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1. General
All reactions were carried out under an atmosphere of nitrogen with magnetic stirring. 'H and

C NMR spectra were recorded on a Varian Mercury vx400 or a JEOL JNM-A500 spectrometer
at ambient temperature. 'H NMR data are reported as follows: chemical shift in ppm
downfield from tetramethylsilane (& scale), multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet, quint = quintet, sex = sextet, sep = septet, m = multiplet, and br = broad), coupling
constant (Hz), and integration. °C NMR chemical shifts are reported in ppm downfield from
tetramethylsilane (& scale). *'P NMR chemical shifts are reported in ppm downfield from
H;PO, (85%). All °C NMR and *'P NMR spectra were obtained with complete proton
decoupling. The GPC analysis was carried out with TSKgel G4000Hyr (CHCI;, polystyrene
standard).

Toluene and THF were dried and deoxygenized using an alumina/catalyst column system
(GlassContour Co.). Benzil (Wako), acetic acid (Wako), tris(dimethylamino)phosphine (Wako),
0.5 M HCI/MeOH solution (Wako), 1-bromopropane (Wako), trimethylphosphine (Strem),
sodium borohydride (Aldrich), tris(dibenzylideneacetone)dipalladium(0) (Strem),
triphenylphosphine (Nacalai tesque), and PS-PPh; L9 (Biotage) were used as received from the
commercial sources. 1,1,2-trichloroethane (Wako) was purchased from the commercial sources
and distilled before use. Sodium Hydride (Nacalai tesque) was purchased from the commercial
sources and washed with hexane. Methylenecyclopropanes (MCPs) 2a-2f%', Silylborane 1%,
PQXphos L1-L3%, L4, and L5%' were synthesized by the method reported previously. L7
and L8% were provided by Professor Yasushi Tsuji's group (Kyoto University).
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2. Experimental Procedures and Spectral Data for New Compounds
2.1 Synthesis of Ligand L6
Ligand L6 was prepared according to Scheme S1.

I P(S)(3,5-Xy) I P(S)(3,5-Xy)z I P(3,5-Xy)

2> benzil >
HoN __AOH P(NMez);  ppy _N
O toluene I O toluene I O
HoN Ph” SN
Me Me
S1 S2 L6
73% yield 46% yield

Scheme S1. Synthesis of Ligand L6

2.1.1 Synthesis of S2

O P(S)(3,5-Xy)2
Ph /N
PhIN O
Me
A mixture of S1*° (428 mg, 0.91 mmol), benzil (201 mg, 0.96 mmol), and acetic acid (1 mL) in
toluene (15 mL) was heated for 2 h under reflux with azeotropic removal of water. After
evaporation of volatile material under reduced pressure, the residual solid was dissolved in
CH,Cl, and subjected to silica gel column chromatography (hexane:CH,Cl, = 3:5), giving the
title compound S2 (429 mg, 73%).; '"H NMR (400 MHz, CDCl5) 68.03 (d, J=7.2 Hz, 1H), 7.74
(dd, J = 15.2 Hz, 8.0 Hz, 1H), 7.53-7.57 (m, 3H), 7.49 (s, 1H), 7.40-7.46 (m, 5H), 7.31-7.40 (m,
5H), 7.24-7.29 (m, 2H), 7.07 (s, 1H), 7.04 (s, 1H), 6.94 (s, 1H), 6.53 (s, 1H), 2.69 (s, 3H), 2.21
(s, 6H), 1.91 (s, 6H); *C NMR (100 MHz, CDCl;) Due to the complexity of the spectra all the
peaks are listing without take into consideration C-P couplings. 6 150.8, 150.5, 142.1, 142.0,
139.6, 139.3, 139.1, 139.0, 137.5, 137.5, 137.4, 136.6, 136.4, 136.3, 136.3, 134.5, 134.4, 134.3,
133.9, 133.7, 133.7, 133.4, 132.9, 132.7, 132.7, 132.5, 131.7, 131.6, 131.5, 130.9, 130.3, 130.3,
130.2, 129.9, 129.4, 129.3, 128.6, 128.5, 128.3, 128.2, 127.9, 127.2, 127.0, 21.3, 21.0, 17.1;*'P

NMR (200 MHz, CDCl;) 642.6 (s); HRMS (ESI) m/z calcd for C4H3zNo,PS+H (M*+H):
645.2493, found: 645.2471

2.1.2 Synthesis of L6
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I P(3,5-Xy)
PhIN
Ph” N ‘
Me
To a solution of S2 (429 mg, 0.69 mmol) in toluene (5 mL) were added P(NMe,); (240 4L, 1.3

mmol) at room temperature. The mixture was stirred at 120 °C for 24 h, then water was added to
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the mixture. The mixture was washed with water and brine, and dried over Na,SO,. After
evaporation of the volatiles, the residue was subjected to silica gel column chromatography
(hexane:CH,Cl, = 1:1), giving the title compound L6 (189 mg, 31% yield).; "H NMR (400 MHz,
CDCly) 6 7.64 (ddd, J = 7.2 Hz, 2.4 Hz, 1.6 Hz, 1H), 7.57 (d, J = 7.2 Hz, 1H), 7.46-7.49 (m,
3H), 7.38-7.45 (m, 5H), 7.24-7.33 (m, 4H), 7.00 (s, 1H), 6.96 (s, 1H), 6.94 (s, 1H), 6.71-6.74 (m,
3H), 2.91 (s, 3H), 2.31 (s, 6H), 2.03 (s, 6H); >C NMR (100 MHz, CDCl;) Due to the
complexity of the spectra all the peaks are listing without take into consideration C-P couplings.
0 150.9, 150.6, 144.5, 144.2, 139.9, 139.7, 139.6, 139.2, 138.4, 138.3, 138.1, 138.0, 137.7,
137.6, 137.5, 137.5, 137.1, 137.0, 137.0, 133.1, 131.7, 131.7, 131.5, 131.5, 131.5, 131.4, 131.4,
130.2, 130.2, 130.0, 129.8, 129.7, 128.6, 128.5, 128.3, 128.1, 127.7, 127.6, 127.2, 21.3, 21.1,
17.2; *'P NMR (160 MHz, CDCl;) 5-10.7 (s); HRMS (ESI) m/z caled for CysHyN,P+H
(M™+H): 613.2773, found: 613.2767

