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1. General information
All the solvents were used from commercially available sources without any 

purification. Yield referred to isolated compounds, unless noted otherwise. Reactions 
were monitored by TLC using a UV lamp as a visualizing agent. The 1H NMR and 
13C NMR spectra were recorded at 400MHz and 100MHz, respectively, in DMSO-D6 

solutions with shifts referenced to tetramethylsilane (TMS). All J values are in Hz. 
The following abbreviations are used to indicate the multiplicity: s, singlet; d, doublet: 
t, triplet; q, quartet; m, multiplet. LC-MS equipment was used to record mass spectra 
for isolated compounds where appropriate.

2. General procedure for the synthesis of 2

R2

O H
N
TsR2

O
Br

R2

O
NH2 HCl

TsClurotropine

2A B
HCl TEA

Urotropine (15 mmol) was added to a solution of A (15 mmol) in 75 mL of 
dichloromethane (DCM). The reaction mixture was stirred at 50 °C for 4 h. Then, the 
reaction mixture was filtered and thoroughly washed with DCM and ethanol to yield a 
white solid. This solid was suspended in a mixture of ethanol (75 mL) and 
concentrated hydrochloric acid (7.5 mL). The mixture was heated to reflux for 2 h. 
After being cooled down to room temperature, a white precipitate was removed by 
filtration and the filtrate was collected and concentrated under reduced pressure to 
obtain B.
To a stirred solution of B (10 mmol) in H2O (10 mL) was added a corresponding p-
toluenesulfonyl chloride (10 mmol) in acetone (25 mL) dropwise at 10 oC. 
Triethylamine (22 mmol) was then added dropwise with vigorous stirring. The 
resulting mixture was further stirred at the same temperature for about 1.5 h. After 
completion, the acetone was evaporated under reduced pressure and the precipitate 
was collected by vacuum filtration. Then, the precipitate was purified by 
recrystallized from ethanol to afford the desired product C. 

3. General procedure for the synthesis of 3

R2

O H
N
Ts

+
N

O
R

Ts

Cs2CO3(2.0 eq)

DCM, 0-10 oC

1 2 3

S
BrR1

1 (2.0 eq, 1.0 mmol) was added to a mixture of 2 (1.0 eq, 0.5 mmol) and Cs2CO3 (2.0 
eq, 1.0 mmol) in DCM (5 mL). The resulting suspension was stirred at 0 oC for 1 h, 
and then warmed up to 10 oC. After the completion of the reaction (monitored by 
TLC), the reaction mixture was filtrated. The filtrate was concentrated and the residue 
was purified by flash column chromatography (petroleum ether: ethyl acetate = 10:1) 
to afford the product 3.
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4. General procedure for the the synthesis of 4xa and 4

R2

O H
N
Ts

S
Br

+
N
Ts

TEA(3.0 eq)

R1

1 2 4xa

THF, 30 oC

S
R2
HO

N
Ts
4

SR2

R1 R1

To a stirred solution of 2 (1.0 eq, 0.5 mmol) in THF (10 mL) was added 9.0 
equivalents of sulfonium salt 1 (4.5 mmol) slowly. Then, 3.0 equivalents of 
triethylamine (TEA, 1.5 mmol) were added and the reaction mixture was stirred at 30 
oC until complete consumption of starting material. After filtration and evaporation, 
the residue was purified by flash column chromatography (petroleum ether: ethyl 
acetate = 10:1) to afford the product 4xa or 4. In addition, TEA was added to the 
reaction mixture with MsCl at 0 oC to accelerate the transformation from 4xa to 4.
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6. Analytical Data

N

O

Ts

(1R, 5S/1S, 5R)-4-methylene-1-phenyl-3-tosyl-6-oxa-3-azabicyclo[3.1.0]hexane 
(3a)
Yellow oil, yield: 86%.
1H NMR (400 MHz, DMSO) δ 7.72 (d, J = 8.3 Hz, 2H), 7.42 (s, 1H), 7.40 (s, 1H), 
7.39-7.33 (m, 5H), 5.20 (s, 1H), 4.92 (s, 1H), 4.35 (d, J = 12.4 Hz, 1H), 4.26 (s, 1H), 
4.18 (d, J = 12.4 Hz, 1H), 2.39 (s, 3H). 13C NMR (100 MHz, DMSO) δ 144.3, 141.9, 
134.3, 132.8, 129.7, 128.9, 128.7, 127.5, 126.4, 97.8, 64.3, 63.5, 52.4, 21.1. HRMS 
(ESI) calcd for C18H18NO3S (M+H)+: 328.1002, found: 328.1003.

N

O

Ts

F

(1R, 5S/1S, 5R)-1-(4-fluorophenyl)-4-methylene-3-tosyl-6-oxa-3-azabicyclo[3.1.0]
hexane (3b)
Yellow oil, yield: 96%.
1H NMR (400 MHz, DMSO) δ 7.72 (d, J = 8.2 Hz, 2H), 7.46 (dd, J = 8.8, 5.4 Hz, 2H), 
7.41 (d, J = 8.1 Hz, 2H), 7.22 (t, J = 8.9 Hz, 2H), 5.20 (s, 1H), 4.91 (s, 1H), 4.36 (d, J 
= 12.4 Hz, 1H), 4.28 (s, 1H), 4.20 (d, J = 12.5 Hz, 1H), 2.39 (s, 3H). 13C NMR (100 
MHz, DMSO) δ 163.2 (d, J = 244 Hz), 144.2, 141.8, 134.2, 129.7, 129.1 (d, J = 2.9 
Hz), 128.8 (d, J = 8.4 Hz), 127.5, 115.6 (d, J = 21.6 Hz), 97.8, 64.2, 63.1, 52.4, 21.1. 
HRMS (ESI) calcd for C18H17FNO3S (M+H)+: 346.0908, found: 346.0910.

