PROGRES)

IN COLOR, COLORANTS AND COATINGS

available online @ www.pcec.icre.ac.ir

Prog. Color Colorants Coat. §(2015), 145-152

—_——

AL

| P
Ministry of Science, Research and Technology
Institute for Color Science and Technology

Aryl azo S-arylidene-2,4-thiazolidinone Dyes as Novel Antioxidant and

Antibacterial Compounds

A. Mohammadi'', H. Ghafoori’, M. Rassa® and M. Safarnejad4
I Assistant Professor, Department of Chemistry, Faculty of Sciences, University of Guilan, P.O. Box: 41335-1914,

Rasht, Iran.

2 Assistant Professor, Department of Biochemistry, Faculty of Sciences, University of Guilan, P.O. Box: 41335-1914,

Rasht, Iran.

3 Assistant Professor, Department of Biology, Faculty of Science, University of Guilan, P.O. Box: 41335-1914, Rasht,

Iran.

+ M. Sc., Department of Chemistry, Faculty of Sciences, University of Guilan, P.O. Box: 41335-1914, Rasht, Iran.

ARTICLE INFO ABSTRACT

Artlc.le history: n the present study, nine bis-azo dyes based on 5-arylidene-2,4-
Received: 23-07-2014 . - . . .

] ) thiazolidinone were obtained in two steps, using Knoevenagel
Final Revised: 25-10-2014

Accepted: 11-11-2014
Available online: 11-11-2014

Keywords:

Azo dye
2,4-thiazolidinone
Tautomerism
Antioxidant activity
Antibacterial activity

and Technology.

condensation and azo coupling reactions. The structure of the dyes was
confirmed on the basis of spectral data. Analysis of spectroscopic data shows
that there is equilibrium between the azo and hydrazone tautomers for all dyes in
solutions. Investigation of antioxidant activity of compounds was carried out by
2,2-diphenyl-1-picrylhydrazyl and ferric reducing antioxidant power methods.
The antibacterial activity towards three Gram negative and two Gram positive
bacteria was also investigated. The activity data show that the synthesized dyes
3a-i have promising antibacterial activity, comparable with their precursor 1.
Prog. Color Colorants Coat. 8 (2015), 145-152 © Institute for Color Science

1. Introduction

Organic compounds with hydroxyl and sulfur
functional groups (-OH and -S), such as phenolic
compounds, polyphenols and flavonoids scavenge free
radicals, including peroxide and hydroperoxide, thus
inhibiting the oxidative mechanisms that lead to
degenerative diseases [1, 2]. Antioxidants are of
importance due to their ability to retard disease
progression by reducing the damage caused by

*Corresponding author: a_mohammadi@guilan.ac.ir

freeradical  oxidative stress in a  patient.
Thesecompounds may act independently or in
combination as anti-microbial agents by a variety of
mechanisms [3].

Thiazolidine and its derivatives as bioactive
heterocycles, play a key role in medicinal chemistry
and they have been extensively used as scaffolds for
drug development [4-6]. Thiazolidinediones show a
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wide variety of biological activities such as antifungal,
antibacterial, antiviral, antitumor, and antidiabetic
potentials [7-11].

On the other hand, azo compounds have been
extensively used as colorant material and account for
over 50 % of all commercial dyes [12, 13]. In addition
to their use as colorants, they have also been employed
for many applications, such as ink jet printing [14, 15],
thermal transfer printing [16], photography [17], as
color additives [18], in the biomedical area [19],
molecular recognition [20], light controlled polymers
[21, 22], and liquid crystal industry [23].

In addition, synthesis and application of such dyes
are important in pharmaceutical, food, color and other
industries. According to the above potent usefulness of
the thiazolidinediones and in continuation of our
studies on the synthesis of azo dyes [24], we report
here in the synthesis of some novel bis-azo dyes
bearing a thiazolidine moiety in order to evaluate their
antioxidant and antibacterial activities.

2. Experimental

2.1. Materials and apparatus

All compounds used in this study were obtained from
Merck Chemical Company and were used without
further purification. All melting points were

OH

determined on an Electrothermal melting point
apparatus and are uncorrected. Infrared spectra were
Shimadzu 8400  FT-IR
spectrophotometer (Japan). The Proton nuclear
magnetic resonance ('"H NMR) spectra were obtained
on a FT-NMR (400 MHz) Brucker apparatus
spectrometer (Germany), and the chemical shifts are

recorded on a

expressed in & ppm using TMS as an internal standard
and J values are given in Hz. The visible spectra were
measured using a Pharmacia Biotech
Spectrophotometer (United States). The purity
determination of the substrates and reaction monitoring
were accompanied by TLC using silica gel SIL G/UV

254 plates (Merck Chemical Company, Germany).

