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1. General information

Chemicals and analytical grade solvents were purchased from commercial
suppliers and used without further purification unless otherwise stated. General 'H
and *C NMR spectra were recorded on a Bruker 400 MHz NMR spectrometer.
Chemical shifts were reported in ppm and the coupling constants J are given in Hz.
CHCI; (8 = 7.26 ppm) served as an internal standard for *H NMR; while CDCl; (8 =
77.0 ppm) was used as an internal standard for **C NMR. HRMS data were obtained
on a Bruker Apex Il mass instrument (ESI).

Thiols were purchased from commercial suppliers. Silyl glyoxylates were

prepared according to the literature procedures.*

Reference

1. (a) S. N. Greszler and J. S. Johnson, Angew. Chem., Int. Ed., 2009, 48, 3689; (b) T.
Toma, J. Shimokawa and T. Fukuyama, Org. Lett., 2007, 9, 3195; (c) A. G. Myers, B.

Zheng and M. Movassaghi, J. Org. Chem., 1997, 62, 7507.
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2. Filtration-based procedure for 3f
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Figure 1. The appearance of the reaction for 3f.

The mixture of 4-methylbenzenethiol (0.3 mmol) and 4-bromobenzyl 2-oxo-2-
(triethylsilyl)acetate (0.2 mmol) in 1 mL H,O were stirred at room temperature. After
stirring for 3 hours, the mixture was filtrated and washed with water to afford the

desired product 3f.
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4. Mechanistic investigation

(1) Control experiments in homogeneous reaction condition.
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Figure 2. The appearance of the reaction in homogeneous reaction conditions.

The starting material of silyl glyoxylate is yellow oil and the reaction progress
can be monitored approximately by visualization of the change of color (the yellow
oil disappeared). The reaction between la and 2a was conducted under homogenous
conditions and the reaction phenomenon have shown that the reaction rates order is:
DMF/H,O (100:1) > DMF. The ratio of addition product to Brook rearrangement
product (41:1) in DMF/H,0 is also better than the reaction (11:1) in DMF. These
results suggested that the solvent polarity and hydrogen bonding may be important for

rate acceleration.

(2) Control experiments of nucleophilies
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Figure 3. The appearance of the reaction with different nucleophilies
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The starting material of silyl glyoxylate is yellow oil and the reaction progress
can be monitored approximately by visualization of the change of color (the yellow
oil disappeared). The reaction phenomenon have shown that the reaction rates with n-
propylthiol (lipophilicity) as the nucleophilie is obviously faster than the reaction with
3-mercaptopropanol (hydrophilicity) as the nucleophilie.

From two sets of control experiments, we can see that the rate acceleration and
the higher ratio of addition product to Brook rearrangement product were observed
when the reaction was performed in water or in DMF/H,O. However, where the

chemistry occurs at the interface or in an oil phase is currently unclear.

The procedure for 3ad

A mixture of 3-mercaptopropanol (0.2 mmol) and 4-bromobenzyl 2-oxo-2-
(triethylsilyl)acetate (0.1 mmol) in H,O (1 mL) were stirred at room temperature.
After stirring for 20 hours, the mixture was extracted with EtOAc and washed with
water to afford the desired product 3ad. Note: the product 3ad was not stable when
the reaction mixture was purified by silica gel chromatography. However, the desired
product could be purified by extraction and the crude product was identified by ‘H

NMR, ** C NMR and HRMS.
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3ad: HRMS calcd. for [M+Na]* 393.1532, found 393.1527.
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5. General procedure for catalyst-free nucleophilic addition

reactions of silyl glyoxylates with thiols in water

The mixture of thiols 1 (0.2 mmol), silyl glyoxylates 2 (0.1 mmol) in 1 mL H,O
were stirred at room temperature. After stirring for the indicated time, the mixture was

further purified by silica gel chromatography to afford the desired product 3.

0]

S
%LO

TBS OH
Me

3a
3a: 81% yield; yellow solid; *H NMR (400 MHz, CDCls) § 7.40 (s, 5H), 7.19 (d, J =

8.0 Hz, 2H), 7.05 (d, J = 8.0 Hz, 2H), 5.04 (dd, J = 12.0, 20.0 Hz, 2H), 3.59 (s, 1H),
2.33 (s, 3H), 0.94 (s, 9H), 0.33 (s, 3H), 0.20 (s, 3H); *C NMR (100 MHz, CDCly) &
174.7, 139.4, 136.2, 134.8, 129.6, 128.8, 128.6, 128.5, 125.9, 80.8, 67.8, 27.2, 21.3,

18.5, -5.9, -6.2; HRMS (ESI): calcd. for [CxH3003SSi+Na]® 425.1583, found

425.1575.
(@]
Chree™ 0
TES OH
Me
3b

3b: 83% yield; yellow oil; *H NMR (400 MHz, CDCls) § 7.31-7.44 (m, 5H), 7.20 (d,
J =8.0 Hz, 2H), 7.04 (d, J = 8.0 Hz, 2H), 5.08 (s, 2H), 3.57 (s, 1H), 2.32 (s, 3H), 1.02
(t, J = 8.0 Hz, 9H), 0.78-0.84 (m, 6H); *C NMR (100 MHz, CDCls) 5 174.4, 139.3,
136.0, 129.6, 128.9, 128.5, 126.1, 80.3, 67.8, 21.2, 7.4, 2.5; HRMS (ESI): calcd. for

[C22H3003SSi+NH,]" 420.2029, found 420.2020.
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0] F

