Supplementary Information (SI) for ChemComm.
This journal is © The Royal Society of Chemistry 2024

Electronic Supplementary Information (ESI)

Cobalt-Catalyzed Dithiolation of Unactivated Alkenes with Thiols: A Facile

Access to Diverse Vicinal Dithioethers

Jing Shi,’ Qian Xiao*?* and Jian-Ji Zhong*®

8 School of Chemistry and Environmental Engineering, Hanshan Normal University, Chaozhou,
Guangdong 521041, P. R. China. E-mail: xiaoqian880405@hstc.edu.cn

b College of Chemistry and Chemical Engineering, and Key (Guangdong-Hong Kong Joint)

Laboratory for Preparation and Application of Ordered Structural Materials of Guangdong Province,
Shantou University, Shantou, Guangdong 515063, P. R. China. E-mail: jjzhong@stu.edu.cn

1/87



Table of Contents

1. Experimental SECTION ........cccocvvivieiiie e, 3
1) General INFOrMALION .........ccviiiie e 3
2) General procedure for the dithiolation reactions ...........c.ccccceevevveie e veennene 4
3) Procedure for the gram-scale reaction............ccocoeveeieiieneeie e 5
4) Radical trapping eXPEriMENT .........cceeiieiieiieieeie e 6
o) IR 1 =] 1= SR 7

2. Characterization data of the products.............ccccccoveenen. 8

3. NMR spectra for the products...........cccooeevveiiiciiciceenen, 34

2/87



1. Experimental section

1) General information

All chemicals, unless otherwise noted, were purchased from commercial sources and
were used without further purification. Cobaloxime catalysts were synthesized
according to the literature methods.'™

The nuclear magnetic resonance (NMR) spectra were recorded on a Bruker
Ascend™ 400 MHz or Bruker AVANCE NEO 600 MHz NMR spectrometer with
tetramethylsilane (TMS) as an internal standard. High resolution mass spectra were
recorded using a Q Exactive (ESI) mass spectrometer (U3000 RS, Thermo Fisher
Scientific, USA) or a Exactive GC (EI) mass spectrometer (Trace 1310, Thermo Fisher

Scientific, USA), and the mass analyzer is Orbitrap.
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2) General procedure for the dithiolation reactions

Ar—SH

g-Ar LAk
BN b 10% Co(dmgH)(dmgH,)Cl, I\/ S
f N + : - S or -
or HFIP, DCM, air bubbling, rt OO A '\./S\Alk
Alk—SH S N
a d c

The alkenes a (0.2 mmol, 1.0 equiv.), thiophenols b or alkyl thiols d (0.6 mmol, 3.0
equiv.), and 10 mol% Co(dmgH)(dmgH>)Cl> were dissolved in 3.0 mL HFIP and 0.5
mL DCM in a 15 mL reaction tube equipped with magnetic stirring bar, then air
bubbling was carried out at room temperature for 18 h. After the completion of the
reaction, the solvent was removed and the residue was purified by column

chromatography on silica gel using petroleum ether/ethyl acetate as the eluent.

JAr
NN 10% Co(dmgH)(dmgH,)Cl, s
HFIP, DCM, air bubbling, rt / 7 Ak

a b d T e
The alkenes a (0.3 mmol, 1.5 equiv.), thiophenols b (0.2 mmol, 1.0 equiv.), alkyl
thiols d (0.4 mmol, 2.0 equiv.), and 10 mol% Co(dmgH)(dmgH>)Cl> were dissolved in
3.0 mL HFIP and 0.5 mL DCM in a 15 mL reaction tube equipped with magnetic
stirring bar, then air bubbling was carried out at room temperature for 18 h. After the
completion of the reaction, the solvent was removed and the residue was purified by

column chromatography on silica gel using petroleum ether/ethyl acetate as the eluent.
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3) Procedure for the gram-scale reaction

HS 10% Co(dmgH)(dmgH,)Cl, s
. >
N O/ HFIP, DCM, air bubbling, rt

al b1 c1

The allylbenzene al (9.0 mmol, 1.0 equiv.), 4-methoxybenzenethiol b1 (18.0 mmol,
2.0 equiv.), and 10 mol% Co(dmgH)(dmgH>)Cl> were dissolved in 60 mL HFIP and 10
mL DCM in a flask equipped with a magnetic stir bar, then air bubbling was carried out
at room temperature for 36 h. After the completion of the reaction, the solvent was
removed and the residue was purified by column chromatography on silica gel using

petroleum ether/ethyl acetate as the eluent to afford ¢1 (2.90 g, 81%).
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4) Radical trapping experiment

4.0 equiv. TEMPO
10% Co(dmgH)(dmgH,)Cl,

HS
O QL
X
al

C_:\U 5_12_(5_\_8_6»? 32\Desktop}240909\MJ-3.raw

o~ HFIP, DCM, air bubbling, rt

9/9/2024 8:35:09 PM
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b1 c1 detected by HRMS
[M+H]* Calcd : 296.1679
N.D. found: 296.1687

[T

n ' A
[EEE=
295'1657!? MJ-3 #7893 RT: 4.31 AV: 1 NL: 8.95ET
100 C1gHze 0z N325 T: FTMS + p ESI Full ms
100.0000-1000.0000]
50 297.1516
.
T T T T T T T T T T T
296.2 2963 296.4 296.5 2066 296.7 296.8 296.9 267.0 297.1 297.2
mi/z
HL: 7.50ES
100 296.16788 C18H25N02S Spe: H Chg: +
CisHzeN 02328 1Cyo M N0, pa Chrg 1 Pattom
50 20747123
C1513CH28N 02328
|
T T T T T T T T T T T
296.2 296.3 296.4 296.5 296.6 206.7 206.8 296.9 297.0 2971 2072
miz
Display File Name Detector... Filter Trace Type Mass Def... Ranges Smoothing Chemical... Mass Tol... Delay Time Reference Plot Oper... Trace Typ... Range2 Comment
C\Users FTMS + p
\86932 ESI Full
\Desktop ms Mass MDF
True \240909 [100.0000 Range Ranges 2961679 None 5 0 False
\MJ-3ra 1000.00
Peak Mass  Display For... S Fit RDB Delta [ppm]  Theo. mass  Rank Combined S... # Matched I... # Missed Iso. MS Cov. [%] Pattern Cov... MSMS Matc...
2961607 CoHuOMNe  pper 100 113 20616904 1 76.85 2 1 79.24 98.56 (Collection)
2961687  CoHaOuN, :?;5;77 306 150 340 29616763 2 76.84 2 1 79.24 98.83 (Collection)
296.1687 CoHa6N732S; gi;?é’;sﬂ 0.50 047 296.16856 3 7657 2 2 79.24 91.72 (Collection)
296.1687 SZ'S’H“O’N’P ﬁ;ff;“ﬁm 0.00 174 29616819 4 76.19 2 2 79.24 95.25 (Collection)
2961687 CabuMiPs  cqi2 08 000 256 20616946 5 69.7 2 0 722 88.36 (Collection)

The allylbenzene al (0.2 mmol, 1.0 equiv.), 4-methoxybenzenethiol b1 (0.6 mmol,
3.0 equiv.), TEMPO (0.8 mmol, 4.0 equiv.), and 10 mol% Co(dmgH)(dmgH>)Cl, were
dissolved in 3.0 mL HFIP and 0.5 mL DCM in a 15 mL reaction tube equipped with
magnetic stirring bar, then air bubbling was carried out at room temperature for 18 h.

After the completion of the reaction, the mixture was analyzed by HRMS.
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2. Characterization data of the products

cl

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
100/1, v/v) afforded c1 as a light-yellow oil (78 mg, 97% yield). *H NMR (400 MHz,
CDCl3) & ppm = 7.36 — 7.29 (m, 2H), 7.28 — 7.25 (m, 3H), 7.24 — 7.18 (m, 4H), 6.85 —
6.75 (M, 4H), 3.82 (s, 3H), 3.82 (s, 3H), 3.29 — 3.17 (M, 2H), 3.14 — 3.07 (M, 1H), 2.94
—2.81(m, 2H). 3C NMR (101 MHz, CDCl3) & ppm = 159.6, 158.9, 138.8, 135.6, 133.0,
129.4, 128.3, 126.5, 125.9, 124.2, 114.6, 114.5, 55.4, 55.3, 50.7, 40.1, 39.0. HRMS
(ESI) (m/z) for [M+H]" calculated for C23H2502S2": 397.1290; found: 397.1293.

