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Abstract: This study involves the synthesis of thiazolidinone derivatives by reacting Schiff base derivatives
with thioglycolic acid. The reactions were conducted using both conventional and microwave methods and
characterized using determining melting points and purity, monitoring reaction progress and Rf values
using thin-layer chromatography (TLC), and conducting infrared (FT-IR) spectroscopy, proton nuclear
magnetic resonance (*H-NMR) spectroscopy, and quantitative elemental analysis (C.H.N.). The biological
activity of the synthesized compounds was evaluated by examining their effects on the growth of four types
of antibiotic-resistant bacterial isolates: two Gram-negative strains (Escherichia et al.) and two Gram-
positive strains (Staphylococcus aureus and Staphylococcus epidermidis). The standard antibiotic
Ampicillin was used as a control sample. The synthesized compounds exhibited good inhibitory activity
against the tested bacteria. Additionally, the laser activity of the synthesized compounds was measured
using a helium-neon laser (visible laser). The compounds were irradiated for four different periods (15, 30,
45, and 60) seconds, and their physical properties were re-examined to observe any changes resulting from
the laser irradiation.
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1. Introduction

Thiazolidinone compounds are important in medical [1], and industrial fields [2], because they are
heterocyclic compounds that contain sulfur and nitrogen [3], and have distinct optical and photochemical
properties [4]. The researchers were interested in preparing thiazolidines [5, 6], as they used thioglycolic
acid to obtain the thiazolidine 2-one ring while preserving the active carboxyl group [7]. Thiazolidinones are
prepared by reacting Thiosemicarbazide with aldehydes or ketones [8]. Thiazolidinones are prepared by
reacting Schiff bases with thioglycolic acid [9]. Thiazolidinedione compounds are biologically effective and
important because they contain an atom of sulfur and nitrogen [10], which is why it has received wide
attention from researchers, as well as their ability to resist many bacteria [11], fungi [12], and viruses [13].
A series of anti-diabetic agents have been developed and mainly studied the level of sugar in the blood and
the extent to which the cell reduces its activities in resisting diabetes [14]. Obesity is genetically inherited,
and this means that cells sometimes become resistant to insulin [15], as it has caused a breakthrough in anti-
diabetic treatment by increasing sensitivity to insulin [16]. Therefore, they are also called “insulin
sensitizers [17], and they have been used in treating diarrhea [18], and killing Parasites (Toxoplasma gondii)
[19]. Thiazolidine-4-one compounds have a broad spectrum of biological activity [20], with a focus on
thiazolidine because it is an anti-HIV [21], anti-diabetic [22], and diuretic compound Thiazolidinones are
anti-inflammatory [23], anti-inflammatory [24], and anti-fungal [25]. Thiazolidinones are also inhibitors of

155




V'V EUROPEAN JOURNAL OF MODERNMEDICINE AND PRACTICE
QN / ) Vol. 4 No. 7 (Jul - 2024) ISSN: 2795-921X
MODERN MEDICINE

AND PRACTICE

enzymes and modify metabolic pathways in cells [26]. Thiazolidinones have therapeutic potential against
joint diseases [27], inflammation [28], anxiety diseases [29], and diabetes [30]. Thiazolidinediones are used
in industrial fields, as they have the potential to develop Lasers and optical devices due to their electrical
and optical properties, as well as their ability to multiply the frequency in laser devices [31]. Thiazolidinone
molecules offer exceptional and promising adaptability because they exist at the convergence of biology and
optics [32]. Their diverse range of biological functions make them very important in the search for new
medical treatments, while their distinct optical qualities contribute to advances in laser and photonics
technology [33].

2. Experimental part
2.1. Materials: All chemicals and reagents used in this study were supplied by companies Fluka.
2.2. Synthesis of a series of thiazolidinedione derivatives by the traditional method (A1-As)

A mixture of (0.001 mol) of prepared Schiff bases, (0.002 mol, 0.14 ml) of thioglycolic acid, and (0.002
gm) of anhydrous zinc chloride was refluxed in (40 ml) of dry benzene with continuous stirring in a water
bath for (9-12) hours. The completion of the reaction was confirmed using TLC. The solution was then
cooled, the solvent evaporated, and the product filtered and recrystallized from ethanol to give a precipitate
[34, 35], as in scheme (1). Table (1) provides some physical properties of the series of thiazolidinone
derivatives (A1-As),.

