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Supporting Information

1. General method

All chemicals and solvents were purified according to the standard procedure.!') The
trichalcogenasumanenes (3S and 3Se) were synthesized according to our previous report,?! and the
triazacoronene was synthesized according to the method reported by Wei et al.’)

Melting points were determined on WRS-2 melting point apparatus. 'H, and 1*C NMR spectra were
recorded on a Bruker Avance III 400MHz (100 MHz for '*C) or a VARIAN INOVA 600MHz
spectrometer (125 MHz for '3C) spectrometer. The chemical shifts of 'H and '*C NMR were recorded
using TMS as internal standard. High-resolution mass spectral analysis (HRMS) was carried out on
a maXis 4G mass spectrometer (Bruker Daltonic Inc.). The UV-vis spectra in CH2Cl2 solution
(1.0x107° mol L") were measured at 20 °C on the UV-2600 UV-Vis spectrometer (Shimadzu). The
infrared (IR) spectra were record on the PerkinElmer Spectrum 400 spectrometer with the resolution
of 2 cm!'. Fluorescence excitation and emission spectra were recorded with an RF-5301(pc)s
Spectrofluorophotometer, fluorescence lifetime and steady state were measured on FLS920
Spectrofluorophotometer. All calculations were carried out with the Gaussian 09 suite of programs. 5%
For DFT calculations, we used the hybrid gradient corrected exchange functional of Lee, Yang, and
Parr. A standardized 6-311G basis set was used together with polarization (d) and (p) functions.S"
The crystal structure was solved by a direct method SIR2004'5¢! and refined by full-matrix least-
square method on 2 by means of SHELXL-97'57). The calculated positions of the hydrogen atoms

were included in the final refinement.
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I1. Synthesis

Scheme S1. The chemical structures of the compounds in this report.
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2.1 Synthesis of 1a from HBT

BuO HBT OBu BuO 1a,90% OBu

To a hexane (40 mL) solution of 2,3,6,7,10,11-hexabutoxytriphenylene (HBT) (6.6 g, 0.01 mol)
was added TMEDA (6 mL, 0.04 mol) and n-butyllithium (2.4 M in hexane,16.6 mL, 0.04mol) at 60
°C for 3 hours. The resulting solution was cooled to —78 °C and diluted with 60 mL THF. Sulfur
powder (2.56 g, 0.08 mol) was added in one portion. The resulting orange mixture was slowly warmed
to room temperature and allowed to stir overnight. The reaction was quenched by adding distilled
water and then extracted with CH2Clz (3%50 mL). The organic layers were combined and dried over
anhydrous Na>SOs4, then concentrated under reduced pressure. The crude product was further purified
by column chromatography on silica (eluent, CH2Clz: petro ether, 1:3, v/v) to afford 1a as an orange-
yellow solid (6.8 g, yield 90 %). For 1a, mp: 107-108 °C; "H NMR (400 MHz, Chloroform-d): 8(ppm)
7.78 (s, 1H), 7.77 (s, 1H), 4.41-4.35 (m, 4H), 4.31-4.20 (m, 8H), 2.00-1.82 (m, 12H), 1.70-1.56 (m,
12H), 1.10-1.00 (m, 18H); *C NMR (100 MHz, Chloroform-d): §(ppm) 152.61, 152.14, 146.30,
146.07, 144.79, 143.05, 130.46, 128.04, 126.90, 126.22, 123.61, 123.21, 122.30, 121.07, 120.27,
105.60, 104.80, 74.54, 73.64, 73.08, 73.01, 70.08, 68.63, 32.51, 32.49, 32.46, 19.45, 19.38, 19.33,
19.29, 14.00, 13.98, 13.96, 13.93, 13.92; HRMS: calculated for C42Hs606S3 +H", 753.3312; found,
753.3279.

2.2 Synthesis of 1b from HBT

To a hexane (40 mL) solution of HBT (6.6 g, 0.01 mol) was added TMEDA (6 mL, 0.04 mol) and

n-butyllithium (2.4 M in hexane,16.6 mL, 0.04mol) at 60 °C for 3 hours. The resulting solution was
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cooled to —78 °C and diluted with 60 mL THF. Selenium powder (6.32g, 0.08 mol) was added in one
portion. The resulting yellow solution was slowly warmed to room temperature and stirred overnight.
The reaction was quenched by adding distilled water and extracted with CH2Cl> (3%x50 mL). The
organic layers were combined and dried over anhydrous Na2SOs, then concentrated under reduced
pressure. The crude product was further purified by column chromatography on silica (eluent,
CH2Cla: petro ether, 1:3, v/v) to afford 1b as an orange-yellow solid (7.15 g, yield 80%) and 2b
(yellow powder, 0.46 g, 5.6 %). For 1b, mp: 113.0-114.7 °C; '"H NMR (400 MHz, Chloroform-d):
d(ppm) 7.83 (s, 1H), 7.81 (s, 1H), 4.36-4.25 (m, 12H), 1.98-1.85 (m, 12H), 1.68-1.60 (m, 12H), 1.10-
1.03 (m, 18H); *C NMR (100 MHz, Chloroform-d): 8(ppm) 152.67, 152.20, 146.32, 146.13, 144.87,
128.18, 123.28, 122.42, 120.39, 105.71, 104.96, 74.59, 73.71, 73.14 , 73.06, 70.19, 68.70, 32.47,
3245, 32.42, 31.70, 31.42, 19.44, 19.36, 19.31, 19.26, 13.99, 13.97, 13.94, 13.92, 13.90; HRMS:
calculated for C42Hs606Se3+H", 895.1653; found, 895.1647.

