
Hindawi Publishing Corporation
Organic Chemistry International
Volume 2013, Article ID 370626, 7 pages
http://dx.doi.org/10.1155/2013/370626

Research Article

Synthesis, Characterization, and Biological
Activity of 5-Phenyl-1,3,4-thiadiazole-2-amine Incorporated
Azo Dye Derivatives

Chinnagiri T. Keerthi Kumar,1 Jathi Keshavayya,1 Tantry N. Rajesh,1

Sanehalli K. Peethambar,2 and Angadi R. Shoukat Ali1

1 Department of Studies and Research in Chemistry, School of Chemical Sciences, Kuvempu University,
Jnana Sahyadri, Shankaraghatta, Karnataka 577451, India

2Department of Biochemistry, Kuvempu University, Jnana Sahyadri, Shankaraghatta, Karnataka 577451, India

Correspondence should be addressed to Jathi Keshavayya; jkeshavayya@gmail.com

Received 30 April 2013; Revised 25 June 2013; Accepted 27 June 2013

Academic Editor: Ashraf Aly Shehata

Copyright © 2013 Chinnagiri T. Keerthi Kumar et al. 	is is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

5-Phenyl-1,3,4-thiadiazole-2-amine has been synthesized by single step reaction. A series of heterocyclic azodyes were syn-
thesized by diazotisation of 5-phenyl-1,3,4-thiadiazole-2-amine by nitrosyl sulphuric acid followed by coupling with di�erent
coupling compounds such as 8-hydroxyquinoline, 2,6-diaminopyridine, 2-naphthol, N,N-dimethyl aniline, resorcinol, and 4,6-
dihydroxypyrimidine. 	e dyes were characterized by UV-Vis, IR, 1H-NMR, 13C NMR, and elemental analysis. 	e synthesized
compounds were also screened for biological activity.

1. Introduction

Azo dyes are themost widely used class of colouringmaterials
because of their massive applications in various 
elds of
science and technology [1–3]. 	e azo dyes are synthesized
by diazotization of aromatic amines and coupling reagent,
which include one or more azo groups (–N=N–) attached to
one or more aromatic moieties (Karci et al. [4]). 	ese dyes
play a major role in textile, printing, leather, papermaking,
drug (Torres et al. [5]) and food industries (Youse
 et al. [6]).
Heterocyclic azo dyes have wide applications as high level-
dying agents in the dyestu� industries (Hallas and Choi [7]).
It has been known that the activity of azo linkage increases
with the incorporation of suitable heterocyclic moiety. 	e
increasing usage of these dyes in electronic industry, such as
colorimetric sensors, nonlinear optical (NLO) devices and
liquid crystalline displays (LCDs) used as potential sensi-
tizers for photodynamic therapy (PDT) has attracted much
attention (Demirbas et al. [8]). Nowadays, much attention
has been focused on 1,3,4-thiadiazole derivatives as a very

important class of nitrogen-containing aromatic heterocyclic
compounds due to their diverse biological activities such as
antitumor [9, 10], antibacterial [11, 12], anti-in�ammatory,
antimycotic (Fernandez et al. [13]), and powerful antifungal
agents (Waring and Hallas [14]). In contrast, 1,3,4-thiadiazole
derivatives exhibits a broad spectrum of biocidal activities
possibly due to the presence of toxophoric-N-C-S moiety
(Mavrova et al. [15]).

With these objects in view and also work carried out
in our lab on this class of azo dyes [16, 17], we now
focus on synthesis and screening for antimicrobial and
antioxidant activities of 5-phenyl-1,3,4-thiadiazole-2-amine
containing azo group in their structure. 5-phenyl-1,3,4-
thiadiazole-2-amine was synthesized by single step reaction
and it was transformed to its corresponding diazonium
salt by diazotization reaction and was further coupled
with various coupling agents (8-hydroxy quinoline, 2,6-
diaminopyridine N,N-dimethyl aniline, 2-naphthol, resor-
cinol, and 4,6-dihydroxypyrimidine) under suitable experi-
mental reaction.
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2. Materials and Measurements

