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1. General remarks

1.1 Materials

Unless otherwise noted, manipulations were performed under nitrogen atmosphere using
standard Schlenk-type glassware in a dual-manifold Schlenk line. Unless otherwise stated,
commercially available chemicals were used as received. 1 was synthesized according to the
literature.! Toluene, tetrahydrofuran, dichloromethane, and N,N-dimethylformamide (DMF)
were purchased from KANTO CHEMICAL Co., Inc., and further purified by passage through

activated alumina under positive nitrogen pressure as described by Grubbs er al.?

1.2 Experimental equipment

NMR spectroscopy: 'HNMR (500 MHz), *C {'H} NMR (126 MHz), and 'H-'"H ROESY NMR
(500 MHz) spectra were measured with a Bruker AVANCE III HD 500. The '"H NMR chemical
shifts were reported relative to residual protonated solvents (7.26 ppm) in CDCls. The *C NMR
chemical shifts were reported relative to deuterated solvents (77.16 ppm) in CDCls.

High-Resolution Mass spectroscopy (HR-MS): Electrospray ionization time-of-flight (ESI-ToF)
mass spectra were obtained using a Bruker micrOTOF II-KE02. The HR-MS spectra were
internally calibrated using NaTFA clusters.

Flash column chromatography: Flash column chromatography was performed using Isolera
One.

Preparative recycling gel permeation chromatography (GPC): Preparative recycling GPC was
performed with a SHIMADZU LC-20AP System equipped with Shodex K-4002L and Shodex
K-4002.5L columns, a SHIMADZU SPD-20A and a SHIMADZU RID-10A, or a JAI LC9130
System equipped with JAIGEL-2.5H column, a JAIUV DETECTOR UV 370 NEXT and a JAI
RI DETECTOR RI-700-NEXT using chloroform as the eluent at a flow rate of 14 mL min'.

Light Source: LED irradiation experiments were conducted using a PhotoRedOx Box
(HepatoChem, Inc.) equipped with Kessil PR 160L-427nm (40 W, maximum intensity).

Absorption spectroscopy: Absorption spectra were measured with a SHIMADZU UV-2600

spectrophotometer using DMF or CH>Cl» as the solvent under air atmosphere.

Emission spectroscopy: Emission spectra were measured with a Shimadzu RF-6000

fluorescence spectrophotometer using CH>Cls as the solvent under N> atmosphere.

Photoluminescence quantum yield measurement: Absolute photoluminescence quantum yields
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were measured with the HAMAMATSU Photonics C11347 Absolute PL quantum yields
measurement system under N atmosphere, using an integrating sphere to collect all the emitted
light. For solution measurements, concentrations of 1 x 10 or 1 x 107> M CHCl, solutions
were used. For the solid-state (film) measurements, films were prepared by drop-casting 100
uL of 1 x 10* M CHxCl> solutions of biscyclometalated iridium complexes onto quartz

laboratory dishes and dried in vacuo at room temperature.

Electrochemical cyclic voltammetry: Electrochemical experiments were carried out with a CHI
620E electrochemical analyzer (CH Instruments Inc.) in a three-electrode system, with a
Ag/Ag" (10 mM AgNOs in 0.1 M nBusNClO4—MeCN) reference electrode, a platinum wire as
the counter electrode and a glassy carbon electrode as the working electrode.



2. Synthetic procedures and NMR spectra of L1-L3
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2.1 Synthesis and NMR spectra of compound 2
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The mixture of 1 (1456.5 mg, 1 mmol), 2-bromo-5-iodopyridine (2838.9 mg, 10 mmol),
PdCIx(PPh3); (70.2 mg, 0.1 mmol) and Cul (9.5 mg, 50 umol) in diisopropylamine (50 mL)
was stirred overnight at 0 °C, and then the solvent was removed in vacuo. The residue was
purified by flash column chromatography (hexane/50%—>100% ethyl acetate, then ethyl
acetate/0%—>17% methanol) to give 2 as a pale yellow solid (1476.9 mg, 92%)).

'H NMR (500 MHz, CDCl3): 6 8.52 (d, J = 2.3 Hz, 1H), 7.83 (dd, J= 8.4, 2.0 Hz, 1H), 7.78 (d,
J=2.0 Hz, 1H), 7.66-7.59 (m, 4H), 7.52-7.48 (m, 3H), 5.11-4.96 (m, 6H), 4.83 (dd, /= 10.2,
2.1 Hz, 1H), 4.31 (d, J= 10.0 Hz, 1H), 4.22 (t,J= 9.3 Hz, 1H), 4.09 (d, J= 9.4 Hz, 1H), 3.83—
3.12 (m, 82H), 3.01 (dd, J= 9.9, 3.2 Hz, 1H).

BCNMR (126 MHz, CDCl3): 6 159.54, 152.49, 148.15, 141.53, 140.63, 133.36, 132.10, 131.83,
127.87,123.13,122.95, 119.80, 119.48, 116.10, 106.86, 100.54, 100.42, 100.32, 100.29, 100.24,
100.12, 98.06, 93.48, 87.15, 86.81, 82.87, 82.72, 82.65, 82.64 (peaks overlapped), 82.57, 82.35,
82.33, 82.28 (peaks overlapped), 82.10 (peaks overlapped), 81.32 (peaks overlapped), 81.29
(peaks overlapped), 81.26, 81.11, 71.86, 71.83, 71.66 (peaks overlapped), 71.63, 71.58, 71.45,
71.42, 71.40, 71.33, 70.39, 68.46, 62.04, 61.95 (peaks overlapped), 61.91, 61.89 (peaks
overlapped), 59.44, 59.22 (peaks overlapped), 59.21, 59.01, 58.37, 58.03, 58.00, 57.95, 57.92,
57.48.

HR-MS (ESI-ToF-MS) m/z: [2+Na]" calcd for C74H103N2032BrNa 1635.5556, found 1635.5549.
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"H NMR spectrum of compound 2 (500 MHz, CDCl;).
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2.2 Synthesis and NMR spectra of compound 3
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To a solution of 2 (1290.0 mg, 0.8 mmol) and Pd(PPh3)4 (92.4 mg, 80 pmol) in toluene (40 mL),
SnonBus (200 pL, 0.4 mmol) was added at room temperature, and the mixture was refluxed
(bath temp. 120 °C) overnight. After the reaction completed, the solvent was removed in vacuo.
The residue was diluted with chloroform. The organic layer was washed with brine and NH3
aq., dried over MgSQOsy, filtered, and evaporated in vacuo. The residue was purified by GPC
with chloroform as the eluent to yield 3 as a pale yellow solid (968.8 mg, 79%).

'H NMR (500 MHz, CDCl3): 6 8.83 (s, 2H), 8.46 (d, J= 8.2 Hz, 2H), 7.96 (dd, /= 8.2, 1.8 Hz,
2H), 7.85 (dd, J = 8.4, 1.7 Hz, 2H), 7.79 (d, J = 1.5 Hz, 2H), 7.65 (d, J = 8.2 Hz, 4H), 7.61 (d,
J= 8.4 Hz, 2H), 7.56 (d, J = 8.1 Hz, 4H), 5.13-4.97 (m, 12H), 4.84 (d, J = 8.7 Hz, 2H), 4.32
(d, J=10.1 Hz, 2H), 4.24 (t, J = 9.2 Hz, 2H), 4.10 (d, J = 9.5 Hz, 2H), 3.84-3.13 (m, 164H),
3.03 (dd, J = 9.9, 3.0 Hz, 2H).

