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1. General information

Reactions via general procedure were carried out under an air atmosphere unless otherwise
noted. Column chromatography was performed using silica gel (200-300 mesh). '"H NMR, '3C
NMR and 3'P NMR spectra were recorded on Bruker-AV (400, 100, 162 MHz, respectively)
instrument using CDCl; or Dimethyl Sulfoxide-ds as solvent, Chemical shifts are given in ppm
and coupling constants in 400Hz. Chemical shift values are reported in 6 (ppm) relative to CDCl;
('"HNMR, & =7.26; 13C NMR, & = 77.00), respectively. In order to indicate the signal multiplicity,
the following abbreviations were used: s (singlet), d (doublet), t (triplet), q (quartet) and m
(multiplet) as well as combinations of them. Mass spectra were measured on Agilent 5975 GC-MS
instrument (EI). High-resolution mass spectra (ESI) were obtained with the Thermo Scientific
LTQ Orbitrap XL mass spectrometer. Melting points were measured with a YUHUA X-5 melting

point instrument and were uncorrected.
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2. General Procedure for the Synthesis of 1,3-dienes (1)!-
Method A :
R1/\|AO

® O "BuLi (1.2 equiv 2 1
MePPhsBr (12 equiv) R RIS
THF, 0 °C, 30 min R?

"BuLi (6 mmol, 2.5 M in hexane) was added dropwise to a stirred suspension of
MePPh;Br (6 mmol, 1.2 equiv.) in anhydrous THF (30 mL) at 0 °C under a nitrogen
atmosphere. The mixture was stirred for 30 min. Then cinnamaldehydes (5 mmol, 1.0
equiv.) was added, and the reaction was kept stirring for 4-8 h with TLC detection.

After the complete consumption of cinnamaldehyde, the mixture was poured into

saturated aq. NH4Cl and extracted with EtOAc (30 mL X 3). The combined organic

extracts were dried over anhydrous Na,SO,, and then concentrated. The product was
purified by column chromatography on silica gel to afford desired 1,3-dienes.

Method B:

. . 1
® O "BuLi (1.2 equiv) R* ~0 X

\/\Pph:sBr : R'I/\r‘"d\
THF, 0 °C, 30 min 1

nBuLi (6 mmol, 2.5 M in hexane) was added dropwise to a stirred suspension of
allylPPh;Br (6 mmol, 1.2 equiv.) in anhydrous THF (30 mL) at 0 °C under a nitrogen
atmosphere. The mixture was stirred for 30 min. Then the aldehyde (5 mmol, 1.0
equiv.) was added, and the reaction was kept stirring for 4-8 h with TLC detection.

After the complete consumption of cinnamaldehyde, the mixture was poured into

saturated aq. NH4Cl and extracted with EtOAc (30 mL X 3). The combined organic

extracts were dried over anhydrous Na,SO,, and then concentrated. The product was

purified by column chromatography on silica gel to afford desired 1,3-dienes.

S2



3. General procedures for the synthesis of 4.

CuCl, (10 mol%) R2 :
RN + R2S0,Cl + R3SH L1 (10 mol%) 1 ‘
DCE, 60 °C, 36 h, Ar

1 2 3

Standard conditions: A 10 mL reaction vessel was charged with 1,3-butadienes 1
(0.2 mmol), sulfonyl chlorides 2 (1.5 equiv, 0.3 mmol), mercaptans or thiophenols 3
(1.5 equiv, 0.3 mmol), CuCl, (10 mol %), L1 (10 mol %) and DCM (2 mL) at 60 °C
for 36 h under an argon atmosphere. Until complete consumption of the starting
material was observed by TLC and/or GC-MS analysis. The extracts were combined,
dried over sodium sulfate, filtered and the volatiles were removed under reduced
pressure. The reaction yield was quantified by separation, and then column
chromatography was performed using silica gel (200-300 mesh) or thin layer
chromatography was performed using silica gel (GF254) to give product 4 (petroleum
ether/ethyl acetate, 15 : 1 to 9 :1). Gram-scale experiment: A 100 mL reaction vessel
was charged with 1-phenylbutadiene 1a (0.65 g, 5 mmol), 4-methylbenzenesulfonyl
chloride 2a (1.5 equiv, 7.5 mmol, 1.42 g), cyclopentanethiol 3a (1.5 equiv, 7.5 mmol,
0.76 g), CuCl, (10 mol %, 67.2 mg), L.1 (10 mol %, 93.1 mg) and DCM (50 mL) at
60 °C for 60 h under an argon atmosphere gave the target product 4a in 50% (0.97 g)
yield.

4. Optimization of the reaction conditions for the synthesis of 4a“

CuCl, (10 mol%) D
PhM + TsCl + SH L1 (10 mol%) S

= -
1a 2a 3a DCE, 60°C, 36h, Ar /\)\/TS

standard conditions

o0 Q- G FD

L1,R=Me L2, R=tBu
L3,R=0OMe L4, R=H

Entry Catalyst Ligand Solvent T/°C Yield (%)?
1 Cu(Cl L1 DCM 60 °C 62
2 CuO L1 DCM 60 °C 32
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3 CuCN L1 DCM 60 °C trace

4 CuBr L1 DCM 60 °C 17
5 Cu(CH;CN)4PF L1 DCM 60 °C 27
6

6 CuCl, L1 DCM 60 °C 68
7 Cu(OTY), L1 DCM 60 °C 35

8 Cu(OAc),'H,0 L1 DCM 60 °C 40
9 Cu,O L1 DCM 60 °C 18
10 CuCl, L2 DCM 60 °C 59
11 CuCl, L3 DCM 60 °C trace
12 CuCl, L4 DCM 60 °C trace
13 CuCl, L5 DCM 60 °C 27
14 CuCl, L6 DCM 60 °C 48
15 CuCl, L7 DCM 60 °C 10
16 CuCl, L1 DCE 60 °C 60
17 CuCl, L1 CHCL, 60 °C 52
18 CuCl, L1 THF 60 °C trace
19 CuCl, L1 toluene 60 °C ND
20 CuCl, L1 DMF 60 °C ND
21 CuCl, L1 NMP 60 °C 21
22 CuCl, L1 1,4-dioxane 60 °C trace
23 CuCl, L1 EA 60 °C ND
24 CuCl, L1 acetone 60 °C 12
25 CuCl, L1 CH;CN 60 °C ND
26¢ CuCl, L1 DCM 60 °C 38
274 CuCl, L1 DCM 60 °C trace
28 CuCl, L1 DCM 40 °C 35
29 CuCl, L1 DCM 80 °C 52
30 - L1 DCM 60 °C ND
31 CuCl, --- DCM 60 °C ND
32¢ CuCl, L1 DCM 60 °C 47
33/ CuCl, L1 DCM 60 °C 18

@ Reaction conditions: 1a (0.2 mmol), 2a (1.5 equiv), 3a (1.5 equiv), CuCl, (10 mol%),
L1 (10 mol %), DCM (2 mL) at 60 °C (oil bath) for 48 h under an argon atmosphere. ?
Isolated yield, ND (not detected) and trace were determined by TLC analysis. ¢ 2.0

equiv K,COs. 2.0 equiv Et;N. ¢ 24 h./ at air.

5. Mechanistic Investigations

5.1 Free radical capture experiments

The following reaction was carried out under standard condition: A 10 mL
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reaction vessel was charged with I-phenylbutadiene 1a (0.2 mmol), 4-
methylbenzenesulfonyl chloride 2a (1.5 equiv, 0.3 mmol), cyclopentanethiol 3a (1.5
equiv, 0.3 mmol), CuCl, (10 mol %), L1 (10 mol %), 2,2,6,6-tetramethyl-1-
piperidinyloxy (TEMPO) (3.0 equiv) or 1,1-Diphenylethylene (3.0 equiv) or 2,6-di-
tert-butyl-4-methylphenol (BHT) and DCE (2 mL) at 60 °C for 24 h under an argon
atmosphere. After completion, the consequence was detected by TLC and/or GC-MS

analysis.

SH stagf::'ard 4a ,Ts
condaitions
PR + TSCl + @ —_— ;r;;e
2a ;
1a 3a 8% |5 38%
HRMS detection of BHT-trapped sulfonyl radical:
LUINHENG
WLQ-1 74 (4.448) 1: TOF MS ES+

397. 18(!5 100

!
100 397.2199 1

OH
1 Na*
307.1361 a

Ts

Chemical Formula: C;,HzgNaO,S*
Exact Mass: 397.1808

T T T T T T T T T T T T T T T T T T T T T ™ miz
397.130 397.140 387.150 397.160 397.170 397.180 397.190 397.200 397.210 397.220 397.230

5.2 Step-by-step reaction

Setp 1: a 10 mL reaction vessel was charged with 2-bromo-1-(buta-1,3-dien-1-yl)-
4-fluorobenzene 1n (0.2 mmol), 4-methylbenzenesulfonyl chloride 2a (1.5 equiv, 0.3
mmol), CuCl, (10 mol %, 0.002 mmol), L.1 (10 mol %, 0.002 mmol) and DCM (2 mL)
at 60 °C for 24 h under an argon atmosphere. After completion, column
chromatography was performed using silica gel (200-300 mesh) to give intermediate
product 9 in 45% yield (petroleum ether/ethyl acetate, 12 :1) and NMR was

performed.
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/@(ws“o
F

9F NMR (376 MHz, CDCl3)

4
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Setp 2: Subsequently, the above obtained intermediate product 9 (0.2 mmol),
cyclopentyl mercaptan 3a (1.5 equiv, 0.3 mmol) in DCm (2 mL) at 60 °C with stirring
for a further 12 h, only trace amounts of product 4n is produced. Then, CuCl, (10
mol%) and L1 (10 mol%) were added to react with argon atmosphere at 60 °C for 12

h. Likewise, only trace amounts of product 4n is produced.

cl
J@\/\)\/ TS CuChandL1  4n
B —
F Br * E}SH DCM, 60 °C, Ar, 12h  trace
9 3a

5.3 Other olefinic substrates

The following reaction was carried out under standard condition: A 10 mL
reaction vessel was charged with alkenes (0.2 mmol), 4-methylbenzenesulfonyl
chloride 2a (1.5 equiv, 0.3 mmol), cyclopentanethiol 3a (1.5 equiv, 0.3 mmol), CuCl,
(10 mol %), L1 (10 mol %), and DCM (2 mL) at 60 °C for 36 h under an argon
atmosphere. After completion, the consequence was detected by TLC and/or GC-MS
analysis. Then, separated by column chromatography was performed using silica gel
(200-300 mesh).

Reaction with styrene 10 : column chromatography was performed using silica

gel (200-300 mesh) to give 1,2-sulfone chlorinated products 11’ in 88% yield
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(petroleum ether/ethyl acetate, 15 :1) and NMR was performed.
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Reaction with 2-vinylnaphthalene 12 : column chromatography was performed

using silica gel (200-300 mesh) to give 1,2-sulfone chlorinated products 13* 63%
yield, separately (petroleum ether/ethyl acetate, 12 :1) and NMR was performed.

