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1 General Information

Experiments involving air sensitive components were performed in glovebox. EtsN and DCE
were fractionally distilled. Other reagents were commercially purchased and were used as
received without further purification for the reactions. Proton nuclear magnetic resonance (*H
NMR) and carbon nuclear magnetic resonance (**C NMR) spectra were performed on a
Bruker Advance 400M NMR spectrometer (CDCls). Chemical shifts *H NMR spectra are
reported as & in units of parts per million (ppm) downfield from SiMes (5 0.00 ppm) and
relative to the signal of chloroform-d (8 7.26 ppm, singlet). Multiplicities were given as: s
(singlet); d (doublet); t (triplet); q (quartet); tt (triplet of triplets); td (triplet of doublets); m
(multiplets) and etc. The number of protons (n) for a given resonance is indicated by nH.
Coupling constants are reported as a J value in Hz. Carbon nuclear magnetic resonance
spectra (**C NMR) are reported as in units of parts per million (ppm) downfield from SiMe.
(0.00) and relative to the signal of chloroform-d (J = 77.03, triplet). High resolution mass
spectral analysis (HRMS) were performed on Water XEVO G2 Q-TOF (Waters Corporation)
and GCT Premier. The enantiomeric excesses were determined by HPLC analysis on Chiral
Daicel Chiralpak OD-H, OJ, ID columns. Optical rotations were recorded on an Anton Paar
MCP 200 polarimeter at 589 nm in dichloromethane.

Experimental Procedure:

2 General Procedures for the Preparation of Dichloropropargyl Substrates (GP1) .
All substrates were prepared according to the reported literatures.*
The general procedure A*

1) n-BuLi (1.0 equiv), Et,0, -40 °C, Ar

2) DMF (1.5 equiv), -40 °C to rt, Ar /0 PCls (1.5 equiv) /Cl
= » R—4 » R—
3) KH,PO, aq. \H DCM, -20 °C, Ar \CI
overnight

Step 1: To a solution of 1-alkyne (2.61 mL, 20 mmol) in dry Et,O (20 mL) at -40 < was
added dropwise 2.5 M n-BuLi (12.5 mL, 20 mmol) followed by the addition of anhydrous
DMF (2.4 mL, 30 mmol) in one portion. The clear reaction mixture was allowed to warmed
up to room temperature and stirred until full conversion (TLC monitoring). The solution was
then poured into a biphasic mixture of 100 mL 10% KH2PO,aqueous solution and ether (80
mL) at 0 <. The mixture was stirred vigorously, and layers were partitioned. The aqueous
layer was extracted with ether (3 x 50 mL). The organic layers were collected, combined,
dried over Na,SQ, filtered and concentrated in vacuo. The crude product obtained was used
in the following chloration step without further purification.

Step 2: The crude product was dissolved in dry CH>Cl, (40 mL) and cooled to -20 <C. Then,
PCls (6.2 g, 30 mmol) was added portion wise and the reaction mixture was stirred overnight.
It was quenched by the addition of saturated NaHCOs3 solution at -20 <C. The mixture allowed
to warm back to 25 <C, waterwas added to completely neutralize the solution. The aqueous
phase was extracted by CH.Cl, (3 x 50 mL), the organic phases were collected, dried over
Na>SO4, concentrated under reduced pressure. Purification by column chromatography on
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silica gel (eluent: petroleum ether) provided the desired compound.

The general procedure B ?

1) n-BuLi (1.1 equiv), THF, -40 °C, Ar

__ 2)DMF (2.0 equiv),-40 °C tort, Ar _ //0 PCls (1.5 equiv) _ /Cl
R—= 3Km,p0, aq. > R—= Yy DCM,20°C, Ar R—= el
overnight

Step 1: A dried, argon-flushed flask equipped with a magnetic stirring bar was charged with
dry THF (40 mL) and ethynylcyclohexane (4.33 g, 40 mmol). The solution was cooled to
-40 <€ and n-BuLi (17.6 mL, 44 mmol, 2.5 M in hexane) was added dropwise. The reaction
mixture was stirred for 1 hour at -40 <C followed by the addition of dry DMF (5.85 g, 80.0
mmol). Then, the reaction mixture was allowed to warm up to room temperature until the
starting material was completely consumed (monitored by TLC). The solution was then
poured into a biphasic mixture of 200 mL 10% KH,PO4 aqueous solution and ether (160 mL)
at 0 <C. The mixture was stirred vigorously, and layers were partitioned. The aqueous layer
was extracted with ether (3 x 50 mL). The organic layers were collected, combined, dried
over Na,SOs, filtered and concentrated in vacuo. The residue was purified by column
chromatography (eluent: PE/EA = 95:5) to afford the product (3.37 g) as colorless oil.

Step 2: The above product was dissolved in dry CH,Cl, (40 mL) and cooled to -20 <C. Then,
PCls (12.5 g, 60 mmol) was added portion wise and the reaction mixture was stirred overnight.
It was quenched by the addition of saturated NaHCOs3 solution at -20 <C. The mixture allowed
to warm back to room temperature, water was added to completely neutralize the solution.
The aqueous phase was extracted by CH2Cl, (3 x 50 mL), the organic phases were collected,
dried over Na»SO. concentrated under reduced pressure. Purification by column
chromatography on silica gel (eluent: PE) provided the desired compound (4.05 g) as slightly
yellow oil. (85% yield over two steps)

The general procedure C 12

CBry20equiv) g g 1)n-Buli(2.1 equiv), THF,

JI_ PPhs (4.0 equiv) I =50 °C to -40 °C R—= P
—_— » R—
R™ 'H " pcm,0°C RZ H  2) DMF (2.0 equiv), -40 °C to rt H
PCls (1.5 equiv) _ /Cl
DCM, -20 °C, Ar - \CI

overnight

Step 1: Under argon atmosphere, a solution of triphenylphosphine (4.0 equiv) and
tetrabromomethane (2.0 equiv) in DCM (0.15 M) was stirred at 0 <T for 30 minutes. Then the
conresponding aldehyde was added over a period of five minutes, and the mixture was stirred
at 0 <C for one hour. After addition of water, the layers were separated, and the aqueous layer
was extracted with DCM (3 x 50 mL). The combined organic layers were dried over Na;SO4
and the solvent was removed under reduced pressure. The crude product was dry-loaded on
silica and subjected to flash chromatography (silica, DCM/PE).

Step 2: Under argon atmosphere, n-BuLi (2.1 equiv, 2.5 M in hexane) was added over a
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period of 30 minutes via syringe pump to a solution of gem-dibromoolefine (1.0 equiv) in dry
THF (0.4 M) at -50 <C, and the mixture was stirred at -40 <C for 15 minutes. After addition of
dry DMF (2.0 equiv) at once, the mixture was allowed to warm to room temperature and
stirred for one hour. The mixture was added to a stirring solution of aqueous NaH>PO4/Et,O
(1:1). After five minutes, the layers were separated and the aqueous layer was extracted with
Et,O (3 x 50 mL). The combined organic layers were dried over Na,SO., the solvent was
removed under reduced pressure and the crude product was subjected to flash
chromatography (silica, EA/PE).

Step 3: The crude product was dissolved in dry CH.Cl, (1.0 M) and cooled to -20 <C. Then,
PCls (1.5 equiv) was added portion wise and the reaction mixture was stirred overnight. It was
guenched by the addition of saturated NaHCOs solution at -20 <C. The mixture allowed to
warm back to 25 <C, water was added to completely neutralize the solution. The aqueous
phase was extracted by CH,Cl, (3 x 50 mL); the organic phases were collected, dried over
Na>SO4, concentrated under reduced pressure. Purification by column chromatography on
silica gel (eluent: PE) provided the desired compound.

e
O—==<

1a
Prepared according to the general procedure B using corresponding aldehyde (2.60 g, 20 mmol).
The product la was isolated in 84% vyield (3.11 g) by column chromatography as yellow oil.
Eluent: petroleum ether. *tH NMR (400 MHz, CDCls): § 7.50 — 7.48 (m, 2H), 7.42 — 7.33 (m,
3H), 6.49 (s, 1H). 3C NMR (100 MHz, CDCls):8 132.08, 129.94, 128.59, 120.69, 90.03,
84.17, 56.12. HRMS (EIl): m/z calculated for CoHeCl, [M]*: 183.9841, found: 183.9840. IR
(KBr): 2225, 1491, 1444, 1279, 1236, 757, 722, 687.

gl
: R
Prepared according to the general procedure B using corresponding aldehyde (2.88 g, 20 mmol).
The product 1b was isolated in 67% yield (2.67 g) by column chromatography as yellow oil.
Eluent: petroleum ether. *tH NMR (400 MHz, CDCls): § 7.32 — 7.28 (m, 2H), 7.26 — 7.24 (m,
1H), 7.22 — 7.19 (m, 1H), 6.49 (s, 1H), 2.34 (s, 3H). *C NMR (100 MHz, CDCl3):  138.24,
132.47, 130.69, 129.01, 128.34, 120.38, 90.18, 83.72, 56.03, 21.15. HRMS (EIl): m/z

calculated for C1oHsCl, [M]*: 197.9998, found: 198.0010. IR (KBr): 2233, 1485, 1293, 1243,
1035, 785, 723, 688.

cl
Me—@%(
ci
1c
Prepared according to the general procedure B using corresponding aldehyde (1.44 g, 10 mmol).
The product 1c was isolated in 71% yield (1.42 g) by column chromatography as yellow solid.

Eluent: petroleum ether. *H NMR (400 MHz, CDCls): § 7.38 (d, J = 8.1 Hz, 2H), 7.16 (d, J =
7.9 Hz, 2H), 6.49 (s, 1H), 2.37 (s, 3H). *C NMR (100 MHz, CDCls): & 140.21, 131.86,
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129.22, 117.50, 90.28, 83.52, 56.14, 21.60. HRMS (EI): m/z calculated for C1oHsCl, [M]":
197.9998, found: 197.9997. IR (KBr): 2224, 1509, 1282, 1232, 1197, 1023, 1007, 823, 723,
692.

cl
n-Bu—@%(
ci

1d

Prepared according to the general procedure B using corresponding aldehyde (2.05 g, 11 mmol).
The product 1d was isolated in 87% yield (2.31 g) by column chromatography as yellow oil.
Eluent: petroleum ether. tH NMR (400 MHz, CDCls): § 7.41 — 7.39 (m, 2H), 7.17 — 7.15 (m,
2H), 6.49 (s, 1H), 2.62 (t, J = 7.6 Hz, 2H), 1.62 — 1.55 (m, 2H), 1.39 — 1.29 (m, 2H), 0.92 (t, J
= 7.4 Hz, 3H). C NMR (100 MHz, CDCls): & 145.19, 131.88, 128.58, 117.69, 90.35, 83.54,
56.15, 35.64, 33.26, 22.26, 13.88. HRMS (EI): m/z calculated for C13H14Cl, [M]*: 240.0467,
found: 240.0484. IR (KBr): 2225, 1510, 1283, 1237, 1195, 1023, 1005, 835, 723, 696.

cl
t-Bu—@%(
cl

le

Prepared according to the general procedure B using corresponding aldehyde (2.79 g, 15 mmol).
The product 1le was isolated in 72% yield (2.60 g) by column chromatography as yellow solid.
Eluent: petroleum ether. *tH NMR (400 MHz, CDCls): § 7.43 — 7.41 (m, 2H), 7.38 — 7.36 (m,
2H), 6.49 (s, 1H), 1.31 (s, 9H). *C NMR (100 MHz, CDCls): & 153.32, 131.73, 125.49,
117.53, 90.28, 83.55, 56.16, 34.94, 31.10. HRMS (EI): m/z calculated for C13sH14Cl, [M]":
240.0467, found: 240.0475. IR (KBr): 2226, 1505, 1464, 1271, 1239, 1195, 1021, 1005, 835,
724, 688.

C o
O T
1f

Prepared according to the general procedure C using corresponding aldehyde (1.62 g, 9 mmol).
The product 1f was isolated in 45% vyield (0.95 g) by column chromatography as yellow solid.
Eluent: petroleum ether. *H NMR (400 MHz, CDCls): § 8.04 (s, 1H), 7.85 — 7.81 (m, 3H),
7.56 — 7.49 (m, 3H), 6.55 (s, 1H). **C NMR (100 MHz, CDCls): & 133.45, 132.68, 132.64,
128.26, 128.01, 127.85, 127.49, 126.88, 117.79, 90.30, 84.21, 56.05. HRMS (EIl): m/z
calculated for C13HgCl, [M]*: 233.9998, found: 234.0007. IR (KBr): 2222, 1498, 1280, 1266,
1242, 1196, 1025, 1014, 828, 750, 715, 687.

e
O-L0—==,

1g
Prepared according to the general procedure B using corresponding aldehyde (2.47 g, 12 mmol).
The product 1g was isolated in 52% vyield (1.63 g) by column chromatography as yellow solid.
Eluent: dichloromethane /petroleum ether = 20:80. *H NMR (400 MHz, CDCls): 6 7.61 — 7.55
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(m, 6H), 7.48 — 7.44 (m, 2H), 7.40 — 7.36 (m, 1H), 6.52 (s, 1H). ®C NMR (100 MHz,
CDCls): 8 142.60, 139.96, 132.41, 128.94, 127.99, 127.13, 127.10, 119.37, 89.87, 84.61,
56.03 ppm; HRMS (EI): m/z calculated for CisH1oCl2 [M]*: 260.0154, found: 260.0162. IR
(KBr): 2222, 1497, 1288, 1232, 1197, 1027, 1002, 840, 766, 718, 689.

g

O==

F 1h

Prepared according to the general procedure B using corresponding aldehyde (1.48 g, 10 mmol).
The product 1h was isolated in 43% yield (0.87 g) by column chromatography as yellow oil.
Eluent: petroleum ether. tH NMR (400 MHz, CDCls): § 7.36 — 7.26 (m, 2H), 7.21 — 7.18 (m,
1H), 7.14 — 7.09 (m, 1H), 6.47 (s, 1H). *F NMR (376 MHz, CDCls): & -112.11. *C NMR
(100 MHz, CDCls): 6 162.26 (d, J = 246.2 Hz), 130.17 (d, J = 8.5 Hz), 127.88 (d, J = 3.2 Hz),
122.4 (d, J = 9.4 Hz), 118.80 (d, J = 23.2 Hz), 117.26 (d, J = 21.0 Hz), 88.30 (d, J = 3.4 Hz),
84.71, 55.60. HRMS (EI): m/z calculated for CoHsCl,F[M]*: 201.9747, found: 201.9749. IR
(KBr): 2237, 1609, 1583, 1487, 1296, 1244, 1176, 1154, 1024, 875, 786, 723, 679.

cl
F—@%{

cl

1i

Prepared according to the general procedure B using corresponding aldehyde (1.4 g, 9.4 mmol).
The product 1i was isolated in 78% vyield (1.50 g) by column chromatography as yellow oil.
Eluent: petroleum ether. *tH NMR (400 MHz, CDCls): § 7.50 — 7.45 (m, 2H), 7.08 — 7.02 (m,
2H), 6.47 (s, 1H). *F NMR (376 MHz, CDCl5): § -112.77. °C NMR (100 MHz, CDCls): &
163.40 (d, J = 250.5 Hz), 134.07 (d, J = 8.6 Hz), 116.70 (d, J = 3.6 Hz), 115.91 (d, J = 22.17
Hz), 88.83, 83.85, 55.85. HRMS (EI): m/z calculated for CoHsCI.F[M]*: 201.9747, found:
201.9757. IR (KBr): 2229, 1601, 1479, 1283, 1237, 1157, 1014, 836, 726, 696.

e
C{ Y
cl oy
Prepared according to the general procedure B using corresponding aldehyde (0.5 g, 3.0 mmol).
The product 1j was isolated in 50% yield (0.33 g) by column chromatography as yellow oil.
Eluent: petroleum ether. 'H NMR (400 MHz, CDCls): § 7.52 (dd, J1 = 7.6 Hz, J, = 1.7 Hz,
1H), 7.44 — 7.41 (m, 1H), 7.33 (td, J1 = 7.6 Hz, J, = 1.7 Hz, 1H), 7.25 (td, J1 = 7.2 Hz, J, =
1.3 Hz, 1H), 6.53 (s, 1H). *C NMR (100 MHz, CDCls): § 136.52, 133.72, 130.87, 129.49,
126.58, 120.72, 88.57, 86.45, 55.69. HRMS (EI): m/z calculated for CoHsCls[M]*: 217.9451,

found: 217.9462. IR (KBr): 2230, 1474, 1435, 1293, 1250, 1068, 1035, 1003, 756, 727, 690.

cl
cn—@%{
cl
1k

Prepared according to the general procedure B using corresponding aldehyde (3.46 g, 21.0 mmol).
The product 1k was isolated in 88% yield (4.06 g) by column chromatography as yellow solid.

S6



Eluent: petroleum ether. tH NMR (400 MHz, CDCls): & 7.44 — 7.41 (m, 2H), 7.36 — 7.32 (m,
2H), 6.47 (s, 1H). 3C NMR (100 MHz, CDCls): § 136.11, 133.18, 128.90, 119.05, 88.62,
84.87, 55.73. HRMS (EI): m/z calculated for CoHsCls[M]*: 217.9451, found: 217.9461. IR
(KBr): 2225, 1491, 1279, 1232, 1090, 1004, 830, 761, 717, 687.

cl
Br—@%(
cl
11

Prepared according to the general procedure B using corresponding aldehyde (2.47 g, 11.8 mmol).
The product 11 was isolated in 80% yield (2.50 g) by column chromatography as white solid.
Eluent: petroleum ether. tH NMR (400 MHz, CDCls): § 7.52 — 7.49 (m, 2H), 7.37 — 7.34 (m,
2H), 6.47 (s, 1H). 3C NMR (100 MHz, CDCls): § 133.32, 131.83, 124.41, 119.52, 88.67,
85.02, 55.71. HRMS (EIl): m/z calculated for CoHsCl.Br[M]*: 261.8946, found: 261.8950. IR
(KBr): 2224, 1582, 1487, 1278, 1239, 1207, 1069, 1011, 826, 749, 718, 686.

Cl

n-Bu——=—
i C

Prepared according to the general procedure A using corresponding aldehyde (2.97 g, 27.0 mmol).
The product 1m was isolated in 66% yield (2.94 g) by column chromatography as colorless oil.
Eluent: petroleum ether (b.p. = 30 — 60 °C). *H NMR (400 MHz, CDCls): 6 6.26 (t, J = 2.0
Hz, 1H), 2.32 (td, J; = 7.0 Hz, J; = 2.0 Hz, 2H), 1.57 — 1.50 (m, 2H), 1.46 — 1.37 (m, 2H),
0.92 (t, J = 7.3 Hz, 3H). ®C NMR (100 MHz, CDCls): § 92.42, 76.32, 56.05, 29.87, 21.90,
18.55, 13.51. HRMS (EI): m/z calculated for C;H1oCl; [M]*: 164.0154, found: 164.0151. IR
(KBr): 2959, 2928, 2858, 2239, 1465, 1379, 1254, 1197, 1159, 815, 725, 685.

~
PH n
Prepared according to the general procedure B using corresponding aldehyde (1.1 g, 6.4 mmol).
The product 1n was isolated in 45% yield (0.66 g) by column chromatography as colorless oil.
Eluent: petroleum ether (b.p. = 30 — 60 °C). *H NMR (400 MHz, CDCls): § 7.31 — 7.27 (m,
2H), 7.22 — 7.18 (m, 3H), 6.27 (t, J = 2.0 Hz, 1H), 2.72 (t, J = 7.4 Hz, 2H), 2.32 (td, J1 = 7.1
Hz, J, = 2.0 Hz, 2H), 1.88 (q, J = 7.0 Hz, 2H). *C NMR (100 MHz, CDCls): 5 141.03,
128.53, 128.46, 126.10, 91.90, 76.92, 55.98, 34.64, 29.38, 18.20. HRMS (EI): m/z
calculated for C12H12Cl; [M]*: 226.0311, found: 226.0321. IR (KBr): 3027, 2945, 2861, 2238,
1496, 1455, 1426, 1255, 1198, 1158, 862, 722, 699.

Cl

Cl
Mé 1o
Prepared according to the general procedure A using corresponding aldehyde (1.34 g, 9.7 mmol).
The product 1o was isolated in 68% yield (1.28 g) by column chromatography as colorless oil.
Eluent: petroleum ether (b.p. = 30 — 60 °C). 'H NMR (400 MHz, CDCls): § 6.27 (t, J = 4.0

Hz, 1H), 2.31 (td, J1 = 7.1 Hz, J, = 2.0 Hz, 2H), 1.58 — 1.51 (m, 2H), 1.42 — 1.34 (m, 2H),
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1.33 — 1.26 (m, 4H), 0.90 (t, J = 6.7 Hz, 3H). ®°C NMR (100 MHz, CDCls): § 92.51,
76.34, 56.05, 31.20, 28.45, 27.79, 22.47, 18.85, 13.99. HRMS (EIl): m/z calculated for
C7HqCl; [M-C2Hs]*: 163.0076, found: 163.0087. IR (KBr): 2956, 2930, 2860, 2322, 2238,
1752, 1690, 1466, 1458, 1428, 1380, 1328, 1252, 1198, 1158, 1030, 958, 814, 780, 718, 684.

Cl

cy%<m
Ip

Prepared according to the general procedure B using corresponding aldehyde (3.4 g, 25.0 mmol).
The product 1p was isolated in 85% yield (4.06 g) by column chromatography as pale yellow oil.
Eluent: petroleum ether. tH NMR (400 MHz, CDCls): 8 6.28 (d, J = 1.8 Hz, 1H), 2.54 — 2.49
(m, 1H), 1.83 - 1.78 (m, 2H), 1.73 — 1.66 (m, 2H), 1.52 — 1.44 (m, 3H), 1.36 — 1.30 (m, 3H).
3C NMR (100 MHz, CDCl3): 6 96.00, 76.53, 56.13, 31.73, 29.03, 25.68, 24.60. HRMS
(ED): m/z calculated for CsH1,Cl, [M]*: 190.0311, found: 190.0306. IR (KBr): 2934, 2856,
2234, 1449, 1252, 1197, 1165, 888, 864, 722, 688.

t-Bu%(Z

1q
Prepared according to the general procedure B using corresponding aldehyde (2.3 g, 20.9 mmol).
The product 1q was isolated in 34% yield (1.18 g) by column chromatography as colorless oil.
Eluent: petroleum ether (b.p. = 30 — 60 °C). *H NMR (400 MHz, CDCls): § 6.26 (s, 1H), 1.25
(s, 9H). *C NMR (100 MHz, CDClIs): 6 99.66, 75.18, 56.10, 30.20, 27.65. HRMS (EI):
m/z calculated for CsH;Cl, [M-CH3]*: 148.9919, found: 148.9918. IR (KBr): 2973, 2931,

1701, 1368, 1270, 1210, 841, 819, 728, 698.

Cl

>—=—

cl
1r

Prepared according to the general procedure A using corresponding aldehyde (0.33 g, 3.5 mmol).
The product 1r was isolated in 55% vyield (0.29 g) by column chromatography as colorless oil.
Eluent: petroleum ether (b.p. = 30 — 60 °C). *H NMR (400 MHz, CDCls): § 6.24 (d, J = 1.7
Hz, 1H), 1.40 — 1.33 (m, 1H), 0.91 — 0.85 (m, 2H), 0.83 — 0.78 (m, 2H). *C NMR (100
MHz, CDClIs): § 95.76, 71.66, 56.58, 9.13, 0.00. HRMS (EI): m/z calculated for CeHsCl>
[M]*: 147.9841, found: 147.9843. IR (KBr): 2238, 1428, 1361, 1257, 1196, 1165, 1056, 1032,
889, 814, 794, 720, 678.

