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1. General Information

All commercially available reagents were used without further purification unless
mentioned otherwise. 'H and '*C Nuclear Magnetic Resonance (NMR) spectra were
recorded on Bruker Avance 400 Ultrashield NMR spectrometer. Chemical shifts (0)
were given in parts per million (ppm) and were measured downfield from internal
tetramethylsilane. High-resolution mass spectrometry (HRMS) data were obtained on
an FTICR-MS instrument (Ionspec 7.0 T, ESI/ Quadrupole Mass Analyzer, ESI-QMA).
The melting points were determined on an X-4 microscope melting point apparatus and
are uncorrected. Conversion was monitored by thin layer chromatography (TLC). Flash
column chromatography was performed over silica gel (100-200 mesh). 200 mesh).
Blue LED (30 W, A max = 470 nm) was purchased from JIADENG (LS) was used for
blue light irradiation. A fan attached to the apparatus was used to maintain the reaction

temperature at room temperature.

2. Preparation of substrates

2.1 General procedure for synthesis of distal olefinic aromatic amines 1a-1j
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According to literature reports! 2, step 1: to a 100 mL round-bottom flask was added
aromatic amine (10.0 mmol), tosyl chloride (2.29 g, 12 mmol, 1.2 equiv), pyridine (2.41
mL, 30.0 mmol, 3 equiv), and 30 mL DCM. The mixture was stirred at room
temperature for 12 h. This organic solution was washed with 1N HCI, water and brine,
dried over anhydrous Na,SO, and concentrated in vacuo. The crude product was
washed three times with petroleum ether (15 mL) to obtain the compound S. Step 2:
The compound S that the product of the first step, 4-bromobut-1-ene (2 mL, 20 mmol),
and K,CO; (2.7 g, 20 mmol) were dispersed in DMF (20 mL). The mixture was stirred
for 12 h at 80 °C and quenched with H,O (20 mL), extracted with EA (50 mL % 2). The
combined organic layer was washed with brine (30 mL x 3), dried over Na,SO,, and
concentrated. The residue was purified by flash chromatography on a silica gel using

petroleum ether and ethyl acetate (20/1~10/1, v/v) as the eluent to give substrate 1a-1j.

Methyl 3-((V-(but-3-en-1-yl)-4-methylphenyl)sulfonamido)thiophene-2-carboxyl-
ate (1a)

TS\N/W

@COZMe
S

White solid, yield 89% (3.25 g). M.p. = 82-83 °C.
TH NMR (400 MHz, CDCl3) 6 7.54 (d, J = 8.2 Hz, 2H), 7.44 (d, /= 5.3 Hz, 1H), 7.23

(d,J=8.1Hz, 2H), 6.99 (d,J=5.3 Hz, 1H), 5.72 (ddt,J=17.1, 10.3, 6.8 Hz, 1H), 5.07
—4.97 (m, 2H), 3.69 (t,J= 7.5 Hz, 2H), 3.59 (s, 3H), 2.40 (s, 3H), 2.28 (q, /= 7.4 Hz,
2H).

13C NMR (100 MHz, CDCl;) 6 160.7, 143.4, 141.0, 136.7, 134.9, 131.3, 129.4, 129.3,
128.6,127.6,117.1, 52.0, 51.1, 33.9, 21.6.

HRMS(ESI) m/z: [M+H]"Caled for C17H0NO4S," 366.0828; found 366.0833.
Methyl 2-((NV-(but-3-en-1-yl)-4-methylphenyl)sulfonamido)thiophene-3-carboxyl-
ate (1b)



TS‘N/W

Sb\ _CO,Me

White solid, yield 77% (2.81 g). M.p. = 83—-84 °C.

'TH NMR (400 MHz, CDCl3) 6 7.59 (d, J= 8.3 Hz, 2H), 7.32 (d, /= 5.9 Hz, 1H), 7.26
(d,J=8.1Hz,2H),7.17 (d,J=5.9 Hz, 1H), 5.74 (ddt, /J=17.0, 10.2, 6.7 Hz, 1H), 5.10
—4.99 (m, 2H), 3.77 - 3.71 (m, 2H), 3.58 (s, 3H), 2.42 (s, 3H), 2.39 — 2.32 (m, 2H).
I3C NMR (100 MHz, CDCl;) 6 162.1, 146.2, 143.8, 136.0, 134.5, 129.9, 129.6, 128.1,
128.0, 124.1, 117.4, 52.6, 51.7, 33.4, 21.7.

HRMS(ESI) m/z: [M+H]"Calcd for C17H0NO4S," 366.0828; found 366.0832.
Methyl 2-((/V-(but-3-en-1-yl)-4-methylphenyl)sulfonamido)-4,5,6,7-tetrahydrobe-
nzo|b]thiophene-3-carboxylate (1¢)

TS\N/W

5”X\y—CO,Me

White solid, yield 89% (3.67 g). M.p. = 116-117 °C.
TH NMR (400 MHz, CDCl3) ¢ 7.63 (d, J = 8.1 Hz, 2H), 7.27 (d, /= 7.1 Hz, 2H), 5.74

(ddt,J=17.0, 10.2, 6.8 Hz, 1H), 5.11 —4.97 (m, 2H), 3.65 — 3.58 (m, 5H), 2.72 (t, J =
5.3 Hz, 2H), 2.67 (t,J = 5.7 Hz, 2H), 2.42 (s, 3H), 2.40 — 2.34 (m, 2H), 1.85 - 1.75 (m,
4H).

13C NMR (100 MHz, CDCl;) 6 163.3, 143.6, 141.8, 136.2, 135.5, 134.7, 134.6, 130.3,
129.6,127.9,117.2,52.7,51.4,33.2,25.8, 25.3,22.9, 22.5, 21.7.

HRMS(ESI) m/z: [M+H]"Caled for C,;HyNO4S," 420.1298; found 420.1305.

Ethyl 2-((N-(but-3-en-1-yl)-4-methylphenyl)sulfonamido)-5,6-dihydro-4H-cyclop-
enta|b|thiophene-3-carboxylate (1d)

TS\N/\/\

White solid, yield 89% (3.68 g). M.p. = 72-73 °C.



'TH NMR (400 MHz, CDCl3) 6 7.64 (d, J= 8.3 Hz, 2H), 7.26 (d, J = 8.1 Hz, 2H), 5.73
(ddt, J=17.1, 10.3, 6.8 Hz, 1H), 5.09 — 4.98 (m, 2H), 4.06 (q, J= 7.1 Hz, 2H), 3.73 —
3.65 (m, 2H), 2.95 — 2.84 (m, 4H), 2.42 (s, 3H), 2.40 — 2.32 (m, 4H), 1.26 (t, J=7.1
Hz, 3H).

13C NMR (100 MHz, CDCl;) 6 162.2, 146.7, 144.9, 143.6, 139.7, 136.4, 134.7, 129.5,
128.0, 126.7, 117.2, 60.5, 52.6, 33.3, 30.6, 30.0, 27.3, 21.7, 14.2.

HRMS(ESI) m/z: [M+H]*Calcd for C,1HysNO4S,™ 420.1298; found 420.1292.
Methyl 2-((NV-(but-3-en-1-yl)-4-methylphenyl)sulfonamido)-4-methylthiophene-3-
carboxylate (1e)

TS\N/\/\

White solid, yield 86% (3.37 g). M.p. = 52-53 °C.
TH NMR (400 MHz, CDCl3) ¢ 7.59 (d, J = 8.3 Hz, 2H), 7.26 (d, /= 8.1 Hz, 2H), 6.79

(q,/=0.9 Hz, 1H), 5.74 (ddt, J=17.1, 10.3, 6.8 Hz, 1H), 5.09 — 4.98 (m, 2H), 4.16 (q,
J=7.1Hz, 2H), 3.71 - 3.61 (m, 2H), 2.42 (s, 3H), 2.41 — 2.36 (m, 2H), 2.34 (d,/=0.9
Hz, 3H), 1.33 (t, /= 7.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 163.2, 144.9, 143.8, 137.7, 135.7, 134.5, 131.6, 129.6,
128.0, 120.2, 117.3, 60.9, 52.8, 33.2, 21.7, 17.2, 14.2.

HRMS(ESI) m/z: [M+H]"Calcd for C1gH2,NO4S," 394.1141; found 394.1146.
Methyl 4-((N-(but-3-en-1-yl)-4-methylphenyl)sulfonamido)-3-methoxybenzoate
(1)

Colorless oil, yield 85% (3.32 g).
TH NMR (400 MHz, CDCl3) 6 7.63 (dd, J= 8.1, 1.4 Hz, 1H), 7.53 (d, J = 8.2 Hz, 2H),
7.46 (d,J=1.5 Hz, 1H), 7.36 (d, J= 8.1 Hz, 1H), 7.23 (d, /= 8.2 Hz, 2H), 5.79 — 5.66



(m, 1H), 5.06 — 4.96 (m, 2H), 3.92 (s, 3H), 3.66 (t, /= 7.1 Hz, 2H), 3.43 (s, 3H), 2.41
(s, 3H), 2.18 (q, J = 7.1 Hz, 2H).

13C NMR (100 MHz, CDCl;) 6 166.4, 156.5, 143.0, 137.2, 134.9, 133.5, 131.3, 131.0,
129.1, 127.5, 122.0, 117.0, 112.6, 55.2, 52.4,49.1, 33.5, 21.5.

HRMS(ESI) m/z: [M+H]*Calcd for C;0H,4NOsS* 390.1370; found 390.1375.

N-(but-3-en-1-yl)-V-(2-methoxyphenyl)-4-methylbenzenesulfonamide (1g)

Ts
i

7
-~ O/

Colorless oil, yield 88% (2.92 g).
'TH NMR (400 MHz, CDCl;) ¢ 7.54 (d, J = 8.2 Hz, 2H), 7.30 — 7.25 (m, 2H), 7.22 (d,
J=28.1 Hz, 2H), 6.92 (t,J= 7.6 Hz, 1H), 6.78 (d, /= 8.1 Hz, 1H), 5.74 (ddt, J = 17.1,
10.4, 6.7 Hz, 1H), 5.06 — 4.95 (m, 2H), 3.63 (br, 2H), 3.35 (s, 3H), 2.39 (s, 3H), 2.20
(q,J=7.2 Hz, 2H).
13C NMR (100 MHz, CDCl;) 6 156.7, 142.7, 137.5, 135.1, 133.5, 129.8, 129.0, 127.5,
126.5, 120.6, 116.7, 111.7, 54.9, 49.2, 33.5, 21.5.
HRMS(ESI) m/z: [M+H]*Calcd for C;gsH,,NO3;S* 332.1315; found 332.1319.
Ethyl 2-((N-(but-3-en-1-yl)-4-methylphenyl)sulfonamido)cyclohex-1-ene-1-carbo-
xylate (1h)

N~z
@;(0\/

0]
White solid, yield 59% (2.21 g). M.p. = 59-60 °C.
TH NMR (400 MHz, CDCl3) 6 7.69 (d, J = 8.3 Hz, 2H), 7.27 (d, J= 8.0 Hz, 2H), 5.75
(ddt, J=17.0, 10.3, 6.7 Hz, 1H), 5.11 —4.99 (m, 2H), 4.09 (q, J = 7.1 Hz, 2H), 3.56 —
3.16 (m, 2H), 2.52 — 2.30 (m, 7H), 1.95 (br, 2H), 1.61 (br, 4H), 1.28 (t,J= 7.1 Hz, 3H).
I3C NMR (100 MHz, CDCl;) 6 167.9, 143.3, 138.8, 137.8, 135.0, 133.3, 129.6, 127.5,
116.9, 60.8, 48.1, 33.5, 28.5, 27.5, 22.5, 21.7, 21.6, 14.2.

HRMS(ESI) m/z: [M+H]*Calcd for C,0HsNO4S* 378.1734; found 378.1739.
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N-(but-3-en-1-yl)-4-methyl-/N-phenylbenzenesulfonamide (1i)

Ts

©/’{‘\/\/

White solid, yield 89% (2.68 g). M.p. = 6566 °C.

"H NMR (400 MHz, CDCl;) ¢ 7.47 (d, J= 8.3 Hz, 2H), 7.34 — 7.28 (m, 3H), 7.24 (d, J
= 8.0 Hz, 2H), 7.06 — 7.02 (m, 2H), 5.73 (ddt, J=17.1, 10.5, 6.7 Hz, 1H), 5.06 — 4.96
(m, 2H), 3.62 — 3.57 (m, 2H), 2.42 (s, 3H), 2.21 — 2.15 (m, 2H).

BCNMR (100 MHz, CDCl;) 8 143.5, 139.1, 135.4, 134.6, 129., 129.10, 129.07, 128.1,
127.8,117.2,50.1, 32.9, 21.7.
N-(but-3-en-1-yl)-4-methyl-V-(pyrimidin-2-yl)benzenesulfonamide (1j)

1|'s
EN;\NrN\/\/
White solid, yield 73% (2.21 g). M.p. = 6667 °C.
'"H NMR (400 MHz, CDCls) ¢ 8.43 (d, J = 4.8 Hz, 2H), 7.97 (d, J = 8.2 Hz, 2H), 7.26
(d, J=7.9 Hz, 2H), 6.85 (t, /=4.8 Hz, 1H), 5.88 (ddt, /=17.0, 10.2, 6.8 Hz, 1H), 5.14
(d, J=17.2 Hz, 1H), 5.07 (d, J = 10.2 Hz, 1H), 4.36 — 4.26 (m, 2H), 2.69 — 2.57 (m,
2H), 2.39 (s, 3H).
3BC NMR (100 MHz, CDCl;) 6 158.3, 157.5, 143.7, 137.9, 134.9, 129.0, 128.7, 117.1,
115.4, 46.7, 34.0, 21.6.

2.2 General procedure for synthesis of 1k

CO,M COzMe
po2Me BzCl, Py 2lie 4-bromobut-1-ene, K,CO3 7
—_— P
I N\ NH, DCM, rt. 12 h [\giN‘H DMF, 80 °C, 12 h S [\‘j/W
S S Bz Bz
1k-1 1k

According to literature reports?, step 1: to a 100 mL round-bottom flask was added
methyl 2-aminothiophene-3-carboxylate (1.57g, 10.0 mmol), benzoyl chloride (2.29 g,
12 mmol, 1.2 equiv), pyridine (2.41 mL, 30.0 mmol, 3 equiv), and 30 mL DCM. The
mixture was stirred at room temperature for 12 h. This organic solution was washed

with 1N HCI, water and brine, dried over anhydrous Na,SO, and concentrated in vacuo.
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The crude product was washed with petroleum ether (15 mL x 3) to obtain the pure
compound 1k-1. Step 2: The compound 1k-1, 4-bromobut-1-ene (2 mL, 20 mmol), and
K,COs5 (2.7 g, 20 mmol) were dispersed in DMF (20 mL). The mixture was stirred for
12 h at 80 °C and quenched with H,O (20 mL), extracted with EA (50 mL x 2). The
combined organic layer was washed with brine (30 mL x 3), dried over Na,SO,, and
concentrated. The residue was purified by flash chromatography on a silica gel using
petroleum ether and ethyl acetate (20/1, v/v) as the eluent to give substrate 1k.

Methyl 2-(/V-(but-3-en-1-yl)benzamido)thiophene-3-carboxylate (1k)

O£N/\/\

STN COzMe

White solid, yield 83% (2.61 g). M.p. = 54-56 °C.
'TH NMR (400 MHz, CDCl;) 6 7.35 (d, J= 7.1 Hz, 2H), 7.27 — 7.11 (m, 4H), 7.03 (d,

J=5.8Hz, 1H), 5.92 — 5.75 (m, 1H), 5.17 — 5.05 (m, 2H), 4.19 — 3.76 (m, 5H), 2.48
(br, 2H).

