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Supplementary Note 1. General information

m Chemicals

Commercially available PCs (Ir- complexes, Ru- complexes, Rh6G and PDI) were purchased in Aldrich, TCI and Alfa
Aesar. Other PCs were synthesized according to the synthetic procedures.! All chemicals and solvents were purchased

commercially and used without further purifications.

1.1 Instrumentation

m Photophysical measurements

UV-Vis absorbance measurements were performed with a V-770 (JASCO) UV-Vis-NIR spectrometer. Steady-state PL
emission spectra at RT were obtained using a HORIBA Jobin Yvon Fluoromax-4 spectrofluorimeter equipped with a
150 W Xe short arc lamp and Hamamatsu R928P PMT detector; the emission spectra were corrected for the sensitivity
of the photomultiplier.

PL decay measurements were carried out by the time-correlated single photon counting (TCSPC) technique. The
excitation source was a 377 nm pulsed diode laser (LDH series PicoQuant) of pulse width (FWHM) < 49 ps. A
NanoHarp—250 TCSPC event timer with 25 ns time resolution was employed to measure decays of delayed fluorescence.
The decay time fitting procedure was carried out by using the Fluofit software (PicoQuant). For temperature-dependent
PL studies a Picoquant LDH—D—C—405 pulsed diode laser and a Picoquant HydraHarp—400 TCSPC event timer with 1
ps time resolution were used to measure the decays of the prompt fluorescence, and a 355 nm Nd:YAG laser with a
pulse width of 300 ps (Teemphotonics) and a Picoquant TimeHarp 260 nano TCSPC electronics with 1 ns resolution
were employed on short (nanosecond to microsecond) and long (microsecond to second) time scales, respectively. Low-
temperature PL was dispersed in wavelength using an Acton SP2500 spectrometer and detected either by a Princeton
Instruments Spec10:400BR CCD camera or by a low dark current hybrid photomultiplier (PMA 06, PicoQuant), both
attached to the spectrometer. Gated PL spectra were acquired with a delay of 250 ms, using a cw 405 nm laser module
with TTL modulation input (maximum modulation frequency 20 kHz) and suitable triggering of the CCD. Trigger pulses
for the laser and the CCD camera were provided by a Stanford Research Systems DG645 pulse and delay generator with

5 ps resolution. The decay time fitting procedure was carried out by using the Fluofit software (PicoQuant).

m Electrochemical measurements

Cyclic voltammetry (CV) experiments were carried out with a VersaSTAT3-200 (Princeton Applied Research) using
a one compartment electrolysis cell consisting of a glassy carbon working electrode, a platinum wire counter electrode,
and a quasi Ag+/Ag (sat. KCI aqueous solution) reference electrode bought from AT FRONTIER (Part No. R303).
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Specifically, the electrode is a silver wire that is coated with a thin layer of silver chloride and an insulated lead wire
connects the silver wire with measuring instrument. The electrode also consists of a porous plug on the one end which
will allow contact between the field environment with the silver chloride electrolyte. Saturated potassium chloride is
added inside the body of the electrode to stabilize the silver chloride concentration and in this condition the electrode’s
reference potential is known to be +0.197 V at 25 °C. The measurements were done in 0.2 mM CHsCN solution with
0.1 M tetrabutylammonium hexafluorophosphate (n-BusNPFs, Aldrich, Electrochemical grade) as supporting electrolyte
at a scan rate of 100 mV/s. The redox potential was calibrated after each experiment against the ferrocenium/ferrocene
couple (Fc+/Fc), which allowed conversion of all potentials to the aqueous saturated calomel electrode (SCE) scaled by
using E° (Fc+/Fc) = 0.42 V vs SCE in CHsCN. The working solution was degassed with Ar for 15 min before

measurement and then kept under a positive Ar pressure during the measurement.

a) Typical set-up b) LED emission spectrum d) 6W blue LED set-up
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c) Radical anion generation setup e) 12W blue LED set-up

Supplementary Figure 1 (a—e) Information of irradiation set-up and equipment to conduct photoreaction. The optical

power of LEDs was measured by energy-meter (Thorlab, PM100D).

m Sample measurements

Newly dehalogenated products were characterized by gas chromatography (GC) and 'H NMR spectrometer (400 MHz)
with CDCl; or DMSO-ds as the solvent. The yields of dehalogenated products were determined by GC, coupled with
flame ionization detector (FID) and (5%-phenyl)-methylpolysiloxane column (Agilent, HP-5), or 'H NMR in the
presence of 1,3,5-trimethoxybenzene as the internal standard to determine conversion and yields. GC-FID was

programmed with gradient temperature analysis using nitrogen gas as the carrier gas.
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1.2 General experimental procedures

m General procedure for PC radical anion generation

Inside the glove box, a sealable quartz cuvette was charged with PC (1.0 x 1074 M) and DIPEA (0.5 M) in 3 mL of
anhydrous CH3;CN. After that, the quartz cuvette was capped with a screw cap and sealed with parafilm. Subsequently,
the reaction was carried out under illumination of two 3W 455 or 515 nm LEDs for 1 min at RT. After illumination,
UV-Vis absorption spectra of the illuminated solutions were measured immediately. In preparation of the reaction, pre-

prepared stock solutions of the PCs were used for higher reproducibility of results.

m General procedure for PC photodegradation

Outside the glove box, a 20 mL glass vial equipped with a stirring bar was charged with PC (1.0 x 10™* M) and DIPEA
(0.5 M) in 1 mL of anhydrous CH3CN as a solvent. Then, the vial was capped with a rubber septum or screw cap and
sealed with parafilm. The reaction batches were purged with N, (99.999%) for 30 min outside the glove box.
Subsequently, the reaction was carried out for 2 hours under illumination of two 3W 455 nm LEDs at RT. Without
work-up process, the aliquots of crude reaction mixture were diluted by CH,Cl, and monitored by TLC. In preparation
of the reaction, pre-prepared stock solutions of the PCs were used for higher reproducibility of results. For scale-up
reaction of photodegradation, a 20 mL glass vial equipped with a stirring bar was charged with PC (1.0 x 1072 M) and
DIPEA (1 M) in 5-6 mL of anhydrous CH3;CN as a solvent. Then, the vial was capped with a rubber septum or screw
cap and sealed with parafilm. Subsequently, the reaction was carried out for 2 hours under illumination of four 3W 455
nm LEDs at RT without any degassing process.? Afterwards, the reaction mixture was evaporated under low-pressure

and the concentrated crude products were further purified by column chromatography on silica gel.

m General procedure for photoredox reductive dehalogenation

Inside the glove box, a 20 mL glass vial equipped with a stirring bar was charged with aryl halides (0.1 mmol), DIPEA
(174 uL, 1 mmol), PC (5-0.001 mol% to relative aryl halides), 1,3,5-trimethoxybenzene (33.6 mg, 0.2 mmol) as internal
standard for GC-FID and *H NMR, and anhydrous CHsCN (1 mL, 0.1 M of aryl halides) as solvent. After, the vial was
capped with a rubber septum or screw cap and sealed with parafilm. The reaction batches were purged with Ar
(99.9999%) (or with air or with O, (99.995%)) for 30 min outside the glove box. Subsequently, the reaction was carried
out for hours under illumination of two 3W 455 nm LEDs at RT. Without isolation process, the aliquots of crude reaction
mixture were analyzed by GC-FID or *H NMR to obtain yields of dehalogenated products. In preparation of the reaction,

pre-prepared stock solutions of the PCs were used for the higher reproducibility of results.
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1.3 Syntheses of cyanoarene-based PCs

4-nitrosobenzonitrile: A solution of 4-aminobenzonitrile (2.0 g, 16.9 mmol), potassium peroxymonosulfate (20.8 g,
33.86 mmol) in CH,Cl, (56 mL) and water (200 mL) was rigorously stirred for 3 hours under ambient conditions. After
3 hours, the organic layers were extracted by 1 M HCI aqueous solution (50 mL), neutralized by saturated NaHCO3
aqueous solution (60 mL) and washed by brine 3 times. Subsequently, the organic layers were dried over NaSO,4 and
concentrated under reduced pressure. The collected crude product was a gray greenish solid and used for next synthesis
of 4-monocyanodiphenylamine without further purification. Data were in full agreement with those reported in
literature.’ *H NMR (400 MHz, CDCls): § 7.97 (br s, 4H).

4-monocyanodiphenylamine: For the synthesis, a procedure using metal-free Chan-Evans-Lam coupling was
followed.* A solution of 4-nitrosobenzonitrile (1.0 g, 7.57 mmol), phenylboronic acid (1.38 g, 11.4 mmol) and triethyl
phosphite (1.51 g, 9.10 mmol) in anhydrous THF (20 mL) was stirred for 1 hour under ambient conditions. After 1 hour,
the reaction mixture was filtered through a small plug of silica (EA:hexanes, 1:9 v/v). After the filtration, the mixture
was further purified by column chromatography on silica gel with gradient CH,Cl,/hexanes mixtures to give pure
product as yellow solid. Data were in full agreement with those reported in literature.’ *H NMR (400 MHz, CDCl3): §
7.4 —7.42 (m, 2H), 7.39-7.30 (m, 2H), 7.20-7.13 (m, 2H), 7.13-7.08 (m, 1H), 6.99-6.93 (m, 2H), 6.24 (s, 1H).

2,4’-dicyanodiphenylamine: A solution of potassium tert-butoxide (1.39 g, 12.39 mmol), 2-aminobenzonitrile (1.17 g,
9.91 mmol) in anhydrous DMSO (15 mL) was stirred for 1 hour at RT under a nitrogen atmosphere. After 1 hour, 4-
fluorobenzonitrile (1.2 g, 16.5 mmol) dissolved in DMSO (5 mL) was slowly added to the reaction mixture and stirred
further at RT for 24 hours. Afterwards, distilled water was poured into the reaction mixture to quench the excess
potassium tert-butoxide and to precipitate the crude product, which was further purified by reprecipitation in
MeOH/water to give pure product as pale red solid (0.98 g, 45%). Data were in full agreement with those reported in
literature.® *H NMR (400 MHz, CDCls): § 7.60 (dd, 3H), 7.55-7.48 (m, 1H), 7.42 (dd, 1H), 7.20-7.14 (m, 2H), 7.08 (td,
1H), 6.57 (s, 1H).

4,4'-dicyanodiphenylamine: A solution of potassium tert-butoxide (2.22 g, 19.8 mmol), 4-aminobenzonitrile (1.95 g,
16.5 mmol) in anhydrous DMSO (30 mL) was stirred for 1 hour at RT under a nitrogen atmosphere. After 1 hour, 4-
fluorobenzonitrile (2.0 g, 16.5 mmol) dissolved in DMSO (10 mL) was slowly added to the reaction mixture and stirred
further at RT overnight. Afterwards, distilled water was poured into the reaction mixture to quench the excess potassium
tert-butoxide and to precipitate the crude product, which was further purified by reprecipitation in MeOH/water to give
pure product as pale red solid (1.74 g, 48%). Data were in full agreement with those reported in literature.” *H NMR
(400 MHz, CDCls): 6 7.62—7.57 (dt, 4H), 7.18-7.15 (dt, 4H), 6.38-7.15 (s, 1H).

4DP-IPN: A solution of NaH (60% in mineral oil, 0.477g, 11.94 mmol) and diphenylamine (1.48 g, 8.75 mmol) in
anhydrous DMAc (5 mL) was stirred for 30 min in ice bath under a nitrogen atmosphere. After 30 min, 2,4,5,6-
tetrafluoroisophthalonitrile (0.4 g, 1.99 mmol) dissolved in DMAc (5 mL) was slowly added to the reaction mixture and
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stirred further at 100 °C for 10 h. Afterwards, distilled water (2 mL) was poured into the reaction mixture to quench the
excess NaH and, methanol was added to precipitate the crude product, which was further purified by column
chromatography on silica gel (CH>Cly:hexanes, 2:3 v/v) to give pure product as yellow solid (1.32 g, 83%). Data were
in full agreement with those reported in literature.'® *H NMR (400 MHz, DMSO-Ds): 6 7.31 7.21 (m, 8H), 7.10-7.05
(t, 8H), 7.03-6.97 (t. 2H), 6.91-6.75 (m, 16H), 6.68-6.62 (m, 6H).

4tCz-1PN: A solution of t-BuOK (0.193 g, 1.72 mmol) and 3,6-di-tert-butyl-9H-carbazole (0.400 g, 1.43 mmol) in
anhydrous THF (40 mL) was stirred for 30 min in ice bath under a nitrogen atmosphere. After, 2,4,5,6-
tetrafluoroisophthalonitrile (0.057 g, 0.28 mmol) was slowly added to the reaction mixture and stirred further for 12 h.
After completion of the reaction, distilled water (2 mL) was poured into the reaction mixture to quench the excess NaH.
The resulting solution was concentrated under reduced pressure followed by washing several times with water and
ethanol to yield the crude product, which was purified by column chromatography on silica gel (CH2Clz:hexanes, 2:1
v/v) to give pure product (0.160 g, 45%). Data were in full agreement with those reported in literature.! *H NMR (400
MHz, CDCls): 6 8.21 (d, 2H), 7.74 (dd, 2H), 7.61-7.59 (m, 6H), 7.18 (d, 2H), 7.05-7.00 (m, 8H), 6.51 (dd, 2H), 6.44
(d, 2H), 1.53 (s, 18H), 1.30 (s, 36H), 1.22 (s, 18H).

