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1. General methods, instrumentation and techniques 

All reagents were used without purification. Starting chemical substrates and reagents were 

used as commercially provided unless otherwise indicated. Thin-layer chromatography (TLC) 

was performed on silica gel and the chromatograms were visualized using UV light (λ = 254 or 

365 nm). Flash column chromatography was performed using silica gel (200−300 mesh). 1H 

and 13C NMR spectra were recorded in CD2Cl2 solution, CDCl3 solution or DMSO solution at 

25 ºC, unless otherwise indicated. Chemical shifts are expressed in parts per million (δ scale). 

1H and 13C NMR spectra are referenced to residual protons of CD2Cl2 as internal standard (δ = 

5.32 and 53.84 ppm, respectively), CDCl3 as internal standard (δ = 7.26 and 77.16 ppm, 

respectively) and DMSO as internal standard (δ = 2.54 and 39.5 ppm, respectively). The NMR 

was performed using Bruker Avance III 400 and Bruker Neo 600. The UV was performed using 

Hitachi U-3900. The FL was performed using Hitachi F-7000. High-resolution mass 

spectrometry (HRMS) was performed using electrospray ionization (ESI) and hybrid 

quadrupole time-of-flight mass detector (QTOF; positive-ion mode) for the detection, unless 

otherwise indicated. The circular dichroism (CD) was performed using JASCO J-1500 CD 

Spectrameter. The circularly polarized luminescence (CPL) was performed using JASCO CPL-

300. 

CD, CPL and total luminescence spectra were recorded at 20 ºC, unless otherwise indicated, 

on an instrument described previously, operating in a differential photon-counting mode. 
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2. Synthetics procedures and characterization data  

 

 

Scheme S1. Synthetic access to (R,R)-DBM-BNA (1), (R,R)-DBH-BNA (2) and (R,R)-DBP-BNA 

(3). 
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Scheme S2. Synthetic access to (S,S)-DBM-BNA (1), (S,S)-DBH-BNA (2) and (S,S)-DBP-BNA (3). 

 

 

 

(R)-2,2'-Dimethoxy-1,1'-binaphthalene [(R)-5] 

 

To a solution of (R)-[1,1'-binaphthalene]-2,2'-diol (4, 10.0 g, 34.96 mmol) in acetone (200 mL), 

potassium carbonate (16.5 g, 119.57 mmol) and methyl iodide (14.8 g, 104.22 mmol) were added. 

The reaction mixture was stirred at 70 °C for 36 h. Water (100 mL) was added and the formed 

precipitate was collected.1 (R)-5 was obtained as a white powder (10.6 g, 96%). m.p. = 197−198 °C. 

1H NMR (600 MHz, CDCl3):  = 7.98 (d, 2H, J = 12.0 Hz), 7.87 (d, 2H, J = 12.0 Hz), 7.46 (d, 2H, 

J = 12.0 Hz), 7.31 (t, 2H, J = 12.0 Hz), 7.21 (t, 2H, J = 12.0 Hz), 7.10 (d, 2H, J = 12.0 Hz), 3.77 (s, 

6H) LRMS (ESI-TOF) m/z calcd for C22H18O2Na+ [M + Na]+: 337.12, Found: 337.12. 
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(S)-2,2'-Dimethoxy-1,1'-binaphthalene [(S)-5]: according to the synthesis path and the 

method described of (R)-5 above, (S)-5 (10.5 g, 96%) was obtained from (S)-4 (10.0 g, 34.97 mmol) 

as a white powder. m.p. = 197−198 °C. 1H NMR (600 MHz, CDCl3):  = 7.98 (d, 2H, J = 12.0 Hz), 

7.87 (d, 2H, J = 12.0 Hz), 7.46 (d, 2H, J = 12.0 Hz), 7.31 (t, 2H, J = 6.0 Hz), 7.21 (t, 2H, J = 12.0 

Hz), 7.10 (d, 2H, J = 12.0 Hz), 3.77 (s, 6H). LRMS (ESI-TOF) m/z calcd for C22H19O2
+ [M + H]+: 

315.14, Found: 315.14. 

