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1. General

Materials were weighted by an electric balance, Sartorius CPA225D or Shimadzu AP225WD
(readability: 0.01 mg). Column chromatography was performed with SiliaFlash (SILICYCLE, pH
7.0, 40-63 pm, 60 A). "H NMR spectra were recorded on Varian 400-MR (399.89 MHz), JEOL
JNM-ECZ500R (500.16 MHz), or JEOL JNM-ECZ600R (600.17 MHz) spectrometers. '3C NMR
spectra were recorded on Varian 400-MR (100.55 MHz), JEOL JNM-ECZ500R (125.77 MHz), or
JEOL INM-ECZ600R (150.91 MHz) spectrometers. !'"B NMR spectra were recorded on Varian
400-MR (128.30 MHz) or JEOL INM-ECA600P (160.47 MHz) spectrometers. '"H NMR data were
reported as follows: chemical shifts in ppm downfield from tetramethylsilane, multiplicity (s =
singlet, d = doublet, t =triplet, q = quartet, and m = multiplet), coupling constant (J), and integration.
High resolution mass spectra were recorded on Thermo Scientific Exactive Plus (ESI, APCI) or

JEOL JMS-SX102A (EI) spectrometers.

2. Materials

Solvents: Tetrahydrofuran (THF, dehydrated, Super plus, Kanto) and toluene (dehydrated,
Super plus, Kanto) were purchased and used without further purification. Cyclohexane and
methylcyclohexane were distilled over calcium hydride and degassed. 1,4-Dioxane was distilled
over benzophenone ketyl.

Catalysts and Ligands: (CuOt¢-Bu)s was prepared according to the procedure reported
previously.! CuCl (Wako), L1 (Aldrich), L2 (Wako), and L3 (TCI) were used as received from
commercial source.

Alkynes and Silylboronic Esters: Alkynes 1c—f, 1j, and 1k were prepared by Sonogashira
coupling. 1b was prepared by methylation of 4-ethynyltoluene. 1a (TCI), 1g (TCI), 1h (Santa Cruz),
and 1i (Aldrich) were purchased and distilled prior to use. Silylboronic esters 2a,> 2b,? and 2¢*

were prepared according to the procedure reported previously.

3. Initial Findings (Scheme 2)
In a glovebox, a glass tube (outside diameter: 20 mm, internal volume: 16 mL) having PTFE

stopcock (J. Young), equipped with a magnetic stirring bar, was charged with CuCl (2.02 mg,
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0.0204 mmol), L.1 (8.44 mg, 0.0232 mmol), NaO#-Bu (4.27 mg, 0.0444 mmol), 1a (23.9 mg, 0.206
mmol), 2a (52.4 mg, 0.200 mmol), and THF (0.6 mL). The tube was sealed by the stopcock and
was taken out from the glovebox. The mixture was stirred at 110 °C by a heating magnetic stirrer
with an aluminum heating block (hole size: 21 mm diameter x 33 mm depth). After 3 h, the tube
was cooled to room temperature. The product (Z)-3aa (55.3 mg, 0.146 mmol, 73%) was obtained
after purification by column chromatography on silica gel (eluent: hexane:AcOEt = 4:1) and
Kugelrohr distillation (125-145 °C/0.76 Torr). The structure of the product was determined by
analysis of NOE and comparison with the spectroscopic data of (E)-3aa,’ (Z)-4aa (see below), and
(E)-4aa.> (Z)-3aa: '"H NMR (500 MHz, CsD¢) §7.47-7.52 (m, 2H), 7.29-7.33 (m, 2H), 7.15-7.19
(m, 3H), 7.04-7.09 (m, 2H), 6.99 (tt, J= 7.0, 1.5 Hz, 1H), 2.35 (s, 3H), 1.02 (s, 12H), 0.05 (s, 6H).
"HNMR (400 MHz, CDCl3) §7.41-7.45 (m, 2H), 7.27-7.33 (m, 3H), 7.12-7.19 (m, 3H), 7.02-7.06
(m, 2H), 2.06 (s, 3H), 1.25 (s, 12H), —0.05 (s, 6H). *C NMR (126 MHz, C¢D¢) 5 150.9, 145.0,
140.3,134.2,129.1, 128.9, 128.10, 128.06, 126.5, 83.4, 24.8, 23.8, —1.2. Although the boron-bound
carbon was not detected due to quadrupolar relaxation, it could be detected at 150.0 ppm by HMBC.
"B NMR (128 MHz, CsDs) & 29.5. HRMS (ESI, positive) m/z caled for Co3H31BNaO>Sit [M +
Na]™: 401.2079, found: 401.2085.

m PP
<
~

m : NOE was observed

HeC™  SiZo "' -
° L Ph ! /v : NOE was not observed or relatively weak

Preparation of Authentic Sample of (Z)-4aa
Pd(OAc), (1 mol %)

SiMe,Ph CuCl (1 mol %) -
B(pin) RuPhos (3 mol %) ' Me2Si Ph
fl *oein) PO o (2 equiv)
aOtBu (2 equiv i
Me _ _ toluene Me™ ~Bipin)
2equiv. 1.5equiv g0°C,6h (2)-4aa (18%)

(2)-4aa  was prepared by palladium/copper-catalyzed trans-arylboration of 1-
(dimethylphenylsilyl)-1-propyne according to the literature method.® (Z)-4aa: 'HNMR (500 MHz,
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CDCl3) 67.57-7.63 (m, 2H), 7.33-7.37 (m, 3H), 7.19-7.24 (m, 2H), 7.13 (tt, J= 7.5, 1.5 Hz, 1H),
7.04-7.08 (m, 2H), 1.86 (s, 3H), 0.99 (s, 12H), 0.26 (s, 6H). '*C NMR (126 MHz, CDCls) 5 151.5,
146.5, 139.2, 133.8, 128.7, 128.1, 127.7, 127.5, 125.3, 83.1, 24.3, 21.0, —0.7. The boron-bound
carbon was not detected due to quadrupolar relaxation. HRMS (EI, positive) m/z calcd for

C23H31BO:Si™ [M]": 378.2181, found: 378.2183.

CH3
. si-Ph
(T H CHs m : NOE was observed
. H;C O~ “cH J -
/! N v : NOE was not observed or relatively weak

4. Optimization of Reaction Conditions (Table 1)

In a glovebox, a glass tube (outside diameter: 20 mm, internal volume: 16 mL) having PTFE
stopcock (J. Young), equipped with a magnetic stirring bar, was charged with CuCl (0.50 mg,
0.0050 mmol, 5 mol %), a ligand (0.0055 mmol, 5.5 mol %), NaO#Bu (1.1 mg, 0.011 mmol, 11
mol %), 1b (13 mg, 0.10 mmol), 2a (29 mg, 0.11 mmol), and a solvent (0.3 mL). The tube was
sealed by the stopcock and was taken out from the glovebox. The mixture was stirred at 80 °C by
a heating magnetic stirrer with an aluminum heating block (hole size: 21 mm diameter x 33 mm
depth). After 3 h, the tube was cooled to room temperature. Dibenzyl ether (TCI, 16.8 mg, 0.10
mmol, internal standard) was added, and the resulting mixture was analyzed by 'H NMR to

determine the yield and Z:F ratio of 3ba.

5. Copper-Catalyzed trans-Silaboration of Internal Arylalkynes (Scheme 3)

General procedure: In a glovebox, a glass tube (outside diameter: 20 mm, internal volume: 16
mL) having PTFE stopcock (J. Young), equipped with a magnetic stirring bar, was charged with
CuCl (1.0 mg, 0.010 mmol, 5 mol %), L3 (3.9 mg, 0.011 mmol, 5.5 mol %), NaOz-Bu (2.1 mg,
0.022 mmol, 11 mol %), 1 (0.20 mmol), 2 (0.22 mmol), and methylcyclohexane (0.6 mL). The tube
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was sealed by the stopcock and was taken out from the glovebox. The mixture was stirred for 3 h
at 80 °C by a heating magnetic stirrer with an aluminum heating block (hole size: 21 mm diameter

x 33 mm depth). The product 3 was purified by column chromatography on silica gel and Kugelrohr

distillation.
(£)-3aa
Ph CuCl (5 mol %)
L2 (5.5 mol %) _
I B(pin) NaOtBu (11 mol %) (PMBS Ph
SiMe,Ph
yclohexane ]
Me 80 °C,3h Me”™ “SiMe,Ph
1a 2a (2)-3aa

According to the general procedure, the reaction was carried out at 80 °C for 3 h using CuCl
(0.98 mg, 0.00990 mmol), L2 (3.08 mg, 0.0110 mmol), NaO#Bu (2.38 mg, 0.0248 mmol), 1a
(23.2 mg, 0.200 mmol), 2a (57.8 mg, 0.220 mmol), and cyclohexane (0.6 mL). (2)-3aa (72.3 mg,
0.191 mmol, 96%) was obtained as a colorless oil after purification by column chromatography on
silica gel (eluent: hexane:AcOEt = 4:1) and Kugelrohr distillation (105-130 °C/0.32 Torr). For

characterization data of (Z)-3aa, see section 3.

