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1. General experimental methods 

All reactions involving air- or moisture-sensitive reagents or intermediates were carried 

out in pre-heated glassware under an argon atmosphere using standard Schlenk 

techniques. All commercially available reagents were purchased from TCI, Sigma-

Aldrich, Alfa Aesar, Acros or ABCR in the highest purity grade and used directly 

without further purification. Thin layer chromatography (TLC) was performed on 

Merck silica gel 60 F-254 plates and visualized by fluorescence quenching under UV 

light or staining with the standard solution of KMnO4. Column chromatography was 

performed on Merck or Fluka silica gel 60 (40-63 μm) using a forced flow of 0.5 bar. 

1H NMR, 13C NMR and 19F NMR spectra were recorded on DPX 300, AV 400 or 500 

at 300 K. Chemical shifts were expressed in parts per million (ppm) with respect to the 

residual solvent peak. Coupling constants were reported as Hertz (Hz), signal shapes 

and splitting patterns were indicated as follows: s, singlet; brs, broad singlet; d, doublet; 

t, triplet; q, quartet; m, multiplet. HRMS spectra were recorded on a Finnigan MAT 

4200S, a Bruker Daltonics Micro Tof, a Waters-Micromass Quatro LCZ (ESI); peaks 

are given in m/z (% of basis peak). X-Ray diffraction: Data sets for compound 4e were 

collected with a Bruker D8 Venture Photon 100 CMOS diffractometer. Programs used: 

data collection: APEX3 V2016.1-0 (Bruker AXS Inc., 2016); cell refinement: SAINT 

V8.37A (Bruker AXS Inc., 2015); data reduction: SAINT V8.37A (Bruker AXS Inc., 

2015); absorption correction, SADABS V2014/7 (Bruker AXS Inc., 2014); structure 

solution SHELXT-2015 (Sheldrick, 2015); structure refinement SHELXL-2015 

(Sheldrick, 2015). R-values are given for observed reflections, and wR2 values are given 

for all reflections. LED light bulbs (465 nm, 30W) were purchased from LED Engin 

and fixed on a round module. A borosilicate Schlenk tube was use as the irradiation 

vessel. No filter for the irradiation was applied. The distance from the light source to 

the irradiation vessel is about 5 cm. 
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2. Preparation of compounds 1 and 4 

The aryloxyamides 1a-1t that were used are all known compounds and were prepared 

according to the previous reports1. Compounds 1u-1x were prepared according to the 

previous reports2. Compounds 4a-4c that were used are all known compounds and were 

prepared according to the previous reports3. 

 

3. General experimental procedure (GP1) for the synthesis of compounds 3 

 

B2(OH)4 2c (0.5 mmol, 5.0 equiv.) was added to a solution of aryloxyamide 1 (0.1 

mmol, 1.0 equiv.) in DMAc (0.8 mL). The tightly sealed tube was then stirred and 

irradiated with a 30 W blue LED (the distance between the tube and the light source 

was about 5 cm) and simultaneously cooled by a fan to keep the reaction temperature 

at 25 ℃ for 16h. Then, a solution of pinacol (1.0 mmol, 10.0 equiv.) in triethylamine 

(0.80 mL) was added to the mixture. After 1 hour, the reaction was directly concentrated 

under reduced pressure to give the crude product, which was purified by flash column 

chromatography on silica gel (EtOAc: pentane = 1:4 to 1:1) to give the product 3. 
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4. General experimental procedure (GP2) for the synthesis of compounds 5 

 

 

B2(OH)4 2c (1.0 mmol, 5.0 equiv.) was added to a solution of O-aryl oximes 4 (0.2 

mmol, 1.0 equiv.) in DMAc (1.4 mL). The tightly sealed tube was then stirred and 

irradiated with a 30 W blue LED (the distance between the tube and the light source 

was about 5 cm) and simultaneously cooled by a fan to keep the reaction temperature 

at 25 ℃ for 16h. Then, a solution of pinacol (2.0 mmol, 10.0 equiv.) in triethylamine 

(1.6 mL) was added to the mixture. After 1 hour, the reaction was directly concentrated 

under reduced pressure to give the crude product, which was purified by fast flash 

column chromatography on silica gel (EtOAc:pentane = 1:1) to give the product 3. 

Products are unstable in column so a short column is recommended. 

 

Large scale Experiment for the synthesis of compounds 3b 

B2(OH)4 2c (5.00 mmol, 5.0 equiv.) was added to a solution of aryloxyamide 1b 

(1.00 mmol, 1.0 equiv.) in DMAc (7 mL). The tightly sealed tube was then stirred and 

irradiated with a 30 W blue LED (the distance between the tube and the light source 

was about 5 cm) and simultaneously cooled by a fan to keep the reaction temperature 

at 25 ℃ for 16h. Then, a solution of pinacol (10.0 mmol, 10.0 equiv.) in triethylamine 

(6 mL) was added to the mixture. After 1 hour, the reaction was directly concentrated 

under reduced pressure to give the crude product, which was purified by flash column 

chromatography on silica gel (EtOAc: pentane = 1:4 to 1:1) to give the product 3b 

(yield 62%). 

 

5. UV-vis data 



S5 

 

Figure. S1 shows the UV-vis. spectrum of B2(OH)4 and 1a in DMAc at 0.1 M. Blue 

line indicates the bathochromic shift of the spectrum. 

 

Fig. S1 UV-vis. data from B2(OH)4 and 1a. 

 

 

6. Functionalization of -aminoboronic esters 

 

 

6.1 Oxidation of β-aminoboronic ester 3u (general procedure 3) 

   Sodium hydroxide (2 M, 0.5 mL) and aqueous hydrogen peroxide (30%, 0.5 mL) 
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were added dropwise to a solution of 3u (31 mg, 0.1 mmol) in tetrahydrofuran (1 mL) 

that was cooled to 0 °C. solution of. The mixture was stirred at room temperature for 4 

hours. Upon the completion of the reaction as determined by TLC, the mixture was 

cooled to 0 °C and saturated aqueous sodium thiosulfate solution (2 mL) was added 

dropwise. The aqueous layer was extracted with ethyl acetate (3 x 15 mL). The 

combined organic layers were dried over magnesium sulfate, filtered and concentrated. 

