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General Information  

Flash column chromatography was performed using silica gel from Qindao Haiyang. Anhydrous solvents 

[tetrahydrofuran (THF), dichloromethane (DCM), and 1,4-dioxane] were purchased from Adamas, Energy 

Chemicals, or J&K, and used as received. [Ir(COD)Cl]2 was purchased from Adamas and used as received. 

Commercial Ag3PO4 (Energy Chemicals), AgOMs (Adamas), and AgOTf (Aldrich) were used as received. Chiral 

ligands1 and allylic carbonates used in this work were prepared according to literature procedures. 

Bis[(pinacolato)boryl]methane were prepared according to literature procedure2 or purchased from TCI and used 

as received. NMR yields were determined by using 2-methyl naphthalene as an internal standard. All reported 

yields of the Ir/Ag-catalyzed allylation reactions are isolated yields following chromatography.  

General Analytical Information  

All new compounds were characterized by NMR spectroscopy, IR spectroscopy, high-resolution mass 

spectroscopy, and melting point (if solids). NMR spectra were recorded on a Bruker AMX 400 spectrometer and 

were calibrated using TMS or residual deuterated solvent as an internal reference (CDCl3: 7.26 ppm for 1H NMR 

and 77.16 ppm for 13C NMR). All IR spectra were taken on a Thermo Scientific Nicolet iS5 spectrometer (iD5 

ATR, diamond). HRMS spectra were recorded on a Shimadzu LCMS-IT-TOF. Melting points (M.p.) were 

recorded on an INESA SGW X-4 melting point apparatus. GC/MS analyses were performed on an Agilent 

6890/5977 instrument. The enantiomeric excesses (ee) of the products were determined by high-performance 

liquid chromatography (HPLC) analysis performed on Agilent 1100 Series or Waters 2695 Series chromatographs 

using a Diacel® chiral column (25 cm), or by ultraperformance convergence chromatography (UPC2) on Waters 

Acquity UPC2 using Chiralpak IC-3 (10 cm). Optical rotations were measured on an INESA SGW-1 polarimeter 

with [α]D values reported in degrees; concentration (c) is in g/100 mL. 
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Figure S1. Comparison of Three Pairs of Silver and Copper Salts in the Ir-Catalyzed 

Allylation Reactions of Bisborylated Methane. 
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General Procedure for Ir-catalyzed Allylation of Bis[(pinacolato)boryl]methane 

 
Procedure A:  

[Ir(COD)Cl]2 (60 mg, 0.090 mmol) and L1 (97 mg, 0.18 mmol) were dissolved in anhydrous THF (0.5 mL) and 

propylamine (0.5 mL). The solution was heated at 50 °C for 20 min, after which all volatiles were removed. The 

resulting yellow solid was then diluted in anhydrous 1,4-dioxane (6.0 mL) to get a stock solution. 

In a nitrogen-filled glove-box, to a screw-capped vial containing Ag3PO4 (2.1 mg, 0.0050 mmol, 1.7 mol%), 

bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu (36 mg, 0.45 mmol, 1.5 equiv), linear allylic tert-

butyl carbonate 11 (if solid, 0.30 mmol, 1.0 equiv), and a stir bar were added a stock solution of the catalyst 

prepared in the above step (0.6 mL, 0.009 mmol, 3 mol%). The vial was sealed with a cap containing a PTFE 

septum and removed from the glove box. Linear allylic tert-butyl carbonate, if liquid, was added via a syringe. 

The reaction was stirred at 50 °C for 24 h. EtOAc (10 mL) was then added. The mixture was then washed with 

saturated NaHCO3 (5 mL) and brine (5 mL). The organic phase was then dried (Na2SO4), filtered, and 

concentrated under reduced pressure. Pure product was obtained after flash column chromatography. 

Procedure B:  

In a nitrogen-filled glove-box, anhydrous 1,4-dioxane (0.60 mL) was added to a screw-capped vial containing 

[Ir(COD)Cl]2 (6.0 mg, 0.0090 mmol, 3.0 mol%) and L2 (0.018 mmol, 6.0 mol%), Ag3PO4 (2.1 mg, 0.0050 mmol, 

1.7 mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu (36 mg, 0.45 mmol, 1.5 equiv), linear 

allylic tert-butyl carbonate 11 (if solid, 0.30 mmol, 1.0 equiv), and a stir bar. The vial was sealed with a cap 

containing a PTFE septum and removed from the glove box. Linear allylic tert-butyl carbonate, if liquid, was 

added via a syringe. The reaction was stirred at 50 °C for 24 h. EtOAc (10 mL) was then added. The mixture was 

then washed with saturated NaHCO3 (5 mL) and brine (5 mL). The organic phase was then dried (Na2SO4), 

filtered, and concentrated under reduced pressure. Pure product was obtained after flash column chromatography. 
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Procedure C: 

In a nitrogen-filled glove-box, [Ir(COD)Cl]2 (6.0 mg, 0.0090 mmol, 3.0 mol%) and L3 (18 mg, 0.036 mmol, 12 

mol%) were added to a screw-capped vial equipped with a stir bar. Anhydrous 1,4-dioxane (0.60 mL) was added. 

The mixture was stirred for 20 min at room temperature before AgOTf (3.9 mg, 0.015 mmol, 5.0 mol%), 

bisborylmethane (80 mg, 0.30 mmol, 1.0 equiv), LiOtBu (36 mg, 0.45 mmol, 1.5 equiv) and branched allylic tert-

butyl carbonate 20 (0.63 mmol, 2.1 equiv) were added. The vial was then sealed with a cap containing a PTFE 

septum and removed from the glove box. The reaction was stirred at 25 oC for 24 h. EtOAc (10 mL) was then 

added. The resulting mixture was washed with saturated NaHCO3 (5 mL) and brine (5 mL). The organic phase 

was then dried (Na2SO4), filtered, and concentrated under reduced pressure. Pure product was obtained after flash 

column chromatography. 
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Characterization Data for Allyl Carbonates. 

  

tert-Butyl 1-(3,4-dichlorophenyl)allyl carbonate. IR (thin film, cm-1) 3085, 1644, 1740, 1592, 1160, 850 ; 1H 

NMR (400 MHz, CDCl3) δ: 7.46 (d, J = 2.0 Hz, 1H), 7.43 (d, J = 8.3 Hz, 1H), 7.20 (dd, J = 8.3, 2.0 Hz, 1H), 

6.01-5.90 (m, 2H), 5.38-5.25 (m, 2H), 1.48 (s, 9H); 13C NMR (101 MHz, CDCl3) δ: 152.61, 139.16, 135.41, 

132.87, 132.43, 130.71, 129.16, 126.48, 118.28, 83.01, 77.87, and 27.90; HRMS (DART-TOF) calculated for 

C14H16Cl2NaO3 [M+Na]+ m/z 325.0369, found 325.0348. 

 

tert-Butyl 1-(3-cyanophenyl)allyl carbonate. IR (thin film, cm-1) 3079, 2233, 1746, 1641, 1584, 1144, 852 ; 1H 

NMR (400 MHz, CDCl3) δ: 7.67 (t, J = 1.7 Hz, 1H), 7.63-7.58 (m, 2H), 7.50-7.45 (m, 1H), 6.04-5.91 (m, 2H), 

5.38-5.30 (m, 2H), 1.48 (s, 9H); 13C NMR (101 MHz, CDCl3) δ: 152.58, 140.55, 135.28, 131.95, 131.51, 130.70, 

129.55, 118.66, 118.62, 112.95, 83.15, 78.01, and 27.89. HRMS (DART-TOF) calculated for C15H17NNaO3 

[M+Na]+ m/z 282.1104, found 282.1101. 