c2

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
100/1, v/v) afforded c2 as a light-yellow oil (81 mg, 99% yield). *H NMR (600 MHz,
CDCl3) & ppm = 7.21 (d, J = 8.8 Hz, 2H), 7.15 — 7.08 (m, 6H), 6.73 (dd, J = 19.1, 8.9
Hz, 4H), 3.75 (s, 3H), 3.74 (s, 3H), 3.23 — 3.14 (m, 2H), 3.10 (dd, J = 13.6, 4.8 Hz, 1H),
2.91 (dd, J = 13.6, 7.6 Hz, 1H), 2.77 (dd, J = 13.9, 7.8 Hz, 1H), 2.21 (s, 3H). 13C NMR
(151 MHz, CDCl3) 6 ppm = 159.6, 158.8, 137.3, 136.4, 135.8, 132.6, 130.4, 130.2,
126.6,126.2,125.8,124.4,114.6,114.5,55.4,50.3, 40.6, 37.2, 19.6. HRMS (ESI) (m/z)
for [M+Na]" calculated for C2sH2602S,Na*: 433.1266; found: 433.1264.
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c3

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
100/1, v/v) afforded c3 as a light-yellow oil (84 mg, 98% yield). *H NMR (400 MHz,
CDCls) & ppm = 7.29 — 7.19 (m, 5H), 6.85 — 6.77 (m, 6H), 6.76 — 6.75 (m, 1H), 3.81 (s,
3H), 3.81 (s, 3H), 3.80 (s, 3H), 3.27 — 3.15 (m, 2H), 3.15 — 3.05 (m, 1H), 2.93 — 2.79
(m, 2H). 3C NMR (101 MHz, CDCl3) & ppm = 159.6, 159.6, 158.9, 140.4, 135.6, 133.0,
129.3, 125.9, 124.1, 121.8, 115.0, 114.6, 114.5, 111.9, 55.3, 55.1, 50.5, 40.0, 39.0.
HRMS (ESI) (m/z) for [M+H]" calculated for C24H2703S>": 427.1396; found: 427.1396.

c4

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
100/1, v/v) afforded c4 as a light-yellow oil (81 mg, 95% yield). *H NMR (400 MHz,
CDCls) § ppm = 7.27 — 7.24 (m, 2H), 7.22 — 7.16 (m, 2H), 7.16 — 7.10 (m, 2H), 6.89 —
6.75 (M, 6H), 3.81 — 3.80 (M, 9H), 3.22 — 3.12 (m, 2H), 3.08 (dd, J = 13.6, 4.3 Hz, 1H),
2.91—2.76 (m, 2H). 3C NMR (101 MHz, CDCl3) § ppm = 159.5, 158.9, 158.2, 135.5,
133.0, 130.8, 130.3, 126.0, 124.3, 114.6, 114.5, 113.7, 55.3, 55.2, 50.9, 39.9, 38.0.
HRMS (ESI) (m/z) for [M+H]" calculated for C24H2703S;": 427.1396; found: 427.1401.
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c5

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
50/1, v/v) afforded c5 as a light-yellow oil (89 mg, 97% yield). *H NMR (400 MHz,
CDCl3) § ppm = 7.27 — 7.24 (m, 2H), 7.21 — 7.14 (m, 2H), 6.82 — 6.77 (m, 4H), 6.77 —
6.72 (m, 2H), 6.70 (d, J = 2.0 Hz, 1H), 3.87 (s, 3H), 3.83 (s, 3H), 3.80 (s, 3H), 3.79 (s,
3H), 3.21 — 3.11 (m, 2H), 3.07 (dd, J = 13.6, 4.4 Hz, 1H), 2.90 — 2.77 (m, 2H). 13C
NMR (101 MHz, CDClI3) 6 ppm = 159.6, 158.9, 148.7, 147.6, 135.6, 132.9, 131.3, 125.9,
124.2,121.4,114.6,114.5,112.6,111.1,55.9, 55.8, 55.3, 50.8, 39.8, 38.4. HRMS (ESI)
(m/z) for [M+H]" calculated for C25H2004S>": 457.1502; found: 457.1500.

c6

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
100/1, v/v) afforded c6 as a light-yellow oil (74 mg, 84% yield). *H NMR (400 MHz,
CDCl3) 8 ppm = 7.24 (d, J = 2.2 Hz, 1H), 7.23 — 7.18 (m, 4H), 7.17 (d, J = 2.2 Hz, 1H),
7.15-7.09 (m, 2H), 6.84 — 6.73 (m, 4H), 3.81 (s, 6H), 3.24 — 3.03 (m, 3H), 2.81 (ddd,
J=13.4,10.5, 7.7 Hz, 2H), 2.49 (s, 3H). 3C NMR (101 MHz, CDCl3) § ppm = 159.6,
158.9, 143.9, 136.2, 135.7, 135.5, 133.0, 129.9, 126.7, 125.8, 124.0, 114.6, 114.5, 55.3,
50.6, 40.0, 38.3. HRMS (ESI) (m/z) for [M+H]" calculated for C24H270,S3": 443.1168;
found: 443.1169.
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c/

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
150/1, v/v) afforded c7 as a light-yellow oil (76 mg, 88% yield). *H NMR (400 MHz,
CDCls) & ppm = 7.28 —7.17 (m, 6H), 7.16 — 7.08 (m, 2H), 6.84 — 6.74 (m, 4H), 3.81 (s,
6H), 3.22 (dd, J = 14.0, 5.0 Hz, 1H), 3.17 — 3.06 (m, 2H), 2.87 — 2.74 (m, 2H). 13C
NMR (101 MHz, CDCl3) § ppm = 159.6, 159.0, 137.3, 135.6, 133.1, 132.2, 130.7, 128.4,
125.6, 123.8, 114.6, 114.5, 55.4, 50.6, 40.1, 38.1. HRMS (ESI) (m/z) for [M+H]"
calculated for C23H24ClO,S>": 431.0901; found: 431.0899.

c8

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
150/1, v/v) afforded c8 as a light-yellow oil (70 mg, 85% yield). *H NMR (400 MHz,
CDCls) & ppm = 7.27 — 7.18 (m, 6H), 7.12 — 6.98 (m, 2H), 6.78 (d, J = 8.4 Hz, 4H),
3.81 (s, 6H), 3.36 — 3.20 (m, 2H), 3.11 (dd, J = 13.6, 4.6 Hz, 1H), 2.92 — 2.77 (m, 2H).
13C NMR (101 MHz, CDCl3) & ppm = 161.2 (d, J = 245.9 Hz), 159.5, 159.0, 135.5,
133.3,131.7 (d, J = 4.8 Hz), 128.3, 128.2, 126.0, 125.9, 123.9, 115.3 (d, J = 22.5 Hz),
114.6, 114.5, 55.3, 49.5, 40.8, 32.8. 9F NMR (376 MHz, CDCl3) § ppm = -117.04.
HRMS (ESI) (m/z) for [M+H]" calculated for CasH24FO,S,": 415.1196; found:
415.1195.

11/87



c9

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
150/1, v/v) afforded c9 as a light-yellow oil (81 mg, 98% yield). *H NMR (400 MHz,
CDClz) 4 ppm = 7.28 — 7.19 (m, 5H), 7.00 — 6.88 (m, 3H), 6.80 (dd, J = 8.7, 4.8 Hz,
4H), 3.81 (s, 6H), 3.25 (dd, J = 14.0, 5.2 Hz, 1H), 3.20 — 3.08 (m, 2H), 2.83 (dt, J =
14.7,7.5 Hz, 2H). *C NMR (101 MHz, CDCl3) & ppm = 162.8 (d, J = 246.6 Hz), 159.7,
159.0, 141.4 (d, J = 7.4 Hz), 135.6, 133.1, 129.7 (d, J = 8.5 Hz), 125.6, 125.0, 123.9,
116.2 (d, J = 21.0 Hz), 114.7, 114.6, 113.4 (d, J = 21.4 Hz), 55.3, 50.4, 40.2, 38.6. 1F
NMR (376 MHz, CDCls) & ppm = -113.45. HRMS (ESI) (m/z) for [M+H]" calculated
for C23H24FO,S,": 415.1196; found: 415.1192.

cl0

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
150/1, v/v) afforded c10 as a light-yellow oil (81 mg, 97% yield). *H NMR (400 MHz,
CDCl3) 8 ppm = 7.27 — 7.14 (m, 6H), 6.99 (t, J = 8.7 Hz, 2H), 6.79 (dd, J = 8.8, 5.0 Hz,
4H), 3.81 (s, 6H), 3.22 (dd, J = 13.9, 5.3 Hz, 1H), 3.18 — 3.07 (m, 2H), 2.82 (ddd, J =
13.3, 7.9, 4.8 Hz, 2H). 3C NMR (101 MHz, CDCl3) & ppm = 162.8 (d, J = 245.2 Hz),
159.6, 159.0, 135.5, 134.5, 133.0, 130.8 (d, J = 8.1 Hz), 125.7, 124.0,115.1 (d, J = 21.4
Hz), 114.6, 114.5, 55.3, 50.8, 40.0, 38.0. °F NMR (376 MHz, CDCl3) & ppm =-116.58.
HRMS (ESI) (m/z) for [M+H]" calculated for CasH24FO,S,": 415.1196; found:
415.1193.
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cl1

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
100/1, v/v) afforded c11 as a light-yellow oil (84 mg, 89% yield). *H NMR (400 MHz,
CDCls) & ppm = 7.62 (d, J = 7.5 Hz, 2H), 7.55 (d, J = 8.2 Hz, 2H), 7.46 (t, J = 7.7 Hz,
2H), 7.36 (t, J = 7.3 Hz, 1H), 7.29 (d, J = 3.5 Hz, 4H), 7.22 (d, J = 8.8 Hz, 2H), 6.90 —
6.69 (m, 4H), 3.82 (s, 3H), 3.81 (s, 3H), 3.34 — 3.18 (m, 2H), 3.13 (dd, J = 13.5, 4.3 Hz,
1H), 2.90 (dd, J = 13.4, 7.9 Hz, 2H). 23C NMR (101 MHz, CDCls) § ppm = 159.6, 158.9,
140.9, 139.3, 137.9, 135.6, 133.0, 129.8, 128.8, 127.1, 127.0, 125.8, 124.1, 114.6, 114.5,
55.3, 50.7, 40.1, 38.6. HRMS (ESI) (m/z) for [M+H]" calculated for C29H290.S,":
473.1603; found: 473.1599.