4Cz-IPN: A solution of NaH (60% in mineral oil, 0.738 g, 18.45 mmol) and carbazole (2.16 g, 12.30 mmol) in
anhydrous THF (40 mL) was stirred for 30 min in ice bath under a nitrogen atmosphere. After, 2,4,5,6-
tetrafluoroisophthalonitrile (0.5 g, 2.46 mmol) was slowly added to the reaction mixture and stirred further for 12 h.
After completion of the reaction, distilled water (2 mL) was poured into the reaction mixture to quench the excess NaH.
The resulting solution was concentrated under reduced pressure followed by washing several times with water and
ethanol to yield the crude product, which was purified by column chromatography on silica gel (CH>Clz:hexanes, 2:1
v/V) to give pure product (1.48 g, 93%) Data were in full agreement with those reported in literature.">!° *H NMR (400
MHz, CDCI3): & 8.22 (dt, 2H), 7.74-7.67 (m, 8H), 7.49 (ddd, 2H), 7.33 (dt, 2H), 7.23-7.21 (m, 4H), 7.12-7.05 (m, 8H),
6.82 (td, 4H), 6.63 (ddd, 2H).

4-p,p-DCDP-IPN: A solution of NaH (60% in mineral oil, 0.120 g, 3 mmol) and 4,4'-dicyanodiphenylamine (0.548 g,
2.5 mmol) in anhydrous DMAc (5 mL) was stirred for 30 min in ice bath under a nitrogen atmosphere. After 30 min,
2,4,5,6-tetrafluoroisophthalonitrile (0.1 g, 0.5 mmol) dissolved in DMAc (5 mL) was slowly added to the reaction
mixture and stirred further at 60 °C for 12 h. Afterwards, distilled water (2 mL) was poured into the reaction mixture to
quench the excess NaH and, methanol was added to precipitate the crude product, which was further purified by
reprecipitation in CH2CI2/ethyl acetate to give pure product as yellow solid (0.140 g, 28%). 'H NMR (400 MHz,
acetone-ds): 6 7.87-7.81 (d, 4H), 7.70-7.62 (d, 8H), 7.55-7.48 (td. 8H), 7.20-7.15 (d, 8H), 7.10-7.03 (d, 4H). MS (GC-
FAB-HRMS): calculated for CgsHs3sN14 [M+H]*: 997.3013; found as 997.3005.

3DP-F-IPN: A procedure similar to the synthesis of 4Cz-IPN is followed. A solution of potassium tert-butoxide (2.424
g, 21.6 mmol), diphenylamine (3.03 g, 18.0 mmol) in anhydrous DMAc (20 mL) was stirred for 2 hours in ice bath
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under a nitrogen atmosphere. After 2 hours, 2,4,5,6-tetrafluoroisophthalonitrile (1.2 g, 6.0 mmol) dissolved in DMAc
(5 mL) was slowly added to the reaction mixture and stirred further at RT for 48 hours. Afterwards, distilled water (2
mL) was poured into the reaction mixture to quench the excess potassium tert-butoxide and, methanol was added to
precipitate the crude product, which was further purified by recrystallization in CHCl3/MeOH to give pure product as
yellow solid (1.02 g, 26%). Data were in full agreement with those reported in literature.!! *H NMR (400 MHz, CDCl3):
6 7.29-7.22 (m, 12H), 7.09-7.02 (m, 6H), 7.02—6.95 (m, 12H).

3DP-Cz-IPN: A solution of potassium tert-butoxide (0.124 g, 1.10 mmol), carbazole (0.154 g, 0.927 mmol) in
anhydrous DMAc (5 mL) was stirred for 1 hour in ice bath under a nitrogen atmosphere. After 1 hour, 3DP-F-IPN (0.5
g, 0.772 mmol) dissolved in DMAc (5 mL) was slowly added to the reaction mixture and stirred further at 70 °C for 6
hours. Afterwards, distilled water (2 mL) was poured into the reaction mixture to quench the excess potassium tert-
butoxide and, methanol was added to precipitate the crude product, which was further purified by column
chromatography on silica gel with gradient CH.Cl/hexanes mixtures to give pure product as yellow solid. *H NMR
(400 MHz, CDCls): 6 7.55-7.50 (d, 2H), 7.40-7.35 (t, 4H), 7.20-7.15 (d, 4H), 7.14-7.08 (t, 2H), 7.07-7.03 (t, 2H),
6.98— 6.88 (dt, 4H), 6.80-6.71 (t, 8H), 6.65-6.58 (t, 4H), 6.48-6.40 (t, 8H). MS (GC-FAB-HRMS): calculated for
CssH39Ng [M+H]*: 795.3236; found as 795.3231.

3DP-DCDP-IPN: A solution of sodium hydride (0.060 g, 1.50 mmol) and 4,4'-dicyanodiphenylamine (0.202 g, 0.922
mmol) in anhydrous DMF/DMSO (3/7) (10 mL) was stirred for 1 hour in ice bath under a nitrogen atmosphere. After 1
hour, 3DP-F-IPN (0.5 g, 0.772 mmol) was slowly added to the reaction mixture and stirred further at 120 °C for 17
hours. Afterwards, distilled water (2 mL) was poured into the reaction mixture to quench the excess NaH and, methanol
was added to precipitate the crude product, which was further purified by column chromatography on silica gel with
gradient CH>Cly/hexanes mixtures to give pure product as yellow solid (0.117 g, 18%). *H NMR (400 MHz, DMSO-
de): & 7.40-7.35 (d, 4H), 7.30-7.25 (d, 8H), 7.13-7.07 (t, 8H), 7.05-7.00 (q, 2H), 6.90-6.75 (m, 16H). MS (GC-FAB-
HRMS): calculated for CssHzgNs [M+H]*: 847.3298; found as 847.3290.

3DP-DMDP-IPN: A solution of sodium hydride (0.037 g, 0.926 mmol) and 4,4'-dimethoxydiphenylamine (0.127 g,
0.556 mmol) in anhydrous DMF/DMSO (3/7) (10 mL) was stirred for 0.5 h in ice bath under a nitrogen atmosphere.
After 1 hour, 3DP-F-IPN (0.3 g, 0.463 mmol) was slowly added to the reaction mixture and stirred further at 120 °C for
16 hours. Afterwards, distilled water (2 mL) was poured into the reaction mixture to quench the excess sodium hydride
and methanol was added to precipitate the crude product, which was further purified by column chromatography on
silica gel with gradient CH,Cl,/hexanes mixtures to give the pure product as reddish orange powder. "H NMR (400 MHz,
CDCl3): 8 7.25 (d, 4H), 7.07 (m, 12H), 7.00 (t, 2H), 6.87 (t, 4H), 6.70 (d, 8H), 6.46—6.38 (m, 8H), 3.60 (s, 6H). MS
(GC-FAB-HRMS): calculated for CsgHasNsO2 [M+H]": 857.3604; found as 857.3602.

i

4-p-MCDP-IPN: A solution of potassium tert-butoxide (0.741 g, 6.6 mmol), 4-cyanodiphenylamine (0.855 g, 4.4 mmol)
in anhydrous DMSO (5 mL) was stirred for 1 hour in ice bath under a nitrogen atmosphere. After 1 hour, 2,4,5,6-
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tetrafluoroisophthalonitrile (0.2 g, 1.0 mmol) dissolved in DMSO (5 mL) was slowly added to the reaction mixture and
stirred further at 60 °C overnight. Afterwards, distilled water (2 mL) was poured into the reaction mixture to quench the
excess potassium tert-butoxide and, methanol was added to precipitate the crude product, which was further purified by
washing with CH,Cl, to give pure product as yellow solid. *H NMR (400 MHz, acetone-ds): & 7.64-7.57 (m, 8H), 7.39
(dd, 8H), 7.34-7.24 (m, 8H), 7.24-7.09 (m, 12H). MS (MALDI-TOF-LRMS): calculated for CeoHzsN1io [M+H]":
897.3203; found as 897.9657. MS (GC-FAB-HRMS): not found.

4-0,p-DCDP-IPN: A solution of NaH (60% in mineral oil, 0.120g, 3 mmol) and 2,4’-dicyanodiphenylamine (0.548g,
2.5 mmol) in anhydrous DMAc (3 mL) was stirred for 30 min in ice bath under a nitrogen atmosphere. After 30 min,
2,4,5,6-tetrafluoroisophthalonitrile (0.1 g, 0.5 mmol) dissolved in DMAc (2 mL) was slowly added to the reaction
mixture and stirred further at 60 °C for 6 hours. Afterwards, distilled water (2 mL) was poured into the reaction mixture
to quench the excess NaH. The organic layers were extracted by EA and brine 3 times. Subsequently, the organic layers
were dried over NaSO4 and concentrated under reduced pressure which was further purified by column chromatography
on silica gel with gradient CH,Clo/hexanes mixtures to give pure product as reddish orange solid. 'H NMR (400 MHz,
acetone-ds): & 7.68-7.56 (m, 8H), 7.51 (d, 8H), 7.45 (d, 1H), 7.36 (d, 3H), 7.26-7.15 (m, 7H), 7.07 (d, SH). MS (GC-
FAB-HRMS): not found.

S9



1.4 DFT computational details

Density functional theory (DFT) and time-dependent (TD) DFT calculations were performed with the B3LYP
functional and 6-311++G* basis set, as all implemented in the Gaussian16 program package. The geometries (So and
Do) optimization and single point energies were calculated in CH3CN solution employing the polarizable continuum
model (PCM). In all geometry optimization calculations, frequency calculations were performed both to verify that
geometries were true minima and to obtain free energies at 298.15 K. To obtain the calculated UV-Vis absorption
spectrum of the neutral (So) and radical anion (Do) species, vertical transition energies for the first 60 excited states were
obtained by single-point calculations on the optimized So and Do geometries, respectively. Molecular orbital (MO)

topologies were obtained by employed in Gaussian09w and plotted with GaussView 6.0. To derive calculated redox

°redox

<olv > between radical and neutral species were converted to SCE by a given

potentials, the Gibbs free energies, AG
process, Eredox_SCE°(V VS SCE) = Eyeqox (eV) — 4.68 eV. The Gibbs free energy and enthalpy with relevant standard

state reference were obtained from following relations,? G° (298.15 K, 1 M) = G (298.15 K, 1 atm) + 1.89 kcal/mol
and H° (298.15 K, 1 M) = H%* (298.15 K, 1 atm) + 0.59 kcal/mol.

In fact, we have done comparisons with different functionals (including CAM-B3LYP, M06-2X and wB97XD), and
we saw very different behaviors for absolute and relative energies of the S; and T, states (and in particular with respect
to the AEsr) as well as for the state descriptions. The B3LYP functional was chosen because if its good performance of
the AEst with respect to experiment as shown by us earlier.! For the calculated radical anion absorption, the lowest
excited state was actually calculated to be lower with CAM-B3LYP and M06-2X in comparison with B3LYP, so that
the latter method still appears quite reasonable to describe the electronic nature of ground and excited states properties

for both the neutral and the radical anion species.
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Supplementary Note 2. Previous study about photoredox catalysis

Supplementary Table 1 Summary of previously reported photoredox reductive dehalogenation

PC Reaction conditions Substrate ref
r(opy) TBA (5 eq.), HCOOH (5 eq.), RT, RO |
PRY)s CHsCN, blue or white LED in RK%\, R—i(j/ (13)
(0.05 mol%) =
flow reactor R?
PDI TEA (8 eq.), 40 °C, DMF, N -
T i T 14
(5 mol%) 455 nm LED " ©/ o>©/ e ©/ a4
p'|'|-|0 Bu,N (5eq.), HCOOH (5 eq.), RT, O/ EWG_/T EWGO/ (15)
(5 mol%) CHsCN, 380 nm LED P
Ru(bpy)3CI2
V)
(1 mol%) DIPEA (1.4 eq.), RT, DMSO, N AN
+ EWG@/ EWG—;()/ (16)
Pyrene 455 nm LED F F
(5 mol%)
Sodium dodecyl sulfate, ascorbic ¢l
(0]
(Rlli(g ?%/2;3)2 acid (3.2 eq.), RT, aqueous m\)l\o_ o (17)
’ solution, 532 nm LED 5
Ru(bpy)3CI2
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Supplementary Figure 2 Summary of redox potentials of conventional previously studied purely organic PCs.?
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Supplementary Note 3. PCs characterization

Supplementary Table 2 Summary of redox potentials of PCs studied in the current work

PC redo ono red, 51* red, Tl* ox, 51* ox, Tl*
Ru(bpy)sCl,-6H,0* -1.33 +1.29 +0.77 - -0.81
Ru(phen)s(PFs)2%* -1.36 +1.26 +0.82 - -0.87
Ir(ppy)s?* -2.19 +0.77 +0.31 - -1.73
Rh6G? -1.14 +1.23 +1.18 +0.95 -1.09 -0.86
4Cz-1PN! -1.21 +1.52 +1.38 +1.33 -1.07 -1.02
ADP-IPN*a -1.66 +1.01 +0.79 +0.63 -1.44 -1.28

Redox potential values are against SCE and referred to literature.!**?** ®Redox potentials values were measured in

