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Abstract In this work, we designed 4-phenylimidazole-2-thione by a simple grinding method and the resulting 

compound reacted with alkylating agents. Seven alkyl derivatives were obtained with yields of 13-58%. Substituted 

compounds in positions 1 and 3 (5a-c) were obtained with yields higher than those substituted in positions 1 and 2 

(4a-c) or substituted in positions 2 (4). All synthesized compounds were characterized by 1H and 13C NMR and 

HRMS. This work opens a perspective to study the reactivity of 4-phenylimidazole-2-thione. 
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1. Introduction 

Imidazole is a five-chain heterocyclic organic compound containing two nitrogen atoms. This heterocycle is an 

essential pharmacophore in the development of commercially marketed drugs including metronidazole [1] an 

antiprotozoal, cimetidine [2] an antihistaminic, and azomycin [3] an antibacterial. Thus, several research teams have 

shown an interest in this scaffold given its various biological activities [4]. Indeed, substitutions performed on the 

imidazole scaffold in position -1, -2, -4, and -5 lead to derivatives some of which develop antifungal activities [5,6], 

anti-inflammatory [7], anti-tuberculosis [8], anticancer [4], anti-viral [9,10], anti-microbial [11,12].  

In addition, many synthesis pathways have been developed to obtain imidazole and its derivatives, some of them 

were carried out in our laboratory, and they resulted in the design and synthesis of benzimidazole its derivatives [13-

15]. These methods are usually done with solvents such as ethanol and DMF and as a basis triethylamine and 

sodium carbonate. In the present work, we described a simple grinding method for obtaining the imidazole-2-thione 

scaffold which is an isosteric moiety of benzimidazole, and studied the reactivity of this compound with respect to 

certain alkylating agents. 

 

2. Material and methods 

2.1 Material 

All reagents and solvents were obtained from commercial suppliers and were used as is it. The 1H and 13C NMR 

spectra were recorded on a Bruker Advance III spectrometer (300 MHz for 1H and 75 MHz for 13C) respectively in 

CDC13 at ambient temperature. Tetramethylsilane (TMS) is used as a reference and chemical displacements are 
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expressed in part per million (ppm) while the coupling constants (J) are expressed in Hertz (Hz). The multiplicity of 

signals is represented by the following abbreviations: s (singlet), d (doublet), t (triplet), q (quadruplet), m (multiplet), 

dd (doublet of doublet). The molecular weights were determined by high-resolution mass spectrometry (HRMS) 

with electrospray mode (ESI). The reaction progress and the purity of the compounds were checked by TLC on 

aluminum plates coated with silica gel (Kieselgel 60 F254, MERCK). The plates are revealed by UV fluorescence (λ 

= 254 nm) or by a solution of KMnO4 followed by heating. The reaction crudes were purified by silica gel 

chromatography (Kieselgel SI60, 40 - 63). The melting points of the solid compounds were determined using a 

Kofler bench with a maximum temperature of 266˚C. 

 

2.2 Methods 

Synthesis of phenacyl bromide (2) 

In a 25 mL flask containing 7 mL of ether, were added respectively 97 mmol (1 eq) acetophenone (1) and 0.1 g of 

AlCl3. Then the mixture was immersed in an ice bath. The mixture was added dropwise 97 mmol (1 eq) of bromine. 

The mixture was kept in the ice bath and under magnetic agitation for 30 minutes. At the end of the reaction, the 

precipitate formed was spilled in water, filtered and washed with hexane. After drying the product was isolated as a 

white solid.  

White crystals, yield = 88%, m.p = 52 ˚C.1H NMR (300 MHz, CDCl3) δ (ppm) 8,01 (dt, J = 8.6, 1.8 Hz, 2H, HAr); 

7.68 – 7.59 (m, 1H, HAr); 7.56 – 7.47 (m, 2H, HAr), 4.48 (s, 2H, CH2); 13C NMR (75 MHz, CDCl3) δ (ppm): 

191.30; 133.98; 128.91; 31.01. HRMS (ESI): Calcd for C8H7BrO (M+H+):200.023. Found: 200.026  

 

Synthesis of 4-phenylimidazole-2-thione (3) 

In the mortar grinds, 20.10 mmol (1 eq) of phenacyl bromide and 24.11 mmol (1.2 eq) of thiourea for 15 minutes, 

were ground and the reaction was followed by TLC. The residue was extracted with DCM (CH2Cl2) and then the 

organic layer was washed with a saturated NaCl solution. The organic layer was dried with anhydrous MgSO4 and 

evaporated in vacuo. A crude was obtained and purified by silica gel chromatography (hexane/ethyl acetate: 90/10). 

