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The synthesis of imidazolidines through the 

cyclocondensation of diamines, bisamides and urea derivatives 

with aqueous glyoxal and other appropriate carbonyl compounds 

has been the subject of numerous investigations.
1-11

 In 1962, Vail 

and co-workers reported the reaction of various bisamides of the 

type RCONH-XNHCOR (X = alkylene or substituted alkylene) 

with glyoxal to produce the desired cyclic compounds.
1
 In the 

case of diamines, most of the reports are limited to 

ethylenediamine and its derivatives.
2,3

 Koppes described the 

reaction of hexafluorodiaminopropane with glyoxal which led to 

the formation of 3,3,7,7-tetrakis(trifluoromethyl)-2,4,6,8-

tetraazabicyclo[3.3.0]octane. In this reaction, 4,5-dihydroxy-2,2-

bis(trifluoromethyl)imidazolidine could not be isolated.
4
 

We have previously reported the synthesis of imidazolidines 

by employing a one-pot reaction using 2-aminopyrimidine or 2-

aminopyrazine, aqueous formaldehyde and glyoxal in alcohols, 

acetonitrile and acetic anhydride under reflux conditions (Figure 

1).
12-14

 Based on 
1
H NMR analysis, it was found that trans-

imidazolidines were obtained selectively in these 

cyclocondensation reactions. 

Imidazolidines, cyclic aminals of pharmacological interest, as 

well as N,N'-dibenzyl-2-arylimidazolidines, N,N'-

bisaminoalkylimidazolidines, and N,N'-

dihydroxyphenylimidazolidines have shown fungicidal, 

antiparasitic, antibacterial, anti-amebic, and antiviral 

activities.
15,16

 They are important building blocks in biologically 

active compounds, and are carriers of pharmacologically active 

carbonyl compounds.
17-19

 To the best of our knowledge, there are 

no reports in the literature on the synthesis of these heterocycles. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Examples of imidazolidines 

In continuation of our research aimed at developing reactions 

under solvent-free conditions,
20

 we report herein an efficient and 

simple process for the stereoselective synthesis of novel 

polyfunctionalized imidazolidines via the one-pot reaction of aryl 

aldehydes 1, heteroaryl amines 2 and aqueous glyoxal in the 

presence of guanidine hydrochloride as the catalyst (Scheme 1). 

To achieve suitable conditions for the synthesis of the 

imidazolidines for the first step, the reaction of benzaldehyde (1 

mmol), 2-aminopyrimidine (2 mmol) and guanidine 

hydrochloride (0.1 mmol) was selected as a model system. In the 

second step, the reaction of the obtained gem-diamine 

(intermediate 3) with aqueous glyoxal (1 mmol) was 

investigated. The results indicated that in the first step a 

temperature of 120 °C, and in the second reaction step a 

temperature of 80 °C, were effective in terms of the reaction time  
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A facile, one-pot stereoselective synthesis of novel trans-4,5-dihydroxy-2-aryl-1,3-

bis(heteroaryl)imidazolidines is achieved by a cyclocondensation reaction of two equivalents of 

heteroarylamines with benzaldehyde derivatives, in the presence of guanidinium chloride as a 

polyfunctional organocatalyst, with aqueous glyoxal to afford the title products. This general 

protocol provides a wide range of new polyfunctionalized imidazolidines in good to high yields. 
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Scheme 1. A one-pot, two-step approach for the synthesis of 

polyfunctionalized imidazolidines 4 

and yield obtained. We also varied the amount of catalyst (5, 7, 

10, 12, 15 mol%)  and the results revealed that 10 mol% gave a 

high yield of the product. After optimization, we investigated the 

use of other aryl aldehydes (4-fluorobenzaldehyde, 4-

chlorobenzaldehyde, 2-nitrobenzaldehyde, 3-nitrobenzaldehyde, 

and 2,4-dichlorobenzaldehyde) (1b-f), heteroaryl amines (2-

amino-4,6-dimethylpyrimidine and 2-amino-4-methylpyrimidine) 

(2b,c) and glyoxal in this reaction, and obtained a library of 

imidazolidines 4b-i in good to high yields.
21

 The results are 

shown in Table 1. To the best of our knowledge, this new 

procedure represents the first example of an efficient and one-pot 

reaction for the stereoselective synthesis of novel trans-4,5-

dihydroxy-2-aryl-1,3- bis(heteroaryl)imidazolidines. 