CH3CN in the current work.
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Supplementary Figure 3 Characterization of (a) 4DP-IPN and (b) 4DP-Me-BN. UV-Vis absorption spectra of PC (1.0

x 107> M) in CH5CN solution were measured at RT. Steady-state photoluminescence (PL) spectra of PCs (1.0 x 107> M)

in CH;CN at RT. CV spectra of reduction cycle of PCs (2.0 x 10~* M) were obtained in CH;CN at RT after the degassing

process by purging with Ar for 15 min, all potentials were converted to the SCE scale by using E° (Fc+/Fc) =0.42 V vs

SCE in CHsCN.
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Supplementary Figure 4 UV-Vis absorption and PL emission spectra of PCs studied in current work. UV-Vis absorption
spectra of PC (1.0 x 107> M) in CH3CN solution were measured at RT. Steady-state photoluminescence (PL) spectra of
PCs (1.0 x 107° M) in CH3CN at RT and 65K. *UV-Vis absorption and PL emission spectra of 4tCz-IPN were referred

to liturature.
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Supplementary Figure 5 Chemical structures, PL decay (left), steady-state PL at RT (center) and CV spectra of
reduction cycle (right) of PCs studied in the current work. (a) 4DP-IPN, (b) 4tCz-IPN, (¢) 4Cz-PN, (d) 4-p,p-DCDP-
IPN, (e) 3DP-F-IPN, (f) 3DP-Cz-IPN, (g) 3DP-DMDP-IPN, (h) 3DP-DCDP-IPN, (i) 4-p-MCDP-IPN and (j) 4-o,p-
DCDP-IPN. Generally, PL decay and steady-state PL at RT spectra were taken from the degassed solutions of PCs (1.0
x 107 M, except for 3DP-DMDP-IPN as 1.0 x 107 M due to low PL intensity) in CH;CN at RT. CV spectra of reduction
cycle of PC (2.0 x 10* M) (except for 4-0,p-DCDP-IPN as 1.0 x 107> M) were obtained in CH3CN at RT after the
degassing process by purging with Ar for 15 min, all potentials were converted to the SCE scale by using E° (Fc+/Fc) =
0.42 V vs SCE in CH3CN.
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Supplementary Table 3 Photoluminescence quantum yield (®r) of PCs. The ®r of PCs relatively measured against
coumarin 153 are mainly studied in the current work.

[
PC Solvent Reference
N2z purged Air
-a 0.75 0.16
DMSO Fluorescein® 0.85 0.14
Coumarin 153¢ 0.62 0.09
-a 0.69 0.10
4DP-IPN
ACN Fluorescein® 0.63 0.08
Coumarin 153¢ 0.61 0.07
Fluorescein® 0.27 0.07
EA
Coumarin 153¢ 0.26 0.06
4tCz-IPN ACN Coumarin 153¢ 0.05 0.04
Fluorescein® 0.20 0.14
ACN
Coumarin 153¢ 0.18 0.12
4Cz-IPN
Fluorescein® 0.74 0.25
EA
Coumarin 153¢ 0.64 0.28
ACN Coumarin 153¢ 0.61 0.16
4-p,p-DCDP-IPN
EA Coumarin 153¢ 0.59 0.10
3DP-F-IPN ACN Coumarin 153¢ 0.17 0.07
3DP-Cz-IPN ACN Coumarin 153¢ 0.52 0.11
3DP-DMDP-IPN ACN Coumarin 153¢ <0.01 <0.01
3DP-DCDP-IPN ACN Coumarin 153¢ 0.43 0.07
ACN Coumarin 153¢ 0.40 0.36
4-p-MCDP-IPN
EA Coumarin 153¢ 0.19 0.17
ACN Coumarin 153¢ 0.34 0.29
4-0,p-DCDP-IPN
EA Coumarin 153¢ 0.26 0.23

The relative ®r measurements vs. coumarin 153 are expected to be the most reliable, because (i) the spectral range of
emission agrees best with the samples, (ii) the absorption is quite broad, which allows to define an intersection point
(used for PL excitation) between sample and reference absorption spectra which are in both close to the plateau of the
spectra, so that errors are minimized. *Absolute PLQY measurement. Relative PLQY measurement against *fluorescein
(1.0 x 10° M) in 0.1 M NaOH aqueous solution (®r = 0.824 + 0.049) or ‘coumarin 153 (1.0 x 10 M) in ethanol solution
(Pr=0.514+0.031).»
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Supplementary Table 4 Photophysical properties of PCs in CH;CN. The photophysical rate constants were derived by experimental values for tpr, Tor and @« (all given in
Supplementary Figure 5 and Supplementary Table 3) and the TD-DFT calculated oscillator strength (f), the spectral positions for absorption and emission followed by the

procedure described in the literature?® by using equations (25-28) under the assumption, i) Knr.t, ke << krisc and ii) kisc >> krisc and estimating k,s; via the Strickler-Berg

equation,?’?® equation (25).
i o o w09 s e TS fwse o 0 0 (0 (@5 (10590 (1058 NS
30 19 25 25 - 060
4DP-IPN 245 229 330 104 469 531 00790 o061 2t 14 27 26 0 084 Unbla(ii?: iy (l)J)Iatlonf
21 0 28 26 42 084 U”bia&‘f;i?g)'aﬁonf
#Cz-IPN 2620 2620 826 129 4400 578 00863 005 24 45 - .20
4Cz-IPN 265 260 1399  1.67 420 551  0.0697 018 21 95 - - . 37
4pp-DCOPIPN 258 241 179 196 458 500 0.0964 061 42 27 49 - - 041
3DP-F-IPN 265 246 456 453 414 540 00192 017 06 30 18 - i 1.4
3DP-Cz-IPN 267 246 403 140 435 521 00355 052 13 12 22 - . o7
3DP-DMDP-IPN 234 219  1.01 277 480 618 00065 <00l 016 16 83 - : 23
3DP-DCDP-IPN 259 243 235 476 455 513 00385 043 16 21 39 - Y
4-p-MCDP-IPN 272 253 496 032 434 522 00738 040 27 40 13 - : 93
4-0p-DCDP-IPN 263 225 381 033 464 526 00503 034 19 37 21 - . 140

abE) o were extracted from the *onset of PL in CH;CN at RT and “onset of gated PL in CH;CN at 65 K, respectively. The onsets were obtained by tangential method; i.e., the

intersection of the tangent, set at the high energy slope of the spectrum, with the x-axis.?® “Oscillator strengths were obtained by TD-DFT calculation. “The photophysical

properties were referred to literature measured in DMF.! °Because of i) the approximation conditions and/or ii) the error in the experimental and theoretical (Strickler-Berg

equation) determination of kssc, the rate constants were evaluated as negative values. ‘The evaluation relies on unbiased kinetic modelling, which will be detailed in a forthcoming

paper.

S18



Supplementary Note 4. PL decay quenching experiments
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Supplementary Figure 7 Stern-Volmer plots of prompt fluorescence of (a) 4DP-IPN and (b) 4DP-Me-BN quenched
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Supplementary Note 5. Tertiary amine effect in photoredox reductive dehalogenation

Supplementary Table 5 Screening of conventional tertiary amines in photoredox reductive dehalogenation. Redox

potential values are against SCE and referred to literature.>*3!

5. 4DP-IPN (0.005 mol%)

Reaction conditions
NC NC

CH,CN, 455 nm, RT, 8 h

Entry  Reaction conditions Eox® Yield (%)
1 TEA (5.0 equiv. 0
( quiv. 0.96%
2 TEA (10.0 equiv.) 5
3 TBA (5.0 equiv. 2
( quiv. 0.88%
4 TBA (10.0 equiv.) 73
5 DIPEA (5.0 equiv.) 75
0.68%
6 DIPEA (10.0 equiv.) 100

Reactions were performed with 4-bromobenzonitrile (0.1 M), 4DP-IPN (0.005 mol%), tertiary amine (10.0 equiv.) in
CH;CN (1 mL) under illumination of two 3W 455 nm LEDs for 8 hours. All solutions were prepared inside glovebox
and were degassed by bubbling with Ar. Yields were determined by GC-FID using 1,3,5-trimethoxybenzene as an

internal standard.

S20



Supplementary Note 6. Reproducibility test in photoredox reductive dehalogenation
Supplementary Table 6 Reproducibility test for the dehalogenation of 4-bromobenzonitrile.

/©/Bf 4DP-IPN (0.005 mol%) /©/H
NG DIPEA (10.0 equiv.) NG

CH5CN, 455 nm, RT, 8 h

Entry LED setup Yield (%)
1 100
Setup 1
2 97.8
3 96.1
Setup 2
4 100
5 100
Setup 3
6 100
7 98.2
Setup 4
8 99.4

Reactions were performed with 4-bromobenzonitrile (0.1 M), 4DP-IPN (0.005 mol%), DIPEA (10.0 equiv.) in CH;CN
(1 mL) under two 3W 455 nm LEDs for 8 hours. All solutions were prepared inside glovebox and were degassed by
bubbling with Ar. Yields were determined by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Supplementary Note 7. Generation of radical anion of PCs
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Supplementary Figure 8 UV-Vis absorption of 4DP-IPN / 4DP-IPN"". The generation of 4DP-IPN" was performed
with 4DP-IPN (1.0 x 10~* M), DIPEA (0.5 M) in CH3CN under illumination of (a) two 3W 515 nm LEDs for 1 min, (b)
two 3W 455 nm LEDs for 1 min and (¢) two 3W 455 nm LEDs for 5 min at RT.
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Supplementary Figure 9 Time-dependent changes of the UV-Vis absorbance of 4DP-IPN" at 525 nm and Ir(dtbby)™
(ppy)2PFs at 533 nm as a function of time. Generally, the PC*~ was generated from the degassed mixture solutions of
PCs (1.0 x 10* M) and DIPEA (0.5 M) in CH;CN under the illumination of two 3W 515 nm LEDs for 3 min (for 4DP-
IPN) or two 3W 455 nm LEDs for 1 min (for Ir(dtbby)(ppy).PFs) at RT. Changes in the UV-Vis spectrum of freshly

generated PC™™ were recorded at every 2 min under perfectly dark conditions.
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Supplementary Figure 10 (a) The 4DP-IPN" were formed with 4DP-IPN (1.0 x 10~* M), DIPEA (0.5 M) in CH3CN
under illumination of two 3W 515 nm LEDs for 1 min at RT. (b) Steady-state PL spectra after generation of 4DP-IPN"".
PL of unreacted 4DP-IPN was observed (at Acx = 450 nm), however, no PL of 4DP-IPN" was observed (at A.x = 540
nm). (¢) UV-Vis absorption of 4DP-IPN / 4DP-IPN" measurements by near-IR (NIR) region.
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Supplementary Figure 11 Chemical structures and UV-Vis absorption spectra of radical anion generation of selected
PCs before irradiation (black line), after irradiation (orange line) and after exposure to air (blue line). Generally, UV-
Vis absorption spectra were taken from the degassed mixture solutions of PCs (1.0 x 10~*M) and DIPEA (0.5 M) in
CH3;CN right after illumination of two 3W 455 nm LEDs for 1 min at RT, (a) 3DP-DMDP-IPN, (b) 4tCz-IPN, (c¢) 4Cz-
IPN, (d) 3DP-Cz-IPN, (e) 3DP-F-IPN, (f) 3DP-DCDP-IPN, (g) 4-p-MCDP-IPN, (h) 4-0,p-DCDP-IPN and (i) 4-p,p-
DCDP-IPN. All solutions were prepared in a glove box and fully degassed. Most of PCs can be regenerated by exposure

to air.
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Supplementary Note 8. Validation of ConPET process in photoredox reductive dehalogenation
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Supplementary Figure 12 Evaluation of PET process in photoredox reductive dehalogenation. (a) Inside a glovebox
using flame-dried glass vials, the radical anion of 4DP-IPN (1.0 x 1073 M) was generated with DIPEA (0.5 M) in CH;CN
(2 mL) under illumination of a 3W 515 nm LED for 3 min, aryl bromides solution (0.1 M) as quencher in CH3CN (0.2
mL) were added. Subsequently, the added solutions were re-illuminated by a 3W 515 nm LED for 3 min. All pictures
were taken immediately without any additional delay. (b) UV-Vis absorption spectra of 4DP-IPN"~ (1.0 x 10~* M; orange
line) in the presence of aryl halide (1.0 x 1072 M) generated with DIPEA (0.5 M) in CH3CN under illumination of two
3W 515 nm LEDs for 3 min.
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Supplementary Note 9. Computational study: DFT and analytical model

9.1 Analytical model for exciton population of PCs

To analyze quantitatively exciton dynamics of selected PCs, we visualized the excited state concentration of PCs
benchmarked by Adachi group.3? The concentration of S; and T: can be described by following system of ordinary
differential equations (ODE).

d[S,]
d—tl = krisc[T1l — (kisc + krs, + ks, )[S1] W
d[T,]
d—t1 = kisclS1] = (krisc + krr, + Ky )[T1] @

where Kisc, Krisc, Krs1, Kr.11, Kar,s1 and Kqr. 71 denote the rate constants of intersystem crossing, reverse-intersystem crossing,
radiative decay from !PC” (S;), radiative decay from 3PC” (T1), non-radiative decay from S;, and non-radiative decay

from T, respectively. These coupled nonlinear rate equations enable to trace time-dependent decay of the S; and T;

state generated by single pulsed-photoexcitation. Based on the rate constants obtained from literature,?**-" the ODEs

were solved using ODE15s solvers implemented in the Matlab program package.
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a) M Jablonski diagram of 4DP-IPN b) m Jablonski diagram of PTH e) M Analytical model for exciton population
generated by pulsed photoexcitation
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Supplementary Figure 13 Jablonski diagrams of (a) 4DP-IPN, (b) PTH,* (¢) Ir(ppy);>**¢ and d) Ru(bpy);***” based on
photophysical rate constants obtained from the current work and referred to literature; The extinction coefficients of
4ADP-IPN, Ir(ppy)s and Ru(bpy)s;*" were measured in CH3CN in our group. (e) the exciton dynamics of selected PCs

generated by pulsed photoexcitation.
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9.2 TD-DFT results for 4DP-IPN

a) W Energy diagram of 4DP-IPN b) M TD-DFT calculation of 4DP-IPN c) B TD-DFT calculation of 4DP-IPN «—
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Supplementary Figure 14 (a) Energy diagram of 4DP-IPN derived from the experiments and time-dependent (TD) density functional theory (DFT) calculations. TD-DFT
results of (b) 4DP-IPN and (¢) 4DP-IPN"". TD-DFT calculations were performed with the B3LYP functional and 6-311++G* basis set. Using optimized geometries (So and Do),
vertical transition energies were calculated in CH3;CN solution employing polarizable continuum model (PCM). The percentage contributions of each transition were evaluated
by Ci2 * 2 * 100 (%) where C; is excitation coefficient for each vertical transition in closed-shell system, or o/ 2 * 100 (%) where o is paired coefficient in natural transition

orbital (NTO) in open-shell system.

