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SYNTHESIS AND CHARACTERIZATION OF SOME HYDRAZONE AND
THIAZOLIDINE DERIVATIVES AND EVALUATION OF THEIR ANTIBACTERIAL
ACTIVITY
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Abstract: In this study, hydrazone and thiazolidine derivatives were synthesized. The hydrazone derivatives
(F2—F6) were prepared from 3-bromomethylbenzohydrazide, followed by their reaction with thioglycolic acid
to form thiazolidine derivatives (F7-F11). The structures of the synthesized compounds were confirmed
through physical changes, such as variations in melting point and color, in addition to spectroscopic analyses,
including FT-IR, '"H-NMR, and *C-NMR. The antibacterial activity of the synthesized compounds was
evaluated against two types of bacteria: Escherichia coli and Staphylococcus aureus. The compounds showed
varying activity levels ranging from good to excellent.
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1. Introduction

Heterocyclic compounds are cyclic
structures containing at least one heteroatom,
such as nitrogen, oxygen, or sulfur [1, 2]. Other
heterocycles may also contain additional atoms
like phosphorus, iron, magnesium, and selenium
[3, 4]. These rings represent a vital branch of
traditional organic chemistry and are the focus of
growing research interest due to their medical
[5], antimicrobial [6], and industrial applications
[7]. Heterocyclic rings play key roles in many
natural biomolecules, including DNA, RNA,
chlorophyll, hemoglobin, and vitamins [8-10].
Hydrazones and their derivatives have gained
significant attention in recent years due to their
biological activities. They have been widely used
in pharmaceuticals and medicine and have shown

antifungal [11], antimicrobial [12], anti-
tubercular [13], anti-leukemic [14], anti-
Alzheimer’s [15], anti-cancer [16], anti-

inflammatory [17], antiviral [18], and
antibacterial properties [19, 20]. Saturated five-
membered heterocyclic organic compounds with
an amino group at position three and a thioether
group at position one are known as thiazolidines.
They are oxazolidine analogues of sulfur.
Usually, a thiol and an aldehyde or ketone
undergo a condensation reaction to create
thiazolidines. Many thiazolidines are unstable in
aqueous solutions because of hydrolysis, and this
process is reversible, reverting to their original
thiol and aldehyde components [21]. Many
studies have highlighted the wide range of
potential  applications  for thiazolidines,
especially in the medical field, including
antimicrobial [22], antibacterial [23], antifungal
[24, 25], anticancer [26], anticonvulsant [27],
antidiabetic [28], anti-inflammatory [29], and
antioxidant uses [30].

2. Experimental part

Materials. All of the compounds used in
the studies were bought from Sigma-Aldrich,
BHD, and Fluka.

Devices and methods. An automatic
melting point device (SMP40) was used to

measure melting points. Using KBr pellets,
infrared (IR) spectra were acquired in the 400—
6000 cm™ range using a Shimadzu FT-IR-600
Fourier-transform infrared spectrophotometer. A
JEOL spectrometer was used to record nuclear
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magnetic resonance (‘H-NMR) and 'C-NMR
spectra in DMSO-ds at 500 MHz and 125 MHz,
respectively. Thin-layer chromatography (TLC)
using silica gel plates was used to track the
reaction's progress, and bromine was used to
view it.

Synthesis Procedures

a. Synthesis of 3-Bromo Methyl
Benzohydrazide (FI1). A mixture of methyl 3-
bromo benzoate (0.004 mol, 0.916 g) and 80%
aqueous hydrazine (0.09 mol) was refluxed in a
round-bottom flask for 8 hours. Afterward, the
mixture was concentrated, filtered, and dried to
obtain a yellow liquid product with a yield of
80% [31]. The molecular formula of the
compound is CsHsBrN:O, and the molecular

weight is 227.08 g/mol.

b. Synthesis of Hydrazone Derivatives
(F2-F6). Substituted benzaldehydes (0.001 mol)
were dissolved in 20 mL of absolute ethanol. To
this solution, 3-bromo methyl benzohydrazide
(F1) (0.001 mol, 2.44 g) was incorporated, and
five hours were spent refluxing the mixture. The
completion of the reaction was observed by TLC
[32]. Upon completion, the reaction mixture was
cooled slowly and filtered, and the precipitate
was collected and dried to a constant weight.
Ethanol was used to recrystallize the crude
product.

Physical properties of synthesized
compounds are represented in Table 1.

