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Abstract – An efficient and simple three-component reaction of arylglyoxals, 

isothiocyanates and arylamines has been developed, delivering poly-substituted 

syn-imidazolidine-2-thione derivatives with high diastereo- and regioselectivity (up 

to > 99:1). The microwave-assisted transformation is easy to perform simply by 

mixing readily available starting materials, thereby featuring mild reaction 

conditions, bond-forming efficiency and atom-economy. 

INTRODUCTION  

Imidazoles are one of the most important five-membered aza-heteroaromatic compounds that show a broad 

application in pharmaceutical chemistry and chemical industry. Imidazole derivatives have been found to 

exhibit various biological activities such as antitumor,1 antibacterial,2 anti-HIV,3 antiviral,4 anti-allergic,5 

antioxidant,6 anti-inflammatory,7 antifungal,8 and antiparasitic,9 which have behaved them as new 

candidates in cancer therapy.10 Moreover, they can be found in many important drugs such as Omeprazole, 

Eprosartan, and Trifenagrel having functionalized imidazole motif.11 Therefore, a broad utility range has 

made imidazoles prime synthetic targets, thereby accentuating the need to develop newer synthetic routes 

for imidazole derivatives.12 

Multicomponent domino reactions (MDRs) are recognized as one of the key tools for assembling 

multiring-junction frameworks that can be predicted by controlling reaction processes.13,14 Our group15 and 
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others16 have established a series of multicomponent domino reactions (MDRs) for the construction of 

multiple heterocyclic ring using arylglyoxals as a reaction partner. To continue our efforts in this project, 

we report a new three-component reaction of arylglyoxals 1, isothiocyanates 2 and arylamines 3 for the 

rapid and diastereoselective synthesis of highly functionalized syn-imidazolidine-2-thione derivatives 

under microwave (MW) irradiation (Scheme 1). To the best of our knowledge, the current 

diastereoselective multicomponent [2+2+1] heterocyclization cascade toward poly-substituted 

syn-imidazolidine-2-thiones has not been documented yet. Notably the reaction features mild reaction 

conditions, broad functional group compatibility and good reaction yields. 
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Scheme 1. Synthesis of syn-imidazolidine-2-thione derivatives 

RESULTS AND DISCUSSION 

Initially, 2,2-dihydroxy-1-phenylethanone (1a), isothiocyanatobenzene (2a) and p-toluidine (3a) were 

selected for the model reaction to examine the feasibility of the proposed reaction. The 

microwave-enabled reaction of 1a with 2a and 3a was conducted in MeCN at 40 oC for 20 min, providing 

inseparable cis-imidazolidine-2-thione isomers 4a and 4a′ in a 1.2:1 ratio, albeit with a low total 28% 

yield (Table 1, entry 1). The structure of 4a and 4a′ was fully characterized by NMR spectroscopic 

analysis. Subsequently, the solvent effect was investigated to improve the reaction efficiency (entries 2-4). 

The use of chloroform (CHCl3) and dichloromethane (DCM) as the solvent showed no improvement on 

the yield of isomers 4a and 4a′, whereas toluene remarkably suppressed the reaction process, providing a 

lower yield of 4a and 4a′ (total 15% yield) as compared with MeCN. In another case of EtOH, it showed 

a good performance in the enhancement on the reaction efficiency, offering 51% total yield. Besides, we 

discovered that the conversion efficiency behaved a strong dependency on temperature (entries 6-8). A 

higher conversion of 1a into 4a and 4a′ (78%) was observed with the reaction temperature being at 60 oC 

(entry 6). Further raising the temperature to 80 oC or 100 oC did not improve the transformation (entries 

7-8).  
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Table 1. Optimization of Reaction Conditionsa 
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Entry Solvent Temp (oC) Yieldb (%) 

1 MeCN 40 28 

2 DCM 40 22 

3 CHCl3 40 26 

4 toluene 40 15 

5 EtOH 40 51 

6 EtOH 60 78 

7 EtOH 80 71 

8 EtOH 100 66 
aReaction conditions: 1a (0.5 mmol), 2a (0.5 mmol), 3a (0.5 mmol), 
solvent (2.0 mL) under microwave heating for 20 min. bIsolated total 
yield based on substrate 1a. 

