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ABSTRACT

A facile and efficient protocol for the construction of 3-substituted 5-amino-1,2,4-thiadiazoles has been 
developed through the electro-oxidative intramolecular dehydrogenative N-S bond formation of imidoyl 
thioureas. Various 1,2,4-thiadiazole derivatives were synthesized in good to excellent yields with broad 
substrate scope and excellent functional group tolerance under catalyst- and oxidant-free electrolytic 
conditions at room temperature. 

INTRODUCTION

Sulfur-containing compounds are ubiquitous structural 
motifs in natural products, biologically active compounds, 
materials and synthetic intermediates.1 Among them, the 
1,2,4-thiadiazole derivatives, which have a wide of 
biological and pharmaceutical properties.2 Therefore, the 
synthesis of 1,2,4-thiadiazole derivatives have received 
considerable attention. Traditionally, 1,2,4-thiadiazole 
derivatives can be achieved by the oxidative cyclization of 
thioamides and thiourea with various metal-catalysts and 
oxidants.3 Gong developed an N-S bond formation 
reaction for the synthesis of 5-amino-1,2,4-thiadiazoles via 
copper-catalyzed intramolecular dehydrogenative of 
imidoyl thiourea.4 Muthusubramanian reported a 

hypervalent iodine(III)-mediated intramolecular oxidative 
N-S bond formation of imidoyl thiourea for the synthesis 
of 5-amino-1,2,4-thiadiazoles.5 Later, I2-mediated 
intramolecular oxidative cyclization for the synthesis of 5-
amino-1,2,4-thiadiazoles has also been achieved by 
Chang.6 However, most of these methods require 
stoichiometric oxidants, bases and transition-metal 
catalysts (scheme 1). In this context, the development of 
environmentally friendly, atom economy and effective 
methods without metal catalyst or external oxidant for the 
synthesis of 5-amino-1,2,4-thiadiazoles are highly 
desirable.
Electrochemical anodic oxidation, which is 
environmentally friendly, atom-economical and emerging 
powerful synthetic methodology7 has attracted much 
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attention in the construction of carbon-carbon8 or carbon-
heteroatom9 or heteroatom-heteroatom10 bonds for the 
synthesis of various functional molecules. However, the 
electrochemical oxidative N-S bond formation is still rare. 
Yuan reported an electrochemical oxidation of S-H/N-H 
cross-coupling reaction to produce sulfonamides.11 More 
recently, an environmentally method for the synthesis of 
sulfonamides from amines and thiols was developed via 
microflow electrochemical oxidative N-S bond 
formation.12 Encouraged by previous studies on N-S bond 
formation reaction13a-c and our interest in the 
electrochemical13d, herein, we disclose an electrochemical 
oxidative intramolecular N-S bond formation for the 
construction of 3-substituted 5-amino-1,2,4-thiadiazoles 
under catalyst, metal and oxidant-free conditions.
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Scheme 1. Synthesis of 5-amino-1,2,4-thiadiazoles

RESULTS AND DISCUSSION

In the initial experiment, imidoyl thiourea 1a was selected 
as model substrate to investigate the optimization of the 
reaction conditions. As shown in table 1, in an undivided 
cell (a two-necked round-bottomed flask) with a carbon 
rod anode and Pt plate cathode, when 10 mA constant 
current and 0.03 M n-Bu4NBF4 electrolyte was used in 10 
mL MeCN at room temperature, the desired 5-amino-
1,2,4-thiadiazole 2a was isolated in 85% yield (table 1, 
entry 1). Encouraged by this result, various electrolytes 
were also tested such as LiClO4, n-Bu4NPF6 and KI, no 
further improved the yield of 2a was observed (table 1, 
entries 2-4). Further, the product yield of 2a was dropped 
to 53% when 5 mA constant current was used (table 1, 
entry 5). And, when the constant current was increased 
from 10 mA to 15 mA, no significant effect of the yield 

was observed (table 1, entry 6). Next, the effect of the 
solvents was screened, aqueous MeCN was unsuitable for 
the electrooxidized N-S bond formation reaction (table 1, 
entry 7). Using EtOH and DMSO as solvents isolated the 
corresponding product 2a in 28% and 47% yields, 
respectively (table 1, entries 8-9). This result demonstrated 
that MeCN was the best solvent for this transformation. 
Graphite and platinum electrode were tested, no 
improvement yield of 2a can be achieved (table 1, entries 
10-11). Using graphite as the anode and nickel foam as the 
cathode, the yield of desired product 2a decreased from 85% 
to 75% (table 1, entry 12). Additionally, no product was 
obtained in the absence of current after the reaction (table 
1, entry 13). 

Table 1. Optimization of reaction conditionsa

N
H

NH

N
H

S

N

N

N
H

Sundivided cell

(+)C/(-)Pt, I = 10 mA
n-Bu4NBF4, MeCN, rt

1a 2a

Entry
Variation from the standard 

conditions
Yield 
[%]

1 none 85
2 LiClO4 instead of n-BuNBF4 42
3 n-Bu4NPF6 instead of n-

Bu4NBF4

56

4 KI instead of n-Bu4NBF4 51
5b I = 5 mA instead of I = 10 mA 

(3.7 F/mol)
53

6b I = 15 mA instead of I = 10 mA 
(2.8 F/mol)

82

7 MeCN/H2O (4:1) instead of 
MeCN

Trace

8 EtOH instead of MeCN 28
9 DMSO instead of MeCN 47
10 (+)C/(−)C instead of (+)C/(−)Pt 66
11 (+)Pt/(−)Pt instead of 

(+)C/(−)Pt
72

12 (+)C/(−)Ni instead of 
(+)C/(−)Pt

75

 13 no electric current, 24 h N. R.
aReaction conditions: carbon rod anode, Pt plate 
cathode (1cm×1cm), undivided cell, I = 10 mA (Janode 
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= 10 mA/cm2), 1a (0.3 mmol), n-Bu4NBF4 (0.3 mmol), 
MeCN (10 mL), under air atmosphere at room 
temperature for 2.5 h, 3.1 F/mol. bUntil complete 
consumption of 1a. 

