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ABSTRACT 

A set of methylimidazolium-furanchalcone hybrids and 1-alkyl-3-methylimidazolium salts were tested in order to find their antimicrobial activity against five gram 

positive bacteria, two gram negative bacteria and three fungi. In the series of 1-alkyl-3-methylimidazolium salts, compounds 4 and 7 were the most active compounds 

against S. mutans and F. oxysporum, respectively (MIC value of 3.0 and 6.7 mM, respectively). In addition, among the hybrid molecules, compound 10 exhibited the 

highest activity against F. solani (MIC50 = 14.3 mM) followed by hybrid 11 (MIC50 = 14.5 mM), which was also the most active against S. aureus, S. mutans (MIC50 

= 14.6, 18.7 mM, respectively). The activity of these hybrids was even better with regard to the lead compounds (furanchalcone, methylimidazole or the mixture). In 

the structure-activity relationship there was observed higher bioactivity when the alkyl linker had eigth carbon atoms. This was then supported by the in silico study 

which displayed a strong relationship between the length of the alkyl chain on N and the biological activity. The results highlight the importance of these derivatives 

(1-alkyl-3-methylimidazolium salts) and hybrids (methylimidazolium-furanchalcone) as potential antimicrobial agents. 
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1. INTRODUCTION 

The rise in antimicrobial resistance to conventional treatments is rapidly 

increasing, and therewith, increase the failed efforts to develop novel classes of 

antibiotics1-3. Thus, infections caused by multi resistant bacteria and fungi are 

one of the fastest growing medical threats to modern society 4. Available 

antimicrobial compounds are limited and, due to the restricted spectrum of 

action, toxicity, extensive side effects and drug interactions, the scientific 

community is forced to search new therapeutic alternatives 5-8. Due to the above, 

it is vital to discover novel scaffold for the design of new antimicrobial agents in 

order to help in the fight against these pathogenic microorganisms. 

In this matter, the imidazole nucleus is presented in a significant number of 

biomolecules and the inclusion of this moiety in organic scaffolds is considered 

an important synthetic strategy in drug discovery 9-10. In the last decades, the wide 

pharmacological potential of the imidazole and imidazolium derivatives was well 

demonstrated by the increasing number of the reported bioactivities 11-15 

including antimicrobial activity 16-21, which is closely related to their surfactant 

properties 22,23.  

Besides, recent toxicology data indicate a strong correlation between the length 

of the alkyl chain appended to the imidazolium derivatives cation and the 

resulting toxicity 24-26. On the other hand, chalcones represent an essential group 

of natural or synthetic products, some of them with a wide range of 

pharmacological activities 27. Furthermore, heterocyclic chalcones have been 

reported due to the wide range of biological properties, especially antibacterial 
28-30 and antifungal activitiy 31. 

In recent years, it has emerged a promising strategy based on hybrid molecules 

which bear in their structures two distinct pharmacophores and thus can exhibit 

a dual mode of action, however, do not necessarily act on the same biological 

target 32-36.  

In this work, a series of methylimidazolium-furanchalcone hybrids (Figure 1) 

were evaluated in order to find the effect of the hybridazation and the alkyl chain 

attached to the head polar group in the antimicrobial activity when these 

compounds were compared with 1-alkyl-3-methylimidazolium derivatives.   

 

Figure 1. Design of 3-methylimidazolium-furanchalcone hybrids as antimicrobial agents. 
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2. EXPERIMENTAL 

2.1. Materials and methods 

PDA (Potato Dextrose Agar, Oxoid), Nutrient agar (Scharlau Microbiology 

01-140-500), Difenoconazole ≥95%, Carbenzadin ≥ 99.77%, Oxytetracycline ≥ 

95% and NaCl ≥ 99%), Tween® 80 and tert-butanol anhydrous ≥99.5% were 

provided by Sigma-Aldrich Co (St. Louis, MO). Difenoconazole, Carbenzadin, 

Oxytetracycline and NaCl were used in this study to prepare the positive and 

negative control solutions. 

