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ABSTRACT 

The present article deals with synthesized ligand as Schiff base of N'-((2-hydroxynapthalene-1yl) methylene) 
isonicotinohydrazide from 2- hydroxynapthaldehyde & isonicotinic acid hydrazide by using gallic acid catalyst from 
green tea leaves. Gallic acid commonly present in different plant and fruit. Extraction method of gallic acid from green 
tea leaves has been simple heat reflux extraction method. Gallic acid is a polyphenol. Gallic acid posses 
neuroprotective effect, anticancer, antioxidant and many medicinal properties. By using Gallic acid reaction completed 
in minimum time. Synthesize compound characterized by FTIR &1H-NMR analysis. the stability  constant of proton-
ligand  and metal ligand have been determined by 10% Ethanol water mixture at 3030K by Bjerrum method as 
accepted by Calvin and Wilson  by pH metric method titration. To determine metal ligand stability constant (logK) and 
proton ligand stability constant (Pk) value. It is observed that metal ion form 1:1 and 1:2 Schiff base complex of N'-((2-
hydroxynapthalene-1yl) methylene) isonicotinohydrazide. Also indicating the interaction between the transition metal 
ion and synthesize Schiff base ligand of N'-((2-hydroxynapthalene-1yl) methylene) isonicotinohydrazide and also 
investigating the stepwise formation of complexes. 
________________________________________________________________________________ 

Keywords: Green tea leaves, 2- hydroxynapthaldehyde, isonicotinic acid hydrazide, Schiff  base, stability  
      constant and pH metric. 

 

Inroduction 

Isonicotinic acid hydrazide most important role 
in medicinal chemistry. Isoniazide derivative 
showed properties such as anti-analgesic1,anti-
cancer 2-4,anti-inflammatory and anti corrosive 
5-7.and also it exhibits the tuberculosis activity 
8-9.the isoniazide functions to prevent the 
synthesis of mycolic acid in metabolic cell wall 
10.in the reported work of arylhydrazone 
chelator having better antimalarial agent 11.the 
most discovery advances in pharmaceutical 
chemistry have been made heterocyclic 
compounds .this compound played important 
role in controlling biological activity. Some 
researcher synthesize Schiff base in different 
manner within 2-3 min. solvent free under 
microwave irradiation 12 .A series of new 
coordination complex of CO, NI and Cu 
naphtaldehyde substituted aroyl hydrazones13 
several methods Schiff bases have been 
reported by using lewis acid 14.the some novel 
synthesize Schiff base ligand shows biological 
importance large number of uses in organic 
synthesis 15. The development of new 
heterogeneous catalyst as MFA from Fly ash 

for the synthesis of azomethine derivatives of 
Isoniazide.16 

Now a day more challenges for the 
development of non hazardous organic 
synthesis. and to minimize this problems verma 
and its co-workers develop the ecofriendly 
synthesize of N-sulfonylimines under 
microwave irradiation by using less amount of 
solvent 17 .the new methods Schiff base 
synthesis by using sonicator, UV chamber and 
grinding method.18 many researcher have been 
reported Schiff bases by different methods as 
like at high temperature, costly catalyst, 
different apparatus and more time consuming 
reactions. So, the minimize this draw backs of 
different methods. This approaches Patil S. and 
its co-workers synthesized the Schiff bases 
using lemon juice catalyst 19 then we have been 
planned to search the new rout of green 
approach for the synthesis of Schiff base by 
using gallic acid. and gallic acid is green 
compound this extracted from green leaf of 
green tea plant.20 The gallic acid is phenolic 
compound and it is chemically called 3, 4, 5-
trihydroxy benzoic acid. It has been implicated 
cardiovascular disease, cancer and also. Some 
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chemist have been reported that antimicrobial 
activity of gallic acid.21-22 the research explain 
on various drying treatment for green tea to 
calculate phenolic groups.23 Nayeem N. and its 
co-workers found that gallic acid derivatives 
played pivotal role in imparting medicinal 
properties of plant therefore it has been 
consider as promising lead as molecule for new 
drug development24. After literature review we 
have been synthesized Schiff base of N'-((2-
hydroxynapthalene-1yl) methylene) 
isonicotinohydrazide by using gallic acid 
catalyst. 

Deosarkar and its co-workers have been 
studied the stability constants of 4-amino-3-
naphthol-sulphonic acid with Co (II) metal ions 
and 3-amino, 4-hydroxy, 5-nitro benzene 
sulphonic acid with Cu (II) metal ions in 
different percentage of ethanol-water mixtures 
having varying dielectric constants25. The 
solution have been studied of binary (1:1) 
complexes of Sm (III) and Tb (III) with 3-(2-
hydroxy-5- methylphenyl)-1,5-diphenyl- 2-
pyrazoline(HMPPPPz)(L1) and 3-(2-hydroxy-
5-methylphenyl)-5-diphenyl-2- pyrazoline 
(HMPPPz) in 70% dioxane-aqueous medium.26 
the method was developed for the aliphatic 
organic mono-, di-, and tricarboxylic acids and 
their complexes with basic metal ions such as 
the alkali(I) and alkaline earth(II) metal ions, 
the lanthanide(III) ions, the actinide(III and IV) 
ions and its estimate stability & protonation 
constant of ligand.27 Meshram Y K & its co-
workers to estimate the values of metal-ligand 
stability constant of substituted isoxazolines.28 
Narwade & its co-workers have been studied 
metal ligand stability constants of some 
lanthanides with some substituted sulphonic 
acids.29 After literature review we are going to 
the interesting study of chelating properties of 
complex of N'-((2-hydroxynapthalene-1yl) 
methylene) isonicotinohydrazide . 

