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Abstract :

In this study, the compound 4,4°,4”°-(1,3,5-triazine-2,4,6-triyl)trianiline was used
as the core material for Schiff base preparation using a modern and environmentally
friendly microwave irradiation method. This compound was reacted with benzaldehyde
derivatives to obtain a tertiary Schiff base, which was subsequently reacted with the
amino acid alanine to form several imidazole-derived cyclic compounds. This method
proved to be highly efficient and environmentally friendly, yielding good product quality
with short reaction times. The validity and accuracy of the results were confirmed using
spectroscopic techniques (FT-IR, 'H, *'C-NMR), which showed the disappearance of the
characteristic azomethine (C=N) group of Schiff bases and the appearance of character-
istic imidazole ring groups. The pharmacological efficacy of the prepared compounds
was also evaluated against two types of bacteria, Escherichia coli and Staphylococcus
aureus. The results showed that compound [E, ] possessed the highest inhibitory activity
against both types, with the diameter of the inhibition zone reaching approximately 3.0
cm for Gram-negative bacteria and 3.1 cm for Gram-positive bacteria. This high activity
may be attributed to the presence of a high molecular weight bromine substitute, which
improved membrane permeability in the bacteria.

Keywords: Schiff base, imidazole, Biological activity, Staphylococcus aureus ,
Escherichia coli .
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1. Introduction
the
gen-based heterocyclic rings have at-

Over past century, nitro-
tracted a lot of attention due to their
fundamental structure, which exhibits
fascinating pharmacological properties
and therapeutic potential in a range of
disease domains. The diversity of nitro-
gen-based heterocyclic rings in medic-
inal chemistry has led to the develop-
ment of several medications, including
antibacterial agents. Because these
rings may create hydrogen connections
with biological targets, they are also
helpful building blocks for developing
novel drug candidates [1]. Imidazole
derivatives are compounds with two
nitrogen atoms and a five-membered
ring that are widely used in a variety
of fields, including medicine. Because
of their diverse pharmacological prop-
erties, imidazole derivatives have at-
tracted a lot of attention among the
various chemical substances explored
in medicinal chemistry [2].Further-
more, the electron-rich nitrogenous
heterocyclic ring may readily donate
or absorb protons and create a variety

of weak reactions [3]. Imidazole de-

rivatives, such as imidazole-4-one, are
widely used to treat a variety of diseas-
es, which attests to their versatility and
importance in medicinal chemistry.
Cancer, diabetes, Alzheimer’s disease,
viral disorders, bacterial infections,
fungal infections, and inflammation
are among the diseases they combat.
The broad range of biological effects
of imidazole compounds highlights
their importance in the development of
drugs and therapeutic treatments for a
variety of disease areas [4]. For exam-
ple, cyclic imidazole compounds have
shown potential antibacterial, anti-in-
flammatory, and anticancer effects [5].
Imidazole compounds have demon-
strated the ability to inhibit the growth
of several bacterial strains, including
Candida albicans and both Gram-pos-
itive and Gram-negative bacteria, due
to their antibacterial and antifungal
characteristics [6]. It functions by in-
terfering with the reproduction of bac-
terial DNA, rupturing cell membranes,
and creating cell walls [7]. Therefore,
the objective of this work is to devel-
op novel imidazole derivatives and as-
sess their antibacterial efficacy against

Staphylococcus aureus and Escherich-
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ia coli. The objective of this endeav-
or is to get a deeper knowledge of the
potential of these novel compounds in

therapeutic and bactericidal contexts.

2. Experimental:

2.1. Material: All of the chemicals
used in this project were bought from
Fluka, Aldrich, and BDH and weren’t
further purified.

2.2. Devices used: The 9300 ther-
moelectric melting apparatus was used
to determine the melting points of the
materials. A Shimadzu KBr spectrom-
cter (400-4000 cm™) was used as a
reference spectrometer in the FT-IR
spectrometer (8400S) from Shimad-
zu. Bruker spectrometers operating at

400 MHz were used to measure the

'H-NMR and *C-NMR spectra.

