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I. General Information

1. Chemicals and Reagents

All manipulations were carried out under an atmosphere of nitrogen using standard Schlenk or
glove box techniques. Anhydrous THF was distilled by sodium/benzophenone ketyl prior to use. 1,4-
Dioxane (99.5%, extra dry, Acros) was purchased and used directly. Deuterated solvents were used as
received (CDCl; from Maclin Co., China). NiBr, (Alfa Aesar), NiCl, (Alfa Aesar), Ni(COD), (Alfa
Aesar), NiCl,*DME (Alfa Aesar), NiBr,sDME (Alfa Aesar), LiOMe (J&K), B,pin, (Alfa Aesar)
were used as received. L1-NiBr, were synthesized according to literature procdures!!-2. 2,9-Dimethyl-
1,10-phenanthroline (>99%, Alfa Aesar)were purchased and used directly. Unless otherwise noted, all
other reagents and starting materials were purchased from commercial sources and used without

further purification.

2. Physical Methods

Column chromatography was performed using silica gel 200-300 mesh (purchased from
Qingdao-Haiyang Co., China) as the solid support. All NMR spectra were recorded on Bruker Avance
500 MHz spectrometers. 'H NMR and '3C NMR chemical shifts are reported in & units, parts per
million (ppm) relative to the chemical shift of residual solvent. Reference peaks for chloroform in 'H
NMR and 3C NMR spectra were set at 7.26 ppm and 77.16 ppm, respectively. High-resolution mass
spectra (HRMS) were obtained using a Bruker APEXIII 7.0 or IonSpec 4.7 TESLA FTMS
instruments. Melting points were recorded on a micro melting point apparatus (X-4, YUHUA Co., Ltd,
Gongyi, China). GC chromatograms were recorded on a GCMS-QP2010 SE (SHIMADZU) using an
Agilent column CP7502 and Rxi-5 ms (Restek). Ultra Fast liquid chromatography was performed on
Shimadzu Chromatographs (LC-2030 Plus) using Daicel Chiralcel columns (250 mm). Optical
rotation analyses were performed on an Anton Paar MCP-500 optical instrument, using a 100 mm

pathlength cell at 589 nm with [a]D values reported in degrees; concentration (c) is in g/100 mL.
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I1. Nickel-Catalyzed Enantioselective 1,2-Vinylboration
1. Reaction Conditions Optimization

Table S1. Optimization for the reaction of 1 with 2.

Ph ' ;

L1-NiBr, (10 mol %) _ i O%o ;

©/\ Ph\/\Br B,pin, (120 mol %) pin N N " :
LiOMe (150 mol %) ! Nig '

1,4-Dioxane (1 mL)

1 (0.15 mmol 2 (1.3 equiv :
( ) (3eaul)  5oc, 1ah 3 1

OWXW\())..., 0 |/ 0 |N/ )
Lo SRRy -
¢ N N—/ ",
L1 iPr L6 ‘iPr L7 @

o) o) o O O
2 e N NTpe N iPr PPhy N—
Ph Ph 2
L8 L9 L10 L11 Bn
entry Variation from standard conditions? Yield [%]° ee [%]e
1 none 92 (93) 96
2 2 (1 equiv) 78 96
3 DMA instead of 1,4-dioxane 41 93
4 NiCl,, L1 instead of L1°NiBr, 60 82
5 NiBr,, L1 instead of L1+NiBr, 39 83
6 Ni(COD),, L1 instead of L1°NiBr, 27 80
7 NiCl,DME, L1 instead of L1°NiBr, 76 94
8 NiBr,*DME, L6 instead of L1°NiBr, 0 0
9 NiBr,*DME, L7 instead of L1°NiBr, 50 71
10 NiBr,>DME, L8 instead of L1<NiBr, 30 33
11 NiBr,*DME, L9 instead of L1<NiBr, 26 8
12 NiBr,»DME, L10 instead of L1*NiBr, 60 57
13 NiBr,»DME, L11 instead of L1°NiBr, 32 57

aStandard conditions: 1 (0.150 mmol, 1.0 equiv), 2 (0.195 mmol, 1.3 equiv), B,pin, (0.180 mmol, 1.2
equiv), L1-NiBr, (10 mol%), LiOMe (0.225 mmol, 1.5 equiv), 1,4-dioxane (1.0 mL), 10 °C, 14 h. ®Yields
determined by crude 'H NMR using 2,5-dimethylfuran as the internal standard. The yield in parentheses is

the isolated yield. °The ee values were determined by HPLC on a chiral stationary phase.

Ineffective Substrates:

COOMe

Ay ™Y T O
0 7 Br
Br
N X N X
N N~
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2. General Procedure for Nickel-Catalyzed Enantioselective 1,2-Vinylboration

To an oven-dried 8 mL screw-cap vial equipped with a magnetic stir bar was charged with alkenyl
bromide (0.195 mmol, 1.3 equiv, if solid)), alkene (0.150 mmol, 1.0 equiv, if solid), L1*NiBr;, (8.6 mg,
0.015 mmol, 10 mol%). The vial was introduced into a glove box, to which LiOMe (8.6 mg, 0.225
mmol, 1.5 equiv) and B,pin, (45.7 mg, 0.180 mmol, 1.2 equiv) was added. The tube was sealed with a
teflon-lined screw cap, removed from the glove box. Alkenyl bromide (0.195 mmol, 1.3 equiv, if
liquid), alkene (0.150 mmol, 1.0 equiv, if liquid), and 1,4-dioxane (1.0 mL) were added via a syringe.
The reaction mixture was allowed to stir at 10 °C for 14 h. After the reaction was complete, the
reaction mixture was directly filtered through a short pad of silica gel (using ethyl acetate in petroleum

ether) to give the product. All yields were an average of two runs.
3. Details of the Experimental Data

Bpin (R,E)-2-(2,4-Diphenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-

X o dioxaborolane (3).
The title compound was prepared following the general procedure using styrene

(15.6 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv).
After purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title
compound was isolated in 93% yield (46.6 mg, 96% ee) as a colorless oil.
This compound was also prepared according to the general procedure using styrene (15.6 mg, 0.150
mmol, 1.0 equiv), (E)-(2-chlorovinyl)benzene (27.0 mg, 0.195 mmol, 1.3 equiv). After purification by
column chromatography (using 1% ethyl acetate in petroleum ether), the title compound was isolated
in 89% yield (44.6 mg, 96% ee) as a colorless oil.

'H NMR (500 MHz, CDCl3): 6 7.30 (d, J = 7.4 Hz, 2H), 7.26-7.20 (m, 6H), 7.14 (dt, J= 14.4, 5.5 Hz,
2H), 6.43—6.29 (m, 2H), 3.76 (dd, J= 14.6, 7.8 Hz, 1H), 1.36 (dd, J=16.7, 7.3 Hz, 2H), 1.11 (s, 12H).

I3C NMR (126 MHz, CDCly): 6 145.88, 137.74, 135.76, 128.53, 128.47, 128.43, 127.59, 127.04,

126.29, 126.23, 83.29, 44.51, 29.83, 24.88 (d, J= 16.3 Hz).

HRMS (ESI) m/z ((M+H]") caled for C»,H,3BO,: 335.2177. Found: 335.2179.
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HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 9.5 min, g (major) = 10.5 min.

[a]p2 = -2 (c = 0.18, CHCl).

Bpin Methyl-(R,E)-4-(3-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-
X Ph dioxaborolan-2-yl)but-1-en-1-yl)benzoate (4).

MeO,C The title compound was prepared following the general procedure
using styrene (15.6 mg, 0.150 mmol, 1.0 equiv), methyl (£)-4-(2-bromovinyl)benzoate (47.0 mg,
0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in
petroleum ether), the title compound was isolated in 86% yield (50.5 mg, 93% ee) as a colorless oil.

'H NMR (500 MHz, CDCl;): 6 7.94 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.32-7.27 (m, 4H),
7.22-7.17 (m, 1H), 6.49 (dt, J = 33.6, 11.5 Hz, 2H), 3.89 (s, 3H), 3.80 (q, J = 7.7 Hz, 1H), 1.42-1.34 (m,
2H), 1.13 (s, 12H).

13C NMR (126 MHz, CDCl;): § 167.11, 145.31, 142.31, 138.66, 129.96, 128.58, 128.54, 127.68,
127.60, 126.44, 126.15, 83.37, 52.12, 44.67, 29.83, 24.87 (d, J= 15.3 Hz).

HRMS (ESI) m/z ([M+H]") caled for C,4H30BO4: 393.2232. Found: 393.2229.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 17.6 min, fg (major) = 19.1 min.

[a]p?* =+2 (c = 0.26, CHCI;).

Bpin (R,E)-4,4,5,5-Tetramethyl-2-(2-phenyl-4-(4-
AN Ph (trifluoromethyl)phenyl)but-3-en-1-yl)-1,3,2-dioxaborolane (5).

F5C The title compound was prepared following the general procedure using
styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (£)-1-(2-bromovinyl)-4-(trifluoromethyl)benzene (48.9 mg,
0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in
petroleum ether), the title compound was isolated in 80% yield (48.2 mg, 96% ee) as a colorless oil.

'H NMR (500 MHz, CDCl3): 67.52 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 8.2 Hz, 2H), 7.30 (tt, /= 8.2, 3.9
Hz, 4H), 7.22-7.18 (m, 1H), 6.56—6.39 (m, 2H), 3.81 (dd, J=15.0, 7.6 Hz, 1H), 1.43-1.36 (m, 2H), 1.14 (s,

12H).
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I3C NMR (126 MHz, CDCl;): ¢ 145.30, 141.25, 138.58, 129.02, 128.76, 128.60, 127.61, 127.25,
126.47, 126.40, 125.53 (q, J = 3.7 Hz), 83.39, 44.58, 29.85, 24.88 (d, J = 16.3 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,3H,7BF;0,: 403.2051. Found: 403.2050.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 9.1 min, fg (major) = 9.6 min.

[a]p? = +2 (c = 0.24, CHCL).

Bpin (R,E)-4,4,5,5-Tetramethyl-2-(2-phenyl-4-(4-
X ppn (trifluoromethoxy)phenyl)but-3-en-1-yl)-1,3,2-dioxaborolane (6).

F5CO The title compound was prepared following the general procedure using
styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-1-(2-bromovinyl)-4-(trifluoromethoxy)benzene (52.1
mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in
petroleum ether), the title compound was isolated in 83% yield (52.0 mg, 96% ee) as a colorless oil.

'H NMR (500 MHz, CDCl;): §7.34-7.31 (m, 2H), 7.28 (d, J = 6.5 Hz, 3H), 7.25 (s, 1H), 7.21-7.16 (m,
1H), 7.11 (d, J = 8.1 Hz, 2H), 6.42-6.32 (m, 2H), 3.78 (dd, J = 13.9, 8.0 Hz, 1H), 1.41-1.34 (m, 2H), 1.13
(s, 12H).

I3C NMR (126 MHz, CDCl;): ¢ 148.18, 145.53, 136.96, 136.56, 128.55, 127.59, 127.44, 127.01,
126.38, 121.11, 83.35, 44.49, 29.84, 24.87 (d, J= 15.5 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,3H,7BF;05: 419.2000. Found: 419.2003.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 9.0 min, fg (major) = 9.9 min.

[a]p? = +4 (c = 0.20, CHCL).

Bpin (R,E)-2-(4-(4-Fluorophenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-

XN pp, 1,3,2-dioxaborolane (7).
F The title compound was prepared following the general procedure using
styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (£)-1-(2-bromovinyl)-4-fluorobenzene (39.2 mg, 0.195
mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum

ether), the title compound was isolated in 91% yield (48.0 mg, 97% ee) as a colorless oil.
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'H NMR (500 MHz, CDCl3): 6 7.33-7.27 (m, 6H), 7.21-7.17 (m, 1H), 6.96 (t, J = 8.7 Hz, 2H), 6.32
(dt, J=15.8, 11.5 Hz, 2H), 3.77 (q, J = 7.7 Hz, 1H), 1.39 (dd, J = 14.8, 6.6 Hz, 2H), 1.14 (s, 12H).

I3C NMR (126 MHz, CDCl;): ¢ 145.78, 135.55, 133.87, 128.52, 127.73, 127.57, 127.28, 126.30,
115.49, 115.32, 83.32, 44.50, 29.84, 24.88 (d, J= 16.0 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,,H,7BFO,: 353.2083. Found: 353.2086.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 9.0 min, fg (major) = 9.6 min.

[a]p? = -2 (c = 0.25, CHCL).

Bpin (R,E)-2-(4-(4-Bromophenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-
AN Ph tetramethyl-1,3,2-dioxaborolane (8).
Br The title compound was prepared following the general procedure using

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (£)-1-bromo-4-(2-bromovinyl)benzene (51.1 mg, 0.195
mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum
ether), the title compound was isolated in 81% yield (50.2 mg, 80% ee) as a colorless oil.

TH NMR (500 MHz, CDCls): & 7.39 (d, J = 8.5 Hz, 2H), 7.32-7.27 (m, 4H), 7.19 (dd, J = 7.4, 3.5 Hz,
3H), 6.43-6.31 (m, 2H), 3.77 (dd, J = 13.7, 7.9 Hz, 1H), 1.38 (dt, J = 18.7, 7.5 Hz, 2H), 1.14 (s, 12H).

13C NMR (126 MHz, CDCL): 6 145.55, 136.68, 136.63, 131.62, 128.54, 127.83, 127.56, 127.32,
126.36, 120.70, 83.33, 44.54, 29.83, 24.88 (d, J= 16.6 Hz).

HRMS (ESI) m/z ([M+Na]") caled for C,,H,sBBrNaO,: 435.1101. Found: 435.1084.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 10.1 min, #g (major) = 10.8 min.

[a]p2 =1 (c = 0.36, CHCls).

Bpin (R,E)-2-(4-(2,6-Difluorophenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-
F
AN Ph 1,3,2-dioxaborolane (9).
F The title compound was prepared following the general procedure using styrene

(15.6 mg, 0.150 mmol, 1.0 equiv), (E£)-2-(2-bromovinyl)-1,3-difluorobenzene (42.7 mg, 0.195 mmol,

1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum ether),
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the title compound was isolated in 94% yield (52.2 mg, 92% ee) as a colorless oil.

'H NMR (500 MHz, CDCls): 67.32-7.28 (m, 4H), 7.18 (ddd, J = 6.8, 5.2, 3.4 Hz, 1H), 7.09-7.05 (m,
1H), 6.82 (t, J = 8.4 Hz, 2H), 6.72 (dd, J = 16.2, 7.7 Hz, 1H), 6.46 (dd, J = 16.3, 0.9 Hz, 1H), 3.80 (q, J =
7.8 Hz, 1H), 1.42-1.36 (m, 2H), 1.15 (s, 12H).

I3C NMR (126 MHz, CDCl;): 6 161.95, (d, J = 8.0 Hz), 159.96 (d, J = 8.1 Hz), 145.51, 14291 (t, J =
7.5 Hz), 128.53, 127.61, 127.40 (t, J = 10.1 Hz), 126.33, 115.08, 111.46 (dd, J = 20.7, 6.0 Hz), 83.34,
45.84,29.84,24.85 (d, J = 14.1 Hz).

HRMS (ESI) m/z ([M+H]") calcd for C,,H,6BF,0,: 371.1988. Found: 371.1990.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 8.2 min, fgr (major) = 9.6 min.

[a]p2 = 4 (c = 0.31, CHC).

OMe Bpin (R,E)-2-(4-(2-Methoxyphenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-
XN py, 1:3,2-dioxaborolane (10).
The title compound was prepared following the general procedure using styrene
(15.6 mg, 0.150 mmol, 1.0 equiv), (£)-1-(2-bromovinyl)-2-methoxybenzene (41.6 mg, 0.195 mmol,
1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum ether),
the title compound was isolated in 83% yield (45.3 mg, 96% ee) as a colorless oil.

'H NMR (500 MHz, CDCl3): 6 7.41 (dd, J = 7.6, 1.6 Hz, 1H), 7.33-7.26 (m, 4H), 7.20-7.14 (m, 2H),
6.87 (t, J= 7.5 Hz, 1H), 6.85-6.78 (m, 2H), 6.37 (dd, J=15.9, 7.6 Hz, 1H), 3.86-3.77 (m, 4H), 1.44-1.36
(m, 2H), 1.15 (d, J= 0.7 Hz, 12H).

13C NMR (126 MHz, CDCL): 6 156.60, 146.27, 136.13, 128.42, 128.02, 127.61, 126.82, 126.63,
126.09, 122.98, 120.65, 110.88, 83.25, 55.50, 44.96, 29.84, 24.87 (d, J = 12.3 Hz).

HRMS (ESI) m/z ([M+H]") caled for C,3H30BO5: 365.2283. Found: 365.2284.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 11.6 min, fg (major) = 14.3 min.

[a]p? =10 (c = 0.25, CHCL).
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Bpin (R,E)-2-(4-(3-Methoxyphenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-

MeO X - tetramethyl-1,3,2-dioxaborolane (11).

The title compound was prepared following the general procedure using
styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (£)-1-(2-bromovinyl)-3-methoxybenzene (41.6 mg, 0.195
mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum
ether), the title compound was isolated in 85% yield (46.4 mg, 96% ee) as a colorless oil.

'H NMR (500 MHz, CDCl3): 67.29 (d, J = 4.3 Hz, 4H), 7.22-7.15 (m, 2H), 6.93 (d, J = 7.7 Hz, 1H),
6.91-6.85 (m, 1H), 6.74 (dd, J= 7.9, 2.2 Hz, 1H), 6.39 (d, J = 4.9 Hz, 2H), 3.83-3.74 (m, 4H), 1.40 (dd, J
=16.6, 7.4 Hz, 2H), 1.15 (s, 12H).

13C NMR (126 MHz, CDCl;): § 159.86, 145.82, 139.23, 136.07, 129.49, 128.49, 128.36, 127.62,
126.26, 119.05, 112.86, 111.44, 83.31, 55.30,44.47,31.72, 24.89 (d, J = 16.0 Hz).

HRMS (ESI) m/z ([M+H]") caled for C,3H30BO5: 365.2283. Found: 365.2287.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 12.5 min, #g (major) = 14.9 min.

[a]p2 = —2 (¢ =0.29, CHCls).

Bpin (R,E)-2-(4-(4-Methoxyphenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-
X Ph tetramethyl-1,3,2-dioxaborolane (12).

MeO The title compound was prepared following the general procedure using

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (£)-1-(2-bromovinyl)-4-methoxybenzene (41.6 mg, 0.195
mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum
ether), the title compound was isolated in 80% yield (43.7 mg, 96% ee) as a colorless oil.
This compound was also prepared according to the general procedure using styrene (15.6 mg, 0.150
mmol, 1.0 equiv), (£)-1-(2-bromovinyl)-4-methoxybenzene (41.6 mg, 0.195 mmol, 1.3 equiv). After
purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title
compound was isolated in 76% yield (41.5 mg, 96% ee) as a colorless oil.

IH NMR (500 MHz, CDCL3): § 7.29 (d, J = 4.5 Hz, 4H), 7.28-7.25 (m, 2H), 7.18 (dt, J = 12.4, 4.1 Hz,

1H), 6.82 (d, J = 8.8 Hz, 2H), 6.37 (d, J = 15.8 Hz, 1H), 6.24 (dd, J = 15.8, 7.3 Hz, 1H), 3.79 (s, 3H), 3.78—
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3.74 (m, 1H), 1.41-1.34 (m, 2H), 1.14 (s, 12H).

13C NMR (126 MHz, CDCIl3): 6 158.85, 146.17, 133.66, 130.58, 128.45, 127.83, 127.58, 127.38,
126.16, 113.97, 83.27, 55.39, 44.51, 29.83, 24.89 (d, J= 16.7 Hz).

HRMS (ESI) m/z ([M+H]") caled for C,3H30BO5: 365.2283. Found: 365.2287.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 11.2 min, #g (major) = 12.1 min.

[a]p? = +127 (c = 0.25, CHCL5).

Bpin (R,E)-4,4,5,5-Tetramethyl-2-(2-phenyl-4-(p-tolyl)but-3-en-1-yl)-1,3,2-
X Ph dioxaborolane (13).

Me The title compound was prepared following the general procedure using
styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-1-(2-bromovinyl)-4-methylbenzene (38.4 mg, 0.195
mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum
ether), the title compound was isolated in 89% yield (46.4 mg, 96% ee) as a pale yellow oil.

'H NMR (500 MHz, CDCl3): 6 7.29 (d, J = 4.5 Hz, 4H), 7.23 (d, J = 8.0 Hz, 2H), 7.20-7.17 (m, 1H),
7.08 (d, J = 8.0 Hz, 2H), 6.35 (dt, J = 15.8, 11.4 Hz, 2H), 3.78 (dd, J = 15.4, 7.6 Hz, 1H), 2.31 (s, 3H),
1.40-1.34 (m, 2H), 1.15 (s, 12H).

3C NMR (126 MHz, CDCLy): § 146.08, 136.74, 134.97, 134.73, 129.24, 128.46, 128.29, 127.60,
126.38, 126.20, 83.29, 44.50, 29.84, 24.90 (d, J=17.5 Hz), 21.27.

HRMS (ESI) m/z ([M+H]") caled for C,3H30BO,: 349.2333. Found: 349.2332.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 8.7 min, g (major) = 9.3 min.

[a]p2 =1 (c = 0.22, CHCl).

Bpin (R,E)-4,4,5,5-Tetramethyl-2-(4-(3-phenyl-4-(4,4,5,5-tetramethyl-
A Ph 1,3,2-dioxaborolan-2-yl)but-1-en-1-yl)phenyl)-1,3,2-dioxaborolane
Bpin (14).
The title compound was prepared following the general procedure using styrene (15.6 mg, 0.150

mmol, 1.0 equiv), (E)-2-(4-(2-bromovinyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (60.3
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mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in
petroleum ether), the title compound was isolated in 89% yield (61.4 mg, 94% ee) as a white solid.

'H NMR (500 MHz, CDCl;): §7.72 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H), 7.29 (d, J = 4.4 Hz,
4H), 7.21-7.16 (m, 1H), 6.50-6.39 (m, 2H), 3.80 (dd, J = 13.4, 8.0 Hz, 1H), 1.43-1.37 (m, 2H), 1.34 (s,
12H), 1.14 (s, 12H).

13C NMR (126 MHz, CDCl;): J§ 145.75, 140.51, 136.82, 135.07, 128.55, 128.50, 127.59, 126.28,
125.84, 125.63, 83.80, 83.31, 44.62, 29.83, 24.99, 24.88 (d, J= 17.6 Hz).

HRMS (ESI) m/z ([M+H]") calcd for C,5H39B,04: 461.3029. Found: 461.3028.

M.p.: 119-120 °C.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 9.9 min, g (major) = 10.4 min.

[a]p2 = -3 (c = 0.24, CHCLy).

(R,E)-N,N-Dimethyl-4-(3-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-
Bpin
dioxaborolan-2-yl)but-1-en-1-yl)aniline (15).
N Ph

The title compound was prepared following the general procedure using

Y

| styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (£)-4-(2-bromovinyl)-N,N-
dimethylaniline (44.1 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography
(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 88% yield (49.7 mg,
94% ee) as a pale yellow solid.

'H NMR (500 MHz, CDCl5): 6 7.30 (t, J = 6.8 Hz, 4H), 7.24 (d, J = 8.8 Hz, 2H), 7.20-7.15 (m, 1H),
6.68 (d, J=8.5 Hz, 2H), 6.36 (d, /= 15.8 Hz, 1H), 6.19 (dd, J = 15.8, 7.3 Hz, 1H), 3.77 (q, J= 7.7 Hz, 1H),
2.94 (s, 6H), 1.42-1.36 (m, 2H), 1.16 (s, 12H).

13C NMR (126 MHz, CDCls): § 146.53, 131.77, 130.91, 128.37, 128.20, 127.58, 127.31, 127.17,
126.03, 112.82, 83.22, 44.49, 40.85, 29.82, 24.89 (d, J= 17.6 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,4H33BNO,: 378.2599. Found: 378.2597.

M.p.: 81-82 °C.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
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detector, fg (minor) = 12.7 min, #g (major) = 14.9 min.

[a]p2 = +2 (c = 0.29, CHCl;).

Bpin (R,E)-2-(4-(3,4-Dimethoxyphenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-
MeO XN Ph tetramethyl-1,3,2-dioxaborolane (16).
MeO The title compound was prepared following the general procedure using

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (£)-4-(2-bromovinyl)-1,2-dimethoxybenzene (47.4 mg,
0.195 mmol, 1.3 equiv). After purification by column chromatography (using 5% ethyl acetate in
petroleum ether), the title compound was isolated in 90% yield (53.2 mg, 96% ee) as a colorless oil.

TH NMR (500 MHz, CDCl): 6 7.29 (d, J = 4.3 Hz, 4H), 7.20-7.15 (m, 1H), 6.89 (d, J = 1.8 Hz, 1H),
6.85 (dd, J=8.3, 1.9 Hz, 1H), 6.77 (d, J = 8.3 Hz, 1H), 6.35 (d, J = 15.8 Hz, 1H), 6.24 (dd, J = 15.8, 7.2 Hz,
1H), 3.86 (s, 3H), 3.85 (s, 3H), 3.77 (q, J = 7.7 Hz, 1H), 1.41-1.34 (m, 2H), 1.14 (s, 12H).

I3C NMR (126 MHz, CDCls): 6 149.05, 148.42, 146.05, 133.85, 130.88, 128.47 128.12, 127.61,
126.21,119.35, 111.18, 108.67, 83.29, 56.02, 55.90, 44.47, 29.82, 24.89 (d, J = 14.6 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,4H3,BO4: 395.2388. Found: 395.2387.

HPLC analysis: CHIRALCEL OD-H column, 5% iPrOH in hexane, 1.0 mL/min, 254 nm UV
detector, fg (minor) = 6.6 min, fg (major) = 7.3 min.

[a]p2 =1 (c = 0.17, CHCLy).

(R,E)-4,4,5,5-Tetramethyl-2-(2-phenyl-4-(3,4,5-

Bpin
MeO S or trimethoxyphenyl)but-3-en-1-yl)-1,3,2-dioxaborolane (17).
MeO The title compound was prepared following the general procedure using
e
OMe styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (F)-5-(2-iodovinyl)-1,2,3-

trimethoxybenzene (62.4 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography
(using 5% ethyl acetate in petroleum ether), the title compound was isolated in 86% yield (54.7 mg,
94% ee) as a white solid.

'H NMR (500 MHz, CDCl;): 6 7.31-7.28 (m, 4H), 7.19 (ddd, J = 8.6, 5.7, 3.1 Hz, 1H), 6.55 (s, 2H),
6.37-6.26 (m, 2H), 3.84 (s, 6H), 3.82 (s, 3H), 3.78 (dd, J = 14.8, 8.5 Hz, 1H), 1.41-1.35 (m, 2H), 1.15 (s,

12H).
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I3C NMR (126 MHz, CDCly): 6 153.35, 145.77, 137.45, 135.33, 133.51, 128.51, 128.37, 127.67,
126.30, 103.30, 83.33, 61.04, 56.17, 44.39, 29.83, 24.90 (d, J = 12.6 Hz).

HRMS (ESI) m/z ((M+H) calced for CysH34BOs: 425.2494. Found: 425.2495.

M.p.: 111-112 °C.

HPLC analysis: CHIRALCEL OD-H column, 5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 14.2 min, #g (major) = 15.1 min.

[a]p2 = -3 (c = 0.16, CHCls).

Bpin (R,E)-4,4,5,5-Tetramethyl-2-(4-(naphthalen-2-yl)-2-phenylbut-3-en-1-
A yD)-1,3,2-dioxaborolane (18).