2.2 Synthesis of PQXphos L.10-L.12

1) 1.0 eq o-ToINiCl(PMe3),

e
P(S)R 25 eq PMeg, THF, rt, 24 h PQXphos
~"o NC . N(C) 2 thenNaBHg, rt, 1 h L10 (R = Ph)
o) 2) P(NMey)s, toluene L11 (R = 2-Nap)
P NC O ) 1§0 ocf)234 h L12 (R = 3,5-Xy)
Me NC
Me
S3 S4

Scheme S2. Synthesis of PQXphos (L10-L12)

[Polymerization] To a THF (45 mL) solution of organonickel initiator (0-Tol)NiCl(PMe;),"°
(0.01 mM in THF, 0.20 mL, 2.0 gmol) and PMe; (0.1 M in THF, 0.50 mL, 50 gmol) was added
a mixture of monomer S3% (312 mg, 0.95 mmol) and S4%* (50 pmol) in THF (5 mL) at room
temperature. The mixture was stirred for 24 h at room temperature. To the reaction mixture was
added NaBH, (12 mg, 0.32 mmol), and the mixture was stirred for 1 h. The solvent was then
evaporated until approximately half of the original volume. The mixture was poured into

vigorously stirred MeOH (200 mL), and precipitated polymer was collected by centrifugation
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followed by washing with MeOH x 2. After drying in vacuo, fibriform polymer was obtained.
[Reduction of Phosphine Sulfide] A mixture of the obtained polymer and P(NMe,); (0.618 mL,
3.40 mmol) in toluene (6.7 mL) was stirred at 120 °C for 24 h. The mixture was diluted with
THF (2.2 mL) and poured into vigorously stirred MeOH (400 mL). Precipitated material was
collected by filtration. Purification by centrifugation with MeOH x 2 gave PQXphos(LL10-1.12)
as fibriform solid. See Table S1 for the yields and the GPC data for the obtained polymers.

Table S1. the yields and the GPC data for the PQXphos

entry | PQXphos | % Yield (2 steps) M, M /M,
1 L10 89 1.6x10° | 130
2 L11 83 1.5x10° | 139
3 L12 82 19x10° | 134

* Determined by GPC (polystyrene standard).

L10: '"H NMR (400 MHz, CDCls) d 0-6.0, (brm, peak top; 0.90, 1.60, 2.35, 3.47, 4.58
(24x+3y)H), 6.4-8.4 (brm, 16yH); *'P NMR (160 MHz, CDCl;) 6 -15.6 (brs)

L11: 'H NMR (400 MHz, CDCl3) 6 0-6.0, (brm, peak top; 0.90, 1.60, 2.35, 3.46, 4.56
(24x+3y)H), 6.4-8.4 (brm, 20yH); *'P NMR (160 MHz, CDCl;) ¢ -14.3 (brs)

L12: '"H NMR (500 MHz, CDCl;) 6 0-6.0, (brm, peak top; 0.90, 1.60, 2.35, 3.46, 4.58
(24x+15y)H), 6.4-8.4 (brm, 12yH); *'P NMR (200 MHz, CDCl3) ¢ -15.6 (brs)

2.3 Preparation of Methylenecyclopropane 2g
Methylenecyclopropane 2g was prepared according to Scheme S2.

H H H
><0 HCI/MeOH HO NaH, n-PrBr ~ Nn-PrO
—_— —_—
i CH,Cl !
O H HO H 22 n-PrO H

2d 2g
70% yield (2 step)

Scheme S2. Synthesis of Methylenecyclopropane 2g

n—PrO: : EH

n-PrO H
Synthesis of meso-1-methylene-2,3-bis(propoxymethyl)cyclopropane (2g): In a 30 mL of
round-bottom flask, 2d°' (925 mg, 6 mmol) and 0.5 M HCI/MeOH solution (10 mL) were
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charged. The mixture was stirred at room temperature. After stirring for 2 h, 1 mL of Et;N was
added and the solution was diluted with Et,O. The resulting mixture was passed through a pad
of Celite® to remove the solid materials. The solution was concentrated and the residue was
dissolved in DMF. NaH (432 mg, 18 mmol) was added to the solution at 0 °C. The mixture was
stirred at O °C for 30 min, then 1-bromopropane (2.21 g, 18 mmol) was added to the mixture.
The mixture was stirred at room temperature for 24 h, then water was added to the mixture. The
mixture was washed with water and brine, and dried over Na,SO,. After evaporation of the
volatiles, the residue was subjected to silica gel column chromatography (hexane:Et,0 = 20:1),
giving the title compound 2g (832 mg, 70% yield).: '"H NMR (400 MHz, CDCls) §5.43 (t, J =
2.4 Hz, 2H), 3.48 (dd, J = 5.2 Hz, 2.4 Hz, 4H), 3.39 (ddt, / = 7.2 Hz, 5.2 Hz, 2.4 Hz, 4H), 1.97
(sex, J = 2.4 Hz, 2H), 1.60 (sep, J = 7.2 Hz, 4H), 0.92 (t, J = 7.2 Hz, 6H); °C NMR (100 MHz,
CDCl;) 6136.1, 104.0, 72.3 (2C), 68.7 (2C), 22.9 (2C), 19.7 (2C), 10.6 (2C); IR (ATR) 2934,
2854, 1466, 1364, 1094, 1045, 889 cm™; HRMS (ESI) m/z caled for Ci;H,O,+H (M+H™):
199.1698, found: 199.1690

2.4 Asymmetric Silaborative C-C Cleavage of meso-MCPs using PQXphos (P)-L1-3 as chiral
ligands (Table 1)

o R! 1 mol% Pdydbag R!_.SiMePh,  NaOH aq. R!__..SiMePh,
/ K 2.4 mol% li Ho0
Ph,MeSi—B v D= ol lgang L s — == .
0 s toluene R MeOH R!
R1
1 2

