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1. General Information

Unless otherwise indicated, all commercial reagents and solvents were used without additional purification. 

Ammonium-15N chloride (abundance: ≥98 atom % 15N, chemical purity ≥ 98%) was purchased from Aladdin 

Reagents.1H NMR spectra were recorded with Bruker AVANCE 600M or AVANCE 400M NMR spectrometer. 

Chemical shifts (in ppm) were referenced to tetramethylsilane in CDCl3 as an internal standard. 13C NMR spectra were 

obtained by the same NMR spectrometer and were calibrated with CDCl3. HRMS were recorded on an AB SCIEX 

Triple TOF 6600 LC/MS (ESI) or Aglient 7250& JEOL-JMS-T100LP AccuTOF (EI).

2. Experimental Procedure 

2.1 Table S1  Optimization of reaction conditions a

N
N

+
Additive

Solvent, r.t.

O

O
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N
N

Ph

S

N

N
Ph

Ph

1a 2 3a

Entry Additive Solvent Yield (%)b

1 NH4I EtOAc 71
2 NaI EtOAc 95
3 TBAI EtOAc 78
4 I2 EtOAc trace
5 NIS EtOAc 9
6 I2O5 EtOAc trace
7 NaIO4 EtOAc trace
8 PhI(OAc)2 EtOAc trace
9c NaI EtOAc 38
10 - EtOAc 0
11 NaI DCE 68
12 NaI THF trace
13 NaI CH3CN 86
14 NaI DMSO 67
15 NaI EtOH 45
16 NaI PhMe 51
17d NaI EtOAc 87
18e NaI EtOAc 83

a Reaction conditions: 1a (0.3 mmol), 2 (0.55 mmol), additive (0.3 mmol), solvent 
(2 mL), room temperature, 15 minutes. b Isolated yield. c NaI (0.06 mmol) was 
used. d 0.5 mmol of 2 was used. e 0.6 mmol of 2 was used.
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2.2 Synthesis of sulfur-bridged imidazopyridines 3

Imidazopyridines (0.3 mmol), NaI (0.3 mmol) and EtOAc (2 mL) were successively added to a 10 

mL sealed tube, followed by addition of BAST (0.55 mmol). The mixture was stirred at room 

temperature for 15 minutes. The reaction was quenched with 20% aqueous sodium carbonate and 

extracted with CH2Cl2. The combined organic layers were dried over Na2SO4, filtered, and evaporated 

under vacuum. The residue was purified by column chromatography on silica gel to afford the desired 

sulfur-bridged imidazopyridines 3.

2.3 Synthesis of 1,2,4-thiadiazoles 4

Method A: Imidazo[1,5-a]pyridines (0.3 mmol), NH4I (0.3 mmol), and EtOAc (2 mL) were 

successively added to a 10 mL sealed tube, followed by addition of BAST (0.6 mmol). The mixture was 

stirred at room temperature for 12 h. The reaction was quenched with 20% aqueous sodium carbonate 

and extracted with CH2Cl2. The combined organic layers were dried over Na2SO4, filtered, and 

evaporated under vacuum. The residue was purified by column chromatography on silica gel to afford 

the 1,2,4-thiadiazoles 4.

Method B: Imidazo[1,5-a]pyridines (0.3 mmol), NaI (0.3 mmol), NH4Cl (0.6 mmol), and EtOAc (2 

mL) were successively added to a 10 mL sealed tube, followed by addition of BAST (0.6 mmol). The 

mixture was stirred at room temperature for 12 h. The reaction was quenched with 20% aqueous sodium 

carbonate and extracted with CH2Cl2. The combined organic layers were dried over Na2SO4, filtered, and 

evaporated under vacuum. The residue was purified by column chromatography on silica gel to afford 

the 1,2,4-thiadiazoles 4.
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3. 15N Labeling Experiment

+ N
S N15

N

4l

15NH4Cl, NaI

EtOAc, rt

N
N

O

O
N SF3

1-phenylimidazo[1,5-a]quinoline (1t, 0.3 mmol), NaI (0.3 mmol), 15NH4Cl (0.6 mmol), and EtOAc (2 
mL) were successively added to a 10 mL sealed tube, followed by addition of BAST (0.6 mmol). The 
mixture was stirred at room temperature for 12 h. The reaction was quenched with 20% aqueous sodium 
carbonate and extracted with CH2Cl2. The combined organic layers were dried over Na2SO4, filtered, and 
evaporated under vacuum. The residue was purified by column chromatography on silica gel to afford 
the 15N-labeled product 4l in 78% yield.

