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1. Supplementary Methods 

1.1 General information 

All reagents and solvents were purchased from Adamas Reagent, Energy Chemical Company, Bide 

Pharmatech Ltd., and Tansoole, and were used without further purification. Unless otherwise stated, all 

reactions were accomplished in Schlenk tubes under N2 atmosphere. The reactions were monitored by 

thin layer chromatography (TLC) or gas chromatography-mass spectrometry (GC-MS). Flash column 

chromatography was performed over silica gel (200−300 mesh). 1H NMR spectra were recorded on a 

Bruker Avance III  500 MHz (or 400 MHz) NMR spectrometer, and the chemical shifts (in ppm) were 

referred to CDCl3 (δ = 7.26 ppm) as an internal standard. 13C NMR spectra were obtained by using the 

same NMR spectrometer and were calibrated with CDCl3 (δ = 77.0 ppm). 11B NMR spectra were acquired 

with accessories on the same NMR spectrometer using CDCl3. 19F NMR spectra were acquired with 

accessories on the same NMR spectrometer using CDCl3, too. The following abbreviations were used to 

illuminate the diversities: δ = chemical shifts, J = coupling constant, s = singlet, d = doublet, t = triplet, 

q = quartet, m = multiplet. High-resolution mass spectra (HRMS; (ESI)) were acquired with quadrupole 

and time-of-flight (TOF) mass spectrometers. All reagents and solvents were obtained from commercial 

suppliers and used without further purification. Reactions were monitored by thin-layer chromatography 

(TLC). The products were purified by column chromatography on silica gel using petroleum ether and 

ethyl acetate as the eluent. Analytical chiral HPLC was performed on an Agilent 1600 Infinity instrument 

with Daicel Chiralcel OD-H column, or Daicel Chiralpak AD-H, IA-3, IC-3 columns. Optical rotations 

were measured on an Aton Paar MCP 150 polarimeter. 
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2. Supplementary Discussion 

2.1 Optimization of the racemic gem-diborylalkanes reaction condition 

Supplementary Table 1 Catalysis Screening. Changing the catalysis with other parameters as the same. 

 

Supplementary Table 2 Ligand evaluations. Changing ligands with other parameters as the same. 
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Supplementary Table 3 Additive examinations. Changing additives with other parameters as the same. 

 

 

 

Supplementary Table 4 Solvent screening. Changing solvents with other parameters as the same. 
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Supplementary Table 5 Adding time of HBpin. Testing the reactions with different adding time of 

HBpin. 

 

 

2.2 Optimization of the reaction conditions for chiral gem-diborylalkanes 

Supplementary Table 6 Chiral ligand evaluations. Changing chiral ligands with other parameters as the 

same. 
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Supplementary Table 7 Catalysis examinations. Changing the catalysis with other parameters as the same. 

 

 

Supplementary Table 8 Chiral ligand evaluations. Changing chiral ligands with other parameters as the 

same. 
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Supplementary Table 9 Solvent screening. Changing solvents with other parameters as the same. 

 

 

Supplementary Table 10 Additive examinations. Changing additives with other parameters as the same. 
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Supplementary Table 11 The amount of PMHS. Changing the amount of PMHS with other parameters as 

the same. 

 

Supplementary Table 12 The additive of PMHS and base. Changing the additive and base with other 

parameters as the same. 

 

Supplementary Table 13 The amount of catalysis and ligand. Changing the amount of catalysis and ligand 

with other parameters as the same. 
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Supplementary Table 14 Adding sequence and spans examinations. Changing the adding sequence and 

spans with other parameters as the same. 

 

 

Supplementary Table 15 Time screening. Changing the reaction time with other parameters as the same. 
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2.3. General Process for the Synthesis gem-Diborylalkanes 

General Procedure A: 

 

Supplementary Figure 1. Synthetic methods for gem-diborylalkanes 

A tube was charged with Co(acac)2 (4 mol%) and Xantphos (4 mol%) under N2 atmosphere, then cyclohexane 

(0.2 mL), HBdan (0.24 mmol) and NEt3 (0.6 mmol) were added subsequently. The reaction mixture was 

stirred at room temperature for 15 mins. Then HBpin (0.3 mmol) and 1 (0.2 mmol) were added subsequently 

at room temperature, then the resulting mixture was stirred at room temperature for 12 h. The residue was 

purified by column chromatography to afford the corresponding gem-diborylalkanes 4. 

General Procedure B: 

 

Supplementary Figure 2. Synthetic methods for gem-diborylalkanes 

A tube was charged with Co(acac)2 (4 mol%) and Xantphos (4 mol%) under N2 atmosphere, then cyclohexane 

(0.2 mL), HBdan (0.24 mmol) and NEt3 (0.6 mmol) were added subsequently. The reaction mixture was 

stirred at room temperature for 15 mins. Then HBpin (0.3 mmol) and Phenylacetylene containing halogen 

(0.2 mmol) were added subsequently at room temperature, then the resulting mixture was stirred at 50 oC for 

24 h. The residue was purified by column chromatography to afford the corresponding product gem-

diborylalkanes.  

General Procedure C: 
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Supplementary Figure 3. Synthetic methods for chiral gem-diborylalkanes 

A tube was charged with Cu(acac)2 (6 mol%) and Walphos (6 mol%) under N2 atmosphere, then cyclohexane 

(1.0 mL), HBdan (0.24 mmol) and PMHS (0.2 mmol) were added subsequently. The reaction mixture was 

stirred at room temperature for 10 mins. Then HBpin (0.3 mmol) and 1 (0.2 mmol) were added subsequently 

at room temperature, then the resulting mixture was stirred at ambient temperature for 60 h. The residue was 

purified by column chromatography to afford the corresponding product (R)-59. 

General Procedure D: 

 

Supplementary Figure 4. Synthetic methods for chiral gem-Diborylalkanes 

A tube was charged with Cu(acac)2 (6 mol%) and Josiphos (6 mol%) under N2 atmosphere, then cyclohexane 

(1.0 mL), HBdan (0.24 mmol) and PMHS (0.2 mmol) were added subsequently. The reaction mixture was 

stirred at room temperature for 10 mins. Then HBpin (0.3 mmol) and Phenylacetylene (0.2 mmol) were added 

subsequently at room temperature, then the resulting mixture was stirred at ambient temperature for 60 h. 

The residue was purified by column chromatography to afford the corresponding product (S)-88. 

General Procedure E to Complex Alkynes: 

 

Supplementary Figure 5. Synthetic methods for Complex Alkynes 

A tube was charged with 4-Pentyn-1-ol (3.6 mmol), acid (3.6 mmol), DCC (735 mg, 3.6 mmol) and DMAP 

(2 mg) in dry DCM (3 mL) and the solution was stirred for 6 h at room temperature under N2 atmosphere. 

The reaction mixture was diluted with DCM (20 mL) and filtered. The residue was purified by column 

chromatography to afford the corresponding product. 
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3. Supplementary Notes 

3.1 Control experiments: 

1)  

 

Supplementary Figure 6. Control experiments. 1 was exposed to HBdan in the absence of HBpin, under 

the standard reaction conditions. 

A tube was charged with Cu(acac)2 (6 mol%) and Walphos (6 mol%) under N2 atmosphere, then cyclohexane 

(1.0 mL), HBdan (0.24 mmol), PMHS (1.0 equiv) and 1 (0.2 mmol) were added subsequently at room 

temperature, then the resulting mixture was stirred at ambient temperature for 60 h. The yields of products 

were determined with gas chromatography (GC) analysis with dodecane as internal standard. 

2)  

 

Supplementary Figure 7. Control experiments. 1 was exposed to HBpin in the absence of HBdan, under 

the standard reaction conditions. 

A tube was charged with Cu(acac)2 (6 mol%) and Walphos (4 mol%) under N2 atmosphere, then cyclohexane 

(1.0 mL), HBpin (0.3 mmol), PMHS (1.0 equiv) and 1a (0.2 mmol) were added subsequently at room 

temperature, then the resulting mixture was stirred at ambient temperature for 60 h. The yields of products 

were determined with gas chromatog- raphy (GC) analysis with Dodecane as internal standard. The yields of 

products were determined with gas chromatography (GC) analysis with dodecane as internal standard. 

3)  
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Supplementary Figure 8. Control experiments. One-pot reaction to the target product 59. 

A tube was charged with Cu(acac)2 (6 mol%) and Walphos (6 mol%) under N2 atmosphere, then cyclohexane 

(1.0 mL), HBdan (0.24 mmol), HBpin (0.3 mmol), PMHS (1.0 equiv) and 1 (0.2 mmol) were added 

subsequently at room temperature in one pot, then the resulting mixture was stirred at ambient temperature 

for 60 h. The residue was purified by column chromatography to afford the corresponding product. 

4)  

 

Supplementary Figure 9. Control experiments. alkenyl-Bdan 93 and HBpin was exposed under the 

standard asymmetric reaction conditions. 

A tube was charged with Cu(acac)2 (6 mol%) and Walphos (4 mol%) under N2 atmosphere, then cyclohexane 

(1.0 mL), HBpin (0.3 mmol), PMHS (1.0 equiv) and 94 (0.2 mmol) were added subsequently at room 

temperature in one pot, then the resulting mixture was stirred at ambient temperature for 60 h. The residue 

was purified by column chromatography to afford the corresponding product 59.  

 

Supplementary Figure 10. Control experiments. alkenyl-Bdan 93 and HBpin was exposed under the 

standard racemic reaction conditions. 

A tube was charged with Cu(acac)2 (6 mol%) and Walphos (4 mol%) under N2 atmosphere, then cyclohexane 

(1.0 mL), HBpin (0.3 mmol), PMHS (1.0 equiv) and 94 (0.2 mmol) were added subsequently at room 

temperature in one pot, then the resulting mixture was stirred at ambient temperature for 24 h. The residue 

was purified by column chromatography to afford the corresponding product 4.  
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5) 

 

Supplementary Figure 11. Control experiments. alkenyl-Bpin 96 and HBdan was exposed under the 

standard asymmetric reaction conditions. 

A tube was charged with Cu(acac)2 (6 mol%) and Walphos (6 mol%) under N2 atmosphere, then cyclohexane 

(1.0 mL), HBdan (0.24 mmol), PMHS (1.0 equiv) and 97 (0.2 mmol) were added subsequently at room 

temperature in one pot, then the resulting mixture was stirred at ambient temperature for 60 h. The residue 

was purified by column chromatography to afford the corresponding product. 

 

Supplementary Figure 12. Control experiments. alkenyl-Bpin 96 and HBdan was exposed under the 

standard racemic reaction conditions. 

A tube was charged with Co(acac)2 (6 mol%) and Xantphos (6 mol%) under N2 atmosphere, then cyclohexane 

(1.0 mL), HBdan (0.24 mmol), NEt3 (3.0 equiv) and 97 (0.2 mmol) were added subsequently at room 

temperature in one pot, then the resulting mixture was stirred at ambient temperature for 24 h. The crude 

mixture was detected by GC-MS. 

6)  

 

Supplementary Figure 13. Control experiments. deuterium experiment. 

To a 25 mL Schlenk tube, was added gem-diborylalkanes 59 (0.2 mmol, 1.0 equiv) followed by 0.4 mmol of 

Cs2CO3 (2 equiv) under air. Then CD3OD (0.5 mL) was added at rt and the reaction mixture was stirred at 

70 ℃ for 4 h. When over, the reaction mixture was extracted with EA/H2O. Subsequently, the organic layers 
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were dried with Na2SO4, and concentrated to dryness. The combined filtrates were concentrated and crude 

product was purified by flash column chromatography using PE/EtOAc = 100/1 as the eluent to give the 

corresponding product 97 as a colorless oil1. 

 

3.2. 31P NMR Studies 

 

Supplementary Figure 14. 31P NMR Studies. 31P NMR spectra along with different reaction times. 

We monitored the changes in yields over time, and we found that the yield of 4 gradually increased as the 

time went on during the reaction; on the other hand, the yields of alkenyl-Bdan 94 increased at the first 2 h 

and decreased gradually after that. These results validated the intermediacy of alkenyl-Bdan species and the 

first hydroboration should precede with HBdan and the second hydroboration should be with HBpin in this 

catalytic process. This is further supported by 31P NMR analysis of the hydroboration cycle: When we use 

chiral standard conditions, free Walphos still exited after 5 mins, as time went by, the typical peaks of the 
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free Walphos disappeared while new peaks at  = –7.46 ppm and  = –31.9 ppm showed up, which suggested 

that the ligand started to function with copper salt to form a new complex in the solution. In order to 

understand the type of complex, we further carried out several control experiments by stepwise addition of 

copper salt as well as PMHS and HBdan into the solution of Walphos, we found that that the ligand started 

to function with copper salt to form a new complex in the solution. 
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3.3 Crystal Data of 4, 59 and 89b 

Crystallographic data for compound 4 (CCDC-2039502) has been deposited with the Cambridge 

Crystallographic Data Centre, Copies of the data can be obtained, free of charge, on application to CCDC 

(Email: deposit@ccdc.cam.ac.uk). 

 

Supplementary Figure 15. Crystal structure of compound 4 
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Crystallographic data for compound 59 (CCDC-2107254) has been deposited with the Cambridge 

Crystallographic Data Centre, Copies of the data can be obtained, free of charge, on application to CCDC 

(Email: deposit@ccdc.cam.ac.uk). 

 

Supplementary Figure 16. Crystal structure of compound 59 
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Crystallographic data for compound 89b (CCDC- 2118336) has been deposited with the Cambridge 

Crystallographic Data Centre, Copies of the data can be obtained, free of charge, on application to CCDC 

(Email: deposit@ccdc.cam.ac.uk). 

 

Supplementary Figure 17. Crystal structure of compound 89 

 

mailto:deposit@ccdc.cam.ac.uk
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3.4 Characterization Data 

2-(4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (4) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (64.7 mg, 76%). 1H NMR (500 MHz, CDCl3) δ 7.31 

– 7.27 (m, 2H), 7.21 – 7.18 (m, 3H), 7.11 – 7.07 (m, 2H), 6.99 (d, J = 8.3 Hz, 2H), 6.27 (d, J = 7.3 Hz, 2H), 

5.76 (s, 2H), 2.65 (t, J = 6.9 Hz, 2H), 1.71 – 1.66 (m, 2H), 1.62 – 1.56 (m, 2H), 1.25 (d, J = 6.0 Hz, 12H), 

0.78 (dd, J = 8.2, 6.0 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 142.6, 141.3, 136.3, 128.4, 128.3, 127.56, 

125.7 119.5, 117.3, 105.5, 83.2, 36.0, 34.0, 26.0, 25.1, 24.5.  11B NMR (160 MHz, CDCl3) δ 34.18, 33.79. 

HRMS (ESI, m/z) calcd for C26H33B2N2O3 [M+H] +: 427.2723; found: 427.2726. 

 

2-(3-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (5) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (51.9 mg, 63%). 1H NMR (500 MHz, CDCl3) δ 7.32 

– 7.27 (m, 2H), 7.21 (dd, J = 13.2, 7.0 Hz, 3H), 7.10 (t, J = 7.8 Hz, 2H), 7.00 (d, J = 8.2 Hz, 2H), 6.29 (d, J 

= 7.3 Hz, 2H), 5.80 (s, 2H), 2.78 – 2.70 (m, 1H), 2.64 – 2.60 (m, 1H), 2.03 – 1.94 (m, 1H), 1.88 – 1.83 (m, 

1H), 1.28 (s, 6H), 1.27 (s, 6H), 0.84 (dd, J = 9.8, 5.6 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 142.6, 141.3, 

136.3, 128.5, 128.33 (s), 127.6, 125.8, 119.5, 117.3, 105.5, 83.3, 38.5, 28.6, 25.1, 24.5. 11B NMR (160 MHz, 

CDCl3) δ 34.23, 34.02. HRMS (ESI, m/z) calcd for C25H31B2N2O2 [M+H] +: 413.2566; found: 413.2561. 

 

2-(2-cyclopropyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (6) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (33.3 mg, 46%). 1H NMR (500 MHz, CDCl3) δ 7.08 

(t, J = 7.8 Hz, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.28 (d, J = 7.3 Hz, 2H), 5.80 (s, 2H), 1.57 – 1.52 (m, 1H), 1.47 

– 1.43 (m, 1H), 1.25 (d, J = 4.6 Hz, 12H), 0.90 (dd, J = 9.5, 6.1 Hz, 1H), 0.76 (dt, J = 12.3, 5.1 Hz, 1H), 0.41 

(d, J = 7.9 Hz, 2H), 0.13 (dd, J = 8.8, 3.9 Hz, 1H), 0.07 – 0.04 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 141.3, 
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136.3, 127.5, 119.5, 117.2, 105.4, 83.2, 31.6, 25.0, 24.8, 24.6, 13.4, 5.1, 4.8. 11B NMR (160 MHz, CDCl3) δ 

34.58, 34.03. HRMS (ESI, m/z) calcd for C21H29B2N2O2 [M+H] +: 363.2410; found: 363.2401. 

 

2-(3-cyclohexyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (7) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (51.0 mg, 51%). 1H NMR (500 MHz, CDCl3) δ 7.12 

– 7.07 (m, 2H), 7.00 (d, J = 8.2 Hz, 2H), 6.29 (d, J = 7.2 Hz, 2H), 5.80 (s, 2H), 1.75 – 1.63 (m, 8H), 1.56 (d, 

J = 4.3 Hz, 2H), 1.24 (s, 12H), 1.18 (dd, J = 18.8, 6.8 Hz, 3H), 0.89 (d, J = 11.3 Hz, 2H), 0.73 – 0.69 (m, 

1H). 13C NMR (126 MHz, CDCl3) δ 141.4, 136.3, 127.5, 119.5, 117.2, 105.4, 83.1, 40.3, 37.8, 33.5, 33.4, 

33.3, 26.8, 26.4, 25.1, 24.9, 24.5, 24.5, 23.7. 11B NMR (160 MHz, CDCl3) δ 35.43, 34.63. HRMS (ESI, m/z) 

calcd for C25H37B2N2O2 [M+H] +: 419.3036; found: 419.3032.  

 

2-(2-cyclopentyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (8) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (45.3 mg, 58%). 1H NMR (500 MHz, CDCl3) δ 7.09 

(t, J = 7.8 Hz, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.29 (d, J = 7.3 Hz, 2H), 5.78 (s, 2H), 1.79 – 1.69 (m, 4H), 1.61 

– 1.56 (m, 3H), 1.52 – 1.48 (m, 2H), 1.24 (d, J = 5.7 Hz, 12H), 1.09 (dt, J = 10.7, 3.3 Hz, 2H), 0.83 (dd, J = 

9.1, 6.2 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 141.4, 136.3, 127.5, 119.5, 117.2, 105.4, 83.2, 82.9, 42.4, 

32.8, 32.6, 32.52, 32.50, 25.21, 25.18, 25.0, 24.8, 24.60, 24.57. 11B NMR (160 MHz, CDCl3) δ 34.38, 33.90. 

HRMS (ESI, m/z) calcd for C23H32B2N2NaO2 [M+Na] +: 413.2542; found: 413.2534. 

 

2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (9) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (52.5 mg, 72%). 1H NMR (500 MHz, CDCl3) δ 7.09 

(t, J = 7.8 Hz, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.29 (d, J = 7.3 Hz, 2H), 5.80 (s, 2H), 1.67 – 1.59 (m, 1H), 1.54 
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(dd, J = 13.9, 7.4 Hz, 1H), 1.37 – 1.31 (m, 4H), 1.25 (d, J = 6.1 Hz, 12H), 0.91 (t, J = 6.9 Hz, 3H), 0.75 (dd, 

J = 9.3, 6.3 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 141.4, 136.3, 127.5, 119.5, 117.2, 105.4, 83.1, 34.9, 

34.6, 26.1, 25.0, 24.9, 24.5, 24.5, 22.8, 14.1. 11B NMR (160 MHz, CDCl3) δ 34.66, 34.34. HRMS (ESI, m/z) 

calcd for C21H31B2N2O2 [M+H] +: 365.2566; found: 365.2571. 

