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Supplementary Table 1. Molecular structures and photophysical parameters of long-wavelength-activatable photocatalysts
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Supplementary Table 2. Simulated electronic transitions of [Co]*
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state energy (eV) oscillator strength transition character
Dy 0.34 0.0663 LMCT + n—n* (amido)
D, 1.52 0.0347 MLCT + LLCT (carbene — amido)
Ds 1.67 0.0068 MC + n—rt* (amido)
Ds 1.78 0.0041 n—m*
Dg 2.11 0.0882 MLCT + LLCT (carbene — amido)




Supplementary Table 3. [sosurfaces for the hole and electron distributions of the electronic transitions in

Supplementary Table 2
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44

45  Supplementary Table 4. Population analyses for the electronic transitions of [Co]**

46
state fragment hole electron difference
(%) (%) (electron% — hole%)
Co 0.36 12.58 12.22
D; carbene 87.98 80.41 —7.58
amido .61 4.31 -4.31
Co 24.37 12.58 -11.79
D: carbene 33.51 431 -29.20
amido 41.02 80.41 39.38
Co 55.34 54.86 —0.48
Ds carbene 4.61 12.29 7.68
amido 38.70 31.84 —6.86
Co 21.33 12.58 -8.75
Ds carbene 40.26 4.31 -35.96
amido 37.65 80.41 42.76
Co 30.97 12.58 -18.39
Ds carbene 12.71 431 -8.41
amido 52.12 80.41 28.28
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Supplementary Table 5. Simulated electronic transitions of [Co]**
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state energy (eV) oscillator strength transition character
Si 1.56 0.0002 LLCT (carbene — amido) + n—n* (amido)
S, 1.61 0.1425 LLCT (carbene — amido) + n—n* (amido)
S; 1.71 0.0119 MC + n—r* (amido)
Sy 1.81 0.0257 LLCT (carbene — amido)
Ss 1.86 0.0038 LLCT (carbene — amido)
Sy 1.91 0.0001 LLCT (carbene — amido) + n—n* (amido)
Siz 2.12 0.0733 LLCT (carbene — amido)
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Supplementary Table 6. [sosurfaces for the hole and electron distributions of the electronic transitions in

Supplementary Table 5
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62  Supplementary Table 7. Population analyses for the electronic transitions of [Co]**

63
state fragment hole electron difference
(%) (%) (electron% — hole%)
Co 7.86 1.63 —6.22
St carbene 35.13 7.98 -27.15
amido 55.00 87.32 32.32
Co 3.66 3.74 0.08
Sz carbene 27.47 7.43 -20.04
amido 66.31 85.81 19.5
Co 65.50 56.10 -9.40
S3 carbene 7.71 11.51 3.81
amido 25.81 31.46 5.65
Co 4.53 1.15 -3.38
S4 carbene 54.61 8.24 -46.37
amido 39.91 87.54 47.64
Co 10.15 5.45 —-4.70
Ss carbene 42.35 5.96 -36.39
amido 45.87 85.58 39.71
Co 5.12 6.19 1.07
Sy carbene 31.61 5.56 -26.05
amido 60.85 85.24 24.39
Co 0.94 0.68 -0.26
S12 carbene 80.88 8.49 -72.39
amido 16.07 87.76 71.69
64
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Supplementary Table 8. Simulated electronic transitions of [Co—H]*"

=
state energy (eV) oscillator strength transition character
S1 1.09 0.0001 MLCT + LLCT (amido — amine)
Sz 1.76 0.0109 MLCT + LLCT (amido — amine)
Ss 2.54 0.0002 MLCT

