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Abstract—The part of the chemistry in the pharmacologic fields 

is now well-established. However, new drugs need to appear every 

day due to the constant mutations and the appearance of novel 

resistances. 

Bacterias are responsible for several diseases and can cause 

foodborn illness, urinary tract, gastrointestinal tract and respiratory 

tract infections, food poisoning, destructive changes to human lungs, 

nosocomial and wound infections. The aim of the study was to know 

if the selected synthetic and natural compounds show inhibitory 

activity against one or more bacteria strain. Different compounds 

were tested against 14 bacteria strains. A novel type of anti-bacterial 

compounds was discovered, which was found to be active against all 

the 14 tested bacteria strain. This activity was due to the presence of 

a triple bond associated with a ketone function.   

 

Keywords—Bacteria strain, Antibiotics, Natural and 

Synthetic compounds. 

I. INTRODUCTION 

     The part of the chemistry in the pharmacologic fields is 

now well-established. However, new drugs need to appear 

every day due to the constant mutations and the appearance of 

novel resistances. To face this issue, two possibilities have 

been developed: either researching molecules used by 

traditional medicine by extracting them from the plants, or 

doing a screening of synthetic compounds with the hope to 

find a better compound. This study discovered both facets 

against bacteria strain. The optimism of the early period of 

antimicrobial discovery has been tempered by the emergence 

of bacterial strains with resistance to these therapeutics
1
. 

Antimicrobial resistance (AMR) occurs when bacteria change 

and antibiotics fail. AMR is currently threatening the effective 

prevention of an increasing range of infections caused by 

bacteria that develop multiple antibiotic resistances. As 

antimicrobial usage increases, so does the level and 

complexity of the resistance mechanisms exhibited bacterial 

pathogens. Therefore, the struggle to gain the upper hand 

against infections continues to this day [2]-[3]. Due to this 

issue, the selection of natural and synthetic compounds is 

primordial. In this report, the natural compounds have been 
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extracted from the roots and the bark of Erythrina abyssinica, 

Erythrina Senegalensis and Millettia versicolor. These trees 

are from Africa and have been used for their different 

medicinal properties since a long time. Synthetic heterocycles 

are now very known for their wonderful properties in a lot of 

fields. For instance, nitrogen heterocycles are the building 

block of life. They are the key constituents of both DNA and 

RNA. Moreover, different nitrogen heterocycles are 

predominant functional groups in many coenzymes that 

mediate primary metabolic transformation [4]. Heterocycles 

containing endocyclic N-hydroxy groups are also interesting 

for their bioactivity. In general, the nitrogen seems to give 

specific and remarkable properties even if it is situated outside 

the ring.  

II. MATERIAL AND METHODS 

A. Material 

    All reagents used were of analytical grade and unless 

otherwise mentioned, they were all purchased from Sigma 

Aldrich. The bacterial strains were obtained from Davies 

diagnostics. 

     Twelve bacterial strains (Gram-positive bacteria: Bacillus 

cereus (ATCC10876), B. subtilis (ATCC19659), 

Enterococcus faecalis (ATCC13047), Mycobacterium 

smegmatis (MC
2
155, kind gift from the Centre of Excellence 

in Biomedical TB Research, University of the Witwatersrand), 

Staphylococcus epidermidis (ATCC14990) and S. aureus 

(ATCC25923).  Gram-negative bacteria: Enterobacter cloacae 

(ATCC13047), Escherischia coli (ATCC25922), Klebsiella 

oxytoca (ATCC8724), K. pneumonia (ATCC13882), Proteus 

mirabilis (ATCC7002) and Pseudomonas aeruginosa 

(ATCC27853) were cultured overnight in Mueller-Hinton 

broth at 25 °C; Merck Chemicals, SA). The turbidity of the 

culture solutions were adjusted to match a 0.5 McFarland 

standard within 15 minutes prior to antibacterial testing.   

