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1. General Information:

Reagents and materials were purchased from commercial suppliers (reagent grade quality) and
were used without further purification unless stated. 1,2-Dichlorobenzene was passed through
alumina plug, dried over MS4A, and degassed with nitrogen bubbling. Main precursors N-
octyl-1,4,5,8-napthalenetetracarboxylicmonoanhydride 251 and 5-bromo-10,15-
diphenylsubporphyrin 131521 were synthesized according to the reported procedures. The
spectroscopic studies were carried out in spectroscopic grade solvents. Silica gel column
chromatography was performed on Wakogel C200, C300, and C400 unless otherwise noted.
Alumina column chromatography was performed on Sumitomo y-Alumina KCG-1525W
(Blockmann grade I1). Thin-layer chromatography (TLC) was carried out on aluminium sheets
coated with silica gel 60 F254 (Merck 5554). High-resolution atmospheric-pressure-chemical-
ionization time-of-flight mass-spectrometry (HR-APCI-TOF-MS) was recorded on a
BRUKER micrOTOF model using positive-ion mode. The NMR solvent CDCls was purified
by passing through a short pad of aluminium oxide prior to use. *H, 1B, and **C NMR spectra
were recorded on a JEOL delta-ECA600 spectrometer, and chemical shifts were reported in
ppm (8 scale) relative to internal standards CHCls (8 = 7.26 ppm for *H, 77.23 ppm for 1*C),
and an external standard BF3.OEt, in CDCls (5 = 0.00 ppm for !B). UV/Visible absorption
spectra were recorded on a Shimadzu UV-3600 spectrometer and a Shimadzu UV-2550
spectrometer. Fluorescence spectra were recorded on a Shimadzu RF-5300PC spectrometer.
Absolute fluorescence quantum yields were determined on a HAMAMATSU C9920-02S.
Single-crystal diffraction analysis data were collected at —180 °C with a Rigaku XtaLAB P200
by using graphite monochromated Cu-Ko radiation (4 = 1.54187 A). The structures were solved
by direct methods (SHELXS-97) and refined with full-matrix least square technique
(SHELXL-2014/7). Redox potentials were measured by the cyclic voltammetry and
Differential pulse voltammetry method on an ALS660 electrochemical analyzer model.



2. Synthesis and spectral characterization:
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2: This compound was synthesized according to the reported procedure. S
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2a. General procedure for the synthesis of 4-bromo-aryl-NDI-derivatives:

A mixture of compound 2 (0.1 mmol, 1 eq), 4-bromo aniline derivatives (0.13 mmol, 1.3 eq)
and sodium acetate (0.15 mmol, 1.5 eq) in acetic acid (5 mL) was placed in a 25 mL Schlenk
tube. The mixture was refluxed for overnight. After completion of the reaction, the crude



mixture was cooled to room temperature. Addition of water to this reaction mixture caused
precipitates, which were washed with saturated sodium hydrogen carbonate and water. The
compound was purified by column chromatography using silica gel (C300, in DCM:n-
hexane:Et,0 = 1:3:1) to afford target molecules in 65-75% vyield.

3: This compound was synthesized and purified according to the general procedure.

Br Br
0.0._0
NH, o _N_O
OO 1.5 eq CH;COONa
 E—
Y
(o} I:l o
CgHy7 O“"N"™0
CgHy7
2 65% 3

'H NMR (600 MHz, CDCla); 6/ppm = 8.80 (m, 4H, NDI), 7.71 (d, J = 8.6 Hz, 2H, Ph), 7.21
(d, J =8.6 Hz, 2H, Ph), 4.24 — 4.17 (m, 2H, alkyl-a-CH>), 1.76 (dt, J = 15, 7.3 Hz, 2H, alkyl-
CHy), 1.44 (dt, J = 15, 7.3 Hz, 2H, alkyl-CHy), 1.40 — 1.34 (m, 2H, alkyl-CH>), 1.34 — 1.25 (m,
6H, alkyl-CH,), and 0.88 (t, J = 7.0 Hz, 3H, alkyl-CHs); 1*C NMR (151 MHz, CDCls); 6/ppm
= 162.99, 162.85, 133.75, 132.99, 131.65, 131.20, 130.44, 127.30, 127.29, 127.21, 127.01,
126.63, 123.49, 41.29, 31.99, 29.47, 29.38, 28.27, 27.29, 22.83, and 14.28; HR-APCI-TOFMS:
m/z calcd for [CagH2sBrN204]" = 532.0998; found = 533.1033 ([M+H]").

4: This compound was synthesized and purified according to the general procedure.
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NH, O _N_O
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'H NMR (600 MHz, CDCls); § = 8.81 (s, 4H), 7.58 (d, J = 1.7 Hz, 1H), 7.51 (ddd, J = 8.3, 2.2,
0.4 Hz, 1H), 7.09 (d, J = 8.3 Hz, 1H), 4.25 — 4.19 (m, 2H), 2.15 (s, 3H), 1.76 (dt, J = 15.2, 4.6
Hz, 2H), 1.44 (dt, J = 14.6, 6.9 Hz, 2H), 1.37 (ddd, J = 14.0, 9.5, 6.7 Hz, 2H), 1.34 — 1.24 (m,
6H), and 0.88 (t, J = 7.0 Hz, 3H); *C NMR (151 MHz, CDCls); § = 162.91, 162.67, 131.74,
131.24, 127.44, 127.39, 126.61, 32.01, 29.49, 29.40, 28.31, 27.30, 22.84, 17.73, and 14.29;
MS: m/z calcd for Ca9H27BrN204 = 546.1154; found = 547.1219 (M+1).

5: This compound was synthesized and purified according to the general procedure.
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'H NMR (600 MHz, CDCls); 8/ppm = 8.79 (m, 4H, NDI), 7.73 (d, J = 8.3 Hz, 1H, Ph), 7.21
(d, J = 2.5 Hz, 1H, Ph), 7.03 (ddd, J = 8.3, 2.5 Hz, 1H, Ph), 4.24 — 4.18 (m, 2H, alkyl-a-CH>),
2.47 (s, 3H, CHz3), 1.75 (m, 2H, alkyl-CH>), 1.47 — 1.41 (m, 2H, alkyl-CH>), 1.40 — 1.34 (m,
2H, alkyl-CHy), 1.33 — 1.24 (m, 6H, alkyl-CH), and 0.88 (t, J = 7.0 Hz, 3H, alkyl-CH3); *C
NMR (151 MHz, CDCl); é/ppm = 163.10, 162.91, 133.82, 133.70, 131.65, 131.23, 130.91,
127.53, 127.31, 127.05, 126.70, 32.01, 29.49, 29.40, 28.30, 27.31, 23.33, 22.84, and 14.29;
HR-APCI-TOFMS: m/z calcd for [C2sH27BrN204]* = 546.1154; found = 547.1218 ([M+H]*).

6: This compound was synthesized and purified according to the general procedure.

Br Br
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75%  CsHi7
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IH NMR (600 MHz, CDCls); 6/ppm = 8.82 (s, 4H, NDI), 7.40 (s, 2H, Ph), 4.24 — 4.20 (m, 2H,
alkyl-0-CHy), 2.11 (s, 6H, CHs), 1.76 (m, 2H, alkyl-CH>), 1.46 — 1.41 (m, 2H, alkyl-CHy), 1.40
—1.34 (m, 2H, alkyl-CH,), 1.33 — 1.25 (m, 6H, alkyl-CH), and 0.88 (m, 3H, alkyl-CHs); 13C
NMR (151 MHz, CDClz3); o/ppm = 162.90, 162.23, 137.88, 132.56, 131.83, 131.77, 131.23,
127.58, 127.41, 127.15, 126.47, 123.23, 41.27, 32.00, 29.49, 29.39, 28.30, 27.28, 22.83, 17.92,
and 14.29; HR-APCI-TOFMS: m/z calcd for [C3oH20BrN2O4]" = 560.1311; found = 561.1365
(IM+H]").