(Z)-3ba
Me
CuCl (5 molo%) Me
‘ | B(pin) Il:l::l(()stLSBLrJn(o‘ll1/(r)r)1o| %) (pin)B
b SiMe,Ph 8moe’g)rg,l%yrc;Iohexane Me~ SiMe,Ph
b 2a (2-3ba

According to the general procedure, the reaction was carried out at 80 °C for 3 h using CuCl
(1.00 mg, 0.0101 mmol), L3 (3.97 mg, 0.0113 mmol), NaOz-Bu (2.18 mg, 0.0227 mmol), 1b (26.0
mg, 0.200 mmol), 2a (57.2 mg, 0.218 mmol), and methylcyclohexane (0.6 mL). (Z2)-3ba (74.1 mg,
0.189 mmol, 95%) was obtained after purification by column chromatography on silica gel (eluent:
hexane:AcOEt = 4:1) and Kugelrohr distillation (105-130 °C/0.45 Torr). The stereochemistry of
the product was confirmed by NOE. (Z)-3ba: 'H NMR (600 MHz, CDCl3) §7.42-7.46 (m, 2H),
7.27-7.33 (m, 3H), 6.92-6.99 (m, 4H), 2.30 (s, 3H), 2.06 (s, 3H), 1.26 (s, 12H), -0.02 (s, 6H). *C
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NMR (151 MHz, CDCls) ¢ 148.7, 140.6, 140.0, 135.6, 133.7, 128.4, 128.3, 128.2, 127.5, 83.5,
24.7,23.8, 21.1, —1.6. The boron-bound carbon was not detected due to quadrupolar relaxation.
B NMR (128 MHz, CDCl3) & 29.3. HRMS (EI, positive) m/z calcd for C24H33BO2Si* [M]*:
392.2337, found: 392.2335.

“. /\ : NOE was observed

1 .-

/ b ! 7y : NOE was not observed or relatively weak

(£)-3ca
Me
CuCl (5 molo%)
H N ||3_(pin) II:IZ((DE;‘LSBT(T/%m %) (pin)B Ve
o SiMe,Ph rSnOeErg’I%yﬁlohexane Me” “SiMe,R
le 2a (2)-3ca

According to the general procedure, the reaction was carried out at 80 °C for 3 h using CuCl
(1.00 mg, 0.0101 mmol), L3 (0.110 mL from 0.1 M methylcyclohexane solution, 0.0110 mmol),
NaOr¢-Bu (2.05 mg, 0.0213 mmol), 1¢ (26.1 mg, 0.200 mmol), 2a (56.6 mg, 0.216 mmol), and
methylcyclohexane (0.5 mL). (Z)-3ca (76.8 mg, 0.196 mmol, 98%) was obtained after purification
by column chromatography on silica gel (eluent: hexane:AcOEt = 4:1) and Kugelrohr distillation
(110-135 °C/0.31 Torr). The stereochemistry of the product was confirmed by NOE. (Z)-3ca: 'H
NMR (500 MHz, CDCls) 6 7.41-7.45 (m, 2H), 7.27-7.33 (m, 3H), 7.07 (t, /= 7.5 Hz, 1H), 6.95 (d,
J=1.5Hz, 1H), 6.87 (d, J= 7.5 Hz, 1H), 6.80 (s, 1H), 2.19 (s, 3H), 2.09 (s, 3H), 1.27 (s, 12H), —
0.02 (s, 6H). *C NMR (126 MHz, CDCl3) 5149.0, 143.6, 140.4, 137.2, 133.8, 129.6, 128.6, 127.7,
127.6, 127.0, 125.4, 83.7, 24.8, 24.0, 21.4, —1.5. The boron-bound carbon was not detected due to
quadrupolar relaxation. ''B NMR (160 MHz, CDCIls) 6 30.2. HRMS (EI, positive) m/z calcd for
C24H33B0O,Si* [M]": 392.2337, found: 392.2339.
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m : NOE was observed

(2)-3ca
(Z2)-3da
CuCl (5 mol %) Me
Me L3 (5.5 mol %) (oin)B
I B(pin) NaO#Bu (11 mol %) ‘P
SiMe,Ph oo
ylcyclohexane ;
Me 80 °C, 3 h Me™ "SiMezR
1d 2a (2)-3da

According to the general procedure, the reaction was carried out at 80 °C for 3 h using CuCl
(0.97 mg, 0.00980 mmol), L3 (0.110 mL from 0.1 M methylcyclohexane solution, 0.0110 mmol),
NaO¢-Bu (2.89 mg, 0.0301 mmol), NaOz-Bu (2.11 mg, 0.0220 mmol), 1d (26.7 mg, 0.205 mmol),
2a (58.7 mg, 0.224 mmol), and methylcyclohexane (0.2 mL). (Z)-3da (63.7 mg, 0.162 mmol, 79%)
was obtained after purification by column chromatography on silica gel (Biotage Isolera, eluent:
hexane:AcOEt = 100:0 to 90:10) and Kugelrohr distillation (115-130 °C/0.41 Torr). The
stereochemistry of the product was confirmed by NOE. (Z)-3da: '"H NMR (500 MHz, CDCl;3)
07.36-7.40 (m, 2H), 7.25-7.33 (m, 3H), 7.05-7.10 (m, 1H), 6.99-7.05 (m, 2H), 6.90-6.93 (m, 1H),
2.17 (s, 3H), 2.07 (s, 3H), 1.22 (s, 6H), 1.21 (s, 6H), —0.04 (s, 3H), —0.12 (s, 3H). 3C NMR (126
MHz, CDCl3) 6 150.1, 143.5, 139.6, 135.9, 133.9, 129.6, 129.4, 128.6, 127.6, 126.5, 125.4, 83.5,
249, 24.8, 23.2, 20.3, —1.8, —2.4. The boron-bound carbon was not detected due to quadrupolar
relaxation. "B NMR (160 MHz, CDCls) §29.9.
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m : NOE was observed

v : NOE was not observed or relatively weak

(Z)-3ea

OMe
CuCl (5 mol %) OMe
L3 (5.5 mol %) .

I+ B(pin) NaO#Bu (11 mol %) (PINB

SiMexPh ot
ylcyclohexane .
Me 80 °C, 3 h Me~ “SiMe,Ph
le 2a (2)-3ea

According to the general procedure, the reaction was carried out at 80 °C for 3 h using CuCl
(1.25 mg, 0.0126 mmol), L3 (0.130 mL from 0.1 M methylcyclohexane solution, 0.0130 mmol),
NaOrz-Bu (2.89 mg, 0.0301 mmol), 1e (29.0 mg, 0.198 mmol), 2a (57.0 mg, 0.0217 mmol), and
methylcyclohexane (0.5 mL). (Z)-3ea (61.0 mg, 0.149 mmol, 75%) was obtained after purification
by column chromatography on silica gel (Biotage Isolera, eluent: hexane:AcOEt = 100:0 to 90:10)
and Kugelrohr distillation (125-155 °C/0.41 Torr). The stereochemistry of the product was
confirmed by NOE. (Z)-3ea: '"H NMR (500 MHz, CDCls) 67.42-7.46 (m, 2H), 7.27-7.34 (m, 3H),
6.95 (d, J=8.5 Hz, 2H), 6.70 (d, J= 8.5 Hz, 2H), 3.77 (s, 3H), 2.07 (s, 3H), 1.26 (s, 12H), 0.00 (s,
6H). *C NMR (126 MHz, CDCl3) §158.3, 148.9, 140.2, 136.2, 133.9, 129.6, 128.6, 127.7, 113.2,
83.7, 55.2, 24.8, 23.9, —1.4. The boron-bound carbon was not detected due to quadrupolar
relaxation. "B NMR (160 MHz, CDCl3) §30.2. HRMS (EI, positive) m/z caled for C24H33BO3Si*
[M + H]": 408.2287, found: 408.2287.
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CH; H
oM
, 0 °
' H4C 0B
'. ° CH /\ : NOE was observed
\ s 3 -
Q_/(HSC ?:Il:'Ph “ v : NOE was not observed or relatively weak
(2)-3ea
(£)-3fa
Cl
CuCl (5 mol %) Cl
L3 (5.5 mol %) .
- B(pi)  NaOfBu (11 mol %) (PN
SiMe,Ph
e 2 gnoeirglgyﬁlohexane Me SiMe,Ph
1f 2a (2)-3fa

According to the general procedure, the reaction was carried out at 80 °C for 3 h using CuCl

(1.22 mg, 0.0123 mmol), L3 (0.135 mL from 0.1 M methylcyclohexane solution, 0.0135 mmol),

NaOr-Bu (2.24 mg, 0.0233 mmol), 1f (30.2 mg, 0.201 mmol), 2a (57.2 mg, 0.218 mmol), and

methylcyclohexane (0.5 mL). (2)-3fa (73.7 mg, 0.179 mmol, 89%) was obtained after purification

by column chromatography on silica gel (Biotage Isolera, eluent: hexane:AcOEt = 100:0 to 90:10)

and Kugelrohr distillation (115-138 °C/0.33 Torr). The stereochemistry of the product was

confirmed by NOE. (2)-3fa: 'H NMR (500 MHz, CDClz) §7.35-7.43 (m, 2H), 7.26-7.34 (m, 3H),

7.10 (d, J = 8.5 Hz, 2H), 6.93 (d, J = 8.5 Hz, 2H), 2.09 (s, 3H), 1.25 (s, 12H), 0.02 (s, 6H). 1>C

NMR (126 MHz, CDCl;) ¢ 150.9, 142.3, 139.6, 133.8, 132.1, 130.0, 128.7, 127.9, 127.8, 83.8,

24.8,23.9,—1.4. Although the boron-bound carbon was not detected due to quadrupolar relaxation,

it could be detected at 147.4 ppm by HMBC. "B NMR (160 MHz, CDCl3) & 29.9. HRMS (EI,

positive) m/z calcd for C23H30BCl1O2Si* [M]": 412.1791, found: 412.1793.
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CH; H