4l: 1H NMR (400 MHz, CDCl3) δ 8.44-8.38 (m, 3H), 8.33 (d, J = 8.5 Hz, 1H), 8.16 (d, J = 8.5 Hz, 1H), 
7.87 (d, J = 8.1 Hz, 1H), 7.78 (t, J = 7.7 Hz, 1H), 7.62 (t, J = 7.6 Hz, 1H), 7.55-7.48 (m, 3H).; 13C NMR 
(100 MHz, CDCl3) δ 189.4, 173.9 (d, J = 3 Hz ), 149.1, 147.9, 137.6, 133.0 (d, J = 8 Hz ), 130.4, 130.4, 
129.7, 129.3, 128.8, 128.3 (d, J = 2 Hz ), 128.1, 127.8, 118.1; HRMS (ESI): calcd for C17H12

15NN2S 
[M+H]+ 291.0717, found 291.0719.



S4

4. Characterization Data of Products

N
N

S

N

N

bis(3-phenylimidazo[1,5-a]pyridin-1-yl)sulfane (3a): mp: 205-208 °C; 1H NMR (600 MHz, CDCl3) δ 
8.17 (dd, J = 7.2, 1.2 Hz, 2H), 8.08 (d, J = 9.2 Hz, 2H), 7.76-7.73 (m, 4H), 7.50-7.46 (m, 4H), 7.41 (t, J 
= 7.4 Hz, 2H), 6.85 (dd, J = 9.2, 6.4 Hz, 2H), 6.59 (td, J = 6.9, 6.3, 1.2 Hz, 2H); 13C NMR (150 MHz, 
CDCl3) δ 137.7, 133.7, 129.4, 129.0, 128.9, 128.2, 122.6, 121.6, 120.5, 119.5, 114.0; HRMS (ESI): calcd 
for C26H19N4S [M+H]+ 419.1330, found 419.1325.

N
N

Cl

N

N

Cl

S

bis(3-(2-chlorophenyl)imidazo[1,5-a]pyridin-1-yl)sulfane (3b): mp: 170-172 °C; 1H NMR (400 MHz, 
CDCl3) δ 7.96 (dd, J = 9.2, 1.2 Hz, 1H), 7.56 – 7.52 (m, 2H), 7.48 (dd, J = 7.8, 1.5 Hz, 1H), 7.41-7.33 
(m, 2H), 6.82 (dd, J = 9.2, 6.3 Hz, 1H), 6.58-6.54 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 135.3, 134.2, 
133.4, 133.2, 130.9, 129.9, 128.9, 127.2, 122.7, 122.5, 120.4, 119.0, 113.3; HRMS (ESI): calcd for 
C26H17Cl2N4S [M+H]+ 487.0551, found 487.0546.

N
N

Cl

N

N

Cl

S

bis(3-(3-chlorophenyl)imidazo[1,5-a]pyridin-1-yl)sulfane (3c): mp: 163-165 °C; 1H NMR (400 MHz, 
CDCl3) δ 8.12 (d, J = 7.2 Hz, 2H), 7.99 (dt, J = 9.2, 1.3 Hz, 2H), 7.72 (t, J = 1.8 Hz, 2H), 7.58 (dt, J = 
7.5, 1.7 Hz, 2H), 7.38 – 7.30 (m, 4H), 6.83 (dd, J = 9.2, 6.4 Hz, 2H), 6.60 – 6.56 (m, 2H).; 13C NMR 
(100 MHz, CDCl3) δ 136.4, 134.9, 133.9, 131.5, 130.2, 128.8, 128.1, 125.9, 123.4, 121.4, 120.7, 119.3, 
114.2; HRMS (ESI): calcd for C26H17Cl2N4S [M+H]+ 487.0551, found 487.0546.