2.3 Synthesis of 2a from 1a

The mixture of 1a (6.5 g, 8.6 mmol) and copper nanopowder (80-100 nm mesh, 2.76 g, 0.043 mol)
was slowly heated to 200 °C and kept at this temperature for 2 h under argon. After cooled down to
room temperature, the reaction mixture was washed with CH2Cla. The solution was concentrated and
the crude product was separated by column chromatography on silica (eluent, CH2Cl2: Petro ether,
1:3, v/v) to give 2a (pale yellow powder, 4.85 g, 78 %). For 2a, mp: 132.4-134.2 °C; 'H NMR (400
MHz, Chloroform-d): 6(ppm) 7.86 (s, 2H), 4.49-4.38 (m, 8H), 4.29 (t, /= 6.4 Hz, 4H), 2.00-1.84 (m,
12H), 1.71-1.59 (m, 12H), 1.11-1.01 (m, 18H); *C NMR (100 MHz, Chloroform-d): (ppm) 148.88,
147.34, 146.79, 128.87, 126.29, 124.17, 122.36, 74.81, 74.52, 73.41, 32.56, 32.51, 29.85, 19.49,
19.46, 19.38, 14.13, 14.12, 14.06, 14.05; HRMS: calculated for C42Hs606S2+ H , 721.3591; found,
721.3575.
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2.4 Synthesis of 2b from 1b

BuO  2p, 100% ©BU

The mixture of 1b (13.76 g, 15.4 mmol) and copper nanopowder (80-100 nm mesh, 4.9 g, 0.077
mol) was heated to 200 °C and kept at this temperature for 2 h under argon. After cooled down to
room temperature, the reaction mixture was washed with CH2Clz. The solution was concentrated and
further purified by column chromatography on silica (eluent, CH2Cl>) to give 2b (pale yellow powder,
12.58 g, 100%). For 2b, mp: 106.5-107.9 °C; 'H NMR (400 MHz, Chloroform-d): §(ppm) 7.88 (s,
2H), 4.40-4.33 (m, 8H), 4.30 (t, /= 6.4 Hz, 4H), 2.01-1.83 (m, 12H), 1.70-1.58 (m, 12H), 1.10-1.01
(m, 18H); 3C NMR (101 MHz, Chloroform-d): 8(ppm) 151.66, 147.70, 144.98, 131.73, 128.83,
124.93, 122.76, 105.20, 72.86, 72.63, 69.55, 32.72, 32.64, 31.84, 19.57, 19.52, 19.48, 14.08; HRMS:
calculated for C42Hs606Se2 , 816.2402; found, 816.2393.

2.5 Synthesis of 3a from 2a

3a, 89%

The 2a (0.216 g, 0.3 mmol) was dissolved in CH2Cl2 (15 mL), and tert-butyl nitrite (TBN, 0.9
mmol) was introduced dropwisely. The resulting mixture was strirred at room temperature for 4 h.
The solvent and the residue TBN was removed under reduced pressure to give the crude product,
which was then purified by column chromatography on silica (eluent, CH2Cl2: Petro ether, 1:2, v/v)
to give 3a (orange-yellow solid, 0.204 g, 89%). mp: 40.8-42.2 °C; '"H NMR (400 MHz, Chloroform-
d): 3(ppm) 7.60 (s, 1H), 4.50 (t, J= 6.5 Hz, 4H), 4.46-4.39 (m, 4H), 4.30 (t, /= 6.4 Hz, 2H), 4.19 (t,
J = 6.4 Hz, 2H), 1.97-1.79 (m, 12H), 1.71-1.50 (m, 12H), 1.09-0.99 (m, 18H); '*C NMR (100 MHz,
Chloroform-d) d(ppm) 151.95, 146.82, 146.17, 145.29, 143.90, 142.45, 140.50, 132.75, 132.11,
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128.19, 127.17, 125.19, 123.34, 122.63, 118.68, 113.40, 106.61, 75.85, 73.03, 72.93, 72.74, 72.63,
69.65, 32.47, 32.41 , 32.39, 32.27, 31.52, 19.48, 19.34, 19.27, 19.17, 13.97, 13.94, 13.92; HRMS:
calculated for C42HssNOgS2+ H" , 766.3442; found, 766.3436.

2.6 Synthesis of 3b from 2b

3b, 81%

The 2b (0.245 g, 0.3 mmol) was dissolved in CH2Clz (15 mL), and TBN (0.9 mmol) was introduced
dropwisely. The resulting mixture was strirred at room temperature for 4 h. The solvent and the
residue TBN was removed under reduced pressure to give the crude product, which was then purified
by column chromatography on silica (eluent, CH2Clz: Petro ether, 1:2, v/v) to give 3b (yellow solid,
0.215 g, 81%). mp: 52.8-54.6 °C; 'H NMR (400 MHz, Chloroform-d): §(ppm) 7.62 (s, 1H), 4.45-
4.34 (m, 8H), 4.30 (t, J = 6.5 Hz, 2H), 4.19 (t, J = 6.3 Hz, 2H), 1.97-1.79 (m, 12H), 1.70-1.50 (m,
12H), 1.10-0.99 (m, 18H); *C NMR (100 MHz, Acetone-ds) §(ppm) 204.96, 151.11, 148.34, 146.97,
145.31, 141.84, 140.73, 129.83, 128.63, 128.55, 126.74, 123.01, 121.99, 119.72, 114.39, 105.78,
75.30,72.52,72.42,72.26,72.06, 68.89, 32.47,32.39,32.35,32.33,32.12,31.35,19.29, 19.23, 19.21,
19.16,19.14,18.97, 13.45, 13.41, 13.39, 13.35; HRMS: calculated for C42HssNOsSex+ H" , 862.2331;
found, 826.2297.

