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hoped to commence from the α–methylene ketone which could be converted to the 1,2-diaryldiketone, 

using C–H oxidation, and in the presence of an aldehyde and ammonium acetate under acidic conditions, 

descend to the imidazole in a one-pot synthesis (Scheme 1). 

Our proposed route presented two initial challenges: (i) we needed to judiciously choose a reagent to 

generate the 1,2-diaryldiketone through the oxidation of α-methylene ketones and (ii) select an appropriate 

catalyst to create an environment conducive to the coupling reaction. With regards to our first objective, in 

the last five years, a number of innovative system for the oxidation of α-methylene ketones have been 

reported such as Cu(OAc)2/Ph3P,15a Cu(OAc)2•H2O/K2CO3,4c DMSO/KHCO3,15b Pd(OAc)2/triazole 

ligand15c and KOtBu/18-Crown-6/O2.15d Some of these systems use basic additives or require the synthesis 

of complex ligands which renders them moot for our study. However, our attention was drawn to the use of 

selenium dioxide as this reagent is well known in the synthetic organic chemistry community16 and since 

the pioneering reports of Corey17a and Sharpless,17b selenium dioxide has reliably been used to generate 

diketones in high yields via the oxidation of α–methylene ketones.18 Additionally, there has been an 

initiative to introduce the eco-friendly aspects of organoselenium chemistry through the use of alternative 

greener solvents, bioinspired organoselenium catalysts and the use of non-conventional and energy saving 

sources of activation.19 Thus, the use of selenium in a domino, one-pot syntheses would be an additional 

cog to this ever-expanding initiative. To achieve our second goal of generating an acidic environment, we 

proposed two possible approaches, namely the use of known imidazole catalysts in commonly employed 

organic solvents or the use of an acidic solvent which could serve as a reaction medium and catalyst. 

Our optimisation study commenced by monitoring the coupling of 2-phenylacetophenone 1a, 

benzaldehyde 2a and ammonium acetate under various reaction conditions to produce the product 

2,4,5-triphenyl-1H-imidazole 3a and the results are summarised in Table 1. 

Firstly, the use of traditional, readily available, organic solvents only were evaluated, and under these 

conditions, no significant product was detected (Table 1, entries 1-3) with only trace amounts detected 

when toluene was used as a solvent. Next, we aimed to encourage the formation of the product by using 

known catalysts for the synthesis of imidazoles. The reactions were conducted in toluene with 

Montmorillonite K1020a and silica gel20b as the catalysts of choice as they are readily available and 

eco-friendly. This approach also failed to produce any significant product (Table 1, entries 4-5). 
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Table 1. Optimisation of reaction conditions for the formation of 2,4,5-triphenylimidazole from 2-phenyl– 
acetophenone via a domino multicomponent reactiona 

 
         1a       2a          3a 

Entry Catalyst Solvent Temp (oC) Yield (%)b 

1 – PhMe 110 trace 

2 – EtOH 78 0 

3 – MeCN 82 0 

4 Montmorillonite K10 PhMe 110 trace 

5 silica gel PhMe 110 trace 

6 – HCl 100 0 

7 – H2SO4 100 10 

8 – HNO3 100 10 

9 – AcOH rt 0 

10 – AcOH 120 68 

11 – AcOH 180 83 

12c – AcOH 180 0 
a Reaction conditions: 2-phenylacetophenone (0.5 mmol), benzaldehyde (0.5 mmol), ammonium acetate 
(5.0 mmol) and SeO2 (0.5 mmol) were reacted for 3 h (see ESI for full details). b Isolated yield.            
c Without SeO2. 

 

We moved on to our second strategy which comprised of the use an acid to serve as a reaction medium and 

catalyst. In this case, commonly used mineral acids HCl, H2SO4 and HNO3 (Table 1, entries 6-8) were 

employed but, once again, no significant amount of product was detected. The use of acetic acid produced 

no product at room temperature (Table 1, entry 9) but when the temperature was increased to 120 oC the 

desired product was, to our delight, isolated in a yield of 68% (Table 1, entry 10). We postulated that a 

further increase in temperature would result in a higher yield. In order to carry out the reaction at an 

elevated temperature, a specially designed cylindrical tube was used to safely carry out the reaction and 

prevent loss of reagents (See ESI for details). The reaction temperature was increased to 180 oC and, under 

these conditions; the desired imidazole was isolated in a good yield of 83% (Table 1, entry 11). The use of 
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selenium dioxide was found to be essential for this reaction as, in its absence, no product was formed 

(Table 1, entry 12). With the optimised conditions in hand, we sought to explore the scope and limitations 

of the devised system by varying the reactants and the results of which are described in Table 2. 

