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General information

Unless otherwise noted, analytic grade solvents were used for the chromatography,
and all the reagents were obtained commercially and used without further purification.
All reactions were performed under nitrogen atmosphere and in a flame-dried or
oven-dried glassware with magnetic stirring. Column chromatography was performed
with silica gel (200 - 300 mesh) as the stationary phase. Reactions were monitored by
TLC. Solvent compositions are given in (v/v). All NMR spectra were recorded on
Bruker-500 MHz spectrometer in DMSO-dg or CDCl3. HRMS were measured on the
Q-TOF6510 instruments. The chemical shifts (5) were expressed in ppm and J values
were given in Hz. The following abbreviations are used to indicate the multiplicity:
singlet (s), doublet (d), triplet (t) and multiplet (m). All first order splitting patterns
were assigned on the basis of the appearance of the multiplet. Splitting patterns that
could not be easily interpreted were designated as multiplet (m). Mass analyses and

HRMS were obtained by ESI on a TOF mass analyzer.



Synthesis of the starting materials

1) Typical procedure for the preparation of
1-(3-azidopropoxy)-2-(iodomethoxy)benzene.
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A mixture of 1,2-benzenediol (2.2 g, 20 mmol) and Cs,CO; (6.5 g, 20 mmol) in
DMF (30 mL) was stirred at 60 °C for 1 h. To the solution was added
1,3-Dllodopropane (8.9 g, 30 mmol) and the reaction mixture was stirred at 60°C for
24 h. The reaction mixture was quenched with water, diluted with EtOAc, dried over
Na,SO, and concentrated under reduced pressure. The crude product was purifed by
silica column chromatography (petroleum ether: EtOAc = 50:1) to afford compound
A (2.2 g, 8 mmol).

To a solution of A (3.6 g, 8 mmol) in DMF (30 mL) was added NaN3 (4.14 g, 30
mmol). The resulting mixture was stirred at 100 °C for 24 h. After cooling, the
mixture was filtered. The filtrate was diluted with water, extracted with CH,Cl, and
dried over Na;SO4. Removal of the solvent under reduced pressure and purification
on silica gel afforded the target compound B the reaction stopped by filtration and
evaporation under vacuum. The crude product was purified by silica column
chromatography (petroleum ether: EtOAc = 50:1) to afford compound B (0.96 g, 5
mmol).

A mixture of B (5 mmol), Cs,CO3 (1.6 g, 5 mmol) and diiodomethane (2.7 g, 10
mmol) in DMF (30 ml) wasstirred at 60 °C for 24 h. After cooling, the mixture was
filtered. The filtrate was diluted with water, extracted with CH,Cl, and dried over
Na,SO,. Removal of the solvent under reduced pressure and purification on silica gel
afforded the target compound C (1.0 g, 3 mmol).
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To a stirred solution of d 2-iodophenol (5 mmol) and e 1,3-Dllodopropane (7.5 mmol )
in acetone (15 mL) was added K,CO3 (10 mmol). The resulting mixture was refluxed
at 70 °C for 12 h. Upon completion, the reaction mixture was filtered with a pad of
Celite. The filtrate was then concentrated under vacuum. The residue was purified by
silica gel column chromatography using a petroleum ether/AcOEt as the eluent to give
the product f (1.16 g, 3mmol).

To a solution of f (3 mmol) in DMSO (10 mL) was added NaN3 (4.14 g, 30 mmol) .
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The resulting mixture was stirred at 100 °C for 24 h. After cooling, the mixture was
filtered. The filtrate was diluted with water, extracted with CH,Cl, and dried over
Na,SO,. Removal of the solvent under reduced pressure and purification on silica gel
afforded the target compound g (0.6 g, 2mmol).



Optimization of reaction conditions

gz N Cu Cat., Base /k( ::;
Ph// + ©i\ - s ——=Fh N
| Solvent, Ny, Temp. F,h/’\/

1a 2a 3

Entry Cat. (10 mol%) Base (2 equiv) Solvent Yield(%)P 5a:6a
1 Cul NaHCO; DMSO 70:21
2 CuBr NaHCO; DMSO 61:33
3 CuCl NaHCO, DMSO 54:18
4 CuSCN NaHCO; DMSO 88:3
5 CuCN NaHCO3 DMSO 45:50
6 CuF, NaHCO; DMSO 35:48
7 CuCl, NaHCO; DMSO 52:56
8 CuBr, NaHCO, DMSO 60:15
9 CuSO, NaHCO,3 DMSO 33:56
10 Cu(OAc), NaHCO, DMSO 30:50
11 CuSCN Cs,CO; DMSO 68:25
12 CuSCN Na,CO; DMSO 55:21
13 CuSCN KoCO3 DMSO 60:23
14 CuSCN KHCO3 DMSO 82:12
15 CuSCN Et;N DMSO 38:49
16 CuSCN BuOLi DMSO 30:50
17 CuSCN CH3OLi DMSO 25:58
18 CuSCN CaH DMSO 40:40
19 CuSCN NaHCO4 DMF 60:30
20 CuSCN NaHCO43 DCE 59:15
21 CuSCN NaHCO3 THF 48:45
22 CuSCN NaHCO; CH3CN 66:21

23008 CuSCN NaHCO; DMSO 0:90 [a]

Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol), 3 (0.4 mmol), Cu catalyst (10 mol%), base
(0.4 mmol), DMSO (2 mL) was stirred at 50 °C under N, atmosphere for 24 h. ®[b] alsolated
yield. “ reaction at 70 °C. " reaction at 90 °C. [ reaction at 110 °C.



Optimization of four-component interrupted click reaction

N=N p
N
Cat., Base X N=N p
©/ e OSSR o0 \N
Solvent, 100 °C ©/I§/
Q 8a 14

Entry Cat. (10 mol%) Base (2 equiv) Solvent Yield(%)° 8a:14
1 Cul K,CO3 DMF 35:50
2 CuBr KoCOs4 DMF 33:56 f
3 CuCl K,CO3 DMF 30:46
4 CuSCN K,CO; DMF 44:32
5 CuCN K,CO3 DMF 5:71
6 CuF, K,COj3 DMF 2:82
7 CuCl, K,COj3 DMF 3:79
8 CuBr, K>CO3 DMF 0:80
9 CuSO, K,CO3 DMF 10:65
10 Cu(OAc), K,CO3 DMF 4:68
1 CuSCN Cs,CO;4 DMF 30:52
12 CuSCN Na,COj3 DMF 15:60
13 CuSCN KHCO3 DMF 25:46
14 CuSCN NaHCO3; DMF 60:23
15 CuSCN Et3N DMF 40:32
16 CuSCN BuOLi DMF 36:38
17 CuSCN CH3OLi DMF 10:68
18 CuSCN CaH DMF 45:30
19 CuSCN NaHCO;3 DMSO 63:0
20 CuSCN NaHCO; DCE 5:85
21 CuSCN NaHCO; THF 45:35
22 CuSCN NaHCO3 CH3CN 48:39

23°¢ CuSCN NaHCO; DMSO 70:0

[ Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol), 3 (0.4 mmol), 4a (0.4 mmol), Cul (10
mol%), base (0.4 mmol), DMSO (2 mL) was stirred at 100°C under N, atmosphere for 24 h.
I alsolated yield. I reaction at 110 °C



General procedure for thee-component interrupted click reaction

N=N

P N Cu Cat., B X N
Ph//+ (>\A 48 o e, 2A%8, Ph

I Solvent, N,, Temp. S

1a 2a 3 4a

To a mixture of CuSCN (0.02 mmol), NaHCO3(0.4 mmol) in DMSO (1 mL) under N,
atmosphere, 1a benzyl azide (0.3 mmol), 2a phenylacetylene (0.2 mmol) and 3 S (0.4
mmol) were added. The system was stirred at 50 °C for 24 h. The reaction mixture
was filtered and evaporated under reduced pressure and purified by column
chromatography (petroleum ether: EtOAc = 5:1 to 10:1) to give 4a (50 mg, 88% yield)
as a yellow soild.

General procedure for the four-component interrupted click reaction

N
é | Cat., Base X
+ K + S + > S
Solvent, 110 °C
1a 2 3 7a

A 25 ml Schlenk tube equipped with a magnetic stirring bar was charged with 1a
benzyl azide (0.3 mmol), 2a phenylacetylene (0.2 mmol), 3 S (0.4 mmol), 7a (0.4
mmol)  CuSCN (0.02 mmol), NaHCO3(0.4 mmol) and DMSO (2 mL). The tube
was sealed, and then the mixture was stirred under a nitrogen atmosphere at 110 °C for
24 h. After completion of the reaction, the resulting solution was cooled down to room
temperature, and the solvent was removed with the aid of a rotary evaporator. The
residue was purified by column chromatography on silica gel using petroleum
ether/ethyl acetate as eluent to provide the desired product 8a (50 mg,70%) as a
yellow soild.




X-ray Crystallography Data for 8u

CCDC: 2212548




Characterization Data

N=N,
N
S

4a
3-(p-tolyl)-9H-benzo[e][1,2,3]triazolo[5,1-b][1,3]thiazine. Yellow soild. 50 mg,
88% yield. 86-87°C, PE : EA = 7 : 1. 'H NMR (500 MHz, CDCl3) & 7.94 — 7.87 (m,
2H), 7.51 — 7.42 (m, 3H), 7.41 — 7.30 (m, 4H), 5.55 (s, 2H). *C NMR (126 MHz,
CDCls) 6 142.50, 130.36, 130.32, 129.00, 128.98, 128.83, 128.28, 128.06, 127.76,

127.37, 126.35, 123.79, 50.32. HRMS exact mass calcd for CisHyiNsS [M+H] *
requires m/z 266.0746, found m/z 266.0749.