2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)heptyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (10) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (61.2 mg, 78%). 1H NMR (500 MHz, CDCl3) δ 7.10 

– 7.07 (m, 2H), 6.98 (d, J = 7.3 Hz, 2H), 6.28 (d, J = 7.3 Hz, 2H), 5.78 (s, 2H), 1.54 (d, J = 7.3 Hz, 2H), 1.24 

(s, 8H), 1.23 (s, 6H), 1.22 (s, 6H), 0.87 (d, J = 3.2 Hz, 3H), 0.74 – 0.72 (m, 1H). 13C NMR (126 MHz, CDCl3) 

δ 141.4, 136.3, 127.5, 119.5, 117.2, 105.4, 83.1, 82.9, 32.6, 32.4, 31.8, 29.4, 29.3, 26.4, 25.7, 25.0, 24.9, 

24.53, 24.50, 22.7, 22.6, 14.1. 11B NMR (160 MHz, CDCl3) δ 34.88, 34.11. HRMS (ESI, m/z) calcd for 

C23H35B2N2O2 [M+H] +: 393.2879; found: 393.2874. 

 

2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)octyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (11) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (61.8 mg, 76%). 1H NMR (500 MHz, CDCl3) δ 7.10 

– 7.06 (m, 2H), 6.98 (d, J = 8.2 Hz, 2H), 6.28 (d, J = 7.3 Hz, 2H), 5.79 (s, 2H), 1.57 – 1.41 (m, 2H), 1.27 (dd, 

J = 7.6, 2.5 Hz, 10H), 1.25 (s, 6H), 1.24 (s, 6H), 0.88 (t, J = 6.8 Hz, 3H), 0.75 – 0.72 (m, 1H). 13C NMR (126 

MHz, CDCl3) δ 141.4, 136.3, 127.5, 119.5, 117.2, 105.4, 83.1, 32.4, 31.9, 29.7, 29.2, 26.4, 25.0, 24.9, 24.5, 

22.7, 14.1. 11B NMR (160 MHz, CDCl3) δ 34.23, 33.23. HRMS (ESI, m/z) calcd for C24H36B2N2NaO2 

[M+Na] +: 429.2855; found: 429.2859. 

 

2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)octyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (12) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (57.2 mg, 68%). 1H NMR (500 MHz, CDCl3) δ 7.10 

(t, J = 7.8 Hz, 2H), 7.00 (d, J = 8.2 Hz, 2H), 6.30 (d, J = 7.3 Hz, 2H), 5.81 (s, 2H), 1.67 – 1.61 (m, 1H), 1.55 
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– 1.50 (m, 1H), 1.34 – 1.27 (m, 12H), 1.26 (d, J = 6.2 Hz, 12H), 0.90 (t, J = 6.8 Hz, 3H), 0.76 (dd, J = 9.4, 

6.0 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 141.4, 136.3, 127.6, 119.5, 117.2, 105.4, 83.2, 32.4, 31.9, 29.7, 

29.5, 29.3, 26.4, 25.0, 24.5, 22.7, 14.1. 11B NMR (160 MHz, CDCl3) δ 34.45, 34.19. HRMS (ESI, m/z) calcd 

for C25H39B2N2O2 [M+H] +: 421.3192; found: 421.3195. 

2-(5-methyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hexyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (13) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (48.6 mg, 62%). 1H NMR (500 MHz, CDCl3) δ 7.09 

(t, J = 7.8 Hz, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.29 (d, J = 7.2 Hz, 2H), 5.80 (s, 2H), 1.64 – 1.60 (m, 1H), 1.53 

(td, J = 8.1, 7.4, 4.5 Hz, 2H), 1.37 (qd, J = 8.3, 5.5 Hz, 4H), 1.26 (s, 3H), 1.25 (s, 5H), 1.24 (s, 4H), 1.23 (s, 

3H), 0.88 (d, J = 6.6 Hz, 3H), 0.85 (d, J = 6.5 Hz, 3H), 0.76 (dt, J = 10.1, 5.2 Hz, 1H). 13C NMR (126 MHz, 

CDCl3) δ 141.4, 136.3, 127.5, 119.5, 117.2, 105.4, 83.1, 39.1, 30.1, 27.8, 26.6, 25.0, 24.9, 24.5, 24.5, 22.7, 

22.6. 11B NMR (160 MHz, CDCl3) δ 34.33, 33.33. HRMS (ESI, m/z) calcd for C23H34B2N2NaO2 [M+H] +: 

415.2699; found: 415.2699. 

 

2-(3,3-dimethyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (14) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (42.4 mg, 56%). 1H NMR (500 MHz, CDCl3) δ 7.11 

– 7.06 (m, 2H), 7.00 (dd, J = 8.3, 1.8 Hz, 2H), 6.26 (d, J = 7.2 Hz, 2H), 5.60 (d, J = 18.6 Hz, 2H), 1.35 – 1.27 

(m, 12H), 1.26 (s, 2H), 1.24 – 1.17 (m, 9H), 0.91 – 0.86 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 141.3, 

127.5, 117.2, 105.4, 83.2, 82.9, 40.3, 39.23 31.8, 31.6, 29.3, 29.2, 24.9, 24.8, 24.7, 24.6. 11B NMR (160 MHz, 

CDCl3) δ 34.35, 34.06. HRMS (ESI, m/z) calcd for C22H33B2N2O2 [M+H] +: 379.2723; found: 379.2723. 

 

2-(6-((tert-butyldimethylsilyl)oxy)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hexyl)-2,3-dihydro-

1H-naphtho[1,8-de][1,3,2]diazaborinine (15) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (64.1 mg, 63%). 1H NMR (500 MHz, CDCl3) δ 7.08 

(t, J = 7.8 Hz, 2H), 6.98 (d, J = 8.2 Hz, 2H), 6.28 (d, J = 7.3 Hz, 2H), 5.79 (s, 2H), 3.59 (d, J = 6.6 Hz, 2H), 
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1.55 – 1.48 (m, 4H), 1.35 (dd, J = 12.2, 6.6 Hz, 4H), 1.25 (s, 6H), 1.23 (s, 6H), 0.89 (s, 9H), 0.75 – 0.71 (m, 

1H), 0.04 (s, 6H). 13C NMR (126 MHz, CDCl3) δ 141.3, 136.3, 127.5, 119.5, 117.2, 105.4, 83.2, 63.3, 32.8, 

32.2, 26.4, 26.0, 25.9, 25.0, 24.9, 24.5, 24.52,24.50, 18.4, -5.2. 11B NMR (160 MHz, CDCl3) δ 33.92, 33.51. 

HRMS (ESI, m/z) calcd for C28H47B2N2O3Si [M+H] +: 509.3537; found: 509.3530. 

 

2-(4-((tert-butyldimethylsilyl)oxy)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butyl)-2,3-dihydro-

1H-naphtho[1,8-de][1,3,2]diazaborinine (16) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (50.0 mg, 52%) 1H NMR (500 MHz, CDCl3) δ 7.11 

(dd, J = 8.2, 7.3 Hz, 2H), 7.01 (dd, J = 8.3, 1.0 Hz, 2H), 6.30 (dd, J = 7.4, 1.0 Hz, 2H), 5.86 (s, 2H), 3.68 – 

3.64 (m, 2H), 1.66 (dd, J = 13.6, 5.3 Hz, 2H), 1.63 – 1.56 (m, 2H), 1.26 (d, J = 5.3 Hz, 12H), 0.94 (s, 9H), 

0.78 (dd, J = 8.7, 5.6 Hz, 1H), 0.09 (d, J = 1.0 Hz, 6H).  13C NMR (126 MHz, CDCl3) δ 141.3, 136.3, 127.5, 

119.5, 117.2, 105.4, 83.2, 82.9, 63.2, 35.4, 25.1, 24.9, 24.54, 24.52, 22.4, 18.4, -5.2. 11B NMR (160 MHz, 

CDCl3) δ 34.08, 33.91. HRMS (ESI, m/z) calcd for C26H43B2N2O3Si [M+H] +: 481.3224; found: 481.3221. 

 

tert-butyl 4-(2-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)ethyl)piperidine-1-carboxylate (17) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (58.6 mg, 58%). 1H NMR (500 MHz, CDCl3) δ 7.13 

– 7.07 (m, 2H), 7.04 – 6.96 (m, 2H), 6.33 – 6.27 (m, 2H), 5.76 (s, 2H), 4.08 (s, 4H), 2.65 (s, 4H), 1.45 (d, J 

= 3.5 Hz, 9H), 1.24 (s, 12H), 1.06 (d, J = 12.2 Hz, 2H), 0.85 (s, 1H), 0.81 – 0.71 (m, 1H). 13C NMR (126 

MHz, CDCl3) δ 155.2, 141.2, 136.3, 117.4, 105.5, 83.3, 79.3, 38.0, 33.0, 28.5, 25.0, 24.8, 24.5. 11B NMR 

(160 MHz, CDCl3) δ 33.92, 33.33. HRMS (ESI, m/z) calcd for C21H31B2N2O2 [M+H] +: 365.2566; found: 

365.2571. 

 

2-(2-(cyclohex-1-en-1-yl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (18) 
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The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (51.5 mg, 64%). 1H NMR (500 MHz, CDCl3) δ 7.10 

– 7.08 (m, 2H), 6.98 (d, J = 4.8 Hz, 2H), 6.31 (d, J = 8.2 Hz, 2H), 6.05 (s, 2H), 6.00 (s, 1H), 2.26 (s, 1H), 

2.19 (s, 1H), 1.67 (t, J = 6.1 Hz, 2H), 1.62 – 1.60 (m, 2H), 1.36 (s, 12H), 1.24 (d, J = 4.6 Hz, 4H), 0.90 – 0.80 

(m, 1H). 13C NMR (126 MHz, CDCl3) δ 153.6, 136.4, 134.3, 127.6, 117.2, 105.6, 83.8, 26.5, 26.2, 25.0, 24.8, 

24.60, 22.4, 22.1. 11B NMR (160 MHz, CDCl3) δ 32.80, 31.92. HRMS (ESI, m/z) calcd for C24H33B2N2O2 

[M+H] +: 403.2723; found: 403.2725. 

 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl propionate (19) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (53.2 mg, 61%). 1H NMR (500 MHz, CDCl3) δ 7.11 

– 7.06 (m, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.29 (d, J = 7.3 Hz, 2H), 5.79 (s, 2H), 4.06 (dt, J = 9.5, 5.2 Hz, 2H), 

2.33 – 2.31 (m, 1H), 2.31 – 2.28 (m, 1H), 1.61 – 1.51 (m, 2H), 1.48 – 1.37 (m, 2H), 1.36 – 1.26 (m, 2H), 1.25 

(s, 6H), 1.23 (s, 6H), 1.12 (t, J = 7.6 Hz, 3H), 0.75 (dd, J = 9.3, 6.1 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 

174.6, 141.3, 136.3, 127.5, 119.5, 117.3, 105.5, 83.2, 64.5, 64.3, 28.6, 28.55, 27.6, 26.0, 25.0, 24.9, 24.5, 9.2.  

11B NMR (160 MHz, CDCl3) δ 34.34, 34.09. HRMS (ESI, m/z) calcd for C24H35B2N2O4 [M+H] +: 437.2777; 

found: 437.2774. 

 

2-(4-((tetrahydro-2H-pyran-2-yl)oxy)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (20) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (54.0 mg, 60%). 1H NMR (500 MHz, CDCl3) δ 7.09 

(t, J = 7.8 Hz, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.29 (dd, J = 7.3, 1.0 Hz, 2H), 5.87 (d, J = 3.9 Hz, 2H), 4.59 (td, 

J = 4.5, 2.9 Hz, 1H), 3.91 – 3.86 (m, 1H), 3.81 – 3.75 (m, 1H), 3.53 – 3.49 (m, 1H), 3.43 (dd, J = 9.7, 4.8 Hz, 

1H), 1.88 – 1.83 (m, 1H), 1.77 – 1.59 (m, 7H), 1.54 (d, J = 6.3 Hz, 2H), 1.25 (d, J = 5.0 Hz, 12H), 0.80 – 

0.76 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 141.4, 136.3, 127.5, 119.5, 117.2, 105.4, 99.0, 83.2, 67.57, 

67.55, 62.49, 62.47, 32.2, 32.1, 30.8, 25.5, 25.0, 24.9, 24.5, 22.9, 22.8, 19.81, 19.78. 11B NMR (160 MHz, 

CDCl3) δ 33.89, 33.50. HRMS (ESI, m/z) calcd for C25H37B2N2O4 [M+H] +: 451.2934; found: 451.2937. 

 

2-(3,3-diethoxy-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (21) 
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The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (44.1 mg, 52%). 1H NMR (500 MHz, CDCl3) δ 7.10 

– 7.06 (m, 2H), 6.98 (d, J = 8.3 Hz, 2H), 6.29 – 6.25 (m, 2H), 5.92 (d, J = 31.5 Hz, 2H), 3.57 – 3.36 (m, 2H), 

1.97 – 1.87 (m, 0H), 1.82 (ddt, J = 13.4, 9.3, 6.6 Hz, 0H), 1.25 (d, J = 4.0 Hz, 6H), 1.21 (dt, J = 7.0, 3.6 Hz, 

3H), 0.89 – 0.84 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 141.37, 141.35, 136.3, 127.5, 117.2, 105.4, 104.2, 

61.6, 61.4, 30.2, 26.4, 25.07, 25.03, 24.54, 24.52, 15.40, 15.37. 11B NMR (160 MHz, CDCl3) δ 33.51, 32.45. 

HRMS (ESI, m/z) calcd for C23H34B2N2NaO4 [M+Na] +: 447.2597; found: 447.2593. 

 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (2E,4E)-hexa-2,4-dienoate (22) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (45.5 mg, 48%). 1H NMR (500 MHz, CDCl3) δ 7.08 

(dd, J = 8.3, 7.3 Hz, 2H), 6.99 (dd, J = 8.3, 1.0 Hz, 2H), 6.29 (dd, J = 7.3, 1.0 Hz, 2H), 5.79 (s, 2H), 5.60 – 

5.27 (m, 4H), 4.07 (dt, J = 6.6, 3.4 Hz, 2H), 2.35 – 2.32 (m, 2H), 2.30 – 2.27 (m, 2H), 1.63 (d, J = 1.2 Hz, 

3H), 1.45 – 1.36 (m, 2H), 1.26 (s, 3H), 1.25 (s, 6H), 1.23 (s, 3H), 0.74 (dd, J = 9.3, 6.2 Hz, 1H). 13C NMR 

(126 MHz, CDCl3) δ 173.4, 141.3, 136.3, 129.2, 127.6, 126.1, 117.3, 105.5, 83.2, 64.3, 34.4, 28.8, 28.6, 27.9, 

26.0, 25.0, 24.8, 24.5, 17.9. 11B NMR (160 MHz, CDCl3) δ 34.45, 33.68. HRMS (ESI, m/z) calcd for 

C27H37B2N2O4 [M+H] +: 475.2934; found: 475.2929. 

 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl 2-propylpentanoate (23) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (64.8 mg, 64%). 1H NMR (500 MHz, CDCl3) δ 7.08 

(t, J = 7.8 Hz, 2H), 6.98 (d, J = 8.2 Hz, 2H), 6.29 (d, J = 7.3 Hz, 2H), 5.79 (s, 2H), 4.07 – 4.03 (m, 2H), 2.35 

– 2.32 (m, 1H), 1.66 (d, J = 7.1 Hz, 2H), 1.57 (dd, J = 10.5, 4.9 Hz, 4H), 1.41 – 1.36 (m, 4H), 1.27 (d, J = 

7.7 Hz, 4H), 1.24 (s, 3H), 1.23 (d, J = 2.4 Hz, 6H), 1.22 (s, 3H), 0.88 (d, J = 5.4 Hz, 6H), 0.75 – 0.72 (m, 

1H). 13C NMR (126 MHz, CDCl3) δ 176.7, 141.3, 136.3, 127.5, 119.5, 117.3, 105.5, 83.2, 83.0, 64.0, 45.4, 
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34.7, 28.9, 28.8, 28.6, 26.1, 25.0, 24.9, 24.5, 20.6, 14.0. 11B NMR (160 MHz, CDCl3) δ 34.80, 34.45. HRMS 

(ESI, m/z) calcd for C29H45B2N2O4 [M+H] +: 507.3560; found: 507.3559.  

 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl 1-phenylcyclopentane-1-carboxylate (24) 

 
The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (46.4 mg, 42%).1H NMR (500 MHz, CDCl3) δ 7.32 

(d, J = 7.8 Hz, 3H), 7.25 (s, 1H), 7.17 (d, J = 7.4 Hz, 1H), 7.07 (t, J = 7.8 Hz, 2H), 6.97 (d, J = 8.3 Hz, 2H), 

6.27 (d, J = 7.3 Hz, 2H), 5.74 (s, 2H), 3.98 (d, J = 5.3 Hz, 2H), 2.62 (dd, J = 12.6, 6.2 Hz, 2H), 1.85 (d, J = 

11.0 Hz, 2H), 1.70 – 1.65 (m, 4H), 1.57 – 1.49 (m, 4H), 1.25 (s, 2H), 1.21 (d, J = 7.6 Hz, 12H), 0.65 (t, J = 

7.6 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 176.0, 143.5, 141.3, 136.3, 128.2, 127.5, 126.9, 126.6, 117.3, 

105.5, 83.2, 64.8, 59.2, 36.1, 28.7, 28.5, 26.0, 24.99, 24.52, 23.6.  11B NMR (160 MHz, CDCl3) δ 35.15, 34.45. 

HRMS (ESI, m/z) calcd for C33H43B2N2O4 [M+H] +: 553.3403; found: 553.3398.  

 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (2R)-2-phenylpropanoate (25) 

 

The reaction was performed following the Condition A. The residue was purified by flash column 

chromatograph (PE:EA=30:1) to give the product as a yellow oil liquid (60.4 mg, 59%). 1H NMR (500 MHz, 

CDCl3) δ 7.34 – 7.30 (m, 3H), 7.24 (ddt, J = 8.4, 5.9, 3.4 Hz, 2H), 7.10 (t, J = 7.8 Hz, 2H), 7.00 (d, J = 8.3 

Hz, 2H), 6.30 (d, J = 7.2 Hz, 2H), 5.79 (s, 2H), 4.08 (t, J = 7.0 Hz, 2H), 3.70 (d, J = 7.2 Hz, 1H), 1.61 (d, J 

= 7.3 Hz, 2H), 1.49 (d, J = 7.2 Hz, 3H), 1.36 – 1.27 (m, 4H), 1.25 (s, 6H), 1.23 (s, 6H), 0.71 (dd, J = 9.5, 6.0 

Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 174.6, 141.3, 140.7, 136.3, 128.6, 127.6, 127.5, 127.1, 119.5, 117.3, 

105.5, 83.2, 83.0, 64.7, 45.6, 28.7, 28.5, 26.0, 25.98, 25.0, 24.9, 24.54, 24.52, 18.5.  11B NMR (160 MHz, 

CDCl3) δ 34.44, 33.92. HRMS (ESI, m/z) calcd for C30H39B2N2O4 [M+H] +:  513.3090; found: 513.3094. 

HPLC analysis: HPLC DAICEL CHIRALCEL OD, hexane/isopropanol = 90/10, 0.5 mL/min, λ = 280 nm, 

tR (major) = 14.5 min, tR (minor) = 16.2 min, dr ≈1:1. 

 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl benzoate (26) 
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The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (63.9 mg, 66%). 1H NMR (500 MHz, CDCl3) δ 8.06 

(d, J = 1.4 Hz, 1H), 8.05 (d, J = 1.7 Hz, 1H), 7.55 – 7.52 (m, 1H), 7.41 (t, J = 7.8 Hz, 2H), 7.10 (t, J = 7.8 

Hz, 2H), 7.01 (d, J = 8.3 Hz, 2H), 6.30 (d, J = 7.3 Hz, 2H), 5.84 (s, 2H), 4.35 (t, J = 6.6 Hz, 2H), 1.82 (t, J = 

7.0 Hz, 2H), 1.67 – 1.47 (m, 4H), 1.25 (s, 6H), 1.23 (s, 6H), 0.80 (dd, J = 9.4, 5.7 Hz, 1H). 13C NMR (126 

MHz, CDCl3) δ 166.7, 141.3, 136.3, 132.8, 130.5, 129.6, 128.3, 127.6, 119.6, 117.3, 105.5, 83.2, 64.9, 28.9, 

28.7, 26.1, 25.0, 24.87, 24.54, 24.51. 11B NMR (160 MHz, CDCl3) δ 33.92, 32.98. HRMS (ESI, m/z) calcd 

for C28H35B2N2O4 [M+H] +:485.2777; found: 485.2773.  

