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Abstract: A new, simple and eco-friendly protocol has been developed for the preparation of 
trisubstituted imidazoles through the Radziszewski reaction between formaldehyde (37% 
aqueous solution), amines, ammonium carbonate and biacetyl. The synthesis was conductedat 
room temperature using water as the solvent. 
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1. Introduction 

Heterocyclic chemistry is an important subfield of synthetic organic chemistry that 
encompasses a wide variety of potent molecules1. Imidazole derivatives occupy a special place in 
organic and medicinal chemistry2 because these compounds are found as scaffolds in many 
significant biomolecules3, including the essential amino acid histidine, histamine and pilocarpina 
alkaloids4, inhibitors of P38 MAP kinase5, and plant growth regulators6.They are also used as 
fungicides and herbicides7. Compounds with the imidazole ring have many pharmaceutically 
useful properties, such as anti-inflammatory8, anti-allergic9, anti-microbial10, anti-tubercular11 
and analgesic activities12. Several marketed drugs contain the imidazole framework, including 
losartan, cimetidine and eprosartan13.Numerous applications in organometallic catalysis, 
coordination chemistry and green chemistry have also extended of the use of imidazole 
derivatives to the synthesis and application of ionic liquids14 and stable N-heterocyclic 
carbenes15. 

 
There are several methods reported in the literature for the synthesis of imidazoles, such as 

the reaction of N-(2-oxo)-amides with ammonium trifluoroacetate16, hetero-Cope 
rearrangement17, condensation of β-carbonyl-N-acyl-N-alkylamines with ammonium acetate in 
refluxing acetic acid18, four component condensation of arylglyoxals, primary amines, carboxylic 
acids and isocyanides on Wang resin19, treating 1,2-aminoalcohols with PCl5

20,palladium-
catalyzed cyclization of O-pentafluorobenzoylamidoximes21,copper-catalyzed cross-
cycloaddition between isocyanides22,reacting keto-oximes and aldehydes with ammonium 
acetate23 and α-aminonitriles with Vilsmeier reagent24. 
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However, many of the synthetic protocols for the preparation of imidazoles reported above 

suffer from one or more disadvantages, such as harsh reaction conditions, organic solvents 
(MeOH, EtOH, DMF, DMSO)and expensive catalysts. 

The most convergent method for the preparation of highly substituted imidazoles is the 
Radziszewski reaction25 reported in 1882. In the original reaction, a diketone and an aldehyde 
reacted with excess NH3 in a one-pot process to give the corresponding imidazole. 
Recently,several modifications for the Radziszewski reaction have been developed for the 
syntheses of 1,2,4,5-tetrasubstituted imidazoles and 2,4,5-trisubstituted imidazoles.Many of these 
reactions involve exposing 1,2-diketones and aldehydes to a variety of calalysts, such as 
molecular iodine26, NiCl2.6H2O

27, heteropolyacids28, L-proline29.Microwave-assisted reactions 
conditions have also been widely used to construct these scaffolds, including MW/silica-
gel/HClO4

30, MW/silica-gel/NaHSO4
31, MW/zeolite HY32, MW/Al2O3

33, MW/acetic acid34, and 
MW/SSA35.However, these methods are limited by their use of high temperatures, corrosive 
reagents, and expensive instruments such asmicrowave reactors. 

 
 

2. Results and Discussion 

The creation of newsynthetic protocols that explorea diversity of starting materials without 
ignoring economic and environmental aspects constitutes a great challenge in modern organic 
chemistry from both academic and industrial perspectives36. In this context, the use of 
multicomponent reactions in organic syntheses is highly desirable37. Additionally, the use of 
non-organic solvents for chemical synthesis is important in the drive toward benign chemical 
technologies. Organic solvents are high on the list of toxic or otherwise damaging substances 
because of the large volumes used in industry and the difficulty of containing volatile 
compounds38.  

 
In the continuation of our studies toward the development of new green chemistry 

methodologies39, we reporthereinthe formation of imidazoles 4a-fvia a modification of the 
Radziszewski synthesis that makes use of formaldehyde 1, several commercially 
availablealiphatic amines 2a-f,biacetyl 3and ammonium carbonate as a source of nitrogen. These 
reactions wereconductedat room temperature in a one-pot process using water as the solvent 
(Scheme 1). The products wereobtained with acceptable yields (13-24%) (Table 1). 
 

