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Abstract: In  present study  the antimicrobial activity of a new series of 2,4-disubstituted-1,5-
benzodiazepine derivatives through an eco-friendly synthesis are reported. This was achieved
by the condensation of o-phenylenediamine and various substituted chalcones under
microwave irradiation. The structures of the synthesized compounds were confirmed through
IR and 1H NMR spectroscopy. The compounds were evaluated for their antibacterial and
antifungal activities by using minimum inhibitory concentration (MIC) method. Synthesized
compounds were tested against four strains of bacteria viz. Escherichia coli, Enterococcus
faecalis, Pseudomonas aeruginosa, Staphylococcus aureus and two strains of fungi viz.
Candida albicans, Aspergillus niger. Brain heart infusion (BHI) broth was used as nutrient
medium. Ciprofloxacin and fluconazole were taken as standard drugs in antibacterial and
antifungal activity, respectively. All the synthesized compounds showed moderate to good
antibacterial and antifungal activities. Compounds 5b, 5c, 5d, 5e and 5h have shown significant
antifungal activity against Aspergillus niger at a very low concentration of 0.4 µg/ml.
Compounds 5b and 5c have shown significant antibacterial activity against Enterococcus
faecalis at a low concentration of 3.12 µg/ml.
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INTRODUCTION

Benzodiazepines and their derivatives represent a
prominent class of drugs exhibiting a wide range of
biological activities. Most of the members of this
family have wide applications in medicinal chemistry
as anticonvulsant, anti-anxiety, analgesic, sedative,
hypnotic and antidepressant agents [1,2]. 1,5-
benzodiazepines are nitrogen containing heterocyclic
compounds with applications in the fields of synthetic
as well as medicinal chemistry. Owing to their
versatile nature, further work on these scaffolds has
always been promoted.

Benzodiazepines are primarily a class of psychoactive

agents. However, 1,5-benzodiazepines have shown
to possess diverse pharmacological actions like
antiviral [3,4], antimicrobial [5,6], analgesic,
antipyretic and anti-inflammatory activities [7]. They
have been used in the treatment of cardiovascular
disorders [8]. Furthermore, they have shown to act
as cholecystokinin (CCK) receptor antagonists [9,10].

Apart from their biological importance, benzodia-
zepine derivatives have also been commercially used
as dyes for acrylic fibres [11]. Moreover, 1,5-
benzodiazepines are used as starting materials for
the preparation of fused ring compounds such as
triazolo-, oxadiazolo-, oxazino- or furano-benzo-
diazepines [12-15].
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The present work reports determination of
antibacterial and antifungal activities by broth dilution
method in which MIC (minimum inhibitory
concentration) is determined. MIC can be defined
as the lowest concentration of an antimicrobial that
will inhibit the visible growth of a microorganism after
overnight incubation. MICs are used by diagnostic
laboratories mainly to confirm resistance and also
used as a research tool to determine the in vitro
activity of new antimicrobial agents [16]. The lower
the MIC, the better the antimicrobial activity because
a lower MIC is an indication of a better antimicrobial
agent. MIC is generally regarded as the most basic
laboratory measurement of the activity of an
antimicrobial agent against an organism.

In recent times, the predicament of multi-drug
resistant microorganisms has reached at an alarming
level in numerous countries around the globe.
Infections caused by various microorganisms pose a
grave challenge to the medical community and the
need for an effective therapy has led to a search for
novel antimicrobials. A number of methods for
synthesizing benzodiazepine ring systems with
antimicrobial activity have been reported. With the
major problem of multidrug resistance to antibiotics
looming on the horizon and newly emerging infectious
diseases on the rise, research into newer antimicrobial
agents is quite crucial. Hence, screening of
synthesized compounds for antimicrobial activity
continues to receive a great deal of attention.

MATERIALS AND METHODS

Preparation of 2,4-disubstituted-1,5-benzo-
diazepines [17]: 1,5-benzodiazepines were obtained
from o-phenylenediamine and various substituted
chalcones under microwave irradiation by using
glacial acetic acid and N,N-dimethyl formamide
(DMF). The structures of all the synthesized
compounds were confirmed through IR and 1HNMR
spectroscopy. Most of the chemicals were obtained
from Merck Ltd, Mumbai while the others were of
high purity grade and obtained from commercial
source.

Antimicrobial activity: The antimicrobial activity
of the synthesized 1,5-benzodiazepine derivatives was
carried out using broth dilution method. The
compounds were tested against four strains of
bacteria viz. Escherichia coli, Enterococcus faec-
alis, Pseudomonas aeruginosa, and S. aureus as

well as two strains of fungi viz. Candida albicans
and Aspergillus niger. The reference strains of gram
positive bacteria Staphylococcus aureus (ATCC
12598),  Enterococcus faecalis (ATCC 35550),
gram negative bacteria Escherichia coli (ATCC
25922), Pseudomonas aeruginosa (ATCC 25619)
and reference strains of fungi Candida albicans
(ATCC 2091),  Aspergillus niger (ATCC 9029) were
used for MIC method.

The nutrient medium used for the culture of bacteria
and fungi was brain heart infusion (BHI) broth
(HIMEDIA M210-500G) which was composed of
calf brain infusion (200 grams/litre), beef heart
infusion (250 grams/litre), proteose peptone (10
grams/litre), dextrose (2 grams/litre), sodium chloride
(5 grams/litre) and disodium phosphate (2.50 grams/
litre).