2.2. Synthesis of azo dyes 3a-f

All the investigated dyes in the present work were
synthesized by treating the corresponding aryl
diazonium salts with  5-(3-hydroxybenzylidene)
thiazolidine-2,4-dione (1) in alkaline media using
diazotization-coupling  reactions, as  previously
described [25, 26]. Dyes 3a-f were prepared according
to Figure 1.
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Figure 1: General synthetic route for synthesis of dyes 3a-i.
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2.3. 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
assay

The free radical scavenging activity (DPPH assay) was
measured according to Brand-Williams et al. (1995)
with slight modifications. This method is based on the
reduction of stable DPPH’, when it accepts a hydrogen
from an antioxidant compound. DPPH radicals were
prepared in methanol to the final concentration of 1.5 x
10* mM. Different concentrations of investigated
synthetic compounds (3-70 puM) were added and
mixed with the DPPH solution. The mixture was
incubated at 25 °C for 30 min. The absorbance of the
samples was measured at 517 nm against a blank, using
ascorbic acid as positive control. Radical scavenging
activity was calculated by the following equation:

% Inhibition = [(Ap — As) /Ap] x 100

where Ap is the absorbance of DPPH solution
(containing all reagents except the test compound) and
Ag the absorbance of the tested sample.

2.4. Ferric reducing antioxidant power (FRAP)
assay

FRAP was performed according to Benzie and Strain
(1996) with minor modifications. The principle of this
method is based on the reduction of a ferric 2.4,6-
Tris(2-pyridyl)-1,3,5-triazine (Fe’*-TPTZ) to ferrous in
the presence of synthetic compounds. FRAP reagent
was prepared from 0.3 M acetate buffer (pH = 3.6), 10
mmol TPTZ solution in 40 mmol HCI and 20 mmol
iron (III) chloride solution in proportions of 10:1:1
(v/v), respectively. The FRAP reagent was freshly
prepared before analysis and warmed to 37° C prior to
use. 100 pl of diluted compound (20-200 pM) was
added to 1.4 mL of the FRAP reagent. The absorbance
of the reaction mixture was measured after 5 min
against blank at 593 nm. Increased absorbance of the
reaction mixture indicated increased reducing power. A
standard curve was prepared using different
concentrations (0.5-10 mM) of ferrous sulfate. All
determinations were performed in triplicate.

2.5. Zone inhibition assay

The assay was carried out according to Finegold and
Baron (1990), with minor modifications [27]. Five
bacterial strains were used for this assay, including:

Micrococcus luteus, Bacillus subtilis, Salmonella
enterica, Escherichia coli and Pseudomonas
aeruginosa. Tetracycline and chloramphenicol were
used as standard antibiotics. The strains grown
overnight at 37 ° C in nutrient broth (Merck) were
transferred to nutrient agar (Merck) plates in 40 pl
quantities and spread on the surface with a sterile glass
spreader. Using sterile Pasteur pipette ends, wells were
bored into the agar. A concentration of 2.2x10™* M of
sample was prepared in DMSO and 30 pl of each
sample was added to a well. The plates were incubated
at 37 ° C overnight and zones of inhibition were
measured using a ruler.

Minimum inhibitory concentration (MIC):
Nutrient broth containing the required concentration of
compound (2x107%, 9x10? and 16x10° mM) and
inoculated with the bacterial strain was incubated at 37

°C overnight. Cultures exhibiting no turbidity were

taken to indicate MIC.

Minimum bactericidal concentration (MBC): 50
pl samples from cultures exhibiting MIC were
transferred to nutrient agar plates and incubated
overnight as before. MBC was indicated by absence of
growth on agar surface.

3. Results and discussion

3.1. Chemistry

All the investigated compounds were synthesized by
treating the corresponding aryl diazonium salts with 5-
(3-hydroxybenzylidene) thiazolidine-2,4-dione (1) as
the key intermediate in alkaline media using
diazotization-coupling reactions. Knoevenagel
condensation reaction of commercially available 2,4-
thiazolidinedione with 3-hydroxybenzaldehyde in
refluxing ethanol in the presence of the piperidine
catalyst affords excellent yields of the 5-(3-
hydroxybenzylidene)thiazolidine-2,4-dione. In our
previous publication [25, 26], the structure of the
synthesized dyes was characterized and confirmed by
UV-Vis, FT-IR, '"H NMR and C NMR spectroscopic
techniques. Analysis of spectroscopic data showed that
the prepared bis-azo compounds exist in three forms;
namely, azo-enol-azo (T;), hydrazo-keto-azo (T,) and
azo-keto-hydrazo (Ts), but other tautomeric forms are
possible. The tautomeric forms of the dyes are shown
in Figure 2.
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Figure 2: Possible tautomeric forms of prepared dyes 3a-i.