Table 1. Some physical properties of synthesized compounds

Comp R Exact Formula M.Wt Color M.P Yield
No. g/mol ‘0 (%)
F2 4-Br Ci5sH12Br2N2O 396 Yellow 218-220 83
F3 4-No2 CisH12BrN3O3 362 Orang 122-124 85
Fa 4-Cl CisH12BrCIN20 351 Light 192-194 79

yellow
Fs 4- Ci17H1sBrNsO 360 Yellow 228-230 85
(CHs)2
Fe 4-CHs Ci6H1sBrN20 331 Light 158-160 80
yellow

c. Synthesis of 4-Thiazolidine Derivatives

(F7-F11). A solution of the synthesized
hydrazones  (F2-F6) (0.0005 mol) in
tetrahydrofuran (THF) was mixed with

thioglycolic acid (0.005 mol, 0.4 mL) and
anhydrous zinc chloride (ZnClz, 0.002 g). The
mixture was refluxed for 10 hours in a water bath
at 60°C. Completion of the reaction was

confirmed using thin-layer chromatography
(TLC). The mixture was then neutralized with
sodium bicarbonate (NaHCO:s), cooled, and the
precipitate that resulted was filtered [33],
recrystallized from dioxane after being cleaned
with cold water. Measurable physical features of
the synthesized 4-thiazolidinone derivatives are
shown in Table 2.

Table 2. Some Physical Properties of 4-Thiazolidinone Derivatives (F7-F11)

Comp R Molecular M.Wt Color M.P Yield
No. Formula g/mol &) (%)
F7 Br C17H14Br2N202S 467 Light 234-236 83

yellow
Fs Cl C19H20BrN302S 433 White 142-144 85
Fo CHs Ci17H14BrN3O4S 434 Yellow 264-266 79
Fio NO2 C17H14BrCIN20:S 423 Orang 153-155 85
Fiu | N(CH3)2 | CisHi7BrN202S 404 Light 196-198 80
yellow

Evaluation of Antibacterial Activity.
After being autoclave sterilized, the culture

medium was transferred into Petri plates. Using
sterile physiological saline as a diluent, a
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bacterial inoculum was made for every bacterial
strain independently, with a concentration of 1.5
x 10% bacterial cells per milliliter. On the
McFarland standard scale, the suspension's
turbidity was corrected to equal 0.5. The bacterial
inoculum was evenly distributed across the
Mueller Hinton agar surface using a sterilized

cotton swab. The test solutions were then
introduced by boring wells into the agar. For
twenty-four hours, the plates were incubated at
37°C in a lab incubator. Following incubation,
the antibacterial activity was evaluated by
looking for inhibitory zones surrounding the test
compound-containing wells [34].

3. Results and Discussion

General scheme of the synthesized compounds is below:

o
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3.1 Characterization of 3-Bromo Methyl
Benzohydrazide [F1]. The infrared profile of the
compound F1 displayed signature absorption
bands at 3292 and 3329 cm™! corresponding to
the stretching vibrations of the -NH: group and
at 3181 cm™ caused by the —NH stretching. The
aromatic C—H stretching appeared at 3045 cm™,
while the carbonyl (C=0) stretch was observed
at 1654 cm™'. Additionally, bands were seen at
1583 and 1481 cm™, corresponding to C=C
aromatic stretching, and at 2941 and 2995 cm™,
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Fig. 1. Infrared (IR) spectrum of compound (F1)

corresponding to aliphatic C—H stretches [35]
(see Fig. 1).

The 'H-NMR spectrum of compound F1
demonstrated a monoplet at 6 8.79 ppm caused
by the proton of the -NH group, multiplets in the
range 0 7.22-7.68 ppm for aromatic protons, a
monoplet at 6 4.33 ppm corresponding to the CH>
family, a monoplet at & 4.20 ppm for the —NH-
family, and a monoplet at & 2.52 ppm for the
residual DMSO-ds solvent (see Fig. 2).
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Fig. 2. 'H-NMR spectrum of compound F1
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The "BC-NMR spectrum revealed a
monoplet at 6 169.56 ppm corresponding to the
carbon of the carbonyl group (C=0), multiple
signals between 6 123.66 and 149.71 ppm for the
aromaticity carbons, a singlet at 6 29.05 ppm for
the CH: carbon, and solvent signals in the range
of 8 39.49-40.47 ppm for DMSO-ds (see Fig. 3).