Yellow oil, yield = 60%. 1H NMR (300 MHz, CDCl3) δ (ppm) 7.83 – 7.72 (m, 2H), 7.44 – 7.34 (m, 2H), 7.30 (dt, J 

= 4.4, 1.7 Hz, 1H), 6.71 (s, 1H), 5.33 (s, 2H); 13C NMR (75 MHz, CDCl3) δ (ppm): 175.60, 132.56, 129.22, 128.01, 

127.63, 127.08, 112.16.  HRMS (ESI): Calcd for C9H8N2S (M+H+): 177.230 Found: 177.232  

 

Synthesis of 2-(benzylthio)-4-phenylimidazole (4) 

In a 25 mL flask, 4-phenylimidazole-2-thione (3) was dissolved (2.27 mmol; 1eq) in 10 mL ethanol under magnetic 

agitation. Then were added (1.14 mmol; 0.5 eq) potassium carbonate under reflux. Finally, benzyl chloride was 

added (11.34 mmol;1 eq) and then left to reflux for 3 days. The residue was extracted with DCM and the organic 

layer was washed with a saturated NaCl solution. Then, it was dried with anhydrous MgSO4, evaporated in vacuo. A 

crude was obtained and purified by silica gel chromatography (hexane/ethyl acetate: 98/2). 

Yellow powder, yield = 13 %, m.p 88-90°C. 1H NMR (300 MHz, CDCl3) δ (ppm)   9.53 (d, J = 5.3 Hz, 1H), 7.81 

(dd, J = 5.2, 3.3 Hz, 2H), 7.39 (d, J = 1.3 Hz, 2H), 7.37 (d, J = 1.5 Hz, 2H), 7.34 (d, J = 1.9 Hz, 1H), 7.30 (s, 1H), 

7.28 (d, J = 2.1 Hz, 1H), 7.26 (s, 1H), 6.71 (s, 1H), 4.53 (d, J = 4.6 Hz, 2H, CH2) ; 13C NMR (75 MHz, CDCl3) δ 

(ppm): 151.23, 140.73, 137.11, 133.28, 129.11, 129.06, 129.00, 128.24, 127.16, 126.38, 116.81, 37.63.  HRMS 

(ESI): Calcd for C16H14N2S (M+H+): 267.266. Found: 267.269  

 

General synthesis method of 4a and 5a 

In a 25 mL flask, 4-phenylimidazole-2-thione was dissolved (1.14 mmol; 1 eq) in 10 mL ethanol under magnetic 

agitation. Then was added potassium carbonate (0.567mmol; 0.5 eq) and the reaction medium was stirred for 30 

minutes. Finally, iodomethane (2.83 mmol; 5 eq) were added and refluxed for 24 hours. The reaction medium was 

cooled down to room temperature. The residue was extracted with DCM and then the organic layer was washed with 

a saturated NaCl solution. The organic layer was dried with anhydrous MgSO4, evaporated in vacuo, and the 
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obtained crude was purified by silica gel chromatography (hexane/ethyl acetate: 60/40) yielding to the 4a-b 

compounds.  

 

1,3-dimethyl-4-phenylimidazole-2-thione (4a)  

Yellow oil, yield =50%. 1H NMR (300 MHz, CDCl3) δ (ppm) 7.88 (t, J = 1.7 Hz, 1H), 7.85 (d, J = 1.1 Hz, 1H), 7.42 

– 7.35 (m, 2H), 7.31 – 7.25 (m, 1H), 6.72 (s, 1H), 3.16 (s, 6H, 2xCH3); 13C NMR (75 MHz, CDCl3) δ (ppm): 174.90, 

133.59, 129.17, 129.02, 127.61, 127.44, 123.20, 41.72, 34.43.  HRMS (ESI): Calcd for C11H12N2S (M+H+): 205.057 

Found: 205.059.  

