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ABSTRACT 
 
In this study, seven diverse 1-[2-substituted ethyl]-2-methyl-5-nitroimidazole derivatives were synthesized by 
reacting various reagents with metronidazole, miscellaneous derivatives were synthesized that represent different 
scaffolds. The structure elucidation of the compounds was performed by IR, 1H-NMR, 13C-NMR and EI-MS. 
Antimicrobial activities of the compounds were examined and notable activities were observed. Although 
metronidazole had no activities against aerobic bacteria, synthetic benzene sulfonated metronidazole derivative 
(M1) exerts some inhibition on Staphylococcus aureus (MIC =250 µg/ml) and phenylacetamide metronidazole 
derivative (M3) exerts certain effect on Streptoccocus B (MIC = 187.5 µg/ml).  
 
Keywords: metronidazole, phthalic anhydride, gram positive, antimicrobial activity, gram negative. 
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INTRODUCTION 
 

Some nitroimidazole derivatives (i.e. metronidazole, ornidazole and ronidazole) have become the important agents 
for a long time for treatment of serious infections caused by anaerobic bacteria and protozoa [1-3]. It has been 
known that the alcoholic functional group in the metronidazole molecule is suitable for various reactions [4]. Hence 
it is substituted with different groups by replacing the hydroxide group with several groups lead to effective 
imidazole derivatives [5-12]. Using these features, as an extension of reported work [13-15] on nitroimidazole, 
seven compounds 1-[2-substituted- ethyl]-2-methyl-5-nitroimidazoles derived from metronidazole were synthesized 
and their antibacterial activities were evaluated. 
 
Chemistry 
The synthesis of 1-[2-substituted-ethyl]-2-methyl-5-nitroimidazole derivatives were accomplished in the sequence 
of reactions depicted in figures I and II. To obtain the final products M1-M7, metronidazole was reacted with a 
suitable reagents; nucleophilic substitution reaction using the following reagents; benzene sulfonyl chloride (M1), 
phthalic anhydride (M2), aniline alkylamide (M3), sulfanilamide alkylamide (M4), hexylamine alkylamide (M5), o-
toluidine alkylamide (M6) and phenylethylamine alkylamide (M7). The structures of the compounds were 
confirmed by means of spectral measurements. In the Infra Red spectra (IR), the characteristic N=O stretching bands 
for all compounds were observed at 1519–1526 and 1360–1375 cm–1 regions., carbonyl stretching bands appeared as 
sharp and strong bands in the 1677–1692 cm–1 regions. In the NMR spectra, imidazole 2-CH3 protons and 4-H 
proton resonated as singlets at about 2.6 and 8.0 ppm respectively, imidazole N-Ethyl CH2 protons appeared as 
triplets at about 3.47–3.85 and 4.17–4.35 ppm. Other protons on the imidazole ring, aliphatic and aromatic protons 
resonated as expected [15]. In the EI-MS spectra of the compounds fragments were observed instead of molecular 
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ion peaks. Thus it can be proposed that the m/z 46 fragment corresponds to C2H5OH molecule, m/z 171 fragment 
corresponds to metronidazole fragment. 
 

MATERIALS AND METHODS 
 
Reagents and Reference Samples 
Pharmaceutical grade metronidazole 99% was supplied by Al-Hikma pharmaceuticals (Amman, Jordan) and 
certified to contain 99.5%. sulfanilamide (99.5%), aniline (98%), hexylamine(98%), phthalic anhydride, benzene 
sulfonyl chloride and o-toluidine (99%) , phenylethylamine (95%) and monochloroacetyl chloride (99%) (Sigma-
Aldrich, Germany). Bi-distilled water was produced in-house (BOECO Water Still, WS3500, Germany). Isolated 
pathogenic microbes were supplied from Supporting Medical Sciences Faculty at Zarqa University. 
 
Chemistry 
Melting points were measured using Stuart SMP11 melting point apparatus and are uncorrected. 1H NMR and 13C 
NMR spectrums were collected on a Varian Oxford NMR-300 spectrometer. Electron Impact mass spectrometry 
was performed using ISQ Thermo Scientific mass spectrometer utilizing electron ionization. Infrared spectra were 
recorded using Shimadzu IRPrestige-21 Fourier Transform Infrared spectrophotometer. The samples were analyzed 
as thin solid films using KBr pellets. Analytical thin layer chromatography (TLC) was carried out using pre-coated 
aluminum plates and visualized by UV light (at 254 and/or 360 nm). 
 