 

(E)-tert-Butyl 3-(1-methyl-1H-indol-5-yl)allyl carbonate. IR (thin film, cm-1) 2984, 1737, 1616, 1513, 1158, 

857; 1H NMR (400 MHz, CDCl3) δ: 7.61 (s, 1H), 7.34 (dd, J = 8.6, 1.4 Hz, 1H), 7.26 (d, J = 8.4 Hz, 1H), 7.03 

(d, J = 3.1 Hz, 1H), 6.79 (d, J = 15.8 Hz, 1H), 6.46 (d, J = 3.0 Hz, 1H), 6.25 (dt, J = 15.7, 6.8 Hz, 1H), 4.73 (dd, J 

= 6.7, 0.8 Hz, 2H), 3.77 (s, 3H), 1.50 (s, 9H); 13C NMR (101 MHz, CDCl3) δ: 153.60, 136.79, 136.49, 129.56, 

128.68, 127.87, 120.28, 120.12, 119.74, 109.49, 101.47, 82.18, 68.30, 33.05, and 27.94. HRMS (DART-TOF) 

calculated for C17H21NNaO3 [M+Na]+ m/z 310.1414, found 310.1416. 
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(E)-tert-butyl 3-(1-methyl-1H-indol-6-yl)allyl carbonate. IR (thin film, cm-1) 2982, 1736, 1654, 1509, 1158, 

856 ; 1H NMR (400 MHz, CDCl3) δ: 7.55 (d, J = 8.2 Hz, 1H), 7.30 (s, 1H), 7.21 (dd, J = 8.2, 1.3 Hz, 1H), 7.04 

(d, J = 3.1 Hz, 1H), 6.81 (d, J = 15.8 Hz, 1H), 6.44 (dd, J = 3.0, 0.6 Hz, 1H), 6.32 (dt, J = 15.8, 6.7 Hz, 1H), 4.75 

(dd, J = 6.7, 1.0 Hz, 2H), 3.77 (s, 3H), 1.51 (s, 9H); 13C NMR (101 MHz, CDCl3) δ: 153.50, 136.88, 136.26, 

129.98, 129.81, 128.64, 120.91, 120.61, 118.20, 108.04, 101.09, 82.15, 68.04, 32.87, and 27.85. HRMS (DART-

TOF) calculated for C17H21NNaO3 [M+Na]+ m/z 310.1414, found 310.1416. 

 

(E)-tert-Butyl 3-(6-methoxypyridin-3-yl)allyl carbonate. IR (thin film, cm-1) 2983, 1739, 1603, 1159, 844 ; 1H 

NMR (400 MHz, CDCl3) δ: 8.12 (d, J = 2.1 Hz, 1H), 7.67 (dd, J = 8.7, 2.3 Hz, 1H), 6.72 (d, J = 8.6 Hz, 1H), 

6.61 (d, J = 15.9 Hz, 1H), 6.19 (dt, J = 15.9, 6.5 Hz, 1H), 4.71 (d, J = 6.5 Hz, 2H), 3.94 (s, 3H), 1.50 (s, 9H); 13C 

NMR (101 MHz, CDCl3) δ: 164.06, 153.43, 146.07, 135.80, 130.87, 125.52, 122.24, 111.18, 82.48, 67.52, 53.69, 

and 27.90; HRMS (DART-TOF) calculated for C14H19NO3 [M+H]+ m/z 266.1392, found 266.1393. 
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Characterization Data for Compounds in Table 2. 

 

(R)-4,4,5,5-tetramethyl-2-(2-phenylbut-3-enyl)-1,3,2-dioxaborolane (17). Following the General Procedure 

A using tert-butyl cinnamyl carbonate3 (1.0 g, 4.3 mmol, 1.0 equiv), Ag3PO4 (30 mg, 0.071 mmol, 1.7 mol%), 

bisborylmethane (10, 1.7 g, 6.4 mmol, 1.5 equiv), LiOtBu (0.51 g, 6.4 mmol, 1.5 equiv) and stock solution of 

iridium complex (8.5 mL, 0.13 mmol). The product was isolated as a yellow oil (1.0 g, 4.0 mmol, 94%). IR (thin 

film, cm-1) 3062, 3028, 1638, 1601, 847; 1H NMR (400 MHz, CDCl3) δ: 7.34-7.19 (m, 4H), 7.19-7.09 (m, 1H), 

6.01 (ddd, J = 17.1, 10.2, 6.9 Hz, 1H), 5.03 (dt, J = 17.1, 1.5 Hz, 1H), 4.97 (dt, J = 10.0, 1.2 Hz, 1H), 3.61 (ddd, J 

= 7.7, 7.7, 7.7 Hz, 1H), 1.30 (dd, J = 15.4, 8.4 Hz, 1H), 1.24 (dd, J = 15.4, 8.0 Hz, 1H),, and 1.14 (s, 12H); 13C 

NMR (101 MHz, CDCl3) δ: 145.76, 143.84, 128.38, 127.58, 126.14, 112.90 , 83.21, 45.11, 24.87, and 24.81; 

HRMS (DART-TOF) calculated for C16H23BFO2
- [M+F]- m/z 277.1781, found 277.1774; HPLC analysis of the 

product after being oxidized to the corresponding alcohol by NaBO3·4H2O (AD-H, Hexanes: iPrOH = 99.6:0.4, 1 

mL/min) indicated 93% ee: tR (major) = 45.4 min, tR (minor) = 39.2 min; [α]D
13 = 50.8 (c = 0.1, CHCl3). 

 

(R)-2-(2-(4-methoxyphenyl)but-3-enyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (12a). Following the 

General Procedure A using (E)-tert-butyl 3-(4-methoxyphenyl)allyl carbonate3 (79 mg, 0.30 mmol, 1.0 equiv), 

Ag3PO4 (2.1 mg, 0.0050 mmol, 1.7 mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu (36 mg, 

0.45 mmol, 1.5 equiv) and stock solution of iridium catalyst (0.6 mL, 0.009 mmol). The product was isolated as a 

yellow oil (61 mg, 0.21 mmol, 71%). IR (thin film, cm-1) 3078, 1636, 1511, 1145, 847; 1H NMR (400 MHz, 

CDCl3) δ: 7.14 (d, J = 8.5 Hz, 2H), 6.82 (d, J = 8.7 Hz, 2H), 5.98 (ddd, J = 17.1, 10.2, 6.8 Hz, 1H), 5.01 (dt, J = 

17.2, 1.5 Hz, 1H), 4.94 (dt, J = 10.4, 1.4 Hz, 1H), 3.77 (s, 3H), 3.56 (ddd, J = 8.0, 8.0, 8.0 Hz, 1H), 1.27 (dd, J = 

15.3, 8.2 Hz, 1H), 1.21 (dd, J = 15.3, 7.9 Hz, 1H)., and 1.15 (s, 12H); 13C NMR (101 MHz, CDCl3) δ: 158.01, 

144.20, 137.96, 128.49, 113.78, 112.59, 83.22, 55.40, 44.26, 24.90, and 24.86; HRMS (DART-TOF) calculated 

for C17H25BO3 [M+H]+ m/z 289.1975, found 289.1985. HPLC analysis of the product after being oxidized to the 
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corresponding alcohol by NaBO3·4H2O (AD-H, Hexanes: iPrOH = 95: 5, 1 mL/min) indicated 93% ee: tR (major) 

= 12.2 min, tR (minor) = 14.2 min; [α]D
13 = 51.8 (c = 0.1, CHCl3). 