1s
Prepared according to the general procedure B using corresponding aldehyde (2.23 g, 15.4 mmol).
The product 1s was isolated in 52% yield (1.60 g) by column chromatography as colorless oil.
Eluent: petroleum ether. *H NMR (400 MHz, CDCls): § 6.26 (t, J = 2.0 Hz, 1H), 3.58 (t, J =
6.4 Hz, 2H), 2.39 (td, J1 = 7.0 Hz, J, = 1.9 Hz, 2H), 1.93 - 1.86 (m, 2H), 1.76 — 1.69 (m, 2H).
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3C NMR (100 MHz, CDCl3): 6 91.26, 76.94, 55.83, 44.29, 31.39, 25.03, 18.19. HRMS
(E1): m/z calculated for C7HsCl, [M-CI]*: 163.0076, found: 163.0076. IR (KBr): 2957, 2869,
2323, 2239, 1455, 1431, 1255, 1198, 1160, 976, 812, 723, 684.

cl
—
MeO Cl

1t

Prepared according to the general procedure A using corresponding aldehyde (3.2 g, 32.6 mmol).
The product 1t was isolated in 37% yield (1.87 g) by column chromatography as pale yellow oil.
Eluent: petroleum ether (b.p. = 30 — 60 °C) /diethyl ether = 90:10. *H NMR (400 MHz,
CDCl): 6 6.30 (t, J = 1.7 Hz, 1H), 4.22 (d, J = 1.7 Hz, 2H), 3.41 (s, 3H). ¥C NMR (100
MHz, CDCls): & 86.29, 81.61, 59.56, 58.00, 55.05. HRMS (EI): m/z calculated for
CsHsCIO [M-H]*: 150.9712, found: 150.9713. IR (KBr): 2238, 1718, 1340, 1308, 1254,

1198, 1148, 1094, 993, 810, 737, 697.
cl

t-BuO Cl
1u

Prepared according to the general procedure A using corresponding aldehyde (1.95 g, 13.9 mmol).
The product 1u was isolated in 84% yield (2.27 g) by column chromatography as pale yellow oil.
Eluent: ethyl acetate /petroleum ether = 2:98. *H NMR (400 MHz, CDCls): § 6.29 (t, J = 1.7
Hz, 1H), 4.20 (d, J = 1.6 Hz, 2H), 1.25 (s, 9H). *C NMR (100 MHz, CDCl3): § 88.56,
79.90, 74.96, 55.39, 50.39, 27.45. HRMS (EI): m/z calculated for C;HyCl,O[M-CHjs]*:
179.0025, found: 179.0026. IR (KBr): 2978, 2230, 1602, 1472, 1393, 1368, 1253, 1191, 1148,
1067, 887, 843, 730.

cl
—
BnO Cl

1v

Prepared according to the general procedure B using corresponding aldehyde (2.24 g, 12.9 mmol).
The product 1v was isolated in 56% yield (1.64 g) by column chromatography as yellow oil.
Eluent: diethyl ether /petroleum ether = 2:98. *H NMR (400 MHz, CDCls): § 7.39 — 7.30 (m,
5H), 6.30 (t, J = 1.7 Hz, 1H), 4.61 (s, 2H), 4.28 (d, J = 1.7 Hz, 2H). *C NMR (100 MHz,
CDCls): 6 136.87, 128.54, 128.18, 128.11, 86.46, 81.69, 72.04, 56.96, 55.09. HRMS (EI):
m/z calculated for C11HoCL.O[M-H]*: 227.0025, found: 227.0029. IR (KBr): 3032, 2982,
2859, 2229, 1496, 1455, 1354, 1253, 1199, 1161, 1144, 1074, 1028, 940, 807, 730, 698.

Cl

MS—=—

cl
1w

Prepared according to the general procedure A using corresponding aldehyde (1.4 g, 11.1 mmol).

The product 1w was isolated in 50% yield (1.00 g) by column chromatography as colorless oil.

Eluent: ethyl acetate /petroleum ether (b.p. = 30 — 60 °C) = 1:99. 'H NMR (400 MHz, CDCls):

8 6.22 (s, 1H), 0.22 (s, 9H). ®C NMR (100 MHz, CDClIs): & 99.44, 96.75, 55.69, 0.00.

HRMS (EI): m/z calculated for CsH7Cl.Si [M-CHs]*: 164.9689, found: 164.9691. IR (KBr):
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2925, 2854, 2228, 1911, 1458, 1376, 1252, 1114, 846, 731, 699.

e
O—==%
1x

Prepared according to the general procedure B using corresponding aldehyde (1.61 g, 12.0 mmol).
The product 1x was isolated in 84% yield (1.91 g) by column chromatography as yellow oil.
Eluent: petroleum ether (b.p. = 30 — 60 °C). *H NMR (400 MHz, CDCls): 5 6.39 (s, 1H), 6.27
(p, J = 1.9 Hz, 1H), 2.15 - 2.11 (m, 4H), 1.68 — 1.56 (m, 4H). 3C NMR (100 MHz, CDCl3):
o 138.81, 11891, 92.01, 81.79, 56.35, 28.33, 25.74, 21.99, 21.22. HRMS (El): m/z
calculated for CoH1oCI2[M]*: 188.0154, found: 188.0150. IR (KBr): 2936, 2861, 2222, 1628,
1449, 1435, 1274, 1224, 1195, 1137, 1078, 1049, 1005, 931, 919, 848, 799, 729, 685.

3 Optimization of the Reaction Conditions of Racemic Silyl-substituted Allenes.

. cl o [Cul, base PhMe,Si .=(CI
<: :)——{_ + PhMe,Si-Bpin ——089
Cl solvent, temp, H
1a ) time, Ar C; 3a
entry cat. (mol%) base (equiv) solvent (mL)  temp (°C) time (h) yield (%)
1 CuTc (10) NaOMe (4.0) DCE -30 36 0
2 CuTc (10) NaOMe (2.0) DCE -30 36 54
3  CuTc (10) NaOMe (2.0) DCE -10 36 60
4 CuTc (10) NaOMe (2.0) DCE rt 36 6
5 CuTc (10) NaOMe (2.0) MeOH -10 36 62
6  CuTc (10) Et;N (2.0) MeOH -10 45 72
7  CuTc (10) Et;N (2.0) DCE/MeOH=2:1 -10 45 76
8 CuTc (10) Et;N (2.0) i-PrOH -10 24 23
9  CuTe (10) Et;N (2.0) t-AmOH -10 24 10
10  CuCl (10) Et;N (2.0) DCE/MeOH=2:1 -10 20 76
11  CuBr (10) Et;N (2.0) DCE/MeOH=2:1 -10 20 76
12 CuCN (10) Et;N (2.0) DCE/MeOH=2:1 -10 20 63
(13 Cul (5) Et;N (2.0) DCE/MeOH=2:1 -10 2 79‘)
14 -- Et;N (2.0) DCE/MeOH=2:1 -10 2 -
15 Cul (5) -- DCE/MeOH=2:1 -10 2 -

#Unless noted otherwise, the reaction was conducted with 1a (0.2 mmol), 2 (0.4 mmol, 2.0 equiv), copper catalyst
(0.02 mmol,10 mol %), and base (0.4 mmol, 2.0 equiv) in indicated dry solvent (1.5 mL) for corresponding time
under argon atmosphere. "NMR vyield with 1,3,5 - trimethylbenzene as internal standard. “Isolated yield.

4. General Procedure for the Synthesis of Racemic Silyl-substituted Allenes. (GP2)
4.1 Procedures for Synthesis of Products 3a-3x.
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Cul (5 mol%)

cl Et;N (2.0 equiv) PhMe,Si cl
—=—( + PhMeSiBpin >
Ph—= - RPN T R /MeOH= 2:1, NARERY
-10 °C, Ar
1a 2 3a

3a: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in glove
box, then removed it out of the glove box. The tube was equipped with an argon balloon, dry
EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were added
into it. The mixture was stirred for 1 hour at room temperature to form a white suspension.
Then the tube was cooled to -10 °C, 1a (37 mg, 0.2 mmol, 1.0 equiv) and PhMe,Si-Bpin (105
mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was continued to stir for 2
hours at -10 °C. The tube was opened quickly at room temperature, the final solution was
filtered through celite using CH>Cl, (30 mL) under air. The filtrate was concentrated under
reduced pressure to afford the crude product, which was purified by flash column
chromatography on silica gel (eluent: PE) to obtain the desired product 3a (45.0 mg, 79%) as
yellow oil. *H NMR (400 MHz, CDCls): 6 7.60 — 7.57 (m, 2H), 7.41 — 7.34 (m, 3H), 7.25 —
7.17 (m, 5H), 6.20 (s, 1H), 0.52 (s, 3H), 0.51 (s, 3H). *C NMR (100 MHz, CDCls): § 209.13,
139.01, 137.11, 136.00, 131.65, 130.65, 130.46, 130.14, 129.67, 113.03, 89.62, 0.06, 0.00.
HRMS (EI): m/z calculated for C17H17CISi[M]*: 284.0783, found: 284.0798. IR (KBr): 3053,
3021, 2959, 1921, 1490, 1428, 1304, 1251, 1211, 1113, 917, 835, 814, 781, 743, 696, 646.

PhMe,Si cl

Me
3b

3b: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in
glove box, then removed it out of the glove box. The tube was equipped with an argon
balloon, dry EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL)
were added into it. The mixture was stirred for 1 hour at room temperature to form a white
suspension. Then the tube was cooled to -10 °C, 1b (39.8 mg, 0.2 mmol, 1.0 equiv) and
PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was
continued to stir for 4 hours at -10 °C. The tube was opened quickly at room temperature, the
final solution was filtered through celite using CH.Cl, (30 mL) under air. The filtrate was
concentrated under reduced pressure to afford the crude product, which was purified by flash
column chromatography on silica gel (eluent: PE) to obtain the desired product 3b (36.9 mg,
62%) as yellow oil. *H NMR (400 MHz, CDCls): § 7.60 — 7.57 (m, 2H), 7.39 — 7.35 (m, 3H),
7.13 - 7.07 (m, 2H), 7.02 — 6.99 (m, 2H), 6.18 (s, 1H), 2.26 (s, 3H), 0.52(s, 3H), 0.51(s, 3H).
13C NMR (100 MHz, CDCls): & 208.98, 140.27, 139.09, 137.01, 136.00, 131.59, 131.14,
130.47, 130.45, 130.09, 127.51, 113.12, 89.46, 23.43, 0.07, 0.00. HRMS (EI): m/z calculated
for CigH1oCISI[M]*: 298.0939, found: 298.0941. IR (KBr): 3050, 2959, 2924, 2868, 1924,
1602, 1487, 1458, 1428, 1296, 1248, 1112, 949, 822, 781, 730, 699, 648.
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PhMe,Si cl

3¢
Me

3c: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in glove
box, then moved it out of the glove box. The tube was equipped with an argon balloon, dry
EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were added
into it. The mixture was stirred for 1 hour at room temperature to form a white suspension.
Then the tube was cooled to -10 °C, 1c (39.8 mg, 0.2 mmol, 1.0 equiv) and PhMeSi-Bpin
(105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was continued to stir
for 3 hours at -10 °C. The tube was opened quickly at room temperature, the final solution
was filtered through celite using CH2Cl, (30 mL) under air. The filtrate was concentrated
under reduced pressure to afford the crude product, which was purified by flash column
chromatography on silica gel (eluent: PE) to obtain the desired product 3c (42.9 mg, 72%) as
yellow oil. *H NMR (400 MHz, CDCls): & 7.60 - 7.58 (m, 2H), 7.39 - 7.34 (m, 3H), 7.14 (d,
J =6.7 Hz, 2H), 7.07 (d, J = 7.7 Hz, 2H), 6.19 (s, 1H), 2.29 (s, 3H), 0.51 (s, 6H). *C NMR
(100 MHz, CDCl3): & 208.68, 139.50, 139.03, 135.87, 133.84, 131.46, 131.25, 130.27,
129.99, 112.65, 89.42, 23.09, 0.00, -0.07. HRMS (EI): m/z calculated for CigH19CISI[M]":
298.0939, found: 298.0951. IR (KBr): 3050, 3022, 2958, 2920, 1919, 1508, 1428, 1317, 1303,
1251, 1207, 1113, 908, 819, 780, 733, 701, 656.

PhMe,Si cl

H

n-Bu 3d

3d: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in
glove box, then moved it out of the glove box. The tube was equipped with an argon balloon,
dry EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were
added into it. The mixture was stirred for 1 hour at room temperature to form a white
suspension. Then the tube was cooled to -10 °C, 1d (48.2 mg, 0.2 mmol, 1.0 equiv) and
PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was
continued to stir for 4 hours at -10 °C. The tube was opened quickly at room temperature, the
final solution was filtered through celite using CH.Cl, (30 mL) under air. The filtrate was
concentrated under reduced pressure to afford the crude product, which was purified by flash
column chromatography on silica gel (eluent: PE) to obtain the desired product 3d (51.4 mg,
75%) as yellow oil. 'H NMR (400 MHz, CDCls): § 7.60 - 7.58 (m, 2H), 7.39 - 7.35 (m, 3H),
7.17 - 7.14 (m, 2H), 7.06 - 7.04 (m, 2H), 6.19 (s, 1H), 2.54 (t, J = 8.0 Hz, 2H), 1.58 - 1.52 (m,
3H), 1.36 - 1.27 (m, 2H), 0.89 (t, J = 7.9 Hz, 3H), 0.52 (s, 3H), 0.51 (s, 3H). **C NMR (100
MHz, CDCls): & 208.71, 144.53, 139.07, 135.87, 134.00, 131.43, 130.59, 130.25, 129.97,
112.71, 89.39, 37.23, 35.38, 24.26, 15.85, 0.00, -0.07. HRMS (EI): m/z calculated for
Ca1H2sCISI[M]*: 340.1409, found: 340.1408. IR (KBr): 3050, 2957, 2929, 2858, 1919, 1507,
1457, 1428, 1310, 1251, 1213, 1113, 909, 835, 780, 734, 700, 658.
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PhMe,Si cl

t-Bu 3e

3e: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in glove
box, then moved it out of the glove box. The tube was equipped with an argon balloon, dry
EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were added
into it. The mixture was stirred for 1 hour at room temperature to form a white suspension.
Then the tube was cooled to -10 °C, 1e (48.2 mg, 0.2 mmol, 1.0 equiv) and PhMeSi-Bpin
(105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was continued to stir
for 3 hours at -10 °C. The tube was opened quickly at room temperature, the final solution
was filtered through celite using CH2Cl, (30 mL) under air. The filtrate was concentrated
under reduced pressure to afford the crude product, which was purified by flash column
chromatography on silica gel (eluent: PE) to obtain the desired product 3e (62.8 mg, 87%) as
yellow oil. *tH NMR (400 MHz, CDCls): & 7.61 - 7.59 (m, 2H), 7.39 - 7.34 (m, 3H), 7.27 -
7.25 (m, 2H), 7.20 - 7.18 (m, 2H), 6.19 (s, 1H), 1.27(s, 9H), 0.52 (s, 3H), 0.51(s, 3H). 13C
NMR (100 MHz, CDCls): 6 208.83, 152.68, 139.08, 135.84, 133.70, 131.41, 130.04, 129.96,
127.46, 112.47, 89.41, 36.45, 33.13, 0.00, -0.10. HRMS (EIl): m/z calculated for
Ca1H2sCISI[M]*: 340.1409, found: 340.1412. IR (KBr): 3051, 2962, 2920, 2851, 1918, 1508,
1428, 1364, 1252, 1112, 913, 835, 813, 780, 732, 701, 654.

PhMe,Si cl

3,
3f: A dried screw-vial seal tube was charged with Cul (3.8 mg, 0.01 mmol, 10 mol %) in
glove box, then moved it out of the glove box. The tube was equipped with an argon balloon,
dry EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were
added into it. The mixture was stirred for 1 hour at room temperature to form a white
suspension. Then the tube was cooled to -10 °C, 1f (47 mg, 0.2 mmol, 1.0 equiv) and
PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was
continued to stir for 4 hours at -10 °C. The tube was opened quickly at room temperature, the
final solution was filtered through celite using CH.Cl, (30 mL) under air. The filtrate was
concentrated under reduced pressure to afford the crude product, which was purified by flash
column chromatography on silica gel (eluent: PE) to obtain the desired product 3f (71.7 mg,
52%) as yellow oil. 'H NMR (400 MHz, CDCls): § 7.70 - 7.77 (m, 2H), 7.59 - 7.66 (m, 4H),
7.35 - 7.45 (m, 6H), 6.27 (s, 1H), 0.58(s, 3H), 0.57(s, 3H). **C NMR (100 MHz, CDCls): §
209.48, 138.94, 135.95, 135.28, 134.65, 134.39, 131.61, 130.19, 130.10, 130.06, 129.54,
129.50, 128.39, 128.16, 113.12, 89.82, 0.07, 0.00. HRMS (EIl): m/z calculated for
C21H1oCISI[M]*: 334.0939, found: 334.0946. IR (KBr): 3052, 2958, 2920, 2850, 1916, 1596,
1504, 1427, 1406, 1288, 1251, 1185, 1113, 961, 914, 820, 735, 701, 656.

H
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PhMe,Si cl

3g
Ph

39¢: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in glove
box, then moved it out of the glove box. The tube was equipped with an argon balloon, dry
EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were added
into it. The mixture was stirred for 1 hour at room temperature to form a white suspension.
Then the tube was cooled to -10 °C, 1g (52.2 mg, 0.2 mmol, 1.0 equiv) and PhMeSi-Bpin
(105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was continued to stir
for 3.5 hours at -10 °C. The tube was opened quickly at room temperature, the final solution
was filtered through celite using CH2Cl, (30 mL) under air. The filtrate was concentrated
under reduced pressure to afford the crude product, which was purified by flash column
chromatography on silica gel (eluent: PE) to obtain the desired product 3g (45.5 mg, 63%) as
yellow oil. *H NMR (400 MHz, CDCls): 6 7.63 — 7.60 (m, 2H), 7.55 — 7.52 (m, 2H), 7.48 —
7.46 (m, 2H), 7.40 — 7.38 (m, 6H), 7.33 — 7.30 (m, 2H), 6.24 (s, 1H), 0.55 (s, 3H), 0.54 (s,
3H). C NMR (100 MHz, CDCls): 6 209.14, 142.40, 142.36, 138.86, 135.88, 135.85, 131.56,
130.77, 130.72, 130.05, 129.35, 129.20, 128.88, 112.51, 89.65, 0.00, -0.09. HRMS (EI): m/z
calculated for C23H.:CISi[M]*: 360.1096, found: 360.1108. IR (KBr): 3051, 3028, 2958, 1918,
1600, 1485, 1447, 1427, 1404, 1317, 1251, 1213, 1136, 1111, 1007, 909, 837, 780, 734, 697,
659.

PhMe,Si cl

3h

3h: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in
glove box, then moved it out of the glove box. The tube was equipped with an argon balloon,
dry EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were
added into it. The mixture was stirred for 1 hour at room temperature to form a white
suspension. Then the tube was cooled to -10 °C, 1h (40.6 mg, 0.2 mmol, 1.0 equiv) and
PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was
continued to stir for 3 hours at -10 °C. The tube was opened quickly at room temperature, the
final solution was filtered through celite using CH.Cl, (30 mL) under air. The filtrate was
concentrated under reduced pressure to afford the crude product, which was purified by flash
column chromatography on silica gel (eluent: PE) to obtain the desired product 3h (41.9 mg,
69%) as yellow oil. *H NMR (400 MHz, CDCls): § 7.58 — 7.56 (m, 2H), 7.41 — 7.36 (m, 3H),
7.21 — 7.16 (m, 1H), 6.99 — 6.87 (m, 3H), 6.22 (s, 1H), 0.52 (s, 3H), 0.51(s, 3H). °F NMR
(376 MHz, CDCls): 8 -112.77. *C NMR (100 MHz, CDCls): § 207.41, 162.78 (d, J = 244.8
Hz), 137.45 (d, J = 7.5 Hz ), 136.44, 133.87, 129.89 (d, J = 8.3 Hz), 129.72, 128.14, 124.04
(d,J=28Hz), 115.2, 115.0, 114.59, 114.38, 110.23, 87.80, -2.13, -2.22. HRMS (EI): m/z
calculated for C17H16SICIF[M]*: 302.0688, found: 302.0698. IR (KBr): 3053, 2960, 1927,
1608, 1583, 1483, 1428, 1315, 1241, 1113, 984, 874, 830, 785, 733, 701, 647.
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PhMe,Si cl

3i
F

3i: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in glove
box, then moved it out of the glove box. The tube was equipped with an argon balloon, dry
EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were added
into it. The mixture was stirred for 1 hour at room temperature to form a white suspension.
Then the tube was cooled to -10 °C, 1i (40.6 mg, 0.2 mmol, 1.0 equiv) and PhMe:Si-Bpin
(105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was continued to stir
for 4 hours at -10 °C. The tube was opened quickly at room temperature, the final solution
was filtered through celite using CH2Cl, (30 mL) under air. The filtrate was concentrated
under reduced pressure to afford the crude product, which was purified by flash column
chromatography on silica gel (eluent: PE) to obtain the desired product 3i (46.6 mg, 77%) as
yellow oil. *H NMR (400 MHz, CDCls): 6 7.58 — 7.56 (m, 2H), 7.40 — 7.35 (m, 3H), 7.20 —
7.17 (m, 2H), 6.94 — 6.90 (m, 2H), 6.22 (s, 1H), 0.51 (s, 3H), 0.50 (s, 3H). F NMR (376
MHz, CDCls): § -114.16. *C NMR (100 MHz, CDCls): & 209.08 (d, J = 1.8 Hz), 164.4 (d, J
= 246.2 Hz), 138.80, 136.05, 133.10 (d, J = 3.4 Hz ), 132.15 (d, J = 8.1 Hz), 131.86, 130.31,
117.72 (d, J = 21.5 Hz), 112.17, 89.89, 0.07, 0.00. HRMS (EIl): m/z calculated for
C17H16SICIF[M]*: 302.0688, found: 302.0703. IR (KBr): 3069, 2959, 2922, 1922, 1598, 1505,
1428, 1312, 1252, 1232, 1159, 1113, 908, 837, 781, 734, 701, 657.