All the starting materials were obtained from Merck and
were used without further puri
cation. Melting points were
measured using standard melting point apparatus from
Sunder Industrial Products (India) and were uncorrected.
	e UV-Visible absorption spectra were recorded in DMSO
with a SHIMADZU UV-1800 spectrometer at concentration
range of 10−4M. IR spectra were recorded in the region

of 4000 cm−1 to 400 cm−1 on an FT-IR-Alpha Bruker IR
spectrometer in KBr pellets. 	e 1H-and 13C-NMR spectra
were recorded in DMSO-d6 at 500MHz using AV500-
High Resolution Multinuclear FT-NMR Spectrometer with
tetramethylsilane as internal standard.

3. Experimental

3.1. Synthesis of 5-Phenyl-1,3,4-thiadiazol-2-amine (1). Ben-
zoic acid (0.1mol) and thiosemicarbazide (0.1mol) in phos-
phorous oxychloride (30mL) were re�uxed gently for 30min
and cooled followed by careful addition of water (90mL).
	e separated solid was 
ltered and suspended in water
and basi
ed with aqueous potassium hydroxide followed by

ltration, drying, and crystallization from mixture of DMF
and ethanol (9 : 1) to obtain colourless solidwith 65% yield. IR

[(KBr) �max/cm−1]: 3087 (aromatic C–H), 1613 (C=N), cm−1;
1H-NMR (DMSO-d6): 7.2–7.5 (m, 5H), 5.1 (s, 2H); 13C-NMR
(DMSO-d6, ppm): 153.9 (C–O), 130.4 (C–N), 174.6 (C=N),
150.8 (C–N). LC-MS (�/�) 177.2; anal. calcd. for C8H7N3S:
C,54.22; H,3.98; N,23.71; found: C,54.19; H,3.95; N,22.69.

3.2. General Procedure for Preparation of Dye 3(a–f). 5-

Phenyl-1,3,4-thiadiazole-2-amine (2.0 × 10−3mol) was dis-
solved in hot glacial acetic acid/propionic acid mixture (2 : 1,
6.0mL) and was rapidly cooled in an ice/salt bath to −5∘C.
	e liquorwas then added in portions during 30min to a cold
solution of nitrosyl sulphuric acid (prepared from sodium
nitrite (0.15 g) and concentrated sulphuric acid (3mL) at
50∘C). 	e mixture was stirred for an additional 2 hrs at
0∘C. Excess nitrous acid was destroyed by addition of urea.
	e resulting diazonium salt was cooled in salt/ice mixture.
A�er diazotization was complete, the diazo liquor was slowly
added to vigorously stirred solution of coupling component

(2.0 × 10−3mol) in potassium hydroxide (2.0 × 10−3mol)
and water (2mL). 	e solution was stirred at 0–5∘C for 2 h.
A�er 2 h, the pH of the reaction mixture was maintained
at 4–6 by the simultaneous addition of saturated sodium
carbonate solution. 	e mixture was stirred for one day at
room temperature. A�er one day, the resulting solid was

ltered, washed with cold water, and dried.

	e general scheme for the syntheses is given in
Scheme 1.

3.3. Preparation of 5-[(5-Phenyl-1,3,4-thiadiazol-2-yl)diazen-
yl]quinolin-8-ol: [3a]. 	e dye was obtained from 5-phenyl-
1,3,4-thiadiazol-2-amine and 8-hydroxy quinoline as brown

crystals (yield: 46%, m.p: 218). IR [(KBr) �max/cm
−1]: 3553–

3312 (broad –OH group), 3063 (aromatic C–H), 1573 (C=N),

1530 (N=N) cm−1; 1H-NMR (DMSO-d6): 8.9 (d, 1H),
8.6 (d, 1H), 7.9 (t, 2H), 6.80 (d, 1H), 7.2–7.5 (m, 5H),
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5.1 (s, 1H); 13C-NMR (DMSO-d6, ppm): 153.9 (C–O), 130.4
(C–N), 174.6 (C=N), 150.8 (C–N, quinoline); anal. calcd. for
C17H11N5OS: C,61.25; H,3.33; N,21.01; found: C,61.22; H,3.31;
N,20.99.