2.1.1. Preparation of methylimidazolium derivatives solutions and 

suspension 

The solutions were prepared in the following way, 60mg of the ionic liquids 

were solubilized with 3 mL of sterile water. The suspensions were obtained as 

follows, 60mg of the methylimidazolium derivatives were solubilized with 50μl 

of a solution with 1% of tert-butanol and Tween 80, at 25 °C, using an emulsifier 

system with three key pathways coupled to a filter (cellulose ester 0.2μm) with a 

pressure limit of 0.51 MPa 37. The final volume was adjusted to 3mL with sterile 

water. 

2.1.2. Preparation of Nutrient Agar and Potato Dextrose Agar 

28 g of Nutrient Agar or 39 g of PDA agar were suspended in one liter of 

distilled water. It was heated under constant stirring for one minute until the agar 

was completely dissolved. Subsequently, the medium was autoclaved at 121 °C 

and 15 lbs pressure for 15 minutes to sterilize. 

2.1.3. Preparation of microbial suspensions  

To prepare the bacterial suspensions, cultures were grown for 24-48 h at 28 °C 

in nutrient agar. Then, one or two colonies were picked from the agar surface, 

adjusted to turbidity of 0.5 McFarland (corresponding to 1.5x108 UFC/mL) and 

incubated at 28 °C for 2 h to allow the bacteria reach the exponential growth 

phase. Subsequently, using a sterile cotton swab the suspension was 

homogenously spread on the surface of nutrient agar. On the other hand, fungal 

were grown in solid medium PDA (Potato Dextrose Agar, Oxoid) incubated at 

28 °C for 9 days. Then, spores were obtained from a fresh culture by scraping 

from the agar surface with a sterile spatula. Conidia were suspended in 

physiological solution plus 0,001%. Tween® 80 and adjusted to a final 

concentration of 1x106 conidia/mL. The number of conidia was determined 

through direct microscopic in the Thoma-Zeiss counting chamber. The 

incubation time was prolonged up to 72 h. 

2.2. Strains and isolates 

Antimicrobial activity was tested against 10 microorganisms. The experiment 

involved 6 strains of pathogenic bacteria (Escherichia coli ATCC 25922, 

Pseudomonas aeruginosa ATCC 27853, Staphylococcus ATCC 25923, Bacillus 

cereus ATCC 10876, Streptococcus mutans (Clinic isolates), Streptococcus 

agalactiae ATCC 12386) and 1 strain of non pathogenic bacteria (Bacillus 

subtilis subsp. spizizenii ATCC 6633). Additionally, two species of pathogenic 

fungi (Fusarium oxysporum,environmental isolates; Fusarium solani ATCC 

34031) and one yeast species (Candida albicans ATCC 10231) were included in 

the study. Environmental isolate was provided by “Grupo Interdisciplinario de 

Estudios Moleculares-GIEM”, Institute of Chemistry, University of Antioquia. 

Clinic isolate was supplied by the group “Investigación en Patología Oral, 

Periodoncia y Cirugía Alvéolo-Dentaria-POPCAD”, Faculty of Dentistry, 

University of Antioquia. The other microorganisms were provided from a 

collection by the group “Investigación e Innovación en 

Formulaciones Químicas”, Basic Sciences Department, University EIA.  

