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Abstract 

 

Resistance to antibiotics is a major global problem and there is an urgent need to develop 

new therapeutic agents. Although, many such class of active compounds have been established 

as efficient derivatives in diverse fields of antimicrobial therapy, they have not yet found wide 

applications against few deadly microbes. In the recent years, the compounds developed have 

solved some of the problems as improved bioavailability is one of the targets achieved with most 

of the more recent compounds allowing for once-daily dosing. Benzofuran and its derivatives are 

found to be suitable structures, existing widely in natural products and unnatural compounds 

with wide range of biological and pharmacological potentials; thus, much attention has been paid 

for chemist and biologist for discovery of new drugs in the fields of drug inventions and 

developments. Some of its derivatives like psoralen, 8-methoxypsoralen and angelicin have been 

used for the treatment of skin diseases such as cancer or psoriasis. The unique structural features 

of benzofuran and its wide array of biological activities made it privileged structure in drug 

discovery, especially as efficient antimicrobial candidates. Recently, this scaffold has emerged as 

a pharmacophore of choice for designing antimicrobial agents active on different clinically 

approved targets. To pave the way for future research, there is a need to collect the latest 
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information in this promising area. In the present review, we collated the published reports on 

this versatile core to provide a deeper insight so that its full therapeutic potential can be utilized 

for the treatment of microbial diseases. This work systematically provides a comprehensive 

report on current developments in benzofuran-based compounds as antimicrobial agents, and is 

also helpful for the researchers to work on the substitution pattern around the nucleus with an 

aim to help medicinal chemists to develop structure activity relationships (SAR) on this 

derivative as antimicrobial drugs.  
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1. Introduction  

       The contagious microbial diseases are increasing with course of time round the world 

due to the emergence of new multidrug resistant bacteria because of the development of 

mutagenicity.1 They are a major cause of morbidity and mortality especially, in immune 

suppressed and the patients were acquired by hospitals.2 This challenge is the conscious usage of 

the currently marketed antibiotics and also development of novel efficient antibiotic agents is 

more crucial than ever.3,4 In view of this, it is imperative to discover new chemotherapeutic 

agents to prevent the emergence of resistance and ideally shorten the duration of therapy. In this 

perspective, one of the best ways to design new antimicrobial agents is, to synthesis/generate 

bioactive heterocyclic moieties in a single molecular scaffold. 

    Heterocyclic ring systems are the powerful backbones for many biological properties. 

Among the heterocyclic compounds, benzofuran is an important class of compounds occupied its 

place in numerous bioactive natural products and was first time synthesized by Perkin in 1870.5 

After that, the research and developments of benzofuran-based biologically active compounds 

has been quite a rapidly developing and increasingly active field due to their wide potential 

applications as medicinal drugs (pharmaceuticals), agrochemicals, molecular electronic and 

functional polymers man-made materials, artificial acceptors, supramolecular ligands, and so 

on.6 Especially, the applications of benzofuran derivatives in medicinal chemistry have achieved 

great progress. Many benzofuran-anchored drugs play an important role in the treatment of 

various types of diseases, and new benzofuran derivatives with medicinal value are being 

actively explored worldwide.7 The accepted name for ring system 1 in chemical abstracts is 

benzo(b)furan. In order to shorten, (b) is conveniently dropped and it is commonly known by the 

generic name benzofuran. The name, coumarone used in the earlier literature for this nucleus is 
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now rejected. The positions of benzofuran ring are numbered starting from heteroatom as shown 

in figure 1. 

 

Insert Figure 1 

 

Benzofuran derivatives exhibit significant activity against several viruses including 

antifungal8,9, antiprotozoal8 antitubercular10, antiinflammatory11, anticonvulsant12, anticancer13, 

antiHIV14, analgesic15, antiparasitic16, antihyperlipidemic17, antioxidant18, antidiabetic19, 

antihypertensive20, antiplasmodial21, Alzheimer’s22, vasodilating and hypotensive23, arrhythmic 

activities24 and so on. Moreover, some of the benzofuran derivatives have been demonstrated to 

be potent topoisomerase I inhibitors25, sigma receptors26, Pim-1 inhibitors27, farnesyl transferase 

inhibitors28, Histamine H3 Receptor29 and carbonic anhydrase inhibitors.30 On the other hand, 

this heterocyclic compound found in various branches of chemical research namely, in polymer 

and31, 32, dyes industries33, 34 and in silver photography.35, 36 Benzofuran derivatives are important 

heterocycles frequently found in both, bioactive compounds and organic materials. To list a few 

benzofuran derivatives that are actively used in pharmacological field are illustrated in Figure 2. 

The members of the furocoumarin class of natural products including psoralen 2, 8-

methoxypsoralen 3 and angelicin 4 can cross-link with DNA upon light irradiation. As a result 

they have been used for the treatment of skin diseases such as cancer or psoriasis.37-40 The 

natural product coumestrol 5 is found especially, in soya beans and has estrogenic activity.41 

Synthetic bioactive compounds containing benzofurans are also important as exemplified by 

amiodarone 6, which is an antiarrythmic drug.42,43 Recently, benzofurans have also emerged as 

an important structural elements for organic materials such as the organic transistor 7.44 (-)-1-
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(Benzofuran-2-yl)-2-propylaminopentane {(-)-BPAP} 8 is another benzofuran-based drug used 

as a catecholaminergic and serotonergic activity enhancer. This stimulates the impulse 

propagation mediated transmitter release of the neurotransmitters dopamine, norepinephrine and 

serotonin in the brain.45 5-(2-Aminopropyl)-2, 3-dihydrobenzofuran (5-APDB) 9 and 6-(2-

aminopropyl)-2,3-dihydrobenzofuran (5-APDB) 10 are putative entactogen drugs of the 

phenethylamine and amphetamine classes.46 5-(2-Aminopropyl)benzofuran (5-APB) 11 and 6-

(2-aminopropyl) benzofuran(6-APB) 12 are triple monoamine reuptake inhibitor47,48 and also an 

agonist of the 5-HT2C receptor.48 This agonists for 5-HT2B  makes it likely that 5-APB would be 

cardiotoxic with long term use, as seen in other 5-HT2B agonists such as fenfluramine and 

MDMA. 6-APB is an entactogenic compound of the phenethylamine and amphetamine classes.49 

Insert Figure 2 

Therefore, the vast range of biological effects associated with this scaffold has resulted in 

the benzofuran ring system being considered as a privileged structure. This has been strongly 

promoting much effort to focus on benzofuran-based medicinal agents, and the expanding 

research and developments have become rapidly developing and increasingly active domains of 

research, and are almost extended to the whole range of medicinal field. It is still a challenge for 

the pharmaceutical chemist to develop more effective and less toxic agents to treat infectious 

diseases. A large amount of effort has been invested in the past decade to develop                  

benzofuran-based compounds as microbial agents that are active on different clinically approved 

therapeutic targets showing excellent therapeutic potency. 