N
N

Cl

N

N

Cl

S

bis(3-(4-chlorophenyl)imidazo[1,5-a]pyridin-1-yl)sulfane (3d): mp: 189-192 °C; 1H NMR (400 MHz, 
CDCl3) δ 8.13 – 8.06 (m, 4H), 7.70 – 7.67 (m, 4H), 7.46 – 7.43 (m, 4H), 6.88 (ddd, J = 9.2, 6.4, 0.9 Hz, 
2H), 6.65-6.61 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 136.8, 134.8, 133.9, 129.4, 129.3, 128.3, 123.3, 
121.5, 120.6, 119.5, 114.2; HRMS (ESI): calcd for C26H17Cl2N4S [M+H]+ 487.0551, found 487.0546.
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N N

N
N

S

bis(2-phenylimidazo[1,2-a]pyridin-3-yl)sulfane (3e): pale yellow solid, mp: 249-252 °C; 1H NMR 
(600 MHz, CDCl3) δ 8.10-8.09 (m, 4H), 7.62-7.59 (m, 4H), 7.56-7.53 (m, 4H), 7.49 (d, J = 8.9 Hz, 2H), 
7.09-7.06 (m, 2H), 6.33 (td, J = 6.9, 1.1 Hz, 2H); 13C NMR (150 MHz, CDCl3) δ 150.8, 146.5, 133.7, 
129.5, 128.9, 128.6, 126.4, 125.3, 117.3, 112.6, 107.5; HRMS (ESI): calcd for C26H19N4S [M+H]+ 
419.1330, found 419.1325.

N N

CH3
NN

H3C

S

bis(2-(p-tolyl)imidazo[1,2-a]pyridin-3-yl)sulfane (3f): pale yellow solid, mp: 262-263 °C; 1H NMR 
(600 MHz, CDCl3) δ 8.03-8.02 (m, 4H), 7.60 (dt, J = 6.9, 1.2 Hz, 2H), 7.53 (d, J = 8.9 Hz, 2H), 7.42 (d, 
J = 7.9 Hz, 4H), 7.12 (ddd, J = 8.5, 6.8, 1.3 Hz, 2H), 6.38 (td, J = 6.9, 1.2 Hz, 2H), 2.52 (s, 6H); 13C 
NMR (150 MHz, CDCl3) δ 150.5, 146.2, 139.0, 130.4, 129.4, 129.3, 126.6, 125.4, 117.2, 112.8, 107.0, 
21.5; HRMS (ESI): calcd for C28H23N4S [M+H]+ 447.1643, found 447.1657.

N N
O

NN
O

S

bis(2-(2-methoxyphenyl)imidazo[1,2-a]pyridin-3-yl)sulfane (3g): pale yellow solid, mp: 196-197 °C; 
1H NMR (600 MHz, CDCl3) δ 7.55-7.52 (m, 4H), 7.51-7.48 (m, 4H), 7.17 (td, J = 7.4, 1.0 Hz, 2H), 7.13 
(dd, J = 8.7, 1.0 Hz, 2H), 7.09 (ddd, J = 8.9, 6.8, 1.4 Hz, 2H), 6.42 (td, J = 6.8, 1.2 Hz, 2H), 3.84 (s, 6H); 
13C NMR (150 MHz, CDCl3) δ 157.5, 148.5, 146.4, 132.6, 130.5, 125.6, 124.9, 123.1, 120.6, 117.4, 
112.2, 111.2, 109.8, 55.6; HRMS (ESI): calcd for C28H23N4O2S [M+H]+ 479.1536, found 479.1541.