2.3. Antibacterial and antifungal activity  

The experiments were carried out by using the agar diffusion technique (also 

known as the Kirby-Bauer test 38 described somewhat earlier by Abraham am co-

workers in 1941 39. The microorganisms were uniformly spread on the sterilized 

glass plates (by autoclaving) with Nutrient agar for bacteria and PDA for fungi 

and yeast, and wells of 5 mm (diameter) were punched under a sterilized 

condition (by heating with a Bunsen burner in a laminar flow chamber), with a 

sterile glass tube. Later, 5 mm filter paper discs (Schleicher and Schull, No. 595 

ashes free) were impregnated with 20 µL of each treatment (furanchalcone 

derivatives and ionic liquids) and they were placed into the wells 40-41. The glass 

plates were then incubated at 37 °C. The growth inhibition was measured after 

24 h for bacteria and 72h for fungi and yeast 41. However, the fungi were 

monitored every 24h for 9 days. Difenoconazole (1.25 mg/L) and 

Oxytetracycline (2.5 mg/L) were employed as positive antimicrobial controls for 

fungi and bacteria, respectively. The negative control was based in aqueous 

solutions of NaCl 0.9 % (w/v), tert-Butanol 1 % (v/v) and Tween® 80 0.001 % 

(w/v).  

2.4. Statistical Analysis 

Optimal concentrations were estimated by Probit Analysis 42. Minimum 

concentrations to achieve 50% inhibition (MIC50) of the various bacteria and 

fungi, were considered significantly different if their 95% confidence limit did 

not overlap zero. 

2.5. In silico studies: Prediction of pharmacokinetic (PK) parameters 

The physicochemical parameters were determined using opensource 

cheminformatics toolkits such us Molinspiration software, ALOGPS 2.1 

algorithm and Pre-ADMET 2.0 program to predicted various pharmacokinetic 

parameters and pharmaceutical relevant properties such as molecular weight 

(MW), total polar surface area (PSA), predicted aqueous solubility (Log S), 

apparent predicted intestinal permeability (App. Caco-2) prediction of binding to 

human serum albumin (log Khsa), number of rotatable bonds, hydrogen bond 

acceptor site (n-OHNH) and hydrogen bong acceptors (n-ON). Polar surface area 

was used to calculated percentage human oral absorption (% ABS) according to 

the equation %ABS = 109 – [0.345 x PSA] 43. These important parameters define 

absorption, permeability, movement and action of drug molecule. 

3. RESULTS AND DISCUSSION 

3.1. Antimicrobial Activity 

The synthesis and characterization of the compounds under study (figure 2) 

has already been published 44-47. 

 

Figure 2. Chemical structures of 3-methylimidazolium salts and 3-

methylimidazolium-furanchalcone hybrids.  

Many infectious pathogens have developed resistance to conventional drugs. 

Considering the current prevalence of resistant pathogens, there is an urgent need 

to discover and develop novel classes of potent compounds which could either 

replace traditional drugs or be used in combinatorial approaches to combat this 

increase in antimicrobial resistance 48. Thus, the antimicrobial activity of 3-

methylimidazolium salts (ionic liquid, 1-7) and 3-methylimidazolium-

furanchalcone hybrids (8-13), was evaluated, together with the reference drugs 

(oxytetracycline and difenoconazole) and the lead compounds (furanchalcone, 

methylimidazole or the mixture of them). The activity was expressed as MIC50 

(minimum inhibitory concentration, see table 1) and percentage of inhibition 

values (see figure 3) of the compounds with regard to controls. As shown in 

Figure 3, compounds 3-5 displayed activity against the gram negative bacteria E. 

coli, being compound 3 the one which displayed the highest activity, with values 

that are comparable to the reference drug, oxytetracycline. On the other hand, 

when all compounds were evaluated against gram positive bacteria, there was a 

broader spectrum of activity. Hybrid 11 exhibited the highest activity against S. 

aureus (inhibition = 81%) and compounds 3, 4 and 7 displayed the greatest 
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activity against the Streptococcus genus, being compounds 3 and 4 the most 

active against S. mutans, an important dental pathogen which is also associated 

with bacteremia and infective endocarditis 49, and compound 7 the most active 

against the opportunistic human pathogen S. agalactiae. In addition, none of the 

compounds evaluated displayed activity against the gram negative P. 

aeruginosa, besides, compounds 1 and 8 did not exhibit any activity against the 

microorganisms evaluated.  