With the optimized protocol in hand, we explored the 
scope of the electrochemical N-S bond formation reaction 
with various imidoyl thioureas 1 synthesized from 
different amidines with 4-methylphenyl isothiocyanate. As 
shown in table 2, a variety of imidoyl thioureas 1 with 
electron-donating groups, electron-withdrawing groups 
and halogens on the aryamidines side were investigated 
which were converted to the desired products 2a-2f in 
good yields. In addition, 4-pyridine (1g), 3-pyridine (1h) 
and pyrazole (1i) of imidoyl thioureas, were also 
compatible and produced the desired products 2g, 2h and 
2i in 80-86% yield. Importantly, alkyl of imidoyl thioureas 
were tolerated in this transformation, and the 
corresponding products 2j and 2k were generated in 89% 
and 88% yield, respectively.

Table 2. Substrate Scope of 5-Amino-1,2,4-thiadiazole 
Synthesisa

R1 N
H

NH

N
H

S
R1

N

N

N
H

Sundivided cell

(+)C/(-)Pt, I = 10 mA
n-Bu4NBF4, MeCN, rt1 2

N

SN
N
H

2a, 85%

N

SN
N
H

2b, 87%

N

N

S
N
H

MeO

2c, 83%

N

N

S
N
H

F

2d, 82%

N

N

S
N
H

Cl

2e, 78%

N

N

S
N
H

Br

2f, 75%

N
N

SN
N
H

2g, 86%
N

N

SN
N
H

2h, 82%

N
N N

SN
N
H

2i, 80%

N
HN

N S

2j, 89%

N

N

S
N
H

2k, 88%

aReaction conditions: carbon rod anode, Pt plate 
cathode (1cm×1cm), undivided cell, I = 10 mA (Janode 
= 10 mA/cm2), 1 (0.3 mmol), n-Bu4NBF4 (0.3 mmol), 
MeCN (10 mL), under air atmosphere at room 
temperature for 2.5 h, 3.1 F/mol.

Furthermore, the imidoyl thioureas 3 from 
isothiocyanates with benzamidine were investigated the 
compatibility of the electrochemical dehydrogenative N-S 
bond formation protocol in table 3. The imidoyl thioureas 
3 from aryl isothiocyanates with various functional 
groups such as, Me, i-Pr, t-Bu, OMe, OEt, F and Cl were 
tolerated and afford the 1,2,4-thiadiazoles 4a-4k in good 
yields. Generally, the imidoyl thioureas 3 with electron-
donating groups (Me, OMe, OEt) shown higher reactivity 
than electron-withdrawing groups (F, Cl). Additionally, 
imidoyl thioureas 3l and 3m from naphthyl and benzyl 
isothiocyanate underwent the reaction smoothly and 
produce the 4l and 4m in 85% and 78% yield, 
respectively. Moreover, 2-alkyl substituted desired 
products 4n and 4o have been synthesized under the 
electrochemical conditions in good yields. However, a 
complex mixture of 4p was obtained, when imidoyl 
thiourea with alkenyl group was tested.

Table 3. Substrate Scope of 5-Amino-1,2,4-thiadiazole 
Synthesisa

N
H

NH

N
H

S
R

N

N

N
H

S
R

undivided cell

(+)C/(-)Pt, I = 10 mA
n-Bu4NBF4, MeCN, rt3 4

N

SN
N
H

4a, 86%

N

SN
N
H

4b, 84%

N

SN
N
H

4c, 83%

N

N
N
H

S

4d, 89%

N

N
N
H

S

4e, 92%

N

SN
N
H

4f, 87%

N

SN
N
H

OMe

4g, 84%

N

SN
N
H

OEt

4h, 87%

N

SN
N
H

F

4i, 86%
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N

SN
N
H

Cl

4j, 83%

N

SN
N
H

Cl

4k, 74%

N

N
N
H

S

4l, 85%

N

SN NH

4m, 78%

N

SN
NH

4n, 84%

N

N
N
H

S

4o, 80%

N

SN
NH

4p, complex 

mixture
aReaction conditions: carbon rod anode, Pt plate 
cathode (1cm×1cm), undivided cell, I = 10 mA (Janode 
= 10 mA/cm2), 3 (0.3 mmol), n-Bu4NBF4 (0.3 mmol), 
MeCN (10 mL), under air atmosphere at room 
temperature for 2.5 h, 3.1 F/mol.

Subsequently, to further illustrate the scalability of this 
dehydrogenative N-S bond formation protocol, a gram-
scale reaction was evaluated in scheme 2. To our delight, 
5 mmol of 1a was treated under the electrochemical 
conditions in 100 mL MeCN, and the desired product 2a 
was isolated in 74% yield.

N
H

NH

N
H

S

N

N

N
H

Sundivided cell

(+)C/(-)Pt, I = 10 mA
n-Bu4NBF4, MeCN, rt

1a 2a, 74%, 0.988 g

Scheme 2. Gram-scale experiments

According to the previous work14 and experimental 
results15, a plausible mechanism for this dehydrogenative 
N-S bond formation is proposed in scheme 3. The imidoyl 
thiourea 3a could isomerize to the thioiminol A which was 
then oxidized at the anode to formed the radical 
intermediate B via single electron transfer (SET) process. 
The radical intermediate B afford in an anodic was 
supported by the CV experiments (scheme 4). Then, the 
radical cation B underwent radical cyclization to produce 
the intermediate C. Finally, the desired product 4a was 
obtained by oxidative rearomatization of the intermediate 
C. 

e- e-

anode

cathode

N

NH

N
H

SH

N
HN NH

S

N
N NHS- e-

- H+

2 H+

H2N
H

NH

N
H

S

N
HN NHS

3aA

B C 4a

H+

Scheme 3. Proposed Reaction Mechanism

 
Scheme 4. Cyclic voltammograms, scan rate: 25 mV/s. 
A) 1a (0.3 mmol) + n-Bu4NBF4 (0.3 mmol) in MeCN (10 
mL); B) n-Bu4NBF4 (0.3 mmol) in MeCN (10 mL)

In summary, we have demonstrated an efficient and 
atom-economic protocol for the construction of 3-
substituted 5-amino-1,2,4-thiadiazoles via 
electrochemical oxidative dehydrogenative of N-S bond 
formation. This electrochemical strategy provides a 
simple and efficient method for the synthesis of 1,2,4-
thiadiazole derivatives in good to excellent yields with 
broad substrate scope under mild conditions, which 
avoids use of metal catalysts and stoichiometric oxidants.