2.7 Synthesis of 4a from 3a

Zn powder (0.325 g, 5 mmoL) was suspended in 5 mL absolute ethanol and 0.1 mL AcOH, then a

solution of 3a (0.765 g, ImmoL) in 2 mL ethanol was added dropwise during a period of 10 min at 0
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°C. The resulted mixture was stirred for 3 h at room temperature. The reaction mixture was filtered
and the solvent of the collected filtrate was removed in vacuo to give crude product. The crude product
was purified by column chromatography on silica (eluent, CH2Clz2: Petro ether, 1:2, v/v) to give 4a
(yellowish brown solid, 0.661g, 90%). For 4a, mp: 43.3-45.3 °C; 'H NMR (400 MHz, Chloroform-
d) d(ppm) 8.11 (s, 1H), 4.68 (s, 2H), 4.52-4.37 (m, 8H), 4.26 (t, J = 6.5 Hz, 4H), 4.17 (t, /= 6.7 Hz,
2H), 1.97-1.79 (m, 12H), 1.70-1.59 (m, 12H), 1.10-1.02 (m, 18H);!*C NMR (100 MHz, Chloroform-
d): d(ppm) 151.53, 146.55, 146.07, 145.04, 142.59, 139.20, 138.05, 132.89, 127.52, 124.57, 120.75,
111.82, 109.95, 73.56, 72.95, 72.89, 72.77, 72.24, 70.72, 32.67, 32.48, 32.43, 32.42, 32.40, 31.86,
29.70, 19.49, 19.44, 19.33, 19.30, 14.04, 13.96; HRMS: calculated for C42Hs7NOsS2+ H", 736.3700;
found, 736.3713.

2.8 Synthesis of 4b from 3b

4b, 90%

Zn powder (0.352g, 5.4 mmoL) was suspended in 5 mL absolute ethanol and 0.1 mL AcOH, then
a solution of 3b (0.932 g, 1.ImmoL) in 2 mL ethanol was added dropwise during a period of 10 min.
at 0 °C. The resulted mixture was stirred for 3 h at room temperature. The reaction mixture was
filtered and the solvent of the collected filtrate was removed in vacuo to give crude product. The
crude product was purified by column chromatography on silica (eluent, CH2Clz: Petro ether, 1:2, v/v)
to give 4b (yellowish brown solid, 0.823g, 90% ). For 4b, mp: 60.6-62.1°C; 'H NMR (400 MHz,
Chloroform-d): d(ppm) 8.32 (s, 1H), 4.65 (s, 2H), 4.42-4.32 (m, 8H), 4.26 (t,J= 6.5 Hz, 4H), 4.19 (t,
J=6.7 Hz, 2H), 1.98-1.82 (m, 12H), 1.71-1.56 (m, 12H), 1.10-1.00 (m, 18H); '*C NMR (101 MHz,
Chloroform-d): 6(ppm) 151.03, 148.08, 147.12, 144.04, 139.55, 138.13, 132.46, 131.07, 126.36,
124.23, 120.32, 114.27, 109.18, 73.40, 73.01, 72.93, 72.72, 72.43, 69.79, 32.72, 32.66, 32.62, 32.60,
31.80, 19.52, 19.49, 19.46, 19.44, 19.42, 14.08, 14.02; HRMS: calculated for C42Hs7NOsSe2+ H' ,
832.2589; found, 832.2575.
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2.9 Synthesis of 5a from 4a

The 4a (0.073g, 0.1 mmol) and benzaldehyde (0.04ml, 0.2 mmol) were dissolved in TFA (3 mL)
and sealed in a Schlenk tube. The resulting mixture was heated with stirring at the 120 °C for 12 h.
After the reaction was finished, the reaction mixture was diluted with CH>Cl> and neutralized with
NaHCO3, extracted with CH2Cl2 (3 x 10 mL). The organic layer was dried with anhydrous Na2SOs4,
and the filtrate was evaporated under vacuum and purified by column chromatography on silica
(eluent, CH2Cl2: Petro ether, 1:2, v/v) to give the corresponding product 5a (yellow solid, 0.058g,
71% ). For 5a, mp: 100.8-102.8°C; '"H NMR (400 MHz, Chloroform-d): 8(ppm) 7.97 (d, J= 5.8 Hz,
2H), 7.47-7.45 (m, 3H), 4.74-4.53 (m, 10H), 3.53 (t, J = 6.6 Hz, 2H), 2.08-1.91(m, 12H), 1.77-1.64
(m, 12H), 1.19-0.98 (m, 15H), 0.79 (t, J= 7.2 Hz, 3H); *C NMR (101 MHz, Chloroform-d): §(ppm)
158.04, 148.42, 148.22, 146.92, 146.81, 145.92, 145.67, 142.68, 135.57, 133.22, 130.58, 127.97,
127.00, 126.36, 126.05, 125.97, 125.35, 124.99, 122.20, 116.95, 112.34, 73.26, 73.04, 72.92, 72.80,
32.68,32.51,32.47,32.39,32.37,31.24,19.42, 19.37, 19.03, 14.04, 13.99, 13.91; HRMS: calculated
for C49HsoNOsS2+ H" , 822.3858; found, 822.3845.

2.10 Synthesis of 5b from 4b

4b 5b, 73%

The 4b (0.083g, 0.1 mmol) and phenylaldehyde (0.04 ml, 0.2 mmol) were dissolved in TFA (3

mL) and sealed in a Schlenk tube. The resulting mixture was heated with stirring at 120 °C for 12
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hour. After the reaction was finished, the reaction mixture was diluted with CH2Cl> and neutralized
with NaHCO3, extracted with CH2Cl2 (3 x 10 mL). The organic layer was dried with anhydrous
Na2S0s4, and the filtrate was evaporated under vacuum and purified by column chromatography on
silica (eluent, ethyl acetate: Petro ether, 1:25, v/v) to give the corresponding product Sb (yellow solid,
0.067g, 73% ). For 5b, mp: 137.5-139.3 °C; 'H NMR (400 MHz, Chloroform-d): 8(ppm) 7.98-7.92
(m, 2H), 7.58-7.51 (m, 3H), 4.72-4.45 (m, 10H), 3.62 (t, J = 6.7 Hz, 2H), 2.05-1.90(m, 12H), 1.78-
1.64 (m, 12H), 1.14-1.01 (m, 15H), 0.82 (t, J = 7.1 Hz, 3H); '*C NMR (100 MHz, Chloroform-d):
d(ppm) 158.04, 149.94, 149.82, 149.02, 148.05, 147.42, 146.15, 143.03, 135.74, 133.61, 130.28,
129.67, 129.07, 128.89, 128.47, 127.84, 126.98, 123.41, 117.15, 113.55, 75.64, 75.37, 73.50, 73.14,
73.03,72.73,32.65,32.61,32.58,32.50, 32.46,31.25, 19.45, 19.44,19.41, 19.05, 14.01, 14.00, 13.91;
HRMS: calculated for C40Hs50NO¢Sex+ H" , 918.2746; found, 918.2741.