Cl
I, O‘
! d 0B
o8 CH m : NOE was observed
L HaC™ Silpp®
b ’ . Ph © v :NOE was not observed or relatively weak
f\ I CH3
VT '
(2)-3fa
(£)-3ga
Ph CuCl (5 mol %)
L3 (5.5 mol %) .
|+ B(pin)  NaOtBu (11 mol%) (PMBS PN
SiMePh  aih
ylcyclohexane ;
80 °C, 3 h SiMe,Ph
1g 2a (2)-3ga

According to the general procedure, the reaction was carried out at 80 °C for 3 h using CuCl
(1.26 mg, 0.0127 mmol), L3 (0.135 mL from 0.1 M methylcyclohexane solution, 0.0135 mmol),
NaOr¢-Bu (2.88 mg, 0.0300 mmol), 1g (25.7 mg, 0.197 mmol), 2a (57.3 mg, 0.219 mmol), and
methylcyclohexane (0.5 mL). 3ga (69.8 mg, 0.178 mmol, 90%, Z:E = 85:15) was obtained after
purification by column chromatography on silica gel (Biotage Isolera, eluent: hexane:AcOEt =
100:0 to 90:10) and Kugelrohr distillation (120-140 °C/0.51 Torr). The stereochemistry of the
product was confirmed by NOE. (2)- and (£)-3ga: '"H NMR (500 MHz, CDCls) §7.59-7.63 (m, E
2H), 7.37-7.41 (m, Z2H), 7.22-7.37 (m, Z3H + E 5H), 7.07-7.20 (m, Z 3H + E 3H), 7.00-7.05 (m,
Z2H),2.39(q,J=7.5Hz, Z2H), 2.09 (q, /= 7.5 Hz, E 2H), 1.22 (s, Z 12H), 1.03 (t, /= 7.5 Hz,
Z 3H), 0.94 (s, E 12H), 0.76 (t, J = 7.5 Hz, E 3H), 0.49 (s, E 6H), 0.00 (s, Z 6H). 1*C NMR (126
MHz, CDCls) 6 154.9 (Z), 143.4 (Z), 140.5 (Z), 134.3 (E), 134.0 (2), 128.6 (Z), 128.5 (Z), 128.2
(E), 127.9 (E), 127.75 (2), 127.70 (E), 127.6 (2), 126.2 (Z), 125.6 (E), 83.7 (Z£), 83.5 (E), 31.7 (E),
30.6 (£),24.8(2),16.4 (2), 15.1 (E), 0.1 (E),—0.6 (£). For the minor E-isomer, some carbons could
not be detected. The boron-bound carbon was not detected due to quadrupolar relaxation. ''B NMR
(160 MHz, CDCls) 6 30.2. HRMS (APCI, positive) m/z calcd for C24H33BNaO,Si™ [M + Na]*:
415.2235, found: 415.2238.
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CH; H
Q
HiG 0P
3 /" "\ : NOE was observed
~ ..CHj
C™ Si-ph
M2 GH,
(£)-3ga
(Z)-3ha
Ph CuCl (5 mol %)
L3 (5.5 mol %) .
B(pin)  NaOtBu (11 mol%) (PIMBL Ph
I+ Sive,en
2 methylcyclohexane ;
80 OC, 3h SlMGQPh
1h 2a (£)-3ha

According to the general procedure, the reaction was carried out at 80 °C for 3 h using CuCl
(1.05 mg, 0.0106 mmol), L3 (4.03 mg, 0.0115 mmol), NaOz-Bu (2.14 mg, 0.0223 mmol), 1h (29.0
mg, 0.201 mmol), 2a (58.0 mg, 0.221 mmol), and methylcyclohexane (0.6 mL). (Z)-3ha (69.5 mg,
0.171 mmol, 85%, Z:E = 81:19) was obtained as a colorless oil after purification by column
chromatography on silica gel (Biotage Isolera, eluent: hexane:AcOEt = 100:0 to 90:10) and
Kugelrohr distillation (120-135 °C/0.50 Torr). The stereochemistry of the product was confirmed
by NOE. (2)- and (E)-3ha: '"H NMR (500 MHz, CDCl3) 67.61-7.64 (m, E 2H), 7.38-7.42 (m, Z
2H), 7.24-7.35 (m, Z3H + E 5H), 7.17-7.21 (m, E 1H), 7.08-7.15 (m, Z 3H + E 2H), 7.01-7.06 (m,
Z 2H), 2.32-2.37 (m, Z 2H), 2.03-2.09 (m, £ 2H), 1.40-1.50 (m, Z 2H), 1.24 (s, Z 12H), 1.16-1.28
(m, E 2H), 0.96 (s, E 12H), 0.87 (t, J = 7.5 Hz, Z 3H), 0.61 (t, J = 7.5 Hz, E 3H), 0.50 (s, £ 6H),
0.01 (s, Z 6H). 3*C NMR (126 MHz, CDCl3) §153.5 (Z), 143.8 (E), 143.5 (2), 140.8 (E), 140.5 (Z),
134.3 (E), 134.0 (2), 128.6 (2), 128.5 (Z), 128.2 (E), 127.9 (E), 127.73 (2), 127.67 (E), 127.5 (Z),
126.2 (Z2), 125.6 (E), 83.6 (£), 83.5 (E), 40.2 (2), 36.5 (E), 25.1 (2), 24.8 (£), 23.7 (E), 14.43 (2),
14.38 (E), 0.1 (E), —0.7 (Z). For the minor E-isomer, some carbons could not be detected. The
boron-bound carbon was not detected due to quadrupolar relaxation. ''B NMR (160 MHz, CDCls)
0 30.1. HRMS (ESI, positive) m/z calcd for CosH3sBNaO,Si* [M + Na]": 429.2392, found:
429.2394.
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CH; H
Q
HeG 0°°
’ /\v : NOE was observed
// /\C Si/CHs .
Hy é,:iph “ v :NOE was not observed or relatively weak
' 3
‘ " (2-3ha
(£)-3ia
Ph CuCl (5 mol %)
L3 (5.5 mol %) ,
‘ | . B(pin) NaOtBu (11 mol %) (pin)B_Ph
SiMe;Ph L oth
ylcyclohexane .
80°C,3h SiMe,Ph
hi 2a (2-3ia

According to the general procedure, the reaction was carried out at 80 °C for 3 h using CuCl
(1.20 mg, 0.0121 mmol), L3 (0.130 mL from 0.1 M methylcyclohexane solution, 0.0130 mmol),
NaOrz-Bu (2.50 mg, 0.0260 mmol), 1i (32.9 mg, 0.208 mmol), 2a (57.6 mg, 0.220 mmol), and
methylcyclohexane (0.5 mL). (£)-3ia (79.1 mg, 0.188 mmol, 90%) was obtained after purification
by column chromatography on silica gel (Biotage Isolera, eluent: hexane:AcOEt = 100:0 to 90:10)
and Kugelrohr distillation (120-145 °C/0.40 Torr). The stereochemistry of the product was
confirmed by NOE. (Z2)-3ia: '"H NMR (500 MHz, CDCl3) §7.38-7.42 (m, 2H), 7.24-7.30 (m, 3H),
7.11-7.15 (m, 3H), 7.02-7.05 (m, 2H), 2.33-2.38 (m, 2H), 1.36-1.45 (m, 2H), 1.20-1.31 (m, 2H),
1.23 (s, 12H), 0.85 (t, J = 7.5 Hz, 3H), 0.01 (s, 6H). 3C NMR (126 MHz, CDCl3) §153.7, 143.5,
140.5, 134.0, 128.6, 128.5, 127.7, 127.5, 126.2, 83.6, 37.8, 34.0, 24.8, 23.2, 14.1, —0.6. The boron-
bound carbon was not detected due to quadrupolar relaxation. ''B NMR (160 MHz, CDCl3) §30.2.
HRMS (APCI, positive) m/z calcd for C26H37BNaO»Si*™ [M + Na]': 443.2548, found: 443.2551.
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m : NOE was observed

(2)-3ja

CuCl (5 mol %)
Ph L3 (5.5 mol %) (pinB _Ph

‘ | N I|3(pin) NaO#Bu (11 mol %)
SlMezph meth
ylcyclohexane :
TBSO 80 °C, 3 h TBSO SiMe,Ph
1j 2a (2)-3ja

According to the general procedure, the reaction was carried out at 80 °C for 3 h using CuCl
(1.05 mg, 0.0106 mmol), L3 (0.115 mL from 0.1 M methylcyclohexane solution, 0.0115 mmol),
NaOrz-Bu (2.12 mg, 0.0221 mmol), 1j (58.3 mg, 0.202 mmol), 2a (57.6 mg, 0.220 mmol), and
methylcyclohexane (0.5 mL). (2)-3ja (101.9 mg, 0.185 mmol, 92%) was obtained after purification
by column chromatography on silica gel (eluent: hexane:AcOEt = 4:1) and Kugelrohr distillation
(140-160 °C/0.40 Torr). The stereochemistry of the product was confirmed by NOE. (Z)-3ja: 'H
NMR (500 MHz, CDCl3) 67.36-7.41 (m, 2H), 7.22-7.30 (m, 3H), 7.10-7.16 (m, 3H), 7.00-7.05
(m, 2H), 3.49-3.56 (m, 2H), 2.32-2.40 (m, 2H), 1.37-1.52 (m, 4H), 1.23 (s, 12H), 0.91 (s, 9H), 0.05
(s, 6H), 0.02 (s, 6H). '3C NMR (126 MHz, CDCl3) & 153.7, 143.5, 140.4, 134.0, 128.6, 128.5,
127.7, 127.5, 126.2, 83.6, 63.4, 37.9, 33.5, 28.2, 26.2, 24.8, 18.5, —0.7, —5.1. Although the boron-
bound carbon was not detected due to quadrupolar relaxation, it could be detected at 150.1 ppm by
HMBC. '"B NMR (160 MHz, CDCl3) & 30.1. HHRMS (ESI, positive) m/z caled for
C32Hs51BNaOsSi™ [M + Na]': 573.3362, found: 573.3363.
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/\ : NOE was observed

