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Abstract 

The development of resistance to antimicrobial agents is a global health problem for humans as well as animals. Over the 

past decade, the rate of microbial resistance to antibiotics has alarmingly increased. Factors contributing to this ever 

increasing antibiotic resistance pertain to microorganism as well as excessive and unwise use of the antibiotics. Biofilm 

formation and use of efflux pumps are the examples of microbial factors responsible for emergence of antimicrobial 

resistance. To ameliorate this condition, it is dire need of time to develop new antimicrobial agents. In this regard, 

chemical organic compounds are best available substances with potential antimicrobial properties. This review 

summarizes the antimicrobial activities of some important organic compounds as well as potential of functionally 

substituted chemical organic compounds as probable antimicrobial agents of future. These important organic compounds 

include functionally substituted derivatives of cyclohexane, quaternary ammonium compounds, hydrazones, pyrazolone, 

triazole, thiones, isatin, indole, chalcones, quinoxaline, anthraquinones, coumarins, thiophenes, piperidine, 

benzoxazolinone, phthalazinone, sulfones, thiazole and volatile organic compounds. 
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Introduction  

In the present time, drug development studies are of 
paramount importance because of increasing resistance 
of microbes to antibiotics and shortage of new 
antimicrobial drugs [1]. Bacteria have developed 
resistance against different groups of antibiotics like β-
lactams, quinolones, vancomycin, glycopeptides, 
macrolides etc. Multi drug resistant and extensively drug 
resistant bacteria are leading cause of casualties due to 
infectious diseases [2]. Currently another group of 
bacteria called pan drug-resistant bacteria, which are 
resistant to almost all the available antibiotics has 
emerged [3]. In this regard many studies are being carried 

out round the world to unfold new possible antimicrobial 
compounds. Hybrid organic molecules, combining two or 
more potentially bioactive substructures to make an 
integrated new organic compound with a higher 
anticipated antimicrobial potential are currently the 
targets of the worldwide drug discovery studies [4]. In 
order to ameliorate the problem of drug resistance and 
synthesize new and better therapeutic agents, there is an 
urgent need to explore new chemical organic compounds 
with potential antimicrobial properties and unique mode 
of action which is not affected by bacterial resistance. The 
objective of this review is to provide recent insights and 
experimental evidences of antimicrobial potential of 
chemical compounds and their derivatives.  
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Mechanism of Action 

Many chemical organic compounds and their 
derivatives e.g. quaternary amine derivatives, functionally 
substituted cyclohexane, compounds with various alkyl 
chain lengths, alkyl chain with different hydrophobic 
substitutes etc are being considered and explored as 
potential antimicrobial agents [5]. Profound efforts are 
made to explore the mode of action of these potential 
antimicrobial compounds. For example, Quaternary 
Ammonium compounds have lethal effects on bacterial 
cells by affecting their cell walls [6]. Organic compounds 
having Quaternary Ammonium moiety inhibit the 
bacterial biofilm formation, which is one of major cause of 
bacterial resistance. These compounds induce apoptosis 
in bacterial cell by interacting with genomic material of 
bacterial cells and destroy cellular proteins of bacteria [3]. 
Heterocyclic pipyridinium and glucopyranose quaternary 
ammonium salts are new groups of Quaternary 
Ammonium compounds which have shown good 
antimicrobial activity [7]. Thienopyrimidines act on 
membrane potentials, membrane permeability and net 
surface charge of the bacterial membranes by their 
physicochemical characteristics leading to leakage of 
cellular contents and bacterial death [8]. Phenolic 
compounds are widely used as antibacterial agents and 
numerous mechanisms are understood for their 
bactericidal activity. Disruption of bacterial cytoplasmic 
membrane, action on bacterial nuclear material at 
chromosome level and coagulation of bacterial proteins 
are major mechanisms responsible for bactericidal 
activity of Phenolic compounds [9]. Synthetic tricyclic 
flavonoids are important class of organic compounds 
which possess bacteriostatic and bactericidal effects. 
Mode of action of these compounds is impairment of 
bacterial cell membrane and bacterial cell agglutination 
[10].  

