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Experimental Procedures

General method

Solvents were purified and dried by standard methods prior to use. All commercially available
reagents were used without further purification unless otherwise noted. Column chromatography
was generally performed on silica gel (200 - 300 mesh) and reactions were monitored by thin layer
chromatography (TLC) using silica gel GF254 plates with UV light to visualize the course of
reaction. 'H NMR and 3C NMR data were recorded on a 400 MHz spectrometer at room
temperature. All chemical shifts are quoted in ppm, relative to tetramethylsilane, using residual
solvent peak as a reference standard. The following abbreviations were used to explain the
multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet. Cyclic voltammetry
(CV) and differential pulse voltammetry (DPV) were performed on a Chenhua 650D
electrochemical using a three-electrode cell with a glassy carbon working electrode, a platinum wire
counter electrode, and an Ag/AgNO; or Ag/AgCl reference electrode in anhydrous solvents
containing recrystallized tetrabutylammonium hexafluorophosphate (TBAPFs, 0.10 M) as supporting
electrolyte at 298 K. The potential was externally calibrated against the ferrocene/ferrocenium
couple. Absorption spectra were recorded on a Shimadzu UV-3600 plus. High-resolution mass
spectra (HRMS) were recorded on a Finnigan MAT TSQ 7000 or an Agilent 1200-6520 Q-TOF
mass spectrometer system operating in a MALDI-TOF mode. Electron spin resonance (ESR) spectra
were performed on a JES-FA200 spectrometer.

Synthetic procedures

Scheme S1. Preparation of starting materials 1a®-1e

Ar
HO
. (i) ' (94%): Ar = 1,3,5-trimethylphenyl
O O 1d 91% Ar = 2,6-dichlorophenyl
s4 1e (90%): Ar = pentachlorophenyl

Reagent and conditions: (i) trimethylphenylalkynyl lithium, dry THF, -78 °C to r.t.; *Compound 1a

was synthesized according to our previous procedure.! (ii) 2-biphenylboronic acid, Pd(PPh;)4 aqueous
K,CO; (2M), toluene, ethanol (1~2 mL), 80 °C. (iii) lithiated 1,3,5-trimethylphenyl/2,6-
dichlorophenyl/pentachlorophenyl alkyne reagents,> dry THF, -78 °C to r.t



Synthesis of compound S-3
O
0w O

To a solution of 2,7-dibromo-9H-fluoren-9-one (compound S-2 in Scheme S1, 500.0 mg, 1.48
mmol) in toluene (40 mL), 2-biphenylboronic acid (322.2 mg, 1.63 mmol), Pd(PPh;)4 (68.4 mg,
0.07 mmol), aqueous solution K,CO; (2.0 M, 10 mL) and ethanol (1~2 mL) were added under argon
atmosphere. The reaction mixture was stirred at 80 °C, and monitored by TLC to confirm
consumption of starting material. Upon completion, the solution was diluted with dichloromethane
(50 mL) and water (15 mL), and washed with brine (20 mL). After removal of the solvent, the
residue was purified by silica gel chromatography (petroleum ether/CH,CIl, = 1:1) to afford
compound S-3 (703 mg, 98% yield) as a yellow solid. '"H NMR (400 MHz, CDCl5): 8 7.56 (s, 2H),
7.45 (s, 8H) 7.24 - 7.18 (m, 12H), 7.12 (d, J= 7.8 Hz, 2H). 3C NMR (100 MHz, CDCl;): 4 193.51,
142.58, 142.35, 141.04, 140.49, 139.22, 136.36, 134.48, 130.71, 130.11, 129.81, 128.10, 127.98,
127.63, 126.72, 125.44, 119.67. MS (APCI, m/z) caled for C37H,40 [M+Na]*, 507.1227; found:
507.1229, (error = 0.4 ppm).

Synthesis of 1b

A solution of 2-ethynyl-1,3,5-trimethylbenzene (143 mg, 0.99 mmol) in THF (30 mL) was cooled
to -78 °C, and n-BuLi (0.40 mL, 0.99 mmol, 2.5 M in hexane) was added dropwise under N,
atmosphere. The freshly prepared lithium acetylide was kept stirring at -78 °C for 1 h, and was
slowly added to a solution of compound S-4 (400.0 mg, 0.83 mmol) in THF (20 mL) at -78 °C. The
mixture was then warmed up to the room temperature and stirred for another 1 h. Upon completion
of reaction, the solution was diluted with water (20 mL) and dichloromethane (50 mL). The organic
layer was dried by anhydrous MgSO,. After filtration, the organic solvents were evaporated to
dryness. The residue was purified by column chromatography on silica gel (petroleum ether/CH,Cl,
= 1:1) to afford compound 1b (488 mg, 94% yield) as a white solid. "H NMR (400 MHz, CDCls):
8 7.61 (s, 2H), 7.51 - 7.49 (m, 10H), 7.40 - 7.38 (m, 2H), 7.20 - 7.18 (m, 8H), 7.10 (d, J = 8.2 Hz,
2H), 6.85 (s, 2H), 2.42 (s, 1H), 2.31 - 2.29 (m, 9H). 3C NMR (100 MHz, CDCl5): 8 147.61, 141.82,
141.34, 140.59, 140.46, 140.18, 137.92, 137.02, 131.47, 130.61, 130.40, 129.85, 127.92, 127.63,
127.55, 127.50, 127.42, 126.49, 125.56, 119.56, 119.18, 96.32, 81.04, 75.07, 21.33, 20.94. HRMS
(MALDI-TOF, m/z) caled for C4gH360 [M]*, 628.2766; found: 628.2749 (error = -2.7 ppm).



General procedure for synthesis of 1c-1e

Ar
2 /)
' Li—=—Ar Ho
CHLD ™ T o
S-4 1c (94%): Ar = 1,3,5-trimethylphenyl

1d (91%): Ar = 2,6-dichlorophenyl
1e (90%): Ar = pentachlorophenyl
A solution of corresponding 1,3,5-trimethylphenyl/2,6-dichlorophenyl/pentachlorophenyl alkyne

(1.71 mmol) in THF (20 mL) was cooled to -78 °C, and n-BuLi (0.68 mL, 1.71 mmol, 2.5 M in
hexane) was added dropwise under N, atmosphere. The freshly prepared lithium acetylide was kept
stirring at -78 °C for 1 h, and slowly added to a solution of dibenzo[b,h]fluoren-12-one? (compound
S-4, 400 mg, 1.43 mmol) in THF (80 mL) at -78 °C. The mixture was then warmed up to the room
temperature and stirred for another 1 h. Upon completion of reaction, the solution was diluted with
water (20 mL) and dichloromethane (50 mL). The organic layer was dried by anhydrous MgSO,.
After filtration, the organic solvents were evaporated to dryness. The residue was purified by
column chromatography on silica gel.
Compound 1¢ (94 % yield) was obtained as a white solid. 'H NMR (400 MHz, CDCl5): & 8.28 (s,
2H), 8.24 (s, 2H), 7.95 - 7.92 (m, 4H), 7.54 -7.48 (m, 4H), 6.82 (s, 2H), 2.94 (s, 1H), 2.37 (s, 6H),
2.25 (s, 3H). 3C NMR (100 MHz, CDCls): 8 147.24, 146.09, 140.58, 137.43, 134.59, 134.33,
134.23, 133.99, 128.72, 128.51, 128.30, 127.51, 126.70, 126.31, 126.17, 126.00, 123.87, 122.69,
119.32, 118.90, 81.84, 22.86, 21.29, 20.94. HRMS (MALDI-TOF, m/z) caled for C3,Hp,0 [M]*,
424.1827; found: 424.1830 (error = 0.7 ppm).
Compound 1d (91 % yield) was obtained as a white solid. 'H NMR (400 MHz, CDCl;): 8 8.31 (s,
2H), 8.19 (s, 2H), 7.92 (d, J = 7.8 Hz, 4H), 7.54 - 7.47 (m, 4H), 7.28 (d, J = 8.1 Hz, 2H), 7.13 (t,J
= 8.1 Hz, 1H), 3.09 (s, 1H). *C NMR (100 MHz, CDCl5): 8 145.06, 137.70, 136.57, 137.69, 134.18,
129.36, 128.81, 128.36, 127.43, 126.83, 126.21, 124.36, 119.39, 100.12, 78.51, 74.63. HRMS
(MALDI-TOF, m/z) calcd for CyoH;sCL,O [M]*, 450.0578; found: 450.0589 (error = 2.4 ppm).
Compound 1e (90 % yield) was obtained as a white solid compound. '"H NMR (400 MHz, CDCI;):
8 8.30 (d, J = 7.5 Hz, 2H), 8.26 (s, 2H), 7.96 - 7.93 (m, 4H), 7.55 - 7.51 (m, 4H), 2.98 (s, 1H). 3C
NMR (100 MHz, CDCl3): 6 144.67, 136.53, 135.01, 134.76, 134.16, 131.77, 131.70, 130.45,
128.81, 128.41, 127.05, 126.41, 124.41, 119.56, 119.53, 102.18, 78.10, 74.65. HRMS (MALDI-
TOF, m/z) calcd for Cy9H3ClsO [M]*, 553.9380; found: 553.9377 (error = -0.5 ppm).