7 "y :NOE was not observed or relatively weak

(2)-3ka

Ph CuCl (5 mol %)
o,
L3 (5.5 mol %) in)B Ph

|, BN NaOtBu (11 mol %) (P
SiMe,Ph
2 methylcyclohexane SiMe,Ph

80°C,3h
1k 2a (2)-3ka

According to the general procedure, the reaction was carried out at 80 °C for 3 h using CuCl
(1.01 mg, 0.010 mmol), L3 (0.110 mL from 0.1 M methylcyclohexane solution, 0.0110 mmol),
NaOr¢-Bu (2.20 mg, 0.0229 mmol), 1k (28.0 mg, 0.197 mmol), 2a (57.7 mg, 0.220 mmol), and
methylcyclohexane (0.5 mL). (£)-3ka (69.1 mg, 0.171 mmol, 87%) was obtained after purification
by column chromatography on silica gel (Biotage Isolera, eluent: hexane:AcOEt = 100:0 to 92:8)
and Kugelrohr distillation (130-150 °C/0.45 Torr). The stereochemistry of the product was
confirmed by NOE. (Z)-3ka: '"H NMR (500 MHz, CDCl3) §7.41-7.44 (m, 2H), 7.23-7.30 (m, 3H),
7.12-7.17 (m, 3H), 6.98-7.02 (m, 2H), 1.62-1.69 (m, 1H), 1.26 (s, 12H), 0.61-0.66 (m, 2H), 0.53-
0.58 (m, 2H), 0.05 (s, 6H). '*C NMR (126 MHz, CDCls) §153.0, 143.4, 140.6, 134.1, 128.4, 128.3,
127.9, 127.4, 126.4, 83.7, 24.9, 19.7, 7.1, —0.7. The boron-bound carbon was not detected due to
quadrupolar relaxation. ''B NMR (160 MHz, CDCl3) 6 30.3. HRMS (APCI, positive) m/z caled
for C2sH33BNaO-Si™ [M + Na]™: 427.2235, found: 427.2241.

S14



m : NOE was observed

(Z)-3ab
Ph CuCl (10 mol %)
L1 (11 mol %) .
|+ B(pin)  NaOtBu (22 mol %) ~ (PIMB PN
Me 110°C, 3 h Me™ “SiEt,
1a 2b (2)-3ab

According to the general procedure, the reaction was carried out at 110 °C for 3 h using CuCl
(2.01 mg, 0.0203 mmol), L1 (0.220 mL from 0.1 M THF solution, 0.0220 mmol), NaOz-Bu (4.53
mg, 0.0471 mmol), 1a (23.0 mg, 0.198 mmol), 2b (48.4 mg, 0.200 mmol), and THF (0.38 mL).
(2)-3ab (52.1 mg, 0.145 mmol, 73%) was obtained after purification by column chromatography
on silica gel (eluent: hexane:AcOEt = 4:1) and Kugelrohr distillation (100-120 °C/0.44 Torr). The
stereochemistry of the product was confirmed by NOE. (Z)-3ab: 'H NMR (600 MHz, C¢Ds) 67.35-
7.38 (m, 2H), 7.13-7.17 (m, 2H), 7.05 (tt, J= 7.2, 1.2 Hz, 1H), 2.35 (s, 3H), 1.02 (s, 12H), 0.91 (t,
J=7.8 Hz, 9H), 0.42 (q, J= 7.8 Hz, 6H). *C NMR (151 MHz, CsD¢) 6150.2, 145.1, 129.0, 128.3,
126.5, 83.3, 24.8, 24.0, 8.0, 4.3. The boron-bound carbon was not detected due to quadrupolar
relaxation. "B NMR (160 MHz, CsDs) & 30.4. HRMS (APCI, positive) m/z calcd for
C21H35BNaO,Si" [M + Na]": 381.2392, found: 381.2386.

/\ : NOE was observed

7y :NOE was not observed or relatively weak
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6. Solvent-Dependent Switch of Stereoselectivity in Silaboration of Internal Alkynes with 2¢
(Scheme 4)

General procedure: In a glovebox, a glass tube (outside diameter: 20 mm, internal volume: 16
mL) having PTFE stopcock (J. Young), equipped with a magnetic stirring bar, was charged with
CuCl (0.020 mmol, 10 mol %), L.1 (0.022 mmol, 11 mol %), NaO#Bu (0.044 mmol, 22 mol %), 1
(0.20 mmol), 2¢ (0.30 mmol), and cyclohexane (0.4 mL). The tube was sealed by the stopcock and
was taken out from the glovebox. The mixture was stirred for 3 h at 50 °C by a heating magnetic
stirrer with an aluminum heating block (hole size: 21 mm diameter x 33 mm depth). The product

3 was purified by column chromatography on silica gel and Kugelrohr distillation.

(E)-3ac
Ph CuCl (10 mol %)
L1 (11 mol %) .
([ B(pin) NaOtBu (22 mol %)  F '~ BPIN)
SiMe(Oi-Pr) I
yclohexane . .
Me 50 OC, 3h Me SlMez(OI Pr)
1a 2c (E)-3ac

According to the general procedure, the reaction was carried out at 50 °C for 3 h using CuCl
(1.92 mg, 0.0194 mmol), L1 (8.0 mg, 0.0219 mmol), NaOz-Bu (4.00 mg, 0.0416 mmol), 1a (22.8
mg, 0.196 mmol), 2¢ (72.1 mg, 0.275 mmol), and cyclohexane (0.4 mL). 3ac (52.1 mg, 0.145 mmol,
74%, Z:E =20:80) was obtained after purification by column chromatography on silica gel (Biotage
Isolera, eluent: hexane:AcOEt = 100:0 to 90:10) and Kugelrohr distillation (110-120 °C/0.33 Torr).
The stereochemistry of the product was confirmed by NOE. (E)-3ac: '"H NMR (500 MHz, CsDs¢)
07.24-7.28 (m, 2H), 7.19-7.24 (m, 2H), 7.06 (tt,J=7.5, 4.5 Hz, 1H), 4.09 (septet, /= 6.0 Hz, 1H),
1.93 (s, 3H), 1.22 (d, J = 6.0 Hz, 6H), 1.04 (s, 12H), 0.52 (s, 6H). 3C NMR (126 MHz, CsDs) &
150.7, 144.1, 128.7, 128.3, 126.1, 83.5, 65.5, 26.1, 25.0, 20.3, 0.6. The boron-bound carbon was
not detected due to quadrupolar relaxation. "B NMR (160 MHz, C¢D¢) & 30.2. HRMS (ESI,
positive) m/z calcd for C20H33BNaO3Si* [M + Na]™: 383.2184, found: 383.2187.
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(£)-3ac

Ph

Me
1a

D
H HsC

@)

|

B~o

CHs3

H _.CH4 ) /") : NOE was observed
(UHsC™ “Si~oppr

i

(E)-3ac

B(pin)
SiMe,(Oi-Pr)

2c

CuCl (5 mol %)
L1 (5.5 mol %)

NaO£Bu (11 mol %) (PIMBS -Ph
o ah Me” SiMe,(OF-Pr)

(2)-3ac

According to the general procedure, the reaction was carried out at 50 °C for 3 h using CuCl

(0.97 mg, 0.00980 mmol), L1 (3.97 mg, 0.0109 mmol), NaO#Bu (2.23 mg, 0.0232 mmol), 1a

(23.3 mg, 0.201 mmol), 2¢ (49.7 mg, 0.204 mmol), and THF (2 mL). 3ac (51.4 mg, 0.143 mmol,

71%, Z:E = 95:5) was obtained after purification by column chromatography on silica gel (eluent:

hexane:AcOEt = 4:1) and Kugelrohr distillation (105-120 °C/0.60 Torr). The stereochemistry of

the product was confirmed by NOE. (Z)-3ac: '"H NMR (500 MHz, C¢Ds) 67.39-7.42 (m, 2H), 7.14-

7.18 (m, 2H), 7.04 (tt, J= 7.5, 1.5 Hz, 1H), 3.84 (septet, J = 6.0 Hz, 1H), 2.47 (s, 3H), 1.08 (d, J =

6.0 Hz, 6H), 1.03 (s, 12H), —0.07 (s, 6H). 3*C NMR (126 MHz, CsD¢) 5152.3, 145.0, 129.2, 128.4,

126.6, 83.4, 65.1, 26.0, 24.8, 22.7, 0.3. Although the boron-bound carbon was not detected due to

quadrupolar relaxation, it could be detected at 148.4 ppm by HMBC. ''B NMR (128 MHz, CsDs)

0 30.2. HRMS (ESI, positive) m/z calcd for CyH33BNaOsSi* [M + Na]": 383.2184, found:

383.2194.

/\ : NOE was observed

..CH
bHBC Sl"Oi-sF"r

(2)-3ac
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(E)-3be

Me

CuCl (10mol %) M

L1 (11 mol %) )
o+ B(pin) NaO#Bu (22 mol %) B(pin)

SiMe,(Oi-Pr)
yclohexane . .