/@/S%J\O/\ﬁj
TBS OH
Me

3c

3c: 90% vyield; yellow solid; *H NMR (400 MHz, CDCls) & 7.37 (dd, J = 8.0, 12.0 Hz,
1H), 7.15-7.20 (m, 3H), 7.04-7.09 (m, 4H), 5.02 (dd, J = 12.0, 32.0 Hz, 2H), 3.56 (s,
1H), 2.32 (s, 3H), 0.94 (s, 9H), 0.34 (s, 3H), 0.21 (s, 3H); *C NMR (100 MHz,
CDCls) 6 174.6, 162.8 (d, J = 245 Hz), 139.5, 137.2 (d, J = 7 Hz), 129.6, 125.9, 124.2
(d, J = 3 Hz), 11555 (g, J = 12 Hz), 80.8, 66.8, 27.2, 21.2, 18.5, -5.9, -6.6; HRMS
(ESI): calcd. for [CoyH20FO3SSi+Na]* 443.1488, found 443.1480.

o)

S
TBS OH
Me F

3d

3d: 83% vyield; yellow solid; *"H NMR (400 MHz, CDCls) & 7.34-7.38 (m, 2H), 7.18
(d, J = 8.0 Hz, 2H), 7.03-7.10 (m, 4H), 5.01 (dd, J = 16.0, 20.0 Hz, 2H), 3.56 (s, 1H),
2.32 (s, 3H), 0.93 (s, 9H), 0.32 (s, 3H), 0.18 (s, 3H); *C NMR (100 MHz, CDCls) &
174.7, 162.8 (d, J = 246 Hz), 139.5, 136.1, 130.9 (d, J = 8 Hz), 129.6, 125.9, 115.5 (d,
J = 21 Hz), 80.7, 67.0, 27.2, 21.3, 18.5, -5.9, -6.6; HRMS (ESI): calcd. for

[Ca2H29FO3SSi+NH,]" 438.1934, found 438.1917.

3e

3e: 74% vyield; yellow solid; *"H NMR (400 MHz, CDCl3) & 7.30-7.37 (m, 2H), 7.02—
7.12 (m, 2H), 6.97 (d, J = 8.0 Hz, 2H), 6.84 (d, J = 8.0 Hz, 2H), 4.79 (dd, J = 12.0,

32.0 Hz, 2H), 3.35 (s, 1H), 2.13 (s, 3H), 0.75 (s, 9H), 0.13 (s, 3H), 0.00 (s, 3H); °C
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NMR (100 MHz, CDCls) & 174.7, 139.5, 136.1, 133.9, 131.8, 130.5, 129.6, 126.0,
122.7, 80.7, 66.9, 27.2, 21.2, 185, -59, -6.6; HRMS (ESI): calcd. for

[C22H29BrO3SSi+Na]* 503.0688, found 503.0685.

3f

3f: 76% vyield; yellow solid; *H NMR (400 MHz, CDCls) & 7.44-7.50 (m, 2H), 7.20—
7.26 (m, 2H), 7.15 (d, J = 8.0 Hz, 2H), 7.00 (d, J = 8.0 Hz, 2H), 4.99 (dd, J = 12.0,
24.0 Hz, 2H), 3.50 (s, 1H), 2.30 (s, 3H), 1.00 (t, J = 8.0 Hz, 9H), 0.82-0.75 (m, 6H);
13C NMR (100 MHz, CDCly) § 174.4, 139.4, 135.8, 134.0, 131.7, 130.5, 129.6, 126.1,
122.7, 80.2, 66.9, 21.2, 7.4, 2.5; HRMS (ESI): calcd. for [Co2H26BrOsSSi+NH,]*

498.1134, found 498.1129.

O

S
%O
TBS OH
Me OMe

3g
3g: 71% yield; yellow solid; *H NMR (400 MHz, CDCls) & 7.29-7.35 (m, 2H), 7.19

(d, J = 8.0 Hz, 2H), 7.04 (d, J = 8.0 Hz, 2H), 6.87-6.92 (m, 2H), 7.98 (s, 2H), 3.84 (s,
3H), 3.60 (s, 1H), 2.32 (s, 3H), 0.93 (s, 9H), 0.31 (s, 3H), 0.17 (s, 3H); *C NMR (100
MHz, CDCly) § 174.7, 159.8, 139.4, 136.3, 130.6, 129.6, 127.0, 126.0, 113.9, 80.8,
67.6, 55.3, 27.3, 21.3, 18.5, -5.9, -6.6; HRMS (ESI): calcd. for [C3H3,04SSi+H]*

433.1869, found 433.1862.
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O

S
%O
TES OH
Me OMe

3h

3h: 69% vyield; yellow oil; *"H NMR (400 MHz, CDCls) & 7.28-7.35 (m, 2H), 7.19 (d,
J =8.0 Hz, 2H), 7.03 (d, J = 8.0 Hz, 2H), 6.88-6.92 (m, 2H), 5.01 (dd, J = 11.6, 12.8
Hz, 2H), 3.84 (s, 3H), 3.56 (s, 1H), 2.32 (s, 3H), 1.01 (t, J = 8.0 Hz, 9H), 0.76-0.83
(m, 6H); °C NMR (100 MHz, CDCls) § 174.5, 159.9, 139.2, 136.0, 130.7, 129.5,
127.2, 126.2, 113.9, 80.3, 67.6, 55.3, 21.2, 7.4, 2.5; HRMS (ESI): calcd. for

[C23H3204SSi+Na]* 455.1688, found 455.1653.

0]

S
/©/ %J\O/\©\
TES OH
Me NO

3i

2

3i: 76% yield; yellow oil; *H NMR (400 MHz, CDCls) § 7.37-7.42 (m, 5H), 7.20 (d,
J =8.0 Hz, 2H), 7.04 (d, J = 8.0 Hz, 2H), 5.07 (s, 2H), 3.56 (s, 1H), 2.32 (s, 3H), 1.01
(t, J = 8.0 Hz, 9H), 0.77-0.84 (m, 6H); 3C NMR (100 MHz, CDCls) 5 174.5, 139.3,
136.0, 135.0, 129.6, 128.9, 128.5, 126.1, 80.3, 67.8, 21.2, 7.4, 2.5; HRMS(ESI):

calcd. for [C22H29NOsSSi +Na]* 470.1433, found 470.1431.