BCNMR (126 MHz, CDCls): 6 159.55, 154.45,151.89, 148.15, 139.55,133.37,132.12, 131.89,
123.38,122.93,120.84, 120.34, 119.89, 116.13, 106.87, 100.59, 100.44, 100.35, 100.32, 100.26,
100.15, 98.23, 93.46, 88.85, 86.75, 82.90, 82.75, 82.68, 82.66 (peaks overlapped), 82.60, 82.37,
82.35, 82.31 (peaks overlapped), 82.13 (peaks overlapped), 81.34 (peaks overlapped), 81.31
(peaks overlapped), 81.13, 71.88, 71.86, 71.68 (peaks overlapped), 71.65, 71.61, 71.47, 71.43
(peaks overlapped), 71.36, 70.42, 68.48, 62.07, 61.98 (peaks overlapped), 61.94, 61.92 (peaks
overlapped), 59.46, 59.25 (peaks overlapped), 59.23, 59.03, 58.42, 58.05, 58.02, 57.96, 57.94,
57.51.

HR-MS (ESI-ToF-MS) m/z: [3+2Na]*" caled for CiasH206N4OssNaz 1555.1403, found
1555.1420.



"H NMR spectrum of compound 3 (500 MHz, CDCl3).
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2.3 Synthesis and NMR spectra of compound 4
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The mixture of 3 (153.3 mg, 50 umol) and NaS204 (87.1 mg, 0.5 mmol) in acetonitrile (5 mL)
and H>O (5 mL) was stirred at room temperature for 15 min. After the reaction completed, brine
and ethyl acetate were added. The organic layer was dried over MgSOs, filtered, and evaporated
in vacuo. The residue was purified by GPC with chloroform as the eluent. The residue was
dissolved in tetrahydrofuran (5 mL), and stirred overnight at 60 °C, and then the solvent was

removed in vacuo to yield 4 as a pale yellow solid (123.3 mg, 82%).

'H NMR (500 MHz, CDCls): 6 8.81 (s, 2H), 8.43 (d, J = 8.2 Hz, 2H), 7.94 (dd, J = 8.3, 2.1 Hz,
2H), 7.55 (d, J = 8.4 Hz, 4H), 7.49 (d, J = 8.4 Hz, 4H), 7.25 (d, J = 8.3 Hz, 2H), 6.25-6.20 (m,
4H), 5.17-5.00 (m, 12H), 4.59 (dd, J = 10.6, 3.4 Hz, 2H), 4.28 (d, J = 10.4 Hz, 2H), 4.18 (t, J
= 9.2 Hz, 2H), 4.04 (dd, J = 9.6, 2.3 Hz, 2H), 3.85-3.13 (m, 164H), 3.06 (dd, J = 9.9, 3.2 Hz,
2H).

BCNMR (126 MHz, CDCl5): 6 160.80, 154.26, 151.81, 148.61, 139.43, 134.44,131.64, 131.37,
125.04, 121.29, 120.76, 120.58, 107.67, 102.77, 100.56, 100.41, 100.33, 100.24, 100.22, 99.76,
99.40, 93.99, 91.55, 89.78, 87.89, 82.90, 82.76, 82.67, 82.66, 82.51, 82.43, 82.35 (peaks
overlapped), 82.26 (peaks overlapped), 82.17, 81.36 (peaks overlapped), 81.31 (peaks
overlapped), 81.24, 71.90, 71.74, 71.66, 71.60, 71.52 (peaks overlapped), 71.43, 71.39 (peaks
overlapped), 70.61, 67.88, 62.01, 61.97, 61.94 (peaks overlapped), 61.87, 59.31, 59.19 (peaks
overlapped), 59.15, 59.07, 58.38, 58.05, 58.04, 57.97, 57.94, 57.56.

HR-MS (ESI-ToF-MS) m/z: [4+2Na]*" caled for CiasH210N4OsoNaz 1525.1661, found
1525.1642.
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"H NMR spectrum of compound 4 (500 MHz, CDCl3).

Fig. S5
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2.4 Synthesis and NMR spectra of compound 5
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4 (120.2 mg, 40 pmol) was dissolved in methanol (60 mL) and H,O (60 mL). The mixture was
stirred at 60 °C for 2 d, and then the solvent was removed in vacuo to yield 5 as a pale yellow
solid (119.0 mg, 99%).

'H NMR (500 MHz, CDCls): § 8.72 (s, 2H), 8.41 (d, J = 8.2 Hz, 2H), 8.02 (d, J = 8.1 Hz, 4H),
7.87 (dd, J=8.3, 1.7 Hz, 2H), 7.61 (d, J= 8.1 Hz, 4H), 7.21 (d, J = 7.9 Hz, 2H), 6.44-6.42 (m,
4H), 5.09-4.95 (m, 12H), 4.83 (t, J = 8.6 Hz, 2H), 4.36-4.32 (m, 4H), 4.18-3.04 (m, 166H),
2.86 (d, J=10.1 Hz, 2H).

BCNMR (126 MHz, CDCl3): 6 163.55, 154.26, 151.88, 149.02, 139.35, 134.38,132.31, 131.44,
123.86, 122.34,120.67,120.41, 109.98, 108.11, 105.43, 100.88, 100.56, 100.30, 100.20, 100.07,
98.20, 93.37, 91.58, 90.22, 87.87, 83.96, 82.82, 82.70 (peaks overlapped), 82.61, 82.50, 82.31,
82.26 (peaks overlapped), 82.17, 82.13, 81.81, 81.59, 81.39 (peaks overlapped), 81.32, 81.28,
81.15, 76.26, 72.27, 71.96, 71.79, 71.63 (peaks overlapped), 71.31 (peaks overlapped), 71.20,
71.17, 70.83, 70.28, 62.09, 61.97 (peaks overlapped), 61.85 (peaks overlapped), 61.72, 59.17
(peaks overlapped), 59.04, 58.83, 58.82, 58.46, 58.11, 57.95, 57.83, 57.76, 57.61.

HR-MS (ESI-ToF-MS) m/z: [5+2Na]*" caled for CiasH210N4OsoNaz 1525.1661, found
1525.1688.
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"H NMR spectrum of compound 5 (500 MHz, CDCl3).
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2.5 Synthesis and NMR spectra of compound L1
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To a solution of 5 (90.2 mg, 30 pmol) in dichloromethane (3 mL), pivaloyl chloride (36.5 pL,

0.3 mmol) and triethylamine (41.6 pL, 0.3 mmol) were added, and then the mixture was stirred
overnight at room temperature. After the reaction completed, the solvent was removed in vacuo.
The residue was purified by GPC with chloroform as the eluent to yield L1 as a pale yellow
solid (72.8 mg, 76%).

'H NMR (500 MHz, CDCL3): 6 8.73 (s, 2H), 8.42 (d, J = 8.2 Hz, 2H), 8.07 (d, J = 6.7 Hz, 4H),
7.88 (d, J=8.2 Hz, 2H), 7.64 (d, J= 6.7 Hz, 4H), 7.43-7.39 (m, 8H), 5.08-4.96 (m, 12H), 4.80
(t,J = 8.1 Hz, 2H), 4.40 (d, J = 11.5 Hz, 2H), 4.25-4.17 (m, 6H), 4.08-4.04 (m, 4H), 3.99 (d, J
= 9.6 Hz, 2H), 3.91-3.74 (m, 12H), 3.67-3.07 (m, 144H), 2.81 (d, J = 10.7 Hz, 2H), 1.32 (s,
18H).