 

When these compounds were analyzed against human fungal pathogens, it was 

noticed that ionic luquid 3 was the most active, displaying 100% of inhibition 

against F. solani, followed by compounds 10 and 11 with activities higher than 

70%. These results are comparable with those for the reference drug, 

difenoconazole. Furthermore, hybrids 7 and 10 exhibited the highest inhibition 

against the yeast C. albicans and F. oxysporum, respectively (7: 87%; 10: 71%) 

(Figure 3).

 

Figure 3. Inhibition percentages of 3 -methylimidazolium-furanchalcone hybrids and 1-alkyl-3-methylimidazolium derivatives at 2% of concentration for each 

compound. A) Antibacterial activity against gram-positive and gram-negative pathogens. Oxytetracycline is used as reference drug. B) Antifungal activity. 

Difenoconazole is used as reference drug and methylimidazole as lead compound. Zero values indicate that there was not inhibition with that compound. Data are 

presented as the mean ± Standard Error (SE) of three independent experiments. 

Although the results showed that antifungal and antibacterial activities against 

all the evaluated strains are lower in comparison to the standard drugs 

oxytetracycline and difenoconazole (MIC50 values ranging from 3.0-181.3 mM), 

it is interesting to note that most of the compounds were more active than the 

lead compounds alone (Table 1), showing that chemical derivatization and 

hybridization enhance biological properties, that, in the case of hybrids, could 

probably be attibuted to the synergistic effect, highlighting the importances of 

further investigations on this matter. 

On a SAR basis, it was observed that, when the alkyl linker was eigth carbon 

atoms, compounds displayed the highest bioactivity. However, although 

imidazolium salts with longer alkyl chain had a greater spectrum of activity, it 

was not possible to stablish a clear relationship between the antimicrobial activity 

and the length of the alkyl linker, since the same compounds with short alkyl 

chains or the hybrids with short and long alkyl chains did not exhibit good 

biological activity. These results were not consistent with another report, in 

which the introduction of a longer substituent on the imidazolium cation resulted 

in high biostatic activities 24. On the other hand, no significant changes in 

antimicrobial activity were observed when the anion was changed. These results 

indicate a weak dependence between the antimicrobial activity and counterion 

(compounds 3 vs 4, 5-7) 24.  

One possible mechanism of action for these compounds may be formulated in 

terms of an insertion into the lipid bilayer causing changes in the structural and 

dynamic properties of this, which could be the cause of its disruption 50. All these 

findings and the differences in the activity in fungus and gram-negative or gram-

positive bacteria, show the great importance of the membrane in the microbial 

inhibition together with the structure of the compounds 51. 
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Table 1. Antibacterial and antifungal activity of 3-methylimidazolium-furanchalcone hybrids and 1-alkyl-3-methylimidazolium derivatives. 

Compound MIC50 (mM) ± SE 

 Gram-negative bacteria Gram-positive bacteria Fungi 

 E. coli P. aeruginosa S. aureus S. agalactiae S. mutans B.cereus B. spizizenii F. oxysporum F. solani C.albicans 

1 - - - - - - - - -  

2 - - - - - - - - 99.3 ± 5  

3 10.7 ± 0.4 - - 55.2 ± 2 19.5 ± 1 - 123.4 ± 6 - 16.4 ± 0.5 45.3 ± 2 

4 15.7 ± 0.6 - - - 3.0 ± 0.2 - - 13.5 ± 0.7 10.3 ± 0.5  

5 36.7 ± 2 - - 33.1 ± 0.7 14.9 ± 0.8 37.9 ± 2 32.8 ± 1 9.0 ± 0.5 29.9 ± 1 8.5 ± 0.4 