Me 50 °C, 3 h Me SiMe,(Oi-Pr)
1b 2c (E)-3bc

According to the general procedure, the reaction was carried out at 50 °C for 3 h using CuCl
(2.81 mg, 0.0284 mmol), L1 (7.91 mg, 0.0217 mmol), NaOz-Bu (4.22 mg, 0.0439 mmol), 1b (26.4
mg, 0.203 mmol), 2¢ (72.6 mg, 0.297 mmol), and cyclohexane (0.6 mL). 3bc (55.8 mg, 0.149
mmol, 73%, Z:E = 9:91) was obtained after purification by column chromatography on silica gel
(Biotage Isolera, eluent: hexane:AcOEt = 100:0 to 90:10) and Kugelrohr distillation (105-
115 °C/0.35 Torr). The stereochemistry of the product was confirmed by NOE. (E)-3bc: 'H NMR
(600 MHz, CsDg) 67.20 (d, J= 8.4 Hz, 2H), 7.04 (d, J = 8.4 Hz, 2H), 4.10 (septet, J= 6.0 Hz, 1H),
2.12 (s, 3H), 1.98 (s, 3H), 1.23 (d, J = 6.0 Hz, 6H), 1.06 (s, 12H), 0.53 (s, 6H). '3C NMR (151
MHz, CsDs) 6150.3, 141.1, 135.2, 129.1, 128.7, 83.5, 65.5, 26.1, 25.1, 21.2, 20.4, 0.6. The boron-
bound carbon was not detected due to quadrupolar relaxation. ''B NMR (160 MHz, CsD¢) §30.3.
HRMS (ESI, positive) m/z caled for C21H3sBNaO;Si* [M + Na]*: 397.2341, found: 397.2341.

Y

b HsC
0o

|

B\O CH3

. H _.CHj ) "\ :NOE was observed

/(UHsC™ "Si~oipr ,

; UHS ! v : NOE was not observed or relatively weak
/
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(E)-3cc
Me

CuCl (10 mol %)
L1 (11 mol %)

| ‘ + B(pin) NaOtBu (22 mol %) Me B(pin)
SiMe,(Oi-Pr)
yclohexane . .
Me 50 OC, 3h Me S|M62(OI Pr)
1c 2c (E)-3cc

According to the general procedure, the reaction was carried out at 50 °C for 3 h using CuCl
(2.01 mg, 0.0203 mmol), L1 (8.18 mg, 0.0224 mmol), NaOz-Bu (4.16 mg, 0.0433 mmol), 1¢ (25.8
mg, 0.198 mmol), 2¢ (72.5 mg, 0.297 mmol), and cyclohexane (0.6 mL). 3¢e¢ (53.1 mg, 0.142 mmol,
72%, Z:E = 9:91) was obtained after purification by column chromatography on silica gel (Biotage
Isolera, eluent: hexane:AcOEt = 100:0 to 90:10) and Kugelrohr distillation (110-125 °C/0.32 Torr).
The stereochemistry of the product was confirmed by NOE. (E)-3¢c: '"H NMR (600 MHz, CsDs¢)
07.18 (t,J=7.2Hz, 1H), 7.10-7.14 (m, 2H), 6.89-6.93 (m, 1H), 4.11 (septet, /= 6.0 Hz, 1H), 2.15
(s, 3H), 1.96 (s, 3H), 1.24 (d, J = 6.0 Hz, 6H), 1.06 (s, 12H), 0.53 (s, 6H). '*C NMR (151 MHz,
CsDs) 6150.3, 141.2, 137.6, 129.4, 128.4, 126.9, 125.8, 83.5, 65.5, 26.1, 25.0, 21.6, 20.4, 0.6. The
boron-bound carbon was not detected due to quadrupolar relaxation. "B NMR (160 MHz, C¢Ds)
0 30.2. HRMS (ESI, positive) m/z caled for CoiH3sBNaOs;Si® [M + Na]™: 397.2341, found:
397.2342.

H _.CHj ) m : NOE was observed
,(HC™ "Si~oipr
/! UHS ! v : NOE was not observed or relatively weak
' 4
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(E)-3ec

OMe

CuCl (10 mol %) MeO

L1 (11 mol %) _
I B(pin) NaO#-Bu (22 mol %) B(pin)

SiMex(Oi-Pr)
yclohexane . i

Me 50 °C, 3 h Me™ “SiMe,(Oi-Pr)
e 2c (E)-3ec

According to the general procedure, the reaction was carried out at 50 °C for 3 h using CuCl
(1.92 mg, 0.0194 mmol), L1 (8.20 mg, 0.0225 mmol), NaOz-Bu (4.28 mg, 0.0445 mmol), 1e (29.4
mg, 0.201 mmol), 2¢ (72.5 mg, 0.297 mmol), and cyclohexane (0.6 mL). 3¢e¢ (64.6 mg, 0.165 mmol,
82%, Z:E = 3:97) was obtained after purification by column chromatography on silica gel (eluent:
hexane:AcOEt = 100:0 to 90:10) and Kugelrohr distillation (120-135 °C/0.43 Torr). The
stereochemistry of the product was confirmed by NOE. (E)-3ec: 'H NMR (600 MHz, CsDs¢) 57.18-
7.22 (m, 2H), 6.82-6.85 (m, 2H), 4.11 (septet, J = 6.0 Hz, 1H), 3.29 (s, 3H), 2.00 (s, 3H), 1.24 (d,
J = 6.0 Hz, 6H), 1.08 (s, 12H), 0.54 (s, 6H). 3*C NMR (151 MHz, CsD¢) & 158.5, 150.2, 136.0,
129.9, 113.9, 83.5, 65.5, 54.7, 26.1, 25.1, 20.3, 0.6. The boron-bound carbon was not detected due
to quadrupolar relaxation. ''B NMR (160 MHz, CsDs) 630.3. HRMS (ESI, positive) m/z calcd for
C21H35sBNaO4Si" [M + Na]': 413.2290, found: 413.2288.

MeO

B\O CH3

H _CHz) : NOE was observed
. 7 Q,HSC Si‘Oi—lsz’r m
LT : ' v : NOE was not observed or relatively weak
- UHS
A

1

\ /" (E)-3ec
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7. Solvent Effect in Silaboration with 2¢

Table S1. Effect of Solvent on Stereoselectivity

Ph CuCl (10 mol %) - i
° B Ph Ph B(pin
| B(pin) L3 (10 mol %) (i) I (pin)
+ +
SiMe,(OF-Pr) - NaOt-Bu (20 mol %) : - : :
(s} 2 M _
Me solvent (0.3 mL) Me SiMe,(Oi-Pr) e SiMe,(Oi-Pr)
1a (0.1 mmol) 2c 50°C,3h (2)-3ac (E)-3ac
entry solvent yield (%)? Z.E?@
1 THF 75 89:11
2 2-methyltetrahydrofuran 82 66:34
3 1,4-dioxane 92 50:50
4 CH,Cl, 0 -
5 toluene 78 35:65
6 cyclohexane 72 15:85
7 methylcyclohexane 79 19:81

2 Determined by 'H NMR.

Table S2. Effect of Concentration on Stereoselectivity

Ph CuCl (10 mol %) i Ph. _B(oi
B(pin) L3 (10 mol %) (PinBS-Ph (pin)
f ¥ SiMe,(OFP) NaOFBu (20 mol %) ¥
2\ a0t-Bu (20 mol % . . . .
Me THF (0.1-1.0 mL) Me~ “SiMe,(Oi-Pr) Me~ “SiMe,(Oi-Pr)
1a (0.1 mmol) 2¢ 50°C,3h (2)-3ac (E)-3ac

entry amount of THF (mL) yield (%)2 ZE?2

1 0.1 64 66:34
2 0.3 75 89:11
3 1.0 70 97:3

2 Determined by "H NMR.

8. Requirement of Additional NaO#Bu (Scheme 5)

(CuOt-Bu),4 (5 mol % Cu)

Ph L3 (5.5 mol %) _
I B(pin)  with or without NaOgBu ~ PIMBS-Ph

|

SiMe,Ph  cyclohexane _
Me 80°C,3h Me™ “SiMe,Ph
1 2a (2)-3aa

Without NaOt-Bu: In a glovebox, a glass tube (outside diameter: 20 mm, internal volume: 16
mL) having PTFE stopcock (J. Young), equipped with a magnetic stirring bar, was charged with
(CuOt-Bu)s (0.88 mg, 0.00161 mmol), L3 (0.070 mL from 0.1 M methylcyclohexane solution,
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0.0070 mmol), 1a (12.0 mg, 0.103 mmol), 2a (29.4 mg, 0.112 mmol), and methylcyclohexane
(0.25 mL). The tube was sealed by the stopcock and was taken out from the glovebox. The mixture
was stirred for 3 h at 80 °C by a heating magnetic stirrer with an aluminum heating block (hole
size: 21 mm diameter x 33 mm depth). "H NMR analysis (internal standard: dibenzyl ether) of the
resulting mixture indicated that 3aa was not formed.

With NaOt-Bu (5.5 mol %): In a glovebox, a glass tube (outside diameter: 20 mm, internal
volume: 16 mL) having PTFE stopcock (J. Young), equipped with a magnetic stirring bar, was
charged with (CuO#¢-Bu)s (0.77 mg, 0.00141 mmol), L3 (0.060 mL from 0.1 M methylcyclohexane
solution, 0.0060 mmol), NaO#-Bu (0.59 mg, 0.00614 mmol), 1a (12.2 mg, 0.105 mmol), 2a (28.8
mg, 0.110 mmol), and methylcyclohexane (0.25 mL). The tube was sealed by the stopcock and
was taken out from the glovebox. The mixture was stirred for 3 h at 80 °C by a heating magnetic
stirrer with an aluminum heating block (hole size: 21 mm diameter x 33 mm depth). '"H NMR
analysis (internal standard: dibenzyl ether) of the resulting mixture indicated that (Z)-3aa was

formed in 74% yield (Z:E =>99:1).