S4 2.92 0.0128 LMCT




72 Supplementary Table 9. Isosurfaces for the hole and electron distributions of the electronic transitions in
73 Supplementary Table 8
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78  Supplementary Table 10. Population analyses for the electronic transitions of [Co—H]*
79

state fragment hole electron difference
(%) (%) (electron% — hole%)
Co 51.52 56.29 4.77
S carbene 343 10.24 6.81
amido 43.93 3243 -11.50
Co 26.22 56.29 30.07
S carbene 4.22 10.24 6.02
amido 67.85 32.43 -35.42
Co 79.47 55.21 —24.26
S3 carbene 9.22 12.72 3.50
amido 10.72 30.92 20.20
Co 29.00 51.92 22.92
S4 carbene 15.29 16.45 1.16
amido 53.08 30.23 —22.84
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Supplementary Table 11. Simulated electronic transitions of [Co—H]*"

state energy (eV) oscillator strength transition character
Dy 1.47 0.0016 MC + n—n* (amido)
D: 1.60 0.0734 LLCT (carbene — amido) + n—n* (amido)
Ds 1.82 0.0125 LLCT (carbene — amido) + n—n* (amido)
Ds 1.86 0.0101 LLCT (carbene — amido)
Dy 2.18 0.0579 LLCT (carbene — amido) + n—n* (amido)
D12 2.32 0.0250 MC + n—r* (amido)
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Supplementary Table 12. Isosurfaces for the hole and electron distributions of the electronic transitions in
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94  Supplementary Table 13. Population analyses for the electronic transitions of [Co—H]**

95
state fragment hole electron difference
(%) (%) (electron% — hole%)

Co 74.62 59.56 —-15.06
D carbene 6.86 10.07 3.20
amido 17.76 29.45 11.69

Co 6.08 4.01 -2.07

D; carbene 31.27 6.63 —24.64
amido 60.33 86.30 25.97
Co 3.91 4.01 0.10

Ds carbene 42.99 6.63 -36.36
amido 51.40 86.30 34.90

Co 8.01 4.01 —4.00

Ds carbene 40.69 6.63 -34.06
amido 49.25 86.30 37.05
Co 3.87 5.79 1.92

Dy carbene 44.55 6.73 -37.82
amido 48.38 84.49 36.11

Co 56.64 53.53 -3.12

D2 carbene 10.55 9.82 —0.73
amido 31.53 35.51 3.97
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98
99  Supplementary Table 14. Selected bond distances and angles for [Co
100
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bond distances (A) bond angles (°)

Co(1)-N(1) 1.919(6) N(1)-Co(1)-N(2) 179.1(4)
Co(1)-N(2) 1.925(3) N(1)-Co(1)-C(1) 88.2(9)
Co(1)-C(1) 1.939(6) N(1)-Co(1)-C(2) 87.6(2)
Co(1)-C(2) 1.936(4) N(1)-Co(1)-C(3) 92.1(3)
Co(1)-C(3) 1.931(4) N(1)-Co(1)-C(4) 91.0(03)
Co(1)-C(4) 1.940(9) N(2)—Co(1)-C(1) 92.3(8)
N(2)-Co(1)-C(2) 91.6(9)
N(2)-Co(1)-C(3) 88.3(7)
N(2)-Co(1)-C(4) 88.4(9)
C(1)—Co(1)-C(2) 175.8(8)
C(3)—Co(1)-C(4) 176.8(4)
C(12)-N(1)-C(5) 119.1(6)
C(5)-N(1)-Co(1) 120.3(4)
C(12)-N(1)—Co(1) 120.4(7)
C(32)-N(2)—C(25) 120.6(4)
C(32)-N(2)—Co(1) 119.6(4)
C(25)-N(2)—Co(1) 119.7(1)
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105

106  Supplementary Table 15. The structural parameters

107  calculations

for [Co]*" obtained from SC-XRD data and DFT

108
bond distances (A) bond angles (°)
experimental 1.925(3), 1.919(6)
Co—N
DFT 1.988, 1.988
1.936(4)
. 1.931(4)
experimental
1.939(6)
Co-C
1.940(9)
1.998, 1.998
DFT
1.998, 1.998
experimental 179.1(4)
N-Co-N
DFT 180.0
experimental 175.8(8), 176.8(4
o p (8). 176.8(4)
DFT 173.0, 173.0
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116  Supplementary Fig. 1 | Photophysical properties. a, UV—Vis absorption spectra of 15a and 15b (10 uM in
117 CH3CN). b, Photoluminescence spectra (Adex = 360 nm) of 15a and 15b (10 uM in deaerated CH3CN).
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Supplementary Fig. 2 | Radical delocalization. a,b, Mulliken spin density contour (isovalue = 0.006) for
[Co]** (a) and [Co]*" (b) obtained at the UB3LYP/def2-TZVPP level of theory.
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127 [Co-H**
128
129  Supplementary Fig. 3 | Simulated electronic transitions. a, Plausible reaction for the formation of
130  intermediate Co species. b, Optimized geometries of [Co]**, [Co—H]*" and [Co—H]*" calculated at
131 UB3LYP/def2-SVP level of theory with the conductive polarizable continuum model parameterized for
132 CH3CN. ¢, Simulated UV—-Vis—NIR absorption spectra. Refer to Supplementary Tables 2—4 and 8—13 for the
133 full calculation results.
134