Synthesis of the mono-chloromethyl-acetamide derivatives  
To a magnetically-stirred, ice-bathed, solution or suspension of the particular amine (figure II) (1.0 equivalent) and 
triethylamine (2.0 equivalents) in dry acetone (25 mL),  chloroacetylchloride (1.0 equivalent) in dry acetone (25 mL) 
was gradually added over 30 mins. The reaction mixture was stirred at room temperature until TLC revealed 
complete consumption of the starting amine. Subsequently, the reaction mixture was poured slowly onto 100 ml of 
5% aqueous sodium bicarbonate to neutralize the generated acid. The precipitated crude products were purified by 
recrystallization from acetone/water [21].  
 
General method for 1-[2-(substituted) ethyl]-2-methyl-5-nitroimidazoles M1-M7 
M1:Benzenesulfonic acid-2-(2-methyl-5-nitro-imidazole-1-yl)ethyl ester  
a mixture of metronidazole (1 mmol, 0.257g), benzene sulfonyl chloride (5 ml) and triethylamine (3 ml) in dioxane 
(50 mL) was mixed overnight at room temperature. The solvent was evaporated. The residue was treated with water 
and neutralized with 5% NaHCO3 solution. The precipitate formed was filtered and recrystalized from acetone: 
water (2:1).  
 
93% yield; m.p. (acetone) 140–141 °C; IR (KBr) νmax (cm–1) 3100, 2920, 1561–1458 (C=N, C=C), 1520, 1364 
(N=O); 1H-NMR (300 MHz, DMSO-d6) (ppm): δ = 2.62 (s, 3H), 3.73 (t, J = 6.6 Hz, 2H), 4.21 (t, J = 6.5 Hz, 2H), 
7.40 (d, J = 8.8 Hz, 2H), 7.94 (d, J = 8.8 Hz, 2H), 7.62 (dd, 1 H), 8.01 (s, 1H). ; 13C-NMR (75 MHz, DMSO-d6) 
δ = 19.07 (CH3), 34.2 (CH2), 60.2 (CH2), 127.31 (2 x CH), 129.41 (2 x CH),128.56 (CH), 134.57 (C), 141.61 (C), 
162.5 (C) ppm; EI-MS: 53.16, 68.12, 77.08, 80.15, 95.16, 123.03, 140.99, 170.06 (100%), 185.00, 204.06, 265.09, 
311.06, 312.11 (M+1) (C12H13N3O3S).  
 
M2: Phthalic acid mono-[2-(2-methyl-5-nitro-imidazole-1-yl)-ethyl] ester  
a mixture of metronidazole (1 mmol, 0.257g) and 1mmol of phthalic anhydride was dissolved in 50 ml acetone, 
reflux at room temperature for 24 hours, Evaporation of acetone lead to colorless needle crystals, recrystalization by 
acetone : water (2:1) to ensure purity. 
 
72% yield; m.p. (Acetone) 150–151 °C, IR (KBr) νmax (cm–1): 3400 (broad, COOH), 3119,1751(C =O), 1650(C 
=O),1577–1466 (C=N, C=C), 1521, 1375 (N=O); 1H-NMR (300 MHz, DMSO-d6) (ppm) δ = 2.52 (s, 3H), 3.82 (t, J 
= 5.8 Hz, 2H), 4.43 (t, J = 5.7 Hz, 2H), 7.81 (s, 2H), 7.72-8.21(m, 4H), 11.04(s, 1H, OH); 13C-NMR (75 MHz, 
DMSO-d6) δ = 19.17 (CH3), 34.3 (CH2), 66.4 (CH2), 127.31 (CH), 129.41 (CH),130.56 (CH), 131.3(CH), 133.66 
(CH), 134.57 (C), 136.23 (C),141.61 (C), 162.5 (C), 172.34 (C) ppm; EI-MS: 54.05, 69.17, 81.15 (100%), 83.09, 
95.11, 105.09, 124.12, 149.07, 171.07, 318.45, 319.48, 320.46 (M+1) (C14H13N3O6). 
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M3 : 2-[2-(5-Methyl-2-nitro-imidazol-1-yl)-ethoxy]-N-phenyl-acetamide 
1mmol, 0.257gm of metronidazole is dissolved in 50 ml dioxane, 2 mmol of Na metal is added , stirred at room 
temperature for 1 hour, and then filtered,  1mmol of aniline alkyl amide derivative [21] is added, reflux overnight. 
The whole reaction mixure is neutralized by 150 ml of 5% NaHCO3 solution, Extraction by 50 ml dichloromethane 
three times. 
 