13C NMR (100 MHz, CDCl5) § 170.8, 161.9, 152.3, 135.8, 135.0, 130.0, 127.8, 127.7,
127.3,122.3, 117.1, 51.8, 51.3, 32.0.

HRMS(ESI) m/z: [M+H]*Calcd for C;;H sNOsS*  316.1002; found  316.1006.

2.3 General procedure for synthesis of 11

M CO,Me CO,Me
FoMe Boc,0, DMAP 2 4-bromobut-1-ene, K,CO3 M
- , > /\/\
| D—NH Dom, re1zn (L )—NH DME, 80 °C, 12 h 57N X
° S Boc Boc
11-1 11

According to literature reports?, Step 1: to a 100 mL round-bottom flask was added
methyl 2-aminothiophene-3-carboxylate (1.57g, 10.0 mmol), Boc,O (2.4 g, 11 mmol)
and DMAP (0.12 g, 1 mmol) were dissolved in DCM (20 mL). The mixture was stirred
for 12 h at room temperature. This organic solution was washed with water and brine,
dried over anhydrous Na,SO, and concentrated in vacuo. The product was purified by

flash column chromatography on silica gel (hexane/ethyl acetate = 20:1) to give 11-1.
8



Step 2: The compound 11-1 (1.29 g, 5 mmol), 4-bromobut-1-ene (1 mL, 10 mmol), and
K,CO3 (1.35 g, 10 mmol) were dispersed in DMF (10 mL). The mixture was stirred for
12 h at 80 °C and quenched with H,O (10 mL), extracted with EA (20 mL x 2). The
combined organic layer was washed with brine (20 mL x 3), dried over Na,SO,, and
concentrated. The residue was purified by flash chromatography on a silica gel using
petroleum ether and ethyl acetate (20/1, v/v) as the eluent to give substrate 11.

Methyl 2-((tert-butoxycarbonyl)amino)thiophene-3-carboxylate (11-1)

K
OA\NH

s”X\—CO,Me

Colorless oil, yield 74% (1.91 g).

'TH NMR (400 MHz, CDCl3) 4 10.02 (s, 1H), 7.11 (d, J= 5.8 Hz, 1H), 6.62 (d, J= 5.7
Hz, 1H), 3.83 (s, 3H), 1.51 (s, 9H).

13C NMR (100 MHz, CDCl3) 6 165.8, 152.2, 151.3, 124.2, 114.6, 111.0, 82.2, 51.6,
28.2.

Methyl 2-(but-3-en-1-yl(tert-butoxycarbonyl)amino)thiophene-3-carboxylate (11)

X

OJ\N/\/\

S: \7/002Me

Colorless oil, yield 87% ( 1.35 g).

TH NMR (400 MHz, CDCl3) ¢ 7.30 (d, J = 5.8 Hz, 1H), 7.03 (d, /= 5.9 Hz, 1H), 5.74
(ddt,J=17.1, 10.2, 6.8 Hz, 1H), 5.10 — 4.97 (m, 2H), 3.79 (s, 3H), 3.64 (t,J = 7.4 Hz,
2H), 2.37 — 2.30 (m, 2H), 1.51 (br, 3H), 1.31 (br, 6H).

I3C NMR (100 MHz, CDCl;) 6 162.5, 154.0, 151.4, 135.2, 127.5, 126.6, 121.5, 116.9,
80.8, 51.7, 50.7, 32.5, 28.3, 28.1.

HRMS(ESI) m/z: [M+H]"Calcd for C5sH,,NO4S™ 312.1264; found 312.1260.



2.4 General procedure for synthesis of distal olefinic aryl ether

OH  4-bromobut-1-ene, K2€O3 O~F
DMF, 80 °C, 12 h'

1m-1r

S
O\/\/ ON ON N\\ o
0 o~ Ox 2 -
I o O.N o) o
1m

1n 10 1p

1q Ir

According to literature reports?, The aromatic alcohol (5 mmol), 4-bromobut-1-ene (1
mL, 10 mmol), and K,CO; (1.38 g, 10 mmol) were dispersed in DMF (10 mL). The
mixture was stirred for 12 h at 80 °C and quenched with H,O (10 mL), extracted with
EA (30 mL x 2). The combined organic layer was washed with brine (20 mL x 3), dried
over Na,SOy, and concentrated. The residue was purified by flash chromatography on
a silica gel using petroleum ether and ethyl acetate (20/1 ~ 15/1, v/v) as the eluent to
give substrate 1m-1r.

Methyl 4-(but-3-en-1-yloxy)-3-methoxybenzoate (1m)

Colorless oil, yield 83% (0.98 g).

'TH NMR (400 MHz, CDCl;) 6 7.62 (dd, J= 8.4, 2.0 Hz, 1H), 7.52 (d, J= 1.9 Hz, 1H),
6.85 (d, J = 8.5 Hz, 1H), 5.88 (ddt, /= 17.1, 10.2, 6.8 Hz, 1H), 5.21 — 5.12 (m, 1H),
5.12-5.06 (m, 1H), 4.09 (t, /= 7.0 Hz, 2H), 3.88 (s, 3H), 3.86 (s, 3H), 2.60 (q, /= 6.9
Hz, 2H).

13C NMR (100 MHz, CDCl;) 6 166.9, 152.4, 148.9, 133.8, 123.5, 122.7, 117.5, 112.5,
111.6, 68.2, 56.1, 52.0, 33.5.

HRMS(ESI) m/z: [M+H]*Calcd for C3H;7;04" 237.1121; found 237.1126.
4-(but-3-en-1-yloxy)-3-methoxybenzaldehyde (1n)

10



O\M
Oa /[ IO/

Colorless oil, yield 90% (0.93 g).

'TH NMR (400 MHz, CDCl3) 0 9.77 (s, 1H), 7.36 (dd, J=8.2, 1.9 Hz, 1H), 7.33 (d, /=
1.8 Hz, 1H), 6.90 (d, /= 8.2 Hz, 1H), 5.84 (ddt,/=17.1, 10.2, 6.8 Hz, 1H), 5.17 - 5.09
(m, 1H), 5.09 — 5.03 (m, 1H), 4.07 (t,J = 7.0 Hz, 2H), 3.84 (s, 3H), 2.57 (q, /= 6.9 Hz,
2H).

13C NMR (100 MHz, CDCl;) 6 190.8, 153.8, 149.8, 133.6, 130.0, 126.6, 117.5, 111.5,
109.3, 68.2, 55.9, 33.2.

The data is in accordance with the literature?.

1-(but-3-en-1-yloxy)-2-methoxy-4-nitrobenzene (10)

White solid, yield 80% (0.98 g). M.p. = 51-52 °C.
'TH NMR (400 MHz, CDCl;) 6 7.88 (dd, /= 8.9, 1.0 Hz, 1H), 7.73 (d, J= 1.1 Hz, 1H),

6.89 (d, J = 8.9 Hz, 1H), 5.89 (ddt, J = 16.9, 10.4, 6.8 Hz, 1H), 5.24 — 5.10 (m, 2H),
4.15 (t,J = 6.9 Hz, 2H), 3.93 (s, 3H), 2.63 (q, J = 6.5 Hz, 2H).

13C NMR (100 MHz, CDCly) 6 154.0, 149.2, 141.5, 133.5, 117.9, 117.8, 111.0, 106.9,
68.7, 56.4, 33.4.

HRMS(ESI) m/z: [M+H]*Caled for C;H,NO,* 224.0917; found 224.0913.

4-(but-3-en-1-yloxy)-3-methoxybenzonitrile (1p)

N\\\C[ o
o

White solid, yield 81% (0.82 g). M.p. = 36-37 °C.

TH NMR (400 MHz, CDCl3) 6 7.23 (dd, J = 8.3, 1.9 Hz, 1H), 7.05 (d, /= 1.8 Hz, 1H),
6.87 (d, J = 8.4 Hz, 1H), 5.87 (ddt, J = 17.0, 10.2, 6.8 Hz, 1H), 5.21 — 5.07 (m, 2H),
4.08 (t, J = 6.9 Hz, 2H), 3.85 (s, 3H), 2.59 (q, J = 6.9 Hz, 2H).

I3C NMR (100 MHz, CDCl;) 6 152.3, 149.5, 133.6, 126.4, 119.3, 117.7, 114.4, 112.5,
103.9, 68.3, 56.2, 33.3.

11



The data is in accordance with the literature?.
1-(4-(but-3-en-1-yloxy)-3-methoxyphenyl)ethan-1-one (1q)

O~F

O, O/

Colorless oil, yield 73% (0.80 g).

'TH NMR (400 MHz, CDCl;) 6 7.50 (dd, J = 8.3, 2.0 Hz, 1H), 7.47 (d, /= 1.9 Hz, 1H),
6.83 (d, J = 8.3 Hz, 1H), 5.86 (ddt, J=17.0, 10.2, 6.8 Hz, 1H), 5.19 — 5.11 (m, 1H),
5.11 —5.03 (m, 1H), 4.08 (t, J = 7.0 Hz, 2H), 3.86 (s, 3H), 2.59 (q, J = 6.9 Hz, 2H),
2.51 (s, 3H).

13C NMR (100 MHz, CDCl;) 6 196.8, 152.7, 149.2, 133.7, 130.4, 123.2, 117.5, 111.2,
110.5, 68.1, 56.0, 33.4, 26.2.

HRMS(ESI) m/z: [M+H]"Calcd for C,3H,,05" 221.1172; found 221.1177.

Methyl 3-(but-3-en-1-yloxy)thiophene-2-carboxylate (1r)

/
7
I \ O—

S
0

White solid, yield 93% (0.99 g). M.p. =35-36 °C.
TH NMR (400 MHz, CDCl3) 6 7.39 (d, J= 5.5 Hz, 1H), 6.83 (d, /= 5.5 Hz, 1H), 5.91

(ddt, J=17.1, 10.2, 6.8 Hz, 1H), 5.27 — 5.15 (m, 1H), 5.15 — 5.06 (m, 1H), 4.17 (t, J =
6.9 Hz, 2H), 3.83 (s, 3H), 2.59 (q, J = 6.8 Hz, 2H).

13C NMR (100 MHz, CDCl3) § 162.3, 161.3, 133.9, 130.7, 117.6, 117.1, 110.1, 71.3,
517, 33.9.

HRMS(ESI) m/z: [M+H]*Calcd for C;oH;305S* 213.0580; found 213.0580.

2.5 General procedure for synthesis of 1s
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(=T

K,CO
N 2 3 ~N
0 DMF 0

OH 5h,60 °C O~F~
—

HO o~ 2 NaOH HO o
dioxane: H,O o)
4:1 viv

60 °C, 15 min 1s
According to literature reports*, 4-hydroxy-3,5-dimethoxybenzoic acid (1.98g, 10
mmol), anhydrous K,COj3 (5.53 g, 40 mmol, 4 eq) and 4-bromobut-1-ene (4 mL, 40
mmol, 4 eq) were reacted in DMF (25 mL). The mixture was stirred for 3 h at 60 °C.
Flask was allowed to cool to RT and then the reaction mixture was filtered through
celite. The celite was washed three times with methanol and all organic solvents were
removed in vacuum. The obtained oily residue was redissolved with dioxane:H,O = 4:1
v/v (60 mL), NaOH (2eq) was added and the flask was heated to 60°C for 15 minutes.
Then, pH was neutralized with 1N HCI, organic solvents were removed in vacuum, and
the residue was transferred into a separation funnel using EA (100mL). This organic
phase was washed with IN HCI (2x50mL) and brine (2x50mL), dried over Na,SO,,
filtered and evaporated to dryness. The residue was purified by flash chromatography
on a silica gel using petroleum ether and ethyl acetate (2/1, v/v) + 1% AcOH as the
eluent to give substrate 1s (white solid, 1.54 g, 61%)).

4-(but-3-en-1-yloxy)-3,5-dimethoxybenzoic acid (1s)

OF

HO.
O/

o
White solid, yield 61% (1.54 g). M.p. = 88—89 °C.
'TH NMR (400 MHz, CDCl3) 6 7.37 (s, 2H), 5.91 (ddt, /= 17.0, 10.3, 6.7 Hz, 1H), 5.19

~5.11 (m, 1H), 5.11 — 5.04 (m, 1H), 4.12 (t, J= 7.0 Hz, 2H), 3.91 (s, 6H), 2.54 (q, J =
6.9 Hz, 2H).

13C NMR (100 MHz, CDCly) 6 172.0, 153.3, 142.2, 134.8, 124.2, 116.8, 107.5, 72.7,
56.4,34.7.

HRMS(ESI) m/z: [M+H]*Calcd for C;3H;705* 253.1071; found 253.1076.

13



2.6 General procedure for synthesis of 1t

N,

0 - o
Y@[O\M" | oH EDCI, DMAP, SN Y@:ON
HO o | :| t DCM ©/t/o o
0 o)
1t,92%
According to literature reports®, Compounds 1s (0.50 g, 2 mmol), I-ethyl-(3-(3-
dimethylamino)propyl)-carbodiimide hydrochloride (0.58 g, 3 mmol) and 4-
dimethylaminopyridine (0.024 g, 0.2 mmol) were dissolved in DCM (10 mL). The
mixture was stirred for 1 h at room temperature. Then the mixture was added 2-
(dimethylamino)-2-phenylbutan-1-ol (0.58 g, 3 mmol) and then the mixture was stirred
for 5 h at room temperature and quenched with H,O (10 mL), extracted with DCM (20
mL x 2). The combined organic layer was washed with brine (30 mL), dried over
Na,S0,, and concentrated. The residue was purified by flash chromatography on a
silica gel using petroleum ether and ethyl acetate (4/1 ~ 2/1, v/v) as the eluent to give
substrate 1t (Colorless oil, 0.79g, 92%)
2-(dimethylamino)-2-phenylbutyl  4-(but-3-en-1-yloxy)-3,5-dimethoxybenzoate
(1t)

o
SN ONF
@)

Colorless oil, yield 92% (0.79 g).

TH NMR (400 MHz, CDCly) 6 7.49 (d, J = 7.4 Hz, 2H), 7.33 (t, J = 7.7 Hz, 2H), 7.22
(t,J=7.3 Hz, 1H), 7.19 (s, 2H), 5.89 (ddt, /= 17.0, 10.3, 6.7 Hz, 1H), 5.19 — 5.09 (m,
1H), 5.08 — 5.02 (m, 1H), 4.84 (d, /= 11.9 Hz, 1H), 4.74 (d, J= 11.9 Hz, 1H), 4.06 (t,
J=17.0 Hz, 2H), 3.79 (s, 6H), 2.50 (q, J = 6.9 Hz, 2H), 2.39 (s, 6H), 1.94 — 1.83 (m,
2H), 0.71 (t, J = 7.4 Hz, 3H).

