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General	
  Information	
  

Reactions were performed in oven-dried vials with Teflon-lined caps or in oven-

dried round-bottomed flasks unless otherwise noted. Flasks were fitted with rubber septa, 

and reactions were conducted under a positive pressure of N2. Stainless steel syringes or 

cannulae were used to transfer air- and moisture-sensitive liquids. Flash chromatography 

was performed on silica gel 60 (40-63 μm, 60Å) unless otherwise noted. Commercial 

reagents were purchased from Sigma Aldrich, Acros, Fisher, Strem, TCI, Combi Blocks, 

Alfa Aesar, or Cambridge Isotopes Laboratories and used as received with the following 

exceptions: Potassium phosphate and bis(pinacolato)diboron were purchased from Sigma 

Aldrich and immediately placed in a N2-atmosphere glovebox for storage. Pivaloyl 

chloride was purchased from Acros and distilled before use. PhMe, CH2Cl2, MeCN, and 

THF were dried by passing through drying columns.1 PhMe and MeCN were then 

degassed by sparging with N2 and stored over activated 4Å MS in a N2-atmosphere 

glovebox. Enantioenriched allylic alcohols are obtained via either CBS reduction of 

ketones or kinetic resolution of racemic allylic alcohols according to procedures reported 

in the literature.2 Oven-dried potassium carbonate was added into CDCl3 to remove trace 

amount of acid. Proton nuclear magnetic resonance (1H NMR) spectra and carbon nuclear 

magnetic resonance (13C NMR) spectra were recorded on both 400 MHz and 600 MHz 

spectrometers. Chemical shifts for protons are reported in parts per million downfield 

from tetramethylsilane and are referenced to residual protium in the NMR solvent (CHCl3 

= δ 7.26). Chemical shifts for carbon are reported in parts per million downfield from 

tetramethylsilane and are referenced to the carbon resonances of the solvent (CDCl3 = δ 

77.2). Data are represented as follows: chemical shift, multiplicity (br = broad, s = 

singlet, d = doublet, t = triplet, q = quartet, p = pentet, m = multiplet, dd = doublet of 

doublets, h = heptet), coupling constants in Hertz (Hz), integration. Infrared (IR) spectra 
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1	
  Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.; Timmers, F. J. Organometallics 1996, 
2	
  CBS reduction of ketones, see: (a) Corey, E. J.; Bakshi, R. K. Tetrahedron Lett. 1990, 31, 611. (b) Corey, 
E. J.; Helal, C. J. Tetrahedron Lett. 1995, 36, 9153. Kinetic resolution of allylic alcohols, see: (c) Sasaki, 
M.; Ikemoto, H.; Kawahata, M.; Yamaguchi, K.; Takeda, K. Chem. Eur. J. 2009, 15, 4663. 
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were obtained using FTIR spectrophotometers with material loaded onto a NaCl plate. 

The mass spectral data were obtained at the University of Delaware mass spectrometry 

facility. Optical rotations were measured using a 2.5 mL cell with a 0.1 dm path length. 

Melting points were taken on a Stuart SMP10 instrument. 

Leaving	
  Group	
  Effects	
  
	
  

The	
  effect	
  of	
  various	
  leaving	
  groups	
  was	
  examined	
  under	
  stereoinvertive	
  and	
  

stereoretentive	
   conditions.	
   Please	
   note	
   that	
   these	
   conditions	
   are	
   not	
   the	
   final	
  

optimized	
  conditions.	
  	
  

Table	
  S1.	
  Leaving	
  Group	
  Effects	
  Under	
  Inversion	
  Conditions.	
  

	
  

Entry	
   R	
   Conversion	
  (%)a	
   Yield	
  (%)a	
   ee	
  (%)b	
  

1	
   Piv	
   >99	
   88	
   95	
  

2	
   Ac	
   56	
   53	
   95	
  

3	
  

	
  

88	
   69	
   92	
  

4	
   Boc	
   86	
   44	
   95	
  

5	
   C(O)NMe2	
   >99	
   71	
   92	
  

6	
   C(O)C6F5	
   38	
   13	
   80	
  
a	
   Determined	
   by	
   1H	
   NMR	
   analysis	
   using	
   1,3,5-­‐trimethoxybenzene	
   as	
   internal	
  

standard.	
  b	
  ee’s	
  of	
  the	
  subsequent	
  alcohol	
  (3a),	
  formed	
  via	
  oxidation	
  with	
  H2O2	
  and	
  

NaOH.	
  Determined	
  by	
  HPLC	
  analysis	
  using	
  a	
  chiral	
  stationary	
  phase.	
  

	
  

Ph OR

Me

B2pin2 (2.0 equiv)
1 mol % Ni(cod)2

2.2 mol % BnPPh2

K3PO4 (2.0 equiv) 
MeCN (0.4 M), rt, 19 h

Ph Bpin

Me

INVERSION
1a, 98% ee 2a

O
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Table	
  S2.	
  Leaving	
  Group	
  Effects	
  Under	
  Retention	
  Conditions.	
  

	
  

Entry	
   R	
   Conversion	
  (%)a	
   Yield	
  (%)a	
   ee	
  (%)b	
  

1	
   Piv	
   91	
   85	
   97	
  

2	
   Ac	
   65	
   55	
   96	
  

3	
  

	
  

48	
   40	
   95	
  

4	
   Boc	
   >99	
   71	
   72	
  

5	
   C(O)NMe2	
   >99	
   75	
   94	
  

6	
   C(O)C6F5	
   36	
   26	
   46	
  
a	
   Determined	
   by	
   1H	
   NMR	
   analysis	
   using	
   1,3,5-­‐trimethoxybenzene	
   as	
   internal	
  

standard.	
  b	
  ee’s	
  of	
  the	
  subsequent	
  alcohol	
  (3a),	
  formed	
  via	
  oxidation	
  with	
  H2O2	
  and	
  

NaOH.	
  Determined	
  by	
  HPLC	
  analysis	
  using	
  a	
  chiral	
  stationary	
  phase.	
  

	
  

Borylation	
  of	
  Allylic	
  Pivalates	
  	
  

General	
  Procedure	
  A:	
  Borylation	
  with	
  Retention	
  of	
  Configuration	
  

 

In a N2-atmosphere glovebox, Ni(cod)2 (2.2 mg, 0.0080 mmol, 2 mol %), t-Bu-

XantPhos (4.4 mg, 0.0088 mmol, 2.2 mol %) and K3PO4 (169.7 mg, 0.8 mmol, 2.0 equiv) 

were weighed into a 2-dram vial fitted with a magnetic stir bar. B2pin2 (203 mg, 0.80 

mmol, 2.0 equiv) and allylic pivalate (0.40 mmol, 1.0 equiv) were added, followed by 

Ph OR

Me

B2pin2 (2.0 equiv)
5 mol % NiBr2·DME
11 mol % P(o-Tol)3

K3PO4 (2.0 equiv) 
PhMe (0.4 M), 80 °C, 28 h

Ph Bpin

Me

RETENTION
1a, 98% ee 2a

O

R1 OPiv

R2
R1 B

R2
2 mol % Ni(cod)2

2.2 mol % t-BuXantPhos
K3PO4 (2.0 equiv)

PhMe (0.4 M), rt, 24 h
O

O

B2pin2 (2.0 equiv)

S4



PhMe (1.0 mL, 0.4 M). The vial was capped with a Teflon-lined cap and removed from 

the glovebox. The mixture was stirred at room temperature for 24 h. The reaction mixture 

was then diluted with Et2O (2.5 mL) and quickly filtered through a plug of silica gel and 

Celite®, which was then rinsed with Et2O (~ 15 mL). The filtrate was concentrated and 

then purified by silica gel chromatography to give the allylic boronate product. The α:γ 

ratios reported below are of isolated allylic boronates. The allylic boronate was then 

converted to the corresponding allylic alcohol via oxidation (see General Procedure C 

below) to determine the enantiomeric excess (ee).  

General	
  Procedure	
  B:	
  Borylation	
  with	
  Inversion	
  of	
  Configuration	
  

	
  

In a N2-atmosphere glovebox, Ni(cod)2 (2.2 mg, 0.0080 mmol, 2 mol %), BnPPh2 

(4.9 mg, 0.0176 mmol, 4.4 mol %) and K3PO4 (169.7 mg, 0.80 mmol, 2.0 equiv) were 

weighed into a 2-dram vial fitted with a magnetic stir bar. B2pin2 (203 mg, 0.80 mmol, 

2.0 equiv) and allylic pivalate (0.40 mmol, 1.0 equiv) were added, followed by MeCN 

(1.0 mL, 0.4 M). The vial was capped with a Teflon-lined cap and removed from the 

glovebox. The mixture was stirred at room temperature for 32 h. The reaction mixture 

was then diluted with Et2O (2.5 mL) and quickly filtered through a plug of silica gel and 

Celite®, which was then rinsed with Et2O (~15 mL). The filtrate was concentrated and 

then purified by silica gel chromatography to give the allylic boronate product. The α:γ 

ratios reported below are of isolated allylic boronates.  The allylic boronate was then 

converted to the corresponding allylic alcohol via oxidation (see General Procedure C 

below) to determine the enantiomeric excess (ee).  

Ar OPiv

R
Ar B

R
4.4 mol % BnPPh2
K3PO4 (2.0 equiv)

MeCN (0.4 M), rt, 32 h
O

O

B2pin2 (2.0 equiv)
2 mol % Ni(cod)2
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General	
  Procedure	
  C:	
  Oxidation	
  of	
  Allylic	
  Boronates	
  to	
  Allylic	
  Alcohols	
  for	
  

Determination	
  of	
  Enantiomeric	
  Excess	
  (ee).	
  

 

A solution of (S,E)-2-(4-(benzothiophen-2-yl)but-3-en-2-yl)-4,4,5,5-tetramethyl-

1,3,2-dioxaborolane ((S)-2i, 10 mg, 0.0318 mmol, 1.0 equiv) and Et2O (0.08 mL, 0.4M) 

was cooled to 0 ˚C. Aqueous NaOH (2 N, 0.029 mL, 0.058 mmol, 1.8 equiv) was added, 

followed by H2O2 (0.013 mL, 0.116 mmol, 3.6 equiv). The mixture was stirred at 0 ˚C for 

10 min and then at room temperature for an additional 30 min. The reaction mixture was 

diluted with H2O, and extracted with Et2O. The organic layer was dried (MgSO4), 

filtered, and concentrated to give (S)-3i (6.45 mg, 99%) with sufficient purity for HPLC 

analysis using a chiral stationary phase without further purification. The oxidations of 

other boronates were performed with different amounts of starting material. 

	
  

(R,E)-4,4,5,5-Tetramethyl-2-(4-phenylbut-3-en-2-yl)-1,3,2-dioxaborolane ((R)–2a). 

Prepared via General Procedure A using pivalate 1a (prepared in 98% ee). The crude 

mixture was purified by silica gel chromatography (0−2% Et2O/hexanes) to give (R)-2a  

(run 1: 78.4 mg, α:γ=20:1, 76%; run 2: 77.2 mg, α:γ=20:1, 75%) as colorless oil. [α]D
24 = 

+15.9 (c 0.69, MeOH): 1H NMR (600 MHz, CDCl3) δ 7.37 – 7.33 (m, 2H), 7.30 – 7.26 

(m, 2H), 7.19 – 7.14 (m, 1H), 6.37 – 6.32 (m, 2H), 2.15 – 2.0 (m, 1H), 1.24 (s, 12H), 1.19 

(d, J = 7.3 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 138.3, 133.3, 128.4, 127.6, 126.5, 

125.9, 83.3, 24.7, 24.6, 14.8;3 11B NMR (193 MHz, CDCl3) δ 33.2; FTIR (NaCl/thin 

film) 2977, 1457, 1379, 1352, 1322, 1143, 965, 750, 695 cm–1; HRMS (LIFDI) [M]+ 

calculated for C16H22BO2: 257.1713, found: 257.1734.  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
3	
  In	
  some	
  cases,	
  the	
  allylic	
  carbon	
  is	
  not	
  observed	
  due	
  to	
  quadrupolar	
  broadening	
  
caused	
  by	
  11B.	
  

S

Me

Bpin

2i

aq. NaOH (2 N, 1.8 equiv)
H2O2 (3.6 equiv)

Et2O, 0 °C to rt, 40 min S

Me

OH

3i
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Boronate (R)-2a was oxidized to alcohol (R)-3a via General Procedure C. The 

enantiomeric excess was determined to be 97% (run 1: 96% ee; run 2: 97% ee) by chiral 

HPLC analysis (CHIRALPAK IB, 1.0 mL/min, 3% i-PrOH/hexanes, λ=254 nm); 

tR(major) = 15.323 min, tR(minor) = 23.090 min. The spectral data of this alcohol 

matched that of alcohol 3a as prepared via General Procedure E (see below). 

The borylation of pivalate 1a was also performed on 5-mmol scale, following 

General Procedure A. In a N2-atmosphere glovebox, pivalate 1a (116.1 mg, 5.0 mmol, 

1.0 equiv), Ni(cod)2 (27.5 mg, 0.10 mmol, 2 mol %), t-Bu-XantPhos (55 mg, 0.11 mmol, 

2.2 mol %) and K3PO4 (2.12 g, 10 mmol, 2.0 equiv) were weighed into a heavy wall 

pressure vessel. B2pin2 (2.54 g, 10 mmol, 2.0 equiv) and pivalate 1a (1.16 g, 5 mmol, 1.0 

equiv) were added, followed by PhMe (12.5 mL, 0.4 M). The vessel was sealed, and 

removed from the glovebox. The mixture was stirred at room temperature for 24 h, then 

diluted with Et2O (25 mL), and filtered through a plug of silica gel and Celite®. The filter 

cake was rinsed with Et2O (50 mL). The filtrate was concentrated and then purified by 

silica gel chromatography (0−2% Et2O/hexanes) to give the (R)-2a (938 mg, 73%, 

α:γ=20:1). Boronate (R)-2a was then oxidized to alcohol (R)-3a via General Procedure C. 

The enantiomeric excess was determined to be 93%. 

	
  

(S,E)-4,4,5,5-Tetramethyl-2-(4-phenylbut-3-en-2-yl)-1,3,2-dioxaborolane ((S)-2a).	
  

Prepared via General Procedure B using pivalate 1a (prepared in 98% ee). The crude 

mixture was purified by silica gel chromatography (0−2% Et2O/hexanes) to give (S)-2a 

(run 1: 88.2 mg, α:γ=7:1, 85%; run 2: 83.0 mg, α:γ=9:1, 80%) as colorless oil. [α]D
24 = 

−27.8 (c 0.72, CHCl3). The spectral data of this compound matches that described above.  