O O
S

cl2

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
120/1, viv) afforded c12 as a light-yellow oil (88 mg, 98% yield). *H NMR (400 MHz,
CDCls) & ppm = 7.95 (d, J = 8.3 Hz, 1H), 7.88 (d, J = 7.8 Hz, 1H), 7.78 (d, J = 7.8 Hz,
1H), 7.53 — 7.36 (m, 4H), 7.27 — 7.24 (m, 2H), 7.20 — 7.11 (m, 2H), 6.85 — 6.76 (m,
2H), 6.76 — 6.68 (m, 2H), 3.81 (s, 3H), 3.78 (s, 3H), 3.78 — 3.71 (M, 1H), 3.44 (p, J =
7.8 Hz, 1H), 3.30 — 3.15 (m, 2H), 3.00 (dd, J = 13.7, 7.9 Hz, 1H). 13C NMR (101 MHz,
CDCIs) 6 ppm = 159.6, 158.8, 135.9, 134.9, 134.0, 132.6, 131.9, 128.8, 128.0, 127.4,
126.1, 125.9, 125.5, 125.3, 124.1, 123.8, 114.6, 114.5, 55.3, 50.1, 40.6, 37.2. HRMS
(ESI) (m/z) for [M+H]" calculated for Co7H270,S,": 447.1447; found: 447.1443.
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cl3

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
100/1, v/v) afforded c13 as a light-yellow oil (76 mg, 92% yield). *H NMR (400 MHz,
CDCl3) 8 ppm =7.33 (ddd, J = 9.2, 6.3, 1.0 Hz, 2H), 7.25 (td, J = 6.2, 2.4 Hz, 5H), 7.13
— 7.05 (m, 2H), 6.85 — 6.77 (m, 2H), 6.77 — 6.68 (M, 2H), 3.82 (s, 3H), 3.81 (s, 3H),
3.14 (dd, J = 13.2, 3.8 Hz, 1H), 3.02 — 2.73 (m, 4H), 2.33 (dddd, J = 14.3, 9.0, 7.7, 3.6
Hz, 1H), 1.80 (dtd, J = 14.2, 8.8, 5.0 Hz, 1H). 3C NMR (101 MHz, CDCl3) § ppm =
159.5, 159.0, 141.6, 135.4, 133.7, 128.6, 128.4, 125.9, 125.8, 123.9, 114.6, 114.5, 55.3,
47.9, 41.5, 33.8, 32.9. HRMS (ESI) (m/z) for [M+H]" calculated for C24H270.S,":
411.1447; found: 411.1447.

Bon
o0,

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

cl4

120/1, viv) afforded c14 as a light-yellow oil (68 mg, 83% yield). *H NMR (400 MHz,
CDCl3) 5 ppm = 7.40 (d, J = 8.8 Hz, 2H), 7.30 — 7.26 (m, 4H), 6.97 (t, J = 7.3 Hz, 1H),
6.91 — 6.81 (m, 4H), 6.78 (d, J = 8.8 Hz, 2H), 4.21 (qd, J = 9.8, 5.2 Hz, 2H), 3.82 (s,
3H), 3.79 (s, 3H), 3.40 — 3.22 (m, 2H), 3.17 (dd, J = 13.6, 5.4 Hz, 1H). *C NMR (101
MHz, CDCI3) 6 ppm = 159.9, 159.0, 158.4, 136.1, 133.0, 129.4, 125.8, 123.4, 121.0,
114.7, 114.6, 114.6, 68.0, 55.4, 55.3, 48.7, 37.4. HRMS (ESI) (m/z) for [M+H]*
calculated for C23H2503S,™: 413.1240; found: 413.1245.
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Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
50/1, v/v) afforded c15 as a light-yellow oil (70 mg, 86% yield). *H NMR (400 MHz,
CDCls) § ppm = 7.29 (d, J = 8.8 Hz, 2H), 7.21 (d, J = 8.8 Hz, 2H), 6.79 (dd, J = 11.1,
8.7 Hz, 4H), 4.13 (g, J = 7.1 Hz, 2H), 3.81 (s, 3H), 3.79 (s, 3H), 3.14 (dd, J = 13.4, 4.3
Hz, 1H), 2.90 (tt, J = 9.2, 4.0 Hz, 1H), 2.76 (dd, J = 13.4, 9.4 Hz, 1H), 2.64 (ddd, J =
14.8, 9.2, 5.6 Hz, 1H), 2.52 (ddd, J = 16.0, 9.0, 6.8 Hz, 1H), 2.30 (ddt, J = 16.0, 6.4,
3.5 Hz, 1H), 1.74 (dqg, J = 10.3, 5.4, 4.5 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H). 3C NMR
(101 MHz, CDCl3) 6 ppm = 173.1, 159.7, 159.0, 135.9, 133.3, 125.8, 123.3, 114.6,
114.5,60.4,55.3, 48.7, 41.2, 31.8, 27.6, 14.2. HRMS (ESI) (m/z) for [M+H]* calculated
for C21H2704S,": 407.1345; found: 407.1346.

clé

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
150/1, v/v) afforded ¢16 as a light-yellow oil (73 mg, 94% yield). *H NMR (400 MHz,
CDCl3) & ppm = 7.28 — 7.26 (m, 2H), 7.15 (d, J = 8.8 Hz, 2H), 6.84 — 6.70 (m, 4H),
3.81 (s, 3H), 3.79 (s, 3H), 3.13 - 3.01 (m, 2H), 2.89 (ddd, J =8.2, 5.9, 3.5 Hz, 1H), 2.02
—1.89 (M, 1H), 1.84 — 1.72 (m, 3H), 1.68 (d, J = 13.1 Hz, 2H), 1.53 (qd, J = 12.5, 3.6
Hz, 1H), 1.36 — 1.25 (m, 1H), 1.24 — 1.04 (m, 3H). 3C NMR (101 MHz, CDCls) § ppm
= 159.2, 158.8, 135.0, 133.0, 126.3, 125.8, 114.5, 57.0, 55.3, 39.3, 38.7, 31.5, 28.2,
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26.5, 26.4. HRMS (ESI) (m/z) for [M+H]" calculated for C22H290,S,": 389.1603; found:
389.1605.

cl7

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
150/1, v/v) afforded c17 as a light-yellow oil (45 mg, 62% yield). *H NMR (400 MHz,
CDCls) 6 ppm = 7.40 — 7.31 (m, 4H), 6.87 — 6.78 (m, 4H), 3.82 (s, 6H), 3.01 (dt, J =
5.9, 2.6 Hz, 2H), 2.22 — 2.09 (m, 2H), 1.68 — 1.62 (m, 2H), 1.58 — 1.49 (m, 2H), 1.38 —
1.29 (m, 2H). 3C NMR (101 MHz, CDCl3) § ppm = 159.45, 135.63, 124.67, 114.38,
55.31, 50.80, 30.69, 23.96. HRMS (ESI) (m/z) for [M+H]" calculated for C2oH2502S,":
361.1290; found: 361.1292.