3.2 Characterization of Hydrazone
Derivatives [F2-F6]. The IR spectra of the
synthesized hydrazone derivatives [F2-F6]
showed characteristic bands in the range of

———

Fig. 3. *C-NMR spectrum of compound F1
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1593-1608 cm™ corresponding to the C=N
stretching vibrations. Carbonyl (C=0) stretching
bands were observed between 1647 and 1656
cm™'. Aromatic C—H stretching appeared within
3037-3066 cm™, while aliphatic C—H stretches
were found between 2814-2941 cm™ and 2922—
2993 cm™'. NH stretching bands appeared in the
range of 3307-3423 cm™'. Additionally, aromatic
C=C stretching bands were noted between 1519—
1577 cm™ and 1449-1491 cm™ [36] (see Fig.s 4
and 5).
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Fig. 5. Infrared (IR) spectrum of compound (F3)

Fig. 6. 'H-NMR spectrum of compound F2

Table 3. FT-IR Absorption Bands (cm™) of Hydrazone Derivatives (F2—F6)

IR (KBr) cm’! |
Comp. v(N- | v (C- :’
No. R m | om |[YED o] vean | O | Others
Aliph. Arom.
Arom.
2941 1519
F2 Br | 3309 | 3045 | oo, | 1656 | 1593 | 1o | vC-Br 696
2814 1577
F3 Cl | 3423 | 3066 | 50,5 | 1651 | 1602 | o0 | vC-Cl 750
2877 1562
F4 CHs | 3319 | 3037 | Soo0 | 1651 | 1604 | 00
v (NO2).
F5 | NO» | 3307 | 3044 | 259 | 1653 | 1608 | 12%2 | 4o (1326)
2984 1479
sym.(1273)
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The proton NMR spectrum F2 revealed a
singlet at & 11.48 ppm assigned to the proton of
the -NH group and another singlet at & 8.46 ppm
corresponding to the —CH proton. Multiple
monoplets in the range of & 7.45-7.93 ppm were
attributed to aromatic protons. A monoplet at 6
4.65 ppm was observed for the methylene (~CHz)
group, while the DMSO-ds solvent proton
showed up as a monoplet at 6 2.52 ppm (see Fig.s
6 and 7).

||||||||||

2.51 DMSO

T dRRnonReddsesy ' -

SRR RN R R EE

.96« — —
34—

e 070s Lo

Fig. 7. 'H-NMR spectrum of compound F3

Fig. 9. *C-NMR spectrum of compound F3

34 Characterization of 4-
Thiazolidinone Derivatives [F7-F11]. The
infrared profile of the synthesized thiazolidinone
compound [F7-F11] substitutes exhibited the
disappearance of the C=N stretching band
present in the hydrazones [F2-F6]. Two new
strong absorption bands appeared in the ranges
1678-1659 cm™ and 1632-1626 cm’,
corresponding to the carbonyl (C=0) stretching
within the thiazolidine ring and outside the ring,
respectively. A medium-intensity band was

The C-NMR spectrum exhibited a signal
at 6 163.2 ppm in line with the carbonyl carbon
(C=0) and a signal at 8 146.8 ppm for the imine
carbon (C=N). Multiple signals in the range o
125.4-138.1 ppm were assigned to aromatic
carbons. The methylene (CH:) carbon appeared
as a singlet at & 33.3 ppm, and DMSO-ds solvent
carbons gave signals between & 40.02 and 41.1
ppm (see Fig.s 8 and 9).

Fig. 8. °C-NMR spectrum of compound F2
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Fig. 10. Infrared (IR) spectrum of compound (F7)

observed in the range 3437-3392 cm™ attributed
to N-H stretching. Bands in the range 875-847
cm ' were assigned to C—S vibrations. Aromatic
C-H stretching bands appeared in the range
3060-3043 cm™, and symmetric and asymmetric
aliphatic C—H stretching bands were observed at
28352877 cm™ and 2920-2960 cm™,
respectively.  Additionally, aromatic C=C
stretching bands were observed in the ranges
1595-1558 cm™ and 1487-1473 cm™ [37] (see
Fig.s 10 and 11).
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Table 4. FT-IR absorption bands (cm™) of 4-thiazolidinone derivatives (F7-F11)
Comp IR (KBr) cm’! \
) R vN- | vC-H | vC-H _ vC=C
No. H | Arom. | Aliph. VE=O | Arom. | V&S Others
2844 | 1663 1575
F7 Br 3402 | 3048 2960 | 1628 1477 851 | vC-Br 626
2848 1672 1570
F8 Cl 3392 | 3060 2920 | 1632 1475 847 | vC-Cl 735
2835 1659 1558
F9 CH3 3415 | 3046 2049 | 1627 1474 875 ---
NO2).
2877 | 1666 | 1595 v(
F10 NO2 3437 | 3051 2943 1626 1487 862 | asy.(1537)
sym.(1315)
2852 | 1678 1581
F11 | N(CHz3)2 | 3423 | 3043 2935 1627 1473 856 | -
The 'H-NMR spectra exhibited a singlet at Additionally, a singlet at o 4.55 ppm

6 10.37 ppm attributed to the proton of the -NH
group. Multiplet signals in the range of 6 7.25—
7.81 ppm were assigned to aromatic protons. A
singlet at 6 5.93 ppm was observed for the proton
of the —CH group within the thiazolidine ring.