 

 

(R)-(2,2'-Dimethoxy-[1,1'-binaphthalen]-3-yl)boronic acid [(R)-6] 

 

To a mixture of (R)-5 (5.00 g, 15.92 mmol) and tetrahydrofuran (100 mL), n-BuLi (7 mL, 2.5 

M in hexane, 17.50 mmol) was added dropwise at room temperature. The mixture was stirred at 

room temperature for 12 h. Trimethyl borate (2.00 g, 19.20 mmol) was added. The reaction mixture 

was allowed to reach room temperature overnight. Hydrochloric acid (1 M, 100 mL) was added and 

stirred for 3 h at room temperature. The organic phase was separated and washed with hydrochloric 

acid (1 M, 40 mL  2) and brine (50 mL). The organic phase was dried over MgSO4, filtered, and 

all volatiles were removed under reduced pressure.2 Flash chromatography of the residual through 

silica gel (dichloromethane, Rf = 0.1) afforded compound 6 (0.97 g, 17%) as a pale yellow powder. 

1H NMR (400 MHz, CDCl3):  = 8.56 (s, 1H), 8.03 (d, 1H, J = 4.0 Hz), 7.96 (d, 1H, J = 8.0 Hz), 

7.89 (d, 1H, J = 8.0 Hz). 7.48 (d, 1H, J = 8.0 Hz), 7.41 (t, 1H, J = 8.0 Hz), 7.35 (t, 1H, J = 8.0 Hz), 

7.28−7.24 (m, 2H), 7.15−7.12 (m, 2H), 6.05 (s, 2H), 3.81 (s, 3H), 3.40 (s, 3H), LRMS (ESI-TOF) 

m/z calcd for C22H19 BO4Na+ [M + Na]+: 381.13, Found: 381.13.  

 

(S)-(2,2'-Dimethoxy-[1,1'-binaphthalen]-3-yl)boronic acid [(S)-6]: according to the 

synthesis path and the method described of (R)-6 above, (S)-6 (0.97 g, 17%) was obtained from (S)-

5 (5.00 g, 15.92 mmol). 1H NMR (600 MHz, CDCl3):  = 8.56 (s, 1H), 8.04 (d, 1H, J = 6.0 Hz), 

7.96 (d, 1H, J = 12.0 Hz), 7.89 (d, 1H, J = 6.0 Hz). 7.48 (d, 1H, J = 12.0 Hz), 7.41 (t, 1H, J = 6.0 

Hz), 7.35 (t, 1H, J = 12.0 Hz), 7.28−7.24 (m, 2H), 7.15−7.12 (m, 2H), 3.81 (s, 3H), 3.41 (s, 3H), 

LRMS (ESI-TOF) m/z calcd for C22H19BO4Na+ [M + Na]+: 381.13, Found: 381.13. 

 

 

 

 

 

 

 

 

 



   

S7 

 

(R)-(2,2'-Dimethoxy-[1,1'-binaphthalen]-3-yl)trifluoro-4-borane, potassium salt [(R)-7] 

 

To a suspension of (R)-6 (0.97 g, 2.71 mmol) in a mixture of water and ethanol (15 mL : 15 

mL), potassium hydrogen fluoride (0.85 g, 10.90 mmol) was added. The mixture was stirred at 60 °C 

for 2 h. The solvent was removed under reduced pressure. The residue was washed with water (60 

mL) for 2 h, filtered. (R)-7 (1.05 g, 92%) was obtained as a pale yellow powder, which was 

employed without further purification. m.p. = 256−261 °C. HRMS (ESI-TOF) m/z calcd for 

C22H17BF3O2
− [M − K]−: 381.1274, Found: 381.1312.  

 

(S)-(2,2'-Dimethoxy-[1,1'-binaphthalen]-3-yl)trifluoro-4-borane, potassium salt [(S)-7]: 

according to the synthesis path and the method described of (R)-7 above, (S)-7 (1.05 g, 92%) was 

obtained from (S)-6 (0.97 g, 2.71 mmol) as a pale yellow powder. m.p. = 256−261 °C. HRMS (ESI-

TOF) m/z calcd for C22H17BF3O2
− [M − K]−: 381.1274, Found: 381.1309. 