PhMe,Si cl

H
Cl

3j

3j: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in glove
box, then moved it out of the glove box. The tube was equipped with an argon balloon, dry
EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were added
into it. The mixture was stirred for 1 hour at room temperature to form a white suspension.
Then the tube was cooled to -10 °C, 1j (43.9 mg, 0.2 mmol, 1.0 equiv) and PhMeSi-Bpin
(105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was continued to stir
for 3.5 hours at -10 °C. The tube was opened quickly at room temperature, the final solution
was filtered through celite using CH2Cl, (30 mL) under air. The filtrate was concentrated
under reduced pressure to afford the crude product, which was purified by flash column
chromatography on silica gel (eluent: PE) to obtain the desired product 3j (31.1 mg, 49%) as
colorless oil. *H NMR (400 MHz, CDCls): § 7.55 — 7.52 (m, 2H), 7.38 — 7.33 (m, 4H), 7.15
—7.07 (m, 2H), 6.92 — 6.90 (m, 1H), 6.04 (s, 1H), 0.47 (s, 3H), 0.46 (s, 3H). °C NMR (100
MHz, CDCls): & 206.35, 136.26, 134.76, 133.98, 132.39, 129.82, 129.61, 129.46, 128.14,
127.90, 126.53, 108.78, 86.72, -2.74, -2.85. HRMS (EI): m/z calculated for C17H1SiClo[M]":
318.0393, found: 318.0391. IR (KBr): 3068, 2958, 1921, 1489, 1428, 1312, 1252, 1208, 1113,
1011, 908, 830, 780, 733, 700.
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PhMe,Si cl

cl 3k

3k: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in
glove box, then moved it out of the glove box. The tube was equipped with an argon balloon,
dry EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were
added into it. The mixture was stirred for 1 hour at room temperature to form a white
suspension. Then the tube was cooled to -10 °C, 1k (43.9 mg, 0.2 mmol, 1.0 equiv) and
PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was
continued to stir for 4 hours at -10 °C. The tube was opened quickly at room temperature, the
final solution was filtered through celite using CH2Cl, (30 mL) under air. The filtrate was
concentrated under reduced pressure to afford the crude product, which was purified by flash
column chromatography on silica gel (eluent: PE) to obtain the desired product 3k (38.4 mg,
60%) as yellow oil. *"H NMR (400 MHz, CDCls): § 7.57 — 7.55 (m, 2H), 7.40 — 7.34 (m, 3H),
7.21 - 7.18 (m, 2H), 7.16 — 7.13 (m, 2H), 6.22 (s, 1H), 0.51 (s, 3H), 0.50 (s, 3H). *C NMR
(100 MHz, CDCls): & 209.37, 138.71, 136.07, 135.74, 135.70, 131.92, 131.79, 130.95,
130.36, 112.22, 90.04, 0.08, 0.00. HRMS (EI): m/z calculated for C17H16SiCl2[M]*: 318.0393,
found: 318.0392. IR (KBr): 3069, 3051, 2958, 1922, 1589, 1488, 1428, 1312, 1252, 1209,
1113, 1092, 1014, 905, 830, 781, 732, 701, 653.

PhMe,Si cl

H

Br 31

3l: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in glove
box, then moved it out of the glove box. The tube was equipped with an argon balloon, dry
EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were added
into it. The mixture was stirred for 1 hour at room temperature to form a white suspension.
Then the tube was cooled to -10 °C, 1l (52.8 mg, 0.2 mmol, 1.0 equiv) and PhMeSi-Bpin
(105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was continued to stir
for 4 hours at -10 °C. The tube was opened quickly at room temperature, the final solution
was filtered through celite using CH2Cl, (30 mL) under air. The filtrate was concentrated
under reduced pressure to afford the crude product, which was purified by flash column
chromatography on silica gel (eluent: PE) to obtain the desired product 3l (37.8 mg, 52%) as
yellow oil. *H NMR (400 MHz, CDCls): & 7.57 — 7.55 (m, 2H), 7.40 — 7.33 (m, 5H), 7.09 —
7.06 (m, 2H), 6.21 (s, 1H), 0.51 (s, 3H), 0.50 (s, 3H). *C NMR (100 MHz, CDCl3): § 209.29,
138.61, 136.16, 135.99, 133.83, 132.02, 131.86, 130.29, 123.82, 112.21, 90.00, 0.00, -0.09.
HRMS (EI): m/z calculated for C17H16SiCIBr[M]*: 361.9888, found: 361.9901. IR (KBr):
3068, 3050, 2958, 1921, 1584, 1484, 1427, 1397, 1311, 1252, 1207, 1111, 1073, 1010, 906,
824, 736, 703, 652.
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PhMeZS|>=.=(CI
n-Bu H
3m
3m: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in
glove box, then moved it out of the glove box. The tube was equipped with an argon balloon,
dry EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were
added into it. The mixture was stirred for 1 hour at room temperature to form a white
suspension. Then the tube was cooled to -10 °C, 1m (33 mg, 0.2 mmol, 1.0 equiv) and
PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was
continued to stir for 4 hours at -10 °C. The tube was opened quickly at room temperature, the
final solution was filtered through celite using CH2Cl> (30 mL) under air. The filtrate was
concentrated under reduced pressure to afford the crude product, which was purified by flash
column chromatography on silica gel (eluent: PE) to obtain the desired product 3m (39.8 mg,
75%) as slightly yellow oil. *tH NMR (400 MHz, CDCls): 8 7.53 — 7.51 (m, 2H), 7.39 — 7.35
(m, 3H), 5.91 (t, J = 2.4 Hz, 1H), 2.03 (tt, J. = 7.2 Hz, J, = 2.0 Hz, 2H), 1.40 (q, J= 7.4 Hz,
2H), 1.32 - 1.22 (m, 2H), 0.84 (t, J = 7.3 Hz), 0.42 (s, 6H). *C NMR (100 MHz, CDCls): &
203.67, 136.66, 133.85, 129.45, 127.90, 109.90, 86.70, 30.63, 29.64, 22.15, 13.84, -3.25,
-3.35. HRMS (EIl): m/z calculated for C14H1sSiCI[M-CHs]*: 249.0861, found: 249.0870. IR
(KBr): 3069, 2959, 2930, 1932, 1465, 1428, 1304, 1250, 1113, 1017, 835, 817, 780, 734, 700.

PhMe,Si .=<CI

H
Ph n
3n: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in
glove box, then moved it out of the glove box. The tube was equipped with an argon balloon,
dry EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were
added into it. The mixture was stirred for 1 hour at room temperature to form a white
suspension. Then the tube was cooled to -10 °C, 1n (45 .4 mg, 0.2 mmol, 1.0 equiv) and
PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was
continued to stir for 4 hours at -10 °C. The tube was opened quickly at room temperature, the
final solution was filtered through celite using CH.Cl, (30 mL) under air. The filtrate was
concentrated under reduced pressure to afford the crude product, which was purified by flash
column chromatography on silica gel (eluent: PE) to obtain the desired product 3n (43 mg,
66%) as colorless oil. 'H NMR (400 MHz, CDCl3): § 7.54 — 7.50 (m, 2H), 7.39 - 7.35 (m,
3H), 7.24 — 7.22 (m, 2H), 7.18 — 7.15 (m, 1H), 7.11 — 7.09 (m, 2H), 5.96 — 5.93 (m, 1H), 2.62
— 2.50 (m, 2H), 2.10 — 2.06 (m, 2H), 1.80 — 1.72 (m, 2H), 0.43 (s, 3H), 0.42 (s, 3H). °C
NMR (100 MHz, CDCls): 6 203.74, 142.17, 136.54, 133.89, 129.55, 128.49, 128.31, 127.99,
125.76, 109.51, 87.05, 35.11, 30.22, 29.39, -3.25, -3.38. HRMS (EI): m/z calculated for
Ca0H23SICI[M]*: 326.1252, found: 326.1257. IR (KBr): 3067, 3025, 2934, 2857, 1931, 1603,
1496, 1454, 1428, 1303, 1250, 1112, 1066, 1030, 997, 815, 780, 745, 699, 647.

PhMe,Si cl

Me 30
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30: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in glove
box, then moved it out of the glove box. The tube was equipped with an argon balloon, dry
EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were added
into it. The mixture was stirred for 1 hour at room temperature to form a white suspension.
Then the tube was cooled to -10 °C, 10 (38.6 mg, 0.2 mmol, 1.0 equiv) and PhMeSi-Bpin
(105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was continued to stir
for 4 hours at -10 °C. The tube was opened quickly at room temperature, the final solution
was filtered through celite using CH2Cl, (30 mL) under air. The filtrate was concentrated
under reduced pressure to afford the crude product, which was purified by flash column
chromatography on silica gel (eluent: PE) to obtain the desired product 3o (44.7 mg, 76%) as
yellow oil. *H NMR (400 MHz, CDCls): 6 7.53 — 7.50 (m, 2H), 7.38 — 7.34 (m, 3H), 5.90 (t,
J=2.4 Hz, 1H), 2.02 (td, J1=7.2 Hz, J,= 1.1 Hz, 2H), 1.44 — 1.38 (m, 2H), 1.28 — 1.18 (m,
6H), 0.85 (t, J= 6.7 Hz, 3H), 0.42 (s, 6H). *C NMR (100 MHz, CDCls): & 203.70, 136.68,
133.86, 129.46, 127.92, 109.92, 86.72, 31.62, 29.97, 28.75, 28.48, 22.60, 14.07, -3.23, -3.34.
HRMS (EI): m/z calculated for C17H2sSiCI[M]*: 292.1409, found: 292.1415. IR (KBr): 3070,
2958, 2928, 2857, 1933, 1428, 1305, 1250, 1113, 835, 816, 780, 733, 699.

PhMe,Si Cl
Cy>=.=<H
3p

3p: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in
glove box, then moved it out of the glove box. The tube was equipped with an argon balloon,
dry EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were
added into it. The mixture was stirred for 1 hour at room temperature to form a white
suspension. Then the tube was cooled to -10 °C, 1p (38.2 mg, 1.0 equiv) and PhMe_Si-Bpin
(105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was continued to stir
for 4 hours at -10 °C. The tube was opened quickly at room temperature, the final solution
was filtered through celite using CH2Cl, (30 mL) under air. The filtrate was concentrated
under reduced pressure to afford the crude product, which was purified by flash column
chromatography on silica gel (eluent: PE) to obtain the desired product 3p (38.6 mg, 66%) as
colorless oil. 'H NMR (400 MHz, CDCls): & 7.54 — 7.51 (m, 2H), 7.40 — 7.33 (m, 3H), 5.91
(d, J= 1.4 Hz, 1H), 1.92 (t, J= 9.8 Hz, 1H), 1.71 — 1.66 (m, 4H), 1.59 (s, 1H), 1.22 — 1.08 (m,
5H), 0.42 (s, 3H), 0.42 (s, 3H). *C NMR (100 MHz, CDCls): & 203.93, 137.10, 133.85,
129.37, 127.86, 115.30, 87.11, 39.59, 33.57, 33.53, 26.40, 26.34, 25.93, -2.67, -2.76. HRMS
(ED: m/z calculated for C17H23SICI[M]*: 290.1252, found: 290.1264. IR (KBr): 3069, 2926,
2852, 1926, 1448, 1428, 1286, 1250, 1113, 1022, 977, 819, 759, 730, 700, 651.

PhMe,Si cl
=
t-Bu H
3q
3q: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in
glove box, then moved it out of the glove box. The tube was equipped with an argon balloon,
dry EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were

added into it. The mixture was stirred for 1 hour at room temperature to form a white
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suspension. Then the tube was cooled to -10 °C, 1q (33.0 mg, 0.2 mmol, 1.0 equiv) and
PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was
continued to stir for 4 hours at -10 °C. The tube was opened quickly at room temperature, the
final solution was filtered through celite using CH2Cl> (30 mL) under air. The filtrate was
concentrated under reduced pressure to afford the crude product, which was purified by flash
column chromatography on silica gel (eluent: PE) to obtain the desired product 3q (33.3 mg,
63%) as yellow oil. *H NMR (400 MHz, CDCls): § 7.55 — 7.53 (m, 2H), 7.36 — 7.33 (m, 3H),
5.89 (s, 1H), 1.03 (s, 9H), 0.49 (s, 3H), 0.47 (s, 3H). *C NMR (100 MHz, CDCls): & 204.78,
138.94, 134.75, 130.05, 128.65, 120.69, 87.66, 37.20, 31.81, 0.22, 0.00. HRMS (El): m/z
calculated for C14H1sSiCI[M-CHj3]*: 249.0861, found: 249.0864. IR (KBr): 3069, 2964, 1933,
1428, 1363, 1292, 1113, 953, 837, 820, 777, 745, 701, 657.

PhMe,Si Cl

H

3r

3r: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in glove
box, then moved it out of the glove box. The tube was equipped with an argon balloon, dry
EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were added
into it. The mixture was stirred for 1 hour at room temperature to form a white suspension.
Then the tube was cooled to -10 °C, 1r (29.8 mg, 0.2 mmol, 1.0 equiv) and PhMe.Si-Bpin
(105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was continued to stir
for 4 hours at -10 °C. The tube was opened quickly at room temperature, the final solution
was filtered through celite using CH2Cl, (30 mL) under air. The filtrate was concentrated
under reduced pressure to afford the crude product, which was purified by flash column
chromatography on silica gel (eluent: PE) to obtain the desired product 3r (34.1 mg, 69%) as
colorless oil. 'H NMR (400 MHz, CDCls): & 7.58 — 7.55 (m, 2H), 7.40 — 7.36 (m, 3H), 5.93
(d, J= 1.0 Hz, 1H), 1.17 — 1.10 (m, 1H), 0.78 — 0.68 (m, 2H), 0.55 — 0.47 (m, 2H), 0.46 (s,
3H), 0.46 (s, 3H). **C NMR (100 MHz, CDCls): § 201.24, 136.67, 133.95, 129.48, 127.90,
11497, 87.98, 10.29, 9.55, 9.30, -3.02, -3.11. HRMS (EIl): m/z calculated for
C14H17SICI[M]*: 248.0783, found: 248.0791. IR (KBr): 3070, 3003, 2960, 2926, 1930, 1428,
1315, 1250, 1201, 1113, 999, 855, 833, 814, 779, 735, 700.

PhMe,Si cl
o=

cl H
3s
3s: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in glove
box, then moved it out of the glove box. The tube was equipped with an argon balloon, dry
EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were added
into it. The mixture was stirred for 1 hour at room temperature to form a white suspension.
Then the tube was cooled to -10 °C, 1s (39.9 mg, 0.2 mmol, 1.0 equiv) and PhMe,Si-Bpin
(205 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was continued to stir
for 3.5 hours at -10 °C. The tube was opened quickly at room temperature, the final solution
was filtered through celite using CH2Cl, (30 mL) under air. The filtrate was concentrated
under reduced pressure to afford the crude product, which was purified by flash column
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chromatography on silica gel (eluent: PE) to obtain the desired product 3s (57.4 mg, 96%) as
slightly yellow oil. *H NMR (400 MHz, CDCls): § 7.53 — 7.50 (m, 2H), 7.39 — 7.34 (m, 3H),
5.94 (t, J= 2.4 Hz, 1H), 3.45 (t, J= 6.6 Hz, 2H), 2.06 (td, J1= 7.2 Hz, J,= 2.4 Hz, 2H), 1.77
—1.68 (m, 2H), 1.61 — 1.56 (m, 2H), 0.43 (s, 6H). *C NMR (100 MHz, CDCls):  203.73,
136.37, 133.83, 129.59, 128.00, 109.29, 87.12, 44.75, 31.80, 29.09, 25.64, -3.31, -3.43.
HRMS (EI): m/z calculated for C14H17SiClo[M-CHs]*: 283.0471, found: 283.0480. IR (KBr):
3069, 2957, 1933, 1447, 1428, 1305, 1251, 1112, 997, 835, 816, 781, 735, 701, 649.

PhMe,Si Cl
_):o:(
MeO H

3t

3t: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in glove
box, then moved it out of the glove box. The tube was equipped with an argon balloon, dry
EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were added
into it. The mixture was stirred for 1 hour at room temperature to form a white suspension.
Then the tube was cooled to -10 °C, 1t (30.6 mg, 0.2 mmol, 1.0 equiv) and PhMe.Si-Bpin
(105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was continued to stir
for 3.5 hours at -10 °C. The tube was opened quickly at room temperature, the final solution
was filtered through celite using CH2Cl, (30 mL) under air. The filtrate was concentrated
under reduced pressure to afford the crude product, which was purified by flash column
chromatography on silica gel (eluent: PE/Et,O = 97:3) to obtain the desired product 3t (41.5
mg, 82%) as colorless oil. *H NMR (400 MHz, CDCl3): § 7.56 — 7.53 (m, 2H), 7.39 — 7.36
(m, 3H), 5.98 (t, J= 2.1 Hz, 1H), 4.04 — 3.96 (m, 2H), 3.25 (s, 3H), 0.46 (s, 6H). *C NMR
(100 MHz, CDCls): 6 203.97, 136.13, 133.86, 129.57, 127.93, 107.38, 86.99, 71.15, 58.10,
-3.08, -3.12. HRMS (EIl): m/z calculated for C13H1;SiCIO[M]*: 252.0732, found: 252.0740.
IR (KBr): 3069, 2925, 2821, 1940, 1912, 1428, 1369, 1311, 1250, 1192, 1113, 969, 910, 837,
818, 781, 734, 700.

PhMe,Si cl

==
t-BuO H

3u

3u: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in
glove box, then moved it out of the glove box. The tube was equipped with an argon balloon,
dry EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were
added into it. The mixture was stirred for 1 hour at room temperature to form a white
suspension. Then the tube was cooled to -10 °C, and 1u (39.0 mg, 0.2 mmol, 1.0 equiv) and
PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was
continued to stir for 4 hours at -10 °C. The tube was opened quickly at room temperature, the
final solution was filtered through celite using CH.Cl, (30 mL) under air. The filtrate was
concentrated under reduced pressure to afford the crude product, which was purified by flash
column chromatography on silica gel (eluent: PE/Et,O = 98:2) to obtain the desired product
3u (56.8 mg, 96%) as slightly yellow oil. *H NMR (400 MHz, CDCls): § 7.57 — 7.54 (m, 2H),
7.38 — 7.25 (m, 3H), 5.93 (t, J= 2.1 Hz, 1H), 4.01 (d, J= 2.1 Hz, 2H), 1.09 (s, 9H), 0.46 (s,
3H), 0.45 (s, 3H). 3C NMR (100 MHz, CDCls): § 203.71, 136.73, 134.00, 129.34, 127.76,
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109.26, 86.67, 73.66, 61.43, 27.34, -2.62, -2.66. HRMS (El): m/z calculated for
C15H20SICIO[M-CHjs]*: 279.0966, found: 279.0968. IR (KBr): 3070, 2974, 2933, 1940, 1428,
1389, 1363, 1304, 1249, 1194, 1114, 1076, 880, 837, 817, 781, 733, 700.

PhMe,Si cl

BnO H
3v

3v: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in glove
box, then moved it out of the glove box. The tube was equipped with an argon balloon, dry
EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were added
into it. The mixture was stirred for 1 hour at room temperature to form a white suspension.
Then the tube was cooled to -10 °C, and 1v (45.8 mg, 0.2 mmol, 1.0 equiv) and
PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was
continued to stir for 4 hours at -10 °C. The tube was opened quickly at room temperature, the
final solution was filtered through celite using CH.Cl> (30 mL) under air. The filtrate was
concentrated under reduced pressure to afford the crude product, which was purified by flash
column chromatography on silica gel (eluent: PE/Et,O = 98:2) to obtain the desired product
3v (61.3 mg, 93%) as yellow oil. 'H NMR (400 MHz, CDCls): § 7.55 — 7.52 (m, 2H), 7.39 —
7.32 (m, 4H), 7.31 — 7.27 (m, 2H), 7.24 — 7.22 (m, 2H), 5.99 (t, J= 2.0 Hz, 1H), 4.41 (g, J=
11.8 Hz, 2H), 4.16 — 4.08 (m, 2H), 0.46 (s, 6H). *°C NMR (100 MHz, CDCls): & 204.34,
137.81, 136.19, 133.91, 129.55, 128.33, 127.94, 127.85, 127.63, 107.42, 87.00, 72.09, 68.76,
-2.98, -3.05. HRMS (EI): m/z calculated for C1sH21SiO[M-CI]*: 293.1356, found: 293.1363.
IR (KBr): 3067, 2958, 2852, 1940, 1911, 1455, 1428, 1350, 1304, 1250, 1113, 837, 817, 781,
734, 698.

PhMe,Si cl

Me;Si H
3w

3w: A dried screw-vial seal tube was charged with Cul (3.8 mg, 0.01 mmol, 10 mol %) in
glove box, then moved it out of the glove box. The tube was equipped with an argon balloon,
dry EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were
added into it. The mixture was stirred for 1 hour at room temperature to form a white
suspension. Then the tube was cooled to -10 °C, 1w (36.2 mg, 0.2 mmol, 1.0 equiv) and
PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was
continued to stir for 3.5 hours at -10 °C. The tube was opened quickly at room temperature,
the final solution was filtered through celite using CH>Cl, (30 mL) under air. The filtrate was
concentrated under reduced pressure to afford the crude product, which was purified by flash
column chromatography on silica gel (eluent: PE) to obtain the desired product 3w (21.2 mg,
38%) as slightly yellow oil. *H NMR (400 MHz, CDCls): § 7.54 — 7.51 (m, 2H), 7.39 — 7.35
(m, 3H), 5.66 (s, 1H), 0.46 (s, 6H), 0.04 (s, 9H). *C NMR (100 MHz, CDCls): & 209.09,
137.76, 134.19, 129.71, 128.14, 103.49, 81.16, 0.00, -1.42, -1.49. HRMS (EI): m/z calculated
for C14H2:CISiz[M]*: 280.0865, found: 280.0879. IR (KBr): 3070, 2959, 1922, 1429, 1273,
1251, 1112, 883, 842, 807, 751, 732, 700.
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thgﬁ(m
H

3x

3x: A dried screw-vial seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in glove
box, then moved it out of the glove box. The tube was equipped with an argon balloon, dry
EtsN (40.5 mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were added
into it. The mixture was stirred for 1 hour at room temperature to form a white suspension.
Then the tube was cooled to -10 °C, 1x (37.8 mg, 0.2 mmol, 1.0 equiv) and PhMeSi-Bpin
(105 mg, 0.4 mmol, 2.0 equiv) were added in sequence via syringe. It was continued to stir
for 3 hours at -10 °C. The tube was opened quickly at room temperature, the final solution
was filtered through celite using CH2Cl, (30 mL) under air. The filtrate was concentrated
under reduced pressure to afford the crude product, which was purified by flash column
chromatography on silica gel (eluent: PE) to obtain the desired product 3x (25.9 mg, 45%) as
yellow oil. *H NMR (400 MHz, CDCl3): 8 7.55 — 7.52 (m, 2H), 7.38 — 7.34 (m, 3H), 6.03 (s,
1H), 5.70 (t, J= 3.6 Hz, 1H), 2.13 — 2.10 (m, 2H), 2.02 — 1.99 (m, 2H), 1.66 — 1.60 (m, 2H),
1.55 — 1.48 (m, 2H), 0.46 (s, 6H). *C NMR (100 MHz, CDCls): & 207.36, 139.25, 135.32,
133.78, 132.28, 130.76, 129.39, 114.53, 88.97, 29.59, 27.69, 24.25, 23.47, 0.00, -0.06.

HRMS (EI): m/z calculated for C17H2:SiCI[M]*: 288.1096, found: 288.1097. IR (KBr): 3068,
2931, 2858, 1909, 1709, 1585, 1428, 1311, 1250, 1188, 1113, 998, 838, 777, 731, 700, 652.

4.2 The results of reactions between different silylboronates with la.

Cul (5 mol%)

Cl S Et;N (2.0 equiv) Et;Si Cl
Ph_:_< + EtSi-Bpin > ):.;/ 10
cl (2.0 equiv) DCE/MeOH = 2:1, PH H

1a A 30°C, Ar, 12 h E
17%
Cul (5 mol%)
Cl .o . Et;N (2.0 equiv) t-BuPh,Si Cl
Ph—— ( + t—BuPhZSb.Bpm > >=.=< )
cl (2.0 equiv) DCE/MeOH = 2:1, PH H
Ia B 30°C,Ar, 12 h ¥
no reaction
Cul (5 mol%) s c
Cl .o . Et3N (2.0 equiv) MePh,Si |
Ph—— ( + MePhZSp].}pm > >=.=< 3)
cl (2.0 equiv) DCE/MeOH = 2:1, PH H
1a C 30°C,Ar, 12h G

Procedures for the reaction between 1a and silylboronate A:

E: A dried seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in glove box, then
moved it out of the glove box. The tube was equipped with an argon balloon, dry EtsN (40.5
mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were added into it. The
mixture was stirred for 1 hour at room temperature to form a white suspension. Then 1a (37.0
mg, 0.2 mmol, 1.0 equiv) and EtsSi-Bpin (96.9 mg, 0.4 mmol, 2.0 equiv) were added in
sequence via syringe. It was continued to stir for 12 hours at 30 °C. The tube was opened
quickly at room temperature, the final solution was filtered through celite using CH.Cl> (30

S22



mL) under air. The filtrate was concentrated under reduced pressure to afford the crude
product, which was purified by preparative thin-layer chromatography (PTLC) (eluent:
distilled PE) to obtain the desired product E (9.1 mg, 17%) as slightly yellow oil. 'H NMR
(400 MHz, CDCla): & 7.35 — 7.28 (m, 4H), 7.27 — 7.23 (m, 1H), 6.12 (s, 1H), 0.97 (t, J = 8.0
Hz, 9H), 0.81 — 0.75 (m, 6H). 3C NMR (100 MHz, CDCls): & 206.57, 136.10, 128.61,
127.93, 127.39, 109.74, 86.55, 7.23, 3.78. HRMS (EIl): m/z calculated for CisH2:Si[M-CI]":
229.1407, found: 229.1398. IR (KBr): 3056, 2956, 2876, 1922, 1490, 1458, 1416, 1305, 1239,
1210, 1128, 1004, 914, 896, 764, 736, 694.

