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1. General Methods

Reactions were monitored by TLC which was performed on glass-backed silica plates and
visualized using uyv, KMnOg4 stains, H3PO4 12Mo03/EtOH stains,
H2S04(conc.)/anisaldehyde/EtOH stains. Column chromatography was performed using silica gel
(200-300 mesh) eluting with EtOAc/petroleum ether. *H NMR spectra were recorded at 400 MHz
(Varian and Bruker) and 600 MHz (Agilent), 3C NMR spectra were recorded at 100 MHz (Bruker)
and 150 MHz (Agilent) using CDClIs (except where noted) with TMS or residual solvent as standard.
Infrared spectra were obtained using KCI plates on a VECTOR22. High-resolution mass spectral
analyses performed on Waters Q-TOF. CCls, n-hexane, n-heptane, HMPA and DMF were distilled
from CaH>. DCM, THF and Et,O were distilled from sodium. All spectral data obtained for new

compounds are reported here.

2. Experimental Procedures and Spectral Data of Products

2.1. General Procedure to Synthesize 3-Silyl Allyloxysilanesla-1f

Si._~ NaH (1.45 eq), THF Si.__~
\/\ \/\ ,t-Bu

tBu_ Cl
OH “s” (1.2 eq) O-si-Ph

‘Me 1a-1f Me

/

Ph

To a suspension of NaH (186 mg, 4.64 mmol) in THF (2.0 mL) under argon atmosphere was added
3-silyl allylic alcohol* (3.2 mmol in 6.5 mL THF) slowly at 0 °C. The mixture was stirred for 10
min before adding t-BuMePhSiCl (814 mg, 3.84 mmol). After 30 min, the reaction was quenched at
0 °C by careful addition of H>O followed by neutralization (pH = 7) with ag. 10% HCI. The mixture
was extracted with Et,O (3 x5 mL). The combined organic layers were dried over Na>SO4 and
concentrated under reduced pressure. Purification of the crude residue via silica gel flash column

chromatography (gradient eluent: 1-2% of EtOAc/petroleum ether) afforded la-1f.

Preparation of 1la

1. Z.-L. Song, Z. Lei, L. Gao, X. Wu, L.- J. Li, Org. Lett. 2010, 12, 5298-5301.
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Me3Si =
\/\ ,t-Bu

1a O\Siiﬂpeh
1a: 85% yield, a yellow oil; *H NMR (600 MHz, CDCls) & 0.09 (s, 9H), 0.39 (s, 3H), 0.97 (s, 9H),
4.21-4.28 (m, 2H), 6.00 (d, 1H, J =18.6 Hz), 6.13 (dt, 1H, J; = 18.6 Hz, J, = 4.2 Hz), 7.37-7.41 (m,
3H), 7.58 (d, 2H, J =6.6 Hz); 3C NMR (150 MHz, CDCls) & -7.1, -1.3, 18.4, 25.9, 65.8, 127.5,
128.2,129.3, 134.5, 135.8, 144.8; IR (neat) cm™ 2955, 2934, 2857, 1467, 1251, 1113, 871, 853, 781;
HRMS (MALDI, m/z) calcd for C17H310Si2Na (M+Na)*: 329.1727, found 329.1736.

Preparation of 1b

Me,PhSi_~
\/\ ,t-Bu

O-si-ph
1b Me

1b: 75% vyield, a yellow oil; *H NMR (400 MHz, CDCl3) § 0.35 (s, 6H), 0.38 (s, 3H), 0.95 (s, 9H),
4.22-4.30 (m, 2H), 6.11-6.23 (M, 2H), 7.36-7.40 (m, 6H), 7.53-7.57 (m, 4H); 3C NMR (100 MHz,
CDCls) 6 -7.1, -2.5, 18.4, 25.9, 65.6, 125.8, 127.5, 127.7, 128.9, 129.4, 133.8, 134.5, 135.7, 138.9,
146.8; IR (neat) cm™ 2956, 2891, 2856, 1466, 1253, 1113, 858, 823, 732; HRMS (MALDI, m/z)
calcd for C22H320SioNa (M+Na)*: 391.1884, found 391.1894.

Preparation of 1c

Et;Si -~
\/\ ,t-Bu

O-si-pPh
Me

1c

1c: 80% vyield, a yellow oil;'H NMR (400 MHz, CDCls) & 0.36 (s, 3H), 0.56 (g, 6H, J = 8.0 Hz),
0.91-0.95 (m, 18H), 4.18-4.27 (m, 2H), 5.91 (d, 1H, J = 18.8 Hz), 6.11 (dt, 1H, J; = 18.8 Hz, J2 =
3.6 Hz), 7.33-7.39 (m, 3H),7.55 (d, 2H, J = 6.4Hz); *C NMR (100 MHz, CDCls) & -7.1, 4.3, 18.4,
25.9, 65.9, 124.3, 127.4,129.3, 134.5, 135.9, 146.1; IR (neat) cm™ 2954, 2878, 2878, 1464, 1113,
827, 783, 732; HRMS (MALDI, m/z) calcd for C20H3s0Si2Na (M+Na)*: 371.2197, found 371.2202.

Preparation of 1d
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(n-Pr)3Si__~
\/\ ,t-Bu

1d  ©-Si-Ph
Me
1d: 90% vyield, a yellow oil; *H NMR (400 MHz, CDCl3) & 0.37 (s, 3H), 0.56-0.61 (m, 18H), 0.96 (s,
9H), 0.98 (t, 9H, J = 8.0 Hz), 1.31-1.39 (m, 6H), 4.20-4.28 (m, 2H), 5.94 (d, 1H, J = 18.8 Hz), 6.12
(dt, 1H, J1 = 18.8 Hz, J, = 3.6 Hz), 7.35-7.40 (m, 3H),7.57 (d, 2H, J = 6.8 Hz); 3C NMR (150 MHz,
CDCls) 6 -7.1,15.4, 17.4, 18.4, 18.5, 25.9, 65.9, 125.5, 127.5, 129.3, 134.5, 135.9, 145.6; IR (neat)
cm™? 2955, 2928, 2862, 1462, 1254, 1113, 1063, 824, 785; HRMS (MALDI, m/z) calcd for
C23Ha20SizK (M+K)*: 429.2406, found 429.2402.

Preparation of 1e

(i-Pr)sSi_~
Y +Bu

O-si-Ph
1e Me

1le: 82% vyield, a yellow oil; *H NMR (400 MHz, CDCls) & 0.38 (s, 3H), 0.95 (s, 9H), 1.05-1.07 (m,
21H), 4.23-4.31 (m, 2H), 5.93 (d, 1H, J = 18.8 Hz), 6.18 (dt, 1H, J; = 18.8 Hz, J, = 3.6 Hz),
7.35-7.40 (m, 3H), 7.57 (d, 2H, J = 6.8 Hz); 3C NMR (150 MHz, CDCl3) & -7.1,10.9, 18.4, 18.6,
25.9, 65.9, 121.9, 127.5, 129.3, 134.5, 135.9, 144.8; IR (neat) cm™ 2933, 2893, 2862, 1463, 1254,
1113, 882, 827 ; HRMS (MALDI, m/z) calcd for C23H420Si2K (M+K)*: 429.2406, found 429.2403.

Preparation of 1f

Ph3Si__~
\/\ ,t-Bu

O-gi_
15 SI‘MF;h

1f: 94% vield, white solid, m.p. 84°C; 'H NMR (400 MHz, CDCls) & 0.39 (s, 3H), 0.97 (s, 9H),
4.29-4.37 (m, 2H), 6.25 (dt, 1H, Ji = 18.4 Hz, J, = 3.2Hz), 6.64 (d, 1H, J = 18.4 Hz), 7.34-7.45 (m,
12H), 7.54 (d, 6H, J = 6.8 Hz), 7.57 (d, 2H, J = 6.8 Hz); 13C NMR (150 MHz, CDCl3) & -7.1, 18.4,
25.9, 65.4, 121.4, 127.6, 127.8, 129.4, 129.5, 134.4, 134.7, 135.6, 135.9, 150.8; IR (neat) cm™ 3065,
3045, 2934, 2834, 2856, 1617, 1465, 1425, 1256, 1183, 1108, 1020, 838, 789; HRMS (MALDI, m/z)
calcd for C32H3s0Si2Na (M+Na)*: 515.2197, found 515.2207.
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2.2. General Procedure to Synthesize 3-Silyl Allyloxysilanes 1g-1i

Si._~ Sio
1
(1.0 eq)
Ph\Si/1_Np DIBAL-H (1560)  Ph.__1.np OH \/\O\g;Np
-\ <N . I~
Me™ ome n-hexane Me™ "H B(CgFs)s (8 mol%), toluene 1g,1h, i\,

To a solution of 1-NpPhMeSiOMe 2(834 mg, 3.0 mmol) in anhyd n-hexane (15 mL) was added
DIBAL-H (4.5 mL, 4.5 mmol, 1M solution in hexane) slowly at 0 <C under argon. The mixture was
heated to reflux overnight. The reaction was quenched at 0<C by careful addition of H20O followed
by neutralization (pH = 7) with ag. 10% HCI. The mixture was extracted with Et,O (3 x5 mL). The
combined organic layers were dried over Na,SO; and concentrated under reduced pressure.
Purification of the crude residue via silica gel flash column chromatography (gradient eluent:
petroleum ether) afforded 1-NpPhMeSiH (700 mg, 94% vyield).