Boronate (S)-2a was oxidized to alcohol (S)-3a via General Procedure C. The 

enantiomeric excess was determined to be 87% (run 1: 86% ee; run 2: 87% ee) by chiral 

HPLC analysis (CHIRALPAK IB, 1.0 mL/min, 3% i-PrOH/hexanes, λ=254 nm); 

tR(major) = 22.980 min, tR(minor) = 15.249 min. The spectral data of this alcohol 

matched that of alcohol 3a as prepared via General Procedure E (see below).  
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(S,E)-2-(4-(4-isopropylphenyl)but-3-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 

((S)-2b). Prepared via General Procedure A using pivalate 1b (prepared in 92% ee). The 

crude mixture was purified by silica gel chromatography (0−4% Et2O/hexanes) to give 

(S)-2b (run 1: 93.8 mg, 78%, α:γ>20:1; run 2: 96.8 mg, 81%, α:γ>20:1) as colorless oil. 

[α]D
24 = +6.0 (c 2.6, CHCl3): 1H NMR (600 MHz, CDCl3) δ 7.28 (d, J = 8.1 Hz, 2H), 7.14 

(d, J = 8.2 Hz, 2H), 6.37 – 6.22 (m, 2H), 2.87 (h, J = 6.9 Hz, 1H), 2.04 (p, J = 7.2 Hz, 

1H), 1.25 – 1.22 (m, 18H), 1.18 (d, J = 7.3 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 

147.4, 136.1, 132.5, 127.6, 126.6, 126.0, 83.4, 33.9, 24.9, 24.8, 24.1, 15.1;3 11B NMR 

(193 MHz, CDCl3) δ 33.2; FTIR (NaCl/thin film) 2961, 2872, 1653, 1558, 1507, 1457, 

1379, 1325, 1143, 966, 855 cm-1; HRMS (LIFDI) [M]+ calculated for C19H29BO2: 

300.2261, found: 300.2273. 

Boronate (S)-2b was oxidized to alcohol (S)-3b via General Procedure C. The 

enantiomeric excess was determined to be 84% (run 1: 84% ee; run 2: 84% ee) by chiral 

HPLC analysis (CHIRALPAK IB, 1 mL/min, 4% i-PrOH/hexanes, λ=254 nm); tR(major) 

= 8.743 min, tR(minor) = 9.345 min. The spectral data of this alcohol matched that of 

alcohol 3b as prepared via General Procedure F (see below). 

 

(R,E)-2-(4-(4-isopropylphenyl)but-3-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane ((R)-2b). Prepared via General Procedure B using pivalate 1b (prepared 

in 92% ee). The crude mixture was purified by silica gel chromatography (0−4% 

Et2O/hexanes) to give (R)-2b (run 1: 90.1 mg, α:γ=10:1, 75%; run 2: 97.5 mg, 81%, 

α:γ=10:1) as a colorless oil. [α]D
24 = −12.4 (c 2.6, CHCl3). The spectral data of this 

compound matches that described above.  

B

Me

iPr
O

O

B

Me

iPr
O

O
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Boronate (R)-2b was oxidized to alcohol (R)-3b via General Procedure C. The 

enantiomeric excess was determined to be 84% (run 1: 84% ee; run 2: 83% ee) by chiral 

HPLC analysis (CHIRALPAK IB, 1 mL/min, 4% i-PrOH/hexanes, λ=254 nm); tR(major) 

= 9.363 min, tR(minor) = 8.748 min. The spectral data of this alcohol matched that of 

alcohol 3b as prepared via General Procedure F (see below).  

 

(R,E)-4,4,5,5-tetramethyl-2-(4-(4-(methylthio)phenyl)but-3-en-2-yl)-1,3,2-

dioxaborolane ((R)-2c). Prepared via General Procedure A using pivalate 1c (prepared in 

93% ee). The crude mixture was purified by silica gel chromatography (0−2% 

Et2O/hexanes) to give (R)-2c (run 1: 75.6 mg, α:γ=20:1, 62%; run 2: 78 mg, α:γ=15:1 

64%) as pale yellow, waxy solid. [α]D
24 = +10.9 (c 2.84, CHCl3): 1H NMR (600 MHz, 

CDCl3) δ 7.27 (d, J = 8.4 Hz, 2H), 7.20 – 7.17 (m, 2H), 6.33 – 6.26 (m, 2H), 2.47 (s, 3H), 

2.08 – 2.01 (m, 1H), 1.24 (s, 12H), 1.18 (d, J = 7.3 Hz, 3H); 13C NMR (151 MHz, 

CDCl3) δ 136.2, 135.7, 133.1, 127.2, 127.1, 126.5, 83.4, 24.9, 24.8, 16.4, 15.0;3 11B NMR 

(193 MHz, CDCl3) δ 33.2. FTIR (NaCl/thin film) 2976, 2924, 2871, 1652, 1558, 1493, 

1373, 1321, 1143, 966 cm-1; HRMS (LIFDI) [M]+ calculated for C17H25BO2S: 304.1668, 

found: 304.1680. 

Boronate (R)-2c was oxidized to alcohol (R)-3c via General Procedure C. The 

enantiomeric excess was determined to be 88% (run 1: 88% ee; run 2: 88% ee) by chiral 

HPLC analysis (CHIRALPAK IC, 1 mL/min, 6% i-PrOH/hexanes, λ=254 nm); tR(major) 

= 13.108 min, tR(minor) = 15.130 min. The spectral data of this alcohol matched that of 

alcohol 3c as prepared via General Procedure F (see below). 

 

(S,E)-4,4,5,5-tetramethyl-2-(4-(4-(methylthio)phenyl)but-3-en-2-yl)-1,3,2-

dioxaborolane ((S)-2c). Prepared via General Procedure B using pivalate 1c (prepared in 

B

Me

MeS
O

O

B

Me

MeS
O

O
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93% ee). The crude mixture was purified by silica gel chromatography (0−2% 

Et2O/hexanes) to give (S)-2c (run 1: 76.8 mg, α:γ=6:1, 63%; run 2: 70.7 mg, α:γ=7:1,  

58%) as pale yellow, waxy solid. [α]D
24 = −10.4 (c 2.30, CHCl3). The spectral data of this 

compound matches that described above.  

Boronate (S)-2c was oxidized to alcohol (S)-3c via General Procedure C. The 

enantiomeric excess was determined to be 86% (run 1: 87% ee; run 2: 84% ee) by chiral 

HPLC analysis (CHIRALPAK IC, 1 mL/min, 6% i-PrOH/hexanes, λ=254 nm); tR(major) 

= 15.145 min, tR(minor) = 13.127 min. The spectral data of this alcohol matched that of 

alcohol 3c as prepared via General Procedure F (see below).   

 

(R,E)-2-(4-(4-fluorophenyl)but-3-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 

((R)-2d). Prepared via General Procedure A using pivalate 1d (prepared in 97% ee). The 

crude mixture was purified by silica gel chromatography (0−2% Et2O/hexanes) to give 

(R)-2d (run 1: 77.5 mg, 70%, α:γ=20:1; run 2: 88.8 mg, α:γ>20:1, 80%) as pale yellow 

oil. [α]D
24 = +7.4 (c 2.4, CHCl3): 1H NMR (600 MHz, CDCl3) δ 7.33 – 7.27 (m, 2H), 6.99 

– 6.94 (m, 2H), 6.31 (d, J = 15.9 Hz, 1H), 6.24 (dd, J = 15.9, 7.3 Hz, 1H), 2.07 –2.01 (m, 

1H), 1.24 (s, 12H), 1.18 (d, J = 7.2 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 161.8 (d, JC–

F = 245.1 Hz), 134.6 (d, JC–F = 3.2 Hz), 133.2 (d, JC–F = 2.2 Hz, olefin carbon), 127.4 (d, 

JC–F = 7.8 Hz), 126.6, 115.3 (d, JC–F = 21.3 Hz), 83.5, 24.87, 24.81, 15.0;3 11B NMR (193 

MHz, CDCl3) δ 33.1; FTIR (NaCl/thin film) 2979, 2923, 1652, 159, 1507, 1456, 1373, 

1226, 1145, 982, 851, 699 cm-1; HRMS (LIFDI) [M]+ calculated for C16H22BFO2: 

276.1697, found: 276.1674. 

Boronate (R)-2d was oxidized to alcohol (R)-3d via General Procedure C. The 

enantiomeric excess was determined to be 95% (run 1: 95% ee; run 2: 94% ee) by chiral 

HPLC analysis (CHIRALPAK IA, 0.7 mL/min, 2% i-PrOH/hexanes, λ=254 nm); 

tR(major) = 29.973 min, tR(minor) = 28.727 min. The spectral data of this alcohol 

matched that of alcohol 3d as prepared via General Procedure E (see below). 
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(S,E)-2-(4-(4-fluorophenyl)but-3-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 

((S)-2d). Prepared via General Procedure B using pivalate 1d (prepared in 97% ee). The 

crude mixture was purified by silica gel chromatography (0−2% Et2O/hexanes) to give 

(S)-2d (run 1: 82.2 mg, α:γ=7:1, 74%; run 2: 70.7 mg, α:γ=6:1, 67%) as pale yellow oil. 

[α]D
24 = −8.5 (c 2.35, CHCl3). The spectral data of this compound matches that described 

above.  

Boronate (S)-2d was oxidized to alcohol (S)-3d via General Procedure C. The 

enantiomeric excess was determined to be 89% (run 1: 89% ee; run 2: 88% ee) by chiral 

HPLC analysis (CHIRALPAK IA, 0.7 mL/min, 2% i-PrOH/hexanes, λ=254 nm); 

tR(major) = 28.547 min, tR(minor) = 29.818 min. The spectral data of this alcohol 

matched that of alcohol 3d as prepared via General Procedure E (see below).   

 

(S,E)-2-(4-(4-chlorophenyl)but-3-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 

((S)-2e). Prepared via General Procedure A using pivalate 1e (prepared in 96% ee). The 

crude mixture was purified by silica gel chromatography (0−2% Et2O/hexanes) to give 

(S)-2e (run 1: 78 mg, 67%, α:γ>20:1; run 2: 75.6 mg, α:γ>20:1, 65%) as pale yellow, 

waxy solid. [α]D
24 = −5.9 (c 2.52, CHCl3): 1H NMR (600 MHz, CDCl3) δ 7.29 – 7.25 (m, 

2H), 7.25 – 7.21 (m, 2H), 6.35 – 6.26 (m, 2H), 2.08 – 2.02 (m, 1H) 1.24 (s, 12H), 1.18 (d, 

J = 7.3 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 136.9, 134.3, 132.1, 128.6, 127.2, 

126.6, 83.5, 24.9, 24.8, 14.9;3 11B NMR (193 MHz, CDCl3) δ 33.1; FTIR (NaCl/thin 

film) 2978, 2931, 2874, 1653, 1490, 1373, 1324, 1143, 1090, 854, 807 cm-1; HRMS 

(LIFDI) [M]+ calculated for C16H22BClO2: 292.1401, found: 292.1376. 

Boronate (S)-2e was oxidized to alcohol (S)-3e via General Procedure C. The 

enantiomeric excess was determined to be 87% (run 1: 88% ee; run 2: 86% ee) by chiral 
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HPLC analysis (CHIRALPAK IA, 1 mL/min, 2% i-PrOH/hexanes, λ=254 nm); tR(major) 

= 22.413 min, tR(minor) = 25.711 min. The spectral data of this alcohol matched that of 

alcohol 3e as prepared via General Procedure E (see below). 

 

(R,E)-2-(4-(4-chlorophenyl)but-3-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 

((R)-2e). Prepared via General Procedure B using pivalate 1e (prepared in 97% ee) except 

with 5 mol% Ni(cod)2 and 11 mol % BnPPh2 for 29 h. The crude mixture was purified by 

silica gel chromatography (0−2% Et2O/hexanes) to give (R)-2e (run 1: 60.7 mg, α:γ=8:1, 

52%; run 2: 59 mg, α:γ=5:1, 50%) as pale yellow oil. [α]D
24 = +6.7 (c 1.92, CHCl3). The 

spectral data of this compound matches that described above.  

Boronate (R)-2e was oxidized to alcohol (R)-3e via General Procedure C. The 

enantiomeric excess was determined to be 82% (run 1: 82% ee; run 2: 81% ee) by chiral 

HPLC analysis (CHIRALPAK IA, 1 mL/min, 2% i-PrOH/hexanes, λ=254 nm); tR(major) 

= 25.679 min, tR(minor) = 22.319 min. The spectral data of this alcohol matched that of 

alcohol 3e as prepared via General Procedure E (see below).   

 

(S,E)-2-(4-(3-methoxyphenyl)but-3-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 

((S)-2f). Prepared via General Procedure A using pivalate 1f (prepared in 98% ee). The 

crude mixture was purified by silica gel chromatography (2−5% Et2O/hexanes) to give 

(S)-2f (run 1: 76.1 mg, 66%, α:γ=14:1; run 2: 81 mg, α:γ=13:1, 70%) as a colorless oil. 

[α]D
24 = +8.5 (c 1.63, CHCl3): 1H NMR (600 MHz, CDCl3) δ 7.22 – 7.17 (m, 1H), 6.94 

(d, J = 7.7 Hz, 1H), 6.91 – 6.88 (m, 1H), 6.73 (dd, J = 8.2, 2.5 Hz, 1H), 6.38 – 6.29 (m, 

2H), 3.81 (s, 3H), 2.08 – 2.02 (m, 1H), 1.24 (s, 12H), 1.19 (d, J = 7.3 Hz, 3H); 13C NMR 

(151 MHz, CDCl3) δ 159.9, 139.9, 133.8, 129.5, 127.7, 118.8, 112.3, 111.3, 83.4, 55.3, 
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24.9, 24.8, 15.0;3 11B NMR (193 MHz, CDCl3) δ 33.1; FTIR (NaCl/thin film) 2977, 

1653, 1558, 1506, 1456, 1147, 980, 668 cm-1; HRMS (LIFDI) [M]+ calculated for 

C17H25BO3: 288.1897, found: 288.1915. 

