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Introduction 

Drug resistance has become a problem recently because the 

pace of novel antibiotics discovery has drastically reduced and 

opportunistic pathogens which gives rise to the case of invasive 

microbial infections has long been on the rise for over two decades now. 

The overuse of antibodies is increasing, not just because of bacterial 

resistance to antibiotic, but microbes have the potential to cause 

ineffectiveness of existing antibiotics.1 Opportunistic microbial 

infection are most commonly seen in patients who are severely 

immuno-compromised due to underlying disease like leukemia, 

recently AIDS or patients who undergo cancer chemotherapy or organ 

transplantation.2 Clinically, microbial resistances occurs in almost all of 

the major classes of antibiotics that is bacterial resistance of macrolide, 

quinolone, β-lactam and vancomycin has become a major worldwide 

health problem.3 The existing available antimicrobial drugs used in the 

treatment of microbial infections has shown some drawbacks such as 

toxicity, resistance which may be due to prolonged period of 

administration, recurrence of the disease/infection due to the fact that 

most of these drugs are bacteriostatic/fungistatic and less 

bacteriocidal/fungicidal.4 The amide functionality  is  the  backbone  of  

several  organic  compound  and  natural products with diverse 

biological and pharmacological features.5, 6 Amides also play a role for  
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medicinal chemists as amide derivatives are associated with broad 

spectrum of biological activities including anti-tuberculosis,7 

anticonvulsant,8 analgesic-anti-inflammatory,9 insecticidal,10 

antifungal,11 and antitumor properties.12 There is a need for discovery 

of new compounds which can be used clinically and has antibacterial 

and antifungal activities in which their mechanism of action are distinct 

from existing antimicrobial agents and do not show resistance 

compared to the existing antimicrobial agents.13 
 

 

Materials and Methods 

General experimental procedures 

All chemicals were of analytical grade and purchased from Sigma-

Aldrich (Germany) through Bristol Scientific Company and 

commercial suppliers. Analytical thin layer chromatography (TLC) was 

performed using aluminum plates coated with silica gel 60F254 (Merck). 

Spots were visualized using UV lamp or by saturation with Iodine 

vapour. NMR spectra were recorded using 400 MHz spectrometer at 

room temperature in DMSO-d6. The infrared spectra of the solid 

samples were recorded on Agilent FTIR 400s Fourier Transform Infra-

Red Spectrophotometer. Melting point determination was carried out 

on Stuart Automatic Melting Point /SMP40/ apparatus. 

 

Synthesis of N,N'-(4-Nitro-1,2-phenylene)diacetamide (3a)  

An intimate mixture of Acetic anhydride (0.04 mol), 4-Nitro-1,2-

phenylenediamine (0.02 mol) and 20 mL of toluene was stirred at room 

temperature for 20 minutes. The reaction was monitor with TLC until 

completion, the solvent was evaporated using rotary evaporator and the 

separated solid was filtered, washed with toluene and dried. The crude 

products were recrystallized from ethanol for further purification 

(Scheme 1). 
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In the search for new antibiotics, 4-nitro-1,2-phenylenediamide analogues were synthesized via 

nucleophilic addition/elimination reaction of carboxylic acid derivatives with 4-nitro-1,2-

phenylenediamine. In vitro antimicrobial assay of the analogues was done using the conventional 

broth dilution method on seven selected clinical isolates. The results of the zones of inhibition 

showed that N,N’-(4-nitro-1,2-phenylene)diacetamide (3a) has zones of inhibition ranging from 

08 mm to 12 mm while (N,N’-(4-nitro-1,2-phenylene)dibenzamide (3c) has zones of inhibition 

ranging from 12 mm to 21 mm. N,N’-(4-nitro-1,2-phenylene)bis(2,2,2-trifluoroacetamide) (3d) 

was the most active against all tested organisms with zones of inhibition ranging from 11 mm in 

Pseudomonas aeruginosa to 34 mm in Methicillin-resistant Staphylococcus aureus (MRSA). The 

minimum inhibition concentration (MIC) determination reveals that 3d inhibits the growth of 

tested microbes at a concentration of 12.5 mg/mL with the exception of Klebsiella pneumonia in 

which the MIC was 25 mg/mL. The Minimum Bactericidal/Fungicidal Concentration 

(MBC/MFC) results revealed that 3d has the highest bactericidal effect on Pseudomonas 

aeruginosa, MRSA and Escherichia coli at a concentration of 12.5 mg/mL and was 

bacteriostatic/fungistatic against the rest of the organisms. The results observed clearly shows that 

molecules with electron withdrawing groups demonstrated better antibacterial activity. 
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Synthesis of N,N'-(4-Nitro-1,2-phenylene)dipropionamide (3b) 

A mixture of propionic anhydride (0.04 mol), 4-Nitro-1,2-

phenylenediamine (0.02 mol) and 20 mL of toluene was heated for 2 

hours in an oil bath under reflux. The reaction was monitor with TLC 

until completion, at the end of this period, the heat was removed, and 

the reaction pot was further stirred for 30 minutes and cooled to room 

temperature, the solvent was evaporated using rotary evaporator. The 

separated solid was filtered, washed with toluene and dried under 

suction. The crude products were recrystallized using ethanol as the 

solvent, to obtain 5.199 g of milk colored solid (98% yeild). The 

equation of the reaction is shown in scheme 1. 