OO The title compound was prepared following the general procedure using
styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-2-(2-bromovinyl)naphthalene (45.4 mg, 0.195 mmol,
1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum ether),
the title compound was isolated in 84% yield (48.4 mg, 96% ee) as a white solid.

'H NMR (500 MHz, CDCl5): 67.75 (dd, J = 15.1, 8.8 Hz, 3H), 7.68 (s, 1H), 7.56 (dd, J = 8.6, 1.6 Hz,
1H), 7.45-7.39 (m, 2H), 7.35-7.29 (m, 4H), 7.22-7.18 (m, 1H), 6.64-6.48 (m, 2H), 3.85 (dd, J=15.5, 7.6
Hz, 1H), 1.48-1.39 (m, 2H), 1.15 (s, 12H).

13C NMR (126 MHz, CDCls): § 145.89, 136.23, 135.24, 133.81, 132.86, 128.61, 128.54, 128.12,
127.97, 127.74, 127.63, 126.30, 126.21, 125.83, 125.62, 123.89, 83.35, 44.70, 29.84, 2491 (d, /= 18.2
Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,6H30BO,: 385.2333. Found: 385.2352.

M.p.: 75-76 °C.

HPLC analysis: CHIRALCEL OD-H column, 0.1% iPrOH in hexane, 0.1 mL/min, 254 nm UV
detector, fg (major) = 13.2 min, g (minor) = 14.1 min.

[a]p2’ = -3 (c = 0.10, CHCls).

Bpin tert-Butyl-(R,E)-4-(3-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

X yl)but-1-en-1-yl)-1H-indole-1-carboxylate (19).
Ph

The title compound was prepared following the general procedure using

BocN
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styrene (15.6 mg, 0.150 mmol, 1.0 equiv), tert-butyl (E)-4-(2-bromovinyl)-1H-indole-1-carboxylate
(62.8 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl
acetate in petroleum ether), the title compound was isolated in 70% yield (49.7 mg, 93% ee) as a
yellow oil.

'H NMR (500 MHz, CDCl;): 6 8.01 (d, J= 7.7 Hz, 1H), 7.60 (d, J = 3.6 Hz, 1H), 7.35-7.29 (m, 5H),
7.25-7.16 (m, 2H), 6.78 (dd, J = 22.8, 9.8 Hz, 2H), 6.53 (dd, J = 15.8, 7.5 Hz, 1H), 3.87 (q, /= 7.8 Hz, 1H),
1.68 (s, 9H), 1.44 (dt, J=15.2, 7.3 Hz, 2H), 1.15 (s, 12H).

13C NMR (126 MHz, CDCL): 6 149.92, 145.95, 137.07, 135.60, 130.35, 128.87, 128.52, 127.59,
126.26, 125.76, 125.55, 124.40, 119.38, 113.81, 105.72, 83.75, 83.33, 44.92, 29.83, 28.32, 2491 (d, J =
12.6 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,0H37;BNOy: 474.2810. Found: 474.2812.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 9.5 min, tg (major) = 10.4 min.

[a]p2 = -9 (c = 0.26, CHCl;).

Bpin (R,E)-2-(4-(Furan-2-yl)-2-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-

o) X o dioxaborolane (20).

\ ! The title compound was prepared following the general procedure using styrene
(15.6 mg, 0.150 mmol, 1.0 equiv), (E)-2-(2-bromovinyl)furan (33.7 mg, 0.195 mmol, 1.3 equiv). After
purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title
compound was isolated in 84% yield (40.8 mg, 95% ee) as a yellow oil.

'H NMR (500 MHz, CDCLy): 6 7.32-7.26 (m, 5H), 7.20~7.15 (m, 1H), 6.39-6.31 (m, 2H), 6.20 (d, J =
15.9 Hz, 1H), 6.13 (d, J = 3.2 Hz, 1H), 3.74 (q, J = 7.5 Hz, 1H), 1.36 (dd, J = 8.1, 3.7 Hz, 2H), 1.14 (s,
12H).

I3C NMR (126 MHz, CDCl;): 6 153.29, 145.53, 141.47, 134.87, 128.48, 127.68, 126.29, 117.25,
111.20, 106.69, 83.31, 44.26, 29.84, 24.84 (d, J= 8.6 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,0H,6BO3: 325.1970. Found: 325.1975.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
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detector, fg (minor) = 8.9 min, fg (major) = 9.9 min.

[a]p? = +8 (c = 0.15, CHCL).

Bpin (R,E)-4,4,5,5-Tetramethyl-2-(2-phenyl-4-(thiophen-2-yl)but-3-en-1-yl)-

S X o 1,3,2-dioxaborolane (21).

\ | The title compound was prepared following the general procedure using styrene
(15.6 mg, 0.150 mmol, 1.0 equiv), (E)-2-(2-bromovinyl)thiophene (36.8 mg, 0.195 mmol, 1.3 equiv).
After purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title
compound was isolated in 83% yield (42.3 mg, 95% ee) as a yellow oil.

'H NMR (500 MHz, CDCly): 6 7.32-7.26 (m, 4H), 7.22-7.17 (m, 1H), 7.08 (d, J = 5.1 Hz, 1H), 6.91
(dd, J = 5.0, 3.6 Hz, 1H), 6.86 (d, J = 3.3 Hz, 1H), 6.52 (d, J = 15.7 Hz, 1H), 6.24 (dd, J = 15.7, 7.1 Hz,
1H), 3.75 (q, J = 7.6 Hz, 1H), 1.40-1.33 (m, 2H), 1.15 (s, 12H).

I3C NMR (126 MHz, CDCl;): ¢ 145.55, 143.02, 135.69, 128.51, 127.66, 127.29, 126.32, 124.76,
123.48, 121.90, 83.34, 44.31, 29.84, 24.88 (d, J= 14.0 Hz).

HRMS (ESI) m/z ((M+H?) caled for Cy0HsBO,S: 341.1741. Found: 341.1740.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 9.5 min, g (major) = 10.4 min.

[a]p? =1 (c = 0.24, CHCL).

Bpin (R,E)-4-(3-Phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-1-en-

1-yl)pyridine (22).
2N " ph

l

N < The title compound was prepared following the general procedure using
styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (£)-4-(2-bromovinyl)pyridine (35.9 mg, 0.195 mmol, 1.3
equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum ether), the
title compound was isolated in 68% yield (34.2 mg, 70% ee) as a yellow oil.

'H NMR (500 MHz, CDCly): 67.57 (d, J = 8.4 Hz, 2H), 7.27 (dd, J = 12.0, 5.0 Hz, 4H), 7.19-7.16 (m,
1H), 7.05 (d, J = 8.4 Hz, 2H), 6.42-6.28 (m, 2H), 3.75 (dd, J = 15.3, 7.6 Hz, 1H), 1.39-1.33 (m, 2H), 1.12
(s, 12H).

13C NMR (126 MHz, CDCls): d 145.54, 137.60, 137.29, 136.77, 128.55, 128.12, 127.50 (d, J = 17.3
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Hz), 126.37, 92.09, 83.35, 44.54, 29.84, 24.89 (d, J= 17.0 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,;H,7;BNO,: 336.2129. Found: 336.2180.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 9.6 min, g (major) = 10.0 min.

[a]p2 = +1 (c = 0.09, CHCL;).

Bpin (R,E)-2-Methoxy-5-(3-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-
= A pp dioxaborolan-2-yl)but-1-en-1-yl)pyridine (23).

MeO \N | The title compound was prepared following the general procedure using
styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-5-(2-bromovinyl)-2-methoxypyridine (41.7 mg, 0.195
mmol, 1.3 equiv). After purification by column chromatography (using 2% ethyl acetate in petroleum
ether), the title compound was isolated in 72% yield (39.4 mg, 96% ee) as a colorless oil.

'H NMR (500 MHz, CDCl;): 6 8.04 (d, J = 2.3 Hz, 1H), 7.62 (dd, J = 8.7, 2.4 Hz, 1H), 7.32-7.25 (m,
4H), 7.20-7.16 (m, 1H), 6.67 (d, J = 8.6 Hz, 1H), 6.35 (d, J= 15.9 Hz, 1H), 6.27 (dd, J=15.9, 7.1 Hz, 1H),
3.92 (s, 3H), 3.77 (q, J= 7.6 Hz, 1H), 1.42-1.32 (m, 2H), 1.14 (s, 12H).

3C NMR (126 MHz, CDCLy): § 163.26, 145.73, 144.99, 135.74, 135.35, 128.55, 127.52, 126.95,
126.34, 124.43, 110.93, 83.34, 53.74, 44.58, 29.83, 24.89 (d, /= 17.3 Hz).

HRMS (ESI) m/z ((M+H]") caled for C,,H,0BNO3: 366.2235. Found: 366.2236.

HPLC analysis: CHIRALCEL OD-H column, 3% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 9.1 min, g (major) = 9.6 min.

[a]p2 = -3 (c = 0.32, CHCl).

Bpin 2-((R,3E,5E)-2,6-Diphenylhexa-3,5-dien-1-yl)-4,4,5,5-tetramethyl-

N o 1,3,2-dioxaborolane (24).
The title compound was prepared following the general procedure using
styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (/E,3E)-4-bromobuta-1,3-dien-1-yl)benzene (40.8 mg,
0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in

petroleum ether), the title compound was isolated in 86% yield (46.4 mg, 86% ee) as a yellow oil.

IH NMR (500 MHz, CDCls): § 7.37-7.33 (m, 2H), 7.31-7.27 (m, 3H), 7.27-7.25 (m, 3H), 7.20-7.16
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(m, 2H), 6.74 (dd, J = 15.6, 10.4 Hz, 1H), 6.45 (d, J=15.7 Hz, 1H), 6.22 (dd, J = 15.2, 10.4 Hz, 1H), 5.99
(dd, J=15.1, 7.4 Hz, 1H), 3.71 (q, J = 7.8 Hz, 1H), 1.34 (t, J = 7.6 Hz, 2H), 1.15 (s, 12H).

I3C NMR (126 MHz, CDCl;): ¢ 145.83, 140.41, 137.73, 133.65, 130.89, 129.38, 129.16, 128.67,
128.49, 127.56, 127.28, 126.29, 83.32, 44.42, 29.84, 24.90 (d, J = 15.4 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,4H30BO,: 361.2333. Found: 361.2332.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 12.8 min, #g (major) = 14.1 min.

[a]p2 = 2 (c = 0.19, CHCly).

Bpin (R)-2-(2-(1H-Inden-2-yl)-2-phenylethyl)-4,4,5,5-tetramethyl-1,3,2-
‘ Ph dioxaborolane (25).

O The title compound was prepared following the general procedure using styrene
(15.6 mg, 0.150 mmol, 1.0 equiv), 2-bromo-1H-indene (38.0 mg, 0.195 mmol, 1.3 equiv). After
purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title
compound was isolated in 74% yield (38.4 mg, 98% ee) as a colorless oil.

'H NMR (500 MHz, CDCLy): 67.27 (dd, J = 7.3, 3.9 Hz, 2H), 7.24 (t, J = 3.6 Hz, 4H), 7.16 (ddd, J =
13.1, 11.8, 5.9 Hz, 2H), 7.06 (t, J = 7.4 Hz, 1H), 6.63 (s, 1H), 4.05 (t, J = 8.2 Hz, 1H), 3.27-3.10 (m, 2H),
1.52 (ddd, J = 59.6, 15.3, 8.3 Hz, 2H), 1.09 (d, J= 5.5 Hz, 12H).

I3C NMR (126 MHz, CDCl;): ¢ 155.19, 145.93, 145.35, 143.57, 128.43, 127.80, 126.30, 126.29,
125.91, 123.92, 123.56, 120.40, 83.31, 43.38, 40.23, 29.84, 24.78 (d, J = 6.8 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,3H,3BO,: 347.2177. Found: 347.2179.

HPLC analysis: CHIRALCEL AD-H column, 0.5% iPrOH in hexane, 1.0 mL/min, 254 nm UV
detector, fg (major) = 5.0 min, #g (minor) = 5.5 min.

[a]p? = +2 (c = 0.22, CHCL;).

Bpin (R,E)-2-(2,6-Diphenylhex-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-

X dioxaborolane (26).
Ph
The title compound was prepared following the general procedure using

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (£)-(4-bromobut-3-en-1-yl)benzene (41.1 mg, 0.195 mmol,
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1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum ether),
the title compound was isolated in 70% yield (38.0 mg, 31% ee) as a colorless oil.

'H NMR (500 MHz, CDCl;): 6 7.27 (d, J = 6.2 Hz, 4H), 7.22-7.15 (m, 6H), 5.65 (dd, J=15.3, 7.1 Hz,
1H), 5.54-5.49 (m, 1H), 3.58 (q, J= 7.7 Hz, 1H), 2.73-2.64 (m, 2H), 2.32 (dd, /= 15.2, 7.0 Hz, 2H), 1.28-
1.24 (m, 2H), 1.16 (d, J = 1.8 Hz, 12H).

13C NMR (126 MHz, CDCL): 6 146.57, 142.22, 136.25, 128.60, 128.38, 128.33, 128.07, 127.50,
125.97, 125.83, 83.19, 44.11, 36.07, 34.49, 29.84, 24.87 (d, J= 13.6 Hz).

HRMS (ESI) m/z ([M+H]") caled for C,4H3,BO,: 363.2490. Found: 363.2492.

HPLC analysis: CHIRALCEL AS-H column, 0.5% iPrOH in hexane, 1.0 mL/min, 254 nm UV
detector, fg (major) = 3.5 min, fg (minor) = 4.4 min.

[a]p2® = +2 (c = 0.21, CHCL;).

Methyl-(R,E)-4-(4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-

Ph
X dioxaborolan-2-yl)but-3-en-2-yl)benzoate (27).
Bpin The title compound was prepared following the general procedure using
MeO,C methyl 4-vinylbenzoate (24.3 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography
(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 89% yield (52.3 mg,
97% ee) as a white solid.

TH NMR (500 MHz, CDCLy): 67.96 (d, J = 8.3 Hz, 2H), 7.36 (d, J = 8.3 Hz, 2H), 7.32 (d, /= 7.2 Hz,
2H), 7.27 (dd, J = 10.6, 4.4 Hz, 2H), 7.18 (t, J = 7.2 Hz, 1H), 6.42 (d, J = 15.9 Hz, 1H), 6.34 (dd, /= 15.8,
7.0 Hz, 1H), 3.90 (s, 3H), 3.84 (q, J = 7.6 Hz, 1H), 1.45-1.34 (m, 2H), 1.13 (d, J= 4.3 Hz, 12H).

I3C NMR (126 MHz, CDCl;): ¢ 167.28, 151.34, 137.47, 134.78, 129.90, 129.13, 128.62, 128.20,
127.69, 127.28, 126.33, 83.44, 52.12, 44.54, 29.84, 24.89 (d, /= 10.9 Hz).

HRMS (ESI) m/z ([M+H]") calcd for Cy4H30BO4: 393.2232. Found: 393.2233.

M.p.: 119-120 °C.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 1.0 mL/min, 254 nm UV

detector, fg (major) = 8.4 min, fg (minor) = 9.5 min.
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[a]p2® = +6 (c = 0.16, CHCL;).

Ph (R,E)-4-(4-Phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-
N 3-en-2-yl)benzaldehyde (28).
Bpin
o The title compound was prepared following the general procedure using 4-
H ethenylbenzaldehyde (19.8 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography
(using 3% ethyl acetate in petroleum ether), the title compound was isolated in 72% yield (39.1 mg,
95% ee) as a colorless oil.

TH NMR (500 MHz, CDCL): § 9.97 (s, 1H), 7.82 (d, J = 8.2 Hz, 2H), 7.46 (d, J = 8.1 Hz, 2H), 7.33 (d,
J=17.3Hz, 2H), 7.28 (d, J = 7.4 Hz, 2H), 7.20 (t, J = 7.2 Hz, 1H), 6.50-6.27 (m, 2H), 3.87 (q, J = 7.7 Hz,
1H), 1.40 (dd, J = 14.2, 6.1 Hz, 2H), 1.14 (d, J= 4.1 Hz, 12H).

I3C NMR (126 MHz, CDCl;): ¢ 192.19, 153.30, 137.35, 134.89, 134.36, 130.17, 129.43, 128.65,
128.36, 127.40, 126.35, 83.50, 44.73, 29.84, 24.89 (d, /= 11.6 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,3H,5B0O5: 363.2126. Found: 363.2125.

HPLC analysis: CHIRALCEL OD-H column, 5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (major) = 12.1 min, fg (minor) = 12.8 min.

[a]p?® = +6 (c = 0.09, CHC],).

(R,E)-4,4,5,5-Tetramethyl-2-(4-phenyl-2-(4-

Ph
X (trifluoromethyl)phenyl)but-3-en-1-yl)-1,3,2-dioxaborolane (29).
Bpin The title compound was prepared following the general procedure using 4-
FsC (trifloromethyl)styrene (25.8 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography
(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 90% yield (54.3 mg,
99% ee) as a colorless oil.

'H NMR (500 MHz, CDCl;): §7.55 (d, J = 8.1 Hz, 2H), 7.40 (d, J = 8.1 Hz, 2H), 7.33 (d, /= 7.2 Hz,
2H), 7.29 (d, J = 7.4 Hz, 2H), 7.20 (t, J= 7.2 Hz, 1H), 6.37 (dt, J = 15.8, 11.5 Hz, 2H), 3.85 (q, /= 7.6 Hz,

1H), 1.39 (dd, J = 18.5, 8.0 Hz, 2H), 1.14 (d, J= 2.1 Hz, 12H).
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I3C NMR (126 MHz, CDCl;): ¢ 150.05, 137.38, 134.60, 129.27, 128.64, 127.98, 127.36, 126.34,
125.44 (dd, J= 7.3, 3.6 Hz), 112.20, 100.12, 83.48, 44.36, 29.85, 24.88 (d, J = 14.6 Hz).

HRMS (ESI) m/z ([M+Na]") caled for C,3HycBF3NaO,: 425.1870. Found: 425.1889.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 9.8 min, fr (major) = 10.4 min.

[a]p? =1 (c = 0.26, CHCL).

Ph (R,E)-4,4,5,5-Tetramethyl-2-(4-phenyl-2-(3-

XX (trifluoromethyl)phenyl)but-3-en-1-yl)-1,3,2-dioxaborolane (30).
FsC Bpin The title compound was prepared following the general procedure using 3-
(trifluoromethyl)styrene (25.8 mg, 0.150 mmol, 1.0 equiv), (E)-(2-
bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography
(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 84% yield (50.6 mg,
91% ee) as a colorless oil.

'H NMR (500 MHz, CDCls): d 7.54 (s, 1H), 7.44 (dd, J = 12.4, 7.3 Hz, 2H), 7.38 (t, J = 5.4 Hz, 1H),
7.33-7.31 (m, 2H), 7.26 (t, J = 7.6 Hz, 2H), 7.20-7.16 (m, 1H), 6.36 (dt, J=15.8, 11.5 Hz, 2H), 3.83 (q, J
=7.6 Hz, 1H), 1.42-1.33 (m, 2H), 1.11 (d, J = 3.3 Hz, 12H).

13C NMR (126 MHz, CDCL): 6 146.85, 137.40, 134.73, 132.96, 131.09, 129.19, 128.91, 128.63,
127.33, 126.36, 124.53 (q, J = 3.8 Hz), 123.15 (q, J= 3.7 Hz), 83.45, 44.36, 29.84, 24.84 (d, J = 13.4 Hz).

HRMS (ESI) m/z ([M+K]") calcd for C,3H,6BF3;KO;: 441.1610. Found: 441.1623.

HPLC analysis: CHIRALCEL AD-H column, 0.5% iPrOH in hexane, 1.0 mL/min, 254 nm UV
detector, fg (minor) = 4.2 min, fr (major) = 4.8 min.

[a]p2 =1 (c = 0.15, CHCl).

(R,E)-2-(2-(4-Fluorophenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-

Ph
N 1,3,2-dioxaborolane (31).
Bpin The title compound was prepared following the general procedure using 4-
F fluorostyrene (18.3 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene

(35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl
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acetate in petroleum ether), the title compound was isolated in 88% yield (46.5 mg, 93% ee) as a
colorless oil.

'H NMR (500 MHz, CDCl;): 67.33 (d, J= 7.4 Hz, 2H), 7.31-7.27 (m, 2H), 7.26-7.22 (m, 2H), 7.19 (t,
J=172Hz, 1H), 6.98 (t, J= 8.7 Hz, 2H), 6.36 (dt, J = 15.8, 11.3 Hz, 2H), 3.78 (dd, J = 14.8, 7.7 Hz, 1H),
1.38-1.33 (m, 2H), 1.15 (d, J= 2.6 Hz, 12H).

13C NMR (126 MHz, CDCLy): 6 162.47, 160.53, 141.50 (d, J = 3.1 Hz), 137.60, 135.61, 129.02 (d, J =
7.8 Hz), 128.56 (d, J = 6.8 Hz), 127.17, 126.30, 115.15 (d, J = 10.7 Hz), 83.36, 43.74, 29.84, 24.88 (d, J =
10.7 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,,H,7BFO,: 353.2083. Found: 353.2084.

HPLC analysis: CHIRALCEL OJ-H column, 0.1% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 14.0 min, ¢z (major) = 17.2 min.

[a]p2 = 2 (c = 0.27, CHCLy).

Ph (R,E)-2-(2-(3-Fluorophenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-
X 1,3,2-dioxaborolane (32).
F Bpin The title compound was prepared following the general procedure using 3-
fluorostyrene (18.3 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene
(35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl
acetate in petroleum ether), the title compound was isolated in 84% yield (44.4 mg, 96% ee) as a
colorless oil.

'H NMR (500 MHz, CDCl5): ¢ 7.34-7.31 (m, 2H), 7.28 (t, J = 6.7 Hz, 2H), 7.23 (d, J = 7.9 Hz, 1H),
7.19 (dd, J=10.3, 4.3 Hz, 1H), 7.07 (d, /= 7.7 Hz, 1H), 7.02-6.97 (m, 1H), 6.87 (ddd, J=8.2, 2.5, 1.7 Hz,
1H), 6.37 (dt, J=15.8, 11.5 Hz, 2H), 3.78 (q, J = 7.7 Hz, 1H), 1.39-1.35 (m, 2H), 1.15 (d, J = 2.2 Hz, 12H).

13C NMR (126 MHz, CDCly): 6 164.03, 162.08, 148.61 (d, J = 6.6 Hz), 137.52, 134.95, 129.87 (d, J =
8.2 Hz), 128.61, 127.24, 126.34, 123.24 (d, J = 2.7 Hz), 114.52 (d, J = 10.1 Hz), 113.06 (d, J = 10.7 Hz),
83.41,44.27,29.84, 24.89 (d, J = 14.2 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,,H,7BFO,: 353.2083. Found: 353.2081.

HPLC analysis: CHIRALCEL OJ-3 column, 0.5% iPrOH in hexane, 0.1 mL/min, 254 nm UV
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detector, fg (major) = 58.7 min, g (minor) = 62.2 min.

[a]p? = 4 (c = 0.24, CHCL).

Ph (R,E)-2-(2-(2-Fluorophenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-

F Y 1,3,2-dioxaborolane (33).
Bpin The title compound was prepared following the general procedure using 2-
fluorostyrene (18.3 mg, 0.150 mmol, 1.0 equiv), (£)-(2-bromovinyl)benzene
(35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl
acetate in petroleum ether), the title compound was isolated in 86% yield (45.4 mg, 92% ee) as a pale
yellow solid.

'H NMR (500 MHz, CDCl;): 67.33 (d, J= 7.5 Hz, 2H), 7.27 (dd, J = 10.6, 3.1 Hz, 3H), 7.19-7.14 (m,
2H), 7.08 (t, J= 7.5 Hz, 1H), 6.99 (dd, J = 14.0, 5.6 Hz, 1H), 6.48-6.34 (m, 2H), 4.10 (dd, /= 14.9, 7.7 Hz,
1H), 1.44-1.37 (m, 2H), 1.13 (d, J = 6.2 Hz, 12H).

3C NMR (126 MHz, CDCLy): § 137.65, 134.19, 129.00, 128.82, 128.56, 127.73, 127.14, 126.52,
126.33, 124.14, 115.63, 115.45, 83.34, 37.78, 29.84, 24.86 (d, J = 14.1 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,,H,7BFO,: 353.2083. Found: 353.2080.

M.p.: 90-91 °C.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.3 mL/min, 254 nm UV
detector, fg (minor) = 14.7 min, ¢z (major) = 15.5 min.

[a]p?® = +2 (c = 0.28, CHCl,).

Ph (R,E)-2-(2-(3-Clorophenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-

X 1,3,2-dioxaborolane (34).
Cl Bpin . . .
The title compound was prepared following the general procedure using 3-
chlorostyrene  (20.8 mg, 0.150 mmol, 1.0 equiv), (£)-(2-
bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography
(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 83% yield (45.9 mg,

68% ee) as a colorless oil.

IH NMR (500 MHz, CDCl3): 6 7.33 (d, J = 7.3 Hz, 2H), 7.31-7.27 (m, 3H), 7.23-7.14 (m, 4H), 6.37
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(dt, J=15.8, 11.5 Hz, 2H), 3.76 (q, J = 7.6 Hz, 1H), 1.40-1.32 (m, 2H), 1.15 (d, /= 1.9 Hz, 12H).

3C NMR (126 MHz, CDCLy): & 148.02, 137.47, 134.81, 134.19, 129.74, 129.02, 128.60, 127.89,
127.25, 126.39, 126.34, 125.81, 83.41, 44.22, 29.83, 24.88 (d, J= 11.8 Hz).

HRMS (ESI) m/z ([M+H]") caled for C,,H,7BClO,: 369.1787. Found: 369.1788.

HPLC analysis: CHIRALCEL AD-H column, 10% EtOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 7.7 min, g (major) = 8.2 min.

[a]p2 = +2 (¢ = 0.26 CHCL,).

Ph (R,E)-2-(2-(2-Chlorophenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-
cl X 1,3,2-dioxaborolane (35).

Bpin The title compound was prepared following the general procedure using 2-
chlorostyrene (20.8 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene
(35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl
acetate in petroleum ether), the title compound was isolated in 80% yield (44.2 mg, 77% ee) as a
yellow solid.

TH NMR (500 MHz, CDCls): 6 7.36-7.33 (m, 4H), 7.29 (d, J = 6.2 Hz, 2H), 7.22 (d, J = 7.6 Hz, 1H),
7.18 (t,J=7.3 Hz, 1H), 7.12 (td, J= 7.7, 1.6 Hz, 1H), 6.44 (d, J = 16.0 Hz, 1H), 6.35 (dd, J= 15.9, 6.8 Hz,
1H), 4.34 (q, J = 7.6 Hz, 1H), 1.39 (s, 1H), 1.34 (d, /= 10.6 Hz, 1H), 1.14 (d, J = 8.6 Hz, 12H).

I3C NMR (126 MHz, CDCl;): ¢ 143.08, 137.65, 134.00, 133.83, 132.95, 129.67, 129.17, 128.79,
128.56, 127.36, 127.04, 126.32, 83.34, 40.30, 29.84, 24.83 (d, J = 13.6 Hz).

HRMS (ESI) m/z ([M+H]") calcd for C,,H,7BClO,: 369.1787. Found: 369.1788.

M.p.: 81-82 °C.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 9.9 min, g (major) = 12.2 min.

[a]p2® = +24 (c = 0.18, CHCL;).

Ph (R,E)-2-(2-(2-Bromophenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-
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Bpin

Br



S24

1,3,2-dioxaborolane (36).

