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1. General Information

Reagents were purchased from commercial sources and were used without further
purification. Reactions were monitored by TLC on silica gel 60 F254 plates. Column
chromatography was carried out on silica gel (200-300 mesh). Proton ('H) and carbon ('3C)
NMR spectra were recorded on an ACF* 300Q, 400Q, 500Q and 600Q Bruker spectrometer
operating at 300 MHz (500 MHz or 600 MHz) for proton and 75 MHz (125 MHz or 150 MHz) for
carbon nuclei using CDCls [or DMSO-de] as solvent, respectively. Chemical shifts are expressed
as parts per million (8, ppm) and are referenced to 7.26 (CDCls) or 2.50 (DMSO-ds) for '"H NMR
and 77.23 (CDClIs) or 39.51 (DMSO-ds) for '*C NMR. Data for '"H NMR are recorded as follows:
chemical shift (6, ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet
of doublet, m = muiltiplet or unresolved). Data for '3C NMR are reported in terms of chemical
shift (5, ppm). High Resolution Mass Spectrometry was performed on an Agilent Technologies
6520 Q-TOF LC/MS under the conditions of electrospray ionization (ESI) or atmospheric-
pressure chemical ionization(APCI) in positive mode. Analytical HPLC was recorded on a HPLC
machine equipped with Quaternary Solvent Manager and PDA Detector (ACQUITY HPLC H-
CLASS). The chiral stationary phase was CHIRALCEL OJ-H column (& = 0.46 cm, length =

25.0 cm). Melting points were recorded on Tianjin Analysis Instrument Factory RY-1G.

2. Optimization reaction conditions @

. Br
Q _cl A (Y equiv.)
s B (Z equiv.) s
ko) ., HO —_—
dry DMF, 0 °C-rt
Ph Br Ph

1a (X equiv.) 2a 3a

entry XY:Z A B solvent yield (%)
1 1:4.5:1 P("Bu)s DIAD DMF 56
2 1:5.0:1 P("Bu); DIAD DMF 81
3 1:5.5:1 P("Bu); DIAD DMF 78
4 1:6.0:1 P("Bu)s DIAD DMF 80
5 1.5:7.511 P("Bu)s DIAD DMF 73
6 1.5:7.5:15 P("Bu)s DIAD DMF 91
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Table S1. @ Reaction conditions: 1a (X equiv.), 2a (1.0 mmol), A (Y equiv.), B (Z equiv.),

solvent, 0 °C-rt.
3. Experimental details and characterization data

Method A for primary alcohols

0 P("Bu);, ADDP ,
R-S-CI + HO" R ——— RrSR
o dry DMF,0 °C-rt

A Schlenk tube was charged with the sulfonyl chloride (1.50 mmol), and alcohol
(1.00 mmol) under an argon atmosphere. The mixture was cooled to 0 °C and added
anhydrous DMF (3.0 mL). A solution of P("Bu)s (7.5 mmol) in anhydrous DMF (1.0
mL) and ADDP (1.5 mmol) in anhydrous DMF (2.0 mL) was slowly added dropwise
by syringe in turn. The resulting mixture was allowed to warm to room temperature and
stirred for 1 h. The reaction mixture was diluted with water (50 mL) and extracted with
ethyl acetate (50 mL x 3). The organic phase was washed with brine (50 mL), dried
over anhydrous Na;SOs, filtered and concentrated in vacuo. The residue was purified
by column chromatography.

Method B for secondary alcohols

o R P("Bus), ADDP, Imidazole s
R-S-CI + Py RTY

3 HO” R’ dry DMF,0-50 °C R’

R

A Schlenk tube was charged with the sulfonyl chloride (1.50 mmol), and alcohol
(1.00 mmol) under an argon atmosphere. The mixture was cooled to 0 °C and added
anhydrous DMF (3.0 mL). A solution of P("Bu)z (7.5 mmol) in anhydrous DMF (1.0
mL) and ADDP (1.5 mmol) in anhydrous DMF (2.0 mL) was slowly added dropwise
by syringe in turn. The mixture was stirred for 15 min and a solution of Imidazole (1.5
mmol) in anhydrous DMF (0.5 mL) was added. The resulting mixture was heated at
50 °C for 24 h. The reaction mixture was diluted with water (50 mL) and extracted with

ethyl acetate (50 mL x 3). The organic phase was washed with brine (50 mL), dried
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over anhydrous Na>SOy, filtered and concentrated in vacuo. The residue was purified

by column chromatography.

Br
T

3a

AT

Following method A, [1,1'-biphenyl]-4-yl(4-bromobenzyl)sulfane (3a) was prepared
from [1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg, 1.50 mmol, 1.50 equiv.) and (4-
bromophenyl)methanol (187.0 mg, 1.00 mmol, 1 equiv.). The residue was purified by
column chromatography (eluting with petroleum ether). The product was obtained as a
white solid (330.4 mg, 0.93 mmol, 93%); m.p.: 144-145 °C.

TH NMR (300 MHz, CDCls) 8 7.56 (d, J = 8.5 Hz, 2H), 7.49 (d, J = 8.3 Hz, 2H), 7.47
—7.38 (m, 4H), 7.38 — 7.30 (m, 3H), 7.17 (d, J = 8.3 Hz, 2H), 4.08 (s, 2H).

I3C NMR (101 MHz, CDCl3) 6 140.30, 139.63, 136.66, 134.76, 131.63, 130.54, 130.51,

128.85, 127.57,127.45,126.92, 121.11, 38.65.

Br
T

3b

MS (APCI): m/z 355.28 [M+H]".

o

Following method A, (4-bromobenzyl)(phenyl)sulfane (3b) was prepared from
benzenesulfonyl chloride (2649 mg, 1.50 mmol, 1.50 equiv.) and (4-
bromophenyl)methanol (187.0 mg, 1.00 mmol, 1 equiv.). The residue was purified by
column chromatography (eluting with petroleum ether). The product was obtained as a
white solid (176.7 mg, 0.63 mmol, 63%). '"H NMR data for thioether 3b prepared in
this way were in agreement with the literature.!

'"H NMR (300 MHz, CDCls) 8 7.39 (d, J = 8.4 Hz, 2H), 7.29 — 7.19 (m, 5H), 7.14 (d, J

~ 8.3 Hz, 2H), 4.05 (s, 2H).
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3c

Following method A, (4-bromobenzyl)(o-tolyl)sulfane (3¢) was prepared from 2-
methylbenzenesulfonyl chloride (286.0 mg, 1.50 mmol, 1.50 equiv.) and (4-
bromophenyl)methanol (187.0 mg, 1.00 mmol, 1 equiv.). The residue was purified by
column chromatography (eluting with petroleum ether). The product was obtained as a
colorless oil (205.9 mg, 0.71 mmol, 71%). 'H NMR data for thioether 3¢ prepared in
this way were in agreement with the literature.?