EXPERIMENTAL SECTION

General methods: 1H (400 MHz), 13C{1H} (101 MHz) 
spectra were recorded on a Bruker 400MHz spectrometer 
in CDCl3 or DMSO-d6 using TMS as internal standard. 
HRMS was recorded on a Bruker micrOTOF-Q II. Melting 
points are uncorrected. The Pt plate electrode 
(1cm×1cm×0.15cm), Ni plate electrode 
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(1cm×1.5cm×0.15cm) and carbon rod electrode 
(0.4cm×6cm) were obtained from Shanghai yueci 
Electronic Technology Co., Ltd, China.
General procedure for synthesis of imidoyl thioureas 1 
or 3: 4, 5 Amidine (0.3 mmol), isothiocyanate (0.33 mmol), 
and K2CO3 (0.45 mmol, 62 mg) in 2 mL dichloromethane, 
and stirred for 20 h at room temperature. Upon completion 
of the reaction, the mixture was washed with water, and 

extracted with ethyl acetate (3×20 mL ). The combined 

organic layers were dried over anhydrous Na2SO4, 
concentrated, and afford the target products without further 
purification.
General procedure for synthesis of 2 or 4: In 25 mL two-
necked round bottom flask, with carbon rod anode, Pt plate 
cathode (1cm×1cm), 0.3 mmol imidoyl thiourea 1 or 3, n-
Bu4NBF4 (0.3 mmol, 99 mg) and MeCN (10 mL). The 
mixture was magnetic stirred with constant current 10 mA 
at room temperature for 1-2 hour. Upon completion of the 
reaction, the mixture was concentrated in vacuo and the 
residue was purified by column chromatography 
(EtOAc/n-Hexane=1:10) to afford the desired products 2 
or 4.
3-phenyl-N-(p-tolyl)-1,2,4-thiadiazol-5-amine (2a).6 
White solid, mp 154-156 oC, yield: 85% (68 mg). 1H NMR 
(400 MHz, CDCl3) δ 8.77 (s, 1H), 8.24 – 8.14 (m, 2H), 7.48 
– 7.39 (m, 3H), 7.16 (d, J = 8.1 Hz, 2H), 7.11 – 7.03 (m, 2H), 
2.33 (s, 3H). 13C{1H} NMR (101 MHz, CDCl3) δ 181.6, 
169.5, 136.8, 134.6, 133.0, 130.4, 130.2, 128.7, 128.1, 119.1, 
21.0.
N,3-di-p-tolyl-1,2,4-thiadiazol-5-amine (2b).6 White solid, 
mp 180-183 oC, yield: 87% (73 mg). 1H NMR (400 MHz, 
CDCl3) δ 8.35 (d, J = 19.8 Hz, 1H), 8.18 – 8.01 (m, 2H), 7.25 
– 7.15 (m, 4H), 7.13 – 7.08 (m, 2H), 2.39 (s, 3H), 2.35 (s, 3H).
13C{1H} NMR (101 MHz, CDCl3) δ 181.2, 169.5, 140.3, 
136.7, 134.4, 130.4, 130.3, 129.3, 127.9, 118.9, 21.5, 20.9. 
3-(4-methoxyphenyl)-N-(p-tolyl)-1,2,4-thiadiazol-5-
amine (2c). White solid, mp 145-147 oC, yield: 83% (74 
mg). 1H NMR (400 MHz, CDCl3) δ 8.97 (2brs, 1H), 8.12 (d, 
J = 8.9 Hz, 2H), 7.14 (d, J = 7.9 Hz, 2H), 7.07 (d, J = 8.3 Hz, 
2H), 6.91 (d, J = 8.8 Hz, 2H), 3.83 (s, 3H), 2.32 (s, 3H). 
13C{1H} NMR (101 MHz, CDCl3) δ 181.5, 169.2, 161.2, 
136.9, 134.4, 130.4, 129.7, 125.9, 119.1, 114.0, 55.5, 21.0. 
HRMS (ESI-TOF) m/z calcd for C16H16N3OS [M+H]+ 