49% yield; m.p. (acetone) 150-152 °C; IR (KBr) νmax (cm–1): 3100, 2890,1650 (C =O), 1597–1424 (C=N, C=C), 
1350 (N=O); 1H-NMR (300 MHz, DMSO-d6) (ppm): δ =2.61 (s, 3H), 3.81 (t, J = 7.1 Hz, 2H), 4.01(t, J = 7.1 Hz, 
2H), 4.35 (s ,1H), 7.08 (t, J = 8.2 Hz, 1H), 7.31 (t, J =8.2 Hz ,2H), 7.62 (d, J =8.2 Hz, 2H), 8.05 (s, 1H) ,10.45 (s, 
1H); 13C-NMR (75 MHz, DMSO-d6) δ = 14.68 (CH3), 44.05 (CH2), 48.72 (CH2), 60.2 (CH2), 119.80 (2 x CH), 
124.2 (CH), 129.3 (2 x CH), 133.4 (C), 139.0 (C), 152.4 (C), 165.1 (C) ppm, EI-MS : 54.18, 67.28, 81.27, 82.21, 
124.21 (100%), 172.24, 296.33, 304.17, 305.12 (M+1)  (C14H16N4O4). 
 
M4: 2-[2-(2-Methyl-5-nitro-imidazol-1-yl)-ethoxy]-N-(4-sulfamoyl-phenyl)-acetamide 
1mmol of metronidazole is dissolved in 50 ml dioxane, 2 mmol of Na metal is added , stirred at room temperature 
for 1 hour, and then filtered,  1mmol of  sulfanilamide alkyl amide [21] derivative is added, reflux overnight, The 
whole reaction mixure is neutralized by 150 ml of saturated NaHCO3, Extraction by 50 ml dichloromethane three 
times. 
 
56% yield; m.p. (acetone) 170–171 °C; IR (KBr) νmax (cm–1): 3300, 3200, 2900, 1701, (C=O), 1602–1540 (C=N, 
C=C), 1522,1368 (N=O); 1H-NMR (300 MHz, DMSO-d6) (ppm): δ = 2.56 (s, 3H), 3.38 (s, 1H), 3.67 (t, J = 5.1 Hz, 
2H), 4.30 (s, 2H), 4.35(t, J = 5.0 Hz, 2H), 5.02 (t, J = 5.3 Hz, 1H), 7.29 (s, 2H), 7.77 (dd, J =5.8, 14.4 Hz, 2H), 8.02 
(1H, s); 13C-NMR (75 MHz, DMSO-d6) δ = 14.69 (CH3), 44.01 (CH2), 48.71 (CH2), 60.2 (CH2), 119.43 (2 x CH), 
127.26 (2 x CH),133.41(CH), 138.83 (C), 139.39 (C), 141.81 (C), 152.40 (C), 165.65 (C) ppm, EI-MS: 54.13, 
64.13, 81.10,92.13, 108.08, 124.13, 156.09, 172.06 (100%), 185.03, 199.06, 232.00, 248.04, 382.28, 383.27, 384.32 
(M+1) (C14H17N5O6S). 
 
M5: N-Hexyl-2-[2-(2-methyl-5-nitro-imidazol-1-yl)-ethoxy]-acetamide 
1mmol of metronidazole is dissolved in 50 ml dioxane, 2 mmol of Na metal is added , stirred at room temperature 
for 1 hour, and then filtered,  1mmol of  hexylamine alkyl amide [21] derivative is added, reflux overnight, The 
whole reaction mixure is neutralized by 150 ml of saturated NaHCO3, Extraction by 50 ml dichloromethane three 
times. 
 
77% yield; m.p. (acetone) 140-141 °C, IR (KBr) νmax (cm–1): 3211, 2894, 1692 (C=O), 1560–1426 (C=N, C=C), 
1519,1366 (N=O); 1H-NMR (300 MHz, DMSO-d6) (ppm): δ = 0.87 (d, J = 5.8 Hz, 2H),1.25 (s, 3H), 1.40 (s, 2H), 
2.62 (s, 3H), 3.07 (d, J = 5.8Hz, 2H), 3.37 (d, J = 4.8 Hz, 2H), 3.68 (d, J = 1.6 Hz, 2H ), 4.02 (d, J = 4.8 Hz, 2H), 
4.36(d, J = 4.8 Hz, 2H), 5.02 (t, J = 4.8 Hz, 2H), 8.01(d, J = 4.3 Hz, 1H); 13C-NMR (75 MHz, DMSO-d6) δ = 14.29 
(CH3), 14.65 (CH3), 22.49 (CH2), 26.44 (CH2), 29.26 (CH2), 31.40 (CH2), 39.38 (CH2), 43.12 (CH2), 
48.71(CH2), 60.22 (CH2), 133.36 (CH), 138.84 (C), 152.38 (C), 166.16 (C) ppm, EI-MS: 54.16, 67.15, 81.12 
(100%), 124.10, 154.0, 172.10, 312.10, 313.09 (M+1) (C12H13N5O5S). 
 