50 °C, 48-72 h 0
3 4

General procedure: To a solution of PQXphos (4.8 umol phosphorous atom) in toluene (200
(L) was added Pd,dba; (0.01 M in toluene, 200 L., 2 gmol). The mixture was stirred at room
temperature for 5 min. To the mixture was added 2 (0.30 mmol) and 1 (0.20 mmol) in this order,
and the resulting mixture was heated at 50 °C with stirring. The reaction was monitored by GC.
After the reaction was completed (48-72 h), subsequent addition of MeCN (10 mL) resulted in
precipitation of the PQXphos. The suspension was passed through a pad of Celite® using MeCN
as an eluent. The crude product was isolated by silica gel column chromatography to give a
2-boryl-4-silyl-1-butene derivative. To determine the enantiomeric excess, the silylated
alkenylborane obtained was converted to f-silyl ketone. To a methanol solution (2 mL) of the
2-boryl-4-silyl-1-butene derivative was added aqueous NaOH solution (3N, 2.5 mL) and the
mixture was cooled to 0 °C. Aqueous H,O, solution (30% 1.5 mL) was slowly added to the
mixture. The resulting solution was stirred at room temperature for 12 h. The resulting mixture
was extracted with Et,O and the extracts were washed with water. After drying with anhydrous
MgSOy,, the concentrated mixture was purified by PTLC to give a fS-silyl ketone. Enantiomeric

excess of this compound was determined by HPLC analysis.
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2.5 Spectral Data for New Compounds
Compuonds 3a-e were characterized by comparing their spectral data with those reported
earlier'.

SiMePh,
B(pin)

(2R,3R)-1,4-bis[ (tert-butyldimethylsilyl)oxy]-(2-methyldiphenylsilyl)-3-[1-(4,4,5,5-tetramet
hyl-1,3,2-dioxaborolan-2-yl)ethenyl]butane (3f): "H NMR (500 MHz, CDCl;) §7.61-7.65 (m,
2H), 7.57-7.61 (m, 2H), 7.27-7.38 (m, 6H), 5.93 (d, J = 4.0 Hz, 1H), 5.60 (d, J = 3.5 Hz, 1H),
3.68 (dd, J = 9.5 Hz, 0.5 Hz, 1H), 3.55 (dd, J = 9.5 Hz, 0.5 Hz, 1H), 3.45 (dd, / = 10.0 Hz, 5.0
Hz, 1H), 3.41 (dd, J = 10.0 Hz, 10.0 Hz, 1H), 2.80 (ddd, J = 10.0 Hz, 5.0, 5.0 Hz, 1H), 1.84 (d,
J =11.0 Hz, 1H), 1.27 (s, 6H), 1.27 (s, 6H), 0.86 (d, J = 1.5 Hz, 1H), 0.74 (d, J = 1.5 Hz, 1H),
0.72 (d, J = 1.5 Hz, 1H), -0.12 (s, 3H), -0.16 (s, 3H), -0.21 (s, 3H), -0.23 (s, 3H); *C NMR (125
MHz, CDCl;) 6138.7, 137.9, 135.0 (2C), 134.5 (2C), 132.6, 128.6 (2C), 127.5 (2C), 127.4 (20),
82.9 (20), 66.2, 62.3, 48.8, 28.5, 26.0 (3C), 25.9 (3C), 24.9 (20), 24.7 (2C), 18.3, 18.2, -4.0,
-5.4, -5.5, -5.6, -5.7. The boron-bound carbon was not detected due to quadrupolar relaxation. ;
HRMS (ESI) m/z caled for C3;HeB04Sis+NH, (M*+NH,): 684.4471, found: 684.4465; [o]**p
+56.2 (¢ 0.821, CH,Cl,, 95% ee).

..SiMePh,

(3S,4R)-5-((tert-butyldimethylsilyl)oxy)-3-(((tert-butyldimethylsilyl)oxy)methyl)-4-(methyld
iphenylsilyl)pentan-2-one (4f): "H NMR (500 MHz, CDCl;) 67.80-7.85 (m, 4H), 7.57-7.62 (m,
6H), 3.86 (d, /= 3.5 Hz, 2H), 3.73 (dd, J = 10.0 Hz, 5.0 Hz, 1H), 3.62 (dd, J = 10.0 Hz, 10.0 Hz,
1H), 3.49 (ddd, J = 10.0 Hz, 10.0 Hz, 5.0 Hz, 1H), 2.44 (s, 3H), 2.11-2.15 (m, 1H), 1.10 (s, 9H),
0.99 (s, 9H), 0.98 (s, 3H), 0.14 (s, 3H), 0.09 (s, 3H), 0.06 (s, 3H), 0.05 (s, 3H); °C NMR (125
MHz, CDCl3) 6213.7, 137.1, 136.0, 134.7 (2C), 134.3 (2C), 129.2 (2C), 127.9 (20), 127.8 (20),
66.4, 62.9, 62.0, 53.5, 32.9, 28.8, 25.9 (3C), 25.7 (3C), 18.2, 18.1, 4.6, -5.8, -5.9, -5.9; IR
(ATR) 2953, 2928, 2856, 1714, 1472, 1427, 1252, 1082, 833, 775, 698 cm™'; HRMS (FAB) m/z
caled for C3Hs30;3Sis+H (M™+H): 557.3303, found: 557.3290; [a]*p +33.9 (c 0.902, CH,Cl,,
95% ee)
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n_PrO \\\SiMePhQ

n-Pro__ B(pin)