 

1-methyl-2-(methylthio)-4-phenylimidazole (5a) 

Yellow oil, yield = 14%. 1H NMR (300 MHz, CDCl3) δ (ppm)  7.92 (t, J = 1.7 Hz, 1H), 7.80 (t, J = 1.7 Hz, 1H), 

7.77 (q, J = 1.8 Hz, 1H), 7.37 (d, J = 1.5 Hz, 1H), 7.35 (d, J = 1.3 Hz, 1H), 6.69 (s, 1H), 3.69 (s, 3H,NCH3), 2.94 (s, 

3H, SCH3) ; 13C NMR (75 MHz, CDCl3) δ (ppm): 152.56, 144.38, 134.12, 129.23, 129.09, 125.30, 120.15, 33.68, 

15.10.  HRMS (ESI): Calcd for C11H12N2S (M+H+): 205.056 Found: 205.058  

 

General synthesis method of 4b and 5b 

In a 25 mL flask, 4-phenylimidazole-2-thione was dissolved (2.27 mmol;1eq) in 10 mL of ethanol under magnetic 

agitation. Then potassium carbonate was added (1.13 mmol;0.5 eq) and refluxed. Benzyl chloride was added (11.35 

mmol;5 eq) at least. After 3 days, the reaction was stopped. The residue was extracted with DCM, then the organic 

layer was washed with a saturated NaCl solution. The organic layer was dried with anhydrous MgSO4, evaporated in 

vacuo. The obtained crude was purified by silica gel chromatography (hexane/ ethyl acetate: 98/2).  

 

1,3-bisbenzyl-4-phenylimidazol-2-thione (4b) 

Yellow oil, yield = 55 %. 1H NMR (300 MHz, CDCl3) δ (ppm) 7.52 – 7.47 (m, 2H), 7.35 – 7.32 (m, 5H), 7.31 – 

7.28 (m, 6H), 7.28 – 7.23 (m, 3H), 5.39 (dt, J = 13.7, 1.1 Hz, 4H, 2CH2); 13C NMR (75 MHz, CDCl3) δ (ppm): 

174.49, 138.09, 137.87, 134.19, 129.38, 129.17, 128.99, 128.98, 128.56, 128.44, 127.99, 127.94, 127.90, 127.78, 

122.14, 52.05, 51.01.  HRMS (ESI): Calcd for C23H20N2S (M+H+): 357.132. Found: 357.135. 

 

1-phenyl-2-(phenylthio)-4-phenylimidazole (5b) 

Yellow oil, yield = 16%. 1H NMR (300 MHz, CDCl3) δ (ppm)  7.82 (dd, J = 7.5, 1.4 Hz, 2H), 7.66 (s, 1H), 7.50 – 

7.44 (m, 2H), 7.42 – 7.35 (m, 3H), 7.35 – 7.21 (m, 6H), 7.12 (dq, J = 6.1, 1.2 Hz, 2H), 5.37 (t, J = 1.1 Hz, 2H, 

NCH2), 4.35 (d, J = 1.2 Hz, 2H, SCH2) ; 13C NMR (75 MHz, CDCl3) δ (ppm): 152.58, 144.45, 137.32, 136.72, 

133.84, 129.55, 129.23, 129.09, 128.75, 128.69, 128.10, 127.96, 127.76, 125.25, 119.36, 49.64, 37.60.  HRMS 

(ESI): Calcd for C23H20N2S (M+H+): 357.133. Found: 357.135. 

 

General synthesis method of 4c and 5c 

In a 50 mL flask, 4-phenylimidazole-2-thione was dissolved (2.27 mmol; 1 eq) in 7mL ethanol under agitation. 

Once fully dissolved, potassium carbonate was added (1.13 mmol; 0.5 eq) and the reaction medium was kept under 

agitation at room temperature. After 1 hour, 4-chlorobenzyl chloride (11.35 mmol; 5 eq) was added and the reaction 

medium refluxed for 5 days. The residue was extracted with DCM and then the organic layer was washed with a 

saturated NaCl solution. Then, it was dried with anhydrous MgSO4, evaporated in vacuo. The obtained crude was 

purified by silica gel chromatography (hexane/ethyl acetate: 98/2). 

 

1-(4-chlorophenyl)-2-((4-chlorophenyl)thio)-4-phenylimidazole (4c) 

Yellow oil, yield = 14 %. 1H NMR (300 MHz, CDCl3) δ(ppm)  7.82 (dd, J = 7.5, 1.4 Hz, 2H), 7.66 (s, 1H), 7.50 – 

7.43 (m, 2H), 7.43 – 7.35 (m, 1H), 7.36 – 7.24 (m, 6H), 7.14 – 7.05 (m, 2H), 5.42 (t, J = 1.0 Hz, 2H, CH2), 4.35 (d, J 

= 1.0 Hz, 2H, CH2) ; 13C NMR (75 MHz, CDCl3) δ (ppm): 152.58, 144.45, 136.56, 135.29, 133.84, 133.71, 132.53, 
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131.05, 129.94, 129.23, 129.09, 128.75, 128.61, 125.25, 119.36, 49.62, 37.60.  HRMS (ESI): Calcd for 

C23H18Cl2N2S (M+H+): 426.031. Found: 426.032. 