'H NMR (300 MHz, CDCl3) § 7.39 (d, J = 8.5 Hz, 2H), 7.26 — 7.08 (m, 6H), 4.01 (s,

o

3d

2H), 2.32 (s, 3H).

Following method A, (4-bromobenzyl)(p-tolyl)sulfane (3d) was prepared from 4-
methylbenzenesulfonyl chloride (286.0 mg, 1.50 mmol, 1.50 equiv.) and (4-
bromophenyl)methanol (187.0 mg, 1.00 mmol, 1 equiv.). The residue was purified by
column chromatography (eluting with petroleum ether). The product was obtained as a
light pink solid (273.5 mg, 0.93 mmol, 93%). 'H NMR data for thioether 3d prepared
in this way were in agreement with the literature.’

TH NMR (300 MHz, CDCls) 8 7.38 (d, J = 8.3 Hz, 2H), 7.18 (d, J = 8.1 Hz, 2H), 7.10

(d, J=8.4 Hz, 2H), 7.06 (d, J = 8.0 Hz, 2H), 3.99 (s, 2H), 2.31 (s, 3H).
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; Br
Pr
iPr i

Pr
3e

Following method A, (4-bromobenzyl)(2,4,6-triisopropylphenyl)sulfane (3e) was
prepared from 2,4,6-triisopropylbenzenesulfonyl chloride (454.3 mg, 1.50 mmol, 1.50
equiv.) and (4-bromophenyl)methanol (187.0 mg, 1.00 mmol, 1 equiv.). The residue
was purified by column chromatography (eluting with petroleum ether). The product
was obtained as a colorless oil (308.8 mg, 0.76 mmol, 76%).

'"H NMR (300 MHz, CDCls) é 7.34 (d, J = 8.3 Hz, 2H), 6.98 (s, 2H), 6.95 (d, J = 8.3
Hz, 2H), 3.83 — 3.72 (m, 2H), 3.70 (s, 2H), 2.88 (hept, /= 7.0 Hz, 1H), 1.25(d, /= 6.9
Hz, 6H), 1.15 (d, J= 6.8 Hz, 12H).

BCNMR (101 MHz, CDCl3) 8 153.25, 149.95, 137.22, 131.36, 130.50, 127.44, 121.72,
120.82,41.71, 34.28,31.47, 24.36, 23.93.

MS (APCI): m/z 405.12 [M+H]".

Meo\©/

Following method A, (4-bromobenzyl)(3-methoxyphenyl)sulfane (3f) was prepared

Br
T

3f

from 3-methoxybenzenesulfonyl chloride (310.0 mg, 1.50 mmol, 1.50 equiv.) and (4-
bromophenyl)methanol (187.0 mg, 1.00 mmol, 1 equiv.). The residue was purified by
column chromatography (eluting with petroleum ether). The product was obtained as a
yellowish oil (241.2 mg, 0.78 mmol, 78%).

TH NMR (300 MHz, CDCls) 6 7.40 (d, J = 8.3 Hz, 2H), 7.20 (m, 1H), 7.16 (d,J=7.9
Hz, 2H), 6.87 (d, J= 7.6 Hz, 1H), 6.80 (d, J = 2.2 Hz, 1H), 6.73 (dd, J= 8.2, 2.4 Hz,

1H), 4.05 (s, 2H), 3.75 (s, 3H).
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BC NMR (101 MHz, CDCl3) § 159.79, 137.00, 136.63, 131.59, 130.48, 129.73, 122.15,
121.06, 115.29, 112.48, 55.25, 38.38.

MS (APCI): m/z 308.99 [M+H]".

oM

3g
Following method A, (4-bromobenzyl)(4-fluorophenyl)sulfane (3g) was prepared

from 4-fluorobenzenesulfonyl chloride (291.9 mg, 1.50 mmol, 1.50 equiv.) and (4-
bromophenyl)methanol (187.0 mg, 1.00 mmol, 1 equiv.). The residue was purified by
column chromatography (eluting with petroleum ether). The product was obtained as a
white solid (270.8 mg, 0.91 mmol, 91%). '"H NMR data for thioether 3g prepared in this
way were in agreement with the literature.*

TH NMR (300 MHz, CDCl3) § 7.40 (d, J= 8.2 Hz, 2H), 7.28 (dd, J = 8.6, 5.2 Hz, 2H),

7.08 (d,J= 8.2 Hz, 2H), 7.03 — 6.89 (m, 2H), 3.98 (s, 2H).

oM

3h

Following method A, (4-bromobenzyl)(4-bromophenyl)sulfane (3h) was prepared
from 4-bromobenzenesulfonyl chloride (383.3 mg, 1.50 mmol, 1.50 equiv.) and (4-
bromophenyl)methanol (187.0 mg, 1.00 mmol, 1 equiv.). The residue was purified by
column chromatography (eluting with petroleum ether). The product was obtained as a
white solid (192.8 mg, 0.57 mmol, 57%). '"H NMR data for thioether 3h prepared in
this way were in agreement with the literature.>

'"H NMR (300 MHz, CDCls) 6 7.40 (d, J = 8.3 Hz, 2H), 7.37 (d, J = 8.5 Hz, 2H), 7.13

(d,J=8.5,2H), 7.12 (d, J = 8.4, 2H), 4.01 (s, 2H).
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3i
Following method A, 4-((4-bromobenzyl)thio)benzonitrile (3i) was prepared from 4-
cyanobenzenesulfonyl chloride (302.4 mg, 1.50 mmol, 1.50 equiv.) and (4-
bromophenyl)methanol (187.0 mg, 1.00 mmol, 1 equiv.). The residue was purified by
column chromatography (eluting with a gradient of 0.5% ethyl acetate in petroleum
ether). The product was obtained as a white solid (199.0 mg, 0.66 mmol, 66%). 'H
NMR data for thioether 3i prepared in this way were in agreement with the literature.®
'"H NMR (300 MHz, CDCls) 6 7.51 (d, J = 8.4 Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H), 7.29

(d,J=8.4 Hz, 2H), 7.23 (d, J = 8.4 Hz, 2H), 4.14 (s, 2H).