Experimental Section 

Material & methods: 

All chemicals purchased from SD Fine & 
sigma Aldrich from Mumbai. The all the 

chemicals and salt used without further 
purification. The green tea leaves collected 
from garden of farm of tade shivar in village 
area.UV, FTIR &1H-NMR were obtained. The 
1H-NMR spectra were measured with Bruker 
500MHz Advanced spectrometer. 

Extraction of known Heat reflux Extraction 
Method [Jun Xi. & el] of Gallic Acid From 
green leaves: 

The green tea leaves were dried on paper 10 
days in the presence of clear sun light .then 
dried leaves crushing in to the powder by 
mixer and getting fine powder of green tea 
leaves. 5g Green tea powder mixed with 100ml 
50% methanol and boiled it about 50 min.then 
filter the solution and collect the extract .this 
extract was centrifuged for 20 min.and then 
supernant solution of gallic acid was used as 
catalyst. 

Synthesis of Schiff base N'-((2-
hydroxynapthalene-1yl) methylene) 
isonicotinohydrazide. 

Schiff base have been prepared by general 
procedure:  equimolar amounts of isonicotinic 
acid hydrazide and the corresponding aldehyde 
as 2- hydroxynapthaldehyde were vigoursly 
stirring in catalytic solution for 40-50 min.at 
moderate temperature on hot plate magnetic 
stirrer and the progress of reaction was by TLC 
analysis. The faint yellow product was 
obtained the filter it. 

Analytical data:  Faint yellow solid, M.P. 
=182-1840C & Yield = 68 % 

UV data –λmax:   332 nm 

IR Spectra cm-1(KBR): 3223 (-OH alcoholic), 
3051 (N-H), 1681 (C=O amide), 1562 (C=N), 
1300 (C-O). 
1HNMR (500MHz) DMSO-D6 δppm: 7.251- 

7.269 (d, J=9.0Hz,1H),7.416-7.446 (t, 
J=7.5Hz,1H), 7.618-7.651 (t d, J=8.0,1.0Hz, 
1H), 7.894-7.923(m, 3H), 7.957-7.975 (d 
,J=9.0Hz, 1H), 8.323-8.340 (D, J=8.5Hz, 1H), 
8.845-8.857 (d, J=6.0Hz,2H), 9.490 (s ,1H), 
12.417 (bs, 1H), 12.536 (s,1H).
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Fig-1.Reaction scheme for synthesize ligand of N'-((2-hydroxynapthalene-1yl) methylene) 
isonicotinohydrazide. 
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PH Metric Section 

According to literature review, we were used 
synthesized for PH measurement, then we was 
carried out with equip-tronic EQ-610   pH 
meter (accuracy ± 0.01 units) using combine 
glass electrode at 3030K temperature. pH meter 
was calibrate with buffer solution of pH=7 & 
9.2 at 29 ±10C. Metal sulphate & nitrate 
solutions were prepared in distilled water as pH 
6.9 and metal ion solution was prepared as 
Cu(II), Ni(II), Co(II),Fe (II)&Mg (II).The 
solution of N’-((2-hydroxynapthalene-1yl) 
methylene) isonicotinohydrazide prepared in 
10% ethanol solvent. The pH metric readings 
in 10% ethanol – water mixture were converted 
to [H+] ion solution. All solution solutions were 
titrating with standard solution of NaoH (0.2N) 
Calvin Bjerrum method.30 this was consuming 

by Irving &Rossotti.31. The following three 
solutions were titrated one by one against 
standard NaoH (total volume 25ml).                                                                                           
1. Free HCL  [A] 
2. Free HCL + Ligand (A+L) 
3. Free HCL + Ligand +Metal ion (A+L+M) 
After fixed time of interval P H meter were 
stable then reading obtained from each titration 
curves were plotted as pH Vs volume of 0.2N 
NaoH added as shown in (Fig.2).The formation 
of synthesize ligand between transition metal 
ion was indicated by the significant separation 
starting from pH =2.5 up to 13 for transition 
metal ion with N’-((2-hydroxynapthalene-1yl) 
methylene) isonicotinohydrazide. This may 
possible due complete dissociation of hydroxyl 
group present in the synthesized ligand.

