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ABSTRACT 

In this study, with intent to find out novel anti-biofilm and antiviral agents, a series of amide 

derivatives were synthesized and their structures were elucidated by FT-IR and 1H-NMR and 

13C-NMR and MS methods. And also, their purity were proven by TLC, HPLC and elemental 

analyses. And finally, the synthesized compounds were examined for their biofilm formation 

and swarming motility inhibitory activities in P. aeruginosa PA01. These compounds were 

found to reduce biofilm formation by 8.7-25.6% and swarming motility by 18.3-33.8% in P. 

aeruginosa PA01 at a concentration of 200 µM. Besides, all of the compounds were evaluated 

for their antiviral activity against influenza A viruses. The plaque inhibition assays indicated 

that compound 6 (N-(4-{[5-(ethylamino)-1,3,4-thiadiazol-2-yl]methyl}phenyl)-4-

fluorobenzamide) has considerable inhibitory effect on influenza A virus plaque formation. 

 

Keywords: Synthesis, amide, anti-biofilm activity, swarming motility, influenza viruses, 

antiviral activity 

 

INTRODUCTION 

Amides are multifunctional groups taking part in many molecules. Not only being used as 

prodrugs (e.g. salicylamide), but also they possess diverse biological activities such as 

anticancer (Jung et al. 2009; Xu et al. 2010; Yurttaş et al. 2014; Wang et al. 2014; Huczyński 

et al. 2015; Mathew et al. 2017), antimalarial (Delarue-Cochin et al. 2008; Kumar et al. 2011), 

insecticidal (Deng et al. 2016; Yang et al. 2016; Lv et al. 2018); antimicrobial (Huczyński et 

al. 2012; Soni and Soman 2014; Swapnaja et al. 2016; Wei et al. 2018), anti-inflammatory 
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(Bai et al. 2018), antioxidant (Narender et al. 2011), antinociceptive (Czopek et al. 2016) and 

anti-thrombotic (Sashidhara et al. 2012), depending on their substituents. Besides, amide 

carrying compounds were reported for their remarkable antibacterial (Mishra et al. 2008; Cui 

et al. 2017; Bi et al. 2018) and antifungal (Li et al. 2012; Sun et al. 2015; Yu et al. 2018) 

activities. Additionally, they had attracted a great deal of attention with their significant anti-

biofilm (Ballard et al. 2008; Richards et al. 2009; Rogers et al. 2010; Rane et al. 2012) and 

antiviral (Hao et al. 2012; Lan et al. 2017) activities.   

As is known, the discovery of antibiotics made it possible to treat the infectious diseases that 

were once untreatable and enabled to save millions of lives by taking many dangerous 

bacterial infections under control. However, with the occurence of bacterial resistance and in 

regard to the increasing incidence of multidrug resistance in pathogenic bacteria, the 

identification of alternative antimicrobial drug targets to develop novel treatment strategies 

have become a necessity. Recently, it has been regarded that inactivating the quorum sensing 

(QS) system in bacteria by the use of QS inhibitors holds great promise for the treatment of 

infectious diseases. QS is a cell-to-cell communication system utilized by a wide variety of 

Gram (-) and Gram (+) bacteria to control the expression of virulence factors like elastase, 

extracellular protease, swarming, swimming motility and biofilm formation (de Kievit et al. 

2000). Various types of screening have been carried out to find QS inhibitory molecules 

furanone derivatives, AHL analogs, synthetic compounds and some natural substances have 

been reported to possess QS inhibitory activity (Bosgelmez-Tinaz et al 2007; Galloway et al. 

2011; Miandji et al. 2012).  
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Viruses have a simple structure and completely depend on the host cells for almost all of their 

vital functions. This situation makes it difficult to develop antiviral agents, non-toxic for host 

cell metabolic systems. Antiviral agents that can be used against influenza A viruses, which 

pose great risks for human health, are also limited with NA inhibitors. These viruses belong to 

Orthomixoviridae family and cause recurrent epidemics and pandemics affecting the all over 

the world from time to time in human population (Oxford 2000). Recurrent infections of 

influenza viruses in the human population are largely due to the continual changes occuring in 

the antigenic properties of virus surface glycoproteins (Laver 1984; Jimenez-Alberto et al. 

2013). In particular, the changes of the viral surface antigens enable the virus to avoid the 

immunological defense of the host organism (Govorkova, 2000). Consequently, the control of 

the influenza by vaccination is not completely effective. Therefore, a great effort is being 

spent to develop new drugs and vaccines against influenza A viruses. 