100
%T
97.5

1103.32—

95

92.5

1678.13+_

90

1006.88-

¢
<
=
&

87.5

\
&
&
“
=

1066.67-

UM S
1250 1000 750 500
1/cm

857\””\””\”” IS
3500 3000 2500 2000 1750 1500
F11

Fig. 11. Infrared (IR) spectrum of compound (F11)

The C-NMR spectrum showed a signal at
0 169.92 ppm corresponding to the carbonyl
carbon (C=0) within the thiazolidine ring and
another signal at & 163.19 ppm assigned to an
external carbonyl group. Signals in the range 6
120.24-143.52 ppm were attributed to aromatic
carbons. A singlet at & 66.29 ppm was assigned
to the CH carbon in the thiazolidine ring, while a
singlet at 6 44.04 ppm corresponded to a
methylene (CH2) group in the same ring. Another
singlet at 6 31.16 ppm was observed for an
additional CH2 group. The DMSO-ds solvent
carbons appeared in the range of 6 39.45-40.46
ppm (see Fig. 13).

corresponded to a methylene (—CH:) group, and
another singlet at 6 3.37 ppm was also attributed
to —CH: protons in the thiazolidine ring. The
solvent peak of DMSO-ds appeared as a singlet
at 6 2.52 ppm (see Fig. 12).
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Fig. 12. 'H-NMR spectrum of compound F7

3.5. Evaluation of Biological Activity.
The biological activity of selected synthesized
compounds (F1, F3, F4, F9, and F10) was
evaluated against two bacterial strains: the Gram-
positive Staphylococcus aureus and the Gram-
negative  Escherichia coli [38-42]. The
antibacterial assay was performed using the agar
well diffusion method. Petri dishes containing
inoculated Mueller Hinton agar were incubated
at 37°C for 24 hours. A volume of 0.8 mL of
sterile saline was added to the bacterial cultures
to prepare the inoculum [43-47]. The
concentration of the test compounds dissolved in
DMSO was maintained at 100 pg/mL.

CHEMICAL PROBLEMS 2026 no. 3 (24)



482 SYNTHESIS AND CHARACTERIZATION OF
2% 328938033 g siicpiaa

R R

10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

Fig. 13. ’C-NMR specgt(;mﬁm of compound F7

[48-50], and the results are presented in Table 5
and illustrated in Fig. 14.

Amoxicillin was used as a positive control.
Inhibition zones were measured in millimeters
around the wells containing the test solutions

Table 5. The efficacy test, measured by the inhibition zone diameter, of the synthesized compounds
against Gram-positive and Gram-negative bacteria

Materials | Inhibition zone (Biological activity) of materials against bacteria measured by
millimeter (mm)
Escherichia coli Staphylococcus aureus
100% 50% 25% 100% 50% 25%

1 F1 52 50 42 75 66 54

2 F3 37 20 16 50 40 33

3 F4 45 35 20 18 15 8

4 F9 55 12 5 6 3 0

5 | F10 70 55 30 9 5 0

Fig. 14. iglogical effecand sensitivity test of comds a

st bacteria
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Conclusion
The  synthesized  hydrazones and spectra indicated the presence of functional

thiazolidine heterocycles exhibited notable
antibacterial activity compared to the control
substance, although some showed only weak
inhibition. Spectroscopic measurements
confirmed the successful synthesis of the
compounds, as the IR, "TH-NMR, and *C-NMR

groups consistent with the proposed structures.
Furthermore, some compounds demonstrated
excellent inhibitory effects comparable to
amoxicillin, suggesting their potential use as
antibiotic agents.