Table 1.  Synthesis of imidazolidine derivatives 4 

Entry Aldehyde Amine Product 
Time (min) 

Step 1      Step 2 
Yield (%) 

1 
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N N

NH2

 

NN

HO OH

N

N N

N

       4a 

60            15 80 

2 
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N N
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NN
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N

N N

N

F         4b 

60            10 75 
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Cl  

N N

NH2
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N

N N

N

Cl        4c 

20            15 85 

4 
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H3C CH3  
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N

N N

N
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H3C CH3

CH3

Cl
4d 

60            10 80 

5 

CHO

Cl  
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45              5 84 
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Aldehydes containing electron-withdrawing functional groups 

at various positions required different reaction times, but the 

yields of products were similar. However, in the case of aryl 

aldehydes bearing an electron-donating group, the reaction did 

take place, but lower yields were obtained. 

The stereochemistry of the products was assigned based on 
1
H 

NMR and 
13

C NMR spectroscopy. It was found that compounds 

4a-i had unsymmetric structures. The 
1
H NMR spectra of 

compounds 4a-i showed two signals for the hydroxyl groups, in 

agreement with a trans configuration. The IR spectra of 

compounds 4 showed broad OH stretching absorptions at about 

3180 cm
-1

 in agreement with intramolecular hydrogen bonding 

between the OH and nitrogen of the heteroaryl amines.  

The formation of the product in the present reaction is 

expected to involve the following tandem reaction mechanism. 

We propose that guanidine hydrochloride acts as a polyfunctional 

organocatalyst. It is clear from the sequence of steps that 

guanidine hydrochloride initially acts as a hydrogen-bond donor 

to activate the aldehyde by formation of a six-membered ring 

with the aldehyde oxygen. Subsequently, a Schiff base was 

formed by nucleophilic addition of the amine to the aldehyde and 

dehydration in the presence of the catalyst acting as an acid. 

Next, the Schiff base is further attacked by a second amine to 

give gem-diamine as intermediate 3. Finally, nucleophilic 

addition of intermediate 3 to the carbonyls of glyoxal gave the 

final product (Scheme 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 2. Proposed mechanism for the formation of 

imidazolidines 4 

In an attempt to expand the scope of this method, we 

employed formaldehyde instead of aryl aldehydes (entry 10), and 

obtained compound 4j, being consistent with the expected 

structure (Scheme 3).
12

 The 
1
H NMR spectrum of compound 4j 

indicated that a symmetrical structure had been formed. 

 

 

 

Table 1. (Continued) 

Entry Aldehyde Amine Product 
Time (min) 

Step 1      Step 2 
Yield (%) 
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Scheme 3. One-pot synthesis of imidazolidine 4j 

In summary, to the best of our knowledge, this Letter 

describes the first report on the stereoselective synthesis of novel 

trans-4,5-dihydroxy-2-aryl-1,3-bis(heteroaryl)imidazolidines via 

the reaction of heteroaryl amines, aryl aldehydes and glyoxal. 

The advantages of the present method are high efficiency and 

generality, clean reaction profiles and the two-step synthetic 

sequence can be carried out without isolation of the intermediate. 

This leads to a reduction in the overall reaction time and energy 

requirements, and constitutes an economical method for 

preparing new imidazolidine compounds. 
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Table 1.  Synthesis of imidazolidine derivatives 4 

Entry Aldehyde Amine Product 
Time (min) 

Step 1      Step 2 
Yield (%) 
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       4a 

60            15 80 
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Table 1. (Continued) 

Entry Aldehyde Amine Product 
Time (min) 

Step 1      Step 2 
Yield (%) 
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