A spectrum of pharmacological activities exhibited by benzofuran and its derivatives has 

been reviewed by some researchers50, but, in this review we focused on the applications of 

benzofuran scaffolds (as organic molecules, inorganic complexes and natural occurrence 
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together) as antimicrobial agents in details. By looking into the importance of this therapeutic 

area we decided to collect the literature on antimicrobial potency of benzofurans, the 

indispensable anchor in medicinal chemistry. In this review, we have attempted to shed light and 

compile published reports on benzofuran derivatives along with some opinions on different 

approaches to help the medicinal chemists in designing future generation potent yet safer 

antimicrobial agents. The purpose of this review is to update the most recent reports on the 

development of microbial agents as potential drug candidates for the treatment of infectious 

diseases. 

2. Chemistry of Benzofuran 

Benzofurans are a class of very important heterocyclic compounds existing widely in 

natural products and unnatural compounds with biological and pharmacological potentials. It is 

therefore little surprising that an enormous amount of research has been carried out to develop 

efficient synthetic methods for their assemblies. The most pertinent and often employed 

strategies involve the one-pot etherification and dehydrative cyclization of o-

hydroxyacetophenones 13 under basic conditions.51 The dehydrative cyclization of o-

hydroxybenzyl ketones 16 or R-(phenoxy)alkyl ketones 17 (Figure 3)52 and the cyclization of 

aryl acetylenes using transition-metal catalysis.53 Although, numerous synthetic approaches have 

been developed to prepare this family of compounds in the past decades, general protocols for 

the synthesis of these compounds are still of high interest.50  

Insert Figure 3 

3. Structural requirements of Benzofuran derivatives for antimicrobial activity 

           A close proximity exists between the chemistry of furan and benzofuran. The increased 

stabilization of benzofuran compared with furan is due to annexation of benzene ring. Like furan, 
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oxygen contributes 2π electrons to form a 10 π electron system in the case of benzofuran. This 

compound belongs to a group, which is commonly known as “electron rich” of “π excessive” 

heteroaromatics. As anticipated of such compounds, benzofuran ring is highly reactive towards 

electrophilic substitution however; the overall reactivity of furan ring in benzofuran is decreased 

by the annelated benzene ring. Resonance considerations of such condensed systems indicate 

that electrophilic substitution should occur at C-3. It is true with the analogous heterocycle, 

indole, and to some extent with thionaphthene. But, benzofuran undergoes electrophilic 

substitution almost exclusively at C-2 position, in contrast to the general prediction. This unusual 

difference in orientation between benzofuran and thionaphthene is realized to be associated with 

the electronegativity of oxygen and sulphur. Since oxygen is more electronegative than sulphur 

the unshared electrons around oxygen are held more tightly than those of sulphur. Thus, the 

strongly electronegative character of oxygen cuts down the extent to which an unshared pair 

interacts with the two double bonds to form the aromatic system, so that benzofuran behaves to a 

considerable extent like an olefin. Due to this distortion of electrons, benzofuran would lead to 

the greater importance of ionic structure 18 and consequently the electrophilic substitution at C-2 

position is favored. But, in thianaphthene, the electronegativity of sulphur is secondary to the 

stabilizing influence of benzene resonance and the ionic structure 19 with a negative charge at C-

2 position is of greater importance (Figure 4).54  

Insert Figure 4 

         From collected literature, it is found that the benzofuran nucleus substituted at all position 

with varied substituents has produced potent antimicrobial activity however, the 1-position 

contains core oxygen and therefore it is unsubstituted. The 2-position of benzofuran may be 

unsubstituted or substituents  with isatin, pyrazoline, pyrazole, imidazole, oxidazole with -Cl, -
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OH, hydrazides, 2-piperidine, 4-nitrophenyl hydrazones, acetyl group and 2,4-dichloro-

isoxazole, 4-fluorophenyl-isoxazole enhances the antimicrobial activity. Similarly, the 3-position 

substituted with hydrazone, benzylidene, pyrazoline, acetyl group and methyl group depicted a 

good activity. The 4-position of the benzofuran may be substituted or unsubstituited but, the 

substituent on 4-position containging halogens and hydroxyl groups exhibit good antimicrobial 

activity. The 5- or 6-position of the nucleus may be unsubstituted or substituents with halogens, 

nitro and hydroxyl groups have also displayed potent antibacterial activity. To exhibit 

antibacterial activity it is essential that the benzofuran containing halogens, nitro and hydroxyl 

groups at position 4,5,6 is a must. Benzofuran with triazolo-thiadiazine with phenyl, 

methylphenyl and bromophenyl at 7-position displayed good antimicrobial activity (Figure 5). 

Insert Figure 5 

4. Benzofuran derivatives as antimicrobial agents 

       Nowadays a number of common and uncommon bacteria previously susceptible to 

common antimicrobials are reported to have developed resistance to diverse antibiotics. 

Initially, these bacteria caused significant nosocomial infections and were the cause of major 

morbidity and mortality in patients. More recently, they have spread to community, causing 

severe illnesses in previously healthy and otherwise non-vulnerable patients.55-58 Owing to this 

increased microbial resistance, new classes of antimicrobial agents with their mode of action are 

today’s need to fight against the multidrug-resistant infections.  

Mohamed et. al., reported the synthesis of a series of benzofuran-based pyrazoline-

thiazoles 21(a-d) and fluorinated pyrazole-thiazole (22-26) derivatives and tested for their 

potential antimicrobial activities against four Gram-positive bacteria (Staphylococcus aureus (S. 

aureus (SA)), Bacillus subtilis (B. subtilis (BS)), Bacillus megaterium (B. megaterium (BM)), 
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Sarcinalutea), and Gram-negative bacteria (Klebsiella pneumoniae (K. pneumonia (KP)), 

Pseudomonas aeruginosa (P. aeruginosa (PA)), Escherichia coli (E. coli (EC)). Among these 

compounds 21c displayed excellent antimicrobial activity and highest potency against all tested 

organisms with respect to reference drugs (ciprofloxacin and ketoconazole). Compounds 21d 

and 22b inhibited the growth of S. aureus with the inhibition zone (IZ) of 23 and 20 mm, 

respectively, while compound 22a evidenced promising antifungal activities against K. 

pneumoniae, P. aeruginosa, and E. coli with the IZ of about 24 mm. Also, compound 21c 

showed the highest activity against S. aureus, S. cerevisiae, and C. albicans with IZ of about 23 

mm. SAR study reveals that, the presence of -chloro substituent on pyrazoline and pyrazole 

moieties (21c and 22a), increases the antimicrobial activities (Figure 6).59 

 

Insert Figure 6 

 

                In the literature we found that, the antimicrobial activity of benzofuran derivatives 

appears to be dependent on substitution at the heterocyclic furan ring than that of aromatic 

moiety.60 Telvekar and co-workers investigated a series of benzofuran-3-carbohydrazide 

derivatives and screened for their potential antifungal activity against candida albicans (C. 

albicans). The combination of unsubstituted benzylidene and chloro di-substituted benzofuran 

ring evinced greater activity compared to the activity of other members. Whereas, in the case of 

benzofuran derivative substituted with two electron withdrawing groups 27 the activity was 

increased around fourfold. The electron withdrawing group on the benzofuran ring and electron 

donating group on para position of aromatic side chain showed good activity 28 (Figure 7).61 

Insert Figure 7 

Page 11 of 65 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

11 

 

