
Algerian Journal of Natural Products 8:2 (2020) 787 - 793 

© Authors.  2020 Algerian Journal of Natural Products (Online ISSN: 2353-0391) 
This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

 

 

 
Online ISSN: 2353-0391 

 
Algerian Journal of Natural Products 

www.univ-bejaia.dz/ajnp 
Type of the Paper (Article) 

 
Synthesis and Antimicrobial Activities of Aziridines-tosylates Derivative 

 
Assia Keniche 

1,2*
,
 
 Samia Bellifa

3
, Hafida Hassaine

3
 , Joseph Kajima Muengi

4
. 

 

1
 Centre Universitaire de Maghnia, Tlemcen, Algérie

 

2 
Laboratoire de Chimie Organique, Substances Naturelles et Analyses, Université de Tlemen, Algérie

 

3 
Laboratoire de microbiologie appliquée à l’agroalimentaire au biomédical et a l’environnement, Université de 

Tlemen, Algérie
 

4
Faculté des Sciences, Université de Tlemen, Algérie  

*Corresponding author: keniche_assia@yahoo.fr 
Tel.: +21343215886; Fax: +213215886. 

  
 
Received: 13/08/2019                                             /Accepted:10/11/2020 

 
Abstract: By using simple straightforward synthesis of Tosylate aziridines has been developed. By means of this 
synthetic strategy from readily available N-phtaloyl acide and 2-methylbenzosulfonate aziridine using DCC as 
coupling agent, new tosylates aziridines could be obtained. The coupling reactions occurred without ring opening of 
the three membered ring. This work describes new results of our ongoing research targeting new derivatives of 
biological interest. All the compounds were screened for their antibacterial activity, they all showed comparable 
moderate to good growth inhibitory activity with reference to Tetracyclin and Gentamicin. 
 
Keywords: Aziridines, phtaloyl acide, strained heterocycles, Antibiotics. 

 

I. Introduction 
 

Antibiotics, as miraculous drugs, have been used extensively to confront fatal infection, even 
without prescriptions. However, the inappropriate and disproportionate use of antibiotics have led to 
the emergence of new drug-resistant bacteria[1], which causes a high risk of serious diseases and 
dramatically aggravates the clinical complications in hospitals[2,3]. With increasing concern over 
bacterial infections, in particular hospital-acquired infections, there is a growing demand for effective 
and safe antibacterial agents [4-6].Aziridines represents an important class of compounds that exhibit 
antibacterial activities against a wide range of bacteria [7-17].  

The high interest that the chemistry of aziridines attracts is generated by the manifold applications 
of this smallest saturated azaheterocycles [18-19]. Aziridines are not only used as reactive synthons 
in organic synthesis [20-21], but also as monomeric units in polymerization reactions [22], or as 
natural and synthetic pharmaceuticals [23-24]. Though the parent aziridine C2H4NH is classified as 
mutagenic [25-26], there are some aziridine-containing natural compounds known to be useful as 
chemotherapeutics, to combat cancer targeting biochemical processes. Good examples are the family 
of mitomycins and acinomycins [27]. 

We have, already reported the synthesis of several aziridines [28-30], which some of them showed 
interesting biological activities such as antitumor [31-32] and potent antibacterial activity against 
different bacteria [33]. In continuation our research program, to find new antibacterial agents for the 
treatment of infectious diseases, we set up this work with a view to developing a general method 
leading to new peptidomimetic-aziridines and to investigate their antibacterial activity.   

Numerous synthetic methods are found in the literature and allow easy accesses to various 
aziridines. It is worth mention that most of those methods are based on the conversion of an amino 
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group into the corresponding aziridine [34-41]. By contrast, our synthetic procedure targets the 
carboxylic group and its transformation into acyl aziridines, while the amino group is protected. 
 
II. Experimental Section  
II.1. Chemistry 

 
All the reactions with dry solvents were carried out under dry nitrogen. THF was dried over sodium 
/benzophenone and freshly distilled before use; CH2Cl2 was distilled and dried over phosphorus 
pentoxide (P2O5). Triethylphosphite P((OEt)3) was distilled before use under reduced pressure. I.R 
spectra were collected from a Mattson Genesis II FTIR. NMR spectra were recorded in CDCl3 on a 
Bruker 300MHz instrument, using tetramethylsilane (TMS) as an internal standard. Chemical shifts 

are given in  (ppm) and coupling constant (J) values in Hertz (Hz). ESI-MS data were recorded in the 
positive ion mode on a quadrupole instrument (Waters-Micromass ZQ). CG analysis was performed 
on a Shimadzu 17A CPG chromatograph using a 30m DB-35 column. Melting points were determined 
on an Electrothermal T1A F3.15A instrument. Column chromatography was performed on silica gel 
230-270 mesh (Merck) using CH2Cl2, MeOH and ether. Elemental analysis was performed only for 
solids on a LECO CHN 900 instrument. 
 
II.2. Antibacterial assays 
II.2.1 Procedure 
 
The prepared compounds 6 a-e with Concentration, 32µg/ml were evaluated for their antibacterial 
activities against Bacillus cereus and S.aureus (Gram-positive), Escherichia coli and Klebseilla 
pneumonie  (Gram-negative) by performing disc diffusion assays. The volumes from liquid cultures 
were spreaded onto nutrient agar in plates. The discs containing test compound and DMSO (control) 
were introduced into the middle of the bacteria inoculated agar surfaces in petri plates. The cultures 
were incubated 24h at 37°C. Tetracyclin and Gentamicin were used as the reference drugs. The 
results were recorded for each tested compound as the average diameter of bacterial growth 
inhibition zones around the disks in mm. 
 