(2R,3R)-1,4-dipropoxy-(2-methyldiphenylsilyl)-3-[1-(4,4,5,5-tetramethyl-1,3,2-dioxaborola
n-2-yl)ethenyl]butane (3g): 'H NMR (400 MHz, CDCL;) & 7.63-7.66 (m, 2H), 7.56-7.59 (m,
2H), 7.31-7.36 (m, 3H), 7.27-7.31 (m, 3H), 5.88 (d, J = 3.6 Hz, 1H), 5.63 (d, J = 3.6 Hz, 1H),
3.40 (dd, J = 8.8 Hz, 2.8 Hz, 1H), 3.37 (dd, J = 9.6 Hz, 9.6 Hz, 1H), 3.30 (dd, J = 9.6 Hz, 5.2 Hz,
1H), 3.14 (dd, J = 8.8 Hz, 3.6 Hz, 1H), 3.03 (dt, J = 8.8 Hz, 1.2 Hz, 2H), 2.84-3.00 (m, 3H),
1.80 (dt, J = 10.4 Hz, 2.8 Hz, 1H), 1.50-1.56 (m, 2H), 1.30-1.35 (m, 2H), 1.27 (s, 6H), 1.27 (s,
6H), 0.92 (t, J = 7.2 Hz, 3H), 0.74 (t, J = 7.2 Hz, 6H); °C NMR (100 MHz, CDCl;) & 138.4,
138.0, 135.1 (20), 134.6 (2C), 131.3, 128.5 (20), 127.4 (2C), 127.3 (2C), 82.9 (2C), 73.6, 72.2,
71.8,69.9, 46.5, 26.9, 24.8 (2C), 24.8 (2C), 23.1, 22.5, 11.0, 10.5, -3.9. The boron-bound carbon
was not detected due to quadrupolar relaxation. ; IR (ATR) 2981, 2934, 2858, 1427, 1360, 1304,
1140, 1105, 788, 698 cm™'; HRMS (ESI) m/z caled for Cs;Hg3B 0,Sis+H (M*+H): 523.3415,
found: 523.3402; [o]**p +66.7 (c 1.1080, CH,Cl,, 95% ee)

n-PrO \\\SiMeth

n-PrO__.

O

(3S,4R)-4-(methyldiphenylsilyl)-5-propoxy-3-(propoxymethyl)pentan-2-one (4g): 'H NMR
(400 MHz, CDCl;) 6 7.54-7.60 (m, 4H), 7.30-7.38 (m, 6H), 3.20-3.51 (m, 5H), 2.93-3.14 (m,
4H), 2.16 (s, 3H), 1.92 (sep, J = 3.2 Hz, 1H), 1.52 (sex, J = 2.8 Hz, 2H), 1.36 (sex, J = 2.8 Hz,
2H), 0.90 (t, J = 7.2 Hz, 3H), 0.77 (t, J = 7.2 Hz, 3H), 0.71 (s, 3H); °C NMR (100 MHz,
CDCl;) 6 213.2, 136.7, 136.1, 134.8 (2C), 134.5 (2C), 129.2, 129.1, 127.8 (2C), 127.7 (20),
72.6,72.5,72.4,70.2,51.3,31.9, 26.7, 22.9, 22.5, 10.8, 10.4, -4.3; IR (ATR) 2960, 2934, 2862,
1714, 1472, 1427, 1105, 790, 734, 698 cm™'; HRMS (ESI) m/z calcd for CosHs605Si+H (M*+H):
413.2512, found: 413.2506; [a]*p +32.2 (¢ 0.982, CH,Cl,, 95% ee)

2.6 Use of Inverted PQxphos (M)-(R,R)-L.3 as a Ligand for Asymmetric Silaboration of
meso-MCP 2a (Scheme 1)

(P)-(R,R)-L3 (16.1 mg, 2.4 umol phosphorus atom) in 1,1,2-trichloroethane (0.3 mL) and
toluene (0.1 mL) was stirred at 60 °C for 24 h. To the mixture was added Pd,dba; (0.01 M in
1,1,2-trichloroethane / toluene = 3/1, 100 gL, 1 gmol), and the solution was stirred at room
temperature for 10 min. After evaporation of the mixture, the residue was added

1,1,2-trichloroethane (30 L), 2a (0.15 mmol, 16.2 mg), and 1 (0.1 mmol, 32.4 mg). The
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mixture was stirred at 50 °C for 48 h. Subsequent addition of MeCN (10 mL) resulted in
precipitation of the PQXphos. The suspension was passed through a pad of Celite® using MeCN
as an eluent. The crude product was isolated by silica gel column chromatography to give a
2-boryl-4-silyl-1-butene derivative. To determine the enantiomeric excess, the silylated
alkenylborane obtained was converted to fS-silyl ketone. To a methanol solution (2 mL) of the
2-boryl-4-silyl-1-butene derivative was added aqueous NaOH solution (3N, 2.5 mL) and the
mixture was cooled to 0 °C. Aqueous H,O, solution (30% 1.5 mL) was slowly added to the
mixture. The resulting solution was stirred at room temperature for 12 h. The resulting mixture
was extracted with Et,O and the extracts were washed with water. After drying with anhydrous
MgSO,, the concentrated mixture was purified by PTLC to give a f-silyl ketone. The

enantiomeric excess of this compound was determined by HPLC analysis.

2.7 Asymmetric Silaborative C-C Cleavage of meso-MCP 1f in the Presence of Various
Phosphine Ligands (Table 2)

2.7.1: Silaboration of MCP using low-molecular phosphine ligands (entry 1-3, Table 2)

To a solution of ligand (2.4 umol phosphorous atom) in toluene (100 zI) was added Pd,dba;
(0.01 M in toluene, 100 gL, 1 gmol). The mixture was stirred at room temperature for 5 min. To
the mixture was added 2f (0.15 mmol) and 1 (32.4 mg, 0.10 mmol) in this order, and the
resulting mixture was heated at 50 °C with stirring. After 48 h, the volatile materials were
evaporated. The residue was analyzed by NMR (internal standard: o-xylylene oxide).

