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1. General information

All non-aqueous reactions were carried out under a positive atmosphere of argon in dried glassware unless otherwise
noted. Solvents and materials were obtained from commercial suppliers and used without further purification.
Column chromatography was performed on Cica silica gel 60 (230—400 mesh) or Fuji Silysia silica gel (NH, 100—200
mesh), gel permeation chromatography was performed with LC-9201, and flash column chromatography was
performed on Cica silica gel 60 (spherical/40—100 um). Reactions and chromatography fractions were analyzed using
pre-coated silica gel plate (Merck Silica Gel 60 Fas4). All melting points were measured on BUCHI M-565 melting
point apparatus and are uncorrected. IR spectra were measured on JASCO FT/IR-4100. Unless otherwise noted,
NMR spectra were obtained in CDCls. 'H NMR (400 MHz) spectra were recorded with JEOL ECP-400 spectrometers
and chemical shifts are reported in 6 (ppm) relative to TMS (in CDCIs) as internal standard. Unless otherwise noted,
13C NMR (100 MHz) spectra were also recorded using JEOL ECP-400 spectrometers and referenced to the residual
CHClI; or CHD2CN signals. "B NMR (128 MHz) spectra were recorded using JEOL ECP-400 spectrometers using
quarts NMR tubes. '"H NMR multiplicities are reported as follows: br = broad; m = multiplet; s = singlet; d = doublet;
t = triplet; q = quartet. High-resolution mass spectra were obtained on a JMS-HX/MS700 (FAB) or a Shimadzu
LCMS-IT-TOF fitted with an ESI. Optical rotations were recorded on a JASCO P-2200 polarimeter with a path length
0f 0.5 cm; concentrations are quoted in grams per 100 mL. [a]p values are measured in 10! deg cm?g™". Enantiomeric
excess was determined by high performance liquid chromatography (HPLC) analyses using a Shimadzu Prominence
HPLC System fitted with Daicel chiral column. Unless otherwise noted, all materials and solvents were purchased
from Tokyo Kasei Co., Aldrich Inc., and other commercial suppliers and were used without purification. All non-

commercially available substrates were prepared according to the literature procedure as indicated below.

2. Preparation of benzenethiols

Benzenethiols 2a-g were commercially available.

SH SH MeO’ SH SH SH SH SH
2a 2b 2c 2d 2e 2f 29

3. Preparation of a,B-unsaturated carboxylic acids
a.,B-Unsaturated carboxylic acids 3a, 3b, 3d-f, and 3n were commercially available. The carboxylic acids 3¢,5! 3g,

S13h,52 3i-1,5"and 3m>® were prepared according to the literatures.
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4. Preparation of multifunctional thiourea catalysts
Catalysts 1a—cS! were prepared according to the literature. Catalysts 1d-h were prepared by a similar procedure

according to the literatureS! as described below.

2-[[N-Methyl-(1R,2R)-2-(3-phenylthioureido)cyclohexan-1-yl]-(2-aminomethyl)]-5-
(trifluoromethyl)phenylboronic Acid (1d)

QO

H H/N
Me’

(HO),B

CF3
1d

White amorphous; *H NMR (CDsCN, 400 MHz) & 8.82 (br s, 1H), 8.18 (br s, 1H), 7.95 (s, 1H), 7.61 (dd, J; = 8.1
Hz, J2 = 1.7 Hz, 1H), 7.39-7.29 (m, 5H), 7.21-7.15 (m, 1H), 6.32 (br s, 1H), 4.60-4.47 (m, 1H), 3.81 (d, J = 12.8
Hz, 1H), 3.73 (d, J = 12.8 Hz, 1H), 2.39 (ddd, J; = J, = 11.3 Hz, J3 = 3.1 Hz, 1H), 2.28 (s, 3H), 2.06—1.97 (m, 2H),
1.80-1.72 (m, 1H), 1.66-1.57 (m, 1H), 1.40-1.18 (m, 2H), 1.12-0.95 (m, 2H), one O-H or N-H proton was not
observed; 1*C NMR (CD3sCN, 100 MHz) & 181.3, 147.1, 139.2, 132.8 (q, J = 3.8 Hz), 131.6, 129.7 (2C), 129.2 (q, J
= 31.9 Hz), 127.2 (q, J = 3.8 Hz), 126.2, 125.8 (2C), 124.2 (q, J = 271 Hz), 62.1, 59.7, 55.5, 35.7, 33.4, 25.5, 25.3,
22.8, One carbon peak (C-B(OH)2) could not be observed; IR (ATR): 2938, 1535 cm~!; HRMS (ESI): calcd for
C22H28BFsN30,S [M+H]* 466.1946, found 466.1943; [a]o®® +34.8 (c 1.03, CHCI5).

2-[[N-Methyl-(1R,2R)-2-(3-phenylthioureido)cyclohexan-1-yl]-(2-aminomethyl)]-5-(methoxy)phenylboronic
Acid (1e)

U NS

H H N
Me’
(HO),B

OMe
le

White amorphous; 'H NMR (CD;CN, 400 MHz) & 8.25 (br s, 1H), 7.31 (d, J= 7.5 Hz, 2H), 7.26 (t, J = 7.8 Hz, 2H),
7.18 (d, J=2.9 Hz, 1H), 7.10 (t, J = 7.2 Hz, 1H), 7.05 (d, J = 8.1 Hz, 1H), 6.79 (dd, J; = 8.1 Hz, J> = 2.9 Hz, 1H),
6.32 (brs, 1H), 4.54-4.43 (m, 1H), 3.71 (s, 3H), 3.64 (d, /= 12.8 Hz, 1H), 3.56 (d, J= 12.8 Hz, 1H), 2.40 (ddd, J; =
J>=11.3 Hz, J3; = 3.3 Hz, 1H), 2.19 (s, 3H), 1.98—-1.90 (m, 2H), 1.72—-1.65 (m, 1H), 1.60—1.53 (m, 1H), 1.33-1.10
(m, 2H), 1.16-0.93 (m, 2H), two O-H or N-H protons were not observed; '*C NMR (CDsCN, 100 MHz) & 181.4,
159.4,139.4, 134.3,132.7, 129.7 (2C), 126.1, 125.6 (2C), 121.8, 115.5, 61.7, 59.5, 55.6, 55.4, 35.3, 33.5, 25.6, 25 .4,
22.7, one carbon peak (C-B(OH)2) could not be observed; IR (ATR): 3278, 2934, 1536 cm™!; HRMS (ESI): calcd for
C22H31BN:05S [M+H]* 428.2178, found 428.2175; [a]p?! +50.5 (¢ 0.97, CHCly).
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2-[[N-Methyl-(1R,2R)-2-(3-phenylthioureido)cyclohexan-1-yl]-(2-aminomethyl)]|-4-
(trifluoromethyl)phenylboronic Acid (1f)

Q1,0

H H N

Me”
(HO),B
CF

1f

3

White amorphous; 'H NMR (CDsCN, 400 MHz) § 8.20 (br s, 1H), 7.86 (d, J = 8.1 Hz, 1H), 7.59 (d, J = 7.5 Hz, 1H),
7.52 (s, 1H), 7.39-7.29 (m, 4H), 7.20-7.14 (m, 1H), 6.38 (br s, 1H), 4.60-4.43 (m, 1H), 3.82 (d, J = 12.8 Hz, 1H),
3.74 (d, J = 12.8 Hz, 1H), 2.41 (ddd, J; = J, = 11.3 Hz, J3 = 2.7 Hz, 1H), 2.26 (s, 3H), 2.07-1.98 (m, 2H), 1.80-1.73
(m, 1H), 1.66-1.57 (m, 1H), 1.40-1.17 (m, 2H), 1.14-0.95 (m, 2H), two O-H or N-H protons were not observed; 1*C
NMR (CD3CN, 100 MHz) & 181.4, 143.9, 139.4, 137.0, 131.5 (q, J = 32.3 Hz), 129.7 (2C), 127.1 (q, J = 2.9 Hz),
126.1, 125.7 (2C), 126.6 (q, J = 272 Hz), 124.2 (q, J = 3.8 Hz), 62.2, 59.7, 55.5, 35.5, 33.4, 25.6, 25.4, 22.7, one
carbon peak (C-B(OH).) could not be observed; IR (ATR): 3268, 2936, 1534 cm™!; HRMS (ESI): calcd for
CasH2sBF3N30,S [M+H]* 466.1946, found 466.1945; [0]p26 +14.2 (c 1.04, CHCI3).

2-[[N-Methyl-(1R,2R)-2-(2phenylthioureido)cyclohexan-1-yl]-(2-aminomethyl)]-4-(methoxyl)phenylboronic
Acid (1g)

Q1,0

H H/N

Me
(HO),B
OMe

1a

White amorphous; '"H NMR (CDsCN, 400 MHz) & 8.72 (br s, 2H), 8.37 (br s, 1H), 7.70-7.64 (m, 1H), 7.42—7.35 (m,
2H), 7.34-7.25 (m, 2H), 7.17-7.09 (m, 1H), 6.89-6.77 (m, 2H), 6.48 (br s, 1H), 4.62-4.48 (m, 1H), 3.78 (s, 3H),
3.80-3.70 (m, 1H), 3.62 (d, J = 12.2 Hz, 1H), 2.45 (ddd, J; = J> = 9.4 Hz, J; = 3.1 Hz, 1H), 2.27 (s, 3H), 2.08-1.97
(m, 2H), 1.81-1.71 (m, 1H), 1.68-1.58 (m, 1H), 1.40—-1.18 (m, 2H), 1.13—-0.97 (m, 2H), one O-H or N-H proton was
not observed; 3C NMR (CD3CN, 100 MHz) & 181.4, 161.9, 144.7, 139.6, 138.7, 129.6 (2C), 125.9, 125.5 (2C),
117.4,112.5, 61.8, 60.3, 55.7, 55.5, 35.6, 33.5, 25.6, 25.4, 22.6, one carbon peak could not be observed; IR (ATR):
3271, 2935, 1538 cm™!; HRMS (ESI): caled for C2,H31BN303S [M+H]* 428.2178, found 428.2179; [a]p® +27.5 (¢
1.03, CHCL).
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2-[[N-Methyl-(1R,2R)-2-(2phenylthioureido)cyclohexan-1-yl]-(2-aminomethyl)]-4-
(dimethylamino)phenylboronic Acid (1h)

sB¥e

HoH &

Me’
(HO)B
NMe;

1h

White amorphous; 'H NMR (CDCls, 400 MHz) & 8.27 (br s, 1H), 7.59 (d, J = 8.1 Hz, 1H), 7.40-7.28 (m, 4H),
7.24-7.20 (m, 1H), 6.58 (dd, J; = 8.1 Hz, J> = 1.8 Hz, 1H), 6.44 (d, J= 1.8 Hz, 1H), 6.17 (br s, 1H), 4.70-4.60 (m,
1H), 3.66 (d, J=12.4 Hz, 1H), 3.62 (d, J = 12.4 Hz, 1H), 3.06-2.96 (m, 1H), 2.97 (s, 6H), 2.59 (dd, J; = 9.6 Hz, J;
= 1.6 Hz, 1H), 2.38-2.28 (m, 1H), 2.31 (s, 3H), 2.08-2.00 (m, 1H), 1.88—1.80 (m, 1H), 1.75-1.67 (m, 1H), 1.45-1.31
(m, 2H), 1.29-1.15 (m, 2H), two O-H or N-H protons was not observed; 3C NMR (CD;CN, 100 MHz) & 180.2,
151.7, 137.7, 137.4, 129.4 (2C), 129.0. 126.0, 124.9 (2C), 114.4, 110.5, 62.1, 61.1, 55.6, 40.1 (2C), 34.3, 33.2, 24.9,
24.7,22.0, one carbon peak could not be observed; IR (ATR): 3269, 2936, 1601, 1353 cm™'; HRMS (ESI): calcd for
C23H34BN4O,S [M+H]*" 441.2494, found 441.2483; [a]p?® +23.2 (¢ 0.98, CHCI5).
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5. Optimization of the reaction condition
Table S1. Optimization in CCls?

1

R S 1a:R'=H,R?=H,R%=H
\©\ )y 1b:R'=NO,, R?=H, R3= H
N H 1c:R'=OMe, R2=H,R3=H

1 (10 mol%) N
0 MS 4A (50 mg) Phig o e N 1d: R: =H, Rs = CFg, R33= H
. S 1e:R'=H, R?= OMe, R®=H
mer Me/\)l\o"' ccl, Me/'\)]\OH (HO)B 1f :R'=H, R?= H, R®= CF,
2a 3a rt, 24h (S)-4a 1g:R'=H, R?=H, R®= OMe
R®  1h:R'=H,R2=H, R%= NMe,
1a-h R2
Entry catalyst concentration yield® (%) ee® (%)
M)

1 la 0.1 90 41 (S)

2 1b 0.1 78 22.(S)

3 1e 0.1 96 69 (S)

4 1d 0.1 81 41 ()

5 le 0.1 87 40 (S)

6 1f 0.1 76 11 (S)

7 1g 0.1 83 28 (S)

8 1h 0.1 69 6 (R)

9 1a 0.02 46 24 (S)

10 1a 0.05 63 38 ()

1 1a 0.2 91 57 ()

12 1a 0.4 86 72 (S)

13 1a 1 88 76 (S)

144 1a 2 91 81 (S)

154 1g 2 78 75 (S)

2 Unless otherwise noted, the reaction was carried out with 2a (0.1 mmol), 3a (1.0 equiv), catalyst (0.1 equiv), and
4A MS (50 mg) in CCly at room temperature for 24 h.

bIsolated yield after treatment with TMSCHN>.

¢ Estimated by chiral HPLC after treatment with TMSCHN,. Absolute configuration is shown in the brackets.

44A MS (20 mg)
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Table S2. Optimization in hexane and CH»Cl»*

o
1a (10 mol%) : NJ\N“‘

o MS4A(50mg)  Phig HoH b §

2a 3a rt, 24 h (S4a

1 o
Entry solvent concentration (M) yield® (%) ee (%)
1 n-hexane 0.02 16 19 (R)
2 n-hexane 0.05 25 23 (S)
3 n-hexane 0.1 28 48 (S)
4 n-hexane 0.2 36 61 (S)
5 n-hexane 0.4 34 70 (S)
6 CH,Cl, 1 72 64 (S)
7 n-hexane/CH,Cl, 1 56 74 (S)

3 Unless otherwise noted, the reaction was carried out with 2a (0.1 mmol), 3a (1.0 equiv), catalyst (0.1 equiv), and
4A MS (50 mg) in solvent at room temperature for 24 h.

bIsolated yield after treatment with TMSCHN>.

¢ Estimated by chiral HPLC after treatment with TMSCHN,. Absolute configuration is shown in the brackets.

Table S3. Optimization in acetone®

o lv:; 511/&0(?8 Ir‘;/:g)y) Phig o
e Me/\)j\o"' m» Me OH

2a 3a rt, 24 h (R)-4a
Entry concentration (M) yield® (%) ee (%)
1 0.02 33 75 (R)
2 0.05 57 82 (R)
3 0.1 68 82 (R)
4 0.2 86 57 (R)
5 0.4 85 41 (R)
64 0.1 83 81 (R)

2 Unless otherwise noted, the reaction was carried out with 2a (0.1 mmol), 3a (1.0 equiv), catalyst (0.1 equiv), and
4A MS (50 mg) in acetone at room temperature for 24 h.

®Isolated yield after treatment with TMSCHN.

¢ Estimated by chiral HPLC after treatment with TMSCHN,. Absolute configuration is shown in the brackets.

d44A MS (100 mg)
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6. Control experiments

Table S4. Screening of mono- and bi-functional catalyst®

catalyst (10 mol%)
PhSH + /\)I\ _— : or )\)j\
Me OH 0.1 M Solvent Me OH Me OH
2a 3a rt., 24 h (S)-4a (R)-4a

@ )SL Q CFs | |
g Nm\efN /CL i Q NPz CFs B(OH), ©/B(OH>2
(Ho)ng) CF4 NN N é/B(OH)Z
Me” "Me CF3 OMe
1a S-1 s-2 s-3 S-4
Entry catalyst solvent yield® (%) ee® (%)
1 1a acetone 68 81 (R)
24 1a acetone 11 15 (R)
3 S-1 acetone 13 12 (R)
4 S-2 acetone 28 -
5 S-3 acetone ND -
6 S-4 acetone ND -
7 la CCly 90 41 (S)
gd 1a CCly ND -
9 S-1 CCly 3 5(R)
10 S-2 CCly 90 -
11 S-3 CCly ND -
12 S-4 CCly ND -

2 Unless otherwise noted, the reaction was carried out with 2a (0.1 mmol), 3a (1.0 equiv), catalyst (0.1 equiv), and
4A MS in solvent (1.0 mL) at room temperature for 24 h.

bIsolated yield after treatment with TMSCHN>.

¢ Estimated by chiral HPLC after treatment with TMSCHN,. Absolute configuration is shown in the brackets.
dWithout 4A MS.
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1a (10 mol%) @ S
Ph. .
0 MS 4A (50 mg) s o N)LN\
H

PhSH + S H
Me/\)I\OI\/Ie 0.1 M acetone Me)\)l\owle Me”
2a 3a-[OMe] rt, 24 h (R)-4a-[OMe] (HO),B
(0.1 mmol) (0.1 mmol) 9%, 13% ee
1a

Scheme S1. A control experiment using a,B-unsaturated ester 3a-[OMe]

1a (10 mol%) S
0 MS 4A (30 mg) Ph. .
PhSH + /\)I\ i 0 NN N
Me OH  0.33MmcDel Me)\)]\OH (HO,)VIg. }
2

2a 3a rt., 24 h (R)-4a
(0.1 mmol) (0.1 mmol) 61%, 29% ee
1a

1a (10 mol%) S
o MS 4A (30 mg) Ph\S o .