BCNMR (126 MHz, CDCl5): 6 176.90, 162.74, 154.34, 151.93, 140.22, 139.42, 133.60, 132.63,
131.53,123.17,123.02, 120.72, 120.35, 114.47, 113.06, 111.84, 100.87, 100.60, 100.32, 100.23,
100.07, 98.23, 93.18, 93.06, 89.08, 88.20, 83.96, 82.89, 82.75, 82.64, 82.63, 82.52, 82.40, 82.27,
82.25, 82.13, 82.09, 81.69, 81.60, 81.40, 81.37, 81.34 (peaks overlapped), 81.19, 72.54, 72.04,
71.84, 71.71, 71.66, 71.45, 71.34, 71.28 (peaks overlapped), 70.75, 70.28, 62.06, 61.96 (peaks
overlapped), 61.85 (peaks overlapped), 61.71, 59.26, 59.23, 59.05, 58.92, 58.89, 58.47, 58.18,
57.99, 57.84 (peaks overlapped), 57.68, 40.01, 27.69.

HR-MS (ESI-ToF-MS) m/z: [L1+2Na]** calcd for CissH26N4Oe2Nax 1609.2236, found
1609.2218.
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2.6 Synthesis and NMR spectra of compound L2
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To a solution of 4 (90.2 mg, 30 umol) in dichloromethane (3 mL), pivaloyl chloride (11.0 pL,
90 pumol) and triethylamine (12.5 pL, 90 umol) were added, and then the mixture was stirred
overnight at room temperature. After the reaction completed, the solvent was removed in vacuo.
The residue was purified by GPC with chloroform as the eluent to yield L2 as a pale yellow
solid (71.2 mg, 75%).

'H NMR (500 MHz, CDCL3): 6 8.81 (s, 2H), 8.44 (d, J = 8.2 Hz, 2H), 7.9 (s, 2H), 7.94 (d, J =
8.3 Hz, 2H), 7.59 (d, J = 7.8 Hz, 4H), 7.51 (d, J = 7.9 Hz, 4H), 7.40-7.37 (m, 4H), 6.55 (d, J =
8.3 Hz, 2H), 5.19-5.00 (m, 12H), 4.56 (d, J = 10.0 Hz, 2H), 4.35 (t, J = 9.2 Hz, 2H), 4.29 (d, J
= 10.0 Hz, 2H), 4.02 (d, J = 9.7 Hz, 2H), 3.92 (d, J = 9.8 Hz, 2H), 3.86-3.12 (m, 162H), 3.03
(d, J= 6.4 Hz, 2H), 1.30 (s, 18H).

BCNMR (126 MHz, CDCl3): 6 176.76, 160.19, 154.31, 151.83, 139.84, 139.47, 133.28, 131.73,
131.63, 124.34, 121.94, 120.78, 120.52, 110.99, 108.23, 103.75, 100.54, 100.47, 100.31 (peaks
overlapped), 100.25, 100.01, 93.83, 92.99, 88.68, 88.13, 82.59, 82.56, 82.45, 82.38 (peaks
overlapped), 82.32, 82.27 (peaks overlapped), 82.09, 81.82, 81.44, 81.40 (peaks overlapped),
81.35 (peaks overlapped), 81.19, 71.58, 71.49 (peaks overlapped), 71.47, 71.37 (peaks
overlapped), 71.34, 71.08, 70.70 (peaks overlapped), 67.63, 62.01, 61.99, 61.95, 61.94, 61.89,
61.88, 59.43, 59.24, 59.18 (peaks overlapped), 58.77, 58.35, 58.04, 57.91 (peaks overlapped),
57.39, 39.97, 27.66.

HR-MS (ESI-ToF-MS) m/z: [L2+2Na]** calcd for CissH26N4Oe2Nax 1609.2236, found
1609.2210.
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'"H NMR spectrum of compound L2 (500 MHz, CDCl;).
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2.7 Synthesis and NMR spectra of compound S2

(0] OMe
tBu—{
N |
H

The mixture of 1-iodo-2-methoxy-4-nitrobenzene (S1, 697.6 mg, 2.5 mmol), NH4CI (401 mg,
7.5 mmol) and Fe powder (893 mg, 16 mmol) in THF (14 mL), MeOH (14 mL) and H>O (7
mL) was stirred at 85 °C for 2 h. After cooling to room temperature, the mixture was diluted
with EtOAc. The organic layer was washed with NH4Cl aq., dried over MgSOs, filtrated, and
evaporated in vacuo. This crude product (4-iodo-3-methoxyaniline) was used for the next step
without further purification.

To a solution of the crude product in dichloromethane (5 mL), pivaloyl chloride (924 pL,
7.5 mmol) and triethylamine (1.0 mL, 7.5 mmol) were added. The resulting mixture was stirred
for 1 h at room temperature. After the reaction completed, the mixture was diluted with CH>Cla.
The organic layer was washed with 1N HCl and NaHCOs aq., dried over MgSOy, filtrated, and
evaporated in vacuo to yield S2 as a pale brown solid (679.3 mg, 82% for 2 steps).

'H NMR (500 MHz, CDCl3): 6 7.59 (d, J = 8.5 Hz, 1H), 7.54 (s, 1H), 7.47 (s, 1H), 6.63 (d, J
= 8.5 Hz, 1H), 3.84 (s, 3H), 1.29 (s, 9H).

3C NMR (126 MHz, CDCl3): § 176.97, 158.01, 139.88, 138.87, 113.48, 103.51, 78.81, 56.39,
39.86, 27.62.

HR-MS (ESI-ToF-MS) m/z: [S2+Na]" calcd for C12H6INO,Na 356.01179, found 356.01169.
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2.8 Synthesis and NMR spectra of compound S3

O OMe
fBu—(N@ . =\ —
M=\ =

The mixture of S2 (466 mg, 1.4 mmol), fert-butyl((4-ethynylphenyl)ethynyl)dimethylsilane!
(395 mg, 1.64 mmol), PACl>(PPh3); (49.1 mg, 0.07 mmol) and Cul (13.3 mg, 0.07 mmol) in

diisopropylamine (10 mL) was stirred at 40 °C for 62 h. After cooling to room temperature, the

mixture was diluted with CH>Clz. The organic layer was washed with 1N HCI aq. and brine,
dried over MgSOys, filtrated, and evaporated in vacuo. The residue was roughly purified by flash
column chromatography (hexane/10%—33% ethyl acetate). The crude product was used for the
next reaction without further purification.

To a solution of the crude product in THF (5 mL), nBusNF (1 M in THF, 2 mL, 2.0 mmol)
was added. The resulting mixture was stirred for 1 h at room temperature. After the reaction
completed, the mixture was diluted with Et;O. The organic layer was washed with NH4Cl aq.,
dried over MgSOy, filtrated, and evaporated in vacuo. The residue was purified by flash column
chromatography (hexane/ethyl acetate/CHCI3 5:1:1 to 2:1:1) to give S3 as a pale yellow solid
(348 mg, 75% for 2 steps).

'"H NMR (500 MHz, CDCls): 6 7.69 (d, J = 2.0 Hz, 1H), 7.50-7.43 (m, 4H), 7.40 (d, J = 8.5
Hz, 1H), 7.37 (s, 1H), 6.77 (dd, J = 8.0, 2.0 Hz, 1H), 3.94 (s, 3H), 3.16 (s, 1H), 1.33 (s, 9H).

BCNMR (126 MHz, CDClz): 6 176.93, 160.77, 140.05, 133.68, 132.06, 131.50, 124.29, 121.58,
111.23,107.59, 102.72, 92.48, 87.95, 83.52, 78.86, 56.03, 39.95, 27.67.