Calculated absorbance
Oscillator Strength (au)




135

a | PFs 2+| 2PFg 3+| 3PFg
O SRO % S0
NG — —
H 2PFg —00— —Co— 'N‘I" :
'\N-. "\N-_ N~.
~ A SA L."\\N
_N\=/N —N N —N_N —N
ligand [Co]* [CoJ?* [CoJ?*
b ~ 57
= | 1 mM in CD,CN
o ] :
- 44 — ligand
= —[Co]"
L : ——[Co]**
— 3 [Col*"
. ]
(&)
C E
S 21
o) ]
[%2] 4
O .
T 14
5 :L\
o ] NN
= 0 - i 1 T 'J' T
500 1000 1500 2000 2500 3000
136 Wavelength (nm)

137

138 Supplementary Fig. 4 | Vis—NIR absorption spectra. a, Chemical structures of the ligand and three
139  oxidation-state variants of the Co complexes. b, Experimental UV—-Vis—NIR absorption spectra of CD3CN
140  solutions of 1.0 mM Co complexes.
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Supplementary Fig. 5 | Electrochemical potentials. Cyclic (CV, solid lines) and differential pulse
voltammograms (DPV, dotted lines) for Ar-saturated THF solutions containing 0.10 M (n-Bu)4NPFe and 2.0
mM [Co]** (blue) or 12 mM 1a (black) and. A glassy carbon disc and a Pt wire for the working and counter
electrodes, respectively; an Ag/AgNOs pseudo reference electrode; scan rate = 0.1 Vs! (CV) and 4 mV s!
(DPV). The grey dotted line is the DPV of the blank solution (i.e., an Ar-saturated THF solution containing
0.10 M (n-Bu)4NPFs only). The ferrocenium/ferrocene redox couple (Fc*/Fc) was used as the external standard.
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Supplementary Fig. 6 | Thermicity for electron transfer. Molecular orbitals and driving forces for electron
transfer from the ground- and excited-state [Co]*" and [Co—H]*" to molecular dioxygen, leading to the
formation of a superoxide anion. The electrochemical potentials of [Co—H]>" were estimated through quantum
chemical calculations at the UB3LYP/def2-SVP level of theory in combination with a thermodynamic Born—
Haber cycle. The estimated [Co—H]*" potential value was corrected by referencing the difference between the
theoretical and experimental oxidation potentials of [Co]**. Shown at the bottom are isosurface plots of
molecular orbitals involved in the electron transfer (isovalue = 0.07).
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167
168  Supplementary Fig. 7 | Photosensitization of superoxide anion. a, Fluorescence detection of the superoxide
169  anion. b, Evolution of photoluminescence spectra of a CH3CN solution containing a 10 uM fluorescent
170  superoxide sensor and a 100 pM [Co—H]*" upon continuous photoirradiation at a wavelength of 510 nm. ¢,
171 Corresponding photoluminescence intensity increase. d, Fluorescence detection of the singlet oxygen. e,
172 Evolution of photoluminescence spectra of a CH3CN containing a 10 uM fluorescent singlet oxygen sensor
173 and a 100 uM [Co—H]*" upon continuous photoirradiation at a wavelength of 510 nm.
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177  Supplementary Fig. 8 | Superoxide anion scavenging. a, Heatmap of the transient absorption signals of an
178  CH3CN solution containing 2.0 mM [Co]**, 200 mM 1a, and 1.0 M TEMPOL, a superoxide anion scavenger,
179  recorded after femtosecond pulsed laser photoexcitation at 550 nm. b, Selected transient absorption spectra.
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183  Supplementary Fig. 9 | Photostability of [Co]?". a, Vis—NIR absorption spectral changes of a 1.0 mM [Co]**
184  in CD3CN upon continuous photoirradiation at 1050 nm (139.5 mW). b, The absorbance ratio at 776 nm over

185 568 nm was plotted as a function of photoirradiation time to evaluate photostability.
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Supplementary Characterization.