Synthesis of compound 2b




To a solution of compound 1b (400.0 mg, 0.64 mmol) in dry DCM (100 mL), anhydrous SnCl,
(603 mg, 3.18 mmol) was added at room temperature. The resulting mixture was kept stirring for 6
h, and monitored by TLC to confirm consumption of starting material. Upon completion, the
mixture was evaporated to dryness. The residue was purified by column chromatography on silica
gel (petroleum ether/CH,Cl,= 4:1) to afford compound 2b (249 mg, 64% yield) as a yellow solid.
'H NMR (400 MHz, CDCl;): & 7.89 (s, 2H), 7.32 - 7.30 (m, 6H), 7.25 - 7.24 (m, 6H), 7.18 - 7.12
(m, 14H), 7.07 - 7.02 (m, 8H), 6.85 (d, J = 7.6 Hz, 2H), 6.81 - 6.79 (m, 4H), 6.72 - 6.66 (m, 6H),
6.58 - 6.56 (m, 2H), 5.91 (d, J=7.7 Hz, 2H), 2.41 (s, 6H), 2.08 (s, 6H), 1.94 (s, 6H). *C NMR (100
MHz, CDCl;): 8 160.39, 146.22, 141.81, 141.77, 140.49, 140.18, 140.07, 139.84, 139.68, 139.17,
138.93, 138.79, 138.43, 138.24, 137.70, 135.93, 135.85, 131.31, 130.72, 130.43, 130.30, 130.16,
130.11, 129.84, 129.81, 129.76, 129.61, 128.82, 128.79, 127.89, 127.80, 127.23, 126.95, 126.87,
126.76, 126.25, 126.07, 124.90, 118.08, 117.70, 21.14, 20.92, 20.46. HRMS (MALDI-TOF, m/z)
calcd for CosH7o [M]*, 1222.5478; found: 1222.5474 (error = -0.3 ppm).

Synthesis of target PBF-Mes and compound 3a

]
DDQ, Sc(0Tf); Q‘Q
toluene
/) \

PBF-Mes

To a solution of compound 2a! (150 mg, 0.24 mmol) in toluene (40 mL), DDQ (277 mg, 1.22
mmol) and Sc(OTf); (600 mg, 1.22 mmol) were added under argon atmosphere. The reaction
mixture was stirred at 120 °C, and monitored by TLC to confirm consumption of starting material.
Upon completion and filtration, the organic solvents were evaporated to dryness. The residue was
purified by column chromatography on silica gel (petroleum ether/CH,Cl, = 4:1) to afford
compound PBF-Mes (129 mg, 86% yield) as a red solid. The same reaction could produce a
yellowish 3a (14 mg, 9% yield) when exposure to the air, while the major part is the ring-expansion
compound PBF-Mes.

Compound PBF-Mes: 'H NMR (400 MHz, CDCl;): & 8.66 (d, J= 8.3 Hz, 1H), 8.61 (d, /= 8.3 Hz,
1H), 8.13 (d, /= 8.2 Hz, 1H), 7.54 - 7.48 (m, 3H), 7.39 - 7.36 (m, 2H), 7.28 (s, 1H), 7.23 - 7.19 (m,
2H), 7.15 - 7.07 (m, 2H), 6.87 - 6.83 (m, 2H), 6.80 - 6.75 (m, 2H), 6.65 - 6.59 (m, 2H), 6.34 (s, 1H),
2.30 (s, 3H), 2.26 (s, 3H), 2.09 (s, 3H), 2.03 (s, 3H), 1.97 (s, 3H), 1.63 (s, 3H). *C NMR (100 MHz,
CDCly): 6 147.04, 145.46, 145.16, 141.44, 141.24, 140.77, 139.57, 139.20, 137.79, 137.08, 136.93,
136.71, 136.59, 136.38, 135.76, 133.82, 133.59, 131.89, 130.53, 130.31, 130.24, 129.32, 129.17,
129.12, 128.78, 128.68, 128.44, 128.28, 128.18, 127.80, 127.70, 126.81, 126.75, 126.60, 126.36,
125.66, 124.08, 123.61, 123.56, 123.12, 119.23, 119.05, 21.90, 21.37, 21.29, 21.14, 20.98, 20.81.
HRMS (MALDI-TOF, m/z) calcd for CygHsg [M]*, 614.2974; found 614.2969 (error = -0.8 ppm).

Compound 3a: '"H NMR (400 MHz, CDCl5): § 8.71 (d, J = 8.0 Hz, 1H), 7.72 (d, J = 7.5 Hz, 2H),
7.54 (d,J=11.9 Hz, 1H), 7.52 (d, J = 7.5 Hz, 1H), 7.33 - 7.28 (m, 4H), 7.24 - 7.22 (m, 1H), 7.17 -
7.09 (m, 4H), 7.02 (d, J="7.9 Hz, 1H), 6.79 (t, J = 7.6 Hz, 1H), 6.66 (s, 2H), 6.48 (s, 2H), 2.14 (s,
3H), 2.09 (s, 6H), 2.04 (s, 3H), 1.69 (s, 6H). 13C NMR (100 MHz, CDCl5): 8 199.48, 152.14, 147.96,
143.88, 141.63, 141.15, 141.06, 138.65, 137.69, 137.34, 137.23, 136.96, 136.92, 136.74, 136.61,



132.84, 132.72, 129.57, 129.46, 129.28, 128.91, 128.85, 128.22, 127.55, 127.53, 126.57, 125.90,
124.20, 120.41, 119.19, 118.98, 22.86, 22.08, 20.88, 20.74. HRMS (MALDI-TOF, m/z) calcd for
CysH30 [M]*, 630.2923; found: 630.2906 (error = -2.7 ppm).

Synthesis of compound PBF-2b and 3b

DDQ
Sc(OTf)3
T

toluene

To a solution of compound 2b (200 mg, 0.16 mmol) in toluene (40 mL), DDQ (185 mg, 0.82
mmol) and Sc(OTf); (402 mg, 0.82 mmol) were added under argon atmosphere. The reaction
mixture was stirred at 120 °C. The reaction was monitored by TLC to confirm consumption of
starting material. Upon completion and filtration, the red solvent was evaporated to dryness. The
residue was purified by column chromatography on silica gel (petroleum ether/CH,Cl, = 3:1) to
afford compound PBF-2b (172 mg, 86% yield) as a red solid. The same reaction could produce a
yellowish 3b (8 mg, 4% yield) when exposure to the air, while the major part is the ring-expansion
compound PBF-2b.