HR-MS (ESI-ToF-MS) m/z: [S3+Na]" calcd for C22H21NO2Na 354.14645, found 354.14535.
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2.9 Synthesis and NMR spectra of compound L3

(@] OMe MeO (o]
tBu—{ >—tBu
7 \_— /7 N\ — /7 \ /\_//\\_%}
H'“O—\z/—@—@—\:/—_““

The mixture of S3 (218.7 mg, 0.66 mmol), 5,5’-dibromo-2,2’-bipyridine (94.2 mg, 0.30 mmol),
PdCIx(PPh3); (21.0 mg, 0.030 mmol) and Cul (5.7 mg, 0.030 mmol) in diisopropylamine (5
mL) and THF (5 mL) was stirred at 65 °C for 12 h. After cooling to room temperature, the
mixture was diluted with CHCIs. The organic layer was washed with 1N HCI (adjusted to pH

~T7) and brine, dried over MgSOs, filtrated, and evaporated in vacuo. The residue was purified
by flash column chromatography (CHCI3/MeOH/Et;N 100:1:1 to 100:5:1) and preparative TLC
(CHCIZ/EtOAc 95:5). Further purification was carried out by acid-base extraction as follows:
To the solution of the product in CHCI3 was added 4 M HCI/EtOAc, and the resulting red solid
was filtered and washed with small amount of CHCIs. The red solid obtained was treated with
EtsN in CHCIl3, and the resulting organic layer was washed with H>O, dried over MgSOs,
filtrated, and evaporated in vacuo to give L3 as a yellow solid (74.5 mg, 30%).

'H NMR (500 MHz, CDCl3): & 8.82 (dd, J = 2.5, 0.5 Hz, 2H), 8.44 (d, J = 3.0, 0.5 Hz, 2H),
7.94 (dd, J = 8.5, 2.0 Hz, 2H), 7.70 (d, J = 8.5, 2.0 Hz, 2H), 7.62-7.50 (m, 8H), 7.42 (d, J = 8.5
Hz, 2H), 7.38 (s, 2H), 6.78 (dd, J = 8.0, 2.0 Hz, 2H), 3.95 (s, 6H), 1.34 (s, 18H).

13C NMR (126 MHz, CDCls, 50 °C): 6 176.83, 161.12, 154.53, 151.93, 140.23, 139.43, 133.80,
131.77 (peaks overlapped), 124.63, 122.21, 120.84, 120.65, 111.36, 108.06, 103.15, 93.89,
92.74, 88.42, 88.25, 56.23, 40.06, 27.80.

HR-MS (ESI-ToF-MS) m/z: [L3+Na]" calcd for CssH4sN4O4Na 837.34113, found 837.34337.
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3. Synthetic procedures and NMR spectra of biscyclometalated iridium complexes
3.1 Synthesis and NMR spectra of complex [Ir(ppy)2(L.1)]PFs

+
PFs

The mixture of L1 (25.4 mg, 8 umol) and [Ir(ppy)2Cl]2 (4.3 mg, 4 pmol) in dichloromethane
(0.8 mL) and methanol (0.4 mL) was stirred overnight at 60 °C, and then the solvent was
removed in vacuo. After the residue was redissolved in dichloromethane (3 mL), KPF¢ (14.7
mg, 80 umol) was added. The mixture was stirred at room temperature for 10 min, and then the
residue was filtered in order to eliminate the remaining inorganic salts. The resulting solution
was evaporated in vacuo. The residue was purified by flash column chromatography (5%—10%
methanol /dichloromethane) to give [Ir(ppy)2(LL1)]PFs as an orange solid (30.0 mg, 98%).

'H NMR (500 MHz, CDCL): 6 8.74 (d, J = 8.6 Hz, 2H), 8.16 (d, J = 6.1 Hz, 2H), 8.05 (d, J =
8.1 Hz, 4H), 7.95 (d, J = 8.2 Hz, 2H), 7.83-7.80 (m, 4H), 7.67 (d, J = 7.8 Hz, 2H), 7.61-7.57
(m, 2H), 7.52 (d, J = 7.6 Hz, 4H), 7.43-7.40 (m, 8H), 7.13 (dt, J = 12.2, 6.3 Hz, 2H), 7.06 (t, J
= 7.4 Hz, 2H), 6.92-6.88 (m, 2H), 6.29 (t, J = 6.7 Hz, 2H), 5.08-4.96 (m, 12H), 4.75 (t, J= 8.5
Hz, 2H), 4.40 (d, J = 11.3 Hz, 2H), 4.26-4.16 (m, 6H), 4.03 (t, J = 10.6 Hz, 4H), 3.96-3.01 (m,
158H), 2.82 (d, J = 10.3 Hz, 2H), 1.33 (s, 18H).

BCNMR (126 MHz, CDCl3): 6 176.93, 167.82, 167.80, 162.80, 154.12, 154.10, 152.08, 152.01,
149.33, 148.95, 148.85, 143.54, 143.50, 141.89, 141.85, 140.45, 138.48, 138.46, 133.59,
132.69, 131.88, 131.70, 131.01, 130.88, 125.79, 124.86, 124.76, 124.69, 124.32, 123.82,
123.77,122.99, 121.55, 121.52, 119.94, 119.88, 114.43, 112.96, 111.58, 100.80, 100.54, 100.51,
100.24, 100.21, 100.19, 99.98, 98.19, 96.75, 96.69, 92.72, 89.76, 85.60, 83.96, 82.80, 82.66
(peaks overlapped), 82.62, 82.44, 82.34, 82.22 (peaks overlapped), 82.07, 82.05, 82.02, 81.66,
81.60, 81.52, 81.39, 81.33, 81.28, 81.17, 72.65, 72.63, 72.04, 71.82, 71.65 (peaks overlapped),
71.63,71.47,71.34, 71.23 (peaks overlapped), 70.71, 70.26, 62.09, 62.05, 61.96, 61.94, 61.92,
61.88,61.87,61.85,61.82,61.70,61.67,59.28, 59.23, 59.05, 58.96, 58.91, 58.49, 58.23, 58.21,
58.02, 57.99, 57.86, 57.84, 57.73, 40.03, 27.69.

HR-MS (ESI-ToF-MS) m/z: [{Ir(ppy)2(L1)}+Na]** calcd for CigoH242IrNsOg2Na 1848.2765,
found 1848.2748.
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3.2 Synthesis and NMR spectra of complex [Ir(ppy)2(L2)]PFs

(0] (@] (@] (@] +
tBu—( >\—tBu PFs~

7 \_— /7 \_— 7/ \ /\_//\\_@
== - O==,

CNllr/b

The mixture of L2 (25.4 mg, 8 umol) and [Ir(ppy)2Cl]2 (4.3 mg, 4 umol) in dichloromethane
(0.8 mL) and methanol (0.4 mL) was stirred overnight at 60 °C, and then the solvent was
removed in vacuo. After the residue was redissolved in dichloromethane (3 mL), KPF¢ (14.7
mg, 80 umol) was added. The mixture was stirred at room temperature for 10 min, and then the
residue was filtered in order to eliminate the remaining inorganic salts. The resulting solution
was evaporated in vacuo. The residue was purified by flash column chromatography (5%—-10%

methanol /dichloromethane) to give [Ir(ppy)2(L2)]PFs as an orange solid (28.5 mg, 93%).

'H NMR (500 MHz, CDCls): 6 8.51 (t, J = 8.6 Hz, 2H), 8.17 (t, J = 8.6 Hz, 2H), 7.97-7.93 (m,
4H), 7.86-7.79 (m, 4H), 7.71 (d, J = 7.8 Hz, 2H), 7.55-7.52 (m, 8H), 7.35-7.33 (m, 4H), 7.28
(s, 2H), 7.10-7.05 (m, 4H), 6.95 (t, J = 7.4 Hz, 2H), 6.73 (d, J = 6.9 Hz, 2H), 6.28 (d, J = 6.9
Hz, 2H), 5.18-4.99 (m, 12H), 4.55 (d, J= 9.2 Hz, 2H), 4.36-4.31 (m, 4H), 4.05 (d, J = 9.6 Hz,
2H), 3.91-3.15 (m, 164H), 3.01 (dd, J= 9.1, 2.9 Hz, 2H), 1.30 (s, 18H).