7: This compound was synthesized and purified according to the general procedure.
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'H NMR (600 MHz, CDCls); 6/ppm = 8.82 — 8.79 (m, 4H, NDI), 7.60 (s, 1H, Ph), 7.09 (s, 1H,
Ph), 4.26 — 4.19 (m, 2H, alkyl-a-CH), 2.41 (s, 3H, CH3), 2.11 (s, 3H, CH3), 1.76 (dt, J = 15.1,
7.3 Hz, 2H, alkyl-CH,), 1.44 (dt, J = 15.1, 7.3 Hz, 2H, alkyl-CH,), 1.38 (dt, J = 15.1, 6.9 Hz,
2H, alkyl-CHy), 1.34 — 1.27 (m, 6H, alkyl-CH), and 0.88 (t, J = 6.9 Hz, 3H, alkyl-CH3); *C
NMR (151 MHz, CDCl); é/ppm = 162.86, 162.68, 137.19, 135.17, 134.91, 133.08, 131.65,
131.19, 130.61, 127.36, 127.29, 127.05, 126.60, 126.07, 41.25, 31.98, 29.46, 29.37, 28.27,
27.27, 22.81, 22.71, 17.13, and 14.27; HR-APCI-TOFMS: m/z calcd for [CsoH29BrN2O4]* =
560.1311; found = 561.1349 ([M+H]").

2b. General procedure for the synthesis of 4-Bpin-aryl-NDI-derivatives:

A 25 mL Schlenk tube was filled with N2 and charged with NDI-Ar-Br (3-7) (0.1 mmol, 1 eq),
bis(pinacolato)diboron (0.2 mmol, 2 eq), KOAc (0.4 mmol, 4 eq), and PdCl2(dppf) (0.02 mmol,
20 mol%). A dry dimethoxyethane (DME) (10 mL) was added via syringe, and the resulting
solution was purged with N for 20 min. The reaction mixture was refluxed for overnight. After
completion of the reaction, the solution was cooling down to room temperature and the
products were extracted with EtOAc. The extract was dried over Na,SO4 and concentrated by
a rotary evaporator. The compound was purified by column chromatography using silica gel
(C300, in DCM:n-hexane:Et>0 1:3:1) to afford target molecules 8-12 in 35-60% yield. (Note:
The compound was tending to be adsorbed onto silica gel, thus we have done separation by
column chromatography quickly and the separated compound was used for the next step
without further purification.)

8: This compound was synthesized and purified according to the general procedure.
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'H NMR (600 MHz, CDCls); 6/ppm = 8.80 (m, 4H, NDI), 8.03 (d, J = 8.2 Hz, 2H, Ph), 7.33
(d, J=8.2 Hz, 2H, Ph), 4.25 — 4.15 (m, 2H, alkyl-a-CHy), 1.75 (m, 2H, alkyl-CH>), 1.47 — 1.42
(m, 2H, alkyl-CH>), 1.30 (m, 8H, alkyl-CH>), and 0.88 (t, J = 7.0 Hz, 3H, alkyl-CHs); **C NMR
(151 MHz, CDCls); d/ppm = 163.10, 162.99, 136.23, 131.56, 131.22, 127.99, 84.29, 41.28,
32.02, 29.50, 29.40, 28.31, 27.31, 25.09, and 22.85, 14.29; HR-APCI-TOFMS: m/z calcd for
CasH37BN206 = 580.2745; found = 580.2797 ([M+H]").

9: This compound was synthesized and purified according to the general procedure.
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'H NMR (600 MHz, CDCls); 6/ppm = 8.80 (m, 4H, NDI), 7.88 (s, 1H, Ph), 7.83 (d, J = 7.6 Hz,
1H, Ph), 7.23 (d, J = 7.6 Hz, 1H, Ph), 4.24 — 4.18 (m, 2H, alkyl-a-CH), 2.18 (s, 3H, CHs3),
1.76 (m, alkyl-CH), 1.44 (m, 2H, alkyl-CH), 1.32 — 1.24 (m, 6H, alkyl-CH>), and 0.88 (t, J =
7.0 Hz, 3H, alkyl-CH3); *C NMR (151 MHz, CDCls); 6/ppm = 162.98, 162.67, 137.89, 135.19,
133.87, 131.58, 131.20, 128.01, 127.45, 127.45, 127.21, 126.83, 84.22, 41.25, 32.00, 29.49,
29.39, 28.30, 27.29, 25.07, 22.83, 17.57, and 14.28; HR-APCI-TOFMS: m/z calcd for
[CasH39BN206] " = 594.2901; found = 595.2985 ([M+H]").

10: This compound was synthesized and purified according to the general procedure.

Bpin

O N_O O N_O
(Bpin)y, PACl,(dppf)

99 > LI

KOAc, DME, 80 °C, N,

0>N"o 0>*N"o
CgHq7 40% CgHq7
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IH NMR (600 MHz, CDCls); 6/ppm = 8.81 — 8.76 (m, 4H, NDI), 7.99 (d, J = 8.5 Hz, 1H, Ph),
7.14 — 7.10 (m, 2H, Ph), 4.23 — 4.17 (m, 2H, alkyl-0-CHy), 2.62 (s, 3H, CHs), 1.75 (m, 2H,
alkyl-CH>), 1.48 — 1.41 (m, 2H, alkyl-CH), 1.35 — 1.20 (m, 8H, alkyl-CH>), and 0.88 (t, J =
6.9 Hz, 3H, alkyl-CHs); 3C NMR (151 MHz, CDCls); 5/ppm = 163.12, 163.00, 146.97, 137.54,
137.39, 136.89, 131.51, 131.20, 129.96, 129.47, 127.26, 127.14, 127.04, 124.57, 83.86, 41.26,
32.01, 29.49, 29.39, 28.30, 27.30, 25.20 — 24.96 (m), 22.84, 14.30, and 14.28. HR-APCI-
TOFMS: m/z calcd for [C3sH33sBN206]" = 594.2901; found = 595.2992 ([M+H]").



11: This compound was synthesized and purified according to the general procedure.
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'H NMR (600 MHz, CDCls); 6/ppm = 8.81 (m, 4H, NDI), 7.70 (s, 2H, Ph), 4.24 — 4.19 (m, 2H,
alkyl-a-CHy), 2.15 (s, 6H, CH3), 1.79 — 1.72 (m, 2H, alkyl-CH,), 1.46 — 1.40 (m, 2H, alkyl-
CH>), 1.29 (m, 8H, alkyl-CH>), and 0.88 (t, J = 6.9 Hz, 3H, alkyl-CHs); 13C NMR (151 MHz,
CDCl); d/ppm= 163.02, 162.26, 136.14, 135.32, 134.93, 131.65, 131.23, 127.63, 127.29,
126.74, 84.18, 77.44, 77.23, 77.02, 41.26, 32.02, 29.51, 29.41, 28.32, 27.30, 25.08, 22.85,
17.85, and 14.30; HR-APCI-TOFMS: m/z calcd for [C3sH41BN20Os]* = 608.3058; found =
609.3155 ([M+HT".