2 ()
S
J@f*“

TBS OH
Me

3j
3j: 70% yield; yellow solid; *"H NMR (400 MHz, CDCls) 6 7.32 (d, J = 8.0 Hz, 2H),
7.10 (d, J = 8.0 Hz, 2H), 4.61-4.67 (m, 2H), 3.66 (s, 1H), 2.32 (s, 3H), 1.72-1.81 (m,
4H), 1.45-1.56 (m, 3H), 1.29-1.37 (m, 3H), 0.99 (s, 9H), 0.35 (s, 3H), 0.23 (s, 3H);

3C NMR (100 MHz, CDCl3) & 174.4, 139.2, 136.0, 129.5, 126.4, 80.3, 75.3, 31.7,
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315, 27.4, 253, 237, 21.2, 187, -6.0, -6.4;, HRMS (ESI): calcd. for

[C21H3403SSi+NH,4]" 412.2342, found 412.2341.

0]
jornae
MS OH
Me

3k
3k: 41% yield; colorless oil; 'H NMR (400 MHz, CDCl3) & 7.33-7.41 (m, 5H), 7.22—
7.26 (m, 2H), 7.06 (d, J = 8.0 Hz, 2H), 5.10 (dd, J = 12.0, 32.0 Hz, 2H), 3.53 (s, 1H),
2.33 (s, 3H), 0.20 (s, 9H); BC NMR (100 MHz, CDCl3) 6 174.4, 139.4, 136.0, 135.1,
129.6, 128.7, 128.6, 128.5, 126.1, 80.1, 67.8, 21.2, -3.3; HRMS (ESI): calcd. for

[C19H240sSSi+NH,]* 378.1559, found 378.1547.

0]

M
e S%OBn
TES OH

3m
3m: 92% vyield; yellow oil; *"H NMR (400 MHz, CDCl3)  7.34-7.42 (m, 5H), 7.19 (s,
1H), 7.10-7.14 (m, 3H), 5.06 (s, 2H), 3.61 (s, 1H), 2.27 (s, 3H), 1.02 (t, J = 8.0 Hz,
9H), 0.78-0.84 (m, 6H); *C NMR (100 MHz, CDCls) & 174.4, 138.5, 136.6, 134.9,
132.8, 130.0, 128.7, 128.6, 80.4, 67.8, 21.2, 7.4, 2.5; HRMS (ESI): calcd. for

[C22H3003SSi+H]" 425.1583, found 425.1583.

)

O™
TES OH
F

3n

3n: 66% vyield; yellow solid; *H NMR (400 MHz, CDCls) § 7.36-7.42 (m, 5H), 7.21—
7.25 (m, 2H), 6.86-6.91 (m, 2H), 5.09 (dd, J = 12.0, 28.0 Hz, 2H), 3.58 (s, 1H), 1.02

(t, J = 8.0 Hz, 9H), 0.78-0.84 (m, 6H): *C NMR (100 MHz, CDCly) 5 174.4, 163.3
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(d, J = 210 Hz), 138.0 (d, J = 9 Hz), 134.8, 129.0, 128.7, 128.6, 125.0, 115.8 (d, J =
22 Hz), 80.3, 67.9, 7.4, 2.5: HRMS (ESI): calcd. for [Co1H27FOsSSi+Na]* 429.1332,

found 429.1337.

0]

S7%koan
TES OH
c 3o
30: 74% yield; yellow oil; *"H NMR (400 MHz, CDCl3) & 7.35-7.41 (m, 6H), 7.28—

7.31 (m, 1H), 7.12-7.19 (m, 2H), 5.07 (d, J = 4.0 Hz, 2H), 3.67 (s, 1H), 1.01 (t, J =
8.0 Hz, 9H), 0.76-0.84 (m, 6H); **C NMR (100 MHz, CDCl) § 174.3, 135.3, 134.7,
134.2, 133.7, 132.0, 129.7, 129.3, 128.9, 128.7, 128.6, 80.6, 68.1, 7.4, 2.4; HRMS

. cailca. Tor 2127 3991+ . , Toun . .
(ESI): calcd. for [Co1H27ClO5SSi+H]* 423.1217, found 423.1212

0]

Sffo\OBn
TES OH
MeO

3p
3p: 82% yield; yellow oil; *H NMR (400 MHz, CDCls) & 7.31-7.39 (m, 5H), 7.19—

7.23 (m, 2H), 6.72-6.77 (m, 2H), 5.09 (dd, J = 12.0, 16.0 Hz, 2H), 3.78 (s, 3H), 3.52
(s, 1H), 1.01 (t, J = 8.0 Hz, 9H), 0.77-0.83 (m, 6H); *C NMR (100 MHz, CDCls) &
1745, 160.6, 137.7, 135.0, 128.9, 128.6, 120.2, 114.3, 80.4, 67.8, 55.2, 7.5, 2.5;

HRMS(ESI): calcd. for [CooH3004SSi+H]" 419.1712, found 419.1716.

0]

Sffo\OBn
TBS OH
MeO

3q
3g: 70% vyield; yellow oil; *"H NMR (400 MHz, CDCls) § 7.36-7.44 (m, 5H), 7.20—
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7.24 (m, 2H), 6.74-6.78 (m, 2H), 5.06 (dd, J = 12.0, 28.0 Hz, 2H), 3.78 (s, 3H), 3.58
(s, 1H), 0.95 (s, 9H), 0.34 (s, 3H), 0.21 (s, 3H); *C NMR (100 MHz, CDCls) & 174.7,
160.6, 137.9, 134.9, 128.8, 128.6, 128.5, 120.0, 114.3, 80.8, 67.8, 55.2, 27.2, 18.5, -

5.9, -6.6; HRMS(ESI): calcd. for [C22H3004SSi+H]" 419.1712, found 419.1716.

