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General information

Unless otherwise noted, all the reagents were obtained commercially and

used without further purification and reactions were monitored by TLC.

DCM used were dried by CaH,. All NMR spectra were recorded on

Bruker-500 MHz spectrometer. HRMS were measured on the

Q-TOF6510 instruments.

Synthesis of the starting materials

(1) Benzenesulfonothioates were prepared according to reported
procedure?.

(2) Diazomalonates were prepared according to reported procedure?.

General procedure for condition3a

N>

CuTc, bpy H3CS SOzph
*  PhSO,SCH; ———M =
Ph)J\COZCH3 s t PhXCOOCHg,
1a 2a 3a

To a mixture of CuTc (10 mol %), bpy (10 mol %) and 4 A molecular
sieve (100 mg) in DCM (2 mL) under N, atmosphere, 1a (0.4 mmol), 2a
(0.2 mmol) were added. The system was stirred at room temperature
overnight. The reaction mixture was filtered and evaporated under
reduced pressure, and purified by column chromatography to give the
desired product 3a. Yield: 80%. (pet.ether/EtOAc = 8/1). *H NMR (500
MHz, CDCls) § 7.51 (t, J=7.4 Hz, 1H), 7.45 (d, J=7.8 Hz, 2H), 7.34 (t,
J=6.8 Hz, 1H), 7.29 (t, J=7.8 Hz, 2H), 7.23 (q, J=8.5 Hz, 4H), 3.89 (s,
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3H), 2.44 (s, 3H).3CNMR (126 MHz, CDCI3) & 166.50, 135.66, 133.72,
131.60, 131.38, 129.66, 129.43, 128.01, 127.70, 83.40, 53.52,
15.62;HRMS exact mass calcd for CigH1604S, [M+Na]* requires m/z
359.0382, found m/z 359.0366.

General procedure for the catalytic asymmetric reaction

To a mixture of CuTc (10 mol %), L* (11 mol %) and 4 A molecular
sieve (100 mg) in DCM (2 mL) under N, atmosphere, 1a (0.4 mmol), 2a
(0.2 mmol) were added. The system was stirred at room temperature
overnight. The reaction mixture was filtered and evaporated under
reduced pressure, and purified by column chromatography to give the

desired product 3a.
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Optimization of chiral oxazoline ligands?

CuTc (10 mol%)

N,
L* (11 mol%)
o NcoMe T PhSO;SMe MeS, ,S02Ph
2 DCM, rt Ph”” ~COOMe
1 2a 3a
Bn Bn
ow><\/o 0 0 0 o
] \J 1 \J O
N N—/ N  N— N N
R R R R R T

L,:R="Pr, trace
L,:R='Bu,Yield:61%,ee:35.5%
L3:R=Ph,Yield:54%,ee:1.1%
L,:R=Bn,Yield:58%,ee:42.34%

T \

Ls:R=Pr, trace

Lg:R=Bn, trace

O/>
- /' "Bu

A N
=

Lo:Yield:60%,ee:17.8%

Lio:Yield:65%,ee:-2%

Bu B
Bu, O O
Bu o
D
N
;N N ipr -

'Pr

L15:p-Br:Yield:65%,ee:30%
L46:0-Br:Yield:70%,ee:37.3%

Bu

Li3:Yield:51%,ee:11.44%

Bn

Ly7:Yield:20%,ee:28.9%

L,:R="Pr,Yield:95%,ee:-9.1%
Lg:R='Bu,Yield:95%,ee:29.3%
L,1:R=Bn,Yield:65%,ee:55.3%

.y

(0]

(0]

/
S
Pr ;iPr

L41:Yield:63%,ee:27.8%

Ph
O O Ph
By 0 o)

|

;N: “J

Cy

oy

L14:Yield:57%,ee:35.1%

L1g:R="Pr,Yield:61%,ee:35.5%
L4g9:R=Ph,Yield:43%,ee:3.6%
Lyo:R=Bn,Yield:45%,ee:-7.6%

4Reaction conditions: 1a (0.4 mmol), 2a (0.2 mmol), CuTc (10 mol %), L* (11 mol %)
and 4 A molecular sieve (100 mg) in dry DCM (2 mL) under N atmosphere for 10 h.
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Copies of HPLC data
The enantiomeric excess of 3a was determined by HPLC with a Chiralpak
OD-H column, hexane: 2-propanol= 86:14, flow rate= 1 mL/min, 254 nm UV

detector.

Entry Time Concentration Area

1 13.850 49.95 13712394
2 21.188 50.05 13737949
Total 100 27450343
\
- \ A

Entry Time Concentration Area

1 12.671 77.66 7736526
2 18.795 22.34 2225117
Total 100 9961643

ee: 55%
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Characterization Data of Products.

H,CS_ ,SO,Ph

(>)<ooocn-|3

3a

Yield:80% (pet. ether/EtOAc = 10/1).(white solid, pet.ether/EtOAc = 8/1). *H NMR
(500 MHz, CDCls) 6 7.51 (t, J=7.4 Hz, 1H), 7.45 (d, J=7.8 Hz, 2H), 7.34 (t, J=6.8 Hz,
1H), 7.29 (t, J=7.8 Hz, 2H), 7.23 (q, J=8.5 Hz, 4H), 3.89 (s, 3H), 2.44 (s, 3H). 13C
NMR (126 MHz, CDCI3) § 166.50, 135.66, 133.72, 131.60, 131.38, 129.66, 129.43,
128.01, 127.70, 83.40, 53.52, 15.62;HRMS exact mass calcd for C16H1604S2 [M+Na]*
requires m/z 359.0382, found m/z 359.0366.

