Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2021

Nickel-Catalyzed Regioselective Alkenylboration of

Alkenylarenes to Access Homoallyl Boronic Esters

Penglin Zhang," Chenchen Zou," Qian Zhao® and Chun Zhang**
a. Institute of Molecular Plus, Tianjin Key Laboratory of Molecular Optoelectronic
Science, Department of Chemistry, School of Science, Tianjin University, Weijin
Rd. 92, Tianjin 300072, China.

E-mail: chunzhang@tju.edu.cn

S1



Supporting Information

1. General information

2. Synthesis of substrates

3. The effect of different reaction conditions

4. General procedure for the reaction

5. Analytical data for compounds

6. Further transformations of the product

7. Competition reaction of different Reactants.

8. Some failed reaction

9. Discussion on mechanism

10. References

11. NMR spectra of products

S2

S3

sS4

S7

S11

S12

S30

S33

S34

S35

S36

S38



1. General Considerations

All manipulations were conducted with Schlenk tube. 'H NMR spectra were recorded on
JINM-ECZ400S/L1 and JNM-ECZ600R/S1 spectrometers. Chemical shifts (in ppm) were
referenced to tetramethylsilane (6 = 0 ppm) in CDCI; as an internal standard. Data were reported
as follows: chemical shift (ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, dd =
doublet of doublets, m = multiplet), coupling constants (Hz), integration and assignment. *C
NMR spectra were obtained by using the same NMR spectrometers and were calibrated with
CDCl; (8 = 77.00 ppm). "’F NMR spectra were obtained by the same NMR and CFsCOOH was
employed as external standard for the '’F-NMR measurement. GC analysis was completed on
an Agilent Technologies GC-7890B gas chromatograph, using ethyl acetate for
sample preparation and nitrogen as a carrier gas. GC-MS analysis was completed on a
Shimadzu GCMS-QP2010SE gas chromatograph mass spectrometer, using ethyl acetate
for sample preparation and helium as a carrier gas. High resolution mass spectrometry
(HRMS) data were obtained on a QTOF mass analyzer with electrospray ionization (ESI) through
a Waters Acquity UPLC Class I/Xevo G2 Q-Tof. Substrates were purchased from Aldrich, TCI,
Acros, Energy, Aladdin, or synthesized according to the procedures outlined below. Unless
otherwise noted, materials obtained from commercial suppliers were used without further

purification.

S3



2. Synthesis of Substrates
2.1 Synthesis of alkenylarenes
These substrates were prepared according to the corresponding literature reports. Analytical data
("H NMR, "*C NMR) matches with the literature.

soh AT

1n: 5-vinyl-2,3-dihydrobenzofuran ' 10: 5-vinylbenzo[d][1,3]dioxole 2
=4 S
Fe }-0
Ph
1p: Vinylferrocene 3 1q: 2-phenyl-5-vinylfuran 4
XN XN
o] S
1s: 2-vinylbenzofuran ° 1t: 2-vinylbenzo[b]thiophene °

sea
NS
N
o © .
1u: 6-vinylquinoline 1w: (8R,9S,13S,14S)-13-methyl-3-vinyl-6,7,8,9,11,12,13,14,15,16-
decahydro-17H-cyclopenta[a]phenanthren-17-one 3

Representative procedure for preparing alkenylarenes via Wittig olefination

N
O + — _ . o \
/(DA +  MePPh3Br n-BuLi, THF, 0°Ctort /©/\
R R

1

A suspension of methyltriphenylphosphonium bromide (2.9 g, 8.1 mmol) in dry THF (30 ml)
under inert atmosphere was cooled at 0 °C with an ice bath. Then n-BuLi (3.2 ml, 2.5 M in
n-hexane, 8.1 mmol) was added dropwise. After stirring for 30 min, corresponding aldehyde (5.4
mmol) (dissolved in THF (20 ml)) was added dropwise and the reaction mixture was warmed to
room temperature for an additional hour. Then the reaction mixture was quenched with sat. NH4Cl
aq. (20 mL) and extracted with EtOAc (20 mL x 3). The combined organic layers were dried over
Na,SO, and concentrated in vacuo. The residue was purified by silica-gel column chromatography
to give the alkenylarenes 1.

XN
\S
Ph
1r

2-phenyl-5-vinylthiophene  (1r). The general procedure was  followed using
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5-phenylthiophene-2-carbaldehyde (1.02 g, 5.4 mmol), afforded product 1r (663 mg, 66% yield).
yellow solid. '"H NMR (CDCl;, 600 MHz) &: 7.60-7.59 (m, 2H), 7.37 (t, J = 7.8 Hz, 2H),
7.29-7.26 (m, 1H), 7.18 (d, J= 3.6 Hz, 1H), 6.94 (d, J= 3.6 Hz, 1H), 6.79 (dd, J; = 17.4, J,=10.8
Hz, 1H), 5.58 (d, J = 17.4 Hz, 1H), 5.16 (d, J = 10.8 Hz, 1H); *C NMR (CDCLs, 150 MHz) &:
143.0, 142.4, 134.2, 129.9, 128.9, 127.5, 127.0, 125.6, 123.2, 113.2 ppm; HRMS (ESI-TOF) m/z
caled for C,H;;S (M + H)'™: 187.0582, found 187.0585.

P—

Me—N

1v

1-methyl-4-vinyl-1H-indole ~ (1v). The general procedure was followed using
1-methyl-1H-indole-4-carbaldehyde (860 mg, 5.4 mmol), afforded product 1v (593 mg, 70% yield)
yellow oil. "H NMR (CDCls, 600 MHz) &: 7.25-7.22 (m, 1H), 7.18-7.15 (m, 2H), 7.12-7.05 (m,
1H), 6.97 (d, J=3.6 Hz, 1H), 6.64 (d, J=3.0 Hz, 1H), 5.89 (d, /= 18.0 Hz, 1H), 5.35(d,J=11.4
Hz, 1H), 3.63 (s, 3H); ®C NMR (CDCl;, 150 MHz) &: 137.0, 135.3, 129.9, 129.0, 126.5, 121.4,
116.8, 114.4, 108.7, 99.2, 32.8 ppm; HRMS (ESI-TOF) m/z caled for C;;H,N (M + H)":
158.0970, found 158.0967.
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2.2 Synthesis of Alkenyl Bromides

These substrates were prepared according to the corresponding literature reports. Analytical data
("H NMR, "*C NMR) matches with the literature.

Ppons

2b: (E,Z)-1- 2 -bromovinyl)-4-methylbenzene
E:Z=937

£

-(2-bromovinyl)-2-methylbenzene
E:Z=90:10

Po

2f: (E,Z)-1- (2 bromovmyl )-4-methoxybenzene
E:Z=96:4

o

2h: (E,Z2)-1- 2 bromovinyl)-4-fluorobenzene 7
E:Z=85:15

/@/\ﬁ Br
FsC

2j: (E,Z)-1-(2-bromovinyl)-4-fluorobenzene ’
E:Z=91:9

/O/\JBr
MeO,C

21: (E,Z)-methyl 4-(2-bromovinyl)benzoate &
E:Z=90:10

C,/\.rr

-(2-bromovinyl)furan ™!
E:Z=30:70

)N\/j/\,lBr
|
eO Z

7

2d: (E,2)-1 7

8

2n: (E,2)-2

2p: (E,2)-5-
E:Z=94:6

(2-bromovinyl)-2-methoxypyridine 1°

Me X Br

E

2c¢: (E,Z)-1-(2-bromovinyl)-3-methylbenzene *
E:Z=955

X s Br

.

B
2e: (E,Z2)-1-(2-bromovinyl)-4-(tert-butyl)benzene
E:Z =937

A

8

4

F,CO

29: (E,Z)-1-(2-bromovinyl)-4-(trifluoromethoxy)benzene
EzZ= 92 8

9

Br

3

Cl
2i: (E,Z)-1-(2-bromovinyl)-4-chlorobenzene ’
E:Z=91:9

X Br

3

NC
2k: (E,Z)-4-(2-bromovinyl)benzonitrile '
E:Z=85:15

SN

4

2m: (E,Z)-2-(2-bromovinyl)naphthalene &
E:Z =955

\\Br

=
(]

20: (E,Z)-2-(2-bromovinyl)thiophene 2
E:Z=98:2
X Br

X

2q: (E,Z)-4-bromobuta-1,3-dien-1-yl)benzene 7
E:Z=61:39
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3. The effect of different reaction conditions

Table S1. The effect of different bases *

NiCly+glyme (5 mol%) O

L1 (7 mol%)

X X Br .
/©/\ + ByPin, + ©/\I$ Pase (2.0 equlv) X
MeO 1,4-Dioxane, 30 °C, 24 h BPin
1a 2a (E/Z = 84:16) O
MeO

3a
Entry Bases Yield (%)®
1 LiOMe &
2 NaOMe 31
3 KOMe 26
4 LiO'Bu 40
5 NaO'Bu 26
6 KsPO, 38
7 Na,CO3 15
8 KF 0

@ Standard conditions: 1a (0.2 mmol), 2a (0.4 mmol), B,Pin, (0.4 mmol),
NiCl,eglyme (0.01 mmol), L1 (0.014 mmol), Base (0.4 mmol), 1,4-
Dioxane (2.0 mL), at 30 °C for 24 h. ® Yields determined by GC using n-
dodecane as the internal standard.
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Table S2. The effect of different Solvents “

NiCly+glyme (5 mol%) O

L1 (7 mol%)
X X Br . .
J@A + BoPin, + W HOMe (2.0 equ) N
MeO Solvent, 30 °C, 24 h BPin
1a 2a (E/Z = 84:16) O
MeO

3a
Entry Solvents Yield (%)?
1 DMA 80
2 DMF 65
3 DME 54
4 1,4-Dioxane 79
5 THF 68
6 CH5CN 47
7 Toluene 22
8 EA 20

@ Standard conditions: 1a (0.2 mmol), 2a (0.4 mmol), B,Pin, (0.4 mmol),
NiCly+glyme (0.01 mmol), L1 (0.014 mmol), LiOMe (0.4 mmol), Solvent
(2.0 mL), at 30°C for 24 h. ®Yields determined by GC using n-
dodecane as the internal standard.
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Table S3. The effect of different [Ni]-salts

Ni-salts (5 mol%) O

L1 (7 mol%)

X X Br . .
J@A + BgPiny + W LOMe (2.0 o) N
MeO DMA, 30 °C, 24 h BPIn
1a 2a (E/Z = 84:16) O
MeO

3a
Entry Ni-salts Yield (%)?

1 NiBry+diglyme 88

2 NiBr, 59

3 NiClyeglyme 80

4 NiCl, 56

5 Ni(PPh3),Cl, 63

6 Nil, 53

7 Ni(acac), 14

8 Ni(OTf), 69

9 Ni(ClO4),.6H,0 93% (88%) ¢
10 none 0

@ Standard conditions: 1a (0.2 mmol), 2a (0.4 mmol), B,Pin, (0.4 mmol),
Ni-salt (0.01 mmol), L1 (0.014 mmol), LiOMe (0.4 mmol), DMA (2.0
mL), at 30 °C for 24 h. ® Yields determined by GC using n-dodecane as
the internal standard. € Isolated yield.
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Table S4. The effect of different ligands “

Ni(Cl04)2+6H,0 (5 mol%) O

Ligand (7 mol%)

X X Br - .
J@A + BPiny + W -OWe (20 equlv) N
MeO DMA, 30°C, 24 h

BPin
1a 2a (E/Z = 84:16)
MeO 3a
Entry Ligands Yield (%)?

1 L1 93

2 L2 76

3 L3 89

4 L4 0

5 L5 0

6 L6 0

7 L7 0

8 L8 0

9 L9 0

10 none 0

@ Standard conditions: 1a (0.2 mmol), 2a (0.4 mmol), B,Pin, (0.4 mmol),
Ni(ClO4)2¢ 6H,O (0.01 mmol), Ligand (0.014 mmol), LiOMe (0.4 mmol),
DMA (2.0 mL), at 30°C for 24 h. ?Yields determined by GC using n-
dodecane as the internal standard.

/) \
\ N /
Me Me
L2
Me Me tBu tBu
Y, 77N 7N
N N \ N N / \ N N //
L4 L5 L6
— 0 — O (@] O
O O 0
N N N N™4 4 N N™4
Bu Bu Bu
L7 L8 L9
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4. General procedure for the reaction
General procedure :

Ni(Cl04)»*6H,0 (5 mol%)
L1 (7 mol%)

X ) LiOMe (2.0 equiv) X
£ BRIy N BPin
DMA, 30°C, 24 h
1 2

3ord

In an oven dried 25-ml Schlenk tube, which contained a stirring bar, was charged with
Ni(ClO4),.6H,0 (3.7 mg, 0.01 mmol, 5 mol%), L1 (3.2 mg, 0.014 mmol, 7 mol%), B,Pin, (102
mg, 0.4 mmol, 2.0 equiv), and LiOMe (15 mg, 0.4 mmol, 2.0 equiv). The tube was evacuated and
back-filled under a N, flow (this sequence was repeated three times), then anhydrous DMA (2.0
ml) was added under N,. After above, 1 (0.2 mmol, 1.0 equiv) and 2 (0.4 mmol, 2.0 equiv) was
added subsequently under N,, the tube was stirred at 30 °C for 24 h. n-Dodecane (23 pL) was
added as an internal standard for GC analysis. The resulting mixture was diluted with EtOAc (2
mL) and quenched by H,O (2 mL), then it was extracted with EtOAc (10 ml X 3), the organic
layer was combined and dried over Na,SOy, filtered and concentrated by rotary evaporation. The
residue was purified by silica gel column chromatography to afford the product 3 or 4.