The crude product was purified by flash column chromatography on silica gel 

(pentane/ethyl acetate = 3:1) to give the product 6 (12 mg, 59%) as colorless oil. The 

spectral data are consistent with the previous reports4. 

 

6.2 Synthesis of tert-butyl 2-(thiophen-2-ylmethyl)pyrrolidine-1-carboxylate 7 

A solution of thiophene (15 μL, 15.8 mg, 0.188 mmol) in tetrahydrofuran (1 mL) was 

cooled to -78 °C and then n-butyl lithium (0.12 mL, 0.188 mmol, 1.6 M in hexane) was 

added dropwise. Then the mixture was allowed to warm to 0 °C and strring was 

continued for 30 minutes. After recooling to -78 °C, a solution of 3u (46.5mg, 1.5 mmol) 

in tetrahydrofuran (1 mL) added dropwise. The reaction mixture was allowed to stir at 

-78 °C for 1 hour. N-bromosuccinimide (33.5 mg, 0.188 mmol) in tetrahydrofuran (0.5 

mL) was added dropwise and the mixture was stirred at -78 °C for 1 hour. Saturated 

aqueous sodium thiosulfate solution (2 mL) was added. The reaction mixture was 

allowed to warm to room temperature and was then diluted with water and ethyl acetate. 

The aqueous layer was extracted with ethyl acetate (3 x 15 mL). The combined organic 

layers were dried over magnesium sulfate, filtered and concentrated. The crude product 

was purified by flash column chromatography on silica gel (pentane/ethyl acetate = 5:1) 

to give the product 7 (16 mg, 41%) as colorless oil. The spectral data are consistent with 

the previous reports5. 

 

6.3 Suzuki coupling of β-aminoboronic ester 3u 

According to a literature procedure4 3u (62 mg, 0.2 mmol), iodobenzene (122 mg, 0.6 

mmol), Pd(dba)2 (11 mg, 0.02 mmol), DPPF (11 mg, 0.02 mmol), and CsOH·H2O (108 
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mg, 0.6 mmol) in 1,4-dioxane/H2O (1 mL/0.25 mL) was heated at 100 °C for 24 h. The 

mixture was cooled to room temperature and extracted with Et2O. Solvent was 

evaporated to dryness and the crude product was purified by flash column 

chromatography on silica gel (pentane/ethyl acetate = 4:1) to give the product 8 (27 mg, 

52%). The spectral data are consistent with the previous reports6. 

7. X-Ray Data  

X-Ray diffraction: Data sets for compound 3w’ were collected with a Bruker D8 

Venture Photon III Diffractometer. Programs used: data collection: APEX3 V2019.1-07 

(Bruker AXS Inc., 2019); cell refinement: SAINT V8.40A (Bruker AXS Inc., 2019); 

data reduction: SAINT V8.40A (Bruker AXS Inc., 2019); absorption correction, 

SADABS V2016/2 (Bruker AXS Inc., 2019); structure solution SHELXT-20158 

(Sheldrick, G. M. Acta Cryst., 2015, A71, 3-8); structure refinement SHELXL-20159 

(Sheldrick, G. M. Acta Cryst., 2015, C71 (1), 3-8) and graphics, XP10 (Version 5.1, 

Bruker AXS Inc., Madison, Wisconsin, USA, 1998). R-values are given for observed 

reflections, and wR2 values are given for all reflections. 

Exceptions and special features: For compound 3w’ one CF3 group was found 

disordered over three positions in the asymmetric unit. Several restraints (SADI, SAME, 

ISOR, SUMP and SIMU) were used in order to improve refinement stability. 

X-ray crystal structure analysis of 3w’: A colorless prism-like specimen 

of C14H23BF3NO4, approximate dimensions 0.080 mm x 0.140 mm x 0.163 mm, was 

used for the X-ray crystallographic analysis. The X-ray intensity data were 

measured on a single crystal Bruker D8 Venture Photon III Diffractometer 

system equipped with a micro focus tube CuKα (CuKα, λ = 1.54178 Å) and a MX 

mirror monochromator. A total of 1046 frames were collected. The total exposure time 

was 10.89 hours. The frames were integrated with the Bruker SAINT software package 

using a wide-frame algorithm. The integration of the data using a triclinic unit cell 

yielded a total of 12353 reflections to a maximum θ angle of 66.55° (0.84 Å resolution), 

of which 2783 were independent (average redundancy 4.439, completeness = 94.9%, 

Rint = 3.60%, Rsig = 2.99%) and 2531 (90.95%) were greater than 2σ(F2). The final cell 
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constants of a = 6.4987(2) Å, b = 11.4423(4) Å, c = 12.5063(4) Å, α = 67.6050(10)°, β 

= 85.7780(10)°, γ = 74.1300(10)°, volume = 826.57(5) Å3, are based upon the 

refinement of the XYZ-centroids of 8070 reflections above 20 σ(I) with 7.65° < 2θ 

< 132.9°. Data were corrected for absorption effects using the Multi-Scan method 

(SADABS). The ratio of minimum to maximum apparent transmission was 0.890. The 

calculated minimum and maximum transmission coefficients (based on crystal size) 

are 0.8520 and 0.9230. The structure was solved and refined using the Bruker 

SHELXTL Software Package, using the space group P-1, with Z = 2 for the formula 

unit, C14H23BF3NO4. The final anisotropic full-matrix least-squares refinement on 

F2 with 277 variables converged at R1 = 3.41%, for the observed data and wR2 = 7.87% 

for all data. The goodness-of-fit was 1.041. The largest peak in the final difference 

electron density synthesis was 0.230 e-/Å3 and the largest hole was -0.183 e-/Å3 with an 

RMS deviation of 0.035 e-/Å3. On the basis of the final model, the calculated density 

was 1.355 g/cm3 and F(000), 356 e-. The hydrogen positions at N1 atom were refined 

freely. CCDC Nr.: 2103493. 

