
 

1 
 

Supporting Information 

Multiple Non-covalent Interactions Directed 

Supramolecular Double Helices: The Orthogonality of 

Hydrogen, Halogen and Chalcogen Bonding 

Chuan-Zhi Liu,*a Chi Zhang,a Zhong-Yi Li,a Jiale Chen,a Tonglu Wang,a Xiang-Kun Zhang,a 

Meng Yan,b and Bin  Zhai*a 

 
aEngineering Research Centre for Optoelectronic Functional Materials of Henan Province, 

College of Chemistry and Chemical Engineering, Shangqiu Normal University, Shangqiu, Henan 

476000, China.  
bSchool of Chemistry and Chemical Engineering, Henan University of Technology, Zhengzhou, 

450001, China. 

*Corresponding authors: Chuan-Zhi Liu: liuchuanzhi@sqnu.edu.cn, Bin Zhai: 

zhaibin_1978@163.com 

 

 

Contents 

Experimental .................................................................................................................. 2 

General experimental ..................................................................................................... 2 

Procedure for the synthesis of compound 1 and 3 ...................................................... 2-6 

References ...................................................................................................................... 7 
1H NMR, 19F NMR and 13C NMR spectra of compuounds ...................................... 8-20 

HR-MS (ESI) of all new compounds ...................................................................... 21-26 

The crystal structure of compound 1 and 3 .................................................................. 27 

The Hirshfeld surfaces of compound 1 and 3 .............................................................. 28 

CIF report of compound 1, 2, and 3 ........................................................................ 29-37 

Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2024

mailto:liuchuanzhi@sqnu.edu.cn


 

2 
 

General methods. All reagents were obtained from commercial suppliers and used 

without further purification unless otherwise noted. 1H and 13C NMR spectra were 

recorded with a 400 MHz or 100 MHz spectrometer in the indicated solvents at 25 C. 

Chemical shifts are expressed in parts per million (δ) using residual proton resonances 

of the deuterated solvents as the internal standards. Crystals were measured using 

Bruker D8 Venture-Metaljet diffractometer equipped with an PHOTON II area 

detector and HELIOS multilayer optics monochrommated Cu-K alpha radiation 

(lambda = 1.54184). Crystal structures were solved by direct method and refined by 

full-matrix least-squares methods based on F2 using SHELXL-2018 software. 

Co-crystals of 1 and 2 were grown by evaporating their solution of dichloromethane, 

n-hexane and dimethyl sulfoxide (V:V = 5:1:0.01). Crystals of solvate 3 was grown by 

evaporation of the same mixed solvent as co-crystal of 1 and 2. CCDC (Nos. 2344590, 

2344598) contains the related crystallographic data, which can be obtained free of 

charge from The Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. 

 
Compound 5. To a mixture of compound 4 (30 g, 1.96 mol) in anhydrous methanol 

(100 mL) was added concentrated H2SO4 (10 mL) by dropwise. The mixture was 

heated to reflux and stirred at this temperature for 12 hours. Then water (100 mL) was 

added to quench to reaction. The aqueous was treated with saturated NaHCO3 

solution by dropwise to adjust the pH to 7-8 (The addition of NaHCO3 solution must 

be slowly to prevent excessive bubbles from overflowing in a short time). Then the 

solution was extracted with EtOAc (3*100 mL). The combined organic phase was 

washed with saturated sodium chloride solution (100 mL) and fresh water (100 mL) 

in sequence. Then the organic phase was dried and concentrated to get crude brown 

solid. The crude product was further purified by recrystallization to get the pure 

product (28 g, 86%). 1HNMR (400 MHz, CDCl3): δ 8.36 (s, 8H), 7.42 (d, J = 8.4 Hz, 

8H), 7.11 (d, J = 8.8 Hz, 8H), 2.08 (s, 24H). This compound was known.1 

Compound 6. To a solution of compound 5 (5 g, 29.9 mmol) in anhydrous DCM (250 

mL) at 0oC was added Ac2O (9.15 g, 89.7 mmol). The mixture was stirred for 5 hours 

at room temperature. Then the solvent was evaporated under reduced pressure, and 

the solid residue was slurry in water (20 mL). The isolated product was recrystrallized 

from methanol/water (2:1) to provide compound 6 (5.6 g, 90%) as a white solid. 
1HNMR (400 MHz, CDCl3): δ 10.13 (s, 1H), 7.09 (s, 1H), 6.83-6.75 (m, 2H), 3.86 (s, 