N N

O
NN

O S

bis(2-(3-methoxyphenyl)imidazo[1,2-a]pyridin-3-yl)sulfane (3h): pale yellow solid, mp: 153-155 °C; 
1H NMR (600 MHz, CDCl3) δ 7.73 (dt, J = 7.6, 1.2 Hz, 2H), 7.65-7.64 (m, 4H), 7.60 (d, J = 9.0 Hz, 2H), 
7.54 (t, J = 7.9 Hz, 2H), 7.18 (ddd, J = 8.5, 6.9, 1.2 Hz, 2H), 7.13 (ddd, J = 8.3, 2.6, 0.9 Hz, 2H), 6.45 (td, 
J = 6.9, 1.1 Hz, 2H), 3.95 (s, 6H); 13C NMR (150 MHz, CDCl3) δ 159.9, 149.9, 145.9, 134.1, 129.8, 
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127.3, 125.5, 122.0, 117.1, 115.7, 114.3, 113.3, 107.5, 55.6; HRMS (ESI): calcd for C28H23N4O2S 
[M+H]+ 479.1536,

N N

O
NN

O

S

bis(2-(4-methoxyphenyl)imidazo[1,2-a]pyridin-3-yl)sulfane (3i): pale yellow solid, mp: 221-223 °C; 
1H NMR (600 MHz, CDCl3) δ 8.11-8.08 (m, 4H), 7.63 (dt, J = 6.9, 1.2 Hz, 2H), 7.59 (d, J = 8.9 Hz, 2H), 
7.18-7.14 (m, 6H), 6.46 (td, J = 6.9, 1.1 Hz, 2H), 3.95 (s, 6H); 13C NMR (150 MHz, CDCl3) δ 160.5, 
149.6, 145.8, 130.9, 127.2, 125.4, 125.1, 116.9, 114.2, 113.2, 106.5, 55.5; HRMS (ESI): calcd for 
C28H23N4O2S [M+H]+ 479.1542, found 479.1538.

NN

F
N N

F

S

bis(2-(4-fluorophenyl)imidazo[1,2-a]pyridin-3-yl)sulfane (3j): pale yellow solid, mp: 249-252 °C; 1H 
NMR (400 MHz, CDCl3) δ 8.14 – 8.09 (m, 4H), 7.57 (ddt, J = 16.8, 9.0, 1.1 Hz, 4H), 7.35 – 7.29 (m, 
4H), 7.17 (ddd, J = 8.9, 6.8, 1.3 Hz, 2H), 6.46 (td, J = 6.8, 1.2 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 
163.5 (1JCF = 248 Hz), 149.8, 146.4, 131.4 (3JCF = 8 Hz), 129.7 (4JCF = 2 Hz), 127.0, 125.2, 117.5, 115.9 
(2JCF = 21 Hz), 113.1, 107.1; HRMS (ESI): calcd for C26H17F2N4S [M+H]+ 455.1141, found 455.1165.

N N

Cl
NN

Cl

S

bis(2-(4-chlorophenyl)imidazo[1,2-a]pyridin-3-yl)sulfane (3k): pale yellow solid, mp: 295-297 °C; 
1H NMR (600 MHz, CDCl3) δ 8.10-8.08 (m, 4H), 7.62-7.59 (m, 8H), 7.21 (td, J = 7.0, 3.4 Hz, 2H), 6.52-
6.50 (m, 2H); 13C NMR (150 MHz, CDCl3) δ 149.0, 146.1, 135.4, 131.4, 130.7, 129.0, 127.4, 125.1, 
117.4, 113.5, 107.1; HRMS (ESI): calcd for C26H17Cl2N4S [M+H]+ 487.0545, found 487.0548.