3.4. Preparation of 3-[(5-Phenyl-1,3,4-thiadiazol-2-yl)diazen-
yl]pyridine-2,6-diamine: [3b]. 	is dye was prepared from 5-
phenyl-1,3,4-thiadiazol-2-amine and 2,6-diamino pyridine as

wine red crystals (yield: 57%,m.p: 178). IR [(KBr) �max/cm
−1]:

absorptions bands at 3335 cm−1, 3063 (aromatic C–H), 1580
(C=N), 1631 cm−1 (N–H aromatic), 1490 cm−1 (N=N).1H-
NMR (DMSO-d6): 7.22–7.48 (m, 5H), 7.7 (d, 1H), 6.2 (d,
1H) 4.2 (s, 4H),13C-NMR (DMSO-d6, ppm): 158.6 (C=N,
pyridine), 156.9 (C–N), 175.5 (C=N, thiadiazole); anal. calcd.
for C13H11N7S: C,52.51; H,3.73; N,32.97; found: C,52.49;
H,3.70; N,32.94.

3.5. Preparation of N,N-dimethyl-4-[(5-phenyl-1,3,4-thiadia-
zol-2-yl)diazenyl]aniline: [3c]. 	is dye was synthesized
from 5-phenyl-1,3,4-thiadiazol-2-amine and N,N-dimethyl
aniline as dark red crystals (yield: 71%, m.p: 191). IR [(KBr)�max/cm

−1]: 3056 (aromatic C–H), 2940 (aliphatic C–H),
1562 (C=N) cm−1; 1496 (N=N) cm−1; 1H-NMR (DMSO-
d6): 2.85 (d, 6H), 7.2 (d, 2H), 6.8 (d, 2H) 7.25–7.6 (m, 5H),
13C-NMR (DMSO-d6, ppm): 40.9 (CH3), 150.2 (C–N), 175.9
(C=N, 	iadiazole), 150.1 (C–N, aniline), 119.1 (C–N, Azo);
anal. calcd. for C16H15N5S: C,62.11; H,4.89; N,22.64; found:
C,62.09; H,4.87; N,22.61.

3.6. Preparation of 1-[(5-Phenyl-1,3,4-thiadiazol-2-yl)diazen-
yl]naphthalen-2-ol: [3d]. 	is dye was obtained from 5-
phenyl-1,3,4-thiadiazol-2-amine and 2-naphthol as brick red

crystals (yield: 66%, m.p: 182). IR [(KBr) �max/cm
−1]: 3439–

3397 (broad –OH group), 3031 (aromatic C–H), 1550 (C=N)

cm−1, 1475 (N=N) cm−1; 1H-NMR (DMSO-d6): 7.1 (d, 1H),
7.5-7.6 (d, 3H), 7.2–7.4 (m, 7H) 14.1 (s, 1H); 13C-NMR (DMSO-
d6,ppm): 162.9 (C–O), 123.2 (C–N), 175.8 (C=N); anal. calcd.
for C18H12N4OS: C,65.04; H,3.64; N,16.86; found: C,65.01;
H,3.61; N,16.82.

3.7. Preparation of 4-[(5-Phenyl-1,3,4-thiadiazol-2-yl)diazen-
yl]benzene-1,3-diol: [3e]. 	is dye was prepared from 5-
phenyl-1,3,4-thiadiazol-2-amine and resorcinol as red crys-

tals (yield: 61%, m.p: 182). IR [(KBr) �max/cm
−1]: 3421–3385

(broad O–H group), 3031 (aromatic C–H), 1557 (C=N) cm−1;
1510 (N=N) cm−1; 1H-NMR (DMSO-d6): 7.1–7.5 (m, 5H), 5.2
(s, 2H), 6.2 (d, 1H) 6.4 (s, 1H), 6.9 (s, 1H); 13C-NMR (DMSO-
d6, ppm): 162.9 (C–O), 123.2 (C–N), 175.8 (C=N); anal. calcd.
for C14H10N4O2S: C,56.37; H,3.38; N,18.78; found: C,56.33;
H,3.34; N,18.82.

