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ABSTRACT 
Hydrazones are the most widely used organic compounds. They are used as pigments, dyes, catalysts, 

intermediates in organic synthesis and polymer stabilizers.  Hydrazones have been shown to exhibit a broad 

range of biological activities including antimicrobial, anti–hypertensive,   anti–inflammatory, analgesics, anti–

tubercular, anti–tumour, anti–material, antioxidant, antiviral and also used as quantitative analytical reagents, 

especially in colorimetric and fluorimetric determination of metal ions. The present work is based on the 

above hydrazones derivative form heterocyclic substituted phenylhydrazine. The structures of the synthesized 

compounds were characterized by elemental analysis and IR, 1H and 13C NMR, Mass spectral studies. All the 

newly synthesized compounds were screened to antimicrobial and antioxidant activity. 

Keywords: Phenylhydrazones, Antimicrobial and Antioxidant. 

 
INTRODUCTION 

Hydrazones tend to form an important group of 
bioactive drug molecules [1-3], which due to their 
wide range of pharmacological properties has 
got the attention of medical chemists. Many 
researchers derived drug-based compounds 
capable of fighting pathogens with minimal 
toxicity and complete efficacy. Such various 
studies have successfully developed new 
biologically active compounds. In that order 
hydrazones are organic molecule that is used in 
the medicine field. Therefore several researchers 
have synthesis of these compounds and evaluated 
their biological functions. Hydrozones are 
obtained from hydrazine or substitute hydrazine 
with aldehydes and ketones. These are imine 
compounds with a carbon-nitrogen double bond. 
Hydrozones are widely used in pigments [4], dyes 
[5], intermediates in organic synthesis [6] and 
polymer stabilizers [7]. Hydrazones have been 
shown to exhibit a broad range of biological 
activities including antibacterial [8], antifungal [9], 
antiviral [10], antimicrobial [11], antioxidant [12], 
antiinflammatory [13], trypanocidal [14], 
toxoplasma gondii [15], antihypertensive [16], 
analgesic [17], antiplatelet [18], antidepressant 
[19], antitubercular [20], antimalarial [21], 
antimycobacterial [22], antiamoebic [23] and 

anticancer [24] activities.  Hydrazones were also 
used as transportation devices in organic layer 
photoconductors as quantitative analytical 
reagents, particularly in the colorimetric and 
fluorimetric determination of metal ions [25, 26]. 
The present work is based on the above 
pharmaceutical importance of synthesis of 
heterocyclic phenylhydrazone derivative. 
 
EXPERIMENTAL METHODS 

Materials  

All chemicals were obtained in analytical quality 
and used without purification. The melting points 
were detected and not uncorrected. The purity of 
the compounds was confirmed by a thin layer 
chromatography using silica gel glass plates and 
suitable solvents. The IR spectra were recorded 
with the help of a Shimadzu spectrometer. The 
Bruker NMR Spectrometer was used to analysis 
the proton and carbon environments, using the 
TMS as the internal standard and the DMSO-d6 
for solvent. The Kirby-Bauer disc diffusion method 
was used to determine antimicrobial activity. 
Antioxidant activity was measured by DPPH 
radical method. 
General procedure for synthesis of 1,2,4-

triazole-4-substituted-phenylhydrazones 
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The reaction mixture of 4-(4'-hydrazinylphenyl)-
4H-1,2,4-triazole  (0.01mole) and  4-substituted 
benzaldehyde (0.01mole) was dissolved in 20 ml 
ethanol with add a few drops of acetic acid. This 
reaction mixture was heated under condensation 
conditions. The completion of reaction and 
formation of product was observed by TLC 

method. After that product was cooled under 
room temperature for 24 hours and was collected 
by filtration.  The purity of the compounds was 
checked by recrystallization using chloroform-
ethanol. All the compounds were synthesized 
(Scheme 1) using the same procedure. 