 
Schiff bases like Hydrazones are important group of 

organic compounds which show strong antimicrobial, anti 
inflammatory and anti viral effects [11]. Heterocyclic 
compounds containing thiones and pyrimidines have 
great pharmacological value because of wide range of 
biological activity. These compounds have great potential 
as antiviral, antibacterial, antifungal and anti 
inflammatory mediators [12]. Cyclohexane triones are 
synthetic antimicrobial compounds that show activity 
against gram-positive bacteria, Haemophilus influenzae 
and Mycobacterium smegmatis. In contrast to other 
cationic antibacterial agents which disrupt the bacterial 
cytoplasmic membrane, cyclohexane triones block the 
transport of low molecular weight substances into 

bacterial cells [13]. Pyrazolone derivatives have 
numerous applications in the medicine due to wide range 
of biological activities including antimicrobial and anti 
neoplastic activity. These compounds incorporated with 
sulfonyl phosphonates can act as potential antimicrobial 
compounds [14]. Phthalazinone is very important 
chemical which have found its application in clinical 
medicine due to wide range of biological effects. Many 
drug molecules like Hydralazine, Budralazine, Azelastine, 
Ponalrestat, Zopolrestat etc are derived starting from 
nucleus of Phthalazinone [15]. Thiazole derivatives are 
important organic compounds with antibacterial and 
antifungal activities. The structure of 1,3-thiazolidin-4-
one is so flexible that by inserting the substitutes into 
various positions of 1,3-thiazolidin-4-one ring, new 
biologically active compounds can be made. In thiazole 
ring, most active positions are 2, 3, and 5, which play 
major role in directions of heterocyclic modification. At 5-
position of 4-thiazolidones, methylene group is more 
active, that’s why usually substitutions are made at this 
position [16]. Nitrofurans possess broad spectrum 
antimicrobial properties but these are highly toxic 
compounds. By inserting Nitrofuran at 5-position of 4-
thiazolidone ring and allyl group into 3-position, new 
chemical compounds with high antimicrobial activity and 
less toxicity can be designed [17].  

 
Isatin derivatives (indole-2,3-dione) and its Schiff and 

Mannich bases have broad range of biological activities 
including antibacterial, antifungal and anti HIV activities. 
Hence different derivatives of isatin like hydrazine 
derivatives, acetone and ketone derivatives, 
thiosemicarbazone derivates etc are being explored for 
their potential against tuberculosis, leprosy, fungal, viral 
and bacterial infections and Trypnosomiasis. Besides this, 
antioxidative activity of Isatin derivatives has also been 
reported [18]. 
  

Antimicrobial Properties of Functionally 
Substituted Chemical Compounds 

Antimicrobial properties of forty two adamantyl based 
cyclohexane diamine derivatives (as shown in Figure 1) 
were examined against 29 strains of Methicillin resistant 
Staphylococcus aureus (MRSA) and a virulent strain of 
Mycobacterium tuberculosis. For these synthetic 
Cyclohexane derivatives, minimum inhibitory 
concentrations were determined. Against MRSA, strong to 
moderate antibacterial activity was observed while for 
Mycobacterium tuberculosis, moderate to weak 
antibacterial activity was observed. Some of these 
derivatives showed bactericidal effects against 
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Mycobacterium tuberculosis with rapid kill kinetics 
showing 4 log declines in viability of bacterial cells [19].  
 
 

 

Figure 1: Design strategy for generation of 
Cyclohexane diamine scaffolds.  