 
With the optimal reaction conditions in hand, we set out to evaluate the substrate scope of the 

transformation by using a variety of different arylglyoxals, isothiocyanates and arylamines. The results 

are summarized in Scheme 2. Upon repeating the reaction with isothiocyanatobenzene (2a) and 

p-toluidine (3a), arylglyoxals 1 with different substituents such as methyl, methoxy, nitro groups all 

worked smoothly, efficiently furnishing the corresponding syn-imidazolidine-2-thiones 4b-4d containing 

inseparable regioisomers in close 1:1 ratio with 54%-75% total yields. It is found that the regioselectivity 

was observed when different aryl groups were introduced into amines and isothiocyanates, respectively, 

due to the in-situ generated unsymmetrical N,N-bisarylthiourea. The different isomer ratio depends on the 

nucleophilicity of amino group attached by the unsymmetrical N,N-bisarylthiourea. The amino group with 

electron-donating aryl group show the higher nucleophilicity as compared with those with 

electron-neutral or poor aryl group, thus preferring to undergo the nucleophilic addition to highly reactive 

carbonyl groups of arylglyoxals and occupying a major proportion in regioisomers (see mechanism 

section). The other ascription proportion of products 4 was assigned by analogy. Next, the reaction of 2a 

with p-methoxyaniline (3b) or 4-bromoaniline (3c) and various arylglyoxals 1 bearing methyl, methoxy, 

bromo and fluoro groups were performed under the optimal conditions, accessing the corresponding 

syn-imidazolidine-2-thiones isomers 4e-4k and 4e′-4k′ with between >99:1 and 1:1 ratio and 60%-83% 
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total yields. Product 4l as a sole isomer was obtained in 68% yield through [2+2+1] cyclization cascade 

when the same aryl groups were tethered by isothiocyanate (2a) and amine (3d) units, respectively. 

Moreover, we changed the substituents (R) of isothiocyanates 2 to expand its synthetic utility. As we had 

expected, different substituents including 4-methylphenyl (2b) and 4-methoxyphenyl (2c) would be 

accommodated, giving access to isomers 4m–p and 4m′–p′ with 59%-74% total yields. Among them, 

product 4n was offered with an excellent regioselectivity (> 99:1 ratio). In general, the current protocol 

represents a new and practical pathway for the diastereoselective construction of richly decorated 

imidazolidine-2-thiones. 
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aReaction conditions: 1 (0.5 mmol), 2 (0.5 mmol), 3 (0.5 mmol), EtOH (2.0 mL), at 60 oC under microwave heating 
for 20 min. bIsolated total yield based on substrates 1. cRegioisomer ratio based on the analysis of 1H NMR. 
 

Scheme 2. Substrate scope for synthesis of products 4a 
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The structures of these imidazolidine-2-thiones were characterized by NMR spectroscopy and HRMS. 

Furthermore, the stereo-structure of 4l was confirmed by carrying out single crystal X-ray diffraction 

(Figure 1), indicating that two hydroxyl groups are cis due to the intramolecular hydrogen bond 

interaction. The other analogues were assigned by analogy. 
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Scheme 3. Control experiment 

 

To understand reaction mechanism for forming 4, the reaction of the preformed unsymmetrical 

N,N-bisarylthiourea 5a with 2,2-dihydroxy-1-phenylethanone (1a) was conducted under the optimized 

conditions (Table 1, entry 6) and the desired isomers cis-4a and cis-4a′ was obtained in 82% yield 

(Scheme 3), indicating that N,N-bisarylthiourea may act as an intermediate for the synthesis of 4. 
 

