96, 122.56, 122.02,
27.47, 23.48, 22.72 ppm. HRMS (ESI) m/z: calcd for CogH23N2S2 ([M+H]™) 451.1303, found
451.1302.

3-isopropyl-8-methyl-5,6-diphenyl-1-(p-tolyl)imidazo[5,1-a]isoquinoline (3i)
Yellow solid (41 mg, 88% yield), purification via a silica (100-200 mesh)
gel column (petroleum ether/EtOAc = 40/1—20/1, vIv). M.p.: 235.7—
O _N._Ph 237.7 €. H NMR (500MHz, CDCl3): 6 = 7.61 (d, J = 8.0 Hz, 1H),
| Ph 7.51 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 7.28-7.26 (m, 3H),
O 7.24-7.22 (m, 5H), 7.10 (d, J = 8.0 Hz, 1H), 7.03 (d, J = 6.5 Hz, 2H),
6.82 (s, 1H), 2.45 (s, 3H), 2.24 (s, 3H), 2.20-2.14 (m, 1H), 0.81 (d, J =
6.5 Hz, 6H) ppm. C NMR (125 MHz, CDCls): § = 149.02, 140.26, 138.18, 135.41, 133.69,
132.00, 131.66, 131.46, 130.81, 130.44, 130.38, 130.14, 129.62, 129.01, 128.80, 128.27, 127.60,
127.20, 124.77, 122.37, 121.52, 26.02, 23.07, 21.69, 21.63 ppm. HRMS (ESI) m/z: calcd for

CasH31N2 ([M+H]") 467.2487, found 467.2486.

3-isopropyl-8-methoxy-1-(4-methoxyphenyl)-5,6-diphenylimidazo[5,1-a]isoquinoline (3j)
White solid (29 mg, 59% yield) via filtration. M.p.: 259.1-261.1 °C.
'H NMR (500MHz, CDCls): 6 =7.95 (d, J = 9.0 Hz, 1H), 7.65 (d,
J = 8.5 Hz, 2H), 7.29-7.27 (m, 2H), 7.25-7.20 (m, 5H), 7.18-7.15
(m, 1H), 7.10-7.08 (m, 2H), 7.06-7.04 (m, 2H), 6.84 (dd, J = 9.0
Hz, 3.0 Hz, 1H), 6.48 (d, J = 2.5 Hz, 1H), 3.90 (s, 3H), 3.62 (s, 3H),

OMe 2.11-2.03 (m, 1H), 1.07 (d, J = 6.5 Hz, 6H) ppm. *C NMR (125
MHz, CDCls): 6 = 159.39, 157.80, 148.10, 136.68, 135.03, 133.08, 131.43, 131.33, 130.72,
130.67, 128.74, 128.15, 128.07, 127.09, 123.88, 123.60, 119.64, 115.10, 114.32, 110.15, 55.51,
55.27, 27.40, 22.74 ppm. HRMS (ESI) m/z: calcd for CasH31N20. ([M+H]*) 499.2386, found
499.2389.

MeO
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8-fluoro-1-(4-fluorophenyl)-3-isopropyl-5,6-diphenylimidazo[5,1-a]isoquinoline (3k)

Yellow solid (38 mg, 80% vyield), purification via a neutral alumina
N— (200-300 mesh) gel column (petroleum ether/EtOAC = 20/1, v/v). M.p.:
. O NN | Ph 195.0-197.0 °C. 'H NMR (500MHz, CDCl3): § = 7.92-7.89 (m, 1H),
on  7.71-7.69 (m, 2H), 7.29-7.28 (m, 5H), 7.24-7.19 (m, 5H), 7.09-7.07
O (m, 2H), 6.96 (td, J = 8.5 Hz, 2.3 Hz, 1H), 6.70 (dd, J = 10 Hz, 2.5 Hz,
F 1H), 2.12-2.05 (m, 1H), 1.10 (d, J = 5.5 Hz, 6H) ppm. 13C NMR (125
MHz, CDCl3): 6 =162.96(d, Jc-r = 246.5 Hz), 161.20(d, Jc-r = 244.1 Hz), 148.77, 135.87, 134.38,
133.57,132.08(d, Jc-r = 8.0 Hz), 131.23, 131.15, 130.55, 129.15, 128.37, 128.32, 127.50, 124.05(d,
Jor=7.6 Hz),123.71, 121.84, 116.04(d, Jc-r = 21.5 Hz), 115.72, 112.48(d, Jc-r = 23.3 Hz), 27.46,

22.63 ppm. HRMS (ESI) m/z: calcd for Ca2HzsF2N2 ([M+H]™) 475.1986, found 475.1988.

8-chloro-1-(4-chlorophenyl)-3-isopropyl-5,6-diphenylimidazo[5,1-a]isoquinoline (3I)
White solid (38 mg, 76% yield) via filtration. M.p.: 225.4-227.4 °C.
IH NMR (500MHz, DMSO-ds): = 7.90 (d, J = 8.5 Hz, 1H), 7.71 (d,
Ph  J=8.0Hz, 2H), 7.62 (d, J = 7.5 Hz, 2H), 7.47-7.45 (m, 3H), 7.32—
pr 7-18(m, 8H), 6.78 (s, 1H), 1.98-1.96 (m, 1H), 0.97 (d, J = 6.5 Hz, 6H)
ppm. 13C NMR (125 MHz, DMSO-ds): 6 = 148.77, 135.20, 134.93,
Cl 133.55, 132.10, 131.22, 130.96, 130.82, 130.45, 130.31, 129.11,
128.90, 128.07, 128.00, 127.77, 127.39, 125.00, 123.11, 122.94, 122.63, 26.61, 22.54 ppm.
HRMS (ESI) m/z: calcd for C32H2sCloN2 ([M+H]*) 507.1395, found 507.1397.

3-isopropyl-5,6-diphenyl-1-(thiophen-2-yl)imidazo[1,5-a]thieno[3,2-c]pyridine (3m)
Yellow solid (37 mg, 82% yield), purification via a silica (100-200 mesh)
N:Q\ gel column (petroleum ether/EtOAc = 40/1, v/v). M.p.: 177.3-179.3 °C. H
\ : NN | PP NMR (500MHz, CDCl3): ¢ = 7.56 (dd, J = 3.5 Hz, 1.0 Hz, 1H), 7.43 (dd,
Ph J=5.0 Hz, 1.0 Hz, 1H), 7.29-7.27 (m, 5H), 7.23-7.17 (m, 4H), 7.12-7.10
(m, 3H), 6.73 (d, J = 5.5 Hz, 1H), 2.17-2.12 (m, 1H), 1.08 (d, J = 6.5 Hz,
6H) ppm. 13C NMR (125 MHz, CDCls): § = 148.56, 137.43, 137.11, 134.41, 134.31, 131.05,
130.92, 130.62, 128.92, 128.19, 128.02, 127.32, 127.14, 126.36, 126.20, 124.69, 124.31, 124.26,

A
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124.13, 122.92, 27.65, 22.65 ppm. HRMS (ESI) m/z: calcd for CasH23N2S, ([M+H]") 451.1303,
found 451.1305.

1,5,6-triphenyl-3-propylimidazol[5,1-a]isoquinoline (3n)

column (petroleum ether/EtOAc/CH2Cl> = 40/1/1—20/1/1, vIv). M.p.: 162.8—

ph—A _N. _ph 164.8 €.'H NMR (500MHz, CDCls): 6 = 8.09-8.07 (m, 1H), 7.74 (d, J = 7.5

| Hz, 2H), 7.56 (t, J=7.3 Hz, 2H), 7.51-7.48 (m, 1H), 7.29-7.22 (m, 10H, cover

" the solvent), 7.13-7.08 (m, 3H), 2.08-2.03 (m, 2H), 1.55-1.46 (m, 2H), 0.59

(t, J = 7.25 Hz, 3H) ppm. 3C NMR (125 MHz, CDCls): 6 = 148.54, 134.17,

134.04, 133.62, 133.42, 132.44, 132.41, 130.77, 130.32, 130.09, 129.97, 129.94, 129.86, 129.81,

129.75,129.33, 129.17, 128.97, 128.24, 126.69, 123.89, 122.39, 122.35, 122.22, 27.62, 22.47 ppm.
HRMS (ESI) m/z: calcd for Cs2Ha7N, ([M+H]*) 439.2174, found 439.2175.

White solid (36 mg, 82% yield), purification via a silica (100-200 mesh) gel
N:;

3-cyclohexyl-1,5,6-triphenylimidazo[5,1-a]isoquinoline (30)
Yellow solid (31 mg, 64% yield), purification via a silica (100-200 mesh) gel
column (petroleum ether/EtOAc = 50/1, v/v). M.p.: 253.3-255.3 °C. 'H NMR
ph—& N. _ph (500MHz, CDCls): 6 =7.99 (d, J = 8.0 Hz, 1H), 7.73 (d, J = 8.0 Hz, 2H), 7.50
| (t, J=7.5Hz, 2H), 7.43-7.40 (m, 1H), 7.32-7.27 (m, 5H), 7.24-7.11 (m, 7H),
7.00 (d, J = 7.5 Hz, 1H), 1.61-1.53(m, 7H), 1.43-1.41 (m, 1H), 1.15-1.07 (m,
1H), 0.59-0.57 (m, 2H) ppm. *C NMR (125 MHz, CDCls): § = 148.23,
137.42, 136.78, 135.17, 134.30, 132.68, 131.45, 130.81, 130.25, 129.03, 128.80, 128.65, 128.25,
128.03, 127.75, 127.46, 127.04, 126.63, 126.37, 126.01, 125.78, 123.76, 122.11, 37.45, 32.64,
26.40, 25.68 ppm. HRMS (ESI) m/z: calcd for CssH31N2 ([M+H]") 479.2487, found 479.2486.