 
 
Scheme 1. Synthesis of 1,4,5-trisubstituted imidazoles in aqueous media. 
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Table 1. Synthesis of 1,4,5-trisubstituted imidazoles in aqueous media  
 

Entry Comp. Amine Imidazole 
Time 

(h) 

Yield* 

 (%) 
Lit. (%) 

1 4a  
 

6 13 60a 

2 4b  
 

6 24 --- 

3 4c 
 

 

6 15 15b 

4 4d  
 

6 22 73c 

5 4e 
 

 

6 22 --- 

6 4f 
 

 

14 21 --- 

*Isolated Yield 
aConditions: 15 h of reaction, solvent MeOH40 
bConversion basedon1H NMR34 
cTwo steps from the N-oxide substrate41 

 
Imidazoles 4aand4dhave been previously synthesized using different methods that 

resulted in higher overall yields.  However, the downside of these approaches is that they often 
require hazardous conditions, toxic organic solvents, expensive catalysts and multi-step 
procedures. 

 
The above methodology has a wide scope and allows for good structural diversification 

of the imidazole ring, supplying the possibility of subsequent chemical transformations for the 
synthesis of more complex molecules. This protocol not only affords the pure products but also 
avoids the problems associated with residues, organic solvents, handling, safety and pollution. 
Water can act as an eco-friendly solvent for a variety of organic transformations. It is recyclable, 
non-explosive, inexpensive and easy to handle. 
 
3. Experimental Section 

Materials and Methods 

IR spectra were obtained on a Nicolet Magna IR-FT spectrometer withKBr film. 1H and 
13C NMR spectra were recorded on a Bruker 500 spectrometer (500 MHz 1H NMR and 125 MHz 
13C NMR) with a FT-NMR system. Data for 1H NMR are reported as chemical shift (δ) and 
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multiplicity (s: singlet, d: doublet, t: triplet, quint: quintuplet, sex: sextuplet,sep: septuplet,dquint: 
doublet of quintuplet, m: multiplet). GLC analyses were performed on a GC-2010 Shimadzu 
Corporation FID instrument equipped with a 30m x 0.5µm DB-5ms capillary column. Mass 
spectra were recorded with a mass selective detector (Shimadzu Corporation QP2010S) 
interfaced to a capillary gas chromatograph. All reagents were purchased from TCI America and 
Spectrum Co. The spectral data of known compounds were in accordance with those reported. 
 

General experimental procedure for the synthesis of 1,4,5-trisubstituted imidazoles4a-f: 

 
A mixture of formaldehyde (37% aqueous solution)1 (50 mmol), primary amine 2b-f (50 

mmol), ammonium carbonate (25 mmol) and biacetyl (50 mmol) in 10 mL waterwas stirred at 
room temperature for the time listed in Table 1. In the case of methylamine2a(40% aqueous 
solution), 4.0 mL of methylamine solution and 7.5 mL of water were used.Reaction progress was 
monitored by high-resolution GC. After completion of the reaction, the reaction mixture was 
extracted with dichloromethane (3x20 mL), dried over Na2SO4 and evaporated under reduced 
pressure. The crude products 4a-fwerepurified by distillation under reduced pressure. 

 
1,4,5-trimethyl-1H-imidazole (4a): Rf : 0.24 (1:1 n-hexane:acetone); bp. 88°C/7 

mmHg.IR (KBr): 3106 ν(CH), 2919 and 2863 ν(Me), 1670 ν(C=C), 1506 ν(C=N), 1232 ν(C-N) cm−1.1H 

NMR (400 MHz, CDCl3) δ: 2.09 (3H, s), 2.13 (3H, s), 3.47 (3H, s),7.25 (3H, s).13C NMR(100 
MHz, CDCl3) δ: 7.8, 12.3, 31.0, 122.3, 133.1,134.9.GC-MS: Rt: 8.8 min.; m/z (%): 110 (M+·, 
100), 109 (88), 95 (35), 82 (5), 68 (25), 56 (24), 42 (29). 

 
4,5-dimethyl-1-propyl-1H-imidazole (4b): Rf: 0.45 (1:1 n-hexane:acetone); bp. 

123°C/15 mmHg.IR (KBr): 3108 ν(CH), 2966 and 2877 ν(Me), 2933 ν(CH2), 1664 ν(C=C), 1502 ν(C=N), 
1241 ν(C-N) cm−1. 1H NMR (500 MHz, CDCl3) δ: 0.92 (3H, t, J = 7.4 Hz), 1.71 (2H, sex, J = 7.3 
Hz), 2.11 (3H, s), 2.14 (3H, s), 3.73 (2H, t, J = 7.2 Hz),7.31 (1H, s). 13C NMR(100 MHz, 
CDCl3) δ: 8.1, 10.8, 12.4, 23.8, 46.3, 121.7, 133.2,134.5. GC-MS: Rt: 11.0 min.; m/z (%): 138 
(M+·, 100), 123 (11), 109 (30), 95 (53), 81 (15), 69 (23), 55 (14), 41 (20). 

 
1-iso-propyl-4,5-dimethyl-1H-imidazole (4c): Rf: 0.42 (1:1 n-hexane:acetone); bp. 