Boronate (S)-2f was oxidized to alcohol (S)-3f via General Procedure C. The 

enantiomeric excess was determined to be 95% (run 1: 95% ee; run 2: 94% ee) by chiral 

HPLC analysis (CHIRALPAK IC, 1 mL/min, 5% i-PrOH/hexanes, λ=254 nm); tR(major) 

= 17.987 min, tR(minor) = 20.193 min. The spectral data of this alcohol matched that of 

alcohol 3f as prepared via General Procedure F (see below). 

 

(R,E)-2-(4-(3-methoxyphenyl)but-3-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 

((R)-2f). Prepared via General Procedure B using pivalate 1f (prepared in 98% ee). The 

crude mixture was purified by silica gel chromatography (2−5% Et2O/hexanes) to give 

(R)-2f (run 1: 82.7 mg, α:γ=6:1, 72%; run 2: 78 mg, α:γ=6:1, 68%) as a colorless oil. 

[α]D
24 = −5.3 (c 2.05, CHCl3). The spectral data of this compound matches that described 

above.  

Boronate (R)-2f was oxidized to alcohol (R)-3f via General Procedure C. The 

enantiomeric excess was determined to be 90% (run 1: 90% ee; run 2: 89% ee) by chiral 

HPLC analysis (CHIRALPAK IC, 1 mL/min, 5% i-PrOH/hexanes, λ=254 nm); tR(major) 

= 20.030 min, tR(minor) = 17.856 min. The spectral data of this alcohol matched that of 

alcohol 3f as prepared via General Procedure F (see below). 

 

(S,E)-4,4,5,5-Tetramethyl-2-(4-(o-tolyl)but-3-en-2-yl)-1,3,2-dioxaborolane ((S)-2g). 

Prepared via General Procedure A using pivalate 1g (prepared in 94% ee), except with 5 

mol % Ni(cod)2 and 5.5 mol % t-BuXantPhos. The crude mixture was purified by silica 
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gel chromatography (0−2% Et2O/hexanes) to give (S)-2g (run 1: 80.4 mg, α:γ=10:1, 74%; 

run 2: 77.4 mg, α:γ=15:1, 71%) as a colorless oil. [α]D
24 = +18.2 (c 0.95, MeOH): 1H 

NMR (600 MHz, CDCl3) δ 7.34 (d, J = 7.4 Hz, 1H), 7.06 – 7.02 (m, 3H), 6.46 (d, J = 

15.8 Hz, 1H), 6.12 (dd, J = 15.7, 7.7 Hz, 1H), 2.25 (s, 3H), 2.07 – 1.95 (m, 1H), 1.18 (s, 

12H), 1.13 (d, J = 7.3 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 137.4, 134.8, 134.7, 

130.1, 126.5, 125.9, 125.5, 125.4, 83.2, 27.2, 24.74, 24.70, 19.9, 15.0; 11B NMR (193 

MHz, CDCl3) δ 33.3; FTIR (NaCl/thin film) 2976, 1457, 1321, 1143, 966, 749 cm–1; 

HRMS (LIFDI) [M]+ calculated for C17H24BO2: 271.1869, found: 271.1873.  

Boronate (S)-2g was oxidized to alcohol (S)-3g via General Procedure C. The 

enantiomeric excess was determined to be 93% (run 1: 93% ee; run 2: 92% ee) by chiral 

HPLC analysis (CHIRALPAK IB, 1.0 mL/min, 3% i-PrOH/hexanes, λ=254 nm); 

tR(major) = 16.057 min, tR(minor) = 24.458 min. The spectral data of this alcohol 

matched that of alcohol 3g as prepared via General Procedure F (see below). 

 

(R,E)-4,4,5,5-Tetramethyl-2-(4-(o-tolyl)but-3-en-2-yl)-1,3,2-dioxaborolane ((R)-2g).	
  

Prepared via General Procedure B using pivalate 1g (prepared in 94% ee) except using 5 

mol % Ni(cod)2 and 11 mol % BnPPh2. The crude mixture was purified by silica gel 

chromatography (0−2% Et2O/hexanes) to give (R)-2g  (run 1: 83.4 mg, α:γ=10:1, 78%; 

run 2: 80.2 mg, α:γ=13:1, 75%) as a colorless oil. [α]D
24 = −22.6 (c 0.83, CHCl3). The 

spectral data of this compound matches that described above.  

Boronate (R)-2g was oxidized to alcohol (R)-3g via General Procedure C. The 

enantiomeric excess was determined to be 84% (run 1: 83% ee; run 2: 84% ee) by chiral 

HPLC analysis (CHIRALPAK IB, 1.0 mL/min, 3% i-PrOH/hexanes, λ=254 nm); 

tR(major) = 24.786 min, tR(minor) = 16.280 min. The spectral data of this alcohol 

matched that of alcohol 3g as prepared via General Procedure F (see below). 
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(R,E)-4,4,5,5-tetramethyl-2-(4-(naphthalen-2-yl)but-3-en-2-yl)-1,3,2-dioxaborolane 

((R)-2h). Prepared via General Procedure A using pivalate 1h (prepared in 97% ee). The 

crude mixture was purified by silica gel chromatography (0−3% Et2O/hexanes) to give 

(R)-2h (run 1: 108.5 mg, 88%, α:γ>20:1; run 2: 99.7 mg, α:γ>20:1, 81%) as off-white 

solid (mp 78−81°C). [α]D
24 = +10.8 (c 1.58, CHCl3): 1H NMR (600 MHz, CDCl3) δ 7.77 

– 7.73 (m, 3H), 7.67 (s, 1H), 7.59 (dd, J = 8.5, 1.6 Hz, 1H), 7.45 – 7.37 (m, 2H), 6.55 – 

6.44 (m, 2H), 2.16 – 2.10 (m, 1H), 1.26 (s, 12H), 1.24 (d, J = 7.3 Hz, 3H); 13C NMR (151 

MHz, CDCl3) δ 135.9, 134.0, 133.9, 132.7, 128.0, 127.93, 127.91, 127.7, 126.2, 125.4, 

125.2, 123.9, 83.5, 24.9, 24.8, 15.0;3 11B NMR (193 MHz, CDCl3) δ 33.3; FTIR 

(NaCl/thin film) 2980, 2920, 1683, 1635, 1558, 1506, 1456, 1142, 667 cm-1; HRMS 

(LIFDI) [M]+ calculated for C20H25BO2: 308.1948, found: 308.1947. 

Boronate (R)-2h was oxidized to alcohol (R)-3h via General Procedure C. The 

enantiomeric excess was determined to be 91% (run 1: 91% ee; run 2: 90% ee) by chiral 

HPLC analysis (CHIRALPAK IC, 1 mL/min, 3% i-PrOH/hexanes, λ=254 nm); tR(major) 

= 21.293 min, tR(minor) = 23.576 min. The spectral data of this alcohol matched that of 

alcohol 3h as prepared via General Procedure E (see below). 

 

(S,E)-4,4,5,5-tetramethyl-2-(4-(naphthalen-2-yl)but-3-en-2-yl)-1,3,2-dioxaborolane 

((S)-2h). Prepared via General Procedure B using pivalate 1h (prepared in 97% ee). The 

crude mixture was purified by silica gel chromatography (0−3% Et2O/hexanes) to give 

(S)-2h (run 1: 64.1 mg, α:γ=9:1, 52%; run 2: 67.8 mg, α:γ=7:1, 55%) as off-white solid 

(mp 78−81°C). [α]D
24 = −9.1 (c 3.08, CHCl3). The spectral data of this compound 

matches that described above.  
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Boronate (S)-2h was oxidized to alcohol (S)-3h via General Procedure C. The 

enantiomeric excess was determined to be 88% (run 1: 88% ee; run 2: 87% ee) by chiral 

HPLC analysis (CHIRALPAK IC, 1 mL/min, 3% i-PrOH/hexanes, λ=254 nm); tR(major) 

= 23.494 min, tR(minor) = 21.244 min. The spectral data of this alcohol matched that of 

alcohol 3h as prepared via General Procedure E (see below).   

 

(S,E)-2-(4-(benzothiophen-2-yl)but-3-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane ((S)-2i). Prepared via General Procedure A using pivalate 1i (prepared in 

70% ee) except on a 0.30 mmol scale. The crude mixture was purified by silica gel 

chromatography (0−4% Et2O/hexanes) to give (S)-2i (60 mg, 64%, α:γ>20:1) as a pale 

yellow, waxy solid. [α]D
24 = +10.7 (c 1.9, CHCl3): 1H NMR (600 MHz, CDCl3) δ 7.72 (d, 

J = 7.9 Hz, 1H), 7.63 (d, J = 7.6 Hz, 1H), 7.28 (dd, J = 7.2, 0.9 Hz, 1H), 7.25 – 7.22 (m, 

1H), 7.03 (s, 1H), 6.61 – 6.55 (m, 1H), 6.29 (dd, J = 15.6, 7.6 Hz, 1H), 2.11 – 2.06 (m, 

1H), 1.25 (s, 12H), 1.21 (d, J = 7.2 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 144.0, 140.5, 

138.6, 136.5, 124.3, 124.2, 123.2, 122.2, 121.9, 120.8, 83.6, 24.9, 24.8, 14.7;3 11B NMR 

(193 MHz, CDCl3) δ 33.2; FTIR (NaCl/thin film) 2978, 1652, 1558, 1457, 1373, 1144, 

981, 851 cm-1; HRMS (CI+) [M]+H calculated for C18H24BO2S: 315.1590, found: 

315.1591. 

Boronate (S)-2i was oxidized to alcohol (S)-3i via General Procedure C. The 

enantiomeric excess was determined to be 68% by chiral HPLC analysis (CHIRALPAK 

IC, 1 mL/min, 3% i-PrOH/hexanes, λ=254 nm); tR(major) = 21.095 min, tR(minor) = 

23.755 min. The spectral data of this alcohol matched that of alcohol 3i as prepared via 

General Procedure F (see below). 
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(S,E)-2-(4-(Furan-2-yl)but-3-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane ((S)-

2j). Prepared via General Procedure A using pivalate 1j (prepared in 99% ee). The crude 

mixture was purified by silica gel chromatography (0−2% Et2O/hexanes) to give (S)-2j  

(run 1: 39.1 mg, α:γ > 20:1, 39%; run 2: 48.7 mg, α:γ > 20:1, 48%) as colorless oil. [α]D
24 

= +24.0 (c 0.71, MeOH): 1H NMR (600 MHz, CDCl3) δ 7.29 (m, 1H), 6.33 – 6.26 (m, 

2H), 6.18 (dd, J = 16.0, 1.4 Hz, 1H), 6.10 (d, J = 3.2 Hz, 1H), 2.05 – 1.99 (m, 1H), 1.24 

(s, 12H), 1.17 (d, J = 7.3 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 153.8, 140.9, 132.4, 

116.5, 111.0, 105.4, 83.3, 24.7, 24.7, 14.6;3 11B NMR (193 MHz, CDCl3) δ 33.3; FTIR 

(NaCl/thin film) 2977, 1457, 1373, 1351, 1323, 1143, 1011, 964, 728 cm–1; HRMS 

(LIFDI) [M]+ calculated for C14H21BO3: 248.1584, found: 248.1577. 

Boronate (S)-2j was oxidized to alcohol (S)-3j via General Procedure C. The 

enantiomeric excess was determined to be 92% (run 1: 91% ee; run 2: 92% ee) by chiral 

HPLC analysis (CHIRALCEL OD–H, 1.0 mL/min, 2% i-PrOH/hexanes, λ=254 nm); 

tR(major) = 22.253 min, tR(minor) = 25.273 min. The spectral data of this alcohol 

matched that of alcohol 3j as prepared via General Procedure F (see below). 

	
  

(R,E)-2-(4-(Furan-2-yl)but-3-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane ((R)-

2j).	
  Prepared via General Procedure B using pivalate 1j (prepared in 99% ee). The crude 

mixture was purified by silica gel chromatography (0−2% Et2O/hexanes) to give (R)-2j  

(run 1: 29.2 mg, α:γ=11:1, 30%; run 2: 31.6 mg, α:γ=14:1, 31%) as a colorless oil. [α]D
24 

= −26.8 (c 0.6, CHCl3). The spectral data of this compound matches that described above.  

Boronate (R)-2j was oxidized to alcohol (R)-3j via General Procedure C. The 

enantiomeric excess was determined to be 77% (run 1: 77% ee; run 2: 76% ee) by chiral 

HPLC analysis (CHIRALCEL OD–H, 1.0 mL/min, 2% i-PrOH/hexanes, λ=254 nm); 

tR(major) = 24.874 min, tR(minor) = 22.002 min. The spectral data of this alcohol 

matched that of alcohol 3j as prepared via General Procedure F (see below). 
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(S,E)-4,4,5,5-Tetramethyl-2-(1-phenylpent-1-en-3-yl)-1,3,2-dioxaborolane ((S)-2k). 

Prepared via General Procedure A using pivalate 1k (prepared in 99% ee). The crude 

mixture was purified by silica gel chromatography (0−2% Et2O/hexanes) to give (S)-2k 

(run 1: 94.0 mg, α:γ=10:1, 86%; run 2: 93.6 mg, α:γ=8:1, 86%) as colorless oil. [α]D
24 = 

+26.8 (c 0.87, MeOH): 1H NMR (600 MHz, CDCl3) δ 7.35 – 7.33 (m, 2H), 7.29 – 7.27 

(m, 2H), 7.18 – 7.15 (m, 1H), 6.36 (d, J = 15.7 Hz, 1H), 6.22 (dd, J = 15.8, 9.0 Hz, 1H), 

1.93 – 1.89 (m, 1H), 1.72 – 1.65 (m, 1H), 1.58 – 1.51 (m, 1H), 1.25 (s, 6H), 1.24 (s, 6H), 

0.95 (t, J = 7.4 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 138.3, 131.9, 129.1, 128.4, 

126.5, 125.9, 83.2, 24.8, 24.6, 24.0, 13.7;3 11B NMR (193 MHz, CDCl3) δ 33.0; FTIR 

(NaCl/thin film) 2977, 1371, 1321, 1143, 967, 749, 694 cm–1; HRMS (LIFDI) [M]+ 

calculated for C17H25BO2: 272.1948, found: 272.1924.  

Boronate (S)-2k was oxidized to alcohol (S)-3k via General Procedure C. The 

enantiomeric excess was determined to be 98% (run 1: 98% ee; run 2: 98% ee) by chiral 

HPLC analysis (CHIRALPAK IB, 1.0 mL/min, 2% i-PrOH/hexanes, λ=254 nm); 

tR(major) = 17.361 min, tR(minor) = 28.554 min. The spectral data of this alcohol 

matched that of alcohol 3k as prepared via General Procedure F  (see below). 