Fig.2-Plot pH Vs Volume of NaoH added 
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Result And Disccusion

The titration data used to construct the curves 
between volume of NaoH and P
called acid-ligand titration curves. Synthesized 
heterocyclic ligand may be ionized as acid 
having replaceable H+ ion from 
Therefore it is represented as HL i.e. HL            
H+ +L-   This determined by two methods first 
was half integral method and second one point 
wise calculation method. The 
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Result And Disccusion 
The titration data used to construct the curves 
between volume of NaoH and PH. They are 

ligand titration curves. Synthesized 
heterocyclic ligand may be ionized as acid 

ion from -OH group. 
Therefore it is represented as HL i.e. HL            

This determined by two methods first 
econd one point 

wise calculation method. The n̅A values at 

various B (where B is the corrected pH for 
non-aqueous solvents) were calculated from 
the acid and ligand titration curves using the 
Irving–Rossotti equation. In Fig.2 the proton
ligand formation curves plotted for value of 
n̅A Vs pH. It clear that ligand
ionizable proton (the enolized hydrogen ion of 
the –OH group).the two method we obtained 
proton ligand stability constant was most 
appreciable with each other.

Fig-2: Plot graph of n̅ Vs pH 
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various B (where B is the corrected pH for 
aqueous solvents) were calculated from 

the acid and ligand titration curves using the 
Rossotti equation. In Fig.2 the proton–

urves plotted for value of  
A Vs pH. It clear that ligand have one 

ionizable proton (the enolized hydrogen ion of 
OH group).the two method we obtained 

proton ligand stability constant was most 
appreciable with each other. 
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Metal–ligand stability constants: 
determined the stepwise formation constants of 
Cu(0.01M), Ni(0.01M), Co(0.01M),Fe 
(0.01M)&Mg (0.01M) with synthesized Schiff 
base ligand in 10% ethanol-water mixture and 
directly putting the value of logk
from the formation curves of n̅A Vs pH using 
integral half method at n̅ =
accurately value was calculated by point wise 
calculation as shown in table
maximum value of n̅ was ∼2 for the formation 
of 1:1 & 1:2 metal-ligand complexes.

Table-1: Determination of Schiff
metals stability constant (logK) of transition 
Metal ion with at 0.05M ionic strength.
System Logk1 Logk2 Logk2  

Logk1

Cu(II)-Schiff 
base 

6.25 3.75 2.5 

Ni(II)-Schiff base7.55 4.25 3.3 

CO(II)-Schiff 
base 

5.75 3.55 2.2 

Fe(II)-Schiff base6.35 3.25 3.1 

Mg(II)-Schiff 
base 

6.35 3.65 2.7 
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ligand stability constants: we were 
determined the stepwise formation constants of 
Cu(0.01M), Ni(0.01M), Co(0.01M),Fe 

synthesized Schiff 
water mixture and 

directly putting the value of logk1 and logk2 
n̅A Vs pH using 

=0.5,1.5. And 
accurately value was calculated by point wise 
calculation as shown in table–1&2. The 

2 for the formation 
ligand complexes. 

1: Determination of Schiff base and 
metals stability constant (logK) of transition 
Metal ion with at 0.05M ionic strength. 

2  -

1 
Logk2 / Logk1 

1.666666667 

1.776470588 

1.61971831 

1.953846154 

1.739726027 

Table-2: Proton ligand stability constant of 
ligand 0.05M ionic strength: 
Temperature 
  
System Constant pK

 Half integral

Schiff base 9.05 

Conclusion

In the part of synthesis of Schiff base N’
hydroxynapthalene-1yl) methylene) 
isonicotinohydrazide by using gallic acid from 
green tea leaves during the reaction no 
pollution take place and 
required to completed the reaction.  It was 
ecofriendly reaction. In the pH metric from the 
curves of pH Vs ml. of NaoH added we 
observed that significant starting from pH=2.5 
to 13 that solution color changes faint yellow 
to dark yellow so, it was cleared that formation 
of complex between metal ion and ligand. 
From the table-1 cleared that less difference 
between values of logk
stepwise formation of metal
also showed that the stability constant logk
metal-ligand complex decreases in the order of 
Irving Williams series as Ni >Cu>Mg>CO>Fe.
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2: Proton ligand stability constant of 
ligand 0.05M ionic strength: at 303 K 

Constant pK 

Half integral Point wise calculation 

8.18 

Conclusion 

In the part of synthesis of Schiff base N’-((2-
1yl) methylene) 

isonicotinohydrazide by using gallic acid from 
green tea leaves during the reaction no 
pollution take place and minimum time 
required to completed the reaction.  It was 

In the pH metric from the 
curves of pH Vs ml. of NaoH added we 
observed that significant starting from pH=2.5 
to 13 that solution color changes faint yellow 

it was cleared that formation 
of complex between metal ion and ligand. 

1 cleared that less difference 
between values of logk1 and logk2 showed 
stepwise formation of metal-ligand complex. It 
also showed that the stability constant logk2 

ligand complex decreases in the order of 
Irving Williams series as Ni >Cu>Mg>CO>Fe. 
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Abstract: 

Tin oxide thin films have been prepared by air assisted spray pyrolysis method. XRD 

was use to know crystal structure. The gas sensing behavior was investigated at different 

operating temperatures. CO gas detection was also investigated and stability of thin films 

were studied and discussed. 