Analytical data for the synthesized compounds

SN 99 Synthesis of 1b. An oven-dried reaction vial equipped with a magnetic stir bar was
g @ charged with 1a (11 mg, 0.10 mmol), [Co]*" (8.0 mg, 10 mol%), and anhydrous

192 CH3CN (1.0 mL). The vial was sealed with a screw cap fitted with a PTFE/silicone
septum, through which molecular oxygen was introduced by bubbling via a needle connected to an oxygen
balloon for 10 min. The reaction mixture was then stirred under irradiation with a 1050-nm lamp in a light-
shielded UV viewing cabinet. Upon completion of the reaction, as monitored by TLC and GC-MS, the solvent
was removed under reduced pressure. The resulting residue was purified by flash column chromatography on
silica gel using a mixture of hexanes and ethyl acetate containing 1 vol% triethylamine as the eluent. 1b as a
colorless oil in a 75% yield (15 mg). '"H NMR (600 MHz, CDCl3) § (ppm): 8.32 (s, 1H), 7.73 — 7.68 (m, 2H),
7.37—17.31 (m, 3H), 7.29 — 7.23 (m, 4H), 7.21 — 7.16 (m, 1H), 4.75 (s, 2H). 3C{'"H} NMR (150 MHz, CDCI3)
o (ppm): 162.2, 139.5, 136.4, 131.0, 128.8, 128.7, 128.5, 128.2, 127.2, 65.3. IR (neat): vmax = 3062, 2840,
1643, 1461, 1220 cm™. Rr0.6 (Hex/TEA, 20/1).

H charged with 1a (11 mg, 0.10 mmol), [Co]*" (1.1 mg, 1.0 mol%), [Ru(bpy)3]*" (0.8

20 mg, 1.0 mol%), a Hantzsch ester (50 mg, 0.20 mmol), and anhydrous CH3CN (1.0 mL).

The vial was sealed with a screw cap fitted with a PTFE/silicone septum, through which molecular oxygen

was introduced by bubbling via a needle connected to an oxygen balloon for 10 min. The reaction mixture

was then stirred under irradiation with 1050-nm LEDs (3 W) for 3 days, followed by irradiation with 450-nm

LEDs for an additional 24 h. Upon completion of the reaction, as monitored by TLC, the solvent was removed

under reduced pressure. The resulting residue was purified by flash column chromatography on a silica gel

using dichloromethane as an eluent, affording 1¢ as a brown solid in a 21% yield (4.1 mg). '"H NMR (400

MHz, CDCl3) 6 (ppm): 7.20 — 7.34 (m, 10H), 3.80 (s, 4H). Ry 0.33 (Hex/EtOAc, 5/1). *C{'H} NMR (100
MHz, CDCIs) J (ppm): 140.4, 128.5, 128.2, 127.0, 53.24.

SN 15  Synthesis of 2b. The method identical to that for 1b was employed, except the
g /\©\6 use of 4-fluorobenzylamine (2a, 13 mg, 0.1 mmol) in place of 1a. Colorless oil
F 2177 (54%, 12 mg). "H NMR (600 MHz, CD>CL) & (ppm): 8.35 (s, 1H), 7.77 (dd, J
=17.9, 5.6 Hz, 2H), 7.30 (dd, /= 7.9, 5.6 Hz, 2H), 7.10 (t, J = 8.8 Hz, 2H), 7.03 (t, J = 8.8 Hz, 2H), 4.77 (s,
2H). *C{'H} NMR (150 MHz, CD2Cl) 6 (ppm): 164.7 (d, J = 251.1 Hz), 162.2 (d, J = 244.8 Hz), 160.7,
135.2,132.5,130.4 (d, /J=8.7 Hz), 129.7 (d, /= 8.0 Hz), 116.0 (d, /= 21.9 Hz), 115.6 (d, /= 21.4 Hz), 64.4.
F NMR (564 MHz, CDCls) 6 (ppm): —109.25, =116.01. IR (neat): vmax = 3043, 2840, 1648, 1508, 1228,
1152 cm™'. Rr0.6 (Hex/TEA, 20/1).