TsCl 2a .
. _Standard condition OO s o OO s
+

12 @SH 13

3
a Chemical Formula: CpsHygNa0,S,*
Exact Mass: 433.1266
Detected by HRMS

HRMS of product 13:

QN
QX108 40 (2938)
100+ 516
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1
a330m0T
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Crervical Formila. C. HoNaC,S,"
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5.4 Failed substrates
failed substrate Q Q
N N
Ph/\r\ /\/W TsCl 2a s Na g Na
CuCl2 (10 mol%) Ts A Ts
1s * 1. (10 mol%) Ph™S Ph
—»

h/\/\/\ )j\/

0
O_SH DCM, 60 °C, 36 h, Ar

Chemical Formula: Cy3HogNa0,S,*
Exact Mass: 423.1423

Chemical Formula: Cy3HpgNa0,S,*
Exact Mass: 423.1423

1t, NR 1v, NR
LIJINHENG
SY-22 31 (1.851) 1: TOF MS ES+
100 423.1417 571e3
: S
WVTS
Na*
Chemical Formula: C;3H,4Na0,S,*
Exact Mass: 423.1423
=
!
423.0863
!
423.2070
0 T T T T T T T T T miz
423.060 423.080 423100 423120 423.140 423.160 423.180 423.200 423.220
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1004
1
Q 423.1427
S
2 Ts
Na*
Chemical Formula: C;3H;gNa0,S,*
Exact Mass: 423.1423
=+

1
423.1101

miz
4231100 423105  423.110 423115 4231120 423125 423130 423135 423140 423145 423150 423155  423.160
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6. Characterization data of products

(E)-cyclopentyl(4-phenyl-1-tosylbut-3-en-2-yl)sulfane (4a), by silica gel column
chromatography (hexane/ethyl acetate = 15:1), 52.5 mg, 68% yield, Yellow solid (mp
55-57 °C), '"H NMR (400 MHz, CDCls) &: 7.71 (d, J = 8.1 Hz, 2H), 7.30 — 7.21 (m,
3H), 7.17 (dd, J = 7.1, 5.0 Hz, 4H), 6.28 (d, J = 15.7 Hz, 1H), 5.64 (dd, J = 15.7, 9.6
Hz, 1H), 3.90 (td, J = 8.9, 5.8 Hz, 1H), 3.52 — 3.35 (m, 2H), 3.03-2.96 (m, 1H), 2.27
(s, 3H), 1.98-1.86 (m, 2H), 1.76 — 1.67 (m, 2H), 1.60 — 1.48 (m, 3H), 1.45-1.38 (m,
1H); BC{'H} NMR (100 MHz, CDCl3) &: 144.7, 136.4, 135.9, 131.8, 129.7, 128.4,
128.3, 127.7, 127.2, 126.4, 60.2, 42.6, 42.2, 34.1, 32.9, 24.9, 24.7, 21.4; HRMS (ESI-
TOF) m/z: C,HysNaO,S," (M + Na)* calcd for 409.1266, found 409.1275.

(E)-cyclopentyl(4-(4-methoxyphenyl)-1-tosylbut-3-en-2-yl)sulfane (4b), by silica gel
column chromatography (hexane/ethyl acetate = 10:1), 35.8 mg, 43% yield, Yellow
solid (mp 81-83 °C), 'H NMR (400 MHz, CDCl;) &: 7.70 (d, J = 8.2 Hz, 2H), 7.19 (d,
J=28.0 Hz, 2H), 7.10 (d, J = 8.6 Hz, 2H), 6.81 (d, J= 8.7 Hz, 2H), 6.24 (d, J = 15.6
Hz, 1H), 5.48 (dd, J = 15.6, 9.5 Hz, 1H), 3.89 (td, J = 9.2, 5.3 Hz, 1H), 3.81 (s, 3H),
3.51 = 3.37 (m, 2H), 3.03-2.96 (m, 1H), 2.31 (s, 3H), 2.00 — 1.84 (m, 2H), 1.76 — 1.65
(m, 2H), 1.59 — 1.48 (m, 3H), 1.45-1.37 (m, 1H); BC{'H} NMR (100 MHz, CDCl;) &:
159.3, 144.6, 136.6, 131.4, 129.7, 128.8, 128.4, 127.7, 125.0, 113.8, 60.3, 55.3, 42.7,
42.4,34.2,33.0, 25.0, 24.7, 21.5; HRMS (ESI-TOF) m/z: C,3H,sNa0O5S," (M + Na)*
calcd for 439.1372, found 439.1385.

(E)-(4-(4-(benzyloxy)phenyl)-1-tosylbut-3-en-2-yl)(cyclopentyl)sulfane (4¢), by silica
gel column chromatography (hexane/ethyl acetate = 10:1), 44.3 mg, 45% yield:

S12



Yellow solid (mp 93-95 °C), 'H NMR (400 MHz, CDCl;) &: 7.70 (d, J = 7.8 Hz, 2H),
7.46 — 7.37 (m, 4H), 7.33 (d, J = 7.1 Hz, 1H), 7.17 (d, J = 7.9 Hz, 2H), 7.09 (d, J =
8.2 Hz, 2H), 6.88 (d, J = 8.3 Hz, 2H), 6.23 (d, J = 15.6 Hz, 1H), 5.48 (dd, J = 15.6,
9.6 Hz, 1H), 5.07 (s, 2H), 3.94 — 3.82 (m, 1H), 3.51 — 3.35 (m, 2H), 3.02-2.95 (m, 1H),
2.27 (s, 3H), 2.02 — 1.82 (m, 2H), 1.77 — 1.64 (m, 2H), 1.58 — 1.47 (m, 3H), 1.45 —
1.37 (m, 1H); BC{'H} NMR (100 MHz, CDCl;) &: 158.5 144.6, 136.8, 136.6, 131.4,
129.7, 129.0, 128.6, 128.4, 128.0, 127.7, 127.4, 125.2, 114.8, 70.0, 60.3, 42.6, 42.4,
34.2, 33.0, 24.9, 24.7, 21.5; HRMS (ESI-TOF) m/z: Cy0H3,NaO3S," (M + Na)* calcd
for 515.1685, found 515.1693.

(E)-cyclopentyl(4-(p-tolyl)-1-tosylbut-3-en-2-yl)sulfane (4d), by silica gel column
chromatography (hexane/ethyl acetate = 15:1), 46.4 mg, 58% yield, Yellow oil (mp
75-77 °C), '"H NMR (400 MHz, CDCls) &: 7.70 (d, J = 8.2 Hz, 2H), 7.18 (d, J = 8.0
Hz, 2H), 7.11 — 7.02 (m, 4H), 6.25 (d, J = 15.6 Hz, 1H), 5.58 (dd, J = 15.6, 9.6 Hz,
1H), 3.89 (td, J = 9.0, 5.5 Hz, 1H), 3.51 — 3.32 (m, 2H), 3.02-2.95 (m, 1H), 2.33 (s,
3H), 2.29 (s, 3H), 1.97-1.85 (m, 2H), 1.76 — 1.65 (m, 2H), 1.59 — 1.46 (m, 3H), 1.43-
1.37 (m, 1H); BC{'H} NMR (100 MHz, CDCl5) 8: 144.6, 137.6, 136.5, 133.2, 131.8,
129.7, 129.1, 128.3, 126.3, 126.2, 60.3, 42.6, 42.3, 34.2, 33.0, 24.9, 24.7, 21.4, 21.2;
HRMS (ESI-TOF) m/z: CypHsNaO,S,* (M + Na)™ caled for 423.1423, found
423.1433.

o 07
N 8
o

XQM

(E)-(4-(4-(tert-butyl)phenyl)-1-tosylbut-3-en-2-yl)(cyclopentyl)sulfane (4e), by silica
gel column chromatography (hexane/ethyl acetate = 15:1), 63.7 mg, 72% yield:
Yellow solid (mp 51-53 °C), '"H NMR (400 MHz, CDCls) &: 7.70 (d, J = 8.2 Hz, 2H),
7.30 (d, /= 8.3 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 8.3 Hz, 2H), 6.24 (d, J
= 15.6 Hz, 1H), 5.57 (dd, J = 15.6, 9.6 Hz, 1H), 3.88 (td, J = 8.9, 5.7 Hz, 1H), 3.47-
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3.42 (m, 2H), 3.01-2.95 (m, 1H), 2.25 (s, 3H), 2.00 — 1.82 (m, 2H), 1.75 — 1.65 (m,
2H), 1.59 — 1.46 (m, 3H), 1.45 - 1.37 (m, 1H), 1.31 (s, 9H); BC{'H} NMR (100 MHz,
CDCl,) &: 150.9, 144.6, 136.4, 133.2, 131.6, 129.7, 128.3, 126.4, 126.1, 125.3, 60.2,
42.6, 423, 34.5, 342, 329, 31.2, 249, 247, 21.4; HRMS (ESI-TOF) m/z:
Cy6H34NaO,S," (M + Na)* caled for 465.1892, found 465.1901.

