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1. General information

Unless otherwise reported, the reaction was performed under nitrogen atmosphere and all reagents were
obtained from commercial sources and used without further purification. Purification of the reaction
products was carried out by flash filtration with a thin silica gel or flash chromatography using silica gel
at -60°C. 'H, 3C and '"F NMR spectra were recorded in CDCl;, CD3;COCD; or CD,Cl, on a bruker
ASCEND™ (400MHz or 600MHz). Chemical shifts were given in parts per million (ppm). Spectra were
reported as follows: chemical shift (6 ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet, dd = doublet of doublets), coupling constants (Hz), integration and assignment. HRMS
was recorded on a Thermo Q-Exactive Focus (FTMS+c ESI). Enantiomeric excesses (ee) were
determined by HPLC and UPC? analysis using the corresponding commercial chiral column as stated in
the experimental procedures at 23 °C with UV detector. Optical rotations were reported as follows: [a];T
= (¢ = g/100 mL, in CH,Cl,, unless otherwise noted, A = 436 nm). IR was detected by Bruker Tensor II
spectrometer with Plantium ATR accessory. Solvents were dried and distilled prior to use according to
the standard methods. The silylglyoxylates were prepared according to previously published synthetic
strategies!!]. Silyl triflates were prepared according to Uhlig’s method!?!. The chiral N,N'-dioxide ligands

were synthesized by the same procedure in the literature(?!.



2. General procedures for the preparation of silylglyoxylate

Silylglyoxylate 1a, 1b, 1g and 1h were known compounds and synthesized according to the reported

procedures.! Silylglyoxylate 1¢-f were synthesized according to the following procedure:

General Procedure.

Me,SiAr, + HOTf ——————— Me,SiArOTf
20 °C, DCM

Under a nitrogen atmosphere, 10 ml of DCM was added to a 50 ml round bottom flask containing
Me,SiAr,*36 (13 mmol, 1.3 equivalents). The solution was cooled to -20°C. The HOT{ (12 mmol, 1.2
equivalent) was carefully added dropwise via a glass syringe within 3 minutes. The resulting solution

was stirred for 24 hours at room temperature and used without purification.

N2 . N2
R3SiOTf; 'ProNEt
XO\H)J\H 3 : 2 >‘/O\H)J\SiR3
o) -60 °C, Et,0 Io)

Na Oxone@ NaHCO, 0 i
>‘/O\H)J\SiR3 o ’ >\/ \H)J\SiR?’
o 0 °C, Acetone, H,0 o]

Under a nitrogen atmosphere, to a solution of zert-butyl diazoacetate’ (10 mmol, 1.0 equiv) and
Pr,NEt (14 mmol, 1.4 equiv) was added 15 ml Et,O under N,. This solution was cooled to -78 °C and
R;SiOTf (13 mmol, 1.3 equiv) in 10 ml DCM mixture solution was added slowly via syringe over the
course of 20 min. The resultant solution was stirred at -60 °C for 36 h and the ammonium salts were
removed by filtration. The filtrate was concentrated in vacuo to afford the crude silyl diazoacetate.

Oxone® (92 g, 150 mmol, 15.0 equiv) was added in portions to a stirred solution of NaHCO; (50.4
g, 600 mmol, 60.0 equiv) in HyO/acetone (300 ml, v/v, 1.5:1) at 0 °C. After 20 min, a solution of the
crude silyl diazoacetate in 40 ml of CH,Cl, was added slowly over 30 min via syringe. Once addition
was complete, the reaction was warmed to room temperature and stirring was continued for an additional
15 min (bright yellow solution). The organic phase was decanted into a separatory funnel and was washed
with H,O, brine, and dried (Na,SO,). Concentration of the organic phase by rotary evaporation afforded

the crude silylglyoxylate which was purified by flash chromatography using the specified solvent

system(PE/Et,0 =40 : 1).



Tert-butyl (diphenyl(vinyl)silyl)-glyoxylate (1c)
0}

t
/\Sij\ﬂ/o Bu

PH Ph O
(1c)

Bright orange liquid. 44% yield, '"H NMR (400 MHz, CDCl;) 6 7.64 — 7.58 (m, 4H), 7.49 — 7.43 (m,
2H), 7.40 (dd, J=17.9, 6.5 Hz, 4H), 6.63 (dd, J=20.3, 14.7 Hz, 1H), 6.39 (dd, /= 14.7, 3.2 Hz, 1H),
5.89 (dd, J=20.3, 3.2 Hz, 1H), 1.35 (s, 9H). BC{'H} NMR (101 MHz, CDCl;) 8 228.1, 162.0, 139.5,
136.0, 130.6, 130.3, 130.0, 128.3, 84.2, 27.9.
HRMS (ESI+) m/z caled for C»0H»,05Si [M+Na]*: 361.1230, found: 361.1229.
IR (neat) 3743, 3053, 2980, 2362, 1737, 1715, 1665, 1481, 1429, 1399, 1370, 1255, 1156, 1115, 991,
842,703, 664, 552, 507.

Tert-butyl (dimethyl(p-tolyl)silyl)-glyoxylate (1d)

(@]
\Q LY
Si
/N 0
(ta)

Bright orange liquid. 32% yield, '"H NMR (400 MHz, CDCl3) 6 7.46 (d, /= 7.6 Hz, 2H), 7.21 (d, J =
7.6 Hz, 2H), 2.36 (s, 3H), 1.44 (s, 9H), 0.56 (s, 6H). *C{'H} NMR (101 MHz, CDCl;)  230.0, 160.6,
139.2,133.3, 128.3, 127.9, 127.5, 127.2, 82.5, 26.8, -0.0, -5.5.

HRMS (ESI+) m/z caled for Ci5H;,05Si [M+Na]*: 317.0970, found: 317.0987.

IR (neat) 2978, 2362, 0739, 1711, 1664, 1602, 1456, 1395, 1370, 1290, 1253, 1158, 1108, 1037, 994,
839, 793, 701, 674, 601, 493.

Tert-butyl ((4-fluorophenyl)dimethylsilyl)-glyoxylate (1e)

F 0
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Si
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Bright orange liquid. 15% yield, 0.45 g. "TH NMR (400 MHz, CDCl;) 6 7.59 — 7.52 (m, 2H), 7.09 (t, J =
8.9 Hz, 2H), 1.44 (s, 9H), 0.58 (s, 6H). BC{'H} NMR (101 MHz, CDCl;) 230.5, 164.6 (Jcr = 250.0
Hz), 161.7, 136.7 (Jcr = 7.7 Hz), 128.8 (Jcr = 12 Hz), 115.7 (Jor = 20.0 Hz), 83.9, 28.0, -4.3.

F NMR (376 MHz, CDCl;) 8 -109.9. HRMS (ESI+) m/z caled for C4H9FO;Si [M+Na]*: 305.0980,
found: 305.0980.

IR (neat) 2978, 2362, 1738, 1711, 1661, 1588, 1501, 1458, 1392, 1370, 1253, 1160, 1107, 995, 834,
794, 674, 601, 615, 421.

Tert-butyl ((4-chlorophenyl)dimethylsilyl)-glyoxylate (1f)

cl 0o
O'Bu
Sj
/N 0O

(1)



Bright orange liquid. 10% yield, '"H NMR (400 MHz, CDCls) 6 7.52 — 7.47 (m, H), 7.39 — 7.35 (m,
2H), 1.44 (s, 9H), 0.57 (s, 6H). BC{'H} NMR (101 MHz, CDCl;) § 230.2, 161.6, 136.8, 135.8, 135.1,
131.6, 128.5, 128.3, 84.0, 28.0, -4.4.

HRMS (ESI+) m/z caled for C14H;9ClO;3Si [M+Na]*: 353.0405 and 355.0375, found: 353.0405 and
355.0374.

IR (neat) 2977, 2362, 1738, 1712, 1665, 1577, 1501, 1482, 1374, 1370, 1253, 1156, 1085, 1014, 834,

797,742, 663, 494.



3. General procedures for the preparation of racemic products

Representative experimental procedure for the reaction of silylglyoxylate 1 and mercaptan 28,

o)
0
. RT HO
8 OJ\H/SI + RSH — %O'Bu
u I H,0 (1 mL) Si SBn
1 2 3

Si = ArMe,Si, Ph,MeSi,
(vinyl)Ph,Si, TBS

Procedure A: Silylglyoxylate 1 (0.1 mmol) were stirred in water (1.0 mL) at RT. Then mercaptan 2
(0.10 mmol) was added. The mixture was stirred until 1 disappeared (bright orange faded). Then the

crude product was subjected to column chromatography on silica gel to afford product 3.

o) 0
tBUoJ\”/Si . RSH  Y(OTf)s (10 mol%) HO%OfBu
, © ) DCM (1 mL), 10°C Si- SBn

3

Si = ArMe,Si, Ph,MeSi,
(vinyl)Ph,Si, TBS

Procedure B: Silylglyoxylate 1 (0.1 mmol) and Y(OTf); (10 mol%) were stirred in DCM (1.0 mL) at
10°C. Then mercaptan 2 (0.10 mmol) was added. The mixture was stirred until 1 disappeared (bright
orange faded). Then the crude product was subjected to column chromatography on silica gel to afford
product 3.

The racemic products 31 and 3r were prepared with procedure B.



4. General procedures for the catalytic asymmetric reaction

Representative experimental procedure for the reaction of silylglyoxylate 1a and benzyl mercaptan 2a.

Procedure A: Under an atmosphere of nitrogen, the Y(OTf); (0.01 mmol), Ls-PrPr, (0.01 mmol) and
Silylglyoxylate 1a (0.1 mmol, 26.4 mg) were stirred in DCM (1 mL) at 35 °C for 30 min. Then benzyl
mercaptan 2a (0.1 mmol) was added at -60 °C.