3.8. Preparation of 5-[(5-Phenyl-1,3,4-thiadiazol-2-yl)diazen-
yl]pyrimidine-4,6-diol: [3f]. 	is dye was synthesised from
5-phenyl-1,3,4-thiadiazol-2-amine and 4,6-dihydroxy pyrim-
idine as orange crystals (yield: 61%, m.p: 182). IR [(KBr)�max/cm

−1]: 3438–3391 (broad O–H group), 3031 (aromatic

C–H), 1564 (C=N) cm−1; 1527 (N=N) cm−1; 1H-NMR

(DMSO-d6): 5.1 (d, 2H), 7.2–7.5 (d, 5H), 7.6 (d, 1H), 13C-NMR
(DMSO-d6, ppm): 162.9 (C–O), 123.2 (C–N), 175.8 (C=N);
anal. calcd. for C12H8N6O2S: C,48.00; H,2.69; N,27.99; found:
C,47.97; H,2.67; N,27.96.

4. Biological Activity

4.1. Bacterial and Fungal Strains. 	e following bacteria
and fungi were used for the experiment. Bacteria: Staphy-
lococcus aureus ATCC 25923, Escherichia coli ATCC 25922,
and Pseudomonas aeruginosa ATCC 27853. All bacterial
strains were maintained on nutrient agar medium at 37∘C.
Fungi: Aspergillus 
avus, Chrysosporium keratinophilum, and
Candida albicans MTCC 227 are used in this study. 	ese
cultures are obtained from the Department of Microbiology,
Kuvempu University. All fungi strains were maintained on
potato dextrose agar (PDA) at 25∘C.

4.2. Antibacterial and Antifungal Activities. 	e antimicro-
bial activity of newly synthesized compounds was evaluated
using agar disc di�usion assay [18, 19]. Brie�y, a 24-hour
old culture of bacteria and 48-hour old culture of fungi
were mixed with sterile physiological saline (0.9%) and
the turbidity was adjusted to the standard inoculum of

MacFarland scale 0.5 (106 colony forming units (CFU) per
mL). Petri plates containing 20mL of Mueller Hinton agar
and Sabouraud-dextrose agar were used for antibacterial
and antifungal activities. 	e inoculums were spread on the
surface of the solidi
ed media and Whatman No. 1 
lter
paper discs (5mm in diameter) impregnated with the test
compound (20�L/disc) were placed on the solidi
ed media.
Streptomycin (5mg/disc) and �uconazole (5mg/disc) were
used as positive controls for bacteria and fungi, respectively,
along with DMSOdisc as negative control. Zone of inhibition
was recorded in millimeters a�er incubating bacterial strains
at 37∘C (24 hr) and fungal strains at 25∘C (72 hr). Tests were
performed in triplicate and the valueswere expressed asmean± SD [18, 20, 21].

4.3. Minimal Inhibitory Concentrations (MIC). 	e in vitro
determination of the minimum inhibitory concentration
(MIC) against selected bacterial strains was carried out
using serial dilution method (Table 4). 	e agar dilution
susceptibility test was performed based on the reported
method by Shridhar [22] to determine the MIC of the syn-
thesized compounds. 	e test compounds 3(a–f) dissolved
in sterilized 5% DMSO (400mg/mL concentration) were
taken as standard stock. A series of twofold dilutions of
each compound in the 
nal concentrations of 400, 300,
200, 100, 50, 25, 13, and 7mg/mL were prepared in nutri-
ent agar for bacteria. A�er solidi
cation, the plates were
spotted with 100�L of overnight grown bacterial cultures

approximately containing 1 × 104 CFU/mL. 	e test was
carried out in triplicate. 	e plates of bacterial culture were
incubated at 37∘C for 18–24 h. A�er incubation, the MIC was
determined.
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Table 1: Yield, melting point, �
max

, molar absorptivity (�), molecular formula, and solubility data of dye 3(a–f).

