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1. Introduction 

The S-arylmercaptoimidazole motif has been highlighted 
increasingly in medicinal chemistry literature, and can be 
predominantly found in compounds with antiviral,1-3 anti-
inflammatory,4,5 antibacterial6,7 and  antitumor8,9  properties. 
Among the few reported protocols, diphenyl sulfide10,11 and aryl 
halides with the strong electron-withdrawing –NO2 group12,13 are 
typically used for their preparation. These reactions are not facile 
and require harsh conditions like the use of sodium hydride as 
base. Moreover, the presence of nucleophilic nitrogen in 2-
mercaptoimidazole entails additional challenge in the synthesis.  
Therefore, an efficient method for the direct S-arylation of 2-
mercaptoimidazole to access this important motif and its analogs 
will represent a significant advance to the synthetic community.  

The transition metal-catalyzed C-S cross-coupling reaction 
has recently emerged as a powerful instrument for organic 
synthesis. Although challenges associated with the formation of 
disulfide bonds14 and more crucially, the metal binding properties 
of organic sulfur compounds which in turn lead to catalyst 
poisoning,15-17 have led to this class of reaction being less studied 
compared to its C-N and C-O counterparts, there has been 
considerable progress ever since the first S-arylation was 
achieved using a palladium catalyst in 1980.18 In particular, 
copper-catalyzed Ullmann-type S-arylation reactions19-25 caught 
our interest due to their relatively low toxicity, ease of handling 

as well as low cost26,27 compared to the palladium-16,17,28 and 
nickel-catalyzed29-31 variants.  

In spite of all these recent developments, catalytic 
methodologies for the S-arylation of 2-mercaptoimidazole remain 
elusive, with no successful C-S cross-coupling of 2-
mercaptoimidazole and aryl halides being reported. Sambandam 
and co-workers demonstrated the cross-coupling between 
iodobenzene and 2-mercaptobenzimidazole through the use of 
CuI and 1,10-phenanthroline as assisting ligand.32 However, this 
method lacks substrate scope and only worked with stabilized 
mercaptobenzimidazole substrates having strong electon-
donating substitutents. The use of assisting ligand also adds 
additional cost to the methodology. Moreover, there are only 
three other reports that demonstrated cross-coupling reactions 
between sulfur-containing azoles with aryl halides.33-35 In all 
instances, emphasis was conversely placed on the formation of 
more established diarylsulfides, with no examples of reaction 
between functionalized aryl halides and 2-mercaptoimidazole 
being described.  

Therefore, we were motivated to channel our endeavor 
towards a facile and practical strategy for the synthesis of the 
above-mentioned S-arylmercaptoimidazole. However, the 
exsistence of thioketo and thiol tautomers in 2-
mercaptoimidazole36,37 will pose a potential challenge as both S- 
and N-arylation may take place. Given our prior experience in 
the development of practical and sustainable copper-catalyzed 
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carbon-heteroatom cross-coupling reactions,38-41 we envisage 
the application of such catalytic systems for this challenging 
transformation. We report herein the first Cu0-catalyzed 
chemoselective S-arylation of 2-mercaptoimidazole with aryl and 
heteroaryl iodides. This mild ligand-free system affords excellent 
yields of the S-arylated derivatives (up to 90%) at low catalyst 
loadings (3 mol%), while the exclusion of stringent inert 
conditions exemplifies the simplicity and practicality of the 
protocol.  

 

2. Results/Discussion 

As an initial probe into the viability of such a chemoselective 
S-arylation reaction, 2-mercaptoimidazole and iodobenzene were 
used as model substrates. These two coupling partners were 
reacted in water at 100 ºC in the presence of 5 mol% CuI and 1.5 
equivalents of anhydrous K3PO4, affording a yield of 20% even 
in ligand-free conditions (Table 1, entry 1). With this preliminary 
finding, we proceeded with our optimization stage with the 
screening of different bench-top organic solvents (entries 1–6). 
To our delight, good yields were obtained when polar aprotic 
solvents like DMF and DMSO were used as solvents respectively 
(entries 2 & 3). Next, the efficacy of different copper salts on the 
cross-coupling reaction was investigated. While CuCl, CuBr and 
Cu2O have similar catalytic ability (entries 7–9), Cu0 proved to 
be the best catalyst, affording the S-arylated product in an 
excellent yield of 84%, with no trace of regioisomers or 
polyarylated products being observed (entry 10). Control react- 

  

Table 1. Optimization studies on the Cu-catalyzed cross-
coupling of 2-mercaptoimidazole and iodobenzene.a 

 

 
 

 
 

Entry Catalyst Base Solvent Yield (%)b 
1 CuI K3PO4 water 20 
2 CuI K3PO4 DMF 81 
3 CuI K3PO4 DMSO 84 
4 CuI K3PO4 Dioxane 12 
5 CuI K3PO4 THF 10 
6 CuI K3PO4 Toluene 0 
7 CuCl K3PO4 DMSO 79 
8 CuBr K3PO4 DMSO 80 
9 Cu2O K3PO4 DMSO 82 
10 Cu K3PO4 DMSO 84 
11 - K3PO4 DMSO 0 
12 Cu - DMSO 0 
13 Cu K2CO3 DMSO 73 
14 Cu KOH DMSO 78 
15 Cu Cs2CO3 DMSO 80 
16 Cu CsOAc DMSO 70 
17 Cu KOtBu DMSO 45 
18 Cu K3PO4 DMSO 84c 
19 Cu K3PO4 DMSO 40d 
20 Cu K3PO4 DMSO 70c,e 
aReaction conditions: Cu catalyst (5 mol%), base (0.75 mmol), 2-
mercaptoimidazole (0.50 mmol), solvent (0.2 mL), iodobenzene (0.75 mmol), 
100 ºC for 24 h in air.  

bIsolated yield.  

c3 mol% Cu used.  

d1 mol% Cu used.  

eReaction carried out at 90 ºC. 

ions carried out in the absence of Cu and base respectively 
illustrated that both are essential for the success of the protocol, 
with no intended product observed in either experiments (entries 
11 & 12). The impact which different bases have on the reaction 
efficiency was subsequently investigated (entries 13–17). 
Although the use of different bases did not alter 
chemoselectivity, lower yield was detected. To improve atom 
efficiency and practicality, catalyst loading and reaction 
temperature were consequently lowered (entries 18–20). We are 
pleased to report that there was no reduction in yield when the 
catalyst loading was lowered to a mere 3 mol% (entry 18). In 
summary, the chemoselective S-arylation of 2-
mercaptoimidazole in DMSO was accomplished through a 
combination of Cu0 (3 mol%) and anhydrous K3PO4 (1.5 equiv), 
stirring the mixture under air at 100 ºC for 24 h. 