The mixture was stirred until 1a disappeared (bright orange faded, or TLC monitor). Purification of
the reaction products was carried out by flash chromatography on silica gel at -60°C and eluted with
petroleum ether and ethyl ether (v/v, 20:1) to afford 3a as a colorless liquid, or flash filtration with a thin
silica gel I and washed with 8 mL Et,0O (DCM or EA can also be used) to afford the desired product.
Procedure B: Under an atmosphere of nitrogen, the Y(OTf); (0.01 mmol), Ls-PrPr; (0.01 mmol) were
stirred in DCM (1 mL) at 35 °C for 30 min, and then concentrated in vacuo. Mercaptan 2 (0.1 mmol)
were added at RT under an air atmosphere. The mixture was dissolved in 1.0 mL of DCM.
Silylglyoxylate 1 was added at -60 °C.

The mixture was stirred until 1 disappeared (bright orange faded, or TLC monitor). Purification of
the reaction products was carried out by flash chromatography on silica gel at -60°C, or flash filtration
with a thin silica gel and washed with 8 mL Et,0O (DCM or EA can also be used) to afford the desired
product.

When the mercaptan is solid, procedure B is used for the reaction(3l, 3r and 3ae).

By the way, the product suffered somewhat racemization and decomposition after the
chromatography on silica gel at room temperature. To avoid racemization and decomposition, 3a-3d, 3h-
3y, 3aa-3ah were purification by flash filtration with a thin silica gel, 3e, 3f and 3g were purification by
flash chromatography on silica gel at -60°C.

The products can be stored stably for a long time (at least half a year) at low temperature (-20 °C),
they will not decompose and the ee values can maintain. However, they will decompose very slowly at
room temperature. It is worth mentioning that the product will decompose and racemize rapidly when
dissolved in strong protonic solvent (such as methanol). However, they (configuration) will not be
affected during the HPLC analysis. Moreover, the products can exist stably in non-protonic solvents, and

the enantioselectivity value of the products will not decrease.



5. Optimization of the reaction conditions

Table S1. Screening of chiral N,N'-dioxide ligands

o Er(OTf)/ligand o SBn
. oJ\[(SiMezph . Bnsh (111,10 mol%) [BUO)S'/'/.
u DCM, -45°C HO SiMezPh
1a O 2a 3a

L-RaPry: R = 2,6-iPr,CgH3

O L-PrPry: R = 2,6-ProCeHs , n = 1 \\]

Ry + L4-PrPry: R = 2,6-iPr,CgHz , n = 2

o= '\!;\/Hn\\‘lN O Ls-PrPry: R=26-PryCeHs , n=3 N N

=z . o=" TNy o}
N-, -Q O, N L-PrPrs; R = 2,4,6-iPrsCgHz , n = 1 = 5 4
g A H™R  LPrfBuR=Bu,n=1 No /= -\ _N
R H H™ R
L-PiPry: R = 2,6-Pr,CqHz , n = 1 Ph Ox D <DYO 4, _Ph
L4-PiPry: R = 2,6-iPr,CgHz , n = 2 \1\ NV\\‘N K
AN} N
H “YTH
' Lg-Pr-(S)-EPh,Me
Ph Ph
entry? ligand yield of 3a (%)” ee (%)°

1 - 85 -
2 L-PrPr, 85 49
3 L-RaPr, 50 0
4 L-PiPr, 88 55
5 L-Pr'Bu 74 12
6 L-PrPr; 76 38
7 L4-PiPr, 99 77
8 L4-Pl‘Pl‘2 86 81
9 Ls-PrPr, 87 87

@ Unless otherwise noted, all reactions were performed with Er(OTf)s/ligand (1:1, 10 mol%), 1a (0.10 mmol), 2a (0.10 mmol)

in DCM (1.0 mL). ¢ Yield of isolated product. ¢ Determined by HPLC analysis on a chiral stationary phase.

Table S2. The screening of solvents.

o Er(OTf)3/L5-P°rPr2 % sen
’BuO)J\H/SlMezPh + BnSH (1:1, 10 mol%) BUO Livesen
1a O 2a Solvent, -45 °C 3a
entry? Solvent yield of 3a (%)” eec (%)
1 DCM 87 87
2 Toluene no reaction
3 CH;CN 86 0
4 TCM 87 83
5 n-Hexane 57 -8
6 THF 85 10




7 Et,O no reaction

@ Unless otherwise noted, all reactions were performed with Er(OTf)s/Ls-PrPr; (1:1, 10 mol%), 1a (0.10 mmol), 2a (0.10

mmol) in Solvent (1.0 mL). * Yield of isolated product. ¢ Determined by HPLC analysis on a chiral stationary phase.

Table S3. The screening of concentration.

0 Er(OTf)3/Ls-PrPr, o <en
tBuOJ\H/SiMeZPh + BnSH (1:1, 10 mol%) tBUO)S'/’/ .
o DCM, -45 °C HO SiMezPh
1a 2a 3a
entry? X yield of 3a (%)° ee (%o)°

1 0.5 88 86
2 1.0 87 87
3 1.5 87 86

@ Unless otherwise noted, all reactions were performed with Er(OTf);/Ls-PrPr; (1:1, 10 mol%), 1a (0.10 mmol), 2a (0.10

mmol) in DCM (x mL). ? Yield of isolated product. ¢ Determined by HPLC analysis on a chiral stationary phase.

Table S4. Temperature effect.

0 Er(OTf)y/Ls-PrPr, D sen
tBqu\”/SiMegPh . BnSH (1:1,10mol%) gy Ny,
I DCM. x °C HO SiMezPh
1a 2a 3a
entry? X yield of 3a (%) ee (%)

1 -78 NR -
2 -70 95 83
3 -65 99 83
4 -60 95 89
5 -55 91 86
6 -50 95 86
7 -45 87 87
8¢ -20 99 68
94 0 99 66

@ Unless otherwise noted, all reactions were performed with Er(OTf)s/Ls-PrPr; (1:1, 10 mol%), 1a (0.10 mmol), 2a (0.10
mmol) in DCM (1.0 mL). ? Yield of isolated product. ¢ Determined by HPLC analysis on a chiral stationary phase. ¢ Y(OTf);
was used instead of Er(OTf);.

Table SS. Optimization of condition for substrate ratio.

o Er(OTf)s/Ls-PrPr, 0
, 1:1, 10 mol%) f SBn
‘Bqu\[rS'MezPh + BnSH a, 2 BuO™ 7.,
DCM, -60 °C HO SiMezPh
1a © 2a 3a
0.1 mmol X equiv
entry? X yield of 3a (%)? ee (%)°
1 1.2 90 85
2 1.1 88 86




3 1 95 89
4 0.91 83 87

@ Unless otherwise noted, all reactions were performed with Er(OTf)y/ligand (1:1, 10 mol%), 1a (0.10 mmol), 2a (x-' mmol)

in DCM (1.0 mL). ® Yield of isolated product. ¢ Determined by HPLC analysis on a chiral stationary phase.

Table S6. The screening of additives.

o Er(OTf)y/Ls-PrPr; 0
) o SBn
t J\Ns"\ﬂezph . BnSH (1:1, 10 mol%) tBuO)S_/I/ .
BuO DCM , -60 °C HO SiMesPh
1a O 2a additive 3a
entry? additive yield of 3a (%)” ee (%)°

1 - 95 89
2 3 AM.S. (20 mg) 71 73
3 4 A MLS. (20 mg) 69 69
4 5 AM.S. (20 mg) 79 68
5 Et;N (30 mol%) 70 1
6 H,0 (2 ul) 82 77
7 H,0 (5 ul) 82 64
8 NaBATF, (10 mg) 91 88
9 PhCOOH (10 mol%) 80 12

@ Unless otherwise noted, all reactions were performed with Er(OTf)s/Ls-PrPr; (1:1, 10 mol%), additive, 1a (0.10 mmol), 2a

(0.10 mmol) in CH,Cl, (1.0 mL). ? Yield of isolated product. ¢ Determined by HPLC analysis on a chiral stationary phase.

Table S7. Screening of metal salts.

0 metal salt/Ls-PrPr; 0
. N SBn
) SiMe,Ph . BnsH — (1. 10 mol%) tBuO)S-/,/
BuO DCM , -60 °C HO SiMeyPh
12 O 2a 3a
entry? metal salt yield of 3a (%)” ee (%)°

1 - 87 5
2 Er(OTf); 95 87
3 La(OTf), 88 51
4 Zn(OTf), 83 0
5 Ni(OTf), 80 10
6 Al(OT®); no reaction
7 Pr(OTf), no reaction
8 Y(OTf); 99 91
9 YCl; 95 1
10 Y('PrO); 93 33

@ Unless otherwise noted, all reactions were performed with Metal salt/Ls-PrPr; (1:1, 10 mol%), 1a (0.10 mmol), 2a (0.10

mmol) in CH,Cl, (1.0 mL). ? Yield of isolated product. ¢ Determined by HPLC analysis on a chiral stationary phase.

Table S8. Screening of the the amount of the Ls-PrPry/Y(OTf);.

10



0]

e} Y(OTf)3/Ls-PrPr,
] . o . SBn
. SiMe,Ph . BnSH (1:1, x mol%) BuO” Y.
BuO DCM, -60 °C HO SiMePh
1a O 2a 3a
entry® X yield of 3a (%)P ee (%o)°

1 1 no reaction
2 2 96 90
3 5 >99 91
4 10 >99 91

@ Unless otherwise noted, all reactions were performed with Y(OTf);/Ls-PrPr; (1:1, x mol%), 1a (0.10 mmol), 2a (0.10

mmol) in CH,Cl, (1.0 mL). ? Yield of isolated product. ¢ Determined by HPLC analysis on a chiral stationary phase.