Hence, in this study, we synthesized a group of amide molecules with reference to p-

aminophenylacetic acid and investigated their effects on biofilm formation and swarming 

motility in P. aeruginosa. Furthermore, antiviral activities of these molecules were examined.  

 

MATERIALS AND METHODS 

Chemistry 

All of the chemicals, reagents and solvents were purchased from Sigma Aldrich (St. Louis, 

MO, USA) and Merck (Darmstadt, Germany). Melting points were determined by 

Schmelzpunktbestimmer SMP II apparatus. For HPLC studies, an Agilent 1100 series system 

with a G1311A quaternary HPLC pump, a G1315A DAD detector, a G1379A vacuum 
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degasser and a Kromasil 100 C18 5µm, 250 x 4.6 mm column was used. The Rt (retention 

time) values were determined by an isocratic HPLC grade acetonitrile/water (60:40 v/v) 

mobile phase at a flow rate of 1 ml/min with DAD detector set at 254 nm. The IR spectra 

were recorded on a Schimadzu FTIR 8400 S Spectrometer. The NMR spectra were recorded 

(in DMSO-d6) with a Bruker spectrometer (Billerica, MA, USA) (300 MHz for 1H-NMR and 

75 MHz for 13C-NMR, decoupled). The chemical shift values are expressed in ppm (δ scale) 

using tetramethylsilane as an internal standard. The mass spectral measurements were carried 

out by Electron Spray Ionization (ES) method on LC-MS-Agilent 1100. Elemental analysis 

was performed on Leco 215 CHNS-932 analyzer.  

 

Synthesis of Amide Derivatives (1-6) 

Firstly to obtain the compound 1 p-aminophenylacetic acid (0.012 mol) was reacted with 

equivalent mole of p-fluorobenzoylchloride in chloroform media, by stirring at room 

temperature. Secondly, for the compounds 2 and 3, the amide derivative (0.010 mol) was 

dissolved in concentrated sulphuric acid/methanol or ethanol media and refluxed. The 

precipitate was obtained by the neutralization reaction with sodium bicarbonate. Thirdly, to 

obtain the compound 4 the methyl ester derivative was refluxed with hydrazine hydrate at 

ethanol media. Fourthly, the compound 5 was obtained by the reaction of hydrazide with ethyl 

isothiocyanate at ethanol media. And finally, the thiosemicarbazide was reacted with 

concentrated sulphuric acid by stirring at room temperature for 45 minutes to obtain the 

compound 6 (Küçükgüzel et al. 2006; Karakuş et al. 2010). All of the compounds were 

purified with hot ethanol. 
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{4-[(4-Fluorobenzoyl)amino]phenyl}acetic acid (1): Cream solid. Yield 75%; m.p. 152 °C; 

MW: 273.2591 g/mol; Rt value: 7.69 min. FT-IR max. (cm-1): 3323 (O-H and N-H), 1726 

(amide C=O), 1645 (carboxylic acid C=O), 1223 (Ar-F). (CAS Number: 907947-59-5). 

 

Methyl {4-[(4-fluorobenzoyl)amino]phenyl}acetate (2): Cream solid. Yield 79%; m.p. 148 

°C; MW: 287.2857 g/mol; Rt value: 6.00 min. FT-IR max. (cm-1): 3329 (N-H), 1742 (ester 

C=O), 1651 (amide C=O), 1221 (Ar-F). 1H-NMR (DMSO-d6/TMS)  (ppm): 3.62 (3H, s, -

CH3), 3.65 (2H, s, -CH2-), 7.26 (2H, d, J: 8.40 Hz, Ar-H), 7.37 (2H, t, Ar-H), 7.68 (2H, d, J: 

8.40 Hz, Ar-H), 8.04 (2H, t, Ar-H), 10.27 (1H, s, -CONH-). 13C-NMR (DMSO-d6/TMS)  

(ppm):  39.57, 51.62, 115.12, 115.41, 120.39, 129.48, 129.60, 130.27, 130.39, 131.29, 131.33, 

137.79, 162.37, 164.31 (amide C=O), 165.67, 171.67 (C=O). MS (ES m/z): 310 (M++Na), 

180, 179, 101. Elemental analysis for C16H14FNO3 Calculated/Found (%): C: 66.89/66.28, H: 

4.91/4.89, N: 4.88/4.72. (CAS Number: 2204929-37-1). 