B. Methods 

 Anti-bacterial tests of natural and synthetic compounds  

    against bacteria strains: 

   Antibacterial studies were initiated by the disc diffusion 

method as a means to evaluate the most potent alkyl and aryl 

pyrimido[1,2-a]benzimidazole derivatives. In-vitro 

antibacterial screening was carried out using a filter-paper 

disc-agar diffusion procedure [22]. Sterile filter-paper blank 

discs (6 mm) were impregnated with 1 mg of compounds. The 
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disks were air-dried while Muller-Hinton agar plates (prepared 

earlier) were inoculated with the test bacteria using a sterile 

cotton swab. Impregnated filter-paper discs (loaded with the 

same masses of the test compounds) were then placed on the 

surface of agar plates to allow for the diffusion of the 

compounds into the agar, the plates were incubated at 37 °C 

for 16 hrs. Minimum inhibitory concentrations (MIC) of all the 

strains were determined by the broth microdilution assay [23].  

The test compounds were accurately weighed and dissolved in 

DMSO to yield 512µg/ml.  The dissolved compounds were 

then serially diluted in Mueller-Hinton broth till the lowest 

concentration of 1µg/ml.  All dilutions were tested five-fold 

against each bacterial strain.  100µl of the bacterial suspension 

was mixed with 100µl of pre-diluted test compound in a 96 

microwell plate and left to incubate overnight at 37 °C.  10µl 

of a 0.02% (w/v) tetrazolium sodium solution was added to 

each well and the plates were re-incubated for 2 hours.  Visual 

change of the solution from blue to pink indicated that the 

bacteria were still alive.  MIC was determined as the minimum 

concentration of compound  

where no colour change could be observed.  The MIC of all 

strains tested were compared to two reference antibiotics 

(nalidixic acid and streptomycin sulphate). This was due to the 

fact that whilst streptomycin is a broad based antibiotic, 

nalidixic acid has been shown to be exclusively active against 

Gram-negative bacteria [24].  

 Minimal inhibitory concentration test: 

    Solutions of different concentrations (8mg/mL, 4mg/mL, 

2mg/mL, 1mg/mL and 0.5mg/mL) were prepared using N,N-

dimethylformamide as solvent. For each dilution, the 

experiment was repeated five times in 5 hells. In order to 

control, the sixth well contained MH Broth and activated 

bacteria. After incubating overnight, 10μL of indicator dye 

was added and after 2 hours, the results were visible. 

 Minimal inhibitory concentration for antibiotics 

    The same tests was carried out for the two positive controls, 

which are primordial to check if the compound shows a better 

activity than the antibiotics. 

III. RESULTS & DISCUSSION 

A. Anti-Bacterial Tests of Natural and Synthetic Compounds 

Against Bacteria Strains: 

The results are reported on Annex 1 

    Two compounds; one synthetic and one natural; were found 

to be active. AFP 324 showed the best activity between all 

tested compounds. It had a better activity than the antibiotic 

especially for Se, Ef, Ms and Kp. It has also activity against 

Be, Ed, Ecl, Ko, Pa and Pm. The natural compound ZJW 050 

showed an inhibition circle for Se, Ef, Ec, Kp, Pa, Ms and Be. 

Twelve compounds showed no activity for all bacteria strains 

(or except just one with a small inhibition disc): KAE 202, 

ZJW 032, TEE 4, TEE 3, ZTF 1016, AM ZTF 03, WH 13, TE 

51, ZTF 02, ZTF 13 WH 22, AFP 341, AK ML8 and E122. 

No MIC tests were carried out for them. One bacteria strain 

had no good results for all tested compounds except the 

antibiotic:  Proteus Vulgaris. With these results, several have 

been selected to do MIC tests in order to observe if the 

compound has a strong or a weak activity. This selection is 

linked with the quantity of the compounds. 

B.  Minimal Inhibitory Concentration Test 

The results are reported on Annex 2 

    This was done to determine for which minimal 

concentration the compound is active. On the 27 compounds 

that were tested, only two compounds were efficient on several 

bacteria strains. The natural compound A2 showed excellent 

results with low minimal inhibition concentrations for 12 

bacteria strains, which is the most active compound. The 

synthetic compound C3 also showed good results but the low 

quantity of product has prevented it to do all the possible 

tests.The concentrations under 0.5mg/mL was determined for 

A2 compound. However, for all the compounds with a 

minimal inhibition concentration of less than 0.5mg/ml, 

suggest a very good activity with MIC in μg/mL. 