Table S9. Screening of chiral ligands

o Y(OTf)slligand Q SBn
t J\H/SiMezPh . Bnsh (1:1, 10 mol%) 8u0” Y,
BuO DCM , -60 °C HO SiMePh
1a O 2a 3a
‘ N
o P o) N\WX(/N
r N \J Q
y N/ o o©
Pr-PyBox E ‘Bu-Box

-

BINAP
Ar: § O/
entry? ligand yield of 3a (%)? ee (%)°
1 Pr-PyBox 74 4
2 ‘Bu-Box 73 3
3 BINAP 66 0
4 CPA? 77 0

@ Unless otherwise noted, all reactions were performed with Y(OTf)y/ligand (1:1, 10 mol%), 1a (0.10 mmol), 2a (0.10 mmol) in
DCM (1.0 mL). * Yield of isolated product. ¢ Determined by HPLC analysis on a chiral stationary phase. ¢ CPA was used instead
of Y(OTY);/CPA.

Table S10. Screening of silyl groups

11



o) Y(OTf)y/Ls-PrPr, o)

s/ (1:1,10mol%) _ gns
'BUOJH( + BnSH = hem, 0 °C X~ OBu

o si’ OH
1 2a 3
Entry Si Yield (%)? ee (%)°
1 PhMe,Si 99 91
24 TBS 90 40
34 TES 91 20
4e T™MS 93 25

“Unless otherwise noted, all reactions were performed with Y(OTf);/Ls-PrPr; (1:1, 10 mol%), 1 (0.10 mmol), 2a (0.10 mmol) in
DCM (1.0 mL) at -60 °C. * Yield of isolated product. ¢ Determined by HPLC analysis on a chiral stationary phase. “Run at -45 °C.
¢Run at -20 °C.

Table S11. Screening of ester moiety

Y(OTf)3/Ls-PrPr,

SiMe,Ph (111,10 mol%) _  Bns BnS
RO)ST 2 + BnSH DCM., 60 °C * OR + * OR

HO SiMe,Ph OSiMe,Ph
1aor1h 2a 3 4
Entry ¢ R Yield (%)” ee (%o)° 44
1 Bu 99 91 N.D.
2 Bn 94 61 N.D.

@Unless otherwise noted, all reactions were performed with Y(OTf),/Ls-PrPr, (1:1, 10 mol%), 1 (0.10 mmol), 2a (0.10 mmol) in
DCM (1.0 mL) at -60 °C. ¢ Yield of isolated product. ¢ Determined by HPLC analysis on a chiral stationary phase.  Determined by
NMR.

12



6. The relationship of the ee values of product 3a and Ls-PrPr,

The relationship of the ee values of product 3a and L5-PrPr2

100 1
80
60
40

ee of product 3a (%)

20

0 T T T T T

0 10 20 30 40 50 60 70 80 90 100

ee of L5-PrPr2 (%)

ee of Ls-PrPr 0 20 40 60 80 100

ee of product 3a 0 25 35

56 72 91

To gain mechanistic insight into the reaction, the relationship between the ee values of the product
3a and ligand Ls-PrPr, was explored. A self-evident linear effect was observed, which indicates that

the monomeric catalyst of Ls-PrPr; and Y(OTf); may be the main catalytically active species.

13



7. Control experiments

For the reaction between 1a and 2a

o) Y(OTf)y/Ls-PrPry % Q
a . . Bn
(a) t SiMe,Ph , g4 _(1:1.10mol%)  BnS OBy + o'Bu
BuO DCM, -60 °C
3 ' HO SiMe,Ph OSiMe,Ph
1a 3a 4a
99% vyield, 91% ee not observed
o Y(OTfHy/Ls-PrPr, 0 Q
b , : 0
() t SiMe,Ph , g, _(1:1.10mol%)  BnS OBy + o'Bu
Buo DCM, 0 °C
u : HO SiMe,Ph 0SiMe,Ph
1a 3a 4a
99% vyield, 66% ee not observed
o Y(OTfHy/Ls-PrPr, o Q
(c) . . o
BuO SiMesFh 4 24 (11, 10 mol%) _ BnS OBu + O'Bu
EtsN (30 mol%) . .
o SCM,-60 oG HO SiMe,Ph OSiMe,Ph
1a 3a 4a

95% yield, 0% ee not observed

For the reaction between 1h and 2a

@ o Y(OTf)3/Ls-PrPr, o Q
SiMe,Ph 2a (1:1, 10 mol%) an%kOBn + BnS%OBn

BnO DCM, -60 °C .
i HO SiMe,Ph 0OSiMe,Ph

1h 3ai 4ai

94% vyield, 61% ee not observed

Y(OTfy/Ls-PrPr,
_(111,10mol%)  BnS BnS

+

OBn

SiMe,Ph
Bno)%( 2 + 2a

DCM, 0 °C

Y(OTf)3/Ls-PrPr,
SiMePh . 24
Et3N (30 mol%)

DCM, -60 °C

Y(OTf),/Ls-PrPr;

SiMe,Ph
BnO Z7 + 2a

)Sf NEt, (50 mol%)
DCM, -60 °C

(e)
0 Y
(OTf)3/Ls-PrPr,

(1:1, 10 mol%)
- 7 .
DCM, 0 °C
with or wothout
Et3N (30 mol%)

BnS« OBn

HO SiMe,Ph
3ai

(1:1, 10 mol%)

(1:1, 10 mol%)

BnS

%Fo

OBn
SiMe,Ph
3ai

89% yield, 45% ee

HO

BnS
OBn

SiMe,Ph
3ai
86% vyield, 0% ee

HO

OBn
SiMe,Ph

3ai

31 % yield, 0% ee

@©
>
w
%
o]

HO

OBn
OSiMe,Ph
4ai

not observed

-

2

+

<

OSiMe,Ph
4ai
9% yield, 0% ee

BnS
OBn

OSiMe,Ph

4ai
9% yield, 0% ee

<

BnS
OBn

OSiMe,Ph
4ai

63 % yield, 0% ee

<



i BnO)S(SiMEZPh + BnsH

1h O 2a

Y(OTf)3/Ls-PrPr,
(1:1, 10 mol%)

]
BnS proton . Brook
%OBn tranfer SiMezPh rearrangement
<~——Bn0~ f—g-Bn — —

HO SiMe,Ph
. (0]
3ai =z

Int-A

15

BnS
OBn

OSiMe,Ph
rac-4ai

proton tranfer

racemization S
B~ BnO “Bn

OSiMe,Ph OSiMe,Ph



8. Scale-up version of the asymmetric reaction

0 Y(OTf)3/Ls-PrPr, o]
. . 0 S
oy WPt S t0mom) S g,
5 DCM, -45 °C HO SiMePh,
1b 21 3r,1.10g
1.8 mmol 1.8 mmol 99% yield, 94% ee

A 100 mL of dry round-bottom flask was charged with N, N'-dioxide ligand Ls-PrPr, (10 mol %, 0.18
mmol) and Y(OTf); (10 mol %, 0.18 mmol) under nitrogen atmosphere. The DCM (18 mL) was added
and the mixture were stirred at 35 °C for 6 h. Then, 21 (1.8 mmol) and 1b (1.8 mmol )was added at -45°C.
The mixture was stirred at -45 °C for 48 h (detection by TLC). Purification of the reaction products was
carried out by flash filtration with a thin silica gel and washed with 15 mL DCM to afford the desired
product in 99% yield (1.10 g) with 94% ee as a colorless solid.

16



8. Characterization of the products
Tert-butyl (R)-2-(benzylthio)-2-(dimethyl(phenyl)silyl)-2-hydroxyacetate (3a)

: S X OBu

HO SiMe,Ph
3a

@)

Colorless oil. 38.8 mg, 99% vyield, 91% ee. Specific rotation [a]*p = -21 (¢ = 3.68, CH,Cl,).
Dissolved in n-hexane for HPLC; HPLC (Chiral ODH column, i-PrOH/n-hexane = 1/99, flow rate: 1.0
mL/min, 254 nm): tr (minor) = 7.63 min, tr (major) = 13.93 min.

TH NMR (400 MHz, CDCl5)8 7.67 — 7.60 (m, 2H), 7.40 — 7.32 (m, 3H), 7.30 — 7.24 (m, 4H), 7.23 -
7.16 (m, 1H), 3.88 (s, 1H), 3.84 (d, /= 11.8 Hz, 1H), 3.59 (d, /= 11.8 Hz, 1H), 1.33 (s, 9H), 0.53 (d, J
= 7.0 Hz, 6H).

BC{IH} NMR (101 MHz, CDCl;) § 174.4, 137.3, 134.8, 134.7, 130.0, 129.4, 128.6, 127.8, 127.2, 83.4,
32.3,27.9,-4.2.

HRMS (ESI+) m/z caled for CyHag05SSi [M+Na]*: 411.1421, found: 411.1421.

IR (neat) 3442, 2975, 2926, 2361, 3696, 1492, 1455, 1427, 1394, 1368, 1250, 1154, 1114, 1050, 966,
916, 838, 780, 736, 699, 645, 565, 521, 469.
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Tert-butyl (R)-2-(benzylthio)-2-hydroxy-2-(methyldiphenylsilyl)acetate (3b)
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@So

R O'Bu

HO SiMePh,
3b

Colorless oil. 45.0 mg, 99% yield, 95% ee. Specific rotation [0]*’p = +47 (¢ = 0.95, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 5/95, flow rate: 1.0
mL/min, 210 nm): tr (minor) = 7.78 min, tr (major) = 12.01 min.
H NMR (400 MHz, CDCl;) 6 7.73 (ddd, J=7.7, 5.7, 1.6 Hz, 4H), 7.41 — 7.31 (m, 6H), 7.28 — 7.23 (m,
4H), 7.20 (m, 1H), 3.98 (s, 1H), 3.85 (d, /= 11.9 Hz, 1H), 3.62 (d, J = 12.0 Hz, 1H), 1.21 (s, 9H), 0.83

(s, 3H).

BC{'H} NMR (400 MHz, CDCl;) § 174.0, 137.2, 135.7, 135.5, 133.8, 133.1, 130.1, 130.0, 129.5,
128.6,127.9, 127.8, 127.2, 83.6, 77.4,32.4,27.7, -4.3.
HRMS (ESI+) m/z caled for C,sH3003SSi [M+Na]*: 473.1577, found: 473.1576.