S28



9.3 Kinetic simulation of photoredox reductive dehalogenation
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Supplementary Figure 15 Kinetic simulation of photoredox reductive dehalogenation. (a) Scheme of reaction batch
for the reaction and the rate constants for the simulation. All rate constants were obtained from
experimental/computational methods in the current work or were referred to literature.?*-3%4° (b) Comparison between
experimental kinetics and simulated kinetics with kger (1.0 x 10'© M's™) varying the kgr. (¢) Proposed mechanism of

depletion of tertiary amines by singlet oxygen (102).3>%° (d) Scheme of back electron transfer via singlet/triplet contact

radical ion pair.
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To analyze the photocatalytic behavior of 4DP-IPN quantitatively including O, tolerance, kinetic simulation of
photoredox reductive dehalogenation were performed based on the rate law. To simplify the simulation, we modelled
the reaction with several assumptions. Based on following assumptions, we set up our kinetic simulation model. The
mass balance equations of each species are listed in Supplementary Table 7 and derivations of each rate constants are

described in following section.

1. No back-electron transfer (BET) from 4DP-IPN"~ to DIPEA happens because spin-flipping is forbidden, however,
BET process was involved in a specific case (see the Supplementary Figure 15). Nevertheless, because the concentration
of 4DP-IPN-— and DIPEA™" (~10*2 M in the simulation) are much lower than the concentration of the DIPEA (~1 M),
the BET rate is far smaller than forward ET rate, kKser >> Kper.

2. No ConPET process happens in dehalogenation of 4-bromobenzonitrile. in the case of 4-bromobenzonitrile, electron
transfer from 4DP-IPN+— occurs predominately (see the Supplementary Figure 12).

3. Photodegradation of 4DP-IPN is negligible.

4. Internal conversion (IC) is fast compared to our time scale of interest.

5. No triplet-triplet- annihilation (TTA) process.

16. Under air atmosphere, all 2O in head space of vial is also considered as being fully diluted in the reaction solution.
7. No side-reaction from superoxide anion (O") or 1O,.; in fact, the reactive O, species (O;" or 1O;) are very reactive

to tertiary amines,*#° however, we did not consider the reactivities of DIPEA.
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Supplementary Table 7 Kinetic equations for all species in photoredox reductive dehalogenation of 4-bromobenzonitrile

Species Mass balance equations
Ground state PC (So) di"] = (ky,s5, + kn,s5,)[S1] + kgr[Do][BBN] + ko2 [T11[ 20;] — kaps(1 — 1075 150) 4 kppr [Dy][DIPEARC]
'PC” (S1) % = kgps(1 — 1078 S0y 4 kpyoc[Ty] = (kyse + knr,s, + Knrs,)[S1]
*PC’ (T) % = kisc[S1] — krisc[T1] — kper[T1]1[DIPEA] — koo [T1 ][ 302]
pC™ (Do) W0 Kpgr[T1IDIPEA) ~ kerlDo][BEN] ~ sy Dol[DIPEARC]
4-Bromobenzonitrile (BBN) d[ZL:N] = —kgr[Do][BBN]
4-Bromobenzonitrile™ (BBNRA) % = kgr[Do][BBN] — kgisso [BBNRA]
Benzonitrile radical (BNR) d[ZIZR] = Kaisso [BBNRA] — ki cappingIBNRI[DIPEARC]
DIPEA % = —kpgr[T,1[DIPEA] + kpgr[Do][DIPEARC]
DIPEA radical cation (DIPEARC) w = kpgr[T1][DIPEA] = ki capping[BNRI[DIPEARC) — kggr[Do][DIPEARC]
Deprotonated DIPEA (DIPEADH) w = ky capping[BNR][DIPEARC]
Bromide ion (Br") d[Z:_] = kgisso.[BBNRA]

3

*02 d[dtOZ] = —koz[T1][ °0,]
o, d[;f” = koz[T1][ °0,]
Benzonitrile (BN) d[clth] = ky capping[BNR][DIPEARC]
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9.4 Derivation of rate constants from calculated and experimental methods

m Derivation of kaps

Our LED setups are based on two 3W 455 nm LEDs (totally 6W). To check the power of effective irradiation,
photonflux (the number of photon ms™') was measured, Iy = 100 mW/cm?. The concentration of excited S; state can be

expressed by following terms of equation (3).*+

1_10—501
ecl

d[s A I . L
sl ¢ X —x-2Xecl X F, whereF is photo kinetic factor, F =
dt VoNA hv

3)

where ¢ is quantum yield of the transformation from So — S, A is cross-sectional area (0.64 cm?), V, is the reaction
volume (1.174 mL), N4 is Avogadro number, h is Planck constant, v is frequency of the photon, ¢ is the extinction
coefficient of PC (0.9 x 10* M'em™ in the case of 4DP-IPN), ¢ is the concentration of PC and [ is the optical path
length (2.3 cm). Because it is tricky to evaluate all the factors affecting photonflux such as a vial’s curvature/refractive
index, they are not involved in the simulation. It is assumed ¢ is unity, and by replacing ¢ by the concentration of PC

in the ground state [So], equation (3) can be converted to equation (4).

d([iStl] =20 X 10~*Ms~! x (1 —10-23cmx0.9Xx 10* M~ tem™1 x [so]) = kgps X (1 —10-21x 10* M~1 x [SO]) 4)

m Evaluation of kpgr

To obtain the rate constant of PET from DIPEA to *PC* , we measured the decay of delayed fluorescence of 4DP-IPN
along with addition of DIPEA. In the Stern-Volmer plot (see the Supplementary Figure 6), a linear relationship was

observed and the rate constant was evaluated as 1.1 x 10 M's™!.

S32



m Evaluation of kgt

Because kzr is one of the rate constants in dark reaction, it is tricky to estimate the rate constants from the direct
experiments. Therefore, we evaluated kzr with computation and indirect experimental methods. For computational

methods, we used DFT calculations using the Gaussianl6 program package.

Because electron transfer to aryl bromides is based on a stepwise mechanism,** according to Marcus—Savéant theory,

the kzr can be calculated by the following equation (5).

AGH
kET =Z exp(_ E) (5)
AG*~M_5(1+A_G°)2 6
Yoo T4 Y (©6)

where Z is the pre-exponential factor, AG¥ is the activation energy of the reaction, AG" is the driving force of the
reaction, and A is the reorganization energy. In the case of electron transfer via a stepwise mechanism, the activation

energy can be approximated regarding the driving force and reorganization energy.* In other words, to obtain k., onl
gy pp g g g g gy y

ET’
three terms are required; the reorganization energy, the driving force and the pre-exponential factor. The detailed

derivations for the three terms are followed.

" @D ot

N A, =0.89 eV

[ Q
N
NC. CN Br k =15 x104Mlst NC. CN Brle—
ﬁ[ + /©/ ET.exp x S ﬁ + /©/ } AG*=0.58 eV
@;‘ N i@ " @; N i@j " Z=1.1x10* M1s?

_ AG*H\ 4 (. A6\
6.36 A 3.58 A k= Z exp| =4 | = Zexp| = 1+/1_0
Ep(Ty)* =—1.28 V E,®=—1.83V

e? 1 1 1 1 1
where 4, = —== (— == )
O 4meg \&op &) \27T4 + 2rg  ra+rp

)
O

Ay =0.89 eV

N
NC. CN Br ’kET,theo. =4.9 x 108 M-ls-l‘ NC. CN Br
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Supplementary Figure 16 Summary of the experimental and calculated values to obtain the rate constant, kzr, for
electron transfer from 4DP-IPN™ to 4-bromobenzonitrile; molecular radii of each species are indicated under the

chemical structures, Z is the pre-exponential factor, AG* is the activation energy of the reaction, and A, is the

reorganization energy.
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m Evaluation of reoranization energy, A.

Because there is no significant change of molecular structure of 4DP-IPN in the electron transfer process, internal
reorganization, A;, is fairly negligible for 4DP-IPN, therefore, A can be approximated by the external solvent

reorganization energy, Ao, A =X + Lo = Ao.?

2
e 1 1 1 1 1
A = —-——= (—+—— ) @)
0 o S A B ATIB
o 4me Eop £ 2r 2r TA+T

where e is the electron charge. &y is the vacuum permittivity, €., & are the solvent optical and static dielectric constants,
respectively. The r, are the radii of the equivalent spheres of the subscript species. We calculated the radii of each speices

(Supplementary Figure 16) with DFT calculations using B3LYP/6-311G* PCM(=CH3CN).

m Evaluation of driving force, AG°.

The driving force, AG®, for the electron transfer were calculated from the standard potentials of the electron donor and

electron acceptor redox potential coluples in the ground state and the energy of the excited state, £¢.9, of 4DP-IPN using

the Rehm-Weller equation;* in equations (8—9), Coulombic term is omitted as it is normally small (< 0.1 eV) in polar

solvents.

AGpgr = —F [Eyeq(Sub/Sub*™) — Ei,,(PC** /3PC)] for PET from 4DP-IPN (T)) to 4-bromobenzonitrile (8)

AGgr = —F [Eeq(Sub/Sub*™) — Eyeq(PC/PC*7)] for ET from 4DP-IPN" to 4-bromobenzonitrile 9)

Considering the ground state reduction potential of 4-bromobenzonitrile (E,_°=-1.83 V),% both electron transfer from

4DP-IPN (T4) (E,"=-1.28 V) and 4DP-IPN"" (E ,° =-1.66 V) are endogonic. However, it is notable that the evaluation

of driving force (-4Gper) for the PET is still unclear, even Eq.o energies for PCs might be derived from intersect between
normalized spectra of reduced UV-Vis absorption and PL emission, onset of UV-Vis absorption and onset/maxima of
PL emission.*” Also, the method of E’ evaluation is diverse as followed by onset, half-peak or peak potential of CV

waves. These inaccuracies can be up to 0.5 eV or more making our evaluation of rate constants over-/underestimated.
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m Evaluation of pre-exponential factor, Z.

Because the size difference between the volume 4DP-IPN (T;) and 4DP-IPN" is negligible, the pre-exponential factor,
Z, for electron transfer from 4DP-IPN™ to 4-bromobenzonitrile can be obtained from the rate constant for PET from
4DP-IPN (T)) to 4-bromobenzonitrile (k, = 1.5 x 10* M's™, Supplementary Figure 16). The equations (7-9) can
provide the pre-exponential factor for PET from 4DP-IPN (T)) to 4-bromobenzonitrile using the reorganization energy

and the driving force, finally, pre-exponential factor, Z, is 1.1 x 10** Ms™ This pre-exponential factor value should be

same for the electron transfer from 4DP-IPN" to 4-bromobenzonitrile also.