(E)-cyclopentyl(4-(4-fluorophenyl)-1-tosylbut-3-en-2-yl)sulfane (4f), by silica gel
column chromatography (hexane/ethyl acetate = 15:1), 60.6 mg, 75% yield, Yellow
solid (mp 94-96 °C), 'H NMR (400 MHz, CDCl;) &: 7.71 (d, J = 8.2 Hz, 2H), 7.20 (d,
J=28.0 Hz, 2H), 7.15 (dd, J = 8.6, 5.5 Hz, 2H), 6.96 (t, J = 8.6 Hz, 2H), 6.27 (d, J =
15.7 Hz, 1H), 5.59 (dd, J = 15.7, 9.5 Hz, 1H), 3.90 (td, J = 9.1, 5.4 Hz, 1H), 3.52 -
3.35 (m, 2H), 3.02-2.95 (m, 1H), 2.30 (s, 3H), 2.01 — 1.84 (m, 2H), 1.72 — 1.62 (m,
2H), 1.60 — 1.48 (m, 3H), 1.47 — 1.37 (m, 1H); BC{'H} NMR (100 MHz, CDCl;) &:
162.3 (d, J = 245.9 Hz, 1C), 144.7, 136.5, 132.1 (d, J = 3.3 Hz, 1C), 130.5, 129.7,
128.2, 1279 (d, J = 8 Hz, 1C), 127.1, 115.3 (d, J = 21.4 Hz, 1C), 60.1, 42.7, 42.1,
34.1, 33.0, 24.9, 24.7, 21.4; 'F NMR (376 MHz, CDCl;) é -113.8 (s, 1F); HRMS
(ESI-TOF) m/z: Cp;H,sFNaO,S," (M + Na)* caled for 427.1172, found 427.1185.
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(E)-(4-(4-chlorophenyl)-1-tosylbut-3-en-2-yl)(cyclopentyl)sulfane (4g), by silica gel
column chromatography (hexane/ethyl acetate = 15:1), 59.7 mg, 71% yield, Yellow
solid (mp 79-81 °C), 'H NMR (400 MHz, CDCls) &: 7.71 (d, J = 8.1 Hz, 2H), 7.28 -
7.17 (m, 4H), 7.11 (d, J = 8.4 Hz, 2H), 6.26 (d, J = 15.7 Hz, 1H), 5.66 (dd, J = 15.6,
9.5 Hz, 1H), 3.90 (td, J = 9.3, 4.9 Hz, 1H), 3.53 — 3.34 (m, 2H), 3.05 — 2.92 (m, 1H),
2.31 (s, 3H), 2.02 — 1.84 (m, 2H), 1.74-1.65 (m, 2H), 1.59 — 1.48 (m, 3H), 1.47 — 1.38
(m, 1H); BC{'H} NMR (100 MHz, CDCl;) 3: 144.8, 136.5, 134.5, 133.4, 130.5,
129.7, 128.6, 128.3, 128.1, 127.6, 60.1, 42.8, 42.1, 34.2, 33.0, 24.9, 24.7, 21.5;
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HRMS (ESI-TOF) m/z: Cy»H,5CINaO,S,* (M + Na)™ caled for 443.0877, found
443.0883.
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(E)-3-(3-(cyclopentylthio)-4-tosylbut-1-en-1-yl)thiophene (4h), by silica gel column
chromatography (hexane/ethyl acetate = 15:1), 55.4 mg, 61% yield, Yellow solid (mp
105-107 °C), 'H NMR (400 MHz, CDCls) 8: 7.71 (d, J= 8.1 Hz, 2H), 7.53 (d, J= 8.1
Hz, 2H), 7.33 — 7.25 (m, 2H), 7.20 (d, /= 8.0 Hz, 2H), 6.34 (d, /= 15.7 Hz, 1H), 5.81
(dd, J=15.7, 9.5 Hz, 1H), 4.01 — 3.85 (m, 1H), 3.54 — 3.35 (m, 2H), 3.06 — 2.92 (m,
1H), 2.29 (s, 3H), 2.03 — 1.84 (m, 2H), 1.79 — 1.65 (m, 2H), 1.60 — 1.48 (m, 3H), 1.48
—1.39 (m, 1H); BC{'H} NMR (100 MHz, CDCl;) 6: 144.9, 139.5, 136.5, 130.2 (q, J
=12.1 Hz, 1C), 129.8, 129.5 (q, J = 32.2 Hz, 1C), 129.1, 128.3, 126.6, 125.4 (q, J =
3.8 Hz, 1C), 124.0 (q, /= 273.3 Hz, 1C), 60.0, 42.8, 42.0, 34.2, 33.1, 24.9, 24.7, 21.4;
YF NMR (376 MHz, CDCl;) & -62.6 (s, 3F); HRMS (ESI-TOF) m/z:
Cy3HpsF3NaO,S," (M + Na)* caled for 477.1140, found 477.1151.

(E)-cyclopentyl(4-(m-tolyl)-1-tosylbut-3-en-2-yl)sulfane (4i), by silica gel column
chromatography (hexane/ethyl acetate = 15:1), 44.0 mg, 55% yield, Yellow oil, 'H
NMR (400 MHz, CDCl;) 6: 7.71 (d, J = 8.2 Hz, 2H), 7.17 (dd, J = 15.0, 7.7 Hz, 3H),
7.04 (d,J=7.5Hz, 1H), 6.97 (d,J=11.4 Hz, 2H), 6.25 (d, J=15.7 Hz, 1H), 5.62 (dd,
J=15.6,9.6 Hz, 1H), 3.89 (td, /= 9.1, 5.4 Hz, 1H), 3.50 — 3.36 (m, 2H), 3.05 — 2.92
(m, 1H), 2.32 (s, 3H), 2.30 (s, 3H), 1.98-1.85 (m, 2H), 1.74-1.65 (m, 2H), 1.59 — 1.46
(m, 3H), 1.46 — 1.37 (m, 1H); BC{'H} NMR (100 MHz, CDCl;) &: 144.7, 137.9,
136.5, 135.9, 132.0, 129.7, 128.6, 128.4, 128.3, 127.1, 127.0, 123.7, 60.2, 42.6, 42.3,
34.2,32.9, 25.0, 24.7, 21.5, 21.3; HRMS (ESI-TOF) m/z: Cy3H,sNaO,S," (M + Na)*
calcd for 423.1423, found 423.1429.

S15



(E)-cyclopentyl(4-(3-methoxyphenyl)-1-tosylbut-3-en-2-yl)sulfane (4j), by silica gel
column chromatography (hexane/ethyl acetate = 10:1), 49.9 mg, 60% yield, Yellow
solid (mp 91-93 °C), 'H NMR (400 MHz, CDCl;) 6: 7.70 (d, J = 8.2 Hz, 2H), 7.21-
7.17 (m, 3H), 6.82 — 6.74 (m, 2H), 6.69 (s, 1H), 6.25 (d, /= 15.6 Hz, 1H), 5.63 (dd, J
=15.6, 9.6 Hz, 1H), 3.90 (td, J = 9.1, 5.4 Hz, 1H), 3.80 (s, 3H), 3.51 — 3.38 (m, 2H),
3.02-2.96 (m, 1H), 2.29 (s, 3H), 2.01 — 1.84 (m, 2H), 1.76 — 1.66 (m, 2H), 1.61 — 1.48
(m, 3H), 1.47 — 1.38 (m, 1H); BC{'H} NMR (100 MHz, CDCls) 3: 144.7, 137.9,
136.5, 135.9, 132.0, 129.7, 128.6, 128.4, 128.3, 127.1, 127.0, 123.7, 60.2, 42.6, 42.3,
34.2,32.9, 25.0, 24.7, 21.5, 21.3; HRMS (ESI-TOF) m/z: Cy3H,sNaOsS," (M + Na)*
calcd for 439.1372, found 439.1378.

OMe

(E)-cyclopentyl(4-(2-methoxyphenyl)-1-tosylbut-3-en-2-yl)sulfane (4k), by silica gel
column chromatography (hexane/ethyl acetate = 10:1), 37.5 mg, 45% yield, Yellow
solid (mp 73-75 °C), '"H NMR (400 MHz, CDCl;) &: 7.72 (d, J = 8.0 Hz, 2H), 7.19 (t,
J=9.6 Hz, 3H), 7.11 (d, J = 7.2 Hz, 1H), 6.85 (t, /= 7.1 Hz, 2H), 6.61 (d, J = 15.8
Hz, 1H), 5.63 (dd, J = 15.8, 9.6 Hz, 1H), 3.89 (dd, J = 15.9, 7.6 Hz, 1H), 3.83 (s, 3H),
3.45 (d, J=17.0 Hz, 2H), 3.03 — 2.97 (m, 1H), 2.29 (s, 3H), 2.00 — 1.96 (m, 1H), 1.93
—1.84 (m, 1H), 1.73-1.67 (m, 2H), 1.59 — 1.48 (m, 3H), 1.46 — 1.38 (m, 1H); *C{'H}
NMR (100 MHz, CDCl;) 6: 156.6, 144.6, 136.5, 129.6, 128.8, 128.5, 127.5, 126.8,
126.8, 125.1, 120.4, 110.7, 60.3, 55.4, 42.8, 42.6, 34.2, 32.9, 25.0, 24.7, 21.5; HRMS
(ESI-TOF) m/z: Cp3HsNaO5S,* (M + Na)* caled for 439.1372, found 439.1381.

Br
(E)-(4-(2-bromophenyl)-1-tosylbut-3-en-2-yl)(cyclopentyl)sulfane (41), by silica gel
column chromatography (hexane/ethyl acetate = 15:1), 39.0 mg, 42% yield, Yellow
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solid (mp 61-63 °C), '"H NMR (400 MHz, CDCls) &: 7.75 (d, J = 8.0 Hz, 2H), 7.54 (d,
J =179 Hz, 1H), 7.25 (d, J = 7.9 Hz, 3H), 7.20 (d, J = 4.2 Hz, 2H), 7.14 — 7.05 (m,
1H), 6.61 (d, J = 15.5 Hz, 1H), 5.63 (dd, J = 15.5, 9.6 Hz, 1H), 3.89 (td, /=9.2, 5.2
Hz, 1H), 3.51 — 3.36 (m, 2H), 3.10 — 2.94 (m, 1H), 2.31 (s, 3H), 2.05-2.01 (m, 1H),
1.97 — 1.85 (m, 1H), 1.79 — 1.65 (m, 2H), 1.57-1.51 (m, 3H), 1.44 — 1.38 (m, 1H);
BC{'H} NMR (100 MHz, CDCl;) 3: 144.9, 136.4, 136.1, 132.8, 130.4, 130.1, 129.8,
129.0, 128.4, 127.4, 127.2, 123.4, 60.0, 42.7, 42.1, 34.2, 32.8, 25.0, 24.8, 21.5;
HRMS (ESI-TOF) m/z: C;,HpsBrNaO,S,” (M + Na)* caled for 487.0372, found
487.0383.

Cl Cl

(E)-cyclopentyl(4-(2,4-dichlorophenyl)-1-tosylbut-3-en-2-yl)sulfane (4m), by silica
gel column chromatography (hexane/ethyl acetate = 15:1), 33.6 mg, 37% yield,
Yellow solid (mp 51-53 °C), '"H NMR (400 MHz, CDCls) &: 7.74 (d, J = 8.0 Hz, 2H),
7.36 (s, 1H), 7.26 (d, J = 7.6 Hz, 2H), 7.16 (q, J = 8.5 Hz, 2H), 6.59 (d, J = 15.6 Hz,
1H), 5.70 (dd, J = 15.6, 9.6 Hz, 1H), 3.95 — 3.83 (m, 1H), 3.50 — 3.35 (m, 2H), 3.05 —
2.93 (m, 1H), 2.34 (s, 3H), 2.03 — 1.95 (m, 1H), 1.95 — 1.85 (m, 1H), 1.76 — 1.65 (m,
2H), 1.60 — 1.49 (m, 3H), 1.45-1.39 (m, 1H); *C{'H} NMR (100 MHz, CDCl;) é:
144.9, 136.4, 133.8, 133.4, 133.0, 130.7, 129.8, 129.3, 128.3, 127.7, 127.1, 126.7,
60.0, 42.8, 42.1, 342, 329, 249, 247, 21.5; HRMS (ESI-TOF) m/z:
Cy,H4CIhNaO,S,* (M + Na)* caled for 477.0487, found 477.0492.
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(E)-(4-(2-bromo-4-fluorophenyl)-1-tosylbut-3-en-2-yl)(cyclopentyl)sulfane (4mn), by
silica gel column chromatography (hexane/ethyl acetate = 15:1), 31.8 mg, 33% yield,
Yellow solid (mp 59-61 °C), '"H NMR (400 MHz, CDCls) &: 7.75 (d, J = 7.4 Hz, 2H),
7.28 (t, J = 7.7 Hz, 3H), 7.23 — 7.17 (m, 1H), 6.94 (t, J = 8.2 Hz, 1H), 6.56 (d, J =
15.5 Hz, 1H), 5.61 (dd, J = 15.5, 9.6 Hz, 1H), 3.89 (td, J = 9.2, 5.3 Hz, 1H), 3.54 —
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3.34 (m, 2H), 3.11 — 2.90 (m, 1H), 2.34 (s, 3H), 2.06 — 1.97 (m, 1H), 1.97 — 1.86 (m,
1H), 1.77 — 1.66 (m, 2H), 1.62 — 1.49 (m, 3H), 1.46 — 1.37 (m, 1H); BC{'H} NMR
(100 MHz, CDCl3) 8: 161.7 (d, J = 250.3 Hz, 1C), 144.8, 136.4, 132.5 (d, /= 3.6 Hz,
1C), 130.1 (d, J=2.5 Hz, 1C), 129.8, 129.2, 128.3, 128.1 (d, /= 7.8 Hz, 1C), 123.2 (d,
J=9.3 Hz, 10), 119.7 (d, J = 24.2 Hz, 1C), 114.7 (d, J = 21.2 Hz, 1C), 59.9, 42.7,
42.0, 34.2, 32.8, 24.9, 24.7, 21.5; F NMR (376 MHz, CDCls) & -112.2 (s, 1F);
HRMS (ESI-TOF) m/z: Cy»H4yBrFNaO,S,” (M + Na)* calcd for 505.0277, found
505.0283.