IR (neat) 3439, 3067, 2977, 2928, 2361, 1698, 1595, 1491, 1455, 1428, 1394, 1369, 1257, 1155, 1113,

1051, 964, 843, 790, 732, 670, 522, 488.

=
3
o

Retention Time Area % Area
1 7.852 9380714 49.82
2 12.163 9449673 50.18

Retention Time Area % Area
1 7.778 88344 2.61
2 12.008 3301514 97.39
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Tert-butyl (R)-2-(benzylthio)-2-(diphenyl(vinyl)silyl)-2-hydroxyacetate (3c¢)

s J
s Ko,

HO SiPh,
3¢ N

Colorless oil. 44.9 mg, 97% yield, 96% ee. Specific rotation [0]*’p = +57 (¢ = 0.87, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 3/97, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 9.91 min, tr (major) = 16.06 min.

!H NMR (400 MHz, CDCl;) 6 7.73 (ddd, J= 7.7, 5.7, 1.6 Hz, 4H), 7.41 — 7.31 (m, 6H), 7.28 — 7.23 (m,
4H), 7.20 (m, 1H), 3.98 (s, 1H), 3.85 (d, /= 11.9 Hz, 1H), 3.62 (d, /= 12.0 Hz, 1H), 1.21 (s, 9H), 0.83
(s, 3H).

BC{'H} NMR (400 MHz, CDCl;) § 174.0, 137.2, 135.7, 135.5, 133.8, 133.1, 130.1, 130.0, 129.5,
128.6, 127.9, 127.8, 127.2, 83.6, 77.4,32.4,27.7, -4.3.

HRMS (ESI+) m/z caled for C7H300;SSi [M+Na]*: 485.1577, found: 485.1576.

IR (neat) 3439, 3067, 2977, 2928, 2361, 1698, 1595, 1491, 1455, 1428, 1394, 1369, 1257, 1155, 1113,
1051, 964, 843, 790, 732, 670, 522, 488.
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Tert-butyl (R)-2-(benzylthio)-2-(dimethyl(p-tolyl)silyl)-2-hydroxyacetate (3d)

Ho, 7o R

SiMe, O'Bu
3d

Colorless oil. 35.4 mg, 88% yield, 85% ee. Specific rotation [a]*’p = -13 (¢ = 0.55, CH,CL).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 3/97, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 8.10 min, tr (major) = 10.22 min.

H NMR (400 MHz, Acetone-dg) 6 7.60 — 7.53 (m, 2H), 7.34 — 7.25 (m, 4H), 7.20 (dd, J=16.5, 7.2 Hz,
3H), 4.64 (s, 1H), 3.87 (d, J=11.7 Hz, 1H), 3.64 (d, /= 11.8 Hz, 1H), 2.31 (s, 3H), 1.36 (s, 9H), 0.50
(s, 3H), 0.46 (s, 3H).

BC{'H} NMR (Acetone-ds) & 174.4, 140.3, 138.6, 135.6, 135.6, 132.2, 130.1, 129.3, 129.1, 127.7, 83.1,
78.1,32.5,28.1,21.5,-3.8, -3.9.

HRMS (ESI+) m/z caled for C,H300;SSi [M+Na]*: 425.1567, found: 425.1557.
IR (neat) 3444,2974,2925, 1697, 1602, 1495, 1454, 1394, 1369, 1251, 1155, 1108, 1051, 967, 894, 785,

701, 602, 493.
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Tert-butyl (R)-2-(benzylthio)-2-((4-fluorophenyl)dimethylsilyl)-2-hydroxyacetate (3e)

Ho, TR

F@—SiMezotBu

3e

Colorless oil. 31.0 mg, 76% yield, 80% ee. Specific rotation [a]*p = -9.5 (¢ = 0.28, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 3/97, flow rate: 1.0
mL/min, 210 nm): tr (minor) = 7.57 min, tr (major) = 8.76 min.

H NMR (400 MHz, Acetone-dg) 6 7.77 — 7.69 (m, 2H), 7.33 — 7.25 (m, 4H), 7.25 - 7.18 (m, 1H), 7.17
-7.10 (m, 2H), 4.75 (s, 1H), 3.88 (d, /= 11.8 Hz, 1H), 3.66 (d, /= 11.7 Hz, 1H), 1.36 (s, 9H), 0.53 (s,
3H), 0.48 (s, 3H).

BC{'H} NMR (101 MHz, Acetone-ds) 8 174.3, 165.17 (Jo.r = 247.2 Hz), 138.7, 138.1 (Jcr = 7.6 Hz),
132.1 (Jer = 3.8 Hz), 130.3, 129.5, 128.0, 115.51 (Jcr= 19.8 Hz), 83.4, 78.1, 32.7, 28.2, -3.7.

I9F NMR (376 MHz, Acetone-dg) 8 -112.7.

HRMS (ESI+) m/z calcd for Cy;H,;,0;FSSi [M+Na]*: 429.1326, found: 429.1326.

IR (neat) 2977, 2362, 1712, 1665, 1577, 1483, 1374, 1253, 1156, 1085, 1014, 834, 797, 742, 663, 494.4
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<
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The mixture was purified by flash chromatography on silica gel at -60°C:
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Tert-butyl (R)-2-(benzylthio)-2-((4-chlorophenyl)dimethylsilyl)-2-hydroxyacetate (3f)

Ho, 7o R

CIOSiMeZ 0'Bu

3f

Colorless oil. 35.5 mg, 84% yield, 91% ee. Specific rotation [a]*’p = -20 (¢ = 0.33, CH,CL).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 3/97, flow rate: 1.0
mL/min, 254 nm): tr (minor) = 8.34 min, tr (major) = 9.43 min.

IH NMR (400 MHz, Acetone-ds) 8 7.72 — 7.67 (m, 2H), 7.43 — 7.39 (m, 2H), 7.33 — 7.26 (m, 4H), 7.22
(m, 1H), 4.78 (s, 1H), 3.89 (d, /= 11.8 Hz, 1H), 3.66 (d, J = 11.8 Hz, 1H), 1.37 (s, 9H), 0.53 (s, 3H),
0.49 (s, 3H).

BC{'H} NMR (101 MHz, Acetone-ds) 8 174.1, 138.4, 137.3, 136.4, 136.3, 134.9, 130.1, 129.3, 128.7,
128.5, 127.8, 83.3, 77.86, 32.6, 28.0, -4.0, -4.1.

HRMS (ESI+) m/z caled for C,H,705CISSi [M+Na]*: 445.1031 and 447.1001, found: 445.1031 and
447.1000.

IR (neat) 2979, 2363, 1738, 1711, 1665, 1589, 1502, 1458, 1370, 1253, 1160, 1107, 995, 834, 794, 674,
601, 515, 421.
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The mixture was purified by flash chromatography on silica gel at -60°C:
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Tert-butyl (R)-2-(benzylthio)-2-(tert-butyldimethylsilyl)-2-hydroxyacetate (3g)

st
s Ko,

HO TBS

39

Colorless oil. 32.1 mg, 87% yield, 80% ee. Specific rotation [0]>’p = +16 (¢ = 0.44, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 3/97, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 4.65 min, tr (major) = 5.35 min.
H NMR (400 MHz, CDCl;) 6 7.30 — 7.13 (m, 5H), 3.91 (s, 1H), 3.80 (d, /= 11.6 Hz, 1H), 3.51 (d, /=
11.6 Hz, 1H), 1.51 (s, 9H), 0.96 (s, 9H), 0.23 (s, 3H), 0.13 (s, 3H).
BC{'H} NMR (400 MHz, CDCl;) § 175.4, 137.3, 129.4, 128.6, 127.2, 83.6, 78.7, 32.0, 28.2, 27.7, 18.8,
-5.9,-6.2.
HRMS (ESI+) m/z calcd for C9H3,0;SSi [M+Na]*: 391.1734, found: 391.1730.
IR (neat) 3448, 2932, 2858, 2361, 1694, 1464, 1393, 1368, 1253, 1157, 1051, 964, 840, 798, 772, 702,
573, 454.
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The mixture was purified by flash chromatography on silica gel at -60°C:
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Tert-butyl (R)-2-(dimethyl(phenyl)silyl)-2-hydroxy-2-((4-methoxybenzyl)thio)acetate (3h)

s Koy

HO SiMePh,
3h
Colorless oil. 48.0 mg, 99% yield, 94% ee. Specific rotation [0]>’p = +20 (¢ = 0.04, CH,CL,).

Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane =10/90, flow rate: 1.0
mL/min, 210 nm): tr (minor) = 7.82 min, tr (major) = 11.81 min.
'H NMR (400 MHz, Acetone-dg) 6 7.82 — 7.74 (m, 4H), 7.45 — 7.31 (m, 6H), 7.24 — 7.18 (m, 2H), 6.87
—6.80 (m, 2H), 4.88 (s, 1H), 3.85 (d, J=11.7 Hz, 1H), 3.75 (s, 3H), 3.63 (d, J=11.6 Hz, 1H), 1.26 (s,
9H), 0.83 (s, 3H).
BC{'H} NMR (101 MHz, Acetone-ds) 8 174.0, 159.9, 136.6, 136.3, 135.4, 134.7, 131.3, 130.7, 130.5,
130.0, 128.6, 128.4, 114.8, 83.5, 78.4, 55.6, 32.3, 28.0, -3.8.
HRMS (ESI+) m/z calcd for Cy;H3,0,4SSi [M+Na]*: 503.1683, found: 503.1683.
IR (neat) 3438, 2975, 2099, 1697, 1610, 1511, 1461, 1430, 1369, 1249, 1155, 1112, 1035, 964, 838,
788, 733, 699, 490.
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Tert-butyl (R)-2-(dimethyl(phenyl)silyl)-2-((4-fluorobenzyl)thio)-2-hydroxyacetate (3i)

F
\©\/ O
S
%otau

HO SiMePh,
3i
Colorless oil. 46.7 mg, 99% yield, 93% ee. Specific rotation [0]*’p = +18 (¢ = 0.90, CH,CL,).

Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane =3/97, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 9.78 min, tr (major) = 17.11 min.
'H NMR (400 MHz, Acetone-dg) 6 7.80 — 7.69 (m, 4H), 7.41 — 7.26 (m, 8H), 7.03 — 6.96 (m, 2H), 4.92
(s, 1H), 3.83 (d, /= 12.1 Hz, 1H), 3.66 (d, J= 12.1 Hz, 1H), 1.20 (s, 9H), 0.80 (s, 3H).
BC{'H} NMR (101 MHz, Acetone-ds) 8 174.0, 162.7 (Jo.r = 243.6 Hz), 136.6, 136.3, 135.2, 134.7 (Jc.
r=3.1Hz), 134.6, 132.1 (Jcr = 8.2 Hz), 130.8, 130.5, 128.6, 128.4, 116.0 (Jcr =21.6 Hz), 83.5, 78.2,
32.0,27.9,-3.9.
19F NMR (376 MHz, Acetone-dg) & -117.37.
HRMS (ESI+) m/z calcd for CysHaoFO3SSi [M+Na]*: 491.1488, found: 491.1489.
IR (neat) 3436, 3048, 2978, 1697, 1600, 1508, 1458, 1394, 1369, 1255, 1225, 1155, 1111, 1052, 964,
841, 788, 732, 699.

0.20]
1233
o 0.151 8
o
< 0.10] -~
% A
0.007

0.00 1.00 200 3.00 4.00 5.00 6.00 7.00 800 9.00 10.00 11.00 12/00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00
Minutes

Retention Time Area % Area
1 9.615 1999525 51.04
2 16.869 1917804 48.96
0.30q
. 0.207
<<
o
0.104 2
0.00+ j’\
0.00 1.00 200 3.00 400 500 600 7.00 800 9.00 1000 11.00 12.00 13.00 14.00 1500 16.00 17.00 18.00 19.00 20.00
Minutes
Retention Time Area % Area
1 9.782 290451 3.40
2 17.112 8257782 96.60

25



Tert-butyl (R)-2-((4-chlorobenzyl)thio)-2-(dimethyl(phenyl)silyl)-2-hydroxyacetate (3j)

Cl
\@\/ (@]
S%OtBu

HO SiMePh,
3j
Colorless oil. 48.0 mg, 99% yield, 93% ee. Specific rotation [0]>p = +22 (¢ = 0.98, CH,CL,).

Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane =3/97, flow rate: 1.0
mL/min, 210 nm): tr (minor) = 9.49 min, tr (major) = 15.94 min.
'H NMR (400 MHz, Acetone-dg) 6 7.82 — 7.73 (m, 4H), 7.44 —7.33 (m, 6H), 7.30 (d, J = 0.8 Hz, 4H),
497 (s, 1H), 3.86 (d, J=12.2 Hz, 1H), 3.69 (d, J= 12.2 Hz, 1H), 1.23 (s, 9H), 0.83 (s, 3H).
BC{'H} NMR (101 MHz, Acetone-ds) 8 174.0, 137.8, 136.6, 136.6, 135.2, 134.6, 133.2, 132.0, 130.8,
130.6, 129.4, 128.6, 128.5, 83.6, 78.2, 32.1, 27.9, -3.9.
HRMS (ESI+) m/z caled for CpsH9ClO3SSi [M+Na]*: 507.1187 and 509.1157, found: 507.1187 and
509.1157.
IR (neat) 3438, 3049, 2977, 2930, 1697, 1592, 1489, 1428, 1398, 1369, 1255, 1155, 1111, 1053, 964,
841, 789, 732, 699, 490.
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Tert-butyl (R)-2-((2-chlorobenzyl)thio)-2-(dimethyl(phenyl)silyl)-2-hydroxyacetate (3k)

O
S R O'Bu
Cl HO SiMePh,
3k

Colorless oil. 48.1 mg, 99% yield, 92% ee. Specific rotation [0]>’p = +26 (¢ = 0.71, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane =3/97, flow rate: 1.0
mL/min, 210 nm): tr (minor) = 9.95 min, tr (major) = 14.74 min.

'H NMR (400 MHz, Acetone-ds) 6 7.76 (ddd, J=13.1, 7.9, 1.7 Hz, 4H), 7.44 — 7.29 (m, 8H), 7.26 —
7.17 (m, 2H), 4.97 (s, 1H), 3.95 (d, J=11.9 Hz, 1H), 3.86 (d, J = 11.8 Hz, 1H), 1.21 (s, 9H), 0.82 (s,
3H).

BC{'H} NMR (101 MHz, Acetone-ds) 8 174.0, 136.6, 136.3, 136.3, 135.3, 134.8, 134.6, 132.7, 130.8,
130.5, 130.4, 129.7, 128.6, 128.5, 128.2, 83.7, 78.1, 30.5, 27.9, -3.9.

HRMS (ESI+) m/z caled for CysHy9ClO3SSi [M+Na]*: 507.1187 and 509.1157, found: 507.1187 and
509.1157.

IR (neat) 3435, 3051, 2977, 2929, 2362, 1696, 1590, 1472, 1429, 1394, 1369, 1255, 1155, 1111, 11046,
963, 842, 790, 733, 699, 523, 490, 450.
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Tert-butyl (R)-2-((4-bromobenzyl)thio)-2-(dimethyl(phenyl)silyl)-2-hydroxyacetate (31)

B
r\@\/ @)
S
%otsu

HO SiMePh,
3l

Colorless oil. 49.8 mg, 93% yield, 93% ee. Specific rotation [0]*’p = +26 (¢ = 1.00, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane =3/97, flow rate: 1.0
mL/min, 210 nm): tr (minor) = 10.12 min, tr (major) = 17.65 min.

IH NMR (400 MHz, Acetone-dg) 6 7.77 (ddt, J=15.2, 6.7, 1.5 Hz, 4H), 7.47 — 7.32 (m, 8H), 7.29 —
7.22 (m, 2H), 4.97 (s, 1H), 3.84 (d, J=12.2 Hz, 1H), 3.68 (d, J = 12.2 Hz, 1H), 1.22 (s, 9H), 0.83 (s,
3H).

BC{'H} NMR (101 MHz, Acetone-ds) 8 174.0, 138.3, 136.6, 136.3, 135.2, 134.6, 132.4, 132.3, 130.8,
130.6, 128.6, 128.5, 121.2, 83.6, 78.2, 32.1, 27.9, -3.9.

HRMS (ESI+) m/z caled for C,sH,9BrOs;SSi [M+Na]*: 551.0682 and 553.0662, found: 551.0684 and
553.0662.

IR (neat) 3432, 2977, 1698, 1487, 1428, 1394, 1369, 1253, 1154, 1113, 1070, 1011, 964, 843, 798, 729,
699, 489.

0.109 w
[=2]
0.08 -
= o
_, 0.06] 2
< ~
0.04 ~
0.02 k
0'007HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH\HH
0.00 1.00 200 3.00 400 500 6.00 7.00 800 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00
Minutes
Retention Time Area % Area
1 10.195 844758 50.59
2 17.782 825068 49.41
0.407
0.307
[sg]
2 0.20] ol =
0.10 =]
0'0&H‘w‘H‘wH‘w‘H\H‘wH‘w‘Hw‘H‘wH‘w‘H\H‘wH‘w‘H‘wH‘w‘H\HH\HH\HH\HH\HH
0.00 1.00 200 300 4.00 500 600 7.00 800 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00
Minutes
Retention Time Area % Area
1 10.123 387094 3.68
2 17.645 10136719 96.32

28



Tert-butyl (R)-2-((3,4-dichlorobenzyl)thio)-2-hydroxy-2-(methyldiphenylsilyl)acetate (3m)

Cl
jij\/ i
cl S%kotau

HO SiMePh,
3m
Colorless oil. 51.1 mg, 98% yield, 93% ee. Specific rotation [0]*’p = +11 (¢ = 0.33, CH,CL,).

Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 3/97, flow rate: 1.0
mL/min, 210 nm): tr (minor) = 9.99 min, tr (major) = 17.15 min.
H NMR (400 MHz, Acetone-dg) 6 7.74 (ddt, J=16.6, 6.6, 1.6 Hz, 4H), 7.48 (d, J= 2.1 Hz, 1H), 7.46
—7.29 (m, 7H), 7.25 (dd, J= 8.3, 2.1 Hz, 1H), 5.05 (s, 1H), 3.76 (q, J = 18.4 Hz, 2H), 1.16 (s, 9H),
0.81 (s, 3H).
BC{'H} NMR (101 MHz, Acetone-ds) 8 173.9, 140.5, 136.6, 136.3, 135.1, 134.4, 132.5, 132.2, 131.4,
131.1, 130.8, 130.6, 130.3, 128.6, 128.5, 83.6, 77.9, 31.5, 27.8, -4.0.
HRMS (ESI+) m/z caled for Co6HosC1,03SSi [M+Na]*™: 541.0798 and 542.0831, found: 541.0798 and

542.0814.
IR (neat) 3430, 3051, 2978, 2930, 1697, 1590, 1471, 1428, 1393, 1370, 1255, 1155, 1112, 964, 842, 786,

732,699, 490.
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Tert-butyl (R)-2-(butylthio)-2-hydroxy-2-(methyldiphenylsilyl)acetate (3n)
O
\/\/S%otsu
HO SiMePh,
3n

Colorless oil. 40.0 mg, 96% yield, 97% ee. Specific rotation [0]*’p = +18 (¢ = 0.80, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 3/97, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 6.84 min, tr (major) = 12.88 min.