N

O

Ts

Cl

(1R, 5S/1S, 5R)-1-(4-chlorophenyl)-4-methylene-3-tosyl-6-oxa-3-azabicyclo[3.1.0]
hexane (3c)
Yellow oil, yield: 82%.
1H NMR (400 MHz, DMSO) δ 7.72 (d, J = 8.2 Hz, 2H), 7.48-7.43 (m, 4H), 7.41 (s, 
1H), 7.39 (s, 1H), 5.21 (s, 1H), 4.91 (s, 1H), 4.37 (d, J = 12.5 Hz, 1H), 4.28 (s, 1H), 
4.19 (d, J = 12.4 Hz, 1H), 2.39 (s, 3H). 13C NMR (100 MHz, DMSO) δ 144.2, 141.7, 
134.2, 133.6, 131.8, 129.7, 128.6, 128.4, 127.5, 97.9, 64.4, 63.0, 52.3, 21.1. HRMS 
(ESI) calcd for C18H17ClNO3S (M+H)+: 362.0612, found: 362.0607.
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N

O

Ts

Br

(1R, 5S/1S, 5R)-1-(4-bromophenyl)-4-methylene-3-tosyl-6-oxa-3-azabicyclo[3.1.0]
hexane (3d)
Yellow oil, yield: 50%.
1H NMR (400 MHz, DMSO) δ 7.72 (d, J = 8.3 Hz, 2H), 7.59 (d, J = 8.5 Hz, 2H), 7.41 
(d, J = 8.1 Hz, 2H), 7.37 (d, J = 8.5 Hz, 2H), 5.20 (s, 1H), 4.91 (s, 1H), 4.37 (d, J = 
12.5 Hz, 1H), 4.28 (s, 1H), 4.19 (d, J = 12.4 Hz, 1H), 2.39 (s, 3H). 13C NMR (100 
MHz, DMSO) δ 144.2, 141.7, 134.2, 132.3, 131.5, 129.7, 128.7, 127.5, 122.1, 97.9, 
64.4, 63.1, 52.2, 21.1. HRMS (ESI) calcd for C18H17BrNO3S (M+H)+: 406.0107, 
found: 406.0110.

N

O

Ts

F3C

(1R, 5S/1S, 5R)-4-methylene-3-tosyl-1-(4-(trifluoromethyl)phenyl)-6-oxa-3-azabi-
cyclo[3.1.0]hexane (3e)
Yellow solid, yield: 63%.
1H NMR (400 MHz, DMSO) δ 7.76 (s, 1H), 7.74 (s, 2H), 7.72 (s, 1H), 7.64 (d, J = 8.2 
Hz, 2H), 7.41 (d, J = 8.2 Hz, 2H), 5.23 (s, 1H), 4.93 (s, 1H), 4.46 (d, J = 12.5 Hz, 1H), 
4.33 (s, 1H), 4.23 (d, J = 12.6 Hz, 1H), 2.40 (s, 3H). 13C NMR (100 MHz, DMSO) δ 
144.3, 141.6, 137.6, 134.2, 129.7, 129.2 (d, J = 32.1 Hz), 127.5, 127.4, 125.5 (q, J = 
3.8 Hz), 98.1, 64.7, 63.0, 52.2, 21.1. HRMS (ESI) calcd for C19H17F3NO3S (M+H)+: 
396.0876, found: 396.0877.

N

O

Ts

O2N

(1R, 5S/1S, 5R)-4-methylene-1-(4-nitrophenyl)-3-tosyl-6-oxa-3-azabicyclo[3.1.0]h-
exane (3f)
White solid, yield: 51%.
1H NMR (400 MHz, DMSO) δ 8.23 (d, J = 8.9 Hz, 2H), 7.71 (dd, J = 12.5, 8.6 Hz, 
4H), 7.42 (d, J = 8.0 Hz, 2H), 5.24 (s, 1H), 4.94 (s, 1H), 4.50 (d, J = 12.5 Hz, 1H), 
4.36 (s, 1H), 4.25 (d, J = 12.5 Hz, 1H), 2.40 (s, 3H). 13C NMR (100 MHz, DMSO) δ 
147.6, 144.3, 141.4, 140.3, 134.1, 129.7, 127.9, 127.5, 123.6, 98.3, 65.1, 63.0, 52.1, 
21.1. HRMS (ESI) calcd for C18H17N2O5S (M+H)+: 373.0853, found: 373.0845.
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N

O

Ts

Me

(1R, 5S/1S, 5R)-4-methylene-1-(p-tolyl)-3-tosyl-6-oxa-3-azabicyclo[3.1.0]hexane 
(3g)
Yellow oil, yield: 82%.
1H NMR (400 MHz, DMSO) δ 7.73 (d, J = 8.3 Hz, 2H), 7.40 (d, J = 8.1 Hz, 2H), 7.28 
(d, J = 8.1 Hz, 2H), 7.19 (d, J = 8.1 Hz, 2H), 5.20 (s, 1H), 4.90 (s, 1H), 4.33 (d, J = 
12.4 Hz, 1H), 4.24 (s, 1H), 4.17 (d, J = 12.4 Hz, 1H), 2.39 (s, 3H), 2.29 (s, 3H). 13C 
NMR (100 MHz, DMSO) δ 144.2, 141.9, 138.3, 134.2, 129.7, 129.7, 129.2, 127.5, 
126.3, 97.6, 64.1, 63.4, 52.4, 21.1, 20.8. HRMS (ESI) calcd for C19H20NO3S (M+H)+: 
342.1158, found: 342.1158.