N N

S

NN

S S

bis(2-(thiophen-2-yl)imidazo[1,2-a]pyridin-3-yl)sulfane (3l): pale yellow solid, mp: 218-219 °C; 1H 
NMR (600 MHz, CDCl3) δ 8.17 (dd, J = 3.6, 1.0 Hz, 2H), 7.94 (dt, J = 6.9, 1.1 Hz, 2H), 7.56-7.52 (m, 
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4H), 7.29 (dd, J = 5.1, 3.6 Hz, 2H), 7.14 (ddd, J = 8.6, 6.9, 1.2 Hz, 2H), 6.55 (td, J = 6.8, 1.1 Hz, 2H); 
13C NMR (150 MHz, CDCl3) δ 146.8, 145.2, 136.5, 127.9, 127.4, 126.7, 125.2, 117.3, 113.2, 104.5; 
HRMS (ESI): calcd for C22H15N4S3 [M+H]+ 431.0459, found 431.0453.

N N

NN

S

bis(2-(naphthalen-1-yl)imidazo[1,2-a]pyridin-3-yl)sulfane (3m): pale yellow solid, mp: 258-260 °C; 
1H NMR (600 MHz, CDCl3) δ 8.68-8.63 (m, 2H), 8.30 (dd, J = 8.4, 1.7 Hz, 2H), 8.10 (d, J = 8.5 Hz, 2H), 
8.06-8.04 (m, 2H), 8.00-7.98 (m, 2H), 7.63-7.56 (m, 8H), 7.09 (ddd, J = 8.7, 6.9, 1.3 Hz, 2H), 6.18 (td, J 
= 6.9, 1.1 Hz, 2H); 13C NMR (150 MHz, CDCl3) δ 150.2, 146.3, 133.5, 133.3, 130.5, 129.0, 128.7, 128.4, 
127.9, 126.9, 126.9, 126.8, 126.6, 125.3, 117.2, 113.0, 107.3; HRMS (ESI): calcd for C34H23N4S [M+H]+ 
519.1643, found 519.1638.

N N

NN

S

bis(2-(tert-butyl)imidazo[1,2-a]pyridin-3-yl)sulfane (3n): pale yellow oil; 1H NMR (600 MHz, 
CDCl3) δ 7.83 (dt, J = 6.9, 1.2 Hz, 2H), 7.54 (dt, J = 8.9, 1.2 Hz, 2H), 7.06 (ddd, J = 8.8, 6.8, 1.3 Hz, 
2H), 6.54 (td, J = 6.9, 1.2 Hz, 2H), 1.64 (s, 18H); 13C NMR (150 MHz, CDCl3) δ 158.0, 145.0, 124.6, 
123.6, 117.3, 112.5, 102.6, 34.1, 30.7; HRMS (ESI): calcd for C22H27N4S [M+H]+ 379.1956, found 
379.1951.

N N

H3C

NN

CH3

S

bis(6-methyl-2-phenylimidazo[1,2-a]pyridin-3-yl)sulfane (3o): pale yellow solid, mp: 286-287 °C;  1H 
NMR (600 MHz, CDCl3) δ 8.19-8.17 (m, 4H), 7.65 (t, J = 7.7 Hz, 4H), 7.58-7.55 (m, 2H), 7.46-7.42 (m, 
4H), 6.99-6.98 (m, 2H), 1.75 (s, 6H); 13C NMR (150 MHz, CDCl3) δ 149.9, 145.2, 133.6, 129.9, 129.4, 
128.9, 128.8, 123.7, 122.9, 116.4, 106.8, 17.8; HRMS (ESI): calcd for C28H23N4S [M+H]+ 447.1638, 
found 447.1640.
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N N

CH3

NN

H3C

S

bis(7-methyl-2-phenylimidazo[1,2-a]pyridin-3-yl)sulfane (3p): pale yellow solid, mp: 195-197 °C; 1H 
NMR (600 MHz, CDCl3) δ 8.11-8.09 (m, 4H), 7.62-7.59 (m, 4H), 7.55-7.53 (m, 2H), 7.41 (dd, J = 7.0, 
0.9 Hz, 2H), 7.25-7.24 (m, 2H), 6.17 (dd, J = 7.1, 1.7 Hz, 2H), 2.26 (s, 6H); 13C NMR (150 MHz, 
CDCl3) δ 150.6, 146.9, 137.6, 133.9, 129.5, 128.7, 128.5, 124.5, 115.9, 115.1, 106.7, 21.2; HRMS (ESI): 
calcd for C28H23N4S [M+H]+ 447.1638, found 447.1641.

