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1 General information

Unless otherwise stated, all reactions with moisture- or oxygen-sensitive reagents were
performed using standard Schlenk techniques under a nitrogen or argon atmosphere.
Reagents were used as received from their commercial supplier (abcr, Acros Organics, Alfa
Aesar, Apollo Scientific, Carbolution Chemicals, Sigma Aldrich, TCI, fluorochem, BLD pharm).
mCPBA was dried under vacuum (1073 mbar) for 2 h before use. Anhydrous dichloromethane
(DCM), acetonitrile (MeCN), tetrahydrofuran (THF) and toluene were obtained from an inert
PS-MD-6 solvent purification system. All other solvents were dried using standard methods.[1]
Unless otherwise stated, all yields refer to isolated yields of compounds estimated to be >95%
pure as determined by 'H NMR spectroscopy.

Thin layer chromatography was performed on fluorescence indicator marked precoated silica
gel 60 plates (Macherey-Nagel, ALUGRAM Xtra SIL G/UV3s4) and visualized by UV light (254
nm/366 nm). Flash column chromatography was performed on silica gel (0.040—0.063 mm)
with the solvents given in the procedures.

'H-, 13C-, 1°F- and 7’Se NMR spectra were recorded on Bruker Avance Neo 600-spectrometers.
Chemical shifts for 'H NMR spectra were reported as 6 (parts per million) relative to the
residual proton signal in CDCl3 at 7.26 ppm (s), da-MeOH at 3.31 ppm (quin.), ds-DMSO at
2.50 ppm (quin) or d3-MeCN at 1.94 ppm (quin). Chemical shifts for 3C NMR spectra were
reported as & (parts per million) relative to the signal of CDClz at 77.0 ppm (t), da-MeOH at
49.0 ppm (sept.), ds-DMSO at 39.5 ppm (sept.) or d3-MeCN at 118.26 ppm (s). 1°F NMR spectra
were reported as 6 (parts per million) relative to CFCls at 0.00 ppm as the external standard.
The following abbreviations were used to describe splitting patterns: br = broad, s = singlet, d
= doublet, t = triplet, g = quartet, quin = quintet, sext. = sextet, sept = septet, m = multiplet.
Coupling constants J are given in hertz.

High resolution (HR) El mass spectra were recorded on a double focussing mass spectrometer
ThemoQuest MAT 95 XL from Finnigan MAT. HR-ESI mass spectra were recorded on a Bruker
impact Il. APCI mass spectra were recorded on an Advion Expression CMS" via ASAP probe or
direct inlet. El mass spectra were obtained from an Agilent 7890B GC System with an Agilent
5977A MSD mass spectrometer. All signals were reported with the quotient from mass to
charge m/z. Many iodonium salts undergo reductive ring-opening reactions during HRMS
measurement.

IR spectra were recorded on a Nicolet Thermo iS10 scientific spectrometer with a diamond
ATR unit. The absorption bands were reported in cm™.

Melting points were determined on a Blichi M-5600 Melting Point apparatus with a heating
rate of 5 °C/min. The melting points were reported in °C. Most of the hypervalent iodine
compounds underwent changes in appearance (e.g. softening) before final
melting/decomposition.

Single crystals were grown from MeCN solution. A suitable crystal was selected and measured
on a Bruker D8 Venture diffractometer. The crystal was kept at 100 K during data collection.
Using Olex2,[2] the structure was solved with the ShelXT[3] structure solution program using
Intrinsic Phasing and refined with the XL[4] refinement package using Least Squares
minimization. The ORTEP drawing was made using the program Mercury from the CCDC.
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2 Synthesis of 1-(2-iodophenyl)-1H-benzo[d]imidazoles
2-Methyl-1H-benzo[d]imidazole (S2a)

@NHZ HOAc, 10 min, 170 °C ©:N\
>—Me
NH, 62% ”

S1 S2a

Following a literature procedure[5] o-phenylenediamine (S1, 54.0 mg, 500 umol) was
dissolved in HOAc (2 mL) and heated in a microwave (0—600 W) for 10 min at 170 °C.
H,0 (2 mL) was added and extracted with EtOAc (3 x 2 mL). The combined organic
layers were dried over Na,SO, filtered and the solvent was removed under reduced
pressure. The residue was purified via flash column chromatography on silica (Cy 1:1
EtOAc), so that 2-methyl-1H-benzo[d]imidazole (S2, 40.9 mg, 310 umol, 62%) was
obtained as a yellow solid.

1H NMR (601 MHz, CDCl3) & (ppm) 8.75 (s, 1H), 7.56 (dd, J = 6.0, 3.2 Hz, 2H), 7.22 (dd, J
= 6.0, 3.1 Hz, 2H), 2.65 (s, 3H). 13C NMR (151 MHz, CDCls) & (ppm) 151.4, 138.6, 122.4,
114.6, 15.0. MS (ESI) m/z 133.2 [M+H]". IR (ATR) v (cm™1) 3063, 2984, 2721, 2677, 1556,
1439, 1386, 1270, 833, 729. Mp (°C) 180. Analytical data is in accordance to those
reported in the literature.[5]

2-(Trifluoromethyl)-1H-benzo[d]imidazol (S2b)

NH; 0 18 h, 180 °C N
+ L - S—CF;4
NH., FsC~ "OH H

100%
S1 S3 S2b

Following a modified literature procedure,[5] a pressure vial was filled with
o-phenylenediamine (S1, 1.62 g, 15.0 mmol) 2,2,2-trifluoroacetic acid (S3, 30 mL) and
stirred for 11 h at 180 °C. The solvent was removed under reduced pressure, and the
residue was filtered through silica with EtOAc. The solution was washed with sat. aq.
NaHCOs solution (30 mL), brine (30 mL), dried over Na;SOy, filtered and the solvent was
removed under reduced pressure to obtain 2-(trifluoromethyl)-1H-benzo[d]imidazole
(S4,2.79 g, 15.0 mmol, 100%) as a colorless solid.

'H NMR (601 MHz, CDCl3) 6 (ppm) 7.73 (dd, J = 6.1, 3.3 Hz, 2H), 7.42 (dd, J = 6.2, 3.1 Hz,
2H). 13C NMR (151 MHz, CDCl3) 6 (ppm) 140.7 (q, J = 40.5 Hz), 137.4, 125.1, 118.9 (q, J
= 270.8 Hz), 116.7 ppm. °F NMR (565 MHz, CDCls) & (ppm) -64.2. MS (ESI) m/z 187.1
[M+H]*. IR (ATR) v (cm™?) 2968, 2873, 2756, 2655, 1550, 1499, 1462, 1400, 1317, 1286,
1129, 980, 739. Mp (°C) 209. Analytical data is in accordance with those reported in the
literature.[6]
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2-Phenyl-1H-benzo[d]imidazole (S2c)

0
NH2 Cl NaHCO?" CUBr, DMSO N
@ N 5d, 90 °C ©: \>_©
NH, 26% ”
s1 s4 s2¢

Following a literature procedure,[7] o-phenylenediamine (S1, 1.08 g, 10.0 mmol),
benzyl chloride (S4, 1.27 g, 10.0 mmol), NaHCOs: (1.00g, 12.0 mmol) and CuBr
(71.1 mg, 500 pmol) in DMSO (40 mL) were stirred for 5d at 90 °C. H,O (50 mL) and
brine (30 mL) were added, and the mixture was extracted with EtOAc (3 x 50 mL). The
combined organic layers were washed with brine (30 mL), dried over Na>SOg, filtered,
and the solvent was removed under reduced pressure. The residue was purified via
column chromatography on silica (DCM 10:1 MeOH) and recrystallization from DCM,
so that 2-phenyl-1H-benzo[d]imidazole (S2c, 513 mg, 2.64 mmol, 26%) was obtained as
colorless crystals.

'H NMR (601 MHz, DMSO-ds) 6 (ppm) 12.90 (s, 1H), 8.26 — 8.09 (m, 2H), 7.57 (s, 2H),
7.55 (t, J = 7.5 Hz, 2H), 7.49 (t, J = 7.3 Hz, 1H), 7.20 (dd, J = 6.2, 3.1 Hz, 2H). 3C NMR
(151 MHz, CDCI3) 6 (ppm) 151.2, 130.2, 129.8, 129.0, 126.4, 122.2, 118.8, 111.3. MS
(ESI) m/z 195.1 [M+H]*. IR (ATR) v (cm™) 2625, 1462, 1443, 1409, 1276, 1119, 970, 737,
701. Mp (°C) 287. Analytical data is in accordance with those reported in the
literature.[8]

5,6-Dimethyl-1H-benzo[d]imidazole (S2d)
Me NH CH(OMe); (S6), HFIP
Ty T e
Me NH, 91% Me H
S5 Sad

Following a literature procedure,[9] 4,5-dimethylbenzene-1,2-diamine (S5, 1.36 g, 10.0 mmol)
and CH(OMe)sz (S6, 1.12 mL, 10.2 mmol) were stirred in 1,1,1,3,3,3-hexafluoroisopropanol
(10 mL) at room temperature for 2 h. The solvent was removed under reduced pressure and
purified via column chromatography on silica (DCM 25:1 MeOH -> 10:1), so that 5,6-dimethyl-
1H-benzo[d]imidazole (S2d, 1.34 g, 9.14 mmol, 91%) was obtained as off-white solid.

'H NMR (400 MHz, CDCl3) 6 (ppm) 8.77 (s, 1H), 8.01 (s, 1H), 7.44 (s, 2H), 2.37 (s, 6H).
13C NMR (100 MHz, CDCl3) 6 (ppm) 140.3, 136.3, 132.0, 115.6, 20.4. MS (ESI) m/z 147.1
[M+H]*. IR (ATR) v (cm™) 2963, 2706, 2632, 2552, 1470, 1446, 1394, 1269, 1159, 999,
860, 843. Mp (°C) 199-200. Analytical data is in accordance with those reported in the
literature.[10]
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General procedure for synthesis of substituted 1-(2-iodophenyl)-1H-benzo[d]imidazoles 4
from o-fluoroiodobenzenes (GP1)

R R
| KsPO, DMF |
' 3 4, N
N R N 150 °C SN
| + \>—R" | .
[ . N /-~ R
R R H R
$10 S2 4

Following a modified literature procedure,[11] the corresponding o-fluoroiodobenzene (S10),
the corresponding 1H-benzo[d]imidazole (S2), and KsPO4 were stirred in DMF at 150 °C for the
indicated time in a pressure vial under conventional heating or under microwave irradiation.
Water (50 mL/mmol) was added, and the mixture was extracted with Et,0 (4 x 25 mL/mmol).
The combined organic layers were washed with brine (50 mL/mmol), dried over Na;SOa,
filtered, and the solvent was removed under reduced pressure. The residue was purified via
column chromatography on silica.

1-(2-lodophenyl)-1H-benzo[d]imidazole (4aa)

Following GP1 o-fluoroiodobenzene (S10a, 700 uL, 6.00 mmol), 1H-
benzo[d]imidazole (S2f, 473 mg, 4.00 mmol) and K3PO4 (4.25 g, 20.0 mmol) in ' N
DMF (20 mL) gave 1-(2-iodophenyl)-1H-benzo[d]imidazole (4aa, 1.12g, N

3.49 mmol, 87%) as a colorless solid after 3 h of conventional heating and
column chromatography (Cy 2:1 EtOAc).

1H NMR (601 MHz, CDCl3) 6 (ppm) 7.99 (d, J = 8.0 Hz, 1H), 7.97 (s, 1H), 7.86 (dd, J = 8.1, 1.1 Hz,
1H), 7.47 (t, ) =7.7 Hz, 1H), 7.32 (dt, ) = 7.8, 1.3 Hz, 1H), 7.29 (t,J = 7.6 Hz, 1H), 7.24 (t,) = 7.6
Hz, 1H), 7.19 (d, J = 7.7 Hz, 1H), 7.10 (dd, J = 8.1, 1.1 Hz, 1H). 3C NMR (151 MHz, CDCl5) §
(ppm) 143.3, 142.8, 140.5, 138.6, 134.3, 131.0, 129.6, 128.8, 123.7, 122.8, 120.5, 110.7, 97.0.
MS (ESI) m/z 321.1 [M+H]*. IR (ATR) v (cm™) 3046, 3019, 1942, 1900, 1861, 1829, 1688, 1613,
1579, 1488, 1309, 1228, 1162, 1144, 1106, 1053, 1023, 1004, 989, 976, 931, 884, 849, 787,
760, 745, 717. M, (°C) 131. Analytical data is in accordance with those reported in the
literature.[12]

1-(2-lodo-3-methylphenyl)-1H-benzo[d]imidazole (4ab)

Following GP1 1-fluoro-2-iodo-3-methylbenzene (S10b, 1.42g,
6.00 mmol), 1H-benzo[d]imidazole (S2f, 709 mg, 6.00 mmol) and K3POa4 |
(2.10 g, 10.0 mmol) in DMF (40 mL) gave 1-(2-iodo-3-methylphenyl)-1H- Me N\¢N

benzo[d]imidazole (4ab, 688 mg, 2.00 mmol, 60%) as a colorless solid
after 0.5 h of microwave heating and column chromatography (Cy 3:1
EtOAc).

1H NMR (601 MHz, CDCl3) & (ppm) 7.99 (s, 1H), 7.89 (d, J = 8.1 Hz, 1H), 7.42 — 7.38 (m, 2H),
7.33 (ddd, J = 8.2, 7.2, 1.2 Hz, 1H), 7.28 (ddd, J = 8.2, 7.2, 1.1 Hz, 1H), 7.19 (dd, J = 6.4, 2.8 Hz,
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1H), 7.11 (d, J = 8.0 Hz, 1H), 2.60 (s, 3H). 3C NMR (151 MHz, CDCls) & (ppm) 144.8, 143.2,
143.0, 139.2, 134.5, 130.7, 129.0, 126.1, 123.7, 122.8, 120.5, 110.8, 104.7, 29.6. HRMS (ESI)
Calculated for C14H12IN2* [M+H]*: m/z 335.00197, found m/z 335.00383. IR (ATR) v (cm™) 3120,
2917, 1484, 1307, 1286, 1021, 840, 749, 711. Mp (°C) 160.

1-(3-Fluoro-2-iodophenyl)-1H-benzo[d]imidazole (4ac)

a) nBuLi, THF
-78 °C, 30 min | benzimidazole [
F E b)ly THF E E K3PO3 DMF E NN
\©/ 78°C-rt, 16 h 150 °C, 3 h

98% 12%
S11 S10c 4ac

To a solution of 1,3-difluorobenzene (S11, 981 uL, 10.0 mmol) in dry THF (9.5 mL) at -78 °C
was added n-butyllithium (2.5 M in n-hexane, 4.04 mL, 10.1 mmol) dropwise |

over 10 min. The solution was stirred at this temperature for 30 min, beforea F F
solution of I, (1.29 g, 5.01 mmol) in THF (5 mL) was added dropwise. The

solution was allowed to reach room temperature over 16 h. Then, the solvent

was removed (200 mbar, 45 °C) and the residue was purified by Kugelrohr distillation (100 °C,
12 mbar), so that 1,3-difluoro-2-iodobenzene (S10c, 1.17 g, 4.90 mmol, 98%) was isolated as
a colorless liquid.

14 NMR (601 MHz, CDCl3) & (ppm) 7.30 (tt, J = 8.4, 6.3 Hz, 1H), 6.89 (dd, J = 8.3, 6.0 Hz, 2H).
13C NMR (151 MHz, CDCl3) & (ppm) 163.7 (d, J = 5.5 Hz), 162.1 (d, J = 5.6 Hz), 130.7 (t, J =
9.5 Hz), 111.5 (dd, J = 23.4, 3.8 Hz). 1°F NMR (565 MHz, CDCl3) & (ppm) -92.15 (q, J = 5.6 Hz).
MS (EI) m/z 240.04 [M]*. IR (ATR) v (cm’) 1589, 1460, 1284, 1234, 1034, 987, 772, 690.
Analytical data is in accordance to those reported in literature.[13]

difluoro-2-iodobenzene (S10c, 720 mg, 3.00 mmol), KsPOs (2.55g,

12.0 mmol) and DMF (20mL) gave 1-(3-fluoro-2-iodophenyl)-1H- N
. o F N

benzo[d]imidazole (4ac, 119 mg, 350 umol, 12%) after a short column

chromatography (Cy 1:1 EtOAc) and further recrystallization of the

obtained solid from cyclohexane with a few drops of EtOAc.

Following GP1 1H-benzo[d]imidazole (S2f, 354 mg, 3.00 mmol), 1,3- Q

14 NMR (600 MHz, CDCls) & (ppm) 8.05 (s, 1H), 7.92 (d, J = 8.1 Hz, 1H), 7.54 (td, J = 8.0, 5.8 Hz,
1H), 7.38 (t, J = 7.6 Hz, 1H), 7.33 (t, J = 7.6 Hz, 1H), 7.30 — 7.22 (m, 2H), 7.17 (d, J = 8.0 Hz, 1H).
13C NMR (151 MHz, CDCl3) & (ppm) 163.1 (d, J = 248.2 Hz), 143.3, 142.7, 140.6 (d, J = 3.3 Hz),
134.2, 130.8 (d, J = 9.0 Hz), 124.6 (d, J = 3.3 Hz), 124.0, 123.1, 120.7, 116.6 (d, J = 24.5 Hz),
110.7, 85.9 (d, J = 26.7 Hz). °F NMR (565 MHz, CDCl3) & (ppm) -86.82 (t, J = 6.6 Hz). HRMS
(ESI) Calculated for C13HoFIN,* [M+H]* m/z 338.97890, found m/z 338.97866. IR (ATR) v (cm™)
3122, 1583, 1489, 1399, 1219, 1167, 1016, 804, 751. Mp (°C) 245-246.
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1-(2-lodo-4-methylphenyl)-1H-benzo[d]imidazole (4af)

Following GP1 1-fluoro-2-iodo-4-methylbenzene (S10d, 944 mg, Q
4.00 mmol), 1H-benzo[d]imidazole (S2f, 709 mg, 6.00 mmol) and K3PO4 ' N
(4.24 g, 20.0 mmol) in DMF (40 mL) gave 1-(2-iodo-4-methylphenyl)-1H- Nz
benzo[d]imidazole (4af, 549 mg, 1.64 mmol, 41%) as a colorless solid /©/

after 18 h of conventional heating and column chromatography (Cy 2:1 Me

EtOAc).

14 NMR (601 MHz, CDCls) & (ppm) 8.01 (s, 1H), 7.92 — 7.87 (m, 2H), 7.37 — 7.29 (m, 3H), 7.28
(d,J=7.9 Hz, 1H), 7.14 (dt, J = 8.0, 1.0 Hz, 1H), 2.44 (s, 3H). 3C NMR (151 MHz, CDCl3) & (ppm)
143.0, 141.7, 140.9, 136.1, 134.5, 130.4, 128.4, 123.9, 122.9, 120.5, 110.9, 96.9, 20.9 (two
signals are overlapping). HRMS (ESI) Calculated for CiaH12IN2* [M+H]* m/z 335.00397, found
m/z 335.00382. IR (ATR) v (cm™) 2915, 1612, 1495, 1455, 1308, 1283, 1228, 1053, 1004, 813,
714. Mp (°C) 122.

1-(5-Chloro-2-iodophenyl)-1H-benzo[d]imidazole (4ah)
Following GP1 4-chloro-2-fluoro-1-iodobenzene (S10e, 1.30 g, 5.07 mmol), |
1H-benzo[d]imidazole (S2f, 829 mg, 7.02mmol) and K3POs (5.31g, N\//N

25.0mmol) in DMF (100 mL) gave 1-(5-chloro-2-iodophenyl)-1H-
benzo[d]imidazol (4ah, 756 mg, 2.13 mmol, 43%) as a colorless solid after 3 h
of conventional heating and column chromatography (Cy 3:1 EtOAc). Cl

14 NMR (600 MHz, CDCl3) & (ppm) 8.03 (s, 1H), 7.99 (d, J = 8.5 Hz, 1H), 7.92 (d, J = 7.9 Hz, 1H),
7.45 (s, 1H), 7.37 (dt, J = 22.6, 7.3 Hz, 2H), 7.29 (s, 1H), 7.18 (d, J = 7.9 Hz, 1H). 13C NMR (151
MHz, DMSO-ds) 6 (ppm) 144.1, 143.3, 141.5, 140.2, 134.5, 134.3, 131.7, 129.7, 124.0, 122.9,
120.2, 111.3, 97.2. HRMS (ESI) Calculated for Ci3HoClIN2* [M+H]* m/z 354.94935, found m/z
354.94885. IR (ATR) v (cmt) 3050, 2808, 1570, 1487, 1400, 1245, 996, 929, 707. Mp (°C) 127.

1-(5-Bromo-2-iodophenyl)-1H-benzo[d]imidazole (4ai)
Following GP1 4-bromo-2-fluoro-1-iodobenzene ($10f, 903 mg, 3.00 mmol), |
1H-benzo[d]imidazole (S2f, 496 mg, 4.20 mmol) and KsPOs (1.91g, N\//N

9.00 mmol) in DMF (30mL) gave 1-(5-bromo-2-iodophenyl)-1H-
benzo[d]imidazol (4ai, 904 mg, 2.26 mmol, 75%) as a colorless solid after 4 h
of conventional heating and column chromatography (Cy 1:1 EtOAc). Br

1H NMR (600 MHz, CDCls) & (ppm) 8.00 (s, 1H), 7.89 (t, J = 7.1 Hz, 2H), 7.57 (d, J = 1.4 Hz, 1H),
7.39 (dd, J = 8.4, 1.7 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 7.32 (t, J = 7.6 Hz, 1H), 7.16 (d, J = 7.9 Hz,
1H). 3C NMR (151 MHz, CDCl3) & (ppm) 143.3, 142.5, 141.5, 140.1, 134.2, 134.0, 131.9, 124.1,
123.2,123.1,120.8, 110.6, 95.2. HRMS (ESI) Calculated for C13HoBrIN2* [M+H]* m/z 398.89883,
found m/z 398.89841. IR (ATR) v (cml) 3012, 2998, 1654, 1539, 1206, 680. Mp (°C) 152-154.
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3-(1H-Benzo[d]imidazol-1-yl)-4-iodobenzonitrile (4aj)

benzo[d]imidazole (S2f, 248 mg, 2.10 mmol) and K3PO4 (1.06 g, 4.99 mmol) in

DMF (1 mL) gave 3-(1H-benzo[d]imidazol-1-yl)-4-iodobenzonitrile (4ai,

249 mg, 720 umol, 48%) as a colorless solid after 2 h of conventional heating N/
at 50 °C and column chromatography (Cy 1:1 EtOAc).

Following GP1 3-fluoro-4-iodo-benzonitrile (510g, 370 mg, 1.50 mmol), 1H- ;
I
N

14 NMR (601 MHz, CDCls) & (ppm) 8.23 (d, J = 8.3 Hz, 1H), 8.02 (s, 1H), 7.89
(d, J= 7.9 Hz, 1H), 7.71 - 7.66 (m, 1H), 7.52 (dd, J = 8.3, 1.9 Hz, 1H), 7.37 (td,
J=7.6,1.3 Hz, 1H), 7.34 (td, J = 7.7, 1.1 Hz, 1H) 7.13 (d, J = 7.7 Hz, 1H). 3C NMR (151 MHz,
CDCls3) & (ppm) 143.1, 142.1, 141.9, 140.1, 133.5, 131.5, 124.4, 123.5, 120.8, 116.8, 114.0,
110.2, 103.7. HRMS (ESI) Calculated for CisHoIN3* [M+H]* m/z 345.98357, found m/z
345.98289. IR (ATR) v (cm™) 3396, 3338, 3221, 3052, 2230, 1683, 1509, 1254, 744, 716. Mp
(°C) 173.

CN

1-(2-lodo-5-nitrophenyl)-1H-benzo[d]imidazole (4ak)
Following GP1 2-fluoro-1-iodo-4-nitrobenzene (S10h, 533 mg, 2.00 mmol), |
1H-benzo[d]imidazole (S2f, 259 mg, 2.19mmol) and K:POs (1.06g, NN

499 mmol) in DMF (1mL) gave 1-(2-iodo-5-nitrophenyl)-1H-
benzo[d]imidazole (4ak, 249 mg, 720 umol, 48%) as a colorless solid after 2 h
of conventional heating at 50 °C and column chromatography (Cy 1:1 EtOAc). NO,

1H NMR (600 MHz, CDCls) & (ppm) 8.33 (d, J = 8.7 Hz, 1H), 8.29 (s, 1H), 8.13 (d, J = 8.7 Hz, 1H),
8.09 (s, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.42 (t, J = 7.6 Hz, 1H), 7.38 (t, J = 7.6 Hz, 1H), 7.17 (d, J =
8.0 Hz, 1H). 13C NMR (151 MHz, CDCls) & (ppm) 148.8, 143.2, 142.1, 141.6, 140.1, 133.7, 125.0,
124.4, 123.5, 123.4, 120.9, 110.2, 105.7. HRMS (ESI) Calculated for C13HsIN3O2* [M+H]* m/z
365.97340, found m/z 365.97307. IR (ATR) v (cm™%) 3086, 2922, 2853, 1612, 1571, 1523, 1344,
1225, 1092, 1037, 864, 707. Mp (°C) 204.

2-Bromo-1-(2-iodophenyl)-1H-benzo[d]imidazole (4am)

NBS, THF
I N reflux, 2 h I N
N N\/(
70% Br

4aa 4am

A slightly modified literature procedure was used.[14] NBS (182 mg, 1.02 mmol) was added to
a solution of 1-(2-iodophenyl)-1H-benzo[d]imidazole (4aa, 320 mg, 1.00 mmol) in THF (4 mL)
and the reaction mixture was refluxed for 2 h. The solvent was removed under reduced
pressure, the residue was dissolved in EtOAc (10 mL) and H2O (10 mL) and the phases were
separated. The aqueous layer was extracted with EtOAc (2 x 10 mL), and the combined
organic phases were washed with brine (10 mL), dried over Na;SQy, filtered, and the solvent
was removed under reduced pressure. The residue was purified via column chromatography
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(Cy 7:1 EtOAc) to obtain 2-bromo-1-(2-iodophenyl)-1H-benzo[d]imidazole (4am, 279 mg,
699 umol, 70%) as a colorless solid.

1H NMR (600 MHz, CDCl3) & (ppm) 8.05 (dd, J = 8.0, 1.4 Hz, 1H), 7.79 (dt, J = 8.2, 0.9 Hz, 1H),
7.57 (td, J = 7.6, 1.4 Hz, 1H), 7.38 (dd, J = 7.8, 1.6 Hz, 1H), 7.30 (tdd, J = 7.8, 2.4, 1.4 Hz, 2H),
7.24 (ddd, J = 8.3, 7.3, 1.1 Hz, 1H), 6.94 (dt, J = 8.1, 0.9 Hz, 1H). 3C NMR (151 MHz, CDCl5) 6
(ppm) 143.1, 140.4, 138.2, 136.6, 131.7, 130.1, 129.8, 129.7,123.9, 123.2, 119.5, 110.5, 98.9.
HRMS (El) Calculated for Ci3HgBrIN2* [M]™* m/z 397.89101, found m/z 397.89211. IR (ATR) v
(cm1) 2922, 1435, 1370, 1300, 1263, 981, 757. Mp (°C) 96-97.

1-(2-lodophenyl)-2-methylbenzo[d]imidazole (4ap)

Following GP1 2-fluoroiodobenzene ($10a, 700 pL, 6.00 mmol), 2-methyl-1H- Q
benzo[d]imidazole (S2a, 638 mg, 4.00 mmol) and K3PO4 (4.24 g, 20.0 mmol) in I N
DMF (60 mL) gave 1-(2-iodophenyl)-2-methylbenzo[d]imidazole (4ap, 1.05 g, N\(
3.29 mmol, 56%) as a colorless solid after 18 h of conventional heating and Me

column chromatography (Cy 2:1 EtOAc).

1H NMR (601 MHz, CDCls) & (ppm) 8.07 (dd, J = 8.0, 1.4 Hz, 1H), 7.77 (dt, J = 8.1, 0.9 Hz,
1H), 7.57 (td, J = 7.6, 1.4 Hz, 1H), 7.37 (dd, J = 7.8, 1.6 Hz, 1H), 7.32 — 7.26 (m, 2H), 7.20
(ddd, J = 8.2, 7.2, 1.1 Hz, 1H), 6.90 (dt, J = 8.0, 0.9 Hz, 1H), 2.43 (s, 3H). 13C NMR
(151 MHz, CDCl3) & (ppm) 151.3, 142.4, 140.4, 138.9, 135.9, 131.2, 129.9, 129.5, 122.8,
122.6, 119.1, 110.0, 98.6, 14.5. HRMS (ESI) Calculated for CisH12IN2* [M+H]* m/z
335.00397, found m/z 335.00377. IR (ATR) v (cm™) 2988, 1518, 1473, 1389, 1321, 1240,
1011, 771, 743. Mp (°C) 134. Analytical data is in accordance with those reported in the
literature.[15]

1-(2-lodophenyl)-5,6-dimethyl-1H-benzo[d]imidazole (4ar)

Following GP1 5,6-dimethyl-1H-benzo[d]imidazole (S2d, 731 mg, 5.00 mmol), Me Me
2-fluoroiodobenzene (S10a, 875 pL, 7.50 mmol), KsPO4 (5.30 g, 25.0 mmol)
and DMF (50 mL) gave 1-(2-iodophenyl)-5,6-dimethyl-1H-benzo[d]imidazole
(4ar, 1.56g, 4.49mmol, 90%) as a colorless solid after column NN
chromatography (Cy 1:1 EtOAc), ©/

1H NMR (601 MHz, CDCl3) 6 (ppm) 8.05 (dd, J = 8.0, 1.4 Hz, 1H), 7.90 (s, 1H),

7.65 (s, 1H), 7.53 (td, J = 7.6, 1.4 Hz, 1H), 7.39 (dd, J = 7.8, 1.6 Hz, 1H), 7.26 — 7.23 (m, 1H), 6.91
(s, 1H), 2.40 (s, 3H), 2.34 (s, 3H). 3C NMR (151 MHz, CDCls) & (ppm) 142.2, 142.0, 140.6, 139.2,
133.1,133.0, 131.8, 130.9, 129.6, 128.9, 120.6, 110.8, 97.2, 20.7, 20.5. HRMS (ESI) Calculated
for CisH1u4IN2* [M+H]* m/z 349.01962, found m/z 349.01898. IR (ATR) v (cm™) 3088, 2964,
2944, 2918, 1484, 1224, 972, 869, 841, 759. M, (°C) 151-152.
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1-(5-Chloro-2-iodophenyl)-5,6-dimethyl-1H-benzo[d]imidazole (4at)

Following GP1 4-chloro-2-fluoro-1-iodobenzene (S10e, 770 mg, 3.00 mmol), Me
5,6-dimethyl-1H-benz[d]imidazole (S2d, 205 mg, 1.40 mmol) and K3POa

(1.59g, 7.49 mmol) in DMF (10 mL) gave 1-(5-chloro-2-iodophenyl)-5,6-
dimethyl-1H-benzo[d]imidazole (4at, 280 mg, 731 umol, 52%) as a colorless N\//N
solid after 2 h of conventional heating and column chromatography (Cy 3:1

EtOAc).