Compound PBF-2b: 'H NMR (400 MHz, CDCl5): & 8.25 (s, 1H), 8.16 (d, /= 8.1 Hz, 1H), 8.10 (d,
J=28.7Hz, 1H), 7.48 (s, 1H), 7.36 - 7.29 (m, 9H), 7.21 - 7.06 (m, 21H), 7.00 - 6.89 (m, 9H), 6.86 -
6.84(m, 2H), 6.75 (d, J = 8.7 Hz, 1H), 6.71 (s, 1H), 6.58 (d, J = 7.6 Hz, 1H), 6.54 - 6.52 (m, 2H),
6.34 (d, J=17.7 Hz, 1H), 6.24 (s, 1H), 2.29 (s, 3H), 2.22 (s, 3H), 2.19 (s, 3H), 1.99 (s, 3H), 1.89 (s,
3H), 1.80 (s, 3H). 3C NMR (100 MHz, CDCl5): 8 146.68, 145.91, 145.50, 141.66, 141.52, 141.51,
141.43, 140.18, 140.14, 140.03, 139.85, 139.76, 139.71, 139.64, 139.58, 139.54, 139.36, 139.25,
137.15, 136.88, 136.80, 136.51, 135.85, 133.72, 132.63, 131.94, 131.18, 131.15, 130.90, 130.84,
130.53, 130.38, 130.35, 130.33, 130.26, 129.90, 129.86, 129.39, 128.79, 128.74, 128.33, 128.30,
128.25, 128.07, 127.94, 127.86, 127.79, 127.55, 127.52, 127.40, 127.28, 127.18, 127.07, 127.04,
126.49,126.34, 126.31, 126.28, 124.20, 122.30, 122.00, 118.86, 118.45,22.37,21.59, 21.42, 21.03.
HRMS (APCI, m/z) calcd for CogH7o [M]*, 1222.5478; found: 1222.5471 (error = -0.6 ppm).
Compound 3b: 'H NMR (400 MHz, CDCl3): 8 8.76 (s, 1H), 7.54 (s, 1H), 7.52 (s, 1H), 7.41 - 7.38
(m, SH), 7.35 - 7.34 (m, 3H), 7.32 - 7.28 (m, 7H), 7.24 - 7.18 (m, 6H), 7.16 - 7.12 (m, 6H), 7.10 -
7.05 (m, 4H), 7.02 - 6.96 (m, 7H), 6.90 - 6.85 (m, 6H), 6.75 - 6.73 (m, 1H), 6.52 (s, 2H), 6.48 (s,
2H), 1.88 (s, 9H), 1.67 (s, 9H). *C NMR (100 MHz, CDCls): & 198.28, 152.34, 148.46, 141.91,
141.18, 141.14, 140.91, 140.78, 140.56, 140.53, 140.47, 139.97, 129.94, 139.72, 139.46, 139.40,
139.36, 138.37, 137.91, 137.14, 137.10, 137.08, 136.99, 136.88, 132.75, 132.56, 131.72, 131.36,
131.06, 130.59, 130.54, 130.46, 130.43, 130.35, 130.15, 130.00, 129.76, 129.62, 129.38, 128.72,
128.07, 127.81, 127.77, 127.74, 127.51, 127.47, 127.32, 127.13, 127.01, 126.31, 126.23, 125.57,
119.76, 118.57, 118.32, 78.48, 23.09, 22.69, 21.98, 20.98, 20.76. HRMS (MALDI-TOF, m/z) calcd
for CosH79O [M], 1238.5427; found: 1238.5430 (error = 0.2 ppm).



Synthesis of target SBF-Mes

FeCI3, CH3NO2
DCM

SBF-Mes

Ferric chloride (311 mg, 1.92 mmol) was dissolved in anhydrous nitromethane (3 mL), and was
then slowly added to the solution PBF-2b (150 mg, 0.12 mmol) in anhydrous DCM (50 mL) under
an argon atmosphere at 0 °C. The reaction mixture was stirred at room temperature, and monitored
by TLC to confirm consumption of starting material. The reaction was quenched by water (5 mL).
The organic layer was separated and evaporated to dryness. The residue was purified by column
chromatography on silica gel (petroleum ether/CH,Cl, = 3:1) to afford SBF-Mes (130 mg, 86%
yield) as an purple solid. 'H NMR (400 MHz, CDCl;):  10.50 (s, 1H), 10.26 (s, 1H), 9.07 (d, J =
8.2 Hz, 1H), 9.04 (d, J = 8.0 Hz, 1H), 8.99 (s, 1H), 8.69 (d, J= 8.0 Hz, 1H), 8.64 (d, /= 8.1 Hz,
1H), 8.58 (d, J=8.1 Hz, 1H), 8.52 (d, J=7.7 Hz, 1H), 8.14 (s, 1H), 8.01 - 7.99 (m, 1H), 7.94 - 7.92
(m, 1H), 7.86 - 7.82 (m, 1H), 7.80 - 7.78 (m, 2H), 7.72 - 7.66 (m, 2H), 7.61 - 7.59 (m, 2H), 7.57 -
7.48 (m, 4H), 7.45 - 7.41 (m, 4H), 7.37 - 7.33 (m, 2H), 7.21 - 7.15 (m, 7H), 6.99 - 6.97 (m, 4H),
6.82 - 6.80 (m, 1H), 6.60 (s, 1H), 6.27 (s, 1H), 6.18 (s, 1H), 2.55 (s, 3H), 2.26 (s, 3H), 2.08 (s, 3H),
2.01 (s, 3H), 1.73 (s, 3H), 1.69 (s, 3H). 3*C NMR (100 MHz, CDCl;): 8 163.29, 161.59, 161.04,
150.49, 149.84, 148.27, 140.17, 139.58, 139.55, 139.34, 138.73, 138.65, 138.52, 138.24, 138.17,
137.83, 137.54, 136.20, 136.06, 135.93, 135.79, 135.52, 134.16, 134.11, 133.59, 132.89, 132.63,
132.49, 132.04, 131.79, 130.92, 130.34, 130.23, 129.67, 129.34, 129.23, 128.82, 128.76, 128.54,
128.27, 128.24, 128.19, 127.85, 127.72, 127.23, 126.53, 126.50, 126.33, 126.06, 125.54, 124.87,
124.52, 124.47, 124.18, 124.15, 123.71, 123.39, 122.60, 119.17, 118.80, 117.87, 21.24, 21.09,
20.95,20.73,20.60, 20.17. HRMS (APCI, m/z) calcd for CosHg, [M]*, 1214.4852; found: 1214.4832
(error = -1.6 ppm).

General procedure for synthesis of target NBF-Mes/ DCP/PCP

wo 7 DDQ
SnCl, Sc(OTf)s
CO'OQ DCM toluene
1c-1f

NBF-Mes (64%): Ar = 1,3,5-trimethylphenyl
NBF-DCP (32%): Ar = 2,6-dichlorophenyl
NBF-PCP (64%): Ar = pentachlorophenyl

To a solution of compound 1¢-1f (0.47 mmol) in dry DCM (50 mL), anhydrous SnCl, (447 mg,
2.36 mmol) was added at room temperature. The resulting mixture was kept stirring for 6 h. The



reaction was monitored by TLC to confirm consumption of starting material. Upon completion, the
mixture was filtered and evaporated to dryness. The resulting cyclobutene derivative was used in
next step without further purification. To a solution of crude cyclobutene derivative in toluene (40
mL), DDQ (267 mg, 1.18 mmol) and Sc(OTf); (580 mg, 1.18 mmol) were added under argon
atmosphere. The reaction mixture was stirred at 120 °C, and monitored by TLC to confirm
consumption of starting material. Upon completion, the mixture was evaporated to dryness. The
residue was purified by column chromatography on silica gel (petroleum ether/CH,Cl,= 4:1) to
afford the desired compounds.