6 - - - 111.5 ± 5 16.0 ± 0.5 41.7 ± 2 39.5 ± 2 10.5 ± 0.4 46.7 ± 1 11.5 ± 0.5 

7 - - - 23.6 ± 0.7 - 44.1 ± 1 23.6 ± 0.9 6.7 ± 0.3 - 9.2 ± 0.7 

8 - - - - - - - - -  

9 - - - - - - - 26.0 ± 1 68.2 ± 2  

10 - - 181.3 ± 9 - - - - 21.0 ± 0.6 14.3 ± 0.7  

11 - - 14.6 ± 0.5 80.4 ± 4 18.7 ± 0.7 40.7 ± 1 57.2 ± 3 - 14.5 ± 0.8 46.8 ± 2 

12 - - 30.8 ± 1 110.5 ± 3 25.8 ± 2 - - - 19.7 ± 1 189.9 ± 9 

13 - - 29.6 ± 2 - - - - - 22.9 ± 0.7  

Furanchalcone (A) - - - - - - - - -  

Methylimidazole 

(B) 
- - - - - - - 315.0 ± 22 -  

Mixture (A + B) - - - - - - - - - - 

Oxytetracycline 0.014 ± 0.0007 0.014 ± 0.0007 0.014 ± 0.0007 0.014 ± 0.0007 0.014 ± 0.0007 0.014 ± 0.0007 0.014 ± 0.0007 NA NA NA 

Difenoconazole NA NA NA NA NA NA NA 0.008 ± 0.002 0.008 ± 0.002 0.008 ± 0.002 

Data are presented as the mean ± Standard Error (SE) of three independent experiments. NA: Not Applicable.  

3.2. In Silico ADMET Investigation Results 

In silico drug-likeness prediction along with further ADMET tools present an 

array of opportunities which help to accelerate the discovery of new drugs. We 

carried out an in silico ADMET study for the 3-methylimidazolium-

furanchalcone hybrids and 1-alkyl-3-methylimidazolium derivatives and 

analyzed various drug-likeness properties. As shown in Table 2, molecules 1–

13 showed significant values for the parameters analyzed, exhibiting good drug 

like characteristics, besides, the values were found within the range of properties 

of 95% of currently known drugs. Moreover, according to Lipinski’s rule of five 
52 (an orally active drug has no more than one violation of the criteria) the 

compounds tested could be orally active drugs in human. In addition, all the title 

compounds exhibited good percent absorption (% ABS) ranging from 88.9 to 

105% which indicates that these compounds are non-toxic in nature. These 

results of this in silico ADMET prediction analysis suggest that the novel 

compounds 1–13 represent a pharmacologically active framework that should be 

considered on progressing further potential hits.  

There are some useful strategies to predict interactions between drugs and 

biological models. In this matter, applicability of physicochemical properties 

provides modelling approaches such as structure-activity relationship (SAR) for 

many processes including passive membrane permeation, where the molecular 

mechanism is hardly delineated. On the other hand, there is a descriptor called 

Polar Surface Area (PSA) that allows to predict drug-membrane interactions and 

correlates well with passive molecular transport through membranes. According 

with the results obtained, the comparison of calculated PSA 53 values for 

compounds 1-7 (8.82 Å2) with regard to hybrids 8-13 (48.26 Å2), displayed a 

large deviation. Thus, when PSA was applied, a correlation between PSA values 

and MIC50 values showed that high values of PSA (hybrids 8-13) contributed to 

a reduction of their spectrum antimicrobial activity, whereas low PSA values like 

in compounds 1-7, promoted this spectrum. This findings probably suggest that 

these lipophilic compounds have a greater affinity and good ability to penetrate 

the lipid bilayer of the bacterial and fungal cell wall. In addition, due to the 

differences in the fatty acid composition between gram-negative, gram-positive 

bacteria and fungus, the hydrophobic terminal moiety in the compounds 1-7 

could be essential for initial binding and perturbation of the lipid bilayer in the 

microbial membrane surface, leading to permeabilization and eventually 

membrane disruption, which shows a correlation between the calculated value 

(PSA) and bacterial or fungal cell wall permeability. On the other hand, 

hybridization of the compounds with the nucleus of chalcone (hybrids 8-13) 

showed a low spectrum of antimicrobial activity, which could be due to the fact 

that this new nucleus avoided an effective approach of the molecule to the cell 

wall. 