With the optimal conditions in hand, we demonstrated the 
generality of the protocol through the coupling of 2-
mercaptoimidazole with a variety of electron-rich and electron-
poor aryl iodides (Table 2, entries 1–22). In general, good to 
excellent yields (60–89%) were observed, and we are pleased to 
disclose that most of the desired products obtained in this table 
are new, with no prior synthesis recorded by other protocols. 
Despite the possible hindrance to the reaction due to steric 
repulsion, a common phenomenon seen in our previously 
reported cross-coupling reactions,42,40,43,44 good to excellent 
yields (up to 82%) were still achieved for ortho-substituted aryl 
iodides (entries 2–5). This is likely due to the bigger size of the 
sulfur atom compared to nitrogen, hence able to better tolerate 
the steric hindrance.45 In addition, 2-mercaptoimidazole reacted 
readily with various meta- and para-substituted iodobenzenes, 
regardless of the electronic nature, to give the corresponding 
products 2af–av in good to excellent yields (entries 6–22). 
Notably, a representative base-sensitive enolizable ketone 
substituent was well-tolerated by the protocol affording the 
product in a good yield of 84% (entry 11). However, reactions 
did not proceed when iodobenzene with strongly basic and acidic 
substituents were employed. This is a common phenomenon 
observed in many Ullmann-type carbon-heteroatom bond 
formation reactions.46-49 Another potential drawback of the 
protocol is the low reactivity when bromobenzene was used as 
the electrophile, affording a low yield of 20% (entry 23). 

 

Table 2. Chemoselective S-arylation of 2-mercaptoimidazole 
with various substituted aryl halides.a 

 

 

 

Entry ArX Product Yield (%)b 

1 
 

2a 
 

2aa 

84 

2 
 

2b 
 

2ab 

71 

3 
 

2c 
 

2ac 

76 
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Table 2. (continued)   

Entry ArX Product Yield (%)b 

4 
 

2d 
 

2ad 
82 

5 
 

2e 
 

2ae 

60 

6 
 

2f 
 

2af 

80 

7 
 

2g 
 

2ag 

80 

8 
 

2h 
 

2ah 

80 

9 
 

2i 
 

2ai 

82 

10 
 

2j 
 

2aj 

81 

11 
 

2k 
 

2ak 

84 

12 
 

2l 
 

2al 
81 

13 
 

2m 
 

2am 

80 

14  
2n  

2an 
83 

15  
2o  

2ao 
89 

16  
2p  

2ap 
84 

17  
2q  

2aq 

82 

18  
2r  

2ar 

81 

19  
2s  

2as 

88 

20  
2t  

2at 

85 

21 
 

2u 
 

2au 

70 

22  
2v 

 
2av 

80 

23 
 

2w 
 

2aa 

20 

aReactions were carried out with Cu (3 mol%), K3PO4 (0.75 mmol), 2-
mercaptoimidzole (0.50 mmol), DMSO (0.2 mL), substituted iodobenzene 
(0.75 mmol), 100 ºC for 24 h in air.  

bIsolated yield.  

 

Motivated by the positive results above, we proceeded to 
explore the possible chemoselective cross-coupling of heteroaryl 
halides with 2-mercaptoimidazole, as shown in Table 3. Indeed, 
S-arylation for a range of iodothiophenes afforded good to 
excellent yields of up to 85% (Table 3, entries 1–4). Regrettably, 
similar to our observations with bromobenzene (Table 2, entry 
23), both 2- and 3-bromothiophene were not reactive enough for 
successful heteroarylation (entries 5 & 6). Furthermore, attempts 
with various iodopyridines as the coupling partner were not 
conclusive as the products obtained from the reactions could not 
be adequately characterized. 

 

Table 3. Chemoselective S-arylation of 2-mercaptoimidazole 
with substituted iodoheterocycles.a 

 

 

 

Entry Het-X Product Yield (%)b 

1  
3a  

3aa 

60 

2  
3b  

3ab 
85 

3 
 

3c 
 

3ac 

62 

4  
3d 

 
3ad 

70 

5  
3e  

3aa 
15 

6  
3f  

3ab 

17 

aReactions were carried out with Cu (3 mol%), K3PO4 (0.75 mmol), 2-
mercaptoimidzole (0.50 mmol), DMSO (0.2 mL), substituted heterocycles 
(0.75 mmol), 100 ºC for 24 h in air.  

bIsolated yield.  

 

Next, we focused our attention on broadening the scope of the 
methodology by applying it on a series of mercaptoazoles. The 
results are summarized in Table 4, where moderate to excellent 
yields of up to 95% were obtained. Particularly, we were able to 
obtain a good yield of 73% of 4aa, formed by the cross-coupling 
of iodobenzene and 2-mercapto-1-methylimidazole. This 
reaction, achieved using the N-methyl derivative of 2-
mercaptoimidazole. 
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Table 4. Chemoselective S-arylation of sulfur-containing 
azoles with iodobenzene.a 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

aIsolated yields for reactions carried out with Cu (3 mol%), K3PO4 (0.75 
mmol), azoles (0.50 mmol), DMSO (0.2 mL), iodobenzene (0.75 mmol), 100 
ºC for 24 h in air. 

 

While the mechanism of copper-catalyzed cross-coupling 
reactions has not been fully determined, based on the reported 
literature,50,51 as well as observations made throughout our study; 
firstly, all Cu salts screened were efficient catalysts for the 
reaction (Table 1, entries 1, 7–9), and secondly, solid Cu0 was not 
observed at the end of every reaction, we postulate that the 
mechanism involves three elementary steps. The first step begins 
with the coordination of 2-mercaptoimidazole to the CuI metal 
center, formed through the oxidation of Cu0 by DMSO, a well-
known oxidant.52-54 Next, an oxidative addition of the 
iodobenzene to the catalyst, and lastly, the regeneration of the Cu 
catalyst after a reductive elimination of the S-arylated product. 

 

Scheme 1. Proposed mechanism for the selective S-arylation 
of 2-mercaptoimidazole with iodobenzene. 

 

 

3. Conclusions 

In summary, a mild protocol which requires only a low 3 
mol% of Cu0 catalyst is developed for the chemoselective S-
arylation of 2-mercaptoimidazole with differently substituted 
iodobenzenes and iodothiophenes. This method has shown good 
efficiency, tolerating aryl iodides of various electronic and steric 

properties to give us access to a large number of new compounds 
that were not previously synthesized. The experimental 
simplicity of this catalytic system, which does not require the 
addition of assisting ligands and inert conditions, is expected to 
be particularly useful in industrial applications and the 
development of therapeutics.  

 

4. Experimental section 

4.1. General Methods 

Chemicals and solvents were either purchased from 
commercial suppliers or purified by standard techniques. 
Analytical thin layer chromatography (TLC) was performed 
using Merck 60 F254 precoated silica gel plate (0.2 mm 
thickness). Subsequent to elution, plates were visualized using 
UV radiation (254 nm) on Spectroline Model ENF-24061/F 254 
nm. Flash chromatography was performed using Merck silica gel 
60 with AR grade solvents. Proton nuclear magnetic resonance 
spectra (1H NMR) were recorded on a Bruker Avance DPX 400 
spectrophotometer (CDCl3 as solvent). Chemical shifts for 1H 
NMR spectra are reported as δ in units of parts per million (ppm) 
downfield from SiMe4 (δ 0.0) and relative to the signal of 
DMSO-d6 (δ 2.500, quintet). Carbon nuclear magnetic resonance 
spectra (13C NMR) are reported as δ in units of parts per million 
(ppm) downfield from SiMe4 (δ 0.0) and relative  to  the  signal  
of  DMSO-d6  (δ 39.51, septet). Mass spectroscopy was 
performed using Agilent 1100 series LC/MSD.  