 

2,5-Dibromoterephthalic acid (10) 

 

To a solution of 1,4-dibromo-2,5-dimethyl benzene (9, 5.00 g, 18.94 mmol) in a mixture of 

tert-butyl alcohol and water (75 mL : 75 mL), potassium permanganate (6.00 g, 37.97 mmol) was 

added. The reaction mixture was refluxed for 2 h, then an additional portion of potassium 

permanganate (6.00 g, 37.97 mmol) was added and the reaction was heated under refluxing 

conditions for 22 h. After the completion of the reaction when the purple disappeared, the mixture 

was allowed to cool to room temperature. Tert-butanol was removed under reduced pressure, then, 

hydrochloric acid (12 M, 30 mL) was added. The resulting precipitate was collected. The crude 

product was purified by recrystallization with hot ethanol to afford compound 10 (5.30 g, 86%) as 

a white powder. 1H NMR (600 MHz, DMSO-d6):  =  (s, 2H), 8.01 (s, 2H), LRMS (ESI-TOF) 

m/z calcd for C8H4Br2KO4
+ [M + K]+: 360.81, Found: 360.81. 
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Di-tert-butyl (2,5-dibromo-1,4-phenylene)dicarbamate (11) 

 

To a mixture of toluene (70 mL), tert-butanol (70 mL), triethylamine (5.00 g, 49.50 mmol) and 

compound 10 (5.30 g, 16.36 mmol), diphenyl azide phosphate (13.60 g, 49.45 mmol) was added. 

The mixture was heated to reflux for 12 h under nitrogen, then cooled to room temperature and 

concentrated under reduced pressure. The crude product was purified by recrystallization with ethyl 

acetate to afford compound 11 (5.40 g, 71%) as a white powder 3. 1H NMR (600 MHz, CDCl3):  = 

8.38 (s, 2H), 6.88 (s, 2H), 1.53 (s, 18H). LRMS (ESI-TOF) m/z [M + Na]+ calcd for 

C16H22Br2NaN2O4
+: 486.98, Found: 486.99. 

 

Di-tert-butyl (2,5-divinyl-1,4-phenylene)dicarbamate (12) 

 

To a solution of toluene (70 mL), n-butanol (70 mL) and triethylamine (3.85 g, 38.11 mmol), 

potassium vinyltrifluoroborate (5.10 g, 38.06 mmol), palladium dichloride [1,1-

bis(diphenylphosphino)ferrocene] (1.88 g, 2.30 mmol) and compound 11 (5.40 g, 11.59 mmol) was 

added. The mixture was heated to 80 °C for 22 h, then cooled to room temperature and concentrated 

under reduced pressure.3 Flash chromatography of the residual through silica gel (petroleum ether ꞉ 

dichloromethane = 4 ꞉ 1, Rf = 0.2) and then recrystallized by cold dichloromethane afforded 

compound 12 (2.20 g, 53%) as a pale brown powder. 1H NMR (600 MHz, CDCl3): 

 =  (s )  (dd, 2H, J = 24.0, 12.0 Hz), 6.33 (s, 2H), 5.72 (d, 2H, J = 24.0 Hz), 5.41(d, 

2H, J = 12.0 Hz), 1.52 (s, 18H). LRMS (ESI-TOF) m/z [M + Na]+ calcd for C20H28NaN2O4
+: 383.19, 

Found: 383.20. 

 

2,5-Divinylbenzene-1,4-diamine (8) 

 

To a suspension of compound 12 (1.60 g, 4.44 mmol) in dichloromethane (20 mL), 

trifluoroacetic acid (5 mL) was added. The mixture was stirred for 4 h and then concentrated under 

reduced pressure. The residual was washed with sodium carbonate (saturated solution) and then 

extracted with ethyl acetate (30 mL  3). The combined organic phase was concentrated under 

reduced pressure3. The compound 8 (0.71 g, equivalent) was obtained as a yellow solid which was 
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employed without further purification. 