 

                    Figure S1: Crystal structure of compound 3w’.  

                   Thermal ellipsoids are shown at 30% probability.  
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8. Characterization of compounds. 

 

 

1-Methyl-5-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)pyrrolidin-2-one 

(3a): According to the General Procedure 1, 3a (17.3 mg, 72%) was prepared as a white 

solid (m.p. 77-79 oC), flash column chromatography on silica gel (EtOAc: pentane = 

1:4 to 1:1). 1H NMR (300 MHz, CDCl3) δ 3.92 – 3.46 (m, 1H), 2.80 (s, 3H), 2.58 – 

2.16 (m, 3H), 1.79 – 1.53 (m, 1H), 1.38 – 1.32 (m, 1H), 1.27 (s, 6H), 1.26 (s, 6H), 0.94 

(dd, J = 15.3, 9.9 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 174.9, 83.5, 57.2, 30.2, 27.2, 

26.3, 24.9, 24.6; 11B NMR (96 MHz, CDCl3) δ 33.2 (s); FTIR (neat): ṽ = 2978, 2930, 

1682, 1374, 322, 1146, 848 (cm-1); HRMS (ESI) m/z: [M + Na]+ Calcd for 

C12H22NO3BNa+ 262.1587; found 262.1599. 

 

 

1-Benzyl-5-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)pyrrolidin-2-one 

(3b): According to the General Procedure 1, 3b (22.1 mg, 70%) was prepared as a white 

solid (m.p. 84-86 oC), flash column chromatography on silica gel (EtOAc: pentane = 

1:4 to 1:1). 1H NMR (300 MHz, CDCl3) δ 7.32 – 7.01 (m, 5H), 4.87 (d, J = 15.2 Hz, 

1H), 3.94 (d, J = 15.2 Hz, 1H), 3.70 – 3.50 (m, 1H), 2.55 – 2.04 (m, 3H), 1.70 – 1.48 

(m, 1H), 1.25 – 1.08 (m, 1H), 1.16 (s, 6H), 1.15 (s, 6H), 0.85 (dd, J = 15.3, 10.3 Hz, 

1H); 13C NMR (126 MHz, CDCl3) δ 175.0, 136.9, 128.5, 127.8, 127.2, 83.4, 54.3, 43.6, 

30.3, 26.2, 24.9, 24.6; 11B NMR (96 MHz, CDCl3) δ 32.5 (s); FTIR (neat): ṽ = 2976, 

2932, 1682, 1371, 1140, 846, 703 (cm-1); HRMS (ESI) m/z: [M + Na]+ Calcd for 

C18H26NO3BNa+ 338.1901; found 338.1896. 
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1-Isopropyl-5-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)pyrrolidin-2-one 

(3c): According to the General Procedure 1, 3c (16.6 mg, 62%) was prepared as a 

colloidal solid, flash column chromatography on silica gel (EtOAc: pentane = 1:4 to 

1:1). 1H NMR (300 MHz, CDCl3) δ 4.10 – 4.01 (m, 1H), 3.96 – 3.86 (m, 1H), 2.62 – 

2.41 (m, 1H), 2.38 – 2.12 (m, 2H), 1.74 – 1.56 (m, 1H), 1.39 – 1.21 (m, 7H), 1.27 (s, 

6H), 1.27 (s, 6H), 1.08 (dd, J = 15.5, 10.4 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 174.7, 

83.4, 54.7, 44.5, 30.6, 26.9, 24.9, 24.6, 21.2, 19.6; 11B NMR (96 MHz, CDCl3) δ 33.3 

(s); FTIR (neat): ṽ = 2976, 2936, 1687, 1662, 1369, 1143, 847 (cm-1); HRMS (ESI) m/z: 

[M + Na]+ Calcd for C14H26NO3BNa+ 290.1900; found290.1896. 

 

 

1-Cyclohexyl-5-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)pyrrolidin-2-

one (3d): According to the General Procedure 1, 3d (23.1 mg, 75%) was prepared as a 

white solid (m.p. 85-87 oC), flash column chromatography on silica gel (EtOAc: 

pentane = 1:4 to 1:1). 1H NMR (300 MHz, CDCl3) δ 3.93 – 3.85 (m, 1H), 3.70 – 3.60 

m, 1H), 2.60 – 2.40 (m, 1H), 2.35 – 2.08 (m, 2H), 1.95 – 1.53 (m, 8H), 1.49 – 0.93 (m, 

5H). 1.27 (s, 6H), 1.27 (s, 6H); 13C NMR (75 MHz, CDCl3) δ 174.5, 83.4, 54.6, 52.9, 

31.4, 30.6, 30.1, 27.0, 26.1, 26.0, 25.5, 24.9, 24.6; 11B NMR (96 MHz, CDCl3) δ 33.6 

(s); FTIR (neat): ṽ = 2931, 1678, 1369, 1326, 1143, 847 (cm-1); HRMS (ESI) m/z: [M 

+ Na]+ Calcd for C17H30NO3BNa+ 330.2214, found: 330.2208. 
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1-(Tert-butyl)-5-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)pyrrolidin-2-

one (3e): According to the General Procedure 1, 3e (18.6 mg, 66%) was prepared as a 

white solid (m.p. 112-114 oC), flash column chromatography on silica gel (EtOAc: 

pentane = 1:4 to 1:1). 1H NMR (300 MHz, CDCl3) δ 4.08 – 4.00 (m, 1H), 2.60 – 2.48 

(m, 1H), 2.31 – 2.00 (m, 2H), 1.67 – 1.60 (m, 1H), 1.45 (s, 9H), 1.30 – 1.10 (m, 2H), 

1.27 (s, 6H), 1.27 (s, 6H); 13C NMR (75 MHz, CDCl3) δ 174.6, 83.4, 55.5, 53.8, 31.4, 

28.3, 26.9, 24.9, 24.6; 11B NMR (96 MHz, CDCl3) δ 32.9 (s); FTIR (neat): ṽ = 2975, 

1673, 1367, 1322, 1142, 845 (cm-1); HRMS (ESI) m/z: [M + Na]+ Calcd for 

C15H28NO3BNa+ 304.2057; found 304.2054. 