Dye Yield (%) MP (∘C) �
max

in nm Log � Molecular formula Mol. wt. Solubility

3a 46% 216–218 490 4.2 C17H11N5OS 333.36 Acetone/Ethanol/DMF/DMSO

3b 57% 169–171 488 4.51 C13H11N7S 297.33 Acetone/Ethanol/DMF/DMSO

3c 71% 189–191 512 4.02 C16H15N5S 309.38 Acetone/Ethanol/DMF/DMSO

3d 66% 179–182 525 4.58 C18H12N4OS 332.37 Acetone/Ethanol/DMF/DMSO

3e 61% 192–194 509 4.17 C14H10N4O2S 298.31 Acetone/Ethanol/DMF/DMSO

3f 54% 202–204 498 4.3 C12H8N6O2S 300.29 Acetone/DMSO Ethanol/DMF

4.4. Antioxidant Activity

4.4.1. DPPH Activity. 	e antioxidant capacity of newly
synthesised compounds was determined by the reported
method of Blois [23]with suitablemodi
cations.	e reaction
mixture contained 3mL of 0.1mM DPPH in 95% methanol
and 100 �L of solution of di�erent organic compounds from
the stock solution (1mg/mL), and 
nal volume was made up
to 4mL with 95% ethanol. 	e mixture was kept at room
temperature for 20min in the dark, and then the absorbance
was recorded at 517 nm. 	e 95% methanol was used as a
control. 	e scavenging activity of DPPH radicals (%) was
calculated by the following equation:

% of inhibition

= (abs. of the control − abs. of the test sample)
abs. of the control

× 100.
(1)

4.4.2. Metal Chelating Activity. 	e metal chelating proper-
ties of newly synthesised compounds were determind using
reported the procedure by Dinis [24]. Brie�y, 100 �L of
newly synthesised compounds in methanol was added to a
solution of 2mM FeCl2 (0.05mL). 	e reaction was initiated
by adding 5mM ferrozine (0.2mL) and the mixture was
shaken vigorously and kept at room temperature for 10min.
A�er the mixture had reached equilibrium, the absorbance
of the solution was then measured spectrophotometrically at
562 nm. All the tests and analyses were run in triplicate. 	e

percentage of inhibition of ferrozine-Fe2+ complex formation
is given by the following equation:

inhibition (%) = [(�cont − � test)�cont ] × 100, (2)

where �cont is the absorbance of the control and � test is the
absorbance of the test sample/standard.

5. Result and Discussion

5.1. Synthesis and Characterization. As shown in Scheme 1,
the hetarylazo dyes 3(a–f)were prepared through the diazoti-
zation of 5-phenyl-1,3,4-thiadiazol-2-amine and coupledwith
di�erent coupling components such as 8-hydroxyquinoline,
2,6-diamino pyridine, N,N dimethyl aniline, 2-naphthol,
resorcinol, and 4,6-dihydroxypyrimidine. 	e synthesized

dyes were characterized by FT-IR, UV-Vis, 1H-NMR, 13C-
NMR, and elemental analysis.

	e infrared spectra of all the dyes (inKBr) were recorded

in the region of 4000 cm−1 to 400 cm−1. For the dyes 3a, 3d,
3e and 3f a broad band has appeared at the region 3500–3200
which con
rms the presence of hydroxyl group (–OH).	ese

dyes 3(a–f) are showed 1517–1535 cm−1 for (N=N) azo group.
	e �max values at 3085–3005 cm−1 (aromatic C–H) and at
2986–2851 cm−1 (aliphatic C–H) were also observed.

	e 1H-NMR spectra were recorded in DMSO-d6 in dye
3c singlet at 2.85 ppm for –(CH3)2 group of N,N-dimethyl
aniline, amultiplet from 7.20 to 7.50 ppm for aromatic protons
(Ar-H). In dyes 3(a–f), the signals within the range of 7.25–
7.6 ppm are attributable to aromatic protons on the 5-phenyl
1,3,4-thiadiazole. 	e signal of the four protons on the two

amino groups of dye (3b) was not clearly observed in 1H-
NMR spectrum of dye (3b) because they were acidic hydro-
gen atoms, which could exchange with deuterium atoms of
solvent (Pavia et al. [25]).

	ese dyes were in good yield and these are soluble in
acetone, DMF, and DMSO. Absorption spectra of the azo
dyes 3(a–f) were recorded in DMSO at a concentration of10−4mol L−1. Due to 
-
∗ electronic transition in azo group,
the absorption maxima of the dyes 3(a–f) lie in the range
of 485 to 528 with the marginal variation. 	e results are
summarized in Table 1 and Figure 1.