Keywords: Spray Pyrolysis, Tin oxide, response and recovery time. 

 
 

Introduction: 

Tin oxide is a versatile material having applications in the areas like transparent 

electrodes in photoelectric conversion devices namely amorphous silicon solar cells, liquid 

crystal display, gas sensor and many more [1], mainly due to their outstanding features. Gas 

sensor have a great influence in many areas, such as environmental monitoring, domestic 

safety. 

In order to improve the gas sensing properties of the sensors, nature of the grains plays an 

important role in addition. Spray Pyrolysis opens up the possibility to control the film 

morphology and particle size in the nanometer range. Spray pyrolysis is a versatile technique 

for deposition of metal oxides [2]. 

In the present investigations, nanocubes SnO2 thin films were prepared by spray pyrolysis 

technique. Phase purity was studied using XRD techniques. These nanocubes SnO2 were 

tested for detection of different gases and were observed to be most sensitive to CO at 350
0
 C. 

 
Experimental details: 

Tin oxide thin films were prepared from aqueous solution of tin (II) dichloride dehydrate 

(SnCl2.2H2O), Purified Merck) dissolved in deionized water to a concentration of 0.05 M for 

the preparation of thin films. The spray produced by nozzle was sprayed onto the 

ultrasonically cleaned glass substrates heated at 300 ± 5
o
 C. The deposition parameters like 
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spray rate 5 ml/min. was adjusted using air as a carrier gas, nozzle to substrate distance (25 

cm) were kept constant, and to and fro frequency of the nozzle (18 cycles min
-1

) were kept 

constant at the optimized values indicated in brackets. 

Various parameters such as nozzle-to-substrate distance, deposition time and flow rate of 

solution, deposition temperature and concentration were optimized to get good quality films 

and as prepared Tin oxide thin film samples D1 (= 5 ml/min), D2 (= 10 ml/min), D3 (= 20 

ml/min) and D4 (= 30 ml/min) were annealed in air at 500
o
 C for 1 hour. 

Results and discussion: 

Phase studies using X-ray diffraction: 
 

Fig. 1. X-ray diffractogram of Tin oxide most sensitive thin films samples: D3 

Figure 1 shows the X-ray diffractogram of most sensitive thin films samples D3. The 

peaks in the XRD pattern are match well with the reported ASTM data of pure SnO2. The 

crystallite size was found to be 15 nm. 

 
Gas sensing performance of the thin films: 

Gas response: 

Figure 2 shows the variation in response with the operating temperature to 50 ppm of 

CO for D1, D2, D3 and D4 samples. For all the samples the response increases with increase 

in operating temperature and reach maximum (S=3750 for sample D3) at 350° C and falls 

with further increase in operating temperature [3]. 
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Fig. 2. Gas response of Tin oxide thin films with operating temperature. 
 

 

Selectivity: 
 

Fig. 3. Selectivity of Tin oxide thin films for different gases. 

Fig. 3 shows the histogram for comparison of the sensitivity to various gases for D1, 

D2, D3 and D4 at the optimum operating temperature 350
o
 C. 

Response and recovery of the sensor: 

Fig. 4. Response and recovery of the sensor. 
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The response and recovery of the nanocubes SnO2 most sensitive thin film (D3) sensor 

on exposure of 50 ppm of CO2 at 350
o
 C are represented in Fig. 4. The response is quick (30 

s) and recovery is fast (60 s). 

 
 

Conclusions: 

Tin oxide thin films could be prepared by simple and inexpensive spray pyrolysis 

technique. The structural property confirm that the as-prepared Tin oxide thin films are 

nanostructured in nature. Tin oxide thin film of sample D3= 3750 was most sensitive to CO 

gas to the gas concentration as 50 ppm at the temperature of 350
o
 C. The sensor has good 

selectivity to CO against different gases. Tin oxide thin films exhibit rapid response–recovery 

with good stability which is one of the main features of this sensor. 
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1. Rationale 

Although the advent of modern antibiotics has stemmed the number of deaths due to bacterial infections, the increased 

occurrence of drug-resistant bacterial infections is a major global health concern. Staphylococcus aureus ( S. aureus ) is a Gram- 

positive, round shaped bacterium that is capable of causing various serious and even fatal infections S. aureus resistance to 

antibiotics has already been identified and is associated with considerable mortality. Currently, more than 60% of S. aureus 

isolates are resistant to methicillin (methicillin-resistant S. aureus /MRSA) [1] . 

According to the report of Centers for diseases control and prevention (CDC) of March 2019, it was estimated that nearly 

1,19,0 0 0 non-invasive MRSA infection involving both healthcare and community associated infection, causing more than 

20,0 0 0 deaths in the year 2017 [2] . Roughly one third of healthy human individuals carry S. aureus , and around 2% of 

people carry MRSA [3] . MRSA is responsible for several difficult-to treat infections in human being including skin and soft 

tissue infections, septicemia, endocarditis, pneumonia, enteritis, meningitis, osteomyelitis as well as toxic shock syndrome, 

and represent a significant global health threat, resulting in extensive mortality and burden on global healthcare systems 

[ 4 , 5 ]. 