13C NMR (100 MHz, CDCl;) 6 166.2, 153.2, 142.5, 141.4, 134.7, 127.9, 127.6, 126.5,

125.2,116.7, 106.9, 72.6, 64.9, 64.7, 56.1, 39.7, 34.6, 29.6, 8.7.
HRMS(ESI) m/z: [M+H]*Calcd for C,sH34sNOs™ 428.2431; found 428.2435.
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2.7 General procedure for synthesis of 1u

~o o OF
OF EDCI, DMAP
HO _ + O N-ethyl-N,N- d||sopropy|am|ne
O NHz HCl

(e}
1u,80%

According to literature reports®, Compounds 1s (0.50 g, 2 mmol), 1-ethyl-(3-(3-
dimethylamino)propyl)-carbodiimide  hydrochloride (0.58 g, 3 mmol), 4-
dimethylaminopyridine (0.024 g, 0.2 mmol), Methyl L-tryptophanate hydrochloride
(1.02g, 4 mmol) and N-ethyl-N,N-diisopropylamine (0.70 mL, 4 mmol) were dissolved
in DMF (10 mL). The mixture was stirred for 5 h at room temperature and quenched
with H,O (10 mL), extracted with EA (20 mL x 2). The combined organic layer was
washed with brine (20 mL x 3), dried over Na,SO,, and concentrated. The residue was
purified by flash chromatography on a silica gel using petroleum ether and ethyl acetate
(4/1 ~ 2/1, v/v) as the eluent to give substrate 1u (Colorless oil, 0.72¢g, 80%)

Methyl (4-(but-3-en-1-yloxy)-3,5-dimethoxybenzoyl)-L-tryptophanate (1u)

R~

Colorless oil, yield 80% (0.72 g).

'H NMR (400 MHz, CDCls) ¢ 8.85 (s, 1H), 7.56 (d, /= 7.8 Hz, 1H), 7.30 (d, J= 8.0
Hz, 1H), 7.13 (t, J= 7.5 Hz, 1H), 7.05 (t, J = 7.4 Hz, 1H), 6.95 (s, 1H), 6.81 (s, 2H),
6.66 (d, J= 7.6 Hz, 1H), 5.87 (ddt, J = 13.5, 10.2, 6.7 Hz, 1H), 5.16 — 5.01 (m, 3H),
4.02 (t,J=6.9 Hz, 2H), 3.72 (s, 3H), 3.68 (s, 6H), 3.49 — 3.37 (m, 2H), 2.48 (q, /= 6.7
Hz, 2H).

I3C NMR (100 MHz, CDCl;) 6 172.5, 167.0, 153.3, 139.9, 136.2, 134.7, 129.1, 127.8,

123.1,122.1,119.7,118.3, 116.7, 111.6, 109.5, 104.4, 72.5, 56.1, 53.9, 52.5, 34.5, 27 .2.
HRMS(ESI) m/z: [M+H]*Calcd for C;5sH,9N,O¢" 453.2020; found 453.2020.
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3. Experimental procedures and product characterization

3.1 General procedure for synthesis of 3a-3q, 4a-4s and 5

4CzIPN (5 mol%) R o

X\M + -
RSO,Na EA/H,0 = 5:1 (2mL), Ar,? R = aryl or alkyl

blue LEDs, 24 h R' = ArSO,

X=0, NTs, Y = OH, NHTs

1 2,15 equiv 3
To a 4 mL glass vial equipped with a magnetic stir bar was added 1 (0.2 mmol), 2 (0.3
mmol, 1.5 equiv), and 4CzIPN (5 mol%) in 5:1 (v/v) ethyl acetate (EA)/H,O (2 mL).
The reaction mixture was degassed by bubbling with argon for 10 s with an outlet
needle and the vial was sealed with PTFE cap. The mixture was then stirred rapidly and
irradiated with a 30 W Blue LED at room temperature for 24 h. When the reaction is
completed, extracted with ethyl acetate, washed with brine, dried over anhydrous
sodium sulfate, concentrated in vacuo, and purified by column chromatography
(hexane/ethyl acetate = 5/1~1/1 (v/v)) to afford the corresponding target compounds
3a-3q, 4a-4s and 5.

3.2 General procedure for synthesis of 3r-3u and 4t-4u

CF3SO,Na 4CzIPN (5 mol%) R g

XNNF or -
CF,HSO,Na EA/H,0 = 5:1 (2mL), Ar, rt R = CF5 or CFoH

blue LEDs, 24 h X=0, NTs, Y = OH, NHTs

1 2, 1.5 equiv 3

To a 4 mL glass vial equipped with a magnetic stir bar was added 1 (0.2 mmol), 2 (0.3
mmol, 1.5 equiv), and 4CzIPN (5 mol%) in 10:1 (v/v) ethyl acetate (EA)/H,O (2 mL).
The reaction mixture was degassed by bubbling with argon for 10 s with an outlet
needle and the vial was sealed with PTFE cap. The mixture was then stirred rapidly and
irradiated with a 30 W Blue LED at room temperature for 16 h. When the reaction is
completed, extracted with ethyl acetate, washed with brine, dried over anhydrous
sodium sulfate, concentrated in vacuo, and purified by column chromatography

(hexane/ethyl acetate) to afford the corresponding target compounds 3r-3u and 4t-4u

3.3 General procedure for synthesis of 3w-3y.
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Ts, Y
‘N 4CzIPN (5 mol%) NHTs
U\ + Et3N (2 equiv) - R
R-X -
= CO,Me EA/H20 =5:1 (ZmL), Ar, rt \ N COZ'\/Ie
S

blue LEDs, 24 h

1a 2, 1.5 equiv 3w-3y
To a4 mL glass vial equipped with a magnetic stir bar was added 1a (0.2 mmol), 2 (0.3
mmol, 1.5 equiv), Et;N (0.4 mmol, 2 equiv) and 4CzIPN (5 mol%) in 10:1 (v/v) ethyl
acetate (EA)/H,O (2 mL). The reaction mixture was degassed by bubbling with argon
for 10 s with an outlet needle and the vial was sealed with PTFE cap. The mixture was
then stirred rapidly and irradiated with a 30 W Blue LED at room temperature for 20 h.
When the reaction is completed, extracted with ethyl acetate, washed with brine, dried
over anhydrous sodium sulfate, concentrated in vacuo, and purified by column
chromatography (hexane/ethyl acetate) to afford the corresponding target compounds

3w-3y.

Methyl 3-(1-((4-methoxyphenyl)sulfonyl)-4-((4-methylphenyl)sulfonamido)butan

-2-yl)thiophene-2-carboxylate (3a)

O
NHTs
S

X\ ~CO,Me
S
Colorless oil, yield 93% (100.0 mg).

TH NMR (400 MHz, CDCl3) 0 7.66 (d, J = 8.2 Hz, 2H), 7.61 (d, J = 8.9 Hz, 2H), 7.32
(d, J=5.2 Hz, 1H), 7.26 (d, J = 8.0 Hz, 2H), 6.89 (d, /= 8.9 Hz, 2H), 6.78 (d, J=5.2
Hz, 1H), 5.47 (dd, J=17.5,4.4 Hz, 1H), 4.32 —4.21 (m, 1H), 3.86 (s, 6H), 3.47 (dd, J =
14.5, 8.2 Hz, 1H), 3.29 (dd, J = 14.5, 5.3 Hz, 1H), 2.98 — 2.87 (m, 1H), 2.52 — 2.44 (m,
1H), 2.41 (s, 3H), 2.03 - 1.91 (m, 1H), 1.77 — 1.64 (m, 1H).

13C NMR (100 MHz, CDCl;) 6 163.7, 163.2, 148.4, 143.3, 137.3, 131.7, 130.6, 130.1,
129.7, 128.0, 127.8, 127.0, 114.4, 61.3, 55.8, 52.5, 40.4, 35.6, 31.2, 21.6.

HRMS(ESI) m/z: [M+H]"Calcd for C,4H,sNO;S;* 538.1022; found 538.1018.
Methyl 3-(4-((4-methylphenyl)sulfonamido)-1-tosylbutan-2-yl)thiophene-2-
carboxylate (3b)

17



\©\ NHTs
S

N COZMe
S

White solid, yield 96% (100.0 mg). M.p. = 113-114 °C.
'TH NMR (400 MHz, CDCl3) 6 7.66 (d, J= 8.2 Hz, 2H), 7.56 (d, J = 8.2 Hz, 2H), 7.30

(d, J=5.2Hz, 1H), 7.25 (d, J= 8.1 Hz, 2H), 7.22 (d, /= 8.1 Hz, 2H), 6.78 (d, /= 5.2
Hz, 1H), 5.48 (dd, J=17.3,4.5 Hz, 1H), 4.37 - 4.21 (m, 1H), 3.85 (s, 3H), 3.49 (dd, J =
14.4, 8.3 Hz, 1H), 3.29 (dd, J=14.5, 5.2 Hz, 1H), 2.97 - 2.87 (m, 1H), 2.54 — 2.38 (m,
7H), 2.02 — 1.92 (m, 1H), 1.79 — 1.66 (m, 1H).

13C NMR (100 MHz, CDCl3) 0 163.1, 148.2, 144.6, 143.3, 137.3, 136.2, 131.7, 129.8,
129.7,128.0, 127.9, 127.0, 61.1, 52.4, 40.4, 35.6, 31.1, 21.7, 21.6.

HRMS(ESI) m/z: [M+H]"Calcd for Cp4HysNOgS;* 522.1073; found 522.1072.
Methyl 2-(4-((4-methylphenyl)sulfonamido)-1-tosylbutan-2-yl)thiophene-3-car-

Boxylate (3¢)

\©\s NHTs
7\
O 0 A\ COMe

Colorless oil, yield 94% (98.1 mg).

TH NMR (400 MHz, CDCl3) 0 7.68 (d, J = 8.2 Hz, 2H), 7.60 (d, J = 8.2 Hz, 2H), 7.28
—7.23 (m, 4H), 7.18 (d, J= 5.4 Hz, 1H), 7.05 (d, J= 5.3 Hz, 1H), 5.50 (dd, J=7.2,4.3
Hz, 1H), 4.57 — 4.43 (m, 1H), 3.86 (s, 3H), 3.49 (dd, J = 14.5, 7.9 Hz, 1H), 3.31 (dd, J
=14.5,5.5 Hz, 1H), 3.08 —2.96 (m, 1H), 2.65 —2.53 (m, 1H), 2.41 (s, 6H), 2.14 —2.03
(m, 1H), 1.76 — 1.71 (m, 1H).

I3C NMR (100 MHz, CDCl;) 6 164.2, 153.2, 144.8, 143.3, 137.5, 136.2, 129.9, 129.9,
129.8, 129.0, 128.0, 127.0, 123.6, 62.9, 52.3, 40.2, 37.5, 31.7, 21.7, 21.6.
HRMS(ESI) m/z: [M+H]"Caled for Co4HsNOgS5* 522.1073; found 522.1068.

Ethyl 2-(4-((4-methylphenyl)sulfonamido)-1-tosylbutan-2-yl)-5,6-dihydro-4H-

cyclopenta[b]thiophene-3-carboxylate (3d)
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\©\ NHTs
S

Colorless oil, yield 76% (88.0 mg).

TH NMR (400 MHz, CDCl3) ¢ 7.70 (d, J = 8.2 Hz, 2H), 7.55 (d, /= 8.2 Hz, 2H), 7.26
(d, J=7.9 Hz, 2H), 7.21 (d, J = 8.1 Hz, 2H), 5.78 (d, /= 4.6 Hz, 1H), 4.53 — 4.36 (m,
1H), 431 (q, J= 7.1 Hz, 2H), 3.48 (dd, J = 14.5, 8.7 Hz, 1H), 3.20 (dd, J = 14.5, 4.9
Hz, 1H), 3.11 — 3.01 (m, 1H), 2.87 — 2.77 (m, 1H), 2.75 — 2.56 (m, 4H), 2.41 (s, 6H),
2.38—-2.30 (m, 2H), 2.02 - 1.93 (m, 1H), 1.68 — 1.57 (m, 1H), 1.39 (t, /= 7.1 Hz, 3H).
13C NMR (100 MHz, CDCl;) 6 164.4, 155.3, 146.6, 144.4, 143.2, 140.2, 137.8, 136 .4,
129.7, 129.5, 128.0, 127.0, 125.9, 63.2, 61.1, 40.2, 37.4, 32.5, 30.3, 29.0, 28.4, 21.7,
21.6, 14.3.

HRMS(ESI) m/z: [M+H]*Calcd for Co3H34NOgS3™ 576.1543; found 576.1538.
Methyl 2-(4-((4-methylphenyl)sulfonamido)-1-tosylbutan-2-yl)-4,5,6,7-tetrahydro

benzo|b]|thiophene-3-carboxylate (3e)

Colorless oil, yield 87% (100.3 mg).

TH NMR (400 MHz, CDCl3) 6 7.71 (d, J = 7.7 Hz, 2H), 7.51 (d, J= 7.7 Hz, 2H), 7.27
(d,J=7.9Hz, 2H), 7.21 (d,J=7.9 Hz, 2H), 5.95 (dd, J=8.7, 3.7 Hz, 1H), 4.33 — 4.22
(m, 1H), 3.90 (s, 3H), 3.39 (dd, J = 14.5, 9.0 Hz, 1H), 3.15 (dd, J = 14.6, 4.8 Hz, 1H),
3.12 - 3.03 (m, 1H), 2.71 — 2.56 (m, 2H), 2.54 — 2.38 (m, 9H), 2.03 — 1.93 (m, 1H),
1.83 — 1.72 (m, 2H), 1.71 — 1.54 (m, 3H).

13C NMR (100 MHz, CDCl;) 0 165.4, 147.8, 144.1, 143.2, 137.8, 136.5, 135.5, 134.7,
130.5, 129.7, 129.5, 127.9, 127.0, 63.4, 52.2, 40.0, 37.2, 32.0, 26.1, 25.0, 22.9, 22.5,
21.6, 21.6.
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HRMS(ESI) m/z: [M+H]*Calcd for C,sH34NOgS3™ 576.1543; found 576.1539.
Ethyl 4-methyl-2-(4-((4-methylphenyl)sulfonamido)-1-tosylbutan-2-yl)thioph-

ene-3-carboxylate (3f)

Colorless oil, yield 83% (91.0 mg).

TH NMR (400 MHz, CDCl;) 6 7.69 (d, J = 8.0 Hz, 2H), 7.56 (d, J = 7.9 Hz, 2H), 7.26
(d, J = 8.1 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 6.64 (s, 1H), 5.90 (dd, J = 8.6, 4.1 Hz,
1H), 4.43 — 4.28 (m, 3H), 3.41 (dd, J = 14.5, 8.3 Hz, 1H), 3.21 (dd, J = 14.5, 5.2 Hz,
1H), 3.10 — 3.00 (m, 1H), 2.62 — 2.53 (m, 1H), 2.40 (s, 6H), 2.23 (s, 3H), 2.09 — 2.00
(m, 1H), 1.71 — 1.60 (m, 1H), 1.42 (t, /= 7.1 Hz, 3H).

13C NMR (100 MHz, CDCl;) 6 165.0, 151.8, 144.5, 143.2, 138.1, 137.7, 136.4, 131.2,
129.7,127.9, 127.0, 120.5, 63.3, 61.6, 40.1, 37.4, 32.1, 21.7, 21.6, 17.0, 14.3.
HRMS(ESI) m/z: [M+H]*Calcd for C,sH3,NO6S;™ 550.1386; found 550.1381.

Methyl 2-(4-benzamido-1-tosylbutan-2-yl)thiophene-3-carboxylate (3g)

XL q
s “Bz

O \,~CO,Me

Colorless oil, yield 90% (85.4 mg).

TH NMR (400 MHz, CDCl3) 6 7.88 (d, J = 7.3 Hz, 2H), 7.60 (d, J = 8.2 Hz, 2H), 7.51
(t,J=7.2Hz, 1H), 7.44 (t, J= 7.4 Hz, 2H), 7.37 — 7.33 (m, 1H), 7.26 (d, J = 5.3 Hz,
1H), 7.13 (d, J = 8.2 Hz, 2H), 7.11 (d, J = 5.4 Hz, 1H), 4.77 — 4.62 (m, 1H), 3.84 (s,
3H), 3.80 — 3.66 (m, 1H), 3.58 (dd, J = 14.6, 8.0 Hz, 1H), 3.48 (dd, J = 14.6, 5.2 Hz,
1H), 2.93 — 2.80 (m, 1H), 2.31 (s, 3H), 2.25 — 2.15 (m, 1H), 1.92 — 1.81 (m, 1H).