298.1009, found 298.1003.
3-(4-fluorophenyl)-N-(p-tolyl)-1,2,4-thiadiazol-5-amine 
(2d). White solid, mp 198-200 oC, yield: 82% (70 mg). 1H 
NMR (400 MHz, DMSO-d6) δ 11.01 (s, 1H), 8.38 – 8.13 (m, 
2H), 7.54 (d, J = 8.5 Hz, 2H), 7.42 – 7.34 (m, 2H), 7.26 (d, J 
= 8.2 Hz, 2H), 2.32 (s, 3H). 13C{1H} NMR (101 MHz, 
DMSO-d6) δ 180.0, 168.1, 162.6, 138.1, 132.8, 130.5, 130.4, 
130.1, 118.5, 116.4 (d, J = 22.0 Hz), 21.1. 19F NMR (376 MHz, 
DMSO-d6) δ -110.56. HRMS (ESI-TOF) m/z calcd for 
C15H13FN3S [M+H]+ 286.0809, found 286.0813.
3-(4-chlorophenyl)-N-(p-tolyl)-1,2,4-thiadiazol-5-amine 
(2e).6 White solid, mp 220-222 oC, yield: 78% (70 mg). 1H 
NMR (400 MHz, DMSO-d6) δ 11.04 (s, 1H), 8.32 – 8.13 (m, 
2H), 7.67 – 7.58 (m, 2H), 7.54 (d, J = 8.4 Hz, 2H), 7.26 (d, J 
= 8.2 Hz, 2H), 2.32 (s, 3H). 13C{1H} NMR (101 MHz, 
DMSO-d6) δ 180.2, 168.3, 138.2, 135.7, 133.0, 132.4, 130.7, 
130.1, 129.8, 118.8, 21.3.
3-(4-bromophenyl)-N-(p-tolyl)-1,2,4-thiadiazol-5-amine 
(2f).6 White solid, mp 240-242 oC, yield: 75% (78 mg). 1H 
NMR (400 MHz, DMSO-d6) δ 11.02 (s, 1H), 8.19 – 8.09 (m, 
2H), 7.79 – 7.74 (m, 2H), 7.54 (d, J = 8.4 Hz, 2H), 7.27 (d, J 
= 8.3 Hz, 2H), 2.33 (s, 3H). 13C{1H} NMR (101 MHz, 
DMSO-d6) δ 180.0, 168.0, 137.9, 132.7, 132.4, 132.3, 130.3, 
130.0, 124.2, 118.5, 21.0.
3-(pyridin-4-yl)-N-(p-tolyl)-1,2,4-thiadiazol-5-amine 
(2g).3 White solid, mp 240-242 oC, yield: 86% (69 mg). 
1H NMR (400 MHz, DMSO-d6) δ 11.04 (s, 1H), 8.72 (d, J = 
6.0 Hz, 2H), 8.02 (d, J = 6.2 Hz, 2H), 7.52 (d, J = 8.5 Hz, 
2H), 7.24 (d, J = 7.4 Hz, 2H), 2.28 (s, 3H). 13C{1H} NMR 
(101 MHz, DMSO-d6) δ 181.2, 167.7, 151.2, 140.0, 138.2, 
133.1, 130.3, 122.2, 118.7, 21.1.
3-(pyridin-3-yl)-N-(p-tolyl)-1,2,4-thiadiazol-5-amine 
(2h).3 78% White solid, mp 238-240 oC, yield: 82% (66 
mg). 1H NMR (400 MHz, CDCl3) δ 7.76 (s, 1H), 7.27 – 7.11 
(m, 8H), 2.35 (s, 3H). 13C{1H} NMR (101 MHz, CDCl3) δ 
181.4, 180.4, 137.3, 136.0, 134.5, 130.2, 130.0, 129.5, 126.5, 
125.6, 125.6.
3-(1H-pyrazol-1-yl)-N-(p-tolyl)-1,2,4-thiadiazol-5-amine 
(2i).5 White solid, mp 200-202 oC, yield: 80% (62 mg). 1H 
NMR (400 MHz, CDCl3) δ 9.04 (s, 1H), 8.30 (d, J = 5.6 Hz, 
1H), 7.53 (s, 1H), 7.28 – 7.12 (m, 4H), 6.46 – 6.35 (m, 1H), 
2.36 (s, 3H). 13C{1H} NMR (101 MHz, CDCl3) δ 183.3, 
158.5, 142.9, 136.3, 135.6, 130.4, 128.9, 121.0, 108.0, 21.1.
3-methyl-N-(p-tolyl)-1,2,4-thiadiazol-5-amine (2j).6 
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White solid, mp 144-147 oC, yield: 89% (55 mg). 1H NMR 
(400 MHz, CDCl3) δ 9.66 (s, 1H), 7.22 (d, J = 8.2 Hz, 2H), 
7.19 – 7.11 (m, 2H), 2.43 (s, 3H), 2.36 (s, 3H). 13C{1H} NMR 
(101 MHz, CDCl3) δ 182.3, 169.5, 137.0, 134.9, 130.4, 119.8, 
20.9, 19.1.
3-cyclopropyl-N-(p-tolyl)-1,2,4-thiadiazol-5-amine (2k).6 
White solid, mp 135-137 oC, yield: 88% (61 mg). 1H NMR 
(400 MHz, CDCl3) δ 8.64 (s, 1H), 7.12 (d, J = 8.2 Hz, 2H), 
7.07 – 7.01 (m, 2H), 2.27 (s, 3H), 2.03 (ddd, J = 13.2, 8.3, 4.9 
Hz, 1H), 0.99 (dt, J = 6.2, 3.1 Hz, 2H), 0.89 (dt, J = 8.3, 3.2 
Hz, 2H). 13C{1H} NMR (101 MHz, CDCl3) δ 181.3, 174.9, 
137.0, 134.5, 130.4, 119.2, 21.0, 13.7, 9.0.
N,3-diphenyl-1,2,4-thiadiazol-5-amine (4a).5 White solid, 
mp 174-175 oC, yield: 86% (65 mg). 1H NMR (400 MHz, 
CDCl3) δ 8.28 (s, 1H), 8.15 – 8.12 (m, 2H), 7.39 – 7.32 (m, 
5H), 7.20 – 7.16 (m, 2H), 7.13 – 7.07 (m, 1H). 13C{1H} NMR 
(101 MHz, CDCl3) δ 180.8, 169.5, 139.2, 133.0, 130.3, 130.0, 
128.7, 128.1, 124.5, 118.5.
3-phenyl-N-(m-tolyl)-1,2,4-thiadiazol-5-amine (4b).5 
White solid, mp 108-110 oC, yield: 84% (67 mg). 1H 
NMR (400 MHz, CDCl3) δ 9.27 (s, 1H), 8.27 – 8.13 (m, 
2H), 7.42 (dd, J = 5.1, 1.8 Hz, 3H), 7.26 – 7.20 (m, 1H), 
7.00 (dd, J = 8.0, 2.3 Hz, 1H), 6.92 (d, J = 7.6 Hz, 1H), 6.87 
(s, 1H), 2.24 (s, 3H). 13C{1H} NMR (101 MHz, CDCl3) δ 
181.3, 169.3, 140.0, 139.2, 132.9, 130.3, 129.7, 128.7, 
128.2, 125.3, 119.6, 115.3, 21.5.
3-phenyl-N-(o-tolyl)-1,2,4-thiadiazol-5-amine (4c).5 
White solid, mp 167-170 oC, yield: 83% (66 mg). 1H NMR 
(400 MHz, CDCl3) δ 8.55 (s, 1H), 8.15 – 8.06 (m, 2H), 7.46 
(d, J = 7.9 Hz, 1H), 7.42 – 7.23 (m, 4H), 7.18 (td, J = 7.4, 1.2 
Hz, 1H), 2.29 (s, 3H). 13C{1H} NMR (101 MHz, CDCl3) δ 
183.2, 169.7, 137.9, 133.0, 131.6, 130.9, 130.1, 128.6, 127.9, 
127.7, 126.4, 121.3, 17.8.
N-(4-isopropylphenyl)-3-phenyl-1,2,4-thiadiazol-5-amine 
(4d).5 White solid, mp 130-132 oC, yield: 89% (79 mg). 1H 
NMR (400 MHz, CDCl3) δ 8.58 (s, 1H), 8.17 – 8.07 (m, 2H), 
7.39 – 7.31 (m, 3H), 7.18 – 7.12 (m, 2H), 7.10 – 7.03 (m, 2H), 
2.83 (hept, J = 6.9 Hz, 1H), 1.18 (s, 3H), 1.16 (s, 3H). 13C{1H} 
NMR (101 MHz, CDCl3) δ 181.4, 169.5, 145.5, 137.0, 133.0, 
130.2, 128.7, 128.1, 127.9, 119.0, 33.7, 24.1.
N-(4-(tert-butyl)phenyl)-3-phenyl-1,2,4-thiadiazol-5-
amine (4e). White solid, mp 145-147 oC, yield: 92% (85 
mg). 1H NMR (400 MHz, CDCl3) δ 9.21 (s, 1H), 8.23 – 8.15 
(m, 2H), 7.42 – 7.31 (m, 5H), 7.13 – 7.07 (m, 2H), 1.30 (s, 