M6: 2-[2-(2-Methyl-5-nitro-imidazol-1-yl)-ethoxy]-N-o-tolyl-acetamide 
1mmol of metronidazole is dissolved in 50 ml dioxane, 2 mmol of Na metal is added , stirred at room temperature 
for 1 hour, and then filtered,  1mmol of o-toluine alkyl amide derivative  [21] is added, reflux overnight, The whole 
reaction mixure is neutralized by 150 ml of 5% NaHCO3 solution, Extraction by 50 ml dichloromethane three times. 
43% yield; m.p. (acetone) 117-118 °C; IR (KBr) νmax (cm–1): 3204, 2960,1689 (C=O), 1597–1424 (C=N, 
C=C),1521, 1360 (N=O); 1H-NMR (300 MHz, DMSO-d6) (ppm): δ =2.21 (s, 3H), 2.46 (s, 3H), 3.69 (broad s, 2H), 
4.31 (s, 1H),4.36 (t, J = 4.8 Hz, 2H), 5.03 (s,2H), 7.18 (ddd, J =6.2, 13.6, 20.2 Hz, 3H), 7.41 (d, J =7.5Hz,1H), 8.02 
(s, 1H); 13C-NMR (75 MHz, DMSO-d6) δ = 14.66 (CH3), 18.01(CH3), 43.61 (CH2), 48.71(CH2), 60.22 (CH2), 
125.46 (CH), 126.14 (CH), 126.50 (CH), 130.83 (CH), 132.42 (C), 133.39 (CH),136.03 (C), 138.85 (C), 153.39 (C), 
165.33 (C) ppm , EI-MS: 54.05, 67.09, 81.07 (100%), 91.04, 105.97, 123.99, 133.95, 153.96, 170.96, 182.93, 
184.99, 295.98, 317.99, 318.93, 319.97 (M+1) (C15H17N5O5S). 
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M7: 2-[2-(2-Methyl-5-nitro-imidazol-1-yl)-ethoxy]-N-phenethyl-acetamide 
1mmol of metronidazole is dissolved in 50 ml dioxane, 2 mmol of Na metal is added , stirred at room temperature 
for 1 hour, and then filtered,  1mmol of phenylethylamine alkyl amide derivative  [21] is added, reflux overnight, 
The whole reaction mixure is neutralized by 150 ml of 5% NaHCO3 solution, Extraction by 50 ml dichloromethane 
three times. 
 
67% yield; m.p. (acetone) 137-138 °C; IR (KBr) νmax (cm–1): 3214, 2940,1680 (C =O), 1521, 1480,1424,1360 
(N=O); 1H-NMR (300 MHz, DMSO-d6) (ppm): δ =2.46 (s, 3H), 2.74 (t, J = 7.5Hz, 2H), 3.32 (t, J = 7.5Hz, 2H), 
3.69 (dd, J = 5.2, 10.3 Hz, 2H),4.04 (s, 1H), 4.36 (t, J = 5.1Hz, 2H), 5.02 (t, J = 5.1Hz, 2H), 7.20-7.31 (m, 5H), 8.02 
(s, 1H); 13C-NMR (75 MHz, DMSO-d6) δ = 14.68 (CH3), 35.30 (CH2), 41.0 (CH2), 43.08 (CH2), 48.72 (CH2), 
60.2 (CH2), 126.0 (CH), 128.77 (2 x CH),129.08 (2 x CH),133.41 (CH), 138.85(C),139.64(C),152.39(C), 166.28(C) 
ppm , EI-MS: 333.16 (M+1) (C16H20N4O4). 
 