       Structural modification of the clinically approved benzofuran-based antimicrobial drugs is 

an effective strategy to increase biological activities and broaden the active spectrum of current 

drugs. Therefore, there are some reports on amidrazone derivatives that were found to possess 

remarkable biological activities62,63 and additionally these compounds have been reported as 

precursors of some effective antifungal azoles.64 Abdel-Aziz and co-workers presented the 

synthesis of benzofuran-amidrazones 29(a-e), 30(a,b) and 31(a-c), and screened for their 

antifungal/antibacterial activities. These derivatives showed significant antifungal potency, 

which is more than their antibacterial potency. Compound 30b exhibited the highest potency 

against all tested fungal organisms with respect to reference drug, griseofulvin. C. albicans (MIC 

= 75 µg/mL) was the most sensitive fungus with potency of griseofulvin (MIC = 75 µg/mL) 

followed by Aspergillus fumigatus (A. fumigates), Geotrichum candidum (G. candidum) and 

Syncephalastrum racemosum (S. racemosum). Also, same compound exhibited activity (MIC = 

75 µg/mL) against S. aureus, which is a little lesser than the standard drug amoxicillin (MIC = 

50 µg/mL). SAR study reveals that, the piperidine moiety and 4-nitrophenylhydazone functions 

found essential for the potential antimicrobial activity. Piperidines, which are frequently found in 

the side chains of therapeutic agents, are not usually associated with pharmacophores; they 

simply serve as surrogates for open-chain tertiary amines (Figure 8).65 

Insert Figure 8 

          3-Methanone-6-substituted-benzofuran derivatives were synthesized by Liu and co-

workers, evaluated for their in vitro antibacterial activities against E. coli, S. aureus, Methicillin-

resistant staphylococcus aureus (MRSA), B. subtilis, and P. aeruginosa. Some of the compounds 

32(a-c) and 33 with MIC80 = 0.78-12.5 µg/mL displayed excellent antibacterial activities 

compared to the positive controls (cefotaxime and sodium penicillin). Compound 34 and 35 

Page 12 of 65RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

12 

 

displayed the strain-specific to S. aureus with MIC80 = 3.12-12.5 µg/mL. SAR studies reveals 

that the hydroxyl group at C-6 position of benzofuran is essential for antibacterial activities, and 

the functional groups at C-3 position play an important role in the antibacterial selectivity of 

these compounds (Figure 9).66 

 

Insert Figure 9 

 

              Further, benzofuran skeleton bearing aryl substituents at C-3 position through 

methanone linker as an antibacterial agent has also been investigated. Compound 36a with a 

hydroxyl group at C-4 position, showcased moderate antibacterial activities against S. aureus 

(MIC80 = 0.39 mg/mL) and MRSA (MIC80 = 0.78 mg/mL), with compared to the positive control 

drugs. On other hand, compounds with methylation of hydroxyl group had reduced the solubility 

and decrease their antimicrobial abilities, and compounds with halogen substituents showed no 

antimicrobial activity, where as in the case of compound 36b had favorable activity against B. 

subtilis (MIC80 = 0.78 mg/mL).67 Chandrashekar et al., demonstrated the synthesis and 

antimicrobial applications of 5-phenyl-1-benzofuran-2-yl derivatives and the biphenyl 

methanones 37 and 38(a-c). These derivatives exhibited antimicrobial activities with MIC values 

ranging between 0.001-0.5 µg/mL. The carbinol and tertiary alcohols corresponding to 

methanone evinced no antimicrobial activity (Figure 10).68 

 

Insert Figure 10 
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              Rao and co-workers reported a series of 2,4,6-trimethoxy benzofuran derivatives as 

antibacterial agents. The synthesized compounds benzofuran carbohydrazide, 39, displayed 

excellent activities with IZ of 27 mm and 26 mm against E. coli and S. aureus, respectively at 25 

µg/mL, when compared with standard drug, norfloxacin (IZ = 25 mm) for the same strains. Also 

benzofuran carboxylic acid 40, showed remarkable activity against P. aeruginosa (IZ = 21 mm) 

and S. pyogenes (IZ = 23 mm) and their SAR study has not been known.69 Soliman and co-

workers described the synthesis of naturally occurring visnagin derivatives and tested for their 

antimicrobial activity against different bacterial and fungal strains. Surprisingly, these 

compounds showed better antimycotic activities than the reference drug, fluconazole. Especially, 

compounds 41 (0.64 µM) and 42 (0.532 µM) demonstrated promising antifungal activity. The 

tested compounds give higher hindrance activity against A. flavus than against C. albicans.70 A 

series of benzyl-benzofurylcarboxamido benzoxazole derivatives are reported by Yildiz et al., 

and their antimicrobial activity was determined against some Gram-positive and Gram-negative 

bacteria and fungi. Among the tested derivatives 43(a-d) evinced higher activity against P. 

aeruginosa than ampicillin (MIC > 500 µg/mL), rifampicin (MIC > 500 µg/mL) and ofloxacin 

(MIC = 62.5 µg/mL) and had the same potency with gentamycin (MIC = 31.25 µg/mL). 

Compound 43c displayed promising activity with a MIC value 15.6 µg/mL against drug-resistant 

P. aeruginosa found more potent than all standard drugs. Compound 43b carrying benzyl group 

at the second position of the benzoxazole ring showed remarkable antifungal activity. In 

addition, attaching a hydrogen or bromine on position “R” played a role for getting a good 

inhibitory potency. However, substituting position R1 with the bromine atom, while the main 

structure was 2-phenylbenzoxazole decreased the inhibitory effect (Figure 11).71 
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Insert Figure 11 

 

             Rangaswamy and co-workers reported the synthesis of a new class of functionalized 

benzofuranyl methoxy phenyl pyrazole scaffolds. The synthesized compounds were evaluated 

for antibacterial and antifungal activities by the well plate method in Mueller-Hinton agar 

method. The -chloro, -fluoro, -bromo, and -nitro functionalized derivatives demonstrated better 

activity while the others showed less activity against all the tested bacterial strains. Compounds 

44a (p-fluro substituted) and 44b (p-chlorosubstituted) on the 1-substituted phenyl ring showed 

significant activity against P. aeruginosa and E. coli at the concentrations of 1 and 0.5 µg/mL, 

which is almost 15 times better than the  standard drug, streptomycin (12 mm and 17 mm at 0.5 

µg/mL). Compounds 44c (p-bromo substituted) and 44d (m-chloro substituted) evidenced similar 

activity as that of standard, against E. coli. Like antibacterial activities, the presence of halogen 

substituents on the phenyl ring reflected in better antifungal activity compared to other 

analogues.72  

         Further, a series of benzofuran-based pyrazole derivatives as antibacterial/antifungal agents 

are reported. Introduction of substituted anilines into pyrazole ring enhanced the antibacterial 

activity. Compounds 45a and 45b possessing p-chloro and p-fluoro substituents on the 1-

substituted phenyl ring showed excellent activity against P. aeruginosa and E. coli at 

concentrations of 1 and 0.5 µg/mL. The activity is considerably affected by halogen substituents 

present at the para position of phenyl ring. Whereas in the case of compound 45b possessing 

fluoro substituent on phenyl ring at para-position accounted for the enhanced antifungal activity 

against C. albicans than the standard drug, fluconazole.73 Kirilmis and co-workers designed 

mesitylene substituted benzofuran derivatives for antimicrobial activity against S. aureus, E. coli 
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and C. albicans. Among the synthesized compounds, (E)-1-(1-benzofuran-2-yl)-2-

mesitylethanone-O-benzoyloxime (46) was found most effective derivative against S. aureus and 