N~ N
PhSH + S z H H N
Me/\)J\OH 0.33 M CDCl, Me/\)J\OH Me®
2a 3a rt., 24 h (S)-4a (HO).B
(0.01 mmol) (0.1 mmol) 100%, 22% ee
1a
Scheme S2. Effect of the concentration of thiol 2a
1a (10 mol%)
acetone (0.1mmol)
o MS 4A (50 mg) N
PhSH + S
a
Me/\)J\OH 0.1M CCl, Me)\)J\OH @)
2a 3a rt, 24 h (R)-4a
(0.1 mmol) (0.1 mmol) 72%, 21% ee
1a (10 mol%) Ph
0 MS 4A (100 mg) S o
PhSH + X o (b)
Me/\)J\OH acetone Me)\)J\OH
2a 3a rt., 24 h (R)-4a

83%, 81% ee (general condition)
71%, 82 %ee (2a was added in 4 h)

ol 19 (10 mol%) Ar
\(j o MS 4A (100 mg) ~s o
+
S (c)
SH Me/\)]\OH acetone Me/'\)I\OH

rt., 24 h

(R)-4f
71%, 45% ee (general condition)
74%, 36 %ee (2f was added in 4 h)

Scheme S3. (a) The reaction with 1 equiv of acetone in CCls (b)(c) Effect of pre-mixing of catalyst and 3a
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7. Asymmetric thia-Michael addition

General procedure for the synthesis of 4a and their methyl esters 4a-|OMe] as described in Table 1.

1a-h (10 mol%)

Ph Ph{

o MS 4A s o TMSCHN, s o
PhSH + \ _ . .
Me/\)l\OH solvent Me OH toluene, MeOH Me)\/U\OMe
rt,24h 0°C, 30 min
2a 3a 4a 4a-[OMe]

To a stirred suspension of (£)-crotonic acid 3a (0.10 mmol), boronic acid catalyst 1a-h (10 mol%), and activated MS
4A in an appropriate solvent, was added benzenethiol 2a (100 mol%) in the same solvent at room temperature. The
reaction mixture was stirred at room temperature for 24 h, and directly purified by flash chromatography on silica
gel (n-hexane/ethyl acetate = 4:1 to ethyl acetate/methanol = 7:3) to afford the crude product 4a. To the solution of
crude 4a in toluene/methanol (0.75 mL/0.25 mL) was slowly added a solution of TMSCHN, in Et,O (2.0 M, 0.25
mL, 0.5 mmol) at 0°C. The resulting mixture was stirred at 0°C for 30 min, before being quenched with AcOH, until
yellow color of the solution disappeared. After evaporation of the reaction mixture, the residue was purified by flash
chromatography on silica gel (n-hexane/ethyl acetate = 20:1) to afford methyl esters 4a-[OMe] as a colorless oil; The
enantiomeric excess of the product was determined by chiral stationary phase HPLC analysis [Chiralcel OD-H, n-

hexane/2-propanol = 98/2, 1.0 mL/min, A = 254 nm, retention times: 5.5 min 6.5 min].

(entry 1): The reaction with 3a (8.6 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol), 2a (10 pL, 0.10 mmol), and activated
MS 4A (50 mg) in CCly (1.0 mL) gave the crude product (S)-4a. The same treatment as described in general procedure
afford the desired product (S)-4a-[OMe] (18.9 mg, 90%). The enantiomeric excess of the product was determined
by chiral stationary phase HPLC analysis (41% ee).

(entry 2): The reaction with 3a (8.7 mg, 0.10 mmol), 1a (3.9 mg, 0.01 mmol), 2a (10 pL, 0.10 mmol), and activated
MS 4A (50 mg) in CH,Cl, (1.0 mL) gave the crude product (S)-4a. The same treatment as described in general
procedure afford the desired product (S)-4a-[OMe] (4.4 mg, 21%). The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (22% ee).

(entry 3): The reaction with 3a (8.6 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol), 2a (10 pL, 0.10 mmol), and activated
MS 4A (50 mg) in n-hexane (1.0 mL) gave the crude product (S)-4a. The same treatment as described in general
procedure afford the desired product (S)-4a-[OMe] (5.9 mg, 28%). The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (49% ee).

(entry 4): The reaction with 3a (8.8 mg, 0.10 mmol), 1a (4.1 mg, 0.01 mmol), 2a (10 pL, 0.10 mmol), and activated
MS 4A (50 mg) in CH;CN (1.0 mL) gave the crude product (R)-4a. The same treatment as described in general
procedure afford the desired product (R)-4a-[OMe] (7.6 mg, 36%). The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (39% ee).

(entry 5): The reaction with 3a (8.7 mg, 0.10 mmol), 1a (4.1 mg, 0.01 mmol), 2a (10 pL, 0.10 mmol), and activated
MS 4A (50 mg) in acetone (1.0 mL) gave the crude product (R)-4a. The same treatment as described in general
procedure afford the desired product (R)-4a-[OMe] (14.3 mg, 68%). The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (82% ee).

(entry 6): The reaction with 3a (8.7 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol), 2a (10 pL, 0.10 mmol), and activated
MS 4A (50 mg) in MeOH (1.0 mL) gave not the desired product 4a.
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(entry 7): The reaction with 3a (8.8 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol) and 2a (10 puL, 0.10 mmol) without
activated MS 4A in CCls (1.0 mL) gave not the desired product 4a.

(entry 8): The reaction with 3a (8.6 mg, 0.10 mmol), 1a (4.1 mg, 0.01 mmol) and 2a (10 puL, 0.10 mmol) without
activated MS 4A in acetone (1.0 mL) gave the crude product (R)-4a. The same treatment as described in general
procedure afford the desired product (R)-4a-[OMe] (2.3 mg, 11%). The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (15% ee).

(entry 9): The reaction with 3a (8.7 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol), 2a (10 pL, 0.10 mmol), and activated
MS 4A (20 mg) in CCls (50 pL) gave the crude product (S)-4a. The same treatment as described in general procedure
afford the desired product (S)-4a-[OMe] (19.1 mg, 91%). The enantiomeric excess of the product was determined
by chiral stationary phase HPLC analysis (81% ee).

(entry 10): The reaction with 3a (8.7 mg, 0.10 mmol), 1b (4.3 mg, 0.01 mmol), benzenethiol 2a (10 pL, 0.10 mmol),
and activated MS 4A (50 mg) in acetone (1.0 mL) gave the crude product (R)-4a. The same treatment as described
in general procedure afford (R)-4a-[OMe] (7.4 mg, 35%). The enantiomeric excess of the product was determined
by chiral stationary phase HPLC analysis (33% ee).

(entry 11): The reaction with 3a (8.7 mg, 0.10 mmol), 1¢ (4.5 mg, 0.01 mmol), benzenethiol 2a (10 pL, 0.10 mmol),
and activated MS 4A (50 mg) in acetone (1.0 mL) gave the crude product (R)-4a. The same treatment as described
in general procedure afford (R)-4a-[OMe] (14.1 mg, 67%). The enantiomeric excess of the product was determined
by chiral stationary phase HPLC analysis (78% ee).

(entry 12): The reaction with 3a (8.7 mg, 0.10 mmol), 1d (4.6 mg, 0.01 mmol), benzenethiol 2a (10 pL, 0.10 mmol),
and activated MS 4A (50 mg) in acetone (1.0 mL) gave the crude product (R)-4a. The same treatment as described
in general procedure afford (R)-4a-[OMe] (12.0 mg, 57%). The enantiomeric excess of the product was determined
by chiral stationary phase HPLC analysis (80% eg).

(entry 13): The reaction with 3a (8.7 mg, 0.10 mmol), 1e (4.4 mg, 0.01 mmol), benzenethiol 2a (10 pL, 0.10 mmol),
and activated MS 4A (50 mg) in acetone (1.0 mL) gave the crude product (R)-4a. The same treatment as described
in general procedure afford (R)-4a-[OMe] (12.9 mg, 61%). The enantiomeric excess of the product was determined
by chiral stationary phase HPLC analysis (68% ee).

(entry 14): The reaction with 3a (8.7 mg, 0.10 mmol), 1f (4.7 mg, 0.01 mmol), benzenethiol 2a (10 pL, 0.10 mmol),
and activated MS 4A (50 mg) in acetone (1.0 mL) gave the crude product (R)-4a. The same treatment as described
in general procedure afford (R)-4a-[OMe] (7.3 mg, 35%). The enantiomeric excess of the product was determined
by chiral stationary phase HPLC analysis (45% eg).

(entry 15): The reaction with 3a (8.7 mg, 0.10 mmol), 1g (4.3 mg, 0.01 mmol), benzenethiol 2a (10 pL, 0.10 mmol),
and activated MS 4A (50 mg) in acetone (1.0 mL) gave the crude product (R)-4a. The same treatment as described
in general procedure afford (R)-4a-[OMe] (15.4 mg, 73%). The enantiomeric excess of the product was determined
by chiral stationary phase HPLC analysis (92% ee).

(entry 16): The reaction with 3a (8.6 mg, 0.10 mmol), 1h (4.5 mg, 0.01 mmol), benzenethiol 2a (10 pL, 0.10 mmol),
and activated MS 4A (50 mg) in acetone (1.0 mL) gave the crude product (R)-4a. The same treatment as described
in general procedure afford (R)-4a-[OMe] (11.1 mg, 53%). The enantiomeric excess of the product was determined

by chiral stationary phase HPLC analysis (45% ee).
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(entry 17): The reaction with 3a (8.6 mg, 0.10 mmol), 1g (4.4 mg, 0.01 mmol), benzenethiol 2a (10 pL, 0.10 mmol),
and activated MS 4A (100 mg) in acetone (1.0 mL) gave the crude product (R)-4a. The same treatment as described
in general procedure afford (R)-4a-[OMe] (16.8 mg, 80%). The enantiomeric excess of the product was determined
by chiral stationary phase HPLC analysis (92% ee).

(entry 18): The reaction with 3a (8.6 mg, 0.10 mmol), 1g (4.3 mg, 0.01 mmol), 2a (10 uL, 0.10 mmol), and activated
MS 4A (20 mg) in CCls (50 pL) gave the crude product (S)-4a. The same treatment as described in general procedure
afford the desired product (S)-4a-[OMe] (16.4 mg, 78%). The enantiomeric excess of the product was determined
by chiral stationary phase HPLC analysis (75% ee).

Methyl (S)-3-(phenylthio)butanoate ((S)-4a-[OMe])

.
Me/\)J\OMe

(S)-4a-[OMe]
Colorless oil; 'H NMR (400 MHz, CDCl3) & 7.44 (d, J = 7.5 Hz, 2H), 7.35-7.23 (m, 3H), 3.67 (s, 3H), 3.67-3.57
(m, 1H), 2.65 (dd, J; = 15.7 Hz, J> = 5.8 Hz, 1H), 2.44 (dd, J; = 15.7 Hz, J>= 8.1 Hz, 1H), 1.33 (d, /= 7.0 Hz, 3H);
3C NMR (100 MHz, CDCl3) § 171.5, 139.7, 130.7 (2C), 128.9 (2C), 128.7, 51.7, 41.6, 39.4, 20.8; IR (ATR): 1738
cm™'; HRMS (ESI): caled for CiiH14NaO,S [M+Na]* 233.0607, found 233.0608; HPLC [Chiralcel OD-H, n-
hexane/2-propanol = 98/2, 1.0 mL/min, A = 254 nm, retention times: (major) 6.2 min (minor) 5.2 min]; [a]p?® +20.9

(¢ 0.97, CHC];) for 81% ee. (Lit5*: [a]p?® +24.9 (c 1.09, CHCI3) for 97% ee, (S) enantiomer)

Methyl (R)-3-(phenylthio)butanoate ((R)-4a-[OMe])

Q. .
MeMOMe

(R)-4a-[OMe]
Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 98/2, 1.0 mL/min, A = 254 nm, retention times: (major)
5.6 min (minor) 6.6 min]; [a]p?* —25.9 (c 0.98, CHCI;) for 92% ee.

General procedure for the synthesis of 4 and their methyl esters 4-[OMe] as described in Figure 2, 3.
(in CCls)

1la (10 mol%)

(0] Ar Ar.
MS 4A ~ TMSCHN ~
asH o+ o —— /S\i -
R OH CC|4 R OH toluene, MeOH R OMe
2 rt,24h 0°C, 30 min
a-g 3a-n (S)-4b-y (S)-4b-y-[OMe]

To a stirred suspension of a,B-unsaturated carboxylic acid 3 (0.10 mmol), boronic acid catalyst 1a (10 mol%), and
activated MS 4A (20 mg) in CCls (25 pL), was added arylthiol 2 (100 mol%) in the same solvent (25 uL) at room
temperature. The reaction mixture was stirred at room temperature for 24 h, and directly purified by flash
chromatography on silica gel (n-hexane/ethyl acetate = 4:1 to ethyl acetate/methanol = 7:3) to afford the crude product
4. To the solution of crude 4 in toluene/methanol (0.75 mL/0.25 mL) was slowly added a solution of TMSCHN: in
Et,0 (2.0 M, 0.25 mL, 0.5 mmol) at 0°C. The resulting mixture was stirred at 0°C for 30 min, before being quenched
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with AcOH, until yellow color of the solution disappeared. After evaporation of the reaction mixture, the residue was
purified by flash chromatography on silica gel (n-hexane/ethyl acetate = 20:1) to afford methyl esters 4-[OMe]. The

enantiomeric excess of the product was determined by chiral stationary phase HPLC analysis.

(in acetone)
1a (10 mol%)

(@] Ars Ar<
MS 4A TMSCHN
ArSH  + /\)J\ B ——————_— s o —2> S o
R OH acetone R oH toluene, MeOH R OMe
P rt,24h 0°C, 30 min
a-g 3a-n (R)-4b-y (R)-4b-y-[OMe]

To a stirred suspension of a,B-unsaturated carboxylic acid 3 (0.10 mmol), boronic acid catalyst 1g (10 mol%), and
activated MS 4A (100 mg) in acetone (0.50 mL), was added arylthiol 2 (100 mol%) in the same solvent (0.50 mL) at
room temperature. The reaction mixture was stirred at room temperature for 24 h, and directly purified by flash
chromatography on silica gel (n-hexane/ethyl acetate = 4:1 to ethyl acetate/methanol = 7:3) to afford the crude product
4. To the solution of crude 4 in toluene/methanol (0.75 mL/0.25 mL) was slowly added a solution of TMSCHN in
Et,0 (2.0 M, 0.25 mL, 0.5 mmol) at 0°C. The resulting mixture was stirred at 0°C for 30 min, before being quenched
with AcOH, until yellow color of the solution disappeared. After evaporation of the reaction mixture, the residue was
purified by flash chromatography on silica gel to afford methyl esters 4-[OMe]. The enantiomeric excess of the
product was determined by chiral stationary phase HPLC analysis.

Methyl (5)-3-((4-methoxyphenyl)thio)butanoate ((5)-4b-[OMe])

Meo\©\
S O
Me/\/u\ OMe

(S)-4b-[OMe]
(Figure 2): The reaction with (F)-crotonic acid 3a (8.8 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol), 4-

methoxybenzenethiol 2b (12 uL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the crude
product (S)-4b. The same treatment as described in general procedure afford ($)-4b-[OMe] (21.1 mg, 88%) after
flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (82% ee).

Colorless oil; "H NMR (400 MHz, CDCls) 8 7.41 (d, J= 8.7 Hz, 2H), 6.86 (d, J = 8.7 Hz, 2H), 3.81 (s, 3H), 3.67 (s,
3H), 3.49-3.38 (m, 1H), 2.59 (dd, J; = 15.7 Hz, J, = 6.4 Hz, 1H), 2.40 (dd, J; = 15.7 Hz, J>= 8.1 Hz, 1H), 1.28 (d, J
= 7.0 Hz, 3H); 3C NMR (100 MHz, CDCl;3) § 172.0, 159.8, 136.4 (2C), 123.4, 114.4 (2C), 55.3, 51.7, 41.6, 40.4,
20.8; IR (ATR): 1738, 1247 cm™'; HRMS (ESI): calcd for C1oH703S [M+H]* 241.0893, found 241.0895; HPLC
[Chiralcel OD-H, n-hexane/2-propanol = 99/1, 1.0 mL/min, A = 254 nm, retention times: (major) 11.9 min (minor)
9.8 min]; [a]p?® +17.5 (c 0.94, CHCI;3) for 82% ee.

Methyl (R)-3-((4-methoxyphenyl)thio)butanoate ((R)-4b-[OMe])

Meo\©\
S O

MeM OMe

(R)-4b-[OMel
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(Figure 2): The reaction with (F)-crotonic acid 3a (8.7 mg, 0.10 mmol), 1g (4.4 mg, 0.01 mmol), 4-
methoxybenzenethiol 2b (12 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave the
crude product (R)-4b. The same treatment as described in general procedure afford (R)-4b-[OMe] (20.5 mg, 85%)
after flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product
was determined by chiral stationary phase HPLC analysis (91% ee).