All reagents were purchased from commercial supplier and 
were used without any purification. Copper powder was 
purchased from Sigma Aldrich. 

 

4.2. General procedure for S-aryl/heteroarylation of 2-
mercaptoimidazole/Sulfur-containing azoles. 

A mixture of Cu0 powder (Sigma-Aldrich, <425 µm, 99.5% 
trace metals basis, 0.095 mg, 0.015 mmol, 3-mol%), anhydrous 
K3PO4 (0.75 mmol), 2-mercaptoimidazole/sulfur-containing 
azoles (0.5 mmol), DMSO (0.2 mL) and aryl halide (0.75 mmol) 
were added to a reaction vial and a screw cap was fitted to it. The 
reaction mixture was stirred under air in a closed system at 100 
ºC for 24 h. The heterogeneous mixture was subsequently cooled 
to room temperature and diluted with 4.0 mL dichloromethane. 
The combined organic extracts were dried with anhydrous 
Na2SO4, filtered and the solvent was removed under reduced 
pressure. The crude product was loaded onto the column using 
minimal amounts of dichloromethane and was purified by silica-
gel column chromatography to afford the S-arylated product. The 
identity and purity of products was confirmed by 1H and 13C 
NMR spectroscopic analysis. 

 

4.3. NMR Data for Products 

2-(phenylthio)-1H-imidazole (2aa) Following the general 
procedure using 2-mercaptoimidazole (0.501 g, 0.50 mmol) and 
iodobenzene (0.084 mL, 0.75 mmol), 74 mg (84% yield) of the 
coupled product was obtained as an off-white solid after 
purification by flash chromatography (hexane/ethyl acetate, 
60:40). m.p. 102-104 ºC. Rf = 0.46 (50% hexane/EtOAc). νmax = 
3047, 3001, 2700, 2542, 1860, 1550, 1310, 1211, 1087, 1020 cm-

1. 1H NMR (400 MHz, DMSO-d6): δ = 12.74 (bs, 1H, NH), 7.31 
(t, J = 7.6 Hz, 2H, Ph), 7.23-7.18 (m, 3H, Ph), 7.12 (d, J = 8.1 
Hz, 2H, CHCH). 13C NMR (100 MHz, DMSO-d6): δ = 135.9, 
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134.5, 129.3, 127.3, 125.6, 125.4. HRMS (EI): Calcd [M+]: 
177.0484. [C9H9N2S]+ Found: 177.0474. 

2-((2-fluorophenyl)thio)-1H-imidazole (2ab) Following the 
general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 2-fluoroiodobenzene (0.087 mL, 0.75 mmol), 69 mg 
(71% yield) of the coupled product was obtained as an off-white 
solid after purification by flash chromatography (hexane/ethyl 
acetate, 60:40). m.p. 123-125 ºC. Rf = 0.38 (50% hexane/EtOAc). 
νmax = 3091, 3004, 2747, 2547, 1865, 1547, 1473, 1329, 1229, 
1101, 1028 cm-1. 1H NMR (400 MHz, DMSO-d6): δ = 12.84 (bs, 
1H, NH), 7.30-7.23-7.11 (m, 5H, Ph, CHCH), 6.90 (td, J = 8.3 
Hz, 1.5 Hz, 1H, Ph). 13C NMR (100 MHz, DMSO-d6): δ = 158.5 
(d, J = 242.3 Hz), 132.8, 129.7 (d, J = 2.2 Hz), 128.7 (d, J = 7.6 
Hz), 125.3 (d, J = 3.0 Hz), 122.6 (d, J = 17.5 Hz), 115.8, 115.6. 
HRMS (EI): Calcd [M+]: 195.0390. [C9H8N2SF]+ Found: 
195.0378. 

2-((2-chlorophenyl)thio)-1H-imidazole (2ac) Following the 
general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 2-chloroiodobenzene (0.091 mL, 0.75 mmol), 80 mg 
(76% yield) of the coupled product was obtained as an off-white 
solid after purification by flash chromatography (hexane/ethyl 
acetate, 60:40). m.p. 139-141 ºC. Rf = 0.36 (50% hexane/EtOAc). 
νmax = 3098, 2902, 2771, 2640, 2548, 1755, 1454, 1327, 1255, 
1100, 1030 cm-1. 1H NMR (400 MHz, DMSO-d6): δ = 12.97 (bs, 
1H, NH), 7.48-7.18 (m, 5H, Ph, CHCH), 6.58 (d, J = 9.1 Hz, 1H, 
Ph). 13C NMR (100 MHz, DMSO-d6): δ = 203.9, 136.0, 132.3, 
129.6, 129.2, 128.0, 127.3, 127.0. HRMS (EI): Calcd [M+]: 
211.0094. [C9H8N2SCl]+ Found: 211.0090. 

2-(o-tolylthio)-1H-imidazole (2ad) Following the general 
procedure using 2-mercaptoimidazole (0.501 g, 0.50 mmol) and 
2-iodotoluene (0.096 mL, 0.75 mmol), 78 mg (82% yield) of the 
coupled product was obtained as an pale brown solid after 
purification by flash chromatography (hexane/ethyl acetate, 
60:40). m.p. 115-116 ºC. Rf = 0.42 (50% hexane/EtOAc). νmax = 
3134, 3015, 2895, 2628, 2554, 1915, 1545, 1454, 1426, 1329, 
1253, 1104, 1041 cm-1. 1H NMR (400 MHz, DMSO-d6): δ = 
12.72 (bs, 1H, NH), 7.23-7.20 (m, 3H, Ph), 7.14-7.07 (m, 2H, 
CHCH), 6.78-6.75 (m, 1H, Ph), 2.33 (s, 3H, CH3). 

13C NMR (100 
MHz, DMSO-d6): δ = 203.90, 135.5, 135.1, 134.4, 130.3, 127.7, 
126.7, 126.4, 19.6. HRMS (EI): Calcd [M+]: 191.0641. 
[C10H11N2S]+ Found: 190.0646. 

2-((2,6-dimethylphenyl)thio)-1H-imidazole (2ae) Following 
the general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 2-iodo-1,3-dimethylbenzene (0.108 mL, 0.75 mmol), 
61 mg (60% yield) of the coupled product was obtained as an off-
white solid after purification by flash chromatography 
(hexane/ethyl acetate, 60:40). m.p. 192-194 ºC. Rf = 0.54 (50% 
hexane/EtOAc). νmax = 3434, 3146, 3025, 2692, 2641, 1931, 
1661, 1556, 1460, 1331, 1254, 1093 cm-1. 1H NMR (400 MHz, 
DMSO-d6): δ = 12.13 (bs, 1H, NH), 7.21-6.85 (m, 5H, Ph, 
CHCH), 2.41 (s, 6H, CH3). 

13C NMR (100 MHz, DMSO-d6): δ = 
164.0, 142.2, 137.9, 130.5, 128.9, 128.3, 21.7. HRMS (EI): Calcd 
[M+]: 205.0797. [C11H14N2S]+ Found: 205.0796. 