IH NMR (600 MHz, CD30D) & (ppm) 8.11 (s, 1H), 8.06 (d, J = 8.6 Hz, 1H), 7.57 (d,  *'

J=2.4Hz, 1H), 7.52 (s, 1H), 7.37 (dd, J = 8.6, 2.4 Hz, 1H), 6.91 (s, 1H), 2.38 (s, 3H), 2.33 (s, 3H).
13C NMR (151 MHz, CDs0OD) & (ppm) 143.5, 142.6, 142.1, 141.3, 136.5, 134.9, 133.8, 133.5,
132.4,130.3,120.4, 111.9, 95.8, 20.5, 20.3. HRMS (ESI) Calculated for C1sH13ClIN,* [M+H]* m/z
382.97824, found m/z 382.98021. IR (ATR) v (cm™%) 1679, 1574, 1553, 1486, 1467, 1408, 1215,
1150, 1094, 1023, 984, 807, 752, 704. MP (°C) 146.

1-(5-Bromo-2-iodophenyl)-5,6-dimethyl-1H-benzo[d]imidazole (4au) Me Me
Following GP1 4-bromo-2-fluoro-1-iodobenzene (S10f, 159 mg, 527 umol), 5,6-
dimethyl-1H-benz[d]imidazole (S2d, 322 mg, 2.20 mmol) and K3PO4 (1.06 g, ' N

5.00 mmol) in DMF (12 mL) gave 1-(5-bromo-2-iodophenyl)-5,6-dimethyl-1H- N
benzo[d]imidazole (4au, 129 mg, 302 umol, 57%) as a colorless solid after 3 h

of conventional heating and column chromatography (Cy 1:1 EtOAc -> EtOAc).
Br

14 NMR (601 MHz, CDCl3) & (ppm) 7.90-7.92 (m, 2H), 7.66 (s, 1H), 7.56 (s, 1H),

7.40 (d, J = 10.8 Hz, 1H), 6.94 (s, 1H), 2.42 (s, 3H), 2.38 (s, 3H). 13C NMR (151 MHz, CDCls) &
(ppm) 141.7, 141.4, 140.3, 138.9, 133.9, 133.4, 132.5, 132.0, 131.8, 123.0, 120.6, 110.5, 95.2,
20.6, 20.3. HRMS (ESI) Calculated for CisHi3BrINy* [M+H]* m/z 426.93013, found m/z
426.93001. IR (ATR) v (cm™) 2961, 1488, 1404, 1258, 1027, 841, 703. MP (°C) 160.

1-(2-lodophenyl)-3-methyl-1H-benzo[d]imidazol-3-ium triflate (4av)

| ]i ZN MeOTf, DCM [ ]j Z

N=Me

.
NN 40°C, 18 h Ny
94% TfO"

4aa 4av

Following a literature procedure,[16] a solution of 1-(2-iodophenyl)-1H-benzo[d]imidazole
(4aa, 320 mg, 1.00 mmol) and MeOTf (170 uL, 1.50 mmol) in dry DCM (5 mL) was stirred at
room temperature for 18 h. The solvent was removed under reduced pressure and the residue
was suspended in Et,0 (2 mL), filtered, and washed with Et;0 (2 x 2 mL), so that 1-(2-
iodophenyl)-3-methyl-1H-benzo[d]imidazol-3-ium triflate (4av, 455 mg, 940 pumol, 94%) was
obtained as a colorless powder.

1H NMR (601 MHz, DMSO-ds) & (ppm) 10.13 (s, 1H), 8.23 (d, J = 7.5 Hz, 1H), 8.19 (d, J =
8.4 Hz, 1H), 7.83 — 7.79 (m, 2H), 7.76 (td, J = 7.7, 1.4 Hz, 1H), 7.72 (t, J = 7.8 Hz, 1H),
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7.53 (td, J = 7.8, 1.7 Hz, 1H), 7.50 (d, J = 8.3 Hz, 1H), 4.24 (s, 3H). 13C NMR (151 MHz,
DMSO-de) 6 (ppm) 143.6, 140.3, 135.4, 133.1, 131.4, 131.3, 130.2, 129.3, 127.7, 127.1,
120.7 (q, J = 322.4 Hz), 114.2, 113.7, 97.3, 33.8. %F NMR (565 MHz, DMSO-d¢) &
(ppm) -77.80. HRMS (ESI) Calculated for C1aH12IN2* [M-OTf]* m/z 335.00397, found m/z
335.00380. IR (ATR) v (cm™) 3157, 3105, 1567, 1247, 1157, 1025, 757. Mp (°C) 150.

1-(2-lodophenyl)-3-phenyl-1H-benzo[d]imidazol-3-ium triflate (4aw)

| g | 7//<\
Ph,IOTf, DMF .
N 2lOTH, .
N 100 °C, 18 h Ny Ph
84% TfO"

4aa 4aw

Following a literature procedure[17] 1-(2-iodophenyl)-1H-benzo[d]imidazole (4aa, 320 mg,
1.00 mmol), Ph2lOTf (645 mg, 1.50 mmol) and CuOTf (18.1 mg, 50.0 pmol) were stirred in DMF
(5 mL) for 18 h at 100 °C. The solvent was removed under reduced pressure. The residue was
purified via column chromatography on silica (DCM -> DCM 90:10 MeOH), suspended in Et,0
(1 mL), and filtered to obtain 1-(2-iodophenyl)-3-phenyl-1H-benzo[d]imidazol-3-ium triflate
(4aw, 457 mg, 836 umol, 84%) was obtained as a colorless solid with 90% purity.

1H NMR (600 MHz, CDCls) & (ppm) 9.76 (s, 1H), 8.07 (dd, J = 8.0, 1.3 Hz, 1H), 8.00 (dd, J = 7.9,
1.5 Hz, 1H), 7.86-7.88 (m, 2H), 7.79 (d, J = 7.8 Hz, 1H), 7.76 — 7.61 (m, 6H), 7.41 (dd, J = 7.9,
1.3 Hz, 2H). 13C NMR (151 MHz, CDCl3) § 141.9, 140.5, 134.9, 133.5, 132.5, 132.0, 131.5, 131.3,
131.3, 130.9, 130.8, 130.8, 129.9, 128.6, 128.5, 125.4, 120.5 (q, J = 320.3 Hz), 114.2, 114.0,
95.3. 19F NMR (565 MHz, CDCl3) & (ppm) -78.44. HRMS (ESI) Calculated for C1oH14IN2* [M-OTf]*
m/z 397.01962, found m/z 397.01905. IR (ATR) v (cm!) 3108, 3010, 1550, 1486, 1249, 1138,
1028, 787, 748, 690. M, (°C) 102-104

1-(2-lodo-3-methylphenyl)-3,5,6-trimethyl-1H-benzo[d]imidazol-3-ium triflate (4ax)
Me N

oo
N
| Me H

K3PO4’ DMF N

Me F 150 °C, 4 h _ Me N
38%

S$10b S$12

Me

Following GP1 1-fluoro-2-iodo-3-methylbenzene (S10b, 3.89 g, 16.5 mmol), 5,6-dimethyl-1H-
benzo[d]imidazole (S2a, 2.19 g, 15.0 mmol) and K3PO4 (12.7 g, 60.0 mmol) in DMF (100 mL)
gave 1-(2-iodo-3-methylphenyl)-5,6-dimethyl-1H-benzo[d]imidazole (S12, 2.63 g, 7.25 mmol,
48%) as a colorless solid after 4 h of conventional heating and column chromatography (Cy 2:1
EtOAc).
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14 NMR (601 MHz, CDCls) & (ppm) 7.88 (s, 1H), 7.64 (s, 1H), 7.44 — 7.37 (m, 2H), 7.17 (dd, J =
5.5, 3.8 Hz, 1H), 6.88 (s, 1H), 2.60 (s, 3H), 2.40 (s, 3H), 2.33 (s, 3H). 3C NMR (151 MHz, CDCls)
6 (ppm) 144.7,142.3,141.9,139.5,133.0, 133.0,131.6,130.5, 126.1, 120.5, 110.8, 104.8, 29.6,
20.6, 20.4 (one signal is missing). HRMS (ESI) Calculated for Ci6H16IN2* [M+H]* m/z 363.03527,
found m/z 363.03596. IR (ATR) v (cm™) 2967, 2901, 1483, 1227, 1024, 879, 884, 783, 732. M,
(°C) 171-173.

1-(2-lodo-3-methylphenyl)-3,5,6-trimethyl-1H-benzo[d]imidazol-3-ium triflate (4ax)

Me Me Me Me
' N MeOTf, DCM ! .
Me N/ 40°C,18h  Me N Me
82%
TfO"
S$12 4ax

Following a literature procedure,[16] a solution of 1-(2-iodo-3-methylphenyl)-5,6-dimethyl-
1H-benzo[d]imidazole ($12, 362 mg, 1.00 mmol) and MeOTf (283 umol, 2.50 mmol) in dry
DCM (5 mL) was stirred at 40 °C for 18 h in a pressure vial. The solvent was removed under
reduced pressure, and the residue was suspended in Et,0 (2 mL), filtered, and washed with
Et;0 (2 x 2 mL), so that 1-(2-iodo-3-methylphenyl)-3,5,6-trimethyl-1H-benzo[d]imidazol-3-
ium triflate (4ax, 434 mg, 824 umol, 82%) was obtained as a colorless powder.

1H NMR (601 MHz, CDCl3) & (ppm) 9.44 (s, 1H), 7.63 (s, 1H), 7.51 (dd, J = 7.6, 1.8 Hz, 1H), 7.47
(t,J = 7.6 Hz, 1H), 7.40 (dd, J = 7.4, 2.0 Hz, 1H), 6.99 (s, 1H), 4.26 (s, 3H), 2.57 (s, 3H), 2.46 (s,
3H), 2.36 (s, 3H). 3C NMR (151 MHz, CDCls) & (ppm) 145.3, 141.3, 138.5, 138.2, 135.7, 132.6,
130.3, 130.1, 129.9, 129.8, 126.3, 120.7 (q, J = 320.3 Hz), 113.3, 113.1, 102.6, 34.0, 29.3, 20.7.
19F NMR (565 MHz, CDCls) & (ppm) -78.38. HRMS (ESI) Calculated for C17H1sIN2* [M-OTf]* m/z
377.05092, found m/z 377.05011. IR (ATR) v (cm-%) 2988, 2922, 1563, 1454, 1248, 1154, 1028,
791. M, (°C) 186-187.

1-(2-lodo-3-methylphenyl)-5,6-dimethyl-3-phenyl-1H-benzo[d]imidazol-3-ium triflate (4ay)

Me Me Me Me
' N PholOTf, Cu(OTh), ' e
Me N/ DMF, 100 °C, 24 h Me N.s " Ph
66% TiO"
$12 4ay

Following a modified literature procedure[17] iodoarene S$12 (797 mg, 2.20 mmol), Ph,IOTf
(1.42 g, 3.30 mmol) and Cu(OTf)2 (39.8 mg, 110 umol) were suspended in dry DMF (12 mL)
under an Ar atmosphere and stirred for 24 h at 100 °C. The solvent was removed under
reduced pressure and the residue was purified via column chromatography on silica (DCM
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95:5 MeOH) and subsequent suspension of the product fraction in EtOAc (10 mL) to obtain 1-
(2-iodo-3-methylphenyl)-5,6-dimethyl-3-phenyl-1H-benzo[d]imidazol-3-ium triflate (4ay,
848 mg, 1.44 mmol, 66%) as a colorless powder.

1H NMR (600 MHz, CDCl3) & (ppm) 9.62 (s, 1H), 7.87 (d, J = 7.2 Hz, 2H), 7.77 (d, J = 7.5 Hz, 1H),
7.70 (t, J = 7.4 Hz, 2H), 7.65 (t, J = 7.4 Hz, 1H), 7.59 — 7.52 (m, 2H), 7.51 (s, 1H), 7.10 (s, 1H),
2.61 (s, 3H), 2.44 (s, 3H), 2.41 (s, 3H). 13C NMR (151 MHz, CDCls) § (ppm) 145.1, 140.8, 139.0,
138.8, 135.5, 132.9, 131.2, 130.8, 130.6, 130.2, 129.8, 127.1, 125.4, 120.7 (q, J = 320.4 Hz),
113.7, 113.5, 102.5, 29.4, 20.9, 20.8 (one signal is overlapping). *%F NMR (565 MHz, CDCls) 6
(ppm) -78.42. HRMS (ESI) Calculated for CyHaoIN2* [M-OTf]* m/z 439.06657, found m/z
439.06573. IR (ATR) v (cm™) 3094, 2996, 1541, 1262, 1220, 1142, 1025, 771, 695. M, (°C) 217-
218.

1-(2-lodo-3-methylphenyl)-3-mesityl-5,6-dimethyl-1H-benzo[d]imidazol-3-ium triflate (4az)

Me Me Me Me
' N Mes,lOTf, Cu(OT), ' NE
Me N DMF, 100 °C, 24 h Me Ny Mes
47% TfO"
S12 4az

Following a modified literature procedure[17], iodoarene S12 (1.81 g, 5.00 mmol), Mes,IOTf
(3.86 g, 7.50 mmol), and Cu(OTf)2 (90.5 mg, 250 umol) were suspended in dry DMF (25 mL)
under an Ar atmosphere and stirred for 24 h at 100 °C. The solvent was removed under
reduced pressure, and the residue was purified via column chromatography on silica (EtOAc
99:1 HOAC) to obtain 1-(2-iodo-3-methylphenyl)-3-mesityl-5,6-dimethyl-1H-benzo[d]imida-
zol-3-ium triflate (4az, 1.48 g, 2.36 mmol, 47%) as a colorless powder.

1H NMR (600 MHz, CDCls) & (ppm) 9.69 (s, 1H), 7.67 (d, J = 7.1 Hz, 1H), 7.61 — 7.49 (m, 2H),
7.13 (d, J = 5.9 Hz, 2H), 7.10 (s, 1H), 7.06 (s, 1H), 2.61 (s, 3H), 2.47 — 2.35 (m, 9H), 2.13 (s, 3H),
2.10 (s, 3H). 3C NMR (151 MHz, CDCl3) & (ppm) 145.1, 142.2, 141.8, 139.0, 136.0, 135.4, 134.8,
132.9, 130.4, 130.1, 130.0 130.0, 128.0, 127.1, 120.6 (g, J = 320.7 Hz), 113.8, 113.0, 102.5,
29.3,21.3,20.7, 18.1, 17.1. F NMR (565 MHz, CDCl3) & (ppm) -78.51. HRMS (ESI) Calculated
for CasHasIN2* [M-OTF]* m/z 481.11352, found m/z 481.11288. IR (ATR) v (cm™t) 3095, 2986,
2922, 1541, 1477, 1253, 1147, 1028, 851. M, (°C) 98-99.

1-(2-lodophenyl)-1H-indazole (4bc)
' K3PO, DMF '
©/F . N 150 °C, 15 min ©/N\N/
@N mw, 0-600 W
N
H

51%
S10a S$13 4bc
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Following a literature procedure,[11] 2-fluoroiodobenzene (S10a, 0.35 mL, 3.00 mmol) and
1H-indazole (S13, 240 mg, 2.00 mmol) were dissolved in DMF (20 mL). The homogenous
solution was equally distributed to 2 MW-vials, and to each was added K3PO4 [1.06 g, 5.00
mmol (2.12 g, 10.0 mmol in total)]. The vials were placed in the microwave and were stirred
at 150 °C with 0-600 W for 15 min. Afterwards the vials were combined, and H,O (50 mL) was
added. The mixture was extracted with Et;0 (4 x 25 mL) and the combined organic phases
were washed with brine (50 mL), dried over Na;SOs4, and the solvent was removed under
reduced pressure. The residue was purified via column chromatography on silica (Cy/EtOAc
30:1) to give 1-(2-iodophenyl)-1H-indazole (4bc, 0.332 g, 1.02 mmol, 51%) as a yellow solid.

14 NMR (CDCls, 360 MHz) & (ppm) 8.26 (d, J = 1.0 Hz, 1H), 8.04 (dd, J = 7.9, 1.4 Hz, 1H), 7.83
(dt, J = 8.1, 1.1 Hz, 1H), 7.49 (ddd, J = 7.9, 7.3, 1.4 Hz, 1H), 7.45 — 7.35 (m, 2H), 7.29 — 7.16 (m,
3H). 13C NMR (CDCls, 91 MHz) & (ppm) 141.8, 140.0, 139.9, 135.1, 130.4, 129.2, 126.8, 124.1,
121.2,121.0,120.8,110.3, 96.5. HRMS (ESI) Calculated for C13H10IN2* [M+H]* m/z =320.98832,
found: m/z320.98842. IR (ATR) ¥ (cm™) 3058, 1629, 1579, 1497, 1481, 1412, 1199, 1080, 1020,
981. Mp (°C) 54-56. Analytical data is in accordance to those reported in literature.[11]

1-(2-lodo-3-methylphenyl)-1H-indazole (4bd)

KsPO, DMF
| 150 °C, 15 min |
F mw, 0-600 W N 7
+ N N
@N 48%
N
H
S10b S$13 4bd

Following a literature procedure,[18] 1-fluoro-2-iodo-3-methylbenzene (S10b, 177 mg, 0.750
mmol) and 1H-indazole (513, 59.1 mg, 0.500 mmol) were dissolved in DMF (5 mL) in a PFA-
MW-vial. KsPO4 (530 mg, 2.50 mmol) was added, and the vial was placed in the microwave
and was stirred at 150 °C with 0-300 W for 2 h. Afterward H,0 (10 mL) was added. The mixture
was extracted with Et,0 (4 x 10 mL) and the combined organic phases were washed with brine
(10 mL), dried over Na,SOy, filtered, and the solvent was removed under reduced pressure.
The residue was purified via column chromatography on silica gel (cyclohexane/EtOAc
100:0 — 20:1) to give 1-(2-iodo-3-methylphenyl)-1H-indazole (4bd, 81.0 mg, 0.240 mmol,
48%) as a colorless solid.

14 NMR (CDCl3, 601 MHz) & (ppm) 8.24 (s, 1H), 7.82 (d, J = 8.1 Hz, 1H), 7.42 — 7.35 (m, 3H),
7.23 (t, ) = 7.2 Hz, 2H), 7.17 (d, J = 8.4 Hz, 1H), 2.60 (s, 3H). 13C NMR (CDCls, 151 MHz) & (ppm)
144.2,142.4,140.2, 134.9, 130.2, 128.6, 126.8, 126.6, 124.2,121.2, 121.0, 110.4, 104.4, 29.3.
HRMS (ESI) Calculated for Ci4H11IN2Na* [M+Na]* m/z = 356.98592, found: m/z 356.98557. IR
(ATR) v (cm™) 3057, 2976, 1615, 1568, 1615, 1497, 1473, 1360, 1197, 1022. Mp (°C): 97-98.
Analytical data is in accordance to those reported in literature.[18]
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1-(2-lodophenyl)-2-methyl-1H-indazol-2-ium triflate (4be)

| MeOTf, DCM |

N.y/ _40°C.18h N-y?
48% Me

4bc 4be

Following a literature procedure,[16] a solution of 1-(2-iodophenyl)-1H-indazol (4bc, 320 mg,
1.00 mmol) and MeOTf (170 umol, 1.50 mmol) in dry DCM (5 mL) was stirred at 40 °C for 18 h
in a pressure vial. The solvent was removed under reduced pressure, and Et,0 (2 mL), was
added, which led to the formation of an oil. The Et,O was removed by decantation, and the
procedure was repeated two times with Et;0 (2 x 2 mL), so that 1-(2-iodophenyl)-2-methyl-
1H-indazol-2-ium triflate (4be, 232 mg, 479 umol, 48%) was obtained as a colorless oil.

14 NMR (600 MHz, CDsCN) & (ppm) 8.96 (s, 1H), 8.22 (d, J = 8.1 Hz, 1H), 8.17 (d, J = 8.5 Hz, 1H),
8.02 (dd, J = 8.8, 7.0 Hz, 1H), 7.89 (d, J = 8.9 Hz, 1H), 7.84 — 7.74 (m, 2H), 7.64 (t, J = 7.7 Hz,
1H), 7.59 (ddd, J = 8.6, 5.2, 3.7 Hz, 1H), 3.95 (s, 3H). 33C NMR (151 MHz, CDsCN) & (ppm) 142.0,
141.7,136.5, 136.1, 135.8, 135.2, 131.5, 131.2, 127.3, 124.4, 120.8, 112.4, 97.9, 35.2. °F NMR
(565 MHz, CD3CN) &6 (ppm) -79.31. HRMS (ESI) Calculated for CisH12IN2* [M-TfO]* m/z
335.00397, found m/z 335.00338. IR (ATR) v (cm™) 3085, 1631, 1528, 1251, 1151, 1026, 753.

General procedure for synthesis of substituted 1-(2-iodophenyl)-1H-benzo[d]imidazoles
from o-fluoronitrobenzenes (GP2)

Y

NO,

F N NaOH, DMSO N
sfiess oY
A N /S
R H

R
(I) Fe, HOAc
100 °C
or
(1) Pd/C,H,
MeOH, rt
a) NaNO, H,0, HCI, MeCN
' N 0°C,1h NH, Y
yZ | N\/( :b)KI,H20,0°C-rt,3h - | N\/(
S R' S R'
>~ /\
R/ R

(GP2a) Following a modified literature procedure[19], powdered NaOH (3.00 equiv) was
added slowly to a solution of the corresponding o-fluoronitrobenzene (1.00 equiv) and the
corresponding benzimidazole (1.10 equiv) in DMSO, and the mixture was stirred for the
indicated time and temperature. Water (10 mL/mmol) was added and the mixture was
extracted with EtOAc (3 x 10 mL/mmol). The combined organic layers were dried over Na;SOs,
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filtered, and the solvent was removed under reduced pressure. The residue was purified via
column chromatography

(GP2bl) A modified literature procedure was used.[20] To a solution of the corresponding
nitroarene (1.00 equiv) in HOAc (3 mL/mmol) and EtOH (3 mL/mmol) was added iron powder
(3.00 equiv), and the mixture was stirred at 100 °C for the given time. After cooling to room
temperature, sat. NaHCOs solution was added until neutralization, and the mixture was then
extracted with EtOAc (3 x 70 mL/mmol). The combined organic layers were washed with brine
(70 mL/mmol), dried over NaSO, filtered, and the solvent was removed under reduced
pressure. The crude product was purified as described or used without further purification.

(GP2bll) Following a literature-known procedure,[21] the corresponding nitroarene
(1.00 equiv) was dissolved in MeOH in a stainless steel autoclave, and Pd/C (10%, 0.100 equiv
Pd) was added. The autoclave was closed, filled with H, (6.0 bar), and the reaction mixture
was stirred at room temperature for the indicated time. The reaction mixture was filtered
through Celite, washed with MeOH and the solvent was removed under reduced pressure to
obtain the corresponding aniline, which was either used without further purification or further
purified.

(GP2c) A modified literature procedure was used.[22] To a solution of the corresponding
aniline (1.00 equiv) in MeCN (3 mL/mmol) and aq. HCI (6 M, 3 mL/mmol) at 0 °C was added a
solution of NaNO; (1.15 equiv) in H20 (1 mL/mmol) dropwise over 10 min. After 1 h at this
temperature, a solution of Kl (3.00 equiv) in H0 (1 mL/mmol) was added dropwise. The
solution was stirred for 1 h at 0 °C and 2 h at room temperature before H,0 (40 mL/mmol)
was added and the mixture was extracted with EtOAc (3 x 40 mL/mmol). The combined
organic phases were washed with sat. NayS$;03 solution (40 mL/mmol) and brine
(40 mL/mmol), then dried over Na,SOy, filtered, and the solvent was removed under reduced
pressure. The residue was purified on column chromatography.

1-(2-lodo-4-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole (4ag)

Following GP2a  1-fluoro-2-nitro-4-(trifluormethyl)benzene  (S10i,
707 mg, 3.38 mmol), benzimidazole (836 mg, 7.08 mmol) and NaOH-
NO,
N

powder (310mg, 7.75mmol) in DMSO (4 mL) gave 1-(2-nitro-4-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole (S4ag1, 1.29g, N

4.20 mmol), which was used without further purification.
F3C
1H NMR (601 MHz, CDCls) & (ppm) 8.46 (d, J = 2.0 Hz, 1H), 8.12 (dd, J =

8.5, 2.3 Hz, 1H), 8.05 (s, 1H), 7.93 (dt, J = 8.1, 0.8 Hz, 1H), 7.80 (d, J = 8.2 Hz, 1H), 7.41 (ddd, J
=8.1,7.3,1.2 Hz, 1H), 7.36 (td, J = 7.8, 7.3, 1.1 Hz, 1H), 7.19 (dt, J = 8.0, 0.9 Hz, 1H). 3C NMR
(151 MHz, CDCls) & (ppm) 145.5, 143.6, 141.9, 133.9, 132.6, 132.2, 131.0, 130.4, 124.7, 123.8,
123.7, 121.2, 109.2. %F NMR (565 MHz, CDCls) & (ppm) -62.87. HRMS (ESI) Calculated for
C14HoF3N302* [M+H]* m/z 308.06414, found m/z 308.06381. IR (ATR) v (cm™!) 3081, 1609, 1537,
1495, 1455, 1320, 1141, 977, 715, 677. Mp (°C) 124.
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Following GP2bli 1-(2-nitro-4-(trifluoromethyl)phenyl)-1H-

benzo[d]imidazole (S4agl, 1.29 g, 4.20 mmol) and Pd/C (447 mg,

4.20 mmol) and MeOH (40 mL) gave 2-(1H-benzo[d]imidazol-1-yl)- NH,
5-(trifluoromethyl)aniline (S4ag2, 1.13 g, 4.09 mmol, 97%) as a N\//N
colorless solid, which was used without further purification.

HRMS (ESI) Calculated for C14H11F3N3* [M+H]* m/z 278.08996, found FsC

m/z 278.08971.

Following GP2c 2-(1H-benzo[d]imidazol-1-yl)-5-
(trifluoromethyl)aniline (S4ag2, 1.11 g, 4.87 mmol), NaNO; (317 mg,

4.60 mmol) in water (4.6 mL), HCI (6 M, 12 mL), MeCN (3.0 mL) and |

KI (1.49g, 9.00 mmol) in water (4.6 mL) gave 1-(2-iodo-4- N\¢N

(trifluoromethyl)phenyl)-1H-benzo[d]imidazole  (4ag, 37.0mg,
95.3 umol, 2%) after column chromatography (Cy 2:1 EtOAc) as a FsC
colorless solid.

1H NMR (601 MHz, CDCls) & (ppm) 8.32 (d, J = 1.4 Hz, 1H), 8.28 (s, 1H), 7.94 (d, J = 7.8 Hz, 1H),
7.86 — 7.82 (m, 1H), 7.60 (d, J = 8.1 Hz, 1H), 7.43 — 7.39 (m, 1H), 7.37 (td, J = 7.7, 7.2, 1.1 Hz,
1H), 7.18 — 7.15 (m, 1H). 3C NMR (151 MHz, CDCls) & (ppm) 145.5, 143.6, 141.9, 133.9, 132.6,
132.3 (q, J = 35.0 Hz), 131.0, 130.4, 124.7, 123.8, 123.7 (q, / = 3.5 Hz), 122.3 (q, J = 273.2 Hz),
121.2, 109.2. *F NMR (565 MHz, CDCl3) & (ppm) -77.75. HRMS (ES) Calculated for C1aHoF3IN,*
[M+H]* m/z 388.97571, found m/z 388.97556. IR (ATR) v (cmt) 2341, 1678, 1575, 1552,1488,
1408, 1216, 1095, 1027, 704. Mp (°C) 232.

1-(2-lodo-6-methylphenyl)-1H-benzo[d]imidazole (4al)

Following GP2a 2-fluoro-1-methyl-3-nitrobenzene (S10k, 1.55 g, 10.0 mmol),
benzimidazole (1.30 g, 11.0 mmol) and NaOH powder (610 mg, 15.3 mmol) in NO,

DMSO (6 mL) gave 1-(2-methyl-6-nitrophenyl)-1H-benzo[d]imidazole (S4al1, N\¢N
1.14 g, 4.50 mmol, 45%) after stirring for 5 h at room temperature and 2 h at
40 °C as a colorless solid. Me

1H NMR (600 MHz, CDCl3) & (ppm) 9.26 (s, 1H), 8.93 (d, J = 8.1 Hz, 1H), 8.74 (d, J = 7.7 Hz, 1H),
8.62 (d, J = 5.2 Hz, 2H), 8.13 (t, J = 7.5 Hz, 1H), 8.10 (t, J = 7.5 Hz, 1H), 7.91 (d, J = 7.7 Hz, 1H),
4.16 (s, 3H). 3C NMR (151 MHz, CDCls) & (ppm) 152.6, 149.1, 148.1, 144.7,141.4, 139.2, 135.8,
132.2, 129.0, 128.3, 127.7, 125.2, 115.0, 22.1. HRMS (ESI) Calculated for C14H12N30,* [M+H]*
m/z 254.09240, found m/z 254.09244. IR (ATR) v (cml) 3068, 2922, 1607, 1526, 1492, 1452,
1337, 1305, 1204, 1005, 713. Mp (°C) 113.

Following GP2bl 1-(2-methyl-6-nitrophenyl)-1H-benzo[d]imidazole (S4al1l,
1.02 g, 4.00 mmol) and Fe powder (670 mg, 12.0 mmol) in HOAc (12 mL) and NH;

EtOH (12 mL) gave 2-(1H-benzo[d]imidazol-1-yl)-3-methylaniline (S4al2) as a N
colorless powder, which was used without further purification.

N

Me
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2.61 mmol), NaNO; (199 mg, 2.88 mmol) in water (2.9 mL), HCI (6 M, 7.5 mL),

Following GP2c 2-(1H-benzo[d]imidazol-1-yl)-3-methylaniline (S4al2, 582 mg, Q
MeOH (7.5 mL) and KI (934 mg, 5.63 mmol) in water (2.9 mL) gave 1-(2-iodo-
6-methylphenyl)-1H-benzo[d]imidazole (4al, 422 mg, 1.26 mmol, 48%) as a @:

colorless solid after column chromatography (Cy 4:1 EtOAc).
Me

1H NMR (600 MHz, CDCls) & (ppm) 7.95 — 7.92 (m, 2H), 7.91 — 7.86 (m, 1H),

7.42 —7.36 (m, 2H), 7.33 = 7.30 (m, 1H), 7.18 (t, J = 7.8 Hz, 1H), 7.05 (d, J = 8.1 Hz, 1H), 2.06 (s,
3H). 13C NMR (151 MHz, CDCls) & (ppm) 143.3, 142.4, 138.6, 137.7, 133.4, 131.1, 129.7, 125.6,
123.8, 122.7, 120.6, 118.5, 110.3, 18.7. HRMS (ESI) Calculated for CisH12IN2* [M+H]* m/z
335.00397, found m/z 335.00339. IR (ATR) v (cm!) 3115, 1479, 1459, 1285, 1221, 1147, 861,
715. Mp (°C) 142.