 
 

A new group of trisazo derivatives were prepared by 
combining the diazonium ion of 3-amino-4Hthieno [3,4-c] 
[1] benzopyran-4-one with 2tert-butyl-4-methoxyphenol. 
Using micro dilution susceptibility assay, the compound 
was screened for antimicrobial properties against Bacillus 
subtilis, Staphylococcus aureus, Escherichia coli, 
Pseudomonas aeruginosa, Vibrio cholerae, Candida 
parapsilosis, Candida albicans and Candida neoformans. 
The compound having molecular formula C44H38N6O13S3 

was most active antimicrobial agent. It was concluded 
that Candida neoformans was most sensitive 
microorganism, while Vibrio cholerae was most resistant 
microorganism to trisazo derivatives [4]. Organic 
Functionalized Graphene-Oxide with Selected Amine 
derivatives (Figure 2) were characterized and evaluated 
for antimicrobial activities. These amines were screened 
for antibacterial potential against Escherichia coli, 
Pseudomonas aeruginosa and Staphylococcus aureus in 
both plankonic and biofilm growth state. Functionalized 
graphene oxide derivatives showed better antimicrobial 
activity against plankonic form while amine derivatives 
exhibited better antimicrobial activity against biofilm 
embedded cells [20].  

 

 

Figure 2: Chemical structure of Graphene-Oxide Amine 
derivatives. 

 

A series of 11 thienopyrimidines derivatives were 
prepared and examined for antimicrobial properties 
against Staphylococcus aureus, Escherichia coli, Fusarium 
oxysporum and Candida albicans. Agar diffusion method 
was used for antimicrobial screening. Thienopyrimidines 
derivatives were effective against all the tested 
microorganisms except Fusarium oxysporum. The 
compound having Structural formula of 2-[2-
(diphenylmethylene) hydrazino]-5-isopropyl-3-
methylthieno [2, 3-d] pyrimidin-4-one showed most 
strong antimicrobial properties [8]. Six new 
benzoxazolinone derivatives were prepared and 
investigated for antimicrobial properties. Tube-dilution 
method and cylinder plate method were used to screen 
these compounds against Bacillus subtilis, Staphylococcus 
aureus, Escherichia coli and Candida albicans. Two 
derivatives shown in Figure 3 were found to be best 
antimicrobial and antifungal agents [21].  
 
 

 

Figure 3: Benzoxazolinone derivatives with maximum 
antimicrobial potential.  

 
The new functionally substituted 

benzylidenehydrazinyl pyridinium salts with the hydroxyl, 
methyl and methoxyl substituent in ortho position of 
benzene ring were synthesized and tested for 
antimicrobial activity against gram positive bacteria, 
gram negative bacteria and fungi. Using micro dilution 
assay, minimum inhibitory concentrations were 
determined against Staphylococcus aureus, Escherichia 
coli, Pseudomonas aeruginosa and Candida albicans. 
Maximum antimicrobial activity against Staphylococcus 
aureus was shown by compounds containing a 3-
phenylpropyl chain. Against all the tested strains of 
bacteria and fungi, 4-(2-(2-methylbenzylidene) 
hydrazinyl)-1-(3phenylpropyl) pyridinium bromide was 
most active antimicrobial agent. The longer side chain on 
pyridinium nitrogen is responsible for high antimicrobial 
activity [5]. A new class (twenty four compounds) of 
esters of 4-acetyl, 4-trifluoroacetyl- and 4-(3-
chloropropionyl) aminobenzenethiosulfoacids were 
synthesized and evaluated for antimicrobial properties. 
Using the agar diffusion and serial dilution methods, 
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antimicrobial screening was performed against 
Staphylococcus aureus, Bacillus subtilis, Bacillus 
mesentericus, Mycobacterium sp., Mycobacterium luteum, 
Aeromonas sp., Burkholderia cepacia, Alcaligenes 
faecalis, Pseudomonas aeruginosa, Escherichia coli, Proteus 
vulgaris, Candida albicans, Candida tenuis, Candida 
glabrata, Verticillium dahliae, Trichophyton 
gypseum, Aspergillus niger, Aspergillus fumigatus and 
Penicillium chrysogenum. All the tested compounds 
showed considerable antimicrobial properties but 
cycloalkyl and aryl esters of 4-
acylaminobenzenethiosulfoacids manifested strong 
antimicrobial activity at nano molar concentrations [22].  