3-(perfluorophenyl)-1,5,6-triphenylimidazo[5,1-a]isoquinoline (3p)
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= F White solid (55 mg, 99% yield), purification via a silica (100-200 mesh) gel

F column (petroleum ether/EtOAc = 50/1, v/v). M.p.: 112.2-114.2 °C. H

Nﬁ\': NMR (500MHz, CDCls): ¢ = 8.24 (dd, J= 8.0 Hz, 1.0 Hz, 1H), 7.83-7.81

Ph—_N._Ph (m, 2H), 7.55 (t, J = 7.5 Hz, 2H), 7.48 (t, J = 7.5 Hz, 1H), 7.37-7.30 (m,

E/)lph 2H), 7.25-7.19 (m, 4H), 7.15-7.11 (m, 4H), 7.02-7.01 (m, 3H) ppm. 3C

NMR (125 MHz, CDClI3): 6 = 135.70, 132.19, 131.63, 131.13, 130.66,

130.06, 129.46, 129.11, 129.11, 128.95, 128.50, 128.20, 128.18, 127.69, 127.52, 127.49, 127.18,

126.29, 125.60, 124.76, 122.71 ppm. *F NMR (471 MHz, CDCI3): § =-135.35, -152.50, -162.91
ppm. HRMS (ESI) m/z: calcd for CssH20FsN2 ([M+H]") 563.1547, found 563.1545.

3-isopropyl-1-methyl-5,6-diphenylimidazo[5,1-a]isoquinoline (3q)
Yellow solid (19 mg, 51% yield), purification via a silica (100-200 mesh) gel
N:Q\ column (petroleum ether/EtOAc = 30/1, v/v). M.p.: 191.9-193.9 °C. 'H NMR
NN Ph (500MHz, CDCIs): 6 =8.16 (d, J = 8.0 Hz, 1H), 7.49 (t, J=7.8 Hz, 1H), 7.22—
7.15 (m, 9H), 7.08-7.07 (m, 2H), 7.02 (d, J = 8.0 Hz, 1H), 2.86 (s, 3H), 2.06—
2.00 (m, 1H), 1.03 (d, J = 7.0 Hz, 6H) ppm. 3C NMR (125 MHz, CDCl3): § =
147.61, 136.88, 135.14, 132.65, 131.43, 130.71, 129.89, 128.87, 128.66, 128.14, 128.02, 127.90,
126.98, 126.76, 126.62, 126.33, 125.20, 123.74, 122.17, 27.17, 22.74, 17.30 ppm. HRMS (ESI)
m/z: calcd for Co7H2sN2 ([M+H]Y) 377.2018, found 377.2019.

8-chloro-3-isopropyl-1,5,6-triphenylimidazo[5,1-a]isoquinoline (3r)
Yellow solid (19 mg, 40% yield), purification via a silica (100-200 mesh)
N— gel column (petroleum ether/EtOAc = 60/1, v/v). M.p.: 229.9-231.9 °C.
O N-NG-Ph IH NMR (500MHz, CDCls): 6 = 7.93 (d, J = 8.5 Hz, 1H), 7.73(d, J = 7.5
l pn Hz, 2H), 7.53 (t, J = 7.5 Hz, 2H), 7.46 (t, J = 7.3 Hz, 1H), 7.27 (s, 5H),
O 7.25-7.17 (m, 4H), 7.09-7.07 (m, 2H), 6.98 (s, 1H), 2.13-2.08 (m, 1H),
Cl 1.13 (d, J = 5.5 Hz, 6H) ppm. 2*C NMR (125 MHz, CDCls): ¢ = 148.98,
135.68, 134.32, 133.50, 132.26, 131.18, 130.56, 130.24, 129.17, 129.03, 128.50, 128.39, 128.32,
128.07, 127.53, 126.15, 123.83, 123.63, 123.44, 27.47, 22.58 ppm. HRMS (ESI) m/z: calcd for

Ca2H26CIN2 ([M+H]") 473.1785, found 437.1786.
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1-(4-chlorophenyl)-3-isopropyl-5,6-diphenylimidazo[5,1-a]isoquinoline (3r")

Yellow solid (23 mg, 48% yield), purification via a silica (100-200

mesh) gel column (petroleum ether/EtOAc = 80/1, v/v). M.p.: 230.7—
Ph 2327 €.'H NMR (500MHz, CDCls): 6 = 7.98 (d, J = 8.0 Hz, 1H),
7.72 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 7.0 Hz, 2H), 7.27-7.26 (m, 6H,
cover the solvent), 7.24-7.18 (m, 4H), 7.11-7.09 (m, 2H), 7.05 (d, J =
8.0 Hz, 1H), 2.13-2.09 (m, 1H), 1.12 (d, J = 6.0 Hz, 6H) ppm. 3C NMR (125 MHz, CDCls): 6 =
148.94, 134.57, 132.37, 131.73, 131.70, 131.25, 131.22, 130.69, 129.16, 129.13, 129.07, 129.02,
128.37, 128.33, 128.12, 127.84, 127.24, 126.96, 124.25, 122.08, 27.46, 22.57 ppm. HRMS (ESI)
m/z: calcd for C32H26CIN2 ([M+H]*) 473.1785, found 437.1787.

Ph

3-isopropyl-9-methoxy-1-(3-methoxyphenyl)-5,6-diphenylimidazo[5,1-a]isoquinoline (3s)
and 3-isopropyl-7-methoxy-1-(3-methoxyphenyl)-5,6-diphenylimidazo[5,1-a]isoquinoline
(3s)

OMe
3s 3s'

Yellow solid (47 mg, 95% yield), purification via a silica (100-200 mesh) gel column (petroleum
ether/EtOAC = 20/1, v/v). *H NMR (500MHz, CDCls): 6 = 7.51 (s, 1H), 7.44 (t, J = 7.5 Hz,
1.24H), 7.37 (d, J = 7.0 Hz, 1H), 7.37-7.18 (m, 10.39H), 7.11-7.06 (m, 2.4H), 6.99-6.94 (m, 2H),
6.77 (d, J = 8.5 Hz, 0.94H), 3.89 (s, 3.3H), 3.55 (s, 3H), 3.24 (s, 0.3H), 2.14-2.12 (m, 1H), 2.06
(s, 0.09H), 1.11-1.06 (m, 6.6H) ppm. 3C NMR (125 MHz, CDCls): § = 159.94, 158.92, 148.67,
136.80, 134.96, 131.26, 131.19, 130.94, 130.41, 130.23, 129.75, 129.62, 128.70, 128.49, 128.25,
128.15, 127.98, 127.01, 126.71, 126.61, 125.50, 123.99, 122.99, 122.77, 115.65, 115.51, 114.32,
104.40, 55.92, 55.51, 55.17, 27.40, 27.34, 22.78, 22.64 ppm. HRMS (ESI) m/z: calcd for
C34H31N202 ([M+H]") 499.2386, found 499.2387.
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2-isopropyl-4,5-diphenyldibenzo[de,g]imidazo[4,5,1-ij]quinoline (3t)
Yellow solid (40 mg, 90% yield), purification via a silica (100-200 mesh)
N— gel column (petroleum ether/EtOAc = 50/1, v/v). M.p.: 250.2-252.2 °C.
O N_Ph H NMR (500MHz, CDCls): 6 = 8.85 (d, J = 7.5 Hz, 1H), 8.80 (d, J = 8.5
‘ | pr, Hz 1H),8.69 (d, J = 8.0 Hz, 1H), 7.78 (t, = 7.3 Hz, 1H), 7.72-7.65 (m,
O 2H), 7.41-7.39 (m, 2H), 7.34-7.28 (m, 5H), 7.25-7.22 (m, 4H), 2.48-2.39
(m, 1H), 1.26 (d, J = 6.5 Hz, 6H) ppm. 13C NMR (125 MHz, CDCls): ¢ = 152.18, 136.09, 133.86,
133.47, 131.15, 130.99, 129.30, 128.60, 128.41, 128.32, 127.87, 127.73, 127.38, 127.32, 125.96,
125.48, 125.07, 124.12, 123.20, 121.73, 121.39, 119.72, 27.69, 22.84 ppm. HRMS (ESI) m/z:

calcd for Cs2HzsN2 ([M+H]") 437.2018, found 437.2016.