2.11 Synthesis of 6a from 4a

The 4a (0.073g, 0.1 mmol) and 2-pyridinecarboxaldehyde (0.038 ml, 0.2 mmol) were dissolved
in TFA (3 mL) and sealed in a Schlenk tube. The resulting mixture was heated with stirring at 120
°C for 12 h. After the reaction was finished, the reaction mixture was diluted with CH2Cl» and
neutralized with NaHCO3, extracted with CH2Clz (3 x 10 mL). The organic layer was dried with
anhydrous NaxSOas, and the filtrate was evaporated under vacuum and purified by column
chromatography on silica (eluent, petro ether: ethyl acetate, 8 : 1, v/v) to give the corresponding
product 6a (yellow solid, 0.066g, 80% ). For 6a, mp: 126.7-128.4 °C; "H NMR (400 MHz, Methylene
Chloride-d2): o(ppm) 8.74 (d, J=4.8, 1H), 7.91 (t, J= 6.8 Hz, 1H), 7.84 (d, J= 7.6 Hz, 1H), 7.49-
7.40(m, 1H), 4.63-4.49 (m, 10H), 3.79 (t, J = 6.8 Hz, 2H), 1.98-1.84 (m, 10H), 1.72-1.54 (m, 12H),
1.25-1.13 (m, 2H), 1.08-0.99 (m, 12H), 0.95 (t, J = 7.4 Hz, 3H), 0.82 (t, J= 7.3 Hz, 3H); *C NMR
(100 MHz, Methylene Chloride-d2): 6(ppm) 161.19, 156.92, 148.76, 148.34, 148.31, 146.55, 145.54,
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135.66, 135.22, 133.27, 129.19, 125.83, 125.80, 125.05, 124.12, 122.65, 121.51, 117.29, 112.29,
75.57,74.42,73.10,72.93,72.77,32.74,32.62, 32.57,32.50, 32.49, 31.82, 19.50, 19.48, 19.45, 19.16,
13.93, 13.88, 13.86; HRMS: calculated for C4gHssN206S2>+ H' | 823.3809; found, 823.3821.

2.12 Synthesis of 6b from 4b

The 4b (0.083g, 0.1 mmol) and 2-pyridinecarboxaldehyde (0.038 ml, 0.2 mmol) were dissolved
in TFA (3 mL) and sealed in a Schlenk tube. The resulting mixture was heated with stirring at 120
°C for 12 h. After the reaction was finished, the reaction mixture was diluted with CH2Cl» and
neutralized with NaHCO3, extracted with CH2Clz (3 x 10 mL). The organic layer was dried with
anhydrous NaxSOas, and the filtrate was evaporated under vacuum and purified by column
chromatography on silica (eluent, Petro ether: ethyl acetate, 15:1, v/v) to give the corresponding
product 6b (yellow solid, 0.058g, 80% ). For 6b, mp: 103.4-104.1 °C; '"H NMR (400 MHz,
Chloroform-d): d(ppm) 8.78 (d, J = 4.7, 1H), 7.95-7.84 (m, 2H), 7.48-7.42 (m, 1H), 4.65-4.45 (m,
10H), 3.86 (t, J = 6.8 Hz, 2H), 2.01-1.87 (m, 10H), 1.75-1.59 (m, 12H), 1.25-1.16 (m, 2H), 1.04-
1.01(m, 12H), 0.97 (t, J = 7.4 Hz, 3H), 0.85 (t, J = 7.3 Hz, 3H); *C NMR (100 MHz, Chloroform-
d): 3(ppm) 161.20, 156.57, 150.07, 149.75, 148.09, 147.26, 146.30, 135.67, 135.53, 133.93, 129.64,
128.32, 127.05, 125.77, 125.44, 124.01, 123.23, 122.43, 117.40, 75.71, 74.44, 73.50, 73.08, 72.99,
72.84, 32.57, 32.55, 32.53, 32.47, 32.44, 31.66, 19.42, 19.30, 19.01, 14.01, 13.98, 13.97, 13.92;
HRMS: calculated for C4sHssN20sSe2+ H' , 919.2698; found, 919.2696.
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III. Thermogravimetric Analyses (TGA)

The thermogravimetric analyses (TGA) of compounds Sa—6b were conducted on 1090B type
thermal analyzer(Dupont Engineering Polymers), and Table S1 summarizes the degradation

temperature (74) of the compounds.

Table S1. Thermal stability of the representative compounds.