S11



5. Analytical data for compounds

X

O BPin
MeO

3a

(E)-2-(2-(4-methoxyphenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(3a): The general procedure A was followed using 1-methoxy-4-vinylbenzene (1a, 27 mg, 0.20
mmol) and (2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3a as a yellow
solid (64mg, 88% yield): Rf = 0.7 (EtOAc : petroleum ether =1 : 10); "H NMR (CDCl;, 400 MHz)
8:7.33-7.30 (m, 2H), 7.28-7.24 (m, 2H), 7.22-7.15 (m, 3H), 6.85-6.82 (m, 2H), 6.42-6.32 (m, 2H),
3.81-3.71 (m, 4H), 1.41-1.31 (m, 2H), 1.14 (s, 12H); *C NMR (CDCls, 100 MHz) &: 157.9, 137.9,
137.7, 136.0, 128.4, 128.0, 126.8, 126.1, 113.7, 83.1, 55.2, 43.5, 24.8, 24,7 ppm; HRMS
(ESI-TOF) m/z calcd for Cp3H3BOs (M + H)': 364.2324, found 364.2333.

X

O BPin
AcO

3b
(E)-4-(4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-2-yl)phenyl acetate
(3b): The general procedure A was followed using 4-vinylphenyl acetate (1b, 32 mg, 0.20 mmol)
and (2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3b as a yellow
solid (60 mg, 76% yield): Rf = 0.2 (EtOAc : petroleum ether = 1 : 10); '"H NMR (CDCl;, 400
MHz) &: 7.33-7.31 (m, 2H), 7.29-7.24 (m, 4H), 7.19-7.15 (m, 1H), 7.01-6.98 (m, 2H), 6.43-6.31
(m, 2H), 3.78 (q, J = 7.6 Hz, 1H), 2.27 (s, 3H), 1.42-1.32 (m, 2H), 1.14 (s, 12H); “C NMR
(CDCl;, 100 MHz) o: 169.5, 148.9, 143.3, 137.5, 135.3, 128.5, 128.42, 128.39, 127.0, 126.1,
121.3, 83.2, 43.8, 24.8, 24.7, 21.1 ppm; HRMS (ESI-TOF) m/z calcd for Cp4HxBO, (M - H):

390.2117, found 390.2107.
O BPin
By

3c
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(E)-2-(2-(4-(tert-butyl)phenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolan
e (3¢): The general procedure A was followed using 1-(tert-butyl)-4-vinylbenzene (1¢, 32 mg, 0.20
mmol) and (2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3c as a yellow
solid (66 mg, 84% yield): Rf = 0.7 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 400
MHz) &: 7.34-7.25 (m, 6H), 7.24-7.20 (m, 2H), 7.19-7.14 (m, 1H), 6.46-6.34 (m, 2H), 3.76 (q, J =
7.6 Hz, 1H), 1.43-1.35 (m, 2H), 1.30 (s, 9H), 1.13 (s, 6H), 1.12 (s, 6H); *C NMR (CDCls, 100
MHz) &: 148.8, 142.7, 137.7, 135.7, 128.4, 128.1, 127.0, 126.8, 126.2, 125.2, 83.1, 43.9, 34.3,
31.4, 24.8, 24.6 ppm; HRMS (ESI-TOF) m/z caled for C,H3sBO, (M + H)": 390.2845, found

390.2850.

X

O BPin
Me

3d

(E)-4,4,5,5-tetramethyl-2-(4-phenyl-2-(p-tolyl)but-3-en-1-yl)-1,3,2-dioxaborolane (3d): The
general procedure A was followed usingl-methyl-4-vinylbenzene (1d, 24 mg, 0.20 mmol) and
(2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by chromatography
on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3d as a yellow solid (56 mg, 80%
yield): Rf = 0.8 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCls, 400 MHz) &: 7.33-7.30 (m,
2H), 7.29-7.27 (m, 1H), 7.26-7.24 (m, 1H), 7.19-7.14 (m, 3H), 7.11-7.08 (m, 2H), 6.44-6.33 (m,
2H), 3.75 (q, J = 7.6 Hz, 1H), 2.31 (s, 3H), 1.43-1.31 (m, 2H), 1.15 (s, 12H); *C NMR (CDCl;,
100 MHz) o: 142.8, 137.7, 135.8, 135.5, 129.0, 128.4, 128.1, 127.3, 126.8, 126.1, 83.1, 43.9, 24.8,
247, 21.0 ppm; HRMS (ESI-TOF) m/z caled for CpH3BO, (M + H)": 348.2375, found

348.2371.

X

O BPin

Me 3e

(E)-4,4,5,5-tetramethyl-2-(4-phenyl-2-(o-tolyl)but-3-en-1-yl)-1,3,2-dioxaborolane (3e): The
general procedure A was followed using 1-methyl-3-vinylbenzene (1e, 24 mg, 0.20 mmol) and
(2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by chromatography
on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3e as yellow solid (50 mg, 72%
yield): Rf = 0.8 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCls, 600 MHz) 8: 7.34-7.32 (m,
2H), 7.29-7.27 (m, 1H), 7.26-7.24 (m, 1H), 7.18-7.15 (m, 2H), 7.09-7.07 (m, 2H), 6.99-6.98 (m,
1H), 6.44-6.35 (m, 2H), 3.75 (q, J = 7.8 Hz, 1H), 2.32 (s, 3H), 1.41-1.33 (m, 2H), 1.14 (s, 12H);
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C NMR (CDCls, 150 MHz) 8: 145.7, 137.8, 137.7, 135.7, 128.4, 128.23, 128.19, 126.9, 126.8,
126.2, 124.4, 83.1, 44.3, 24.8, 24.7, 21.4 ppm; HRMS (ESI-TOF) m/z calcd for C,3H30BO, (M +

H)': 348.2375, found 348.2377.

X

O BPin

Me
3f

(E)-4,4,5,5-tetramethyl-2-(4-phenyl-2-(o-tolyl)but-3-en-1-yl)-1,3,2-dioxaborolane (3f): The
general procedure A was followed using 1-methyl-2-vinylbenzene (1f, 24 mg, 0.20 mmol) and
(2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by chromatography
on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3f as yellow solid (48 mg, 69%
yield): Rf = 0.8 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCls, 400 MHz) &: 7.31-7.27 (m,
3H), 7.26-7.22 (m, 2H), 7.19-7.12 (m, 2H), 7.11-7.05 (m, 2H), 6.40-6.32 (m, 2H), 4.03-3.98 (m,
1H), 2.40 (s, 3H), 1.39-1.36 (m, 2H), 1.11 (s, 6H), 1.09 (s, 6H); *C NMR (CDCl;, 100 MHz) &:
143.5, 137.7, 135.8, 135.4, 130.2, 128.4, 128.1, 126.8, 126.5, 126.1, 125.9, 83.1, 39.8, 24.7, 24.6,
19.7 ppm; HRMS (ESI-TOF) m/z caled for C»3;H30BO, (M + H)": 348.2375, found 348.2372.

N

O BPin
F

39

(E)-2-(2-(4-fluorophenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(3g): The general procedure A was followed using 1-fluoro-4-vinylbenzene (1g, 24 mg, 0.20 mmol)
and (2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3g as a yellow
solid (56 mg, 79% yield): Rf = 0.7 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 400
MHz) &: 7.33-7.31 (m, 2H), 7.28-7.26 (m, 1H), 7.25-7.21 (m, 3H), 7.20-7.15 (m, 1H), 6.99-6.94
(m, 2H), 6.41-6.30 (m, 2H), 3.77 (q, J = 7.2 Hz, 1H), 1.41-1.31 (m, 2H), 1.13 (s, 12H); *C NMR
(CDCl;, 100 MHz) &: 161.3 (d, J = 242.6 Hz), 141.4 (d, J = 3.1 Hz), 137.4, 135.5, 1289 (d, J =
7.7 Hz), 128.43, 128.38, 127.0, 126.1, 115.0 (d, J = 21.0 Hz), 83.2, 43.6, 24.8, 24.7 ppm; °F
NMR (CDCl3;, 376 MHz) &: -117.14 - -117.21 (m, 1F). HRMS (ESI-TOF) m/z calcd for
C,,H»,BFO, (M + H)": 352.2124, found 352.2133.
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X

O BPin
Cl

3h

(E)-2-(2-(4-chlorophenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(3h): The general procedure A was followed using 1-chloro-4-vinylbenzene (1h, 28 mg, 0.20
mmol) and (2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3h as a yellow
solid (58 mg, 78% yield): Rf = 0.7 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 400
MHz) &: 7.33-7.30 (m, 2H), 7.29-7.24 (m, 4H), 7.23-7.16 (m, 3H), 6.42-6.29 (m, 2H), 3.76 (q, J =
7.6 Hz, 1H), 1.41-1.30 (m, 2H), 1.14 (s, 12H); "C NMR (CDCl;, 100 MHz) &: 144.2, 137.4,
135.0, 131.7, 128.9, 128.7, 128.5, 128.4, 127.1, 126.2, 83.3, 43.7, 24.8, 24.7 ppm; HRMS
(ESI-TOF) m/z caled for C,,H,sBClO, (M - H)™: 366.1672, found 366.1674.

X

! BPin
FsC

3i

(E)-4,4,5,5-tetramethyl-2-(4-phenyl-2-(4-(trifluoromethyl)phenyl)but-3-en-1-yl)-1,3,2-dioxab
orolane (3i): The general procedure A was followed using 1-(trifluoromethyl)-4-vinylbenzene (1i,
34 mg, 0.20 mmol) and (2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this
material by chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3i
as a yellow solid (44 mg, 55% yield): Rf = 0.6 (EtOAc : petroleum ether = 1 : 10); '"H NMR
(CDCl;, 400 MHz) 6: 7.55-7.53 (m, 2H), 7.40-7.38 (m, 2H), 7.33-7.25 (m, 4H), 7.21-7.16 (m, 1H),
6.45-6.30 (m, 2H), 3.84 (q, J = 7.6 Hz, 1H), 1.45-1.33 (m, 2H), 1.14 (s, 6H), 1.13 (s, 6H); *C
NMR (CDCl;, 100 MHz) 6: 149.9, 137.2, 134.4, 129.1, 128.5, 127.8, 127.2, 126.2, 1253 (q, J =
3.7 Hz), 124.3 (q, J = 270.4 Hz), 83.3, 44.2, 24.8, 24.6 ppm; '°’F NMR (CDCl;, 376 MHz) §:
-62.17; HRMS (ESI-TOF) m/z calcd for C,3H,,BF;0, (M + H)': 402.2093, found 402.2088.

X

O BPin

3j
methyl(E)-4-(4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-2-yl)benzoate

MeOQC
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(3j): The general procedure A was followed using methyl 4-vinylbenzoate (1j, 32 mg, 0.20 mmol)
and (2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3j as a yellow
solid (41 mg, 52% yield): Rf = 0.3 (EtOAc : petroleum ether = 1 : 10); '"H NMR (CDCl;, 400
MHz) 6: 7.96 (d, J = 8.4 Hz, 2H), 7.37-7.31 (m, 4H), 7.29-7.25 (m, 2H), 7.21-7.17 (m, 1H),
6.44-6.31 (m, 2H), 3.90 (s, 3H), 3.84 (q, J= 7.6 Hz, 1H), 1.45-1.34 (m, 2H), 1.14 (s, 6H), 1.13 (s,
6H); ®C NMR (CDClLs, 100 MHz) &: 167.1, 151.2, 137.3, 134.6, 129.8, 129.0, 128.5, 128.0, 127.5,
127.1, 126.2, 83.3, 52.0, 44.4, 24.8, 24.7 ppm; HRMS (ESI-TOF) m/z calcd for C,4H30BO, (M +

H)": 392.2274, found 392.2277.

O BPin
Ph

3k

(E)-2-(2-(|1,1'-biphenyl]-4-yl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolan
e (3k):The general procedure A was followed using 4-vinyl-1,1'-biphenyl (1k, 36 mg, 0.20 mmol)
and (2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3k as a yellow
solid (65 mg, 79% yield): Rf = 0.6 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 400
MHz) &: 7.59-7.51 (m, 4H), 7.44-7.25 (m, 9H), 7.20-7.16 (m, 1H), 6.49-6.38 (m, 2H), 3.84 (q, J =
7.6 Hz, 1H), 1.47-1.38 (m, 2H), 1.15 (s, 12H); ®C NMR (CDCl;, 100 MHz) &: 144.9, 141.1,
139.0, 137.6, 135.4, 128.7, 128.5, 128.4, 127.9, 127.1, 126.99, 126.95, 126.2, 83.2, 44.1, 24.8,
24.7 ppm; HRMS (ESI-TOF) m/z caled for CosH3,BO, (M + H)": 410.2532, found 410.2527.

X

oo

3l

(E)-4,4,5,5-tetramethyl-2-(2-(naphthalen-2-yl)-4-phenylbut-3-en-1-yl)-1,3,2-dioxaborolane
(31): The general procedure A was followed using 2-vinylnaphthalene (11, 31 mg, 0.20 mmol) and
(2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by chromatography
on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 31 as a yellow solid (62 mg, 81%
yield): Rf = 0.6 (EtOAc : petroleum ether = 1 : 10); '"H NMR (CDCls, 400 MHz) &: 7.79-7.72 (m,
4H), 7.45-7.38 (m, 3H), 7.35-7.31 (m, 2H), 7.29-7.28 (m, 1H), 7.26-7.24 (m, 1H), 7.19-7.15 (m,
1H), 6.46-6.38 (m, 2H), 3.99-3.93 (m, 1H), 1.53-1.44 (m, 2H), 1.12 (s, 12H); *C NMR (CDCls,
100 MHz) &: 143.2, 137.6, 135.4, 133.6, 132.2, 128.6, 128.4, 127.9, 127.7, 127.5, 127.0, 126.5,
126.2, 125.8, 125.4, 125.2, 83.2, 44.4, 24.8, 24.7 ppm; HRMS (ESI-TOF) m/z calcd for
Cy6H2sBO;, (M - H): 382.2219, found 382.2224.
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(E)-4,4,5,5-tetramethyl-2-(2-(naphthalen-1-yl)-4-phenylbut-3-en-1-yl)-1,3,2-dioxaborolane
(3m): The general procedure A was followed using 1-vinylnaphthalene (Im, 31 mg, 0.20 mmol)
and (2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3m as yellow
solid (57 mg, 74% yield): Rf = 0.6 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 600
MHz) &: 8.26 (d, J = 8.4 Hz, 1H), 7.84 (d, /= 8.4 Hz, 1H), 7.72 (d, J = 8.4 Hz, 1H), 7.52-7.43 (m,
4H), 7.32-7.31 (m, 2H), 7.26-7.23 (m, 2H), 7.18-7.15 (m, 1H), 6.53-6.46 (m, 2H), 4.63 (q, J=7.2
Hz, 1H), 1.58-1.51 (m, 2H), 1.12 (s, 6H), 1.07(s, 6H); *C NMR (CDCls;, 150 MHz) &: & 141.7,
137.5,135.3,133.9, 131.4, 128.7, 128.4, 126.9, 126.7, 126.1, 125.7, 125.5, 125.3, 123.93, 123.88,
83.2, 39.0, 24.8, 24.6. ppm; HRMS (ESI-TOF) m/z caled for C,H30BO, (M + H)": 384.2375,
found 384.2370.