B
OCF,4 '
fjs

3j
Following method A, (4-bromobenzyl)(2-(trifluoromethoxy)phenyl)sulfane (3j) was
prepared from 2-(trifluoromethoxy)benzenesulfonyl chloride (390.9 mg, 1.50 mmol,
1.50 equiv.) and (4-bromophenyl)methanol (187.0 mg, 1.00 mmol, 1 equiv.). The
residue was purified by column chromatography (eluting with petroleum ether). The
product was obtained as a white solid (263.6 mg, 0.73 mmol, 73%); m.p.: 36-37 °C.
'"H NMR (300 MHz, CDCls) 8 7.42 (d, J= 8.2 Hz, 2H), 7.32 - 7.21 (m, 4H), 7.19 (d, J
= 8.0 Hz, 2H), 4.08 (s, 2H).
I3C NMR (126 MHz, CDCl3) 6 147.83, 135.76, 131.67, 131.32, 130.51, 129.44, 127.80,
127.09, 121.30, 120.55 (q, Jc-r = 258.3 Hz), 120.88, 37.11.

MS (APCI): m/z 360.95 [M-HJ-.
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Br
T

3k

Following method A, (4-bromobenzyl)(naphthalen-2-yl)sulfane (3k) was prepared
from naphthalene-2-sulfonyl chloride (340.0 mg, 1.50 mmol, 1.50 equiv.) and (4-
bromophenyl)methanol (187.0 mg, 1.00 mmol, 1 equiv.). The residue was purified by
column chromatography (eluting with petroleum ether). The product was obtained as a
white solid (279.9 mg, 0.85 mmol, 85%)."H NMR data for thioether 3k prepared in this
way were in agreement with the literature.’

'"H NMR (300 MHz, CDCl3) 8 7.81 — 7.68 (m, 4H), 7.51 — 7.35 (m, 5H), 7.18 (d, J =

8.1 Hz, 2H), 4.15 (s, 2H).

3l

Following method A, 2-((4-bromobenzyl)thio)thiophene (31) was prepared from
thiophene-2-sulfonyl chloride (274.0 mg, 1.50 mmol, 1.50 equiv.) and (4-
bromophenyl)methanol (187.0 mg, 1.00 mmol, 1 equiv.). The residue was purified by
column chromatography (eluting with petroleum ether). The product was obtained as a
yellowish oil (209.0mg, 0.73 mmol, 73%).

'"H NMR (300 MHz, CDCls) 6 7.38 (d, J = 8.4 Hz, 2H), 7.35 - 7.31 (m, 1H), 7.01 (d, J
= 8.3 Hz, 2H), 6.92 (d, J = 3.8 Hz, 2H), 3.88 (s, 2H).

3BCNMR (101 MHz, CDCl3) & 136.80, 134.70, 132.91, 131.49, 130.62, 130.06, 127.52,
121.17,43.13.

MS (APCI): m/z 284.94 [M+H]".
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N 3m

Following method A, 3-((4-bromobenzyl)thio)pyridine (3m) was prepared from
pyridine-3-sulfonyl chloride (266.4 mg, 1.50 mmol, 1.50 equiv.) and (4-
bromophenyl)methanol (187.0 mg, 1.00 mmol, 1 equiv.). The residue was purified by
column chromatography (eluting with a gradient of 10% to 20% ethyl acetate in
petroleum ether). The product was obtained as yellowish o0il (99.0 mg, 0.35 mmol, 35%).
'"H NMR (300 MHz, CDCls) & 8.52 (s, 1H), 8.44 (d, J = 4.7 Hz, 1H), 7.55 (d, J = 8.0
Hz, 1H), 7.40 (d, J = 8.4 Hz, 2H), 7.17 (dd, J=7.9, 4.9 Hz, 1H), 7.11 (d, J = 8.3 Hz,
2H), 4.03 (s, 2H).

3BC NMR (126 MHz, CDCl3) 8 151.50, 148.00, 138.47, 136.00, 132.41, 131.74, 130.48,
123.59, 121.40, 38.78.

MS (ESI): m/z 279.98 [M+H]".

Br
T

)
N
3n

Following method A, 8-((4-bromobenzyl)thio)quinoline (3n) was prepared from
quinoline-8-sulfonyl chloride (341.5 mg, 1.50 mmol, 1.50 equiv.) and (4-
bromophenyl)methanol (187.0 mg, 1.00 mmol, 1 equiv.). The residue was purified by
column chromatography (eluting with a gradient of 5% to 7% ethyl acetate in petroleum
ether). The product was obtained as a light red white solid (268.0 mg, 0.81 mmol, 81%);

m.p.: 142-144 °C.
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H NMR (300 MHz, CDCl3) 5 8.96 (dd, J= 4.3, 1.8 Hz, 1H), 8.15 (dd, J=8.2, 1.8 Hz,
1H), 7.60 (d, J = 7.4 Hz, 1H), 7.50 — 7.38 (m, SH), 7.31 (d, J = 8.4 Hz, 2H), 4.26 (s,
2H).

13C NMR (126 MHz, CDCls) § 149.44, 145.71, 137.65, 136.46, 135.89, 131.61, 130.62,
128.34, 126.56, 125.47, 124.76, 121.73, 121.10, 35.65.

MS (APCI): m/z 330.00 [M+H]".

3o

Following method A, benzyl(4-bromobenzyl)sulfane (30) was prepared from
naphthalene-2-sulfonyl chloride (340.0 mg, 1.50 mmol, 1.50 equiv.) and (4-
bromophenyl)methanol (187.0 mg, 1.00 mmol, 1 equiv.). The residue was purified by
column chromatography (eluting with petroleum ether). The product was obtained as
colorless oil (129.0 mg, 0.44 mmol, 44%).

'"H NMR (300 MHz, CDCls) 8 7.43 (d, J = 8.4 Hz, 2H), 7.35 - 7.27 (m, 5H), 7.15 (d, J
= 8.4 Hz, 2H), 3.59 (s, 2H), 3.53 (s, 2H).

I3C NMR (101 MHz, CDCl3) 6 137.84,137.23, 131.57, 130.70, 128.98, 128.54, 127.09,
120.80, 35.61, 34.93.

MS (APCI): m/z 293.00 [M+H]".

"I/l/\/ Br

3p
Following method A, (1S,4R)-1-(((4-bromobenzyl)thio)methyl)-7,7-

dimethylbicyclo[2.2.1]heptan-2-one (3p) was prepared from ((1S,4R)-7,7-dimethyl-
2-oxobicyclo[2.2.1]heptan-1-yl)methanesulfonyl chloride (376.1 mg, 1.50 mmol, 1.50
equiv.) and (4-bromophenyl)methanol (187.0 mg, 1.00 mmol, 1 equiv.). The residue

was purified by column chromatography (eluting with a gradient of 1% to 20% ethyl
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acetate in petroleum ether). The product was obtained as a yellowish oil (144.0 mg,
0.41 mmol, 41%).