 
Figure 1. The crystal structure of compound 4l 

 

On the basis of the above results, a plausible reaction mechanism is proposed in Scheme 4. Nucleophilic 

addition of amines to isothiocyanates gives N,N-bisarylthioureas 5. Next, amino group of 

N,N-bisarylthiourea with stronger nucleophilicity favors to attract the terminal carbonyl groups of 

arylglyoxals 1, giving intermediates A and A′. Intermediates A undergo proton transfer and 

intramolecular nucleophilic addition to stereoselectively generate imidazolidine-2-thione intermediates C, 

due to the existence of intramolecular hydrogen bond, followed by second proton transfer to the final 

products cis-4. The formation of cis-4′ proceeds through a similar process. 
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General Procedure for the Synthesis of Compounds 4 

Example for the synthesis of 4a 

Microwave Heating: Typically, 2,2-dihydroxy-1-phenylethanone (1a, 0.5 mmol) was introduced in a 10

mL InitiatorTM reaction vial, isothiocyanatobenzene (2a, 0.5 mmol), p-toluidine (3a, 0.5 mmol) and EtOH 

(2.0 mL) were then successively added. Subsequently, the reaction vial was capped and then pre-stirring 

for 10 second. The mixture was irradiated (Time: 20 min, Temperature: 60 oC; Absorption Level: High; 

Fixed Hold Time) until TLC (petroleum ether: EtOAc 5:1) revealed that conversion of the starting 

material 1a was completed. The reaction mixture was then cooled to room temperature and then diluted 

with cold water (20 mL). The solid product was collected by Büchner filtration and was purified by flash 

column chromatography (silica gel, mixtures of petroleum ether/ EtOAc, 10:1, v/v) to afford the desired 

imidazolidine-2-thiones 4a as a white solid. 

4,5-Dihydroxy-3,4-diphenyl-1-(p-tolyl)imidazolidine-2-thione (4a) 

White solid, mp 149-150 oC; 1H NMR (400 MHz, DMSO-d6) (δ, ppm): 7.58-7.52 (m, 3H), 7.48-7.38 (m, 

4H), 7.35-7.16 (m, 6H), 7.12-7.03 (m, 3H), 5.40 (d, J = 6.4 Hz, 1H), 2.35 (s, 3H); 13C NMR (100 MHz, 

DMSO-d6) (δ, ppm): 181.1, 141.5, 139.5, 136.8, 135.3, 130.2, 129.5, 129.0, 128.9, 128.7, 128.3, 127.4, 

126.1, 91.8, 89.7, 21.1; IR (KBr, ν, cm-1) 3675, 3133, 1772, 1717, 1700, 1653, 1558, 1398, 1087, 697; 

HRMS (APCI): m/z calcd for C22H20N2NaO2S, 399.1143 [M+Na]+, found: 399.1142. 

4,5-Dihydroxy-3-phenyl-1,4-di-p-tolylimidazolidine-2-thione(4b) 

White solid, mp 155-156 oC; 1H NMR (400 MHz, DMSO-d6) (δ, ppm): 7.56 (d, J = 8.0 Hz, 1H), 

7.47-7.39 (m, 4H), 7.33-7.20 (m, 7H), 7.13 (d, J = 8.4 Hz, 1H), 7.05 (d, J = 8.0 Hz, 1H), 6.97 (d, J = 8.8 

Hz, 1H), 5.35 (d, J = 6.4 Hz, 1H), 2.35 (s, 3H), 2.24 (s, 3H); 13C NMR (100 MHz, DMSO-d6) (δ, ppm): 

181.0, 139.5, 138.6, 138.0, 137.3, 136.7, 135.3, 133.9, 130.1, 129.4, 128.9, 128.7, 128.1, 127.3, 126.1, 

94.6, 91.9, 89.8, 21.2; IR (KBr, ν, cm-1) 3726, 3130, 2923, 1755, 1596, 1515, 1402, 1323, 1021, 816, 695; 

HRMS (APCI): m/z calcd for C23H22N2NaO2S, 413.1300 [M+Na]+, found: 413.1279. 