gN 03.. Synthesis of 1c. An oven-dried reaction vial equipped with a magnetic stir bar was

~ 224 Synthesis of 3b. The method identical to that for 1b was employed, except the
gNm use of 4-chlorobenzylamine (3a, 14 mg, 0.1 mmol) in place of 1a. Yellow oil
Cl I (57%, 15 mg). '"H NMR (600 MHz, CDCI3) J (ppm): 8.27 (s, 1H), 7.64 (d, J =
227  8.5Hz, 2H), 7.32 (d,J=8.5 Hz, 2H), 7.24 (d, J= 8.2 Hz, 2H), 7.19 (d, /= 8.2

Hz, 2H), 4.70 (s, 2H). *C{'H} NMR (150 MHz, CDCls) 6 (ppm): 161.1, 137.8, 137.1, 134.7, 133.1, 129.7,
129.5, 129.2, 128.9, 64.4. IR (neat): vmax = 2975, 2835, 1644, 1490, 1404 cm™". Rr0.6 (Hex/TEA, 20/1).

NN 231 Synthesis of 4b. The method identical to that for 1b was employed, except

/@/\ /\QEZB the use of 4-bromobenzylamine (4a, 19 mg, 0.1 mmol) in place of 1a. White
Br 23Br  solid (63%, 22 mg). 'H NMR (600 MHz, CDCIs) J (ppm): 8.33 (s, 1H), 7.64
(d, J=8.3 Hz, 2H), 7.55 (d, J = 8.3 Hz, 2H), 7.47 (d, /= 8.2 Hz, 2H), 7.21 (d, J = 8.2 Hz, 2H), 4.75 (s, 2H).
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13C{'H} NMR (150 MHz, CDCl5) § (ppm): 161.2, 138.3, 135.1, 132.1, 131.8, 129.9, 129.8, 125.6, 121.1, 64.4.
IR (neat): vmax = 2835, 2815, 1645, 1586, 1487, 1401 cm~'. R0.6 (Hex/TEA, 20/1).

SN 8  Synthesis of Sb. The method identical to that for 1b was employed, except the

/(jA /\@ use of 4-iodobenzylamine (5a, 24 mg, 0.1 mmol) in place of 1a. White solid

! 240" (63%, 18 mg). 'H NMR (400 MHz, CDCls) & (ppm): 8.30 (s, 1H), 7.76 (d, J =

8.4 Hz, 2H), 7.66 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H), 7.08 (d, J = 8.4 Hz, 2H), 4.73 (s, 2H). ’C{'H}

NMR (101 MHz, CDCls) J (ppm): 161.46, 138.92, 138.06, 137.80, 137.77, 135.58, 130.13, 129.94, 129.46,
64.50. Rr0.6 (Hex/TEA, 20/1).

XN 244  Synthesis of 6b. The method identical to that for 1b was employed, except
/@A /\©\245 the use of 4-trifluoromethylbenzylamine (6a, 18 mg, 0.1 mmol) in place of
FsC 263 1a. Yellow oil (83%, 27 mg). '"H NMR (600 MHz, CDCl3) 6 (ppm): 8.47 (s,
1H), 7.91 (d, J = 8.1 Hz, 2H), 7.69 (d, /= 8.1 Hz, 2H), 7.62 (d, J = 8.0 Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 4.90
(s, 2H). BC{'H} NMR (150 MHz, CDCl3) J (ppm): 161.3, 143.2, 139.2, 132.8 (q, J = 32.7 Hz), 129.7 (q, J =
32.4 Hz), 128.7, 128.3, 125.9 (q, J = 3.8 Hz), 125.7 (q, J = 3.8 Hz), 124.4 (q, J = 272.2 Hz), 123.7 (q, J =
272.8 Hz), 64.6. ’F NMR (564 MHz, CDCls) J (ppm): —62.48, —62.86. IR (neat): vmax = 2987, 2903, 1645,
1260, 1169 cm™'. Rr0.6 (Hex/EtOAc/TEA, 20/4/1).