N

O

Ts

MeO

(1R, 5S/1S, 5R)-1-(4-methoxyphenyl)-4-methylene-3-tosyl-6-oxa-3-azabicyclo[3.1.
0]hexane (3h)
Yellow oil, yield: 89%.
1H NMR (400 MHz, DMSO) δ 7.72 (d, J = 8.3 Hz, 2H), 7.41 (d, J = 8.1 Hz, 2H), 7.32 
(d, J = 8.7 Hz, 2H), 6.93 (d, J = 8.8 Hz, 2H), 5.19 (s, 1H), 4.89 (s, 1H), 4.30 (d, J = 
12.4 Hz, 1H), 4.25 (s, 1H), 4.19 (s, 1H), 3.74 (s, 3H), 2.39 (s, 3H). 13C NMR (100 
MHz, DMSO) δ 159.6, 144.2, 142.0, 134.2, 129.7, 127.9, 127.5, 124.5, 114.0, 97.5, 
64.0, 63.3, 55.3, 52.5, 21.1. HRMS (ESI) calcd for C19H20NO4S (M+H)+: 358.1108, 
found: 358.1105.

N

O

TsBr

(1R, 5S/1S, 5R)-1-(3-bromophenyl)-4-methylene-3-tosyl-6-oxa-3-azabicyclo[3.1.0]
hexane (3i)
Yellow oil, yield: 63%.
1H NMR (400 MHz, DMSO) δ 7.72 (d, J = 8.2 Hz, 2H), 7.62 (s, 1H), 7.58 (d, J = 7.9 
Hz, 1H), 7.42 (t, J = 8.9 Hz, 3H), 7.35 (t, J = 7.8 Hz, 1H), 5.20 (s, 1H), 4.90 (s, 1H), 
4.39 (d, J = 12.5 Hz, 1H), 4.33 (s, 1H), 4.22 (d, J = 12.5 Hz, 1H), 2.39 (s, 3H). 13C 
NMR (100 MHz, DMSO) δ 144.2, 141.6, 135.5, 134.2, 131.8, 130.8, 129.7, 129.2, 
127.5, 125.6, 122.0, 97.9, 64.4, 62.9, 52.2, 21.1. HRMS (ESI) calcd for 
C18H17BrNO3S (M+H)+: 406.0107, found: 406.0108.
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N

O

TsMeO

(1R, 5S/1S, 5R)-1-(3-methoxyphenyl)-4-methylene-3-tosyl-6-oxa-3-azabicyclo[3.1.
0]hexane (3j)
Yellow oil, yield: 63%.
1H NMR (400 MHz, DMSO) δ 7.72 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 8.1 Hz, 2H), 7.29 
(t, J = 7.8 Hz, 1H), 6.98 (d, J = 7.9 Hz, 1H), 6.93 (d, J = 8.2 Hz, 2H), 5.21 (s, 1H), 
4.90 (s, 1H), 4.37 (d, J = 12.5 Hz, 1H), 4.26 (s, 1H), 4.18 (d, J = 12.5 Hz, 1H), 3.74 (s, 
3H), 2.39 (s, 3H). 13C NMR (100 MHz, DMSO) δ 159.5, 144.2, 141.8, 134.3, 134.2, 
129.8, 129.7, 127.5, 118.6, 114.7, 111.7, 97.7, 64.3, 63.4, 55.3, 52.5, 21.1. HRMS 
(ESI) calcd for C19H20NO4S (M+H)+: 358.1108, found: 358.1109.

N

O

TsOMe

(1R, 5S/1S, 5R)-1-(2-methoxyphenyl)-4-methylene-3-tosyl-6-oxa-3-azabicyclo[3.1.
0]hexane (3k)
White solid, yield: 78%.
1H NMR (400 MHz, DMSO) δ 7.72 (d, J = 8.2 Hz, 2H), 7.44 (d, J = 8.1 Hz, 2H), 
7.40-7.34 (m, 1H), 7.22 (d, J = 6.3 Hz, 1H), 7.05 (d, J = 8.3 Hz, 1H), 6.94 (t, J = 7.4 
Hz, 1H), 5.20 (s, 1H), 4.90 (s, 1H), 4.14 (s, 1H), 4.05 (d, J = 12.0 Hz, 1H), 3.97 (d, J 
= 12.0 Hz, 1H), 3.77 (s, 3H), 2.41 (s, 3H). 13C NMR (100 MHz, DMSO) δ 157.5, 
144.3, 142.0, 134.1, 130.6, 129.8, 128.5, 127.4, 120.9, 120.4, 111.2, 97.1, 62.7, 62.5, 
55.7, 53.9, 21.1. HRMS (ESI) calcd for C19H20NO4S (M+H)+: 358.1108, found: 
358.1106.