 

Ethyl {4-[(4-fluorobenzoyl)amino]phenyl}acetate (3): White solid. Yield 65%; m.p. 154-

155 °C; MW: 301.3122 g/mol; FT-IR max. (cm-1): 3337, 3298 (N-H), 1722 (ester C=O), 

1647 (amide C=O), 1229 (Ar-F). 1H-NMR (DMSO-d6/TMS)  (ppm): 1.19 (3H, t, -CH2-

CH3), 3.63 (2H, s, -CH2-), 4.05-4.12 (2H, q, - CH2-CH3), 7.26 (2H, d, J: 8.40 Hz, Ar-H), 

7.34-7.40 (2H, m, Ar-H), 7.69 (2H, d, J: 8.40 Hz, Ar-H), 8.01-8.06 (2H, m, Ar-H), 10.26 (1H, 

s, -CONH-). 13C-NMR (DMSO-d6/TMS)  (ppm): 14.53, 40.26, 60.73, 115.65, 115.94, 

120.89, 129.97, 130.23, 130.76, 130.88, 131.74, 131.78, 138.19, 162.87, 164.88 (amide 
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C=O), 166.17, 171.75 (C=O). Elemental analysis for C17H16FNO3 Calculated/Found (%): C: 

67.76/68.05, H: 5.35/5.50, N: 4.65/4.53. (CAS Number: 2204959-86-2). 

 

4-Fluoro-N-[4-(2-hydrazinyl-2-oxoethyl)phenyl]benzamide (4): White solid. Yield 86%; 

m.p. 352 °C (decomposed); MW: 287.2890 g/mol; Rt value: 2.70 min. FT-IR max. (cm-1): 

3352, 3295, 3210 (N-H), 1645 (C=O), 1233 (Ar-F). 1H-NMR (DMSO-d6/TMS)  (ppm): 3.22 

(2H, s, -CH2-), 4.22 (2H, b.s, -NH-NH2), 7.25 (2H, d, J: 8.70 Hz, Ar-H), 7.36 (2H, t, Ar-H), 

7.65 (2H, d, J: 8.40 Hz, Ar-H), 8.02 (2H, t, Ar-H), 9.21 (1H, b.s, -NH-NH2), 10.23 (1H, s, -

CONH-). 13C-NMR (DMSO-d6/TMS)  (ppm): 39.87, 115.11, 115.40, 120.34, 129.04, 

129.48, 130.24, 130.36, 131.28, 131.32, 131.59, 137.17, 162.35, 164.26 (amide C=O), 

165.65, 169.66 (C=O). MS (ES m/z): 310 ( M++Na), 180, 179, 101. Elemental analysis for 

C15H14FN3O2 Calculated/Found (%): C: 62.71/63.37, H: 4.91/4.97, N: 14.63/14.21. (CAS 

Number: 2214835-31-9). 

N-(4-{2-[2-(ethylcarbamothioyl)hydrazinyl]-2-oxoethyl}phenyl)-4-fluorobenzamide (5): 

White solid. Yield 79%; m.p. 226 °C; MW: 374.4325 g/mol; Rt value: 3.63 min. FT-IR max. 

(cm-1): 3314, 3196 (N-H), 1674, 1645 (C=O), 1219 (C=S), 1159 (Ar-F). 1H-NMR (DMSO-

d6/TMS)  (ppm): 1.07 (3H, t, -CH2-CH3), 3.45 (4H, s, -CH2-CH3 and -CH2-), 7.28 (2H, d, J: 

8.70 Hz, Ar-H), 7.37 (2H, t, Ar-H), 7.67 (2H, d, J: 8.40 Hz, Ar-H); 7.93 (1H, t, N4H), 8.01-

8.06 (2H, m, Ar-H), 9.17 (1H, b.s, N2H), 9.91 (1H, b.s, N1H), 10.24 (1H, s, -CONH-). 13C-

NMR (DMSO-d6/TMS)  (ppm): 14.36, 14.44, 37.13, 115.13, 115.42, 120.11, 120.27, 129.04, 

129.40, 129.83, 130.26, 130.38, 130.79, 131.27, 131.31, 131.58, 137.37, 137.49, 162.36, 

164.27 (amide C=O), 165.66, 169.65, 169.95 (C=O), 181.25 (C=S). Elemental analysis for 
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C18H19FN4O2S Calculated/Found (%): C: 57.74/58.31, H: 5.11/5.27, N: 14.96/14.94, S: 

8.56/7.90. 