 

(R,E)-4,4,5,5-Tetramethyl-2-(1-phenylpent-1-en-3-yl)-1,3,2-dioxaborolane ((R)-2k).	
  

Prepared via General Procedure B using pivalate 1k (prepared in 99% ee). The crude 

mixture was purified by silica gel chromatography (0−2% Et2O/hexanes) to give (R)-2k 

(run 1: 95.0 mg, α:γ=8:1, 87%; run 2: 93.9 mg, α:γ=8:1, 86%) as colorless oil. [α]D
24 = 

−22.1 (c 0.95, CHCl3). The spectral data of this compound matches that described above.  

Boronate (R)-2k was oxidized to alcohol (R)-3k via General Procedure C. The 

enantiomeric excess was determined to be 91% (run 1: 91% ee; run 2: 90% ee) by chiral 
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HPLC analysis (CHIRALPAK IB, 1.0 mL/min, 2% i-PrOH/hexanes, λ=254 nm); 

tR(major) = 28.625 min, tR(minor) = 17.498 min. The spectral data of this alcohol 

matched that of alcohol 3k as prepared via General Procedure F (see below). 

 

(S,E)-4,4,5,5-Tetramethyl-2-(4-methyl-1-phenylpent-1-en-3-yl)-1,3,2-dioxaborolane 

((S)-2l). Prepared via General Procedure A using pivalate 1l (prepared in 99% ee), except 

using 5 mol % Ni(cod)2 and 5.5 mol % t-BuXantPhos at 40 °C. The crude mixture was 

purified by silica gel chromatography (0−2% Et2O/hexanes) to give (S)-2l (run 1: 89.8 

mg, α:γ=2:1, 78%; run 2: 91.0 mg, α:γ=2:1, 79%) as colorless oil. [α]D
24 = +15.7 (c 0.36, 

MeOH): 1H NMR (600 MHz, CDCl3, α-isomer) δ 7.35 – 7.34 (m, 2H), 7.29 – 7.27 (m, 

2H), 7.18 – 7.17 (m, 1H), 6.35 (d, J = 15.8 Hz, 1H), 6.19 (dd, J = 15.8, 9.9 Hz, 1H), 1.95 

– 1.93 (m, 1H), 1.74 (t, J = 9.3 Hz, 1H), 1.25 (s, 6H), 1.24 (s, 6H), 1.00 – 0.97 (m, 6H); 
13C NMR (151 MHz, CDCl3, α and γ mixture) δ 142.3, 138.3, 131.1, 130.0, 128.42, 

128.37, 128.3, 128.2, 126.7, 126.5, 125.9, 125.2, 83.4, 83.2, 31.2, 30.0, 24.74, 24.66, 

24.5, 22.7, 22.6, 22.1; 11B NMR (193 MHz, CDCl3) δ 32.6; FTIR (NaCl/thin film) 2977, 

1371, 1320, 1142, 970, 853, 750, 695 cm–1; HRMS (LIFDI) [M]+ calculated for 

C18H27BO2: 286.2104, found: 286.2131.  

Boronate (S)-2l was oxidized to alcohol (S)-3l via General Procedure C. The 

enantiomeric excess was determined to be 98% (run 1: 97% ee; run 2: 98% ee) by chiral 

HPLC analysis (CHIRALPAK IB, 1.0 mL/min, 2% i-PrOH/hexanes, λ=254 nm); 

tR(major) = 14.739 min, tR(minor) = 22.980 min. The spectral data of this alcohol 

matched that of alcohol 3l as prepared via the General Procedure F (see below). 
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(R,E)-4,4,5,5-Tetramethyl-2-(4-methyl-1-phenylpent-1-en-3-yl)-1,3,2-dioxaborolane 

((R)-2l).	
  Prepared via General Procedure B using pivalate 1l (prepared in 99% ee), except 

using 5 mol % Ni(cod)2 and 11 mol % t-BuXantPhos at 40 °C. The crude mixture was 

purified by silica gel chromatography (0−2% Et2O/hexanes) to give (R)-2l (run 1: 94.0 

mg, α:γ=3:2, 83%; run 2: 91.7 mg, α:γ=7:5, 81%) as colorless oil. [α]D
24 = −11.6 (c 0.9, 

CHCl3). The spectral data of this compound matches that described above.  

Boronate (R)-2l was oxidized to alcohol (R)-3l via General Procedure C. The 

enantiomeric excess was determined to be 80% (run 1: 79% ee; run 2: 80% ee) by chiral 

HPLC analysis (CHIRALPAK IB, 1.0 mL/min, 2% i-PrOH/hexanes, λ=254 nm); 

tR(major) = 22.643 min, tR(minor) = 14.374 min. The spectral data of this alcohol 

matched that of alcohol 3l General Procedure F (see below). 

 

(S,E)-2-(1,5-diphenylpent-1-en-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane ((S)-

2m). Prepared via General Procedure A using pivalate 1m (prepared in 99% ee). The 

crude mixture was purified by silica gel chromatography (0−2% Et2O/hexanes) to give 

(S)-2f (run 1: 104.7 mg, 75%, α:γ=14:1; run 2: 109.2 mg, α:γ=14:1, 78%) as a white solid 

(mp 87−90 °C). [α]D
24 = −20.4 (c 4.4, CHCl3): 1H NMR (600 MHz, CDCl3) δ 7.36 – 7.30 

(m, 2H), 7.31 – 7.26 (m, 4H), 7.21 – 7.16 (m, 4H), 6.39 (d, J = 15.8 Hz, 1H), 6.24 (dd, J 

= 15.8, 9.0 Hz, 1H), 2.74 – 2.65 (m, 1H), 2.64 – 2.56 (m, 1H), 2.09 – 2.01 (m, 1H), 2.00 

– 1.92 (m, 1H), 1.89 – 1.78 (m, 1H), 1.25 (s, 6H), 1.24 (s, 6H); 13C NMR (151 MHz, 

CDCl3) δ 142.7, 138.3, 131.6, 129.7, 128.7, 128.6, 128.4, 126.8, 126.1, 125.8, 83.5, 35.6, 

32.8, 24.9, 24.8;3 11B NMR (193 MHz, CDCl3) δ 32.9; FTIR (NaCl/thin film) 3024, 

2977, 2928, 1653, 1495, 1456, 1370, 1323, 1142, 967, 750 cm-1; HRMS (LIFDI) [M]+ 

calculated for C23H29BO2: 348.2261, found: 348.2287. 

Boronate (S)-2m was oxidized to alcohol (S)-3m via General Procedure C. The 

enantiomeric excess was determined to be 96% (run 1: 96% ee; run 2: 95% ee) by chiral 

HPLC analysis (CHIRALPAK IC, 1 mL/min, 2% i-PrOH/hexanes, λ=254 nm); tR(major) 
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= 22.971 min, tR(minor) = 27.376 min. The spectral data of this alcohol matched that of 

alcohol 3m as prepared via General Procedure F (see below). 

 

(R,E)-2-(1,5-diphenylpent-1-en-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane ((R)-

2m). Prepared via General Procedure B using pivalate 1m (prepared in 99% ee). The 

crude mixture was purified by silica gel chromatography (0−2% Et2O/hexanes) to give 

(R)-2m (run 1: 107.6 mg, α:γ=14:1, 77%; run 2: 112.3 mg, α:γ=12:1, 81%) as a white 

solid (mp 87−90 °C). [α]D
24 = +20.7 (c 3.46, CHCl3). The spectral data of this compound 

matches that described above.  

Boronate (R)-2m was oxidized to alcohol (R)-3m via General Procedure C. The 

enantiomeric excess was determined to be 92% (run 1: 92% ee; run 2: 92% ee) by chiral 

HPLC analysis (CHIRALPAK IC, 1 mL/min, 2% i-PrOH/hexanes, λ=254 nm); tR(major) 

= 27.197 min, tR(minor) = 22.849 min. The spectral data of this alcohol matched that of 

alcohol 3m as prepared via General Procedure F (see below). 

 

(S,E)-4,4,5,5-tetramethyl-2-(1-phenylhexa-1,5-dien-3-yl)-1,3,2-dioxaborolane ((S)-

2n). Prepared via General Procedure A using pivalate 1n (prepared in 99% ee). The crude 

mixture was purified by silica gel chromatography (0−2% Et2O/hexanes) to give (S)-2n 

(run 1: 100 mg, α:γ>20:1, 88%; run 2: 91.4 mg, α:γ=18:1, 80%) as a pale yellow solid 

(mp 57−60 °C). [α]D
24 = −2.8 (c 3.19, CHCl3): 1H NMR (600 MHz, CDCl3) δ 7.36 – 7.32 

(m, 2H), 7.29 − 7.25 (m, 2H), 7.19 – 7.15 (m, 1H), 6.39 (d, J = 15.9 Hz, 1H), 6.23 (dd, J 

= 15.9, 8.7 Hz, 1H), 5.90 – 5.82 (m, 1H), 5.09 – 5.04 (m, 1H), 4.97 (dd, J = 10.2, 1.9 Hz, 

1H), 2.45 − 2.37 (m, 1H), 2.34 – 2.27 (m, 1H), 2.12 − 2.07 (m, 1H), 1.242 (s, 6H), 1.236 

(s, 6H); 13C NMR (151 MHz, CDCl3) δ 138.3, 138.1, 131.2, 129.4, 128.5, 126.7, 126.1, 
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115.3, 83.5, 35.2, 24.9, 24.8;3 11B NMR (193 MHz, CDCl3) δ 32.8; FTIR (NaCl/thin 

film) 3024, 2977, 2928, 1653, 1495, 1456, 1370, 1323, 1142, 967, 750 cm-1; HRMS 

(LIFDI) [M]+ calculated for C23H29BO2: 348.2261, found: 348.2287. 

Boronate (S)-2n was oxidized to alcohol (S)-3n via General Procedure C. The 

enantiomeric excess was determined to be 77% (run 1: 75% ee; run 2: 79% ee) by chiral 

HPLC analysis (CHIRALPAK IC, 1 mL/min, 2% i-PrOH/hexanes, λ=254 nm); tR(major) 

= 15.203 min, tR(minor) = 17.382 min. The spectral data of this alcohol matched that of 

alcohol 3n as prepared via General Procedure F (see below). 

 

(R,E)-4,4,5,5-tetramethyl-2-(1-phenylhexa-1,5-dien-3-yl)-1,3,2-dioxaborolane ((R)-

2n). Prepared via General Procedure B using pivalate 1n (prepared in 99% ee). The crude 

mixture was purified by silica gel chromatography (0−2% Et2O/hexanes) to give (R)-2n 

(run 1: 81.5 mg, α:γ=16:1, 72%; run 2: 80.5 mg, α:γ=20:1, 71%) as a white solid (mp 

57−60 °C). [α]D
24 = +13.6 (c 2.6, CHCl3). The spectral data of this compound matches 

that described above.  

Boronate (R)-2n was oxidized to alcohol (R)-3n via General Procedure C. The 

enantiomeric excess was determined to be 88% (run 1: 89% ee; run 2: 87% ee) by chiral 

HPLC analysis (CHIRALPAK IC, 1 mL/min, 2% i-PrOH/hexanes, λ=254 nm); tR(major) 

= 17.361 min, tR(minor) = 15.181 min. The spectral data of this alcohol matched that of 

alcohol 3n as prepared via General Procedure F (see below). 

 

(S,E)-4,4,5,5-Tetramethyl-2-(7-methyl-1-phenylocta-1,6-dien-3-yl)-1,3,2-

dioxaborolane ((S)-2o). Prepared via General Procedure A using pivalate 1o (prepared in 

78% ee). The crude mixture was purified by silica gel chromatography (0−2% 
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Et2O/hexanes) to give (S)-2o (run 1: 122.8 mg, α:γ=10:1, 94%; run 2: 119.9 mg, 

α:γ=10:1, 92%) as colorless oil. [α]D
24 = +21.2 (c 1.18, MeOH): 1H NMR (600 MHz, 

CDCl3) δ 7.34 – 7.33 (m, 2H), 7.29 – 7.27 (m, 2H), 7.18 – 7.15 (m, 1H), 6.36 (d, J = 15.8 

Hz, 1H), 6.21 (dd, J = 15.9, 9.0 Hz, 1H), 5.14 – 5.12 (m, 1H), 2.05 – 1.98 (m, 3H), 1.68 

(s, 3H), 1.67 – 1.64 (m, 1H), 1.59 (s, 3H), 1.57 – 1.53 (m, 1H), 1.244 (s, 6H), 1.240 (s, 

6H); 13C NMR (151 MHz, CDCl3) δ 138.3, 131.8, 131.6, 129.1, 128.4, 126.5, 125.9, 

124.5, 83.2, 30.9, 27.6, 25.7, 24.8, 24.6, 17.7;3 11B NMR (193 MHz, CDCl3) δ 32.1; 

FTIR (NaCl/thin film) 2977, 2927, 1448, 1371, 1321, 1143, 966, 854, 750, 695 cm–1; 

HRMS (LIFDI) [M]+ calculated for C21H31BO2: 326.2417, found: 326.2429. 

Boronate (S)-2o was oxidized to alcohol (S)-3o via General Procedure C. The 

enantiomeric excess was determined to be 76% (run 1: 76% ee; run 2: 76% ee) by chiral 

HPLC analysis (CHIRALPAK IC, 1.0 mL/min, 3% i-PrOH/hexanes, λ=254 nm); 

tR(major) = 10.883 min, tR(minor) = 13.071 min. The spectral data of this alcohol 

matched that of alcohol 3o as prepared via General Procedure F (see below). 

 

(R,E)-4,4,5,5-Tetramethyl-2-(7-methyl-1-phenylocta-1,6-dien-3-yl)-1,3,2-

dioxaborolane ((R)-2o).	
  Prepared via General Procedure B using pivalate 1o (prepared 

in 78% ee). The crude mixture was purified by silica gel chromatography (0−2% 

Et2O/hexanes) to give (R)-2o (run 1: 109.3 mg, α:γ=10:1, 84%; run 2: 102.4 mg, 

α:γ=10:1, 78%) as colorless oil. [α]D
24 = −17.0 (c 1.0, CHCl3). The spectral data of this 

compound matches that described above.  

Boronate (R)-2o was oxidized to alcohol (R)-3o via General Procedure C. The 

enantiomeric excess was determined to be 70% (run 1: 71% ee; run 2: 69% ee) by chiral 

HPLC analysis (CHIRALPAK IC, 1.0 mL/min, 3% i-PrOH/hexanes, λ=254 nm); 

tR(major) = 13.055 min, tR(minor) = 10.880 min. The spectral data of this alcohol 

matches that of alcohol 3o as prepared via General Procedure F (see below). 
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(S,E)-2-(4-cyclohexylbut-3-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane ((S)-2p). 