E. coli at MIC values of 4 and 32 µg/mL, respectively (Figure 12).74 

 

Insert Figure 12 

 

        Koca et al., developed a series of benzofuran-ketoxime derivatives as effective 

antimicrobial agents and among reported, compounds (51a) exhibited promising activity (MIC = 

0.039 µg/mL) against S. aureus. The compounds 47, 48, 49b, 49c, 50 and 51b revealed almost 

the same antimicrobial effect against C. albicans (0.625 µg/mL). Compound (49a) displayed 

good antimicrobial effect against C. albicans (2.5 µg/mL).75 Synthesis and antimicrobial 

efficacies of a series of benzodifuran amide derivatives are reported by Soni et al. Compounds 

indicated higher MIC values (600 µg/mL) against Gram-negative bacteria P. aeruginosa, and 

fungus C. albicans. SAR study reveals that the presence of electron withdrawing group at para 

position of amine is responsible for their moderate activity against Gram-positive bacteria B. 

subtilis 52(a-c), while the presence of electron releasing group at para position of amine showed 

moderate activity against S. aureus (Figure 13).76 

 

Insert Figure 13 

 

            Triheterocycles with coumarin, benzofuran and furan rings are reported by Khan and co-

workers. The synthesized compounds were screened against two bacterial and two fungal species 

by the standard cup plate method. Introduction of monochloro and dichloro substituents on 
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benzofuran ring enhanced the antimicrobial potency against Pseudomonas chinchori, A. 

fumigatus, and P. wortmanni. Among the reported compounds, 53(a-e) derivatives exhibited 

considerable inhibition of the microbial growth of all the species at 50 µg/mL concentration. 

SAR studies showed that chlorination to the benzofuran ring enhances both, the antibacterial and 

antifungal potencies, of the triheterocycles.77 In a same array, angularly fused polycyclic 

heterocycles with coumarin, benzofuran and pyridine 54(a-f) rings as antimicrobial agents are 

reported. All the synthesized compounds inhibited microbial activity against P. chinchori at MIC 

of 25 µg/mL and for antifungal screening, the growth inhibition found at 25 µg/mL 

concentration against A. fumigatus, whereas alongside P. wortmanni, these derivatives found 

active at a concentration of 100 µg/mL.78  

            Abdel-Wahab et. al., reported the synthesis of a series of benzofuranyl nitro arylbutanones 

and benzofuranyl dihydro aryl thiazolyl pyrazoles derivatives and their antimicrobial activity at 

100 µg concentration. The 1-(thiazol-2-yl)pyrazoline 55 revealed excellent antimicrobial activity 

against Gram-negative bacteria (with a IZ of 25 mm), good activity against Gram-positive 

bacteria (with a IZ of 17 mm). It is concluded that, benzofuran, pyrazoline, and thiazole moieties 

are essential for the potential antimicrobial activity.79 Further, they reported a series of 

benzofuranylpyrazole derivatives as antimicrobial agents. Compounds (56-59) presented 

promising antifungal activities against C. albicans, which is more than the reference compound, 

fucanazole. Also, compounds 58 and 59 exhibited noticeable antibacterial activities against B. 

subitilis which are better than that of the control, amoxicillin. SAR studies reveal that the 

benzofuran moieties are essential for antimicrobial activity and increase in the activity is found 

with the increase in the number of nitrogen atoms. The phthalimide moieties in compounds are 

also found essential for the potential antimicrobial activities.80 On the other hand, benzofuran-
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thiazole and phenyl pyrazole conjugated compounds as antimicrobial agents are reported. 

Benzofuran derivatives (60-65), resulted in highest IZ with 30-40 mm against C. albicans, which 

is concluded that the benzofuran, pyrazole, and thiazole moieties are essential for the 

antimicrobial activity (Figure 14).81 

 

Insert Figure 14 

 

                  Ugale and co-workers developed benzofurano-isatin derivatives as antimicrobial 

agents. Compound 66a with a nitro group at C-7 of isatin exhibited significant antibacterial 

activity against E. coli and P. vulgaris with the same MIC value of 31.25 µg/mL. Also, the 

presence of fluoro group at the C-7 position in the case of compound 66b displayed good 

activities against B. subtilis, E. coli and P. vulgaris with an MIC value of 31.25 µg/mL. This 

derivative found active with compared to standard drugs, ampicillin and norfloxacin. SAR study 

reveals that the introduction of an electron withdrawing substituent on the isatin nucleus at C-5 

and C-7 positions enhances the antibacterial potencial.82 Shanker Rao and co-workers reported 

the synthesis of imidazole/thiazole-benzofuran conjugated compounds and their antibacterial and 

antifungal activities. Compounds 67a and 68a indicated an excellent effect on S. aureus, P. 

aeruginosa and Enterococcus feltis (E. feltis) bacterial strains. Compounds 67c and 68a evinced 

effective antimicrobial activity against S. aureus and E. coli. Antifungal activity was carried 

against two human pathogen fungal species, A. niger and T. virdae. Compounds 67(a,b) and 68b 

showed significant activities against both the tested organisms.83 In continuation of this work on 

benzofuran, they also reported the synthesis of thiazolidinone nucleus bridged with quinoline and 

benzofuran. Compounds 69a and 70 showcased highest activities against Klbesilla pneumona, 
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whereas, the compounds 69d and 70 exhibited highest activities against E. coli. Amongst the 

antifungal activity results, compound 70 demonstrated highest activities against A. niger and 

compounds 69a, 69d and 70 showed highest activity against C. albicans. Compound 69c 

exhibited very good activity against P. chrysozenous, while compound 69b and 70 displayed 

highest activity against T. vridar.84 The imidazole substituted benzofuran conjugated compounds 

are reported for along with their antimicrobial potentials. Compounds 71(b, c) displayed 

effective IZ against B. subtilis, while compounds 71a, 71(c,d) presented similar level of activity 

against F. moniliformae. Compound 71b showed comparatively higher activity against T. viridae 

and F. moniliformae. From SAR, the activity increased by the presence of halo (-I, -Br and -Cl) 

groups as substituents at R and R2-position on the benzene ring and the compounds bearing 

methyl groups at R1 or R2 position in combination with -I and -Br at R position enhanced the 

activity (Figure 15).85 

 

Insert Figure 15 

 

               Hadj-Esfandiari and co-workers reported the synthesis of 5-

nitroimidazolebenzofuranone and 4-nitroimidazolebenzofuranone derivatives and their 

antibacterial activity against Gram-positive and Gram-negative bacteria. All 5-nitroimidazole 

analogues showed a remarkable inhibition evincing their potential antimicrobial activity. 