Fs;C NN 26F; Synthesis of 7b. The method identical to that for 1b was employed, except

\EjA /\©/254 the use of 3-trifluoromethylbenzylamine (7a, 18 mg, 0.1 mmol) in place of

255  1a. Colorless oil (70%, 23 mg). 'H NMR (600 MHz, CDCl3) 6 (ppm): 8.06

(s, 1H), 7.98 (d, J=7.8 Hz, 1H), 7.70 (d, J = 7.8 Hz, 1H), 7.61 (s, 1H), 7.58 — 7.53 (m, 3H), 7.48 (t, J= 7.7

Hz, 1H), 4.89 (s, 2H). *C{'H} NMR (150 MHz, CDCl3) § (ppm): 161.2, 140.1, 136.8, 131.7 (d, J= 1.5 Hz),

131.5(d, J=1.3 Hz), 129.4, 129.2, 127.7 (q, J = 3.8 Hz), 125.3 (q, J = 3.8 Hz), 124.7 (q, J = 3.8 Hz), 124.2

(q, J = 3.8 Hz), 124.2 (q, J = 272.5 Hz), 124.1 (q, J = 272.5 Hz), 123.5, 123.2, 64.7. ’F NMR (564 MHz,

CDCl3) 6 (ppm): —62.9, —63.0. IR (neat): vmax = 2987, 2886, 1649, 1258, 1163 cm™'. R;0.6 (Hex/EtOAc/TEA,
20/1).

FsC NN 633 Synthesis of 8b. The method identical to that for 1b was employed, except
264  the use of 3,5-bis(trifluoromethyl)benzylamine (8a, 24 mg, 0.1 mmol) in
265  place of 1a. Yellow solid (52%, 24 mg). 'H NMR (600 MHz, CDCI3)

Fs F

3266  (ppm): 8.55 (s, 1H), 8.25 (s, 2H), 7.97 (s, 1H), 7.84 — 7.82 (m, 3H), 4.97 (s,
2H). 3C{'H} NMR (150 MHz, CDCL) & (ppm): 160.3, 141.2, 137.7, 132.6 (q, J = 33.8 Hz), 132.1 (q, J =
33.3 Hz), 128.5, 128.3, 124.8, 123.6 (q, J = 273.1 Hz), 123.0 (q, J = 272.8 Hz), 121.6, 64.1. 1°F NMR (564
MHz, CDCl3) § (ppm): —62.87, —63.03. IR (neat): vmax = 2989, 2893, 1655, 1278, 1171 cm™'. R;0.5 (Hex/TEA,
20/1).

~ 272 Synthesis of 9b. The method identical to that for 1b was employed,
/@AN/\@ 273 except the use of 4-(trifluoromethoxy)benzylamine (9a, 19 mg, 0.1
F5CO QTF; mmol) in place of 1a. Yellow oil (80%, 29 mg). 'H NMR (600 MHz,
275  CDCIl3) ¢ (ppm): 8.39 (s, 1H), 7.82 (d, /= 8.4 Hz, 2H), 7.36 (d, /= 8.4

Hz, 2H), 7.27 (d, J = 8.2 Hz, 2H), 7.20 (d, J = 8.2 Hz, 2H), 4.81 (s, 2H). *C{'H} NMR (150 MHz, CDCl3) §
(ppm): 160.8, 151.3, 148.5, 138.1, 134.7, 130.0, 129.4, 121.3,121.1, 120.7 (q, J = 256.9), 120.6 (q, J = 258.1),

64.3. F NMR (564 MHz, CDCls) § (ppm): —57.75, ~57.94. IR (neat): vmax = 2987, 2866, 1647, 1513, 1251,
1172 cm™. Rr0.5 (Hex/EtOACc/TEA, 20/5/1).
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o 281  Synthesis of 10b. The method identical to that for 1b was employed, except the

N 2 use of 4-methylbenzylamine (10a, 12 mg, 0.1 mmol) in place of 1a. Colorless oil
ﬁ /\©g (70%, 16 mg). 'H NMR (600 MHz, CDCI3) J (ppm): 8.34 (s, 1H), 7.67 (d, J =
284 7.8 Hz, 2H), 7.24 — 7.20 (m, 4H), 7.15 (d, J= 7.8 Hz, 2H), 4.77 (s, 2H), 2.38 (s,

3H), 2.34 (s, 3H). BC{'H} NMR (150 MHz, CDCls) & (ppm): 161.9, 136.7, 136.5, 129.5, 129.4, 128.5, 128.2,
65.0,21.7,21.3. IR (neat): vmex = 2974, 2865, 1650, 1418, 1324 cm™'. R-0.6 (Hex/TEA, 20/1).