5.1.1. Antimicrobial E�ect. 	e capacity of antimicrobial
activity of the six newly synthesized compounds against six
(3 bacteria and 3 fungi) human pathogenic microorganisms
were assessed both qualitatively and quantitatively by the
presence or the absence of inhibition zone and MIC values
with standard drugs (streptomycin and �uconazole). 	e
results of antibacterial activities of the extracts are shown
in Table 2. 	e result shows that the synthetized compounds
showed lower antimicrobial activities than thoes of standard.
	e compounds 3a (50, 25, 50 of MIC), 3b (100, 50, 50
of MIC), and 3f (100, 100, 100 of MIC) show good and
comparable activity than that of standard. According to Scor-
zoni [26], the compounds show an MIC less than 75�g/mL
considered to have strong antimicrobial activity, from 75
to 150�g/mL the activity is considered as moderate, from
150 to 250 �g/mL the antimicrobial activity was weak, and
over 250�g/mL the compounds were considered as inactive.
	erefore, in the present work all synthesized compounds
possessed strong, moderate, and weak activities against all
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Table 2: In vitro antibacterial activities of the compounds 3(a–f).

Sl. no.

Escherichia coli Staphylococcus aureus Pseudomonas aeruginosa

Diameter of zone of inhibition (mm)

Conc. in mg/mL 1 0.5 1 0.5 1 0.5

1 Control 00 00 00

2 Standard streptomycin 16 ± 0.2 10 ± 0.3 15 ± 0.4 10 ± 0.5 16 ± 0.3 13 ± 0.6
3 3a 13 ± 0.5 10 ± 0.7 14 ± 0.6 12 ± 0.3 10 ± 0.5 08 ± 0.5
4 3b 12 ± 0.4 09 ± 0.6 12 ± 0.4 10 ± 0.5 13 ± 0.3 11 ± 0.2
5 3c 04 ± 0.2 01 ± 0.2 02 ± 0.5 00 03 ± 0.3 01 ± 0.1
6 3d 08 ± 0.4 06 ± 0.5 09 ± 0.6 07 ± 0.3 08 ± 0.2 05 ± 0.7
7 3e 06 ± 0.6 04 ± 0.2 08 ± 0.7 05 ± 0.3 07 ± 0.2 05 ± 0.5
8 3f 10 ± 0.6 07 ± 0.2 11 ± 0.8 08 ± 0.2 10 ± 0.1 07 ± 0.3

test bacteria. Although a comparable antibacterial activity
was exhibited by few compounds, these compounds failed
to show a good response to antifungal activity, and the
compound 3c does not show any antimicrobial property.

5.1.2. Antioxidant Activity. 	e DPPH radical scavenging
activity is a widely used method to evaluate the antioxidant
capacity of newly synthetized compounds due to its short
time reaction compared to other methods. 	e ability to
donate hydrogen or electron to the DPPH radicals is thought
to be the reason for the antioxidant property of organic
compounds (Baumann et al. [27]). 	e DPPH radicals easily
expcept the electron or hydrogen atom from the organic
molecules to form stable diamagnetic molecules Soares et al.
[28]. 	e DPPH lose its colour and the absorbance of the
DPPH also decreases which is read at 517 nm. Scavenging
e�ects of newly synthesised compounds 3a, 3b and 3f show
good and comparable value to standard (Figure 2) on the
other hand, remaining compounds are showing moderate
scavenging activity when compared to standard BHT. How-
ever, the scavenging e�ects of BHT are higher than of all
newly synthesized compounds.