Procedures for the reaction between 1a and silylboronate C:

G: A dried seal tube was charged with Cul (1.9 mg, 0.01 mmol, 5 mol %) in glove box, then
moved it out of the glove box. The tube was equipped with an argon balloon, dry EtsN (40.5
mg, 0.4 mmol, 2.0 equiv), dry DCE (1.0 mL) and dry MeOH (0.5 mL) were added into it. The
mixture was stirred for 1 hour at room temperature to form a white suspension. Then 1a (37.0
mg, 0.2 mmol, 1.0 equiv) and MePh,Si-Bpin (129.7 mg, 0.4 mmol, 2.0 equiv) were added in
sequence via syringe. It was continued to stir for 12 hours at 30 °C. The tube was opened
quickly at room temperature, the final solution was filtered through celite using CH.Cl. (30
mL) under air. The filtrate was concentrated under reduced pressure to afford the crude
product, which was purified by preparative thin-layer chromatography (PTLC) (eluent:
distilled PE) to obtain the desired product G (11.7 mg, 18%) as yellow oil. '"H NMR (400
MHz, CDCls): & 7.59 — 7.56 (m, 4H), 7.43 — 7.34 (m, 8H), 7.24 — 7.18 (m, 3H), 6.06 (s, 1H),
0.77 (s, 3H). **C NMR (100 MHz, CDCls):  208.59, 135.06, 135.03, 134.68, 134.63, 129.80,
129.79, 128.65, 128.53, 127.99, 127.98, 127.80, 127.67, 109.69, 88.12, -2.75. HRMS (EI):
m/z calculated for CxHi7DCISI[M-H]*: 346.0924, found: 346.0929. IR (KBr): 3068, 2924,
2853, 1922, 1489, 1428, 1303, 1259, 1112, 1029, 916, 793, 726, 697.

5 General Procedures for the Synthesis of Enantioenriched Silyl-substituted Allenes
(GP3)

CuF, (10 mol%)

TMP (2.0 equiv) PhMe,Si, €
Cl o Ls (20 mol%) .
Me — + PhMe,Si-Bpin o H
cl MeOH , -30 °C, Ar
1c 2 Mé (S)-3c

(S)-3c: A dried screw-vial seal tube was charged with CuF; (2.0 mg, 0.02 mmol, 10 mol %)
and ligand Ls (19.5 mg, 0.04 mmol, 20 mol%) in glove box, then moved it out of the glove
box. The tube was equipped with an argon balloon, TMP (56.5 mg, 0.4 mmol, 2.0 equiv) and
extra dry MeOH (1.0 mL) were added into it. The mixture was stirred for 1 hour at room
temperature to form a white solution. Then the tube was cooled to -30 °C, 1c (39.8 mg, 0.2
mmol, 1.0 equiv) and PhMe;Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence
via syringe. It was continued to stir for 4 hours at -30 °C. The tube was opened quickly at
room temperature, the final solution was filtered through celite using CH.Cl, (30 mL) under
air. The filtrate was concentrated under reduced pressure to afford the crude product, which
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was purified by flash column chromatography on silica gel (eluent: PE) to obtain the desired
product (S)-3c (36.8 mg, 62%) as yellow oil.

[a]o 2 +208.9° (¢ = 1.19, CH.Cly)

The enantiomeric excess of (S)-3c was determined by chiral HPLC analysis on Chiralcel OJ
column. Conditions: hexane/isopropanol = 99:1, flow rate = 0.5 mL/min, UV-Vis detection at
A =273 nm, tr1 = 10.2 min (minor), tro = 16.1 min (major), 20 °C, ee = 90%.

PhMe,Si, cl

o

o
(S)-3a

(S)-3a: A dried screw-vial seal tube was charged with CuF; (2.0 mg, 0.02 mmol, 10 mol %)
and ligand Ls (19.5 mg, 0.04 mmol, 20 mol%) in glove box, then moved it out of the glove
box. The tube was equipped with an argon balloon, TMP (56.5 mg, 0.4 mmol, 2.0 equiv) and
extra dry MeOH (1.0 mL) were added into it. The mixture was stirred for 1 hour at room
temperature to form a white solution. Then the tube was cooled to -30 °C, 1la (37 mg, 0.2
mmol, 1.0 equiv) and PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence
via syringe. It was continued to stir for 4 hours at -30 °C. The tube was opened quickly at
room temperature, the final solution was filtered through celite using CH2Cl (30 mL) under
air. The filtrate was concentrated under reduced pressure to afford the crude product, which
was purified by flash column chromatography on silica gel (eluent: PE) to obtain the desired
product (S)-3a (33.2 mg, 56%) as yellow oil.

[a]o 2 +199.7° (¢ = 1.00, CH.Cly)

The enantiomeric excess of (S)-3a was determined by chiral HPLC analysis on Chiralcel OJ
column. Conditions: hexane/isopropanol = 99:1, flow rate = 0.5 mL/min, UV-Vis detection at
A =273 nm, tr1 = 10.4 min (minor), trz = 14.3 min (major), 20 °C, ee = 89%.

PhMe,Si, cl

(S)-3b: A dried screw-vial seal tube was charged with CuF (2.0 mg, 0.02 mmol, 10 mol %)
and ligand Ls (19.5 mg, 0.04 mmol, 20 mol%) in glove box, then moved it out of the glove
box. The tube was equipped with an argon balloon, TMP (56.5 mg, 0.4 mmol, 2.0 equiv) and
extra dry MeOH (1.0 mL) were added into it. The mixture was stirred for 1 hour at room
temperature to form a white solution. Then the tube was cooled to -30 °C, 1b (39.8 mg, 0.2
mmol, 1.0 equiv) and PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence
via syringe. It was continued to stir for 4.5 hours at -30 °C. The tube was opened quickly at
room temperature, the final solution was filtered through celite using CH2Cl, (30 mL) under
air. The filtrate was concentrated under reduced pressure to afford the crude product, which
was purified by flash column chromatography on silica gel (eluent: PE) to obtain the desired
product (S)-3b (48.2 mg, 81%) as yellow oil.

[a]o 2 +92.8° (c = 1.19, CH.Cl,)

The enantiomeric excess of (S)-3b was determined by chiral HPLC analysis on Chiralcel
OD-H column. Conditions: hexane/isopropanol = 100:0, flow rate = 0.6 mL/min, UV-Vis
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detection at A = 210 nm, tr1 = 13.3 min (major), tr2 = 22.4 min (minor), 20 °C, ee = 91%.

PhMe,Si, cl
—e

H
npl  (S)r3d
(S)-3d: A dried screw-vial seal tube was charged with CuF; (2.0 mg, 0.02 mmol , 10 mol %)
and ligand Ls (19.5 mg, 0.04 mmol, 20 mol%) in glove box, then moved it out of the glove
box. The tube was equipped with an argon balloon, TMP (56.5 mg, 0.4 mmol, 2.0 equiv) and
extra dry MeOH (1.0 mL) were added into it. The mixture was stirred for 1 hour at room
temperature to form a white solution. Then the tube was cooled to -30 °C, 1d (48.2 mg, 0.2
mmol, 1.0 equiv) and PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence
via syringe. It was continued to stir for 7 hours at -30 °C. The tube was opened quickly at
room temperature, the final solution was filtered through celite using CH,Cl, (30 mL) under
air. The filtrate was concentrated under reduced pressure to afford the crude product, which
was purified by flash column chromatography on silica gel (eluent: PE) to obtain the desired
product (S)-3d (35.4 mg, 52%) as yellow oil.

[a]o % +110.9° (c = 1.02, CH,Cl,)

The enantiomeric excess of (S)-3d was determined by chiral HPLC analysis on Chiralcel
OD-H column. Conditions: hexane/isopropanol = 100:0, flow rate = 0.6 mL/min, UV-Vis
detection at A =210 nm, tr; = 12.1 min (major), trz = 15.3 min (minor), 20 °C, ee = 88%.

PhMe,Si, cl

H

tBd  (S)3e
(S)-3e: A dried screw-vial seal tube was charged with CuF; (2.0 mg, 0.02 mmol, 10 mol %)
and ligand Ls (19.5 mg, 0.04 mmol, 20 mol %) in glove box, then moved it out of the glove
box. The tube was equipped with an argon balloon, TMP (56.5 mg, 0.4 mmol, 2.0 equiv) and
extra dry MeOH (1.0 mL) were added into it. The mixture was stirred for 1 hour at room
temperature to form a white solution. Then the tube was cooled to -30 °C, 1e (48.2 mg, 0.2
mmol, 1.0 equiv) and PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence
via syringe. It was continued to stir for 15 hours at -30 °C. The tube was opened quickly at
room temperature, the final solution was filtered through celite using CH,Cl, (30 mL) under
air. The filtrate was concentrated under reduced pressure to afford the crude product, which
was purified by flash column chromatography on silica gel (eluent: PE) to obtain the desired
product (S)-3e (47.7 mg, 70%) as yellow oil.

[a]o %° +100.3° (c = 1.06, CHCl,)

The enantiomeric excess of (S)-3e was determined by chiral HPLC analysis on Chiralcel OJ
column. Conditions: hexane/isopropanol = 95:5, flow rate = 0.6 mL/min, UV-Vis detection at
A =210 nm, tr1 = 5.6 min (minor), tr2 = 6.9 min (major), 20 °C, ee = 88%.
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PhMe,Si, cl

(S)-3f: A dried screw-vial seal tube was charged with CuF; (2.0 mg, 0.02 mmol, 10 mol %)
and ligand Ls (19.5 mg, 0.04 mmol, 20 mol %) in glove box, then moved it out of the glove
box. The tube was equipped with an argon balloon, TMP (56.5 mg, 0.4 mmol, 2.0 equiv) and
extra dry MeOH (1.0 mL) were added into it. The mixture was stirred for 1 hour at room
temperature to form a white solution. Then the tube was cooled to -30 °C, 1f (47.0 mg, 0.2
mmol, 1.0 equiv) and PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence
via syringe. It was continued to stir for 15 hours at -30 °C. The tube was opened quickly at
room temperature, the final solution was filtered through celite using CH,Cl, (30 mL) under
air. The filtrate was concentrated under reduced pressure to afford the crude product, which
was purified by flash column chromatography on silica gel (eluent: PE) to obtain the desired
product (S)-3f (41.5 mg, 62%) as yellow oil.

[a]o 2 +151.2° (c = 1.21, CH,Cl,)

The enantiomeric excess of (S)-3f was determined by chiral HPLC analysis on Chiralcel OJ
column. Conditions: hexane/isopropanol = 98:2, flow rate = 0.5 mL/min, UV-Vis detection at
A =273 nm, tr1 = 13.6 min (minor), trz = 26.4 min (major), 20 °C, ee = 90%.

PhMe,Si, cl

(S)-3h: A dried screw-vial seal tube was charged with CuF (2.0 mg, 0.02 mmol, 10 mol %)
and ligand Ls (19.5 mg, 0.04 mmol, 20 mol %) in glove box, then moved it out of the glove
box. The tube was equipped with an argon balloon, TMP (56.5 mg, 0.4 mmol, 2.0 equiv) and
extra dry MeOH (1.0 mL) were added into it. The mixture was stirred for 1 hour at room
temperature to form a white solution. Then the tube was cooled to -30 °C, 1h (40.6 mg, 0.2
mmol, 1.0 equiv) and PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence
via syringe. It was continued to stir for 10 hours at -30 °C. The tube was opened quickly at
room temperature, the final solution was filtered through celite using CH,Cl, (30 mL) under
air. The filtrate was concentrated under reduced pressure to afford the crude product, which
was purified by flash column chromatography on silica gel (eluent: PE) to obtain the desired
product (S)-3h (29 mg, 48%) as yellow oil.

[a]o 2 +37.7° (c = 1.71, CH,Cl,)

The enantiomeric excess of (S)-3h was determined by chiral HPLC analysis on Chiralcel
OD-H column. Conditions: hexane/isopropanol = 100:0, flow rate = 0.6 mL/min, UV-Vis
detection at A =210 nm, tr; = 13.7 min (major), trz = 15.7 min (minor), 20 °C, ee = 86%.

PhMe,Si, cl
“_.
vk
F (S
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(S)-3i: A dried screw-vial seal tube was charged with CuF; (2.0 mg, 0.02 mmol, 10 mol %)
and ligand Ls (19.5 mg, 0.04 mmol, 20 mol %) in glove box, then moved it out of the glove
box. The tube was equipped with an argon balloon, TMP (56.5 mg, 0.4 mmol, 2.0 equiv) and
extra dry MeOH (1.0 mL) were added into it. The mixture was stirred for 1 hour at room
temperature to form a white solution. Then the tube was cooled to -30 °C, 1i (40.6 mg, 0.2
mmol, 1.0 equiv) and PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence
via syringe. It was continued to stir for 4 hours at -30 °C. The tube was opened quickly at
room temperature, the final solution was filtered through celite using CHCl, (30 mL) under
air. The filtrate was concentrated under reduced pressure to afford the crude product, which
was purified by flash column chromatography on silica gel (eluent: PE) to obtain the desired
product (S)-3i (33.3 mg, 55%) as yellow oil.

[a]o 2 +216.9° (c = 1.06, CHCl,)

The enantiomeric excess of (S)-3i was determined by chiral HPLC analysis on Chiralcel
OD-H column. Conditions: hexane/isopropanol = 100:0, flow rate = 0.6 mL/min, UV-Vis
detection at A =210 nm, tr1 = 11.3 min (major), trz = 13.0 min (minor), 20 °C, ee = 86%.

PhMe,Si, cl

o

=
;{ H
af Ok

(S)-3k: A dried screw-vial seal tube was charged with CuF; (2.0 mg, 0.02 mmol, 10 mol %)
and ligand Ls (19.5 mg, 0.04 mmol, 20 mol %) in glove box, then moved it out of the glove
box. The tube was equipped with an argon balloon, TMP (56.5 mg, 0.4 mmol, 2.0 equiv) and
extra dry MeOH (1.0 mL) were added into it. The mixture was stirred for 1 hour at room
temperature to form a white solution. Then the tube was cooled to -30 °C, 1k (43.9 mg, 0.2
mmol, 1.0 equiv) and PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence
via syringe. It was continued to stir for 4 hours at -30 °C. The tube was opened quickly at
room temperature, the final solution was filtered through celite using CH,Cl, (30 mL) under
air. The filtrate was concentrated under reduced pressure to afford the crude product, which
was purified by flash column chromatography on silica gel (eluent: PE) to obtain the desired
product (S)-3k (42.4 mg, 66%) as yellow oil.

[a]o 2 +256.6° (c = 1.10, CHCl,)

The enantiomeric excess of (S)-3k was determined by chiral HPLC analysis on Chiralcel
OD-H column. Conditions: hexane/isopropanol = 100:0, flow rate = 0.6 mL/min, UV-Vis
detection at A =210 nm, tr; = 12.5 min (major), trz = 14.3 min (minor), 20 °C, ee = 86%.

PhMe,Si, cl
y—1)
é ’
-3l
BY (S)

(S)-3l: A dried screw-vial seal tube was charged with CuF; (2.0 mg, 0.02 mmol, 10 mol %)
and ligand Ls (19.5 mg, 0.04 mmol, 20 mol %) in glove box, then moved it out of the glove
box. The tube was equipped with an argon balloon, TMP (56.5 mg, 0.4 mmol, 2.0 equiv) and
extra dry MeOH (1.0 mL) were added into it. The mixture was stirred for 1 hour at room
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temperature to form a white solution. Then the tube was cooled to -30 °C, 11 (52.8 mg, 0.2
mmol, 1.0 equiv) and PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence
via syringe. It was continued to stir for 15 hours at -30 °C. The tube was opened quickly at
room temperature, the final solution was filtered through celite using CHCl, (30 mL) under
air. The filtrate was concentrated under reduced pressure to afford the crude product, which
was purified by flash column chromatography on silica gel (eluent: PE) to obtain the desired
product (S)-31 (45.3 mg, 62%) as yellow oil.

[a]o 2 -54.1° (c = 0.63, CH.Cly)

The enantiomeric excess of (S)-3l was determined by chiral HPLC analysis on Chiralcel OJ
column. Conditions: hexane/isopropanol = 95:5, flow rate = 0.6 mL/min, UV-Vis detection at
A =273 nm, tr1 = 6.9 min (minor), tr2 = 9.5 min (major), 20 °C, ee = 84%.

PhMe,Si, Cl
—o
n-BuI_ H
(S)-3m

(S)-3m: A dried screw-vial seal tube was charged with CuF; (2.0 mg, 0.02 mmol, 10 mol %)
and ligand Ls (19.5 mg, 0.04 mmol, 20 mol %) in glove box, then moved it out of the glove
box. The tube was equipped with an argon balloon, TMP (56.5 mg, 0.4 mmol, 2.0 equiv) and
extra dry MeOH (1.0 mL) were added into it. The mixture was stirred for 1 hour at room
temperature to form a white solution. Then the tube was cooled to -30 °C, 1m (33.0 mg, 0.2
mmol, 1.0 equiv) and PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence
via syringe. It was continued to stir for 4 hours at -30 °C. The tube was opened quickly at
room temperature, the final solution was filtered through celite using CH,Cl, (30 mL) under
air. The filtrate was concentrated under reduced pressure to afford the crude product, which
was purified by flash column chromatography on silica gel (eluent: PE) to obtain the desired
product (S)-3m (45.9 mg, 87%) as slightly yellow oil.

[a]o 2°-32.9° (c = 0.78, CH.Cly)

The enantiomeric excess of (S)-3m was determined by chiral HPLC analysis on Chiralcel OJ
column. Conditions: hexane/isopropanol = 100:0, flow rate = 0.2 mL/min, UV-Vis detection
at A =210 nm, tr: = 21.0 min (major), tre = 23.0 min (minor), 20 °C, ee = 84%.

PhMe,Si, [of]

H

Ph (S)-3n

(S)-3n: A dried screw-vial seal tube was charged with CuF (2.0 mg, 0.02 mmol, 10 mol %)
and ligand Ls (19.5 mg, 0.04 mmol, 20 mol %) in glove box, then moved it out of the glove
box. The tube was equipped with an argon balloon, TMP (56.5 mg, 0.4 mmol, 2.0 equiv) and
extra dry MeOH (1.0 mL) were added into it. The mixture was stirred for 1 hour at room
temperature to form a white solution. Then the tube was cooled to -30 °C, 1n (45.4 mg, 0.2
mmol, 1.0 equiv) and PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence
via syringe. It was continued to stir for 4 hours at -30 °C. The tube was opened quickly at
room temperature, the final solution was filtered through celite using CH2Cl, (30 mL) under
air. The filtrate was concentrated under reduced pressure to afford the crude product, which
was purified by flash column chromatography on silica gel (eluent: PE/Et,O = 98:2) to obtain
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the desired product (S)-3n (57.6 mg, 88%) as colorless oil.

[a]o 20 4+6.5° (c =1.49, CH.CI)

The enantiomeric excess of (S)-3n was determined by chiral HPLC analysis on Chiralcel
OD-H column. Conditions: hexane/isopropanol = 100:0, flow rate = 0.3 mL/min, UV-Vis
detection at A = 210 nm, tr1 = 44.1 min (minor), tr> = 46.5 min (major), 20 °C, ee = 80%.

PhMe;Si, Cl
—
Cyl_ H
(S)-3p

(S)-3p: A dried screw-vial seal tube was charged with CuF; (2.0 mg, 0.02 mmol , 10 mol %)
and ligand Ls (19.5 mg, 0.04 mmol, 20 mol %) in glove box, then moved it out of the glove
box. The tube was equipped with an argon balloon, TMP (56.5 mg, 0.4 mmol, 2.0 equiv) and
extra dry MeOH (1.0 mL) were added into it. The mixture was stirred for 1 hour at room
temperature to form a white solution. Then the tube was cooled to -30 °C, and 1p (38.2 mg,
0.2 mmol, 1.0 equiv) and PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in
sequence via syringe. It was continued to stir for 4 hours at -30 °C. The tube was opened
quickly at room temperature, the final solution was filtered through celite using CH.Cl> (30
mL) under air. The filtrate was concentrated under reduced pressure to afford the crude
product, which was purified by flash column chromatography on silica gel (eluent: PE) to
obtain the desired product (S)-3p (51.7 mg, 89%) as slightly yellow oil.

[a]o 2 +17.3° (c = 1.10, CH,Cl,)

The enantiomeric excess of (S)-3p was determined by chiral HPLC analysis on Chiralcel
OD-H column. Conditions: hexane/isopropanol = 99:1, flow rate = 0.5 mL/min, UV-Vis
detection at A = 210 nm, tr1 = 6.5 min (minor), tzz = 6.9 min (major), 20 °C, ee = 80%.

PhMe,Si, Gl
e

(S)-3s
(S)-3s: A dried screw-vial seal tube was charged with CuF; (2.0 mg, 0.02 mmol, 10 mol %)
and ligand Ls (19.5 mg, 0.04 mmol, 20 mol %) in glove box, then moved it out of the glove
box. The tube was equipped with an argon balloon, TMP (56.5 mg, 0.4 mmol, 2.0 equiv) and
extra dry MeOH (1.0 mL) were added into it. The mixture was stirred for 1 hour at room
temperature to form a white solution. Then the tube was cooled to -30 °C, 1s (39.9 mg, 0.2
mmol, 1.0 equiv) and PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence
via syringe. It was continued to stir for 4 hours at -30 °C. The tube was opened quickly at
room temperature, the final solution was filtered through celite using CH.Cl, (30 mL) under
air. The filtrate was concentrated under reduced pressure to afford the crude product, which
was purified by flash column chromatography on silica gel (eluent: PE/Et,O = 98:2) to obtain
the desired product (S)-3s (40.8 mg, 68%) as colorless oil.
[a]o 2°-11.2° (c = 1.35, CH.Cly)
The enantiomeric excess of (S)-3s was determined by chiral HPLC analysis on Chiralcel OJ
column. Conditions: hexane/isopropanol = 95:5, flow rate = 0.7 mL/min, UV-Vis detection at
A =210 nm, tg; = 6.2 min (minor), trz = 12.0 min (major), 20 °C, ee = 83%.
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PhMe,Si, Cl

MeO—/—.=<H

(S)-3t

(S)-3t: A dried screw-vial seal tube was charged with CuF; (2.0 mg, 0.02 mmol, 10 mol %)
and ligand Ls (19.5 mg, 0.04 mmol, 20 mol %) in glove box, then moved it out of the glove
box. The tube was equipped with an argon balloon, TMP (56.5 mg, 0.4 mmol, 2.0 equiv) and
extra dry MeOH (1.0 mL) were added into it. The mixture was stirred for 1 hour at room
temperature to form a white solution. Then the tube was cooled to -30 °C, 1t (30.6 mg, 0.2
mmol, 1.0 equiv) and PhMe,Si-Bpin (105 mg, 0.4 mmol, 2.0 equiv) were added in sequence
via syringe. It was continued to stir for 4 hours at -30 °C. The tube was opened quickly at
room temperature, the final solution was filtered through celite using CH.Cl (30 mL) under
air. The filtrate was concentrated under reduced pressure to afford the crude product, which
was purified by flash column chromatography on silica gel (eluent: PE/Et,O = 99:1) to obtain
the desired product (S)-3t (44.5 mg, 88%) as slightly yellow oil.
[a]o %°-29.8° (c = 0.99, CH.Cly)
The enantiomeric excess of (S)-3t was determined by chiral HPLC analysis on Chiralcel OJ
column. Conditions: hexane/isopropanol = 95:5, flow rate = 0.7 mL/min, UV-Vis detection at
A =210 nm, tr1 = 7.3 min (minor), trz = 8.7 min (major), 20 °C, ee = 70%.