2-methyl-1,5,6-triphenyl-2H-imidazo[5,1-a]isoquinolin-4-ium trifluoromethanesulfonate
(4a)
\ OTf White solid (41 mg, 73% vyield), purification via a silica (100-200 mesh) gel
o N\T\\N oh column (CH2Cl2/CH30H = 90/1—80/1, v/v). M.p.: 263.7-265.7 °C. *H NMR
| (500MHz, CDCl3): 6 = 8.85 (s, 1H), 7.75-7.66 (m, 5H), 7.54 (d, J = 8.0 Hz,
Ph1H), 7.46-7.36 (m, 8H), 7.32-7.29 (m, 3H), 7.20-7.18 (m, 2H), 3.87 (s, 3H)
ppm. 13C NMR (125 MHz, CDCls): § = 134.11, 131.71, 131.25, 130.77,
130.67, 130.62, 130.50, 130.44, 129.89, 129.79, 129.73, 129.37, 128.58, 128.35, 128.33, 128.06,
127.67, 126.00, 125.69, 123.17, 122.07, 119.50, 35.65 ppm. HRMS (ESI) m/z: calcd for
CsoH2sN2" ([M—OTf]*) 411.1856, found 411.1852.

2,6-dimethyl-1,5-diphenyl-2H-imidazo[5,1-a]isoquinolin-4-ium trifluoromethanesulfonate
(4b)

Yellow solid (66 mg, 99% yield), purification via a silica (100-200
mesh) gel column (CH2CI/CH3OH = 40/1, v/v). M.p.: 214.2-216.2
€. 'H NMR (500MHz, CDCl3): § = 8.87 (s, 1H), 7.73-7.66 (m, 5H),
7.53 (d, J = 8.0 Hz, 1H), 7.45-7.42 (m, 2H), 7.36-7.34 (m, 1H), 7.31
(d,J=8.0Hz, 2H),7.21(d, J=8.0 Hz, 2H), 7.11-7.09 (m, 2H), 7.06—
7.05 (m, 2H), 3.88 (s, 3H), 2.60-2.57 (m, 4H), 1.60—1.53 (m, 4H), 1.34-1.26 (m, 4H), 0.91 (td, J
= 7.3 Hz, 1.7 Hz, 6H) ppm. 3C NMR (125 MHz, CDCls): ¢ = 145.41, 142.95, 131.66, 131.34,

nBu

nBu
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131.25, 130.67, 130.60, 130.48, 130.42, 130.12, 129.65, 129.60, 129.16, 128.51, 128.11, 127.56,
127.09, 126.09, 125.68, 123.11, 122.09, 121.98, 119.54, 35.64, 35.54, 35.41, 33.45, 33.16, 22.39,
22.28, 14.07, 14.04 ppm. HRMS (ESI) m/z: calcd for CssHagN2" ([M—OTf]*) 523.3108, found
523.3110.

5,6-bis(4-bromophenyl)-2-methyl-1-phenyl-2H-imidazo[5,1-a]isoquinolin-4-ium
trifluoromethanesulfonate (4c)
Yellow solid (46 mg, 64% yield), purification via a silica (100-200

\.  OTf Br
N
Ph \T\N+ mesh) gel column (CH2Cl,/CH30H = 60/1—50/1, v/v). M.p.: > 290.0
€. 'H NMR (500MHz, DMSO-dg): § = 9.41 (s, 1H), 7.81-7.80 (m,
3H), 7.76-7.72 (m, 4H), 7.32-7.29 (m, 3H), 7.63-7.58 (m, 3H), 7.54
Br

(td, J = 7.5 Hz, 1.2 Hz, 1H), 7.50 (d, J = 8.3 Hz, 3H), 7.27-7.25 (m,
2H), 7.23 (dd, J = 8.5 Hz, 0.8 Hz, 1H), 3.77 (s, 3H) ppm. 3C NMR (125 MHz, DMSO-ds): 6 =
133.19, 132.78, 132.66, 132.45, 131.58, 131.48, 130.93, 130.21, 129.90, 129.60, 129.41, 129.29,
129.00, 128.92, 128.19, 127.27, 127.08, 125.82, 124.42, 124.01, 122.21, 121.84, 121.75, 34.77
ppm. HRMS (ESI) m/z: calcd for C3oH23N2* ((IM—OTf]") 569.0046, found 569.0044.

5,6-diethyl-2-methyl-1-phenyl-2H-imidazo[5,1-a]isoquinolin-4-ium
trifluoromethanesulfonate (4d)

\N - Yellow solid (41 mg, 89% vyield), purification via a silica (100-200 mesh) gel

\‘\\N + column (CH2Cl/CH3OH = 80/1—60/1, v/v). M.p.: 206.5-208.5 °C. 'H NMR

| (500MHz, CDCl3): 6 = 10.09 (s, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.73-7.69 (m,

3H), 7.63-7.59 (m, 1H), 7.54-7.52 (m, 2H), 7.47 (d, J = 8.0 Hz, 1H), 7.34—

7.30 (m, 1H), 4.01 (s, 3H), 3.27 (q, J = 7.5 Hz, 2H), 3.01 (q, J = 7.5 Hz, 2H),

1.47 (t, J = 7.5 Hz, 3H), 1.33 (t, J = 7.5 Hz, 3H) ppm. $3C NMR (125 MHz, CDCl3): J = 131.59,

131.49, 130.88, 130.38, 129.86, 128.38, 127.53, 127.29, 126.92, 126.08, 125.19, 124.79, 123.37,

121.62, 119.46, 35.19, 21.68, 20.91, 14.33, 11.60 ppm. HRMS (ESI) m/z: calcd for C22HasN2*

(IM—OT£]*) 315.1856, found 315.1858.

Ph

2,6-dimethyl-1,5-diphenyl-2H-imidazo[5,1-a]isoquinolin-4-ium trifluoromethanesulfonate
(4e)
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White solid (42 mg, 84% vyield), purification via a silica (100-200 mesh)

\  OTf
o i‘\\N O gel column (CH2Cl2/CH3OH/ EtOACc = 80/1/2—60/1/2, vIv). M.p.: 229.1—
. 231.1 €. 'H NMR (500MHz, CDCls): 6 = 8.67 (s, 1H), 7.92 (d, J = 8.0
O Hz, 1H), 7.72-7.68 (m, 5H), 7.66-7.59 (m, 6H), 7.51 (d, J = 8.0 Hz, 1H),

7.40-7.37 (m, 1H), 3.83 (s, 3H), 2.35 (s, 3H) ppm. 3C NMR (125 MHz,
CDCls): ¢ = 131.65, 131.20, 131.14, 130.48, 130.41, 130.37, 130.21, 129.95, 129.68, 129.60,
129.25, 127.82, 127.49, 126.08, 125.47, 125.42, 123.76, 123.41, 121.98, 35.47, 15.55 ppm.
HRMS (ESI) m/z: calcd for CosHaiN2* ((M—OTf %) 349.1699, found 349.1697.

8-methoxy-1-(4-methoxyphenyl)-2-methyl-5,6-diphenyl-2H-imidazo[5,1-a]isoquinolin-4-
ium trifluoromethanesulfonate (4f)

\ _ White solid (50 mg, 81% yield), purification via a silica (100-200
i\\\NPTFf,h mesh) gel column (CH2CIl2/CHsOH = 100/1, v/v). M.p.: 237.4—
239.4 €. 'H NMR (500MHz, CDCls): § = 8.77 (s, 1H), 7.57-7.53
(m, 3H), 7.43-7.42 (m, 4H), 7.40-7.38 (m, 1H), 7.31-7.29 (m, 3H),
7.21-7.17 (m, 4H), 6.97 (dd, J = 9.0 Hz, 2.5 Hz, 1H), 6.77 (d, J =
2.5 Hz, 1H), 3.96 (s, 3H), 3.85 (s, 3H), 3.67 (s, 3H) ppm. 13C NMR
(125 MHz, CDCls): 6 = 161.95, 160.38, 134.18, 132.77, 131.82, 130.87, 130.70, 130.59, 130.47,
130.24, 129.89, 129.71, 128.62, 128.39, 127.50, 125.99, 124.84, 117.66, 117.26, 115.84, 115.71,
111.17,55.71,55.48, 35.41 ppm. HRMS (ESI) m/z: calcd for C32H27N202" ((M—OTf ") 471.2067,

found 471.2066.

8-chloro-1-(4-chlorophenyl)-2-methyl-5,6-diphenyl-2H-imidazo[5,1-a]isoquinolin-4-ium
trifluoromethanesulfonate (49)
\ - Yellow solid (52 mg, 82% yield), purification via a silica (100-200
O i\\\N +OTfPh mesh) gel column (CH.Cl,/CH3OH = 80/1—60/1, v/v). M.p.: > 290.0
cl l . IH NMR (500MHz, CDCls): 6 = 8.72 (s, 1H), 7.68 (q, J = 8.0 Hz,
O PR 4H), 7.46-7.42 (m, 3H), 7.39-7.31 (m, 8H), 7.17-7.15 (m, 2H), 3.80
(s, 3H) ppm. ¥C NMR (125 MHz, CDCls): 6 = 138.35, 136.13,
133.36, 132.76, 131.54, 131.49, 130.89, 130.66, 130.56, 129.82,

Cl
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129.68, 129.65, 129.53, 128.78, 128.66, 128.64, 127.57, 126.58, 125.40, 124.41, 124.15, 120.33,
35.64 ppm. HRMS (ESI) m/z: calcd for CaoH21Cl2N2" ([IM—OTf]") 479.1076, found 479.1074.