BPin

(E)-2-(2-(2,3-dihydrobenzofuran-5-yl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxa
borolane (3n): The general procedure A was followed using 5-vinyl-2,3-dihydrobenzofuran (1n,
29 mg, 0.20 mmol) and (2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this
material by chromatography on silica gel (EtOAc : petroleum ether = 1 : 10) afforded product 3n
as a yellow solid (57 mg, 76% yield): Rf = 0.4 (EtOAc : petroleum ether = 1 : 10); '"H NMR
(CDCl;, 400 MHz) 6: 7.34-7.31 (m, 2H), 7.29-7.23 (m, 2H), 7.18-7.14 (m, 1H), 7.11-7.10 (m, 1H),
7.03-7.00 (m, 1H), 6.71-6.69 (d, J = 8.0 Hz, 1H), 6.42-6.32 (m, 2H), 4.52 (t, /= 8.8 Hz, 2H), 3.72
(q, J =72 Hz, 1H), 3.15 (t, J = 8.8 Hz, 2H), 1.40-1.31 (m, 2H), 1.14 (s, 12H); *C NMR (CDCl;,
100 MHz) &: 158.4, 137.9, 137.7, 136.1, 128.4, 127.8, 126.92, 126.85, 126.8, 126.1, 123.9, 108.8,
83.1, 71.1, 43.7, 29.8, 24.8, 24.7 ppm; HRMS (ESI-TOF) m/z calcd for C,4HsBO; (M - H):
374.2168, found 374.2158.
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0 BPin
I
0

30

(E)-2-(2-(benzo[d][1,3]dioxol-5-yl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxabor
olane (30): The general procedure A was followed using 5-vinylbenzo[d][1,3]dioxole (10, 30 mg,
0.20 mmol) and (2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 30 as a white
solid (57 mg, 76% yield): Rf = 0.5 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 400
MHz) &: 7.33-7.31 (m, 2H), 7.28-7.24 (m, 2H), 7.19-7.15 (m, 1H), 6.78-6.71 (m, 3H), 6.42-6.29
(m, 2H), 5.90 (s, 2H), 3.71 (g, J = 7.6 Hz, 1H), 1.35-1.30 (m, 2H), 1.16 (s, 12H); *C NMR
(CDCl;, 100 MHz) 6: 147.5, 145.7, 139.8, 137.6, 135.6, 128.4, 128.2, 126.9, 126.1, 120.2, 108.0,
100.7, 83.2, 44.0, 24.8, 24.7 ppm; HRMS (ESI-TOF) m/z caled for C,3H,sBO, (M + H)':
378.2117, found 378.2114.

BPin

3p
(E)-(4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-2-yl)-ferrocene  (3p):
The general procedure A was followed using vinylferrocene (1p, 42 mg, 0.20 mmol) and

(2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by chromatography
on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3p as a red solid (59 mg, 67%
yield): Rf = 0.7 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCls, 400 MHz) &: 7.38-7.36 (m,
2H), 7.32-7.27 (m, 2H), 7.21-7.17 (m, 1H), 6.45-6.32 (m, 2H), 4.14 (s, 5H), 4.11-4.09 (m, 1H),
4.08-4.06 (m, 3H), 3.49-3.43 (m, 1H), 1.38-1.30 (m, 2H), 1.20 (s, 12H); *C NMR (CDCl;, 100
MHz) &: 137.8, 135.2, 128.5, 128.3, 126.8, 126.1, 94.9, 83.1, 68.4, 67.2, 67.0, 66.9, 66.6, 38.2,
25.1, 24.7 ppm; HRMS (ESI-TOF) m/z caled for CyH3,BO.Fe (M + H)™: 441.1896, found
441.1903.
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BPin

3q
(E)-4,4,5,5-tetramethyl-2-(4-phenyl-2-(5-phenylfuran-2-yl)but-3-en-1-yl)-1,3,2-dioxaborolane
(3q): The general procedure A was followed using 2-phenyl-5-vinylfuran (1q, 34 mg, 0.20 mmol) ,

and (2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3q as a yellow
solid (57 mg, 71% yield): Rf = 0.7 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 600
MHz) &: 7.64-7.63 (m, 2H), 7.37-7.33 (m, 4H), 7.29 (t, J = 7.8 Hz, 2H), 7.22-7.19 (m, 2H), 6.56
(d, J=3.6 Hz, 1H), 6.50 (d, J= 15.6 Hz, 1H), 6.34 (dd, J; = 15.6, J, = 7.8 Hz, 1H), 6.14 (dd, J; =
3.3,J,=09 Hz, 1H), 3.90 (q, J= 7.8 Hz, 1H), 1.50-1.46 (m, 1H), 1.37-1.33 (m, 1H), 1.20 (s, 6H),
1.18 (s, 6H); ®C NMR (CDCls;, 150 MHz) &: 158.3, 152.4, 137.4, 132.4, 131.2, 129.7, 128.5,
128.4, 127.1, 126.8, 126.2, 123.4, 106.5, 105.6, 83.3, 38.4, 24.8, 24.7 ppm; HRMS (ESI-TOF)
m/z calcd for C,sH30BO3; (M + H)+: 400.2324, found 400.2329.

N
= BPin

\s

Ph
3r

(E)-4,4,5,5-tetramethyl-2-(4-phenyl-2-(5-phenylthiophen-2-yl)but-3-en-1-yl)-1,3,2-dioxaborol
ane (3r): The general procedure A was followed using 2-phenyl-5-vinylthiophene (1r, 37 mg, 0.20
mmol) and (2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3r as a yellow
solid (51 mg, 62% yield): Rf = 0.7 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 400
MHz) &: 7.56-7.54 (m, 2H), 7.37-7.26 (m, 6H), 7.24-7.18 (m, 2H), 7.14 (d, /= 3.6 Hz, 1H), 6.84
(d, J=3.6, 1H), 6.50 (d, J= 7.6 Hz, 1H), 6.35 (dd, J, = 16.0, J, = 8.0 Hz, 1H), 4.03 (q, /= 7.6 Hz,
1H), 1.53-1.37 (m, 2H), 1.18 (s, 12H); *C NMR (CDCl;, 100 MHz) &: 149.9, 142.1, 137.3, 134.7,
134.5, 129.1, 128.8, 128.5, 127.2, 127.0, 126.3, 125.5, 124.2, 122.6, 83.3, 40.2, 24.9, 24.7 ppm;
HRMS (ESI-TOF) m/z calcd for C,sH,sBO,S (M - H): 414.1939, found 414.1937.
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BPin

(E)-2-(2-(benzofuran-2-yl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(3s): The general procedure A was followed using 2-vinylbenzofuran (1s, 29 mg, 0.20 mmol), and
(2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by chromatography
on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3s as a yellow solid (56 mg, 74%
yield): Rf = 0.8 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCls, 400 MHz) &: 7.49-7.46 (m,
1H), 7.42-7.35 (m, 3H), 7.31-7.26 (m, 2H), 7.21-7.14 (m, 3H), 6.54 (d, J = 16.0 Hz, 1H), 6.45 (s,
1H), 6.37 (dd, J; = 16.0, J, = 8.0 Hz, 1H), 3.98 (q, J = 8.4 Hz, 1H), 1.54-1.48 (m, 1H), 1.42-1.36
(m, 1H),1.20 (s, 6H), 1.19 (s, 6H); *C NMR (CDCl;, 100 MHz) &: 161.9, 154.8, 137.2, 131.6,
130.3, 128.8, 128.5, 127.3, 126.3, 123.2, 122.4, 120.4, 110.9, 101.4, 83.4, 38.6, 24.9, 24.7 ppm;
HRMS (ESI-TOF) m/z calcd for Co4HpsBO3 (M + H)': 374.2168, found 374.2169.

BPin

(E)-2-(2-(benzo[b]thiophen-2-yl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborol
ane (3t): The general procedure A was followed using 2-vinylbenzo[b]thiophene (1t, 32 mg, 0.20
mmol) and (2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 3t as a yellow
solid (39 mg, 51% yield): Rf = 0.8 (EtOAc : petroleum ether = 1 : 20); '"H NMR (CDCl;, 400
MHz) 6: 7.75 (d, J= 8.0 Hz, 1H), 7.66 (d, J = 7.6 Hz, 1H), 7.37-7.34 (m, 2H), 7.31-7.26 (m, 3H),
7.24-7.18 (m, 2H), 7.09 (s, 1H), 6.53 (d, J = 16.0 Hz, 1H), 6.38 (dd, J; = 16.0, J, = 8.0 Hz, 1H),
4.10 (q, J = 7.6 Hz, 1H), 1.53-1.44 (m, 2H), 1.17 (s, 12H); *C NMR (CDCls, 100 MHz) &: 151.2,
140.0, 139.4, 137.2, 134.0, 129.6, 128.5, 127.2, 126.3, 124.0, 123.5, 122.9, 122.2, 119.6, 83.4,
40.6, 24.9, 24.7 ppm; HRMS (ESI-TOF) m/z calcd for C,4HpsBO,S (M - H): 390.1783, found
390.1786.
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(E)-6-(4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-2-yl)quinoline (3u):
The general procedure B was followed using 6-vinylquinoline (1u, 31 mg, 0.20 mmol) and
(2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by chromatography
on silica gel (EtOAc : petroleum ether = 1 : 10) afforded product 3u as a white solid (60 mg, 78%
yield): Rf = 0.4 (EtOAc : petroleum ether = 1 : 5); "H NMR (CDCl;, 400 MHz) 8: 8.86 (dd, J; =
4.0,J,=1.6 Hz, 1H), 8.12-8.03 (m, 2H), 7.70-7.67 (m, 2H), 7.38-7.33 (m, 3H), 7.29-7.25 (m, 2H),
7.20-7.16 (m, 1H), 6.50-6.40 (m, 2H), 4.02-3.97 (m, 1H), 1.54-1.43 (m, 2H), 1.12 (s, 6H), 1.11 (s,
6H); *C NMR (CDCls, 100 MHz) 8: 149.8, 147.3, 144.1, 137.3, 135.8, 134.9, 130.2, 129.3, 129.0,
128.4, 128.3, 127.1, 126.2, 125.2, 121.0, 83.2, 44.2, 24.74, 24.65 ppm; HRMS (ESI-TOF) m/z
caled for C,sH,sBNO, (M + H)': 383.2328, found 383.2315.

BPin

(E)-1-methyl-4-(4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-2-yl)-1H-in
dole (3v): The general procedure A was followed using 1-methyl-4-vinyl-1H-indole (1v, 31 mg,
0.20 mmol) and (2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 10) afforded product 3v as a yellow
solid (60 mg, 78% yield): Rf = 0.4 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 600
MHz) 6: 7.32-7.30 (m, 2H), 7.24-7.21 (m, 2H), 7.19-7.12 (m, 3H), 7.04 (dd, J; = 5.4, J, = 2.5 Hz,
1H), 7.01 (d, J= 3.6 Hz, 1H), 6.66 (d, J = 3.0 Hz, 1H), 6.54-6.48 (m, 2H), 4.23-4.20 (m, 1H), 3.75
(s, 3H), 1.58-1.48 (m, 2H), 1.13 (s, 6H), 1.12 (s, 6H); >C NMR (CDCl;, 150 MHz) &: 138.1,
137.9,136.8, 135.4, 128.3, 128.2, 128.0, 127.1, 126.7, 126.1, 121.7, 116.8, 107.3, 99.9, 83.1, 42.0,
32.9, 24.8, 24.6 ppm; HRMS (ESI-TOF) m/z calcd for CpsH,0BNO, (M - H)": 385.2328, found
385.2327.
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BPin

(8R,9S5,135,145)-13-methyl-3-((E)-4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)bu
t-3-en-2-y1)-6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopenta[a]phenanthren-17-one (3w):
The general procedure A was followed wusing (8R,9S5,13S,14S5)-13-methyl-3-vinyl-
6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopenta[a]phenanthren-17-one (1w, 56 mg, 0.20
mmol) and (2-bromovinyl)benzene (2a, 73 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 10) afforded product 3w as a yellow
solid (62 mg, 61% yield): Rf = 0.2 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 600
MHz) &: 7.34-7.32 (m, 2H), 7.27-7.25 (m, 2H), 7.22-7.21 (m, 1H), 7.18-7.16 (m, 1H), 7.09-7.07
(m, 1H), 7.01 (s, 1H), 6.45 (d, J = 15.6 Hz, 1H), 6.38-6.34 (m, 1H), 3.73 (q, J = 7.8 Hz, 1H),
2.89-2.87 (m, 2H), 2.52-2.47 (m, 1H), 2.42-2.39 (m, 1H), 2.30-2.25 (m, 1H), 2.17-2.10 (m, 1H),
2.07-1.98 (m, 2H), 1.96-1.93 (m, 1H), 1.65-1.61 (m, 1H), 1.53-1.47 (m, 3H), 1.43-1.36 (m, 2H),
1.33-1.30 (m, 2H), 1.16 (s, 12H), 0.9 (s, 3H); *C NMR (CDCl;, 150 MHz) &: 221.0, 143.5, 137.7,
137.5,136.3, 135.4, 128.4, 128.3, 128.0, 127.9, 126.9, 126.2, 125.4, 124.9, 124.7, 83.2, 50.5, 48.0,
443, 43.9, 38.2, 35.9, 31.6, 29.5, 26.6, 25.7, 24.9, 24.7, 21.6, 13.8 ppm; HRMS (ESI-TOF) m/z
caled for C34,H4BO; (M + H)': 510.3420, found 510.3415.