2.3. Preparation of Schiff base
[E-E] [8]

In a ceramic beaker, (0.009 mol)
of benzaldehyde derivatives and
(0.003 mol, 1 g) of (4,4°,4°-(1,3,5-tri-
azine-2,4,6-triyl)trianiline were com-
bined. Two drops of glacial acetic acid
and twenty milliliters of DMF solvent
were added to the mixture. After that,
the beaker was microwaved for two to
five minutes at 150°C while covered
with aluminum foil with tiny holes to
enable vapor to escape. TLC verified
the response. Tetrahydrofuran (THF)
was used to recrystallize the precipitate
after it had been collected and cleaned
with distilled water. As in Table 1 .

Table 1 lists a few physicochemical characteristics
and the proportion of Schiff base [E -E].

Comp Molecular M.Wt g/ Time M.P Yield
R Color . Rf
No. Formula mol (mint) (°0) (%)
E, Br C,H,,Br,N, 855.43 | Yellow 5 230-232 (057 | 74
Light
E, Cl C,H,CLN, 722.07 " 3 220-222 [ 046 | 75
ellow
E, F C,H,FN, 672.72 | Yellow 3 211-213 [ 0.86| 60
E, | CH, C,H, N, 660.83 | Yellow 2 200-202 [ 0.73 | 78
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2.3. Preparation of imidazole de-
rivatives [E-E | [9,10]

In a ceramic beaker, (0.001 mol) of
Schiff base derivatives [E-E,] were
combined with (0.003 mol, 0.27 g) of
the amino acid alanine, and then (15 ml)
of DMF solvent was added. After that,

the beaker was placed in a microwave

oven set at 150°C for three to eight
minutes while covered with aluminum
foil with tiny holes to enable vapor to
escape. TLC was used to check that the
reaction had finished. The precipitate
was collected, cleaned with distilled
water, and then recrystallized using the
same solvent (DMF). As in Table 2 .

Table 2. lists a few physicochemical characteristics
and the proportion of imidazole [E-E ,].

Comp Molecular M.Wt Time | M.P Yield
R Color . Rf
No. Formula g/mol (mint) | (°C) (%)

E, Br |C, H_BrNO,| 1068.67 Green 7 282-284 | 0.72 51
Light

E, Cl |C,H_,CLN,O,| 93531 b 8 269-271 | 0.82 53
rown

E, F | C,H_FNO, | 88595 Brown 5 241-243 | 0.84 58

, | CH, | C,H,NO, | 874.06 |Darkbrown| 3 254-256 | 0.76 52

2.4. Biological activity study [20,
21]

Gram-positive (Staphylococcus au-
reus) and Gram-negative (Escherichia
coli) bacteria were identified in the De-
partment of Biology laboratory. These
are among the most common types of
bacteria. Mueller-Hunter agar was pre-
pared by dissolving 40 g of bacteria in
1 liter of distilled water and sterilizing
it in a steam generator at 1.5 bar for 15

minutes. The mixture was then trans-
ferred to Petri dishes and allowed to
cool [11, 12]. To ensure bacterial dis-
persal, the bacterial cells were spread
on the dishes in three different direc-
tions. After polarization, the resulting
compounds [ES5, E8] were diluted with
dimethyl sulfoxide (DMSO) to three
concentrations (0.1, 0.01, and 0.001
mg/ml). To prepare an initial dilution
of 0.1 mg/ml, 0.1 g of the compounds
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were dissolved in 10 mL of the solvent.
One milliliter of this diluted solution
was transferred to another tube, and 9
milliliters of solvent were added [13,
14]. A third diluted solution of 0.01
mg/mL was then prepared by further
dilution. Subsequently, a third diluted
solution of 0.001 mg/mL was prepared
by transferring one milliliter of this di-
luted solution to a new tube and adding
9 milliliters of solvent. The results of
the resulting compounds were com-
pared with those of antibiotics such as
ciprofloxacin and imikaicin. The an-
tibiotics were chosen because of their
broad spectrum of activity and proven
efficacy against these bacteria, making
them suitable benchmarks for deter-
mining the antibacterial activity of the

prepared compounds. A centimeter rul-

er was used to read the results after the
plates had been left to stand for a full
day [15, 16].