2-phenethyl-1,5,6-triphenyl-2H-imidazo[5,1-a]isoquinolin-4-ium trifluoromethanesulfonate
(4h)

Ph White solid (63 mg, 97% vyield), purification via a silica (100-200 mesh) gel
2 column (CH2CIl2/CH3OH = 100/1, v/vV). M.p.: 214.9-216.9 °C. 'H NMR
N\\\_OTf (500MHz, CDCls): 6 = 8.29 (s, 1H), 7.78-7.71 (m, 3H), 7.64-7.62 (m, 2H),

PhTN NG-Ph 7.48-7.43 (m, 2H), 7.38-7.33 (m, 5H), 7.32-7.28 (m, 3H), 7.25-7.16 (m, 7H),
| ph 6.91-6.90 (m, 2H), 4.55 (t, J = 7.0 Hz, 2H), 2.91 (t, J = 7.0 Hz, 2H) ppm. 1°C

NMR (125 MHz, CDCls): § = 135.93, 134.05, 131.75, 131.42, 130.72, 130.56,

130.50, 130.40, 130.33, 129.90, 129.70, 129.61, 129.37, 129.13, 128.87, 128.56, 128.34, 128.06,
127.60, 127.48, 127.02, 125.99, 12557, 123.21, 122.14, 122.07, 119.52, 49.74, 36.24 ppm.

HRMS (ESI) m/z: calcd for Ca7HasN2* ((M—OTF 1) 501.2325, found 501.2323.

9-methoxy-1-(3-methoxyphenyl)-2-methyl-5,6-diphenyl-2H-imidazo[5,1-a]isoquinolin-4-
ium trifluoromethanesulfonate (4i) and 7-methoxy-1-(3-methoxyphenyl)-2-methyl-5,6-

diphenyl-2H-imidazo[5,1-a]isoquinolin-4-ium trifluoromethanesulfonate (4i")

\ OTf

N
N =
O N_No _Ph N
]
O Ph  MeO
MeO

4i 4i’

MeO

OMe

Yellow solid (48 mg, 77% vyield), purification via a silica (200-300 mesh) gel column
(CH2Cl2/MeOH = 80/1—60/1, v/v). 'H NMR (500MHz, CDClz): 6 = 8.74 (s, 1H), 8.60 (s, 1H),
7.62-7.57 (m, 1H + 1H), 7.46-7.45 (m, 1H + 1H), 7.38-7.27 (m, 8H + 8H), 7.24-7.10 (m, 5H +
5H), 7.07-7.05 (m, 1H + 1H), 7.02—7.00 (m, 1H), 6.93 (d, J = 8.5 Hz, 1H), 3.89-3.88 (m, 6H +
3H), 3.81 (s, 3H), 3.50 (s, 3H), 3.31 (s, 3H) ppm. 3C NMR (125 MHz, CDCls): ¢ = 160.82,
159.90, 157.49, 138.32, 134.22, 131.35, 131.23, 130.81, 130.78, 130.63, 130.59, 130.20, 130.00,
129.98, 129.63, 129.50, 129.44, 129.29, 128.79, 128.46, 128.35, 128.15, 127.55, 127.42, 127.32,
127.22,127.11, 127.05, 127.02, 126.52, 125.38, 125.31, 123.69, 123.39, 123.30, 123.10, 122.93,
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121.93, 119.00, 118.57, 117.77, 117.68, 116.07, 115.94, 115.87, 112.45, 105.35, 55.81, 55.73,
55.10, 35.45 ppm. HRMS (ESI) m/z: calcd for Cs2H27N202 ([M—OTf]*) 471.2067, found
471.20609.

9-methoxy-1-(3-methoxyphenyl)-2,3-dimethyl-5,6-diphenyl-2H-imidazo[5,1-a]isoquinolin-
4-ium trifluoromethanesulfonate (4j) and 7-methoxy-1-(3-methoxyphenyl)-2,3-dimethyl-5,6-
diphenyl-2H-imidazo[5,1-a]isoquinolin-4-ium trifluoromethanesulfonate (4j")

MeO

4

White solid (62 mg, 99% vyield), purification via a silica (200-300 mesh) gel column
(CH2Cl2/MeOH = 80/1—60/1, v/v). *H NMR (500MHz, CDCl3): 6 = 7.60-7.54 (m, 2H), 7.44—
7.43 (m, 1H), 7.36-7.33 (m, 3H), 7.30-7.28 (m, 4.7H), 7.25-7.17 (m, 9.88H), 7.12-7.00 (m, 8.9H),
6.93-6.90 (m, 2H), 6.85 (d, J = 8.0 Hz, 1H), 3.87 (d, J = 3.0 Hz, 6H), 3.74 (s, 3H), 3.67 (s, 2.75H),
3.43 (s, 3H), 3.25 (s, 2.68H), 2.11 (s, 3H), 2.04 (s, 2.7H) ppm. 13C NMR (125 MHz, CDCls3): 6 =
161.04, 161.01, 159.89, 157.24, 138.86, 137.72, 137.62, 134.91, 132.32, 132.20, 132.09, 132.02,
131.75, 131.60, 131.35, 131.23, 130.65, 130.59, 130.52, 129.75, 129.66, 129.57, 129.24, 129.00,
128.67, 128.46, 128.37, 128.32, 128.23, 128.19, 127.80, 126.98, 126.85, 126.60, 126.39, 126.26,
125.15, 124.41, 123.98, 123.46, 123.22, 122.98, 118.32, 118.05, 117.95, 116.17, 116.05, 116.00,
112.24, 105.30, 55.92, 55.83, 55.04, 33.81, 33.75, 13.87, 13.67 ppm. HRMS (ESI) m/z: calcd for
Ca3H29N20;2 ([M—OT{]") 485.2224, found 485.2225.

7-methoxy-1-(3-methoxyphenyl)-2-methyl-5,6-diphenyl-3-propyl-2H-imidazo[5,1-
ajisoquinolin-4-ium trifluoromethanesulfonate (4k) and 9-methoxy-1-(3-methoxyphenyl)-2-
methyl-5,6-diphenyl-3-propyl-2H-imidazo[5,1-a]isoquinolin-4-ium
trifluoromethanesulfonate (4k’)
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4k’

Yellow solid (47 mg, 71% vyield), purification via a silica (200-300 mesh) gel column
(CH2Cl2/MeOH = 80/1—60/1, v/v). 'H NMR (500MHz, CDCls): 6 = 7.61-7.56 (m, 1.7H), 7.51
(d, J=2.5Hz, 1.17H), 7.43-7.37 (m, 3.3H), 7.34-7.29 (m, 5.16H), 7.22-7.18 (m, 4.43H), 7.11 (d,
J=7.5Hz, 1.82H), 7.06-7.02 (m, 3H), 6.99 (d, J = 7.0 Hz, 0.35H), 6.93-6.91 (m, 1.93H), 6.85 (d,
J=8.0 Hz, 0.31H), 3.91 (s, 3.97H), 3.80 (s, 3H), 3.73 (s, 1H), 3.43 (s, 3H), 3.24 (s, 0.96H), 2.59—
2.52 (m, 1.08H), 2.44-2.37 (m, 1.3H), 2.31-2.26 (m, 0.39H), 1.71-1.60 (m, 2.51H), 0.55 (t, J =
6.8 Hz, 4.08H) ppm. *C NMR (125 MHz, CDCls): § = 161.17, 159.97, 141.12, 135.04, 132.19,
132.11, 132.02, 131.99, 131.56, 131.35, 131.24, 130.67, 130.58, 130.51, 129.80, 129.76, 129.64,
129.60, 129.28, 128.88, 128.82, 128.66, 128.58, 128.51, 128.43, 128.37, 128.29, 128.16, 127.79,
127.07, 126.86, 126.75, 126.51, 125.46, 124.13, 123.31, 123.07, 123.04, 118.44, 118.27, 116.19,
116.14,112.26, 105.33, 56.04, 56.00, 55.95, 55.07, 33.69, 33.63, 27.76, 27.70, 21.32, 21.30, 13.67,
13.63 ppm. HRMS (ESI) m/z: calcd for CssHzsN202 ([M—OTf]*) 513.2537, found 513.2539.