13C NMR (100 MHz, CDCl3) 6 167.2, 164.5, 154.6, 144.7, 136.0, 134.4, 131.4, 129.8,
129.6, 128.8, 128.4, 127.9, 127.2, 123.5, 63.0, 52.0, 37.9, 36.6, 31.9, 21.6.
HRMS(ESI) m/z: [M+H]*Calcd for C,4HysNOsS," 472.1247; found 472.1248.
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Methyl 2-(4-((tert-butoxycarbonyl)amino)-1-tosylbutan-2-yl)thiophene-3-
carboxylate (3h)

\©\ NHBoc
S

A\
O\ —CO,Me

Colorless oil, yield 76% (70.8 mg).

TH NMR (400 MHz, CDCl;) § 7.62 (d, J = 8.1 Hz, 2H), 7.25 — 7.19 (m, 3H), 7.05 (d,
J=5.3Hz, 1H), 5.03 (s, 1H), 4.55 (s, 1H), 3.82 (s, 3H), 3.57 (dd, J=14.4,7.6 Hz, 1H),
3.44 (dd, J=14.5,5.7 Hz, 1H), 3.22 - 3.09 (m, 1H), 2.82 — 2.72 (m, 1H), 2.39 (s, 3H),
2.17-2.08 (m, 1H), 1.85 — 1.81 (m, 1H), 1.42 (s, 9H).

13C NMR (100 MHz, CDCl;) 8 163.8, 155.9, 153.9, 144.6, 136.5, 129.8, 129.5, 129.2,
128.0, 123.2,79.2, 62.8, 51.9, 37.8, 32.2, 28.5, 21.7.

HRMS(ESI) m/z: [M+H]"Calcd for Cy,Hy9NNaOgS,* 490.1329; found 490.1325.
Methyl 3-methoxy-4-(4-((4-methylphenyl)sulfonamido)-1-tosylbutan-2-yl)benzo-
ate (3i)

Colorless oil, yield 92% (100.0 mg).

TH NMR (400 MHz, CDCl3) ¢ 7.61 (d, J= 7.9 Hz, 2H), 7.51 (d, J= 7.9 Hz, 2H), 7.39
(d, J=17.8 Hz, 1H), 7.25 — 7.20 (m, 3H), 7.14 (d, J= 7.9 Hz, 2H), 6.91 (d, J = 7.8 Hz,
1H), 4.97 (t,J= 6.1 Hz, 1H), 3.88 (s, 3H), 3.68 (s, 3H), 3.61 (dd, /= 14.2, 7.3 Hz, 1H),
3.54 —3.43 (m, 1H), 3.35 (dd, J = 14.3, 5.7 Hz, 1H), 2.79 — 2.69 (m, 1H), 2.68 — 2.58
(m, 1H), 2.38 (s, 3H), 2.34 (s, 3H), 1.99 — 1.90 (m, 2H).

13C NMR (100 MHz, CDCl;) 6 166.7, 156.8, 144.5, 143.4, 136.8, 136.3, 133.2, 130.3,
129.7, 129.6, 129.5, 127.9, 127.1, 122.2, 111.5, 59.6, 55.4, 52.3, 40.9, 34.3, 33.6, 21.5.
HRMS(ESI) m/z: [M+H]"Calcd for C,;H3,NO;S," 546.1615; found 546.1615.
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Ethyl  2-(4-((4-methylphenyl)sulfonamido)-1-tosylbutan-2-yl)cyclohex-1-ene-1-

carboxylate (3j)
\©\s NHTs
75
0”0 CO,Et

Colorless oil, yield 84% (90.0 mg).

TH NMR (400 MHz, CDCl3) ¢ 7.79 — 7.65 (m, 4H), 7.33 (d, /= 8.1 Hz, 2H), 7.27 (d,
J=18.0 Hz, 2H), 6.49 (dd, J = 9.5, 2.8 Hz, 1H), 4.25 (q, J = 7.1 Hz, 2H), 3.82 — 3.71
(m, 1H), 3.19 (dd, J = 14.5, 9.1 Hz, 1H), 3.14 — 3.03 (m, 1H), 2.83 (dd, J = 14.6, 4.8
Hz, 1H), 2.63 — 2.51 (m, 1H), 2.44 (s, 3H), 2.41 (s, 3H), 2.32 — 2.21 (m, 1H), 1.96 —
1.86 (m, 1H), 1.68 — 1.56 (m, 3H), 1.54 — 1.46 (m, 1H), 1.37 — 1.23 (m, 5H), 1.19 —
1.08 (m, 1H).

13C NMR (100 MHz, CDCl;) 6 170.1, 144.7, 143.0, 141.4, 137.7, 136.8, 130.7, 129.8,
129.6,128.1,127.1, 61.4, 58.9, 40.1, 33.8, 31.8, 27.0, 23.6, 21.7, 21.6, 21.5, 21.2, 14.3.
HRMS(ESI) m/z: [M+H]*Calcd for C,7H3sNOgS,™ 534.1979; found 534.1977.
Methyl 3-(4-hydroxy-1-tosylbutan-2-yl)thiophene-2-carboxylate (3m)

o
S

X\ ~CO,Me
S

Colorless oil, yield 68% (50.0 mg).

'TH NMR (400 MHz, CDCl3) 6 7.57 (d, J= 8.3 Hz, 2H), 7.33 (d, /= 5.2 Hz, 1H), 7.20
(d, J= 8.0 Hz, 2H), 6.84 (d, /= 5.2 Hz, 1H), 4.47 — 4.36 (m, 1H), 3.84 (s, 3H), 3.60
(dd, J=14.5, 8.7 Hz, 1H), 3.50 — 3.43 (m, 2H), 3.24 (ddd, /= 11.8, 9.7, 3.6 Hz, 1H),
2.75 (s, 1H), 2.39 (s, 3H), 2.11 — 2.03 (m, 1H), 1.77 — 1.68 (m, 1H).

13C NMR (100 MHz, CDCl;) 6 163.5, 149.3, 144.5, 136.3, 131.5, 129.7, 128.0, 127.8,
61.5,59.4,52.4,39.2,30.8, 21.7.

HRMS(ESI) m/z: [M+H]"Calcd for C,7H,,05S," 369.0825; found 369.0823.

Methyl 4-(4-hydroxy-1-tosylbutan-2-yl)-3-methoxybenzoate (3n)
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Colorless oil, yield 70% (55.0 mg).

TH NMR (400 MHz, CDCl3) 6 7.54 (d, J = 8.0 Hz, 2H), 7.47 (d, /= 7.8 Hz, 1H), 7.28
(s, 1H), 7.15 (d, J= 8.0 Hz, 2H), 7.06 (d, J= 7.8 Hz, 1H), 3.90 (s, 3H), 3.78 — 3.66 (m,
5H), 3.55 - 3.45 (m, 2H), 3.40 — 3.32 (m, 1H), 2.36 (s, 3H), 2.11 — 2.04 (m, 1H), 1.98
—1.90 (m, 2H).

13C NMR (100 MHz, CDCl;) 6 166.8, 156.9, 144.4, 136.5, 134.1, 130.2, 129.7, 129.5,
127.9,122.2,111.5, 60.1, 59.9, 55.4, 52.3, 37.0, 33.8, 21.6.

HRMS(ESI) m/z: [M+H]"Calcd for C0H»506S* 393.1366; found 393.1362.

3-(2-methoxy-4-nitrophenyl)-4-tosylbutan-1-ol (30)

NO,

White solid, yield 46% (35.0 mg). M.p. = 95-96 °C.

TH NMR (400 MHz, CDCl3) 6 7.66 (dd, J=8.3, 2.0 Hz, 1H), 7.52 (d, J= 8.2 Hz, 2H),
7.43 (d,J=1.9 Hz, 1H), 7.17 (t, J = 8.8 Hz, 3H), 3.81 — 3.69 (m, 5H), 3.56 — 3.45 (m,
2H), 3.39 - 3.31 (m, 1H), 2.36 (s, 3H), 2.05 — 1.93 (m, 3H).

13C NMR (100 MHz, CDCl;) d 157.5, 147.9, 144.8, 136.5, 136.4, 130.5, 129.5, 127.9,
115.9, 105.7, 59.9, 59.3, 55.8, 36.5, 34.2, 21.6.

HRMS(ESI) m/z: [M+H]"Calcd forC,;sH,,NO¢S™ 380.1162; found 380.1161.

1-(4-(4-hydroxy-1-tosylbutan-2-yl)-3-methoxyphenyl)ethan-1-one (3p)
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Colorless oil, yield 85% (64.0 mg).

TH NMR (400 MHz, CDCl3) 6 7.52 (d, J = 8.1 Hz, 2H), 7.35 (d, J= 7.7 Hz, 1H), 7.21
(s, 1H), 7.13 (d, /= 8.1 Hz, 2H), 7.09 (d, /= 7.8 Hz, 1H), 3.76 — 3.61 (m, 5H), 3.52 —
3.43 (m, 2H), 3.37 — 3.28 (m, 1H), 2.52 (s, 3H), 2.33 (s, 3H), 2.12 (s, 1H), 2.08 — 2.00
(m, 1H), 1.98 — 1.88 (m, 1H).

13C NMR (100 MHz, CDCl;) 6 197.6, 157.3, 144.4, 137.3, 136.5, 134.5, 129.9, 129.4,
127.9, 121.7, 109.4, 60.0, 59.7, 55.4, 36.9, 33.9, 26.6, 21.6.

HRMS(ESI) m/z: [M+H]"Calcd for C0H,s05S* 377.1417; found 377.1415

4-(4-hydroxy-1-tosylbutan-2-yl)-3-methoxybenzonitrile (3q)

Sy
White solid, yield 70% (51.0 mg). M.p. = 144-146 °C.
TH NMR (400 MHz, CDCl3) 6 7.54 (d, J = 8.3 Hz, 2H), 7.20 (d, /= 8.0 Hz, 2H), 7.17
—7.08 (m, 2H), 6.85 (s, 1H), 3.79 — 3.66 (m, 5H), 3.57 — 3.44 (m, 2H), 3.40 — 3.31 (m,
1H), 2.41 (s, 3H), 2.09 — 2.01 (m, 2H), 1.99 — 1.88 (m, 1H).
I3C NMR (100 MHz, CDCl;) 6 157.2, 144.6, 136.4, 134.7, 130.8, 129.5, 127.9, 124.8,
118.6, 113.7, 111.7, 59.9, 59.4, 55.6, 36.6, 34.2, 21.6.
HRMS(ESI) m/z: [M+Na]*Calcd for C;9H,;NNaO4S* 382.1083; found 382.1082.
4-(4-hydroxy-1-tosylbutan-2-yl)-3-methoxybenzaldehyde (3r)
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Colorless oil, yield 86% (62.0 mg).

TH NMR (400 MHz, CDCl3) 6 9.89 (s, 1H), 7.54 (d, J= 8.1 Hz, 2H), 7.31 (d,J=7.6
Hz, 1H), 7.22 (d,J=7.6 Hz, 1H), 7.15 (d, /= 8.8 Hz, 3H), 3.82 — 3.68 (m, 5H), 3.57 —
3.47 (m, 2H), 3.41 - 3.32 (m, 1H), 2.36 (s, 3H), 2.20 (s, 1H), 2.13 — 2.04 (m, 1H), 2.02
—1.90 (m, 1H).

13C NMR (100 MHz, CDCl;) 6 191.7, 157.6, 144.5, 136.6, 136.3, 136.2, 130.5, 129.4,
127.9, 124.4,109.0, 60.0, 59.6, 55.4, 36.7, 34.2, 21.6.

HRMS(ESI) m/z: [M+H]"Caled for C19H»;05S" 363.1261; found 363.1259.
2-(dimethylamino)-2-phenylbutyl  4-(4-hydroxy-1-tosylbutan-2-yl)-3,5-dimeth-

oxybenzoate (3s)

Colorless oil, yield 93% (108.8 mg).

TH NMR (400 MHz, CDCl3) 6 7.53 (d, J = 8.1 Hz, 2H), 7.49 (d, /= 7.8 Hz, 2H), 7.35
(t,J=7.6 Hz, 2H), 7.24 (t,J=7.2 Hz, 1H), 7.13 (dd, /= 8.1, 2.0 Hz, 2H), 7.02 (s, 1H),
6.89 (s, 1H), 4.91 — 4.66 (m, 2H), 4.10 —4.01 (m, 1H), 3.95 (dd, J = 14.5, 8.3 Hz, 1H),
3.73 (s, 3H), 3.63 (s, 3H), 3.48 — 3.38 (m, 2H), 3.30 — 3.21 (m, 1H), 2.39 (s, 6H), 2.34
(s, 1H), 2.15 (s, 1H), 1.98 — 1.83 (m, 4H), 0.73 (t, J = 7.3 Hz, 3H).

13C NMR (100 MHz, CDCl;) 6 165.9, 158.4, 157.6, 144.2, 142.2, 136.4, 130.1, 129.2,
127.9, 127.9, 127.5, 126.6, 121.6, 105.4, 105.2, 64.8, 60.5, 59.1, 56.3, 55.3, 39.7, 36.1,
29.4,30.0, 21.6, 8.7.

HRMS(ESI) m/z: [M+H]*Calcd for C5,H4pNO,S* 584.2676; found 584.2678.
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Methyl 3-(1,1,1-trifluoro-5-((4-methylphenyl)sulfonamido)pentan-3-yl)thiophene

-2-carboxylate (3t)

NHTs
FsC

N COzMe
S
Colorless oil, yield 87% (75.9 mg).

TH NMR (400 MHz, CDCl3) 0 7.69 (d, J = 8.2 Hz, 2H), 7.47 (d, /= 5.2 Hz, 1H), 7.26
(d, J=8.1 Hz, 2H), 6.93 (d, /=5.2 Hz, 1H), 5.49 (dd, /= 8.0, 3.8 Hz, 1H), 4.30 - 4.12
(m, 1H), 3.90 (s, 3H), 3.07 — 2.96 (m, 1H), 2.57 — 2.47 (m, 1H), 2.42 — 2.32 (m, 4H),
2.26 —2.17 (m, 1H), 1.96 — 1.87 (m, 1H), 1.71 — 1.62 (m, 1H).

13C NMR (100 MHz, CDCl;) 6 163.6, 149.6, 143.4, 137.6, 132.0, 129.7, 127.8, 127.2,
127.0, 126.1 (q, J=277.6 Hz), 52.5, 40.6, 40.0 (q, J =27.7 Hz), 35.8, 29.5, 21.6.

1YF NMR (376 MHz, CDCl;) 6 -64.02 (t, J = 10.6 Hz).

HRMS(ESI) m/z: [M+H]*Calcd for C;gH,1F3NO4S," 436.0859; found 436.0854.
Methyl 3-(1,1-difluoro-5-((4-methylphenyl)sulfonamido)pentan-3-yl)thiophene-2-

carboxylate (3u)
HE.C NHTs
X~ CO,Me
S

Colorless oil, yield 85% (71.8 mg).

'TH NMR (400 MHz, CDCl3) 6 7.70 (d, J= 7.9 Hz, 2H), 7.48 (d, J= 5.1 Hz, 1H), 7.27
(d, J=7.7Hz, 2H), 6.95 (d, /= 5.1 Hz, 1H), 5.62 — 5.28 (m, 2H), 4.11 — 3.99 (m, 1H),
3.89 (s, 3H), 3.08 — 2.95 (m, 1H), 2.60 — 2.49 (m, 1H), 2.41 (s, 3H), 2.10 — 1.83 (m,
3H), 1.71 — 1.58 (m, 1H).