Me

X

O BPin

4b

(E)-4,4,5,5-tetramethyl-2-(2-phenyl-4-(p-tolyl)but-3-en-1-yl)-1,3,2-dioxaborolane (4b): The
general procedure A was followed using styrene (1x, 21 mg, 0.20 mmol) and
1-(2-bromovinyl)-4-methylbenzene (2b, 79 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 4b as a yellow
solid (65 mg, 93% yield): Rf = 0.7 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 400
MHz) &: 7.28-7.27 (m, 3H), 7.24-7.14 (m, 4H), 7.07-7.06 (m, 2H), 6.41-6.26 (m, 2H), 3.76 (q, J =
7.6 Hz, 1H), 2.30 (s, 3H), 1.43-1.33 (m, 2H), 1.13 (s, 12H); C NMR (CDCl;, 100 MHz) &: 145.9,
136.6, 134.8, 134.6, 129.1, 128.3, 128.1, 127.4, 126.0, 83.1, 44.4, 24.8, 24.7, 21.1 ppm; HRMS
(ESI-TOF) m/z calcd for Co3H30BO, (M + H)": 348.2375, found 348.2371.
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4c

(E)-4,4,5,5-tetramethyl-2-(2-phenyl-4-(m-tolyl)but-3-en-1-yl)-1,3,2-dioxaborolane (4c): The
general procedure A was followed using styrene (1x, 21 mg, 0.20 mmol) and
1-(2-bromovinyl)-3-methylbenzene (2¢, 79 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 4c as a yellow
solid (63mg, 90% yield): Rf = 0.8 (EtOAc : petroleum ether = 1 : 10); '"H NMR (CDCls, 600 MHz)
5:7.28-7.25 (m, 4H), 7.18-7.11 (m, 4H), 7.00-6.98 (m, 1H), 6.40-6.34 (m, 2H), 3.79-3.75 (m, 1H),
2.30 (s, 3H), 1.42-1.33 (m, 2H), 1.14 (s, 12H); ®C NMR (CDCls;, 150 MHz) &: 145.8, 137.9,
137.6, 135.5, 128.31, 128.29, 127.7, 127.5, 126.8, 126.1, 123.4, 83.1, 44.4, 24.8, 24.7, 21.4 ppm;
HRMS (ESI-TOF) m/z calcd for C,3H30BO, (M + H)": 348.2375, found 348.2373.

IMe

X

O BPin

4d

(E)-4,4,5,5-tetramethyl-2-(2-phenyl-4-(o-tolyl)but-3-en-1-yl)-1,3,2-dioxaborolane (4d): The
general procedure A was followed using styrene (1x, 21 mg, 0.20 mmol) and
1-(2-bromovinyl)-2-methylbenzenel (2d, 79 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 4d as a yellow
solid (61 mg, 87% yield): Rf = 0.8 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 600
MHz) 6: 7.40-7.38 (m, 1H), 7.30-7.26 (m, 4H), 7.18-7.15 (m, 1H), 7.11-7.08 (m, 3H), 6.63 (dd, J,
=15.6, J, = 1.2 Hz, 1H), 6.24 (dd, J; = 15.6, J, = 7.8 Hz, 1H), 3.82-3.78 (m, 1H), 2.31 (s, 3H),
1.43-1.35 (m, 2H), 1.13 (s, 12H); *C NMR (CDCls, 150 MHz) &: 145.8, 137.0, 136.7, 135.1,
130.1, 128.3, 127. 5, 126.8, 126.1, 126.0, 125.9, 125.6, 83.1, 44.6, 24.8, 24.7, 19.8 ppm; HRMS
(ESI-TOF) m/z calcd for C,3H3BO, (M + H)': 348.2375, found 348.2369.

Bu

X

O BPin

4e
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(E)-2-(4-(4-(tert-butyl)phenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolan
e (4e): The general procedure A was followed using styrene (1x, 21 mg, 0.20 mmol) and
1-(2-bromovinyl)-4-(tert-butyl)benzene (2e, 96 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 4e as a yellow
solid (73 mg, 94% yield): Rf = 0.8 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 400
MHz) &: 7.30-7.25 (m, 8H), 7.19-7.14 (m, 1H), 6.42-6.30 (m, 2H), 3.77 (q, J = 7.6 Hz, 1H
1.40-1.35 (m, 2H), 1.29 (s, 9H), 1.14 (s, 12H); *C NMR (CDCls;, 100 MHz) &: 149.9, 145.9,
134.93, 134.85, 128.3, 128.0, 127.5, 126.0, 125.8, 125.3, 83.1, 44.3, 34.5, 31.3, 24.8, 24.7 ppm;
HRMS (ESI-TOF) m/z calcd for C,qH3¢BO, (M + H)": 390.2845, found 390.2846.

OMe

X

l BPin

4f

(E)-2-(4-(4-methoxyphenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(4f): The general procedure A was followed using styrene (1x, 21 mg, 0.20 mmol) and
1-(2-bromovinyl)-4-methoxybenzene (2f, 85 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 4f as a yellow
solid (57 mg, 78% yield): Rf = 0.5 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 400
MHz) &: 7.28-7.24 (m, 6H), 7.20-7.14 (m, 1H), 6.81-6.79 (m, 2H), 6.36 (d, J = 15.6 Hz, 1H), 6.21
(dd, J, = 15.6, J, = 7.2 Hz, 1H), 3.81-3.73 (m, 4H), 1. 42-1.33 (m, 2H), 1.13 (s, 12H); *C NMR
(CDCl;, 100 MHz) o: 158.6, 146.0, 133.4, 130.4, 128.3, 127.6, 127.4, 127.2, 126.0, 113.8, 83.1, 55.2,
443, 24.8, 24.6 ppm; HRMS (ESI-TOF) m/z calcd for Cy3H30BO; (M + H)+: 364.2324, found
364.2327.

OCF,

X

O BPin

49
(E)-4,4,5,5-tetramethyl-2-(2-phenyl-4-(4-(trifluoromethoxy)phenyl)but-3-en-1-yl)-1,3,2-dioxa
borolane (4g): The general procedure A was followed using styrene (1x, 21 mg, 0.20 mmol) and
1-(2-bromovinyl)-4-(trifluoromethoxy)benzene (2g, 107 mg, 0.40 mmol). Purification of this
material by chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 4g
as a yellow solid (69 mg, 83% yield): Rf = 0.5 (EtOAc : petroleum ether = 1 : 10); '"H NMR
(CDCl;, 400 MHz) 6: 7.33-7.27 (m, 6H), 7.20-7.16 (m, 1H), 7.13-7.09 (m, 2H), 6.42-6.32 (m, 2H),
3.80-3.75 (m, 1H), 1.41-1.36 (m, 2H), 1.13 (s, 12H); *C NMR (CDCls, 100 MHz) &: 148.0, 145.4,
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136.8, 136.4, 128.4, 127.4, 127.3, 126.8, 126.2, 121.0, 120.4 (q, J = 255.4 Hz), 83.2, 44.3, 24.8,
24.7 ppm; F NMR (CDCls, 376 MHz) &: -57.77. HRMS (ESI-TOF) m/z caled for C,3H,7BF50;
(M +H)": 418.2042, found 418.2045.

F

X

O BPin

4h

(E)-2-(4-(4-fluorophenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(4h): The general procedure A was followed using styrene (1x, 21 mg, 0.20 mmol) and
1-(2-bromovinyl)-4-fluorobenzene (2h, 80 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 4h as a yellow
solid (64 mg, 91% yield): Rf = 0.8 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 400
MHz) &: 7.29-7.25 (m, 6H), 7.19-7.15 (m, 1H), 6.97-6.92 (m, 2H), 6.39-6.25 (m, 2H), 3.76 (q, J =
7.6 Hz, 1H), 1.42-1.35 (m, 2H), 1.13 (s, 12H); ®C NMR (CDCls;, 100 MHz) &: 161.9 (d, J =
244.5 Hz), 145.6, 135.4 (d,J=2.3 Hz), 133.7 (d, /= 3.2 Hz), 128.4, 127.5 (d, /= 7.9 Hz), 127 .4,
127.1, 126.1, 115.2 (d, J = 21.3 Hz), 83.2, 44.3, 24.8, 24.6 ppm; "’F NMR (CDCls, 376 MHz) :
-115.41- -115.49 (m, 1F). HRMS (ESI-TOF) m/z calcd for C,H,;BFO, (M + H)": 352.2124,
found 352.2118.

Cl

X

O BPin

4i

(E)-2-(4-(4-chlorophenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(4i): The general procedure A was followed using styrene (1x, 21 mg, 0.20 mmol) and
1-(2-bromovinyl)-4-chlorobenzene (2i, 87 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 4i as a yellow
solid (63 mg, 85% yield): Rf = 0.8 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 400
MHz) &: 7.31-7.26 (m, 4H), 7.24-7.16 (m, 5H), 6.39-6.30 (m, 2H), 3.79-3.74 (m, 1H), 1.40-1.33
(m, 2H), 1.13 (s, 12H); ®C NMR (CDCl;, 100 MHz) &: 145.5, 136.4, 136.1, 132.5, 128.5, 128.4,
127.4, 127.3, 127.1, 126.2, 83.2, 44.4, 24.8, 24.7 ppm; HRMS (ESI-TOF) m/z calcd for
C,,H,7BCIO, (M + H)'": 368.1829, found 368.1828.
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CF4

X

O BPin

4
(E)-4,4,5,5-tetramethyl-2-(2-phenyl-4-(4-(trifluoromethyl)phenyl)but-3-en-1-yl)-1,3,2-dioxab
orolane (4j): The general procedure A was followed using styrene (1x, 21 mg, 0.20 mmol) and
1-(2-bromovinyl)-4-fluorobenzene (2j, 100 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 4j as a yellow
solid (58 mg, 72% yield): Rf = 0.8 (EtOAc : petroleum ether = 1 : 10); '"H NMR (CDCl;, 400
MHz) &: 7.52-7.50 (m, 2H), 7.42-7.40 (m, 2H), 7.32-7.26 (m, 4H), 7.21-7.17 (m, 1H), 6.52-6.41
(m, 2H), 3.80 (q, J = 7.6 Hz, 1H), 1.44-1.35 (m, 2H), 1.14 (s, 12H); *C NMR (CDCl;, 100 MHz)
5:145.1,141.1, 138.4, 128.4, 127.4, 127.1, 126.3, 126.2, 125.4 (q, J= 3.8 Hz), 124.2 (q, J=270.3
Hz), 83.2, 44.4, 24.8, 24.6 ppm; '’F NMR (CDCls, 376 MHz) &: -62.25; HRMS (ESI-TOF) m/z
caled for Co3H,7BF;0, (M + H)': 402.2093, found 402.2086.

CN

X

O BPin

4k

(E)-4-(3-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-1-en-1-yl)benzonitrile

(4k): The general procedure A was followed using styrene (1x, 21 mg, 0.20 mmol) and
4-(2-bromovinyl)benzonitrile (2k, 83 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 10) afforded product 4k as a yellow
solid (54 mg, 75% yield): Rf = 0.2 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 400
MHz) &: 7.56-7.53 (m, 2H), 7.40-7.37 (m, 2H), 7.32-7.26 (m, 4H), 7.22-7.17 (m, 1H), 6.55-6.38
(m, 2H), 3.80 (q, J = 7.6 Hz, 1H), 1.42-1.35 (m, 2H), 1.13 (s, 12H); *C NMR (CDCl;, 100 MHz)
5: 144.8, 142.1, 139.9, 132.3, 128.5, 127.4, 126.9, 126.6, 126.4, 119.1, 110.1, 83.2, 44.5, 24.7,
24.6 ppm; HRMS (ESI-TOF) m/z caled for C3H,;BNO, (M + H)": 359.2171, found 359.2178.
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CO,Me

X

! BPin

4
Methyl(E)-4-(3-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-1-en-1-yl)benzoate
(41): The general procedure A was followed using styrene (1x, 21 mg, 0.20 mmol) and methyl
4-(2-bromovinyl)benzoate (21, 96 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 10) afforded product 41 as a yellow
solid (73 mg, 93% yield): Rf = 0.2 (EtOAc : petroleum ether = 1 : 10); '"H NMR (CDCl;, 400
MHz) &: 7.95-7.92 (m, 2H), 7.38-7.36 (m, 2H), 7.32-7.25 (m, 4H), 7.21-7.16 (m, 1H), 6.54-6.42
(m, 2H), 3.89 (s, 3H), 3.80 (q, J = 7.6 Hz, 1H), 1.44-1.34 (m, 2H), 1.13 (s, 12H); “C NMR
(CDCl;, 100 MHz) 5: 166.9, 145.2, 142.2, 138.5, 129.8, 128.4, 127.5, 127.4, 126.3, 126.0, 83.2,
51.9, 44.5, 24.8, 24.6 ppm; HRMS (ESI-TOF) m/z caled for CpH3,BO, (M + H)': 392.2274,

found 392.2282.