N

O

Ts

S

(1R, 5S/1S, 5R)-4-methylene-1-(thiophen-2-yl)-3-tosyl-6-oxa-3-azabicyclo[3.1.0]h-
exane (3l)
Yellow oil, yield: 81%.
1H NMR (400 MHz, DMSO) δ 7.72 (d, J = 8.3 Hz, 2H), 7.57 (dd, J = 5.0, 0.9 Hz, 1H), 
7.41 (d, J = 8.1 Hz, 2H), 7.37 (dd, J = 3.5, 1.0 Hz, 1H), 7.06 (dd, J = 5.0, 3.7 Hz, 1H), 
5.22 (s, 1H), 4.94 (s, 1H), 4.35 (d, J = 12.5 Hz, 1H), 4.31 (s, 1H), 4.22 (d, J = 12.5 Hz, 
1H), 2.39 (s, 3H). 13C NMR (100 MHz, DMSO) δ 144.2, 141.3, 135.7, 134.0, 129.6, 
127.6, 127.4, 126.9, 98.3, 65.6, 61.3, 52.6, 21.0. HRMS (ESI) calcd for C16H16NO3S2 

(M+H)+: 334.0566, found: 334.0569.
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N

O

Ts

(1R, 5S/1S, 5R)-4-methylene-1-phenethyl-3-tosyl-6-oxa-3-azabicyclo[3.1.0]hexane 
(3m)
White oil, yield: 94%.
1H NMR (400 MHz, DMSO) δ 7.64 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 8.1 Hz, 2H), 7.27 
(t, J = 7.4 Hz, 2H), 7.18 (t, J = 6.5 Hz, 3H), 5.10 (s, 1H), 4.78 (s, 1H), 3.80 (s, 1H), 
3.75 (d, J = 3.0 Hz, 2H), 2.59 (t, J = 7.7 Hz, 2H), 2.40 (s, 3H), 2.15 – 1.98 (m, 2H). 
13C NMR (100 MHz, DMSO) δ 144.0, 142.2, 140.8, 134.2, 129.6, 128.3, 128.2, 127.2, 
126.0, 96.7, 63.4, 60.9, 53.1, 30.3, 30.2, 21.0. HRMS (ESI) calcd for C20H22NO3S 
(M+H)+: 356.1315, found: 356.1316.

N

O

Ts

(1R, 5S/1S, 5R)-4-ethylidene-1-phenyl-3-tosyl-6-oxa-3-azabicyclo[3.1.0]hexane 
(3n)
White oil, yield: 92%.
1H NMR (400 MHz, DMSO) δ 7.64 (d, J = 8.3 Hz, 2H), 7.41 – 7.33 (m, 7H), 5.92 (q, 
J = 7.2 Hz, 1H), 4.48 (s, 1H), 4.27 (d, J = 12.8 Hz, 1H), 4.16 – 4.08 (m, 1H), 2.38 (s, 
3H), 1.81 (d, J = 7.3 Hz, 3H). 13C NMR (100 MHz, DMSO) δ 143.9, 135.4, 134.6, 
133.1, 129.6, 128.8, 128.6, 127.6, 126.5, 112.6, 63.7, 60.5, 51.8, 21.1, 13.2. HRMS 
(ESI) calcd for C19H20NO3S (M+H)+: 342.1158, found: 342.1160.

N

O

Ts

(1R, 5S/1S, 5R)-4-benzylidene-1-phenyl-3-tosyl-6-oxa-3-azabicyclo[3.1.0]hexane 
(3o)
Yellow solid, yield: 91%.
1H NMR (400 MHz, DMSO) δ 7.71 (d, J = 8.2 Hz, 2H), 7.44-7.38 (m, 4H), 7.38-7.30 
(m, 7H), 7.28 (t, J = 7.0 Hz, 1H), 7.03 (s, 1H), 4.40 (d, J = 13.1 Hz, 1H), 4.26 (d, J = 
12.4 Hz, 2H), 2.39 (s, 3H). 13C NMR (100 MHz, DMSO) δ 144.2, 136.7, 135.1, 134.3, 
132.6, 129.7, 128.9, 128.8, 128.5, 128.3, 127.5, 127.3, 126.6, 117.3, 64.8, 62.2, 51.6, 
21.2. HRMS (ESI) calcd for C24H22NO3S (M+H)+: 404.1315, found: 404.1314.

N
Ts

S

HO
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5-methyl-4-(methylthio)-3-phenyl-1-tosyl-2,3-dihydro-1H-pyrrol-3-ol (4aa)
White solid, yield: 68%. 
1H NMR (400 MHz, DMSO) δ 7.72 (d, J = 8.1 Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 
7.19-7.11 (m, 3H), 6.90 – 6.84 (m, 2H), 5.93 (s, 1H), 3.85 (d, J = 11.8 Hz, 1H), 3.65 
(d, J = 11.8 Hz, 1H), 2.45 (s, 3H), 2.30 (s, 3H), 1.80 (s, 3H). 13C NMR (100 MHz, 
DMSO) δ 144.9, 144.5, 143.5, 133.5, 130.3, 127.7, 127.6, 126.9, 125.3, 121.9, 82.0, 
64.8, 21.1, 18.2, 14.2. HRMS (ESI) calcd for C19H22NO3S2 (M+H)+: 376.1036, found: 
376.1031.