References

1. Alvarez-Builla J., Barluenga J. Heterocyclic
compounds: An introduction. Modern
heterocyclic chemistry, 2011, Vol. 9, p. 1-
9. DOI: 10.1002/9783527637737.chl

2. Barton D., Ollis W. Comprehensive organic
chemistry. 1979. 3rd Edition. Pergamon press
Ltd. Oxford.

3. Reddy P.V.G., Kiran Y.B.R., Reddy C.S.,
Reddy C.D. Synthesis and antimicrobial
activity of novel phosphorus heterocycles
with exocyclic P-C link. Chemical and
pharmaceutical bulletin, 2004, Vol. 52(3), p.
307-310. DOI: 10.1248/cpb.52.307

4. Abdel-Hafez S.H. Selenium containing
heterocycles: Synthesis, anti-inflammatory,
analgesic and anti-microbial activities of
some new 4-cyanopyridazine-3 (2H) selenone
derivatives. European journal of medicinal
chemistry, 2008, Vol. 43(9), p. 1971-1977.
DOI: 10.1016/j.ejmech.2007.12.006

5. Mahmood R.M.U., Aljamali N.M. Synthesis,
spectral investigation, and microbial studying
of pyridine-heterocyclic compounds. Eur. J.
Mol. Clin. Med, 2020, Vol. 7(11), p. 4444-
4453.

6. Ogawa Y., Tokunaga E., Kobayashi O., Hirai
K., Shibata N. Current contributions of
organofluorine compounds to the
agrochemical industry. Iscience, 2020, Vol.

23(9), 101467. DOI:
10.1016/j.15¢1.2020.101467

7. Karlybaeva B.P., Berdimbetova G.E.,
Boymirzaev A.S. Synthesis and

characteristics of sulfated chitosan based on
chitin/chitosan from artemia parthenogenetica
cysts. Chemical Problems, 2023, Vol. 21(3),
p. 242-250. DOI: 10.32737/2221-8688-2023-
3-242-250

8. Dua R., Shrivastava S., Sonwane S.K.,
Srivastava S.K. Pharmacological significance

of synthetic heterocycles scaffold: a
review. Advances in Biological
Research, 2011, Vol. 5(3), p. 120-144.

9. Khalil S.L., Saleem N.H. Synthesis and

characterization of five-membered
heterocyclic ~ compounds of tetrazole
derivatives and their biological

activity. Chemical  Problems, 2025, Vol.
23(3), p. 365-374. DOI: 10.32737/2221-8688-
2025-3-365-374

10. Muhammad A., Ibrahim H., Ayo R.G.,
Fapojuwo D.P., Tshentu Z.R. Antibacterial
and antifungal activities of some hydrazones
synthesized from nicotinic acid
hydrazide. Fudma Journal of Sciences, 2024,
Vol. 8(2), p. 235-240. DOI: 10.33003/f]s-
2024-0802-2314

11. Merlani M., Nadaraia N., Amiranashvili L.,
Petrou A., Geronikaki A., Ciric A,
Glamoclija J., Carevic T., Sokovic, M.
Antimicrobial activity of some steroidal
hydrazones. Molecules, 2023, Vol. 28(3),
1167. DOI: 10.3390/molecules28031167

12. Teneva Y., Simeonova R., Valcheva V.,
Angelova V.T. Recent advances in anti-

tuberculosis drug discovery based on
hydrazide—hydrazone and  thiadiazole
derivatives targeting

InhA. Pharmaceuticals, 2023, Vol.
484. DOI: 10.3390/ph16040484

13. Georgieva M., Tzankova D., Mateev E.,
Angelov  B., Kondeva-Burdina M.,
Momekov G., Tzankova V., Zlatkov A. In
silico and in vitro determination of
antiproliferative activity of series N-pyrrolyl
hydrazide-hydrazones and evaluation of their
effects on isolated rat mycrosomes and
hepatocytes. Anti-Cancer Agents in
Medicinal Chemistry-Anti-Cancer
Agents), 2023, Vol. 23(3), p. 346-359.

16(4),

CHEMICAL PROBLEMS 2026 no. 3 (24)



484

SYNTHESIS AND CHARACTERIZATION OF

14.

15.

16.

17.

18.

19.

DOI: 10.2174/187152062266622070111430
6

Patel K.B., Patel D.V., Patel N.R., Kanhed
AM. Teli D.M. Gandhi B., Shah
B.S., Chaudhary B.N., Prajapati N.K., Patel

K.V., Yadav M.R. Carbazole-based
semicarbazones and  hydrazones  as
multifunctional anti-Alzheimer

agents. Journal of Biomolecular Structure
and Dynamics, 2022, Vol. 40(20), p. 10278-
10299.