3-silyl allylic alcohol (0.86 mmol), 1-NpPhMeSiH (213 mg, 0.86 mmol) and B(CeFs)s (36 mg,
0.069 mmol) in toluene (1.5 mL) was reacted at 90 °C for 3 h. The reaction mixture was purified by
silica gel flash column chromatography (gradient eluent: 1-5% of EtOAc/petroleum ether) to afford

1g, 1h, 1i.

Preparation of 1g

PhaSie_~

O-si-pPh
Me

19

19: 85% yield, white solid, m.p. 131°C; *H NMR (400 MHz, CDCls3) § 0.83 (s, 3H), 4.42-4.43 (m,
2H), 6.26 (dt, 1H, J1 = 18.4 Hz, J, = 3.6 Hz), 6.63 (d, 1H, J = 18.4 Hz), 7.34-7.53 (m, 21 H),7.65 (d,
2H, J = 6.8 Hz), 7.82 (d, 1H, J = 6.8 Hz), 7.88 (d, 1H, J = 8.0 Hz), 7.94 (d, 1H, J = 8.0 Hz), 8.22 (d,
1H, J = 8.0 Hz); *C NMR (100 MHz, CDCls) § -1.7, 65.9, 122.2, 124.9, 125.5,126.0, 127.8, 127.9,
128.5, 128.8, 129.4, 129.8, 130.8, 133.3, 133.6, 134.3, 134.5, 135.2, 135.9, 136.3, 136.9, 150.2; IR
(neat) cm™ 3058, 2962, 2864, 1425, 1257, 1108, 859, 822, 783; HRMS (MALDI, m/z) calcd for
C3sH340Si2Na (M+Na)*: 585.2040, found 585.2040.

Preparation of 1h

2. L. H. Sommer, C. L. Frye, G. A. Parker, K. W. Michael, J. Am. Chem. Soc. 1964, 86, 3271-3276.
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EtySi_~

O-si-Ph
1h Me
1h: 75% yield, a colorless oil; *H NMR (400 MHz, CDCls) § 0.59 (q, 6H, J = 8.0 Hz), 0.85 (s, 3H),
0.96 (t, 9H, J = 8.0 Hz), 4.36-4.38 (m, 2H), 5.95 (d, 1H, J = 18.8 Hz), 6.19 (dt, 1H, J1 = 18.8 Hz, J.
= 4.0 Hz), 7.39-7.46 (m, 4H),7.45-7.53 (m, 2H), 7.68 (d, 2H, J = 6.8 Hz), 7.84 (d, 1H, J = 6.8 Hz),
7.89 (d, 1H, J = 8.0 Hz), 7.96 (d, 1H, J = 8.0 Hz), 8.25 (d, 1H, J = 8.0 Hz); *C NMR (100 MHz,
CDCl3) 6 -1.6, 3.4, 7.3, 66.5, 124.9, 125.4, 125.5, 125.9, 127.9, 128.6, 128.7, 129.8, 130.7, 133.3,
133.8, 134.3, 135.2, 136.5, 136.9, 145.5; IR (neat) cm™ 3051, 2953, 2909, 2875, 1425, 1216, 1113,
1014, 828, 783; HRMS (MALDI, m/z) calcd for C26H340Si2K (M+K)*: 457.1780, found 457.1779.

Preparation of 1i

Me3Si =
\/\ 1-Np

/
O-si-ph
Me

1i

1i: 78% yield, a colorless oil; *H NMR (400 MHz, CDCl3) & 0.08 (s, 9H), 0.85 (s, 3H), 4.33-4.34
(m, 2H), 5.99 (d, 1H, J = 18.4 Hz), 6.15 (dt, 1H, J1 = 18.8 Hz, J» = 4.0 Hz), 7.37-7.45 (m, 4H),
7.47-7.53 (m, 2H), 7.67 (d, 2H, J = 6.8 Hz), 7.84 (d, 1H, J = 6.8 Hz), 7.89 (d, 1H, J = 8.0 Hz), 7.95
(d, 1H, J = 8.0 Hz), 8.23 (d, 1H, J = 8.0 Hz); 23C NMR (100 MHz, CDCls) 6 -1.7, -1.4, 66.3, 124.9,
125.5, 125.9, 127.9, 128.6, 128.8, 129.3, 129.8, 130.7, 133.3, 133.8, 134.3, 135.2, 136.5, 136.9,
144.2; IR (neat) cm™ 3050, 2957, 2929, 1590, 1427, 1255, 1118, 1082, 834, 700; HRMS (MALDI,
m/z) calcd for C23H280Si2Na (M+Na)™: 399.1571, found 399.1575.

Preparation of 1j

Me ?h
\s.

i
t-Bu”

OSiPhj
1j

1j: Using the same procedure as that used for 1f: NaH (186mg, 4.64 mmol), THF (2.0 mL), 3-silyl
allylic alcohol (3.2mmol in 6.5 mL THF), 0 °C, 10 min; then PhsSiCl (1.13g, 3.84 mmol) 0 °C
afford 1j, 82% vyield, white solid, m.p. 52°C; *H NMR (400 MHz, CDCls) § 0.39 (s, 3H), 0.95 (s,
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9H), 4.50-4.51 (m, 2H), 6.30 (dt, 1H, J1 = 18.8 Hz, J» = 3.2 Hz), 6.40 (d, 1H, J = 18.8 Hz), 7.32 (t,
1H, J = 6.8 Hz), 7.38-7.52 (m, 11H), 7.55 (d, 2H, J = 6.8 Hz), 7.72 (d, 6H, J = 6.8 Hz); 3C NMR
(150 MHz, CDCls) 6 -7.8, 17.1, 26.6, 66.5, 123.3, 127.4, 127.7, 127.9, 128.8, 130.0,129.8, 130.0,
134.1, 134.9, 135.2, 135.3,135.4,135.6, 147.3; IR (neat) cm™ 3065, 2951, 2926, 2852, 1464, 1426,
1364, 1257, 1115, 784, 705; HRMS (MALDI, m/z) calcd for CzH3s0Si:K (M+K)*: 531.1936,
found 531.1938.

2.3. Screening of Silyl Groups

s-BuLi
3_1_//—\0 THF/HMPA siz 1 ©
i "
si? -78°C, 0.5 h, then .1MH
H50, rt overnight S
1 3

To a solution 1 (0.15 mmol) in anhyd THF (0.5 mL) and anhyd HMPA (0.60 mmol) under argon
atmosphere was added s-BuLi (0.60 mL of 1.0 M solution in pentane, 0.60 mmol) at -78 <C. After
stirring for 30 min, the reaction was quenched with H20 and was warmed to room temperature with
stirring overnight. The combined organic layers were diluted with Et2O (5.0 mL), dried over
Na>SO4 and concentrated under reduced pressure. Purification of the crude residue via silica gel
flash column chromatography (gradient eluent: 1-5% of EtOAc /petroleum ether) afforded aldehyde
3.

Preparation of 3a

M%SiWH

t—Bu’SL &
py Me
3a

3a: 62% vyield, a yellow oil; (dr = 56:44). major-isomer: *H NMR (400 MHz, CDCls) & -0.28 (s,

9H), 0.37 (s, 3H), 0.89 (s, 9H), 1.29 (dd, 1H, J1 = 7.6 Hz, J» = 3.2 Hz), 2.69 (dd, 1H, J1 = 19.6 Hz,
J2=7.6 Hz), 2.94 (dd, 1H, J; = 19.6 Hz, J, = 3.2 Hz), 7.32-7.33 (m, 3H), 7.48-7.52 (m, 2H), 9.84 (s,
1H); 3C NMR (150 MHz, CDCl3) & -7.4, 0.4. 1.0. 18.8, 28.1, 41.3, 127.6, 128.9, 134.6, 137.0,
201.9; minor-isomer: *H NMR (400 MHz, CDCls) § 0.01 (s, 9H), 0.36 (s, 3H), 0.95 (s, 9H), 1.19
(dd, 1H, J1 = 7.6 Hz, J» = 3.2 Hz), 2.60 (dd, 1H, J; = 19.6 Hz, J, = 7.6 Hz), 2.71 (dd, 1H, J; = 19.6
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Hz, J; = 3.2 Hz), 7.32-7.33 (m, 3H), 7.48-7.52 (m, 2H), 9.64 (s, 1H); *C NMR (150 MHz, CDCl3)
5-5.7,-0.1, 1.7, 18.5, 27.7, 42.6, 127.4, 128.8, 134.7, 137.6, 201.6; IR (neat) cm™* 3069, 3049, 2958,
2858, 1466, 1423, 1363, 1255, 1107, 1013, 837, 788; HRMS (MALDI, m/z) calcd for C17H300Si:K
(M+K)*: 345.1467, found 345.1466.