 

(R)-N,N-dimethyl-4-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-2-yl)aniline (12b). Following 

the General Procedure A using (E)-tert-butyl 3-(4-(dimethylamino)phenyl)allyl carbonate (83 mg, 0.30 mmol, 

1.0 equiv), Ag3PO4 (2.1 mg, 0.0050 mmol, 1.7 mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), 

LiOtBu (36 mg, 0.45 mmol, 1.5 equiv) and stock solution of iridium catalyst (0.6 mL, 0.009 mmol). The reaction 

was stirred at 25 °C for 24 h. The product was isolated as a yellow oil (71 mg, 0.23 mmol, 78%). IR (thin film, 

cm-1) 2978, 1614, 1520, 1141, and 846; 1H NMR (400 MHz, CDCl3) δ: 7.10 (d, J = 8.6 Hz, 2H), 6.68 (d, J = 8.7 

Hz, 2H), 5.98 (ddd, J = 17.1, 10.2, 6.9 Hz, 1H), 5.01 (dt, J = 17.1, 1.5 Hz, 1H), 4.92 (dt, J = 10.4, 1.6 Hz, 1H), 

3.53 (ddd, J = 7.6, 7.6, 7.6 Hz, 1H), 2.89 (s, 6H), 1.27 (dd, J = 15.2, 8.4 Hz, 1H), 1.21 (dd, J = 15.2, 7.6 Hz, 1H). 

(m, 2H), 1.16 (s, 6H), 1.16 (s, 6H); 13C NMR (101 MHz, CDCl3) δ: 149.36, 144.45, 134.18, 128.07, 113.12, 

112.23, 83.15, 44.14, 41.08, 24.94, and 24.87; HRMS (DART-TOF) calculated for C18H28BO2 [M+H]+ m/z 

302.2291, found 302.2307. HPLC analysis of the product after being oxidized to the corresponding alcohol by 

NaBO3·4H2O (AD-H, Hexanes: iPrOH = 95: 5, 1 mL/min) indicated 93% ee: tR (major) = 12.8 min, tR (minor) = 

15.3 min; [α]D
13 = 11.5 (c = 0.2, CHCl3). 

 

(R)-2-(2-(4-bromophenyl)but-3-enyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (12c). Following the General 

Procedure A using (E)-3-(4-bromophenyl)allyl tert-butyl carbonate3 (94 mg, 0.30 mmol, 1.0 equiv), Ag3PO4 (3.5 

mg, 0.0083 mmol, 2.8 mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu (36 mg, 0.45 mmol, 

1.5 equiv) and stock solution of the iridium catalyst (0.6 mL, 0.025 M, 0.015 mmol). The reaction was stirred at 

50 °C for 36 h. The product was isolated as a yellow oil (81 mg, 0.24 mmol, 80%). IR (thin film, cm-1) 3078 , 

1647, 1487, 1144, 847; 1H NMR (400 MHz, CDCl3) δ: 7.39 (d, J = 8.4 Hz, 2H), 7.10 (d, J = 8.3 Hz, 2H), 5.95 

(ddd, J = 17.0, 10.2, 6.8 Hz, 1H), 5.07-4.93 (m, 2H), 3.57 (ddd, J = 7.7, 7.7, 7.7 Hz, 1H), 1.28 (dd, J = 15.3, 8.1 
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Hz, 1H), 1.20 (dd, J = 15.5, 8.0 Hz, 1H), 1.15 (s, 12H). 13C NMR (101 MHz, CDCl3) δ: 144.77, 143.23, 131.41, 

129.43, 119.85, 113.40, 83.34, 44.51, 24.87, and 24.85; HRMS (DART-TOF) calculated for C16H22BBrFO2
- 

[M+F]- m/z 355.0886, found 355.0899; HPLC analysis of the product after being oxidized to the corresponding 

alcohol by NaBO3·4H2O (AD-H, Hexanes: iPrOH = 95: 5, 1 mL/min) indicated 93% ee: tR (major) = 9.5 min, tR 

(minor) = 11.1 min; [α]D
13 = 36.6 (c = 0.1, CHCl3). 

 

(R)-2-(2-(4-fluorophenyl)but-3-enyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (12d). Following the General 

Procedure A using (E)-tert-butyl 3-(4-fluorophenyl)allyl carbonate4 (76 mg, 0.30 mmol, 1.0 equiv), Ag3PO4 (2.1 

mg, 0.0050 mmol, 1.7 mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu (36 mg, 0.45 mmol, 

1.5 equiv) and stock solution of the iridium catalyst (0.6 mL, 0.009 mmol). The product was isolated as a yellow 

oil (72 mg, 0.26 mmol, 87%). IR (thin film, cm-1) 3079, 3038, 1637, 1509, 1145, 847; 1H NMR (400 MHz, 

CDCl3) δ: 7.23-7.13 (m, 2H), 6.99-6.90 (m, 2H), 5.97 (ddd, J = 17.0, 10.2, 6.7 Hz, 1H), 5.06-4.92 (m, 2H), 3.59 

(ddd, J = 7.7, 7.7, 7.7 Hz, 1H), 1.28 (dd, J = 15.3, 7.9 Hz, 1H), 1.21 (dd, J = 15.4, 8.2 Hz, 1H), 1.14 (s, 12H). 13C 

NMR (101 MHz, CDCl3) δ: 161.46 (d, J = 243.4 Hz), 143.75, 141.37 (d, J = 3.1 Hz), 129.02 (d, J = 7.8 Hz), 

115.05 (d, J = 21.1 Hz), 113.03, 83.29 , 44.33 , 24.86 , and 24.84; 19F NMR (376 MHz, CDCl3) δ: -117.6; 

HRMS (DART-TOF) calculated for C16H22BF2O2
- [M+F]- m/z 295.1686, found 295.1683; HPLC analysis of the 

product after being oxidized to the corresponding alcohol by NaBO3·4H2O (AD-H, Hexanes: iPrOH = 99: 1, 1 

mL/min) indicated 92% ee: tR (major) = 19.2 min, tR (minor) = 21.3 min; [α]D
13 = 30.8 (c = 0.1, CHCl3). 

 

(R)-2-(2-(4-chlorophenyl)but-3-enyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (12e). Following the General 

Procedure A using (E)-tert-butyl 3-(4-chlorophenyl)allyl carbonate5 (81 mg, 0.30 mmol, 1.0 equiv), Ag3PO4 (3.5 

mg, 0.0083 mmol, 2.8 mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu (36 mg, 0.45 mmol, 

1.5 equiv) and stock solution (0.6 mL, 0.015 mmol). The reaction was stirred at 50 °C for 36 h. The product was 

isolated as a yellow oil (62 mg, 0.21 mmol, 71%). 1H NMR (400 MHz, CDCl3) δ: 7.23 (d, J = 8.5 Hz, 2H), 7.15 
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(d, J = 8.5 Hz, 2H), 5.96 (ddd, J = 17.0, 10.2, 6.8 Hz, 1H), 5.05–4.94 (m, 2H), 3.58 (ddd, J = 7.7, 7.7, 7.7 Hz, 1H), 

1.28 (dd, J = 15.2, 8.0 Hz, 1H), 1.20 (dd, J = 14.7, 7.3 Hz, 1H), 1.15 (s, 12H). 13C NMR (101 MHz, CDCl3) δ: 

144.26, 143.36, 131.79, 129.02, 128.46, 113.34, 83.34, 44.46, 24.87, and 24.85; HRMS (DART-TOF) calculated 

for C16H22BClFO2
- [M+F]- m/z 311.1391, found 311.1397; HPLC analysis of the product after being oxidized to 

the corresponding alcohol by NaBO3·4H2O (AS-H, Hexanes: iPrOH = 95:5, 1 mL/min) indicated 92% ee: tR 

(major) = 9.5 min, tR (minor) = 8.8 min; [α]D
13 = 69.7 (c = 0.2, CHCl3). 

