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Supplementary Table 1. Molecular structures and photophysical parameters of long-wavelength-activatable photocatalysts 30 

entry structure 
substrate 
activation 

mode 
condition λex 

(nm) 
ε 

(M-1 cm-1) 

E*ox 
(V vs 
SCE) 

E*red 
(V vs 
SCE) 

Refs 

1 S+

N

(H3C)2N N(CH3)2
Cl

−

 

photoinduced 
electron 
transfer 

CH3CN 
630 
or 

660 
- −0.68 1.60 1-5 

2 
N

C+
N

nPr nPr

O O

BF4
−

 

photoinduced 
electron 
transfer 

DMF 640 6,150 
(640 nm) −0.61 1.15 6-8 

3 

N
N

N

N
N

Os
N

N

N
N

N

2+ 2PF6
−

H3CO OCH3

 

photoinduced 
electron 
transfer 

CH3CN 660 - −0.04 1.58 9 

4 

N
N

N

N
N

Os
N

N

N
N

N

2+ 2PF6
−

 

photoinduced 
electron 
transfer 

CH3CN 740 - −0.14 1.38 9 

5 

N

N

N

Os
N

N
N

Br Br

2+ 2PF6
−

 

photoinduced 
electron 
transfer 

CH3CN 740 - −0.29 1.31 9,10 



6 

N

N

N
N

N
N

Os

2+ 2PF6
−

 

photoinduced 
electron 
transfer 

CH3CN 740 500 
(740 nm) −0.41 0.95 9 

7 
N

N

N
N

N
N

Os

2+ 2PF6
−

 

photoinduced 
electron 
transfer 

CH3CN 740 - −0.52 0.80 9 

8 
N

N

N
N

N
N

Os

2+ 2PF6
−

 

photoinduced 
electron 
transfer 

CH3OH 660 - −1.05 0.63 11 

9 
S

N

N
H

N

 

photoinduced 
electron 
transfer 

DMF 645 6,700 
(696 nm) −0.74 0.75 12 

10 
S

N

S

N

 

photoinduced 
electron 
transfer 

DMF 645 6,400 
(677 nm)   12 



11 
N

N+N
B

-
N N

N

R

R R

R

R

R

RR R R

R

R

R = OCH2CF3

Cl

 

photoinduced 
electron 
transfer 

CH3CN/CH3OH 650 3700 
(650 nm) −0.81 1.28 13 

12 
N

N

N

N

N
N

N

N
Zn

 

photoinduced 
electron 
transfer 

CH3CN/DMF 635 - −0.78 0.38 14 

13 NN
N

N
NN

N
N Ru

N

N

 

photoinduced 
electron 
transfer 

acetone 
DMF 634 55,000 

(634 nm) −0.78 0.77 15 

14 NN
N

N
NN

N
N Ru

N

N

CF3

CF3  

photoinduced 
electron 
transfer 

acetone 
DMF 634 - −0.77 0.66 15 



15 
N N

NN

COOH
COOH

HOOC

Sn

OH

OH

 

photoinduced 
electron 
transfer 

DBPS 660 - - - 16 

16 
N N

NN
Mg

OMeOOC

O

O

3 3 3  

energy 
transfer DMSO 620 - - - 17 

17 
H
N

N

N
H

N

 

photoinduced 
electron 
transfer 

DMSO 660 - - - 18 

18 
H
N

N

N
H

N

F
F

F
F

F

F

F

F
F

F F

F

F

F
F

F

F

F
F

F

 

photoinduced 
electron 
transfer 

DMSO 660 - - - 18 



19 

NN

NN
Rh

N N

Rh
N N

 

photoinduced 
electron 
transfer 

H2O/DMF 670 1,300 
(735 nm) - 2.05 19,20 

20 
N

N

N

N

N
N

N

N
Zn

SPh2

Ph2S

Ph2S

SPh2

SPh2

Ph2S

SPh2

Ph2S
 

energy 
transfer CH3OH/pyridine 810 - - 0.35 21 

21 

O
−

O

N+ N

HO

 

photoinduced 
electron 
transfer 

DMSO 810 - −1.45 0.84 22 

22 

O

OH

O

O
BrBr

−
O

Br

 

photoinduced 
electron 
transfer 

DMSO 
631 
or 

830 
- - - 23 

23 Fe
OC

Fe
CO

O

O  

hydrogen 
atom transfer CH3CN 730 13 

(730 nm) - - 24 



24 
N N

NN
Pt

 

triplet-triplet 
annihilation-

based up 
conversion 

CH3CN 
DMF 

DMSO 
730 2,100 

(730 nm) - - 25 

25 
N

N

N

N
N

N

N

N
Pt

OBu

BuO

BuO

OBu

OBu

BuO OBu

BuO  

triplet-triplet 
annihilation-

based up 
conversion 

CH3CN 
DMF 

DMSO 
730 - - - 25 

26 
S

N N

S

N

N

N

N

 

two-photon 
absorption CH3CN 850 - - - 26 



27 
Cr
C

C
C C
C C

N
N

N
N

N

N

R2

R2

R2

R2

R2

R2

R1

R1

R1R1

R1 R1

R1, R2 = Mesityl

R1 = tBu R2 = Pyrenyl
 

photoinduced 
electron 
transfer 

benzene 623 5,200 
(623 nm) 

−2.13 
(mesityl) 
−2.03 

(pyrenyl) 