'"H NMR (300 MHz, CDCls) 8 7.43 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 8.2 Hz, 2H), 3.70
(s,2H), 2.71 (d, J=13.2 Hz, 1H), 2.41 (d, J=13.2 Hz, 1H), 2.32 (dd, J = 5.2, 2.1 Hz,
1H), 2.09 — 2.00 (m, 1H), 1.98 — 1.91 (m, 2H), 1.85 (d, J = 18.4 Hz, 1H), 1.45 (t, J =
9.8 Hz, 1H), 1.37 (t, J=9.5 Hz, 1H), 0.98 (s, 3H), 0.85 (s, 3H).

13C NMR (126 MHz, CDCl3) § 217.41, 137.62, 131.51, 130.70, 120.75, 60.96, 47.82,

43.53,43.13,37.87,28.42,26.92,26.88,20.21, 20.16.
MS (APCI): m/z 353.06 [M+H]".

o

Ph 4a
Following method A, [1,1'-biphenyl]-4-yl(benzyl)sulfane (4a) was prepared from
[1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg, 1.50 mmol, 1.50 equiv.) and
phenylmethanol (108.1 mg, 1.00 mmol, 1 equiv.). The residue was purified by column
chromatography (eluting with petroleum ether). The product was obtained as a white
solid (212.0 mg, 0.77 mmol, 77%). "H NMR data for thioether 4a prepared in this way

were in agreement with the literature. 3

H NMR (300 MHz, CDCl3) § 7.59 — 7.24 (m, 14H), 4.16 (s, 2H).

Bpin
Ph

4b
Following method A, 2-(4-(([1,1'-biphenyl]-4-ylthio)methyl)phenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (4b) was prepared from [1,1'-biphenyl]-4-sulfonyl
chloride (379.1 mg, 1.50 mmol, 1.50 equiv.) and (4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)methanol (234.1 mg, 1.00 mmol, 1 equiv.). The residue was

purified by column chromatography (eluting with a gradient of 12% to 30% ethyl
S13



acetate in petroleum ether). The product was obtained as a white solid (311.0 mg, 0.77
mmol, 77%); m.p.: 129-131 °C.

'TH NMR (300 MHz, CDCls) 8 7.74 (d, J = 7.7 Hz, 2H), 7.56 (d, J = 7.5 Hz, 2H), 7.48
(d,/J=8.3 Hz, 2H), 7.43 (t, J= 7.5 Hz, 2H), 7.38 — 7.29 (m, 5H), 4.15 (s, 2H), 1.34 (s,
12H).

I3C NMR (101 MHz, CDCl3) 6 140.70, 140.43, 139.31, 135.31, 135.02, 130.19, 128.81,
128.22,127.50, 127.35, 126.92, 83.81, 77.36, 77.24, 77.04, 76.72, 39.20, 24.89.

MS (APCI): m/z 403.19 [M+H]".

o
Ph

4c
Following method A, 3-(([1,1'-biphenyl]-4-ylthio)methyl)pyridine (4c) was prepared
from [1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg, 1.50 mmol, 1.50 equiv.) and
pyridin-3-ylmethanol (109.1 mg, 1.00 mmol, 1 equiv.). The residue was purified by
column chromatography (eluting with a gradient of 10% to 20% ethyl acetate in
petroleum ether). The product was obtained as a white solid (67.2 mg, 0.24 mmol, 24%));
m.p.: 90-91 °C.
'"H NMR (300 MHz, CDCls) 6 8.50 (d, J = 7.7 Hz, 2H), 7.63 (d, J = 8.0 Hz, 1H), 7.55
(d,J=7.6 Hz, 2H), 7.50 (d, J = 8.3 Hz, 2H), 7.43 (t,J = 7.4 Hz, 2H), 7.39 — 7.29 (m,
3H), 7.25—-7.18 (m, 1H), 4.11 (s, 2H).
BCNMR (101 MHz, CDCl3) 8 149.97, 148.56, 140.22, 139.99, 136.26, 134.05, 133.49,
131.03, 128.85, 127.67, 127.51, 126.94, 123.41, 36.58.

MS (APCI): m/z 276.09 [M-HJ-.
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4d
Following method A, [1,1'-biphenyl]-4-yl(but-2-yn-1-yl)sulfane (4d) was prepared
from [1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg, 1.50 mmol, 1.50 equiv.) and but-
2-yn-1-ol (75 pL, 1.00 mmol, 1 equiv.). The residue was purified by column
chromatography (eluting with petroleum ether). The product was obtained as a
yellowish oil (206.0 mg, 0.87 mmol, 87%).
'"H NMR (300 MHz, CDCl3) § 7.61 — 7.52 (m, 4H), 7.49 (d, J = 8.6 Hz, 2H), 7.44 (t, J
=7.6 Hz, 2H), 7.35 (t,J=7.3 Hz, 1H), 3.64 (t, /=2.6 Hz, 2H), 1.82 (t, /= 2.5 Hz, 3H).
BCNMR (101 MHz, CDCl3) § 140.44, 139.47, 134.86, 129.89, 128.84, 127.56, 127.41,
126.95, 79.65, 74.65, 23.06, 3.74.
MS (APCI): m/z 239.09 [M+H]".
SOt

Ph 4e
Following method A, [1,1'-biphenyl]-4-yl(3-methylbut-2-en-1-yl)sulfane (4e) was
prepared from [1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg, 1.50 mmol, 1.50 equiv.)
and 3-methylbut-2-en-1-o0l (102 pL, 1.00 mmol, 1 equiv.). The residue was purified by
column chromatography (eluting with petroleum ether). The product was obtained as a
white solid (221.5 mg, 0.87 mmol, 87%); m.p.: 78-80 °C.
TH NMR (300 MHz, CDCls) 8 7.58 (d, J = 7.1 Hz, 2H), 7.51 (d, J = 8.5 Hz, 2H), 7.45
(d,/=7.0 Hz, 3H), 7.40 (d, /= 8.4 Hz, 4H), 7.37 — 7.30 (m, 1H), 5.41 — 5.27 (m, 1H),
3.58 (d,J="7.7Hz, 2H), 1.73 (s, 3H), 1.62 (s, 3H).
BCNMR (101 MHz, CDCl3) & 140.54, 138.90, 136.54, 136.07, 129.89, 128.82, 127.39,
127.30, 126 .91, 119.29, 32.24,25.71, 17.77.