Finally, using equation (5) based on the derived reorganization energy, 4, driving force, AG®, and pre-exponential factor,
Z, we evaluated ker as 4.9 x 108 Ms However, it is notable that the previously reported pre-exponential factor, Z, is
~10' M1s14849 thus, our ker might be overestimated. As mentioned above, this discrepancy might be from the

inaccurate extraction of values from experimental results.

m Evaluation of kg capping

Because aryl radical is easy to be reduced and hydrogen atom transfer reaction is one of fastest reactions, it is reasonable
to estimate that hydrogen capping is nearly diffusion-limited. Indeed, rate constants of aC-H deprotonation of simple
tertiary amine raical cations have been known to be very fast ranging from 10° ~ 108 M1s%; 2 therefore, it is accetable

to estimate the deprotonaion rate constant of DIPEA radical cations as 10° M1s™,

m Evaluation of ko..
In the dehalogenation reaction, O, quenching pathway can be (1) energy transfer from T; to >0, generating 'O, (2)
electron transfer from T; to >0, generating O," and (3) electron transfer from PC* to O,. From the Stern-Volmer plot

(Supplementary Figure 17), we can easily evaluate pathway (1) and (2), however, it is hard to experimentally evaluate

pathway (3). Therefore, we assumed pathway (3) is negligible because pathway (1) and (2) is much faster than the

generation of 4DP-IPN"; despite only pathway (1) is depicted as being the main contributor to *O> quenching process

in Supplementary Figure 15, both O, quenching (1) and (2) are involved in the actual dehaloenation reaction.
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Supplementary Figure 17 Stern-Volmer relationship of PL decays of 4DP-IPN with air. Because the sample was fully
exposed to air, it could be assumed that the sample was saturated with air; O solubility to CH;CN is 2.42 x 10° M at
25 °C and 1.0 atm of air.>°

m Evaluation of kis1, knes1, kisc and krisc (see Supplementary Table 4)

The general TADF kinetics can be obtained from the differential equations for the singlet and triplet excited state (S,

T1) deactivation.

) = kg[S + kpuse [T + a1 (10)
d|[T;
Bl = kisc - 1811 = kr - [T3] (11)

where ks = k.si + knssi + kisc, kr = k., 11 + kw1 + krisc, I is the intensity of excitation, and a is the absorption coefficient;

the solutions are

$1(6) = 20 [(A; — ks) exp(— Ar) + (ks = Ay) exp( = Az0)] (12)
T,(6) = 222E [exp( — Ayt) — exp( = A,0)] (S13)

and the total intensity is obtained as

1(t) = ky 5,51 () + Ky, T1 () (15)

5,00
I(t) = A:EA)l [(kr,51 (A —45) + kr,leISC) exp(— Ait) + (kr,s1 (ks —Aq) — kr,leISC) exp(— Azt)] (16)

The exponents A;,2 (which correspond to the reciprocal values of the prompt/delayed PL lifetime constants, i.e., Tprpr

!, respectively) are given by

Az = %(ks +kp F (er — ks)y/1+ 4 - kysckpise/ (kr — ks)?) 7)
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The total PL quantum yield @p; is given as the sum of fluorescence and phosphorescence quantum yields (@p;, = @r
+ @py), where @r consists of a prompt fluorescence (@pr) and delayed fluorescence (@pr) part; the prompt part is
defined by

ke,
Dpp = - (18)

In the presence of large number of TADF cycles, the total @ (along with @py) under steady state is obtained as,”!

1

b =Qp———
F PF (1-n15cmrisc)

(19)
where msc = kisc/ks and nrisc = krisc/kr are the efficiencies for ISC and RISC, respectively. Similarly, ®@py is obtained

as

Nisckpu
bpyy =——————— 20
PH ™ jr(1-niscnrisc) 20)

The condition for strong TADF emitters translates to krisc >> ki11, knr 11, SO that Nrisc = 1; the phosphorescence lifetime
of 4DP-IPN at 65 K is about 407 ms, therefore, the sum of k.11 and k11 is about 2.5 s at 65 K. This simplifies equation
(19) to

— Ppp ~ Ppp — ks®pr — k‘r‘,51 (21)
A-niscnrise)  (A=mise)  (krsy+knrs,)  (Krs;+knrs;)

O

Furthermore, for TADF compounds with a non-negligible AEst = 0.1 eV (which is indeed the case for the 4DP-IPN
as discussed further up), RISC is much smaller than ISC; i.e., krisc << kisc. Under these conditions, with a Taylor

expansion (y =vV1+x =1+ g for x << 1), the solutions for A, simplify to

11 kisck
Ay =tpp =7 (ks + kg — (kp — k)1 + 4 - kyschpisc/ (kr — ks)?) = ks — %’;’:C ~ ks (22)

11 kisck
Ay =Tpp ' = g(ks +kp + (kr — ke)\/1 + 4 - kisckpisc/(kr — ks)?) = kr (1 - %) ~ krisc(1 = msc) (23)

Finally, the radiative rate constant k, g can be estimated from the Strickler-Berg formula, which in its simplified form

reads,?”?8

3 3
kys, sp = 0.667(sLcm?) et n2 f — 434 . 107 (s 1eV2) e 2 f (24)

EA,vert EA,vert
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where f is the TD-DFT calculated oscillator strength of vertical absorption, n is the refractive index of solvent and E

is the energy of vertical absorption and emission respectively for the lowest energetic CT transition.

In summary, the photophysical rate constants of PCs in jablonski diagram were evaluated by experimental (i.e.,

prompt/delayed fluorescence decays) and computational method (i.e., TD-DFT), which each relation is simplified to

- - E3ver
krs, = 434+ 107(s71eV ™) 2R ntf (25)
kr, 1
Kas, = et = ks, = s, (52— 1) (26)
_1  kr
kise = tpr ™ = 27
Keree = —2F )
RISC — PR — ( )

where f,n, E, @z, Tpp, and tpr have been defined earlier.
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9.5 Matlab code

Matlab code is described as below for exciton population of PCs and kinetic simulation of reductive dehalogenations. As exemplified by 4DP-IPN case, the Matlab codes of
kinetic simulation are described. Our Mathlab script was composed with simple rate laws, therefore, to calculate exciton population and reductive dehalogenation, one can easily

change initial concentrations in Runfile script and/or each rate constant in Function script as according to the calculational needs.

m Runfile script

clear
clc

%Define initial concentrations

C0=1[0.005,0,0,0,0.1,0,0,0,1,0,0,0,0, 0];

% =[S0, S1, T1, DO, Bromobenzonitrile, Bromobenzonitrile radical anion, Benzonitrile radical, Bromide ion, DIPEA, DIPEA radical cation, Deprotonated DIPEA, 02, OR2, Product]
%0.005 =5 mM = 5 mol%; %0.03 mol% = 0.00003; % 0.16M (under air atmosphere) & 0.76M (under oxygen atmosphere).

%Define time span
tspan = [0,1000];

%Run ODE solver (another option: ode23s)
[t, y] = odel5s(@Function_name, tspan, C0);
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m Function script

function dC = Photoredox_reductive_dehalogenation_mechanism(t, C)

% Photoredox reductive dehalogenation_Reductive quenching cycle

S0 = C(1);
S1=C(2);
T1=C(3);

D0 = C(4);

BBN = C(5);
BBNRA = C(6);
BNR = C(7);

Br = C(8);

DIPEA = C(9);
DIPEARC = C(10);
DIPEADH = C(11);

02 = C(12);
OR2 = C(13);
BN = C(14);

%Rate constants
k1l =2.0e-4;

k2 = 2.5e8;

k3 = 3.0e7;

k4 = 1.9e7;

k5 = 6.0e4;

ké = 2.5;

k7 =0;

% Ground state PC

% Singlet excited state PC
% Triplet excited state PC
% PC radical anion

% 4-Bromobenzonitrile

% 4-Bromobenzonitrile radical anion
% Benzonitrile radical

% Bromide ion

% DIPEA

% DIPEA radical cation

% Deprotonated DIPEA

% Oxygen

% Reactive oxygen species
% Benzonitrile product

% Photoexcitation_455nm_6W LED; photonflux (3.8e-3 mol m-2 s-1), (extinction coefficient of 4DP-IPN: 0.9e4 cm-1M-1 from measurement in CH3CN)
% Intersystem crossing from singlet to triplet excited state PC (evaluated in the current work)

% Radiative decay from singlet excited state PC (evaluated in the current work)

% Nonradiative decay from singlet excited state PC (evaluated in the current work)

% Reverse intersystem crossing from triplet to singlet excited state PC (evaluated in the current work)

% Radiative decay from triplet excited state PC (evaluated in the current work)

% Nonradiative decay from triplet excited state PC (evaluated in the current work)
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k8 = 1.1e6; % PET rate constant from DIPEA to triplet excited state PC (evaluated in the current work)

k9 = 4.9e8; % Electron transfer from PC radical anion to 4-bromobenzonitrile (computationally evaluated in the current work)

k10 = 5e8; % Bond dissociation of 4-bromobenzonitrile radical anion (from reference, J. Am. Chem. Soc. 126, 16051-16057 (2004).)
k1l = 1e5; % Hydrogen capping (from reference, Chem. Rev. 116, 1007-10166 (2016).)

k12 =9.1e8; % Energy/electron transfer from triplet excited state PC to oxygen (evaluated in the current work)

k13 =0; % Back electron transfer from DO to DIPEARC

k14 =0; % Back electron transfer from Bromobenzonitrile radical anion to DIPEA radical cation

%~Rate laws

r1 = k1*(1-107(-0.9e4*S0*2.3));

r2 = k2*S1,;

r3 = k3*S1;

r4 = k4*S1;

r5 = k5*T1,;

r6 = k6*T1;

r7 = k7*T1,;

r8 = k8*T1*DIPEA;

r9 = k9*DO*BBN;

r10 = k10*BBNRA,;

r1l = k11*BNR*DIPEARC,;
ri2 = k12*T1*02;

r13 = k13*D0*DIPEARC;
r14 = k14*DIPEARC*BBNRA;

%Mass balances

dSO = -r1+r3+r4+r6+r7+r9+r12+r13;

dS1 = r1+r5-r2-r3-r4;
dT1 =r2-r5-r6-r7-r8-r12;

% Photoexcitation quantum yield 100%; optical length 2.3 cm (vial inner length); batch surface (0.6 cm2)
% Intersystem crossing from singlet to triplet excited state PC
% Radiative decay from singlet excited state PC

% Nonradiative decay from singlet excited state PC

% Reverse intersystem crossing from triplet to singlet excited state PC
% Radiative decay from triplet excited state PC (negligible)

% Nonradiative decay from triplet excited state PC (negeligible)

% PET rate from DIPEA to triplet excited state PC

% Electron transfer from PC radical anion to 4-bromobenzonitrile

% Bond dissociation of 4-bromobenzonitrile radical anion

% H atom capping to benzonitrile radical

% Energy/electron transfer from triplet excited state PC to oxygen

% Back electron transfer from DO to DIPEARC

% Back electron transfer from Bromobenzonitrile radical anion to DIPEA radical cation

% Ground state PC
% Singlet excited state PC
% Triplet excited state PC
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dDO0 =r8-r9-r13;

dBBN = -r9+rl4;
dBBNRA =r9-r10-r14;
dBNR =r10-r11;

dBr =r10;

dDIPEA = -r8+r13+rl4;
dDIPEARC =r8-r11-r13-r14;
dDIPEADH =r11;

do2 = -r12;

dOR2 =r12;

dBN =rl1;

%Assign output variables
dC(1,:) =dS0;

dC(2,:) = dS1;

dC(3,:)) =dT1;

dC(4,:) =dDO0;

dC(5,:) = dBBN;
dC(6,:) = dBBNRA,;
dC(7,:) =dBNR;
dC(8,:) = dBr;

dC(9,:) = dDIPEA;
dC(10,:) = dDIPEARC;
dC(11,:) = dDIPEADH,;
dC(12,:) =d0Oz2;
dC(13,:) = dORZ2;
dC(14,:) = dBN;

% PC Radical anion

% 4-Bromobenzonitrile

% 4-Bromobenzonitrile radical anion

% Benzonitrile radical

% Bromide ion

% DIPEA

% DIPEA radical cation

% Deprotonated DIPEA
% Oxygen

% Reactive oxygen species
% Benzonitrile product
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Supplementary Note 10. Photodegradation behavior of cyanoarenes-based PC
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Supplementary Figure 18 Estimation of photodegradation behaviour of 4DP-IPN. Reaction condition was the same

described above for the general procedure, 4DP-IPN (1.0 x 10~ M), DIPEA (0.5 M) in CH3CN (1 mL). Reactions were

monitored by thin layer chromatography (TLC) (EA:hexanes, 1:4 v/v). (a) Photodegradation behaviour of 4DP-IPN was

monitored without DIPEA as a control experiment. (b) In presence of DIPEA, the photodegradation experiments were

carried out under illumination of two 3W 515 nm LEDs. (¢,d) The photodegradation experiments were carried out under

illumination of two 3W 455 nm LEDs in the presence of (¢) diisopropylmethylamine (DIPMA) and (d) diisopropylamine

(DIPA) as areducing agent instead of DIPEA. (e) The photodegradation experiments were carried out under illumination

of two 3W 515 nm LEDs in various organic solvents at RT.
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Supplementary Figure 19 Validation of the origin of CHs" to formation of 4DP-Me-BN. (a) Reaction scheme of
photodegradation reaction of 4DP-IPN. Reactions were performed with 4DP-IPN (1.0 x 1072 M) and DIPEA (1 M) in
CH;CN (or CD3CN) solution under illumination of four 3W 455 nm LEDs for 4 hours at RT without degassing process

to promote photosubstitution.” PC degradations were monitored in-situ by TLC (EA:hexanes, 1:4 v/v). (b) '"H NMR
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Supplementary Figure 20 Structural characterization of 4DP-Me-BN. Structural analysis of 4DP-Me-BN with (a) 1D

"H NMR analyses combined with HRMS, MS (GC-FAB-HRMS): calc’d for CssHasNs [M+H]