12: This compound was synthesized and purified according to the general procedure.

O _N_O O_N_O
(Bpin),, PdCI,(dppf)
_

OO KOAc, DME, 80 °C, N, OO
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IH NMR (600 MHz, CDCls); 6/ppm = 8.80 (m, 4H, NDI), 7.83 (s, 1H, Ph), 7.02 (s, 1H, Ph),
4.24 — 4.19 (m, 2H, alkyl-a-CH>), 2.56 (s, 3H, CH3), 2.13 (s, 3H, CHg3), 1.75 (m, 2H, alkyl-
CH2), 1.44 (m, 3H, alkyl-CH>), 1.29 (m, 8H, alkyl-CH>), and 0.88 (t, J = 7.0 Hz, 3H, alkyl-
CHs3); 13C NMR (151 MHz, CDCls); 6/ppm = 163.02, 162.73, 144.39, 139.01, 136.12, 131.83,
131.56, 131.21, 129.64, 127.45, 127.45, 127.19, 126.89, 83.81, 41.26, 32.01, 29.50, 29.40,
28.31, 27.30, 25.11, 22.84, 21.97, 17.07, and 14.29; HR-APCI-TOFMS: m/z calcd for
[CasH41BN20g]* = 608.3058; found = 609.3143 ([M+H]").

13: This compound was synthesized according to the reported procedure. 52
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2c. General procedure for the synthesis of SubP-XMe-NDI-derivatives:

A 25 ml Schlenk tube was charged with 5-bromo-10,15-diphenylsubporphyrin 13 (10
mg, 0.020 mmol, 1 eq), NDI-Ar-Bpin (8-12) (3 eq), Pd(PPhs)2Cl. (10 mol%), and Na.COz (10
eq) and purged with N2. A 10 mL mixture of THF/H20 (8:2) was added via syringe, and the
resulting solution was purged with N2 for 10 min. The reaction mixture was heated at 65 °C
for 6 h. After the completion of reaction, the solution was cooling down to room temperature
and products were extracted with DCM and the extract was dried over Na.SOs and
concentrated by a rotary evaporator. The resulting crude mixture was subjected to the usual
axial exchange conditions (DCM/MeOH 50 °C)5% followed by removal of the solvent by a
rotary evaporator. The crude mixture was partially purified by column chromatography through
a silica gel column (DCM:n-hexane:Et,0O 1:2:1). The final purification was carried out through
recycle GPC by eluting CHCI3 as a solvent and yielding pure target molecules SubP-XMe-
NDI in 50-60% yield.

SubP-NDI: This compound was synthesized and purified according to the general procedure
by using meso-bromosubporphyrin 13 (10 mg, 0.020 mmol), 8 (35 mg, 0.060 mmol),
Pd(PPhs).Cl. (1.5 mg, 10 mol%), and Na,CO3 (21 mg, 0.20 mmol).

( N\
Bpin
20 eq. Na,CO;4
o..N__O 10 mol% Pd(PPh;),Cl,
»
L4
+ OO THF:H,0 (4:1), 6 h, N,
O0“"'N"™0
CgHqz
13 8
SubP-NDI
\\ J

IH NMR (600 MHz, CDCls); 8/ppm = 8.91 (d, J = 7.5 Hz, 2H, NDI), 8.87 (d, J = 7.5 Hz, 2H,
NDI), 8.28 (m, 2H, Ph), 8.25 (m, 2H, ), 8.18 (m, 2H, B), 8.15 (s, 2H, B), 8.11 — 8.07 (m, 4H,
Ph), 7.72 (t, J = 7.5 Hz, 4H, Ph), 7.68 (d, J = 8.3 Hz, 2H, Ph), 7.63 (t, J = 7.5 Hz, 2H, Ph), 4.28
—4.22 (m, 2H, alkyl-a-CHy), 1.80 (dt, J = 15.4, 7.6 Hz, 2H, alkyl-CH,), 1.50 — 1.44 (m, 2H,
alkyl-CH>), 1.41 (dd, J = 14.4, 7.4 Hz, 2H, alkyl-CH), 1.31 (m, 6H, alkyl-CH>), 0.90 (t, J =



6.9 Hz, 3H, alkyl-CH3), and 0.86 (s, 3H, OCHj3); *C NMR (151 MHz, CDCls); 6/ppm = 163.43,
162.99, 141.29, 141.18, 140.67, 137.37, 134.24, 133.46, 131.76, 131.34, 129.04, 128.89,
128.86, 128.07, 127.41, 127.37, 126.94, 122.74, 122.55, 122.38, 47.05, 41.35, 32.03, 29.93,
29.52, 29.42, 28.34, 27.34, 22.86, and 14.31; B NMR (193 MHz, CDCls); é/ppm = —16.15;
MALDI-TOFMS: m/z calcd for [CssHa1BN5O4]" = 846.3252 [M-OMe]™; found = 846.26 ([M—
OMe]*); UV-Vis (DCM): Ama/nm (&/(10° M-t cm 1)) = 374 (1.68), 460 (0.13), 486 (0.11).

SubP-2Me-NDI: This compound was synthesized and purified according to the general
procedure by using meso-bromo subporphyrin 13 (10 mg, 0.020 mmol), 9 (36 mg, 0.060
mmol), Pd(PPhs).Cl> (1.5 mg, 10 mol%), and Na.COz (21 mg, 0.20 mmol).

Bpin

20 eq. Na,CO
N 2003
° o 10 mol% Pd(PPh;),Cl,
»

L
OO THF:H,O (4:1), 6 h, N,

02*N"0
CgHy7

SubP-2Me-NDI
\. J

'H NMR (600 MHz, CDCls): 8/ppm = 8.92 (dd, J = 7.5, 1.2 Hz, 2H, NDI), 8.88 (dd, J = 7.5,
1.2 Hz, 2H, NDI), 8.25 (dd, J = 4.4, 1.5 Hz, 2H, f5), 8.19 — 8.16 (m, 3H, 4, Ph), 8.14 (d, J = 1.5
Hz, 2H, £), 8.09 (d, J = 7.8 Hz, 4H, Ph), 8.06 (s, 1H, Ph), 7.72 (t, J = 7.5 Hz, 4H, Ph), 7.63 (t,
J =75 Hz, 2H, Ph), 7.56 (d, J = 7.8 Hz, 1H, Ph), 4.27 — 4.22 (m, 2H, alkyl-0-CH,), 2.42 (s,
3H, CHa), 1.79 (dd, J = 14.4, 7.0 Hz, 2H, alkyl-CHy), 1.47 (dd, J = 14.4, 7.0 Hz, 2H, alkyl-
CHy), 1.44 — 1.37 (m, 2H, alkyl-CHy), 1.37 — 1.27 (m, 6H, alkyl-CH,), 0.90 (t, J = 6.9 Hz, 3H,
alkyl-CHg), and 0.86 (s, 3H, OCHz); !B NMR (193 MHz, CDCls); §/ppm = -16.16; 13C NMR
(151 MHz, CDCls); o/ppm = 163.05, 163.00, 141.27, 141.19, 138.80, 137.42, 136.41, 136.12,
135.95, 133.92, 133.55, 133.38, 132.04, 131.78, 131.34, 128.92, 128.78, 127.58, 127.41,
127.21, 126.88, 122.72, 122.60, 122.53, 121.01, 119.42, 47.07, 47.04, 41.33, 32.03, 29.52,
29.42, 28.34, 27.33, 22.86, 18.33, 18.20, and 14.30; MALDI-TOFMS: m/z calcd for
[CssH43BNsO]* = 860.3408 ([M-OMe]*); found = 860.38 ([M—-OMe]*); UV-Vis (DCM):
Jmadnm (£/(105 M-t cmrt)) = 374 (2.41), 459 (0.17), 486 (0.13).