Compound NBF-Mes (64% yield for two steps) was obtained as a purplish red solid. "H NMR (400
MHz, CDCls): 6 9.27 (s, 1H), 9.19 (s, 1H), 8.64 (s, 1H), 8.16 (s, 1H), 8.12 - 8.09 (m, 3H), 8.01 (d,
J=8.3 Hz, 1H), 7.77 (t, J = 8.9 Hz, 2H), 7.62 (s, 1H), 7.57 (s, 1H), 7.54 - 7.50 (m, 1H), 7.40 - 7.29
(m, 8H), 7.17 (t, J="7.7 Hz, 1H), 7.07 - 7.06 (m, 2H), 6.90 (s, 1H), 6.86 (s, 1H), 6.73 (s, 1H), 6.20
(s, 1H), 2.51 (s, 3H), 2.38 (s, 3H), 2.17 (s, 3H), 2.06 (s, 3H), 1.85 (s, 3H), 1.68 (s, 3H). 3C NMR
(100 MHz, CDCl;): & 147.82, 142.01, 139.32, 139.25, 138.27, 137.39, 137.28, 137.11, 136.84,
136.52, 136.34, 135.73, 134.19, 134.06, 133.82, 133.41, 133.01, 132.38, 132.06, 131.73, 130.79,
130.16, 129.80, 129.74, 129.60, 128.85, 128.66, 128.49, 128.32, 128.27, 127.98, 127.84, 127.68,
127.40, 127.33, 127.21, 126.08, 125.71, 125.63, 125.55, 125.06, 123.16, 122.93, 122.33, 118.25,
118.00, 22.34, 21.85, 21.42, 21.25, 21.19, 20.51. HRMS (APCI, m/z) calcd for CesHyr" [M+H]Y,
815.3672; found: 815.3677 (error = 0.6 ppm).

Compound NBF-DCP (32% yield for two steps) was obtained as a violet solid. '"H NMR (400 MHz,
CDCl3): 6 9.30 (s, 1H), 9.23 (s, 1H), 8.80 (s, 1H), 8.31 (s, 1H), 8.14 - 8.12 (m, 2H), 8.09 (s, 1H),
8.06 - 8.02 (m, 2H), 7.80 - 7.76 (m, 2H), 7.64 (s, 1H), 7.57 - 7.51 (m, 2H), 7.45 - 7.41 (m, 5H), 7.38
-7.30 (m, 5H), 7.21 - 7.18 (m, 1H), 7.15 - 7.09 (m, 3H), 6.73 - 6.65 (m, 2H). 3C NMR (100 MHz,
THF-dg): 6 151.60, 139.55, 139.16, 139.01, 138.75, 138.22, 138.03, 137.41, 136.96, 136.58, 135.88,
135.30, 135.17, 133.49, 132.84, 132.74, 132.45, 132.30, 131.99, 131.16, 131.06, 130.53, 130.15,
129.82, 129.38, 128.92, 128.84, 128.69, 128.65, 128.56, 128.54, 128.50 , 128.43, 128.35, 128.29,
128.24, 127.91, 127.40, 127.04, 126.67, 126.58, 126.34, 126.23, 125.97, 125.31, 124.58, 124.33,
123.89, 123.24, 122.78, 122.69, 122.29, 119.67, 119.37, 119.33. MS (MALDI-TOF, m/z) calcd for
Cs4H30Cly [M]Y, 866.1102; found: 866.1085 (error = -2.0 ppm).

Compound NBF-PCP (64% yield for two steps) was obtained as a bluish violet solid. 'H NMR (400
MHz, CDCly): 8 9.32 (s, 1H), 9.25 (s, 1H), 8.84 (s, 1H), 8.28 (s, 1H), 8.15 (d, /= 8.2 Hz, 1H), 8.10
- 8.06 (m, 3H), 7.81 - 7.80 (m, 2H), 7.77 (d, J= 8.2 Hz, 1H ) 7.58 - 7.48 (m, 6H), 7.46 - 7.45 (m,
1H), 7.43 - 7.34 (m, 4H), 7.10 (d, J= 6.2 Hz, 2H). 13C NMR (100 MHz, THF-dy): 6 154.12, 153.77,
139.95, 139.57, 139.33, 139.26, 139.20, 138.19, 138.03, 137.92, 136.97, 136.87, 136.13, 136.01,
135.74, 135.40, 134.95, 134.70, 134.62, 134.38, 133.58, 133.44, 133.30, 133.25, 133.17, 133.04,
132.36, 132.20, 132.07, 131.90, 131.74, 131.24, 130.88, 130.60, 129.97, 129.68, 129.53, 129.44,
129.37, 129.12, 128.98, 128.85, 128.46, 128.19, 127.83, 127.46, 127.37, 127.09, 127.04, 126.88,
126.57, 126.53, 124.45, 124.07, 123.98, 122.37, 122.20, 120.20, 120.16. HRMS (MALDI-TOF,
m/z) caled for CsgHp4Clyg [M]", 1073.8704; found: 1073.8743 (error = 3.6 ppm).

Results and Discussion



X-ray crystallography of compound 3a

Figure S1. ORTEP plots of crystal structure 3a (atoms: C, black; O, red). Thermal ellipsoids are
shown at 30%, hydrogen atoms are omitted for clarify.

Theoretical calculations of reaction pathways

Density functional theory (DFT) calculations were performed with the Gaussian 09 program.* All
geometry optimizations were carried out at the B3LYP level of density functional theory with the
6-31G(d,p) basis set (vide infra). The nature of the stationary points was assessed by means of
vibrational frequency analysis. The transition states of the reaction paths were confirmed by intrinsic
reaction coordinate (IRC) calculations. In the implicit solvent model by using B3LYP/6-31G(d,p)
method, the CPCM polarizable conductor calculation model was used to the polarizable continuum
model (PCM) in the self-consistent reaction field (SCRF) procedure.
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Figure S2. Optimized structures and relative energy (kcal/mol) associated with each transition state
in the two possible reaction pathways (Path A: red; Path B: black).

Table S1. Summary of the control experiments.
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Entry Condition Temperature Reaction time Yield by HPLC
1 DDQ (5 eq.) 120 °C 3 days 1%
2 Sc(OTf); (5 eq.) 20 °C 3 days -
3 Sc(OTH); (5 eq.) 100 °C 3 days 23%
4 Sc(OT1); (5 eq.) 120 °C 2 days 23%
5 Sc(OT1); (5 eq.)/DDQ (1 eq.) 120 °C 31h 34%
The aromatic proton resonances of NBF-Mes/DCP/PCP
] f a

NBF-PCP /) yi A

NBF-DCP , /\ \

NBF-Mes ,'\ /I\

Figure S3. The downfield shifts for aromatic proton resonances from NBF-Mes to NBF-DCP, and

to NBF-PCP.

The photophysical and electrochemical properties of new compounds.

Table S2. Summary of the photophysical and electrochemical properties of new compounds.

Cmpds PBF-Mes NBF-Mes SBF-Mes NBF-DCP NBF-PCP
Japs™ (nm) 488 545 555 560 570
Jonsed™™ (N 586 667 755 747 789
Eo (eV)la) 1.75 1.54 1.36 1.37 1.30
Ered (V)] -1.37 -1.15 -1.09 -1.00 -0.89
Ered (V)] -1.76 -1.59 -1.37 -1.57 -1.50
Eo (V)] 0.49 0.47 0.51 0.57 0.65
ES (V) 1.86 1.62 1.60 1.57 1.54
LUMO (eV)[© 343 -3.65 3.71 -3.80 -3.91
HOMO (eV)ll -5.29 -5.27 -5.31 -5.37 -5.45
Dipole Moment (D)1 1.09 2.10 2.22 3.08 5.19

[2lCalculated from the onset of UV absorption. [")Onset potentials vs Fc/Fc*, determined by cyclic

voltammetric measurements in 0.10 M solution of 7n-BusN"PF¢ in CH,Cl,. [F)Estimated from onsets

11



of oxidative waves and reduction waves in CV measurements. [9Obtained from DFT calculations
at the B3LYP/6-31G(d,p) level on Gaussian 09 program.