 

Synthesis of N,N’-(4-Nitro-1,2-phenylene)dibenzamide (3c) 

Benzoyl chloride (0.04 mol) was added to 4-Nitro-1,2-

phenylenediamine (0.02 mol) in a round bottom flask. The flask was 

put into an ice bath to reduce the temperature of the mixture to 0°C. 

Pyridine (9.67 mL) was added to the mixture and the reaction was 

stirred for 20 minutes and filtered under suction. The reaction was 

monitor with TLC until completion. Further purification was done using 

column chromatography (hexane:ethylacetate 9:1), to obtain a greenish 

yellow solid (6 g, 83% yield). The equation of the reaction is shown in 

scheme 1.  

 

Synthesis of N,N’-(4-Nitro-1,2-phenylene)bis(2,2,2-trifluoroacetamide) 

(3d) 

Trifluoroethanoic acid (0.04 mol) was added to 4-Nitro-1,2-

phenylenediamine (0.02 mol) in a round bottom flask. Toluene (20 mL) 

was added to the mixture in the round bottom flask and a drop of DMF 

was also added to the mixture. Then, the reaction was refluxed for 4 

hours. The reaction was monitor with TLC until completion using 

ethylacetate:hexane 4:6, the reaction was allowed to cool to room 

temperature and the mixture was poured into a cooled water. The 

precipitate was filtered under suction. Further purification was done 

using column chromatography (hexane:ethylacetate 8:2). The weight of 

the product was 5.53 g (80% yield). The equation of the reaction is 

shown in scheme 1. 

 

Biological Assay  

Clinical Isolates. The test compounds (3a, 3b, 3c and 3d) were tested 

on the following isolates, obtained from the Department of Medical 

Microbiology, Ahmadu Bello University Teaching Hospital Zaria, 

Nigeria (ABUTH): Escherichia coli, Pseudomonas aeruginosa, 

Salmonella typhi, Klebsiella pneumonia, Methicillin Resistant 

Staphylococcus aureus (MRSA), Staphylococcus aureus and Candida 

albicans. 

 

 

          
      

 

 

Scheme 1: Synthesis of 4-Nitro-1,2-phenylenediamide Derivative 3a, 3b, 3c and 3d. 
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Scheme 2: Mechanisms of the reactions. 

 

Antimicrobial Susceptibility Test 

The cork bore and diffusion method as reported by Karou et al. 14 was 

used to determine the antimicrobial activity of the test compounds. Pure 

cultures of the organism were inoculated on to Mueller Hinton Agar 

(MERCK) and incubated for 24 h at 38°C for bacteria and 48 h at 34oC 

for fungi. About 5 discrete colonies were aseptically transferred using 

sterile wire loops into tubes containing sterile normal saline (0.9% 

NaCl) and were adjusted to a McFarland Standard turbidity of 0.5. The 

suspensions were then inoculated on the surface of sterile Mueller-

Hinton Agar plates using sterile cotton swabs. A sterile 6 mm diameter 

Cork borer was used to make holes (wells) into the set of inoculated 

Mueller-Hinton Agar. The wells were filled with different 

concentration (100 and 200 mg/mL) of the test compounds. The plates 

were then incubated and the diameter of inhibition zone (mm) produced 

by the test compounds were taken after the incubation period. The 

minimum inhibitory concentration (MIC) was also investigated using 

the concentration (12.5, 25, 50, 100 and 200 mg/mL) of the synthesized 

compound and test tubes which showed no visible growth were 

recorded as the MIC.15 

 

Minimum Bactericidal/Fungicidal Concentration (MBC/MFC)  

The MBC/MFC was determined by aseptically inoculating aliquots of 

culture, from the minimum inhibition concentration (MIC) tubes that 

showed no growth, on sterile nutrient plates incubated at 37°C for 24 h 

and 34°C for 48 h for bacteria and fungi respectively. After which the 

plates were observed for colony growth, the MBC/MFC was recorded 

as the lowest concentration of compounds showing no bacterial/fungal 

growth.16 

 

 