Microbiology 
Antibacterial activities of the compounds were determined using agar well  method to determine zone of inhibition 
and tube dilution technique for active compounds[22, 23]. The minimum inhibitory concentration (MIC) values are 
given in µg/mL. The standard bacteria strains used, zone of inhibition and MIC values are shown in table I and table 
II. Samples were prepared as follows; 0.01 gm dissolved in 1ml of acetone, 25 µl was added in each well using agar 
well method. 25 µl of acetone was used as blank. Diameter of the inhibition zone was measured. Serial dilution 
method was used for MIC value determination as follows; 50 µl of the tested compound (0.01 gm/ml) was 
transferred to 2 ml of nutrient broth, vortex, transfer 1 ml of liquid broth to the next tube, add 1 ml of broth, vortex, 
then transfer 1 ml of mixed broth to the third test tube, the serial concentrations; 250, 125 and 75 µg/ml. 
 

RESULTS AND DISCUSSION 
 

In one of reported works [16-18] some of the 1-[2-substituted ethyl]-2-methyl-5-nitroimidazole derivatives were 
highly effective against aerobic bacteria. In analogy, the compounds which were synthesized in this study, also 
exhibited antibacterial activity as expected (table I, II). They are notably effective against aerobic bacteria, but 
metronidazole itself is not (MIC >1024 mg/mL). The highest activity was observed for the compounds M1 against 
Staphylococcus aureus and M3 against Streptococcus B (MIC = 250, 187.5 µg/ml respectively ). The rest 
compounds exerts variable intermediate effect on Streptoccocus B and Staphylcoccus epidermidis. However, 
Shigella sonnei, Pseudomonas aeruginosa , Escherichia coli , Enteroccocus faecium and Proteus mirabilis which 
are gram negative bacteria are resistant for all tested synthetic compounds. It is observed that the active synthetic 
compounds are active on gram positive bacteria but not on gram negative bacteria. The antimicrobial activity of the 
newly prepared compounds were assessed using antimicrobial susceptibility testing and minimal inhibitory 
concentration (MIC) values were measured for sensitive compounds (table II) [19]. The spectrum of activity of the 
tested compounds covered the gram-positive bacteria, but not the gram-negative bacteria, aneorobic bacteria were 
not tested. The reported antimicrobial activity was lower than that of the reference tested antimicrobial agent; 
cefdinir [20]. Nevertheless, it was demonstrated that compounds M1 and M3 have higher antimicrobial activity 
towards the S.aureus and Streptoccocus B respectively than the reference antimicrobial, metronidazole (table II). 
 

Table I. Zone of inhibition of the synthetic compounds (diameter in mm) 
 

Compound S.aureus S. epidermidis Shigella sonnei P. mirabilis S. saprophyticus E. faecium Streptococcus B E.coli P. aeruginosa 
M1 19 10 0 0 10 4 8 6 0 
M2 4 11 0 0 12 5 12 8 0 
M3 5 15 10 0 13 10 16 10 10 
M4 8 0 0 0 0 2 5 12 0 
M5 0 10 0 0 10 0 10 8 0 
M6 0 12 0 0 16 0 15 0 0 
M7 0 5 0 0 0 0 0 0 0 

metronidazole 0 0 0 0 0 0 10 4 0 
Cefdinir*  35 25 16 25 32 38 30 22 8 

*Zone of inhibition is experimental measured values in mm. 

 
Resistant (1-10), intermediate (11-15), sensitive (> 16) [19]. 
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Table II. Antibacterial  activities of the sensitive compounds (MIC µg/mL) 
 

Compound S.aureus S. epidermidis Shigella sonnei P. mirabilis S. saprophyticus E. faecium Streptococcus B E.coli P. aeruginosa 

M1 
S, MIC  

250 
R R R R R R R R 

M2 R I R R I R I R R 
M3 R I R R I R S, MIC= 187.5 R R 
M4 R R R R R R R I R 
M5 R R R R R R R R R 
M6 R I R R I R I R R 
M7 R R R R R R R R R 

metronidazole R R R R R R R R R 
Cefdinir* 

MIC µg/ml 
S 

0.5 
S 

0.5 
S 

0.25 
S 

0.125 
S 

0.5 
S 
8 

S 
0.06 

S 
0.12 

R 
 

*
MIC values reported [20] 

Resistance I, Intermediate (I), Sensitive (S) [19]. 
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Figure I: Scheme I for synthetic compounds M1 and M2. 
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Figure II: Scheme II for synthetic compounds M3 – M7 
 

CONCLUSION 
 

The synthetic metronidazole derivatives M1 and M3 had a narrow spectrum of activity (MIC = 250, 187.5 µg/ml) 
against S.aureus and Streptoccocus B respectively. Nevertheless they are superior than the metronidazole itself. The 
alkylamide ether is considered as a new scaffold with antimicrobial activity against gram positive bacteria, further 
study of the structural activity relationship could guide the modifications toward more potential agents. 
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