 
N
Ts

S

2-methyl-3-(methylthio)-4-phenyl-1-tosyl-1H-pyrrole (4a)
White solid, yield: 66%.
1H NMR (400 MHz, DMSO) δ 7.88 (d, J = 8.4 Hz, 2H), 7.71 – 7.65 (m, 2H), 7.62 (s, 
1H), 7.47 (d, J = 8.1 Hz, 2H), 7.40 (t, J = 7.5 Hz, 2H), 7.31 (t, J = 7.3 Hz, 1H), 2.43 (s, 
3H), 2.38 (s, 3H), 1.95 (s, 3H). 13C NMR (100 MHz, DMSO) δ 145.8, 134.7, 134.1, 
133.0, 130.6, 128.4, 128.2, 127.7, 127.2, 127.1, 118.8, 116.7, 21.1, 19.0, 11.6. HRMS 
(ESI) calcd for C19H20NO2S2 (M+H)+: 358.0930, found: 358.0929.

N
Ts

S

HO

F

3-(4-fluorophenyl)-5-methyl-4-(methylthio)-1-tosyl-2,3-dihydro-1H-pyrrol-3-ol 
(4ba)
White solid, yield: 75%.
1H NMR (400 MHz, DMSO) δ 7.73 (d, J = 8.2 Hz, 2H), 7.47 (d, J = 8.1 Hz, 2H), 6.98 
(t, J = 8.8 Hz, 2H), 6.91 (dd, J = 8.7, 5.7 Hz, 2H), 6.01 (s, 1H), 3.86 (d, J = 11.9 Hz, 
1H), 3.66 (d, J = 11.9 Hz, 1H), 2.45 (s, 3H), 2.30 (s, 3H), 1.83 (s, 3H). 13C NMR (100 
MHz, DMSO) δ 161.0 (d, J = 241.6 Hz), 144.4, 143.6, 141.0(d, J = 2.8 Hz), 133.4, 
130.2, 127.5, 127.2 (d, J = 8.2 Hz), 121.4, 114.3 (d, J = 21.2 Hz), 81.6, 64.5, 21.0, 
18.1, 14.1. HRMS (ESI) calcd for C19H21FNO3S2 (M+H)+: 394.0941, found: 394.0937.

N
Ts

S
F

4-(4-fluorophenyl)-2-methyl-3-(methylthio)-1-tosyl-1H-pyrrole (4b)
White solid, yield: 72%.
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1H NMR (400 MHz, DMSO) δ 7.88 (d, J = 8.0 Hz, 2H), 7.76 – 7.66 (m, 2H), 7.64 (s, 
1H), 7.47 (d, J = 8.0 Hz, 2H), 7.24 (t, J = 8.7 Hz, 2H), 2.42 (s, 3H), 2.39 (s, 3H), 1.95 
(s, 3H). 13C NMR (100 MHz, DMSO) δ 161.5 (d, J = 242.8 Hz), 145.8, 134.7, 134.1, 
130.6, 129.7 (d, J = 8.0 Hz), 129.4 (d, J = 3.0 Hz), 127.2, 127.1, 118.8, 116.5, 115.2 
(d, J = 21.1 Hz), 21.1, 19.0, 11.6. HRMS (ESI) calcd for C19H19FNO2S2 (M+H)+: 
376.0836, found: 376.0838.

N
Ts

S
Cl

4-(4-chlorophenyl)-2-methyl-3-(methylthio)-1-tosyl-1H-pyrrole (4c)
White solid, yield: 50%.
1H NMR (400 MHz, DMSO) δ 7.89 (d, J = 8.3 Hz, 2H), 7.73 (d, J = 8.5 Hz, 2H), 7.70 
(s, 1H), 7.47 (dd, J = 7.9, 5.7 Hz, 4H), 2.42 (s, 3H), 2.39 (s, 3H), 1.96 (s, 3H). 13C 
NMR (100 MHz, DMSO) δ 145.9, 134.6, 134.3, 131.6, 130.6, 129.4, 128.4, 127.1, 
126.8, 119.2, 116.4, 21.1, 19.0, 11.6. HRMS (ESI) calcd for C19H19ClNO2S2 (M+H)+: 
392.0540, found: 392.0541.

N
Ts

S

HO

Br

3-(4-bromophenyl)-5-methyl-4-(methylthio)-1-tosyl-2,3-dihydro-1H-pyrrol-3-ol 
(4da)
White solid, yield: 37%.
1H NMR (400 MHz, DMSO) δ 7.72 (d, J = 8.1 Hz, 2H), 7.47 (d, J = 8.0 Hz, 2H), 7.35 
(d, J = 8.4 Hz, 2H), 6.84 (d, J = 8.4 Hz, 2H), 6.06 (s, 1H), 3.85 (d, J = 12.0 Hz, 1H), 
3.65 (d, J = 11.9 Hz, 1H), 2.45 (s, 3H), 2.29 (s, 3H), 1.84 (s, 3H). 13C NMR (100 
MHz, DMSO) δ 144.6, 144.4, 144.0, 133.5, 130.6, 130.4, 127.7, 127.5, 121.2, 120.1, 
81.9, 64.5, 21.2, 18.3, 14.2. HRMS (ESI) calcd for C19H21BrNO3S2 (M+H)+: 
454.0141, found: 454.0144.