o<

el
/\O)J\/\\(S
O/

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

cl8

80/1, v/v) afforded c18 as a light-yellow oil (52 mg, 61% yield). *H NMR (400 MHz,
CDCl3) 8 ppm = 7.44 — 7.34 (m, 4H), 6.82 (d, J = 8.3 Hz, 4H), 4.11 (q, J = 7.1 Hz, 2H),
3.80 (d, J = 1.1 Hz, 6H), 3.54 — 3.49 (m, 1H), 3.04 (dd, J = 15.9, 5.3 Hz, 1H), 2.92 (ddd,
J=28.9, 6.5, 4.3 Hz, 1H), 2.60 (dd, J = 16.0, 8.9 Hz, 1H), 2.03 — 1.92 (m, 1H), 1.64 —
1.53 (m, 1H), 1.24 (t, J = 7.2 Hz, 3H), 1.06 (t, J = 7.3 Hz, 3H). 3C NMR (101 MHz,
CDCI3) 6 ppm = 171.6, 159.7, 159.4, 135.8, 135.3, 125.3, 124.3, 114.5, 114.5, 60.6,
57.1, 55.3, 51.2, 38.4, 25.3, 14.2, 11.9. HRMS (ESI) (m/z) for [M+H]" calculated for
C22H2904S,™: 421.1502; found: 421.1501.
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c19

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
100/1, v/v) afforded c19 as a light-yellow oil (62 mg, 85% yield). *H NMR (400 MHz,
CDCls) & ppm = 7.39 — 7.34 (m, 2H), 7.32 — 7.19 (m, 7H), 7.17 — 7.10 (m, 2H), 7.05 (t,
J=75Hz, 1H), 6.97 (d, J = 7.7 Hz, 1H), 3.48 — 3.35 (m, 2H), 3.24 (dd, J = 13.6, 3.9
Hz, 1H), 3.06 — 2.91 (m, 2H), 2.41 (s, 3H), 2.34 (s, 3H). 13C NMR (101 MHz, CDCl5)
o ppm = 140.4, 138.6, 138.3, 134.8, 133.7, 132.6, 130.5, 130.3, 129.5, 128.9, 128.4,
127.4, 126.6, 126.5, 126.4, 126.2, 49.1, 39.2, 37.6, 20.7, 20.5. HRMS (ESI) (m/z) for
[M+Na]" calculated for C23H24S2Na’: 387.1212; found: 387.1219.

QV‘LSU

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c20

100/1, v/v) afforded ¢20 as a light-yellow oil (72 mg, 99% yield). *H NMR (400 MHz,
CDCl3) & ppm = 7.40 — 7.34 (m, 2H), 7.32 — 7.27 (m, 3H), 7.22 — 7.13 (m, 4H), 7.12 —
7.02 (m, 4H), 3.47 (tt, J = 8.8, 4.8 Hz, 1H), 3.32 (ddd, J = 26.9, 13.9, 5.0 Hz, 2H), 3.00
(ddd, J=17.4, 13.9, 8.3 Hz, 2H), 2.34 (s, 3H), 2.32 (s, 3H). 13C NMR (101 MHz, CDCl5)
o ppm = 138.8, 138.6, 135.4, 134.0, 133.2, 130.4, 129.5, 129.5, 128.8, 128.8, 128.4,
128.2,127.2,126.8, 126.6, 49.8, 39.1, 38.4, 21.4, 21.3. HRMS (ESI) (m/z) for [M+Na]*
calculated for C2sH24S2Na™: 387.1212; found: 387.1219.
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Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c21

150/1, v/v) afforded c21 as a light-yellow oil (63 mg, 86% yield). *H NMR (400 MHz,
CDCl3) § ppm = 7.39 — 7.32 (m, 2H), 7.31 — 7.24 (m, 5H), 7.20 — 7.03 (m, 6H), 3.44 —
3.26 (m, 2H), 3.22 (dd, J = 13.6, 4.5 Hz, 1H), 2.96 (td, J = 13.6, 8.1 Hz, 2H), 2.39 (s,
3H), 2.38 (s, 3H). 3C NMR (101 MHz, CDCl3) 5 ppm = 138.73, 137.48, 136.37, 133.16,
132.03, 130.39, 130.32, 129.74, 129.48, 128.36, 126.56, 50.11, 39.05, 38.93, 21.17,
21.07. HRMS (ESI) (m/z) for [M+Na]" calculated for Co3H24S.Na": 387.1212; found:
387.1215.

A

c22

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
100/1, v/v) afforded ¢22 as a light-yellow oil (89 mg, 99% yield). *H NMR (400 MHz,
CDCl3) § ppm = 7.41 — 7.34 (m, 3H), 7.34 — 7.27 (m, 8H), 7.23 — 7.16 (m, 2H), 3.46
(dg, J = 13.1, 4.6, 4.2 Hz, 1H), 3.33 (ddd, J = 30.6, 13.9, 4.8 Hz, 2H), 3.03 — 2.96 (m,
2H), 2.38 (s, 18H). 13C NMR (101 MHz, CDCl3) & ppm = 150.6, 149.6, 138.7, 132.6,
132.2, 130.64, 129.9, 129.6, 128.4, 126.6, 126.0, 49.8, 39.0, 38.7, 34.6, 34.5, 31.4.
HRMS (ESI) (m/z) for [M+H]" calculated for C29H37S,": 449.2331; found: 449.2330.
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c23

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
100/1, v/v) afforded c23 as a light-yellow oil (65 mg, 83% yield). *H NMR (400 MHz,
CDCl3) & ppm = 7.40 — 7.33 (m, 2H), 7.31 — 7.27 (m, 3H), 6.98 (s, 2H), 6.89 (t, J = 10.7
Hz, 4H), 3.52 — 3.40 (m, 1H), 3.30 (ddd, J = 18.8, 13.9, 5.1 Hz, 2H), 3.00 (ddd, J =
20.2,13.9, 8.2 Hz, 2H), 2.29 (s, 6H), 2.27 (s, 6H). 3C NMR (101 MHz, CDCl3) 5 ppm
=138.7,138.5,135.2,133.7, 130.2, 129.6, 129.2, 128.4, 128.2, 127 .4, 126.6, 49.8, 39.2,
38.4, 21.2. HRMS (ESI) (m/z) for [M+Na]"* calculated for CasH28S2Na*: 415.1525;
found: 415.1529.

QI

c24

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
100/1, v/v) afforded c24 as a light-yellow oil (77 mg, 98% yield). *H NMR (400 MHz,
CDCl3) & ppm = 7.39 — 7.33 (m, 2H), 7.32 — 7.27 (m, 3H), 7.19 (d, J = 7.8 Hz, 1H),
7.05 (d, J = 7.0 Hz, 2H), 6.94 (d, J = 7.8 Hz, 2H), 6.87 (d, J = 7.2 Hz, 1H), 3.45 — 3.28
(m, 2H), 3.18 (dd, J = 13.4, 3.9 Hz, 1H), 2.98 — 2.91 (m, 2H), 2.38 (s, 3H), 2.37 (s, 3H),
2.36 (s, 3H), 2.31 (s, 3H). 3C NMR (101 MHz, CDCl3) & ppm = 140.6, 138.8, 138.6,
137.5,136.2, 133.5, 131.4, 131.2, 130.0, 129.9, 129.5, 128.3, 127.2, 127.1, 126.5, 49.5,
39.3, 38.1, 21.1, 21.0, 20.6, 20.4. HRMS (ESI) (m/z) for [M+Na]" calculated for
CasH2sSoNa™: 415.1525; found: 415.1525.
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c25

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
100/1, v/v) afforded c25 as a light-yellow oil (65 mg, 80% yield). *H NMR (400 MHz,
CDCl3) § ppm = 7.41 (t, J = 7.0 Hz, 2H), 7.36 — 7.26 (m, 6H), 7.14 (ddt, J = 36.4, 22.3,
6.8 Hz, 5H), 3.61 (tt, J = 9.0, 5.0 Hz, 1H), 3.41 (dd, J = 14.2, 5.4 Hz, 1H), 3.26 (dd, J
=13.6, 4.2 Hz, 1H), 3.10 — 2.99 (m, 2H). 3C NMR (101 MHz, CDCls) § ppm = 138.0,
136.8, 134.8, 134.7, 133.5, 133.3, 130.1, 130.0, 129.9, 129.5, 128.5, 128.4, 127.4, 127 .2,
126.8, 48.5, 39.1, 37.5. HRMS (ESI) (m/z) for [M+Na]" calculated for C2:H1sCl>S2Na':
427.0119; found: 427.0112.

c26

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
100/1, v/v) afforded ¢26 as a light-yellow oil (34 mg, 42% yield). *H NMR (400 MHz,
CDCl3) & ppm = 7.39 — 7.34 (m, 2H), 7.32 — 7.29 (m, J = 2.6 Hz, 2H), 7.28 — 7.21 (m,
5H), 7.21 — 7.15 (m, 3H), 7.13 — 7.04 (m, 1H), 3.49 — 7.42 (m, 1H), 3.25 (ddd, J = 34.0,
14.0, 5.3 Hz, 2H), 3.01 (ddd, J = 29.6, 13.9, 8.0 Hz, 2H). °C NMR (101 MHz, CDCls)
o ppm = 138.0, 137.6, 136.3, 134.8, 134.7, 131.8, 130.1, 129.4, 129.2, 128.6, 127.6,
127.6, 126.9, 126.7, 50.0, 39.2, 38.2. HRMS (ESI) (m/z) for [M+Na]* calculated for
C21H1sCl2S2Na*: 427.0119; found: 427.01109.
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c27