2.7.2: Silaboration of MCP using PQXphos (entry 4-9, Table 2)

To a solution of PQXphos (2.4 umol phosphorous atom) in toluene (100 zI) was added Pd,dba;
(0.01 M in toluene, 100 gL, 1 gmol). The mixture was stirred at room temperature for 5 min. To
the mixture was added 2f (0.15 mmol) and 1 (32.4 mg, 0.10 mmol) in this order, and the
resulting mixture was heated at 50 °C with stirring for 48 h. Subsequent addition of MeCN (10
mL) resulted in precipitation of the PQXphos. The suspension was passed through a pad of
Celite® using MeCN as an eluent. After evaporation of the volatiles, the residue was analyzed
by NMR (internal standard: o-xylylene oxide). To determine the enantiomeric excess, the
silylated alkenylborane obtained was converted to f-silyl ketone. To a methanol solution (2 mL)
of the 2-boryl-4-silyl-1-butene derivative was added aqueous NaOH solution (3N, 2.5 mL) and
the mixture was cooled to 0 °C. Aqueous H,O, solution (30% 1.5 mL) was slowly added to the
mixture. The resulting solution was stirred at room temperature for 12 h. The resulting mixture
was extracted with Et,O and the extracts were washed with water. After drying with anhydrous
MgSO,, the concentrated mixture was purified by PTLC to give a f-silyl ketone. The

enantiomeric excess of this compound was determined by HPLC analysis.
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2.8 Dependence of Time Course of Silaboration of meso-MCP 1a on Phosphine Ligands
(Table 3)

2.8.1: Silaboration of MCP using phosphine ligands (entry 1-7, Table 3)

To a solution of ligand (2.4 umol phosphorous atom) in toluene (100 zI) was added Pd,dba;
(0.01 M in toluene, 100 gL, 1 gmol). The mixture was stirred at room temperature for 5 min. To
the mixture was added 2a (0.15 mmol) and 1 (32.4 mg, 0.10 mmol) in this order, and the
resulting mixture was heated at 50 °C with stirring. The mixture was analyzed by GC (internal
standard: n-tetradecane 30 uL). After 120 h, the crude product was isolated by silica gel column
chromatography to give a 2-boryl-4-silyl-1-butene derivative. To determine the enantiomeric
excess, the silylated alkenylborane obtained was converted to fS-silyl ketone. To a methanol
solution (2 mL) of the 2-boryl-4-silyl-1-butene derivative was added aqueous NaOH solution
(3N, 2.5 mL) and the mixture was cooled to 0 °C. Aqueous H,0, solution (30% 1.5 mL) was
slowly added to the mixture. The resulting solution was stirred at room temperature for 12 h.
The resulting mixture was extracted with Et,O and the extracts were washed with water. After
drying with anhydrous MgSO,, the concentrated mixture was purified by PTLC to give a §-silyl
ketone. The enantiomeric excess of this compound was determined by HPLC analysis.

2.8.2: Silaboration of MCP using PQXphos (entry 8-13, Table 3)

To a solution of PQXphos (2.4 umol phosphorous atom) in toluene (100 zI) was added Pd,dba;
(0.01 M in toluene, 100 gL, 1 gmol). The mixture was stirred at room temperature for 5 min. To
the mixture was added 2 (0.15 mmol) and 1 (32.4 mg, 0.10 mmol) in this order, and the
resulting mixture was heated at 50 °C with stirring. The mixture was analyzed by GC (internal
standard: n-tetradecane 30 pL). Subsequent addition of MeCN (10 mL) resulted in precipitation
of the PQXphos. The suspension was passed through a pad of Celite® using MeCN as an eluent.
The crude product was isolated by silica gel column chromatography to give a
2-boryl-4-silyl-1-butene derivative. To determine the enantiomeric excess, the silylated
alkenylborane obtained was converted to S-silyl ketone. To a methanol solution (2 mL) of the
2-boryl-4-silyl-1-butene derivative was added aqueous NaOH solution (3N, 2.5 mL) and the
mixture was cooled to 0 °C. Aqueous H,O, solution (30% 1.5 mL) was slowly added to the
mixture. The resulting solution was stirred at room temperature for 12 h. The resulting mixture
was extracted with Et,O and the extracts were washed with water. After drying with anhydrous
MgSO,, the concentrated mixture was purified by PTLC to give a f-silyl ketone. The

enantiomeric excess of this compound was determined by HPLC analysis.
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3. Determination of the Enantiomeric Excesses of the Products by HPLC with a Chiral

Stationary Phase

Table S2. HPLC separation conditions and retention times of f-silyl ketones

entr Compound column Eluent: Flowrate (+)€l;s(;£ner (-)—t;{sc?rfner
y 4 i-PrOH/Hexane | (mL/min) . .
(min) (min)
O\\\SiMeth
1 OD-H 0.3% 0.6 15.7 13.2
r b
o}
4a
Q\\\SiMeth
2 I/ OD-H 0.5% 0.6 9.0 10.1
|
o}
4b
O\\\SiMeth
3 |( OD-H 0.3% 0.6 23.6 17.9
o}
4c
><O:>\\\SiMePh2
4 o} |( OD-H 1.0% 0.6 11.5 14.1
o}
4d
n-Pr<__..SiMePh,
5 n-prj‘\n/ 0Z-H 0.3% 0.6 19.6 22.0
o}
4e
TBSO +SiMePh,
6 TBSO 0Z-H 0.2% 0.6 10.2 94
o}
af
n_PrO ‘\\SiMeth
7 n—PrO]\( 0Z-H 0.3% 1.0 19.4 14.3
0
4g
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STANDARD PROTON PARAMETERS
Sample Name:
Data Collected on:
400-MR-vnmrs400

Archive directory:

Sample directory:

FidFile: PROTON M\
<
Pulse Sequence: PROTON (s2pul) m
Solvent: cdecl3 2 .
Data collected on: Dec 9 2011 e
°

Operator: vnmrl

Relax. delay 1.500 sec
Pulse 45.0 degrees
Acqg. time 3.500 sec

5. NMR Spectra of New Compounds

Width 6410.3 Hz a
16 repetitions S
OBSERVE H1, 399.8835284 MHz n
DATA PROCESSING w | =
Line broadening 0.2 Hz ol 9 -
FT size 65536 w | om @
o
Total time 1 min 20 sec L) o 28
[
| =57
- o ~
e ©
M
~
4 |
n-PrO
n-PrO w
H
8 7 5 4 3 2 i ppm
b - S — -
2.00 4.36 4.22
3.96 1.97 . 6.42

'H NMR of compound 2g
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STANDARD CARBON PARAMETERS
Sample Name:

Data Collected on:
400-MR-vnmrs400
Archive directory:

Sample directory:
FidFile: CAREON

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3
Data collected on: Dec 9 2011

Operator: vamrl

Relax. delay 0.715 sec
Pulse 45.0 degrees

Acqg. time 1.285 sec

Width 25510.2 Hz

24 repetitions

OBSERVE C13, 100.5507935 MHz
DECOUPLE H1, 399.8855346 MHz
Power 42 dB

continuously on

WALTZ~16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 17 min

n-PrO
n-PrO.