 
About 22 different α N-Phthilimido and acetylated 

derivatives of amino acids were prepared and tested for 
antimicrobial profile. Antibacterial screening was 
performed by disc diffusion method using Mueller-Hinton 
agar medium against Escherichia coli, Klebsiella, 
Staphylococcus epidermidis, Bacillus cereus, Micrococcus 
luteus and Staphylococcus aureus. Antifungal screening 
was done by using cup plate method on potato dextrose 
agar against Candida albicans, and Aspergillus niger. All 
the synthesized compounds showed considerable 
antimicrobial effect against all the tested microorganisms 
except for Candida albicans [23]. Novel heterocyclic 
compounds containing imidazole moiety from α-oxoketen 
dithioacetals and thiocarbamyl were synthesized as 
potential therapeutic compounds. Antimicrobial 
properties of these compounds were evaluated against 
Staphylococcus aureus, Bacillus subtilis, Pseudomonas 
aeruginosa, Escherichia coli, Aspergillus fumigates, 
Syncephalastrum racemosum, Geotrichum candidum and 
Candida albicans. Ampicillin, gentamycin and 
amphotericin B were used as standard drugs for 
comparisons of antimicrobial properties of tested 
compounds. All the tested compounds showed better 
antibacterial activity against gram positive bacteria as 
compared to gram negative bacteria. 3,3-Bis(methylthio)-
2-[1-(4-chlorophenyl)-4,5-diphenyl-1H-imidazol-2-
ylthio]-N-p- tolylacrylamide was best antibacterial and 
antifungal agent as it exhibited strong antimicrobial 
properties than Ampicillin, gentamycin and amphotericin 
B [24].  
 

A series of 3,4-dihydropyrimidine-2(1H)-thiones were 
investigated for antimicrobial properties against 
Staphylococcus aureus, Escherichia coli, Bacillus subtilis, 
Aspergillus niger and Penicillium species. Well diffusion 
method was used to determine the antibacterial and 
antifungal potential of thione derivatives. Only 6-(2,5-
Dichlorothiophen-3-yl)-4-(4-flourophenyl)-3,4-

dihydropyrimidine-2(1H)-thione showed considerable 
antimicrobial activity against Staphylococcus aureus, 
Bacillus subtilis and Aspergillus niger [12]. A new class of 
compounds containing chiral quaternary N-spiro 
ammonium bromides with 3′,4′-dihydro-1′h-
spiro[isoindoline-2,2′isoquinoline] skeleton were 
synthesized and checked for antibacterial properties. 
Minimum inhibitory concentration and minimum 
bactericidal concentration values were determined 
against Staphylococcus aureus, Streptococcus pyogenes, 
Streptococcus mutans, Streptococcus salivarius, Bacillus 
subtilis, Enterococcus faecalis, Moraxella catarrhalis, 
Escherichia coli and Campylobacter jejuni by broth micro 
dilution method. All the tested compounds showed 
antibacterial activity and these compounds were more 
active against gram negative bacteria as compared to 
gram positive bacteria. Figure 4 shows the scheme of 
structure of compounds which showed maximum 
antibacterial activity [13].  
 

 

Figure 4: Structure of compounds which showed 
maximum antibacterial activity  

 
Iron cyclohexanedicarboxylic acid was synthesized 

(Figure 5) and examined for antibacterial and antifungal 
properties. Using agar well diffusion susceptibility test, 
antibacterial properties were seen against Bacillus subtilis, 
Staphylococcus aureus, Escherichia coli and Pseudomonas 
aeruginosa. Using agar tube dilution protocol method, 
antifungal properties were determined against Candida 
albicans, Candida glabrata and Fusarium solani. Iron 
cyclohexanedicarboxylic acid was found to be effective 
against gram positive bacteria and fungi, but no 
antimicrobial activity was seen against gram negative 
bacteria [25].  
 