 

2,7-Bis((R)-2,2'-dimethoxy-[1,1'-binaphthalen]-3-yl)-1,2,6,7-tetrahydrobenzo[1,2-e:4,5-

e']bis([1,2]azaborinine) [(R,R)-DBM-BNA][(R,R)-1] 

 

To a mixture of (R)-7 (4.40 g, 10.48 mmol) and compound 8 (0.71 g, 4.44 mmol) in toluene 

(75 mL) and cyclopentyl methyl ether (75 mL), silicon tetrachloride (1.80 g, 10.59 mmol) and 

triethylamine (4.40 g, 43.56 mmol) were injected under nitrogen. The mixture was heated to reflux 

for 12 h. The mixture was concentrated under reduced pressure. Flash chromatography of the 

residual through silica gel (petroleum ether ꞉ dichloromethane = 3 ꞉ 1; Rf = 0.1) afforded (R,R)-

DBM-BNA (1) (0.71 g, 20%) as a yellow powder. m.p. > 350°C. 1H NMR (600 MHz, CD2Cl2): 

 = 9.60 (s, 2H), 8.67 (s, 2H), 8.25 (d, 2H, J = 12.0 Hz), 8.09 (d, 2H, J = 6.0 Hz), 8.03 (d, 2H, J = 

6.0 Hz), 7.94 (d, 2H, J = 6.0 Hz), 7.60 (s, 2H), 7.55 (m, 4H), 7.43 (t, 2H, J = 6.0 Hz), 7.36 (t, 2H, J 

= 6.0 Hz), 7.29−7.25 (m, 4H), 7.18 (d, 2H, J = 12.0 Hz), 7.13 (d, 2H, J = 6.0 Hz), 3.85 (s, 6H), 3.50 

(s, 6H); 13C{1H} NMR (100 MHz, CDCl3):  = 160.8, 155.3, 144.8, 138.7, 135.5, 135.4, 134.5, 

131.4, 130.1, 129.5, 129.0, 128.4, 127.3, 127.1, 126.9, 125.6, 125.5, 125.2, 125.1, 124.0, 119.5, 

117.2, 113.7, 61.6, 56.6. Two carbon resonances was not recognized due to peak overlapping 

HRMS (ESI-TOF) m/z calcd for C54H43B2N2O4
+

 [M + H]+: 805.3403, Found: 805.3393.  

 

2,7-Bis((S)-2,2'-dimethoxy-[1,1'-binaphthalen]-3-yl)-1,2,6,7-tetrahydrobenzo[1,2-e:4,5-

e']bis([1,2]azaborinine) [(S,S)-DBM-BNA] [(S,S)-1]: according to the synthesis path and the 

method described of (R,R)-1 above, (S,S)-1 (0.85 g, 24%) was obtained from 8 (0.71 g, 4.44 mmol) 

as a yellow powder. m.p. > 350 °C. 1H NMR (600 MHz, CD2Cl2):  = 9.60 (s, 2H), 8.67 (s, 2H), 

8.25 (d, 2H, J = 12.0 Hz), 8.09 (d, 2H, J = 6.0 Hz), 8.03 (d, 2H, J = 6.0 Hz), 7.94 (d, 2H, J = 6.0 

Hz), 7.62 (s, 2H), 7.58−7.55 (m, 4H), 7.43 (t, 2H, J = 6.0 Hz), 7.36 (t, 2H, J = 6.0 Hz), 7.29−7.25 

(m, 4H), 7.18 (d, 2H, J = 12.0 Hz), 7.13 (d, 2H, J = 6.0 Hz), 3.85 (s, 6H), 3.50 (s, 6H); 13C{1H} 

NMR (125 MHz, CD2Cl2):  = 160.8, 155.3, 144.8, 138.7, 135.5, 135.4, 130.1, 129.5, 129.0, 128.4, 

127.3, 127.1, 126.9, 125.6, 125.5, 125.2, 124.0, 119.6, 118.3, 117.2, 113.7, 61.6, 56.6. Four carbon 

resonances was not recognized due to peak overlapping. HRMS (ESI-TOF) m/z calcd for 

C54H42B2N2O4Na+
 [M + Na]+: 827.3228, Found: 827.3209. 
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(1R,1''R)-3,3''-(1,6-Dihydrobenzo[1,2-e:4,5-e']bis([1,2]azaborinine)-2,7-diyl)bis([1,1'-

binaphthalene]-2,2'-diol) [(R,R)-DBH-BNA] [(R,R)-2] 

 

To a mixture of (R,R)-DBM-BNA (1) (0.10 g, 0.12 mmol) in dichloromethane (10 mL), boron 

tribromide (1 M in dichloromethane, 0.3 mL, 0.3 mmol) was added. The reaction mixture was stirred 

at room temperature for 2 h. Water (10 mL) was added to quench the reaction. The mixture was 

concentrated under reduced pressure. Flash chromatography of the residual through silica gel 

