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ABSTRACT: The purpose of this study is to obtain a facile, mild, and effective synthetic method  

for the one-pot synthesis of 2-aryl-4,5-dicarbonitrile imidazole derivatives 3a-q from oxidative cyclo-

condensation of aromatic aldehydes and 2,3-diaminomaleonitrile (DAMN) by cerium(IV) ammonium 

nitrate/nitric acid (CAN/NA) as a novel and efficient oxidation catalyst. This synthetic protocol  

is cost-effective in addition to other advantages such as rapid transformation with good to excellent 

yields of products, one-step process and avoiding the pre-functionalization of the starting materials, 

simple workup procedure and easy operation under mild conditions in comparison previously report. 

These valuable conditions may be ideally suited for an effective synthesis of dicyano imidazole 

heterocycles on a larger scale. 
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INTRODUCTION 

Imidazole and its derivatives are one of the most 

important and useful heterocycles among organic 

compounds. Imidazole rings are present in some natural 

products like alkaloids, in many fungicides, antiprotozoal, 

and antihypertensive medications such as clotrimazole, 

metronidazole and eprosartan, in biological building blocks 

for example histidine [1-3]. These important rings have also 

been used for industrial applications  

like corrosion inhibitor on certain transition metals,  

fire retardant, photography and electronics [4,5]. Salts 

of imidazole can also be found in the structure of various 

ionic liquids that are used for catalytic processes [6]. The 

structure of some of the drugs and biological molecules 

containing the imidazole ring is shown in Fig. 1.  

 

 

 

Therefore, in recent years, considerable attention has been 

focused on the development of synthetic methods of 

substituted imidazoles and also the studies of their 

biological properties, and synthetic applications [7,8]. 

A number of substituted imidazoles, including 2-aryl-

4,5-dicarbonitrile imidazoles have attracted much 

attention in medicinal chemistry and organic synthesis. 

Some of them have displayed pharmacological activities 

and have used in the synthesis of new promising acceptor 

moiety [9, 10]. There are a few methods for preparation of 

dicyanoimidazole heterocycles. So far, the four general 

synthetic methods including the use of Schiff bases  

and oxidant reagents have been reported [11-14]. The most 

previously methods have some disadvantages such as long  
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Fig. 1: Some of the drugs and biological molecules containing the imidazole ring. 

 

reaction times, hazardous reaction conditions, the use 

of stoichiometric amounts of toxic reagents, tedious work-up 

and purification and low yield of products. Recently,  

it has been reported that the use of ceric ammonium nitrate 

(CAN) as a reagent is very effective for the synthesis  

of 2-aryl-4,5-dicarbonitrile imidazoles. But the usage of excess 

amount of CAN reagent (0.45 equiv.) and one-pot,  

two-step procedure of this reaction is not a cost-effective 

strategy [15]. Therefore, the development of an efficient, 

cost-effective and high-yield synthetic protocol is required 

in the synthesis of dicyano imidazoles. 

CAN is a valuable catalyst and multipurpose reagent 

for the synthesis of heterocycles such as tetrahydroindoles [16], 

tetrazole [17], chromenes [18], thiadiazoles [19], 

hydroxycoumarines [20], and indoles [21]. The extensive 

use of CAN as a catalyst and oxidant reagent is due to 

many advantages like air stable, inexpensive, excellent 

solubility in water and reasonably soluble in many organic 

solvents, eco-friendly nature, easy handling and high 

reactivity [23,24].  

However, the use of CAN/HNO3 mixture as a high 

oxidant catalyst in the one-step approach for preparation 

of 2-aryl-4,5-dicarbonitrile imidazoles has not yet been 

explored. Therefore, in this investigation and in our further 

research efforts for the easy catalytic synthesis of heterocyclic 

compounds with valuable biological properties [25-28], 

we report for the first time, CAN/NA catalyzed synthesis 

of dicyano imidazoles by oxidative condensation of 

aromatic aldehyde with DAMN under mild conditions and 

high yield in comparison to previously reports. 

EXPERIMENTAL SECTION 

Chemical reagents in high purity were purchased  

from the Merck Chemical Company with commercial 

grade. Melting points were determined in open capillaries 

using an electro-thermal digital melting point apparatus 

and are uncorrected. 1H NMR and 13C NMR spectra  

were recorded with a Bruker spectrometer (400 or 500 MHz). 

NMR spectra were obtained in DMSO-d6 solution 

and are reported as parts per million (ppm) downfield  

from Me4Si as internal standard. FT-IR spectra were obtained 

with potassium bromide pellets in the range  

400-4000 cm–1 with a JASCO 4200-A spectrometer.  

A mass spectrum was recorded by an Agilent model: 

5975C VL MSD with a Triple-Axis detector spectrometer 

at 70 eV. 