 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (2S)-2-(4-isobutylphenyl)propanoate (27) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (67.1 mg, 59%). 1H NMR (500 MHz, CDCl3) δ 7.18 

(d, J = 8.0 Hz, 2H), 7.08 (dd, J = 9.3, 1.8 Hz, 4H), 7.00 (d, J = 7.7 Hz, 2H), 6.30 (d, J = 7.3 Hz, 2H), 5.78 (s, 

2H), 4.06 (dd, J = 11.4, 4.7 Hz, 2H), 3.67 (d, J = 7.1 Hz, 1H), 2.43 (d, J = 7.2 Hz, 2H), 1.83 (dd, J = 11.1, 

4.4 Hz, 1H), 1.63 – 1.54 (m, 4H), 1.48 – 1.46 (m, 3H), 1.36 – 1.31 (m, 2H), 1.24 (d, J = 7.3 Hz, 12H), 0.90 

(d, J = 1.0 Hz, 6H), 0.71 (dd, J = 8.0, 4.7 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 174.9, 141.3, 140.4, 137.8, 

136.3, 129.3, 127.5, 127.1, 119.5, 117.3, 105.5, 83.2, 83.0, 64.6, 45.2, 45.0, 30.2, 28.7, 28.5, 26.0, 25.0, 24.9, 

24.5, 24.5 22.4, 18.5.  11B NMR (160 MHz, CDCl3) δ 34.62, 34.09. HRMS (ESI, m/z) calcd for 

C34H47B2N2O4 [M+H] +: 569.3716; found: 569.3713. HPLC analysis: HPLC DAICEL CHIRALCEL OD, 

hexane/isopropanol = 90/10, 1.0 mL/min, λ = 280 nm, tR (minor) = 5.6 min, tR (major) = 6.4 min, dr ≈1:1. 

 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (E)-2-methyl-3-phenylacrylate (28) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (61.9 mg, 59%). 1H NMR (500 MHz, CDCl3) δ 7.69 
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(s, 1H), 7.41 – 7.37 (m, 4H), 7.32 (q, J = 5.2, 4.4 Hz, 1H), 7.08 (t, J = 7.7 Hz, 2H), 7.00 (d, J = 8.3 Hz, 2H), 

6.29 (d, J = 7.2 Hz, 2H), 5.81 (s, 2H), 4.24 (td, J = 6.6, 1.9 Hz, 2H), 2.11 (s, 3H), 1.76 (q, J = 7.1 Hz, 2H), 

1.65 – 1.43 (m, 4H), 1.24 (d, J = 6.7 Hz, 12H), 0.90 (t, J = 6.8 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 168.8, 

141.3, 138.7, 136.3, 135.96, 129.65, 128.36, 128.25, 127.56, 119.52, 117.30, 105.50, 83.25, 64.93, 28.87, 

28.77, 26.12, 25.04, 24.51, 14.08. 11B NMR (160 MHz, CDCl3) δ 33.24, 33.15. HRMS (ESI, m/z) calcd for 

C31H39B2N2O4 [M+H] +: 525.3090; found: 525.3092. 

 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (1R,2S,4R)-bicyclo[2.2.1]hept-5-ene-2-carboxylate (29) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (63.0 mg, 63%). 1H NMR (500 MHz, CDCl3) δ 7.09 

(t, J = 7.7 Hz, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.29 (d, J = 7.2 Hz, 2H), 6.12 (dd, J = 5.7, 3.1 Hz, 1H), 6.09 – 

6.06 (m, 1H), 5.79 (s, 2H), 4.11 – 4.07 (m, 2H), 3.02 (s, 1H), 2.89 (s, 1H), 2.22 – 2.19 (m, 1H), 1.93 – 1.89 

(m, 1H), 1.67 (dd, J = 12.3, 5.1 Hz, 4H), 1.50 (s, 1H), 1.39 – 1.31 (m, 4H), 1.24 (d, J = 6.6 Hz, 12H), 0.75 

(dd, J = 9.4, 6.1 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 175.1, 141.3, 136.3, 127.5, 117.3, 105.5, 83.2, 

64.2, 46.1, 40.5, 40.1, 37.0, 31.9, 29.1, 28.9, 28.64, 28.62, 26.1, 25.02, 25.01, 24.9, 24.8, 24.53, 24.51.  11B 

NMR (160 MHz, CDCl3) δ 35.22, 34.45. HRMS (ESI, m/z) calcd for C29H38
10B2KN2O4 [M+K] +: 537.2722; 

found: 537.2725. HPLC analysis: HPLC DAICEL CHIRALCEL AD, hexane/isopropanol = 97/3, 0.5 

mL/min, λ = 280 nm, tR (major) = 19.4 min, tR (minor) = 21.0 min, dr ≈1:1. 

 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl 2,3-dihydrobenzo[b][1,4]dioxine-2-carboxylate (30) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (66.6 mg, 59%). 1H NMR (500 MHz, CDCl3) δ 7.09 

(t, J = 7.7 Hz, 2H), 6.99 (d, J = 7.6 Hz, 3H), 6.86 (d, J = 1.6 Hz, 3H), 6.30 (d, J = 7.3 Hz, 2H), 5.79 (s, 2H), 

4.81 (dd, J = 3.9, 2.8 Hz, 1H), 4.39 – 4.32 (m, 2H), 4.22 (dt, J = 13.8, 5.0 Hz, 2H), 1.69 – 1.65 (m, 2H), 1.60 

(d, J = 5.7 Hz, 1H), 1.56 – 1.49 (m, 1H), 1.41 – 1.33 (m, 2H), 1.24 (d, J = 7.2 Hz, 12H), 0.72 (dd, J = 9.0, 

6.3 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 168.1, 143.0, 142.4, 141.3, 136.3, 127.6, 126.2, 122.2, 121.8, 
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119.8, 119.5, 117.4, 117.34, 117.28, 111.6, 105.5, 83.3, 83.0, 72.1, 65.9, 65.9, 65.0, 31.6, 28.6, 28.4, 28.3, 

26.0, 25.9, 25.0, 24.9, 24.5, 22.7, 14.1. 11B NMR (160 MHz, CDCl3) δ 33.33, 32.34. HRMS (ESI, m/z) calcd 

for C30H36B2N2NaO6 [M+Na] +: 565.2652; found: 565.2644. 

 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl 6-(3-(bicyclo[3.3.1]nonan-1-yl)-4-methoxyphenyl)-2-naphthoate (31) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (73.2 mg, 48%). 1H NMR (500 MHz, CDCl3) δ 8.63 

(d, J = 1.7 Hz, 1H), 8.09 (dd, J = 8.6, 1.8 Hz, 1H), 8.08 – 7.73 (m, 5H), 7.64 (d, J = 2.4 Hz, 1H), 7.56 (dd, J 

= 8.4, 2.3 Hz, 1H), 7.10 (dd, J = 8.3, 7.3 Hz, 2H), 7.02 – 7.02 (m, 1H), 7.01 – 7.00 (m, 1H), 6.30 (dd, J = 7.2, 

1.0 Hz, 2H), 5.85 (s, 2H), 4.44 (td, J = 6.5, 1.5 Hz, 2H), 3.92 (s, 3H), 2.23 (d, J = 3.0 Hz, 6H), 2.16 – 2.12 

(m, 3H), 1.89 (t, J = 7.0 Hz, 2H), 1.84 (s, 6H), 1.78 – 1.75 (m, 1H), 1.68 – 1.60 (m, 2H), 1.26 (d, J = 7.3 Hz, 

12H), 0.94 – 0.90 (m, 1H), 0.84 (dd, J = 9.5, 5.4 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 166.9, 159.0, 141.3, 

139.0, 136.3, 136.0, 132.6, 131.3, 130.8, 129.7, 128.2, 127.6, 127.3, 126.5, 126.0, 125.8, 125.6, 124.7, 119.6, 

117.3, 112.2, 105.6, 83.3, 65.1, 55.2, 40.7, 37.3, 37.2, 31.6, 29.2, 29.0, 28.9, 26.2, 25.1, 24.5, 22.7, 14.2. 11B 

NMR (160 MHz, CDCl3) δ 36.03, 35.68. HRMS (ESI, m/z) calcd for C48H57B2N2O5 [M+H] +: 763.4448; 

found: 763.4443. 

 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (2S)-2-(6-methoxynaphthalen-2-yl)propanoate (32) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (68.7 mg, 58%). 1H NMR (500 MHz, CDCl3) δ 7.71 

– 7.67 (m, 3H), 7.42 (dd, J = 8.5, 1.9 Hz, 1H), 7.17 – 7.12 (m, 2H), 7.11 – 7.10 (m, 2H), 7.02 (d, J = 8.2 Hz, 

2H), 6.31 (d, J = 7.3 Hz, 2H), 5.78 (s, 2H), 4.11 (t, J = 6.8 Hz, 2H), 3.90 (d, J = 5.2 Hz, 3H), 3.85 (d, J = 7.1 

Hz, 1H), 1.63 (d, J = 7.4 Hz, 2H), 1.59 (d, J = 7.1 Hz, 3H), 1.50 (ddt, J = 16.8, 12.9, 6.9 Hz, 2H), 1.32 – 1.29 

(m, 2H), 1.25 (s, 6H), 1.23 (s, 6H), 0.85 (dd, 1H). 13C NMR (126 MHz, CDCl3) δ 174.8, 157.6, 141.3, 136.3, 

135.9, 133.7, 129.3, 129.0, 127.6, 127.1, 126.3, 125.9, 119.6, 119.0, 117.3, 105.5, 83.2, 64.7, 55.3, 45.6, 29.8, 
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28.7, 28.5, 25.97, 25.95, 25.0, 24.9, 24.5, 18.5. 11B NMR (160 MHz, CDCl3) δ 34.62, 33.51. HRMS (ESI, 

m/z) calcd for C35H43B2N2O5 [M+H] +:593.3353; found: 593.3346. HPLC analysis: HPLC DAICEL 

CHIRALCEL OD, hexane/isopropanol = 90/10, 0.5 mL/min, λ = 250 nm, tR (minor) = 9.4 min, tR (major) = 

11.8 min, dr = 0.94:1. 

 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl 4-cyclohexylbenzoate (33) 

 
The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (77.0 mg, 68%). 1H NMR (500 MHz, CDCl3) δ 7.96 

(s, 1H), 7.95 (s, 1H), 7.22 (d, J = 8.3 Hz, 2H), 7.11 – 7.07 (m, 2H), 7.00 (d, J = 8.2 Hz, 2H), 6.29 (d, J = 7.3 

Hz, 2H), 5.82 (s, 2H), 4.32 (t, J = 6.5 Hz, 2H), 2.56 – 2.52 (m, 1H), 1.87 – 1.85 (m, 4H), 1.79 (d, J = 6.9 Hz, 

2H), 1.76 (t, J = 3.7 Hz, 2H), 1.66 – 1.58 (m, 2H), 1.57 – 1.50 (m, 2H), 1.40 (dd, J = 8.5, 3.7 Hz, 4H), 1.24 

(s, 6H), 1.22 (s, 6H), 0.79 (ddd, J = 9.5, 6.2, 2.8 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 166.8, 141.3, 129.7, 

127.6, 126.8, 117.3, 105.5, 83.2, 64.7, 44.7, 34.2, 28.9, 28.8, 26.8, 26.1, 25.0, 24.9, 24.5, 24.5.  11B NMR 

(160 MHz, CDCl3) δ 34.71, 33.02. HRMS (ESI, m/z) calcd for C34H45B2N2O4 [M+H] +:567.3560; found: 

567.3560.  

 

2-(2-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (34) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (45.4 mg, 57%). 1H NMR (500 MHz, CDCl3) δ 7.25 

(s, 4H), 7.17 – 7.14 (m, 1H), 7.08 (t, J = 7.8 Hz, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.27 (d, J = 7.3 Hz, 2H), 5.81 

(s, 2H), 2.96 (dd, J = 14.1, 9.6 Hz, 1H), 2.91 – 2.86 (m, 1H), 1.28 – 1.25 (m, 1H), 1.18 (s, 6H), 1.16 (s, 6H). 

13C NMR (126 MHz, CDCl3) δ 143.7, 141.2, 136.3, 128.3, 128.2, 127.5, 125.7, 119.5, 117.3, 105.5, 83.4, 

32.0, 24.9, 24.5. 11B NMR (160 MHz, CDCl3) δ 34.27, 33.68. HRMS (ESI, m/z) calcd for C24H29B2N2O2 

[M+H] +: 399.2410; found: 399.2418. 

 

2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(p-tolyl)ethyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (35) 
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The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (42.9 mg, 52%). 1H NMR (500 MHz, CDCl3) δ 7.17 

(d, J = 7.8 Hz, 2H), 7.11 – 7.07 (m, 4H), 7.00 (d, J = 8.2 Hz, 2H), 6.28 (d, J = 7.3 Hz, 2H), 5.83 (s, 2H), 2.95 

(dd, J = 14.2, 9.3 Hz, 1H), 2.87 (t, J = 4.7 Hz, 1H), 2.32 (s, 3H), 1.20-1.26 (m, 1H), 1.21 (s, 6H), 1.19 (s, 

6H). 13C NMR (126 MHz, CDCl3) δ 141.3, 140.6, 136.3, 135.1, 129.0, 128.1, 127.6, 119.6, 117.3, 105.5, 

83.4, 31.5, 29.7, 25.0, 24.8, 24.5, 21.0. 11B NMR (160 MHz, CDCl3) δ 34.27, 34.09. HRMS (ESI, m/z) calcd 

for C25H30B2N2NaO2 [M+Na] +: 435.2386; found: 435.2381. 

 

2-(2-(4-ethylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (36) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (37.9 mg, 46%). 1H NMR (500 MHz, CDCl3) δ 7.14 

(d, J = 7.9 Hz, 2H), 7.10 – 7.05 (m, 4H), 6.98 (d, J = 8.2 Hz, 2H), 6.26 (d, J = 7.3 Hz, 2H), 5.81 (s, 2H), 2.93 

(dd, J = 14.2, 9.3 Hz, 1H), 2.84 (dd, J = 14.2, 6.8 Hz, 1H), 2.30 (s, 3H), 1.26 (s, 2H), 1.18 (d, J = 8.4 Hz, 

12H), 1.15 – 1.13 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 141.2 (s), 140.6 (s), 135.1 (s), 128.9 (s), 128.0 (s), 

127.5 (s), 117.3 (s), 105.5 (s), 83.3 (s), 31.5 (s), 25.0 (s), 24.5 (s), 21.0 (s). 11B NMR (160 MHz, CDCl3) δ 

34.45, 34.09. HRMS (ESI, m/z) calcd for C26H33B2N2O2 [M+H] +: 427.2723; found: 427.2722. 

 

2-(2-(4-(tert-butyl)phenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (37) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (56.3 mg, 62%). 1H NMR (500 MHz, CDCl3) δ 7.31 

– 7.28 (m, 2H), 7.20 (d, J = 8.3 Hz, 2H), 7.09 (dd, J = 8.3, 7.3 Hz, 2H), 7.00 (dd, J = 8.4, 1.0 Hz, 2H), 6.27 

(d, J = 7.3 Hz, 2H), 5.82 (s, 2H), 2.97 – 2.85 (m, 2H), 1.30 (s, 9H), 1.24 (d, J = 4.3 Hz, 1H), 1.19 (s, 6H), 

1.17 (s, 6H). 13C NMR (126 MHz, CDCl3) δ 141.3, 140.6, 136.3, 127.8, 127.5, 125.1, 117.3, 105.5, 83.3, 

34.3, 31.4, 24.9, 24.5. 11B NMR (160 MHz, CDCl3) δ 34.62, 33.92. HRMS (ESI, m/z) calcd for 

C28H36B2KN2O2 [M+K] +: 493.2594; found: 493.2588. 

 

2-(2-(4-isopropylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-
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naphtho[1,8-de][1,3,2]diazaborinine (38) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (31.7 mg, 36%). 1H NMR (500 MHz, CDCl3) δ 7.19 

(d, J = 8.2 Hz, 2H), 7.13 (d, J = 8.2 Hz, 2H), 7.09 (dd, J = 8.3, 7.3 Hz, 2H), 7.00 (dd, J = 8.4, 1.0 Hz, 2H), 

6.27 (dd, J = 7.3, 1.0 Hz, 2H), 5.82 (s, 2H), 2.94 (dd, J = 14.2, 9.3 Hz, 1H), 2.87 (ddd, J = 13.7, 6.9, 2.1 Hz, 

2H), 1.23 (d, J = 6.9 Hz, 6H), 1.19 (s, 1H), 1.18 (d, J = 6.9 Hz, 12H). 13C NMR (126 MHz, CDCl3) δ 141.2, 

141.0, 136.3, 1281 127.5, 126.3, 117.3, 105.5, 83.3, 33.7, 31.5, 24.9, 24.5, 24.1. 11B NMR (160 MHz, CDCl3) 

δ 33.33, 32.10. HRMS (ESI, m/z) calcd for C27H34B2N2NaO2 [M+Na] +: 463.2699; found: 463.2706. 

 

2-(2-(4-butylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (39) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (40.9 mg, 45 %). 1H NMR (500 MHz, CDCl3) δ 7.17 

(d, J = 8.0 Hz, 2H), 7.08 (t, J = 7.8 Hz, 4H), 6.99 (d, J = 8.2 Hz, 2H), 6.26 (d, J = 7.3 Hz, 2H), 5.81 (s, 2H), 

2.93 (dd, J = 14.1, 9.4 Hz, 1H), 2.86 (dd, J = 14.2, 6.9 Hz, 1H), 2.58 – 2.54 (m, 2H), 1.58 – 1.53 (m, 2H), 

1.36 – 1.31 (m, 2H), 1.27 (d, J = 7.4 Hz, 1H), 1.18 (s, 6H), 1.17 (s, 6H), 0.91 (t, J = 7.3 Hz, 3H). 13C NMR 

(126 MHz, CDCl3) δ 141.2, 140.8, 140.2, 136.3, 128.3, 128.0, 127.5 119.5, 117.3, 105.5, 83.3, 35.2, 33.7, 

31.6, 24.9, 24.5, 22.3, 14.0. 11B NMR (160 MHz, CDCl3) δ 34.09, 33.51. 

 HRMS (ESI, m/z) calcd for C28H36B2KN2O2 [M+K] +: 493.2594; found: 493.2598. 

 

2-(2-(4-propylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (40) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (45.8 mg, 52%). 1H NMR (500 MHz, CDCl3) δ 7.19 

(d, J = 7.8 Hz, 2H), 7.10 (t, J = 7.8 Hz, 4H), 7.01 (dd, J = 8.3, 1.0 Hz, 2H), 6.28 (dd, J = 7.3, 1.0 Hz, 2H), 

5.84 (s, 2H), 2.96 (dd, J = 14.2, 9.4 Hz, 1H), 2.88 (dd, J = 14.1, 6.9 Hz, 1H), 2.58 – 2.55 (m, 2H), 1.66 – 1.61 

(m, 2H), 1.24 – 1.22 (m, 1H), 1.20 (d, J = 7.8 Hz, 12H), 0.94 (t, J = 7.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) 
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δ 141.3, 140.9, 140.0, 136.3, 128.4, 128.1, 127.6, 119.6, 117.3, 105.5, 83.4, 37.7, 31.6, 24.9, 24.7, 24.5, 13.8. 

11B NMR (160 MHz, CDCl3) δ 33.68, 32.10. HRMS (ESI, m/z) calcd for C27H35B2N2O2 [M+H] +: 441.2879; 

found: 441.2878. 

 

2-(2-([1,1'-biphenyl]-4-yl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (41) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (45.6 mg, 48%). 1H NMR (500 MHz, CDCl3) δ 7.58 

(dd, J = 7.0, 1.6 Hz, 2H), 7.51 (d, J = 8.2 Hz, 2H), 7.44 – 7.41 (m, 3H), 7.35 (s, 1H), 7.33 (d, J = 3.7 Hz, 1H), 

7.09 (dd, J = 8.3, 7.3 Hz, 2H), 7.00 (d, J = 8.3 Hz, 2H), 6.29 (dd, J = 7.3, 1.1 Hz, 2H), 5.84 (s, 2H), 3.03 – 

2.98 (m, 1H), 2.96 – 2.91 (m, 1H), 1.22 (s, 1H), 1.20 (s, 6H), 1.18 (s, 6H).  13C NMR (126 MHz, CDCl3) δ 

142.9, 141.2, 138.7, 136.3, 128.7, 128.6, 127.6, 127.0, 127.0, 117.4, 105.6, 83.4, 31.7, 29.7, 25.0, 24.5.  11B 

NMR (160 MHz, CDCl3) δ 34.09, 33.51. HRMS (ESI, m/z) calcd for C30H33B2N2O2 [M+H] +: 475.2723; 

found: 475.2723. 