(Scheme 1): The reaction with (E)-crotonic acid 3a (8.6 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol), 4-
methoxybenzenethiol 2b (12 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave the
crude product (R)-4b. The same treatment as described in general procedure afford (R)-4b-[OMe] (17.8 mg, 74%)
after flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product
was determined by chiral stationary phase HPLC analysis (90% ee).

Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 99/1, 1.0 mL/min, A = 254 nm, retention times: (major)
10.3 min (minor) 12.2 min]; [a]p*® —18.5 (¢ 0.95, CHC];) for 91% ee.

Methyl (5)-3-((3,4-dimethoxyphenyl)thio)butanoate ((S)-4c-[OMe])
MeO
Meoj©\§ o}
Me/\)j\OM
(S)-4c-[OMe]
(Figure 2): The reaction with (F)-crotonic acid 3a (8.7 mg, 0.10 mmol), 1a (4.1 mg, 0.01 mmol), 3,4-

dimethoxybenzenethiol 2¢ (14 pL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the crude
product (S)-4¢. The same treatment as described in general procedure afford (S)-4c-[OMe] (21.4 mg, 79%) after

e

flash chromatography using n-hexane/ethyl acetate = 4:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (84% ee).

Colorless oil; 'H NMR (400 MHz, CDCls) § 7.07 (dd, J; = 8.1 Hz, J> = 2.2 Hz, 1H), 7.01 (d, J = 2.2 Hz, 1H), 6.82
(d, J=8.1 Hz, 1H), 3.89 (s, 3H), 3.88 (s, 3H), 3.68 (s, 3H), 3.53-3.44 (m, 1H), 2.61 (dd, J; = 15.6 Hz, J, = 6.4 Hz,
1H), 2.42 (dd, J; = 15.6 Hz, J> = 8.2 Hz, 1H), 1.30 (d, J= 6.6 Hz, 3H); '*C NMR (100 MHz, CDCl3) 8 171.9, 149.3,
148.9, 127.6, 123.8, 117.6, 111.3, 55.94, 55.88, 51.7, 41.6, 40.4, 20.8; IR (ATR): 1734, 1254 cm™!; HRMS (FAB):
calcd for Ci3H1sNaO4S [M+Na]* 293.0824, found 293.0819; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 98/2,
1.0 mL/min, A = 254 nm, retention times: (major) 12.4 min (minor) 11.2 min]; [a]p?® +21.0 (¢ 1.03, CHCI;3) for 84%

cec.

Methyl (R)-3-((3,4-dimethoxyphenyl)thio)butanoate ((R)-4c-[OMe])

MeO

Meojg\s o}
MeMOM

(R)-4c-[OMe]
(Figure 2): The reaction with (E)-crotonic acid 3a (8.6 mg, 0.10 mmol), 1g (4.2 mg, 0.01 mmol), 3,4-

e

dimethoxybenzenethiol 2¢ (14 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave the
crude product (R)-4¢. The same treatment as described in general procedure afford (R)-4c-[OMe] (20.6 mg, 76%)

after flash chromatography using n-hexane/ethyl acetate = 4:1 as eluent. The enantiomeric excess of the product was
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determined by chiral stationary phase HPLC analysis (90% ee).

(Scheme 1): The reaction with (F)-crotonic acid 3a (8.6 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol), 3,4-
dimethoxybenzenethiol 2¢ (14 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave the
crude product (R)-4c. The same treatment as described in general procedure afford (R)-4c-[OMe] (22.2 mg, 82%)
after flash chromatography using n-hexane/ethyl acetate = 4:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (90% ee).

Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 98/2, 1.0 mL/min, A = 254 nm, retention times: (major)
10.6 min (minor) 11.7 min]; [a]p?® —21.5 (¢ 1.04, CHCI3) for 90% ee.

Methyl (5)-3-((2-methoxyphenyl)thio)butanoate ((S)-4d-[OMe])
OMe
L,
Me’ . OMe
(S)-4d-[OMe]

(Figure 2): The reaction with (F)-crotonic acid 3a (8.7 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol), 2-
methoxybenzenethiol 2d (12 uL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 puL) for 24 h gave the crude
product (S)-4d. The same treatment as described in general procedure afford ($)-4d-[OMe] (15.4 mg, 64%) after
flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (84% ee).

Colorless oil; "H NMR (400 MHz, CDCl3) § 7.39 (dd, J; = 7.2 Hz, J> = 1.7 Hz, 1H), 7.29-7.23 (m, 1H), 6.92 (dd, J;
=J,=7.2Hz, 1H), 6.88 (d, /= 8.1 Hz, 1H), 3.89 (s, 3H), 3.80-3.70 (m, 1H), 3.65 (s, 3H), 2.66 (dd, J; = 15.7 Hz, J:
=5.2 Hz, 1H), 2.43 (dd, J; = 15.7 Hz, J> = 9.3 Hz, 1H), 1.33 (d, J = 6.4 Hz, 3H); '3C NMR (100 MHz, CDCl;)
172.0, 158.8, 133.6, 128.9, 121.9, 120.9, 110.8, 55.7, 51.6, 41.6, 37.3, 20.6; IR (ATR): 1738, 1246 cm™'; HRMS
(ESD): caled for Ci12H1703S [M+H]* 241.0893, found 241.0891; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 99/1,
1.0 mL/min, A = 254 nm, retention times: (major) 16.6 min (minor) 13.2 min]; [a]p?’ +2.4 (¢ 0.95, CHCIls) for 84%

cec.

Methyl (R)-3-((2-methoxyphenyl)thio)butanoate ((R)-4d-[OMe])
@OMG
s o
MeM OMe

(R)-4d-[OMe]
(Figure 2): The reaction with (F)-crotonic acid 3a (8.8 mg, 0.10 mmol), 1g (4.3 mg, 0.01 mmol), 2-

methoxybenzenethiol 2d (12 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 48 h gave the
crude product (R)-4d. The same treatment as described in general procedure afford (R)-4d-[OMe] (17.6 mg, 73%)
after flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product
was determined by chiral stationary phase HPLC analysis (86% ee).
Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol =99/1, 1.0 mL/min, A = 254 nm, retention times: (major)
12.8 min (minor) 15.9 min]; [a]p?® —3.3 (¢ 1.01, CHCI3) for 86% ee.
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Methyl (5)-3-((4-(tert-butyl)phenyl)thio)butanoate ((S)-4e-[OMe])

s o
Me/\)l\OM

(S)-4e-[OMe]
(Figure 2): The reaction with (E)-crotonic acid 3a (8.6 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol), 4-tert-

butylbenzenethiol 2e (17 pL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the crude
product (S)-4e. The same treatment as described in general procedure afford (S)-4e-[OMe] (24.7 mg, 93%) after

€

flash chromatography using n-hexane/ethyl acetate = 20:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (80% ee).

Colorless oil; "H NMR (400 MHz, CDCl;3) 8 7.38 (d, /= 8.7 Hz, 2H), 7.33 (d, J= 8.7 Hz, 2H), 3.66 (s, 3H), 3.62-3.52
(m, 1H), 2.65 (dd, J; = 15.7 Hz, J = 5.8 Hz, 1H), 2.43 (dd, J; = 15.7 Hz, J> = 8.1 Hz, 1H), 1.34-1.29 (m, 12H); 3C
NMR (100 MHz, CDCl3) 6 171.9, 150.8, 133.1 (2C), 129.9, 126.0 (2C), 51.7, 41.7, 39.5, 34.5, 31.2 (3C), 20.8; IR
(ATR): 1739 cm™'; HRMS (ESI): calcd for C1sH2302S [M+H]* 267.1413, found 267.1414; HPLC [Chiralcel OD-H,
n-hexane/2-propanol = 99/1, 1.0 mL/min, A = 254 nm, retention times: (major) 6.9 min (minor) 5.5 min]; [a]p?® +9.9
(c 0.96, CHCl3) for 80% ee.

Methyl (R)-3-((4-(tert-butyl)phenyl)thio)butanoate ((R)-4e-[OMe])

t-BU\©\
o)
MeMOMe

(R)-4e-[OMe]
(Figure 2): The reaction with (E)-crotonic acid 3a (8.6 mg, 0.10 mmol), 1g (4.3 mg, 0.01 mmol), 4-tert-

butylbenzenethiol 2e (17 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave the crude
product (R)-4e. The same treatment as described in general procedure afford (R)-4e-[OMe] (23.4 mg, 88%) after
flash chromatography using n-hexane/ethyl acetate = 20:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (90% ee).

Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 99/1, 1.0 mL/min, A = 254 nm, retention times: (major)
5.6 min (minor) 6.9 min]; [a]p?° —11.9 (¢ 0.94, CHCl;) for 90% ee.

Methyl (5)-3-((4-chlorophenyl)thio)butanoate ((S)-4f-[OMe])

L
s 0
Me/\)J\OMe

(S)-4-TOMel
(Figure 2): The reaction with (£)-crotonic acid 3a (8.7 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol), 4-chlorobenzenethiol

2f (14.5 mg, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the crude product (S)-4f. The
same treatment as described in general procedure afford (S)-4f-[OMe] (17.3 mg, 71%) after flash chromatography
using n-hexane/ethyl acetate = 20:1 as eluent. The enantiomeric excess of the product was determined by chiral
stationary phase HPLC analysis (83% ee).

Colorless oil; 'H NMR (400 MHz, CDCls) 6 7.37 (d, J= 8.8 Hz, 2H), 7.29 (d, J = 8.8 Hz, 2H), 3.68 (s, 3H), 3.63-3.54
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(m, 1H), 2.61 (dd, J; = 15.6 Hz, J> = 6.0 Hz, 1H), 2.44 (dd, J; = 15.6 Hz, J> = 8.2 Hz, 1H), 1.32 (d, /= 7.0 Hz, 3H);
BC NMR (100 MHz, CDCls) 8 171.7, 134.3 (2C), 132.7, 132.2, 129.1 (2C), 51.8, 41.5, 39.8, 20.9; IR (ATR): 1739,
1096 cm™!; HRMS (FAB): calcd for C1iHi3CINaO,S [M+Na]* 267.0222, found 267.0218; HPLC [Chiralcel OD-H,
n-hexane/2-propanol = 99/1, 1.0 mL/min, A = 254 nm, retention times: (major) 7.4 min (minor) 6.0 min]; [a]p?®
+13.6 (c 1.04, CHCl;) for 83% ee.

Methyl (R)-3-((4-chlorophenyl)thio)butanoate ((R)-4f-[OMe])

QL
s o
MeMOM

(R)-4f-[OMe]

e

(Figure 2): The reaction with (E)-crotonic acid 3a (8.8 mg, 0.10 mmol), 1g (4.4 mg, 0.01 mmol), 4-chlorobenzenethiol
2f (14.5 mg, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave the crude product (R)-4f.
The same treatment as described in general procedure afford (R)-4f-[OMe] (17.4 mg, 71%) after flash
chromatography using n-hexane/ethyl acetate = 20:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (45% ee).

Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol =99/1, 1.0 mL/min, A = 254 nm, retention times: (major)
6.1 min (minor) 7.3 min]; [a]p* —9.3 (c 0.88, CHCls) for 45% ee.

Methyl 3-((4-(trifluoromethyl)phenyl)thio)butanoate (4g-[OMe])

F3C\©\
o)
Me)\/U\OMe

4g-[OMel]
(Figure 2): The reaction with (F)-crotonic acid 3a (8.8 mg, 0.10 mmol), 1a (3.9 mg, 0.01 mmol), 4-

(trifluoromethyl)benzenethiol 2g (14 pL, 0.10 mmol), and activated MS 4A (20 mg) in CCly (50 uL) for 24 h gave
the crude product 4g. The same treatment as described in general procedure afford 4g-[OMe] (25.1 mg, 90%) after
flash chromatography using n-hexane/ethyl acetate = 20:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (0% ee).

Colorless oil; '"H NMR (400 MHz, CDCls) & 7.54 (d, J = 8.7 Hz, 2H), 7.48 (d, J = 8.7 Hz, 2H), 3.81-3.70 (m, 1H),
3.68 (s, 3H), 2.67 (dd, J; = 15.7 Hz, J> = 5.8 Hz, 1H), 2.49 (dd, J; = 15.7 Hz, J> = 8.1 Hz, 1H), 1.38 (d, /= 7.0 Hz,
3H); 3C NMR (100 MHz, CDCl3) § 171.5, 139.7, 136.7 (2C), 128.7 (q, J = 32.9 Hz), 125.8 (4, J= 3.8 Hz, 2C), 124.0
(q,J=272Hz),51.8,41.4,38.6,20.8; IR (ATR): 1739, 1327, 772 cm™'; HRMS (ESI): calcd for C12H4F302S [M+H]*
279.0661, found 279.0659; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 99/1, 1.0 mL/min, A = 254 nm, retention

times: 5.8 min, 7.4 min]

Methyl (R)-3-((4-(trifluoromethyl)phenyl)thio)butanoate ((R)-4g-[OMe])

S O
MGMOM

(R)-4g-[OMe]

e
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(Figure 2): The reaction with (F)-crotonic acid 3a (8.6 mg, 0.10 mmol), 1g (4.3 mg, 0.01 mmol), 4-
(trifluoromethyl)benzenethiol 2g (14 uL, 0.10 mmol), activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave
the crude product (R)-4g. The same treatment as described in general procedure afford (R)-4g-[OMe] (20.9 mg, 75%)
after flash chromatography using n-hexane/ethyl acetate = 20:1 as eluent. The enantiomeric excess of the product
was determined by chiral stationary phase HPLC analysis (15% ee).

Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 99/1, 1.0 mL/min, A = 254 nm, retention times: (major)
5.8 min (minor) 7.4 min]; [a]p** —3.1 (¢ 0.90, CHCl;) for 15% ee.

Methyl (S)-3-(phenylthio)hexanoate ((5)-4h-[OMe])

©\s o
N

(S)-4h-[OMe]
(Figure 3): The reaction with (£)-hexe-2-noic acid 3b (11.4 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol), benzenethiol
2a (10 pL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) gave the desired product (S)-4h. The same
treatment as described in general procedure afford (S5)-4h-[OMe] (20.8 mg, 87%) after flash chromatography using
n-hexane/ethyl acetate = 20:1 as eluent. The enantiomeric excess of the product was determined by chiral stationary
phase HPLC analysis (81% ee).

Colorless oil; 'H NMR (400 MHz, CDCls) § 7.46—7.42 (m, 2H), 7.33—7.22 (m, 3H), 3.66 (s, 3H), 3.55-3.45 (m, 1H),
2.60 (dd, J; =15.7Hz, J, = 7.0 Hz, 1H), 2.53 (dd, J; = 15.7 Hz, J> = 7.5 Hz, 1H), 1.63-1.40 (m, 4H), 0.92 (t,J=6.7
Hz, 3H); 3C NMR (100 MHz, CDCI3) § 172.1, 133.9, 132.9 (2C), 128.9 (2C), 127.3, 51.7, 44.8, 40.4, 36.7, 20.1,
13.8; IR (ATR): 1740 cm™'; HRMS (ESI): calcd for C13H;902S [M+H]* 239.1100, found 239.1100; HPLC [Chiralcel
IC, n-hexane/2-propanol = 99/1, 1.0 mL/min, A = 254 nm, retention times: (major) 7.5 min (minor) 6.7 min]; [a]p"®

+9.3 (¢ 0.98, CHCL:) for 81% ee.

Methyl (R)-3-(phenylthio)hexanoate ((R)-4h-[OMe])

©\S (0]
A A e

(R)-4h-[OMe]
(Figure 3): The reaction with (£)-hexe-2-noic acid 3b (11.5 mg, 0.10 mmol), 1g (4.3 mg, 0.01 mmol), benzenethiol
2a (10 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) gave the desired product (R)-4h. The
same treatment as described in general procedure afford (R)-4h-[OMe] (18.3 mg, 77%) after flash chromatography
using n-hexane/ethyl acetate = 20:1 as eluent. The enantiomeric excess of the product was determined by chiral
stationary phase HPLC analysis (80% ee).

Colorless oil; HPLC [Chiralcel IC, n-hexane/2-propanol = 99/1, 1.0 mL/min, A = 254 nm, retention times: (major)
6.8 min (minor) 7.3 min]; [a]p> —9.6 (c 1.01, CHCl;) for 80% ee.
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Methyl (5)-3-((4-methoxyphenyl)thio)hexanoate ((S)-4i-|[OMe])

s o
/\/\)]\OMG

(S)-4i-[OMe]
(Figure 3): The reaction with (E)-hexe-2-noic acid 3b (11.4 mg, 0.10 mmol), 1a (4.1 mg, 0.01 mmol), 4-

methoxybenzenethiol 2b (12 uL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the crude
product (S5)-4i. The same treatment as described in general procedure afford (S)-4i-|OMe] (22.3 mg, 83%) after flash
chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (82% ee).