H NMR (400 MHz, Acetone-dg) 6 7.77 (td, J= 8.2, 1.6 Hz, 4H), 7.37 (m, 6H), 4.69 (s, 1H), 2.63 (m,
1H), 2.52 (m, 1H), 1.56 — 1.46 (m, 2H), 1.41 — 1.31 (m, 2H), 1.24 (s, 9H), 0.87 (t, /= 7.3 Hz, 3H), 0.82
(s, 3H).

BC{'H} NMR (101 MHz, Acetone-ds) 8 174.5, 136.6, 136.3, 135.5, 134.9, 130.7, 130.4, 83.4, 77.6,
32.4,28.0,27.9, 23.0, 14.0, -3.7.

HRMS (ESI+) m/z caled for C3H3,0,3SSi [M+Na]*: 439.1734, found: 439.1733.

IR (neat) 3445, 2961, 2930, 1689, 1450, 1429, 1369, 1255, 1157, 1111, 1047, 693, 845, 790, 731, 699,

490.

Retention Time Area % Area
1 6.676 8076072 49.78
2 12.194 8148102 50.22
0.607
-, 0.401
<
0.201 §
<
0.00 e —— H)‘HH -
0.00 1b0 2.00 3b0 4.b0 5b0 6b0 7.b0 B.bO 9.b0 10‘.00 11.‘00 12100 13‘.00 14‘.00 15.‘00 16‘.00 17‘.00 18.‘00 19‘.00 20.00

Minutes

Retention Time Area % Area
1 6.893 211908 1.67
2 12.877 12463411 98.33

30



Tert-butyl (R)-2-hydroxy-2-(methyldiphenylsilyl)-2-(pentylthio)acetate (30)

0]

/\/\/S%OtBu
HO SiMePh,

Colorless oil. 42.5 mg, 99% yield, 98% ee. Specific rotation [0]>’p = +28 (¢ = 0.44, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 1/99, flow rate: 1.0

mL/min, 210 nm): tr (minor) = 10.34 min, tr (major) = 20.90 min.

30

H NMR (400 MHz, CD,Cl,) 8 7.67 (d, J = 7.9 Hz, 4H), 7.37 — 7.27 (m, 6H), 3.89 (s, 1H), 2.45 (m,
2H), 1.51 — 1.44 (m, 2H), 1.28 — 1.21 (m, 4H), 1.18 (s, 9H), 0.82 (t, J = 7.0 Hz, 3H), 0.76 (s, 3H).
BC{'H} NMR (101 MHz, CD,Cl,) § 174.7, 136.2, 135.9, 134.6, 133.9, 130.5, 130.3, 128.3, 128.1,

84.0,77.3,31.9, 29.6, 28.0, 28.0, 22.8, 14.3, -4.1.
HRMS (ESI+) m/z caled for Cp4H340;SSi [M+Na]*: 453.1890, found: 453.1893.
IR (neat) 3442, 2958, 2927, 1697, 1460, 428, 1369, 1253, 1155, 1111, 1036, 962, 844, 786, 729, 698,

527, 487.
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Tert-butyl (R)-2-(hexylthio)-2-hydroxy-2-(methyldiphenylsilyl)acetate (3p)

O
N NN
s Lo,
HO SiMePh,
3p

Colorless oil. 44 mg, 99% yield, 94% ee. Specific rotation [o]>’p = +22 (¢ = 0.86, CH,Cl,). Dissolved
in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 3/97, flow rate: 1.0 mL/min, 210
nm): tr (minor) = 6.42 min, tr (major) = 11.21 min.
'H NMR (400 MHz, Acetone-dg) 6 7.77 (td, J= 7.8, 1.6 Hz, 4H), 7.45 — 7.31 (m, 6H), 4.67 (s, 1H),
2.68 —2.44 (m, 2H), 1.53 (m, 2H), 1.39 — 1.26 (m, 6H), 1.25 (s, 9H), 0.87 (t, J= 6.8 Hz, 3H), 0.82 (s,
3H).
BC{'H} NMR (101 MHz, Acetone-ds) 8 174.6, 136.7, 136.4, 135.6, 135.0, 130.8, 130.5, 128.6, 128.5,
83.5,77.7,32.3,30.4,29.7,28.3,28.1,23.4, 14.5, -3.7.
HRMS (ESI+) m/z caled for C,5H3603SSi [M+Na]*: 467.2047, found: 467.2049.
IR (neat) 3444, 3050, 2958, 2927, 2856, 1698, 1461, 1429, 1369, 1254, 1157, 1111, 1050, 961, 845, 790,
731, 699, 490.
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Tert-butyl (R)-2-(heptylthio)-2-hydroxy-2-(methyldiphenylsilyl)acetate (3q)
O
/\/\/\/ng\otBu
HO SiMePh,
3q
Colorless oil. 45.8 mg, 99% yield, 91% ee. Specific rotation [0]*’p = +22 (¢ = 0.94, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 3/97, flow rate: 1.0
mL/min, 210 nm): tr (minor) = 6.32 min, tr (major) = 11.03 min.
'H NMR (400 MHz, Acetone-dg) 6 7.77 (td, J= 7.8, 1.7 Hz, 4H), 7.44 — 7.31 (m, 6H), 4.67 (s, 1H),
2.56 (ddt, J=46.6, 12.0, 7.4 Hz, 2H), 1.52 (h, /= 6.8 Hz, 2H), 1.39 — 1.25 (m, 7H), 1.25 (s, 9H), 0.87
(t,J=6.7 Hz, 3H), 0.82 (s, 3H).
BC{'H} NMR (101 MHz, Acetone-ds) 8 174.5, 136.7, 136.4, 135.6, 135.0, 130.7, 130.5, 128.6, 128.4,
83.4,77.6,32.2,30.3,29.7, 28.3, 28.0, 23.3, 14.5, -3.7.
HRMS (ESI+) m/z calcd for CpsH330;SSi [M+Na]*: 481.2203, found: 481.2206.
IR (neat) 3443, 2926, 2855, 1698, 1461, 1429, 1369, 1254, 1157, 1111, 1050, 962, 845, 791, 731, 699,
490.
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Tert-butyl (R)-2-hydroxy-2-(methyldiphenylsilyl)-2-(octadecyl Ithio)acetate (3r)

CCiZ/\/ I
s Lon

HO SiMePh,
3r

Colorless oil. 61.0 mg, 99% yield, 94% ee. Specific rotation [0]?’p = +18 (¢ = 1.22, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 3/97, flow rate: 1.0
mL/min, 254 nm): tr (minor) = 5.41 min, tr (major) =9.18 min.

IH NMR (400 MHz, Acetone-dg) 6 7.76 (ddt, J= 8.2, 6.6, 1.6 Hz, 4H), 7.45 — 7.29 (m, 6H), 4.69 (s,
1H), 2.61 (dt, J=12.0, 7.5 Hz, 1H), 2.49 (dt, /= 11.9, 7.4 Hz, 1H), 1.56 — 1.47 (m, 2H), 1.28 (d, J =
3.9 Hz, 32H), 1.23 (s, 9H), 0.92 — 0.84 (t, 3H), 0.81 (s, 3H).

BC{'H} NMR (101 MHz, Acetone) 5 174.3, 136.5, 136.2, 135.4, 134.7, 130.6, 130.3, 128.4, 128.2,

83.2,77.4,32.6,30.4,30.4, 30.3, 30.1, 30.1, 29.8, 28.0, 27.8, 23.3, 14.4, -3.8.

HRMS (ESI+) m/z caled for C37HgO3SSi [M+Na]*: 635.3925, found: 635.3925.

IR (neat) 2923, 2853, 1743, 1700, 1462, 1429, 1369, 1254, 1114, 959, 835, 793, 731, 699, 490.
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Tert-butyl (R)-2-hydroxy-2-(isobutylthio)-2-(methyldiphenylsilyl)acetate (3s)

)v i
S
%OtBu

HO SiMePh,
3s

Colorless oil. 41.0 mg, 99% yield, 96% ee. Specific rotation [0]*’p = +23 (¢ = 0.71, CH,CL).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 3/97, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 5.91 min, tr (major) = 10.63 min.

'H NMR (400 MHz, Acetone-dg) 6 7.77 (tt, J= 6.7, 1.6 Hz, 4H), 7.45 — 7.29 (m, 6H), 4.67 (s, 1H),
2.50(dd, J=12.1, 6.9 Hz, 1H), 2.40 (dd, /= 12.1, 6.8 Hz, 1H), 1.74 (dp, J = 13.4, 6.7 Hz, 1H), 1.24 (s,
9H), 0.93 (dd, J = 6.7, 2.2 Hz, 6H), 0.83 (s, 3H).

BC{'H} NMR (101 MHz, Acetone-ds) 8 174.5, 136.7, 136.4, 135.6, 134.9, 130.7, 130.5, 128.6, 128.4,
83.4,77.4,37.0,29.5,28.0,22.7,-3.7.

HRMS (ESI+) m/z calcd for Cp3H3,0;SSi [M+Na]*: 439.1734, found: 439.1732.

IR (neat) 3443, 3050, 2960, 2871, 1698, 1590, 1461, 1428, 1390, 1369, 1252, 1155, 1112, 1049, 963,
844,791, 731, 699.
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Tert-butyl (R)-2-hydroxy-2-(methyldiphenylsilyl)-2-(phenethylthio)acetate (3t)

o)
Ph/\/s\ekOtBu

~

HO SiMePh,
3t

Colorless oil. 46.0 mg, 99% yield, 97% ee. Specific rotation [0]>’p = +50 (¢ = 0.98, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 3/97, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 7.65 min, tr (major) = 14.43 min.

H NMR (400 MHz, Acetone-dg) 6 7.73 (ddt, J=6.2, 4.4, 1.6 Hz, 4H), 7.44 — 7.32 (m, 6H), 7.28 —

7.23 (m, 2H), 7.21 — 7.11 (m, 3H), 3.93 (s, 1H), 2.90 — 2.80 (m, 3H), 2.73 — 2.63 (m, 1H), 1.21 (s, 9H),
0.83 (s, 3H).