 

2-(2-(4-methoxyphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (42) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (40.3 mg, 47%). 1H NMR (500 MHz, CDCl3) δ 7.19 

(d, J = 8.6 Hz, 2H), 7.11 – 7.08 (m, 2H), 7.00 (d, J = 8.2 Hz, 2H), 6.83 – 6.80 (m, 2H), 6.28 (d, J = 7.3 Hz, 

2H), 5.83 (s, 2H), 3.78 (s, 3H), 2.92 (dd, J = 14.1, 9.5 Hz, 1H), 2.85 (s, 1H), 1.31 – 1.26 (m, 1H), 1.20 (s, J 

= 1.3 Hz, 6H), 1.19 (s, 3H), 1.18 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 157.7, 141.2, 136.3, 135.9, 129.1, 

127.6, 117.3, 113.7, 105.5, 83.4, 55.3, 31.1, 25.0, 24.8, 24.55 (s), 24.5.  11B NMR (160 MHz, CDCl3) δ 34.97, 

34.45. HRMS (ESI, m/z) calcd for C25H31B2N2O3 [M+H] +: 429.2515; found: 429.2508. 

 

2-(2-(3-methoxyphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (43) 
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The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (36.8 mg, 43%). 1H NMR (500 MHz, CDCl3) δ 7.17 

(t, J = 7.9 Hz, 1H), 7.07 (d, J = 7.4 Hz, 2H), 7.00 – 6.96 (m, 2H), 6.85 (d, J = 7.5 Hz, 1H), 6.81 – 6.78 (m, 

1H), 6.70 (dd, J = 8.1, 2.3 Hz, 1H), 6.26 (dd, J = 7.3, 0.8 Hz, 2H), 5.81 (s, 2H), 3.77 (s, 3H), 2.93 (dd, J = 

14.1, 9.5 Hz, 1H), 2.86 (d, J = 8.0 Hz, 1H), 1.27 – 1.25 (m, 1H), 1.18 (s, 6H), 1.17 (d, J = 1.7 Hz, 6H). 13C 

NMR (126 MHz, CDCl3) δ 159.6, 146.1, 145.4, 141.2, 136.3, 129.2, 128.9, 127.5, 120.8, 120.6, 119.5, 117.3, 

116.8, 113.9, 113.8, 111.3, 111.2, 105.5, 83.4 55.1, 32.0, 31.4, 25.0, 24.8, 24.6, 24.5. 11B NMR (160 MHz, 

CDCl3) δ 33.92, 33.68. HRMS (ESI, m/z) calcd for C25H31B2N2O3 [M+H] +: 429.2515; found: 429.2512. 

 

2-(2-(4-(pentyloxy)phenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (44) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (56.2 mg, 58%). 1H NMR (500 MHz, CDCl3) δ 7.16 

(d, J = 8.5 Hz, 2H), 7.11 – 7.06 (m, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.80 (d, J = 8.6 Hz, 2H), 6.27 (d, J = 7.3 

Hz, 2H), 5.81 (s, 2H), 3.92 (t, J = 6.6 Hz, 2H), 2.90 (dd, J = 14.1, 9.4 Hz, 1H), 2.85 – 2.81 (m, 1H), 1.81 – 

1.72 (m, 3H), 1.43 – 1.37 (m, 4H), 1.19 (s, 6H), 1.18 (s, 6H), 1.14 (dd, J = 6.8, 2.4 Hz, 1H), 0.93 (d, J = 5.1 

Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 157.3, 141.2, 136.3, 135.7, 129.2, 129.0, 127.5, 119.5, 117.3, 114.4, 

114.1, 105.5, 83.3, 68.1, 31.1, 29.1, 28.2, 25.0, 24.8 24.54, 24.52, 22.5, 14.0. 11B NMR (160 MHz, CDCl3) δ 

34.27, 34.09. HRMS (ESI, m/z) calcd for C29H39B2N2O3 [M+H] +: 485.3141; found: 485.3147. 

 

4-(2-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)ethyl)-N,N-dimethylaniline (45) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (30.9 mg, 35%). 1H NMR (500 MHz, CDCl3) δ 7.15 

(d, J = 8.6 Hz, 2H), 7.11 – 7.07 (m, 2H), 7.00 (d, J = 8.2 Hz, 2H), 6.70 (d, J = 8.6 Hz, 2H), 6.27 (d, J = 7.3 

Hz, 2H), 5.84 (s, 2H), 2.91 (s, 6H), 2.89 – 2.79 (m, 2H), 1.21 (d, J = 6.4 Hz, 12H), 1.18 – 1.14 (m, 1H). 13C 

NMR (126 MHz, CDCl3) δ 149.1, 141.3, 136.3, 128.7, 127.5, 119.5, 117.2, 113.1, 105.5, 83.3, 41.0, 30.9, 

25.0, 24.6. 11B NMR (160 MHz, CDCl3) δ 33.92, 32.45. HRMS (ESI, m/z) calcd for C26H34B2N3O2 [M+H] 

+: 442.2832; found: 442.2828. 

 

Methyl 4-(2-(1H-naphtho[1,8-de] [1,3,2]diazaborinin-2(3H)-yl) -2-(4,4,5,5-tetramethy l-1,3,2 -
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dioxaborolan-2-yl)ethyl)benzoate (46) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (43.8 mg, 48%). 1H NMR (500 MHz, CDCl3) δ 7.97 

(s, 1H), 7.93 (d, J = 8.3 Hz, 1H), 7.32 (s, 1H), 7.29 (s, 1H), 7.09 (dd, J = 8.3, 7.3 Hz, 2H), 7.01 (dd, J = 8.3, 

1.0 Hz, 2H), 6.27 (dd, J = 7.3, 1.0 Hz, 2H), 5.58 (s, 2H), 3.91 (s, 3H), 2.85 (d, J = 8.2 Hz, 1H), 2.80 (s, 1H), 

1.40 – 1.37 (m, 1H), 1.21 (s, 12H). 13C NMR (126 MHz, CDCl3) δ 167.3, 149.4, 140.9, 136.3, 129.9, 129.6, 

128.1, 128.0, 127.6, 117.6, 105.6, 83.2, 52.0, 31.0, 30.0, 24.8.  11B NMR (160 MHz, CDCl3) δ 34.80, 34.27. 

HRMS (ESI, m/z) calcd for C26H31B2N2O4 [M+H] +:457.2464; found: 457.2461. 

 

2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(4-(trifluoromethoxy)phenyl)ethyl)-2,3-dihydro-

1H-naphtho[1,8-de][1,3,2]diazaborinine (47) 

 

The reaction was performed following the general procedure B. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (46.3 mg, 48%). 1H NMR (500 MHz, CDCl3) δ 7.29 

(d, J = 2.7 Hz, 1H), 7.27 (d, J = 3.1 Hz, 1H), 7.13 – 7.11 (m, 2H), 7.10 – 7.08 (m, 2H), 7.01 (dd, J = 8.3, 2.8 

Hz, 2H), 6.30 (d, J = 7.4 Hz, 2H), 5.80 (s, 2H), 2.93 – 2.87 (m, 2H), 1.27 (s, 1H), 1.17 (s, 12H). 13C NMR 

(126 MHz, CDCl3) δ 147.3, 142.6, 141.1, 136.3, 129.5, 127.6, 120.8, 120.4 (q, J =119.7), 119.5, 117.5, 105.6, 

83.5, 31.4, 24.9, 24.4. 11B NMR (160 MHz, CDCl3) δ 33.92, 33.15. 19F NMR (471 MHz, CDCl3) δ -57.96. 

HRMS (ESI, m/z) calcd for C25H28B2F3N2O3 [M+H] +:483.2233; found: 483.2229. 

 

2-(2-(4-fluorophenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (48) 

 

The reaction was performed following the general procedure B. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (37.5 mg, 45%). 1H NMR (500 MHz, CDCl3) δ 7.22 

(dd, J = 8.4, 5.5 Hz, 2H), 7.10 (t, J = 7.8 Hz, 2H), 7.01 (d, J = 8.2 Hz, 2H), 6.95 (t, J = 8.7 Hz, 2H), 6.29 (d, 
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J = 7.3 Hz, 2H), 5.81 (s, 2H), 2.94 – 2.84 (m, 2H), 1.33 – 1.21 (m, 1H), 1.17 (d, J = 12.5 Hz, 12H). 13C NMR 

(126 MHz, CDCl3) δ 161.2 (d, J = 243.4 Hz), 141.1, 139.4 (d, J = 3.1 Hz), 136.3, 129.6 (d, J = 7.9 Hz), 127.6, 

119.5, 117.4, 114.9 (d, J = 21.3 Hz), 105.6, 83.4, 31.2, 25.0, 24.5. 11B NMR (160 MHz, CDCl3) δ 34.54, 

34.34. 19F NMR (471 MHz, CDCl3) δ -117.92. HRMS (ESI, m/z) calcd for C24H28B2FN2O2 [M+H] +: 

417.2315; found: 417.2307. 

 

2-(2-(4-chlorophenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (49) 

 

The reaction was performed following the general procedure B. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (40.6 mg, 47%). 1H NMR (500 MHz, CDCl3) δ 7.23 

(d, J = 8.3 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 7.09 (t, J = 7.8 Hz, 2H), 7.00 (d, J = 8.2 Hz, 2H), 6.28 (d, J = 

7.3 Hz, 2H), 5.80 (s, 2H), 2.91 (dd, J = 14.1, 9.8 Hz, 1H), 2.85 (t, J = 3.9 Hz, 1H), 1.27 (d, J = 6.0 Hz, 1H), 

1.19 (s, 6H), 1.17 (s, 3H), 1.16 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 142.2, 141.1, 136.3, 131.4, 129.7, 

129.6, 128.3, 128.0, 127.6, 119.5, 117.5, 105.6, 83.5, 31.4, 30.7, 25.0, 24.8, 24.7, 24.5, 24.5. 11B NMR (160 

MHz, CDCl3) δ 34.25, 33.50. HRMS (ESI, m/z) calcd for C24H28B2ClN2O2 [M+H] +:433.2020; found: 

433.2017. 

 

2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(4-(trifluoromethyl)phenyl)ethyl)-2,3-dihydro-

1H-naphtho[1,8-de][1,3,2]diazaborinine (50) 

 

The reaction was performed following the general procedure B. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (48.5 mg, 52%). 1H NMR (500 MHz, CDCl3) δ 7.51 

(s, 2H), 7.37 (d, J = 9.1 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 7.01 (d, J = 9.1 Hz, 2H), 6.30 (d, J = 8.2 Hz, 2H), 

5.81 (s, 2H), 2.95 (dd, J = 16.9, 9.6 Hz, 2H), 1.18 (s, 6H), 1.15 (s, 6H), 0.88 (s, 1H).  13C NMR (126 MHz, 

CDCl3) δ 147.9, 141.0, 136.3, 128.5, 128.0, 127.6, 125.2 (q, J = 3.7 Hz, 1H), 119.5, 117.6, 105.6, 83.5, 31.9, 

24.9, 24.44. 11B NMR (160 MHz, CDCl3) δ 34.80, 34.27. 19F NMR (471 MHz, CDCl3) δ -62.27. HRMS 

(ESI, m/z) calcd for C25H27B2F3N2NaO2 [M+H] +: 489.2103; found: 489.2108.  

 

2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(m-tolyl)ethyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (51) 
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The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (43.0 mg, 40%). 1H NMR (500 MHz, CDCl3) δ 7.14 

(d, J = 7.5 Hz, 1H), 7.08 (t, J = 7.8 Hz, 5H), 6.99 (d, J = 8.2 Hz, 3H), 6.27 (d, J = 7.3 Hz, 2H), 5.81 (s, 2H), 

2.92 (dd, J = 14.0, 9.7 Hz, 1H), 2.84 (dd, J = 14.1, 6.5 Hz, 1H), 2.31 (s, 3H), 1.21 (s, 1H), 1.19 (s, 6H), 1.17 

(s, 6H). 13C NMR (126 MHz, CDCl3) δ 143.7 (s), 141.2 (s), 137.7 (s), 129.0 (s), 128.2 (s), 127.5 (s), 126.4 

(s), 125.2 (s), 117.3 (s), 105.5 (s), 83.3 (s), 31.9 (s), 25.0 (s), 24.5 (s), 21.4 (s). 11B NMR (160 MHz, CDCl3) 

δ 34.32, 34.09. HRMS (ESI, m/z) calcd for C25H30B2N2NaO2 [M+Na] +: 435.2386; found: 435.2391. 

 

2-(2-(3,4-dimethylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (52) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (34.1mg, 40%). 1H NMR (500 MHz, CDCl3) δ 7.09 

(td, J = 7.9, 7.5, 2.0 Hz, 2H), 7.05 – 6.98 (m, 5H), 6.27 (d, J = 7.4 Hz, 2H), 5.83 (s, 2H), 2.92 (ddd, J = 14.0, 

9.3, 2.5 Hz, 1H), 2.82 (ddd, J = 14.1, 6.8, 2.5 Hz, 1H), 2.23 (dd, J = 4.6, 2.1 Hz, 6H), 1.20 (dd, J = 6.4, 2.0 

Hz, 12H), 1.16 – 1.13 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 141.3, 141.2, 136.3, 136.2, 133.7, 129.5, 

127.5, 125.5, 119.5, 105.5, 83.3, 31.5, 29.7, 25.0, 24.5, 19.8, 19.3.  11B NMR (160 MHz, CDCl3) δ 32.27, 

31.57. HRMS (ESI, m/z) calcd for C26H32B2KN2O2 [M+K] +: 465.2281; found: 465.2288. 

 

2-(2-(3,5-dimethylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (53) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (49.4 mg, 58%). 1H NMR (500 MHz, CDCl3) δ 7.09 

(dd, J = 8.3, 7.3 Hz, 2H), 6.99 (dd, J = 8.2, 1.0 Hz, 2H), 6.89 (d, J = 1.5 Hz, 2H), 6.80 (s, 1H), 6.27 (dd, J = 

7.2, 1.0 Hz, 2H), 5.82 (s, 2H), 2.90 (dd, J = 13.9, 9.9 Hz, 1H), 2.80 (dd, J = 13.9, 6.2 Hz, 1H), 2.28 (s, 6H), 

1.19 (d, J = 6.1 Hz, 12H), 1.14 (d, J = 3.7 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 143.7, 141.3, 137.6, 136.3, 
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127.6, 127.3, 126.1, 119.5, 117.3, 105.5, 83.3, 31.8, 29.7, 25.0, 24.5, 21.3. 11B NMR (160 MHz, CDCl3) δ 

34.09, 32.63. HRMS (ESI, m/z) calcd for C26H33B2N2O2 [M+H] +: 427.2723; found: 427.2725. 

 

2-(2-(4,4-dimethylthiochroman-7-yl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (54) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (56.8 mg, 57%). 1H NMR (500 MHz, CDCl3) δ 7.25 

(d, J = 1.6 Hz, 1H), 7.08 (dd, J = 8.2, 7.4 Hz, 2H), 7.01 – 6.97 (m, 3H), 6.94 (dd, J = 8.0, 1.8 Hz, 1H), 6.26 

(dd, J = 7.3, 0.8 Hz, 2H), 5.81 (s, 2H), 3.01 – 2.98 (m, 2H), 2.91 – 2.79 (m, 2H), 1.94 – 1.91 (m, 2H), 1.29 

(s, 3H), 1.27 (s, 3H), 1.19 (s, 6H), 1.17 (s, 6H), 1.15 – 1.12 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 141.8, 

141.2, 139.5, 136.3, 128.4, 127.5, 126.5, 126.4, 126.0, 119.5, 117.3, 105.5, 83.34, 37.7, 33.0, 31.7, 30.31, 

30.26, 25.0, 24.6, 23.1. 11B NMR (160 MHz, CDCl3) δ 33.15, 32.27. HRMS (ESI, m/z) calcd for 

C29H37B2N2O2S [M+H] +: 499.2756; found: 499.2754. 

 

2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(thiophen-3-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (55) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (46.9 mg, 58%). 1H NMR (500 MHz, CDCl3) δ 7.56 

(d, J = 3.0 Hz, 1H), 7.50 (s, 1H), 7.41 (dd, J = 5.1, 1.3 Hz, 1H), 7.10 (d, J = 7.8 Hz, 2H), 7.00 (d, J = 8.3 Hz, 

2H), 6.34 (d, J = 7.3 Hz, 2H), 6.21 (s, 2H), 1.38 (s, 12H), 1.26 (d, J = 6.5 Hz, 2H), 1.20 (s, 1H). 13C NMR 

(126 MHz, CDCl3) δ 144.6, 141.5, 136.4, 127.9, 127.6, 126.1, 125.4, 117.3, 105.7, 83.9, 53.4, 25.0, 24.8. 11B 

NMR (160 MHz, CDCl3) δ 32.08, 31.80.  HRMS (ESI, m/z) calcd for C22H27B2N2O2S [M+H] +:405.1974; 

found: 405.1974. 

 

2-(2-(1H-phenalen-5-yl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (56) 
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The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (50.6 mg, 52%). 1H NMR (500 MHz, CDCl3) δ 8.77 

– 8.75 (m, 1H), 8.66 (s, 1H), 8.17 (dt, J = 7.8, 3.0 Hz, 1H), 7.84 – 7.82 (m, 1H), 7.74 (s, 1H), 7.67 (s, 1H), 

7.65 – 7.63 (m, 1H), 7.60 – 7.57 (m, 2H), 7.13 (t, J = 7.8 Hz, 2H), 7.05 (d, J = 8.2 Hz, 2H), 6.34 (d, J = 7.3 

Hz, 2H), 5.97 (s, 2H), 3.45 (s, 2H), 1.23 (s, 3H), 1.23 (s, 3H), 1.19 (s, 3H), 1.18 (s, 3H), 0.92 (s, 1H). 13C 

NMR (126 MHz, CDCl3) δ 141.2, 137.6, 136.4, 131.9, 131.3, 129.7, 128.1, 128.0, 127.6, 126.62, 126.60, 

126.4, 126.2, 126.0, 125.7, 125.5, 125.3, 124.7, 124.4, 123.3, 123.0, 122.5, 122.4, 119.6, 117.5, 105.7, 83.5, 

83.2, 31.6, 29.2, 28.6, 25.1, 24.9, 24.6, 24.5, 22.7, 14.2. 11B NMR (160 MHz, CDCl3) δ 34.62, 34.09. HRMS 

(ESI, m/z) calcd for C32H32B2N2NaO2 [M+Na] +:521.2542; found: 521.2539. 

 

2-(2-(4-(9H-carbazol-9-yl)phenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-

1H-naphtho[1,8-de][1,3,2]diazaborinine (57) 

 

The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (53.0 mg, 47%). 1H NMR (500 MHz, CDCl3) δ 8.16 

(d, J = 7.8 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 7.48 – 7.46 (m, 2H), 7.43 – 7.40 (m, 2H), 7.40 – 7.37 (m, 2H), 

7.30 – 7.28 (m, 2H), 7.15 – 7.11 (m, 2H), 7.04 (dd, J = 8.3, 1.0 Hz, 2H), 6.34 (dd, J = 7.3, 1.0 Hz, 2H), 5.88 

(s, 2H), 3.11 – 3.02 (m, 2H), 1.24 (s, 6H), 1.22 (s, 6H), 0.89 – 0.88 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 

143.3, 141.2, 141.1, 136.3, 135.3, 129.7, 127.6, 127.0, 125.9, 123.3, 120.3, 119.8, 117.5, 109.8, 105.7, 83.5, 

31.8, 25.0, 24.6. 11B NMR (160 MHz, CDCl3) δ 34.27, 33.51. HRMS (ESI, m/z) calcd for C36H36B2N3O2 

[M+H] +: 564.2988; found: 564.2986. 