H;CS_ ,SO,Ph

/@XCOOCH3
F

3b

Yield:73% (pet. ether/EtOAc = 10/1).'H NMR (500 MHz, CDCls) & 7.54 (t, J=7.5 Hz,
1H), 7.50 (d, J=7.7 Hz, 2H), 7.33 (t, J=7.8 Hz, 2H), 7.23 (dd, J=8.7, 5.1 Hz, 2H), 6.94
(t, J=8.5 Hz, 2H), 3.90 (s, 3H), 2.41 (s, 3H).1*C NMR (126 MHz, CDCl3) & 166.36,
164.26(d, Jc-r = 251.8 Hz), 135.51, 133.91, 131.64(d, Jcr = 8.6 Hz), 131.33, 127.86,
127.51(d, Jcr = 3.5 Hz), 115.19(d, Jcr = 21.9 Hz), 82.53, 53.61, 15.66.HRMS (ESI,
m/z) calcd forC16H15FO4S, [M+Na]* 377.0288, found 377.0288.

H,CS, SO,Ph
COOCH;

Cl 3c

Yield:80% (pet. ether/EtOAc = 10/1).'H NMR (500 MHz, CDCls) & 7.58-7.50 (m,
3H), 7.35 (t, J = 7.9 Hz, 2H), 7.25-7.21 (m, 2H), 7.20-7.16 (m, 2H), 3.89 (s, 3H),
2.40 (s, 3H).:*C NMR(126 MHz, CDCls) 6 166.21, 135.96, 135.40, 134.01, 131.39,
130.92, 130.10, 128.22, 127.90, 82.60, 53.66, 15.62.HRMS (ESI, m/z) calcd for
C16H15Cl04S2[M+NH4]"388.0439, found 388.0431.

H,CS_ ,SO,Ph
COOCH,

Br 3d

Yield:80% (pet. ether/EtOAC = 10/1).*H NMR (500 MHz, CDCls) § 7.54 (ddd, J=11.3,
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7.9, 1.1 Hz, 3H), 7.41-7.32 (m, 4H), 7.15-7.09 (m, 2H), 3.89 (s, 3H), 2.39 (s, 3H).1*C
NMR (126 MHz, CDCls) 6 166.15, 135.36, 134.04, 131.40, 131.18, 131.16, 130.62,
127.92, 124.25, 82.68, 53.67, 15.60.HRMS (ESI, m/z) calcd for CigH1sBrO4S;
[M+Na]* 436.9487,found 436.9489.

H,CS_ ,SO,Ph

/@XCOOCHS
H,CO

3e

Yield:77% (pet. ether/EtOAc = 10/1).'H NMR(500 MHz, CDCls) 8 7.54-7.46 (m,
3H), 7.31 (t, J=7.9 Hz, 2H), 7.16-7.10 (m, 2H), 6.78-6.73 (m, 2H), 3.89 (s, 3H), 3.80
(s, 3H), 2.42 (s, 3H).3C NMR(126 MHz, CDCls) 6 166.69, 160.52, 135.82, 133.67,
131.37, 130.84, 127.71, 123.28, 113.41, 82.90, 55.39, 53.49, 15.68.HRMS (ESI, m/z)
calcd for C17H180sS, [M+Na]* 389.0488, found 389.0489.

H;CS_ ,SO,Ph

Ph

3f

Yield:54% (pet. ether/EtOAC = 10/1)."H NMR(500 MHz, CDCls) 6 7.56 (d, J=7.3 Hz,
2H), 7.52 (t, J=7.6 Hz, 3H), 7.46 (dd, J=14.7, 8.0 Hz, 4H), 7.38 (t, J=7.3 Hz, 1H),
7.30 (t, J=8.1 Hz, 4H), 3.92 (s, 3H), 2.45 (s, 3H).1*C NMR (126 MHz, CDCls) 6
166.53, 142.46, 139.79, 135.71, 133.80, 131.45, 130.37, 129.90, 128.95, 127.99,
127.76, 127.13, 126.60, 83.22, 53.59, 15.65. HRMS (ESI, m/z) calcd for C22H2004S:
[M+Na]* 435.0695, found 435.0694.

H,CS_ ,SO,Ph
COOCH;,

FsC 3g

Yield:56% (pet. ether/EtOAc = 10/1).'H NMR(500 MHz, CDCl3) 6 7.56 (t, J=7.5 Hz,
1H), 7.52 (d, J=7.5 Hz, 4H), 7.40 (d, J=8.2 Hz, 2H), 7.34 (t, J=7.7 Hz, 2H), 3.91 (s,
3H), 2.39 (s, 3H).3C NMR (126 MHz, CDCls) 6 166.00, 135.24, 134.17, 131.35,
130.77, 130.15, 129.81, 128.85, 127.95, 124.90, 124.88, 124.85, 124.82, 82.74, 53.72,
15.52.HRMS (ESI, m/z) calcd for C17H15F304S, [M+Na]* 427.0256, found 427.0260.
Melting point: 162-164 °C.

H,CS_ ,SO,Ph

/©)<COOCH3
NC

3h
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Yield: 36% (pet. ether/EtOAc = 10/1).'H NMR(500 MHz, CDCls) § 7.54-7.44 (m,
5H), 7.37-7.32 (m, 2H), 7.30 (t, J = 7.9 Hz, 2H), 3.84 (s, 3H), 2.30 (s, 3H). 3C NMR
(126 MHz, CDCl3) 6 164.71, 135.58, 134.11, 133.31, 130.52, 130.33, 129.49, 127.05,
116.87, 112.42, 81.64, 52.79, 14.48. HRMS (ESI, m/z) calcd for Ci7H1sNO4S;
[M+Na]* 384.0335, found 384.0338.