Table 2. Synthesis of lophine derivatives using α–methylene ketones, aldehydes and ammonium acetatea 

 
Entry R1 R2 R3 Yield (%)b 

1 Ph Ph Ph 3a (83) 

2 Ph Ph 4-ClC6H4 3b (77) 

3 Ph Ph 4-BrC6H4 3c (73) 

4 Ph Ph 4-FC6H4 3d (84) 

5 Ph Ph 4-(MeO)C6H4 3e (87) 

6 Ph Ph 4-MeC6H4 3f (83) 

7 Ph 4-ClC6H4 Ph 3g (82) 

8 Ph 4-ClC6H4 4-ClC6H4 3h (74) 

9 Ph 4-ClC6H4 4-BrC6H4 3i (87) 

10 Ph 4-ClC6H4 4-(MeO)C6H4 3j (61) 

11 Ph 4-ClC6H4 4-FC6H4 3k (76) 

12 Ph Ph 2-(MeO)C6H4 3l (88) 

13 Ph Ph 2-FC6H4 3m (83) 

14 Ph Ph 2-NO2C6H4 3n (83) 

15 Ph Ph 3-NO2C6H4 3o (51) 

16 Ph Ph furan-2-yl 3p (67) 

17 Ph Ph cyclohexyl 3q (83)c 

18 Me Me Ph 3r (nd)d 
a Reaction conditions: α-Methylene ketone (0.5 mmol), aldehyde (0.5 mmol), ammonium acetate (5.0 
mmol) and SeO2 (0.5 mmol) in 3 mL glacial acetic acid. b Isolated yields reported. c One-pot conditions. d 
Not determined. 

 

After the successful synthesis of lophine (Table 2, entry 1), we commenced the library synthesis with a 

variation of the aldehyde with substituents at the 4-position. The use of para-substituted benzaldehydes 

produced the desired products in good yields of 73-87% regardless of whether electron donating or electron 

O

H

H + +
N

N

H

SeO2, acetic acid

180 oC, 3 h
R3R3CHO NH4OAc

R1

R2

R1

R2

HETEROCYCLES, Vol. 94, No. 10, 2017 1913



 

 
 

withdrawing substituents were used (Table 2, entries 2-6). The use of a substituted 2-phenylacetophenone 

derivative also produced the desired imidazoles in moderate to good yields in the presence of various 

para-substituted aldehydes (Table 2, entries 7-11). While this system was efficient using 

electron-donating groups (EDGs) and electron-withdrawing groups (EWGs), the presence of an EDG 

group such as the –OMe resulted in a lower yield (61% in the case of the –OMe substituent). Next, the use 

of ortho-substituted aldehydes such as the methoxy, fluoro and nitro substituents produced the desired 

product in good yields (Table 2, entries 12-14) while the use of a meta-substituted aldehyde also resulted 

in the desired product albeit in a moderate yield of 51% (Table 2, entry 15). The operational simplicity of 

the developed method is remarkable as (i) the elemental selenium is easily removed by filtration and (ii) 

upon pouring the mixture into an ammonia solution, the product immediately precipitated to deliver 

spectroscopically pure imidazole. 

While our study was directed toward lophine derivatives, in particular, due to their amazing properties (vide 

supra) we briefly extended the study towards other substituents. The use of a variation heterocyclic 

aldehyde such as furfural resulted in the desired product in a yield of 67% (Table 2, entry 16). Next, we 

turned our attention to the use of a aliphatic aldehyde as a coupling partner. The use of cyclohexane– 

carboxaldehyde resulted in no product, probably due to the susceptibility of the cyclohexane ring to attack 

by selenium dioxide.16a To support this hypothesis, the reaction was repeated with phenylacetophenone and 

selenium dioxide only, followed by the addition of cyclohexanecarboxaldehyde and ammonium acetate and 

under these conditions the desired product was isolated in a yield of 83% (Table 2, entry 17). However, the 

developed system was not applicable to aliphatic α-methylene ketones as no product was detected when 

2-butanone was used as a starting material (Table 2, entry 18). 

Based on previous literature reports,21 a mechanistic explanation for the formation of the substituted 

imidazoles is proposed (Scheme 2). 

In the presence of acetic acid, 2–phenylacetophenone is oxidised to produce the 1,2-diaryldiketone A by 

selenium dioxide. Concurrently, the aldehyde reacts with ammonium acetate to produce the imine 

intermediate B. This intermediate undergoes cyclocondensation with the 1,2-diaryldiketone to produce the 

final imidazole. Thus, acetic acid plays a crucial role in this reaction as it (i) promotes the oxidation of the 

α-methylene ketone to the diketone in the presence of selenium dioxide17a and (ii) catalyses the three 

component coupling reaction between the generated diketone, aldehyde and ammonia to produce the 

desired imidazole.21a 
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Typical Procedure for the Preparation of 2,4,5- Trisubstituted Imidazoles (3). 