BC{'H} NMR (101 MHz, Acetone-ds) 8 174.2, 140.7, 135.7, 135.5, 133.8, 133.2, 130.1, 129.9, 128.6,
128.5,127.9, 127.8, 126.4, 83.6, 76.9, 36.1, 29.3, 27.7, -4.3.

HRMS (ESI+) m/z caled for C,7H3,0,SSi [M+Na]*: 487.1733, found: 487.1733.

IR (neat) 3439, 2977, 2928, 1697, 1454, 1428, 1393, 1369, 1255, 1156, 1111, 1052, 959, 844, 788, 731,
699, 524, 490.
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Tert-butyl (R)-2-hydroxy-2-(methyldiphenylsilyl)-2-((3-(triethoxysilyl)propyl)thio)acetate (3u)

Eto\é)iEt . o)
EtO"" %otsu
HO SiMePh,

3u

Colorless oil. 56.1 mg, 99% yield, 91% ee. Specific rotation [0]>’p = +20 (¢ = 0.98, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 3/97, flow rate: 1.0
mL/min, 210 nm): tr (minor) = 6.90 min, tr (major) = 12.52 min.

'H NMR (400 MHz, Acetone-dg) 6 7.77 (td, J= 8.3, 1.6 Hz, 4H), 7.37 (m, 6H), 4.67 (s, 1H), 3.79 (q, J
=7.0 Hz, 6H), 2.59 (m, 2H), 1.64 (m, 2H), 1.25 (s, 9H), 1.18 (t, /= 7.0 Hz, 9H), 0.82 (s, 3H), 0.70 —
0.63 (m, 2H).

BC{'H} NMR (101 MHz, Acetone-ds) 8 174.6, 136.7, 136.4, 135.6, 134.9, 130.8, 130.5, 128.6, 128.4,
83.5,77.5,59.0,31.4,28.0,24.5,18.9,11.2, -3.7.

HRMS (ESI+) m/z caled for C,3H4406SS1, [M+Na]*: 587.2289, found: 587.2289.

IR (neat) 2973, 1699, 1429, 1369, 1251, 1158, 1075, 957, 844, 784, 730, 699, 487.
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Tert-butyl (R)-2-(allylthio)-2-(dimethyl(phenyl)silyl)-2-hydroxyacetate (3v)

s X
Sﬁej\otBu

HO SiMePh,
3v

Yellowish oil. 38.0 mg, 95% yield, 93% ce. Specific rotation [a]*, = +22 (¢ = 0.76, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane =3/97, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 7.13 min, tr (major) = 12.52 min.

IH NMR (400 MHz, Acetone-dg) 6 7.77 (m, 4H), 7.45 — 7.31 (m, 6H), 5.82 (m, 1H), 5.16 (dd, J=17.0,
1.6 Hz, 1H), 5.01 (dd, J=10.0, 1.5 Hz, 1H), 4.78 (s, 1H), 3.34 — 3.25 (m, 1H), 3.23 — 3.08 (m, 1H),
1.25 (s, 9H), 0.83 (s, 3H).

BC{'H} NMR (101 MHz, Acetone-ds) 8 174.0, 136.5, 136.2, 135.2, 135.2, 134.5, 130.6, 130.4, 128.5,
128.3,117.8, 83.4,77.8,31.5,27.8, -4.0

HRMS (ESI+) m/z calcd for Cp,H,30;SSi [M+Na]*: 423.1421, found: 423.1422.

IR (neat) 3439, 2977, 2362, 1698, 1428, 1396, 1369, 1254, 1155, 1112, 1050, 991, 920, 843, 789, 731,
699, 489.
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Methyl (R)-3-((2-(tert-butoxy)-1-hydroxy-1-(methyldiphenylsilyl)-2-oxoethyl)thio)propanoate (3w)
(0]

/ij/\/S%OtBu

o) HO SiMePh,
3w

White solid. m.p. 92-93 °C. 44.6 mg, 99% yield, 86% ece. Specific rotation [a]*’p = +25 (¢ = 0.53,
CH,Cl,). Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 10/90, flow
rate: 1.0 mL/min, 230 nm): tr (minor) = 7.86 min, tr (major) = 13.22 min.

IH NMR (400 MHz, Acetone-dg) 6 7.76 (ddt, J=12.9, 6.6, 1.6 Hz, 4H), 7.45 — 7.32 (m, 6H), 4.87 (s,
1H), 3.62 (s, 3H), 2.81 (d, J=7.2 Hz, 2H), 2.57 (td, /= 7.2, 1.4 Hz, 2H), 1.25 (s, 9H), 0.82 (s, 3H).
BC{'H} NMR (101 MHz, Acetone-ds) 8 174.3, 172.8, 136.6, 136.3, 135.3, 134.7, 130.8, 130.5, 128.6,
128.44, 83.6,77.5,51.9,35.5,27.9, 23.6, -3.9.

HRMS (ESI+) m/z caled for Cp3H3005SSi [M+Na]*: 469.1475, found: 469.1475.

IR (neat) 3735, 3448, 2980, 2288, 2190, 2180, 2146, 2077, 2046, 1996, 1966, 1900, 1429, 1369, 1251,
1156, 1112, 793, 731, 699, 580, 531, 445, 410.
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Tert-butyl (R)-2-hydroxy-2-(isopropylthio)-2-(methyldiphenylsilyl)acetate (3x)
O

HO SiMePh,

3x

Colorless oil. 36.2 mg, 90% yield, 94% ee. Specific rotation [0]*’p = +29 (¢ = 0.72, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 1/99, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 9.25 min, tr (major) = 14.74 min.

H NMR (400 MHz, CD,Cl,) 8 7.75 — 7.63 (m, 4H), 7.39 — 7.27 (m, 6H), 3.88 (s, 1H), 3.08 (td, /= 6.8,
1.8 Hz, 1H), 1.23 (d, /= 6.7 Hz, 3H), 1.18 (s, 9H), 1.15 (d, J= 7.8 Hz, 3H), 0.75 (s, 3H).

BC{'H} NMR (101 MHz, CD,Cl,) 6 175.1, 136.3, 136.0, 134.7, 133.9, 130.5, 130.3, 128.3, 128.1,
84.1,78.1,34.5, 28.0, 26.1, 24.9, -4.1.

HRMS (ESI+) m/z caled for C,,H300;SSi [M+Na]*: 425.1577, found: 425.1577.

IR (neat) 3442, 2973, 1696, 1455, 1428, 1369, 1253, 1155, 1111, 1033, 960, 844, 786, 730, 698, 488,
443,
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Tert-butyl (R)-2-(cyclopentylthio)-2-hydroxy-2-(methyldiphenylsilyl)acetate (3y)
O

T
HO SiMePh,

3y

Colorless oil. 41.9 mg, 98% yield, 96% ee. Specific rotation [0]*’p = +48 (¢ = 0.84, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 3/97, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 6.27 min, tr (major) = 10.44 min.
IH NMR (400 MHz, CD,Cl,) 8 7.68 (ddd, J= 8.0, 4.4, 1.6 Hz, 4H), 7.39 — 7.26 (m, 6H), 3.89 (s, 1H),
3.14 (p, J=17.5 Hz, 1H), 1.94 (dddd, J=15.8, 12.3, 9.7, 6.6 Hz, 2H), 1.70 — 1.57 (m, 2H), 1.56 — 1.34
(m, 4H), 1.18 (s, 9H), 0.76 (s, 3H).
BC{'H} NMR (101 MHz, CD,Cl,) 6 175.0, 136.1, 135.8, 134.6, 133.8, 130.3, 130.1, 128.1, 128.0,
83.8,78.0,41.7,35.8,34.8,27.8,25.4,25.1, -4.2.
HRMS (ESI+) m/z caled for C4H3,0,3SSi [M+Na]*: 451.1734, found: 451.1727.
IR (neat) 3446, 3050, 2960, 2867, 2361, 2040, 1967, 1699, 1455, 1428, 1394, 1369, 1257, 1157, 1114,
1048, 962, 844, 791, 732, 699, 489.
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Tert-butyl (R)-2-hydroxy-2-(methyldiphenylsilyl)-2-(phenylthio)acetate (3aa)
O

S
%J\OtBu
HO SiMePh,
3aa

Colorless oil. 43.6 mg, 99% yield, 94% ee. Specific rotation [a]*’p = +94.3 (¢ = 0.88, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral ADH column, i-PrOH/n-hexane = 1/99, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 12.79 min, tr (major) = 18.15 min.

H NMR (400 MHz, Acetone-dg) 6 7.79 (ddt, J= 8.0, 3.3, 1.8 Hz, 4H), 7.53 — 7.47 (m, 2H), 7.43 —
7.29 (m, 9H), 4.55 (s, 1H), 1.08 (s, 9H), 0.88 (s, 3H).

BC{'H} NMR (101 MHz, Acetone-ds) 8 173.0, 136.7, 136.6, 136.4, 135.1, 134.4, 132.0, 130.9, 130.6,
129.9, 129.6, 128.6, 128.5, 83.7, 81.1, 27.9, -3.7.

HRMS (ESI+) m/z calcd for CysH,30;SSi [M+Na]*: 459.1242, found: 459.1418.

IR (neat) 3440, 3051, 2978, 1705, 1585, 1473, 1430, 1393, 1369, 1253, 1155, 1111, 963, 844, 787, 731,
697, 526, 489.
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Tert-butyl (R)-2-hydroxy-2-((4-methoxyphenyl)thio)-2-(methyldiphenylsilyl)acetate (3ab)
O

5o Moo
~ HO SiMePh,
O
3ab

Colorless oil. 46.2 mg, 99% yield, 95% ee. Specific rotation [a]*’p = +152.8 (¢ = 0.92, CH,ClL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral IF column, i-PrOH/n-hexane = 10/90, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 5.79 min, tr (major) = 6.57 min.