 

(S)-4,4,5,5-tetramethyl-2-(2-o-tolylbut-3-enyl)-1,3,2-dioxaborolane (12f). Following the General Procedure 

B using (E)-tert-butyl 3-o-tolylallyl carbonate4 (75 mg, 0.30 mmol, 1.0 equiv), Ag3PO4 (2.1 mg, 0.0050 mmol, 1.7 

mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu (36 mg, 0.45 mmol, 1.5 equiv), [Ir(COD)Cl]2 

(6.0 mg, 0.0090 mmol, 3.0 mol%) and L2 (8.3 mg, 0.018 mmol, 6.0 mol%). The product was isolated as a yellow 

oil (72 mg, 0.26 mmol, 88%). IR (thin film, cm-1) 3075, 3016, 1636, 1146, 847; 1H NMR (400 MHz, CDCl3) δ: 

7.21-7.02 (m, 4H), 5.94 (ddd, J = 17.0, 10.5, 6.6 Hz, 1H), 4.99-4.88 (m, 1H), 3.84 (ddd, J = 7.9, 7.9, 7.9 Hz, 1H), 

2.36 (s, 3H), 1.30 (dd, J = 12.2, 5.0 Hz, 1H), 1.25 (dd, J = 12.6, 4.4 Hz, 1H), 1.11 (s, 6H), 1.09 (s, 6H); 13C NMR 

(101 MHz, CDCl3) δ: 143.50, 143.47, 135.90, 130.22, 126.64, 126.18, 125.93, 112.76, 83.17, 40.42, 24.81, 24.75, 

and 19.75; HRMS (DART-TOF) calculated for C17H25BFO2
- [M+F]- m/z 291.1937, found 291.1946; HPLC 

analysis of the product after being oxidized to the corresponding alcohol by NaBO3·4H2O (AD-H, Hexanes: 

iPrOH = 99.6:0.4, 0.3 mL/min) indicated 92% ee: tR (major) = 108.3 min, tR (minor) = 133.4 min; [α]D
13 = -

14.831 (c = 0.2, CHCl3). 

 

(S)-2-(2-(2-methoxyphenyl)but-3-enyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (12g). Following the General 

Procedure B using (E)-tert-butyl 3-(2-methoxyphenyl)allyl carbonate6 (79 mg, 0.30 mmol, 1.0 equiv), Ag3PO4 

(2.1 mg, 0.0050 mmol, 1.7 mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu (36 mg, 0.45 

mmol, 1.5 equiv), [Ir(COD)Cl]2 (6.0 mg, 0.0090 mmol, 3.0 mol%) and L2 (8.3 mg, 0.018 mmol, 6.0 mol%). The 

product was isolated as a yellow oil (74 mg, 0.26 mmol, 85%). IR (thin film, cm-1) 3077, 1637, 1599, 1145, 847; 
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1H NMR (400 MHz, CDCl3) δ: 7.20-7.10 (m, 2H), 6.89 (td, J = 7.5, 0.9 Hz, 1H), 6.82 (d, J = 8.1 Hz, 1H), 6.05 

(ddd, J = 17.0, 10.2, 6.7 Hz, 1H), 5.00 (dt, J = 17.2, 1.4 Hz, 1H), 4.93 (dt, J = 10.0, 1.2 Hz, 1H), 4.05 (ddd, J = 

7.6, 7.6, 7.6 Hz, 1H), 3.81 (s, 3H), 1.30 (dd, J = 13.1, 6.6 Hz, 1H), 1.25 (dd, J = 13.1, 5.5 Hz, 1H), 1.14 (s, 6H), 

1.13 (s, 6H); 13C NMR (101 MHz, CDCl3) δ: 156.95, 143.30, 134.11, 127.89, 127.03, 120.62, 112.62, 110.72, 

83.05, 55.55, 37.94, 24.86, and 24.77; HRMS (DART-TOF) calculated for C17H25BO3 [M+H]+ m/z 289.1975, 

found 289.1973. HPLC analysis of the product after being oxidized to the corresponding alcohol by 

NaBO3·4H2O (IA, Hexanes: iPrOH = 99.3:0.7, 1 mL/min) indicated 86% ee: tR (major) = 28.2 min, tR (minor) = 

30.2 min; [α]D
13 = -56.5 (c = 0.1, CHCl3). 

 

(S)-4,4,5,5-tetramethyl-2-(2-(naphthalen-1-yl)but-3-enyl)-1,3,2-dioxaborolane (12h). Following the General 

Procedure B using (E)-tert-butyl 3-(naphthalen-1-yl)allyl carbonate5 (85 mg, 0.30 mmol, 1.0 equiv), Ag3PO4 (2.1 

mg, 0.0050 mmol, 1.7 mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu (36 mg, 0.45 mmol, 

1.5 equiv), [Ir(COD)Cl]2 (6.0 mg, 0.0090 mmol, 3.0 mol%) and L2 (8.3 mg, 0.018 mmol, 6.0 mol%). The product 

was isolated as a yellow oil (71 mg, 0.23 mmol, 77%). IR (thin film, cm-1) 3048, 1636, 1597, 1145, 847; 1H 

NMR (400 MHz, CDCl3) δ: 8.21 (d, J = 8.4 Hz, 1H), 7.83 (d, J = 7.9 Hz, 1H), 7.69 (dd, J = 6.7, 2.6 Hz, 1H), 

7.52-7.39 (m, 4H), 6.13 (ddd, J = 17.0, 10.3, 6.4 Hz, 1H), 5.08 (dt, J = 17.2, 1.4 Hz, 1H), 5.03 (dt, J = 10.3, 1.3 

Hz, 1H), 4.47 (ddd, J = 7.6, 7.6, 7.6 Hz, 1H), 1.50-1.39 (m, 2H), 1.11 (s, 6H), 1.07 (s, 6H); 13C NMR (101 MHz, 

CDCl3) δ: 143.46, 141.77, 134.06, 131.64, 128.83, 126.79, 125.69, 125.65, 125.38, 124.09, 124.05, 113.52, 83.24, 

39.74, 24.85, and 24.74; HRMS (DART-TOF) calculated for C20H25BFO2
- [M+F]- m/z 327.1937, found 

327.1940; HPLC analysis of the product after being oxidized to the corresponding alcohol by NaBO3·4H2O (AD-

H, Hexanes: iPrOH = 95:5, 1 mL/min) indicated 90% ee: tR (major) = 14.6 min, tR (minor) = 13.2 min; [α]D
13 = -

28.3 (c = 0.1, CHCl3). 
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(R)-4,4,5,5-tetramethyl-2-(2-(4-(trifluoromethyl)phenyl)but-3-enyl)-1,3,2-

dioxaborolane (12i). Following the General Procedure C using tert-butyl 1-(4-

(trifluoromethyl)phenyl)allyl carbonate3 (0.19 g, 0.63 mmol, 2.1 equiv), 

[Ir(COD)Cl]2 (6.0 mg, 0.0090 mmol, 3.0 mol%) and L3 (18 mg, 0.036 mmol, 12 

mol%), AgOTf (3.9 mg, 0.015 mmol, 5.0 mol%), bisborylmethane (80 mg, 0.30 

mmol, 1.0 equiv), LiOtBu (36 mg, 0.45 mmol, 1.5 equiv). The product was isolated 

as a yellow oil (77 mg, 0.24 mmol, 79%). IR (thin film, cm-1) 2925, 1618, 1409, 1162, 800; 1H NMR (400 MHz, 

CDCl3) δ: 7.53 (d, J = 8.1 Hz, 2H), 7.34 (d, J = 8.1 Hz, 2H), 5.98 (ddd, J = 17.1, 10.2, 6.8 Hz, 1H), 5.08-4.98 (m, 

2H), 3.67 (ddd, J = 7.6, 7.6, 7.6 Hz, 1H), 1.32 (dd, J = 15.4, 8.1 Hz, 1H), 1.24 (dd, J = 15.5, 7.9 Hz, 1H), 1.14 (s, 

12H); 13C NMR (101 MHz, CDCl3) δ: 149.92, 142.85, 128.52 (q, J = 32.3 Hz), 127.99, 125.34 (q, J = 3.8 Hz), 

124.49 (q, J = 271.7 Hz), 113.84, 83.41, 44.95, 24.87, and 24.82; 19F NMR (376 MHz, CDCl3) δ: -62.33; HRMS 

(DART-TOF) calculated for C17H22BF4O2
- [M+F]- m/z 345.1654, found 345.1657; HPLC analysis of the 

product after being oxidized to the corresponding alcohol by NaBO3·4H2O (AD-H, Hexanes: iPrOH = 99:1, 1 

mL/min) indicated 93% ee: tR (major) = 20.6 min, tR (minor) = 25.7 min; [α]D
13 = 20.0 (c = 0.075, CHCl3). 