2,4,5-Triphenylimidazole (3a). 2-Phenylacetophenone (98.12 mg, 0.5 mmol), selenium dioxide (55.48 

mg, 0.5 mmol), ammonium acetate (385.4 mg, 5.0 mmol), and benzaldehyde (51.02 μL, 0.5 mmol) were 

mixed in an elongated tube (equipped with a reflux condenser) with 5.00 mL glacial acetic acid and 

stirred for 3 h at 180 oC. After cooling, the reaction mixture was added drop-wise into a 25% ammonia 

solution at 0 oC to form a white precipitate which was then filtered and dried in oven at 50 oC for 4 h to 

afford 2,4,5-triphenylimidazole as a white solid (123.30 mg, 83%); mp 271 – 273 oC. IR (cm-1): 3426, 

2855, 1600, 1488; 1H NMR (400 MHz, DMSO-d6) δ 12.72 (s, 1H), 8.12 (d, J = 7.84 Hz, 2H), 7.62 (d, J = 

8.08 Hz, 2H), 7.55 (d, J = 7.25 Hz, 2H), 7.51 – 7.44 (m, 4H), 7.39 (t, J = 7.46 Hz, 2H), 7.32 (t, J = 7.46 

Hz, 2H) 7.24 (t, J = 7.66 Hz, 1H); 13C (100 MHz, DMSO-d6) δ 146.0, 137.7, 135.7, 131.6, 130.9, 129.1, 

128.9, 128.7, 128.7, 127.2, 127.6, 126.9, 125.7; HRMS (ESI) calcd for C21H16N2 [M + H]+ 297.1392, 

found 297.1388. Data consistent with literature.22,26,27 

 

2-(4-Chlorophenyl)-4,5-diphenylimidazole (3b): a white solid; mp 258 – 261 oC; IR (cm-1): 3423, 3059, 

1602, 1324; 1H NMR (400 MHz, DMSO-d6) δ 12.78 (s, 1H), 8.12 (d, J = 8.57 Hz, 2H), 7.56 (d, J = 8.57 

Hz, 6H), 7.38 (s, 6H); 13C (100 MHz, DMSO-d6) δ 144.9, 133.3, 129.9, 129.8, 129.7, 129.3, 129.2, 129.0, 

128.8, 128.3, 127.6, 127.3; HRMS (ESI) calcd for C21H15N2Cl [M + H]+ 331.1002, found 331.1009. Data 

consistent with literature.22 

 

2-(4-Bromophenyl)-4,5-diphenylimidazole (3c): a white solid; mp 255 – 258 oC; IR (cm-1): 3408, 3060, 

1601, 1323; 1H NMR (400 MHz, DMSO-d6) δ 12.80 (s, 1H), 8.06 (d, J = 8.42 Hz, 2H), 7.70 (d, J = 8.61 

Hz, 2H), 7.55 (d, J = 7.14 Hz, 4H), 7.38 (s, 6H); 13C (100 MHz, DMSO-d6) δ 144.9, 137.8, 135.5, 132.1, 

131.5, 130.0, 129.8, 129.4, 128.9, 127.6, 121.9; HRMS (ESI) calcd for C21H15BrN2 [M + H]+ 375.0497, 

found 375.0500. Data consistent with literature.22 

 

2-(4-Fluorophenyl)-4,5-diphenyl-1H-imidazole (3d): a fawn solid; mp 249 – 253 oC; IR (cm-1): 3408, 

3029, 1608, 1492, 1221, 1159, 1131, 694; 1H NMR (400 MHz, DMSO-d6) δ 12.70 (s, 1H), 8.14 (q, J = 

5.59 Hz, 2H), 7.55 (d, J = 6.88 Hz, 4H), 7.36 – 7.31 (m, 8H); 13C (100 MHz, DMSO-d6) δ 163.8, 161.4, 

145.2, 137.6, 135.6, 131.5, 129.1, 128.9, 128.7, 128.3, 127.8, 127.8, 127.5, 127.5, 127.0, 116.2, 116.0; 

HRMS (ESI) calcd for C21H15FN2 [M + H]+ 315.1298, found 315.1307. Data consistent with 

literature.23,24 

 

2-(4-Methoxyphenyl)-4,5-diphenyl-1H-imidazole (3e): a pale-white solid; mp 226 – 229 oC; IR (cm-1): 

3400, 3027, 1613, 1492, 1174; 1H NMR (400 MHz, DMSO-d6) δ 12.52 (s, 1H), 8.03 (d, J = 9.13 Hz, 2H), 
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7.56 – 7.51 (d, J = 13.52, 4H) 7.44 – 7.23 (m, 6H), 7.07 (d, J = 8.73 Hz, 2H), 3.83 (s, 3H); 13C (100 MHz, 