The title compound was prepared following the general procedure using 2-bromostyrene (27.5 mg,
0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After
purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title
compound was isolated in 60% yield (37.2 mg, 57% ee) as a yellow solid.

'H NMR (500 MHz, CDCLs): 67.54 (dd, J = 8.0, 1.1 Hz, 1H), 7.35-7.32 (m, 3H), 7.28 (d, J = 7.6 Hz,
3H), 7.20-7.18 (m, 1H), 7.05 (td, J= 7.9, 1.7 Hz, 1H), 6.44 (d, J = 16.0 Hz, 1H), 6.34 (dd, J=15.9, 6.8 Hz,
1H), 4.31 (q, J = 7.5 Hz, 1H), 1.33 (dd, J = 10.4, 6.4 Hz, 2H), 1.14 (d, J = 8.0 Hz, 12H).

I3C NMR (126 MHz, CDCl;): ¢ 144.70, 137.65, 134.05, 132.99, 129.18, 128.67, 128.56, 127.70,
127.15, 126.51, 126.33, 124.70, 83.35, 42.90, 29.84, 24.83 (d, /= 11.4 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,,H,7BBrO,: 413.1282. Found: 413.1280.

M.p.: 63-64 °C.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 10.3 min, #g (major) = 14.2 min.

[a]p2® = +25 (c = 0.20, CHCL;).

Ph (R,E)-2-(2-(4-1odophenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-

X 1,3,2-dioxaborolane (37).

Bpin The title compound was prepared following the general procedure using 4-

| iodostyrene (34.5 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene

(35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl

acetate in petroleum ether), the title compound was isolated in 62% yield (42.8 mg, 46% ee) as a
colorless oil.

'H NMR (500 MHz, CDCly): 6 7.57 (d, J = 8.3 Hz, 1H), 7.37 (d, J = 8.4 Hz, 1H), 7.28 (d, J = 7.2 Hz,
2H), 7.25-7.22 (m, 2H), 7.14 (dd, J = 14.0, 7.7 Hz, 2H), 7.01 (d, J = 8.3 Hz, 1H), 6.41-6.24 (m, 2H), 3.70
(dd, J = 15.6, 7.8 Hz, 1H), 1.37-1.29 (m, 2H), 1.12 (d, J= 2.4 Hz, 12H).

I3C NMR (126 MHz, CDCl;): ¢ 145.63, 137.50, 134.98, 131.51, 129.77, 129.43, 128.90, 128.60,

127.23, 126.30, 83.41, 44.01, 29.83, 24.89 (d, /= 13.1 Hz).
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HRMS (ESI) m/z ([M+H]") calcd for Cp;,H»7BIO;: 461.1143. Found: 461.1140.
HPLC analysis: CHIRALCEL OJ-3 column, 5% EtOH in hexane, 0.3 mL/min, 254 nm UV
detector, fg (minor) = 14.7 min, ¢z (major) = 15.6 min.

[a]p? = +2 (c = 0.26 CHCLs).

(R,E)-2-(2-(4-Methoxyphenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-

Ph
X tetramethyl-1,3,2-dioxaborolane (38).
Bpi . . .
pin The title compound was prepared following the general procedure using
MeO 4-methoxystyrene (20.1 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography
(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 92% yield (50.2 mg,
99% ee) as a colorless oil.

'H NMR (500 MHz, CDCl3): 6 7.32 (d, J = 7.2 Hz, 2H), 7.26 (t, J = 7.6 Hz, 2H), 7.20 (d, J = 8.6 Hz,
2H), 7.16 (t, J= 7.3 Hz, 1H), 6.83 (d, J = 8.7 Hz, 2H), 6.43-6.31 (m, 2H), 3.78 (s, 3H), 3.74 (dd, J = 14.3,
7.9 Hz, 1H), 1.37-1.32 (m, 2H), 1.14 (s, 12H).

13C NMR (126 MHz, CDCLy): § 158.08, 138.04, 137.81, 136.13, 128.54, 128.53, 128.14, 127.00,
126.29, 113.86, 83.30, 55.42, 43.65, 29.84,24.91 (d, J= 13.4 Hz).

HRMS (ESI) m/z ([M+H]") caled for C,3H30BO5: 365.2283. Found: 365.2280.

HPLC analysis: CHIRALCEL OJ-H column, 0.5% iPrOH in hexane, 1.0 mL/min, 254 nm UV
detector, fg (major) = 8.3 min, fg (minor) = 9.5 min.

[a]p2 = +14 (c = 0.09, CHCL;).

(R,E)-4,4,5,5-Tetramethyl-2-(4-(4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-

Ph
X dioxaborolan-2-yl)but-3-en-2-yl)phenyl)-1,3,2-dioxaborolane (39).
Bpin The title compound was prepared following the general procedure using
Bpin 4,4,5,5-tetramethyl-2-(4-vinylphenyl)-1,3,2-dioxaborolane ~ (34.5 mg,

0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After
purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title

compound was isolated in 91% yield (62.8 mg, 98% ee) as a white solid.
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'H NMR (500 MHz, CDCl3): 67.74 (d, J = 8.0 Hz, 2H), 7.31 (t, J = 8.0 Hz, 4H), 7.26 (s, 2H), 7.17 (t,
J=172Hz, 1H), 6.38 (dt, J=15.8, 11.3 Hz, 2H), 3.80 (dd, /= 15.3, 7.2 Hz, 1H), 1.39 (dd, J = 14.6, 5.6 Hz,
2H), 1.33 (s, 12H), 1.15 (d, J= 1.8 Hz, 12H).

13C NMR (126 MHz, CDCLs): 6 149.32, 137.73, 135.39, 135.26, 135.10, 128.70, 128.54, 127.06,
127.04, 126.31, 83.76, 83.34, 44.65, 29.84, 24.97, 24.93 (d, J=17.9 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,3H39B,04: 461.3029. Found: 461.3027.

M.p.: 162-163 °C.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.25 mL/min, 254 nm UV
detector, fg (minor) = 18.1 min, ¢z (major) = 18.5 min.

[a]p?® = +2 (c = 0.28, CHCl,).

Ph (R,E)-4,4,5,5-Tetramethyl-2-(4-phenyl-2-(p-tolyl)but-3-en-1-yI)-1,3,2-
X dioxaborolane (40).
Bpin The title compound was prepared following the general procedure using 4-

Me methylstyrene  (17.7 mg, 0.150 mmol, 1.0 equiv), (E)-(2-
bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography
(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 91% yield (47.5 mg,
95% ee) as a colorless oil.

'H NMR (500 MHz, CDCl3): 67.33 (d, J = 7.3 Hz, 2H), 7.27 (dd, J = 9.6, 5.7 Hz, 2H), 7.18 (t,J = 8.5
Hz, 3H), 7.11 (d, J = 7.8 Hz, 2H), 6.39 (dt, J = 15.8, 11.3 Hz, 2H), 3.76 (dd, J = 15.6, 7.2 Hz, 1H), 2.32 (s,
3H), 1.41-1.35 (m, 2H), 1.16 (s, 12H).

13C NMR (126 MHz, CDCL): 6 142.93, 137.82, 135.92, 135.67, 129.16, 128.52, 128.29, 127.43,
126.98, 126.29, 83.29, 44.08, 29.84, 24.91 (d, J= 18.2 Hz), 21.13.

HRMS (ESI) m/z ([M+H]") caled for C,3H30BO,: 349.2333. Found: 349.2329.

HPLC analysis: CHIRALCEL OJ-H column, 0.5% iPrOH in hexane, 0.1 mL/min, 254 nm UV
detector, fg (minor) =47.6 min, fg (major) = 52.7 min.

[a]p2 = -3 (c = 0.25, CHCl).

Ph (R,E)-4,4,5,5-Tetramethyl-2-(4-phenyl-2-(m-tolyl)but-3-en-1-yl)-1,3,2-
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dioxaborolane (41).

The title compound was prepared following the general procedure using 3-methylstyrene (17.7 mg,
0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After
purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title
compound was isolated in 86% yield (44.9 mg, 94% ee) as a colorless oil.

'H NMR (500 MHz, CDCLy): & 7.35-7.32 (m, 2H), 7.28-7.24 (m, 2H), 7.17 (dt, J = 7.2, 2.7 Hz, 2H),
7.08 (d, J= 7.9 Hz, 2H), 6.99 (d, J = 7.5 Hz, 1H), 6.47-6.32 (m, 2H), 3.75 (dd, J = 15.2, 7.5 Hz, 1H), 2.32
(s, 3H), 1.39-1.32 (m, 2H), 1.14 (s, 12H).

I3C NMR (150 MHz, CDCl;): 6 145.87, 137.87 (d, J = 16.0 Hz), 135.82, 132.95, 129.38, 128.79,
128.53, 128.38, 127.01, 126.51, 126.31, 124.59, 83.27, 44.45, 29.84, 24.89 (d, J = 16.5 Hz), 21.61.

HRMS (ESI) m/z ((M+H]") calcd for C,3H30BO,: 349.2333. Found: 349.2331.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.3 mL/min, 254 nm UV
detector, fg (minor) = 13.9 min, ¢z (major) = 14.6 min.

[a]p? = -2 (c = 0.24, CHCL).

Ph (R,E)-4,4,5,5-Tetramethyl-2-(4-phenyl-2-(o-tolyl)but-3-en-1-yI)-1,3,2-

Me XX dioxaborolane (42).

Bpin The title compound was prepared following the general procedure using 2-
methylstyrene (17.7 mg, 0.150 mmol, 1.0 equiv), (£)-(2-bromovinyl)benzene
(35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl
acetate in petroleum ether), the title compound was isolated in 83% yield (43.3 mg, 84% ee) as a
colorless oil.

'H NMR (500 MHz, CDCl3): 6 7.32 (dd, J = 8.3, 1.1 Hz, 2H), 7.28-7.24 (m, 3H), 7.20-7.16 (m, 2H),
7.14-7.08 (m, 2H), 6.38-6.28 (m, 2H), 4.02 (td, /= 8.1, 5.4 Hz, 1H), 2.42 (s, 3H), 1.39 (dd, /= 8.0, 5.3 Hz,
2H), 1.12 (d, J = 11.0 Hz, 12H).

13C NMR (126 MHz, CDCL3): 6 143.60, 137.81, 135.95, 135.52, 132.96, 130.33, 128.53, 128.28,

126.99, 126.68, 126.25, 126.04, 83.25, 39.92, 31.58, 24.82 (d, /= 16.1 Hz), 19.84.

HRMS (ESI) m/z ([M+H]") calcd for C;3H30BO,: 349.2333. Found: 349.2335.
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HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 8.5 min, g (major) = 10.5 min.

[a]p2 =1 (c = 0.21, CHCl).

(R,E)-4,4,5,5-Tetramethyl-2-(2-(naphthalen-2-yl)-4-phenylbut-3-en-1-

Ph
XN yD)-1,3,2-dioxaborolane (43).
OO Bpin The title compound was prepared following the general procedure using 2-

vinylnaphthalene (23.1 mg, 0.150 mmol, 1.0 equiv), (&)-(2-
bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography
(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 85% yield (48.9 mg,
92% ee) as a yellow solid.

'H NMR (500 MHz, CDCls): §7.80 (dd, J = 12.6, 4.7 Hz, 3H), 7.74 (s, 1H), 7.48-7.41 (m, 3H), 7.37—
7.33 (m, 2H), 7.28 (t, J = 7.7 Hz, 2H), 7.19 (dd, J = 10.4, 4.2 Hz, 1H), 6.52-6.43 (m, 2H), 3.98 (dd, J =
12.7,7.9 Hz, 1H), 1.55-1.45 (m, 2H), 1.14 (s, 12H).

I3C NMR (126 MHz, CDCl;): ¢ 143.35, 137.73, 135.58, 133.73, 132.37, 128.78, 128.58, 128.07,
127.81, 127.69, 127.11, 126.63, 126.33, 125.95, 125.56, 125.36, 83.35, 44.55, 29.84, 24.90 (d, J= 12.8 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,6H30BO,: 385.2333. Found: 385.2331.

M.p.: 76-77 °C.

HPLC analysis: CHIRALCEL OD-H column, 0.1% iPrOH in hexane, 0.2 mL/min, 254 nm UV
detector, fg (minor) = 30.5 min, fg (major) = 32.1 min.

[a]p2 = -5 (c = 0.19, CHCls).

Ph (R,E)-2-(2-(Benzo[b]thiophen-2-yl)-4-phenylbut-3-en-1-yl)-4,4,5,5-
AN tetramethyl-1,3,2-dioxaborolane (44).
Bpin
S ] P The title compound was prepared following the general procedure using 2-

vinylbenzo[b]thiophene (24.0 mg, 0.150 mmol, 1.0 equiv), (£)-(2-
bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography
(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 74% yield (43.3 mg,

90% ee) as a colorless oil.
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TH NMR (500 MHz, CDCLy): 67.76 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 7.7 Hz, 1H), 7.37 (d, J= 7.3 Hz,
2H), 7.30 (d, J = 7.3 Hz, 3H), 7.25 (d, J = 6.9 Hz, 1H), 7.21 (t, J = 7.3 Hz, 1H), 7.10 (s, 1H), 6.54 (d, J =
15.8 Hz, 1H), 6.39 (dd, J = 15.7, 7.8 Hz, 1H), 4.11 (dd, J = 15.5, 7.8 Hz, 1H), 1.52 (dt, J = 28.0, 7.6 Hz,
2H), 1.18 (d, J = 2.4 Hz, 12H).

I3C NMR (126 MHz, CDCl;): ¢ 151.36, 140.19, 139.51, 137.35, 134.10, 129.70, 128.63, 127.39,
126.47, 124.13, 123.61, 123.09, 122.33, 119.70, 83.54, 40.73, 29.84, 24.94 (d, J = 13.8 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,4H,sBO,S: 391.1898. Found: 391.1891.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.3 mL/min, 254 nm UV
detector, fg (minor) = 18.1 min, ¢z (major) = 18.8 min.

[a]p2 = +9 (c = 0.04, CHCL).

Ph (R,E)-2-(2-(Benzofuran-2-yl)-4-phenylbut-3-en-1-yl)-4,4,5,5-

X tetramethyl-1,3,2-dioxaborolane (45).
O ] Bpin The title compound was prepared following the general procedure using 2-
vinylbenzofuran (21.6 mg, 0.150 mmol, 1.0 equiv), (£)-(2-
bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography
(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 83% yield (46.6 mg,
96% ee) as a yellow solid.

'H NMR (500 MHz, CDCl;): 6 7.49-7.47 (m, 1H), 7.41 (d, J = 8.1 Hz, 1H), 7.36 (d, J = 7.3 Hz, 2H),
7.29 (d, J = 7.3 Hz, 2H), 7.23-7.15 (m, 3H), 6.54 (d, J = 15.8 Hz, 1H), 6.45 (s, 1H), 6.37 (dd, J=15.8, 7.9
Hz, 1H), 3.98 (q, J=7.9 Hz, 1H), 1.51 (dd, J= 15.5, 7.1 Hz, 1H), 1.39 (dd, J = 15.5, 8.3 Hz, 1H), 1.20 (d, J
= 6.0 Hz, 12H).

I3C NMR (126 MHz, CDCl;): 6 162.06, 154.90, 137.38, 132.96, 131.73, 130.47, 128.62, 127.39,
126.44,123.37, 122.50, 120.54, 111.06, 101.51, 83.51, 38.73, 29.84, 25.95 (d, /= 10.7 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,4H,5BO5: 375.2126. Found: 375.2129.

M.p.: 84-85 °C.

HPLC analysis: CHIRALCEL OJ-3 column, 0.5% iPrOH in hexane, 0.1 mL/min, 254 nm UV

detector, fg (minor) = 85.7 min, fg (major) = 92.0 min.
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[a]p2 =1 (c = 0.13, CHCl).

(R,E)-4,4,5,5-Tetramethyl-2-(4-phenyl-2-(thiophen-2-yl)but-3-en-1-yl)-1,3,2-
AN dioxaborolane (46).

S Bpin
\

The title compound was prepared following the general procedure using 2-
vinylthiophene (16.5 mg, 0.150 mmol, 1.0 equiv), (£)-(2-bromovinyl)benzene
(35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl
acetate in petroleum ether), the title compound was isolated in 70% yield (35.7 mg, 67% ee) as a
yellow solid.

TH NMR (500 MHz, CDCLy): § 7.35 (d, J = 7.3 Hz, 2H), 7.29 (t, J = 7.6 Hz, 2H), 7.20 (t, J = 7.3 Hz,
1H), 7.14 (dd, J = 5.1, 1.1 Hz, 1H), 6.93 (dd, J = 5.1, 3.5 Hz, 1H), 6.89 (d, J = 3.4 Hz, 1H), 6.48 (d, J =
15.8 Hz, 1H), 6.35 (dd, J=15.7, 7.8 Hz, 1H), 4.06 (dd, J = 15.6, 7.8 Hz, 1H), 1.52-1.39 (m, 2H), 1.18 (d, J
=2.8 Hz, 12H).

3C NMR (126 MHz, CDCLy): 6 150.37, 137.49, 134.94, 129.01, 128.58, 127.24, 126.71, 126.42,
123.38, 123.27, 83.43, 40.05, 29.84, 24.92 (d, /= 13.8 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,0H,6BO,S: 341.1741. Found: 341.1748.

M.p.: 93-94 °C.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 15.5 min, #g (major) = 16.0 min.

[a]p2 = -5 (c = 0.19, CHCLy).

Ph (R,E)-4,4,5,5-Tetramethyl-2-(4-phenyl-2-(5-phenylfuran-2-yl)but-3-en-
XX 1-yl)-1,3,2-dioxaborolane (47).
0] Bpin : . .
Ph S I The title compound was prepared following the general procedure using 2-

phenyl-5-vinylfuran (25.5 mg, 0.150 mmol, 1.0 equiv), (E)-(2-
bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography
(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 67% yield (40.2 mg,
82% ee) as a colorless oil.

IH NMR (500 MHz, CDCls): 6 7.65 (d, J = 7.2 Hz, 2H), 7.36 (dd, J = 14.6, 7.4 Hz, 4H), 7.30 (t, J =
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7.6 Hz, 2H), 7.24-7.18 (m, 2H), 6.57 (d, J = 3.3 Hz, 1H), 6.51 (d, J= 15.8 Hz, 1H), 6.35 (dd, J= 15.8, 7.8
Hz, 1H), 6.17-6.13 (m, 1H), 3.92 (q, J = 7.8 Hz, 1H), 1.50 (dd, J = 15.5, 7.1 Hz, 1H), 1.36 (dd, J = 15.5,
8.5 Hz, 1H), 1.20 (d, J = 7.0 Hz, 12H).

13C NMR (126 MHz, CDCl3): 6 158.53, 152.58, 137.57, 132.57, 131.35, 129.83, 128.67, 128.59,
127.25,126.92, 126.41, 123.61, 106.71, 105.77, 83.43, 38.53, 29.84, 24.95 (d, /= 15.0 Hz).

HRMS (ESI) m/z ([M+H]") caled for C,6H30BO5: 401.2283. Found: 401.2281.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.3 mL/min, 254 nm UV
detector, fg (minor) = 17.8 min, #g (major) = 18.9 min.

[a]p2 = +7 (c = 0.28, CHCL,).

Ph (R,E)-2-Chloro-5-(4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
X 2-yl)but-3-en-2-yl)pyridine (48).
| A Bpin The title compound was prepared following the general procedure using 2-
N chloro-5-vinylpyridine (20.9 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography
(using 2% ethyl acetate in petroleum ether), the title compound was isolated in 72% yield (39.8 mg,
91% ee) as a white solid.

'H NMR (500 MHz, CDCLy): & 8.34 (d, J = 2.4 Hz, 1H), 7.59 (dd, J = 8.3, 2.4 Hz, 1H), 7.31 (dd, J =
6.7, 5.8 Hz, 3H), 7.28 (d, J = 1.6 Hz, 1H), 7.28-7.26 (m, 1H), 7.21 (t, J= 7.0 Hz, 1H), 6.42 (d, J = 15.9 Hz,
1H), 6.29 (dd, J = 15.8, 7.1 Hz, 1H), 3.81 (q, J = 7.6 Hz, 1H), 1.44-1.37 (m, 1H), 1.33 (t, /= 3.8 Hz, 1H),
1.15 (d,J = 3.5 Hz, 12H).

3C NMR (126 MHz, CDCLy): § 149.01, 148.93, 140.39, 138.43, 137.04, 133.68, 129.92, 128.70,
127.59, 126.37, 124.24, 83.65, 41.25,29.84, 2491 (d, J= 6.3 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,;H,6BCINO,: 370.1740. Found: 370.1745.

M.p.: 90-91 °C.

HPLC analysis: CHIRALCEL OD-H column, 3% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (major) = 12.6 min, fg (minor) = 14.0 min.

[a]p2® = +4 (c = 0.24, CHCL;).
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Ph 4,4,5,5-Tetramethyl-2-((1R,2S5)-1-((E)-styryl)-2,3-dihydro-1H-inden-2-yl)-

XN 1,3,2-dioxaborolane (49).

Bpin The title compound was prepared following the general procedure using indene
(17.4 mg, 0.150 mmol, 1.0 equiv), (£)-(2-bromovinyl)benzene (35.6 mg, 0.195
mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum
ether), the title compound was isolated in 45% yield (23.3 mg, 40% ee) as a colorless oil.

'H NMR (500 MHz, CDCly): 6 7.42-7.34 (m, 2H), 7.31 (dd, J = 14.8, 7.3 Hz, 2H), 7.26-7.12 (m, 5H),
6.58 (d, J = 15.7 Hz, 1H), 6.24 (dd, J = 15.7, 8.7 Hz, 1H), 4.05-3.92 (m, 1H), 3.02 (ddd, J = 26.7, 15.6,
10.1 Hz, 2H), 1.76 (dd, J = 19.9, 10.7 Hz, 1H), 1.26 (d, J = 3.6 Hz, 12H).

3C NMR (126 MHz, CDCLy): § 146.60, 144.50, 137.84, 133.26, 130.88, 128.62, 127.16, 126.66,
126.38, 126.28, 124.38, 124.35, 83.47, 52.14, 34.53, 32.08, 29.85, 29.52, 24.94 (d, J = 13.5 Hz), 22.85,
14.27.

HRMS (ESI) m/z ((M+H]") calcd for C,3H,3BO,: 347.2177. Found: 347.2178.

HPLC analysis: CHIRALCEL OD-H column, 0.2% iPrOH in hexane, 0.2 mL/min, 254 nm UV
detector, fg (major) = 25.5 min, fg (minor) = 26.7 min.

[a]p? =1 (c = 0.24, CHCL).

Ph (R,E)-2-(2,4-Di-ferrocene-but-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-
X dioxaborolane (50).
Bpin
| The title compound was prepared following the general procedure using alkene
gb; (31.8 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195

mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl
acetate in petroleum ether), the title compound was isolated in 82% yield (54.4 mg, 74% ee) as a
brown oil.
'H NMR (500 MHz, CDCl;): 6 7.38 (d, J = 7.6 Hz, 2H), 7.31 (t, J = 7.7 Hz, 2H), 7.20 (t, J = 7.3 Hz,
1H), 6.39 (dt, J = 15.8, 11.9 Hz, 2H), 4.15 (s, 4H), 4.11 (s, 2H), 4.08 (s, 3H), 3.47 (ddd, J = 10.1, 8.0, 5.1
Hz, 1H), 1.40-1.33 (m, 2H), 1.21 (d, J= 1.7 Hz, 12H).

13C NMR (126 MHz, CDCl3): d 137.96, 135.38, 128.62, 128.44, 126.99, 126.25, 95.03, 83.31, 69.58,
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68.52,67.35,67.15, 67.04, 66.72, 38.36, 25.06 (d, /= 12.0 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C,sH3,BFeO,: 443.1839. Found: 443.1833.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 10.3 min, #g (major) = 12.6 min.

[a]p?® =+25 (c = 0.31, CHCI;).

Ph 1,4-Bis((R,E)-4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
A 2-yl)but-3-en-2-yl)benzene (51).
Bpin
The title compound was prepared following the general procedure
Bpin using alkene (19.5 mg, 0.150 mmol, 1.0 equiv), (E)-(2-
A
Ph bromovinyl)benzene (71.2 mg, 0.39 mmol, 2.6 equiv). After

purification by column chromatography (using 2% ethyl acetate in petroleum ether), the title
compound was isolated in 43% yield (36.3 mg, 86% de) as a colorless oil.

'H NMR (500 MHz, CDCls): 6 7.31 (d, J = 7.5 Hz, 4H), 7.25 (dd, J = 9.2, 6.0 Hz, 4H), 7.20 (s, 4H),
7.16 (t, J = 7.3 Hz, 2H), 6.47-6.28 (m, 4H), 3.74 (dd, J = 15.7, 7.0 Hz, 2H), 1.38-1.30 (m, 4H), 1.13 (s,
24H).

I3C NMR (126 MHz, CDCl3): §143.72, 137.84, 135.91, 128.52, 128.29, 127.54, 126.98, 126.28, 83.29,
44.14,29.84,24.91 (d, J=11.3 Hz).

HRMS (ESI) m/z ((M+H]") calcd for C33H49B,04: 591.3811. Found: 591.3808.

HPLC analysis: CHIRALCEL AD-H column, 5% EtOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (major) = 9.0 min, 7z (medium) = 10.8 min, zg (minor) = 12.9 min.

[a]p2® = +15 (c = 0.30, CHCL;).

2-(4-((£)-4-Chloro-1,2-diphenylbut-1-en-1-

¢ Ph
O § yl)phenoxy)ethyl-4-((R,E)-4-phenyl-1-(4,4,5,5-
O | Bpin tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-
g O/\/O
0]
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2-yl)benzoate (52).

The title compound was prepared following the general procedure using alkene (76.4 mg, 0.150 mmol,
1.0 equiv), (£)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by
column chromatography (using 3% ethyl acetate in petroleum ether), the title compound was isolated
in 84% yield (93.1 mg, 95% ee) as a white solid.

'H NMR (500 MHz, CDCLs): §7.95 (d, J = 8.3 Hz, 2H), 7.39-7.34 (m, 3H), 7.34-7.30 (m, 3H), 7.30 —
7.27 (m, 4H), 7.26 (d, J = 2.0 Hz, 1H), 7.22-7.17 (m, 3H), 7.16-7.12 (m, 3H), 6.82-6.77 (m, 2H), 6.62—
6.57 (m, 2H), 6.36 (dt, J = 15.8, 11.4 Hz, 2H), 4.59-4.52 (m, 2H), 4.19-4.13 (m, 2H), 3.83 (q, J = 7.6 Hz,
1H), 3.42 (t, J= 7.5 Hz, 2H), 2.92 (t, J = 7.5 Hz, 2H), 1.38 (dd, J = 16.4, 8.0 Hz, 2H), 1.14 (d, J = 4.2 Hz,
12H).

I3C NMR (126 MHz, CDCl;): 6 166.64, 156.90, 151.60, 142.98, 141.79, 141.06, 137.45, 135.45,
135.41, 134.70, 131.89, 130.06, 129.66, 129.52, 129.18, 128.69, 128.50, 128.38, 127.90, 127.67, 127.29,
127.10, 126.77, 126.33, 113.74, 83.45, 65.92, 63.29, 44.53, 42.99, 38.74, 29.84, 24.90 (d, /= 11.7 Hz).

HRMS (ESI) m/z ([M+H]") calcd for C47H49BClOs: 739.3356. Found: 739.3351.

M.p.: 122-123 °C.

HPLC analysis: CHIRALCEL OD-H column, 5% iPrOH in hexane, 0.1 mL/min, 254 nm UV
detector, 7z (major) = 98.4 min, g (minor) = 104.4 min.