Benzofuran with 4-nitroimidazole core or phenyl group, exhibited antibacterial activity with a 

MIC of 100 µg/mL. Benzofuranone 72, was slightly superior in inhibiting the growth of K. 

pneumona with MIC of 0.39 µg/mL, which is 2- to 8-fold higher than the 5-nitrobenzimidazole 

derivatives against Gram-positive bacteria. The antibacterial activity was enhanced by negative 

Page 19 of 65 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

19 

 

charge of -NO2 group on C-5 position of imidazole and partial charge on carbonyl oxygen in 

benzofuran is necessary for the activity.86 Manna and co-workers reported the synthesis of 

quinoxalino/benzofuran-pyrazole derivatives under microwave conditions and their antibacterial 

activity evaluated against seven different multidrug resistant organisms in various concentrations 

and results were compared with standard fluoroquinolone drugs. Among the reported 

compounds, 73(a-e) found better activities against E. coli, P. aeruginosa, S. typhi and S. aureus. 

SAR study reveals, the ortho substitution in phenyl ring with -OH, -NO2 and para substitution 

on phenyl ring by -OCH3 at 5-position of pyrazole ring evidenced the best antibacterial activity 

against Gram-negative bacteria.87 Aminopyridine-benzofuran derivatives 74(a-e) prepared under 

microwave assisted synthetic protocols and were tested for their antimicrobial activity against P. 

aeruginosa and S. aureus and none of the compounds exhibit  good antimicrobial activity.88
 

Basavaraja et al., reported a series of oxadiazole and pyrazole derivatives incorporating 

benzofuran core as microbial agents. The compounds bearing chloro substitution, 75a, and 

hydroxyl group, 75b, exhibited potent antimicrobial activity.89 Abdel-Aziz and co-workers 

synthesized 2-substituted-3-methylbenzofuran derivatives and screened for their antimicrobial 

activity. The highest antifungal and antibacterial activities were demonstrated by 

ethoxymethylene derivative 76 and ethylene 77, respectively. The presence of pyrazole moiety 

beside benzofuran ring (in the cases of 78 and 79) impart high antifungal and antibacterial 

activities. The significant antimicrobial activity of 77 and 80 may be due to the presence of 

benzofuran moieties in addition to hydrazide function in both the derivatives.90 Further, they 

reported the stereoselective synthesis of benzofuran-based piperidinylarylamidrazines and tested 

them for in vitro antimicrobial activity. Compound 81 showed low MIC (25 µg/mL) against A. 

fumigatus and revealed MIC of 75 µg/mL against C. albicans compared with standard drug, 
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griseofulvin which showed 50 and 75 µg/mL against A. fumigates and C. albicans, respectively. 

From SAR study, it is concluded that both, the piperidine moiety and 4-nitrophenylhydazine 

function were essential for the antimicrobial activity (Figure 16).91 

Insert Figure 16 

 

            Rida and co-workers studied a series of benzofuran derivatives containing heterocyclic 

ring substituents linked to the benzofuran nucleus at C-2 position by a two- to four-atom spacer 

as potential antimicrobial agents. Compounds were evaluated for their in vitro activity against S. 

aureus, Gram-positive bacteria, E. coli, Gram-negative bacteria, and C. albicans, a fungus and 

ampicillin and clotrimazole were used as reference drugs. Compound 82 exhibited less activity 

against S. aureus with MIC of 500 µg/mL. SAR study reveals that the presence of a spacer 

between the heterocyclic substituent and the benzofuran nucleus may be essential for the 

biological activity.92 Bis-benzofuran-thiadiazine derivatives were reported as antibacterial and 

antifungal agents. Compounds containing the phenyl 83a, methoxyphenyl 83b and bromophenyl 

83c substituents at C-3 position of triazolo-thiadiazine ring demonstrated promising activity 

against bacterial and fungal strains. Compound 83b is highly active against all the tested 

organisms employed and the IZ found greater than the standard drug neomycin. 93 2-Substituted 

and diacetyl benzofurans are reported by Khan et al., using palladium-catalyzed reactions. The 

compounds demonstrated mild to significant growth inhibition against Gram-positive and Gram-

negative bacteria. The isomeric mixture of diacetylbenzofurans emerged as the most potent 

microbial agent. Especially, 2,3-diacetylbenzofuran 84 as most potent compound. From this data 

it is concluded that the catalytic site for benzofurans in the target biomolecule are those with at 

least one hydrophobic pocket and two H-bond donors- a polar hydroxylated and imino nitrogen 

Page 21 of 65 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

21 

 

containing amino acid residues. Also, substitution at the C4-7 positions of benzofuran ring and the 

replacement of 3-acetyl group by other acyl/lower alkyl functionalities are to be envisaged for 

functional characterization of target biomolecule (Figure 17).94 

Insert Figure 17 

 

             A series of fluorine-substituted benzofuran chalcones, benzofuran-pyrazoles and 

benzofuran-isoxazoles were synthesized and screened for their antibacterial and antifungal 

activity, and the results were compared with standards ampicillin and greseofulvin, respectively. 

Compound 85a displayed good activity with MIC of 62.5 µg/mL against S. typhi and S. 

pyogenes, whereas compounds 85b, 86(a,b) showed similar antibacterial activity with reference 

drug, ampicllin. For antifungal activity, compounds 85c, 86c, 87a and 87b evinced better 

activity than reference drug, greseofulvin against C. albicans.95 Further, a series of fluorine 

containing benzofuran-pyrimidine conjugates as antimicrobial agents are reported. Compounds 

88 (a-c) showed excellent antibacterial activities against S. pyogenes, which is similar with the 

activity of reference drug, ampicillin. For antifungal activity compounds 88(b,c) showed almost 

similar activity against C. albicans.
96 Benzofuran-salicylic acid derivatives as antimicrobial 

agents were described by Hassan and co-workers. Azo derivatives 89(a-c) exhibited good 

antibacterial activity against both Gram-positive and Gram-negative bacteria and compound 90 

demonstrated a promising antifungal activity. SAR study reveals that, the substitution of 

salicylic acid with amino group either at position C-5, C-4, or C-3 was improved the 

antimicrobial activity.97 Kenchappa et. al., demonstrated the synthesis and antimicrobial activity 

of benzofuran barbitone/thiobarbitone derivatives. Compounds 91(a,b) having two bromo 

substituents on C-5 of benzofuran and C-4 of phenyl ring, respectively were found to exhibit 
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excellent antibacterial activity against all the tested bacterial strains with MIC value ranging 

between 29.76-31.96 µmol/L. Same compounds also exhibited equipotent activity against all 

fungal strains with MIC value in the range 12.50-66.49 µmol/L. SAR studies reveal that the 

substitution at the ortho position of benzofuran ring and para position of aryl ring are 

responsible for the increased antimicrobial activity. Compounds containing two bromo 

substituents are accountable for increased antimicrobial activity than those bearing a single 

halogen/other substituent group.98
 Same group further developed β-amino carbonyl derivatives 

of benzofuran as antimicrobial agents. From these studies it is concluded that the electron-

withdrawing groups substituted on aromatic ring, particularly at the para position, 92(a-c), 

exhibited potential antimicrobial activity.99 Srinivas and co-workers investigated the synthesis 

of benzofuran-isoxazole and tested for antibacterial and antifungal activity by using serial tube 

dilution technique, and results were compared with ampicillin and fluconazole as reference 

standard. Among tested derivatives, compounds 93a and 93b possessed maximum activity, 

which may be due to electron withdrawing substituents such as 2,4-dichlorophenyl and 4-

fluorophenyl appended at C-5 position of isoxazole core. Also, the presence of 2-chlorophenyl, 