(petroleum ether ꞉ ethyl acetate = 3 ꞉ 1; Rf = 0.2) afforded (R,R)-DBH-BNA (2) (0.08 g, 86%) as 

a pale yellow powder. m.p. > 350 °C. 1H NMR (600 MHz, DMSO-d6):  = 10.34 (s, 2H), 9.48 (s, 

2H), 8.58 (s, 2H), 8.33 (s, 2H), 8.27 (d, 2H, J = 18.0 Hz), 8.03 (d, 2H, J = 12.0 Hz), 7.97 (d, 2H, J 

= 12.0 Hz), 7.94 (d, 2H, J = 12.0 Hz), 7.91 (s, 2H), 7.55 (d, 2H, J = 18.0 Hz), 7.42 (d, 2H, J = 12.0 

Hz), 7.32 (q, 4H, J = 12.0 Hz), 7.25 (q, 4H, J = 12.0 Hz), 7.05 (d, 2H, J = 12.0 Hz), 6.91 (d, 2H, J 

= 12.0 Hz); 13C{1H} NMR (125 MHz, DMSO-d6):  = 156.3, 154.1, 143.6, 136.6, 134.9, 134.7, 

134.5, 130.9, 129.4, 128.5, 128.41, 128.37, 128.0, 127.8, 126.4, 126.1, 126.0, 124.2, 124.1, 122.5, 

122.3, 118.8, 116.7, 115.2, 113.6. HRMS (ESI-TOF) m/z calcd for C50H34B2N2O4Na+ [M + Na]+: 

771.2602, Found: 771.2590.  

 

(1S,1''S)-3,3''-(1,6-Dihydrobenzo[1,2-e:4,5-e']bis([1,2]azaborinine)-2,7-diyl)bis([1,1'-

binaphthalene]-2,2'-diol) [(S,S)-DBH-BNA] [(S,S)-2]: according to the synthesis path and the 

method described of (R,R)-2 above, (S,S)-2 (0.08 g, 86%) was obtained from (S,S)-1 (0.10 g, 0.12 

mmol) as a pale yellow powder. m.p. > 350 °C. 1H NMR (600 MHz, DMSO-d6):  = 10.35 (s, 2H), 

9.49 (s, 2H), 8.58 (s, 2H), 8.34 (s, 2H), 8.27 (d, 2H, J = 12.0 Hz), 8.03 (d, 2H, J = 6.0 Hz), 7.97 (d, 

2H, J = 12.0 Hz), 7.94 (d, 2H, J = 6.0 Hz), 7.91 (s, 2H), 7.54 (d, 2H, J = 12.0 Hz), 7.42 (d, 2H, J = 

12.0 Hz), 7.32 (q, 4H, J = 6.0 Hz), 7.25 (q, 4H, J = 6.0 Hz), 7.05 (d, 2H, J = 6.0 Hz), 6.91 (d, 2H, J 

= 6.0 Hz); 13C{1H} NMR (125 MHz, DMSO-d6):  = 156.3, 154.1, 143.7, 136.6, 134.9, 134.7, 134.5, 

131.0, 129.5, 128.5, 128.4, 128.0, 126.5, 126.13, 126.09, 124.3, 124.2, 122.5, 122.4, 118.8, 116.7, 

115.2, 113.6. Two carbon resonances were not recognized due to peak overlapping. HRMS (ESI-

TOF) m/z calcd for C50H34B2N2O4Na+ [M + Na]+: 771.2602, Found: 771.2596.  
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(11cR,11c'R)-2,2'-(1,6-Dihydrobenzo[1,2-e:4,5-e']bis([1,2]azaborinine)-2,7-diyl)bis(4-

hydroxydinaphtho[2,1-d:1',2'-f][1,3,2]dioxaphosphepine 4-oxide) [(R,R)-DBP-BNA] [(R,R)-3] 

 
To a solution of (R,R)-DBH-BNA (2) (0.08 g, 0.11 mmol) in dichloromethane (15 mL), 

phosphorus oxychloride (0.17 g, 1.1 mmol) and triethylamine (0.23 g, 2.16 mmol) were added. The 

temperature of the mixture was raised up to 40 °C for 12 h. The mixture was concentrated under 

reduced pressure. Then pyridine (15 mL) and water (3 mL) were added to the residue and the 

temperature was raised up to 50 °C for 2 h. The mixture was concentrated under reduced pressure. 