2-((3-fluorophenyl)thio)-1H-imidazole (2af) Following the 
general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 3-fluoroiodobenzene (0.088 mL, 0.75 mmol), 78 mg 
(80% yield) of the coupled product was obtained as an off-white 
solid after purification by flash chromatography (hexane/ethyl 
acetate, 60:40). m.p. 71-73 ºC. Rf = 0.38 (50% hexane/EtOAc). 
νmax = 3068, 2996, 2752, 2630, 1862, 1599, 1473, 1416, 1327, 
1263, 1097, 1062 cm-1. 1H NMR (400 MHz, DMSO-d6): δ = 
12.89 (bs, 1H, NH), 7.38-7.20 (m, 3H, Ph, CHCH), 7.04 (td, J = 
8.6 Hz, 2.5 Hz, 1H, Ph), 6.91 (t, J = 8.5 Hz, 2H, Ph). 13C NMR 

(100 MHz, DMSO-d6): δ = 203.9, 163.5, 161.1, 136.2 (d, J = 
133.4 Hz), 131.1 (d, J = 8.4 Hz), 122.8 (d, J = 3.0 Hz), 113.4 (d, 
J = 23.6 Hz), 113.1 (d, J = 21.3 Hz). HRMS (EI): Calcd [M+]: 
195.0390. [C9H8N2SF]+ Found: 195.0387. 

2-((3-chlorophenyl)thio)-1H-imidazole (2ag) Following the 
general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 3-chloroiodobenzene (0.093 mL, 0.75 mmol), 84 mg 
(80% yield) of the coupled product was obtained as an off-white 
solid after purification by flash chromatography (hexane/ethyl 
acetate, 60:40). m.p. 120-122 ºC. Rf = 0.37 (50% hexane/EtOAc). 
νmax = 3055, 2991, 2882, 2737, 2575, 1860, 1619, 1565, 1460, 
1327, 1164, 1099, 1070 cm-1. 1H NMR (400 MHz, DMSO-d6): δ 
= 12.90 (bs, 1H, NH), 7.36-7.26 (m, 4H, Ph, CHCH), 7.10-7.07 
(m, 2H, Ph). 13C NMR (100 MHz, DMSO-d6): δ = 138.5, 135.2, 
133.8, 133.4, 130.9, 126.2, 126.1, 125.5. HRMS (EI): Calcd 
[M+]: 211.0094. [C9H8N2SCl]+ Found: 211.0090. 

2-((3-bromophenyl)thio)-1H-imidazole (2ah) Following the 
general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 3-bromoiodobenzene (0.096 mL, 0.75 mmol), 102 mg 
(80% yield) of the coupled product was obtained as an off-white 
solid after purification by flash chromatography (hexane/ethyl 
acetate, 60:40). m.p. 129-131 ºC. Rf = 0.45 (50% hexane/EtOAc). 
νmax = 3129, 3049, 2989, 2737, 2619, 1864, 1619, 1560, 1458, 
1327, 1164, 1100, 1065 cm-1. 1H NMR (400 MHz, DMSO-d6): δ 
= 12.89 (bs, 1H, NH), 7.41 (d, J = 7.6 Hz, 2H, Ph), 7.29-7.24 (m, 
2H, CHCH), 7.12 (d, J = 8.1 Hz, 2H, Ph). 13C NMR (100 MHz, 
DMSO-d6): δ = 203.9, 138.7, 133.4, 131.2, 129.1, 128.9, 125.5, 
122.2. HRMS (EI): Calcd [M+]: 254.9589. [C9H8N2SBr]+ Found: 
254.9588. 

2-((3-(trifluoromethyl)phenyl)thio)-1H-imidazole (2ai) 

Following the general procedure using 2-mercaptoimidazole 
(0.501 g, 0.50 mmol) and 3-iodobenzotrifluoride (0.108 mL, 0.75 
mmol), 100 mg (82% yield) of the coupled product was obtained 
as an off-white solid after purification by flash chromatography 
(hexane/ethyl acetate, 60:40). m.p. 136-137 ºC. Rf = 0.36 (50% 
hexane/EtOAc). νmax = 3141, 3003, 2772, 2630, 1870, 1555, 
1478, 1424, 1322, 1273, 1168, 1102, 1072 cm-1. 1H NMR (400 
MHz, DMSO-d6): δ = 12.93 (bs, 1H, NH), 7.58-7.53 (m, 2H, 
CHCH), 7.40 (s, 2H, Ph), 7.29 (s, 2H, Ph). 13C NMR (100 MHz, 
DMSO-d6): δ = 203.9, 138.0, 130.8, 130.3, 130.1, 129.8, 125.1, 
123.0 (qn, J = 4.5 Hz), 122.3. HRMS (EI): Calcd [M+]: 245.0358. 
[C10H8N2SF3]

+ Found: 245.0360. 

2-((3-methoxyphenyl)thio)-1H-imidazole (2aj) Following 
the general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 3-iodoanisole (0.089 mL, 0.75 mmol), 83 mg (81% 
yield) of the coupled product was obtained as an off white solid 
after purification by flash chromatography (hexane/ethyl acetate, 
50:50). m.p. 109-110 ºC. Rf = 0.38 (50% hexane/EtOAc). νmax = 
3135, 2960, 2892, 2829, 2734, 2488, 1866, 1589, 1483, 1419, 
1327, 1247, 1105, 1029 cm-1. 1H NMR (400 MHz, DMSO-d6): δ 
= 12.8 (bs, 1H, NH), 7.24-7.20 (m, 3H, Ph), 6.80-6.77 (m, 1H, 
Ph), 6.67-6.65 (m, 2H, CHCH), 3.69 (s, 3H). 13C NMR (100 
MHz, DMSO-d6): δ = 203.9, 159.7, 137.2, 134.3, 130.2, 119.2, 
112.7, 111.8, 55.1. HRMS (EI): Calcd [M+]: 207.0590. 
[C10H11N2SO]+ Found: 207.0588. 

1-(3-((1H-imidazol-2-yl)thio)phenyl)ethanone (2ak) 

Following the general procedure using 2-mercaptoimidazole 
(0.501 g, 0.50 mmol) and 3`-iodoacetophenone (0.136 mL, 0.75 
mmol), 92 mg (84% yield) of the coupled product was obtained 
as an brown solid after purification by flash chromatography 
(hexane/ethyl acetate, 40:60). m.p. 113-115 ºC. Rf = 0.35 (50% 
hexane/EtOAc). νmax = 3359, 3135, 3062, 2998, 2576, 2521, 
1864, 1690, 1563, 1422, 1249, 1160, 1100 cm-1. 1H NMR (400 
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MHz, DMSO-d6): δ = 12.90 (bs, 1H, NH), 7.80 (d, J = 7.6 Hz, 
1H, Ph), 7.67 (s, 1H, Ph), 7.47 (t, J = 7.6 Hz, 1H, Ph), 7.36 (d, J 
= 8.1 Hz, 1H, Ph), 7.27 (s, 2H, CHCH), 2.53 (s, 3H, CH3). 

13C 
NMR (100 MHz, DMSO-d6): δ = 197.3, 137.6, 136.9, 131.6, 
129.0, 129.7, 126.4, 126.3, 125.9, 26.7.  HRMS (EI): Calcd [M+]: 
219.0590. [C11H11N2SO]+ Found: 219.0592. 

