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Abstract

Objective: The aim of this work includes the synthesis of nitrone compounds derived from glyoxal by a 
condensation reaction with substituted arylhydroxylamines and evaluation of their antimicrobial efficacy. 
Materials and Methods: The present work concerned the synthesis of arylhydroxylamine derivatives and 
subsequently reacted with glyoxal (40%) to synthesize the nitrone compounds. Results: The synthesized 
nitrones in our study, their structures identified with Fourier-transform infrared and 1H-Nuclear magnetic 
resonance spectroscopies in addition to elemental analysis (C.H.N.). The results support the structures of nitrone 
compounds. Conclusion: Synthesized nitrones obtained in high purity and an excellent yield. The synthesized 
nitrones investigated for evaluation of their antimicrobial efficacy against Gram-positive (Staphylococcus 
aureus, ATCC 25923) and Gram-negative (Escherichia coli, ATCC 25922) bacteria and fungus (Aspergillus 
niger and Aspergillus flavus). The study proved that the synthesized nitrones exhibited significant antimicrobial 
activity.
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INTRODUCTION

Nitrone compounds are dipolar 
(1,3-dipole) and contain an azomethine 
(C=N+-O-) group. Nitrones are 

intermediary compounds of several products 
of biological importance.[1] Nitrones are 
interesting intermediates that are used in organic 
synthesis.[2-4] These compounds used earliest in 
the trapping of free radicals in biological systems 
and chemical systems.[1,5-7] Nitrone compounds 
are useful intermediates in a synthesis of a 
variety of compounds which contain nitrogen, 
which applied as pharmaceuticals and as agro-
chemicals.[6] Numerous nitrones found as an 
essential part in structures of important drugs.[7] 
They have interesting biological activities as anti-
inflammatory, antimicrobial, anticonvulsant, 
and anti-tubercular.[8] Due to antimicrobial 
studies of nitrones are poor, the aim of our work 
is the synthesis of nitrone compounds derived 
from glyoxal by the condensation reaction of 
N-substituted-arylhydroxylamines with glyoxal 
and evaluation of their antibacterial (Escherichia 
coli and Staphylococcus aureus) and antifungal 
(Aspergillus niger and Aspergillus flavus) 
efficiency. The results of activity compared 
with standard drugs such as amoxicillin and 
fluconazole.

MATERIALS AND METHODS

Materials and Instruments

Nitrobenzene, m-nitrotoluene, glyoxal (40%), 
p-bromonitrobenzene, and p-chloronitrobenzene are 
purchased from Sigma-Aldrich Company. Ammonium 
chloride was obtained from BDH Company. All solvents 
and zinc dust obtained from commercial sources. The 
melting points of synthesized nitrones recorded using a 
Gallenkamp Melting Point Apparatus. Fourier transform 
infrared (FT-IR) spectra recorded using FT-IR 8400S 
SHIMADZU device as KBr disks at the Department of 
Pharmaceutical Chemistry, College of Pharmacy, Basrah 
University. Elemental (CHN) analysis of the nitrones 
carried out in Jordon/central laboratories/Al-Albayt 
University. 1H-Nuclear magnetic resonance spectra of 
nitrones rrecorded by using a device Bruker model ultra-
shield 500 MHz (Switzerland), at Tehran University, Iran.
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Methods

Synthesis of N-substituted arylhydroxylamines 1a 
and 1b

Nitrobenzene or m-nitrotoluene (0.41 mol) was suspended 
in a solution of NH4Cl (0.047 mol) and 80 ml of H2O. 
With stirring, zinc dust (6.2 g) was added portion wise for 
20 min. The stirring continued for additional 20 min. The 
precipitate zinc oxide filtered off and the filtrate saturated 
with NaCl. With cooling, in an ice bath salt, the precipitated 
hydroxylamine [Table 1] filtered by section and purified from 
toluene and petroleum ether.[9]

Synthesis of N-substituted arylhydroxylamines 1c 
and 1d

The previous procedure was modified using 70% ethanol 
instead of H2O alone [Scheme-1]. In a conical flask (100 ml), 
70% EtOH (40 ml), ammonium chloride (0.023 mol), and 
appropriate halonitrobenzene (0.02 mol) were mixed. 
With stirring at 10°C, zinc dust (3.1 g) was added portion 
wise for 15 min. After completion of the addition, the 
mixture stirred at room temperature (additional 20 min). 
The mixture filtered off and the filtrate saturated with 
sodium chloride. The precipitated hydroxylamine [Table 1] 
filtered and recrystallized from toluene and petroleum 
ether.[9]

Synthesis of nitrones 2a-2d

In a round bottom flask (50 ml), 0.02 mol of glyoxal (40%) 
dissolved in absolute ethanol (10 ml). The hot solution of 
hydroxylamine (1a-1d) (0.04 mol) in 10 ml of absolute EtOH 
was added portion wise. The mixture was stirred overnight. 
The desired product [Scheme-1] filtered off and recrystallized 
from ethanol.[10] Some information about synthesized nitrones 
are listed in Table 2.