 

 

1,3,3-Trimethyl-5-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)pyrrolidin-2-

one (3f): According to the General Procedure 1, 3f (17.1 mg, 64%) was prepared as a 

white solid (m.p. 85-87 oC), flash column chromatography on silica gel (EtOAc: 

pentane = 1:4 to 1:1). 1H NMR (300 MHz, CDCl3) δ 3.71 – 3.49 (m, 1H), 2.79 (s, 3H), 

2.11 (dd, J = 12.7, 6.9 Hz, 1H), 1.51 – 1.35 (m, 2H), 1.27 (s, 6H), 1.27 (s, 6H), 1.19 (s, 

3H), 1.11 (s, 3H), 0.88 (dd, J = 15.2, 9.7 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 179.6, 

83.4, 53.3, 42.9, 40.4, 27.3, 25.7, 24.9, 24.9, 24.6; 11B NMR (96 MHz, CDCl3) δ 32.8 

(s); FTIR (neat): ṽ = 2975, 1692, 1371, 1327, 1144, 847 (cm-1); HRMS (ESI) m/z: [M 

+ Na]+ Calcd for C14H26NO3BNa+ 290.1900; found 290.1898. 

 

 

1,3-Dimethyl-5-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)pyrrolidin-

2-one (3g): According to the General Procedure 1, 3g (15.2 mg, 60%) was prepared as 
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a white solid (m.p. 81-83 oC), flash column chromatography on silica gel (EtOAc: 

pentane = 1:4 to 1:1), d.r. = 1:1. 1H NMR (300 MHz, CDCl3) δ 3.74 – 3.61 (m, 0.5H), 

3.60 – 3.52 (m, 0.5H), 2.79 (s, 1.5H), 2.78 (s, 1.5H), 2.57 – 2.38 (m, 1H), 1.91 – 1.82(m, 

1H), 1.43 – 1.15 (m, 2H), 1.27 (s, 6H), 1.26 (s, 6H), 1.19 (t, J = 7.4 Hz, 3H) 0.93 – 0.83 

(m, 1H).; 13C NMR (126 MHz, CDCl3) δ 177.3, 177.0, 83.4, 55.1, 54.8, 36.6, 36.2, 35.2 

35.1, 27.4, 27.4, 27.2, 27.2, 24.9, 24.6, 16.6, 16.5; 11B NMR (96 MHz, CDCl3) δ 32.8 

(s); FTIR (neat): ṽ = 2974, 1682, 1371, 1324, 1145, 848 (cm-1); HRMS (ESI) m/z: [M 

+ Na]+ Calcd for C13H24NO3BNa+ 276.1743; found 276.1739. 

 

 

1,5-Dimethyl-5-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)pyrrolidin-2-

one (3h): According to the General Procedure 1, 3h (17.7 mg, 70%) was prepared as a 

colloidal solid, flash column chromatography on silica gel (EtOAc: pentane = 1:4 to 

1:1). 1H NMR (300 MHz, CDCl3) δ 2.74 (s, 3H), 2.48 – 2.34 (m, 2H), 2.14 – 2.04 (m, 

1H), 1.94 – 1.85 (m, 1H), 1.29 – 1.25 (m, 1H), 1.28 (s, 3H), 1.27 (s, 6H), 1.26 (s, 6H), 

1.08 (d, J = 15.0 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 174.0, 83.3, 61.6, 32.8, 29.9, 

26.3, 24.7, 24.1; 11B NMR (96 MHz, CDCl3) δ 33.0 (s); FTIR (neat): ṽ = 2976, 1682, 

1357, 1145, 847 (cm-1); HRMS (ESI) m/z: [M + Na]+ Calcd for C13H24NO3BNa+ 276.1743; 

found 276.1740. 

 

 

2-Methyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)isoindolin-1-one 

(3j): According to the General Procedure 1, 3j (15.2 mg, 53%) was prepared as a 

colloidal solid, flash column chromatography on silica gel (EtOAc: pentane = 1:4 to 

1:1). 1H NMR (300 MHz, CDCl3) δ 7.83 (d, J = 7.4 Hz, 1H), 7.60 – 7.40 (m, 3H), 4.65 
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– 4.60 (m, 1H), 3.14 (s, 3H), 1.54 (dd, J = 15.9, 4.7 Hz, 1H), 1.34 – 1.26 (m, 1H), 1.21 

(s, 6H), 1.20 (s, 6H); 13C NMR (75 MHz, CDCl3) δ 167.9, 147.0, 132.3, 131.0, 127.8, 

123.2, 122.1, 83.6, 58.8, 27.0, 24.7, 24.7; 11B NMR (96 MHz, CDCl3) δ 32.9 (s); FTIR 

(neat): ṽ = 2978, 1692, 1371, 1142, 847, 695 (cm-1); HRMS (ESI) m/z: [M + Na]+ Calcd 

for C11H19NO3Na+ 310.1587; found 310.1582. 