 

2-(2-(naphthalen-2-yl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (58) 
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The reaction was performed following the general procedure A. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (42.6 mg, 52%). 1H NMR (500 MHz, CDCl3) δ 7.81 

(d, J = 7.6 Hz, 1H), 7.79 – 7.77 (m, 2H), 7.72 (s, 1H), 7.46 – 7.42 (m, 3H), 7.11 (t, J = 7.7 Hz, 2H), 7.03 (s, 

2H), 6.30 (d, J = 7.3 Hz, 2H), 5.88 (s, 2H), 3.16 (dd, J = 14.2, 9.9 Hz, 1H), 3.07 (dd, J = 14.2, 6.2 Hz, 1H), 

1.31 (d, J = 6.3 Hz, 1H), 1.18 (d, J = 9.7 Hz, 12H). 13C NMR (126 MHz, CDCl3) δ 141.4, 141.2, 133.6, 

127.9, 127.6, 127.5, 127.3, 126.0, 125.8, 125.1, 117.4, 117.3, 105.6, 83.4, 32.2, 29.7, 25.00, 24.8, 24.73, 

24.71, 24.6, 24.5. 11B NMR (160 MHz, CDCl3) δ 33.15, 32.27. HRMS (ESI, m/z) calcd for C28H31B2N2O2 

[M+H] +: 449.2566; found: 449.2560. 

 

(R)-2-(4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (59) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (66.5 mg, 78%). 1H NMR (500 MHz, CDCl3) δ 7.31 

– 7.27 (m, 2H), 7.21 – 7.18 (m, 3H), 7.11 – 7.07 (m, 2H), 6.99 (d, J = 8.3 Hz, 2H), 6.27 (d, J = 7.3 Hz, 2H), 

5.76 (s, 2H), 2.65 (t, J = 6.9 Hz, 2H), 1.71 – 1.66 (m, 2H), 1.62 – 1.56 (m, 2H), 1.25 (d, J = 6.0 Hz, 12H), 

0.78 (dd, J = 8.2, 6.0 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 142.6, 141.3, 136.3, 128.4, 128.3, 127.56, 

125.7 119.5, 117.3, 105.5, 83.2, 36.0, 34.0, 26.0, 25.1, 24.5.  11B NMR (160 MHz, CDCl3) δ 34.18, 33.79. 

HRMS (ESI, m/z) calcd for C26H33B2N2O3 [M+H] +: 427.2723; found: 427.2726. Specific rotation: [α]25
D= 

-8.78° (c = 0.82, CHCl3). HPLC analysis: HPLC DAICEL CHIRALCEL AD, hexane/isopropanol = 90/10, 

0.5 mL/min, λ = 280 nm, tR (minor) = 9.8 min, tR (major) = 10.4 min, er = 94:6. 
 

(R)-2-(3-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (60) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (62.6 mg, 76%). 1H NMR (500 MHz, CDCl3) δ 7.32 

– 7.27 (m, 2H), 7.21 (dd, J = 13.2, 7.0 Hz, 3H), 7.10 (t, J = 7.8 Hz, 2H), 7.00 (d, J = 8.2 Hz, 2H), 6.29 (d, J 

= 7.3 Hz, 2H), 5.80 (s, 2H), 2.78 – 2.70 (m, 1H), 2.64 – 2.60 (m, 1H), 2.03 – 1.94 (m, 1H), 1.88 – 1.83 (m, 

1H), 1.28 (s, 6H), 1.27 (s, 6H), 0.84 (dd, J = 9.8, 5.6 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 142.6, 141.3, 

136.3, 128.5, 128.33 (s), 127.6, 125.8, 119.5, 117.3, 105.5, 83.3, 38.5, 28.6, 25.1, 24.5. 11B NMR (160 MHz, 

CDCl3) δ 34.23, 34.02. HRMS (ESI, m/z) calcd for C25H31B2N2O2 [M+H] +: 413.2566; found: 413.2561. 

Specific rotation: [α]25
D= -4.08° (c = 0.76, CHCl3). HPLC analysis: HPLC DAICEL CHIRALCEL OD, 

hexane/isopropanol = 99/1, 1.0 mL/min, λ = 280 nm, tR (minor) = 14.5 min, tR (major) = 16.4 min, er = 89:11. 
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(R)-2-(2-cyclohexyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (61) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (56.6 mg, 70%). 1H NMR (500 MHz, CDCl3) δ 7.12 

– 7.07 (m, 2H), 7.00 (d, J = 8.2 Hz, 2H), 6.29 (d, J = 7.2 Hz, 2H), 5.80 (s, 2H), 1.75 – 1.63 (m, 8H), 1.56 (d, 

J = 4.3 Hz, 2H), 1.24 (s, 12H), 1.18 (dd, J = 18.8, 6.8 Hz, 3H), 0.89 (d, J = 11.3 Hz, 2H), 0.73 – 0.69 (m, 

1H). 13C NMR (126 MHz, CDCl3) δ 141.4, 136.3, 127.5, 119.5, 117.2, 105.4, 83.1, 40.3, 37.8, 33.5, 33.4, 

33.3, 26.8, 26.4, 25.1, 24.9, 24.5, 24.5, 23.7. 11B NMR (160 MHz, CDCl3) δ 34.26, 34.14. HRMS (ESI, m/z) 

calcd for C24H35B2N2O2 [M+H] +: 405.2879; found: 405.2873. Specific rotation: [α]25
D= -6.3° (c = 1.02, 

CHCl3). HPLC analysis: HPLC DAICEL CHIRALCEL OD, hexane/isopropanol = 99/1, 0.5 mL/min, λ = 

280 nm, tR (major) = 20.4 min, tR (minor) = 24.8 min, er = 97:3. 

 

(R)-2-(2-cyclopentyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (62) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (52.3 mg, 67%). 1H NMR (500 MHz, CDCl3) δ 7.09 

(t, J = 7.8 Hz, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.29 (d, J = 7.3 Hz, 2H), 5.78 (s, 2H), 1.79 – 1.69 (m, 4H), 1.61 

– 1.56 (m, 3H), 1.52 – 1.48 (m, 2H), 1.24 (d, J = 5.7 Hz, 12H), 1.09 (dt, J = 10.7, 3.3 Hz, 2H), 0.83 (dd, J = 

9.1, 6.2 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 141.4, 136.3, 127.5, 119.5, 117.2, 105.4, 83.2, 82.9, 42.4, 

32.8, 32.6, 32.52, 32.50, 25.21, 25.18, 25.0, 24.8, 24.60, 24.57. 11B NMR (160 MHz, CDCl3) δ 34.38, 33.90. 

HRMS (ESI, m/z) calcd for C23H32B2N2NaO2 [M+Na] +: 413.2542; found: 413.2534. Specific rotation: 

[α]25
D= -8.44° (c = 1.28, CHCl3). HPLC analysis: HPLC DAICEL CHIRALCEL OD, hexane/isopropanol 

= 90/10, 1.0 mL/min, λ = 280 nm, tR (major) = 6.8 min, tR (minor) = 7.9 min, er = 86:14. 

 

(R)-2-(2-cyclopropyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (63) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (48.5 mg, 67%). 1H NMR (500 MHz, CDCl3) δ 7.08 
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(t, J = 7.8 Hz, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.28 (d, J = 7.3 Hz, 2H), 5.80 (s, 2H), 1.57 – 1.52 (m, 1H), 1.47 

– 1.43 (m, 1H), 1.25 (d, J = 4.6 Hz, 12H), 0.90 (dd, J = 9.5, 6.1 Hz, 1H), 0.76 (dt, J = 12.3, 5.1 Hz, 1H), 0.41 

(d, J = 7.9 Hz, 2H), 0.13 (dd, J = 8.8, 3.9 Hz, 1H), 0.07 – 0.04 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 141.3, 

136.3, 127.5, 119.5, 117.2, 105.4, 83.2, 31.6, 25.0, 24.8, 24.6, 13.4, 5.1, 4.8. 11B NMR (160 MHz, CDCl3) δ 

34.58, 34.03. HRMS (ESI, m/z) calcd for C21H29B2N2O2 [M+H] +: 363.2410; found: 363.2401. Specific 

rotation: [α]25
D= -14.69° (c = 0.49, CHCl3). HPLC analysis: HPLC DAICEL CHIRALCEL OD, 

hexane/isopropanol = 95/5, 0.5 mL/min, λ = 280 nm, tR (major) = 26.8 min, tR (minor) = 29.5 min, er = 93:7. 

 

 

(R)-2-(3,3-dimethyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (64) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (42.4 mg, 56%). 1H NMR (500 MHz, CDCl3) δ 7.11 

– 7.06 (m, 2H), 7.00 (dd, J = 8.3, 1.8 Hz, 2H), 6.26 (d, J = 7.2 Hz, 2H), 5.60 (d, J = 18.6 Hz, 2H), 1.35 – 1.27 

(m, 12H), 1.26 (s, 2H), 1.24 – 1.17 (m, 9H), 0.91 – 0.86 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 141.3, 

127.5, 117.2, 105.4, 83.2, 82.9, 40.3, 39.23 31.8, 31.6, 29.3, 29.2, 24.9, 24.8, 24.7, 24.6. 11B NMR (160 MHz, 

CDCl3) δ 34.35, 34.06. HRMS (ESI, m/z) calcd for C22H33B2N2O2 [M+H] +: 379.2723; found: 379.2723. 

Specific rotation: [α]25
D= -15.45° (c = 0.44, CHCl3). HPLC analysis: HPLC DAICEL CHIRALCEL OD, 

hexane/isopropanol = 99.0/1.0, 1.0 mL/min, λ = 280 nm, tR (major) = 5.8 min, tR (minor) = 7.5 min, er = 

85:15.  

 

(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (65) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (49.5 mg, 68%). 1H NMR (500 MHz, CDCl3) δ 7.09 

(t, J = 7.8 Hz, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.29 (d, J = 7.3 Hz, 2H), 5.80 (s, 2H), 1.67 – 1.59 (m, 1H), 1.54 

(dd, J = 13.9, 7.4 Hz, 1H), 1.37 – 1.31 (m, 4H), 1.25 (d, J = 6.1 Hz, 12H), 0.91 (t, J = 6.9 Hz, 3H), 0.75 (dd, 

J = 9.3, 6.3 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 141.4, 136.3, 127.5, 119.5, 117.2, 105.4, 83.1, 34.9, 

34.6, 26.1, 25.0, 24.9, 24.5, 24.5, 22.8, 14.1. 11B NMR (160 MHz, CDCl3) δ 34.66, 34.34. HRMS (ESI, m/z) 

calcd for C21H31B2N2O2 [M+H] +: 365.2566; found: 365.2571. Specific rotation: [α]25
D= -11.27° (c = 0.55, 

CHCl3). HPLC analysis: HPLC DAICEL CHIRALCEL AD, hexane/isopropanol = 99.5/0.5, 1.4 mL/min, λ 

= 280 nm, tR (minor) = 5.2 min, tR (major) = 6.3 min, er = 93:7. 
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(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hexyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (66) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (54.4 mg, 72%). 1H NMR (500 MHz, CDCl3) δ 7.10 

(dd, J = 8.3, 7.3 Hz, 2H), 7.00 (dd, J = 8.3, 1.0 Hz, 2H), 6.30 (dd, J = 7.3, 1.0 Hz, 2H), 5.81 (s, 2H), 1.66 – 

1.61 (m, 1H), 1.55 – 1.51 (m, 1H), 1.37 – 1.30 (m, 6H), 1.26 (d, J = 6.3 Hz, 12H), 0.93 – 0.89 (m, 3H), 0.76 

(dd, J = 9.5, 6.0 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 141.4, 136.3, 127.6, 119.5, 117.2, 105.4, 83.2, 32.1, 

31.9, 26.4, 25.0, 24.5, 22.6, 14.1. 11B NMR (160 MHz, CDCl3) δ 34.80, 33.92. HRMS (ESI, m/z) calcd for 

C22H32B2N2NaO2 [M+Na] +: 401.2542; found: 401.2540. Specific rotation: [α]25
D= -7.72° (c = 1.32, CHCl3). 

HPLC analysis: HPLC DAICEL CHIRALCEL AD, hexane/isopropanol = 99.5/0.5, 1.4 mL/min, λ = 280 

nm, tR (minor) = 6.2 min, tR (major) = 7.0 min, er = 94:6. 

 

(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)heptyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (67) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (58.1 mg, 74%). 1H NMR (500 MHz, CDCl3) δ 7.10 

– 7.07 (m, 2H), 6.98 (d, J = 7.3 Hz, 2H), 6.28 (d, J = 7.3 Hz, 2H), 5.78 (s, 2H), 1.54 (d, J = 7.3 Hz, 2H), 1.24 

(s, 8H), 1.23 (s, 6H), 1.22 (s, 6H), 0.87 (d, J = 3.2 Hz, 3H), 0.74 – 0.72 (m, 1H). 13C NMR (126 MHz, CDCl3) 

δ 141.4, 136.3, 127.5, 119.5, 117.2, 105.4, 83.1, 82.9, 32.6, 32.4, 31.8, 29.4, 29.3, 26.4, 25.7, 25.0, 24.9, 

24.53, 24.50, 22.7, 22.6, 14.111B NMR (160 MHz, CDCl3) δ 34.88, 34.11. HRMS (ESI, m/z) calcd for 

C23H35B2N2O2 [M+H] +: 393.2879; found: 393.2874. Specific rotation: [α]25
D= -10.7° (c = 1.43, CHCl3). 

HPLC analysis: HPLC DAICEL CHIRALCEL AD, hexane/isopropanol = 99.5/0.5, 0.5 mL/min, λ = 280 

nm, tR (minor) = 12.5 min, tR (major) = 12.9 min, er = 94:6. 

 

(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)octyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (68) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (63.4 mg, 78%). 1H NMR (500 MHz, CDCl3) δ 7.10 

– 7.06 (m, 2H), 6.98 (d, J = 8.2 Hz, 2H), 6.28 (d, J = 7.3 Hz, 2H), 5.79 (s, 2H), 1.57 – 1.41 (m, 2H), 1.27 (dd, 
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J = 7.6, 2.5 Hz, 10H), 1.25 (s, 6H), 1.24 (s, 6H), 0.88 (t, J = 6.8 Hz, 3H), 0.75 – 0.72 (m, 1H). 13C NMR (126 

MHz, CDCl3) δ 141.4, 136.3, 127.5, 119.5, 117.2, 105.4, 83.1, 32.4, 31.9, 29.7, 29.2, 26.4, 25.0, 24.9, 24.5, 

22.7, 14.1. 11B NMR (160 MHz, CDCl3) δ 34.23, 33.23. HRMS (ESI, m/z) calcd for C24H36B2N2NaO2 

[M+Na] +: 429.2855; found: 429.2859. Specific rotation: [α]25
D= -8.29° (c = 0.70, CHCl3). HPLC analysis: 

HPLC DAICEL CHIRALCEL AD, hexane/isopropanol = 99.5/0.5, 0.5 mL/min, λ = 280 nm, tR (minor) = 

15.9 min, tR (major) = 16.3 min, er = 92:8. 

 

(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)octyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (69) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (58.8 mg, 70%). 1H NMR (500 MHz, CDCl3) δ 7.10 

(t, J = 7.8 Hz, 2H), 7.00 (d, J = 8.2 Hz, 2H), 6.30 (d, J = 7.3 Hz, 2H), 5.81 (s, 2H), 1.67 – 1.61 (m, 1H), 1.55 

– 1.50 (m, 1H), 1.34 – 1.27 (m, 12H), 1.26 (d, J = 6.2 Hz, 12H), 0.90 (t, J = 6.8 Hz, 3H), 0.76 (dd, J = 9.4, 

6.0 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 141.4, 136.3, 127.6, 119.5, 117.2, 105.4, 83.2, 32.4, 31.9, 29.7, 

29.5, 29.3, 26.4, 25.0, 24.5, 22.7, 14.1. 11B NMR (160 MHz, CDCl3) δ 34.45, 34.19. HRMS (ESI, m/z) calcd 

for C25H39B2N2O2 [M+H] +: 421.3192; found: 421.3195. Specific rotation: [α]25
D= -21.97° (c = 1.22, CHCl3). 

HPLC analysis: HPLC DAICEL CHIRALCEL AD, hexane/isopropanol = 99.5/0.5, 0.5 mL/min, λ = 280 

nm, tR (minor) = 14.4 min, tR (major) = 14.9 min, er = 96:4. 

 

(R)-2-(5-methyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hexyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (70) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (52.3 mg, 67%). 1H NMR (500 MHz, CDCl3) δ 7.09 

(t, J = 7.8 Hz, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.29 (d, J = 7.2 Hz, 2H), 5.80 (s, 2H), 1.64 – 1.60 (m, 1H), 1.53 

(td, J = 8.1, 7.4, 4.5 Hz, 2H), 1.37 (qd, J = 8.3, 5.5 Hz, 4H), 1.26 (s, 3H), 1.25 (s, 5H), 1.24 (s, 4H), 1.23 (s, 

3H), 0.88 (d, J = 6.6 Hz, 3H), 0.85 (d, J = 6.5 Hz, 3H), 0.76 (dt, J = 10.1, 5.2 Hz, 1H). 13C NMR (126 MHz, 

CDCl3) δ 141.4, 136.3, 127.5, 119.5, 117.2, 105.4, 83.1, 39.1, 30.1, 27.8, 26.6, 25.0, 24.9, 24.5, 24.5, 22.7, 

22.6. 11B NMR (160 MHz, CDCl3) δ 34.33, 33.33. HRMS (ESI, m/z) calcd for C23H34B2N2NaO2 [M+Na] +: 

415.2699; found: 415.2699. Specific rotation: [α]25
D= -4.04° (c = 0.99, CHCl3). HPLC analysis: HPLC 

DAICEL CHIRALCEL AD, hexane/isopropanol = 99.4/0.6, 1.4 mL/min, λ = 280 nm, tR (minor) = 5.0 min, 

tR (major) = 5.2 min, er = 87:13. 

 

(R)-tert-butyl 4-(2-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-2-(4,4,5,5-tetramethyl-1,3,2-
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dioxaborolan-2-yl)ethyl)piperidine-1-carboxylate (71) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (72.8 mg, 72%). 1H NMR (500 MHz, CDCl3) δ 7.13 

– 7.07 (m, 2H), 7.04 – 6.96 (m, 2H), 6.33 – 6.27 (m, 2H), 5.76 (s, 2H), 4.08 (s, 4H), 2.65 (s, 4H), 1.45 (d, J 

= 3.5 Hz, 9H), 1.24 (s, 12H), 1.06 (d, J = 12.2 Hz, 2H), 0.85 (s, 1H), 0.81 – 0.71 (m, 1H). 13C NMR (126 

MHz, CDCl3) δ 155.2, 141.2, 136.3, 117.4, 105.5, 83.3, 79.3, 38.0, 33.0, 28.5, 25.0, 24.8, 24.5. 11B NMR 

(160 MHz, CDCl3) δ 33.92, 33.33. HRMS (ESI, m/z) calcd for C21H31B2N2O2 [M+H] +: 365.2566; found: 

365.2571. Specific rotation: [α]25
D= -5.32° (c = 1.09, CHCl3). HPLC analysis: HPLC DAICEL 

CHIRALCEL AD, hexane/isopropanol = 90/10, 0.5 mL/min, λ = 280 nm, tR (minor) = 14.5 min, tR (major) 

= 15.6 min, er = 94:6. 

 

(R)-2-(4-((tert-butyldimethylsilyl)oxy)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (72) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (60.5 mg, 63%). 1H NMR (500 MHz, CDCl3) δ 7.11 

(dd, J = 8.2, 7.3 Hz, 2H), 7.01 (dd, J = 8.3, 1.0 Hz, 2H), 6.30 (dd, J = 7.4, 1.0 Hz, 2H), 5.86 (s, 2H), 3.68 – 

3.64 (m, 2H), 1.66 (dd, J = 13.6, 5.3 Hz, 2H), 1.63 – 1.56 (m, 2H), 1.26 (d, J = 5.3 Hz, 12H), 0.94 (s, 9H), 

0.78 (dd, J = 8.7, 5.6 Hz, 1H), 0.09 (d, J = 1.0 Hz, 6H).  13C NMR (126 MHz, CDCl3) δ 141.3, 136.3, 127.5, 

119.5, 117.2, 105.4, 83.2, 82.9, 63.2, 35.4, 25.1, 24.9, 24.54, 24.52, 22.4, 18.4, -5.2. 11B NMR (160 MHz, 

CDCl3) δ 34.08, 33.91. HRMS (ESI, m/z) calcd for C26H43B2N2O3Si [M+H] +: 481.3224; found: 481.3221. 