H,CS_ ,SO,Ph

Cl
\©)<COOCH3

3i

Yield: 66% (pet. ether/EtOAc = 10/1)."H NMR(500 MHz, CDCl3) 6 7.52-7.46 (m,
1H), 7.44 (dd, J = 8.4, 1.1 Hz, 2H), 7.30-7.24 (m, 3H), 7.15-7.07 (m, 3H), 3.84 (s,
3H), 2.33 (s, 3H). 3C NMR (126 MHz, CDCls) § 166.06, 135.22, 134.09, 134.03,
133.50, 131.37, 129.79, 129.66, 129.17, 127.87, 82.68, 53.71, 15.58. HRMS (ESI,
m/z) calcd for C16H15Cl04S, [M+Na]*392.9992, found 392.9989.

H,CS_ ,SO,Ph

3j

Yield:65% (pet. ether/EtOAC = 10/1).*H NMR(500 MHz, CDCls) 6 7.81 (d, J=8.1 Hz,
1H), 7.73 (d, J=8.7 Hz, 1H), 7.65 (dd, J=15.7, 4.8 Hz, 2H), 7.55-7.50 (m, 1H), 7.46
(ddd, J=14.9, 8.0, 4.2 Hz, 4H), 7.35 (dd, J=8.7, 2.0 Hz, 1H), 7.20 (t, J=7.9 Hz, 2H),
3.92 (s, 3H), 2.47 (s, 3H)."*C NMR (126 MHz, CDCls) 6 166.61, 135.41, 133.80,
133.26, 132.23, 131.42, 129.71, 128.82, 128.55, 127.69, 127.50, 127.49, 126.65,
126.12, 83.46, 53.63, 15.69. HRMS (ESI, m/z) calcd for C2oH1804S> [M+Na]*
409.0539, found 409.0546.

H,CS,_ ,SO,Ph

©)<COOCZH5

3k

Yield:66% (pet. ether/EtOAC = 10/1).H NMR(500 MHz, CDCl3) 8 7.51 (t, J=7.4 Hz,
1H), 7.45 (d, J=7.3 Hz, 2H), 7.34 (ddd, J=8.7, 5.8, 2.6 Hz, 1H), 7.31-7.26 (m, 2H),
7.26-7.20 (m, 4H), 4.43-4.33 (m, 2H), 2.46 (s, 3H), 1.33 (t, J=7.1 Hz, 3H).2*C
NMR(126 MHz, CDCls) § 165.91, 135.78, 133.65, 131.73, 131.40, 129.59, 129.44,
127.96, 127.65, 83.32, 63.03, 1556, 14.13. HRMS (ESI, m/z) calcd for
C17H1804S2[M+Na]* 373.0539, found 373.0532.
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H,CS, ,SO,Ph

©)<COOBn

3l

Yield:84% (pet. ether/EtOAc =10/1).1H NMR (500 MHz, CDCls) 8 7.51-7.44 (m,
1H), 7.41 (dd, J=8.2, 1.0 Hz, 2H), 7.38-7.34 (m, 2H), 7.34-7.29 (m, 4H), 7.24 (t,
J=8.0 Hz, 2H), 7.21-7.13 (m, 4H), 5.32 (dd, J=49.1, 12.0 Hz, 2H), 2.30 (s, 3H).1*C
NMR(126 MHz, CDClIs). 6 165.80, 135.59, 134.53, 133.68, 131.59, 131.39, 129.60,
129.51, 128.87, 128.76, 128.62, 127.91, 127.66, 83.11, 68.39, 15.32. HRMS (ESI,
m/z) calcd for C22H2004S2 [M+NH4] " 430.1141, found 430.1140.

BnS_ ,SO,Ph
COOMe

3m

Yield: 74% (pet. ether/EtOAc = 10/1).*H NMR(500 MHz, CDCls) 8 7.55-7.44 (m,
3H), 7.39 (d, J=7.6 Hz, 2H), 7.33 (t, J=7.4 Hz, 3H), 7.27 (dd, J=13.1, 5.5 Hz, 3H),
7.23 (dd, J=13.6, 4.8 Hz, 4H), 4.42 (d, J=11.7 Hz, 1H), 4.05 (d, J=11.8 Hz, 1H), 3.76
(s, 3H).C NMR (126 MHz, CDCls) 8 166.57, 135.63, 135.31, 133.75, 131.71,
131.42, 129.71, 129.57, 129.37, 128.75, 128.04, 127.81, 127.75, 83.37, 53.40,
37.14.HRMS (ESI, m/z) calcd for C22H2004S2 [M+NH4]™ 430.1141, found 430.1137.