6 General Procedures for the One-pot Synthesis of Enantioenriched Disilyl-substituted
Allenes.

1) CuF, (10 mol%)
Ls (20 mol%)
TMP (2.0 equiv)
PhMe,Si-Bpin (2.0 equiv) PhMe,Si_ SiMe,Ph

== o] MeOH, -30 ‘C, Ar, 4 h — .

Me —
\ 7/ ol 2) EtaN (2.0 equiv)
1c PhMe,Si-Bpin (2.0 equiv) 6
-30°Cto0°C, Ar, 10 h Me 749 yield
92% ee

6: A dried screw-vial seal tube was charged with CuF; (2.0 mg, 0.02 mmol) and ligand Ls
(19.5 mg, 0.04 mmol) in glove box, then moved it out of the glove box. The tube was
equipped with an argon balloon, TMP (56.5 mg, 0.4 mmol) and dry MeOH (1.0 mL) were
added into it. The mixture was stirred for 1 hour at room temperature to form an off-white
solution. Then the tube was cooled to -30 °C, 1c¢ (39.8 mg, 0.2 mmol) and PhMe,Si-Bpin (105
mg, 0.4 mmol) were added in sequence via syringe. It was continued to stir for 4 hours at -30
°C, the final yellow solution was added dry EtsN (40.5 mg, 0.4 mmol). It was continued to stir
for 20 minutes at -30 °C, PhMe,Si-Bpin (105 mg, 0.4 mmol) was added dropwise via syringe.
The system was warmed to 0 °C, and stirred 10 hours at this temperature. The tube was
opened quickly at room temperature, the final solution was filtered through celite using
CHCI; (30 mL) under air. The filtrate was concentrated under reduced pressure to afford the
crude product, which was purified by flash column chromatography on silica gel (eluent: PE)
to obtain the desired product 6 (59 mg, 74 %) as yellow oil. *H NMR (400 MHz, CDCls): §
7.57 — 7.54 (m, 4H), 7.38 — 7.33 (m, 6H), 7.11 -7.09 (m, 2H), 7.02 — 7.00 (m, 2H), 5.09 (s,
1H), 2.28 (s, 1H), 0.44 (s, 3H), 0.43 (s, 6H), 0.40 (s, 3H). *C NMR (100 MHz, CDCl3): §
213.67, 140.40, 140.22, 137.10, 135.88, 135.61, 135.43, 131.03, 130.96, 130.88, 129.66,
129.33, 91.07, 78.04, 22.85, 0.36, 0.26, 0.01, 0.00. HRMS (EIl): m/z calculated for

S30



Co6H30Sio[M]*: 398.1881, found: 398.1894. IR (KBr): 2957, 1901, 1508, 1428, 1304, 1251,
1115, 914, 829, 730, 699, 656.

[a]o 2 +54.0° (¢ = 0.80, CH.Cly)

The enantiomeric excess of 6 was determined by chiral HPLC analysis on Chiralcel OJ
column. Conditions: hexane/isopropanol = 97:3, flow rate = 0.1 mL/min, UV-Vis detection at
A =214 nm, tr; = 33.7 min (major), trz = 47.1 min (minor), 20 °C, ee = 92%.

7 Further Transformations of Silyl-substituted Chloroallenes.
7.1 General Procedure for Sonogashira Coupling Reaction.

Cul (10 mol%) T™S
: PdCl,(PPh;), (5 mol%)
PhMezsla_. cl . TMS—= 2(PPhs), > Phivle,si, Y4
cy/_ g (2.0 equiv) THF/Et;N=2:1, 0 °C, Ar, 22 h —
Cy H
(S)-3p 7
80% ee 52% vyield

80% ee

7: A dried screw-vial seal tube was charged with Cul (3.8 mg, 0.02 mmol, 10 mol %) and
PdCI2(PPhs), (7.0 mg, 0.01 mmol, 5 mol %) in glove box, then moved it out of the glove box.
The tube was equipped with an argon balloon, (S)-3p (58.2mg, 0.2 mmol, 1.0 equiv), a dried
and degassed mixture of THF (2.0 mL) and EtsN (1.0 mL) were added into it. The atmosphere
of the tube was displaced by argon for 20 minutes, then it was cooled to 0 °C for 10 minutes,
trimethylsilylacetylene (39.3 mg, 0.4 mmol, 2.0 equiv) was introduced dropwise via syringe.
The reaction mixture was stirred for 22 hours at 0 °C under dark environment. The tube was
opened quickly at room temperature, the final black solution was filtered through celite using
CH.CI; (30 mL) under air. The filtrate was concentrated under reduced pressure to afford the
crude product, which was purified by flash column chromatography on silica gel (eluent: PE)
to obtain the desired product 7 (36.7 mg, 52%) as brown oil. *H NMR (400 MHz, CDCls): &
7.56 — 7.53 (m, 2H), 7.37 — 7.33 (m, 3H), 5.14 (d, J = 1.9 Hz, 1H), 1.87 — 1.83 (m, 1H), 1.72
—1.66 (m, 4H), 1.58 — 1.56 (m, 1H), 1.19 — 1.10 (m, 5H), 0.42 (s, 3H), 0.41 (s, 3H), 0.19. °C
NMR (100 MHz, CDCls): 6 212.52, 137.64, 133.71, 129.06, 127.62, 103.30, 99.38, 94.01,
71.50, 38.99, 33.63, 33.60, 26.35, 26.30, 25.81, 0.00, -2.46, -2.79. HRMS (EIl): m/z
calculated for Cx2Hs,Sio[M]*: 352.2037, found: 352.2036. IR (KBr): 3069, 2927, 2852, 2153,
1913, 1428, 1370, 1112, 1062, 999, 842, 733, 700.

[a]o 2 +2560.0° (¢ = 0.20, CH:Cl,)

The enantiomeric excess of 7 was determined by chiral HPLC analysis on Chiralcel
OD-H&OD-H column. Conditions: hexane/isopropanol = 100:0, flow rate = 0.2 mL/min,
UV-Vis detection at A = 260 nm, tr1 = 48.3 min (major), tr, = 50.1 min (minor), 20 °C, ee =
80%.

7.2 General Procedure for Kumada Reaction.*
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COZME

MgCl
PhMe,Si,_ Cl CuBr (10 mol%) .
F. + » PhMe,Si,
cy H -20°Ctort,Ar,5h ;:.
c H
(S)-3p Cone y 8
80% ee (2.0 equiv) 84% yield

80% ee

8: An oven-dried, argon-flushed Schlenk tube equipped with a magnetic stirring bar and a
septum was charged with methyl 4-iodobenzoate (157.2 mg, 0.6 mmol) in THF (0.6 mL).
i-PrMgCl LiCl (0.49 mL, 0.64 mmol, 1.3 M in THF) was added at -20 °C and the mixture
was stirred for 1 hour at this temperature. The CuBr (2.8 mg, 0.02 mmol, 10 mol%) and
(S)-3p (58.2 mg, 0.2 mmol) were added quickly under argon atmosphere. The reaction
mixture was stirred at room temperature (20 °C) until (S)-3p was consumed completely
(TLC). The solution was diluted with DCM (10 mL), then poured into an ice-cooled saturated
aqueous NH,CI solution (15 mL). After extraction with DCM (3 x 20 mL), the organic layers
were dried (Na.SO.), filtered, and concentrated in vacuo. Product 8 was purified as yellow oil
(65.7 mg, 84%) by flash column chromatography on silica gel (eluent: distilled PE/Et,O =
100: 0 ~ 96:4). *H NMR (400 MHz, CDCls): § 7.93 (d, J = 8.3 Hz, 2H), 7.60 — 7.50 (m, 2H),
7.38 —7.31 (m, 3H), 7.27 (d, J = 8.3 Hz, 2H), 5.98 (s, 1H), 3.89 (s, 3H), 1.98 — 1.93 (m, 1H),
1.80 — 1.73 (m, 2H), 1.67 — 1.63 (m, 2H), 1.60 — 1.54 (m, 1H), 1.21 — 1.07 (m, 5H), 0.42 (s,
3H), 0.40 (s, 3H). ¥C NMR (100 MHz, CDCls): & 209.39, 169.46, 143.96, 140.18, 136.18,
132.39, 131.67, 130.23, 129.76, 127.82, 108.76, 93.40, 54.35, 42.03, 36.89, 36.52, 28.97, 28.36, 0.00,
-0.03. HRMS (EI): m/z calculated for CasH3002Si [M]*: 390.2015, found: 390.2018. IR (KBr):
3069, 2925, 2851, 1911, 1720, 1605, 1434, 1276, 1173, 1111, 1017, 974, 817, 734, 699.

[a]o 2 +801.1° (c = 0.80, CH.Cly)

The enantiomeric excess of 8 was determined by chiral HPLC analysis on Chiralcel OD-H
column. Conditions: hexane/isopropanol = 98:2, flow rate = 0.6 mL/min, UV-Vis detection at
A =260 nm, tr1 = 7.2 min (major), tr2 = 7.8 min (minor), 20 °C, ee = 80%.

7.3 General Procedure for Suzuki Coupling Reaction.

Pd(PPh;), (10 mol%)

PhMe,Si, Cl BF;K K,CO; (3.0 equiv) PhMe,Si, —
—o + —/ > o
{— _ THF/EtOH/H,0 = 3:2:1, L
Cy H (3.0 equiv) Cy H
(S)-3p 0°C, Ar, 12 h 9
80% ee 88% vyield
80% ee

9: A dried argon-flushed Schlenk tube was charged with K,COs (83 mg, 0.6 mmol, 3.0 equiv),
potassium vinyltrifluoroborate (107.2 mg, 0.6 mmol, 3.0 equiv) and Pd(PPhs)s (23.1 mg, 0.02
mmol, 10 mol %) under Ar. Then a degassed mixture of THF (1.2 mL), EtOH (0.8 mL) and
H>O (0.4 mL) was added into it under Ar. The tube was cooled to 0 °C for 5 minutes, (S)-3p
(58.2 mg, 0.2 mmol, 1.0 equiv) was introduced under Ar. The Schlenk tube was sealed and
the reaction mixture was stirred at 0 °C for 12 hours under dark environment. The final black
solution was quenched by water (5 mL) and the aqueous phase was extracted with CH.Cl- (3
x 15 mL). The combined organic phases were dried over Na,SO4, concentrated under reduced
pressure, and purified by flash column chromatography on silica gel (eluent: PE). Product 9

was obtained as yellow oil (49.7 mg, 88%). *H NMR (400 MHz, CDCls): § 7.54 — 7.52 (m,
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2H), 7.36 — 7.33 (m, 3H), 6.21 — 6.12 (m, 1H), 5.67 (d, J = 10.3 Hz, 1H), 5.09 (d, J = 17.0 Hz,
1H), 4.82 (d, J = 10.1 Hz, 1H), 1.83 — 1.79 (m, 1H), 1.68 — 1.64 (m, 4H), 1.58 (s, 1H), 1.17 —
1.07 (m, 5H), 0.37 (s, 6H). *C NMR (100 MHz, CDCls):  211.41, 140.75, 136.46, 136.17,
131.41, 130.09, 114.81, 105.28, 93.75, 41.33, 36.51, 36.33, 28.96, 28.94, 28.40, 0.00, -0.05.
HRMS (EI): m/z calculated for Ci9H26Si [M]*: 282.1798, found: 282.1810. IR (KBr): 3069,
2925, 2852, 1913, 1612, 1448, 1428, 1248, 1112, 1028, 986, 888, 851, 818, 774, 731, 699,
650.

[a]p % -113.6° (¢ = 1.00, CHCl.)

The enantiomeric excess of 9 was determined by chiral HPLC analysis on Chiralcel
0J-H&OJ column. Conditions: hexane/isopropanol = 98:2, flow rate = 0.5 mL/min, UV-Vis
detection at A = 260 nm, tr1 = 16.1 min (major), tr2 = 16.8 min (minor), 20 °C, ee = 80%.

7.4 Copper-catalyzed Derivation Reactions of Chloroallenes.®

CuCN (15 mol%)

PhMeZSi,‘_ Cl EtMgBI’ (2_0 equiv) o PhMeZSi‘_ Et
L] _— L]
¢/ W THF 0°Ctort Ar,25h o W
(S)-3p 10
80% ee 74% yield

10: A dried screw-vial seal tube was charged with CUCN (1.4 mg, 0.015 mmol, 15 mol %) in
glove box, then moved it out of the glove box. The tube was equipped with an argon balloon,
(S)-3p (29.1 mg, 0.1 mmol, 1.0 equiv) and dry THF (1.0 mL) were added into it. It was
cooled to 0 °C for further 5 minutes, the Ethylmagnesiumbromide (3.0 M in Et;O, 67 uL,
0.2 mmol, 2.0 equiv) was added dropwise via syringe. The reaction mixture was allowed to
warm back to room temperature and stir for 2.5 hours. The reaction mixture was quenched by
saturated aqueous NH4CI solution and the aqueous phase was extracted with Et,O (3 x 15
mL). The combined organic phases were dried over Na,SOs, concentrated under reduced
pressure, and purified by flash column chromatography on silica gel (eluent: PE/Et,O =
99.5:0.5). Product 10 was obtained as colorless oil (21.1 mg, 74%). 'H NMR (400 MHz,
CDCls): 6 7.54 — 7.52 (m, 2H), 7.35 — 7.32 (m, 3H), 4.95 (td, J; = 6.0 Hz, J, = 1.6 Hz, 1H),
2.00 — 1.93 (m, 2H), 1.78 — 1.73 (m, 1H), 1.66 — 1.64 (m, 4H), 1.59 — 1.57 (m, 1H), 1.17 —
1.06 (m, 5H), 0.98 (t, J = 7.4 Hz, 3H), 0.34 (s, 6H). *C NMR (100 MHz, CDCls): & 208.61,
141.41, 136.14, 131.07, 129.87, 104.02, 91.04, 40.85, 36.46, 36.25, 28.99, 28.97, 28.43, 23.80,
16.10, 0.00, -0.01. HRMS (EI): m/z calculated for C19H2sSi [M]*: 284.1955, found: 284.1953.
IR (KBr): 2925, 2853, 1913, 1448, 1260, 1112, 1023, 888, 818, 776, 732, 700.

The product 10 can’t be separated by HPLC, the subsequent TiCls;-mediated addition of 10 to
aldehyde afforded the homopropargylic alcohol. At beginning, we tried the
4-methylbenzaldehyde and isobutyraldehyde to react with the racemic allenylsilane 10 in the
presence of different Lewis acids. Finally, it was found that only TiCls could afford the
desired products with excellent dr ratios albeit in low yields. Therefore, we consider that a
highly reactive reactant possibly could favor a better yield of the desired product via a rapid
nucleophilic addition process. Then the pentafluorobenzaldehyde was tested to react with the
racemic allenylsilane 10 and enantioenriched allenylsilane 10 respectively. In both cases, the
desired products were obtained in good yields and with excellent distereoselectivities. And
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the chirality of the enantioenriched allenylsilane 10 was also well transformed during the

synthesis of homoallylic alcohol product 11. The detailed results are shown as below:

. TiCl, (1.5 equiv)
PhMe;Si Et  R-CHO (2.0 equiv) Ft

. » Cy——(
cy \y DCM, -78 °C, Ar, 3-17 h —>_R
10 HO

racemic

R-CHO: (1) 4-MePhCHO : 18% yield. dr > 99:1;
(2) i-PrCHO: 42% yield, dr > 99:1;

(3) C¢FsCHO: 77% yield, dr > 99:1;

. TiCl, (1.5 equiv) Et F, F
PhMeZS'«}:. Bt C.FsCHO (2.0 equiv) e
DCM, -78 °C, Ar, 17 h F
Cy H HO
10 n F F
chiral 79% yield, dr > 99:1, 72% ee.

11: A dried argon-flushed Schlenk tube was charged with 10 (42.7 mg, 0.15 mmol),
2,3,4,5,6-pentafluorobenzaldehyde (58.8 mg, 0.3 mmol). It was added dry DCM (0.5 mL) and
cooled to -78 °C for further 5 minutes, TiCl, solution (43.1 mg, dissolved in 0.2 mL dry DCM)
was added dropwise at —78 °C, the mixture was stirred for 17 hours at this temperature. Then
the solution was diluted with EA and quenched by 2N HCI aq., After stirring at room
temperature for 10 minutes, the mixture was neutralized to pH = 7 with NaHCOs aq., the
organic layer was separated. The aqueous layer was extracted with EA (3 x 20 mL), the
combined organic phases were dried over Na,SO., concentrated under reduced pressure, and
purified by flash column chromatography on silica gel (eluent: PE/EA = 90:10). Product 11
was obtained as yellow oil (41.0 mg, 79%). 'H NMR (400 MHz, CDCls): 8 4.91 (dd, J1 = 8.0
Hz, J, = 8.0 Hz, 1H), 2.85 (dt, J, = 8.0 Hz, J, = 1.2 Hz, 1H), 2.82 — 2.76 (m, 1H), 2.43 — 2.36
(m, 1H), 1.85 — 1.78 (m, 2H), 1.73 — 1.64 (m, 2H), 1.54 — 1.40 (m, 5H), 1.35 — 1.28 (m, 3H),
1.03 (t, J = 8.0 Hz, 3H). °F NMR (376 MHz, CDCls): -142.38 — -142.46 (m, 1F), -154.88 —
-154.99 (m, 2F), -161.97 — -162.11 (m, 2F). *C NMR (100 MHz, CDCls): § 146.27 — 146.04
(m), 143.84 — 143.56 (m), 142.12 — 141.66 (m), 138.94 — 138.58 (m), 136.45 — 136.08 (m),
115.50 — 115.18 (m), 90.56, 77.32, 69.06, 41.61, 32.84, 29.08, 25.82, 25.01, 24.86, 11.69.
HRMS (EI): m/z calculated for CigH1oFsO [M]*: 346.1356, found: 346.1359. IR (KBr): 2955,
2911, 2875, 1892, 1428, 1249, 1112, 1089, 1015, 896, 839, 806, 730, 699.

[a]o 2 +3.0° (c = 1.23, CH.Cly)

The enantiomeric excess of 11 was determined by chiral HPLC analysis on Chiralcel OJ
column. Conditions: hexane/isopropanol = 99:1, flow rate = 0.5 mL/min, UV-Vis detection at
A =220 nm, tr1 = 7.3 min (major), tre = 7.9 min (minor), 20 °C, ee = 72%.

8 Gram-scaled Synthesis of Racemic Silyl-substituted Allenes.

Cul (5 mol%)

— cl . PhMe,Si-Bpin _FONGOcquiv) PhMe,Si . =<C|
_/_/_<c| (2.0 equiv)  DCE/MeOH = 2:1, ”
cl Is -10°C, Ar, 3.5h 3s
5 mmol Cl 83% yield
124 ¢

A dried screw-vial flask was charged with Cul (47.5 mg, 0.25 mmol) in glove box, then
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moved it out of the glove box. The flask was equipped with an argon balloon, dry EtsN (1.0 g,
10.0 mmol), dry DCE (25.0 mL) and dry MeOH (12.5 mL) were added into it. The mixture
was stirred for 1 hour at room temperature to form a white suspension. Then the flask was
cooled to -10 °C, 1s (1.0 g, 5.0 mmol) and PhMe,Si-Bpin (2.63 g, 10.0 mmol) were added in
sequence via syringe. It was continued to stir for 3.5 hours at -10 °C. The flask was opened
quickly at room temperature, the final solution was filtered through celite using CH2Cl> (30
mL) under air. The filtrate was concentrated under reduced pressure to afford the crude
product, which was purified by flash column chromatography on silica gel (eluent: PE) to
obtain the desired product 3s (1.24 g, 83%) as pale yellow oil.

9 Determination of the Absolute Configuration of Compound (S)-3p.

CHO
8 LIA|H4 (2 0 equw) PhMGQSI ﬁ PCC 2 0 equw PhMeZSi?i ;

L]
80% ee THF, rt, Ar, 3 h DCM rt, Ar, 2 h Cyﬁ ’
13
78% yleld 80% ee 94% yield, 80% ee
H H s
=N =N
Ts
Ti(OEt)4 (4.0 equiv) )
TsNH,, (1.0 equiv) PhMe,Si, PhMe;Si,
F' + —e
DCM, 0°C, Ar, 5 h cy H CyF ’
0
59% yield (2)-14 (E)14
62% ee 69% ee
H Ts
/
=N
PhMe,Si, _
recrystallization = -
Cyﬁ H
(E.S)-14

90% ee

Step 1: In an oven-dried 35 mL screw-vial seal tube equipped with a stirring bar, 8 (78.1 mg,
0.2 mmol) was dissolved in 2 mL of dry THF under argon atmosphere. The solution was
added LiAlH. (15.2 mg, 0.4 mmol) in four batches at 20 <C. The final solution was continued
to stir for 3 hours at room temperature (20 <C). Then the reaction was quenched with water
and excess amount of saturated potassium sodium tartrate was introduced, and the solution
was stirred for 1 hour at room temperature (20 <C). The final solution was extracted with
ethyl acetate (4 x 15 mL), and the combined organic layers were washed with saturated brine
(5 mL) and dried over anhydrous Na,SOs. The filtrate was concentrated under vacuum to
afford the crude product which was purified through flash column chromatography (Eluent:
PE/EA = 90:10) to furnish the related product 12 (56.6 mg, 78%, 80% ee) as yellow oil.

Step 2: A dried screw-vial seal tube equipped with an argon balloon, 12 (72.5 mg, 0.2 mmol)
and dry DCM (1.0 mL) were introduced. PCC (86.2 mg, 0.4 mmol) was added into it, the
mixture was continued to stir for 2 hours at 25 °C. Then the final solution was filtered through
celite using CHCI; (30 mL) and the solvent was evaporated under reduced pressure to afford
the crude product, which was purified by flash column chromatography on silica gel (eluent:
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PE/EA = 90:10) to obtain the desired product 13 (67.5 mg, 94%, 80% ee) as yellow oil.