2,4-dichlorophenyl, 4-nitrophenyl 93(a,b) at C-5 position of isoxazole structure exhibited good 

antifungal activity. This reveals the importance of the electronic effects of the substituents 

present on the aromatic ring in enhancing the antibacterial/antifungal activity.100 Kumar et al., 

invented a series of tricyclic compounds containing benzofuran, benzothiazole and lactum 

derivatives as antimicrobial agents against B. subtilus, E. coli and C. albicans. Compounds 

94(a-c) exhibited moderate activities with IZ ranging from 11-17 mm (Figure 18).101 

 

Insert Figure 18 
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5. Benzofuran-based metal complexes as antimicrobial agents 

Metal ions play an important role in biochemical processes. Many biochemical reactions 

depend on the presence of metal ions, which are the part of coordination complexes. There has 

been an increasing attention in the biological applications of benzofuran-based metal complexes 

including late transition metals such as cobalt(II), nickel(II), copper(II) and zinc(II) in the last 

decade. Many of these complexes were evinced considerable antibacterial and anticancer 

properties in invitro and/or invivo assays. The choice of a suitable substitution on benzofuran-

based ligand system is found crucial in the design of novel target specific bioactive metal 

complexes. In this section, the important benzofuran-based ligands and their metal complexes 

reported for potential biological applications are discussed.  

Halli and co-workers reported the synthesis of a benzofuran-2-carbohydrazide 95 and its 

Co(II), Cu(II), Ni(II),  Cd(II),  Hg(II),  Zn(II), UO2(II) complexes and Th(IV) complexes of 

phenylisocyanate (BCPT)/p-chlorophenylisothiocyanate (BCCIPT). All the complexes and 

ligands were screened for their potential antimicrobial activity. The Zn(II), Cd(II),  Hg(II), 

Ni(II), and UO2(II) complexes displayed a significant growth inhibition activity against 

Pseudomonas and Wild bacillus bacteria compared with the free ligand BCCIPT and metal ions. 

102 Further, a series of mixed ligand complexes of the type [MLL’Cl2] of Co(II), Ni(II), Cu(II), 

Zn(II), Cd(II) and Hg(II) derived from benzofuran-2-carbohydrazide and 3,4,5-

trimethoxybenzaldehyde, and ortho-phenylenediamine/2,6-diaminopyridine (96, 97) were 

reported. All the complexes and ligands were screened for potential antimicrobial activity 

against bacterial strains. The Zn(II), Cd(II) and Hg(II) complexes evinced potential 

antimicrobial activity against both, the bacteria and fungi, having higher activity than ligands 

against the same microorganisms.103 Furthermore, the complexes of Co(II), Ni(II), Zn(II), 

Cd(II) and Hg(II) from benzofuran-2-carbohydrazide with 2-acetylthiophene/acetophenone as 
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microbial agents were reported. The Schiff bases were inactive against all the bacteria tested, 

while Hg(II) complexes (98, 99) showed significantly enhanced activity against both the 

bacterial, E. coli and S. aureus and fungal A. niger and A. flavus strains. All other complexes 

showed less growth inhibition activity against all bacteria tested.104-106 Goel et al., synthesized 

Cu(II) and Fe(III) complexes derived from 2-acetylbenzofuran and 

semicarbazone/thiosemicarbazone ligands and screened for their antibacterial activities. The 

metal complexes (100, 101) displayed effective antibacterial properties against all the 

pathogenic bacteria, especially complexes of thiosemicarbazone demonstrated remarkable 

antibacterial activity. The metal complexes found higher antibacterial activities compared with 

their respective Schiff base ligands (Figure 19).107 

Insert Figure 19 

6. Benzofuran-based natural products as antimicrobial agents 

Natural products play an important role in both drug discovery and chemical biology. In 

fact, many approved therapeutics as well as drug candidates are derived from natural sources. 

Benzofuran natural products isolated from the Styracaceae family such as Styrax japonicum, S. 

formosanus, S. obassia, S. macranthus and S. officinalis showed variety of biological activities 

including insecticidal, fungicidal, antimicrobial, antiproliferative, cytotoxic and antioxidant 

properties.108-109 Over the years, several newer/modified approaches were adopted for the 

isolation of benzofuran and the compounds and screened for antibacterial/antifungal activities. 

All the related compounds their tabulated in Table  1 (Figure 20). 

 

Insert Figure 20 
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Table 1. List of novel benzofuran derivatives as antimicrobial agents isolated from natural source 

S.No. Species Family Compound Reference(s) 

1 Cotula 

coronopifolia 

 

Asteraceae 6-Methoxy-1-benzofuran-4-ol 
(102) 

110 

2 Heliotropium 

filifolium 

 

Boraginaceae 

 

Methyl-3’-hydroxy-2’,2’,6’-
trimethyl-3H-spiro[1-benzofuran-
2,1’-cyclohexane]-5-carboxylate 

(103)  

 

3’-Hydroxy-2’,2’,6’-trimethyl-3H-
spiro[1-benzofuran-2,1’-
cyclohexane]-5-carboxylic acid 
(104) 

 

Methyl-3’-acetyloxy-2’, 2’, 6’-
trimethyl-3H-spiro[1-benzofuran-
2, 1’-cyclohexane]-5-carboxylate 

(105) 

 

Methyl-3’-isopentanoyloxy-
2’,2’,6’-trimethyl-3H-spiro[1-
benzofuran-2,1’-cyclohexane]-5-
carboxylate (106) 

 

Methyl-3’-benzoyloxy-2’,2’,6’-
trimethyl-3H-spiro[1-benzofuran-
2,1’-cyclohexane]-5-carboxylate 

(107) 

111 

3 Phomopsis sp. ---- 3-(Hydroxymethyl)-6,7-
dihydrobenzofuran-4(5H)-one 

112 
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(108) 

 

 

4 Eupatorium 

aschenbornianum 

Asteraceae 5-Acetyl-3β-angeloyloxy-2β-(1-
hydroxyisopropyl)-2,3-
dihydrobenzofurane (109) 

 

5-Acetyl-3β-angeloyloxy-2β-(1-
hydroxyisopropyl)-6-methoxy-2,3-
dihydrobenzofurane (110) 

 

113 

5 Glycyrrhiza Xibei licorice 4-(6-Hydroxy-4-methoxy-5-(3-
methylbut-2-enyl)benzofuran-2-
yl)benzene-1,3-diol or 
Licocoumarone (111) 

 

2-(2,4-Dimethoxyphenyl)-4,6-
dimethoxy-5-(3-methylbut-2-
enyl)benzofuran  (112) 

 

114 

6 Ligularia 

veitchiana 

 

Compositae 

 

1,3-Dimethoxy-4,6-
dimethylnaphthofuran (113) 

 

115 

7 Cladonia 

rangiferina 

 Cladoniaceae 

 

Ddymic acid (114) 

Condidymic acid (115) 

116 

8 Achyrocline 

satureioides 

 

Asteraceae 

 

1′,1″-[6,7,9-Trihydroxy-8-(2-
hydroxy-3-methylbut-3-en-1-yl)-
3,3-dimethyl-3H-benzofuro[2,3-f 
]chromene-5,10-diyl]bis(2-(S)-
methylbutan-1-one)  (116) 