N=N

N

4b
3-(p-tolyl)-9H-benzo[e][1,2,3]triazolo[5,1-b][1,3]thiazine. Yellow soild. 46 mg,
82% yield. 90-91°C, PE : EA = 7 : 1. 'H NMR (500 MHz, CDCl3) 6 7.78 (d, J = 8.2
Hz, 2H), 7.47 — 7.44 (m, 1H), 7.41 — 7.38 (m, 1H), 7.36 — 7.32 (m, 2H), 7.31 — 7.27
(m, 2H), 5.55 (s, 2H), 2.40 (s, 3H). *C NMR (126 MHz, CDCl3) 6 142.63, 137.95,
130.43, 129.51, 129.13, 128.97, 128.26, 127.71, 127.47, 127.37, 126.28, 123.32,

50.33, 21.36. HRMS exact mass calcd for C1gH13N3S [M+H] ™ requires m/z 280.0903,
found m/z 280.0910.

N
S
H,CO 4c

3-(4-methoxyphenyl)-9H-benzo[e][1,2,3]triazolo[5,1-b][1,3]thiazine. Yellow soild.
49 mg, 83% yield. 80-81°C, PE : EA = 6 : 1. 'H NMR (500 MHz, CDCl3) & 7.85 —
7.80 (m, 2H), 7.47 — 7.43 (m, 1H), 7.42 — 7.38 (m, 1H), 7.36 — 7.32 (m, 2H), 7.04 —
6.99 (m, 2H), 5.55 (s, 2H), 3.86 (s, 3H). *C NMR (126 MHz, CDCl3) & 159.48,
153.54, 142.44, 130.49, 129.19, 128.95, 128.26, 127.70, 127.37, 123.01, 122.71,
114.27, 55.36, 50.34. HRMS exact mass calcd for C16H13N30S [M+H]" requires m/z
296.0852, found m/z 296.0853.

N=N

N=N,

N
S
Cl 4d




3-(4-chlorophenyl)-9H-benzo[e][1,2,3]triazolo[5,1-b][1,3]thiazine. Yellow soild.
50 mg, 80% vyield. 76-77°C, PE : EA = 6 : 1. *H NMR (500 MHz, CDCls) & 7.87 —
7.79 (m, 2H), 7.44 (m, 3H), 7.41 — 7.37 (m, 1H), 7.37 — 7.32 (m, 2H), 5.54 (s, 2H).
3¢ NMR (126 MHz, CDCl3) 6 140.36, 132.74, 129.20, 128.03, 127.97, 127.78,
127.61, 127.27, 126.84, 126.45, 126.34, 122.92, 49.27. HRMS exact mass calcd for
C15H10CIN3S [M+H]" requires m/z 300.0357, found m/z 300.0358.

N=N
g N
S
Br
4e

3-(4-bromophenyl)-9H-benzo[e][1,2,3]triazolo[5,1-b][1,3]thiazine Yellow soild. 50
mg, 73% yield. 85-86°C, PE : EA = 6 : 1. 'H NMR (500 MHz, CDCls) & 7.80 — 7.75
(m, 2H), 7.62 — 7.57 (m, 2H), 7.49 — 7.44 (m, 1H), 7.43 — 7.39 (m, 1H), 7.38 — 7.33
(m, 2H), 5.55 (s, 2H). *C NMR (126 MHz, CDCls) 5 141.46, 131.97, 130.27, 129.31,
129.09, 128.69, 128.31, 127.90, 127.79, 127.41, 124.02, 121.99, 50.33. HRMS exact
mass calcd for C1sH1oBrNsS [M+H]" requires m/z 343.9852, found m/z 343.9857.

N=N,

N

S

af
3-(o-tolyl)-9H-benzo[e][1,2,3]triazolo[5,1-b][1,3]thiazine Yellow soild. 33 mg, 60%
yield. 87-88°C, PE : EA = 6 : 1. 'H NMR (500 MHz, CDCls3) & 7.41 (m, 2H), 7.39 —
7.36 (M, 1H), 7.36 — 7.31 (m, 4H), 7.31 — 7.27 (m, 1H), 5.59 (s, 2H), 2.45 (s, 3H). **C
NMR (126 MHz, CDCls) & 142.21, 136.25, 129.90, 129.47, 128.72, 128.20, 128.13,

127.90, 127.62, 127.25, 126.58, 126.35, 124.77, 124.10, 49.42, 19.55. HRMS exact
mass calcd for C1H13N3S [M+H]" requires m/z 280.0903, found m/z 280.0908.

N=N,
N
S
Br
49

3-(2-bromophenyl)-9H-benzo[e][1,2,3]triazolo[5,1-b][1,3]thiazine. Yellow soild.
43 mg, 62% vyield. 75-76°C, PE : EA =7 : 1. 'H NMR (500 MHz, CDCl3) § 7.70 (dd,
J=28.1,1.2Hz, 1H), 7.57 (dd, J = 7.6, 1.8 Hz, 1H), 7.40 (dtd, J = 7.4, 3.9, 1.7 Hz,
3H), 7.35 — 7.27 (m, 3H), 5.58 (s, 2H). **C NMR (126 MHz, CDCls) 5 142.96, 133.12,
132.04, 131.30, 130.93, 130.28, 129.83, 128.97, 128.15, 127.64, 127.51, 127.42,
126.61, 122.86, 50.74. HRMS exact mass calcd for CisH1oBrNsS [M+H]" requires
m/z 343.9852, found m/z 343.9858.
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N=N,
N
° 4h

3-(4-(trifluoromethyl)phenyl)-9H-benzol[e][1,2,3]triazolo[5,1-b][1,3]thiazine.
Yellow soild. 49 mg, 73% yield. 79-80°C, PE : EA = 5 : 1. 'H NMR (500 MHz,
CDClI3) 6 8.02 (d, J =8.1 Hz, 2H), 7.72 (d, J = 8.1 Hz, 2H), 7.55 — 7.33 (m, 4H), 5.57
(s, 2H). *F NMR (471 MHz, CDCls) § -62.57. **C NMR (126 MHz, CDCls) § 141.04,
133.82, 130.16, 129.86, 129.60, 129.15, 128.41, 128.35, 128.00, 127.41, 126.34,

125.79, 125.76, 125.21, 124.97, 123.04, 53.45, 50.32. HRMS exact mass calcd for
C16H10F3N3S [M+H]" requires m/z 334.0620, found m/z 334.0622.

N=N,

3-(naphthalen-2-yl)-9H-benzo[e][1,2,3]triazolo[5,1-b][1,3]thiazine. Brown soild.
46 mg, 74% yield. 86-87°C, PE : EA =8 : 1. "H NMR (500 MHz, CDCls) & 8.31 (d, J
= 1.8 Hz, 1H), 8.10 (dd, J = 8.5, 1.8 Hz, 1H), 7.95 (d, J = 8.4 Hz, 2H), 7.86 (dd, J =
7.4,1.8 Hz, 1H), 7.55 — 7.47 (m, 3H), 7.42 (dd, J = 6.2, 2.9 Hz, 1H), 7.39 — 7.33 (m,
2H), 5.59 (s, 2H).**C NMR (126 MHz, CDCls) & 141.49, 132.42, 131.93, 129.32,
128.00, 127.94, 127.54, 127.26, 127.24, 126.77, 126.37, 125.42, 125.25, 124.26,
124.23, 123.21, 123.03, 119.80, 49.32. HRMS exact mass calcd for CjgH13N3S
[M+H]" requires m/z 316.0903, found m/z 316.0902.

N=N

N
[ B
~_N S

4

3-(pyridin-2-yl)-9H-benzo[e][1,2,3]triazolo[5,1-b][1,3]thiazine. Brown soild. 27
mg, 50% vyield. 56-57°C, PE : EA =10 : 1. *H NMR (500 MHz, CDCl3) 5 9.16 — 9.08
(m, 1H), 8.60 (d, J = 4.9 Hz, 1H), 8.24 (dt, J = 8.0, 2.0 Hz, 1H), 7.48 — 7.33 (m, 5H),
5.57 (s, 2H). *C NMR (126 MHz, CDCls) & 147.98, 146.34, 138.54, 132.45, 129.24,
128.14, 127.52, 127.33, 126.98, 126.45, 125.59, 123.73, 122.68, 52.43. HRMS exact
mass calcd for C14H10N4S [M+H] * requires m/z 267.0699, found m/z 267.0701.

2"
@ 4k S\b
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Black soild. 53 mg, 71% vyield. 65-66°C, PE : EA =7 : 1. 'H NMR (500 MHz, CDCl5)
§7.51 —7.46 (m, 1H), 7.40 — 7.31 (m, 3H), 5.53 (s, 2H), 4.86 (t, J = 1.9 Hz, 2H), 4.33
(t, J = 1.8 Hz, 2H), 4.12 (s, 5H). **C NMR (126 MHz, CDCls) & 141.79, 130.10,
128.95, 128.90, 128.29, 127.58, 127.27, 122.15, 69.39, 68.70, 66.65, 50.15. HRMS
exact mass calcd for CigHisFeNsS [M+H]" requires m/z 374.0409, found m/z
374.0414.