4,5-Dihydroxy-4-(4-methoxyphenyl)-3-phenyl-1-(p-tolyl)imidazolidine-2-thione (4c) 

White solid, mp 154-155 oC; 1H NMR (400 MHz, DMSO-d6) (δ, ppm): 7.55-7.53 (m, 1H), 7.46-7.39 (m, 

4H), 7.34-7.31 (m, 1H), 7.26-7.18 (m, 4H), 7.09-7.03 (m, 2H), 6.95-6.91 (m, 3H), 5.35 (d, J = 6.4 Hz, 

1H), 3.74 (s, 3H), 2.34 (s, 3H); 13C NMR (100 MHz, DMSO-d6) (δ, ppm): 180.9, 159.5, 139.5, 136.9, 

136.6, 133.5, 130.3, 129.4, 128.9, 128.6, 128.2, 127.5, 114.1, 91.8, 89.9, 55.5, 21.2; IR (KBr, ν, cm-1) 

3427, 3136, 1539, 1429, 1407, 1342, 1263, 1058, 833 714; HRMS (APCI): m/z calcd for C23H22N2NaO3S, 

429.1249 [M+Na]+, found: 429.1222. 

4,5-Dihydroxy-4-(4-nitrophenyl)-3-phenyl-1-(p-tolyl)imidazolidine-2-thione (4d) 

White solid, mp 191-192 oC; 1H NMR (400 MHz, DMSO-d6) (δ, ppm): 8.24 (d, J = 8.8 Hz, 2H), 7.80 (d, 

J = 8.8 Hz, 2H), 7.57 (d, J = 8.0 Hz, 1H), 7.47-7.40 (m, 4H), 7.35-7.32 (m, 1H), 7.27-7.17 (m, 3H), 7.10 
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(d, J = 8.4 Hz, 1H), 7.04 (d, J = 8.4 Hz, 1H), 5.46 (d, J = 6.4 Hz, 1H), 2.34 (s, 3H); 13C NMR (100 MHz, 

DMSO-d6) (δ, ppm): 181.3, 147.8, 139.0, 137.3, 136.4, 134.8, 130.2, 129.6, 129.1, 128.8, 128.6, 127.9, 

124.1, 91.5, 89.3, 21.0; IR (KBr, ν, cm-1) 3750, 3629, 3225, 1772, 1653, 1559, 1540, 1387, 1050, 711; 

HRMS (APCI): m/z calcd for C22H19N3NaO4S, 444.0994 [M+Na]+, found: 444.0995. 

4,5-Dihydroxy-1-(4-methoxyphenyl)-3-phenyl-4-(p-tolyl)imidazolidine-2-thione (4e) 

White solid, mp 160-161 oC; 1H NMR (400 MHz, DMSO-d6) (δ, ppm): 7.40-7.38 (m, 4H), 7.27-7.14 (m, 

8H), 6.99 (d, J = 8.8 Hz, 2H), 6.94 (s, 1H), 5.22 (d, J = 6.8 Hz, 1H), 3.78 (s, 3H), 2.28 (s, 3H); 13C NMR 

(100 MHz, DMSO-d6) (δ, ppm): 181.3, 158.6, 138.7, 138.0, 132.1, 130.2, 129.4, 128.9, 128.2, 127.3, 

126.0, 114.2, 91.9, 90.0, 55.8, 21.1; IR (KBr, ν, cm-1) 3699, 3130, 1726, 1605, 1516, 1431, 1255, 1053, 

816, 710; HRMS (APCI): m/z calcd for C23H22N2NaO3S, 429.1249 [M+Na]+, found: 429.1267. 