Preparation of 3b

MeQPhSiWH

r-Sii O
tBuPh, Me

3b

3b: 65% yield, a yellow oil; (dr = 53:47). major-isomer: *H NMR (400 MHz, CDCls) & 0.06 (s, 3H),
0.23 (s, 3H), 0.31 (s, 3H), 0.87 (s, 9H), 1.56 (dd, 1H, J1 = 7.2 Hz, J> = 3.2 Hz), 2.59-2.74 (m, 1H),
2.83 (dd, 1H, J1 = 19.6 Hz, J2 = 3.2 Hz), 7.24-7.32 (m, 7H), 7.43-7.49 (m, 3H), 9.39 (s, 1H); 3C
NMR (100 MHz, CDCls) 6 -5.5, -1.5, -1.0, 1.0, 18.9, 27.9, 41.4, 127.5, 127.7, 128.8, 129.0, 133.9,
134.7, 136.9, 139.1, 201.0; minor- isomer: *H NMR (400 MHz, CDCls) § -0.12 (s, 3H), 0.18 (s,
3H), 0.31 (s, 3H), 0.86 (s, 9H), 1.49 (dd, 1H, J; = 7.2 Hz, J» = 3.2 Hz), 2.59-2.74 (m, 2H), 7.24-7.32
(m, 7H), 7.43-7.49 (m, 3H), 9.52 (s, 1H); 3C NMR (100 MHz, CDCls) § -7.7, -2.2, -1.2, 0.5, 18.6,
27.7,42.5, 127.4, 127.6, 128.8, 128.9,133.8,134.8, 137.0, 139.0, 201.4; IR (neat) cm™ 2958, 2932,
1719, 1424, 1363, 1108, 1013, 820, 791; HRMS (MALDI, m/z) calcd for C22H30Si:K (M+K)*:
407.1623, found 407.1815.

Preparation of 3c

EgSiWH

R,-Si. O
thh/ Me

3c

3c: 53% vyield, a yellow oil; (dr = 67:33). major-isomer: *H NMR (400 MHz, CDCls) & 0.17-0.29
(m, 6H), 0.39 (s, 3H), 0.78 (t, 9H, J = 8.0 Hz), 0.88 (s, 9H), 1.43 (dd, 1H, J; = 7.2 Hz, J, = 3.6 Hz),
2.71 (dd, 1H, J1 = 20.0 Hz, J> = 7.2 Hz), 2.92 (dd, 1H, J1 = 20.0 Hz, J> = 3.6 Hz), 7.29-7.35 (m, 3H),
7.53 (d, 2H, J = 7.2 Hz), 9.83 (s, 1H); **C NMR (150 MHz, CDCl3) § -7.1, -2.1, 3.9, 7.6, 19.0, 28.1,
41.3,127.4, 128.9, 134.5, 137.6, 201.8; minor-isomer: *H NMR (400 MHz, CDCls) § 0.39 (s, 3H),
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0.52 (ddd, 6H, J1 = 15.2 Hz, J, = 7.6 Hz, J3 = 3.6 Hz), 0.85-0.89 (m, 9H), 0.96 (s, 9H), 1.31 (dd, 1H,
J1=7.6 Hz, J, = 3.6 Hz), 2.63 (dd, 1H, J1 = 20.0 Hz, J2 = 7.6 Hz), 2.77 (dd, 1H, J1 = 20.0 Hz, J2 =
3.6 Hz), 7.29-7.35 (m, 3H), 7.53 (d, 2H, J = 7.2 Hz), 9.64 (s, 1H); 3C NMR (150 MHz, CDCls) &
-5.2,-2.8, 4.3, 7.6, 18.9, 27.9, 42.4, 127.5, 128.9, 134.8, 137.1, 201.6; IR (neat) cm™ 2955, 2933,
2879, 1703, 1465, 1422, 1007, 786, 733; HRMS (MALDI, m/z) calcd for CaoHss0SizNa (M+Na)*:
371.2197, found 371.2195.

Preparation of 3d

(n-PrhSiW H

py-Si. O
tBL|:j>h/ Me

3d

3d: 50% yield, a yellow oil; (dr = 65:35). major-isomer: *H NMR (400 MHz, CDCl3) § 0.11-0.26
(m, 6H), 0.38 (s, 3H), 0.79 (t, 9H, J = 7.2 Hz), 0.88 (s, 9H), 1.11-1.16 (m, 6H), 1.38 (dd, 1H, J; =
6.4 Hz, J, = 3.6 Hz), 2.69 (dd, 1H, J1 = 20.0 Hz, J» = 6.4 Hz), 2.90 (dd, 1H, J1 = 20.0 Hz, J, = 3.6
Hz), 7.30-7.32 (m, 3H), 7.52 (d, 2H, J = 7.2 Hz), 9.82 (s, 1H); *C NMR (150 MHz, CDCl3) 5 -7.1,
-1.6, 15.9, 17.5, 18.5, 19.1, 28.1, 41.3, 127.4, 128.9, 134.6, 137.6, 201.8; minor-isomer: *H NMR
(400 MHz, CDCl3) & 0.38 (s, 3H), 0.44-0.48 (m, 6H), 0.87 (t, 9H, J = 7.2 Hz), 0.95 (s, 9H),
1.18-1.28 (m, 7H), 2.62 (dd, 1H, J1 = 20.0 Hz, J2 = 7.6 Hz), 2.79 (dd, 1H, J; = 20.0 Hz, J, = 3.2 Hz),
7.30-7.32 (m, 3H), 7.52 (d, 2H, J = 7.2 Hz), 9.65 (s, 1H);; 3C NMR (150 MHz, CDCl3) § -5.2, -2.2,
16.3, 17.6, 18.6, 18.9, 27.9, 42.5, 127.5, 128.8, 134.8, 137.1, 201.6; IR (neat) cm™* 2956, 2895, 2865,
1708, 1422, 1217, 1106, 1064, 760, 736; HRMS (MALDI, m/z) calcd for C2sH420Si2Na (M+Na)*:
413.2666, found 413.2675.

Preparation of 3e

(i-PrkSiWH

3e

3f: 45% vyield, a yellow oil; (dr = 83:17). major-isomer: *H NMR (400 MHz, CDCl3) & 0.48 (s, 3H),
0.71-0.79 (m, 3H), 0.89 (s, 9H), 0.90 (d, 9H, J = 7.6 Hz), 0.96 (d, 9H, J = 7.6 Hz), 1.74 (dd, 1H, J:
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=4.4Hz, J» =4.4 Hz), 2.88 (dd, 1H, J1 = 20.8 Hz, J» = 4.4 Hz), 3.01 (dd, 1H, J1 =20.8 Hz, J. = 4.4
Hz), 7.26-7.35 (m, 3H), 7.60 (d, 2H, J = 6.8 Hz), 9.86 (s, 1H); 3C NMR (150 MHz, CDCl3) & -6.6,
-4.1, 125, 19.2, 19.5, 19.6, 28.2, 42.1, 127.1, 128.9, 135.1, 137.4, 201.9; minor-isomer: *H NMR
(400 MHz, CDCl3) 6 0.47 (s, 3H), 0.71-0.79 (m, 3H), 0.89 (s, 9H), 0.90 (d, 9H, J = 7.6 Hz), 0.96 (d,
9H, J = 7.6 Hz), 1.74 (dd, 1H, J1 = 4.4 Hz, J, = 4.4 Hz), 3.01 (dd, 1H, J1 = 20.8 Hz, J» = 4.4 Hz),
3.12 (dd, 1H, J; = 20.8 Hz, J2 = 4.4 Hz), 7.26-7.35 (m, 3H), 7.60 (d, 2H, J = 6.8 Hz), 9.76 (s, 1H);
13C NMR (150 MHz, CDCls) & -6.6, -3.9, 13.2, 19.2, 19.5, 19.6, 28.1, 42.1, 127.1, 128.9, 135.1,
137.4, 201.9; IR (neat) cm™ 2934, 2863, 1706, 1464, 1420, 1235, 1008, 822, 781; HRMS (MALDI,
m/z) calcd for C23H420Si2Na (M+Na)™: 413.2666, found 413.2672.

Preparation of 3f

t—Bu,,I?_h H e)

Si,
v
Me /\/U\H

Ph,Si
3f

3f: 60% vyield, white solid, m.p. 94°C; (dr = 90:10). 'H NMR (400 MHz, CDCl3) & 0.10 (s, 3H),
0.85 (s, 9H), 2.53 (t, 1H, J = 4.4 Hz) (major), 2.27 (t, 1H, J = 4.4 Hz) (minor), 3.05 (dd, 1H, J; =
20.0 Hz, J2 = 4.4 Hz), 3.16 (dd, 1H, J1 = 20.0 Hz, J2 = 4.4 Hz), 6.96 (t, 2H, J = 7.2 Hz), 7.13 (t, 3H,
J = 7.2 Hz), 7.20-7.26 (m, 6H), 7.31 (t, 3H, J = 7.2 Hz), 7.40 (d, 6H, J = 7.2 hz), 9.58 (s, 1H)
(major), 9.32 (s, 1H) (minor); *C NMR (100 MHz, CDCls) & -7.1, -2.1, 19.2, 27.7, 42.6, 126.8,
127.5, 128.4, 129.1, 134.6, 134.9, 135.9, 200.8; IR (neat) cm™ 3068, 3049, 2959, 2931, 2857, 1717,
1685, 1467, 1426, 1285, 1162, 1106, 1019, 789; HRMS (MALDI, m/z) calcd for C32H3s0SioNa*:
515.2197, found 515.2199.