N=N

S

4]

3-hexyl-9H-benzo[e][1,2,3]triazolo[5,1-b][1,3]thiazine. Brown soild. 33 mg, 60%
yield. 46-47°C, PE : EA = 10 : 1. *H NMR (500 MHz, CDCl3) & 7.43 (m, 1H), 7.38 —
7.28 (m, 3H), 5.47 (s, 2H), 2.77 — 2.61 (m, 2H), 1.78 — 1.67 (m, 2H), 1.40 — 1.28 (m,
6H), 0.88 (td, J = 5.9, 3.0 Hz, 3H). **C NMR (126 MHz, CDCls) & 143.53, 130.59,
129.34, 128.79, 128.23, 127.40, 127.35, 123.61, 50.23, 31.51, 29.68, 28.89, 25.29,
22.54, 14.01. HRMS exact mass calcd for C1sH1gN3S [M+H]" requires m/z 274.1372,
found m/z 274.1375.

N=N,

N

a8,

6a
3-phenyl-9H-benzo[e][1,2,3]triazolo[5,1-b][1,3]selenazine. Brown soild. 44 mg,
71% vyield. 124-125°C, PE : EA =7 : 1. *H NMR (500 MHz, CDCls) 5 7.88 — 7.83 (m,
2H), 7.57 (dd, J = 7.7, 1.4 Hz, 1H), 7.50 — 7.42 (m, 3H), 7.39 — 7.29 (m, 3H), 5.51 (s,
2H). 1*C NMR (126 MHz, CDCls) § 144.99, 133.06, 130.67, 129.50, 129.14, 128.92,

128.81, 128.08, 128.05, 127.25, 126.39, 118.04, 52.40. HRMS exact mass calcd for
Ci15H11NsSe [M+H]" requires m/z 314.0191, found m/z 314.0192.

N=N,
N
Se
6b
(p-tolyl)-9H-benzo[e][1,2,3]triazolo[5,1-b][1,3]selenazine. Yellow soild. 50 mg,
76% yield. 120-121°C, PE : EA = 10 : 1. *H NMR (500 MHz, CDCl3) 6 7.74 — 7.71
(m, 2H), 7.57 (dd, J = 7.6, 1.4 Hz, 1H), 7.43 (m, 1H), 7.36 — 7.27 (m, 4H), 5.50 (s,
2H), 2.40 (s, 3H). *C NMR (126 MHz, CDCls) & 145.10, 137.96, 133.10, 129.51,
129.49, 129.11, 128.92, 128.04, 127.80, 127.34, 126.31, 117.64, 52.40, 21.33. HRMS

exact mass calcd for CigHi3NsSe [M+H]™ requires m/z 328.0347, found m/z
328.0350.
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N=N,
<1

S

4m
3-phenylbenzo[4,5]thiazolo[3,2-c][1,2,3]triazole. Yellow soild. 33 mg, 65% vyield.
99-100°C, PE : EA = 6 : 1. *H NMR (500 MHz, CDCls)  8.30 (dt, J = 8.2, 1.4 Hz,
1H), 7.90 (ddt, J = 8.1, 3.0, 1.6 Hz, 2H), 7.81 (ddd, J = 8.1, 2.0, 1.2 Hz, 1H), 7.62 (ddt,
J=8.2,7.3, 1.4 Hz, 1H), 7.56 — 7.50 (m, 3H), 7.37 (ddt, J = 7.5, 5.9, 1.3 Hz, 1H). **C
NMR (126 MHz, CDCls) 6 141.51, 137.85, 133.15, 131.18, 130.05, 129.07, 127.91,

127.28, 127.21, 125.43, 124.73, 114.75. HRMS exact mass calcd for Ci4HgNsS
[M+H]" requires m/z 252.0590, found m/z 252.0590.

N=N,
)

S

4n
3-phenyl-6,7-dihydro-5H-[1,2,3]triazolo[5,1-b][1,3]thiazine. Yellow soild. 50 mg,
95% yield. 79-80°C, PE : EA =10 : 1. *H NMR (500 MHz, CDCls) § 7.78 — 7.65 (m,
2H), 7.43 (t, J = 7.8 Hz, 2H), 7.31 — 7.27 (m, 1H), 3.90 (s, 2H), 3.70 (t, J = 6.8 Hz,
2H), 3.12 (t, J = 6.8 Hz, 2H). **C NMR (126 MHz, CDCls) 5 151.74, 140.89, 134.56,

128.81, 127.23, 126.93, 50.45, 33.04, 29.68. HRMS exact mass calcd for C11H11N3S
[M+H]" requires m/z 218.0746, found m/z 218.0748.

_N_
N\ NN
40
3-phenyl-10,10a-dihydrobenzo[2,3][1,4]oxathiepino[6,5-c]pyrazole. Yellow soild.
38 mg, 68% vyield. 66-67°C, PE : EA = 7 : 1. *H NMR (500 MHz, CDCls) & 7.82 —
7.78 (m, 2H), 7.59 (dd, J = 7.6, 1.4 Hz, 1H), 7.46 — 7.42 (m, 3H), 7.41 — 7.27 (m, 3H),
5.51 (s, 2H). **C NMR (126 MHz, CDCls) § 133.30, 133.13, 132.86, 129.85, 128.82,

128.58, 128.00, 127.81, 127.23, 126.52, 126.40, 125.90, 55.06. HRMS exact mass
caled for C1sH11N3OS [M+H] ™ requires m/z 282.0696, found m/z 282.0699.

N’/N\N
dﬁj
4p
3-phenyl-5,6,7,8-tetrahydro-[1,2,3]triazolo[5,1-b][1,3]thiazepine. Yellow soild. 40
mg, 86% vyield. 83-84°C, PE : EA =5 : 1. *H NMR (500 MHz, CDCls) & 7.76 — 7.70
(m, 2H), 7.48 — 7.45 (m, 1H), 7.41 — 7.38 (m, 2H), 3.89 (td, J = 7.2, 5.5 Hz, 2H), 3.40

(t, J = 6.6 Hz, 2H), 1.93 — 1.83 (m, 2H), 1.77 — 1.70 (m, 2H). **C NMR (126 MHz,
CDCl3) 5 141.98, 131.08, 128.57, 128.55, 127.16, 126.56, 51.06, 46.06, 26.45, 25.49.
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HRMS exact mass calcd for C1oH13N3sS [M+H]" requires m/z 232.0903, found m/z
232.0906.

N=N
~ Nj
9
Se
o)

4q

1-phenyl-3a,4,5,6-tetrahydrobenzo[2,3][1,4]oxaselenonino[6,5-c]pyrazole. Yellow
soild. 43 mg, 60% yield. 188-189°C, PE : EA = 4 : 1. *H NMR (500 MHz, CDCls) &
7.82 — 7.77 (m, 3H), 7.40 (td, J = 7.6, 1.9 Hz, 2H), 7.33 — 7.26 (m, 2H), 6.81 — 6.70
(m, 2H), 4.75 (td, J = 6.7, 2.1 Hz, 2H), 4.02 (td, J = 5.6, 2.0 Hz, 2H), 2.50 (dq, J = 8.7,
5.6 Hz, 2H). *C NMR (126 MHz, CDCl3) § 156.81, 147.64, 139.51, 130.60, 129.70,
128.81, 128.12, 125.75, 123.11, 120.55, 112.27, 86.51, 64.98, 46.99, 29.72. HRMS
exact mass calcd for Ci7HisN3OSe [M+K]" requires m/z 396.0012, found m/z
396.0018.

N=N,
S N/\
s 13/0
4r\o
3-phenyl-5,6,9,10,13,14-hexahydro-8H,12H-[1,2,3]triazolo[5,1-e][1,10]dioxa[4]thi
a[6]azacyclotridecine. Yellow soild. 34 mg, 54% yield. 96-97°C, PE: EA=1:1.'H
NMR (500 MHz, CDCls) & 7.85 (dd, J = 5.4, 3.1 Hz, 2H), 7.72 (dd, J = 5.6, 3.0 Hz,
2H), 7.53 (dd, J = 5.7, 3.3 Hz, 1H), 4.30 (t, J = 6.7 Hz, 2H), 3.72 (t, J = 7.0 Hz, 2H),
3.33 (t, J = 6.8 Hz, 2H), 1.82 — 1.76 (m, 2H), 1.75 — 1.69 (m, 2H), 1.67 — 1.63 (m, 2H),
1.48 — 1.40 (m, 2H), 0.97 (d, J = 7.4 Hz, 2H)."*C NMR (126 MHz, CDCls) 5 168.42,
134.02, 132.06, 130.93, 128.85, 123.30, 65.59, 50.91, 37.30, 30.58, 26.26, 25.86,

19.20, 13.75. HRMS exact mass calcd for CigH21N30,S [M+H]" requires m/z
320.1427, found m/z 320.1435.

=N
N\ \N/\O
S 14 O
k/o
4s
phenyl-6,7,17,18-tetrahydro-5H,16H-naphtho[2,3-b][1,2,3]triazolo[5,1-i][1,4]diox
a[8]thia[10]azacyclotridecine. Yellow soild. 35 mg, 40% yield. 90-91°C, PE : EA =

1: 1. 'H NMR (500 MHz, CDCl3) § 7.82 — 7.77 (m, 3H), 7.71 (dd, J = 5.7, 3.3 Hz,
1H), 7.53 (dd, J = 5.7, 3.3 Hz, 1H), 7.40 (dd, J = 8.4, 7.0 Hz, 2H), 7.34 — 7.26 (m, 2H),
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6.75 (m, 2H), 4.76 (t, J = 6.7 Hz, 2H), 4.31 (t, J = 6.7 Hz, 2H), 4.02 (t, J = 5.7 Hz,
2H), 2.55 — 2.46 (m, 2H), 1.80 — 1.67 (m, 2H), 1.48 — 1.41 (m, 2H), 0.96 (d, J = 7.4
Hz, 2H). *C NMR (126 MHz, CDCls) & 139.52, 130.87, 129.69, 128.84, 128.80,
128.11, 125.74, 123.11, 120.52, 112.26, 86.50, 65.54, 64.97, 46.97, 30.59, 29.72,
19.18, 13.69. HRMS exact mass calcd for CasHasN3O,S [M+H]™ requires m/z
432.1740, found m/z 432.1750.