1-(2-lodophenyl)-2-phenyl-1H-benzo[d]imidazole (4an)

Following GP2a 2-fluoronitrobenzene (S10l, 0.76 mL, 7.20 mmol), 2-phenyl-
1H-benzo[d]imidazole (S2c, 1.17 g, 6.00 mmol) and NaOH powder (360 mg, NO,

9.00 mmol) in DMSO (6mL) gave 1-(2-nitrophenyl)-2-phenyl-1H- N\{N
benzo[d]imidazole (S4an1, 994 mg, 3.15 mmol, 53%) after 30 h reaction time

Ph
at 100 °C and column chromatography (Cy 4:1 EtOAc) of the crude product.
Following GP2bl 1-(2-nitrophenyl)-2-phenyl-1H-benzo[d]imidazole (S4anl, Q
788 mg, 2.50 mmol) and Fe powder (419 mg, 7.50 mmol) in HOAc (7.5 mL) NH: N
and EtOH (7.5 mL) gave 2-(2-phenyl-1H-benzo[d]imidazol-1-yl)aniline (S4an2, N\(
868 mg), which was used without further purification. Ph

Following GP2c crude 2-(2-phenyl-1H-benzo[d]imidazol-1-yl)aniline (S4an2, 868 mg), NaNO;
(198 mg, 2.88 mmol) in water (2.5 mL), HCl (6 M, 7.5 mL), MeCN (7.5 mL) and Kl (934 mg,
5.63 mmol) in water (2.5 mL) gave 1-(2-iodophenyl)-2-phenyl-1H-benzo[d]imidazole (4an,
325 mg, 230 umol, 33% over two steps ) as a colorless solid after column chromatography
(DCM 10:1 MeOH).

14 NMR (601 MHz, CDCls) & (ppm) 8.02 (dd, J = 8.0, 1.4 Hz, 1H), 7.91 (dd, J = Q
8.0,0.9 Hz, 1H), 7.61 (dd, J= 7.3, 1.7 Hz, 2H), 7.50 (td, J = 7.6, 1.4 Hz, 1H), 7.31- |

7.38 (m, 3H), 7.33-7.25 (m, 3H), 7.23 (td, /= 7.7, 1.6 Hz, 1H), 7.00 (dt, /= 8.1, ©/N\€
0.9 Hz, 1H). 3C NMR (151 MHz, CDCls) & (ppm) 152.3, 143.1, 140.6, 140.2,

136.8, 130.2, 130.1, 129.9, 129.7, 129.2, 128.5, 123.6, 123.2, 120.1, 111.0,

98.8 (one signal is overlapping). HRMS (ESI) Calculated for CigH14IN2* [M+H]* m/z 397.01962,
found m/z 397.01893. IR (ATR) v (cm™) 3056, 1471, 1376, 1261, 1225, 762, 740, 690. M, (°C)
152-154.

1-(2-lodophenyl)-2-(trifluoromethyl)-1H-benzo[d]imidazole (4a0)

(trifluoromethyl)-1H-benzo[d]imidazole (S2b, 1.68g, 9.00 mmol) and
NaOH powder (540 mg, 13.5 mmol) in DMSO (9 mL) gave 1-(2-nitrophenyl)-2-

Following GP2a 2-fluoronitrobenzene (S10l, 1.14 mL, 10.8 mmol), 2- Q

(trifluoromethyl)-1H-benzo[d]imidazole (S4aol, 1.46 g, 4.77 mmol, 53%) as a
yellowish oil after 18 h reaction time at 100 °C and column chromatography (Cy
4:1 EtOAc) of the crude product.
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14 NMR (601 MHz, CDCl3) & (ppm) 8.30 (dd, J = 8.2, 1.6 Hz, 1H), 7.95 (dt, J = 8.1, 1.1 Hz, 1H),
7.89 (td, J = 7.7, 1.5 Hz, 1H), 7.82 (ddd, J = 8.2, 7.6, 1.4 Hz, 1H), 7.60 (dd, J = 7.8, 1.4 Hz, 1H),
7.43 (ddd, J = 8.2, 7.2, 1.2 Hz, 1H), 7.38 (ddd, J = 8.3, 7.2, 1.2 Hz, 1H), 7.00 (dt, J = 8.0, 0.9 Hz,
1H). 13C NMR (151 MHz, CDCls) & (ppm) 145.9, 140.9, 140.5 (q, J = 39.0 Hz), 136.8, 134.7, 131.7,
131.4, 128.1, 126.5, 126.3, 124.5, 121.8, 118.7 (g, J = 272.0 Hz), 110.3. HRMS (ESI) Calculated
for C14HsFsN3Os* [M+H]* m/z 308.06414, found m/z 308.06382. IR (ATR) v (cm™) 3058, 1607,
1529, 1345, 1210, 1131, 983, 852, 740.

Following GP2bl 1-(2-nitrophenyl)-2-(trifluoromethyl)-1H-benzo[d]imida-
zole (S4ao01, 1.24 g, 4.02 mmol) and Fe powder (670 mg, 12.1 mmol) in HOAc NH
2
N
1-yl)aniline (S4ao2, 1.05g, 4.02 mmol, 100%), which was used without
|

(12 mL) and EtOH (12 mL) gave 2-(2-(trifluoromethyl)-1H-benzo[d]imidazol-
further purification. ©/

"~
CF;

Following GP2c crude 2-(2-(trifluoromethyl)-1H-benzo[d]imidazol-1-

yl)aniline (S4a02, 832 mg, 3.00 mmol), NaNO; (238 mg, 3.45 mmol) in water

(3 mL), HCI (6 M, 9 mL), MeCN (9 mL) and Kl (1.12 g, 6.75 mmol) in water

(3mL) gave 1-(2-iodophenyl)-2-(trifluoromethyl)-1H-benzo[d]imidazole N

N~
(4a0, 820 mg, 2.12mmol, 76%) as a colorless solid after column \(
C

chromatography (Cy 15:1 EtOAc).

14 NMR (600 MHz, CDCl3) & (ppm) 8.05 (dd, J = 8.0, 1.4 Hz, 1H), 7.96 (d, J = 7.6 Hz, 1H), 7.56
(td,J=7.7,1.4 Hz, 1H), 7.48 — 7.36 (m, 3H), 7.30 (td, J = 7.7, 1.6 Hz, 1H), 7.00 (dt, J = 7.9, 0.9 Hz,
1H). 3C NMR (151 MHz, CDCls) & (ppm) 140.8, 140.4 (q, J = 38.8 Hz), 140.4, 137.5, 136.2, 131.8,
129.7, 129.7, 126.2, 124.3, 121.7, 118.7 (q, J = 272.1 Hz), 111.6, 98.1. F NMR (565 MHz,
CDCl3) & (ppm) -61.47. HRMS (ESI) Calculated for CisaHsFsIN2Na* [M+Na]* m/z 410.95765,
found m/z 410.95696. IR (ATR) v (cm™) 2988, 1528, 1473, 1415, 1261, 1169, 1131, 981, 740.
M, (°C) 134-135.

Fs

1-(2-lodo-3-(1H-pyrazol-1-yl)phenyl)-1H-benzo[d]imidazole (4ba)

A pressure vial was filled with 1,3-difluoro-2-nitrobenzene (S10h, 9.94 g, 75.0 mmol),
benzimidazole (S2f, 2.95 g, 25.0 mmol), K3PO4 (20.1 g, 100 mmol) and DMF (250 mL), sealed
and stirred at 150 °C for 5 h.[11] H,0 (200 mL) was added, and the mixture was extracted with
Et20 (4 x 200 mL). The combined organic layers were washed with brine (100 mL), dried over
NayS0s, filtered, and the solvent was removed under reduced pressure. The residue was
purified via column chromatography on silica (Cy 1:1 EtOAc) to obtain 1-(3-fluoro-2-
nitrophenyl)-1H-benzo[d]imidazole (S4bal, 1.59 g) as black oil, which was used without
further purification.

1.33 g, 517 umol) and pyrazole (689 mg, 10.1 mmol) were dissolved in
DMSO (3.6 mL), and NaOH powder (405 mg, 10.1 mmol) was added. CN
N\

Crude  1-(3-fluoro-2-nitrophenyl)-1H-benzo[d]imidazole  (S4bal,
NOZQ
N NN

After 10 min stirring, ice water (40 mL) was added, the formed solid
was filtered and dried in vacuo. The crude product was purified via
column chromatography (Cy 1:1 EtOAc), so that 1-(2-nitrophenyl)-4-
(1H-pyrazol-1-yl)-1H-benzo[d]imidazole (S4ba2, 878 mg, 2.88 mmol, 56%) was obtained as a
colorless solid.
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14 NMR (601 MHz, CDCl3) & (ppm) 8.08 (s, 1H), 7.88 (dt, J = 7.9, 0.8 Hz, 1H), 7.84 (dd, J = 2.5,
0.6 Hz, 1H), 7.81—7.78 (m, 2H), 7.77 (dt, J = 1.9, 0.9 Hz, 1H), 7.53 (dd, J = 6.3, 2.9 Hz, 1H), 7.37
(ddd, J = 8.1, 7.2, 1.3 Hz, 1H), 7.33 (ddd, J = 8.3, 7.1, 1.3 Hz, 1H), 7.26 (d, J = 7.8 Hz, 1H), 6.54
(dd, J = 2.6, 1.8 Hz, 1H). 13C NMR (151 MHz, CDCls) & (ppm) 143.3, 142.8, 142.7, 142.5, 134.9,
133.8, 132.0, 129.8, 129.6, 127.8, 125.7, 124.7, 123.8, 120.8, 110.1, 109.3. HRMS (ESI)
Calculated for Ci16H12NsO2* [M+H]* m/z 306.09855, found m/z 306.09848. IR (ATR) v (cm™)
1599, 1538, 1495, 1393, 1208, 1042, 809, 739. M, (°C) 174-176.

Following GP2bli 1-(2-nitrophenyl)-4-(1H-pyrazol-1-yl)-1H-
benzo[d]imidazole (S4ba2, 611 mg, 2.00 mmol) and Pd/C (213 mg,
200 umol) and MeOH (40 mL) gave 2-(1H-benzo[d]imidazol-1-yl)-6-

\N NH2
\ N
(1H-pyrazol-1-yl)aniline (S4ba3, 561 mg, 2.00 mmol, 100%) as a QN\©/N\//

colorless solid.

1H NMR (601 MHz, CDCls) & (ppm) 7.94 (s, 1H), 7.81 (dd, J = 7.8, 1.3 Hz, 1H), 7.77 (d, J = 2.5 Hz,
1H), 7.71 (d, J = 1.9 Hz, 1H), 7.32 (dd, J = 8.0, 1.5 Hz, 1H), 7.30 — 7.20 (m, 3H), 7.14 (dd, J = 7.8,
1.5 Hz, 1H), 6.84 (t, J = 7.9 Hz, 1H), 6.44 (t, J = 2.2 Hz, 1H), 4.90 (s, 2H). 3C NMR (151 MHz,
CDCls) & (ppm) 143.4, 143.1, 141.0, 138.2, 133.7, 130.1, 127.4, 127.2, 124.6, 123.7, 122.8,
122.7,120.5,117.0, 110.8, 106.9. HRMS (ESI) Calculated for C1gH1aNs* [M+H]* m/z 276.12437,
found m/z 276.12418. IR (ATR) v (cm!) 3410, 3123, 2988, 1630, 1488, 1395, 1223, 1029, 890,
747. M, (°C) 134-136.

yl)aniline (S4ba3, 138 mg, 500 umol), NaNO: (40.0 mg, 570 umol) in
water (0.5 mL), HCI (6 M, 3.0 mL), MeCN (3.0 mL) and KI (249 mg,

Following GP2c 2-(1H-benzo[d]imidazol-1-yl)-6-(1H-pyrazol-1-

a
1.13 mmol) in water (0.5mL) gave 1-(2-iodo-3-(1H-pyrazol-1- \_N N\¢N
yl)phenyl)-1H-benzo[d]imidazole (4ba, 140 mg, 360 umol, 72%) after

column chromatography (Cy 1:1 EtOAc) as a colorless solid.

14 NMR (601 MHz, CDCls) & (ppm) 8.03 (s, 1H), 7.88 (dt, J = 8.0, 1.1 Hz, 1H), 7.77 (d, J = 2.2 Hz,
2H), 7.62 (t, J = 7.8 Hz, 1H), 7.56 (dd, J = 7.9, 1.6 Hz, 1H), 7.47 (dd, J = 7.7, 1.6 Hz, 1H), 7.34
(ddd, J = 8.1, 7.2, 1.3 Hz, 1H), 7.30 (ddd, J = 8.3, 7.1, 1.2 Hz, 1H), 7.17 (dt, J = 7.9, 0.9 Hz, 1H),
6.50 (t, J = 2.1 Hz, 1H). 13C NMR (151 MHz, CDCl3) & (ppm) 145.9, 143.3, 142.7, 141.3, 140.6,
134.2, 131.2, 130.1, 129.1, 129.0, 124.0, 123.0, 120.7, 110.6, 107.2, 99.6. HRMS (ESI)
Calculated for Ci6H12IN4* [M+H]* m/z 387.01012, found m/z 387.01004. IR (ATR) v (cm™) 2988,
2901, 1574, 1486, 1392, 1235, 1037, 749. Mp (°C) 133-134.

2-(4-(1H-Pyrazol-1-yl)-1H-benzo[d]imidazol-1-yl)aniline (S4aql)

N=
N
\lx\j NO, Fe-powder,o EtOH, HOAc NH,
NN N\//N 100°C, 1 h N\//N
86%

S4ba1 S4aq1

Following GP2bl 1-(2-nitrophenyl)-4-(1H-pyrazol-1-yl)-1H-benzo[d]imidazole (S4bal, 906 mg,
2.97 mmol) and iron powder (496 mg, 8.90 mmol) were stirred in HOAc (9 mL) and EtOH
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(9mL) for 1 h at 100°C, so that 2-(4-(1H-pyrazol-1-yl)-1H-benzo[d]imidazol-1-yl)aniline
(S4aq1, 707 mg, 2.56 mmol, 86%) was isolated after column chromatography (Cy 3:1 EtOAc).

1H NMR (601 MHz, CDCls) & (ppm) 9.23 (dd, J = 2.5, 0.7 Hz, 1H), 8.05 (s, 1H), 7.97 (dd, J = 7.9,
1.0 Hz, 1H), 7.79 (d, J = 1.8 Hz, 1H), 7.37 (t, J = 8.0 Hz, 1H), 7.33 (ddd, J = 8.1, 7.5, 1.5 Hz, 1H),
7.20 (dd, J = 7.8, 1.5 Hz, 1H), 7.13 (dd, J = 8.1, 1.0 Hz, 1H), 6.92 (dd, J = 8.2, 1.3 Hz, 1H), 6.89
(td, J=7.6, 1.3 Hz, 1H), 6.54 (dd, J = 2.4, 1.8 Hz, 1H), 3.65 (s, 2H). 13C NMR (151 MHz, CDCl3) &
(ppm) 143.2,142.9,140.8,135.8,134.2,131.8,131.7,130.7,128.4,124.4,120.9, 119.0, 116.8,
113.6, 108.6, 107.3. HRMS (ESI) Calculated for CigH14Ns* [M+H]* m/z 276.12437, found m/z
276.12439. IR (ATR) v (cm™) 3324, 3208, 2988, 2901, 1592, 1503, 1395, 1203, 1044, 893, 743.
Mp (°C) 150-151.

1-(2-lodophenyl)-4-(1H-pyrazol-1-yl)-1H-benzo[d]imidazole (4aq)

Following GP2c 2-(4-(1H-pyrazol-1-yl)-1H-benzo[d]imidazol-1-yl)aniline N

(S4aql, 240 mg, 870 umol), NaNOz (69.5 mg, 1.00 mmol) in water Q/N/\;

(30.9 mL), HCI (6 M, 2.6 mL), MeCN (2.6 mL) and KI (433 mg, 2.61 mmol)

in water (0.9mL) gave 1-(2-iodophenyl)-4-(1H-pyrazol-1-yl)-1H- I N/
benzo[d]imidazole (4aq, 245 mg, 632 umol, 73%) as a colorless solid ©/ ~7

after column chromatography (Cy 3:1 EtOAc).

IH NMR (601 MHz, CDCls) & (ppm) 9.28 (dd, J = 2.5, 0.7 Hz, 1H), 8.07 (dd, J = 8.0, 1.4 Hz, 1H),
8.06 (s, 1H), 8.01 (dd, J = 7.9, 0.9 Hz, 1H), 7.80 (dd, J = 1.8, 0.7 Hz, 1H), 7.56 (td, J = 7.6, 1.4 Hz,
1H), 7.44 (dd, J = 7.8, 1.6 Hz, 1H), 7.38 (t, J = 8.0 Hz, 1H), 7.28 (ddd, J = 8.0, 7.5, 1.6 Hz, 1H),
7.02 (dd, J = 8.1, 1.0 Hz, 1H), 6.55 (dd, J = 2.5, 1.8 Hz, 1H). 3C NMR (151 MHz, CDCl3) & (ppm)
143.2,142.9, 140.8, 135.8, 134.2, 131.8, 131.7, 130.7, 128.4, 124.4, 120.9, 119.0, 116.8, 113.6,
108.6, 107.3. HRMS (ESI) Calculated for CisH1INs* [M+H]* m/z 387.01012, found m/z
387.00986. IR (ATR) v (cm™) 3158, 3111, 3053, 1595, 1489, 1419, 1080, 893, 745. Mp (°C) 111-
112.

1-(2-lodo-3-(1H-pyrazol-1-yl)phenyl)-5,6-dimethyl-1H-benzo[d]imidazole (4bb)

Following modified GP2a 2,6-difluoronitrobenzene (S10h, 2.39 g,

15.0 mmol) was dissolved in DMSO (75 mL), and a solution of 5,6-
dimethyl-1H-benzimidazole (S2d, 2.19g, 15.0 mmol) and NaOH =N NO

powder (600 mg, 15.0 mmol) in DMSO (75 mL) was added dropwise Ql‘\l 2 NN
over 20 min. Afterward, NaOH powder (800 mg, 20.0 mmol) and ~7
pyrazole (1.36 g, 20.0 mmol) were added, and the reaction mixture \©/

was stirred for another 3 h. The solution was poured into ice water

(800 mL) and stirred for 10 min. The suspension was filtered, and the filter cake was dried in
vacuo. The solid was purified via column chromatography on silica (Cy 60:40 -> 40:60 EtOAc)
to obtain 5,6-dimethyl-1-(2-nitro-3-(1H-pyrazol-1-yl)phenyl)-1H-benzo[d]imidazole (S4bb1,
2.40 g, 7.19 mmol, 48%) as a yellow solid.
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1H NMR (600 MHz, CDCl3) & (ppm) 7.91 (s, 1H), 7.82 (d, J = 2.6 Hz, 1H), 7.80 — 7.74 (m, 3H),
7.61 (s, 1H), 7.50 (t, J = 4.6 Hz, 1H), 7.02 (s, 1H), 6.53 (dd, J = 2.6, 1.8 Hz, 1H), 2.38 (s, 3H), 2.33
(s, 3H). 3C NMR (151 MHz, CDCls) & (ppm) 143.2, 142.5, 142.0, 141.7, 134.0, 133.8, 133.5,
132.7,131.9,130.3,129.6, 127.9, 125.4, 120.8, 110.1, 109.2, 20.7, 20.4. HRMS (ESI) Calculated
for C1sH16NsO,* [M+H]* m/z 334.12985, found m/z 334.12891. IR (ATR) v (cm™t) 3117, 2907,
1541, 1491, 1396, 1219, 842, 760. M, (°C) 125-126.

Following GP2bli 5,6-dimethyl-1-(2-nitro-3-(1H-pyrazol-1-
yl)phenyl)-1H-benzo[d]imidazole (S4bbl, 2.37 g, 7.10 mmol) and
Pd/C (687 mg, 710 umol) and MeOH (40 mL) gave 2-(5,6-dimethyl- C’\\‘ NH,
1H-benzo[d]imidazol-1-yl)-6-(1H-pyrazol-1-yl)aniline (S4bb2, 1.80 g, \\

6.05 mmol, 85%) as an off-white solid.

1H NMR (601 MHz, CDCl3) & (ppm) 8.30 (s, 1H), 7.82 (d, J = 2.4 Hz,

1H), 7.77 (d, J = 1.8 Hz, 1H), 7.64 (s, 1H), 7.38 (d, J = 7.7 Hz, 1H), 7.20 (d, J = 7.4 Hz, 1H), 7.13
(s, 1H), 6.90 (t, J = 7.4 Hz, 1H), 6.50 (t, J = 2.0 Hz, 1H), 4.98 (s, 2H), 2.38 (s, 3H), 2.36 (s, 3H). 13C
NMR (151 MHz, CDCls) & (ppm) 141.2, 138.5, 134.5, 133.3, 130.3, 127.6, 127.6, 125.1, 122.4,
119.6, 117.2, 111.5, 107.1, 20.6, 20.4 (three signals are missing due to broad signals). HRMS
(ESI) Calculated for CigH1sNs* [M+H]* m/z 304.15433, found m/z 304.15509. IR (ATR) v (cm™)
3435, 3301, 3101, 2918, 1622, 1588, 1493, 1393, 1225, 939, 772, 739. M, (°C) 174-175.

Following GP2c 2-(5,6-dimethyl-1H-benzo[d]imidazol-1-yl)-6-(1H-

pyrazol-1-yl)aniline (S4bb2, 1.79 g, 5.90 mmol), NaNO. (476 mg,

6.79 mmol) in water (5.4 mL), HCI (6 M, 32 mL), MeCN (32 mL) and KI

(2.69 g, 13.3 mmol) in water (5.4 mL) gave 1-(2-iodo-3-(1H-pyrazol-1- C'\\‘ ' N
yl)phenyl)-5,6-dimethyl-1H-benzo[d]imidazole (4bb, 1.86 g, NN N
4.50 mmol, 76%) as a colorless solid after column chromatography

(Cy 1:1 EtOAC).

1H NMR (600 MHz, CDCl3) & (ppm) 7.92 (s, 1H), 7.78 (s, 2H), 7.64 (s, 1H), 7.61 (td, J = 7.9, 1.8 Hz,
1H), 7.55 (d, J = 8.0 Hz, 1H), 7.46 (dd, J = 7.5, 2.0 Hz, 1H), 6.94 (s, 1H), 6.50 (d, J = 2.3 Hz, 1H),
2.39 (s, 3H), 2.34 (s, 3H). 13C NMR (151 MHz, CDCl3) & (ppm) 145.9, 142.0, 141.9, 141.3, 140.9,
133.4, 132.8, 132.0, 131.3, 130.0, 129.0, 128.9, 120.6, 110.7, 107.2, 99.7, 20.6, 20.3. HRMS
(ESI) Calculated for CigH16IN4™ [M+H]* m/z 415.04142, found m/z 415.04048. IR (ATR) v (cm™)
3097, 2918, 1728, 1576, 1473, 1216, 987, 750, 714. M, (°C) 72-73.
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3 Oxidative cyclization reactions
Optimization of reaction conditions

| Q I+
N mCPBA, TfOH
N~ )
~7 solvent, T, t /@
R N

TiO- =N
R
4aa (R = H) 5aa (R = H)
4ah (R = Cl) 5ah (R = Cl)

Entry R mCPBA [equiv] TfOH [equiv] T[°C] t[d] Solvent Yield [%]

1 H 1.1 3.0 50 3 MeCN 0

2 H 1.1 3.0 50 3 DCE 23
3 H 1.1 2.5 50 3 DCE 69
4 H 1.1 2.0 50 3 DCE 19
5 H 1.1 2.5 40 3 DCM 69
6 H 1.1 2.5 rt 3 DCM 64
7 H 1.5 2.5 40 3 DCM 53
8 cl 1.1 2.5 40 3 DCM 9lal
9 cl 1.1 2.5 80 3 DCM 3502l
10 1.3 5.0 50 6 DCE 13[!
11 1.3 5.0 65 14 DCE 250
12 1.3 5.0 65 14 DCE:TFE 46
13 dl 1.3 5.0 65 14 DCM 52
14 cl 2.0 5.0 65 14 DCM 50

[a] incomplete conversion, product not clean.

General procedure for oxidative cyclization of (2-iodophenyl)-1H-benzo[d]imidazoles
and -indazoles 5 (GP3a/b)

Rll

.
| N\ / | X I X
N R | R
_ N\/( mCPBA, TfOH, DCM 7 N =
A | R' TfO =N
Rl
4 5

GP3a: To a stirred solution of the corresponding (2-iodophenyl)-1H-benzo[d]imidazole
or -indazole (200 umol, 1.00 equiv) and mCPBA (85%, 44.7 mg, 220 umol, 1.10 equiv) in DCM
(1 mL) was added TfOH (44.2 uL, 500 umol, 2.50 equiv) and the solution was stirred for 72 h
at 40 °C. The solvent was removed under reduced pressure, suspended in Et;0 (1 mL) or other
solvents, if necessary, stored at 4 °C for 30 min, filtered, washed with Et;O (3 x 1 mL), and
dried in vacuo.
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GP3b: To a stirred solution of the corresponding (2-iodophenyl)-1H-benzo[d]imidazole
or -indazole (200 umol, 1.00 equiv) and mCPBA (85%, 52.8 mg, 260 umol, 1.30 equiv) in DCM
(1 mL) was added TfOH (88.4 pL, 1.00 mmol, 5.00 equiv) and the solution was stirred for 14 d
at 65 °C. The solvent was removed under reduced pressure, suspended in Et,0 (1 mL) or other
solvents, if necessary, stored at 4 °C for 30 min, filtered, washed with Et,0 (3 x 1 mL), and
dried in vacuo.

6H-6A3-loda-2,10b-diazaaceanthrylen-6-yl triflate (5aa)

Following GP3a 1-(2-iodophenyl)-1H-benzo[d]imidazole (4aa,

|+
64.0 mg, 200 umol), mCPBA (44.9 mg, 220 umol) and TfOH (44.2 uL,
500 umol) in DCM (1 mL) gave 6H-6A3-ioda-2,10b-diazaaceanthrylen- N
6-yl triflate (5aa, 64.7 mg, 138 umol, 69%) as a colorless powder. TIo- \=N
Gram-scale reaction

To a solution of 1-(2-iodophenyl)-1H-benzo[d]imidazole (4aa, 1.92 g, 6.00 mmol) and
mCPBA (1.35g, 6.60 mmol) in DCM (15 mL) was added TfOH (1.32 mL, 15.0 mmol)
dropwise and stirred for 72 h at 50 °C. The solvent was removed by decantation, the
residue was suspended in Et,0 (10 mL) and stored for 1 h at 4 °C. The suspension was
filtered, washed with Et,0 (3 x 3 mL), and dried in vacuo, so that 6H-6A3-ioda-2,10b-
diazaaceanthrylen-6-yl triflate (5aa, 2.15g, 4.58 mmol, 76%) was obtained as a
colorless powder. For transformation reactions, the salt was recrystallized from water
to obtain yellowish needles.

14 NMR (601 MHz, DMSO-ds) & (ppm) 9.44 (s, 1H), 8.33 (dd, J = 8.4, 1.4 Hz, 1H), 8.09 (dd, J =
8.2, 1.4 Hz, 1H), 7.92 (dd, J = 8.0, 0.7 Hz, 1H), 7.83 (dd, J = 8.0, 0.8 Hz, 1H), 7.66 (ddd, J = 8.4,
7.3, 1.4 Hz, 1H), 7.52 (t, J = 8.0 Hz, 1H), 7.45 (ddd, J = 8.4, 7.3, 1.3 Hz, 1H). 3C NMR (151 MHz,
DMSO-de) 6 (ppm) 144.2, 141.3, 133.8, 133.0, 132.4, 128.9, 127.3,127.0, 125.1, 122.3, 120.7
(g, J = 322.5 Hz), 119.2, 98.0, 86.0. °F NMR (565 MHz, DMSO-ds) & (ppm) -77.86 ppm. HRMS
(ESI) Calculated for Ci3H1olN2* [M-OTf+2H]* m/z 320.98832, found m/z 320.98826 (reduction
of the iodine in the mass spectrometer). IR (ATR) v (cm™) 3132, 3052, 3029, 2987, 2950, 2771,
2733, 2694, 1607, 155, 1509, 1467, 1435, 1329, 1278, 1217, 1157, 1022, 976, 905, 852, 779,
761, 732. Mp (°C) 293 (decom.).

7-Methyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5ab)

Following larger scaled GP3a 1-(2-iodo-3-methylphenyl)-1H-

Me
benzo[d]imidazole (4ab, 66.8 mg, 200 umol), mCPBA (61.2 mg, It
300 pmol) and TfOH (44.2 pL, 500 umol) in DCM (1 mL) gave 7-
methyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5ab, N

18.0 mg, 37.3 umol, 19%) as a colorless solid after 45 h reaction time. TO" \=pN

14 NMR (601 MHz, DMSO-ds) & (ppm) 9.46 (s, 1H), 8.13 (d, J = 8.1 Hz, 1H), 7.99 (d, J =
8.1 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.58 (td, J = 7.9, 2.3 Hz, 2H), 7.43 (d, J = 7.5 Hz, 1H),
2.69 (s, 3H). 13C NMR (151 MHz, DMSO-ds) & (ppm) 144.0, 142.0, 141.1, 133.2, 132.3,
130.1, 127.8, 127.5, 125.4, 122.6, 120.7 (q, J = 322.2 Hz), 116.7, 102.5, 85.0, 25.0. 1°F
NMR (565 MHz, DMSO-ds) & (ppm) -77.87. HRMS (ESI) Calculated for Ci4H12IN2* [M-
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OTf+2H]* m/z 335.00397, found m/z 335.00384 (reduction of the iodine in the mass
spectrometer). IR (ATR) v (cm™) 3112, 3035, 1690, 194, 1542, 1226, 1022, 808. Mp (°C)
223.

7-Fluoro-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5ac) F

Following GP3b 1-(3-fluoro-2-iodophenyl)-1H-benzo[d]imidazole (4ac, @il
67.6 mg, 200 umol), mCPBA (52.8 mg, 260 umol) and TfOH (88.4 uL, N
1.00mol) in  DCM (I1mL) gave 7-fluoro-6H-6A%ioda-2,10b- 1o \=N
diazaaceanthrylen-6-ium triflate (5ac, 53.1 mg, 109 mmol, 55%) as a colorless

powder after 14 d reaction time.