Flash chromatography of the residual through silica gel (ethanol ꞉ dichloromethane = 1 ꞉ 9; Rf = 

0.1) afforded (R,R)-DBP-BNA (3) (0.02 g, 20%) as a yellow powder. m.p. > 350 °C. 1H NMR (600 

MHz, DMSO-d6):  = 12.06 (s, 2H), 8.47 (s, 2H), 8.41 (d, 2H, J = 12.0 Hz), 8.15 (d, 4H, J = 6.0 

Hz), 8.09 (d, 2H, J = 12.0 Hz), 7.90 (s, 2H), 7.61 (d, 2H, J = 6.0 Hz), 7.50 (t, 4H, J = 6.0 Hz), 7.42 

(d, 2H, J = 12.0 Hz), 7.35 (t, 4H, J = 12.0 Hz), 7.27 (d, 2H, J = 6.0 Hz), 7.21 (d, 2H, J = 6.0 Hz); 

13C{1H} NMR (125 MHz, DMSO-d6):  = 152.2 149.7, 144.4, 137.5, 135.1, 133.3, 132.6, 132.1, 

131.3, 130.6, 130.3, 129.9, 128.7, 128.4, 126.4, 126.3, 126.2, 126.1, 126.0, 124.7, 124.6, 122.7, 

122.3, 121.3 116.8. HRMS (ESI-TOF) m/z calcd for C50H32B2N2O8P2Na+
 [M + Na]+: 895.1718, 

Found: 895.1760.  

 

 

(11cS,11c'S)-2,2'-(1,6-Dihydrobenzo[1,2-e:4,5-e']bis([1,2]azaborinine)-2,7-diyl)bis(4-

hydroxydinaphtho[2,1-d:1',2'-f][1,3,2]dioxaphosphepine 4-oxide) [(S,S)-DBP-BNA] [(S,S)-3]: 

according to the synthesis path and the method described of (R,R)-3 above, (S,S)-3 (0.02 g, 20%) 

was obtained from (S,S)-2 (0.08 g, 0.11 mmol) as a yellow powder. m.p. > 350 °C. 1H NMR (600 

MHz, DMSO-d6):  = 12.08 (s, 2H), 8.47 (s, 2H), 8.41 (d, 2H, J = 12.0 Hz), 8.15 (d, 4H, J = 12.0 

Hz), 8.10 (d, 2H, J = 6.0 Hz), 7.90 (s, 2H), 7.60 (d, 2H, J = 6.0 Hz), 7.50 (t, 4H, J = 6.0 Hz), 7.42 

(d, 2H, J = 12.0 Hz), 7.35 (t, 4H, J = 12.0 Hz), 7.27 (d, 2H, J = 6.0 Hz), 7.21 (d, 2H, J = 6.0 Hz); 

13C{1H} NMR (125 MHz, DMSO-d6):  = 152.3, 149.6, 144.4, 137.5, 135.1, 133.3, 132.6, 132.1, 

131.4, 130.6, 130.3, 129.9, 128.7, 128.4, 126.4, 126.3, 126.2, 126.09, 126.05, 124.7, 124.6, 122.7, 

122.3, 121.2, 116.7. HRMS (ESI-TOF) m/z calcd for C50H31B2N2O8P2
−

 [M − H]−: 871.1742, Found: 

871.1768. 
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3. 1H and 13C NMR spectra 

 

Figure S1. 1H NMR spectrum of (R)-5 (CDCl3, 600 MHz, 25 C). 

 

 

Figure S2. 1H NMR spectrum of (S)-5 (CDCl3, 400 MHz, 25 °C). 
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Figure S3. 1H NMR spectrum of (R)-6 (CDCl3, 400 MHz, 25 °C).  

 

 

Figure S4. 1H NMR spectrum of (S)-6 (CDCl3, 600 MHz, 25 °C). 
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Figure S5. 1H NMR spectrum of 10 (DMSO-d6, 600 MHz, 25 °C). 