[o]p2 = +4 (c = 0.43, CHCls).

Ph sec-Butyl-2-(2-((4-((R,E)-4-phenyl-1-(4,4,5,5-tetramethyl-
Et\('\"e N 1,3,2-dioxaborolan-2-yl)but-3-en-2-
(ONGHO) Bpin R
Y ylbenzoyl)oxy)ethyl)piperidine-1-carboxylate (53).
N o
L)/\/ The title compound was prepared following the general
0
procedure using alkene (53.9 mg, 0.150 mmol, 1.0 equiv), (£)-
(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column
chromatography (using 5% ethyl acetate in petroleum ether), the title compound was isolated in 83%

yield (73.3 mg, 96% ee) as a colorless oil.

TH NMR (500 MHz, CDCly): 6 7.97 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H), 7.31 (d, J= 7.2 Hz,
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2H), 7.26 (dd, J=9.2, 6.1 Hz, 2H), 7.18 (t, J= 7.2 Hz, 1H), 6.36 (dt, J= 15.8, 11.4 Hz, 2H), 4.73 (dd, J =
12.5, 6.2 Hz, 1H), 4.51 (s, 1H), 4.30 (dd, J = 11.4, 6.4 Hz, 2H), 4.08 (s, 1H), 3.84 (q, J = 7.6 Hz, 1H), 2.86
(t,J=12.9 Hz, 1H), 2.19 (t, J = 15.4, 6.4 Hz, 1H), 1.89 (dt, J= 17.6, 5.1 Hz, 1H), 1.72-1.53 (m, 8H), 1.38
(dd, J=15.4, 8.0 Hz, 2H), 1.16 (d, J= 6.2 Hz, 3H), 1.14 (d, J= 4.2 Hz, 12H), 0.87 (d, /= 7.3 Hz, 3H).

I3C NMR (126 MHz, CDCl;): 6 166.67, 155.63, 151.32, 137.45, 134.74, 129.90, 129.11, 128.58,
128.34, 127.61, 127.25, 126.29, 83.41, 73.07, 62.65, 48.19, 44.50, 39.12, 29.18, 29.04, 28.71, 25.61, 24.87
(d, J=12.2 Hz), 19.89, 19.18, 14.31, 9.86.

HRMS (ESI) m/z ([M+H]") calcd for C35sH49BNOg: 590.3647. Found: 590.3648.

HPLC analysis: CHIRALCEL AS-H column, 2% iPrOH in hexane, 0.1 mL/min, 254 nm UV
detector, fg (minor) = 8.8 min, fr (major) = 9.6 min.

[a]p2 = +3 (c = 0.34, CHCL,).

4-((R,E)-4-Phenyl-1-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)but-3-en-2-yl)benzyl-2-(4-
Bpin

Ph
X
isobutylphenyl)propanoate (54).
© The title compound was prepared following the general
© procedure using alkene (48.4 mg, 0.150 mmol, 1.0
equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195
mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum
ether), the title compound was isolated in 86% yield (71.2 mg, 99% ee) as a colorless oil.

'H NMR (500 MHz, CDCl;): 6 7.34 (d, J = 7.2 Hz, 2H), 7.27 (dd, J = 14.3, 7.1 Hz, 3H), 7.24 (s, 1H),
7.22-7.16 (m, 5H), 7.09 (d, J = 8.1 Hz, 2H), 6.38 (dt, J = 15.8, 11.5 Hz, 2H), 5.08 (q, J = 12.5 Hz, 2H),
3.78 (dd, J = 14.5, 6.5 Hz, 1H), 3.74 (t, J = 7.2 Hz, 1H), 2.45 (d, J= 7.2 Hz, 2H), 1.86 (td, /= 13.5, 6.8 Hz,
1H), 1.51 (d, J = 7.2 Hz, 3H), 1.42-1.32 (m, 2H), 1.15 (s, 1 1H), 0.91 (d, J = 6.6 Hz, 7H).

I3C NMR (150 MHz, CDCl): 6 174.69, 145.88, 140.66, 137.72 (d, J = 15.3 Hz), 135.43, 133.97,
129.43, 128.61,128.56, 128.12, 128.11, 127.67, 127.34, 127.11, 126.29, 83.34, 66.37, 45.29, 45.16, 44.23,
30.31, 29.83, 24.89 (d, J=18.2 Hz), 22.51, 18.58.

HRMS (ESI) m/z ([M+Na]*) calcd for C3¢HysBNaOy: 575.3303. Found: 575.3298.
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HPLC analysis: CHIRALCEL AD-H column, 0.5% iPrOH in hexane, 1.0 mL/min, 254 nm UV
detector, fg (minor) = 6.1 min, fg (major) = 7.9 min.

[a]p2 = +1 (c = 0.33, CHCL,).

3,7,11-Trimethyldodeca-2,6,10-trien-1-yl-4-(R-4-

Me.__Me Ph
| § phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
= Bpin 2-yl)but-3-en-2-yl)benzoate (55).
Me V 0 The title compound was prepared following the
Me o)

general procedure using alkene (mixture of isomers)
(53.0 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv).
After purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title
compound was isolated in 90% yield (78.6 mg, 97% ee) as a colorless oil.

'H NMR (500 MHz, CDCl;): 6 8.03-7.91 (m, 2H), 7.38-7.30 (m, 4H), 7.27 (dd, J = 10.3, 4.9 Hz, 2H),
7.19 (t, J= 7.2 Hz, 1H), 6.37 (dt, J=15.8, 11.4 Hz, 2H), 5.47 (t, J= 7.0 Hz, 1H), 5.10 (ddd, J = 9.0, 6.9,
3.5 Hz, 2H), 4.83 (d, J = 7.0 Hz, 2H), 3.84 (q, J = 7.6 Hz, 1H), 2.16-1.95 (m, 8H), 1.76 (s, 3H), 1.68 (s,
3H), 1.60 (d, J= 6.0 Hz, 6H), 1.43-1.36 (m, 2H), 1.14 (d, J = 4.1 Hz, 12H).

I3C NMR (126 MHz, CDCl;): ¢ 166.82, 151.20, 142.32, 137.48, 135.58, 134.81, 131.43, 129.93,
129.11, 128.60, 127.60, 127.25, 126.32, 124.60, 124.46, 123.78, 118.66, 83.43, 61.89, 44.52, 39.82 (t, J =
18.9 Hz), 32.09 (d, J = 6.2 Hz), 29.84, 29.50, 26.78 (d, J = 15.2 Hz), 26.30 (d, J = 15.1 Hz), 25.85 (d, J =
3.6 Hz), 24.89 (d, J=11.6 Hz), 23.51,22.83, 17.80 (d, /= 5.5 Hz), 16.71, 16.17, 14.26, 1.16.

HRMS (ESI) m/z ((M+H]") calcd for C33sH35,BO4: 583.3953. Found: 583.3949.

HPLC analysis: CHIRALCEL AD-H column, 5% iPrOH in hexane, 1.0 mL/min, 254 nm UV
detector, fg (major) = 5.0 min, fg (minor) = 5.4 min, fx (major) = 5.7 min, fg (minor) = 6.1 min.

[a]p?® = +5 (c = 0.48, CHCl,).

((S)-4-(Prop-1-en-2-yl)cyclohex-1-en-1-yl)methyl-4-
Ph
((R,E)-4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-
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dioxaborolan-2-yl)but-3-en-2-yl)benzoate (56).
The title compound was prepared following the general procedure using alkene (42.4 mg, 0.150 mmol,
1.0 equiv), (£)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by
column chromatography (using 1% ethyl acetate in petroleum ether), the title compound was isolated
in 72% yield (55.3 mg, 99% de) as a colorless oil.

TH NMR (500 MHz, CDCls): 6 7.99 (d, J = 8.2 Hz, 2H), 7.36 (d, J = 8.3 Hz, 2H), 7.32 (d, J = 7.3 Hz,
2H), 7.27 (dd, J = 10.4, 4.8 Hz, 2H), 7.19 (t, J = 7.2 Hz, 1H), 6.37 (dt, J = 15.8, 11.4 Hz, 2H), 5.83 (s, 1H),
4.73 (d, J = 5.7 Hz, 2H), 4.70 (s, 2H), 3.84 (q, J = 7.6 Hz, 1H), 2.23-2.12 (m, 4H), 2.06-1.96 (m, 1H),
1.90-1.84 (m, 1H), 1.74 (s, 3H), 1.52 (ddd, J = 11.8, 6.9, 3.2 Hz, 1H), 1.43-1.35 (m, 2H), 1.14 (d, J = 3.6
Hz, 12H).

I3C NMR (126 MHz, CDCl;): ¢ 166.64, 151.36, 149.79, 137.47, 134.76, 132.91, 129.96, 129.15,
128.61, 128.43, 127.66, 127.28, 126.33, 125.59, 108.91, 83.45, 68.80, 44.54, 41.02, 30.61, 29.84, 27.48,
26.58,24.90 (d, J = 12.5 Hz), 20.90.

HRMS (ESI) m/z ((M+H]") caled for C33H4,BOy: 513.3171. Found: 513.3171.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.2 mL/min, 254 nm UV
detector, fg (minor) = 36.3 min, fg (major) = 39.5 min.

[a]p? =12 (c = 0.16, CHCL).

(7S,11R,E)-3,7,11,15-Tetramethylhexadec-2-en-1-

Me.,,, Me Ph
Me § yl-4-((R,E)-4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-
Bpin dioxaborolan-2-yl)but-3-en-2-yl)benzoate (57).
Me V 0 The title compound was prepared following the
Me 0]

general procedure using alkene (64.0 mg, 0.150 mmol,

1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by

column chromatography (using 1% ethyl acetate in petroleum ether), the title compound was isolated
in 80% yield (78.7 mg, 99% de) as a colorless oil.

'H NMR (500 MHz, CDCl;): §7.98 (d, J = 8.3 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H), 7.32 (d, /= 7.4 Hz,

2H), 7.29-7.26 (m, 2H), 7.19 (t, J = 7.2 Hz, 1H), 6.37 (dt, J = 15.8, 11.4 Hz, 2H), 5.46 (t, J = 6.6 Hz, 1H),
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4.82 (d, J=17.0 Hz, 2H), 3.84 (q, /= 7.6 Hz, 1H), 2.03 (t, J = 9.1 Hz, 2H), 1.75 (s, 3H), 1.52 (dt, /= 13.3,
6.7 Hz, 1H), 1.45-1.33 (m, 7H), 1.31-1.24 (m, 11H), 1.14 (d, J = 4.0 Hz, 12H), 0.90-0.82 (m, 14H).

I3C NMR (126 MHz, CDCl;): ¢ 166.84, 151.19, 142.81, 137.49, 134.81, 131.04, 129.93, 129.11,
128.60, 127.60, 127.25, 126.32, 118.38, 83.42, 61.92, 44.52, 40.03, 39.51, 37.56, 37.49, 37.42, 36.79,
32.92,32.80,29.84, 28.11, 25.20, 24.90 (d, /= 11.6 Hz), 24.60, 22.86, 22.77, 19.89, 19.86, 16.61.

HRMS (ESI) m/z ([M+H]") caled for C43HgsBO4: 657.5049. Found: 657.5048.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
detector, fg (minor) = 9.6 min, g (major) = 10.2 min.

[a]p2 = +2 (c = 0.29, CHCL,).

Ph (5)-3,7-Dimethyloct-6-en-1-yl-4-((R,E)-4-phenyl-1-(4,4,5,5-
N tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-2-yl)benzoate
Bpin
| (58).
o)
o The title compound was prepared following the general procedure
Me using alkene (43.0 mg, 0.150 mmol, 1.0 equiv), (£)-(2-
bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography
(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 78% yield (60.4 mg,
99% de) as a colorless oil.

'H NMR (500 MHz, CDCl;): 6 7.96 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.2 Hz, 2H), 7.32 (d, /= 7.5 Hz,
2H), 7.29-7.25 (m, 2H), 7.18 (t, J = 7.2 Hz, 1H), 6.36 (dt, J= 15.8, 11.4 Hz, 2H), 5.09 (t, /= 7.0 Hz, 1H),
4.33 (dt, J=11.8, 5.9 Hz, 2H), 3.84 (q, J= 7.6 Hz, 1H), 1.99 (ddd, J=21.6, 15.0, 7.2 Hz, 2H), 1.80 (td, J =
12.5, 7.0 Hz, 1H), 1.67 (s, 3H), 1.65-1.62 (m, 1H), 1.60 (s, 3H), 1.55 (dd, J = 14.1, 6.8 Hz, 1H), 1.41 (ddd,
J=23.0,9.7,5.0 Hz, 3H), 1.34 (d, J= 4.7 Hz, 1H), 1.14 (d, J = 3.6 Hz, 12H), 0.96 (d, J = 6.6 Hz, 3H).

13C NMR (126 MHz, CDCL): 6 166.84, 151.23, 137.48, 134.78, 131.49, 129.87, 129.12, 128.60,
128.57, 127.63, 127.26, 126.32, 124.72, 83.43, 63.48, 44.52, 37.13, 35.65, 29.83, 29.72, 25.84, 25.54,
24.89 (d, J= 12.5 Hz), 19.64, 17.80.

HRMS (ESI) m/z ((M+H]") calcd for C33H46BO4: 517.3484. Found: 517.3488.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV
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detector, fg (minor) = 12.4 min, ¢z (major) = 13.4 min.

[a]p?® = +2 (c = 0.22, CHCl,).

Ph (38,58,8R,9S,10S,138,14S5)-10,13-Dimethyl-17-
XX oxohexadecahydro-1H-cyclopentaa]phenanthren-

BPIN 3 v1-4-((R,E)-4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)but-3-en-2-yl)benzoate (59).

The title compound was prepared following the

general procedure using alkene (63.1 mg, 0.150 mmol,
1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by
column chromatography (using 5% ethyl acetate in petroleum ether), the title compound was isolated
in 94% yield (91.6 mg, 95% de) as a white solid.

'H NMR (500 MHz, CDCl;): 67.95 (d, J = 8.3 Hz, 2H), 7.33 (dd, J = 13.7, 7.8 Hz, 4H), 7.28-7.26 (m,
2H), 7.18 (t, J= 7.2 Hz, 1H), 6.36 (dt, /= 15.8, 11.4 Hz, 2H), 4.96-4.88 (m, 1H), 3.87-3.79 (m, 1H), 2.44
(dd, J=19.3, 8.7 Hz, 1H), 2.11-2.03 (m, 1H), 1.99-1.90 (m, 2H), 1.85-1.71 (m, 5H), 1.70-1.63 (m, 2H),
1.56-1.46 (m, 3H), 1.46-1.27 (m, 10H), 1.14 (d, J= 3.7 Hz, 12H), 0.90 (s, 3H), 0.87 (s, 3H).

I3C NMR (126 MHz, CDCl;): ¢ 166.29, 151.17, 137.49, 134.80, 129.86, 129.12, 128.91, 128.61,
127.56, 127.26, 126.32, 100.12, 83.45, 74.06, 54.48, 51.52, 47.95, 44.87, 44.51, 36.91, 36.01, 35.86, 35.20,
34.20, 31.68, 30.98, 29.84, 28.45, 27.68, 24.91 (d, J = 12.4 Hz), 21.93, 20.63, 13.97, 12.43.

HRMS (ESI) m/z ([M+H]") caled for C4,Hs6BOs5: 651.4215. Found: 651.4218.

M.p.: 159-160 °C.

HPLC analysis: CHIRALCEL OD-H column, 5% iPrOH in hexane, 0.5 mL/min, 254 nm UV

detector, fg (major) = 27.4 min, tg (minor) = 30.3 min.

[a]p2® = +36 (c = 0.54, CHCL;).

Ph (35,85,95,10S,13R,14S,17R)-10,13-

Bpin Dimethyl-17-((R)-6-methylheptan-2-yl)-
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2,3,4,5,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl-4-((R,E)-
4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-2-yl)benzoate (60).

The title compound was prepared following the general procedure using alkene (77.5 mg, 0.150 mmol,
1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by
column chromatography (using 1% ethyl acetate in petroleum ether), the title compound was isolated
in 91% yield (101.8 mg, 97% de) as a white solid.

'H NMR (500 MHz, CDCl;): 67.97 (d, J = 8.3 Hz, 2H), 7.33 (dd, J = 15.1, 7.8 Hz, 4H), 7.29-7.26 (m,
2H), 7.18 (t, J = 7.2 Hz, 1H), 6.36 (dt, J = 15.8, 11.4 Hz, 2H), 5.41 (d, J = 3.9 Hz, 1H), 4.88-4.80 (m, 1H),
3.84 (q, J = 7.5 Hz, 1H), 2.45 (d, J = 7.8 Hz, 2H), 2.06-1.95 (m, 3H), 1.94-1.81 (m, 2H), 1.77-1.68 (m,
1H), 1.64-1.32 (m, 15H), 1.24-1.17 (m, 3H), 1.14 (d, J = 3.8 Hz, 12H), 1.07 (s, 3H), 1.05-0.96 (m, 4H),
0.92 (d, J= 6.5 Hz, 3H), 0.87 (dd, J= 6.6, 2.2 Hz, 6H), 0.69 (s, 3H).

13C NMR (126 MHz, CDCL): 6 166.17, 151.16, 139.89, 137.50, 134.83, 129.88, 129.11, 128.90,
128.61, 127.58, 127.26, 126.33, 122.85, 83.45, 74.53, 56.85, 56.28, 50.19, 44.51, 42.47, 39.89, 39.67,
38.38, 37.19, 36.80, 36.33, 35.95, 32.09, 32.03, 29.85, 28.39, 28.16, 28.04, 24.91 (d, J = 11.9 Hz), 24.44,
23.98,22.97,22.71,21.20, 19.53, 18.87, 12.01.

HRMS (ESI) m/z ([M+H]") caled for C5o0H7,BOy4: 747.5518. Found: 747.5517.

M.p.: 186-187 °C.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.1 mL/min, 254 nm UV
detector, fg (major) = 66.8 min, fg (minor) = 85.3 min.

[a]p?® =+3 (c=0.51, CHCl,).

II1. Preparation of Alkenyl Bromides

A general procedure for the preparation of vinyl bromides. (-

o CBr, (150 mol %)
L PPhg (300 mol %) R/%(Br
R™ H CH,Cl,, 0°C Br
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Step 1: To a flame-dried flask was added aldehyde (20 mmol, 100 mol%), CBr4 (30 mmol, 150 mol%),
and CH,Cl, (80 mL). The flask was cooled to 0 °C, at which point a solution of PPh; (60 mmol, 300
mol%) in CH,Cl, (70 mL) was added dropwise via addition funnel over 30 min. The solution was
stirred at 0 °C under N, for 1 h. About half of the volume of CH,Cl, was removed under reduced
pressure. Pentane (100 mL) was added, and triphenylphosphine oxide (TPPO) precipitated out. After
filtration and evaporation of the solvent, the residue was dissolved in pentane (50 mL) which led to
further precipitation of TPPO. Filtration and evaporation of the solvent afforded the crud dibromide

which was directly used for the next step.

Diethyl Phosphite (300 mol %)
R/\(Br EtsN (300 mol %) R R/\‘” Br
Br 0 to 25°C

Step 2: To a solution of the crude dibromide (~ 20.0 mmol, 100 mol%) and NEt; (60 mmol, 300 mol%)
in DMF (20 mL) was added dimethyl phosphonate (60.0 mmol, 300 mol%). The solution was stirred
over night at room temperature. Water (60 mL) was added to the mixture, which was extracted with
pentane (2 x 100 mL). The combined organic phases were washed with an aqueous solution of HCI (1
M, 55 mL) and dried over Na,SQ,, filtered, and concentrated. The crude material was purified by

flash chromatography.

NaOH (85 mol %)
iPrOH, reflux

R/\‘N Br

Step 3: The crude product (~20.0 mmol, 100 mol%) from the previous step was dissolved in iPrOH
(30 mL). Solid NaOH (17.0 mmol, 85 mol%) was added and the mixture was heated to reflux for 1.5
hours. The reaction mixture was cooled to room temperature, diluted with pentane (100 mL), and
partitioned with distillated H,O (2 x 100 mL). The organic phase was collected, and washed with an
aqueous solution of HCI (1 M, 75 mL), dried over Na,SO,4. The solvent was removed under reduced

pressure. The crude material was purified by flash chromatography.

(E)-4-(2-Bromovinyl)-N,N-dimethylaniline.

Br
/
V\©\ _ This compound was prepared from according to general procedure. The
N
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crude residue was purified by silicagel chromatography (hexanes) to give the title compound in 84%
yield (3.8 g) as a white solid.

'H NMR (500 MHz, CDCly): 6 7.22-7.14 (m, 2H), 7.00 (d, J = 13.9 Hz, 1H), 6.68 (d, J = 8.5 Hz, 2H),
6.52 (d, J=13.9 Hz, 1H), 2.97 (s, 6H).

I3C NMR (126 MHz, CDCl3): d 150.52, 137.10, 127.28, 124.45, 112.38, 101.65, 40.49.

HRMS (ESI) m/z ([M+H]") caled for C;,H3BrN: 226.0226. Found: 226.0227.

M.p.: 118-119 °C.

(E)-2-(4-(2-Bromovinyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-
Br Pz
dioxaborolane.
Bpin
This compound was prepared according to general procedure. The crude
residue was purified by silicagel chromatography (hexanes) to give the title compound in 65% yield
(4.0 g) as a white solid.
'H NMR (500 MHz, CDCl;): §7.76 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 14.0 Hz,
1H), 6.85 (d, J= 14.0 Hz, 1H), 1.34 (s, 12H).
13C NMR (126 MHz, CDCLy): 6 138.54, 137.34, 135.36, 125.50, 107.86, 84.04, 25.00.
HRMS (ESI) m/z ([M+H]*) caled for C,4H,9BBrO,: 309.0656. Found: 309.0651.

M.p.: 36-37 °C.

IV. Preparation Part of Alkenes
Alcohol (150 mol %)

DMAP (10 mol %)
/©/\ DCC (150 mol %) /©/§
HOOC ROOC

CH,Cl,, 0°C

To a flame-dried flask was added acid (10 mmol, 100 mol%), DMAP (1 mmol, 10 mol%), DCC
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(15 mmol, 150 mol%), and CH,ClI, (30 mL). The flask was cooled to 0 °C, at which point a solution
of alcohol (15 mmol, 150 mol%) in CH,Cl, (30 mL) was added dropwise via addition funnel over 30
min. The solution was stirred at 0 °C under N, over night. After the reaction was finshed the CH,Cl,
was removed under reduced pressure. And The crude residue was purified by silicagel

chromatography (hexanes) to give the target compound.

(£)-2-(4-(4-Chloro-1,2-diphenylbut-1-en-1-

Cl
O yDphenoxy)ethyl 4-vinylbenzoate.
N The title compound was prepared following the
O O O/\/O general procedure using 4-vinylbenzoic acid (1.5 g, 10
0]

mmol, 1.0 equiv), ospemifene (5.7 g, 15 mmol, 1.5
equiv). After purification by column chromatography (using 5% ethyl acetate in petroleum ether), the
title compound was isolated in 90% yield (4.6 g) as a white solid.

'H NMR (500 MHz, CDCl5): 6 7.98 (d, J = 8.3 Hz, 2H), 7.44 (d, J = 8.3 Hz, 2H), 7.40-7.35 (m, 2H),
7.30 (dd, J=7.2, 5.5 Hz, 3H), 7.23-7.18 (m, 2H), 7.17-7.13 (m, 3H), 6.85-6.79 (m, 2H), 6.75 (dd, J = 17.6,
10.9 Hz, 1H), 6.60 (d, J = 8.8 Hz, 2H), 5.86 (d, J = 17.6 Hz, 1H), 5.39 (d, J = 10.9 Hz, 1H), 4.62-4.49 (m,
2H), 4.26-4.12 (m, 2H), 3.42 (t, J= 7.5 Hz, 2H), 2.93 (t, J = 7.5 Hz, 2H).

3C NMR (126 MHz, CDCLy): & 166.40, 156.89, 142.98, 142.24, 141.78, 141.06, 136.14, 135.48,
135.45, 131.90, 130.18, 129.67, 129.53, 129.11, 128.50, 128.38, 127.11, 126.77, 126.23, 116.74, 113.75,
65.89, 63.43, 42.98, 38.73.

HRMS (ESI) m/z ((M+H]") caled for C33H3oC105: 509.1878. Found: 509.1882.

M.p.: 112-113 °C.

(3S8,8S,98,108,13R,14S,17R)-10,13-Dimethyl-
17-((R)-6-methylheptan-2-yl)-
2,3,4,5,8,9,10,11,12,13,14,15,16,17-

tetradecahydro-1H-

cyclopenta[a]phenanthren-3-yl-4-
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vinylbenzoate.

The title compound was prepared following the general procedure using 4-vinylbenzoic acid (1.5 g, 10
mmol, 1.0 equiv), cholesterol (5.8 g, 15 mmol, 1.5 equiv). After purification by column
chromatography (using 5% ethyl acetate in petroleum ether), the title compound was isolated in 85%
yield (4.4 g) as a white solid.

TH NMR (500 MHz, CDCLy): § 7.99 (d, J = 8.3 Hz, 2H), 7.45 (d, J = 8.3 Hz, 2H), 6.75 (dd, J = 17.6,
10.9 Hz, 1H), 5.86 (d, J= 17.9 Hz, 1H), 5.42 (d, J = 3.8 Hz, 1H), 5.37 (d, J= 11.1 Hz, 1H), 4.95-4.77 (m,
1H), 2.46 (d, J = 7.7 Hz, 2H), 2.07-1.95 (m, 3H), 1.95-1.69 (m, 3H), 1.65-1.42 (m, 7H), 1.42-1.09 (m,
10H), 1.07 (s, 3H), 1.05-0.96 (m, 3H), 0.92 (d, J = 6.5 Hz, 3H), 0.87 (dd, J = 6.6, 2.3 Hz, 6H), 0.69 (s, 3H).

13C NMR (126 MHz, CDCl;): § 165.91, 141.88, 139.83, 136.24, 130.13, 130.00, 126.16, 122.92,
116.46, 74.71, 56.85, 56.29, 50.20, 42.47, 39.89, 39.67, 38.38, 37.19, 36.81, 36.34, 35.95, 32.09, 32.04,
28.39, 28.17, 28.05, 24.45, 23.98, 22.97, 22.72, 21.21, 19.54, 18.87, 12.02.

HRMS (ESI) m/z ([M+H]") calcd for C34Hs530,: 517.4040. Found: 517.4042.

M.p.: 156-157 °C.

V. Competition Experiments
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Ph Ph

= =
A 2 + B,pin,
+ olefin Bpin  + Bpin

standard condition

1 (0.15 mmol) (0.15 mmol) 3 3A-3D
(1): 3:53% (2: X 3: 66%
3A:0% 3B: trace
(3 Ph_~. 3:74% (4): MeO 3: 8%
o 3C:trace \[A 3D: 0%
)

Under N, atmosphere, an oven-dried 10 mL reaction tube which equipped with a magnetic stir bar and
sealed with a rubber stopper sequentially was added L1°NiBr; (8.6 mg, 0.015 mmol, 10 mol%), LiOMe
(8.6 mg, 0.225 mmol, 1.5 equiv), bis(pinacolato)diboron (45.7 mg, 0.180 mmol, 1.2 equiv). Then
anhydrous 1,4-dioxane (1 mL), styrene (1, 0.150 mmol, 1 equiv), olefin (0.150 mmol, 1 equiv), (£)-(2-
bromovinyl)benzene (2, 25 pL, 0.195 mmol, 1.3 equiv) were added and the mixture was stirred. After 14 h

of stirring at 10 °C, the mixture was analyzed by NMR and purified by column chromatography.