SubP-3Me-NDI: This compound was synthesized and purified according to the general
procedure by using meso-bromo subporphyrin 13 (10 mg, 0.020 mmol), 10 (36 mg, 0.060
mmol), Pd(PPhs)2Cl, (1.5 mg, 10 mol%), and Na,COs3 (21 mg, 0.20 mmol).

Note: This compound exists in 4:1 ratio of exo:endo atropisomers. Which relates to the reported
meso-aryl-subporphyrin nitro derivative.[S

10



Bpin

20 eq. Na,CO
O _N_O 2~~'3
10 mol% Pd(PPh;),Cl,
»

»  o_N_O
THF:H,0 (4:1), 6 h, N,
oH o 99¢

CgHq7
13 O“°N"™O0

10 CsH17 500,

SubP-3Me-NDI
\ J

IH NMR (600 MHz, CDCls); 8/ppm = 8.92 — 8.88 (m, 2H, NDI), 8.86 (m, 2H, NDI), 8.13 (d,
J=1.5Hz, 2H, B), 8.08 (t, J = 11.5 Hz, 6H, B, Ph), 8.02 — 7.97 (m, 2H, ), 7.70 (m, 4H, Ph),
7.61 (m, 3H, Ph), 7.30 (s, 2H, Ph), 4.24 (t, J = 7.4 Hz, 2H, alkyl-a-CH>), 2.92 (s, 3H, CHs3),
1.83 - 1.74 (m, 2H, alkyl-CH>), 1.50 — 1.25 (m, 10H, alkyl-CH>), 0.94 (s, 3H, OCH?3), 0.89 (t,
J = 6.1 Hz, 3H, CHs); 1B NMR (193 MHz, CDCls); 8/ppm = -15.96; 3C NMR (151 MHz,
CDCls); 6 = 163.45, 163.00, 142.48, 141.40, 141.30, 141.15, 137.40, 134.93, 134.71, 134.21,
133.47, 133. 44, 131.69, 131.34, 130.47, 128.85, 128.82, 128.03, 127.40, 127.34, 127.16,
127.00, 125.69, 122.45, 122.40, 121.58, 121.15, 118.28, 47.22, 47.08, 41.34, 32.03, 29.52,
29.42, 28.34, 27.34, 22.86, 22.53, 20.49, 14.31; MALDI-TOF-MS: m/z calcd for CsH43BN5O4
= 860.3408 ([M-OMe]™); found = 860.34 ([M-OMe]*); UV-Vis (DCM): Amax(nm) (g x 10° [M"
lem?]) = 369 (2.00), 457 (0.15), 480 (0.08).

SubP-2,6DiMe-NDI: This compound was synthesized and purified according to the general
procedure by using meso-bromo subporphyrin 13 (10 mg, 0.020 mmol), 11 (37 mg, 0.060
mmol), Pd(PPhs)2Cl, (1.5 mg, 10 mol%), and Na,COs3 (21 mg, 0.20 mmol).

Bpin

o_.N__O 20 eq. Na,CO3
10 mol% Pd(PPh;),Cl,
G

L4
OO THF:H,O (4:1), 6 h, N,

07~"N"So
CgHy7 PN
13 )
11 CgH47 60 %
SubP-2,6DiMe-NDI
_ Y,

11



'H NMR (600 MHz, CDCls); 6/ppm = 8.92 (d, J = 7.5 Hz, 2H, NDI), 8.88 (d, J = 7.5 Hz, 2H,
NDI), 8.26 (d, J = 4.5 Hz, 2H, f), 8.17 (d, J = 4.5 Hz, 2H, f), 8.13 (s, 2H, p), 8.11 — 8.07 (m,
4H, Ph), 7.95 (s, 2H, Ph), 7.71 (t, J = 7.7 Hz, 4H, Ph), 7.65 — 7.61 (m, 2H, Ph), 4.29 — 4.23 (m,
2H, alkyl-a-CHy), 2.37 (s, 6H, CHs), 1.78 (dd, J = 15.3, 7.8 Hz, 2H, alkyl-CHy), 1.46 (dd, J =
15.3, 7.8 Hz, 2H, alkyl-CHy), 1.40 (dd, J = 9.7, 5.7 Hz, 2H, alkyl-CHy), 1.31 (m, 8H, alkyl-
CHy), 0.90 (t, J = 6.9 Hz, 3H, alkyl-CHs), and 0.85 (s, 3H, OCHs); !B NMR (193 MHz,
CDCls); d/lppm = —16.15; *C NMR (151 MHz, CDCl); é/ppm = 163.00, 162.62, 141.26,
141.18, 140.63, 138.39, 137.45, 136.06, 133.54, 133.38, 131.82, 131.34, 128.91, 128.76,
128.11,127.94,127.72,127.44,127.25, 126.77, 122.58, 122.55, 120.91, 120.71, 119.72, 47.06,
47.04,41.32,32.03, 29.52, 29.42, 28.34, 27.32, 22.86, 18.55, 18.43, 14.32, and 14.30; MALDI-
TOFMS: m/z calcd for [Cs7HasBNsO4] "= 874.3565 ([M—OMe]™); found = 874.31 ([M-OMe]");
UV-Vis (DCM): Zmax/nm (£/(10° M~ cm L)) = 374 (2.05), 460 (0.16), 485 (0.13).

SubP-3,6DiMe-NDI: This compound was synthesized and purified according to the general
procedure by using meso-bromo subporphyrin 13 (10 mg, 0.020 mmol), 12 (37 mg, 0.060
mmol), Pd(PPhs)2Cl> (1.5 mg, 10 mol%), and Na.COs (21 mg, 0.20 mmol).

Note: This compound exists in 4:1 ratio of exo:endo atropisomers.[5*!

Bpin

O._N__O 20 eq. Na,CO;3
10 mol% Pd(PPh3)2C|2
»

L4
OO THF:H,0 (4:1), 6 h, N,

0”>N"So
CgHq7

12

SubP-3,6DiMe-NDI
- J

IH NMR (600 MHz, CDCls); 6/ppm = 8.91 (dd, J = 7.5, 3.8 Hz, 2H, NDI), 8.87 (dd, J = 7.5,
3.8 Hz, 2H, NDI), 8.12 (s, 2H, ), 8.11 — 8.05 (m, 6H, 8, Ph), 8.01 (d, J = 4.5 Hz, 2H, B), 7.70
(ddd, J = 9.4, 6.7, 3.7 Hz, 4H, Ph), 7.61 (ddd, J = 7.0, 2.3, 1.2 Hz, 2H, Ph), 7.50 (s, 1H, Ph),
7.14 (s, 1H, Ph), 4.26 — 4.22 (m, 2H, alkyl-a-CHy), 2.86 (s, 3H, CH3), 2.16 (s, 3H, CHz), 1.79
(dt, J = 15.4, 7.6 Hz, 2H, alkyl-CHy), 1.49 — 1.24 (m, 14H, alkyl-CHy), 0.93 (s, 3H, OCH3),
and 0.92 — 0.86 (m, 3H, alkyl-CHs); 1*B NMR (193 MHz, CDCls); &/ppm = —15.95; 3C NMR
(151 MHz, CDCls); o/ppm = 163.07, 163.01, 142.48, 141.48, 141. 40, 141.28, 137.45, 133.56,
133.53, 133.36, 132.84, 131.76, 131.72, 131.68, 131.39, 131.35, 128.89, 128.77, 128.74,
128.09, 127.93, 127.37, 126.95, 126.92, 122.47, 122.28, 121.05, 47.23, 47.19, 41.33, 32.03,
29.91, 29.52, 29.42, 28.34, 27.33, 22.86, 17.60, 17.49, 14.32, and 14.30; MALDI-TOFMS: m/z
calcd for [Cs7HasBNsO4]* = 874.3565 ([M—-OMe]*); found = 874.44 ([M-OMe]*); UV—Vis
(DCM): Amax/nm (e/(10° M2 cmY)) = 369 (2.01), 457 (0.16), 480 (0.10).
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3. Mass spectral analysis:

Intens’r 1+ 1+ s +MS, 0.1-0.7min #6-40
x108 | 5331033 535.1024
6-
1-‘. 0, N 0
4 §34.1009
o9
n 532.0962 536,1052
: 1+
| 5370076 ° L,
o - e o - e, bl
_ r 53 Ca8H25N204Br, t+nH, 533.1070
2000- 533.1070 535,1054
1 Chemical Formula: CpgH;5BrN,0,4
1500 Exact Mass: 532.0998
1 Molecular Weight: 533.4131
10007 1+ 1+
1 534,1103 536.1084
600; ; 8 1+
] ; 537.1311
0 e rrm gty e e e e e T W — :
532 533 534 636 638 837 538 539 miz

Fig. S1. HR-APCI-TOF-MS of 3 (top: observed, bottom: simulated).

intens, | 1 S +MS, 0,1-0.8min #5-48
x108 547.1219 549.1207 =
1.5
i 1+
1.0 548.1209 O N0
4 1+
‘ 550,1231 o
0.5
546,1134 - Ao
, 551,1256 CeHr
0.0+ 7AN
1+ I+ C29H27N2G48r, M+nH, 547.1227
2000- 547.1227 549,121
1500 Chemical Formula: CoH,7BrN;0,
] Exact Mass: 546.1154
1000-: 14 1% Molecular Weight: 547.4397
] 548.1259 550,1241
500; o
] 551.1268
546 547 548 549 550 551 562 553 m/z

Fig. S2. HR-APCI-TOF-MS of 4 (top: observed, bottom: simulated).
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Intens. 1 i+ Br +MS, 0.2-1.0min #10-58
x11055 547.1218 549.1204
J I
101 548.1230 - Ox _N.__0
! 550.1242 O O
0.5-
546.1141 : 14 X
] : 2
& baa.5010 i .
e 1+ I C29H27N204Br, M+nH, 547.1227
20004 547.1227 549.1211
Chemical Formula: CygH,;BrN,O4
. Exact Mass: 546.1154
1500- ! Molecular Weight: 547.4397
1000 1+ 1+
548,1259 550.1241
500 1
/ 551.1268
o e S - oo e e
546 547 648 549 550 561 552 553 554 miz

Fig. S3. HR-APCI-TOF-MS of 5 (top: observed, bottom: simulated).

Intens, 1+ i+ Br +MS, 0,1-0.7min #4-42
%106, 561.1365 563,1360
0.8+
i+
061 562.1343 L
ot b iy
& 560.1287 564,1383
559.1208 J 565,1404 2
0.0 A A ;
= 14 + C30H29N2048r, M-+nH, 561.1383
2000° 561.1383 563,1368
15005 Chemical Formula: C3gH,9BrN,0,
] Exact Mass: 560.1311
] Molecular Weight: 561.4663
1000 i - u ig
] 562.1416 564.1397
500 ‘ | -
f 1 565.1425
0 , i . g A , - .
560 562 664 566 568 570 m/z

Fig. S4. HR-APCI-TOF-MS of 6 (top: observed, bottom: simulated).
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Intens, | 1t S T ) Br +MS, 0.1-0.8min #5-50/

>§1gg__ 561,1349 563.1343
1.00'; 14
- 5621326 O N °
: k)
0.50: 560.1277 564.1370
0.25- : 1+ 07 ™N"No
550,1198 : i 565,1390 oy
0.004 £ —- : e L -
‘ 1+ C30H29N204Br, M+nH, 561.1383
2000- 561,1383
1500_? Chemical Formula: C3gH9BrN,0,4
Exact Mass: 560.1311
1000;. - Molecular Weight: 561.4663
1 564.1397
500 -
565}%425
559 860 61 64 &85 &66 567 688 miz

Fig. S5. HR-APCI-TOF-MS of 7 (top: observed, bottom: simulated).

Intens | 1+ - +MS, 0.2-1.0min #13-59
%1064 581,2846
1 14 Bpin
157 580.2797
4 i+
1.04 582.2868
05: 579.2767 1%
5 i 3 5
. A / ’ 583}‘886 0~_N__0O
- C24H37N2P68, fi+nt, 581.2817
¥4
16004
3 1t
1000 1+ 582,2853 " (o) rld [0}
4 580.2854 ? 5 du
500 : 2\ 583,2082 i
01 —M_;' : C34H37N2068, M+nH, 580,2745
2000 580,2751
15004 Chemical Formula: Cg4H;;BN,O¢
] Mr Exact Mass: 580.2745
10004 Mr 581,2781 Molecular Weight: 580.4784
k 579.2781 f Mr
- 1 A 582,260
579 580 581 582 583 584 585 m/z

Fig. S6. HR-APCI-TOF-MS of 8 (2™ column indicates the simulated spectrum of protonated
species, 3™ column indicates simulated spectrum of neutral species. According to the observed
spectral pattern (column 1) we consider that observed spectrum (column 1) is contribution from both

the protonated and neutral form).
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lntirg.sg ’ 5951:1;"8' 1 +MS, 0.1-1.0min #5-62
R 594,3029 797 596.3058 Bpin
24
; 1+
1 597.3068 -
] 593.2928
. A ik 598.3074
E 1+
- 595,2980
1500 :
1000 1+ 596.3010
3 94,3010 1+ h
. \ 5973038 gopancs CgHyy
03 M C35H39N206B, M+nH, 594.2901
26001 594,2007
15 01 Chemical Formula: C;5H;5BN,0;
003 - Exact Mass: 594.2901
10004 Mr 505.2937 Molecular Weight: 594.5050
500 593.2937 Mr Mr
: 596,2966 5oy 9993 B
593 596 T 5S6 597 598 599 600 m/z

Fig. S7. HR-APCI-TOF-MS of 9 (2" row indicates the simulated spectrum of protonated species,
3" row indicates simulated spectrum of neutral species. According to the observed spectral pattern
(row 1) we consider that the observed spectrum has contributions from both the protonated and
neutral forms).