X

O BPin

4m

(E)-4,4,5,5-tetramethyl-2-(4-(naphthalen-2-yl)-2-phenylbut-3-en-1-yl)-1,3,2-dioxaborolane
(4m): The general procedure A was followed using styrene (1x, 21 mg, 0.20 mmol) and
2-(2-bromovinyl)naphthalene (2m, 93 mg, 0.30 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 4m as a yellow
solid (66 mg, 86% yield): Rf = 0.6 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 400
MHz) &: 7.77-7.67 (m, 4H), 7.57-7.54 (m, 1H), 7.45-7.37 (m, 2H), 7.34-7.28 (m, 4H), 7.21-7.17
(m, 1H), 6.61-6.48 (m, 2H), 3.84 (q, J = 7.6 Hz, 1H), 1.48-1.37 (m, 2H), 1.14 (s, 12H); *C NMR
(CDCl;, 100 MHz) 6: 145.7, 136.1, 135.1, 133.7, 132.7, 128.5, 128.4, 128.0, 127.8, 127.6, 127.5,
126.2, 126.1, 125.7, 125.5, 123.7, 83.2, 44.5, 24.8, 24.7 ppm; HRMS (ESI-TOF) m/z calcd for
C,6H30BO, (M + H)": 384.2375, found 384.2376.
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O

BPin

4n

(E)-2-(4-(furan-2-yl)-2-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4n):
The general procedure A was followed using styrene (1x, 21 mg, 0.20 mmol) and
2-(2-bromovinyl)furan (2n, 69 mg, 0.40 mmol). Purification of this material by chromatography
on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 4n as a yellow solid (55 mg, 84%
yield): Rf = 0.6 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCls, 400 MHz) 8: 7.30-7.26 (m,
5H), 7.19-7.15 (m, 1H), 6.37-6.31 (m, 2H), 6.19 (dd, J, = 15.6 Hz, J, = 1.2 Hz, 1H), 6.12 (d, J =
3.6 Hz, 1H), 3.77-3.71 (m, 1H), 1.37-1.34 (m, 2H), 1.13 (s, 6H), 1.12 (s, 6H); *C NMR (CDCl,,
100 MHz) 6: 153.2, 145.4, 141.3, 134.7, 128.3, 127.5, 126.2, 117.1, 111.1, 106.5, 83.2, 44.1, 24.72,
24.65 ppm; HRMS (ESI-TOF) m/z calcd for C,0H,4BO3 (M - H): 322.1855, found 322.1852.

S

A
BPin

40
(E)-4,4,5,5-tetramethyl-2-(2-phenyl-4-(thiophen-2-yl)but-3-en-1-yl)-1,3,2-dioxaborolane (40):
The general procedure A was followed using styrene (1x, 21 mg, 0.20 mmol) and
2-(2-bromovinyl)thiophene (20, 76 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 40 as a yellow
solid (53 mg, 78% yield): Rf = 0.6 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 400
MHz) &: 7.30-7.25 (m, 4H), 7.19-7.15 (m, 1H), 7.07-7.05 (m, 1H), 6.91-6.89 (m, 1H), 6.86-6.84
(m, 1H), 6.51 (dd, J; = 15.6 Hz, J, = 1.2 Hz, 1H), 6.23 (dd, J; = 15.6 Hz, J, = 6.8 Hz, 1H),
3.77-3.71 (m, 1H), 1.39-1.32 (m, 2H), 1.14 (s, 12H); *C NMR (CDCls, 100 MHz) &: 145.4, 142.8,
135.5, 128.3, 127.5, 127.1, 126.1, 124.6, 123.3, 121.7, 83.2, 44.1, 24.8, 24.7 ppm; HRMS
(ESI-TOF) m/z calcd for Co0H»4BO,S (M - H)™: 338.1626, found 338.1620.

OMe
N™
I/

X
BPin

ap
(E)-2-methoxy-5-(3-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-1-en-1-yl)pyri
dine (4p): The general procedure A was followed using styrene (1x, 21 mg, 0.20 mmol) and
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5-(2-bromovinyl)-2-methoxypyridine (2p, 85 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 10) afforded product 4p as a yellow
solid (55 mg, 76% yield): Rf = 0.3 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;, 400
MHz) 6: 8.04 (d, J = 2.4 Hz, 1H), 7.61 (dd, J, = 8.8Hz, J, = 2.4 Hz, 1H), 7.31-7.26 (m, 4H),
7.20-7.16 (m, 1H), 6.66 (d, J = 8.8 Hz, 1H), 6.37-6.23 (m, 2H), 3.91 (s, 3H), 3.80-3.73 (m, 1H),
1.43-1.31 (m, 2H), 1.14 (s, 12H); *C NMR (CDCls, 100 MHz) &: 163.2, 145.6, 145.1, 135.4,
135.0, 128.4, 127.4, 126.7, 126.2, 124.4, 110.7, 83.2, 53.4, 44.4, 24.8, 24.7 ppm; HRMS
(ESI-TOF) m/z calcd for C,,H,0BNO; (M + H)': 365.2277, found 365.2287.

A

X

O BPin

4q

2-((3E,5E)-2,6-diphenylhexa-3,5-dien-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4q): The
general procedure A was followed using styrene (1x, 21 mg, 0.20 mmol) and
((1E)-4-bromobuta-1,3-dien-1-yl)benzene (2a, 84 mg, 0.40 mmol). Purification of this material by
chromatography on silica gel (EtOAc : petroleum ether = 1 : 20) afforded product 4q as a yellow
solid (56 mg, 78% yield, >20:1 dr): Rf = 0.5 (EtOAc : petroleum ether = 1 : 10); "H NMR (CDCl;,
400 MHz) 6: 7.36-7.33 (m, 2H), 7.31-7.25 (m, 5H), 7.24-7.23 (m, 1H), 7.20-7.15 (m, 2H), 6.75
(dd, J; = 15.6 Hz, J, = 10.0 Hz, 1H), 6.44 (d, J= 15.6 Hz, 1H), 6.22 (dd, J; = 15.2Hz, J, = 10.4
Hz, 1H), 5.99 (dd, J; = 15.2 Hz, J, = 7.2 Hz, 1H), 3.71 (q, J = 7.6 Hz, 1H), 1.35-1.32 (m, 2H),
1.14 (s, 12H); “C NMR (CDCl;, 100 MHz) &: 145.7, 140.3, 137.6, 133.5, 132.6, 130.7, 129.2,
129.0, 128.5, 128.3, 127.4, 127.1, 126.13, 126.09, 83.2, 44.3, 24.8, 24.7 ppm; HRMS (ESI-TOF)
m/z caled for C,4H30BO, (M + H)": 360.2375, found 360.2383.
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6. Further transformations for the product

6-1 Gram scale reaction
Ni(Cl104)2*6H,0 (5 mol%) O
L1 (7 mol%)
X X Br LiOMe(2.0 equiv)
+ szinz + X
MeO DMA, 30°C, 24 h BPIN
1a (8 mmol) 2a O
MeO

3a
87% yield, (2.53 g)

In an oven dried 250-ml Schlenk tube, which contained a stirring bar, was charged with
Ni(ClO4),.6H,0 (146 mg, 0.4 mmol), L1 (127 mg, 0.56 mmol), B,Pin, (4.06 g, 16.0 mmol), and
LiOMe (608 mg, 16.0 mmol). The tube was then evacuated and back-filled under a N, flow (this
sequence was repeated three times). Anhydrous DMA (80 ml) was added under N,, then
1-methoxy-4-vinylbenzene (1a, 1.07 g, 8.0 mmol) and (2-bromovinyl)benzene (2a, 2.93 g, 16.0
mmol) was added subsequently under N,, the tube was stirred at 30 °C for 24 h. The resulting
mixture was diluted with EtOAc (80 mL) and quenched by H,O (80 mL). Then it was extracted
with EtOAc (100 ml X 3). The organic layer was combined and dried over Na,SOy, filtered and
concentrated by rotary evaporation. The residue was purified by chromatography on silica gel
(EtOACc : petroleum ether = 1 : 50) afforded product 3a as a yellow solid (2.53 g, 87% yield).

6-2 Procedure for synthesis of 7 1!

O Pdy(dba)s, RuPhos

PhBr, NaO'Bu
X toluene/H,0, 80 °C
O BPin
MeO MeO
3a 7, 68% yield

In an oven dried 10-ml Schlenk tube, which contained a stirring bar, was charged with 3a (73 mg,
0.2 mmol), Pd,(dba); (3.7 mg, 0.004 mmol), NaO'Bu (77 mg, 0.8 mmol), and Ruphos (3.7 mg,
0.008 mmol) the tube was then evacuated and back-filled under a N, flow (this sequence was
repeated three times). Anhydrous toluene (1.0 mL), H,O (60 ul) and bromobenzene (94 mg, 0.6
mmol) was added subsequently under N,, the resulting mixture was allowed to stir at 80 °C for
24 hours. The reaction mixture diluted with EtOAc (5.0 ml) and H,O (5.0 ml). Then it was
extracted with EtOAc (5.0 ml x 3). The organic layer was combined and dried over Na,SOy,
filtered and concentrated by rotary evaporation. The residue was purified by silica gel
chromatography (EtOAc : petroleum ether = 1 : 40) to afford the product 7 as a colorless oil (43
mg, 68% yield): Ry = 0.6 (EtOAc : petroleum ether = 1 : 20); "H NMR (CDCls;, 600 MHz) &:
7.29-7.14 (m, 4H), 7.22-7.10 (m, 6H), 7.07 (d, J = 8.4 Hz, 2H), 6.82 (d, J= 8.4 Hz, 2H), 6.39 (dd,
J;=15.6 Hz, J, = 7.2 Hz, 1H), 6.27 (d, J= 15.6 Hz, 1H), 3.76 (s, 3H), 3.68 (q, J = 7.8 Hz, 1H),
3.12-3.03 (m, 2H); *C NMR (CDCl;, 150 MHz) &: 158.0, 140.0, 137.5, 135.7, 133.6, 129.6,
129.2, 128.8, 128.4, 128.1, 127.0, 126.1, 125.9, 113.8, 55.2, 49.9, 42.7 ppm; HRMS (ESI-TOF)
m/z caled for C,3H,30 (M + H)': 315.1749, found 315.1757.

S30



6-3 Procedure for synthesis of 8 %!

NaBO3+*4H,0 I2, NaHCO, | @
_THFHZO, 1t CHiCN. 25 °C_ ‘
L o
BPin /@
MeO MeO MeO
3a

3a-OH, 92% yield 8, 79% yield

In an oven dried 10-ml Schlenk tube, which contained a stirring bar, was charged with the solution
of 3a (73 mg, 0.2 mmol, THF 2 ml), NaBO3.4H,0 (154 mg, 1.0 mmol) and H,O (2.0 mL) were
added. The resulting mixture was allowed to stir at 25 °C for three hours. The reaction mixture
diluted with EtOAc (5.0 ml) and H,O (5.0 ml). Then it was extracted with EtOAc (5.0 ml x 3).
The organic layer was combined and dried over Na,SO,, filtered and concentrated by rotary
evaporation. The residue was purified by silica gel chromatography (EtOAc : petroleum ether =1 :
5) to afford the product 3a-OH as a white solid (47 mg, 92% yield): R,= 0.2 (EtOAc : petroleum
ether = 1 : 5); '"H NMR (CDCls, 400 MHz) &: 7.38-7.35 (m, 2H), 7.31-7.27 (m, 2H), 7.23-7.19 (m,
3H), 6.91-6.88 (m, 2H), 6.52-6.32 (m, 2H), 3.88 (d, J = 6.8 Hz, 2H), 3.80 (s, 3H), 3.65 (q, J=7.2
Hz, 1H), 1.61 (s, 1H); *C NMR (CDCl;, 100 MHz) &: 158.6, 137.0, 132.7, 131.8, 130.0, 129.0,
128.5,127.4, 126.2, 114.2, 66.4, 55.3, 50.9 ppm; HRMS (ESI-TOF) m/z calcd for C;H;50, (M +
H)": 255.1385, found 255.1382.

In an oven dried 10-ml Schlenk tube, which contained a stirring bar, was charged with 3a-OH (51
mg, 0.2 mmol), NaHCO; (50 mg, 0.6 mmol, 3.0 equiv.), I, (102 mg, 0.4 mmol, 2.0 equiv.), then
CH;CN (4 mL) were added under N,. The resulting mixture was allowed to stir at 25 °C for 12
hours. A saturated solution of Na,S,O; (2 mL) was added, the reaction mixture diluted with
EtOAc (5 ml) and H,O (5 ml). Then it was extracted with EtOAc (5 ml x 3). The organic layer
was combined and dried over Na,SO,, filtered and concentrated by rotary evaporation. The
residue was purified by silica gel chromatography (EtOAc : petroleum ether = 1 : 20) to afford the
product 8 as a white solid (60 mg, 79% yield): R, = 0.6 (EtOAc : petroleum ether = 1 : 10); H
NMR (CDCl;, 600 MHz) &: 7.54-7.51 (m, 2H), 7.41-7.32 (m, 3H), 7.26-7.22 (m, 2H), 6.91-6.89
(m, 2H), 5.16 (d, J=13.8 Hz, 1H), 4.34 (t, /= 13.2 Hz, 1H), 4.11 (t, J=13.2 Hz, 1H), 3.92 (t, J =
14.4 Hz, 1H), 3.80-3.73 (m, 4H); "C NMR (CDCl;, 150 MHz) &: 159.0, 138.4, 130.2, 128.5,
128.5, 128.3, 126.6, 114.3, 89.6, 74.0, 56.5, 55.2, 36.9 ppm; HRMS (ESI-TOF) m/z calcd for
Cy7H610, (M - H): 379.0195, found 379.0199.

6-4 Procedure for synthesis of 9 !