 

(R)-2-(2-(3,4-dichlorophenyl)but-3-enyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (12j). Following the 

General Procedure C using tert-butyl 1-(3,4-dichlorophenyl)allyl carbonate (0.19 g, 0.63 mmol, 2.1 equiv), 

[Ir(COD)Cl]2 (6.0 mg, 0.0090 mmol, 3.0 mol%) L3 (18 mg, 0.036 mmol, 12 mol%), AgOTf (3.9 mg, 0.015 mmol, 

5.0 mol%), bisborylmethane (80 mg, 0.30 mmol, 1.0 equiv), and LiOtBu (36 mg, 0.45 mmol, 1.5 equiv). The 

product was isolated as a yellow oil (79 mg, 0.24 mmol, 81%). IR (thin film, cm-1) 3078, 1633, 1468, 1144, 847; 
1H NMR (400 MHz, CDCl3) δ: 7.34-7.32 (m, 2H), 7.06 (dd, J = 8.3, 2.0 Hz, 1H), 5.94 (ddd, J = 17.0, 10.2, 6.8 

Hz, 1H), 5.08-4.99 (m, 2H), 3.57 (ddd, J = 7.7, 7.7, 7.7 Hz, 1H), 1.29 (dd, J = 18.2, 10.4 Hz, 1H), 1.24-1.18 

(overlapping m, 1H), 1.16 (s, 12H); 13C NMR (101 MHz, CDCl3) δ: 146.14, 142.56, 132.19, 130.29, 129.95, 

129.81, 127.13, 113.98, 83.45, 44.23, and 24.88; HRMS (DART-TOF) calculated for C16H21BCl2FO2
- [M+F]- 

m/z 345.1001, found 345.0993; HPLC analysis of the product after being oxidized to the corresponding alcohol 

by NaBO3·4H2O (AD-H, Hexanes: iPrOH = 99:1, 1 mL/min) indicated 90% ee: tR (major) = 31.0 min, tR (minor) 

= 34.7 min; [α]D
13 = 15.5 (c = 0.1, CHCl3).  
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(R)-4,4,5,5-tetramethyl-2-(2-(3-nitrophenyl)but-3-enyl)-1,3,2-dioxaborolane (12k). Following the General 

Procedure C using tert-butyl 1-(3-nitrophenyl)allyl carbonate7 (0.18 g, 0.63 mmol, 2.1 equiv), [Ir(COD)Cl]2 (6.0 

mg, 0.0090 mmol, 3.0 mol%), L3 (18 mg, 0.036 mmol, 12 mol%), AgOTf (3.9 mg, 0.015 mmol, 5.0 mol%),  

bisborylmethane (80 mg, 0.30 mmol, 1.0 equiv), and LiOtBu (36 mg, 0.45 mmol, 1.5 equiv). The product was 

isolated as a yellow oil (75 mg, 0.25 mmol, 82%). IR (thin film, cm-1) 3080, 1638, 1530, 1143, 801; 1H NMR 

(400 MHz, CDCl3) δ: 8.12 (t, J = 1.8 Hz, 1H), 8.04 (ddd, J = 8.1, 2.2, 0.9 Hz, 1H), 7.57 (d, J = 7.7 Hz, 1H), 7.44 

(t, J = 7.9 Hz, 1H), 6.00 (ddd, J = 17.0, 10.3, 6.8 Hz, 1H), 5.13-5.03 (m, 2H), 3.73 (ddd, J = 7.6, 7.6, 7.6 Hz, 1H), 

1.35 (dd, J = 15.5, 7.8 Hz, 1H), 1.25 (dd, J = 15.5, 7.9 Hz, 1H), 1.150 (s, 6H), 1.147 (s, 6H); 13C NMR (101 

MHz, CDCl3) δ: 148.26, 147.84, 142.12, 133.89, 129.11, 122.66, 121.23, 114.31, 83.36, 44.55, 24.723, and 

24.719; HRMS (DART-TOF) calculated for C16H22BNFO4
- [M+F]- m/z 322.1631, found 322.1645; HPLC 

analysis of the product after being oxidized to the corresponding alcohol by NaBO3·4H2O (AD-H, Hexanes: 

iPrOH = 99: 1, 1 mL/min) indicated 91% ee: tR (major) = 96.3 min, tR (minor) = 91.3 min; [α]D
13 = 38.6 (c = 0.1, 

CHCl3). 

 

(R)-3-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-2-yl)benzonitrile (12l). Following the General 

Procedure C using tert-butyl 1-(3-cyanophenyl)allyl carbonate (0.16 g, 0.63 mmol, 2.1 equiv), [Ir(COD)Cl]2 (6.0 

mg, 0.0090 mmol, 3.0 mol%), L3 (18 mg, 0.036 mmol, 12 mol%), AgOTf (3.9 mg, 0.015 mmol, 5.0 mol%),  

bisborylmethane (80 mg, 0.30 mmol, 1.0 equiv), and LiOtBu (36 mg, 0.45 mmol, 1.5 equiv). The product was 

isolated as a yellow oil (72 mg, 0.26 mmol, 85%). IR (thin film, cm-1) 3081, 2230, 1637, 1600, 1144, 847; 1H 

NMR (400 MHz, CDCl3) δ: 7.53 (s, 1H), 7.49-7.45 (m, 2H), 7.37 (dd, J = 8.3, 7.1 Hz, 1H), 5.96 (ddd, J = 17.6, 

9.8, 6.7 Hz, 1H), 5.10-5.00 (m, 2H), 3.64 (ddd, J = 7.7, 7.7, 7.7 Hz, 1H), 1.31 (dd, J = 15.5, 7.8 Hz, 1H), 1.21 (dd, 

J = 15.5, 8.0 Hz, 1H), 1.15 (s, 6H), 1.14 (s, 6H); 13C NMR (101 MHz, CDCl3) δ: 147.10, 142.27, 132.20, 131.39, 

129.85, 129.04, 119.07, 114.09, 112.19, 83.33, 44.46, and 24.71; HRMS (DART-TOF) calculated for 

C17H22BNO2
- [M+F]- m/z 302.1733, found 302.1738; HPLC analysis of the product after being oxidized to the 
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corresponding alcohol by NaBO3·4H2O (AD-H, Hexanes: iPrOH = 99:1, 1 mL/min) indicated 92% ee: tR (major) 

= 117.2 min, tR (minor) = 112.0 min; [α]D
13 = 20.7 (c = 0.1, CHCl3). 

 

(R,E)-4,4,5,5-tetramethyl-2-(2-vinylpent-3-enyl)-1,3,2-dioxaborolane (12m). Following the General 

Procedure A using tert-butyl (2E,4E)-hexa-2,4-dienyl carbonate3 (60 mg, 0.30 mmol, 1.0 equiv), Ag3PO4 (3.5 

mg, 0.0083 mmol, 2.8 mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu (36 mg, 0.45 mmol, 

1.5 equiv) and the stock solution of iridium catalyst (0.6 mL, 0.015 mmol). The reaction was stirred at 50 °C for 

36 h. The product was isolated as a yellow oil (54 mg, 0.24 mmol, 80%). IR (thin film, cm-1) 3079, 2978, 1636, 

1146, 848; 1H NMR (400 MHz, CDCl3) δ: 5.80 (ddd, J = 17.2, 10.2, 7.0 Hz, 1H), 5.48-5.34 (m, 2H), 4.98 (dt, J = 

17.2, 1.6 Hz, 1H), 4.90 (dt, J = 10.4, 1.2 Hz, 1H), 2.96 (dddd, J = 7.1, 7.1, 7.1, 7.1 Hz, 1H), 1.64 (d, J = 5.4 Hz, 

3H), 1.23 (s, 12H), 0.96 (dd, J = 12.3, 4.4 Hz, 1H), 0.91 (dd, J = 12.3, 4.9 Hz, 1H); 13C NMR (101 MHz, CDCl3) 

δ: 143.66, 135.43, 123.87, 112.44, 83.17, 42.42, 25.00, 24.95, and 17.99; HRMS (DART-TOF) calculated for 

C13H23BFO2
- [M+F]- m/z 241.1781, found 241.1788; HPLC analysis of the product after being treated with a 

hydroboration/oxidation/dibenzoylation sequence (OD-H, Hexanes: iPrOH = 99:1, 1 mL/min) indicated 93% ee: 

tR (major) = 16.5 min, tR (minor) = 18.9 min； [α]D
13 = 47.6 (c = 0.1, CHCl3). 