2-(m-tolylthio)-1H-imidazole (2al) Following the general 
procedure using 2-mercaptoimidazole (0.501 g, 0.50 mmol) and 
3-iodotoluene (0.102 mL, 0.75 mmol), 77 mg (81% yield) of the 
coupled product was obtained as an pale yellow solid after 
purification by flash chromatography (hexane/ethyl acetate, 
50:50). m.p. 105-107 ºC. Rf = 0.48 (50% hexane/EtOAc). νmax = 
2996, 2889, 2744, 2581, 1866, 1591, 1474, 1421, 1330, 1101, 
1080 cm-1.  1H NMR (400 MHz, DMSO-d6): δ = 12.75 (bs, 1H, 
NH), 7.22-7.17 (m, 3H, Ph), 7.02 (d, J = 8.1 Hz, 1H, CHCH), 
6.96 (s, 1H, Ph), 6.90 (d, J = 7.1 Hz, 1H, CHCH), 2.23 (s, 3H, 
CH3). 

13C NMR (100 MHz, DMSO-d6): δ = 139.5, 137.6, 136.4, 
135.5, 130.0, 128.7, 128.0, 125.4, 21.8. HRMS (EI): Calcd [M+]: 
191.0641. [C10H11N2S]+ Found: 191.0640. 

2-((3,5-dimethylphenyl)thio)-1H-imidazole (2am) 

Following the general procedure using 2-mercaptoimidazole 
(0.501 g, 0.50 mmol) and 1-iodo-3,5-dimethylbenzene (0.108 
mL, 0.75 mmol), 82 mg (80 % yield) of the coupled product was 
obtained as an off-white solid after purification by flash 
chromatography (hexane/ethyl acetate, 60:40). m.p. 171-173 ºC. 
Rf = 0.48 (50% hexane/EtOAc). νmax = 3109, 3001, 2912, 2488, 
1866, 1599, 1580, 1449, 1419, 1328, 1167, 1099, 1038 cm-1. 1H 
NMR (400 MHz, DMSO-d6): δ = 12.70 (bs, 1H, NH), 7.20 (s, 
2H, CHCH), 6.84 (s, 1H, Ph), 6.75 (s, 2H, Ph), 2.19 (s, 6H, CH3). 
13C NMR (100 MHz, DMSO-d6): δ = 189.118, 138.4, 135.2, 
134.8, 128.1, 125.1, 20.8. HRMS (EI): Calcd [M+]: 205.0797. 
[C11H14N2S]+ Found: 205.0799. 

2-((4-fluorophenyl)thio)-1H-imidazole (2an) Following the 
general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 4-fluoroiodobenzene (0.087 mL, 0.75 mmol), 81 mg 
(83% yield) of the coupled product was obtained as an off-white 
solid after purification by flash chromatography (hexane/ethyl 
acetate, 55:45). m.p. 133-134 ºC. Rf = 0.40 (50% hexane/EtOAc). 
νmax = 3146, 3094, 2629, 2544, 1856, 1587, 1489, 1418, 1326, 
1220, 1103 cm-1.1H NMR (400 MHz, DMSO-d6): δ = 12.75 (bs, 
1H, NH), 7.26-7.16 (m, 6H, Ph, CHCH). 13C NMR (100 MHz, 
DMSO-d6): δ = 203.9, 162.3, 147.5 (d, J = 24.2 Hz), 130.8 (d, J 
= 4.0 Hz), 123.3 (d, J = 21.3 Hz), 123.3 (d, J = 24.2 Hz). HRMS 
(EI): Calcd [M+]: 195.0390. [C9H8N2SF]+ Found: 195.0391. 

2-((4-chlorophenyl)thio)-1H-imidazole (2ao) Following the 
general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 4-chloroiodobenzene (0.179 g, 0.75 mmol), 93 mg 
(89% yield) of the coupled product was obtained as an off-white 
solid after purification by flash chromatography (hexane/ethyl 
acetate, 60:40). m.p. 139-141 ºC. Rf = 0.41 (50% hexane/EtOAc). 
νmax = 3097, 2994, 2880, 2817, 2756, 2629, 1831, 1620, 1546, 
1476, 1416, 1325, 1089 cm-1. 1H NMR (400 MHz, DMSO-d6): δ 
= 12.81 (bs, 1H, NH), 7.39-7.37 (m, 2H, Ph), 7.24 (s, 2H, Ph), 
7.14-7.12 (m, 2H, CHCH). 13C NMR (100 MHz, DMSO-d6): δ = 
134.9, 134.1, 131.1, 129.2, 129.1, 48.6. HRMS (EI): Calcd [M+]: 
211.0094. [C9H8N2SCl]+ Found: 211.0094. 

2-((4-bromophenyl)thio)-1H-imidazole (2ap) Following the 
general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 4-bromoiodobenzene (0.212 g, 0.75 mmol), 107 mg 
(84% yield) of the coupled product was obtained as an brown-
yellow solid after purification by flash chromatography 
(hexane/ethyl acetate, 60:40). m.p. 169-171 ºC. Rf = 0.41 (50% 
hexane/EtOAc). νmax = 2996, 2824, 2487, 1864, 1611, 1472, 

1418, 1328, 1103, 1085, 1006 cm-1. 1H NMR (400 MHz, DMSO-
d6): δ = 12.83 (bs, 1H, NH), 7.50 (d, J = 8.6 Hz, 2H, Ph), 7.24 (s, 
2H, CHCH), 7.06 (d, J = 8.6 Hz, 2H, Ph). 13C NMR (100 MHz, 
DMSO-d6): δ = 202.0, 135.5, 133.9, 132.1, 129.1, 119.3. HRMS 
(EI): Calcd [M+]: 254.9589. [C9H8N2SBr]+ Found: 254.9590. 

2-((4-(trifluoromethyl)phenyl)thio)-1H-imidazole (2aq) 

Following the general procedure using 2-mercaptoimidazole 
(0.501 g, 0.50 mmol) and 4-iodobenzotrifluoride (0.110 mL, 0.75 
mmol), 100 mg (82% yield) of the coupled product was obtained 
as an off white solid after purification by flash chromatography 
(hexane/ethyl acetate, 60:40). m.p. 145-147 ºC. Rf = 0.36 (50% 
hexane/EtOAc). νmax = 3097, 2997, 2889, 2821, 2633, 2548, 
1869, 1607, 1420, 1404, 1330, 1161, 1087, 1012 cm-1. 1H NMR 
(400 MHz, DMSO-d6): δ = 12.92 (bs, 1H, NH), 7.66 (d, J = 8.6 
Hz, 2H, Ph), 7.31 (s, 2H, CHCH), 7.24 (d, J = 8.6 Hz, 2H, Ph). 
13C NMR (100 MHz, DMSO-d6): δ = 142.3, 132.8, 126.6, 126.3, 
126.0 (qn, J = 3.8 Hz), 125.5, 122.8. HRMS (EI): Calcd [M+]: 
245.0358. [C10H8N2SF3]

+ Found: 245.0359. 