 

Figure 5: Synthesis of Iron cyclohexanedicarboxylic 
acid 
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A series of 56 unsymmetrically substituted 
cyclohexane-1,2-diamine derivatives with different 
substitution pattern on the Benzene ring were prepared 
and their antimicrobial properties were tested against 
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus 
aureus and Staphylococcus epidermidis. Minimum 
inhibitory concentration of these derivatives was 
determined against these pathogens and Tetracycline was 
used as standard drug for comparison. Cyclohexane 
derivatives with chloro, bromo or fluoro groups at para 
position of Benzene ring (Figure 6) showed stronger 
antimicrobial activities as compared to compounds in 
which these groups were present at meta position of 
Benzene ring [2].  
 

 

Figure 6: Prototype structure of Cyclohexane diamine 
derivatives as antibacterial agents.  

 
Thiazine based heterocyclic compounds are 

considered as potential antimicrobial agents. Thiazine 
derivatives specially 1,3 and 1,4-thiazines derivatives 
along with along with their acylated products show 
strong antimicrobial activity. These compounds exhibited 
antibacterial activity against Staphylococcus aureus, 
Bacillus subtilis, Escherichia coli, Vibrio cholerae and 
Pseudomonas aeruginosa [26]. A class of new 3-
substituted indole derivatives was synthesized and 
evaluated for antimicrobial activities. These compounds 
were screened for antimicrobial activities against 
Staphylococcus aureus, Bacillus subtilis, Pseudomonas 
aeruginosa, Escherichia coli, Aspergillus fumigatus and 
Candida albicans. Minimum inhibitory concentration 
values of these derivatives were determined and 
gentamycin and amphotericin B were used as standard 
antibacterial and antifungal drugs respectively. All the 
tested compounds showed better antibacterial properties 
against gram positive bacteria as compared to gram 
negative bacteria, but none of compound was effective 
against Pseudomonas aeruginosa. N'-[2-(4-Bromophenyl)-
1H-indol-3-ylmethylene]-4-(1H-indol-3-yl)-
butanehydrazide was found to be best antibacterial agent 
while 2-{2-[2-(4-Bromophenyl)-1H-indol-3-
ylmethylene]hydrazine}-1,3-benzothiazole was found to 
be best antifungal agent [27]. A series of 44 N,N-dibenzyl-
cyclohexane-1,2-diamine derivatives were synthesized, 

characterized and examined for antibacterial properties 
against gram positive and gram negative bacteria and 
antifungal properties against Candida albicans, Candida 
glabrata and Geotrichum candidium. Minimum inhibitory 
concentrations of these compounds were measured and 
compared with Tetracycline. Many of these compounds 
showed antibacterial and antifungal activity. But some 
compounds were 37-6200 fold more active than reference 
compound against Candida albicans, Candida 
glabrata and Geotrichum candidium. Moreover all the 
compounds were non toxic for mammalian RBCs [28].  
 

Newly prepared Pyrazolone derivatives called 5-
Pyrazolone 1,3,4-oxadiazole sulfonyl phosphonates 
(Figure 7) were tested for their antimicrobial properties. 
Disc diffusion method was used to determine the 
antimicrobial properties against Staphylococcus aureus, 
Bacillus cerus, Escherichia coli, Pseudomonas aeruginosa, 
Aspergillus niger and Candida albicans. These compounds 
showed potent antimicrobial activity against both 
bacteria and fungi [14].  
 

 

 

Figure 7: Structure of5-Pyrazolone 1,3,4-oxadiazole 
sulfonyl phosphonates.  

 
 

A series of Phthalazinones derivatives were 
synthesized (Figure 8) and antimicrobial activity was 
measured using disc diffusion method. Antibacterial 
activity was explored against Bacillus stablius, Proteus 
mirabilis, Klebsiella pneumoniae, Salmonella typhi and 
antifungal activity was measured against Candida albicans 
and Aspergillus fumigatus. Phthalazinones derivative 
which was most potent antimicrobial agent was 2-[(4-
substituted phthalazin-1yl) alkyl]-1H-isoindole-1,3(2H)-
diones (Figure 8). It was concluded that that 
Phthalazinones derivatives showed better antifungal 
activity and their antibacterial properties were more 
potent against gram positive bacteria as compared to 
gram negative bacteria [15].  
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Figure 8: Design strategy for generation of 
Phthalazinones derivatives with best antimicrobial 
activity.  