 

(R)-2-(2-(benzo[d][1,3]dioxol-5-yl)but-3-enyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane  (12n). Following the 

General Procedure A using (E)-3-(benzo[d][1,3]dioxol-5-yl)allyl tert-butyl carbonate5 (84 mg, 0.30 mmol, 1.0 

equiv), Ag3PO4 (2.1 mg, 0.0050 mmol, 1.7 mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu 

(36 mg, 0.45 mmol, 1.5 equiv) and stock solution (0.6 mL, 0.009 mmol). The product was isolated as a yellow oil 

(58 mg, 0.19 mmol, 64%). IR (thin film, cm-1) 3076, 1637, 1504, 1145, 848; 1H NMR (400 MHz, CDCl3) δ: 

6.75-6.66 (m, 3H), 5.95 (ddd, J = 11.0, 8.9, 3.7 Hz, 1H), 5.90 (s, 2H), 5.02 (dt, J = 17.1, 1.5 Hz, 1H), 4.96 (dt, J = 

10.4, 1.2 Hz, 1H), 3.53 (ddd, J = 7.8, 7.8, 7.8 Hz, 1H), 1.25 (dd, J = 15.3, 8.2 Hz, 1H), 1.21-1.15 (m, 1H), 1.16 (s, 

12H) ; 13C NMR (101 MHz, CDCl3) δ: 147.58, 145.79, 143.84, 139.89, 120.37, 112.84, 108.16, 108.10, 100.84, 

83.25, 44.78, 24.90, and 24.86; HRMS (DART-TOF) calculated for C17H23BFO4
- [M+F]- m/z 321.1679, found 

321.1692; HPLC analysis of the product after being oxidized to the corresponding alcohol by NaBO3·4H2O (AS-
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H, Hexanes: iPrOH = 90:10, 1 mL/min) indicated 92% ee: tR (major) = 16.6 min, tR (minor) = 13.3 min; [α]D
13 = 

10.5 (c = 0.1, CHCl3). 

 

(R)-2-(2-(furan-2-yl)but-3-enyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (12o). Following the General 

Procedure B using (E)-tert-butyl 3-(furan-2-yl)allyl carbonate3 (67 mg, 0.30 mmol, 1.0 equiv), Ag3PO4 (2.1 mg, 

0.0050 mmol, 1.7 mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu (36 mg, 0.45 mmol, 1.5 

equiv), [Ir(COD)Cl]2 (6.0 mg, 0.0090 mmol, 3.0 mol%) and (11bS)-N-benzhydryl-N-phenyldinaphtho[2,1-d:1',2'-

f][1,3,2]dioxaphosphepin-4-amine1 as ligand (10 mg, 0.018 mmol, 6.0 mol%). The product was isolated as a 

yellow oil (63 mg, 0.25 mmol, 84%). IR (thin film, cm-1) 2980, 1505, 1366, 1144, 848; 1H NMR (400 MHz, 

CDCl3) δ: 7.30 (dd, J = 1.8, 0.7 Hz, 1H), 6.26 (dd, J = 3.1, 1.9 Hz, 1H), 6.01 (d, J = 3.2 Hz, 1H), 5.93 (ddd, J = 

17.3, 10.1, 7.4 Hz, 1H), 5.08 (dt, J = 17.1, 1.3 Hz, 1H), 5.04-5.00 (m, 1H), 3.67 (ddd, J = 7.7, 7.7, 7.7 Hz, 1H), 

1.30 (dd, J = 15.4, 7.6 Hz, 1H), 1.25-1.22 (m, 1H), 1.21 (s, 6H), 1.20 (s, 6H); 13C NMR (101 MHz, CDCl3) δ: 

158.71, 141.10, 140.87, 114.29, 110.06, 104.35, 83.33, 38.98, 24.92, and 24.87; HRMS (DART-TOF) calculated 

for C14H21BO3 [M+H]+ m/z 249.1662, found 249.1669. HPLC analysis of the product after being oxidized to the 

corresponding alcohol by NaBO3·4H2O (AS-H, Hexanes: iPrOH = 99: 1, 1 mL/min) indicated 92% ee: tR (major) 

= 25.1 min, tR (minor) = 24.0 min; [α]D
13 = -34.5 (c = 0.1, CHCl3). 

 

(R)-1-methyl-5-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-2-yl)-1H-indole (12p). Following the 

General Procedure A using (E)-tert-butyl 3-(1-methyl-1H-indol-5-yl)allyl carbonate (86 mg, 0.30 mmol, 1.0 

equiv), Ag3PO4 (2.1 mg, 0.0050 mmol, 1.7 mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu 

(36 mg, 0.45 mmol, 1.5 equiv) and stock solution (0.6 mL, 0.009 mmol). The product was isolated as a yellow oil 

(78 mg, 0.25 mmol, 84%). IR (thin film, cm-1) 2977, 1636, 1514, 1143, 848; 1H NMR (400 MHz, CDCl3) δ: 

7.46 (d, J = 1.2 Hz, 1H), 7.22 (d, J = 8.5 Hz, 1H), 7.10 (dd, J = 8.5, 1.6 Hz, 1H), 6.99 (d, J = 3.1 Hz, 1H), 6.40 (d, 

J = 2.6 Hz, 1H), 6.07 (ddd, J = 17.1, 10.2, 6.8 Hz, 1H), 5.05 (dt, J = 17.1, 1.5 Hz, 1H), 4.95 (dt, J = 10.4, 1.2 Hz, 



Homoallylic Boronic Esters 

                                                                          S17 

1H), 3.75 (s, 3H), 3.72 (ddd, J = 7.4, 7.4, 7.4 Hz, 1H) 1.36 (dd, J = 15.2, 8.6 Hz, 1H), 1.30 (dd, J = 15.8, 8.0 Hz, 

1H), 1.15 (s, 6H), 1.14 (s, 6H); 13C NMR (101 MHz, CDCl3) δ: 144.78, 136.85, 135.65, 128.88, 128.66, 121.75, 

119.18, 112.24, 109.05, 100.83, 83.15, 45.09, 32.95, 24.93, and 24.88; HRMS (DART-TOF) calculated for 

C19H26BNO2 [M+H]+ m/z 312.2135, found 312.2149. HPLC analysis (AD-H, Hexanes: iPrOH = 99:1, 1 

mL/min) indicated 95% ee: tR (major) = 5.4 min, tR (minor) = 4.8 min; [α]D
13 = 29.155 (c = 0.2, CHCl3). 