N
Ts

S
Br

4-(4-bromophenyl)-2-methyl-3-(methylthio)-1-tosyl-1H-pyrrole (4d)
White solid, yield: 36%.
1H NMR (400 MHz, DMSO) δ 7.89 (d, J = 8.3 Hz, 2H), 7.70 (s, 1H), 7.68 (s, 1H), 
7.66 (s, 1H), 7.59 (d, J = 8.5 Hz, 2H), 7.48 (d, J = 8.2 Hz, 2H), 2.42 (s, 3H), 2.39 (s, 
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3H), 1.96 (s, 3H). 13C NMR (100 MHz, DMSO) δ 145.9, 134.6, 134.3, 132.2, 131.3, 
130.6, 129.7, 127.1, 126.8, 120.4, 119.1, 116.4, 21.1, 19.0, 11.6. HRMS (ESI) calcd 
for C19H19BrNO2S2 (M+H)+: 436.0035, found: 436.0029.

N
Ts

S

HO

F3C

5-methyl-4-(methylthio)-1-tosyl-3-(4-(trifluoromethyl)phenyl)-2,3-dihydro-1H-
pyrrol-3-ol (4ea)
White solid, yield: 52%.
1H NMR (400 MHz, DMSO) δ 7.74 (d, J = 8.2 Hz, 2H), 7.53 (d, J = 8.3 Hz, 2H), 7.47 
(d, J = 8.1 Hz, 2H), 7.12 (d, J = 8.2 Hz, 2H), 6.18 (s, 1H), 3.90 (d, J = 12.0 Hz, 1H), 
3.71 (d, J = 12.0 Hz, 1H), 2.45 (s, 3H), 2.31 (s, 3H), 1.86 (s, 3H). 13C NMR (100 
MHz, DMSO) δ 149.5, 144.4, 144.3, 133.5, 130.3, 127.5, 127.4 (d, J = 31.4 Hz), 
126.1, 124.6 (q, J = 3.7 Hz), 124.2 (d, J = 270.3 Hz), 120.8, 81.9, 64.3, 21.0, 18.2, 
14.1. HRMS (ESI) calcd for C20H21F3NO3S2 (M+H)+: 444.0909, found: 444.0904.

N
Ts

S
F3C

2-methyl-3-(methylthio)-1-tosyl-4-(4-(trifluoromethyl)phenyl)-1H-pyrrole (4e)
White oil, yield: 51%.
1H NMR (400 MHz, DMSO) δ 7.95 (d, J = 8.1 Hz, 2H), 7.91 (d, J = 8.4 Hz, 2H), 7.81 
(s, 1H), 7.76 (d, J = 8.3 Hz, 2H), 7.48 (d, J = 8.2 Hz, 2H), 2.44 (s, 3H), 2.39 (s, 3H), 
1.98 (s, 3H). 13C NMR (100 MHz, DMSO) δ 146.0, 137.2, 134.6, 134.5, 130.6, 128.2, 
127.5 (d, J = 31.5 Hz), 127.2, 126.6, 125.2 (q, J = 3.8 Hz), 124.3 (d, J = 270.2 Hz), 
120.0, 116.3, 21.1, 19.1, 11.6. HRMS (ESI) calcd for C20H19F3NO2S2 (M+H)+: 
426.0804, found: 426.0805.

N
Ts

S
Me

2-methyl-3-(methylthio)-4-(p-tolyl)-1-tosyl-1H-pyrrole (4f)
White solid, yield: 48%.
1H NMR (400 MHz, DMSO) δ 7.88 (d, J = 8.3 Hz, 2H), 7.59 (s, 1H), 7.57 (s, 2H), 
7.47 (d, J = 8.2 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 2.42 (s, 3H), 2.38 (s, 3H), 2.32 (s, 
3H), 1.94 (s, 3H). 13C NMR (100 MHz, DMSO) δ 145.8, 136.4, 134.8, 134.0, 130.6, 
130.1, 129.0, 128.1, 127.5, 127.1, 118.4, 116.7, 21.1, 20.8, 19.0, 11.7. HRMS (ESI) 
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calcd for C20H22NO2S2 (M+H)+: 372.1086, found: 372.1089.

N
Ts

S
MeO

4-(4-methoxyphenyl)-2-methyl-3-(methylthio)-1-tosyl-1H-pyrrole (4g)
White solid, yield: 58%.
1H NMR (400 MHz, DMSO) δ 7.86 (d, J = 8.3 Hz, 2H), 7.60 (d, J = 8.6 Hz, 2H), 7.53 
(s, 1H), 7.46 (d, J = 8.2 Hz, 2H), 6.96 (d, J = 8.7 Hz, 2H), 3.77 (s, 3H), 2.41 (s, 3H), 
2.38 (s, 3H), 1.94 (s, 3H). 13C NMR (100 MHz, DMSO) δ 158.7, 145.9, 134.9, 134.0, 
130.7, 129.0, 128.1, 127.1, 125.4, 118.1, 116.8, 114.0, 55.2, 21.2, 19.0, 11.8. HRMS 
(ESI) calcd for C20H21NO3S2 (M+H)+: 388.1036, found: 388.1034.

N
Ts

S

HO
Br

3-(3-bromophenyl)-5-methyl-4-(methylthio)-1-tosyl-2,3-dihydro-1H-pyrrol-3-ol 
(4ha)
White solid, yield: 59%.
1H NMR (400 MHz, DMSO) δ 7.73 (d, J = 8.2 Hz, 2H), 7.47 (d, J = 8.1 Hz, 2H), 7.37 
(d, J = 8.0 Hz, 1H), 7.12 (t, J = 7.9 Hz, 1H), 7.01 (s, 1H), 6.82 (d, J = 7.8 Hz, 1H), 
6.13 (s, 1H), 3.87 (d, J = 12.1 Hz, 1H), 3.63 (d, J = 12.1 Hz, 1H), 2.44 (s, 3H), 2.31 (s, 
3H), 1.85 (s, 3H). 13C NMR (100 MHz, DMSO) δ 147.7, 144.7, 144.4, 133.2, 130.4, 
130.0, 129.8, 128.3, 127.5, 124.5, 121.3, 121.2, 81.8, 64.5, 21.3, 18.4, 14.2. HRMS 
(ESI) calcd for C19H21BrNO3S2 (M+H)+: 454.0141, found: 454.0140.