13C NMR (100 MHz, CDCls) 6 163.55, 150.33, 143.33, 137.64, 132.19, 129.72,
127.86, 127.10, 126.98, 116.1 (t, J = 240.0 Hz), 52.51, 40.64, 40.59 (t, J = 21.1 Hz),
36.12,29.8 (dd, J=17.0, 4.0 Hz), 21.58.

19F NMR (376 MHz, CDCl;) 6 -113.50 — -116.63 (m).

HRMS(ESI) m/z: [M+H]*Calcd for C;gH»,F;NO4S," 418.0953; found 418.0947.

4-methyl-N-(5,5,5-trifluoro-3-(2-methoxyphenyl)pentyl)benzenesulfonamide (3v)
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NHT
FsC S

o<

Colorless oil, yield 82% (66.0 mg).

TH NMR (400 MHz, CDCl3) ¢ 7.65 (d, J = 8.1 Hz, 2H), 7.26 (d, J= 8.0 Hz, 2H), 7.20
(t,J=7.5Hz, 1H), 6.99 (d, /= 7.0 Hz, 1H), 6.89 (t,J= 7.4 Hz, 1H), 6.84 (d, J = 8.2
Hz, 1H), 4.73 (t, J = 6.0 Hz, 1H), 3.81 (s, 3H), 3.38 — 3.27 (m, 1H), 2.91 — 2.80 (m,
1H), 2.65 — 2.56 (m, 1H), 2.54 — 2.44 (m, 1H), 2.41 (s, 3H), 2.34 — 2.24 (m, 1H), 1.91
—1.75 (m, 2H).

I3C NMR (100 MHz, CDCl;) 6 157.1, 143.4, 137.2, 129.8, 129.3, 128.4, 128.4, 127.1,
126.7 (d, J=277.5 Hz), 121.3, 55.6,41.2,39.0 (q, J = 27.3 Hz), 34.7, 31.2, 21.6.
HRMS(ESI) m/z: [M+H]*Calcd for C9H»3F3NO3S* 402.1345; found 402.1341.

Methyl 3-methoxy-4-(1,1,1-trifluoro-5-((4-methylphenyl)sulfonamido)pentan- 3-

yl)benzoate (3w)
FAC NHTs
o<
O O

I
Colorless oil, yield 71% (65.0 mg).
TH NMR (400 MHz, CDCl3) § 7.63 (d, J = 8.2 Hz, 2H), 7.54 (dd, J= 7.8, 1.2 Hz, 1H),
7.48 (d, J=1.0 Hz, 1H), 7.24 (d, J= 8.2 Hz, 2H), 7.06 (d, J=7.9 Hz, 1H), 4.90 (t, J =
6.2 Hz, 1H), 3.90 (s, 3H), 3.84 (s, 3H), 3.41 — 3.30 (m, 1H), 2.84 — 2.75 (m, 1H), 2.63
—2.47 (m, 2H), 2.39 (s, 3H), 2.34 — 2.22 (m, 1H), 1.89 — 1.82 (m, 2H).
13C NMR (100 MHz, CDCl;) 6 166.8, 157.1, 143.5, 136.9, 134.7, 130.6, 130.3, 129.8,
128.7, 127.0, 126.5 (q, J = 277.6 Hz), 122.5, 111.9, 55.8, 52.3, 41.0, 38.5 (q, J = 27.3
Hz), 34.3, 31.8, 21.5.
HRMS(ESI) m/z: [M+H]"Calcd for C,;H»sF3NOsS* 460.1400; found 460.1401.

Methyl 3-methoxy-4-(1,1,1-trifluoro-5-hydroxypentan-3-yl)benzoate (3x)
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OH
FsC

(I) @)

Colorless oil, yield 82% (50.0 mg).

TH NMR (400 MHz, CDCl3) 6 7.61 (d, J= 7.9 Hz, 1H), 7.54 (s, 1H), 7.19 (d,J=7.9
Hz, 1H), 3.90 (s, 3H), 3.89 (s, 3H), 3.60 — 3.46 (m, 2H), 3.38 — 3.27 (m, 1H), 2.66 —
2.54 (m, 1H), 2.53 — 2.41 (m, 1H), 2.06 — 1.98 (m, 1H), 1.97 — 1.88 (m, 1H), 1.76 (s,
1H).

13C NMR (100 MHz, CDCl3) 6 167.0, 157.3, 135.7, 130.1, 128.8, 126.8 (q, J = 277.5
Hz), 122.6, 111.9, 60.4, 55.9, 52.3, 38.7 (q, J = 27.5 Hz), 37.5, 31.1.

1YF NMR (376 MHz, CDCl;) 6 -64.03 (t, J = 11.0 Hz).

HRMS(ESI) m/z: [M+H]"Calcd for C,4H;sF;04" 307.1152; found 307.1151.

Methyl 3-(6-ethoxy-5,5-difluoro-1-((4-methylphenyl)sulfonamido)-6-oxohexan- 3-
yDthiophene-2-carboxylate (3y)

0O

A~ NHTs

FF_\COMe
S

Colorless oil, yield 51% (50.0 mg).

TH NMR (400 MHz, CDCl;) 6 7.67 (d, J = 8.2 Hz, 2H), 7.44 (d, J = 5.2 Hz, 1H), 7.26

(d, J=8.1 Hz, 2H), 6.92 (d, J= 5.2 Hz, 1H), 5.58 — 5.45 (br, 1H), 4.18 — 4.05 (m, 3H),

3.90 (s, 3H), 3.04 —2.94 (m, 1H), 2.49 — 2.38 (m, 5H), 2.27 — 2.15 (m, 1H), 1.95 - 1.86

(m, 1H), 1.70 — 1.61 (m, 1H), 1.27 (t, J=7.1 Hz, 3H).

I3C NMR (100 MHz, CDCl5) 6 163.8 (t,J=32.5 Hz), 163.6, 149.8, 143.3, 137.5, 131.6,

129.7, 128.0, 127.5, 126.9, 115.4 (t, J = 252.4 Hz), 63.1, 52.5, 40.7 (t, J = 22.8 Hz),

40.6, 36.4,29.2,21.6, 13.9.

YF NMR (376 MHz, CDCl;) 6 -101.93 (dt, J =261.5, 15.0 Hz), -104.86 (dt, J = 261 4,

16.7 Hz).

HRMS(ESI) m/z: [M+H]"Calcd for C,;Hy6F2NOgS,* 490.1164; found 490.1162.
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Methyl 3-(5,6,6,6-tetrafluoro-1-((4-methylphenyl)sulfonamido)-5-(trifluoro-
methyl)hexan-3-yl)thiophene-2-carboxylate (3z)
FsC NHTs

F
CF3 /Q~CO,Me

S
Colorless oil, yield 42% (45.0 mg).

TH NMR (400 MHz, CDCl3) 6 7.68 (d, J = 8.3 Hz, 2H), 7.47 (d, /= 5.2 Hz, 1H), 7.26
(d, J= 8.1 Hz, 2H), 6.94 (d, J = 5.2 Hz, 1H), 5.59 (s, 1H), 4.29 (s, 1H), 3.89 (s, 3H),
3.06 — 2.96 (m, 1H), 2.50 — 2.38 (m, 5H), 2.27 — 2.16 (m, 1H), 1.96 — 1.87 (m, 1H),
1.68 — 1.60 (m, 1H).

13C NMR (100 MHz, CDCl;) 6 163.7, 149.9, 143.3, 137.6, 131.9, 129.7, 127.7, 127.0,
122.97 — 118.79 (m), 93.38 — 89.74 (m), 52.5, 40.4, 37.4, 34.6 (d, J = 18.7 Hz), 29.5,
21.5.

19F NMR (376 MHz, CDCls) 6 -76.37 — -77.35 (m, 3F), -185.00 — -185.31 (m, 1F).
HRMS(ESI) m/z: [M+H]*Calcd for C,0H,1F7;NO4S," 536.0795; found 536.0795.
Methyl 3-(5,5,6,6,7,7,8,8,9,9,10,10,10-tridecafluoro-1-((4-methylphenyl)sulfon-
amido)decan-3-yl)thiophene-2-carboxylate (3ab)

NHTs
CF3(CF3)s

N COZMe
S

Colorless oil, yield 55% (75.0 mg).

TH NMR (400 MHz, CDCl3) 6 7.71 (d, J = 7.8 Hz, 2H), 7.47 (d, J= 5.1 Hz, 1H), 7.26
(d, J=7.7 Hz, 2H), 6.94 (d, /= 5.1 Hz, 1H), 5.58 (br, 1H), 4.32 (m, 1H), 3.91 (s, 3H),
3.13 - 3.01 (m, 1H), 2.56 — 2.47 (m, 1H), 2.43 — 2.31 (m, 4H), 2.23 — 2.09 (m, 1H),
1.94 - 1.85 (m, 1H), 1.72 — 1.65 (m, 1H).

13C NMR (100 MHz, CDCl;) 6 163.7, 149.9, 143.4, 137.8, 132.0, 129.7, 127.7, 127.1,
126.9, 122.1- 110.1(m), 52.6), 40.6, 36.6 (t, J=20.8 Hz), 36.4, 28.1, 21.5.

19F NMR (376 MHz, CDCl3) 3 -80.85 (t, /= 10.8 Hz, 3F), -112.61 — -113.54 (m, 2F),
-121.35 — -122.16 (m, 2F), -122.95 (d, J = 8.7 Hz, 2F), -123.42 — -123.93 (m, 2F), -
125.79 —-126.68 (m, 2F).
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HRMS(ESI) m/z: [M+H]*Calcd for C,3H,1F13NO4S," 686.0699; found 686.0696.
Methyl 2-(4-((4-methylphenyl)sulfonamido)-1-(phenylsulfonyl)butan-2-yl)thioph-

ene-3-carboxylate (4a)

©\ NHTs

l,\\
O\ ~CO,Me

Colorless oil, yield 91% (92.4 mg).

'TH NMR (400 MHz, CDCl3) 6 7.72 (d, J= 7.3 Hz, 2H), 7.69 (d, J = 8.2 Hz, 2H), 7.58
(t,J=7.5Hz, 1H), 7.46 (t, J= 7.7 Hz, 2H), 7.27 (d, J = 8.1 Hz, 2H), 7.18 (d, /= 5.4
Hz, 1H), 7.04 (d, J= 5.3 Hz, 1H), 5.48 (dd, /= 7.6, 4.6 Hz, 1H), 4.57 — 4.45 (m, 1H),
3.86 (s, 3H), 3.52 (dd, J = 14.5, 8.0 Hz, 1H), 3.32 (dd, J = 14.5, 5.5 Hz, 1H), 3.08 —
2.97 (m, 1H), 2.66 — 2.55 (m, 1H), 2.41 (s, 3H), 2.15 — 2.05 (m, 1H), 1.79 — 1.72 (m,
1H).

I3C NMR (100 MHz, CDCl3) 6 164.2, 152.9, 143.3,139.2, 137.4, 133.7, 129.9, 129.3,
129.0, 127.9, 127.0, 123.7, 62.6, 52.3, 40.2, 37.3, 31.7, 21.6.

HRMS(ESI) m/z: [M+H]*Calcd for C,3HysNOgS;™ 508.0917; found 508.0916.
methyl 2-(1-((4-methoxyphenyl)sulfonyl)-4-((4-methylphenyl)sulfonamido)butan-
2-yD)thiophene-3-carboxylate (4b)

o)
©\ NHTs
S

§”X\,~CO,Me

Colorless oil, yield 97% (104.4 mg).

TH NMR (400 MHz, CDCl;) 6 7.67 (d, J = 8.2 Hz, 2H), 7.64 (d, J = 8.9 Hz, 2H), 7.25
(d, J=28.0 Hz, 2H), 7.18 (d, /= 5.3 Hz, 1H), 7.05 (d, J = 5.3 Hz, 1H), 6.91 (d, J= 8.8
Hz, 2H), 5.56 (dd, J=17.3, 4.6 Hz, 1H), 4.53 — 4.41 (m, 1H), 3.86 (s, 3H), 3.85 (s, 3H),
3.49 (dd, J =144, 7.8 Hz, 1H), 3.32 (dd, J = 14.5, 5.4 Hz, 1H), 3.04 — 2.93 (m, 1H),
2.62 —2.53 (m, 1H), 2.40 (s, 3H), 2.15 — 2.05 (m, 1H), 1.79 — 1.69 (m, 1H).
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13C NMR (100 MHz, CDCl;) 6 164.2, 163.7, 153.3, 143.3, 137.3, 130.5, 130.1, 129.7,
128.9, 126.9, 123.6, 114.5, 62.9, 55.8, 52.2,40.2, 37.4, 31.8, 21.5.

HRMS(ESI) m/z: [M+H]"Calcd for C,4H,sNO;S;* 538.1022; found 538.1017.
Methyl 2-(1-((4-isopropylphenyl)sulfonyl)-4-((4-methylphenyl)sulfonamido)
butan-2-yl)thiophene-3-carboxylate (4c)

NHTs
7\
O\ ,-COsMe

Colorless oil, yield 93% (102.0 mg).

'TH NMR (400 MHz, CDCl3) 6 7.68 (d, J = 8.2 Hz, 2H), 7.61 (d, J = 8.4 Hz, 2H), 7.26
(n,J=8.1,3.4 Hz, 4H), 7.14 (d, J= 5.4 Hz, 1H), 7.01 (d, /= 5.3 Hz, 1H), 5.53 (dd, J
=7.5,4.8 Hz, 1H), 4.57 — 4.44 (m, 1H), 3.85 (s, 3H), 3.53 (dd, J = 14.5, 8.1 Hz, 1H),
3.31(dd, J=14.5, 5.3 Hz, 1H), 3.04 — 2.90 (m, 2H), 2.64 — 2.55 (m, 1H), 2.16 — 2.05
(m, 1H), 1.81 — 1.69 (m, 1H), 1.25 (s, 3H), 1.24 (s, 3H).

I3C NMR (100 MHz, CDCl;) 6 164.1, 155.3, 153.1, 143.3, 137.4, 136.4, 129.8, 129.7,
129.0, 128.1, 127.3, 127.0, 123.5, 62.7, 52.2,40.2, 37.4, 34.3, 31.8, 23.7, 23.6, 21.6.
HRMS(ESI) m/z: [M+H]*Calcd for C,sH3,NO6S;™ 550.1386; found 550.1379.
Methyl 2-(1-((4-(tert-butyl)phenyl)sulfonyl)-4-((4-methylphenyl)sulfonamido)
butan-2-yl)thiophene-3-carboxylate (4d)

NHTs
I\
O 0 A—COMe

Colorless oil, yield 94% (106.2 mg).

'TH NMR (400 MHz, CDCl3) 6 7.68 (d, J= 8.2 Hz, 2H), 7.61 (d, J = 8.5 Hz, 2H), 7.42
(d, J=28.5Hz, 2H), 7.26 (d, J = 8.1 Hz, 2H), 7.13 (d, J = 5.4 Hz, 1H), 7.00 (d, /= 5.3
Hz, 1H), 5.54 (dd, J=7.0, 4.8 Hz, 1H), 4.57 — 4.45 (m, 1H), 3.85 (s, 3H), 3.55 (dd, J =
14.5, 8.2 Hz, 1H), 3.32 (dd, J = 14.5, 5.2 Hz, 1H), 3.06 — 2.95 (m, 1H), 2.65 — 2.56 (m,

1H), 2.40 (s, 3H), 2.15 — 2.05 (m, 1H), 1.81 — 1.70 (m, 1H), 1.32 (s, 9H).
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13C NMR (100 MHz, CDCl;) 6 164.1, 157.5, 153.1, 143.3, 137.4, 136.0, 129.7, 129.0,
127.7,127.0, 126.2, 123.4, 62.6, 52.2,40.2,37.4,35.2,31.8, 31.1, 21.6.