Compounds 5a 6a 5b 6b

T4 [°C] 311 304 322 288

100 —

W %
|

ettt
0O 100 200 300 400 500 600 700 800

T/°C

Figure S1. Thermogravimetric analyses of compounds Sa—6b
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IV. Crystal Structure Analysis

Table S2. Selected crystallographic data for 6a, 6b, 6a[ZnCl;], and 6b[ZnCl;]

6a 6b 6a[ZnCl,] 6b[ZnCl;]
CCDC number 1830627 1830628 1830629 1830630
Empirical formula C4gHssN>O6S2 C4gHssN>OgSer C4gHssClhoN2O6S2Zn - CugHssCIbN2OgSerZn
Formula weight 823.08 916.88 959.35 1053.15
Temperature [K] 150(2) 150(2) 150(2) 150(2)
Apparatus Bruker APEX-II CCD  Bruker APEX-II CCD  Bruker APEX-II CCD Bruker APEX-II CCD
Radiation Cu-Ka Cu-Ka Cu-Ka Cu-Ka
A[A] 1.54178 1.54178 1.54178 1.54178
Crystal size [mm?’] 0.25%0.14x0.09 0.30%0.10x%0.09 0.35%0.13x%0.09 0.39%0.15%0.09
Crystal shape needle needle needle needle
Crystal color pale yellow pale yellow red red
Crystal system Monoclinic Monoclinic Monoclinic Monoclinic
Space group P2/c (#14) P2y/c (#14) P2/c (#14) P2y/c (#14)
a[A] 7.9035(2) 7.8970(3) 15.7813(2) 15.4628(6)
b[A] 17.3632(4) 17.4785(6) 32.2684(15) 32.3858(13)
c[A] 30.8922(10) 31.1201(10) 9.0074(5) 9.1810(4)
o [°] 90 90 90 90
L 1° 93.818(2) 92.646(1) 97.563(2) 93.890(2)
7 [°] 90 90 90 90
VA3 4229.9(2) 4290.9(3) 4547.0(4) 4587.0(3)
Z 4 4 4 4
deal [g cm™] 1.292 1.419 1.401 1.525
u [mm™] 1.557 2.566 3.099 4.037
20max [°] 144.876 135.358 136.886 133.434
Data/restraints/parameter  8309/0/529 8402/0/523 8295/0/556 8073/302/645
GooF 1.061 1.089 1.065 1.048
R (I>20l) 0.036 0.035 0.049 0.090
WR» 0.0878 0.0891 0.1268 0.2253
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Figure S2. Crystal structure of 6a: a) top and b) side view the molecule; c) packing structures. The
pale cyan, grey, blue, red, and olive balls represent hydrogen, carbon, nitrogen, oxygen, and sulfur

atoms, respectively.
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Figure S3. Crystal structure of 6b: a) top and b) side view the molecule; c¢) packing structures. The
pale cyan, grey, blue, red, and orange balls represent hydrogen, carbon, nitrogen, oxygen, and

selenium atoms, respectively.

S14



Figure S4. Comparison of selected bond lengths in the crystal structures of 6a and 6a|ZnCl;]. The
pale cyan, grey, blue, red, olive, green, and blue grey balls represent hydrogen, carbon, nitrogen,

oxygen, sulfur, chlorine, and zinc atoms, respectively.
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Figure S5. Comparison of selected bond lengths in the crystal structures of 6b and 6b[ZnCl;]. The
pale cyan, grey, blue, red, olive, orange, and blue grey balls represent hydrogen, carbon, nitrogen,

oxygen, selenium, chlorine, and zinc atoms, respectively.
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V. Theoretical calculation

All calculations were carried out with the Gaussian 09 programs.'>* The molecules were optimized
the energy levels of HOMO and LUMO were calculated with the B3LYP/6-311G(d,p). Nucleus
independent chemical shifts (NICS) were calculated with the Gaussian 09 software using the gauge

invariant atomic orbital (GIAO) approach at the GIAO-B3LYP/6-311+G(d,p) level.

Table S3. The calculated NICS values for the representative compounds.

6b[H*] 6b[H'], 6b[ZnCly]

Compounds 1ring 2ring 3ring 4 ring S ring 6ring 7ring 8ring

6a -13.01 -0.83 -12.85  -1240  -12.27  -12.63 -4.22 -6.00
6a[H"] -13.46 -1.80 -13.38  -11.36  -10.22 -9.80 -5.01 -5.60
6a[H]; -13.74 -3.00 -13.16  -11.15  -12.28  -10.67 -6.25 -6.51

6a[ZnCl;] -13.19 -0.76 -12.68  -12.17 -8.41 -11.04 -4.67 -5.85

6b -12.13 -0.59 -12.40  -12.17 -9.99 -10.46 -4.21 -6.15
6b[H"] -12.67 -1.58 -13.08  -11.18 -9.71 -8.74 -4.95 -5.64
6b[H™]2 -13.05 -2.58 -12.75  -10.66  -12.16  -13.04 -5.90 -6.53

6b[ZnCl;] -12.50 -0.74 -12.33  -12.07 -8.83 -12.75 -4.66 -5.97
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Table S4. The calculated energy level for the frontier orbitals for the representative compounds.

Energy levels / eV
Compounds
HOMO-1 HOMO LUMO LUMO+1 E

6a -5.64 -5.57 -2.11 -1.37 3.46
6a[H"] -8.59 -8.22 -5.91 -4.51 2.31
6a[H"), -10.66 -10.40 -9.01 -8.21 1.39
6a[ZnCl;]| -6.19 -5.98 -3.00 -1.98 2.98

6b -5.59 -5.47 -2.06 -1.33 3.41
6b[H"] -8.48 -8.15 -5.85 -4.43 2.30
6b[H*], -10.54 -10.32 -8.92 -8.15 1.40
6b[ZnCl;] -6.11 -5.93 -2.97 -1.93 2.96
[BE, = Erumo — Exomo

2| 6a 6b
6a[ZnCl,] 6b[ZnCl,]
4 |3.46 ) o8 3.41

% | . 2.96
— 6a[H*] 6b[H*]

> -6— - -—

S

5 2.30

2 2.31

L g

6a[H*], 6b[H*],
1.39 | 1.40
-10—

Figure S6. Schematic plot of HOMO-LUMO levels of the representative compounds.
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Figure S7. Calculated molecular orbitals of compound 6a.

HOMO-1

Figure S8. Calculated molecular orbitals of compound 6a[H"].

S19



" B’ ) Fa 9
LUMO LUMO+1

Figure S10. Calculated molecular orbitals of compound 6a[ZnCl,]
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Figure S12. Calculated molecular orbitals of compound 6b[H"].