0]

M
eO S%OBn
TES OH

3r

3r: 72% vyield; light yellow oil; *"H NMR (400 MHz, CDCls) & 7.27-7.37 (m, 5H),
7.12-7.19 (m, 1H), 7.04-7.07 (m, 2H), 6.81-6.84 (m, 1H), 5.51 (s, 1H), 5.12 (dd, J =
12.0, 24.0 Hz, 2H), 3.74 (s, 3H), 0.92 (t, J = 8.0 Hz, 9H), 0.62 (dd, J = 8.0, 16.0 Hz,
6H); *C NMR (100 MHz, CDCl3) & 170.0, 159.5, 135.3, 132.9, 128.5, 128.3, 125.9,
118.6, 114.7, 78.6, 67.1, 55.2, 6.5, 4.6; HRMS (ESI): calcd. for [C22H3004SSi+Na]”

441.1532, found 441.1523.

0]

M
eO S%OBn
TBS OH

3s

3s: 74% yield; yellow oil; *H NMR (400 MHz, CDCls) & 7.31-7.42 (m, 5H), 7.16 (t,
J = 8.0 Hz, 1H), 6.87-6.96 (m, 3H), 5.02 (dd, J = 12.0, 20.0 Hz, 2H), 3.71 (s, 4H),
0.96 (s, 9H), 0.35 (s, 3H), 0.21 (s, 3H); *C NMR (100 MHz, CDCl3) & 174.6, 159.4,
134.8, 130.9, 129.4, 128.6, 128.5, 128.4, 128.1, 120.8, 115.5, 81.1, 67.8, 55.2, 27.2,
18.5, -5.9, -6.6; HRMS (ESI): calcd. for [CyH3004SSi+Na]® 441.1532, found

441.1523.
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3t: 85% yield; yellow oil; *H NMR (400 MHz, CDCls) & 7.88 (s, 1H), 7.79-7.81 (m,
1H), 7.67-7.72 (m, 2H), 7.45-7.50 (m, 2H), 7.31-7.49 (m, 6H), 5.02 (dd, J = 12.0,
12.0 Hz, 2H), 3.68 (s, 1H), 1.05 (t, J = 8.0 Hz, 9H), 0.80-0.88 (m, 6H); **C NMR
(100 MHz, CDCl3) ¢ 174.4, 135.7, 134.9, 133.4, 133.3, 132.4, 128.8, 128.6, 128.2,
127.9, 127.7, 127.4, 126.8, 126.3, 80.8, 67.9, 7.5, 2.5; HRMS (ESI): calcd. for

[C25H300sSSi+Na]* 461.1583, found 461.1547.

TBS OH
3u

3u: 67% yield; yellow oil; *H NMR (400 MHz, CDCls) & 7.29-7.38 (m, 5H), 7.16—
7.24 (m, 5H), 5.01 (dd, J = 12.0, 12.0 Hz, 2H), 3.85 (s, 1H), 3.73 (d, J = 12.0 Hz, 1H),
3.46 (d, J = 12.0 Hz, 1H), 0.92 (s, 9H), 0.23 (s, 3H), 0.10 (s, 3H); *C NMR (100
MHz, CDCl3) 6 176.1, 137.2, 129.3, 128.6, 128.3, 127.0, 78.1, 67.9, 31.9, 27.3, 18.5,

-6.2, -6.7; HRMS (ESI): calcd. for [C,H300,SSi+Na]" 425.1583, found 425.1575.

MeO
ROYY
S>%LOBn

TES OH
3v

3v: 72% yield; yellow oil; *H NMR (400 MHz, CDCls) & 7.35-7.39 (m, 5H), 7.11 (d,
J = 8.0 Hz, 2H), 6.77 (d, J = 8.0 Hz, 2H), 5.07 (dd, J = 12.0, 20.0 Hz, 2H), 3.81 (s,

1H), 3.75 (s, 3H), 3.71 (d, J = 12.0 Hz, 1H), 3.43 (d, J = 12.0 Hz, 1H), 0.96 (t, J = 8.0
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Hz, 9H), 0.70-0.76 (m, 6H); *C NMR (100 MHz, CDCls) § 175.7, 158.6, 135.1,
130.3, 129.0, 128.6, 128.5, 113.8, 77.8, 67.9, 55.2, 31.5, 7.4, 2.3; HRMS(ESI): calcd.

for [C,3H3,04SSi+Na]" 455.1688, found 455.1647.

S
SN %LOBn
TES OH

3w
3w: 67% vyield; yellow oil; '"H NMR (400 MHz, CDCls) & 7.32-7.43 (m, 5H), 5.24
(dd, J = 12.0, 36.0 Hz, 2H), 3.71 (s, 1H), 2.43-2.50 (m, 1H), 2.15-2.22 (m, 1H),
1.41-1.50 (m, 2H), 0.97 (t, J = 8.0 Hz, 9H), 0.87 (t, J = 8.0 Hz, 3H), 0.70-0.77 (m,
6H); °C NMR (100 MHz, CDCls) & 176.1, 135.0, 128.7, 128.6, 128.5, 67.9, 67.2,
29.4, 22.5, 13.6, 7.4, 2.3; HRMS (ESI): calcd. for [C1gH3003SSi+Na]* 377.1583,

found 377.1594.

S
NN %J\OBI’I
TES OH
3x

3x: 72% yield; yellow solid; *H NMR (400 MHz, CDCls) & 7.32-7.42 (m, 5H), 5.24
(dd, J = 12.0, 36.0 Hz, 2H), 3.71 (s, 1H), 2.47-2.53 (m, 1H), 2.16-2.23 (m, 1H),
1.38-1.46 (m, 2H), 1.23-1.33 (m, 2H), 0.96 (t, J = 8.0 Hz, 9H), 0.83 (t, J = 8.0 Hz,
3H), 0.67-0.77 (m, 6H); **C NMR (100 MHz, CDCls) 5 176.1, 135.1, 128.7, 128.6,
128.5, 77.4, 68.0, 31.1, 27.1, 22.2, 13.6, 7.4, 2.4; HRMS (ESI): calcd. for

[C19H3,03SSi+H]" 369.1920, found 369.1902.