*. 786.3597; found as

786.3600, and (b) intense 2D NMR analyses including COSY, NOESY, HSQC and HMBC NMR. 'H NMR (600 MHz,
CDCl3): 6 7.30-7.25 (t, 4H), 7.11-7.02 (m, 12H), 6.96 (t, 2H), 6.86—6.78 (m, 8H), 6.73-6.69 (d, 4H), 6.69-6.65 (d, 4H),
6.60 (t, 2H), 6.55-6.49 (d, 4H), 1.58 (s, 3H). *C NMR (151 MHz, CDCl5): & 150.15, 148.35, 146.81, 145.76, 145.15,
144.58,144.56,142.97,138.44, 129.31, 128.53, 128.44, 127.50, 122.83, 122.65, 122.46, 122.07, 121.90, 121.55, 121.14,
120.70, 116.15, 114.68, 16.54.
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Supplementary Figure 21 Structural characterization of 4DP-H-BN. Structural analysis of 4DP-H-BN with (a) 1D 'H
NMR analyses combined with HRMS, MS (GC-FAB-HRMS): calc’d for CssHsNs [M+H]": 772.3440; found as
772.3444, and (b) intense 2D NMR analyses including COSY, NOESY, HSQC and HMBC NMR. '"H NMR (600 MHz,
CDCl3): 6 7.22-7.17 (t, 4H), 7.09-7.02 (m, 12H), 6.96 (t, 2H), 6.92-6.87 (t, 4H), 6.87-6.83 (t, 2H), 6.83—6.80 (t, 2H),
6.76 (s, 1H), 6.75-6.71 (d, 4H), 6.69-6.65 (t, 2H), 6.65-6.61 (m, 4H), 6.58-6.53 (t, 4H). *C NMR (151 MHz, CDCl;):
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Supplementary Figure 22 (a) Photodegradation behavior of 3DP-Cz-IPN. Reactions were performed with PC (1.0 x

10* M) and DIPEA (0.5 M) in
degradations were monitored in

CH3CN under the illumination of two 3W 455 nm LEDs for 2 hours at RT. PC

-situ by TLC (EA:hexanes,1:2 v/v); left/right spots were collected at before/after

irradiation and middle spot was co-spot. The photodegraded products were successfully isolated by column
chromatography, which gives *H NMR spectra confirming that a methyl substitution reaction occurred at the CN
position. (b) Structural analysis of 3DP-Cz-Me-BN with 2D *H NMR analyses combined with HRMS, MS (GC-FAB-
HRMS): calc’d for CssHa2Ns [M+H]*: 784.3440; found as 784.3440. *H NMR (400 MHz, CDCls): § 7.60-7.51 (m, 2H),

7.35 (t, 4H), 7.16 (d, 4H), 7.04 (t,
1.65 (s, 3H).

2H), 6.94-6.87 (M, 4H), 6.81-6.68 (m, 10H), 6.53 (td, 4H), 6.43 (d, 4H), 6.37 (d, 4H),
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Supplementary Figure 23 (a) Photodegradation behavior of 3DP-DCDP-IPN. Reactions were performed with PC (1.0
x 107 M) and DIPEA (0.5 M) in CH;CN under the illumination of two 3W 455 nm LEDs for 2 hours at RT. PC
degradations were monitored in-situ by TLC (EA:hexanes, 1:1 v/v); left/right spots were collected at before/after
irradiation and middle spot was co-spot. The photodegraded products were successfully isolated by column
chromatography, which gives "H NMR spectra confirming that a methyl substitution reaction occurred at the CN position.
(b) Structural analysis of 3DP-DCDP-Me-BN with 2D "H NMR analyses combined with HRMS, MS (GC-FAB-HRMS):
calc’d for CssHaoN7 [M+H]": 836.3502; found as 836.3497. '"H NMR (400 MHz, CDCl3): & 7.29 (t, 4H), 7.17 (d, 4H),
7.13-6.98 (m, 14H), 6.87 (td, 4H), 6.67-6.56 (m, 12H), 1.58 (s, 3H).
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a) M Photodegradation behavior of 4tCz-IPN
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Supplementary Figure 24 Photodegradation behavior of 4tCz-IPN. (a) Reactions were performed with PC (1.0 x 107*
M) and DIPEA (0.5 M) in CH3CN under the illumination of two 3W 455 nm LEDs for 2 hours at RT. PC degradations

were monitored in-situ by TLC (EA:hexanes, 5:95 v/v); left/right spots were collected at before/after irradiation and

middle spot was co-spot. (b, ¢) The mixture of photodegraded products was successfully isolated by column

chromatography, which gives '"H NMR spectra confirming that a methyl (or ethyl) substitution reaction occurred at the
CN position combined with HRMS, MS (GC-FAB-HRMS): calc’d for 4tCz-Me-BN (CssHooNs) [M]": 1225.7900; found
as 1225.7892, calc’d for 4tCz-Et-BN (CgoH01Ns) [M]": 1239.8057; found as 1239.8086.
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a) M Photodegradation behavior of 4Cz-IPN
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Supplementary Figure 25 Photodegradation behavior of 4Cz-IPN. (a) Reactions were performed with PC (1.0 x 107
M) and DIPEA (0.5 M) in CH3CN under the illumination of two 3W 455 nm LEDs for 2 hours at RT. PC degradations

were monitored in-situ by TLC (EA:hexanes, 1:4 v/v); left/right spots were collected at before/after irradiation and

middle spot was co-spot. The photodegraded products were successfully isolated by column chromatography, which

gives 'H NMR spectra confirming that an ethyl substitution reaction occurred at the CN position. (b) Structural analysis
of 4Cz-Et-BN with 2D "H NMR analyses combined with HRMS. 'H NMR (400 MHz, CDCl;): & 8.23 (d, 2H), 7.69 (m,
6H), 7.55 (d, 2H), 7.44 (t, 2H), 7.27 (t, 4H), 7.15-7.00 (m, 10H), 6.89 (d, 2H), 6.76 (d, 2H), 6.60 (t, 2H), 2.47 (q, 2H),
0.45 (t, 3H). MS (GC-FAB-HRMS): calc’d for Cs7H3sNs [M+H]": 792.3127; found as 792.3129.
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a) M Photodegradation behavior of 4Cz-IPN
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Supplementary Figure 26 Photodegradation behavior of 4Cz-IPN. (a) Reactions were performed with PC (1.0 x 10~
M) and DIPMA (0.5 M) in CH3CN under the illumination of two 3W 455 nm LEDs for 2 hours at RT. PC degradations
were monitored in-situ by TLC (EA:hexanes, 1:4 v/v); left/right spots were collected at before/after irradiation and
middle spot was co-spot. The photodegraded products were successfully isolated by column chromatography, which
gives 'H NMR spectra confirming that a methyl substitution reaction occurred at the CN position. (b) Structural analysis
of 4Cz-Me-BN with 2D 'H NMR analyses combined with HRMS. 'H NMR (400 MHz, CDCl;): § 8.24 (d, 2H), 7.76—
7.64 (m, 6H), 7.52 (d, 2H), 7.44 (t, 2H), 7.31 (d, 2H), 7.28-7.24 (m, 2H), 7.15-7.02 (m, 10H), 6.94 (d, 2H), 6.77 (t, 2H),
6.64 (t, 2H), 1.77 (s, 3H). MS (GC-FAB-HRMS): calc’d for CssH3sNs [M+H]*

Chemical shift (ppm)
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a) W Cyanoarene-based PCs with more steric-hindrance
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Supplementary Figure 27 (a) Photodegradation behaviors of cyanoarene-based PCs with more steric-hindrance. The
geometry of radical anions of 4DP-IPN was obtained by DFT calculation, B3LYP/6-311++G*, in CH3CN with PCM
solvation model. In the precene of DIPEA, Photodegradation behavior of (b) 3DP-Cz-IPN and (¢) 3DP-DCDP-IPN. PC
degradations were monitored in-situ by TLC (EA:hexanes, 1:2 v/v for 3DP-Cz-IPN and EA:hexanes, 1:1 v/v for 3DP-

DCDP-IPN); left/right spots were collected at before/after irradiation and middle spot was co-spot.

S52



a) W Cyanoarene-based PCs with less steric-hindrance
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Supplementary Figure 28 (a) Photodegradation behaviors of cyanoarene-based PCs with less steric-hindrance. The
geometry of radical anions of 4Cz-IPN was obtained by DFT calculation, B3LYP/6-311++G*, in CH3CN with PCM
solvation model. In the presence of DIPEA, Photodegradation behavior of (b) 4tCz-IPN and (¢) 4Cz-IPN. (d)
Photodegradation behavior of 4Cz-IPN using DIPMA instead of DIPEA. PC degradations were monitored in-situ by
TLC (EA:hexanes, 5:95 v/v for 4tCz-IPN and EA:hexanes, 1:1 v/v for 4Cz-IPN); left/right spots were collected at

before/after irradiation and middle spot was co-spot.
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a) M Photodegradation behaviors for PC with labile group
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Supplementary Figure 29 (a) Photodegradation behavior of PCs with labile group, 3DP-F-IPN and 4-p,p-DCDP-IPN.
Reactions were performed with PC (1.0 x 104M) and DIPEA (0.5 M) in CH3CN under the illumination of two
3W 455 nm LEDs for 2 hours at RT. PC degradations were monitored in-situ by TLC (EA:hexanes, 1:6 v/v for 3DP-F-
IPN and acetone:hexanes, 2:3 v/v for 4-p,p-DCDP-IPN); left/right spots were collected at before/after irradiation and
middle spot was co-spot. (b) Photodegradation behavior of PCs non-generating PC*~, 3DP-DMDP-IPN, 4-p-MCDP-
IPN and 4-0,p-DCDP-IPN. Reactions were performed with PC (1.0 x 104M) and DIPEA (0.5 M) in CH3CN un
der the illumination of two 3W 455 nm LEDs for 2 hours at RT. PC degradations were monitored in-situ by TLC
(EA:hexanes, 1:1 v/v for 3DP-DMDP-IPN, EA:hexanes, 7:3 v/v for 4-p-MCDP-IPN and MeOH:CHCls;= 1:4 v/v for 4-
0,p-DCDP-IPN); left/right spots were collected at before/after irradiation and middle spot was co-spot.
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Supplementary Note 11. Oxygen tolerance in photoredox reductive dehalogenation
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Supplementary Figure 30 Estimation of O, effect in photoredox reductive dehalogenation. Reaction condition was the
same described above for the general procedure, 4-bromobenzonitrile (0.2 mmol, 1 equiv.), DIPEA (10.0 equiv.) and
4DP-IPN (0.03 mol%) in CH3CN (2 mL, 0.1 M of aryl halides) under illumination of two 3W 455 nm LEDs at RT. All
the samples were prepared in situ and all of yields were determined by "H NMR using 1,3,5-trimethoxybenzene as an

internal standard (400 MHz, DMSO-ds).
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Supplementary Table 8 Oxygen tolerance test for the dehalogenation of 4-bromobenzonitrile varying concentration of

DIPEA.

5. ADP-IPN (0.03 mol%)

Reaction conditions
NC NC

CH4CN, 455 nm, RT, 3 h

Entry Reaction conditions Yield (%)
1 DIPEA (2.0 equiv.) under N 62
2 DIPEA (2.0 equiv.) under air 0
3 DIPEA (5.0 equiv.) under air 12
4 DIPEA (10.0 equiv.) under air 84

Reactions were performed with 4-bromobenzonitrile (0.1 M), 4DP-IPN (0.03 mol%), DIPEA (2.0-10.0 equiv.) in
CH3CN (1 mL) under two 3W 455 nm LEDs for 3 hours under air atmosphere in the closed glass vial. All solutions
were prepared outside under ambient conditions. Yields were determined by '"H NMR using 1,3,5-trimethoxybenzene

as an internal standard.
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Supplementary Note 12. Subsequential injection of 4DP-IPN in photoredox reductive dehalogenation
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Supplementary Figure 31 Subsequential addition of PC into photoredox reductive dehalogenation. Reaction condition

was similar with general procedure, aryl halides (0.2 mmol, 1 equiv.), DIPEA (10.0 equiv.) and (a) 0.5 mol% of 4DP-
IPN, (b) 1 mol% of 4DP-IPN in CH3;CN (2 mL, 0.1 M of aryl halides) under illumination of four 3W 455 nm LEDs at
RT. Additional solution (0.1 ml) of (a) 0.5 mol% of 4DP-IPN and (b) 1 mol% of 4DP-IPN were injected every 16 hours.