S21



HOMO HOMO-1

Figure S14. Calculated molecular orbitals of compound 6b[ZnCl;]
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VI. Photophysical Study

(1) UV-Vis Spectra
The UV-Vis spectra of the compounds so far obtained were measured in their dichloromethane

(CH2Cl) solution (¢ = 1.0 x 107> mol L") at 20 °C on a UV-2600 UV-Vis spectrometer (Shimadzu).

Table S5 summarizes the absorption spectra data of the compounds.

Table S5. UV/Vis spectra of compounds 5a—6b inCH2Cl> solution [,

Comp. /Amax/nm loge Amaxnm loge Amax/nm loge Ama/nm loge Amax/nm loge

Sa 296 456 325 4.64 337 4.61 404 4.11 427 4.01
6a 295 4.63 325 470 337 4.68 404 4.18 426 4.08
5b 295 4.64 325 4.55 340 4.51 405 4.01
6b 294 4.68 324 473 336 4.69 403 420 426 4.11
1.4

® 1.2i 3S

e 3Se

S 1.0+ 6a

o ] 5a

[ -

c 0.8

- | 6b

3 067 n

= _

0 0.4+

8 —]

Q0 0.2

<C _

250 300 350 400 450 500 550
Wavelength / nm

Figure S15. UV-Vis absorption spectra of compounds in CH2Cl solution (10~ mol L") at 20 °C.
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Figure S16. UV-Vis absorption spectra of 5b in CH2Cl2 (10~ mol L™") upon titration with TFA and

neutralization with Et3N.
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Figure S17. UV-Vis absorption spectra of 6b in CH2Cl2 (10~ mol L™") upon titration with TFA and

neutralization with Et3N.
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Figure S18. UV-Vis absorption spectra of 6b in CH2Cl2 (10~ mol L") upon titration with ZnCla.

(2) Fluorescence

Fluorescence excitation and emission spectra were recorded with an RF-5301(pc)s
Spectrofluorophotometer, fluorescence lifetime and steady state were measured on FLS920
Spectrofluorophotometer. Measurement conditions: solvent, CH2Clz; concentration, 107> mol L™ ;

temperature, 20 °C.

Table S6. The emission and excitation properties of compounds 5a—6b in CH2Cl> solution. [

Jex / MM Jem / MM Stocks shift / cm™ D/ % 71/ ns
5a 439 493 2658 3.5 4.2
6a 439 512 3248 4.2 3.5
5b 432 483 2444 --[b] --[b]
6b 433 496 2933 --[b] -[b]

[a] Jex: excitation wavelength; dem: maximum emission wavelength; ®r: fluorescence quantum yield;
71 fluorescence lifetime. [b] the fluorescence quantum yield and lifetime cannot be defined due to the

weak emissions in CH2Cla.
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Figure S19. Emission spectra of compounds in CH2Cl» solution (107> mol L) at 20 °C.
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Figure S20. Emission spectra of 6a]ZnCl;] in the different solvents (¢ = 10> mol L™!) at 20 °C,

excitation wavelength 492 nm.
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VII. '"H NMR evidence for coordination

I N R R R R
52 51 5.0 49 48 4.7 46 45 44 43 42 41 4.0 39 3.8 3.7 3.6 3.5ppm

94 92 90 88 86 84 82 80 78 76 74 72 7.0pPmM

Figure S21. Comparison of "H NMR spectra for 6a and 6a]ZnCl] in CDCls.
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Figure S22. Comparison of "H NMR spectra for 6b and 6b[ZnCl] in CDCls.
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VIII. '"H NMR (CDCl;), *C NMR (CDCl;) and IR Spectra of products

0o
0o
wo
{81
wi
w1
£0°1
0T
0L
S0°1
sl
90°1
L0l
60°T

65°1
68’1
09°1
91
w1

914
£9'1]
€914
v
$9'1
S9'1
91
99°]
91
S8'T
g
98'T
81
81
681
68°T
06'1
06'T
16'14¢
6 1{f
¥6'1
61
S6°1
96°L
L6'T
143
e
¥F
9T
9t
oy
8P
6TF
0y
0t
SEF
£
LEP
8
65T
'y

LTL—

LUl
8L

OBu

BuO

J

Fresi[

Feenr

Whﬂwﬁ i

E Log

w0y

T6°0)
L o

30 25 20 15 1.0 05 0.0

3.5

75 70 65 60 55 50 45 4.0

8.0

O'EL
E6°El
96°EL
86°€1

00°FT
67°61
£E°61
8€°61
SH'6L

9TE
6¥'TE
1S°T¢

£9°89
80°0L /
10EL /
80°EL k
POEL-Y

ppL-"

b

1L9L
€0°LL *
SELL

08 F0T~
09501

LT0zL
LOITI
0£°TZL
ITETI~

19€T1-"
woTi—

0679Z1 v
PORTIL
E1'8TI \
9P 0ET
SOEVL
6L P ./.
N

he.m::
0E9FIL >

FITST
E.ﬂm_%

OBuU

BuO

100

140 130 120

150

70 60 50 40 30 20 10

80

90

110

S29



100

90 -
80 ﬁ
70
— _ 29542860
=S 157
N 60 n Buc  OBU 0 3
_ s 8 s
50_ BUOBU B?Bu 946
1375
40 A
1109
Y T y T Y T ' T Y T Y T '
4000 3500 3000 2500 2000 1500 1000 500
-1
Wavenumber / cm
CE- R R E R E R R R EEE R R R R R R
, -
- T PO Z
0 7:5 7:0 6:5 6:0 5:5 5:0 4:5 4:0 3:5 3:0 2:5 2:0 1:5 1:0 0:5 0:0

S30



.........................
in; U ]
=4 33232 —_ ] B~ F= = = 0= = = =8 R R e R R R R R e R}

VNS SSSS N W ey \ e S R N

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

100
90
|
80
- po4s 2864 '
) H
2
o BuQ  OBu
60 e
| oy 54 o 1593
=N e i’
950
o 1375
1101

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm’”

S31



000
o >

£0'1
PO
S0l
S0l
901
LT
60T
191
w1
g9l
€91
L
¥oT
5911
9T
99°14
991
191
19714
Pyl %
29T
691
8T
81
881
8l
681
681
061
161
161
161{f
wiff
€61
61
9671
%1
L6T
L6l
861
Lrv]
6Tr]
et
oFF
wr
£rp
s
9P
Ly

LTL—

98L—

OBu

BuO

Fsest

Fzenr

Forar

86
T oo

F wz

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

8.0

SO°vT
90'F1
(184!