HRMS(ESI) m/z: [M+H]*Calcd for C,;H34NOgS3™ 564.1543; found 564.1537.
Methyl 2-(1-((4-fluorophenyl)sulfonyl)-4-((4-methylphenyl)sulfonamido)butan-2-

yl)thiophene-3-carboxylate (4e)

F
\©\ NHTs
S

O\ ~CO,Me

Colorless oil, yield 90% (94.6 mg).

'TH NMR (400 MHz, CDCl;) 6 7.76 — 7.70 (m, 2H), 7.68 (d, J = 8.2 Hz, 2H), 7.27 (d,
J=28.7Hz, 2H), 7.18 (d,J= 5.3 Hz, 1H), 7.11 (t,J = 8.5 Hz, 2H), 7.05 (d, J = 5.3 Hz,
1H), 5.55 (dd, J = 7.2, 4.8 Hz, 1H), 4.56 — 4.43 (m, 1H), 3.86 (s, 3H), 3.55 (dd, J =
14.5, 8.2 Hz, 1H), 3.37 (dd, J = 14.6, 5.3 Hz, 1H), 3.06 — 2.95 (m, 1H), 2.63 — 2.54 (m,
1H), 2.41 (s, 3H), 2.19 - 2.08 (m, 1H), 1.83 — 1.71 (m, 1H).

I3C NMR (100 MHz, CDCl;) 6 165.7 (d, J = 256.4 Hz), 164.2, 143.4, 137.3, 135.2 (d,
J=3.0Hz), 130.9 (d, /=9.7 Hz), 129.9, 129.8, 129.0, 127.0, 123.8, 116.5 (d, /= 22.7
Hz), 62.7,52.3,40.2,37.32, 31.8, 21.6.

HRMS(ESI) m/z: [M+H]*Calcd for C,3HsFNO¢S;* 526.0823; found 526.0819.
Methyl 2-(1-((4-chlorophenyl)sulfonyl)-4-((4-methylphenyl)sulfonamido)butan-2-

yl)thiophene-3-carboxylate (4f)

Cl
\©\ NHTs
S

O X\—COsMe

Colorless oil, yield 94% (102.0 mg).

'TH NMR (400 MHz, CDCl3) 6 7.68 (d, J= 8.2 Hz, 2H), 7.63 (d, J = 8.6 Hz, 2H), 7.40
(d, J=28.6 Hz, 2H), 7.26 (d, J = 8.1 Hz, 2H), 7.18 (d, J = 5.4 Hz, 1H), 7.06 (d, /= 5.3
Hz, 1H), 5.58 (dd, /= 7.3, 4.9 Hz, 1H), 4.55 — 4.42 (m, 1H), 3.85 (s, 3H), 3.56 (dd, /=
14.5, 8.3 Hz, 1H), 3.37 (dd, J = 14.6, 5.3 Hz, 1H), 3.04 — 2.94 (m, 1H), 2.66 — 2.55 (m,
1H), 2.40 (s, 3H), 2.17 —2.07 (m, 1H), 1.83 — 1.71 (m, 1H).
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13C NMR (100 MHz, CDCl;) 6 164.1, 152.7, 143.3, 140.3, 137.6, 137.3, 129.9, 129.7,
129.4,129.0, 127.0, 123.8, 62.6, 52.2,40.2, 37.2, 31.8, 21.5.

HRMS(ESI) m/z: [M+H]*Calcd for C,3H,5sCINO¢S;* 542.0527; found 542.0519.
Methyl 2-(1-((4-bromophenyl)sulfonyl)-4-((4-methylphenyl)sulfonamido)butan-

2-yD)thiophene-3-carboxylate (4g)

Br
\©\ NHTs
S

O X—COsMe

White solid, yield 93% (109.0 mg).M.p. = 117-119 °C.

'TH NMR (400 MHz, CDCl3) 0 7.68 (d, J = 8.2 Hz, 2H), 7.55 (s, 4H), 7.26 (d, /= 8.1
Hz, 2H), 7.18 (d, J = 5.4 Hz, 1H), 7.06 (d, J= 5.3 Hz, 1H), 5.57 (dd, J= 7.4, 4.9 Hz,
1H), 4.49 (m, 1H), 3.85 (s, 3H), 3.56 (dd, J=14.6, 8.3 Hz, 1H), 3.36 (dd, J=14.6, 5.3
Hz, 1H), 3.06 — 2.93 (m, 1H), 2.64 — 2.54 (m, 1H), 2.40 (s, 3H), 2.18 — 2.07 (m, 1H),
1.82—-1.71 (m, 1H).

I3C NMR (100 MHz, CDCl;) 6 164.1, 152.6, 143.3, 138.1, 137.3, 132.4, 129.9, 129.7,
129.5, 129.0, 129.0, 127.0, 123.8, 62.6, 52.3, 40.2, 37.3, 31.8, 21.6.

HRMS(ESI) m/z: [M+H]"Calcd for Cy3H,sBrNOgS;* 586.0022; found 586.0017.
Methyl 2-(1-((4-iodophenyl)sulfonyl)-4-((4-methylphenyl)sulfonamido)butan- 2-

yDht-hiophene-3-carboxylate (4h)

|
\©\ NHTs
S

O N\,~COMe

Colorless oil, yield 92% (117.0 mg).

'TH NMR (400 MHz, CDCl3) 6 7.78 (d, J= 8.4 Hz, 2H), 7.69 (d, J = 8.1 Hz, 2H), 7.39
(d, J=8.4 Hz, 2H), 7.27 (d, J = 8.1 Hz, 2H), 7.19 (d, J = 5.3 Hz, 1H), 7.06 (d, /= 5.3
Hz, 1H), 5.50 (dd, J=17.0, 4.8 Hz, 1H), 4.56 — 4.42 (m, 1H), 3.87 (s, 3H), 3.53 (dd, J =
14.6, 8.3 Hz, 1H), 3.33 (dd, J = 14.6, 5.2 Hz, 1H), 3.09 — 2.97 (m, 1H), 2.64 — 2.54 (m,
1H), 2.41 (s, 3H), 2.18 — 2.06 (m, 1H), 1.78 — 1.73 (m, 1H).
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13C NMR (100 MHz, CDCl;) 6 164.2, 152.7, 143.4, 138.8, 138.5, 137.5, 130.0, 129.8,
129.3,129.1, 127.0, 123.8, 101.7, 62.7, 52.4, 40.2, 37.4, 31.8, 21.6.

HRMS(ESI) m/z: [M+H]*Calcd for C,3H,5INOgS;™ 633.9883; found 633.9876.
Methyl 2-(4-((4-methylphenyl)sulfonamido)-1-((4-(trifluoromethyl)phenyl)sulfon

yl)butan-2-yl)thiophene-3-carboxylate (4i)

F4C
\©\ NHTs
S

O \,~COMe

Colorless oil, yield 91% (105.7 mg).

'TH NMR (400 MHz, CDCl;) ¢ 7.82 (d, J = 8.2 Hz, 2H), 7.72 — 7.66 (m, 4H), 7.27 (d,
J=28.1Hz, 2H), 7.13 (d, J = 5.4 Hz, 1H), 7.02 (d, J = 5.3 Hz, 1H), 5.51 (dd, J = 7.0,
5.1 Hz, 1H), 4.51 (s, 1H), 3.84 (s, 3H), 3.62 (dd, J = 14.8, 8.7 Hz, 1H), 3.39 (dd, J =
14.7, 5.1 Hz, 1H), 3.06 — 2.96 (m, 1H), 2.65 — 2.56 (m, 1H), 2.41 (s, 3H), 2.19 — 2.08
(m, 1H), 1.82 — 1.74 (m, 1H).

13C NMR (100 MHz, CDCl5) 6 164.1, 152.4, 143.4, 142.6, 137.4, 135.2 (q, J = 33.1
Hz), 130.1, 129.8, 129.1, 128.6, 127.0, 126.2 (q, J = 3.6 Hz), 123.9, 123.2 (d, J=273.1
Hz), 62.4,52.3,40.2,37.3,31.8, 21.6.

HRMS(ESI) m/z: [M+H]*Calcd for C,4H,sF3NOgS;™ 576.0791; found 576.0785.
Methyl 2-(4-((4-methylphenyl)sulfonamido)-1-((2-(trifluoromethyl)phenyl)

sulfonyl)butan-2-yl)thiophene-3-carboxylate (4j)

CF,
@[ NHTs

’/S\\
O\ ~COsMe

Colorless oil, yield 91% (105.0 mg).

TH NMR (400 MHz, CDCl;) 5 7.98 (d, J= 7.7 Hz, 1H), 7.82 (d, J = 7.6 Hz, 1H), 7.73
—7.62 (m, 4H), 7.27 (d, J= 8.4 Hz, 2H), 7.18 (d, /= 5.3 Hz, 1H), 7.03 (d, /= 5.3 Hz,
1H), 5.55 (br, 1H), 4.58 (br, 1H), 3.87 (s, 3H), 3.71 (dd, J = 14.5, 8.1 Hz, 1H), 3.43 (dd,
J=14.6,5.4 Hz, 1H), 3.08 — 2.96 (m, 1H), 2.61 (ddt, J = 14.2, 9.7, 4.7 Hz, 1H), 2.40
(s, 3H), 2.16 — 2.06 (m, 1H), 1.81 — 1.71 (m, 1H).
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13C NMR (100 MHz, CDCl;) 6 164.2, 152.6, 143.4, 138.0, 137.4, 133.9, 132.8, 132.7,
130.0, 129.8, 129.0, 128.6 (q, J =33.1 Hz), 128.4 (q, /= 6.2 Hz), 127.0, 123.8, 122.68
(q,/=274.0 Hz), 63.1, 52.3, 40.2, 37.3, 31.8, 21.5.

HRMS(ESI) m/z: [M+H]*Calcd for C,4H,sF3NOgS;* 576.0791; found 576.0785.
Methyl 2-(1-((4-cyanophenyl)sulfonyl)-4-((4-methylphenyl)sulfonamido)butan-2-
yl)thiophene-3-carboxylate (4Kk)

NC
\©\ NHTs
S

STN COzMe

White solid, yield 47% (50.0 mg). M.p. = 166-167 °C.
'TH NMR (400 MHz, CDCl3) 6 7.82 (d, J = 8.4 Hz, 2H), 7.73 (d, J = 8.4 Hz, 2H), 7.69

(d, J=8.2 Hz, 2H), 7.28 (d, J = 8.1 Hz, 2H), 7.17 (d, /= 5.3 Hz, 1H), 7.05 (d, /= 5.3
Hz, 1H), 5.46 (dd, J = 6.9, 5.2 Hz, 1H), 4.51 (s, 1H), 3.86 (s, 3H), 3.62 (dd, J = 14.6,
8.4 Hz, 1H), 3.42 (dd, /= 14.7, 5.3 Hz, 1H), 3.08 — 2.96 (m, 1H), 2.64 — 2.55 (m, 1H),
2.41(s,3H),2.21 —2.10 (m, 1H), 1.83 — 1.75 (m, 1H).

I3C NMR (100 MHz, CDCl;) 6 164.1, 152.3, 143.5, 143.2, 137.3, 132.9, 130.1, 129.8,
129.1, 128.7, 127.0, 124.0, 117.3, 117.2, 62.4, 52.4, 40.2, 37.2, 31.8, 21.6.
HRMS(ESI) m/z: [M+Na]"Calcd for C4H,4N;NaO¢S;* 555.0689; found 555.0682.
Methyl 2-(1-((3,5-bis(trifluoromethyl)phenyl)sulfonyl)-4-((4-methylphenyl)sulfo-

namido)butan-2-yl)thiophene-3-carboxylate (41)

FsC S

O \,-COsMe

Colorless oil, yield 81% (105.0 mg).

'TH NMR (400 MHz, CDCl3) 0 8.08 (s, 2H), 7.98 (s, 1H), 7.70 (d, /= 8.1 Hz, 2H), 7.28
(d,J=9.0 Hz, 2H), 7.08 (d, /= 5.3 Hz, 1H), 6.96 (d, /= 5.3 Hz, 1H), 5.42 (s, 1H), 4.51
(s, 1H), 3.95 - 3.74 (m, 4H), 3.44 (dd, J=15.0,4.2 Hz, 1H), 3.02 (dd, J=13.2, 7.6 Hz,
1H), 2.68 — 2.55 (m, 1H), 2.42 (s, 3H), 2.13 — 2.04 (m, 1H), 1.88 — 1.76 (m, 1H).
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13C NMR (100 MHz, CDCls) 6 164.0, 151.0, 143.6, 142.1, 137.4, 132.8 (q, J = 34.6
Hz), 130.4, 129.9, 129.4, 128.3 (q, J = 3.1 Hz), 127.2 (q, J = 3.3 Hz), 127.1, 124.0,
122.4 (q, J=273.4 Hz), 60.9, 52.4, 40.2, 36.6, 32.1, 21.6.

HRMS(ESI) m/z: [M+H]"Calcd for CysH,4F¢NOgS;+ 644.0664; found 644.0660.
Methyl 2-(1-((2,5-dimethoxyphenyl)sulfonyl)-4-((4-methylphenyl)sulfonamido)
butan-2-yl)thiophene-3-carboxylate (4m)

O
J: I NHTs
~o S

/,\\
O 0 A\ CO,Me

Colorless oil, yield 96% (110.0 mg).

TH NMR (400 MHz, CDCl3) ¢ 7.67 (d, J = 8.1 Hz, 2H), 7.29 — 7.24 (m, 2H), 7.15 (d,
J=3.0 Hz, 1H), 7.06 (d, /= 5.3 Hz, 1H), 7.01 (dd, J = 9.0, 3.0 Hz, 1H), 6.97 (d, J =
5.3 Hz, 1H), 6.80 (d, J=9.0 Hz, 1H), 5.72 — 5.58 (m, 1H), 4.44 (br, 1H), 3.93 — 3.81
(m, 7H), 3.76 (s, 3H), 3.44 (dd, /= 14.6, 4.0 Hz, 1H), 3.06 — 2.96 (m, 1H), 2.60 — 2.51
(m, 1H), 2.39 (s, 3H), 2.08 — 1.99 (m, 1H), 1.80 — 1.68 (m, 1H).

13C NMR (100 MHz, CDCl;) 6 164.1, 153.2, 152.8, 151.0, 143.3, 137.5, 130.0, 129.7,
128.6, 126.9, 126.8, 123.5, 122.0, 113.9, 113.7, 61.0, 56.7, 55.9, 52.1, 40.1, 37.8, 31.8,
21.5.

HRMS(ESI) m/z: [M+H]"Caled for C,5H30NOgS;* 568.1128; found 568.1133.
Methyl 2-(1-((2,3-dihydrobenzofuran-5-yl)sulfonyl)-4-((4-methylphenyl)sulfona-

mido)butan-2-yl)thiophene-3-carboxylate (4n)

@)
NHTs
S

O \,~COMe

Colorless oil, yield 93% (103.0 mg).