C.  Minimal inhibitory concentration for antibiotics 

TABLE 1: MIC RESULTS FOR TWO ANTIBIOTICS (IN µG/ML) 

   With these results, the selected active compounds have been 

gathered by similar structures to deduce relations between 

structures and biological activity. 

D. Study of two sigmoidins (A and B): two natural 

compounds 

 
Fig 9: Structures of the sigmoidins A and B 

 

 

 

 

 
TABLE 2: MIC RESULTS FOR PYRIMIDO[1,2-A]BENZIMIDAZOLES 

Bacteria strain Nalidixic acid  Streptomycin sulfate 

P. mirabilis 32 128 

P. vulgaris 8 32 

E. coli >512 64 

E. cloacae 16 >512 

E. aerogenes 256  16 

E. faecalis >512 128 

K. ocytoca 8 16 

K. pneumonia 64 64 

B. cereus 32 32 

P. aeruginosa >512 64 

S. epidermitis 64 8 

S. aureus 512 8 

M. smegmatis >512 64 

B. subtilis 16 <4 
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The inhibition of Staphylococcus Epidermitis has been 

observed with both sigmoidins using the disk diffusion 

method. But Sigmoidin B showed inhibitory activity against 

Sthapylococcus Aureus, Bacillus Cereus, Enterococcus 

faecalis and Mycobacterium Smegmatis and a weak activity 

against Escherichia Coli, Pseudomonas aeruginosa and 

Klebsiella pneumoni. And so the propyl group seems to 

increase the inhibitory activity. It could be deducted that 

Sigmoidins showed a better activity against Gram-positive 

bacteria. It means that the antibiotics do not reach to cross the 

permeability barrier. However, Sigmoidin B can reach this 

barrier with a concentration around 500mg/mL.  

E. Study of the activity of pyrimido[1,2-a]benzimidazoles 

 
Fig 10: Structures of five pyrimido[1,2_a]benzimidazoles with 

different substituents 

 

TABLE 3: MIC RESULTS FOR PYRIMIDO[1,2-A]BENZIMIDAZOLES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R= Resistance 

     The pyrimido[1,2-a]benzimidazoles can be substituted in 

different ways, therefore three positions have been tested 

(Figure 10) to know/check which substituent gives better 

activity. From these, 5 compounds were synthesized which 

were tested for antimicrobial activity and minimal inhibitory 

concentration (MIC). Compound 2C showed the best activity 

of all the 5 synthesized compounds. It also showed better 

activity than Nalidixic acid and Streptonium sulfate for 

Staphylococcus Aureus, Enterococcus Faecalis, Bacillus 

Subtilis and Klebsiella Pneumonia. This compound 

demonstrates an intermediate activity between the two 

antibiotics for Staphylococcus Epidermitis and Mycobacterium 

Smegmatis. It can be deduced that this compound is active 

against Gram-positive bacteria strain. 
 

 

 

F. Study of N-(1H-benzimidazol-2-yl)oct-2-ynamides 

 

 
Fig 11: Structures of N-(1H-benzimidazol-2-yl)oct-2-ynamides 

 
TABLE 4: MIC RESULTS FOR N-(1H-BENZIMIDAZOL-2-YL)OCT-2-YNAMIDES 

 

Bacteria strains Sigmoidin 

B 

Sigmoidin 

A 

Nalidixic 

acid 

Streptonium 

sulfate 

S.epidermitis 500 31.25 64 8 

S.aureus 500 >500 512 64 

B. cereus 500 >500 32 32 

E. faecalis 500 >500 >512 128 

K. ocytoca 250 >500 8 16 

K. pneumonia 500 >500 64 64 

B. subtilis 250 250 16 16 

M.smegmatis 62.5 31.25 >512 <4 

P. mirabilis >500 >500 32 128 

P. vulgaris 500 >500 8 32 

E. coli 500 >500 >512 64 

E. cloacae 500 >500 16 >512 

E. aerogenes 500 >500 256  16 

P. aeruginosa 500 >500 >512 64 

Bacteria Strain 1.a. 1.b. 2.a. 2.c. 2.b. Nalidixic acid 

MIC (µg/mL) 