BCNMR (126 MHz, CDCl3): 6 177.00, 167.93, 160.21, 153.68, 152.19, 149.31, 148.71, 143.42,
141.82, 140.26, 138.40, 133.33, 131.94, 131.74, 131.61, 131.17, 125.50, 125.24, 125.15,
125.03, 123.57, 123.05, 120.32, 120.01, 111.14, 107.76, 103.77, 100.45, 100.40, 100.30 (peaks
overlapped), 100.26, 100.07, 97.91, 92.68, 89.65, 85.75, 82.68, 82.50, 82.44, 82.40, 82.37,
82.34, 82.28 (peaks overlapped), 82.11, 81.82, 81.51, 81.43 (peaks overlapped), 81.38, 81.23,
71.50 (peaks overlapped), 71.44 (peaks overlapped), 71.36 (peaks overlapped), 70.99, 70.60,
67.67, 62.04, 62.00, 61.99, 61.95, 61.90 (peaks overlapped), 59.40, 59.23, 59.17 (peaks
overlapped), 58.76, 58.22, 58.01, 57.90 (peaks overlapped), 57.89, 57.41, 39.98, 27.61.

HR-MS (ESI-ToF-MS) m/z: [{Ir(ppy)2(L2)}+Na]** calcd for Cig0H242IrNsOg2Na 1848.7776,
found 1848.7777.
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3.3 Synthesis and NMR spectra of complex [Ir(ppy)2(L3)]PFs

(0] OMe
tBu—q y—tBu PFs~
/' \_— J \_— /\ _/\___— i}
- O=0=0~
‘\\/Nslr/

The mixture of L3 (16.3 mg, 20 umol) and [Ir(ppy)2Cl]2 (10.7 mg, 10 pmol) in dichloromethane
(3 mL) and methanol (1.5 mL) was stirred for 3 h at 60 °C, and then the solvent was removed

in vacuo. After the residue was redissolved in dichloromethane (5 mL) and methanol (1 mL),
KPF¢ (18.4 mg, 100 pmol) was added. The mixture was stirred at room temperature for 15 min,
and then the volatiles were evaporated in vacuo. The residue was purified by flash column
chromatography (1%-5% methanol /dichloromethane) and preparative TLC (10% methanol
/dichloromethane) to give [Ir(ppy)2(L3)]PFs as a red-orange solid (23.4 mg, 90%).

'H NMR (500 MHz, CDCls): 6 8.53 (d, J = 8.5 Hz, 2H), 8.09 (dd, J = 8.5, 1.5 Hz, 2H), 7.99—
7.87 (m, 4H), 7.78 (t, J = 8.0 Hz, 2H), 7.70 (d, J = 8.0 Hz, 2H), 7.62 (d, J = 1.5 Hz, 2H), 7.55
(s, 4H), 7.45 (d, J = 8.5 Hz, 4H), 7.42-7.31 (m, 6H), 7.22-7.00 (m, 4H), 6.99-6.88 (m, 4H),
6.27 (d, J=7.5 Hz, 2H), 3.91 (s, 6H), 1.32 (s, 18H).

BCNMR (126 MHz, CDClz): 6 177.21, 167.83, 160.82, 153.77, 152.10, 149.30, 148.75, 143.44,
141.77, 140.49, 138.43, 133.75, 131.91, 131.72, 131.68, 131.14, 125.45, 125.24, 125.13,
124.99, 123.62, 123.05, 120.47, 119.99, 111.45, 107.22, 102.81, 97.81, 92.38, 89.20, 85.76,
56.09, 40.01, 27.66.

HR-MS (ESI-ToF-MS) m/z: [Ir(ppy)2(L3)]" calcd for C76He2IrNeOs 1315.4464, found
1315.4449.
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4. General procedures for photochemical experiments

Br Br | | Br
o . o O
NC MeO NC CN

6a OMe 6b 6¢c 6d 6e

Fig. S26  Aryl halides used in this work.

4.1 Experimental procedure for C—O coupling reactions with alcohols

To a solution of NiCl,>DME in DMF (2 mM, 0.5 mL, 1 pmol) in a 5 mL vial with a stir bar,
aryl halide (6, 0.1 mmol), alcohol (4 or 8 mmol), .1 (3.2 mg, 1 umol), iPrEtN (34 uL, 0.2
mmol) and 1,3,5-trimethoxybenzene (0.1 mmol) as an internal standard were added, and the
mixture was stirred at 600 rpm under 427 nm LED irradiation with cooling fans for 20 or 48 h.
After the respective reaction time, brine was added, and extracted with ethyl acetate. The
organic layer was dried over MgSOQs, filtered, and concentrated. The crude product was
subjected to '"H NMR analysis to determine the substrate conversion and product yield.
Meanwhile, the same reaction without 1,3,5-trimethoxybenzene was carried out, and the
resulting crude product was then purified by flash column chromatography (10 or 3% ethyl
acetate/hexane in the reactions with primary or secondary alcohols, respectively) to isolate the
desired product.

4.2 Experimental procedure for C—O coupling reactions with H,O

To a solution of NiCl,-DME and L1 in DMF (0.2 or 0.4 mM, 0.5 mL, 0.1 or 0.2 uymol) ina 5
mL vial with a stir bar, 4- or 2-bromobenzonitrile (6a or 6e, 18.2 mg, 0.1 mmol), HO (72 uL,
4 mmol), iPr2EtN (34 pL, 0.2 mmol) and 1,3,5-trimethoxybenzene (0.1 mmol) as an internal
standard were added, and the mixture was stirred at 600 rpm under 427 nm LED irradiation
with cooling fans for 3 or 6 h. After the respective reaction time, brine was added, and extracted
with ethyl acetate. The organic layer was dried over MgSOs, filtered, and concentrated. The
crude product was subjected to '"H NMR analysis to determine the substrate conversion and
product yield. Meanwhile, the same reaction without 1,3,5-trimethoxybenzene was carried out,
and the resulting crude product was then purified by flash column chromatography (25% ethyl

acetate/hexane) to isolate the desired product.

[For 10 mmol scale with 0.02 mol% Ni] To a solution of NiCl,-DME (0.44 mg in DMF 200 pL,
2 umol) and L1 (6.4 mg, 2 umol) in DMF (7.3 mL, in total 7.5 mL) in a 20 mL Schlenk flask
with a stir bar, 4-bromobenzonitrile (6a, 1.82 g, 10 mmol), H,O (720 pL, 40 mmol), and iProEtN
(3.4 mL, 20 mmol) were added. The mixture was degassed by three freeze—pump—thaw cycles,
and vigorously stirred at under 427 nm LED irradiation (4 cm away below the LEDs) with

cooling fans for 17 h. After the respective reaction time, brine and 1N HCI aq. was added, and
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extracted with Et2O/EtOAc. The organic layer was dried over MgSOs, filtered, and concentrated.
The residue was purified by flash column chromatography (20%->50% ethyl acetate/hexane)
to isolate the desired product 7f as a colorless solids (781.2 mg, 66% yield).