VI. Mechanistic Investigations

1. Deuterium Crossover Experiment

Ph
D =
N 2 + Bypiny
D Bpin
standard condition D D
76% D ~
0,
1-d,(0.15 mmol) 3-d, 76%D
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Under N, atmosphere, an oven-dried 10 mL reaction tube which equipped with a magnetic stir bar and
sealed with a rubber stopper sequentially was added L1°NiBr; (8.6 mg, 0.015 mmol, 10 mol%), LiOMe
(8.6 mg, 0.225 mmol, 1.5 equiv), bis(pinacolato)diboron (45.7 mg, 0.180 mmol, 1.2 equiv). Then
anhydrous 1,4-dioxane (1 mL), 4-(vinyl-2,2-d;)benzenel®! (1-d,, 17 pL, 0.150 mmol, 1 equiv), (E)-(2-
bromovinyl)benzene (2, 25 pL, 0.195 mmol, 1.3 equiv) were added and the mixture was stirred. After 14 h
of stirring at 10 °C, the mixture was analyzed by NMR and purified by column chromatography.

2. Intermolecular Protoboration Studies

With respect to the mechanism, during our investigations it was observed that performing the
vinylboration of alkene 1 in the presence of MeOH (2 equiv) led to formation of 3 and adduct 61
(Figure S1). This observation led to the hypothesis that addition of Ni(I)-Bpin (II) to the alkene occurs
to generate benzyl-Ni(I) complex (III). This complex can undergo reaction with a vinyl halide to
generate 3 or, in the presence of MeOH, undergo protonation to provide 61 according to the catalytic
cycle shown in Figure 5. Further support for this catalytic cycle was found was the addition of 5 equiv

of MeOH resulted in increased amounts of 61 relative to 3.
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Ph

AN 2+ Bopiny
©/\ Bpin Bpin

standard condition

1 (0.15 mmol) 3 61
(1) no change 89%, 96% ee trace
(2) with MeOH (2 equiv) 51%, 96% ee 7%
(3) with MeOH (5 equiv) 23%, 96% ee 30%

Figure S1. Intermolecular protoboration studies. (Yields determined by crude 'H NMR using 2,5-
dimethylfuran as the internal standard. The ee values were determined by HPLC on a chiral stationary

phase.)

In addition, reaction of alkenes with polar functional groups such as OH, NH,, and COOH, which
increases the proximity of acidic hydrogens near the Ni-alkyl bond in Ni(I) complex (III) and thus
give rise to an increasing generation of the protonation adduct, which did indeed result in exclusive
formation of protonated product with trace amount of vinylboration product (Figure S2). Notably, the

catalytic cycle was completely prevented when the alkenes with COOH group were used.

Ph
= H

AN 2+ szinz
/©/\ Bpin Bpin
R

standard condition

(0.15 mmol) R R
(1) R=CH,OH trace 15%
(2) R=NH, trace 18%
(3) R=COOH 0% 0%

Figure S2. The alkenes with polar functional groups. (Yields determined by crude 'H NMR using 2,5-

dimethylfuran as the internal standard.)

3. Control Experiments

To elucidate the possible reaction mechanism, several control experiments were designed (Figure
S3). Firstly, radical clock experiment was carried out, but this reaction did not work with this kind of
alkene (eq 1). It may be due to the steric effect, which made it difficult for Ni(I) complex (III) reacted
with vinyl halide to undergo oxidative addition process. However, in the presence of TEMPO and

BHT, the reaction was not inhibited (eq 2-3). The above results suggested long-lived radical
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intermediates might not be involved in the reaction processes. When the reaction was carried out

under aerobic condition, it did not work (eq 4). These data indicated that the reaction is sensitive to O,.

Ph Papine
A gy 1a 2 (1)

standard condition
1a (0.15mmol) 2 (1.3 equiv) recovered recovered

-

Ph g, B,piny, TEMPO (2 eQLiiv)

Bpin  (2)

:

standard condition

Q.

1 (0.15 mmol) 2 (1.3 equiv)
3, 74%, 96% ee

Ph\/\Br szinz, BHT (2 eqUIV)

:

Bpin  (3)
standard condition

cix

1 (0.15 mmol) 2 (1.3 equiv)
3, 68%, 96% ee

Ph\%\Br Boping, Oz

:

Bpin  (4)
standard condition

C?M

1 (0.15 mmol) 2 (1.3 equiv)
3, not detected

Figure S3. Control experiments. (Yields determined by crude 'H NMR using 2,5-dimethylfuran as the

internal standard. The ee values were determined by HPLC on a chiral stationary phase.)
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VIII. Spectral Data (NMR Spectrum)

S49



S50

It
mmay

HET
€1
LET
8¢'1

=
—
~

——

ST L
ST'L
or'L]

N

M o

Bl o vy
PROTONTEDATS -

Bpin

Ph

3

H NMR (500 MHz, CDCl5)

=p0'T]]
L8]

F 0071

I z0g

7 S0t

8¢'Y
M ¥I'g

ﬁw,wm
wm,wNW
€867

I§¥r—

€T9T1
6T9T1
POLTT
68°LTT
€871
L¥'8T1
£5°8T1
OL'SET~
VLLET

w0

o

v

~

=
I

WA\ CCY 36

C13CFD CDC13 E:

YE-3-1R

Bpin

Ph

3

8C NMR (126 MHz, CDCls)

-

20

30

40

=3
I3

80

160 150 140 130 120 110 100 90 80
1 (ppm)

1

S50



S51

€T'l
RET

8L'€E
08¢
18'e
€8¢
68'¢

YE-3-22

7

\ CCY 27

PROTON CDC13 E:\?

Bpin

Ph

=10°C1
017

Al

¥ 00T
L6

)]

—== w07

= g 601
&} = ¥0
8 1 20
N
T - = 16T

<+ =

o
o
e
x
=

O

(@) -~

[0

=

S,vm
mm.vNW
£8°6C

i

=)
“f
ol
v
|

LEES—

s19z1
POzt
09°LTT
89°LTT
FE8TI
ww,wﬂW
96’671
99'8€T—
1ETFI~
1Es¥1—

U T—

W\ CCY

C13CFD CDC13 E:

YE-3-22

Bpin

Ph

4

MeOzC

3C NMR (126 MHz, CDCls)

20

30

40

=3
in

&0

130 120 110 100 90 80
1 (ppm)

140

1T 160

180

190

S51



S52

WL
LET
8€ Ty

6E'1
oF'1
71
€V’ 1

w9
Svo

—
(o]
~

N

Bpin

Ph

5

FsC

TH NMR (500 MHz, CDCl3)

e

=0T
= 007

F oot

Foeot

LO'T
% €0
> I6T
1 S6'1

4.0

4.5

1 (ppm)

8.0

=)

10.0

YE-3-2

8T
S6'FC
$8°6T-

85—

6EE8—

C13CFD CDC13 E

Bpin

X
5

Ph

FsC
3C NMR (126 MHz, CDCl3)

30

80 40

120 110 100 90 80
1 (ppm)

130

140

160

S52



S53

€r'l
wm.ﬁ//
9€'T

LET
8¢'T
6€'1
oF'1

9Lt
LLE
8L'¢E
08¢

€€9

o

—

[
L

Bpin

Ph

6

F4CO

H NMR (500 MHz, CDCl3)

=o'l

2

€07

007

161
80T
76
vT
007

18T
¥6'¥T
¥8°6T-

oF i —

§EE8—

Izt
wmoﬁ/
10°LT1
P LTI
65°LTT
§5871
95°9ET~_
96'9¢1-

ESSFI~
81'8r1—

W\ CCY 1

C13CFD CDC13 E:

YE-3-2R

Bpin

Ph

F4CO

6

13C NMR (126 MHz, CDCl3)

160 150 140 130 120 110 100 an
1 (ppm)

0

S53



S54

SLE
LLE
8L'€
03¢

Bpin

Ph

7

H NMR (500 MHz, CDCl3)

* 86

» ¥
- L0
=~ 16

8%
S6'FT
¥86T

TEE8—

f1 (ppm)

TESTI
mv.m:v.
0€971
8T'LTI
hw,nmﬁ/
mh,nmﬁw
&8zl

hw,mﬂ%

w
)

C13CFD (€13 E-¥} 60¥4)5
b
|

8L

YE-3-17

Bpin

;
]
e
)
= e
&)
A a
(&)
IS -—
N
// T
~ =
©
N =
¥ =
< =4
N [ —
&)
3

|

10

20

30

=
o

120 120 110 100 90 20 80
f1 (ppm)

140

160

S54



S55

(L=l
KET
€T

LET
8¢l
6E'T
6E'T
1

CLE
LLE
8LE
08¢

EED
£€9
9¢€'9
8¢9
oF'9

14

PROTON CDC13'E- ¥ C

Bpin

Ph

Br

8

"H NMR (500 MHz, CDCl3)

—=,

=00°C]]
= ¥E

F 001

F 707

= oI
B! 007

)

0
9
z
9
€

18'%C
vo,vﬂw.
€867

PSrr—

£E€8—

L0Z1
m,omﬁ/
€LT1
§LTT
w.nmﬁ\

PE8TI

id
€
8

s

YE-3-10

9'TET
9'9¢1
9951

s &1

“
g
8
&
=
o

Bpin

Ph

Br

8

13C NMR (126 MHz, CDCl3)

T
0

Ty
@

T
40

Ty
-

T
8 80

T T T T T
125 120 5 110 105 100 95
1 (ppm)

T
130

S55



S56

ST
9¢'1
€1

6€'1
6E'1
L1
'l

LLE

ww.o._
hw,o._

Bpin

Ph

X
F
9
"H NMR (500 MHz, CDCl5)

| S

=€l 1]
F 203

3

F 1077

f1 (ppm)

)
3

mn.wﬂ
om;ﬂmW
86T

reEEe—

9¢'T11
OF 111
IS8T
LSTTIT
fsit
OFLTl
19°LT1
£5°8T1

—
=+

&
P

LA N )
=t

b 4

=
— - —

e s e e es

[ 0 ]

o

o o & 9

CL3CFD CDC13 EX\WECTR @
—_— -

]

YE-3-19

Bpin

Ph

X

F

9

13C NMR (126 MHz, CDCl3)

|

Lo
I3

80

T
100

T
110

T
18

T
0 160

T
Tl

1

T
180

1 (ppm)

S56



S57

ST'T
ST'T
9¢'1
8¢'T
6E'T

OF T
'l
€Vl
L4
BT
Sl

6L'E

Ph

10

"H NMR (500 MHz, CDCl3)

=70°C]

=

=

AR

0Z'g

6Ly

001
107
0T
813
(44
L6

T
3.0

)

1 (ppm)

[
H@,#NW
¥8°6T-

96—

§TE8—

888
60971
€9971
T9LT1
08Tl
TF8TI—

ET9ET=

LTI —

[=}
0

W o 38
T

C13CFD CDC13 E:

YE-3-7

OMean

Ph

10

13C NMR (126 MHz, CDCly)

20

30

80

80

80

100

110

120

130

140

E

1

160

i

1

1 (ppm)

S57



S58

Gl
hm,ﬁ/.

6E'1
oF'1
i

LLE
8L€
8L€E
6L'E
%€
[4:83

6591
or'9
€9
r1°o]
§L°9]
SL°9]
189
wwoﬁ
8894
£69-
v69-
S,Tﬁ
eTLd
61 L
oz L4
oz
o714

——

(==
i
\ ocfrady

PROTON CDC13 E:\

YE-3-8

K
8T
= §6'FT
TLTE—
L | Lyrr—
=071
=== 681 o
J - 0£'§5—
F LTy
o IgEs—
=2
8
B S 661
— YOl o
@ .
S U or'l L a11EN
@)
£ a = L S0TL= 98TIIS
< SE——
A - e so6Tr—
— -
& % S 97971
2 e = No.nm%
S x 981
= Le  6rsTl
T 6r ezl
Le LogEl—
i 5
ETGEL—
L=} =
| = -
[=
L IES1I—
lE = &
CHE
g g

Bpin

Ph

11

OMe
3C NMR (126 MHz, CDCl3)

re)
o

80

5 80

8

50

105 100

110

1 (ppm)

S58



S59

¥r'l
Vel
el
€1
LE'T
8¢’
6¢°L
or'1

vL'E
SL'E
LL'E
8L'E
08¢

] & &) o =

'

~

Eovilo -~ wvv vu o

P

Bpin

X
12

Ph
"H NMR (500 MHz, CDCl3)

MeO

-M = 607

86°(

= 00'g

L =00°'Cl

T
0.0

w

L0

w

2.0

w

£1 (ppm)

£8'1T
96'¥C
£8'6T

Is+r—

LTE8—

LEETT—
o1'971
8€LTT
85'LT1
£9L71
Q,wmi
wm,o.m%
99°€€1
LUOFT—

=
I

CL3CPD DC13 E:\4 COEA3

YE-3-18

Bpin

Ph

-

MeO

12

3C NMR (126 MHz, CDCls)

ki 160 150 140 130 120 110 100 90 80
1 (ppm)

1

180

S59



S60

1AW
PE
9€' T4

LET
8E'l
6€'1
¥i

e

SLE
Lt
8L'€E
6L'E

Bpin

Ph

Me

13
H NMR (500 MHz, CDCly)

CH,Cl,
/
|

Ik
o

= 0071

e
Wy
[=]

65'd =

8.0

)

8.0

LTIT~
£8'%C
LOPT
¥8°67-"

0T'9T1
8€971
09°LTT
67871
9¥'871
wmdmﬁ\
ELPEL
hm,wmﬁ\v
PLOEL

80 9FT—

W\ CCY 14

C13CFD CDC13 E

YE-3-16

Bpin

Ph

Me

13

3C NMR (126 MHz, CDCl3)

%
860

T T T T T T T
160 150 140 120 120 110 100 90
f1 (ppm)

1




S61

vT'l
.—.m.ﬂ/
nm.ﬁi

6E'1L

€07
6811

H

6E'1
i
Wl

LLE
6L'E
08¢
[4:3)

9
E..cw
SHo
6+
LT
8T L~
6T LF
61'L4
cm.tﬁ
7L
9T
67 5
o€ L]
€6 L
#¢ B

1
U

/1 N

§0°g

= 00

Ph

Bpin
14

* £0°7

H NMR (500 MHz, CDClj)

Bpin

v 801"

66

)

YE-3-20-R

18%C
S6'¥L
66'F¥C
mw,mw\

¥ —

€9°8T1
ww,mNT/
8T 91—
mw.nmﬁ\
08871
§§°871
LOSEL
Nw,@mﬁ\
ﬁw,oi\

SLSFI

W\ CCY 5

C13CFD CDC13 E:

Il
100 90 &0
1 (ppm)

S61

110

120

Ph

130

14

Bpin

140

Bpin
13C NMR (126 MHz, CDCl3)
150

160

7

1

180



S62

or'tL
SEL
9E'T
9ET
8¢l
6€'1T
or't
or't
wl
<
SL'E
LLE
8L€
08¢
LTS
81’9
0z'9
79
YES

3994f
699/
or'L]
orL
Lred

81 L]

PROTON CDC13 E:\

YE-3-12

Bpin

Ph

15

)

"H NMR (500 MHz, CDCl5)

~T0T ™

=

—P

123

§€4

¥O'1
001
003
9€'L -
$0°7
€0y

[

16

£l (ppm)

mw,ﬁ
om‘wﬂv
7867

§8°0F—
oV —

TTEe—

8T —
€0971
LT'LTT
TELT1
88LTI¢
om,wmﬁww
LEBTT
16'0¢€1
LLTEL
€SP —

\\ CCY 39

C13CFD CDC13 E:

YE-3-12

Bpin

XN
15

Ph

|

~N
3C NMR (126 MHz, CDCls)

sty

30 20 10

80 40

T 160 50 140 130 120 110 100 a0 80
1 (ppm)

1

180

S62



S63

L

SL'E
QLE
8L'E

GL'E
S8'€
9%'€

179
£T°94
STo
979
P9
LE9
9L'91
8.9
7294
780
980
989
2894
539
o1 L]
LT

2]
=
U

6T L]

O
[ ]
i

[ -]
of oy oy
PROTON €DC1FE-Sy &Y

YE-3-21R

Bpin

Ph

MeO

MeO

16

TH NMR (500 MHz, CDCl3)

—

il

=0L°T]]

.

T -

£8'1

00T
L0
967

86"
LG
66

66
80T
16

£€8'F%C
wo,wmw.
86T~

Ly r—

06'ss
mo,uwv.

6T'E8—

L9'80T~-
ST'TIT—
SE6TT
17071
E,nﬂ/
18Tl
LY'8T1Y,
ww,oﬂg\x
SYEET

SOOKT
Trsrie,
soart

A\ CeY

C13CFD CDC13 E:

YE-3-21R

Bpin

Ph

MeO

16

MeO

13C NMR (126 MHz, CDCl3)

T T T T T T T
160 150 140 130 120 110 100
1 (ppm)

T
Tl

1

S63



S64

SL'E
LLE
GL'E
08¢
[4:23
vee

FROTON (DC13 £

YE-3-11

Bpin

T
, Fs
=17l
= * 207
|
| L=
A gz'] <
- % srq
g 009 5
= \L F 507
o 8 - ~ 16T
O
M. Le
/ ~ = ) = v o
. 3 oy
= 0 e
o = .
= [ oo
2 % T
= = = L=
=
e

1 (ppm)

.v,w,wm
.&,Ew
£8'67

6E TP —

LI9s—
FO'I9—

£EE8—

0€ €0l —

0£971
S«EM
LESTl
15821
E,mmﬂm
mm,mﬂ\
SKLET
LLSPT—

wi
(]

C13CFD (DC13 E-RCCY &
—
|

YE-3-11

Bpin

Ph

MeO

MeO

OMe 17

S S |
4

=

(&)

o

(&)

N

I

=

© —

Q e

o 3

o ]

= —_ s

=z P

(@]

@

=3
i@

e
r:3

T T T T T T T T T T
145 140 135 130 128 120 115 110 108 100 95 50 85

T
18l

1 (ppm)

S64



-

S65

Ph

X

Bpin
18

=01°C]
F 1079

A

| T

F 660

L07g

o1l

"H NMR (500 MHz, CDCl3)
i

|
uer T LT
A
i

¥8¥T
wm.vmw.
¥8'6T

OLvr—

s

SEEg—

68°€71
To'sz1
£8'6T11
17971
0€9Z11
£9°LTT1
YL LT1H
L6'LTTA
1371
F8TT
19871+
98 TET-F
:32\
FTSET
£TOET
68 SHT—

YE-3+4

Ph

Bpin
18
13C NMR (126 MHz, CDCl3)

20

9 8 %0

95

130

135

S65

1 (ppm)



S66

ST
owa‘/
T

€'l
S

oy et

LY'T]
3l

891

Bpin

Ph

/ 19

BocN

H NMR (500 MHz, CDCl3)

CH2C|2

|

sLEn

F 1077

=)

18°%C
10°sT
TE8T
mw,mm\.

o' —

v

N

i 5
i

YE-36

"

=
|

ciace coc1z By

Bpin

Ph

Y/
19
3C NMR (126 MHz, CDCl3)

BocN

1 (ppm)

S66



S67

TLE
ELE
VLE
9L E

V<t

1
©
e

TE-anlé- o wy
Ny

PRO

Bpin

Ph

A

20

"H NMR (500 MHz, CDCl3)

-

=00°CT
= 63T

F o1

5 W=

» I
€6l

£1 (ppm)

08'+Z
L8%C
867

9Trr—

T1€€8—

69°001+
0TI
STLIT~,

6T9TI~
wo,nmﬁﬁ
8+'8T1

hw,vmﬁ\

LV TFl—
ECSPT~

\\ CCY 26

C13CFD CDC13 E

YE-3-24

Bpin

\ Ph

0
\

|

4
4
——y
—
h
i 4
=
S =
[a] =
o
N e
X
o = - —
LS =
I T
v 4
= S
=
(&)
o

0 140 120 120 110 100 90
£1 (ppm)

15

160

ki

1

180

S67



S68

ST'L
GE T

oL |

9¢'1
9¢'1
8¢'L

EL'E

L]
e
T~
i
i P ——

Bpin

Ph

21

H NMR (500 MHz, CDCl3)

BILTY
=LL

F 601

¥ €1

R0

)

(4R ed
€6'¥T
¥8'6T

1€vr—

06’1271
8V ET1
9LVl
TEotl
mm,nﬁ%
9ULTTT
Mw,wmﬁ\
09:5el—

o
¢

o

Pl
1

vy o
wy

A\ CCY 22

C13CFD CDC13 E:

YE-3-25

Bpin

Ph

A
21
3C NMR (126 MHz, CDCls)

Lo
I3

S68

T T T T T T T T
0 160 150 140 130 120 110 100 90
1 (ppm)

A




S69

€Tl
wm.ﬁ‘/
FETH

€T
LET
8¢l
6E'T

¥LE
SL'E

8L'€E

679
1€9
TE9
vE9

FRO

Bpin

Ph
22
H NMR (500 MHz, CDCl3)

F L6

F 267

PR
™ £E°7]

=

)

£1 (ppmd

87T
96T
867"

SE€8—

60°T6—

LEOTT
£FLTT
LELTT
[ARTAR
sssz1/
LLOET
omnﬂ/
09'LET
PESFT—

\\ CeY

C13CFD CDC13 E:

YE-3-5R

Bpin

Ph

A

\

Z

Nx

22
3C NMR (126 MHz, CDCl3)

S69



S70

FI91T

LE [
6E'1
oF'1
s

SL'E
9Lk
8L€E

6'¢

Bpin

23

H NMR (500 MHz, CDCl3)

Wb |

= F II'7

= T 00']

I
o

L0

L

A

r6' (-
86

101
T
LG

[T

£64-<

1 (ppm)

8T
96'+T
£3°67

rE€8—

€6°0TT—

13 74
wmwﬁ/

W\ oY 183
T

7
C13CFD CDC13 E:

YE-3-27

Bpin

Ph

23
13C NMR (126 MHz, CDCl3)

180 17 160 150 140 130 120 110 100 90

30

1 (ppm)

S70



S71

69t
L€
TL'e
B

70'9

991
7L

Bpin

Ph

24

"H NMR (500 MHz, CDCl3)

T

[0'1

€01
001
€e']
S0
807

oT'g

ST

T

8.5

0.0

ww,ww
om.ﬁw.
867"

wwvr—

67971
8T'LTT
95'LT1
61871
L9'8T1
91671
3E°6Z1
630¢1
§o'EET
eL BT
TrébT

£ SHT
ol

C13CFD CDC13

YE-3-26

Bpin

Ph

24
3C NMR (126 MHz, CDCls)

T T T T T
140 130 120 110 100 a0
1 (ppm)

T
150

T
180

S71



S72

60T
ort

kel
L—_Ln-.;.:g;%;_,:a—#

§T'E
mﬁmw
oT'e
wmm\
€0'F

SO'F
oo.vw.

o
o
L L

25

Bpin

Q‘ Ph

"H NMR (500 MHz, CDCl3)

E

s

.

]
By |
—

001
(48!
or'g
€11

g

0.5

4.0

6.0

OL'¥T
18T
867"

€T°0F—
3E €V —

1€€8—

£1 (ppm)

00z
95°€71
76°€T1
16521
67971
osortf
09271
el
LS
SESHI~
e st

(=)}

e
\\ CER 16

—

|

C13CFD CDC13 E

YE-3-28

Bpin

Q‘ Ph

25
13C NMR (126 MHz, CDCl3)

20 10

0

150 140 120 120 110 100 ] 20
f1 (ppm)

160

S72



S73

=)}

O W
)

o0
wyun =

- - -
Db

Wi

Bpin

d

Ph

26

H NMR (500 MHz, CDCl3)

P

00T

SO
o1’y

org
o'}

-Lo

0.5

0.0

4.0

1 (ppm)

45

8T
mi&v
¥8°6T
G e~
L09E~"

rvr—

6I'€8—

£9'571
LE'STT
05421
LO'SZT
££'871
8£'971
09°871
sTocT
TTTHI~
LSOV~

Ph

Bpin
N
26
3C NMR (126 MHz, CDCl3)

\\ CCY 15

C13CFD CDC13 E:

YE-3-14

10

60 40 20

120 110 100 90 80
1 (ppm)

130

140

160

i

1

S73



S74

gessy =
1
B
B — -5
£T1 §8°4T w
P T Fe €6'7T ]
el 86T
SeT L=
o¢'1 FLO'T]
€T =k - 077 @ +St— =
651 .
or'1 | & TS~ =
T | e
LA Ai ,
18€ 7 L=
£9°E [ Pheg—
: 10°7
¥E zmx I
98'€ .M S
06°€ g
Loz
HE
755 L= geotl
po 8T LTI
Fiig o 69°LT1
9g£'9 e < 0T8T _
: o o
0r9F c = —= { s i, S &}
: = o 4! m la)
582 M a o0l o 0661 o
TEd w | [ Ted s suwe / N
SE€L T — : LY LET o ~ =
= o~
9gL/ /g & = % N2 perei— 9
=] €0 =
S6L i) J : Y
~ ] =3
LEL o L O =
&) = o) =z
N -
3 = | BTLOT— 2 L
= = - =
B = B
g o g
@ " @
2 [ 2
[%) [%)
o © . . B
T e © B
- -G8
= oy = [&]

30 20 10

40

120 110 100 %0 20 T &0
f1 (ppm)
S74

130

140

180

0

180

130

00



S75

0 20

40

110 100 90 s0
1 (ppm)

120

S75

130

140

[
[T §8°4T
. Wz
e L
g s ¥8'6T
It [
2_» s £Lvr—
LET g =S171
8E'1 = 607w
oL -
184 Iz
€3¢ & 0s7e8—
sg'e
s ;
9g'¢ i
8%'€ [
wM\l
&
1€9 o mar
€9 b
s 2 orer
§E0 -
. 9871
bl £1'671
: LTOET
LTL , —
@EV — i 9E el - =
3 g = = g [
oz Lt £ o y i 1 68 PET a 8
e s a T Epa o
] (&) — 207 N
ieL¥ N % 0735 0gEsT— =
o] g & 5 g =
1€ o = e S
6] 3 o
L] o it r =
st T = 4 w
. ._ =]
08L < L o
204 —— T 60} 3 5
G Le erdsI—
g g
. B l2 ., B
T 5% B
bR bof
= o -t ©

180 17l 180

190

200



S76

1AW
ST'T
SET

—

423
Pee
1323
LYE

€9
£€°9
$E9
9€'9
o
NaY

8L

omb.
1747
Y |
8T L]
67T L]
€L
veLd

o
“
I3

<t
v

o
"
PROTON CDCIRETTY

YE-4-3

Ph

Bpin

FsC

29

"H NMR (500 MHz, CDCl3)

=76'1]
g = 17

)
3

I8F%C
£6'¥C
§8°6T

9EFr—

Ee—

TIogr—

0TI —
or'szl
Al
ot'sz1
6t'sT1
At
95471
86471
Rl
LT6T
09°F€1
gELEL
CORT—
%

C13CFD CDC13 E-\A

YE-4-3

Ph

Bpin

FsC

29
13C NMR (126,MHz, CDCl3)

% W
1 (ppm)

100

S76



S77

It
It

8¢€'1
oF'1
IFT
I¥1

I8¢
g€
¥3'€
S8°€

I8
£E9
¥e9
9¢'9

Ph

L

Bpin

FsC

30

TH NMR (500 MHz, CDCl3)

=TFcl
ExEld]

E

001

817
60T
€7

4.0

4.5
f1 (ppm!