Colorless oil; "H NMR (400 MHz, CDCls) 8 7.41 (d, J = 8.8 Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 3.80 (s, 3H), 3.67 (s,
3H), 3.34-3.25 (m, 1H), 2.54 (dd, J; = 15.7 Hz, J,=7.3 Hz, 1H), 2.47 (dd, J; = 15.7 Hz, J>=7.3 Hz, 1H), 1.62-1.41
(m, 4H), 0.91 (t, J = 7.0 Hz, 3H); '*C NMR (100 MHz, CDCl3) § 172.2, 159.7, 136.4 (2C), 123.5, 114.4 (2C), 55.3,
51.6,45.7,40.3,36.5,20.1, 13.8; IR (ATR): 1739, 1246 cm™!; HRMS (ESI): calcd for C14H2103S [M+H]* 269.1206,
found 269.1204; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 99/1, 1.0 mL/min, A = 254 nm, retention times:
(major) 16.4 min (minor) 13.0 min]; [a]p?” +8.6 (¢ 1.01, CHCls) for 82% ee.

Methyl (R)-3-((4-methoxyphenyl)thio)hexanoate ((R)-4i-|OMe])

S O

/\MOMG

(R)-4i-[OMe]
(Figure 3): The reaction with (E)-hexe-2-noic acid 3b (11.4 mg, 0.10 mmol), 1g (4.2 mg, 0.01 mmol), 4-

methoxybenzenethiol 2b (12 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave the
crude product (R)-4i. The same treatment as described in general procedure afford (R)-4i-|[OMe] (21.4 mg, 80%)
after flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product
was determined by chiral stationary phase HPLC analysis (94% ee).
Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol =99/1, 1.0 mL/min, A = 254 nm, retention times: (major)
13.0 min (minor) 16.5 min]; [a]p* —9.7 (¢ 1.01, CHCI5) for 94% ee.

Methyl (5)-3-((3,4-dimethoxyphenyl)thio)hexanoate ((S)-4j-[OMe])
MeO
Meojg\§ o}

/\/\)LOMG

(S)-4j-[OMe]
(Figure 3): The reaction with (£)-hexe-2-noic acid 3b (11.5 mg, 0.10 mmol), 1a (3.9 mg, 0.01 mmol), 3,4-

dimethoxybenzenethiol 2¢ (14 pL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the crude
product (S)-4j. The same treatment as described in general procedure afford (S)-4j-[OMe] (25.5 mg, 85%) after flash
chromatography using n-hexane/ethyl acetate = 4:1 as eluent. The enantiomeric excess of the product was determined
by chiral stationary phase HPLC analysis (81% ee).

Colorless oil; '"H NMR (400 MHz, CDCl3) & 7.06 (dd, J; = 8.1 Hz, J> = 2.2 Hz, 1H), 7.02 (d, J = 2.2 Hz, 1H), 6.81
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(d, J=8.1 Hz, 1H), 3.89 (s, 3H), 3.88 (s, 3H), 3.68 (s, 3H), 3.38-3.31 (m, 1H), 2.56 (dd, J; = 15.6 Hz, J> = 7.3 Hz,
1H), 2.50 (dd, J; = 15.6 Hz, J> = 7.3 Hz, 1H), 1.59-1.43 (m, 4H), 0.92 (t, J = 7.0 Hz, 3H); *C NMR (100 MHz,
CDCl3) 6 172.2,149.2, 148.8, 127.6, 123.7, 117.7, 111.3, 55.92, 55.87, 51.6, 45,7, 40.3, 36.6, 20.1, 13.8; IR (ATR):
1735, 1252 cm™!; HRMS (FAB): caled for C1sH2NaO4S [M+Na]* 321.1137, found 321.1134; HPLC [Chiralcel OD-
H, n-hexane/2-propanol = 98/2, 1.0 mL/min, A = 254 nm, retention times: (major) 9.7 min (minor) 8.7 min]; [a]p"’

+10.5 (c 0.93, CHCl;) for 81% ee.

Methyl (R)-3-((3,4-dimethoxyphenyl)thio)hexanoate ((R)-4j-[OMe])
Meoj@\
MeO s o

/\MOMG

(R)-4i-[OMel
(Figure 3): The reaction with (£)-hexe-2-noic acid 3b (11.5 mg, 0.10 mmol), 1g (4.3 mg, 0.01 mmol), 3,4-

dimethoxybenzenethiol 2¢ (14 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave the
crude product (R)-4j. The same treatment as described in general procedure afford (R)-4j-|OMe] (24.2 mg, 81%)
after flash chromatography using n-hexane/ethyl acetate = 4:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (88% ee).

Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 98/2, 1.0 mL/min, A = 254 nm, retention times: (major)
9.0 min (minor) 10.0 min]; [a]p* —10.9 (¢ 0.99, CHCl;) for 88% ee.

Methyl (5)-3-((2-methoxyphenyl)thio)hexanoate ((S)-4k-[OMe])
@OMe

s o
/\/\)J\OMe

(S)-4k-[OMel
(Figure 3): The reaction with (E)-hexe-2-noic acid 3b (11.4 mg, 0.10 mmol), 1a (4.1 mg, 0.01 mmol), 2-

methoxybenzenethiol 2d (12 uL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the crude
product (S)-4k. The same treatment as described in general procedure afford (S)-4k-[OMe] (16.6 mg, 62%) after
flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (83% ee).

Colorless oil; "H NMR (400 MHz, CDCls) 8 7.39 (dd, J; = 7.5 Hz, J>= 1.6 Hz, 1H), 7.25 (ddd, J; =8.2 Hz, J, = 7.5
Hz, J; = 1.6 Hz, 1H), 6.92 (ddd, J; =J> = 7.5 Hz, J3=1.2 Hz, 1H), 6.87 (dd, J; = 8.2 Hz, J> = 1.2 Hz, 1H), 3.89 (s,
3H), 3.68-3.59 (m, 1H), 3.62 (s, 3H), 2.63 (dd, J; = 15.7 Hz, J> = 5.9 Hz, 1H), 2.52 (dd, J; = 15.7 Hz, J, = 8.1 Hz,
1H), 1.65-1.45 (m, 4H), 0.92 (t, J= 7.1 Hz, 3H); *C NMR (100 MHz, CDCl3) § 172.2, 158.8, 133.4, 128.6, 122.3,
120.9, 110.8, 55.7, 51.6, 42.5, 40.5, 36.7, 20.0, 13.8; IR (ATR): 1739, 1246 ¢cm™'; HRMS (FAB): calcd for
Ci14H20NaO3S [M+Na]* 291.1031, found 291.1024; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 99/1, 1.0
mL/min, A = 254 nm, retention times: (major) 13.5 min (minor) 10.2 min]; [a]p'® 8.5 (¢ 1.06, CHCI3) for 83% ee.
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Methyl (R)-3-((2-methoxyphenyl)thio)hexanoate ((R)-4k-[OMe])
@O Me

S O
A~ A e

(R)-4k-[OMe]
(Figure 3): The reaction with (E)-hexe-2-noic acid 3b (11.5 mg, 0.10 mmol), 1g (4.3 mg, 0.01 mmol), 2-

methoxybenzenethiol 2d (12 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 48 h gave the
crude product (R)-4k. The same treatment as described in general procedure afford (R)-4k-[OMe] (17.4 mg, 65%)
after flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product
was determined by chiral stationary phase HPLC analysis (90% ee).
Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 99/1, 1.0 mL/min, A = 254 nm, retention times: (major)
9.9 min (minor) 12.7 min]; [a]p* +9.1 (c 0.80, CHCl5) for 90% ee.

Methyl (5)-3-((4-methoxyphenyl)thio)-5-phenylpentanoate ((S)-41-[OMe])

Meo\©\
S O

OMe

(S)-41-[OMe]
(Figure 3): The reaction with (£)-5-Phenylpent-2-enoic acid 3¢ (17.6 mg, 0.10 mmol), 1a (4.1 mg, 0.01 mmol), 4-
methoxybenzenethiol 2b (12 uL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the crude
product (S5)-41. The same treatment as described in general procedure afford (S)-41-|OMe] (30.1 mg, 91%) after flash
chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (82% ee).

Colorless oil; '"H NMR (400 MHz, CDCl3) 6 7.42 (d, J = 8.7 Hz, 2H), 7.31-7.25 (m, 3H), 7.22-7.16 (m, 2H), 6.85
(d, J=8.7 Hz, 2H), 3.81 (s, 3H), 3.66 (s, 3H), 3.34-3.24 (m, 1H), 2.97-2.88 (m, 1H), 2.82-2.73 (m, 1H), 2.59 (dd,
J1=15.7Hz, J>= 7.0 Hz, 1H), 2.50 (dd, J; = 15.7 Hz, J> = 7.0 Hz, 1H), 1.91-1.74 (m, 2H); '3*C NMR (100 MHz,
CDCl3) 8 171.9, 159.8, 141.4, 136.6 (2C), 128.40 (2C), 128.37 (2C), 125.9, 122.9, 114.5 (2C), 55.3,51.7,45.4, 40.3,
35.8,33.0; IR (ATR): 1739, 1246 cm™!; HRMS (ESI): caled for C19H2303S [M+H]* 331.1362, found 331.1358; HPLC
[Chiralcel OD-H, n-hexane/2-propanol = 99/1, 1.0 mL/min, A = 254 nm, retention times: (major) 19.0 min (minor)
21.3 min]; [a]p®® —6.9 (¢ 0.95, CHCI;) for 82% ee.

Methyl (R)-3-((4-methoxyphenyl)thio)-5-phenylpentanoate ((R)-41-[OMe])

Meo\©\
S O

(R)-41-[OMe]
(Figure 3): The reaction with (£)-5-Phenylpent-2-enoic acid 3¢ (17.7 mg, 0.10 mmol), 1g (4.3 mg, 0.01 mmol), 4-
methoxybenzenethiol 2b (12 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave the
crude product (R)-41. The same treatment as described in general procedure afford (R)-41-[OMe] (24.8 mg, 75%)
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after flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product
was determined by chiral stationary phase HPLC analysis (88% ee).
Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 99/1, 1.0 mL/min, A = 254 nm, retention times: (major)
21.0 min (minor) 19.5 min]; [a]p?® +7.2 (¢ 0.97, CHC]l;) for 88% ee.

Methyl (5)-3-((3,4-dimethoxyphenyl)thio)-5-phenylpentanoate ((5)-4m-[OMe])
MeO.
Meojg\§ o
OMe

(S)-4m-[OMe]
(Figure 3): The reaction with (£)-5-Phenylpent-2-enoic acid 3¢ (17.7 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol), 3,4-
dimethoxybenzenethiol 2¢ (14 pL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 uL) for 24 h gave the crude
product (S)-4m. The same treatment as described in general procedure afford (S)-4m-[OMe] (31.4 mg, 87%) after
flash chromatography using n-hexane/ethyl acetate = 4:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (84% ee).
Colorless oil; '"H NMR (400 MHz, CDCl3) & 7.32-7.26 (m, 2H), 7.23—7.15 (m, 3H), 7.07 (dd, J; = 8.2 Hz, J>= 2.0
Hz, 1H), 7.00 (d, J = 2.0 Hz, 1H), 6.81 (d, J = 8.2 Hz, 1H), 3.88 (s, 3H), 3.86 (s, 3H), 3.67 (s, 3H), 3.37-3.28 (m,
1H), 2.97-2.88 (m, 1H), 2.84-2.75 (m, 1H), 2.60 (dd, J; = 15.7 Hz, J>= 7.3 Hz, 1H), 2.53 (dd, J; = 15.7 Hz, J>=7.3
Hz, 1H), 1.95-1.76 (m, 2H); 1*C NMR (100 MHz, CDCls) & 171.9, 149.4, 148.9, 141.3, 128.4 (4C), 127.8, 126.0,
123.3,117.8,111.3,55.92, 55.90, 51.7, 45.4, 40.4, 35.8, 33.0; IR (ATR): 1734, 1501, 1251 cm™!; HRMS (FAB): caled
for C20H24NaO4S [M+Na]* 383.1293, found 383.1290; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 98/2, 1.0
mL/min, A = 254 nm, retention times: (major) 18.4 min (minor) 23.0 min]; [a]p'® —6.5 (¢ 0.92, CHCI3) for 84% ee.

Methyl (R)-3-((3,4-dimethoxyphenyl)thio)-5-phenylpentanoate ((R)-4m-[OMe])
MeO
Meojg\s 0
OMe

(R)-4m-[OMe]
(Figure 3): The reaction with (£)-5-Phenylpent-2-enoic acid 3¢ (17.6 mg, 0.10 mmol), 1g (4.4 mg, 0.01 mmol), 3,4-
dimethoxybenzenethiol 2¢ (14 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave the
crude product (R)-4m. The same treatment as described in general procedure afford (R)-4m-[OMe] (26.3 mg, 73%)
after flash chromatography using n-hexane/ethyl acetate = 4:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (90% ee).

Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 98/2, 1.0 mL/min, A = 254 nm, retention times: (major)
22.3 min (minor) 18.1 min]; [a]p'® +6.9 (¢ 1.00, CHCI3) for 90% ee.
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Methyl (5)-3-((2-methoxyphenyl)thio)-5-phenylpentanoate ((S)-4n-[OMe])
OMe

L
©/\/\/U\OME

(S)-4n-[OMe]
(Figure 3): The reaction with (£)-5-Phenylpent-2-enoic acid 3¢ (17.6 mg, 0.10 mmol), 1a (4.1 mg, 0.01 mmol), 2-
methoxybenzenethiol 2d (12 uL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the crude
product (R)-4n. The same treatment as described in general procedure afford (R)-4n-[OMe] (19.2 mg, 58%) after
flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (80% ee).
Colorless oil; '"H NMR (400 MHz, CDCl3) & 7.38 (dd, J; = 7.5 Hz, J> = 1.6 Hz, 1H), 7.30-7.23 (m, 3H), 7.21-7.15
(m, 3H), 6.91 (ddd, J; =J>=7.5 Hz, J3=1.1 Hz, 1H), 6.87 (dd, J; = 8.4 Hz, J>= 1.1 Hz, 1H), 3.86 (s, 3H), 3.68-3.60
(m, 1H), 3.61 (s, 3H), 2.97-2.87 (m, 1H), 2.84-2.74 (m, 1H), 2.67 (dd, J; = 15.7 Hz, J> = 5.9 Hz, 1H), 2.56 (dd, J;
=15.7 Hz, J> = 8.1 Hz, 1H), 2.00-1.83 (m, 2H); '3C NMR (100 MHz, CDCl3) & 172.0, 159.0, 141.6, 133.8, 128.9,
128.4 (2C), 128.3 (2C), 125.9, 121.8, 121.0, 110.8, 55.7, 51.6, 42.4, 40.4, 36.2, 32.9; IR (ATR): 1737, 1475, 1245
cm™'; HRMS (FAB): calcd for C19H2oNaO3S [M+Na]* 353.1187, found 353.1193; HPLC [Chiralcel AD-H, n-

hexane/2-propanol = 97/3, 1.0 mL/min, A = 254 nm, retention times: (major) 8.4 min (minor) 9.3 min]; [a.]p?’ —2.7
(c 1.01, CHCI) for 80% ee.

Methyl (R)-3-((2-methoxyphenyl)thio)-5-phenylpentanoate ((R)-4n-[OMe])
OMe

<j[s o
©/\/'\/U\OME

(R)-4n-[OMe]
(Figure 3): The reaction with (£)-5-Phenylpent-2-enoic acid 3¢ (17.6 mg, 0.10 mmol), 1g (4.4 mg, 0.01 mmol), 2-
methoxybenzenethiol 2d (12 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 48 h gave the
crude product (R)-4n. The same treatment as described in general procedure afford (R)-4n-[OMe] (22.1 mg, 67%)
after flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product
was determined by chiral stationary phase HPLC analysis (87% ee).

Colorless oil; HPLC [Chiralcel AD-H, n-hexane/2-propanol =97/3, 1.0 mL/min, A = 254 nm, retention times: (major)
9.3 min (minor) 8.6 min]; [a]p> +2.8 (c 0.97, CHCl;) for 87% ee.

Methyl (5)-3-((3,4-dimethoxyphenyl)thio)pentanoate ((S)-40-[OMe])
MeO
Meoj@\§ o

\/\)J\OMe

(S)-40-[OMel
(Figure 3): The reaction with (£)-pent-2-enoic acid 3d (10.1 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol), 3,4-

dimethoxybenzenethiol 2¢ (14 pL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the crude
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product (R)-40. The same treatment as described in general procedure afford (S)-40-[OMe] (23.6 mg, 83%) after
flash chromatography using n-hexane/ethyl acetate = 4:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (89% ee).

Colorless oil; '"H NMR (400 MHz, CDCl3) 6 7.06 (dd, J; = 8.1 Hz, J>» = 2.2 Hz, 1H), 7.02 (d, J= 2.2 Hz, 1H), 6.81
(d, J=8.1 Hz, 1H), 3.89 (s, 3H), 3.88 (s, 3H), 3.68 (s, 3H), 3.33-3.25 (m, 1H), 2.56 (dd, J; = 15.7 Hz, J> = 7.3 Hz,
1H), 2.51 (dd, J; = 15.7 Hz, J> = 7.3 Hz, 1H), 1.68-1.50 (m, 2H), 1.06 (t, J = 7.3 Hz, 3H); *C NMR (100 MHz,
CDCl3) 6 172.2,149.2, 148.8, 127.6, 123.8, 117.7, 111.3, 55.91, 55.85, 51.7, 47,5, 39.8, 27.3, 11.3; IR (ATR): 1738,
1254 cm™!; HRMS (FAB): calcd for C14H20NaO4S [M+Na]* 307.0980, found 307.0977; HPLC [Chiralcel OD-H, n-
hexane/2-propanol = 98/2, 1.0 mL/min, A = 254 nm, retention times: (major) 11.8 min (minor) 10.6 min]; [a]p'® +9.5

(c 1.01, CHCI) for 83% ee.

