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Abstract: Thiazolidinediones have biological activity in the pharmaceutical industry. N-3 and C-5
positions in the TZD core scaffold make it a versatile and flexible piece that exhibits its biological
activities. Therefore, two thiazolidinedione derivatives were prepared and their antimicrobial
activity was studied. The antibacterial activity was measured, and the synthesised derivatives'
computational study was performed using a Gaussian program to calculate some important
thermodynamic parameters.
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1. Introduction

Thiazolidine-2,4-dione derivatives are of major interest to chemists and pharmacists
due to their biological activity in Pharmaceutical industry as they are able to deal with
diseases such as type 2 diabetes, antioxidant, anti-inflammatory s anti-HIV1 and
respression for inflammatory molecules2.Their pharmacological and biological activity is
because of the responsibility of these compounds in regulating blood sugar and genes
associated with fat metabolism3 .Thiazolidinediones are used in industry as corrosion
inhibitors for metals and sensitive metal detectors in chemistry and analysis, and also
inhibit some enzymes such as aldose reductase, phosphoinositide-3-kinase, PEM kinase,
cyclooxygenase, D-glutamate ligase, and thion deacetylase, and some of their derivatives
have shown good potential for inhibiting lipoxygenase9,10.

These compounds (TZD) were first prepared in the 19th century by Liebermann et al.1 By
1972 TZD was the first compound to make the

characterization  of  the 0 thiazole cycle (Figure 1).
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Figure 1: compound of thiazolidine-2, 4-dione

The mechanism for obtaining these compounds involves the attack of thiourea sulfide by
the free electron pair on 2C in chloroacetic acid and then an intermolecular nucleophilic
substitution that results in the cleavage to H20 of the nitrogen free electron pair above the
carboxylic carbon and subsequent removal of hydrochloric acid. Finally, the imino group
at position 2 is hydrolyzed, a step catalyzed by the subsequent formation of hydrochloric
acid during the reaction to form thiazolidine-2,4-dione (Figure 2).
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Figure(2) : Mechanism of interaction

2. Materials and Methods
Synthesis of (Z)-N-(4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl)acetamide

It was prepared by reacting thiazolidine-2,4-dioneone (0.5 g, 4 mmol) with 4-
(dimethylamino)benzaldehyde (0.63 g, 4 mmol). Yield= 75%,m.p.= 254-256 °C. IR (¥, cm-
1,KBr disk): 3218 (NH), 2921 (C-H) aliphatic, 1605(S-C=0) cyclic thio, 1580 (N-C=0) amide,
1494 cm-1 (C=C) endo, 1496 cm-1 (C=C) exo. 1H-NMR (400 MHz, DMSO-d6, 9,
ppm):2.504(DMS0),8.641(s,1H,N-H),7.899(s,CH=),6.67-7.87(m,Ar-H).
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Figure(3: Synthesis of (Z)-N-(4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl)acetamide

Synthesis of (Z)-5-(2-hydroxy-3-methoxybenzylidene)thiazolidine-2,4-dione

It was prepared by reacting thiazolidine-2,4-dioneone (0.5 g, 4 mmol) with 2-hydroxy-3-
methoxybenzylidene (0.63 g, 4 mmol). Yield=75%,m.p.= 254-256 “C. IR (¥, cm-1,KBr disk):
3209 (NH), 2890 (C-H) aliphatic, 1620(S-C=0O) cyclic thio, 1508 (N-C=0O) amide, 1430 cm-1
(C=C) endo, 1496 cm-1 (C=C) exo. 1H-NMR (400 MHz, DMSO-d6, o,
ppm):2.505(DMS0),8.396(s,1H,N-H),3.02(3H,0-CH3),9.67(s,1H,0OH) 6.76-7.74(m,Ar-
H);7.76(s,1H.=CH).
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Figure(4) : Synthesis of (Z)-5-(2-hydroxy-3-methoxybenzylidene)thiazolidine-2,4-
dione

Antibacterial activity

The prepared compounds were measured to determine their biological activity against
bacteria by agar diffusion technique using two types of bacteria (Staph. aureus and E. coli)
and adding dimethyl sulfoxide as a control (0.1 ml) of the concentrations of the prepared
compounds to the cups. After 48 hours of incubation at 37°C, the results appeared and by
measuring the diameter of inhibition against bacteria, the antimicrobial activity was
evaluated13.

Quantum Chemical Calculations

The Gaussian 09 W program, coupled with Gauss view 5.0, was used to implement
density function theory (DFT) to calculate all the important parameters in this work.

3. Results and Discussion

Characterization

Compounds are studied with various analysis techniques.