o

8L¥T
68'+T
¥86Z7

e —

iiva ey
PIEzI

LTETI

6r ¥l

TSV
SSVTI
9£'971H
€611
£9'871+
168714
616714

GO'IEL
962E1—
A

over/

§8orI—

W\ CCY 18

YE-4-26R
C13CFD CDC13 E

=
< 2
2 (&)
B -
N
I
o =
“ ©
I
e
2

O
g S

l

|

|

60 40 20

120 110 100 50 £0
1 (ppm)

130

140

il 160

1

180

S77



S78

Sit
LLE
6L'E
08¢

cE9
EES
€9
LE9
8¢9
Nw,o.\

969
wmow
00°L/f

LT
61L]
0L
€T L1
vTL]
mm‘i
9T L
27 8
6T
0€ &
4=
Beg
foE

Bpin

31

H NMR (500 MHz, CDCly)

A

= 00T

317

ww,ﬁ
mm,TNV
= 867

PLEP—

20

=)

3.0

=)
o

9E'€8—

40

4.5
1 (ppm)

= LOSTI
§E5d
LT
¥S8Z1
4 658T1
66871
= 90°6Z1
19°s€T
@ oo.nm%

1§1v1

6.0

e e

€8°00T~.
= iy g

9
W\ CCY 9

10.0

C13CFD CDC13 E:

YE-44

Bpin

Ph
AN
31

13C NMR (126 MHz, CDCl3)

30 20

80 40

17 160 150 140 130 1z0 110 100 90 20
1 (ppm)

180

190

S78



S79

sU'1
mm.ﬁﬁn
PET
9¢'1
LET
8¢l

9L’¢
3L°€
6L'E
08¢

Ze9
£E9

o =
=R =]

K:i‘r.
=
St

|

GhleY @i
™~ M~ - o
L

~

I<f o0 O\ 00 O O Wi OV [ O
- -

63

Agiléfr FUOCHDT Irrnf
~ -

o

Bpin

32

H NMR (500 MHz, CDCl3)

FE9'TT
= 0L

= 00T

T
40
f1 (ppm)

mw,ﬁ
v.mvmv
86z

I -

Dt
STETT
PP
0911
Yaral
S azal
9z
Tl
19821
8671
os6zt/
se bt

658F1
Yo 8rl

80'TOT~.
£0FOT-"

W\ CCY 9

C13CFD CDC13 E:

YE-4-31

- =
< =
o 8
>

T

g/ 8 =
N

e

- s
O

o

b |

120

-10

100 50

1 (ppm)

110

150 180 17 160 150 140 130

200

210

S79



S80

Gl
.E.H%.
8€'L
6E'T
IP'L
Wt

80'F
60'r
Ll ¥
Ty

9€'9

— O O Oy 00 I~
e e
fl='s BT T te I Ve Bi¥e]

—
o

00 I~ O v W I~ b
T OrEdnf E&hlEY r=-4=r9-F{n YOO
0~~~ 0~ 0~ T~ ™0

=)
CHD.
fiss

B I S g e

ZEL
edis

Bpin

Ph
F Y
33
"H NMR (500 MHz, CDCl3)

>=10°C]
= 8L

= 001

F 0t

L6
m 96"
= 96']
» 4%

80°7

£1 (ppm)

08'vZ
S,EHW
¥8'6T+

8L'LE—

reEEs—

SPSIl
mo.w.:“v.
1A% 4}
mm,@mﬁ/
89Tl
PULTL
ELLTT
9¢'8T1
78871
00671
6I'¥FEL
SOLET

A\ CCY 22

C13CFD CDC13 E

YE-4-29

F Y

Bpin

33
13C NMR (126 MHz, CDCl3)

S80



S81

ST'T
ST'T
(4§
€e'l

ok

=6¢'T]]

RET
GEL
SET:
8¢l
6€'T
or'1

vLE
SLE
Lk
6L'E

19
€€9

-
gl
r\

LN

Bpin

Cl

34

H NMR (500 MHz, CDCl3)

9670 o

T
2

—=e = 007

)

10.0

£8'%C
mo,v\mw
£8°6T

Trr—

reg—

18571
rE9TI
6E'9T1
§TLTI
68LT1
09'871-¢
i
rL6T1
o:‘m%
Q‘wm%
LY LET
zo8rI—

\\ CCY 1B

C13CFD CDC13 E:

YE-4-8-R

Bpin

Cl

34
13C NMR (126 MHz, CDClg)

160 150 140 130 120 110 100 90 80
1 (ppm)

170

S81



S82

rt
PLT

8€'L
mm.mw
or'l

A%
£ES
LAY

Ph

Cl ™

Bpin

.

35

H NMR (500 MHz, CDCl3)

=0T'C]

o

=

e,

—

807

001

90°T

L0

660

w

£l (ppm)

8T

or'y
L7273
06"

8L¥T
mw,vmv.
¥8'6T+

0E0r—

FEE8—

Teotl
vOLTL
9€'LTT
9¢'871
6L'8T1
LT'6T1
L9671
SO'TET
E€8°EET
00¥ET
SOLEL
80°Erl

e——"

\\ CCY 10

C13CFD CDC13 E:

YE-4-7

Bpin

Ph
Cl ™
35
3C NMR (126 MHz, CDCl3)

10

20

30

40

=
r:3

80

150 140 130 120 110 100 90 80
1 (ppm)

160

180

190

S82



S83

601
LT

SE1
Om.ﬁﬂ

)

SHH

-
~

Br

Bpin

36

H NMR (500 MHz, CDCl,)

LT

J - 907

L6

8L¥C
L8'%C
867

SE€e—

0L ¥TT
££971
15971
STLTI~L
0L LTI
95871
L9'8TT
31671
66'ZE1
SOPET
SOLET
OLFFT

WCECY 6

C13CFD CDC13 E

YE-46

Bpin

36
3C NMR (126 MHz, CDCls)

Br

7 180 150 140 130 120 110 100 %0 20
f1 (ppm)

1

180

S83



S84

T,
T
8714
6711
011
0€ T+
1€y

TET
7614
£ T4
peTd
SE1-
se1-
9€° 14
Let

LOE
69°¢
TLE
(4583

Bpin

37

TH NMR (500 MHz, CDCly)

re¥z
mm.ﬁw
€867

10%F—

Ipeg—

1 (ppm)

0g9T1
€TLTI
09'8T1
06'8T1
€V 6T
LL6TT,
L5 Tﬂ*
86'FEl
08'LET
£95P1—

W CCE 17

C13CPD CDC13 E:

YE-4-2R

Bpin

Ph
AN
37

13C NMR (126 MHz, CDCl5)

=)
i

T
150

T
160

T
170

S84



S85

vl
mm,ﬁ/
€e'l

PET
PET
9€T-

€9,
£6°0
$E01
9501
LE9
0194
789 r
£8'9

PIL
oL
LTL]
g1 L
0z L]
YT L]
STL
LT L]
€L
zeLd

W\ CCY 10

PROTON CDC13 E

YE-4-1

Wb

Bpin

MeO

38

TH NMR (500 MHz, CDCly)

+L8'T1
1€

001
% €87

aﬂ 6]
161
r 20'1
681
6€'7
16'1

Al =L =L

0.0

98'%C
L6'¥T
86T

£ EP—

A

0g'ee—

1 (ppm)

98°ETT—
6T9Tl
00LTT
¥I'8T1
mw,wmﬁw
¥E8TI
Lot
I8LET
wo,wﬂW

w0
=]
W\ CCggl
=
I

C13CFD CDC13 E

YE-4-1

Ph

Bpin

MeO

38
13C NMR (126 MHz, CDCl3)

20

30

40

60

20

90

100

110

120

130

140

o

1

160

17

1 (ppm)

S85



S86

ST'T
G
EET
9E'T

LtT
8¢l
oF'1
(3¢

8L'E
6L'E
1%°¢
%€

rES
€9
LED
8¢9
or'o-r
1345
9I'L
LTL
[]3
STL
9TL
8T L

PROTON €DC13 E-\FC

YE-4-5

Bpin

Bpin

39

H NMR (500 MHz, CDCl3)

]

——,

JE8TT
€0°CT
66'1

007

F 70g

- 60T
€7
o1t

107

)

45 40
1 (ppm)

5.0

SO ¥ —

PEES-
9.°€8

1€971
FOLTIL
90°LTT
F&'871
oﬁwﬁW
0TS¢l
om,mmﬁw
om,mmﬁ\
ELLET
TE6ri—

W\ CCY 12

C13CFD CDC13 E:

YE-4-8

Bpin

Bpin
39
3C NMR (126 MHz, CDClg)

&0

1z0 110 100 a0 80
1 (ppm)

130

140

180

1

180

S86



S87

ST'I

FET
mmL

98 T+
8¢l
€'l
6€1
1€7—

EL'E
vi'E
9L'¢
8L'E

FE9
S€°9
LE9
8¢9
ov..omw

PROTON CDCL3 E:\

YE-4-12

Ph

Bpin

Me

40

H NMR (500 MHz, CDCl,)

Y | S

]

=$0°CT
= 6177

= 6677

F 1077

0

0.5

0.0

£1 (ppm)

6T°9T1
86971
£V LTI
6T'8T1
78871
9T'671
LOSET
T6'SEl
T8LET
€6'Tr1

YE-4-12

ElTEA
¥8+T
66T
¥8'6T

80 Fb—

6T'€8—

e e

YW CCE 13

C13CPD CDC13 E:

l

Bpin

Ph
N
Me
40
3C NMR (126 MHz, CDClg)

L=
[

T T T T T T T T
T 160 150 140 130 120 110 100 80
£l (ppm)

1

T
180

S87



S88

¥T'T
€€l
vET

£ 1

SET
9E'1
8¢l
8¢l
tec—

e e

§€9

Bpin

Me

41

H NMR (500 MHz, CDCl3)

-ex

00T

80°7
¥l
61
€17
LED

€77

0.0

10.5

YE-4-28

1912~
€8'%C

om.vmW
¥e'6T

SF¥—

LTe8—

C13CPD CDC13 E:

Ph

Bpin

Me

4
3C NMR (126 MHz, CDCl5)

i l‘l

| IJH

90

100

110

120

130

140

]

15

160

£l (ppm)

S88



S89

or't
€T
9¢'1
8¢l
6E'T
G6E'T
oF'1
L¥1
eF'T
e

00
[0+
[0y
Wy
€0v
rO¥

0€9
£E9
re9

1~
%
—

Ph

Me ™

Bpin

42

H NMR (500 MHz, CDCl3)

CRe

b

=66'11
= 86'T

= L6

oo

€17
617

;,
¥

10.0

10.5

Pe6l~
SL'¥T
88'%C

8¢ TE—

76'6E—

STE8—

C13CPD CDC1

Ph

Me ™

Bpin

42
8C NMR (126 MHz, CDCl3)

)
i

T
B5 80

90

T
150

£l (ppm)

S89



590

96'€
86'€
66'€
00'F

¥¥o
hw,oW

(=]
o
i

Bpin

H NMR (500 MHz, CDCl3)

43

—-c

= 00T

= 90'F

—
-

-

=)
=1

)

§8'FC
wo‘vmw
¥8'6T—

o£'sz1
95571
§6's71
£6'971
£9'971
1.1
69471
548
LO'STT
wwmeW
8L'871~
Lezer
£LEET

g5 se1;
ELLET

SEErT—

C13CFD CDC13 E

YE-4-12

Bpin

43
13C NMR (126 MHz, CDCl3)

T
85

T
o0

T
20

)
i

T
0

o
@

T
40

=)
[

=0
1 (ppm)
S90

5

T T
126 120

T
130




S91

1t
0Tl

I
Ty
AN 2
G

Ph

Bpin

44

S

H NMR (500 MHz, CDCl,)

0.0

)

2.0

£8'%C
§0'sT
86T

€L°0F—

PSEg—

0L'611
€£TT1
60°€T1
19°€21
ETHTI
LFOTT
onnﬁw
£9°8717
ohoﬁx
orvers,
seLe1/f
156€T
61°0¢T
9 TST—

A\ CCY 13

C13CFD CDC13 E:

YE-4-23

=
c (&}
a o
o O
N
=

< <
P\I4%
%) Z
o
=
p=4
O
be)

0 20 10

40

120 110 100 90 80
1 (ppm)

130

140

T 160

iz

180

S91



S92

0Tl
1ET
LE'T
G6E'L
or't
(A A 5r%
6F' L
Is'1
s'1
LORS

96'¢
86'¢€
66'€
10F

SES
LED

]
—
~
L
S

Bpin

o]

45

"H NMR (500 MHz, CDCls)

. |

SO6°TT
v 6€1
5 oord

o TOE

f1 (ppm

98'+T
£0°ST
¥8'6Z

€L°8E—

1s°€8—

I 10T—

S0°TII—
¥&0T1
o.v,,mm:/r
LEECT—
¥ oTi-7
om,nmﬁ\
98Tl
L¥OEL
ELTET
96'TEl
8ELET
06'vs1—

90791 —

7

W\ COY 17

C13CFD CDC13 E

YE-4-22

Bpin

45
13C NMR (126 MHz, CDCl3)

an 20 10

60 40

130 120 110 100 90 g0
f1 (ppm)

140

190 180 170 160

200

S92



S93

8T'T,
8T'14
0¥ 14
(A%
€V 14

£ T4
wvi
ST
L¥ T
91
08° T4
1514

€0
SOF

80'F
£6°9,
£
9£'91
LE9
9791
6791
889
6891
76'97
£6'94

Bpin

46

H NMR (500 MHz, CDCl3)

Y —

=96'11]

F ¥z

=

00T =

45
1 (ppm)

00 <

)

ve'q-=

0.0

13+T
S,mmv
¥267"

S00F—

€v'e8—

E,mﬂ
wmmmLf
Tr ozl
12921

vz f
85'821

Sdﬂ\
wm.wﬂ\
6 LET

LEOST—

WCOCY I

C13CFD CDC13 E

YE-4-10

Bpin

46

——t
=
[&]
o
&) ——
N
I
=
© \
N -
a4
=
=
C —
be)

90 20
1 (ppm)

T
100

T
50

T T
Tl 160

1

T
180

S93



594

8T'L
0Tt

68'¢
06'¢
T6'€
£€6'€

Bpin

=

47

"H NMR (500 MHz, CDCl5)

i

2

A R

U

1077

00T
0T
86'(
001

¥
129
€Y
€0°7

68'%C
10°sT
86T

£5°8¢—

€r'es—

LLSOT~,
1L901
19°€Z1
1+9zZ1
76971
STLIL
65871
L9871
€961
SCIET
LETET
LSLET
35TST—

£5g51—

A\ CeY

C13CFD CDC13 E

YE-4-21

Bpin

47

3C NMR (126 MHz, CDCls)

10

20

30

40

=3
o

60

7 160 15 140 120 120 110 100 20 0
f1 (ppm)

1

180

S94



S95

30 20 10

60 40

110 100 90 50
1 (ppm)

120

130

S95

—] =%
P 4
STT [ L=
€T
el . 68'FC
€E'T m.‘mw.:uL v.@,‘ﬁ
9¢'] = . ITT ¥8'67
g1 ABETS
oF'1 .
1 - sGille
A [+
1
| [e
8L€ 7 L=
6LE J
18°€ = Fsoq
483 .m ¥ -
_ §9'€g—
_“ s
._ =]
979 ‘ _
LT9 — - - =
L= - £ O
e _ S § v = Q
0£'9 a o —=nm  EOT LEOTT o
mm.oﬂ « w =L pole 65 X
w9 T _ 0L8TI e / z
< - = I, zeeti o ® o9
LTL /g 2 3 | Mco L T o 7 N &
8zL 7N Iy = % NM”# POLET~ — x
6TL — x © P el =
; o S =
om,% S 2 o seort! © o
0EL = ; ooy EG8Ty s
Fe T06HT
|L = 00T 7
F o 8
: ¥ =
2 F2 =
o © . B
LB s OB
. F¢ & =
- o - L=

140

160

0




596

[ 7
o2 LTPT— =
$8'7T
L ow,ﬁ/ =
66'+T
ls 7567
971 . = €8°6T
omgv B wo,mmw
Ty ra £8P
LT MJ F ¢T1
L Fa
05 = s
00'€ o
S0'€
LOE i ort o
60°€ b
e
66'€
S,vuiv = 003
POY | =
Qf L=&  ibes—
| o}
f
| | =
m i
179 m
€79 | e
e = 0 e
Ty ol - F et SETTI o
LTS a o SEETT 8
LE9—= c (@] = T 80T < 7071 K= nbx
. J\ o N B o N
‘ m
%,M/ o I = 8€°0T1 W
oTLA, I 2 JYrgE ogor o o
T - ¥ 3 = —=8 1 977 orLel* / ¥ q
gred o / Pt o O mowmi\w o ot
17 = 8301 =
£TL] = ke om,mﬂx pNV
el I PELET )
8T'L] [ OSHEI~
6T L S 00T
1€ . -
mmi Ls G
6L g
| - . B
‘mwn [ i B
i 7.
& B g

10

20

0 80

50

1 (ppm)
S96

130 120 110 100 90

140

160




S97

COSY NMR (500 MHz, CDCls)

.

Ha

| UH‘\_ ) LL

T
o
A g, LIS

s

S97




S98

I+ L
" L8FT, o I
171 [ sT'sT
TT1 - e L=
VET L et |
FET — = = g i
§€'1 1 B 9€'86— — [l
LET | N
51 | fs |
or'E _ = | =
or's Fe 8
L¥'E Hig
LV'E L=
b | T we [®
J 001s ESW [ex
ST'LO —_—
30°F €04 o e
et §ELO — FE
:.ﬂw |M { 661 e
mﬁv.\. it i 7589
Leg 8569
R
[ 1€€8— - &
M
FE9 L g
9£°9 o
LED s £0°S6— . I L
6€°9 = > "
wof g il Q ls
= c
$t'9 < () a © e
6T'L @ N e I =
o L m Peoi s o = =
: = = 667 B © =
TTL 8 g E 5 sahl < I
or'L % \ m\ 0 - o \ - La
i [} o
oT'L o) o = T = =
Yz :
se z v.m”oﬁ/ i | 5
LEL - L= 66971t = —_— &
6tw P8zl e s
B Lo TO¥I .
B 5 o -
= BEGET— B — &
il = i —_ “—
- | = gwﬂ [s
8 8
- s T OE I
b - &L oA
= oy = [&]

1 (ppm)
S98



S99

€Tl
6T'1
€1

TE'T
veEl
SE1
LET
8¢’

L'e
ELE
SL'E
9Lt

€9
7691
£69
€691
§E99
§E9
€9
S?ﬁ
6E9-T
Nw,o\
PIL
oL
LY
0T L)
€T L]
STL
9T L]
97 L]

(o B=]
e o

PROTON CDC13 E:\

YE-4-51-2

Ph

Bpin

Bpin

Ph 51
H NMR (500 MHz, CDCl3)

JJULA_J]_

| I

4

-00°¥7
= 0I'Y

F 007

F s

60°7
98
ua
101

=)

10.0

8%C
oo,mmw
¥8'6T

A

87071
wmon%
pLzI-E
Qm,wmﬁ
et

16'SE1-
e
Wi~

C13CFD CDC13 E-\A

YE-4-51-2

Ph

Bpin

Bpin

AN

ph 51
3C NMR (126 MHz, CDCls)

90

100

110

120

130

140

150

1680

1 (ppm)

S99



S100

€Ty
P
ST
9€'T1
8E T
6611
067
6T

TrE]

vy oon
o o
O D
——— e

Bpin

O o/\/o

Cl

0

52

"H NMR (500 MHz, CDCl3)

= =

6611

173

90'1

- 903

00T
66T
66’1

98°FC
S6'¥T
867"

PLBE~
66'THA,
£5 b=

6T €9~
6'59—

Sheg—

WHE o g

P

LOLTT
8€'8T1
08871
19°871
81671
Is'6tl
99671
90°0¢T
68 1E1

09181 — O

06'95T—

<+
-}
T
Cl

C13CFD CDC13 E ‘@C\ 4

YE-4-37

Bpin

o

o
{ a
0

@)

3C NMR (126 MHz, CDCls)

30 20

40

17 160 150 140 120 120 110 100 90 80
f1 (ppm)

180

S100



S101

580, ow.m
9801 & j ]
! i 1€+1
mmﬂ _ E,Q/ —s =
] . :
PTT _ rs P, N
or'T _ e
S,u g mo,ﬁk - N
; J_, e 19'57-% —3
om,: = . 1L°8T—F ———
e ;R SR [ [®
68T o i 62
S i 81°67
N*M.h_m o J MO,IT,.M NM,Q”\ .Ilw !w
i b 444 057~ .
o Agrge 61'8h~ SRR 4
551 oz 4 B
L5 | M
851 L N =
G,i h_ pEt. WET —
£9'1 i H
e _ &
L9 - . ; =
S _ Le LOEL —3
69°T1 —— = €6 m L
98T v POl 7es—
che ‘. i = 1€7 m
g€ 0Tt EE E Ls
a7 il * 0€'] m
0E¥] { L™ 5
1€+ ) B
e .
€L = E
vL Y - )
€9 Fe  6ToTI
£€9 o §TLTT L s
v £ i Faele  ‘qounm £
9€'9 o FERTT [ - = _
or'9 I o£l= 88T M
£rolf = - T 1671 =
- 5
i £ o %Si-s oseztd & a ls
1L o 07~ bLEEl o T
614 N ST LEL N
ST = OrT g & < s
, O o TEIs1— O @ =
o711 o 9 © 8
i o 3 s £9°8CT— o N
sz ] x ; 2 2 < E
5 = = E = =S
S : 5 wBe g -
T KA = I o KA = S F&
PE b i L o w -
9 & c & g ©
P65 = &
= B = ! = =1
Iy =]
$6 & s 5=
= [&]

S101

1 (ppm)



5102

0601
1601
ST'TH
€T
98T
98T
€T
68T
1128 |
£F'1

05T+
-
¥81
se1
181

88’1
mv,m%
9¥'T

TLE
YLE
sL'e
oL'e
oL'e
eL'e
6L°€
rO's
S:VP
60 mw
(483
€69

iAo oo -
Mmonom o
PRoThy &DCITE

Ph

Bpin

o)

54
H NMR (500 MHz, CDCl3)

A

=a0eg s

)

e

T
40

4.5
1 (ppm)

LOT e

)

=
=}

85°81
T.NN#
Nw,vﬂv
96'¥C
€8'6T-7
Mm,om\
TP
E,v.wv
mm.v.w

LE99—

PEE8—

67971
I1LT14

PELTTY

LOLTTA

szl
AR 4B
95871
198214
£v671
LG EeTd
erserd
00 L€
gs 261
990111
ggsp1

69

T

C13CFD CDC13 E '-.'\&C\' 18

YE-4-53

Ph

Bpin

]

54
3C NMR (126 MHz, CDCls)

a0 20

80 40

120 110 100 90 20
1 (ppm)

130

140

17 160

180

190

S102



S103

P
ST'TY
9€'T
€T
6£'11
1
T
65T
09'T1
89'TY
9L'T
L6TH
66'T4t

POTAL
8,&
L0t
807
o1
7T
€174
lava
£E
sges
78t

ors
71

€rs
L¥S
€9

[Tl

Ph

Me

Me

Bpin

Me

Me

5

5
"H NMR (500 MHz, CDCly)

€Iy

£1 (ppm)

(15t
1L01
8°LT
§8'FC
¥6'¥T
£€8'sT
98'ST
9€°9T
80T
¥8'6Z
69°6€
8’6t
(4N ad

e

6819

o1t
8L €71
or ¥zl
09'+T11
ze9zt
STLITH
09°LT1
(RS |
116211
£6'6714
18bEl
8§SET|
b LET—
eI~

s}

5
C13CFD CDC13 E

YE-4-

Bpin

Ph
A

-10

0

20

40

=1
o

130 120 10 100 90 20 h 80
f1 (ppm)

140

17 160

180

190

S103



S104

LTL
61 LY
9T L4
oT L1
LT L]
67 1}

Bo

86§

Bpin

0
56
"H NMR (500 MHz, CDCly)

] LR

G e
ol fl—

- o e B
o0 0} Oy —

001

wl
86'T

S0'1
1¥'7
¥6'1

6T

)

f1 (ppm)

06702
§8°%T
§6FT
2597~
8 LT,
Ed&
19°0¢
70 TF—
P Hr—

08'89—

Syee—

5880
££°971
8T L71T
99421
19°821¢
ST6T17
96621
a,mm%

oL¥ElL

GLOFI~
9€' 18T~

YE-4-29

Bpin

0
56
13C NMR (126 MHz, CDCl3)

10

30

40

=3
o

80

120 110 100 90 80
1 (ppm)

130

140

17 160

180

130

S104



S105

Bpin

Ph

CDCly)

Me
Me
Me
57
(500 MHz,

"HNMR

Me,,,
Me

B UL
= 6861
[+ LLTT
N 98'7T
7 09°+Z &
| - $8PT =
= e Y6+ -
11°87—
e 08'ZF
nmm.ﬂ - -
=% jecchs wiLE
FIETI .
= E ol 6F'LE
Lowel 95'LE
L ordi= 15°6¢€
3 s £0°0F
ﬂ o 6'19— = 3
-lw F s6q
m = wes—
| L
| @ 3

1 @

c
5
@ 1
“ > BEEUY
_ , v.m.nm% s/ —
e goz1— —
- 05 09'871 8
|y 08 rrezn o .
| mmmE\ I
— 7y ISEN o Q ~ =
= v 9
2 =
Fs  6TISI— \ 2 = -
s
L5 =z
o - ° om.v 3
Lw i ) = -
5 bbb & - H
s oo =
- m -
o e B
s T 8
o8
-

2
S105

140 130 120 110 100
1 (ppm)

0

T
&

180 1

7

1

180




S106

§601
9601
€114
PTT
€614
PET
SETH
LETH
8E'T+
as
1+ 14
£ 14
§5'T

owﬁu
851
6514
o1
£9'T4
591
9914
8L 1
6.1
081
161
66T
0oz
07k

e

T

Bpin

0

58
"H NMR (500 MHz, CDCly)

Me

90TT
10°T
T
€01
10
18
oo
9’1
€777

107

07

0T
€17
0077
107
L0°¢

-0.5 -LO L5

0.0

0.0

10.5

0

1L

08'L1

vo.mﬁW
¥8¥T
¥6'¥T
¥s'ST
86T
TL'6T
£€8°6T
§9°s€
€T°LE
[ Nad

e

e E0—

€r'es—

LTI,
TE9Z14
9T LTI
£9°LT1
LS'8TT|
09'871+
Zr6Z1
L8671
sPIET
8L bE1d
gy ie1d
£TIST—

-+

=]

—
|

C13CFD CDC13 E,'-.\‘gG 23

YE-4-40

Bpin

0]

58
3C NMR (126 MHz, CDCl5)

Me

0 20 10

80 40

120 110 100 80 80
1 (ppm)

130

140

i 180

1

180

S106



S107

980
6801
€T
P
971
LT T
LT T
8714
6714
0€° T+
1€ T
7€' 1]
FET
seT
9¢ T
LET
GE'TH
671
1614
151
$9'T
oL
81
8Ll ﬁ
GL'T

081
191

16
£€0

Ph

Bpin

H NMR (500 MHz, CDCly)

001

607

or
£€3°1
07

66'L

)

0

9.0

£1 (ppm)

[ oy
L6€T
£9°0C
€6'1T
98'%T
96'%T
§'8T
%,E/
0T's€
ow,mm%
1696~
1St
L8
s6'Ly
75154
s ps