Preparation of 3g

PhﬁiWH
1-Np-Si. O
ph Me
39

39: 65% yield, white solid, m.p 80°C; (dr = 65:35). major-isomer: *H NMR (400 MHz, CDCls) §
0.54 (s, 3H), 2.80-2.88 (m, 2H), 2.96-2.98 (m, 1H), 7.19-7.36 (m, 11H), 7.41 (t, 4H, J = 7.2 Hz),
7.50 (d, 4H, J = 7.2 Hz), 7.55-7.59 (m, 3H), 7.73 (d, 1H, J = 7.2 Hz), 7.79-7.82 (m, 3H), 7.95 (d,
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1H, J = 7.2 Hz), 9.24 (s, 1H); 3C NMR (150 MHz, CDCls)  -0.6, 1.0, 42.4, 124.9, 125.1, 125.5,
127.7, 127.8, 128.7, 128.9, 129.1, 129.4, 130.3, 133.5, 133.8, 134.5, 135.0, 135.4, 136.0, 136.6,
137.1, 200.5; minor-isomer: *H NMR (400 MHz, CDCl3) & 0.52 (s, 3H), 2.80-2.88 (m, 2H),
2.96-2.98 (m, 1H), 7.19-7.36 (m, 11H), 7.41 (t, 4H, J = 7.2 Hz), 7.50 (d, 4H, J = 7.2 Hz), 7.55-7.59
(m, 3H), 7.73 (d, 1H, J = 7.2 Hz), 7.79-7.82 (m, 3H), 7.95 (d, 1H, J = 7.2 Hz), 9.09 (s, 1H); 13C
NMR (150 MHz, CDCls) 6 -0.6, 1.0, 42.8, 125.1, 125.2, 125.7, 127.7, 127.9, 128.5, 129.0, 129.2,
129.5, 130.2, 133.5, 133.8, 134.7, 135.2, 135.5, 135.9, 136.6, 137.1, 200.9; IR (neat) cm™ 3064,
2963, 2917, 1713, 1423, 1401, 1102, 1023, 801, 700; HRMS (MALDI, m/z) calcd for
CagH340Siz2Na (M+Na)*: 585.2040, found 585.2042.

Preparation of 3h

EtssiWH
1-Np~Si, O
Ph Me
3h

3h: 73% vyield, a colorless oil; (dr = 83:17). major-isomer: *H NMR (400 MHz, CDCl3) § 0.24-0.42
(m, 6H), 0.77 (t, 9H, J = 8.0 Hz), 0.82 (s, 9H), 1.91 (dd, 1H, J1 = 5.2 Hz, J2 = 5.2 Hz), 2.75-2.88 (m,
2H), 7.31-7.48 (m, 6H), 7.54-7.56 (m, 2H), 7.73-7.84 (m, 2H), 7.88 (d, 1H, J = 8.0 Hz), 8.04 (d, 1H,
J = 8.0 Hz), 9.66 (s, 1H); *C NMR (150 MHz, CDCls) & -1.8, 0.00, 3.9, 7.5, 41.6, 124.9, 125.4,
125.7, 127.9, 128.5, 128.9, 129.1, 130.5, 133.5, 134.6, 134.9, 135.1, 137.0, 137.6, 201.40;
minor-isomer: *H NMR (400 MHz, CDCls) § 0.24-0.42 (m, 6H), 0.67 (t, 9H, J = 8.0 Hz), 0.85 (s,
9H), 1.76 (dd, 1H, J; = 5.2 Hz, J; = 5.2 Hz), 2.75-2.88 (m, 2H), 7.31-7.48 (m, 6H), 7.54-7.56 (m,
2H), 7.73-7.84 (m, 2H), 7.88 (d, 1H, J = 8.0 Hz), 8.04 (d, 1H, J = 8.0 Hz), 9.57 (s, 1H); 3C NMR
(150 MHz, CDCl3) 6-1.7, 0.09, 4.1, 7.7, 41.9, 125.0, 125.4, 125.6, 127.8, 128.6, 129.0, 129.2,
130.5\4, 133.5, 134.6, 134.9, 135.1, 137.0, 137.6, 201.45; IR (neat) cm™ 3050, 2955, 2910, 1718,
1461, 1422, 1382, 1105, 1011, 795, 708; HRMS (MALDI, m/z) calcd for C26H340Si2Na (M+Na)*:
441.2040, found 441.2035.

Preparation of 3i
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Me3Sin

1-Np|;§i\Meo
3i
3i: 63% yield, a colorless oil; (dr = 86:14). major-isomer: *H NMR (400 MHz, CDCls)  -0.24 (s,
9H), 0.79 (s, 3H), 1.78 (dd, 1H, J; = 7.6 Hz, J» = 3.6 Hz), 2.73-2.87 (m, 2H), 7.32-7.48 (m, 6H),
7.55 (d, 2H, J = 6.8 Hz), 7.77(d, 1H, J = 6.8 Hz),7.82-7.89 (m, 2H), 8.01(d, 1H, J = 8.0 Hz), 9.72 (s,
1H); °C NMR (150 MHz, CDCls) § -2.1, -0.4, 3.4, 41.6, 124.9, 125.4, 125.8, 127.9, 128.4, 128.9,
129.1, 130.5, 133.4, 134.5, 134.8, 134.9, 137.1, 137.4, 201.5; minor- isomer: *H NMR (400 MHz,
CDCls) -0.14 (s, 9H), 0.79 (s, 3H), 1.61-1.64 (m, 1H), 2.73-2.87 (m, 2H), 7.32-7.48 (m, 6H), 7.55
(d, 2H, J = 6.8 Hz), 7.77 (d, 1H, J = 6.8 Hz), 7.82-7.89 (m, 2H), 8.01(d, 1H, J = 8.0 Hz), 9.67 (s,
1H); 3C NMR (150 MHz, CDCls) § -1.1, -0.2, 3.6, 41.9, 124.9, 125.4, 125.6, 127.9, 128.5, 129.0,
129.2, 130.4, 133.5, 134.6, 134.8, 134.9, 137.1, 137.4, 201.6; IR (neat) cm™ 3042, 2954, 2849, 1718,
1421, 1383, 1251, 1103, 1063, 1023, 838, 785; HRMS (MALDI, m/z) calcd for C23H230Si>Na

(M+Na)*: 399.1571, found 399.1571.

2.4. Reactions with Electrophiles

Ph
't-Blljvle s-BuLi (4.0 equiv), HMPA (4.0 equiv) t'B“/’os'i/ H OE
PhsSi~_~__OSi~ ’
NI, E, THF, -78 °C to rt Me™ /NF
PhsSi
1f 4 [dr = 90:10]

To a solution of 1f (75mg, 0.15 mmol) in anhyd THF (0.5 mL) and anhyd HMPA (104 xL, 0.60
mmol) under argon atmosphere was added s-BuLi (0.60 mL of 1.0 M solution in pentane, 0.60
mmol) at -78 <C. After stirring for 30 min, electrophiles (0.75 mmol) was added and the resulting
solution was warmed to room temperature with stirring for 2 h. The mixture was diluted with Et,O
(5.0 mL), dried over Na>SO4 and concentrated under reduced pressure. Purification of the crude
residue via silica gel flash column chromatography (gradient eluent: 1-5% of EtOAc /petroleum

ether) afforded 4.

Preparation of 4a
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Ph
tBu, 1 H  OSiEt,
/s

Me” A=
Ph,Si

4a

4a: 60% yield, a yellow oil; 'TH NMR (400 MHz, CDCl3) & 0.02 (s, 3H), 0.73 (q, 6H, J = 8.0 Hz),
0.87 (s, 9H), 1.04 (t, 9H, J = 8.0 Hz), 3.39 (d, 1H, J = 12.4 Hz) (major), 3.14 (d, 1H, J = 12.4 Hz)
(minor), 4.65 (dd, 1H, J: = 12.4 Hz, J> = 5.6 Hz) (major), 4.58 (dd, 1H, J1 = 12.4 Hz, J> = 5.6 Hz)
(minor), 6.16 (d, 1H, J = 5.6 Hz), 7.02 (t, 2H, J = 7.6 Hz), 7.16-7.22 (m, 9H), 7.28 (t, 3H, J = 7.6
Hz), 7.41 (d, 6H, J = 7.6 Hz),; 1*C NMR (150 MHz, CDCl3) & -7.4, 4.7, 6.7, 7.8, 19.3, 27.4, 107.1,
126.8, 127.2, 127.3, 128.1, 128.7, 134.9, 135.7, 136.0, 136.1, 137.3; IR (neat) cm™ 3068, 3047,
2957, 2880, 2855, 1637, 1463, 1425, 1264, 1103, 1009, 847, 736; HRMS (MALDI, m/z) calcd for
CagHs500SisNa (M+Na)™: 629.3062, found 629.3058.