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
100/1, v/v) afforded c27 as a light-yellow oil (54 mg, 67% yield). *H NMR (400 MHz,
CDCl3) § ppm = 7.36 — 7.33 (m, 2H), 7.31 — 7.20 (m, 9H), 7.11 (d, J = 8.6 Hz, 2H),
3.34 (ddd, J=13.1,7.9,5.1 Hz, 1H), 3.19 (ddd, J = 46.6, 13.9, 5.4 Hz, 2H), 3.02 - 2.90
(m, 2H). 3C NMR (101 MHz, CDCl3) & ppm = 138.2, 134.1, 134.0, 133.7, 132.6, 132.5,
131.2, 129.4, 129.2, 128.5, 126.8, 50.5, 39.3, 38.7. HRMS (ESI) (m/z) for [M+Na]*
calculated for Co1H1sCl2S2Na*: 427.0119; found: 427.0121.

c28

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
100/1, v/v) afforded c28 as a light-yellow oil (56 mg, 75% yield). *H NMR (600 MHz,
CDCl3) 8 ppm =7.28 (t, J = 7.4 Hz, 2H), 7.25 — 7.20 (m, 3H), 7.18 — 7.12 (m, 4H), 6.91
(dt, J = 13.4, 8.6 Hz, 4H), 3.24 — 3.17 (m, 2H), 3.05 (dd, J = 13.7, 4.7 Hz, 1H), 2.93 —
2.83 (m, 2H). 3C NMR (151 MHz, CDCl3) & ppm = 162.5 (d, J = 248.6 Hz), 161.9 (d,
J=2475Hz),138.4,135.4 (d, J=8.2 Hz), 132.6 (d, J = 8.2 Hz), 130.51, 129.4, 129.0,
128.5,126.8, 116.1 (d, J = 21.8 Hz), 116.0 (d, J = 21.8 Hz), 50.9, 39.6, 39.2. 1%F NMR
(565 MHz, CDCls) & ppm = -113.39, -114.78. HRMS (ESI) (m/z) for [M+H]* calculated
for C21H19F2S,": 373.0891; found: 373.0891.
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c29

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
150/1, v/v) afforded c29 as a light-yellow oil (71 mg, 81% yield). *H NMR (400 MHz,
CDCls) & ppm = 7.84 — 7.72 (m, 3H), 7.65 (dd, J = 19.7, 8.6 Hz, 2H), 7.60 — 7.37 (m,
7H), 7.36 — 7.27 (m, 7H), 3.59 (tt, J = 9.3, 4.9 Hz, 1H), 3.45 — 3.35 (m, 2H), 3.08 (ddd,
J =408, 14.1, 8.4 Hz, 2H). 3C NMR (101 MHz, CDCls) § ppm = 138.5, 133.7, 133.6,
132.9,132.4,131.9, 131.6, 131.2, 129.8, 129.5, 128.6, 128.5, 128.4, 127.7,127.7, 127.6,
127.4, 127.1, 126.7, 126.5, 126.3, 125.8, 49.9, 39.2, 38.3. HRMS (ESI) (m/z) for
[M+H]" calculated for C29H25S2": 437.1392; found: 437.1398.

NN
SN

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c30

500/1, v/v) afforded ¢30 as a light-yellow oil (68 mg, 97% yield). *H NMR (400 MHz,
CDCl3) & ppm = 7.37 — 7.20 (m, 5H), 3.15 (dd, J = 13.6, 6.0 Hz, 1H), 3.05 — 2.95 (m,
1H), 2.91 — 2.76 (m, 2H), 2.69 (dd, J = 13.1, 7.8 Hz, 1H), 2.55 (t, J = 7.5 Hz, 2H), 2.50
(t,J = 7.4 Hz, 2H), 1.63 — 1.50 (m, 4H), 1.44 — 1.23 (m, 12H), 0.91 (q, J = 6.9 Hz, 6H).
13C NMR (101 MHz, CDCl3) § ppm = 139.2, 129.4, 128.2, 126.4, 47.4, 40.3, 37.5, 33.1,
31.5, 31.4, 29.7, 28.6, 28.6, 22.6, 14.1. HRMS (El) (m/z) for [M]" calculated for
Ca1H36S2™: 352.2253; found: 352.2246.

NN
SN
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Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
500/1, v/v) afforded c31 as a light-yellow oil (48 mg, 65% yield). *H NMR (400 MHz,
CDCl3) & ppm = 7.23 — 7.19 (m, 1H), 7.17 — 7.14 (m, 3H), 3.19 (dd, J = 13.9, 6.4 Hz,
1H), 3.00 (p, J = 7.2 Hz, 1H), 2.93 — 2.66 (m, 3H), 2.55 (t, J = 7.5 Hz, 2H), 2.47 (t, J =
7.4 Hz, 2H), 2.38 (s, 3H), 1.61 — 1.47 (m, 4H), 1.42 — 1.20 (m, 12H), 0.90 (q, J = 7.1
Hz, 6H). 3C NMR (101 MHz, CDCl3) & ppm = 137.6, 136.3, 130.3, 126.5, 125.7, 46.5,
38.1, 33.3, 31.4, 31.4, 29.7, 29.6, 28.6, 22.6, 22.5, 19.7, 14.1. HRMS (ESI) (m/z) for
[M+Na]* calculated for C22H3sS2Na*: 389.2307; found: 389.2307.

NN

S S~

c32

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
500/1, v/v) afforded c32 as a light-yellow oil (62 mg, 98% yield). *H NMR (400 MHz,
CDCls) 5 ppm = 2.84 (dd, J = 12.2, 4.3 Hz, 1H), 2.77 — 2.59 (m, 2H), 2.53 (t, J = 7.2
Hz, 4H), 1.81 (tt, J = 9.9, 5.7 Hz, 1H), 1.63 — 1.54 (m, 4H), 1.53 — 1.44 (m, 2H), 1.43
—1.25(m, 15H), 0.93—0.87 (m, 9H). 13C NMR (101 MHz, CDCl3) § ppm = 45.8, 38.4,
33.2,33.1,31.4,30.9,29.8, 28.9, 28.7, 28.6, 22.6, 14.0. HRMS (ESI) (m/z) for [M+H]*
calculated for C1gH39S2": 319.2488; found: 319.2487.

O:S\/\/\/
S Y VN

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c33

500/1, v/v) afforded ¢33 as a light-yellow oil (57 mg, 90% yield). *H NMR (400 MHz,
CDCl3) § ppm = 2.77 (dt, J = 5.9, 2.6 Hz, 2H), 2.57 (t, J = 7.5 Hz, 4H), 2.21 — 2.15 (m,
2H), 1.68 (tt, J = 5.3, 2.7 Hz, 2H), 1.63 — 1.49 (m, 6H), 1.43 — 1.34 (m, 6H), 1.34 — 1.22
(m, 8H), 0.89 (t, J = 6.8 Hz, 6H). 3C NMR (101 MHz, CDCl3) & ppm = 48.4, 31.7,
31.5, 29.8, 28.7, 24.0, 22.6, 14.0. HRMS (EI) (m/z) for [M]" calculated for C1sH36S2":
316.2253; found: 316.2254.
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Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c34

500/1, v/v) afforded ¢34 as a light-yellow oil (65 mg, 70% yield). *H NMR (400 MHz,
CDCls) & ppm = 7.37 — 7.28 (m, 2H), 7.28 — 7.19 (m, 3H), 3.15 (dd, J = 13.6, 6.1 Hz,
1H), 3.06—2.94 (m, 1H), 2.91 — 2.76 (m, 2H), 2.69 (dd, J = 13.1, 7.8 Hz, 1H), 2.54
(t,J=7.4Hz, 2H), 2.49 (t, J=7.4Hz, 2H), 1.61—1.49 (m, 4H), 1.41—1.24 (m, 28H),
0.90 (t, J = 6.8 Hz, 6H). 2*C NMR (101 MHz, CDCls) & ppm = 139.1, 129.4, 128.2,
126.4, 47.4, 40.2, 37.5, 33.1, 31.9, 31.4, 29.8, 29.7, 29.6, 29.5, 29.3, 29.2, 28.9, 22.7,
14.1. HRMS (ESI) (m/z) for [M+Na]" calculated for Co9Hs2S2Na™: 487.3403; found:
487.3406.