-nBuS_ ,SO,Ph

©)<coow|e

3n

Yield:53% (pet. ether/EtOAc = 10/1).'*H NMR(500 MHz, CDCl3) 6 7.51 (t, J=7.4 Hz,
1H), 7.45 (d, J=7.6 Hz, 2H), 7.34 (ddd, J=8.6, 5.7, 2.6 Hz, 1H), 7.28 (dd, J=12.8, 4.7
Hz, 2H), 7.26-7.19 (m, 4H), 3.88 (s, 3H), 3.22-3.12 (m, 1H), 2.76-2.66 (m, 1H), 1.62
(dd, J=15.2, 7.5 Hz, 2H), 1.50-1.40 (m, 2H), 0.93 (t, J=7.3 Hz, 3H).3C NMR (126
MHz, CDCIl3) 6 166.88, 135.71, 133.64, 131.84, 131.41, 129.61, 129.49, 127.95,
127.66, 83.50, 53.43, 32.18, 30.51, 22.00, 13.68.HRMS (ESI, m/z) calcd for
C19H2204S, [M+Na]* 401.0852, found 401.0845.

i ~S. .SO,Ph
©)<COOMe

3o

Yield:85% (pet. ether/EtOAC = 10/1).*H NMR(500 MHz, CDCls) § 7.56 (d, J=7.3 Hz,
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2H), 7.52 (t, J=7.6 Hz, 3H), 7.46 (dd, J=14.7, 8.0 Hz, 4H), 7.38 (t, J=7.3 Hz, 1H),
7.30 (t, J=8.1 Hz, 4H), 3.92 (s, 3H), 2.45 (s, 3H).3C NMR (126 MHz, CDCl3) &
166.53, 142.46, 139.79, 135.71, 133.80, 131.45, 130.37, 129.90, 128.95, 127.99,
127.76, 127.13, 126.60, 83.22, 53.59, 15.65. HRMS (ESI, m/z) calcd for Co1H1804S:
[M+Na]* 421.0539, found 421.0546.

F

S, ,SO,Ph

©)<COOM9

3p

Yield:70% (pet. ether/EtOAc = 10/1).'"H NMR(500 MHz, CDCls) 6 7.70 (dd, J=8.7,
5.4 Hz, 2H), 7.44 (dd, J=14.0, 7.4 Hz, 3H), 7.25 (dt, J=15.7, 7.5 Hz, 3H), 7.16 (dt,
J=12.5, 5.1 Hz, 4H), 6.96 (t, J=8.6 Hz, 2H), 3.40 (s, 3H).1*C NMR (126 MHz, CDCl5)
6 164.37, 164.27(d, Jc-r = 252.6 Hz),139.01(d, Jc-r = 8.8 Hz), 134.87, 132.73, 131.39,
130.52, 128.78, 128.57, 126.85, 126.80, 123.15(d, Jc-r = 3.4 Hz), 115.01(d, Jcr =
21.9 Hz), 85.89, 51.87. HRMS (ESI, m/z) calcd for C21H17FO4S, [M+Na]* 439.0444,
found 439.0451.

S, ,SO,Ph

COOMe

3q

Yield:80% (pet. ether/EtOAC = 10/1)."H NMR(500 MHz, CDCls) 6 8.16 (d, J=8.7 Hz,
2H), 7.91 (d, J=8.7 Hz, 2H), 7.54 (t, J=7.4 Hz, 1H), 7.49 (d, J=7.7 Hz, 2H), 7.38 (t,
J=7.1 Hz, 1H), 7.32 (t, J=7.8 Hz, 2H), 7.29-7.20 (m, 4H), 3.54 (s, 4H).23C NMR (126
MHz, CDCIl3) 6 165.39, 148.37, 138.36, 136.28, 135.61, 134.07, 131.73, 131.44,
129.96, 129.56, 128.17, 127.99, 123.51, 86.87, 53.32. HRMS (ESI, m/z) calcd for
C21H17NQO6S2 [M+Na]* 466.0389, found 466.0398.

i S, ,SO,Ph

COOMe

3r

Yield:83% (pet. ether/EtOAC = 10/1).*H NMR(500 MHz, CDCls) § 7.62 (d, J=7.9 Hz,
2H), 7.57-7.46 (m, 3H), 7.37-7.19 (m, 7H), 7.14 (d, J=7.9 Hz, 2H), 3.43 (s, 3H), 2.34
(s, 3H).*C NMR (126 MHz, CDCls) § 165.50, 141.02, 137.61, 136.06, 133.67,
132.60, 131.64, 130.02, 129.59, 129.51, 127.79, 127.78, 125.29, 86.96, 52.81,
21.41.HRMS (ESI, m/z) calcd for Ca2H2004S2 [M+NH.]* 430.1141, found 430.1139.
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i S, SO,Ph
©)<COOM9

3s

Yield:75% (pet. ether/EtOAc = 10/1).'H NMR (500 MHz, CDCls) 6 7.56 (d, J=7.9 Hz,
2H), 7.53 (d, J=6.6 Hz, 3H), 7.33 (dt, J=15.3, 7.1 Hz, 4H), 7.29-7.17 (m, 5H), 3.40 (s,
3H), 2.31 (s, 3H).*C NMR (126 MHz, CDCls) 6 165.42, 138.53, 137.99, 137.47,
136.07, 134.44, 133.69, 132.55, 131.73, 131.25, 130.07, 129.51, 128.63, 128.57,
127.80, 87.01, 52.73, 21.22.HRMS (ESI, m/z) calcd for Cz2H2004S; [M+Na]*
435.0695, found 435.0701.