ANTIMICROBIAL ACTIVITY

Antibacterial Activity Assay

The disc diffusion method was performed for the testing in vitro 
antibacterial (S. aureus ATCC 25923 and E. coli, ATCC 25922), 
activity. Stock solutions of nitrones (1000 µg/ml) with dimethyl 
sulfoxide (DMSO) as a solvent were prepared. A loop full of 
the tested strains was grafted into 15 mL of nutrient broth and 
protected for 24 h in incubator at 37°C to activate the bacterial 
strain. The 100 mm Petri dish was filled with 20–30 ml of Mueller-
Hinton Agar. The Petri dish was prepared in sterile conditions. 
Steel allowed being dryness and using to assay antibacterial 
activity. Diameter of Whatman No. 4 (6 mm), impregnated 
with the solutions of the investigated compounds. The disc then 
introduced on the surface of the medium using bacteria. Petri 
dishes incubated at 37°C for 24 h. The antibacterial efficacy 
was determined by measuring the diameter zone of inhibition 
in mm. The minimum inhibitory concentration of the prepared 
nitrones was performed by the serial dilution of the compounds 
at concentrations ranging from 100 to 750 μg/ml.[1,11-14]

Antifungal Activity

In the antifungal activity, isolated pathogenic strains, A. niger 
and A. flavus, are used. The Sabouraud dextrose agar was 
used. Stock solutions of nitrones (1000 µg/ml) with DMSO 
as a solvent were prepared. The plates incubated for 3 days. 

Table 1: Physical properties of synthesized arylhydroxylamines (1a‑1d)
Compound X M.p. (°C) Crystal shape Yield %
1a H 81–82 Light yellow needle 68

1b m‑Me 69–71 Pale yellow sheet 71

1c p‑Cl 97–99 White sheet 65

1d p‑Br 89–91 White sheet 60

Table 2: Some information of synthesized nitrones
Compound X Name Mol. formula Color M. p. (°C) Yield (%)
2a H N, N2‑diphenylethane‑1,2‑diimine N‑oxide C14H12N2O2 Yellow 181–183 95

2b m‑Me N1, N2‑bis (3‑methylphenyl) ethane‑1,2‑diimine 
N‑oxide

C16H16N2O2 Yellow 188–190 91

2c p‑Cl N1, N2‑bis (4‑chlorophenyl) ethane‑1,2‑diimine 
N‑oxide

C14H10Cl2N2O2 Yellow 212–214 76

2d p‑Br N1, N2‑bis (4‑bromophenyl) ethane‑1,2‑diimine 
N‑oxide

C14H10Br2N2O2 Yellow 223–225 80

Scheme 1: Synthetic routs of nitrone compounds
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Then, the inhibition zones formed were measured with in 
millimeters.[1,12-14]

RESULTS AND DISCUSSION

From Table 3, data for CHN analysis of synthesized nitrones 
(2a-2d) support the structures of compounds 2a-2d.

Infrared Spectra

The data of FT-IR spectra of prepared nitrones [Figures 1-4] 
showed medium absorption bands at 1608–1623 cm−1 which 

attributed to the stretching frequency of the azomethine C=N 
bond which confirms the founding of (C=N+O-) group. In 
all spectra of the synthesized compounds, the stretching and 
bending (out of plane) frequencies for aromatic C-H bond 
appeared at ranges 3055–3088 cm−1 and 811–837 cm−1, 
respectively. The vibrations of aromatic C=C group in the 
infrared spectra of prepared nitrones appeared as strong 
bands at 1450–1481 cm−1 and 1520–1564 cm−1.[9,10,12] The 
other vibrations are listed in Table 4.

1H-NMR Spectra

The spectra of 1H-NMR [Figures 5-8] of prepared 
nitrones in our study exhibited a singlet signals for 

Figure 1: Fourier transform infrared spectrum of nitrone 
compound 2a

Figure 2: Fourier transform infrared spectrum of nitrone 
compound 2b

Table 3: Data of CHN analysis of nitrones
Compound Calculated (found) %

C H N
2a 69.99 (69.64) 5.03 (5.23) 11.66 (11.89)

2b 71.62 (71.83) 6.01 (5.89) 10.44 (10.30)

2c 54.39 (54.57) 3.26 (3.37) 9.06 (8.91)

2d 42.23 (41.94) 2.53 (2.61) 7.04 (7.11)

Figure 3: Fourier transform infrared spectrum of nitrone 
compound 2c

Figure 4: Fourier transform infrared spectrum of nitrone 
compound 2d

Scheme 2: Structure of synthesized nitrones for explanation 
1H‑NMR
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Antimicrobial Activity

Nitrones 2a-2d were investigated for their in vitro antimicrobial 
activity against bacteria pathogens E. col and S. aureus 
[Figure 9]. The antibacterial activity of [Tables 6 and 7] 
agents is dependent largely on the morphology of the cell 
wall of the bacteria, which is the step key in the penetration 
mechanism action. In addition to that, the activity depends on 
the lipophilicity of compounds. Depending on the lipophilicity, 
found that antibacterial potency of synthesized compounds, 