Preparation of 4b

0]

t'BU/,ls'D.hH o)
i
Me’ y\/

Ph,Si
4b

4b: 65% yield, white solid, m.p. 114°C;*H NMR (400 MHz, CDCl3) & 0.15 (s, 3H), 0.86 (s, 9H),
3.45 (d, 1H, J = 13.2 Hz) (major), 3.14 (d, 1H, J = 13.2 Hz) (minor), 5.31 (dd, 1H, J1 = 13.2 Hz, J,
= 6.0 Hz) (major), 5.17 (dd, 1H, J1 = 13.2 Hz, J> = 6.0 Hz) (minor), 7.06 (t, 2H, J = 7.6 Hz), 7.13 (t,
6H, J = 7.6 Hz), 7.19-7.26 (m, 7H), 7.40 (d, 6H, J = 7.6 Hz) 7.57 (t, 2H, J = 7.6 Hz), 7.67 (t, 1H, J
= 7.6 Hz), 8.18 (d, 2H, J = 7.6 Hz); 3C NMR (150 MHz, CDCls) & -7.2, 11.6, 19.4, 27.3, 113.6,
127.1, 127.4, 128.5, 128.7, 129.1, 129.6, 129.8, 132.4, 133.4, 134.5, 134.7, 136.0, 136.7, 163.2; IR
(neat) cm™ 3041, 2962, 2928, 2855, 1715, 1424, 1267, 1104, 1043, 947, 799, 702; HRMS (MALDI,
m/z) calcd for C39H4002SioNa (M+Na)*: 619.2459, found 619.2455.

Preparation of 4c
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4c: 65% yield, white solid, m.p. 49°C;H NMR (400 MHz, CDCls) & 0.15 (s, 3H), 0.85 (s, 9H),
3.38 (d, 1H, J = 13.2 Hz) (major), 3.07 (d, 1H, J = 13.2 Hz) (minor), 5.34 (dd, 1H, J;. = 13.2 Hz, J;
= 6.0 Hz) (major), 5.19 (dd, 1H, J: = 13.2 Hz, J2 = 6.0 Hz) (minor), 7.07 (t, 2H, J = 7.6 Hz),
7.12-7.18 (m, 7H), 7.20-7.28 (m, 6H),7.38 (d, 6H, J = 7.6 Hz), 7.70 (d, 2H, J = 7.6 Hz), 7.99 (d, 2H,
J =7.6 Hz); ®°C NMR (150 MHz, CDCl3) § -7.1, 11.9, 19.4, 27.3, 113.9, 127.2, 127.4, 128.4, 128.5,
128.7, 129.1, 131.2, 132.1, 132.3, 134.3, 134.6, 135.9, 136.6, 162.5.; IR (neat) cm™ 3068, 2925,
2854, 1732, 1590, 1480, 1395, 1260, 1175, 818, 782; HRMS (MALDI, m/z) calcd for
C39H390,Si>BrNa (M+Na)*: 697.1564, found 697.1562.

Preparation of 4d

0]

t—BU/,FI)_h H 0]
M » S0,
€ /\/ NO

Ph,Si 2
4d

4d: 60% yield, white solid, m.p. 151°C;*H NMR (400 MHz, CDCls) § 0.174 (s, 3H), 0.87 (s, 9H),
3.36 (d, 1H, J = 13.2 Hz) (major), 3.03 (d, 1H, J = 13.2 Hz) (minor), 5.45 (dd, 1H, J1 =13.2 Hz, J>
= 6.0 Hz) (major), 5.28 (dd, 1H, J1 = 13.2 Hz, J, = 6.0 Hz) (minor), 7.07-7.16 (m, 8H), 7.19 (d, 1H,
J = 6.0 Hz) 7.23-7.28 (m, 6H), 7.38 (d, 6H, J = 7.6 Hz), 8.24 (d, 2H, J = 8.8 Hz), 8.40 (d, 2H, J =
8.8 Hz); *C NMR (150 MHz, CDCls) & -7.0, 12.4, 19.4, 27.3, 115.0, 123.8, 127.2, 127.4, 128.7,
129.2, 130.8, 132.2, 134.2, 134.6, 134.9, 135.9, 136.6, 150.7, 161.3; IR (neat) cm™ 3051, 2956,
2925, 2852, 1733, 1526, 1425, 1351, 1264, 1046, 819; HRMS (MALDI, m/z) calcd for
Ca9HagNO4SizNa (M+Na)*: 664.2310, found 664.2316.

Preparation of 4e

0]
t—Bu,,Fu’_h H OMBr
i,
Me” A~
Ph3Si
4e

4e: 67% yield, white viscous liquid;; *"H NMR (400 MHz, CDCls) § 0.12 (s, 3H), 0.84 (s, 9H), 2.23
(tt, 2H, J1 = 6.8 Hz, J> = 6.8 Hz), 2.65 (t, 2H, J = 6.8 Hz), 3.25 (d, 1H, J = 12.8 Hz), 3.50 (t, 2H, J =
6.8 Hz), 5.20 (dd, 1H, J: = 12.8 Hz, J> = 6.0 Hz) (major), 5.13 (dd, 1H, J; = 12.8 Hz, J> = 6.0 Hz)
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(minor), 7.00 (d, 1H, J = 6.0 Hz), 7.06 (t, 2H, J = 7.6 Hz), 7.18 (t, 9H, J = 7.6 Hz), 7.25-7.31 (m,
3H), 7.37 (d, 6H, J = 7.6 Hz); 3C NMR (150 MHz, CDCls) & -7.2, 11.3, 19.4, 27.3, 27.6, 32.3, 32.5,
112.9, 127.1, 127.4, 128.5, 129.1, 132.1, 134.5, 134.7, 136.0, 136.5, 169.1; IR (neat) cm™ 3069,
3048, 2958, 2929, 2856, 1750, 1466, 1427, 1255, 1216, 1107, 818, 781; HRMS (MALDI, m/z)
calcd for C36Ha102SioNa (M+Na)*: 663.1721, found 663.1727.

Preparation of 4f

]
t-Bu,,sllp_hH O)J\/\/
i,
Me” A~
PhsSi

4f

4f: 50% vyield, white viscous liquid;; *tH NMR (400 MHz, CDCIs) § 0.09 (s, 3H), 0.83 (s, 9H),
2.44-2.49 (m, 2H), 2.55-2.59 (m, 2H), 3.26 (d, 1H, J = 13.2 Hz) (major), 2.96 (d, 1H, J = 13.2 Hz)
(minor), 5.08 (d, 1H, J = 10.0 Hz), 5.12-5.19 (m, 2H), 5.89 (ddt, 1H, J; = 16.8 Hz, J; = 10.0 Hz, J
= 6.0 Hz), 7.01 (d, 1H, J = 6.0 Hz), 7.05 (t, 2H, J = 7.2 Hz), 7.16-7.20 (m, 9H), 7.25-7.31 (m, 3H),
7.37 (d, 6H, J = 7.2 Hz); 3C NMR (150 MHz, CDCls) & -7.3, 11.1, 19.4, 27.3, 28.7, 33.5, 112.6,
115.8, 127.0, 127.3, 128.4, 129.0, 132.2, 134.6, 134.7, 136.0, 136.4, 136.5, 169.5; IR (neat) cm™
3070, 3048, 2958, 2928, 2856, 1752, 1427, 1234, 1151, 1106, 818, 782; HRMS (MALDI, m/z)
calcd for Cs7H420,Si>Na (M+Na)*: 597.2616, found 597.2612.

Preparation of 4q

0
Ph
t-Bu/,li H oJ\t-Bu
Me” A~
Ph;Si
49

4g: 66% yield, white viscous liquid; *H NMR (400 MHz, CDCls) § 0.10 (s, 3H), 0.84 (s, 9H), 1.33
(s, 9H), 3.28 (d, 1H, J = 13.2 Hz) (major), 2.97 (d, 1H, J = 13.2 Hz) (minor), 5.17 (dd, 1H, J; = 13.2
Hz, J, = 6.0 Hz) (major), 5.05 (dd, 1H, J: = 13.2 Hz, J, = 6.0 Hz) (minor), 7.00-7.06 (m, 3H),
7.15-7.19 (m, 8H), 7.21-7.24 (m, 1H), 7.29 (t, 3H, J = 7.2 Hz) 7.36 (d, 6H, J = 7.2 Hz); 3C NMR
(150 MHz, CDCls) & -7.1, 11.0, 19.4, 27.2, 38.9, 112.6, 127.0, 127.3, 127.4,128.4, 129.0, 132.4,
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134.6, 134.7, 135.9, 136.5, 174.9; IR (neat) cm™ 3069, 3049, 2929, 1743, 1477, 1427, 1393, 1367,
1276, 1133, 1053, 817; HRMS (MALDI, m/z) calcd for C37H4402Si>Na (M+Na)*: 599.2772, found
599.2772.

Preparation of 4h

o]

t—Bu,,lla_h H OJ\/\
i
Me” A
Ph,Si ah

4h: 50% yield, white viscous liquid;; *H NMR (400 MHz, CDCl3) § 0.09 (s, 3H), 0.83 (s, 9H), 2.02
(d, 3H, J =6.8 Hz), 3.32 (d, 1H, J = 13.2 Hz) (major), 3.03(d, 1H, J = 13.2 Hz) (minor), 5.16 (dd,
1H, J1 = 13.2 Hz, J> = 6.0 Hz) (major), 5.04 (dd, 1H, J1 = 13.2 Hz, J> = 6.0 Hz) (minor), 6.04 (d, 1H,
J =15.6 Hz ) (major), 5.89 (d, 1H, J = 15.6 Hz ) (minor), 7.04-7.07 (m, 3H), 7.15-7.21 (m, 10H),
7.28 (t, 3H, J = 7.2 Hz), 7.38 (d, 6H, J = 7.2 Hz); 3C NMR (150 MHz, CDCls) 5 -7.3, 11.0, 18.4,
19.3, 27.3, 112.8, 121.9, 127.0, 127.3, 128.4, 129.0, 132.2, 134.6, 134.7, 136.0, 136.6, 146.3, 162.9;
IR (neat) cm™ 3048, 3018, 2929, 2856, 1733, 1648, 1466, 1429, 1104, 819, 782; HRMS (MALDI,
m/z) calcd for C3sH4002SioNa (M+Na)*: 583.2459, found 583.2461.