4.3 Experimental procedure for C—N coupling reaction

To a solution of NiCl,-DME in N, N-dimethylacetamide (DMA) (2 mM, 0.5 mL, 1 pmol)ina 5
mL vial with a stir bar, 4-bromobenzonitrile (6a, 18.2 mg, 0.1 mmol), n-octylamine (83 pL, 0.5
mmol), L1 (3.2 mg, 1 umol), 1,4-diazabicyclo[2.2.2]octane (DABCO) (22.4 mg, 0.2 mmol)
and 1,3,5-trimethoxybenzene (0.1 mmol) as an internal standard were added, and the mixture
was stirred at 600 rpm under 427 nm LED irradiation with cooling fans for 48 h. After the
reaction time, brine was added, and extracted with ethyl acetate. The organic layer was dried
over MgSOy, filtered, and concentrated. The crude product was subjected to 'H NMR analysis
to determine the substrate conversion and product yield. Meanwhile, the same reaction without
1,3,5-trimethoxybenzene was carried out, and the resulting crude product was then purified by

flash column chromatography (10% ethyl acetate/hexane) to isolate the desired product.

5. Characterization of products
5.1 Characterization of 4-methoxybenzonitrile (7a)

NC

The product 7a was obtained from 4-bromobenzonitrile (6a, 18.2 mg, 0.1 mmol) and methanol
(162 uL, 4 mmol) for 20 h as a white solid (94% NMR yield; 9.0 mg, 68% isolated yield).

'H NMR (500 MHz, CDCL3): 6 7.59 (d, J = 8.9 Hz, 2H), 6.95 (d, J = 8.9 Hz, 2H), 3.86 (s, 3H).
13C NMR (126 MHz, CDCL3): 6 162.97, 134.12, 119.36, 114.88, 104.13, 55.68.

These spectral data match those reported in the literature.?
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Fig. S28 !*C NMR spectrum of compound 7a (126 MHz, CDCls).
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5.2 Characterization of methyl 4-methoxybenzoate (7b)

OMe
o AT

OMe

The product 7b was obtained from methyl 4-bromobenzoate (6b, 21.5 mg, 0.1 mmol) and
methanol (162 pL, 4 mmol) for 20 h as a white solid (97% NMR yield; 12.1 mg, 73% isolated
yield).

'H NMR (500 MHz, CDCL3): 6 7.99 (d, J = 9.0 Hz, 2H), 6.91 (d, J = 9.0 Hz, 2H), 3.88 (s, 3H),
3.86 (s, 3H).

BC NMR (126 MHz, CDCl3): 6 167.00, 163.46, 131.72, 122.76, 113.74, 55.55, 52.00.

These spectral data match those reported in the literature.?
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Fig. S30 '*C NMR spectrum of compound 7b (126 MHz, CDCl5).
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5.3 Characterization of 1,4-dimethoxybenzene (7¢)

MeO

The product 7¢ was obtained from 1-iodo-4-methoxybenzene (6¢, 23.4 mg, 0.1 mmol) and
methanol (324 uL, 8 mmol) for 48 h as a white solid (92% NMR yield; 8.3 mg, 60% isolated
yield).

'"H NMR (500 MHz, CDCI3): J 6.84 (s, 4H), 3.77 (s, 6H).

BC NMR (126 MHz, CDCl3): 6 153.92, 114.81, 55.91.

These spectral data match those reported in the literature.?
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5.4 Characterization of 4-(hexyloxy)benzonitrile (7d)

/©/OnCGH13
NC

The product 7d was obtained from 4-bromobenzonitrile (6a, 18.2 mg, 0.1 mmol) and 1-hexanol
(499 uL, 4 mmol) for 48 h as a colorless oil (71% NMR yield; 14.0 mg, 69% isolated yield).
Hydration product, 4-hydroxybenzonitrile (7f, 28% NMR yield), was also observed in the crude
product.

'H NMR (500 MHz, CDCls): 6 7.57 (d, J = 9.0 Hz, 2H), 6.93 (d, J = 8.9 Hz, 2H), 3.99 (t, J =
6.5 Hz, 2H), 1.79 (quintet, J = 7.1 Hz, 2H), 1.45 (quintet, J = 7.4 Hz, 2H), 1.35-1.32 (m, 4H),
0.91 (t,J= 7.1 Hz, 3H).

BC NMR (126 MHz, CDCl3): § 162.59, 134.07, 119.46, 115.30, 103.76, 68.56, 31.62, 29.07,
25.74, 22.69, 14.13.

These spectral data match those reported in the literature.*
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13C NMR spectrum of compound 7d (126 MHz, CDCls).

40



5.5 Characterization of 4-(cyclopentyloxy)benzonitrile (7e¢)

NC/ED/O\O

The product 7e was obtained from 4-iodobenzonitrile (6d, 22.9 mg, 0.1 mmol) and
cyclopentanol (725 uL, 8 mmol) for 48 h as a colorless oil (83% conversion, 60% NMR yield,;
9.4 mg, 50% isolated yield). Dehaloprotonation product, benzonitrile (20% NMR yield), was
also observed in the crude product.

'H NMR (500 MHz, CDCls): § 7.55 (d, J = 8.9 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 4.80 (quintet,
J=3.0 Hz, 1H), 1.95-1.92 (m, 2H), 1.86-1.78 (m, 4H), 1.66-1.63 (m, 2H).

BC NMR (126 MHz, CDCl3): 6 161.69, 134.03, 119.56, 116.19, 103.39, 80.05, 32.92, 24.16.

These spectral data match those reported in the literature.’
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13C NMR spectrum of compound 7e (126 MHz, CDCls).
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5.6 Characterization of 4-hydroxybenzonitrile (7f)

o
NC

The product 7f was obtained from 4-bromobenzonitrile (6a) with 0.1 mol% Ni/LL1 for 3 has a
white solid (94% NMR yield; 10.5 mg, 88% isolated yield). For 10 mmol scale with 0.02 mol%
Ni/L1 for 17 h; 781.2 mg, 66% isolated yield (TON 3300).

'"H NMR (500 MHz, CDCl3): 6 7.55 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 8.8 Hz, 2H), 6.34 (s, 1H).

BC NMR (126 MHz, CDCl3): 6 160.05, 134.46, 119.33, 116.55, 103.58.

These spectral data match those reported in the literature.®

43



7.260
6.935
6.917
6.336

. ———7.564
=756

0.733

T T T T T
6 5 a 3 2 1
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Fig. S38 !*C NMR spectrum of compound 7f (126 MHz, CDCl5).
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5.7 Characterization of 2-hydroxybenzonitrile (7g)

CN
The product 7g was obtained from 2-bromobenzonitrile (6€) with 0.2 mol% Ni/L.1 for 6 has a
white solid (76% NMR yield; 8.9 mg, 75% isolated yield). Homocoupling product, [1,1'-

biphenyl]-2,2'-dicarbonitrile (24% NMR yield based on 6e), was also observed in the crude
product.

'H NMR (500 MHz, CDCl3): 6 7.52-7.46 (m, 2H), 7.01-6.98 (m, 2H).
13C NMR (126 MHz, CDCls): § 158.60, 134.90, 133.00, 121.16, 116.76, 116.42, 99.65.

These spectral data match those reported in the literature.®
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Fig. S39 'H NMR spectrum of compound 7g (500 MHz, CDCI3).
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Fig. S40 '*C NMR spectrum of compound 7g (126 MHz, CDCls).
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5.8 Characterization of 4-(octylamino)benzonitrile (8a)

H

N
NC

The product 8a was obtained as a white solid (86% NMR yield; 18.6 mg, 81% isolated yield).
Hydration product, 4-hydroxybenzonitrile (7f, 13% NMR yield), was also observed in the crude
product.

'H NMR (500 MHz, CDCL3): 6 7.40 (d, J = 8.8 Hz, 2H), 6.53 (d, J = 8.8 Hz, 2H), 4.21 (s, 1H),
3.13 (q, J = 6.3 Hz, 2H), 1.62 (quintet, J = 7.3 Hz, 2H), 1.41-1.27 (m, 10H), 0.88 (t, J = 6.9 Hz,
3H).