TH NMR (400 MHz, CDCl;) 6 7.67 (d, J = 8.2 Hz, 2H), 7.56 — 7.45 (m, 2H), 7.26 (d,
J=28.1Hz, 2H), 7.19 (d, J=5.3 Hz, 1H), 7.06 (d, /= 5.3 Hz, 1H), 6.75 (d, J = 8.3 Hz,
1H), 5.56 (dd, J=7.7,4.7 Hz, 1H), 4.66 (t, J = 8.8 Hz, 2H), 4.54 — 4.42 (m, 1H), 3.85
(s, 3H), 3.48 (dd, J=14.5, 7.9 Hz, 1H), 3.32 (dd, /= 14.5, 5.5 Hz, 1H), 3.22 (t, /= 8.8
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Hz, 2H), 3.04 — 2.93 (m, 1H), 2.63 —2.53 (m, 1H), 2.40 (s, 3H), 2.16 — 2.05 (m, 1H),
1.79 - 1.67 (m, 1H).

13C NMR (100 MHz, CDCl;) 0 164.7, 164.2, 153.5, 143.3, 137.3, 130.4, 129.7, 129.7,
128.8, 128.7, 127.0, 125.4, 123.5, 109.6, 72.6, 63.0, 52.2, 40.2, 37.5, 31.9, 28.9, 21.6.
HRMS(ESI) m/z: [M+H]*Calcd for C,sHpsNO;S3™ 550.1022; found 550.1017.
Methyl 2-(4-((4-methylphenyl)sulfonamido)-1-(naphthalen-2-ylsulfonyl)butan-2-

yl)thiophene-3-carboxylate (40)

STN COzMe

Colorless oil, yield 89% (99.0 mg).

'TH NMR (400 MHz, CDCl3) ¢ 8.26 (s, 1H), 7.92 (d, J= 8.0 Hz, 1H), 7.88 (d, /= 8.6
Hz, 2H), 7.70 — 7.58 (m, 5H), 7.24 (d, J = 8.1 Hz, 2H), 7.03 (d, J = 5.3 Hz, 1H), 6.88
(d, J=5.3 Hz, 1H), 5.52 (dd, J= 7.6, 4.6 Hz, 1H), 4.56 (s, 1H), 3.74 (s, 3H), 3.59 (dd,
J=14.6,8.2 Hz, 1H), 3.39 (dd, J = 14.6, 5.3 Hz, 1H), 3.08 —2.97 (m, 1H), 2.64 — 2.54
(m, 1H), 2.39 (s, 3H), 2.18 — 2.07 (m, 1H), 1.80 — 1.74 (m, 1H).

I3C NMR (100 MHz, CDCl;) 6 164.1, 152.8, 143.3, 137.4, 135.9, 135.2, 132.0, 130.0,
129.9, 129.7, 129.5, 129.5, 129.4, 128.9, 127.9, 127.6, 127.0, 123.5, 122.4, 62.6, 52.1,
40.2,37.4,31.8,21.5.

HRMS(ESI) m/z: [M+H]*Calcd for C,7;HsNOgS3™ 558.1073; found 558.1067.
Methyl 2-(4-((4-methylphenyl)sulfonamido)-1-(naphthalen-1-ylsulfonyl)butan- 2-

yl)thiophene-3-carboxylate (4p)

O NHTs
S
o)

Colorless oil, yield 87% (97.0 mg).

'TH NMR (400 MHz, CDCl;) ¢ 8.57 (d, J = 8.6 Hz, 1H), 8.09 — 7.96 (m, 2H), 7.89 (d,
J=28.1Hz, 1H), 7.65 (dd, J = 13.2, 4.7 Hz, 3H), 7.58 (t,J = 7.3 Hz, 1H), 7.43 (t, J =
7.8 Hz, 1H), 7.24 (d, J=8.1 Hz, 2H), 7.01 (d, J = 5.3 Hz, 1H), 6.82 (d, J = 5.3 Hz, 1H),
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5.47 (s, 1H), 4.53 (s, 1H), 3.85 — 3.74 (m, 4H), 3.44 (dd, J = 14.6, 5.0 Hz, 1H), 3.04 —
2.93 (m, 1H), 2.62 — 2.51 (m, 1H), 2.39 (s, 3H), 2.09 — 1.99 (m, 1H), 1.76 — 1.67 (m,
1H).

13C NMR (100 MHz, CDCl;) 6 164.0, 152.3, 143.3, 137.4, 135.2, 134.0, 130.6, 129.7,
129.7,129.3, 128.8, 128.5, 127.0, 124.5, 123.9, 123.3, 62.0, 52.1, 40.2, 37.2, 32.0, 21.6.
HRMS(ESI) m/z: [M+H]*Calcd for C,7;H»sNOgS;* 558.1073; found 558.1071.
Methyl 2-(1-([1,1'-biphenyl]-4-ylsulfonyl)-4-((4-methylphenyl)sulfonamido)butan

-2-yl)thiophene-3-carboxylate (4q)

‘ NHTs
S

S N COzMe

Colorless oil, yield 84% (98.0 mg).

'TH NMR (400 MHz, CDCl3) 6 7.76 (d, J = 8.4 Hz, 2H), 7.69 (d, J = 8.2 Hz, 2H), 7.62
(d, J=8.4 Hz, 2H), 7.57 (d, J = 7.2 Hz, 2H), 7.48 (t, /= 7.3 Hz, 2H), 743 (t, J= 7.2
Hz, 1H), 7.26 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 5.3 Hz, 1H), 7.02 (d, /= 5.3 Hz, 1H),
5.52 (s, 1H), 4.61 — 4.49 (m, 1H), 3.84 (s, 3H), 3.57 (dd, J = 14.5, 8.1 Hz, 1H), 3.36
(dd, J=14.6, 5.3 Hz, 1H), 3.09 — 2.97 (m, 1H), 2.65 — 2.57 (m, 1H), 2.40 (s, 3H), 2.18
—2.07 (m, 1H), 1.76 (s, 1H).

13C NMR (100 MHz, CDCl;) 6 164.2, 153.1, 146.6, 143.3, 139.3, 137.6, 137.5, 130.0,
129.8, 129.2, 129.0, 128.8, 128.5, 127.9, 127.5, 127.0, 123.7, 62.9, 52.3, 40.2, 37.5,
31.8,21.6.

HRMS(ESI) m/z: [M+H]*Calcd for C,0H30NOgS3™ 584.1230; found 584.1226.
Methyl 2-(1-(ethylsulfonyl)-4-((4-methylphenyl)sulfonamido)butan-2-yl)thioph-

ene-3-carboxylate (4r)

A~ NHTs

7\
O X—COsMe

Colorless oil, yield 50% (46.0 mg).
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'TH NMR (400 MHz, CDCl3) 6 7.69 (d, J = 8.2 Hz, 2H), 7.34 (d, /= 5.4 Hz, 1H), 7.27
(d,/=8.0Hz, 2H), 7.19 (d, J= 5.3 Hz, 1H), 5.39 (dd, /= 7.0, 5.7 Hz, 1H), 4.68 — 4.57
(m, 1H), 3.89 (s, 3H), 3.36 (dd, J=14.5, 7.2 Hz, 1H), 3.15 (dd, J = 14.5, 6.2 Hz, 1H),
3.09-2.99 (m, 1H), 2.82 (q, J=7.5 Hz, 2H), 2.77 — 2.68 (m, 1H), 2.41 (s, 3H), 2.28 —
2.18 (m, 1H), 1.92 — 1.82 (m, 1H), 1.30 (t, /= 7.5 Hz, 3H).

I3C NMR (100 MHz, CDCl;) 6 164.2, 153.3, 143.4, 137.3, 129.9, 129.8, 129.3, 127.1,
123.7, 58.5, 52.3, 47.9, 40.5, 36.9, 31.4, 21.6, 6.5.

HRMS(ESI) m/z: [M+H]"Caled for C19HsNOgS;* 460.0917; found 460.0910.
Methyl  2-(4-((4-methylphenyl)sulfonamido)-1-(thiophen-2-ylsulfonyl)butan-2-

yl)thiophene-3-carboxylate (4s)

@ NHTs

O \—CO,Me

Colorless oil, yield 95% (98.0 mg).

'TH NMR (400 MHz, CDCl;) 6 7.71 — 7.65 (m, 3H), 7.50 (d, J = 3.6 Hz, 1H), 7.26 (d,
J=8.2 Hz, 2H), 7.22 (d, J= 5.3 Hz, 1H), 7.09 (d, J = 5.3 Hz, 1H), 7.05 (t, J = 4.4 Hz,
1H), 5.57 (dd, J = 7.4, 4.8 Hz, 1H), 4.62 — 4.52 (m, 1H), 3.87 (s, 3H), 3.62 (dd, J =
14.6, 7.9 Hz, 1H), 3.43 (dd, /= 14.6, 5.4 Hz, 1H), 3.06 — 2.97 (m, 1H), 2.66 — 2.56 (m,
1H), 2.40 (s, 3H), 2.15 - 2.06 (m, 1H), 1.83 — 1.72 (m, 1H).

13C NMR (100 MHz, CDCl;) 6 164.3, 152.9, 143.3, 140.1, 137.4, 134.5, 134.4, 129.9,
129.7,129.0, 128.0, 127.0, 123.8, 64.1, 52.3, 40.2, 37.3, 31.9, 21.6.

HRMS(ESI) m/z: [M+H]*Calcd for C,1H4sNOgS4" 514.0481; found 514.0485.
Methyl 2-(4-((4-methylphenyl)sulfonamido)-1-(pyridin-3-ylsulfonyl)butan-2-
yl)thiophene-3-carboxylate (4t)

Z

N | NHTs
7\

O \,~CO,Me

Colorless oil, yield 83% (85.0 mg).
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'"H NMR (400 MHz, CDCl3) ¢ 8.87 (d, J=2.1 Hz, 1H), 8.77 (d, /= 3.8 Hz, 1H), 7.98
(d, /J=8.0 Hz, 1H), 7.68 (d, J = 8.2 Hz, 2H), 7.39 (dd, /= 8.0, 4.9 Hz, 1H), 7.27 (d, J
=8.1 Hz, 2H), 7.17 (d, J= 5.3 Hz, 1H), 7.04 (d, /= 5.3 Hz, 1H), 5.64 (dd, J=7.2,5.2
Hz, 1H), 4.53 (s, 1H), 3.86 (s, 3H), 3.65 (dd, J = 14.5, 8.5 Hz, 1H), 3.42 (dd, J = 14.7,
5.1 Hz, 1H), 3.08 — 2.96 (m, 1H), 2.68 — 2.57 (m, 1H), 2.41 (s, 3H), 2.15 — 2.10 (m,
1H), 1.88 — 1.71 (m, 1H).

13C NMR (10 MHz, CDCl3) 6 164.1, 154.0, 152.1, 148.9, 143.4, 137.3, 135.8, 135.7,
130.1, 129.8, 129.1, 1270, 123.9, 123.7, 62.7, 52.3, 40.2, 37.1, 31.8, 21.6.
HRMS(ESI) m/z: [M+H]*Calcd for Cy,H,5N,06S;5* 509.0869; found 509.0868.
Methyl 2-(4-((4-methylphenyl)sulfonamido)-1-(pyridin-4-ylsulfonyl)butan-2-yl)

thiophene-3-carboxylate (4u)

Colorless oil, yield 59% (60.0 mg).

'TH NMR (400 MHz, CDCl3) 6 8.76 (d, J= 5.5 Hz, 2H), 7.69 (d, J = 8.1 Hz, 2H), 7.53
(d, J=5.5Hz, 2H), 7.27 (d, J= 8.3 Hz, 2H), 7.17 (d, /= 5.3 Hz, 1H), 7.04 (d, J=5.3
Hz, 1H), 5.63 (dd, J = 6.6, 5.5 Hz, 1H), 4.52 (s, 1H), 3.86 (s, 3H), 3.64 (dd, J = 14.7,
8.8 Hz, 1H), 3.40 (dd, J = 14.8, 5.2 Hz, 1H), 3.06 — 2.98 (m, 1H), 2.69 — 2.58 (m, 1H),
2.41 (s, 3H), 2.18 = 2.11 (m, 1H), 1.85 - 1.75 (m, 1H).

I3C NMR (100 MHz, CDCl3) 6 164.07, 151.91, 151.04, 147.23, 143.41, 137.33,
130.22, 129.78, 129.11, 126.98, 124.03, 120.94, 62.01, 52.36, 40.17, 37.02, 31.73,
21.57.

HRMS(ESI) m/z: [M+H]*Calcd for Cy,H,5N,06S;5* 509.0869; found 509.0868.
Methyl (4-(4-hydroxy-1-tosylbutan-2-yl)-3,5-dimethoxybenzoyl)-L-tryptophanate
(5,dr=1:1)
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5 was obtained as a 1:1 mixture of inseparable diastereomers as a colorless oil (yield
89%, 108.0 mg) by column chromatography on silica gel (petroleum ether : ethyl
acetate = 2:1).

TH NMR (400 MHz, CDCl3) ¢ 8.88 (s, 0.5H), 8.87 (s, 0.5H), 7.55 (dd, J="7.8, 3.1 Hz,
1H), 7.45 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 8.1 Hz, 1H), 7.14 (t, J= 7.5 Hz, 1H), 7.07 —
7.00 (m, 3H), 6.98 (t, J = 2.3 Hz, 1H), 6.65 — 6.55 (m, 2H), 6.50 (s, 0.5H), 6.45 (s,
0.5H), 5.09 — 5.02 (m, 1H), 4.02 — 3.88 (m, 2H), 3.74 (s, 1.5H), 3.74 (s, 1.5H), 3.60 —
3.47 (m, 6H), 3.44 — 3.33 (m, 4H), 3.24 — 3.15 (m, 1H), 2.23 (s, 1.5H), 2.22 (s, 1.5H),
2.20 (brs, 1H), 1.92 — 1.83 (m, 2H).

13C NMR (100 MHz, CDCl3) 6§ 172.4, 166.84/166.78, 158.4/157.6, 144.38/144.36,
136.28/136.26, 136.14, 134.17/134.06, 129.24, 127.80/127.78, 127.71, 123.26/123.23,
122.14, 119.82/119.81, 119.73, 118.24/118.20, 111.75, 109.48/109.46, 103.2/103.1,
102.9/102.7, 60.39/60.37, 59.1, 56.3, 55.3, 53.88/53.87, 52.5, 36.0, 27.18/27.17, 26.8,
21.38/21.36.

HRMS(ESI) m/z: [M+H]*Calcd for C5,H37N,05S™ 609.2265; found 609.2266.

4. Synthetic applications

4.1 Procedure for synthesis of 3¢ at 6 mmol scale

4CzIPN (5 mol%)
COzMe SO2Na  cidal inhibitor (1.5 equiv) \©\ NHTs
/ | + > ’/S\\
SN EA/H,0 = 5:1 (2mL), Ar, rt o OS X\ CO,Me

1 blue LEDs, 24 h
Ts

1b, 6 mmol 1.5 equiv 3c, 3.03 g, 96%

To an oven-dried 100 mL Schlenk Tube with a stirring bar was added 1b (6 mmol),
sodium 4-methylbenzenesulfinate (9 mmol, 1.5 equiv), and 4CzIPN (5 mol%). Then,
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air was withdrawn and backfilled with Ar (three times). 5:1 (v/v) EA/H,0 (60 mL) was
added and the mixture was irradiated under 30 Wx 2 blue LED at room temperature for
24 h. When the reaction is completed, extracted with ethyl acetate, washed with brine,
dried over anhydrous sodium sulfate, concentrated in vacuo, and purified by column
chromatography (hexane/ethyl acetate = 5:1~4:1, v/v) to afford the corresponding target
compounds 3¢ (3.03g, 96%). Meanwhile, we recovered to the photocatalyst 4CzIPN
(0.18g, 76%).