(E)-3-(3-(cyclopentylthio)-4-tosylbut-1-en-1-yl)thiophene (40), by silica gel column
chromatography (hexane/ethyl acetate = 15:1), 40.0 mg, 51% yield, Yellow solid (mp
66-68 °C), 'H NMR (400 MHz, CDCl;) &: 7.70 (d, J= 8.0 Hz, 2H), 7.21 (t, J = 7.7 Hz,
3H), 7.05 (s, 1H), 6.94 (d, J = 5.0 Hz, 1H), 6.32 (d, J = 15.6 Hz, 1H), 5.49 (dd, J =
15.6, 9.5 Hz, 1H), 3.86 (td, J = 9.3, 5.0 Hz, 1H), 3.51 — 3.33 (m, 2H), 3.03-2.96 (m,
1H), 2.31 (s, 3H), 1.98-1.86 (m, 2H), 1.70-1.67 (m, 2H), 1.59 — 1.48 (m, 3H), 1.46 —
1.39 (m, 1H); BC{'H} NMR (100 MHz, CDCl;) &: 144.7, 138.7, 136.6, 129.7, 128.3,
127.2, 126.1, 125.8, 124.9, 122.5, 60.3, 42.7, 42.2, 34.2, 33.0, 24.9, 24.7, 21.5;
HRMS (ESI-TOF) m/z: CyyHy4sNaO,S;* (M + Na)" calcd for 415.0831, found
415.0839.

(E)-cyclopentyl(4-(naphthalen-2-yl)-1-tosylbut-3-en-2-yl)sulfane (4p), by silica gel
column chromatography (hexane/ethyl acetate = 12:1), 43.6 mg, 50% yield, Yellow
solid (mp 75-77 °C), '"H NMR (400 MHz, CDCls) 6: 7.77 (s, 2H), 7.71 (d, J= 8.2 Hz,
3H), 7.57 (s, 1H), 7.49 — 7.41 (m, 2H), 7.30 (d, J = 8.5 Hz, 1H), 7.13 (d, J = 7.9 Hz,
2H), 6.45 (d, J=15.6 Hz, 1H), 5.75 (dd, J = 15.6, 9.6 Hz, 1H), 3.97 (dd, J = 15.3, 8.1
Hz, 1H), 3.49 (d, J = 6.8 Hz, 2H), 3.06-2.99 (m, 1H), 2.17 (s, 3H), 2.00-1.97 (m, 1H),
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1.92-1.88 (m, 1H), 1.76 — 1.65 (m, 2H), 1.61 — 1.47 (m, 3H), 1.45-1.41 (m, 1H);
BC{'H} NMR (100 MHz, CDCl;) &: 144.7, 136.5, 133.4, 133.4, 133.0, 131.9, 129.7,
128.3, 128.0, 127.9, 127.6 (2C), 126.4, 126.3, 126.0, 123.4, 60.2, 42.7, 42.4, 34.2,
33.0, 24.9, 24.7, 21.4; HRMS (ESI-TOF) m/z: C,sHsNaO,S," (M + Na)* calcd for
459.1423, found 459.1429.

Cyclopentyl((3E,5E)-6-phenyl-1-tosylhexa-3,5-dien-2-yl)sulfane (4q), by silica gel
column chromatography (hexane/ethyl acetate = 15:1), 34.6 mg, 42% yield, Yellow
solid (mp 49-51 °C), 'H NMR (400 MHz, CDCl;) é: 7.71 (d, J = 8.1 Hz, 2H), 7.35 —
7.28 (m, 6H), 7.28 — 7.21 (m, 1H), 6.17 — 5.96 (m, 2H), 5.87 (dd, J = 14.3, 8.8 Hz,
1H), 5.63 — 5.49 (m, 1H), 4.46 (d, J = 8.8 Hz, 1H), 3.79 (d, J = 7.7 Hz, 2H), 2.97 -
2.75 (m, 1H), 2.43 (s, 3H), 2.00 — 1.85 (m, 2H), 1.73-1.69 (m, 2H), 1.59 — 1.47 (m,
4H); BC{'H} NMR (100 MHz, CDCls) &: 144.7, 140.4, 138.4, 136.2, 135.5, 129.7,
129.1, 128.6, 128.4, 127.7, 127.3, 118.2, 60.3, 51.9, 43.3, 33.8, 33.4, 24.9, 24.8, 21.6;
HRMS (ESI-TOF) m/z: CyHysNaO,S,* (M + Na)™ calcd for 435.1423, found
435.1431.

(E)-cyclopentyl(4-phenyl-1-(phenylsulfonyl)but-3-en-2-yl)sulfane (4r), by silica gel
column chromatography (hexane/ethyl acetate = 15:1), 46.1 mg, 62% yield, Yellow
solid (mp 57-59 °C), 'H NMR (400 MHz, CDCl3) &: 7.85 (d, J = 7.7 Hz, 2H), 7.52 (t,
J=17.4Hz, 1H), 7.42 (t,J="7.7 Hz, 2H), 7.31 — 7.23 (m, 3H), 7.20 (d, /= 7.2 Hz, 2H),
6.35 (d, J=15.6 Hz, 1H), 5.70 (dd, J = 15.6, 9.6 Hz, 1H), 3.93 (td, J = 9.0, 5.7 Hz,
1H), 3.55 —3.39 (m, 2H), 3.04-2.97 (m, 1H), 2.01 — 1.85 (m, 2H), 1.75 — 1.65 (m, 2H),
1.59 — 1.48 (m, 3H), 1.45 — 1.38 (m, 1H); BC{'H} NMR (100 MHz, CDCl;) 8: 139.6,
135.9, 133.6, 132.0, 129.1, 128.4, 128.3, 127.9, 127.2, 126.5, 60.2, 42.7, 42.2, 34.2,
33.0, 24.9, 24.7; HRMS (ESI-TOF) m/z: C;;Hp3NaO,S," (M + Na)* caled for
395.1110, found 395.1115.
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(E)-cyclopentyl(1-((4-methoxyphenyl)sulfonyl)-4-phenylbut-3-en-2-yl)sulfane  (4s),
by silica gel column chromatography (hexane/ethyl acetate = 12:1), 44.2 mg, 55%
yield, Yellow solid (mp 72-74 °C), 'H NMR (400 MHz, CDCl;) &: 7.80 — 7.70 (m,
2H), 7.31 — 7.22 (m, 3H), 7.21 — 7.16 (m, 2H), 6.87 — 6.76 (m, 2H), 6.29 (d, J = 15.7
Hz, 1H), 5.63 (dd, J = 15.7, 9.6 Hz, 1H), 3.90 (td, J = 9.5, 4.6 Hz, 1H), 3.70 (s, 3H),
3.53 — 3.37 (m, 2H), 3.03-2.96 (m, 1H), 2.02 — 1.86 (m, 2H), 1.74 — 1.65 (m, 2H),
1.61 — 1.49 (m, 3H), 1.47 — 1.38 (m, 1H); BC{'H} NMR (100 MHz, CDCls) 6: 163.5,
136.0, 131.8, 130.8, 130.6, 128.4, 127.8, 127.3, 126.4, 114.2, 60.3, 55.5, 42.6, 42.3,
34.2, 32.9, 24.9, 24.7, HRMS (ESI-TOF) m/z: Cy;,H,sNaOsS,* (M + Na)* calcd for
425.1216, found 425.1219.

(E)-(1-((4-(tert-butyl)phenyl)sulfonyl)-4-phenylbut-3-en-2-yl)(cyclopentyl)sulfane
(4t), by silica gel column chromatography (hexane/ethyl acetate = 15:1), 66.8 mg, 78%
yield, Yellow solid (mp 64-66 °C), 'H NMR (400 MHz, CDCl;) 8: 7.74 (d, J= 8.5 Hz,
2H), 7.39 (d, J = 8.5 Hz, 2H), 7.32 — 7.19 (m, 3H), 7.19 — 7.13 (m, 2H), 6.34 (d, J =
15.7 Hz, 1H), 5.61 (dd, J = 15.6, 9.6 Hz, 1H), 3.96 (td, J = 9.0, 5.6 Hz, 1H), 3.55 —
3.38 (m, 2H), 3.03-2.96 (m, 1H), 2.03 — 1.84 (m, 2H), 1.77 — 1.66 (m, 2H), 1.60 —
1.47 (m, 3H), 1.45 — 1.37 (m, 1H), 1.22 (s, 9H); C{'H} NMR (100 MHz, CDCls) &:
157.5, 136.4, 136.0, 132.0, 128.5, 128.2, 127.8, 127.2, 126.4, 126.0, 60.1, 42.6, 42.3,
35.1, 34.1, 33.0, 30.8, 24.9, 24.7; HRMS (ESI-TOF) m/z: C,sH3,NaO,S," (M + Na)*
calcd for 451.1736, found 451.1741.