(184}
8€°61
Gv.m.—w
6F'6T

SR'6T~
s
wm.umv.

TrEL
Nm.ﬁ/
18°¥L
PROL

il

L0TTl
9E'TTL
LTI —
6T°971—
[1:14 8l
ha,ﬁ —\

6LIFT~_
PELT
8881

OBuU

Buo

0 30 20 10

4

50

140 130 120 110 100 90 80 70 60

150

S32



100
90 _—\/_j
80 -
70 - [ ﬂ
— 604 1581
- )
N 50 29542870
1 955
40_ BuO  OBu )
| s 8 .
Sy 1348
20 1113
' | ' | ' | ' | ' | ' | '
4000 3500 3000 2500 2000 1500 1000 500
-1
Wavenumber / cm
T | |
1I50 14.10 130 12.’.0 11I0 160 9I0 8.0 7Il] 6I0 SID 4.0 3Il] 2I0 1I0 0

S33



o B T N O BRI NN NN S NSO R NN Y S R NI MO NS SRR S E T M NS
AOMEAaMadaSaaaRnananaRRRRneRReceeeeeeeEesSSSS8s S5
_____________________________________________________

—7.88
727

1200 4
|

8.0 7:5 7:0 6:5 6:0 5:5 5:0 4:5 4:0 3:5 3:0 2:5 1:0 0:5 0:0
100
90l )
80 -
70 f
- i 2868
o 2952
> 60+ |
_ 1587
50 — BUO QBu
' s 8 [ 956
40 | BuQ Q Q QBuU
| BuQ OBu 1346
1107
30

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm’

S34



mwu
:..ﬁ/
0
0T
£0'1
PO’
Pl
P'L
SO
o0'L
%0
80T
m.zﬂ
pS'L
95’
09'1-%
191
FA
£9°1
£9°T
9’14
£9°1
59'7 4
£9'1]
99°74
291
197}
897
691
W

€8'T
8L
S8°T
£8°1T
98°T
LT

Ty
e

88l

podd
68T

o'
061
161
1
'
€61
€61
b6l
s6'1
961
e
[N
oE
0Er
e
wr
W
E
e
9p
e
05
W \
e

09°L—

oot

F L7
Fooror

Hv.w_.ﬂ_

F 002
Pz
00y
0oy

F ot

.5 1.0 05 00

75 70 65 60 55 50 45 40 35 3.0 25 20

8.0

T6'ElL
Fo'El

LO'ET

LI'61
LT6L
6l

8F'61

we
LTTE
HETE
I+'ze

LrIE

£9°69
£9TL /
¥LIL W.
6L
T0EL
SRSL—

PLOL
90°LL
8ELL

19°901—

0P ELL—
89811

E9°TTL N
9TETL W
PEETL

6ISTI—
LILTLf
61'8T1 7
g7
SLTEL 7
0s'0¥1

SHTFT

06°€F1 W
6TSPL~
LI'9F1

891 7
S6IST—

OBu

BuO

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

S35



100

o] 27
80
l 2871
= A8 2958
. 60— 1024
50 md Wo, e 1352
1 1113
40 —

' I ' | ' | : T . | .
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm”

e e SR CLESATNMN OSSR TS W TN O eSS NS D W T N 0N e e
FEEEERAAMAn RS R TR RS e AR R 8 33TE LRI RaEs8883 353553

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

7.62
127

098 1 oo

Ty T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

S36



L
€erL
9ErL
9002
Looz
oz
P10z
0Tz
LSLT
wn.amv

8F'67
LYz
98767
S0°0E
STO0E
PF 0L
9TTE
E0°EE
PUEE
LTEE
OEEE
BEEE
=w.@c/.

L6TL
LI'EL
£CEL
EFEL \

IT9L

697901~
0EsII

£9'071 ./
06°TT1
TO'ETT
SU°LTI %

op6T1
PS'6TL
PLOET-L
PTTEL—
6T€ET
PO IPL
SLTHT J//
vl
88LKT W
L8Pl
9T6r1 u“..
20781

QBu

BuO

L8'S0T

210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 S0 40 30 20 10 O

80

3431

1109

100

90 -

80

70

1%

60 -

50 A

40

1000 500

1500

4000 3500 3000 2500 2000

-1

Wavenumber / cm

S37



wo—
wr
€01
FO'I
POl
S0°1
S0°1
90°1
90'T
L0
80°1
09°1
[y
'
(2
P9l
99°]
99°74
£9'14
8914
8914
L8]
L8]
88'74
6814
06’14
0614
161
6l
£6°T
£6°1
S6'T
S6'1
LIb~

81 .v.\\
¥or
ar

LT
8§
or'h
v
£
s
9p°t ]
iz
b
b
s+
sop

LrL—

ng—

Foogt

Feozt

Fera

W 1wz
we
LO'8

w 007

F oot

80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

8.5

96°€1
LG'ET W
FOFL

ot6l
ol
6L
6161

0L6T
981

o'ze
e
tFIE
8FIE

LYTE

oL
YU
LLTL
68°TL

S6'TL
9S°EL \.