Inte;z)ss.. 5951;9 g") +MS, 0,1-0.9min #4-54
X : ~ (ot g Bpin
2.0
1 1t
151 594,2985 566.3033
4 0, N o)
1.04
0
1 593.2905 597.3044 1+ o>y
0,04\ ; 598.3052 CoHur
i 5 C35H39N206B, M+nH, 595.2974
2000 595,2980
1 Chemical Formula: C35H;5BN,Og
150 N Exact Mass: 594.2901
0 1 Molecular Weight: 594.5050
10001 1+
4 596,3010
5001 504,3010 \ g £
1 % : 597,3038
b E s / VaN 598,3066
593 594 545 598 597 598 599 miz

Fig. S8. HR-APCI-TOF-MS of 10 (top: observed, bottom: simulated).
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lnlﬁf:)%: g +M5, 0.1-0,5min #3-29
X o 55
E 608.3194 6103197
1.5'5 Bpin
1.05 14.
; / 611,3228 ;
0,54 607.3039 14
o A ,, 5 / 6123234 o N o
i ‘ L ' C36HA1NJO6E, M+nH, 608.3058
20001 08,3064
1500 "
4 r 0“"N"So
1000 Mr 609,3694 Cablrr
5004 607.3094 ) Mr 5 Mr
v : 9 610.3122 611.3150
] 1+ ' ' C36H41N206B, M+nH, 609.3130)
2000 609.3137
b Chemical Formula: Cy5H,BN,0g
1600+ 14 Exact Mass: 608.3058
10007 % 610.3167 Molecular Weight: 608.5315
: 608.3167 1+
500 - 1+
03 N /: ; / 6113195 153953
807 808 609 810 611 612 613 614 miz

Fig. S9. HR-APCI-TOF-MS of 11 (2" row indicates the simulated spectrum of protonated species,
3" row indicates simulated spectrum of neutral species. According to the observed spectral pattern
(row 1) we consider the observed spectrum has contributions from both the protonated and neutral

forms).
Intens. 1 | +MS, 0.2-0.8min #12-48
X105 609.3143 jioe
1.25+
1.00% O N._0O
1+
Q.75+ 1+
608.3115 e103572 O@
0.507 i
] 607,3013 14 0“"N"o
0z 6113201 1t bt
— v A 6123226
’ + C36H41N206B, M+-nH, 609,3130
2000- 609.3137
: Chemical Formula: C3¢HBN,Og
1500 Exact Mass: 608.3058
| Molecular Weight: 608.5315
J 1+
1000, 610.3167
1+ "
5001 608.3167 1+
] 611.3195 e
o] N 612,3223
607 608 611 612 613 614 815 miz

Fig. S10. HR-APCI-TOF-MS of 12 (top: observed, bottom: simulated).
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%t @

84826 Ph Ph

o lf 0
CaHyr
| Chemical Formula: Cg5Hy4BN5O,
2 845.28 84823 Exact Mass: 846.3252 asasr
Molecular Weight: 846.7561 R 54
10
84922 852.99

9410 842.0 843.0 8440 846.0 846.0 947.0 843.0 840.0 8500 8510 8520 8530 8540 5.0
Mass/Charge

Molecular formula: C55H4181N504 Resolution: 10000 2t 50%

60 84733

2 84833

0 85034 85134 85234
8410 8420 843.0 8440 2450 846.0 8470 848.0 840.0 8500 8510 8520 8530 8540 8550
Mass/Charge

Fig. S11. MALDI-TOF-MS of SubP-NDI (top: observed, bottom: simulated).

Ph Ph
86038

A tl:l"‘n

Chemical Formula: C5Hy3BN5sO,4
» 05938 se23 Exact Mass: 860.3408

10 \ Molecular Weight: 860.7827

b 86284 866,54

8570 8575 8530 8585 850.0 8595 8500 8605 8510 8615 8620 8625 863.0 235 8640 3645 850 8655 266.0 8665  867.0
Mass/Charge

Wolecular formula: C58H43B1N504 Resolution: 10000 at 50%
it

100

86335
0 7\ 98436 86536 $66.36
8570 8575 8580 8585 859.0 8595 8600 8605 8610 861.5 8620 8625 863.0 8635 8840 8045 8850 8655 866.0 866.5 867.0
Mass/Charge

Fig. S12. MALDI-TOF-MS of SubP-2Me-NDI (top: observed, bottom: simulated).
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859.33

Ph Ph
85034

‘ 1 86133

o7 "o
CgHyr
Chemical Formula: C5H4;BN5sO,
Exact Mass: 860.3408
Molecular Weight: 860.7827

864.36

857.0 o875

9695

8005 8610 8015 862.0

MassiCharge

8625 3.0 8640 8045 866.0

Wolecul

et

100

lar formula: C56H43B1NS04 Resolution: 10000 2t 50%

85934

86235

86335
}\ 98538 26636

8570 8575 858.0

8595

8605 8610 8615 862.0

Mass/Charge

8625 8630 8635 864.0 865.0 8055 866.0 866.5

Fig. S13. MALDI-TOF-MS of SubP-3Me-NDI (top: observed, bottom: simulated).

87333

Ph Ph

87431

87528

¢

-
0Z>N"No
CgHyr
Chemical Formula: C57H4sBN504
Exact Mass: 874.3565
Molecular Weight: 874.8093

877,30

87626

8670

Mo ams 8720 825

8730

8735

8740 8745 8750 8755

Mass/Charge

8760 8765 8770 8mns 8780 8785

8800

Molecular formula: C57H4581N504 Resolution: 10000 2t 50%

Bt

100

87336

87436

87536

87636

87737

/\ 87537 87937

8710 e 8720 8725

8730

8735

8740 8745 8750 8755

Mass/Charge

8760 8765 8770 8775 8780 8785 8790 8795

Fig. S14. MALDI-TOF-MS of SubP-2,6DiMe-NDI (top: observed, bottom: simulated).

880.0
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it Ph Ph
874.44
100
%

O N_O
60
: <0

~
© 0Z~N"No
) CgHyr
= Chemical Formula: C5;H4sBN5sO,4
87344 876.40

Exact Mass: 874.3565
Molecular Weight: 874.8093

8710 8715 8720 8725 8730 8735 8740 8745 8750 8755 876.0 976.6 877.0 8775 8780 8785 870.0 8705 8800
Mass/Charge
Whlecuar formula; C57H45B1NS04 Resolution: 10000 at 50%
St
87436

100
%
0
K

87536

60

&

0
)

87336
% 87838
10
877.37
0 87§.37 879.37
8710 8715 8720 8725 8730 8135 8740 8745 8750 8755 876.0 876.5 877.0 8776 8780 0785 8790 8795 8300
Mass/Charge

Fig. S15. MALDI-TOF-MS of SubP-3,6DiMe-NDI (top: observed, bottom: simulated).
4. NMR spectral analysis:

0.87

282 &©83%8=% 858 CUYUTILESNS2235%82%
-1~ -] [ aal ol o ol o A B T T B B R e I e I
e e S~ e et == — —
N
4 ™ , '
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O~ _N_.O II
L l T T T T T T T
g@ 7.8 7.2 1.8 14 1.0
— \. J
o} P:I (o]
CgHyz
| \
) T T 1 o e
g g L z EEEE
o ed - ed R -
11.0 10.0 9.0 8.0 7.0 6.0 ppm 5.0 4.0 3.0 2.0 1.0 0.0

Fig. S16. 'H-NMR spectrum of 3 in CDCls.



TP
£8'TT

6TLTY|
LTS
8677
et
661¢/

6TTH.

T0LL
€TLL
pyiL’

6P ETI
991 “
£9°9T1+
T10°LTI |
1TLTT
6TLTI
0€°LTl
FFOET )
0TIEl
S9°TET-]
66°CTEl I
SL'EET!
$8°T91
aa.nm: v.