F
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(E)-cyclopentyl(1-((4-fluorophenyl)sulfonyl)-4-phenylbut-3-en-2-yl)sulfane (4u), by
silica gel column chromatography (hexane/ethyl acetate = 15:1), 54.6 mg, 70% yield,
Yellow solid (mp 75-77 °C), '"H NMR (400 MHz, CDCls) &: 7.85 (dd, J= 7.7, 5.5 Hz,
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2H), 7.32 — 7.24 (m, 3H), 7.20 (d, J = 7.5 Hz, 2H), 7.06 (t, J = 8.3 Hz, 2H), 6.35 (d, J
= 15.7 Hz, 1H), 5.68 (dd, J = 15.6, 9.6 Hz, 1H), 3.93 (td, /= 9.3, 4.9 Hz, 1H), 3.55 -
3.39 (m, 2H), 3.04-2.97 (m, 1H), 2.03 — 1.85 (m, 2H), 1.78 — 1.65 (m, 2H), 1.60 —
1.48 (m, 3H), 1.46 — 1.37 (m, 1H); BC{'H} NMR (100 MHz, CDCl;) &: 165.7 (d, J =
255.0 Hz, 1C), 135.8, 135.6 (d, J = 3.1 Hz, 1C), 132.1, 131.3 (d, J = 9.6 Hz, 1C),
128.5, 128.0, 127.2, 126.4, 116.4 (d, J = 22.5 Hz, 1C), 60.4, 42.7, 42.4, 34.2, 33.0,
24.9, 24.7; F NMR (376 MHz, CDCl3) 8 -103.3 (s, 1F); HRMS (ESI-TOF) m/z:
C,1H»3FNaO,S," (M + Na)* calcd for 413.1016, found 413.1022.

|
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(E)-cyclopentyl(1-((4-iodophenyl)sulfonyl)-4-phenylbut-3-en-2-yl)sulfane (4v), by
silica gel column chromatography (hexane/ethyl acetate = 15:1), 65.7 mg, 66% yield,
Yellow solid (mp 81-83 °C), 'H NMR (400 MHz, CDCls) &: 7.74 (d, J = 8.3 Hz, 2H),
7.52 (d, J= 8.4 Hz, 2H), 7.32 (t, /= 7.4 Hz, 2H), 7.28 — 7.22 (m, 1H), 7.16 (d, /= 7.4
Hz, 2H), 6.32 (d, J = 15.7 Hz, 1H), 5.60 (dd, J = 15.6, 9.6 Hz, 1H), 3.92 (td, J = 9.4,
4.9 Hz, 1H), 3.55 — 3.37 (m, 2H), 3.10 — 2.89 (m, 1H), 2.02 — 1.83 (m, 2H), 1.77 —
1.65 (m, 2H), 1.59 — 1.48 (m, 3H), 1.47 — 1.38 (m, 1H); *C{'H} NMR (100 MHz,
CDCly) &: 139.2, 138.4, 135.7, 132.2, 129.7, 128.6, 128.1, 127.0, 126.4, 101.7, 60.1,
42.8,42.2,34.2, 33.0, 24.9, 24.7; HRMS (ESI-TOF) m/z: C,;H»;INaO,S," (M + Na)*
calcd for 521.0076, found 521.0081.

Q. .
ph/\)\/s\b

(E)-4-((2-(cyclopentylthio)-4-phenylbut-3-en-1-yl)sulfonyl)benzonitrile ~ (4w), by
silica gel column chromatography (hexane/ethyl acetate = 12:1), 42.1 mg, 53% yield,
Yellow solid (mp 105-107 °C), '"H NMR (400 MHz, CDCls) 6: 7.93 (d, J = 8.4 Hz,
2H), 7.64 (d, J = 8.4 Hz, 2H), 7.36 — 7.25 (m, 3H), 7.20 — 7.09 (m, 2H), 6.33 (d, J =
15.7 Hz, 1H), 5.55 (dd, J = 15.7, 9.7 Hz, 1H), 3.94 (td, J = 9.7, 4.7 Hz, 1H), 3.62 —
3.41 (m, 2H), 3.10 — 2.92 (m, 1H), 2.04 — 1.85 (m, 2H), 1.76 — 1.64 (m, 2H), 1.60 —
1.48 (m, 3H), 1.45 - 1.35 (m, 1H); BC{'H} NMR (100 MHz, CDCls) &: 143.8, 135.4,
132.7, 132.5, 129.1, 128.7, 128.5, 126.8, 126.3, 117.2, 116.9, 60.0, 42.8, 42.2, 34.2,
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329, 24.9, 24.7; HRMS (ESI-TOF) m/z: Cy»H3NNaO,S,” (M + Na)* calcd for
420.1062, found 420.1067.

SN Q

(E)-cyclopentyl(4-phenyl-1-(o-tolylsulfonyl)but-3-en-2-yl)sulfane (4x), by silica gel
column chromatography (hexane/ethyl acetate = 15:1), 44.8 mg, 58% yield, Yellow
oil, 'H NMR (400 MHz, CDCl;) &: 7.90 (dd, J = 7.9, 1.0 Hz, 1H), 7.37 (td, J = 7.5,
1.2 Hz, 1H), 7.29-7.24 (m, 4H), 7.21 — 7.13 (m, 3H), 6.28 (d, J = 15.6 Hz, 1H), 5.71
(dd, J=15.6, 9.5 Hz, 1H), 3.92 (dt, J=9.2, 7.1 Hz, 1H), 3.60 — 3.44 (m, 2H), 3.09 —
2.93 (m, 1H), 2.69 (s, 3H), 2.00 — 1.84 (m, 2H), 1.73-1.66 (m, 2H), 1.57-1.48 (m, 3H),
1.46-1.39 (m, 1H); BC{'H} NMR (100 MHz, CDCls) &: 137.7, 137.6, 136.0, 133.6,
132.5, 132.0, 130.6, 128.4, 127.8, 127.1, 126.5 (2C), 59.3, 42.8, 42.2, 34.2, 33.0, 25.0,
24.7, 20.4; HRMS (ESI-TOF) m/z: CyH,sNaO,S," (M + Na)" calced for 409.1266,
found 409.1274.

2y 00

(E)-cyclopentyl(1-(naphthalen-2-ylsulfonyl)-4-phenylbut-3-en-2-yl)sulfane (4y), by
silica gel column chromatography (hexane/ethyl acetate = 15:1), 46.4 mg, 55% yield,
Yellow solid (mp 77-79 °C), '"H NMR (400 MHz, CDCl;) 6: 8.39 (s, 1H), 7.88 (d, J =
8.6 Hz, 1H), 7.84 — 7.78 (m, 2H), 7.74 (d, J = 8.2 Hz, 1H), 7.60 (t, J = 7.6 Hz, 1H),
7.51(t,J="7.5Hz, 1H), 7.18 — 7.09 (m, 3H), 7.01 (dd, J= 7.1, 2.0 Hz, 2H), 6.31 (d, J
=15.7 Hz, 1H), 5.63 (dd, J = 15.6, 9.6 Hz, 1H), 3.96 (td, /= 9.2, 5.3 Hz, 1H), 3.63 —
3.45 (m, 2H), 3.02-2.95 (m, 1H), 2.00 — 1.83 (m, 2H), 1.75 — 1.63 (m, 2H), 1.58-1.46
(m, 3H), 1.44 — 1.37 (m, 1H); BC{'H} NMR (100 MHz, CDCls) &: 136.3, 135.7,
135.2, 132.0, 132.0, 130.6, 129.4, 129.3, 129.2, 128.3, 127.8, 127.7, 127.5, 127.1,
126.3, 122.7, 60.1, 42.7, 42.4, 34.2, 33.0, 24.9, 24.7, HRMS (ESI-TOF) m/z:
CysHp6NaO,S,™ (M + Na)* caled for 445.1266, found 445.1267.

(@]

™
Ph

(E)-2-((2-(cyclopentylthio)-4-phenylbut-3-en-1-yl)sulfonyl)thiophene (4z), by silica
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gel column chromatography (hexane/ethyl acetate = 15:1), 40.1 mg, 53% yield,
Yellow solid (mp 61-63 °C), 'H NMR (400 MHz, CDCl;) 8: 7.64-7.60 (m, 2H), 7.34
—7.22 (m, 5H), 7.01 (dd, J=4.8, 3.9 Hz, 1H), 6.40 (d, /= 15.7 Hz, 1H), 5.83 (dd, J =
15.6, 9.5 Hz, 1H), 3.97 (td, J = 8.6, 5.9 Hz, 1H), 3.66 — 3.47 (m, 2H), 3.03 (p, /= 7.1
Hz, 1H), 2.04 — 1.86 (m, 2H), 1.78 — 1.66 (m, 2H), 1.60 — 1.49 (m, 3H), 1.48-1.39 (m,
1H); BC{'H} NMR (100 MHz, CDCls) &: 140.6, 136.0, 134.7, 134.2, 132.0, 128.5,
127.9, 127.8, 127.0, 126.5, 61.7, 42.7, 42.3, 34.2, 33.0, 25.0, 24.7; HRMS (ESI-TOF)
m/z: C1oH»,NaO,S;™ (M + Na)* caled for 401.0674, found 401.0679.

Sy

(E)-4-((2-(cyclopentylthio)-4-phenylbut-3-en-1-yl)sulfonyl)-3,5-dimethylisoxazole
(4za), by silica gel column chromatography (hexane/ethyl acetate = 15:1), 48.5 mg,
62% yield, Yellow solid (mp 60-62 °C), 'H NMR (400 MHz, CDCl;) &: 7.35 — 7.30
(m, 2H), 7.27 (d, /= 7.6 Hz, 3H), 6.42 (d, J = 15.6 Hz, 1H), 5.84 (dd, J = 15.6, 9.6 Hz,
1H), 3.95 (dd, J = 14.7, 8.8 Hz, 1H), 3.51 — 3.36 (m, 2H), 3.06-2.99 (m, 1H), 2.54 (s,
3H), 2.44 (s, 3H), 2.04 — 1.87 (m, 2H), 1.77 — 1.66 (m, 2H), 1.61 — 1.49 (m, 3H),
1.45-1.40 (m, 1H); BC{'H} NMR (100 MHz, CDCls) 3: 174.9, 157.5, 135.5, 132.1,
128.7, 128.2, 126.7, 126.4, 115.9, 60.8, 42.7, 42.2, 34.3, 32.9, 25.0, 24.7, 12.8, 10.9;
HRMS (ESI-TOF) m/z: C,0H,sNNaO;S," (M + Na)™ calcd for 414.1168, found
414.1175.

S
o A
(E)-cyclopentyl(1-(ethylsulfonyl)-4-phenylbut-3-en-2-yl)sulfane (4zb), by silica gel
column chromatography (hexane/ethyl acetate = 12:1), 46.0 mg, 71% yield, Yellow
oil, '"H NMR (400 MHz, CDCls) &: 7.40 (d, J= 7.3 Hz, 2H), 7.34 (t, /= 7.4 Hz, 2H),
7.27 (dd, J = 8.7, 5.4 Hz, 1H), 6.56 (d, J = 15.7 Hz, 1H), 6.05 (dd, J = 15.7, 9.6 Hz,
1H), 4.03 (dd, J = 16.3, 7.1 Hz, 1H), 3.37 — 3.19 (m, 2H), 3.12-3.04 (m, 3H), 2.08 —
1.91 (m, 2H), 1.80 — 1.68 (m, 2H), 1.66 — 1.45 (m, 4H), 1.37 (t, J = 7.5 Hz, 3H);,
BC{'H} NMR (100 MHz, CDCl;) &: 135.8, 132.2, 128.7, 128.1, 127.6, 126.5, 56.2,
49.1, 43.0, 42.2, 34.2, 33.0, 24.9, 24.7, 6.5; HRMS (ESI-TOF) m/z: C17H4NaO,S,*
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(M + Na)* calcd for 347.1110, found 347.1117.