Infrared spectral

All synthesis compounds are colored. The prepared product was characterized by 1-
Infrared (IR) spectra: IR absorption bands were identified in the KBr tablet .The
compounds were identified by their infrared spectrum and compared with the infrared
spectrum of Schiff bases, where bands appeared and other bands disappeared. The most
important feature of the spectrum of Schiff rules is the absorption band of the group (C=N),
which appears at the wave number (1550) cm-1 . The infrared spectrum of the prepared
compounds showed a double-headed band at wave numbers 3083-3354, belonging to the
extension of the symmetrical and asymmetric N-H bond, respectively [14]. Likewise, the
appearance of a band at (1665, 1620,) dating back to the extension of the bond ( C=0) and
the disappearance of the expansion band (C=N) at 1550 cm-1, as well as the appearance of
a new band at wave number (1580 cm-1), (1508 cm-1) due to the expansion of the bond

NC=0.
Table(1)FT-IR spectra for the prepared compounds
Compound -NH- C-H c=C NC=0 C=0 -5C=0
1 3218 2921 1494 1580 1665 1605
2 3209 2890 1430 1508 1620
1HNMRSspectrum

1H-NMR spectrum of the newly formed compounds, revealed signals at rang
0=(8.165-7.763) ppm as singlet which attributed to of (-CH=, NHTZD) The aromatic
protons displayed signals at d=(6.679-7.846).
Table(2)1H-NMR spectral data(ppm) of compound
Compound

'H-NMRspectraldata(ppm)
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Biological activity
The prepared compounds (1,2,) showed different biological activity against two
types of Gram-negative bacteria (E.coli) and Gram-positive bacteria (Staphylococcus
aureus). The results showed that compound (1 and 2) were effective against
Staphylococcus aureus. Compounds (1 and 2) showed moderate activity against
Escherichia coli. All of these results are shown in the table below.
Table 3.Biological activities for Thiazolidine-2,4-dione

NO. Gram positive bacteria staph.aureas Gram negative bacteria
E.coli
1 15 10
2 16 11

Quantum chemical calculations

Density functional theory (DFT) can allow us to determine and study molecular
geometry, properties of the electronic structure in the ground, and the electronic excited
states of molecules in both gaseous and aqueous phases and calculate molecular
properties14,15.To study compounds and develop them as drugs, this theory was used to
discuss chemical interaction16 as well as to link physical and chemical parameters17.

The results of calculating the global parameters of the chemical reaction from the
energies of LUMO and HOMO shown in the table showed that the large energy gap
(LUMO - HOMO) corresponds to a low chemical reaction and high kinetic stability.
Compound 2 is characterized by a small energy gap (gap AE = 3.6227eV). This compound
is known as The “soft” molecule has high polarizability because its excitation energy is
small while sample 1 has the highest energy gap (gap AE = 3.7695eV). Therefore, it is
known as a solid molecule, and thus affects the activity of the molecule from a biological
standpoint. Figure 5 shows the boundary molecule orbital density distributions for the
investigated compounds.

Ionization potential, electron affinity (EA), chemical softness (c) and hardness (n) are
important parameters for the chemical reaction of molecules because they show the ability
of molecules to interact more through their ability to donate electrons to the molecule and
their lack of stability. Therefore, in our results, we can expect Compound 2)IP5.881ev,
EA2.147eV,c0.265 eV,n 1.811eV) is the most reactive compound, the least stable, the most
electron-accepting, the least rigid, and the softest, while Compound 1 )IP5.916ev,
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EA2.25%9eV,c0.276eV,n1.884eV)has high stability, less ability to interact, as well as the
property of donating an electron to the molecule, and is more rigid. As shown in Table 4,
the geometry of the molecules has been completely improved, and the improved structures
are shown in figures.

Table 4. Selected quantum chemical parameters for compounds.

Com. | HOMO(ev) LUMO(ev) Eg(ev) | IP(ev) | EA X n W I n
(ev) | (ev) | (ev) | (ev) (ev) | (ev)

1 -5.916 -2.147 3.7695 (5916 [2.259 |4.032 |1.884 |15.320 |0.276 |-
4.070

2 -5.881 -2.259 3.6227 |5.881 [2.147 [4.070 [1.811 |15.005 |0.265 |-
4.032

Hint: energy gap (Eg), ionization potential (IP), electron affinity (EA),
electronegativity (x), hardness (n), softness (S), and chemical potential ().
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Figure 5: HOMO molecular orbital ofcompound2 Figure 6: LUMO molecular orbital of compound2

4. Conclusion

Thiazolidinediones (TZDs) have proved to be a noteworthy core in the
pharmaceutical industry because of their diverse biological activities arising from the
reactivity of regions N-3 and C-5. In the present research work, two structures of TZD
derivatives were prepared and tested for antimicrobial efficacy. Antibacterial assay results
show promising activity against the tested strains, we therefore conclude that these
derivatives can be considered as potential antimicrobial compounds.
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As a supplementary to the experimental results, computational research employing
the Gaussian program for the evaluation of essential thermodynamic characteristics was
conducted. These calculations offered some additional insight into the stability and
reactivity of the synthesized derivatives that would definitely be useful in the future. The
integration of biological and computational analyses ensured that these compounds could
be well assessed showing the need for a multimodal approach in drug discovery.

The findings show long-term potential of thiazolidinedione derivatives in dealing
with microbial issues as resistance to antimicrobial agents persists. Even though this work
dealt mainly with these two derivatives, more related compounds must be synthesized
and tested in order to obtain still more potent and broader-spectrum inhibitors.

Further studies may focus on the alterations of the structural characteristics of TZD
derivatives for enhancing its activity versus more numbers of microbial strains and
determination of its activity. In addition, they can potentially call for better knowledge of
their intramolecular structure using new computational approaches, which would be
beneficial in the development of the newer generation of antimicrobial compounds. This
work provides further support to the idea that TZDs are a very worthwhile workhorse for
medicinal chemistry and emphasizes the possibility of their application in the treatment of
modern diseases.
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