Step 3:° A dried screw-vial seal tube equipped with an argon balloon was charged with
4-methylbenzenesulfonamide (59.9 mg, 0.35 mmol), 13 (126.3 mg, 0.35 mmol, dissolved in
1.8 mL dry DCM). It was cooled to 0 °C for further 10 minutes, Ti(OEt)s (319.4 mg, 1.4
mmol) was added dropwise via syringe. The tube was stirred for 5 hours at this temperature
and monitored by TLC. The reaction mixture was quenched at 0°C by addition of H,O (6
mL), the turbid solution was filtered through celite, and the filter cake was washed with DCM
(50 mL). The filtrate was concentrated under reduced pressure to afford the crude product,
which was purified by flash column chromatography on silica gel (eluent: PE/EA = 90:10) to
obtain the mixture of desired product (2)-14 (62% ee) and (E)-14 (69% ee) as yellow solid
(106.1 mg, 59%). After several recrystallization in mixed solvent (DCM/ PE = 1:1) at 5 °C,
the single product (E)-14 was obtained as white solid (90% ee). Finally, single-crystal X-ray
diffraction analysis produced the molecular structure of (E)-14 with (S)-configuration (CCDC
No0.:1901503). *H NMR (400 MHz, CDCls): & 8.96 (s, 1H), 7.88 (d, J = 7.9 Hz, 2H), 7.81 (d,
J=7.9Hz, 2H), 7.53 (d, J = 6.6 Hz, 2H), 7.36 — 7.25 (m, 7H), 5.98 (s, 1H), 2.42 (s, 3H), 2.00
—1.91 (m, 1H), 1.79 — 1.73 (m, 2H), 1.69 — 1.62 (m, 2H), 1.59 — 1.56 (m, 1H), 1.22 — 1.09 (m,
5H), 0.42 (s, 3H), 0.40 (s, 3H). *C NMR (100 MHz, CDCls): § 209.60, 172.01, 146.90,
146.76, 139.88, 138.07, 136.16, 134.36, 132.29, 132.18, 131.83, 130.39, 130.31, 128.52,
109.09, 93.63, 42.15, 36.95, 36.59, 28.96, 28.35, 24.10, 0.00, -0.03. HRMS (ESI): m/z Calcd.
for Cs1H3sNO.SSiNa [M+Na]*: 536.2055, found: 536.2058. IR (KBr): 2955, 2910, 2875,
1892, 1428, 1249, 1112, 896, 839, 806, 730, 699.

[a]o % +80.6° (c = 0.46, CH,Cl,)

The enantiomeric excess of (E, S)-14 was determined by chiral HPLC analysis on Chiralcel
Chiralpak 1D column. Conditions: hexane/isopropanol = 90:10, flow rate = 0.6 mL/min,
UV-Vis detection at A = 210 nm, tr1 = 41.0 min (minor), tr. = 42.8 min (major), 20 °C, ee =
90%.
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11 'H NMR, *F NMR, C NMR and HPLC Spectra of the Substrates and Products.

Cl

Cl

la

10000 —

St6v'9
TSSTL
9zEE'L
8LES'L
LIVEL
06v€L
1€6€°L
9vSEL
€85€°L
v6SEL
169€'L
LTLE L
OvLE LT
YSLEL
LOSE L
158€°L |
2 |
LS6€L
STOV'L Y
6111LA
VLY LA

TITH LA
6vTrL ]
v08%'L
881L ]
€06b°L 4
696"L
110S°L 1
LY0S'L”

PLI'E
00T

5

0.

0.0

£1 (ppm)

S37



S0TI'9S —

SEPS'IL\
TIoT'LL
S8LY'LL
occ1vs
£v£0°06

LY69°0C1 ~
2065°8C1

€Cr6'6CI ~
1280°C€1 7

10

10

30

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

210

(ppm)

1

Cl

Cl

1b

Me

LIVET—

858t°9
6T61°L
€v6T'L
1L6T°L
9861°L
LLOT'L
8I1TL
TEITL
6S1T°L T
9L1TL T
vITT L
0€TTL |
S0VT'L A
PrSTLY
865T'L Y
9€8T'L A
LYST LA
688T'L ]
LzogL]
850€°L ]
0L0€L]
6c1€L
8S1€°L
LLIE LT
s61¢LY

(ppm)

r1

S38



LEST'IT—

Yre0'9s —

8589°9L
T€00°LL
80TE'LL
€eTL €8
Pr81°06

99L£°0T1
16£€°8T1 /
1S10°621
$889°0¢1
889 7€1

c1veser

A

| “ |

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
(ppm)

210

r1

Cl

Cl

Me

1c

€69¢€°C—

80679 —

06¥1°L
wwfﬁ%
VLSTL—
Y69¢°L
968¢°L

=T¢

1T
e

-0.5

0.0

6.0

(ppm)

r1

S39



866S°1C—

8EVI'96 —

2169°9L
$800°LL
89TC'LL
0615°€8
$9LT06 7

Y661 'LI1 —

91CT6T1 7,
7e98'1¢1 /
6E1TOVI ~

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
(ppm)

210

1

Cl

n-Bu

Cl

1d

LCUo v

$076°0 1
88€6°0 1
011€ T
€67€T 1
£87€°T
0L9€T 1
€651 ;
09951

26951

88LS'T F
76861 #
00651 w

9666S°1
LY09°1

9L6S°CT
1L19°C W
°9¢€9'C

Slev'9 —
61ST°L
1€ST°L
6ILI'L
0€LT’L
thm.h\
098¢°L
906¢°L
corL
990%°L

hre

Toot

F00'C
Hoo'c

(ppm)

r1

540



8SL8°¢El —

¥09T°CC —

6€9T°€E~
96£9°6¢

0Cs1'9¢ —

6889°9L~\
1900°LL
PETELL
€9€6°€8
85067

9989°L11 —

/

96LS'8C1
[43:1: 83 g

6061°S¥1 —

10

100 90 80 70 60 B 10 30

(ppm)

200 190 180 170 160 150 140 130 120 110
r1

210

Cl

Cl

t-Bu

le

eret —

80619 —
LTSTL
6LSE'L
LT9¢L
ovLEL
YoLE 'L
Yeiv'L
ILIY'L
68CY’L
6EEY’L

=r'e

0.0 -0

5

6.0

(ppm)

r1

S$41



~ © o n
o A S~ QAo w o ~ o
Q & e S n®oaq ) > A
) ) NSRS © =]
I — NN ox - o=
) A — SN ) <+ ~
— - = = R oo~~~ w e
! |
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
LR L
© AN - a
- MmN m o
T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.0 1.5 1.0 0.5 0.0

£1 (ppm)

542



e on <t 0 Wvma
TYS oo S oo —~ 0 A )
VMmO~ F QB K N — ® — —
+ 8 e NS0T R~ S~ Ao 0
Al %S SO NN n <
MmN — S Y=g o
RABNRNARAL A A B R P NN e
‘ 4’ ‘ | ‘
T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
£1 (ppm)
PR AR il
— el
f
|
<
—
T T T T T T T T T T T T T
8.5 8.0 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.0 1.0 0.5
1 (ppm)

543



0€€0°9S —

SE0L9LA
1120°LL
SREE'LL
1909787
6598°68 7

£99E°611
$660°LT1
LOST LTI
ce66 LTl
L1¥6°8TI
TIpTel
LSS6'6€T w
6L6STHI

30

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
(ppm)

210

r1

Cl

Cl

1h

€TLY9
0980°L
2680°L
ST60'L
8560°L
1L01°L
6601°L
8TIT'L
91T°L
POIT'L
6LT1'L
80€1°L
PrETL
€LET'L
9L1L
L6L1L
0T81L
0981° 1
6861°L 1
vT0T L
8Y0T'L 1
9807L ]
08ST'L
1$92°L 1
€L9TLA
LOLT LA
€681
9987 ]
668T°L]
¥90€°L
TozeL]

LSTE L
L6EEL
LSYE LT

865¢°L”

S0l
Boo1

FL.N

-0

0.0

5

(ppm)

r1

S44



—-112.1111

T
-10

T
-60

T
-80

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-180

T
-200

T
-21¢

0 -10 —-20 -30 —50 -70 —-90 —-100 -170 —-190
1 (ppm)

ol T N0 O NN~ I~

o O O — N = — [~ I~ \O 00 I~ 0N O NN -

[l —_ N O~ —~ — 00 O W ol 0> QN — 0

<+ < N =X RTE GO~ Nxeoodqaoa 2

o = SO~ A A 60~ IS BRI 0

o o NN AN AN - ——— 0 0 >~ O Nal

- - RABRLIRA B B B B Jam fham fha % 00 0~ I~ = "

I

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Cl

Cl

£1 (ppm)

545



9€L¥79
L610°L1
L9TO"L A
02€0°L
LEVO'LA
98+0°L 1
€€50°L
6¥90°L
T0LO'LA
1LLO"L A
LESTL

m_w:/
T8SYL
8€9t°L 7]
SILY'L]
YOLYL ]
S08t°L ]
T88Y'L A
LE6YL
L00SL?

0.0

5

3

4.0
(ppm)

r1

669L°CII-—

-20 30 40 -50 —60 -70 -80 90 100 110 -120 130 -140  -150 160  -170  -180 190 -200  -210
(ppm)

10

r1

546



0S¥8'6s —

200L'9L
8LIO'LL
€SECLL
P€S8°€8 !
€888 4

8T108°CII
SETO9ILI
0089911
SSIL9TL

€920'v¢l
(4488 43|

SLYT'COl ~
8TS9 Y91

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
(ppm)

210

r1

S47



00€5°9
6€€TL
69€T'L
6TST'L
69ST'L ]
91LTL]
SYLTL
201€L T
SPIELT
10€€°L
preeL
06¥€"L
€€5€L
PEIY LA
SPIHLA
SOTH L
9€€t’L ]
Srer L
99¢t"L
0608°L
€€ISL
18TS°L
vTes'L?

JiTt
2901
320°1

0’1

(ppm)

r1

9989°6S —

YrIL9L
L1€O'LL /
ToveLL
605198 ~
0TLS'88

961L°0C1
6LLS9T1

pE6Y 671\
¥698°0€1 —
YLIL'EET .
rezsoer’

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10
(ppm)

210

r1

Cl

Cl

(o]

1k

548



666827
98CTE’L
9€ee’L
1SyeL
€0S€EL
96se’L
YLOV'L
LTIV'L
081+'L
Y6Ty'L
SYeEv'L

=00'L

#90°T
90T

(ppm)

r1

9LTL'SS —

L£69°9L
N:o.Ev
88TELL

8098787
vrzoss

19v0°611 —

C106'8C1
Y081°¢El
SSO1'9¢l

/

/

\

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10
(ppm)

210

r1

Cl

Br

(o]

11

549



CTLSS'T—

359¢-2
€IveL
19v€°L
8LSE'L
LT9EL
£89¢°L
0L8Y'L
veor'L
vL6V'L
160S°L
6€1S°L

=00'C
0T

4.0
(ppm)

6.0

r1

8CIL'SS —

£489°9L
8100°LL
€61€°LL
L910°58 7
1129887

8916611 —
190v'vCl —
[44%: 8 \
ceeeeel ~

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
(ppm)

210

r1

Cl

n-Bu

Cl

1m

S50



12060
vmmm.ow
ocv607
€ELETA
906€'1 -]
LL6ET
€80%°1
651t°1 ]
sz ]
Prer
At
0esH1]
LyovT
#1051 ]
65151 ]
€615 1
LIEST

bLES
L6ES
961S”
TLss
bTLS'T
LLS'T
920€°T
SLOET
S0zET
$STET
6LEET
8THET
¥197°9
9979
€1LT9

!
I
I
I

1S9T°L—

It

=00'L

-0. ¢

(ppm)

r1

grser”
€SYS81
6868177
L¥L8 6T~

8910°9¢ —

cIce9L
SE0L'9L
81CO'LL
€6EC°LL

YTy'co —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
(ppm)

210

r1

Cl

Cl

1n

Ph

S51



98€8'T
9581
ObL8'T
65681
stie1”
86T°T
1£0€°T
6S1€T
802€T
9€€€T
¢8EET
8€0L'T
0€2LT
PIbLT

$997°91
Y1LT9
€9L7°91
69L1°L
0081°L 1
8LST°L T
LE6T LA
LL6T'L Y
ov1TLY
TLITLA
Y0TTL
09%T'L A
T89TL
TELT' LY
oLLT LY
L06T°L]
096TL |
SS0€L
S60€°L
6rieL’

1€
e

-0

0.0

4.0
(ppm)

5

r1

620T'81 —

€18€'6T —
oryove —

CI86'SS —

I81L9L
€TT6'9L
€SE0'LL
9TSELL

L668°16 —

1860°9C1 \
S6S¥'8CI
LTES T

YTeo' vl —

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
(ppm)

210

r1

Cl

Cl

1o

Me

S52



¥8L8°0 7
196870
6216701
15521 1
8L9TT 1
6LLTT
69871 1
LS6TT
PPOE'T
9TTE T
2621
StPeT
vTSE1
969€'T
0LLET]
$88€°T
80t 1
LLOY'T
sstr1]
6015°1 |
06¢S'1 ]
LS
€855
§996°1
0v8S'I
€62
0862°C
011€T
651€T
887€'T
LEEET

S

11979
09979
01LT9

SI9TL—

Hee
(434

€T
H/o*\N

It

-0

(ppm)

r1

PI66'€1
675881
L99V'TT
T8SLLTA
TLYY8T
Liozie’

€150°96 —

98€E9L
7689°9L
9900°LL
EVTELL

90576 —

o

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
(ppm)

210

r1

Cl

Cl

1p

S53



LYOC 1
0FOE'T |
01T
952€1 1
6€HET
679¢'T 1
8sEtT 1
bt T 1
16SY'1
LLOV'T
SSLY'T
LO6Y'T
96611
PIIS'T
1€28°T
0v99°1
97L9'1
¥089°1
65891 1
1569°1 1
110L1]
10121
88111
rezet]
SYEL'T
OVSL'T
19081
LETS'T
01281
0628'T
6L8Y'T
816+'C
T10S°T
1505°C
v01S'T
PrIST
9615C
LETST
0£€S°T
€187°9
85879

I S P B |

919T°L —

ToP'€

€T
T

-0

0.0

(ppm)

r1

9v09' VT
889°ST —
91€0°6T 7,
ezered

LTET'9S —

96CS 9L
0S899L
§T00°LL
L6TELL

§200'96 —

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30
(ppm)

210

r1

Cl

t-Bu

Cl

1q

S54



—7.2607
—6.2638

—1.2519

L ‘ A
<
—
T T T T T T T T T T T T T T
8. ¢ 8 7.0 6.5 6.0 5.0 1.5 4.0 3.0 2.0 1.0 0.5 0.0 -0.5
£1 (ppm)
0 0n v O La) <+ <
<t — N O < — A
v NS X O = N <
© S8~ S =9
=N o~ >~ O N o (=
o) [N v AN
|
| |
T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0

1r

£1 (ppm)

Cl

Cl

S55



LYSL07
9Z6L°0
086L°0 1
8508°0 1
TII80
L918°0
657870
20€8°0
8918°0 4
Y680
8€98°0
€2.8°0]
68L8°0
178870 1
S£68°0 1
6680 ]
5060 |
2160 ]
L9z€1 |
60€€'1 ]
651 |
oepEl |
1LYET
0TS¢’
109€°1
£v9¢€°1
789¢'1
9TLE'
69LE'1
LOSE'T
058¢€°1
se6€l
LL6E'T

0S€T9
€6€£CT9

WoTL—

Foot

-0

0.0

4.0
(ppm)

5

6.0

r1

€000°0-—

66C1°6 —

L18S9¢ —

€859°1L
€8ST'LL N
8SLY'LL
€E6LLL W

L8SL'S6 —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 B 40 30 20 10
(ppm)

210

r1

Cl

(o]

1s

o]

S56



81691 1
680L1 1
€91L°1 1
€LTLTA
1€€L°T 1
SO¥LT 1
SY9L'T 1
1198°1 1
0LL8'T1
9188°1 1
08681 |
65061 /W
8€16°1 %
zig61/
799€°C
01L£C
9€8€°C
$88€°C
110+v'C
650¥'C
1295°€
Nwa.mw
[423%3

LLST'9
9297’9
SL9T9

089T°L —

e
ke

ke

hize

-0.5

0.0

(ppm)

r1

6061817
0LT0°ST—
LT6ETEN

6v6C vy —

9€€8°SS —

VLIL'OL
09€6'9L
LYE0'LL
9TSELL

8ST'16 —

100 90 80 70 60 B 10 30 20 10

(ppm)

200 190 180 170 160 150 140 130 120 110
r1

210

Cl

Cl

MeO

1t

S57



o n oo <+ =
vy D v = ~ o0
™~ S oo ISES!
IS} CRe K] a A
~ N-IN-J) < <
| — <

—3.4059

| '
1
S a “
— o o
T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2. 2.0 0 0.5 0.0 —-0.5
1 (ppm)
A~ A <t n S N O
0> — en o~ o
0o N Ao v N
NN nae
O — I~ I~ O D~
o0 00 >~ > >~ NN
I
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

£1 (ppm)

Cl

t-BuO (o]

1u

S58



—7.2710

— o> o ®
IR o <
A 0 0 S o
SRR Qaq
[ <+ <
—— <

—1.2479

1.004 —-
218« —

T
4.0

8.5 8.0 7.5 [ 6. 6.0 5. 5.0 o 2.5 2.0 .5 .0 0.5 0.
£1 (ppm)

o oen > a0 < < (s

0 Tt O O —~ O 13a)

N o N = Qo N © n

no NS LR o N

RN NN =) ~

© N~~~ N~ non N

h

) \
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 )

BnO

Cl

Cl

1v

£1 (ppm)

S59



rr8TY
L8STY
8509'
moom.o;
$00€°9 1

mwog;
€LSTL

SE0E'L

801€'L

TSIgL

61TEL ]
9€TEL |
79TEL
€8T€L |
POEEL ]
L9EE LA
8LYEL |
80S€'L Y
885E°L Y
069€°L A
€TLE L

89LE°L
998¢°L
LO6E'L
LE6E'L

90T

90T

-0.5

0.0

(ppm)

r1

§980°SS ~
L9S6'96

LOYO'CL \
1689°9L /
S900°LL
1vTeLL
VL8918 “
SYo¥98

LT11°8T1
6281°8C1
08€5°8C1
1898°9¢1 7

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10
(ppm)

210

r1

Cl

T™MS

Cl

1w

S60



©~ [a) g

=) o N

o I I

N N a

~ ) S

|
|
| M L

g d

< <

—- N
T T T T T T T T T
8 8.0 5 0 6. 6.0 5.0 4.0 3.0 2.0 5 0 0.5 0.0 -0

£1 (ppm)
o < © o ¢ o a
a w o o S 2
< 0 O X =3
¥ = Q2 ° S
o NN w P
RN o~~~ Y} T
N/ ~— | |
|
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
£1 (ppm)
1x

S61



sy L

02651 |
16651 ]
9€09'T |
£909'1 1
¥S19°T |
161911
827911
01€9'T 1
£7E9T
88€9'1
09Y9'
0059'T
8€59°T -

€SII'T
sicle
81¢l'C
ILET'T
6EV1'C
6L¥1'C

1199
€999
1ILT9
09LT9
808C'9
6¥6¢£°9

€E9T L —

bovy

Py

901
2001

-0

(ppm)

r1

S6ITIT
¥€66°1C—
9EYL'ST,
~0mm.wm\

YTse9s —

CIIL9L
T6CO'LL \
ELYELL \
L68L'1S8

YE10°C6 —

L806'811 —

o188€l —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 B 10 30 20 10
r1

210

(ppm)

Cl

PhMe,Si

3a

S62



(U480
8615°0

72079
THLIL
1181°L
S981°L
€061°L
SL61°L
010T'L
T80T'L
€81TL
07T L
L8TTL
8YET'L
665TL
8SYT'L
68€€L
60vEL
€EVEL
L8YEL
0TSEL
6vSEL
L19€L
6€9€L
959¢°L
60LEL
69LE°L ]
S6LELT
818€°L
6V8€°L
v68€°L 1
€6€°L 1
PSOPL ]
860°L
17LS'L Y
T9LS LA
T085°L
1585°L A
0L8S°L ‘V.
T€6SL

8L6SL

Tr09'L

B9

Foorr

Beps
bepe
¥80°C

6.0

0

8.

(ppm)

r1

2000°0-
0¥90°0

96LL'8L
€L60°6L V
6vIv'6L

6079°68 —

cEEO'Ell —

00L9°6C1
coriocel
€09t°0¢1
[US XA \
wor9 el
VL66'SET
€EIT'LEL
8800°6€1

8YE1'60T —

30 20 10

40

60

200 190 180 170 160 150 140 130 120 110 100 90 80
(ppm)

210

r1

&
N
)
=
S
o

Me

S63



10IS°0
LSIS0

€290 T —

SE-I9Y
£586'9 1
9200°L |
2910°L ]
1990°L 1
€260°L |
THILY
TOETL
TLETLA
YLYE L
1€5€°L
009€'L ]
PZT9E LA
989€L
LvLE LA
LLLELA

898¢€°L
o:wm&\
6CLSL
CSLSL
YoLS L
968S°L
0T6S°L
9965°L

Fero

F€0'C
L0'C
BgTe
Hlo'cT

0.0 -0

5

(ppm)

r1

S000°0
0€L0°0

oveEr' €C—

9Y9L'8L
TT80'6L /
866£°6L

9T91°68 —

SLITEIT —
690S°LT1
0880°0€1
LYY 0€ET
¥991°0¢1
VIvITIEl
6065 1€1
¥866°S€1
CTLOO'LET
S160°6¢€1
999T°0¥1

6LL6'80T —

100 90 80 70 60 5 10 30 20 10

(ppm)

200 190 180 170 160 150 140 130 120 110
r1

210

Me

S64



805°0
1€1S°0

998T'C—

£58077
86S0°L
ceel’L
coviL
SSET'L
oomm&/
909¢°L
€SLEL
¥88¢°L
LBLS'L
8€8S°L
616S°L
796S°L

S | N U

L

Bov9

hee

1T
Z1T
bere
01T

-0. &

I

6.0

7

0

(ppm)

r1

0L0°0-
6000°0-

¥680°€C —

0€S9°8L
S0L6'8L /
088T°6L

Y9168 —

ILYITII —

€L86°6C1
YL9T0€EL
61ST 1€l
STOV' 1€l
cLegeel x
9698°G¢El
1§C0'6¢1 \
8005°6¢1

LLL9'80CT —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
(ppm)

210

r1

Cl

PhMe,Si

3d

n-Bu

S65



LOIS0
TS1S°0
SLLSO
85680
w160
6L8T'1
190€'1
€5TE1
8EVE'l
920S°1
61TS'1
€PES'T
1141
LSYS'T
T8SS'1
v09S°1
L8LS'T
ccestf
81S'T
6095°T
01619
£8€0°L
¥6S0°L
90vI°L
pSYIL
TOSI'L
vI91°L
0991°L
10ST'L
1LYEL
6TSEL
009€°L
129€°L |
8€9€7L ]
989€°L 1
oﬁms;
SLLEL
L6LE LT
0L8EL |
788€L
TI6EL Y
LILSLA
L8LS LA

678G LN
178S°L
SL8S'L
768S°L
ST6S'L
856S°L
¥009°L

-

=19
Fly'e

Fosc
Fe6'C

e

Foot

91T
90z
ogg
60'C

-0

0.0

0.