(E)-cyclopentyl(4-phenyl-1-(propylsulfonyl)but-3-en-2-yl)sulfane (4zc), by silica gel
column chromatography (hexane/ethyl acetate = 15:1), 42.6 mg, 63% yield, Yellow
oil, "H NMR (400 MHz, CDCl3) 8: 7.39 (d, J = 7.2 Hz, 2H), 7.33 (t, J = 7.5 Hz, 2H),
7.27 (t, J = 6.9 Hz, 1H), 6.56 (d, J = 15.7 Hz, 1H), 6.05 (dd, J = 15.7, 9.6 Hz, 1H),
4.09 — 3.96 (m, 1H), 3.37 — 3.22 (m, 2H), 3.07 (dd, J = 13.9, 6.9 Hz, 1H), 3.02 (dd, J
=10.0, 5.8 Hz, 2H), 2.13 — 1.91 (m, 2H), 1.91 — 1.79 (m, 2H), 1.79 — 1.67 (m, 2H),
1.67 — 1.44 (m, 4H), 1.01 (t, J = 7.3 Hz, 3H); *C{'H} NMR (100 MHz, CDCl;) 6:
135.8, 132.2, 128.7, 128.1, 127.7, 126.5, 57.0, 56.4, 43.0, 42.1, 34.3, 33.0, 24.9, 24.7,
15.8, 13.1; HRMS (ESI-TOF) m/z: C;gHpsNaO,S," (M + Na)* caled for 361.1266,
found 361.1269.

SN
Ph/\)\/\\s\g\/\
(E)-(1-(butylsulfonyl)-4-phenylbut-3-en-2-yl)(cyclopentyl)sulfane (4zd), by silica gel
column chromatography (hexane/ethyl acetate = 15:1), 36.6 mg, 52% yield, Yellow
oil, "H NMR (400 MHz, CDCl3) 8: 7.39 (d, J = 7.2 Hz, 2H), 7.33 (t, J = 7.4 Hz, 2H),
7.27 (dd, J=17.9, 6.4 Hz, 1H), 6.56 (d, J = 15.7 Hz, 1H), 6.05 (dd, J = 15.7, 9.6 Hz,
1H), 4.09 — 3.93 (m, 1H), 3.35 — 3.22 (m, 2H), 3.15 — 2.96 (m, 3H), 2.09 — 1.91 (m,
2H), 1.84 — 1.69 (m, 4H), 1.66 — 1.54 (m, 3H), 1.53 — 1.46 (m, 1H), 1.43 — 1.36 (m,
2H), 0.88 (t, J = 7.3 Hz, 3H); BC{'H} NMR (100 MHz, CDCl;) &: 135.8, 132.2,
128.7, 128.1, 127.7, 126.5, 57.0, 54.5, 43.0, 42.1, 34.3, 33.0, 25.0, 24.7, 23.9, 21.6,
13.4; HRMS (ESI-TOF) m/z: C;9HpsNaO,S," (M + Na)* calcd for 375.1423, found
375.1429.

i\
\ S\ .
o

(E)-cyclopentyl(1-(isopropylsulfonyl)-4-phenylbut-3-en-2-yl)sulfane (4ze), by silica

Ph

gel column chromatography (hexane/ethyl acetate = 12:1), 44.0 mg, 65% yield,
Yellow oil, '"H NMR (400 MHz, CDCl;) &: 7.40 (d, J = 7.3 Hz, 2H), 7.33 (t, J = 7.4
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Hz, 2H), 7.26 (t,J = 7.2 Hz, 1H), 6.56 (d, J = 15.7 Hz, 1H), 6.08 (dd, /= 15.6, 9.6 Hz,
1H), 4.05 (td, J = 8.9, 5.5 Hz, 1H), 3.36 — 3.16 (m, 3H), 3.14 — 3.02 (m, 1H), 2.08 —
1.91 (m, 2H), 1.81 — 1.68 (m, 2H), 1.66 — 1.45 (m, 4H), 1.37 (d, J = 6.8 Hz, 6H);
BC{'H} NMR (100 MHz, CDCl5) &: 135.9, 132.0, 128.6, 128.0, 127.7, 126.5, 54.1,
53.7, 43.0, 41.7, 34.3, 33.0, 25.0, 24.7, 15.2, 15.0, HRMS (ESI-TOF) m/z:
CigHy6Na0,S," (M + Na)* caled for 361.1266, found 361.1275.

: S o A
Ph/\)\/s\\o

(E)-cyclopentyl(1-(cyclopropylsulfonyl)-4-phenylbut-3-en-2-yl)sulfane  (4zf), by
silica gel column chromatography (hexane/ethyl acetate = 12:1), 40.3 mg, 60% yield,
Yellow oil, '"H NMR (400 MHz, CDCl;) &: 7.40 (d, J= 7.6 Hz, 2H), 7.33 (t, J= 7.4
Hz, 2H), 7.26 (t, J=7.1 Hz, 1H), 6.56 (d, /= 15.7 Hz, 1H), 6.10 (dd, J = 15.7, 9.6 Hz,
1H), 4.07 (dd, J=16.4, 7.1 Hz, 1H), 3.37 (d, J= 7.0 Hz, 2H), 3.12-3.05 (m, 1H), 2.52
—2.42 (m, 1H), 2.07-1.93 (m, 2H), 1.80 — 1.70 (m, 2H), 1.65 — 1.46 (m, 4H), 1.27 —
1.19 (m, 2H), 1.02 — 0.96 (m, 2H); BC{'H} NMR (100 MHz, CDCls) &: 135.9, 131.9,
128.7, 128.0, 127.9, 126.5, 58.4, 42.9, 42.2, 34.3, 33.0, 31.2, 25.0, 24.7, 5.4, 5.2,
HRMS (ESI-TOF) m/z: Ci;gHy4NaO,S,* (M + Na)" calcd for 359.1110, found
359.1117.

(E)-octyl(4-phenyl-1-tosylbut-3-en-2-yl)sulfane  (4zg), by silica gel column
chromatography (hexane/ethyl acetate = 15:1), 48.8 mg, 61% yield, Yellow solid (mp
55-57 °C), '"H NMR (400 MHz, CDCls) &: 7.70 (d, J = 8.1 Hz, 2H), 7.30 — 7.21 (m,
3H), 7.16 (t, J = 7.8 Hz, 4H), 6.28 (d, J = 15.7 Hz, 1H), 5.62 (dd, J = 15.7, 9.5 Hz,
1H), 3.97 (dd, J = 16.2, 7.3 Hz, 1H), 3.51 — 3.37 (m, 2H), 2.59 (td, J = 10.2, 3.6 Hz,
1H), 2.27 (s, 3H), 1.95 (d, J = 13.1 Hz, 1H), 1.81 — 1.71 (m, 2H), 1.67-1.66 (m, 1H),
1.56-1.53 (m, 1H), 1.34 — 1.20 (m, 5H); BC{'H} NMR (100 MHz, CDCl3) 3: 144.7,
136.5, 136.0, 131.8, 129.7, 128.4, 128.3, 127.8, 127.4, 126.4, 60.4, 42.7, 40.5, 33.6,
33.0, 25.9, 25.6 (2C), 21.4; HRMS (ESI-TOF) m/z: C,3H,5Na0,S," (M + Na)* calcd
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for 423.1423, found 423.1425.

Ph~g o /©/

NN

(E)-phenethyl(4-phenyl-1-tosylbut-3-en-2-yl)sulfane (4zh), by silica gel column
chromatography (hexane/ethyl acetate = 10:1), 40.5 mg, 48% yield, Yellow oil, 'H
NMR (400 MHz, CDCl;) &: 7.69 (d, J = 8.0 Hz, 2H), 7.31 — 7.22 (m, 5H), 7.18 (dd, J
=15.6, 7.9 Hz, 5H), 7.11 (d, J= 7.4 Hz, 2H), 6.23 (d, J = 15.7 Hz, 1H), 5.60 (dd, J =
15.7, 9.6 Hz, 1H), 3.84 (dd, J = 14.8, 8.6 Hz, 1H), 3.51 — 3.35 (m, 2H), 2.82 (dd, J =
13.9, 6.4 Hz, 2H), 2.77 — 2.61 (m, 2H), 2.28 (s, 3H); C{'H} NMR (100 MHz,
CDCl;) 6: 144.8, 139.9, 136.3, 135.6, 132.4, 129.7, 128.5 (3C), 128.4, 128.3, 127.9,
126.6, 126.4, 60.0, 42.1, 35.9, 32.2, 21.5; HRMS (ESI-TOF) m/z: C,5H,6NaO,S," (M
+ Na)* calcd for 445.1266, found 445.1270.

(E)-(4-phenyl-1-tosylbut-3-en-2-yl)(propyl)sulfane (4zi), by silica gel column
chromatography (hexane/ethyl acetate = 15:1), 51.9 mg, 72% yield, Yellow oil, 'H
NMR (400 MHz, CDCls) &: 7.71 (d, J= 8.0 Hz, 2H), 7.31 — 7.21 (m, 3H), 7.18 (t, J =
7.6 Hz, 4H), 6.26 (d, J = 15.7 Hz, 1H), 5.60 (dd, J = 15.6, 9.5 Hz, 1H), 3.84 (td, J =
9.0, 5.4 Hz, 1H), 3.53 — 3.37 (m, 2H), 2.52 — 2.42 (m, 1H), 2.42 — 2.32 (m, 1H), 2.28
(s, 3H), 1.62 — 1.48 (m, 2H), 0.93 (t, J = 7.3 Hz, 3H); BC{'H} NMR (100 MHz,
CDCl) &: 144.8, 136.4, 135.9, 132.2, 129.7, 128.4, 128.3, 127.8, 126.9, 126.4, 60.2,
41.9, 32.7, 22.5, 21.5, 13.4; HRMS (ESI-TOF) m/z: C,0H24NaO,S," (M + Na)* caled
for 383.1110, found 383.1123.

(E)-butyl(4-phenyl-1-tosylbut-3-en-2-yl)sulfane  (4zj), by silica gel column
chromatography (hexane/ethyl acetate = 15:1), 50.9 mg, 68% yield, Yellow oil, 'H
NMR (400 MHz, CDCls) &: 7.71 (d, J = 8.0 Hz, 2H), 7.30 — 7.22 (m, 3H), 7.18 (t, J =
8.3 Hz, 4H), 6.27 (d, J = 15.7 Hz, 1H), 5.61 (dd, J = 15.6, 9.5 Hz, 1H), 3.84 (dd, J =
14.5, 8.9 Hz, 1H), 3.55 — 3.37 (m, 2H), 2.52-2.36 (m, 2H), 2.29 (s, 3H), 1.56 — 1.46
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(m, 2H), 1.37 — 1.30 (m, 2H), 0.87 (t, J = 7.3 Hz, 3H); *C{'H} NMR (100 MHz,
CDCl;) 6: 144.8, 136.5, 135.9, 132.2, 129.7, 128.4, 128.4, 127.8, 126.9, 126.4, 60.2,
41.9, 31.2, 304, 21.9, 21.5, 13.6; HRMS (ESI-TOF) m/z: Cy;HsNaO,S,* (M + Na)*
calcd for 397.1266, found 397.1268.