 

General one-pot procedure for the synthesis of dicyano 

imidazoles 

A mixture of DAMN (0.5 mmol), aromatic aldehyde 

(0.5 mmol), and CAN/NA (0.05/0.4 equiv.) was heated  

at 70 °C in acetonitrile (2 mL), for desired time (Table 2). 

The reaction was followed by Thin Layer Chromatography (TLC) 

(ethyl acetate/n-hexane, 2:1). After the completion  

of reaction, the organic solvent was removed.  

The precipitate was dissolved in a small amount of ethanol 

and increasing some cold water results in pure product. 

Most of the dicyano imidazole products are known and 

were characterized by comparison of their physical (Mp) 

and spectral data (IR, 1H NMR, and 13C NMR) with those 

of authentic samples. 
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2-(3-Chlorophenyl)-1H-imidazole-4,5-dicarbonitrile (3c)  

FT-IR (KBr) (νmax): 3436, 3179 (N-H), 3090 (C-H), 

2261, 2234 (C≡N), 1644 (C=N), 1466 (C=C), 1120, 799 

(C-Cl), 725 cm-1; 1H NMR (500 MHz, DMSO-d6): δH 7.56-

7.59 (t br, 2H, H-Ar), 7.92 (d, J = 6.85 Hz, 1H, H-Ar), 7.98 

(s, 1H, H-Ar), (NH of the imidazole ring was not observed 

that probably due to the effect of exchange of this acidic 

proton with deuterium in small amounts of D2O, which is 

present in DMSO-d6) ppm. 

 

2-(2,3-Dichlorophenyl)-1H-imidazole-4,5-dicarbonitrile (3f) 

FT-IR (KBr) (νmax): 3289 (N-H), 2240 (C≡N), 1651 

(C=N), 1541, 1506, 1446, 1417, 1308 (C=C), 1237, 1193, 

1156, 1135, 1083, 1055, 975, 804 (C-Cl),  710, 500 cm-1; 
1H NMR (500 MHz, DMSO-d6): δH 7.54 (t, J = 7.92 Hz, 

1H, H-Ar), 7.72 (d, J = 7.65 Hz, 1H, H-Ar), 7.86 (d, J = 

8.00 Hz, 1H, H-Ar) ppm, (NH of the imidazole ring was 

exchanged with D2O); 13C NMR (125 MHz, DMSO-d6): 

δC  111.1, 115.8, 128.6, 129.4, 130.1, 130.7, 132.7, 133.0, 

148.1 ppm. 

 

2-(4-Bromophenyl)-1H-imidazole-4,5-dicarbonitrile (3h) 

 FT-IR (KBr) (νmax): 3442, 3171 (N-H), 3093 (C-H), 

2258, 2234 (C≡N), 1600 (C=N), 1557, 1540, 1473, 1424 

(C=C), 1010, 832 (C-Br), 728, 577 cm-1; 1H NMR (500 

MHz, DMSO-d6): δH 7.77 (d, J = 8.40 Hz, 2H, H-Ar), 7.92 

(d, J = 8.40 Hz, 2H, H-Ar) ppm, (NH of the imidazole ring 

was exchanged with D2O). 

 

2-(4-Nitrophenyl)-1H-imidazole-4,5-dicarbonitrile (3i). 

IR (KBr) (υmax): 3447 (N–H), 2232 (C≡N), 1605 

(C=N), 1518, 1348 (NO2), 1475 (C=C), 1112, 860, 716 cm-

1; 1H NMR (400 MHz, DMSO-d6): δH 8.20 (d, J = 8.40 Hz, 

2H, H-Ar), 8.33 (d, J = 8.40 Hz, 2H, H-Ar) ppm; EIMS 

(m/z, %): 239 (M+, 100), 209 (44), 181 (54), 139 (19), 102 

(19), 75 (15), 50 (25).  

 

2-(2-Methoxyphenyl)-1H-imidazole-4,5-dicarbonitrile (3k) 

FT-IR (KBr) (υmax): 3276 (N–H), 2238 (C≡N), 1603 

(C=N), 1475 (C=C) 1247 (C–O), 1209, 1091, 1021, 749 

cm-1; 1H NMR (400 MHz, DMSO-d6): δH 3.25 (s, 3H, 

OMe), 7.08–7.23 (m, 2H, H–Ar), 7.50 (d, J = 4.40 Hz, 1H, 

H–Ar), 8.04 (d, J = 6.00 Hz, 1H, H–Ar), 13.72 (br, 1H, 

NH) ppm; 13C NMR (100 MHz, DMSO-d6): δC 55.7 

(OMe), 111.1, 112.1, 115.3, 119.1, 121.0, 129.4, 132.6, 

147.9 (C=N), 156.5 (C–O) ppm. 