3-isopropyl-9-methoxy-1-(3-methoxyphenyl)-2-methyl-5,6-diphenyl-2H-imidazo[5,1-
aJisoquinolin-4-ium trifluoromethanesulfonate (41) and 3-isopropyl-7-methoxy-1-(3-
methoxyphenyl)-2-methyl-5,6-diphenyl-2H-imidazo[5,1-a]isoquinolin-4-ium
trifluoromethanesulfonate (41%)

MeO

41 ar

White solid (61 mg, 91% vyield), purification via a silica (200-300 mesh) gel column
(CH2Cl2/MeOH = 70/1, v/v). H NMR (500MHz, CDCls3): 6 = 7.60 (t, J = 8.0 Hz, 1H), 7.57-7.55
(m, 0.28H), 7.51 (d, J = 7.5 Hz, 1H), 7.47 (s, 1H), 7.43 (d, J = 7.5 Hz, 0.38H), 7.39 (s, 0.28H),
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7.35-7.28 (m, 5H), 7.25-7.21 (m, 5H), 7.12 (d, J = 7.5 Hz, 1H), 7.09 (m, 0.21H), 7.07-7.00 (m,
3H), 6.90 (d, J = 9.0 Hz, 1H), 6.86 (s, 1H), 6.83 (s, 0.13H), 3.92 (s, 3.6H), 3.88 (s, 3H), 3.81 (s,
0.6H), 3.41 (s, 3H), 3.23 (s, 0.6H), 3.15-3.08 (m, 1.1H), 3.06-3.02 (m, 0.26H), 1.25 (d, J = 7.0
Hz, 3H), 1.19 (d, J = 7.0 Hz, 3.58H), 1.15 (d, J = 7.5 Hz, 0.63H) ppm. *C NMR (125 MHz,
CDCl3): 6 = 161.31, 160.02, 157.25, 143.75, 138.96, 135.18, 133.44, 133.38, 132.70, 131.35,
131.26, 131.00, 130.96, 130.69, 130.62, 130.57, 130.51, 130.05, 129.64, 129.43, 129.21, 129.04,
128.81, 128.53, 128.43, 128.32, 128.26, 128.13, 127.75, 127.10, 126.79, 126.30, 125.71, 124.16,
123.33, 123.08, 122.94, 122.19, 119.64, 118.82, 118.55, 118.51, 118.47, 116.18, 116.07, 115.89,
112.41, 105.32, 56.17, 56.08, 55.98, 55.03, 35.16, 25.60, 25.45, 18.91, 18.43, 18.39 ppm. HRMS
(ESI) m/z: calcd for CssH33sN202 ([M—OTf]*) 513.2537, found 513.2537.

5,6,13-triphenyl-8,9,10,11-tetrahydropyrido[2’,1":2,3]imidazo[5,1-a]isoquinolin-12-ium
trifluoromethanesulfonate (5a)
B Yellow solid (38 mg, 63% yield), purification via a silica (100-200

+ / OT___ mesh) gel column (CH2Cl2/CHsOH = 80/1, V/V). M.p.: 256.9-258.9 °C.
IH NMR (500MHz, CDCls): 6 = 7.74-7.69 (m, 5H), 7.47-7.43 (m,
3H), 7.37-7.28 (m, 5H), 7.25-7.22 (m, 3H), 7.13 (d, J = 6.5 Hz, 3H),
4.01-3.99 (m, 2H), 2.36-2.33 (m, 2H), 2.01-2.00 (m, 2H), 1.83-1.82
(m, 2H) ppm. 3C NMR (125 MHz, CDCls): ¢ = 138.35, 136.13, 133.36, 132.76, 131.54, 131.49,
130.89, 130.66, 130.56, 129.82, 129.68, 129.65, 129.53, 128.78, 128.66, 128.64, 127.57, 126.58,
125.40, 124.41, 124.15, 120.33, 35.64 ppm. HRMS (ESI) m/z: calcd for CszHz7N2*™ ([M—OTf 1Y)
451.2169, found 451.2173.

5,6-bis(4-butylphenyl)-13-phenyl-8,9,10,11-tetrahydropyrido[2',1':2,3]imidazo[5,1-
aJisoquinolin-12-ium trifluoromethanesulfonate (5b)
- Brown solid (55 mg, 77% yield), purification via a silica (100-200
@ o nBu  mesh) gel column (CH2Cl/CHsOH = 100/1, v/v). M.p.: 154.4—
O N O 156.4 €. IH NMR (500MHz, CDCls): 6 = 7.73-7.67 (m, 5H),
| 7.43 (d,J=8.0Hz,1H),7.35(t, J=7.5Hz,1H),7.30 (d,J =75
O O 5, Hz 2H), 7.24-7.19 (m, 2H), 7.08 (d, J = 7.5 Hz, 2H), 7.04-6.99
(m, 4H), 3.99 (t, J = 5.8 Hz, 2H), 2.58-2.53 (m, 4H), 2.37 (t, J = 6.3 Hz, 2H), 2.02-2.00 (m, 2H),
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1.82-1.80 (m, 2H), 1.56-1.50 (m, 4H), 1.27-1.23 (m, 4H), 0.91-0.88 (m, 6H) ppm. 3C NMR
(125 MHz, CDCla): ¢ = 144.66, 142.30, 138.32, 131.96, 131.83, 131.53, 131.48, 131.19, 130.63,
130.32, 129.73, 129.47, 129.06, 128.87, 128.27, 128.18, 127.69, 127.00, 125.69, 125.35, 123.29,
122.60, 46.28, 35.42, 35.36, 33.47, 33.27, 25.18, 22.25, 22.10, 20.73, 18.90, 14.05, 14.01 ppm.
HRMS (ESI) m/z: calcd for CaiHasN2* ((M—OTf 1) 563.3421, found 563.3423.

5,6-bis(4-bromophenyl)-13-phenyl-8,9,10,11-tetrahydropyrido[2’,1":2,3]imidazo[5,1-
aJisoquinolin-12-ium trifluoromethanesulfonate (5c)
- Yellow solid (51 mg, 67% yield), purification via a silica (100-200

OTf
N— Br mesh) gel column (CH2Cl2/CH3OH = 80/1, v/v). M.p.: 186.0-188.0
O NN O €. 'H NMR (500MHz, CDCls): 6 = 7.71-7.67 (m, 5H), 7.47 (d, J

solvent), 7.07 (d, J = 8.0 Hz, 1H), 7.01 (d, J = 8.0 Hz, 2H), 3.96 (t,

J=5.8Hz, 2H), 2.37 (t, J = 6.3 Hz, 2H), 2.04-1.99 (m, 2H), 1.87—
1.84 (m, 2H) ppm. 3C NMR (125 MHz, CDCls): § = 138.48, 133.60, 132.38, 131.85, 131.80,
131.45, 131.34, 130.94, 130.63, 130.39, 130.33, 129.42, 129.28, 129.00, 127.37, 126.80, 125.96,
125.39, 124.69, 123.45, 122.78, 122.45, 46.34, 25.44, 20.60, 18.92 ppm. HRMS (ESI) m/z: calcd
for CasHasBroN2™ ((M—OTf]*) 609.0359, found 609.0360.

O | ! = 8.0 Hz, 2H), 7.43-7.34 (m, 6H), 7.29-7.26 (m, 1H, cover the
Br

3-methyl-5,6-diphenyl-13-(p-tolyl)-8,9,10,11-tetrahydropyrido[2°,1':2,3]imidazo[5,1-
aJisoquinolin-12-ium trifluoromethanesulfonate (5d)

Yellow solid (45 mg, 72% vyield), purification via a silica (100-200
mesh) gel column (CH.Cl,/CH3OH = 100/1—80/1, viv). M.p.:
120.3-122.3 °C. *H NMR (500MHz, CDClz): 6 = 7.58 (d, J = 8.0
Hz, 2H), 7.47-7.42 (m, 4H), 7.38 (d, J = 8.5 Hz, 1H), 7.29-7.28 (m,
3H), 7.25-7.20 (m, 3H), 7.13-7.10 (m, 3H), 6.90 (s, 1H), 3.98 (t, J
= 5.8 Hz, 2H), 2.52 (s, 3H), 2.31 (t, J = 6.5 Hz, 2H), 2.26 (s, 3H),
2.00-1.97 (m, 2H), 1.81-1.79 (m, 2H) ppm. 3C NMR (125 MHz, CDCls): ¢ = 141.44, 139.43,
137.93, 134.89, 132.29, 132.04, 131.33, 131.31, 131.00, 130.82, 130.44, 129.78, 129.51, 128.97,
128.31,128.24,127.76, 127.47, 125.50, 125.19, 123.87, 123.30, 120.35, 46.19, 25.08, 21.77, 20.73,
18.97 ppm. HRMS (ESI) m/z: calcd for CasHz1N2" ([M—OTf ") 479.2482, found 479.2483.

OTf
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3-chloro-13-(4-chlorophenyl)-5,6-diphenyl-8,9,10,11-
tetrahydropyrido[2',1":2,3]imidazo[5,1-a]isoquinolin-12-ium trifluoromethanesulfonate
(Se)
Pink solid (22 mg, 33% yield), purification via a silica (100-200
N— mesh) gel column (CH2CI2/CH3OH = 100/1—80/1, v/v). M.p.: >
N D N | O 290.0 €. 'H NMR (500MHz, CDCls): § = 7.72-7.71 (m, 2H),
7.67-7.65 (m, 2H), 7.45 (d, J = 6.5 Hz, 2H), 7.36 (d, J = 8.5 Hz,
O O 1H), 7.33-7.27 (m, 5H), 7.25-7.24 (m, 2H), 7.12-7.10 (m, 3H),
Cl 3.97 (t, J = 5.8 Hz, 2H), 2.32 (t, J = 6.3 Hz, 2H), 2.03-1.98 (m,
2H), 1.82-1.77 (m, 2H) ppm. 3C NMR (125 MHz, CDCls): 6 = 139.18, 137.94, 135.54, 133.98,
133.02, 132.59, 131.89, 131.81, 131.15, 130.86, 130.70, 130.49, 130.06, 129.54, 128.51, 128.40,
128.19, 127.19, 125.13, 125.10, 124.66, 124.60, 120.91, 46.41, 25.16, 20.60, 18.82 ppm. HRMS
(ESI) m/z: calcd for CasHasClaN2* ([M—OTf]") 519.1389, found 519.1390.