- 27 

28 N

N

OCH3

OCH3

N

N

H3CO

H3CO

Cu

+

 

photoinduced 
electron 
transfer 

CD3CN 623 534 - - 28 

29 

N
N

N
N

N

N
Ru

R

R R

RR

R

R =

2+

 

energy 
transfer 

CH3CN 
CH3OH 
CD3CN 

740 - - - 29 

30 N

N

N
N

N
N

Os

2+ 2PF6
−

 

consecutive 
photoinduced 

electron 
transfer 

DMSO 660 - - - 30 



31 
Mo
C

C
C C
C C

N
N

N
N

N

N

S

R2

R2

S R2

R2

S

R2

R2

R1

R1

R1R1

R1 R1

R1 = tBu R2 = 1,3-dimethoxyphenyl
 

energy 
transfer 

toluene 
CD3CN 635 3,340 

(635 nm) - - 31 

32 
Cr
C

C
C C
C C

N
N

N
N

N

N

R2

R2

R2

R2

R2

R2

R1

R1

R1R1

R1 R1

R1 = tBu R2 = Pyrenyl
 

triplet-triplet 
annihilation-

based up 
conversion 

- 705 - - - 32 

33 S+

N

(H3C)2N N(CH3)2
Cl

−

 

consecutive 
photoinduced 

electron 
transfer 

PBS/DMSO 620 - −0.68 1.60 33 



34 
NH

N HN

N
N

N+ N+

2PF6
−

 

photoinduced 
electron 
transfer 

CH3CN 725 - - - 34 

35 

−

N
N
N

N Cr

N N
N

R

R
R

R

N
N N

N

N
N

N

R = tBuPh or CF3  

photoinduced 
electron 
transfer 

CH3CN 
CD3CN 632 - - 

0.29 
(tBuPh) 

0.59 
(CF3) 

35 

36 

N
N

N
N

N

N
Ru

2+

 

energy 
transfer DMSO 660 - −0.81 0.77 36 



37 

N
N

N

N

Fe

N

R1

R2
R2

R1

N
N
N

N
N

R

R1
 or R

2
 = H or

R= CN or Me or H

+

 

energy 
transfer CD2Cl2 623 - - - 37 

38 
B

-N+ N

F F

II

N N

O O

3 3

 

energy 
transfer CH2Cl2 720 - - - 38 

39 

N N+

nPr nPr
I
-

NH

HO  

photoinduced 
electron 
transfer 

DMSO 810 - −1.19 0.72 39 

40 
N N+

nBu nBu
PF6

−

 

photoinduced 
electron 
transfer 

DMSO 810 - −0.88 0.80 39 

41 

N N+
Et Et

N N

O O
−

O  

photoinduced 
electron 
transfer 

DMSO 810 - −1.00 0.48 39 



42 

N N+

nBu nBu BF4
−

N

 

photoinduced 
electron 
transfer 

DMSO 810 - −0.80 0.74 39 

43 
N N+

nBu nBu
BF4

−

 

photoinduced 
electron 
transfer 

DMSO 810 - −0.38 0.79 39 

 31 

  32 



 33 
Supplementary Table 2. Simulated electronic transitions of [Co]2+ 34 
 35 

N
N

N

N

N

N

N
N N

N
CoIII

2+

 36 

state energy (eV) oscillator strength transition character 

D1 0.34 0.0663 LMCT + π−π* (amido) 

D2 1.52 0.0347 MLCT + LLCT (carbene → amido)  

D5 1.67 0.0068 MC + n−π* (amido) 

D6 1.78 0.0041 n−π* 

D8 2.11 0.0882 MLCT + LLCT (carbene → amido)  

 37 

  38 



Supplementary Table 3. Isosurfaces for the hole and electron distributions of the electronic transitions in 39 
Supplementary Table 2 40 

 41 

state hole electron 

D1 

  

D2 

  

D5 

  

D6 

  

D8 

  

 42 

  43 



 44 
Supplementary Table 4. Population analyses for the electronic transitions of [Co]2+ 45 

 46 

state fragment 
hole 

(%) 

electron 

(%) 

difference 

(electron% − hole%) 

D1 

Co 0.36 12.58 12.22 

carbene 87.98 80.41 −7.58 

amido 8.61 4.31 −4.31 

D2 

Co 24.37 12.58 −11.79 

carbene 33.51 4.31 −29.20 

amido 41.02 80.41 39.38 

D5 

Co 55.34 54.86 −0.48 

carbene 4.61 12.29 7.68 

amido 38.70 31.84 −6.86 

D6 

Co 21.33 12.58 −8.75 

carbene 40.26 4.31 −35.96 

amido 37.65 80.41 42.76 

D8 

Co 30.97 12.58 −18.39 

carbene 12.71 4.31 −8.41 

amido 52.12 80.41 28.28 

 47 

  48 



 49 
Supplementary Table 5. Simulated electronic transitions of [Co]3+ 50 
 51 

N
N

N

N

N

N

N
N N

N
CoIII

3+

 52 

state energy (eV) oscillator strength transition character 

S1 1.56 0.0002 LLCT (carbene → amido) + π−π* (amido) 

S2 1.61 0.1425 LLCT (carbene → amido) + π−π* (amido) 

S3 1.71 0.0119 MC + n−π* (amido) 

S4 1.81 0.0257 LLCT (carbene → amido)  

S5 1.86 0.0038 LLCT (carbene → amido)  

S7 1.91 0.0001 LLCT (carbene → amido) + π−π* (amido) 

S12 2.12 0.0733 LLCT (carbene → amido)  