4.2 Further transformations of representative products

\©\ NHBoc \©\ NH, .
o"s‘b CF4COOH O’/S\\O MeONa (3equiv) NH
—_— >
§"X~COMe ~ o §Ny~COMel  MeoH,70°c TN 5

3h 6, 56%

To an 4 mL glass vial equipped with a magnetic stir bar was added 3h (94.0 mg, 0.2
mmol) and Trifluoroacetic acid (TFA, 0.15 mL, 2 mmol) in DCM (2mL), it was stirred
for 6 h at RT. The reaction mixture was added to sat. NaHCO3;/EtOAc and extracted
with EtOAc (3x), dried over Na,SO,4 and concentrated in vacuo. The residue was
redissolved in 2.0 mL of MeOH, 49.1 mg (0.6 mmol) of NaOMe were added and it was
heated to 70 °C for 24 h. The reaction mixture was poured into water, extracted with
EtOAc (3x), dried over Na,SO4 and concentrated in vacuo and purified by column
chromatography (hexane/ethyl acetate) to afford the corresponding target compound 6.

4-methylene-4,5,6,7-tetrahydro-8H-thieno|2,3-c]azepin-8-one (6)

NH

N
S_ O

White solid, yield 56% (20.0 mg). M.p. = 92-93 °C.
H NMR (400 MHz, CDCl;) § 7.49 (d, J = 5.4 Hz, 1H), 7.10 (d, J= 5.4 Hz, 1H), 7.02
(s, 1H), 5.52 (s, 1H), 5.04 (s, 1H), 3.42 — 3.37 (m, 2H), 2.91 — 2.85 (m, 2H).

13C NMR (100 MHz, CDCLy) 6 167.4, 145.5, 140.0, 132.2, 131.7, 123.3, 115.4, 40.4,
38.0.

HRMS(ESI) m/z: [M+H]*Calcd for CoH;OS* 180.0478; found 180.0476.
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5. Investigation of the mechanism

Ts \/\//
\ 4CzIPN (5 mol%) @
N SO2Na  cidal inhibitor (1.5 equiv) s NHTs
"o =&
EAH,0 = 5:1 (2mL), A
CO,Me A/H,0 =5:1 (2mL), Ar, rt \\ CO,Me
s

S blue LEDs, 24 h

1a 1.5 equiv 3p

radical inhibitor Yield
0,0
TEMPO NR J:\\S// HO Q\S/P
JL NR Ph Ph \©\
Ph Ph 3ab 3ac
detected by HRMS detected by HRMS

BHT 47%

To a 4 mL glass vial equipped with a magnetic stir bar was added 1a (0.2 mmol),

sodium 4-methylbenzenesulfinate (0.3 mmol, 1.5 equiv), 4CzIPN (5 mol%) in 5:1 (v/v)

ethyl acetate (EA)/H,O (2 mL) and additive (TEMPO (48 mg, 0.3 mmol) or 1,1-

diphenylethylene (53 pL, 0.3 mmol). The reaction mixture was degassed by bubbling

with argon for 10 s with an outlet needle and the vial was sealed with PTFE cap. The

mixture was then stirred rapidly and irradiated with a 30 W Blue LED at room

temperature for 24 h.
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D:ADATA\20220620M-CYP\3-184c
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Figure S1 High resolution mass spectrum of 1,1-diphenylethylene capture product.
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Figure S2 High resolution mass spectrum of BHT capture product.
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7. NMR spectrum

TH NMR spectrum (400MHz, CDCl;) of compound 1a
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TH NMR spectrum (400MHz, CDCl;) of compound 1b
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'H NMR spectrum (400MHz, CDCI;) of compound 1¢
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TH NMR spectrum (400MHz, CDCl;) of compound 1d
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'H NMR spectrum (400MHz, CDCI;) of compound 1e
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TH NMR spectrum (400MHz, CDCl;) of compound 1f
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TH NMR spectrum (400MHz, CDCl;) of compound 1g
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TH NMR spectrum (400MHz, CDCl;) of compound 1h
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—

H NMR spectrum (400MHz, CDCl;) of compound 1i
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TH NMR spectrum (400MHz, CDCl;) of compound 1j
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TH NMR spectrum

10 -

400MHz, CDCI;) of compound 1k

DR OTODRTOMONODRR TOND ©OWN o w ™M — o @ =]
MEACNA NN~ ===00 DD 000 M-==00 - P =+ o
P P P P P P P P P P P e WD el el vl el W uw o T mm Ll o
e in\.e,-#——‘“l&z/ N '
0;,.4%
3\5,0r33n1e
1
1
| |
lj1 I|II
. \
; \ R0l /‘l\' AN ___/"l SR O W
g i UL Lt | =
©DwWwo f=] b g b g uw
[=R=X=] =] o =} [=]
o — — ™ uw ™
9.0 5 B0 1.5 0 6.5 6.0 3.5 50 4.3 40 3.5 a0 .5 0 1 Lo 0.5 0.0 0.5
£l (ppm!
1
3C NMR spectrum (100MHz, CDCl;) of compound 1k
- - - NOIToODA —
[ @ ™ FOoO@BOoN®MO om B
g2 B & HHARRRHE oy b
E ® B SEBLGAE %5 >
TR, NS ¥
OEN%
5\5,00:&'19
I
I
il
I
1
L L " I F| a
20 210 200 150 180 170 160 150 140 130 120 110 1 o] 0 70 60 50 40 30 20 1 0 -0
£l (ppm!

57



TH NMR spectrum (400MHz, CDCl;) of compound 11-1
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TH NMR spectrum (400MHz, CDCl;) of compound 11
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TH NMR spectrum (400MHz, CDCl;) of compound 1m
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TH NMR spectrum (400MHz, CDCl;) of compound 1n
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TH NMR spectrum (400MHz, CDCl;) of compound 1o
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TH NMR spectrum (400MHz, CDCl;) of compound 1p
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TH NMR spectrum (400MHz, CDCl;) of compound 1q
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'H NMR spectrum (400MHz, CDCl;) of compound 1r
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TH NMR spectrum (400MHz, CDCl;) of compound 1s
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TH NMR spectrum (400MHz, CDCl;) of compound 1t
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TH NMR spectrum (400MHz, CDCl;) of compound 1u
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TH NMR spectrum (400MHz, CDCl;) of compound 3a
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TH NMR spectrum (400MHz, CDCl;) of compound 3b
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'H NMR spectrum (400MHz, CDCI;) of compound 3¢
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TH NMR spectrum (400MHz, CDCl;) of compound 3d
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'H NMR spectrum (400MHz, CDCI;) of compound 3e
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TH NMR spectrum (400MHz, CDCl;) of compound 3f
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TH NMR spectrum (400MHz, CDCl;) of compound 3g
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TH NMR spectrum (400MHz, CDCl;) of compound 3h
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TH NMR spectrum (400MHZ, CDCI;) of compound 3i

762
760
752
7.50
7.40
7.38
7.26
7.23
7.21
7.15
7.13
5.92
5.90
4.98
497
495

VS 5 g =S
&b Q.
&
|
1
1
1
1
S __JUMJL
i g T i i . S
THNONTOM Q D — Ow nuggT T
cooooQg =] o0OwvQ COoQo O
IO~ 02— -— 0 — — MM N
2.5 9.0 B.5 B0 1.6 7.0 6.5 6.0 55 50 45 40 £ 3.0 2.5 20 1 L0

£1 (ppm

13’C NMR spectrum (100MHz, CDCl;) of compound 3i

- i B TWOT MO DO
B B8 IRITRIBY © gz8 28 3
@ B I3 BEBRARGR N gey 2 3z &
F & VD e T T8 1
II
1
NHTs
S
& o
e
1
1
1
]
1
]
I 1|
"

T T T r
100 g0 80 70 60 50 40 E
£1 (ppm!

T T T T T T
o 200 180 180 170 130 120 110

77



TH NMR spectrum (400MHz, CDCl;) of compound 3j
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TH NMR spectrum (400MHz, CDCl;) of compound 3m

228 FILIPLRIAN-CBRODT

T?
76
75
74
73
72
71
7

70
69

I R g

\Q\ R
S 1

MET O DT —
W15 M 0 OO — 00 @ S3ITTEAR FJBLHIISTEFEREC-EEBEE2 - I~ @
~.r--hr-|;r-.u:v\>9 T 779 MoocddsocgQgaGogaececee e oo

i [ . Wy |
LS O T omy o e it
— O I~ ol i [=Nu XNl
=g =F=F=1 o cooo Soaag
o — 0 — — 0 — o — — ) —
9.5 9.0 B 8o 7.5 .0 6.5 6.0 55 5.0 4.5 4.0 3.5 30 2.5 20 1.5 Lo 0.5 0.0 0.5 =1.0
£l (ppm
1
3C NMR spectrum (100MHz, CDCl;) of compound 3m
- L B
@3 BRALE s =2 o 3 8 &
I P AREN X Tl A
i o 1 e
5
G
00 A\ COMa
\l.
8
1
1 ]
1
1
]
|
1
1
o K} N s
Xy s e - . al
10 200 130 180 170 160 150 140 130 120 110 100 a0 B0 L &0 B0 40 30 20 10 =10
£l (ppm

79



TH NMR spectrum (400MHz, CDCl;) of compound 3n
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TH NMR spectrum (400MHz, CDCl;) of compound 30
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TH NMR spectrum (400MHz, CDCl;) of compound 3p
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'H NMR spectrum (400MHz, CDCl;) of compound 3r
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TH NMR spectrum (400MHz, CDCl;) of compound 3s
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TH NMR spectrum (400MHz, CDCl;) of compound 3t
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YF NMR spectrum (376MHz, CDCl;) of compound 3t
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13C NMR spectrum (100MHz, CDCl;) of compound 3u
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TH NMR spectrum (400MHz, CDCl;) of compound 3v

ooo—

L
GLL
gL
z8L
rel
98}
18h
68 L

P

062
8'g
EST
vw.mw
88T
CEE
EE mV-
13 m.\.

8E—

Liw
EL 1W

A AR AL

MHTs

Fioz

A
wWTOoT
coocag
— ) —

FbOL[

Fyoe

Foork

rB60
Elo)
n560
BZ0)

lgoz| .
002

=0.5

0.0

Lo

5 B0

9.0

£1 (ppm!

13C NMR spectrum (100MHz, CDCl;) of compound 3v

abli—

CEBZL
OFBZL
SZEZL
m.__.mw_‘H
51—

PRI
B0 2L
0z vw

EVERL—

S0451—

MNHTs

=10

ra

140 130 120 1o 100 an
£1 (ppm!

150

160

200 150 180

z10

89



a0 1@./

vo.tu
vo.._.m.a\

I9F NMR spectrum (376 MHz, CDCl;) of compound 3v

NHT=

FsC
"J“-‘

T
=150 =200

T
=100

£1 (ppm

'H NMR spectrum (400MHz, CDCl;) of compound 3w

ESL
el
LB}
B L

BE+
|

LLT
BLT
0aT

ZEE
FE mV
9 m%
£E
PEE~
06 £~

BEF
D&%
LB

GO
L0L
ETL

8T L
BF L
ES
EG L
5574
5574
[A°
rPoL

Yy

F&E'0

SO0}
P0Z
(00}

ELObT

“e0e

£1 (ppm!

90



I3C NMR spectrum (100MHz, CDCl;) of compound 3w
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TH NMR spectrum (400MHz, CDCl;) of compound 3x
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I9F NMR spectrum (376 MHz, CDCl;) of compound 3x
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13C NMR spectrum (100MHz, CDCl;) of compound 3y
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'H NMR spectrum (400MHz, CDCI;) of compound 3z
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13C NMR spectrum (100MHz, CDCl;) of compound 3ab
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TH NMR spectrum (400MHz, CDCl;) of compound 4a
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TH NMR spectrum (400MHz, CDCl;) of compound 4b
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'H NMR spectrum (400MHz, CDCI;) of compound 4c¢
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'H NMR spectrum (400MHz, CDCI;) of compound 4e
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TH NMR spectrum (400MHz, CDCl;) of compound 4f
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TH NMR spectrum (400MHz, CDCl;) of compound 4g

BEHERUR=ES BEES 2 BHEEERERI B8 868%%%3‘2392:982RP§:¢
SRR R T 22232299 25 JLSgoggonngden Ty
Er
\@ NHTs
&
O70_Ay ~coMe
1
1
]
]
= J\ af\— -JLﬂJk_A_bM o i
P i L Al O T B
T NDO QO (=] (=] oo 3 TW o Q
I=Y-1=R-1= a S cga o coa a
o od— — — — o= — - - — e
9.5 E'..D B.5 B0 1.5 .0 .5 8.0 5.5 50 4.5 4.0 3.5 30 25 20 L5 1.0 0.5 0.0
£l (ppm!
13C NMR spectrum (100MHz, CDCl;) of compound 4¢g
Z  298%YSNNSheR e 5 @ apw. \w
I OYBRNARAARAN S 4 & spr o=
[ SRS RY R i T b oS
BEr
\©\s‘ NHTs
£
1
QT W v M AN iR rL e o oo
; l 1 IE() L“ '.-IJO 150 1 E’O Ilf} lll‘.O 9‘0 B0 o BIEI 5"3 0 30 2‘0 = Il

104



TH NMR spectrum (400MHz, CDCl;) of compound 4h
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TH NMR spectrum (400MHz, CDCl;) of compound 4i
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TH NMR spectrum (400MHz, CDCl;) of compound 4j
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TH NMR spectrum (400MHz, CDCl;) of compound 4k
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TH NMR spectrum (400MHz, CDCl;) of compound 41
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09’ lz—

ZLZE—
W' ZE~
L0~

SE'Ze—

[N A:

BE'ESL—

T T T
150 140 130 120

T
160

170

T
180

200

T
z10

£1 (ppm!

109



o)
AL,

MNHT:
0 .
O, -CoMe

TH NMR spectrum (400MHz, CDCl;) of compound 4m

3 BEERE ¥23H58 BEMEE3BEcERREEERT

BE EBEICIGOELARI
- mmm MOOMOO oMo e c o
i 7 25 AN

RS LR ECR G s o0

~

-
| -
[

= |7034 E‘-l:
-
-
o

o

—0

T e i i T M, il i oL b
53888438 S g 88 8 &g 38 &
el— —— O — — - o= — — e
9.0 B.5 B0 .5 7.0 6.5 &0 5 5D 4.5:][ 4 35 30 2.5 2.0 L5 L0 0.5 0.0 -0.5
4 \opm!
13C NMR spectrum (100MHz, CDCl;) of compound 4m
= 988 £ 2223RIML © 8REY  °RN B
I 0% ¥ hREARARY S I -
R P .9 77
¥y
¥ 5
NHTs
O A4 -COMe
I
I
I
1
I 1
| 1 1
e \ ‘ SHIRTHRINN, Wrym——- . v
I 5 ; ¥ i i 40 SIEI 20 ':O ID

zn

T
210

T
200

r : T T T T T r
150 180 170 160 150 140 130 120 110 100 0 ] n 60 50
£1 (ppm

110



TH NMR spectrum (400MHz, CDCl;) of compound 4n
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TH NMR spectrum (400MHz, CDCl;) of compound 40
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TH NMR spectrum (400MHz, CDCl;) of compound 4p
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TH NMR spectrum (400MHz, CDCl;) of compound 4q
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'H NMR spectrum (400MHz, CDCl;) of compound 4r
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TH NMR spectrum (400MHz, CDCl;) of compound 4s
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TH NMR spectrum (400MHz, CDCl;) of compound 4t
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TH NMR spectrum (400MHz, CDCl;) of compound 4u
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'H NMR spectrum (400MHz, CDCI;) of compound 5
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'H NMR spectrum (400MHz, CDCI;) of compound 6
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