L
NN

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c35

150/1, v/v) afforded ¢35 as a light-yellow oil (40 mg, 59% yield). *H NMR (400 MHz,
CDCls) & ppm = 7.41 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 3.80 (s, 3H), 3.01
(dt, J = 9.3, 4.7 Hz, 1H), 2.66 (dt, J = 9.7, 5.0 Hz, 1H), 2.54 (t, J = 7.5 Hz, 2H), 1.88 —
1.73 (m, 2H), 1.67 — 1.53 (m, 4H), 1.42 — 1.34 (m, 2H), 1.31 — 1.24 (m, 4H), 1.06 (t, J
= 7.3 Hz, 3H), 1.00 (t, J = 7.3 Hz, 3H), 0.89 (t, J = 6.9 Hz, 3H). 23C NMR (101 MHz,
CDCI3) 6 ppm = 159.1, 134.9, 126.6, 114.4, 58.6, 55.3, 52.9, 32.7, 31.5, 29.8, 28.7,
26.2, 25.1, 22.6, 14.1, 12.2, 12.1. HRMS (ESI) (m/z) for [M+Na]* calculated for
C19H320S2Na*: 363.1787; found: 363.1786.
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Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c36

150/1, v/v) afforded c36 as a light-yellow oil (36 mg, 55% yield). *H NMR (400 MHz,
CDClz) 8 ppm = 7.41 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 3.80 (s, 3H), 3.01
(dt, J = 9.3, 4.7 Hz, 1H), 2.66 (dt, J = 9.7, 5.0 Hz, 1H), 2.54 (t, J = 7.5 Hz, 2H), 1.88 —
1.73 (m, 2H), 1.67 — 1.53 (m, 4H), 1.42 — 1.34 (m, 2H), 1.31 — 1.24 (m, 4H), 1.06 (t, J
= 7.3 Hz, 3H), 1.00 (t, J = 7.3 Hz, 3H), 0.89 (t, J = 6.9 Hz, 3H). 13C NMR (101 MHz,
CDCI3) 6 ppm = 159.1, 134.9, 126.6, 114.4, 58.6, 55.3, 52.9, 32.7, 31.5, 29.8, 28.7,
26.2,25.1,22.6,14.1,12.2,12.1. HRMS (EI) (m/z) for [M]" calculated for C1gH250S,":
324.1576; found: 324.1574.

X
S/\/\/\

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c37

150/1, v/v) afforded c37 as a light-yellow oil (41 mg, 60% yield). *H NMR (400 MHz,
CDCls) & ppm = 7.44 (d, J = 8.8 Hz, 2H), 6.86 (d, J = 8.8 Hz, 2H), 3.82 (s, 3H), 3.09
(td, J = 7.3, 4.0 Hz, 1H), 2.73 (td, J = 7.5, 4.0 Hz, 1H), 2.49 (tt, J = 7.8, 4.0 Hz, 2H),
2.32 —2.20 (m, 1H), 2.14 — 2.01 (m, 1H), 1.72 — 1.63 (m, 2H), 1.58 — 1.47 (m, 4H),
1.39 — 1.25 (m, 8H), 0.90 (t, J = 7.0 Hz, 3H). 3C NMR (101 MHz, CDCl3) § ppm =
159.5, 145.8, 135.8, 114.4,55.3,52.4, 46.9, 31.5, 31.3, 29.8, 28.7, 24.0, 23.8, 22.6, 14.0.
HRMS (ESI) (m/z) for [M+H]" calculated for C19H3:0S>": 339.1811; found: 339.1807.
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Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c38

150/1, v/v) afforded c38 as a light-yellow oil (38 mg, 54% yield). *H NMR (400 MHz,
CDCls3) & ppm = 7.41 (d, J = 8.3 Hz, 2H), 6.84 (d, J = 8.5 Hz, 2H), 3.79 (s, 3H), 3.30
(dt, J = 8.2, 4.0 Hz, 1H), 2.96 (dt, J = 7.9, 4.1 Hz, 1H), 2.42 — 2.22 (m, 2H), 2.18 — 1.99
(m, 2H), 1.81—1.70 (m, 4H), 1.61 — 1.51 (m, 4H), 1.45 — 1.37 (m, 2H), 1.30 — 1.20 (m,
6H), 0.88 (t, J = 7.0 Hz, 3H). 3C NMR (101 MHz, CDCl3) § ppm = 159.5, 135.6, 125.9,
114.5, 56.4, 55.3, 49.7, 31.8, 31.4, 30.9, 30.6, 29.6, 28.9, 28.7, 24.2, 24.1, 22.6, 14.0.
HRMS (ESI) (m/z) for [M+Na]* calculated for CxoH32OS;Na*: 375.1787; found:
375.1787.

(X
NN

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c39

150/1, v/v) afforded c39 as a light-yellow oil (33 mg, 45% yield). *H NMR (400 MHz,
CDCl3) 8 ppm = 7.41 (d, J = 8.6 Hz, 2H), 6.84 (d, J = 8.6 Hz, 2H), 3.80 (s, 3H), 3.25
(t, J=7.1 Hz, 1H), 2.90 (t, J = 7.1 Hz, 1H), 2.55 — 2.38 (M, 2H), 2.24 — 2.01 (m, 2H),
1.90 — 1.75 (m, 4H), 1.62 — 1.47 (m, 7H), 1.38 — 1.24 (m, 7H), 0.89 (t, J = 7.0 Hz, 3H).
13C NMR (101 MHz, CDCl3) § ppm = 159.3, 135.4, 126.1, 114.4, 55.8, 55.3, 49.0, 32.0,
31.5, 29.6, 29.4, 29.3, 28.8, 26.3, 26.2, 25.4, 22.6, 14.0. HRMS (EI) (m/z) for [M]*
calculated for Co1H340S>": 366.2046; found: 366.2046.
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Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
40/1, vIv) afforded c¢40 as a light-yellow oil (37 mg, 55% yield). *H NMR (400 MHz,
CDCls) 8 ppm = 7.45 — 7.36 (m, 1H), 7.23 — 7.09 (m, 3H), 4.14 (q, J = 7.2 Hz, 2H),
3.28 (td, J= 6.9, 4.0 Hz, 1H), 2.88 — 2.74 (m, 3H), 2.52 (t, J = 7.3 Hz, 2H), 2.44 (s, 3H),
2.34 —2.21 (m, 1H), 2.14 — 2.01 (m, 1H), 1.71 — 1.64 (m, 2H), 1.63 — 1.52 (m, 2H),
1.46 — 1.32 (m, 2H), 1.26 (t, J = 7.2 Hz, 3H). 13C NMR (101 MHz, CDCls)  ppm =
171.9,140.1, 134.4, 132.3, 130.3, 127.0, 126.4, 60.6, 50.5, 47.5, 34.9, 30.9, 30.4, 26.5,

c40

23.7,23.6, 20.9, 14.2. HRMS (EI) (m/z) for [M]" calculated for C1gH2602S,": 338.1369;
found: 338.1368.

¢

S

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c41

40/1, viv) afforded c41 as a light-yellow oil (37 mg, 55% yield). *H NMR (400 MHz,
CDCl3) § ppm = 7.29 — 7.14 (m, 3H), 7.04 (d, J = 7.5 Hz, 1H), 4.15 (q, J = 7.1 Hz, 2H),
3.27 (td, J=7.1, 4.0 Hz, 1H), 2.86 — 2.74 (m, 3H), 2.53 (t, J = 7.6 Hz, 2H), 2.33 (s, 3H),
2.30 — 2.20 (m, 1H), 2.18 — 2.05 (m, 1H), 1.70 — 1.64 (m, 2H), 1.61 — 1.51 (m, 2H),
1.44 — 1.31 (m, 2H), 1.26 (t, J = 7.2 Hz, 3H). 3C NMR (101 MHz, CDCl3) § ppm =
171.9,138.7, 134.6, 133.0, 129.4, 128.7, 127.9, 60.6, 51.1, 47.4, 34.9, 30.9, 30.7, 26.4,
23.8,23.7,21.3, 14.2. HRMS (EI) (m/z) for [M]" calculated for C1sH260,S,": 338.13609;
found: 338.1366.
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Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c42

40/1, vIv) afforded c42 as a light-yellow oil (39 mg, 58% yield). *H NMR (400 MHz,
CDCl3) § ppm = 7.35 (d, J = 8.1 Hz, 2H), 7.11 (d, J = 7.9 Hz, 2H), 4.15 (q, J = 7.1 Hz,
2H), 3.23 — 3.13 (M, 1H), 2.83 — 2.74 (m, 3H), 2.53 (t, J = 7.6 Hz, 2H), 2.33 (s, 3H),
2.30 — 2.18 (m, 1H), 2.14 — 2.02 (m, 1H), 1.71 — 1.62 (m, 2H), 1.60 — 1.46 (m, 2H),
1.43 — 1.30 (m, 2H), 1.27 (t, J = 7.2 Hz, 3H). 3C NMR (101 MHz, CDCl3) § ppm =
171.9, 137.4, 133.2, 130.9, 129.7, 60.6, 51.6, 47.3, 34.9, 31.1, 30.9, 26.3, 23.9, 23.8,
21.1, 14.2. HRMS (EI) (m/z) for [M]" calculated for CisH2602S,": 338.1369; found:
338.1369.