90FL—

Shes—

root—

TEotl
9TLTL
9§°LTT
19871~
16'871
retl
9%'671
08'¥¢l
6F LET

LTIST—

=
I

C13CFD CDC13 Eg."‘. €CY 5

YE-4-17

Bpin

3C NMR (126 MHz, CDCl3)

160 150 140 130 120 110 100 50
f1 (ppm)

170

180

S107



S108

6901
9801
9801
L801
3804
7601
£6'01
860
6601
10T
0T
01
€01
LOT
PIT
ST
INE
21T
0z’
1714
pe1]
beT]
oe]
LET

Bpin

"H NMR (500 MHz, CDCly)

]

00T

86"

661

4.0

)

=)

9.0

3

10.0

1 (ppm)

wer
L8781
€5°61
IL°TT e
L6'TT
86°€T
L8%T
om‘vmv
91'8T
GE'8T
§8'6C
£€0°ZE
60°TE
S6'5€
08'9¢
L9°6€
Lyey
oI'0s
£8°05

€5FL—

SPeg— =

Bpin

Ph
X
LU

§8'TTI
€€971
9TLTT
85°LTI
19871

06'871
:,mmﬁw

13C NMR (126 MHz, CDCl3)
I

C13CFD CDC13 E

YE-4-18

10

20

a0

40

&0

100

110

120

130

140

180

1

180

1 (ppm)

S108



S109

16'C
mQNW
i

9’y
hﬁvW
s8Iy

A CCY T

YE-05PM
PROTON CDC13 E:\

X

0

G

H NMR (500 MHz, CDCl,)

Cl

Fsoz

Froz

FsoT
Feoz

€L°8E—
86°TF—

= P9~
6859

40

)

1 (ppm)

i

SLell—
s EsH
LL9TT
e ITLTT
8€'8T1
2 08871
€5°671
o L9671
81°0¢1
i 06'1€1
= 81'SEl
F1Iotl

68951 —

ov §b1—

YE-05PM
C13CFD CDC13 E:

o]

|
O O/\/O

3C NMR (126 MHz, CDCl3)

Cl

Lo
o

T
100 90 80 7

1 (ppm)

T
110

S109



S110

Wy v

Sl
O =

wiow v v wn el e
———

—

O v

ISIE 0 o 0 O T I TR0 OO 00T e
b e Eon i el R i B o e R

FTEY CIET e

=1 Lwor
e L8°8T
¥S°6I -
ke L I
L6'TT
| L= L1'ST o=
[ 63T
f s ¥0'ZE
Loi2 .&,v,m/ L
HMM i :Sm%
B L9'6E
Ll S,m» IS
0§ =
67701
0L'9g = 0708~ F2
7€ G Qm,ow/
867 §8°95— "
gg'] o =
14—
s
=8 e
Ea6d." / ls
e 560 R
o i ) (=
-~ L6° S =
) = 00T _ a
a LS ool o
o | TETTLy N lg
N | e orozIy =
s . ; 00°0€T ©
- 66 F&
) _ e L= EToeT> < B
0 | S T O [0
_———1 N
o Sm— S R = 5 g
= _ = ggTHI— o = -
T ! I, @
~ I|IIJL HI LB —r& rm
e R
- B 1
s 16801 -
, " E E
| o 2
8
l= g B Ls
, s g 8
” i

S110

£1 (ppm)



S111

LG6iC—

089
€59
L99
699

0i—=
8I'L
3
0T'L
9TL

WCOCY I

PROTON CDC13 E

YEB

N

TH NMR (500 MHz, CDCl3)

009

=160
~Tel
P60
68T

)

10.0

~

6" or—
§9 10T —
8ETI— -
SPPTI~ =
)
8T (T1— - a
o o
/ &
orLEr— =
©
N
£
T505T— z— =
o
)

S111



S112

YE-4-BPIN N O oo O o m

SRRt Ralanl R

PROTON (DC13 E-\\, CCY 15 baba b Daibeels b A00ND
X Br

Bpin

TH NMR (500 MHz, CDCly)

i i [
0 [ =] ‘5
&R e S o
r T T T T T T T T T T T T T T T T T
& 10,0 9.8 9.0 8.8 80 7.8 7.0 6.5 6.0 b5 5.0 4.8 4.0 N a. B 20 .8 Lo 0.8 0.0 -0.5 -LO
1 (ppm)
4307 TTW O \o
single pulse decoupled gated NOE ' €7 €1 ) ] I 8
00 1w 1y e 3 3
aEdE & S 3 5
Y | | | |
Xx-Br

Bpin

13C NMR (126 MHz, CDCl3)

T T T T T T T
80 170 160 150 140 130 120 110 100 90 80

S112



S113

YE-23-5P

PROTON CDE13 E:\Y COY T 0 £ b i i
L—A_a_gr{_é_aa—a ]

7.29
727
7.26
7.24
7.23
7.18
F.17
TS
2.78
2.77
2.75

Bpin
61

TH NMR (500 MHz, CDCl3)

126
124
1.18
1.16

1:1:5

!
|

[
)

| I

.jc j .\ b L
A ey T
[l i | (=] o 00
o 1 o = — &
= e > | ]

T T T T M T T T T T T T T T T T T
8.0 85 80 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 z0 1.5 Lo .5 0.0 =0.5!
f1 (ppm

YE-23-5F o (=2 Mo
. % @ 0 A g B
CI3CFD CDC13 E-§ CCY 9 [T i S :
= Sfcls b a2 &
I P | I
H
Bpin
61
3C NMR (126 MHz, CDCls)
1
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T
lbb 160 14 140 135 130 126 120 115 110 108 100 95 a0 8b 80 b T0 62 60 Bb B0 45 40 30 25 20

£1 (ppm)

S113



IX. Spectral Data (HPLC Trace)
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0.0 - 2,| 5 - 5.I0 - 7.l 7 - IOI, 0 I .
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %0
1] 9. 393 574449 51489 50. 434 56. 948
2 10.344 564555 38926 49. 566 43. 052 |
Total | 1139004 90415 100. 000 100. 000

my

FIZEA Ch2 254nn]
100 5 e

. pin

] S py
751

] F3CO

6, 83% yield, 96% ee

o]
25
R Pl ot
0.0 I I I I 2.I5 . 5.!0 I I I I 7.I5 I I I l 1(]'.0 I )
PDA ChZ 254nm
Peak# Resolution Time Area Height Area % Height %
1 9. 045 38261 3585 2. 110 3. 246
2 9. 897 1775355 106863 97. 890 96. 754
Total | 1813617 110448 100. 000 100. 000

S117



mV

S118

400_: oo E %iﬁ!ﬂ%&.& Ch2 254nm
] Q/\J\Ph
3004
] F
J 7, racemic
200
100
o
0.0 I 2.|5 I 5.I0 . ?.’5 o 10. 0 I .
PDA Ch2 254nm
Peak# Rasolution Time Area Height Area % Height %
1 9. 027 3831563 406364 49. 941 53. 036
2 9. 641 3840640 309840 00. 059 46. 964
Total | 7672203 766204 100. 000 100. 000
mV
| B Che 254nm
750*: Bpin 2
Q/\/\Lph
500 F
1 7, 91% yield, 97% ee
250+
0 | _/-\Ad’
0.0 I 2,|5 I 5.I0 7.‘5 o 10,0 .
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 9.018 152030 19409 (WA 2 30H
2 9. 606 8423013 797749 98. 227 97. 625
Total | 8575043 817158 100. 000 100. 000

S118




mV

S119

] - FomizEA chz 254nn
20_: Bpin LS "g'
151 Br
1 8, racemic
10]
. L;
0.0 I 2,|5 JIO . T,Io 101,0‘ - I12I,5I - 1:’5,'0
PDA Ch2 254nm
Peal# Resolution Time Area Height Area % Height %
1 | 9. 992 247185 22440 49. 724 h2. 164
2 10. 631 249925 20577 50. 276 47. 836
Total | 497109 43017 100. 000 100. 000
mV
] = FrigsA Ch2 254nn
| Bpin ;
i Br
5004 8, 81% vyield, 80% ee
250—: g
- A
0.0 o 2,|5 - 5,|U | I T,IS {LO{O{ 12.5 - 15.0
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 10. 106 1276224 106071 10. 010 10. 657
2 10.803 11472949 889229 89. 990 89. 343
Total | 12749173 995300 100. 000 100. 000

S119




mV

S120

] 2 i FEIIZFA Ch2 254nn]
7507 i -
. F Bpin
] @\/\J\Ph
300+ F
| 9, racemic
250;
G.
0.0 | 2.5 7.|5 | ll}l.ﬂ I | l2|,.5
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 8. 333 9250442 788380 51. 380 50. 791
2 9.875 8753443 763823 48. 620 49. 209
Total | 18003885 1552203 100. 000 100. 000
mV
1500 e FIWIEEA Ch2 254nn]
. E Bpin 2
_ (j\/\lph
1000+ F
9, 94% yield, 92% ee
500;
G- ’}i
0.0 2,|5 7.!5 - LUl.O i2._5
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 8. 225 687184 16825 4,123 1.114
2 9. 625 15981786 1493856 95. 877 98. 886
Total | 16668971 1510682 100. 000 100. 000

S120




mV

S121

11,789

Frigsa Ch2 254nn

: OMeBpin i
N ©/\J\Ph 2
1 10, racemic
257
G_
0,0, 2,|5 I5,|0, o I?,S. - I10|,0‘ - I12|,5. o I15|,0‘ I Il';',.5
PDA (Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 11.789 884377 66028 00. 948 b8. 449
2| 14.527 851457 46940 49. 052 41. 651
Total | 1735835 112968 100. 000 100. 000
mV
1 \gﬂﬂﬂgi Ch2 254nm
200—: OMeBpin
] (j/\lph
150—_
1 10, 83% vyield, 96% ee
100
50 )
b
0.0‘ 2,|5 .5,|0. - .7,5’ - .lﬂl,[}‘ - .12|,5‘ - .15|,0‘ I Il';'._5
PDA Ch2Z 254nm
Peak# Resolution Time Area Height Area % Height %
1 11. 624 75978 bh741 1. BEY 2. 650
2 14. 341 3846191 210901 98. 063 97. 350
Total 3922169 216641 100. 000 100. 000

S121




mV

S122

2 FrMIZEA Ch2 254nn
Bpin i %
20 Q/\J\Ph
OMe
11, racemic
104
G.
0.0 .2,|5. o .5,|0. o .?.ISI o .IOI,U‘ o .l2|,5’ o .l5|,0. I Il';',_5
"PDA Ch2 254nm -
Pealk# Resolution Time Area Height Area % Height %
1 12. 435 392983 27406 00. 171 55. 751
2| 14.700 390303 21752 49. 829 44. 249
Total | 783286 49158 100.000 | 100.000
mV
folll A Ch2 254nn
Bpin
1 S pp
200
] OMe
11, 85% vyield, 96% ee
100+
G_ _&ﬁ_
0.0 .2,|5‘ - .S,IO’ - .7,|5. o IIOI,U’ o .12|,5‘ .l5|,0- I Il'xl'._E-
PDA Ch2 254nm i - B I
Peak# |Resolution Time Area Height Area % Height %
1 12. 555 111205 7656 2.061 2. 658
2 14. 893 5283387 280350 97.939 97. 342
Total 5394592 288006 100. 000 100. 000

S122




my

S123

250_: g *ﬁ%%&\ Ch2 254nn|
1 Bpin = =
200+ Q/\J\Ph
i MeO
150_: 12, racemic
100]
o]
0.0 2,|5 I olf} . 7.I5 . ’ 101,0’ - ].2I.5I la,_O
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 1.1..332 3490542 256261 49,473 52.716
2 12. 374 3564931 229859 00. 527 47, 284
Total | 7055473 486120 100. 000 100. 000
mV
1000- JRTITER Chz 254ni
7 Bpin i
J S
750+ Q/\J\Ph
] MeO
] 12, 80% yield, 96% ee
500—_
250
- =
0.0 I 2,|5 - 5.|0 I l 7.I0 .101.0. 12I.5 I 1:'5._0
PDA Ch2 254nm
Peal# Resolution Time Area Height Area % Height %
1 11.168 304085 25271 2.039 2.438
2 12. 078 14611514 1011410 97.961 97. 562
Total | 14915599 1036681 100. 000 100. 000

S123




my

S124

A ] 1‘%551“%%.-\ Ch2 254nn]
1 Bpin S
| Q/\J\Ph
200+ Me
| 13, racemic
]UU—-
G_
0.0 I 2.15 I I 5,I0 I I 7.5 . . lf}l,ﬂ I )
PDA (Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
| 8.733 2750707 299802 48. 507 50. 941
2 9. 252 2920043 288721 51. 493 49. 059
Total | 5670750 588523 100. 000 100. 000
mV
a2 A Ch2 2540
Bpin :"
750—: /@/\)\Ph
Me
5004 13, 89% yield, 96% ee
250] k
0: " .
0.0 2.55 I 5,I0 I I 7.5 I , lOl.O I )
PDA Ch2 254nm
Peal# |Resolution Time Area Height Area % Height %
1 8. 697 175855 13493 1. 875 1.413
2 9. 282 9200890 941632 98. 125 98. 587
Total | 9376745 955124 100. 000 100. 000

S124




S125

mV
125—_ ﬁ@%&‘t Ch2 254nm
E Bpin : e
100+ bk
] Q/\J\Ph =
75__ Bpin
i 14, racemic
0
25—3
0
0.0 2.5 100 .
PDA (Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1| 9. 878 960158 118761 48.612 57.738
2| 10,416 1014974 86929 51. 388 42, 262
Total | 1975132 205690 100. 000 100. 000
mV
] FWIZEA €2 254nn
750+ Bpin bt
/@A)\Ph
500  BP°
4 14, 89% vyield, 94% ee
250*:
G.
0.0 I 2.I5 S I I 5.I0 - 7.I5 I IOF. 0 )
PDA ChZ 254nm
Peak# Resolution Time Area Height Area % Height %
1| 9. 863 285648 37904 2.991 4. 579
2] 30.373 9263778 789887 97. 009 95. 421 |
Total | 9549426 827792 100. 000 100. 000

S125




mV

S126

A Ch2 254nm

15, racemic

12, 237

14. 116

ol 35

Oil]l - I2.|5I o .5.|0I - I7.|5I - .IOI,O, - I12|,5. - .15I,U. I Il';'..5
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1| 12237 56098 3803 50. 427 55,672
2 14.116 50147 3028 49. 573 44. 328
Total | 111245 6831 100. 000 100. 000
mV
75_‘ | *ﬁ?ﬂﬂ%\ Ch2 254nm
4 Bpin =
/@A)\Ph
504 N
| 15, 88% vield, 94% ee
25—_
N A
0.0. .2,|5I - I5,|0, - .7,|5I - Ilﬂl,f}, - .12|.5, Il5|.0l I Il';'._5
PDA Ch2 254nm
Peak# |Resolution Time Area Height Area % Height %
1 12. 723 49967 ol l¥ 3. 083 3. 866
2 14.862 1570744 77518 96.917 96. 134
Total | 1620711 80635 100. 000 100. 000

S126




mV

S127

1504

100+

Bpin
MeO N
e :©/\J\Ph
MeO

16, racemic

6. 676
7. 408

FEITZEA Ch2 254nm]

10. 0

0.0 2.5 5.0 7.5 ;
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 | 6. 676 1798322 155116 49. 974 5b. 214
2 7. 408 1800164 125821 50. 026 44. 786
Total | 3598487 280937 100. 000 100. 000
mV
10004 = fwM[EEA Ch2 254nn]
] Bpin =
750_— MeO:QAJ\Ph
] MeO
500_‘ 16, 90% vyield, 96% ee
250{
Allg-'
U_,O 2.|5 5,I0 I I ?.I5 IlU,_O
PDA Ch2 254nm
Peal# Resolution Time Area Height Area % Height %
1 6. 642 285660 30256 1. 981 2. 975
2 | 7. 320 14134854 986892 8. 019 g1 029
Total | 14420514 1017148 100. 000 100. 000

S127




S128

mY

FLMEEA Ch2 254nn]

e

—
=

J Bpin
| MeO

50+ ¢ N py
: MeO

OMe
17, racemic
25
e
U,OI L I2.|5I - I5.|0I - I7,I5. o IIOI.OI o .l2l,5. o I].5|,0I o I17|._5
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1| 14,255 1392790 68070 50. 393 53. 541
2 15. 044 1371086 59067 49. 607 46. 459
- Total | 2763876 | 127137 100. 000 100. 000
my
125 TR ChZ 254
: Bpin 3
]00_: MeO N Ph
] MeO
(Ey OMe
] 17, 86% yield, 94% ee
50
2?
o
O,OI - I2,|5I - I5,|0I - I7,I5I o .IOI.O. o .12!.5. o I15|,0I - I17|._5
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
| 14. 155 98899 4888 3. 268 3.721
2 15. 059 2927852 126475 96. 732 96. 279
Total | 3026751 131364 100. 000 100. 000

S128



S129

mV

S129

Bie] = T aeh Ch2 254nn]
: Bpin ; ;
]
L Qo
0
. 18, racemic
207
o]
0
00 25 50 75 100 125 1560
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 13. 202 1017566 47794 47. 638 51. 280
2| 14.020 1118485 45408 02. 362 48. 720
Total | 2136052 93202 100. 000 100. 000
mV
BEFA Ch2 254nn]
Bpin ;
p X
200 Ph
18, 84% yield, 96% ee
100—_
G_
0.0 2|‘3 I 5.10 7|5 llUI.G ].2|,5 l5|,0 )
PDA Ch2 254nm
Peal# Resolution Time Area Height Area % Height %
1| 13.241 5917737 274935 97. 334 97. 644
2 14. 061 162092 6634 2. 666 2. 3b6
Toml | 6079829 281569 | 100.000 | 100.000




S130

mV

= FudlasA Ch2 254nn

] Bpin n‘l s
100+
] "pp
?5“' BocN /
] 19, racemic
50+
ZS—E ’J
.
0.0 - 2,|5 S 5,I0 - ?.'5 - IUI,O S 1I2._5
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
| 9. 491 1347027 118316 49,703 54. 210
2 | 10.362 1363138 99940 50. 297 45. 790
Total | 2710165 218256 100. 000 100. 000

mV

FEWIEA Ch2 254nn
1 Bpin ;
15004
' Sph
10(}[}—: BocN /
19, 70% vyield, 93% ee
500
N ~
%0 25 50 15 10,0 _
PDA (Ch2 254nm
Peak# |[Resolution Time Area Height Area % Height %
1 9.491 931140 81806 3.674 4. 485
2 10. 368 24413060 1742264 96. 326 95. 515
Total | 25344200 1824070 100. 000 100. 000

S130



mY

S131

i 1*:%&-2&-\ Ch2 254nn|
: Bpin i F
500 @/\J\Ph <
] \ |
: 20, racemic
250—-
G_
0.0 I 2,|5 I 5,I0 ?.J5 I 10|,0 I .
"PDA Ch2 254nm
Peak# |Resolution Time Area Height Area % Height %
1 8.939 7782772 476629 50. 903 40. 769
2 | 9.938 7506776 692477 49. 097 89. 231
Total | 15289547 1169106 100. 000 100. 000
mV
1000—: Bpin
] @/\J\Ph
750 \ !
| 20, 84% yield, 95% ee
500
2501
o
0.0 I 2,|5 I 5.|0 ?,I5 I ].01,0 l )
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 8. 862 293476 36427 2.318 3. 082
2 9. 857 12368352 1145446 97. 682 96. 918
Total 12661827 1181873 100. 000 100. 000

S131




mV

S132

1 2 JudlEsA Ch2 254nn
250- 2 2
E Bpin 3
2004
] SN
: \ !
150—: 21, racemic
100@
503
o
0.0 2.5 7.5 10,0 . 12|.§
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 9. 533 2519904 256949 48. 905 53. 083
2 10. 240 2632698 227101 51. 095 46. 917
Total | 5152602 484050 100. 000 100. 000
mV
] SR I3FA Ch2 254nn]
j Bpin =
500i <f:]//Q§°:1\Ph
4 \ l
21, 83% yield, 95% ee
2504
G' (=1
0.0 . 2.5 5.0 7?5 . ld.ﬂ I . 15,5_
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 9. baZ 191095 19875 2. 919 3. 044
2 10. 360 7395228 633122 97. 481 96. 956
Total | 7586323 652997 100. 000 100. 000

S132




S133

mV

R €n2 2540
500] Bpin )
@A\lph
Nx l
] 22, racemic
250+
G_
0.0 I I - 2,l5 I I I I 5,|0 I I I I T".|5 I I 101,(}' )
PDA (Ch2 254nm
Pealk# Resolution Time Area Height Area % Height %
1 | 9. 461 6107176 591485 49.631 52. 330
2 9.915 6197868 538803 50. 369 47. 670
Total | 12305044 1130288 100. 000 100. 000
FEIEFA Gh2 254nn]
] Bpin =
a0
] S ph
] Nx l
500—_ 22, 68% yield, 70% ee
250
v
0.0 I I - 2,I5 I 5.0 I T,I5 . 10l,0 I )
PDA Ch2 254nm
Pealk# Resolution Time Area Height Area % Height %
1| 9.575 1740986 175953 14.916 16. 622
2 10. 023 9931177 882577 85. 084 83. 378
Total | 11672163 1058530 100. 000 100. 000

S133




mV

S134

] 2 BlaeA Ch2 254nm
1250—: Bpin 3 ;
1000—3 O/\lph
E MeO \N
750_: 23, racemic
50(%3
250—3
0.0 I I 2,|5 I 5.I0 . 7.|5 , , 10|,0 I .
PDA Ch2 254nm
Peal# |Resolution Time Area Height Area % Height %
1 9. 099 13609527 1334911 00. 186 al. 662
2 9. bbb 13508680 1249026 49. 814 48. 338
Total | 27118207 2083937 100. 000 100. 000
my
150(% oo ?iﬂﬂ%&r‘\ Ch2 254nn]
KY\’I )
1000+ MeO” N
| 23, 72% yield, 96% ee
500;
O_- =
0.0 I I 2,|5 I 5.|0 7.15 . IOI.O I .
PDA Ch2 254nm
Peak# |Resolution Time Area Height Area % Height %
1 9. 129 319340 34309 1. 788 2162
P 9. 594 17542385 1552759 98.212 97. 838
Total 17861725 1587068 100. 000 100. 000

S134




mV

S135

FRIEFALhZ 25400

300 E
] Bpin n&i =
1 SNy
200
] 24, racemic
](}U—-
o Y,V
0.0 2,|5 5,|0 . I 7.I5 o IICI!,OI .].2],5 ISI,O )
PDA Ch2 254nm
Peal# |Resolution Time Area Height Area % Height %
1 12. 765 4453821 302316 49. 948 54. 154
2 14. 249 4463034 255936 00. 052 45. 846
Total | 89168565 568252 100. 000 100. 000
mV
T EEA £h2 254nn
Bpin e
500- @W\Ph
: 24, 86% yield, 86% ee
250
N A
0.0 I2.I5I - ’5,|UI 7,I5 IIOI,OI - l12|.5l I 15I,0 )
"PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %%
1 12. 729 916440 66416 7.124 8. 685
2 14.116 11947556 698315 92. 876 91:315
" Toml | 12863996 764732 | 100.000 | 100.000

S135




mV

S136

FEIE5A Ch2 2540

200 & &
Bpin N
150 Ph
100—: 25, racemic
0]
o
4. 00 I '1.|25 -‘1,I50 Il.l'?5 I 5. IUO I )
PDA (Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 | 4. 276 1758894 200924 48. 558 52.985
2 4. 812 1863379 178284 0l. 442 47.015
" Tomal | 3622274 379208 | 100.000 |  100.000
mV
] = F#EA Ch2 254nn
200_— W Bpin
150+ Ph
. 25, 74% yield, 98% ee
]UU—_
5]
i i
I f'1.|75 I 5,|OU 5.125 5,I50 5,|75 500
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 4. 967 1171724 204840 98. 811 99. 261
2 9.515 14103 1526 1. 189 0739
Total | 1185827 206366 100. 000 100. 000

S136



mV

S137

75 = ToWlEeA Ch2 254nm
- Bpin .
50+
- 26, racemic
25—-
G_
T T T T T —
0 1 2 3 1 5 6
PDA Ch2 254nm
Peak# |Resolution Time Area Height Area % Height %
1 3. 453 1019388 70833 49. 880 49, 353
2 | 4. 434 1024274 72689 50. 120 50. 647
Total ‘ 2043662 143522 100. 000 100. 000 |
mV
= fariasA Ch2 254nm
| Bpin =
50+ ©/\/\J\Ph '“9:
26, 70% yield, 31% ee
257
0
T T T T T
0 1 2 3 1 5 6
PDA Ch2 254nm
Peal# |Resolution Time Area Height Area % Height %
| 3. 484 1014445 59040 65. 698 59. 396
2 4, 407 529650 40360 34, 302 40. 604
Total 1544095 99401 100. 000 100, 000

S137




mV

S138

] ot MIZFA Ch2 254nn|
200+ o < 2
| X
] Bpin
150
: MeO,C
100_: 27, racemic
507
o
0.0 2,|5 5,|0 T.IS ’ 1(}'.0 _I
PDA (Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
| 8. 353 2935746 219426 50. 100 54. 624
i 9. 382 2924043 182275 49. 900 45. 376
Total | 5859789 401701 100. 000 100. 000
mV
1000-_ @ fa25A ChZ 254nm
Ph .
7 X
750+
E Bpin
MeO,C
500+
g 27, 89% yield, 97% ee
250
N S
0.0 2.5 I S,IU I I 7,I5 . I lOI.O I )
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 8. 398 13134897 979437 98. 552 98. 666
% 9.474 193017 13245 1. 448 1. 334
Total | 13327915 992682 100. 000 100. 000

S138




mV

S139

. %«ﬂq%ﬂg\ ChZ 254nm
7501 Ph a e
1 X
Bpin
500{ O
28, racemic
250":
G. J
O,OI o I2.|5I o I5,|0I .7,I5I - ‘].05,0‘ o I].2I,5I o 1:'3._0
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1| 12,109 12097070 826554 49. 862 52. 064
2| 12.818 12164191 761034 00. 138 47.936
Total | 24261261 1587589 100. 000 100. 000
my
] TRl 2EA Ch2 254nm]
300+ Ph f]g
] N
1 Bpin
200+ )
| H
| 28, 72% yield, 95% ee
100+
o
0.0 2|‘j I 5.!0 I 7,|5 I lﬁl.ﬂl 12. 5 .
PDA Ch2 254nm
Peal# Resolution Time Area Height Area % Height %
1| 12,083 4547876 317320 97. 411 97. 465
2 12. 761 120851 8254 2. 589 2. 538
Total | 4668727 325073 100. 000 100. 000

S139



mV

S140

~Fr M ZeA Ch2 254nm|

125 Ph & |
] X
]00—: Bpin
5] FC
29, racemic
50
25—3
]
0.0 | 2.'5 | 5,|0 | 'r'.|5 . I ].0"0 | . 12|,5:
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 9. 797 1473180 136301 49. 823 51,237
= 10. 212 1483658 129720 00. 177 48. 763
Total | 2956838 266021 100. 000 100. 000
mV
400 o B WiZsA Ch2 254nd
K ]
300_: Bpin
FsC
20[}—: 29, 90% yield, 99% ee
100-
0 =
0.0 o 2.I5 . 5.0 I 7,I5 I lOl.O I I 12[5{
PDA Ch2 254nm
Peal# |Resolution Time Area Height Area % Height %
1 9. 837 7644 636 0.123 0. 160
2 10. 404 6195807 397837 99. 877 99. 840
Total | 6203450 398473 100. 000 100. 000