Crystal packing of compound PBF-Mes and NBF-Mes

Figure S4. Crystal packing of small-sized PBF-Mes and larger-sized NBF-Mes.
DFT and TD-DFT calculations

DFT and time-dependent DFT (TD-DFT) were performed using the Gaussian 09 software
package. All calculations were carried out using the DFT method with Becke’s three-parameter
hybrid exchange functionals and the Lee-Yang-Parr correlation functional (B3LYP) employing the
6-31G(d,p) basis set for all atoms.

HOMO HOMO-6 HOMO-7 HOMO-8

> ¢
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34




Figure S5. Calculated MOs profiles of PBF-Mes at the B3LYP/6-31G(d,p) level.

Table S3. Major electronic transitions of PBF-Mes calculated by TD-DFT.

excited state  Energy (cm)  Wavelength (nm)  Osc. Strength  Major contribs

1 14687.45760 680.85303 0.0044 H>L (99%)

H-2>L (79%)
2 20524.53232  487.22182 0.0539 H-1-L (18%)

H-2>L (20%)

3 20987.49776 476.47414 0.2598 H-1>L (65%)
- 0
- 0
4 22581.26032 442.84508 0.0623 g ;‘ii gi‘f;
- 0
- 0
5 22882.91376 437.00728 0.0190 g ;‘ii gg‘f;
- 0
- 0
6 23653.17856 422.77616 0.0058 g gii Ejiofg
- 0
H-6>L (42%)
7 24225.02960 412.79619 0.1066 H-5>L (47%)
8 25025.13712 399.59821 0.0282 H-7>L (95%)
9 28886.13984 346.18679 0.0488 H-8>L (92%)
H>L+1 (76%)
10 30170.98992 331.44421 0.0642 H>L+2 (13%)
H-9>L (14%)
11 31096.92080 321.57525 0.0052 H>L+1 (20%)
H>L+2 (54%)
H-10>L (74%)
12 31300.98048 319.47881 0.0033 H-9>L (19%)
.° *e
." “‘ 2 Y
‘. & ’:: :‘ e o* o’ :
QakloNiy, SRS,
:’ %2 ? 29 - Y 9
2 o % B S
I 5 & 9 5 %

? @ 9 ° ?
LUMO+3 LUMO+2 LUMO+1

HOMO-8 HOMO-9 HOMO-10
Figure S6. Calculated MOs profiles of NBF-Mes at the B3LYP/6-31G(d,p) level.
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Table S4. Major electronic transitions of NBF-Mes calculated by TD-DFT method.

excited state Energy (cm™) Wavelength (nm) Osc. Strength Major contribs

1 1242989616 804.51195 0.0201 H>L (96%)
H-2>L (46%)
2 17428.95504 57375786 0.0242 1oL (o)
H-25L (46%)
3 1856539808 538.63644 0.3641 1ot e
4 1872590352 534.01962 0.0390 H-3>L (85%)
5 20620.51296  484.95398 0.1256 H-4>L (86%)
6 22461.08288 44521450 0.0064 H-5>L (98%)
7 22874.0416 437.17678 0.0299 H-6>L (95%)
8 23057.13072 43370530 0.0066 H>L+1 (98%)
9 24279.06912  411.87740 0.0104 H>L+2 (89%)
H-8>L (10%)
10 2449845344 408.18903 0.0231 HooL (8000
1 24788.00848  403.42087 0.0161 H-8>L (76%)

H-7>L (14%)
H-9>L (31%)
12 25940.58272 385.49635 0.0211 H-2>L+1 (10%)
H-1>L+1 (49%)
H-10>L (33%)
13 26126.09152 382.75912 0.0072 H-9>L (38%)
H-1>L+1 (18%)
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Figure S7. Calculated MOs profiles of SBF-Mes at the B3LYP/6-31G(d,p) level.
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Table S5. Major electronic transitions of SBF-Mes calculated by TD-DFT method.

excited state  Energy (cm)  Wavelength (nm)  Osc. Strength ~ Major contribs
1 11734.64144 852.17772 0.0203 H>L (97%)
H-2>L (18%)
2 16097.32448 621.22125 0.2446 H-1>L (80%)
3 16447.37152 607.99989 0.0006 H-3>L (98%)
H-2>L (79%)
4 17449.11904 573.09484 0.3539 H-1>L (17%)
H-7>L (12%)
5 20066.40624 498.34534 0.0531 H-4>L (72%)
6 20972.17312 476.82231 0.1068 H-5>L (74%)
7 21234.30512 470.93606 0.0117 H-8>L (88%)
H-10>L (10%)
8 21446.43040 466.27806 0.0286 H-7>L (12%)
H-6>L (50%)
H-7>L (55%)
9 22023.12080 454.06825 0.0213 H-6>L (21%)
H-5>L (16%)
H-10>L (27%)
10 22152.17040 451.42304 0.0172 H-9>L (47%)
H-6>L (12%)
H-11>L (23%)
11 22940.98608 435.90105 0.0354 H-10>L (34%)
H-9>L (31%)
H-11>L (61%)
12 23191.01968 431.20139 0.0081 H-10>L (22%)
13 23926.60240 417.94484 0.0113 H-13>L (80%)
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Figure S8. Calculated MOs profiles of NBF-DCP at the B3LYP/6-31G(d,p) level.



Table S6. Major electronic transitions of NBF-DCP calculated by TD-DFT method.

excited state

Energy (cm™)

Wavelength (nm) Osc. Strength Major contribs

NelebN No ) N0, ISRV N =

—
[e)

—_—
—

12

13

14

15

11329.74832
15551.28336

17381.36800

17879.82208
22567.54880
22806.29056
23132.94736
24463.77136
25032.39616

25301.78720
25755.07392

26153.51456

26834.25120

27102.02912

27277.85920

882.63214
643.03375

575.32871

559.28968
443.11414
438.47552
432.28387
408.76772
399.48233

395.22900
388.27301

382.35779

372.65806

368.97606

366.59768

0.0207
0.0178

0.4049

0.0888
0.0381
0.0850
0.0076
0.0010
0.0151

0.0042
0.0154

0.0014

0.0071

0.0236

0.0055

H>L (95%)
H-2>L (28%)
H-1>L (71%)
H-2>L (64%)
H-1>L (24%)
H-3>L (87%)
H-4>L (88%)
H-5>L (87%)
H>L+1 (97%)
H>LA+2 (87%)
H-6>L (77%)
H-8>L (27%)
H-7>L (69%)
H-9>L (13%)
H-2>L+1 (20%)
H-1>L+1 (45%)
H-8>L (61%)
H-7>L (27%)
H-9>L (59%)
H-1>L+1 (13%)
H>L+3 (12%)
H-2>L+1 (30%)
H-1>L+1 (17%)
H>L+3 (38%)
H-10>L (67%)
H-2>L+1 (15%)

Figure S9. Calculated MOs profiles of NBF-PCP at the B3LYP/6-31G(d,p) level.
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Table S7. Major electronic transitions of NBF-PCP calculated by TD-DFT method.

excited state Energy (cm™) Wavelength (nm)  Osc. Strength Major contribs

1 11091.81312 901.56586 0.0210 H>L (95%)

2 14749.56272 677.98620 0.0136 H-1>L (90%)
H-3>L (47%)

3 16937.76000 590.39684 0.2002 H-2>L (46%)
H-3>L (49%)

4 17261.19056 579.33431 0.2878 H-2>L (43%)

5 22182.01312 450.81571 0.0889 H-4>L (90%)

6 22349.77760 447.43175 0.0433 H-5>L (90%)

7 23528.16176 425.02258 0.0158 H>L+1 (98%)

8 24354.88576 410.59523 0.0189 H-6>L (84%)

9 24929.15648 401.13672 0.0020 H>L+2 (85%)

10 25384.86288 393.93555 0.0286 H>L+3 (92%)
H-9>L (26%)

11 25476.81072 392.51381 0.0014 H-8>L (18%)
H-7>L (54%)
H-8>L (39%)

12 25818.79216 387.31479 0.0032 H-2>L+1 (22%)
H-1>L+1 (18%)
H-9>L (45%)

13 26175.29168 382.03968 0.0012 H-7>L (37%)

14 26330.15120 379.79273 0.0681 H>L+4 (91%)
H-9>L (15%)

15 26682.61792 374.77582 0.0419 H-8>L (23%)

H-1>L+1 (39%)
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Differential pulse voltammograms
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Figure S10. Differential pulse voltammograms of PBF-Mes, NBF-Mes, SBF-Mes, NBF-DCP and
NBF-PCP in DCM (1.0 mM); redox potentials were determined by using 0.10 M n-BuyN*PF¢ as a

supporting electrolyte; the electrode potential was externally calibrated by the ferrocene/ferrocenium
redox couple.