N
Ts

S

Br

4-(3-bromophenyl)-2-methyl-3-(methylthio)-1-tosyl-1H-pyrrole (4h)
White solid, yield: 56%.
1H NMR (400 MHz, DMSO) δ 7.93 – 7.90 (m, 2H), 7.89 (s, 1H), 7.77 – 7.72 (m, 2H), 
7.50 (dd, J = 8.0, 1.0 Hz, 1H), 7.47 (d, J = 8.2 Hz, 2H), 7.36 (t, J = 7.9 Hz, 1H), 2.42 
(s, 3H), 2.38 (s, 3H), 1.97 (s, 3H). 13C NMR (100 MHz, DMSO) δ 145.9, 135.4, 134.6, 
134.4, 130.6, 130.5, 130.0, 129.8, 127.1, 126.6, 126.4, 121.7, 119.6, 116.3, 21.1, 19.1, 
11.6. HRMS (ESI) calcd for C19H19BrNO2S2 (M+H)+: 436.0035, found: 436.0039.
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N
Ts

S

MeO

4-(3-methoxyphenyl)-2-methyl-3-(methylthio)-1-tosyl-1H-pyrrole (4i)
White solid, yield: 68%.
1H NMR (400 MHz, DMSO) δ 7.88 (d, J = 8.3 Hz, 2H), 7.66 (s, 1H), 7.47 (d, J = 8.2 
Hz, 2H), 7.34 – 7.25 (m, 3H), 6.88 (d, J = 7.6 Hz, 1H), 3.78 (s, 3H), 2.43 (s, 3H), 2.38 
(s, 3H), 1.96 (s, 3H). 13C NMR (100 MHz, DMSO) δ 159.3, 145.8, 134.8, 134.3, 
134.1, 130.6, 129.4, 127.9, 127.1, 119.9, 119.0, 116.6, 113.0, 112.8, 55.0, 21.1, 19.0, 
11.6. HRMS (ESI) calcd for C20H22NO3S2 (M+H)+: 388.1036, found: 388.1035.

N
Ts

SS

2-methyl-3-(methylthio)-4-(thiophen-2-yl)-1-tosyl-1H-pyrrole (4k)
Green solid, yield: 48%.
1H NMR (400 MHz, DMSO) δ 7.88 (d, J = 8.3 Hz, 2H), 7.75 (s, 1H), 7.53 (d, J = 3.4 
Hz, 1H), 7.49 (t, J = 7.2 Hz, 3H), 7.09 (dd, J = 5.0, 3.7 Hz, 1H), 2.42 (s, 3H), 2.39 (s, 
3H), 2.06 (s, 3H). 13C NMR (100 MHz, DMSO) δ 145.9, 134.9, 134.6, 134.0, 130.6, 
127.2, 127.1, 125.5, 124.8, 122.6, 117.8, 116.1, 21.1, 19.3, 11.6. HRMS (ESI) calcd 
for C17H18NO2S3 (M+H)+: 364.0494, found: 364.0496.

N
Ts

S

2-methyl-3-(methylthio)-4-phenethyl-1-tosyl-1H-pyrrole (4l)
White oil, yield: 31%.
1H NMR (400 MHz, DMSO) δ 7.67 (d, J = 8.3 Hz, 2H), 7.45 (d, J = 8.0 Hz, 2H), 7.27 
(t, J = 7.3 Hz, 2H), 7.22-7.15 (m, 3H), 7.12 (s, 1H), 2.86 (t, J = 7.7 Hz, 2H), 2.72 (t, J 
= 7.7 Hz, 2H), 2.39 (s, 3H), 2.32 (s, 3H), 2.05 (s, 3H). 13C NMR (100 MHz, DMSO) δ 
145.4, 141.5, 135.1, 133.3, 130.5, 128.4, 128.3, 128.2, 126.6, 125.8, 118.6, 118.2, 
34.9, 26.8, 21.1, 19.1, 11.6. HRMS (ESI) calcd for C21H24NO2S2 (M+H)+: 386.1243, 
found: 386.1248.

N
Ts

S
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3-(ethylthio)-2-methyl-4-phenyl-1-tosyl-1H-pyrrole (4m)
White solid, yield: 86%.
1H NMR (400 MHz, DMSO) δ 7.87 (d, J = 8.4 Hz, 2H), 7.72 – 7.66 (m, 2H), 7.63 (s, 
1H), 7.47 (d, J = 8.2 Hz, 2H), 7.39 (t, J = 7.5 Hz, 2H), 7.30 (t, J = 7.3 Hz, 1H), 2.42 (s, 
3H), 2.38 (s, 3H), 2.30 (q, J = 7.3 Hz, 2H), 0.83 (t, J = 7.3 Hz, 3H). 13C NMR (100 
MHz, DMSO) δ 145.8, 135.1, 134.7, 133.1, 130.5, 128.7, 128.3, 127.8, 127.2, 127.0, 
119.0, 114.7, 29.1, 21.1, 14.1, 11.9. HRMS (ESI) calcd for C20H22NO2S2 (M+H)+: 
372.1086, found: 372.1087.