III. Results and Discussion 
III.1. Chemistry 
 

Our synthetic pathways to our target aziridines 6a-e, are presented in Schemes 1 and 2. The 
synthesis of tosylate aziridine 4, was achieved in first by the O-protection of glycidol 1 with p-
toluenesulfonyl chloride (TsCl) in the presence of triethylamine (TEA), led to 2 in good yield (Scheme 
1). The solution of 2 in ethanol and water was treated with ammonium chloride and sodium azide to 
give the azido alcohol 3, which was reacted in the next step with a solution of triphenylphosphine 
(PPh3) in anhydrous acetonitril (CH3CN), to provide 4 in moderate yield. Compound 4 was purified on 
a silica gel column eluted with dichloromethane (CH2Cl2)-methanol (MeOH) (v/v: 1:1). 

 

 
Scheme (1) : Synthesis of aziridin-2ylmethylbenzensulfonate 4 . 

N-phtaloylamino acids 5a-e was reacted either with thionyl chloride in the presence of TEA to yield, an 
acyl chloride that was reacted with 4 to give 6 (50-65%), or coupled in the presence of dicyclohexylcarbodiimide 

(DCC) as coupling agent with unprotected aziridine 4, at room temperature,  giving the same compound 6 in 
high yield (80-90%). 
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Scheme (2) : Coupling of aziridines 4 with  Ft-amino acide 5. 

 

This strategy enabled us, to use 2-methyltosylate aziridine 4 as building block to obtain different 
functionalized Aziridines 6 a-e. Phenylalanine, tryptophane, tyrosine, valine and leucine were chosen 
as a models, since in our initial work in this field [32], aziridine from the former amino acid showed the 
best biological profile [33], whereas tyrosine is claimed to behave as a residue of utmost importance 
in many receptors [42] . Derivatives 5 a-e were prepared according to a modified literature procedure43 
and were recrystallized. They were further converted into aziridines 6 a-e according to both methods 
previously described in the last section.  

 
After work-up, the phtaloyl group (Ft) could be removed from the protected amino acid moiety of 

6a-e by treatment with hydrazine hydrate according to literature [44], affording aziridines with a free 
amino group for a potential peptide growth. 

 

 
Table 1 : Structure of N-acyl-Tosylate aziridines. 

Amino acide 5                         aziridines 6a-e                time of reaction (h)               Yiled % 

                           t = 96h                  (a) 51%(b) 86% 

                        t = 48h                  (a) 52%(b) 

94.8% 

 

                         t = 48h                     (a) 53%(b) 90% 
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                           t = 24h                  (a) 52%(b) 84% 

                      t = 48h                  (a) 55%(b) 82% 

 
With this series of aziridines in hand, and aware that many aziridine alkaloids have antimicrobial 

activity against selected pathogenic microorganisms [45-47], we decided to test preliminary all the 
aziridine derivatives described in this paper for a potential antibacterial profile against different 
bacterial. 

III.2. Antibacterial studies 

Compounds 6 a-e, with Concentration, 32µg/ml, were screened for their antibacterial activity against 
multidrug resistant bacteria chosen from the Centre Hospitalo-Universitaire of Tlemcen/Algeria where 
they are responsible for a number of nosocomial infections. The bacteria of concern were namely 
Bacillus cereus and Staphylococus aureus (Gram-positive), Escherichia coli and Klebseilla 
pneumonia (Gram-negative). The screening was performed on disc diffusion assays. Tetracycline,  
Ciprofloxacine and Gentamicine (CT0056B, OXOID), were used as reference drugs. The results were 
recorded for each tested compound 6 a-e, (the experiment was repeated three times) as the average 
Diameter mm of the inhibition zone of bacterial growth (Fig. 1). 

 
Table 2: The majority of the evaluated aziridine derivatives exhibited moderate to good activity as 

compared to reference antimicrobial drugs. 

 
Aziridines 

 
              Inhibition zone diameter / mm 

B.cereus       S.aureus          E.Coli       K.pneumoniae 

 
6 

a - 10±2 15±2 16±3 

b - 8±3 12±3 16±4 

c - 13±1,5 15±4 19±2 

d - 9±2 11±2 16±2 

e - 9±2 10±3 15±3 

Tetracycline  20 ±   1                                                               20±1 17±2                                                                19±1                                                                

Gentamicine  18  ±  2                                                    19±2      18±1                                                                       19±2                                                               

Ciprofloxacine  25±1 26±2 26±2                                                             22±2                                                               
 

Results of antibacterial screening studies revealed that all the tosylates aziridines showed 
moderate to good activity as compared to reference antibiotics. As can be seen from Fig.1 aziridine 
6c with a free hydroxyl group, showed better activity than the other aziridines, against Klebsiella 
pneumonia and E. coli. From results displayed in Fig.1, we can assume that on the whole, our 
compounds are more active against Gram negative than Gram positive bacteria. Nevertheless, 
compound 6a-e was inactive against Bacillus cereus. 
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Figure .1 :  Antibacterial activities of Tosylates aziridines. 
 

 
From these results, it can be concluded that the substituent on the hydroxyl as well as the group 

on moiety in aziridine ring, affects the antibacterial activity of these compounds, the most encouraging 
results being found against Klebsiella pneumonia.  
 
IV. Conclusion  
 

In conclusion, we reported the synthesis and a preliminary antibacterial evaluation of novel 
functionalized tosylaziridines. The synthetic strategy relies on the coupling reactions between 
tosylaziridines and amino acids. Moreover and besides showing interesting antibacterial activities, the 
series of novel compounds can be further improved to serve as potential drug against nosocomial 
diseases. The main advantages of the method developed in this study are the ease of availability of 
the starting materials, and the fact that the aziridination reaction proceeds at room temperature. 
Therefore, work is going on for the diversification of the initial work, especially for the search of 
targeted cancer chemotherapy through the synthesis of hybrids. 
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