0

4.0
(ppm)

©

r1

20L0°0-
0000°0

(45257 S

°9STYT —

T08E°SE~
99zT’LE

12€9'8L
L6Y6'8L A
TL9T6L

L16€°68 —

180L°CII —

7596°6C1
IrsTocel
€685°0¢€1 —~
ceeriel
000 7€l
1998°S¢1
[L90°6€1
68CS vl

e

LOIL80CT—

Il

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10
(ppm)

210

r1

t-Bu

S66



LY1S°0
0615°0

€99C°1 —

TT61°9
69L1°L
T861L
ESYT LA
LOST'L
0TLT LA
PIvE L
815€°L
995€'L Y
8€9€L
£99€°L
LILE LA
08LE°L
918¢'L
wmmmi
198S°L

€T6S°L

186S°L

1S09°L

L609°L

J10C
T

v
"0z

-0

0.0

6.0

(ppm)

r1

9001°0-
1000°0

LIETEE~
0Is'9¢ —

L609°8L
SLTO6'8L A
IS¥T6L

9L0Y'68 —

oo Tl —

8556'6C1
€6€0°0€1
6VIvIE1 7,

§569°¢€El “
98¢€8°SEl \
1SL0°6€1

0SL9°CST —

06SY°LT1 /

6978'80C —

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 B 10 30
(ppm)

210

r1

Cl

PhMe,Si

3f

S67



10L5°0
LSLSO

0¥LT9
S6€T'L
0LLE'L
L6LE'L
0¥8E’L
LO6E'L
6¥65°L
L66E°L
LIOV'L
YOI L
SSTIY'L
6LIY"L
102t'L |
€€TrL |
TecrL ﬁ
99¢€tL 1
2909°L 7
SYT9'L T
7879 1
90€9°L
87€9°L
YOb9'L A
Ly L
0T59°L 7]
001L°L
SIEL’L
SI¥LL
SYSLL
0S9L°L

=079

koot

(ppm)

1

$000°0
0€L0°0

oveEr €C—

9Y9L'8L
TT80'6L V
866£°6L

9T9Y°68 —

SLIT'EIT —
690S°LT1
0880°0¢1
LYY 0El
¥991°0€1
vIv11€l
6065 1€1
866°SE1
CLOO'LET
S160°6¢€1
999 0v 1

6LL6'80C—

‘Wl

|

T
130 120 110

110

T T T T
200 190 180 170

210

(ppm)

1

Cl

PhMe,Si

3g

Ph

568



€LYS0
71650

€LYT 97
6LVTL
670€°L |
0STE'LT
SOVE'L
8TSC'L |
LYSELT
9Y6E°L
166€°L1
01"
65TH'L Y
SSTY'L
0L9Y'L A

SL8Y LA
66CS'L
€8YSL
L909°L
0€19’L
IL19°L
9YT9’L
9879°L

H\.vm.m
€S
81T

w/mnm
7T

0.0

5

0.

3.6

4.0
(ppm)

r1

9680°0-
0000°0-

LTY9'8L /
¥096'8L
I8LT6L

8LY9°68 —

yers il —
S€88°8TI
c00T6Cl
Sove6Cl
€150°0¢l ¢
€61L°0€1
EVLLOEL
€68ST 1€l
492 539!
L8LY'SEL
9198'8¢1
88seTY1
LYOY Tyl

1Z¥1°60C —

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
(ppm)

210

r1

Cl

PhMe,Si

3h

S69



L91S°0
91¢S°0

6£7T9
9989
61189
14L8°9
68889
67689
81689
96069
9516'9
96169
8169
50569
L1969
1£86°9
98S1'L
SELIL
€8L1°L
PE61"L ]
$861°L |
LEIT'LA
91ST'L1
€25€L
6SSE'L1
T09€°L
9€9€°L
789¢€'L Y
OvLE LY
616€°L

8S6EL
0S0t"L
LLovL]
€29S°L
LL9S'L
6SLS'L
908S°L
6V8S°L

=9

Kee
2811
205°€
281°C

0.0 -0.5

5

5

0

(ppm)

r1

0CLL'TIT-—

-20 30 10 -50 -60 -70 -80 90 -100 110 -120 130 -140  -150  -160  -170  -180 190 -200  -210
(ppm)

10

r1

S70



81¢CTC
wele

8989°9L
SYP00'LL
0TTE'LL !

0208°L8 —

SPETOI1
99LE b 11
988 ¥ 11
LLLEPIT
SL6TSTI
$9Z0°tT1
6vS0PTI
1s€1°821
€12L°6T1
1Ly8°6T1
S0€6°621
1998 €€
TLEY L
L8OV LET
LesyLel
78557191 \

$900°¥91

cly'LoT —

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 5 40 30
(ppm)

210

r1

1805°0
celso

€919
68689 1
S0T69
TTH6'9 1
SOLT'L ;
OvST'L T
L161°L
€50T°L A
omvmsp
EX.SW
195€°L A
00LE'L—F
0LSEL
S00%'L
T195°L
7995°L
T6LS'L
108S°L

€9

o1z
0T
8T€
01°C

(ppm)

r1

S71



—-114.1585

Lul
T T T T T T T T T T T T T T T T T T T T
[ -10 -20 -30 —40 —50 —60 -70 —80 —90 -100 -110 -120 —-130 -140 —-160 -170 —-180 -190 -200 -210
£1 (ppm)
oo SO VWO~ 0T~ N —
w = N NOSNTOOVOND N ®O N
% © A0 OF —RVHXOWNO AKX a VxS <)
e < = X = Q= = XM Y — ® S x> N
=N N BOMmEmaAaN—~ O NN A ® X g8
S S OO MMM MmN A — = — o RN ® a
QQ /R L AL SR JRA R S S o &~~~ =
\[ |
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 [
£1 (ppm)

S72



Cl

PhMe,Si

0LSH0~,
869107

1L£0°9
L8689
v06'9
6516'9
08169
0226’9
vILOL
vSLO'L
6680°L
0v60°L
SSO1'L
€L01°L
SIIIL
9vTIL
9621'L
TEvl'L
18¥1°L
S9ET'L
v8TEL
6VEEL
P8EEL
SOVE'L
6vEL
TovEL
€0SE'L
SESEL
LLSE'LT
0v9EL
£99€'L |
189€°L 1
TELELT
9LLE LA
618€°L Y
888E°L
Y065

9TCsS'L
YLTS'L
96CS°L
9TES’L
SLES'L
16€SL
€TrS'L
€9PSL

=L1'9

Foo'1

AMO'T
139 ¥4
oIy
#90°C

0.0

6.0

(ppm)

r1

VLY8' T
08€L'C-

COIL9L /
ocmo.hhw
EVSELL

C6IL98 —

Te8L'801 —
€65 9T
Y106°LT1
T8¢E1'8C1
8091°6C1
ori9ecl
L0OT8'6C1
9g6eCel
0086°¢El
LOSL'PEL
909T°9¢1

L6YE€90T —

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 B 10 30
(ppm)

210

r1

S73



Cl
H

PhMe,Si
cl

8¥05°0
01S°0

L81T9
6LTI'L
TEErL
L
86v1°L
€SS1°L
1081°L
8S81°L
zi6l'L
Te0TL
9L0T'L
S6€T'L
OvbEL
€87€°L
€TSEL
955€°L
P09EL 1
£99€°L
oo»:;
PLE LA
16L€°LA
118€°L A
PPSE°L
688€°L
£86€°L

8001°L N
LOSS'L
°9sS’L
119s°L
¥ros'L
LS9S'L
10LS'L
YyLS'L

S0t
2e0c
e
Moe

5

(ppm)

r1

6000°0
9180°0

C106'8L /
L8IT6L N
£€9€S°6L

9T¥0°06 —

€LITTI —

1sseocl
S1S6°0€1
LS8L'IET
LYT6'1E]
0€0L’Sel
€SELSE
1990°9¢1
€60L°8€1

0LE60T —

30 20 10

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
(ppm)

210

r1

S74



Cl
H

PhMe,Si
Br

6205°0
¥805°0

$TIT9
0650°L
¥S90°L
€0L0°L
8180°L
8980°L
T€60°L
6SVT'L
61€€°L
T8E€L
€EVEL
88YEL
LTSEL
8SE'L
66SE'L
659€°L 1
999¢°L 1
SOLEL
SPLE L
L6LE LT
SI8E'L |
1S8€°L
863€'L Y
0T6€°L
£66€L A

6101°L N
6LYS'L
€ESSL
€86S°L
L19S°L
€E9S°L
€L9SL
91LS’L

00'C
$0€°S
#90°C

5

6.0

(ppm)

r1

€580°0-
0000°0

1LT8'8L
Lyy1'6L /
€Cor°6L

L666°68 —

YO1TCIl —
6CC8°€C1
¢s8T 0l
9658 1¢1
8810°CEl
¥8T8eel —
¥886°G€1
1€91°9¢1
0609°8€1

126T°60C —

100 90 80 70 60 50 40 30 20 10

(ppm)

200 190 180 170 160 150 140 130 120 110
r1

210

S75



Cl
=

3m

PhMe,Si

n-Bu

861170
2618701
YLES 0 |
L5580 1
9€TT 1
YIETT |
€171
+0ST'T
065T1 4
L89TT A
96LT T
998C°1 |
6L6T'1
THOET
9sTE T
612¢1
SSLE T
0€6€°1 1
[AtAE
L0gt'1 ]
6900°C 1
9010°C |
zz10z
PS10°C]
o]
66207
€5€0°C

6TH0T

€8%0°C

€€50°C

=

LT06'S
9806'S
SH16'S
10STL
66vE°L |
9PSELT
129¢°L 1
TS9E'L
869€°L 1
€9LEL Y
T08€°L
088€°L )ﬁ
YT6E L
¥805°L
SSIS'L
€0TS'L
TLTs'L
0TES'L

FIre

F00'1

#10'¢
*0'C

0.0 -0

5

(ppm)

r1

€8yee-
89V ¢~

o8l
PIST'TTA
EE%/
LTE90E

1eoLoL
L610'LL /
CLECLL

166998 —

6L68°601 —

6206'LT1
08tt671 —
658€E1 —
6099°9¢1 7

€0L9°€0C —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 B 10 30 20 10
(ppm)

210

r1

S76



Cl
3n

PhMe,Si

Ph

1S1+°0
¥8TH0 1
PLYLT
9€5L°1
665L°T 1
LSOL'T T
018L'T |
1290°C |
6690°C 1
6£L0°T
1080°C 1
$980°C
£401°C
ﬁmmd;
$895°7
2085°T
TLE6'S
SEV6'S
S0S6'S
TT60°L
1860°L
LEOT'L
S601°L
8ISI'L
08S1°L
Te91'L
16L1°L
081T°L
STTTL
6£TT'L
682TL
89€T'L ]
TEPTL
0vST'L
885€°L 1
STLELT
TELE'LA
€9LE°L
€28€°L 1
€98€L
988€°L
6861°L
850§°L
TEISLA
6LIS’L
61TS°L
6£TS°L
LLTS'L
v6TS'L
TTEs'L

-0.5

0.0

4.0
(ppm)

5

6.0

r1

SLLE €
y8YT e

TS8E6T
oczzos”
S801°5€”

LevLoL
LO9O'LL /
€8LELL

9050°L8 —

9€15°601 —

ﬁﬁ.mﬁ
Nmoosﬁ /
PUEST o
TL8Y8TI \
S9bS6T1
v988°€€1
Z8€5°9€1
6991°CH1

YryL €0T —

10

30

10

60

70

90 80

100
£1 (ppm)
S77

110

120

130

200 190 180 170 160 150 140

210




Cl

PhMe,Si

30

Me

9L1¥"07
Y1€8°07
S6¥8°0 |
£998°0 |
9881°1 1
€Y6TT |
67011
LTITT A
TLITTA
9€TT'1
LLET TN
TEVT 1
v0ST'1
99571
6L9T'1
251z
€10Y'1
1021 1
98¢t
8200°C
L800°T 1
L610°C
6£20°C
6201
$8€0C ]
L1501
mvvoi
€LY0'T
$S68°S
¥106°S
vL06'S |
9LTT L
TTreL
6€S€°LT
0LSE'L T
€85€°L |
609€°L 1
8L9€°L
LILE LA
Y8LEL Y
808€°L
1505°L
8L0S'LA
T116°LA
9216°L
€E1SL
0LIS L]

oy
ziTs'L
;

e

W

ﬁ

ovmm.hg
06CS°L

FLT9
HTE
Feso

fayard

Hte

FS0'¢
00T

0.0 -0

5

1.0

(ppm)

r1

0seee-
€8CT¢-

YTLOBT
06657T
018t°8C
vmﬁ.ﬁ/
989667 ~
Lzeoie’

8TTL9L
YOv0'LL
18S€°LL

LOTL'98 —

676601 —

1616'LT1
P19v621 —
8€98°€€1 —
vLL99c1 7

6869°€0C —

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 5 40 30
(ppm)

210

r1

S78



Cl
=
Cy H
3p

PhMe,Si

L8TH0
$TTH0
TSLO'T
€780'T
S80T° T~
6SE1 T
(AIRE
T8ST1°1
68L1'1 1
86071 %
LSTTT

80651 ]
06591 1
TOLY'T
$8L9°1
9L0L°1
@it
9681 1
o1e6r!

—— T

011667
Pr16'S |
SLET'L

T8TEL

90€€°L

8TEECL

Y6EE’L

£EVEL |
€1SELT
0rSEL
€55€°L
9LSE LT
9H9€"L |
889€°L 1
€SLELA
YLLE LA
LOSE LA
816€°L
996€°L ~
STISL
6v16°L]
9615°L
Lozs L
vhTs L]
P1ESL
€9¢5°L -

Egr9

hes
fort
1T

ot

FEO0'E
Hoc

-0.5

(ppm)

r1

SSSLT
LYL9'T-

L9T6'ST
o_vm.om/
6€0¥°9C
81ES°€E
9ELS EE
CTL8S6¢E

P8IL9L
6S€0°LL
9ESELL

1S01°L8 —

€86CSIT —

6658°LT1
969€°621 =
6878°€€1
svorLeT

61€6°¢0T —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
(ppm)

210

r1

S79



SILY O~
96807

€re0’r —

$888'S —

9IYT'L
8YEC’L
csreL
LSSE'L
L09¢E'L
9€€S’L
STS'L
cessL

79

u E6

T

-0

(ppm)

r1

0000°0
0S1T°0

05S08°1€ —
0661°LE—

S8ES'LL
1968°LL
omnﬁwh\

9099°L8 —

6589°0C1 —
9169°8C1
6L¥0°0€1
SLYL¥EL
VIv6'8¢] —

I~

/

L6LL'YOT —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10
(ppm)

210

r1

S80



Cl

PhMe,Si

3r

€650
IPLY0 |
9LY°0
128470
99840
€881°0
0t6t°0
0660
20050
3£05°0 |
01150
€215°0 1
6515701
SS1L0
281201
612L0]
082L°0 ]
2060
€5€L°0
PLELO
TLo
8L0
10SL°0
LYITT
LIl
szl
oszI’
ShEl
oLEL
€orT
68Y1'1
9LT6'S
20€6°S
TSSELT
€85¢°L 1
699€°L 1
969€°L 1
11LEL A
66LE°LA
148€°L |
$06E"L A
8S6E°LA
8YSS'L
€LSSTL
6195°L
T€95°L
$995°L
9€LS'L
98L5°L

Emv.oy

9
1z

Il

T0'¢
F80'C

-0.5

0.0

(ppm)

r1

[0
2020°¢-
SE0E6
LTSS6
088C°01 /

0€IL9L
90€0°LL
WYELL

SSL6'L8 —

0€L6'VIT —

6V06'LT1
118621 —
ELV6EET —
ovL99c1 7

8S€T 10T —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 B 40 30 24 10
(ppm)

210

r1

S81



Cl

PhMe,Si

Cl

3s

¥8TY01
095S'1
1SLS°T 1
€€65°1 1
07191
LT89'1
L6691 ]
181L°1 9
S9ELT A
8ESLT
LTLL't ,W
€8€0°C

:%QNV
9950

7790'T

vrLO'T

£€080°C

00y
cwvv.mw
€9’

£€E6'S
°6¢£6°S

§eho1
9€sE’L
96S€°L
°99¢°L
989¢°L
918¢°L
9€8¢°L
8€6E°L
120S°L
080S°L
SEISL
01cS'L
LSTS'L

=109

20z
10
71T

1001

FEl'E
0T

-0

(ppm)

r1

IPer'e
1s0¢¢-

£9€9°6T~
7980°6C ~
S008' 1€

ELYL VY —

TeTL9L
0I¥0°LL
S8SELL

61CI'L8 —

Y267 601 —

0966'LT1
065671 —
LSTR'EET —
€29¢9¢1 7

€0€L°€0T —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20
(ppm)

210

r1

582



Cl

PhMe,Si

MeO

3t

019%v°0 —

6CSTE—
¥796'¢
9696'¢
6966'¢
0200
6900t
STI0Y
¥6€0'v
(4404

IL6'S
0086°S
£€586'S
9€ST'L
1Sse’L
66SE°L
LL9E'L
6SLE'L
TT8eL
SS8EL
€V6EL
Yees'L
16€S°L
yS'L
€ISS'L
09sS°L

€79

=l'e

Hrie

=00'1

e
0T

-0

0.0

6.0

(ppm)

r1

were-
19L0°¢-

0001'8S —

@_m_.;/
Y00L'9L
0810°LL
Ommm.th

CL86'98 —

€V8ELOI —

68T6°LT1
1695°621 —
8658°€E1 —
Lezrost”

8€L6°€0T —

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 B 40 30
(ppm)

210

r1

S83



132944
YE9¥°0

9680°T —

(4204
S810'v

6vT6's
10€6'S
psee's
6LYT'L ]
68€€°L 1
STPEL
LOSEL
PESEL
LYSEL
L9SEL Y
6£9€°L 7
189€°L
criesy
66LE°L7,
bEPSTL
9155,
zsssL
€295°L
2L9sL

=109

=I'e
*90'C

-0.5

0.0

4.0
(ppm)

6.0

r1

1659°C-
YLI9C-

8SEELT—

LOEY'19 —

16S9°€L /
€LOL9L V
0ST0°LL
9TYE'LL
§899°98 —

0197601 —

09SL°LT1~
65PE6T1 —
9L66°€€1 —
stzLos1

090L°€0C —

20 10

30

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
(ppm)

210

r1

S84



979%°0 w .
S080°% rs [43R3

8CTI'Y °6L6'C

LIy ] L
LEety
16217
6551 Up Feso 12
959¢'t
V65t o
setry -
6Tsry
L586'S
6066
0966
8TTTL s
S8ET'L B
0Tl o L19L89
LTl 8880°TL "
veLeL . OvIL9LY
LoLeL e 91E0°LL

tescs 68VELL

8L8T'L .
o L
TI6T'L Lo Yr00°L8

910€L
850€°L
8IeL = Terz
TeeeL _ fe 061%°L01 —
TLTEL = lozz |-
88cE'L T1e9°LTl
reee’'L B LESS LT
19€E°L - 6656°LT1
S6EE'L 962€°8Z1
sOreLy €756 6T1
11s€L ) 9506°€€1
PrSEL LI619€E1
8LSEL — 8608°LE1
999¢°L 1
L69€°LA
LILEL e
POLE L
66LE°LA B
0L8E'L e
sz

0.0

1.0
£1 (ppm)

SECNN

g
<
—_

T
6.0

888€°L =
9€TS'L - 0% .
98TS'L H/Ea

9€€S°L
08€S°L [«
L6ES'L
Levs'L ° 06£€ 70T —
TLYS'L

10

20

30

40

B

60

70

90 80

100
(ppm)

S85

200 190 180 170 160 150 140 130 120 110

210




PhMe,Si

Me3Si

00¥0°0 —

119v0
€2o7°0

$099°S |
¥09T'L 1
66vEL
TESELT
L19€°L
SHOE'L
8S9€°L |
£839€°L
TSLELA
TOLE'LA
8S8E°L
188€°L 7
€16€°L

€CIS'L
o6vISL
S0TS'L
s’
cles’L
°9ES’L

F8E'E
1T

0.0

(ppm)

r1

Leov'1-
LETY'1-
8000°0- /

°10°LL
hmmmﬁh\
€IS9'LL \

09118

ve6r e0l —

89€T'8TT .
6T1L°6T1
€881°vE1
gssLLer”

1260°60C —

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30
(ppm)

210

r1

586



v9SH0 —
ST8Y'1
06871
0861 |
TH0S'1
90151
68151 \W
97Ts'1
L0€s'T ]
19551
€209°1
6L19°T
TEE9'T
09%9'1 1
L1991
10661 ]
S66°1 |
8661 1
87007 ]
08007 ]
vE10'T
8610°C
8Y01°C
2601°C
€021°T
orTIT
el

8569°C
SsoL's
PrIL'S
78209
10STL
08€¢’L
6LYEL
0cseL
86S€°L
679¢’L
9ILEL
0SLE'L
0ves'L
E€PES'L
STYS'L
8LYS'L

/

oy
Nee
#0TT

TcT

FeTe
BI1T

-0

(ppm)

r1

0¥90°0-
L0000

1S9¥°€C

S8YTYT V
0689°LT 7,
€265°6C /

L1ET8L
16¥S°8L
wccm.mn\

CTL96'88 —

86CS VI —

ST6E6T1
86SL°0E1 %
S9LTTEN —
TLLL'EST w
01zesel \
YOPT6E1

179€°L0T —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
(ppm)

210

r1

587



86¥L°0
YESLO
SILL'O
616L°0 W
€018°0
8156°0
0IL6°0
6066°0

20219
S0€T'LY
YIET'L |
L6ET'LT
1LYTL
€1sTL |
65ST'L A
9€97°L
889°L1
£P8TLA
688T°L
9267 L Y
8L6T'L A
150€°L
901¢L 7
981¢°L ]
v8TeL
ozes'L ]
€LvEL %
LovEL

|

For9

i

£

s6

€1
'y

0.0

(ppm)

£1

YoLL € —
L8CTL—

TT69'9L
¢mooshw
99TELL

8L¥S98 —

6vyL 601 —

YTOELTI N
v8z6LTl T
2019°8T1

1€01°9¢1 7

0€LS90C —

-10

20 10

30

190 180 170 160 150 140 130 120 110 100 90 80 70 60

200

(ppm)

£1

588



169L°0 —

6L50°9
SYSI'L
S961°L
€861°L
8€0T'L
660T'L
SYITL
oveTL
6LTTL
89€T'L
0€5T'L
TEVEL
ILYEL
80S€'L
ysseL
9p9€°L
9L9€°L
€T8€°L
vrREL
9€6€°L | ﬁ
9L6€°L

900%°L |
£Y0VL |
£301°L |
E1tL
6111L Y
95 1L
YLV LA
£EEY L
6855°L
629S°L 7
¥895°L
veLsL
15L5°2 9
8LSsL ]
8T8S°L
0885°L
9165°L7

3.0

5

(ppm)

£1

SYSL'T-—

TT69'9L
¢mooshw
99TELL

LSTT'88 —

$989°601 —
6599°LT1
8008°LTI
8SL6°LTI
0v66°LT1
LEES'BTI
L9Y9°8T1
6L8L°6C1
686L°6C1
Y99 vEl
SLLOPEL
SLTO'SEL
0¥90°s€l

€685°80C —

-10

20 10

30

190 180 170 160 150 140 130 120 110 100 90 80 70

200

(ppm)

£1

589



SiMe,Ph

PhMe,S

€10t°0
8YTH 0
8STY'0
80v°0
61822
7980°S
L000°L
9020°L
8120°L
$980°L
TLorL
9sTEL
1LTEL
88TE'L
POEE'L
0SEE'L
PLEE'L
66E€°L
LIVEL
6YPEL
96¥E'L
€15€L
LYSE'L
Y6SEL
979¢'L
6£9€°L
859€'L
¥89€°L
Y69€°L
TELEL
128€°L
9T8E'L
058 1
9LESL
16€S°L ]
SOVSL1
1EVS'L ]
1S¥S°L
T8YSLA
80SSL
LTSS'LA
SESS'LY
695S'L
T195°LA
1795°L ]

759571
L995°L
10L5°L
oﬁmi
SPLS'L

e
€9
v'e

=33

Foor

87T
ezt
5599
Sh

@ 8200°0-
' Clioo

165T°0
2 909¢°0

s T —

Ivv0°8L
TryS 8L
kS 6198°8L
L6L1'6L

869016 —

$9zE6T1
E 9€99°671

SP88'0€1
- 6096'0€1
“ PEEOIET
STy sel
€r19°SEl
6LLS'SET
6201°LE1
pe LLIT OV

¥86€ 0V 1

“ €999°¢1C—

|

10

100 90 80 70 60 50 10 30

(ppm)

200 190 180 170 160 150 140 130 120 110
r1

210

S90



%

PhMe,S

L

Cy

oom_.o
omcv.o/
€614°0
0101°1
1Z€01
09b1°1
IR
8811/
99LS 1~
75591 ¢
vzLo'1
8€0L'1
9€zL'1
T6v8°1

145459
[ 489

9TST'L 7
EVEEL
8LECL
19%€°L 1
88YEL
€0SE°L Y
YTSELA
S6SELA
SE9E° L
669€°L ]
TULEL
YreSL
69€5°L ]
LvsL]
€9VSTL
YESSTL
£855°L”

=80'6
€9

Tzs's
2011
Izsy
K

F00'1

=<r'e
F0T'C

-0.5

0.0

(ppm)

r1

LI6L'C
S8SY'C-

oﬁoo.o\

8118°SC
wNom.@N/

yTee9T

209°¢e
9LT9'¢€E
€166'8¢ \

6L6V 1L \

08SS'9L
8SL89L =
omi.hb\

9010°v6 — T
I78€°66 ~ —
SL6TE0] — —

9TTY'LTI ~.