5,6,9,10,11,13-hexaphenylpyrido[2’,1':2,3]imidazo[5,1-a]isoquinolin-12-ium

trifluoromethanesulfonate (6a)

Ph Yellow solid (69 mg, 84% yield), purification via a silica (100-200 mesh) gel
"NANAPR column (CH2Cl2/CH3OH = 100/1—80/1, viv). M.p.: > 290.0 €. 'H NMR
Ph \5' N S (500MHz, CDCls): 6 = 7.65-7.63 (m, 2H), 7.45-7.30 (m, 11H), 7.22-7.03
’j o (M, 10H), 6.88-6.79 (m, 11H), 6.45 (s, 1H), 7.36 (d, J = 8.5 Hz, 1H), 7.33~

o 7.27 (m, 5H), 7.25-7.24 (m, 2H), 7.12-7.10 (m, 3H), 3.97 (t, J = 5.8 Hz, 2H),

2.32(t,J=6.3 Hz, 2H), 2.03-1.98 (m, 2H), 1.82—1.77 (m, 2H) ppm. 3C NMR
(125 MHz, CDCls): 0 = 145.01, 140.32, 137.74, 134.95, 134.75, 134.68, 134.53, 132.92, 132.70,
132.10, 132.02, 131.41, 131.32, 131.17, 131.04, 130.80, 130.25, 130.14, 129.90, 129.65, 129.48,
129.40, 128.92, 128.82, 128.63, 128.42, 128.24, 127.95, 127.86, 127.58, 127.43, 127.15, 124.95,
122.03, 121.21, 113.59 ppm. °F NMR(471 MHz, CDCls): 6 = -78.18 (s) ppm.HRMS (ESI) m/z:
calcd for Cs1HzsN2* ([IM—OTf ") 675.2795, found 675.2794.

5,6,10,11-tetrakis(4-butylphenyl)-9,13-diphenylpyrido[2*,1":2,3]imidazo[5,1-a]isoquinolin-
12-ium trifluoromethanesulfonate (6b)
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Yellow solid (48 mg, 46% yield), purification via a silica

nBu
(100-200 mesh) gel column (CH2CI2/CH30H =
O o 100/1—80/1, v/V). M.p.: 85.2-87.2 °C. *H NMR (500MHz,
nBu O 7\ om CDCls): 6 = 7.48 (d, J = 8.0 Hz, 2H), 7.40 (t, J = 7.8 Hz,
N= O NBU M), 7.31-7.27 (m, 4H), 7.22-7.18 (m, 4H), 7.16-7.09 (m,
P 6H), 7.02 (t, J = 7.8 Hz, 2H), 6.88—6.87 (m, 3H), 6.79 (d, J

h— N
| =7.5Hz, 2H), 6.64 (g, J = 10.8 Hz, 4H), 6.58-6.56 (m, 3H),
O O By 258 (t,J=7.5Hz, 2H), 251 (t, J = 8.0 Hz, 2H), 2.34-2.31
(m, 4H), 1.59-1.53 (m, 2H), 1.40-1.23 (m, 12H), 1.09-1.04 (m, 2H), 0.93-0.87 (m, 9H), 0.78 (t,
J =75 Hz, 3H) ppm. 3C NMR (125 MHz, CDCls): = 145.33, 145.08, 143.31, 142.48, 141.59,
140.59, 138.13, 134.78, 134.75, 133.08, 132.32, 132.26, 132.07, 131.96, 131.73, 131.17, 131.03,
130.95, 130.15, 130.02, 129.67, 129.65, 129.45, 129.44, 129.33, 128.90, 128.62, 128.39, 128.24,
128.05, 127.85, 127.66, 127.49, 127.40, 124.95, 122.06, 121.11, 113.52, 35 .55, 35.43, 35.38,
35.08, 33.48, 33.47, 33.24, 22.51, 22.33, 22.31, 21.85, 14.09, 14.07, 14.05, 13.97 ppm. HRMS
(ESI) m/z: calcd for Ce7HezN2™ ((M—OT£]*) 899.5299, found 899.5301.

5,6,10,11-tetrakis(4-chlorophenyl)-9,13-diphenylpyrido[2*,1':2,3]imidazo[5,1-a]isoquinolin-

12-ium trifluoromethanesulfonate (6c¢)

Cl Yellow solid (50 mg, 53% yield), purification via a silica (100-

O 200 mesh) gel column (CH2Cl2/CH3OH = 80/1, v/v). M.p.: >

Ph 290.0 €. 'H NMR (500MHz, CDCl3): 6 = 7.72-7.28 (m,

Cl O 7\ ot o 13H),7.20-7.15 (m, 8H), 6.92-6.79 (m, 10H) ppm. **C NMR
. N O (125 MHz, CDCla): § = 14553, 139.68, 137.32, 137.04,

3 Nl 135.67, 135.17, 134.55, 133.90, 133.87, 133.72, 133.41,
O O 133.21, 132.83, 132.80, 131.36, 131.23, 130.84, 130.53,

Cl' 130.49, 130.04, 129.90, 129.73, 129.31, 129.24, 129.06,
128.71,128.43,128.36, 128.09, 127.98, 127.41, 125.19, 122.42, 122.09, 121.70 ppm. HRMS (ESI)
m/z: calcd for Cs1H31CIoN2™ ([M—OTf]*) 813.1206, found 813.1204.

9-(4-methoxyphenyl)-5,6,10,11,13-pentaphenylpyrido[2*,1':2,3]imidazo[5,1-a]isoquinolin-

12-ium trifluoromethanesulfonate (6d)
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Ph O. Yellow solid (49 mg, 57% vyield), purification via a silica (100-200

N
R mesh) gel column (petroleum ether/EtOAc = 2/1, viv). M.p.: >290.0
Ph \'l‘ g ot €. 'H NMR (500MHz, CDCls): 6 = 7.64 (d, J = 7.0 Hz, 2H), 7.45
'j Ph (t, J=7.5Hz, 2H), 7.41-7.37 (m, 2H), 7.30-7.27 (m, 5H), 7.26-7.18

. (m, 6H), 7.16-7.13 (m, 1H), 7.03-7.01 (m, 2H), 6.91-6.85 (m, 5H),

6.81-6.77 (m, 4H), 6.69 (d, J = 8.5 Hz, 2H), 6.56-6.53 (m, 3H), 3.69
(s, 3H) ppm. 3C NMR (125 MHz, CDClz3): 6 = 159.65, 144.82, 140.31, 135.20, 134.96, 134.78,
134.52, 132.99, 132.82, 132.15, 132.09, 131.46, 131.39, 131.23, 131.10, 130.95, 130.93, 130.19,
130.15, 130.04, 129.87, 129.66, 129.54, 129.53, 129.47, 128.89, 128.78, 128.75, 128.43, 127.95,
127.58,127.54,127.45,127.16, 124.95, 122.12, 121.09, 113.40, 113.12, 55.26 ppm. HRMS (ESI)
m/z: calcd for CspHz7N20™ ([M—OT{]*) 705.2900, found 705.2902.

9-(4-chlorophenyl)-5,6,10,11,13-pentaphenylpyrido[2*,1':2,3]imidazo[5,1-a]isoquinolin-12-

ium trifluoromethanesulfonate (6e)

Ph cl Yellow solid (48 mg, 55% vyield), purification via a silica (100-200

R ) mesh) gel column (petroleum ether/EtOAc = 1/1, v/v). M.p.: 273.8—
Ph \’l' N 275.8 €. 'H NMR (500MHz, CDCls): 6 = 7.65 (d, J = 7.5 Hz, 2H),
N OPT; 7.45-7.35 (m, SH), 7.32-7.27 (m, 5H), 7.24 (s, 2H), 7.21-7.14 (m,

4 . 4H), 7.05-7.00 (m, 4H), 6.90-6.85 (m, SH), 6.82—6.73 (m, 6H), 6.50

(s, 1H) ppm. 3C NMR (125 MHz, CDCls): 6 = 143.65, 140.46,
136.39, 134.80, 134.77, 134.69, 134.49, 134.32, 132.98, 132.74, 132.13, 132.05, 131.45, 131.43,
131.16, 131.06, 130.74, 130.27, 130.18, 129.91, 129.72, 129.64, 129.46, 128.95, 128.82, 128.64,
128.44,128.15,127.99, 127.59, 127.45, 127.31, 124.99, 122.07, 121.35, 113.60 ppm. HRMS (ESI)
m/z: calcd for Cs1Hz4CIN* ((M—OTf]") 709.2405, found 709.2407.