 

Scheme 1: Synthesis of 1,2,4-Triazole-4-substitutedphenylhydrazones 
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PHYSICAL AND SPECTRAL 
CHARACTERIZATION OF SYNTHESIZED 
COMPOUND 

a) 4-(4'-[2'''-Benzylidenehydrazinyl]phenyl)-

4H-1,2,4-triazole (PH01) 

m.p°c: 1990C; IR (KBr, νmax, cm-1): 3265 (N-H str), 
3064 (Aromatic C-H str), 2965 (Aliphatic C-H 
str),1631 (Aromatic C-C str), 1545 (C=N str) and 
1505 (Aliphatic C-H str);  1H NMR (DMSO-d6 δ, 
ppm): 11.391 (s,1H, NH) , 9.593 (s, 1H, C3'''–H), 
8.258 (s, 2H, C3&C5–H), 7.701 (d, 2H, C3'&C5' 
-H), 7.622 – 7.294 (m, 5H, C2'''–C6'''-H), and 
7.118 (d, 2H, C2'&C6'-H); 13C NMR (DMSO-d6, 
δ, ppm): 181.44 (C3'''), 146.23 (C3&C5), 144.16 
(C1'), 128.74 (C4''), 135.06(C1''), 131.85 (C4'), 
127.03(C2''&C6''), 129.07(C3''&C5''), 
124.61(C3'&C5') and 117.44(C2'&C6'); m/z 263 
[M+]; Anal. Found: C, 68.42; H, 4.98; N, 23.52; 
(%). Calc. for (C15H13N5): C, 68.44; H, 4.92; N, 
26.61. 
b) 4-(4'-[2'''-(4''-

Chlorobenzylidene)hydrazinyl]phenyl)-4H-

1,2,4-triazole (PH02) 
m.p°c: 2210C; IR (KBr, νmax, cm-1): 3445 (N-H str), 
2976 (Aromatic C-H str), 2976 (Aliphatic C-H 
str), 1639 (Aromatic C-C str), 1519 (C=N str) 

and 1456 (Aliphatic C-H str); 1H NMR (DMSO-d6 
δ, ppm): 11.404 (s,1H, NH) , 9.594 (s, 1H, C3'''–
H), 8.263 (s, 2H, C3&C5–H), 7.702 (d, 2H, 
C3''&C5'' -H), 7.560 (d, 2H, C3'&C5'-H), 7.124 
(d, 2H, C2'&C6'-H ) and 7.128 (d, 2H, C2''&C6''-
H); 13C NMR (DMSO-d6, δ, ppm): 181.48 (C3'''), 
146.25 (C3&C5), 144.16 (C1'), 135.13 (C4''), 
134.12 (C1''), 131.85 (C4'), 130.06 (C2''&C6''), 
129.41 (C3''&C5''), 124.64 (C3'&C5'),  and 
117.46 (C2'&C6'); m/z 297 [M+]; Anal. Found: 
C, 60.51; H, 4.06; N, 23.52; (%). Calc. for 
(C15H12ClN5): C, 60.51; H, 4.03; N, 23.53.  
c) 4-(4'-[2'''-(4''-

Bromobenzylidene)hydrazinyl]phenyl)-4H-

1,2,4-triazole (PH03) 

m.p°c: 2030C; IR (KBr, νmax, cm-1): 3440 (N-H str), 
3057 (Aromatic C-H str), 2969 (Aliphatic C-H 
str), 1592 (Aromatic C-C str), 1551 (C=N str) 
and 1495 (Aliphatic C-H str); 1H NMR (DMSO-d6 
δ, ppm): 11.399 (s,1H, NH) , 9.498 (s, 1H, C3'''–
H), 8.204 (s, 2H, C3&C5–H), 7.3 (d, 2H, 
C3''&C5'' -H), 7.497 (d, 2H, C2''&C6''-H), 7.62 (d, 
2H, C3'&C5'-H), 7.097 (d, 2H, C2'&C6'-H ); 13C 
NMR (DMSO-d6, δ, ppm): 181.58 (C3'''), 146.47 
(C3&C5), 144.16 (C1'), 135.55 (C1''), 132.49 
(C3''&C5''), 131.85 (C4'), 129.33 (C2''&C6''), 
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124.60 (C3'&C5'), 123.99 (C4'') and 117.44 
(C2'&C6'); m/z 341 [M+]; Anal. Found: C, 52.65; 
H, 3.53; N, 20.47; (%). Calc. for (C15H12BrN5): C, 
52.64; H, 3.51; N, 20.47.  
d) 4-(4'-[2'''-(4''-