DMSO-d6) δ 159.9, 146.1, 137.3, 135.8, 131.7, 129.1, 128.8, 128.6, 128.1, 128.1, 127.5, 127.2, 126.9, 

123.7, 114.6, 55.7; HRMS (ESI) calcd for C22H18N2O [M + H]+ 327.1497, found 327.1494. Data 

consistent with literature.22,23 

 

4,5-Diphenyl-2-(p-tolyl)-1H-imidazole (3f): a pale white solid; mp 230 – 232 oC; IR (cm-1): 3394, 3029, 

1603, 1486, 1321; 1H NMR (400 MHz, DMSO-d6) δ 12.48 (s, 1H), 7.74 (t, J = 4.23 Hz, 1H), 7.59 – 7.52 

(q, J = 7.40 Hz, 4H), 7.46 – 7.42 (t, J = 7.16 Hz, 2H), 7.34 – 7.29 (m, 6H), 7.24 – 7.22 (d, J = 7.24 Hz, 

1H), 2.66 (s, 3H); 13C (100 MHz, DMSO-d6) δ 146.6, 137.1, 136.8, 135.9, 131.7, 131.6, 130.5, 129.2, 

129.1, 128.8, 128.7, 128.6, 128.1, 127.9, 127.5, 126.9, 126.2, 21.6; HRMS (ESI) calcd for C22H18N2 [M + 

H]+ 311.1548, found 311.1554. Data consistent with literature.22,24 

 

5-(4-Chlorophenyl)-2,4-diphenyl-1H-imidazole (3g): a white solid; mp 241 – 245 oC; IR (cm-1): 3415, 

3055, 1600, 1322; 1H NMR (400 MHz, DMSO-d6) δ 12.73 (s, 1H), 8.10 (d, J = 7.79 Hz, 2H), 7.55 – 7.38, 

(m, 12H); 13C (100 MHz, DMSO-d6) δ 146.4, 146.2, 138.2, 136.3, 135.5, 134.5, 132.7, 131.5, 131.3, 

130.7, 130.5, 130.3, 129.2, 129.1, 129.0, 128.8, 128.7, 128.5, 127.7, 127.4, 127.2, 125.7; HRMS (ESI) 

calcd for C21H15ClN2 [M + H]+ 331.1002, found 331.1007. Data consistent with literature.25 

 

2,5-Bis(4-chlorophenyl)-4-phenyl-1H-imidazole (3h): a white solid; mp 249 – 252 oC; IR (cm-1): 3419, 

3063, 1600, 1311; 1H NMR (400 MHz, DMSO-d6) δ 12.83 (s, 1H), 8.10 (d, J = 8.66 Hz, 2H), 7.56 – 7.37 

(m, 11H); 13C (100 MHz, DMSO-d6) δ 145.2, 133.4, 129.5, 129.3, 129.1, 128.8, 127.4; HRMS (ESI) 

calcd for C21H14N2Cl2 [M + H]+ 365.0612, found 365.0615.  

 

2-(4-Bromophenyl)-5-(4-chlorophenyl)-4-phenyl-1H-imidazole (3i): a white solid; mp 248 – 250 oC; 

IR (cm-1): 3416, 3064, 1600, 1323; 1H NMR (400 MHz, DMSO-d6) δ 12.84 (s, 1H), 8.04 (d, J = 9.00 Hz, 

2H), 7.69 (d, J = 8.53 Hz, 2H), 7.54 – 7.36 (m, 9H); 13C (100 MHz, DMSO-d6) δ 145.2, 132.2, 129.9, 

129.1, 128.9, 127.6, 122.0; HRMS (ESI) calcd for C21H14BrClN2 [M + H]+ 409.0107, found 409.0117. 

 

5-(4-Chlorophenyl)-2-(4-methoxyphenyl)-4-phenyl-1H-imidazole (3j): a white solid; mp 233 – 237 oC, 

IR (cm-1): 3408, 3060, 2289, 1601, 1220; 1H NMR (400 MHz, DMSO-d6) δ 12.58 (s, 1H), 8.01 (d, J = 

8.21 Hz, 2H), 7.57 – 7.44 (m, 6H), 7.41 – 7.27 (m, 3H), 7.07 (d, J = 8.21 Hz, 2H), 3.83 (s, 3H); 13C (100 

MHz, DMSO-d6) δ 160.0, 146.3, 137.9, 135.9, 135.6, 134.7, 132.5, 131.5, 131.3, 130.3, 129.2, 129.0, 

128.9, 128.7, 128.3, 127.8, 127.3, 123.5, 114.6, 55.7; HRMS (ESI) calcd for C22H17ClN2O [M + H]+ 

361.1108, found 361.1097. 
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