 

 

Figure S6. 1H NMR spectrum of 11 (CDCl3, 600 MHz, 25 °C). 
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Figure S7. 1H NMR spectrum of 12 (CDCl3, 600 MHz, 25 °C).  
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Figure S8. 1H NMR (CD2Cl2, 600 MHz, 25 °C) spectrum of (R,R)-DBM-BNA (1).  

 

 

Figure S9. 13C NMR (CD2Cl2, 125 MHz, 25 °C) spectrum of (R,R)-DBM-BNA (1).  
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Figure S10. 1H NMR (CD2Cl2, 600 MHz, 25 °C) spectrum of (S,S)-DBM-BNA (1).  

 

 

Figure S11. 13C NMR (CD2Cl2, 125 MHz, 25 °C) spectrum of (S,S)-DBM-BNA (1).  
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Figure S12. 1H NMR (DMSO-d6, 600 MHz, 25 °C) spectrum of (R,R)-DBH-BNA (2).  

   

 

Figure S13. 13C NMR (DMSO-d6, 125 MHz, 25 °C) spectrum of (R,R)-DBH-BNA (2).  
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Figure S14. 1H NMR (DMSO-d6, 600 MHz, 25 °C) spectrum of (S,S)-DBH-BNA (2).  

 

 

 

Figure S15. 13C NMR (DMSO-d6, 125 MHz, 25 °C) spectrum of (R,R)-DBH-BNA (2).  
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Figure S16. 1H NMR (DMSO-d6, 600 MHz, 25 °C) spectrum of (R,R)-DBP-BNA (3).  

 

  

Figure S17. 13C NMR (DMSO-d6, 125 MHz, 25 °C) spectrum of (R,R)-DBP-BNA (3). 
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Figure S18. 1H NMR (DMSO-d6, 600 MHz, 25 °C) spectrum of (S,S)-DBP-BNA (3).   

 

 

 

Figure S19. 13C NMR (DMSO-d6, 125 MHz, 25 °C) spectrum of (S,S)-DBP-BNA (3). 
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4. Mass spectrum  

 

Figure S20. LRMS spectrum of (R)-5. 

 

Figure S21. LRMS spectrum of (S)-5. 
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Figure S22. LRMS spectrum of (R)-6. 

 

Figure S23. LRMS spectrum of (S)-6. 



   

S24 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S24. HRMS spectrum of (R)-7. 

 

 

  

Figure S25 HRMS spectrum of (S)-7. 
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Figure S26. HRMS spectrum of compound 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S27. HRMS spectrum of compound 11. 
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Figure S28. HRMS spectrum of compound 12. 

 

 

 

 

 

 

 

 

 

 

 

 

[M + Na]
+
 



   

S27 

 

 

Figure S29. HRMS spectrum of (R,R)-DBM-BNA (1). 
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Figure S30. HRMS spectrum of (S,S)-DBM-BNA (1). 
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Figure S31. HRMS spectrum of (R,R)-DBH-BNA (2). 

 

 

Figure S32. HRMS spectrum of (S,S)-DBH-BNA (2). 
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Figure S33. HRMS spectrum of (R,R)-DBP-BNA (3). 

 

 

Figure S34. HRMS spectrum of (S,S)-DBP-BNA (3). 
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5. UV-Vis, FL, circular dichroism and CPL spectra 

Figure S35. The normalized UV-Vis (solid) and fluorescence (dash) spectra of (S,S)-DBM-BNA (1), 

(S,S)-DBM-BNA (2) and (S,S)-DBP-BNA (3) in dimethylformamide. 

 

Figure S36. The fluorescence spectra of (S,S)-DBP-BNA (3) in dimethylformamide with the 

concentration of 1  10−3 M. 

 

Figure S37. The fluorescence spectra of (S,S)-DBP-BNA (3) in dimethylformamide with the 

concentration of 1  10−9 M. 
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Figure S38. The normalized CD spectra of (a) (R,R)- or (S,S)-DBM-BNA (1), (b) (R,R)- or (S,S)-DBH-BNA 

(2) and (c) (R,R)- or (S,S)-DBP-BNA (3) in ethyl acetate, c = 1  10−5 M, 20 ºC. 