Nitrobenzylidene)hydrazinyl]phenyl)-4H-

1,2,4-triazole (PH04) 
m.p°c: 2230C; IR (KBr, νmax, cm-1): 3407 (N-H str), 
3055 (Aromatic C-H str), 2945 (Aliphatic C-H 
str),1616 (Aromatic C-C str), 1543 (C=N str) and 
1497 (Aliphatic C-H str); 1H NMR (DMSO-d6 δ, 
ppm): 11.412 (s,1H, NH) , 9.509 (s, 1H, C3'''–H), 
8.261 (s, 2H, C3&C5–H), 8.122 (d, 2H, C3''&C5'' 
-H), 7.861 (d, 2H, C2''&C6''-H), 7.850 (d, 2H, 
C3' & C5'-H), 7.151 (d, 2H, C2' &               C6'-
H); 13C NMR (DMSO-d6, δ, ppm): 181.5 (C3'''), 
149.8 (C4''), 144.4 (C3&C5), 143.1 (C1'), 139.3 
(C1''), 131.8 (C4'), 127.95 (C2''&C6''), 124.6 
(C3'&C5'), 124.4 (C3''&C5'') and 117.4 
(C2'&C6'); m/z 308 [M+]; Anal. Found: C, 58.44; 
H, 3.92; Cl, 13.91; N, 27.26; (%). Calc. for 
(C15H12N6O2): C, 58.44; H, 3.89; N, 27.27. 
Antimicrobial activity 
All synthesized compounds were screened for 
antibacterial and fungal activity by the Kirby-
Bauer disc diffusion method [27]. Two gram 
positive bacteria such as Bacillus subtilis and 
Staphylococcus aureus and two gram negative 
bacteria such as Salmonella typhi and Escherichia 
coli were used. Ciprofloxacin was used as the 
reference antibacterial drug. For antifungal assay 
Candida albicans was used to test the activity of 
the compounds. Fluconazole was kept as the 
standard drug. The inhibition zone of synthesized 
compounds was compared with standard drugs. 
The results of the zone of inhibition for the 
antimicrobial activity of the synthesized 
compounds are given in Table 1 and Graph 1. 
Antioxidant activity 
Antioxidant activity was measured by DPPH 
radicals [28] using UV-Vis spectrophotometric 
methods. The principle of the DPPH method is 
based on colourizations. DPPH shows the colour 
change by accepting an electron or hydrogen 
ions and converted into a stable diamagnetic 
molecule.  The DPPH in deep violet colour, shows 
absorption at 517nm due to unpaired electrons. 
After the completion of the reaction, solution turns 
yellow due to the formation of 
diphenylpicrylhydrazine. The solutions of 
synthesized hydrazones will be prepared in 
methanol at concentrations of between 20 to100 
μg/ml. The 2ml test samples of synthesized 
hydrazones are blended with 2 ml of DPPH (0.1 
mM) solution and were continuous stirring then 
incubated at 37°C for 30 min. The absorbance of 
test solutions and standards were measured by 
uv-vis spectrophotometer at 517 nm.  AA and 

BHA were used as standards compounds in this 
method. The blank test (without samples) was run 
by equi-volume mixer (2ml) of DPPH and 
Methanol solution. The following formula was 
used to calculate the percentage of inhibition. 
Inhibition (%) = (blank OD– sample OD/blank 
OD)×100. The obtained results are illustrated in 
Table 2. 
 