18



Characterization of NBF-PCP radical ions

0.3

—— (NBF-PCP)"‘generated by spectroelectrochemistry
| —— (NBF-PCP)" generated by spectroelectrochemistry

S
2

Absorption
=)
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Wavelength (nm)

Figure S11. UV-vis-NIR spectra of (NBF-PCP)** and (NBF-PCP) by in-situ measurement of one-
electron oxidation and reduction of NBF-PCP through the electrochemistry (DCM solution
containing 0.10 M n-Bus"NPFy).
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Figure S12. Calculated absorption spectra of (NBF-PCP)** at the UM06/6-31G(d,p) level (a) and
(NBF-PCP)™ at the CAM-B3LYP/6-31G(d,p) level (b).

Table S8. Major electronic transitions of (NBF-PCP)** calculated by TD-DFT method.

:f:tl;ed Energy (cm)  Wavelength (nm)  Osc. Strength  Major contribs
H-2(B)>L(B) (19%)

1 5546.71312 1802.86952 0.0179 H(B)>L(B) (75%)
H-2(B)>L(B) (77%)

2 7044.49504 1419.54816 0.0227 H(B)>L(B) (20%)
H-2(A)>L(A) (29%)
H-1(A)>L(A) (13%)

3 8899.58304 1123.64815 0.0010 H-2(B)>L+1(B) (20%)
H(B)>L+1(B) (29%)

4 10000.53744 999.94626 0.0003 H-1(B)>L(B) (85%)
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10

11

12

13

14

15

11188.60032

11879.01568

12966.25856

13807.50064

14013.17344

14514.85376

14767.30704

15347.22368

15690.01168

16073.12768

17703.18544

893.76684

841.82059

771.2325

724.24404

713.61423

688.94941

677.17154

651.58365

637.34816

622.15645

564.87009

0.0128

0.0379

0.2887

0.0372

0.0055

0.1779

0.0379

0.0200

0.1751

0.1288

0.0004

H-1(A)>L(A) (36%)
H(A)>L(A) (31%)
H-1(B)>L(B) (10%)
H-1(B)>L+1(B) (14%)
H-3(A)>L(A) (19%)
H-2(A)>L(A) (11%)
H(A)>L(A) (45%)
H-2(A)>L(A) (14%)
H-4(B)>L(B) (56%)
H(B)>L+1(B) (16%)
H-4(A)>L(A) (20%)
H-1(A)>L(A) (12%)
H-1(B)>L+1(B) (48%)
H-4(A)>L(A) (16%)
H-3(B)>L(B) (33%)
H-3(B)>L+1(B) (21%)
H-1(B)>L+1(B) (13%)
H-3(A)>L(A) (25%)
H-1(A)>L(A) (18%)
H(A)>L(A) (12%)
H-4(B)>L(B) (12%)
H(B)>L+1(B) (18%)
H-3(A)>L(A) (27%)
H-2(A)>L(A) (21%)
H-4(B)>L(B) (12%)
H-3(B)>L(B) (10%)
H(B)>L+1(B) (20%)
H-4(A)>L(A) (13%)
H-3(A)>L(A) (11%)
H-3(B)>L(B) (42%)
H-3(B)>L+1(B) (11%)
H-2(A)>L(A) (12%)
H-2(B)>L+1(B) (59%)
H-10(B)>L(B) (14%)
H-8(B)>L(B) (17%)
H-5(B)>L(B) (50%)
H-5(A)>L(A) (20%)
H-6(B)>L(B) (26%)
H-4(B)>L+1(B) (12%)

Table S9. Major electronic transitions of (NBF-PCP)™

calculated by TD-DFT method.

::‘:tl;ed Energy (cm!)  Wavelength (nm)  Osc. Strength  Major contribs
H-1(B)>L(B) (15%)

1 14,131.73776  707.62706 0.0105 H(B)>L(B) (53%)
H-1(B)>L(B) (75%)

2 14,781.82512  676.50645 0.1880 H(B)>L(B) (10%)
H-3(A)>L+1(A) (16%)

3 17,019.22256  587.57090 0.0121 H-2(B)>L+2(B) (10%)
H(B)>L(B) (28%)
H-4(A)>L(A) (21%)

4 17,897.56640  558.73518 0.0007 H-4(B)>L(B) (16%)
H-3(B)>L+1(B) (14%)
H-1(A)>L+1(A) (15%)

5 18,550.07344  539.08142 0.0116 H(B)>L+2(B) (12%)

6 19,100.95392  523.53406 0.0066 H(A)>L(A) (69%)
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7 21,549.67008  464.04423 0.0185 H-3(B)>L(B) (69%)
H(A)>L+1(A) (24%)

8 22,723.21488 440.07857 0.0177 H(A)>L+2(A) (22%)
H(A)>L+1(A) (16%)
9 23,067.61600 433.50817 0.0310 H(A)>L+2(A) (24%)
H-4(A)>L(A) (15%)
10 24,505.71248 408.06812 0.0120 H-4(B)>L(B) (61%)
1 24,796.07408  403.28965 0.0208 H(A)>L+4(A) (30%)
H(A)>L+1(A) (20%)
12 25,346.14800  394.53727 0.0170 H(B)>L+1(B) (11%)
H(B)>L+2(B) (14%)
(a) (b)
1000- 1000-
E 500 g, = 2.0022 ’;‘ 500+ g, =2.0023
&S &S
2z 01 Z 01
g g
£ 5004 £ 5004
] ]
-1000 -1000
32 333 B4 BS 336 337 334.0 3345 335.0 3355
Magnetic Field (mT) Magnetic Field (mT)

Figure S13. ESR spectra of (NBF-PCP)**[SbF¢] (a) and (NBF-PCP)*[CoCp;,*] (b) recorded in air-
degassed DCM solution at room temperature.

OFET devices

Thin film deposition and device fabrication

Heavily doped silicon substrates with a 300 nm SiO, dielectric modified with octadecyl
trichlorosilane (OTS) through thermal vapor at 150 °C were used for the device fabrication. A
homogeneous layer of NBF-PCP was spin-coated from chlorobenzene solution (5 mg mL-!). Source
and drain gold electrodes were thermal vapor deposited at a thickness of 50 nm. The channel length

and width were estimated as 20 pm and 1000 um, respectively.
The parameters of charge carrier mobilities

The charge carrier mobilities of OFETs were calculated in the saturation regime from a plot of

the square root of the drain current vs. gate voltage using the following equation:

I _ve VG — VT)?
Ds T 5 w( )

where Ipg is the drain-source current, C; is the capacitance per unit area of the gate dielectric (10
nF/cm?), L is the channel length, W is the channel width, ¥ and V7 are the gate-source voltage and

threshold voltage, respectively.

21



Crystal data and Structural Refinement

Table S10. Crystal data and structure refinement for PBF-Mes (CCDC:1975936).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

=X ™R O o8

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

PBF-Mes
CygHsg

614.78

296.15 K
0.71073 A
Monoclinic
P12mn1
17.963(3) A
8.2911(13) A
25.855(4) A

90°

104.810(3)°

90°

3722.7(10) A3

4

1.097 Mg/m?
0.062 mm!

1304

0.1 x 0.05 x 0.03 mm?
1.629 to 25.500°.