 53 

  54 



 55 
Supplementary Table 6. Isosurfaces for the hole and electron distributions of the electronic transitions in 56 
Supplementary Table 5 57 
 58 

state hole electron 

S1 

  

S2 

  

S3 

  

S4 

  

S5 

  

S7 

  

S12 

  

 59 

  60 



 61 
Supplementary Table 7. Population analyses for the electronic transitions of [Co]3+ 62 

 63 

state fragment 
hole 

(%) 

electron 

(%) 

difference 

(electron% − hole%) 

S1 

Co 7.86 1.63 −6.22 

carbene 35.13 7.98 −27.15 

amido 55.00 87.32 32.32 

S2 

Co 3.66 3.74 0.08 

carbene 27.47 7.43 −20.04 

amido 66.31 85.81 19.5 

S3 

Co 65.50 56.10 −9.40 

carbene 7.71 11.51 3.81 

amido 25.81 31.46 5.65 

S4 

Co 4.53 1.15 −3.38 

carbene 54.61 8.24 −46.37 

amido 39.91 87.54 47.64 

S5 

Co 10.15 5.45 −4.70 

carbene 42.35 5.96 −36.39 

amido 45.87 85.58 39.71 

S7 

Co 5.12 6.19 1.07 

carbene 31.61 5.56 −26.05 

amido 60.85 85.24 24.39 

S12 

Co 0.94 0.68 −0.26 

carbene 80.88 8.49 −72.39 

amido 16.07 87.76 71.69 

 64 

  65 



 66 
Supplementary Table 8. Simulated electronic transitions of [Co−H]2+ 67 
 68 

N
N

N

N

N

N

N
N N

N
CoIII

2+

H

 69 

state energy (eV) oscillator strength transition character 

S1 1.09 0.0001 MLCT + LLCT (amido → amine) 

S2 1.76 0.0109  MLCT + LLCT (amido → amine) 

S3 2.54 0.0002 MLCT 

S4 2.92 0.0128 LMCT 

 70 

  71 



Supplementary Table 9. Isosurfaces for the hole and electron distributions of the electronic transitions in 72 
Supplementary Table 8 73 

 74 

state hole electron 

S1 

  

S2 

  

S3 

  

S4 

  

 75 

  76 



 77 
Supplementary Table 10. Population analyses for the electronic transitions of [Co−H]2+ 78 

 79 

state fragment 
hole 

(%) 

electron 

(%) 

difference 

(electron% − hole%) 

S1 

Co 51.52 56.29 4.77 

carbene 3.43 10.24 6.81 

amido 43.93 32.43 −11.50 

S2 

Co 26.22 56.29 30.07 

carbene 4.22 10.24 6.02 

amido 67.85 32.43 −35.42 

S3 

Co 79.47 55.21 −24.26 

carbene 9.22 12.72 3.50 

amido 10.72 30.92 20.20 

S4 

Co 29.00 51.92 22.92 

carbene 15.29 16.45 1.16 

amido 53.08 30.23 −22.84 

 80 

  81 



 82 
Supplementary Table 11. Simulated electronic transitions of [Co−H]3+ 83 
 84 

N
N

N

N

N

N

N
N N

N
CoIII

3+

H

 85 

state energy (eV) oscillator strength transition character 

D1 1.47 0.0016 MC + n−π* (amido) 

D2 1.60 0.0734 LLCT (carbene → amido) + π−π* (amido) 

D5 1.82 0.0125 LLCT (carbene → amido) + π−π* (amido) 

D6 1.86 0.0101 LLCT (carbene → amido) 

D9 2.18 0.0579 LLCT (carbene → amido) + π−π* (amido) 

D12 2.32 0.0250 MC + n−π* (amido) 

 86 

  87 



Supplementary Table 12. Isosurfaces for the hole and electron distributions of the electronic transitions in 88 
Supplementary Table 11 89 

 90 

state hole electron 

D1 

  

D2 

  

D5 

  

D6 

  

D9 

  

D12 

  

 91 

  92 



 93 
Supplementary Table 13. Population analyses for the electronic transitions of [Co−H]3+ 94 

 95 

state fragment 
hole 

(%) 

electron 

(%) 

difference 

(electron% − hole%) 

D1 

Co 74.62 59.56 −15.06 

carbene 6.86 10.07 3.20 

amido 17.76 29.45 11.69 

D2 

Co 6.08 4.01 −2.07 

carbene 31.27 6.63 −24.64 

amido 60.33 86.30 25.97 

D5 

Co 3.91 4.01 0.10 

carbene 42.99 6.63 −36.36 

amido 51.40 86.30 34.90 

D6 

Co 8.01 4.01 −4.00 

carbene 40.69 6.63 −34.06 

amido 49.25 86.30 37.05 

D9 

Co 3.87 5.79 1.92 

carbene 44.55 6.73 −37.82 

amido 48.38 84.49 36.11 

D12 

Co 56.64 53.53 −3.12 

carbene 10.55 9.82 −0.73 

amido 31.53 35.51 3.97 

 96 

  97 



 98 
Supplementary Table 14. Selected bond distances and angles for [Co]3+ 99 
 100 

 101 

 102 
bond distances (Å) 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) 

 103 

  104 



 105 
Supplementary Table 15. The structural parameters for [Co]3+ obtained from SC-XRD data and DFT 106 
calculations 107 
 108 

  bond distances (Å) bond angles (°) 

Co−N 
experimental 1.925(3), 1.919(6)  