 

(R)-1-methyl-6-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-2-yl)-1H-indole (12q). Following the 

General Procedure A using (E)-tert-butyl 3-(1-methyl-1H-indol-6-yl)allyl carbonate (86 mg, 0.30 mmol, 1.0 

equiv), Ag3PO4 (2.1 mg, 0.0050 mmol, 1.7 mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu 

(36 mg, 0.45 mmol, 1.5 equiv) and stock solution (0.6 mL, 0.009 mmol). The product was isolated as a light 

yellow solid (86 mg, 0.28 mmol, 92%). Melting point: 67-68 °C; IR (thin film, cm-1) 2977, 1637, 1606, 1143, 

846; 1H NMR (400 MHz, CDCl3) δ: 7.51 (d, J = 8.2 Hz, 1H), 7.17 (s, 1H), 7.00 (dd, J = 8.2, 1.4 Hz, 1H), 6.97 (d, 

J = 3.1 Hz, 1H), 6.41 (dd, J = 3.1, 0.6 Hz, 1H), 6.09 (ddd, J = 17.1, 10.2, 6.8 Hz, 1H), 5.08 (dt, J = 17.1, 1.5 Hz, 

1H), 4.98 (dt, J = 10.4, 1.6 Hz, 1H), 3.753 (ddd, J = 7.5, 7.5, 7.5 Hz, 1H), 3.746 (s, 3H), 1.43-1.27 (m, 2H), 1.15 

(s, 6H), 1.14 (s, 6H); 13C NMR (101 MHz, CDCl3) δ: 144.42, 139.63, 137.01, 128.56, 126.92, 120.66, 119.62, 

112.53, 107.65, 100.66, 83.17, 45.44, 32.86, 24.93, and 24.85; HRMS (DART-TOF) calculated for C19H26BNO2 

[M+H]+ m/z 312.2135, found 312.2142. HPLC analysis (AD-H, Hexanes: iPrOH = 99:1, 1 mL/min) indicated 

93% ee: tR (major) = 4.5 min, tR (minor) = 4.0 min; [α]D
13 = 32.0 (c = 0.2, CHCl3).  

ORTEP rendering for 12q 
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(R)-3-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-2-yl)-1-tosyl-1H-indole (12r). Following the 

General Procedure A using (E)-tert-butyl 3-(1-tosyl-1H-indol-3-yl)allyl carbonate (0.13 g, 0.30 mmol, 1.0 

equiv), Ag3PO4 (2.1 mg, 0.0050 mmol, 1.7 mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu 

(36 mg, 0.45 mmol, 1.5 equiv) and stock solution (0.6 mL, 0.009 mmol). The product was isolated as a yellow oil 

(103 mg, 0.228 mmol, 76%). IR (thin film, cm-1) 3069, 1638, 1597, 1144, 848; 1H NMR (400 MHz, CDCl3) δ: 

7.95 (d, J = 8.3 Hz, 1H), 7.73 (d, J = 8.3 Hz, 2H), 7.54 (d, J = 7.8 Hz, 1H), 7.36 (s, 1H), 7.30-7.24 (m, 1H), 7.21-

7.15 (m, 3H), 5.95 (ddd, J = 17.2, 10.1, 7.1 Hz, 1H), 5.05 (br d, J = 17.1 Hz, 1H), 4.99 (br d, J = 10.1 Hz, 1H), 

3.79 (ddd, J = 7.5, 7.5, 7.5 Hz, 1H), 2.32 (s, 3H), 1.36 (dd, J = 14.0, 5.8 Hz, 1H), 1.31 (dd, J = 13.9, 6.9 Hz, 1H), 

1.17 (s, 6H), and 1.15 (s, 6H); 13C NMR (101 MHz, CDCl3) δ: 144.76, 142.02, 135.64, 135.60, 130.47, 129.88, 

127.09, 126.86, 124.57, 122.90, 122.57, 120.58, 114.02, 113.76, 83.39, 36.31, 24.93, 24.81, and 21.65; HRMS 

(DART-TOF) calculated for C25H30BNO4S [M+NH4]+ m/z 469.2332, found 469.2359. HPLC analysis (AD-H, 

Hexanes: iPrOH = 95:5, 1 mL/min) indicated 86% ee: tR (major) = 10.9 min, tR (minor) = 8.4 min; [α]D
13 = -17.2 

(c = 0.1, CHCl3). 

 

(R)-4,4,5,5-tetramethyl-2-(2-(thiophen-2-yl)but-3-enyl)-1,3,2-dioxaborolane (12s). Following the General 

Procedure A using (E)-tert-butyl 3-(thiophen-2-yl)allyl carbonate8 (72 mg, 0.30 mmol, 1.0 equiv), Ag3PO4 (2.1 

mg, 0.0050 mmol, 1.7 mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu (36 mg, 0.45 mmol, 

1.5 equiv) and stock solution (0.6 mL, 0.009 mmol). The product was isolated as a yellow oil (79 mg, 0.30 mmol, 

99%). IR (thin film, cm-1) 3078, 1638, 1479, 1145, 847; 1H NMR (400 MHz, CDCl3) δ: 7.11 (dd, J = 5.1, 1.2 

Hz, 1H), 6.90 (dd, J = 5.1, 3.5 Hz, 1H), 6.82 (dt, J = 3.6, 0.8 Hz, 1H), 5.99 (ddd, J = 17.3, 10.1, 7.4 Hz, 1H), 5.09 

(dt, J = 17.0, 1.3 Hz, 1H), 4.99 (dt, J = 10.0, 1.2 Hz, 1H), 3.88 (ddd, J = 7.4, 7.4, 7.4 Hz, 1H), 1.37 (dd, J = 14.8, 

6.8 Hz, 1H), 1.31 (dd, J = 14.8, 7.6 Hz, 1H), 1.18 (s, 12H); 13C NMR (101 MHz, CDCl3) δ: 150.09, 143.18, 

126.60, 123.23, 123.22, 113.51, 83.35, 40.63, 24.94, and 24.82; HRMS (DART-TOF) calculated for C14H21BO2S 

[M+H]+ m/z 265.1434, found 265.1421. HPLC analysis of the product after being oxidized to the corresponding 
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alcohol by NaBO3·4H2O (AS-H, Hexanes: iPrOH = 99: 1, 1 mL/min) indicated 98% ee: tR (major) = 25.5 min, tR 

(minor) = 23.7 min; [α]D
13 = -29.2 (c = 0.1, CHCl3). 

 

(R)-2-methoxy-5-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-2-yl)pyridine (12t). Following the 

General Procedure A using (E)-tert-butyl 3-(6-methoxypyridin-3-yl)allyl carbonate (80 mg, 0.30 mmol, 1.0 

equiv), Ag3PO4 (2.1 mg, 0.0050 mmol, 1.7 mol%), bisborylmethane (10, 0.12 g, 0.45 mmol, 1.5 equiv), LiOtBu 

(36 mg, 0.45 mmol, 1.5 equiv) and stock solution (0.6 mL, 0.009 mmol). The product was isolated as a yellow oil 

(78 mg, 0.27 mmol, 90%). IR (thin film, cm-1) 2977, 1513, 1468, 1144, 848; 1H NMR (400 MHz, CDCl3) δ: 

8.02 (d, J = 2.4 Hz, 1H), 7.43 (dd, J = 8.5, 2.5 Hz, 1H), 6.67 (d, J = 8.5 Hz, 1H), 5.96 (ddd, J = 17.0, 10.2, 6.6 Hz, 

1H), 5.06-4.95 (m, 2H), 3.91 (s, 3H), 3.57 (ddd, J = 7.8, 7.8, 7.8 Hz, 1H), 1.29 (dd, J = 15.4, 8.1 Hz, 1H), 1.21 (dd, 

J = 15.6, 7.6 Hz, 1H), 1.16 (s, 12H); 13C NMR (101 MHz, CDCl3) δ: 162.92, 145.73, 143.29, 138.10, 133.65, 

113.41, 110.53, 83.37, 53.45, 41.64, and 24.88; HRMS (DART-TOF) calculated for C16H24BNO3 [M+H]+ m/z 

290.1927, found 290.1928. HPLC analysis of the product after being oxidized to the corresponding alcohol by 

NaBO3·4H2O (AS-H, Hexanes: iPrOH = 90:10, 1 mL/min) indicated 94% ee: tR (major) = 16.2 min, tR (minor) = 

9.1 min; [α]D
13 = -16.2 (c = 0.2, CHCl3). 
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Characterization Data for Products in Scheme 2. 