O
S
/\/\/ %OBH
TES OH
3y

3y: 76% vyield; yellow solid; *H NMR (400 MHz, CDCls) & 7.32-7.42 (m, 5H), 5.24

S15



(dd, J = 12.0, 36.0 Hz, 2H), 3.71 (s, 1H), 2.46-2.53 (m, 1H), 2.15-2.21 (m, 1H),
1.40-1.48 (m, 2H), 1.22-1.27 (m, 4H), 0.96 (t, J = 8.0 Hz, 9H), 0.83-0.86 (m, 3H),
0.69-0.77 (m, 6H); *C NMR (100 MHz, CDCls3) § 176.1, 135.0, 128.7, 128.6, 128.5,
775, 67.9, 31.3, 28.7, 27.4, 22.2, 139, 7.4, 2.4; HRMS (ESI): calcd. for

[C20H3403SSi+H]" 383.2076, found 338.2075.

(/VS%OLOBn

TES OH
3z

3z: 74% vyield; yellow oil; "H NMR (400 MHz, CDCls) & 7.32-7.43 (m, 5H), 5.24 (dd,
J=12.0, 36.0 Hz, 2H), 3.71 (s, 1H), 2.46-2.53 (m, 1H), 2.15-2.22 (m, 1H), 1.39-1.47
(m, 2H), 1.16-1.30 (m, 6H), 0.97 (t, J = 8.0 Hz, 9H), 0.86 (t, J = 8.0 Hz, 3H), 0.70-
0.76 (m, 6H); *C NMR (100 MHz, CDCls) 5 176.1, 135.1, 128.7, 128.6, 128.5, 77.4,
67.9, 31.3, 29.0, 288, 27.4, 225, 140, 7.4, 2.4, HRMS (ESI): calcd. for

[C21H3603SSi+H]" 397.2233, found 397.2254.
O

S>%J\OBn
TES OH

3aa

3aa: 46% yield; yellow oil; *"H NMR (400 MHz, CDCls) § 7.34-7.42 (m, 5H), 5.24
(dd, J = 12.0, 36.0 Hz, 2H), 3.70 (s, 1H), 2.46-2.52 (m, 1H), 2.15-2.21 (m, 1H),
1.37-1.47 (m, 2H), 1.21-1.30 (m, 12H), 0.96 (t, J = 8.0 Hz, 9H), 0.87 (t, J = 8.0 Hz,
3H), 0.69-0.75 (m, 6H); °C NMR (100 MHz, CDCl3) & 176.1, 135.1, 128.7, 128.6,
128.5, 77.5, 679, 31.8, 27.5, 22.6, 14.1, 7.4, 2.4, HRMS(ESI): calcd. for

[C23H4003SSi+Na]" 447.2365, found 447.2356.
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s
5o A on,
TES OH
3ab

3ab: 64% vyield; yellow oil; ‘H NMR (400 MHz, CDCly) & 7.34-7.43 (m, 5H), 5.24
(dd, J = 12.0, 52.0 Hz, 2H), 3.68 (s, 1H), 2.36 (t, J = 8.0, 12.0 Hz, 1H), 2.06 (t, J = 8.0,
12.0 Hz, 1H), 1.60-1.67 (m, 1H), 0.97 (t, J = 8.0 Hz, 9H), 0.87 (t, J = 8.0 Hz, 6H),
0.70-0.76 (m, 6H); *C NMR (100 MHz, CDCls) & 176.2, 135.1, 128.7, 128.6, 128.5,
77.1,67.9, 36.0, 28.3, 22.2, 22.1, 7.4, 2.4; HRMS(ESI): calcd. for [C1oH3,05SSi+H]*

369.1920, found 369.1911.

S
\HLOBH
OTBS

4a
4a: colorless oil; "H NMR (400 MHz, CDCls) & 7.29-7.40 (m, 7H), 7.07 (d, J = 8.0
Hz, 2H), 5.44 (s, 1H), 5.11 (dd, J = 12.0, 40.0 Hz, 2H), 2.32 (s, 3H), 0.87 (s, 9H), 0.07
(s, 3H), 0.02 (s, 3H); **C NMR (100 MHz, CDCls) & 168.9, 138.8, 135.3, 134.8,
129.5, 128.4, 128.3, 127.6, 78.9, 67.0, 25.5, 21.2, 18.1, -4.8, -5.5; HRMS(ESI): calcd.

for [C22H3003SSi+NH,]" 420.2029, found 420.2027.
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6. NMR spectra

7,06
701
5

-1 4

—

—T. 18

X

.1
0,04
—0, 11
—0, 20

—1

200
s

T T T
9.0 8.5 8.0 .5 L] 8.5 8.0 5.5 50 4.5 4.0 s .0
£1 (om)
= = a =g P
= & 8 &€ 22
= = = S = hihd
(¢]
S
O
TBS OH
Me
3a
T T T T T T T T T T T T T T T
e 200 190 180 170 160 150 140 130 120 10 100 0 80 70
£1 (ppm)

S18



8 S 2] IEE T¥zERE
- - ~ ——— oo odoa
| | |
(o]
S
%LO
TES OH
Me’
3b
J LJL N 1 J A
T 7T T T T TT
€ HE = B = B B
9‘5 9.‘0 E.IS Blo T.IS 4‘0 Els 6.‘0 5‘5 5.0 4.‘5 4.‘0 ‘IE llo ZIS 2‘0 LIE J.IO 0.‘5 0.‘0 <OI..’.
£1 (com)
= g I RER:= - - -
z % 3Emss il B :oss
| [ N [ | [
(o]
S
%LD
TES OH
M
3b
210 200 180 180 170 160 130 140 130 120 110 100 0 80 70 &0 50 40 0 20 10 L] =10
11 (pom)