 
A class of 10 new 1,4-disubstituted 

Octahydroquinoxaline-2,3-dione derivatives were 
synthesized and tested for antimicrobial properties. Using 
agar cup diffusion method, antibacterial activity of these 
derivatives was determined against Serratia marscens, 
Pseudomonas aeruginosa, Escherichia coli, Staphylococcus 
aureus, Bacillus cereus and Micrococcus luteus. Antifungal 
properties were determined against Candida albicans, 
Geotrichum candidium, Fusarium oxysporum, Aspergillus 
flavus, Scopulariopsis brevicaulis and Trichophyton rubrum. 
At a concentration of 10 μmol/mL, all the compounds 
showed weak to moderate antimicrobial activity in 
comparison to chloramphenicol and clotrimazole as 
reference drugs against bacteria and fungi respectively 
[29]. Five new derivatives of 3-allyl-1,3-thiazolidin-4-one 
were prepared and investigated for antimicrobial 
susceptibility which was performed in Mueller-Hinton 
agar. Minimum inhibitory concentration values were 

determined for Staphylococcus aureus, Enterococcus 
faecalis, Escherichia coli, Pseudomonas aeruginosa, 
Klebsiella pneumoniae, Proteus mirabilis, Bacillus subtilis, 
Bacillus cereus and Candida albicans. All the compounds 
showed antimicrobial and antifungal activity, but none of 
compound was found to be effective against Pseudomonas 
aeruginosa. Compounds containing nitro group in their 
structure showed better antimicrobial and antifungal 
activity [17]. Compounds Containing 1,2,4- Triazoleand 
1,3,4-Thiadiazole rings were tested for antimicrobial 
properties by disc diffusion method. In vitro antimicrobial 
susceptibility was determined against Escherichia coli, 
Klebsiella pneumoniae, staphylococcus aureus and 
Enterococcus faecalis. All the compounds showed 
antibacterial and antifungal activity. One of compounds 
(C8H10N10S5) showed higher antibacterial activity against 
Escherichia coli as compared to ceftriaxone and 
amoxicillin [30].  
 

Different isatin derivatives (6 compounds) were 
synthesized (Figure 9) and their antimicrobial profile was 
determined against Staphylococcus aureus, Listeria 
monocytogenes, Enterococcus faecalis, Shigella sonnei, 
Salmonella enteritidis, Yersinia enterocolitica, Escherichia 
coli, Proteus hauseri, Pseudomonas aeruginosa and 
Candida albicans. The broth micro-dilution method was 
used to measure the minimum inhibitory concentration of 
compounds. All the six derivatives showed substantial 
antimicrobial activity except compound (1,3-dihydro-3-
[(4-cyanophenyl) imino]-2H-indol-2-one). The most 
potent antimicrobial compound was found to be 1,3-
dihydro-3-[(5-mercapto-1,3,4-thiadiazol-2-yl)imino]-2H- 
-indol-2-one. All the isatin derivatives showed better 
antibacterial activity against gram positive bacteria as 
compared to gram negative bacteria [18].  