MIC procedure for bacteria and fungi: MIC was
observed by making nine dilutions of each drug with
BHI. MIC depends upon the inhibition of growth of
microbial culture in a uniform solution of the test
compound in a fluid medium that is favorable to its
rapid growth in the absence of the test compound.
This method determines the MIC required for the
inhibition of bacterial growth. Different concentrations
of the samples were prepared in µg/ml and MIC was
determined. In the initial tube, 20 microlitre of drug
was added into the 380 microlitre of BHI broth. For
dilutions, 200 microlitre of BHI broth was added into
the next 9 tubes separately. From the initial tube, 200
microlitre was transferred to the first tube containing
200 microlitre of BHI broth. This was considered as
10-1 dilution. From 10-1 diluted tube, 200 microlitre
was transferred to second tube to make 10-2 dilution.
The serial dilutions were repeated up to 10-9 dilution
for each drug. From the maintained stock cultures of
required organisms, 5 microlitre was taken and added
into 2 ml of BHI broth. In each serially diluted tube,
200 microlitre of above culture suspension was added.
The tubes were incubated for 24 hours at 37°C in
the incubator and observed for turbidity [18].
Ciprofloxacin was used as standard for antibacterial
study whereas fluconazole was used as standard for
antifungal study.

RESULTS AND DISCUSSION

The results for the antibacterial and antifungal
activities are summarized as in Table 1 and Table 2.
Based on the above study, amongst all the synthesized
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Fig. 1: Comparative antimicrobial activity of compounds 5b, 5c, 5h and 5i

Compounds 5b and 5c displayed significant activity
against E. fecalis at 3.12µg/ml, while the remaining
compounds displayed moderate activity. Compound
5i showed significant activity against P. aeruginosa
at 6.25µg/ml while the remaining compounds
displayed moderate activity. Compounds 5b, 5c, 5d,
5e and 5h showed significant activity against A. niger
at 0.4µg/ml, while the remaining compounds also
showed good activity at 1.6µg/ml. Compound 5i
showed significant activity against C. albicans at
6.25µg/ml while the remaining compounds showed
moderate activity. Thus amongst the synthesized
compounds 5a – 5j, compounds 5b, 5c, 5h and 5i
showed significant antimicrobial activity. The
comparison between them is depicted in figure1.

From the above results, it can be concluded that all

Compounds 

MIC values against bacteria (µg/ml) 
Gram positive Gram negative 

Staphy lococcus 
aureus 

Enterococcus 
faecalis 

Escherichia 
coli 

Pseudomonas 
aeruginosa 

5a 25 12.5 12.5 50 
5b 12.5 3.12 12.5 25 
5c 12.5 3.12 12.5 25 
5d 12.5 6.25 12.5 12.5 
5e 12.5 6.25 12.5 25 
5f 12.5 12.5 12.5 12.5 
5g 25 12.5 12.5 25 
5h 6.25 12.5 12.5 12.5 
5i 6.25 12.5 12.5 6.25 
5j 12.5 12.5 12.5 25 

Ciprofloxacin 2 1 2 < 4 

Table 1: MIC values for antibacterial
activity

C o m po un ds  M IC  v alu es agai ns t fu n gi  (µg/m l ) 
C a nd id a albic an s A sp erg il lu s n ig er 

5a 50  1.6  
5 b 1 2. 5 0.4  
5c 50  0.4  
5 d 25  0.4  
5e 50  0.4  
5 f 50  1.6  
5 g 50  1.6  
5 h 1 2. 5 0.4  
5 i 6 .2 5 0.8  
5 j 25  0.8  

F lu con azo le 16  8 

Table 2: MIC values for antifungal activity

compounds, few of them showed significant
antimicrobial activity. Compounds 5h and 5i displayed
significant activity against S. aureus at 6.25µg/ml,
while the remaining compounds displayed moderate
activity. All the compounds i.e. 5a to 5j displayed
moderate activity against E. coli at 12.5µg/ml.

Salve and Mali
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the synthesized compounds show moderate to good
antibacterial and antifungal activities. The compounds
5b i.e., 4-(4-chlorophenyl)-2-(4-methylphenyl)-1H-
1,5-benzodiazepine, 5c i.e., 4-(4-methoxyphenyl)-2-
(4-methylphenyl)-1H-1,5-benzodiazepine, 5d i.e., 4-
(4-bromophenyl)-2-(4-methylphenyl)-1H-1,5-
benzodiazepine, 5e i.e., 2-(4-methylphenyl)-4-(4-
nitrophenyl)-1H-1,5-benzodiazepine and 5h i.e., 4-(4-
chlorophenyl)-2-(3,4-dimethoxyphenyl)-1H-1,5-
benzodiazepine revealed significant antifungal activity
against Aspergillus niger at a very low concentration
of 0.4 µg/ml. The compounds 5b i.e. 4-(4-
chlorophenyl)-2-(4-methylphenyl)-1H-1,5-
benzodiazepine and 5c i.e. 4-(4-methoxyphenyl)-2-
(4-methylphenyl)-1H-1,5-benzodiazepine displayed
significant antibacterial activity against E. faecalis
at a low concentration of 3.12 µg/ml.

CONCLUSION

Based on the literature survey, benzodiazepines and
their derivatives have shown to possess diverse
pharmacological activities like antibacterial, antifung-
al, antiviral, analgesic, antipyretic, etc. The present
newly synthesized benzodiazepine derivatives are
evaluated for their antibacterial and antifungal activiti-
es. Our results and evidences provided clearly reveal
that benzodiazepine derivatives show promising
activity against a wide range of bacteria and fungi.
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