i :s SO,Ph

COOMe

3t

Yield: 68% (pet. ether/EtOAc = 10/1).*H NMR (500 MHz, CDCls) 8 7.59 (dd, J=17.6,
7.7 Hz, 3H), 7.47 (t, J=7.4 Hz, 1H), 7.33 (d, J=7.6 Hz, 2H), 7.27 (dd, J=14.5, 6.9 Hz,
3H), 7.19 (dd, J=14.7, 7.2 Hz, 3H), 7.12 (d, J=7.1 Hz, 1H), 7.05 (t, J=7.5 Hz, 1H),
3.12 (s, 3H), 2.31 (s, 3H). & 165.26, 144.54, 138.17, 136.27, 133.70, 132.59, 131.93,
130.59, 130.41, 129.94, 129.46, 128.97, 127.79, 127.67, 126.47, 87.58, 52.47, 21.45.
HRMS (ESI, m/z) calcd for C22H2004S2 [M+Na]* 435.0695, found 435.0699.

cl
H,CS, SO;3
©)<CO0Me

3u

Yield:64% (pet. ether/EtOAc = 10/1).'H NMR(500 MHz, CDCls) 8 7.39-7.34 (m,
3H), 7.30-7.24 (m, 4H), 7.24-7.19 (m, 2H), 3.90 (s, 3H), 2.46 (s, 3H).13C NMR (126
MHz, CDCIl3) 6 166.41, 140.60, 134.16, 132.76, 131.41, 129.89, 129.35, 128.17,
128.02, 83.59, 53.62, 15.70.HRMS (ESI, m/z) calcd for CisHisClO4S; [M+NH4]*
388.0439, found 388.0429.

S11



H,CS so:,/@/
©)<CO0Me

3v

Yield:74% (pet. ether/EtOAc = 10/1).'H NMR(500 MHz, CDCls) 8§ 7.39-7.28 (m,
3H), 7.29-7.20 (m, 4H), 7.08 (d, J=8.1 Hz, 2H), 3.89 (s, 3H), 2.43 (s, 3H), 2.37 (s,
3H).13C NMR (126 MHz, CDClIs) 8 166.61, 144.83, 132.69, 131.72, 131.42, 129.58,
129.45, 128.39, 127.99, 83.26, 53.50, 21.66, 15.64.HRMS (ESI, m/z) calcd for
C17H1804S, [M+NH4]" 368.0985, found 368.0983.

PhO,S_ ,S— \_—
©)<COOMe

3w

Yield:74% (pet. ether/EtOAc = 10/1).*H NMR(500 MHz, CDCls) 6 7.55-7.44 (m,
3H), 7.39 (d, J=7.6 Hz, 2H), 7.33 (t, J=7.4 Hz, 3H), 7.27 (dd, J=13.1, 5.5 Hz, 3H),
7.23 (dd, J=13.6, 4.8 Hz, 4H), 4.42 (d, J=11.7 Hz, 1H), 4.05 (d, J=11.8 Hz, 1H), 3.76
(s, 3H).13C NMR (126 MHz, CDCls) 6 166.69, 135.60, 133.75, 131.69, 131.64,
131.43,129.71, 129.41, 128.03, 127.72, 119.69, 83.04, 53.44, 35.61.HRMS (ESI, m/z)
calcd for C1gH1804S, [M+Na]* 385.0539, found 385.0544.
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NMR spectra for the products
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H,CS_ ,SO,Ph
COOCH;

3a

Chemical Formula: C4gH1504S,
Exact Mass: 336.0490
Molecular Weight: 336.4200
m/z: 336.0490 (100.0%), 337.0524 (17.3%), 338.0448 (9.0%), 337.0484 (1.6%), 339.0482 (1.6%), 338.0557 (1.4%)
Elemental Analysis: C, 57.12; H, 4.79; O, 19.02; S, 19.06

x10 5 |+ESI| Scan (2.447 min) Frag=135.0V Y4-5-5.d Subtract (3)

359.0366

354.0830

|

i }I | i i
330 335 340 345 350 60 3 375 380 385 390 395

355 34 65 370
Counts vs. Mass-to-Charge (m/z)

HRMS (ESI, m/z) calcd for C1sH1604S2 [M+Na]*359.0382, found 359.0366.
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H3;CS_ ,SO,Ph

/@XCOOCHg
F

3b

Chemical Formula: C4gH5F0,4S,
Exact Mass: 354.0396
Molecular Weight: 354.4104
m/z: 354.0396 (100.0%), 355.0429 (17.3%), 356.0354 (9.0%), 355.0390 (1.6%), 357.0387 (1.6%), 356.0463 (1.4%)
Elemental Analysis: C, 54.22; H, 4.27; F, 5.36; O, 18.06; S, 18.09

%10 5 | +ESI Scan (1.564 min) Frag=150.0V Y3-104-1.d

5.6 377.0288

1.6 372.0733

i ||L L. |

366 368 370 372 374 376 384 386 388 390

378 380 382
Counts vs. Mass-to-Charge (m/z)

HRMS (ESI, m/z) calcd forCisHisFO.S2 [M+Na]*377.0288, found 377.0288.
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H,CS_ ,SO,Ph
COOCH,4

Cl 3c

Chemical Formula: C4gH15Cl04S,
Exact Mass: 370.0100
Molecular Weiaht: 370.8620

%10 4 | +ESI Scan (2.583 min) Frag=135.0V Y3-101-4.d Subtract (9)

392.9914
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5.5
4.5
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1.5

LE 388.0431 t

0.5 V

3 IS
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Counts vs. Mass-to-Charge (m/z)

HRMS (ESI, m/z) calcd for C1sH1sC104S2 [M+NH4]*388.0439, found 388.0431.
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H,CS_ ,SO,Ph