3H), 3.37 (s, 2H). This compound was known.2 

Compound 7. To a solution of compound 6 (5.6 g, 26.8 mmol) in Ac2O (50 mL) was 
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added con. HNO3 (10 mL) by dropwise at 0oC. Then the solution was warmed to 

room temperature and stirred for 1 hour. Then the mixture was poured into ice-water 

(50 mL), and extracted with EtOAc (3*60 mL). The combined organic phase was 

washed with saturated NaHCO3 (3*100 mL) and water (100 mL) in sequence. Then 

the organic phase was dried and concentrated. The residue was purified by column 

chromatography (petroleum ether and ethyl acetate, 5:1 to 2:1), the product was 

obtained as a yellow solid (4.9 g, 59%). 1HNMR (400 MHz, DMSO-d6): δ 11.17 (s, 

1H), 10.27 (s, 1H), 8.47 (d, J = 2.8 Hz, 1H), 8.28 (d, J = 2.8 Hz, 1H), 3.94 (s, 3H), 

2.05 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 169.14, 167.94, 149.19, 138.07, 

131.20, 126.09, 120.82, 117.39, 53.61, 24.26. HR-MS (ESI): Calcd for C10H10N2NaO6 

[M+Na]+: 277.0437. Found: 277.0436. 

Compound 8. To a solution of compound 7 (4.9 g, 19.3 mmol) in DMF (100 mL) was 

added 1-bromo-2-methylpropane (5.3 g, 38.6 mmol) and K2CO3 (5.3 g, 38.6 mmol). 

The mixture was heated to 80oC and stirred at this temperature for 15 hours. Then 

water (100 mL) was added to quench the reaction. The aqueous was extracted with 

EtOAc (3*100 mL) and the combined organic phase was washed (with fresh water for 

several times to remove residual DMF), dried and concentrated. The residue was 

purified by column chromatography (petroleum ether and ethyl acetate, 3:1 to 1:1), 

the pure product was obtained as a white solid (4.4 g, 73%). 1HNMR (400 MHz, 

CDCl3): δ 10.88 (s, 1H), 8.83 (s, 1H), 8.55 (s, 1H), 3.93 (d, J = 6.4 Hz, 2H), 3.91 (s, 

3H), 2.33 (s, 3H), 2.23-2.16 (m, 1H), 1.08 (d, J = 6.8 Hz, 6H). 13C NMR (100 MHz, 

CDCl3) δ 169.65, 164.56, 164.06, 139.94, 131.18, 128.03, 114.58, 103.59, 75.93, 

52.23, 28.18, 25.94, 19.04. HR-MS (ESI): Calcd for C14H18N2NaO6 [M+Na]+: 

333.1063. Found: 333.1058. 

Compound 9. To a solution of compound 8 (4.4 g, 14.2 mmol) in MeOH (50 mL) 

was added K2CO3 (3.9 g, 28.4 mmol). The solution was stirred at room temperature 

for 15 hours. After that, the solvent was removed under reduced pressure, the residue 

was dissolved in H2O (50 mL) and EtOAc (50 mL). Then the EtOAc phase was 

separated and the aqueous phase was extracted with EtOAc (2*50 mL). The combined 

organic phase was dried with NaSO4, and concentrated to get the yellow product (2.1 

g, 55%). 1HNMR (400 MHz, CDCl3): δ 8.78 (s, 1H), 6.50 (s, 2H), 6.16 (s, 1H), 3.86 

(s, 3H), 3.78 (d, J = 6.4 Hz, 2H), 2.21-2.14 (m, 1H), 1.07 (d, J = 6.8 Hz, 2H). 13C 

NMR (100 MHz, CDCl3) δ 164.50, 164.09, 148.94, 132.72, 125.64, 110.57, 98.90, 

75.52, 51.88, 28.19, 19.08. HR-MS (ESI): Calcd for C12H16N2NaO5 [M+Na]+: 