136.090

103.967

—77.317

77.000
~76.683

72,269
~— 68692

N\
A\

7

-9
——19.659

10.585

"*C NMR of compound 2g
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\data\F- 110" 4\ YA=64 7=

~SiMePh
B(pin)

A j| \h,l
PEM
:._____;__:___________:___:___:::_._::__:____:____.___:__.::___*_: __:_::_:_.A
8.0 7.0 6.0 5.0 3.0 2.0 1.0 0.0
M

wamif N >

8% 88 88 g8

P "o oo -

2011/10/07

SINGL

&

500.00 MHz
0.00 KHz
6.50 usec

MHz
iz
usec

5088.20 Bz
507.81 Kz

YA-647-1H.als

"H NMR of compound 3f
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e 15, TRMOD BCM
OBNUC 13C
OBERO 125.65 Miiz
OBSET .00 Kiz
PWL 1.00 usec
ROTNT 32768
SEMPO 32768
TIMES 2560
SCANS 68
DingY -8
FREQU 31948.88 Hz
FILTR 15950 Hz
Acm 1.0256 sec
DEADT 16.81 usec
DELAY 12.54 usec
D 1.4744 sec
ADBIT 16
- RGAIN 33
IRNUC 1H
IRFRQ 500,00 Miz
IRSET 0.00 KHz
IRREW 40 usec
IRATN 511
IRRNS 0
TRBRL 5
IRBP2 6
. BF 0.49 Hz
™ 0.00
M - R T2 0.00
. 3 90.00
T4 100.00
XE 22855.04 Hz
xs 4063.81 Hz
REEVL

DFILE YA-647-13C-ft.als
MENUF  yamamotol3THS

SHMFL  THS
LKSET 0.00 Kz
LKLEV 200
LGAIN 20
LKPHS 190
LKSIG 821
CTENP 23.4 ¢
CSPED 16 Hz
FIELD -5566

PEM
T __;:__:: TTTTTTTT T T I oo T TTTTTTTTTITT _:_::_:__::____::_:__T _:_:___::
120.0 110.0 100.0 90.0 _ 40.0 20.0 20.0 10.0 0.0 ~10.0 -20.0
x / x | I | x\/_
28888 LB g 488 2 ® 2 28 28 R2838
23888 533 g #£88 g3 2 2§ 8§ £5828
g8 34s 858 § s8¢ € 8 g ER LR FeRee

2011/10/07

C NMR of compound 3f
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Cr\data\F-1-{ae\I 8\ Ya-652-~11

EXMOD SINGL
e IRMOD NON

OBNUC 1H
OBFRQ 500.00 MHz
OBSET 0.00 KHz
o 6.50 usec
POINT 32768
SAMPO 32768
‘TIMES 8
SCANS 8
DUMMY 2
FREQU 10000.00 Hz
FILTR 6000 Hz
ACQTM 3.2768 sec
DEADT 10.00 usec
DELAY 44,72 usec
BD 2.2232 sec
ADBIT 16
RGAIN 13
IRNUC 1H
IRFRQ 500,00 MHz
IRSET 0.00 KHz
IRRPW 40 usec
IRATN 511
IRRNS 0
IRBP1 10

' REPZ 2
BF 0.15 Hz
T 0.00
T2 0.00
T3 90.00
k) 100.00
XE 5254.21 Hz
xs 537.11 Hz
REFVL

DFILE YA-651~1H-ft.als
MENUF  yamamotolhTHS

B SHMFL THS

LXSET 0.00 KHz
i LKLEV 210
SiMePh, LBV 10
LKEHS 186
o LKSIG 741

bt CcTEMP 23.1¢

CSPED 11 Hz

FIELD -5563

o bt
i~
P iy
EPM
T T T T T T T T T _ T T T T T
& 2
| x
B 2288 58IUEE
2 3398 258886
o e Adadcd

"H NMR of compound 4f
S17



62,014 ——"
]

127,795

70.860

66,410

62,852 ——___
53.463

32.919

28.333

25.934

25.748

18.228

18.085 —~

213.740

CSRED
FIELD

iz
Kiz
usec

YA-651-13c-£t.als
yamamotol3THS
THS

0.00 KHz

C NMR of compound 4f
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STANDARD PROTON PARAMETERS
Sample Name:
Data Collected on:
400-MR~vnmrs400
Archive directory:
Sample directory:
o
FidFile: PROTON %
~
Pulse Sequence: PROTON (s2pul) |

Solvent: cdecl3
Data collected on: Dec 21 2011

Operatox: vamrl

Relax. delay 1.500 sec

Pulse 45.0 degrees m Moo
Acq. time w‘Woo sec o % “ 8
Width mﬁo.uéum <« [ 0
16 repetitio . ﬂ M P
Sosgrve  H1, 399.8835%8R Myz
B R ofua e
DATE BROFESING R
Life preadlning 0.2 B ~
, o ) . . |
8 7 6. 5 3
Lt Lt S e
2.01 2.83 1.00 3.09 2.02
1.043.09

0.917
-0 .899

el L

1.

04

2.37
2.07 11.88

3.