Br

3d

Chemical Formula: C1gH5BrO4S,
Exact Mass: 413.9595
Molecular Weight: 415.3160
m/z: 413.9595 (100.0%), 415.9575 (97.3%), 416.9608 (16.8%), 414.9629 (16.2%), 415.9553 (9.0%), 417.9533 (8.8%),
414.9589 (1.6%), 416.9569 (1.6%), 418.9566 (1.5%), 416.9587 (1.5%), 417.9642 (1.2%), 414.9629 (1.1%), 415.9662
(1.1%)
Elemental Analysis: C, 46.27; H, 3.64; Br, 19.24; O, 15.41; S, 15.44

%10 5 [+ESI Scan (1.627 min) Frag=150.0V Y3-104-2.d

2.6 - 438.9465

2.4 436.9489

433.9910

1.5 431.9931
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[k a Lo ]
(. A L VO | |
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Counts vs. Mass-to-Charge (m/z)

0.3 |

432.9953 . 434-‘9927

HRMS (ESI, m/z) calcd for C16H15BrO4S, [M+Na]*436.9487, found 436.9489.
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H,CS_ ,SO,Ph

/@XCOOCH3
H4CO

3e

Chemical Formula: C47H4g05S,
Exact Mass: 366.0596
Molecular Weight: 366.4460
m/z: 366.0596 (100.0%), 367.0629 (18.4%), 368.0554 (9.0%), 369.0587 (1.7%), 367.0590 (1.6%), 368.0663 (1.6%),
368.0638 (1.0%)
Elemental Analysis: C, 55.72; H, 4.95; O, 21.83; S, 17.50

10 5 [+ESI Scan (2.568 min) Frag=150.0V Y4-9-2.d

389.0489
3.6 P!

3.4
3.2

2.8+
26
2.4

22

1.8
16
1.4
1.2

0.8
0.6

0.4 i

0.2 L'

L. . .

340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 530
Counts vs. Mass-to-Charge (m/z)

HRMS (ESI, m/z) calcd for C17H1s0sS, [M+Na]*389.0488, found 389.0489.
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H,CS_ ,SO,Ph
COOCH;

Ph 3f

Chemical Formula: CyoH5004S5
Exact Mass: 412.0803
Molecular Weight: 412.5180
m/z: 412.0803 (100.0%), 413.0837 (23.8%), 414.0761 (9.0%), 414.0870 (2.7%), 415.0795 (2.2%), 413.0797 (1.6%)
Elemental Analysis: C, 64.06; H, 4.89; O, 15.51; S, 15.54

x10 5 | *ESt Scan (1.685 min) Frag=150.0V Y3-106-4.d Subtract (2)
1.4

1.35 435.0694

1.15

0.05 I
& 1 . : i ; I
400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 505 510
Counts vs. Mass-to-Charge (m/z)

HRMS (ESI, m/z) calcd for CazHa004S2 [M+Na]* 435.0695, found 435.0694.
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H,CS_ ,SO,Ph
COOCH,4

FsC 3g

Chemical Formula: C17H5F304S,
Exact Mass: 404.0364
Molecular Weight: 404.4182
m/z: 404.0364 (100.0%), 405.0397 (18.4%), 406.0322 (9.0%), 407.0355 (1.7%), 405.0358 (1.6%), 406.0431
(1.6%)
Elemental Analysis: C, 50.49; H, 3.74; F, 14.09; O, 15.82; S, 15.85

x10 5 |+ESI Scan (2.649 min) Frag=150.0V Y3-108-3.d Subtract
14 427.0260
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Counts vs. Mass-to-Charge (m/z)

HRMS (ESI, m/z) caled for C17H15F304S, [M+Na]*427.0256, found 427.0260.
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H,CS_ ,SO,Ph
COOCH;

NC 3h

Chemical Formula: C47H415NO4S,
Exact Mass: 361.0442
Molecular Weight: 361.4300
m/z: 361.0442 (100.0%), 362.0476 (18.4%), 363.0400 (9.0%), 364.0434 (1.7%), 362.0436 (1.6%), 363.0510 (1.6%)
Elemental Analysis: C, 56.49; H, 4.18; N, 3.88; O, 17.71; S, 17.74

x10 1 |+ESI Scan (0.741 min) Frag=135.0v Y4-31-3.d
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Counts vs. Mass-to-Charge (m/z)

HRMS (ESI, m/z) caled for C17H1sNO4S, [M+Na]* 384.0335, found 384.0338.
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H,CS_ ,SO,Ph

[
c COOCH,

3i

Chemical Formula: C4gH415Cl04S,
Exact Mass: 370.0100
Molecular Weight: 370.8620
m/z: 370.0100 (100.0%), 372.0071 (32.0%), 371.0134 (17.3%), 372.0058 (9.0%), 373.0104 (5.5%), 374.0029 (2.9%),
371.0094 (1.6%), 373.0092 (1.6%), 372.0167 (1.4%)
Elemental Analysis: C, 51.82; H, 4.08; Cl, 9.56; O, 17.26; S, 17.29

%10 2 [+ESI Scan (0.393 min) Frag=135.0V Y4-30-3.d
392.9989
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HRMS (ESI, m/z) calcd for C1sH15C104S, [M+Na]*392.9992, found 392.9989.
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H,CS_ ,SO,Ph

coocH3

3

Chemical Formula: CyoH1804S,
Exact Mass: 386.0647
Molecular Weight: 386.4800
m/z: 386.0647 (100.0%), 387.0680 (21.6%), 388.0604 (9.0%), 388.0714 (2.2%), 389.0638 (2.0%), 387.0640 (1.6%)
Elemental Analysis: C, 62.16; H, 4.69; O, 16.56; S, 16.59

x10 5§ |*+ESI| Scan (2.442 min) Frag=150.0v Y3-104-5.d

409.0546
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HRMS (ESI, m/z) calcd for C20H1s04S2 [M+Na]*409.0539, found 409.0546.