291.0957. Found: 291.0954. 

Compound 10. A mixture of compound 9 (2.1 g, 7.84 mmol) and Pd/C (210 mg) in 

MeOH (50 mL) under H2 was stirred at room temperature for 4 hours. Then the 

mixture was filtered and the filtrated was concentrated to get crude product, and the 

crude product was purified by column chromatography (petroleum ether and ethyl 

acetate, 10:1 to 5:1) to get pure product as a brown solid (1.3 g, 70%).  1HNMR (400 

MHz, CDCl3): δ 7.32 (s, 1H), 6.27 (s, 1H), 3.83 (s, 3H), 3.69 (d, J = 6.4 Hz, 2H), 

2.15-2.08 (m, 1H), 1.04 (d, J = 6.8 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 166.77, 

155.87, 142.77, 125.46, 121.93, 109.28, 100.97, 76.01, 51.43, 28.49, 19.27. HR-MS 

(ESI): Calcd for C12H18N2NaO3 [M+Na]+: 261.1215. Found: 261.1220. 
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Compound 11. To a solution of compound 10 (2.0 g, 8.4 mmol) in EtOH (50 mL) at 

0oC was added SeO2 (0.93 g, 8.4 mmol). The solution was heated to 80oC and stirred 

at this temperature for 5 hours. Then the mixture was cooled to rt. NaOH (0.67 g, 16.8 

mmol) in H2O (10 mL) was added. The solution was reheated to 40oC and stirred at 

this temperature for 2 hours. Then the solvent was removed under reduced pressure, 

the residue was adjusted the pH to 3-4 with dilute hydrochloric acid (1 N). The 

precipitate was filtered and the yellow filter was product (2.2 g, 88%).  1HNMR (400 

MHz, DMSO-d6): δ 13.33 (s, 1H), 7.93 (s, 1H), 7.20 (s, 1H), 3.91 (d, J = 6.4 Hz, 2H), 

2.11-2.05 (m, 1H), 1.02 (d, J = 6.8 Hz, 6H). 13C NMR (100 MHz, DMSO-d6) δ 

167.34, 160.85, 157.40, 155.90, 131.68, 122.83, 100.86, 74.99, 28.06, 19.40. HR-MS 

(ESI): Calcd for C11H12N2NaO3Se [M+Na]+: 322.9911. Found: 322.9908. 

 
Compound 14. A mixture of compound 13 (2.8 g, 16.8 mmol), compound 12 (4.3 g, 

14.0 mmol), HATU (8.0 g, 21.0 mmol), and DIPEA (5.4 g, 42.0 mmol) in DMF (20 

mL) was stirred at 30 oC for 15 h. Then water (60 mL) was added to quench to 

reaction. The aqueous was extracted with DCM (3*50 mL). The combined organic 

phase was washed with saturated sodium chloride solution (100 mL) and water (100 

mL) in sequence. Then the organic phase was dried and concentrated to get crude 

product. The curde product was removed and the residue was purified by column 

chromatography (DCM/MeOH =20/1) to afford compound 14 (4.1 g, 64%) as a 

brown solid. 1HNMR (400 MHz, CDCl3): δ 9.52 (s, 2H), 8.89 (s, 1H), 8.29 (d, J =7.2 

Hz, 1H), 6.84 (d, J =7.2 Hz, 1H), 6.55 (s, 1H), 4.06 (d, J =8.8 Hz, 2H), 3.92-3.90 (m, 

4H), 2.32-2.10 (m, 3H), 1.11-1.02 (m, 18H). 13C NMR (100 MHz, CDCl3) δ 161.26, 

160.82, 156.85, 154.27, 146.47, 143.56, 133.57, 131.40, 124.88, 114.43, 106.67, 

98.05, 76.15, 75.01, 28.30, 28.06, 27.85, 19.23, 19.11, 19.07. HR-MS (ESI): Calcd for 

C24H34N3O6 [M+H]+: 460.2448. Found: 460.2447. 