9H). 13C{1H} NMR (101 MHz, CDCl3) δ 181.5, 169.4, 147.7, 
136.7, 132.9, 130.2, 128.6, 128.1, 126.7, 118.7, 34.5, 31.4. 
HRMS (ESI-TOF) m/z calcd for C18H20N3S [M+H]+ 
310.1372, found 310.1368
N-(2,4-dimethylphenyl)-3-phenyl-1,2,4-thiadiazol-5-
amine (4f). White solid, mp 132-135 oC, yield: 87% (73 
mg). 1H NMR (400 MHz, CDCl3) δ 8.60 (s, 1H), 8.07 (d, J = 
6.8 Hz, 2H), 7.40 – 7.28 (m, 4H), 7.13 – 7.06 (m, 2H), 2.34 
(s, 3H), 2.24 (s, 3H). 13C{1H} NMR (101 MHz, CDCl3) δ 
184.1, 169.8, 136.8, 135.4, 133.0, 132.3, 131.8, 130.0, 128.5, 
128.2, 127.9, 122.6, 21.1, 17.7. HRMS (ESI-TOF) m/z calcd 
for C16H16N3S [M+H]+ 282.1059, found 282.1054.
N-(4-methoxyphenyl)-3-phenyl-1,2,4-thiadiazol-5-amine 
(4g).5 White solid, mp 117-120 oC, yield: 84% (71 mg). 1H 
NMR (400 MHz, CDCl3) δ 8.47 (s, 1H), 8.20 – 8.12 (m, 2H), 
7.41 (dd, J = 5.2, 2.0 Hz, 3H), 7.22 – 7.18 (m, 2H), 6.95 – 
6.89 (m, 2H), 3.82 (s, 3H). 13C{1H} NMR (101 MHz, CDCl3) 
δ 182.9, 169.7, 157.3, 133.1, 132.5, 130.2, 128.7, 128.1, 122.2, 
115.2, 55.7.
N-(4-ethoxyphenyl)-3-phenyl-1,2,4-thiadiazol-5-amine 
(4h). White solid, mp 135-137 oC, yield: 87% (78 mg). 1H 
NMR (400 MHz, CDCl3) δ 8.80 (s, 1H), 8.15 – 7.98 (m, 2H), 
7.38 – 7.27 (m, 3H), 7.13 – 7.03 (m, 2H), 6.85 – 6.74 (m, 2H), 
3.94 (q, J = 7.0 Hz, 2H), 1.34 (t, J = 7.0 Hz, 3H).
13C{1H} NMR (101 MHz, CDCl3) δ 183.1, 169.7, 156.7, 
133.0, 132.4, 130.2, 128.6, 128.0, 122.2, 115.6, 63.9, 14.9. 
HRMS (ESI-TOF) m/z calcd for C16H16N3OS [M+H]+ 
298.1009, found 298.1003.
N-(4-fluorophenyl)-3-phenyl-1,2,4-thiadiazol-5-amine 
(4i).5 White solid, mp 170-172 oC, yield: 86% (70 mg). 1H 
NMR (400 MHz, DMSO-d6) δ 11.08 (s, 1H), 8.30 – 8.17 (m, 
2H), 7.79 – 7.70 (m, 2H), 7.60 – 7.52 (m, 3H), 7.36 – 7.28 (m, 
2H). 13C{1H} NMR (101 MHz, DMSO-d6) δ 180.1, 169.5, 
158.8 (d, J = 240.4 Hz), 137.3 (d, J = 3.0 Hz), 133.7, 131.2, 
129.7, 128.5, 120.5 (d, J = 8.1 Hz), 117.0 (d, J = 23.2 Hz). 19F 
NMR (376 MHz, DMSO-d6) δ -119.75.
N-(4-chlorophenyl)-3-phenyl-1,2,4-thiadiazol-5-amine 
(4j).5 White solid, mp 194-196 oC, yield: 83% (71 mg). 
1H NMR (400 MHz, DMSO-d6) δ 11.12 (s, 1H), 8.20 – 
8.18 (m, 2H), 7.72 (d, J = 8.9 Hz, 2H), 7.53 – 7.48 (m, 
5H). 13C{1H} NMR (101 MHz, DMSO-d6) δ 179.6, 
169.1, 139.5, 133.2, 130.7, 129.7, 129.2, 128.3, 126.9, 
119.7.
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N-(3-chlorophenyl)-3-phenyl-1,2,4-thiadiazol-5-amine 
(4k).5 White solid, mp 156-158 oC, yield: 74% (64 mg). 
1H NMR (400 MHz, CDCl3) δ 8.58 (s, 1H), 8.21 – 8.18 
(m, 2H), 7.46 – 7.43 (m, 3H), 7.31 – 7.26 (m, 2H), 7.15 – 
7.09 (m, 2H). 13C{1H} NMR (101 MHz, CDCl3) δ 169.6, 
140.3, 135.6, 132.8, 130.9, 130.5, 130.4, 128.8, 128.1, 
124.3, 118.6, 116.2.
N-(naphthalen-1-yl)-3-phenyl-1,2,4-thiadiazol-5-amine 
(4l).5 White solid, mp 150-152 oC, yield: 85% (77 mg). 
1H NMR (400 MHz, CDCl3) δ 9.30 (s, 1H), 8.04 – 7.89 (m, 
3H), 7.85 – 7.78 (m, 1H), 7.72 (d, J = 8.3 Hz, 1H), 7.58 (dd, 
J = 7.4, 0.9 Hz, 1H), 7.48 – 7.36 (m, 3H), 7.23 – 7.15 (m, 
1H), 7.10 (t, J = 7.6 Hz, 2H). 13C{1H} NMR (101 MHz, 
CDCl3) δ 184.4, 169.9, 135.5, 134.7, 132.9, 130.0, 128.8, 
128.4, 127.9, 127.9, 127.3, 127.1, 127.0, 125.87, 121.4, 
119.7.
N-benzyl-3-phenyl-1,2,4-thiadiazol-5-amine (4m).3 White 
solid, mp 100-103 oC, yield: 78% (62 mg). 1H NMR (400 
MHz, CDCl3) δ 8.10 – 8.03 (m, 2H), 7.35 – 7.23 (m, 8H), 6.85 
(s, 1H), 4.40 (d, J = 5.5 Hz, 2H). 13C{1H} NMR (101 MHz, 
CDCl3) δ 184.7, 169.9, 136.2, 133.3, 130.1, 129.0, 128.6, 
128.3, 128.0, 127.7, 50.6.
N-(tert-butyl)-3-phenyl-1,2,4-thiadiazol-5-amine (4n). 
Yellow liquid, yield: 84% (59 mg). 1H NMR (400 MHz, 
CDCl3) δ 9.13 (s, 1H), 8.12 – 8.02 (m, 2H), 7.32 – 7.23 (m, 
5H), 7.04 – 7.00 (m, 2H), 1.22 (s, 9H). 13C{1H} NMR (101 
MHz, CDCl3) δ 181.6, 169.3, 133.3, 129.9, 128.6, 128.0, 53.2, 
28.6. HRMS (ESI-TOF) m/z calcd for C12H16N3S [M+H]+ 
234.1059, found 234.1063.
N-(sec-butyl)-3-phenyl-1,2,4-thiadiazol-5-amine (4o). 
Yellow liquid, yield: 80% (56 mg). 1H NMR (400 MHz, 
CDCl3) δ 8.16 – 8.03 (m, 2H), 7.35 (dd, J = 5.2, 2.0 Hz, 3H), 
5.98 (d, J = 8.5 Hz, 1H), 3.25 (dh, J = 8.3, 6.4 Hz, 1H), 1.52 
(qd, J = 7.4, 6.3 Hz, 2H), 1.20 (d, J = 6.5 Hz, 3H), 0.89 (t, J 
= 7.4 Hz, 3H). 13C{1H} NMR (101 MHz, CDCl3) δ 184.0, 
170.0, 133.3, 130.0, 128.6, 128.0, 55.3, 29.7, 20.3, 10.5. 
HRMS (ESI-TOF) m/z calcd for C12H16N3S [M+H]+ 
234.1059, found 234.1056.