5,6,10,11-tetraethyl-9,13-diphenylpyrido[2’,1':2,3]imidazo[5,1-a]isoquinolin-12-ium
trifluoromethanesulfonate (6f)
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Yellow solid (35 mg, 55% yield), purification via a silica (100-200 mesh) gel
_ column (CH.Clo/CH3OH = 80/1—60/1, v/v). M.p.: 177.0-179.0 °C. 'H NMR
n=/ °T" (500MHz, CDCls): & = 8.21 (s, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.82-7.77 (m,
PPN 3H), 7.74-7.71 (m, 2H), 7.61-7.58 (m, 1H), 7.56-7.48 (m, 5H), 7.18 (t, J = 7.8
Hz, 1H), 6.95 (d, J = 8.5 Hz, 1H), 3.46 (g, J = 7.5 Hz, 2H), 3.03 (g, J = 7.5 Hz,
2H), 2.91 (q, J = 7.3 Hz, 2H), 2.74 (g, J = 7.5 Hz, 2H), 1.54 (t, J = 7.5 Hz, 3H),
1.32 (t, J = 7.5 Hz, 3H), 1.03-0.97 (m, 6H) ppm. 3C NMR (125 MHz, CDCls): & = 147.48,
143.62, 138.73, 133.79, 133.22, 133.17, 132.56, 131.84, 130.64, 130.44, 130.02, 129.77, 129.44,
129.00, 128.96, 128.69, 128.16, 126.68, 125.15, 124.44, 121.69, 119.70, 113.23, 22.89, 22.24,
21.95,21.15, 14.80, 14.34, 13.86, 13.31 ppm. HRMS (ESI) m/z: calcd for CasHasN2* ((M—OTf T*)
483.2795, found 483.2799.

3-methoxy-13-(4-methoxyphenyl)-5,6,9,10,11-pentaphenylpyrido[2°,1":2,3]imidazo[5,1-
aJisoquinolin-12-ium trifluoromethanesulfonate (69)

Yellow solid (57 mg, 64% vyield), purification via a silica (100-200
mesh) gel column (petroleum ether/EtOAC = 1/1, viv). M.p.: > 290.0
€. 'H NMR (500MHz, CDClz): 6 =7.63 (d, J = 7.5 Hz, 2H), 7.43 (t,
J=7.5Hz, 2H),7.35(t, J=7.5 Hz, 1H), 7.31-7.28 (m, 2H), 7.25-7.23
(m, 3H), 7.20 (d, J = 8.5 Hz, 2H), 7.11-7.09 (m, 1H), 7.04-7.01 (m,
5H), 6.92-6.83 (m, 6H), 6.82—6.77 (m, 5H), 6.71 (d, J = 8.5 Hz, 2H),
6.66 (d, J = 3.0 Hz, 1H), 6.51 (s, 1H), 3.82 (s, 3H), 3.64 (s, 3H) ppm.
13C NMR (125 MHz, CDClz): 6 = 160.86, 160.47, 144.50, 140.23, 137.87, 135.07, 134.72, 134.61,
134.52, 134.49, 133.55, 132.83, 132.49, 132.18, 132.15, 131.37, 131.35, 131.21, 131.08, 131.07,
130.14, 129.67, 129.47, 128.59, 128.48, 128.17, 128.02, 127.86, 127.44, 127.43, 127.14, 126.87,
120.49, 119.69, 116.44, 115.60, 115.13, 113.57, 111.12, 55.55, 55.43 ppm. HRMS (ESI) m/z:
calcd for Cs3HzoN202" ([IM—OTf]") 735.3006, found 735.3005.

3-chloro-13-(4-chlorophenyl)-5,6,9,10,11-pentaphenylpyrido[2’,1":2,3]imidazo[5,1-

ajisoquinolin-12-ium trifluoromethanesulfonate (6h)
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Yellow solid (70 mg, 77% yield), purification via a silica (100-200
mesh) gel column (petroleum ether/EtOAcC = 3/2, vIv). M.p.: 156.4—
158.4 €. 'H NMR (500MHz, CDCls): 6 = 7.64 (d, J = 7.0 Hz, 2H),
7.42 (t,J = 7.5 Hz, 2H), 7.36-7.28 (m, 6H), 7.24-7.15 (m, 6H), 7.11
(t, J=7.3 Hz, 1H), 7.05-6.98 (m, 5H), 6.94 (d, J = 9.0 Hz, 1H), 6.90—
6.83 (m, 5H), 6.80-6.77 (m, 4H), 6.52 (s, 1H) ppm. 3C NMR (125
MHz, CDCls): ¢ = 145.54, 140.32, 137.67, 136.83, 136.43, 135.18,
134.84, 134.78, 134.42, 134.01, 133.40, 133.16, 132.44, 132.25, 131.25, 131.17, 131.03, 130.94,
130.28, 129.78, 129.66, 129.41, 129.26, 128.87, 128.65, 128.58, 128.34, 128.28, 127.89, 127.62,
127.49,127.27,127.12, 127.00, 126.19, 120.39, 119.97, 113.69 ppm. HRMS (ESI) m/z: calcd for
Cs1H33CIN2™ ([M—OTf]") 743.2015, found 743.2017.

(3,4-diphenylisoquinolin-1-yl)(phenyl)methanone (7a)
Yellow solid (20 mg, 55% yield), purification via a silica (200-300 mesh) gel
O 0 column (petroleum ether/EtOAc = 60/1, v/v). 'H NMR (500MHz, CDCl3): 6 =
XN 8.25(d, J=8.5Hz, 1H), 8.13-8.11 (m, 2H), 7.76 (d, J = 8.5 Hz, 1H), 7.66-7.58
O Z~pn (M, 3H), 7.52 (t, J = 7.8 Hz, 2H), 7.43-7.38 (m, 5H), 7.32-7.31 (m, 2H), 7.18-
Ph 7.17 (m, 3H) ppm. 3C NMR (125 MHz, CDCls): 6 = 194.87, 155.87, 148.97,
140.17, 137.15, 137.08, 136.78, 133.79, 132.53, 131.27, 131.13, 130.79, 130.51, 128.60, 128.56,
127.79, 127.44,126.34, 126.14, 125.17 ppm. *H NMR and *3C NMR data are consistent with those

reported in reference 13.

(3,4-diethylisoquinolin-1-yl)(phenyl)methanone (7b)
White oil (15 mg, 52% yield), purification via a silica (100-200 mesh) gel
O 0O column (petroleum ether/EtOAc = 60/1, v/v). *H NMR (500MHz, CDClz): 6 =
XN 8.15(d, J=8.0 Hz, 1H), 8.09 (d, J = 8.5 Hz, 1H), 7.99 (d, J = 7.5 Hz, 2H), 7.71
O / (t, J = 7.5 Hz, 1H), 7.59 (t, J = 13.5 Hz, 1H), 7.52-7.45 (m, 3H), 3.16 (q, J =
7.5 Hz, 2H), 3.03 (q, J = 7.5 Hz, 2H), 1.38-1.32 (m, 6H) ppm. 3C NMR (125
MHz, CDCl3): § = 195.25, 154.17, 152.59, 136.95, 135.88, 133.58, 131.53, 131.12, 130.31,
128.41, 126.75, 126.63, 124.99, 123.37, 28.31, 21.24, 15.20, 14.71 ppm. HRMS (ESI) m/z: calcd
for C20H20NO™ ([M+H]") 290.1545, found 290.1544.
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3,3",4,4'-tetraphenyl-1,1"-biisoquinoline (8a)

Ph

|\Ph
_N
U
7 “ph

Ph

Yellow solid (30 mg, 53% yield), purification via a silica (100-200 mesh) gel
column (petroleum ether/EtOAc = 60/1—40/1, v/v). 'H NMR (400MHz,
CDCls): 6 = 8.09 (d, J = 6.8 Hz, 2H), 7.78 (d, J = 6.8 Hz, 2H), 7.63 (t, J = 5.8
Hz, 2H), 7.54 (t, J = 5.8 Hz, 2H), 7.44-7.39 (m, 10H), 7.35 (d, J = 5.2 Hz, 4H),
7.20-7.14 (m, 6H) ppm. *H NMR and *C NMR data are consistent with those
reported in reference 9.

3,3",4,4'-tetraethyl-1,1'-biisoquinoline (8b)

Et

|\Et
_N
D¢
O Et

Et

11 References

Yellow solid (15 mg, 41% yield), purification via a silica (100-200 mesh) gel
column (petroleum ether/EtOAc = 60/1—40/1, v/v). *H NMR (400MHz,
CDCls): 6 =8.08 (d, J=6.4 Hz, 2H), 7.67-7.63 (m, 4H), 7.35-7.32 (m, 2H), 3.20
(d, J = 6.0 Hz, 4H), 3.10-3.07 (m, 4H), 1.39 (t, J = 5.4 Hz, 12H) ppm. *H NMR

and *C NMR data are consistent with those reported in reference 9.
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12 Copies of *H and '3C spectra
IH NMR (500 MHz, CDCls) of 1b-A
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'H NMR (500 MHz, CDCls) of 1c-A
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'H NMR (500 MHz, CDCls) of 1e-A
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'H NMR (500 MHz, CDCls) of 1f-A
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'H NMR (500 MHz, CDCls) of 1i-A
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'H NMR (500 MHz, CDCls) of 1k-A
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'H NMR (500 MHz, CDCls) of 1I-A
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'H NMR (500 MHz, DMSO-ds) of dio-1a-A