1H NMR (601 MHz, CDs0D) & (ppm) 9.43 (s, 1H), 8.10 (dt, J = 8.4, 0.9 Hz, 1H), 7.98 (d, J = 8.2 Hz,
1H), 7.89 (dd, J = 8.0, 0.7 Hz, 1H), 7.78 (td, J = 8.4, 6.6 Hz, 1H), 7.65 (t, J = 8.1 Hz, 1H), 7.43 (td,
J=8.3, 1.1 Hz, 1H). 3C NMR (151 MHz, CDs0D) & (ppm) 161.5 (d, J = 246.3 Hz), 144.9, 142.7,
136.3 (d, J = 9.4 Hz), 135.3 (d, J = 5.0 Hz), 129.6, 128.6, 126.9, 123.9, 121.8 (q, J = 318.2 Hz),
116.1 (d, J = 2.4 Hz), 115.9 (d, J = 21.9 Hz), 86.2 (d, J = 30.4 Hz), 84.7. F NMR (565 MHz,
CDs0D) & (ppm) -80.13, -92.99 (dd, J = 8.2, 6.7 Hz). HRMS (ESI) Calculated for C13H7FIN2* [M-
TfO]* m/z 336.96325, found m/z 336.96272. IR (ATR) v (cm) 3122, 2988, 2901, 1551, 1474,
1432, 1223, 1162, 1021, 775. Mp (°C) 268-269 (decom.).

8-Methyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5af)
|+
zole (4af, 66.8 mg, 200 pmol), mCPBA (61.2 mg, 300 umol) and
TfOH (44.2 uL, 500 umol) in DCM (1 mL) gave 8-methyl-6H-6A3-

ioda-2,10b-diazaaceanthrylen-6-ium triflate (5af, 58.0 mg,
120 pmol, 60%) as a colorless powder after 72 h reaction time.

Following GP3a 1-(2-iodo-4-methylphenyl)-1H-benzo[d]imida- Me\@

N
TfO" \:N

1H NMR (601 MHz, DMSO-ds) & (ppm) 9.39 (s, 1H), 8.22 (d, J = 8.4 Hz, 1H), 7.93 (d, J =
8.1 Hz, 1H), 7.91 (s, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.51 (t, J = 8.1 Hz, 1H), 7.48 (d, J =
8.1 Hz, 1H), 2.37 (s, 3H). 13C NMR (151 MHz, DMSO-ds) & (ppm) 144.1, 141.2, 138.7,
133.5,133.4,130.1, 127.1,126.9,125.1,122.3,120.7 (g, J =322.3 Hz), 118.8, 97.8, 86.0,
20.1. F NMR (565 MHz, DMSO-ds) & (ppm) -77.87. HRMS (ESI) Calculated for
C14H12IN2* [M-OTf+2H]* m/z 335.00397, found m/z 335.00375 (reduction of the iodine
in the mass spectrometer). IR (ATR) v (cm™) 3113, 3063, 3022, 1545, 1274, 1219, 1156,
1023, 810, 785, 736. Mp (°C) 288-289 °C (decom.).

8-(Trifluoromethyl)-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5ag)

(trifluoromethyl)phenyl)-1H-benzo[d]imidazole (4ag, 35.1 mg,
90.4 umol), mCPBA (24.0 mg, 118 umol) and TfOH (39.9 ulL,
452 pumol) in DCM (1 mL) gave 8-(trifluoromethyl)-6H-6A3-ioda- TfO

Following a modified procedure GP3b 1-(2-iodo-4- FBC\@
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2,10b-diazaaceanthrylen-6-ium triflate (5ag, 18.7 mg, 34.9 umol, 39%) as a colorless
powder after 14 d reaction time at 40 °C.

IH NMR (601 MHz, CD30OD) & (ppm) 9.52 (s, 1H), 8.49 — 8.40 (m, 2H), 8.04 (d, J = 8.3 Hz,
1H), 7.96 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.67 (t, J = 8.1 Hz, 1H). 3C NMR (151
MHz, CD30D) & (ppm) 143.0, 141.3, 135.4, 130.7, 130.2, 128.2, 127.2, 125.6, 122.1,
121.4 (q, J = 243.3 Hz), 119.7, 119.3, 96.5, 84.4 (the triflate carbon is not visible). °F
NMR (565 MHz, CD30D) &6 (ppm) -64.42 (3F), -80.13 (3F). HRMS (ESI) Calculated for
C1aHoFs3INy* [M+2H-OTf]* m/z 388.97571, found m/z 388.97488 (reduction of the iodine
in the mass spectrometer). IR (ATR) v (cm™) 1278, 1224, 1170, 1134, 1090, 1066, 1027.
Mp (°C) 285 (Decom.).

9-Chloro-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5ah)

benzo[d]imidazole (4ah, 70.7 mg, 200 umol), mCPBA (55.9 mg,

324 umol) and TfOH (88.4 uL, 1.00 mmol) in DCM (1 mL) were Cl N
stirred at 65°C for 14d, so that 9-chloro-6H-6A3-ioda-2,10b- O™ \=N
diazaaceanthrylen-6-ium triflate (5ah, 51.8 mg, 103 umol, 52%) as a colorless powder.

Following modified GP3b 1-(5-chloro-2-iodophenyl)-1H- /©il+

1H NMR (601 MHz, DMSO-ds) 8 (ppm) 9.45 (s, 1H), 8.51 (s, 1H), 8.09 (d, J = 8.7 Hz, 1H),
7.92 (d, J= 7.9 Hz, 1H), 7.82 (d, J = 7.9 Hz, 1H), 7.61 — 7.49 (m, 2H). 13C NMR (151 MHz,
CDs0D) 6 (ppm) 144.6, 142.0, 138.1, 135.3, 134.1, 128.8, 127.7, 125.7, 122.2, 121.7
121.1 (q, J = 322.4 Hz), 119.2, 96.8, 86.6. 1°F NMR (565 MHz, DMSO-ds) & (ppm) -77.75.
HRMS (ESI) Calculated for CizHoClIN2 [M+2H-OTf]* m/z 354.94935, found m/z
354.94873 (reduction of the iodine in the mass spectrometer). IR (ATR) v (cm™) 3130,
3063, 1584, 1494, 1254, 1223, 1164, 1027, 994, 775, 758, 729. Mp (°C) 319 (decom.).

9-Bromo-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5ai)

Following  modified GP3a 1-(5-bromo-2-iodophenyl)-1H- I
benzo[d]imidazole (4ai, 79.8 mg, 200 umol), mCPBA (55.9 mg, /@
220 pumol) and TfOH (44.2 uL, 500 umol) in DCM (2 mL) were Br N
stirred at 80 °C for 6 d in a pressure vial and purified via column Tfo" \=N
chromatography on silica (DCM -> DCM 10:1 MeOH) to obtain 9-bromo-6H-6A3-ioda-
2,10b-diazaaceanthrylen-6-ium triflate (5ai, 53.6 mg, 98.0 umol, 49%) as a colorless
powder.

14 NMR (601 MHz, CDs0D) & (ppm) 9.70 (s, 1H), 8.50 (d, J = 2.1 Hz, 1H), 7.94 (dd, J =
8.1, 0.7 Hz, 1H), 7.91 (d, J = 8.7 Hz, 1H), 7.81 (dd, J = 8.2, 0.7 Hz, 1H), 7.64 (dd, J = 8.7,
2.1 Hz, 1H), 7.61 (t, J = 8.1 Hz, 1H). 3C NMR (151 MHz, CDsOD) & (ppm) 142.4, 141.4,
135.9, 134.1, 133.9, 130.1, 128.6, 128.0, 127.7, 124.1, 122.2, 121.7 (q, / = 318.6 Hz),
96.0, 86.3. 1%F NMR (565 MHz, CD30D) & (ppm) -80.03. HRMS (ESI) Calculated for
Ci3H7BrIN2* [M-OTf]* m/z 396.88318, found m/z 396.88230. IR (ATR) v (cm™) 3119,
2988, 2901, 1574, 1548, 1478, 1217, 1161, 1020, 780, 732. Mp (°C) 302-304 (decom.).
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9-Cyano-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5aj)

Following GP3a 3-(1H-benzo[d]imidazol-1-yl)-4-iodobenzonitrile |
(4aj, 69.0 mg, 200 pmol), mCPBA (44.9 mg, 220 umol) and TfOH /@
(44.2 pL, 500 umol) in DCM (1 mL) gave 9-cyano-6H-6A3-ioda- NG N
2,10b-diazaaceanthrylen-6-ium triflate (5aj, 45.4 mg, 92.1 umol, TIo- \=N
46%) as colourless powder after 72 h reaction time and

suspending in Et,0 1:1 DCM.

1H NMR (601 MHz, DMSO-ds) & (ppm) 9.40 (s, 1H), 8.82 (s, 1H), 8.28 — 8.23 (m, 1H),
7.95 —7.87 (m, 2H), 7.82 (d, J = 8.0 Hz, 1H), 7.53 (t, J = 8.0 Hz, 1H). 13C NMR (151 MHz,
DMSO-de) 6 (ppm) 144.6, 141.9, 135.2, 133.9, 131.7, 127.9, 127.6, 125.7, 122.9, 122.4,
117.3, 115.9, 104.9, 87.0 (triflate carbon not visible) 1°%F NMR (565 MHz, DMSO-ds) &
(ppm) -77.74. HRMS (ESI) Calculated for C14HsIN3 [M+2H-OTf]* m/z 345.98357, found
m/z 345.98292 (reduction of the iodine in the mass spectrometer). IR (ATR) v (cm™)
3125, 2237, 1558, 1496, 1478, 1240, 1156, 1024, 943, 793, 739. Mp (°C) 205 (decom.)

9-Nitro-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5ak)

Following GP3b 1-(2-iodo-5-nitrophenyl)-1H-benzo[d]imidazole |
(4ak, 73.1 mg, 200 pumol), mCPBA (53.1 mg, 250 pumol) and TfOH /@
(120 pL, 1.36 mmol) in DCM (1 mL) gave 9-nitro-6H-6A%*ioda- Q,N N
2,10b-diazaaceanthrylen-6-ium triflate (5ak, 70.5 mg, 137 umol, Tfo- \=N
69%) as a colorless powder after 14 d reaction time.

14 NMR (601 MHz, CDsOD) & (ppm) 9.79 (s, 1H), 9.11 (s, 1H), 8.37 (d, J = 8.9 Hz, 1H),
8.32 (dd, J = 8.9, 1.9 Hz, 1H), 8.00 (d, J = 8.1 Hz, 1H), 7.92 (d, J = 8.1 Hz, 1H), 7.70 (t, J =
8.1 Hz, 1H). 33C NMR (151 MHz, CD30OD) & (ppm) 151.2, 142.0, 141.6, 134.7, 133.4,
128.5, 127.1, 125.8, 122.7, 121.8, 121.4 (q, J = 199.1 Hz), 113.9, 102.7, 84.7. °F NMR
(565 MHz, CD30OD) & (ppm) -80.12. HRMS (ESI) Calculated for C13HoIN3O2* [M+2H-OTf]*
m/z 365.97340, found m/z 365.97289 (reduction of the iodine in the mass
spectrometer). IR (ATR) v (cm™) 3129, 1541, 1464, 1358, 1286, 1220, 1176, 1025, 739.
Mp (°C) 299 (decom.).

10-Methyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5al)

Following GP3b 1-(2-iodo-6-methylphenyl)-1H-benzo[d]imidazole TfO
(4al, 66.7 mg, 200 umol), mCPBA (53.1 mg, 260 umol) and TfOH N

(88.2 uL, 1.00 mmol) in DCM (1 mL) gave 10-methyl-6H-6A3-ioda-
2,10b-diazaaceanthrylen-6-ium triflate (5al, 72.6 mg, 151 pmol, 75%) N

as a colorless powder after 7 d reaction time. Me =N

1H NMR (600 MHz, CD30OD) & (ppm) 9.72 (s, 1H), 8.20 — 8.00 (m, 2H), 7.96 (d, J = 8.1 Hz,
1H), 7.75 (t, J = 8.1 Hz, 1H), 7.71 (d, J = 7.7 Hz, 1H), 7.47 (t, J = 7.8 Hz, 1H), 2.84 (s, 3H).
13C NMR (151 MHz, CDs0D) & (ppm) 145.1, 139.7, 137.7, 134.4, 133.9, 132.0, 131.4,
131.3,131.0,128.3,121.7 (q, /=318.4 Hz), 120.7, 100.3, 87.2, 24.5. 1%F NMR (565 MHz,
CD30D) & (ppm) -80.09. HRMS (ESI) Calculated for C1aH10IN2* [M-OTf]* m/z 332.98832,
found m/z 332.98825. IR (ATR) v (cm™) 3167, 1541, 1426, 1273, 1218, 1155, 1117, 1020,
771, 702. Mp (°C) 142.
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1-Bromo-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5am)

|+

Following GP3a 2-bromo-1-(2-iodophenyl)-1H-benzo[d]imidazole (4am @

79.8 mg, 200 umol), mCPBA (44.9 mg, 210 umol) and TfOH (44.2 pL, N
: i 6H-65%i0da-2,10b. TO" )=N

500 umol) in DCM (1mL) gave 1-bromo-6H-6A3-ioda-2,10b B

diazaaceanthrylen-6-ium triflate (5am, 97.1 mg, 170 umol, 85%) as a r 0.3'DCM

colorless solid with 0.3 equiv of DCM after filtration of cold reaction suspension, further

washing with DCM (2 x 1 mL), and drying in vacuo.

14 NMR (601 MHz, CD3CN) & (ppm) 8.77 (dd, J = 8.1, 1.4 Hz, 1H), 8.15 (td, J = 7.8, 1.4 Hz, 1H),
8.03 (td, J = 7.9, 1.6 Hz, 1H), 8.00 (dt, J = 8.4, 0.9 Hz, 1H), 7.96 (dd, J = 7.9, 1.5 Hz, 1H), 7.76
(ddd, J = 8.4, 7.4, 1.0 Hz, 1H), 7.40 (dt, J = 8.5, 0.9 Hz, 1H), 5.45 (s, 0.6H, DCM). 3C NMR
(151 MHz, CD3CN) & (ppm) 141.1, 137.9, 136.2, 135.0, 134.0, 132.6, 132.5, 132.2, 129.3, 129.1,
122.8, 121.3 (q, J/ = 319.0 Hz), 115.6, 114.3, 55.3 (DCM). °F NMR (565 MHz, CDsCN) &
(ppm) -79.22. HRMS (ESI) Calculated for CizH7BrINy* [M-TfO]* m/z 396.88138, found m/z
396.88276. IR (ATR) v (cml) 3070, 1715, 1490, 1221, 1169, 1055, 1023, 750. Mp (°C) 85-86
(decom.)

1-Phenyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5an) +

Following GP3a 1-(2-iodophenyl)-2-phenyl-1H-benzo[d]imidazole (4an @j@
N

79.2 mg, 200 umol), mCPBA (44.9 mg, 210 umol) and TfOH (44.2 uL, .
500 umol) in DCM (1mL) gave 1-phenyl-6H-6A3-ioda-2,10b- TfO" PH N
diazaaceanthrylen-6-ium triflate (5an, 59.8 mg, 110 umol, 55%) as a
colorless solid after suspending in Et20 (1 mL) and a few drops of EtOAc.

14 NMR (600 MHz, DMSO-ds) & (ppm) 8.21 — 8.08 (m, 1H), 8.02 — 7.92 (m, 3H), 7.90 (d, J =
8.0 Hz, 1H), 7.70 — 7.59 (m, 4H), 7.40 (tq, J = 7.3, 3.7, 2.2 Hz, 2H), 7.11 — 7.04 (m, 1H). 3C NMR
(151 MHz, DMSO-de) 6 (ppm) 154.6, 142.6, 135.6, 134.9, 134.1, 132.2, 131.4, 130.1, 129.4,
128.7, 128.0, 126.0, 123.0, 121.8, 121.8, 120.2 (q, J = 322.2 Hz), 100.9, 88.2. °F NMR (565
MHz, DMSO-ds) & (ppm) -77.73. HRMS (ESI) Calculated for C1sH12IN2* [M-TfO]* m/z 395.00397,
found m/z 395.00369. IR (ATR) v (cm™) 2988, 1901, 1475, 1221, 1155, 1023, 759, 693. Mp (°C)
256-257 (decom.).

1-(Trifluoromethyl)-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5ao)

Following GP3b 2-(trifluoromethyl)-1-(2-iodphenyl)-1H-benzo[d]imidazole It
(4a0, 77.6 mg, 200 umol), mCPBA (62.8 mg, 260 umol) and TfOH (88.4 uL,

1.00 mol) were stirred in DCM (1 mL). The solvent was removed under @N
reduced pressure, the residue was suspended in Et;O (1 mL), filtered, TfO" >:N
washed with additional Et;0 (3 x 1 mL), and dried in vacuo, so that 1- F3C
(trifluoromethyl)-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate

(5a0, 53.9 mg, 101 umol, 50%) was obtained as a gray solid.

1H NMR (601 MHz, DMSO-ds) & (ppm) 8.30 (dd, J = 8.2, 1.5 Hz, 1H), 8.18 (d, J = 8.1 Hz, 1H),
8.16 (d, J = 7.9 Hz, 1H), 7.90 (t, J = 7.4 Hz, 1H), 7.82 (t, J = 8.0 Hz, 1H), 7.77 (d, J = 8.3 Hz, 1H),
7.70 (t, J = 7.7 Hz, 1H). 3C NMR (151 MHz, DMSO-ds) & 140.7, 140.5 (q, J = 39.7 Hz), 135.8,
133.4, 133.3, 132.7, 130.0, 128.9, 128.7, 123.3, 122.9 (g, J = 5.1 Hz), 120.7 (q, J = 322.4 Hz),
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118.7 (g, J = 272.2 Hz), 101.0, 88.7. °F NMR (565 MHz, DMSO-ds) & (ppm) -57.84 (s, 3F), -77.75
(s, 3F). HRMS (ESI) Calculated for CiaH7F3IN2* [M-TfO]* m/z 386.96006, found m/z 386.95891.
IR (ATR) v (cm?) 3073, 1528, 1474, 1424, 1381, 1238, 1142, 1023, 754. Mp (°C) 229-232
(decom.).

1-Methyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5ap)

Following GP3a 2-methyl-1-(2-iodophenyl)-1H-benzo[d]imidazole I*
(4ap, 66.8 mg, 200 umol), mCPBA (61.2 mg, 300 umol) and TfOH @
(44.2 uL, 500 pumol) in DCM (1 mL) gave 1-methyl-6H-6A3-ioda-2,10b- N

diazaaceanthrylen-6-ium triflate (5ap, 58.0 mg, 120 pmol, 60%) asa  fO" )=N
colorless powder after 72 h reaction time. Me

14 NMR (601 MHz, DMSO-ds) & (ppm) 8.15 (d, J = 8.1 Hz, 1H), 8.08 (d, J = 8.4 Hz, 1H), 7.81 (d,
J=8.0Hz, 1H), 7.76 (d, J = 7.9 Hz, 1H), 7.71 (t, J = 7.8 Hz, 1H), 7.52 (q, J = 8.0 Hz, 2H), 3.03 (s,
3H). 13C NMR (151 MHz, DMSO-ds) & (ppm) 153.4, 141.9, 135.4, 133.8, 133.2, 131.9, 128.8,
127.3,124.7,121.3,120.7,120.7 (g,  =322.5 Hz), 99.7, 86.2, 18.6. 1°F NMR (565 MHz, DMSO-
ds) & (ppm) -77.8. HRMS (ESI) Calculated for CigH12IN2* [M-TfO+2H]* m/z 335.00397, found
m/z 335.00377 (reduction of the iodine in the mass spectrometer). IR (ATR) v (cm™) 2988,
1473, 1389, 1321, 1011, 743. Mp (°C) 223-234 (decom.).

3-(1H-Pyrazol-1-yl)-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5aq)

Following slightly modified GP3a 1-(2-iodophenyl)-4-(1H-pyrazol-1-yl)- X
1H-benzo[d]imidazole (4aq, 77.2 mg, 200 umol) mCPBA (44.9 mg, N
210 umol) and TfOH (44.2 pL, 500 pmol) in MeCN (1 mL) gave 3-(1H- 0" \= N@

pyrazol-1-yl)-2,10b-diazaaceanthrylen-6-ium triflate (5aq, 69.8 mg,
131 umol, 65%) as a colorless solid after suspending MeCN (1 mL).

14 NMR (600 MHz, DMSO-ds) & (ppm) 9.58 (s, 1H), 9.24 (d, J = 2.6 Hz, 1H), 8.39 (d, J = 8.2 Hz,
1H), 8.15 (d, J = 8.8 Hz, 1H), 8.12 (d, J = 8.2 Hz, 1H), 8.03 (d, J = 8.8 Hz, 1H), 7.91 (d, J = 1.7 Hz,
1H), 7.70 (t, J = 7.8 Hz, 1H), 7.50 (t, J = 7.7 Hz, 1H), 6.69 (t, J = 2.2 Hz, 1H). 13C NMR (151 MHz,
DMSO-de) 6 (ppm) 141.7, 141.5, 133.8, 133.5, 133.0, 132.3, 132.1, 131.6, 129.3, 128.9, 126.1,
120.7 (d, J = 322.0 Hz), 119.6, 116.3, 108.5, 97.9, 81.4. °F NMR (565 MHz, DMSO-ds) & (ppm)
-77.75. HRMS (ESI) Calculated for Ci6H10IN4*™ [M-TfO]* m/z 384.99447, found m/z 384.99412.
IR (ATR) v (cm™) 3120, 1988, 2901, 1612, 1532, 1504, 1459, 1402, 1360, 1223, 1203, 1021,
765. Mp (°C) 280-282 (decom.).

4,5-Dimethyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5ar)

Following GP3a 1-(2-iodophenyl)-5,6-dimethyl-1H-benzo[d]imidazole (4ar, I* Me
69.6 mg, 200 umol), mCPBA (44.9 mg, 210 umol) and TfOH (44.2 uL, @

500 umol) in DCM (1mL) gave 4,5-dimethyl-6H-6A3-ioda-2,10b- N
diazaaceanthrylen-6-ium triflate (5ar, 84.5mg, 170 umol, 85%) as a  TfO \=nN
colorless solid.
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14 NMR (600 MHz, DMSO-ds) & (ppm) 9.34 (s, 1H), 8.21 (d, J = 8.2 Hz, 1H), 8.16 (d, J = 8.3 Hz,
1H), 7.68 (t, J = 7.7 Hz, 1H), 7.64 (s, 1H), 7.47 (t, J = 7.7 Hz, 1H), 2.46 (s, 3H), 2.41 (s, 3H). 13C
NMR (151 MHz, DMSO-ds) & (ppm) 141.7, 141.3, 136.9, 134.8, 133.3, 133.0, 132.5, 129.3,
126.8,122.3,120.7 (q, J = 322.3 Hz). 119.7, 96.7, 88.8, 21.9, 20.7. °F NMR (565 MHz, DMSO-
ds) 6 (ppm) -77.74. HRMS (ESI) Calculated for CisH12IN2* [M-TfO]* m/z 347.00397, found m/z
347.00356. IR (ATR) v (cm™) 3128, 2988, 1544, 1440, 1286, 1221, 1144, 1024, 764. Mp (°C)
273 - 274 (decom.).

9-Chloro-4,5-dimethyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5at)

Following GP3a 1-(5-chloro-2-iodophenyl)-5,6-dimethyl-1H-
benzo[d]imidazole (4at, 76.3 mg, 200 umol), mCPBA (44.9 mg,
210 pumol) and TfOH (44.2 uL, 500 umol) in DCM (1 mL) gave 9-
chloro-4,5-dimethyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium o N
triflate (5at, 51.7 mg, 97.4 umol, 49%) as a colorless solid 72 h - \=y
reaction time.

1H NMR (601 MHz, CDs0D) & (ppm) 9.61 (s, 1H), 8.43 (d, J = 2.3 Hz, 1H), 8.15 (d, J = 8.9 Hz, 1H),
7.74 (s, 1H), 7.64 (dd, J = 8.9, 2.3 Hz, 1H), 2.59 (s, 3H), 2.56 (s, 3H). 13C NMR (151 MHz, CDs0D)
6 (ppm) 140.7, 139.9, 139.5, 137.9, 135.1, 135.0, 132.5, 130.0, 125.8, 120.6, 120.4, 92.8, 87.8,
21.1, 19.9. *F NMR (565 MHz, CDs0D) & (ppm) -80.11. HRMS (ESI) Calculated for C1sH13ClIN2*
[M-OTf+2H]* m/z 382.98065, found m/z 382.98019 (reduction of the iodine in the mass
spectrometer). IR (ATR) v (cm™) 2608, 1602, 1579, 1547, 1445, 1285, 1216, 1157, 1023, 859,
826. Mp (°C) 280 (decom.).

9-Bromo-4,5-dimethyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5au)

Following GP3a 1-(5-bromo-2-iodophenyl)-5,6-dimethyl-1H-
benzo[d]imidazole (4au, 85.2 mg, 200 umol), mCPBA (44.9 mg,

Me
N Me
210 umol) and TfOH (44.2 uL, 500 umol) in DCM (1 mL) gave 9- /@
bromo-4,5-dimethyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium Br N
—N

triflate (5au, 106 mg, 184 umol, 92%) as a colorless solid after 72 h Tio- \=
reaction time.

14 NMR (601 MHz, CDsOD) & (ppm) 9.91 (s, 1H), 8.59 (d, J = 2.0 Hz, 1H), 8.10 (d, J = 8.8 Hz, 1H),
7.81(dd, J = 8.8, 2.0 Hz, 1H), 7.77 (s, 1H), 2.61 (s, 3H), 2.57 (s, 3H). 3C NMR (151 MHz, CDs0D)
6 (ppm) 140.6, 140.0, 136.5, 135.6, 135.2, 133.4,127.7,125.5,123.4,121.4,120.0 (g, J = 104.9
Hz), 119.3, 93.8, 88.1, 21.1, 19.9. 1F NMR (565 MHz, CDsOD) & (ppm) -80.08. HRMS (ESI)
Calculated for CisH13BrIN2* [M-OTf+2H]* m/z 426.93013, found m/z 426.92953 (reduction of
the iodine in the mass spectrometer). IR (ATR) v (cm™) 1547, 1286, 1235, 1189, 1025, 825. Mp
(°C) 285.

2-Methyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-2,6-diium bistriflate (5av) @F
N

To a solution of 1-(2-iodophenyl)-3-methyl-1H-benzo[d]imidazolium
triflate (4av, 200 pmol, 96.8 mg) and mCPBA (220 umol, 44.9 mg) in =N*
DCM (1 mL) was added TfOH (44.2 uL, 500 umol) dropwise and the 2°TfO Me



mixture was stirred for 1 h at room temperature and afterward for 72 h at 40 °C. The
solvent was removed under reduced pressure, and the residue was suspended in Et;0
(1 mL) and a few drops of EtOAc. The suspension was stored at 4 °C for 1 h, filtered and
washed with EtOAc 1:1 Et,O (2 x 0.5mL) to give 2-methyl-6H-6A3-ioda-2,10b-
diazaaceanthrylen-2,6-diium bistriflate (5av, 59.2 mg, 93.6 umol, 47%) as a colorless
powder.

14 NMR (601 MHz, DMSO-ds) & (ppm) 10.91 (s, 1H), 8.34 (t, J = 8.0 Hz, 2H), 8.26 (d, J =
8.2 Hz, 1H), 8.23 (d, J = 8.3 Hz, 1H), 7.94 (t, J = 8.2 Hz, 1H), 7.87 (t, J = 7.8 Hz, 1H), 7.69
(t, J = 7.7 Hz, 1H), 4.22 (s, 3H). 3C NMR (151 MHz, DMSO-ds) & (ppm) 142.0, 134.1,
133.4, 132.9, 131.5, 130.2, 129.5, 128.9, 125.2, 120.5, 120.4 (q, J = 322.4 Hz), 116.7,
99.1, 89.7, 34.7. F NMR (565 MHz, DMSO-ds) & (ppm) -77.8. HRMS (ESI) Calculated
for CiaH12IN2* [M-2TfO+H]* m/z 335.00397, found m/z 335.00375 (reduction in the
mass spectrometer). IR (ATR) v (cm™) 3157, 3089, 1567, 1462, 1240, 1157, 1024, 757.
Mp (°C) 179 (decom.).

2-Phenyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-2,6-diium bistriflate (5aw) : Y
N

Following GP3a 1-(2-iodophenyl)-3-phenyl-1H-benzo[d]imidazol-3-ium
triflate (109 mg, 200 umol), mCPBA (44.9 mg, 210 umol) and TfOH (44.2 uL,
500 umol) in  DCM (1mL) gave 2-phenyl-6H-6A3-ioda-2,10b- Ph
diazaaceanthrylen-2,6-diium bistriflate (4aw, 49.8 mg, 71.7 umol, 36%) as a

colorless solid after 72 h reaction time.

1H NMR (601 MHz, CDs0D) & (ppm) 11.09 (s, 1H), 8.51 (d, J = 8.2 Hz, 1H), 8.36 (d, J = 7.7 Hz,
1H), 8.24 (d, J = 8.1 Hz, 1H), 8.01 — 7.90 (m, 4H), 7.88 = 7.79 (m, 4H), 7.71 (t, J = 7.7 Hz, 1H). °F
NMR (565 MHz, CDs0D) & (ppm) -80.09. 3C NMR (151 MHz, CDsOD) & (ppm) 142.6, 135.2,
135.1, 134.9, 133.9, 133.4, 133.0, 132.5, 131.9, 131.0, 130.6, 127.1, 126.6, 122.6,121.7 (q, J =
318.5 Hz). 118.2, 98.0, 89.3. HRMS (ESI) Calculated for C1oH13IN22* [M-2-OTf]2* m/z 198.00562,
found m/z 198.00647. IR (ATR) v (cm™) 3125, 3061, 3028, 1533, 1483, 1386, 1272, 1235, 1157,
1018, 758, 693. Mp (°C) 265-267 (decom.).

2,4,5,7-Tetramethyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-2,6-diium bistriflate (5ax)

Following GP3a 1-(2-iodo-3-methylphenyl)-3,5,6-trimethyl-1H-  Me Me
benzo[d]imidazol-3-ium triflate (4ax, 421 mg, 800 umol), mCPBA I* Me
(180 mg, 880 umol) and TfOH (177 uL, 2.00 mmol) in DCM (4 mL) gave

2,4,5,7-tetramethyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-2,6-diium N
bistriflate (5ax, 365 mg, 541 umol, 68%) as a colorless solid after 72h  ,.110- \:N\*
reaction time and suspension in EtOAc. Me

14 NMR (601 MHz, CDs0D) & (ppm) 10.64 (s, 1H), 8.15 (dd, J = 8.2, 1.4 Hz, 1H), 8.06 (s, 1H),
7.78 (t,J=7.9 Hz, 1H), 7.72 (d, J = 7.6 Hz, 1H), 4.28 (s, 3H), 2.82 (s, 3H), 2.68 (s, 3H), 2.66 (s,
3H). 3C NMR (151 MHz, CDs0D) & (ppm) 143.7, 143.3, 142.8,139.1, 134.7, 134.3, 133.5, 130.9,
125.7, 121.7 (q, J = 318.7 Hz), 119.9, 117.9, 102.4, 90.1, 35.3, 25.9, 23.1, 21.6. %F NMR
(565 MHz, CD30D) &6 (ppm) -80.11. HRMS (ESI) Calculated for Ci7H1sIN2* [M-2-OTf+H]* m/z
377.05092, found m/z377.05171 (reduction in the mass spectrometer). IR (ATR) v (cm™) 3139,
3053, 1566, 1457, 1242, 1224, 1150, 1025, 781. Mp (°C) 260 — 261 (decom.)
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4,5,7-Trimethyl-2-phenyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-2,6-diium bistriflate (5ay)

Following GP3a 1-(2-iodo-3-methylphenyl)-5,6-dimethyl-3-phenyl-1H-  Me Me
benzo[d]imidazol-3-ium triflate (4ay, 765 mg, 1.30 mmol), mCPBA 1< Me
(321 mg, 1.43 mmol) and TfOH (287 uL, 3.25 mmol) in DCM (6 mL) gave
4,5,7-trimethyl-2-phenyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-2,6- N

e+
diium bistriflate (5ay, 930 mg, 1.26 mmol, 97%) as a colorless solid after ~ 2°TfO" N\Ph
72 h reaction time.