N=N, _ph
N
¥ S

8a

1-benzyl-4-phenyl-5-(p-tolylthio)-1H-1,2,3-triazole.*? Yellow soild. 50 mg, 70%
yield. 140-141°C, PE : EA = 10 : 1. *H NMR (500 MHz, CDCl5) & 8.14 — 8.06 (m,
2H), 7.42 — 7.38 (m, 2H), 7.36 — 7.33 (m, 1H), 7.23 (s, 5H), 6.95 (d, J = 8.1 Hz, 2H),
6.83 —6.77 (M, 2H), 5.58 (s, 2H), 2.25 (s, 3H). **C NMR (126 MHz, CDCls) 5 149.49,
135.76, 133.62, 129.21, 129.19, 128.87, 127.62, 127.59, 127.50, 127.11, 126.97,
126.04, 125.94, 122.05, 51.20, 19.84. HRMS exact mass calcd for Co;H19N3S [M+H]"
requires m/z 358.1372, found m/z 358.1385.

N=N \/Ph
N
¥ S

8b

1-benzyl-4-(p-tolyl)-5-(p-tolylthio)-1H-1,2,3-triazole.*? Yellow soild. 53 mg, 72%
yield. 149-150°C, PE : EA = 10 : 1. *H NMR (500 MHz, CDCl3) § 7.97 (d, J = 8.2 Hz,
2H), 7.23 (s, 5H), 7.20 (d, J = 8.2 Hz, 2H), 6.95 (d, J = 8.1 Hz, 2H), 6.79 (d, J = 8.3
Hz, 2H), 5.56 (s, 2H), 2.36 (s, 3H), 2.25 (s, 3H). *C NMR (126 MHz, CDCls) &
138.57, 136.70, 134.69, 130.20, 130.04, 129.28, 128.65, 128.13, 128.10, 128.02,
127.36, 126.93, 126.86, 122.58, 52.22, 21.35, 20.91. HRMS exact mass calcd for
Ca23H2:N3S [M+H]" requires m/z 372.1529, found m/z 372.1530.
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1-benzyl-4-(4-methoxyphenyl)-5-(p-tolylthio)-1H-1,2,3-triazole.* Yellow soild. 56
mg, 73% yield. 176-177°C, PE : EA =10 : 1. 'H NMR (500 MHz, CDCls) & 8.02 (d, J
= 8.9 Hz, 2H), 7.22 (s, 5H), 6.97 — 6.91 (m, 4H), 6.81 — 6.77 (m, 2H), 5.56 (s, 2H),
3.82 (s, 3H), 2.25 (s, 3H). **C NMR (126 MHz, CDCls) & 159.98, 150.49, 136.68,
134.75, 130.19, 130.11, 128.63, 128.40, 128.10, 128.00, 126.83, 122.90, 122.01,
114.00, 55.25, 52.20, 20.86. HRMS exact mass calcd for C3H21N30S [M+H]"
requires m/z 388.1478, found m/z 388.1472.

N=N  Ph
N—"
=

3

8d

1-benzyl-4-(4-fluorophenyl)-5-(p-tolylthio)-1H-1,2,3-triazole. Yellow soild. 37 mg,
60% yield. 170-171°C, PE : EA = 10 : 1. *H NMR (500 MHz, CDCl3)  8.09 — 8.03
(m, 2H), 7.23 (s, 5H), 7.10 — 7.05 (m, 2H), 6.98 — 6.93 (m, 2H), 6.82 — 6.72 (m, 2H),
5.57 (s, 2H), 2.25 (s, 3H). *F NMR (471 MHz, CDCls) & -112.69. *C NMR (126
MHz, CDCl3) 6 163.98, 162.01, 149.69, 136.93, 134.54, 130.28, 129.64, 128.94,
128.88, 128.70, 128.23, 128.04, 126.88, 126.39, 126.37, 122.86, 115.66, 115.49,
52.31, 20.91. HRMS exact mass calcd for C,oH1gFN3S [M+H]" requires m/z 376.1278,
found m/z 376.1289.

N=N  Ph

5

8e

1-benzyl-4-(4-chlorophenyl)-5-(p-tolylthio)-1H-1,2,3-triazole. Yellow soild. 51
mg, 65% yield. 134-135°C, PE : EA = 10 : 1. *H NMR (500 MHz, CDCls) & 8.07 —
8.01 (m, 2H), 7.38 — 7.34 (m, 2H), 7.24 (s, 5H), 6.95 (d, J = 8.1 Hz, 2H), 6.81 — 6.73
(m, 2H), 5.57 (s, 2H), 2.25 (s, 3H). *C NMR (126 MHz, CDCl3) & 160.03, 149.38,
137.02, 134.60, 134.49, 130.31, 129.49, 128.80, 128.72, 128.26, 128.13, 128.06,
126.96, 123.30, 52.32, 20.92. HRMS exact mass calcd for CyHigCINsS [M+H]"
requires m/z 392.0983, found m/z 392.0988.
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8f

1-benzyl-4-(4-bromophenyl)-5-(p-tolylthio)-1H-1,2,3-triazole.> Yellow soild. 59
mg, 68% yield. 145-146°C, PE : EA =10 : 1. '"H NMR (500 MHz, CDCls) & 8.02 —
7.94 (m, 2H), 7.54 — 7.49 (m, 2H), 7.26 — 7.21 (m, 5H), 6.95 (d, J = 8.0 Hz, 2H), 6.81
— 6.73 (m, 2H), 5.57 (s, 2H), 2.25 (s, 3H). **C NMR (126 MHz, CDCls) & 149.39,
137.04, 134.47, 131.75, 130.32, 129.45, 129.16, 128.72, 128.52, 128.26, 128.06,
126.97, 123.35, 122.91, 52.32, 20.92. HRMS exact mass calcd for CyoH1gBrNsS
[M+H]" requires m/z 436.0478, found m/z 436.0467.

1-benzyl-5-(p-tolylthio)-4-(4-(trifluoromethyl)phenyl)-1H-1,2,3-triazole.  Yellow
soild. 56 mg, 66% yield. 207-208°C, PE : EA = 10 : 1. *H NMR (500 MHz, CDCls) &
8.22 (d, J = 8.2 Hz, 2H), 7.64 (d, J = 8.3 Hz, 2H), 7.25 (s, 5H), 6.96 (d, J = 8.1 Hz,
2H), 6.83 — 6.72 (m, 2H), 5.59 (s, 2H), 2.25 (s, 3H). *F NMR (471 MHz, CDCl3) &
-62.69. *C NMR (126 MHz, CDCls) & 148.93, 137.19, 134.37, 133.66, 130.49,
130.37, 129.25, 128.75, 128.32, 128.08, 127.16, 127.02, 125.56, 125.53, 125.50,
125.47, 124.21, 52.38, 29.72, 20.91. HRMS exact mass calcd for Cj3HigF3N3S
[M+H]" requires m/z 426.1246, found m/z 426.1248.

N=N \/Ph
N
S
"

8h

4-([1,1'-biphenyl]-4-yI)-1-benzyl-5-(p-tolylthio)-1H-1,2,3-triazole. Yellow soild. 61
mg, 71% yield. 140-141°C, PE : EA = 10 : 1. *H NMR (500 MHz, CDCls) & 8.23 —
8.16 (m, 2H), 7.68 — 7.60 (m, 4H), 7.44 (t, J = 7.7 Hz, 2H), 7.35 (t, J = 7.4 Hz, 1H),
7.25 (d, J = 8.1 Hz, 5H), 6.97 (d, J = 8.0 Hz, 2H), 6.85 — 6.81 (m, 2H), 5.59 (s, 2H),
2.26 (s, 3H). *C NMR (126 MHz, CDCls) § 150.20, 141.27, 140.56, 136.84, 134.63,
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130.28, 129.87, 129.18, 128.82, 128.70, 128.19, 128.04, 127.49, 127.37, 127.24,
127.04, 126.94, 123.05, 52.28, 20.93. HRMS exact mass calcd for CogH23N3S [M+H]"
requires m/z 434.1685, found m/z 434.1680.

methyl 4-(1-benzyl-5-(p-tolylthio)-1H-1,2,3-triazol-4-yl)benzoate. Yellow soild. 55
mg, 66% vyield. 189-190°C, PE : EA = 10 : 1. *H NMR (500 MHz, CDCls) & 8.21 —
8.16 (m, 2H), 8.08 — 8.03 (m, 2H), 7.24 (s, 5H), 6.95 (d, J = 8.0 Hz, 2H), 6.83 — 6.76
(m, 2H), 5.59 (s, 2H), 3.91 (s, 3H), 2.25 (s, 3H). *C NMR (126 MHz, CDCls) &
165.79, 148.17, 136.11, 133.51, 133.41, 129.30, 128.87, 128.81, 128.28, 127.71,
127.25, 127.01, 126.11, 125.75, 123.29, 51.31, 51.13, 19.88. HRMS exact mass calcd
for C4H21N30,S [M+H] ™ requires m/z 416.1427, found m/z 416.1422.