DOI: 10.1080/07391102.2021.1942212
Abdel-Aziz A.A.M., El-Azab A.S., AlSaif
N.A., Obaidullah A.J., Al-Obaid A.M., Al-
Suwaidan I.A. Synthesis, potential antitumor
activity, cell cycle analysis, and multitarget
mechanisms of  novel hydrazones
incorporating a 4-methylsulfonylbenzene
scaffold: a molecular docking study. Journal
of Enzyme Inhibition and Medicinal
Chemistry, 2021, Vol. 36(1), p. 1520-
1538. DOI: 10.1080/14756366.2021.19246
98

Medeiros M.A.M.B., Gama e Silva M., de
Menezes Barbosa J., Martins de Lavor E.,
Ribeiro T.F., Macedo C.A.F., de Souza
Duarte-Filho L.A.M., Feitosa T.A., de Jesus
Silva J., Fokoue H.H., Araujo C.R.M., de
Assis Gonsalves A., de Araujo Ribeiro L.A.,
Almeida J.R.G.D.S. Antinociceptive and
anti-inflammatory effects of hydrazone
derivatives and their possible mechanism of
action in mice. Plos one, 2021, Vol. 11,
€0258094.

DOI: 10.1371/journal.pone.0258094
Nurkenov  O.A., Mendibayeva A.Zh.,
Fazylov S.D., Seilkhanov T.M., Kabieva
S.K., Satbayeva E.M., Karipova G.Zh.,
Syzdykov A.K. Synthesis of quaternary
ammonium salts isonicotinic and nicotinic
hydrazones acids and their anti-inflammatory
activity. Chemical Jjournal of
Kazakhstan, 2024, no.1, p. 154-166.
Abu-Melha S., Edrees M.M., Riyadh S.M.,
Abdelaziz M.R., Elfiky A.A., Gomha S.M.
Clean grinding technique: A facile synthesis
and in silico antiviral activity of hydrazones,
pyrazoles, and pyrazines bearing thiazole
moiety against SARS-CoV-2 main protease
(Mpro). Molecules, 2020, Vol. 25(19), 4565.
DOI: 10.3390/molecules25194565
Marchetti F., Pettinari R., Verdicchio F.,

20.

21.

22.

23.

24.

25

Tombesi A., Scuri S., Xhafa S., Olivieri
L., Pettinari C., Choquesillo-Lazarte
D., Garcia-Garcia A., Rodriguez-Di¢guez
A., Agustin Galindo Galindo A. Role of
hydrazone substituents in determining the
nuclearity and antibacterial activity of Zn (II)
complexes with pyrazolone-based
hydrazones. Dalton Transactions, 2022, Vol.
51(37), p. 14165-14181.
DOI: 10.1039/D2DT02430F

Shah M.A., Uddin A., Shah M.R., Ali L,
Ullah R., Hannan P.A., Hussain H. Synthesis
and characterization of novel hydrazone
derivatives of isonicotinic hydrazide and
their evaluation for antibacterial and
cytotoxic potential. Molecules, 2022, Vol.
27(19), 6770. DOLI:
10.3390/molecules27196770

Cunico W., Gomes C.R., Vellasco Jr W.T.
Chemistry and biological activities of 1, 3-
thiazolidin-4-ones. Mini-Reviews in Organic
Chemistry, 2008, Vol. 5(4), p. 336-344. DOI:
10.2174/157019308786242232

Khamitova A., Berillo D., Lozynskyi A.,
Konechnyi Y., Mural D., Georgiyants V.,
Lesyk R. Thiadiazole and thiazole
derivatives as potential antimicrobial
agents. Mini  Reviews in  Medicinal
Chemistry, 2024, Vol. 24(5), p. 531-
545. DOI: 10.2174/1389557523666230713
115947

Drapak 1.V., Logoyda L S., Shtoyko N.Ye.,
Sulyma M.IL., Chaban T.I., Matiychuk V.S.
Synthesis and antimicrobial activity of 5-R-
benzyl-2-(arylidenchydrazono) thiazolidin-
4-ones. Biopolymers and Cell, 2020, Vol.
36(6), p. 457-465. DOI: 10.7124/bc.000A43
Al-Rifaie  D.A., Mohammed ZHM.,
Mahmood R.T., Rasheed M .K., Taha A.Y.,
Al  Samarrai  O.R.  Synthesis and
characterization of some thiazolidine 4-one
derivatives derived from Schiff bases, and
evaluation of their antibacterial and
antifungal activity. Cellular and Molecular
Biology, 2025, Vol. 71@3), p. 66-75.
DOI: 10.14715/cmb/2025.71.3.9

. Ahmed S., Bhat A.R., Rahiman A.K., Dongre

R.S., Hasan A.H., Niranjan V., Lavanya
C., Sheikh S.A., Jamalis J., Malika
Berredjem M., Kawsar S.M. Green synthesis,
antibacterial and antifungal evaluation of
new thiazolidine-2, 4-dione derivatives:

CHEMICAL PROBLEMS 2026 no. 3 (24)



F. MOHAMMED et al.

485

26.