Prepared via General Procedure A using pivalate 1p (prepared in 99% ee) except using 5 

mol % Ni(cod)2 and 5.5 mol % t-BuXantPhos at 40 °C for 24 h. The crude mixture was 

purified by silica gel chromatography (0−2% Et2O/hexanes) to give (S)-2p (run 1: 96 mg, 

91%; run 2: 94 mg, 89%) as a colorless oil. The α:γ ratio was determined after oxidation 

to alcohol (S)-3p (see below). [α]D
24 = −4.5 (c 2.2, CHCl3): 1H NMR (600 MHz, 

C(O)(CD3)2) δ 5.43 (ddd, J = 15.7, 7.4, 1.2 Hz, 1H), 5.28 (ddd, J = 15.6, 6.9, 1.4 Hz, 1H), 

1.89 (dt, J = 11.2, 3.9 Hz, 1H), 1.72 – 1.65 (m, 4H), 1.62 – 1.60 (m, 1H), 1.31 – 1.22 (m, 

3H), 1.20 (s, 12H), 1.15 – 1.01 (m, 3H), 1.00 (d, J = 7.3 Hz, 3H); 13C NMR (151 MHz, 

C(O)(CD3)2) δ 134.8, 131.1, 83.8, 41.9, 34.4, 27.1, 26.9, 25.2, 25.1, 15.8;3 11B NMR (193 

MHz, C(O)(CD3)2) δ 33.4; FTIR (NaCl/thin film) 2977, 924, 2851, 1378, 1353, 1144, 

965 cm-1; HRMS (CI+) [M]+H calculated for C16H30BO2: 265.2339, found: 265.2344. 

 Boronate (S)-2p was oxidized to alcohol (S)-3p via General Procedure C to 

determine the α:γ ratio (run 1: α:γ=14:1; run 2: α:γ=12:1). 

The enantiomeric excess of (S)-2p was determined by conversion first to alcohol 

(S)-3p and then to ester (S)-8p, as described below. The use of p-nitrobenzoate (S)-8p has 

been previously described to determine the ee of alcohol 3p.4  

 

Boronate (S)-2p (33.4 mg, 0.126 mmol, 1.0 equiv) was oxidized to alcohol (S)-3p 

via General Procedure C in quantitative yield. The obtained alcohol (S)-3p was dissolved 

in CH2Cl2 (1 mL) and treated with Et3N (35 µL, 0.252 mmol, 2.0 equiv) and 4-
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  Ye,	
  J.;	
  Zhao,	
  J.;	
  Xu,	
  J.;	
  Mao,	
  Y.;	
  Zhang,	
  Y.	
  J.	
  Chem.	
  Commun.	
  2013,	
  49,	
  9761.	
  

B

Me

O

O

B

Me

O

O

2. 

Et3N, DCM, 0 °C to rt, 1 h

1. 2 N NaOH aq.
H2O2, Et2O, 0 °C to rt, 40 mins

O2N

O
Cl

Me

O

O

NO2(S)-2p (S)-8p

S24



nitrobenzoyl chloride (28 mg, 0.15 mmol, 1.2 equiv) at 0 °C. The solution was allowed to 

stir at rt for an additional 1h. The reaction was quenched with H2O (2 mL), and the 

product was extracted with CH2Cl2 (2 x 1 mL). The organic layers were washed with sat. 

NaCl, dried (MgSO4), filtered, and concentrated. The crude mixture was purified via 

silica gel chromatography (3−5% Et2O/hexanes) to afford ester (S)-8p as a sticky yellow 

oil (33.2 mg, 87%). The enantiomeric excess of (S)-8p was determined to be 91% (run 1: 

92% ee; run 2: 90% ee) by chiral HPLC analysis (CHIRALPAK IC, 1 mL/min, 1% i-

PrOH/hexanes, λ=254 nm); tR(major) = 14.953 min, tR(minor) = 17.280 min. 1H NMR 

(600 MHz, CDCl3) δ 8.24 – 8.17 (m, 2H), 8.16 – 8.10 (m, 2H), 5.72 – 5.65 (m, 1H), 5.54 

– 5.49 (m, 1H), 5.47 – 5.43 (m, 1H), 1.95 – 1.85 (m, 1H), 1.70 – 1.60 (m, 4H), 1.60 – 

1.55 (m, 1H), 1.37 (d, J = 6.4 Hz, 3H), 1.25 – 1.13 (m, 2H), 1.13 – 0.90 (m, 3H); 13C 

NMR (151 MHz, CDCl3) δ 163.9, 150.4, 140.0, 136.3, 130.7, 126.3, 123.4, 73.4, 40.2, 

32.60, 32.56, 26.1, 26.0, 25.9, 20.5. 

 

(R,E)-4,4,5,5-tetramethyl-2-(1-phenylhept-1-en-3-yl)-1,3,2-dioxaborolane ((R)-2r). 

Prepared via General Procedure B using pivalate 1r (prepared in 94% ee). The crude 

mixture was purified by silica gel chromatography (0−2% Et2O/hexanes) to give (R)-2r 

(102.2 mg, α:γ=9:1, 85%) as a colorless oil. [α]D
24 = +6.9 (c 2.6, CHCl3): 1H NMR (600 

MHz, CDCl3) δ 7.34 (d, J = 7.3 Hz, 2H), 7.28 (d, J = 7.5 Hz, 2H), 7.16 (t, J = 7.3 Hz, 

1H), 6.35 (d, J = 15.8 Hz, 1H), 6.21 (dd, J = 15.8, 9.1 Hz, 1H), 1.97 (q, J = 8.0 Hz, 1H), 

1.64 (ddt, J = 13.1, 9.6, 6.4 Hz, 1H), 1.51 (td, J = 8.1, 3.4 Hz, 1H), 1.39 – 1.25 (m, 4H), 

1.243 (s, 6H), 1.239 (s, 6H), 0.88 (t, J = 6.9 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 

138.4, 132.3, 129.1, 128.5, 126.6, 126.0, 83.4, 31.6, 30.7, 24.9, 24.8, 22.9, 14.2;3 11B 

NMR (193 MHz, CDCl3) δ 33.0; FTIR (NaCl/thin film) 2929, 1652, 1558, 1456, 1373, 

1143, 967, 852 cm-1; HRMS (CI+) [M]+H calculated for C19H29BO2: 301.2339, found: 

301.2336.  
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Boronate (R)-2r was oxidized to alcohol (R)-3r via General Procedure C. The 

enantiomeric excess was determined to be 70% by chiral HPLC analysis (CHIRALPAK 

IB, 1 mL/min, 3% i-PrOH/hexanes, λ=254 nm); tR(major) = 12.018 min, tR(minor) = 

19.733 min. The spectral data of this alcohol matched that of alcohol 3r reported in the 

literature.5  

Use	
  of	
  Other	
  Diboron	
  Reagents	
  

Bis(neopentyl	
  glycolato)diboron	
  

	
  

Retention Conditions: (R)-5a was prepared on 0.2-mmol scale following General 

Procedure A, except using bis(neopentyl glycolato)diboron (90.4 mg, 0.4 mmol, 2.0 

equiv). Because (R)-5a was unstable to silica gel chromatography, the yield (77%, 

α:γ=18:1) was determined via 1H NMR analysis of the crude reaction mixture with 1,3,5-

trimethoxybenzene (16.8 mg, 0.1 mmol, 0.5 equiv) as internal standard. The enantiomeric 

excess (ee) was determined to be 93% after oxidation following General Procedure C. 

	
  

Inversion Conditions: (S)-5a was prepared on 0.2-mmol scale following General 

Procedure B except using bis(neopentyl glycolato)diboron (90.4 mg, 0.4 mmol, 2.0 

equiv). Because (S)-5a was unstable to silica gel chromatography, the yield (95%, 

α:γ=5:1) was determined via 1H NMR analysis of the crude reaction mixture with 1,3,5-

trimethoxybenzene (16.8 mg, 0.1 mmol, 0.5 equiv) as internal standard. The enantiomeric 

excess (ee) was determined to be 81% after oxidation following General Procedure C. 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
5 Stevens, B.D.; Bungard, C.J.; Nelson, S. J. Org. Chem. 2006, 71, 6397. 
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Bis(hexylene	
  glycolato)diboron	
  

	
  

Retention Conditions: (R)-6a was prepared on 0.2-mmol scale following General 

Procedure A except using bis(hexylene glycolato)diboron (101.6 mg, 0.4 mmol, 2.0 

equiv). Because (R)-6a was unstable to silica gel chromatography, the yield (81%, 

α:γ=11:1) was determined via 1H NMR analysis of the crude reaction mixture with 1,3,5-

trimethoxybenzene (16.8 mg, 0.1 mmol, 0.5 equiv) as internal standard. The enantiomeric 

excess (ee) was determined to be 90% after oxidation following General Procedure C. 

 

Inversion Conditions: (S)-6a was prepared on 0.2-mmol scale following General 

Procedure B except using bis(hexylene glycolato)diboron (101.6 mg, 0.4 mmol, 2.0 

equiv). Because (S)-6a was unstable to silica gel chromatography, the yield (20%, 

α:γ<10:1) was determined via 1H NMR analysis of the crude reaction mixture with 1,3,5-

trimethoxybenzene (16.8 mg, 0.1 mmol, 0.5 equiv) as internal standard. The enantiomeric 

excess (ee) was determined to be 85% after oxidation following General Procedure C. 

Preparation	
  of	
  Potassium	
  Trifluoroborate	
  Salt	
  4q	
  

 

(S,E)-4,4,5,5-Tetramethyl-2-(4-(4-cyanophenyl)-but-3-en-2-yl)-1,3,2-

dioxaborolane ((S)-4q). Retention Conditions: (S)-4q was prepared using General 
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Procedure A using pivalate (S)-1q (108.5 mg, 0.4 mmol, prepared in 99% ee). Since (S)-

2q was not stable on silica gel, the crude mixture was directly used in next step. 

To a solution of crude boronate (S)-2q in methanol (3 mL) was added aq. KHF2 

(0.27 M, 3 mL, 0.8 mmol). The resulting mixture was stirred for 3 h at room temperature. 

The reaction mixture was concentrated, washed with Et2O/hexane (v/v = 1:10, 10 mL). 

Then the solid residue was extracted with acetone (10 mL) and filtered. The filtrate was 

concentrated to afford potassium trifluorobrate salt (S)-4q (run 1: 88.5 mg, α:γ>20:1, 

84%, run 2: 87.0 mg, α:γ>20:1, 83%) as a white solid (m.p 131–133 °C). [α]D
24 = +11.6 

(c 1.7, MeOH); 1H NMR (600 MHz, CD3CN) δ 7.58 (d, J = 8.5 Hz, 2H), 7.46 (d, J = 8.4 

Hz, 2H), 6.84 (dd, J = 16.0, 7.2 Hz, 1H), 6.16 (dd, J = 16.0, 1.6 Hz, 1H), 1.43 – 1.41 (m, 

1H), 1.00 (d, J = 6.9 Hz, 3H); 13C NMR (151 MHz, CD3CN) δ 148.8, 145.8, 133.2, 

126.4, 121.7, 120.3, 108.5, 14.7;3 19F NMR (565 MHz, CD3CN) δ –145.5; 11B NMR (193 

MHz, CD3CN) δ 3.98 (q, J = 60.1 Hz); FTIR (NaCl/thin film) 2976, 1854, 1599, 1181, 

695. 

Trifluoroborate salt (S)-4q was oxidized to alcohol (S)-3q via a literature 

procedure.6 The enantiomeric excess was determined to be 81% (run 1: 81% ee; run 2: 

81% ee) by chiral HPLC analysis (CHIRALPAK IA, 1.0 mL/min, 6% i-PrOH/hexanes, 

λ=254 nm); tR(major) = 20.539 min, tR(minor) = 18.421 min. The spectral data of this 

alcohol matched that of alcohol 3q reported in the literature.4 

In a separate experiment, crude boronate (S)-2q was oxidized to alcohol (S)-3q 

via General Procedure C. The enantiomeric excess was determined to be 84% by chiral 

HPLC analysis (CHIRALPAK IA, 1.0 mL/min, 6% i-PrOH/hexanes, λ=254 nm); 

tR(major) = 20.638 min, tR(minor) = 18.477 min.  

 

 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
6 Molander, G. A.; Cavalcanti, L. N. J. Org. Chem. 2011, 76, 623. 
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(R,E)-4,4,5,5-Tetramethyl-2-4-(4-cyanophenyl)-but-3-en-2-yl)-1,3,2-

dioxaborolane ((R)-4q). Inversion Conditions: (R)-4q was prepared via General 

Procedure B using pivalate (S)-1q (108.5 mg, 0.4 mmol, prepared in 99% ee). The crude 

mixture was used directly in the next step. To a solution of crude boronate (R)-2q in 

methanol (3 mL) was added aq. KHF2 (0.27 M, 3 mL, 0.8 mmol). The resulting mixture 

was stirred for 3 h at room temperature. The reaction mixture was concentrated, washed 

with Et2O/hexane (v/v = 1:10, 10 mL). Then the solid residue was extracted with acetone 

(10 mL), and the filtered extract was concentrated to afford trifluorobrate salt (R)-4q  (run 

1: 86.0 mg, α:γ>20:1, 83%, run 2: 88.1 mg, α:γ>20:1, 83%) as a white solid (mp 130–133 

°C). [α]D
24 = –8.2 (0.97, MeOH). The spectral data of this compound matched that 

described above. 

Trifluoroborate salt (R)-4q was oxidized to alcohol (R)-3q via a literature 

procedure.6 The enantiomeric excess was determined to be 78% (run 1: 77% ee; run 2: 

79% ee) by chiral HPLC analysis (CHIRALPAK IA, 1.0 mL/min, 6% i-PrOH/hexanes, 

λ=254 nm); tR(major) = 18.626 min, tR(minor) = 20.767 min. The spectral data of this 

alcohol matched that of alcohol 3q prepared above. 

Preparation	
  of	
  Potassium	
  Trifluoroborate	
  Salt	
  (R)-­‐7	
  

 

In an oven-dried, round-bottomed flask, (R)-2a (163 mg, 0.63 mmol, 1.0 equiv), 

Pd/C (10% w, 34 mg, 0.0315 mmol, 0.05 equiv), and MeOH (3.1 mL, 0.2 M) were 

combined at room temperature. The flask was evacuated and refilled with H2 three times. 