Results and Discussion 

The compounds were synthesized adopting the chemical pathways 

outlined in Scheme 1. The reactions involved the formation of amides 

derivatives by nucleophilic addition and elimination reaction of 4-nitro-

1,2-phenylenediamine with carboxylic acid derivatives. The reaction 

took place in toluene under reflux, where the amine attacks the carbonyl 

carbon with the elimination of –OOCCH3, –OOCCH2CH3, HCl and H2O 

(3a, 3b, 3c and 3d, respectively) as shown in the mechanisms of the 

reaction (Scheme 2).17 

 

N,N’-(4-nitro-1,2-phenylene)diacetamide (3a): was obtained as a pale 

yellow solid powder (94% yield). Its melting point was determined to 

be 189.6 - 191.9°C. The infra-red (IR ѵmax, cm-1) signal at 3261.4 

indicates N-H stretch, signal at 3078.8 corresponds to C-H of Aromatic 

benzene, 1662.4 indicates a carbonyl carbon (C=O stretch of amide), 

1587.8 - 1505.8 is for C=C of substituted benzene ring. The NMR 

spectral data showed that 13C-NMR (100 MHz, DMSO-d6) : 170.11 (C-

1’, 1’’), 143.55 (C-4), 137.50 (C-1), 130.44 (C-2), 124.37 (C-6), 120.58 

(C-5), 114.41(C-3), 24.69 (C-2’,2’’) and 1H-NMR (400 MHz, DMSO-

d6) δH: 8.44 (s, 1H, H-3), 7.96 (d, 1H, H-6), 7.80 (d, 1H, J = 7.52 HZ, 

H-5), 7.18 (s, 2H, N-H), 2.10 (s, 6H, H-2’, 2’’). 
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N,N’-(4-nitro-1,2-phenylene)dipropionamide (3b): was obtained as a 

milky solid powder (98% yield). Its melting point was determined to be 

231.2 - 233.5°C. The infra-red (IR ѵmax, cm-1) showed signal at 3257.7 

N-H stretch, signal at 3078.8 corresponds to C-H of Aromatic benzene, 

signal at 2981.9 corresponds to C-H of aliphatic, 1654.9 indicates a 

carbonyl carbon (C=O stretch of amide), 1587.8 - 1546.8 is for C=C of 

substituted benzene ring. The NMR spectral data showed that 13C-NMR 

(100 MHz, DMSO-d6): 173.21 (C-1’, 1’’), 143.10 (C-4), 137.17 (C-1), 

130.09 (C-2), 123.99 (C-6), 120.22 (C-5), 120.10 (C-3), 29.84 (C-2’, 

2’’), 9.70 (C-3’, 3’’) and 1H-NMR (400 MHz, DMSO-d6) δH: 9.55 (s, 

1H, H-3), 8.46 (d, 1H, J = 10.16 HZ, H-6 ), 7.97 (d,1H, J = 9.56 HZ, H-

5), 4.06 (s, 2H, N-H), 2.39 (q, 4H, J = 7.44, 7.84, 7.76 HZ, H-1’’), 1.04 

(t, 6H, J = 14.04, 3.64 HZ, H-2’’).  

 

N,N'-(4-Nitro-1,2-phenylene)dibenzamide (3c): was obtained as a 

greenish yellow solid powder (83% yield). Its melting point was 

determined to be 200 - 202.2°C. The infra-red (IR ѵmax, cm-1) signal at 

3384.4-3302.4 corresponds to N-H stretch, signal 3071.3 corresponds 

to C-H of Aromatic benzene, signal 1654.9 indicates a carbonyl carbon 

(C=O stretch of amide), signals 1580.4 - 1509.6 indicates C=C of 

substituted benzene ring. The NMR spectral data showed that 13C-NMR 

(100 MHz, DMSO-d6): 166.48 (C-1’,1’’), 151.21 (C-1), 135.67 (C-4), 

134.64 (C-2’, 2’’), 132.09 (C-5’, 5’’), 131.50 (C-2), 128.69 (C-4’, 4’’), 

128.69 (C-6’, 6’’), 128.43 (C-7’,7’’), 128.43 (C-3’, 3’’), 124.10 (C-6), 

121.65 (C-5), 114.24 (C-3) and 1H-NMR (400 MHz, DMSO-d6) δH: 

9.73 (s, 2H, N-H), 8.57 (s, 1H, H-3), 8.13 (d, 1H, H-6), 8.09 (dd, 4H, 

H-3’, H-3’’ H-7’and H-7’’), 7.89 (d, 1H, J = 2.28 HZ, H-5), 7.57 (t, 2H, 

J = 4.92, 6.08 HZ, H-5’, H-5’’), 7.51 (dd, 4H, J = 5.24 HZ, H-6’, H-6’’ 

H-4’ and H-4’’). 
 