Preparation of 4i

0
tBu, "y O)J\/\Ph
1
Me” A~
Ph,Si 4i

4i: 55% yield, white solid, m.p. 165°C;*H NMR (400 MHz, CDCl3) § 0.13 (s, 3H), 0.86 (s, 9H),
3.38 (d, 1H, J = 13.2 Hz) (major), 3.08 (d, 1H, J = 13.2 Hz) (minor), 5.23 (dd, 1H, J1 =13.2 Hz, J,
= 6.4 Hz) (major), 5.10 (dd, 1H, J1 = 13.2 Hz, J> = 6.4 Hz) (minor), 6.58 (d, 1H, J = 16.0 Hz)
(major), 6.43 (d, 1H, J = 16.0 Hz) (minor), 7.06 (t, 2H, J = 7.6 Hz), 7.12 (d, 1H, J = 6.4 Hz), 7.18 (t,
6H, J = 7.6 Hz), 7.23-7.29 (m, 6H), 7.40 (d, 6H, J = 7.6 Hz), 7.47-7.48 (m, 3H), 7.63-7.65 (m, 2H),
7.84 (d, 1H, J = 16.0 Hz) ; *3C NMR (100 MHz, CDCl3) § -7.3, 11.3, 19.4, 27.3, 113.1, 117.1, 127.1,
127.4, 128.3, 128.5, 129.0, 129.1, 130.7, 132.3, 134.3, 134.6, 134.7, 136.0, 136.6, 146.1, 163.5; IR
(neat) cm™ 3048, 2927, 2853, 1734, 1634, 1425, 1149, 1105, 815; HRMS (MALDI, m/z) calcd for
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Ca1H420,Si2Na (M+Na)™: 645.2616, found 645.2617.

Preparation of 4j

fj\
Ph
t-Bu/,li H O  “OMe
Me” " =
Ph;Si

3 4j

4j: 70% vyield, white viscous liquid; *H NMR (400 MHz, CDCls) & 0.08 (s, 3H), 0.83 (s, 9H), 3.26
(d, 1H, J = 13.2 Hz) (major), 2.98 (d, 1H, J = 13.2 Hz) (minor), 3.88 (s, 3H) (major), 3.78 (s, 3H)
(minor), 5.14 (dd, 1H, J: = 13.2 Hz, J> = 6.0 Hz) (major), 5.01 (dd, 1H, J; = 13.2 Hz, J> = 6.0 HZ)
(minor) , 6.74 (d, 1H, J = 6.0 Hz ) (major), 6.67 (d, 1H, J = 6.0 Hz ) (minor), 7.02 (t, 2H, J = 7.6
Hz), 7.17 (t, 9H, J = 7.6 Hz), 7.25-7.30 (m, 3H), 7.39 (d, 6H, J = 7.6 Hz); 3C NMR (150 MHz,
CDCIs) 6 -7.4, 10.6, 19.3, 27.3, 55.1, 112.9, 127.0, 127.3, 128.4, 128.9, 133.6, 134.4, 134.8, 136.1,
136.2, 153.3; IR (neat) cm™ 3069, 3048, 2960, 2928, 2855, 1762, 1464, 1432, 1260, 1105, 1029,
948, 792; HRMS (MALDI, m/z) calcd for C34H3s03Si2Na (M+Na)™: 573.2252, found 573.2249.

Preparation of 4k

By
Ph

t-Bu,. 1. ’H O~ “OPh
1y

Me N

Ph;Si

4k

4k:70% yield, white solid, m.p. 68°C; *H NMR (400 MHz, CDClI3) § 0.10 (s, 3H), 0.85 (s, 9H), 3.25

(d, 1H, J = 13.2 Hz) (major), 2.92 (d, 1H, J = 13.2 Hz) (minor), 5.24 (dd, 1H, J1 = 13.2 Hz, J> = 6.0

Hz) (major), 5.10 (dd, 1H, J1 = 13.2 Hz, J> = 6.0 Hz) (minor), 6.83 (d, 1H, J=6.0 Hz ), 7.03 (t, 2H,

J=7.6 Hz), 7.16-7.21 (m, 8H), 7.25-7.29 (m, 5H), 7.39-7.46 (m, 10H); 13C NMR (150 MHz, CDCl5)
0 -7.4,10.9,194, 27.3, 113.9, 120.9, 121.0, 126.3, 127.0, 127.4, 128.5, 129.1, 129.5, 129.6, 133.5,

134.3, 134.8, 136.1, 150.9; IR (neat) cm™ 3065, 2916, 2926, 1773, 1489, 1426, 1258, 1104, 1074

872, 797; HRMS (MALDI, m/z) calcd for C3gH4003Si>Na (M+Na) *: 635.2408, found 635.2414.

Preparation of 4l
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t-Bu/,lla_h H o’Me

i
Me” A~

PhsSi

Al: 40% yield, white viscous liquid; *H NMR (400 MHz, CDCls) & 0.08 (s, 3H), 0.83 (s, 9H), 3.26
(d, 1H, J = 13.2 Hz) (major), 2.97 (d, 1H, J = 13.2 Hz) (minor), 3.88 (s, 3H) (major), 3.79 (s, 3H)
(minor), 5.14 (dd, 1H, J: = 13.2 Hz, J> = 6.0 Hz) (major), 5.01 (dd, 1H, J; = 13.2 Hz, J> = 6.0 HZ)
(minor), 6.74 (d, 1H, J = 6.0 Hz) (major), 6.67 (d, 1H, J = 6.0 Hz) (minor), 7.02 (t, 2H, J = 7.2 Hz),
7.17 (t, 8H, J = 7.2 Hz), 7.22-7.29 (m, 4H), 7.39 (d, 6H, J = 7.6 Hz),; 3C NMR (150 MHz, CDCl5)
0-7.4,8.7,19.3,27.4,59.0, 104.8, 126.8, 127.2, 128.1, 128.7, 134.8, 135.4, 136.0, 136.9, 144.1; IR
(neat) cm™ 3068, 2925, 2852, 1426, 1262, 1104, 819, 781; HRMS (MALDI, m/z) calcd for
Cs3H330Si2Na (M+Na) *: 529.2353, found 529.2349.

2.5. Preparation of Enantiomerically Defined 10 and Its Retro-[1,4]-Brook Rearrangement to

Form 11.

Preparation of 10

Me Me

Me M N Ve DIBAL-H
SI' (-)-menthol (1.5 eq), /e silica gel / n-heptane
—Ol—y > Ty —_— ' _
Ol FBY KH (1.5 eq) THFreful o SN EBY colummn S\ o SKPH 779,
= = retention
Me” Me Me” Me
$1 (5's : 'R = 50:50) ('s)-81
OH
Ph
Me Phssl/\) 9 t'BU/SIi
di,o, _(PNCO2) g."_e (1.0 equiv) Me” O
ol > i
: ccl, OGN i Ph Si/\)
t-Bu 4_1 t-Bu KH (1.5 equiv), THF 3
. retention Sis1.3 inversion 10 SR)
CRyT ) 90% [er = 96:4]

To a suspension of KH (1.13 g, 8.5 mmol, 30 % w/w) in THF (4.0 mL) was added (-)-menthol (1.32
g, 8.5 mmol) in THF (6.0 mL) at 0 °C under argon atmosphere. After refluxed for 3 h, a solution of
t-BuPhMeSiCl (1.2 g, 5.66 mmol) in THF (3.0 mL) was added at room temperature. Heating at
reflux for 20 h, the mixture was quenched with careful addition of H>O followed by neutralization

(pH = 7) with ag. 10% HCI. The organic layer was separated and the aqueous phase was extracted
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with Et,O (3 < 10 mL). The combined organic layers were dried over NaxSO4 and concentrated
under reduced pressure. The crude product was purified by flash chromatography on silica gel with
cyclohexane as eluent, affording a mixture of (¥R)-S1 and (5'S)-S1 (1.01g, 60%, dr = 50:50) as a
colorless oil. After repeated flash chromatography, (5'S)-S1 and (°'R)-S1 were separated as colorless
oil.

To a solution of (¥'S)-S1 (620 mg, 1.86 mmol) in dry n-heptane (9.0 mL) was added DIBAL-H
(5.0 mL, 7.47 mmol, 1M solution in hexane) slowly at 0 °C under argon atmosphere. The mixture
was heated at reflux for 5 h before quenching at 0 °C with careful addition of H2O followed by
neutralization (pH = 7) with ag. 10% HCI. The mixture was extracted with Et2O (3 x5 mL). The
combined organic layers were dried over Na>SO4 and concentrated under reduced pressure.
Purification of the crude residue via silica gel flash column chromatography (gradient eluent:
petroleum ether) afforded colorless oil (5R)-7° (308 mg, 93% vyield). HPLC (Phenomenex Lux®
Sum Cellulose-3 column, solvent n-heptane, flow rate 0.7ml/min): tz=5.083 min for (°R)-7. H
NMR (400 MHz, CDCls) 6 0.34 (d, 3H, J = 3.6 Hz), 0.95 (s, 9H,), 4.14 (q, 1H, J = 3.6 Hz),
7.34-7.39 (m, 3H), 7.52-7.55 (m, 2H). [a]? -2.4 (c = 1.0, CHCI3).