MS (APCI): m/z 255.12 [M+H]".
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Ph/ﬂj/4f
Following method A, 2-(|1,1'-biphenyl]-4-ylthio)-1-phenylethan-1-one (4f) was
prepared from [1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg, 1.50 mmol, 1.50 equiv.)
and 2-hydroxy-1-phenylethan-1-one (136.2 mg, 1.00 mmol, 1 equiv.). The residue was
purified by column chromatography (eluting with a gradient of 0.5% to 2% ethyl acetate
in petroleum ether). The product was obtained as a white solid (127.0 mg, 0.42 mmol,
42%); m.p.: 98-100 °C.
'"H NMR (300 MHz, CDCI3) 8 7.97 (d, J = 7.3 Hz, 2H), 7.64 — 7.51 (m, 4H), 7.50 (s,
2H), 7.48 — 7.40 (m, 5SH), 7.38 — 7.30 (m, 1H), 4.32 (s, 2H).
3BCNMR (101 MHz, CDCl3) 8 194.08, 140.29, 140.10, 135.44, 133.80, 133.54, 130.90,
128.85, 128.74, 127.75, 127.50, 126.98, 41.24.
MS (APCI): m/z 305.10 [M+H]".
0

Ph 4g

Following method A, [1,1'-biphenyl]-4-yl(phenethyl)sulfane (4g) was prepared from

[1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg, 1.50 mmol, 1.50 equiv.) and 2-
phenylethan-1-ol (120 pL, 1.00 mmol, 1 equiv.). The residue was purified by column
chromatography (eluting with petroleum ether). The product was obtained as a white
solid (188.8 mg, 0.65 mmol, 65%); m.p.: 78-79 °C.

TH NMR (300 MHz, CDCls) 8 7.51 (d, J = 8.5 Hz, 2H), 7.46 (d, J = 8.3 Hz, 2H), 7.42
—7.32 (m, 4H), 7.31 - 7.18 (m, 4H), 7.15 (d, /= 7.6 Hz, 2H), 3.14 (dd, J=9.4, 6.3 Hz,
2H), 2.90 (dd, J=9.4, 6.4 Hz, 2H).

I3C NMR (101 MHz, CDCl3) 6 140.47, 140.22, 138.97, 135.53,129.53, 128.85, 128.56,
127.62, 127.35,126.92, 126.52, 35.71, 35.17.

MS (APCI): m/z 291.12 [M+H]*
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s A

4h

AT

Following method A, [1,1'-biphenyl]-4-yl(3-phenylpropyl)sulfane (4h) was prepared
from [1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg, 1.50 mmol, 1.50 equiv.) and 3-
phenylpropan-1-ol (140 pL, 1.00 mmol, 1 equiv.). The residue was purified by column
chromatography (eluting with petroleum ether). The product was obtained as a white
solid (153.0 mg, 0.50 mmol, 50%); m.p.: 99-101 °C.

TH NMR (300 MHz, CDCls) 8 7.57 (d, J = 7.5 Hz, 2H), 7.50 (d, J = 8.3 Hz, 2H), 7.44
(t,J=17.5 Hz, 2H), 7.40 — 7.26 (m, SH), 7.25 — 7.15 (m, 3H), 2.96 (t, J = 7.3 Hz, 2H),
2.78 (t,J=17.5 Hz, 2H), 2.00 (m, 2H).

I3C NMR (126 MHz, CDCl3) 6 141.29, 140.51, 138.82, 135.74, 129.40, 128.83, 128.55,
128.45,127.55,127.31, 126.90, 126.03, 34.72, 32.93, 30.67.

MS (APCI): m/z 305.14 [M+H]".

A
Ph/©/

4i

Following method A, [1,1'-biphenyl]-4-yl(cyclopropylmethyl)sulfane (4i) was
prepared from [1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg, 1.50 mmol, 1.50 equiv.)
and cyclopropylmethanol (81 pL, 1.00 mmol, 1 equiv.). The residue was purified by
column chromatography (eluting with petroleum ether). The product was obtained as a
white solid (174.0 mg, 0.72 mmol, 72%); m.p.: 93-95 °C.

'"H NMR (300 MHz, CDCls) 6 7.58 (d, J = 8.5 Hz, 2H), 7.52 (d, J = 8.5 Hz, 2H), 7.42
(d,J=38.0 Hz, 4H), 7.35 (d, /= 7.3 Hz, 1H), 2.91 (d, J= 7.0 Hz, 2H), 1.18 — 1.00 (m,
1H), 0.66 — 0.54 (m, 2H), 0.35 — 0.20 (m, 2H).

3BC NMR (126 MHz, CDCl3) § 140.53, 138.79, 136.27, 129.56, 128.82, 127.47, 127.29,

126.89, 39.65, 10.70, 5.68.
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MS (APCI): m/z 241.12 [M+H]".

/©/S\/\NHBOC
Ph

4
Following method A, tert-butyl (2-(|1,1'-biphenyl]-4-ylthio)ethyl)carbamate (4j)
was prepared from [1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg, 1.50 mmol, 1.50
equiv.) and tert-butyl (2-hydroxyethyl)carbamate (161.2 mg, 1.00 mmol, 1 equiv.). The
residue was purified by column chromatography (eluting with a gradient of 0% to 4%
ethyl acetate in petroleum ether). The product was obtained as a white solid (245.0 mg,
0.74 mmol, 74%); m.p.: 102-103 °C.
TH NMR (300 MHz, CDCls)  7.62 — 7.48 (m, 4H), 7.48 — 7.27 (m, 5H), 4.92 (s, 1H),
3.37(q,J=6.3 Hz, 2H), 3.08 (t, J= 6.2 Hz, 2H), 1.44 (s, 9H).
I3C NMR (126 MHz, CDCl3) & 155.74, 140.36, 139.47, 134.28, 130.12, 128.85, 127.74,
127.42,126.93,79.52,39.71, 34.23,28.41.

MS (APCI): m/z 328.14 [M-HJ-.

IORE gt
Boc
Ph Ph

4k

Following method A, tert-butyl bis(2-([1,1'-biphenyl]-4-ylthio)ethyl)carbamate (4Kk)
was prepared from [1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg, 3.00 mmol, 3.00

equiv.) and tert-butyl bis(2-hydroxyethyl)carbamate (205.3 mg, 1.00 mmol, 1 equiv.).

The residue was purified by column chromatography (eluting with a gradient of 0% to

10% ethyl acetate in petroleum ether). The product was obtained as a white solid (360.0

mg, 0.67 mmol, 67%); m.p.: 100-103 °C.