10

6.

o1

0.753
0.738

0.715

Ppm

"H NMR of compound 3g
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STANDARD CARBON PARAMETERS
Sample Name:

Data Collected on:
400~-MR~vomrs400
Archive directory:

Sample directory:
FidFile: CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3
Data collected on: Dec 21 2011

Operator: vnmrl

Relax. delay 0.715 sec
Pulse 45.0 degrees

acq, time 1.285 sec

Width 25510.2 Hz

56 repetitions

OBSERVE C13, 100.5507951 MHz
DECOUPLE E1, 399.8855346 MHz
Power 42 dB

continuously on

WALTZ~-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536
Total time 17 min

SiMePh,
B(pin)

n-PrO

n-Pro__

-~138.421

137.995

/~~135.053

~134.604

-131.306
128,588

-128.541
~-127.403
~~327.318

\.

--77.317
/~=77.000

82,931

-/

~76.683
~=73.555

—72.184

~-T71.789

69,861

46.456

~—24,808

—-23.097

22,532

10.988
---10.477

3.854

C NMR of compound 3g
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STANDARD PROTON PARAMETERS
Sample Name:

Data Collected on:
400-MR-vnmrs400
Archive directoxry:

Sample directory:
FidFile: PROTON ;
Pulse Sequence: PROTON Aunﬂﬁwx

Solvent: cdcl3 :
Data collected on: Dec 21 2011

Qe
o
o 0 "
. F
Operator: vomrl - R :
g qa
Relax. delay 1.500 sec ° H ~ - ; )
Pulse 45.0 degrees / i .5 i
Acq. time 3.500 sec b m 2
width maﬁg.wlmn SO
16 Bpgilidisr 5 [
oBsERQE & H1, 39D, 0| Mz 2 m a8
DATA 'PROCE: : 20 e a -
Tine D BN b
FT size 6 - «
Total time 1 m: {
/
H
H
|
i
ﬁ /
n-PrO m
n-Pro—"
o )
: . v o . )
8 ¥ & 5 4
(R [E I
4.08 6.03

433

0.899
.881
\«~0.‘750

0.787

Yo

0.918

2 i
e 1 L
.00 2.13 3.29.03

1.05 2.14 3.03

0,713

ppm

"H NMR of compound 4g
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) CARBON PA

Sample Name:

Data Collected on:
400-MR~vnmxs400
Archive directory:

Sample directory:
FidFile: CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: edel3
Data collected on: Dec 21 2011

Operatoxr: vamzl

Relax. delay 0.715 sec
Pulse 45.0 degrees

Acqg. time 1.285 sec

Width 25510.2 Hz

40 repetitions

OBSERVE C13, 100.5507959 MHz
DECOUPLE H1, 399.8855346 MHz
Power 42 dB J

continuously Q...w:

WALTZ-16 modwlated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536
Total time 17 min

(AR L R B e (AR

220 200

e

180

136.748

—134.790

\-

~~136.067

AT

-129.184

129,138
~-127.790
~127.698

-~ 77,317

77.000
~—76_ 683
~72.641
\72.525
—72.409

-70,179
51.303

~~31,916

o
L]
ggn
o9
©w o
R
b
XERN I ©
Pt N
o«
©
)
o=
Il
o
<«
@
<
i
il B Rdtiad
|
el A bl
Ay Al el
G PR

C NMR of compound 4g
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EREEN2

F=4 © C:¥HPLCData¥data_akai.mdb CLC-0606 YA-790

=] © RS 2012/01/19 21:23:02  #+3 2012/06/01 17:02:34
hyJHR 056

4R e R 14 © ¥ 0.00 - 25.00 min

MRS & L ESREK

(mv)

R e e B T (3
' = ' {3 1ye9)
‘ = .
! S :

R | e fosesananacoand

100, 000f - - - - - - . (R R
] v '
| 5 !
' l |£ '

0.000 8 -
0.00 1000 2000
(5]

No. Ch B[] WM& (mV] H{AE(E] BERE(VxED) MHY BIRERE S8 EmERR

11 12785 29217 20.53  6786.22  98.68 7735 0.00 2.38
2 1 15875 3.87  22.58 90. 96 1.32 9250  4.25 1.38
CH.1 Peak Not Found.
: SiMePh,
0o
LC-8020 Mode! I CHROMATO REPORT Page 1
HPLC trace for 4a
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24 ML

© C:¥HPLCData¥data_akai.mdb CLC-0612 YA-801

T4
BB © IR 2012/01/24 16:46:51 EHE 2012/06/05 16:11:36
hyvIFES 2
R SR ML 0.00 - 30.00 min
HERE ESEER
[mV]
j < ! £ =/No.
| e ; N
400, 000 - — - - - -l
300. 000} - - = - =< <<= m e em  EEEEEEEEEEEE \ ——————— RERREEEEEEE R EEEEE
200, 000 - - - === oo R T
100, 000~~~ R R E TR
-
1 S0 !
0.000 N
0.00 10,00 2000 30.00
(53]
No. Ch EsR[%] &H&mvl HEER] ERIVxE] @Y EREBEHR SR FXNHRR
11 14165 22.93  21.62 566. 20 4.37 8560  0.00 1.82
2 1 16.320 429.16 2574  12402.67  95.63 8019 3.22 2.68
CH. 1 Peak Not Found.
e
Page 1

LC-8020 Mode! I CHROMATO REPORT

HPLC trace for ent-4a (Scheme 1)
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a4 b

© C:¥HPLCData¥data_akai. mdb YNO3970398 YA-565

F—4
B © RS 2011/07/06 18:26:11 &+5 2012/06/01 16:57:51
hy7#&%8 19
('8 9 £i3 © 33 0.00 - 40.00 min
HHAx CESREK
[mV]
B § ! £ =)Mo
F ! ' ﬂ”m
500, 000F - - = == === = m == b e eeaa L EREEEEEE R R P EEEEEEEEEE
s e
4 ' '
™ il i e
0.00 10,00 20.00 30,00 40.00
(4]
No. Ch E§RI[%] W& (mV] HfE0E[F) EH(nVx#) @Y BIREM S8 JERERER
11 8995 47.33  11.98 652. 26 2.70 11237 0.00 1.48
2 1 10,155 913.50  24.71 2352597  97.30 3368 2.23 2.53
CH.1 Peak Not Found.
.SiMePh,
(o]
LC-8020 Mode! I CHROMATO REPORT Page 1
HPLC trace for 4b
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R