2.3. Synthesis of a series of thiazolidinedione derivatives by microwave method (A1-As)

A mixture of (0.001 mol) of prepared Schiff bases and (0.002 mol, 0.14 ml) of thioglycolic acid in 10 ml of
dry benzene was continuously stirred and placed in a microwave oven at 80°C and 400 W for (5-10)
minutes. The completion of the reaction was confirmed using TLC. The solution was then cooled, the
solvent evaporated, and the product filtered and recrystallized from ethanol to give a precipitate [36, 37], as
in scheme (1). Table (1) provides some physical properties of the series of 4-thiazolidinedione derivatives
(A1-As).

Table (1): Some Physical Properties of the thiazolidinone derivatives (A1-A5) Prepared by the
traditional and microwave methods.

Traditional Methods Microwave Methods
Comp. A F MOIle:/ullxirWt T T
r ormu . . .
No. M.P. ’ Yield M.P. ' Yield
g/mol Color oc Rﬁf. % Rt Color o rF;?; % Rt
C42H32N604S2 128- 128-
Al @ 748.88 Red 129 10 71 0.84 Red 129 5 89 0.84
C42H30N80sS2 151- 151-
A2 ON«»; 838.87 Orange 153 12 49 0.51 | Orange 153 10 88 0.51
N=——
C3gH28N1004S2 194- 194-
A3 {\ / 752 83 Brown 196 9 80 0.79 Brown 196 8 95 0.79
N
Ad Y, CaaHaNsOeS2 | o | 111 15 | 67 | 000 | Brown | ¥*¥ | 10 | 92 | 090
780.87 142 ' 142 '
I /o CsoH40N10010S4 177- 177-
A5 OO _ 1069.17 Green 179 10 70 0.80 Green 179 6 95 0.80
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Scheme (1): Prepared compounds (A1-As)

2.4. Evaluation of the Biological Activity of the Synthesized Compounds

The Muller-Hinton Agar medium was prepared by dissolving (39 gm) of it in (1 L) of distilled water. Four
types of bacterial isolates were tested: two Gram-negative strains, Escherichia coli and Klebsiella
pneumoniae, and two Gram-positive strains, Staphylococcus aureus and Staphylococcus epidermidis.
Chemical solutions of the synthesized compounds were then prepared using DMSO as the solvent, with
concentrations of (25, 50, 100) mg/ml for each solid derivative [38]. The Muller-Hinton Agar (MHA)
medium was inoculated using a sterile cotton swab that had been dipped into tubes containing the diluted
bacterial cultures. Excess inoculum was removed by pressing the swab against the inner walls of the tubes.
The medium was then streaked in three directions to ensure uniform distribution of the inoculum. The plates
were left for (10-15) minutes to allow absorption and drying [39, 40]. The Agar-well diffusion method was
employed to evaluate the synthesized compounds. Following the inoculation of the bacterial isolates onto
the agar medium, wells were created using the Cylinder metric method (according to the United States
Pharmacopeia USP 35) with a cork borer. Into each well, (40 pl) of the synthesized compounds at the three
different concentrations was introduced. The plates were incubated at (37 °C) for (24) hours [41]. Results
were read after 24 hours and again at 48 hours to determine the sensitivity of the compounds, as indicated
by the diameter of the inhibition zones around the wells. An increase in the diameter of the inhibition zones
corresponds to an increase in the biological activity of the synthesized compounds. These results were
compared with the inhibition zones of standard antibiotics [42]. Standard antibiotics such as Ampicillin
were used as control samples, based on those used in Ministry of Health laboratories and adhering to World
Health Organization protocols [43].