Specific rotation: [α]25
D= -2.30° (c = 0.87, CHCl3). HPLC analysis: HPLC DAICEL CHIRALCEL OD, 

hexane/isopropanol = 95/5, 1.0 mL/min, λ = 280 nm, tR (minor) = 3.9 min, tR (major) = 4.3 min, er = 90.5:9.5. 

(R)-2-(6-((tert-butyldimethylsilyl)oxy)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hexyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (73) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (70.2 mg, 69%). 1H NMR (500 MHz, CDCl3) δ 7.08 

(t, J = 7.8 Hz, 2H), 6.98 (d, J = 8.2 Hz, 2H), 6.28 (d, J = 7.3 Hz, 2H), 5.79 (s, 2H), 3.59 (d, J = 6.6 Hz, 2H), 

1.55 – 1.48 (m, 4H), 1.35 (dd, J = 12.2, 6.6 Hz, 4H), 1.25 (s, 6H), 1.23 (s, 6H), 0.89 (s, 9H), 0.75 – 0.71 (m, 
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1H), 0.04 (s, 6H). 13C NMR (126 MHz, CDCl3) δ 141.3, 136.3, 127.5, 119.5, 117.2, 105.4, 83.2, 63.3, 32.8, 

32.2, 26.4, 26.0, 25.9, 25.0, 24.9, 24.5, 24.52,24.50, 18.4, -5.2. 11B NMR (160 MHz, CDCl3) δ 33.92, 33.51. 

HRMS (ESI, m/z) calcd for C28H47B2N2O3Si [M+H] +: 509.3537; found: 509.3530. Specific rotation: 

[α]25
D= -6.25° (c = 0.64, CHCl3). HPLC analysis: HPLC DAICEL CHIRALCEL OD, hexane/isopropanol 

= 99/1, 0.3 mL/min, λ = 280 nm, tR (minor) = 26.5 min, tR (major) = 29.3 min, er = 94:6. 

 

(R)-2-(5-((tert-butyldiphenylsilyl)oxy)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (74) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (91.5 mg, 74%). 1H NMR (500 MHz, CDCl3) δ 7.70 

– 7.67 (m, 4H), 7.40 (ddt, J = 12.1, 6.6, 3.5 Hz, 6H), 7.10 (td, J = 7.8, 2.2 Hz, 2H), 7.01 (dd, J = 8.4, 2.4 Hz, 

2H), 6.29 (dd, J = 7.4, 2.2 Hz, 2H), 5.79 (d, J = 3.2 Hz, 2H), 3.71 – 3.67 (m, 2H), 1.62 (dd, J = 7.7, 3.6 Hz, 

2H), 1.51 (h, J = 4.0, 3.4 Hz, 2H), 1.42 – 1.39 (m, 1H), 1.31 (d, J = 2.8 Hz, 1H), 1.25 (dd, J = 8.3, 2.4 Hz, 

12H), 1.06 (d, J = 3.5 Hz, 9H), 0.75 (dd, J = 8.1, 3.8 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 141.4, 136.3, 

135.6, 134.2, 129.5, 127.6, 127.6, 119.5, 117.2, 105.5, 83.2, 64.0, 32.8, 28.7, 26.9, 26.3, 25.0, 24.6, 19.2.  11B 

NMR (160 MHz, CDCl3) δ 34.42, 34.10. HRMS (ESI, m/z) calcd for C37H48B2KN2O3Si [M+K] +: 657.3252; 

found: 657.3262. Specific rotation: [α]25
D= -4.97° (c = 1.45, CHCl3). HPLC analysis: HPLC DAICEL 

CHIRALCEL OD, hexane/isopropanol = 99/1, 1.0 mL/min, λ = 250 nm, tR (minor) = 22.1 min, tR (major) = 

26.8 min, er = 90:10. 

 

(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-((triisopropylsilyl)oxy)pentyl)-2,3-dihydro-

1H-naphtho[1,8-de][1,3,2]diazaborinine (75) 

 
The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (74.0 mg, 69%). 1H NMR (500 MHz, CDCl3) δ 7.12 

– 7.07 (m, 2H), 7.00 (dd, J = 8.3, 0.9 Hz, 2H), 6.30 (dd, J = 7.2, 1.0 Hz, 2H), 5.81 (s, 2H), 3.70 (t, J = 6.5 

Hz, 2H), 1.72 – 1.64 (m, 1H), 1.62 – 1.55 (m, 3H), 1.51 – 1.45 (m, 1H), 1.26 (d, J = 5.5 Hz, 12H), 1.24 (s, 

2H), 1.13 – 1.10 (m, 2H), 1.08 (s, 13H), 0.78 (dd, J = 9.5, 5.8 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 141.4, 

136.3, 127.5, 119.5, 117.2, 105.5, 83.2, 63.5, 33.3, 26.4, 25.0, 24.5, 18.1, 12.1. 11B NMR (160 MHz, CDCl3) 

δ 34.32, 33.75. HRMS (ESI, m/z) calcd for C30H50B2KN2O3Si [M+K] +:575.3408; found: 575.3411. Specific 

rotation: [α]25
D= -7.84° (c =1.16, CHCl3). HPLC analysis: HPLC DAICEL CHIRALCEL AD, 

hexane/isopropanol = 99.7/0.3, 0.5 mL/min, λ = 280 nm, tR (minor) = 19.0 min, tR (major) = 21.1 min, er = 

92:8. 
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(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl propionate (76) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (56.7 mg, 65%). 1H NMR (500 MHz, CDCl3) δ 7.11 

– 7.06 (m, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.29 (d, J = 7.3 Hz, 2H), 5.79 (s, 2H), 4.06 (dt, J = 9.5, 5.2 Hz, 2H), 

2.33 – 2.31 (m, 1H), 2.31 – 2.28 (m, 1H), 1.61 – 1.51 (m, 2H), 1.48 – 1.37 (m, 2H), 1.36 – 1.26 (m, 2H), 1.25 

(s, 6H), 1.23 (s, 6H), 1.12 (t, J = 7.6 Hz, 3H), 0.75 (dd, J = 9.3, 6.1 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 

174.6, 141.3, 136.3, 127.5, 119.5, 117.3, 105.5, 83.2, 64.5, 64.3, 28.6, 28.55, 27.6, 26.0, 25.0, 24.9, 24.5, 9.2.  

11B NMR (160 MHz, CDCl3) δ 34.34, 34.09. HRMS (ESI, m/z) calcd for C24H35B2N2O4 [M+H] +: 437.2777; 

found: 437.2774. Specific rotation: [α]25
D= -11.62° (c = 0.37, CHCl3). HPLC analysis: HPLC DAICEL 

CHIRALCEL OD, hexane/isopropanol = 97/3, 0.5 mL/min, λ = 280 nm, tR (major) =23.0 min, tR (minor) = 

26.1 min, er = 90:10. 

 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (2E,4E)-hexa-2,4-dienoate (77) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (43.6 mg, 46%). 1H NMR (500 MHz, CDCl3) δ 7.08 

(dd, J = 8.3, 7.3 Hz, 2H), 6.99 (dd, J = 8.3, 1.0 Hz, 2H), 6.29 (dd, J = 7.3, 1.0 Hz, 2H), 5.79 (s, 2H), 5.60 – 

5.27 (m, 4H), 4.07 (dt, J = 6.6, 3.4 Hz, 2H), 2.35 – 2.32 (m, 2H), 2.30 – 2.27 (m, 2H), 1.63 (d, J = 1.2 Hz, 

3H), 1.45 – 1.36 (m, 2H), 1.26 (s, 3H), 1.25 (s, 6H), 1.23 (s, 3H), 0.74 (dd, J = 9.3, 6.2 Hz, 1H). 13C NMR 

(126 MHz, CDCl3) δ 173.4, 141.3, 136.3, 129.2, 127.6, 126.1, 117.3, 105.5, 83.2, 64.3, 34.4, 28.8, 28.6, 27.9, 

26.0, 25.0, 24.8, 24.5, 17.9. 11B NMR (160 MHz, CDCl3) δ 34.45, 33.68. HRMS (ESI, m/z) calcd for 

C27H37B2N2O4 [M+H] +: 475.2934; found: 475.2929. Specific rotation: [α]25
D= -1.24° (c = 0.86, CHCl3). 

HPLC analysis: HPLC DAICEL CHIRALCEL AD, hexane/isopropanol = 90/10, 0.5 mL/min, λ = 280 nm, 

tR (major) = 14.4 min, tR (minor) = 15.7 min, er = 88:12. 

 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl 2-propylpentanoate (78) 
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The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (64.8 mg, 64%). 1H NMR (500 MHz, CDCl3) δ 7.08 

(t, J = 7.8 Hz, 2H), 6.98 (d, J = 8.2 Hz, 2H), 6.29 (d, J = 7.3 Hz, 2H), 5.79 (s, 2H), 4.07 – 4.03 (m, 2H), 2.35 

– 2.32 (m, 1H), 1.66 (d, J = 7.1 Hz, 2H), 1.57 (dd, J = 10.5, 4.9 Hz, 4H), 1.41 – 1.36 (m, 4H), 1.27 (d, J = 

7.7 Hz, 4H), 1.24 (s, 3H), 1.23 (d, J = 2.4 Hz, 6H), 1.22 (s, 3H), 0.88 (d, J = 5.4 Hz, 6H), 0.75 – 0.72 (m, 

1H). 13C NMR (126 MHz, CDCl3) δ 176.7, 141.3, 136.3, 127.5, 119.5, 117.3, 105.5, 83.2, 83.0, 64.0, 45.4, 

34.7, 28.9, 28.8, 28.6, 26.1, 25.0, 24.9, 24.5, 20.6, 14.0. 11B NMR (160 MHz, CDCl3) δ 34.80, 34.45. HRMS 

(ESI, m/z) calcd for C29H45B2N2O4 [M+H] +: 507.3560; found: 507.3559. Specific rotation: [α]25
D= 4.57° (c 

= 0.46, CHCl3). HPLC analysis: HPLC DAICEL CHIRALCEL OD, hexane/isopropanol = 97/3, 0.5 mL/min, 

λ = 280 nm, tR (major) = 12.8 min, tR (minor) = 14.3 min, er = 89:11. 

 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl benzoate (79) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (66.8 mg, 69%). 1H NMR (500 MHz, CDCl3) δ 8.06 

(d, J = 1.4 Hz, 1H), 8.05 (d, J = 1.7 Hz, 1H), 7.55 – 7.52 (m, 1H), 7.41 (t, J = 7.8 Hz, 2H), 7.10 (t, J = 7.8 

Hz, 2H), 7.01 (d, J = 8.3 Hz, 2H), 6.30 (d, J = 7.3 Hz, 2H), 5.84 (s, 2H), 4.35 (t, J = 6.6 Hz, 2H), 1.82 (t, J = 

7.0 Hz, 2H), 1.67 – 1.47 (m, 4H), 1.25 (s, 6H), 1.23 (s, 6H), 0.80 (dd, J = 9.4, 5.7 Hz, 1H). 13C NMR (126 

MHz, CDCl3) δ 166.7, 141.3, 136.3, 132.8, 130.5, 129.6, 128.3, 127.6, 119.6, 117.3, 105.5, 83.2, 64.9, 28.9, 

28.7, 26.1, 25.0, 24.87, 24.54, 24.51. 11B NMR (160 MHz, CDCl3) δ 33.92, 32.98. HRMS (ESI, m/z) calcd 

for C28H35B2N2O4 [M+H] +:485.2777; found: 485.2773. Specific rotation: [α]25
D= -5.6° (c = 0.75, CHCl3). 

HPLC analysis: HPLC DAICEL CHIRALCEL OD, hexane/isopropanol = 95/5 1.0 mL/min, λ = 250 nm, tR 

(minor) = 18.4 min, tR (major) = 29.4 min, er = 90:10. 

 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl 4-methylbenzoate (80) 

 



51 
 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (67.9 mg, 66%). 1H NMR (500 MHz, CDCl3) δ 7.93 

(s, 1H), 7.92 (d, J = 1.8 Hz, 1H), 7.20 (s, 1H), 7.18 (s, 1H), 7.11 – 7.07 (m, 2H), 6.99 (d, J = 8.1 Hz, 2H), 

6.28 (d, J = 7.3 Hz, 2H), 5.81 (s, 2H), 4.32 (t, J = 6.5 Hz, 2H), 2.39 (s, 3H), 1.82 – 1.78 (m, 2H), 1.67 – 1.59 

(m, 2H), 1.56 – 1.49 (m, 2H), 1.24 (s, 3H), 1.23 (s, 3H), 1.23 (s, 3H), 1.22 (s, 3H), 0.80 – 0.76 (m, 1H). 13C 

NMR (126 MHz, CDCl3) δ 166.8, 143.4, 141.3, 129.6, 129.0, 127.5, 117.3, 105.5, 83.2, 64.7, 28.9, 28.7, 

26.1, 25.0, 24.9, 24.53, 24.50, 21.6. 11B NMR (160 MHz, CDCl3) δ 34.97, 34.27. HRMS (ESI, m/z) calcd 

for C29H37B2N2O4 [M+H] +:499.2934; found: 499.2932. Specific rotation: [α]25
D= -7.65° (c = 0.51, CHCl3). 

HPLC analysis: HPLC DAICEL CHIRALCEL OD, hexane/isopropanol = 95/5 1.0 mL/min, λ = 280 nm, tR 

(minor) = 18.9 min, tR (major) = 21.8 min, er = 88:12. 

 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl 4-cyclohexylbenzoate (81) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (74.8 mg, 66%). 1H NMR (500 MHz, CDCl3) δ 7.96 

(s, 1H), 7.95 (s, 1H), 7.22 (d, J = 8.3 Hz, 2H), 7.11 – 7.07 (m, 2H), 7.00 (d, J = 8.2 Hz, 2H), 6.29 (d, J = 7.3 

Hz, 2H), 5.82 (s, 2H), 4.32 (t, J = 6.5 Hz, 2H), 2.56 – 2.52 (m, 1H), 1.87 – 1.85 (m, 4H), 1.79 (d, J = 6.9 Hz, 

2H), 1.76 (t, J = 3.7 Hz, 2H), 1.66 – 1.58 (m, 2H), 1.57 – 1.50 (m, 2H), 1.40 (dd, J = 8.5, 3.7 Hz, 4H), 1.24 

(s, 6H), 1.22 (s, 6H), 0.79 (ddd, J = 9.5, 6.2, 2.8 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 166.8, 141.3, 129.7, 

127.6, 126.8, 117.3, 105.5, 83.2, 64.7, 44.7, 34.2, 28.9, 28.8, 26.8, 26.1, 25.0, 24.9, 24.5, 24.5. 11B NMR (160 

MHz, CDCl3) δ 34.71, 33.02.  HRMS (ESI, m/z) calcd for C34H45B2N2O4 [M+H] +:567.3560; found: 

567.3560. Specific rotation: [α]25
D= -4.66° (c = 0.88, CHCl3). HPLC analysis: HPLC DAICEL 

CHIRALCEL OD, hexane/isopropanol = 95/5, 1.0 mL/min, λ = 280 nm, tR (major) = 9.2 min, tR (minor) = 

11.3 min, er = 85:15. 

 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (E)-2-methyl-3-phenylacrylate (82) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (51.4 mg, 49%). 1H NMR (500 MHz, CDCl3) δ 7.69 
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(s, 1H), 7.41 – 7.37 (m, 4H), 7.32 (q, J = 5.2, 4.4 Hz, 1H), 7.08 (t, J = 7.7 Hz, 2H), 7.00 (d, J = 8.3 Hz, 2H), 

6.29 (d, J = 7.2 Hz, 2H), 5.81 (s, 2H), 4.24 (td, J = 6.6, 1.9 Hz, 2H), 2.11 (s, 3H), 1.76 (q, J = 7.1 Hz, 2H), 

1.65 – 1.43 (m, 4H), 1.24 (d, J = 6.7 Hz, 12H), 0.90 (t, J = 6.8 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 168.8, 

141.3, 138.7, 136.3, 135.96, 129.65, 128.36, 128.25, 127.56, 119.52, 117.30, 105.50, 83.25, 64.93, 28.87, 

28.77, 26.12, 25.04, 24.51, 14.08. 11B NMR (160 MHz, CDCl3) δ 33.24, 33.15. HRMS (ESI, m/z) calcd for 

C31H39B2N2O4 [M+H] +: 525.3090; found: 525.3092. Specific rotation: [α]25
D= -8.48° (c =0.33, CHCl3). 

HPLC analysis: HPLC DAICEL CHIRALCEL AD, hexane/isopropanol = 90/10, 0.5 mL/min, λ = 280 nm, 

tR (major) = 13.6 min, tR (minor) = 14.9 min, er = 91:9. 

 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (2R)-2-phenylpropanoate (83) 

 

The reaction was performed following the Condition C. The residue was purified by flash column 

chromatograph (PE:EA=30:1) to give the product as a yellow oil liquid (60.4 mg, 59%). 1H NMR (500 MHz, 

CDCl3) δ 7.32 – 7.28 (m, 5H), 7.10 (t, J = 7.8 Hz, 2H), 7.00 (d, J = 8.3 Hz, 2H), 6.30 (d, J = 7.3 Hz, 2H), 

5.78 (s, 2H), 4.07 (t, J = 6.8 Hz, 2H), 3.70 (d, J = 7.3 Hz, 1H), 1.62 (d, J = 7.1 Hz, 2H), 1.49 (d, J = 7.3 Hz, 

3H), 1.27 (s, 2H), 1.25 (s, 6H), 1.23 (s, 6H), 1.22 (s, 2H), 0.72 – 0.68 (m, 1H). 13C NMR (126 MHz, CDCl3) 

δ 174.6, 141.3, 136.3, 128.6, 127.6, 127.5, 127.1, 117.3, 105.5, 83.2, 64.7, 45.6, 28.7, 28.5, 26.0, 25.0, 24.9, 

24.8, 24.54, 24.52, 18.5. 11B NMR (160 MHz, CDCl3) δ 34.44, 33.92. HRMS (ESI, m/z) calcd for 

C30H39B2N2O4 [M+H] +:  513.3090; found: 513.3094. Specific rotation: [α]25
D=-16.3° (c = 1.00, CHCl3). 

Dr >95:5. 

 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (S)-2-(4-isobutylphenyl)propanoate (84) 

 
The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (64.8 mg, 57%). 1H NMR (500 MHz, CDCl3) δ 7.18 

(d, J = 7.9 Hz, 2H), 7.08 (dd, J = 10.7, 7.8 Hz, 4H), 7.00 (d, J = 8.2 Hz, 2H), 6.30 (d, J = 7.3 Hz, 2H), 5.78 

(s, 2H), 4.09 – 4.04 (m, 2H), 3.67 (d, J = 7.2 Hz, 1H), 2.43 (d, J = 7.3 Hz, 2H), 1.85 – 1.82 (m, 1H), 1.61 (d, 

J = 6.9 Hz, 2H), 1.47 (d, J = 7.2 Hz, 3H), 1.34 (dq, J = 11.2, 3.6 Hz, 2H), 1.27 (s, 3H), 1.25 (s, 3H), 1.23 (s, 

6H), 0.89 (d, J = 6.6 Hz, 6H), 0.72 – 0.69 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 174.9, 141.3, 140.5, 137.9, 

136.3, 129.3, 127.6, 127.2, 119.5, 117.3, 105.5, 64.7, 45.2, 45.0, 30.2, 28.7, 28.5, 26.0, 25.0, 24.9, 24.8, 24.5, 
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22.4, 18.5. 11B NMR (160 MHz, CDCl3) δ 34.62, 34.09. HRMS (ESI, m/z) calcd for C34H47B2N2O4 [M+H] 

+: 569.3716; found: 569.3713. Specific rotation: [α]25
D= -3.03° (c = 0.99, CHCl3). Dr >95:5. 