Compound 15. A mixture of compound 14 (4.0 g, 8.7 mmol) and Pd/C (400 mg) in 

MeOH (50 mL) under H2 atmosphere was stirred at rt for 15 h. Then the mixture was 

filtered with celite, the filtrated was concentrated, the residue was purified by cloumn 
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chromatography (DCM/MeOH =20/1) to afford compound 15 (3.2 g, 86%) as a 

brown solid. 1HNMR (400 MHz, CDCl3): δ 9.96 (s, 1H), 9.60 (s, 1H), 8.25 (d, J =7.6 

Hz, 1H), 7.59 (s, 1H), 6.82 (d, J =7.6 Hz, 1H), 6.46 (s, 1H), 3.91-3.87 (m, 4H), 3.81 

(d, J =8.4 Hz, 2H), 3.68 (s, 2H), 2.22-2.10 (m, 3H), 1.09-0.99 (m, 18H). 13C NMR 

(100 MHz, DMSO-d6) δ 163.67, 154.17, 150.80, 150.55, 145.73, 143.28, 130.75, 

125.63, 117.31, 114.67, 106.51, 98.83, 77.72, 74.89, 74.85, 28.35, 28.19, 27.90, 19.33, 

19.32, 19.14. HR-MS (ESI): Calcd for C24H36N3O4 [M+H]+: 430.2706. Found: 

430.2723. 

Compound 16. A mixture of compound 15 (1.7 g, 3.96 mmol), compound 12 (1.23 g, 

3.96 mmol), HATU (2.25 g, 5.94 mmol), and DIPEA (1.5 g, 11.88 mmol) in DMF (15 

mL) was stirred at 30 oC for 15 h. Then water (50 mL) was added to quench to 

reaction. The aqueous was extracted with DCM (3*50 mL). The combined organic 

phase was washed with saturated sodium chloride solution (100 mL) and water (100 

mL) in sequence. Then the organic phase was dried and concentrated to get crude 

product. The curde product was purified by column chromatography (DCM/MeOH 

=20/1) to afford compound 16 (1.6 g, 57%) as an off-white solid. 1HNMR (400 MHz, 

CDCl3): δ 9.68 (s, 1H), 9.62 (s, 1H), 9.28 (s, 1H), 8.86 (s, 1H), 8.81 (s, 1H), 8.24 (d, J 

=7.2 Hz, 1H), 6.81 (d, J =7.6 Hz, 1H), 6.54 (s, 2H), 4.04 (d, J =8.8 Hz, 2H), 3.95 (d, J 

=9.2 Hz, 2H), 3.90-3.85 (m, 6H), 2.27-2.07 (m, 5H), 1.08-1.01 (m, 30H). 13C NMR 

(100 MHz, CDCl3) δ 163.01, 161.31, 160.95, 156.59, 155.01, 154.02, 153.96, 145.73, 

143.19, 133.43, 131.31, 127.59, 125.59, 121.11, 114.94, 114.80, 106.50, 97.99, 97.91, 

76.07, 75.41, 74.91, 28.29, 28.21, 28.14, 28.13, 27.88, 19.30, 19.28, 19.21, 19.15, 

19.07. HR-MS (ESI): Calcd for C39H55N4O9 [M+H]+: 723.3969. Found: 723.3979. 

Compound 17. A mixture of compound 16 (1.3 g, 1.8 mmol) and Pd/C (130 mg) in 

THF (50 mL) under H2 atmosphere was stirred at rt for 4 h, the mixture was filtered 

with celite, and the filtrated was concentrated, the residue was purified by column 

chromatography (DCM/MeOH =20/1) and Prep-TLC to afford compound 17 (902 mg, 

72%) as an off-white solid. 1HNMR (400 MHz, CDCl3): δ 9.73 (s, 1H), 9.68 (s, 1H), 

9.63 (s, 1H), 8.91 (s, 1H), 8.24 (d, J =7.2 Hz, 1H), 7.61 (s, 1H), 6.81 (d, J =7.6 Hz, 

1H), 6.53 (s, 1H), 6.45 (s, 1H), 3.94 (d, J =8.8 Hz, 2H), 3.89-3.79 (m, 8H), 3.66 (s, 