2.5. Measurement of Laser Activity of the Compounds

The laser activity of the synthesized compounds was measured using a helium-neon laser (visible laser). The
compounds were irradiated for four different time intervals (15, 30, 45, and 60) seconds for each compound.
The distance between the laser source and the sample was set at (10 cm), with a power of (1 mW) and a
wavelength of (808 nm). The measurements were conducted at the Laser Laboratory, Department of
Physics, College of Science, University of Tikrit. After irradiating the synthesized compounds, their
physical properties were re-examined to observe any changes resulting from the laser irradiation [44].

3. Results and Discussion
3.1. Characterization of thiazolidinedione derivatives (A1-As) by using UV-Vis and FT-IR

In the UV-Vis spectra of the synthesized compounds (A1-As), ethanol (95%) was used as the solvent with
concentrations ranging from (10#-10°) M. The compounds exhibited short wavelength maxima (Amax) at
(217-264) nm, corresponding to (r—m*) transitions, and long wavelength maxima (Amax) in the range of
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(291-356) nm, corresponding to (n—7*) electronic transitions [45]. Table (2) lists UV absorption values for
the thiazolidinone derivatives (A1-As).

In the IR spectra, the disappearance of the medium band at (1672-1622) cm™, attributed to the (C=N) group,
and the appearance of a strong band at (1664-1670) cm, attributed to the stretching of the amide carbonyl
(C=0) bond, were observed. Additionally, a broad absorption band appeared in the range of (3402-3415)
cm, corresponding to the stretching of the (OH) bond. Aromatic (CH) stretching bands appeared in the
range of (3039-3080) cm™, while aliphatic (CH) stretching bands appeared in the range of (2922-2987) cm-
!, Furthermore, bands in the range of (1486-1494 and 1569-1595) cm™ were attributed to the aromatic
(C=C) bond stretching, while the medium band in the range of (1413-1460) cm™ was attributed to the
(N=N) group. Other bands in the range of (1275-1282) cm™ were attributed to (C-N) bond stretching and
bands in the range of (742-785) cm™ were attributed to (C-S) bond stretching. Table (2) which shows IR
absorption results (cm™).

Table (2): UV/Vis., and FT-IR data of prepared compounds (A1-As)

A IR (KBr) cm'
C maxi
ﬁmp A v v C-H v v Y v Y
Ol maxe | oy | AOML | S0 cle | nen | e | cog | Others
EtOH Aliph.
244, 3039, 1581,
A22 | Sov | 3404 | D50 | 1664 | oo | 1413 | 1282 | 742 | o
NO>)
217, 3068, 1593, v (
A23 | o | 3402 | DA | 1664 | % | 1456 | 1280 | 744 | 1548,
1350
236, 3047 1569,
P24 | T | 3415 | Sogh | 1685 | oo | 1460 | 1278 | 748
245, 3076, 1595
A5 | Sov | 3410 | D070 | 1690 | 0% | 1442 | 1275 | 785 | .
S0,)
264, 3080, 1587, v (
P26 | o | 3415 | Tgur | 1688 | oS0 | 1450 | 1281 | 765 113;?351

3.2. Characterization of thiazolidinone derivatives (A1, As) by used *H-NMR

When studying the *H-NMR spectrum of the compound (A:) using a solvent (Chloroform-d), it was
observed that a tetra signal appears at the chemical shift (3.80, 3.83, 3.85, 3.88) ppm due to the proton of
two groups (CHy) in the thiazolidinone ring, a single signal appeared at the chemical shift (7.02) ppm is
attributed to the protons of two groups (CH) in the thiazolidinone ring, a multiple signal in the range (7.04-
7.86) ppm is attributed to the protons of the aromatic rings, a single signal appeared at the chemical shift
(7.87) ppm is attributed to the protons of two groups (OH), and a signal appears at the chemical shift (7.55)
ppm is attributed to the protons of the solvent (Chloroform-d) [46], and as shown in Figure (4). In addition,
the *H-NMR spectrum of the compound (As) using a solvent (Chloroform-d), it was observed that a single
signal appeared at the chemical shift (2.30) ppm attributed to the protonation of the two groups (CH3), a
tetra signal appears at the chemical shift (3.80, 3.83, 3.85, 3.88) ppm due to the proton of two groups (CH>)
in the thiazolidinone ring, a single signal appeared at the chemical shift (6.09) ppm is attributed to the
protons of two groups (CH) in the oxazole ring, a single signal appeared at the chemical shift (7.02) ppm is
attributed to the protons of two groups (CH) in the thiazolidinone ring, a multiple signal in the range (7.04-
7.85) ppm is attributed to the protons of the aromatic rings, a single signal appeared at the chemical shift
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(7.86) ppm is attributed to the protons of two groups (NH), a single signal appeared at the chemical shift