 

 

 

2,3-Dimethyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)isoindolin-1-

one (3k): According to the General Procedure 1, 3k (9 mg, 30%) was prepared as a 

colloidal solid, flash column chromatography on silica gel (EtOAc: pentane = 1:4 to 

1:1). 1H NMR (300 MHz, CDCl3) δ 7.90 – 7.79 (m, 1H), 7.57 – 7.48 (m, 2H), 7.49 – 

7.36 (m, 1H), 3.05 (s, 3H), 1.52 (s, 3H), 1.28 – 1.26 (m, 2H), 1.01(s, 12H). 13C NMR 

(76 MHz, CDCl3) δ 151.2, 131.6, 127.8, 126.4, 123.2, 121.2, 83.2, 63.5, 26.5, 24.6, 

24.5, 24.0. 11B NMR (96 MHz, CDCl3) δ 31.36. FTIR (neat): ṽ = 2979, 1698, 1380, 

1142, 848, 697 (cm-1); HRMS (ESI) m/z: [M + Na]+ Calcd for C17H24NO3BNa+ 

324.1745; found 324.1741. 

 

 

 

Benzyl 2-(hydroxymethyl)-5-oxopyrrolidine-1-carboxylate (3l): According to the 

General Procedure 1 followed by 3, 3l (15.9 mg, 64%) was prepared as as a white solid 

(m.p. 128-130 oC), flash column chromatography on silica gel (EtOAc: pentane = 1:4 

to 1:1). 1H NMR (300 MHz, CDCl3) δ 7.50 – 7.32 (m, 5H), 5.38 – 5.20 (m, 2H), 4.33 

– 4.27 (m, 1H), 4.00 (d, J = 11.4 Hz, 1H), 3.71 (d, J = 11.7 Hz, 1H), 2.98 – 2.68 (m, 

2H), 2.40 – 2.38 (m, 1H), 2.28 – 1.95 (m, 2H); 13C NMR (75 MHz, CDCl3) δ 174.9, 
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151.9, 135.1, 128.6, 128.4, 128.1, 68.1, 64.3, 59.4, 32.0, 21.0; FTIR (neat): ṽ = 3462, 

2959, 1783, 1712, 1382, 1289, 1041, 699 (cm-1); HRMS (ESI) m/z: [M + Na]+ Calcd 

for C13H15NO4Na+ 272.0893; found 272.0890. 

 

 

Tert-butyl 2-(hydroxymethyl)-5-oxopyrrolidine-1-carboxylate (3m): According to the 

General Procedure 1 followed by 3, 3m (13.3 mg, 62%) was prepared as as a white 

solid (m.p. 145-147 oC), flash column chromatography on silica gel (EtOAc: pentane = 

1:4 to 1:1). 1H NMR (300 MHz, CDCl3) δ 4.27 – 4.21 (m, 1H), 3.96 – 3.91 (m, 1H), 

3.76- 3.71 (m, 1H), 2.82 – 2.69 (m, 2H), 2.47 – 2.37 (m, 1H), 2.25 – 1.92 (m, 2H), 1.56 

(s, 9H); 13C NMR (75 MHz, CDCl3) δ 174.8, 150.6, 83.2, 64.7, 59.5, 32.1, 28.0, 20.9; 

FTIR (neat): ṽ = 2979, 1775, 1766, 1370, 1291, 1151, 1022, 850 (cm-1); HRMS (ESI) 

m/z: [M + Na]+ Calcd for C10H17NO4Na+ 238.1049; found 238.1050. 

 

 

1-Methyl-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)hexahydrocyclopenta[b]pyrrol-2(1H)-one (3n): According to the General Procedure 

1, 3n (15.1 mg, 57%) was prepared as as a white solid (m.p. 79-81 oC), flash column 

chromatography on silica gel (EtOAc: pentane = 1:4 to 1:1), d.r.  98:2. 1H NMR (300 

MHz, CDCl3) δ 4.00 – 3.96 (m, 1H), 2.79 (s, 3H), 2.72 – 2.55 (m, 2H), 2.23 – 2.06 (m, 

1H), 2.02 – 1.91 (m, 1H), 1.86 – 1.76 (m, 1H), 1.66 – 1.54 m, 1H), 1.42 – 1.30 (m, 2H), 

1.26 (s, 12H); 13C NMR (75 MHz, CDCl3) δ 174.1, 83.4, 67.8, 37.9, 35.0, 34.9, 27.9, 

27.3, 24.7, 24.6; 11B NMR (96 MHz, CDCl3) δ 33.3 (s); FTIR (neat): ṽ = 2976, 1682, 

1381, 1322, 1144, 851(cm-1); HRMS (ESI) m/z: [M + Na]+ Calcd for C14H24NO3BNa+ 

288.1741; found 288.1740. 
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2-Methyl-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-azabicyclo[2.2.1]heptan-

3-one (3o): According to the General Procedure 1, 3o (15.1 mg, 60%) was prepared as 

as a white solid (m.p. 110-112 oC) , flash column chromatography on silica gel (EtOAc: 

pentane = 1:4 to 1:1), d.r.  98:2. 1H NMR (300 MHz, CDCl3) δ 3.73 – 3.70 (m, 1H), 

2.78 – 2.81 (m, 1H), 2.72 (s, 3H), 1.94 – 1.90 (m, 1H), 1.85 – 1.78 (m, 1H), 1.73 – 1.68 

(m, 1H), 1.43 – 1.35 (m, 2H), 1.25 (s, 12H); 13C NMR (126 MHz, CDCl3) δ 178.6, 83.6, 

63.5, 45.8, 39.3, 27.6, 27.0, 24.7, 24.6; 11B NMR (96 MHz, CDCl3) δ 32.6 (s); FTIR 

(neat): ṽ = 2974, 1703, 1694, 1370, 1147, 856 (cm-1); HRMS (ESI) m/z: Calcd for 

C13H22NO3BNa+ 274.1587; found 274.1584. 