2H), 2.24-2.08 (m, 5H), 1.08-0.99 (m, 30H). 13C NMR (100 MHz, CDCl3) δ 163.60, 

163.23, 154.43, 153.99, 153.77, 150.79, 150.19, 145.63, 143.25, 130.62, 127.15, 

125.69, 122.14, 117.60, 115.15, 115.04, 106.45, 98.91, 98.01, 77.72, 75.38, 74.87, 

74.83, 28.37, 28.33, 28.25, 28.15, 27.90, 19.39, 19.33, 19.32, 19.25, 19.15. HR-MS 

(ESI): Calcd for C39H57N4O7 [M+H]+: 693.4227. Found: 693.4228. 

Compound 1. To a solution of compounds 11 (173 mg, 0.58 mmol) in DMF (20 mL) 

were added HATU (878 mg, 2.3 mmol) and DIPEA (0.4 mL). The mixture was stirred 

at room temperature for 20 mins. Then compound 17 (200 mg, 0.29 mmol) was added. 

The mixture was warmed to 40 oC and stirred for 12 hours. Then water (50 mL) was 

added to quench to reaction. The aqueous was extracted with DCM (3*50 mL). The 

combined organic phase was washed with saturated sodium chloride solution (100 mL) 

and water (100 mL) in sequence. Then the organic phase was dried and concentrated 

to get crude product. The crude product was purified by column chromatography 

(DCM/MeOH =20/1 to 25/1) to afford compound 1 (220 mg, 78%) as orange-yellow 
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solid. 1HNMR (400 MHz, CDCl3): δ 9.75 (s, 1H), 9.69 (s, 1H), 9.46 (s, 1H), 9.19 (s, 

1H), 8.88 (s, 2H), 8.62 (s, 1H), 8.23 (d, J =6.0 Hz, 1H), 7.19 (s, 1H), 6.92 (d, J =5.6 

Hz, 1H), 6.57 (s, 2H), 4.03-3.95 (m, 8H), 3.88-3.86 (m, 4H), 2.31-2.10 (m, 6H), 

1.08-1.02 (m, 36H). 13C NMR (100 MHz, CDCl3) δ 163.22, 162.99, 162.23, 161.36, 

157.56, 156.82, 155.32, 154.55, 154.38, 153.84, 144.86, 130.22, 127.51, 127.18, 

127.12, 125.90, 121.91, 120.81, 115.39, 114.86, 106.62, 100.91, 97.95, 97.84, 76.13, 

75.36, 75.33, 75.09, 28.27, 28.25, 28.13, 27.88, 27.85, 19.38, 19.33, 19.27, 19.23, 

19.16. HR-MS (ESI): Calcd for C50H67N6O9Se [M+H]+: 975.4135. Found: 975.4126. 

Compound 19. To a solution of compounds 11 (200 mg, 0.67 mmol) in DMF (10 mL) 

were added HATU (510 mg, 1.34 mmol) and DIPEA (259 mg, 2.01 mmol). The 

mixture was stirred at room temperature for 20 mins. Then compound 18 (259 mg, 

0.74 mmol) was added. The mixture was warmed to 40 oC and stirred for 12 hours. 

Then water (100 mL) was added to quench to reaction. The aqueous was extracted 

with DCM (3*50 mL). The combined organic phase was washed with saturated 

sodium chloride solution (100 mL) and water (100 mL) in sequence. Then the organic 

phase was dried and concentrated to get crude product. The crude product was slurry 

in hexane (30 mL) and filtered to get compound 19 as orange-yellow solid (320 mg, 

75%). 1HNMR (400 MHz, CDCl3): δ 9.39 (s, 1H), 8.97 (s, 1H), 8.65 (s, 1H), 7.18 (s, 

1H), 6.75 (s, 1H), 6.50 (s, 1H), 4.00 (d, J = 6.8 Hz, 2H), 3.76 (dd, J1 = 6.8 Hz, J2 = 1.6 

Hz, 4H), 2.32-2.26 (m, 1H), 2.18-2.03 (m, 2H), 1.60 (s, 9H), 1.07-1.04 (m, 12H), 0.98 

(d, J = 6.4 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 161.73, 161.34, 157.57, 156.88, 

152.94, 144.97, 130.51, 127.17, 121.43, 120.65, 114.22, 100.87, 98.32, 76.17, 76.16, 

75.60, 28.41, 28.34, 28.33, 27.75, 19.36, 19.31, 19.24. HR-MS (ESI): Calcd for 

C30H42N4O6NaSe [M+Na]+: 657.2167. Found: 657.2169. 