-14<=h<=21, -10<=k<=9, -31<=1<=31

24085

6895 [R(int) = 0.0910]

99.70%

Semi-empirical from equivalents
0.7456 and 0.6133

Full-matrix least-squares on F2
6895/1/440

0.999

R1=10.0652, wR2 =0.1468
R1=10.1575, wR2 =0.1906
0.0041(7)

0.277 and -0.178 e.A-3

Table S11. Crystal data and structure refinement for compound 3a (CCDC:1975939).

Identification code 3a

Empirical formula CysHzg O
Formula weight 630.78
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system Triclinic
Space group P-1

a 11.2454(12) A
b 17.5859(19) A
c 19.671(2) A

o 87.747(3)°

B 66.860(3)°

Y 61.993(2)°
Volume 3516.0(7) A3
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4 4

Density (calculated) 1.192 Mg/m?
Absorption coefficient 0.069 mm'!
F(000) 1336
Crystal size 0.200 x 0.150 x 0.100 mm?
Theta range for data collection 1.863 to 24.999°.
Index ranges -13<=h<=13, -20<=k<=13, -23<=]<=18
Reflections collected 19643
Independent reflections 12381 [R(int) = 0.0533]
Completeness to theta = 25.242° 97.30%
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7456 and 0.6347
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 12381/387/1157
Goodness-of-fit on F2 1.032
Final R indices [[>2sigma(I)] R1=0.0950, wR2 = 0.2394
R indices (all data) R1=0.2185, wR2 = 0.3045
Extinction coefficient 0.0015(8)
Largest diff. peak and hole 0.357 and -0.262 e.A-3
Table S12. Crystal data and structure refinement for NBF-Mes (CCDC:1975937)
Identification code NBF-Mes
Empirical formula CesHag
Formula weight 815.01
Temperature 1732) K
Wavelength 0.71073 A
Crystal system Triclinic
Space group P-1
a 17.0406(16) A
b 17.1796(17) A
c 21.2035(19) A
o 87.747(3)°
B 66.860(3)°
v 61.993(2)°
Volume 4958.2(8) A3
4 4
Density (calculated) 1.092 Mg/m?
Absorption coefficient 0.062 mm'!
F(000) 1720
Crystal size 0.18x0.16 x 0.10 mm?
Theta range for data collection 1.542 to 25.000°.
Index ranges -20<=h<=20, -20<=k<=20, -25<=I<=25
Reflections collected 74625
Independent reflections 17409 [R(int) = 0.1218]
Completeness to theta = 25.242° 96.90%
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7456 and 0.4347
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 17409/0/1162
Goodness-of-fit on F2 1.083
Final R indices [I>2sigma(I)] R1=0.0716, wR2 =0.1811
R indices (all data) R1=0.1219, wR2 =0.2134
Extinction coefficient 0.0048(6)
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Largest diff. peak and hole 0.313 and -0.260 e.A-3

Table S13. Crystal data and structure refinement for SBF-Mes (CCDC:1975938)

Identification code SBF-Mes

Empirical formula CosHg»

Formula weight 1215.45

Temperature 99.8(8) K

Wavelength 1.54184 A

Crystal system Orthorhombic

Space group Pcen

a 14.9085(6) A

b 32.282(2) A

c 28.907(2) A

o 90°

B 90°

Y 90°

Volume 13912.3(14) A3

Z 8

Density (calculated) 1.161 Mg/m?

Absorption coefficient 0.499 mm’!

F(000) 5104

Crystal size 0.3x0.3x0.1 mm?

Theta range for data collection 3.606 to 66.598°.

Index ranges -16<=h<=18, -39<=k<=39, -35<=I<=35

Reflections collected 12306

Independent reflections 12306 [R(int) = 0.2086]

Completeness to theta = 66.598° 100.00%

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 1.00000 and 0.50474

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 12306/484/871

Goodness-of-fit on F2 0.982

Final R indices [[>2sigma(I)] R1=10.0890, wR2 = 0.2353

R indices (all data) R1=0.1568, wR2 =0.2712

Extinction coefficient n/a

Largest diff. peak and hole 1.006 and -0.281 e.A-3
Table S14. Crystal data and structure refinement for NBF-PCP (CCDC:1975940).

Empirical formula NBF-PCP

Formula weight 1075.27

Temperature 293(2) K

Wavelength 1.54184 A

Crystal system Triclinic

Space group P-1

a 8.4481(5) A

b 17.6335(7) A

c 19.2134(8) A

a 103.740(4)

B 95.972(4)

Y 92.279(4)

Volume 2759.2(2) A3

4 2

Density (calculated) 1.294 Mg/m?
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Absorption coefficient

F(000)

Theta range for data collection
Reflections collected
Completeness to theta = 66.595°
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

4.902 mm!

1084

4.844 to 66.595°.

9697

99.90%

Full-matrix least-squares on F2
9697/0/613

1.089

R1=0.1002, wR2 = 0.2773
R1=0.1396, wR2 = 0.3293
n/a

1.521 and -0.611 A3

NMR/mass spectra for new compounds

T
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Figure S14. '"H NMR spectrum (400 MHz) of compound S-3 in CDCl; at 298 K.
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Figure S20. 'H NMR spectrum (400 MHz) of compound 1d in CDCl; at 298 K.
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Figure S21. 3C NMR spectrum (100 MHz) of compound 1d in CDCl; at 298 K.
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Figure S23. 3C NMR spectrum (100 MHz) of compound 1e in CDCl; at 298 K.
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Figure S25. 3C NMR spectrum (100 MHz) of compound 2b in CDCl; at 298 K.
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Figure S27. 3C NMR spectrum (100 MHz) of compound PBF-Mes in CDCl; at 298 K.
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Figure S29. '"H NMR spectrum (400 MHz) of compound 3a in CDCl; at 298 K.

FeEL 0T
16L8°0T
£080°7T
ILS8'TT

PES9'IL
9000°LL
LLIELL
TUYLL

96L6'8T1
TLBT'6TT
£90+°0TT
TE0THLI
¥868°STT
LTLSITT
8LISLTT
POSS'LTT
9TTTBTI
FPIS88TI
P0T6°8TT
8€8T'6TT
095+°6TT
0895°6TT
09TL°TET
LBES'TET
880979¢T
88EL™9ET
SST6'9ET
T8S679€T
PIET'LET
E9EELET
8I69°LET
TES98ET
8650°TFT
SOPT'THT
TFEIFT
8F88’cPI
8096°LFT
88ET°TST

LBLY'66T

7

7

130 120 110 100 90 80 70 60 50 40 30 20

140

190 180 170 160

200

Figure S30. 3C NMR spectrum (100 MHz) of compound 3a in CDCl; at 298 K.
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Figure S31. '"H NMR spectrum (400 MHz) of compound PBF-2b in CDCl; at 298 K.
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Figure S33. '"H NMR spectrum (400 MHz) of compound 3b in CDCl; at 298 K.
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Figure S34. 3C NMR spectrum (100 MHz) of 3b in CDCl; at 298 K.
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Figure S35. '"H NMR spectrum (400 MHz) of compound SBF-Mes in CDCl; at 298 K.
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Figure S37. '"H NMR spectrum (400 MHz) of compound NBF-Mes in CDCl; at 298 K.
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Figure S39. COSY spectrum (400 MHz) of NBF-Mes in CDCl; at 298 K
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Figure S40. 'H NMR spectrum (400 MHz) of compound NBF-DCP in CDCl; at 298 K.
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Figure S41. 3C NMR spectrum (100 MHz) of compound NBF-DCP in THF-dy at 298 K

R - - -
b P AP eIV P, S A P AP P PR A AP Ul L P
(e s —
> MM,MJWN%
==
—_—
e

fce——s=>>

90 88 86 84 82 80 78 76 T4 72 70 68 6.6

9.2

9.4

Figure S42. COSY spectrum (400 MHz) of compound NBF-DCP in CDCl; at 298 K.