8T —

€870
6TLT
LTST
mm.anw
LV'6T
66715

6TIF—

I |

40 35 30 25 20

A

10

15

.,

~

6F"€TI —

w9911
£9°9%1 -
10T
1TLT T
6zLal |
0€°LTI

PRSI
0TTEI—
sorers
66°TET~
SLEST~.

N

Ll

127

132

0

110 ppm 9 80 70 60 S0 40 30 20 10

190 170 150 130

210

Fig. S17. 3C-NMR spectrum of 3 in CDCls.
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Fig. S21. 3C-NMR spectrum of 5 in CDCls.
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Fig. S22. H-NMR spectrum of 6 in CDCls.
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Fig. S45. 3C-NMR spectrum of SubP-3,6DiMe-NDI in CDCls.
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Fig. S46. 1'B-NMR spectrum of SubP-XMe-NDI dyads where X indicates the position of the
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CDCls. (* corresponding to the presence of B-OH species)
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5. Single crystal X-ray structure and analysis of SubP-3Me-NDI:
Table S1: Crystal data for SubP-3Me-NDI:

Crystal parameters SubP-3Me-NDI

Formula Cs7H46BNsOs

M/g mol™ 891.80

T/IK 93

Crystal dimensions/mm? 0.42 x 0.28 x 0.03

Crystal system Monoclinic

Space group P21/n

alA 10.4325(1)

b/A 15.6205(2)

c/A 54.3789(1)

a/° 90

B/° 93.124(1)

y/° 90

V/IA3 8848.5(2)

Z 8

pealca/Mg M 1.339

p/mm 0.685

F(000) 3744

Reflns. collected 61003

Indep.reflns. 16539 [0.0294]

[R(int)]

Max/min transmission 1.000 and 0.918

Data/restraints 16539/ 2064 / 1306

/parameters

GOF on F? 1.052

Final R indices[l > 24(1)] Ry =0.0982,
WR2 = 0.2880

R indices (all data) R:=0.1064,
WR2 = 0.2959

Largest diff peak and hole [e A]

0.974 and -0.506

CCDC

1905324
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6. Electronic absorption spectral analysis:
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Fig. S47. Electronic absorption spectra of Sub-NDI derivatives (14-18) in DCM.

Table S2: Electronic absorption parameters of 14-18 in DCM solution

€o values €o values Concentration
B band | corresponding | Q band | corresponding (in M1
Compound in (nm) | to B bands (in | in (nm) | to Q bands (in
MZ1cm?) MZcm?)
460 1.34x10*
5 -6
SubP-NDI 374 1.68x10 486 1. 10x10% 3.87x10
459 1.72x10*
5 -6
SubP-2Me-NDI 374 2.41x10 486 1.35%10° 2.78x10
5 457 1.47x10* P
SubP-3Me-NDI 369 2.00x10 480 0.79x10° 3.48x10
. 5 460 1.59x10* 6
SubP-2,6DiMe-NDI 374 2.05x10 485 1.29%10°* 3.64X10
. 457 1.65x10*
- - 5 -6
SubP-3,6DiMe-NDI 369 2.01x10 480 0.98x1 0% 2.82x10
461
5
SubP 373 1.66x10 484
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7. Cyclic Voltammograms:
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Fig. S48. Cyclic voltammogram of SubP-NDI in DCM (scan rate: 0.05 V/s, supporting
electrolyte: 0.1 M "BusNPFs, working electrode: Pt, counter electrode: Pt wire, reference
electrode: Ag/0.01 M AgCIlO,). Differential Pulse Voltammogram (left top) was used to
confirm the oxidation potentials.

Eredz
-1.56
Ered1
-1.08
EOxZ
0.82 E0x1
0.73
[ T I x I . I 4 I U I Y I & 1
1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5 -2.0

EIV (vs FclFc')

Fig. S49. Cyclic voltammogram of SubP-2Me-NDI in DCM (scan rate: 0.05 V/s, supporting
electrolyte: 0.1 M "BusNPFs, working electrode: Pt, counter electrode: Pt wire, reference
electrode: Ag/0.01 M AgCIlOs). Differential Pulse Voltammogram (left top) was used to
confirm the oxidation potentials.
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Fig. S50. Cyclic voltammogram of SubP-3Me-NDI in DCM (scan rate: 0.05 V/s, supporting
electrolyte: 0.1 M "BusNPFs, working electrode: Pt, counter electrode: Pt wire, reference
electrode: Ag/0.01 M AgCIlO,). Differential Pulse Voltammogram (left top) was used to
confirm the oxidation potentials.
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Fig. S51. Cyclic voltammogram of SubP-2,6DiMe-NDI in DCM (scan rate: 0.05 VI/s,
supporting electrolyte: 0.1 M "BusNPFs, working electrode: Pt, counter electrode: Pt wire,
reference electrode: Ag/0.01 M AgCIQOy). Differential Pulse Voltammogram (left top) was used
to confirm the oxidation potentials.
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Fig. S52. Cyclic voltammogram of SubP-3,6DiMe-NDI in DCM (scan rate: 0.05 VI/s,
supporting electrolyte: 0.1 M "BusNPFs, working electrode: Pt, counter electrode: Pt wire,
reference electrode: Ag/0.01 M AgCIQO,). Differential Pulse Voltammogram (left top) was used
to confirm the oxidation potentials.

Table S3: Redox potentials of SubP-XMe-NDI derivatives:

Compd. Eoxi/V? Eox2/V? EY2Rrep1/V | EY?repalV
SubP-NDI 0.71 0.80 -1.07 -1.51
SubP-2Me-NDI 0.73 0.82 -1.08 -1.56
SubP-3Me-NDI 0.74 0.85 -1.09 -1.57
SubP-2,6DiMe-NDI 0.72 0.81 -1.07 -1.55
SubP-3,6DiMe-NDI 0.73 0.83 -1.08 -1.52
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8. Quantum mechanical calculations

Density functional calculations (DFT) were performed using the Gaussian 16 and 9 software
packagests® using the hybrid functional B3LYP and the basis set 6-311G**. Full optimization
of the ground-state structures and dihedral scans were performed using the 6-31G** basis set.
Excited state energies (20 lowest) were calculated using the time-dependent formulism
(TDDFT) and vertical excitation energies for the lowest electronic transitions are given in
Table S4 and compared to experiments. There is a consistent shift of 0.3-0.4 eV in all the
calculated values compared to experiments which is not surprising since stabilizing solvent
effects are neglected in the calculation. Fig. S53 shows the optimized geometry of the SubP-
NDI compound and Fig. S54 shows the frontiers orbitals of the SubP-3Me-NDI compound.
The potential energy surfaces displayed in Fig. 7 were calculated by scanning the dihedral
angles o or § between -90° and 90° in steps of 10° while fully optimizing the remaining internal
coordinates. To avoid hysteresis for the highest potential energy barriers, re-optimizations
approaching the summit from both sides were performed.

Table S4. State energies for SubP in toluene as estimated from spectroscopic and
electrochemical®"-8] measurements. Experimental results are compared to TDDFT calculated
values.

Sl/eV S2/eV T1/eV CSS?/eV
Experiments | 2.5 3.3 1.8 2.1
Theory® 2.9 (degenerate) | 3.7 (degenerate) | 2.1 (degenerate) | ----

@ Energy of the charge separated state is based on the oxidation and reduction potentials in
DCM and corrected with the Weller equation (Eq. 1) to toluene conditions. Singlets calculated
to be 0.4 eV higher in energy compared to experiments. If the calculated triplet energy is shifted
by the same amount, agreement with the observed phosphorescence becomes excellent.
bTDDFT/B3LYP/6-311G** calculations on DFT/B3LYP/6-31G** optimized structures.