N N

CH3

NN

H3C

S

bis(8-methyl-2-phenylimidazo[1,2-a]pyridin-3-yl)sulfane (3q): pale yellow solid, mp: 217-219 °C; 1H 
NMR (600 MHz, CDCl3) δ 8.09-8.07 (m, 4H), 7.62-7.59 (m, 4H), 7.56-7.53 (m, 2H), 7.42 (d, J = 6.8 Hz, 
2H), 6.90 (d, J = 6.9 Hz, 2H), 6.28 (t, J = 6.9 Hz, 2H), 2.54 (s, 6H); 13C NMR (150 MHz, CDCl3) δ 
150.2, 146.5, 133.8, 129.8, 128.8, 128.5, 127.3, 125.4, 123.2, 112.6, 108.0, 16.7; HRMS (ESI): calcd for 
C28H23N4S [M+H]+ 447.1638, found 447.1642.

N N

Cl

NN

Cl

S

bis(6-chloro-2-phenylimidazo[1,2-a]pyridin-3-yl)sulfane (3r): pale yellow solid, mp: 264-267 °C; 1H 
NMR (400 MHz, CDCl3) δ 8.09 – 8.06 (m, 4H), 7.67 – 7.62 (m, 4H), 7.60 – 7.55 (m, 4H), 7.46 (dd, J = 
9.4, 0.9 Hz, 2H), 7.08 (dd, J = 9.4, 2.0 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 151.8, 144.9, 132.8, 
129.5, 129.3, 129.0, 128.1, 123.7, 121.3, 117.7, 107.7; HRMS (ESI): calcd for C26H17Cl2N4S [M+H]+ 
487.0551, found 487.0546.
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N N

Cl

NN

Cl

S

bis(8-chloro-2-phenylimidazo[1,2-a]pyridin-3-yl)sulfane (3s): pale yellow solid, mp: 272-273 °C; 1H 
NMR (400 MHz, CDCl3) δ 8.09 (d, J = 7.1 Hz, 4H), 7.63-7.55 (m, 6H), 7.43 (d, J = 6.6 Hz, 2H), 7.17 (d, 
J = 7.1 Hz, 2H), 6.28 (t, J = 6.9 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 151.5, 143.9, 133.1, 129.8, 
129.3, 128.7, 125.5, 124.0, 123.2, 112.3, 109.2; HRMS (ESI): calcd for C26H17Cl2N4S [M+H]+ 487.0551, 
found 487.0546.

N
S N

N

3-phenyl-5-(pyridin-2-yl)-1,2,4-thiadiazole (4a): white solid, mp: 126-128°C; 1H NMR (600 MHz, 
CDCl3) δ 8.68 (d, J = 4.7 Hz, 1H), 8.40-8.38 (m, 2H), 8.31 (d, J = 7.8 Hz, 1H), 7.90 (td, J = 7.7, 1.6 Hz, 
1H), 7.53-7.47 (m, 3H), 7.44 (ddd, J = 7.6, 4.7, 1.2 Hz, 1H); 13C NMR (150 MHz, CDCl3) δ 189.0, 173.9, 
149.9, 149.3, 137.5, 132.9, 130.3, 128.7, 128.2, 126.2, 120.6; HRMS (ESI): calcd for C13H10N3S [M+H]+ 
240.0595, found 240.0590.