(E)-octyl(4-phenyl-1-tosylbut-3-en-2-yl)sulfane  (4zk), by silica gel column
chromatography (hexane/ethyl acetate = 20:1), 60.2 mg, 70% yield, Yellow oil, 'H
NMR (400 MHz, CDCl;) o: 7.71 (d, J = 8.2 Hz, 2H), 7.24 (dd, J = 14.4, 7.1 Hz, 3H),
7.17 (t, J = 7.6 Hz, 4H), 6.26 (d, J = 15.7 Hz, 1H), 5.60 (dd, J = 15.7, 9.5 Hz, 1H),
3.94 — 3.77 (m, 1H), 3.52 — 3.38 (m, 2H), 2.51 — 2.35 (m, 2H), 2.28 (s, 3H), 1.57 —
1.44 (m, 2H), 1.33 — 1.20 (m, 10H), 0.86 (t, J = 6.8 Hz, 3H); BC{'H} NMR (100
MHz, CDCl,) 6: 136.4, 135.9, 132.1, 129.7, 128.4, 128.3, 127.8, 126.8, 126.4, 60.1,
419, 31.7, 30.7, 29.1 (3C), 28.8, 22.6, 21.4, 14.0; HRMS (ESI-TOF) m/z:
CysH34NaO,S," (M + Na)* caled for 453.1892, found 453.1898.

(E)-2-((4-phenyl-1-tosylbut-3-en-2-yl)thio)benzo[d]thiazole (4zl), by silica gel
column chromatography (hexane/ethyl acetate = 9:1), 70.4 mg, 78% yield, Yellow
solid (mp 133-135 °C), '"H NMR (400 MHz, CDCl3) 6: 7.85 (d, J = 8.1 Hz, 1H), 7.75
(dd, J=15.8, 8.0 Hz, 3H), 7.44 (t, J = 7.7 Hz, 1H), 7.32 (d, J = 7.8 Hz, 1H), 7.29 —
7.18 (m, 7H), 6.64 (d, J=15.7 Hz, 1H), 6.09 (dd, J = 15.7, 9.0 Hz, 1H), 4.94 (td, J =
10.0, 3.5 Hz, 1H), 4.09 (dd, J = 14.3, 3.5 Hz, 1H), 3.83 (dd, J = 14.3, 10.5 Hz, 1H),
2.33 (s, 3H); BC{'H} NMR (100 MHz, CDCl;) 3: 163.0, 152.9, 144.9, 136.3, 135.6,
135.4,135.0, 129.8, 128.4 (2C), 128.2, 126.7, 126.1, 124.7, 124.1, 121.9, 121.0, 60.0,
45.1, 21.5; HRMS (ESI-TOF) m/z: Cy4H;;NNaO,S;" (M + Na)* calcd for 474.0627,
found 474.0629.
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(E)-(4-(tert-butyl)phenyl)(4-phenyl-1-tosylbut-3-en-2-yl)sulfane (4zm), by silica gel
column chromatography (hexane/ethyl acetate = 10:1), 27.9 mg, 31% yield, Yellow
solid (mp 115-117 °C), 'H NMR (400 MHz, CDCl;) é: 7.67 (d, J = 8.0 Hz, 2H), 7.29
(s, 4H), 7.27 — 7.22 (m, 3H), 7.18 (d, J = 7.9 Hz, 2H), 7.04 (d, J = 7.2 Hz, 2H), 6.12
(d, J = 15.7 Hz, 1H), 5.65 (dd, J = 15.7, 9.2 Hz, 1H), 4.13 (td, J = 9.7, 3.9 Hz, 1H),
3.59 — 3.40 (m, 2H), 2.29 (s, 3H), 1.30 (s, 9H); BC{'H} NMR (100 MHz, CDCl;) 3:
152.0, 144.8, 136.3, 136.0, 134.3, 133.3, 129.7, 128.4, 128.3, 128.1, 127.8, 126.4,
126.2, 125.7, 60.1, 45.9, 34.6, 31.2, 21.5; HRMS (ESI-TOF) m/z: Cy;H30NaO,S," (M

+ Na)* calcd for 473.1579, found 473.1588.

(E)-(4-phenyl-1-tosylbut-3-en-2-yl)(p-tolyl)sulfane (4zn), by silica gel column
chromatography (hexane/ethyl acetate = 10:1), 20.4 mg, 25% yield, Yellow solid (mp
99-101 °C), 'H NMR (400 MHz, CDCl;) &: 7.66 (d, J = 7.8 Hz, 2H), 7.30 — 7.20 (m,
6H), 7.17 (d, /= 8.0 Hz, 2H), 7.08 (t, J = 8.7 Hz, 4H), 6.14 (d, /= 15.7 Hz, 1H), 5.65
(dd, J=15.7,9.2 Hz, 1H), 4.10 (td, J = 9.8, 3.7 Hz, 1H), 3.58 — 3.38 (m, 2H), 2.33 (s,
3H), 2.28 (s, 3H); BC{'H} NMR (100 MHz, CDCl5) &: 144.8, 138.9, 136.2, 136.0,
135.8, 134.7, 133.2, 129.9, 129.7, 128.4, 128.3, 128.0, 127.8, 126.4, 125.9, 60.1, 46.0,
21.5, 21.2; HRMS (ESI-TOF) m/z: Cy4H4NaO,S," (M + Na)*" caled for 431.1110,
found 431.1115.

(E)-(2,4-dichlorophenyl)(4-phenyl-1-tosylbut-3-en-2-yl)sulfane (4z0), by silica gel
column chromatography (hexane/ethyl acetate = 12:1), 18.5 mg, 20% yield, Yellow
solid (mp 85-87 °C), 'H NMR (400 MHz, CDCls) 6: 7.68 (d, J = 7.9 Hz, 2H), 7.40 (s,
1H), 7.35 (d, /= 8.4 Hz, 2H), 7.26 — 7.17 (m, 5H), 7.06 (d, /= 7.0 Hz, 2H), 6.17 (d, J
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=15.7 Hz, 1H), 5.69 (dd, J = 15.7, 9.2 Hz, 1H), 4.31 (td, /= 9.8, 3.2 Hz, 1H), 3.59 —
3.36 (m, 2H), 2.29 (s, 3H); BC{'H} NMR (100 MHz, CDCl;) &: 145.1, 138.8, 136.3,
136.1, 135.7, 135.2, 133.9, 130.1, 130.0, 129.9, 128.5, 128.4, 128.1, 127.7, 126.5,
125.1, 59.8, 45.2, 21.6; HRMS (ESI-TOF) m/z: Cy3H»C1LNaO,S,* (M + Na)* caled
for 485.0174, found 485.0178.
Ph O, /©/

PR S\\O

(2-tosylethene-1,1-diyl)dibenzene (5), by silica gel column chromatography
(hexane/ethyl acetate = 20:1), 25.4 mg, 38% yield, Yellow solid (mp 103-105 °C), 'H
NMR (400 MHz, CDCls) &: 7.47 (d, J= 8.1 Hz, 2H), 7.40 — 7.33 (m, 2H), 7.29 (t, J =
7.1 Hz, 4H), 7.20 (d, J = 7.4 Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 7.09 (d, J = 7.2 Hz,
2H), 7.00 (s, 1H), 2.37 (s, 3H); 3C{'H} NMR (100 MHz, CDCl;) &: 154.6, 143.7,
139.1, 138.4, 135.5, 130.2, 129.7, 129.2, 128.8 (2C), 128.5, 128.1, 127.7, 127.6, 21.5;
HRMS (ESI-TOF) m/z: C,1HgNaO,S* (M + Na)* calcd for 357.0920, found 357.0931.

4-(tosylmethyl)-1,2-dihydronaphthalene (7), by silica gel column chromatography
(hexane/ethyl acetate = 10:1), 13.7 mg, 23% yield, Yellow solid (mp 93-95 °C), 'H
NMR (400 MHz, CDCls) &: 7.61 (d, J = 8.2 Hz, 2H), 7.18 (t, /= 5.2 Hz, 6H), 6.04 (t,
J=17.3 Hz, 1H), 4.35 (s, 2H), 3.57 (t, /= 6.6 Hz, 2H), 2.66-2.61 (m, 2H), 2.37 (s, 3H);
BC{'H} NMR (100 MHz, CDCl3) &: 144.7, 140.5, 135.9, 133.6, 130.7, 129.5, 128.4
(20), 128.3, 127.4, 126.5 (2C), 58.0, 43.6, 32.5, 21.5; HRMS (ESI-TOF) m/z:
CsHsNaO,S* (M + Na)* calcd for 321.0920, found 321.0927.

I-methyl-4-((2-phenylpent-2-en-1-yl)sulfonyl)benzene (8), by silica gel column
chromatography (hexane/ethyl acetate = 5:1), 16.8 mg, 28% yield, Yellow solid (mp
71-73 °C), '"H NMR (400 MHz, CDCl;) &: 7.61 (d, J = 8.2 Hz, 2H), 7.21 — 7.13 (m,
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7H), 5.95 (t,J = 7.4 Hz, 1H), 4.34 (s, 2H), 2.36 (s, 3H), 2.12-2.04 (m, 2H), 0.96 (t, J =
7.5 Hz, 3H); BC{'H} NMR (100 MHz, CDCl;) &: 144.4, 140.9, 140.2, 136.0, 129.4,
128.5, 128.2, 127.3, 126.9, 126.4, 57.7, 22.7, 21.5, 13.6; HRMS (ESI-TOF) m/z:
C1gH50NaO,S™ (M + Na)™ calcd for 323.1076, found 323.1079.

O
i\
A X
O
F B

(E)-2-bromo-1-(3-chloro-4-tosylbut-1-en-1-yl)-4-fluorobenzene (9), by silica gel
column chromatography (hexane/ethyl acetate = 10:1), 34.1 mg, 41% yield, Yellow
oil, '"H NMR (400 MHz, CDCl;) &: 7.76 (d, J= 8.2 Hz, 2H), 7.34 — 7.26 (m, 4H), 6.97
(td, J = 8.4, 2.5 Hz, 1H), 6.89 (d, J = 15.5 Hz, 1H), 5.93 (dd, J = 15.5, 9.0 Hz, 1H),
493 (td, J = 8.8, 5.4 Hz, 1H), 3.77-3.66 (m, 2H), 2.37 (s, 3H); *C{'H} NMR (100
MHz, CDCl;) d: 162.1 (d, J = 251.5 Hz, 1C), 145.2, 1359, 131.7 , 131.4 (d, J = 3.6
Hz, 1C), 129.9, 128.7 (d, J=1,9 Hz, 1C), 128.4, 128.3 (3C), 123.9 (d, /=9.4 Hz, 1C),
120.0 (d, J = 24.3 Hz, 1C), 114.9 (d, J = 21.3 Hz, 1C), 62.9, 54.2, 21.5; 'F NMR
(376 MHz, CDCls) 6 -110.7 (s, 1F); HRMS (ESI-TOF) m/z: C{7H;sBrCIFO,S* (M +
Na)* calcd for 438.9541, found 438.9555.