N 88 - Synthesis of 11b. The method identical to that for 1b was employed, except the
\g use of 3-methylbenzylamine (11a, 13 mg, 0.1 mmol) in place of 1a. Colorless oil
90  (61%, 14 mg). 'H NMR (600 MHz, CDCI3) 6 (ppm): 8.36 (s, 1H), 7.65 (s, 1H),

7.54 (d, J=17.6 Hz, 1H), 7.31 (t, J = 7.7 Hz, 1H), 7.25 — 7.21 (m, 2H), 7.16 — 7.12 (m, 2H), 7.08 (d, J = 7.6
Hz, 1H), 4.78 (s, 2H), 2.38 (s, 3H), 2.35 (s, 3H). *C{'H} NMR (150 MHz, CDCl3) 6 (ppm): 162.3, 139.4,

138.6, 138.3, 136.3, 131.8, 129.0, 128.7, 128.6, 128.6, 127.9, 126.1, 125.3, 65.4, 21.6, 21.5. IR (neat): vmax =
2975, 2882, 1639, 1489, 1288 cm™'. Rr0.6 (Hex/TEA, 20/1).

Synthesis of 12b. The method identical to that for 1b was employed, except the use
of 2-methylbenzylamine (12a, 12 mg, 0.1 mmol) in place of 1a. Colorless oil (58%,
13 mg). 'H NMR (600 MHz, CDCl3) 6 (ppm): 8.68 (s, 1H), 7.93 (dd, J= 7.8, 1.5 Hz,
1H), 7.32 — 7.28 (m, 2H), 7.24 (t, J= 7.5 Hz, 1H), 7.21 — 7.17 (m, 4H), 4.83 (s, 2H),
2.51 (s, 3H). *C{'H} NMR (150 MHz, CDCl3) § (ppm): 160.8, 137.9, 137.8, 136.3, 134.5, 131.0, 130.5,
130.3,128.5,127.9,127.3, 126.4, 126.3, 63.5, 19.6, 19.5. IR (neat): vmax = 2960, 2867, 1644, 1487, 1257 cm™".
Rr0.6 (Hex/TEA, 20/1).

NN 304  Synthesis of 13b. The method identical to that for 1b was employed,
g 305  except the use of 4-methoxybenzylamine (13a, 14 mg, 0.1 mmol) in place
MeO

e of 1a. Yellow oil (60%, 15 mg). '"H NMR (600 MHz, CDCl3) & (ppm):
8.30 (s, 1H), 7.71 (d, J= 8.7 Hz, 2H), 7.25 (d, J= 8.7 Hz, 2H), 6.92 (d, J = 8.7 Hz, 2H), 6.88 (d, J = 8.7 Hz,
2H), 4.73 (s, 2H), 3.84 (s, 3H), 3.80 (s, 3H). *C{'H} NMR (150 MHz, CDCl3) 6 (ppm): 162.0, 161.3, 158.9,
132.2, 130.2, 130.2, 129.4, 114.2, 114.1, 64.3, 55.6, 55.5. IR (neat): vmax = 2960, 2901, 2835, 1644, 1511,
1247 cm™'. Ry 0.5 (Hex/EtOAC/TEA, 20/5/1).