 
 

 

Figure 9: Structure of synthesized isatin derivatives. 
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Antifungal activity of 12 organic compounds derived 
from amino alcohols was measured. These compounds 
were synthesized from p-hydroxybenzaldehyde and p-
hydroxybenzoic acid. In vitro antifungal activity was 
measured against Trichophyton rubrum, Trichophyton 
mentagrophytes and Candida albicans. Minimum 
inhibitory concentrations were determined and it was 
noted that amine series was found to be more effective 
against filamentous fungi and yeast. The amide series 
derivatives showed no considerable antifungal effects 
[31]. Five thiourea derivatives (Figure 10) were prepared 
and were tested for antibacterial and anti yeast activity. 
The minimum inhibitory concentration was determined 
for bacteria (Staphylococcus aureus, Staphylococcus 
epidermidis, Enterococcus faecalis, Streptococcus pyogenes, 
Bacillus cereus, Esherichia coli, Pseudomonas aeruginosa, 
Enterobacter cloacae, Proteus vulgaris, and Enterobacter 
aerogenes) and yeast (Candida albicans, Candida krusei, 
Candida glabrata, Candida tropicalis, and Candida 
parapsilosis). All the tested thiourea derivatives showed 
high antibacterial and low anti yeast activity [32].  

 

 

Figure 10: Synthesis of thiourea derivatives. 
 

A new series of chalcones, 3-(2-hydroxy-5-(aryl-
diazenyl)phenyl)-1-(aryl)prop-2-en-1-one and their 
pyrimidine derivatives i.e. 4-(2-hydroxy-5-
(aryldiazenyl)phenyl)-6-(aryl)pyrimidin-2-ols were 
synthesized and investigated for antimicrobial properties. 
Muller Hinton agar was used to determine antibacterial 
properties against Staphylococcus aureus, Bacillus subtilis, 
Proteus vulgaris and Escherichia coli. Dextrose agar was 
used to determine antifungal properties against Candida 
albicans and Aspergillus niger. All the compounds showed 
considerable antimicrobial activity but it was concluded 
that pyrimidine derivatives having nitro group in their 
structure showed better antimicrobial properties as 
compared to other chalcones derivatives [33]. 
Thiocarbohydrazide derived new heterocyclic Schiff bases 
were prepared and evaluated for antimicrobial properties 

against Staphylococcus aureus, Bacillus subtilis, Salmonella 
typhimurium, Escherichia coli and Candida albicans by disc 
agar diffusion method. Compounds having formula 3-
{ {[ [(5,6-dioxo-3-thioxo-1,2,4triazinan-4-
yl)imino] ]methyl}}-6,7,8,9tetrahydropyrazolo[ [1,5-
a] ][ [1] ]benzothieno [ [2,3-d] ]pyrimidin-10(4H)-one and 
3-{ {[ [(6-methyl-5-oxo-3-thioxo2,5-dihydro-1,2,4-triazin-
4(3H)-yl)imino] ] methyl} }-6,7,8,9-
tetrahydropyrazolo[ [1,5-a] ] [ [1] ]benzothieno[ [2,3-
d] ]pyrimidin-10(4H)one exhibited maximum 
antimicrobial activity [34]. 2-Styrylchromones are novel 
class of organic compounds which are structurally related 
to flavones. Antimicrobial activity of three new 2-
styrylchromones and their analogues was determined by 
agar cup method against Xanthomonas campesrtis and 
Agrobacterium tumafeciens. Antifungal activity was 
determined against Aspergillus niger and Penicillium 
chrysogenum by using disc diffusion method. All the 
synthesized compounds showed antimicrobial activity, 
but hydroxy substituted compounds were better 
antimicrobial agents [35]. The compound N-nitroso-2,6-
diphenylpiperidin-4-one semicarbazone was prepared 
and analyzed for its antimicrobial properties. 
Antimicrobial screening was done against Bacillus subtilis, 
Staphylococcus aureus, Escherichia coli and Candida 
albicans by using disc diffusion method. The compound 
exhibited good antifungal and moderate antibacterial 
activity. High hydrophobic content and piperidine ring 
system contribute to high antimicrobial activity [36].  
 