CICH,Br, n-BuLi, THF, -78°Cto rt

X then NaBO3*4H,0, THF/H,0, rt X
BPi
> oy
MeO MeO
3a 9, 78% vyield

In an oven dried 10-ml Schlenk tube, which contained a stirring bar, was charged with 3a (73 mg,
0.2 mmol), the tube was then evacuated and back-filled under a N, flow (this sequence was
repeated three times). Then THF (2.0 mL) and bromochloromethane (78 mg, 129 mmol) was
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added and the reaction was cooled to -78 °C, followed by the dropwise addition of n-BuLi (0.24
mL, 2.5 M in hexanes, 0.6 mmol) at -78 °C. The reaction stirred at -78 °C for 10 minutes, then
warmed to 25 °C and stirred for 12 h. The reaction mixture was quenched by H,O (10 mL), then it
was extracted with EtOAc (10 ml X 3). The organic layer was combined and dried over Na,SOy,,
filtered and concentrated by rotary evaporation. The residue was dissolved in THF (2.0 mL).
NaBO;.4H,0 (154 mg, 1.0 mmol,) and H,O (2.0 mL) were added, the resulting mixture was
allowed to stir at 25 °C for three hours. The reaction mixture diluted with EtOAc (5.0 ml) and H,O
(5.0 ml), then it was extracted with EtOAc (5.0 ml x 3). The organic layer was combined and
dried over Na,SQ,, filtered and concentrated by rotary evaporation. The residue was purified by
silica gel chromatography (EtOAc: petroleum ether = 1:5) to afford the product 9 as a colorless oil
(42 mg, 78% yield): R, = 0.3 (EtOAc: petroleum ether = 1:5); "H NMR (CDCls;, 600 MHz) §:
7.34-7.33 (m, 2H), 7.29-7.24 (m, 2H), 7.20-7.17 (m, 3H), 6.87-6.86 (m, 2H), 6.41 (d, /= 16.2 Hz,
1H), 6.31 (dd, J; = 16.2 Hz, J, = 7.8 Hz, 1H), 3.79 (s, 3H), 3.69-3.58 (m, 3H), 2.10-1.99 (m, 2H),
1.41 (s, 1H); *C NMR (CDCl;, 150 MHz) 8: 158.1, 137.3, 135.7, 133.8, 129.3, 128.51, 128.45,
127.1, 126.1, 114.0, 60.9, 55.2, 44.5, 38.4 ppm; HRMS (ESI-TOF) m/z calcd for C13H»;BO, (M +
H)": 269.1541, found 269.1548.
6-5 Procedure for synthesis of 1

O VinylMgBr, THF, rt

o el

then I, -78 °C
AN then NaOMe rt
O BPin
MeO MeO
3a, 87% yield 10, 88% vyield

In an oven dried 10-ml Schlenk tube, which contained a stirring bar, was charged with 3a (73 mg,
0.2 mmol), the tube was then evacuated and back-filled under a N, flow (this sequence was
repeated three times). Then THF (2.0 mL) and vinylMgBr (0.80 mL, 1 M in THF, 0. 80 mmol)
was added at 25 °C, The resulting mixture was allowed to stir at same temperature for 0.5 h. A
solution of I (203 mg, 0.8 mmol, 2 mL MeOH) was then slowly added to the reaction mixture at
-78 °C and stirred for 0.5 h. Then a solution of NaOMe (130 mg, 2.4 mmol, 2.4 mL MeOH) was
added slowly at -78 °C. The resulting mixture was then warmed to 25 °C and stirred for 1 h. The
reaction mixture was quenched by saturated aqueous Na,S,0; (5 mL), then it was extracted with
EtOAc (10 ml X 3). The organic layer was combined and dried over Na,SO,, filtered and
concentrated by rotary evaporation. The residue was purified by silica gel chromatography
((EtOAc : petroleum ether = 1 : 20) to afford the product 10 as a yellow oil (47 mg, 88% yield): R,
= 0.8 ((EtOAc : petroleum ether = 1 : 10); '"H NMR (CDCl;, 600 MHz) &: 7.34-7.32 (m, 2H),
7.28-7.25 (m, 2H), 7.21-7.15 (m, 3H), 6.87-6.84 (m, 2H), 6.38-6.31 (m, 2H), 5.79-5.72 (m, 1H),
5.06-4.97 (m, 2H), 3.78 (s, 3H), 3.48 (q, J = 7.2 Hz, 1H), 2.59-2.51 (m, 2H); *C NMR (CDCl;,
150 MHz) o: 158.0, 137.4, 136.6, 135.8, 133.8, 129.4, 128.6, 128.4, 127.0, 126.1, 116.2, 113.8,
55.2, 48.0, 40.2 ppm; HRMS (ESI-TOF) m/z caled for CioH;9O (M - H): 263.1436, found
263.1439.
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7. Competition reaction of different Reactants.

X 2a + B,Pin,
+ Reactants > X +
MeO standard conditions BPin AN
1a 5 BPin
C B
3a

1a:5=1:1 MeO
6
3a: 91% vyield X 3a: 92% yield 3a: 72% vyield
6a: trace 6b: trace 6c: trace
5a 5b 5c
3a: 91% yield _ 3a:76% yield
6d: 0% vyield 6e: 0% yield
5d 5e

In an oven dried 25-ml Schlenk tube, which contained a stirring bar, was charged with
Ni(ClOy),.6H,0 (3.7 mg, 0.01 mmol), L1 (3.2 mg, 0.014 mmol), B,Pin, (102 mg, 0.4 mmol), and
LiOMe (15 mg, 0.4 mmol). The tube was then evacuated and back-filled under a N, flow (this
sequence was repeated three times), anhydrous DMA (2.0 ml) was added under N,. then 1a (27
mg, 0.2 mmol), 5 (0.2 mmol) and 2a (73 mg, 0.4 mmol) was added subsequently under N,, the
tube was stirred at 30 °C for 24 h. The resulting mixture was diluted with EtOAc (2 mL) and
quenched by H,O (2 mL), then it was extracted with EtOAc (10 ml X 3), the organic layer was
combined and dried over Na,SOy, filtered and concentrated by rotary evaporation give the crude
product. n-Dodecane (23 pL) was added as an internal standard for GC-MS and GC analysis.
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8. Some failed reaction

Ni(ClO4)2*6H,0 (5 mol%)
L1 (7 mol%) Ph
LiOMe (2.0 equiv)

DMA, 30 °C, 24 h BPin
5 E/Z = 84:16 R
2a 67
NR NR NR

* Standard conditions: 5 (0.2 mmol), 2a (0.4 mmol), Ni(ClO4)y6H,O (0.01 mmol), L1 (0.014
mmol), LiOMe (0.4 mmol), DMA (2.0 mL), at 30 °C for 24 h.
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9. discussion on mechanism

. B standard conditions
+ 82P|n2 + Ph/\ﬂ‘ r > NR (eq 9'1)

E/Z = 84:16

As shown at eq. 9-1, radical clock experiment was carried, but this chemistry did not
work with this kind of substrate.

Ph

. Br . X
. standard conditions
W + BaFing BPin (eq. 9-2)

2a (E/Z = 84:16)

4a, 19% yield

When this reaction was carried without alkene substrate, the product 4a could be isolated with 19%
yield (eq. 9-2). This data indicated that styrene should be produced in the reaction system. Based
on the above result and the literatures, the proposed mechanism for the formation of 4a was shown
as Scheme S9-1. Notably, the compound III should be generated as key intermediate in this
transformation. '’ The above information could verify the rationality of the proposed reaction

mechanism in the text.

B,Pin+LiOMe

N H,O  PinBOH
SBr NP {Ph ; Ph
Ph/\,\r ‘\\—NillfBr : ‘\\—NillfBPin: ‘\\*Ni”*H
2 I ! m : v
PinBOMe+LiBr ... _______ !
preseensnnnnnns . k[m"]
v Ph i

the optimal Ph
X i <conditions
BPin! . Br oy
boopnT styrene
! 2

Scheme S9-1. The mechanism for the formation of 4a

S35



10. References

(1) Y. Feng, C. Yang, Q. Deng, R. Xiong, X. Zhang and Y. Xiong, Synthesis of Antitricyclic
Morpholine Derivatives through Iodine(IlI)-Mediated Intramolecular Umpolung Cycloaddition of
Olefins, J. Org. Chem., 2020, 85, 4500-4506.

(2) E. K. Aratikatla, T. R. Valkute, S. K. Puri and K. Srivastava, Norepinephrine alkaloids as
antiplasmodial agents: Synthesis of syncarpamide and insight into the structure-activity
relationships of its analogues as antiplasmodial agents, European Journal of Medicinal
Chemistry., 2017, 138, 1089-1105.

(3) M. H. Aukland, F. J. T. Talbot, J. A. Ferndndez-Salas, M. Ball, A. P. Pulis and D. J. Procter,
An Interrupted Pummerer/Nickel-Catalysed Cross-Coupling Sequence, Angew. Chem. Int. Ed.,
2018, 57, 9785 -9789.

(4) B. Devan, Q. Liam and G. A. O'Doherty, Efficient synthesis of 5-aryl-2-vinylfurans by
palladium catalyzed cross-coupling strategies, Tetrahedron Letters., 1999, 40, 4769-4773.

(5) S. Movahhed, J. Westphal, M. Dindaroglu, A. Falk and H.-G. Schmalz, Low-pressure Cobalt-
Catalyzed Enantioselective Hydrovinylation of Vinylarenes, Chem. Eur. J., 2016, 22,
7381-7384.

(6) F. Cong, Y. Wei and P. Tang, Combining photoredox and silver catalysis for
azidotrifluoromethoxylation of styrenes, Chem. Commun., 2018, 54, 4473-4476.

(7) Y. Li, Z. Ding, A. Lei and W. Kong, Ni-Catalyzed enantioselective reductive aryl-alkenylation
of alkenes: application to the synthesis of (+)-physovenine and (+)-physostigmine, Org. Chem.
Front. 2019, 6, 3305-3309.

(8) W. Yu, L. Chen, J. Tao, T. Wang and J. Fu, Dual nickel- and photoredox-catalyzed reductive
cross-coupling of aryl vinyl halides and unactivated tertiary alkyl bromides, Chem. Commun.,
2019, 55, 5918-5921.

(9) A. H. Cherney and S. E. Reisman, Nickel-Catalyzed Asymmetric Reductive Cross-Coupling
Between Vinyl and Benzyl Electrophiles, J. Am. Chem. Soc., 2014, 136, 14365-14368.

(10) T.J. DeLano and S. E, Reisman, Enantioselective Electroreductive Coupling of Alkenyl and
Benzyl Halides via Nickel Catalysis, ACS Catal. 2019, 9, 6751-6754.

(11) J. Liu, Q. Ren, X. Zhang and H. Gong, Preparation of Vinyl Arenes by Nickel-Catalyzed
Reductive Coupling of Aryl Halides with Vinyl Bromides, Angew. Chem. Int. Ed. 2016, 585,
15544 -15548.

(12) L. Nattmann, S. Lutz, P. Ortsack, R. Goddard and J. Cornella, A Highly Reduced
Ni—Li—Olefin Complex for Catalytic Kumada—Corriu Cross-Couplings, J. Am. Chem. Soc.
2018, 140, 42, 13628-13633

(13)N.-Y. Wu, X.-H. Xu and F-L. Qing, Copper-Catalyzed Regioselective
Borylfluoromethylation of Alkene, ACS Catal., 2019, 9, 5726—5731.

(14)C. Chen, X. Shen, J. Chen, X. Hong and Z. Lu, Iron-Catalyzed Hydroboration of
Vinylcyclopropanes, Org. Lett., 2017, 19, 5422-5425.

(15)L. Chen, Y. Yang, L. Liu, Q. Gao and S. Xu, Iridium-Catalyzed Enantioselective a-C(sp3)fH
Borylation of Azacycles, J. Am. Chem. Soc., 2020, 142, 12062-12068.

(16)T.-T. Gao, W.-W. Zhang, X. Sun, H.-X. Lu and B.-J. Li, Stereodivergent Synthesis through
Catalytic Asymmetric Reversed Hydroboration, J. Am. Chem. Soc., 2019, 141, 4670-4677.
(17)(a) J.-F. Li, Z.-Z. Wei, Y.-Q. Wang and M. Ye, Base-free nickel-catalyzed hydroboration of

simple alkenes with bis(pinacolato)diboron in an alcoholic solvent, Green Chem., 2017, 19,

S36



4498-4502. (h) T. Kamei, S. Nishino and T. Shimada, Ni-catalyzed hydroboration and
hydrosilylation of olefifins with diboron and silylborane, Tetrahedron Lett. 2018, 59,
2896-2899.

S37



00—

%3
s
966~
6557
99
89
609
189
P69
69

8I'L

6l's

STLY
9T i~
hah\ﬁ
8TL

8TL ﬁ
61

6T1
61

1€1
6EL

651
654
651
09i
0L
9L

Ph

Ir

HJAIH |

=001

660

660
660
#5017
=60
e0z
=661

00 =05 -1

0.5

3.5 30 25 2.0

4.0

6.0 5.5 5.0

6.5

9.0 &5 &0

9.5

£1

6191
00iL
1z1L

Lren—

€TEL
pISZI W
POLTI~S
121

98821 \
6621
vl

LETHI~
orEpt

Ph

Ir

10
£1 Gpa)
S38




00—

£9E—

PES
o«.nv

88~
1657

€99
.eouv
169
hneuv
017
101
601
org

SI'L
'L
'L
e
8I't
wi
wi
€L
€TL

STL

Me~N

1v

J‘Hll

90'E

=001

001

=i60
96'0
A o't
961
A 96

T

3.5 30 25 2.0 15 1.0 0.5 00 =05 -1

4.0

5.5 5.0

6.0

6.5

9.0 &5 &0

9.5

wTE—

6191
00LL
1z1L

Me~-N

1v

| |

LU ]

100
(pa)
S39




00—

e
ELE
ELE
SLE
j733
18€

BPin

MeO

3a

Foary

F ooz

F 10z

16T
m b4
90T

00 -5

0.5

6.0 5.5 5.0 o 4.0 3.5 30 25 2.0 1.5

6.5

9.0 &5 &0

9.5

89T
619 >

SKEP—

ETSS—

8991
00iL
el
res—

0LrEn—

2ozt
TIAN
86421
LE821
L6SET~
S L€
ssie1/

wWist—

BPin

MeO

100
(op=)
540




000 —

g

9E1

8€1
ol
[421

e—

SLE
1733
6LE
18€

L

=orel
F oz

= 66'C

E o001

i
g
P

o

MY
=8
Nw =™

-1

0.0 -5

0.5

3.5 30 25 2.0 1.5

4.0

6.0 5.5 5.0

6.5

9.0 &5 &0

9.5

£1

orie~
1992
ohvnv

SUEp—

8991
00iL
Ll
(U413

sTiu
!.u«./
3@«./
6E 81
N.G«.W.
SH8TI
STSEL—
SHiEl—
LTEPI—

16801 —

P91 —

BPin

e

| ml“\

100
(op=)
s41




00—

[4a)
Ert
(U3}

LE1
1E1
8€1
8€1
6ET
¥l
EF1

ELE
SLE
j733
8rE

PEY
99
8€9
o¥9
%9
wo

8K
N_L
1714
171
i
€L
Vi
Vi
Ti
sTi

8T1
8T1L
6T41

0EL
€4

€L
PEL
PEL

BPin

'Bu

|

3c

AJUL

- 0021
» SO'6
o0t

F oot

I 1oz

SOt
m 90
09

T
0.0

0.5

2.0

25

30

4.0

5.5

6.5

&0

&5

9.5

£1

(4404
£8 'NV.

