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The present study is aimed to estimate the biocidal 
activity of some imidazoline derivatives with 
potential biological activities such as cardiovascular, 
analgesic, vasodilating, anti-bacterial, anti-fungal, 
herbicidal and plant growth regulatory properties  
The newly obtained compounds were studied for 
their biocidal activities on two pathogenic bacterial 
species (Escherichia coli and Staphylococcus 
aureus) and also on an yeast strain (Candida 
albicans), in vitro, when their efficiency was 
estimated by means of the submerged cultivation 
method and the biomass determination. The 
compounds under study showed a variable 
bacterial growth inhibitory activity.   
 

 

 
 

INTRODUCTION∗ 

The imidazolines and their derivatives belong to a 
large group of biologically active compounds 
particularly attractive for their distinctive therapeutic 
applications.1–6  The imidazole ring is to be found in 
the basic structures of proteins, vitamins, several 
alkaloids and herbicides.7,8 Apart from this the 
substituted imidazolines are also important for being 
used as intermediates7, catalysts and ligands9,10 in 
various chemical reactions.11–14 The imidazoline con-
taining compounds are valuable as agents acting at 
the adrenergic and imidazoline receptors. The 
aniline-imidazolines are largely used in clinical 
applications for treating the high blood pressure as 
                                                 
 

well as sedative, anxiolytic and analgesic agents 
while others act as antagonistic of the adrenergic 
receptors behaving as vasodilators. 

Have been discovered new 2-imidazoline-
containing monoamine oxidase MAO 
inhibitors,15,16 compounds that may be used as 
future probes for the imidazoline binding sites of 
the MAOs, and as potential leads for the 
development of new therapeutic agents. 

The objective of the present in vitro study was 
to test potential antimicrobial activities of new 
compounds against pathogenic strains of 
Escherichia coli, Staphylococcus aureus and 
Candida albicans by submerged cultivation 
method and biomass determination. 
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Fig. 1 – The reaction of obtaining 2-[4-(amidosulfonyl-R1, R2-phenoxymethyl)-methyl]imidazolines. 

 
Table 1 

Amount of wett biomass obtained by cultivation pathogenic strains in the presence of chemical compounds 

The wett biomass (g/mL) Nr. 
crt. Compounds Escherichia Coli  Staphylococcus Aureus Candida Albicans 
1 1 0.00832 0.00289 0.01832 
2 2 0.00895 0.00323 0.01865 
3 3 0.00033 0.00001 0.01701 
4 4 0.00719 0.00234 0.01845 
5 5 0.00769 0.00376 0.01832 
6 6 0.00988 0.00462 0.01923 
7 Standard 0.14667 0.04665 0.17344 

 
RESULTS AND DISCUSSION 

Synthesis of the 1,2-disubstituted imidazolines 
involves the initial obtaining of the 2-imidazoline 
followed by the functionalization of the N-H group 
by treating with active alkylating agents or by 
coupling reactions with aryl halides mediated by 
metals. Then the sodium salts corresponding to the 
2-imidazoline derivatives resulting by treating with 
sodium hydride in anhydrous THF were reacted 
with 2-chloro-methyl-imidazoline at room tem-
perature leading to N-aryl-2-imidazolines. 15,17 

The newly obtained derivatives were synthesized 
as described in literature,18–23 by the condensation of 
the R1 R2 substituted  sulfonamides of the methylic 
esters of the phenoxyacetic acids with ethylenedia-
mine under acid catalysis (p-toluenesulfonic acid   
p-TsOH), followed by coupling  the resulting 
derivatives with  2-chloromethylimidazoline in the 
presence of  sodium hydride in anhydrous THF at 

room temperature  as illustrated in the following 
reaction Figure 1. 

For estimaing the biocidal activity of the 
chemical compounds compared to the standard 
samples the experiments were further carried out 
according to the described methods. A replication 
proceeds of the microbial strains developed on the 
solidified culture media with a microbiological 
loop of colonial fragments from the solid medium 
and their passing into the liquid medium.24 The 
inoculum grows for 20 hours under aeration and 
stirring conditions. The sterile flasks contain:  
13 mL of liquid culture medium, 1 mL of cell 
suspension previously obtained, 1 mL of solution 
of the chemical substance to be tested (Figure 2).  