 

1,3-bis(4-chlorobenzyl)-4-phenylimidazole-2-thione (5c) 

Yellow oil, yield = 58 %. 1H NMR (300 MHz, CDCl3) δ 7.88 (dd, J = 5.2, 3.3 Hz, 2H), 7.41 (d, J = 2.0 Hz, 1H), 

7.39 (d, J = 1.5 Hz, 1H), 7.38 – 7.37 (m, 1H), 7.32 (d, J = 1.8 Hz, 2H), 7.29 (s, 3H), 7.24 (s, 2H), 7.22 (s, 1H), 6.75 

(s, 1H), 4.66 (s, 4H, 2CH2). 13C NMR (75 MHz, CDCl3) δ (ppm):174.52, 136.01, 135.70, 134.19, 133.80, 133.72, 

130.09, 129.44, 129.17, 128.99, 128.88, 128.76, 128.56, 127.94, 122.14, 52.01, 50.94.  HRMS (ESI): Calcd for 

C23H18Cl2N2S (M+H+): 426.030. Found: 427.031. 

 

3. Results and Discussion 

The compounds 4a-c and 5a-c were obtained in three steps according to the reaction scheme below (Scheme 1). 

First, phenacyl bromide 2 was obtained with a yield of 88% by reacting acetophenone 1 with dibromide (Br2) 

according to the method described by Budumuru et al. [16]. Then, phenacyl bromide (2) reacts with thiourea by 

grinding to give 4-phenylimidazole-2-thione 3 with a yield of 58%. Finally, compound 3 reacts with alkylating 

agents to give compounds 4, 4a-c, and 5a-c under ethanol reflux using the method described by Akpa et al. [17]. 

 
Scheme 1: Synthesis of compounds 4, 4a-c and 5a-c 

 

The characteristics of the synthesized compounds are resumed in Table 1 below. 

Table 1: characteristics of compounds 4, 4a-c, 5a-c 

Compounds General structure R appearance Yield (%) 

4 

 

C6H5CH2 yellow solid 13 

4a 

 

CH3 yellow solid 14 

4b C6H5CH2 yellow oil 16 
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4c 4-Cl-C6H4CH2 yellow oil 14 

5a 

 

CH3 yellow oil 50 

5b C6H5CH2 yellow oil 55 

5c 4-Cl-C6H4CH2 yellow oil 58 

 

The reaction of compound 3 with one equivalent of benzyl chloride allowed to obtain only compound 4 with a yield 

of 13%. Whenever the amount of alkylating agent increased to five equivalents, compound 4 was no longer obtained 

but the compounds 4a-c and 5a-c were separated and isolated by silica gel chromatography. It was found that 5a-c 

compounds are obtained with higher yields than compounds 4 and 4a-c. These results are consistent with those 

described by Ashry et al. [18] for the benzimidazole 2-thione scaffold. The latter showed that when adding alkyl 

agents, instead of S-alkylation, only N, N alkylations were obtained when triethylamine (Et3N) or sodium carbonate 

(Na2CO3) were used as base. Imidazole being isosteric of benzimidazole, the similarity in behavior does not seem 

surprising.  In our study, we used at least five equivalents of the alkylating agents to obtain the N,N-disubstituted 

compounds. The long reaction times ranging from 3 to 5 days could justify that 4-phenimidazole-2-thione (3) is less 

reactive to alkylating agents. Analysis of the 13C NMR spectrum of compounds 4, 4a-c, and 5a-c shows the presence 

of the carbon peak C=S in the region of 174 and 175 ppm for the compounds substituted in positions 1 and 3. When 

in those substituted in position 1 and 2, the carbon peak C-S resonates at 152 ppm area. Compound 4 appears to be a 

kinetic product while compounds 4a-c and 5a-c, thermodynamic products. 

 

3. Conclusion  

This work made it possible to synthesize seven (7) different 4-phenyl imidazole derivatives. The derivatives 

substituted in positions 1,3 (5a-c) were obtained with better yields in contrast to the compounds in positions 1 and 2. 

This work opens a way toward the study of the reactivity of 4-phenylimidazole-2-thione. 
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