BC NMR (126 MHz, CDCl3): ¢ 151.59, 133.79, 120.71, 112.13, 98.36, 43.35, 31.90, 29.42,
29.32,29.27,27.14, 22.75, 14.20.

These spectral data match those reported in the literature.’
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6. Theoretical calculations

Computation method calculations were performed using Gaussian 16 program. Structures were
optimized to stationary points which were determined to be local minima by performing
frequency calculations and verifying the absence of imaginary frequencies. Single point and
time-dependent DFT calculations were performed at the same level of theory as the geometry

optimizations.

Full Gaussian Citation:

Gaussian 16, Revision C.02, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A.
Robb, J. R. Cheeseman, G. Scalmani, V. Barone, G. A. Petersson, H. Nakatsuji, X. Li, M.
Caricato, A. V. Marenich, J. Bloino, B. G. Janesko, R. Gomperts, B. Mennucci, H. P. Hratchian,
J. V. Ortiz, A. F. Izmaylov, J. L. Sonnenberg, D. Williams-Young, F. Ding, F. Lipparini, F. Egidi,
J. Goings, B. Peng, A. Petrone, T. Henderson, D. Ranasinghe, V. G. Zakrzewski, J. Gao, N.
Rega, G. Zheng, W. Liang, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida,
T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, K. Throssell, J. A. Montgomery, Jr., J.
E. Peralta, F. Ogliaro, M. J. Bearpark, J. J. Heyd, E. N. Brothers, K. N. Kudin, V. N. Staroverov,
T. A. Keith, R. Kobayashi, J. Normand, K. Raghavachari, A. P. Rendell, J. C. Burant, S. S.
Iyengar, J. Tomasi, M. Cossi, J. M. Millam, M. Klene, C. Adamo, R. Cammi, J. W. Ochterski,
R. L. Martin, K. Morokuma, O. Farkas, J. B. Foresman, and D. J. Fox, Gaussian, Inc.,
Wallingford CT, 2019.

6.1 Theoretical calculation for L1

o) om
B“_(N@ A N TN/ N\

' R Q@K

DFT calculation for L1 was performed using the B3LYP hybrid density functional and 6-31G**

basis set. Details of the optimized geometries are presented in Table S1.

Table S1  Optimized structural coordinates of L1.

Atom  Atomic Coordinates (Angstroms) 6 0] 13.066368  0.701406 -4.932725
Number Symbol

X Y V4 7 (0] 9.660698  1.638496 -5.935716
1 o 14.679252  2.256388 -0.822591 8 (0] 9.554332 -1.188783 -5.888450
2 o 13.072154  4.433788 -1.443999 9 (0] 15.135775 -0.595392 -3.545084
3 (0] 9.811380  6.050484 -1.922320 10 (0] 11.246399 -2.338379 -3.853257
4 (0] 10.202181  4.527380 -4.312314 11 o 12.633745 -4.166120 -3.368443
5 o 11.518941  2.025598 -3.761417 12 (0] 9.204651 -4.162243 -4.599008
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-1.960628
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-2.231634
1.170888
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-1.052454
1.255427
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-2.560015
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-2.025299
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-0.178469
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-0.139823
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-0.203006
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-0.158353
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-21.271942
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-10.014074
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-6.050215
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-4.477111

1.960148

1.398314
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6.2 Theoretical calculation for [Ir(ppy)2(L3)]*

DFT and TD-DFT calculations for [Ir(ppy)2(L3)]" were performed using the CAM-B3LYP
hybrid density functional with LANL2DZ (Ir) and 6-31+G** (C, H, N, O) basis sets with PCM

solvent model for CH>Cly. Details of the optimized geometries are presented in Table S3.

Table S2  HOMO and LUMO distributions of [Ir(ppy)2(L3)]".

Orbital label Energy Diagram

®

Orbital 304 HOMO -7.0284 eV ,y"“’. ‘;g!;‘ .".'07 %f

7N,
2 "o
2 ° 4 .‘ . . ‘.J‘ « 2 @ 9
335 .0 990 @00, 3.5,
Orbital 305 LUMO 22528 eV .g°ee, 2%, ‘°}ﬁ A Dty
» s 9 ‘O, ] J
F 2 Y

200000 8
i — UV-Vis ([Ir(ppy)2(L1)]PFe)

175000 F ---- TD-DFT ([Ir(ppy)2(L3)]*) | 7
150000 16<5
0 55
L 125000 g
7100000 149
= S
S 75000 13=
W 2
N
50000 120

25000 11

0 0

300 350 400 450 500 550 600

Wavelength / nm

Fig. S43 Experimental and calculated UV/Visible spectra of [Ir(ppy)2(L.1)]PFs (in CH2Cl, 1
x 1073 M) and [Ir(ppy)2(L3)]", respectively.
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Table S3  Optimized structural coordinates of [Ir(ppy)2(L3)]".

Coordinates (Angstroms)

X
2.879824
3.497202
2.668566
1.338175
0.737490
1.498471
7.536436
8.372510
9.749560

10.329956
9.491166
8.113966
3.481427
3.089331
7.933830

10.389387
9.930035
7.474508

16.621662

18.777252

19.588089

15.238990

14.368192

14.933466

16.303987

17.156341

17.293614

14.274129

16.714935

18.537177

20.981904

19.430651

11.749503

12.954382

Y
-2.967146
-1.711732
-0.585361
-0.669015
-1.880034
-3.046854
-1.285080
-2.412022
-2.263834
-0.985232

0.140876
-0.006338
-3.868137

0.412938
-3.403692
-3.139077

1.132277

0.869427
-1.464175

1.054952
-0.796685
-1.637664
-0.531187

0.746686

0.931844
-0.176330
-2.303623

1.605308

1.933639

0.078312
-0.149848
-2.007105
-0.833297

-0.707455

V4
-0.010574
0.025698
0.060314
0.063752
0.031195
-0.008926
0.022201
0.046888
0.045010
0.017315
-0.007166
-0.004279
-0.042045
0.086822
0.067648
0.064131
-0.028267
-0.023034
0.073196
-0.135819
0.032348
0.084526
-0.001069
-0.096949
-0.109715
-0.025039
0.138835
-0.162914
-0.185187
-0.047672
-0.061971
0.153876
0.013053

0.008349
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35
36
37
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H
C
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14.649438
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1.023039

21.161174
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21.142932

20.454946

22.170580

21.033073

21.958098
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21.942648

20.474749

20.961464

22.165835
0.001112
0.309540

-0.352028
1.253780

-0.111014

-1.097483
1.538278
0.856803

-0.671826
2.290558
1.074433

-0.307297
0.351877

-1.249222
0.110819
1.095430

-1.533616

-0.854495
0.669683

-2.284036

-2.851395
-1.436803
-1.563047
-4.017744
0.452633
-1.232120
0.945868
1.263240
0.863656
-0.309532
-2.029742
-0.786257
-1.683018
1.798002
0.550617
1.331860
1.059698
1.167142
0.434325
2.057257
0.542644
-0.248927
2.204948
1.447490
-0.068064
2.915816
1.561471
1.178869
0.448910
2.073660
0.565078
-0.238610
2.229345
1.474958
-0.043578