 

 

6-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-6-azabicyclo[3.2.1]octan-7-

one (3p): According to the General Procedure 1, 3p (17.2 mg, 65%) was prepared as as 

a white solid (m.p. 102-104 oC), flash column chromatography on silica gel (EtOAc: 

pentane = 1:4 to 1:1), d.r. = 3:1. Both isomers: 1H NMR (300 MHz, CDCl3) δ 3.79 – 

3.78 and 3.70 – 3.68 (m, 1H), 2.85 and 2.81 (s, 3H), 2.47 – 2.42 (m, 1H), 2.25 – 2.21 

and 2.16 – 2.12 (m, 1H), 1.84 – 1.79 (m, 2H), 1.58 – 1.42 (m, 4H), 1.28 and 1.24 (s, 

6H), 1.27 and 1.24 (s, 6H); 13C NMR (75 MHz, CDCl3) δ 177.8, 177.6, 83.5, 83.4, 59.4, 

59.3, 40.8, 40.7, 39.4, 36.0, 28.3, 26.9, 36.6, 25.5, 24.9, 24.8, 24.7, 20.2, 19.6; 11B NMR 

(96 MHz, CDCl3) δ 33.0 (s); FTIR (neat): ṽ = 2975, 1693, 1682, 1372, 1322, 1142, 853, 

677 (cm-1); HRMS (ESI) m/z: [M + Na]+ Calcd for C14H24NO3BNa+ 288.1744; found 

288.1741. 

 



S16 

 

 

1-Methyl-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hexahydro-3,5-

methanocyclopenta[b]pyrrol-2(1H)-one (3q): According to the General Procedure 1, 3q 

(21.6 mg, 78%) was prepared as as a white solid (m.p. 139-147 oC) ), flash column 

chromatography on silica gel (EtOAc: pentane = 1:4 to 1:1), d.r.  98:2. 1H NMR (300 

MHz, CDCl3) δ 3.66 (d, J = 4.7 Hz, 1H), 3.03 – 2.92 (m, 1H), 2.80 (s, 3H), 2.57 – 2.55 

(m, 1H), 2.39 (dd, J = 10.9, 4.6 Hz, 1H), 1.90 – 1.81 (m, 1H), 1.62 – 1.43 (m, 3H), 1.26 

(s, 12H), 0.97 – 0.94 (m, 1H); 13C NMR (75 MHz, CDCl3) δ 179.8, 83.4, 63.3, 44.9, 

42.3, 39.8, 36.9, 35.8, 28.7, 24.7, 24.6; 11B NMR (96 MHz, CDCl3) δ 33.6 (s); FTIR 

(neat): ṽ = 2976, 1688, 1366, 1326, 1140, 849 (cm-1); 11B NMR (96 MHz, CDCl3) δ 

33.6 (s); HRMS (ESI) m/z: [M + Na]+ Calcd for C15H24NO3BNa+ 300.1744; found 

300.1739. 

 

 

6-Methyl-7-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-6-

azaspiro[3.4]octan-5-one (3r): According to the General Procedure 1, 3r (18 mg, 65%) 

was prepared as a colloidal solid, flash column chromatography on silica gel (EtOAc: 

pentane = 1:4 to 1:1). 1H NMR (300 MHz, CDCl3) δ 3.60 – 3.45 (m, 1H), 2.75 (s, 3H), 

2.53 – 2.43 (m, 1H), 2.44 – 2.29 (m, 2H), 2.10 – 1.76 (m, 4H), 1.71 (dd, J1 = 6.3 Hz, J2 

= 12.9 Hz, 1H), 1.36 – 1.26 (m, 1H), 1.24 (s, 6H), 1.22(s, 6H), 0.78 (dd, J1 = 10.0 Hz, 

J2 = 15.3 Hz, 1H). 13C NMR (76 MHz, CDCl3) δ 178.1, 83.5, 54.2, 45.6, 41.9, 31.3, 

30.89, 27.4, 24.9, 24.7, 16.5. 11B NMR (128 MHz, CDCl3) δ 32.92. FTIR (neat): ṽ = 

2978, 1530, 1478, 1329, 1243, 851 (cm-1). HRMS (ESI) m/z: [M + Na]+ Calcd for 
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C15H26NO3BNa+ 302.1901; found 302.1897. 

 

 

2-Methyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-2-

azaspiro[4.4]nonan-1-one (3s): According to the General Procedure 1, 3s (18 mg, 62%) 

was prepared as a colloidal solid, flash column chromatography on silica gel (EtOAc: 

pentane = 1:4 to 1:1). 1H NMR (400 MHz, CDCl3) δ 3.61 – 3.54 (m, 1H), 2.78 (s, 3H), 

2.14 (dd, J = 12.6, 6.9 Hz, 1H), 1.86 – 1.66 (m, 4H), 1.66 – 1.41 (m, 5H), 1.35 (dd, J1 

= 4.4 Hz, J2 = 15.2 Hz, J1 = 4.4 Hz, 1H), 1.24 (s, 6H), 1.22 (s, 6H) 0.87 (dd, J1 = 9.7 

Hz, J2 = 15.2 Hz, 1H). 13C NMR (76 MHz, CDCl3) δ 179.6, 83.5, 54.1, 50.9, 42.9, 37.4, 

37.1, 27.4, 25.4, 25.3, 24.9, 24.6. 11B NMR (128 MHz, CDCl3) δ 32.76. FTIR (neat): ṽ 

= 2954, 2867, 1668, 1530, 1592, 1427, 1371, 847 (cm-1). HRMS (ESI) m/z: [M + Na]+ 

Calcd for C16H28NO3BNa+ 316.2057; found 316.2053. 

 

 

2-Methyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-2-

azaspiro[4.5]decan-1-one (3t): According to the General Procedure 1, 3t (18 mg, 60%) 

was prepared as a colloidal solid, flash column chromatography on silica gel (EtOAc: 

pentane = 1:4 to 1:1). 1H NMR (300 MHz, CDCl3) δ 3.65 – 3.47 (m, 1H), 2.75 (s, 3H), 

2.26 (dd, J1 = 7.3 Hz, J2 = 12.9 Hz, 1H), 1.90 – 1.46 (m, 5H), 1.42 – 1.30 (m, 5H), 1.28 

(s, 2H), 1.24 (s, 6H), 1.22 (s, 6H), 0.85 (dd, J1 = 9.6 Hz, J2 = 15.2, 1H). 13C NMR (76 

MHz, CDCl3) δ 179.3, 83.5, 53.7, 45.1, 38.5, 34.6, 31.9, 27.3, 25.5, 24.9, 24.7, 22.4, 

22.3. 11B NMR (128 MHz, CDCl3) δ 32.92. FTIR (neat): ṽ = 2978, 2926, 2856, 1767, 
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1427, 1327, 1142, 968, 847 (cm-1). HRMS (ESI) m/z: [M + Na]+ Calcd for 

C17H30NO3BNa+ 330.2214; found 330.2211. 