5.1.3. Metal Chelating Activity. 	e ferrozine can bind to Fe2+

ions quantitatively to form stable complexes. In the pres-
ence of chelating agents like organic compounds and plant
extracts, the complex formation is disrupted which results
in the destabilization of complex and results in decreases in
the red colour of complex. Measurement of the decrease in
the colour allows us to estimate the chelating property of the
organic compounds or coexisting chelator (Yamaguchi [29]).
In the present work the organic compounds and standard
destabilize the complex of ferrous and ferrozine, suggesting
that they have a chelating capacity. 	e metal like iron
can stimulate the lipid peroxidation by the Fenton reaction
and it also stimulates the peroxidation by decomposing
lipid hydroperoxides into peroxyl and alkoxyl free radicals
that can themselves abstract hydrogen and perpetuate the
chain reaction of lipid peroxidation (Halliwell [30]). 	e
compounds 3a, 3b and 3f shows good activity than the other
compounds indicates the capacity of these compounds to
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Figure 1: Absorption spectra of dyes 3(a–f) in DMSO.
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Figure 2: DPPH radical scavenging activity.

destabilize the complex between the ferrozine and Fe2+ ions.
But the remaining compounds fail to chelate the metal ions
as compared to standard.
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Table 3: In vitro antifungal activities of the compounds 3(a–f).

Sl. no.
Aspergillus 
avus Chrysosporium keratinophilum Candida albicans

Diameter of zone of inhibition (mm)

Conc. in mg/mL 1 0.5 1 0.5 1 0.5

1 Control 00 00 00

2 Standard �ucanazole 18 ± 0.5 15 ± 0.3 16 ± 0.7 14 ± 0.2 23 ± 0.8 20 ± 0.3
3 3a 09 ± 0.5 06 ± 0.3 10 ± 0.7 08 ± 0.8 11 ± 0.5 07 ± 0.2
4 3b 05 ± 0.6 03 ± 0.3 04 ± 0.6 01 ± 0.4 04 ± 0.2 01 ± 0.1
5 3c 04 ± 0.3 02 ± 0.2 05 ± 0.3 03 ± 0.6 03 ± 0.3 02 ± 0.1
6 3d 08 ± 0.4 06 ± 0.5 09 ± 0.6 07 ± 0.3 08 ± 0.2 05 ± 0.7
7 3e 06 ± 0.6 04 ± 0.2 08 ± 0.7 05 ± 0.3 07 ± 0.4 05 ± 0.3
8 3f 13 ± 0.5 10 ± 0.5 14 ± 0.3 11 ± 0.1 15 ± 0.7 13 ± 0.5

Table 4: Minimum inhibitory concentration compounds 3(a–f).

Sl. no. Compounds
Concentration in �g/mL

Escherichia
coli

Staphylococcus
aureus

Pseudomonas
aeruginosa

1 3a 50 25 50

2 3b 100 50 50

3 3c 400 — 400

4 3d 200 200 200

5 3e 400 200 200

6 3f 100 100 100
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Figure 3: Metal chelating activity.

5.1.4. Biological Activity. See Tables 2 and 3.

5.1.5. Antioxidant Activity. See Figures 2 and 3.

6. Conclusions

In this work, 6 new heterocyclic azo dyes were synthesized by
a classical method of diazotizing coupling. 	is investigation
proposes a convenient, economical, cheaper, and useful

method for the synthesis of 5-phenyl-1,3,4-thiadiazole-azo
dyes, coupled with quinoline, which are biologically active
molecules possessing antimicrobial and in vitro antioxidant
properties. 	ese new classes of heterocycles exhibit signi
-
cant antimicrobial and antioxidant activities. 1,3,4-	iadiazol
azo dye coupled with 8-hydroxy quinoline showed higher
active antioxidant capacity than 1,3,4-thiadiazol azo dye cou-
pled with naphthol. 	e preliminary antimicrobial activity
studies revealed that the azo dye having 1,3,4-thiadiazole
moiety exhibited a potential antimicrobial activity. Hence, it
can be concluded that this new class of compounds certainly
holds a greater promise in discovering a potent antimicrobial
and antioxidant agent.
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