Compound 3. Compound 19 (279 mg, 0.44 mmol) was added to hydrochloride gas in 

ethyl acetate (30 mL) and the suspension was stirred for 1 hour and then concentrated 

to afford a residue. To a solution of compounds 20 (145 mg, 0.48 mmol) in DMF (10 

mL) were added HATU (502 mg, 1.32 mmol) and DIPEA (0.7 mL). The mixture was 

stirred at room temperature for 20 mins. Then the previously obtained residue was 

added. The mixture was warmed to 40 oC and stirred for 12 hours. Then water (100 

mL) was added to quench to reaction. The precipitated phase was filtered and 

recrystallized with EA (2 mL) and PE (20 mL) to get pure compound 3 as 

orange-yellow solid (285 mg, 79%). 1HNMR (400 MHz, CDCl3): δ 9.47-9.45 (m, 2H), 

8.44 (d, J = 13.6 Hz, 1H), 8.69 (s, 1H), 8.51-8.46 (m, 1H), 7.20 (s, 1H), 6.56 (s, 1H), 

4.03 (d, J = 6.4 Hz, 2H), 3.84-3.81 (m, 4H), 2.35-2.07 (m, 3H), 1.11-1.00 (m, 18H). 
13C NMR (100 MHz, CDCl3) δ 161.84, 161.39, 157.53, 157.27, 154.22, 151.70, 

150.92, 148.52, 146.58, 145.65, 140.64, 140.47, 137.90 (t, J = 180 Hz), 135.08, 

130.28, 127.38, 120.31, 120.02, 115.79, 100.95, 97.33, 76.20, 75.95, 75.43, 28.44, 

28.34, 27.75, 19.34, 19.27, 19.23. 19F NMR (300 MHz, CDCl3): δ -106.3~-106.4 (m, 

1F), -134.86~-134.94 (m, 1F), -155.0 (t, J = 17.1 Hz, 1F). HR-MS (ESI): Calcd for 

C32H34N4O5NaF3ISe [M+Na]+: 841.0589. Found: 841.0582. 
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Figure S1. 1H NMR (400 MHz, DMSO-d6) spectrum of compound 7 at 25 C. 

 

Figure S2. 13C NMR (100 MHz, DMSO-d6) spectrum of compound 7 at 25 C. 
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Figure S3. 1H NMR (400 MHz, CDCl3) spectrum of compound 8 at 25 C. 

 

Figure S4. 13C NMR (100 MHz, CDCl3) spectrum of compound 8 at 25 C. 
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Figure S5. 1H NMR (400 MHz, CDCl3) spectrum of compound 9 at 25 C. 

 

Figure S6. 13C NMR (100 MHz, CDCl3) spectrum of compound 9 at 25 C. 
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Figure S7. 1H NMR (400 MHz, CDCl3) spectrum of compound 10 at 25 C. 

 

Figure S8. 13C NMR (100 MHz, CDCl3) spectrum of compound 10 at 25 C. 
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Figure S9. 1H NMR (400 MHz, CDCl3) spectrum of compound 11 at 25 C. 

 

Figure S10. 13C NMR (100 MHz, DMSO-d6) spectrum of compound 11 at 25 C. 
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Figure S11. 1H NMR (400 MHz, CDCl3) spectrum of compound 14 at 25 C. 

 

Figure S12. 13C NMR (100 MHz, CDCl3) spectrum of compound 14 at 25 C. 
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Figure S13. 1H NMR (400 MHz, CDCl3) spectrum of compound 15 at 25 C. 

 

Figure S14. 13C NMR (100 MHz, CDCl3) spectrum of compound 15 at 25 C. 
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Figure S15. 1H NMR (400 MHz, CDCl3) spectrum of compound 16 at 25 C. 