Supporting Information Available: The copies of 1H and 
13C{1H} NMR spectra (PDF). This material is available 
free of charge via the Internet at http://pubs.acs.org.

ACKNOWLEDGMENT

This work was supported by Natural Science Foundation 
of China (No. 51974122), National Natural Science 
Foundation of Hunan Province (No. 2019JJ50214).

REFERENCES

[1] (a) Dong, W.; Liu, Z.; Liu, X.; Li, Z.; Zhao, W. 
Synthesis and antiviral activity of new acrylamide 
derivatives containing 1,2,3-thiadiazole as inhibitors of 
hepatitis B virus replication. Eur. J. Med. Chem. 2010, 45, 
1919; (b) Amirhamzeh, A.; Vosoughi, M.; Shafiee, A.;  
Amini, M. Synthesis and docking study of diaryl-
isothiazole and 1,2,3-thiadiazole derivatives as potential 
neuroprotective agents. Med. Chem. Res. 2013, 22, 1212; 
(c) Buchstaller, H.-P.; Siebert, C. D.; Steinmetz, R.; Frank, 
I.; Berger, M. L.; Gottschlich, R.; Leibrock, J.; Krug, M.; 
Steinhilber, D.; Noe, C. R. Synthesis of Thieno[2,3-
b]Pyridinones Acting as Cytoprotectants and as Inhibitors 
of [3H]Glycine Binding to the N-Methyl-d-aspartate 
(NMDA) Receptor. J. Med. Chem. 2006, 49, 864; (d) 
Promzeleva, M.; Volkova, T.; Proshin, A.; Siluykov, O.; 
Mazur, A.; Tolstoy, P.; Ivanov, S.; Kamilov, F.; Terekhova, 
I. Improved Biopharmaceutical Properties of Oral 
Formulations of 1,2,4-Thiadiazole Derivative with 
Cyclodextrins: in Vitro and in Vivo Evaluation. ACS 
Biomater. Sci. Eng. 2018, 4, 491; (e) Yang, Z.; Liu, S.; Li, 
A.; Liao, J.; Li, L.; Yang, T.; Zhou, C. KI/K2S2O8-
Mediated C-S/C-N Bond Formation: One-Pot 
Regioselective Synthesis of 5H-Thiazolo[3,2-
a]pyrimidines. ChemistrySelect 2019, 4, 6583.
[2] (a) Farag A. M.; Mayhoub A. S.; Barakat S. E.; Bayomi 
As. H. Synthesis of new N-phenylpyrazole derivatives 
with potent antimicrobial activity. Bioorg. Med. Chem. 
2008, 16, 4569; (b) Bondock S.; Fadaly W.; Metwally M. 
A. Enaminonitrile in heterocyclic synthesis: Synthesis and 
antimicrobial evaluation of some new pyrazole, isoxazole 
and pyrimidine derivatives incorporating a benzothiazole 
moiety. Eur. J. Med. Chem. 2009, 44, 4813; (c) Huang W.; 
Yang G. Microwave-assisted, one-pot syntheses and 
fungicidal activity of polyfluorinated 2-
benzylthiobenzothiazoles. Bioorg. Med. Chem. 2006, 14, 
8280; (d) Unangst P. C.; Shrum G. P.; Connor D. T.; Dyer 
R. D.; Schrier D. J. Novel 1,2,4-oxadiazoles and 1,2,4-
thiadiazoles as dual 5-lipoxygenase and cyclooxygenase 
inhibitors. J. Med. Chem. 1992, 35, 3691; (e) Ager I. R.; 