(7.87) ppm is attributed to the protons of two groups (OH), and a signal appears at the chemical shift (7.55)
ppm is attributed to the protons of the solvent (Chloroform-d) [47], and as shown in Figure (5).

3.3. Elemental Analysis (C.H.N.S.) Measurement

Elemental analysis (C.H.N.S.) was conducted for some of the synthesized compounds to verify the accuracy
and precision of their structural composition. The obtained elemental percentages were either consistent
with or very close to the calculated values, confirming the correctness of the synthesized compound
structures [48], as shown in Table (3).

Table (3): Elemental Analysis (C.H.N.S.) Results for Selected Synthesized Compounds

Comp Calculated Found

N " | Molecular Formula

0. C% [H% | N% | S% | C% |H% | N% | S%
Al Ca2H32N604S2 67.36 | 431 |11.22| 856 | 67.55|3.39|11.20 | 8.48
A2 Ca2H30NgOsS2 60.14 | 3.60 | 13.36 | 7.64 | 60.25 | 3.66 | 13.50 | 7.60
A3 C3sH2sN1004S2 60.63 | 3.75 | 18.61 | 852 | 60.54 | 3.70 | 18.52 | 8.42
A4 C42H32N606S2 64.60 | 4.13 | 10.76 | 8.21 | 64.69 | 4.08 | 10.70 | 8.25
A5 CsoH40N10010S4 56.17 | 3.77 | 13.10 | 11.99 | 56.30 | 3.75 | 13.15 | 12.07

3.4. Green synthesis and traditional synthesis

All compounds were synthesized using both conventional and microwave methods, and the two methods
were compared in terms of solvent use, catalyst requirements, reaction time, percentage yield, melting point,
color, and solubility [49]. The microwave method produces a large yield and uses a small amount of solvent
without the need for an auxiliary agent and in a very short time. Isolation of the prepared compounds was
also easier using microwave technology. In terms of physical properties, such as color, melting point, and
RF values, the compounds prepared by both methods were identical.

3.5. Evaluation of the Biological Activity of Synthesized Compounds

The biological activity of some synthesized compounds was assessed, as heterocyclic compounds are known
for their varying biological activities against Gram-positive and Gram-negative bacteria. The impact of the
synthesized compounds in this study was evaluated on four types of bacteria: Escherichia coli, Klebsiella
pneumoniae, Staphylococcus aureus, Staphylococcus epidermidis. These bacteria were selected due to
their medical importance, as they cause various diseases and exhibit different levels of antibiotic resistance
[50]. The results indicate that the synthesized compounds exhibit inhibitory effects on the growth of both
Gram-positive and Gram-negative bacteria, with varying degrees of inhibition, as shown in Table (4),
Schemes (2, 3), and Figure (6).

Table (4): Antibacterial activity of the synthesized compounds (inhibition zone in mm).

Comp. No E. Coil mg/ml | K. Pneumonia mg/ml | S. Aureus mg/ml | S. epidermidis mg/ml
| 25|50 100 | 25 50 100 25 | 50 | 100 | 25 50 100
A1 0 [10] 15 5 12 20 7 | 15| 24 10 18 25
Az 7 17| 24 3 11 21 8 | 15| 22 6 14 24
As 0| 5] 10 5 10 15 12 | 19 | 25 8 17 23
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A4 5 12| 20 6 13 21 6 |15 | 24 7 15 20

As 8 |16 | 24 9 17 25 10 | 16 | 23 10 16 22
Ampicillin | 7 |17 | 22 6 12 20 7 114 | 24 10 14 24
Blank disk | 0 | O 0 0 0 0 0 0 0 0 0 0