'H NMR (400 MHz, Acetone-dg) 6 7.82 — 7.74 (m, 4H), 7.44 — 7.31 (m, 8H), 6.90 — 6.83 (m, 2H), 4.36
(s, 1H), 3.76 (s, 3H), 1.12 (s, 9H), 0.87 (s, 3H).

BC{'H} NMR (101 MHz, Acetone-ds) 8 173.2, 161.8, 138.8, 136.6, 136.4, 135.3, 134.5, 130.8, 130.5,
128.6, 128.5,121.6, 115.1, 83.6, 80.7, 55.7, 28.0, -3.7.

HRMS (ESI+) m/z caled for CpsH300,4SSi [M+Na]*: 489.1526, found: 489.1256.

IR (neat) 3444, 2977, 1706, 1591, 1492, 1461, 1429, 1394, 1369, 1248, 1156, 1110, 1032, 964, 830,
798, 731, 699, 523, 489.
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Tert-butyl (R)-2-hydroxy-2-(methyldiphenylsilyl)-2-(o-tolylthio)acetate (3ac)
(0]

S O'Bu
HO SiMePh,

3ac

Colorless oil. 44.1 mg, 98% yield, 93% ee. Specific rotation [a]*’p = +64 (¢ = 0.90, CH,Cl,).
Dissolved in n-hexane for HPLC; HPLC (Chiral ADH column, i-PrOH/n-hexane = 1/99, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 11.60 min, tr (major) = 15.23 min.

IH NMR (400 MHz, Acetone-dg) 6 7.90 — 7.76 (m, 4H), 7.55 (d, J= 7.7 Hz, 1H), 7.46 — 7.35 (m, 6H),
7.22 (m, 2H), 7.10 (t, J = 7.6 Hz, 1H), 4.64 (s, 1H), 2.42 (s, 3H), 1.04 (s, 9H), 0.93 (s, 3H).

BC{'H} NMR (101 MHz, Acetone-ds) 8 173.1, 143.3, 137.4, 136.8, 136.5, 135.0, 134.5, 132.3, 131.2,
130.9, 130.7, 129.9, 128.7, 128.5, 127.0, 83.8, 81.9, 27.8, 22.0, -3.8.

HRMS (ESI+) m/z caled for C,sH3003SSi [M+Na]*: 473.1577, found: 473.1577.

IR (neat) 3435, 3052, 2978, 1704, 1589, 1469, 1428, 1393, 1370, 1253, 1156, 1111, 1033, 963, 844,
787, 731, 699, 676.
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Tert-butyl (R)-2-hydroxy-2-(methyldiphenylsilyl)-2-(m-tolylthio)acetate (3ad)
(0]

S O'Bu
HO SiMePh,

3ad

Colorless oil. 44.3 mg, 98% yield, 90% ee. Specific rotation [a]*’, = +76.2 (¢ = 0.90, CH,Cl,).
Dissolved in n-hexane for HPLC; HPLC (Chiral ADH column, i-PrOH/n-hexane = 1/99, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 10.22 min, tr (major) = 13.84 min.

H NMR (400 MHz, Acetone-dg) 6 7.80 (dq, J= 6.6, 1.4 Hz, 4H), 7.43 — 7.36 (m, 6H), 7.34 — 7.28 (m,
2H), 7.21 — 7.14 (m, 2H), 4.55 (s, 1H), 2.27 (s, 3H), 1.10 (s, 9H), 0.89 (s, 3H).

BC{'H} NMR (101 MHz, Acetone-ds) 8 173.0, 139.3, 137.2, 136.7, 136.4, 135.2, 134.5, 133.7, 131.6,
130.9, 130.6, 129.4, 128.6, 128.5, 83.7, 81.1, 27.9, 21.3, -3.7.

HRMS (ESI+) m/z caled for C,sH3003SSi [M+Na]*: 473.1577, found: 473.1577.

IR (neat) 3443, 3050, 2977, 1705, 1591, 1474, 1428, 1394, 1369, 1253, 1155, 1111, 1052, 693, 846,
783, 730, 697, 520, 489.
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Tert-butyl (R)-2-hydroxy-2-(methyldiphenylsilyl)-2-(p-tolylthio)acetate (3ae)

AU

Jor

O

O'Bu

O SiMePh,

3ae

Colorless oil. 45.0 mg, 99% yield, 90% ee. Specific rotation [a]*°p = +117.8 (¢ = 0.90, CH,Cl,).
Dissolved in n-hexane for HPLC; HPLC (Chiral ADH column, i-PrOH/n-hexane = 1/99, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 13.35 min, tr (major) = 19.50 min.

'H NMR (400 MHz, Acetone-dg) 6 7.82 —7.75 (m, 4H), 7.43 — 7.33 (m, 8H), 7.12 (d, J= 7.9 Hz, 2H),
4.43 (s, 1H), 2.29 (s, 3H), 1.11 (s, 9H), 0.88 (s, 3H).
BC{'H} NMR (101 MHz, Acetone-ds) 8 173.1, 140.0, 137.0, 136.7, 136.4, 135.2, 134.5, 130.9, 130.6,
130.3, 128.6, 128.5, 128.0, 83.7, 80.9, 27.9, 21.3, -3.7.
HRMS (ESI+) m/z caled for C,sH3003SSi [M+Na]*: 473.1577, found: 473.1577.

IR (neat) 3443, 3049, 2977, 2926, 1706, 1593, 1489, 1428, 1395, 1369, 1253, 1157, 1111, 1056, 964,
845,799, 731, 699, 489.
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Tert-butyl (R)-2-((4-fluorophenyl)thio)-2-hydroxy-2-(methyldiphenylsilyl)acetate (3af)
(0]

5o M e
. HO SiMePh,
3af

Colorless oil. 39.9 mg, 88% yield, 87% ee. Specific rotation [0]*’p = +99 (¢ = 0.80, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral ADH column, i-PrOH/n-hexane = 3/97, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 7.69 min, tr (major) = 11.28 min.

H NMR (400 MHz, CDCl;) 6 7.81 — 7.73 (m, 4H), 7.49 — 7.36 (m, 8H), 7.01 — 6.94 (m, 2H), 3.86 (s,
1H), 1.13 (s, 9H), 0.90 (s, 3H).

BC{IH} NMR (101 MHz, CDCl;) 8 172.8, 163.72 (Jc.r = 249.3 Hz), 138.20 (Jc.r = 8.4 Hz), 135.75,
135.55,133.73, 132.96, 130.18, 129.99, 127.93, 127.86, 125.5 (Jcr = 3.3 Hz), 115.9 (Jcr = 21.8 Hz).,
83.64,79.48,31.73, 27.71, 22.80, 14.26, -4.24.

1“F NMR (376 MHz, CDCl3) 6 -111.9.

HRMS (ESI+) m/z caled for CysH,,FO;3SSi [M+K]*: 493.1066, found: 493.1068.

IR (neat) 3434, 2977, 2926, 1702, 1587, 1486, 1428, 1394, 1369, 1253, 1223, 1153, 1110, 1055, 963,

911, 833, 784, 729, 698, 633, 515, 488.
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Tert-butyl (R)-2-((3-chlorophenyl)thio)-2-hydroxy-2-(methyldiphenylsilyl)acetate (3ag)
(0]

|
c S%kotsu
HO SiMePh,
3ag

Colorless oil. 45.8 mg, 97% yield, 81% ee. Specific rotation [0]*’p = +63 (¢ = 0.92, CH,CL,).
Dissolved in n-hexane for HPLC; HPLC (Chiral ADH column, i-PrOH/n-hexane = 3/97, flow rate: 1.0
mL/min, 230 nm): tr (minor) = 6.32 min, tr (major) = 7.69 min.

H NMR (400 MHz, CDCl;) 6 7.77 (ddd, J = 8.0, 3.4, 1.6 Hz, 4H), 7.49 (t, /= 1.9 Hz, 1H), 7.46 — 7.36
(m, 7H), 7.30 (ddd, J= 8.1, 2.1, 1.1 Hz, 1H), 7.20 (t, J= 7.9 Hz, 1H), 3.98 (s, 1H), 1.12 (s, 10H), 0.90
(s, 3H).

BC{'H} NMR (101 MHz, CDCl;) § 172.6, 135.8, 135.6, 135.5, 134.2, 133.9, 133.5, 132.8, 132.6,
130.2, 130.1, 129.7, 129.3, 128.0, 127.9, 83.9, 80.0, 27.7, -4.3.

HRMS (ESI+) m/z caled for C,5H,705CISSi [M+Na]*: 493.1031 and 495.1001, found: 493.1033 and
495.1001.

IR (neat) 3433, 3051, 2977, 1702, 1568, 1459, 1428, 1397, 1369, 1253, 1111, 1064, 962, 842, 780, 730,
698, 520, 488.
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Tert-butyl 2-hydroxy-2-(methyldiphenylsilyl)-2-((2-methylfuran-3-yl)thio)acetate (3ah)

0]

g S O'Bu
—J/ HO SiMePh,

3ah

Colorless oil. 44.0 mg, 99% yield, 94% ee. Specific rotation [a]*’p = +93.3 (¢ = 0.614, CH,Cl,).
Dissolved in n-hexane for HPLC; HPLC (Chiral ADH column, i-PrOH/n-hexane = 2/98, flow rate: 1.0
mL/min, 254 nm): tr (major) = 4.54 min, tr (minor) = 4.12 min.

'H NMR (400 MHz, Acetone-dg) 6 7.82 —7.77 (m, 4H), 7.45 — 7.35 (m, 7H), 6.32 (d, J= 2.0 Hz, 1H),
2.28 (s, 3H), 1.29 (s, 1H), 1.18 (s, 9H), 0.89 (s, 3H).

BC{'H} NMR (101 MHz, Acetone-ds) 8 173.4, 158.7, 141.6, 136.6, 136.4, 135.3, 134.5, 130.9, 130.6,
128.7,128.5, 117.3, 106.6, 83.6, 80.3,27.9, 12.5, -3.8.