To a solution of (°R)-7 (360 mg, 2.02 mmol) in CCl4 (14.0 mL) was added benzoyl peroxide (50
mg, 0.2 mmol). The mixture was refluxed for 21 h followed by stirring for 3.5 h at room
temperature.* The solvent of the mixture was removed under reduced pressure. The crude product
(5'S)-8 was used without purification in next step.

To a suspension of KH (270 mg, 2.02 mmol, 30 % w/w)) in THF (1.0 mL) under argon
atmosphere was added 9 (420 mg, 1.35 mmol in 1.0 mL THF) slowly at 0 °C. The mixture was
stirred for 10 min before adding a solution of (¥'S)-8 in 1.2 mL THF at -78 °C. The reaction was
maintained at -78 °C for 12 h, and then quenched at 0 °C by careful addition of H>O followed by
neutralization (pH = 7) with ag. 10% HCI. The mixture was extracted with EtO (3 x5 mL). The
combined organic layers were dried over Na,SOs and concentrated under reduced pressure.
Purification of the crude residue via silica gel flash column chromatography (gradient eluent: 1-2%
of EtOAc/petroleum ether) afforded white solid (S'R)-10 (600 mg, 90% yield, er = 96:4, m.p 44 °C),
HPLC (Chiralpak OD column, n-hexane, 1.5 mL/min, UV 220 nm, tmajor = 8.621 min, tminor =

V. T. Trepohl, R. Frohlich, M. Oestreich, Tetrahedron 2009, 65, 6510-6518.
K.

3.
4, gawa, N. Kokan, K. Tomooka, Angew. Chem. 2010, 122, 740; Angew. Chem. Int. Ed. 2010, 49, 728-731.
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13.227 min), [a]o? = +6.78 (c = 1.0 in CHCI3); *H NMR (400 MHz, CDCl3) & 0.39 (s, 3H), 0.97 (s,
9H), 4.29-4.38 (m, 2H), 6.25 (dt, 1H, Ji = 18.4 Hz, J, = 3.2 Hz), 6.65 (d, 1H, J = 18.4 Hz),
7.37-7.43 (m, 12H), 7.55 (d, 6H, J = 6.8 Hz), 7.58 (d, 2H, J = 6.8 Hz); *C NMR (150 MHz, CDCls)
§-7.1,18.4,25.9, 65.4, 121.4, 127.6, 127.8, 129.4, 129.5, 134.4, 134.7, 135.6, 135.9, 150.8.

Reduction of (°'R)-10 to (5iS)-7

t-Bu,Slla_h l\llle
i -
Me” 0 DIBAL-H (4.0 eq) . phw/-Si\
n-heptane, 110 °C, overnight _
Phﬁiw t-Bu
. 81% s
10 (°R) ('S)-7

To a solution of (¥'R)-10 (0.16 mmol, 80 mg) in dry n-heptane (0.9 mL) under argon atmosphere
was added DIBAL-H (1.80 mmol, 1.8 ml, 1.0 M solution in hexane) dropwise at 0 <C. Then the
reaction mixture was subsequently heated to 110 <C and refluxed overnight. Finally, the reaction
was cooled down to room temperature and quenched with H>O followed by neutralization with ag.
10% HCI. The organic layer was separated and the aqueous layer was extracted with Et>O for three
times, dried over Na;SO4 and concentrated under reduced pressure. Purification of the crude
product via silica gel flash column chromatography (gradient eluent: cyclohexanes) afforded (5'S)-7
(22 mg, 81%, er = 93:7) as a colorless oil. HPLC (Phenomenex Lux® 5um Cellulose-3 column,
solvent n-heptane, flow rate 0.7ml/min): tz=5.019 min for (¥R)-7 (minor enantiomer), tr=5.164 min
for (%'S)-7 (major enantiomer). [a]> 1.4 (¢ = 1.0, CHClIs). *H NMR (400 MHz, CDCls) § 0.34 (d,
3H, J = 3.6 Hz), 0.95 (s, 9H,), 4.14 (q, 1H, J = 3.6 Hz), 7.34-7.39 (m, 3H), 7.52-7.55 (m, 2H).

Preparation of 11

s-BulLi
Ph3$i—//_\0 t-Bu/,FI’.h H O
¥ 7 THF/HMPA Si, |
Me—Si Me” "'CQJ\
S BBy  -78°C, 0.5 h, then H,O ) H
Ph , Ph,Si
_ rt, overnight _
(SIR)-10 60% (SIR, CS)_11
90%, er = 96:4 60%, dr=90:10; er = 96:4

To a solution (°R)-10 (150 mg, 0.3 mmol) in anhyd THF (1.0 mL) and anhyd HMPA (0.2 mL,

1.20 mmol) under argon atmosphere was added s-BuLi (1.2 mL of 1.0 M solution in pentane,1.2
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mmol) at -78 <C. After stirring for 30 min, the reaction was quenched with H>O and was warmed to
room temperature with stirring overnight. The combined organic layers were diluted with Et20O (5.0
mL), dried over Na>SO4 and concentrated under reduced pressure. Purification of the crude residue
via silica gel flash column chromatography (gradient eluent: 1-5% of EtOAc/petroleum ether)
afforded pure white solid (°'R, ©S)-11 (90 mg, 60% vyield, er = 96:4, m.p. 116 °C), HPLC (Chiralpak
OD column, 0.5% 2-propamol/n-hexane, 1.0 mL/min, UV 220 nm, tminor = 8.671 min, tmajor =
11.425 min), [o]o® = -12.75 (¢ = 1.0 in CHCls), the crystal of the product (°'R, ©S)-11 was obtained
from n-hexane; *H NMR (400 MHz, CDCls) § 0.11 (s, 3H), 0.86 (s, 9H), 2.54 (t, 1H, J = 4.8 Hz),
3.06 (dd, 1H, J: = 20.0 Hz, J> = 4.8 Hz), 3.17 (dd, 1H, J1 = 20.0 Hz, J, = 4.8 Hz), 6.97 (t, 2H, J =
7.2 Hz), 7.14 (t, 3H, J = 7.2 Hz), 7.21-7.26 (m, 6H), 7.32 (t, 3H, J = 7.2 Hz), 7.40 (d, 6H, J = 7.2
hz), 9.59 (s, 1H); 3C NMR (100 MHz, CDCls) § -7.1, -2.1, 19.2, 27.7, 42.6, 126.8, 127.5, 128.4,
129.1, 134.6, 134.9, 135.9, 200.8.

3. HPLC copies

VWD A, Wavelength=220 nm (fanyu\iil 7. 2019-06-20 15-36-02 106.0)
mAU ]
: 3 “@;\
1400 o ¥
e of
1200 Ph 7Si -
t-Bu H
1000 - .
racemic 7
B00
600
400+
. N J L
. P
T T T T T T T T T
[1] 1 2 <} 4 5 ] 7 8 ] miny
TAE 4 Led
Hery : &5
FHHET : 1. 0000
HEHET : 1. 0000

P AR A F R L AR

{52 1: VWDl A, Wavelength=220 nm

W fREETlE RA TR W [T AR W 1 Wi 5
#  [min] [min]  [mAU%s] [mAL] %

-—I [-—I | | | |
1 4.915 MM 0.0824 7106.09229 1438. 01013 49, 2552
2 5143 MM 0.0923 7321.00391 1322.43921 50. 7448
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WG A Wavelongih =220 ren fanyoWs 2016-05°30 17 36°03 1120
mAL 7] ‘J®
3 c'g'P
160 &
&
Me d
1404 |
Si.,
120 H” \'Ph
t-Bu
100 (SiR) _ 7
80
50
40
N N
o
T T T T T T T T
a 1 2 3 4 5 ] 7 8 min
W 47 e
HF : w5
FHET : 1. 0000
HEEE T : 1. 0000
P bR AR T AR T
f&%5 1: VWD1 A, Wavelength=220 nm
W {REIEHA BT W W [T AL =3 Wi
%  [min] [min]  [mAUss] [mAU] %
-—I [-——I | | | |
1 5083 MM 0.0926 920.51563 165.59372 100. 0000
VWD A, Wavaiengih=220 nm (fany s 20190620 200250 717.0)
mAL 7 ‘a
800 'Yle
Phn"Sl\
600 —
t-Bu
400 (5'S)-7 from (°5'R)-10
200
=
01 M
T T T T T
2 4 6 8 10 min
TBLE 43 LS
Her : w5
FHET : 1. 0000
MR T : 1. 0000
P4 b fE F R R R A T
f§% 1: ViDL A, Wavelength=220 nm
W RETETE EA MR L U7 WE
#  [min] [min]  [mAU#s] [mAL] %
-—I [-—| | | | |
1 5019 VVE 0.0731 435.45178 91.31609 7.0784