S19



orsTeomrnareT rron
BEEERR==28583 5388
Rl el e HEws

;
ﬁ

2.32
—0.91
—0.34

—0.21

10.5 10.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 40
£1 (ppa)
3 83 2183 3 % ==
= 22 ERSSC S ==
| Il [N [
(¢] F
S
O
TBS OH
Me
3c
210 200 190 180 170 160 150 140 130 120 110 100 w0 80 70
£1 (pp2)

S20




5385 2 b s 2=
P = ~ < s g
Y | [
[¢]
S
(0]
TBS OH
M F
3d
N J o
T T T L T ¥ T
2 =88 8 -] 5 L 8 B
T T T T T T T T . T T T T T T T v T T
2.0 &5 80 .5 0 6.5 6.0 55 5.0 .5 40 EX 30 2.3 2.0 1.3 1.0 0.5 0.0
£1 (o)
g 88 € X8 3 33 == =
ER - Egsgs =2 siE 2 g 53
| I AR s [N | \
o}
8
%LO
TBS OH
Me F
3d
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 150 150 140 130 120 10 wo o w 80 0 &0 50 0 20 20 10 0 -0
1 (2

S21



zaazzs ssgsazses sz2s = 2 = =%
SEERZE IEERREEES 3=2E8 % 3 5 p
9% | | il
o
s
78]\0
Tes’ OH
Me Br
3e
T e — T Y o
= : : z : ==
@ M $ 3 3 b
R R ] R R A . . : : : :
10.0 9.5 9.0 &5 80 7.5 6.3 6.0 5.3 5.0 45 4.0 33 30 2.3 2. L3 Lo 0.5 0.0 .5 =1.0
£1 (om)
3 e =283 3 3 az 23
= =n Bl 5 == rhd
| (| [ [ \%
o
s
0
TBS OH
Me Br
3e
I 1 | l I | | l In ) “
R S S S S : L
210 200 190 180 170 160 150 140 130 120 1o 100 0 80 70 50 20 10 0 =10
£1 (oon)

S22



228F 238 3853 2 E 588 zzzgEREzER
NI R i i BNy
[}
S 0
TES OH
Me Br
3f

T T

-
P ES] P
L

p u.u{
s

4 ang
6]

e
~
»
o
o
©
P
o)
o

T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 4.5 4.0
11 (om)
= =
s p sH8% % ] 2
= E EREEa = E
| | [ | 11
¢]
S
(0]
TES OH
Me Br
3f
-qhuummﬂnﬂumnmﬂL W AU Jrl (0 ‘memluawmunmu “NJﬁ uf
T T T T 1 T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20 10 0

11 (ppa)

523



AU

OMe

3g

S%J\O

TBS OH

e e
Me

S DA

o
O
LS 200~
7 0By
| =
<
=W
iz
|
<
05 Bl —
=16 | o T
- §iuE—
o
Tu_ £
(] 62 55—
—
- 29°09—
X
| 8.:W.
Feso [ < 2L
o8 08—
Fwr
e
-
Lo
-
&
o
Fin b2
™
[
e
@
| 52901 —
“ e —
Faz| o
Fwe [ =
Fml
Fwer
[~ R B
Lo
i
bLowll—
[ o
i
[ o
o
|
o
°
e

-10

524

OMe
110

120

130

[o]
s%LO

TBS OH
3g

Me’
PRGSO B AJMJ lJ-—L——L
180 170 160 150 140

150

200

210




—3.84

L

2.32

0.0

503

6. 15T

10.0 9.5 9.0 85 8.0 7.5 0 6.5 £.0 5.5 .0 4 35 25 2.0 1.5 1.0 0.5
£1 (ppm)
= = R 3 BR=R = o -
: s A g85E = cEgz & § i e
: g 2% g858 ¢ gfes ¢ @ z I
I NN 1= 1 | [
o
(o)
TES OH
Me OMe
3h
210 200 190 180 170 160 150 140 130 120 10 1(00 N 80 70 E 40 0 20 10 -10
11 (pp=)

525



Maadia 5 8 538 seEees
ifeleicdielod 3 2 3 323 I3EEEE
=5l ¥ | I |
o]
S
o
TES OH
Me NO,
3i

yrr T by T T
-] 3 E g8 2 =
- == = s = E
T T T T T T T T T T T T T T T T T T T T
10.0 5.5 5.0 83 &0 s 7.0 B &0 5.5 5. 45 w0 35 3.0 25 2.0 15 1.0 0.5
£1 (ppm)
= 2 B EEE= 288 & =
2 < " =288 £ s =
= £ = REEZ gung o = s
= Lyt gcee g s & e
| | [ [
e}
S
(o)
TES OH !
Me X NO,
3i
" I L 1 e e 4
T T T T T T T T T T T T T T T T T T T T T T T
20 200 190 6 170 160 150 40 130 120 110 100 B £ 70 & ) 3 30 20 10 [ -10
21 (pom)

S26



00 g

588388
Sede S

60" L
IPAS
92—

57

|

Me

Fuoe
Tz

Fas

Fwe
Feoe

Mls;

16

160

Fiso

Fwe
Fwt

1 (pp=)

59 B1—
ee—
Wre—

"
0571
(N1

ana—

¥ BI—

W pil—

Me

o =10

10

200 150 180 170 160 150 140 130 120 10 100
£1 (ppa)

210

527



o0 o—

0—

05—

83

§r

2
5

Me

ol

Fuio

-z

Fwo

T;-. z

|
=
Ews

we—

wine—

99—

§9'9L
001

2w
50°0R—

v —

Me

-10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
1 (op2)