N=N _ph
N N
N
| :©/S
8j

2-(1-benzyl-5-(p-tolylthio)-1H-1,2,3-triazol-4-yl)pyridine. White soild. 44 mg, 61%
yield. 135-136°C, PE : EA=5: 1. '"H NMR (500 MHz, CDCl5) & 8.68 (m, 1H), 8.10
(m, 1H), 7.73 (m, 1H), 7.26 — 7.15 (m, 6H), 7.02 — 6.80 (M, 4H), 5.58 (s, 2H), 2.24 (s,
3H). *C NMR (126 MHz, CDCl3) & 149.85, 149.75, 149.68, 137.11, 136.45, 134.59,
130.05, 129.70, 128.68, 128.33, 128.17, 127.93, 126.13, 123.03, 122.22, 52.28, 20.95.
HRMS exact mass calcd for Co;H1gN4S [M+H] ¥ requires m/z 359.1325, found m/z
359.1335.

1-benzyl-4-(thiophen-3-yl)-5-(p-tolylthio)-1H-1,2,3-triazole. Yellow soild. 44 mg,
61% yield. 105-106°C, PE : EA = 15 : 1. *H NMR (500 MHz, CDCls) & 7.96 (dd, J =
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3.0, 1.2 Hz, 1H), 7.82 (dd, J = 5.1, 1.2 Hz, 1H), 7.34 (dd, J = 5.1, 3.0 Hz, 1H), 7.22 (p,
J = 1.7 Hz, 5H), 6.97 — 6.94 (m, 2H), 6.83 — 6.77 (m, 2H), 5.57 (s, 2H), 2.25 (s, 3H).
3C NMR (126 MHz, CDCl3) & 147.57, 136.87, 134.63, 131.12, 130.27, 129.62,
128.68, 128.18, 127.96, 126.90, 126.43, 125.78, 123.09, 122.41, 52.24, 20.92. HRMS
exact mass calcd for CooH17N3S, [M+H]" requires m/z 364.0937, found m/z 364.0936.

8l

1-benzyl-4-cyclopropyl-5-(p-tolylthio)-1H-1,2,3-triazole. Yellow oil. 57 mg, 58%
yield. PE : EA =15 1. *H NMR (500 MHz, CDCls) § 7.24 — 7.14 (m, 5H), 6.97 (d, J
= 8.0 Hz, 2H), 6.85 — 6.80 (m, 2H), 5.47 (s, 2H), 2.26 (s, 3H), 1.99 — 1.90 (m, 1H),
1.13 — 1.06 (m, 2H), 0.94 — 0.89 (m, 2H). *C NMR (126 MHz, CDCls) & 154.31,
136.74, 134.88, 130.06, 128.61, 128.05, 127.96, 127.45, 127.44, 123.78, 52.12, 20.91,
8.01, 7.98, 6.69. HRMS exact mass calcd for CyoHigN3S [M+H]" requires m/z
322.1372, found m/z 322.1370.

1-benzyl-4-cyclohexyl-5-(p-tolylthio)-1H-1,2,3-triazole. Yellow soild. 46 mg, 63%
yield. 76-77°C, PE : EA = 15 : 1. *H NMR (500 MHz, CDCl3) & 7.25 — 7.17 (m, 5H),
6.99 — 6.93 (m, 2H), 6.76 (d, J = 8.2 Hz, 2H), 5.49 (s, 2H), 2.71 — 2.65 (m, 2H), 2.27
(s, 3H), 1.66 — 1.60 (m, 3H), 1.37 — 1.24 (m, 3H), 0.87 (t, J = 7.4 Hz, 3H). **C NMR
(126 MHz, CDCl3) 8 153.35, 136.77, 134.85, 130.26, 130.04, 128.63, 128.07, 127.98,
127.38, 124.02, 52.23, 31.19, 25.14, 22.43, 20.90, 13.77. HRMS exact mass calcd for
C22H25N3S [M+H] * requires m/z 364.1842, found m/z 364.1844.

N=N Ph

S

)9

8n
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1-benzyl-4-hexyl-5-(p-tolylthio)-1H-1,2,3-triazole. Yellow oil. 60 mg, 63% yield.
PE : EA=15:1.'*H NMR (500 MHz, CDCl3) § 7.25 — 7.16 (m, 5H), 6.96 (d, J = 7.9
Hz, 2H), 6.78 — 6.73 (m, 2H), 5.49 (s, 2H), 2.73 — 2.60 (m, 2H), 2.26 (s, 3H), 1.68 —
1.59 (m, 3H), 1.28 — 1.20 (m, 6H), 0.84 (d, J = 3.8 Hz, 2H). *C NMR (126 MHz,
CDCl3) 6 153.33, 136.78, 134.89, 133.23, 130.03, 128.62, 128.06, 127.96, 127.44,
124.07, 52.22, 31.48, 29.00, 28.98, 25.45, 22.49, 20.87, 14.00. HRMS exact mass
caled for CooH27N3S [M+H] * requires m/z 366.1998, found m/z 366.1993.

N,
e
&

S

8o

Colorless soild. 65 mg, 70% yield. 66-67°C, PE : EA = 10 : 1. *H NMR (500 MHz,
CDCl3) 6 7.22 (td, J = 4.3, 2.1 Hz, 3H), 7.01 (dd, J = 14.9, 8.1 Hz, 3H), 6.86 — 6.82
(m, 2H), 6.76 (s, 1H), 5.54 (s, 2H), 5.01 (t, J = 1.9 Hz, 2H), 4.28 (t, J = 1.9 Hz, 2H),
3.98 (s, 5H), 2.27 (s, 3H). *C NMR (126 MHz, CDCls) & 151.34, 136.65, 134.81,
130.19, 130.01, 128.65, 128.10, 127.88, 126.72, 115.20, 69.49, 69.02, 67.23, 52.11,
20.87. HRMS exact mass calcd for CygHasFeNsS [M+H]" requires m/z 466.1035,
found m/z 466.1025

1-benzyl-4-((p-tolyloxy)methyl)-5-(p-tolylthio)-1H-1,2,3-triazole. Yellow soild. 57
mg, 71% yield. 155-156°C, PE : EA = 10 : 1. 'H NMR (500 MHz, CDCl3) 6 7.27 —
7.23 (m, 3H), 7.20 (d, J = 1.9 Hz, 2H), 7.06 (d, J = 8.3 Hz, 2H), 6.97 (d, J = 8.2 Hz,
2H), 6.91 (d, J = 8.3 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 5.53 (s, 2H), 5.11 (s, 2H), 2.29
(s, 3H), 2.28 (s, 3H). *C NMR (126 MHz, CDCls) § 155.21, 146.94, 136.47, 133.34,
129.37, 129.08, 128.97, 128.78, 127.65, 127.18, 126.98, 126.94, 114.11, 113.82,
60.00, 51.31, 19.92, 19.46. HRMS exact mass calcd for C4H23N30S [M+H]" requires
m/z 402.1635, found m/z 402.1652.

N=N Ph
N—/"
NS

&)

8q
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1-benzyl-4-phenyl-5-(phenylthio)-1H-1,2,3-triazole.*? Yellow soild. 47mg, 69%
yield. 102-103°C, PE : EA = 10 : 1. *H NMR (500 MHz, CDCls) & 8.10 — 8.03 (m,
2H), 7.40 — 7.31 (m, 3H), 7.25 — 7.18 (m, 5H), 7.18 — 7.06 (m, 3H), 6.90 — 6.84 (m,
2H), 5.57 (s, 2H).**C NMR (126 MHz, CDCls) & 150.81, 134.52, 133.57, 130.14,
129.47, 128.71, 128.68, 128.58, 128.26, 128.06, 127.06, 126.63, 126.54, 122.44,
52.34. HRMS exact mass calcd for Co1H17NsS [M+H]" requires m/z 344.1216, found
m/z 344.1218.

N=N
~ N—/
S

8r

1-benzyl-5-((4-methoxyphenyl)thio)-4-phenyl-1H-1,2,3-triazole. Yellow soild. 54
mg, 72% vyield. 100-101°C, PE : EA = 15 : 1. *H NMR (500 MHz, CDCls) & 8.05 —
7.99 (m, 2H), 7.36 — 7.32 (m, 2H), 7.30 — 7.27 (m, 1H), 7.15 (m, 5H), 6.82 — 6.77 (m,
2H), 6.61 — 6.57 (m, 2H), 5.52 (s, 2H), 3.65 (s, 3H). *C NMR (126 MHz, CDCls) &
157.97, 149.14, 133.69, 129.25, 128.43, 127.65, 127.57, 127.51, 127.13, 126.87,
126.10, 123.04, 122.69, 114.10, 54.33, 51.17. HRMS exact mass calcd for
C22H19N30S [M+H]" requires m/z 374.1322, found m/z 374.1324.