1′,1″-[6,7,9-Trihydroxy-8-(2-
hydroxy-3-methylbut-dihydroxy)-

117 
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3,3-dimethyl-3H-benzofuro[2,3-f 
]chromene-5,10-diyl]bis(2-(S)-
methylbutan-1-one)  (117) 

 

9 Dalea spinosa 

(Psorothamnus 

spinosus) 

 

Fabaceae 

 

Spinosan A  (118)  

Spinosan A Acetate (119) 

(+)-Medicarpin (120) 

 

118 

10 Helianthella 

quinquenervis 

 

Asteraceae 

 

Euparin  (121) 

 

119 

11 Stemona aphylla Stemonaceae 

 

Stemofuran E (122) 

Stemofuran J (123) 

Stemofuran M (124) 

Stemofuran P (125) 

Stemofuran R (126) 

 

120 

12 Gnetum gnemon 

L 

Gnetacea Stilbenoid (127) 

Gnetin C (128) 

 

121 

13 Allium cepa 

 

Alliaceae 

 

2-(3,4-Dihydroxyphenyl)-4,6-
dihydroxy-2-methoxybenzofuran-
3-one (129) 

 

122 

14 Caesalpinia 

pulcherrima 

 Leguminosae Isovouacapenol D or 

[(4aα,5β,11bβ)-1,2,3,4,4a,5,6,11b-
octahydro- 

123 
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4,4,7,11b-tetramethyl 
phenanthro[3,2-b]furan- 

4a,5-diol-5-benzoate] (130) 

 

 

15 Murraya koenigii 

 

Rutaceae 

 

3ε-(1 ε-Hydroxyethyl)-7-hydroxy-
1-isobenzofuranone (131) 

 

124 

16 

 

Calea platylepis 

 

Asteraceae/ 
Heliantheae 

 

Euparin (132), 

Caleprunin A (133),  

Caleprunin B (134), 

Euparone (135) 

125 

 

7. Conclusions and future aspects 

The incidences of bacterial and fungal infections have been increased significantly in 

the past 25 years. The evolution of resistance in bacterial strains against currently available 

antibacterial agents is an increasing concern in recent years. In order to overcome the threat of 

wide spread multidrug resistance in Gram positive and Gram negative bacterial strains as well 

as fungi, there is ongoing demand for new antimicrobial agents. The discovery of novel drugs 

in many fields, i.e. antibacterial, has been stalled for many years. There is an urgent need for 

new pharmaceuticals that have a broader spectrum of activity or act through novel mechanisms 

of action, i.e. to overcome the increasing incidence of microbial resistance observed for 

currently used drugs. Numerous outstanding achievements revealed that benzofuran-based 

compounds are extensively potential antimicrobial agents. To further optimize the complete 

potential of benzofuran compounds, the SAR-based study will likely continue to play an 
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important role. It is very likely that optimized benzofuran compounds with excellent potency 

and little side effects will continue to be created. Some of these benzofuran compounds will 

undoubtedly be used as antimicrobial therapeutic agents in the near future. The present review, 

covering literature from last fifteen years, is expected to provide a low height flying bird's eye 

view of the benzofuran derived compounds to a drug designer and medicinal chemist for a 

comprehensive and target oriented information for development of clinically viable molecules. 

Further, future research in this field will bring innovative pharmaceutical developments with a 

considerable spectrum of use. 
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Abbreviations 

A. fumigates (AF) aspergillus fumigatus 

A. niger (AN) aspergillus niger 

APB aminopropyl benzofuran 

APDB aminopropyl-2, 3-dihydrobenzofuran  

B. megaterium (BM) bacillus megaterium 

BPAP benzofuran-2-yl-2-propylaminopentane 

B. subtilis (BS) bacillus subtilis 

C. albicans (CA) candida albicans 

C. glabrata (CG) candida glabrata 

DNA deoxyribonucleic acid 

E. coli (EC) escherichia coli 

E. feltis (EF) escherichia feltis 

F. moniliformae (FM) fusarium moniliforme 

G. candidum (GC) geotrichum candidum 

HIV human immunodeficiency virus 

IZ inhibition zone  

K. pneumonia (KP) klebsiella pneumoniae 

MIC minimum inhibitory concentration 

µg micro gram 

mL milli litre 

ML Micrococcus luteus 

mm milli metre 
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MRSA methicillin-resistant staphylococcus aureus 

P. aeruginosa (PA) pseudomonas aeruginosa 

P. chinchori (PC) pseudomonas chinchori 

P. vulgaris (PV) proteus vulgaris  

P. wortmanni (PW) pseudomonas wortmanni 

S. aureus (SA) staphylococcus aureus 

SAR structure activity relationship 

S. cerevisiae (SC) saccharomyces cerevisiae 

S. pyogenes (SP) streptococcus pyogenes 

S. racemosum (SR) syncephalastrum racemosum 

S. typhi (ST) salmonella typhimurium  

S. mentagrophytes (TM) trichophyton mentagrophytes 

T. virdae (TV) trichoderma viride 
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Figure and captions 

 

Figure 1. Structure/numbering system in benzofuran 

Figure 2. Benzofuran core, a multifunctional nucleus 

Figure 3. General scheme for the synthesis of benzofuran derivatives. 

Figure 4. Orientation between benzofuran and thionaphthene 

Figure 5. Benzofuran scaffold as antimicrobial agents 

Figure 6. Structures of fluorinated 2-(3-(benzofuran-2-yl) pyrazol-1-yl) thiazoles 

Figure 7. Structures of substituted benzofuran-3-carbohydrazide 

Figure 8. Structures of benzofuran-arylamidrazone derivatives 

Figure 9. Structures of 3-methanone-benzofuran derivatives 

Figure 10. Structures of phenyl benzofuran derivatives 

Figure 11. Structures of compounds (39-43) 
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 Figure 1. Structure/numbering system in benzofuran 
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Figure 2. Benzofuran core, a multifunctional nucleus 

 

 

 

Page 46 of 65RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



3 

 

 

 

Figure 3. General scheme for the synthesis of benzofuran derivatives. 
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Figure 4. Orientation between benzofuran and thionaphthene 
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Figure 5. Benzofuran scaffold as antimicrobial agents 
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Figure 6. Structures of fluorinated 2-(3-(benzofuran-2-yl) pyrazol-1-yl)thiazoles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 50 of 65RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



7 

 

 

O

H
N

O

N

Cl

Cl

O

H
N

O

N

Cl

Cl
Cl

Cl
CH

3

(27)

MIC (CA) = 62.5 µg/mL MIC (CA) < 15.62 µg/mL

(28)

 

 

Figure 7. Structures of substituted benzofuran-3-carbohydrazones 

 

 

 

 

 

 

 

 

 

 

 

 

Page 51 of 65 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



8 

 

 

 

O

Me

O

HN N

Me

Cl

N NH
R

(E)

(Z)

(1Z,2E)- 29(a-e)

O

Me

O

HN N

Me

N

N

E

(1E ,2E )- 30(a,b)

NH
R

E

(1E,2Z ,3E )- 31(a-c)