2-(2,5-Dimethoxyphenyl)-1H-imidazole-4,5-dicarbonitrile (3o) 

FT-IR (KBr) (υmax): 3277 (N–H), 2234 (C≡N), 1591 

(C=N), 1543, 1490, 1438, 1307 (C=C), 1281, 1196 (C-

O), 1171, 1146 (O-Me), 1084, 1042, 1018, 811, 743 cm-

1; 1H NMR (500 MHz, DMSO-d6): δH 3.78 (s, 3H, 

OMe), 3.92 (s, 3H, OMe), 7.10 (dd, J1 = 2.90 Hz, J2 = 

6.15 Hz, 1H, H–Ar), 7.17 (d, J = 9.05 Hz, 1H, H–Ar), 

7.56 (d, J = 2.80 Hz, 1H, H–Ar), 13.72 (br, 1H, NH) 

ppm; 13C NMR (125 MHz, DMSO-d6): δC 55.6, 56.0 

(OMe), 111.3 (2C), 113.3, 115.6, 118.5 (2C), 147.9, 

150.9, 153.1 ppm. 

 

2-(3,4,5-Tri methoxyphenyl)-1H-imidazole-4,5-

dicarbonitrile (3p) 

FT-IR (KBr) (νmax): 3464, 3299 (N-H), 2939 (C-H), 

2230, 2208 (C≡N), 1617 (C=N), 1584, 1508, 1382, 1332 

(C=C), 1242, 1128 (C-O), 987 cm-1; 1H NMR (400 MHz, 

DMSO-d6): δH 3.71 (s, 3H, OMe), 3.83 (s, 6H, OMe), 7.25 

(d, J = 1.58 Hz, 2H, H-Ar) ppm; 13C NMR (100 MHz, 

DMSO-d6): δC 56.0, 60.2 (OMe), 103.6, 111.2, 122.5, 

139.6, 145.4, 150.6, 153.3 (C-O) ppm. 

 

RESULTS AND DISCUSSION 

At the beginning of the research, the condensation  

of 4-chlorobenzaldehyde and DAMN as a model reaction 

with 0.4:5 eq. of CAN:NA as catalyst was carried out  

in different solvents, including EtOH, H2O, MeCN and 

CH2Cl2 at 70 °C. The results are shown in Table 1. MeCN 

was chosen to be the best media for this condensation. 

Then, different amounts of CAN/NA were evaluated 

under similar condition and 0.05/0.4 eq. of CAN/NA  

was sufficient for completion of the reaction during  

25 minutes with excellent yield. Furthermore, the use of 

0.5 eq. of HNO3 (without CAN) formed a number of 

by-products and decreased the yield of the product to 20%. 

Increasing 0.05 eq. of CAN in the absence of HNO3  

did not improve the yield. The use of HNO3 as a co-oxidant 

was necessary in this CAN-catalyzed synthesis.  

When the model reaction was carried out with H2O2  

or (NH4)2S2O8 and CAN, the catalytic reaction  

was not successful. 

Importantly for the ultimate goal of applying  

the current method in a diversity-generating strategy, 

this catalytic procedure extended to the different kinds 

of aromatic aldehydes under similar conditions  

(Scheme 1).  

https://www.sciencedirect.com/science/article/pii/S0040403914002019
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Table 1: Optimization of reaction conditions for the synthesis of dicyano imidazoles at 70 °C. 

 

Entry Catalyst Catalyst loading (equiv.) Solvent Reaction time (min) Yield (%)a 

1 CAN/NA 0.4/5 EtOH 120 25b 

2 CAN/NA 0.4/5 H2O 120 0b 

3 CAN/NA 0.4/5 MeCN 20 85 

4 CAN/NA 0.4/5 CH2Cl2 120 0 

5 CAN/NA 0.2/1 MeCN 35 85 

6 CAN/NA 0.1/1 MeCN 30 88 

7 CAN/NA 0.05/1 MeCN 20 88 

8 CAN/NA 0.03/1 MeCN 40 30 

9 CAN/NA 0.05/0.4 MeCN 25 92 

10 CAN/NA 0.05/0.2 MeCN 60 0c 

11 HNO3 0.5 MeCN 120 0b 

12 CAN 0.05 MeCN 120 0b,c 

13 CAN/H2O2 0.05/2 MeCN 60 0c 

14 CAN/APSd 0.05/0.1 MeCN 60 0c 

15 - - MeCN 120 0b 

a)  Isolated yield. B) The reaction was performed under refluxing, also increase the catalyst up to 2 equiv.  but no pure product was obtained. 
c) The product was Schiff base. d) Ammonium per sulfate 

 

 

 

 

 

 

 

 

Scheme 1: The synthetic pathway of dicarbonitrile imidazoles. 

 

The experimental results are summarized in Table 2.  

As expected, the corresponding dicyano imidazoles  

were obtained in moderate to excellent yields with high purity 

for both electron-donating and electron-withdrawing 

substituents. 