Methyl (R)-3-((3,4-dimethoxyphenyl)thio)pentanoate ((R)-40-[OMe])
M60:©\
MeO S (@]

\/'\/u\OMe

(R)-40-[OMe]
(Figure 3): The reaction with (£)-pent-2-enoic acid 3d (10.0 mg, 0.10 mmol), 1g (4.3 mg, 0.01 mmol), 3,4-

dimethoxybenzenethiol 2¢ (14 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave the
crude product (R)-40. The same treatment as described in general procedure afford (R)-40-[OMe] (21.9 mg, 77%)
after flash chromatography using n-hexane/ethyl acetate = 4:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (89% ee).

Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 98/2, 1.0 mL/min, A = 254 nm, retention times: (major)
10.4 min (minor) 11.9 min]; [a]p?® —10.3 (¢ 1.05, CHCI;) for 89% ee.

Methyl (5)-3-((4-methoxyphenyl)thio)octanoate ((S)-4p-[OMe])

s 0
/\/\/\)I\OMe

(S)-4p-[OMe]
(Figure 3): The reaction with (E)-oct-2-enoic acid 3e (14.2 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol), 4-

methoxybenzenethiol 2b (12 uL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the crude
product (S)-4p. The same treatment as described in general procedure afford (S)-4p-[OMe] (24.3 mg, 82%) after
flash chromatography using n-hexane/ethyl acetate = 20:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (84% ee).

Colorless oil; "H NMR (400 MHz, CDCls) 8 7.41 (d, J= 9.5 Hz, 2H), 6.85 (d, J = 9.5 Hz, 2H), 3.80 (s, 3H), 3.66 (s,
3H), 3.33-3.24 (m, 1H), 2.54 (dd, J; = 15.7 Hz, J,= 7.3 Hz, 1H), 2.47 (dd, J; = 15.7 Hz, J>=7.3 Hz, 1H), 1.58-1.40
(m, 4H), 1.36-1.22 (m, 4H), 0.89 (t,J= 7.0 Hz, 3H); '3C NMR (100 MHz, CDCl3)  172.2, 159.7, 136.4 (2C), 123.5,
114.4 (20C), 55.3, 51.6, 46.0, 40.3, 34.3, 31.5, 26.5, 22.5, 14.0; IR (ATR): 1739, 1246 cm™'; HRMS (FAB): calcd for
Ci6H24NaO3S [M+Na]* 319.1344, found 319.1339; HPLC [Chiralcel IC, n-hexane/2-propanol = 99/1, 1.0 mL/min,
A = 254 nm, retention times: (major) 13.8 min (minor) 11.1 min]; [a]p'® +4.7 (¢ 0.96, CHCI3) for 84% ee.
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Methyl (R)-3-((4-methoxyphenyl)thio)octanoate ((R)-4p-[OMe])

L
S (@]

/\/\MOMQ

(R)-4p-[OMe]
(Figure 3): The reaction with (E)-oct-2-enoic acid 3e (14.3 mg, 0.10 mmol), 1g (4.4 mg, 0.01 mmol), 4-

methoxybenzenethiol 2b (12 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave the
crude product (R)-4p. The same treatment as described in general procedure afford (R)-4p-[OMe] (24.5 mg, 83%)
after flash chromatography using n-hexane/ethyl acetate = 20:1 as eluent. The enantiomeric excess of the product
was determined by chiral stationary phase HPLC analysis (91% ee).
Colorless oil; HPLC [Chiralcel IC, n-hexane/2-propanol = 99/1, 1.0 mL/min, A = 254 nm, retention times: (major)
11.1 min (minor) 14.0 min]; [a]p® 5.0 (¢ 0.95, CHCls) for 91% ee.

Methyl (5)-3-((4-methoxyphenyl)thio)decanoate ((S)-4q-[OMe])
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/\/\/\/\)J\OMe

(S)-40-[OMel
(Figure 3): The reaction with (£)-dec-2-enoic acid 3f (17.0 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol), 4-

methoxybenzenethiol 2b (12 pL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the crude
product (S)-4q. The same treatment as described in general procedure afford ($)-4q-[OMe] (25.6 mg, 79%) after
flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (81% ee).

Colorless oil; "H NMR (400 MHz, CDCls) 8 7.40 (d, J = 8.8 Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 3.80 (s, 3H), 3.66 (s,
3H), 3.33-3.23 (m, 1H), 2.54 (dd, J; = 15.7 Hz, J,=7.3 Hz, 1H), 2.48 (dd, J; = 15.7 Hz, J>=7.3 Hz, 1H), 1.57-1.40
(m, 4H), 1.34-1.22 (m, 8H), 0.88 (t,J= 7.0 Hz, 3H); '3C NMR (100 MHz, CDCl3)  172.2, 159.7, 136.4 (2C), 123 .4,
114.4 (20), 55.3,51.7,46.0, 40.3, 34.3, 31.8, 29.2, 29.1, 26.8, 22.6, 14.1; IR (ATR): 1739, 1246 cm™!; HRMS (ESI):
calcd for CisH2903S [M+H]*" 325.1832, found 325.2829; HPLC [Chiralcel AD-H, n-hexane/2-propanol = 95/5, 1.0
mL/min, A = 254 nm, retention times: (major) 10.1 min (minor) 8.5 min]; [a]p'? +5.0 (¢ 0.93, CHCI;3) for 81% ee.

Methyl (R)-3-((4-methoxyphenyl)thio)decanoate ((R)-4q-[OMe])

S O

/\/\/\MOMQ

(R)-4q-[OMel
(Figure 3): The reaction with (£)-dec-2-enoic acid 3f (17.1 mg, 0.10 mmol), 1g (4.2 mg, 0.01 mmol), 4-

methoxybenzenethiol 2b (12 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave the
crude product (R)-4q. The same treatment as described in general procedure afford (R)-4q-[OMe] (24.7 mg, 76%)
after flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product
was determined by chiral stationary phase HPLC analysis (88% ee).
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Colorless oil; HPLC [Chiralcel AD-H, n-hexane/2-propanol = 95/5, 1.0 mL/min, A = 254 nm, retention times: (major)
8.8 min (minor) 10.3 min]; [a]p?® —5.2 (¢ 1.01 CHCI3) for 88% ee.

Methyl (5)-3-((4-methoxyphenyl)thio)-4-methylpentanonate ((R)-4r-[OMe])

Meo\©\
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OMe
(R)-4r-[OMe]
(Figure 3): The reaction with (£)-4-methylpent-2-enoic acid 3g (11.4 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol), 4-
methoxybenzenethiol 2b (12 uL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the crude
product (S)-4r. The same treatment as described in general procedure afford (S)-4r-|OMe] (19.9 mg, 74%) after flash
chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (72% ee).
(Figure 3, Reaction with benzoic acid): The reaction with (£)-4-methylpent-2-enoic acid 3g (11.5 mg, 0.10 mmol),
1a (4.0 mg, 0.01 mmol), benzoic acid (12.2 mg, 0.1 mmol), 4-methoxybenzenethiol 2b (12 pL, 0.10 mmol), and
activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the crude product (S)-4r. The same treatment as described
in general procedure afford (S)-4r-|OMe] (16.7 mg, 62%) after flash chromatography using n-hexane/ethyl acetate
= 10:1 as eluent. The enantiomeric excess of the product was determined by chiral stationary phase HPLC analysis
(88% ee).
Colorless oil; "H NMR (400 MHz, CDCls) 8 7.42 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 3.80 (s, 3H), 3.64 (s,
3H), 3.35-3.27 (m, 1H), 2.61 (dd, J; = 15.6 Hz, J> = 6.0 Hz, 1H), 2.49 (dd, J; = 15.6 Hz, J;= 8.6 Hz, 1H), 1.97-1.88
(m, 1H), 1.03 (d, J= 6.8 Hz, 3H), 0.99 (d, J= 6.8 Hz, 3H); '3C NMR (100 MHz, CDCl3) § 172.5, 159.4, 135.4 (2C),
125.3, 114.5 (2C), 55.3, 53.8, 51.7, 37.6, 31.7, 19.5, 19.1; IR (ATR): 1739, 1494, 1247 ¢cm~!; HRMS (FAB): calcd
for C14H2103S [M+H]* 269.1215, found 269.1211; HPLC [Chiralcel OD-H, n-hexane/2-propanol =98/2, 1.0 mL/min,
A = 254 nm, retention times: (major) 10.0 min (minor) 6.5 min]; [a]p!® +3.3 (¢ 1.03, CHCls) for 88% ee.

Methyl (R)-3-((4-methoxyphenyl)thio)-4-methylpentanonate ((S)-4r-[OMe])
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(Figure 3): The reaction with (E)-4-methylpent-2-enoic acid 3g (11.4 mg, 0.10 mmol), 1g (4.3 mg, 0.01 mmol), 4-
methoxybenzenethiol 2b (12 pL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 48 h gave the
crude product (R)-4r. The same treatment as described in general procedure afford (R)-4r-[OMe] (16.0 mg, 60%)
after flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product
was determined by chiral stationary phase HPLC analysis (91% ee).

Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 98/2, 1.0 mL/min, A = 254 nm, retention times: (major)
6.7 min (minor) 10.9 min]; [a]p?’ —3.3 (¢ 1.00, CHCls) for 91% ee.
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Methyl (R)-3-((4-methoxyphenyl)thio)-4,4,4-trifluorobutanoate ((R)-4s-|OMe])

S O
F3C/\)I\OM

(R)-4s-[OMe]
(Figure 3): The reaction with (£)-4,4,4-trifluoro-but-2-enoic acid 3h (14.0 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol),

4-methoxybenzenethiol 2b (12 pL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 uL) for 24 h gave the

e

crude product 4s. The same treatment as described in general procedure afford 4s-[OMe] (26.2 mg, 89%) after flash
chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (0% ee).

Colorless oil; "H NMR (400 MHz, CDCl3) 8 7.52 (d, J= 8.8 Hz, 2H), 6.87 (d, J= 8.8 Hz, 2H), 3.81 (s, 3H), 3.80-3.76
(m, 1H), 3.78 (s, 3H), 2.84 (dd, J; = 16.7 Hz, J> = 3.8 Hz, 1H), 2.62 (dd, J; = 16.7 Hz, J> = 10.8 Hz, 1H); *C NMR
(100 MHz, CDCls) 6 170.0, 160.6, 137.0 (2C), 126.3 (q, J =279 Hz), 122.0, 114,7 (2C), 55.3, 52.3, 50.0 (q, J = 29.3
Hz), 34.1 (q, J = 2.1 Hz); IR (ATR): 1745, 1494, 1248 cm™'; HRMS (FAB): caled for C1,H;3F3NaOsS [M+Na]*
317.0435, found 317.0431; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 99/1, 1.0 mL/min, A = 254 nm, retention

times: 8.1 min 10.9 min].

Methyl (R)-3-((4-methoxyphenyl)thio)-4,4,4-trifluorobutanoate ((5)-4s-[OMe])

Meo\©\
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(S)-4s-[OMel
(Figure 3): The reaction with (£)-4,4,4-trifluoro-but-2-enoic acid 3h (14.1 mg, 0.10 mmol), 1g (4.2 mg, 0.01 mmol),
4-methoxybenzenethiol 2b (12 uL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave
the crude product 4s. The same treatment as described in general procedure afford 4s-[OMe] (25.0 mg, 85%) after
flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (0% ee).

Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 99/1, 1.0 mL/min, A = 254 nm, retention times: 7.3

min 9.8 min].

Methyl (R)-4-(benzyloxy)-3-((4-methoxyphenyl)thio)butanoate ((R)-4t-|OMe])
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BnO\/\)J\OM

(R)-4t-[OMel
(Figure 3): The reaction with (E)-4-(benzyloxy)but-2-enoic acid 3i (19.3 mg, 0.10 mmol), 1a (4.1 mg, 0.01 mmol),

4-methoxybenzenethiol 2b (12 pL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the
crude product (R)-4t. The same treatment as described in general procedure afford (R)-4t-|OMe] (26.7 mg, 77%)

e

after flash chromatography using n-hexane/ethyl acetate = 4:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (82% ee).
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Colorless oil; '"H NMR (400 MHz, CDCl3) § 7.41 (d, J= 10.1 Hz, 2H), 7.36-7.27 (m, 5H), 6.83 (d, /= 10.1 Hz, 2H),
4.49 (d, J=12.0 Hz, 1H), 447 (d, J= 12.0 Hz, 1H), 3.80 (s, 3H), 3.65 (s, 3H), 3.65-3.61 (m, 1H), 3.57-3.49 (m,
1H), 3.47-3.43 (m, 1H), 2.77 (dd, J; = 15.8 Hz, J> = 6.3 Hz, 1H), 2.50 (dd, J; = 15.8 Hz, J>= 7.9 Hz, 1H); *C NMR
(100 MHz, CDCl3) & 172.0, 159.9, 137.9, 136.3 (2C), 128.3 (2C), 127.7 (3C), 123.0, 114.5 (2C), 73.0, 71.8, 55.3,
51.8, 45.0, 37.0; IR (ATR): 1737, 1247 cm™'; HRMS (ESI): calcd for Ci19H2,NaO4S [M+Na]* 369.1131, found
369.1130; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 98/2, 1.0 mL/min, A = 254 nm, retention times: (major)
16.0 min (minor) 14.4 min]; [a]p® +20.0 (¢ 1.04, CHCl;) for 82% ee.

Methyl (5)-4-(benzyloxy)-3-((4-methoxyphenyl)thio)butanoate ((S)-4t-[OMe])

Meo\©\
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(Figure 3): The reaction with (£)-4-(benzyloxy)but-2-enoic acid 3i (19.3 mg, 0.10 mmol), 1g (4.4 mg, 0.01 mmol),
4-methoxybenzenethiol 2b (12 uL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave
the crude product (5)-4t. The same treatment as described in general procedure afford (5)-4t-[OMe] (25.0 mg, 72%)
after flash chromatography using n-hexane/ethyl acetate = 4:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (94% ee).

Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 98/2, 1.0 mL/min, A = 254 nm, retention times: (major)
15.4 min (minor) 17.2 min]; [a]p?® —21.4 (¢ 1.00, CHCI3) for 94% ee.

Methyl (5)-4-(benzyloxy)-3-((4-methoxyphenyl)thio)butanoate ((S)-4u-[OMe])
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(S)-4u-[OMe]
(Figure 3): The reaction with (E)-6-(benzoyloxy)hex-2-enoic acid 3j (23.5 mg, 0.10 mmol), 1a (4.0 mg, 0.01 mmol),

4-methoxybenzenethiol 2b (12 pL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the
crude product (S)-4u. The same treatment as described in general procedure afford (S)-4u-[OMe] (31.9 mg, 82%)

e

after flash chromatography using n-hexane/ethyl acetate = 4:1 as eluent. The enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis (87% ee).

Colorless oil; "H NMR (400 MHz, CDCls) 6 8.02 (dd, J; = 8.4 Hz, J, = 1.5 Hz, 2H), 7.57 (dd, J; = J> = 7.5 Hz, 1H),
7.48-7.38 (m, 4H), 6.81 (d, J = 8.8 Hz, 2H), 4.34 (t, J = 6.4 Hz, 2H), 3.78 (s, 3H), 3.66 (s, 3H), 3.39-3.29 (m, 1H),
2.60 (dd, J; = 15.7 Hz, J>= 7.3 Hz, 1H), 2.50 (dd, J; = 15.7 Hz, J> = 7.3 Hz, 1H), 2.17-2.07 (m, 1H), 1.99-1.89 (mm,
1H), 1.78-1.54 (m, 2H); '*C NMR (100 MHz, CDCl3) § 171.9, 166.5, 159.9, 136.7 (2C), 132.9, 130.3, 129.5 (2C),
128.3 (20), 122.7, 114.5 (2C), 64.5, 55.3, 51.7, 45.5, 40.3, 30.6, 26.1; IR (ATR): 1722, 1278 cm™!; HRMS (FAB):
calcd for C21H24NaOsS [M+Na]* 411.1242, found 411.1248; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 98/2,
1.0 mL/min, A = 254 nm, retention times: (major) 26.3 min (minor) 20.8 min]; [a.]p?’ +1.0 (¢ 1.04, CHCIs) for 87%

€cC.
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Methyl (R)-4-(benzyloxy)-3-((4-methoxyphenyl)thio)butanoate ((R)-4u-[OMe])
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(R)-4u-[OMe]
(Figure 3): The reaction with (E)-6-(benzoyloxy)hex-2-enoic acid 3j (23.4 mg, 0.10 mmol), 1g (4.3 mg, 0.01 mmol),
4-methoxybenzenethiol 2b (12 uL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave
the crude product (R)-4u. The same treatment as described in general procedure afford (R)-4u-[OMe] (31.5 mg,
81%) after flash chromatography using n-hexane/ethyl acetate = 4:1 as eluent. The enantiomeric excess of the product
was determined by chiral stationary phase HPLC analysis (80% ee).

Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 98/2, 1.0 mL/min, A = 254 nm, retention times: (major)
20.3 min (minor) 25.0 min]; [a]p?® —0.1 (¢ 1.01, CHCl;) for 80% ee.

Methyl (5)-3-((3,4-dimethoxyphenyl)thio)-5-(3,4-dimethoxyphenyl)pentanoate ((S)-4v-[OMe])

MEOJQ\
MeO s O
MeO ~
OMe

MeO
(S)-4v-[OMe]

(Figure 3): The reaction with (£)-5-(3,4-dimethoxyphenyl)pent-2-enoic acid 3k (23.5 mg, 0.10 mmol), 1a (4.1 mg,
0.01 mmol), 3,4-dimethoxybenzenethiol 2¢ (14 pL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for
24 h gave the crude product (S)-4v. The same treatment as described in general procedure afford (5)-4v-[OMe] (28.2
mg, 67%) after flash chromatography using n-hexane/ethyl acetate = 2:1 as eluent. The enantiomeric excess of the
product was determined by chiral stationary phase HPLC analysis (84% ee).

Colorless oil; "H NMR (400 MHz, CDCl3) § 7.06 (dd, J; = 8.2 Hz, J> = 2.0 Hz, 1H), 7.00 (d, J = 2.0 Hz, 1H),
7.84-7.76 (m, 2H), 6.74-6.66 (m, 2H), 3.88 (s, 3H), 3.86 (s, 9H), 3.67 (s, 3H), 3.37-3.27 (m, 1H), 2.91-2.82 (m,
1H), 2.80-2.71 (m, 1H), 2.60 (dd, J; = 15.6 Hz, J>=7.3 Hz, 1H), 2.56 (dd, J; = 15.6 Hz, J>=7.3 Hz, 1H), 1.92-1.74
(m, 2H); BC NMR (100 MHz, CDCl3) § 171.9, 149.4, 148.87, 148.82, 147.3,133.9, 127.7, 123.4,120.2, 117.7, 111.7,
111.3, 111.2, 55.91, 55.89, 55.88, 55.79, 51.7, 45.3, 40.3, 35.9, 32.5; IR (ATR): 1733, 1506, 1254 cm~'; HRMS
(FAB): calcd for C22H2sNaOsS [M+Na]* 443.1504, found 443.1501; HPLC [Chiralcel OD-H, n-hexane/2-propanol
=90/10, 1.0 mL/min, A = 254 nm, retention times: (major) 17.3 min (minor) 21.3 min]; [a]p?* 2.0 (c 1.05, CHCI5)
for 84% ee.

Methyl (R)-3-((3,4-dimethoxyphenyl)thio)-5-(3,4-dimethoxyphenyl)pentanoate ((R)-4v-[OMe])
MeO
Me0:©\3 o
M80:©/\/'\)J\OME
MeO
(R)-4v-[OMe]

(Figure 3): The reaction with (£)-5-(3,4-dimethoxyphenyl)pent-2-enoic acid 3k (23.5 mg, 0.10 mmol), 1g (4.3 mg,
0.01 mmol), 3,4-dimethoxybenzenethiol 2¢ (14 puL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL)
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for 24 h gave the crude product (R)-4v. The same treatment as described in general procedure afford (R)-4v-[OMe]
(35.3 mg, 84%) after flash chromatography using n-hexane/ethyl acetate = 2:1 as eluent. The enantiomeric excess of
the product was determined by chiral stationary phase HPLC analysis (94% ee).

Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 90/10, 1.0 mL/min, A = 254 nm, retention times:
(major) 21.2 min (minor) 17.2 min]; [a]p? +2.4 (¢ 1.04, CHCl;) for 94% ee.

Methyl (5)-3-((3,4-dimethoxyphenyl)thio)-5-(4-(trifluoromethyl)phenyl)pentanoate ((S)-4w-[OMe])
Meojij\
MeQO § (o]
: OMe

F3C
(S)-4w-[OMe]

(Figure 3): The reaction with (£)-5-(4-(trifluoromethyl)phenyl)pent-2-enoic acid 31 (24.4 mg, 0.10 mmol), 1a (4.0
mg, 0.01 mmol), 3,4-dimethoxybenzenethiol 3¢ (14 uL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL)
for 24 h gave the crude product (S)-4w. The same treatment as described in general procedure afford (S)-4w-[OMe]
(36.0 mg, 84%) after flash chromatography using n-hexane/ethyl acetate = 4:1 as eluent. The enantiomeric excess of
the product was determined by chiral stationary phase HPLC analysis (82% ee).

Colorless oil; "H NMR (400 MHz, CDCl3) & 7.54 (d, J= 8.1 Hz, 2H), 7.29 (d, J= 8.1 Hz, 2H), 7.06 (dd, J; = 8.2 Hz,
J>=2.0Hz, 1H), 6.98 (d, /=2.2 Hz, 1H), 6.81 (d, /= 8.4 Hz, 1H), 3.89 (s, 3H), 3.86 (s, 3H), 3.67 (s, 3H), 3.34-3.25
(m, 1H), 3.03-2.94 (m, 1H), 2.92-2.83 (m, 1H), 2.62 (dd, J; = 15.7 Hz, J>= 7.3 Hz, 1H), 2.52 (dd, J; = 15.7 Hz, J>
= 7.3 Hz, 1H), 1.97-1.88 (m, 1H), 1.86—1.76 (m, 1H); '*C NMR (100 MHz, CDCl3) & 171.8, 149.5, 148.9, 145.4,
128.7 (2C), 128.4(q, J=32.5 Hz), 127.8, 125.3 (q,J= 3.7 Hz, 2C), 124.3 (q,J=272 Hz), 123.1, 117.7, 111.4, 55.92,
55.90, 51.8,45.3,40.3, 35.3, 32.8; IR (ATR): 1737, 1504, 1326, 1253 cm™'; HRMS (FAB): calcd for C21H23F3NaO4S
[M+Na]* 451.1167, found 451.1174; HPLC [Chiralcel IC, n-hexane/2-propanol = 95/5, 1.0 mL/min, A = 254 nm,
retention times: (major) 13.8 min (minor) 11.8 min]; [a]p?® —8.5 (¢ 0.96, CHCls) for 82% ee.

Methyl (R)-3-((3,4-dimethoxyphenyl)thio)-5-(4-(trifluoromethyl)phenyl)pentanoate ((R)-4w-[OMe])

MeO.

Meojg\s (o]
FoC

(R)-4w-[OMe]

(Figure 3): The reaction with (£)-5-(4-(trifluoromethyl)phenyl)pent-2-enoic acid 31 (24.5 mg, 0.10 mmol), 1g (4.3
mg, 0.01 mmol), 3,4-dimethoxybenzenethiol 3¢ (14 uL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0
mL) for 24 h gave the crude product (R)-4w. The same treatment as described in general procedure afford (R)-4w-
[OMe] (31.4 mg, 73%) after flash chromatography using n-hexane/ethyl acetate = 4:1 as eluent. The enantiomeric
excess of the product was determined by chiral stationary phase HPLC analysis (90% ee).

Colorless oil; HPLC [Chiralcel IC, n-hexane/2-propanol = 95/5, 1.0 mL/min, A = 254 nm, retention times: (major)
12.1 min (minor) 14.0 min]; [a]p? +8.9 (¢ 1.02, CHCI3) for 90% ee.
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Methyl (5)-3-((4-methoxyphenyl)thio)-4-(2,4,5-trifluorophenyl)butanoate ((S)-4x-|[OMe])

MeQ
F
F 2
S O
OMe

F
(S)-4x-[OMe]

(Figure 3): The reaction with (£)-4-(2,4,5-trifluorophenyl)but-2-enoic acid 3m (21.6 mg, 0.10 mmol), 1g (4.0 mg,
0.01 mmol), 4-methoxybenzenethiol 2b (12 pL, 0.10 mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h
gave the crude product (S)-4x. The same treatment as described in general procedure afford (S)-4x-[OMe] (30.7 mg,
83%) after flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the
product was determined by chiral stationary phase HPLC analysis (69% ee).

(Figure 3, Reaction with benzoic acid): The reaction with (£)-4-(2,4,5-trifluorophenyl)but-2-enoic acid 3m (21.6 mg,
0.10 mmol), 1g (4.0 mg, 0.01 mmol), benzoic acid (12.3 mg, 0.1 mmol), 4-methoxybenzenethiol 2b (12 pL, 0.10
mmol), and activated MS 4A (20 mg) in CCls (50 pL) for 24 h gave the crude product (S)-4x. The same treatment as
described in general procedure afford ($)-4x-|OMe] (24.0 mg, 65%) after flash chromatography using n-hexane/ethyl
acetate = 10:1 as eluent. The enantiomeric excess of the product was determined by chiral stationary phase HPLC
analysis (77% ee).

Colorless oil; 'H NMR (400 MHz, CDCl5) 6 7.37 (d, J = 9.6 Hz, 2H), 7.04 (ddd, J; = 13.0 Hz, J>= 6.2 Hz, J; = 4.2
Hz, 1H), 6.91-6.80 (m, 3H), 3.81 (s, 3H), 3.66 (s, 3H), 3.60-3.51 (m, 1H), 2.91 (dd, J; = 14.3 Hz, J>= 7.3 Hz, 1H),
2.81(dd, J; = 14.3 Hz, J> = 7.3 Hz, 1H), 2.60-2.44 (m, 2H), 3C NMR (100 MHz, CDCl3) § 171.5, 159.3, 156.1 (ddd,
J=1245,9.6,2.4Hz), 148.9 (ddd, J= 250, 14.4, 12.8 Hz), 146.5 (ddd, J = 245, 12.0, 4.0 Hz), 136.2 (2C), 123.1, 121.9
(ddd, J=18.1,4.8,4.8 Hz), 119.0 (ddd, /= 19.2, 4.8, 1.6 Hz), 114.6 (2C), 105.3 (dd, J = 28.0, 20.8 Hz), 55.3, 51.8,
45.9, 39.1, 33.7; IR (ATR): 1738, 1518, 1247 cm™!; HRMS (FAB): calcd for CisH;7F3NaO3S [M+Na]* 393.0748,
found 393.0752; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 98/2, 1.0 mL/min, A = 254 nm, retention times:
(major) 11.1 min (minor) 7.8 min]; [a]p!® +1.7 (¢ 0.94, CHCls) for 77% ee.

Methyl (R)-3-((4-methoxyphenyl)thio)-4-(2,4,5-trifluorophenyl)butanoate ((R)-4x-[OMe])

MeQ
F
F ;
S O
OMe

F
(R)-4x-[OMe]

The reaction with (£)-4-(2,4,5-trifluorophenyl)but-2-enoic acid 3m (21.7 mg, 0.10 mmol), 1g (4.3 mg, 0.01 mmol),
4-methoxybenzenethiol 2b (12 uL, 0.10 mmol), and activated MS 4A (100 mg) in acetone (1.0 mL) for 24 h gave
the crude product (R)-4x. The same treatment as described in general procedure afford (R)-4x-[OMe] (29.6 mg, 80%)
after flash chromatography using n-hexane/ethyl acetate = 10:1 as eluent. The enantiomeric excess of the product
was determined by chiral stationary phase HPLC analysis (90% ee).

Colorless oil; HPLC [Chiralcel OD-H, n-hexane/2-propanol = 98/2, 1.0 mL/min, A = 254 nm, retention times: (major)
8.0 min (minor) 11.1 min]; [a]p?’ —2.2 (¢ 1.00, CHCIs) for 90% ee.
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8. 1'B NMR experiments of the catalyst-substrate complex
8-1.'B NMR titration experiment of 1a with crotonic acid 3a (10 equiv) and MS 4A in CDCl; (0.033 M)

(@) A sample for 1'B NMR was prepared by decantation of a stirred suspension of 1a (10.1 mg, 0.025 mmol) and
activated MS 4A (75 mg) in CDCls (0.75 mL) at room temperature for 1 h.

(b) A sample for !B NMR was prepared by decantation of a stirred suspension of 1a (10.1 mg, 0.025 mmol),
crotonic acid 3a (22.1 mg, 0.25 mmol, 10 equiv), and activated MS 4A (75 mg) in CDCl3 (0.75 mL) at room
temperature for 1 h.

(c) A sample for !B NMR was prepared by decantation of a stirred suspension of 1a (10.1 mg, 0.025 mmol),
crotonic acid 3a (22.1 mg, 0.25 mmol, 10 equiv), and activated MS 4A (75 mg) in CDCl3 (0.75 mL) at room
temperature for 4 h.

(d) A sample for !B NMR was prepared by decantation of a stirred suspension of 1a (10.1 mg, 0.025 mmol),
crotonic acid 3a (22.1 mg, 0.25 mmol, 10 equiv), and activated MS 4A (75 mg) in CDCl3 (0.75 mL) at room

temperature for 24 h.

N

H H N
Me” + + MS4A (stirred for 24 h)
: v~

(d)

50 40 30 20 10 0 -10 -20 -30 -40 -50

H H N . . )
4 MS 4A (stirred for 4 h)
e
eSS Aon

(©)

50 40 30 20 10 0 -10 -20 -30 -40 -50

o
HoH & :
Me- + + MS4A (stiredfor1h)
MeMOH

3a
la (10 equiv)

(b)

50 40 30 20 10 0 -10 -20 -30 -40 -50

+ MS4A (stirred for 1 h)

Figure S1. The time-course study of ''"B NMR spectra of 1a and crotonic acid 3a (10 equiv) in CDCls (0.033 M). (a)
cat 1a with MS 4A; (b) 1 h; (c) 4 h; (d) 24 h.
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8-2. 1B NMR titration experiment of 1a (0.033 M) with benzenethiol 2a, crotonic acid 3a and MS 4A in CDCls
(0.033 M)

(@) A sample for 1B NMR was prepared by decantation of a stirred suspension of 1a (10.1 mg, 0.025 mmol) and
activated MS 4A (75 mg) in CDCl3 (0.75 mL) at room temperature for 4 h.

(b) A sample for 1B NMR was prepared by decantation of a stirred suspension of 1a (10.1 mg, 0.025 mmol),
benzenethiol 2a (26 uL, 0.25 mmol, 10 equiv), and activated MS 4A (75 mg) in CDCls (0.75 mL) at room
temperature for 4 h.

(c) A sample for 1'B NMR was prepared by decantation of a stirred suspension of 1a (10.1 mg, 0.025 mmol),
crotonic acid 3a (22.1 mg 0.25 mmol, 10 equiv), and activated MS 4A (75 mg) in CDCl; (0.75 mL) at room
temperature for 4 h.

(d) A sample for 1B NMR was prepared by decantation of a stirred suspension of 1a (10.1 mg, 0.025 mmol),
benzenethiol 2a (26 uL, 0.25 mmol, 10 equiv), crotonic acid 3a (21.7 mg 0.25 mmol, 10 equiv), and activated
MS 4A (75 mg) in CDCl3 (0.75 mL) at room temperature for 4 h.

(e) A sample for 1'B NMR was prepared by decantation of a stirred suspension of 1a (10.0 mg, 0.025 mmol),
benzenethiol 2a (26 uL, 0.25 mmol, 10 equiv), crotonic acid 3a (22.0 mg 0.25 mmol, 10 equiv), and activated
MS 4A (75 mg) in CD2Cl; (0.75 mL) at room temperature for 4 h.

+ MS4A (stired for 4 h)

in CD2Cl»

(e)
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
50 40 30 20 10 0 -10 =20 =30 -40 -50
’ ©\Ni"“© o
H "’fﬂe,N + PhSH  + ; /\A + MS4A (stirred for 4 h)
(HO)B e OH
a 6 (1028uv) (w0 By in €DCly

(d)

50 40 30 20 10 0 -10 -20 -30 -40 -50

o
H H N
Me” + + MS4A (stirred for 4 h)
Me/\)J\OH

(©)
I I TTTTTTTTT I TTTTTTTTT I TTTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT I TTTTTTTTT I 1
50 40 30 20 10 0 -10 =20 =30 -40 -50
| 0,2,0
HOReN + PhSH  + MS4A (stimedfor4h)

2a
10 equiv)

()

b
rMrrrrrTTT T T T T T T T T T T T T T T T[T T T T T T T T T T T TTTTTTT T TTTTITTTT TTTTTTTTTTTTITTT I T T TTTTTT I TTTITTITTT T
I I I I I I I I I I I

50 40 30 20 10 0 -10 -20 -30 -40 -50

0,2,0

H H N

Me” + MS4A (stirred for 4 h)
%)
a |\
I
14,

LU L L L L L L L L L L I LA L

50 40 30 20 10 0 -10 -20 -30 -40 -50

(a)

1dus s

Figure S2. "B NMR titration experiments of 1a with benzenethiol 2a and crotonic acid 3a in CDCls (0.033 M). (a)
cat 1a with MS 4A (b) cat 1a with 2a (10 equiv) and MS 4A; (c) cat 1a with 3a (10 equiv) and MS 4A; (d) cat 1a

with 2a (10 equiv), 3a (10 equiv) and MS 4A; (e) cat 1a with 2a (10 equiv), 3a (10 equiv) and MS 4A in CD,Cl..
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8-3. 1B NMR titration experiment of 1a with crotonic acid 3a (10 equiv) and MS 4A in acetone-ds (0.033 M)

(@) A sample for 1'B NMR was prepared by decantation of a stirred suspension of 1a (10.1 mg, 0.025 mmol) and
activated MS 4A (75 mg) in acetone-ds (0.75 mL) at room temperature for 1 h.