N Ts

S
Br

HO

4-((4-bromobutyl)thio)-5-methyl-3-phenyl-1-tosyl-2,3-dihydro-1H-pyrrol-3-ol 
(4na)
White solid, yield: 44%.
1H NMR (400 MHz, DMSO) δ 7.76 (d, J = 8.2 Hz, 2H), 7.49 (d, J = 8.1 Hz, 2H), 7.16 
(d, J = 6.9 Hz, 3H), 6.92 – 6.87 (m, 2H), 5.88 (s, 1H), 3.88 (d, J = 12.0 Hz, 1H), 3.75 
(d, J = 12.0 Hz, 1H), 2.46 (s, 3H), 2.30 (s, 3H), 2.02 – 1.94 (m, 1H), 1.67-1.54 ( m, 
2H), 1.37 – 1.22 (m, 5H). 13C NMR (100 MHz, DMSO) δ 145.0, 144.8, 144.4, 133.4, 
130.2, 127.6, 127.5, 126.8, 125.3, 119.8, 81.6, 64.6, 34.4, 33.2, 31.0, 27.4, 21.1, 14.4. 
HRMS (ESI) calcd for C22H27BrNO3S 2(M+H)+: 496.0610, found: 496.0606.

N Ts

S
Br

3-((4-bromobutyl)thio)-2-methyl-4-phenyl-1-tosyl-1H-pyrrole (4n)
Yellow oil, yield: 43%.
1H NMR (400 MHz, DMSO) δ 7.87 (d, J = 8.4 Hz, 2H), 7.68 (d, J = 7.1 Hz, 2H), 7.63 
(s, 1H), 7.47 (d, J = 8.1 Hz, 2H), 7.40 (t, J = 7.5 Hz, 2H), 7.31 (t, J = 7.3 Hz, 1H), 
3.23 (t, J = 6.6 Hz, 2H), 2.42 (s, 3H), 2.38 (s, 3H), 2.31 (t, J = 7.0 Hz, 2H), 1.65 – 
1.56 (m, 2H), 1.28-1.18 (m, 2H). 13C NMR (100 MHz, DMSO) δ 145.7, 134.9, 134.7, 
133.0, 130.5, 128.7, 128.3, 127.9, 127.2, 127.0, 119.0, 114.6, 34.2, 34.0, 30.6, 26.8, 
21.1, 11.9. HRMS (ESI) calcd for C22H25BrNO2S2 (M+H)+: 478.0505, found: 
478.0506.



16

7. 1H and 13C NMR Spectra
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8. X-ray crystal structure analysis of 3f and 4g
(1) X-ray crystal structure analysis of 3f 

Table 1 Crystal data and structure refinement for 200903_SJA20200812_2_0ma 
(3f).
Identification code 200903_SJA20200812_2_0ma
Empirical formula C18H16N2O5S
Formula weight 372.39
Temperature/K 170.0
Crystal system monoclinic
Space group P21/c
a/Å 8.2430(2)
b/Å 28.1258(8)
c/Å 7.5353(2)
α/° 90
β/° 105.1650(10)
γ/° 90
Volume/Å3 1686.15(8)
Z 4
ρcalcg/cm3 1.467
μ/mm-1 0.226
F(000) 776.0
Crystal size/mm3 0.48 × 0.42 × 0.26
Radiation MoKα (λ = 0.71073)
2Θ range for data collection/° 5.12 to 54.226
Index ranges -10 ≤ h ≤ 9, -33 ≤ k ≤ 36, -9 ≤ l ≤ 9
Reflections collected 14151
Independent reflections 3723 [Rint = 0.0319, Rsigma = 0.0271]
Data/restraints/parameters 3723/0/236
Goodness-of-fit on F2 1.065
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Final R indexes [I>=2σ (I)] R1 = 0.0367, wR2 = 0.0936
Final R indexes [all data] R1 = 0.0393, wR2 = 0.0962
Largest diff. peak/hole / e Å-3 0.38/-0.35

(2) X-ray crystal structure analysis of 4g

Table 1 Crystal data and structure refinement for 200903_SJA20200812_1_0m 
(4g).
Identification code 200903_SJA20200812_1_0m
Empirical formula C20H21NO3S2

Formula weight 387.50
Temperature/K 170.0
Crystal system monoclinic
Space group P21/c
a/Å 14.1295(4)
b/Å 9.5636(3)
c/Å 14.5227(4)
α/° 90
β/° 102.4220(10)
γ/° 90
Volume/Å3 1916.49(10)
Z 4
ρcalcg/cm3 1.343
μ/mm-1 0.297
F(000) 816.0
Crystal size/mm3 0.46 × 0.28 × 0.19
Radiation MoKα (λ = 0.71073)
2Θ range for data collection/° 5.138 to 54.224
Index ranges -18 ≤ h ≤ 18, -11 ≤ k ≤ 12, -18 ≤ l ≤ 18
Reflections collected 29095
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Independent reflections 4226 [Rint = 0.0277, Rsigma = 0.0196]
Data/restraints/parameters 4226/0/239
Goodness-of-fit on F2 1.051
Final R indexes [I>=2σ (I)] R1 = 0.0308, wR2 = 0.0852
Final R indexes [all data] R1 = 0.0338, wR2 = 0.0878
Largest diff. peak/hole / e Å-3 0.45/-0.32
 