Figure 5: 1H‑Nuclear magnetic resonance spectrum of 2a

Figure 6: 1H‑Nuclear magnetic resonance spectrum of 2b

Figure 7: 1H‑Nuclear magnetic resonance spectrum of 2c

Figure 8: 1H‑Nuclear magnetic resonance spectrum of 2d

Table 4: FT‑IR information (cm‑1) nitrones
Compound C=N N-O C-N C=C Aromatic C-H Aliphatic C-H

Str. o. o. p.
2a 1623 1069 1192 1450 1541 3080 830 ‑‑‑‑‑‑

2b 1618 1077 1185 1457 1564 3067 826 2823 2930

2c 1608 1072 1172 1479 1528 3048 811 ‑‑‑‑‑‑

2d 1611 1072 1180 1481 1520 3110 837 ‑‑‑‑‑‑
o. o. p.= out of plan, FT‑IR: Fourier transform infrared

the protons (CH=N+-O-) H-7 and H-7’ in the region 
(8.649–8.8.709 ppm).[9] In case of the 1H-NMR spectrum of 
nitrone 2b, a singlet signal appeared at 2.407 ppm, which 
attributed to two methyl groups protons. Protons located 
ortho to azomethine-N-oxide group for nitrones 2c and 2d 
appeared as doublet signals at 8.143 ppm and 8.038 ppm, 
respectively, with 3J= 9 Hz. In addition, the spectra of 
nitrones 2c and 2d showed doublet signals at 8.282 ppm and 
8.182 ppm which attributed for protons ortho to halogen 
substituents.[9,10,13] The other signals for the aromatic rings 
are listed in Table 5 [Scheme-2].
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Figure 9: Antibacterial activity of nitrones against Escherichia 
coli and Staphylococcus aureus bacteria

Figure 10: Antifungal activity of nitrones against Aspergillus 
niger fungi

Table 5: Data 1H‑NMR for nitrones (2a‑2d) in DMSO‑d6
Nitrone X 1H-NMR, δ (ppm), nJ H-H (Hz)

(2H,7, 7’) C-H (aliphatic) C-H (aromatic)
2a H 8.682 ‑‑‑‑‑ 7.558–7.980 (10H,2,3,4,5,6,2’,3’,4’,5’,6’)

2b m‑Me 8.649 2.407 (6H) 7.393–7.792 (8H,2,3,4,6,2’,3’,4’,6’)

2c p‑Cl 8.709 ‑‑‑‑‑ 8.143 (4H,2,6,2’,6’,3J=8.7)
8.282 (4H,3,5,3’,5’,3J=8.7)

2d p‑Br 8.686 ‑‑‑‑‑ 8.038 (4H,2,6,2’,6’,3J=8.7)
8.182 (4H,3,5,3’,5’,3J=9)

NMR: Nuclear magnetic resonance

Table 6: In vitro antimicrobial efficiency of investigating nitrones (1000 µg/ml)
Microorganism Diameter of inhibition zone (mm)

2a 2b 2c 2d Amoxicillin Fluconazole
Escherichia coli 16 18 18 NI 38 ‑‑‑‑‑

Staphylococcus aureus 18 25 18 16 39 ‑‑‑‑‑

Aspergillus niger 17 12 10 15 ‑‑‑‑‑ 18

Aspergillus flavus 12 13 9 8 ‑‑‑‑‑ 15

Table 7: MIC (µg/ml) of the nitrones in mm
Compound Staphylococcus aureus Escherichia coli

750 500 250 100 750 500 250 100
2a 17 13 11 8 14 12 9 NI

2b 23 19 14 11 15 11 8 NI

2c 15 9 7 NI 12 9 9 NI

2d 14 10 11 8 NI NI NI NI
NI: No inhibition, MIC: Minimum inhibitory concentration

generally, is higher against Gram-positive bacteria than Gram-
positive bacteria. In general, the results of in vitro antimicrobial 
properties of investigating nitrones as in Table 6 appeared a 
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significant activity against fungi and bacteria. The antifungal 
activity [Figures 10 and 11] of synthesized nitrones (2a-2d) as 
shown in Table 6 showed good activity against A. niger and 
A. flavus compared with the fluconazole as a standard drug. 
In the case of antibacterial efficiency, compound 2b showed 
good activity compared with the other nitrones. In the case of 
compound 2a, the antifungal activity appeared well compared 
to the other compounds. In general, all nitrones showed high 
antifungal activity compared with the antibacterial activity.[14]

CONCLUSION

In our report, nitrones were prepared from condensation of 
different hydroxylamines with glyoxal. The prepared nitrones 
identified by element analysis (C. H. N.) as well as FT-IR and 
1H-NMR spectroscopies. The results supported structures of 
prepared nitrones. All compounds exhibited significant in vitro 
antibacterial and antifungal activities. Compound 2b exhibited 
good antibacterial activity compared with another prepared 
nitrone. Compounds 2a showed good antifungal activity.
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Figure 11: Antifungal activity of nitrones against Aspergillus 
flavus fungi