(b) A sample for !B NMR was prepared by decantation of a stirred suspension of 1a (10.1 mg, 0.025 mmol),
crotonic acid 3a (21.7 mg, 0.25 mmol, 10 equiv), and activated MS 4A (75 mg) in acetone-ds (0.75 mL) at
room temperature for 1 h.

(c) A sample for 'B NMR was prepared by decantation of a stirred suspension of 1a (10.1 mg, 0.025 mmol),
crotonic acid 3a (21.7 mg, 0.25 mmol, 10 equiv), and activated MS 4A (75 mg) in acetone-ds (0.75 mL) at
room temperature for 4 h.

(d) A sample for !B NMR was prepared by decantation of a stirred suspension of 1a (10.1 mg, 0.025 mmol),
crotonic acid 3a (21.7 mg, 0.25 mmol, 10 equiv), and activated MS 4A (75 mg) in acetone-ds (0.75 mL) at

room temperature for 24 h.

N
H H N
Me" + + MS4A (stirred for 24 h)
Ay

(d)

50 40 30 20 10 0 -10 -20 -30 -40 -50

HoH & ;
o + + MS4A (stirred for 4 h)
MEMOH

(b)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIII|IIIIIIIII|I
50 40 30 20 10 0 -10 -20 -30 -40 -50

CJ
N)J\N\
A RN + MS4A (stied for 1 h)

(HO);B%}
la . |

50 40 30 20 10 0 -10 -20 -30 -40 -50

Figure S3. The time-course study of 11B NMR spectra of 1a and crotonic acid 3a (10 equiv) in acetone-d6 (0.033
M). (a) cat 1a with MS 4A; (b) 1 h; (c) 4 h; (d) 24 h.
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9. MS analysis
9-1. ESI-MS spectrum of the sample prepared in CDCl3
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Exact Mass: 483.2363

Figure S4. ESI-MS (negative) spectrum of the sample prepared in CDCls

9-2. ESI-MS spectrum of the sample prepared in acetone
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Figure S5. ESI-MS (negative) spectrum of the sample prepared in acetone-ds (Figure 4c)
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10. Computational studies

The molecular geometries for the transition states were first estimated by Reaction plus software package, based on
the nudged elastic band (NEB) method,%® and were subsequently re-optimized at B3LYP/6-31G(d,p) level using
Gaussian09 software package.5® A single point energy calculation was further performed at wB97Xd/6-311+G(d,p)

in acetone.

Figure S6. TS via s-cis configuration

236 A

1. %Aajz/
A‘l%

|lo——B
V‘KO\
e
H .
Me \\S' 3.06 A
273A "Ar \\

Figure S7. TS via s-trans configuration (+2.0 kcal/mol)

The coordinates of each structures

S-CIS
Zero-point correction= 0.714040 (Hartree/Particle)
Thermal correction to Energy= 0.758435
Thermal correction to Enthalpy= 0.759379
Thermal correction to Gibbs Free Energy= 0.629623
Sum of electronic and zero-point Energies= -2644.802528
Sum of electronic and thermal Energies= -2644.758133
Sum of electronic and thermal Enthalpies= -2644.757189
Sum of electronic and thermal Free Energies= -2644.886945

E(RB3LYP)=-2645.51656802
E(RwWB97XD)=-2645.39333936
Imaginary frequency = 17471
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Zero-point correction=
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Thermal correction to Energy=

Thermal correction to Enthalpy=
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-2.96395800
-2.41419200
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-0.24939900
-2.30504000
-0.34991700

Thermal correction to Gibbs Free Energy=

Sum of electronic and zero-point Energies=

Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=
E(RB3LYP)=-2645.51702898
E(RwB97XD)=-2645.39149350

Imaginary frequency = 5431
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13. Copies of HPLC Chart

(S)-4a-[OMe]

(R)-4a-[OMe]

(S)-4a-[OMe] (table 1, entry 1)
reaction catalyzed by 1a in CCly

[ peak#

[ retention time (min) | area [ arealm |
[ 1] 5617 2819301 | 29.347
I 2] 6.668 6787732 | 70653
chromatograrm
1864 CHU! drmin¥D ¥ 1864-1.0-IPrOH2-ODH lod
mAU
7507 PDA Multi T
500
N [
250 [
/ \
AN S |
5.0 55 50 &5 7o 75 80
min
1 PDA Multi 1/ 254nm 4nm
(S)-4a-[OMe] (table 1, entry 3)
reaction catalyzed by 1a in hexane
[peak# | retention time (min) area [ arealsl |
[ 1] 5 585 2739814 25799 |
[ z] 6.599 | 7879964 | 74.201]
chromatogram
1878 C¥Users¥Admin¥Desktopdata hayama¥thia¥4a¥1878-1 D-iPrOH2-ODHlcd
mAU
PDA Multi |
500
| / N . ]
50 a5 60 &5 70 75 80
min
1 PDA Multi 1/ 254nm 4nm
(R)-4a-|OMe] (table 1, entry 5)
reaction catalyzed by 1a in acetone
[ pesk# [ retention time (min) | area [ areal®) |
[ 1] 5.420 | 1678426 | 91.125]
[ 2] 6727 ] 163478 | 8.875]
chromatogram
616226 C¥U! dmin¥Dx hayame¥tr 26.l0d
v
300 DetA Chi|
200
100
of——~ N — —
5.0 55 60 o5 70 7s 20
min

1 DetA Chl / 284nm

rac-4a-|OMe]

I peak# [ retention time (min) | area | area(h) |
I 1] 5507 | 13355543 | 45511
[ 2] 6476 13407857] 50.085
chromatogram
1877 C¥Users¥Admin¥Deskiop¥data hayama¥this¥4a¥ 1§77-1.0-PrOH2-0DH Icd
AU
A PDA Multi 1
1500 Al
.
[
1000 [
[
| \
[ \
500 [\ [
[\ \
| \ \
o1 N AN
50 o5 50 o5 70 75 80
min
1 PDAMulti 1/ 254nm 4nm
(S)-4a-[OMe] (table 1, entry 2)
reaction catalyzed by 1a in CH,Cl,
[ peak® [ retention time (min) | area [ areal® |
| 1] 6.064 | 4258722 | 38910
[ 2] 7.363 | 6683770 | 61.081]
chrematogram
1917 CHU: dmin¥Dy a¥4a%¥1917-1 0-PrOH2-ODHlod
mAU
750 n PDA Multi |
f
500-] \
250
e _/'I —
50 55 &0 W5 70 75 20
min
1 PDA Multi 1/ 254nm 4nm
(R)-4a-|OMe] (table 1, entry 4)
reaction catalyzed by 1a in CH3CN
[peak# | retention time (min) | area [ area ()
| 1] 5750] 1757448 | 69 551
[ 2] 6.813] 769396 30.449
chromatogram
1866 C¥Users¥Admin¥Desktop¥data hayama¥tha¥4a¥1866-1 0-iPrOH2-ODHcd
mAU
A PDA MUt |
200 [
[
\
I
|
100+ [ N
| I\
| JAAN
AN SN\ P
50 o5 &0 W5 70 75 80
min

1 PDA Multi 1/ 254nm 4nm

(R)-4a-|OMe] (table 1, entry 8)

reaction catalyzed by 1a in acetone without MS 4A

[peak# | retention time (min) area area (h)
[ il 5.335 2062482 57380
[ 2] 6.448 1581973 42,620
chromatogram
hym383 C¥Users¥Admin¥Desktop¥data hayama¥thia¥4a¥hym383.lcd
my
DetA Chl
1
I\
200+ |
\
|\
\
[
100 [
[ N
T T T T T
50 55 60 65 70 75 80
min

DetA Chl / 254nm



(R)-4a-|OMe] (table 1, entry 9)
reaction catalyzed by 1a in CCls (50 pL)

[ peak# | retention time (min} | area | areal® |
[ 1] 5615] 724897 | 9602
[ 2] 7.078] 2117302 ] 90398
chremategram
hymd02 C¥Users¥Admin¥Desktop¥data hayama¥thia¥da¥hym402 lod
mv
DetA Ch1
200
100
> AN
5.0 55 50 o5 70 75 80
min
1 DetA Ghi / 254nm
(R)-4a-|OMe] (table 1, entry 11)
reaction catalyzed by 1c in acetone
[peak®# | retention time (min) | area [ area ()
[ 1] 5715 2442428 | 88 875
[ z] 6.770] 307284 ] 11.178
Ghromatogram
1884 G¥Users¥Admin¥Des ktop¥data hayama¥thia¥a¥1884-10-iPrOH2-00H Iod
mAU
PDA Multi |
250
AN R
5.0 a5 50 &5 70 75 80
min
1 PDA Multi 1/ 254nm 4nm
(R)-4a-|OMe] (table 1, entry 13)
reaction catalyzed by 1e in acetone
[peak® T retention time (min) | area [ area (o)
[ 1] 5576 2525639 | 53958
[ 7] 6.627 482614] 16.042
chromatogram
1885 C¥Users¥Admin¥Desktop¥data hayama¥thia¥4a¥1885-1 D-iPrOH2-ODH.lcd
mAU
PDA Multi |
250
T T T T — T
5.0 55 60 65 7.0 75 80
min
1 PDA Multi 1/ 254nm 4nm
(R)-4a-|OMe] (table 1, entry 15)
reaction catalyzed by 1g in acetone
[ peak# [ retention time (min) | area [ areals |
[ 1] 5579 5154008 | 95760 |
[ z] 6.639 | 139351 | 4.231]
Ghromatogram
1886 G¥Users¥Admin¥Des ktop¥data hayama¥thia¥a¥1886-1 0-iPrOH2-00H lod
mAU
PDA Multi |
|
250 \
\
|
[
[\
I\
/ A\ — -
5.0 a5 50 &5 70 75 80
min

1 PDA Multi 1/ 284nm 4nm

(R)-4a-|OMe] (table 1, entry 10)

reaction catalyzed by 1b in acetone

[peak# T retention time (min) | area [ area ()
| 1] 5561 9939817 66.425
[ 2] 6.661] 5024185 33575
chromatogram
1928 C¥Users¥Admin¥Desktop¥data hayama¥thia¥4a¥1928-1 0-iPrOH2-ODHlcd
mAU
PDA MUt |
1000+
500
T T T T T
50 55 60 65 7.0 75 80
min
1 PDA Multi 1/ 254nm 4nm
(R)-4a-|OMe] (table 1, entry 12)
reaction catalyzed by 1d in acetone
[peak# | retention time (min) | area [ area (&)
| 1] 5706 | 1032083 | 90738
[ 2] 6750 105349 | 9.262
ohromatogram
1887 C¥Users¥Admin¥Des ktop¥data hayama¥thia¥4a¥1887-1.0-PrOH2-ODHIod
mAU
.'* PDA Multi |
100
50
o] P S
50 o5 0 o5 70 75 30
min
1 PDA Multi 1/ 254nm 4nm
(R)-4a-|OMe] (table 1, entry 14)
reaction catalyzed by 1f in acetone
[peak# | retention time i) | area [ areal |
[ 1] 5677 3751191] 72477
[ 2] 6.835] 1443295 27573
chromatogram
hym381 C¥Users¥Admin¥Desktop¥data hayama¥thia¥4a¥hym381 lod
my
500+ DetA Chl
250
\ N\
[ I\
5 J \ SN |
50 o5 &0 o5 70 7s 80
min
1 DetA Chl / 254nm
(R)-4a-[OMe] (table 1, entry 16)
reaction catalyzed by 1h in acetone
[peak# | retention time i) | area [ areal® |
| 1] 5475] 1105638 | 72503
[ 2] 7017] 419310] 27.497
chromatogram
hym453 C¥Users¥Admin¥Desktop¥data hayama¥thia¥4a¥hymas3lod
my
DetA Chl
100+
504
/\
= T = T — I7 T = T ——
50 55 60 65 70 75 80
min

DetA Chl / 254nm



(R)-4a-|OMe] (table 1, entry 17)
reaction catalyzed by 1g with MS 4A (100mg)

peak# [_retention time (min) | area | area (h)
[ 1] 5470] 199653 | 96015
2] 65.768 | 8294] 3985
chremategram
erc235 CHU: a hayama¥tt 35.lcd
mv
DetA Ch1
25
[\
/
5.0 55 50 o5 7.0 75 80
min
1 DetA Ghi / 254nm
(S)-4a-[OMe] (table s-1, entry 2)
reaction catalyzed by 1b in CCly
peak#F [_retention time (min) area [ area @
1] 5,269 2887901 | 38824
[ 2] 6.375] 4471774 ] 61.176
chromatogram
hym385 C¥Users¥Admin¥Desktop¥data 1ym385.Icd
my
500+ DetA Ch
250
“I‘ ‘I\
_ J N\
50 a5 60 &5 70 75 80
min
1 DetACht / 254nm
(S)-4a-[OMe] (table s-1, entry 4)
reaction catalyzed by 1d in CCly
peak# [_retention time (min) | area | area (%)
il 5707 | 104587 | 25787 |
2] 6250 253554 70.718]
chrematogram
hym304 G¥Users¥Admin¥Desktop¥data hayam a¥thia¥da¥hym304lod
my
30 A DetA Ch1
20]
104
5.0 55 6.0 o5 70 7s 8.0
min
1 DetA Chl / 254nm
(S)-4a-[OMe] (table s-1, entry 6)
reaction catalyzed by 1f in CCls
[peak® | retention time (min) | area salh) |
1] 5.606] 1175504 44415
2] 7284] 1471254 ] 55585
chromatogram
hym452 C¥Users¥AdmindDeskiop¥data hayam a¥thia¥4a¥hym4s2 lod
mv
DetA Chl
100+
50-| ‘ \
| \\ / \
5 _ S —
T T T
50 55 6.0 6.5 70 7.5 8.0
min

1 DetAGChl / 254nm

(S)-4a-|OMe] (table 1, entry 18)
reaction catalyzed by 1g in CCls (50 pL)

area (k)
12,597
87.403
chromatogram

661 C¥Users¥AdminéDesktop¥data hayama¥thia¥da¥hymb61 lcd

area
184731
T281780]

retention time (min) |
5351
6.599 |

peakd

I
1]
2]

DetA Chi

my

100

N

o

80

T
50 5.5 6.0

1 DetA Chl./ 254nm

(5)-4a-[OMe] (table s-1, entry 3)
reaction catalyzed by 1c in CCly

[ retention time (min) area area ()
I 1] 5526 3858105 15473
2] 6.545 21075848 84527

[peak#
[

chromatogram
1974 C¥UserstAdmin¥Des ktop¥data hayama¥thia¥da¥ 1974-1.0-PrOH2-0DH Icd

min

PDA Multi 1

A 600

1000+

80

1 PDA Multi 1/ 254nm 4nm

(5)-4a-[OMe] (table s-1, entry 5)

reaction catalyzed by 1e in CCly

area (%)
29.835
70.165

retention time (min)
5.203 |
6.247|

area
127232
299223

[ peak#

[
| 1]
[ 2]

chrematogram
hyr 306 C¥Users¥Admin¥Desktop¥data havam a¥thia¥da¥hym306 led

min

DetA Chil

my

25

T
15 80

1 DetA Chl S 254nm

(S)-4a-|OMe] (table s-1, entry 7)
reaction catalyzed by 1g in CCls

[ retention time (min) area area (#)
I 1] 5656 2801786 35506
2] 6.926 5001430 64.094

[peak#
[

chromatogram
hym272 Ci¥Users¥Admin¥Desktop¥data hayam a¥thia¥da¥hym272lcd

min

DetA Chil

500

250

o——
50 55

1 DetA Chl s 254nm

S75

min



(R)-4a-|OMe] (table s-1, entry 8)
reaction catalyzed by 1h in CCly

[peak# [ retention time (min) | area [ areatsl |
[ il 5.427 | 675912 | 53141
[ 2] 6.508 | 596003 | 46.859
chromatogram
hym399 C¥Users¥Admin¥Desktop¥data ym399lod
mv
DetA Ch
75
50-]
25 | 4 [ \'\
| \ / \
o] JN / AN
5.0 a5 60 &5 70 75 80
min
1 DetAChl / 254nm
(S)-4a-[OMe] (table s-1, entry 10)
reaction catalyzed by 1a in CCl4 (2 mL)
[ peak# | retention time (min) | area [ areal® |
| 1] 6.150 | 1278885 | 30.801]
[ z] 6.931] 2873267 | 69.199 |
chromatogram
hyma35 G¥Users¥Admin¥Desktop¥ data hayama¥thia¥darhym4ds.ed
" DetA Chi
250
\
N VAN
5.0 55 60 &5 70 7s 80
min
1 DetA Chl / 254nm
(S)-4a-[OMe] (table s-1, entry 12)
reaction catalyzed by 1a in CCls (0.25 mL)
} peak# } retention time (min) } area I area () |
\ 3 B
chromatogram
616238 C¥U dmin¥Dx hayame¥tr 38 lod
v
DetA Chi|
500
250
ol VAN
5.0 55 60 o5 70 7s 20
min
1 DetA Chl / 254nm
(R)-4a-|OMe] (table s-2, entry 1)
reaction catalyzed by 1a in n-hexane (5 mL)
[ peak# | retention time (mim) ] ares | area (il |
[ 1] 5.776 827692 | 55,643 |
[ 7] 6345 560015 40.357]
chromatograrm
hym387 G ) ¥ Y387 lod
mv
DetA Ch
100
501
o .
5.0 55 50 &5 7o 75 80
min