9. Trans-Silaboration Mediated by NaO#Bu (Scheme 6)
Ph

| ‘ B(pin) NaOtBu (11 mol %) (pin)B _Ph

|

SiMe,Ph
Me i g%cl%hzxﬁne Me”™ ~SiMe,Ph
1a 2a (1.0 equiv) (2)-3aa

In a glovebox, a glass tube (outside diameter: 20 mm, internal volume: 16 mL) having PTFE
stopcock (J. Young), equipped with a magnetic stirring bar, was charged with NaO#-Bu (1.18 mg,
0.0123 mmol), 1a (11.8 mg, 0.102 mmol), 2a (26.3 mg, 0.100 mmol), and cyclohexane (0.3 mL).
The tube was sealed by the stopcock and was taken out from the glovebox. The mixture was stirred
for 3 h at 80 °C by a heating magnetic stirrer with an aluminum heating block (hole size: 21 mm
diameter x 33 mm depth). 'H NMR analysis (internal standard: dibenzyl ether) of the resulting

mixture indicated that 3aa was formed in 42% yield (Z:E = 95:5).
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Ph

| ‘ .\ I?(pin) NaO#Bu (22 mol %) f ; (3
SiMe,(OFPr) THE no formation of 3ac
Me 50°C,3h

1a 2c (1.0 equiv)

In a glovebox, a glass tube (outside diameter: 20 mm, internal volume: 16 mL) having PTFE
stopcock (J. Young), equipped with a magnetic stirring bar, was charged with NaO#-Bu (2.45 mg,
0.0255 mmol), 1a (11.6 mg, 0.0999 mmol), 2¢ (24.6 mg, 0.101 mmol), and THF (0.25 mL). The
tube was sealed by the stopcock and was taken out from the glovebox. The mixture was stirred for
3 h at 50 °C by a heating magnetic stirrer with an aluminum heating block (hole size: 21 mm
diameter x 33 mm depth). 'H NMR analysis (internal standard: dibenzyl ether) of the resulting

mixture indicated that 3ac was not formed.

10. Confirmation of No Z/E Isomerization of the Product (Scheme 7a)

2c (1.0 equiv)
; CuCl (10 mol %)
(pimB__-Ph L1 (11 mol %)

no Z/E isomerization
Me SiMe,(Oi-Pr) NaOtBu (22 mol %)

cyclohexane or THF
3ac 50°C,3h
ZE=53:47

A Z/E mixture of 3ac (Z:E = 53:47) was prepared by copper-catalyzed reaction of 1a with 2¢ in
1,4-dioxane that is found as a solvent for non-stereoselective silaboration. According to the general
procedure described in section 5, the reaction was carried out at 50 °C for 3 h using CuCl(2.95 mg,
0.0298 mmol), L.1 (10.7 mg, 0.0294 mmol), NaO#-Bu (6.63 mg, 0.0690 mmol), 1a (34.4 mg, 0.296
mmol), 2¢ (73.1 mg, 0.299 mmol), and 1,4-dioxane (0.9 mL). 3ac (56.5 mg, 0.157 mmol, 52%,
Z:E = 53:47) was obtained after purification by column chromatography on silica gel (eluent:
hexane:AcOEt = 100:0 to 90:10) and Kugelrohr distillation (120-140 °C/0.50 Torr).

In a glovebox, a glass tube (outside diameter: 20 mm, internal volume: 16 mL) having PTFE
stopcock (J. Young), equipped with a magnetic stirring bar, was charged with CuCl (0.80 mg,
0.00808 mmol), L1 (0.090 mL from 0.1 M cyclohexane solution, 0.0090 mmol), NaOz-Bu (1.89
mg, 0.0197 mmol), 3ac (Z:E = 53:47, 26.9 mg, 0.0746 mmol), 2¢ (20.4 mg, 0.0835 mmol), and

cyclohexane (0.2 mL). The tube was sealed by the stopcock and was taken out from the glovebox.

The mixture was stirred for 3 h at 50 °C by a heating magnetic stirrer with an aluminum heating
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block (hole size: 21 mm diameter x 33 mm depth). "H NMR analysis (internal standard: dibenzyl
ether) of the resulting mixture indicated that 100% of 3ac was recovered with the Z:E ratio of 53:47.

In a glovebox, a glass tube (outside diameter: 20 mm, internal volume: 16 mL) having PTFE
stopcock (J. Young), equipped with a magnetic stirring bar, was charged with CuCl (0.80 mg,
0.00808 mmol), L1 (0.090 mL from 0.1 M THF solution, 0.0090 mmol), NaO#Bu (1.72 mg,
0.0179 mmol), 3ac (Z:E = 53:47, 28.1 mg, 0.0780 mmol), 2¢ (20.2 mg, 0.0827 mmol), and THF
(0.2 mL). The tube was sealed by the stopcock and was taken out from the glovebox. The mixture
was stirred for 3 h at 50 °C by a heating magnetic stirrer with an aluminum heating block (hole
size: 21 mm diameter x 33 mm depth). "H NMR analysis (internal standard: dibenzyl ether) of the

resulting mixture indicated that 90% of 3ac was recovered with the Z:F ratio of 53:47.

11. Reaction of 1a with 2a in the Presence of MeOH (Scheme 7b)
CuCl (10 mol %)

Ph L3 (10 mol %) Ph. _H
B(pin) NaO#-Bu (20 mol %)
I+ Sive (0i-pr) T MeOH
2 THF Me” ~SiMe,(O/-Pr)
rt, 3 h 2
Me 2c ’
1a 1.0 equiv 2.0 equiv (E)-5

In a glovebox, a glass tube (outside diameter: 20 mm, internal volume: 16 mL) having PTFE
stopcock (J. Young), equipped with a magnetic stirring bar, was charged with CuCl (1.06 mg,
0.0107 mmol), L3 (0.110 mL from 0.1 M THF solution, 0.0110 mmol), NaO#Bu (2.20 mg, 0.0229
mmol), 1a (11.3 mg, 0.0973 mmol), 2¢ (24.5 mg, 0.100 mmol), MeOH (6.31 mg, 0.197 mmol),
and THF (0.2 mL). The tube was sealed by the stopcock and the mixture was stirred for 3 h at room
temperature by a magnetic stirrer. 'H NMR analysis (internal standard: dibenzyl ether) of the
resulting mixture indicated that (£)-5 was formed in 88% yield. (E)-5 was isolated in 51% yield by
column chromatography on silica gel (eluent: hexane) and Kugelrohr distillation (70-120 °C/0.60
Torr). The stereochemistry of the product was confirmed by NOE. (E)-5: 'H NMR (500 MHz,
CeDg) 07.28-7.32 (m, 2H), 7.16-7.22 (m, 2H), 7.07 (tt, J = 7.5, 1.5 Hz, 1H), 7.03-7.05 (m, 1H),
3.94 (septet, J = 6.0 Hz, 1H), 2.00 (d, J = 2.0 Hz, 3H), 1.50 (d, J = 6.0 Hz, 6H), 0.27 (s, 6H). *C
NMR (126 MHz, CsDs) 6 139.1, 139.0, 138.7, 129.5, 128.4, 127.0, 65.3, 26.1, 16.2, —1.9. HRMS
(EL positive) m/z caled for C14H220Si" [M]": 234.1434, found: 234.1436.
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13. 'H and *C NMR Spectra of Products
'H and '*C NMR spectra of products are given in following pages.
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Figure S7. 3C NMR Spectrum of (£)-3ba (151 MHz, CDCls)
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Figure S8. 'H NMR Spectrum of (£)-3¢a (500 MHz, CDCls)
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Figure S9. 3*C NMR Spectrum of (£)-3¢a (126 MHz, CDCls)
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Figure S10. '"H NMR Spectrum of (Z)-3da (500 MHz, CDCl3)
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Figure S13. 3C NMR Spectrum of (Z)-3ea (126 MHz, CDCls)
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Figure S14. '"H NMR Spectrum of (Z)-3fa (500 MHz, CDCl5)
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730 = opod_TaL - uo301d : oI Jod sured : X
mnﬂmwwmmw wwmﬂuwwuwn.UWVOOOOOOOOOOIIIIIZZZZZZLLL/.LLL.L,LLL/.LL.LLLLI.LLV..L.LV..L.L,L.I.,L.LI
= X D O o W M ae e OO OO NN S WLWWAROODDOD i == DR WWWWLLWL LD
= ey — NN oo
semls = s N R R R ESS R LR EE TR LR S TEEEE L PR
[S19T9L0Z9E b = sury bov ¥ //j/i\“\ -
[snjgz L = YIPTM_06 X
top1s1e = oK 0 0l 0T o€ 0 0's 09 oL 08 06 0°01
9€ = _UrED 3 T PN R O T T DT F R BTN TR NS R
[slgs'v = Keted uotzexetey , ] .
T ¥ e
8 = sued§ Te30% L =
8 = suess [ mn
ISTVE = poddT1d [ 5
{sn]o'g = Butyweta 2 s/ | r— 8
(wdd]o g = 398330 TaL I g N
[ZEH} TZST66ST 008 = boxd_tay SR 3
uojoxg = utewoq TIL % o
fuddjo-g = 395F30_33T o LN
[ZHW] TZST66ST 005 = boxg_xa1 » g r
uojzoxg = utewoq I » ~ m [
{ZHX]18ESTI600°9 = poddTTo deens_ X b N F o
[ZEX]£Z6TOZTS L = deens X QU o
[ZB1€98V2622°0 = UOTINTOSSY_X PR L
z = sueosaxg X g ¥
8ILZE = s3uTog X % o
[wdd]o g = 498330 X 2 L&
[ZER] TZST66ST 005 = boxg X [
uogoxgd = urewed X [ o
[S]1919L029E "V = uoTyeanyg bov X E [ tn
BW1005) [L16LSELYL TT = y3buexys PIOTI g X
< L
TS/900SZOE-RNL = aozewoxgzoeds o
X = SUOTSUSWIC Fo
[udd] = s3Tun wrq o [
uojog = STITL WTa w [
uozoxg = ca.“mEoialN mu. LS
Y1292 = 97T WIQ N}
XTTIROD AT = Jewzod e3eq r
osTnd oTbuTs = FUSWWOD "
[o
vZ:6£:60 120Z-83I-§ = SWTL UOTSTARYE F o
61:92:60 TZ0Z-€dd-S = euwty 3Ie3s N3OV r
Q-RE0J0¥0THD = JUBATOS r
YOTTdL-EYor e~y = p1 otdures [
dx(-estnd oburs = quewtzodxy Lo
e3Tep = Ioyany L
oad poTTdL-eAoRNeI-NY = ouwreusTTa F
—_
Lo
[T
L=
( [wdd]gz L ‘[wdd]6z69Z L )SouLIDIRL ebg-(7) -
wdd on C
eseydeutyoeu Ud_ 1 It
( mn€r ‘Eous ‘T )33F s L
( 8n¥L ‘T ) TTTIOx9Z El'e L
( IslooT ‘Islos ‘[sl0 ‘I3]0 )prozadeas .
( [s10°0 ‘[zH]Z 0 )dxes o) [
e SYELINVEVE ONISSHOOWE ---- Ud g L
1 -
s e} [ o=
w Lo
W -
A " 10317 8 :
. [
Jplz-1-uotoid 01 1dL-eioe ey -,
Ao’ x