 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (S)-2-(6-methoxynaphthalen-2-yl)propanoate (85) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (69.9 mg, 59%). 1H NMR (500 MHz, CDCl3) δ 7.74 

– 7.70 (m, 3H), 7.46 (dd, J = 8.4, 1.9 Hz, 1H), 7.16 (dd, J = 16.1, 8.2 Hz, 4H), 7.06 (d, J = 8.2 Hz, 2H), 6.34 

(d, J = 7.3 Hz, 2H), 5.84 (s, 2H), 4.18 – 4.12 (m, 2H), 3.91 (d, J = 5.5 Hz, 3H), 3.88 (d, J = 7.2 Hz, 1H), 1.66 

(d, J = 7.2 Hz, 2H), 1.63 (s, 3H), 1.53 (dt, J = 10.1, 6.4 Hz, 2H), 1.38 – 1.33 (m, 2H), 1.28 – 1.26 (m, 12H), 

0.73 – 0.68 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 177.9, 157.0, 141.2, 136.4, 136.3, 130.3, 127.5, 123.6, 

120.7, 119.5, 117.3, 112.0, 105.5, 83.2, 68.0, 64.4, 42.1, 37.1, 28.8, 28.6, 26.1, 25.2, 25.0, 24.8, 24.5, 21.4, 

15.8. 11B NMR (160 MHz, CDCl3) δ 34.62, 33.51. HRMS (ESI, m/z) calcd for C35H43B2N2O5 [M+H] 

+:593.3353; found: 593.3346. Specific rotation: [α]25
D= 5.00° (c = 0.50, CHCl3). Dr > 95:5. 

 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (1R,2S,4R)-bicyclo[2.2.1]hept-5-ene-2-carboxylate (86) 

 

The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (60.0 mg, 60%). 1H NMR (500 MHz, CDCl3) δ 7.09 

(t, J = 7.7 Hz, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.29 (d, J = 7.2 Hz, 2H), 6.12 (dd, J = 5.7, 3.1 Hz, 1H), 6.09 – 

6.06 (m, 1H), 5.79 (s, 2H), 4.11 – 4.07 (m, 2H), 3.02 (s, 1H), 2.89 (s, 1H), 2.22 – 2.19 (m, 1H), 1.93 – 1.89 

(m, 1H), 1.67 (dd, J = 12.3, 5.1 Hz, 4H), 1.51 (d, J = 8.4 Hz, 2H), 1.39 – 1.31 (m, 4H), 1.24 (d, J = 6.6 Hz, 

12H), 0.75 (dd, J = 9.4, 6.1 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 176.3, 141.,3 138.0, 136.3, 135.8, 127.5, 

117.3, 105.5, 64.4, 46.6, 46.4, 43.2, 41.6, 30.3, 28.9, 28.6, 26.1, 25.0, 24.8, 24.5. 11B NMR (160 MHz, CDCl3) 

δ 35.22, 34.45. HRMS (ESI, m/z) calcd for C29H38
10B2KN2O4 [M+K] +: 537.2722; found: 537.2725. Specific 

rotation: [α]25
D= -7.4° (c = 0.50, CHCl3). Dr >95:5. 

 

(R)-2-(2-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (87a) 
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The reaction was performed following the general procedure C. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (34.2 mg, 43%). 1H NMR (500 MHz, CDCl3) δ 7.25 

(s, 4H), 7.17 – 7.14 (m, 1H), 7.08 (t, J = 7.8 Hz, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.27 (d, J = 7.3 Hz, 2H), 5.81 

(s, 2H), 2.96 (dd, J = 14.1, 9.6 Hz, 1H), 2.91 – 2.86 (m, 1H), 1.28 – 1.25 (m, 1H), 1.18 (s, 6H), 1.16 (s, 6H). 

13C NMR (126 MHz, CDCl3) δ 143.7, 141.2, 136.3, 128.3, 128.2, 127.5, 125.7, 119.5, 117.3, 105.5, 83.4, 

32.0, 24.9, 24.5. 11B NMR (160 MHz, CDCl3) δ 34.27, 33.68. HRMS (ESI, m/z) calcd for C24H29B2N2O2 

[M+H] +: 399.2410; found: 399.2418. Specific rotation: [α]25
D= -0.96° (c = 0.52, CHCl3). HPLC analysis: 

HPLC DAICEL CHIRALCEL OD, hexane/isopropanol = 95/5, 0.5 mL/min, λ = 210 nm, tR (major) = 17.2 

min, tR (minor) = 19.6 min, er = 71:29. 

 

(S)-2-(2-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (87b) 

 

The reaction was performed following the general procedure D. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (41.4 mg, 52%). 1H NMR (500 MHz, CDCl3) δ 7.25 

(s, 4H), 7.17 – 7.14 (m, 1H), 7.08 (t, J = 7.8 Hz, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.27 (d, J = 7.3 Hz, 2H), 5.81 

(s, 2H), 2.96 (dd, J = 14.1, 9.6 Hz, 1H), 2.91 – 2.86 (m, 1H), 1.28 – 1.25 (m, 1H), 1.18 (s, 6H), 1.16 (s, 6H). 

13C NMR (126 MHz, CDCl3) δ 141.3, 140.6, 136.3, 135.1, 129.0, 128.1, 127.6, 119.6, 117.3, 105.5, 83.4, 

31.5, 29.7, 25.0, 24.8, 24.5, 21.0. 11B NMR (160 MHz, CDCl3) δ 34.27, 33.68. HRMS (ESI, m/z) calcd for 

C24H29B2N2O2 [M+H] +: 399.2410; found: 399.2418. Specific rotation: [α]25
D= 3.39° (c = 0.62, CHCl3). 

HPLC analysis: HPLC DAICEL CHIRALCEL OD, hexane/isopropanol = 95/5, 0.5 mL/min, λ = 210 nm, 

tR (minor) = 17.0 min, tR (major) = 19.3 min, er = 9:91. 

 

(S)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(p-tolyl)ethyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (88) 

 

The reaction was performed following the general procedure D. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (48.6 mg, 59%). 1H NMR (500 MHz, CDCl3) δ 7.17 
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(d, J = 7.8 Hz, 2H), 7.11 – 7.07 (m, 4H), 7.00 (d, J = 8.2 Hz, 2H), 6.28 (d, J = 7.3 Hz, 2H), 5.83 (s, 2H), 2.95 

(dd, J = 14.2, 9.3 Hz, 1H), 2.87 (t, J = 4.7 Hz, 1H), 2.32 (s, 3H), 1.20-1.26 (m, 1H), 1.21 (s, 6H), 1.19 (s, 

6H). 13C NMR (126 MHz, CDCl3) δ 141.2 (s), 140.6 (s), 136.3 (s), 135.1 (s), 128.9 (s), 128.0 (s), 127.5 (s), 

119.5 (s), 117.3 (s), 105.5 (s), 83.3 (s), 31.5 (s), 25.0 (s), 24.5 (s), 21.0 (s).  11B NMR (160 MHz, CDCl3) δ 

34.27, 34.09. HRMS (ESI, m/z) calcd for C25H30B2N2NaO2 [M+Na] +: 435.2386; found: 435.2381. Specific 

rotation: [α]25
D= 4.5° (c = 0.22, CHCl3). HPLC analysis: HPLC DAICEL CHIRALCEL AD, 

hexane/isopropanol = 95/5, 0.5 mL/min, λ = 280 nm, tR (major) = 14.8 min, tR (minor) = 24.0 min, er = 86:14. 

 

(S)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(m-tolyl)ethyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (99) 

 

The reaction was performed following the general procedure D. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (46.9 mg, 57%). 1H NMR (500 MHz, CDCl3) δ 7.14 

(d, J = 7.5 Hz, 1H), 7.08 (t, J = 7.8 Hz, 5H), 6.99 (d, J = 8.2 Hz, 3H), 6.27 (d, J = 7.3 Hz, 2H), 5.81 (s, 2H), 

2.92 (dd, J = 14.0, 9.7 Hz, 1H), 2.84 (dd, J = 14.1, 6.5 Hz, 1H), 2.31 (s, 3H), 1.21 (s, 1H), 1.19 (s, 6H), 1.17 

(s, 6H). 13C NMR (126 MHz, CDCl3) δ 143.7 (s), 141.2 (s), 137.7 (s), 129.0 (s), 128.2 (s), 127.5 (s), 126.4 

(s), 125.2 (s), 117.3 (s), 105.5 (s), 83.3 (s), 31.9 (s), 25.0 (s), 24.5 (s), 21.4 (s). 11B NMR (160 MHz, CDCl3) 

δ 34.32, 34.09. HRMS (ESI, m/z) calcd for C25H30B2N2NaO2 [M+Na] +: 435.2386; found: 435.2391. 

Specific rotation: [α]25
D= 5.28° (c = 0.53, CHCl3). HPLC analysis: HPLC DAICEL CHIRALCEL AD, 

hexane/isopropanol = 95/5, 0.5 mL/min, λ = 210 nm, tR (major) = 11.9 min, tR (minor) = 14.2 min, er = 

79.5:20.5. 

 

(S)-2-(2-(4-ethylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (90) 

 

The reaction was performed following the general procedure D. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (37.9 mg, 46%). 1H NMR (500 MHz, CDCl3) δ 7.14 

(d, J = 7.9 Hz, 2H), 7.10 – 7.05 (m, 4H), 6.98 (d, J = 8.2 Hz, 2H), 6.26 (d, J = 7.3 Hz, 2H), 5.81 (s, 2H), 2.93 

(dd, J = 14.2, 9.3 Hz, 1H), 2.84 (dd, J = 14.2, 6.8 Hz, 1H), 2.30 (s, 3H), 1.26 (s, 2H), 1.18 (d, J = 8.4 Hz, 

12H), 1.15 – 1.13 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 141.2 (s), 140.6 (s), 135.1 (s), 128.9 (s), 128.0 (s), 

127.5 (s), 117.3 (s), 105.5 (s), 83.3 (s), 31.5 (s), 25.0 (s), 24.5 (s), 21.0 (s). 11B NMR (160 MHz, CDCl3) δ 

34.45, 34.09. HRMS (ESI, m/z) calcd for C26H33B2N2O2 [M+H] +: 427.2723; found: 427.2722. Specific 
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rotation: [α]25
D= 7.63° (c = 0.76, CHCl3). HPLC analysis: HPLC DAICEL CHIRALCEL AD, 

hexane/isopropanol = 95/5, 0.5 mL/min, λ = 250 nMMm, tR (major) = 14.7 min, tR (minor) = 21.2 min, er = 

78:22. 

 

(R)-2-(2-(4-propylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (91) 

 

The reaction was performed following the general procedure D. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (45.8 mg, 52%). 1H NMR (500 MHz, CDCl3) δ 7.19 

(d, J = 7.8 Hz, 2H), 7.10 (t, J = 7.8 Hz, 4H), 7.01 (dd, J = 8.3, 1.0 Hz, 2H), 6.28 (dd, J = 7.3, 1.0 Hz, 2H), 

5.84 (s, 2H), 2.96 (dd, J = 14.2, 9.4 Hz, 1H), 2.88 (dd, J = 14.1, 6.9 Hz, 1H), 2.58 – 2.55 (m, 2H), 1.66 – 1.61 

(m, 2H), 1.24 – 1.22 (m, 1H), 1.20 (d, J = 7.8 Hz, 12H), 0.94 (t, J = 7.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) 

δ 141.3, 140.9, 140.0, 136.3, 128.4, 128.1, 127.6, 119.6, 117.3, 105.5, 83.4, 37.7, 31.6, 24.9, 24.7, 24.5, 13.8. 

11B NMR (160 MHz, CDCl3) δ 33.68, 32.10. HRMS (ESI, m/z) calcd for C27H35B2N2O2 [M+H] +: 441.2879; 

found: 441.2878. Specific rotation: [α]25
D= 8.8° (c = 0.68, CHCl3). HPLC analysis: HPLC DAICEL 

CHIRALCEL AD, hexane/isopropanol = 95/5, 0.5 mL/min, λ = 210 nm, tR (major) = 13.4 min, tR (minor) = 

17.8 min, er = 77:23. 

 

2-(4-phenylbutyl-1-d)-2,3-dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (97) 

 

The reaction was performed following the general procedure F. The residue was purified by flash column 

chromatograph to give the product as a crystalline solid (44.5 mg, 74%). 1H NMR (500 MHz, CDCl3) δ 7.32 

– 7.28 (m, 2H), 7.22 – 7.18 (m, 3H), 7.10 (td, J = 7.7, 2.8 Hz, 2H), 7.01 (dd, J = 8.3, 2.8 Hz, 2H), 6.28 (d, J 

= 10.2 Hz, 2H), 5.57 (s, 2H), 2.66 (dt, J = 7.8, 3.9 Hz, 2H), 1.73 – 1.67 (m, 2H), 1.47 (d, J = 8.2 Hz, 2H), 

0.87 (t, J = 9.0 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 142.60, 141.16, 136.33, 128.46, 128.33, 127.55, 

125.71, 119.57, 117.38, 105.43, 35.78, 34.10, 24.31. 11B NMR (160 MHz, CDCl3) δ 32.35.  HRMS (ESI, 

m/z) calcd for C20H21DBN2 [M+H] +: 302.1933; found: 302.1933. 
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3.5 DFT Data  

Computational Method 

Density functional theory (DFT) calculations were carried out with the Gaussian 163 package. All 

geometry optimizations were performed using the dispersion-corrected B3LYP14-7 functional with Grimme’s 

D3 dispersion correction8, with a mixed basis set of SDD9 for Cu and Fe and 6-31G(d) for other atoms. 

Normal mode vibrational frequency calculations at the same level confirmed that the optimized structures 

are minima (no imaginary frequency) or transition states (with one imaginary frequency). Single point 

energies were calculated with the SMD solvation model in cyclohexane (ε = 2.0) with the M06-L10 functional 

and a mixed basis set of SDD for Cu and Fe and 6-311+G(d,p) for other atoms11-12. Free energies were 

corrected using Truhlar’s quasiharmonic correction, by raising vibrational frequencies that are below 100 

cm–1 to 100 cm–1.13 In regard to the standard state change from 1 atm to 1 M at 298.15 K, a correction of 

RTln(Cs/Cg) (= 1.9 kcal/mol) was added to the Gibbs free energy (Cs is the concentration in solution phase 

and Cg is the concentration in gas phase).14-16 DFT-optimized structures are illustrated using CYLView v1.0 

software.17 

 

Supplementary Figure 18. DFT calculations on the proposed reaction pathway. Free 

energy profile for the 1,2- or 2,1-insertion of cyclopropyl alkyne into copper hydride. 
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4. Supplementary Figures  

4.1 NMR Spectroscopic Data  

2-(4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (4) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 19. 1H NMR spectrum of compound 4 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 20. 13C NMR spectrum of compound 4 
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11B NMR (160 MHz, room temperature, CDCl3)  

 

Supplementary Figure 21. 11B NMR spectrum of compound 4 

2-(3-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propyl)-2,3- dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (5) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 22. 1H NMR spectrum of compound 5 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 23. 13C NMR spectrum of compound 5 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 24. 11B NMR spectrum of compound 5 
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2-(2-cyclopropyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (6) 

1H NMR (500 MHz, room temperature, (CDCl3)  

 

Supplementary Figure 25. 1H NMR spectrum of compound 6 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 26. 13C NMR spectrum of compound 6 
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11B NMR (160 MHz, room temperature, CDCl3) 

 
Supplementary Figure 27. 11B NMR spectrum of compound 6 

2-(3-cyclohexyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propyl) -2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (7) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 28. 1H NMR spectrum of compound 7 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 29. 13C NMR spectrum of compound 7 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 30. 11B NMR spectrum of compound 7 
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2-(2-cyclopentyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl) -2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (8) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 31. 1H NMR spectrum of compound 8 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 32. 13C NMR spectrum of compound 8 
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11B NMR (160 MHz, room temperature, CDCl3) 

 
Supplementary Figure 33. 11B NMR spectrum of compound 8 

2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl) -2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (9) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 34. 1H NMR spectrum of compound 9 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 35. 13C NMR spectrum of compound 9 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 36. 11B NMR spectrum of compound 9 
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2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)heptyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (10) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 37. 1H NMR spectrum of compound 10 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 38. 13C NMR spectrum of compound 10 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 39. 11B NMR spectrum of compound 10 

2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)octyl) -2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (11) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 40. 1H NMR spectrum of compound 11 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 41. 13C NMR spectrum of compound 11 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 42. 11B NMR spectrum of compound 11 
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2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)octyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (12) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 43. 1H NMR spectrum of compound 12 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 44. 13C NMR spectrum of compound 12 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 45. 11B NMR spectrum of compound 12 

2-(5-methyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hexyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (13) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 46. 1H NMR spectrum of compound 13 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 47. 13C NMR spectrum of compound 13 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 48. 11B NMR spectrum of compound 13 
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2-(3,3-dimethyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (14) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 49. 1H NMR spectrum of compound 14 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 50. 13C NMR spectrum of compound 14 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 51. 11B NMR spectrum of compound 14 

2-(6-((tert-butyldimethylsilyl)oxy)-1-(4,4,5,5-tetramethyl- 1,3,2-dioxaborolan-2-yl)hexyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (15) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 52. 1H NMR spectrum of compound 15 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 53. 13C NMR spectrum of compound 15 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 54. 11B NMR spectrum of compound 15 
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2-(4-((tert-butyldimethylsilyl)oxy)-1-(4,4,5,5-tetramethyl -1,3,2-dioxaborolan-2-yl)butyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (16) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 55. 1H NMR spectrum of compound 16  

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 56. 13C NMR spectrum of compound 16 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 57. 11B NMR spectrum of compound 16 

tert-butyl 4-(2-(1H-naphtho[1,8-de] [1,3,2] diazaborinin-2(3H)-yl) -2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl) ethyl) piperidine-1-carboxylate (17) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 58. 1H NMR spectrum of compound 17 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 59. 13C NMR spectrum of compound 17 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 60. 11B NMR spectrum of compound 17 
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2-(2-(cyclohex-1-en-1-yl)-1-(4,4,5,5-tetramethyl- 1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (18) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 61. 1H NMR spectrum of compound 18 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 62. 13C NMR spectrum of compound 18 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 63. 11B NMR spectrum of compound 18 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl) -5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl propionate (19) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 64. 1H NMR spectrum of compound 19 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 65. 13C NMR spectrum of compound 19 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 66. 11B NMR spectrum of compound 19 
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2-(4-((tetrahydro-2H-pyran-2-yl)oxy) -1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (20) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 67. 1H NMR spectrum of compound 20 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 68. 13C NMR spectrum of compound 20 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 69. 11B NMR spectrum of compound 20 

2-(3,3-diethoxy-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (21) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 70. 1H NMR spectrum of compound 21 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 71. 13C NMR spectrum of compound 21 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 72. 11B NMR spectrum of compound 21 
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5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (2E,4E)-hexa-2,4-dienoate (22) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 73. 1H NMR spectrum of compound 22 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 74. 13C NMR spectrum of compound 22 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 75. 11B NMR spectrum of compound 22 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl 2-propylpentanoate (23) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 76. 1H NMR spectrum of compound 23 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 77. 13C NMR spectrum of compound 23 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 78. 11B NMR spectrum of compound 23 
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5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl 1-phenylcyclopentane-1-carboxylate (24) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 79. 1H NMR spectrum of compound 24 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 80. 13C NMR spectrum of compound 24 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 81. 11B NMR spectrum of compound 24 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (2R)-2-phenylpropanoate (25) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 82. 1H NMR spectrum of compound 25 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 83. 13C NMR spectrum of compound 25 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 84. 11B NMR spectrum of compound 25 
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5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl benzoate (26) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 85. 1H NMR spectrum of compound 26 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 86. 13C NMR spectrum of compound 26 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 87. 11B NMR spectrum of compound 26 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (2S)-2-(4-isobutylphenyl)propanoate (27) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 88. 1H NMR spectrum of compound 27 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 89. 13C NMR spectrum of compound 27 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 90. 11B NMR spectrum of compound 27 
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5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (E)-2-methyl-3-phenylacrylate (28) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 91. 1H NMR spectrum of compound 28 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 92. 13C NMR spectrum of compound 28 