1-((2-chloro-2-phenylethyl)sulfonyl)-4-methylbenzene (11°), by silica gel column
chromatography (hexane/ethyl acetate = 15:1), 51.8 mg, 88% yield, Yellow oil, 'H
NMR (400 MHz, CDCl,) 6: 7.63 (d, J = 8.3 Hz, 2H), 7.27 (s, SH), 7.23 (d, J= 8.1 Hz,
2H), 5.33 (t, /= 6.9 Hz, 1H), 3.94 (dd, J = 14.8, 6.9 Hz, 1H), 3.84 (dd, J = 14.8, 6.9
Hz, 1H), 2.40 (s, 3H); BC{'H} NMR (100 MHz, CDCl5) é: 144.9, 138.5, 136.1, 129.7,
129.0, 128.8, 128.1, 127.1, 64.0, 55.1, 21.6; HRMS (ESI-TOF) m/z: CsH;sCINaO,S*
(M + Na)* calcd for 317.0373, found 317.0375.

2-(1-chloro-2-tosylethyl)naphthalene (13”), by silica gel column chromatography
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(hexane/ethyl acetate = 12:1), 46.1 mg, 67% yield, Yellow oil, 'H NMR (400 MHz,
CDCly) &: 7.78 = 7.69 (m, 2H), 7.69 — 7.62 (m, 2H), 7.50-7.47 (m, 4H), 7.29 (dd, J =
8.5, 1.5 Hz, 1H), 6.97 (d, J = 8.1 Hz, 2H), 5.48 (t, J/ = 7.0 Hz, 1H), 4.14 — 3.90 (m,
2H), 2.20 (s, 3H); BC{'H} NMR (100 MHz, CDCl;) &: 144.7, 135.7, 135.1, 133.3,
132.7, 129.4 (2C), 129.0, 128.0, 127.9, 127.5, 126.9, 126.6, 123.9, 63.7, 55.5, 21.3;
HRMS (ESI-TOF) m/z: C;9H7;CINaO,S* (M + Na)* calcd for 367.0530, found
367.0535.
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NMR Spectra
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(E)-cyclopentyl(4-phenyl-1-tosylbut-3-en-2-yl)sulfane (4a)
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(E)-cyclopentyl(4-(4-methoxyphenyl)-1-tosylbut-3-en-2-yl)sulfane (4b)
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(E)-(4-(4-(benzyloxy)phenyl)-1-tosylbut-3-en-2-yl)(cyclopentyl)sulfane (4c)
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(E)-cyclopentyl(4-(p-tolyl)-1-tosylbut-3-en-2-yl)sulfane (4d)
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(E)-(4-(4-(tert-butyl)phenyl)-1-tosylbut-3-en-2-yl)(cyclopentyl)sulfane (4e)
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(E)-cyclopentyl(4-(4-fluorophenyl)-1-tosylbut-3-en-2-yl)sulfane (4f)
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SE NMR (376 MHz, CDCl3)
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(E)-(4-(4-chlorophenyl)-1-tosylbut-3-en-2-yl)(cyclopentyl)sulfane (4g)
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(E)-3-(3-(cyclopentylthio)-4-tosylbut-1-en-1-yl)thiophene (4h)
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(E)-cyclopentyl(4-(m-tolyl)-1-tosylbut-3-en-2-yl)sulfane (4i)
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(E)-cyclopentyl(4-(3-methoxyphenyl)-1-tosylbut-3-en-2-yl)sulfane (4j)
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(E)-cyclopentyl(4-(2-methoxyphenyl)-1-tosylbut-3-en-2-yl)sulfane (4k)
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(E)-(4-(2-bromophenyl)-1-tosylbut-3-en-2-yl)(cyclopentyl)sulfane (41)
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(E)-cyclopentyl(4-(2,4-dichlorophenyl)-1-tosylbut-3-en-2-yl)sulfane (4m)
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(E)-(4-(2-bromo-4-fluorophenyl)-1-tosylbut-3-en-2-yl)(cyclopentyl)sulfane (4n)
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'9F NMR (376 MHz, CDCl3)
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(E)-3-(3-(cyclopentylthio)-4-tosylbut-1-en-1-yl)thiophene (40)
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(E)-cyclopentyl(4-(naphthalen-2-yl)-1-tosylbut-3-en-2-yl)sulfane (4p)
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Cyclopentyl((3E,5E)-6-phenyl-1-tosylhexa-3,5-dien-2-yl)sulfane (4q)
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(E)-cyclopentyl(4-phenyl-1-(phenylsulfonyl)but-3-en-2-yl)sulfane (4r)
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(E)-cyclopentyl(1-((4-methoxyphenyl)sulfonyl)-4-phenylbut-3-en-2-yl)sulfane (4s

000°0
6151,
8T<'1
ST
L¥S T
7651
65511
L9E" T4
0041
90L 14
S1L1+
8667
STH €
8hb €
951 €
$69°€
L68E
606 €1
009°6|
¥Z9°§1
6€9°51
£99°C
0LT'9]
60£°9
908'9
11891
¥Z8'9
628791
TLT L
881°L P
T61 7L
8TTL
VT LA
SHT LA
6L
8671/
¥9TL _
ULTL
LLT L
€6T°L
164 L]
9€L L]
8FLL
€60

OMe

NMR (400 MHz, CDCl3)

7601
=00
67T
907

“660
70T
Je0E

R

= F€0'1

= 001

F90'C
61
fore

10T

T0LbT
£66'HT

LEG'TE,
LT FE
OFE Th,
109°Th

097 66—
6£€°09—

Nwo.ohw
cco.hh\
M:.m.hh

60T FIT—
01921
owm.\lm_%
LELLTL
how.wm_%
LB 0L
€08°0¢€1
96L°1€1
866°CE1

EPeE0l—

OMe

3C{"H} NMR (100 MHz, CDCl3)

=]
B

T T T T T T T T
17 160 150 140 120 120 110 100 a0 &0
f1 (ppm)

T
180

T
190

S53



(E)-(1-((4-(tert-butyl)phenyl)sulfonyl)-4-phenylbut-3-en-2-yl)(cyclopentyl)sulfane (4t)

NMR (400 MHz, CDCl3)
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(E)-cyclopentyl(1-((4-fluorophenyl)sulfonyl)-4-phenylbut-3-en-2-yl)sulfane (4u)
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(E)-cyclopentyl(1-((4-iodophenyl)sulfonyl)-4-phenylbut-3-en-2-yl)sulfane (4v)
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(E)-4-((2-(cyclopentylthio)-4-phenylbut-3-en-1-yl)sulfonyl)benzonitrile (4w)
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(E)-cyclopentyl(4-phenyl-1-(o-tolylsulfonyl)but-3-en-2-yl)sulfane (4x)
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(E)-cyclopentyl(1-(naphthalen-2-ylsulfonyl)-4-phenylbut-3-en-2-yl)sulfane (4y)
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(E)-2-((2-(cyclopentylthio)-4-phenylbut-3-en-1-yl)sulfonyl)thiophene (4z)
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(E)-4-((2-(cyclopentylthio)-4-phenylbut-3-en-1-yl)sulfonyl)-3,5-dimethylisoxazole

(4za)
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(E)-cyclopentyl(1-(ethylsulfonyl)-4-phenylbut-3-en-2-yl)sulfane (4zb)
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(E)-cyclopentyl(4-phenyl-1-(propylsulfonyl)but-3-en-2-yl)sulfane (4zc)
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(E)-(1-(butylsulfonyl)-4-phenylbut-3-en-2-yl)(cyclopentyl)sulfane (4zd)
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(E)-cyclopentyl(1-(isopropylsulfonyl)-4-phenylbut-3-en-2-yl)sulfane (4ze)
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(E)-cyclopentyl(1-(cyclopropylsulfonyl)-4-phenylbut-3-en-2-yl)sulfane (4zf)
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(E)-cyclohexyl(4-phenyl-1-tosylbut-3-en-2-yl)sulfane (4zg)
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(E)-phenethyl(4-phenyl-1-tosylbut-3-en-2-yl)sulfane (4zh)

NMR (400 MHz, CDCl5)

- 0t 1T—

L 891°TE—

6L8'6E”

s SELTH~
hgez|
780

veOll L10°09—

Flozle 289'9Ly

— 000°LL-
F20l[ Hoie
B
sl TEROTE
FOG £49°971
Lo #68LTI
) | TTHSTI
B 74 |
. LIL6T1
sE6° 1= gorZEl
Re6 bl peLsel
LTS OPET9EL
~10T £06°6€1
Fa o 96L°FFI

a0
f1 (ppm)

' 100
S69

110

120

160 150 140 130

17

13¢{TH} NMR (100 MHz, CDCl3)

180




(E)-(4-phenyl-1-tosylbut-3-en-2-yl)(propyl)sulfane (4zi)
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(E)-butyl(4-phenyl-1-tosylbut-3-en-2-yl)sulfane (4zj)
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(E)-octyl(4-phenyl-1-tosylbut-3-en-2-yl)sulfane (4zk)
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(£)-2-((4-phenyl-1-tosylbut-3-en-2-yl)thio)benzo[d]thiazole (4zl)

00070~
780707

LTEC—

L6L°E
€8¢
£E8°E
658°¢
90"t
£L0Y
00T+
805+
FE6'F
o't
856t
£50'9
$6079
LIT9

€299~
5
9IC’L
WL
STL
ILT°L
SIie’L
YL L
PPl L
YoL L
¥BLL
PF8'L

NMR (400 MHz, CDCl3)

=10¢

U Foo't
01

= F00'1

= 01

J9TL
€01
Lo
LT0'E
o1

906 1T~

6El'Sh—

PE6'65-

Nw@.oh/
ooo.h_‘.ﬂ
m:m.h_n

610°121
£98°121
T60°¥T1
TTLPTI
9z71'921
759971
LET8TT
1LE°8T1
TP 8Tl
65L°6T17
800°S€1
16€ S€E1
L6S SET
Rm.cm_\
098 1
SE6°TST
9L6°791—

O\\
S

'1“
s

o

13¢{"H) NMR (100 MHz, CDCl3)

W

x

Ph

1

T T T T T T
0 140 120 120 110 100 a0

f1 (ppm.

S73

T
151

T
160

1

T
180

0



(E)-(4-(tert-butyl)phenyl)(4-phenyl-1-tosylbut-3-en-2-yl)sulfane (4zm)
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(E)-(4-phenyl-1-tosylbut-3-en-2-yl)(p-tolyl)sulfane (4zn)
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(E)-(2,4-dichlorophenyl)(4-phenyl-1-tosylbut-3-en-2-yl)sulfane (4zo)
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(2-tosylethene-1,1-diyl)dibenzene (5)
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4-(tosylmethyl)-1,2-dihydronaphthalene (7)
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I-methyl-4-((2-phenylpent-2-en-1-yl)sulfonyl)benzene (8)
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