S32



8zLEL
chm.—W

ELYEL

6v9Y'C —

L6YE'Y
0LSE'Y
[UZe1n4
LLLEY
828€'Y
41104
0L6€°Y
ovov'y
(42544
8Ly

Wizl
15122
6522'24
01£2'24
6.£7L
6522+
0992'2
8282°L
662
69262

61€€°L

18¢€L
Tyve L
005€"Z
655€"L
119€°. -
Lovy' L
1¥Sv L
616"
190524

COOC,Hs

H,CS_ ,SO,Ph

orzgLd

20170528H-Y3-96-3

3k

5

4.

ppm

10.0

€LY~
95'GL

€0'€9—

°ee8 —

§9'/2L
om.nmr/
bad4)
65'6CL >
orielL

eLLEL \‘
mm.mm—\‘

8L°GEL

16691 —

20170528C13-Y3-96-3

COOC,Hs

H,CS_ ,SO,Ph
3k

10

20

30

40

50

60

70

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

200

S33



H,CS_ ,SO,Ph
COOC,Hs

3k

Chemical Formula: C47H1804S»
Exact Mass: 350.0647
Molecular Weight: 350.4470
m/z: 350.0647 (100.0%), 351.0680 (18.4%), 352.0604 (9.0%), 353.0638 (1.7%), 351.0640 (1.6%), 352.0714 (1.6%)
Elemental Analysis: C, 58.26; H, 5.18; O, 18.26; S, 18.30

%10 5 | *ESI Scan (2.425 min) Frag—135.0V ¥3-96-3.d Subtract (8)
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HRMS (ESI, m/z) calcd for C17H1804S, [M+Na]*373.0539, found 373.0532.
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H,CS_ ,SO,Ph

[::T><coosn

3l

Chemical Formula: C55H»004S,
Exact Mass: 412.0803
Molecular Weight: 412.5180
m/z: 412.0803 (100.0%), 413.0837 (23.8%), 414.0761 (9.0%), 414.0870 (2.7%), 415.0795 (2.2%), 413.0797 (1.6%)
Elemental Analysis: C, 64.06; H, 4.89; O, 15.51; S, 15.54

x10 4 | +*ESI Scan (1.797 min) Frag=150.0V Y3-101-7.d Subtract (8)
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HRMS (ESI, m/z) caled for C2oH2004S, [M+NH4]*430.1141, found 430.1140.
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BnS_ ,SO,Ph
COOMe

3m

Chemical Formula: Cy5H5004S,
Exact Mass: 412.0803
Molecular Weight: 412.5180
m/z: 412.0803 (100.0%), 413.0837 (23.8%), 414.0761 (9.0%), 414.0870 (2.7%), 415.0795 (2.2%), 413.0797 (1.6%)
Elemental Analysis: C, 64.06; H, 4.89; O, 15.51; S, 15.54

x10 5 | +ESI Scan (2.378 min) Frag=1356.0V Y3-98-3.d Subtract )

435.0726
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o 5 :

0.1 430.11 37
0.05 | L %
3 435 440 445
410 a1 420 420 4 Coounls vs. Mass-to-Charge (m/z)

450 455 460 465

HRMS (ESI, m/z) caled for C2oH2004S, [M+NH4]*430.1141, found 430.1137.
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-nBuS_ ,SO,Ph
COOMe

3n

Chemical Formula: C1gH2,04S,
Exact Mass: 378.0960
Molecular Weight: 378.5010
m/z: 378.0960 (100.0%), 379.0993 (20.5%), 380.0917 (9.0%), 380.1027 (2.0%), 381.0951 (1.9%), 379.0953 (1.6%)
Elemental Analysis: C, 60.29; H, 5.86; O, 16.91; S, 16.94

%10 5 | +ESI Scan (1.645 min) Frag=150.0v ¥3-114-1.d
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Counts vs. Mass-to-Charge (m/z)

HRMS (ESI, m/z) calcd for C1oH2204S, [M+Na]*401.0852, found 401.0845.
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: ~S_ ,SO,Ph

COOMe

30

Chemical Formula: Cy4H1504S,
Exact Mass: 398.0647
Molecular Weight: 398.4910
m/z: 398.0647 (100.0%), 399.0680 (22.7%), 400.0604 (9.0%), 400.0714 (2.5%), 401.0638 (2.1%), 399.0640 (1.6%)
Elemental Analysis: C, 63.30; H, 4.55; O, 16.06; S, 16.09

x10 5 |+*ESI Scan (2.530 min) Frag=135.0V Y3-100-2.d Subtract (9)
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HRMS (ESI, m/z) calcd for C21H1s04S, [M+Na]*421.0539, found 421.0546.
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AQt
S_ ,SO,Ph

COOMe

3p

Chemical Formula: Cy4H17FO4S,
Exact Mass: 416.0552
Molecular Weight: 416.4814
m/z: 416.0552 (100.0%), 417.0586 (22.7%), 418.0510 (9.0%), 418.0619 (2.5%), 419.0544 (2.1%), 417.0546 (1.6%)
Elemental Analysis: C, 60.56; H, 4.11; F, 4.56; O, 15.37; S, 15.40

x10 & | +*ESI Scan (2.580 min) Frag=150.0V Y3-112-1.d
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1.9 434.0894

-8 F‘ N AY) },tl L

436 438 440 442
Counts vs. Mass-to-Charge (m/z)