95 
 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 93. 11B NMR spectrum of compound 28 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (1R,2S,4R)-bicyclo[2.2.1]hept-5-ene-2-carboxylate (29) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 94. 1H NMR spectrum of compound 29 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 95. 13C NMR spectrum of compound 29 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 96. 11B NMR spectrum of compound 29 
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5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl 2,3-dihydrobenzo[b][1,4]dioxine-2-carboxylate (30) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 97. 1H NMR spectrum of compound 30 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 98. 13C NMR spectrum of compound 30 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 99. 11B NMR spectrum of compound 30 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl 6-(3-(bicyclo[3.3.1]nonan-1-yl)-4-methoxyphenyl)-2-naphthoate (31) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 100. 1H NMR spectrum of compound 31 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 101. 13C NMR spectrum of compound 31 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 102. 11B NMR spectrum of compound 31 
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5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (2R)-2-(6-methoxynaphthalen-2-yl)propanoate (32) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 103. 1H NMR spectrum of compound 32 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 104. 13C NMR spectrum of compound 32 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 105. 11B NMR spectrum of compound 32 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl 4-cyclohexylbenzoate (33)  

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 106. 1H NMR spectrum of compound 33 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 107. 13C NMR spectrum of compound 33 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 108. 11B NMR spectrum of compound 33 
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2-(2-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (34) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 109. 1H NMR spectrum of compound 34 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 110. 13C NMR spectrum of compound 34 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 111. 11B NMR spectrum of compound 34 

2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(p-tolyl)ethyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (35) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 112. 1H NMR spectrum of compound 35 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 113. 13C NMR spectrum of compound 35 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 114. 11B NMR spectrum of compound 35 
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2-(2-(4-ethylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (36) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 115. 1H NMR spectrum of compound 36 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 116. 13C NMR spectrum of compound 36 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 117. 11B NMR spectrum of compound 36 

2-(2-(4-(tert-butyl)phenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (37) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 118. 1H NMR spectrum of compound 37 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 119. 13C NMR spectrum of compound 37 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 120. 11B NMR spectrum of compound 37 

 



109 
 

2-(2-(4-isopropylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (38) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 121. 1H NMR spectrum of compound 38 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 122. 13C NMR spectrum of compound 38 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 123. 11B NMR spectrum of compound 38 

2-(2-(4-butylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (39) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 124. 1H NMR spectrum of compound 39 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 125. 13C NMR spectrum of compound 39 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 126. 11B NMR spectrum of compound 39 
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2-(2-(4-propylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (40) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 127. 1H NMR spectrum of compound 40 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 128. 13C NMR spectrum of compound 40 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 129. 11B NMR spectrum of compound 40 

2-(2-([1,1'-biphenyl]-4-yl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (41) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 130. 1H NMR spectrum of compound 41 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 131. 13C NMR spectrum of compound 41 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 132. 11B NMR spectrum of compound 41 
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2-(2-(4-methoxyphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (42) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 133. 1H NMR spectrum of compound 42 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 134. 13C NMR spectrum of compound 42 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 135. 11B NMR spectrum of compound 42 

2-(2-(3-methoxyphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (43) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 136. 1H NMR spectrum of compound 43 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 137. 13C NMR spectrum of compound 43 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 138. 11B NMR spectrum of compound 43 
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2-(2-(4-(pentyloxy)phenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (44) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 139. 1H NMR spectrum of compound 44 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 140. 13C NMR spectrum of compound 44 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 141. 11B NMR spectrum of compound 44 

4-(2-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)ethyl)-N,N-dimethylaniline (45) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 142. 1H NMR spectrum of compound 45 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 143. 13C NMR spectrum of compound 45 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 144. 11B NMR spectrum of compound 45 
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methyl 4-(2-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl) -2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)ethyl)benzoate (46) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 145. 1H NMR spectrum of compound 46 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 146. 13C NMR spectrum of compound 46 



122 
 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 147. 11B NMR spectrum of compound 46 

2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(4-(trifluoromethoxy)phenyl)ethyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (47) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 148. 1H NMR spectrum of compound 47 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 149. 13C NMR spectrum of compound 47 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 150. 11B NMR spectrum of compound 47 
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19F NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 151. 19F NMR spectrum of compound 47 

2-(2-(4-fluorophenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (48)  

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 152. 1H NMR spectrum of compound 48 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 153. 13C NMR spectrum of compound 48 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 154. 11B NMR spectrum of compound 48 
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19F NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 155. 19F NMR spectrum of compound 48 

2-(2-(4-chlorophenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl) -2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (49) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 156. 1H NMR spectrum of compound 49 



127 
 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 157. 13C NMR spectrum of compound 49 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 158. 11B NMR spectrum of compound 49 
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2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(4-(trifluoromethyl)phenyl) ethyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (50) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 159. 1H NMR spectrum of compound 50 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 160. 13C NMR spectrum of compound 50 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 161. 11B NMR spectrum of compound 50 

19F NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 162. 19F NMR spectrum of compound 50 
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2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(m-tolyl)ethyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (51) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 163. 1H NMR spectrum of compound 51 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 164. 13C NMR spectrum of compound 51 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 165. 11B NMR spectrum of compound 51 

2-(2-(3,4-dimethylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (52) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 166. 1H NMR spectrum of compound 52 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 167. 13C NMR spectrum of compound 52 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 168. 11B NMR spectrum of compound 52 
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2-(2-(3,5-dimethylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (53) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 169. 1H NMR spectrum of compound 53 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 170. 13C NMR spectrum of compound 53 



134 
 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 171. 11B NMR spectrum of compound 53 

2-(2-(4,4-dimethylthiochroman-7-yl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (54) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 172. 1H NMR spectrum of compound 54 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 173. 13C NMR spectrum of compound 54 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 174. 11B NMR spectrum of compound 54 
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2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(thiophen-3-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (55) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 175. 1H NMR spectrum of compound 55 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 176. 13C NMR spectrum of compound 55 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 177. 11B NMR spectrum of compound 55 

2-(2-(1H-phenalen-5-yl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (56) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 178. 1H NMR spectrum of compound 56 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 179. 13C NMR spectrum of compound 56 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 180. 11B NMR spectrum of compound 56 
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2-(2-(4-(9H-carbazol-9-yl)phenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (57) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 181. 1H NMR spectrum of compound 57 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 182. 13C NMR spectrum of compound 57 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 183. 11B NMR spectrum of compound 57 

2-(2-(naphthalen-2-yl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (58) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 184. 1H NMR spectrum of compound 58 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 185. 13C NMR spectrum of compound 58 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 186. 11B NMR spectrum of compound 58 
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(R)-2-(4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (59) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 187. 1H NMR spectrum of compound 59 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 188. 13C NMR spectrum of compound 59 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 189. 11B NMR spectrum of compound 59 

(R)-2-(3-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (60) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 190. 1H NMR spectrum of compound 60 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 191. 13C NMR spectrum of compound 60 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 192. 11B NMR spectrum of compound 60 
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(R)-2-(2-cyclohexyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (61) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 193. 1H NMR spectrum of compound 61 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 194. 13C NMR spectrum of compound 61 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 195. 11B NMR spectrum of compound 61 

(R)-2-(2-cyclopentyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (62) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 196. 1H NMR spectrum of compound 62 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 197. 13C NMR spectrum of compound 62 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 198. 11B NMR spectrum of compound 62 
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(R)-2-(2-cyclopropyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (63) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 199. 1H NMR spectrum of compound 63 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 200. 13C NMR spectrum of compound 63 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 201. 11B NMR spectrum of compound 63 

(R)-2-(3,3-dimethyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (64) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 202. 1H NMR spectrum of compound 64 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 203. 13C NMR spectrum of compound 64 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 204. 11B NMR spectrum of compound 64 
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(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (65) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 205. 1H NMR spectrum of compound 65 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 206. 13C NMR spectrum of compound 65 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 207. 11B NMR spectrum of compound 65 

(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hexyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (66) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 208. 1H NMR spectrum of compound 66 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 209. 13C NMR spectrum of compound 66 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 210. 11B NMR spectrum of compound 66 
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(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)heptyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (67) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 211. 1H NMR spectrum of compound 67 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 212. 13C NMR spectrum of compound 67 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 213. 11B NMR spectrum of compound 67 

(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)octyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (68) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 214. 1H NMR spectrum of compound 68 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 215. 13C NMR spectrum of compound 68 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 216. 11B NMR spectrum of compound 68 
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(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)nonyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (69) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 217. 1H NMR spectrum of compound 69 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 218. 13C NMR spectrum of compound 69 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 219. 11B NMR spectrum of compound 69 

(R)-2-(5-methyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hexyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (70) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 220. 1H NMR spectrum of compound 70 



159 
 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 221. 13C NMR spectrum of compound 70 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 222. 11B NMR spectrum of compound 70 
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(R)-tert-butyl 4-(2-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)ethyl)piperidine-1-carboxylate (71) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 223. 1H NMR spectrum of compound 71 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 224. 13C NMR spectrum of compound 71 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 225. 11B NMR spectrum of compound 71 

(R)-2-(4-((tert-butyldimethylsilyl)oxy)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (72) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 226. 1H NMR spectrum of compound 72 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 227. 13C NMR spectrum of compound 72 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 228. 11B NMR spectrum of compound 72 
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(R)-2-(6-((tert-butyldimethylsilyl)oxy)-1-(4,4,5,5-tetramethyl -1,3,2-dioxaborolan-2-yl)hexyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (73) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 229. 1H NMR spectrum of compound 73 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 230. 13C NMR spectrum of compound 73 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 231. 11B NMR spectrum of compound 73 

(R)-2-(5-((tert-butyldiphenylsilyl)oxy)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (74) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 232. 1H NMR spectrum of compound 74 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 233. 13C NMR spectrum of compound 74 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 234. 11B NMR spectrum of compound 74 
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(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-((triisopropylsilyl)oxy)pentyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (75) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 235. 1H NMR spectrum of compound 75 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 236. 13C NMR spectrum of compound 75 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 237. 13C NMR spectrum of compound 75 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl propionate (76) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 238. 1H NMR spectrum of compound 76 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 239. 13C NMR spectrum of compound 76 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 240. 11B NMR spectrum of compound 76 
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(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl (2E,4E)-hexa-2,4-dienoate (77) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 241. 1H NMR spectrum of compound 77 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 242. 13C NMR spectrum of compound 77 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 243. 11B NMR spectrum of compound 77 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl 2-propylpentanoate (78) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 244. 1H NMR spectrum of compound 78 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 245. 13C NMR spectrum of compound 78 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 246. 11B NMR spectrum of compound 78 
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(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl benzoate (79) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 247. 1H NMR spectrum of compound 79 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 248. 13C NMR spectrum of compound 79 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 249. 11B NMR spectrum of compound 79 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl 4-methylbenzoate (80) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 250. 1H NMR spectrum of compound 80 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 251. 13C NMR spectrum of compound 80 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 252. 11B NMR spectrum of compound 80 
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(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl 4-cyclohexylbenzoate (81) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 253. 1H NMR spectrum of compound 81 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 254. 13C NMR spectrum of compound 81 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 255. 11B NMR spectrum of compound 81 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl (E)-2-methyl-3-phenylacrylate (82) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 256. 1H NMR spectrum of compound 82 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 257. 13C NMR spectrum of compound 82 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 258. 11B NMR spectrum of compound 82 
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(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl (2R)-2-phenylpropanoate (83) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 259. 1H NMR spectrum of compound 83 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 260. 13C NMR spectrum of compound 83 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 261. 11B NMR spectrum of compound 83 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl (2S)-2-(4-isobutylphenyl)propanoate (84) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 262. 1H NMR spectrum of compound 84 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 263. 13C NMR spectrum of compound 84 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 264. 11B NMR spectrum of compound 84 
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(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl (2R)-2-(6-methoxynaphthalen-2-yl)propanoate (85) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 265. 1H NMR spectrum of compound 85 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 266. 13C NMR spectrum of compound 85 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 267. 11B NMR spectrum of compound 85 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl (1R,2S,4R)-bicyclo[2.2.1]hept-5-ene-2-carboxylate (86) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 268. 1H NMR spectrum of compound 86 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 269. 13C NMR spectrum of compound 86 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 270. 11B NMR spectrum of compound 86 
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(R)-2-(2-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (87a) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 271. 1H NMR spectrum of compound 87a 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 272. 13C NMR spectrum of compound 87a 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 273. 11B NMR spectrum of compound 87a 

(S)-2-(2-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (87b) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 274. 1H NMR spectrum of compound 87b 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 275. 13C NMR spectrum of compound 87b 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 276. 11B NMR spectrum of compound 87b 
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(S)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(p-tolyl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (88) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 277. 1H NMR spectrum of compound 88 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 278. 13C NMR spectrum of compound 88 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 279. 11B NMR spectrum of compound 88 

(S)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(m-tolyl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (89) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 280. 1H NMR spectrum of compound 89 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 281. 13C NMR spectrum of compound 89 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 282. 13C NMR spectrum of compound 89 
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(S)-2-(2-(4-ethylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (90) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 283. 1H NMR spectrum of compound 90 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 284. 13C NMR spectrum of compound 90 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 285. 11B NMR spectrum of compound 90 

(S)-2-(2-(4-propylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (91) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 286. 1H NMR spectrum of compound 91 
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13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 287. 13C NMR spectrum of compound 91 

11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 288. 11B NMR spectrum of compound 91 
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2-(4-phenylbutyl-1-d)-2,3-dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (97) 

1H NMR (500 MHz, room temperature, CDCl3)  

 

Supplementary Figure 289. 1H NMR spectrum of compound 97 

13C NMR (126 MHz, room temperature, CDCl3)  

 

Supplementary Figure 290. 13C NMR spectrum of compound 97 
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11B NMR (160 MHz, room temperature, CDCl3) 

 

Supplementary Figure 291. 11B NMR spectrum of compound 97 
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4.2. Chiral HPLC charts 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (2R)-2-phenylpropanoate (25) 

 

 
Peak 

# 

RetTime 

[min] 

Type Width 
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Area 

[mAU*s] 

Height 
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% 

 
Supplementary Figure 292. HPLC of compound rac-25 

 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (2S)-2-(4-isobutylphenyl)propanoate (27) 
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Supplementary Figure 293. HPLC of compound rac-27 
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5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (1R,2S,4R)-bicyclo[2.2.1]hept-5-ene-2-carboxylate (29) 
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Supplementary Figure 294. HPLC of compound rac-29 

 

5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentyl (2S)-2-(6-methoxynaphthalen-2-yl)propanoate (32) 
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Supplementary Figure 295. HPLC of compound rac-32 

 

(R)-2-(4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (59) 
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Supplementary Figure 296. HPLC of compound rac-59 
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Supplementary Figure 297. HPLC of compound (R)-59 

 

(R)-2-(3-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (60) 
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Supplementary Figure 298. HPLC of compound rac-59 
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Supplementary Figure 299. HPLC of compound (R)-60 

 

(R)-2-(2-cyclohexyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (61) 
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Supplementary Figure 300. HPLC of compound rac-61 
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Supplementary Figure 301. HPLC of compound (R)-61 

 

(R)-2-(2-cyclopentyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (62) 
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Supplementary Figure 302. HPLC of compound rac-62 
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Supplementary Figure 303. HPLC of compound (R)-62 

 

(R)-2-(2-cyclopropyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (63) 
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Supplementary Figure 304. HPLC of compound rac-63 
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Supplementary Figure 305. HPLC of compound (R)-63 

 

(R)-2-(3,3-dimethyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (64) 
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Supplementary Figure 306. HPLC of compound rac-64 
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Supplementary Figure 307. HPLC of compound (R)-64 

 

(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (65) 
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Supplementary Figure 308. HPLC of compound rac-65 
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Supplementary Figure 309. HPLC of compound (R)-65 
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(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hexyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (66) 
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Supplementary Figure 310. HPLC of compound rac-66 
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Supplementary Figure 311. HPLC of compound (R)-66 

 

(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)heptyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (67) 
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Supplementary Figure 312. HPLC of compound rac-67 
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Supplementary Figure 313. HPLC of compound (R)-67 

 

(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)octyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (68) 
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Supplementary Figure 314. HPLC of compound rac-68 
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Supplementary Figure 315. HPLC of compound (R)-68 

 

(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)octyl)-2,3-dihydro-1H-naphtho[1,8-

de][1,3,2]diazaborinine (69) 
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Supplementary Figure 316. HPLC of compound rac-69 
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Supplementary Figure 317. HPLC of compound (R)-69 

 

(R)-2-(5-methyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hexyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (70) 
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Supplementary Figure 318. HPLC of compound rac-70 
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Supplementary Figure 319. HPLC of compound (R)-70 

 

(R)-tert-butyl 4-(2-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)ethyl)piperidine-1-carboxylate (71) 
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Supplementary Figure 320. HPLC of compound rac-71 
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Supplementary Figure 321. HPLC of compound (R)-71 
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(R)-2-(4-((tert-butyldimethylsilyl)oxy)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (72) 
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Supplementary Figure 322. HPLC of compound rac-72 
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Supplementary Figure 323. HPLC of compound (R)-72 

 

(R)-2-(6-((tert-butyldimethylsilyl)oxy)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hexyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (73) 
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Supplementary Figure 324. HPLC of compound rac-73 
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Supplementary Figure 325. HPLC of compound (R)-73 

 

(R)-2-(5-((tert-butyldiphenylsilyl)oxy)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (74) 
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Supplementary Figure 326. HPLC of compound rac-74 
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Supplementary Figure 327. HPLC of compound (R)-74 

 

(R)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-((triisopropylsilyl)oxy)pentyl)-2,3-

dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (75) 

 

 
Peak 

# 

RetTime 

[min] 

Type Width 

[min] 

Area 

[mAU*s] 

Height 

[mAU] 

Area 

% 

 

Supplementary Figure 328. HPLC of compound rac-75 
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Supplementary Figure 329. HPLC of compound (R)-75 

 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl propionate (76) 
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Supplementary Figure 330. HPLC of compound rac-76 
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Supplementary Figure 331. HPLC of compound (R)-76 
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(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl (2E,4E)-hexa-2,4-dienoate (77) 

 

 
Peak 

# 

RetTime 

[min] 

Type Width 

[min] 

Area 

[mAU*s] 

Height 

[mAU] 

Area 

% 

 

Supplementary Figure 332. HPLC of compound rac-77 
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Supplementary Figure 333. HPLC of compound (R)-77 

 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl 2-propylpentanoate (78) 
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Supplementary Figure 334. HPLC of compound rac-78 
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Supplementary Figure 335. HPLC of compound (R)-78 

 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl benzoate (79) 
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Supplementary Figure 336. HPLC of compound rac-79 
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Supplementary Figure 337. HPLC of compound (R)-79 

 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl 4-methylbenzoate (80) 
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Supplementary Figure 338. HPLC of compound rac-80 
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Supplementary Figure 339. HPLC of compound (R)-80 

 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl 4-cyclohexylbenzoate (81) 

 

 
Peak 

# 

RetTime 

[min] 

Type Width 

[min] 

Area 

[mAU*s] 

Height 

[mAU] 

Area 

% 

 
Supplementary Figure 340. HPLC of compound rac-81 
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Supplementary Figure 341. HPLC of compound (R)-81 

 

(R)-5-(1H-naphtho[1,8-de][1,3,2]diazaborinin-2(3H)-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentyl (E)-2-methyl-3-phenylacrylate (82) 
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Supplementary Figure 342. HPLC of compound rac-82 
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Supplementary Figure 343. HPLC of compound (R)-82 
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(R)-2-(2-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (87a) 
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Supplementary Figure 344. HPLC of compound rac-87a 
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Supplementary Figure 345. HPLC of compound (R)- 87a 

 

(S)-2-(2-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (87b) 
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Supplementary Figure 346. HPLC of compound rac-87b 
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Supplementary Figure 347. HPLC of compound (S)- 87b 

 

(S)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(p-tolyl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (88) 
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Supplementary Figure 348. HPLC of compound rac-88 
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Supplementary Figure 349. HPLC of compound (S)- 88 

 

(S)-2-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(m-tolyl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (99) 
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Supplementary Figure 350. HPLC of compound rac-89 
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Supplementary Figure 351. HPLC of compound (S)- 89 

 

(S)-2-(2-(4-ethylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (90) 
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Supplementary Figure 352. HPLC of compound rac-90 
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Supplementary Figure 353. HPLC of compound (S)- 90 

 

(R)-2-(2-(4-propylphenyl)-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-2,3-dihydro-1H-

naphtho[1,8-de][1,3,2]diazaborinine (91) 
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Supplementary Figure 354. HPLC of compound rac-91 
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Supplementary Figure 355. HPLC of compound (S)- 91 
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