Ph

8s

1-benzyl-5-((4-fluorophenyl)thio)-4-phenyl-1H-1,2,3-triazole. Yellow soild. 43 mg,
60% yield. 136-137°C, PE : EA=15: 1. 'H NMR (500 MHz, CDCl3) & 8.11 — 8.02
(m, 2H), 7.42 — 7.38 (m, 2H), 7.37 — 7.34 (m, 1H), 7.21 (qd, J = 4.5, 2.8 Hz, 5H), 6.83
—6.75 (m, 4H), 5.61 (s, 2H). *C NMR (126 MHz, CDCls) & 162.73, 160.77, 150.68,
134.43, 130.03, 128.84, 128.80, 128.78, 128.71, 128.61, 128.38, 128.28, 127.94,
127.04, 122.78, 116.66, 116.48, 52.39. HRMS exact mass calcd for Cy;H16FN3S
[M+H]" requires m/z 362.1122, found m/z 362.1133.
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1-benzyl-5-((4-chlorophenyl)thio)-4-phenyl-1H-1,2,3-triazole. Yellow soild. 51 mg,
68% yield. 179-180°C, PE : EA =15 : 1. 'H NMR (500 MHz, CDCl3) 6 8.11 —8.00
(m, 2H), 7.41 — 7.34 (m, 3H), 7.24 — 7.18 (m, 5H), 7.08 — 7.03 (m, 2H), 6.81 — 6.70
(m, 2H), 5.60 (s, 2H). **C NMR (126 MHz, CDCls) § 150.97, 134.29, 132.69, 131.96,
129.93, 129.50, 128.87, 128.72, 128.65, 128.29, 128.00, 127.70, 126.99, 121.88,
52.47. HRMS exact mass calcd for CyHigCINsS [M+H]" requires m/z 378.0826,
found m/z 378.0824.

N=N _ph
~ N
[ S
Br
8u

1-benzyl-5-((4-bromophenyl)thio)-4-phenyl-1H-1,2,3-triazole Yellow soild. 55 mg,
65% yield. 215-216°C, PE : EA =15 : 1. 'H NMR (500 MHz, CDCl3) 6 8.14 — 8.01
(m, 2H), 7.42 — 7.34 (m, 3H), 7.26 — 7.15 (m, 7H), 6.71 — 6.61 (m, 2H), 5.60 (s, 2H).
3C NMR (126 MHz, CDCls) & 151.01, 134.28, 132.68, 132.40, 129.93, 128.87,
128.72, 128.64, 128.28, 127.99, 127.91, 126.99, 121.70, 120.51, 52.47. HRMS exact
mass calcd for C21H16BrNsS [M+H]" requires m/z 422.0321, found m/z 422.0333.

N=N _ph
N
54

MeOOC
8v

methyl 4-((1-benzyl-4-phenyl-1H-1,2,3-triazol-5-yl)thio)benzoate. Yellow soild. 57
mg, 72% vyield. 152-153°C, PE : EA = 15 : 1. Colorless oil. 51.5 mg, 83% yield. *H
NMR (500 MHz, CDCls) & 8.04 — 7.97 (m, 2H), 7.78 — 7.72 (m, 2H), 7.39 — 7.33 (m,
3H), 7.24 — 7.15 (m, 5H), 6.86 — 6.78 (m, 2H), 5.60 (s, 2H), 3.88 (s, 3H).**C NMR
(126 MHz, CDCl3) 8 165.25, 150.29, 138.71, 133.08, 129.41, 128.73, 127.92, 127.68,
127.64, 127.36, 127.07, 125.90, 124.27, 119.69, 114.59, 51.58, 51.19. HRMS exact
mass calcd for Co3sH1gN30,S [M+H]" requires m/z 402.1271, found m/z 402.1277.
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5-([1,1'-biphenyl]-4-ylthio)-1-benzyl-4-phenyl-1H-1,2,3-triazole. Brown soild. 52
mg, 62% vyield. 126-127°C, PE : EA = 10 : 1. 'H NMR (500 MHz, CDCls) & 8.19 —
8.06 (m, 2H), 7.47 — 7.43 (m, 2H), 7.38 (ddd, J = 7.9, 6.8, 1.9 Hz, 4H), 7.35 — 7.28 (m,
4H), 7.24 — 7.12 (m, 5H), 6.93 — 6.84 (m, 2H), 5.59 (s, 2H). **C NMR (126 MHz,
CDCl3) & 150.91, 139.96, 139.73, 134.53, 132.48, 130.22, 128.91, 128.78, 128.69,
128.65, 128.21, 128.10, 127.64, 127.11, 126.99, 126.97, 126.86, 122.41, 52.41.
HRMS exact mass calcd for C,7H21N3S [M+H]™ requires m/z 420.1529, found m/z
420.1548.

1-benzyl-5-((4-(tert-butyl)phenylthio)-4-phenyl-1H-1,2,3-triazole. Brown soild.
52 mg, 65% yield. 156-157°C, PE : EA = 10: 1. 'H NMR (500 MHz, CDCls)  8.18 —
8.06 (m, 2H), 7.39 (dd, J = 8.3, 6.6 Hz, 2H), 7.33 (t, J = 7.3 Hz, 1H), 7.18 (s, 5H),
7.15 — 7.10 (m, 2H), 6.82 — 6.78 (m, 2H), 5.57 (s, 2H), 1.23 (s, 9H). **C NMR (126
MHz, CDCl3) & 150.72, 150.00, 134.58, 130.27, 129.93, 128.66, 128.60, 128.58,
128.16, 128.03, 127.12, 126.66, 126.53, 114.97, 52.27, 34.45, 31.20. HRMS exact
mass calcd for CosHzsNsS [M+H]" requires m/z 400.1842, found m/z 400.1845.

8y

1-benzyl-4-phenyl-5-(m-tolylthio)-1H-1,2,3-triazole. Brown soild. 44 mg, 61%
yield. 120-121°C, PE : EA = 10 : 1. *H NMR (500 MHz, CDCl3) § 8.10 — 8.03 (m,
2H), 7.41 — 7.37 (m, 2H), 7.36 — 7.34 (m, 1H), 7.23 (g, J = 3.1 Hz, 5H), 7.04 (t, J =
7.7 Hz, 1H), 6.94 — 6.89 (m, 1H), 6.73 — 6.69 (M, 1H), 6.59 (d, J = 1.9 Hz, 1H), 5.58
(s, 2H), 2.14 (s, 3H). *C NMR (126 MHz, CDCls3) 6 150.79, 139.51, 134.53, 133.29,
130.17, 129.27, 128.68, 128.62, 128.57, 128.24, 128.08, 127.52, 127.07, 126.93,
123.59, 12252, 52.32, 21.31. HRMS exact mass calcd for CHigN3S [M+H]"
requires m/z 358.1372, found m/z 358.1375.
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1-benzyl-5-((3,5-dimethylphenyl)thio)-4-phenyl-1H-1,2,3-triazole. Yellow soild.
45 mg, 60% yield. 143-144°C, PE:EA =15 1. 'H NMR (500 MHz, CDCl3) 6 8.13 —
8.04 (m, 2H), 7.44 — 7.39 (m, 2H), 7.39 — 7.34 (m, 1H), 7.25 (m, 5H), 6.78 — 6.72 (m,
1H), 6.48 (d, J = 1.5 Hz, 2H), 5.60 (s, 2H), 2.14 (s, 6H). *C NMR (126 MHz, CDCls)
d 150.75, 139.26, 134.58, 134.51, 133.06, 130.24, 128.64, 128.56, 128.54, 128.23,
128.12, 127.12, 124.09, 122.66, 52.29, 21.19. HRMS exact mass calcd for Cy3H21N3S
[M+H]" requires m/z 372.1529, found m/z 372.1530.

MeO

OMe
8aa
1-benzyl-5-((3,5-dimethoxyphenyl)thio)-4-phenyl-1H-1,2,3-triazole. Yellow soild.
50 mg, 62% vyield. 230-231°C, PE : EA = 10 : 1. *H NMR (500 MHz, CDClz) & 8.09 —
8.02 (m, 2H), 7.41 — 7.35 (m, 3H), 7.27 — 7.22 (m, 5H), 6.19 (t, J = 2.2 Hz, 1H), 6.00
(d, J = 2.2 Hz, 2H), 5.59 (s, 2H), 3.59 (s, 6H). *C NMR (126 MHz, CDCl3) & 161.33,
151.00, 135.48, 134.55, 130.14, 128.72, 128.62, 128.59, 128.24, 128.08, 127.13,
122.13, 104.45, 99.06, 55.29, 52.34. HRMS exact mass calcd for Cz3H21N30,S
[M+H]" requires m/z 404.1427, found m/z 404.1425.

N=N  Ph

S
Br

1-benzyl-5-((2-bromophenyl)thio)-4-phenyl-1H-1,2,3-triazole. Yellow soild. 52 mg,
62% yield. 130-131°C, PE : EA =10 : 1. 'H NMR (500 MHz, CDCl3) 6 7.99 — 7.91
(m, 2H), 7.41 (dd, J = 7.8, 1.4 Hz, 1H), 7.33 — 7.25 (m, 3H), 7.19 — 7.17 (m, 2H), 7.10
—7.05 (m, 3H), 6.84 (dd, J = 7.7, 1.6 Hz, 1H), 6.76 (dd, J = 7.8, 1.4 Hz, 1H), 6.06 (dd,
J = 8.0, 1.5 Hz, 1H), 5.52 (s, 2H). **C NMR (126 MHz, CDCls) § 150.38, 138.56,
133.77, 132.94, 132.01, 128.75, 127.86, 127.64, 127.57, 127.27, 127.08, 126.26,
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125.82, 125.23, 120.38, 119.22, 51.58. HRMS exact mass calcd for C,;H16BrNsS
[M+H]" requires m/z 422.0321, found m/z 422.0323.