In a response to antimicrobial stress, almost all clinical MRSA isolates produce β-lactamase and a penicillin-binding 

protein with low affinity for β-lactam antibiotics [6] . Vancomycin is deemed as the last-resort antibiotic for the treatment 

of MRSA infections, but MRSA has already developed resistance to vancomycin [7] . 

Thus, it’s imperative to novel antibiotics with potency against MRSA benzimidazole ring displays an important hetero- 

cyclic pharmacophore in drug discovery. These compounds carrying different substituents in the benzimidazole structure 

are associated with a wide range of biological activities including anticancer [8–10] , antiviral [11–13] , anti-bacterial [14–17] , 

antifungal, [ 18 , 19 ] antihelmintic [ 20 , 21 ], anti-inflammatory [22] , antihistaminic [23] , proton pump inhibitor [24] , antioxidant 

[ 25 , 26 ], antihypertensive [27] and anticoagulant [28] properties. 

Literature survey provides various highly active N -substituted benzimidazole derivatives several folds higher activity to- 

wards the MRSA as compared to standard drugs. Guven et al., reported a new class of N - phenyl-substituted benzyl ethers 

benzimidazole (i) and evaluated for its antimicrobial potential against MRSA (MIC: 6.25 μg/mL) [29] . Mehboob et al., re- 

ported N -benzyl substituted benzimidazole (ii) a class of second generation benzimidazole derivatives and screened for its 

antibacterial activity against MRSA (MIC: > 12.5 μg/mL) [30] . Ozden et al., synthesized a chain of benzimidazole-5-carboxylic 

Fig. 1. Reported and proposed N-substituted benzimidazoles as MRSA inhibitors [29–32] . 
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Scheme 1. Synthetic route for N- substituted benzimidazole derivatives. 

Table 1 

Physical data and time required for the microwave oven synthesis. 

Compound Code Ar Molecular Formula M. P. ( °C) Reaction time (Min) Yield (%) 

3a –C 6 H 5 C 15 H 13 N 3 O 224–226 30 83 

3b –C 10 H 7 C 19 H 15 N 3 O 202–204 35 88 

3c –p -CH 3 C 6 H 4 C 16 H 15 N 3 O 218–220 30 81 

3d –p -Cl C 6 H 4 C 15 H 12 ClN 3 O 252–254 30 78 

3e –p -NO 2 C 6 H 4 C 15 H 12 N 4 O 3 266–268 40 70 

3f –m -NO 2 C 6 H 4 C 15 H 12 N 4 O 3 230–232 35 72 

acid alkyl esters (iii) and evaluated for its antimicrobial activity against MRSA (MIC: 0.78 μg/mL) [31] . Tuncbilek et al., de- 

signed some novel benzimidazole derivatives (iv) and screened for their antimicrobial MRSA potential (clinical and standard 

isolates), displayed the excellent antibacterial activity as comparable to reference drugs (sultamicillin) (MIC: 6.25 μg/mL) 

( Fig. 1 ) [32] . In view of these emerging resistance problems, there is an urgent need for new anti-MRSA compounds and 

hence current study described new series of N -substituted benzimidazoles as MRSA inhibitors. 

2. Result and discussion 

2.1. Chemistry 

The title compounds 3(a-f) were synthesized by green chemistry approach as depicted in Scheme 1 . Benzimidazole was 

dissolved in DMF containing KOH and catalytic amount of TBAB. Different substituted chloroacetanilide 2(a-f) was intro- 

duced in this reaction mixture and irradiated to microwave until the completion of reaction. Physical data of N -substituted 

benzimidazole derivatives and time required for micro-oven synthesis is given in a Table 1 . 

In the present work N -substituted benzimidazole derivatives were prepared according to the indicated reactions in 

Scheme 1 . Spectral data was found in full concurrenc with proposed structure within the scheme. The synthesis of the 

title compound 3(a-f) was confirmed by the presence of IR band at ~ 3350 cm 

−1 (NH stretching) and ~ 1675 cm 

−1 (- C = O 

stretching) sharp singlet in 

1 H NMR at ~10.00 ppm corresponding to -NH- and occurrence of singlet at ~ 5.00 ppm integrat- 

ing for 2 protons of methylene. 13 C NMR gave significant information to affirm the number of carbon types. 13 C NMR shows 

significant peaks at ~ 47.31 (–CH 2 –) ppm and ~ 165.1 ( > C = O of amide) ppm and affirmed the formation of title compound 

3(a-f) . Further elemental analysis and Mass data confirms the formation of title compound 3(a-f) . 

In general, the reactions are very clean, without any side product in every run. In fact, the crude products obtained are 

of high purity ( > 90% by 1 H NMR) with remarkable yields and do not require any chromatographic separation. Recrystal- 

lization from hot ethanol provides analytically pure sample. Most significantly, the whole operation involves very less/no 

organic solvent at any stage. Such simple, efficient and cost effective method is described for the synthesis of N -substituted 

benzimidazole derivatives. This simple, facile and environmentally benign safe procedure is advantageous in terms of exper- 

imentation, yield of product, short reaction time. Additionally, this protocol is adaptable to parallel synthesis and generation 

of combinatorial library of potentially bioactive N -substituted benzimidazole derivatives. 
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Table 2 

The zone of Inhibition and MIC values of synthesized compounds against MRSA strain ( Staphylococcus 

aureus ; ATCC 4330). 