DFT 1.988, 1.988  

Co−C 

experimental 

1.936(4) 

1.931(4) 

1.939(6) 

1.940(9) 

 

DFT 
1.998, 1.998 

1.998, 1.998 
 

N−Co−N 
experimental  179.1(4) 

DFT  180.0 

C−Co−C 
experimental  175.8(8), 176.8(4) 

DFT  173.0, 173.0 

 109 

 110 

  111 



 112 

 113 
 114 
 115 

Supplementary Fig. 1 | Photophysical properties. a, UV−Vis absorption spectra of 15a and 15b (10 µM in 116 
CH3CN). b, Photoluminescence spectra (λex = 360 nm) of 15a and 15b (10 µM in deaerated CH3CN). 117 
 118 
  119 



 120 
 121 

Supplementary Fig. 2 | Radical delocalization. a,b, Mulliken spin density contour (isovalue = 0.006) for 122 
[Co]2+ (a) and [Co]3+ (b) obtained at the UB3LYP/def2-TZVPP level of theory. 123 
 124 
  125 



 126 

 127 
 128 
Supplementary Fig. 3 | Simulated electronic transitions. a, Plausible reaction for the formation of 129 
intermediate Co species. b, Optimized geometries of [Co]2+, [Co−H]2+ and [Co−H]3+ calculated at 130 
UB3LYP/def2-SVP level of theory with the conductive polarizable continuum model parameterized for 131 
CH3CN. c, Simulated UV−Vis−NIR absorption spectra. Refer to Supplementary Tables 2−4 and 8−13 for the 132 
full calculation results. 133 
  134 



 135 

 136 
 137 
Supplementary Fig. 4 | Vis−NIR absorption spectra. a, Chemical structures of the ligand and three 138 
oxidation-state variants of the Co complexes. b, Experimental UV−Vis−NIR absorption spectra of CD3CN 139 
solutions of 1.0 mM Co complexes. 140 
  141 



 142 

 143 
 144 
Supplementary Fig. 5 | Electrochemical potentials. Cyclic (CV, solid lines) and differential pulse 145 
voltammograms (DPV, dotted lines) for Ar-saturated THF solutions containing 0.10 M (n-Bu)4NPF6 and 2.0 146 
mM [Co]2+ (blue) or 12 mM 1a (black) and. A glassy carbon disc and a Pt wire for the working and counter 147 
electrodes, respectively; an Ag/AgNO3 pseudo reference electrode; scan rate = 0.1 V s−1 (CV) and 4 mV s−1 148 
(DPV). The grey dotted line is the DPV of the blank solution (i.e., an Ar-saturated THF solution containing 149 
0.10 M (n-Bu)4NPF6 only). The ferrocenium/ferrocene redox couple (Fc+/Fc) was used as the external standard. 150 
 151 
  152 



 153 
 154 

 155 
 156 
Supplementary Fig. 6 | Thermicity for electron transfer. Molecular orbitals and driving forces for electron 157 
transfer from the ground- and excited-state [Co]2+ and [Co–H]2+ to molecular dioxygen, leading to the 158 
formation of a superoxide anion. The electrochemical potentials of [Co–H]2+ were estimated through quantum 159 
chemical calculations at the UB3LYP/def2-SVP level of theory in combination with a thermodynamic Born–160 
Haber cycle. The estimated [Co–H]2+ potential value was corrected by referencing the difference between the 161 
theoretical and experimental oxidation potentials of [Co]2+. Shown at the bottom are isosurface plots of 162 
molecular orbitals involved in the electron transfer (isovalue = 0.07). 163 
  164 



 165 

 166 
 167 
Supplementary Fig. 7 | Photosensitization of superoxide anion. a, Fluorescence detection of the superoxide 168 
anion. b, Evolution of photoluminescence spectra of a CH3CN solution containing a 10 µM fluorescent 169 
superoxide sensor and a 100 µM [Co−H]2+ upon continuous photoirradiation at a wavelength of 510 nm. c, 170 
Corresponding photoluminescence intensity increase. d, Fluorescence detection of the singlet oxygen. e, 171 
Evolution of photoluminescence spectra of a CH3CN containing a 10 µM fluorescent singlet oxygen sensor 172 
and a 100 µM [Co−H]2+ upon continuous photoirradiation at a wavelength of 510 nm. 173 
  174 



 175 

 176 

Supplementary Fig. 8 | Superoxide anion scavenging. a, Heatmap of the transient absorption signals of an 177 

CH3CN solution containing 2.0 mM [Co]2+, 200 mM 1a, and 1.0 M TEMPOL, a superoxide anion scavenger, 178 

recorded after femtosecond pulsed laser photoexcitation at 550 nm. b, Selected transient absorption spectra.  179 

  180 



 181 
 182 
Supplementary Fig. 9 | Photostability of [Co]2+. a, Vis–NIR absorption spectral changes of a 1.0 mM [Co]2+ 183 
in CD3CN upon continuous photoirradiation at 1050 nm (139.5 mW). b, The absorbance ratio at 776 nm over 184 
568 nm was plotted as a function of photoirradiation time to evaluate photostability. 185 
 186 