2-((4-methoxyphenyl)thio)-1H-imidazole (2ar) Following 
the general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 4-iodoanisole (0.176 g, 0.75 mmol), 83 mg (81% 
yield) of the coupled product was obtained as a grey solid after 
purification by flash chromatography (hexane/ethyl acetate, 
50:50). m.p. 153-155 ºC. Rf = 0.42 (50% hexane/EtOAc). νmax = 
3067, 3003, 2886, 2735, 2621, 1865, 1645, 1596, 1495, 1326, 
1255, 1170, 1094, 1023 cm-1. 1H NMR (400 MHz, DMSO-d6): δ 
= 12.60 (bs, 1H, NH), 7.24 (d, J = 8.6 Hz, 2H, Ph), 7.14 (s, 2H, 
CHCH), 6.91 (d, J = 8.6 Hz, 2H, Ph), 3.72 (s, 3H, CH3). 

13C 
NMR (100 MHz, DMSO-d6): δ = 194.6, 159.6, 136.6, 132.1, 
125.8, 115.8, 55.3. HRMS (EI): Calcd [M+]: 207.0590. 
[C10H11N2SO]+ Found: 207.0588. 

1-(4-((1H-imidazol-2-yl)thio)phenyl)ethanone (2as) 

Following the general procedure using 2-mercaptoimidazole 
(0.501 g, 0.50 mmol) and 4`-iodoacetophenone (0.185 g, 0.75 
mmol), 96 mg (88% yield) of the coupled product was obtained 
as a brown solid after purification by flash chromatography 
(hexane/ethyl acetate, 40:60). m.p. 120-122 ºC. Rf = 0.38 (50% 
hexane/EtOAc). νmax = 3103, 3003, 2770, 2642, 1873, 1676, 
1590, 1333, 1264, 1106, 1009 cm-1. 1H NMR (400 MHz, DMSO-
d6): δ = 12.96 (bs, 1H, NH), 7.87 (d, J = 8.0 Hz, 2H, Ph), 7.31 (s, 
2H, CHCH), 7.14 (d, J = 8.0 Hz, 2H, Ph), 2.52 (s, 3H, CH3). 

13C 
NMR (100 MHz, DMSO-d6): δ = 196.9, 143.1, 137.6, 134.4, 
132.8, 129.0, 125.9, 26.6. HRMS (EI): Calcd [M+]: 219.0590. 
[C11H11N2SO]+ Found: 219.0593. 

2-(p-tolylthio)-1H-imidazole (2at) Following the general 
procedure using 2-mercaptoimidazole (0.501 g, 0.50 mmol) and 
4-iodotoluene (0.164 g, 0.75 mmol), 81 mg (85% yield) of the 
coupled product was obtained as an off-white solid after 
purification by flash chromatography (hexane/ethyl acetate, 
50:50). m.p. 129-131 ºC. Rf = 0.48 (50% hexane/EtOAc). νmax = 
3145, 3096, 2993, 2746, 2630, 1849, 1547, 1492, 1416, 1326, 
1103, 1096, 1017 cm-1.  1H NMR (400 MHz, DMSO-d6): δ = 
12.68 (bs, 1H, NH), 7.18 (s, 2H, CHCH), 7.13 (d, J = 8.1 Hz, 2H, 
Ph), 7.07 (d, J = 8.6, 2H, Ph), 2.24 (s, 3H). 13C NMR (100 MHz, 
DMSO-d6): δ = 136.1, 135.3, 131.9, 129.8, 128.0, 126.7, 20.5. 
HRMS (EI): Calcd [M+]: 191.0641. [C10H11N2S]+ Found: 
191.0644. 

2-(naphthalen-1-ylthio)-1H-imidazole (2au) Following the 
general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 1-iodonaphthalene (0.110 mL, 0.75 mmol), 79 mg 
(70% yield) of the coupled product was obtained as an off-white 
solid after purification by flash chromatography (hexane/ethyl 
acetate, 60:40). m.p. 191-193 ºC. Rf = 0.62 (50% hexane/EtOAc). 
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νmax = 2994, 2539, 1866, 1619, 1551, 1419, 1329, 1255, 1100, 
1064 cm-1. 1H NMR (400 MHz, DMSO-d6): δ = 12.75 (bs, 1H, 
NH), 8.31 (d, J = 7.6 Hz, 1H，Ph), 7.97 (d, J = 8.1 Hz, 1H，Ph), 
7.86 (d, J = 8.6 Hz, 1H，Ph), 7.65-7.57 (m, 2H， CHCH), 7.64 
(t, J = 8.1 Hz, 1H，Ph), 7.25-7.21 (m, 3H，Ph). 13C NMR (100 
MHz, DMSO-d6): δ = 135.2, 134.7, 133.5, 132.1, 131.0, 128.6, 
127.6, 127.5, 126.9, 126.5, 125.9, 124.0. HRMS (EI): Calcd 
[M+]: 227.0641. [C13H11N2S]+ Found: 227.0640. 

2-(naphthalen-2-ylthio)-1H-imidazole (2av) Following the 
general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 3-fluoroiodobenzene (0.191 g, 0.75 mmol), 90 mg 
(80% yield) of the coupled product was obtained as an off white 
solid after purification by flash chromatography (hexane/ethyl 
acetate, 60:40). m.p. 152-154 ºC. Rf = 0.62 (50% hexane/EtOAc). 
νmax = 3055, 2629, 1859, 1621, 1499, 1416, 1325, 1268, 1131, 
1102, 1017 cm-1. 1H NMR (400 MHz, DMSO-d6): δ = 12.83 (bs, 
1H，NH), 7.87 (d, J = 8.6 Hz, 2H，Ph), 7.78 (d, J = 8.6 Hz, 
1H，Ph), 7.96 (s, 1H，Ph), 7.52-7.46 (m, 2H，CHCH), 7.26-
7.23 (m, 3H，Ph). 13C NMR (100 MHz, DMSO-d6): δ = 196.4, 
134.7, 133.2, 133.1, 131.4, 130.4, 128.8, 127.7, 127.0, 126.9, 
126.1, 125.6. HRMS (EI): Calcd [M+]: 227.0641. [C13H11N2S]+ 

Found: 227.0638. 

2-(phenylthio)-1H-imidazole (2aa) Following the general 
procedure using 2-mercaptoimidazole (0.501 g, 0.50 mmol) and 
bromobenzene (0.079 mL, 0.75 mmol), 18 mg (20% yield) of the 
coupled product was obtained as an off-white solid after 
purification by flash chromatography (hexane/ethyl acetate, 
60:40). m.p. 102-104 ºC. Rf = 0.46 (50% hexane/EtOAc). νmax = 
3047, 3001, 2700, 2542, 1860, 1550, 1310, 1211, 1087, 1020 cm-

1. 1H NMR (400 MHz, DMSO-d6): δ = 12.74 (bs, 1H, NH), 7.31 
(t, J = 7.6 Hz, 2H, Ph), 7.23-7.18 (m, 3H, Ph), 7.12 (d, J = 8.1 
Hz, 2H, CHCH). 13C NMR (100 MHz, DMSO-d6): δ = 135.9, 
134.5, 129.3, 127.3, 125.6, 125.4. HRMS (EI): Calcd [M+]: 
177.0484. [C9H9N2S]+ Found: 177.0474. 