1H NMR (601 MHz, DMSO-ds) & (ppm) 11.23 (s, 1H), 8.26 (dd, J = 8.3, 1.4 Hz, 1H), 7.99 (s, 1H),
7.95 (d, J = 7.4 Hz, 2H), 7.89 — 7.79 (m, 4H), 7.78 (d, J = 7.0 Hz, 1H), 2.83 (s, 3H), 2.64 (s, 3H),
2.57 (s, 3H). 13C NMR (151 MHz, DMSO-ds) & (ppm) 142.6.0 142.3, 142.2, 138.5, 133.1, 132.9,
132.6, 131.4, 131.0, 130.6, 130.3, 126.5, 125.2, 120.7 (q, / = 322.3 Hz), 119.7, 116.3, 102.7,
91.4, 25.4, 22.9, 20.9. °F NMR (565 MHz, DMSO-d¢) 6 -77.75. HRMS (ESI) Calculated for
Ca2H20IN2* [M-2°OTf+H]* m/z 439.06657, found m/z 439.06527 (reduction in the mass
spectrometer). IR (ATR) v (cm™) 3112, 3084, 1549, 1491, 1160, 1025, 768, 699. M, (°C) 251-
252 (decom.).

2-Mesityl-4,5,7-trimethyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-2,6-diium bistriflate (5az)

Following GP3a 1-(2-iodo-3-methylphenyl)-3-mesityl-5,6-dimethyl-1H-  Mé - Me "
:E \/ e

benzo[d]imidazol-3-ium triflate (4az, 126 mg, 200 umol), mCPBA
(44.9 mg, 220 umol) and TfOH (44.2 pL, 500 umol) in DCM (1 mL) gave
2-mesityl-4,5,7-trimethyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-2,6- .
diium bistriflate (5az, 104 mg, 133 umol, 66%) as a colorless solid after ~ 2°TfO" N\Mes
72 h reaction time.

1H NMR (601 MHz, DMSO-ds) & (ppm) 11.14 (s, 1H), 8.24 (d, J = 7.5 Hz, 1H), 7.84 (t, J = 7.8 Hz,
1H), 7.78 (d, J = 7.5 Hz, 1H), 7.61 (s, 1H), 7.31 (s, 2H), 2.85 (s, 3H), 2.64 (s, 3H), 2.53 (s, 3H),
2.42 (s, 3H), 2.10 (s, 6H). 13C NMR (151 MHz, DMSO-ds) & (ppm) 142.6, 142.3, 142.2, 141.6,
138.5, 135.4, 133.1, 132.9, 130.8, 130.4, 129.9, 127.9, 125.6, 120.7 (q, J = 322.5 Hz), 119.5,
115.8, 102.2, 91.3, 25.5, 22.9, 20.8, 20.7, 17.2. °F NMR (565 MHz, DMSO-dg) & (ppm) -77.74.
HRMS (ESI) Calculated for CasHagIN2O* [M-2-OTf+OH]* m/z 497.10844, found m/z 497.10787.
IR (ATR) v (cm™%) 3099, 2988, 1542, 1474, 1246, 1152, 1024, 786. M, (°C) 198-199 (decom.).

7-(1H-Pyrazol-1-yl)-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5ba)

\
Following GP3a 1-(2-iodo-3-(1H-pyrazol-1-yl)phenyl)-1H- QN
benzo[d]imidazole (4ba, 77.4 mg, 200 umol), mCPBA (44.9 mg, *
210 umol) and TfOH (44.2 pL, 500 pmol) in DCM (1 mL) gave 7-(1H- :
pyrazol-1-yl)-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate N
(5ba, 94.2 mg, 176 umol, 88%) as a colorless powder. TIo- \=N

1H NMR (600 MHz, CDsOD) & (ppm) 9.71 (s, 1H), 8.76 (d, J = 2.4 Hz, 1H), 8.26 (dd, J =
8.4, 1.3 Hz, 1H), 8.12 (d, J = 1.8 Hz, 1H), 8.03 (dd, J = 8.2, 1.2 Hz, 1H), 7.93 (dd, J = 7.9,
0.8 Hz, 1H), 7.91 — 7.80 (m, 2H), 7.63 (t, J = 8.0 Hz, 1H), 6.88 (dd, J = 2.7, 2.0 Hz, 1H). 13C
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NMR (151 MHz, CDsOD) & (ppm) 3C NMR (151 MHz, MeOD) & 142.6, 141.1, 139.4,
136.4, 136.0, 135.3, 131.4, 129.7, 126.7, 123.2, 122.0, 121.8 (d, J = 318.6 Hz), 121.2,
119.5, 112.2, 93.8, 90.5. *F NMR (565 MHz, CDsOD) & (ppm) -80.12. HRMS (ESI)
Calculated for CigH10INs* [M-OTf]* m/z 384.99447, found m/z 384.99404. IR (ATR) v
(cml) 3144, 1539, 1488, 1390, 1281, 1228, 1157, 1020, 784. M, (°C) 292-293 (decom.).

4,5-Dimethyl-7-(1H-pyrazol-1-yl)-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5bb)

Following GP3a 1-(2-iodo-3-(1H-pyrazol-1-yl)phenyl)-5,6-dimethyl-1H-
benzo[d]imidazole (4bb, 1.45 g, 3.50 mmol), mCPBA (786 mg, 3.85 mmol) 4/_,\\N
and TfOH (774 pL, 8.75 mmol) in DCM (18 mL) gave 4,5-dimethyl-7-(1H- N Me
pyrazol-1-yl)-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium triflate (5bb,

999 mg, 1.77 mmol, 50%) as a colorless solid.

1H NMR (601 MHz, DMSO-de) & (ppm) 9.35 (s, 1H), 9.01 (d, /= 2.6 Hz, 1H),  Tfo- ‘=N

8.26 (dd, /= 8.4, 1.3 Hz, 1H), 8.12 (d, J = 2.0 Hz, 1H), 8.04 (dd, /=8.2, 1.2

Hz, 1H), 7.85 (t, J = 8.2 Hz, 1H), 7.62 (s, 1H), 6.95 (t, J = 2.32 Hz, 1H), 2.44 (s, 3H), 2.40 (s, 3H).
13C NMR (151 MHz, DMSO-ds) & (ppm) 141.9, 140.9, 140.1, 136.8, 136.1, 134.3, 133.8, 131.6,
130.6,126.4,121.9,120.7 (q,/=322.3 Hz), 119.0,117.7,111.1, 93.9, 88.2, 20.3, 20.3. *%F NMR
(565 MHz, DMSO-ds) 6 (ppm) -77.75. HRMS (ESI) Calculated for CigH1aIN4* [M-OTf]* m/z
413.02577, found m/z 413.02443. IR (ATR) v (cm™) 3572, 3438, 3108, 3083, 1585, 1492, 1246,
1160, 1030, 809, 779. M, (°C) 301-303 (decom.).

6H-6A3-loda-1,10b-diazaaceanthrylen-6-ium triflate (5bc) *

To a solution of 1-(2-iodophenyl)-1H-indazole (4bc, 64.0 mg, @

200 pmol) and mCPBA (44.9 mg, 220 umol) in DCM (1 mL) was added N
TfOH (44.2 uL, 500 umol) dropwise and the solution was stirred for
72 h at 40 °C. The solvent was removed under reduced pressure, the residue suspended
in Et20 (1 mL) and stored for 1 h at 4 °C. After filtration and washing with Et,O (1 mL)
6H-6A3-ioda-1,10b-diazaaceanthrylen-6-ium triflate (5bc, 22.9 mg, 49.0 umol, 24%)
was obtained as a brown solid.

TIO© N=

'H NMR (600 MHz, DMSO-ds) & (ppm) 8.70 (s, 1H), 8.29 (dd, J = 8.3, 1.6 Hz, 1H), 8.10
(d, J = 7.7 Hz, 1H), 8.05 (dd, J = 8.2, 1.4 Hz, 1H), 7.95 (d, J = 7.9 Hz, 1H), 7.64 (td, J = 8.0,
7.4,1.4 Hz, 1H), 7.47 (t, J = 7.9 Hz, 1H), 7.39 (ddd, J = 7.32, 7.23, 1,58 Hz, 1H). 3C NMR
(151 MHz, DMSO-ds) & (ppm) 138.4, 134.7, 133.3, 133.2, 133.1, 129.7, 128.1, 126.5,
126.2, 124.5, 118.6, 95.8, 87.1 (the signal of the triflate carbon is missing). °F NMR
(565 MHz, DMSO-ds) 6 (ppm) -77.8. HRMS (ESI) Calculated for CizH1oIN2* [M-OTf+2H]*
m/z 320.98832, found m/z 320.98835 (reduction of the iodine in the mass
spectrometer). IR (ATR) v (cm™?) 3097, 1482, 1413, 1274, 1219, 1159, 1022, 750, 726.
Mp (°C) 210-211 (decom.).
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7-Methyl-6H-6A3-ioda-1,10b-diazaaceanthrylen-6-ium triflate (5bd)

To a solution of 1-(2-iodo-3-methylphenyl)-1H-indazole (4bd, 64.0 mg,

200 umol) and mCPBA (44.9 mg, 220 pmol) in DCM (1.5 mL) was Me
added TfOH (44.2 puL, 500 umol) dropwise and the solution was stirred

for 72 h at 40 °C. The solvent was removed under reduced pressure,

the residue suspended in Et20 (1 mL) and stored for 1 h at 4 °C. After
filtration and washing with Et,0 (1 mL) 7-methyl-6H-6A3-ioda-1,10b-
diazaaceanthrylen-6-ium triflate (5bd, 42.9 mg, 890 umol, 44%) was obtained as an off-
white powder.

TfO- N=

14 NMR (600 MHz, DMSO-ds) & (ppm) 8.76 (s, 1H), 8.17 (d, J = 7.8 Hz, 1H), 8.09 (d, J =
6.8 Hz, 1H), 8.01 (d, J = 7.9 Hz, 1H), 7.56 (t, J = 7.8 Hz, 1H), 7.54 (t, J = 7.9 Hz, 1H), 7.38
(d, J = 7.5 Hz, 1H), 2.68 (s, 3H). 3C NMR (151 MHz, DMSO-ds) 6 (ppm) 140.5, 139.3,
135.6, 134.1, 132.4, 130.1, 129.3, 127.1, 126.2, 124.8, 120.7 (q, J = 322.5 Hz), 116.2,
99.8, 85.9, 24.7. 1°F NMR (565 MHz, DMSO-ds) & (ppm) -77.8. HRMS (ESI) Calculated
for CiaH12IN2* [M-OTf+2H]* m/z 335.00397, found m/z 335.00387 (reduction of the
iodine in the mass spectrometer). IR (ATR) v (cm™) 3079, 1498, 1474, 1280, 1219, 1019,
783, 729. Mp (°C) 204-205 (decom.).

1-Methyl-6H-6A3-ioda-1,10b-diazaaceanthrylen-1,6-diium bistriflate (5be)

Following GP3a 1-(2-iodophenyl)-2-methyl-1H-indazol-2-ium triflate It
(4be, 96.8 mg, 200 umol) mCPBA (44.9 mg, 220 umol) and TfOH (44.2 uL,

500 umol) in DCM (1mL) gave 1-methyl-6H-6A3-ioda-1,10b- @N
diazaaceanthrylen-1,6-diium bistriflate (Sbe, 37.8 mg, 59.8 umol, 30%) as  >-7r0- N*=
a colorless solid after suspending in Et;0 (1 mL) and a few drops of DCM. Me’

14 NMR (601 MHz, CDsCN) & (ppm) 9.57 (s, 1H), 8.60 (d, J = 7.8 Hz, 1H), 8.38 (d, J = 8.2 Hz, 1H),
8.32 (dd, J=8.2,1.4 Hz, 1H), 7.99 — 7.81 (m, 2H), 7.78 (dd, J = 8.3, 1.4 Hz, 1H), 7.66 (ddd, J =
8.5, 7.4, 1.4 Hz, 1H), 4.70 (s, 3H). 13C NMR (151 MHz, CDsCN) & (ppm) 148.5, 143.8, 139.8,
137.5,135.0,132.7,132.1,131.7,128.5,125.0, 122.9, 122.8,121.8 (q, / = 319.8 Hz), 99.4, 90.0,
44.3. 1%F NMR (565 MHz, CD3CN) & (ppm) -79.24. HRMS (ESI) Calculated for Ci4H12IN2* [M-
2°TfO+H]* m/z 335.00397, found m/z 335.00363 (reduction in the mass spectrometer). IR
(ATR) v (cm™) 3064, 1988, 2901, 1626, 1461, 1222, 1154, 1024, 788, 770. Mp (°C) 286-288
(decom.).

S34



4 Reactions of iodonium salt 5aa
2-(7-lodo-1H-benzo[d]imidazol-1-yl)phenylacetate (6a) and 1-(2-iodophenyl)-1H-
benzo[d]imidazol-7-yl acetate (6b)

+ AC20, CUSO4 Hzo
' NaOAc, HOAc
@ 5h 120 °C
N N\//
oy e
OAc

5aa 6a (54%) 6b (25%)

Using a modified literature procedure,[23] 6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium
triflate (5aa, 70.2 mg, 150 umol), NaOAc (32.8 mg, 400 mpol) and CuSO4-5H,0 (3.8 mg,
15.0 umol) were stirred in AcOH (1 mL) and Ac;0 (200 pL, 2.12 mmol) under an Ar
atmosphere for 5 h at 120 °C. Toluene (1 mL) was added, and the solvent was removed
under reduced pressure. The residue was dissolved in H,O (10 mL) and DCM, and the
layers were separated. The aqueous layer was extracted with DCM (2 x 10 mL), the
combined organic layers were dried over Na,SO, filtered, and the solvent was removed
under reduced pressure. The residue was purified via column chromatography on silica
(Cy : EtOAc 7:1 = 4:1), so that 2-(7-iodo-1H-benzo[d]imidazol-1-yl)phenylacetate (6a,
30.7 mg, 80.9 umol, 54%) as a colorless, slowly crystallizing solid and 1-(2-iodophenyl)-
1H-benzo[d]imidazol-7-ylacetate (6b, 14.1 mg, 37.3 umol, 25%, more polar isomer) as
a colorless solid were obtained.

2-(7-lodo-1H-benzo[d]imidazol-1-yl)phenyl acetate (6a)

14 NMR (601 MHz, CDCls) & (ppm) 7.89 (s, 1H), 7.84 (dd, J = 8.1, 1.0 Hz,
1H), 7.72 (dd, J = 7.6, 1.0 Hz, 1H), 7.60 (ddd, J = 8.2, 7.6, 1.7 Hz, 1H), 7.50 |/Q
(dd, J = 7.8, 1.7 Hz, 1H), 7.42 (td, J = 7.7, 1.4 Hz, 1H), 7.32 (dd, J = 8.2, N
1.4 Hz, 1H), 7.04 (t, J = 7.8 Hz, 1H), 1.82 (s, 3H). 13C NMR (151 MHz, CDCls) N
5 (ppm) 168.6, 148.5, 145.4, 143.8, 135.3, 134.5, 131.4, 131.0, 128.0, @
126.5, 124.4, 123.4, 120.9, 72.1, 20.3. HRMS (ESI) Calculated for
C1sH12IN202* [M+H]* m/z 378.99380, found m/z 378.99384. IR (ATR) v (cm™) 2915,
1748, 1504, 1410, 1189, 904, 777, 733. Mp (°C) 101.

OAc

1-(2-lodophenyl)-1H-benzo[d]imidazol-7-yl acetate (6b)

14 NMR (601 MHz, CDCls) & (ppm) 8.03 (dd, J = 8.0, 1.4 Hz, 1H), 7.88 (s,
1H), 7.78 (d, J = 8.1 Hz, 1H), 7.51 (td, J = 7.6, 1.4 Hz, 1H), 7.42 (dd, J = 7.8, AcO

1.6 Hz, 1H), 7.32 (t, J = 8.0 Hz, 1H), 7.25 (td, J = 7.7, 1.6 Hz, 1H), 7.01 (d, J N
= 7.8 Hz, 1H), 1.58 (s, 3H). 3C NMR (151 MHz, CDCls) & (ppm) 168.9, ©i
145.8, 143.4, 139.8, 139.4, 136.1, 131.0, 129.5, 129.1, 123.1, 118.7, |
117.4, 98.8, 60.5, 19.9. HRMS (ESI) Calculated for CisH12IN202* [M+H]*

m/z 378.99380, found m/z 378.99352. IR (ATR) v (cm™!) 3123, 1754, 1489, 1373, 1204,
1042, 772, 742. Mp (°C) 213.

N
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Imidazo[4,5,1-kl]phenothiazine (7a)

|+ 88, CSzCO& DMSO S
@ 2.5 h, 100 °C @:
N N

47%
TfO" ‘=N ’ \=

bSaa 7a

Following a literature procedure[24] 6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium
triflate (5aa, 70.2 mg, 150 umol), Sg (192 mg, 750 umol) and Cs,CO3 (196 mg, 600 pmol)
in dry DMSO (1.5 mL) were stirred under a N2 atmosphere for 2.5 h at 100 °C. H,0
(10 mL) was added, and the mixture was extracted with EtOAc (4 x 10 mL). The
combined organic layers were dried over Na,SO, filtered, and the solvent was removed
under reduced pressure. The residue was purified via column chromatography on silica
(PE 3:1 EtOAC), so that imidazo[4,5,1-kl]phenothiazine (7a, 15.7 mg, 70.5 umol, 47%)
was obtained as a yellowish solid.

IH NMR (600 MHz, CDCI3) & (ppm) 8.26 (s, 1H), 7.31 (dd, J = 8.1, 1.2 Hz, 1H), 7.31 (dd,
J=8.2,0.7 Hz, 1H), 7.10 (ddd, J = 8.1, 7.2, 1.6 Hz, 1H), 7.08 — 7.04 (m, 2H), 7.02 (ddd, J
=8.1,7.2, 1.3 Hz, 1H), 6.74 (d, J = 7.2 Hz, 1H). 3C NMR (151 MHz, CDCls) & (ppm) 142.7,
135.9, 131.6, 128.6, 127.7, 127.5, 126.8, 125.3, 122.8, 116.9, 116.9, 115.3 (one signal
is missing). HRMS (ESI) Calculated for Ci3HgN2S* [M+H]* m/z 225.04810, found m/z
225.04806. IR (ATR) v (cm™) 3072, 1486, 1432, 1280, 1194, 1040, 731. Mp (°C) 166-167.

Imidazo[4,5,1-kl]phenoselenazine (7b)

I Se, Cs,CO5; DMSO Se
Sooli iy
N N

16%
TiO- \=N ’ \=

Saa 7b

Using a modified literature procedure,[24] 6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium
triflate (5aa, 70.2 mg, 150 umol), Se (47.4 mg, 600 pmol) and Cs;COs3 (196 mg,
600 pmol) in dry DMSO (1.5 mL) were stirred for 5 h at 80 °C under N> atmosphere. H,0
(10 mL) was added, and the mixture was extracted with EtOAc (4 x 10 mL). The
combined organic layers were dried over Na;SOg, filtered, and the solvent was removed
under reduced pressure. The residue was purified via column chromatography on silica
(PE 3:1 EtOAC), so that imidazo[4,5,1-kllphenoselenazine (7b, 6.4 mg, 23.6 umol, 16%)
was obtained as a yellowish solid.

1H NMR (600 MHz, CDCl3) & (ppm) 8.39 (s, 1H), 7.41 (d, J = 8.5 Hz, 1H), 7.39 (d, J= 8.1 Hz,
1H), 7.21 (dd, /= 7.8, 1.4 Hz, 1H), 7.17 (td, J = 7.8, 1.5 Hz, 1H), 7.11 (t, J = 7.8 Hz, 1H),
7.04 (t,J = 7.6 Hz, 1H), 6.94 (d, J = 7.4 Hz, 1H). 3C NMR (151 MHz, CDCls) & (ppm) 142.8,
136.8, 132.9, 130.1, 129.2, 128.2, 127.0, 125.6, 120.1, 117.7, 117.7, 115.7, 110.9. "7’Se
NMR (115 MHz, CDCl3) & (ppm) 287.78. HRMS (ESI) Calculated for C13HoN,8Se* [M+H]*
m/z 272.99255, found m/z 272.99250. IR (ATR) v (cm™) 3075, 2922, 2852, 1494, 1284,
1190, 1030, 800, 733. Mp (°C) 148-149.
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Imidazo[4,5,1-kl]phenotellurazine (7c)

I Te, Cs,CO3 DMSO Te
@ 24 h, rt @
N N

6%
TfO" \=N °

HSaa 7c

Using a modified literature procedure,[24] 6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium
triflate (5aa, 70.2 mg, 150 umol), Te (76.5mg, 600 pmol) and Cs;COs3 (196 mg,
600 pmol) in dry DMSO (1.5 mL) were stirred for 24 h at room temperature under Ar
atmosphere. H,O (10 mL) was added, and the mixture was extracted with EtOAc (4 x
10 mL). The combined organic layers were dried over Na,SO,, filtered, and the solvent
was removed under reduced pressure. The residue was purified via column
chromatography on silica (Cy 60:40 EtOAc), so that imidazo[4,5,1-kl]phenotellurazine
(7c, 3.0 mg, 9.38 umol, 6%) was obtained as a yellowish solid.

1H NMR (600 MHz, CDCl3) & (ppm) 8.51 (s, 1H), 7.50 (d, J = 8.3 Hz, 1H), 7.43 (dd, J = 7.5,
1.6 Hz, 1H), 7.34 (dd, J = 7.6, 1.5 Hz, 1H), 7.22 (t, J = 7.7 Hz, 1H), 7.20 — 7.09 (m, 2H),
7.03 (t, J = 7.4 Hz, 1H). 13C NMR (151 MHz, CDCls) & (ppm) 142.6, 138.0, 135.8, 135.7,
131.5, 129.3, 127.1, 126.4, 126.0, 118.9, 116.4, 100.6, 91.8. HRMS (ESI) Calculated for
C13HoN,130Te* [M+H]* m/z 322.98229, found m/z 322.98163. IR (ATR) v (cm™) 3100,
3076, 1583, 1562, 1489, 1414, 1286, 1247, 1185, 774, 735. Mp (°C) 168-169.

6-Phenyl-6H-imidazo[4,5,1-de]phenazine (8)

. Cu(OAc), H,0 Ph, Cul, Cs,CO5
! Na,COj 2-propanole HN DMF
17 h, 40 °C _40h,120°C "
TfO" N\=N ~r O
| NH NN

Ph
5aa 8

Using a modified literature procedure,[25] 6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium
triflate (5aa, 70.2 mg, 150 umol), Cu(OAc)2-H20 (6.0 mg, 30.0 umol) and NayCOs3
(47.7 mg, 450 umol) were stirred in 2-propanole (3 mL) under N, atmosphere for 17 h
at 40 °C. The solvent was removed under reduced pressure, and the residue was
dissolved in EtOAc (10 mL), sat. ag. NH4Cl solution (2 mL) and H,O (8 mL). The layers
were separated, and the aqueous layer was extracted with EtOAc (2 x 10 mL). The
combined organiclayers were dried over Na,S0Oy, filtered, and the solvent was removed
under reduced pressure. The residue was filtered through a plug of silica (Cy 1:1 EtOAc),
so that a crude mixture of 1-(2-iodophenyl)-N-phenyl-1H-benzo[d]imidazol-7-amine
and 2-(7-iodo-1H-benzo[d]imidazol-1-yl)-N-phenylaniline was obtained, which was
used without further purification.

Using a modified literature procedure,[26] the crude mixture of 1-(2-iodophenyl)-N-
phenyl-1H-benzo[d]imidazol-7-amine and 2-(7-iodo-1H-benzo[d]imidazol-1-yl)-N-
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phenylaniline, Cul (5.7 mg, 30.0 umol) and Cs;C0O3 (97.7 mg, 300 umol) was stirred in
DMF (1 mL) for 40 h at 120 °C. The mixture was filtered through Celite, washed with
EtOAc (20 mL), and the product was purified via column chromatography on silica (Cy
4:1 EtOAc), so that 6-phenyl-6H-imidazo[4,5,1-de]phenazine (8, 10.9 mg, 38.5 umol,
26%) was obtained as pale orange solid.

'H NMR (600 MHz, CDCl3) & (ppm) 8.12 (s, 1H), 7.63 (t, /= 7.8 Hz, 2H), 7.51 (t, /= 7.5 Hz,
1H), 7.38 (d, /= 7.0 Hz, 2H), 7.23 (dd, J = 7.5, 1.8 Hz, 1H), 6.95 (d, / = 8.2 Hz, 1H), 6.87 —
6.71 (m, 3H), 6.20 (dd, J = 8.0, 1.6 Hz, 1H), 5.56 (d, J = 7.6 Hz, 1H). 3C NMR (151 MHz,
CDCl3) &6 (ppm) 142.7, 138.4, 136.9, 134.1, 132.6, 131.4, 130.4, 129.0, 127.0, 125.3,
125.0, 121.4, 115.9, 114.6, 111.2, 101.6 (one signal is missing due to overlapping).
HRMS (ESI) Calculated for CigH14N3* [M+H]* m/z 284.11822, found m/z 284.11811. IR
(ATR) v (cm™) 3053, 1660, 1582, 1495, 1350, 1318, 1267, 1158, 823, 732, 695. Mp (°C)
167.

6-Tosyl-6H-imidazo[4,5,1-de]phenazine (9)

Ts
It N
TsNH, ethylenglycol, Cu(OAc), Na,COgj
2-propanole, 120 °C, 24 h
N > N
o \=N 18% \=N
5aa 9

Using a modified literature procedure,[27] 6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium
triflate (5aa, 70.2 mg, 150 umol), TsNHz (103 mg, 600 umol), Na,COs (47.7 mg, 450 umol) and
Cu(OAc)2-H20 (5.4 mg, 30.0 umol) were stirred in ethylene glycol (0.26 mL) and 2-propanol
(2.3 mL) for 24 h at 100 °C in a pressure vial. EEOAc (10 mL) and brine (5 mL) were added, and
the layers were separated. The aqueous layer was extracted with EtOAc (2 x 5 mL), and the
combined organic layers were dried over Na;SOy, filtered and the solvent was removed under
reduced pressure. The residue was purified via column chromatography on silica (Cy 1:1
EtOAc), so that 6-tosyl-6H-imidazo[4,5,1-de]phenazine (9, 9.8 mg, 27.1 umol, 18%) was
obtained as a colorless solid.

14 NMR (600 MHz, CDCl3) & (ppm) 8.12 (s, 1H), 7.99 (dd, J = 7.6, 1.9 Hz, 1H), 7.64 (d, J = 7.8 Hz,
1H), 7.58 (d, J = 8.1 Hz, 1H), 7.39 (t, J = 7.9 Hz, 1H), 7.35 (td, J = 7.3, 1.8 Hz, 2H), 7.28 (d, J = 2.3
Hz, 1H), 7.04 — 6.72 (m, 4H), 2.26 (s, 3H). 3C NMR (151 MHz, CDCl3) & (ppm) 144.8, 135.7,
132.4,130.7,130.2,129.2,128.6,127.9,127.5,126.6,126.4,125.2,124.4,119.7,118.1, 114.4,
21.6 (one signal is missing). HRMS (ESI) Calculated for CaoH16N302S* [M+H]* m/z 362.09577,
found m/z 362.09628. IR (ATR) v (cm™) 2988, 2901, 1494, 1077, 1057. M,, (°C) 184-185.
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6H-6A3-loda-2,10b-diazaaceanthrylen-6-ium iodide (10a)

+ +
I I

@ j@ KI, EtOH, reflux @ j@
N 89% N

TIO- \=N I \=N

5aa 10a

Using a literature procedure,[28] to a solution of 6H-6A3-ioda-2,10b-diazaaceanthrylen-
6-ium triflate (5aa, 70.2 mg, 150 umol) in boiling EtOH (4 mL) was added a solution of
KI (49.8 mg, 300 umol) in H20 (0.5 mL) and the build suspension was stored for 1 h at
4 °C. The precipitate was filtered, washed with H,O (5 mL), and dried in vacuo, so that
6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium iodide (10a, 59.4 mg, 130 umol, 89%) was
obtained as a yellowish solid.

14 NMR (600 MHz, DMSO-ds) & (ppm) 9.41 (s, 1H), 8.34 — 8.31 (m, 1H), 8.27 (d, J =
8.3 Hz, 1H), 8.23 (d, J = 8.1 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.62 (tdd, J = 7.3, 1.5, 0.8 Hz,
1H), 7.49 (t, J = 8.0 Hz, 1H), 7.40 (ddd, J = 8.0, 7.3, 0.6 Hz, 1H). 3C NMR (151 MHz,
DMSO-ds) & (ppm) 144.1, 141.3, 134.2, 132.6, 132.3, 128.6, 127.4, 126.8, 125.6, 122.0,
118.9, 100.4, 86.1. HRMS (ESI) Calculated for CisHioIN2* [M-1+2H]* m/z 320.98832,
found m/z 320.98828. IR (ATR) v (cm™1) 3068, 3015, 2825, 1753, 1578, 1497, 1249, 1188,
970, 784, 763. Mp (°C) 170 (decom.).

6H-6A3-loda-2,10b-diazaaceanthrylen-6-ium bromide (10b)

|+

I+
@ j@ KBr, EtOH, reflux @ j@
N 100% N

TIO \=N Br =N

5aa 10b

Using a literature procedure,[28] to a solution of 6H-6A3-ioda-2,10b-diazaaceanthrylen-
6-ium triflate (5a, 46.8 mg, 100 umol) in boiling EtOH (2.5 mL) was added a solution of
KBr (23.8 mg, 200 pmol) in H20 (0.5 mL) and the formed suspension was stored 1 h at
4 °C. The precipitate was filtered, washed with H,O (5 mL) and dried in vacuo, so that
6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium bromide (10b, 39.8 mg, 100 umol, 100%)
was obtained as a colorless solid.