In all the prepared dyes, examination of the 'H
NMR data shows that the equilibrium between the Ty,
T, or T; tautomeric forms is predominantly shifted to
the T, and/or T; forms.

3.2. Antioxidant activity

The antioxidant activity of prepared compounds 3a-i
and 1 was evaluated using DPPH and FRAP methods.
The results obtained from DPPH assay are presented in
Table 1. There was significant variation in the
percentage inhibition of the DPPH’ radical by the
compounds 3a-i. DPPH’ scavenging activity was
quantified and expressed in terms of inhibitory
concentration (ICsy: the concentration of sample
required to scavenge 50 % of the free radicals). There
was a clear variation in the ICsy values of the prepared
compounds. The ICs, values followed the order 3f
(1.95 uM) >3h (2.1 uM) >3i=3c (2.25 uM) >3g (3.2
uM) >3b=3d (3.5 puM) >3e (4.36 uM) >3a (6 uM).
Compound 3f, showed the highest activity (ICsp: 1.95
uM), but lower activity was seen by 3a (ICsy: 6 uM).
The antioxidant mechanism of the dyes could be
explained on the basis of its chemical structures. The
synthesized dyes with hydroxyl group can donate an H
atom from its phenol group to DPPH’ to form the
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resonance-stabilized free-radical intermediate. The
existence of an aromatic moiety on the oxygen atom
would stabilize the phenoxy radical formed, and thus,
enhance antioxidant activity of dyes 3a-f.

The results obtained from the FRAP assay are
presented in Table 1. Among the tested dyes, 3f, with
the electron donating group (CHj), displayed the
highest FRAP values (159 uM) followed by 3d (143
uM), 3h (133 uM), 3g (107 uM), 3i (105 uM) and 3a
(82 uM). In general, this notable antioxidant activity
may be rationalized on the basis that the prepared azo
compounds possess phenolic and thiazolidinone
moieties that act as potential antioxidants. The
importance of the phenol content of the product lies in
the capacity of these compounds to increase the
antioxidant capacity.

3.3. Antibacterial activity

The antibacterial activity of synthesized compounds
3a—i and 1 was examined against the selected bacterial
strains using the agar well diffusion technique. The
results for well diffusion are presented in Table 2. The
results revealed that five dyes (3a, 3b, 3¢, 3d, and 3f)
exhibit strong activities towards the Gram-positive
bacteria M. luteus and B. subtilis.
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Table 1: Antioxidant Activity of compound 1 and dyes 3a-i assayed by DPPH and FRAP assays.

DPPH FRAP (uM)
Entry Compound -
(ICs) Fe®" (Con.)
1 1 22

7.81
2 3a 5.95 82
3 3b 3.48 48
4 3c 222 50
5 3d 3.52 143
6 3e 4.30 75
7 3f 1.91 159
8 3g 3.22 107
9 3h 2.06 133
10 3i 2.19 105

Table 2: Antimicrobial activity of compound 1 and dyes 3a-i.

Compounds 2.2x10* %)) Antimicrobial activity (zone of inhibition in mm)

M.luteus B.subtilis S.enterica S.enterica E.coli P.aeruginosa

1 1 9 6 = — — —
2 3a 27 12 = — - -
3 3b 24 19 7 7 — —
4 3c 18 11 — - — -
S 3d 31 15 — — — =
6 3e 16 8 — — — —
7 3f 30 14 — = = =
8 3g 10 7 = = = —
9 3h 9 11 12 12 = —
10 3i 17 15 — — - -
11 Tetracycline (15 pg/well) 34 20 26 26 28 =
12 Chloramphenicol (30 pg/well) 36 17 28 28 36 20
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Table 3: MIC and MBC of compound 1 and dyes 3a-i against selected Gram positive bacteria.

1

3a =

3b MIC
3c MBC
3d MIC

MBC
NDP
MBC

MIC
ND°
ND°
ND°

3e =

o 0 O & U A W N

10 3i = = =

3f — — —
3g - - -
3h — — —

Staphylococcus aureus Bacillus subtilis

Compound 2x10~ 9%x10™ 16x10° 2x107 9%x10™ 16x10~ [ 2x10™ | 9%x10™ 16x10-
mM mM mM mM mM mM mM mM mM
1 MIC ND? MBC = = = = MIC ND?