110°C/11 mmHg.IR (KBr): 3110 ν(CH), 2977 and 2875 ν(Me), 1668 ν(C=C), 1492 ν(C=N), 1226 ν(C-N) 

cm−1. 1H NMR (500 MHz, CDCl3) δ: 1.44 (6H, d, J = 6.7 Hz), 2.13 (3H,s), 2.15 (3H, s), 4.15 
(1H, sep, J = 6.7 Hz),7.41 (1H, s). 13C NMR(100 MHz, CDCl3) δ: 8.4, 12.4, 23.1, 46.6, 121.3, 
131.3,133.2. GC-MS: Rt: 10.6 min.;m/z (%): 138 (M+·, 66), 123 (6), 95 (100), 81 (28), 68 (4), 54 
(9), 41 (12). 

 
1-butyl-4,5-dimethyl-1H-imidazole (4d): Rf: 0.50 (1:1 n-hexane:acetone); bp. 134°C/13 

mmHg.IR (KBr): 3102 ν(CH), 2958 and 2873 ν(Me), 2933 ν(CH2), 1670 ν(C=C), 1500 ν(C=N), 1234 ν(C-

N) cm−1.1H NMR (500 MHz, CDCl3) δ: 0.94 (3H, t, J = 7.3Hz), 1.33 (2H, sex, J = 7.4 Hz), 1.66 
(2H, quint, J = 7.4 Hz), 2.11 (3H, s), 2.15 (3H, s), 3.76 (2H, t, J = 7.2 Hz),7.29 (1H, s). 13C 
NMR(100 MHz, CDCl3) δ: 8.2, 12.5, 13.3, 19.5, 32.6, 44.4, 121.6, 133.4,134.5. GC-MS: Rt: 
12.4 min.;m/z (%): 152 (M+·, 100), 137 (21), 123 (6), 110 (77), 95 (55), 83 (23), 69 (54), 55 (18), 
42 (24). 
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1-(sec-butyl)-4,5-dimethyl-1H-imidazole (4e): Rf: 0.47 (1:1 n-hexane:acetone); bp. 
115°C/9 mmHg.IR (KBr): 3104 ν(CH), 2969 and 2875 ν(Me), 2931 ν(CH2), 1668 ν(C=C), 1492 ν(C=N), 
1222 ν(C-N) cm−1. 1H NMR (400 MHz, CDCl3) δ: 0.86 (3H, t, J = 7.4 Hz), 1.42 (3H, d, J = 6.8 
Hz), 1.74 (1H, dquint, J = 14.8,7.2 Hz), 1.79 (1H, dquint, J = 14.8, 7.2 Hz), 2.11 (3H, s), 2.16 
(3H, s), 3.90 (1H, sex, J = 6.8 Hz),7.37 (1H, s). 13C NMR(100 MHz, CDCl3) δ: 8.8, 10.6, 12.6, 
21.4, 30.4, 52.6, 121.7, 132.1,133.2.GC-MS: Rt: 10.9 min.; m/z (%): 152 (M+·, 55), 137 (2), 123 
(16), 96 (48), 95 (100), 81 (31), 68 (4), 54 (11), 41 (25). 

 
4,5-dimethyl-1-(pentan-2-yl)-1H-imidazole (4f): Rf : 0.57 (1:1 n-hexane:acetone); bp. 

130°C/12 mmHg.IR (KBr): 3106 ν(CH), 2962 and 2871 ν(Me), 2931 ν(CH2), 1666 ν(C=C), 1492 ν(C=N), 
1218 ν(C-N) cm−1. 1H NMR (500 MHz, CDCl3) δ: 0.90 (3H, t,J = 7.4 Hz), 1.19-1.33 (2H, m), 1.42 
(3H, d, J = 6.8 Hz), 1.64-1.80 (2H, m), 2.11 (3H, s), 2.15 (3H, s), 3.98 (1H,sex, J = 6.9 Hz),7.37 
(1H, s). 13

C NMR(100 MHz, CDCl3) δ: 8.9, 12.7, 13.7, 19.4, 22.0, 39.7, 51.0, 121.7, 
132.1,133.2.GC-MS: Rt: 12.2 min.;m/z (%): 166 (M+·, 44), 151 (9), 124 (34), 110 (10), 95 (100), 
81 (28), 68 (5), 55 (14), 43 (43). 
 
4. Conclusion 

We have developed an eco-friendly, one-pot synthesis of 1,4,5-trisubstituted imidazoles by the 
cyclocondensation of formaldehyde, ammonium carbonate and biacetylwith several different 
amines. This novel protocol offers notable merits, such as mild reaction conditions, simple 
procedure, short reaction time, acceptable yields and a good entry to a range of imidazoles. 
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