Compound Zone of Inhibition in mm (Conc. 5 μg /mL) MIC ( μg /mL ) Cytotoxicity IC 50 (μM) a 

3a 10.32 128 ND 

3b 9.54 128 ND 

3c 9.33 128 ND 

3d 7.56 64 324 

3e 7.64 64 328 

3f 22.5 04 298 

Sultamicillin 8.74 25 ND 

a Cytotoxicity activity was determined on mammalian Vero cell line. 

Fig. 2. Zone of Inhibition of the Compound 3f against the MRSA ( Staphylococcus aureus ; ATCC 4330). 

2.2. MRSA antibacterial activity and cytotoxicity study 

The synthesized compounds were evaluated against the MRSA Staphylococcus aureus (ATCC 4330). Their antimicrobial 

activity was compared with Sultamicillin as standard drug. All the results of Zone of inhibition and MIC are shown in Table 2 

and Fig. 2. The results of antimicrobial activity revealed that compounds were capable of inhibiting the growth of the MRSA 

in vitro having MIC values between 4 and 128 μg/mL. Among the synthesized derivatives compound 3f was found to be the 

potent candidate of the series with MIC of 4 μg/mL followed by compound 3d and 3e with MIC of 64 μg/mL as compared 

to the standard drug Sultamicillin (MIC of 25 μg/mL). On the other hand compound 3a, 3b and 3c showed moderate activity 

against MRSA with MIC 128 μg/mL. The synthesized potent compounds of the series were further screened for cytotoxicity 

(IC 50 ) in a mammalian Vero cell line ( Table 2 ). All the tested derivatives showed lower toxicity with IC 50 values > 298 μM 

and none of the synthesized compounds displayed significant activity against the mammalian Vero cell line at concentrations 

< 100 mM. These outcomes are vital, as compounds with increased cytoliability are appealing in the development of new 

chemical entities for the treatment of MRSA. A brief structural correlationship indicates that m -nitro phenyl at N -position 

of benzimidazole strongly favours the anti-MRSA activity compared to the p -nitro phenyl. Overall it’s observed that electron 

withdrawing group favours the anti-MRSA activity as compared to the electron donating group or unsubstituted phenyl at 

N -position of benzimidazole. 

3. Experimental 

All the solvents and chemicals have been provided by Spectrochem and Sigma-Aldrich. The reactions have been moni- 

tored with the aid of pre-coated silica gel TLC aluminium sheets. Melting points were established using an Analab Scientific 
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Melting point apparatus. FTIR spectra were documented utilizing FTIR-8400S Shimadzu spectrometer. 1 HNMR (DMSO/CDCl 3 ) 

spectra of the compounds have been determined by Bruker Avance-II spectrometer at 400 MHz. Chemical shifts have been 

assessed relative to the internal standard TMS and are reported in δ ppm. The FAB mass spectra were recorded on a Jeol SX 

102/Da-600 mass spectrometer and Elemental analyses were performed on a Perkin Elmer Series II CHNS Analyzer 2400. 

3.1. General procedure for the synthesis of N-substituted benzimidazole derivatives 3(a-f) 

Benzimidazole (0.0059 mol) was dissolved in (2 ml) DMF containing KOH (0.0059 mol) and TBAB (0.0 0 059 mol) as 

a catalyst. In this reaction mixture substituted chloroacetanilide (1 gm, 0.0059 mol) was introduced. This was subjected 

to microwave irradiation for enough intervals of time using resting interval of one minute after every 20 s of irradiation 

(power 300 W). The completion of reaction was checked by TLC (Benzene: Ethanol, 9.5:0.5), the mixture was poured in 

water (20 ml) and formed precipitate was filtered and recrystallized from the methanol. 

3.1.1. 2-(1H-benzo[d]imidazol-1-yl)-N-phenylacetamide (3a) 

Obtained in solid form; Yield: 83%; IR data frequency (cm 

−1 ): 3288 (N 

–H stretching), 1680 ( > C = O stretching), 1385 (Ar- 

C-N stretching), 732 (mono substituted benzene); 1 H NMR ( δ ppm, CDCl 3 ): 5.01 (2H, s, -CH 2 -), 7.07 to 8.08 (9H, m, Ar-H), 

10.07 (1H, s, -N-H); 13C- NMR (DMSO d 6 ): 39.51(DMSO), 47.31 (–CH 2 –) 145, 134,145 (C 2 , C 8 , C 9 , benzimidazole) 110, 119, 122, 

123, 128 (benzene carbons) 165.1 ( > C = O of amide); Elemental Analysis (% observed): C, 72.01; H, 5.31; N, 16.81; O, 6.12. 

(Calculated for C 15 H 13 N 3 O: C, 71.80; H, 5.21; N, 16.72; O, 6.37); HRMS (EI) m/z calcd. C 15 H 13 N 3 O: 251.1059; found 251.1062 

[M + ]. 