MIC ND? — — —
= = MIC  MBC NDP

ND*: As the MIC was determined at lower concentrations, it was not determined (ND) at the higher concentration.

ND": As the MBC was determined at lower concentrations, it was not determined (ND) at the higher concentration.

It can also be seen that none of the dyes have
antimicrobial activities against the selected Gram-
negative bacteria. Although, two dyes, 3b and 3h,
showed mild activities against Salmonella enterica (a
Gram negative bacterium). It was decided to determine
MIC and MBC against M. luteus, B. subtilis and a third
Gram positive bacterium, Staphylococcus aureus. The
results obtained are shown in Table 3. As can be seen,
compounds 3b, 3¢ and 3d showed MBC against M.
luteus at 9x10* mM. Compound 3h exhibited MIC at
9x10” mM against S. aureus, whereas compound 3¢
showed MIC at 9x10? mM against B. subtilis. In
addition, compound 3i showed MBC at 9x10? mM

against the same bacterium.

It can therefore be concluded that the novel dyes
prepared containing the phenolic and thiazolidinone
moieties as bioactive components showed promising

results and potential for utilization in

pharmaceutical and medicinal industries.

4. Conclusions

This paper proposes a convenient and useful method
for the synthesis of nine azo dyes with bioactive
moieties using Knoevenagel condensation and azo
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coupling reactions. These dyes were characterized by
FT-IR, 'H NMR and "C NMR spectroscopic
techniques. Spectroscopic characterization showed that
the synthesized tautomeric azo-hydrazone dyes exist
mainly in the hydrazone form. The antioxidant and
antibacterial properties of the dyes were evaluated.
These new classes of colorants exhibit a significant
antioxidant and antimicrobial activities as confirmed
by DPPH, FRAP and agar well diffusion, respectively.
Results obtained from antioxidant tests showed that all
the prepared dyes may be considered as new potential
antioxidants. In addition, the synthesized dyes provided
higher antibacterial activity against Gram-positive
bacteria than Gram-negative bacteria, which could be
attributed to the structural differences between selected
bacteria.

Acknowledgements

The authors are grateful to the Research Council of
University of Guilan for the financial support of this
work.



Biological activity of novel thiazolidinone-based dyes

5. References

1.

10.

C. Y. Hung, G. C. Yen, Antioxidant activity of
phenolic compounds isolated from Mesona
procumbens Hemsl, J. Agric. Food Chem.,
50(2002), 2993-2997.

S. Koppireddi, J. R. Komsani, S. Avula, S.
Pombala, S. Vasamsetti, S. Kotamraju, R.
Yadla, Novel 2-(2,4-dioxo-1,3-thiazolidin-5-
ylacetamides as anti-
inflammatory compounds, Eur. J. Med. Chem.,
66(2013), 305-313.

M. Valko, D. Leibfritz, J. Moncol, M. T. D.
Cronin, M. Mazur, j. Telser, Free radicals and

antioxidant and/or

antioxidants in normal physiological functions
and human disease, Int. J. Biochem. Cell Biol.,
39(2007), 44-84.

J. P. Ye, Challenges in drug discovery for
thiazolidinedione substitute, Acta Pharm. Sin.
B., 1(2011), 137-142.

V. S. Jain, D. K. Vora, C. S. Ramaa,
Thiazolidine-2,4-diones: ~ Progress  towards
multifarious applications, Bioorg. Med. Chem.,
21(2013), 1599-1620.

A. K. Jain, A. Vaidya, V. Ravichandran, S. K.
Kashaw, R. K. Agrawal, Recent developments
and biological activities of thiazolidinone
derivatives, A review., Bioorg. Med. Chem.,
20(2012), 3378-3395.

K. Omar, A. Geronikaki, P. Zoumpoulakis, C.
Camoutsis, M. Sokovic, A. Ciric, J. Glamoclija,
Novel 4-thiazolidinone derivatives as potential
antifungal and antibacterial drugs, Bioorg. Med.
Chem., 18(2010), 426-432.

G. Neves, R. Menegatti, C. B. Antonio, L. R.

Grazziottin, R. O. Vieira, S. M. K. Rates, F.

Noel, E. J. Barreiro, C. A. M. Fraga, Searching
for multi-target antipsychotics: Discovery of
orally active heterocyclic N-phenylpiperazine
ligands of D2-like and 5-HT;, receptors,
Bioorg. Med. Chem., 18(2010), 1925-1935.

O. Zvarec, S. W. Polyak, W. Tieu, K. Kuan, H.
Dai, D. S. Pedersen, R. Morona, L. Zhang, G.
W. Booker, A. D. Abell, 5-
Benzylidenerhodanine and 5-benzylidene-2-4-
thiazolidinedione based antibacterials, Bioorg.
Med. Chem. Lett., 22(2012), 2720-2722.