2.943922

0.176111
0.023572
0.025110
-0.045001
-1.468503
0.164102
1.007396
-1.669900
-1.562152
-2.242791
-0.577070
0.085110
1.154720
0.851466
2.011159
0.976594
0.026071
-2.017535
-2.928220
-2.418957
-4.284525
-2.542259
-3.778300
-4.715409
-4.981393
-4.095250
-5.771920
2.069053
2.983780
2.465525
4.339429
2.601714
3.823998
4.765282
5.039646
4.136985
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-1.072055
1.413444
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2.995225
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2.899143
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3.423381
3.257736
4236358

-1.407702

-1.982800

-1.883098

-2.984999
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2.800609
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4.130694
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3.764672
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145 H 14.783757 -4.853592  0.329841 148 H -16.075215 -4.021443 -1.083748
146 C -15.461391 -4.015040 -0.177885 149 H -14.772182 -4.857875 -0.198419

147 H -16.104200 -4.088877  0.704562

6.3 Theoretical calculation for NiCly(L3)

(0] OMe MeO (0]
"B”_/<N N — 7N\ — N\ 7\ — /\ _ {/}Ny_t&‘
H = \—/ \=N\ /NJ \—/ =/ H
Ni
4 7,

Ccl Cl

DFT and TD-DFT calculations for NiCl>(L3) were performed using the CAM-UB3LYP hybrid
density functional with LANL2DZ (Ni) and 6-31+G** (C, H, N, O, Cl) basis sets with PCM

solvent model for DMF. Details of the optimized geometries are presented in Table S5.

Table S4 HOMO and LUMO distributions of NiCl2(L3).

Orbital label Energy Diagram

2 >

2 2
@9 Je

Orbital 242 (242A)  a-HOMO -6.9340 eV :3‘§§i¢"0 \e 0.{.(’.‘5

Orbital 1630 (240B)  -HOMO -6.9343 eV ;3;{“‘)0{.’ 0.{.(’.‘,‘

< ;WD o
) _ _ a o “. . ®o * °
Orbital 243 (243A)  «-LUMO 2.0234evV 3 :’ ‘.‘ 1‘.,.‘.“.‘.30?9.“.“ ‘::‘ S %;,
" ;WD e e
i _ _ ® ‘0@ [ % L
Orbital 1631 (241B)  p-LUMO 2.006 eV 3 :. 29 00@ ”€O9o.‘.“ ‘: s .g 3,1
59 by :.J‘ o 9 5 9 o 5 "

Table S5 Optimized structural coordinates of NiClx(L3).

Atom  Atomic Coordinates (Angstroms) 7 C 0.012110 1.518716 -2.461988
Number Symbol

X Y V4 8 C 0.003035 2.899090 -2.349359
1 Ni 0.000000 0.000000  1.473267 9 C -0.029212 4.906327 -0.907857
2 N -0.027280 1.317917 -0.092879 10 H 0.037210 1.061974 -3.442372
3 C -0.036865 2.641000  0.028257 11 H 0.018201 3.520048 -3.237622
4 C -0.004741 0.739911 -1.308175 12 C -0.031403 6.107710 -0.762606
5 C -0.023275 3.492926 -1.081832 13 C -0.031130 7.524454  -0.583027
6 H -0.052943 3.040362  1.036338 14 C 0.029831 8.382835 -1.691749
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2.461703
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0.913996
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7. Absorption spectra
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Fig. S44 Absorption spectra of L1-L3 (in DMF, 1 x 107> M).
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Fig. S45 Absorption spectra of [Ir(ppy)2(LL1)]PFs, [Ir(ppy)2(L.2)]PFs, [Ir(ppy)2(L3)]PFs, and
[Ir(ppy)2(bpy)]PFs (in CH2Clz, 1 x 1075 M).
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Fig. S46 Emission spectra of [Ir(ppy)2(L1)]PFs, [Ir(ppy)2(L2)]PFs, [Ir(ppy)2(L.3)]PFs, and

[Ir(ppy)2(bpy)]PFs (in CH,Cly, 1 x 107 M, under N, atmosphere, excited at 405, 405, 405, 365

nm, respectively). The asterisk indicates the second order of excitation wavelength.
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Fig. S47 Emission spectra of [Ir(ppy)2(L1)]PFs, [Ir(ppy)2(L2)]PFs, [Ir(ppy)2(L.3)]PFs, and
[Ir(ppy)2(bpy)]PFs in solid states under N> atmosphere (excited at 405, 405, 405, 365 nm,
respectively).
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Fig. S48 Absorption spectra of Ni-L1, Ni-L2, and Ni-L3 systems (in DMF, 1 x 107 M),
which were prepared in situ from NiClo-DME with L1, L2 and L3, respectively (1:1).

8. Cyclic voltammetry

60
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Fig. S49 Cyclic voltammogram of [Ir(ppy)2(L.1)]PFs (in degassed MeCN, 1 mM with 0.1 M
nBusNPFs at a scan rate of 100 mV/s].
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Fig. S50 Cyclic voltammogram of Ni-L1, Ni-L2, Ni-L3 and Ni-bpy systems, which were
prepared in situ from NiCl,-DME with L1, L2, L3, and bpy, respectively (1:1) (in degassed
DMF, 0.5 mM with 0.05 M nBusNPFs at a scan rate of 100 mV/s). The cyclic voltammogram
of Ni-L1 system shows no distinct reduction peaks.

9. Mass and NMR spectroscopic studies on the coordination of L1 to Ni

NiCl,-DME
(Ni/L1 1:1)

l CH4CN, rt

ESI-MS

The reaction mixture of NiCl,DME and L1 (1:1) in CH3CN was analyzed by ESI-MS (Figure
S51). The ESI-mass peaks m/z 1645.8 and 1616.3 correspond to the mass of cationic Ni-L1
monochloride complex sodium adduct [{NiCI(L1)}+Na]*" (m/z 1645.2, calculated) and
dicationic Ni-L1 complex [Ni(L1)]** (m/z 1615.7, calculated), respectively. The minor peak
m/z 1674.8 which corresponds to neutral Ni-L1 dichloride complex disodium adduct
[{NiCly(L1)}+2Na]** (m/z 1674.2, calculated) is also detected. These results indicate that L1
coordinate to the Ni center in which at least one chloride ion is bound.

In the "H NMR measurement of the mixture of NiCl,-DME and L1 (1:1) in CD3CN, the
unique broad peaks appeared in the paramagnetic region of the Ni complex (~62, ~159 ppm in

Figure S52).% Thus, the NiCl>-L1 complex is assigned as a paramagnetic species.
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Figure S51 ESI mass spectrum of the mixture of NiCl2-DME and L1 (in CH3CN, 1:1), and

simulate pattern
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Figure S51 (continued) Local enlarged view from m/z 1600 to 1660
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Figure S51 (continued) Local enlarged view from m/z 1640 to 1686
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Figure S52 'H NMR spectrum (500 MHz, CD3CN) of the unique paramagnetic peaks in the
mixture of NiCl,-DME and L1 (1:1)
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Abbreviation

bpy 2,2’-bipyridine Me methyl

Bu butyl min minute(s)

d day(s) NMR nuclear magnetic resonance
DABCO 1,4-diazabicyclo[2.2.2]octane MS mass spectrometer

DFT density functional theory NTO natural transition orbital
DMA N, N-dimethylacetamide Ph phenyl

DME 1,2-dimethoxyethane PM a-CD permethylated a-cyclodextrin
DMF N, N-dimethylformamide PPy 2-phenylpyridine

ESI electronspray ionization QY quantum yield

Et ethyl ROESY rotating frame nuclear overhauser
GPC gel permeation chromatography effect spectroscopy

h hour(s) rt room temperature

HOMO  highest occupied molecular orbital Bu tert-butyl

HR high resolution TD time-dependent

iPr isopropyl THF tetrahydrofuran

LUMO  lowest unoccupied molecular orbital ToF time of flight
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