2 5.164 VB R 0.0893 5716. 34570 983, 28766 92,9216
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VWDT A, # =220 nm (WUYA\TEST001287.D)

mAU 3
800 $
] i
] \
700 PhssiJ/_\/o “|
1 Me=Si_ o | ‘
600 4 ‘ \
] \
1 | \
500 ‘
4 |
] ‘ | g
400 ‘ ‘ o
\
] \ [\
300 ‘ \‘ \
] | [
200 | \ [
] ‘ [\
] | R
100 || L
] | \ l‘ \
1 [ |
0{777 S o / \;_/"\7 o / \ -
0 2 4 6 8 10 12 14 16 min
LG e R 1 N T e L R IFE [ A U U 1T A
7 [min] [min] mAU *5 [mAU ] %
=== |—=== === | —==——————- | —==——————- [=====—=- \
1 8.536 VvV 0.3144 1.69726e4 819.49805 49.8143
2 12.409 VB 0.6590 1.70991e4 376.79620 50.1857
VWDT A, 7 =220 nm (WUYA\TEST001288 D)
mAU b
, f
1000 I
1 |
Ph3Si—//_¥\/O ‘\
] Me-Si_ I
800 PhtBY ‘
| (SR)-10 ‘ \‘
|
] |
600 \
, i
|
] ‘ ‘
400 | ‘ “
1 |
|
|
] |
200 |
' | .
[ &
[\ o
o4 N o 7 o N N L
0 ‘ 4 6 8 10 12 14 16 min
UG S PR w1 ) S R 1 IEAIE A U U T L
7 [min] [min] mAU *5 [mAU ] %
- | === === [ ———————= | === | === \
1 8.021 vV 0.3259 2.44341e4d 1126.23804 95.7299
2 13.227 VvV 0.6118 1089.89514 26.20897 4.2701
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VWD1 A, #5=220 nm (WUYAITEST001304.D)

mAU 4 o
- I
800 Ph,Si H |
] Y I
] tBu-Si. O |
700 Ph Me ‘\
] 3f ‘
600 ‘ \ o
1 \ 3
] ‘ \ o
500 | i
] | ““\
400 ‘ ‘ A
| | A
300 ‘ ‘\ n
] ! |
] \
200 ‘ \ ‘
1 | \
100 ‘ ‘ ‘J ““.\
] n [ | |
. NN N
0 ‘ ‘ 4 6 8 10 1 14 16 min
W R ETI) 2EI iEEE U |7 A UEE e [T
# [min] [min] mAU * 3 [mAT ] %
il B [-——= - [ -————————- |-
1 8.712 vV 0.2803 1.69041e4 900.02802 48.6755
2 12.008 vB 0.5051 1.78241e4 513.94238 51.3245
VWDT A, 7% =220 nm (WUYAITES T001302.D)
mAU <
1 X
1200 4 F\
|
b Ph |
| t-Bu, 1 H o) |
1000 ] Me/s“/'é*\)LH ‘ \I‘
Ph3Si/ | w‘
4 Si |
800 ('R, €8)-11 ‘ ‘I‘
] |
| |
600 - ‘ |
400 ‘ |
200 c \
] 2 o
N | ;
B [\ |
o+ o _ AN . \"— _— ,
0 2 ‘ 4 6 5 10 12 14 ‘ 16 min
G R = T e = 5 U (TR I[Eh U 1T L
# [min] [min] mAU *5 [mAU ] %
- [ === | ——————— [—=——— | === |
1 g.671 Vv 0.2675 1734.27197 98.74428 4.0155
2 11.425 Vv 0.4667 4.14548e4 1274.91125 95.9845
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4. Computational Details

All calculations were performed using Gaussian 09 program packagel'l. Geometries were fully
optimized at the B3LYP-D3(BJ)/6-311G(d,p)?®! level in THF solvent and characterized by
frequency analysis. The self-consistent reaction field (SCRF) method with SMDM ®I splvation
model was used to evaluate solvent effect on reaction. The transition states were checked by
intrinsic reaction coordinate (IRC) calculations.[®! The Gibbs free energies (Gigsk) corrected by both

solvent and zero-point vibrational effect were used in the discussions.

TS-1 (0.0 kJ mol") TS-2 (6.2 kJ mol™")

Figure 1. Optimized geometries of transition states TS-1 and TS-2 and their energy difference
calculated at the B3LYP-D3(BJ)(SMD, THF)/6-311G(d,p) level.
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Cartesian coordinates of all stationary points

TS-1

Zero-point correction=0.57791 a.u.

Thermal correction to Gibbs Free Energy= 0.54226 a.u.

Sum of electronic and zero-point Energies=-1902.29890 a.u.
Sum of electronic and thermal Free Energies= -1902.33455 a.u.
The number of imaginary frequencies 1

Standard orientation

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 14 0 1.513006 0.209771  -0.038878
2 6 0 1.426705 -1.606801 0.484105
3 6 0 2.082815 1.277170 1.417543
4 6 0 2.940352 0.334862  -1.292088
5 6 0 1.307637 -2.607795  -0.494503
6 6 0 1.204601 -3.952569  -0.148289
7 6 0 1.227831  -4.332391 1.192922
8 6 0 1.354796  -3.358413 2.180243
9 6 0 1.451936  -2.013583 1.825882
10 6 0 3.220710 0.906147 2.152529
11 6 0 3.715923 1.708219 3.178067
12 6 0 3.086591 2.913829 3.486022
13 6 0 1.472507 2.497437 1.739328
14 6 0 1.965085 3.309308 2.760469
15 6 0 3.053559 1.486688  -2.087561
16 6 0 4.104219 1.651034  -2.986634
17 6 0 3.931168 -0.647545  -1.430677
18 6 0 4986634 -0.492010 -2.330074
19 6 0 5.075348 0.657338  -3.111813
20 1 0 1.294444  -2.334005 -1.543011
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21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

e e e S T e e e = Y "= SNy T

[EY
I

= 0O O o o = = = P B B O O O O O O O

O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o o o

1.105930
1.147779
1.374982
1.547553
3.732021
4.593659
3.470670
0.597745
1.472952
2.306033
4.167079
3.879955
5.738558
5.893846
-2.046735
-3.220415
-1.342590
-3.835482
-4.675999
-4.932161
-4.343339
-3.496121
-2.102296
-0.941192
-3.663106
-5.133703
-5.587463
-4.547135
-3.044353
-0.531091
-0.072998
-0.171265
-0.954666
-1.637681
0.418389
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-4.704122
-5.378983
-3.643901
-1.272757
-0.022292
1.396001
3.541538
2.825849
4.248302
2.270364
2.550540
-1.551100
-1.268893
0.779498
-0.283617
1.068398
0.280080
0.946882
1.944719
3.085951
3.226492
2.236569
0.260640
1.289042
0.055892
1.822769
3.859208
4.108958
2.370014
-0.371122
0.819275
0.251738
-0.842149
-1.299582
0.561562

-0.924182
1.465335
3.226443
2.611504
1.919894
3.733590
4.282501
1.189343
2.990254

-2.003558

-3.589970

-0.833437

-2.420258

-3.812700

0.173939

-0.486995
1.845625

-1.750433

-2.253523

-1.498293

-0.240191
0.253063
2.630739
1.775220

-2.343429

-3.228947

-1.882542
0.356441
1.229511

2.170114

-0.799912

-2.187339

-2.281120

-1.222624

-3.047356



56 1 0 -1.077628  -1.434214  -3.184307
57 3 0 -1.602629 1.820760 -1.786398
58 1 0 0.015504 1.923350  -0.773899
59 6 0 -3.275075  -1.695462 0.798935
60 6 0 -4.221439  -1.180552 1.899401
61 6 0 -2.425941  -2.846770 1.370101
62 6 0 -4.163632  -2.253733  -0.326406
63 1 0 -4.958846  -1.954175 2.154273
64 1 0 -4.780242  -0.295345 1.576540
65 1 0 -3.697703  -0.926045 2.823124
66 1 0 -1.749690  -3.258221 0.616207
67 1 0 -1.815368  -2.521992 2.217592
68 1 0 -3.066438  -3.666937 1.726074
69 1 0 -3.570970  -2.667269  -1.142700
70 1 0 -4.818188  -1.481142  -0.742474
71 1 0 -4.813538  -3.050608 0.063442
TS-2

Zero-point correction=0.57809 a.u.
Thermal correction to Gibbs Free Energy= 0.54252 a.u.
Sum of electronic and zero-point Energies= -1902.29660 a.u.

Sum of electronic and thermal Free Energies= -1902.33217 a.u.

The number of imaginary frequencies

1

Standard orientation

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y z
1 6 0 -0.795872 2.099449  -4.261161
2 6 0 -2.272167 2.356924  -4.395897
3 6 0 -2.656946 2.621289  -5.660703
4 8 0 -1.662069 2.771407  -6.568169
5 1 0 -2.999017 2.197220  -3.608608
6 1 0 -3.678220 2.724672  -6.016202
7 3 0 -1.260478  4.162171  -5.351718
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4.560907
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-1.522698
-1.487255
0.809467
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0.833887
-0.310135
1.676653
1.780907
1.938886
2.420177
-0.661109
0.255909
-1.969589
-0.115181
1.276604
-2.348033
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-1.133616
-0.904216
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3.261373
5.431386
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