S140




my

S141

FrigsA Ch2 2540

Ph i
~ 7 X
OOOT F4C Bpin
| 30, racemic
250+
G |
T T T | T T T '
1 2 3 4 6 7 8
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
| 4, 268 7426112 664273 51. 403 58. 553
2 4,873 7020649 470204 48. b97 41. 447
Total | 14446761 1134476 100. 000 100. 000
mV
1 FRIEEA Ch2 254nn]
1500+ Ph
] X
] FsC Bpin
1000+

300+

30, 84% yield, 91% ee

i 2 ' i 5 6 7
PDA Ch2 254nm
Pealk# |Resolution Time Area Height Area % Height %
1 4,232 1376523 147370 4. 583 8. 341
2 4. 822 28659838 1619464 95. 417 91.659
Total | 30036361 1766834 100. 000 100. 000

S141




mV

S142

] B FRMEFA Ch2 254nn]
501 Ph L
] X
/1[}—: Bpin
3(%3 F
] 31, racemic
20
1]
)
5 S0 S5 20 25
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 16. 170 3754271 54366 49. 277 57,218
2 19. 413 3864419 40558 00. 723 42. 727
Total 7618690 94925 100. 000 100. 000
mV
] = Fedf3FA Ch2 254nn]
1251 Ph
N
100—_ Bpin
75—5 F
31, 88% yield, 93% ee
501
25—f %
Gf __ddfjilz
5 015 20 _
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1| 13.961 467983 10699 a.383 7.401
P 17. 207 13364270 132700 96.617 92. 539
o ) 13832252 143399 100.000 | 100. 000

S142




S143

mY

=1
=]
[=

FI3EA Gh2 254nm

oo

Ph = [|=
1 X
5007 F Bpin
32, racemic

2504

N

10 20 30 40 50 60

min

PDA Ch2 254nm

Peak# Resolution Time Area Height Area % Height %
1| 58.658 68146188 714064 49. 020 51. 975
2 61. 856 70872198 659788 50. 980 48. 025
Total | 139018386 1373853 100. 000 100. 000
mV
ZUGU‘_ *ﬁ‘fﬂlﬁ\ Ch2 254nm
Ph :;
| X
1500__ F. Bpin
1000_- 32, 84% yield, 96% ee
500
Rk
0 llﬁ 210 3I0 I IIU 5|0 bl(} )
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
| 58. 707 191309356 1928697 98. 104 97.910
2| 62.150 3697668 41175 1. 896 2. 090
Total | 195007024 1969872 100. 000 100. 000

S143




mV

S144

S144

1500 " ~ TRWEEA Ch2 254nm
Ph * s
F X
10004 Bpin
| 33, racemic
500
N
o 11 12 13 15 '1'6“"!7
PDA (Ch2 254nm
Peak# |Resolution Time Area Height Area % Height %
| 14, 337 26608290 1220899 48. 545 45. 729
2 15. 281 28203036 1448956 51. 455 54. 271
Total | 54811326 2669855 100. 000 100. 000
mV
1250 gem?gx ChZ 254nn]
1 Ph
1000 F N
i Bpin
750
] 33, 86% yield, 92% ee
500
o]
0 11 2 13 e 5 16 '!?
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 14. 675 1436401 66873 4. 046 5. 085
21 15.539 34060977 1248146 95. 954 94,915
Total | 35497378 1315019 100. 000 100. 000 |




mV

S145

] = = il #A Ch2 254nm
] Ph ' >
200
] X
i Cl Bpin
150
: 34, racemic
100+
501
o
T.UOI 7.b5l I I7,%0I - I7}75I o IS,bOI o 8,55‘ 8,%01 I IS.%SI I IG:QG
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
| T. 163 2735757 234435 48. 438 51..853
2 | 8. 154 2912166 217681 51. 562 48, 147
Total | 5647922 A7 117 100. 000 100. 000
mV
1 = FEI#EA Ch2 254nm
25003 Ph :
XN
2000 Cl Bpin
1500_; 34, 83% yield, 68% ee
1000
500-
]
7.00I - I7,55I - IT,BOI - I7}75. o IS,hUI S,ESI o ‘8,301 - IS.%5I I IG:QG
PDA Ch2 254nm
Peak# |Resolution Time Area Height Area % Height %
1 | 7.708 8636636 715810 15.918 21. 667
s 8. 156 45621327 2603235 84. 082 78. 433
Total | 04257963 3319044 100. 000 100. 000

S145




S146

mV
250 o TRl EEA Ch2 254nn]
Ph i z
200 -
] Cl ™
] Bpin
1501
100_5 35, racemic
]
0.0 o 2.l5 l . 5.I0 I . 7.|5 I I IOI,U. I IZI,5. .
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 9. 023 2560640 243811 49, 212 BT 817
& 11. 547 2642683 181565 00. 788 42. 683
Total | 5203323 425376 100. 000 100. 000
mV
Th0H Fa _\ Ch2 254nm|
Ph
| Cl
500+ Bpin
35, 80% yield, 77% ee
250+
7
0.0 2.5 5.0 .5 |
_PDA Ch2 254nm
Pealk# Resolution Time Area Height Area % Height %
1 9. 929 1469691 135677 11. 761 15. 734
2 12. 157 11026629 726651 88. 239 84. 266
_ Total | 12496320 862329 100.000 | 100.000

S146




mV

S147

Rl ZsA Ch2 254nm

Ph e
. Br E
200 Bpin =
36, racemic
100
N
0.0 2.5 5.0 1.5 10,0 12.5 '150
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 9. 418 3207499 278109 b L. 350 59. 638
2 12070 3038897 188220 48. 650 40. 362
Total 6246396 466329 100. 000 100. 000
mV
500 T3 ACh2 254nn]
] Ph 3
400 Br
] Bpin
300
] 36, 60% yield, 57% ee z
200 =
10@
0.0 2.5 5.0 1.5 0.0 125 15.0 _
PDA Ch2 254nm
Peald# |Resolution Time Area Height Area % Height %
il 10. 280 2214416 174677 21.627 26. 629
2 14. 185 8024484 481295 78. 373 73. 371
Total 10238900 655972 100. 000 100. 000

S147




mV

S148

8 Ph
2004

1 X

1 B
150+

] I

] 37, racemic
](}U—_

pin

o
=]
o
[P

FrEsA Ch2 254nn

14.0 14.5 15.0 5.5 16. 0 16.5 17.0
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1| 15.084 4170816 212163 51. 196 53. 050
2 15. 808 3975927 187764 48. 804 46. 950
Total | 8146743 399926 100. 000 100. 000
mV
= FrIZEA Ch2 254nn|
] Ph ;
20004 A
; Bpin
15004

37, 62% yield, 46% ee

14. 748

1000
500
g
l’ll. 0 I 1-1!. 5, l5|, 0 - l5|, 5 ‘ lﬁl. UI - ].ﬁi, 5, - 1;1',_0
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 14. 748 20158578 1104073 27023 32 172
2 15. 588 54438175 2327672 2. 971 67. 828
Total | 74596753 3431745 100. 000 100. 000

S148




mV

S149

Ph

MeO

38, racemic

Bpin

T aEA Ch2 254nn]

6 7 8 9 10 12
PDA (Ch2 254nm
Peal# |Resolution Time Area Height Area % Height %
1 8. 156 1786849 6041 50.619 96. 935
2 9,311 174478 4570 49, 381 43. 065
Total | 353326 10611 100. 000 100. 000
mV
] FEBAEA Ch2 254nn]
7. 5 o
1 X
1 Bpin
LT
1 MeO
i 38, 92% yield, 99% ee
2.5
0, 0-_ .
6 '.!" é ':Ii ‘ I!O ‘ I ]Il i 12
PDA Ch2 254nm
Peal# |Resolution Time Area Height Area % Height %
1 8.261 248888 7679 99. 492 98. 894
2 9. 482 1272 86 0. 508 1. 106
Total | 250159 7764 100. 000 100. 000

S149




mV

S150

100 ETa%A Eh2 254n]
] X
757 Bpin
Bpin
5(}—_ 39, racemic
25i
o]
é lb l% Zb )
PDA Ch2 254nm
Pealk# |Resolution Time Area Height Area % Height %
1 18. 459 2204116 94147 49. 532 48. 814
2 19. 104 2245737 98721 20. 468 51. 186
Total | 4449853 192868 100. 000 100. 000
mV
1000 ﬁmﬂ@% ChZ 254nn]
_ Ph 2
] N =
T50f Bpin
i Bpin
500 39, 91% vield, 98% ee
250-
o s
5 10 15 R
PDA Ch2 254nm
Pealk# Resolution Time Area Height Area % Height %
1 18.115 225617 28172 . 28T 2: 871
2 18. 513 18013999 953185 98. 763 97. 129
Total | 18239616 981357 100. 000 100. 000

S150



S151

mV
e Frl[ZEA Ch2 254nn
] Ph =
100+ 4
. A
Bpin
75
| Me
40, racemic
0
25+
;) I llU . ‘ ZI(} [ I 3IU . ‘ 4I0 [ 5lU )
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
| 42. 608 15381357 109227 47. 459 55. 837
2 47. 980 17028341 86392 02. 541 44, 163
Total | 32409698 195620 100. 000 100. 000
mV
I8 fe=Ch2 2540
i Ph i
400 N
] Bpin
300_: Me
] 40, 91% yield, 95% ee
200
100 2
o -
I 110 I I QIU I 3|0 f1I0 5I0 ) l
PDA Ch2 254nm
Peald# | Rsolution Time Area Height Area % Height %
1 47. 590 1687244 16263 209l 3..350
2 52. 658 64977288 469205 97. 469 96. 650
Total | 66664532 485468 100. 000 100. 000
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S152

mV
] FrllZgs Chad 254nn
2500 e
] Ph
2000 N
1 Me Bpin
1500
41, racemic
1000
500-
J
0.0 2.15 5.|0 I "r',|5 : lOi,O 12|.ol o I15|.0I )
PDA Ch2 254nm_
Peak# |Resolution Time Area Height Area % Height %
1| 13.825 58543794 2621767 44. 410 50. 817
2 14. 524 73282203 2537016 55. 590 49. 183
~ Total | 131825997 0159282 100. 000 100. 000
mV
FEIZEA Chz 254ni
1 Ph '
1500
. N
Me Bpin
1000~
] 41, 86% yield, 94% ee
500{
o I~
0.0 . 2.15 5.|0 I T,I5 I 101. 0 12I. 5 I ISI,OI )
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
| 13.929 1074479 71616 2.927 3.924
2 14. 630 35631674 1753400 97.073 96. 076
Total | 36706153 1825016 100. 000 100. 000

S152




mV

S153

g ExJgEA Ch2 254nn|
_ Ph * S
1500+ Me ™
] Bpin
1000—-
1 42, racemic
500—:
5
0.0 2.15 I 7,|5 . I lOI,U I )
PDA (Ch2 254nm
Peald# Resolution Time Area Height Area % Height %
] 8. 506 20411150 1848822 49.518 52. 508
2| 10.498 20808871 1672391 50. 482 47. 495
Total | 41220021 3021214 100. 000 100. 000
mV
1250 o ﬁiﬂll%&-\%mnz 254nn
1 Me ™S
1000+ Bpin
?50—:
] 42, 83% yield, 84% ee
100—:
e N
0.0 | 2,|5 | ?.15 - LUl,O .
PDA Ch2 254nm
Peak# |Resolution Time Area Height Area % Height %
1 8. 520 1276596 124851 7. 888 9. 007
s 10. 487 14908274 1261334 92.112 90. 993
Total | 16184870 1386185 100. 000 100. 000

S153




S154

mV

TR EEA £h2=254nn]
o = wy
200+ Ph = =
X
i Bpin
ol O
1 43, racemic
]ﬁf}—_
50
f}‘
T+ T rrfr 1 "1 1 "+ 1 [ T T 7 T [ T T T [ T T T T ]
0 5 10 15 20 25 30

min

PDA Ch2 254nm

Peak# |Resolution Time Area Height Area % Height %
1 31. 078 6659705 213887 49. 935 52.032
2 32. 570 6677147 197179 50. 065 47.968

Total | 13336852 411066 100.000 100.000

mV

FrigsA Ch2- 254nn)
Ph ;
N

1000+ OO Bpin

43, 85% yield, 92% ee

500

min

PDA Ch2 254nm

Peak# Resolution Time Area Height Area % Height %
1| 30.521 2327188 77592 4.279 5292
2 32. 131 52063040 1388693 95. 721 94. 708

Total | 54390228 1466286 100. 000 100. 000

S154



mV

S155

] fﬁ‘)ﬂﬂ{%&g Ch2 254nm
100, o i3
§ o o
300 s j Bpin
200 44, racemic
100 ~
[,: 0 GO b, G L
5 10 5 20
PDA (Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1| 17.778 7304735 417480 49, 177 51,975
2| 18.401 7549211 385756 50. 823 48. 025
_ Total | 14853946 | 803236 100. 000 100. 000
mV
750_ eRIE h2 254nm
Ph e
AN
500—_ S | s
44, 74% yield, 90% ee
250—_
o
0 5 10 15 20
PDA Ch2 254nm
Pealk# Resolution Time Area Height Area % Height %
1 18. 097 750442 49364 5. 145 6. 573
2 1853 13835170 701638 94. 855 93. 427
Total 14585611 751002 100. 000 100. 000

S155




mV

S156

] R 25A €h2 254nn]
100 s =
] Ph
] X
75 0 Bpin
|
50— 45, racemic
25
]
2|5 5|0 7I5 l(lllﬂl
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
2 84. 049 19929774 104556 49. 633 51.859
2 90. 633 20224398 97062 50. 367 48. 141
Total | 40154172 201618 100. 000 100. 000
mV
] Fard @%.ﬂ Ch2 254nm
B Ph i
10001
] X
| 0 Bpin
750 [
500 45, 83% yield, 96% ee
2501
0]
0 2I5 510 7I5 l'fIJﬂ' I )
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 85.718 5162532 34959 2..210 3. 052
2 91. 981 228388023 1110366 97. 790 96. 948
Total | 2335505656 1145324 100. 000 100. 000

S156




mV

S157

i ZEA Ch2 254nn

200+ e
] Ph =
4 A
150—_ S Bpin
\
100—: 46, racemic
-
]
8.{]' 8.|5 I9,|0 - I9,|5 .1(}'. 0. ’l'Ui,5 ’lll,O I IHI. 5I I I12I,_0
PDA Ch2 254nm
Peak# |Resolution Time Area Height Area % Height %
1 | 9. 557 1912611 194073 49. 315 51. 659
s 10. 053 1965767 181611 50. 685 48. 341
Total | 3878378 375685 100. 000 100. 000
mV
| = FolZsA Ch2 254nn
2500 i X
] AN
20004 S Bpin
] \ |
1500.5 46, 70% yield, 67% ee
1000%
500-
0]
1-’1.UI - IMI. 5I o I15|. OI Il5|.a 16I. 0. 16l. 5. .l?l.O I Il7|. 5I I IISI._G
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 1:5.:530 9805433 645289 16. 455 19. 238
2 15. 955 49782949 2708960 83. b45 80. 762
Total | 59588382 3354249 100. 000 100. 000

S157




mV

S158

= R s Ch2 254nm
Ph 2
o ie
1 0 Bpin f
5004 Ph \ I =
47, racemic
250+
N
16.0I I15|.5 Il?'l.(}l - Il?'l.c’)l 18I0 o 18I5 IQJ.O‘ o lgio I I20|.0I I I20I._5
"PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 17. 465 14630770 473784 47. 034 40. 417
2 18. 604 16475957 698468 52. 966 59. 583
Total | 31106727 1172253 100. 000 100. 000
mV
1500-_ oh % R EEA Ch2 254nn]
A
| 0 Bpin
T A

500+

0_

47, 67% yield, 82% ee

S158

6.5  17.0  17.5 180 185  19.0  19.5  20.0  20.5 210
PDA ChZ 254nm
Peak# |Resolution Time Area Height Area % Height %
1 17..837 3133592 116303 9. 028 7. 536
2| 18.868 31576897 1427003 90. 972 92. 464
" Total | 34710488 | 1543307 |  100.000 |  100. 000



S159

mV
400_- %ﬁ)ﬂﬂ%&%ﬂhZ 254nm
] Ph = -
1 X
300_— | N Bpin
1 oW
200f 48, racemic
100] J
N
.0 25 50 75 125 150
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 12 718 6545645 412855 49. 939 2. 220
2 14. 066 6561749 377642 50. 061 47. 773
Total 13107394 790496 100. 000 100. 000
mV
150(# gﬁ;ﬂﬂ%&a ChZ 254nn]
Ph B
i A
1000 N Bpin
1 |
o N
1 48, 72% yield, 91% ee
00+
. ~
0.0 I 2)5 5]0 I I 7)5 S Il£.5l - Ilﬁ[OI_
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 12. 552 23760180 1532563 95. 338 95. 703
2 15:972 1161893 68809 4. 662 4. 297
Total 24922073 1601373 100. 000 100. 000

S159




mV

S160

125+ WM EEA Ch2 254nm
] Ph i
100 X )
b Bpin
75
] 49, racemic
501
25
o
ﬁ 1b . l% . ‘ 2b ‘ 2% 30
"PDA  Ch2 254nm
Peal# Resolution Time Area Height Area % Height %
1 23. 580 4401579 117128 47.994 49, 927
2| 24.644 4769482 117470 52. 006 50..073
Total | 9171061 234598 100. 000 100. 000
mV
] Bh %ﬁmm%;ﬂ Ch2 254nm
.»1(}0—_ \§ 5
] Bpin
3001
1 49, 45% yield, 40% ee
ZUUf
100
0]
é I lb I . l% . ‘ Eb ‘ I 2% I I$0
PDA Ch2 254nm
Peak# Resolution Time| Area Height Area % Height %
| 25. 461 17141998 446385 70. 084 70. 551
2 26. 747 7317134 186325 29.916 29, 449
Total | 24459132 632710 100. 000 100. 000

S160




mV

S161

1 FaM[ZEA ChZ 254nn]
754 Ph 2
] X of
Bpin
501 Fe
] 50, racemic
25
.
9.5 id,ﬂ jf.d 11{5 . ]5.0 15,5 - 15,6 I 15.5 I idlﬂ
PDA (Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
! 10. 340 1090439 80239 49. 002 56. 168
2 12. 715 1134859 62617 50. 998 43. 832
Total 2225297 142856 100. 000 100. 000
mV
400{ o : FrM[EZgA Ch2 254nn
By
300_: Bpin
; Fo
200
] " 50, 82% yield, 74% ee
100 E
& A
9,5I - ]d,d - id,é I &ﬂ,d 11{5 Hé.ﬁ 15.5 , 15,6 a 13{5 I 31!0
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
| 10. 309 1085350 83925 13. 158 17.116
2| 12.6186 7162985 406400 86. 842 82. 884
Total | 8248335 490325 100. 000 100. 000

S161



mV

S162

] = = KrZsA Ch2 254nn
3004 Ph = i
| N
Bpin
200_‘ Bpin
N E
_ Ph =i
100+ 51, racemic
G.
0.0 2.55 5,|0 l T,IS I IOI,O‘ 12|. b _I
PDA ChZ2 254nm
Peak# _:Rcsolution Time Area Height Area % Height %
1 9.034 4880345 280877 25. 665 39.931
2 10. 848 9407677 312318 49, 473 44, 401
3 12. 554 4727835 110211 24. 863 15. 668
Total | 19015857 703406 100. 000 100. 000
my
200__ T 2EA Ch2 254nn
1 Ph
150- \
Bpin
100-5 Bpin
S
50__ Ph
] 51, 43% yield, 86% de =
G. —
0.0 I I 2.|5 I 5,IU I I 7.|5 ‘10!,0‘ I12l.5l I 1I5._0
PDA Ch2 254nm
Pealk# Resolution Time Area Height Area % Height %
1 9. 030 3542574 200037 88. 544 92. 738
2 10. 847 353443 11651 8.834 5.402
3 12.914 104913 4012 2.622 1. 860
Total | 4000929 215701 100. 000 100. 000

S162




S163

mV

ﬁfﬂﬂ%&g\ C@ 254nm
“ ‘ Ph g |lE
1004 | N .
] pin
(U wo
] (0]
504 52, racemic
0 s
%5 s 75 100 .
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 99, 878 18510859 130753 49, 243 49. 166
2 | 105. 468 19079676 135190 50701 50. 834
Total | 37590535 265943 100. 000 100. 000
mV
2000 FIWZE\ Ch2 254nn]
cl -
Ph
1500 | ‘ N
i Bpin
| (0]
o
] 52, 84% yield, 95% ee
500—_
i — [T T 7 T[T T T T T T T 7 T
0 2h 50 75 100 .
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 98. 446 | 273164657 1940641 97. 593 97.775
2 104. 381 6736536 44168 2.407 2.225
Total | 279901193 1984809 100. 000 100. 000

S163



mV

S164

FEWZEA ChZ 254nn]

500—; o <
a Et Me AN
4007 O \2; Bpin
] Y
300 N °
0
200 53, racemic 5
100—f
L
0.0 2.5 5.0 1.5 100
PDA (Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 8. 831 3432681 158890 49. 579 23. 637
2 9. 440 3490993 513324 50. 421 76. 363
Total 6923674 672213 100. 000 100. 000
mV
1 R Ch2 254nm
390”': EtYMe L
00 Bpin
1500 T o '
I U
10004
] 53, 83% yield, 96% ee
500
0 :
0.0 1 2,l5 5.10 7,I5 I lUI.ﬁ I )
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 | 8. 797 564971 04294 2. 007 2. 405
2 9. 558 27586156 2203665 97.993 97. 5956
Total | 28151127 2257958 100. 000 100. 000
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S165

my

2004

Tl asA Ch2 254nm

Ph
X
]50_: Bpin %
100- °
] 54, racemic
]
i
0 i P 3 i 5 6 7 59
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 6. 368 3406116 193672 50. 715 60. 694
2 7. 802 3310140 125424 49. 285 39. 306
Total | 6716256 319096 100. 000 100. 000
my
400 o FrMIZEA—Ch2 254nn]
C .
300-: Bpin
200—: °
. 54, 86% yield, 99% ee
100—:
o =
1 > 3 1 5 6 7 59
PDA Ch2 254nm
Peak# |Resolution Time Area Height Area % Height %
1 6. 149 1996 180 0.026 0. 046
2 7. 871 7802542 393148 99.974 99, 954
Total | 7804538 393328 100. 000 100. 000

S165




mV

S166

= FrgEA Ch2 254nm
300_: Mel Me Ph i i
A
2 = Bpin
&l Me (_~_O
Me (e}
1 (}U- 55, racemic
G_
T T L R e T T T T
1 2 3 1 5 6 7 .
PDA Ch2 254nm
Peal# |Resolution Time Area Height Area % Height %
1 5. 042 2200902 232463 19. 951 21. 883
2 5. 396 2066265 216161 18. 730 20. 348
3 5. 669 34605688 337749 31.369 31.794
4 6.113 3303981 275941 29. 950 25. 975
~ Total | 11031737 1062313 100. 000 100. 000
mV
5] : R ZsA Ch2 254nm
1 Me| Me Ph 3
AN
500 % Bpin
1 Me 0
Me
25(}—_ 55, 90% yield, 97% ee
| (mixture of isomers)
G_ <
0 1 2 ! 5 6 T
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 5, 047 4896803 517640 R 39. 664
2 5. 396 66275 17290 0.518 1. 325
3 5. 678 7714460 758772 60. 292 58. 140
4 | 6. 117 117687 11372 0.920 0.871
Total 12795225 | 1305074 |  100.000 |  100.000
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S167

mV

400 —TWIZER Chz Zoan
Ph ;
i AN =
300—_ Bpin
0}
200—- (6}
| 56, racemic
100—:
o
0 ll{] I 2I0 I ‘ 3‘0 . I fllﬁ ‘ I 50
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 36. 279 19291226 378589 51.428 52. 564
2 39. 091 18219930 341661 48. 572 47. 436
Total | 37511156 720250 100. 000 100. 000
my
1500 oh g%:@%\ Ch2 254nm]
| § :
] Bpin
1000+ 0]
] 0
56, 72% yield, 99% de
500+
; 1 =
ll'O I I 2IU I , 3‘0 I I ,1|0 . I !_50
PDA ChZ2 254nm
Peak# Resolution Time Area Height Area % Height %
1 36. 294 163410 3092 0.217 0. 205
2 39. 496 75015870 1504266 99. 783 99. 795
Total | 75179281 1507357 100. 000 100. 000
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mV

S168

] et 3FA Ch2 254nn)
4001 Me N
1 Bpin
3001 Me _~_O
E Me 0]
200+
1 57, racemic
1004
]
0.0 I 208 5]0 7]5 I ld,ﬁl l 1£,§
PDA Ch2 254nm
Peak# |Resolution Time Area Height e Height %
1 9. 736 6588725 432322 00. 166 44, 886
2 10. 178 6545101 530824 49. 834 bb. 114
Total 13133826 963147 100. 000 100. 000
mV
l Fa M ZA Ch2 254nm]
1500 N
] Bpin
1000+
500:
(}- =
0.0 2)5 5]0 7}5 I IO[G I l li,ﬁ
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
| 9, 553 203925 16262 0.709 1. 009
2 10217 28565226 1595742 99. 291 08. 991
Total | 28769151 1612004 100. 000 100. 000

S168




mV

S169

] Ph
400
] N
i Bpin
300-: | o
] 0
200
: Me 58, racemic
100+
0]
0.0 o 2.I5 o 5.|0 I 7,I5 lOI‘UI 12|,a lSI,'U .
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1| 12.541 8171282 430061 49, 968 49, 717
2 13. 554 8181871 434964 50. 032 50. 283
Total | 16353153 865025 100. 000 100. 000
mV
i Ph
2000} N
Bpin
1500 ) o
] 0
1000 Me
1 58, 78% yield, 99% de
500
0.0 I 2.I5 5,|0 I T".|5 IOI.OI 12| 5 lSI,O )
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 12. 423 12574 1067 0. 028 0. 046
2 13. 425 45142420 2322544 99.972 99. 954
Total | 45154995 2323611 100. 000 100. 000

S169




mV

S170

FrM3EA Ch2 254nn

] N N s
75—_ Bpin )
] H o
" a@‘ :
] 0] 59, racemic
25—_
o]
!% lIUI 2|0I ‘2l5.lll3lﬂllll3l5_l
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 27. 626 6117051 93770 49. 509 55. 622
2 30. 425 6238442 74815 50. 491 44. 378
Total | 12355493 168585 100. 000 100. 000
mV
300__ o gﬁm&ﬂl Ch2 254nn
N =
N Bpin
200+
100—_
: 59, 94% vyield, 95% de
G_
0 5 R 20 25 30 )
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 27. 381 19570605 299029 97. 653 98. 172
2 30. 342 470357 5569 2.347 1. 828
Total | 20040962 304598 100. 000 100. 000
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M 2EA Ch2 254nn]

J Ph
40 X
; Bpin
207
; 60, racemic
l(}-_
D_i -h.-\__._...-f‘\...________._/’L
0 2I5 I . I I 5I0 ‘ 7|5 l(IZ'O .
PDA Ch2 254nm
Peak# |Resolution Time Area Height Area % Height %
1 66. 829 9852206 46125 50. 061 66. H66
2| 82.666 9828171 23167 49. 939 33. 434
Total | 19680377 69292 100. 000 100. 000
mY
750—- Ph Far [ S%A Ch2 254nm
A
N Bpin
2004
250-:
G_ ES
0 2|5 ﬁlﬁ 7|5 l(I]U )
PDA Ch2 254nm
Peak# Resolution Time Area Height Area % Height %
1 66. 811 152280586 725036 98. 600 99. 262
2 85. 296 2161922 5389 1. 400 0.738
Total | 154442509 730425 100. 000 100. 000
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