R1

N
N

N
H

R

N

H
N

O

O

Me

a) R = Ph: IZ (CA) = 6 mm (100 µg/mL)

b) R = 4-MeC6H4: IZ (CA) = 6 mm (100 µg/mL)

c) R = 4-MeOC6H4: IZ (CA) = 10 mm (100 µg/mL)

d) R = 4-NO2C6H4: IZ (CA) = 12 mm (100 µg/mL)

e) R = 4-BrC6H4: IZ (CA) = 10 mm (100 µg/mL)

a) R = Ph : IZ (CA) = 14 mm (100 µg/mL)
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Figure 8. Structures of benzofuran-arylamidrazone derivatives 
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Figure 9. Structures of 3-methanone-benzofuran derivatives 
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Figure 10. Structures of phenyl benzofuran derivatives 
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b) X=CH2, R=H, R1=H: MIC(PA)=31.25 µg/mL

c) X=CH2, R=H, R1=Br: MIC(PA isol)=15.625

d) X=CH
2
, R=H, R

1
=Cl: MIC(PA)=31.25 µg/mL  

 

Figure 11. Structures of compounds (39-43) 
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Figure 12. Structures of phenyl benzofuran-pyrazole and mesitylene-benzofuran derivatives 
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Figure 13. Structures of benzofuran-cyclobutylketoxime and benzodifuran amide derivatives 
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b) R = 7-CH3, R1 = Cl: % Inh(PC)= 91.6 (100 µg/mL)
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e) R = 7-CH3, R1 = Cl: % Inh(AF)=100 (100 µg/mL)
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d) R = 7-Cl, R
1

= H; MIC(PA, AS)=25 µg/mL
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Figure 14. Structures of compounds (53-65) 
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a) R1 =R2= H: IZ (KP) = 18.3 mm (0.001mol/mL)

b) R1 =CH3,R2= H: IZ (AN) = 24.8 mm (0.001mol/mL)
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d) R
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=OCH
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Cl
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2
= Cl: IZ (BS ) = 19 mm (25 µg/mL)
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Figure 15. Structures of compounds (56-71) 
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a) R = H: IZ(SA) =14 mm (0.001 mol/mL)

b) R = NO2: IZ(SA) =11 mm (0.001 mol/mL)

c) a) R = Cl: IZ(PA) =18 mm (0.001 mol/mL)

d) R = CH3: IZ(PA) =17 mm (0.001 mol/mL)

e) R = OCH3: IZ(SA) =16 mm (0.001 mol/mL)
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75(a,b)

a) R = Cl: IZ (SF) =19 mm (50 µg/mL)
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MIC ( CA) =75 µg/mL  

 

Figure 16. Structures of compounds (72-81) 
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a) R = Phenyl: IZ (EC) =22 mm (100 µg/mL)

83 (a-c)

b) R = 4-methoxypheyl: IZ (EC ) =27 mm (100 µg/mL)
IZ (AN) =24 mm (100 µg/mL)

c) R = 4-Bromophenyl: IZ (KP) =21 mm (100 µg/mL)
IZ (SD) =22 mm (100 µg/mL)

IZ (AF) =10 mm (30 µg/mL)

 

 

Figure 17. Structures of compounds (82-84) 

 

 

 

 

 

 

 

 

 

 

 

 

Page 61 of 65 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



18 

 

O O

85 (a-c)

R
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86 (a-c)

NHN

R

O

87 (a,b)

ON

R

a) R = 2,6-F: MIC (ST ) =62.5 µg/mL
b) R = 3,4-F: MIC (SP) =100 µg/mL
c) R = 2,4-F: MIC (CA) =250 µg/mL

a) R = 4-F: MIC (SP) =100 µg/mL

b) R = 2-CF3: MIC (SP) =100 µg/mL

c) R = 3,4-F: MIC (CA) =250 µg/mL

a) R = 3, 4-F: MIC (CA) =250 µg/mL
b) R =4-F: MIC (CA) = 250 µg/mL

O

H3CO

HOOC OH

N
N

R1

R2

N

NH
S

O

O

O

OCH
3
COOH

OH

S OO

Cl

90

IZ (CA) =20 mma) R
1

= R
2

= H: IZ (CA) =18 mm

b) R1 = OH, R2 = COOH: IZ (CA) =25 mm

c) R1 = , R2 = H: IZ (CA) =22 mm

89 (a-c)

O

88 (a-c)

a) R = 4-F: MIC (SP) =250 µg/mL
b) R =2,4-F: MIC (SP) = 125 µg/mL

MIC (CA) = 500 µg/mL
c) R =3,4-F: MIC (SP) = 250 µg/mL

MIC (CA) = 500 µg/mL

N N

NH2

R

 

O

NH
HN

R1

X

O

O

R

X=O, S

a) R = R1= Br; X=O; MIC (BS) =31.96 µmol/mL

MIC (EC) =31.96 µmol/mL

b) R = R1= Br; X=S; MIC (BS) =31.64 µmol/mL

MIC (EC) =31.05 µmol/mL

91 (a,b)

O

O

HN

R

COOH

MIC=0.040 - 0.500 mg/mL

92 (a-c)

a) R =Cl; MIC (EC) = 0.12 mg/mL

b) R =F; MIC (CA) = 1 mg/mL

b) R =N(CH3)2; MIC (PA) = 0.040 mg/mL

 

O N O

93(a-d)

a) R = 2,4-Cl: MIC(BS,EC, AN ) = 64 µg/mL

b) R = 4-Cl: MIC(BS,PV ) = 64 µg/mL

c) 2-Cl: MIC(BS,AN ) = 64 µg/mL

d) R = 4-NO
2
: MIC(AN ) = 64 µg/mL

R
O

N R

O

N

S

94(a-c)

a) R = CH3: IZ (BS ) =15 mm (100 µg/mL)

IZ (EC) =15 mm (100 µg/mL)

b) R = C2H5: IZ (BS) =17 mm (100 µg/mL)

IZ (EC) =16 mm (100 µg/mL)

c) R = BrCH2: IZ (BS) =16 mm (100 µg/mL)

IZ (EC) =15 mm (100 µg/mL)  

Figure 18. Structures of compounds (88-94) 
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Figure 19. Structures of benzofuran-based metal complexes as antimicrobial agents 
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MIC (SA) = 31.25 µg/mL

O

O

O
R1 OR2

103-107

103: R1= Me, R2=H; MIC (BS) = 512 µg/mL

104: R1 = H, R2 = H; MIC (BS) = inactive

105: R1 = Me, R2 =

CH3

O ; MIC (ML) = 256 µg/mL

106: R1= Me, R2= O ; MIC (SA) = 16 µg/mL

107: R1= Me, R2=
O

; MIC (BS, ML, SA) = 16 µg/mL

 

 

OO

OH

COOH

OO

OH

COOH

114
115

IZ (SA) = 28 mm (100 µg/mL)
IZ (EF) = 22 mm (100 µg/mL)

IZ (SA) = 17 mm (100 µg/mL)
IZ (EF) = 22 mm (100 µg/mL)

O

OH

HO
HO

O

OHO

O

MIC (SA) = 32 µM
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Figure 20. Structures of benzofuran-based natural products as antimicrobial agents (continued) 
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Figure 20. Structures of benzofuran-based natural products as antimicrobial agents 
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