1-benzyl-5-(methylthio)-4-phenyl-1H-1,2,3-triazole. Yellow soild. 34 mg, 60%
yield. 50-51°C, PE : EA =10 : 1. *H NMR (500 MHz, CDCl3) § 8.21 — 7.98 (m, 2H),
7.39 — 7.35 (m, 2H), 7.31 — 7.26 (m, 6H), 5.62 (s, 2H), 1.87 (s, 3H). *C NMR (126
MHz, CDCl3) & 148.75, 135.40, 130.69, 128.90, 128.62, 128.52, 128.43, 128.32,
127.81, 126.74, 52.12, 18.47. HRMS exact mass calcd for CigHisN3S [M+H]
requires m/z 282.1059, found m/z 282.1063.

8ad

1-benzyl-4-phenyl-5-(propylthio)-1H-1,2,3-triazole. Yellow oil. 48 mg, 77% vyield.
PE: EA =20:1.'"H NMR (500 MHz, CDCls) & 8.22 — 8.10 (m, 2H), 7.47 — 7.42 (m,
2H), 7.40 — 7.28 (m, 6H), 5.70 (s, 2H), 2.38 — 2.28 (m, 2H), 1.34 — 1.30 (m, 2H), 0.76
(t, J = 7.3 Hz, 3H). **C NMR (126 MHz, CDCl3) & 134.38, 129.73, 127.82, 127.55,
127.50, 127.34, 127.26, 126.73, 125.86, 124.70, 50.98, 36.81, 21.54, 11.99. HRMS
exact mass calcd for C1gH19N3S [M+H]" requires m/z 310.1372, found m/z 310.1374.

N=N, JPh
N
@) S

8ae

1-benzyl-5-(cyclohexylthio)-4-phenyl-1H-1,2,3-triazole. Yellow soild. 38 mg, 65%
yield. 115-116°C, PE : EA = 20 : 1. *H NMR (500 MHz, CDCl3) & 8.23 — 8.16 (m,
2H), 7.43 (dd, J = 8.3, 6.8 Hz, 2H), 7.38 — 7.30 (m, 6H), 5.70 (s, 2H), 1.57 (s, 10H).
3C NMR (126 MHz, CDCl3) & 149.59, 135.53, 130.95, 128.82, 128.43, 128.29,
128.27, 127.78, 127.04, 124.95, 51.97, 49.04, 33.07, 25.73, 25.26. HRMS exact mass
caled for C1H23N3S [M+H]" requires m/z 350.1685, found m/z 350.1682.

25



8af

1-benzyl-5-(benzylthio)-4-phenyl-1H-1,2,3-triazole. Brown soild. 42 mg, 59% yield.
75-76°C, PE : EA =7 : 1. '"H NMR (500 MHz, CDCls)  8.18 — 8.08 (m, 2H), 7.46 —
7.41 (m, 2H), 7.38 — 7.28 (M, 4H), 7.26 — 7.23 (m, 2H), 7.20 — 7.14 (m, 3H), 6.86 (dd,
J=17.6,2.0 Hz, 2H), 5.24 (s, 2H), 3.55 (s, 2H). *C NMR (126 MHz, CDCls) & 149.57,
136.05, 135.33, 130.66, 128.84, 128.76, 128.69, 128.56, 128.44, 128.28, 127.85,
127.82, 126.83, 124.53, 51.64, 40.13. HRMS exact mass calcd for Co;H19N3S [M+H]"
requires m/z 358.1372, found m/z 358.1372.

OMe

1-(4-methoxybenzyl)-4-phenyl-5-(p-tolylthio)-1H-1,2,3-triazole. Brown soild. 42
mg, 63% yield. 75-76°C, PE : EA = 7 : 1. *H NMR (500 MHz, CDCl5) § 8.13 — 7.97
(m, 2H), 7.23 (s, 5H), 6.99 — 6.88 (m, 4H), 6.84 — 6.73 (m, 2H), 5.57 (s, 2H), 3.82 (5,
3H), 2.26 (s, 3H). *C NMR (126 MHz, CDCl3) & 159.98, 150.49, 136.68, 134.75,
130.19, 130.11, 128.63, 128.40, 128.10, 128.00, 126.83, 122.90, 122.01, 114.00,
55.25, 52.20, 20.86. HRMS exact mass calcd for CsHz1N3OS [M+H]" requires m/z

388.1478, found m/z 388.1477.
=N
=~
PhJ\{

S

/@ 8ah

phenethyl-4-phenyl-5-(p-tolylthio)-1H-1,2,3-triazole. Brown soild. 49 mg, 66%
yield. 75-76°C, PE : EA = 7 : 1. *H NMR (500 MHz, CDCl3) & 8.10 — 8.02 (m, 2H),
7.44 —7.37 (m, 2H), 7.37 — 7.32 (m, 1H), 7.27 — 7.22 (m, 2H), 7.13 — 7.07 (m, 2H),
7.02 (s, 2H), 6.93 — 6.87 (m, 2H), 6.76 — 6.74 (m, 1H), 4.64 — 4.56 (m, 2H), 3.17 —
3.08 (m, 2H), 2.26 (s, 3H). *C NMR (126 MHz, CDCls) § 153.63, 150.21, 137.12,
137.03, 130.44, 130.01, 128.81, 128.73, 128.67, 128.60, 127.18, 126.99, 123.35,
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115.20, 49.73, 36.45, 20.92. HRMS exact mass calcd for Co3H,1N3S [M+H]" requires
m/z 372.1529, found m/z 372.1528.

Z
\
b4

-

Ph

T

S

.

1-(naphthalen-2-ylmethyl)-4-phenyl-5-(p-tolylthio)-1H-1,2,3-triazole. Brown soild.
59 mg,73% yield. 261-262°C, PE : EA =6 : 1. '"H NMR (500 MHz, CDCls) & 8.12 (dt,
J=6.7, 1.4 Hz, 2H), 7.78 — 7.73 (m, 1H), 7.69 (d, J = 8.5 Hz, 1H), 7.65 — 7.60 (m,
1H), 7.51 (d, J = 1.7 Hz, 1H), 7.46 — 7.34 (m, 6H), 6.80 — 6.66 (m, 4H), 5.75 (s, 2H),
2.07 (s, 3H). **C NMR (126 MHz, CDCls) & 150.83, 136.63, 133.04, 132.94, 131.80,
130.26, 130.00, 129.73, 128.67, 128.57, 128.52, 127.95, 127.57, 127.42, 127.08,
126.73, 126.27, 126.20, 125.37, 123.09, 52.54, 20.70. HRMS exact mass calcd for
C26H2:N3S [M+H]" requires m/z 408.1529, found m/z 408.1524.

N:N\ \/:/
~ N
PhJ\(

S

(E)-1-(but-2-en-1-yI)-4-phenyl-5-(p-tolylthio)-1H-1,2,3-triazole Brown soild. 38
mg, 59% vyield. 49-50°C, PE : EA =8: 1. 'H NMR (500 MHz, CDCl3) & 7.98 (dd, J =
8.4, 1.4 Hz, 2H), 7.69 — 7.57 (m, 2H), 7.54 — 7.46 (m, 3H), 7.42 — 7.33 (m, 2H), 3.56
(s, 3H), 3.23 (s, 3H), 1.26 (s, 2H), 0.99 — 0.86 (m, 2H).**C NMR (126 MHz, CDCl3) §
147.72, 134.35, 129.88, 129.64, 127.88, 127.60, 127.41, 127.30, 126.79, 125.68,
64.54, 51.10, 29.56, 17.45, 12.71. HRMS exact mass calcd for Ci1gH19N3S [M+H]"
requires m/z 322.1372, found m/z 322.1377.

0
N=N
J\{N\/‘N l ]
~
Ph 4

S

g 8ak

2-(2-(4-phenyl-5-(p-tolylthio)-1H-1,2,3-triazol-1-yl)ethyl)isoindoline-1,3-dione.
Brown soild. 42 mg, 68% vyield. 172-173°C, PE : EA = 6 : 1. *H NMR (500 MHz,
CDCl3) 6 8.14 — 8.07 (m, 2H), 7.44 — 7.40 (m, 2H), 7.39 — 7.34 (m, 1H), 7.30 — 7.24
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(m, 3H), 7.14 — 7.09 (m, 2H), 7.04 (d, J = 8.1 Hz, 2H), 6.95 — 6.87 (m, 2H), 4.63 —
455 (m, 2H), 3.17 — 3.09 (m, 2H), 2.27 (s, 3H). *C NMR (126 MHz, CDCls) &
159.01, 150.21, 137.05, 130.43, 130.28, 130.17, 128.82, 128.73, 128.63, 128.59,
127.11, 127.08, 126.99, 123.14, 49.69, 36.49, 20.95. HRMS exact mass calcd for
C25H20N40,S [M+H]" requires m/z 441.1380, found m/z 441.1385.

N=N
<
Ph/l\(

1,4-diphenyl-5-(p-tolylthio)-1H-1,2,3-triazole. Yellow soild. 48 mg, 70% yield.
111-112°C, PE: EA=10: 1. 'H NMR (500 MHz, CDCl3) 6 8.22 — 8.13 (m, 2H), 7.51
—7.36 (m, 8H), 6.96 (d, J = 8.0 Hz, 2H), 6.86 — 6.77 (m, 2H), 2.24 (s, 3H). *C NMR
(126 MHz, CDCl3) 6 150.41, 137.11, 136.15, 130.24, 130.14, 129.65, 129.01, 128.72,
128.58, 127.95, 127.39, 125.82, 124.63, 121.48, 20.90. HRMS exact mass calcd for
C21H17NsS [M+H]" requires m/z 344.1216, found m/z 344.1205.