1 DetA Chl/ 254nm

(S)-4a-[OMe] (table s-1, entry 9)
reaction catalyzed by 1a in CCls (5 mL)

[ peak# retention time (min) | area [ areal® |

[ 1 } 5938 2408033 38158
[ 7] 7518 3502652 61.842
chromatogram
erc232 C¥U: n¥Desktop¥data f 32 lod
™ 50 TDetA O
250 \
/"“ )
o / N
50 a5 60 o5 70 75 80
1 DetA Chl / 254nm "
(S)-4a-|OMe] (table s-1, entry 11)
reaction catalyzed by 1a in CCls (0.5 mL)
[peak# | retention time (min) | area [ area (&)
| 1] 5676 | 1059860 | 21 @‘
[ 7] 7.623 ] 3850792 | 78417
chromatogram
16243 C:¥U) 4D hayam ¥t 43lod
my
DetA Chil
250
,f\ / “"\
, VAN - \_
50 55 50 &5 70 75 80
1 DetA Chl / 254nm "
(S)-4a-|OMe] (table s-1, entry 13)
reaction catalyzed by 1a in CCls (0.1 mL)
[peak# | retention time (min) | area [ areat® |
| 1] 6108 119369 | 12.088 |
| 2] 7.456 | 871596 | 87.954 |
chromatogram
16249 C:¥U) 4D hayam ¥t 49 .lod
my
1004 DetA Chil
504
yas J N\
50 55 50 &5 70 75 80
1 DetA Chl / 254nm "
(S)-4a-[OMe] (table s-2, entry 2)
reaction catalyzed by 1a in n-hexane (2 mL)
I peak# [ retention time (min) | area | area [%)El
l 1] 5676 1122665 38308
[ 2] 7.095] 1801392 61602
chromatogram
hym408 C:¥U dmin¥Desktop¥data 09 lod
™ w5o] DetA Ch
100
50 \\\
5 g _ J \ _
50 5'5 E‘D 6‘5 7‘0 7‘5 8.0

1 DetA Chl./ 254nm

S76



(S)-4a-[OMe] (table s-2, entry 4)

reaction catalyzed by 1a in n-hexane (0.5 mL)

[ peak# [ retention time (min) | area | area ()

[ il 5,320 762886 | 19658

I 2] 6.410] 3117903 | 80.347
chromatograrm

hyrn391 C¥Users¥Admin¥Desktop¥data hayama¥thia¥4a¥hym3ol lod
my

300 ‘(\\ DetA Chil
200
100 - \
80 5‘5 E‘D 5‘5 T‘B 7‘5 80
1 DetAChl / 254nm "
(S)-4a-[OMe] (table s-2, entry 6)
reaction catalyzed by 1a in CH,ClI, (0.1 mL)
[ peak# [_retention time (min) | area | area () |
I 1] 5333 ] 769070 18.030]
[ 2] 6924 3496345 | 81970]
chremategram
hym511 C¥Users¥Admin¥Desktop¥data hayama¥thia¥da¥hym511led
™ DetA Chil
250
e /‘“‘ \I‘\
SN VAN
50 5‘5 6‘0 6.‘5 7‘0 7‘5 &80
1 DetA Ghi / 254nm mn
(R)-4a-|OMe] (table s-3, entry 1)
reaction catalyzed by 1a in acetone (5 mL)
[ peak# [ retention time (min) | area | area (h)
[ 1] 5405] 520669 | MTE‘
[ 2] 5.813] 133082 | 12629
chremategram
erc22¥ CHU: a hayama¥tt 27 led
™ 150 DetA onf
1004
50
ol N -
50 5‘5 6‘0 6.‘5 7‘0 7‘5 &80
1 DetA Ghi / 254nm mn
(R)-4a-|OMe] (table s-3, entry 4)
reaction catalyzed by 1a in acetone (0.5 mL)
[ peak# [_retention time (min) | area | area (b)
[ 1] 5623] 2603781 | @‘
[ 2] 7.002] 706255 | 21337
chremategram
erc?24 CHU: a hayama¥tt 24 lod
™ DetA Chil
250+ [ \
\ ]
S N N
50 5‘5 6‘0 6.‘5 7‘0 7‘5 &80

1 DetA Ghi / 254nm

(S)-4a-[OMe] (table s-2, entry 5)
reaction catalyzed by 1a in n-hexane (0.25 mL)

[ peak# [ retention time (min) | area | area () |
| i 5585] 211135 ] 14 500
[ 2] 7.05¢] 1206890 85100
chromatograrm
hym394 C¥U: n¥Desktop¥data f wm394led
™ 50
DetA ohl
100-]
50-]
ra / \
/ N\
o— \ —_ = —
T T T T T T
50 55 6.0 6.5 70 75 80 85

min
1 DetAChl ./ 254nm

(5)-4a-[OMe] (table s-2, entry 7)

reaction catalyzed by 1a in n-hexane/CH>Cl, (0.1 mL)

[ peak# [ retention time (min) | area | area(h |
| i 5357] 554971 | 15043
[ 2] 7.016] 5963293 | 86.951
chromatograrm
hym508 C¥U: n¥Desktop¥data f wms0%lcd
my
750 TDetA O
500
250 / \
r" ‘\
/ \ / \., .
T T T T T
50 55 6.0 [33 70 75 80

1 DetA Chl / 254nm "
(R)-4a-|OMe] (table s-3, entry 2)
reaction catalyzed by 1a in acetone (2 mL)
[peak# | retention time (min) | area [ areatsy |
| 1] 5661 2703924 91.104]
| 7] 7.034] 764038 | 6]
chromatogram
6225 C:¥U) 4D hayam ¥t 25lod
my
DetA Chil
250

o /“ \\ o S

50 55 50 &5 70 75 80
1 DetA Chl / 254nm "
(R)-4a-[OMe] (table s-3, entry 5)
reaction catalyzed by 1a in acetone (0.25 mL)
[peak# | retention time (min) | area [ areatsy |
| il 5860 | 2435891 | 70,403
| 2] 7.245] 1025282 | 29597

chromatogram
16221 C:¥U) 4D hayam ¥t 23lod
my
DetA Chil
250
o / L - /\
50 55 50 &5 70 75 80

1 DetAChl/ 284nm



(R)-4a-|OMe] (table s-3, entry 6)
reaction catalyzed by 1a with MS 4A (100mg)

[ peak# [ retention time (min) | area | area () |
1] 5567 | 2741728 | 90546
[ 2] 6579] 234022 9.454
chremategram
erc?2g CHU: a hayama¥tt 28 lod
mv
DetA Ch1
250
\
/ N e
5.0 55 50 o5 70 75 80
min
1 DetA Ghi / 254nm
(R)-4a-|OMe] (table s-4, entry 9)
reaction catalyzed by S-1 in CCly
[ peak# [ retention time (min) | area | area (%)
[ il 5,387 | 661975 | 52343
I 2] 6461 602716 47 657
chromatograrm
hym397 CHU: dimin¥D: ¥ 'ym397 lod
mv
N DetA Ch
5] A\
I\
A
50-] [
[
[
25-] [
SN |
5.0 a5 50 &5 70 75 g0
min
1 DetA Chl / 254nm
(R)-4a-|OMe] (table s-4, entry 13)
3a (0.1 mmol) in CDCIl; (0.3 mL)
[ peak# [ retention time (min) | area area (%)
[ 1] 5.457 | 3728373 | 64.27% |
I 2] 6.710] 2072502 | 35.727 |
chromatograrm
hym386 C¥U: dimin¥D: ¥ 'ym386.lod
mv
500 " DetA Ch
i
I
250- [
[ A
/ \ /A
/ /
ol J N AN
5.0 a5 50 &5 70 75 g0
min
1 DetA Chl / 254nm
(S)-4a-[OMe] (table s-4, entry 16
reaction with acetone in CCls (0.1mmol)
[peak# | retention time (min) ] area [ areals) |
[ 1] 5.447 | 372777 | 60288 |
I 2] 6563 245564 | 30712]
chromatogram
hym 384 G¥Users¥Admin¥Desktopédata hayam a¥thia¥aa¥hymass lod
v
DetA Chil
50 "
257
e _—
50 55 50 65 70 75 20
min

DetA Ch1 / 254nm

(S)-4a-[OMe] (table s-4, entry 3)
reaction catalyzed by S-1 in acetone

[ peak# [ retention time (min) | area | area (%)
| 1] 5.357 | 3352334 56.004
| 2] 6.494 2633593 | 43.996

chrematogram
hyr 382 C¥Users¥Admin¥Desktop¥data havam a¥thia¥da¥hym3g2 led

my

2504 [

DetA Chil

s,

50 55 [ 65 70

1 DetA Chl S 254nm

(R)-4a-|OMe] (table s-4, entry 13)
2a-|OMe] instead of 2a

[ peak# [ retention time (min) | area | area (%)
| 1] 5.490 | 1247621 56.564
| 2] 6.650 958054 | 43.436

chrematogram
hyrn 378 C¥Users¥Admin¥Desktop¥data havam a¥thia¥da¥hym378 led
my

min

100+

DetA Chil

o

50 55 [ 65 70

1 DetA Chl S 254nm

(S)-4a-[OMe] (table s-4, entry 14)
3a (0.01 mmol) in CDCI3 (0.3 mL)

[ peak® area ()
35524
61.176
hromatogram

|
ol
hym385 C¥Users¥Admin¥Desktop¥data hayam a¥thia¥da¥hym385 lcd

area
5.269] 2837501
4471774]

retention time {min)

[
1]
[ 2] 6.375]

my

15 80
min

500 n

250

DetA Chil

o

50 55 60 65 10

1 DetA Chl s 254nm

S78

15 80
min



MeO. MeO.

(S)-4b-[OMe] (R)-4b-[OMe]

(S)-4b-[OMe]
reaction catalyzed by 1a in CCls

[ peak# [ retention time (min) | area [ areals |
[ 1] 9.850 495481 | 9031
[ 2] 11.881] 4530693 | 90.969
chromatogram
hymd 16 C¥Users¥AdminDesktop¥data hayama¥thia¥de¥hym416]cd
my
DetA Ch
2004
100
SN
T T T T
10 1 12 13 14
min
1 DetA Chi / 284nm
reaction catalyzed by 1a in acetone
peak# [_retention time (min) area area (h)
[ il 10.094] 1835518 95.074
[ 2| 12.274] 95007 | 4926
chromategram
411 C¥Users¥Admin¥Deskiop¥data hay ama¥thia¥de¥hymd 11 lod
mAU
PDA Multi 1
150
100
50
s I
T T T T
10 11 1z 13 14
min

1 PDAMulti 1/ 254nm 4nm

rac-4b-[OMe]

[peak® | retention time (min) ] area [ area (%)
| 1] 9.846 | 20566726 | 50089
[ 2] 12264 20485307 | 49.901
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[ peak# [ retention time (min) area area (k)
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reaction catalyzed by 1g in acetone
[ peak# | retention time (min) | area area ()
1] 10.634] 6467041 | 95.007 |
[ 2] 11.712] 340913 4.993
chromategram
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(S)-4d-[OMe]

(R)-4d-[OMe]

(S)-4d-[OMe]
reaction catalyzed by 1a in CCls

[ peak# [ retention time (min) | area | area (h) |
[ 1] 12171 1272169 8094
[ 7] 16611 | 13878098 | 51.906]
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reaction catalyzed by 1a in CCls
[peak# | retention time (min] ] area [ areals) |
1] 5532 | 223491 | 10.233
I 2] 6.894] 1960560 | 89 767
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[ peak# [ retention time (min) | area | areal®) |
| 1] 12.554] 1946882 | 50.014]
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reaction catalyzed by 1g in acetone
[ peak# [ retention time (min) | area | area(h) |
| 1] 12.773] 743651 | 93074 ]
[ 2] 15549 ] 55764 6.976]
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[ peak# [ retention time (min) | area area ()|
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[peak® | retention time (min) | area [ areal®) |
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[ 2] 69711 29433 | 5108
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reaction catalyzed by 1a in CCls

area ) |

rac-4f-|[OMe]

[pesk# | retention time (min) ] area T
[ 1] 6.038 | 84787 | 8303 |
2] 7357 936363 | 91.697 |
chromatogram
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reaction catalyzed by 1a in CCls
[ peak# [ retention time (min) area [ areal® |
1] 5755 2257798 | 4575
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reaction catalyzed by 1g in acetone
[ peak# [ retention time (min) | ea | areal®) |
| 1] 6.103 | 7372290 12328
[ 2] 7.257| 2764557 | 27.272]
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[ peak# | retention time (nin) | area [ areals) |
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(S)-4h-[OMe]
reaction catalyzed by 1a in CCls

[ peak# [_retention time (min) | area [ area(® |
1 6.74Z ] 482347 | 9532 |
2 7.494] 4577960 90.468 |
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(S)-4i-[OMe]
reaction catalyzed by 1a in CCls
peak# | retertion time (min) | area area (h)
1] 12.954 | 217766 8.961
[ 7| 16.442 | 2712516 | 91039
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[peak# | retention time (min) area area (h)
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peak# [_retention time (min) | area | area® |
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reaction catalyzed by 1a in CCls
pesk® | retention time (min) | area [ areat |
[ 1] 10242 54779 8381 |
2] 13549 598806 | 91619
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[ peak# [ retention time (min) | area | area (%)
1] 18.989 | 1526578 | 91.007
[ 2] 21.261 ] 150977 ] £.998 |
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reaction catalyzed by 1a in CCls
peak# [ retention time (min) area area (a) |
[ 1] 18.433 | 1824999 | 919%9|
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[ peak# [ retention time (min) | area | areal®) |
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[ peak# [_retention time (min) area | area ()
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[ peak® [ retention time (min) | area [ areal® |
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reaction catalyzed by 1a in CCls

[ pesk# [ retention time (min) | area [ areals |
[ 1] §.386 | 2785818 §9.810]
2] 9254 316079 | 10.180]
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reaction catalyzed by 1a in CCls
[peak# | retention time (min) | area [ areal) |
[ 1] 10571] 215315 | 8750]
2] 11.793] 2382030 51.710]
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[peak# | retention time (min) | area [ area ()
| 1] 2,589 | 2055001 | 50,085
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[pesk®# [ retertion time (min) | area [ areal®) |
| 1] 5584 | 444353 | 6574
[ 2] 9.251] 6314790 | 93.426
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[ peak# [ retention time (min) | area | area(h) |
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[ peak# [ retention time (min) | area | area (h) |
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reaction catalyzed by 1a in CCls

peak# retention time (min) area [ areal®
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reaction catalyzed by 1a in CCls

peak# retention time (min) | area | area (%) |
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reaction catalyzed by 1a in CCls
pesk® | retention time (min) | area [ areal’sl |
[ 1] 6.493 | 188558 | 14136 ]
[ z] 10.074] 1146320 | §5.564 |
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reaction catalyzed by 1a in CCly with benzoic acid

[ peak# [ retention time (min) | area | area (h) |
[ 1] 6.455 | 260851 | 5.773]
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[ peak# [ retention time (min) | area | area(h) |
| il 6.545 | 1421832 50.029
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[ peak# [ retention time (min) | area | area (h) |
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reaction catalyzed by 1a in CCls

[ peak# [_retention time (min) | area | area ()
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reaction catalyzed by 1a in CCls

peak® | retention time (min) | area [ area(®)
[ 1] 14.436 | 246965 | 9.082
I 2] 16.031] 2472377 | 90.918]
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reaction catalyzed by 1g in acetone
[ peak# | retention time (mim) ] area | aeal® |
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(S)-4u-[OMe] (R)-4u-[OMe]

(S)-4u-[OMe]
reaction catalyzed by 1a in CCls

[ pesk# [ retention time (min) | area [ areat |
[ 1] 20842 56103 6.462
2] 26.275 | 812155 93538
chromatogram
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(S)-4v-[OMe]
reaction catalyzed by 1a in CCls

[peak# | retention time (min) area [ area o
[ [ 17 060 3355704 | 92016
[ [ 21.303 293761 | 7984

chromatogram
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[pesk®# [ retertion time (min) | area [ areal®) |
| 1] 20,708 | 990647 | 49986 |
[ 2] 25.631] 991214] 50.014]
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reaction catalyzed by 1g in acetone
[pesk®# [ retertion time (min) | area [ areal®) |
| 1] 20318 2715280 | 89876
[ 2 25.025] 306197 | 10.124]
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[peak®# [ retertion time (min) | area [ areal®) |
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reaction catalyzed by 1g in acetone
[pesk®# [ retertion time (min) | area [ areal®) |
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(S)-4w-[OMe]
reaction catalyzed by 1a in CCls
[ peak# [ retention time (min) | area [ arealm |
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[pesk®# [ retertion time (min) | ea [ areal®) |
| 1] 11.619] 10261299 | 49977
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[pesk®# [ retertion time (min) | ea [ areal®) |
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[ peak#® [ retention time (min) | area [ area®®
E | 1] 5.460 | 6077195 50071
| 2] 11.464] 6059895 | 49.929
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[ peak# [ retention time (min) | area [ areal | [ peak# [ retention time (min) | area [ areal® |
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reaction catalyzed by 1a in CCly with benzoic acid

[peak# | retention time (min) | area [ areal®
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