 

 

Figure S39. The CPL spectra of (R,R)- and (S,S)-DBP-BNA (3) in ethyl acetate, tetrahydrofuran, 

dimethylformamide, ethanol and glycol.      
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Figure S40. The spectra of CPL signal changed temperature of (S,S)-DBP-BNA (3) from 20 ○C to 110 ○C 

and then back to 20 ○C. c = 4  10−4 M. 

 

Table S1. Experimental Data of DBP-BNA (3) 

solvent  glum PLQY 

DMF 16854 8  10−3 No data 

EA 15147 1  10−2 22% 

glycol 16050 3  10−4 70% 
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6. Lifetime data and stimulation 

 
Figure S41. The lifetime of (S,S)-DBP-BNA (3) in N,N-dimethylformamide with the concentrations of 1.2 

 10−3 M, 4  10−4 M, 1  10−4 M, 4  10−5 M and 1  10−5 M at (a) 464 nm, (b) 418 nm and (c) 438 nm.  
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Figure S42. The fitting curve of lifetime of (S,S)-DBP-BNA (3) in DMF at 418 nm, 438 nm and 464 nm. 
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Table S2. Fitting Parameter of Lifetime in DMF 

Entry Condition  (ns)  (ns) 
      

1 
1.2  10 −3 

at 464 nm 
2.66 7.02 2604 3340 0.438 0.562 0.999 5.434 

2 
4  10 −4 at 

418 nm 
2.66 7.02 6010 292 0.954 0.046 0.999 7.441 

3 
4  10 −4 at 

438 nm 
2.65 7.02 6480 553 0.921 0.079 0.999 5.045 

4 
4  10 −4 at 

464 nm 
2.66 7.02 5166 1121 0.822 0.178 0.999 4.576 

5 
1  10 −4 at 

418 nm 
2.66 7.02 6378 122 0.981 0.019 0.999 3.690 

6 
1  10 −4 at 

438 nm 
2.66 7.02 6301 263 0.960 0.040 0.999 4.913 

7 
1  10 −4 at 

464 nm 
2.66 7.02 6106 361 0.944 0.056 0.999 98.804 

8 
4  10 −5 at 

418 nm 
2.66 7.02 6159 219 0.966 0.034 0.999 6.680 

9 
4  10 −5 at 

438 nm 
2.66 7.02 6311 190 0.971 0.029 0.999 4.878 

10 
4  10 −5 at 

464 nm 
2.66 7.02 6387 233 0.965 0.035 0.999 5.224 

11 
1  10 −5 at 

418 nm 
2.66 7.02 6311 199 0.969 0.030 0.999 5.247 

12 
1  10 −5 at 

438 nm 
2.66 7.02 6310 187 0.971 0.029 0.999 5.337 

13 
1  10 −5 at 

464 nm 
2.66 7.02 6119 186 0.970 0.030 0.999 9.184 
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7. Theoretical calculations 

 

 
Figure S43. The conformation of the ground states of (a) (S,S)-DBP-BNA (3), (b) (S,S)-DBP-BNA (3)-1, (c) 

(S,S)-DBP-BNA (3)-2, (d) and (e) are the natural trantransisr orbit of excited state 1 of (S,S)-DBP-BNA (3), 

(f) and (g) are the natural trantransisr orbit of excited state 1 of (S,S)-DBP-BNA (3)-1, (h) and (i) are the 

natural transition orbitals of excited state 1 of (S,S)-DBP-BNA (3)-2, (j), (k), (l) and (m) are the possible 

conformations of dimers, (n), (o), (p), (q), (r), (s), (t) and (u) are the calculation result of the excited state 1 

natural transition orbitals of (S,S)-DBP-BNA (3) dimer.      
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Figure S44. The conformation of the ground states of (a) (R,R)-DBP-BNA (3), (b) (R,R)-DBP-BNA 

(3)-1, (c) (R,R)-DBP-BNA (3)-2, (d) and (e) are the natural trantransisr orbit of excited state 1 of (R,R)-

DBP-BNA (3), (f) and (g) are the natural trantransisr orbit of excited state 1 of (R,R)-DBP-BNA (3), (h) 

and (i) are the natural transition orbitals of excited state 1 of (R,R)-DBP-BNA (3), (j), (k) and (l)  are 

the possible conformations of dimers, (m), (n), (o), (p), (q) and (r) are the calculation result of the 

excited state 1 natural transition orbitals of (S,S)-DBP-BNA (3) dimer. 
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