Fig. S53. Optimized geometry of the SubP-NDI, donor-acceptor compound. The donor-
acceptor distance measured from the central boron to the middle of the NDI acceptor is 12.2

A
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Fig. S54. Frontier orbitals for SubP-3Me-NDI.
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9. Fluorescence Lifetime Measurement

Fluorescence lifetime of the SubP donor was determined with time-correlated single photon
counting upon 483 nm excitation.
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Fig. S55. Fluorescence decay of SubP donor in toluene upon 483 nm excitation

10. Transient Absorption Measurements

Fig. S5-S59 show that transient absorption signal of the Sub-X-NDI dyads have broad excited
state absorption (ESA) signal over white light wavelength region. Characteristic radical anion
ESA signal of the NDI (NDI) is seen around 475 nm and radical cation ESA signals of SubP
(SubP*) are located 540 nm and 700 nm which are well know from literature 5551, |t is clearly
seen that these radical cation and anion signals rising with time delay that indicates charge
separation formation while exciting singlet state of subporphyrin. The transient characteristics
are similar for all Sub-X-NDI compounds, but the charge separation rate is different since it
depends on electronic coupling of donor (SubP) and acceptor (NDI) units. Further, transient
absorption spectra for SubP has only singlet and triplet ESA signals without any radical
characteristics (Fig. S60). In Fig. S61, it is shown that the charge separation rate is different for
the the different dyads. Forming and decaying of the CSS slows down with increasing dihedral
angle between donor and acceptor.
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Fig. S56. Transient spectra of SubP-NDI in toluene with 490 nm excitation
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Fig. S57. Transient spectra of SubP-2Me-NDI in toluene with 490 nm excitation
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Fig. S58. Transient spectra of SubP-2,6DiMe-NDI in toluene with 490 nm excitation
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Fig. S59. Transient spectra of SubP-3,6DiMe-NDI in toluene with 490 nm excitation

45



T,-T, transition SubP —_—-5ps

0.08 — 235 ps
— 735 ps
—— 3000 ps
== 6000 ps

0.06 1 — 10000 ps

S,-S, transition
T,-T, transition
0.04

AA

0.024f

-0.02

400 450 500 550 600 650 700
Wavelength (ps)

Fig. S60. Transient spectra of SubP in toluene with 490 nm excitation
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Fig. S61. Radical cation signal (SubP *) grow and decay kinetics at 540 nm for all dyads
(overlap with singlet ESA)
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11. Temperature Dependent Emission Measurements

Emission intensity of the Sub-XMe-NDI compounds increase between 15 to 40 times upon
lowering the temperature and phosphorescence is observed for all dyads at 85 K (Fig. S62-
S66). For the SubP (donor alone), temperature dependency of the fluorescence is not
pronounced, and very weak relative phosphorescence is also seen at 85 K (Fig. S67).
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Fig. S62. Temperature dependent emission spectra of SUbP-NDI (hexc=460 nm)
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Fig. S63. Temperature dependent emission spectra of SubP-2Me-NDI (hexc=460 nm)
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Fig. S64. Temperature dependent emission spectra of SubP-3Me-NDI (hexc=460 nm)
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Fig. S65. Temperature dependent emission spectra of SubP-2,6DiMe-NDI (Aexc=460 nm)
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Fig. S66. Temperature dependent emission spectra of SubP-3,6DiMe-NDI (Aexc=460 nm)
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Fig. S67. Temperature dependent emission spectra of SubP (donor only) (Aexc= 460 nm)
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Table S5. Fluorescence and phosphorescence quantum yields as function of temperature. The
quantum vyields at room temperature were estimated from the know quantum yield for SubP
and the relative lifetimes of the singlet excited state of SubP and the five donor-acceptor
compounds. The relative changes in intensity, compensated for changes in solvent density and
refractive index, were used to determine emission quantum yields

@ (*10°%) 290K 230K 200K 170K 140K 125K 110K 100K 85K PZZS.Kat
SubP-NDI 0.3 0.6 0.8 1.2 2.3 3.9 87 132 174 17.8
SubP-2Me-NDI 0.3 0.5 0.6 1.0 1.8 3.0 6.3 95 121 14.9
SubP-3Me-NDI 0.7 1.2 1.7 2.6 5.3 98 215 31 378 24.1
SubP-2,6DiMe-NDI 0.4 0.5 0.6 0.8 1.4 2.0 3.8 58 7.71 16.6
SubP-3,6DiMe-NDI 0.9 1.4 2.0 3.2 6.8 11.7 26.1 37.3 458 33.1
SubP 160.0° 200.4 2185 2351 252.6 2535 2379 2357 2299 152

afrom ref S4

Table S6. Quantum yield for the charge separation as a function of temperature

290K 230K 200K 170K 140K 125K 110K 100K 85K
SubP-NDI 100 100 100 099 099 098 09 094 0.92
SubP-2Me-NDI 100 100 1.00 100 099 099 097 096 0.9
SubP-3Me-NDI 100 099 099 099 098 09 091 087 0.84
SubP-2,6DiMe-NDI  1.00 1.00 100 100 100 1.00 0.98 098 0.97
SubP-3,6DiMe-NDI  1.00 099 099 099 097 095 089 0.84 0.80
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Fig. S68. Phosphorescence decay of SubP-NDI dyad at 85 K.
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12. Phosphorescence Quantum Yield Calculation

For the derivation of equation 7 we combine measurements on the dyads and the SubP donor.
All rate constants are defined in connection to Fig. 7 and below.

Formation of triplet in SubP.

The fluorescence quantum yield and lifetime in absence of acceptor are given by

1
kp+kict+kisc

k
(Dg = —F ’[19. =
kp+kictkisc

(S1)

where kg, kic, and kisc are the rate constants for fluorescence (radiative), internal conversion
and intersystem crossing, respectively. The quantum yield of phosphorescence is

® g — kisc kp (52)

kr+kict+kisc kP+k;SC

where kp is the radiative rate constant for phosphorescence and k’isc the rate constant for
intersystem crossing back to the ground state. The phosphorescence lifetime for both the
SubP donor and the dyads is

V=gp=—1"— (S3)

kp+kisc
By combining Egs. S1, S2 and S3 we get
@3 = kjge. T2 kp. TS (S4)
Formation of triplet in the dyads.

The fluorescence quantum yield and lifetime for the dyads are given by

& = 3 Tp = - (S5)

kptkictkisctkcs krp+kictkisctkcs

where Kcs is the rate constant for charge separation. In the dyads the triplet is formed both
from the direct intersystem crossing and through the charge separated state and the
phosphorescence quantum yield is, thus, given by

b, = kisc kp kcs kcr1 ke _
P kp+kict+kisctkes kp+kjsc kp+kic+kisctkes " kKcri+kcrz kp+kisc
_ 0 KcRr1
= kpTp (kISCTF + D¢ PO ) (S6)
CR1*KCR2

where kcr1 and kcrz are the rate constants for recombination through the triplet state and
directly to the ground state, respectively (cf. Fig. 7).

From Eqg. S4 we have
_ P
kP- kISC - Tlo:'rg (87)

which inserted into Eqg. S6 gives

TF kcr1
&, =P8 — +kyp. 10 D .
P P T;;)v pP-tp CcS kCRl +kCR2

(Eq. 7 in main text)
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