'"H NMR (300 MHz, CDCl3) 8 7.57 — 7.46 (m, 8H), 7.46 — 7.29 (m, 10H), 3.46 (q, J =

5.9 Hz, 4H), 3.18 — 3.01 (m, 4H), 1.44 (s, 9H).
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3C NMR (126 MHz, CDCl3) § 155.04, 140.32, 139.36, 138.98, 134.93, 134.58, 129.74,
129.26, 128.85, 127.69, 127.41, 127.34, 126.88, 80.26, 48.62, 48.20, 32.20, 31.73,
28.45.

MS (APCI): m/z 442.16 [M-Boc]".

S
/©/ \O\IBOC
Ph

41
Following method B, tert-butyl 4-([1,1'-biphenyl]-4-ylthio)piperidine-1-
carboxylate (41) was prepared from [1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg,
1.50 mmol, 1.50 equiv.) and tert-butyl 4-hydroxypiperidine-1-carboxylate (201.3 mg,
1.00 mmol, 1 equiv.). The residue was purified by column chromatography (eluting
with a gradient of 0% to 7% ethyl acetate in petroleum ether). The product was obtained
as a yellowish solid (219.8 mg, 0.59 mmol, 59%); m.p.: 125-127 °C.
TH NMR (300 MHz, CDCl3) § 7.58 (dd, J = 8.3, 1.4 Hz, 2H), 7.54 (d, J = 8.5 Hz, 2H),
7.48 (d, J = 8.1 Hz, 2H), 7.43 (d, J = 7.8 Hz, 2H), 7.39 — 7.31 (m, 1H), 3.98 (dt, J =
13.3,3.4 Hz,2H), 3.30 - 3.20 (m, 1H), 2.94 (ddd, J=13.7,10.7, 3.0 Hz, 2H), 1.96 (dd,
J=13.4,3.7 Hz, 2H), 1.63 — 1.57 (m, 2H), 1.45 (s, 9H).
I3C NMR (126 MHz, CDCl3) & 154.72, 140.31, 140.28, 133.01, 132.88, 128.86, 127.62,
127.52,126.98, 79.63, 44.63, 43.30, 32.16, 28.44.

MS (APCI): m/z 270.14 [M-Boc]".
S
A
4m
Following method B, methyl (R)-2-(p-tolylthio)propanoate (4m) was prepared from
p-toluenesulfonyl chloride (286 mg, 1.50 mmol, 1.50 equiv.) and methyl (S)-2-

hydroxypropanoate (95 pL, 1.00 mmol, 1 equiv.). The residue was purified by column

chromatography (eluting with petroleum ether). The product was obtained as a
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yellowish oil (186 mg, 0.88 mmol, 88%)."H NMR data for thioether 4m prepared in
this way were in agreement with the literature. °
'TH NMR (300 MHz, CDCls) 8 7.35 (d, J = 8.0 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H), 3.76

~3.65 (m, 4H), 2.34 (s, 3H), 1.45 (d, J= 7.1 Hz, 3H).

o

4n

Following method B, (S)-[1,1'-biphenyl]-4-yl(1-phenylethyl)sulfane (4n) was
prepared from [1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg, 1.50 mmol, 1.50 equiv.)
and (R)-1-phenylethan-1-0l (201.3 pL, 1.00 mmol, 1 equiv.). The residue was purified
by column chromatography (eluting with petroleum ether). The product was obtained
as a white solid (226.5 mg, 0.78 mmol, 78%); m.p.: 85-86 °C.

'"H NMR (300 MHz, CDCI3) & 7.56 (d, J = 8.5 Hz, 2H), 7.46 (d, J = 8.3 Hz, 2H), 7.41
(d,J=7.6 Hz, 2H), 7.38 — 7.31 (m, 5H), 7.29 (s, 2H), 7.25 — 7.19 (m, 1H), 4.38 (q, J =
7.0 Hz, 1H), 1.66 (d, J= 7.0 Hz, 3H).

I3C NMR (101 MHz, CDCl3) 8 143.23, 140.41, 139.96, 134.27,132.70, 128.82, 128.46,
127.43,127.33,127.20, 126.96, 48.04, 22.42.

MS (ESI): m/z 313.10 [M+Na]*.

[a]p?® =+210.2° (c=1, acetone).

S.
o
Ph

5a

Following method A, [1,1'-biphenyl]-4-yl(methyl)sulfane (5a) was prepared from
[1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg, 1.50 mmol, 1.50 equiv.) and methanol
(41 pL, 1.00 mmol, 1 equiv.). The residue was purified by column chromatography
(eluting with petroleum ether). The product was obtained as a yellowish solid (198.3
mg, 0.99 mmol, 99%). 'H NMR data for thioether 5a prepared in this way were in

agreement with the literature.'”
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'"H NMR (300 MHz, CDCl3) 6 7.57 (d, J = 7.5 Hz, 2H), 7.53 (d, J = 8.3 Hz, 2H), 7.44

(t,J="7.5 Hz, 2H), 7.34 (d, J = 8.3 Hz, 3H), 2.53 (s, 3H).

S D
1T T
D
Ph
5b

Following method A, [1,1'-biphenyl]-4-yl(methyl-d3)sulfane (5b) was prepared from
[1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg, 1.50 mmol, 1.50 equiv.) and methanol-
d4 (41 pL, 1.00 mmol, 1 equiv.). The residue was purified by column chromatography
(eluting with petroleum ether). The product was obtained as a white solid (189.0 mg,
0.93 mmol, 93%). 'H NMR data for thioether 5b prepared in this way were in agreement
with the literature.!!

TH NMR (300 MHz, CDCls) 8 7.58 (d, J = 8.5 Hz, 2H), 7.53 (d, J = 8.4 Hz, 2H), 7.48

—7.40 (m, 2H), 7.39 — 7.27 (m, 3H).

lspae
Ph N\H

poes

5c S
Following method A, 10-(3-(4-(2-(|1,1'-biphenyl]-4-ylthio)ethyl)piperazin-1-
yD)propyl)-2-chloro-10H-phenothiazine (5¢) was prepared from [1,1'-biphenyl]-4-
sulfonyl chloride (379.1 mg, 1.50 mmol, 1.50 equiv.) and 2-(4-(3-(2-chloro-10H-
phenothiazin-10-yl)propyl)piperazin-1-yl)ethan-1-ol (404.0 mg, 1.00 mmol, 1 equiv.).
The residue was purified by column chromatography (eluting with a gradient of 1% to
2% methanol in dichloromethane). The product was obtained as a yellow oil (233.0 mg,
0.41 mmol, 41%).
TH NMR (300 MHz, CDCls) 8 7.56 (d, J = 8.1 Hz, 2H), 7.51 (d, J = 8.3 Hz, 2H), 7.38

(m, SH), 7.18 — 7.07 (m, 2H), 7.01 (d, J = 8.0 Hz, 1H), 6.95 — 6.80 (m, 4H), 3.89 (t, J
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= 6.8 Hz, 2H), 3.12 — 3.04 (m, 2H), 2.69 — 2.62 (m, 2H), 2.47 (t, J = 6.8 Hz, 8H), 1.98
— 1.88 (m, 2H), 1.26 (t, J= 7.1 Hz, 2H).