2-(thiophen-2-ylthio)-1H-imidazole (3aa) Following the 
general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 2-iodothiophene (0.083 mL, 0.75 mmol), 55 mg (60% 
yield) of the coupled product was obtained as a yellow solid after 
purification by flash chromatography (hexane/ethyl acetate, 
60:40). m.p. 148-150 ºC. Rf = 0.36 (50% hexane/EtOAc). νmax = 
3085, 2993, 2812, 2744, 2621, 1804, 1542, 1415, 1323, 1216, 
1096 cm-1. 1H NMR (400 MHz, DMSO-d6): δ = 12.61 (bs, 1H, 
NH), 7.64 (dd, J = 6.7 Hz, 1.0 Hz, 1H, CHCH), 7.28 (dd, J = 6.7 
Hz, 1.0 Hz, 1H, CHCH), 7.10-7.03 (m, 3H, heteroaryl). 13C NMR 
(100 MHz, DMSO-d6): δ = 136.9, 135.6, 133.4, 130.8, 127.9, 
125.1. HRMS (EI): Calcd [M+]: 183.0048. [C7H7N2S2]

+ Found: 
183.0050. 

2-(thiophen-3-ylthio)-1H-imidazole (3ab) Following the 
general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 3-iodothiophene (0.076 mL, 0.75 mmol), 77 mg (85% 
yield) of the coupled product was obtained as an off-white solid 
after purification by flash chromatography (hexane/ethyl acetate, 
60:40). m.p. 145-147 ºC. Rf = 0.35 (50% hexane/EtOAc). νmax = 
3105, 2993, 2884, 2816, 2741, 2621, 1860, 1614, 1547, 1419, 
1326, 1195, 1098 cm-1.  1H NMR (400 MHz, DMSO-d6): δ = 
12.54 (bs, 1H, NH), 7.60-7.58 (m, 1H, heteroaryl), 7.44-7.43 (m, 
1H，heteroaryl), 7.14 (s, 2H，CHCH), 6.98 (dd, J = 5.0 Hz, 1.5 
Hz, 1H，heteroaryl). 13C NMR (100 MHz, DMSO-d6): δ = 
137.2, 129.9, 129.8, 128.4, 125.8, 125.3. HRMS (EI): Calcd 
[M+]: 183.0048. [C7H7N2S2]

+ Found: 183.0050. 

1-(5-((1H-imidazol-2-yl)thio)thiophen-2-yl)ethanone (3ac) 

Following the general procedure using 2-mercaptoimidazole 
(0.501 g, 0.50 mmol) and 2-acetyl-5-iodothiophene (0.189 g, 

0.75 mmol), 69 mg (62% yield) of the coupled product was 
obtained as an brownish-yellow solid after purification by flash 
chromatography (hexane/ethyl acetate, 30:70). m.p. 144-146 ºC. 
Rf = 0.34 (50% hexane/EtOAc). νmax = 3146, 3090, 2920, 1654, 
1520, 1413, 1273, 1120, 1104, 1014 cm-1. 1H NMR (400 MHz, 
DMSO-d): δ = 12.89 (bs, 1H，NH), 7.79 (d, J = 4.0 Hz, 1H，
heteroaryl), 7.22-7.19 (m, 3H, heteroaryl, CHCH), 2.50 (s, 3H, 
CH3). 

13C NMR (100 MHz, DMSO-d): δ = 206.3, 190.0, 149.8, 
144.9, 143.9, 134.2, 130.2, 26.3. HRMS (EI): Calcd [M+]: 
225.0154. [C9H9N2S2O]+ Found: 225.0155.  

2-(benzo[b]thiophen-2-ylthio)-1H-imidazole (3ad) 

Following the general procedure using 2-mercaptoimidazole 
(0.501 g, 0.50 mmol) and 2-iodobenzothiophene (0.195 mL, 0.75 
mmol), 81 mg (70% yield) of the coupled product was obtained 
as an yellowish solid after purification by flash chromatography 
(hexane/ethyl acetate, 60:40). m.p. 186-188 ºC. Rf = 0.46 (50% 
hexane/EtOAc). νmax = 3433, 2992, 2579, 1861, 1618, 1497, 
1419, 1326, 1245, 1127, 1101 cm-1. 1H NMR (400 MHz, DMSO-
d6): δ = 12.84 (bs, 1H, NH), 7.87 (d, J = 7.6 Hz, 1H, heteroaryl), 
7.79 (d, J = 7.6 Hz, 1H, heteroaryl), 7.53 (s, 1H, heteroaryl), 
7.38-7.31 (m, 2H, CHCH), 7.18 (s, 2H, heteroaryl). 13C NMR 
(100 MHz, DMSO-d6): δ = 203.9, 140.7, 139.3, 134.4, 128.6, 
128.1, 127.2, 124.7, 123.4, 122.1. HRMS (EI): Calcd [M+]: 
233.0205. [C11H9N2S2]

+ Found: 233.0205.  

2-(thiophen-2-ylthio)-1H-imidazole (3aa) Following the 
general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 2-bromothiophene (0.073 mL, 0.75 mmol), 14 mg 
(15% yield) of the coupled product was obtained as a yellow 
solid after purification by flash chromatography (hexane/ethyl 
acetate, 60:40). m.p. 148-150 ºC. Rf = 0.36 (50% hexane/EtOAc). 
νmax = 3085, 2993, 2812, 2744, 2621, 1804, 1542, 1415, 1323, 
1216, 1096 cm-1. 1H NMR (400 MHz, DMSO-d6): δ = 12.61 (bs, 
1H, NH), 7.64 (dd, J = 6.7 Hz, 1.0 Hz, 1H, CHCH), 7.28 (dd, J = 
6.7 Hz, 1.0 Hz, 1H, CHCH), 7.10-7.03 (m, 3H, heteroaryl). 13C 
NMR (100 MHz, DMSO-d6): δ = 136.9, 135.6, 133.4, 130.8, 
127.9, 125.1. HRMS (EI): Calcd [M+]: 183.0048. [C7H7N2S2]

+ 

Found: 183.0050. 

2-(thiophen-3-ylthio)-1H-imidazole (3ab) Following the 
general procedure using 2-mercaptoimidazole (0.501 g, 0.50 
mmol) and 3-bromothiophene (0.070 mL, 0.75 mmol), 16 mg 
(17% yield) of the coupled product was obtained as an off-white 
solid after purification by flash chromatography (hexane/ethyl 
acetate, 60:40). m.p. 145-147 ºC. Rf = 0.35 (50% hexane/EtOAc). 
νmax = 3105, 2993, 2884, 2816, 2741, 2621, 1860, 1614, 1547, 
1419, 1326, 1195, 1098 cm-1. 1H NMR (400 MHz, DMSO-d6): δ 
= 12.54 (bs, 1H, NH), 7.60-7.58 (m, 1H, heteroaryl), 7.44-7.43 
(m, 1H，heteroaryl), 7.14 (s, 2H，CHCH), 6.98 (dd, J = 5.0 Hz, 
1.5 Hz, 1H，heteroaryl). 13C NMR (100 MHz, DMSO-d6): δ = 
137.2, 129.9, 129.8, 128.4, 125.8, 125.3. HRMS (EI): Calcd 
[M+]: 183.0048. [C7H7N2S2]

+ Found: 183.0050. 