  187 



Supplementary Characterization. 188 

Analytical data for the synthesized compounds 189 

Synthesis of 1b. An oven-dried reaction vial equipped with a magnetic stir bar was 190 

charged with 1a (11 mg, 0.10 mmol), [Co]2+ (8.0 mg, 10 mol%), and anhydrous 191 

CH3CN (1.0 mL). The vial was sealed with a screw cap fitted with a PTFE/silicone 192 

septum, through which molecular oxygen was introduced by bubbling via a needle connected to an oxygen 193 

balloon for 10 min. The reaction mixture was then stirred under irradiation with a 1050-nm lamp in a light-194 

shielded UV viewing cabinet. Upon completion of the reaction, as monitored by TLC and GC–MS, the solvent 195 

was removed under reduced pressure. The resulting residue was purified by flash column chromatography on 196 

silica gel using a mixture of hexanes and ethyl acetate containing 1 vol% triethylamine as the eluent. 1b as a 197 

colorless oil in a 75% yield (15 mg). 1H NMR (600 MHz, CDCl3) δ (ppm): 8.32 (s, 1H), 7.73 – 7.68 (m, 2H), 198 

7.37 – 7.31 (m, 3H), 7.29 – 7.23 (m, 4H), 7.21 – 7.16 (m, 1H), 4.75 (s, 2H). 13C{1H} NMR (150 MHz, CDCl3) 199 

δ (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, 200 

1643, 1461, 1220 cm−1. Rf 0.6 (Hex/TEA, 20/1). 201 

 202 

Synthesis of 1c. An oven-dried reaction vial equipped with a magnetic stir bar was 203 

charged with 1a (11 mg, 0.10 mmol), [Co]2+ (1.1 mg, 1.0 mol%), [Ru(bpy)3]2+ (0.8 204 

mg, 1.0 mol%), a Hantzsch ester (50 mg, 0.20 mmol), and anhydrous CH3CN (1.0 mL). 205 

The vial was sealed with a screw cap fitted with a PTFE/silicone septum, through which molecular oxygen 206 

was introduced by bubbling via a needle connected to an oxygen balloon for 10 min. The reaction mixture 207 

was then stirred under irradiation with 1050-nm LEDs (3 W) for 3 days, followed by irradiation with 450-nm 208 

LEDs for an additional 24 h. Upon completion of the reaction, as monitored by TLC, the solvent was removed 209 

under reduced pressure. The resulting residue was purified by flash column chromatography on a silica gel 210 

using dichloromethane as an eluent, affording 1c as a brown solid in a 21% yield (4.1 mg). 1H NMR (400 211 

MHz, CDCl3) δ (ppm): 7.20 – 7.34 (m, 10H), 3.80 (s, 4H). Rf 0.33 (Hex/EtOAc, 5/1). 13C{1H} NMR (100 212 

MHz, CDCl3) δ (ppm): 140.4, 128.5, 128.2, 127.0, 53.24.  213 

 214 

Synthesis of 2b. The method identical to that for 1b was employed, except the 215 

use of 4-fluorobenzylamine (2a, 13 mg, 0.1 mmol) in place of 1a. Colorless oil 216 

(54%, 12 mg). 1H NMR (600 MHz, CD2Cl2) δ (ppm): 8.35 (s, 1H), 7.77 (dd, J 217 

= 7.9, 5.6 Hz, 2H), 7.30 (dd, J = 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, 218 

2H). 13C{1H} NMR (150 MHz, CD2Cl2) δ (ppm): 164.7 (d, J = 251.1 Hz), 162.2 (d, J = 244.8 Hz), 160.7, 219 

135.2, 132.5, 130.4 (d, J = 8.7 Hz), 129.7 (d, J = 8.0 Hz), 116.0 (d, J = 21.9 Hz), 115.6 (d, J = 21.4 Hz), 64.4. 220 
19F NMR (564 MHz, CDCl3) δ (ppm): −109.25, −116.01. IR (neat): vmax = 3043, 2840, 1648, 1508, 1228, 221 

1152 cm−1. Rf 0.6 (Hex/TEA, 20/1). 222 

 223 

Synthesis of 3b. The method identical to that for 1b was employed, except the 224 

use of 4-chlorobenzylamine (3a, 14 mg, 0.1 mmol) in place of 1a. Yellow oil 225 

(57%, 15 mg). 1H NMR (600 MHz, CDCl3) δ (ppm): 8.27 (s, 1H), 7.64 (d, J = 226 

8.5 Hz, 2H), 7.32 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 8.2 Hz, 2H), 7.19 (d, J = 8.2 227 

Hz, 2H), 4.70 (s, 2H). 13C{1H} NMR (150 MHz, CDCl3) δ (ppm): 161.1, 137.8, 137.1, 134.7, 133.1, 129.7, 228 

129.5, 129.2, 128.9, 64.4. IR (neat): vmax = 2975, 2835, 1644, 1490, 1404 cm−1. Rf 0.6 (Hex/TEA, 20/1). 229 

 230 

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

the use of 4-bromobenzylamine (4a, 19 mg, 0.1 mmol) in place of 1a. White 232 

solid (63%, 22 mg). 1H NMR (600 MHz, CDCl3) δ (ppm): 8.33 (s, 1H), 7.64 233 

(d, J = 8.3 Hz, 2H), 7.55 (d, J = 8.3 Hz, 2H), 7.47 (d, J = 8.2 Hz, 2H), 7.21 (d, J = 8.2 Hz, 2H), 4.75 (s, 2H). 234 
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13C{1H} NMR (150 MHz, CDCl3) δ (ppm): 161.2, 138.3, 135.1, 132.1, 131.8, 129.9, 129.8, 125.6, 121.1, 64.4. 235 

IR (neat): vmax = 2835, 2815, 1645, 1586, 1487, 1401 cm−1. Rf 0.6 (Hex/TEA, 20/1). 236 