8E1E—
EEPE—

16Ep—

8991
0oLt
el
1reg—

6’5zl
ﬂ_.z_/
28921

coi1;
«_.u«_\
9821

PESEL
891617
1028~

P8I —

BPin

'Bu

3c

100
(op=)
s42




00—
Ul
€1
(43
EET
PET
PET
91

91
8€1

¥l
[}

1€2—

(433
ME
IE
8rE

€€9

J

=p0°Zl
F oi61

 00'€

oot

F iz

S6'1
% (43

€01
M 960
€07

0.0 -5

0.5

3.5 30 25 2.0 1.5

4.0

6.0 5.5 5.0

6.5

9.0 &5 &0

9.5

£1

1602~
89T
vauv

W6Ep—

8991
00iL
ELL
EIE8—

PIoTI
£8921
8Tl
EI'8Z1
LE8TI 7
10621
(4333
LLSEL W
L9 LET
LTI

BPin

Me

3d

Ll

"

100
(op=)
543




00—

el
(13
PET
PET
SETY
on_)f
11

8L
8I'iL7)
8I'e
i
i
STL
i
i
iTi
1Tt
8T1L
8Ti
6T1
EL
€L

€L
€L
PEL

BPin

Me

3e

=znren
Eoore

=

F ey

16°0
% €07
7 90T

660
M 1
S0T

00 =05 -1

0.5

6.0 5.5 5.0 4.5 4.0 3.5 30 25 2.0 1.5
£1 (ppa)

6.5

9.0 &5 &0

9.5

LU AN
99T
QNvNV

6THh—

6191
00 :W
1711
1res—

EF I
1ozl
18921
<89z
6I'sZl
€282 W
SESI
LISET
99 €1
seic1”

s —

BPin

Me

3e

|1

100
£1 Gpa)
s44




000~

601
i

9€1
LE1
8E1
6E'1

BPin

Me

®

J

b

W

909
1 609
=807

~90'¢

oot

oz

0T
60T

ﬁaou

60'E

00 =05 -1

0.5

30 25 2.0

3.5

6.0 5.5 5.0 4.5
£1 (ppa)

6.5

9.0 &5 &0

9.5

SI61—
6567
_hvuV

SL6E—

8991
00 :W
ELL
80€8—

68521
orozi
wou
(2424
EIszl
:..MN_W
8I'0€l
LESEl =
6LSET %
SULEL
SHEPI—

BPin

Me

3f

|I|J“ '

100
£1 Gpa)
S45




000

£l
£l
1€1
€1
1€1
el
PET
SET
LE1
6E'1
Wi

e
9IE
1733
6L

BPin

E€L

0.0 -5

0.5

LJJL_
AP
23538
O ——
9.0 &5 80 6.5 6.0 5.5 5.0 a% 4.0 3.5 30 25 2.0

9.5

19T
S 'NV

1SEp—

8991
00iL
ELL
6I'E8—

ow.v:
o_.n:V
ozt
10421
8€8T1
EF8TI
£88Z1
16821

SHEET—

pLET
9 THI—

E1091—
9CT91—

BPin

S46

L)




1TL00
ozLI-
srirt-
ULt
PULIT

BPin

-1 -190 -1&0 -10 -180

-130

-8R
-8

-9

00—

i
el
0l
€1
€l
PET
SET
1E1
61
¥l

ELE
SLE
ie

6LE

BPin

]

3h

-

=501
F o0z

F 602

667
90°
S0T

0.0 -5

0.5

60 55 50 45 40 35 30 25 20 15
£1 Gpa)
S47

6.5

9.0 &5 &80

9.5



89T
8T >

0reEp—

8991
00iL
ELL
STES—

S1ozI
10421
0K ST
SKSZI
9921
eﬁs\
eciery
ZaSEl
9€ L1
1Zhp—

BPin

]

3h

i

000

18€
1243
S§E

I8€

BPin

=orzl
F 60z

Sl

-« o0l

PR AL
2885
NN - —~

0.0 -5

0.5

6.0 55 5.0 5 40 35 30 25 20 15
£1 (ppa)
S48

6.5

9.0 &5 &80

9.5



PIPT
9 'NV

6l ph—

8991
00iL
el
1€€8—

YZOZIY
Y621
E£TSTY
9T ST
0£'S21
PESTIL
$95217
11921
07 121
184211
88T %
L0621
oK bEI
ST LET
98 641 —

BPin

FiC

Lree—

T T
=220 -230 -240 -2t

T T T T T T T T T T T
=100 -110 -120 -10 -1 -10 -1&0 -1V -180 -1%0 -200 -210

£1 (pp=)

T

T

T
=70 -80 -0

T
-0 -60

T

T T T
=20 -30 -40

T
-10

-8
-8

-9

549



00—

Ert
Pl
PET
91

€1
8€1
11
(12
K1

1€1
S64
wanv

BPin

Me0,C

=861
F oz

Y

- qu_

-
s

6.5

00 =05 -1

0.5

5.5 5.0 4.5 4.0 3.5 30 25 2.0 1.5
£1 (ppa)

6.0

9.0 &5 &0

9.5

89T
173 vNV.

LEP—

961§—

8991
001i
il
szes”

81921
e
0Lzt

PUSTI
L¥8ZI

wamu_w
SL6zt
19pET
1ELET

8rist—

aron—

£
o
@

|

T
110

T
120

T
130

T
140

T
160 150

T T T
190 180 170

T
200

T
20 20

£1 (pp=)

S50



oo

BPin

()
(J

Ph

=102l
F ooz

F o0l

e ald
g3z
- o -

0.0 -5

0.5

6.0 5.5 5.0 4.5 4.0 3.5 30 25 2.0
£1 (ppa)

6.5

9.0 &5 &0

9.5

89T
44 vuv

SUpp—

8991
cﬁ:uv
el
1768

81921
<6921
66921
60121
18121
¥zl
szl
89821
EFSEI~
5 161~
prGEL
i’
06 bb1—

BPin

Ph

3k

- IIJLI m_

100
£1 Gpa)
S51

T
10

T
160

0

T
7

T
180




0o

86€
6E9

KO
9¥9

SIe
SIL
SI'L
9L
e
e

8I'L
6I'L
61'L
i
i
STL
STL
9L
9L
8T1
8T1L
6T 1
1€1
1€1
€L

EEL
EE€L
EE€L
bEL
bEL
SEL

6EL
o¥e
0¥ L
¥
Wi

i)
€61
1173
i
I
WL
KL
KL
wi
wi
oLt
i
8ii
61

601

BPin

e L

=<0zl

F p0Z

F oot

TR
533858
smNo—

00 =05 -1

0.5

6.0 5.5 5.0 4.5 4.0 3.5 30 25 2.0
£1 (ppa)

6.5

9.0 &5 &0

9.5

69T
619 V

6Eph—

8991
00 :W
ELL
6I'E8—

1zszl
¥zl
60521
81921
8Kozl
6921
pSLTI
oLt
16421
[4:14)
£9821
1zZel =
SCEEL
EFSEL “
8CLET
0TEN —

BPin

| I]u“

100
£1 Gpa)
S52

T
10




00—

101~
w”
151
«©l
1
1

91
51
81

o
£Ip
Py
99 b
99
8K9
0o
159

w®9

£€9

are
e
8I'i

223
STL

€L
w®t
£¥1
[
i
37
i¥L
sKi
641
151

AN
i
Nn.sV.
PEL
S81L

9 wv.

18

BPin

L

09
Aaa.m

o

860

Feoz

10T
=107
»8&

0
=101
o0

o0l

00 =05 -1

0.5

5.5 5.0 o 4.0 3.5 30 25 2.0

6.0

9.0 &5 &0

9.5

15T
173 vnV.

868E—

6191
00iL
11
SIE8—

8¥ETI
EGETI
6T5T1
13374
L9sT1
orozt
€rott
68921
8€8T1
69821
FIEl
IS EET
1ESET
PCLET
il

BPin

10
£1 Gpa)
S53




00—

i
_n_/
EET

PET
91
8€1
¥l

1T
1Tt

€L
EE€L

PEL

BPin

_d

3

*=60T1
o161

F s0e

F oo

F 10

F w?
660
66'0
'l
660

80T

00 =05 -1

0.5

6.0 5.5 5.0 o 4.0 3.5 30 25 2.0

6.5

9.0 &5 &0

9.5

89T
81 vuw
086

ELEP—

=
8991
00iL
el
60E8—

8801 —

68€21
orozt
18921
<8971
69214
8121
sestt/
OI9ET
SOl
i1/

LE8ST—

BPin

. Hﬂl e ll_

100
(op=)
S54




00—

Il
0E1
43|
43|

EET
SET

89¢€
0L
(433
e

BPin

=00zl
= 50T

F oot

-1

T
0.0

0.5

1.5

25 2.0

30

4.0

£1

5.5

&0

&5

9.5

0r'v
18 vnv

opp—

8991
00iL
el
8I'es—

£roor—

E0801—

wozr—
ozt
69T~
61'8Z1
o¥szl
65CET~
SCLET—
PEGET

ELSPI~
[EF1]

BPin

|

il [

100
(op=)
$55




000~

ozl
aﬂ_k
an_/

EET
PET
9€1
8E1

cooRRRN 0w
——aaoQeaaaqa
SeTveee e

e e e e |\ [ sttt

00 =05 -1

0.5

3.5 30 25 2.0

4.0

BPin
16

6.0 5.5 5.0

6.5

b
588
ooy —

9.0 &5 &0

9.5

69T
10 muv

8I'se—

§€99
1899
8699

61'L9
wmmo\
8991
00iL
ELL
EIEs—

98 p6—

aﬁou_
£8921 V
1T 8Ll
K8
(4437 b
6L LET—

o

1l

BPin

S56




88¢€
06 €
16€
I6€

BPin

L

il

o001

00 =05 -1

0.5

6.0 5.5 5.0 fa 4.0 3.5 30 25 2.0 15

6.5

9.0 &5 &0

9.5

mwe
vmvuv

1E8E—

6191
00iL
1z1L
1TE8—

09501~
#9001

EFETL
Z9TI /
L0921 W
orezn
PY8ZI

16821
SI6Z1

SUIEr
sn«n_\
LELET
orzst—

EE8ST—

BPin

I

il

100
(op=)
57




s8Il
s8Il
1E1
ol
[4a|
[4a|
EF1

vl
6¥1
151
€1

oo
e
oy

Rl

£€9
PED
9€9
8€9
8KF9~

89
€It
¥
61'1]
1744

243
STL
9L
8T1L
€L
€4
EEL
SEL
€L
i€1
Wi

9L
9L

BPin

ll
v
0.0

N

L

=861

F 161

I 860

o1
E 660

* 960
a1
{ oz
SU9
¥ 007

19T
68 vnV

orop—

8991
00iL
el
PEES—

65221
Uzt
(1274
0€9Z1
0Lzt
srit

SK8TI
U8
L0621

1SpEl
ELPEL
6T LET
Preel
6601 —

BPin

Lok L ”Ll

100
(op=)
$58




6I'1
(U4}
9€1

oKl
(40 iy
8Kl
oSt
[}
w$r

S6E
16€
66€
1o

BPin

3s

N

-

il

18—

8991
00iL
el
9EE8—

LE101—

16on
6€£021 N
SET
wen
62921
sTint
L¥8ZI
64821
TEOET 4
8CIEl 4
ETLEL—

SEpST—

16191 —

BPin

3s

|
S59

|

[l




jigy
60p
ey
Ery

€9
€9
669
19
1597

wi
€1
¥ 1]
STL
171
il
L
871
871
61
0L
0L
€1
PEL

SEL
9L
1€1
$9L

BPin

3t

N

1

T

ezl

F oot

F oot

1
00’1

66'0
161
10°€
PO°Z
00°1
660

L Y

-1

T
0.0

4.0

4.5

£1 (opa)

T
5.0

199
68 vNV

1S0p—

8991
00 :v
el
6EE8—

SC6l1
sreu
€622
IFETL
86ET1—
TENTI7
€L
8K8ZI
£C621
SGEET
0z L€1
9E 6E1
POOKI

LTSNy

1St

BPin

3t

WMMMMLM

100
£1 Gpal
S60




BPin

—

3u

=802l

F ooz

960

F o0z

v 160
> €07
®opoe
207

F o0z

* 86'0

4.5

£1 (opa)

5.0

6 ph—

8991
00 :W
el
ETES

i
szt
Lroz1
60421
ST8U
PHSTI
16821 b
PEGTI
LI0ET \.
GSPEI7
SLSEN
PELET \
orppr—
6T 1P~
LL6PI—

BPin

3u

|

[l MU

100
£1 Gpa)
S61




nr
n_._v
8Kl

6¥1
151

Wl
91
i1
8¢

SLE—
oze
oy

1z
e
1z
e

wr
€r
£r
£Tr

8K9
159
€9

59

599>
ii§3
1015
€01
01
[L7s
373
€It
e
ire
s8It
171
€1
€1
€1
Wi
0€L
0€L

€4
L

BPin

=802l

10

> g

o001

F 807
-~ 660
860
201
I co¢
w 107
607

-1

T
0.0

w
w

196
vwvnv

9§ TE—

61—

6191
00iL
11
SUE8—

8866—

8Ti01—

ou.o:
wc_«_ /
ozt
99921
|1 24
POSZI
244
6Z 81
SECEL
89¢1 M
98 LET
EI'SEl

3v

100
(op=)
62




EL

Y

I

v

»

0ot

001
001
L
4}
wl
o1
£9°0
oK'l
10

-1

T
0.0

E8EI—
i1z
199
;-«.\.
0rsT
R.oN\
9K 6T
091e
wwmn\
[44:13
SgEP
Ery

56/

6191
S:W
170t

sreg””