27.

28.

29.

30.

31.

32.

molecular dynamic simulation, POM study
and identification of antitumor
pharmacophore sites. Journal of
Biomolecular Structure and Dynamics, 2024,
Vol. 42(20), p. 10635-10651.
DOI: 10.1080/07391102.2023.2258404

Saad S.S., El-Sakka S.S., Soliman M.H.
Thiazolidines Synthesis and Anticancer
Activity. Frontiers in Scientific Research
and Technology, 2025, Vol. 10(1), p. 66-78.
DOI: 10.21608/fsrt.2024.346199.1145
Mittal P., Ghanghas D., Sharma D., Shah K.,
Arya G.C., Chaudhary A., Dewangan H.K.
Thiazolidine-4-one Analogues: Synthesis,
In-Silico Molecular Modeling, and In-vivo
Estimation for Anticonvulsant
Potential. Central Nervous System Agents in
Medicinal Chemistry. 2024, Vol. 25(4),
DOI: 10.2174/011871524932292024100411
3343

Ray P.K., Shabana K., Salahuddin, Kumar R.
Synthetic Strategies of Thiazolidine-2, 4-
dione Derivatives for the Development of
New Anti-diabetic Agents: Compressive
Review. Current Topics in Medicinal
Chemistry, 2024, Vol. 24(10), p. 885-928.
DOI: 10.2174/011568026628428324030407
1648

Bramorski Mohr E.T., Lubschinski T.L.,
Oliveira J.M.D.D., Giarola Fragoso de
Oliveira P., Garcia Mendes Borba B.,
Demarchi I.G., Dalmarco E.M. Thiazolidines
derivatives and their anti-inflammatory
activity in LPS-induced RAW 264.7
macrophages: a systematic review and meta-
analysis. Natural Product Research, 2025,
Vol. 39(10), p. 2895-2911.
DOI: 10.1080/14786419.2024.2394103
Masaret G.S., Shah R. Synthesis and
evaluation of a novel pyridinyl thiazolidine
derivative as an antioxidant and corrosion
inhibitor for mild steel in acidic
environments. Arabian Journal of
Chemistry, 2024, Vol. 17(6), 105807.
DOI: 10.1016/j.arabjc.2024.105807

Agili F. Novel hydrazide hydrazone
derivatives as Antimicrobial agents: design,
synthesis, and Molecular
Dynamics. Processes, 2024,  Vol.  12(6),
1055. DOI: 10.3390/pr12061055

Akdag K., Tok F., Karakus S., Erdogan O.,
Cevik 0., Kogyigit-Kaymak¢ioglu B.

33.

34.

35.

36.

37.

38.

Synthesis and Biological Evaluation of Some
Hydrazide-Hydrazone Derivatives as
Anticancer Agents. Acta Chimica
Slovenica, 2022, Vol. 69(4), p. 863-875.
DOI: 10.17344/acsi.2022.7614

Mekhlet Y.O., AboulMagd A.M., Gouda
A.M. Design, Synthesis, Molecular docking,
and biological evaluation of novel 2, 3-
diaryl-1, 3-thiazolidine-4-one derivatives as
potential anti-inflammatory and cytotoxic
agents. Bioorganic Chemistry, 2023, Vol.
133, 106411. DOLI:
10.1016/j.bioorg.2023.106411

Unal E.L., Mavi A., Kara A.A., Cakir A.,
Sengiil M., Yildirim A. Antimicrobial and
antioxidant activities of some plants used as

remedies in Turkish traditional
medicine. Pharmaceutical  Biology, 2008,
Vol. 46(3), p. 207-224. DOI:
10.1080/13880200701735577

Alassadi N.M., Hadi M.K. Synthesis,
characterization and preliminary
antimicrobial study of some new phthalimide
phenyl hydrazide
derivatives. F1000Research, 2024, Vol. 13,
245. DOI:

10.12688/f1000research.130468.1
Reymova F., Sever B., Topalan E., Sevimli-
Gur C., Can M., Tuyun A.F., Basoglu F., Ece
A., Otsuka M., Fujita M., Demirci H., Ciftci
H. Design, synthesis, and mechanistic
anticancer evaluation of new pyrimidine-
tethered

compounds. Pharmaceuticals, 2025,
18(2), 270. DOI: 10.3390/ph18020270
Yadav M., Kumar A., Murti Y., Jain A.,
Dinkar R., Mali S.N. Synthesis and
Antimicrobial ~ Screening  of  Some
Thiazolidin-4-one Derivatives. Russian
Journal of Bioorganic Chemistry, 2025, Vol.
51, p. 683-692. DOI:
10.1134/S1068162024604919

Qabel H.A., Al-Majidi S.M. Synthesis and
Identification of Some New Imidazolidine-4-
one, Oxazolidine-4-one and Thiazolidine-4-
one Derivatives from Phenidone and Their
Antimicrobial and Antioxidant Activities
Investigation.  Advanced  Journal  of
Chemistry, Section A,2024, Vol. 7(6), p. 894-
909. DOI:
10.48309/AJCA.2024.466432.1584

Vol.