Halogenated Compound Possessing 
Antimicrobial Activity 

Hydroxylactone, obtained by biotransformation of 
Bromo and Iodolactone with Gem-Dimethylcyclohexane 
ring, was examined for antimicrobial activity against 
bacteria, fungi and yeast. Hydroxylactone completely 
inhibited the growth of Micrococcus flavus, Pseudomonas 
fluorescens and Alternaria species and retarded the 
growth of Bacillus cereus, Debaryomyces hansenii and 
Penicillium species. Hydroxylactone showed no effect on 
growth of Escherichia coli, Bacillus subtilis, Saccharomyces 
cerevisiae, Yarrowia lipolytica, Schizosaccharomyces 
pombe, Rhodotorula rubra and Aspergillus niger [37]. 
Pinicoloform is an unbranched acyclic compound which 
contains a trichloromethyl group. This compound was 
isolated from extracts of the mycelia of the Basidiomycete 
Resinicium pinicola. In the serial dilution assay, 
Pinicoloform has shown unselective antimicrobial activity 
against different bacteria and fungi including 
Acinetobacter calcoaceticus, Corynebacterium insidiosum, 
Mycobacterium phlei, Paecilomyces variotii and different 
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strains of Saccharomyces cerevisiae [38]. Quaternary 
ammonium compounds bearing mixed N-substituted 
groups called quaternary ammonium bromides (Figure 11) 
were tested for screened for antimicrobial activity against 
Staphylococcus aureus, Pseudomonas aeruginosa and 
Shigella. Quaternary ammonium bromides showed strong 
activity against Staphylococcus aureus and weak 
antimicrobial activity against Shigella. Pseudomonas 
aeruginosa was found to be resistant against quaternary 
ammonium bromides [7].  
 

 

Figure 11: Structural formula of quaternary 
ammonium bromides.  

 
 

 

 

Figure 12: Preparation of Schiff bases of piperidine containing Bromine and Fluorine group. 
 

 
Two Schiff bases derived from 4-(aminomethyl) 

piperidine having structural formula N-(4-
bromobenzylidene)(piperidin4-yl)methanamine and N-
(4-fluorobenzylidene)(piperidin4-yl)methanamine 
(Figure 12) were synthesized. These compounds were 
tested for antimicrobial properties against Escherichia coli, 
Pseudomonas aeruginosa and Staphylococcus aureus using 
agar well diffusion method. The compounds containing 
flourobenzylidene showed strong antibacterial activity as 
compared to compound containing bromobenzylidene 
[39].  

 
A series of fluorinated 10H-Phenothiazines and their 

sulfone derivatives were synthesized and screened for 
antimicrobial activity. Kerby Bauer procedure by using 
Streptomycin as reference antibacterial compound was 
used to determine antimicrobial properties of these 
compounds against Staphylococcus aureus, Pseudomonas 
flueroscence, Aspergillus flavus and Aspergillus niger. All 
the tested compounds showed remarkable antimicrobial 
profile [40]. Several halogens substituted tricyclic sulfur 
containing flavonoids (Figure 13) were prepared and 
analyzed for antibacterial properties against 
Staphylococcus aureus and Escherichia coli. The effect of 
different halogen substitution on antimicrobial profile of 
these compounds was noted. It was concluded that by 
introduction of any halogen except Fluorine in the 
structure of tricyclic flavonoids improved the 
antibacterial activities against both gram positive and 
gram negative bacteria [41].  

 

 

 

Figure 13: Structure of Tricyclic flavonoid. 
 
 

Conclusion 

Antimicrobial resistance is a serious global health 
problem due to ever increasing number of drug resistant, 
multi drug resistant, extensively drug resistant and pan 
drug resistant microorganisms. This perpetual increasing 
antimicrobial resistance is major obstacle in control of 
infectious diseases worldwide. To ameliorate this 
condition, globally numerous efforts are being made and 
new drug development studies are being conducted. In 
this regard, variety of chemical organic compounds and 
their new functionally substituted derivatives discussed 
in review are best available option for candidate 
antimicrobial drugs in the future. Numerous organic 
compounds with subtle substitutions in their structure 
have exhibited potential antimicrobial profile. It is need of 
hour to expedite these efforts to develop new 
antimicrobial drugs. 
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