Under a H2 balloon, the reaction mixture was stirred at room temperature for 3 h, after 

which analysis by 1H NMR of the crude material showed full conversion. The solids were 

removed via filtration through a plug of Celite®. The filtrate was concentrated to give 

pale yellow oil (154.3 mg, 94%), which was dissolved in MeOH (0.4 mL) and slowly 

added to a solution of KHF2 (166.3 mg, 2.13 mmol) in degassed H2O (0.8 mL) at room 

Me

Bpin

(R)-2a
95% ee

1. Pd/C, H2
   MeOH, rt, 3 h

2. KHF2, MeOH/H2O
   rt, 0.5 h

Me

BF3K

(R)-7
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temperature.  The mixture was allowed to stir at room temperature for 30 min, and then 

concentrated under vacuum. The residue was extracted with acetone (3 x 5 mL), and solid 

particles were removed via filtration through a plug of Celite®. The filtrate was then 

concentrated, titrated with hexanes (3 x 5 mL), and dried under vacuum to give (R)-7 as 

white solid (122 mg, 86%). The spectral data of this compound matched that reported in 

the literature.7 The enantiomeric excess was determined after oxidation (below). 

 

The procedure was adapted from that reported in the literature.8 In a round-

bottomed flask was placed (R)-7 (15 mg, 0.0623 mmol, 1.0 equiv) and acetone (0.2 mL). 

The solution was cooled to 0 °C, and then a solution of oxone® (0.2 N in H2O, 0.33 mL, 

0.066 mmol, 1.05 equiv) was added. The mixture was stirred at 0 °C for 5 min, and then 

stirred at room temperature for another 10 min. The reaction was quenched with HCl (1 

N). The product was extracted with Et2O (5 mL). The organic layer was concentrated to 

give alcohol (R)-9 (8.6 mg, 92%) as a pale yellow oil. The enantiomeric excess was 

determined to be 95% by chiral HPLC analysis (CHIRALPAK IA, 1 mL/min, 1% i-

PrOH/hexanes, λ=210 nm); tR(major) = 29.035 min, tR(minor) = 27.460 min. The spectral 

data of this compound match those reported in the literature.9 

	
   	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
7 Li, L.; Zhao, S.B.; Joshi-Pangu, A.; Diane, M.; Biscoe, M. J. Am. Soc. Chem.; 2014, 136, 14027.  
8 Molander, G.; Siddiqui, S.Z.; Fleury-Brégeot, N. Org. Synth. 2013, 90, 153.  
9	
  Cheng, Y.N.; Wu, H.L.; Wu, P.Y.; Shen, Y.Y.; Uang, B.J. Chem. Asian J. 2012, 7, 2921.	
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Mechanistic	
  Experiments	
  

Solvent	
  Effect	
  

	
  

 The borylation of pivalate 1a was performed using General Procedure A, except 

on a 0.2-mmol scale and using the solvents indicated in Table S3. The reaction mixture 

was diluted with Et2O and filtered through a plug of silica gel, which was then rinsed 

with additional Et2O. After concentration of the filtrate, 1,3,5-trimethoxybenzene was 

added as an internal standard.  The yield and α:γ ratio was determined by 1H NMR 

analysis of the crude reaction mixture. Boronate 2a was then oxidized to alcohol 3a via 

General Procedure C, and the ee of alcohol 3a was determined via HPLC analysis using a 

chiral stationary phase. 

Table S3. Effect of solvent on stereospecificity.a 

entry Solvents ET
Nb εr

c (εr-1)/(2εr+1)d yield(%)e α:γf ee(%)g erh log(er) 

1 Hexanes 0.009 1.88 0.1848 92 >20:1 97 65.67 1.82 

2 Benzene 0.111 2.27 0.2292 99 >20:1	
   95 21.22 1.33 

3 PhMe 0.099 2.38 0.2396 96 >20:1	
   91 39.00 1.59 

4 EtOAc 0.228 6.02 0.385 94 >20:1	
   92 15.67 1.19 

5 THF 0.207 7.58 0.472 94 >20:1	
   88 24.00 1.38 

6 CH2Cl2 0.309 8.93 0.4205 24 >20:1	
   39 2.28 0.36 

7 DMF 0.386 36.71 0.4798 60 >20:1 26 1.70 0.23 

8 MeCN 0.46 35.94 0.4794 72 >20:1 −85 0.08 −0.19 

a Conditions: pivalate 1a (0.2 mmol, 1 equiv), Ni(cod)2 (2 mol%), t-BuXantPhos (2.2 mol %), K3PO4 (2 
equiv), solvent (1 mL, 0.4 M), rt, 24 h. b Empirical polarity parameter. c Relative permittivity value. d 
Kirkwood function. e Determined by 1H NMR analysis using 1,3,5-trimethoxybenzene as internal standard. 
f Determined by 1H NMR analysis of crude mixture. g Determined by HPLC analysis using a chiral 
stationary phase of the subsequent alcohol (3a), formed via General Procedure C. A negative number 
indicates that the opposite major enantiomer is formed (stereoinversion). h er = ratio of enantiomers (R/S). 
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Figure S1. Plot of log(er) vs. ET
N.	
  

	
  

Figure S2. Plot of log(er) vs. the Kirkwood function. 
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Leaving	
  Group	
  Effect:	
  Hammett	
  Correlation	
  

	
  

The borylation of the benzoates was performed using General Procedure A, 

except on a 0.2-mmol scale and using the benzoates indicated in Table S4. The reaction 

mixture was diluted with Et2O and filtered through a plug of silica gel, which was then 

rinsed with additional Et2O. After concentration of the filtrate, 1,3,5-trimethoxybenzene 

was added as an internal standard.  The yield and α:γ ratio was determined by 1H NMR 

analysis of the crude reaction mixture. Boronate 2a was then oxidized to alcohol 3a via 

General Procedure C, and the ee of alcohol 3a was determined via HPLC analysis using a 

chiral stationary phase. 

 

Table S4. Hammett correlation between carboxylate and enantiomeric ratio.a	
  

entry X σ yield(%)b α:γc ee(%)d ere log(er) 

1 OMe -0.268 76 >20:1 82.7 10.55 1.023 

2 H 0 85 >20:1	
   81.2 9.68 0.986 

3 F 0.062 50 >20:1	
   85.2 12.54 1.098 

4 OCF3 0.35 86 >20:1	
   38.0 2.23 0.348 

5 CF3 0.54 80 >20:1	
   41.2 2.4 0.38 

a Conditions: Benzoate (0.2 mmol, 1.0 equiv), Ni(cod)2 (2 mol %), t-BuXantPhos (2.2 mol %), K3PO4 (2.0 
equiv), PhMe (1.0 mL, 0.4 M), rt, 24 h. b Determined by 1H NMR analysis using 1,3,5-trimethoxybenzene 
as internal standard. c Determined by 1H NMR analysis of crude mixture. d Determined by HPLC analysis 
using a chiral stationary phase of the subsequent alcohol (3a), formed via General Procedure C. e er = ratio 
of enantiomers (R/S). 
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Figure S3. Hammett correlation between carboxylate and enantiomeric ratio. 

	
  

	
  

Addition	
  of	
  Benzonitriles:	
  Hammett	
  Correlation	
  

	
  

The borylation of pivalate 1a was performed using General Procedure A, except 

on a 0.2-mmol scale and with the addition of the benzonitriles (3.0 equiv) listed in Table 

S5. Solid nitriles were added along with the other solid reagents. Liquid nitriles were 

added last, after the solvent. The reaction mixture was diluted with Et2O and filtered 

through a plug of silica gel, which was then rinsed with additional Et2O. After 

concentration of the filtrate, 1,3,5-trimethoxybenzene was added as an internal standard.  

The yield and α:γ ratio was determined by 1H NMR analysis of the crude reaction 

mixture. Boronate 2a was then oxidized to alcohol 3a via General Procedure C, and the 

ee of alcohol 3a was determined via HPLC analysis using a chiral stationary phase. 
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Table S5. Hammett correlation between benzonitriles and enantiomeric ratio.a	
  

entry X σ yield(%)b α:γc ee(%)d ere log(er) 

1 H 0 79 11:1 33.4 2 0.301 

2 F 0.062 84 11:1	
   37.7 2.21 0.344 

3 CH3 -0.17 65 11:1	
   15.1 1.36 0.134 

4 Cl 0.227 82 11:1	
   55.4 3.48 0.542 

5 CF3 0.54 89 11:1	
   70.5 5.78 0.762 

a Conditions: pivalate 1a (0.2 mmol, 1 equiv), Ni(cod)2 (2 mol%), t-BuXantPhos (2.2 mol %), K3PO4 (2 
equiv), nitrile (3 equiv), PhMe (1 mL, 0.4 M), rt, 24 h. b Determined by 1H NMR analysis using 1,3,5-
trimethoxybenzene as internal standard. c Determined by 1H NMR analysis of crude mixture. d Determined 
by HPLC analysis using a chiral stationary phase of the subsequent alcohol (3a), formed via General 
Procedure C. A negative number indicates that the opposite major enantiomer is formed (stereoinversion). e 
er = ratio of enantiomers (R/S). 

	
  

Figure S4. Hammett correlation between benzonitrile and enantiomeric ratio. 
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Preparation	
  of	
  Allylic	
  Pivalates	
  

General	
  Procedure	
  D:	
  Preparation	
  of	
  (S,E)-­‐4-­‐(3-­‐methoxyphenyl)but-­‐3-­‐en-­‐

2-­‐yl	
  pivalate	
  ((S)-­‐1f)	
  

	
  

(S,E)-4-(3-Methoxyphenyl)but-3-en-2-ol ((S)-3f, 1.26 g, 7.08 mmol, 1.0 equiv, 

99% ee), DMAP (173 mg, 1.42 mmol, 0.20 equiv), and CH2Cl2 (21 mL, 0.3 M) were 

combined. Et3N (1.97 mL, 14.2 mmol, 2.0 equiv) and pivaloyl chloride (0.85 mL, 7.08 

mmol, 1.0 equiv) were then added. The reaction mixture was stirred for 14 h at room 

temperature. H2O (30 mL) was added. The mixture was extracted with CH2Cl2 (2 x 30 

mL). The combined organic layers were washed with aq. KOH (2.0 M, 30 mL), dried 

(MgSO4), filtered and concentrated. The resulting residue was purified by silica gel 

chromatography (5–40% EtOAc/hexanes) to give compound (S)-1f (1.36 g, 75%) as a 

colorless oil. The enantiomeric excess was determined to be 98% by chiral HPLC 

analysis (CHIRALPAK IA, 1 mL/min, 1% i-PrOH/hexane, λ=254 nm); tR(major) = 5.555 

min, tR(minor) = 7.792 min. [α]D
24 = +94.4 (c 1.14, CHCl3): 1H NMR (400 MHz, CDCl3) 

δ 7.23 (t, J = 7.9 Hz, 1H), 7.01 – 6.95 (m, 1H), 6.93 – 6.29 (m, 1H), 6.83 – 6.77 (m, 1H), 

6.60 – 6.52 (m, 1H), 6.18 (dd, J = 15.9, 6.4 Hz, 1H), 5.54 – 5.45 (m, 1H), 3.82 (s, 3H), 

1.39 (d, J = 6.5 Hz, 3H), 1.21 (s, 9H); 13C NMR (151 MHz, CDCl3) δ 177.9, 159.9, 

138.0, 131.0, 129.7, 129.6, 119.3, 113.6, 111.9, 70.6, 55.4, 38.9, 27.3, 20.4; FTIR 

(NaCl/thin film) 2976, 2934, 2872, 2835, 1724, 1599, 1480, 1280, 1157, 1041, 968, 773 

cm-1; HRMS (EI+) [M]+ calculated for C16H22O3: 262.1569, found: 262.1570. 
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Allylic Pivalates (R)-1a, (R)-1d, (S)-1e, (S)-1f, (R)-1h, (S)-1j, (S)-1k and (S)-1q 

were prepared via General Procedure D and the spectral of these compounds match that 

reported by our group.10 

 

(S,E)-4-(4-isopropylphenyl)but-3-en-2-yl pivalate (1b). Prepared as a colorless oil via 

General Procedure D using (S)-3b (92% ee). The enantiomeric excess was determined to 

be 92% by chiral HPLC analysis (CHIRALPAK IA, 1 mL/min, 0.5% i-PrOH/hexane, 

λ=254 nm); tR(major) = 4.722 min, tR(minor) = 5.304 min. [α]D
24 = +101.5 (c 1.13, 

CHCl3): 1H NMR (400 MHz, CDCl3) δ 7.34 – 7.29 (m, 2H), 7.20 – 7.15 (m, 2H), 6.60 – 

6.53 (m, 1H), 6.14 (dd, J = 15.9, 6.6 Hz, 1H), 5.53 – 5.49 (m, 1H), 2.96 – 2.82 (m, 1H), 

1.38 (d, J = 6.5 Hz, 3H), 1.24 (d, J = 6.9 Hz, 6H), 1.21 (s, 9H); 13C NMR (101 MHz, 

CDCl3) δ 177.9, 148.9, 134.2, 131.2, 128.3, 126.8, 126.7, 70.8, 38.9, 34.0, 27.3, 24.1, 

20.5; FTIR (NaCl/thin film) 2961, 2932, 2871, 1726, 1479, 1457, 1280, 1162, 1040, 967 

cm-1; HRMS (EI+) [M]+ calculated for: C18H26O2: 274.1933, found: 274.1952. 

 

(R,E)-4-(4-(methylthio)phenyl)but-3-en-2-yl pivalate (1c). Prepared as a colorless oil 

via General Procedure D using (R)-3c (93% ee). The enantiomeric excess was determined 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
10 Srinivas, H. D.; Zhou, Q.; Watson, M.P. Org. Lett. 2014, 16, 3596. 
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to be 93% by chiral HPLC analysis (CHIRALPAK IA, 0.8 mL/min, 1% i-PrOH/hexane, 

λ=254 nm); tR(major) = 7.922 min, tR(minor) = 8.812 min. [α]D
24 = +100.9 (c 2.84, 

CHCl3): 1H NMR (400 MHz, CDCl3) δ 7.33 – 7.27 (m, 2H), 7.24 – 7.16 (m, 2H), 6.57 – 

6.48 (m, 1H), 6.14 (dd, J = 16.0, 6.5 Hz, 1H), 5.54 – 5.42 (m, 1H), 2.48 (s, 3H), 1.38 (d, J 

= 6.5 Hz, 3H), 1.21 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 177.9, 138.2, 133.5, 130.6, 

128.6, 127.1, 126.6, 70.7, 38.9, 27.3, 20.5, 15.9; FTIR (NaCl/thin film) 2976, 2923, 1723, 

1700, 1652, 1558, 1162, 976 cm-1; HRMS (CI+) [M]+H calculated for C16H23O2S: 

279.1419, found: 279.1430. 