69'9L
I6LL
EELL

S6°601—
wn—

mh_:: /
v_»Nn—
FIPTIL
LSFTL

05'ST1—
sest1/r
Ll

|I'6T1

6871/
SOBEL~
0T6E1~
6STHI
borsE

Lrori
ssop1

ESIST—

OBu

BuO

140 130 120 110 100 90 80 70 60 50 40 30 20 10

150

S38



100

901 3470 ﬂ
] 3340
80 - ﬂ
2870
— 2960
32 70 - 1618 l
A s
60 - o S on 949
Y 1066
50 1340
: | : | : | : | : | : | :
4000 3500 3000 2500 2000 1500 1000 500
-1
Wavenumber / cm

] 1.00 I L—_

i T T
85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0 05 0.0

S39



EIaT
[ 8
Eerl
9E'FL
88°61
90°0T
L00T
ZroT
FLOT
0z'0T
LS'LT

mm.mni/

867
L9677
9862
50°0¢
ST0E]
proc]
97°ze ]
£0°€E S
PTEE
LTEE
0£°EE
8E'EE
0869~

L6'TL
LI'EL
E€EEL
EVEL

TT9L

69901
0ESIL S

£9°0T1 /y
06°TTL
6°ETl
S9°LTL %

9r6TT
¥S'6T1
PLOETL
PUIEL—
ezeer’
POIFT
R
T~
88°LPI—
LRl
976kl

0TSl \“w

OBu

LES0T

50 40 30 20

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

0

10

945

1344 1066

1610

3342
2958 2870

3415

100

90
80 -
70 -

1%

60

50

1000 500

1500

4000 3500 3000 2500 2000

-1

Wavenumber / cm

S40



100
900
600
LLo
6L°0
18'0
00°1
wi
PO°1
SO'T
Lol
80°1T
60°1
ort
It
£t
99°1
ot
69°1-%
T
€L°T
PLT
SLT
SLT
£6°1
£6'T
£6°1
Lo’
86'1
66'T
0T
T

wT
Is'E
sy
s5°E

S
95y
8P
09y

19'¢
(4
Py
9°r
Ly

LTL~
wsL
L
SS°L

9%6°L
9L
Lo'L
86'L

OBuU

BuO

Eopre

Fsrot

Foore

= 10T

75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -05

8.0

16°€1
66'EL W.
Forl
€061

LE61
TH6T

FUIE
LETE
6T
L¥TE
ISTE
89°TE

08°TL
T'TL
FO'EL
9TEL
£TEL \
SSSL

PETIT
S6'911
[IrA4d4§

6671
SESTI
8571
L6'STI
0971
9E971
0oLzl V
L&'LTT
6E6T1 v
8570E1
weel
LSSET \.
89°TH1
L9srl
(43148
I89%1
W69r1
U8l
Faciid

OBu

BuQ

FO8E1—

|

had

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

S41



100

90 - 3429

698
1560

80 -

% T

701 1122

60
1360

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm”

e R R R R R e s ] N - A A e e - - R~ )
............................................

T T T T T T T T T T T T T F e onen ninEnininininirinirdninininindnininininininknink ]

7.95
7.94
7.54
7.53
7.53
—7.27

6

6

6!

6

5

5

5

5

5

5

5

5

4

4

4

6

6!

6

€3

T T T e '1" T ’:i:
g0 75 70 65 60 55 S50 45 40 35 30 25 20 15 1.0 05 0.0

S42



—.—4—..-_._4—4.-_..-_‘.-—4.-_..-_‘_.—1__‘ LN S S S A N en e = =

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

100

95 -
90 - 3050

85

80 -

% T

75-

jJ
153

65 047

' 1350 1101
60 L | U [ L I . I J [ U ] U

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm™

70 -
698

S43



OBuU

BuO

= P
- E£TE
el
B ooz

_v.ue.ﬂ—

Esemn

LT

Feormn

E I

or't
K €T

F £

1.0 05 0.0 -05

1.5

90 85 80 75 70 65 60 55 S50 45 40 35 30 25 20

9R'E1
%.:W
£6°€1

9T'6T~_

SF61
8F'6T
0561

w'e
6F TE
05'TE
LSTE
9'TE
PLTE

86'TS
ST'ES

-

T5'ES
mn.mm*
90'vS

hn.m_..
mm.mhw.
OIEL

Nv.vh*

LE'EL

6T°TII
mn.._.:/.
1S71Z1
£9'TTL
vl
(L3448
SO'STIT
65'STT
08°sT1
ER'STI
F6'ST1 \\
61'6TT
LUEEL .\
TTSEl \
99°SEL
PSSP
695
mm.cv—\
8°9r1
LERPL
PEBPL
9L°BP1
T6°951 \

s'191

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

S44



wu
mm.m:/.
58°0
L8'0

$6°01
L6701
660
P01+
PO°TA
S0'1-¥
Prew | — R L0T]
90°T a4
LOT
801
80T Frou

¥ ST

L

1000 500

1105
|

ot
ort Fooor |

09°14 R

9'T

1500

£9°1
0’4
59'1
9971
991
89°T
801 ]
ot
oL
wl
wi

|
1

1562

OB

68°L —J .
pyss — L[ ooz
61
6T
P6'L

¥ A
&.L_m — T.::
96'T

671
86T
86°1
£33
98°¢ |
gs'e]

BuQ

2871
Wavenumber / cm

3440

Lbr]
ob'b
vr ]
05y
ISk
IS
wr
€5
s§p
ssp
s
8

._mw" % - Eror ]

2956
I

e
st

4000 3500 3000 2500 2000

100
90 A
80 A

70 -
60
50

T T T 9L ﬁ 1wz i
88°L
68°L
06°L
6L -

16L

8L'8 o0t
q.....mw.

6L8

1%

0.0

0.5

Lt L

80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0
S45

8.5

9.0




mmmmmmmmmmmmmmmmmmmmmm
IoRBNIA—S ESS8unE ny=~==2
ﬂﬂﬂﬂﬂﬂﬂﬂ

EEECRERERR HERESR 2222222

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

100

90 - 3425

80 A
] 748
704
] 2871 1562
60 2956

% T

90 -

“ 1105

| 1363

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm”

40

S46