Another useful parameter to determine the interaction between a compound 

and the cell wall is the LogP value, which gives a measure of the lipophilicity, 

an important property of a drug molecule that influences a number of 

physiological properties including transport through lipid bilayer. This parameter 

is a good indicator of permeability across the cell wall. According with the results 

obtained, LogP values of compounds with short-alkyl chain on N (including 

methylimidazole) as in compounds 1-3 or hybrids 8-10 with negative values for 

logP (-0.30 to -0.57, meaning low liposolubility) showed poor or absent results 

for antimicrobial activity. On the other hand, when long-chains on N were 

present in the molecules, these displayed a broad-spectrum activity, since 

compounds structurally mimic fatty acids in the microbial cell wall, allowing an 

efficient interaction between them. 

Additionally, we calculated the number of rotatable bonds (Nrot), a simple 

topological parameter to measure molecular flexibility that can be used to discard 

structures with not drug-like properties and to pick potential drug candidates. 

According to this, we correlated the contribution of molecular rigidity with 

regard to anti-microbial activity and the number of rotatable bonds for the tested 

compounds 1–13 (see Table 2). We found that compounds containing Nrot bond 

higher than 13 exhibited a broad-spectrum antimicrobial (compounds 4-7 and 

hybrids 10-13). This conformational flexibility facilitates hydrophobic 

interactions that could increase the absorption or permeation for disrupting cell 

wall in bacteria or fungus. Besides, in biological systems these hydrophobic 

interactions are the strongest long-range noncovalent interactions and they are 

critical for microbial-surface interactions 54. 
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Table 2. In silico physicochemical pharmacokinetic parameters of compounds 1-1. 

a Molecular weight of the molecule; b flexible rotatable bond count (n-rot) ; c Polar surface area (PSA) (7.0–200.0); d n-ON number of hydrogen bond acceptors 

_10; e n-OHNH number of hydrogen bonds donors ≤5; f Predicted octanol–water partition coefficient (log P o/w) (–2.0 to 6.5); g Logarithm of Aqueous solubility 

(Log S) (-6 to 0.5); h Logarithm of predicted binding constant to human serum albumin (log Khsa) (-1.5 to 1.2); i Predicted intestinal permeability model (App. Caco-

2); j Percentage human oral absorption (% ABS) (>80% is high, <25% is poor); k per cent of human oral absorption (HOA %). 

4. CONCLUSION 

A set of methylimidazolium-furanchalcone hybrids and 1-alkyl-3-

methylimidazolium salts (ionic luquid) were tested in order to find their 

antibacterial and antifungal activities. Among the tested compounds, derivatives 

4 and 7 were the most active against S. mutans and F. On the other hand, among 

the hybrid molecules, compound 11 displayed the best activity against S. aureus 

and S. mutans, besides, together with compound 10, exhibited the best antifungal 

activity against and F. solani. In the structure-activity relationship there was not 

significant changes in biological activity when the anion was changed, however, 

we observed higher bioactivity when the alkyl linker had eigth carbon atoms.   

Furthermore, the in silico results displayed a strong relationship between the 

length of the alkyl chain on N with their antimicrobial activity. Although the 

results displayed lower antifungal and antibacterial activities in comparison to 

the standard drugs it is interesting to highlight that most of them were more active 

than the lead compounds alone, which suggests that further studies in this field 

are needed to find new molecules that enhance biological activity and help to 

reduce the current prevalence of resistant pathogens. 
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M.W a 
 

PSAb 

(7-200 Å2) 

n-Rotc 

Bond 

n-ON d 

(<10) 

n-OHNH e 

(<5) 
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