Y 3 Synthesis of 14b. The method identical to that for 1b was employed, except the use
| P @ of 3-(aminomethyl)pyridine (14a, 11 mg, 0.1 mmol) in place of 1a. Colorless oil (21%,
N 4.1 mg). '"H NMR (600 MHz, CDCl3) 6 (ppm): 8.90 (s, 1H), 8.67 (d, J= 4.8 Hz, 1H),
8.62 (s, 1H), 8.54 (d, /= 4.8 Hz, 1H), 8.47 (s, 1H), 8.16 (d, /= 8.0 Hz, 1H), 7.69 (d, /= 8.0 Hz, 1H), 7.36
(dd, J = 8.0, 4.8 Hz, 1H), 7.29 (dd, J = 8.0, 4.8 Hz, 1H), 4.85 (s, 2H). *C{'H} NMR (150 MHz, CDCl3) §
(ppm): 160.0, 152.1, 150.6, 149.6, 148.9, 135.8, 134.8, 134.6, 131.6, 124.0, 123.7, 62.7. IR (neat): vmax = 2988,

2884, 1646, 1575, 1423, 1252 em™'. Ry 0.4 (CH2Clo/CH30H/TEA, 20/4/1).
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+ B2, Synthesis of 15a. An anhydrous CH2Cl2 (50 mL) solution containing
NH2 323 dichlorotetrakis[3,5-difluoro-2-(2-pyridiny)phenyl]diiridium(III) (0.57
324 g, 0.47 mmol), and 2,2'-bipyridine-5-methanamine (0.13 g, 0.71 mmol)

‘ 4 | 325  was refluxed for 6 h in the dark. The reaction mixture was cooled to room

7 SIS 326  temperature, and NH4PFs (15 equiv) was slowly added to the solution.

‘ \N p 327  After 12 h, the reaction mixture was filtered to remove residual NH4PFs

N | 328 and concentrated under vacuum. The crude mixture was subjected to

- | X 329  column chromatography on silica gel with CH2Cl2 to CH2Cl2:CH30H =

X 330 9:1 as eluents. A yellow powder was obtained in a 56% yield (0.36 g).

"H NMR (400 MHz, CD2Cl2) & (ppm): 8.46 — 8.51 (m, 2H), 8.32 (d, J = 8.8 Hz, 2H), 8.14 — 8.22 (m, 2H),
7.97 - 8.04 (m, 2H), 7.82 — 7.86 (t, J= 8.0 Hz, 2H), 7.47 — 7.52 (m, 3H), 7.03 — 7.07 (m, 2H), 6.58 — 6.64 (m,
2H), 5.71 — 5.77 (m, 2H), 3.89 (s, 2H), 1.26 (s, 2H). *C{'H} NMR (100 MHz, CD2Cl2) J (ppm): 156.07,
154.12, 150.85 149.74, 149.22, 148.99, 145.05, 140.41, 139.60, 139.33, 128.66, 125.09, 125.03, 124.41,

124.17, 124.03, 99.49, 99.22, 43.14. °F NMR (282 MHz, CD:Cls) § (ppm): —73.05 (d, J = 705 Hz), —106.38,
~109.04.

2

7,

/,,//

F
F

2 PF
338 ° Synthesis of 15b. The method identical to

339 that for 1a was employed, except the use of
340 15a (36 mg, 0.04 mmol) in place of
41 benzylamine. A brown solid was obtained in
342 a20% yield (7.1 mg). 'H NMR (400 MHz,
343  CDCI3) 6 (ppm): 8.62 (t, J = 8.0 Hz, 3H),
344  8.48 (d, J= 8.4 Hz, 2H), 8.39 (s, 2H), 8.31
345 (d,J=10.0Hz, 4H), 8.29 (d,/=8.4 Hz, 2H),
8.17 (d, J= 6.8 Hz, 2H), 8.14 (m, 2H), 7.98 (d, J = 6.0 Hz, 2H), 7.82 (m, 4H), 7.57 — 7.51 (m, 4H), 7.40 (d, J
= 5.2 Hz, 2H), 7.15 (m, 2H), 7.02 (m, 4H), 6.57 (m, 4H), 5.65 (t, J= 8.0 Hz, 4H), 3.90 (s, 2H). *C{'H} NMR
(100 MHz, CDCI3) ¢ (ppm): 162.74, 161.69, 150.21, 149.60, 149.20, 148.66, 139.28, 137.28, 136.81, 128.97,
127.53, 123.83, 121.33, 121,19, 116.55, 113.99, 60.50, 58.50, 53.56, 29.79, 23.18, 22.78, 21.15, 18.50, 14.29,

14.22,9.89, 1.97. F NMR (377 MHz, CDCI3) 6 (ppm): —72.21 (d, J = 713 Hz), -105.39, —108.31.
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