 

(S,E)-4-(o-Tolyl)but-3-en-2-yl pivalate (1g).  Prepared as a colorless oil via General 

Procedure D using (S)-3g (94% ee). The enantiomeric excess was determined to be 94% 

by chiral HPLC analysis (CHIRALPAK IC, 1 mL/min, 1% i-PrOH/hexane, λ=254 nm); 

tR(major) = 4.614 min, tR(minor) = 4.300 min. [α]D
24 = +41.9 (c 0.6, MeOH): 1H NMR 

(400 MHz, C(O)(CD3)2) δ 7.52 – 7.42 (m, 1H), 7.21 – 7.13 (m, 3H), 6.86 (dd, J = 15.9, 

1.3 Hz, 1H), 6.18 (dd, J = 15.9, 6.0 Hz, 1H), 5.55 – 5.45 (m, 1H), 2.33 (s, 3H), 1.39 (d, J 

= 6.5 Hz, 3H), 1.21 (s, 9H); 13C NMR (101 MHz, C(O)(CD3)2) δ 177.5, 136.5, 136.4, 

131.6, 131.2, 129.1, 128.6, 127.1, 126.4, 71.2, 39.3, 27.5, 20.8, 19.9; FTIR (NaCl/thin 

film) 2976, 1727, 1281, 1161, 1040, 966, 749; HRMS (LIFDI) [M]+ calculated for 

C16H22O2: 246.1620, found: 246.1639. 

 

(S,E)-4-(benzothiophen-2-yl)but-3-en-2-yl pivalate (1i). Prepared as an off-white solid 

(mp 98−100 °C) via General Procedure D using (S)-3i (70% ee). The enantiomeric excess 

was determined to be 70% by chiral HPLC analysis (CHIRALPAK IC, 1 mL/min, 1% i-

PrOH/hexane, λ=254 nm); tR(major) = 7.816 min, tR(minor) = 9.201 min. [α]D
24 = +82.1 

(c 1.16, CHCl3): 1H NMR (600 MHz, CDCl3) δ 7.78 – 7.73 (m, 1H), 7.71 – 7.66 (m, 1H), 
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7.42 – 7.30 (m, 2H), 7.16 (s, 1H), 6.83 – 6.78 (d, J = 15.6, 1H), 6.10 (dd, J = 15.7, 6.2 

Hz, 1H), 5.56 – 5.45 (m, 1H), 1.41 (d, J = 6.5 Hz, 3H), 1.23 (s, 9H); 13C NMR (151 

MHz, CDCl3) δ 177.8, 141.8, 140.1, 139.1, 131.5, 125.0, 124.9, 124.6, 123.64, 123.60, 

122.3, 70.1, 39.0, 27.3, 20.3; FTIR (NaCl/thin film) 2973, 2933, 2870, 1723, 1478, 1279, 

1152, 1036, 956, 743 cm-1; HRMS (EI+) [M]+ calculated for C17H20O2S: 288.1184, 

found: 288.1185. 

	
  

(S,E)-4-Methyl-1-phenylpent-1-en-3-yl pivalate (1l). Prepared as a colorless oil via 

General Procedure D using (S)-3l. (99% ee). The enantiomeric excess was determined to 

be 99% by chiral HPLC analysis (CHIRALPAK IB, 1.0 mL/min, 1.0% i-PrOH/hexane, 

λ=254 nm); tR(major) = 4.747 min, tR(minor) = 4.149 min. [a]D
24 = +69.2 (c 0.24, 

MeOH): 1H NMR (400 MHz, CDCl3) δ 7.41 – 7.36 (m, 2H), 7.34 – 7.29 (m, 2H), 7.28 – 

7.21 (m, 1H), 6.58 (d, J = 15.9 Hz, 1H), 6.13 (dd, J = 15.9, 7.2 Hz, 1H), 5.21 (ddd, J = 

7.3, 6.1, 1.2 Hz, 1H), 1.97 (dq, J = 13.4, 6.7 Hz, 1H), 1.24 (s, 9H), 0.97 (dd, J = 8.7, 6.8 

Hz, 6H); 13C NMR (151 MHz, CDCl3) δ 177.6, 136.6, 132.7, 127.7, 126.5, 126.5, 78.7, 

39.0, 32.5, 27.2, 27.2, 18.3, 18.0; FTIR (NaCl/thin film) 3027, 2967, 2933, 2873, 1728, 

1480, 1280, 1161, 967,747, 693 cm-1; HRMS (CI) [M]+ calculated for C17H24O2: 

260.1776, found: 260.1758. 

 

 

(S,E)-1,5-diphenylpent-1-en-3-yl pivalate (1m). Prepared as a pale yellow oil via 

General Procedure D using (S)-3m (99% ee). The enantiomeric excess was determined to 

be 99% by chiral HPLC analysis (CHIRALPAK IA, 1 mL/min, 1% i-PrOH/hexane, 

λ=254 nm); tR(major) = 6.342 min, tR(minor) = 10.752 min. [α]D
24 = +20.6 (c 0.87, 

CHCl3): 1H NMR (600 MHz, CDCl3) δ 7.39 – 7.35 (m, 2H), 7.34 – 7.27 (m, 4H), 7.26 – 

7.23 (m, 2H) 7.22 – 7.16 (m, 3H), 6.61 (d, J = 15.9 Hz, 1H), 6.16 (dd, J = 15.9, 7.0 Hz, 

1H), 5.48 – 5.38 (m, 1H), 2.77 – 2.60 (m, 2H), 2.13 – 2.03 (m, 1H), 2.03 – 1.93 (m, 1H), 
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1.25 (s, 9H); 13C NMR (151 MHz, CDCl3) δ 177.8, 141.5, 136.6, 132.4, 128.7, 128.6, 

128.5, 128.0, 127.8, 126.7, 126.1, 73.8, 39.1, 36.5, 31.7, 27.4; FTIR (NaCl/thin film) 

3026, 2971, 2870, 1732, 1653, 1558, 1280, 1153, 965, 747, 694 cm-1; HRMS (EI+) [M]+ 

calculated for C22H26O2: 322.1933, found: 322.1935. 

 

(S,E)-1-phenylhexa-1,5-dien-3-yl pivalate (1n). Prepared as a colorless oil via General 

Procedure D using (S)-3n (99% ee). The enantiomeric excess was determined to be 99% 

by chiral HPLC analysis (CHIRALPAK IC, 0.8 mL/min, 1% i-PrOH/hexane, λ=254 nm); 

tR(major) = 6.560 min, tR(minor) = 7.178 min. [α]D
24 = +59.1 (c 1.13, CHCl3): 1H NMR 

(600 MHz, CDCl3) δ 7.41 – 7.33 (m, 2H), 7.33 – 7.28 (m, 2H), 7.26 – 7.22 (m, 1H), 6.60 

(d, J = 15.9 Hz, 1H), 6.16 (dd, J = 16.0, 6.8 Hz, 1H), 5.83 – 5.77 (m, 1H), 5.52 – 5.45 (m, 

1H), 5.14 – 5.06 (m, 2H), 2.53 – 2.47 (m, 2H), 1.22 (s, 9H); 13C NMR (151 MHz, CDCl3) 

δ 177.8, 136.6, 133.4, 132.2, 128.7, 128.0, 127.5, 126.7, 118.2, 73.3, 39.4, 39.0, 27.3; 

FTIR (NaCl/thin film) 2973, 2932, 2871, 1723, 1478, 1278, 1153, 1035, 956, 743 cm-1; 

HRMS (EI+) [M]+ calculated for 258.1620, found: 258.1615.  

 
(S,E)-7-Methyl-1-phenylocta-1,6-dien-3-yl pivalate (1o). Prepared as a colorless oil via 

General Procedure D using (S)-3o (80% ee). The enantiomeric excess was determined to 

be 78% by chiral HPLC analysis (CHIRALPAK IB, 1.0 mL/min, 0.5% i-PrOH/hexane, 

λ=254 nm); tR(major) = 6.508 min, tR(minor) = 4.705 min. [α]D
24 = +47.6 (c 0.59, 

MeOH): 1H NMR (400 MHz, CDCl3) δ 7.31–7.29 (m, 2H), 7.25 – 7.23 (m, 2H), 7.19 – 

7.15 (m, 1H), 6.51 (d, J = 15.9 Hz, 1H), 6.06 (dd, J = 16.0, 7.0 Hz, 1H), 5.36 – 5.28 (m, 

1H), 5.07 – 5.04 (m, 1H), 2.05 – 1.91 (m, J = 7.0 Hz, 2H), 1.77 – 1.66 (m, 1H), 1.66 – 

1.58 (m, 4H), 1.52 (s, 3H), 1.15 (s, 9H); 13C NMR (151 MHz, CDCl3) δ 177.7, 136.6, 

132.3, 131.9, 128.5, 128.0, 127.8, 126.5, 123.4, 73.8, 38.9, 34.7, 27.2, 25.7, 23.8, 17.7; 
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FTIR (NaCl/thin film) 2970, 1728, 1280, 1153, 965, 748, 693; HRMS (LIFDI) [M]+ 

calculated for C20H28O2: 300.2089, found: 300.2089. 

 

(S,E)-4-cyclohexylbut-3-en-2-yl pivalate (1p). Prepared as a colorless oil via General 

Procedure D using (S)-3p (99% ee). The enantiomeric excess was considered to be 99% 

based on the ee of precursor alcohol (S)-3p. [α]D
24 = +59.1 (c 1.35, CHCl3): 1H NMR 

(600 MHz, CDCl3) δ 5.61 (dd, J = 15.6, 6.5 Hz, 1H), 5.39 (dd, J = 15.6, 6.6 Hz, 1H), 5.34 

– 5.23 (m, 1H), 1.97 – 1.88 (m, 1H), 1.75 – 1.60 (m, 5H), 1.30 – 1.24 (m, 5H), 1.18 (s, 

9H), 1.17 – 1.10 (m, 1H), 1.10 – 1.00 (m, 2H); 13C NMR (151 MHz, CDCl3) δ 177.9, 

138.5, 127.3, 70.8, 40.3, 32.9, 32.8, 27.3, 26.3, 26.1, 20.5; FTIR (NaCl/thin film) 2976, 

2926, 2852, 1728, 1449, 1281, 1162, 1043, 967 cm-1; HRMS (CI+) [M]+H calculated for 

C15H27O2: 239.2011, found: 239.2022. 

 

(S,E)-1-phenylhept-2-en-1-yl pivalate (1r). Prepared as a colorless oil via General 

Procedure D using (S)-3r (94% ee). The enantiomeric excess was considered to be 94% 

based on the ee of precursor alcohol (S)-3r. [α]D
24 = +8.0 (c 1.12, CHCl3): 1H NMR (600 

MHz, CDCl3) δ 7.36 – 7.31 (m, 4H), 7.29 – 7.29 (m, 1H), 6.20 (d, J = 6.8 Hz, 1H), 5.73 

(dd, J = 14.9, 6.8 Hz, 1H), 5.60 (dd, J = 15.4, 6.9 Hz, 1H), 2.10 – 2.00 (m, 2H), 1.39 – 

1.26 (m, 4H), 1.22 (s, 9H), 0.88 (t, J = 7.2 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 

177.5, 140.4, 134.6, 128.6, 128.5, 127.8, 126.7, 76.0, 39.0, 32.0, 31.2, 27.3, 22.3, 14.0; 

FTIR (NaCl/thin film) 2958, 2930, 2872, 1732, 1479, 1278, 1150, 967, 698 cm-1; HRMS 

(EI+) [M]+ calculated for C18H26O2: 274.1933, found: 274.1938. 
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Preparation	
  of	
  Allylic	
  Alcohols	
  

General	
  Procedure	
  E:	
  Preparation	
  of	
  (R,E)-­‐4-­‐(4-­‐(methylthio)phenyl)but-­‐3-­‐

en-­‐2-­‐ol	
  ((R)-­‐3c)	
  via	
  CBS	
  Reduction	
  

	
  

This procedure was adapted from that in the literature.2 In an oven-dried round-

bottomed flask, (E)-4-(4-isopropylphenyl)but-3-en-2-ol (1.08 g, 5.84 mmol, 1.0 equiv) 

was dissolved in 12 mL PhMe. Under a N2 atmosphere, (S)-(−)-2-butyl-CBS-

oxazaborolidine (0.58 mL, 0.58 mmol, 1.0 M in PhMe, 0.1 equiv) was added. After 

stirring at room temperature for 15 min, the mixture was cooled to −78 °C, and 

catecholborane (1.24 mL, 11.68 mmol, 2.0 equiv) was added slowly. The mixture was 

stirred at −78 °C for additional 24 h. The reaction was quenched with sat. NaHCO3 (10 

mL). The crude product was extracted with EtOAc (3 x 20 mL). The combined organic 

layers were washed with aq. NaOH (1.5 M) until the color of the solution was light 

yellow, indicating the full removal of residual catecholborane. The organic layers were 

then treated with sat. NaCl, dried (MgSO4), filtered, and concentrated. The resulting 

residue was purified by silica gel chromatography (50% Et2O/hexanes) to give compound 

(R)-3c (920mg, 92%) as pale yellow solid (mp 97−99 °C). The enantiomeric excess was 

determined to be 92% by chiral HPLC analysis (CHIRALPAK IC, 1 mL/min, 6% i-

PrOH/hexanes, λ=254 nm); tR(major) = 13.164 min, tR(minor) = 15.211 min. [α]D
24= 

+39.7 (c 2.46, CHCl3): 1H NMR (600 MHz, CDCl3) δ 7.30 (d, J = 8.3 Hz, 2H), 7.20 (d, J 

= 8.3 Hz, 2H), 6.52 (d, J = 15.9 Hz, 1H), 6.22 (dd, J = 15.9, 6.4 Hz, 1H), 4.52 − 4.43 (pd, 

J = 6.4, 1.2 Hz, 1H), 2.48 (s, 3H), 1.59 (s, 1H), 1.37 (d, J = 6.3 Hz, 3H); 13C NMR (151 

MHz, CDCl3) δ 138.0, 133.8, 133.1, 129.0, 127.0, 126.8, 69.1, 23.6, 16.0; FTIR 

(NaCl/thin film) 3317(brs), 2977, 2884, 1653, 1418, 1124, 970, 803 cm-1; HRMS (CI+) 

[M]+H calculated for: C11H15OS: 195.0844, found: 195.0837. 
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General	
  Procedure	
  F:	
  Preparation	
  of	
  (S,E)-­‐4-­‐(4-­‐isopropylphenyl)but-­‐3-­‐en-­‐

2-­‐ol	
  ((S)-­‐3b)	
  via	
  Kinetic	
  Resolution	
  

	
  

This procedure was adapated from that reported in the literature.2 In an oven-

dried, 100-mL round-bottomed flask, L-(+)-DIPT (0.74 mL, 3.54 mmol, 0.3 equiv) was 

added to a suspension of (E)-4-(4-isopropylphenyl)but-3-en-2-ol (1.76g, 11.8 mmol, 1.0 

equiv), 4 Å MS (0.85 g, finely ground before use), and CH2Cl2 (47 mL). The suspension 

was then cooled to −20 °C, and Ti(O-iPr)4 (1.06 mL, 3.54 mmol, 0.3 equiv) and TBHP 

(1.5 mL, 8.25 mmol, 5.5 M in decane, 0.7 equiv) were added. The mixture was stirred for 

3 h at –20 °C. FeSO4!7H2O (6.5 g) and H2O (40 mL) were then added, followed by 

tartaric acid (2.2 g), H2O (20 mL), and aq. HCl (1.0 M, 30 mL) to dissolve the precipitate. 