N,N'-(4-Nitro-1,2-phenylene)bis(2,2,2-trifluoroacetamide) (3d): was 

obtained as a grey solid powder at 80 % yield. Its melting point was 

determined to be 105.6 – 107.6 °C. The infra-red (IR ѵmax, cm-1) signal  

at 3582.0 indicates N-H stretch, signal 3108.6 corresponds to C-H of 

Aromatic benzene, signal 1785.4 indicates a carbonyl carbon (C=O 

stretch of amide), 1520-1483.5 indicates C=C of substituted benzene 

ring. The NMR spectral data showed that 13C-NMR (100 MHz, DMSO-

d6): 171.87 (C-1’, 1’’), 144.34 (C-4),  141.07 (C-1), 138.71 (C-2), 

119.87 (C-6), 117.55 (C-2’, 2’’),  116.39 (C-5),  114.87(C-3) and 1H-

NMR (400 MHz, DMSO-d6) δH: 8.67 (s, 2H, N-H), 8.48 (s, 1H, H-3), 

8.14 (d, 1H, J = 7.28 HZ, H-6), 7.79 (d, 1H, J = 6.8 HZ, H-5). 

 

 

 

Figure 1: Chemical structures of the synthesized compounds. 

 

 

All the newly synthesized compounds were evaluated for their in vitro 

antimicrobial activity against six bacterial and fungus strains (MRSA, 

C. albicans, E. coli, K. pneumoniae, P. aeruginosa, S. aureus, and S. 

typhi) by the conventional broth-dilution method8 using standard drugs 

pefloxacin. The results of antimicrobial studies are presented in Table 

1. In general, compounds 3a, 3c and 3d showed antibacterial and 

antifungal activity while compound 3b shows no activity against all the 

test organisms. Compound 3d had the best activity among the 

compounds tested, with zone of inhibition ranging from 11 to 34 mm 

on the test microbe.   

 

 

Table 1: Antimicrobial Activities of the Compounds (Diameters of Zones of Inhibition in millimeters (mm). 

Samples Conc. mg/mL S. aureus S. typhi K. pneumoniae E. coli MRSA P. aeruginosa C. albicans 

3a 200 

100 

10 

08 

12 

09 

11 

00 

11 

10 

08 

07 

10 

09 

11 

08 

3b 200 

100 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

3c  200 

100 

18 

15 

18 

16 

20 

17 

14 

12 

18 

15 

13 

12 

21 

18 

3d 200 

100 

30 

28 

28 

25 

30 

27 

26 

24 

35 

34 

12 

11 

29 

28 

Pefloxacin 30 µg/mL 19 20 25 28 17 24 - 

Fluconazole  10 µg/mL - - - - - - 25 

Key - = not determine. 
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Table 2: Minimum Inhibitory Concentration (MIC) in mg/mL. 

Samples S. aureus  S. typhi K. pneumoniae E. coli MRSA P. aeruginosa C. albicans 

3a 12.5  25.0 12.5 50.0 25.0 100.0 12.5 

3c 50.0  50.0 50.0 12.5 12.5 12.5 50.0 

3d 12.5  12.5 25.0 12.5 12.5 12.5 12.5 

 

 

Table 3: Minimum Bactericidal/Fungicidal Concentration (MBC/MFC) in mg/mL. 

Samples S. aureus S. typhi K. pneumoniae E. coli MRSA P. aeruginosa C. albicans 

3a 200.0 + + + + 200 + 

3c + + + + 200.0 200.0 + 

3d + + + 12.5 12.5 12.5 + 

                     Key:     + = growth       Values = MBC/MFC (Bactericidal). 

 

 

Minimum inhibitory concentration (MIC) results (Table 2) revealed that 

at concentration of 12.5 mg/mL, compound 3d inhibited the growth of 

all the test organisms with the exception of K. pneumoniae which has 

MIC of 25 mg/mL. Compound 3a shows MIC of 12.5 mg/mL for K. 

pneumoniae, S. aureus and C. albicans while 3c inhibited the growth of 

E. coli, MRSA and P. aeruginosa at 12.5 mg/mL. The MBC results 

(Table 3) shows that compound 3d was bactericidal at 12.5 mg/mL to 

E. coli, MRSA and P. aeruginosa. 

 

Conclusion 

In summary, the synthesis of new analogues of 4-nitro-1,2-

phenylenediamide was accomplished. Among the four newly 

synthesized compounds, N,N'-(4-Nitro-1,2-phenylene)bis(2,2,2-

trifluoroacetamide)  (3d) was effective against all the tests organisms 

with the zone of inhibition ranging from 35 mm (MRSA) to 12 mm 

(Psedomonas aeruginosa).  
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