To monitor yield and conversion, all the samples were prepared in situ and all of yields were determined by '"H NMR

using 1,3,5-trimethoxybenzene as an internal standard (400 MHz, DMSO-ds).
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Supplementary Note 13. NMR analysis of PCs
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Supplementary Figure 32 '"H NMR data of 4-nitrosobenzonitrile at RT (400 MHz, CDCls). *H NMR (400 MHz, CDCls):

0 7.97 (brs, 4H).
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Supplementary Figure 33 '"H NMR data of 2,4'-dicyanodiphenylamine at RT (400 MHz, CDCls). *H NMR (400 MHz,
CDCls): 8 7.4 =7.42 (m, 2H), 7.39-7.30 (m, 2H), 7.20-7.13 (m, 2H), 7.13-7.08 (m, 1H), 6.99-6.93 (m, 2H), 6.24 (s,

1H).
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Supplementary Figure 34 '"H NMR data of 2,4'-dicyanodiphenylamine at RT (400 MHz, CDCls). *H NMR (400 MHz,
CDCls): 6 7.60 (dd, 3H), 7.55-7.48 (m, 1H), 7.42 (dd, 1H), 7.20-7.14 (m, 2H), 7.08 (td, 1H), 6.57 (s, 1H).
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Supplementary Figure 35 '"H NMR data of 4,4"-dicyanodiphenylamine at RT (400 MHz, CDCls3). *H NMR (400 MHz,
CDCls): 8 7.62-7.57 (dt, 4H), 7.18-7.15 (dt, 4H), 6.38-7.15 (s, 1H).
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Supplementary Figure 36 'H NMR data of 4DP-IPN at RT (400 MHz, DMSO-ds). *H NMR (400 MHz, DMSO-Dg):
67.317.21 (m, 8H), 7.10-7.05 (t, 8H), 7.03-6.97 (t. 2H), 6.91-6.75 (m, 16H), 6.68-6.62 (m, 6H).
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Supplementary Figure 37 'H NMR data of 4tCz-IPN at RT (400 MHz, CDCl3). *H NMR (400 MHz, CDCls): & 8.21
(d, 2H), 7.74 (dd, 2H), 7.61-7.59 (m, 6H), 7.18 (d, 2H), 7.05-7.00 (m, 8H), 6.51 (dd, 2H), 6.44 (d, 2H), 1.53 (s, 18H),
1.30 (s, 36H), 1.22 (5, 18H).
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Supplementary Figure 38 'H NMR data of 4Cz-IPN at RT (400 MHz, CDCls). *H NMR (400 MHz, CDCI3): § 8.22
(dt, 2H), 7.74-7.67 (m, 8H), 7.49 (ddd, 2H), 7.33 (dt, 2H), 7.23-7.21 (m, 4H), 7.12-7.05 (m, 8H), 6.82 (td, 4H), 6.63
(ddd, 2H).
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Supplementary Figure 39 'H NMR data of 4-p,p-DCDP-IPN at RT (400 MHz, acetone-dg). *H NMR (400 MHz,
acetone-ds): 6 7.87-7.81 (d, 4H), 7.70-7.62 (d, 8H), 7.55-7.48 (td. 8H), 7.20-7.15 (d, 8H), 7.10-7.03 (d, 4H).
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Supplementary Figure 40 COSY NMR data of 4-p,p-DCDP-IPN at RT (400 MHz, acetone-ds).
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Supplementary Figure 41 NOESY NMR data of 4-p,p-DCDP-IPN at RT (400 MHz, acetone-ds).
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Supplementary Figure 42 *H NMR data of 3DP-F-IPN at RT (400 MHz, CDCls). *H NMR (400 MHz, CDCly): &
7.29-7.22 (m, 12H), 7.09-7.02 (m, 6H), 7.02-6.95 (m, 12H).

3DP-F-IPN

bU —le —1‘10 —1‘15 —1‘20 —1‘25 —1‘30 —1‘35 —1‘40 —1‘45 -1
Chemical shift (ppm)

Supplementary Figure 43 1°F NMR data of 3DP-F-IPN at RT (400 MHz, DMSO-ds). 1*F NMR (377 MHz, DMSO-
de): 5 -121.56.
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Supplementary Figure 44 '"H NMR data of 3DP-Cz-IPN at RT (400 MHz, CDCls). *H NMR (400 MHz, CDCls):
7.55-7.50 (d, 2H), 7.40-7.35 (t, 4H), 7.20-7.15 (d, 4H), 7.14-7.08 (t, 2H), 7.07-7.03 (t, 2H), 6.98— 6.88 (dt, 4H), 6.80—
6.71 (t, 8H), 6.65-6.58 (t, 4H), 6.48-6.40 (t, 8H).
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Supplementary Figure 45 COSY NMR data of 3DP-Cz-IPN at RT (400 MHz, CDCls).
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Supplementary Figure 46 NOESY NMR data of 3DP-Cz-IPN at RT (400 MHz, CDCI3).
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Supplementary Figure 47 'H NMR data of 3DP-DMDP-IPN at RT (400 MHz, CDCL). 'H NMR (400 MHz, CDCL):
§7.25 (d, 4H), 7.07 (m, 12H), 7.00 (t, 2H), 6.87 (t, 4H), 6.70 (d, 8H), 6.46-6.38 (m, 8H), 3.60 (s, 6H).

S65



o .
Qo R

- L1o0

NC CN o
5 Lis
L2.0

L3.0
3DP-DMDP-IPN L35
o

L6.2 L4.0
® I
- _Lso

Les ¢

g
Elss

68 &

H
2160

8

i 70 g
@ é L6.5

2] [} [¥]

® 0 7.2
L7.0
L)
® @
[ 7.4 L7.5
DR s s e Es o e 8.0
7574 737271706968 676665 6463
Chemical shift (ppm)
5 y 5 5 ¥ 5 5 i 5

Chemical shift (ppm)

Supplementary Figure 48 COSY NMR data of 3DP-DMSO-IPN at RT (400 MHz, DMSO-ds).
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Supplementary Figure 49 NOESY NMR data of 3DP-DMSO-IPN at RT (400 MHz, DMSO-ds).
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Supplementary Figure 50 'H NMR data of 3DP-DCDP-IPN at RT (400 MHz, DMSO-ds). *H NMR (400 MHz, DMSO-
ds): & 7.40-7.35 (d, 4H), 7.30-7.25 (d, 8H), 7.13-7.07 (t, 8H), 7.05-7.00 (q, 2H), 6.90-6.75 (m, 16H).
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Supplementary Figure 51 COSY NMR data of 3DP-DCDP-IPN at RT (400 MHz, DMSO-dg).
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Supplementary Figure 52 NOSEY NMR data of 3DP-DCDP-IPN at RT (400 MHz, DMSO-dg).
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Supplementary Figure 53 '"H NMR data of 4-p-MCDP-IPN at RT (400 MHz, acetone-ds). *H NMR (400 MHz, acetone-
de): 5 7.64-7.57 (m, 8H), 7.39 (dd, 8H), 7.34-7.24 (m, 8H), 7.24-7.09 (m, 12H).
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Supplementary Figure 54 COSY NMR data of 4-p-MCDP-IPN at RT (600 MHz, acetone-ds).
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Supplementary Figure 55 NOESY NMR data of 4-p-MCDP-IPN at RT (400 MHz, acetone-ds).
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Supplementary Figure 56 **F NMR data of 4-p-MCDP-IPN at RT (565 MHz, DMSO-ds). **F NMR (377 MHz,
DMSO-ds): no peak
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Supplementary Figure 57 'H NMR data of 4-0,p-DCDP-IPN at RT (400 MHz, acetone-ds). *H NMR (400 MHz,
acetone-dg): 6 7.68-7.56 (m, 8H), 7.51 (d, 8H), 7.45 (d, 1H), 7.36 (d, 3H), 7.26-7.15 (m, 7H), 7.07 (d, SH).
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Supplementary Figure 58 COSY NMR data of 4-0,p-DCDP-IPN at RT (400 MHz, acetone-dg).
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Supplementary Figure 59 NOESY NMR data of 4-0,p-DCDP-IPN at RT (400 MHz, acetone-ds).
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Supplementary Figure 60 °F NMR data of 4-0,p-DCDP-IPN at RT (565 MHz, acetone-ds). °F NMR (565 MHz,
acetone-ds): no peak
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Supplementary Note 14. Validation of broad scope of aryl/alkyl halides
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Supplementary Figure 61 Gas chromatography (GC-FID) spectra for photoredox reductive dehalogenation of 4-

iodobenzonitrile. Yield was measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Supplementary Figure 62 '"H NMR data of photoredox reductive dehalogenation for 4-iodobenzonitrile (400 MHz,
DMSO-d¢); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 63 GC-FID spectra of photoredox reductive dehalogenation for 3-iodobenzonitrile. Yield was

measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Supplementary Figure 64 '"H NMR data of photoredox reductive dehalogenation for 3-iodobenzonitrile (400 MHz,
DMSO-dg); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 65 GC-FID spectra of photoredox reductive dehalogenation for 2-iodobenzonitrile. Yield was

measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.

S77



Substrate screening (2-iodobenzonitrile), 0 h
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Supplementary Figure 66 'H NMR data of photoredox reductive dehalogenation for 2-iodobenzonitrile (400 MHz,
DMSO-dg); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 67 GC-FID spectra of photoredox reductive dehalogenation for methyl-4-iodobenzoate. Yield

was measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Supplementary Figure 68 'H NMR data of photoredox reductive dehalogenation for methyl 4-iodobenzoate (400 MHz,
DMSO-d¢); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 69 GC-FID spectra of photoredox reductive dehalogenation for methyl-3-iodobenzoate. Yield

was measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Supplementary Figure 70 "H NMR data of photoredox reductive dehalogenation for methyl 3-iodobenzoate (400 MHz,
DMSO-de); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 71 GC-FID spectra of photoredox reductive dehalogenation for methyl-2-iodobenzoate. Yield

was measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Supplementary Figure 72 '"H NMR data of photoredox reductive dehalogenation for methyl 2-iodobenzoate (400 MHz,
DMSO-d¢); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 73 GC-FID spectra of photoredox reductive dehalogenation for 4-iodobenzaldehyde. Yield was

measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Supplementary Figure 74 'H NMR data of photoredox reductive dehalogenation for 4-iodobenzaldehyde (400 MHz,
DMSO-de); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 75 GC-FID spectra of photoredox reductive dehalogenation for 2-bromobenzonitrile. Yield was

measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Supplementary Figure 76 'H NMR data of photoredox reductive dehalogenation for 2-bromobenzonitrile (400 MHz,
DMSO-de); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 77 GC-FID spectra of photoredox reductive dehalogenation for 4-bromobenzonitrile. Yield was

measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Supplementary Figure 78 'H NMR data of photoredox reductive dehalogenation for 4-bromobenzonitrile (400 MHz,
DMSO-de); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 79 GC-FID spectra of photoredox reductive dehalogenation for 3-bromobenzonitrile. Yield was

measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Supplementary Figure 80 'H NMR data of photoredox reductive dehalogenation for 3-bromobenzonitrile (400 MHz,
DMSO-d¢); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 81 GC-FID spectra of photoredox reductive dehalogenation for 1-iodododecane. Yield was

measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Supplementary Figure 82 'H NMR data of photoredox reductive dehalogenation for 1-iodododecane (400 MHz,

CDCls); 1,3,5-trimethoxybenzene: 6 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 83 GC-FID spectra of photoredox reductive dehalogenation for methyl 4-bromobenzoate. Yield

was measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Supplementary Figure 84 'H NMR data of photoredox reductive dehalogenation for methyl 4-bromobenzoate (400

MHz, DMSO-de); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 85 GC-FID spectra of photoredox reductive dehalogenation for methyl 3-bromobenzoate. Yield

was measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Substrate screening (methyl 3-bromobenzoate), 0 h

Br 1H NMR (400 MHz, DMSO-dy):
5 8.07 (t, 1H), 7.98-7.96 (dt, 1H),
7.88-7.85 (dt, 1H), 7.5 (t, 1H),
3.7 (s, 3H)
CO,Me
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18.70__
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]
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Substrate screening (methyl 3-bromobenzoate), 24 h

H 14 NMR (400 MHz, DMSO-dy):
5 7.99-7.97 (m, 2H), 7.68-7.63 (it,
1H), 7.55-7.50 (t, 2H), 3.86 (s, 3H)

CO,Me
= — -
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192 098 1.96
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Supplementary Figure 86 '"H NMR data of photoredox reductive dehalogenation for methyl 3-bromobenzoate (400
MHz, DMSO-de); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 87 GC-FID spectra of photoredox reductive dehalogenation for methyl 2-bromobenzoate. Yield

©:Br
CO,Me

4DP-IPN (0.005 mol%)

L
Y

DIPEA (10.0 equiv.)
CH,CN, 455 nm, RT, 12 h
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4.2
/B
‘ ‘ ‘ BT ‘
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631 | <
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was measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Substrate screening (methyl 2-bromobenzoate), 0 h

1H NMR (400 MHz, DMSO-dg):

Br
5 7.78-7.75 (m, 2H), 7.53-7.47 (m,
2H), 7.88-7.85 (td, 1H), 7.5 (t, 1H),
CO;Me 3.7 (s, 3H)

7.9 7.8 : 7.7 76 i..s 7.4 73
Chemical shift (ppm)
T i !‘;F
10.0 9.5 9‘.0 8‘ 5 8‘.0 7‘.5 7‘.0 6‘.5 5‘40 5‘.5 5‘.0 4‘.5 4‘40 3‘.5 3‘.0 2‘.5 2.0 1.5 1.0 0.5 0.0
Chemical shift (ppm)
Substrate screening (methyl 2-bromobenzoate), 12 h
H 1H NMR (400 MHz, DMSO-d):
8 7.99-7.97 (m, 2H), 7.68-7.63 (it,
CO,Me 1H), 7.55-7.50 (t, 2H), 3.86 (s, 3H)
g2 81 80 79 78 77 76 75 7.4 73
Chemical shift (ppm)
L}U“ i (R
v ' b
! j y ! 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