 

Figure S16. 13C NMR (100 MHz, CDCl3) spectrum of compound 16 at 25 C. 
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Figure S17. 1H NMR (400 MHz, CDCl3) spectrum of compound 17 at 25 C. 

 

Figure S18. 13C NMR (100 MHz, CDCl3) spectrum of compound 17 at 25 C. 
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Figure S19. 1H NMR (400 MHz, CDCl3) spectrum of compound 1 at 25 C. 

 

Figure S20. 13C NMR (100 MHz, CDCl3) spectrum of compound 1 at 25 C. 
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Figure S21. 1H NMR (400 MHz, CDCl3) spectrum of compound 19 at 25 C. 

 

Figure S22. 13C NMR (100 MHz, CDCl3) spectrum of compound 19 at 25 C. 
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Figure S23. 1H NMR (400 MHz, CDCl3) spectrum of compound 3 at 25 C. 

 

Figure S24. 19F NMR (300 MHz, CDCl3) spectrum of compound 3 at 25 C. 
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Figure S25. 13C NMR (100 MHz, CDCl3) spectrum of compound 3 at 25 C. 
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Figure S39. HR-MS (ESI) of compound 7. 

 

Figure S40. HR-MS (ESI) of compound 8. 
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Figure S41. HR-MS (ESI) of compound 9. 

 

Figure S42. HR-MS (ESI) of compound 10. 
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Figure S43. HR-MS (ESI) of compound 11. 

 
Figure S44. HR-MS (ESI) of compound 14. 



 

24 
 

 

Figure S45. HR-MS (ESI) of compound 15. 

 

Figure S46. HR-MS (ESI) of compound 16. 
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Figure S47. HR-MS (ESI) of compound 17. 

 

Figure S48. HR-MS (ESI) of compound 1. 
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Figure S49. HR-MS (ESI) of compound 19. 

 

Figure S50. HR-MS (ESI) of compound 3. 
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Figure S51. Three sets of intramolecular three-center hydrogen bonding (O···H···O, 

the N-H protons with oxygen atoms in nearby alkoxy groups) were formed in the 

crystal state of compound 1. (The unit of length of hydrogen bond is “Å”). 

 
Figure S52. The detailed stacking pattern between P-helix and M-helix. The driving 

force came from the dual hydrogen bonding (O atom of carbonyl group near pyridine 

end) O···H (H of the t-BuO- on the aromatic ring near the benzoselenadiazole end) 

(O···H distance: 2.59 Å, the sum of the van der Waals radium of O and H: 2.62 Å). 

There were no effective π-π interaction between two molecule (the distance between 

two nearly parallel aromatic rings was 3.56 Å), although it seemed to exist. 

 

Figure S53. Two sets of intramolecular three-center hydrogen bonding (F···H···O 

and O···H···O, the N-H protons with oxygen atoms in nearby F atom or alkoxy 
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groups) were formed in the crystal state of compound 3. (The unit of length of 

hydrogen bond is “Å”). 

 

Figure S54. The Hirshfeld surfaces of the molecule of compound 1 in co-crystal of 

compound 1 and 2 (a) and the molecule of compound 3 in crystal (b). c) and d) 2D 

fingerprint plot generated by Hirshfeld surface of a) and b). 

The interaction sites of XB and ChB can be clearly observed from the Hirshfeld 

surfaces of the molecules of compound 1 and 3 (red circle dot; the clarity of the circle 

dot is related to the strength of the interaction. Fig. 5a and 5b). From the 2D 

fingerprint plot generated by Hirshfeld surface of co-crystal of compound 1 and 2 (Fig. 

5c), the numerous and complex peak patterns indicated that molecular surface of 

compound 1 exhibits a diverse range of intermolecular interactions. Therefore, the 

regions of Se···N ChB and I···N XB can only be roughly determined. However, the 

2D fingerprint plot of crystal 3 presented relatively clear intermolecular interactions, 

including Se···N ChB and I···O XB (Fig. 5d). The discrimination of intermolecular 

XB and ChB base on Hirshfeld analysis has been further demonstrated. 
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Cifreport：co-crystal of 1 and 2 
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Cifreport：crystal of 3 
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