CHEMICAL PROBLEMS 2026 no. 3 (24)



486

SYNTHESIS AND CHARACTERIZATION OF

39.

40.

41.

42.

43.

44,

Al-Joboury N.A., Al-Badrany K.A., Hamed
A.S., Aljoboury W.M. Synthesis of some
new thiazepine compounds derived from
chalcones and evaluation there biochemical
and biological activity. Biochemical &
Cellular Archives, 2019, Vol. 19(2), p. 4545-
4554. DOI: 10.35124/bca.2019.19.2.4545
Hassan Z.Q.M., Abdulkarim M.G. Synthesis,
characterization, and biological activity
evaluation of chalcones and pyrazole
derivatives  derived from indole. AL-
Yarmouk Journal, 2023, Vol. 21(2), p. 42-52.
Talluh A.W.A.S., Najm R.S., Saleh M.J,,
Saleh J.N. Synthesis, Characterization, and
Evaluation of the Biological Activity of
Novel Oxazepine Compounds Derived from
Indole-5-Carboxylic Acid. American Journal
of Bioscience and Clinical Integrity, 2024,
Vol. 1(8), p. 10-19.

Abdullah S.H., Khairallah B.A., Al-Badrany
K.A. Preparation and characterization of
some azetidine-2-one derivatives derived
from benzothiazole-2-ol and evaluation of
their biological activity. Indian Journal of
Heterocyclic Chemistry, 2025, Vol. 35(1),
37. DOI: 10.59467/1JHC.2025.35.37
Abdullah S.H., Salih M.M., Al-Badrany A.
Synthesis, Characterization and Antibacterial
Evaluation of  Novel Thiazolidine
Derivatives. Journal of Angiotherapy, Vol
(3),(2024) 1-9.

Al Rashidy A.A.M., Al Badrany K.A., Al
Garagoly G.M. Spectrophotometric
determination of sulphamethoxazole drug by
new pyrazoline derived from 2, 4-dinitro
phenyl hydrazine. [In Materials Science
Forum, 2020, Vol. 1002, p. 350-359.
DOI:10.4028/www.scientific.net/MSF.1002.
350

45.

46.

47.

48.

49.

50.

Dalaf A.H., Saleh M.J., Saleh J.N. Green
synthesis, characterization, and multifaceted
evaluation of thiazolidinone derivatives: a
study on biological and laser
efficacy. European Journal of Modern
Medicine and Practice, 2024, Vol. (7), p.
155-168.

Al-Badrani H., Ezzat N.S., Al-Jawaheri Y.S.
Synthesis of oxazepino compound via
electrophilic cyclization and evaluation of
their biological activity. Chemical
Problems, 2025, Vol. 23(3), p. 343-355.
DOI: 10.32737/2221-8688-2025-3-343-355
Murad Z.A., Hamad A.S. Preparation and
diagnosis of new derivatives of the tetrazole
ring derived from 2-bromoisophthaladehyde
and evaluation of their biological
effectiveness. Chemical Problems, 2025,
Vol. 23(1), p. 116-124. DOI: 10.32737/2221-
8688-2025-1-116-124

Muhammad F.M., Khairallah
B.A., Albadrany K.A. Synthesis,
characterization and Antibacterial Evaluation
of Novel 1,3-Oxazepine Derivatives Using a
Cycloaddition  Approach.  Journal of
Angiotherapy, 2024, Vol. 3(1-9), 9506.
Alsahib S.A., Dhedan R.M. Synthesis and
characterization of some tetrazole derivatives
and evaluation of their biological
activity. Egyptian Journal of Chemistry,
2021, Vol. 64(6), p. 2925-2936. DOI:
10.21608/EJCHEM.2021.54356.3165
Hassan B.A., Mekky A.H. Synthesis,
characterization and antibacterial activity of
[1, 2, 4] triazolo [4, 3-b][1, 2, 4, 5] tetrazine
derivatives. Chemical Problems, 2025, Vol.
23(1), p. 78-94. DOI: 10.32737/2221-8688-
2025-1-78-94

CHEMICAL PROBLEMS 2026 no. 3 (24)