Chemical shift (ppm)

Supplementary Figure 88 '"H NMR data of photoredox reductive dehalogenation for methyl 2-bromobenzoate (400

MHz, DMSO-de); 1,3,5-trimethoxybenzene: 6 6.09 (s, 3H), 3.71 (s, 9H).
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(e} (0]
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Supplementary Figure 89 GC-FID spectra of photoredox reductive dehalogenation for 4-bromoacetophenone. Yield

was measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Substrate screening (4-bromoacetophenone), 0 h

;
IH NMR (400 MHz, DMSO-dg):
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o]
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Substrate screening (4-bromoacetophenone), 8 h
H 14 NMR (400 MHz, DMSO-d):
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(tt, 1H), 7.55-7.50 (t, 2H)
o]
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P ! d f
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Supplementary Figure 90 'H NMR data of photoredox reductive dehalogenation for 4-bromoacetophenone (400 MHz,

DMSO-d¢); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 91 GC-FID spectra of photoredox reductive dehalogenation for 4-chlorobenzonitrile. Yield was

measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Substrate screening (4-chlorobenzonitrile), 0 h
cl '
'H NMR (400 MHz, DMSO-dy):
5 7.87-7.85 (dt, 2H), 7.68—7.65 (dt, 2H)
NC

I
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Substrate screening (4-chlorobenzonitrile), 22 h
H
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do 7.9 78 7.7 76 75 7.4
f1 (ppm)
UJ‘L. — A I
N 7 v |
100 95  do 85 s‘.o"N7‘.5 70 65 ws‘.o 5 o 45 40 35 Fo I5 o 15 1o o5 do
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Supplementary Figure 92 'H NMR data of photoredox reductive dehalogenation for 4-chlorobenzonitrile (400 MHz,

DMSO-d¢); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 93 GC-FID spectra of photoredox reductive dehalogenation for 4-iodoanisole. Yield was

measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Substrate screening (4-iodoanisole), 0 h

o
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Supplementary Figure 94 '"H NMR data of photoredox reductive dehalogenation for 4-iodoanisole (400 MHz, DMSO-
ds); 1,3,5-trimethoxybenzene: ¢ 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 95 GC-FID spectra of photoredox reductive dehalogenation for methyl 4-chlorobenzoate. Yield

was measured by GC-FID using 1,3,5-trimethoxybenzene as an internal standard.
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Substrate screening (methyl 4-chlorobenzoate), 0 h

Cl 1H NMR (400 MHz, DMSO-d,):
/©/ 5 8.00~7.95 (dd, 2H), 7.61-7.57
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Substrate screening (methyl 4-chlorobenzoate), 24 h
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Supplementary Figure 96 'H NMR data of photoredox reductive dehalogenation for methyl 4-chlorobenzoate (400

MHz, DMSO-de); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 97 GC-FID spectra of photoredox reductive dehalogenation for 4-chlorobenzamide.
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Substrate screening (4-chlorobenzamide), 0 h

cl *H NMR (400 MHz, DMSO-dg):
0 8.08-7.95 (broad, 1H),
7.90-7.88 (dd, 2H), 7.55-7.48

H,N
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1.04  2.10 210 1.02

g2 81 80 79 78 77 76 75 74 7.3
f1 (ppm)

-
)
-

16.0 9‘.5 9‘.0 8‘.5 8.0 7‘.5 7‘.0 6.5 6‘.0 5.5 5‘.0 4.5 4.0
f1 (ppm)

Substrate screening (4-chlorobenzamide), 24 h

H 1H NMR (400 MHz, DMSO-dg):
0 7.98-7.91 (broad, 1H), 7.90-7.85
H,N (dd, 2H), 7.55-7.50 (dd, 1H), 7.45—
7.41 (t, 1H),
o) 7.35-7.29 (broad, 1H)
2781 80 79 78 77 76 75 74 73 72 Fa .
f1 (ppm)
S i I
160 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 40 35 B 25 2o 1's 10 0.5 0.0
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Supplementary Figure 98 'H NMR data of photoredox reductive dehalogenation for 4-chlorobenzamide (400 MHz,
DMSO-d): 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H). Yield was measured by 'H NMR using 1,3,5-

trimethoxybenzene as an internal standard.
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Supplementary Figure 99 GC-FID spectra of photoredox reductive dehalogenation for 1-bromonaphthalene.
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Substrate screening (1-bromonaphthalene), 0 h

Br
1H NMR (400 MHz, DMSO-dg):

58.17-8.12 (d, 1H) 8.01-7.96 (dd, 2H)
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R gt B f i)
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Substrate screening (1-bromonaphthalene), 12 h
H
1H NMR (400 MHz, DMSO-dg):
© 7.95-7.86 (dd, 4H), 7.54-7.46 (dd, 4H)
g2 81 8.0 .7‘.9 78 77 76 F7‘.5 74 73
Chemical shift (ppm)
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: K 13 5 4 5 > i 1
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Supplementary Figure 100 '"H NMR data of photoredox reductive dehalogenation for 1-bromonaphthalene (400 MHz,
DMSO-d); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H). Yield was measured by 'H NMR using 1,3,5-

trimethoxybenzene as an internal standard.
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Supplementary Figure 101 GC-FID spectra of photoredox reductive dehalogenation for 1-chloronaphthalene.
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Substrate screening (1-chloronaphthalene), O h

al 1H NMR (400 MHz, DMSO-dg):
5 8.23-8.15 (d, 1H) 8.05-8.00 (d, 1H)
OO 7.98-7.90 (d, 1H) 7.73-7.61 (m, 3H),

7.54-7.49 (t, 1H)

0.86 0.92 0.96 2.64 0.93
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0.86 0.92 0.96 2.64 0.93 6.00 19.99
To 5 3 7 13 5 5 5 b T b
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Substrate screening (1-chloronaphthalene), 12 h

H
H NMR (400 MHz, DMSO-d,):
OO 5 7.95-7.86 (dd, 4H), 7.54—7.46 (dd, 4H)

2.50 2.50

g2 81 8o 79 78 77 76 75 74
Chemical shift (ppm)

G b

250 2.50 6.00 20.78
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Supplementary Figure 102 '"H NMR data of photoredox reductive dehalogenation for 1-chloronaphthaelene (400 MHz,
DMSO-ds); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H). Yield was measured by 'H NMR using 1,3,5-

trimethoxybenzene as an internal standard.
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Supplementary Figure 103 GC-FID spectra of photoredox reductive dehalogenation for 2-bromopyridine.
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Substrate screening (2-bromopyridine), 0 h

Ny~ B ™H NMR (400 MHz, DMSO-dy):
| / 88.4 (m, 1H), 7.78-7.75 (dt, 1H),
— 7.65-7.63 (d, 1H), 7.48-7.43 (m, 1H)
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Substrate screening (2-bromopyridine), 24 h
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1.53 0.81 Il
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160 95 do g5 8.0 75 7.0 6.5 6.0 sis s.o 45 4o 3s 30 25 2o 1's 10 0.5 0.0
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Supplementary Figure 104 'H NMR data of photoredox reductive dehalogenation for 2-bromopyridine (400 MHz,
DMSO-dy); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H). Yield was measured by '"H NMR using 1,3,5-

trimethoxybenzene as an internal standard.
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Supplementary Figure 105 GC-FID spectra of photoredox reductive dehalogenation for 2-chloropyridine.
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Substrate screening (2-chloropyridine), O h

¢l *H NMR (400 MHz, DMSO-d,):

N
| XY 58.4 (m, 1H), 7.88-7.82 (td, 1H),
— 7.5 (d, 1H), 7.42-7.38 (dd, 1H)
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Substrate screening (2-chloropyridine), 24 h
N~ 1H NMR (400 MHz, DMSO-dy):
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8.5 do 75
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Supplementary Figure 106 '"H NMR data of photoredox reductive dehalogenation for 2-chloropyridine (400 MHz,
DMSO-dy); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H). Yield was measured by 'H NMR using 1,3,5-

trimethoxybenzene as an internal standard.
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Supplementary Figure 107 GC-FID spectra of photoredox reductive dehalogenation for 1-bromododecane.
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Substrate screening (1-bromododecane), 0 h

e 1 HNMR (400 MHz, CDCL):
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Supplementary Figure 108 'H NMR data of photoredox reductive dehalogenation for 1-bromododecane (400 MHz,
CDCls); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H). Yield was measured by 'H NMR using 1,3,5-

trimethoxybenzene as an internal standard.
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Supplementary Figure 109 GC-FID spectra of photoredox reductive dehalogenation for bromobenzene. Due to high

injection-temperature of GC-FID, benzene product was not observed in our GC-FID system. Therefore, we evaluated

the conversion and yield from "H NMR using 1,3,5-trimethoxybenzene as an internal standard.
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Substrate screening (bromobenzene), 0 h
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Supplementary Figure 110 'H NMR data for photoredox reductive dehalogenation for bromobenzene (400 MHz,
DMSO-d); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H). Yield was measured by 'H NMR using 1,3,5-

trimethoxybenzene as an internal standard.
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Supplementary Figure 111 GC-FID spectra for photoredox reductive dehalogenation for 2-bromoanisole.
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Substrate screening (2-bromoanisole), 0 h
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Supplementary Figure 112 'H NMR data for photoredox reductive dehalogenation for 2-bromoanisole (400 MHz,
DMSO-ds); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H). Yield was measured by 'H NMR using 1,3,5-
trimethoxybenzene as an internal standard.
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Supplementary Figure 113 GC-FID spectra for photoredox reductive dehalogenation for 4-bromoanisole.
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Substrate screening (4-bromoanisole), 0 h
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Supplementary Figure 114 'H NMR data for photoredox reductive dehalogenation for 4-bromoanisole (400 MHz,
DMSO-d); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H). Yield was measured by 'H NMR using 1,3,5-

trimethoxybenzene as an internal standard.
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Supplementary Figure 115 GC-FID spectra for photoredox reductive dehalogenation for chlorobenzene. Due to high
injection-temperature of GC-FID, chlorobenzene and benzene product was not observed in our GC-FID system.

Therefore, we evaluated the conversion and yield from "H NMR using 1,3,5-trimethoxybenzene as an internal standard.
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Supplementary Figure 116 'H NMR data for photoredox reductive dehalogenation for chlorobenzene (400 MHz,
DMSO-d); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H). Yield was measured by 'H NMR using 1,3,5-

trimethoxybenzene as an internal standard.
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Supplementary Figure 117 GC-FID spectra for photoredox reductive dehalogenation for 2-chloro-4-fluoroanisole.
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Substrate screening (2-chloro-4-fluoroanisole), 0 h
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Substrate screening (2-chloro-4-fluoroanisole), 48 h
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Supplementary Figure 118 "H NMR data for photoredox reductive dehalogenation for 2-chloro-4-fluoroanisole (400
MHz, DMSO-d); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H). Yield was measured by 'H NMR using 1,3,5-

trimethoxybenzene as an internal standard.

S130



/©/C' 4DP-IPN (5 mol%) /©/H
~o DIPEA (10.0 equiv.) ~o

CH5CN, 455 nm, RT, 48 h

1x10°

0

4x10° 1

. A 10.95 15'471,3,5-trimethoxybenzene Oh
2x10° \ r
0

4x10° -

2x10° 6.90 1099 (055 48h

Time (min)

Supplementary Figure 119 GC-FID spectra for photoredox reductive dehalogenation for 4-chloroanisole. Yield was

measured by '"H NMR using 1,3,5-trimethoxybenzene as an internal standard.
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Substrate screening (4-chloroanisole), 0 h
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Supplementary Figure 120 '"H NMR data for photoredox reductive dehalogenation for 4-chloroanisole (400 MHz,
DMSO-d¢); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H).
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Supplementary Figure 121 GC-FID spectra for photoredox reductive dehalogenation for 2-chloroanisole.
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Substrate screening (2-chloroanisole), 0 h
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Supplementary Figure 122 '"H NMR data for photoredox reductive dehalogenation for 2-chloroanisole (400 MHz,
DMSO-d); 1,3,5-trimethoxybenzene: & 6.09 (s, 3H), 3.71 (s, 9H). Yield was measured by 'H NMR using 1,3,5-

trimethoxybenzene as an internal standard.
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Supplementary Note 15. Gram-scaled reaction of photoredox reductive dehalogenation

/©/Bf 4DP-IPN (0.01mol%) /©/H
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Supplementary Figure 123 Gram-scaled reaction was performed with 4-bromobenzonitrile (3.0 g, 16.48 mmol),
DIPEA (10.0 equiv.) and 4DP-IPN (0.01 mol%) in CH3CN (0.55 M) under illumination of four 3W 455 nm LEDs under
ambient conditions without any degassing process in 250 mL one-neck round flask. Due to solubility issue, an internal
standard was not involved. Yield was determined by conversion of starting material because of no side-reaction in GC
or NMR data.

S135



Gram-scaled reaction (4-bromobenzonitrile), 0 h
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Gram-scaled reaction (4-bromobenzonitrile), 24 h
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Supplementary Figure 124 'H NMR data for gram-scaled photoredox reductive dehalogenation for 4-
bromobenzonitrile (400 MHz, DMSO-ds).
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