 237 

Synthesis of 5b. The method identical to that for 1b was employed, except the 238 

use of 4-iodobenzylamine (5a, 24 mg, 0.1 mmol) in place of 1a. White solid 239 

(63%, 18 mg). 1H NMR (400 MHz, CDCl3) δ (ppm): 8.30 (s, 1H), 7.76 (d, J = 240 

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). 13C{1H} 241 

NMR (101 MHz, CDCl3) δ (ppm): 161.46, 138.92, 138.06, 137.80, 137.77, 135.58, 130.13, 129.94, 129.46, 242 

64.50. Rf 0.6 (Hex/TEA, 20/1). 243 

Synthesis of 6b. The method identical to that for 1b was employed, except 244 

the use of 4-trifluoromethylbenzylamine (6a, 18 mg, 0.1 mmol) in place of 245 

1a. Yellow oil (83%, 27 mg). 1H NMR (600 MHz, CDCl3) δ (ppm): 8.47 (s, 246 

1H), 7.91 (d, J = 8.1 Hz, 2H), 7.69 (d, J = 8.1 Hz, 2H), 7.62 (d, J = 8.0 Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 4.90 247 

(s, 2H). 13C{1H} NMR (150 MHz, CDCl3) δ (ppm): 161.3, 143.2, 139.2, 132.8 (q, J = 32.7 Hz), 129.7 (q, J = 248 

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 = 249 

272.8 Hz), 64.6. 19F NMR (564 MHz, CDCl3) δ (ppm): −62.48, −62.86. IR (neat): vmax = 2987, 2903, 1645, 250 

1260, 1169 cm−1. Rf 0.6 (Hex/EtOAc/TEA, 20/4/1). 251 

 252 

Synthesis of 7b. The method identical to that for 1b was employed, except 253 

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

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

(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 = 7.7 256 

Hz, 1H), 4.89 (s, 2H). 13C{1H} NMR (150 MHz, CDCl3) δ (ppm): 161.2, 140.1, 136.8, 131.7 (d, J = 1.5 Hz), 257 

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), 124.2 258 

(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. 19F NMR (564 MHz, 259 

CDCl3) δ (ppm): −62.9, −63.0. IR (neat): vmax = 2987, 2886, 1649, 1258, 1163 cm−1. Rf 0.6 (Hex/EtOAc/TEA, 260 

20/1). 261 

 262 

Synthesis of 8b. The method identical to that for 1b was employed, except 263 

the use of 3,5-bis(trifluoromethyl)benzylamine (8a, 24 mg, 0.1 mmol) in 264 

place of 1a. Yellow solid (52%, 24 mg). 1H NMR (600 MHz, CDCl3) δ 265 

(ppm): 8.55 (s, 1H), 8.25 (s, 2H), 7.97 (s, 1H), 7.84 − 7.82 (m, 3H), 4.97 (s, 266 

2H). 13C{1H} NMR (150 MHz, CDCl3) δ (ppm): 160.3, 141.2, 137.7, 132.6 (q, J = 33.8 Hz), 132.1 (q, J = 267 

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. 19F NMR (564 268 

MHz, CDCl3) δ (ppm): −62.87, −63.03. IR (neat): vmax = 2989, 2893, 1655, 1278, 1171 cm−1. Rf 0.5 (Hex/TEA, 269 

20/1). 270 

 271 

Synthesis of 9b. The method identical to that for 1b was employed, 272 

except the use of 4-(trifluoromethoxy)benzylamine (9a, 19 mg, 0.1 273 

mmol) in place of 1a. Yellow oil (80%, 29 mg). 1H NMR (600 MHz, 274 

CDCl3) δ (ppm): 8.39 (s, 1H), 7.82 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.4 275 

Hz, 2H), 7.27 (d, J = 8.2 Hz, 2H), 7.20 (d, J = 8.2 Hz, 2H), 4.81 (s, 2H). 13C{1H} NMR (150 MHz, CDCl3) δ 276 

(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), 277 

64.3. 19F NMR (564 MHz, CDCl3) δ (ppm): −57.75, −57.94. IR (neat): vmax = 2987, 2866, 1647, 1513, 1251, 278 

1172 cm−1. Rf 0.5 (Hex/EtOAc/TEA, 20/5/1). 279 
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 280 

Synthesis of 10b. The method identical to that for 1b was employed, except the 281 

use of 4-methylbenzylamine (10a, 12 mg, 0.1 mmol) in place of 1a. Colorless oil 282 

(70%, 16 mg). 1H NMR (600 MHz, CDCl3) δ (ppm): 8.34 (s, 1H), 7.67 (d, J = 283 

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, 284 

3H), 2.34 (s, 3H). 13C{1H} NMR (150 MHz, CDCl3) δ (ppm): 161.9, 136.7, 136.5, 129.5, 129.4, 128.5, 128.2, 285 

65.0, 21.7, 21.3. IR (neat): vmax = 2974, 2865, 1650, 1418, 1324 cm−1. Rf 0.6 (Hex/TEA, 20/1). 286 

 287 

Synthesis of 11b. The method identical to that for 1b was employed, except the 288 

use of 3-methylbenzylamine (11a, 13 mg, 0.1 mmol) in place of 1a. Colorless oil 289 