1H NMR (600 MHz, DMSO-ds) & (ppm) 9.39 (s, 1H), 8.54 (d, J = 8.0 Hz, 1H), 8.29 (dd, J =
8.1, 1.4 Hz, 1H), 8.26 (dd, J = 8.3, 1.4 Hz, 1H), 7.79 (d, J = 7.9 Hz, 1H), 7.59 (ddd, J = 8.4,
7.3, 1.5 Hz, 1H), 7.48 (t, J = 8.0 Hz, 1H), 7.37 (ddd, J = 8.4, 7.3, 1.4 Hz, 1H). 3C NMR
(151 MHz, DMSO-ds) & (ppm) 144.1, 141.1, 134.1, 132.4, 132.3, 128.4, 127.6, 126.6,
125.6, 121.9, 118.7, 103.0, 87.1. HRMS (ESI) Calculated for Ci3H10IN2* [M-Br+2H]* m/z
320.98832, found m/z 320.98821. IR (ATR) v (cm™) 3440, 3095, 3024, 1497, 1478, 1251,
749, 731. Mp (°C) 217.
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7-lodo-1-(2-iodphenyl)-1H-benzo[d]imidazole (11)

It Cul, DMEDA, TBAI I/Q
dioxane, rt, 24 h N
X Py
Nj© 100% ©i
TfO" \=N |

5aa 1

Using a slightly modified literature procedure,[29] 6H-6A3-ioda-2,10b-
diazaaceanthrylen-6-ium triflate (5aa, 70.2 mg, 150 umol), Cul (5.7 mg, 30.0 umol),
TBAI (111 mg, 300 umol) and N,N-dimethylethylenediamine (3.24 uL, 30.0 umol) were
stirred at room temperature in dry dioxane under an Ar atmosphere for 24 h. H,O
(20 mL) was added, and the mixture was extracted with Et,0 (4 x 20 mL). The combined
organic layers were dried over Na,SO,, filtered, and the solvent was removed under
reduced pressure. The residue was filtered through a plug of silica (Cy -> Cy 1:1 EtOAc),
so that 7-iodo-1-(2-iodophenyl)-1H-benzo[d]imidazole (11, 67.4 mg, 150 umol, 100%)
was obtained as a colorless solid.

14 NMR (600 MHz, CDCls) & (ppm) 8.10 (dd, J = 8.0, 1.4 Hz, 1H), 7.84 (d, J = 8.1 Hz, 1H),
7.61 (td, J = 7.6, 1.4 Hz, 1H), 7.40 (dd, J = 7.8, 1.6 Hz, 1H), 7.35 (td, J = 7.7, 1.6 Hz, 1H),
7.31(t,J=7.9 Hz, 1H), 7.24 (t, J = 7.8 Hz, 1H), 6.99 (d, J = 8.1 Hz, 1H). 13C NMR (151 MHz,
CDCl3) 6 (ppm) 144.5, 143.9, 139.4, 138.1, 135.1, 134.1, 131.8, 131.3, 129.0, 124.6,
121.1, 101.7, 72.4. HRMS (ESI) Calculated for Ci3HgNzl2* [M+H]* m/z 446.88497, found
m/z 446.88448. IR (ATR) v (cm™) 3080, 2921, 2852, 1779, 1559, 1491, 1410, 1296, 1258,
1223, 1065, 1023, 902, 803, 767, 736, 709. Mp (°C) 120.
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5 Post-functionalizations of iodonium salts under preservation of the
hypervalent iodine

2,4,5-Trimethyl-7-(1H-pyrazol-1-yl)-6H-6A3-ioda-2,10b-diazaaceanthrylen-2,6-diium
bistriflate (12)

{ \\ \
/ N 1/ _N
N Me N Me
I* Me I* Me
MeOTf, DMF, 40 °C, 48 h
N\_ N\_
— —Nt
Tio- N N;
Me

42%
2:TfO"

5bb 12

To a solution of iodonium salt 5bb (999 mg, 1.77 mmol) in dry DMF under an Ar atmosphere
was added MeOTf (805 uL, 7.11 mmol) and the reaction mixture was stirred at 40 °C for 48 h.
The solvent was removed under reduced pressure and the residue was purified via column
chromatography on silica (DCM 90:10 -> 50:50 MeOH) to obtain 2,4,5-trimethyl-7-(1H-
pyrazol-1-yl)-6H-6A3-ioda-2,10b-diazaaceanthrylen-2,6-diium  bistriflate (12, 541 mg,
745 pmol, 42%) as a colorless solid.

1H NMR (600 MHz, DMSO-de) & (ppm) 10.84 (s, 1H), 9.12 (d, J = 2.7 Hz, 1H), 8.34 (d, J = 7.2 Hz,
1H), 8.29 (d, J = 8.5 Hz, 1H), 8.20 (d, J = 2.0 Hz, 1H), 8.10 (t, J = 8.2 Hz, 1H), 8.05 (s, 1H), 7.01 (t,
J = 2.4 Hz, 1H), 4.18 (s, 3H), 2.58 (s, 3H), 2.54 (s, 3H). 13C NMR (151 MHz, DMSO-ds) & (ppm)
141.8, 140.3, 140.1, 136.6, 136.1, 134.2, 131.6, 130.8, 130.8, 124.5, 121.2, 120.7 (g, J =
322.4 Hz), 119.1, 115.7, 111.4, 97.8, 89.7, 34.5, 20.8, 20.6. HRMS (ESI) Calculated for
C19H18IN4O* [M-2-OTf+OH]* m/z 445.05199, found m/z 445.05026. IR (ATR) v (cm) 3136,
3044, 1565, 1462, 1395, 1225, 1149, 1025, 799, 735. Mp (°C) 313-315 (decom.)

General procedure for the oxidative substitution of protected dicationic iodonium
salts with oxygen in C1-position (GP4)

R’ R

I+ NCS, K,CO4 *

[i THF, H,0O [ji
rt, 10 min

N N

2TfO" \=N' O )N,
R2 o} R?
S5ax-az, 12 13

Following a modified literature procedure[30] to a solution of dicationic iodonium salt
5ax—az, 12 (50.0 umol) in THF (1 mL) was added NCS (13.2 mg, 100 pmol) and a solution
of K2CO3 (13.8 mg, 100 umol) in H20 (0.12 mL) and the reaction mixture was stirred at
room temperature for 10 min. The solvent was removed under reduced pressure, and
the residue was purified via column chromatography on silica (DCM 98:2 MeOH), so
that the 1-oxo-iodonium salt 13 as a yellowish solid.
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Following GP4 reaction of 12 (36.3 mg, 50.0 umol) gave 13a (14.5 mg, \
24.5 umol, 48%).

14 NMR (601 MHz, DMSO-ds) & (ppm) 9.00 (dd, J = 8.5, 1.4 Hz, 1H),
8.93 (d, J = 2.6 Hz, 1H), 8.12 (d, J = 1.9 Hz, 1H), 7.95 (dd, J = 8.0, 1.4 Hz,
1H), 7.83 (t, J = 8.2 Hz, 1H), 7.28 (s, 1H), 6.93 (t, J = 2.3 Hz, 1H), 3.40 (s,

3H), 2.36 (s, 3H), 2.35 (s, 3H). 3C NMR (151 MHz, DMSO-ds) & (ppm)  TfO

152.0, 140.6, 137.0, 135.5, 135.3, 133.4, 130.9, 128.1, 127.5, 123.5,

118.9, 117.4, 111.7, 110.9, 93.0, 87.3, 27.8, 20.2, 19.9 (the carbon atom of the triflate
could not be measured). ®F NMR (565 MHz, DMSO-ds) & (ppm) -77.75. HRMS (ESI)
Calculated for CigH16IN4sO* [M-OTf]* m/z 443.03634, found m/z 443.03602. IR (ATR) v
(cm™) 3112, 2919, 1748, 1588, 1460, 1245, 1153, 1026, 790. M, (°C) 200-202 (decom.).

Following GP4 reaction of 5ax (33.7 mg, 50.0 umol) gave 13b (8.9 mg,

16.5 pmol, 33%).
'H NMR (600 MHz, CDs0D) & (ppm) 8.86 (d, J = 8.4 Hz, 1H), 7.59 (t, J =
7.9 Hz, 1H), 7.50 (d, J = 7.4 Hz, 1H), 7.28 (s, 1H), 3.51 (s, 3H), 2.76 (s,

3H), 2.51 (s, 6H). 3C NMR (151 MHz, CDsOD) & (ppm) 154.3, 142.1, TfO"

138.7, 136.3, 133.8, 130.9, 130.5, 129.3, 125.5, 117.7, 113.4, 100.0,

88.7, 28.2, 26.3, 21.6, 21.2 (the carbon atom of the triflate could not be measured). *°F
NMR (565 MHz, CDsOD) & (ppm) -80.11. HRMS (ESI) Calculated for Ci7H16IN,O* [M-
OTf]* m/z 391.03019, found m/z 391.02954. IR (ATR) v (cm) 2921, 2852, 1730, 1470,
1379, 1273, 1222, 1157, 1022, 790, 731. My (°C) 209-211 (decom.).

Following GP4 reaction of 5ay (36.8 mg, 50.0 umol) gave 13c (5.4 mg,

8.96 ummol, 18%). @i

1H NMR (601 MHz, CDCI3) & (ppm) 9.05 (dd, J = 8.5, 1.7 Hz, 1H), 7.62 (t,

J=7.8Hz, 2H), 7.54 (t, /= 7.5 Hz, 1H), 7.51 (t, /= 7.8 Hz, 3H), 7.35 (dd,
J=17.6,1.8 Hz, 1H), 6.94 (s, 1H), 2.78 (s, 3H), 2.57 (s, 3H), 2.39 (s, 3H).
13C NMR (151 MHz, CDCl3) 6 (ppm) 151.1, 140.5, 137.8, 133.3, 133.3,
133.0, 130.3, 130.3, 129.6, 129.4, 128.7, 126.3, 122.1, 120.6 (q, J = 319.6 Hz), 117.7,
113.2, 97.6, 86.6, 27.0, 22.3, 21.5. %F NMR (565 MHz, CDCl3) 6 (ppm) -78.26. HRMS
(ESI) Calculated for Ci2HigIN,O* [M-OTf]* m/z 453.04584, found m/z 453.04515. IR
(ATR) v (cm) 2962, 2924, 2855, 1739, 1466, 1256, 1152, 1025, 794. M, (°C) 223-225

(decom.).

TfO"

Following GP4 reaction of 5az (38.9 mg, 50.0 umol) gave 13d (8.3 mg, 12.9 umol, 26%).

14 NMR (600 MHz, DMSO-ds) & (ppm) 8.60 (d, J = 7.7 Hz, 1H), 7.64 (dd,
J=8.4,7.4 Hz, 1H), 7.54 (d, J = 6.8 Hz, 1H), 7.15 (s, 2H), 6.74 (s, 1H),
2.75 (s, 3H), 2.44 (s, 3H), 2.35 (s, 3H), 2.34 (s, 3H), 2.02 (s, 6H). 13C
NMR (151 MHz, DMSO-ds) 6 (ppm) 151.2, 141.5, 139.4, 137.3, 136.3,
135.6, 132.5, 129.8, 129.5, 129.3, 127.8, 127.5, 125.5, 120.7 (q, / = TfO" )/*N\
322.3 Hz), 115.2, 111.7, 101.4, 91.1, 25.7, 21.4, 20.7, 20.4, 17.3. 1°F O

NMR (565 MHz, DMSO-ds) & (ppm) -77.74. HRMS (ESI) Calculated for CasH24IN20* [M-
OTf]* m/z 495.09279, found m/z 495.09237. IR (ATR) v (cm-1) 2925, 1724, 1463, 1372,
1239, 1150, 1025, 996, 788. M, (°C) 183-185 (decom.).
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2,4,5-Trimethyl-7-(1H-pyrazol-1-yl)-1-(tosylimino)-1,2-dihydro-6 H-6A3-ioda-2,10b-
diazaaceanthrylen-6-yl triflate (14a)

U\
. TsNH, NaOCl N
@i' DCM, DMF, @i'
0°C - rt
N > N
TfO N/ N\

2-TfO" \=N< 55%

\

Ts
12 14a

Following a modified literature procedure,[30] TsNH; (51.4 mg, 300 pumol) and
NaOCI-5H,0 (39.4 mg, 300 mmol) were stirred in DCM (1 mL) for 0.5 h at room
temperature. Then iodonium salt 12 (21.8 mg, 30.0 umol) and DMF (1 mL) were added
at 0 °C, and the reaction mixture was stirred for 15 min at room temperature. The
solvent was removed, and the residue was purified via column chromatography on
silica (DCM 98:2 MeOH) to obtain 14a (12.2 mg, 16.4 pumol, 55%) as a yellowish solid.

14 NMR (601 MHz, CDCls) & (ppm) 8.36 (dd, J = 8.5, 1.2 Hz, 1H), 8.12 (d, J = 2.7 Hz, 1H),
8.10 (d, J = 2.0 Hz, 1H), 7.61 (dd, J = 8.0, 1.3 Hz, 1H), 7.57 (d, J = 8.3 Hz, 2H), 7.46 (t, J =
8.2 Hz, 1H), 7.26 (d, J = 7.9 Hz, 2H), 7.14 (s, 1H), 6.62 (t, J = 2.3 Hz, 1H), 3.84 (s, 3H), 2.48
(s, 3H), 2.44 (s, 3H), 2.42 (s, 3H). *3C NMR (151 MHz, CDCl3) & (ppm) 147.3, 143.2, 141.9,
140.7, 138.3, 138.1, 136.3, 134.0, 132.5, 130.3, 129.7, 128.6, 127.8, 125.9, 120.7 (q, J =
320.0 Hz), 120.0, 119.3, 113.2, 111.6, 95.6, 89.3, 32.7, 21.6, 21.4, 20.9. °F NMR (565
MHz, CDCl3) & (ppm) -78.17. HRMS (ESI) Calculated for CsH23INsO2S* [M-OTf]* m/z
596.06117, found m/z 596.06057. IR (ATR) v (cm™) 3120, 2923, 1581, 1477, 1381, 1247,
1142, 1085, 1027, 877, 686. Mp (°C) 210-112 (decom.).

2,4,5,7-Tetramethyl-1-(tosylimino)-1,2-dihydro-6H-6A3-ioda-2,10b-
diazaaceanthrylen-6-yl triflate (14b)

It TsNH, NaOCl| It
DCM, 0 °C - rt
N\_ 26% " N
2:-TfO" \=N* 0 TfO" N
\ N>/_ \
Ts
S5ax 14b

Following a modified literature procedure,[30] the corresponding N-tosylamide
(17.1 mg, 100 pumol) and NaOCI-5H,0 (13.2 mg, 100 mmol) were stirred in DCM (1 mL)
for 0.5h at room temperature. Then 2,4,5,7-tetramethyl-6H-6A3-ioda-2,10b-
diazaaceanthrylen-2,6-diium bistriflate (5ax, 33.7 mg, 50.0 umol) was added at 0 °C,
and the reaction was stirred for 15 min at room temperature. The solvent was
removed, and the residue purified via column chromatography on silica (DCM 98:2
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MeOH) to obtain 2,4,5,7-tetramethyl-1-(tosylimino)-1,2-dihydro-6H-6A3-ioda-2,10b-
diazaaceanthrylen-6-yl triflate (14b, 8.9 mg, 12.8 umol, 26%) as a yellowish solid.

1H NMR (601 MHz, CDs0D) & (ppm) 8.23 (dd, J = 5.8, 4.0 Hz, 1H), 7.77 (d, J = 8.2 Hz, 2H),
7.60 — 7.48 (m, 3H), 7.34 (d, J = 8.0 Hz, 2H), 3.63 (s, 3H), 2.79 (s, 3H), 2.55 (s, 3H), 2.53
(s, 3H), 2.42 (s, 3H). 3C NMR (151 MHz, CDs0OD) & (ppm) 149.8, 144.2, 143.1, 142.8,
140.3, 138.5, 133.8, 132.7, 131.9, 131.4, 130.6, 130.5, 127.0, 121.8 (g, J = 318.3 Hz),
120.1, 115.0, 105.2, 93.7, 31.0, 26.3, 21.8, 21.4, 21.3. %F NMR (565 MHz, CDs0D) &
(ppm) -78.28. HRMS (ESI) Calculated for C24H23IN30,S* [M-OTf]* m/z 544.05502, found
m/z 544.05414. IR (ATR) v (cm™) 3051, 2918, 1580, 1275, 1241, 1146, 1088, 1032, 886,
693. My (°C) 247-249 (decom.).

1-((tert-Butoxycarbonyl)imino)-2,4,5-trimethyl-7-(1H-pyrazol-1-yl)-1,2-dihydro-6H-
6A3-ioda-2,10b-diazaaceanthrylen-6-yl triflate (15)

U\ U\
N BocNH, NaOCl| N
@i' DCM, DMF, @i'
0°C-rt
N > N
TfO"
O N>/_N\

2:TfO" \=N< 80%

\Boc
12 15

Following a modified literature procedure,[30] BocNH; (53.1 mg, 300 pumol) and
NaOCI-5H,0 (39.4 mg, 300 mmol) were stirred in DCM (1 mL) for 0.5 h at room
temperature. Then iodonium salt 12 (21.8 mg, 30.0 umol) and DMF (1 mL) were added
at 0 °C, and the reaction mixture was stirred for 1 h at room temperature. The solvent
was removed, and the residue purified via column chromatography on silica (DCM 98:2
MeOH) to obtain 15 (16.6 mg, 24.0 umol, 80%) as a yellowish solid.

IH NMR (601 MHz, CDCls) & (ppm) 8.29 (d, J = 2.7 Hz, 1H), 8.10 (d, J = 1.9 Hz, 1H), 7.98
(t, J=4.8 Hz, 1H), 7.64 (d, J = 5.4 Hz, 2H), 7.05 (s, 1H), 6.69 (t, J = 2.3 Hz, 1H), 3.58 (s,
3H), 2.45 (s, 3H), 2.38 (s, 3H), 1.40 (s, 9H). 3C NMR (151 MHz, CDCls) & (ppm) 157.9,
150.8, 141.9, 138.5, 137.8, 136.8, 133.6, 131.0, 130.4, 128.9, 128.9, 120.7 (q, J = 320.2
Hz), 118.3, 118.1, 112.4, 111.5, 95.8, 89.9, 80.3, 30.3, 28.3, 21.3, 20.9. ®*F NMR (565
MHz, CDCls3) 6 -78.14. HRMS (ESI) Calculated for C24H25INsO2* [M-OTf]* m/z 542.10475,
found m/z 542.10449. IR (ATR) v (cm™) 3116, 2915, 1584, 1243, 1147, 1026, 786, 732.
Mo (°C) 151-152 (decom.).
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1-Imino-2,4,5-trimethyl-7-(1H-pyrazol-1-yl)-1,2-dihydro-6H-6A3-ioda-2,10b-
diazaaceanthrylen-6-ium triflate-HOTf (16)

\ \
LN\ !\
N N
I< TfOH, THF N
0°C-rt,4h

N N

TfO" N TfO" N
N>/_ \ HN)/_ \

quant.

\

Boc HOTf
15 16

To a suspension of the iodonium salt 15 (10.3 mg, 15.0 umol) in THF (1 mL) was added
TfOH (6.62 mL, 75.0 umol) at 0°C and the reaction mixture was stirred at room
temperature for 4 h. The solvent was removed under reduced pressure and purified via
column chromatography on silica (DCM 10:1 -> 1:1 MeOH) to obtain 1-imino-2,4,5-
trimethyl-7-(1H-pyrazol-1-yl)-1,2-dihydro-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-ium
triflate-HOTf (16, 11.1 mg, 15.0 umol, 100%) as a colorless solid.

1H NMR (601 MHz, CDsOD) & (ppm) 8.75 (d, J = 2.7 Hz, 1H), 8.25 (dd, J = 8.4, 1.2 Hz, 1H),
8.13 (d, J = 2.0 Hz, 1H), 8.05 (dd, J = 8.1, 1.2 Hz, 1H), 7.94 (t, J = 8.2 Hz, 1H), 7.58 (s, 1H),
6.90 (dd, J = 2.7, 2.0 Hz, 1H), 3.80 (s, 3H), 2.51 (s, 3H), 2.47 (s, 3H). 3C NMR (151 MHz,
CDsOD) & (ppm) 153.1, 142.3, 140.4, 140.1, 135.6, 135.1, 133.4, 131.6, 131.5, 129.8,
121.8 (g, J = 318.6 Hz), 121.3, 120.2, 114.8, 112.5, 97.0, 91.9, 30.8, 21.0, 20.6. 1°F NMR
(565 MHz, CD30D) & (ppm) -80.10. HRMS (ESI) Calculated for CioH17INs* [M-HOTf-OTf]*
m/z 442.05232, found m/z 442.05153. IR (ATR) v (cm™) 3145, 2922, 1590, 1144, 1011,
987, 786, 699. M, (°C) 206 (decom.).
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Figure S2: 'H, 13C and °F NMR spectra of 1-(2-iodo-3-methylphenyl)-1H-benzo[d]imidazole
(4ac) in CDCls.

$49



T —

€T°L7
€T°L1
€T°L]
YL
ST'LT
ST'LT
TL
8T'L1
6T°L
0€°L
0€°L
0€°L
TELT
TELT
zes
zeL
zeL
€€°L
€L
ve'L
ve'L
ve'L
SE°L
SE°LA
SE°LA

9€°L 7
9€°L
88°L
88°L
88°L
68°L
68°L
06°L
T0°'8

Y

Me

738 736 734 732 730 7.28 7.26

f1 (ppm)

J

y00'T
0°T

0°€E

Wmc.a
0T

f1 (ppm)

60T —

696 —

8°0TT —
s'0ZT

6'7CT

6°€TT AY
v'8TT
Y'0ET —~
SPET ~
T'9ET
6°0bT —
h.ﬂvﬁ\
0'EbT

iLm‘ i

20

110
f1 (ppm)

1H and 3C NMR spectra of 1-(2-iodo-4-methylphenyl)-1H-benzo[d]imidazole (4af)

T
210

T
220

3

Figure S3
in CDC

S50



L

|

Fs;C

=00
220
o0
=00°
X

0

=00

S51

1 (ppm)
210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

220




-62.87

T T T T T T T T T T T T T T T T T T T T T
0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -2

1 (ppm)

Figure S4: 'H, 13C and '°F NMR spectra of 1-(2-iodo-4-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole (4ag) in CDCls.

S52



Cl

L A
CEEREEE
gss8sgts
T T T T T T T T T T T T T T T T T T T
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 1 2 3 4
1 (ppm)
2 ~
s
2 &
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
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

FigCulS%I55: IH and 3C NMR spectra of 1-(5-chloro-2-iodophenyl)-1H-benzo[d]imidazole (4ah)
n 3.

S53



Br

8.0 7.9 7.8 7.7

T T
7.6 7.5 7.4 7.3 7.2 L

f1 (ppm)
JULJ

T T T T T T T T T T T T
140 135 13.0 125 12,0 115 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

e ~
S

=1 E

o
T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

T T T T
230 220 210 200

FigCuB%ISG: IH and 3C NMR spectra of 1-(5-bromo-2-iodophenyl)-1H-benzo[d]imidazole (4ai)
n 3.
S54



&

CN

&
N
@
I
jry
>
©
©
<
-
o
N

LILIT oQ

T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

Eigglre S7: H and 3C NMR spectra of 3-(1H-benzo[d]imidazol-1-yl)-4-iodobenzonitrile (4aj) in
3.

S55



5883I28833358882¢

S e

NO,

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
145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05

— 1488

—105.7

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
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

Eigglre S8: H and 3C NMR spectra of 1-(2-iodo-5-nitrophenyl)-1H-benzo[d]imidazole (4ak) in
3.

S56



NO,

NEV AR

§ % B 4
2 22Q 223 S
105 100 9.5 50 a5 80 7.5 70 65 60 55 50 45 40 3s 3.0 25 2.0 15 1.0 05 | 00
1 (ppm)
@~ o .
10TV
|
I
]
|
! |
J‘H‘Ijlml
T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

Figure S9: 'H and 3C NMR spectra of 1-(2-methyl-6-nitrophenyl)-1H-benzo[d]imidazole
(S4al1) in CDCls.
S57



YOoow- oo
FRR BT IO

7.37
7.36
7.33
7.32
7.31
7.28
7.20
7.18
717
7.05
7.04
2.06

Eegir d
Rk S
A deee B
T T T T T T T T T T T T T T T T T T T
14 13 12 11 10 9 8 6 5 4 3 2 1 0 1 2 3 4
1 (ppm)
mmmmmmmmmmmm o .
SERE RARNRARE g E
|
|
| |
LU s e e B e e e S P S
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

Figure S10: 'H and '3C NMR spectra of 1-(2-iodo-6-methylphenyl)-1H-benzo[d]imidazole (4al)
in CDCls (two rotamers).
S58



r

1 (ppm)

2.0

25

3.0

55 50 45

6.0

75 7.0
f1 (ppm)

8.0

8.5

135 13.0 125 120 115 11.0 105 10.0

14.0

220 210 200 190 180 170 160 150 140 130 120 110

230

f1 (ppm)

Figure S11: 'H and '3C NMR spectra of 2-bromo-1-(2-iodophenyl)-1H-benzo[d]imidazole

(4am) in CDCls.

S59



00T
01
1E°E
oot
0'C
=001
Foot

125 120 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
1 (ppm)

13.0

1886 —

66°0TT /

£0°02T

jrafxds
95°€2T
75°821
L1621
£L621
06621
60°0€T
LT0€ET
8L'9ET ~
9T0PT ~_
po0PT —
80°€bT

LTT8T —

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110
f1 (ppm)

T
220

pectra of 1-(2-iodophenyl)-2-phenyl-1H-benzo[d]imidazole

(%]
o
=
=
Q
m
—
©
C
o
I o
J.M
NO
wc
L=
c
oo ®
el

S60



T T T T
83 8.0 7.9 7.8 7.6 7.5 7.4 7.0

f1 (ppm)

T
140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)

|L| ' i

T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

Figure S13: 'H and '3C NMR spectra of 1-(2-nitrophenyl)-2-(trifluoromethyl)-1H-
benzo[d]imidazole (S4aol) in CDCls.

Se1



883588588889 I9QLEET
P N N N A A N N A N I
m———— )\
N\<
T T T T T T
8.0 7.6 7.5 7.4 7.3 7.0
f1 (ppm)
LU o
A
23 83 ¢S
T T T T T T T T T T T T T T T T T T T T
140 135 130 125 120 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)
|
h L) ‘
UL
T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 80 70 60 40 30 20 10 0
1 (ppm)
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Figure S16: 'H and '3C NMR spectra of 1-(2-nitro-3-(1H-pyrazol-1-yl)phenyl)-1H-
benzo[d]imidazole (S4bal) in CDCls.
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Figure S18: 'H and *3C NMR spectra of 1-(2-iodophenyl)-4-(1H-pyrazol-1-yl)-1H-
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Figure S19: *H and '3C NMR spectra of 1-(2-iodophenyl)-5,6-dimethyl-1H-benzo[d]imidazole
(4ar) in CDCls.
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Figure S20: *H and '3C NMR spectra of 1-(5-chloro-2-iodophenyl)-5,6-dimethyl-1H-
benzo[d]imidazole (4at) in CDCls.
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Figure S21: 'H and '3C NMR spectra of 1-(5-bromo-2-iodophenyl)-5,6-dimethyl-1H-
benzo[d]imidazole (4au) in CDCls.
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Figure S22: 'H and 3C NMR spectra of 1-(2-iodophenyl)-3-methyl-1H-benzo[d]imidazol-3-
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Figure $23: 'H and 3C NMR spectra of 1-(2-iodophenyl)-3-phenyl-1H-benzo[d]imidazol-3-ium
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Figure S24: 'H and '3C NMR spectra of 1-(2-iodo-3-methylphenyl)-5,6-dimethyl-1H-
benzo[d]imidazole (S12) in CDCls.
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Figure S25: 'H and '3C NMR spectra of 1-(2-iodo-3-methylphenyl)-3,5,6-trimethyl-1H-
benzo[d]imidazol-3-ium triflate (4ax) in CDCls.
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Figure S26: 'H and '3C NMR spectra of 1-(2-iodo-3-methylphenyl)-5,6-dimethyl-3-phenyl-1H-
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Figure S27: *H and 3C NMR spectra of 1-(2-iodo-3-methylphenyl)-5,6-dimethyl-3-mesyityl-

1H-benzo[d]imidazol-3-ium triflate (4az) in CDCls.
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benzo[d]imidazole (4ba) in CDCls.
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Figure S30: 'H and '3C NMR spectra of 5,6-dimethyl-1-(2-nitro-3-(1H-pyrazol-1-yl)phenyl)-1H-

benzo[d]imidazole (S4bb1) in CDCls.
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Figure S32: 'H and '3C NMR spectra of 5,6-dimethyl-1-(2-iodo-3-(1H-pyrazol-1-yl)phenyl)-1H-

benzo[d]imidazole (4bb)in CDCls.
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Figure S33: 'H and '3C NMR spectra of 1-(2-iodophenyl)-2-methyl-1H-indazol-2-ium triflate
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Figure $36: H, 13C and *°F NMR spectra of 7-fluoro-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-yl
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Figure S37: 'H and '3C NMR spectra of 8-methyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-yl
triflate (5af) in DMSO-ds.
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Figure S38: 'H, 3C and °F NMR spectra of 8-(trifluoromethyl)-6H-6A3-ioda-2,10b-
diazaaceanthrylen-6-yl triflate (5ag) in CD3OD.
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Figure S40: 'H and '3C NMR spectra of 9-bromo-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-yl
triflate (5ai) in DMSO-db.
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Figure S42: 'H and '3C NMR spectra of 9-nitro-6H-6\3-ioda-2,10b-diazaaceanthrylen-6-yl
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Figure S43: 1H and '3C NMR spectra of 10-methyl-6H-6\3-ioda-2,10b-diazaaceanthrylen-6-yl
triflate (5al) in DMSO-ds.
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diazaaceanthrylen-6-yl triflate (5a0) in DMSO-ds.
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Figure S48: 'H and '3C NMR spectra of 3-(1H-pyrazole-1-yl)-6H-6A\3-ioda-2,10b-
diazaaceanthrylen-6-yl triflate (5aq) in DMSO-ds.
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Figure S49: 'H and '3C NMR spectra of 4,5-dimethyl-6H-6\3-ioda-2,10b-diazaaceanthrylen-6-

yl triflate (5ar) in DMSO-ds.
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Figure S50: *H and '3C NMR spectra of 9-chloro-4,5-dimethyl-6H-6A3-ioda-2,10b-
diazaaceanthrylen-6-yl triflate (5at) in CD30D.
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Figure S51: *H and '3C NMR spectra of 9-bromo-4,5-dimethyl-6H-6A3-ioda-2,10b-
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Figure S52: 'H and 3C NMR spectra of 2-methyl-6H-6A3-ioda-2,10b-diazaaceanthrylen-2,6-
diium bistriflate (5av) in DMSO-ds.