N
S N

N F

3-(4-fluorophenyl)-5-(pyridin-2-yl)-1,2,4-thiadiazole (4b): white solid, mp: 165-167 °C; 1H NMR 
(400 MHz, CDCl3) δ 8.67 (d, J = 4.8 Hz, 1H), 8.37 (dd, J = 8.5, 5.5 Hz, 2H), 8.26 (d, J = 7.9 Hz, 1H), 
7.88 (t, J = 7.8 Hz, 1H), 7.43 (dd, J = 7.6, 4.9 Hz, 1H), 7.18 (t, J = 8.5 Hz, 2H); 13C NMR (100 MHz, 
CDCl3) δ 189.3, 172.9, 164.2 (1JCF = 248 Hz), 150.0, 149.2, 137.5, 130.3 (3JCF = 9 Hz), 129.3 (4JCF = 3 
Hz), 126.2, 120.5, 115.7 (2JCF = 22 Hz); HRMS (EI): calcd for C13H8FN3S [M]+ 257.0419, found 
257.0417.

N
S N

N Cl

3-(4-chlorophenyl)-5-(pyridin-2-yl)-1,2,4-thiadiazole (4c): white solid, mp: 175-178 °C; 1H NMR 
(400 MHz, CDCl3) δ 8.67 (d, J = 4.6 Hz, 1H), 8.29 (dd, J = 20.4, 7.9 Hz, 3H), 7.89 (t, J = 7.7 Hz, 1H), 
7.45 (dd, J = 14.1, 6.9 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 189.4, 172.8, 150.0, 149.2, 137.5, 136.4, 
131.4, 129.5, 129.0, 126.3, 120.5; HRMS (EI): calcd for C13H8ClN3S [M]+ 273.0124, found 273.0122.

N
S N

N

Cl

3-(3-chlorophenyl)-5-(pyridin-2-yl)-1,2,4-thiadiazole (4d): white solid, mp: 161-163 °C; 1H NMR 
(400 MHz, CDCl3) δ 8.69-8.67 (m, 1H), 8.38 (d, J = 2.0 Hz, 1H), 8.29-8.23 (m, 2H), 7.90 (tt, J = 7.8, 1.9 
Hz, 1H), 7.44 (td, J = 5.8, 2.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 189.5, 172.5, 150.0, 149.2, 137.5, 
134.7, 134.5, 130.3, 130.0, 128.4, 126.3, 126.2, 120.6; HRMS (EI): calcd for C13H8ClN3S [M]+ 
273.0127, found 273.0122.
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N
S N

N
Cl

3-(2-chlorophenyl)-5-(pyridin-2-yl)-1,2,4-thiadiazole (4e): white solid, mp: 104-105 °C; 1H NMR 
(400 MHz, CDCl3) δ 8.68 (d, J = 4.8 Hz, 1H), 8.25 (d, J = 7.9 Hz, 1H), 8.02 (dd, J = 6.7, 3.0 Hz, 1H), 
7.87 (t, J = 7.7 Hz, 1H), 7.55-7.53 (m, 1H), 7.45-7.38 (m, 3H); 13C NMR (100 MHz, CDCl3) δ 188.8, 
172.0, 150.0, 149.2, 137.5, 133.2, 132.2, 132.1, 130.9, 130.8, 126.8, 126.3, 120.6. HRMS (EI): calcd for 
C13H8ClN3S [M]+ 273.0120, found 273.0122.

N
S N

N

3-benzyl-5-(pyridin-2-yl)-1,2,4-thiadiazole (4f): pale yellow solid, mp: 83-85 °C; 1H NMR (400 MHz, 
CDCl3) δ 8.63 (d, J = 4.8 Hz, 1H), 8.15-8.13 (m, 1H), 7.82 (tt, J = 7.8, 1.5 Hz, 1H), 7.41-7.31 (m, 5H), 
7.26-7.22 (m, 1H), 4.39 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 189.3, 176.2, 149.9, 149.2, 137.4, 137.2, 
129.1, 128.6, 126.8, 126.1, 120.5, 39.5; HRMS (EI): calcd for C14H11N3S [M]+ 253.0671, found 
253.0668.