85:15) (500 MHz, CDCls)

E:

Figure S16. '"H NMR Spectrum of (Z)-3ga (Z

S41



[ZH®]1L80928L6°S =

[aplze Lz
[aplze Lz
[gplzs LT
[aplze Lz
[snl6s €
faplot
[Beploe
[s1v8TLEVE O
[snlLL 0T
{orPl9- 12

9G
[elzo T

08

08

STV

[snlo°2

[wdd] 0§

[ZHR] TZST66ST 005
uojoxg
[ZBXI8LLLLLLL LT
[z 2222222L " VE
[ZH]ET8E9650° T

v

89LZE

[wddjoot

[ZBR] 89L6259L " G2T
NHCOnn.NNU
[S1Y8ILEVE O

005) [T16LSELVL TT

TS/900SZOH-INLC
X

[wdd])
gIuoqIed
giuoqaed

j4%4:14

XITGH0D AT
noosp @stnd oTbuts

‘vE€:60 TC0ZT-€33-S

Q€160 TS0Z-€II~G
J-}gOJOEOTHD
VOTTdL~-Bqoryes-ny
{-oop esTnd oTbuts
_ e3ToP
POTTaL-Bore] -3

Wnw e nnnunn

L1 1 T 1

wwnnwwann

o

[ ]

ZH UIpTMpuey_ood IIT

woz U3y 2IT

oTey 3rneged oed UAY_IIT

oTed an :uuﬂ IIT

oeQ u3ly Il

osTng X

uIv X

a1buy x
Q&ABIVU

YIPTM 06 3 x

q0p dueg

uresy TADDY

Keted uoTjexeToy

sueog Te3IOL
sueos
poddrid
ButyueTg
395330_aI
bexg aar
utewoq IIT
poddtTs deous X
doong x
uoTINTOSOY X
sueosezd X

!

EOﬂJNNSQ!V
y3buexis | n.nwam

aejewoxioads
SUOTSUBWTQ
s3TUN_WTQ
OTITIL WIQ
utewod X
®zTS WwrQ
JjewIzog e3lRq
Fusuo)

SWTL UOTSTADY
swty 3Ie3s Ten3ov
JUIBATOS

pI ordwes
Fuosutzadxy

xoysny

DWRUDTTH

s

cruogqie) : uorIA Jod sped @ X

e FUERBRER A3 BESSSSEERRREES 2
2= B3rzasy B50222R52 85880888 B
Ll | O = AW N O =W OO WANIN IO WD WX £
St
Vo NCI I VY T V|
A_V 001 00T 00 00y 0°0S 009 0'0L 008 c"om cc_o;@:oﬁwﬁooﬁoo_ioﬂwﬁoc_foﬁﬁoﬁwﬁo&m;o_om _
s b v e baas g by s bt bea g b e s by e Lo bosaa bt o el d e o v b siadaaada s nd s g b
_ I ﬁ% 1 i _ F 8
[ =
Lo 8
rez
233
=
. ebg-(7) F
ug Wy Fe
IS =
aN M:/\/ S
.0 Fa
W <
O [ o
FS
[ ©
_ [ <
IPFT-1-NOE vOT1dL-eoRyermyf©
¢1uoqie)) : uolIA Jod sued : X
. —— N W BRRR N0 D 6w
oo Lo B SNNNN DR H A
[ <o B N OO BN O] \O =B O W
B R AN L A\D LN ND 00 WD
_——— —_ W OWANINLIONND
0 00l 00T 00 00y 0°0S 009 00L 0008 006 0001 0°0T1 0°0Z1 0°0EL 0°0¥1 0°0ST 0°09T 0°0LT 0°081 0°061 0°00C

vl bes e b b e s b s ben s e laaa e s

st

NS INYRATANIN IVEPVETIS ATSTSTUTIE BTSN ENATETA |

( [wdd]oy s ‘[wdd]9BLOT LL )POuUdIDILIT

wdd
eseydsutyoru

( EnYIL ‘E0NI ‘T )3FF
¢ Zn¥L ‘T ) TTTIOI9Z

¢ [s)ooT ‘I%lo8 ‘I[slo ‘[%l0 )prozedexy

( [slo'0 ‘[zH]Q'Z )dxos

———=- SYALINVIVI ONISSEDO¥E -~~~

0 n03r

TRA

1000 10°0-

L ERRA L LR Ly LR L A LA LARE) LARRS LA s A R

110 60°0 LO0 SO0 €00

IPPT-1-1dop H01 1dL-ejorel-ny

souepunqe

85:15) (126 MHz, CDCls)

E:

Figure S17. 3C NMR Spectrum of (2)-3ga (Z

S42



[s1919L0216°8 sutL uorjztiedey

(5165 v = dwey Kereq uoTiexerdy

[s]o = oTeD Aeted uoriexersy

dSTVE = m.m,m,mlwﬁ.n,aHuMnmhm

{slgs'y = swry jesoxdg

08T ‘08T ‘OLZ ‘06 ‘0} = aseyq
[slt = aTey TeriTul

T0EL\SOTTI wexbozg\:d = yjed juswraadxy
0= @3ey uoTjeRWIODg

ASTYE = ammwumHmuﬁmQ

yey = dooy @3ueq

330 = Oﬁozﬂ..nua

330 = ®PON I2T

[snlgzg € = esTnd_X

[gpls = uIY_X

{(bsplgy = eTbuY_X
[s19T9L029€E "V = ma,.ualwua..x
[sn]gz L = YIPTM 06 X

[opl6-0Z = Jop duey

9€ = utes) A9y

[slgg'v = KeToq uotzexeray

8 sueog” TE30L

8 , sueog

ISTEE poddTo

{snlo‘z Suryuery

[wdd}o g 395330 T

[ZERI TZST66ST 00S bexg TaL
uojoxg uTewoq TIL

[wdd]g*g 398330 22T

[ZHN] TZST66ST 00S V@th..nHH
uolxoxg uTewoq IIT

peddrry deems X
doams X
uot3anTosey X

(2B} 8ESTI600°9
[ZEX]€26T02TS "L
[zr]€98V2622° 0

|

4 suedsaxg X

89LZE s3utod X

[wdd]o-g I9SIFIO_X

(ZHR] TZST66ST 00 boxg X
uoz0zg utewoqd X

|

[s1919L029E "V

ELAN T 1 A

uoTjeang bov X

B 008) [L16LSELYL TT y3buea3zs pIoTa
1S/900SZIE-ANL = aejswoazoeds

X = SUOTSUBWTIQ

[wdd] = s3Tun WIg

uolozg = STITL WIQ

uojoag = utewoq X

y129Z = 2zTS WIQ

XTTAROD AT = jewzog e3jeq

osnd otburs = JUSUWOD

90°70:0T TCOZ-¥YR-8T
GEET9T TTOZ-YWR-LT

SWTL UOTSTAY
Swry 3xe3s Ten3ov

Q-}RIOJOYOTHD = 3ueATOS
09T1dL~eoeneI-nY = pI oTdwes
dx(-estnd oTburs = quowrtIadxy
®3TOp = ToyznY

ozd g9 TTaL~eNORNRY-NY = sureuSTTE

o

sl b e b o Lo e e b

uo0jo1{ : uolIN Jod sued : ¥
N NN NN NN NN NN NNNNNNNNNNNNNNNNNNNSNNENNI NSNS
DOOCO O Ottt ittt WRDNDDNDODNDODNRDRODNWWWWWWWE LGS
NMRNNWWWAERROOD == NNLWLWARALELULOOANIITIRDRWONWEROOOOO =N
WNEUNROONOWAANNIWARANITUVMOUVL—EUVOVNUVEOORO—\OWIN A0~

(a4 oS 09

soes il

0L

08

oo baaa e b e s

0’6 001

I I A

QI_DW_J

-

o
=
=
&

000

POOOOOOOSr—— =
D00 \ON NS B DS
OO —=N NN OWRN WAL
NN OE NN TN 3 = \D -
/HMWWWWMWM%%W#NWNWMNNN\\
ca s a b s
TJJ‘J&«
b
o
N
o
2
o
o+
N3
o
»
5
~
N
153
<
w

yS6'l

3142

¥

[

0z8y

Jplz-z-uoroad (91 [d L-eorer-ny

I'o

(44

€0

70

S0

90

L L e

St ¥l €1 T I'l 01 60 80 LO

91

L L L e L L B L0 0 B e

aouepunqe

81:19) (500 MHz, CDCl)