The layers were separated. The organic layer was then washed with sat. NaCl, dried 

(Na2SO4), filtered, and concentrated. The resulting residue was purified by silica gel 

chromatography (15% Et2O/hexanes) to give compound (S)-3b (240 mg, 27%) as 

colorless oil. The enantiomeric excess was determined to be 92% by chiral HPLC 

analysis (CHIRALPAK IB, 1 mL/min, 4% i-PrOH/hexanes, λ=254 nm); tR(major) = 

8.776 min, tR(minor) = 9.385 min. [α]D
24 = +16.2 (c 0.33, CHCl3). The spectra data for 

this compound matches that reported in the literature.11 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
11 Gładkowski, W.; Skrobiszewski, A.; Mazur, M.; Siepka, M.; Pawlak, A.; Obmińska-Mrukowicz, B.; 
Białońska, A.; Poradowski, D.; Drynda, A.; Urbaniak, M.; Tetrahedron, 2013, 69, 10414. 
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Preparation	
  of	
  Allylic	
  Alcohols 

 

(R)-3a12, (R)-3d13, (S)-3e13, (R)-3h13 were prepared via General Procedure E. (S)-

3b14, (R)-3c15, (S)-3f13, (S)-3g15, (S)-3i, (S)-3j13, (S)-3k15, (S)-3l12, (S)-3m16, (S)-3n17, (S)-

3o, (S)-3p18, and (S)-3q10 were prepared via General Procedure F.  

 

((S)-3i). Prepared following General Procedure F. The enantiomeric excess was 

determined to be 70% by chiral HPLC analysis (CHIRALPAK IC, 1 mL/min, 3% i-

PrOH/hexanes, λ=254 nm); tR(major) = 21.095 min, tR(minor) = 23.755 min. 1H NMR 

(600 MHz, CDCl3) δ 7.84 – 7.67 (m, 2H), 7.35 – 7.29 (m, 2H), 7.28 (s, 1H), 6.92 – 6.78 

(m, 1H), 6.22 (dd, J = 15.6, 6.0 Hz, 1H), 4.58 – 4.50 (m, 1H), 1.62 (s, 1H), 1.42 (d, J = 

6.4 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 142.0, 140.1, 138.9, 135.8, 124.7, 124.4, 

123.4, 123.2, 123.0, 122.2, 68.5, 23.4. 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
12 Ohkuma, T.; Koizumi, M.; Doucet, H.; Pham, T.; Kozawa, M.; Murata, K.; Katayama, E.; Yokozawa, T.; 
Ikariya, T.; Noyori, R. J. Am. Chem. Soc. 1998, 120, 13529. 
13	
  He, P.; Liu, X.; Zheng, H.; Li, W.; Lin, L.; Feng, X. Org. Lett. 2012, 14, 5134.	
  
14	
  Gładkowski, W.; Skrobiszewski, A.; Mazur, M.; Siepka, M.; Pawlak, A.; Obmińska-Mrukowicz, B.; 
Białońska, A.; Poradowski, D.; Drynda, A.; Urbaniak, M. Tetrahedron 2013, 69, 10414.	
  
15	
  Li, X.; Li, L.; Tang, Y.; Zhong, L.; Cun, L.; Zhu, J.; Liao, J.; Deng, J. J. Org. Chem. 2010, 75, 2981.	
  
16	
  Hodgson, D. M.; Persaud, R. S. D. Org. Biomol. Chem. 2012, 10, 7949.	
  
17	
  Couto, T. R.; Freitas, J. C. R.; Cavalcanti, I. H.; Oliveira, R. A.; Menezes, P. H. Tetrahedron 2013, 69, 
7006.	
  
18	
  Barker, G.; Johnson, D. G.; Young, P. C.; Macgregor, S. A.; Lee, A.-L. Chem. Eur. J. 2015, 21, 13748.	
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   ((S)-3o). Prepared as a colorless oil following General Procedure F in 41% yield. 

The enantiomeric excess was determined to be 80% by chiral HPLC analysis 

(CHIRALPAK IC, 1.0 mL/min, 3% i-PrOH/hexanes, λ=254 nm); tR(major) = 10.883 

min, tR(minor) = 13.071 min. [a]D
24 = +17.1 (c 0.26, MeOH): 1H NMR (600 MHz, 

CDCl3) δ 7.42 - 7.20 (m, 5H), 6.58 (d, J = 15.9 Hz, 1H), 6.23 (dd, J = 15.9, 6.6 Hz, 1H), 

5.16 (t, J = 7.2 Hz, 1H), 4.30 (q, J = 6.5 Hz, 1H), 2.12 (q, J = 7.5 Hz, 2H), 1.85 – 1.49 

(m, 8H);	
  13C NMR (151 MHz, CDCl3) δ 136.8, 132.5, 132.3, 130.2, 128.6, 127.6, 126.5, 

123.9, 72.7, 37.3, 25.7, 24.1, 17.7; FTIR (NaCl/thin film) 3321, 2973, 2949, 2042, 1154, 

776 cm-1; HRMS (LIFDI) [M]+H calculated for: C15H20O: 216.1514, found: 216.1521. 

 

Preparation of (S,E)-­‐1-­‐phenylhept-­‐2-­‐en-­‐1-­‐ol	
  ((S)-­‐3r).	
  	
  

	
  

The following procedure was adapted from that reported in the literature.19 In an 

oven-dried round-bottomed flask was placed (S)-BINOL (573 mg, 2 mmol, 0.4 equiv), 

Cy2NH (50 µL, 0.25 mmol, 0.05 equiv), and THF (20 mL). The mixture was cooled to 0 

°C, before Et2Zn (1.53 mL, 15 mmol, 3.0 equiv) was added. The mixture was then stirred 

at room temperature for 16 h. 1-Hexyne (1.73 mL, 15 mmol, 3.0 equiv) was added, and 

the mixture was stirred at room temperature for additional 8 h. The mixture was cooled to 

0 °C, before Ti(Oi-Pr)4 (1.49 mL, 5 mmol, 1.0 equiv) and then benzaldehyde (0.5 mL, 5 

mmol, 1.0 equiv) were added. The mixture was stirred at room temperature for another 

16 h. The reaction was quenched with sat. NH4Cl and extracted with EtOAc. The organic 

layer was washed with sat. NaCl, dried (MgSO4), filtered, and concentrated. The crude 

mixture was purified on silica gel chromatography (0−40% EtOAc/hexanes) to give (R)-

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
19 Chen, W.; Tay, J.H.; Ying, J.; Yu, X.Q.; Pu, L. J. Org. Chem. 2013, 78, 2256. 
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8r (787mg, 84%) as a yellow oil. The enantiomeric excess was determined to be 94% by 

chiral HPLC analysis (CHIRALPAK IB, 1.0 mL/min, 3.0% i-PrOH/hexane, λ = 210 nm); 

tR(major) = 12.39 min, tR(minor) = 9.24 min. The spectral data of this compound matches 

of that reported in the literature.5  

In a round-bottomed flask equipped with a condenser was placed LiAlH4 (174 

mg, 4.6 mmol, 1.5 equiv) and THF (5 mL). A solution of (R)-8r (577 mg, 3.06 mmol, 1.0 

equiv, 94% ee) and THF (10.3 mL) was added at room temperature. Then the mixture 

was refluxed for 1.5 h. The mixture was cooled in an ice-water bath, before the reaction 

was carefully quenched with sat. NH4Cl. The product was extracted with Et2O. The 

organic layer was washed with sat. NaCl, dried (MgSO4), filtered, and concentrated. The 

crude mixture was purified on silica gel chromatography (5−10% Et2O/hexanes) to give 

(S)-3r (400 mg, 69%) as a colorless oil. The spectra data of (S)-3r matches that reported 

in the literature.20 The enantiomeric excess was considered to be 94% based on the 

precursor (R)-8r. 

	
   	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
20 Lurain, A. E.; Carroll, P. J.; Walsh, P. J. J. Org. Chem. 2005, 70, 1262. 
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Racemic 3a 

 

 

Enantioenriched, (R)-3a, 96% ee (retention)	
   

 

 

Enantioenriched, (S)-3a, 87% ee (inversion)	
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Racemic 3b  

 

Enantioenriched, (S)-3b, 84% ee (retention)	
   

 

 

Enantioenriched, (R)-3b, 83% ee (inversion)	
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Racemic 3c 

 

 

Enantioenriched, (R)-3c, 88% ee (retention)	
  	
  

 

 

Enantioenriched, (S)-3c, 84% ee (inversion)	
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Racemic 3d	
  

	
  

	
  

Enantioenriced, (R)-3d, 94% ee (retention)  

 

 

Enantioenriced, (S)-3d, 89% ee (inversion)  

 

 

OH

Me

F (R)-3d

OH
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F (S)-3d
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Racemic 3e 

	
  

 

Enantioenriced, (S)-3e, 86% ee (retention)	
   

 

 

Enantioenriced, (R)-3e, 82% ee (inversion)	
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Racemic 3f	
  	
  

 

 

Enantioenriced, (S)-3f, 95% ee (retention)	
  	
  

 

 

Enantioenriced, (R)-3f, 90% ee (inversion)	
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Racemic 3g 

 

 

Enantioenriched, (S)-3g, 93% ee (retention)	
  	
  

 

 

Enantioenriched, (R)-3g, 84% ee (inversion)	
   

 

 
 

S141



Racemic 3h  

 

 

Enantioenriced, (R)-3h, 90% ee (retention)  

 

 

Enantioenriced, (S)-3h, 89% ee (inversion)	
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Racemic 3i	
   

 

 
 
 
 
 
Enantioenriched, (S)-3i, 68% ee (retention)	
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Racemic 3j 

 

 

Enantioenriched, (S)-3j, 92% ee (retention)	
  	
  

 

 

Enantioenriched, (R)-3j, 77% ee (inversion)	
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Racemic 3k 

 

 

Enantioenriched, (S)-3k, 98% ee (retention)	
  

	
  

	
  

Enantioenriched, (R)-3k, 91% ee (inversion)	
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Racemic 3l 

 

 

Enantioenriched, (S)-3l, 98% ee (retention)	
  	
  

 

 

Enantioenriched, (R)-3l, 80% ee (inversion)	
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Racemic 3m	
   

 

 

Enantioenriched (S)-3m, 96% ee (retention)	
   

 

 

Enantioenriched (R)-3m, 92% ee (inversion)	
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Racemic 3n	
  	
  

	
  

	
  

Enantioenriched (S)-3n, 79% ee (retention)	
   

 

 

Enantioenriched (R)-3n, 89% ee (inversion)	
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Racemic 3o 

 

 

Enantioenriched, (S)-3o, 76% ee (retention)	
  	
  

 

 

Enantioenriched, (R)-3o, 70% ee (inversion)	
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Racemic 8p	
   

 

 
 
 
 
 
 
Enantioenriched, (S)-8p, 92% ee (retention)	
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Racemic 3q 

 

 

Enantioenriched, (S)-3q, 81% ee (retention)	
  	
  

 

 

Enantioenriched, (R)-3q, 77% ee (inversion)	
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Racemic 3r 	
  

 

 
 
 
 
 
 
 
Enantioenriched, (R)-3r, 70% ee (inversion)	
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Racemic 1b	
  	
  

	
  

	
  
	
  
	
  
	
  
	
  
	
  
Enantioenriched (S)-1b, 92% ee	
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Racemic 1c	
   

 

 
 
 
 
 
 
Enantioenriched (R)-1c, 93% ee	
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Racemic 1f	
   

 

 
 
 
 
 
 
Enantioenriched (S)-1f, 98% ee	
  	
  

 

 
 
 
 
 
 

S155



Racemic 1g 

 
 
 
 
 
 
 
Enantioenriched (S)-1g, 94% ee	
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Racemic 1i  

	
  

	
  
	
  
	
  
	
  
	
  
	
  
Enantioenriched (S)-1i, 70% ee	
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Racemic 1j  

 

 
 
 
 
 
 
 
Enantioenriched (S)-1j, 99% ee	
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Racemic 1k  

 

 
 
 
 
 
Enantioenriched (S)-1k, 99% ee	
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Racemic 1l  

 

 
 
 
 
 
 
 
Enantioenriched (S)-1l, 99% ee	
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Racemic 1m  

 

 
 
 
 
 
 
Enantioenriched (S)-1m, >99% ee	
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Racemic 1n  

 

 
 
 
 
 
 
Enantioenriched (S)-1n, >99% ee	
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Racemic 1o 

 

 
 
 
 
 
 
 
 
 
Enantioenriched (S)-1o, 78% ee	
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Racemic 3p	
   

 
 

 
 
Enantioenriched, (S)-3p, >99% ee	
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Racemic 8r	
   

 

 
 
 
 
 
 
Enantioenriched, (R)-8r, 94% ee  
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Racemic 9	
   

 

 
 
 
 
 
 
 
Enantioenriched (R)-9, 95% ee  
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