5103



11.09

N
\:N+
2-TfO"

T T T T T T T T T
85 84 83 8.2 8.1 80 79 78 7.7

f1 (ppm)

ED EYLErL

T T T T T T T T T T
13.0 125 12,0 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.

|
T T T T T
135 133 132 131 127 | I

-y Lo L )

T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

Figure S53: 'H and 3C NMR spectra of 2-phenyl-6H-6\*-ioda-2,10b-diazaaceanthrylen-2,6-
diium bistriflate (5aw) in CDs0D.
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Figure S54: 'H and 3C NMR s%ectra of 2 4,5,7-tetramethyl-6H-6A3-ioda-2,10b-
diazaaceanthrylen-2,6-diium bistriflate 5ax) in CD30D.
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Figure S55: 'H and 3C NMR s%ectra of 4,5,7-trimethyl-2-phenyl-6H-6A3-ioda-2,10b-
diazaaceanthrylen-2,6-diium bistriflate (Say) in DMSO-ds.
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Figure S56: *H and 3C NMR s%ectra of 2-phenyl-4,5,7-trimethyl-6H-6A3-ioda-2,10b-
diazaaceanthrylen-2,6-diium bistriflate (5az) in DMSO-d.
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Figure S57: *H and '3C NMR spectra of 7-(1H-pyrazol-1-yl)-6H-6A3-ioda-2,10b-
diazaaceanthrylen-6-ium triflate (5ba) in CDsOD.
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Figure S58: 'H and '3C NMR spectra of 4,5-dimethyl-7-(1H-pyrazol-1-yl)-6H-6A3-ioda-2,10b-
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Figure S72: 'H and '3C NMR spectra of 2,4,5-trimethyl-7-(1H-pyrazol-1-yl)-6H-6A3-ioda-2,10b-
diazaaceanthrylen-2,6-diium bistriflate (12) in CDCls.
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Figure S74: 'H and '3C NMR spectra of 2,4,5,7-tetramethyl-1-oxo-1,2-dihydro-6 H-6A3-ioda-
2,10b-diazaaceanthrylen-6-ium triflate (13b) in CD30OD.
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Figure S75: 'H and 3C NMR spectra of 2-phenyl-4,5,7-trimethyl-1-oxo-1,2-dihydro-6H-6A3-
ioda-2,10b-diazaaceanthrylen-6-ium triflate (13c) in CDCls.

S127



N N | SNV
|+
N
. %N
TfO
o)
1 M I
T T T T T T T T T T T T T | \H
8.6 857.7 76 7.5 74 73 7.2 7.1 7.0 6.9 6.8 6.7
f1 (ppm) -
' T

T
70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

f1 (ppm)
"!"!V."’!"’.‘Q"!“?V!"’.WV!'Q“?'\.QVEN'\. ] - N~
"B AAARRNARNIEIREE B = PEEEEN
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ S b QRRR]S
Rl bk NN,
T T T T T T T T T T T T
150 145 140 135 130 125 120 115 110 105 100 95 |
f1 (ppm) X | !
[T
| e ! ‘\u 1ol | |
L i g I | 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
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

Figure $76: 'H and 3C NMR spectra of 2-mesityl-4,5,7-trimethyl-1-oxo-1,2-dihydro-6H-6A3-
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Figure S77: 'H and '3C NMR spectra of 2,4,5-trimethyl-7-(1H-pyrazol-1-yl)-1-(tosylimino)-1,2-
dihydro-6H-6A3-ioda-2,10b-diazaaceanthrylen-6-yl triflate (14a) in CDCls.
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Figure S79: 'H and '3C NMR spectra of 2,4,5-trimethyl-7-(1H-pyrazol-1-yl)-1-(tosylimino)-1,2-
dihydro-6H-6A-ioda-2,10b-diazaaceanthrylen-6-yl triflate (15) in CDCls.
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Table S1: Crystal data and structure refinement for 5bb.

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

pre

v/°

Volume/A3

z

Pearcg/cm?®

wmm?

F(000)

Crystal size/mm?3

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [I1>=2¢c (I)]
Largest diff. peak/hole / e A3

C19H14F3IN4O3S

562.30

100.00

triclinic

P-1

7.8894(5)

14.9151(9)

18.1102(12)

107.447(4)

101.074(4)

99.317(4)

1939.6(2)

4

1.926

1.819

1104.0

0.496 x 0.081 x 0.041
MoKa. (A = 0.71073)

4.418 t0 56.648
-10<h<10,-19<k<19,-24<1<24
54586

9679 [Rint = 0.0637, Rsigma = 0.0449]
9679/0/563

1.051

R: = 0.0436, wR; = 0.0865
5.09/-1.22
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Table S2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement Parameters

(A?x10°) for 5bb. Ueq is defined as 1/3 of the trace of the orthogonalised U,; tensor.

Atom X y U(eq)
loox 4280.3(4) 4952.2(2) 7813.5(2) 17.00(7)
looz 7254.7(4) 7412.3(2) 6811.0(2) 17.32(7)
S1 8957.4(15) 9229.3(8) 11805.5(7) 19.5(2)
Sz 2633.8(18) 3029.0(9) 5448.2(7) 27.4(3)
Fi 8708(4) 9216(2) 13216.2(17) 36.2(7)
Fs 8951(4) 7866(2) 12437.3(18) 35.4(7)
F2 11237(4) 9057(2) 12990.9(18) 35.1(7)
Fs 656(5) 1348(2) 4479.2(19) 39.6(8)
O 7038(4) 8899(2) 11537.1(19) 24.5(7)
O1 9592(5) 10259(2) 12145(2) 29.2(8)
Fa 2481(5) 1288(2) 5500(2) 46.1(9)
O3 9894(5) 8725(2) 11264(2) 28.2(8)
Ns 8864(5) 7404(2) 8692(2) 17.6(7)
Fe 128(5) 1801(3) 5643(2) 49.4(9)
Oy 3851(5) 2887(3) 4956(2) 35.9(9)
Ne 10047(5) 6371(3) 9205(2) 20.4(8)
Oe 1292(5) 3502(2) 5193(2) 35.3(9)
Na 5441(5) 3570(3) 8107(2) 21.6(8)
[\ 5841(5) 9305(3) 7303(2) 22.0(8)
Os 3417(6) 3371(3) 6298(2) 43.3(10)
N3 6638(5) 3953(3) 8820(2) 20.2(8)
Ns 6223(5) 8838(3) 6615(2) 22.6(8)
[\ 3574(5) 8324(3) 9494(2) 21.7(8)
N1 4619(5) 6977(2) 9367(2) 17.1(7)
Ci 3719(6) 6294(3) 7858(3) 19.9(9)
Cos 8668(6) 6563(3) 8055(3) 17.3(9)
Css 7312(6) 8332(3) 7972(3) 17.5(9)
Cs 3286(6) 7814(3) 8685(3) 17.3(9)
Cis 5673(6) 5467(3) 9052(2) 17.5(9)
Cz 9305(6) 5004(3) 7873(3) 18.6(9)
Cio 7965(6) 6319(3) 7240(3) 16.3(8)
C2 7899(6) 5403(3) 6727(3) 18.0(9)
C2 2988(6) 6469(3) 7167(3) 21.2(9)
Cas 9375(6) 5926(3) 8376(3) 18.8(9)
Cos 8096(6) 8197(3) 8676(3) 19.0(9)
Co 9714(6) 7232(3) 9362(3) 20.1(9)
Ca 8565(6) 4731(3) 7057(3) 20.3(9)
Ce 3896(6) 6963(3) 8597(3) 19.3(9)
Cis 7619(6) 5181(3) 10114(3) 20.3(9)
o 2556(6) 8002(3) 8001(3) 21.1(9)
Cu 6671(6) 6665(3) 10379(3) 19.7(9)
Cus 6642(6) 4890(3) 9334(3) 18.9(9)
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Table S2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement Parameters

(A?x10°) for 5bb. Ueq is defined as 1/3 of the trace of the orthogonalised U,; tensor.

Atom y U(eq)
Ca2 6577(6) 9130(3) 8005(3) 19.5(9)
Cio 5642(6) 6363(3) 9592(3) 18.4(9)
Cr 7639(6) 6077(3) 10631(3) 21.5(9)
Cs 2452(6) 7357(3) 7248(3) 20.8(9)
Ci7 7084(7) 2516(3) 8278(3) 23.8(10)
Cas 4763(6) 9903(3) 7187(3) 24.5(10)
Cis 7636(7) 3332(3) 8940(3) 22.9(10)
Cs 1774(7) 7582(4) 6511(3) 26.1(10)
Cas 7170(6) 5109(3) 5836(3) 22.4(10)
Cs 2734(7) 5745(3) 6357(3) 26.6(10)
C2 8095(6) 8852(3) 9409(3) 22.2(10)
Cas 8447(7) 3725(3) 6511(3) 25.6(10)
Css 5363(7) 9129(4) 6061(3) 28.4(11)
Ca 6593(7) 9780(3) 8748(3) 25.2(10)
Cao 7340(6) 9634(3) 9439(3) 25.5(10)
Co 4371(6) 7829(3) 9870(3) 21.3(9)
Css 4444(T) 9801(4) 6398(3) 29.4(11)
Cs7 9501(6) 8828(3) 12661(3) 23.7(10)
Cis 5694(7) 2700(3) 7763(3) 28.1(11)
Css 1370(8) 1800(4) 5252(3) 31.8(12)

Table S3 Anisotropic Displacement Parameters (A?x10°) for 5bb. The Anisotropic displacement
factor exponent takes the form: -2r?[h%a*2Uy1+2hka*b*U+...].

Atom Un Uz, Uss Uzs Uiz U
loo 1866(15)  12.96(13)  1476(14)  -057(10)  448(11)  0.96(10)
looz 1979(15)  1455(13)  17.98(14)  401(10)  7.60(11)  4.62(10)
S 23.9(6) 15.0(5) 16.9(5) 2.2(4) 6.8(4) 1.3(4)
S, 31.7(7) 24.3(6) 18.4(6) 0.9(4) 3.1(5) 4.4(5)
F 46.3(19) 45.9(18) 21.4(15) 9.3(13) 16.6(14)  19.0(15)
Fs 49(2) 21.2(14) 34.8(17) 11.0(13)  9.6(15) 4.6(13)
F, 29.8(17) 36.5(17) 30.1(16) 45(13) 23(13)  8.8(13)
Fs 50(2) 23.3(15) 34.2(17) 5.2(13) 04(15)  -0.9(14)
o 23.3(17) 21.4(16) 19.8(16) 21(13)  2.9(14) 1.5(13)
o) 32(2) 14.6(15) 33.3(19) 3.0(14) 6.1(16)  -1.3(14)
Fa 66(2) 45(2) 47(2) 28.7(17)  22.6(18)  31.6(18)
Os 35(2) 28.3(18) 22.5(17) 4.4(14) 150(15)  8.1(15)
Ns 19.4(19) 12.8(16) 16.5(18) 0.6(14) 51(15)  0.1(14)
Fs 52(2) 51(2) 64(2) 309(19)  34(2) 18.3(18)
O 43(2) 28.1(19) 31(2) 2.8(16) 137(17)  1.4(16)
N 17.9(19) 21.3(18) 20.0(19) 6.6(15) 4.0(15) 1.2(15)
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Table S3 Anisotropic Displacement Parameters (A?x10°) for 5bb. The Anisotropic displacement
factor exponent takes the form: -2rn2[h?a*?Uy1+2hka*b*U+...].

Atom Uy Uz Us3 Uzs Uz U
Os 42(2) 23.2(17) 34(2) 7.3(15) 0.7(17) 5.6(16)
Na 25(2) 17.2(18) 20.2(19) 5.3(15) 29(16)  4.9(15)
N; 26(2) 15.1(17) 26(2) 5.2(15) 13.8(17)  3.8(15)
Os 61(3) 39(2) 17.1(18) 52(16)  -09(18)  18(2)
Na 23(2) 17.3(17) 17.2(18) 4.1(14) 23(15)  1.9(15)
Na 28(2) 21.0(19) 24(2) 7.6(16) 144(17)  10.7(16)
N; 27(2) 14.1(17) 21.4(19) 3.6(15) 6.6(16) 1.9(15)
N; 18.3(19) 14.1(16) 15.8(18) 3.8(14) 2.5(15) -0.3(14)
Cy 20(2) 16(2) 21(2) 3.8(17) 65(18)  2.1(17)
Cu  15(2) 13.8(19) 21(2) 1.1(16) 105(18)  -0.4(15)
Ca  21(2) 9.2(17) 20(2) 02(15)  115(18)  -1.0(15)
Cs 14(2) 15.9(19) 18(2) 2.6(16) 5.1(17) -1.3(16)
Cis  17(2) 15.3(19) 14(2) 1.1(16) 1.2(17) -2.0(16)
Cx  18(2) 172) 24(2) 102(17)  67(18)  7.1(16)
Co 170 13.5(18) 172) 3.1(16) 60(17)  0.5(15)
Co  19(2) 15.7(19) 16(2) 2.7(16) 5.3(17) -0.4(16)
C 20(2) 25(2) 20(2) 102(18)  6.1(18)  4.6(18)
Cu  15(2) 20(2) 21(2) 8.1(17) 4.9(17) 1.5(16)
Ce 1502 14.6(19) 22(2) 1.3(17) 6.6(18)  -2.0(16)
Cx  18(2) 24(2) 16(2) 5.7(17) 5917)  0.4(17)
Cu  1902) 17(2) 25(2) 5.6(18) 9.0(19) 2.4(17)
Ce 18(2) 18(2) 17(2) 2.0(17) 4.3(17) -0.9(16)
Cu  212) 16(2) 27(2) 11.418)  7.719)  3.8(17)
C, 20(2) 16(2) 26(2) 7.8(18) 4719  16(17)
Cu  2202) 16.1(19) 15(2) 0.4(16) 46(18)  -3.6(17)
Cu  22(2) 12.0(18) 19(2) 0.4(16) 9.3(18) -1.2(16)
Co  22(2) 12.3(19) 24(2) 3.6(17) 9.9(19) 1.4(16)
Co  18Q2) 13.6(19) 19(2) 1.1(16) 6.6(18)  -4.0(16)
C. 2102 23(2) 14(2) 3.3(17) 23(18)  -3.8(18)
Cs 15(2) 20(2) 22(2) 3.0(18) 43(18)  -11(17)
Cv  29(3) 16(2) 20(3) 7.0(18) 12(2) 8.2(18)
Ca  25(2) 17(2) 37(3) 9.9(19) 14(2) 11.2(18)
Cis  28(3) 20(2) 21(2) 7.5(18) 6.6(19)  4.9(18)
Cs 23(3) 28(2) 29(3) 14(2) 6(2) 70)
Cs  27(2) 17(2) 19(2) 1.6(17) 54(19)  4.2(18)
c; 34(3) 24(2) 17(2) 3.8(18) 42) 42)
Co  25(2) 15(2) 20(2) 12(17) 57190  0.0(17)
Cs  33(3) 19(2) 25(2) 6.0(19) 9(2) 7.6(19)
Cx  36(3) 26(2) 31(3) 14(2) 16(2) 12(2)
Ca  2903) 10.7(19) 33(3) 15(18) 13(2) 1.0(17)
Co  27(3) 17(2) 25(2) 33(18)  9(2) 1.7(18)
Co 26(2) 14.3(19) 17(2) 1.0(16)  5.2(18) -2.6(17)
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Table S3 Anisotropic Displacement Parameters (A?x10°) for 5bb. The Anisotropic displacement
factor exponent takes the form: -2rn2[h?a*?Uy1+2hka*b*U+...].

Atom Uy Uz Us3 Uzs Uz U
Css 33(3) 25(2) 38(3) 16(2) 13(2) 13(2)
Co  25(3) 22(2) 21(2) 1.3(18) 9(2) 4.2(19)
Cis 36(3) 18(2) 24(2) 0.6(18) 5(2) 3(2)
Ca  45@3) 27(3) 26(3) 102) 9(2) 12(2)

Table S4 Bond Lengths for 5bb.

Atom Atom Length/A

Atom Atom Length/A

ooz
loo1
looz
loo2
loo2
S1
S1
S1
S1
Sz
S
S
Sz
Fi
Fs
F2
Fs
Fa
Ns
Ns
Ns
Fe
Ne
Ne
Na
Na
N7
N7
N7
N3
N3
Ns
N2

C:
Cis
Ns
Css
Cio
07)
o]}
Os
Cs
Oy
Os
Os
Css
Cs

Car
Cas
Cas

Cas
Coxr
Cas

Cis

Cx
Cu
Cie
Css
Cs

2.100(4)
2.139(4)
2.492(4)
2.125(4)
2.113(4)
1.451(3)
1.433(3)
1.446(3)
1.824(5)
1.429(4)
1.442(4)
1.440(4)
1.833(5)
1.321(5)
1.340(5)
1.327(6)
1.319(6)
1.350(6)
1.389(5)
1.419(6)
1.385(6)
1.315(6)
1.400(6)
1.311(6)
1.342(5)
1.326(6)
1.349(5)
1.410(6)
1.360(6)
1.427(5)
1.347(6)
1.324(6)
1.387(6)

N1
N1
C,
C1
Ca
Cau
Css
Css
Cs
Cs
Cis
Cis
Cz
Cz

Cao
Cao
C2

C2

Cos
Ca
Cis

Cs

Cu
Cu
Ca
Cs

Cuw7
Cur
Cx
Coo
Css

Cuwo
Co

C

Cs

Cuo
Ca
Cas
Ca
Cs

Cs

Cu
Cw
Cas
Ca
C2o
Ca
Cas
Cs

Cs

Cao
Cas
Cu
Cu
Cs

Co
Co
Ca
Cs

Cis
Cus
Css
Ca
Css

1.413(6)
1.392(6)
1.390(6)
1.374(6)
1.384(6)
1.389(6)
1.393(6)
1.397(6)
1.404(6)
1.391(6)
1.384(6)
1.406(6)
1.388(6)
1.387(6)
1.389(6)
1.430(6)
1.505(6)
1.430(6)
1.492(6)
1.392(6)
1.505(6)
1.373(6)
1.378(6)
1.391(6)
1.396(6)
1.373(7)
1.399(6)
1.493(7)
1.365(6)
1.416(7)
1.358(7)
1.385(7)
1.393(7)
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Table S4 Bond Lengths for 5bb.

Atom Atom Length/A  Atom Atom Length/A

N Co 1.300(6) Cai Cao  1.371(7)
N1 Ce 1.394(6)
Table S5 Bond Angles for 5bb.

Atom Atom Atom  Angle/ Atom Atom Atom Angle/’
Ci ooz Cis 93.32(17) Ca Cxn Cz 119.5(4)
Css loo2 Ns 74.28(15) C: C, Csz 1185(4)
Cuo loo2 Ns 166.30(14) C. C, C; 121.3(4)
Cuo loo2 Css 92.76(16) Cs C, C; 120.2(4)
O S1 Ca7 102.8(2) Ca Caxs Nes  109.6(4)
O: S1 02 114.4(2) C» Cax Nes  131.0(4)
O S1 O3 116.2(2) Cx Cax  Ca  119.4(4)
O: S1 Cs7 1035(2) Cs3 Cx Ns 123.4(4)
O3 S1 02 1144(2) Cx Cx Ns 117.3(4)
O3 S1 Ca7 103.0(2) Cx Cz Caz 119.2(4)
Oq4 S Os 1140(2) Ns Cx»r Ns 113.7(4)
Oq4 S Os 1156(3) Cx» Ca Cx 120.2(4)
Oq4 S Css 103.6(2) Cx» Cau Cz 120.4(4)
Os S Css 1034(2) Cx Cau Cz 119.4(4)
Os Sz Os 1150(2) N: GCs Cs 106.6(4)
Os S Css 103.03) C: GCs N; 131.3(4)
Ca Ns Cos 1270(4) C. GCs GCs 122.1(4)
Co Ns Cos 105.1(4) Cis Ciz Cp 119.0(4)
C27 N5 ng 127.1(4) Cs C4 C3 120.1(4)
Cor Ne Coas 1049(4) Ciz Cu Cwo 120.3(4)
Cis Na Ns 106.4(4) Cis Cu Nz 120.7(4)
Ns N Ca2 118.8(4) Ciz Cus Nz 117.3(4)
Ng N7 C34 111.0(4) C13 C14 C15 122.0(4)
Cx N7 Ca 130.2(4) Cs3 Csz N7 121.3(4)
Na N Cua 118.7(4) Csz Csz Ca  119.7(4)
Na N Cis 111.1(4) Cai Czz N7 119.0(4)
Cis N3 Cua 130.2(4) Cis Cio N1 122.6(4)
N7 Ns loo2 106.2(3) Cu Cio N1 118.3(4)
Css Ns loo2 1422(3) Cu Cio Cis  119.1(4)
Css Ns N7 106.0(4) Cu Ciz Ciz 120.9(4)
Co Nz Cs 105.7(4) C. GC3 Cg 119.0(4)
Cs N1 Cuwo 1279(4) Cs Csz C, 120.5(4)
Co N1 Cs 104.4(4) Cs Cs Cg 120.5(4)
Co N1 Cuo 126.8(4) Cis Ciz Cig 104.7(4)
C Ci loo1 1216(3) Css  Ca N7 106.4(4)
Cs Ci loo1 118.0(3) Nz Ci Ciz 107.7(4)
Ce C1 C. 120.0(4) Cs Ca¢ Czs 120.5(5)
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Table S5 Bond Angles for 5bb.

Atom Atom Atom  Angle/° Atom Atom Atom Angle/°
Cuo Cos Ns 131.6(4) Ns Cs Css  110.2(5)
Cuo Cos Cas 121.7(4) Cszx Cs1  Cs  119.9(4)
Cos Cos Ns 106.7(4) Casi Cso  Cyx 120.6(4)
Cos Cas loo2 123.6(3) N Cg N1 114.0(4)
Cos Cas Ca2 120.1(4) Css Css Cszs 106.3(4)
Ca2 Cas loo2 116.2(3) Fi Cs Si 110.9(3)
N> Cs Cs 109.2(4) Fi. Cy Fs  107.5(4)
N> Cs Cs 132.2(4) Fi. Cy F»  108.4(4)
Cs Cs Cs 118.6(4) Fs  Cs Si 110.6(3)
Cus Cis loo1 118.4(3) F, Csr Si 112.1(3)
Cus Cis Cuwo 118.6(4) F,  Csr Fs  107.3(4)
Cuo Cis loo1 123.0(3) Ns  Cig Cyiz  110.0(4)
Ca Co Cos 120.1(4) Fs  Cs S 111.2(3)
Cos Cuo looz 118.0(3) Fs Css Fa  107.2(4)
Cos Cuo Cao 119.7(4) Fa  Css S 109.2(4)
Coo Cuo loo2 122.1(3) Fe Css S 111.7(4)
Cuo Coo Co 118.9(4) Fe Css Fs  109.9(5)
Cuo Coo Cas 121.6(4) Fe Css Fa  107.6(4)

Table S6 Torsion Angles for 5bb.

A B C D Angle A B C D Angle’
lor Ci C, Cs 1729(3) C, C: Co Cs 2.9(7)
lor Ci C: C; -6.1(6) Cas No Car N5 -0.2(5)
lot C: Cs Ni 9.6(7) Cs Cas Cis looz -171.8(3)
loi C: Cs Cs -169.7(3)  Cus Coe Cio Coo 2.4(6)
loon Cis Cis N3 -3.1(6) C23 Ca2 Ca1 Coo 1.1(7)
lor Cis Cu Cis 177.8(3)  Cus Coz Cax Cas -178.6(4)
loor Cis Cio N1 3.0(6) Cas Ns Cpa C19 11.7(7)
loor Cis Cio Cu -176.4(3) Cas Ns Cas Cp3 -169.3(4)
lor Ns Ca Cas 148.3(8)  CusNs Cor No 169.9(4)
looz Cszs Cas Ns -3.1(6) Cas C33 C32 N7 177.4(4)
looz Caz Cas Co 178.7(3) Cas Ca3 C32 Ca31 -1.6(6)
looz Css Cz2 N7 0.1(5) Cas Ca9 C30 C31 -0.5(7)
loz Csz Caz Cau -1789(3)  CarNs Cas Cuo -177.9(5)
loop Ci9 Coo Co 1739(3) Co7 N5 Cos Cos 11(5)
loz Cis Czo Cas -5.2(6) Car Ns Cag Caz 177.8(4)
O, S1 Csr F1 -59.6(4) Ca7 N5 Cys Cyg -4.0(6)
0: Si Cu Fs 59.5(4) Car Ns Cas Cas 1.0(5)
0: Si Cy F2 1792(3)  CuNg Cas Cz -178.1(5)
0. S Cy Fi 59.7(4) Co: Ca2 Cos Ns -179.8(4)
Or S: Cu Fs 1789(3)  Ca Ca Cas Cos 1.2(7)
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Table S6 Torsion Angles for 5bb.

A B C D Angle’ A B C D Angle’
O:1 Si Csr F2 -61.5(4) Cs Ni Cio Ci5-18.2(7)
O3 Si Csr F1 -178.8(3) Cs N1 Ci0C11161.2(4)
O3 Si Csr F3 -59.7(4) Cs N1 Co N2 0.5(5)
O3 Si Csr F2 59.9(4) Cs C1 C2 C3 0.6(7)
Ns Co Cio looz 7.1(6) Ces C1 Cy C; -178.4(4)
Ns Cxu Cio Cy -178.7(4) Cs Cs Cs Cs -0.4(6)
Ns Cau Cz N -1.4(5) Cs Cs Cs Ny 177.5(4)
Ns Ca Ca Cx 177.9(4) Cs Cs5 Cs C1 -3.1(7)
Ns Czs Ca Czo -178.9(4) Cia N3 C16 C17 178.0(4)
Os S Css Fs -54.7(4) Ci4 C15 C1o N1 -176.8(4)
Os S2 Css Fsa 63.4(4) Ci4 Ci5 C10 C11 3.9(6)
Os S Css Fe -177.8(4) C14 C13 C12 C11 1.4(7)
Os S2 Css Fs 64.5(4) Cs2 N7 Ng looz 19.7(4)
Os S2 Css Fsa -177.5(3) Cs2 N7 Ng Cs6 179.6(4)
Os S Css Fs -58.6(4) Cs2 N7 Cas C35 179.9(4)
Ns Nz Cu Cis -11.9(6) Cs2 Ca3 C2s N5 179.8(4)
Ns Ns; Cis Ciz 167.2(4) Cs2 Caz Cag Co9 1.6(6)
Ns Nz Cis Ci7 0.6(5) Cs2 Ca1 C30 Ca9 0.5(7)
N7 Ng Cs Css 0.9(6) Cio N1 Cs C; 11.4(8)
N7 Cs Ca1 Cs -178.5(4) Cio N1 Cs Cs -169.3(4)
N7 Ca Css Css 0.0(6) Cio N1 Co N2 170.8(4)
Os S; Css Fs -175.5(4) Ci10 C15 C1a N3 176.6(4)
Os S; Css Fsa -57.4(4) C10 Ci15 C1a C13 -2.4(7)
Os S; Css Fe 61.4(4) C10 C11 C12 C13 0.1(7)
N3 Ns Cis Ci7 0.8(5) C12 C13 C1a N3 -179.3(4)
Ng N7 Cs Csz -15.8(6) C12 C13 C14 C15 -0.2(7)
Ng N C32 C31 1632(4) C12 C11 ClO N1 177.8(4)
Ng N; Cs Css 0.6(5) C1 C11 CioCys -2.8(7)
Ng Cs Css Cas -0.6(6) Cas N7 Nsg loo2 -160.8(3)
N2 Cs Cs Ni -2.0(5) Cas N7 Ng Cs6-0.9(5)
N, Cs Cs¢ Ci 177.4(4) Cas N7 Csz2 Ca3 164.9(5)
N2 Cs Cs Cs 179.0(4) Cazs N7 Cs2 Ca1 -16.1(7)
C, C C3 Cu -4.0(7) Ci6 N3 Cis Cys 170.9(5)
C: C Cs Cs 176.1(4) Ci6 N3 C14 C13-10.0(7)
Cos Ns Co Csz -13.7(7) Ci6 C17 C18 N4 -0.4(6)
Cos Ns Cus Cyp 164.5(4) Cas Coo C1 Cpp 177.5(4)
Cos N5 Cy7 Ng -0.6(5) Co5 Cy Co1 Coe -2.9(6)
Cos Ci9 Cxo Co1 -0.1(6) C; Co C3 Cs 175.0(4)
Cos Ci9 Cx Cos -179.1(4) Cr; C2 C3 Cs -4.9(7)
Cazs Cos Co9 Cso -0.6(7) Co N2 Cs Cs 2.2(5)
Cszs Cs2 Ca1 Cso 0.5(7) Co N2 Cs Cus -177.2(5)
Cs N2 Co Ni -1.7(5) Co N1 Cs C; -178.4(5)
Cs Cs Cs Co 3.9(7) Co N1 Cs Cs 0.9(5)
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Table S6 Torsion Angles for 5bb.

A B C D Angle’

A B C D Angle’

Cs
Cuo
Cuo
Cuo
Cio
C2

Cq
Ca
Ca
Cao
C2
Ci

Cs
Cas
Cas
Ca
Ca
Ce

Cs -176.2(4)
Ns 177.8(4)
Cx -3.0(6)
Cn -1.7(6)
Cas 178.0(4)
Ny -177.9(4)

Co Ni Cio Cis 173.6(4)
Cs Ny Cio Cy1 -7.0(6)
Cis Na N Cis -178.6(4)
Cis Ns N3 Cus-0.9(5)
Cis C17 C1s N3 -0.1(5)

Table S7 Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters (A2x10°) for

5bb.
Atom X y z

Haz 9764.84 4559.78 8089.01 22
Ha7 10027.18 7695.44 9887.29 24
Has 8271.2 4771.8 10295.48 24
Ha 2128.76 8570.96 8047.15 25
Hi 6700.87 7281.43 10742.97 24
Hi. 8332.7 6290.86 11169.19 26
Hai7 7533.34 1949.27 8182.71 29
Hss 4321.43 10310.97 7579.49 29
Hie 8557.5 3442.88 9403.11 28
Hsa 2721.26 7643.9 6237.59 39
Hss 1391.85 8190.4 6660.1 39
Hsc 764.5 7059.05 6153.34 39
Hasa 6612.75 5607.02 5714 34
Hase 6283.76 4493.12 5641.33 34
Hasc 8139 5035.96 5572.18 34
H7a 3403.2 5256.1 6401.91 40
H7s 3162.64 6071.04 6009.04 40
Hzc 1468.69 5431.59 6127.22 40
Hao 8616.73 8761.85 9891.58 27
Haea 8968.98 3359.47 6825.09 38
Haes 9097.73 3761.37 6106.69 38
Haec 7198.61 3400.68 6245.01 38
Hss 5370.74 8912.19 5512.18 34
Hs: 6085.85 10320.89 8774.22 30
Hso 7340.38 10073.66 9942.18 31
Ho 4750.17 8031.31 10436.67 26
Hss 3735 10123.16 6130.08 35
His 5040.36 2265.11 7247.67 34
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Table S8 Crystal data and structure refinement for 5av.

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

pre

v/°

Volume/A3

z

Pearcg/cm?®

wmm™?

F(000)

Crystal size/mm?3

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [I1>=20c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

C16H11FsIN206S2
632.29

100.0

monoclinic

C2/c

21.6489(9)
12.9181(5)
18.2639(12)

90

125.0140(10)

90

4183.3(4)

8

2.008

1.822

2464.0
0.22x0.2x0.16
MoKa (A =0.71073)
5.446 to 66.488
-33<h<33,-19<k<19,-28<1<28
71202

8024 [Rint = 0.0325, Rsigma = 0.0184]
8024/0/300

1.048

R; =0.0215, wR; = 0.0524

R:1 =0.0262, wR, = 0.0543
1.15/-0.75




Table S9 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement Parameters
(A?x10°) for 5av. Ueq is defined as 1/3 of the trace of the orthogonalised Uy, tensor.