13C NMR (101 MHz, CDCl3) § 146.49, 144.52, 140.42, 138.92, 135.49, 133.22, 129.31,
128.83,127.89, 127.58, 127.51, 127.42, 127.34, 126.89, 124.79, 123.52, 122.90, 122.25,
115.87, 115.83, 57.62, 55.46, 53.16, 53.02, 45.33, 30.76, 24.21.

MS (APCI): m/z 572.19 [M+H]".

|
0=8=0
Pre _N._N

\lr\

=
/©/S x~_N
Ph

5d
Following method A, N-(5-(([1,1'-biphenyl]-4-ylthio)methyl)-4-(4-fluorophenyl)-6-
isopropylpyrimidin-2-yl)-N-methylmethanesulfonamide (5d) was prepared from
[1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg, 1.50 mmol, 1.50 equiv.) and N-(4-(4-
fluorophenyl)-5-(hydroxymethyl)-6-isopropylpyrimidin-2-yl)-N-methylmethane
sulfonamide (353.4 mg, 1.00 mmol, 1 equiv.). The residue was purified by column
chromatography (eluting with a gradient of 3% to 7% ethyl acetate in petroleum ether).
The product was obtained as a white solid (345.0 mg, 0.66 mmol, 66%); m.p.: 145-
146 °C.
'TH NMR (300 MHz, CDCl5)  7.80 (dd, J = 8.6, 5.4 Hz, 2H), 7.57 (d, J= 7.6 Hz, 2H),
7.52 (d, J=8.3 Hz, 2H), 7.45 (t, J= 7.5 Hz, 2H), 7.36 (t, /= 8.4 Hz, 3H), 7.13 (t, J =
8.6 Hz, 2H), 4.13 (s, 2H), 3.57 (s, 3H), 3.54 (s, 1H), 3.52 (s, 3H), 1.36 (d, J = 6.6 Hz,
6H).
13C NMR (126 MHz, CDCls) & 177.26, 165.97, 163.55 (d, J = 250.1 Hz), 157.74,

140.18, 140.02, 134.64, 134.09 (d, J=3.3 Hz), 131.01 (d, J= 8.4 Hz), 130.15, 128.92,
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127.83, 127.61, 126.95, 115.45 (d, J = 21.7 Hz), 117.91, 42.54, 33.14, 32.90, 31.70,
22.35.

MS (APCI): m/z 522.18 [M+H]".

NS
H

Following method B, (3R,5S,8R,98,108,13S,14S)-3-([1,1'-biphenyl]-4-ylthio)-10,13-

T

5e

dimethylhexadecahydro-17H-cyclopenta[a]phenanthren-17-one (Se) was prepared
from [1,1'-biphenyl]-4-sulfonyl chloride (379.1 mg, 1.50 mmol, 1.50 equiv.) and
(3S,5S,8R,985,108,13S,14S)-3-hydroxy-10,13-dimethylhexadecahydro-17H-
cyclopenta[a]phenanthren-17-one (209.5 mg, 1.00 mmol, 1 equiv.). The residue was
purified by column chromatography (eluting with a gradient of 2% to 6% ethyl acetate
in petroleum ether). The product was obtained as a white solid (242.0 mg, 0.53 mmol,
53%); m.p.: 199-200 °C.

'"H NMR (300 MHz, CDCl3) 4 7.57 (dd, J = 8.3, 1.4 Hz, 2H), 7.52 (d, J = 8.4 Hz, 2H),
7.42 (dd, J=8.1, 3.0 Hz, 4H), 7.38 — 7.29 (m, 1H), 3.74 — 3.69 (m, 1H), 2.44 (dd, J =
19.0, 8.7 Hz, 1H), 2.08 (dt, J = 18.6, 8.9 Hz, 1H), 2.00 — 1.86 (m, 2H), 1.84 — 1.66 (m,
6H), 1.54 — 1.42 (m, 4H), 1.33 — 1.23 (m, 5H), 1.08 (td, J=11.7, 6.0 Hz, 1H), 0.86 (s,
3H), 0.84 (s, 3H).

BCNMR (101 MHz, CDCl3) § 192.56, 140.47, 139.24, 135.53,131.22, 128.82, 127.54,
127.34, 12691, 54.26, 51.50, 47.84, 45.55, 40.74, 36.54, 35.88, 35.07, 33.29, 33.19,
31.57,30.74, 28.15,26.41, 21.78, 20.10, 13.85, 11.88.

MS (APCI): m/z 459.27 [M+H]".
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5f

Following method A, 1-(4-((methyl-d3)thio)phenyl)ethan-1-one (5f) was prepared
from 4-acetylbenzenesulfonyl chloride (328.0 mg, 1.50 mmol, 1.50 equiv.) and
methanol-d4 (41 pL, 1.00 mmol, 1 equiv.). The residue was purified by column
chromatography (eluting with a gradient of 10% to 20% ethyl acetate in petroleum
ether). The product was obtained as a white solid (132.9 mg, 0.79 mmol, 79%). 'H
NMR data for thioether 5f prepared in this way were in agreement with the literature.
12

'"H NMR (400 MHz, CDCls) 6 7.87 (d, J = 8.8 Hz, 2H), 7.26 (d, J = 8.8 Hz, 2H), 2.57

(s, 3H).

Chiral HPLC analysis
Methyl (S)-2-hydroxypropanoate was reacted with TsCl following method B to
afford the product thioether 4m in 88% yield (Figure S1). The reaction could produce

either of the two possible enantiomers (R)-4m or (S)-4m, or a racemic mixture of both.

o o
Qé _cl 0 P("Bu)s, ADDP, Imidazole \)ko/ %o/

IS8 T A i GO

o dry DMF, 0-50 °C \@\ \@\

(R)-4m (S)-4m
Figure S1. Thioether from TsCl with methyl (S)-2-hydroxypropanoate following
method B.