 

(R)-2-phenylbut-3-en-1-ol (21).9 A solution of 17 (78 mg, 0.30 mmol) in THF (2.0 mL) and H2O (2.0 mL) was 

added NaBO3·4H2O (0.28 g, 1.8 mmol, 6.0 equiv) at room temperature. The reaction mixture was stirred for 12 h 

and quenched by addition of saturated aq. Na2S2O3 (5.0 mL). The mixture was extracted with ethyl acetate (3 X 

10 mL). The combined organic layers were washed with water and brine, dried (Na2SO4) and concentrated in 

vacuo to give a crude product. Purification by flash column chromatography (silica gel, eluting with petroleum 

ether/ethyl acetate, 20:1 to 10:1) afforded the known (R)-2-phenylbut-3-en-1-ol (21) as a light yellow solid (40 

mg, 0.27 mmol, 89%). Melting point: 40-43 °C. 1H NMR (400 MHz, CDCl3) δ: 7.33 (t, J = 7.4 Hz, 2H), 7.27-

7.19 (m, 3H), 6.00 (ddd, J = 17.7, 10.4, 7.7 Hz, 1H), 5.24-5.13 (m, 2H), 3.80 (d, J = 7.0 Hz, 2H), 3.52 (q, J = 7.3 

Hz, 1H); 13C NMR (101 MHz, CDCl3) δ: 140.66, 138.26, 128.79, 128.00 , 126.98, 117.14, 66.08, and 52.54; 

HPLC analysis (AD-H, Hexanes: iPrOH = 99.6:0.4, 1 mL/min) indicated 93% ee: tR (major) = 45.4 min, tR 

(minor) = 39.2 min. 

 

 

(S)-4-(benzofuran-2-yl)-3-phenylbutan-1-ol (23). To a solution of benzofuran (36 mg, 0.30 mmol, 1.5 equiv) in 

THF (1 mL) cooled at -78 °C was added nBuLi (2.5 M in hexanes, 0.12 mL, 0.30 mmol, 1.5 equiv). The resulting 

solution was warmed to rt and stirred for 1 h. The solution was cooled at -78 °C again, and a solution of 17 (52 

mg, 0.2 mmol, 1.0 equiv) in THF (0.5 mL) was added slowly. The resulting solution was stirred at -78 °C for 1 h, 

at which time NBS (50 mg, 0.30 mmol, 1.5 equiv) in THF (1.0 mL) was added. After 1 h at -78 °C, saturated 

aqueous Na2S2O3 was added. The resulting mixture was warmed to rt, and separated with between H2O and 

EtOAc. The aqueous layer was extracted once with EtOAc. The combined organic layers were dried, concentrated, 

and passed through a short pad of silica gel to give a colorless oil, which was used in the next step without further 
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purification. To the product obtained was added THF (0.5 mL) and 9-BBN (0.5 M, 0.9 mL). The resulting 

solution was left at rt for 4 h. H2O2 and NaOH was added, and the resulting mixture was stirred at rt overnight. 

After extractive workup and column chromatography, compound 23 was isolated as a colorless oil (31 mg, 59% 

from 17). IR (thin film, cm-1) 3327, 2925, 1602, 1454, 750; 1H NMR (400 MHz, CDCl3) δ: 7.41 (t, J = 8.7 Hz, 

2H), 7.32-7.13 (m, 7H), 6.26 (s, 1H), 3.59-3.52 (m, 1H), 3.50-3.44 (m, 1H), 3.34-3.24 (m, 1H), 3.08 (d, J = 7.5 Hz, 

2H), 2.09-2.00 (m, 1H), 1.97-1.86 (m, 1H); 13C NMR (101 MHz, CDCl3) δ: 157.33, 154.73, 143.87, 128.92, 

128.75, 127.60, 126.79, 123.35, 122.54, 120.45, 110.89, 103.61, 61.06, 41.28, 38.59, and 36.28; HPLC analysis 

(OD-H, Hexanes: iPrOH = 70:30, 1 mL/min) indicated 92% ee: tR (major) = 5.5 min, tR (minor) = 6.5 min; [α]D
13 

= 94.3 (c = 0.1, CHCl3). 

 

(R)-tert-butyl 2-phenylbut-3-enylcarbamate (24).10 To a flame-dried test tube equipped with a magnetic 

stir bar and septum was added O-methylhydroxylamine solution11 (0.25 mL, 3.9 M in THF as determined 

by 1H NMR using 1,3,5-trimethoxybenzene as internal standard) and THF (2 mL) under N2 atomsphere. The 

flask was cooled to -78 °C. nBuLi (0.4 mL, 1.0 mmol, 2.5 M in hexanes) was added to the test tube 

dropwise and the solution was allowed to stir at -78° C for 30 min. Then, a solution of 17 (78 mg, 0.30 

mmol) in THF (1.0 mL) was added dropwise to the test tube, which was then allowed to warm to rt, and 

further to 60 °C. The test tube was kept at 60 °C for 12 h. The volatiles in the reaction was then removed 

under vacuum. To the residue was added CHCl3 (1 mL) and Boc2O (0.3 mL, 1.3 mmol) at rt. After 

stirring for 1 h the reaction mixture was concentrated and subjected to column chromatography 

(hexanes:EtOAc = 3:1) to give known 24 (53 mg, 0.21 mmol, 71%) as a colorless oil. 1H NMR (400 

MHz, CDCl3) δ: 7.36-7.29 (m, 2H), 7.26-7.19 (m, 3H), 5.96 (ddd, J = 17.4, 10.4, 7.1 Hz, 1H), 5.19-5.08 (m, 2H), 

3.53-3.32 (m, 3H), 1.42 (s, 9H); 13C NMR (101 MHz, CDCl3) δ: 155.95, 141.40, 139.06, 128.85, 127.93, 126.97, 

116.50, 49.95, 45.03, 28.52, and 27.56; HPLC analysis (OD-H, Hexanes: iPrOH = 99: 1, 1 mL/min) indicated 

92% ee: tR (major) = 18.8 min, tR (minor) = 17.5 min; [α]D
13 = 29.9 (c = 0.1, CHCl3). 
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(R)-2-phenylbutane-1,4-diol (26).12 To a solution of 17 (0.13 g, 0.50 mmol) in THF (1 mL) was added 9-BBN 

(0.5 M in hexanes, 1.5 mL) dropwise under N2 atomsphere. The mixture was stirred at room temperature until all 

starting material was consumed (ca. 4 h), as indicated by TLC. Then, 3 M NaOH (1.0 mL) and 30% H2O2 (0.9 mL) 

was added, and the mixture was heated at 50 °C for 1.5 h. After cooling to room temperature, the reaction was 

quenched by saturated aq. Na2S2O3 (2.0 mL). The mixture was extracted with EtOAc (3 X 15 mL). The combined 

organic layer was washed with brine, dried (Na2SO4), and concentrated. The residue was purified by column 

chromatography (20:1 DCM/MeOH) to afford known compound 26 as a colorless oil (61 mg, 74% yield). 1H 

NMR (400 MHz, CDCl3) δ: 7.37-7.29 (m, 2H), 7.27-7.20 (m, 3H), 3.78 (d, J = 6.7 Hz, 2H), 3.72-3.67 (m, 1H), 

3.61-3.55 (m, 1H), 2.96 (dddd, J = 6.6, 6.6, 6.6, 6.6 Hz, 1H), 2.07-1.97 (m, 1H), 1.94-1.85 (m, 1H); 13C NMR 

(101 MHz, CDCl3) δ: 142.33, 128.91, 127.97, 127.03, 67.69, 61.28, 46.04, and 35.88; UPC2 analysis (IC-3, 

supercritical CO2:iPrOH = 80:20, 2.0 mL/min) indicated 93% ee: tR (major) = 2.7 min, tR (minor) = 2.3 min; 

[α]D
13 = -40.6 (c = 0.067, CHCl3). 
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