3.1.2. 2-(1H-benzo[d]imidazol-1-yl)-N-(naphthalen-1-yl)acetamide (3b) 

Obtained in solid form; Yield: 88%; IR data frequency (cm 

−1 ): 3267 (N 

–H stretching), 1671 ( > C = O stretching), 1372 (Ar- 

C-N stretching); 1 H NMR ( δ ppm, CDCl 3 ): 5.22 (2H, s, -CH 2 -), 6.75 to 8.17 (12 H, m, Ar-H), 10.07 (1H, s, -N-H); 13C- NMR ( δ
ppm, DMSO d 6 ): 47.22 (–CH 2 –), 145, 134,143 (C 2 , C 8 , C 9 , benzimidazole), 110, 119, 122, 126, 128, 133, 134 (carbon atoms of 

benzene and naphthalene), 166.41 ( > C = O of amide); Elemental Analysis (% observed): C, 75.79; H, 5.09; N, 13.85; O, 5.39 

(Calculated for C 19 H 15 N 3 O: C, 75.72; H, 5.02; N, 13.95; O, 5.31); HRMS (EI) m/z calcd. C 19 H 15 N 3 O: 301.1215; found 301.1219 

[M + ]. 

3.1.3. 2-(1H-benzo[d]imidazol-1-yl)-N-(p-tolyl)acetamide (3c) 

Obtained in solid form; Yield: 81%; IR data frequency (cm-1): 3253 (N 

–H stretching), 1680 ( > C = O stretching), 819 (p- 

disubstituted); 1 H NMR ( δ ppm, CDCl 3 ): δ 3.11(3H, s, -CH 3 ), 5.20 (2H, s, -CH 2 -), 6.74 to 8.04 (08 H, m, Ar-H), 10.02 (1H, 

s, -N-H); 13C- NMR (DMSO): 47 (–CH 2 –), 20 (-CH 3 ), 145, 143,136 (C2, C8, C9, benzimidazole), 110,119,122,129,133,134 (carbon 

atoms of benzene), 165 ( > C = O of amide); Elemental Analysis (% observed): C, 74.50; H, 5.78; N, 15.92; O, 6.09 (Calculated 

for C 16 H 15 N 3 O: C, 74.42; H, 5.70; N, 15.85; O, 6.03); HRMS (EI) m/z calcd. C 16 H 15 N 3 O: 265.1215; found 265.1209 [M + ]. 

3.1.4. 2-(1H-benzo[d]imidazol-1-yl)-N-(4-chlorophenyl)acetamide (3d) 

Obtained in solid form; Yield: 78%; IR data frequency (cm 

−1 ):1093 (Ar-Cl stretching), 3325(N 

–H Stretching), 1685 ( > C = O 

stretching), 827 (p-di substituted); 1 H NMR ( δ ppm, CDCl 3 ): δ 5.63 (2H, s, -CH 2 -), δ 7.04 to 8.81 (9H, m, Ar-H), δ 10.38 (1H, 

s, -NH); 13C- NMR (DMSO d 6 ): 48 (-CH 2 -), 144, 135, 139 (C 2 , C 8 , C 9 , benzimidazole), 110, 117, 121, 133, 134 (carbon atoms 

of benzene), 163 ( > C = O of amide); Elemental Analysis (% observed): C, 62.98; H, 4.02; N, 14.61; O, 5.51 (Calculated for 

C 15 H 12 ClN 3 O: C, 63.04; H, 4.24; N, 14.71; O, 5.60); HRMS (EI) m/z calcd. C 15 H 12 ClN 3 O: 285.0 6 69; found 285.0 6 62 [M + ]. 

3.1.5. 2-(1H-benzo[d]imidazol-1-yl)-N-(4-nitrophenyl)acetamide (3e) 

Obtained in solid form; Yield: 70%; IR data frequency (cm 

−1 ): 3253 (N 

–H Stretching), 1690 ( > C = O stretching), 1248 

(C 

–N stretching), 1525, 1348 (NO 2 stretching), 842 (p-di substituted); 1 H NMR ( δ ppm, CDCl 3 ): δ 5.22 (2H, s, -CH 2 ), δ 7.10 

to δ 8.20 (9 H, m, Ar-H), δ 11.02 (1H, s, -N-H); 13C- NMR (DMSO d 6 ): 46 (-CH 2 -), 142, 136, 138 (C 2 , C 8 , C 9 , benzimidazole), 

111, 116, 120, 132, 136 (carbon atoms of benzene), 160 ( > C = O of amide); Elemental Analysis (% observed): C, 60.76; H, 

3.99; N, 18.88; O, 16.27 (Calculated for C 15 H 12 N 4 O 3 : C, 60.71; H, 4.08; N, 18.92; O, 16.21); HRMS (EI) m/z calcd. C 15 H 12 N 4 O 3 : 

296.0909; found 296.0902 [M + ]. 