L1602

) hhll |

|

111‘

T
130

T
140

T T
210 200

T
220

S63



000 —
eIt
EET

PET
SET
9€'1
LET
€1
8€1

oKl
¥l
(4}
X1
0€T—

ELE
SLE
1733
6LE

99
879
0€9
0E9

bED
9€9
1€9
o¥o

b2
1oL
1oL
L]
SIe
e
'L
e
i
ire

PR

8I'L
0TL
1Ti
171
wi
€TL

iTi
1Tt

8T1L

Me

BPin

4b

LA

=161
F oz

= E0E

F oot

F e

» 10T
sap
10€

-1

T
0.0

orie~
19T
_mvuv

SEPP—

8991
00iL
ELL
EIE8—

Me

BPin

4b

100
(op=)
S64




SLE
IE
e
e
8rE
8IE
8IE
6LE

4
o
@

=902l
oot

- 86T

I 860

AR
g8s
g

-1

T
0.0

SETT~
19T
gouv

9E ph—

6191
00iL
11
Pres—

SEELI
90921
18921
LK LT
69121
62821
tese/
OKSEI,
S L€l
sgie1”

08SH—

o

BPin

4c

L

100
(op=)
65




000~

Erl
SET

8E1
6E'1
6ET
ol
(0]
w1

V1
e

6L
18€

9
sT9

179
199
99
»99
P9
80¢L

60'L
60'L
ore
ore
e
SIL
9L
9L
9L
9L
e
e
e
8I'L
8I'L
PT 1A
9L
1T1
1T
171
8T1
8TL

6T 1
6T1L

0€L
0EL

8€L
8EL
6EL
6EL
6EL
0¥

Ll

=60T1
0T

=0t

LY

001

v
8

SOE’
101
€0
o'l

AN

00 =05 -1

0.5

6.0 5.5 5.0 4.5 4.0 3.5 30 25 2.0 1.5
£1 (ppa)

6.5

9.0 &5 &0

9.5

LL61—~
89T
64 vuV

PIPE—

6191
00 :W
171
EIE8—

ezl
16521
0921
S09z1
£5971—
SK LTI \

LU0ET
o_.nn_\.
L99€1
00 LET
EFCHI—

Me

BPin

100
£1 Gpa)
S66




PE
IE
8r'E
08€E

uJuL

#9021
— 968
B 807

F oot

-5

0.0

-1

89T
_mvuv

8TIE—
oK pE—

9T hh—

8991
00iL
ELL
EIE8—

€521
12434}
09zl
GFLTINE

6421
wﬂwu_N
SEPEL
mo.vm_v.

1651 —
06601 —

...k,

100
(op=)
67




00—

ELE
ELE
e
PE
SLE
9E
iLe
8rE
6LE
08€E
08€E
I8¢
18€

0zo
w9
o

9z9
e
869
609
199
[E3Y

or'i]
i
8I'L
8I'L
6I'L
[l
Wi
STL
iwi
it
8TL
STL

OMe

W

=1z
E oz

= 0re

00°1
00°1

'

00°1
109

”™

T
-5

T
0.0

-1

PIPT
8 vuv.

EEPP—

66—

8991
00LL
L
60E8—

Lwen—
00921
0z 121 /
o€ 121
€9121
8T8 \
SE0EN \
ENEEL

86SHI—

PI8ST—

OMe

BPin

4f

100
(ep2)
68




¥l

SLE
€
iLe
8L
6L€
08€
08€

€9
€9
e

1E9
1E9
8€9

433
il
ore

i
e
e
It
6I't
6I't

iTi
8T1L
61
61

1€1
€L
€E€L

€E€L

OCF,

BPin

4g

ol

=prel
=161

F oot

vz

¥ S0t
001
A <9

0.0

SO
173 'NV

EEPP—

8991
00iL
el
0TE8—

19°911
LU6I
16021
ezl
8T LI
€292
PE9ZI
8T 121
£¥ 121
o¥ S8zl
SEIET~.
819617

LESHI—
u8p—

OCF,

BPin

4g

100
(op=)
69




OCF,
BPin
4g
-100
£1 Gpa)

Lris— ki
3

-8R
-8

-9

00—

ELE
SUE
e
6LE

3

°

Y
S

BPin

4h

=001
F g0t

F oot

F e

= 661
¥ 660
= <09

-
T
w
Lo
<
w
<
Lo
-
)
-
Lo
o
Lo
o
Lo
o
Lo
“
Lo
-
-Sw o
- ~
o (%]
Lo
w
Lo
w
Lo
o
w
w
Lo
-
)
-
Lo
ol
Lo
o
Lo
o
Lo
o
o



PIVT
:.'Nv

EEPP—

8991
00LL
ELL
SIE8—

ersn
nm.n:v

$19ZI
60121 /
6€ 121
6K 121
iS421
9€' 821
99 €€
6IEET
PESEL
9 SEI
65°SH1 \

89091~
Treor—

BPin

4h

LI

6FSIT-
L¥STI
SHEIT-
EFSIT-
T¥sIn

]
-8

-9

S71



PE
PE
SLE
SIE
9LE
IE
e
e
8rE
8IE
6LE
6LE

LA L

<

=
= 861

F oot

€0t

60°S
E0'p

-1

T
0.0

0.5

99T
619 >

6Eph—

8991
00iL
ELL
6I'E8—

100
(op=)
S72




LLE
6L
18€
E8E

CF3

BPin

=o'zl
w F opoz

< I o001

TWep—

8991
00iL
el
[£4%

61°0Z1
68221
(U374
PESTI
8€€T1
s
[3314]
€290

1€921 %
90 L1

VLTl

PH8ZI

8E8E1
SUTPI-—
Trep~

CF3

BPin

h| ul l l 1

100
(op=)
73




BPin

ST

T

=220 -230 -240 -2t

-180 -1%0 -200 -210

-1

-190 -1&0

-100 -110 =120 -1%0 -1&0
£1 (pa)

T

=70 -80 -0

-0 -60

T

=20 -30 -4

T

-10

CN

BPin

4k

<

=802l
0T

F oot

F ooz

¥ 660
 66€
10z
™ e

00 =05 =1

0.5

1.0

3.5 30 25 2.0

4.0

s
£1 (opa)
S74

5.0

5.5

6.0

9.0 &5 &0

9.5



(2474
424 >

SHPb—

8991
00iL
el
PTES

60011

90611 —
15921
:.ON_W
8921
~—;~_\
L¥8ZI
1Teen
18 6E1~—
e —
RIa

—

e

€l
PET
9€1

8E1
6€1
¥l
[4|
il

LLE
6L€
18€
(243
68 €
o

6¥9
0o
€S9
9
e
e

8I'L
6I'L
6I'L
6I'L
0L
0L

STL
1T
1T
8T1
61
€L

1€4
TELY
L
9€ L
9€ L

um..n\
um..n.\
w61
€61
6L
L
$61
64

CO,Me

BPin

41

-

A

9611
F ooz

oot
K 6T

F i1

¥ $60
 o0b
oz

= pIz

00 =05 =1

0.5

1.0

3.5 30 25 2.0

4.0

5
£1 (opa)
S75

6.0 5.5 5.0

6.5

9.0 &5 &0

9.5



EIRT, —— Pl

9P 6E1

“w
123
-

=60°Z1
om— = I .
_— I

PEIS— —_— w9

8991 6I'L L
00 Lt 0TL
wit s 0zL

6I'E8— _—

S
o
T

STl = I o0l

BPin
T
0

100
(op=)
28
—
BPin

CO.Me
=y
41
£1
23
4m

86521 8 e
1Z921

E¥ LTI R — bEL |

uw.hu_v. P— L] 1€

1¥821

61621
6EL = o

05 8E1T— -9 6EL F e

SITh— - Wi

STSHI~

L

=

=

-

)
FalaR i )
en=ocn

2a==3a
s—ciwo
f

#6991 — — %L

0.0 =05

0.5

1.0

4.0 3.5 30 25 2.0

S76

5.5 5.0 4.5
£1 (opa)

6.0

6.5

9.0 &5 &0

9.5



89T
144 'NV.

L3 L

8991
00iL
ELL
6I'E8—

pLETT
oKzl
1951
90921
sroTt
8K izl
65421
Wi
16421
8€8T1
SK8ZI
1reen ¥
SOEET
60SET
609€1
PSP —

r
ert

PET
wn_w
91
LE1

[543

ELE
ELE
PE
SLE

[733

e
£ro
are
e
0zo

1€9
1€9
TE9Y
TE9

99
1£9
S
o't
or's-]
oy
e

ire]
It
It
6I't
6I't
ozt
it
it
71

6L
0EL
€L
€L
€L

BPin

4n

[ hale

€0zl
= 96°1

o001

16'0
660
80T

LAl AN

16'0
10°¢

"

3.5 30 25 2.0 15 1.0 0.5 00 =05 =1

4.0

5
£1 (opa)
S77

6.0 5.5 5.0

6.5

&5 &0

9.0

9.5



SO
143 'NV

orep—

8991
00iL
ELL
LI'E8—

01—
sarn—

win—
SI9ZI

€612~
vesel”

ELPEL—

EETPI—
6ESHI—

SIrest—

BPin

4n

oy

e
e
ELE

ELE
SLE
SLE
1733
LLE

BPin

=

€0 55 50 45 40 %3 30 25 20 15 10 05 00 03 =
S78

6.5

R N

&5 &0

9.0

9.5




SO
SL 'Nv

PP

8991
00iL
ELL
SIE8—

Prozi
iz
8K izl
EE8TI
1SEr—

EL1TI

13124 /

8Pl
N

PETHI—
LESHI—

BPin

i

1l

i
1€1
€l
€€

SET
LE1
LE1
LE1

i
£V

BPin

4p

e

6021

F

YT
a8
ki

4.0

F

™

(x4

20T

001

wl

60

wl

860

00 =05 =1

0.5

1.0

30 25 2.0

3.5

5
(=)
S79

£1

6.0 5.5 5.0

6.5

9.0 &5 &0

9.5



99T
S'NV

(4

6EES

8991
00iL
el
LI'E8—

womn—

0K HZI
L9zl /
oI~
€121

el
00SET

ses1

TUSHI~
PISHI

PTEIT—

BPin

4p

SET

89¢€
0L€E
(433
PE

96§
86§

109
61’9
179
€79
S$T9Y

9¥ 9|

o~
-
°
ed

e r——

9€L

00 =05 =1

0.5

1.0

BPin
e
4.0 3.5 30 25 2.0
$80

1

5.0

5.5

6.0

9.0 &5 &0

9.5




19T
(7324 >

9T hp—

8991
00iL
ELL
IrEs—

60921
Erozi
[4yta)
o¥ Lzl
EE8TI
16821
10621
et
PLOET
PIZEL
0SEET
1S LE1
STOovl
LISHI

BPin

E0E
e
SUE
10€
80€

1re
Ire

19¢€
8¢
0L
9E

§T9
879
1E9
8€9

P43
€89
9L

nq_u
[
e
L

e
LN
SIL
SIL
e
6l'L

wi
i
STL
9L
i
8T1L

6T1

Froz

00l
p0e

160

00 =5 -1

0.5

6.0 5.5 5.0 4.5 4.0 3.5 30 25 2.0 1.5
£1 (opa)
S81

6.5

9.0 &5 &0

9.5



89Tr—

E66h—
Lrss—

6191
0oLl
1Tit

LEN—

881
orozi
00'£Z1

S8zl
0¥8ZI
SL8ZI

65621
6SEET
G6ISEN
LV LET
00orl

10861 —

91—

E860

w901
€1'E
oz

Fest

=107
JSSOE

Froz
o

3.5 30 25 2.0 15 1.0 0.5 0.0 =05

4.0

55 5.0 s
£1 (opa)
S82

6.0

6.5

9.0 &5 &0

9.5



8§0s—
9TsE—

1¥99—

8991
oo :W
i

8¢8I

OH

MeO

3a-OH

100
£1 (pa)

\

Bopp
Reo
ot
7101

001

Eeoz

>60'T
Esoe
907

30 25 2.0 15 1.0 0.5 00 =05 =1

3.5

55 50 45
£1 (ppa)
S83

6.0

6.5

9.0 &5 &0

9.5



E£69€—

PTSS~
SHOS

10be
wﬂes/
S:W
Ll

0968—

1epin—

(2404
nmwu_./
;wa_w
[3%:14)
8I'oel
9E8E1—

96851 —

o

000 —
1wl
661
00T
00z

we
we
€07
€07
Yz
154
.QNJf

S0z
suz
90T
07
602
%4

65€
09€
19€
9¢€
€9€
€9€
€

99¢€
19¢€
19¢€
89¢€
69€
6LE

6T9
1€9
€9
£€9
o¥97
N!.o\

989
989
189
189

1

81t

6I'L
6I'L
6I'L
0zL
0L

i
9L
iTi
61
EE€L
EE€L

EL

Il

Fiso

oz

Fuoe
I0E

=161
We

m 'z
66

3.5 30 25 2.0 15 1.0 0.5 00 =05 =1

4.0

5
(=)
S84

£1

6.0 5.5 5.0

6.5

9.0 &5 &0

9.5



8E8E—

LA

ETSE—

0609—

6091
0oLl
1Zit

ssr—

OH

i

000
1334
1334
6T
6T
§§€T

96T
9%
isT
isT
isT
ive

8LE
16
i6h
i6h
16
86h

661
661
664
661
€S
€S

sus
90§
90§
90§

srs
ors
LS
b9
€9
€9
sgoft
<59
989
959

189

SrL

oL
oIy
e
it ﬁ
8L
8L
612~
611
61t
1z
171
STL
9L
9L
L
871
871
€L
€L
€L
€€1L

EEL
EL
EL

Fsoz

oot
=90'E

Feoz

Fi6o
Fe0z

90T
SOE
Mu:.u
we

5.5 5.0 4.5 4.0 3.5 30 25 2.0 1.5 1.0 0.5 0.0 -5 -1
£1 (opa)
S85

6.0

6.5

9.0 &5 &0

9.5



1zop—
16Lp—

8I'se—

6091
00LL
1Zit

EN—
L9 —

1ozt
an«_/
EFS8TI
_nu«_W

8E6Z1
SLEET

6Lself
199€1
PHLED

10851—

|

il

100
(op=)
S86