005T—
066'C
STOE

89E°E—

LE6'TT—

Foo'1

5 0.0

Lo 0

11.5 10.5

125

13C NMR (125 MHz, DMSO-ds) of dio-1a-A

LTe—
SBLLT—
6T0°6E:
LBT'6E
FeE'6e
0LE'6E
0Z5'6E
LBY'6E
8LL'6E
FEg'6E
SF6'6E
TZ0'0r
TIroy

TI6°STT
8E797T
LOETOTT
6FLOTT
I8T°LTT
I8E°LTT
0LF LTI
89¢°LTT
WrLTT

ssL LTl x
S88FET

FOT'EST—

T6°sTl—
L9S79TT~

T8TLTT—
TBE'LIT
0LF'LTT
895°LIT
99°LTT
8SLLTT

T60°8TT

PLPIEL—

SEEPET—

P SEL—

126 125

127

135 134 133 132 131 130

136

fl (ppm)

-20

-10

30 220 10

40

w

0 140 130 120 110 100 9 S0 70 60
fl (ppm)

15

170 160

200 1% 180

210

93



'H NMR (500 MHz, CDCls) of 1b-B
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'H NMR (500 MHz, CDCls) of 1e-B

6LY'E
hmv.m%
899°¢
FLO'E
=wh.m$
98L°E

£69°9~
60L'9-"

A

6.7

6.8

7.3 7.2 7.1 7.0 6.9

7.4

w;

7.6

fl (ppm)

68T
=E0°E
00g

£6°0
£6°0
L60
001
0T
6670
€01
£6°0

0.0

5

10 0.

vy
wi

10.5
13C NMR (125 MHz, CDCls) of 1e-B

11.5

125

FOETE—

o -
-+ —
Wi
¥

906'9L
:E.E.W
FIFLL

09T'TIT
mf.m:/
E9F'FIL
mﬂu.w:”M

6IT°6TT—
00T ETT—

6r0°6TT
.m:N.mNHW
FOT'0ET

mmc.ﬂm_”\

TP LET

95

-10

30 220 10

40

60

70

140 130 120 110 100 90 80
fl (ppm)

0

5

200 1% 180 170 160 15

210




'H NMR (500 MHz, CDCls) of 1f-B
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IH NMR (500 MHz, CDCls) of 1g-B
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'H NMR (500 MHz, CDCls) of 1h-B
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'H NMR (500 MHz, CDCls) of 1i-B
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'H NMR (500 MHz, CDCls) of 1b-C
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'H NMR (500 MHz, CDCls) of 1c-C
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'H NMR (500 MHz, CDCls) of 1b-D
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'H NMR (500 MHz, CDCls) of 1c-D
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'H NMR (500 MHz, CDCls) of 1d-D
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'H NMR (500 MHz, CDCls) of 15
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IH NMR (500 MHz, CDCls) of 3a
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IH NMR (500 MHz, CDCls) of d-3a
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IH NMR (500 MHz, CDCls) of 3b
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IH NMR (500 MHz, CDCls) of 3c
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IH NMR (500 MHz, CDCls) of 3d
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IH NMR (500 MHz, CDCls) of 3e
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IH NMR (500 MHz, CDCls) of 3f
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IH NMR (500 MHz, CDCls) of 3h
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IH NMR (500 MHz, CDCls) of 3i
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'H NMR (500 MHz, DMSO-ds) of 3l
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R (500 MHz, CDCls) of 3m
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IH NMR (500 MHz, CDCls) of 3n
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IH NMR (500 MHz, CDCls) of 30
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19 NMR (471 MHz, CDCls) of 3p
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IH NMR (500 MHz, CDCls) of 3r
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'H NMR (500 MHz, CDCls) of 3r’
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MR (500 MHz, CDClz) of 3s and 3s’
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IH NMR (500 MHz, CDCls) of 3t
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IH NMR (500 MHz, CDCls) of 4a

98t —

6LT'L
€6T°L
09T°L
86T°L
6IE°L
FLEL
S6E°L
0Tr'L
SEPL
0E€°L—]
899°L
£89°L

LTLL
6r8'8—

oTf
Fh

N
Ph \'\

Ph

6LT°L
E8T'L~+
E6T°L-T
86T°L

09T L—
60—
I L~
GsE’L—
PLE'L

e
nmm.h.\.
v,aﬁ,h%
v:v,h\,
_”_uv,h\
6EPL

PES'L~
0s8°'L—

roo'L
899°L
6LY'L

E89°L
nmw.hw
S0L°L
m:.h.\
LTLL

0EL°L

LI\__J.'\_ _J

=

)

7.20

7.30

7.40

7.60

7.70

fl (ppm)

ok

=00"E

861
286'C
S8
me_:

(T

=86°0

0.0

5

1o o

10.5
13C NMR (125 MHz, CDCls) of 4a

11.5

12.5

906°9L
cw.ﬁ.nhv

PIPLL

96+°6T1+
890°771
LOT'ETTH
989°CT1+
7007971
SLYLTTA
T90°871+
STESTT]
TSE8TT
9.5°8TT+
TLEGTT
0£L°67T
06L°67T
P68 GIT ]
THP0ET
LGP OET]
ST90€T
TLY0ET
PLLOET
LPTTET]
OTLTET
60T FET!

m

oTf
FPh
Fh

N
Ph LN

96¥°6 11—

890°TT1—

L9TETI—

989°ETT~
T00°921

CLYLTT

Gc.wﬂﬁﬁ
9LE'BTT
TLE6TT—

cmh.mNH
cmh.mNH
¥68°671T
TP oET
FLLOET

60T PEl—

J—

129 127 125 123 121 119
fl (ppm)

131

133

w

-10

30 20 10

40

W

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60
fl (ppm)

210

130



IH NMR (500 MHz, CDCls) of 4b
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'H NMR (500 MHz, DMSO-ds) of 4c
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IH NMR (500 MHz, CDCls) of 4e
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IH NMR (500 MHz, CDCls) of 4f
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IH NMR (500 MHz, CDCls) of 4g
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IH NMR (500 MHz, CDCls) of 4h
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IH NMR (500 MHz, CDCls) of 4i and 4i"
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IH NMR (500 MHz, CDCls) of 4j and 4j’

LEOT~
EITT

T~
8ThE—
6996 —
e
Ew&a
L8'E

189
589
069
769
L76'9
T00°L-}
9T0'L—§
SE0°Lg
890°L
s0°L
0L0°L]
TLOL]
£80°L ]
98011
€0T°L
9TT'L
8OT'L
€8T°L
P6T'L
86T'L
STT'L
12Tl
STTL
1€7°L
15TL
PST'L
097'L
8TL
L8T'L
P67L
00€°L

TCoC

4

989~
L88'9—
69—
776'9~"
00°L

BE0°L

mmﬂ.w
TLOL~
980°L~"

8OT"L—
B61°L—

sTTLS —

Eﬂ.hw
L8TL
22.\

EEI
1ers/
EPSL
mmm.h/
99¢7L~L
SigL
85L
865°L

73 72 11 70 69 68
fl (ppm)

7.4

']

7.6

897
=00°€
FSLT
wﬂ_.m

w00

680
%S.N
068

Rmm.m
FLF
00°€
0T
007

500

1.0 0

11.5 10.5

125

13C NMR (125 MHz, CDCls) of 4j and 4j’

999°tT
TLBET

T0Es0T—

PTTIT—
89T'9TT—

SL6TTT—
PSTSTT,
6L6°97T
LOE'8TT
TLS'6TT
059°0ET
£T0°TET
6ETLET
S88°6ST
25.:;/
9€0°T9T

rTTI— - [

===.u:”/

891911—

PE6 LTI
h;.m:%
LIE'STT
SL6'TTT
ETTELT
BSHETT—
86671
§STOTT—
Peg 07T/
98T'87T

Bm.ﬁ@
866871

859°671 %
065 0ET &
FEOPET—

ITYLET
...:....mHV
BER'BET—

134 130 126 122 118 114
1 (ppm)

138

-10

30 20 10

40

)

160 150 140 130 120 110 100 90 S0 70 60
fl (ppm)

170

200 1% 180

210

139



IH NMR (500 MHz, CDCls) of 4k and 4K"
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13C NMR (125 MHz, CDCls) of 4k and 4k’
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IH NMR (500 MHz, CDCls) of 41 and 41"
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IH NMR (500 MHz, CDCls) of 5a
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IH NMR (500 MHz, CDCls) of 5b
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IH NMR (500 MHz, CDCls) of 5¢
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IH NMR (500 MHz, CDCls) of 5d
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IH NMR (500 MHz, CDCls) of 5e
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IH NMR (500 MHz, CDCls) of 6a
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19F NMR (471 MHz, CDCls) of 6a
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(500 MHz, CDCls) of 6b
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IH NMR (500 MHz, CDCls) of 6f
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IH NMR (500 MHz, CDCls) of 6g
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IH NMR (500 MHz, CDCls) of 7a
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IH NMR (500 MHz, CDCls) of 7b
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IH NMR (400 MHz, CDCls) of 8a
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IH NMR (400 MHz, CDCls) of 8b
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'H NMR (500 MHz, CDCls) of 11
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'H NMR (500 MHz, CDCls) of 13
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'H NMR (500 MHz, CDCls) of 13"
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'H NMR (500 MHz, CDCls) of 14
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'H NMR (500 MHz, CDCls) of 16
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13C NMR (125 MHz, CDCl3) of 16
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'H NMR (500 MHz, DMSO-ds) of Rh-NH
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13C NMR (125 MHz, DMSO-ds) of Rh-NH
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