39



009T°L—

S8E8'8—

96¥T 6~
6FTE6

vmao.h
mue-.h/
£8E€°L
88PEL
ToLE'L
TT6e’L
L60F'L
8STH'L
£SPPL
LO9F'L
0Z8F°L
mhavHW
086¥°L o
YOgs L .\
T968°L \
T9LS°L
6FSL°L
vnt_..hW
P96L°L-,
-mww.h\

LT90'8

wwno.uM
9£0T°8—
T0F1'8-;
S091 .w\

£787T°8—

x+e+s+r+h

81 80 7% 78 77 76 75 74 73 72 71 70

8.2

8.3

s

o -

=101

» 00T
00T

0.0 05 -1.0

0.5

1.0

"

2.5 2.0

3.0

4.0

4.5

5.0

w3
"

6.0

6.5

9.0 8.5 8.0 7.5

9.5

Figure S43. 'H NMR spectrum (400 MHz) of NBF-PCP in CDCl; at 298 K.

Figure S44. 3C NMR spectrum (100 MHz) of compound NBF-PCP in THF-d; at 298 K
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Figure S45. COSY spectrum (400 MHz) of compound NBF-PCP in CDCl; at 298 K.
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Figure S46. HR (APCI) mass spectrum of compound S-3.
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Figure S47. HR (MALDI-TOF) mass spectrum of compound 1b.
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Figure S48. HR (MALDI-TOF) mass spectrum of compound 1c.

42



tan190314_15 1(0.031) Cn (Cen,2, 10.00, Ar); Sb (5,20.00 ); Sm (Mn, 2x3.00); Cm (1:7) TOF LD+
- 450.0589 262
100
433.0477
452.0589
435.0446
<
453.0567
436.0459
454.0602
449.0459
417.9398 437.0434
420.0388
438.0275 456.0587
500.2759
415"1344 ( 473.0531 ‘
0y R IR BT ‘|‘H‘w‘\“ﬂ‘w‘\‘w\\ SR L 1 15 0 Y RO 1 AR PR, oL , ST RIS B N P
390 395 400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 505
.
Figure S49. HR (MALDI-TOF) mass spectrum of compound 1d.
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Figure S50. HR (MALDI-TOF) mass spectrum of compound 1e.
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Figure S51. HR (MALDI-TOF) mass spectrum of compound 2b.
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Figure S52. HR (MALDI-TOF) mass spectrum of compound PBF-Mes.
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Figure S53. HR (MALDI-TOF) mass spectrum of compound 3a.
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Figure S54. HR (ACPI) mass spectrum of compound PBF-2b.
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Figure S55. HR (MALDI-TOF) mass spectrum of compound 3b.
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Figure S56. HR (APCI) mass spectrum of compound SBF-Mes.
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Figure S57. HR (APCI) mass spectrum of compound NBF-Mes.
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Figure S58. HR (MALDI-TOF) mass spectrum of compound NBF-DCP.
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Figure S59. HR (MALDI-TOF) mass spectrum of compound NBF-PCP.

Computational results

Cartesian coordinates for optimized geometry Al in the proposed radical cation mechanism
(path A).
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Cartesian coordinates for optimized structural geometry relative to transition state TS1 in the
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proposed radical cation mechanism (Path A).

C

C

1.57933900

0.46730700

-0.35676800

0.18193900

1.58780800

0.98292000

1.67029600

2.71438900

2.68257600

-0.03431500

-0.38770200

0.28017800

1.31707300

0.42393600

-0.01771100

-0.49829200

0.00440300

1.35154400

2.73078300

3.60391200

2.84911900

1.50850400

3.19142300

4.54452800

5.41239400

4.95022300

52

0.66061900

0.43786400

2.18923300

1.28687500

3.00157900

6.55084200

6.19391800

6.19078200

-1.39684500

-2.10762400

-0.95592500

0.19022900

-0.36787800

-0.51037800

0.35961300

1.07105800

0.63259300

-1.33688500

-1.27058700

-0.40128700

0.41608400



3.66313700

4.57760100

4.55146600

3.60038200

0.33128400

1.45279500

0.96339400

-0.48458100

-0.86803500

-1.42717700

-2.77362400

-3.16257100

-2.21882600

2.81533600

3.67629200

3.18545700

1.82242000

-1.44776000

-1.22287500

-2.25613800

-3.50932500

-3.71446900

-2.71381900

3.25828000

2.31717400

0.99183800

0.57688600

-0.02918400

0.20673900

0.17517300

-0.06462700

-0.19248900

-0.14559400

-0.34500700

-0.44758100

-0.36537800

0.40216300

0.59722100

0.57748000

0.36112900

-1.51276000

-2.77339600

-3.71286100

-3.45399900

-2.19875100

-1.22348100

53

2.00451400

2.48993900

2.04377100

1.10557300

-3.49958000

-4.41705600

-5.74830400

-5.69265700

-4.32614600

-6.70616700

-6.36543700

-5.02776600

-3.99947300

-4.17328700

-5.25786200

-6.56637500

-6.82149000

-0.99363700

-1.60980600

-1.61199500

-1.04931900

-0.47415200

-0.42568000



-3.05177400

0.07342100

-4.59486400

0.22746900

0.77722200

0.81581200

0.32929800

-0.19603300

-0.24298600

-0.81756100

1.30066100

0.36022400

-0.54863600

-1.18183900

-0.00262900

1.84034800

3.70537200

5.32433900

5.27798200

3.59066400

-1.13619400

-3.52098700

-4.20991100

0.10708300

-3.15592900

-4.50162000

-0.29894200

-1.55239600

-1.83993200

-0.94818800

0.27197100

0.63085000

1.98403700

-2.57672900

-1.31071300

2.52736500

4.92284200

6.46033700

5.63545000

4.28887200

2.62292900

0.28045100

-0.44947900

-0.04919500

-0.40920600

-0.58932400

54

0.20746100

-2.29434500

-1.05275900

1.59103500

2.02114400

3.37925200

4.34656500

3.91392700

2.56750500

2.22485300

1.04787100

5.80795600

-2.02522400

-1.90694900

-0.36694900

1.07697600

2.34506700

3.21693000

2.42455800

0.75103400

-7.74821800

-7.15082200

-4.77952500



-2.54452300

3.21199700

4.73553500

3.86823500

1.45551100

-2.07460100

-4.68722000

-4.13283900

-2.73889800

-2.57433000

0.95736200

0.19931900

0.06975900

-4.45641800

-5.58614300

-4.58845800

1.23688300

-0.57825500

-1.73966800

-0.11773500

-1.03925300

1.92724800

1.89528600

-0.44058300

0.39011800

0.75559600

0.72390000

0.34066100

-4.67938400

-1.96399900

0.27259200

0.14213000

0.94818000

-2.71584800

-4.24262700

-2.84470600

-5.21042600

-4.05325000

-5.08306900

-2.78944700

0.97339700

2.15782700

2.77943900

2.09999800

-2.13162700

-3.33231500

55

-2.97025200

-3.16111300

-5.08090700

-7.39811900

-7.84368500

-2.07689100

-0.04816200

0.18687500

1.25704000

-0.30413700

-1.82814100

-2.28218200

-3.34597400

-0.22595300

-0.93635200

-1.98058200

3.70081000

4.65183800

2.79006100

2.50406700

1.16481400

0.26794900

1.56813700



Cartesian coordinates for optimized geometry A2 in the proposed cation mechanism (Path A).
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Cartesian coordinates for optimized structural geometry relative to TS2 in the proposed

radical cation mechanism (Path A).
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Cartesian coordinates for optimized geometry A3 in the proposed radical cation mechanism (Path
A).
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Cartesian coordinates for optimized geometry B1 in the proposed cation mechanism (Path B).
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Cartesian coordinates for optimized structural geometry relative to transition state TS3 in the

proposed cation mechanism (Path B).
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Cartesian coordinates for optimized geometry B2 in the proposed cation mechanism (Path B).
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Cartesian coordinates for optimized structural geometry relative to transition state TS4 in the
proposed cation mechanism (Path B).
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Cartesian coordinates for optimized geometry B3 in the proposed cation mechanism (Path B).
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