S190°6T1 7

8PILEET
80v9°LET 7

9¢IsCIT— _

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
(ppm)

210

r1

S91



CO,Me

PhMe,S

9000
At}
12L0'T
STOT'T
SIEI'T
TSIl
SLLT'T
1S81°1
seiz1”
T8EST N
99551 -]
Y9LS" 1
05851
SL65°T ]
81€9°1
6v19°1
S1L9'1
1eeL
1ssL1
698L°T
PP08°1
$8T6'1
8056°
SsL6

9768°¢ —

8€86'S
LTYTL
9297'L |
PEST'L |
0EvEL |
6EvEL
ISPEL
00S€°L |
voSEL |
109€°L
€LesL |
1PpsL
L8YS'LA
oom:w
9095°L
WTEL
vsve'L

Friro

Fore

Foot

%

0
%

(ppm)

€200~
2000°0

£09€'8T ~
seesT
8915°9€ ~,
188897
SEc0TH—

99PEYS —

0LET 6L
m*mvdww
SILL'6L

€L6E°E6 —

0SSL'80T —

60T8°LTI

LO9L 6T1 %
LYETOET —
6vL9 €T
658¢€°CEl
08L1°9¢€1
SLLT'OVI
€5s6'evl

S

0¥9r" 691 —

198¢°60C —

60

T
70

110

2

160 150 140

T
170

210

(ppm)

£1

S92



«.—

%

PhMe,S

L

Cy

$99€°0
€vLO'1
L9011
8€TI'1
61411
SILT'TY
TI8S I
68€9°1 —+
woofx
0£89'1
Ti6L'l
SPIS'1
9pE8'1

=119

Fees
%o._

24
Ry

01
o1

0'¢
0T

-0. ¢

0.0

(ppm)

r1

S1S0°0
1000°0

996¢'8¢C
ﬁmvo.wm/
6L56'8C
TLTE9E
1505°9¢
S6CE Y \

[LLO'6L
8Y6€°6L
€CIL6L

68YL'€6 —

88LT'SO1 —

8LI8PII—

1880°0€1
clIvIel V
91L1'9¢€1
895¥°9¢€1 7
8¥SL OV

wiv'iic—

190

10

100 90 80 70 60 50 40 30

(ppm)

170 160 150 140 130 120 110
r1

180

200

210

S93



SPPE0
865670 1
$8L6°0 1
696601
$850°T 1
6¥90°T 1
£880°1 1
0LITTA
911l )W
TTARE:
0TLI'T
$S9ST
00LS'1 7]
8s 1
08€9°1
€099°1
897L1 1
S6¥LT
8SLLT
vTE6'T ]
80561 |
+996°1
06961 |
v86'T |
0£00Z

—

N

69¢6'
01¥6'v
1cs6'y
0956’y
cLo6'y
€IL6'Y

86VT'L 1
661€°L1
08T€'L 1
€0EE'L
LIEE L
18€€L
EPPELA
205€°L
9605°L ]
v0TSL ]
€vTSL
9675°L
78€S°LA
144S L
LOSS'L?

y9

e

Fees

cl'l
1€y
49!

H/mo.m

e
F60'C

-0. ¢

0.0

(ppm)

r1

8¥10°0-
11000

010191~
966L°€T
86CY'8C
§596'8C
1986'8¢C
1€ST9¢
€96¥°9¢
ﬁmvw.ov\

8SL6'8L
€€6T6L
6019°6L

€Iv0'16 —

0€C0v01 —

$698°6T1 ~
6901617
T8€1°9¢1 7
85OV 111~

1909°80C —

10

30

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
(ppm)

210

r1

594



Et F

v
=]
]
A
o
<
—

6v8L'T
S108°C ]
€818°C
[t YA
S0p8°T
€Ls8?

068’y
NOO@.%W
£926'Y

679T°L —

F

HO

11

Cy

LITTCOT1-
9T01°291-
0660°C91-
LTB0OTIT-
9650°C91-
LY¥0'TOT-
9S€0°C91-
9920°C91-
LSTOTOT-
9886°191-
L896°191~

TE66'VST- w
1LE6 VST W,
0188 ¥S1-
LOOY TV I
€8Sy TYI-

olvyevi-
LLEY'TYI-
[oveyi-
986€°CYI-
LOBETYI-
ISLETYI-

T
-110  -120  -130 -140 -150 -160 -170  -180  -190  -200  -210
(ppm)

-100

£1

S95



0889117
L1984T 1
TI0'ST |
9078'ST
£080°6T |
TEPR'TE
9809' 117
£090°69 1
$889°9L
8500°LL |
0€TE'LL
985506

SIST°SII

WITSI

18€€°ST1

£95€°S11
6EvH ST

129t°S 11

9L8F'ST1

[AISSTE

9LLO9ET

8560'9¢1 L

L8TI9E1

TS0T'9€E1

8617°9¢€1

92T 91

28LT9¢€1

000€'9¢1 |
€8T€9€T
6€8€9¢1
65¥H9¢1
€SLSSET
1L65°8€1
60%9°8€1
7669'8€1

SLIL'SET

S89L°8€1

£108°8€1

€TIS'SEN
$TS'8EL 7|
£€98°8€1

$T68°8¢€1 1

9176851

seresel |

TI6L 171

1926° 141

TE9S €T

£€09°€t1

sepoerl |

9€89°€t1 1

vo1Lerl |

109L°€71 ]
2008°€H1
16L0°9%1

611971

LSST'Op1

SYS1°9p1

98TT9v1

YTLT VT

—

LA

110

£1

140 130

T
51

(ppm)

596



%

L]
Cyl_ H

PhMe,S

(E, S)-14

=
=N
)

3 n
<

<
<
e
——

€9L6'S —

LISTL
L16TL
0SI€EL
16€€’L
SLSELT
TS’
LBES'L
0008°L
6618°L
7698°L
£688°L

96568 —

Fes
I
T

Aoz

H/mo.—

Fere

Hot

0
@

(ppm)

£1

LTEOO-
2000°0

Y1014~
£67€°8T~,
8196877
0985°9€ ~,
90569 7
Yop1Ty—

rr81°6L
Nﬁﬁ:@hW
sTT86L

6979°¢6 —

0¥60°601 —

60CS'8TI
8Y1€0€l
8L8€°0€1
08C8'I€l
L181°CEL W
YL8TCEL
r8sEveEl \
€€91°9¢1
€0L0°8€1
88L8°6€1
SSSL9YI
05069¥1

0600°CLT —

1109°60C —

-10

10

T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90

210

(ppm)

597



4.3760

PhMe,Si_ Cl
‘F=:'
Ph
(S)-3a
o TSSO
. . o i
w©
@ g
©
P ]
Signal 6: DAD1 F, Sig=273,4 Ref=368,160 Signal 6: DADL F, Sig=273,2 Ref=360,100
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %
R B [----]------- ---mmmme- [---mmmeee [-------- [ B [-=-=]------- [--mmmmmme- [--mmmmmme [--mmmm-- |
1 10.732 BB ©.4399 3591.46381 125.56317 49.7873 1 10.393 BB 0.3862 3578.50073 143.85506 5.5179
2 15.969 BB 1.0798 3622.09546  51.54496 50.2127 2 14.275 BB ©.9323 6.12742¢4 1000.72412 94.4821
Totals : 7213.49927 177.04812 Totals : 6.48527e4 1144.57918
PhMe,Si, Cl
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Signal 2: DAD1 B, Sig=218,4 Ref=360,100 Signal 2: DAD1 B, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %
T T ommmeeeee [cmmeeeee I REERI R R R | -ommeneees |-eeeeeee \
1 13.504 VB 9.2639 1.3273%4 766.93518 50.4324 1 13.328 MM 0.3258 5.41048e4 2767.78076 95.6240
2 22.641 BBA 0.4808 1.30463e4  410.49673 49.5676 2 22.361 MM ©.4820 2476.00220  85.62308
Totals : 2.63202e4 1177.43192 Totals 5.65808e4 2853.40384
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Signal 6: DADL F, Sig=273,4 Ref=360,160 Signal 6: DADL F, 5ig=273,2 Ref=360,100
pPeak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [nin] [min]  [mAU*s]  [mAU] % #  [min] (min]  [mAU*s] [mAU] %
e omee T oommmmnnne oommmmnnes T | oooeleeeeee- R |-mommeeee- R |-oeemeee !
1 10.124 BB 0.3544 4979.98789 216.41650 50.4753 1 10.154 BB 0.4824 1061.86340 33.08468 5.0306
2 15.780 BB 1.2084 4885.31738 57.31890 49.5247 2 16.8653 BB 1.0671 2.00462e4 240.33324 94.9694
Totals : 9864.40527 273.73540 Totals : 2.1108led  273.41792
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Signal 2: DAD1 B, Sig=210,4 Ref=360,100 Signal 2: DAD1 B, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %
ceeefesees R N S R | oomefeeeee O |-mmmeeeee e R \
1 11.356 VB 0.2189 3086.63818 215.75822 49.5722 1 12.875 BV 0.2349 8745.37695 563.86841 94.0550
2 14.270 MF ©9.3151 3139.91113 166.08830 50.4278 2 15.254 BB 0.3042 552.77844 28.01121 5.9450
Totals : 6226.54932 381.84653 Totals : 9298.15540 591.87962
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Signal 2: DAD1 B, Sig=210,4 Ref=368,100 Signal 2: DAD1 B, Sig=210,4 Ref=360,1€0
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %
Rl EEEEEEE [====]=mmmmn [==mmmmmens [=ommmmmee- [----mm-- I [ R [ == [=-mmmmmme- [-------- \
1 5.606 VB 0.1941 3813.20783 296.42584 51.4836 1 5.614 BV  ©.1903 4482.46338 362.29968 5.9778
2 6.994 VB 0.5650 3593.44165 99.11376 48.5164 2 6.896 VB 8.5493 7.05032e4 1990.26440 94.0222
Totals : 7406.64868 395.53960 Totals : 7.49856e4 2352.56409
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Signal 6: DAD1 F, Sig=273,4 Ref=360,100

Signal 6: DAD1 F, Sig=273,4 Ref=360,100

Peak RetTime Type Width Area Height Area

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mau] % #  [min] [min]  [mAU*s] [mAU] %
ERRRl EEEEEES [----]------- [----mme-- bl EAE b R LS [====[==mmn-- [----mmmm-- R [-------- |
1 13.566 BB ©.8334 7751.22900@ 142.77934 49.2130 1 13.991 MM 9.7562 216.80930 4.77854  5.2487
2 24.948 FM 6.8567 7999.15332  19.44358 50.7870 2 23.669 MF 4.2004 3913.93481  15.53017 94.7513
Totals : 1.57504e4  162.22292 Totals : 4130.74411  20.30871
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Signal 2: DAD1 B, Sig=210,4 Ref=360,100

Signal 2: DAD1 B, Sig=21@,4 Ref=36@,100

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] % # [min] [min] [mAU*s] [mAU] %
e e B [-----mmm-- [---------- J----m--- I [----]------- [ |- [-------- \

1 13.662 VB  0.2653 2.86453e4 1628.08557 56.0092 1 13.703 BB 0.2648 1.38577e4  797.02148 92.6725
2 15.549 BB ©.2983 2.86348e4 1450.60510 49.9908 2 15.731 BB ©.2935 1095.70715 57.70712  7.3275
Totals : 5.72801ed  3078.69067 Totals : 1.49534e4  854.72861
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Signal 2: DAD1 B, Sig=210,4 Ref=360,100 Signal 2: DAD1 B, Sig=210,4 Ref=360,160
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %
S P [<mmm[mmmmmee [ [cmmmmmeme- [ | -momlemeeee- [-=--]-=----- [----mmmm-- [-=--mmmm-- [-------- \
1 11.808 BB ©.2043 1.00042e4  756.65826 50.0224 1 11.346 VB 0.2062 2.90800e4 2171.68506 93.3462
2 13.608 BB ©.2406 9995.26074 638.74432 49.9776 2 12.993 VB ©6.2602 2072.83862 120.78619 6.6538
Totals 1.99995e4 139540259 Totals : 3.1152%e4  2292.47125
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Signal 2: DAD1 B, Sig=21@,4 Ref=360,1600 Signal 2: DAD1 B, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s ] [mAU] %
e e el L |<seeenea |--eomes [ N [ [— |
1 12.548 BB 0.2258 7142.16895 484.89758 50.0441 1 12.484 BV 0.2433 7428.21875 457.80365 92.9746
2 14.306 BB 0.2641 7129.57031 411.59836 49.9559 2 14.311 vB 0.2794 561.29901 30.97358  7.0254
Totals : 1.42717e4 896.49594 Totals : 7989.51776 488.77723
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Signal 6: DAD1 F, Sig=273,4 Ref=360,100 Signal 6: DAD1 F, 5ig=273,4 Ref=360,100
Peak RetTime Type wWidth Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [jauts] (mAU] %
e |--oe]-mennev |--oneeee- |--mnenmee- |----ee-- [ e l-omoemoee- l-omommes -emommee !
1 6.987 BB 0.2199 2717.19019 191.09383 50.1123 1 6.902 BB 0.2209 5075.59766 354.83728  8.1639
2 9.784 BV 0.6854 2705.01668 60.52993 49,8877 2 9.483 BV 0.6992 5.70957e4 1226.25073 91.8361
Totals : 5422.20679 251.62375 Totals : 6.21713e4 1581.08801
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Signal 1: DAD1 A, Sig=210,2 Ref=360,100
Signal 1: DAD1 A, Sig=21@,2 Ref=360,100
Peak RetTime Type MWidth Area Height Area

# [min] [min] [mAU*s ] [mAU] % Peak RetTime Type Width Area Height Area

R EEEEEE [====]-mmm- [-==-mmmee- [-=mmmmee- [-------- | #  [min] [min]  [mAU*s] [mAU] %
1 21.216 BV  0.5166 3.73452e4 1138.87988 49.6501 R [r— [ Per—— T [T [mmcennnn
2 23.066 VBA  ©0.6844 3.78716e4  839.37390 50.3499 1 21.812 W  ©.5188 8.82884e4 2557.44604 92.2333
2 22.990 VB ©.7542 7434.56201 145.96889  7.7667

Totals : 7.52168e4 1978.25378
Totals : 9.57230e4 2703.41493
PhMe,Si, cl
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signal 2: DAD1 B, Sig=210,4 Ref-360,100 Signal 2: DAD1 B, Sig-210,4 Ref-368,100

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %
L R |=-ooooeoee |=-meooooee |- R LR P | -eeenmnnee |=enmnmnee |-mmmneee \
1 40.793 BB 6.9402 1.83974e5 1638.86658 49.5261 L 44.139 BY  ©.7887 2.64267e4  511.59106 97186
2 44.280 BB 1.2463 1.85964e5 1192.88843 50.4739 ) 46451 W 1.4307 2.45493e5 2219.03320 96,2814
Totals : 2.09938e5 2831.75500 Totals : 5 7191965 2730.62427
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Signal 2: DAD1 B, Sig=21@,4 Ref=360,100

Signal 2: DAD1 B, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %
ERRR EEEEEE [--=-]------- [---mmmme- [---mmmmee- [---mmmm- R e e R [-=mmmmme [---m-mmme- [-------- I
1 6.620 BV 0.1261 1.47516e4 1828.96484 49.7436 1  6.543 W 9.1348 2813.73413 319.26279 10.3824
2 6.982 VB 0.1180 1.49036e4 1974.97961 50.2564 2  6.850 W 9.1537 2.42873e4 2449.73193 89.6176
Totals : 2.96552e4 3803.94446 Totals : 2.7101ee4 2768.99472
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Signal 2: DAD1 B, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R R R R |---mme-- \
1 6.185 BB 9.1720 1.01137e4  922.02484 50.0180
2 12.145 BB 0.6997 1.01064e4  226.02942 49.9820
Totals : 2.02201e4 1148.05426

Signal 2: DAD1 B, Sig=21@,4 Ref=36@,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R R R R |--eeee \
1 6.171 VB 9.1710 858.67053 77.63022 8.4166
2 12.040 BB 0.6853 9343.46484 213.21170 91.5834
Totals : 1.02021e4 290.84192
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PhMe,Si,_ Cl
/—o
MeO—/_ H
(S)-3t
U U’ o
®
-
- ] P
= S0
m .
= -
P » f
- 100-
o .
7 z 3 ) I A - 7 B 3 % I T 5
Signal 2: DAD1 B, Sig=210,4 Ref=360,100 Signal 2: DAD1 B, Sig=218,4 Ref-360,108
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %
B e [---=]------- [ [--mmmmme- | CEEEEE [ R R [==mmmmmees [==mmmmmee- [-=mmmnn- \
1 7.286 BB 0.1981 4682.50098 368.83368 50.0304 1 7.299 BV 0.1972 2395.32202 189.80386 15.2877
2 8.681 BB  0.2708 4676.80371 268.99612 49.9696 2 8.682 BV 0.2709 1.32730e4  763.28540 84.7123
Totals : 9359.30469 637.82980 Totals : 1.56683e4  953.08926
PhMeZSI% SiMe,Ph
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o 5

5 D
Signal 3: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R R R |---mmmeee O |--ommee \
1 36.644 MF 1.3214 7.04392e4 888.44092 51.9406
2 53.631 BB 3.4392 6.51756e4 271.83408 48.0594
Totals 1.35615e5 1160.27499

Signal 3: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e R e |-meommeeee R |-emeee \
1 33.705 VB 0.4654 5.764082e4 1675.46606 96.2515
2 47.059 BB 1.0501 2244.77319 33.23087 3.7485
Totals : 5.98850e4 1708.69693
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PhMe,Si, 74
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Signal 5: DAD1 E, Sig=260,4 Ref=360,160 signal 5: DAD1 E, Sig=260,4 Ref=360,100
Peak Ret'!'lme Type wllljth Ar‘fa Height Araea Peak RetTime Type Width Area Height Area
# | [min] - [min] | [mAuU*s] | [mau] | * L [min] [min]  [mAU*s] [mAU] %

P R P |+eeenmnnee |+=ammmmeee |--eeees |
1 47.49%0 BV 0.6046 2.2108le4  559.93231 50.0481 1 48.339 BB 9.6058 1.43922e4  365.14581 90.1630
2 49.126 VB

0.5930 2.20656e4  535.21979 49.9519 2 50.079 BB ©.6060 1570.22803  39.82764 9.837@

Totals : 4.41737e4  1095.15210 Totals : 1.59625e4  404.97345
CO,Me
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Signal 5: DAD1 E, Sig=260,4 Ref=360,100 Signal 4: DAD1 E, Sig=260,4 Ref-360,100

peak RetTime Type wic.lth Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] (mAU] % #  [min] [min]  [mAU*s] [mAU] %

R EEEEETE [----]------- [---mmm-- [--mmmmee- [----mm-- | (R P [ [ [P
1 7.165 BV 0.1317 4733.23047 553.94714 49.6984 1 7.167 VB ©.1285 1216.48961 147.12424 89.9513
2 7.565 VB ©.1448 4790.68701 504.41898 50.3616 5 7 514 gE 1489 135 89771 14 04717 10, 048~

Totals : 9523.91748 1058.36612 Totals : 1352.38672 161.17141
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PhMe,Si, =
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Signal 5: DADL E, Sig=260,4 Ref=360,100 Signal 5: DADL E, Sig=260,4 Ref=366,100
Peak RetTime Type Width Area Height Area  Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %
i b Wi e . e R P o R [ [ |
1 16.041 W .2350 1761.91345 111.58607 49.se3 1 16-127 BV  0.2371 3977.e1440 261.97821 90.0135

2 16.717 VB ©.3161 1715.37744  84.05329 50.1970 2 16.820 W  ©0.3168 441.2287¢  21.55248  9.9865

Totals : 3417.29089 195.63937 Totals : 4418.24310 283.53069
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Signal 5: DAD1 E, Sig=220,4 Ref=360,100 Signal 5: DAD1 E, Sig=220,4 Ref=360,1600
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %
R - [ [— [ S I B R R |--ommee R |---mme-- \
1 7.716 VB 0.3851 2564.62891 106.43555 49.4731 1 7.304 BV 0.3547 3.33212e4 1468.88794 85.7893
2 8.947 BB 09.3327 2619.25781 120.93251 50.5269 2 7.915 VvB 0.2730 5519.54688 314.13483 14.2107
Totals : 5183.88672 227.36806 Totals : 3.88407e4 1783.02277
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(E, S)-14

TOIE

- g
o
Signal 2: DAD1 B, Sig=2108,4 Ref=360,100 Signal 2: DAD1 B, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] % #  [min] [min] [mAU*s] [mAU] %

wenefomeee B |-mmmnnees |+esmmnnees | oemnees [ P ) R |--mmmneees |-=mmmeeees |-=nmnee- |
1 44.324 BB 1.1011 1.17833e4 160.76486 49.7724 1 41.069 BV 0.9078 3784.01025 63.44725 5.2536
2 47.825 BB 1.08527 1.18910e4 172.81844 50.2276 2 42.759 VB 1.1437 6.82433e4 856.37207 94.7464

Totals : 2.36743e4  333.58330 Totals : 7.20273e4  919.81932
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12 Crystal Data for (E, S)-14.

PhMe,Si,

o
(E,S)-14

Table Crystal data and structure refinement for 1zI-86.

Identification code 1z1-86
Empirical formula C31H3sNO,SSi
Formula weight 513.75
Temperature/K 290(2)
Crystal system monoclinic
Space group C2
alA 12.12950(10)
b/A 13.86570(10)
c/A 17.2627(2)
ale 90
B/e 104.7730(10)
vIe 90
Volume/A3 2807.34(5)
Z 4
0 cacg/cm? 1.216
u/mm-t 1.643
F(000) 1096.0
Crystal size/mm3 0.230 %0.220 =<0.150
Radiation CuKoa (A =1.54184)
20 range for data collection/° 0.878 to 142.544
Index ranges 14 < h < 14,-16 < k < 16,-18 < |
< 20
Reflections collected 10139
Independent reflections 5264 [Rint = 0.0265, Rsigma = 0.0328]
Data/restraints/parameters 5264/1/328
Goodness-of-fit on F2 1.029
Final R indexes [[>=2c (I)] R: = 0.0350, wR, = 0.0938
Final R indexes [all data] R1=0.0362, wR, = 0.0955
Largest diff. peak/hole / e A2 0.28/-0.15
Flack parameter -0.011(11)
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