Page 7 of 9

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

http://pubs.acs.org


Barnes A. C.; Danswan G. W.; Hairsine P. W.; Kay D. P.; 
Kennewell P. D.; Matharu S. S.; Miller P.; Robson P.; 
Rowlands D. A.; Tully W. R.; Westwood R. Synthesis and 
oral antiallergic activity of carboxylic acids derived from 
imidazo[2,1-c][1,4]benzoxazines, imidazo[1,2-
a]quinolines, imidazo[1,2-a]quinoxalines, imidazo[1,2-
a]quinoxalinones, pyrrolo[1,2-a]quinoxalinones, 
pyrrolo[2,3-a]quinoxalinones, and imidazo[2,1-
b]benzothiazoles. J. Med. Chem. 1988, 31, 1098; (f) 
Volkova, T. V.; Terekhova, I. V.; Silyukov, O. I.; Proshin, 
A. N.; Bauer-Brandl, A.; Perlovich, G. L. Towards the 
rational design of novel drugs based on solubility, 
partitioning/distribution, biomimetic permeability and 
biological activity exemplified by 1,2,4-thiadiazole 
derivatives. Med. Chem. Comm. 2017, 8, 162; (g) Krasavin, 
M.; Lukin, A.; Bakholdina, A.; Zhurilo, N.; Onopchenko, 
O.; Borysko, P.; Zozulya, S.; Moore, D.; Tikhonova, I. G. 
Continued SAR exploration of 1,2,4-thiadiazole-
containing scaffolds in the design of free fatty acid 
receptor 1 (GPR40) agonists. Eur. J. Med. Chem. 2017, 
140, 229.
[3] (a)Mayhoub A. S.; Kiselev E.; Cushman M. An 
unexpected synthesis of 3,5-diaryl-1,2,4-thiadiazoles from 
thiobenzamides and methyl bromocyanoacetate. 
Tetrahedron Lett. 2011, 52, 4941; (b) Ryu I. A.; Park J. Y.; 
Han H. C.; Gong Y. Solid-Phase Parallel Synthesis of 5-
Amino- and 5-Amido-1,2,4-thiadiazole Derivatives via 
Cyclization Reactions of a Carboxamidine Thiourea 
Linker. Synlett 2009, 999; (c) Cashman J. R.; Hanzlik R. 
P. Oxidation and other reactions of thiobenzamide 
derivatives of relevance to their hepatotoxicity. J. Org. 
Chem. 1982, 47, 4645; (d) Yaşar D.; Muhammet Y.; Aslı 
A. An efficient one-pot synthesis of 5-(substituted amino)-
1,2,4-thia- and -oxa-diazoles. J. Chem. Res. 2008, 235; (e) 
Tumula N.; Jatangi N.; Palakodety Radha K.; 
Balasubramanian S.; Nakka M. I2-Catalyzed Oxidative N-
S Bond Formation: Metal-Free Regiospecific Synthesis of 
N-Fused and 3,4-Disubstituted 5-Imino-1,2,4-thiadiazoles. 
J. Org. Chem. 2017, 82, 5310; (f) Jatangi N. Tumula N. 
Palakodety Radha K. Nakka M. I2-Mediated Oxidative C-
N and N-S Bond Formation in Water: A Metal-Free 
Synthesis of 4,5-Disubstituted/N-Fused 3-Amino-1,2,4-
triazoles and 3-Substituted 5-Amino-1,2,4-thiadiazoles. J. 
Org. Chem. 2018, 83, 5715; (g) Tumula N.; Palakodety R. 

K.; Balasubramanian S.; Nakka M. Hyperv40alent 
Iodine(III)-Mediated Solvent-Free, Regioselective 
Synthesis of 3,4-Disubstituted-5-Imino-1,2,4-thiadiazoles 
and 2-Aminobenzo[d]thiazoles. Adv. Synth. Catal. 2018, 
360, 2806; (h) Xie, H.; Cai, J.; Wang, Z.; Huang, H.; Deng, 
G. J. A Three-Component Approach to 3,5-Diaryl-1,2,4-
thiadiazoles under Transition-Metal-Free Conditions. Org. 
Lett. 2016, 18, 2196; (i) Wang, Z.; Xie, H.; Xiao, F.; Guo, 
Y.; Huang, H.; Deng, G.-J., Palladium-Catalyzed 3-Aryl-
5-acyl-1,2,4-thiadiazole Formation from Ketones, 
Amidines, and Sulfur Powder. Eur. J. Org. Chem. 2017, 
1604; (j) Yang, Z.; Cao, T.; Liu, S.; Li, A.; Liu, K.; Yang, 
T.; Zhou, C. Transition-metal-free S–N bond formation: 
synthesis of 5-amino-1,2,4-thiadiazoles from 
isothiocyanates and amidines. New J. Chem. 2019, 43, 
6465.
[4] Kim H.; Kwak S. H.; Lee G.; Gong Y. Copper-
catalyzed synthesis of 3-substituted-5-amino-1,2,4-
thiadiazoles via intramolecular N-S bond formation. 
Tetrahedron 2014, 70, 8737-8743
[5] Mariappan A.; Rajaguru K.; Chola N. M.; 
Muthusubramanian S.; Bhuvanesh N. Hypervalent 
Iodine(III) Mediated Synthesis of 3-Substituted 5-Amino-
1,2,4-thiadiazoles through Intramolecular Oxidative S-N 
Bond Formation. J. Org. Chem. 2016, 81, 6573
[6] Wang B.; Meng Y.; Zhou Y.; Ren L.; Wu J.; Yu W.; 
Chang J. Synthesis of 5‑Amino and 3,5-Diamino 
Substituted 1,2,4-Thiadiazoles by I2‑Mediated Oxidative 
N-S Bond Formation. J. Org. Chem. 2017, 82, 5898
[7] For selected reviews: (a) Tang, S.; Liu, Y.; Lei, A. 
Electrochemical Oxidative Cross-coupling with Hydrogen 
Evolution: A Green and Sustainable Way for Bond 
Formation. Chem 2018, 4, 27; (b) Waldvogel, S. R.; Lips, 
S.; Selt, M.; Riehl, B.; Kampf, C. J. Electrochemical 
Arylation Reaction. Chem. Rev. 2018, 118, 6706; (c) 
Robertson, J. C.; Coote, M. L.; Bissember, A. C. Synthetic 
applications of light, electricity, mechanical force and flow. 
Nat. Revs. Chem. 2019, 3, 290; (d) Jiang, Y.; Xu, K.; Zeng, 
C. Use of Electrochemistry in the Synthesis of 
Heterocyclic Structures. Chem. Rev. 2018, 118, 4485; (e) 
Francke, R. Recent advances in the electrochemical 
construction of heterocycles. Beilstein J. Org. Chem. 2014, 
10, 2858.
[8] For selected examples: (a) Luo, M. J.; Zhang, T. T.; Cai, 