SUS TN

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c43

40/1, viv) afforded c43 as a light-yellow oil (41 mg, 60% yield). *H NMR (400 MHz,
CDCl3) § ppm = 7.50 — 7.40 (m, 2H), 7.00 (t, J = 8.7 Hz, 2H), 4.14 (q, J = 7.2 Hz, 2H),
3.11 (td, J = 7.7, 4.0 Hz, 1H), 2.82 — 2.69 (m, 3H), 2.58 — 2.45 (m, 2H), 2.29 — 2.17 (m,
1H), 2.12 — 2.00 (m, 1H), 1.71 — 1.61 (m, 2H), 1.58 — 1.45 (m, 2H), 1.40 — 1.29 (m,
2H), 1.26 (t, J = 7.2 Hz, 3H). 13C NMR (101 MHz, CDCl3) & ppm = 171.8, 162.4 (d, J
= 248.5 Hz), 135.5 (d, J = 8.1 Hz), 129.6, 116.0 (d, J = 21.7 Hz), 60.6, 52.2, 47.4, 34.8,
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31.3, 31.1, 26.2, 24.0, 23.9, 14.2. 19F NMR (376 MHz, CDCl3) 6 ppm = -114.02.
HRMS (EI) (m/z) for [M]" calculated for C17H23FO2S,™: 342.1118; found: 342.1121.

Cl

SUU N

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c44

40/1, viv) afforded c44 as a light-yellow oil (41 mg, 53% vyield). *H NMR (400 MHz,
CDCl3) & ppm = 7.42 — 7.32 (m, 2H), 7.30 — 7.20 (m, 2H), 4.15 (q, J = 7.2 Hz, 2H),
3.20 (td, J = 7.6, 4.0 Hz, 1H), 2.84 — 2.70 (m, 3H), 2.58 — 2.47 (m, 2H), 2.28 — 2.17 (m,
1H), 2.13 — 2.04 (m, 1H), 1.72 — 1.62 (m, 2H), 1.58 — 1.46 (m, 2H), 1.44 — 1.32 (m,
2H), 1.26 (t, J = 7.2 Hz, 3H). 3C NMR (101 MHz, CDCl3) § ppm = 171.8, 133.9, 133.3,
133.2,129.0, 60.7, 51.7, 47.5, 34.9, 31.3, 31.1, 26.3, 24.0 23.9, 14.2. HRMS (EI) (m/2)
for [M]" calculated for C17H23CIO,S,": 358.0823; found: 358.0821.

Br

O

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c45

40/1, viv) afforded c45 as a light-yellow oil (44 mg, 55% vyield). *H NMR (400 MHz,
CDCl3) & ppm = 7.46 — 7.37 (m, 2H), 7.33 — 7.28 (m, 2H), 4.15 (q, J = 7.2 Hz, 2H),
3.21 (td, J = 7.6, 4.0 Hz, 1H), 2.86 — 2.71 (m, 3H), 2.54 (t, J = 7.4 Hz, 2H), 2.29 — 2.17
(m, 1H), 2.14 — 2.04 (m, 1H), 1.71— 1.60 (m, 2H), 1.59 — 1.46 (m, 2H), 1.42 — 1.30 (m,
2H), 1.27 (t, J=7.2 Hz, 3H). 3C NMR (101 MHz, CDCls) § ppm = 171.8, 134.0, 132.0,
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121.2,60.7, 51.5, 47.5, 34.9, 31.3, 31.1, 26.3, 24.0, 23.9, 14.2. HRMS (ESI) (m/z) for
[M+Na]" calculated for C17H23BrO2S2Na*: 425.0215; found: 425.0217.

L0

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c46

100/1, v/v) afforded c46 as a light-yellow oil (44 mg, 56% yield). *H NMR (400 MHz,
CDCl3) & ppm = 7.43 (d, J = 8.6 Hz, 2H), 6.84 (d, J = 8.6 Hz, 2H), 3.79 (s, 3H), 3.12
(9, J = 6.5 Hz, 1H), 2.87 — 2.78 (m, 1H), 2.60 (g, J = 6.7 Hz, 1H), 2.33 — 2.20 (m, 1H),
2.11-2.01 (m, 1H), 1.88 — 1.68 (m, 4H), 1.65 — 1.47 (m, 5H), 1.40 — 1.18 (m, 7H). 13C
NMR (101 MHz, CDClz) 6 ppm = 159.5, 135.8, 125.2, 114.4, 55.3, 52.9, 44.6, 43.4,
33.9, 31.0, 30.1, 26.2, 25.8, 23.7, 23.4. HRMS (El) (m/z) for [M]" calculated for
C19H280S;": 336.1576; found: 336.1576.

c47

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
15/1, viv) afforded c47 as a light-yellow oil (87 mg, 98% yield). *H NMR (400 MHz,
CDCls) & ppm = 7.25—7.22 (m, 2H), 7.15 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 7.9 Hz, 1H),
6.76 (dd, J = 12.1, 8.8 Hz, 4H), 6.71 — 6.62 (m, 2H), 5.63 (s, 1H), 3.79 (s, 3H), 3.77 (s,
3H), 3.76 (5, 3H), 3.18 — 2.99 (m, 3H), 2.89 — 2.74 (m, 2H). 3C NMR (101 MHz, CDCls)
o ppm = 159.6, 158.9, 146.3, 144.2, 135.6, 132.9, 130.6, 125.9, 124.2, 122.1, 114.6,
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1145, 114.2, 111.9, 55.8, 55.4, 50.9, 39.7, 38.6. HRMS (ESI) (m/z) for [M+H]*
calculated for Co4H2704S,*: 443.1345; found: 443.1343.

c48

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
40/1, viv) afforded c48 as a light-yellow oil (66 mg, 60% yield). *H NMR (400 MHz,
CDCl3) § ppm = 7.27 — 7.23 (m, 2H), 7.21 (d, J = 8.2 Hz, 2H), 7.16 (dg, J = 8.4, 3.1
Hz, 2H), 7.08 (d, J = 7.4 Hz, 2H), 6.83 — 6.71 (m, 4H), 4.14 — 3.97 (m, 2H), 3.79 (s,
3H), 3.78 (s, 3H), 3.68 (qd, J = 7.2, 2.1 Hz, 1H), 3.09 (dd, J = 13.4, 3.7 Hz, 1H), 2.88
—2.77 (m, 1H), 2.69 (dd, J = 13.3, 9.4 Hz, 1H), 2.43 (d, J = 6.6 Hz, 2H), 1.98 — 1.66
(m, 4H), 1.52 — 1.35 (m, 4H), 0.88 (d, J = 6.4 Hz, 6H). 13C NMR (101 MHz, CDCls) 5
ppm=174.7,159.7, 159.0, 140.5, 137.8, 135.8, 133.2, 133.1, 129.3, 127.2, 125.9, 123.6,
114.6,114.5,64.3,55.3,48.8,45.2,45.0, 41.1, 30.2, 28.6, 26.0, 22.4, 18.5. HRMS (ESI)
(m/z) for [M+Na]" calculated for Cs2H4004S2Na™: 575.2260; found: 575.2264.

WO

(0]
O//

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c49

40/1, viv) afforded c49 as a light-yellow oil (80 mg, 63% yield). *H NMR (400 MHz,
CDCl3) & ppm = 7.27 — 7.24 (m, 2H), 7.19 — 7.12 (m, 2H), 7.10 (d, J = 8.5 Hz, 2H),
6.85 — 6.71 (M, 6H), 4.16 (td, J = 5.9, 2.7 Hz, 2H), 3.80 (s, 3H), 3.78 (s, 3H), 3.08 (dd,
J=13.4,3.9 Hz, 1H), 2.86 — 2.75 (m, 2H), 2.67 (dd, J = 13.3, 9.6 Hz, 1H), 2.00 — 1.83
(m, 3H), 1.79 — 1.69 (m, 2H), 1.61 (s, 6H), 1.47 — 1.32 (m, 1H). 13C NMR (101 MHz,
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CDCI3) 6 ppm = 174.2, 159.7, 159.0, 155.0, 135.8, 133.1, 129.7, 128.1, 125.8, 123.5,
118.6, 114.6,79.2, 65.1, 60.9, 55.3, 48.8, 41.0, 34.8, 28.6, 26.0, 25.8, 25.5. HRMS (ESI)
(m/z) for [M+Na]" calculated for C32H3sCl.0sS.Na*: 657.1273; found: 657.1273.