N-(4-{[5-(ethylamino)-1,3,4-thiadiazol-2-yl]methyl}phenyl)-4-fluorobenzamide (6): Light 

brown solid. Yield 40%; m.p. 310-311 °C; MW: 365.4248 g/mol; Rt value: 4.20 min. FT-IR 

max. (cm-1): 3310, 3188 (O-H and N-H), 1651 (C=O), 1231 (Ar-F), 760 (C-S-C). 1H-NMR 

(DMSO-d6/TMS)  (ppm): 1.13 (3H, t, -CH2-CH3), 3.18-3.27 (2H, m, -CH2-CH3 ), 4.13 (2H, 

s, -CH2-), 7.27 (2H, d, J: 8.70 Hz, Ar-H), 7.37 (2H, t, Ar-H), 7.57 (1H, t, -NH-), 7.70 (2H, d, 

J: 8.40 Hz, Ar-H), 8.03 (2H, t, Ar-H), 10.27 (1H, s, -CONH-). 13C-NMR (DMSO-d6/TMS)  

(ppm): 14.24, 34.99, 115.13, 115.42, 120.36, 120.61, 128.82, 129.15, 130.27, 130.39, 130.81, 

131.27, 131.30, 133.24, 137.60, 137.82, 157.09, 162.37, 164.32, 165.67, 168.78 (amide 

C=O), 169.69. MS (ES m/z): 357 (M++1), 189, 182, 179, 101. Elemental analysis for 

C18H17FN4OS.½H2O Calculated/Found (%): C: 59.16/59.34, H: 4.96/4.87, N: 15.33/15.18, S: 

8.77/8.74. 

Anti-Biofilm Activity 

Anti-biofilm capacities of new substituted-amide derivatives was examined by the biofilm 

assay. Overnight culture of P. aeruginosa PA01 strain was diluted to an OD600 of 0.02. 1mL 

aliquots of the diluted cultures were allocated in polystyrene tubes and incubated at 32°C for 

10 h. Nonadherent cells were removed. The biofilms were dyed with 1 ml of crystal violet 

(0.3%) and the absorbance was measured at 570 nm using a spectrophotometer (Truchado et 

al. 2009). 

Swarming Motility Assay 
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The swarming motility was measured as described by Rashid et al. (2000). Five microliters of 

PA01 cultures was inoculated onto the surface of swarm plates containing Bacto Agar (0.5%), 

Nutrient Broth and glucose (1%) in the presence and absence of test compounds and 

incubated overnight at 37°C for 24 h.  

Cells and viruses 

Madin-Darby canine kidney (MDCK) cells were used for plaque inhibition assays. The cells 

were grown in Dulbecco's Modified Eagle Medium (DMEM) containing 10% fetal calf serum 

(Gibco), penicillin G (100 U/mL) and streptomycin (100 µg/mL), and maintained in a 

humidified atmosphere containing 5% CO2 at 37 ºC. Antiviral activity of synthesized 

compounds were investigated on influenza A virus, strain A/WSN/33 (H1N1). The viruses 

were grown in the allantoic cavity of 10 day-old chick embryos at 35.5 ºC for 48 h. The 

allantoic fluid was clarified by centrifugation at 3,000g for 10 minutes, passed through 0.45 

µm sterile filter, and the filtrate was stored in small aliquots at 80 ºC. 

Plaque inhibition assay 

For plaque inhibition assay, confluent monolayer cultures of MDCK cells in 12-well plate 

were washed twice with DMEM (-), and infected with influenza viruses at the appropriate 

multiplicity of infection (moi). After adsorption for 30 min at 37 ºC, virus inoculums were 

completely removed and the cell monolayers were overlaid with maintenance medium 

(DMEM containing 0.6% agarose, 0.2% Bovine Serum Albumin and 4 g/mL TPCK-treated 

trypsin). In test condition, synthesized compounds were added to maintenance medium at 

defined concentrations. The plates were incubated at 34 ºC for 2-3 days, and plaques were 

visualized by staining the cells with amido black (Turan et al. 1996; Güveli et al 2018). 
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RESULT AND DISCUSSION 

In the present study, six amide derivatives (compounds 1-6) were synthesized from p-

aminophenylacetic acid. The synthestic route of compounds is represented in Scheme 1. 