T—4 © C:¥HPLCData¥data_akai.mdb YNO3970383 YA-560
=153 ©oURsk 2011/06/26 18:21:33 &F3 2012/06/01 17:00:26
hy7&8 59

4 806 R 1 C 3R 0.00 - 40.00 min

BtHA % L BARE

[mV)
! : \ t"-7No.
| % : : i
200.000f - = - === - -mmm e N EECEETEEEES SR ELTELITEETTTEEE T ECECETEEEEE
100,000 - = = = = = = = = oo oo o oo R R CETTTrE L L LT S
: ! - E
| i 5 .
H ] P !
H 1 S .
0. 000— . , e
0.00 10,00 %0.00 30.00 40. 00
(5]
No. Ch B¥MI[%) W& (mv] HEeE(#] MR (nVxE) G3E%  HDIRERM S RRE  JERMRE
11 17855 213.34  30.85  7396.49  97.92 6680  0.00 2.29
2 1 23570 3.5 41.87 157,22 2.08 6319  5.55 1.30
CH.1 Peak Not Found.
.SiMePh, [
0 “
Page 1

LC-8020 Mode! I CHROMATO REPORT

HPLC trace for 4¢
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A4 FN

© C:¥HPLCData¥data_akai.mdb YNO3970400 YA-566

7—4
B8 S ARSE 2011/07/06 21:45:56 &% 2012/06/01 16:56:21
hyv7%H8 8
R 80 0 1 M 0,00 - 40.00 min
MHA & AR
(mV)
B : s
800, 000 - - - - = === e c e o e e deeenees SR keerenciaaaaas T
600,000 - - - - << <= << n e Joosane bevecenens SR .
400,000 - < - << v e e | R TR R LD e R T
200. 000f - - - - - - s e £ R e EEEEEEEEED E EREEREREEEEE
8 ' '
. : :
' g : :
0.000 . : :
0.00 10,00 20,00 30.00 40.00
(53]
No. Ch B§MI(4] W (mV] HWAE(R] MR (Vx#] mEH%  HIREXM HBthE IERFHRE
11 11,490 26.43  16.05  460.76  2.10 10216 0.00 1.32
21 14145 87252 2225  21497.25  97.90 8060  4.90 1.84
CH.1 Peak Not Found.
><Oj‘.‘8iMeth :‘
oS
5 |
Page 1

LC-8020 Mode| I CHROMATO REPORT

HPLC trace for 4d
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R :
T4 © C:¥HPLCData¥data_akai.mdb YN03970385 YA-559

B © 4R 2011/06/26 20:54:46 &+3 2012/06/01 16:59:10

hy %8 58

[ Y $i3 © 4RIz 0.00 - 40.00 min

WA & CESEREK

[mV]
. i t"=)No.
H E ! BRIFE
: = :
1w.mh_.__________>_>_.: .................................. : ,,,,,,,,,,,,,,,,,

l
Il
1l
'
'
'
'
'
'
'

0. 000 A A
0.00 10. 00 20.00 30. 00 40.00
(53]
No. Ch BY¥RI[%] W& (mV] FMUME(R] MEWInVxP] @EHY DR HME IERHFRE
11 19.625 185.95  30.35  6262.46  97.26 8336 0.00 2.04
2 1 21.985 3.95  40.85 176. 32 2.74 5177 2.34 0.00
CH.1 Peak Not Found.
n-Pr_..SiMePh, i
jY |
n-Pr |
(0]
LC-8020 Mode! I CHROMATO REPORT Page 1

HPLC trace for 4e
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24 kL :
T4 . C:¥HPLCData¥data_akai.mdb YNO3970565 b-silylketone
B8 ©OURSE 2011/12/05 14:41:45 &3 2012/06/01 17:07:52

hy7%8 86
AR SR 1 © 4RI 0.00 - 30.00 min
WA ® CESREK

[mV]

g ! £ =4No.
E ' Eﬁzﬁuﬁ_ﬂ]
160,000} - = - - - ==« oo B e

i :
100,000 - - - = - - = = < e el b eeaaas
§0,000] - - < - - << e
0,000} e reTTTTTI T T ST e

0.00 10,00 20.00 30. 00
. (5

No. Ch B¥RI(5) M (mV] HMWeE() WRMOVxP] @Y WIREH Huhe JEHHRY

11 9.410 4.28  15.84 73.81 2.18 7037 0.00 1.49
21 10. 240 155.48  18.92 3317.14 97.82 5841 1.69 1.52

TBSO™\,..SiMePh, |
TBSO_ ‘

(0]

CH.1 Peak Not Found.

LC-8020 Mode! Il CHROMATO REPORT Page 1

HPLC trace for 4f
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24 ML :
T4 © CI¥HPLCData¥data_akai.mdb CLC-0692 YA

BE : RS 2012/06/05 14:08:33 St 2012/06/05 15:21:32
Hhy IS 196
IR T k3L 0.00 - 35.00 min
HEAE EAERE
[mV]
400, 000F======= SRS R e — P
; 5 R
300.000) - === === omm o e e | R
200,000} - - - - <<= oom e P oo
100, 000f = = = = === = m e SR o L
! - 1
: g !
: i :
0.000 R
0.00 10.00 30.00
[5]
No. Ch E¥RA[%H] ®E[nv] F{EE[E] EREIVxE] B EREBH OB EIHERER
11 14290 1292 23.24 319.32 2.54 7538 0.00 0.00
2 1 19.410 384.39  29.49 1223653  97.46 8638 6.86 1.05
CH.1 Peak Not Found.
n-Pro .SiMePh,
n-Pro__
e]
LG-8020 Mode! Il CHROMATO REPORT Page 1

HPLC trace for 4g
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