Streptonium sulfate 

MIC (µg/mL) Diameter(mm) MIC 

S. epidermis(+) R R R 22.8 15.62 μg/mL R 64 8 

S. aureus(+) R R R 21.5 31.25 μg/mL R 512 64 

B. cereus(+) ≈ R R R 20.2 62.5 μg/mL R 32 32 

B.  subtilis(+) R R R 21.3 <3.90 μg/mL R 16 16 

E. aerogenes(-) R R R 6.2 >500 µg/mL R 256 16 

E. faecalis(+) ≈ R R R 21.0 62.5 μg/mL R >512 128 

E. cloacae(-) R R R 9.4 1 mg/mL R 16 >512 

E.  coli(-) R R R 18.3 4 mg/mL R >512 64 

P. mirabilis(-) R R R 13.5 2 mg/mL R 32 128 

P. vulgaris(-) R R R R - R 8 32 

P. aeruginosa(-) R R R 11.5 2 mg/mL R >512 64 

K .ocytoca(-) R R R 18.8 500 μg/mL R 8 16 

K .pneumonia(-) R R R 18.8 62.50 μg/mL R 64 64 

M. smegmatis(+) R R R 35.5 07.81 μg/mL R >512 <4 
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The dimethyled compound showed a better activity than the non-methyled compound when it was tested by disk diffusion 

method. So the methyl groups seem to increase the inhibitory 

activity. Therefore, the dimethyled compound had a good 

activity against Gram-positive and Gram negative bacteria. It 

means that it can reach and cross the permeability barrier and 

the outer barrier. The dimethyled compound seem to be a very 

efficient compound. Moreover, the results of MIC indicate 

quite good results for all the compounds which means that the 

activity is given by the triple bond linked with ketone function. 

The dimethyled compounds seem to have a better activity even 

if it is to a lesser extent. 

G. Study of five last compound 

TABLE 5: MIC RESULTS FOR 5 COMPOUNDS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    These 

compounds have been selected due to their imminent 

publication in order to see if they had a biological activity 

against 14 bacteria strain besides their normal use or their new 

discovered properties. The compound ZJW 050 represents the  

 

compound 

C3 (part III. d. ii.) with impressive results especially against B. 

Subtilis and M.smegmatis. 

H. Synergetic effects between two compounds 

TABLE 6: MIC RESULTS OF SYNERGETIC EFFECTS BETWEEN A2 & WH104 

    The active compound A2 showed excellent activities against 

bacteria strain. In addition to the excellent results, another 

interesting study was to bring to light the synergetic effects 

between two synthetic compounds, A2 and WH104. Although 

the compound A2 had good activity, the goal was to improve 

this activity obtaining lowest minimal inhibitory 

concentrations. The compound A2 showed a better activity 

than nalidixic acid and streptonium sulfate for Staphylococcus 

Aureus, Enterococcus Faecalis, Bacillus Subtilis and 

Klebsiella Pneumonia. The WH 104 compound was proved to 

be an inactive compound (pink colour for the main part of 

bacteria strain), but when WH 104 was added in small quantity 

to compound A2, the two combination gave remarkable 

results. They both have a lower minimal inhibitory 

concentration than the two antibiotics against Staphylococcus 

Epidermitis, Bacillus Cereus and Mycobacterium Smegmatis 

without talking about the bacteria strain for which A2 always 

showed a better activity. These concentrations became very 

small. The combination of the two compounds; A2 and WH 

104; seemed to demonstrate a better activity beside the 

antibiotics and except for Klebsiella ocytoca. 