T
210




B = = 3_58 E;;%E-"-
i I =l
0
je=nae
TES OH
Me

™r T T T
88 g 3 g 5
=~ ™ L x <
T T T T T T T T T T T T T T T T T T T
10.0 9.5 2.0 83 &0 Ty o 6.5 6.0 53 5.0 4. 4.0 S 3.0 2.5 2.9 L3 Lo 0.5
£1 (oom)
2 s = =883 = =
= g = g AEE g 2 I
1 11 eI T 11
[0}
S
(0]
TES OH
Me )
3i
T T T T T T T T T T T T T T T T T T T T T
20 200 10 180 170 160 150 140 130 120 110 100 £ 0 7 & £ E 30 2 10 3
1 Gom)

S29



YTeEREESRSSgoIcoozcoese 2 3 5] 338 IxxeEREE
B e e e e e e e s e e e e e - - ~ - - 1-2-2-2-F-1-1
B e e [ | | SN [g——
(o]
Me S
OBn
TES OH
3m
LJ Jl .
T T T T T
8= S = E & 2
“ g - g = ® &
T T T T T T T T T T T T T T T T T
&5 8.0 7.5 7.0 65 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L3 Lo 0.5
11 (zom)
2 - -
g g55¢ o = pR
| [ [
o
Me S
OBn
TES OH
3m
T T T T T T T T T T T T T T T T T T T T T
200 1%0 180 170 160 150 140 130 120 110 100 w0 &0 70 0 30 0 30 20 10 o
21 (ppm)

S30



5,14
511
501
5.04

§

OBn

TES OH
F

3n

3,58

S
S E.———

roo T
R 8 2 ERE
“d : <
T T T T T T T T T T T
9.5 9.0 8.5 8.0 5 7.0 6.5 60 55 5.0 45 40 3.5 Lo 0.3 0.0
11 (ppm)
& 2= 533 8= ANEE B
£ 32 SN 5 3 ;:EE 2 ol
R EES R 3 trE o i
| il NI [ S| [
o}
S
OBn
TES OH
F
3n
T T T T T r T T T T T T T T T T T T T
210 200 190 180 7o 160 150 140 130 120 e 100 w0 &0 0 0 10 0 -10

1 (ppm)

S31



TEERRESES

SRSER8

6
9
3
8
7
6
6
6
4
H
o
o
—1.67

(0]
s OBn
TES OH
30

Cl

T
g 8
1 T T T T T T T T T T T T T
9.0 8.5 8.0 7. 6.5 6.0 5.5 5.0 4.0 33 3.0 15 L0 0.5 0.0 -0.5
11 (ppa)
g 2 8% =
: - = - s
£ ER T e
[ =l [
(0]
S
OBn
TES OH
30
Cl
v W D e
T T T T T T T T T T T T T T T T T r T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 4 20 10 0 -10
11 (om)

S32



2583
N
o]
S%Losn
TES OH
MeO
3p

—nm
— 62

s

T T
H =
lol 0 9'5 9‘0 5'5 8.‘0 "S "0 6‘5 6‘0 5'5 8. d.‘S 4.‘0
£1 (ppm)
s 2 =¥ 5% % 0B
£ g 52 88 8 =
| My 1
(o]
S
%LOBH
TES OH
MeO
3p

L]
700
6,64
56,21

—61. 16
— 1.5

—2.61

€

T T T T T T T T T T T
210 200 150 180 170 180 150 140 130 120 110 100 0
£l (pp:

S33



—1.5
—0.95
—0.M
—0.21

cg3s r
Y |
(0]
S
%LOBn
TBS OH
MeO
3q
T T T
= 3 2 s
9'0 5‘5 5‘0 TIS T.IO 5‘5 6‘0 5‘5 5;10[ ‘-lIS

—120.01
—1d 3

—174.
—160.64

T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
71 (ppm)

S34

¥f’. 12
76,68
—67. 15
55,18
—n
— 1841

—30.80




V2

A

S%LOBH

TES OH

MeO

3r

Foes
Fuoy

Fum

L

Fwo

Fm

e
It

Fas

BS b—
£S5 9—

12 55—

B L9—

B0
0L
2L
Wsl

15 °651—

6B —

S7%LOBn

TES OH

MeO

3r

o b

-10

T T T T T T T
160 150 140 130 120 110 100
£l (pom)

170

T T T
200 180 8

T
210




5533 = 2 R
L - -] - -1
P i i 7]
o
MeO s
© 0Bn
8S OH
3s
J ) o
i W T T iy T
L : { i
10.0 9.5 2.0 g3 £.0 7.5 7.0 [ %] 6.0 5.5 3.0 45 4.0 s 3.0 15 1.0 0.5 0.0 -0.5
21 (pom)
g = e ¥=ge % P = o
E g s gsss = : 3 g i 33
| RPZEE i T v
o
MeO s
%Losn
T8S” OH
3s
1 0 2w o= w0 0

T T T T T T T T T T T
210 2200 190 180 170 160 150 140 130 120 110 100 %0
i1 =)

S36



EzEnsessT AnmfmmmIins 5333 s 583 E882IIane
N P [ Qg (pesssese
o
S>gkOBn
HO TES
3t

i 0%
¥ 2
® o
9.5 9.0 8.5 7.0 6.3 6.0 5.3 5.0 4.3 4.0 3.5 3.0 2.3 2.0 1.3 Lo 0.5 0.0
21 (opm)
z =383 g -
L) g EER B - o
] P2 P
o)
s
OBn
HO TES
3t
|H\ . I
210 200 190 180 170 160 150 140 130 120 110 100 0 80 70 60 30 40 30 20 10 0

11 (ppa)

S37



3533 2= =3
Y% Y

TBS OH
3u
. j. 1L
T s i o L o)
R 3 z g8 &
9‘0 Si5 E‘O T‘S 7.‘0 6‘5 6‘0 5'5 5,'0 -I,VS 4‘0 3,‘5
1 (ppm)
8 =8RSS on
£ SSEEER 14
| S\ N\