 

 

Tert-butyl 2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)pyrrolidine-1-

carboxylate (3u): According to the General Procedure 1, 3u (19.5 mg, 62%) was 

prepared as a yellow oil, flash column chromatography on silica gel (EtOAc: pentane 

= 1:4). 1H NMR (599 MHz, CDCl3) δ 3.98 – 3.90 (m, 1H), 3.38 – 3.30 (m, 2H), 2.08 – 

1.96 (m, 1H), 1.89 – 1.79 (m, 1H), 1.77 – 1.68 (m, 1H), 1.63 – 1.49 (m, 1H), 1.45 (s, 

9H), 1.43 – 1.32 (m, 1H), 1.21 (s, 6H), 1.22(s, 6H), 1.05 – 0.86 (m, 1H). 13C NMR (76 

MHz, CDCl3) δ 154.4, 82.9, 78.7, 54.2, 46.3, 33.2, 28.6, 28.5, 24.9, 24.8, 24.7, 23.7, 

23.2. (presence of rotamers). 11B NMR (96 MHz, CDCl3) δ 32.05. FTIR (neat): ṽ = 

2976, 2935, 1690, 1427, 1390, 1365, 1318, 1242, 1108, 848 (cm-1). HRMS (ESI) m/z: 

[M + Na]+ Calcd for C16H30NO4BNa+ 334.2163; found 334.2163. 

 

 

 

Benzyl 2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)pyrrolidine-1-

carboxylate (3v). According to the General Procedure 1, 3v (18 mg, 53%) was prepared 

as a colourless oil, flash column chromatography on silica gel (EtOAc: pentane = 1:4). 

1H NMR (500 MHz, CDCl3) δ 7.41 – 7.32 (m, 4H), 7.31 – 7.26 (m, 1H), 5.14 (s, 2H), 

4.08 – 4.05 (m, 1H), 3.44 – 3.40 (m, 2H), 2.10 – 2.03 (m, 1H), 1.94 – 1.85 (m, 1H), 

1.81 – 1.74 (m, 1H), 1.62 (s, 1H), 1.50 (s, 1H), 1.22 (s, 6H), 1.24 (s, 6H) 1.00 (s, 1H). 

13C NMR (75 MHz, CDCl3) δ 154.6, 137.4, 128.5, 127.9, 127.8, 83.2, 66.4, 55.0, 54.3, 

46.7, 46.4, 33.3, 33.0, 25.1, 25.1, 24.8, 24.7, 23.8, 23.2. (presence of rotamers). 11B 

NMR (96 MHz, CDCl3) δ 32.25. FTIR (neat): ṽ = 2977, 2935, 1781, 1721, 1703, 1410, 
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1371, 1320, 848 (cm-1). HRMS (ESI) m/z: [M + Na]+ Calcd for C19H28NO4BNa+ 

368.2007; found 368.2007. 

 

 

Tert-butyl 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-

azabicyclo[2.2.1]heptane-2-carboxylate (3w). According to the General Procedure 1, 

3w (15 mg, 46%) was prepared as a colloidal solid, flash column chromatography on 

silica gel (EtOAc: pentane = 1:4), d.r.  98:2. 1H NMR (500 MHz, CDCl3) δ 4.42 – 4.09 

(m, 1H), 3.31 – 3.17 (m, 1H), 3.08 – 2.88 (m, 1H), 2.49 (s, 1H), 1.66 (q, J = 6.2 Hz, 

1H), 1.57 (q, J = 10.1 Hz, 2H), 1.51 – 1.38 (m, 11H), 1.22 (s, 6H), 1.20 (s, 6H). 13C 

NMR (126 MHz, CDCl3) δ 154.4, 153.9, 83.1, 78.8, 78.6, 58.8, 57.8, 53.0, 52.5, 37.8, 

37.6, 37.4, 37.0, 30.1, 29.9, 28.6, 24.7. (peresence of Rotamers). 11B NMR (160 MHz, 

CDCl3) δ 33.31. HRMS (ESI) m/z: [M + Na]+ Calcd for C17H30NO4BNa+ 346.2163; 

found 346.2157. 

 

 

Tert-butyl -4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-6-azabicyclo[3.2.1]octane-

6-carboxylate (3x). According to the General Procedure 1, 3x (14 mg, 42%) was 

prepared as a colloidal solid, flash column chromatography on silica gel (EtOAc: 

pentane = 1:4). d.r. = 10:1. 1H NMR (500 MHz, CDCl3) δ 4.23 – 4.04 (m, 1H), 3.43 – 

3.19 (m, 2H), 2.42 – 2.26 (m, 1H), 1.86 – 1.72 (m, 2H), 1.73 – 1.62 (m, 2H), 1.59 –  

1.52 (m, 3H), 1.46 (d, J = 3.0 Hz, 9H), 1.29 – 1.17 (m, 12H). 13C NMR (126 MHz, 

CDCl3) δ 154.2, 153.7, 83.1, 82.9, 78.7, 78.5, 56.1, 55.6, 50.8, 50.5, 37.3, 36.9, 34.2 

33.4, 30.4, 30.2, 28.6, 28.6, 25.0, 24.8, 24.8, 24.7, 24.6, 24.6, 20.2, 20.1. (presence of 

rotamers). 11B NMR (96 MHz, CDCl3) δ 32.59. HRMS (ESI) m/z: [M + Na]+ Calcd for 
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C18H32NO4BNa+ 360.2318; found 360.2316. 