V. Patil, K. Tilekar, S. Mehendale-Munj, R.
Mohan, C. S. Ramaa, Synthesis and primary

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

cytotoxicity evaluation of new 5-benzylidene-
2,4-thiazolidinedione derivatives, Eur. J. Med.
Chem., 45(2010), 4539-4544.

W. H. W. Tang, G. S. Francis, B. J. Hoogwerf,
J. B. Young, Fluid Retention After Initiation of
Thiazolidinedione Therapy in Diabetic Patients
With Established Chronic Heart Failure, J. Am.
Coll. Cardiol., 41(2003), 1394-1398.

J. Griffiths, Photochemistry of azobenzene and
its derivatives, A review., Chem. Soc. Rev.,
1(1972), 481-493.

S. Bellotto, R. Reuter, C. Heinis, H. A. Wegner,
Synthesis and Photochemical Properties of
Oligo-ortho-azobenzenes, J. Org. Chem,,
76(2011), 9826-9834.

J. Y. Park, Y. Hirata, K. Hamada, Relationship
between the dye/additive interaction and inkjet
ink droplet formation, Dyes Pigm., 95(2012),
502-511.

Y. D. Kim, J. H. Cho, C. R. Park, J. H. Choi, C.
Yoon, J. P. Kim, Synthesis, application and
investigation of structure—thermal stability
relationships of thermally stable water-soluble
azo naphthalene dyes for LCD red color filters,
Dyes Pigm., 89(2011), 1-8.

H. S. Freeman, A. T. Peters, Colorants for Non-
Textile Applications, Elsevier, 2000, 1-34.

D. H. Song, H. Y. Yoo, J. P. Kim, Synthesis of
stilbene-based azo dyes and application for
dichroic materials in poly(vinyl alcohol)
polarizing films, Dyes Pigm., 75(2007), 727-
731.

D. M. Marmion, Handbook of US. Colorants,
third ed., John Wiley and Sons, Inc., New York,
1991.

G. Rosenfelder, J. Y. Chang, D. J Braun,
Sphingosine determination at the picomole level
using  dimethylaminoazobenzene sulphonyl
chloride, J. Chromatogr. B: Biomed. Sci. App.,
272(1983), 21-27.

W. Huang, Y. Li, H. Lin,
recognition of acetate anions

Colorimetric
in aqueous
solution using charge neutral azo derivatives,
Spectrochim. Acta A., 86(2012), 437-442.

E. Mohajerani, N. Hosain-Nataj, Studying the
temperature dependence of the laser induced
birefringence in azo dye doped polymer films,
Opt. Mater., 29(2007), 1408-1415.

Prog. Color Colorants Coat. 8 (2015), 145-152 151



Mohammadi et al

22.

23.

24,

N. Hosain-Nataj, E. Mohajerani, H. Nemati, A.
Moheghi, M. R. Yazdanbakhsh, M. Goli, A.
Mohammadi, Studying optical and nonlinear
optical properties of synthesized azo dyes doped
in polymer and liquid crystal
birefringence and Z- scan techniques, J. Appl.
Polym. Sci., 127(2013), 456-462.

F. Chami, M. R. Wilson, Molecular Order in a
A Molecular
Simulation Study of the Anionic Azo Dye
Sunset Yellow, J. Am. Chem. Soc., 132(2010),
7794-7802.

A. Mohammadi, M. R. Yazdanbakhsh, L.
Farahnak, Synthesis and evaluation of changes

using

Chromonic Liquid Crystal:

induced by solvent and substituent in electronic
absorption spectra of some azo disperse dyes,
Spectrochim. Acta A., 89(2012), 238-242.

152 Prog. Color Colorants Coat. 8 (2015), 145-152

25.

26.

27.

M. R. Yazdanbakhsh,
substituent
solvatochromic properties of some disperse azo
dyes  derived from  N-phenyl-2, 2'-
iminodiethanol, J. Mol. Lig., 148(2009), 35-39.

A. Mohammadi, M. Safarnejad,
structural

A. Mohammadi,

Synthesis, effects and

Synthesis,
characterization and tautomeric
properties of some novel bis-azo dyes derived
from S-arylidene-2,4-thiazolidinone,
Spectrochim. Acta A., 126(2014), 105-111.

E. J. Baron, S. M. Finegold, Bailey and Scotts’s
diagnostic microbiology, 8th Ed.,Philadelphia.

Toronto, 1990, 363-407.