A plausible catalytic mechanism CAN/NA mediated 

synthesis of dicyano imidazoles is shown in Scheme 2.  

In this mechanism, CAN/NA system can act as a Lewis 

acid catalyst for activating the carbonyl group for synthesis 

of Schiff base. Moreover, CAN is a high efficient oxidant 

 



Iran. J. Chem. Chem. Eng. One-Step Synthesis of Dicyano Imidazoles by (NH4)2Ce(NO3)6/HNO3 ... Vol. 39, No. 6, 2020 

 

Research Article                                                                                                                                                                      5 

Table 2: Synthesis of dicyano imidazoles catalyzed with CAN/NA in MeCN and at 70 °C. 

No. Product Mp (°C) [Ref] Reaction time (min) Yield (%) 

3a 

 

219-220 

(220-222) [12] 
50 75 

3b 

 

204-206 
(202-204) [15] 

35 89 

3c 

 

218-220 

227-228 [11] 
35 78 

3d 

 

290-293 
(288-290) [15] 

25 92 

3e 

 

232-235 

(233-235) [15] 
40 76 

3f 

 

242-245 30 85 

3g 

 

225-227 

212-213 [11] 
35 82 

3h 

 

298-300 

(316-321) [15] 
30 92 

3i 

 

254 

(252-254) [15] 
30 89 

3j 

 

214-216 
(211-212) [13] 

35 85 

3k 

 

220-222 
(223-225) [15] 

30 85 

3l 

 

180-181 
(173-177) [15] 

45 80 

3m 

 

230-232 

(230-232) [15] 
20 95 

3n 

 

240 
(238-241) [15] 

30 93 

3o 

 

245-248 25 88 

3p 

 

243-245 

(243-246) [15] 
35 80 

3q 

 

228-230 

(229-231) [15] 
35 75 

a) Isolated yields 

https://www.sciencedirect.com/science/article/pii/S0040403914002019
https://en.wikipedia.org/wiki/Ammonium
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Scheme 2: Plausible mechanism for the one-pot reaction in the presence of CAN/NA. 

 

in the presence of HNO3. CAN generate Ce(OH)3+  

as the reactive Ce(IV) species [29] that they are useful 

for closing the imidazole ring, which is an oxidative 

process. The present reaction had been previously 

carried out with an excess CAN (0.45 equiv.) in  

one-pot, two-step reaction [15], but it was completed 

successfully using catalytic amounts of CAN in  

one-step approach, when HNO3 as co-oxidant was used. 

CAN was found to be inactive in itself (Ce+3) for 

oxidative cyclocondensation, but it afforded excellent 

yields when the reaction was carried out in acidic 

conditions by addition of HNO3. Regeneration of  

the Ce(IV) catalyst was performed by HNO3 [30]. 

Moreover, we compared results reported in  

the literature with this research method. The results  

are presented in Table 3. It is clear from this table that the 

one-step synthesis of dicyano imidazoles performed using 

CAN/NA as a high activated oxidation catalyst under mild 

reaction conditions with excellent purity and high yield  

in short reaction times and avoided the 

prefunctionalization of the aldehydes to Schiff bases. 

 

CONCLUSIONS 

In conclusion, we report a novel catalytic strategy  

and synthetic methodology that leads to the synthesis  

of dicyano imidazoles starting from direct transformation 

DAMN and aldehyde derivatives by using CAN/NA 

catalytic system. The value of this approach in comparison 

to all previous methods was demonstrated in the one-pot 

and one-step reaction with available starting materials.  

The use of CAN/NA as a catalytic oxidation system  

can provide new way for continuous processes in the synthesis 

of heterocyclic compounds with diverse applications 

which so far were obtained in difficult conditions.  
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Table 3: Comparison of conditions used for the synthesis of dicyano imidazole 3c. 

Entry Starting materials Conditions Yield (%) [Ref.] 

1 Schiff basesa DDQb, MeCN, Reflux for 4 days 33 [11] 

2 Schiff basesa NCSc, nicotinamide DMF, 40°C, 3h 64d [12] 

3 Schiff basesa Iodine, and sodium acetate ,1-methyl pyrrolidin-2-one, 100 °C, 24h 59 [13] 

4 Schiff basesa Pb(OAc)4, Benzene, 5-10 °C, overnight 49e [14] 

5 Schiff basesa CAN (0.40 eq.), MeCN, 50 °C, 40 min, two-step 84 [15] 

6 DAMN, aldehyde CAN/NA (0.05/0.4), MeCN, 70°C, 25 min, one-step 92, This work 

a) Schiff bases from condensation of DAMN with aldehydes. b) 2,3-dichloro-5,6-dicyano-1,4-benzoquinone 

c) N-chloro-succinimide . d) The yield of 3b. e) The yield of 2-Isopropyl-4,5-dicyanoimidazole 
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