N
S N

N

O

O

methyl 3-(5-(pyridin-2-yl)-1,2,4-thiadiazol-3-yl)propanoate (4g): colorless oil; 1H NMR (400 MHz, 
CDCl3) δ 8.62 (d, J = 4.8 Hz, 1H), 8.11 (d, J = 7.8 Hz, 1H), 7.84 (td, J = 7.8, 1.9 Hz, 1H), 7.41-7.37 (m, 
1H), 3.69 (s, 3H), 3.35 (t, J = 7.4 Hz, 2H), 2.94 (t, J = 7.4 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 189.1, 
176.0, 173.0, 150.0, 149.2, 137.4, 126.1, 120.4, 51.8, 31.8, 28.3; HRMS (EI): calcd for C11H11N3O2S 
[M]+ 249.0565, found 249.0566.

N
S N

N

S

3-(2-(methylthio)ethyl)-5-(pyridin-2-yl)-1,2,4-thiadiazole (4h): colorless oil; 1H NMR (400 MHz, 
CDCl3) δ 8.64 (d, J = 4.7 Hz, 1H), 8.13 (dt, J = 7.9, 1.2 Hz, 1H), 7.84 (td, J = 7.7, 1.9 Hz, 1H), 7.42-7.38 
(m, 1H), 3.35-3.30 (m, 2H), 3.05 (t, J = 7.5 Hz, 2H), 2.15 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 189.1, 
176.0, 150.0, 149.2, 137.4, 126.1, 120.4, 33.2, 32.2, 15.5; HRMS (EI): calcd for C10H11N3S2 [M]+ 
237.0388, found 237.0389.

N
S N

N

3-isobutyl-5-(pyridin-2-yl)-1,2,4-thiadiazole (4i): colorless oil; 1H NMR (400 MHz, CDCl3) δ 8.64 (d, 
J = 4.8 Hz, 1H), 8.15 (d, J = 7.9 Hz, 1H), 7.84 (td, J = 7.8, 1.9 Hz, 1H), 7.41-7.38 (m, 1H), 2.91 (d, J = 
7.2 Hz, 2H), 2.36-2.26 (m, 1H), 0.99 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 188.6, 177.7, 
149.9, 149.4, 137.4, 126.0, 120.4, 42.1, 28.3, 22.5; HRMS (EI): calcd for C11H13N3S [M]+ 219.0821, 
found 219.0825.

N
S N

NO

5-(6-methoxypyridin-2-yl)-3-phenyl-1,2,4-thiadiazole (4j): pale yellow solid, mp: 103-105 °C; 1H 
NMR (400 MHz, CDCl3) δ 8.40-8.37 (m, 2H), 7.88 (d, J = 7.2 Hz, 1H), 7.74 (t, J = 7.8 Hz, 1H), 7.53-
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7.47 (m, 3H), 6.89 (d, J = 8.3 Hz, 1H), 4.02 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 189.2, 173.9, 163.8, 
146.4, 139.7, 133.0, 130.3, 128.7, 128.2, 114.4, 113.3, 53.7; HRMS (EI): calcd for C14H10N3OS [M]+ 
268.0539, found 268.0539.

N
S N

N

3-phenyl-5-(quinolin-2-yl)-1,2,4-thiadiazole (4k): white solid, mp: 171-173 °C; 1H NMR (400 MHz, 
CDCl3) δ 8.44-8.37 (m, 3H), 8.32 (d, J = 8.5 Hz, 1H), 8.15 (d, J = 8.5 Hz, 1H), 7.86 (d, J = 8.2 Hz, 1H), 
7.78 (ddd, J = 8.6, 6.8, 1.7 Hz, 1H), 7.63-7.59 (m, 1H), 7.55-7.48 (m, 3H); 13C NMR (100 MHz, CDCl3) 
δ 189.4, 173.9, 149.1, 147.9, 137.6, 133.0, 130.4, 130.4, 129.7, 129.3, 128.7, 128.3, 128.0, 127.8, 118.1; 
HRMS (EI): calcd for C17H11N3S [M]+ 289.0665, found 289.0668.
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5. 1H NMR and 13C NMR Spectra
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6. HRMS data of 15N-labeled 1,2,4-thiadiazole 4l
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7. checkCIF/PLATON of 4a (CCDC 2077857)
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8. ORTEP diagram of 4a (CCDC 2077857)