(61%, 14 mg). 1H NMR (600 MHz, CDCl3) δ (ppm): 8.36 (s, 1H), 7.65 (s, 1H), 290 

7.54 (d, J = 7.6 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 = 7.6 291 

Hz, 1H), 4.78 (s, 2H), 2.38 (s, 3H), 2.35 (s, 3H). 13C{1H} NMR (150 MHz, CDCl3) δ (ppm): 162.3, 139.4, 292 

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 = 293 

2975, 2882, 1639, 1489, 1288 cm−1. Rf 0.6 (Hex/TEA, 20/1). 294 

 295 

Synthesis of 12b. The method identical to that for 1b was employed, except the use 296 

of 2-methylbenzylamine (12a, 12 mg, 0.1 mmol) in place of 1a. Colorless oil (58%, 297 

13 mg). 1H NMR (600 MHz, CDCl3) δ (ppm): 8.68 (s, 1H), 7.93 (dd, J = 7.8, 1.5 Hz, 298 

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), 299 

2.51 (s, 3H). 13C{1H} NMR (150 MHz, CDCl3) δ (ppm): 160.8, 137.9, 137.8, 136.3, 134.5, 131.0, 130.5, 300 

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−1. 301 

Rf 0.6 (Hex/TEA, 20/1). 302 

 303 

Synthesis of 13b. The method identical to that for 1b was employed, 304 

except the use of 4-methoxybenzylamine (13a, 14 mg, 0.1 mmol) in place 305 

of 1a. Yellow oil (60%, 15 mg). 1H NMR (600 MHz, CDCl3) δ (ppm): 306 

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, 307 

2H), 4.73 (s, 2H), 3.84 (s, 3H), 3.80 (s, 3H). 13C{1H} NMR (150 MHz, CDCl3) δ (ppm): 162.0, 161.3, 158.9, 308 

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, 309 

1247 cm−1. Rf 0.5 (Hex/EtOAc/TEA, 20/5/1). 310 

 311 

Synthesis of 14b. The method identical to that for 1b was employed, except the use 312 

of 3-(aminomethyl)pyridine (14a, 11 mg, 0.1 mmol) in place of 1a. Colorless oil (21%, 313 

4.1 mg). 1H NMR (600 MHz, CDCl3) δ (ppm): 8.90 (s, 1H), 8.67 (d, J = 4.8 Hz, 1H), 314 

8.62 (s, 1H), 8.54 (d, J = 4.8 Hz, 1H), 8.47 (s, 1H), 8.16 (d, J = 8.0 Hz, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.36 315 

(dd, J = 8.0, 4.8 Hz, 1H), 7.29 (dd, J = 8.0, 4.8 Hz, 1H), 4.85 (s, 2H). 13C{1H} NMR (150 MHz, CDCl3) δ 316 

(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, 317 

2884, 1646, 1575, 1423, 1252 cm−1. Rf 0.4 (CH2Cl2/CH3OH/TEA, 20/4/1). 318 
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Synthesis of 15a. An anhydrous CH2Cl2 (50 mL) solution containing 322 

dichlorotetrakis[3,5-difluoro-2-(2-pyridiny)phenyl]diiridium(III) (0.57 323 

g, 0.47 mmol), and 2,2′-bipyridine-5-methanamine (0.13 g, 0.71 mmol) 324 

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

temperature, and NH4PF6 (15 equiv) was slowly added to the solution. 326 

After 12 h, the reaction mixture was filtered to remove residual NH4PF6 327 

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

column chromatography on silica gel with CH2Cl2 to CH2Cl2:CH3OH = 329 

9:1 as eluents. A yellow powder was obtained in a 56% yield (0.36 g). 330 
1H NMR (400 MHz, CD2Cl2) δ (ppm): 8.46 – 8.51 (m, 2H), 8.32 (d, J = 8.8 Hz, 2H), 8.14 – 8.22 (m, 2H), 331 

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, 332 

2H), 5.71 – 5.77 (m, 2H), 3.89 (s, 2H), 1.26 (s, 2H). 13C{1H} NMR (100 MHz, CD2Cl2) δ (ppm): 156.07, 333 

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, 334 

124.17, 124.03, 99.49, 99.22, 43.14. 19F NMR (282 MHz, CD2Cl2) δ (ppm): −73.05 (d, J = 705 Hz), −106.38, 335 

−109.04. 336 

 337 

Synthesis of 15b. The method identical to 338 

that for 1a was employed, except the use of 339 

15a (36 mg, 0.04 mmol) in place of 340 

benzylamine. A brown solid was obtained in 341 

a 20% yield (7.1 mg). 1H NMR (400 MHz, 342 

CDCl3) δ (ppm): 8.62 (t, J = 8.0 Hz, 3H), 343 

8.48 (d, J = 8.4 Hz, 2H), 8.39 (s, 2H), 8.31 344 

(d, J = 10.0 Hz, 4H), 8.29 (d, J = 8.4 Hz, 2H), 345 

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 346 

= 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). 13C{1H} NMR 347 

(100 MHz, CDCl3) δ (ppm): 162.74, 161.69, 150.21, 149.60, 149.20, 148.66, 139.28, 137.28, 136.81, 128.97, 348 

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, 349 

14.22, 9.89, 1.97. 19F NMR (377 MHz, CDCl3) δ (ppm): −72.21 (d, J = 713 Hz), −105.39, −108.31. 350 
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 353 