IV. CONCLUSION 

   One synthetic compound, pyrimido[1,2-a]benzimidazole 

with a dimethyled phenyl coupled with 1-ethylpropyl 

substituent on the pyrimidine ring ; was found to be active 

against Gram positive bacteria strain. The synergetic effects 

Bacteria strain 1.a. 1.b. 2.a. 2.b. 

S.epidermitis 500 >500  250 250 

S.aureus 250 250  5050 250 

B. cereus 250 250  500 500 

E. faecalis 250 250  >500 250 

K. ocytoca 250 250  250 250 

K. pneumonia 500 250  500 125 

B. subtilis 250 125 <3.9 125 250 

M.smegmatis 125 250 125 125 62.5 

P. mirabilis 500 500  500 500 

P. vulgaris 250 500  500 250 

E. coli 250 250  500 250 

E. cloacae 250 250  250 250 

E. aerogenes 500 250  500 500 

P. aeruginosa 250 250  250 250 

Bacteria strains 1 

WH 30 

2 

ES 121  

3 

Dimethyl alpinium 

4 

SN 82 

5 

ZJW 050  

Nalidixic acid Streptonium 

sulfate 

S.epidermitis >500 >500 >500 >500 31.25 64 8 

S.aureus >500 >500 >500 >500 125 512 64 

B. cereus >500 >500 >500 >500 125 32 32 

E. faecalis <3.9 >500 >500 >500 125 >512 128 

K. ocytoca >500 >500 >500 >500 62.5 8 16 

K. pneumonia >500 >500 >500 >500 62.5 64 64 

B. subtilis 500 125 >500 125 <1.95 16 16 

M.smegmatis 7.81 125 >500 62.5 <1.95 >512 <4 

P. mirabilis >500 >500 >500 >500 >500 32 128 

P. vulgaris >500 >500 >500 >500 >500 8 32 

E. coli >500 >500 >500 >500 >500 >512 64 

E. cloacae >500 >500 >500 >500 125 16 >512 

E. aerogenes >500 >500 >500 >500 >500 256  16 

P. aeruginosa >500 >500 >500 >500 >500 >512 64 

Bacteria strain Pure 

compound 

A2 

A2 +  

5µL 

WH104 

A2 +  

10µL 

WH104 

A2 +  

20µL 

WH104 

A2 +  

30µL  

WH104 

A2 +  

40µL 

WH104 

A2 +  

50µL 

WH104 

100µL 

WH104 

Nalidixic 

acid 

Streptonium 

sulfate 

S.epidermitis 15.63 15.25 14.89 14.21 6.79 6.51 6.25 Pink 64 8 

S.aureus 31.25 15.25 7.44 7.10 <3.40 <3.26 <3.12 Pink 512 64 

B. cereus 62.5 60.98 29.76 28.41 27.17 26.04 25 Pink 32 32 

E. faecalis 62.5 15.24 14.88 14.20 15.59 13.02 12.5 Pink >512 128 

K. ocytoca 250 121.95 119.05 113.64 108.7 104.17 100 ≈ Pink 8 16 

K. pneumonia 62.5 30.49 29.76 28.41 27.17 26.04 25 Pink 64 64 

B. subtilis <3.9 <3.80 <3.71 <3.55 <3.39 <3.25 <3.12 ≈ Blue 16 16 

M.smegmatis 15.63 15.25 14.89 7.10 6.79 <3.25 <3.12 ≈ Pink >512 <4 
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between A2 and WH 104 compounds showed remarkable 

results with minimal inhibitory concentrations which became 

lower than for two known antibiotics for 7 bacteria strain. 

These concentrations can decrease until 3µg/mL. On the other 

hand, two natural compounds have been studied and one of 

them called sigmoidin B is active against several bacteria 

strain with a concentration around 500µg/mL. However, the 

sigmoidin A also showed activity with lowest concentrations 

but it is just for 3 specific Gram-positive bacteria strain. 

Moreover, a novel type of anti-bacterial compounds has been 

discovered, which were active against all the 14 tested bacteria 

strain. It has been deducted that this activity was due to the 

presence of a triple bond associated with a ketone function. 
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