HRMS (ESI, m/z) calcd for CoiH17FO4S, [M+Na]*439.0444, found 439.0451.
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S, .SO,Ph
©)<CO0Me
3

q

Chemical Formula: C51H47NOgS,
Exact Mass: 443.0497
Molecular Weight: 443.4880
m/z: 443.0497 (100.0%), 444.0531 (22.7%), 445.0455 (9.0%), 445.0564 (2.5%), 446.0489 (2.1%), 444.0491 (1.6%),
445.0540 (1.2%)
Elemental Analysis: C, 56.87; H, 3.86; N, 3.16; O, 21.65; S, 14.46

+ESi Scan (1.810 min) Frag=150.0V Y4-4-5.d
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HRMS (ESI, m/z) calcd for C21H17NOgS, [M+Na]*466.0389, found 466.0398.
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i S, ,SO,Ph

COOMe

3r

Chemical Formula: CyoH5004S,
Exact Mass: 412.0803
Molecular Weight: 412.5180
m/z: 412.0803 (100.0%), 413.0837 (23.8%), 414.0761 (9.0%), 414.0870 (2.7%), 415.0795 (2.2%), 413.0797 (1.6%)
Elemental Analysis: C, 64.06; H, 4.89; O, 15.51; S, 15.54

x10 & |+ESI Scan (2.181 min) Frag=135.0V Y3-106-3.d Subtract

435.0725

0.1 430.1139
L

L
450 455 460

[s] J
415 420 425 430 435 440 445
Counts vs. Mass-to-Charge (m/z)

HRMS (ESI, m/z) caled for C2oH2004S, [M+NH4]*430.1141, found 430.1139.
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S_ ,SO,Ph

[::T><COOMe
3s

Chemical Formula: CooH5004S,
Exact Mass: 412.0803
Molecular Weight: 412.5180
m/z: 412.0803 (100.0%), 413.0837 (23.8%), 414.0761 (9.0%), 414.0870 (2.7%), 415.0795 (2.2%), 413.0797 (1.6%)
Elemental Analysis: C, 64.06; H, 4.89; O, 15.51; S, 15.54

%10 5 [+ESI Scan (2.440 min) Frag=150.0v v3-112-2.d
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HRMS (ESI, m/z) calcd for C22Ha004S2 [M+Na]* 435.0695, found 435.0701.
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: :s S0,Ph

COOMe

3t

Chemical Formula: CyoH5004S,
Exact Mass: 412.0803
Molecular Weight: 412.5180
m/z: 412.0803 (100.0%), 413.0837 (23.8%), 414.0761 (9.0%), 414.0870 (2.7%), 415.0795 (2.2%), 413.0797 (1.6%)
Elemental Analysis: C, 64.06; H, 4.89; O, 15.51; S, 15.54

x10 5 |+ESI Scan (1.686 min) Frag=150.0V Y3-112-3.d

2.1 435.0699

2]
1.9
1.8
1.7
1.6
1.5
1.4
1.3
1.2-
1.1
1
0.9
o8
0.7
0.6

05
0.4
0.3 430.1141

0.2
0.1
o

L S ‘LJ -
424 426 428 430 432 434 436 438 440
Counts vs. Mass-to-Charge (m/z)

HRMS (ESI, m/z) calcd for C22Ha004S2 [M+Na]*435.0695, found 435.0699.
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cl
H4CS, ,SO;
©)<CO0Me

3u

Chemical Formula: C1gH5C104S,
Exact Mass: 370.0100
Molecular Weight: 370.8620
m/z: 370.0100 (100.0%), 372.0071 (32.0%), 371.0134 (17.3%), 372.0058 (9.0%), 373.0104 (5.5%), 374.0029 (2.9%),
371.0094 (1.6%), 373.0092 (1.6%), 372.0167 (1.4%)
Elemental Analysis: C, 51.82; H, 4.08; CI, 9.56; O, 17.26; S, 17.29

x10 4 |+ESI Scan (1.739 min) Frag=135.0V Y3-101-2.d Subtract (8)
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HRMS (ESI, m/z) calcd for C16H1sC104S2 [M+NH4]*388.0439, found 388.0429.
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H,CS soz/@?/

COOMe

3v

Chemical Formula: C47H1g04S»
Exact Mass: 350.0647
Molecular Weight: 350.4470
m/z: 350.0647 (100.0%), 351.0680 (18.4%), 352.0604 (9.0%), 353.0638 (1.7%), 351.0640 (1.6%), 352.0714 (1.6%)
Elemental Analysis: C, 58.26; H, 5.18; O, 18.26; S, 18.30

%10 & [+ESI Scan (2.176 min) Frag=135.0V ¥3-101-3.d_Subtract (3)
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HRMS (ESI, m/z) caled for C17H1504S, [M+NH4]*368.0985, found 368.0983.
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PhO,S_ ,S— \_—

COOMe

3w

Chemical Formula: C1gH1g04S,
Exact Mass: 362.06
Molecular Weight: 362.46
m/z: 362.06 (100.0%), 363.07 (19.8%), 364.06 (9.0%), 364.07 (3.0%), 365.06 (1.8%), 363.06 (1.6%)
Elemental Analysis: C, 59.65; H, 5.01; O, 17.66; S, 17.69

x10 5 | *ESI Scan (1.726 min) Frag=150.0v Y3-114-2.d
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HRMS (ESI, m/z) calcd for C1sH1s04S2 [M+Na]*385.0539, found 385.0544.
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