3.1.6. 2-(1H-benzo[d]imidazol-1-yl)-N-(3-nitrophenyl)acetamide (3f) 

Obtained in solid form; Yield: 72%; IR data frequency (cm 

−1 ): 3200 (N 

–H Stretching), 1703 ( > C = O stretching), 1259 

(C 

–N stretching), 1525, 1348 (NO 2 stretching) 740 (m-di substituted); 1 H NMR ( δ ppm, CDCl 3 ): δ 5.20 (2H, s, -CH 2 ), δ 7.08 

to δ 8.22 (9 H, m, Ar-H), δ 11.09 (1H, s, -N-H); 13C- NMR (DMSO d 6 ): 40 (-CH 2 -), 139, 138, 136 (C2, C8, C9, benzimidazole), 

110,115,120,130,137 (carbon atoms of benzene), 159 ( > C = O of amide); Elemental Analysis (% observed): C, 60.74; H, 4.01; 

N, 18.85; O, 16.15 (Calculated for C 15 H 12 N 4 O 3 : C, 60.71; H, 4.08; N, 18.92; O, 16.21); HRMS (EI) m/z calcd. C 15 H 12 N 4 O 3 : 

296.0909; found 296.0915 [M + ]. 
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3.2. Procedure for the MRSA antibacterial activity 

Initially antibacterial testing was performed using disc diffusion assay. The compounds are further evaluated for their 

effective minimum inhibitory concentration (MIC) [33] . The methicillin-resistant Staphylococcus aureus (ATCC 4330) MRSA 

strain was employed in this antibacterial study. For this, pure culture of Staphylococcus aureus (ATCC 4330) was picked with 

a loop, and the growth was transferred into a tube containing 5 ml of a nutrient broth medium having composition (gL −1 ) 

sodium chloride, 5.0; beef extract 10.0; peptone 10.0 (pH 7.2). The broth culture was incubated at 37 °C until it achieves or 

exceeds the turbidity of the 0.5 McFarland standards (usually to 6 h). The turbidity of the actively growing broth culture 

is adjusted with sterile saline or broth to obtain turbidity optically comparable to that of the 0.5 McFarland standards. 

This result in a suspension contains 2 × 108 CFU/ml of bacterial cells. Within 15 min after adjusting the turbidity of the 

inoculum suspension, a sterile cotton swab was dipped into the adjusted suspension. The suspension was spread on the 

surface of a nutrient agar plate by streaking the swab over the entire sterile agar surface. This procedure was repeated by 

streaking several times, rotating the plate approximately 60 rpm each time to ensure an even distribution of inoculum. Stock 

solutions [10 0 0 microgram per ml] of each newly synthesized compound were prepared in DMF. The sterile discs of 6 mm 

diameter were used in this assay. The disc diffusion assay was carried out by taking concentration 100 microorganism per 

disc. The discs immersed with compounds were dispensed onto the surface of the inoculated agar plate. Also, Sultamicillin 

(5 microgram/disk) [Hi-media, Mumbai, disc diameter 6 mm] moistened with DMF was placed on agar plate as standard. 

Each disc was pressed down to ensure complete contact with the agar surface. The plates were placed in a refrigerator at 

to 8 °C for 30 min after the discs are applied. Then the plates were incubated in incubator at 37 °C for 24 h. After 24 h of 

incubation, each plate was examined. 

3.3. Minimum inhibitory concentration (MIC) 

For determination of minimum inhibitory concentration (MIC) various concentration Viz 1024; 512; 256; 128; 64; 32; 

16; 8; 4; 2; 1; 0.5; 0.25 and 0.125 μg/ml were prepared and allowed to interacted with Staphylococcus aureus (ATCC 4330) 

suspension containing 2 × 108 CFU/ml of bacterial cells in double strength Nutrient broth having composition (gL −1 ) sodium 

chloride, 10.0; beef extract 20.0; peptone 20.0 (pH 7.2). Each tube was incubated at 37 °C for 24 h [33] . 

3.4. Cytotoxicity 

The selected set of compounds which showed potent activity against MRSA strains were also evaluated for their cytotox- 

icity on VERO cell Lines by MTT assay as per the procedure reported by Falzari et al. [34] . 

4. Conclusion 

Based on the anti-microbial outcomes it is clearly revealed that the structural modification at N - position of benzim- 

idazole 3(a-f) will be beneficial in the field of anti-methicillin-resistant Staphylococcus aureus for the designing the effec- 

tive antibacterial bioactive molecules. The newly synthesized compound was identified as 2-(1 H -benzimidazol-1-yl)- N -(3- 

nitrophenyl) acetamide ( 3f ) has a potent anti-MRSA activity 4 μg/mL as compared to the standard drug Sultamicillin (MIC 

of 25 μg/mL). Compound 3f was 6 times more potent as compared to the standard drug Sultamicillin and found to be non- 

cytotoxic. A brief structural correlationship indicates that m -nitro phenyl at N -position of benzimidazole strongly favours 

the anti-MRSA activity compared to the p -nitro phenyl. The attention-grabbing conclusions avowed in this investigation will 

contribute to open new avenue for researchers to design future generation novel and potent benzimidazole containing drugs. 
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