The standard samples contain 14 mL medium 
and 1 mL cell suspension. Then the samples under 
study and the standard samples were incubated for 
72 hours on an orbital shaker under aeration and 
stirring conditions (240 rpm). 
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1[(4.5-dihydro-1H-imidazol-2-yl)methyl]-1H-
{2-[4-(ethylaminosulfonyl-2-chloro)fenoxymethyl]}imidazoline (1)
      Chemical formula: C16H22N5O3Cl
      Molecular weight: 367.5
      Melting point: 163-165oC

1[(4.5-dihydro-1H-imidazol-2-yl)methyl]-1H-
{2-[4-(aminosulfonyl-2,3-dimethyl)fenoxymethyl]}imidazoline (2)
                      Chemical formula: C16H23N5O3
                      Molecular weight: 333
                      Melting point:181-183oC

NH

N

1[(4.5-dihydro-1H-imidazol-2-yl)methyl]-1H-
{2-[4-(diethylaminosulfonyl-fenoxymethyl)]}imidazoline (3)
      Chemical formula: C18H27N5O3
      Molecular weight: 361
      Melting point:129-131oC

NH

N

NH

N

NH

N

1[(4.5-dihydro-1H-imidazol-2-yl)methyl]-1H-
{2-[4-pyrolydinosulfonyl-fenoxymethyl)]}imidazoline (4)
      Chemical formula: C18H25N5O3
      Molecular weight: 359
      Melting point:132-135oC

1[(4.5-dihydro-1H-imidazol-2-yl)methyl]-1H-
{2-[4-pyrolydinosulfonyl-2-chloro)fenoxymethyl]}imidazoline (5)
      Chemical formula: C18H24N5O3Cl
      Molecular weight: 393.5
      Melting point: 161-163oC

1[(4.5-dihydro-1H-imidazol-2-yl)methyl]-1H-
{2-[4-pyperazinosulfonyl-2-chloro)fenoxymethyl]}imidazoline (6)
     Chemical formula: C18H24N6O3Cl
     Molecular weight: 407.5
     Melting point: 167-169oC  

Fig. 2 – The newly synthesized compounds, names and physico-chemical characteristics. 
 

The resulting experimental cultures were used 
for determining the wett biomass that is the 
totality of the cells in the culture medium. The 
mention has to be made that the entire amount of 
microbial culture in every flask (15 mL) was 

passed into centrifuge tubes and the cell mass 
separated from the liquid by centrifugation. It 
was weighted on the analytical balance after the 
complete removal of the liquid and the obtained 
results (Table 1). 
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The following ascertainments come from the 
data in Table 1: the chemical compounds in the 
culture medium of the three microbial strains under 
study had inhibitory effect since the biomass thus 
obtained was lower than that coming from the 
standard samples. The amount of wet biomass was 
different from one microbial strain to another due 
to the different activity of the chemical compounds 
on the growth of the tested strains. 

The antibacterial activity was detected in the 
case of the compounds tested, demonstrating that 
substituents of the type chloro, methyl, dimethyl, 
pyrolydinosulfonyl or pyperazinosulfonyl, can 
influence this activity. The sample (3) where the 
lowest biomass amount was noticed proved to be 
the most efficient as growing inhibitor of the 
microbial strains, while the sample (6) was the 
least efficient. In the case of testing the 
antibacterial action of compounds (3) and (4) there 
was highlighted a greater sensitivity of positive 
Gram bacteria (Staphylococcus aureus) compared 
with negative Gram bacteria (Escherichia coli) and 
also on an yeast strain (Candida albicans), 

phenomenon given by the absence of substituteds 
of the aromatic ring. 

Compunds (1) and (2) influence, also, differen-
tially the development of the microorganisms, 
demonstrating that substituents of the type chloro 
and dimethyl of the aromatic ring, was showed 
highlighted a lower sensitivity of the microbial 
strains under study. The compunds (4) and (5) 
presents a the lowest level of sensitivity due the 
pyrolydinosulfonyl or pyperazinosulfonyl hetero-
cyclic ring, present in the structure. 

The data in Table 1 were processed for 
determining the percentage of growth inhibition of 
the micro-organisms tested. By assuming a growth 
inhibition degree of the standard samples of 0% 
since there is   no factor disturbing the cell growth 
the results in Figure 3 were obtained. 

The plotted results are indicative of the 
following features: the tested chemical compounds 
showed an efficiency higher than 85% for the 
inhibition of the growth process (growth and 
replication) of the microbial strains under study. 
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Fig. 3 – The inhibition of the growth and replication process of the microbial strains to the presence of chemical compounds. 
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EXPERIMENTAL 

General procedure for the preparation  
of 2-imidazolines-N-arilates 

The R1,R2-substituted methylic esters of the phenoxyacetic 
acids  were solved in anhydrous methanol and then the  
p-TsOH and ethylenediamine in anhydrous methanol added. 
The resulting reaction mixture was refluxed for 4 hours, the 
methanol removed under vacuum, the remaining residue 
treated with water and then let to stay till crystallization. The 
4-(amidosulfonyl-R1,R2-phenoxymethyl)-2-imidazoline 
derivatives thus obtained were finally purified by repeated 
recrystallizations from water. 