W/@

Y

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

c50

40/1, vIv) afforded ¢50 as a light-yellow oil (73 mg, 55% yield). *H NMR (400 MHz,
CDCl3) 6 ppm = 7.74 (d, J = 8.9 Hz, 2H), 7.68 (d, J = 8.5 Hz, 2H), 7.41 (d, J = 8.5 Hz,
2H), 7.26 — 7.20 (m, 2H), 7.13 (d, J = 8.8 Hz, 2H), 6.87 (d, J = 8.9 Hz, 2H), 6.78 (d, J
= 8.8 Hz, 2H), 6.74 (d, J = 8.8 Hz, 2H), 4.17 (tt, J = 11.0, 5.8 Hz, 2H), 3.79 (s, 3H),
3.77 (s, 3H), 3.08 (dd, J = 13.4, 3.9 Hz, 1H), 2.87 — 2.75 (m, 1H), 2.66 (dd, J = 13.4,
9.7 Hz, 1H), 2.02 — 1.82 (m, 2H), 1.69 (s, 7H), 1.46 — 1.32 (m, 1H). 3C NMR (101
MHz, CDCI3) 6 ppm = 194.1, 173.7, 159.7, 159.0, 138.3, 136.4, 135.8, 133.0, 132.1,
131.2, 130.4, 129.9, 128.5, 125.7, 123.4, 117.3, 114.9, 114.6, 113.8, 79.4, 65.4, 55.3,
48.7, 41.0, 285, 26.0, 25.5. HRMS (ESI) (m/z) for [M+Na]" calculated for
C36H37ClO6S2Na™: 687.1612; found: 687.1611.

c51

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =

150/1, v/v) afforded c51 as a light-yellow oil (76 mg, 64% yield). *H NMR (400 MHz,
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CDCls) § ppm = 7.27 (d, J = 8.8 Hz, 2H), 7.18 (d, J = 8.8 Hz, 2H), 7.09 (s, 4H), 6.84 —
6.71 (m, 4H), 3.79 (s, 3H), 3.78 (s, 3H), 3.11 (dd, J = 13.1, 4.0 Hz, 1H), 2.87 (tt, J =
8.3, 4.0 Hz, 1H), 2.76 (dd, J = 13.2, 9.4 Hz, 1H), 2.41 (tt, J = 12.1, 3.4 Hz, 1H), 2.31
(s, 3H), 1.98 — 1.71 (m, 9H), 1.52 — 1.20 (m, 6H), 1.17 — 1.07 (m, 4H), 1.04 — 0.85 (m,
4H). C NMR (101 MHz, CDCls) § ppm = 159.5, 158.9, 144.9, 135.6, 135.2, 133.1,
129.0, 126.7, 126.2, 124.2, 114.6, 114.5, 55.3, 49.5, 44.3, 43.4, 42.9, 41.1, 37.8, 34.7,
34.4, 33.8, 33.3, 30.4, 30.1, 30.0, 29.8, 21.0, 14.2. HRMS (ESI) (m/z) for [M+H]*
calculated for Cs7H4902S2": 589.3168; found: 589.3165.
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"H NMR spectra of compound ¢1 in CDCl; (400 MHz):
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"H NMR spectra of compound ¢2 in CDCl; (600 MHz):
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"H NMR spectra of compound ¢3 in CDCl; (400 MHz):
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3BC NMR spectra of compound ¢3 in CDCI; (101 MHz):
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"H NMR spectra of compound ¢4 in CDCl; (400 MHz):
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c5

"H NMR spectra of compound ¢5 in CDCl; (400 MHz):
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3BC NMR spectra of compound ¢5 in CDCI; (101 MHz):
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"H NMR spectra of compound ¢6 in CDCl; (400 MHz):
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BC NMR spectra of compound ¢6 in CDCI; (101 MHz):
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"H NMR spectra of compound ¢7 in CDCl; (400 MHz):
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BC NMR spectra of compound ¢7 in CDCI; (101 MHz):
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"H NMR spectra of compound ¢8 in CDCl; (400 MHz):
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3C NMR spectra of compound ¢8 in CDCl; (101 MHz):
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F NMR spectra of compound ¢8 in CDCl; (376 MHz):
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"H NMR spectra of compound ¢9 in CDCl; (400 MHz):
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3BC NMR spectra of compound ¢9 in CDCI; (101 MHz):
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"H NMR spectra of compound ¢10 in CDCI; (400 MHz):
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13C NMR spectra of compound ¢11 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢12 in CDCl; (400 MHz):
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13C NMR spectra of compound ¢12 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢13 in CDCl; (400 MHz):
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13C NMR spectra of compound ¢13 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢14 in CDCl; (400 MHz):
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13C NMR spectra of compound ¢14 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢15 in CDCl; (400 MHz):
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13C NMR spectra of compound ¢15 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢16 in CDCl; (400 MHz):
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13C NMR spectra of compound ¢16 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢17 in CDCl; (400 MHz):
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13C NMR spectra of compound ¢17 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢18 in CDCl; (400 MHz)
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13C NMR spectra of compound ¢18 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢19 in CDCl; (400 MHz):
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13C NMR spectra of compound ¢19 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢20 in CDCl; (400 MHz):
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13C NMR spectra of compound ¢20 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢21 in CDCl; (400 MHz):
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13C NMR spectra of compound ¢21 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢22 in CDCl; (400 MHz):
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BC NMR spectra of compound ¢22 in CDCI; (101 MHz):
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"H NMR spectra of compound ¢23 in CDCl; (400 MHz)
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13C NMR spectra of compound ¢23 in CDCl; (101 MHz):
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13C NMR spectra of compound ¢24 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢25 in CDCl; (400 MHz):
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13C NMR spectra of compound ¢25 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢26 in CDCl; (400 MHz):
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13C NMR spectra of compound €26 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢27 in CDCl; (400 MHz):
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13C NMR spectra of compound ¢27 in CDCl; (101 MHz):

99°8E ~ UY8T
Lzee r

|
40
2
o

T
50
S
&
o
2

avos— |
i 507
Wm“,m¥ — Fe0L

£H0°c ﬁ = poe

T
90

T
100

T
110

2
8

T
120

Fese
Iw o

- 00'S
- Noo,u

EEERe
REESX
RN
pais
o _F
[
s
A\,S =
|
L

c28

3e
85
L
7
S
L.
Cl
|
1
|
130

c27

T
140
88
&
~r
L]

"H NMR spectra of compound ¢28 in CDCl; (600 MHz):
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13C NMR spectra of compound ¢28 in CDCl; (151 MHz):
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c29

"H NMR spectra of compound ¢29 in CDCI; (400 MHz):
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"H NMR spectra of compound ¢30 in CDCI; (400 MHz):
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"H NMR spectra of compound ¢31 in CDCI; (400 MHz):
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3C NMR spectra of compound ¢31 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢32 in CDCI; (400 MHz):
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3C NMR spectra of compound ¢32in CDCl; (101 MHz):
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"H NMR spectra of compound ¢33 in CDCI; (400 MHz):

Le
o
L@
< W —
Fese
Le 9T —
] e—
Wg,w e
09
L a wic
09 -
WS,N
Le
o~
Fooz wer—
L
Fose | ..
~
Fes m
Le M
—
[w]
Lo =
o
—
2
e O
=)
. —
en
I3 !
5]
el
(=)
(M= nUu
&
0 o
[ e Q
(A
o
o m
te £
(]
(=
n
E M R
Le O
hut!

c33

NN
g TN

C

_

68/ 87



"H NMR spectra of compound ¢34 in CDCI; (400 MHz):
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3C NMR spectra of compound ¢34 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢35 in CDCI; (400 MHz):
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3C NMR spectra of compound ¢35 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢36 in CDCI; (400 MHz):
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3C NMR spectra of compound €36 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢37 in CDCI; (400 MHz):
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3C NMR spectra of compound ¢37 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢38 in CDCI; (400 MHz):
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3C NMR spectra of compound ¢38 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢39 in CDCI; (400 MHz):
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3C NMR spectra of compound ¢39 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢40 in CDCI; (400 MHz):
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3C NMR spectra of compound ¢40 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢41 in CDCI; (400 MHz):
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"H NMR spectra of compound ¢42 in CDCI; (400 MHz):
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3C NMR spectra of compound ¢42 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢43 in CDCI; (400 MHz):
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“F NMR spectra of compound ¢43 in CDCl; (376 MHz):
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13C NMR spectra of compound ¢44 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢45 in CDCl; (400 MHz):
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13C NMR spectra of compound ¢45 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢46 in CDCl; (400 MHz):
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13C NMR spectra of compound ¢46 in CDCl; (101 MHz):
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13C NMR spectra of compound ¢47 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢48 in CDCl; (400 MHz):
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13C NMR spectra of compound ¢48 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢49 in CDCl; (400 MHz):
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13C NMR spectra of compound ¢49 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢50 in CDCl; (400 MHz):
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13C NMR spectra of compound €50 in CDCl; (101 MHz):
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"H NMR spectra of compound ¢51 in CDCl; (400 MHz):
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13C NMR spectra of compound ¢51 in CDCl; (101 MHz):
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