Supplementary Fig. 10 | 1H NMR (600 MHz, CDCl3) spectrum of 1b. 354 
  355 



 356 

 357 
Supplementary Fig. 11 | 13C{1H} NMR (150 MHz, CDCl3) spectrum of 1b. 358 
  359 



 360 

Supplementary Fig. 12 | 1H NMR (400 MHz, CDCl3) spectrum of 1c. 361 
  362 



 363 

 364 
 365 
Supplementary Fig. 13 | 13C{1H} NMR (100 MHz, CDCl3) spectrum of 1c. 366 
 367 



 368 
Supplementary Fig. 14 | 1H NMR (600 MHz, CDCl3) spectrum of 2b. 369 
  370 



 371 
Supplementary Fig. 15 | 13C{1H} NMR (150 MHz, CDCl3) spectrum of 2b. 372 
  373 



 374 
Supplementary Fig. 16 | 19F NMR (564 MHz, CDCl3) spectrum of 2b. 375 
  376 



 377 
Supplementary Fig. 17 | 1H NMR (600 MHz, CDCl3) spectrum of 3b. 378 
  379 



 380 

 381 
Supplementary Fig. 18 | 13C{1H} NMR (150 MHz, CDCl3) spectrum of 3b. 382 
  383 



 384 
Supplementary Fig. 19 | 1H NMR (600 MHz, CDCl3) spectrum of 4b. 385 
  386 



 387 
Supplementary Fig. 20 | 13C{1H} NMR (150 MHz, CDCl3) spectrum of 4b. 388 
  389 



 390 
Supplementary Fig. 21 | 1H NMR (600 MHz, CDCl3) spectrum of 5b. 391 
  392 



 393 
Supplementary Fig. 22 | 13C{1H} NMR (150 MHz, CDCl3) spectrum of 5b. 394 
  395 



 396 
Supplementary Fig. 23 | 1H NMR (600 MHz, CDCl3) spectrum of 6b. 397 
  398 



 399 

 400 
Supplementary Fig. 24 | 13C{1H} NMR (150 MHz, CDCl3) spectrum of 6b. 401 
  402 



 403 
Supplementary Fig. 25 | 19F NMR (564 MHz, CDCl3) spectrum of 6b. 404 



 405 
Supplementary Fig. 26 | 1H NMR (600 MHz, CDCl3) spectrum of 7b. 406 
  407 



 408 
Supplementary Fig. 27 | 13C{1H} NMR (150 MHz, CDCl3) spectrum of 7b. 409 
  410 



 411 
Supplementary Fig. 28 | 19F NMR (564 MHz, CDCl3) spectrum of 7b. 412 
  413 



 414 
Supplementary Fig. 29 | 1H NMR (600 MHz, CDCl3) spectrum of 8b. 415 
  416 



 417 
Supplementary Fig. 30 | 13C{1H} NMR (150 MHz, CDCl3) spectrum of 8b. 418 
  419 



 420 
Supplementary Fig. 31 | 19F NMR (564 MHz, CDCl3) spectrum of 8b. 421 
  422 



 423 
Supplementary Fig. 32 | 1H NMR (600 MHz, CDCl3) spectrum of 9b. 424 
  425 



 426 
Supplementary Fig. 33 | 13C{1H} NMR (150 MHz, CDCl3) spectrum of 9b. 427 
  428 



 429 
Supplementary Fig. 34 | 19F NMR (564 MHz, CDCl3) spectrum of 9b. 430 
  431 



 432 
Supplementary Fig. 35 | 1H NMR (600 MHz, CDCl3) spectrum of 10b. 433 
  434 



 435 
Supplementary Fig. 36 | 13C{1H} NMR (150 MHz, CDCl3) spectrum of 10b. 436 
  437 



 438 
Supplementary Fig. 37 | 1H NMR (600 MHz, CDCl3) spectrum of 11b. 439 
  440 



 441 
Supplementary Fig. 38 | 13C{1H} NMR (150 MHz, CDCl3) spectrum of 11b. 442 
  443 



 444 
Supplementary Fig. 39 | 1H NMR (600 MHz, CDCl3) spectrum of 12b. 445 
  446 



 447 
Supplementary Fig. 40 | 13C{1H} NMR (150 MHz, CDCl3) spectrum of 12b. 448 
  449 



 450 
Supplementary Fig. 41 | 1H NMR (600 MHz, CDCl3) spectrum of 13b. 451 
  452 



 453 
Supplementary Fig. 42 | 13C{1H} NMR (150 MHz, CDCl3) spectrum of 13b. 454 
  455 



 456 

 457 
Supplementary Fig. 43 | 1H NMR (600 MHz, CDCl3) spectrum of 14b. 458 
  459 



 460 
Supplementary Fig. 44 | 13C{1H} NMR (150 MHz, CDCl3) spectrum of 14b. 461 
 462 



 463 
 464 
Supplementary Fig. 45 | 1H NMR (400 MHz, CD2Cl2) spectrum of 15a. 465 
  466 



 467 
 468 
Supplementary Fig. 46 | 13C{1H} NMR (100 MHz, CD2Cl2) spectrum of 15a. 469 
 470 
 471 



 472 
 473 
Supplementary Fig. 47 | 19F NMR (376.5 MHz, CD2Cl2) spectrum of 15a. 474 
 475 



 476 
Supplementary Fig. 48 | 1H NMR (400 MHz, CDCl3) spectrum of 15b. 477 
  478 



 479 
Supplementary Fig. 49 | 13C{1H} NMR (100 MHz, CDCl3) spectrum of 15b. 480 
 481 



 482 
Supplementary Fig. 50 | 19F NMR (376.5 MHz, CD2Cl2) spectrum of 15b. 483 
 484 
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