Page 8 of 9

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



F. J.; Li, J.-H.; He, D. L. Decarboxylative [4+2] annulation 
of arylglyoxylic acids with internal alkynes using the 
anodic ruthenium catalysis. Chem. Comm. 2019, 55, 7251; 
(b) Wang, P.; Yang, Z.; Wang, Z.; Xu, C.; Huang, L.; 
Wang, S.; Zhang, H.; Lei, A. Electrochemical Arylation of 
Electron-Deficient Arenes through Reductive Activation. 
Angew. Chem. Int. Ed. 2019, 58, 15747; (c) Hong, H.; Li, 
Y.; Chen, L.; Li, B.; Zhu, Z.; Chen, X.; Chen, L.; Huang, 
Y. Electrochemical Synthesis Strategy for Cvinyl-CF3 
Compounds through Decarboxylative 
Trifluoromethylation. J. Org. Chem. 2019, 84, 5980; (d) 
Zou, Z.; Zhang, W.; Wang, Y.; Kong, L.; Karotsis, G.; 
Wang, Y.; Pan, Y. Electrochemically Promoted 
Fluoroalkylation-Distal Functionalization of Unactivated 
Alkenes. Org. Lett. 2019, 21, 1857.
[9] For selected examples: (a) Karkas, M. D. 
Electrochemical strategies for C-H functionalization and 
C-N bond formation. Chem. Soc. Rev. 2018, 47, 5786; (b) 
Wan, C.; Song, R. J.; Li, J. H. Electrooxidative 1,2-
Bromoesterification of Alkenes with Acids and N-
Bromosuccinimide. Org. Lett. 2019, 21, 2800; (c) 
Bityukov, O. V.; Matveeva, O. K.; Vil, V. A.; Kokorekin, 
V. A.; Nikishin, G. I.; Terent'ev, A. O. Electrochemically 
Induced Intermolecular Cross-Dehydrogenative C-O 
Coupling of beta-Diketones and beta-Ketoesters with 
Carboxylic Acids. J. Org. Chem. 2019, 84, 1448; (d) Mo, 
S. K.; Teng, Q. H.; Pan, Y. M.; Tang, H. T. Metal‐ and 
Oxidant‐free Electrosynthesis of 1,2,3‐Thiadiazoles from 
Element Sulfur and N‐tosyl Hydrazones. Adv. Syn. Catal. 
2019, 361, 1756; (e) Wang, Z. Q.; Meng, X. J.; Li, Q. Y.; 
Tang, H. T.; Wang, H. S.; Pan, Y. M. Electrochemical 
Synthesis of 3,5‐Disubstituted‐1,2,4‐thiadiazoles through 
NH4I‐Mediated Dimerization of Thioamides. Adv. Syn. 
Catal. 2018, 360, 4043;
[10] For selected examples: (a) Wang, Y.; Qian, P.; Su, J.-
H.; Li, Y.; Bi, M.; Zha, Z.; Wang, Z. Efficient 
electrosynthesis of phosphinic amides via oxidative cross-
coupling between N–H/P–H. Green Chem. 2017, 19, 4769; 
(b) Sheykhan, M.; Khani, S.; Abbasnia, M.; Shaabanzadeh, 
S.; Joafshan, M. An approach to C–N activation: coupling 
of arenesulfonyl hydrazides and arenesulfonyl chlorides 
with tert-amines via a metal-, oxidant- and halogen-free 
anodic oxidation. Green Chem. 2017, 19, 5940; (c) Deng, 
L.; Wang, Y.; Mei, H.; Pan, Y.; Han, J. Electrochemical 

Dehydrogenative Phosphorylation of Alcohols for the 
Synthesis of Organophosphinates. J. Org. Chem. 2019, 84, 
949.
[11] Tang, S.; Liu, Y.; Li, L.; Ren, X.; Li, J.; Yang, G.; Li, 
H.; Yuan, B. Scalable electrochemical oxidant-and metal-
free dehydrogenative coupling of S-H/N-H. Org Biomol. 
Chem. 2019, 17, 1370.
[12] Laudadio, G.; Barmpoutsis, E.; Schotten, C.; Struik, 
L.; Govaerts, S.; Browne, D. L.; Noel, T. Sulfonamide 
Synthesis through Electrochemical Oxidative Coupling of 
Amines and Thiols. J. Am. Chem. Soc. 2019, 141, 5664.
[13] (a) Yang, Z.; Liang, Y.; Li, A.; Liu, K.; Li, L.; Yang, 
T.; Zhou, C. One-Pot Synthesis of 5-Acyl-1,2,3-
Thiadiazoles from Enaminones, Tosylhydrazine and 
Elemental Sulfur under Transition Metal-Free Conditions. 
J. Org. Chem. 2019, 84, 16262; (b) Wang, H.; Zhang, D.; 
Cao, M. Bolm, C. Electrophilic Sulfoximidations of Thiols 
by Hypervalent Iodine Reagents. Synthesis 2019, 51, 271; 
(c) Wen, J.; Cheng, H.; Dong, S.; Bolm, C. 
Copper‐Catalyzed S−C/S−N Bond Interconversions. 
Chem. Eur. J. 2016, 22, 5547; (c) Yu, H.; Li, Z.; Bolm, C. 
Iron(II)‐Catalyzed Direct Synthesis of NH Sulfoximines 
from Sulfoxides. Angew. Chem. Int. Ed. 2018, 57, 324; (d) 
Yang, Z.; Wang, Y.; Hu, L.; Yu, J.; Li, A.; Li, L.; Yang, 
T.; Zhou, C. Electrochemically-induced Thiocyanation of 
Enaminones: Synthesis of Functionalized Alkenes and 
Chromones. Synthesis 2020, doi: 10.1055/s-0039-1691486.
[14] (a) Huang, C.; Qian, X. Y.; Xu, H. C. Continuous-
Flow Electrosynthesis of Benzofused S-Heterocycles by 
Dehydrogenative C-S Cross-Coupling. Angew. Chem. Int. 
Ed. 2019, 58, 6650; (b) Huang, C.; Xu, H. C. Synthesis of 
1,3-benzothiazines by intramolecular dehydrogenative C–
S cross-coupling in a flow electrolysis cell. Sci. China 
Chem. 2019, 62, 1501; (c) Lo, W. S.; Hu, W. P.; Lo, H. P.; 
Chen, C. Y.; Kao, C. L.; Vandavasi, J. K.; Wang, J. J. 
Synthesis of Sulfur-Sulfur Bond Formation from 
Thioamides Promoted by 2,3-Dichloro-5,6-
dicyanobenzoquinone. Org. Lett. 2010, 12, 5570.
[15] No desired product was obtained when 0.6 mmol of
TEMPO was added to the electrochemical reaction.

Page 9 of 9

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