To determine the stereochemical configuration of the thioether, single
configuration and racemate were prepared using an established method (Figure S2). !*
14 The thioethers (rac)-4m and (R)-4m were analyzed by chiral HPLC (Figure S3-A,
S3-B). The peaks were assigned to each respective enantiomer by comparison with the
enantio-enriched (R)-4m (Figure S3-B, 66% ee). Analysis of the thioether synthesized

using our method, revealed that the product was (R)-4m (Figure S3-C, 77% ee).
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ST SH
s
/©/ ° /©/
o

o o
(1.1 equiv.) (1.0 equiv.)
S WL NN S N
OH Pyridine, 5 °C OTs K,COj3 (2.0 equiv.) S
(rac) CHLCON, 1t \©\
62% (2 steps)
(rac)-4m
O,
s _Cl SH
[j 2 [j/
°
[¢] o [e]
3. (1.1 equiv.) (1.0 equiv.)
\Hko/ I S o \,)J\O/
OH Pyridine, 5 °C OTs K,CO3 (2.0 equiv.) S
®) CHACN, 1t \[:1\
64% (2 steps)
(R)-4m

Figure S2. (rac)-4m and (R)-4m using a literature procedure.
A.(rac)-4m, 62% yield. [HPLC analysis of the product: CHIRALCEL OJ-H column;
10% i-PrOH in hexanes; 1.0 mL/min; A = 254 nm; retention times: 8.050 min, 8.858
min]

mAU
150{
100
50—_
)
0.0 I I I I 2.I5 | I | | 5.‘0 | I I I 7.I5
min
Peak Results
RT (min) | Area (uV*sec) | Height (uV) | % Area
1 8.050 1762144 183875 53.36
2 8.858 1540479 151574 46.64

B.(R)-4m, 66% yield, 66% ee. [HPLC analysis of the product: CHIRALCEL OJ-H
column; 10% i-PrOH in hexanes; 1.0 mL/min; A = 254 nm; retention times: 7.276

min(major), 7.987 min (minor)], [a]p?® =+76.9° (c=1, acetone)
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mAU
2500

7. 276

2000]
1500

1000

500

o]
] > 7.987

L L L L
0 1 2 3 4 5 6 7
min

Peak Results

RT (min) | Area (uV*sec) | Height (uV) | % Area
1] 7.276 28440168 2371693 83.08
2| 7987 5791148 593103 16.92

C. (R)-4m, P("Bu)s, ADDP, Imidazole, 0-50 °C, 88% yield, 77% ee. [HPLC analysis of
the product: CHIRALCEL OJ-H column; 10% i-PrOH in hexanes; 1.0 mL/min; A = 254
nm; retention times: 7.761 min(major), 8.554 min (minor)], [a]p?® = +85.1° (c=1,

acetone).

mAU
300

7. 761

2004

100+

] >8.554

min
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Peak Results

RT (min) | Area (WV*sec) | Height (uV) | % Area
1| 7.761 2585648 286111 88.48

2| 8.554 336776 33952 11.52

Figure S3. (A) Chiral HPLC analysis of (rac)-4m. (B) Chiral HPLC analysis of (R)-
4m. (C) The product of reaction 1 (Figure S1) was determined to be (R)-4m by chiral
HPLC analysis.

To increase enantioselectivity, an improved method was utilized that maintained
reaction temperature at 0 °C. Expectly, enantioselectivity had a moderated elevated,

although the yield decreased at the same range.

0
Q _cl 0 P("Bu)s, ADDP, Imidazole \,)ko/

4 S\\ + ~ z

: o © dry DMF, 0°C S

S *N

(R)-4m

Figure S4. (R)-4m using an improved procedure.

P("Bu)s;, ADDP, Imidazole, 0 °C, 79% yield, 87% ee. [HPLC analysis of the product:
CHIRALCEL OJ-H column; 10% i-PrOH in hexanes; 1.0 mL/min; A = 254 nm;

retention times: 6.844 min(major), 7.403 min (minor)], [a]p?® =+113.4° (c=1, acetone).

mAU

. 844

25ooé
20005
15ooé
10005

500

0]

| > 7.403

0 1 2 3 B 5 6 7
min

Peak Results

RT (min) | Area (WV*sec) | Height (V) | % Area
1| 6.844 34542564 2736186 93.54
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2] 7403 | 2384418 | 27759 | 6.46 |

Figure S5. The product of reaction 4 (Figure S4) followed an improved procedure was
determined to be (R)-4m by chiral HPLC analysis.

In addition, to determine the effect of imidazole, control experiments were
performed (Figure S6). The results of control experiments showed that imidazole has a

significant effect in yield but not enantioselectivity (Figure S7).

P("Bu);, ADDP \)ko/ \HLO/
& or

Q._ci a
e I
: oCm s s
L dry DMF, 0°C-rt \©\ \©\

o o
P("Bu)s, ADDP \)ko/ YLO/
Z or

O\\S,CI 9
5. 5 + %O/ 7 7
o S S
/@/ I dry DMF, 0°C \@\ \@\
(R)-4m (S)-4m

Figure S6. Thioether from TsCl with methyl (S)-2-hydroxypropanoate following
method A (reaction 4) and an improved procedure (reaction 5).

A.P("Bu)s;, ADDP, 0 °C-rt, 69% yield, 75% ee. [HPLC analysis of the product:
CHIRALCEL OJ-H column; 10% i-PrOH in hexanes; 1.0 mL/min; A = 254 nm;
retention times: 7.743 min (major), 8.540 min (minor)], [a]p?* =+98.0° (c=1,
acetone).

mAU

7. 743

300-
200+

100

o
1 > 8. 540

min

Peak Results
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RT (min) | Area (WV*sec) | Height (uV) | % Area
1| 7.743 3373099 371955 87.41
2| 8.540 485973 49055 12.59

B.P("Bu)3;, ADDP, 0 °C, 49% yield, 86% ee. [HPLC analysis of the product:
CHIRALCEL OJ-H column; 10% i-PrOH in hexanes; 1.0 mL/min; A =254 nm

retention times: 7.201 min (major), 7.853 min (minor)], [a]p?* = +112.7° (c=1,

acetone).
mAU
2500 =
2000-]
1500
1000
500 2
5 A
o 1z 3 1 5 6 s
min
Peak Results
RT (min) | Area (uV*sec) | Height (uV) | % Area
1| 7.201 25962852 2408786 92.82
2| 7.853 2008589 227097 7.18

Figure S7. (A) Chiral HPLC analysis following method A . (B) Chiral HPLCanalysis
following an improved method.
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