RESULT AND DISCUSSION 

The synthesized compounds were confirmed by 
physical parameter of melting point and structure 
of the synthesized compound has been 
characterized based on IR, NMR, Mass   spectral 
data and CHN analysis. The antimicrobial 
activities of synthesized compounds of zone of 
inhibitions are presented in the table 1.  
Antioxidant activity was measured by DPPH 
radicals method and results are illustrated in 
Table 2. The final compounds were purified by 
recrystallization with chloroform-ethanol. The 
compounds were confirmed on the basis of their 
physical and spectral data. The spectral study of 
compound PH01 is described as an example, the 
IR spectrum of the compound PH01 showed NH 
absorption band at 3265 cm-1, aromatic C-H and 
aliphatic C- H stretching observed at 3064 and 
2965 cm-1 respectively, an absorption band 
observed at 1545 cm-1 due to C=N stretching. 1 H 
NMR (DMSO –d6) showed a singlet at δ 11.39 
ppm assignable to NH proton. Two doublets at δ 
7.70 ppm and δ 7.11 ppm each for two protons 
are assignable to H-3', H-5' and H-2', H-6' 
respectively. A singlet at δ 9.59 ppm for one 
proton is due to –CH=N (H-3''') and a singlet at δ 
8.25 ppm for two protons is assigned to triazole 
ring               (H-3 & H–5).  The 13C NMR 
spectrum of compound PH01, the signal of the 
triazole carbons of C3 & C5 are observed at 
δ146.23ppm and the carbon of C=N showed at 
δ181.44ppm. The aromatic carbons C1', C4'', 
C1'', C4', [C2''& C6''], [C3''& C5''], [C3' & C5'] and 
[C2'&C6'] appeared at δ 144.16, 128.74, 
135.06, 131.85, 127.03, 129.07, 124.61and 
117.44 ppm respectively. Mass spectrum showed 
a peak at m/z 263 [M+].  Hence, the above 
spectral data are compatible with the structure of 
desired product, 4-(4'-[2'''-
Benzylidenehydrazinyl]phenyl)-4H- 
1,2,4-triazole. All synthesized compounds were 
screened for in vitro antimicrobial activity by the 
Kirby-Bauer disc diffusion method. The inhibition 
zone was compared with standards. The results of 
the antibacterial and antifungal activity are given 
in table 1 and Graph 1. The newly synthesized 
compounds showed significant activity against 
selected bacteria. High antimicrobial activity was 
observed in the PH02 compared to other 
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compounds due to the chloro-substitution of the 
derivative. The results of antioxidant activity of 
synthesized compounds at different 
concentrations are shown in Table 2. The 
calculated IC50 values are given in table 2 and 

Graph 2. The most active compound among the 
synthesized compounds is PH04, which gave an 
IC50 value of 22.17µg/ml, while AA and BHA 
gave 7.36 and 5.38 µg/ml respectively. 
 

 
Table 1: Antimicrobial activity of the synthesized compounds 

 
Table 2: Antioxidant activity of synthesized compounds 
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Compound Concentration (µg/ml) IC50 (μg/ml)* 

20 40 60 80 100 

PH01 75.34 71.29 69.84 65.49 59.23 35.94 

PH02 77.35 74.76 69.47 66.15 59.47 27.69 

PH03 80.17 77.6 73.47 68.92 64.19 52.56 

PH04 79.58 72.48 67.25 55.8 48.86 22.17 

BHT 94.01 81.73 71.47 64.45 57.45 7.36 

AA 98.16 88.13 77.52 65.5 58.89 5.38 

*Average of three independent determinations 
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CONCLUSION 

A serious of substituted phenyl hydrazones has 
been synthesized and the elemental and spectral 
analysis confirmed the structures of the 
compounds. Newly synthesized compounds 
exhibited significant antimicrobial activity against 
selected bacteria and fungi. Finally the 
compounds of 4-(4'-[2'''-(4''-
Chlorobenzylidene)hydrazinyl]phenyl)-4H-1,2,4-
triazole and                    4-(4'-[2'''-(4''-
Nitrobenzylidene)hydrazinyl]phenyl)-4H-1,2,4-
triazole were observed to have good 
antimicrobial and high antioxidant activity. 
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