(4-methoxyphenyl)-4-phenyl-5-(p-tolylthio)-1H-1,2,3-triazole. Brown soild. 45mg,
60% yield. 172-173°C, PE : EA =6 : 1. "H NMR (500 MHz, CDCl3) § 8.21 — 8.11 (m,
2H), 7.45 (dd, J = 8.3, 6.6 Hz, 2H), 7.40 — 7.37 (m, 1H), 7.35 — 7.32 (m, 2H), 7.03 (d,
J =8.0 Hz, 1H), 6.99 — 6.94 (m, 3H), 6.84 — 6.82 (m, 1H), 6.78 — 6.70 (m, 1H), 3.86
(s, 3H), 2.26 (s, 3H). *C NMR (126 MHz, CDCls) 5 159.48, 152.38, 149.25, 136.02,
129.15, 129.02, 127.67, 127.57, 126.81, 126.33, 126.13, 123.70, 114.10, 113.17,
54.57, 19.91. HRMS exact mass calcd for CxHioN3OS [M+H]" requires m/z
374.1322, found m/z 374.1314.

1-(naphthalen-2-yl)-4-phenyl-5-(p-tolylthio)-1H-1,2,3-triazole. Brown soild. 42 mg,
53% vyield. 142-143°C, PE : EA =6 : 1. *H NMR (500 MHz, CDCls) 5 8.27 — 8.15 (m,
2H), 7.98 — 7.87 (m, 3H), 7.86 — 7.75 (m, 1H), 7.64 — 7.53 (m, 3H), 7.51 — 7.43 (m,
2H), 7.44 — 7.36 (m, 1H), 7.00 — 6.90 (m, 2H), 6.90 — 6.79 (m, 2H), 2.23 (s, 3H). **C
NMR (126 MHz, CDCl3) 6 174.91, 150.52, 137.17, 133.50, 133.32, 132.79, 130.32,
130.17, 129.04, 128.77, 128.63, 128.47, 128.04, 127.86, 127.42, 127.40, 127.07,
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124.93, 124.89, 123.24, 20.90. HRMS exact mass calcd for CysHigN3S [M+H]"
requires m/z 394.1372, found m/z 394.1374.

1-benzyl-4-phenyl-5-(phenylselanyl)-1H-1,2,3-triazoleRed oil.> Red soild. 58 mg,
74% yield. 210-211°C, PE : EA = 10 : 1. *H NMR (500 MHz, CDCl3) § 8.07 — 8.00
(m, 2H), 7.41 — 7.35 (m, 3H), 7.22 (s, 5H), 7.16 — 7.09 (m, 3H), 7.00 — 6.96 (m, 2H),
5.66 (s, 2H)."*C NMR (126 MHz, CDCl3) & 134.85, 130.48, 129.75, 129.70, 129.25,
128.68, 128.56, 128.47, 128.44, 127.93, 127.87, 127.52, 127.48, 127.25, 53.16.
HRMS exact mass calcd for C,;Hi7N3Se [M+H]" requires m/z 392.0660, found m/z

392.0661.
N=N \Q
<N

Se

8ap

1-benzyl-4-phenyl-5-(p-tolylselanyl)-1H-1,2,3-triazole.® Yellow soild. 62 mg, 76%
yield. 232-233°C, PE : EA = 10 : 1. *H NMR (500 MHz, CDCl3) & 8.06 (dt, J = 6.3,
1.3 Hz, 2H), 7.42 — 7.38 (m, 2H), 7.37 — 7.33 (m, 1H), 7.30 — 7.19 (m, 5H), 6.97 —
6.86 (m, 4H), 5.65 (s, 2H), 2.25 (s, 3H). *C NMR (126 MHz, CDCls) & 151.36,
137.48, 135.00, 130.66, 130.48, 129.77, 128.68, 128.49, 128.45, 128.10, 127.88,
127.52, 125.73, 118.34, 53.07, 20.96. HRMS exact mass calcd for CyHigN3Se
[M+H]" requires m/z 406.0817, found m/z 406.0819.

Cl

8aq

benzyl-5-((4-chlorophenyl)selanyl)-4-phenyl-1H-1,2,3-triazole.> Brown soild. 59
mg, 70% yield. 198-199°C, PE : EA = 10 : 1. 'H NMR (400 MHz, CDCls) *H NMR
(500 MHz, CDCl3) & 8.05 — 7.97 (m, 2H), 7.42 — 7.35 (m, 3H), 7.24 — 7.17 (m, 5H),
7.07 — 6.99 (M, 2H), 6.86 — 6.79 (M, 2H), 5.67 (s, 2H). **C NMR (126 MHz, CDCls) &
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151.73, 134.65, 133.50, 130.52, 130.46, 130.35, 129.73, 128.73, 128.55, 128.22,
127.85, 127.64, 127.44, 117.43, 53.27. HRMS exact mass calcd for C,;H16CIN3Se
[M+H]" requires m/z 426.0271, found m/z 426.0270.

N=N _ph
N
Se

8ar

benzyl-5-(phenylselanyl)-4-(p-tolyl)-1H-1,2,3-triazole. Brown soild. 61 mg, 75%
yield. 201-202°C, PE : EA=10: 1. 'H NMR (500 MHz, CDCls) 6 8.29 (dd, J = 7.7,
1.8 Hz, 1H), 8.18 — 8.05 (m, 2H), 8.01 — 7.88 (m, 2H), 7.69 (d, J = 9.1 Hz, 1H), 7.64
—7.60 (m, 1H), 7.56 — 7.46 (m, 4H), 7.22 (d, J = 8.0 Hz, 2H), 7.07 (d, J = 7.8 Hz, 2H).
3C NMR (126 MHz, CDCls) & 153.31, 148.89, 135.74, 135.24, 132.53, 130.38,
129.89, 129.35, 128.30, 128.13, 127.40, 125.14, 123.80, 112.84, 30.94, 21.03. HRMS
exact mass calcd for CxHigNsSe [M+H]™ requires m/z 406.0817, found m/z
406.0833.

8as

benzyl-4-(4-chlorophenyl)-5-(phenylthio)-1H-1,2,3-triazole Brown soild. 53 mg,
62% yield. 186-187°C, PE : EA =10 : 1. 'H NMR (500 MHz, CDCl3) 6 8.21 — 8.16
(m, 1H), 8.15 - 8.09 (m, 2H), 7.99 — 7.90 (m, 2H), 7.69 (d, J = 9.0 Hz, 1H), 7.62 (t, J
= 7.5 Hz, 1H), 7.54 — 7.50 (m, 3H), 7.23 (q, J = 8.5 Hz, 4H), 4.94 (s, 2H). **C NMR
(126 MHz, CDCl3) 5 152.29, 136.84, 135.82, 131.64, 129.52, 128.86, 128.54, 128.46,
127.73, 127.31, 126.46, 124.22, 122.40, 111.80, 29.76. HRMS exact mass calcd for
C21H16CIN3Se [M+H]" requires m/z 426.0271, found m/z 426.0277.

N=N, _ph
N
Se

8at

benzyl-5-(phenylselanyl)-4-(m-tolyl)-1H-1,2,3-triazole Yellow soild. 48 mg, 59%
yield. 155-156°C, PE : EA = 10 : 1. *H NMR (500 MHz, CDCl3)  8.19 — 8.13 (m,
1H), 7.99 — 7.91 (m, 2H), 7.89 — 7.83 (m, 1H), 7.81 (d, J = 9.1 Hz, 1H), 7.60 (d, J =
9.0 Hz, 1H), 7.43 — 7.36 (m, 2H), 7.25 — 7.22 (m, 3H), 7.19 — 7.13 (m, 2H), 7.12 —
7.04 (m, 1H), 4.89 (s, 2H), 2.37 (s, 3H). *C NMR (126 MHz, CDCls) & 152.13,
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148.11, 142.36, 137.39, 134.39, 129.16, 129.03, 128.29, 127.99, 127.57, 127.20,
126.27, 125.20, 124.04, 122.69, 111.78, 30.28, 20.70. HRMS exact mass calcd for
C22H19N3Se [M+H]" requires m/z 406.0817, found m/z 406.0821.

S<
e

16

1,2-diphenyldisulfane* White soild. *H NMR (500 MHz, CDCls) § 7.52 — 7.46 (m,
4H), 7.32 — 7.27 (m, 4H), 7.24 — 7.19 (m, 2H).

References

1. Ding, S., Jia, G. & Sun, J. Iridium-Catalyzed Intermolecular Azide—Alkyne
Cycloaddition of Internal Thioalkynes under Mild Conditions. Angew. Chem. Int.
Ed. 53, 1877 —1880 (2014)

2. Song, W., Zheng, N., Li, M., He, J., Li, J,, Dong, K., Ullah, K. & Zheng, Y.
Rhodium(l)-Catalyzed Regioselective Azide-internal Alkynyl Trifluoromethyl Sulfide
Cycloaddition and Azide-internal Thioalkyne Cycloaddition under Mild Conditions.
Adv. Synth. Catal. 361, 469 — 475 (2019)

3. Cui, F. et al. Copper-Catalyzed Decarboxylative/Click Cascade Reaction:
Regioselective Assembly of 5-Selenotriazole Anticancer Agents. Org. Lett. 20,
925-929 (2018)

4. Ge, X., Cheng, L., Sun, F., Liu, X., Chen, X., Qian, C. & Zhou, S. Mechanistic and
experimental study on copper-catalyzed C3-sulfenylation of indoles with sulfur
powder and aryl iodides. Catal. Commun. 123, 32-37 (2019)

31
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