 

 

 

4,4-Dimethyl-5-phenyl-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-3,4-

dihydro-2H-pyrrole (5a). According to the General Procedure 2, 5a (43 mg, 70%) was 

prepared as a yellow oil, flash column chromatography on silica gel (EtOAc: pentane 

= 1:1). 1H NMR (400 MHz, CDCl3) δ 7.73 – 7.56 (m, 2H), 7.38 – 7.23 (m, 3H), 4.16 – 

4.10 (m, 1H), 2.09 (dd, , J1 = 6.7 Hz, J2 = 12.4 Hz, 1H), 1.57 – 1.39 (m, 2H), 1.27 (s, 

3H), 1.26 (s, 3H), 1.20 (s, 12H), 1.01 (dd, J1 = 9.8 Hz, J2 = 15.4 Hz, 1H). 13C NMR 

(101 MHz, CDCl3) δ 178.2, 135.1, 129.2, 128.0, 127.9, 83.1, 64.7, 50.8, 50.0, 27.3, 

26.1, 24.9, 24.8. 11B NMR (128 MHz, CDCl3) δ 33.30. FTIR (neat): ṽ = 2975, 2932, 

2362, 1603, 1465, 1445, 1365, 1269 (cm-1). HRMS (ESI) m/z: [M + Na]+ Calcd for 

C19H28NO2BNa+ 336.2108; found 336.2102. 

 

 

5-Phenyl-7-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-6-azaspiro[3.4]oct-

5-ene (5b). According to the General Procedure 2, 5b (40 mg, 62%) was prepared as a 

yellow oil, flash column chromatography on silica gel (EtOAc: pentane = 1:1).  1H 

NMR (300 MHz, CDCl3) δ 7.76 – 7.64 (m, 2H), 7.39 – 7.26 (m, 3H), 4.08 – 4.02 (m, 

1H), 2.73 – 2.59 (m, 1H), 2.54 – 2.41 (m, 2H), 2.14 – 1.82 (m, 4H), 1.72 (dd, J1 = 7.5 

Hz, J2 = 12.5 Hz, 1H), 1.47 – 1.40 (m, 1H), 1.20 (s, 12H), 0.94 (dd, J1 = 9.9 Hz, J2 = 

15.5 Hz, 1H). 13C NMR (76 MHz, CDCl3) δ 176.4, 135.3, 129.2, 128.2, 127.9, 83.1, 

65.1, 55.4, 49.2, 32.2, 32.1, 24.9, 24.6, 16.5. 11B NMR (128 MHz, CDCl3) δ 33.07. 

FTIR (neat): ṽ = 2976, 2867, 2362, 1598, 1514, 1365, 1243, 964, 847 (cm-1). HRMS 
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(ESI) m/z: [M + H]+ Calcd for C20H28NO2BH+ 326.2289; found 326.2286. 

 

 

1-Phenyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-2-

azaspiro[4.4]non-1-ene (5c). According to the General Procedure 2, 5c (35 mg, 52%) 

was prepared as a yellow oil, flash column chromatography on silica gel (EtOAc: 

pentane = 1:1). 1H NMR (400 MHz, CDCl3) δ 7.59 – 7.55 (m, 2H), 7.30 – 7.25 (m, 3H), 

4.13 – 4.06 (m, 1H), 2.20 – 2.08 (m, 2H), 1.87 – 1.59 (m, 6H), 1.53 – 1.45 (m, 2H), 

1.38 (dd, J = 12.3, J = 8.4 Hz, 2H), 1.20 (d, J = 1.7 Hz, 13H), 1.09 – 0.95 (m, 1H). 13C 

NMR (101 MHz, CDCl3) δ 177.6, 133.5, 129.2, 128.0, 127.9, 83.1, 65.4, 61.1, 50.0, 

37.7, 36.2, 25.8, 25.3, 24.9, 24.8.11B NMR (128 MHz, CDCl3) δ 33.53. FTIR (neat): ṽ 

= 2975, 2947, 2872, 1777, 1445, 1368, 1269, 1243, 847 (cm-1). HRMS (ESI) m/z: [M 

+ H]+ Calcd for C21H30NO2BH+ 340.2446; found 340.2441. 
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10. NMR Spectra of unknown compounds 
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11B NMR (96 MHz, CDCl3) 
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1H NMR (300 MHz, CDCl3) 

 
13C NMR (75 MHz, CDCl3) 

 

 

 

 

 



S27 

 

11B NMR (96 MHz, CDCl3) 
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11B NMR (96 MHz, CDCl3) 
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11B NMR (96 MHz, CDCl3) 
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11B NMR (96 MHz, CDCl3) 
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13C NMR (75 MHz, CDCl3) 

 

11B NMR (96 MHz, CDCl3) 
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1H NMR (300 MHz, CDCl3) 
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11B NMR (96 MHz, CDCl3) 
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1H NMR (300 MHz, CDCl3) 

 
13C NMR (75 MHz, CDCl3) 
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11B NMR (96 MHz, CDCl3) 
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1H NMR (300 MHz, CDCl3) 

 
13C NMR (75 MHz, CDCl3) 
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11B NMR (96 MHz, CDCl3) 

 

 
1H NMR (300 MHz, CDCl3) 
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13C NMR (75 MHz, CDCl3) 

 
11B NMR (96 MHz, CDCl3) 
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1H NMR (300 MHz, CDCl3) 
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13C NMR (75 MHz, CDCl3) 

 

11B NMR (128 MHz, CDCl3) 
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1H NMR (300 MHz, CDCl3) 
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11B NMR (128 MHz, CDCl3) 
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13C NMR (75 MHz, CDCl3) 

 

11B NMR (128 MHz, CDCl3) 
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1H NMR (600 MHz, CDCl3) 

 

13C NMR (75 MHz, CDCl3) 
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11B NMR (96 MHz, CDCl3) 

 

 

1H NMR (500 MHz, CDCl3) 
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