To the 4-(amidosulfonyl-R1,R2-fenoxymethyl)-2-imidazoline 
solved in anhydrous THF the sodium hydride was added at 
room temperature and  the  2-(chlormethyl)-4,5-dihydro-1H-
imidazole added 15 mintes later stirring then the reaction 
mixture for 6 hours at room temperature. The resulting  
N-alkylated products were separated by water addition 
followed by extraction in dichloromethane.18-23 

Biological investigations 

The experiments described herein were carried out with 
solidified and with liquid culture media of a general chemical 
formulae allowing the growth of a diverse range of micro-
organisms. The solidified culture medium chosen was the agar 
YPG medium (Yeast extract–Glucose–Peptone) of the 
following composition (g/L): glucose-20; peptone-10; yeast 
extract-3; agar-15; distilled water-1000 mL; pH= 6.8–7.0;24 
sterilization under 0.8 at for 20 min. After sterilization and 
cooling at 40–45 0C the medium was placed in Petri dishes, let 
to get solidified and then sown with the micro-organisms to be 
tested to obtain fresh colonial cultures. 

The liquid medium (nutritional broth) taken for obtaining 
the inoculum of each microbial strain and also for their 
submerge cultivation had the following composition (g/L): 
glucose-20; meat extract-5; peptone-10; NaCl-5; distiled 
water-1000 mL; pH–7.0;24 sterilization under 0.8 at for  
20 minutes. The liquid medium was distributed in Erlenmeyer 
flasks of 25 mL for the experiments to be run. 

The biocidal activity of the samples was estimated by 
means of the submerge cultivation method and determination 
of the wet biomass. The method consists in contacting the 
samples and the micro-organisms to be tested by cultivating in 
liquid culture medium under aeration and stirring conditions 
for 72 hours.  

The procedure is developed as follows: firstly, an 
inoculum is obtained by sowing some colonial fragments of 
the bacterial or yeast species into the liquid culture medium 
(nutritional broth) distributed in Erlenmeyer flasks. It is let to 
stay to grow for 18-20 hours under aeration and stirring 
conditions.  

For the next stage the sterile flasks of 25 mL capacity are 
prepared by taking the number of samples into account and 
then 13 mL of liquid culture medium placed into each flask. 
After adding 1 mL of the cell suspension previously obtained 
1 mL of the chemical substance solution  to be tested is finally 
added. At the same time, for every microbial strain a standard 
flask containing 14 mL liquid culture medium and 1mL cell 
suspension is taken. The flasks thus prepared are incubated for 
72 hours under aeration and stirring conditions (240 rpm) for 
the growth of micro-organisms and to reveal the effect of the 
chemical compounds. When the cultivation period is over  the 
resulting biomass is determined. 

The biomass represents the entire amount of microbial 
cells obtained by growing a micro-organism cultivated for  
72 hours in a liquid medium of the optimum formulae for that 
micro-organism under optimum cultivation conditions 
(aeration, stirring, temperature). 

The biomass was determined by a gravimetrical method 
(weighting on the analytical balance). On this purpose the 
previously resulting cell suspensions were quantitatively 
passed into centrifugation tubes previously weighted at the 
analytical balance (their weights being noted).  

The tubes were centrifuged for 10 minutes at 6000 rpm in 
order to separate the biomass from the culture medium. The 
supernatant was thrown off and the tubes arranged in reverse 
position for removing the liquid traces. The tubes were again 
weighted at the analytical balance and the results noted. The 
difference between the final and the initial weights of the 
tubes gives the total amount of microbial biomass according to 
the relation: 

Total biomass (mg) = Gf – Gi 

where:  
Gf –stands for the final weight of the tube; 
Gi –stands for the initial weight of the tube. 
 
The experimental data were processed for estimating the 

inhibition degree of biomass due to the toxic component by 
means of the equation 2: 

(%) 100
C Sw wInhibition

Cw

−
= ⋅  

where:  
Cw – biomass obtained in control (mg);  
Sw – biomass obtained in the samples containing the toxic 

component (mg). 

CONCLUSIONS 

The present study proves that, among structurally 
highly diverse series of 2-imidazolines, the tested 
compounds show a good biocidal activity. 

These reactions as a new method for the synthesis 
of practically valuable imidazolidine derivatives open 
new prospects for their application in the fields of 
biochemistry, medicine, theoretical and synthetic 
organic chemistry. 

The highest efficiency was noticed against the 
bacterial strains of Escherichia coli and 
Staphylococcus aureus, where the inhibition values 
of the microbial growth exceeded  90%.  

The Candida albicans strain was the least 
sensitive to these compounds as compared to the 
tested bacterial strains.  

The sample (3) was found to be the most 
efficient for the biocidal properties with all tested 
strains where the highest values of the growth 
inhibition degree were found.   
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