Atom X y z U(eq)

11 7001.6(2) 1341.5(2) 7715.4(2) 12.42(3)
N1 6129.6(6) 3088.4(8) 6018.0(7) 12.11(19)
N2 5549.1(7) 2975.7(9) 4568.5(8) 15.0(2)
C1 5819.1(8) 3619.9(10) 5249.6(9) 14.5(2)
C2 5674.0(7) 1965.0(10) 4883.9(9) 13.2(2)
C3 5501.6(8) 1016.6(11) 4444.1(9) 16.1(2)
C4 5744.8(8) 144.9(11) 4977.8(9) 16.6(2)
C5 6154.3(8) 197.6(10) 5916.7(9) 15.0(2)
C6 6307.1(7) 1152.0(10) 6329.1(9) 12.5(2)
C7 6056.2(7) 2040.3(10) 5808.0(8) 11.7(2)
C8 6841.3(7) 2958.7(10) 7655.6(9) 12.9(2)
C9 7159.6(8) 3420.4(11) 8487.3(9) 17.0(2)
C10 7072.2(8) 4476.2(11) 8534.2(10) 20.0(3)
C11 6654.6(8) 5058.3(11) 7757.8(10) 19.5(3)
C12 6332.1(8) 4591.9(10) 6930.5(9) 16.1(2)
C13 6435.8(7) 3538.4(10) 6872.0(9) 12.5(2)
C14 5202.8(10) 3290.1(13) 3639.6(10) 25.0(3)
S1 8175.3(2) 3438.9(3) 6872.8(2) 14.99(6)
F1 8085.1(6) 3242.4(8) 5388.9(7) 28.4(2)
F2 7114.0(5) 3962.9(9) 5216.8(6) 27.4(2)
F3 8151.1(6) 4821.1(7) 5809.4(6) 23.89(19)
o1 7909.7(7) 4252.6(9) 7174.7(7) 22.3(2)
02 8979.9(7) 3383.4(12) 7336.6(9) 34.5(3)
03 7788.4(7) 2468.0(8) 6706.0(8) 23.4(2)
C15 7865.4(8) 3886.7(11) 5764.0(9) 16.6(2)
S2 6030.9(2) 6752.9(2) 5043.2(2) 14.39(6)
F4 5652.4(6) 6490.4(10) 3413.5(7) 33.4(2)
F5 5012.5(5) 7671.4(9) 3536.8(7) 30.5(2)
F6 6160.3(6) 7967.9(9) 3989.9(8) 33.0(2)
04 5972.8(7) 7629.4(9) 5483.9(8) 26.4(2)
05 6790.3(6) 6414.2(9) 5395.2(7) 22.1(2)
06 5508.8(6) 5917.7(8) 4844.0(8) 23.1(2)
C16 5696.7(8) 7242.2(12) 3934.3(10) 19.9(3)

Table S10 Anisotropic Displacement Parameters (A?x10°) for 5av. The Anisotropic displacement
factor exponent takes the form: -2rn?[h?a*?Uy1+2hka*b*U+...].

Atom Uu Uz Uss Uz Uiz U
11 13.58(4) 9.46(4) 12.08(4) 062(2)  612(3)  043(3)
NI 12405 8.6(4) 13.1(5) 0.2(3) 6.0(4) 0.7(4)
N2 14.1(5) 14.1(5) 12.9(5) 1.5(4) 5.4(4) 1.4(4)
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Table S10 Anisotropic Displacement Parameters (A?x10°) for 5av. The Anisotropic displacement
factor exponent takes the form: -2rn2[h?a*?Uy1+2hka*b*U+...].

Atom Uy U2 Us3 Uz Uz U
c1 13.7(5) 12.1(5) 15.4(6) 1.6(4) 7.1(5) 1.4(4)
C2 10.9(5) 12.7(5) 13.8(5) 0.3(4) 5.7(4) 0.6(4)
C3 14.0(6) 16.4(6) 14.7(6) -3.4(5) 6.5(5) -0.9(5)
c4 16.5(6) 12.9(5) 18.0(6) 4.1(4) 8.4(5) -1.8(4)
cs5 15.0(5) 10.7(5) 17.5(6) -1.0(4) 8.3(5) 0.2(4)
C6 11.0(5) 11.6(5) 12.6(5) -0.5(4) 5.5(4) 0.1(4)
c7 10.5(5) 10.0(5) 13.2(5) 0.7(4) 5.9(4) -0.3(4)
C8 11.5(5) 10.2(5) 15.2(5) -0.8(4) 6.6(5) 0.0(4)
co 15.4(6) 16.0(6) 14.7(6) 2.7(4) 5.8(5) -0.5(5)
Cl0  18.9(6) 17.1(6) 19.1(6) 6.3(5) 8.0(5) -0.9(5)
Cll  19.4(6) 12.3(5) 23.9(7) 5.2(5) 10.9(6) -1.8(5)
C12  165(6) 10.4(5) 19.0(6) -0.5(4) 8.8(5) 0.7(4)
c13  11.0(5) 10.8(5) 13.9(5) -1.9(4) 6.1(4) -1.5(4)
Cl14  29.9(8) 22.1(7) 14.1(6) 4.3(5) 7.4(6) 3.7(6)
s1 1493(14)  12.69(13)  14.99(14)  150(11)  7.21(12)  1.05(11)
F1 34.1(5) 31.1(5) 32.6(5) 16.3(4)  26.4(5) -12.1(4)
F2 16.3(4) 37.9(5) 19.1(4) 5.6(4) 4.9(4) -1.3(4)
F3 31.0(5) 10.4(4) 23.8(4) 0.8(3) 17.2(4) 7.1(4)
o1  36.6(6) 13.6(4) 25.6(5) -4.3(4) 220()  -3.8(4)
02 15.0() 46.8(8) 28.8(6) 9.8(6) 5.0(5) 5.2(5)
03 33.7(6) 10.5(4) 29.9(6) 0.6(4) 20.4(5) -1.3(4)
Cl5  15.8(6) 18.3(6) 16.5(6) 2.1(5) 9.6(5) 3.3(5)
s2 13.98(14)  11.36(13)  1461(14)  131(10)  6.33(12)  1.37(10)
F4 28.6(5) 49.1(7) 19.2(5) 7.0(4) 11.9(4) 4.5(5)
F5 18.4(4) 41.0(6) 28.3(5) 17.9(4) 11.3(4) 13.5(4)
F6 29.4(5) 35.5(6) 40.8(6) 14.5(5) 24.2(5) 1.2(4)
04 33.6(6) 20.8(5) 28.1(6) 5.3(4) 19.7(5) 0.8(5)
05 12.7(4) 23.9(5) 19.0(5) 1.0(4) 2.9(4) 4.0(4)
06 19.7(5) 14.4(5) 29.9(6) 5.3(4) 11.1¢4)  -08(4)
Cl6  15.4(6) 24.5(7) 19.4(6) 5.8(5) 9.7(5) 4.9(5)

Table S11 Bond Lengths for 5av.
Atom Atom Length/A

Atom Atom Length/A

11

11

N1
N1
N1
N2
N2

C6 2.0886(13)
C8  2.1102(13)
Cl  1.3454(17)
C7  1.3912(16)
C13 1.4225(17)
Cl 1.3218(18)
C2  1.3896(17)

C10 C11
Cl1 Ci12
Cl2 Ci13
S1 O1
S1 02
S1 O3
S1 Ci15

1.386(2)

1.387(2)

1.3935(18)
1.4504(11)
1.4365(13)
1.4404(11)
1.8239(15)
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Table S11 Bond Lengths for 5av.
Atom Atom Length/A

Atom Atom Length/A

N2
C2
C2
C3
C4
C5
C6
C8
C8
C9

Cl4
C3
Cc7
C4
C5
C6
Cc7
C9
C13
C10

1.4648(19)
1.3933(18)
1.3929(18)
1.381(2)

1.4094(19)
1.3824(18)
1.3872(17)
1.3917(19)
1.3921(18)
1.386(2)

F1
F2
F3
S2
S2
S2
S2
F4
F5
F6

C15
C15
C15
04

05

06

Cl6
Cl6
Cl6
C16

1.3275(17)
1.3375(17)
1.3370(16)
1.4360(12)
1.4474(11)
1.4498(11)
1.8285(15)
1.3237(19)
1.3396(17)
1.3340(18)

Table S12 Bond Angles for 5av.
Atom Atom Atom Angle/°

Atom Atom Atom Angle/°

C6
Cl
Cl
C7
C1
Cl
C2
N2
N2
N2
Cc7
C4
C3
C6
C5
C5
Cc7
N1
C6
C6
C9
C9
C13
C10
C9
C10
Cl1

11
N1
N1
N1
N2
N2
N2
C1
C2
C2
C2
C3
C4
C5
C6
C6
C6
C7
C7
C7
C8
C8
C8
C9
C10
Cl1
C12

C8  94.06(5)
C7  107.42(11)
C13 125.08(11)
C13 127.42(11)
C2  109.00(11)
Cl4 124.86(12)
Cl4 126.10(12)
N1  110.30(11)
C3  131.54(13)
C7  106.00(11)
C3  122.44(12)
C2  116.27(12)
C5 122.57(12)
C4 119.53(12)
11 123.08(10)
C7  119.13(12)
11 117.44(9)
C2  107.25(11)
N1 132.70(12)
C2  120.00(12)
11 113.83(10)
C13 121.12(12)
11 125.01(9)
C8  119.30(13)
Cl11 120.16(13)
Cl12 120.26(13)
C13 120.36(13)

c8
c8
C12
o1
02
02
02
03
03
F1
F1
F1
F2
F3
F3
04
04
04
05
05
06
F4
F4
F4
F5
F6
F6

C13 N1

C13
C13
S1
Sl
S1
S1
S1
S1
C15
C15
C15
C15
C15
C15
S2
S2
S2
S2
S2
S2
C16
C16
C16
C16
C16
C16

C12
N1
C15
01
03
C15
01
C15
Sl
F2
F3
Sl
S1
F2
05
06
C16
06
C16
C16
S2
F5
F6
S2
S2
F5

121.99(11)
118.74(12)
119.27(12)
102.64(7)
115.03(8)
116.27(8)
102.69(7)
113.71(7)
104.03(7)
111.20(10)
107.63(12)
107.94(11)
111.58(10)
110.80(10)
107.51(12)
115.59(7)
114.90(7)
104.01(7)
114.19(7)
102.89(7)
102.90(7)
111.21(11)
108.21(13)
108.15(13)
110.80(10)
110.87(11)
107.46(13)
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Table S13 Torsion Angles for 5av.

A B C D Angle’

A B C D Angle

I1 C6C7 N1 -5.2(2)

11 C6C7 C2 171.72(9)
11 C8C9 C10-178.02(11)
I1 C8 C13 N1 -4.75(18)
I1 C8 C13 C12 175.59(10)
N2 C2 C3 C4 176.78(14)
N2C2 C7 N1 1.76(14)
N2 C2C7 C6 -175.85(12)
CLN1C7 C2 -1.45(14)
CLNLC7 C6 175.74(14)
C1 N1 C13C8 -170.90(13)
C1 N1 C13 C12 8.75(19)
CLN2C2 C3 -179.76(14)
C1N2C2 C7 -1.47(15)
C2N2C1 N1 0.59(16)
C2C3C4 C5 -0.9(2)
C3C2C7 N1 -179.75(12)
C3C2C7 C6 2.6(2
C3C4C5 C6 1.7(2)
C4C5C6 11 -173.41(10)
C4C5C6 C7 -0.3(2)
C5C6 C7 N1 -178.65(13)
C5C6 C7 C2 -1.75(19)
C7NL1CLl N2 0.54(15)
C7 N1C13C8 12.8(2)

C7 N1 C13 C12 -167.59(12)
C7C2C3 C4 -1.3(2)

C8 C9 C10 C11 1.7(2)

C9 C8 C13 N1 177.67(12)
C9 C8 C13 C12 -2.0(2)

C9 C10Cl1C12-1.02)

C10 C11 C12 C13 -1.2(2)

C11 C12 C13 N1 -177.01(13)
C11C12C13C8 2.7(2)

CI13N1 C1 N2 -176.41(12)
C13N1 C7 C2 175.41(12)
C13N1 C7 C6 -7.4(2)

C13C8 C9 C10-0.2(2)

Cl4N2 C1 N1 -177.18(13)
Cl4N2 C2 C3 -2.0(2)

Cl4N2 C2 C7 176.26(14)
Ol S1 CISF1 177.91(10)
01 S1 C15F2 -61.91(12)
Ol S1 CI15F3 57.85(11)
02 S1 CI5F1 58.24(12)
02 S1 CI5F2 178.43(11)
02 S1 C15F3 -61.81(12)
03 S1 C15F1 -63.35(11)
03 S1 CI5F2 56.84(12)
03 S1 CI5F3 176.60(10)
04 S2 C16F4 -174.35(11)
04 S2 C16F5 -53.95(13)
04 S2 C16F6 65.28(12)
05 S2 C16F4 64.74(12)
05 S2 C16F5 -174.86(11)
05 S2 C16F6 -55.63(12)
06 S2 C16F4 -54.19(12)
06 S2 C16F5 66.21(12)
06 S2 C16F6 -174.56(10)

Table S14 Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters (A?x10°) for

5av.
Atom X y U(eq)
H1 5797.03 4353.31 5203.25 17
H3 5231.87 972.29 3812.34 19
H4 5631.63 -516.31 4701.35 20
H5 6324.15 -418.37 6263.61 18
H9 7433.81 3016.26 9017.3 20
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Table S14 Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters (A?x10°%) for

5av.
Atom y
H10 7298.99 4801.61 9099.69 24
H11 6589.22 5779.5 7792.78 23
H12 6038.8 4992.84 6400.77 19
H14A 5484.54 2985.89 3422.74 38
H14B 5213.11 4046.45 3606.42 38
H14C 4679.2 3048.23 3268.17 38
|+
N
TIO- \=N*
TfO"

Table S15 Crystal data and structure refinement for 5ax.

Empirical formula

Formula weight
Temperature/K
Crystal system
Space group
alA

b/A

c/A

o/°

pre

v/°

Volume/A3

Z

pcalcg/ cmd
wmm?

F(000)

Crystal size/mm?3

Cs7.97H34F121:N4O12S4

1348.37
100.00
triclinic

P-1
10.2904(7)
11.4588(8)
11.7246(8)
63.137(3)
69.729(3)
80.021(3)
1156.71(14)
1

1.936

1.654

664.0
0.2x0.2x0.2
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Radiation

MoKa (A = 0.71073)

20 range for data collection/° 4.09 to 67.13
Index ranges
Reflections collected
Independent reflections

Data/restraints/parameters

Goodness-of-fit on F2

Final R indexes [1>=2c ()]
Final R indexes [all data]

15<h<15,-17<k<17,-18 <1< 18
96714

8966 [Rint = 0.0417, Reigma = 0.0217]
8966/64/339

1.049

R: = 0.0327, WR; = 0.0804

R: = 0.0423, WR; = 0.0863

Largest diff. peak/hole / e A 1.76/-1.59

Table S16 Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement Parameters
(A2x10°) for 5ax. Ueq is defined as 1/3 of the trace of the orthogonalised Uy; tensor.

Atom X y z U(eq)

11 7976.1(2) 1419.1(2) 9570.1(2) 21.23(4)
S2 11084.1(6) 377.7(5) 7218.3(5) 23.74(10)
S1 4235.4(5) 5166.5(7) 7647.0(6) 28.37(12)
F3 5868.4(16) 6430.0(17) 7966.0(18) 37.5(3)
F2 3946.5(16) 5850(2) 9565.0(16) 40.0(4)
04 10197.2(17) 1479.7(17) 6727.4(17) 28.1(3)
N2 7706.6(17) 5064.7(19) 4996.6(17) 21.0(3)
F1 3954(3) 7444.2(18) 7720(3) 62.4(6)
01 2751.6(16) 5025(2) 8140(2) 36.6(4)
N1 7327.1(17) 3063.0(18) 6562.8(17) 19.2(3)
02 5012.5(18) 4013(2) 8250(3) 48.2(6)
03 10393(2) -826(2) 8186(2) 41.0(4)
05 12182(2) 642(2) 7565(2) 48.2(5)
COOF 7984.6(18) 3703(2) 6975.3(19) 18.0(3)
C8 8368.4(18) 3333.4(19) 8113.9(18) 17.0(3)
06 4781(2) 5864(3) 6210(2) 60.1(8)
cool 8825(2) 5893(2) 6100(2) 20.1(3)
C15 7178(2) 3931(2) 5374(2) 21.9(4)
C11 8220.1(19) 4972(2) 5987.9(19) 19.0(3)
Cl 7080.1(19) 892(2) 8491(2) 20.7(4)
C10 9176.3(19) 5516(2) 7258(2) 19.3(3)
C9 8969.0(18) 4213.4(19) 8287.6(19) 16.9(3)
C12 9388(2) 3837(2) 9513(2) 19.8(3)
C6 6707(2) -419(2) 9146(2) 23.6(4)
C7 7060(2) -1365(2) 10397(2) 29.0(4)
C3 6124(2) 1311(2) 6749(2) 25.0(4)
C2 6844.0(19) 1758(2) 7285(2) 20.4(3)
Cl4 7649(2) 6267(2) 3804(2) 26.5(4)
C5 6008(2) -831(2) 8561(3) 27.6(4)
C16 4518(2) 6280(2) 8255(2) 25.2(4)
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Table S16 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement Parameters
(A2x10°) for 5ax. Ueq is defined as 1/3 of the trace of the orthogonalised Uy, tensor.

Atom X y z U(eq)

C4 5707(2) 28(2) 7394(3) 28.8(5)
C13 9760(2) 6515(2) 7446(2) 26.8(4)
F7 12699(3) 1175(2) 4750(2) 7L.7(7)
F4 11207(4) -139(3) 5229(3) 89.6(9)
F5 12653(13) -1018(11) 5995(10) 103(4)
C17 12048(4) 111(3) 5716(3) 46.1(9)
F6 13146(10) -677(11) 5920(11) 97(4)

Table S17 Anisotropic Displacement Parameters (A2x10%) for 5ax. The Anisotropic displacement
factor exponent takes the form: -2r?[h?a*?U+2hka*b*Up+...].

Atom Un Uz, Uss Uzs Uis U
11 20.77(6) 2882(7)  16.58(6) 1272(5) 1.13(4) 111.92(5)
S2 24.8(2) 28.4(2) 1593(19)  -9.86(18)  -1.69(17)  -3.63(18)
s1 13.13(19)  49.0(3) 41.2(3) 37.1(3) 407(19) -17(2)
F3 27.3(7) 47.8(9) 48.5(9) -29.7(8) 5.4(6) -14.2(6)
F2 25.7(7) 75.2(12)  35.2(8) -38.7(8) -9.4(6) 4.4(7)
04 22 4(7) 28.7(8) 25.4(7) -11.0(6) 2.1(6) -2.8(6)
N2 16.3(7) 32.7(9) 20.2(7) 115.9(7) 5.8(6) -1.7(6)
F1 69.7(14) 28.4(9) 92.7(17) 237(10)  -389(13)  14.1(9)
o1 13.3(6) 62.4(12)  54.2(11) 453(10)  -4.8(7) -1.8(7)
N1 14.5(6) 29.6(8) 20.1(7) -18.2(6) 0.3(5) 6.5(6)
02 18.4(8) 37.1(10)  101.2(19)  -47.2(12)  -8.2(10) 1.0(7)
03 47.3(10) 32.4(9) 28.7(9) 0.3(7) 8.2(8) 9.0(8)
05 44.2(12) 60.6(14)  40.4(11) 122(10)  -20.4(9) -13.9(10)
COOF  11.2(7) 27.9(9) 20.6(8) -16.7(7) -1.5(6) -2.8(6)
cs 13.1(7) 24.1(8) 17.2(7) 13.4(7) -0.1(6) -4.7(6)
06 26.4(9) 138(3) 37.8(11) 56.0(15)  -4.8(8) 9.6(12)
cool  15.7(8) 25.9(9) 22.1(8) 12.1(7) 6.6(6) -1.6(6)
c15  15.1(8) 35.8(10)  22.6(9) -19.5(8) 3.7(6) 3.3(7)
Cll  128(7) 29.8(9) 19.7(8) -15.3(7) -3.9(6) -1.6(6)
c1 14.5(7) 31.6(10)  23.4(8) -20.1(8) 0.7(6) 7.4(7)
C10 1497 24.8(9) 23.7(8) -14.0(7) -6.2(6) -2.3(6)
co 11.7(7) 24.5(8) 19.6(8) -14.5(7) 2.0(6) 3.1(6)
Cl2  1838(8) 26.2(9) 20.3(8) 13.3(7) -6.0(6) 4.6(7)
C6 16.9(8) 31.1(10)  28.3(9) 21.6(8) 1.8(7) 6.6(7)
c7 27.8(10) 205(10)  30.8(11) 115.6(9) -1.3(8) -10.9(8)
c3 18.1(8) 382(11)  32.2(10) 27.3(9) 5.0(7) 2.9(8)
c2 13.9(7) 306(10)  24.6(9) -20.6(8) 0.7(6) 4.4(7)
Cl4  25.4(10) 34.7(11)  22.6(9) 12.7(8) 8.2(8) 5.4(8)
c5 20.7(9) 340(11)  37.8(11) 27.1(10)  -1.0(8) 6.4(8)
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Table S17 Anisotropic Displacement Parameters (A?x10°) for 5ax. The Anisotropic displacement
factor exponent takes the form: -2rn2[h?a*?Uy1+2hka*b*U+...].

Atom U1 Uz Uss U2z Uiz Up,
C16 25.3(10) 27.6(10) 30.8(10) -18.1(8) -10.3(8) 0.2(8)
C4 21.7(9) 39.0(12) 40.7(12) -30.9(10) -5.3(8) -4.9(8)
C13 30.1(10) 25.2(10) 33.9(11) -13.7(8) -16.4(9) -4.6(8)
F7 75.9(15) 64.9(13) 32.6(9) -15.1(9) 21.8(10) 2.6(11)
F4 142(3) 96(2) 60.5(15) -55.1(15) -30.4(17) -12.2(18)
F5 193(11) 65(4) 33(3) -34(3) -35(6) 75(6)
C17 64(2) 40.8(15) 21.3(11) -13.3(10) -10.2(11) 22.2(13)
F6 88(5) 108(8) 40(3) -18(4) -14(3) 80(5)

Table S18 Bond Lengths for 5ax.
Atom Atom Length/A  Atom Atom Length/A

11

11

S2
S2
S2
S2
S1
S1
S1
S1
F3
F2
N2
N2
N2
F1
N1
N1
N1

C8
C1
04
03
05
C17
01
02
06
C16
C16
C16
C15
Cl1
Cl4
C16
COOF
C15
C2

2.082(2)
2.1226(18)
1.4376(18)
1.436(2)
1.442(2)
1.830(3)
1.4426(17)
1.438(2)
1.441(2)
1.820(2)
1.334(3)
1.318(3)
1.319(3)
1.391(2)
1.464(3)
1.318(3)
1.396(2)
1.341(3)
1.422(3)

COOF C8
COOF C11
C8 (9
Cool C11
Cool C10
Cl C6
Cl1 c¢C2
C10 C9
C10 C13
C9 Ci12
ceé C7
C6 C5
C3 C2
C3 C4
C5 C4
F7  C17
F4 C17
F5 C17
Cl7 F6

1.383(3)
1.385(3)
1.389(2)
1.388(3)
1.384(3)
1.396(3)
1.390(3)
1.426(3)
1.510(3)
1.497(3)
1.501(3)
1.401(3)
1.396(3)
1.381(3)
1.382(4)
1.315(4)
1.316(5)
1.284(10)
1.337(8)

Table S19 Bond Angles for 5ax.

Atom Atom Atom Angle/°

Atom Atom Atom Angle/

C8
04
04
O3
O3

11

S2
S2
S2
S2

Cl  94.54(8)

05 115.25(13)
C17 102.70(11)
04  115.65(12)
05 113.38(13)

Cc2
Cool
Cool
C9
C8

Cl C6
C10 C9
C10 cC13
C10 Ci13
c9 C10

123.03(18)
121.40(17)
119.16(19)
119.42(17)
118.06(17)
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Table S19 Bond Angles for 5ax.
Atom Atom Atom Angle/

Atom Atom Atom Angle/°

O3 S2 C17 105.80(15) C8 C9 Ci12 122.13(18)

05 S2 Cl1l7 101.86(17) C10 C9 Cl1l2 119.81(16)

Ol S1 Cl16 103.69(10) C1 C6 C7 122.33(18)

02 S1 01 11516(13) C1 C6 C5 116.8(2)

02 S1 06 11526(15) C5 C6 C7 120.9(2)

02 S1 Cl16 103.03(12) C4 C3 C2 120.0(2)

06 S1 01 11417(13) C1 C2 N1 122.96(17)

06 S1 Cl6 103.22(14) C1 C2 C3 118.2(2)

C15 N2 Cl11 108.63(18) C3 C2 N1 118.8(2)

Cl5 N2 Cl14 126.26(17) C4 C5 C6 121.1(2)

C11 N2 Cl14 12485(18) F3 C16 S1  110.91(15)
COOF N1 C2 126.96(17) F2 C16 S1  111.46(17)

C15 N1 COOF 107.04(17) F2 C16 F3  108.39(18)

C15 N1 C2 12594(16) F1 Cil6 S1  111.70(17)

C8 COOF N1 13357(19) F1 C16 F3 108.1(2)

C8 COOF C11 119.10(17) F1 Cl6 F2 106.1(2)

C11 COOF N1 107.30(17) C3 C4 C5 120.7(2)

COOF C8 11 117.41(13) F7 C17 S2 110.7(2)

COOF C8 C9 121.19(18) F7 C17 F4  105.4(3)

C9 C8 11  121.39(14) F7 C17 F6  99.0(6)

C10 CoOl C11 117.85(19) F4 C17 S2  111.2(3)

N2 C15 N1 110.80(17) F4 C17 F6  119.6(6)

COOF C11 N2 106.23(17) F5 C17 S2  112.5(5)

COOF C11 COOl 122.37(18) F5 C17 F7  121.2(6)

Co0l C11 N2 1314(2) F5 C17 F4 94.1(6)

Cé6 Cl1 11  112.73(15) F6 C17 S2 110.1(5)

C2 Cl1 11 12421(14)

Table S20 Torsion Angles for 5ax.

A B C D Angle A B C D Angle/*
I1 C8 (C9 C10 -178.62(13) O6 S1 Cl6 F2 173.60(17)
I1 C8 C9 Ci2 1.0(2) 06 S1 Ci16 F1 55.1(2)
I1 Cl1 C6 C7 -6.3(2 Co0IC10 C9 C8 -1.6(3)
I1 Cl1 C6 C5 175.13(15) CO00I1C10 C9 Ci12 178.82(18)
11  C1 C2 N1 75(3) C15 N2 C11 COOF 0.9(2)
I1 Cl1 C2 C3 -173.81(14) C15 N2 Cl1 cCo0ol -177.3(2)
04 S2 CI17F7 56.9(3) C15 N1 COOFC8 177.7(2)
04 S2 C17F4 -59.8(3) C15 N1 COOF C11 -0.2(2)
O4 S2 CI17F5 -164.0(7) C15 N1 C2 C1 177.51(19)
04 S2 C17F6 165.3(7) Cl15 N1 C2 C3 -1.1(3)
Ol S1 Ci16F3 175.11(18) C11 N2 Ci15 N1 -1.1(2)
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Table S20 Torsion Angles for 5ax.
A B C D Angle’ A B C D Angle/°

Ol S1 Cl6F2 5425(19) C11 COOFC8 11  179.56(13)
Ol S1 C16F1 -642(2) Cl11 COOFC8 C9 0.7(3)

N1 COOFC8 I1 1.8(3) C11 CO00l C10 C9 2.0(3)
N1 COOFC8 C9 -177.01(19) C11 COOl C10 C13 -176.54(18)
N1 COOF C11N2 -0.4(2) ClL C6 C5 C4 -01(3)

N1 COOF C11CO00I 178.00(17) C10 COOl C11 N2 176.89(19)
02 S1 CI6F3 54.7(2) C10 CO00lI C11 COOF -1.1(3)

02 S1 CI6F2 -66.12(19) C6 C1 C2 NI -174.59(18)
02 S1 CI6F1 1754(2) C6 C1 C2 C3 4.1(3)

03 S2 CI17F7 1786(2) C6 C5 C4 C3 1.9(3)

03 S2 Cl7F4 61.8(3) C7 C6 C5 C4 -178.6(2)
03 S2 CI7F5 -423(8) C2 N1 COOFC8 0.4(3)

03 S2 CI7F6 -73.0(7) C2 N1 COOFCll -177.55(17)
05 S2 Cl7F7 -627(3) C2 N1 Ci5 N2 178.18(17)
O5 S2 Cl7F4 -17952) C2 Cl C6 C7 17556(19)
05 S2 Cl7F5 76.4(7) C2 Cl1 C6 C5 -3.003)

05 S2 CIl7F6 45.7(7) C2 C3 C4 C5 -08(3)

COOF N1 C15N2 0.8(2) Cl4 N2 Ci15 N1 -175.47(18)
COOFN1 C2 C1 -5.7(3) Cl4 N2 Ci11 COOF 175.38(18)
COOFN1 C2 C3 175.70(18) C14 N2 Ci1 Co00l -2.8(3)

COOFC8 C9 C10 0.2(3) C4 C3 C2 N1 176.60(18)

COOFC8 C9 C12 179.78(17) C4 C3 C2 Cl -21(3)
C8 COOF C11N2 -178.67(16) C13 C10 C9 C8 176.95(18)
C8 COOF C11 C00I -0.3(3) C13 C10 C9 C12 -2.7(3)
06 S1 CI6F3 -655(2)

Table S21 Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters (A?x10°) for
5ax.

Atom X y z U(eq)
HOOI 8991.39 6754.05 5404.72 24
H15 6748.68 3753.19 4871.76 26
H12A 8844.47 4354.51 9999.77 30
H12B 10375.65 4003.89 9246.53 30
H12C 9218.55 2904.45 10095.78 30
H7A 8068.63 -1459.96 10197.08 44
H7B 6662.33 -2217.09 10722.05 44
H7C 6677.79 -1033.82 11088.14 44
H3 5920.79 1890.54 5941.55 30
H14A 7463.88 6049.56 3157.7 40
H14B 8537.25 6710.31 3393.83 40
H14C 6907.35 6845.36 4063.8 40
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Table S21 Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters (A?x10°) for

5ax.
Atom X y U(eq)
H5 5736.09 -1716.82 8974.02 33
H4 5207.26 -267.15 7030.03 35
H13A 10670.82 6210.64 7575.22 40
H13B 9133.38 6632.69 8235.84 40
H13C 9854.9 7351.05 6648.95 40

Table S22 Atomic Occupancy for 5ax.
Atom Occupancy Atom Occupancy

Atom Occupancy

F5

0.5

C17 0.983(8)

F6 0.5
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