3u
210 200 190 180 170 160 150 140 130 120 110 100 90 80
£1 (o2

S38

—0, 92
—0. 21
—0. 10

16.64
—67. 91
—11.9

—21.25
—18. 51




\4

8 ¥

FLLRT e

Bt

553
v

Fens

e

Fw

501

TES OH
3v

S%LOBn

7
g

w0

Fue

Fmez

Fw
Fus

8-

o=
SolE—

0L 55—

B9

89
S‘F_V
L
1874

nor—

B BSI—

WSl —

TES CH
3v

Meo\©\/ o
S%J\OBn

L

T T T T
130 120

T
150

100
21 (poz)

10

140

160

200 190 180 170

210

S39



TTTEEEESRSSNER gs ETESET 2EI TS

—1.7
2
2
2
2
2
2
2
2
]
|
|
1

£
Xih

//\\/ijjLOBn
TES OH
3w

b U L T T T
= = = 8 E =
- ~ ° o - ~
10.5 10.0 9.5 9.0 £3 8.0 7.5 7.0 6.5 6.0 55 5.0 4.3 4.0 s L0 2.3 2.0 1.5
1 (ppm)
2 Rug 288 % BB Y
- = m—— -~ o0 £ ~ - - o~
| | YV [ N
(o]
S
N OBn
TES OH
3w
210 200 190 180 170 160 150 140 130 120 10 100 9 80 70 &0 50

£1 (om)

5S40




SUEEEEREESRSSES5EE

|

5. 30

£
X

SRE = ggeEs

\\/«\/S
TES OH
3x

OBn

EEE

—176. 12

—115.05

M
e

&

\\//\V/S
TES OH
3x

OBn

.00
6,64

M

—67.95

T T T T T T
210 200 190 180 170 160 150

T
140

T T T T
130 120 10 100

#1 (poz)

541

a0
L5
203
o 9u=x
31—
561

—31.08

—arn
—az.19
—13.5
—1.42
—2.15

e



YTISEREEEENR

SN

5. 30
5.2
5,21
518

£
X

TES
3y

= GRERFEFF ETTE TP IEESRIEEEERImeE
= i e i i e = -| SECCESSEEE GG

-z

OBn
OH

R pdiisaiss

T T T T T I
= S -] 8 8B A RBE
9.0 8.5 8.0 i5 7.0 6.5 6.0 5.5 5.0 4.5 40 3.5 3.0 25 20 15 Lo 0.5 0.0 0.5 =10
21 (pom)
-] 3 853 e - wao o
£ % 55 popiich et R
& - eSS =EE8 3 =85 S e o
[ [N RV NV
o
/\/\/s
OBn
TES OH
3y
210 200 190 180 170 160 150 140 130 120 10 100 w0 80 70 L] 50 40 30 20 10 0 =10
£1 (oom)

542



IYTELRAEESR

&aaz = aasseeem == gzgzesznes
55 S il geiitaet iiiissssses

7 T T o T T
] ] = = = 25 EHE
9'5 9‘0 Evl.rb 5‘0 7,‘5 'IQ 5'5 6'0 5'5 5'0 1.‘5 4‘0 3‘5 3‘0 2.15 Z.IO lIS L'V 0.'5 0.'0 —0'.5
21 (oom)
= 8 831 588 o 2 ..
2 5 sas 3538 & s
| | N | |
E/\/ i
S
OBn
TES OH
3z
g e v
210 200 190 180 170 160 150 140 130 120 110 1100_’ 0 80 70 &0 0 40 30 20 10 o =10
11 (opa

543



Z8=S

5. 30
5.1

Ls.

5.21
518

X

sgeew ET2RQSRERR fzzes

SRR

22I2%

1.10

[e]
S
OBn
TES OH
3aa
41 |
" T e Ll T
& 5 8 8 8 2 % gusz
- M S = 3 N 2 whw
T T T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.3 8.0 7.5 7.0 6.3 6.0 55 5.0 4.0 3.3 30 2.5 2.0 1.3 1.0 0.3 0.0 -0.5 =10
21 (pom)
= 2 253 - e o=
g £ 558 ga%g 2 2% % o=zos
£ £ BEE £5Ed g =58 = =g
I N~ [ [
(e}
S
OBn
TES OH
3aa
210 200 190 180 170 160 150 140 130 120 110 100 %0 80 iy & 50 40 0 20 10 0 -10
1l (o)

S44



IyseeREASAARAAIIL anzs s R5238583
N |

s b
S>%kOBn
TES OH
3ab

T L7 b rl it s o
s E 5 B 8 &= =
- ° ° - S CL
T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.3 .0 6.5 6.0 3.3 5.0 %3 4.0 3.3 3.0 2.3 2.0 L3 Lo 0.5 0.0 -0.5
£1 (opn)
= 8 RGX sogs = g = ==
- #28z = 3 = == L]
g 2 BRE segd ¢ § &Hd o
| |~ S Y [
)\/ O
S
OBn
TES OH
3ab
T T T T T T T T T T T T T T T T T T T T T T T
210 200 180 180 170 160 150 140 130 120 10 100 %0 80 70 &0 50 40 30 20 10 0 -10
£1 (oom)

545



LRESSRS2RRR 88 ¥ ==353 = = 53
e e e e e e e e e e w weaa ~ -3 -1-3
e N | | \
O
S
OBn
OTBS
4a
o il o Ly s Ty
= B 2 € 2 g E8
s = 6 s d ‘ b
9.0 8.5 8.0 .5 7.0 6.5 6.0 5.3 5.0 4.3 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0 0.5
21 (o2
g £ 2XT8R smgE ¢ z 2= ]
3 5 ZEEER EEEs g g == ¥
| IS\ W [ \
(o]
S
OBn
OoTBS
4a
210 200 190 180 170 160 150 140 130 120 110 100 ¥ 80 70 30 40 0 20 10 -10
41 (zom)

546