Their purity were proven by TLC, HPLC and elemental analyses. Also, their structures were 

elucidated by FT-IR, 1H-NMR, 13C-NMR and MS spectral methods. IR absorbtion bands due 

to amide C=O and aromatic C-F stretching bands were recorded at 1726-1645 and 1233- 1159 

cm-1, respectively. According to the 1H-NMR spectra, the –CH2- and amide N-H peaks were 

observed at 3.22-4.13 and 10.23-10.27 ppm as singlets, in turn. In addition, the 13C-NMR 

spectra exhibited resonances at 164.26-168.78 assigned for amide C=O. Besides all these, the 

elemental analysis and MS spectral data results were in accordance with the compounds 

structures. 

The synthesized compounds’ anti-biofilm capacities were confirmed by the biofilm assay. 

Biofilm formation causes serious problems in medicine and industry. Biofilm-associated 

bacteria are more resistant to antimicrobials than planktonic cells. We tested effects of 

compounds 1-6 on biofilm formation of P. aeruginosa PA01. According to the results these 

molecules inhibited biofilm formation by 8.7-25.6% at 200 µM concentration. Among the 

tested compounds, compound 3 was found to be the most active one with reducing the biofilm 

formation by 25.6% in P. aeruginosa PA01 at a concentration of 200 µM. We also performed 

swarming motility assay. Swarming motility has an important role in early stages of biofilm 

development and antibiotic resistance. The swarming motility of P. aeruginosa PAO1 was 

assayed in the presence and absence of test compounds. Swarming plates were supplemented 
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with 200 µM synthesized compounds. The treatment of P. aeruginosa PAO1 with these 

compounds resulted reductions in swarming motility by 18.3-32.2% (Table 1, Figure 1).  

The antiviral activity of compounds 1-6 were revealed by using plaque inhibition assays on 

influenza A viruses. Compound 6 among synthesized compounds tested on influenza virus 

plaque formation showed inhibitory effect on influenza virus plaque formation (Figure 2). 

Plaque formation by influenza A viruses was almost completely inhibited by this compound  

at 10 g/mL concentrations. Compounds 6 did not show any cytopathic effect on MDCK cells 

at 5-20 g/mL (Figure 2). 

Influenza viruses are enveloped viruses having negative polarity, segmented RNA genome. 

Despite the simple structure, they have multi-stage complex replication strategies. Therefore, 

it is difficult to reach a conclusion about the action mechanism of compound 6 on influenza 

virus replication based on the results of plaque inhibition assay. The research will continue to 

elucidate the mode of action of this molecule. Compound 6 differs from the other 5 

compounds by thiadiazole group. This group may therefore thought to be important for the 

antiviral activity (Gan et al. 2017). 

 

CONCLUSION 

A series of amide derivatives (compounds 1-6) were obtained from p-aminophenyl acetic 

acid, characterized by several spectroscopic methods (IR, NMR, MS) besides elemental 

analysis. And finally they were evaluated for their anti-biofilm and antiviral effects. The 

results suggested that compounds 1-6 could be used as antibiofilm agents in combination with 

conventional antibiotics to increase the efficiency of current antimicrobials. Also, depending 
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on antiviral activity studies, it can be said that compound 6 has a potential as an anti-influenza 

virus agent. Further studies on this topic are planned to be performed.  
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Table 1. Effect of compound 1-6 derivatives on the biofilm formation and swarming motility 

of P. aeruginosa PA01 strain. The data represents the averages from the results of three 

independent experiments. 

Biofilm Formation 

Inhibition (%) 

Swarming Motility 

Inhibition (%) 

1 13.9 28.9 

2 8.7 22.4 

3 25.6 18.3 

4 13.0 31.4 

5 19.0 32.2 

6 17.3 33.8 
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Scheme 1. Synthetic route of compounds 1-6. 

 

 

Figure 1. Representative images of inhibition of P. aeruginosa PA01 swarming motility. (a) 

Control (no compound), in the presence of compound 6 (b) and compound 2 (c). 
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Figure 2. The influenza virus plaque formation inhibition of compound 6. Monolayers of 

Madin-Darby canine kidney epithelial cells (MDCK) were infected with influenza viruses 

(A/WSN/33) at the appropriate moi (upper panel). After 30 min of infection, virus inoculums 

were removed and monolayers were overlaid with 0.6% agarose-maintenance medium, with 

or without compound 6. Lower panel shows non-infected MDCK cells monolayers treated 

with compound 6 at defined concentrations. After 2-3 days of incubation, monolayers were 

fixed and stained with amido black dye solution. 
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