4,5-Dihydroxy-1,4-bis(4-methoxyphenyl)-3-phenylimidazolidine-2-thione (4f)  

White solid, mp 143-144 oC; 1H NMR (400 MHz, DMSO-d6) (δ, ppm): 7.40 (dd, J = 8.4, 6.0 Hz, 4H), 

7.25-7.15 (m, 6H), 6.99 (d, J = 8.8 Hz, 2H), 6.92 (d, J = 9.2 Hz, 3H), 5.24 (d, J = 6.4 Hz, 1H), 3.78 (s, 

3H), 3.73 (s, 3H); 13C NMR (100 MHz, DMSO-d6) (δ, ppm): 182.3, 172.2, 160.1, 159.9, 137.6, 130.6, 

130.0, 129.3, 127.4, 125.2, 114.6, 114.4, 89.7, 68.3, 55.9, 55.6, 18.8; IR (KBr, ν, cm-1) 3441, 3131, 2839, 

1737, 1607, 1517, 1394, 1253, 1053, 703; HRMS (APCI): m/z calcd for C23H22N2NaO4S, 445.1198 

[M+Na]+, found: 445.1187. 

4-(4-Bromophenyl)-4,5-dihydroxy-1-(4-methoxyphenyl)-3-phenylimidazolidine-2-thione (4g) 

White solid, mp 1560-161 oC; 1H NMR (400 MHz, DMSO-d6) (δ, ppm): 7.60-7.54 (m, 3H), 7.48-7.41 (m, 

4H), 7.35-7.31 (m, 2H), 7.28-6.99 (m, 5H), 6.81 (d, J = 9.2 Hz, 1H), 5.40 (d, J = 6.4 Hz, 1H), 3.71 (s, 3H); 
13C NMR (100 MHz, DMSO-d6) (δ, ppm): 181.4, 158.5, 140.9, 139.4, 131.8, 130.3, 128.9, 128.8, 128.6, 

128.3, 127.3, 122.1, 113.7, 91.5, 89.4, 55.6; IR (KBr, ν, cm-1) 3696, 3122, 1589, 1515, 1401, 1251, 1051, 

696; HRMS (APCI): m/z calcd for C22H19BrN2NaO3S, 493.0197 [M+Na]+, found: 493.0229. 

4-(4-Fluorophenyl)-4,5-dihydroxy-1-(4-methoxyphenyl)-3-phenylimidazolidine-2-thione (4h) 

White solid, mp 138-140 oC; 1H NMR (400 MHz, DMSO-d6) (δ, ppm): 7.56-7.53 (m, 3H), 7.46-7.41 (m, 

2H), 7.34-7.16 (m, 6H), 7.11-7.07 (m, 2H), 7.00 (d, J = 8.4 Hz, 1H), 6.79 (d, J = 8.8 Hz, 1H), 5.31 (d, J = 

6.4 Hz, 1H), 3.79 (s, 3H); 13C NMR (100 MHz, DMSO-d6) (δ, ppm): 181.4, 162.3 (JCF = 243.5 Hz), 158.6, 

137.7, 133.0 (JCF = 2.7 Hz), 131.7, 131.1 (JCF = 7.1 Hz), 130.3, 129.0, 128.6, 128.4, 115.6 (JCF = 21.4 Hz), 

114.3, 94.2, 91.4, 55.8; IR (KBr, ν, cm-1) 3431, 3138, 1604, 1515, 1398, 1326, 1251, 1157, 1053, 834, 

702; HRMS (APCI): m/z calcd for C22H19FN2NaO3S, 433.0998 [M+Na]+, found: 433.1000. 

1-(4-Bromophenyl)-4,5-dihydroxy-3,4-diphenylimidazolidine-2-thione (4i) 

White solid, mp 153-154 oC; 1H NMR (400 MHz, DMSO-d6) (δ, ppm): 7.65 (d, J = 8.4 Hz, 1H), 

7.55-7.51 (m, 4H), 7.47-7.29 (m, 7H), 7.26-7.14 (m, 4H), 5.41 (d, J = 6.4 Hz, 1H); 13C NMR (100 MHz, 

DMSO-d6) (δ, ppm): 180.8, 141.1, 139.2, 137.3, 132.2, 131.3, 130.2, 129.0, 128.8, 128.7, 127.5, 126.1, 
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