3.6. Results of Laser Activity Measurement for Some Synthesized Compounds

In this study, the laser activity of certain synthesized compounds was measured by irradiating them with a
Helium-Neon laser. Subsequently, the physical properties (color, melting point, and flow rate (Rf)) of the
compounds were re-evaluated to observe any changes. The study revealed that within the time intervals of
15, 30, and 45 seconds, there were no changes in the physical properties of the chemical compounds [51].
These compounds retained their structural integrity and physical properties, showing no effects from laser
irradiation during these periods. However, at the 60-second interval, significant changes were observed in
the physical properties, with noticeable fluctuations in the melting points and altered flow rate (Rf) values in
thin-layer chromatography (TLC) [52]. Additionally, slight color changes were noted. These changes are
likely due to the breaking of some bonds within the compounds, potentially leading to the formation of new
compounds as a result of prolonged exposure to high-energy laser irradiation for 60 seconds [53]. The
results of the laser activity measurement for some synthesized compounds are presented in Table (5).

Table (5): Laser Activity Measurement Results for Some Synthesized Compounds.

158 30S 458S 60 S
Comp No. Color ?é'CF)’ Rf | Color ?glclj Rf | Color '(\éICF)) Rf Color '(\élclj Rf
Al Red | 128-129 | 0.84 | Red |128-129 | 0.84| Red | 128-129 | 0.84 Light red 95-97 |0.71
A2 Orange | 151-153 | 0.51 | Orange | 151-153 | 0.51 | Orange | 151-153 | 0.51 | Light orange | 189-195 | 0.78
A3 Brown | 194-196 | 0.79 | Brown | 194-196 | 0.79 | Brown | 194-196 | 0.79 | Light brown | 120-128 | 0.40
A4 Brown | 141-142 | 0.90 | Brown | 141-142 | 0.90 | Brown | 141-142 | 0.90 | Light brown | 172-175 | 0.61
A5 Green | 177-179 | 0.80 | Green | 177-179 | 0.80 | Green | 177-179 | 0.80 | Lightgreen | 149-153 | 0.52
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Figure(_l): FT-IR spectrum of (A1)
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4. Conclusions

The microwave-assisted method for obtaining organic compounds yielded better results compared to the
traditional method. This technique proved to be economical as it saved time, effort, solvents, and catalysts,
while providing higher product yields. Thus, it can be concluded that microwave-assisted synthesis is a
superior method, particularly for small-scale reactions. Additionally, the microwave method is less polluting
to the laboratory environment and the broader ecosystem, as it uses fewer reactants, making it an
environmentally friendly technique. The reaction of Schiff base derivatives with compounds containing
suitable functional groups generally produces heterocyclic five-membered rings. The biological study
revealed that the synthesized compounds exhibit antibacterial activity and are capable of inhibiting bacterial
growth. These compounds demonstrated higher biological activity than their parent materials, which is
significant since the initial materials are drugs used in medical fields. The synthesized compounds showed
high stability when exposed to Helium-Neon laser radiation. Physical and spectroscopic measurements
confirmed the accuracy and validity of the synthesized nanostructures.

5. Recommendations

» Utilize Modern Green Techniques: Expand the use of environmentally friendly techniques in
laboratory preparations, such as microwave and ultrasonic methods, to increase the yield of study
reactions.

> Alternative Preparation Methods: Employ other synthesis methods, such as melt methods, and
compare them with traditional methods.

» Study Liquid Crystalline Properties: Investigate the liquid crystalline properties of the synthesized
compound series.

» Polymer Integration: Explore the potential of integrating these compounds with natural polymers for
use as materials to remove heavy ions from industrial water.

> Develop New Pesticides: Utilize the synthesized compounds to develop new pesticides for controlling
various harmful organisms.

» Kinetic and Thermodynamic Studies: Conduct kinetic and thermodynamic studies of the synthesized
derivatives.

» Structure-Activity Relationship (SAR) Studies: Investigate the relationship between structure and
biological activity by calculating thermodynamic data and spatial configurations, utilizing them in
modern software programs.
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