E:

Figure S18. '"H NMR Spectrum of (Z)-3ha (Z

S43



0
FSTYE

[snlze

[snlze

[snlz6

[snlze

[wdd] g

ZLTYM

foieiced

(a6

2z

[ZHW] TZST665T 005
[udd] 6869256 1T
[28%]£80928L6 'S
[aplzg Lz
laplzs L2
{gpleg Lz
[gples L2
[snles €

[eplot

[bsplog
[S1V8TLEVE O
[snlLL 0T
[orlz-zz

95

[slzo 1

0096

0096

ST

fsnjo e

[wdd]o-g

[ZEW] T2ST66ST 005
uojoxg
[ZEX)8LLLLLLLLE
[zEx1lzz2eeeeL ve
[2H]€T8E9650 T

v

89L2€

{wddj 001

[ZBW]} 89L62S9L " STT
gTuoqae)d
[S1v8TLEVE 0

008) [L]6LSELYL TT

TS/H00SZIE-RNL
X

[wudd]
gTuoqIe)
g£IuoqIED

viz9e

XTIGWOD AT
nooep estnd arburs

YS:60 TTOZ-YVH-8T
120 €2 TZOZ-YWN-LT
J-AE0I0TOTHD

09 TTdL~e3oes e ~ny
[ oop esind erburs
_ ®3Tep
09TTdTL~exoees-ny

LI T 1 I | O

Bomonowonowonu [ 1 U U A I

IR )

@38y UOTjIRWTIODQ
umun»olHNH

Tdwey yIpTAg IIT
oTeD 3TneIOd_UIPTMA_IAT
I[aeIeq YIPTMd IIAT
_uIpT™g_2II

3TneIeq 3OSFIO_IIT
®STON xaT

DON 2T

m:nﬂmsouwn TIT
z0300g 3TIOW DOd IIT
vmkh o8q xxI

wdg 1 ﬁvﬁxvcmm o9q IXT
ZH YapTspueg deg Il
NOZ u3y IIT

oTeD 3Tnezeq O°q UIY_IIL
oTeD 0oq_u3lv_IaAT
oaq u3ly 23y

°sTag_ X

I X

oTbuy X

sty bov ¥

YIPTM 06 X

30p dueg

utes xADDY
hmﬁwalcoﬁvmxmﬁmm

1

i

!

1

sueo§ TeB3OL
sueos

paddrTd
Butyuetg
395330 X311
boxg axIl
urewoq III
paddtTd deess X
doomg X
uoT3anTosey X

1

utewoq N
uoT3eang boy
y3busx3sTy uﬁwam

aazswoxyoads
suoTsusWTg
s3Tun wrg
oT3TL Wig
uTewoq X
°zTs wig
Jewzog ejeq
JUBUMOD

BWITY UOTSTADY
suty axe3s Ten3ov
3ueATos

pI ordures
Juswtzadxyg

Toyzny

sureuSTTA

cruoqre) : uoliA Jod sued 1 ¥

OJDW—J

o EE BRR 88 2338 DRERRRRRRLLESS52S
O — W NN B O = BB Oy ANUNANONNBEAONNULOWLON WL
28 =8 338 8e e S8BT IRIBBEEERY
A ,
VoY AN YV o =i
0 000 000z 000€ 00y 005 009 0°0L 008 006 0°001 0°0LI 0°0TI 0°0ET 0071 0°0ST 0°091 0'0LT 0081 0°061 0°00C
PENSITIN FUNEERSR RRSURUR TN ST SN NSRS T SR TS SO0 SO DU W0 TR A SO0 W VOO SN S 0 ST ST AU SN S SR S ST reea b b e by b s by e b b b
a O
| I i °3
P
£S 2
foa
r g
Ero™
o
FO
eye-(7) E
9 E
ua LS
IS Eo
N’ H/\ E
E &
Lo
Ud m__\O fo
0 N
ES
Fo
IPFT-Z-NOE 091 1dL-wowyer-myf
¢ruoqie)) : uorjjiA tod syed : X
o  RE BER 23 BRRRNNRERER
O e (R s B Bl P g ANV EAON
28 =8 533 B2 S8C=8BSIRSS
VoYW N
0 001 00Z 00€ 0°0% 0°0S 009 0°0L 0°08 006 0°001 0°0LL 0°0TL 0'0EL 0°0¥1 0°0SL 0091 0'0LI 0°081 0°061 0°00C
s by s o s d oo o s o b e s o la s Lo o be s b b e Lo daa b b e Ly Loy deddd,
| - F
L O
o2
! o8
I e o
LS @
_ Fo
o
-S
r <o
o
ES
Fo
F
Eo
Eo
JPLT-1-1dop 091 TdL-Exoe el - m

E =81:19) (101 MHz, CDCls)

Figure S19. 3C NMR Spectrum of (Z)-3ha (Z

S44



[s1919L029€ ¥

1

uoTjeang boy X

330 = opon_TaL

330 = SPOW IIT

[snlsz9'e = esTngd X

lgpls = uIY_X

[Beplgy = oT6uV X
[s1919L029E Y = QE._,HEIWUAIN
[snlgz L = WIPTH 06 X

[orlg* 1z = 38D duwe,

9€ = uTeH IADSY

[s]lgs'v = Keteq uorjexersy

8 = sueog” Te3ol

8 = sueog

gsTVE = paddro

[snlo‘2 = mn.ﬂﬁm.ﬂm

[wdd]o g = 395330_TIL

[ZER]I TZST66ST 00§ = bexg TaL
uocjoag = utewod TIL

[wdd]og = 398330 3AT

[ZER] TZST66ST 005 = bezg_zaI
uojord = utewod III
[ZBX]BESTI600°9 = vmnwnm.m.nvlnmwwzw.lix
[ZH{]1€26T0ZTIS L = mgxwlun
{zH]€98Y2622°0 = uoTINTOSSY_X

Zz = sueosoad X

89L2€ = ﬂm..::.omHv.‘

[wdd]o g = ‘998330 X

[ZHW] TZST66ST 00S = mvwk.ml.um
uo3zoagd = utewod X

BR100S) [T16LSELVL TT
TS /4005 ZOF-FNL

X

[udd}

uojoxd
uojoxd

Y1292
XITIROD AT
estnd o1buts

LV:9Z:0T 1202-€944-T
GT:62:60 IC0Z-€EI-T
Q-FE0I0YOTHD
SOTTdL-eNoe ey -ny
dx(-esnd etbuts
e3Tep
oxd goTIdI~exoe el -y

0o

LI ]

y3bueays PTeTI

zojswoxjoeds
suoTsuLwrq
s3TUn_WTQ
ST3TL WId
urewoq X
ozts wIQ
sewroy e3Rq
FuBumIOn

SWTL UOTSTASH
suty 3xe3s TEN3OV
JUSATOS

pI ordwes
Juowrtzadiy

zoygny

SuweUSTTI

=)
=
)

1050
8€8°0
¢80
L98°0

6560
€ETT -1

Ll

191

LTl

1671

ST AT AT AT VIR I A A S A

8LET
88¢°1
P6¢°1
(A
607'1

91v'1
wr'l
9tr'l
144!
we'T
[43%4
8S€T
S9€T
SLET
€T0°L
LT0L

YE0'L

NP PRI ATATITIVES IVDVRRN SUATINIIIS SO S At

s 09 oL

0’8 0’6 001

R PR PR IS AT (TR AT VAT AT AT NI S S ST SN Sl ST IS TE S NSUIN S A AU A AL S A

wi9

pL-p-T-uojoad GOITAL-BAOBNEI~NIY WOIF POATISQ

( [uddloz L ’

( [slooT ‘[%]o8

[wddlgLLyZ L )Sousaezex
udd

oseydouTyoew

( gN¥L ‘EOEL ‘T )3I3F

( E0¥I ‘T ) ITTIOXSZ
‘{%]0 ‘[%]0 )prozedexy
( {slo"0 ‘[zH]Z'0 )dxes

-—-— SYALIIVd ONISSIOO¥d ----

OJDW.J

w0ro

980°¢

£ET0

)

0S'p1

oz

i

|

£€10T

%J

000C
ScT

|

8179‘~§I~€

3,
i,_ﬁ
ud” >g-©

3plz-1-uojord 501 [dL-eyorseI-ny

1o

T
€0 70 ’

L0 90 S0 t0

L0 e Bt B
T T T T

T T
yio¢€1r 1 11t 01 60 80

ST

IS S L B L ML

aduepunqge

Figure S20. 'H NMR Spectrum of (Z)-3ia (500 MHz, CDCl3)
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Figure S21. 3C NMR Spectrum of (Z)-3ia (126 MHz, CDCl3)
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Figure S22. '"H NMR Spectrum of (Z)-3ja (500 MHz, CDCl5)
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Figure S24. '"H NMR Spectrum of (Z)-3ka (500 MHz, CDCl3)
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Figure S25. 3C NMR Spectrum of (Z)-3ka (126 MHz, CDCls)
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Figure S26. '"H NMR Spectrum of (Z)-3ab (600 MHz, CDCl3)
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Figure S27. 3C NMR Spectrum of (Z)-3ab (151 MHz, CDCls)
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Figure S31. 3C NMR Spectrum of (Z)-3ac (126 MHz, CDCls)
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Figure S42. 3C NMR Spectrum of (E)-5 (126 MHz, CDCls)