1-methyl-2-(phenylthio)-1H-imidazole (4aa)34 Following the 
general procedure using 2-mercapto-1-methylimidazole (0.057 g, 
0.50 mmol) and iodobenzene (0.084 mL, 0.75 mmol), 69 mg 
(73% yield) of the coupled product was obtained as an off-white 
solid after purification by flash chromatography (hexane/ethyl 
acetate, 80:20). m.p. 94-96 ºC. Rf = 0.34 (50% hexane/EtOAc). 
νmax = 3040, 3003, 2715, 2541, 1863, 1554, 1311, 1230, 1089, 
1021 cm-1. 1H NMR (400 MHz, DMSO-d6): δ = 7.46 (s, 1H, Ph), 
7.31 (t, J = 7.1 Hz, 2H, Ph), 7.21 (t, J = 8.1 Hz, 1H, Ph), 7.11 (s, 
1H, Ph), 7.06 (d, J = 7.6 Hz, 2H, CHCH), 3.61 (s, 3H, CH3). 

13C 
NMR (100 MHz, DMSO-d6): δ = 136.0, 135.0, 129.6, 129.4, 
127.0, 126.4, 125.0, 33.4. HRMS (EI): Calcd [M+]: 191.0641. 
[C10H11N2S]+ Found: 191.0642. 
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4-methyl-3-(phenylthio)-4H-1,2,4-triazole (4ba) Following 
the general procedure using 4-methyl-4H-1,2,4-triazole-3-thiol 
(0.058 g, 0.50 mmol) and iodobenzene (0.084 mL, 0.75 mmol), 
91 mg (95% yield) of the coupled product was obtained as a 
yellow solid after purification by flash chromatography 
(dichloromethane/methanol, 95:5). m.p. 71-73 ºC. Rf = 0.54 (50% 
hexane/EtOAc). νmax = 3410 bs, 3096, 2995, 1958, 1751, 1645, 
1582, 1505, 1481, 1330, 1205, 1082, 1018 cm-1. 1H NMR (400 
MHz, DMSO-d6): δ = 8.73 (s, 1H, CH), 7.37 (t, J = 6.6 Hz, 2H, 
Ph), 7.31-7.28 (m, 1H, Ph), 7.25-7.23 (m, 2H, Ph), 3.57 (s, 3H, 
CH3). 

13C NMR (100 MHz, DMSO-d6): δ = 203.9, 147.4, 132.0, 
129.7, 128.6, 127.5, 31.31. HRMS (EI): Calcd [M+]: 192.0593. 
[C9H10N3S]+ Found: 192.0594. 

3-(phenylthio)-1H-1,2,4-triazole (4ca) Following the general 
procedure using 1H-1,2,4-triazole-3-thiol (0.051 g, 0.50 mmol) 
and iodobenzene (0.084 mL, 0.75 mmol), 35 mg (40% yield) of 
the coupled product was obtained as a yellow oil after 
purification by flash chromatography (hexane/ethyl acetate, 
65:35). Rf = 0.26 (50% hexane/EtOAc). νmax = 3055, 2992, 1970, 
1655, 1643, 1588, 1500, 1400, 1332, 1247, 1082, 1018 cm-1. 1H 
NMR (400 MHz, DMSO-d6): δ = 14.34 (bs, 1H, NH), 8.66 (s, 
1H, CH), 7.37-7.28 (m, 5H, Ph). 13C NMR (100 MHz, DMSO-
d6): δ = 145.4, 142.2, 132.9, 129.9, 129.1, 127.2. HRMS (EI): 
Calcd [M+]: 178.0437. [C8H8N3S]+ Found: 178.0440. 

1-methyl-5-(phenylthio)-1H-tetrazole (4da)35 Following the 
general procedure using 5-mercapto-1-methyltetrazole (0.058 g, 
0.50 mmol) and iodobenzene (0.084 mL, 0.75 mmol), 81 mg 
(84% yield) of the coupled product was obtained as an off-white 
solid after purification by flash chromatography (hexane/ethyl 
acetate, 85:15). m.p. 76-78 ºC. Rf = 0.51 (50% hexane/EtOAc). 
νmax = 3010, 2992, 1766, 1752, 1642, 1555, 1500, 1400, 1321, 
1208, 1018 cm-1. 1H NMR (400 MHz, DMSO-d6): δ = 7.53-7.51 
(m, 2H, Ph), 7.45-7.43 (m, 3H, Ph), 4.01 (s, 3H, CH3). 

13C NMR 
(100 MHz, DMSO-d6): δ = 151.9, 131.8, 129.9, 129.1, 128.5, 
34.2. HRMS (EI): Calcd [M+]: 193.0546. [C8H9N4S]+ Found: 
193.0544. 

4-phenyl-2-(phenylthio)-1H-imidazole (4ea) Following the 
general procedure using 4-phenylimidazole-2-thiol (0.088 g, 0.50 
mmol) and iodobenzene (0.084 mL, 0.75 mmol), 98 mg (78% 
yield) of the coupled product was obtained as a yellow solid after 
purification by flash chromatography (hexane/ethyl acetate, 
85:15). m.p. 122-124 ºC. Rf = 0.51 (50% hexane/EtOAc). νmax = 
3066, 2996, 2766, 2441, 1866, 1652, 1555, 1522, 1341, 1210, 
1201, 1033, 1014 cm-1. 1H NMR (400 MHz, DMSO-d6): δ = 
12.98 (bs, 1H, NH), 7.80 (d, J = 7.6 Hz, 3H, Ph), 7.39-7.30 (m, 
4H, Ph, CH), 7.24-7.21 (m, 4H, Ph). 13C NMR (100 MHz, 
DMSO-d6): δ = 203.5, 135.6, 135.5, 133.0, 129.3, 128.6, 127.4, 
126.7, 126.5, 124.3, 54.9. HRMS (EI): Calcd [M+]: 253.0797. 
[C15H13N2S]+ Found: 253.0799. 

4,5-diphenyl-2-(phenylthio)-1H-imidazole (4fa)33 Following 
the general procedure using 4,5-diphenyl-2-imidazolethiol (0.126 
g, 0.50 mmol) and iodobenzene (0.084 mL, 0.75 mmol), 128 mg 
(78% yield) of the coupled product was obtained as an off-white 
solid after purification by flash chromatography (hexane/ethyl 
acetate, 85:15). m.p. 148-149 ºC. Rf = 0.63 (50% hexane/EtOAc). 
νmax = 3055, 2978, 2762, 2400, 1861, 1612, 1542, 1501, 1304, 
1214, 1043, 1007 cm-1. 1H NMR (400 MHz, DMSO-d6): δ = 
13.15 (bs, 1H, NH), 7.48-7.25 (m, 15H, Ph). 13C NMR (100 
MHz, DMSO-d6): δ = 203.9, 135.5, 135.2, 129.4, 128.7, 128.3, 
128.1, 127.9, 127.1, 126.8, 126.6. HRMS (EI): Calcd [M+]: 
329.1110. [C21H17N2S]+ Found: 329.1111. 
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NMR spectra of new compounds related to this article can be 
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