3. Results and discussion

As seen in Scheme 1, one mole of
Schiff base derivatives and three moles
of the amino acid alanine were reacted
to create five-membered imidazole de-
rivatives. The completion of the reac-
tion was confirmed by TLC, which was
used to monitor the reaction flow. The
difference in Rf values in Tables 1 and
2 can be attributed to the difference in
the polarity of the compounds and the
nature of the substituents attached to
the benzene ring, reflecting a reaction
with the stationary phase, silica gel.
Therefore, Rf is considered a key fac-
tor in the success of the reactions.

Scheme (1): The produced chemicals’ route

R=Br,,Cl,F,C

H
O
//\r [EoE 2]
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3.1. Characterization of Schiff
base [E-E ]

In the FT-IR spectrum of the pro-
duced Schiff bases [E -E,], the remov-
al of the (C=0) group expansion band
and the appearance of an absorption
band at the (3080-3052) cm™! band are
attributed to the (C-H) aromatic bond
expansion. Between the two spectra,

two absorption bands appeared at the
frequency bands (1484-1475) cm™ and
(1577-1561) cm’', attributed to the
(C=C) aromatic bond expansion, and
an intermediate expansion band at the
frequency band (1620-1614) cm’, at-
tributed to the (C=N) group [17,18]. As
in Table 3 and Figure 1,2 .

Table 3. FTIR spectral values for compounds [E1-E4]

IR (KBr) cm-1
Comp. No. R
vC-H Arom. vC=N vC=CArom. Others
E, Br 3059 1620 1577 1481 , v (C-Br) 540
E, Cl 3052 1617 1565 1476 , v (C-Cl) 687
E, F 3071 1616 1561 1484 , v (C-F) 864
v (C-H) asy.
E, CH, 3080 1614 1566 1475, (2920), sym.
(2852)

When examining the 'H-NMR nu-
clear magnetic resonance spectrum of
compound [E ] using solvent (DM-
SO-d®), the protons of the (HC=N)
groups were identified as the source of
a single signal at the chemical shift of
(8.72) ppm, the protons of the aromatic
rings were 1dentified as the source of a
multiple signal in the range of (7.08-
7.94) ppm, and the protons of the sol-

vent (DMSO-d®) at the chemical shift
of (2.51) ppm. As in Figure 3

When examining the C-NMR nu-
clear magnetic resonance spectrum of
compound [E, ] with the solvent (DM-
SO-d®), signals were detected at the
following chemical shifts (179.14)
ppm for the carbon of the triazine ring;
(161.19) ppm for the carbon of the
azomethine groups (C=N); (154.39-
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121.89) ppm for the carbons of the aro-  the carbon of the solvent (DMSO-d®).
matic ring; and (39.34-40.59) ppm for As in Figure 4 .

o ey

Figure 1. FT-IR for [E.] Figure 2. FT-IR for [E ]

Figure 3. '"H-NMR for [E ] Figure 4. "C-NMR for [E]

3.2. Characterization of imidazole base compounds [E -E,], disappeared
[E,-E,,] when examining the infrared spectra
The azomethine (C=N) stretch band, of the prepared compounds [E-E ].
which appeared in the (1614-1620) The stretching of the (N-H) group in
cm' range in the synthesized Schiff the imidazole ring was responsible for
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the appearance of an intermediate band
in the (3138-3267) cm™ range. The
stretching of the aromatic (C—H) bond
was responsible for the appearance of
an absorption band in the (3047-3066)
cm' region. In addition, the stretching
of the aliphatic (CH) bond was respon-
sible for the appearance of symmet-
ric and asymmetric stretch absorption
bands in the (2852-2871) cm™ and
(2916-2942) cm™! ranges, respective-
ly. The stretching of the (C=0) group

in the imidazole ring is responsible for
the appearance of an intermediate band
in the range (1680-1697) cm™. Two
other bands were also found. The ap-
pearance of the bands at (1477-1467)
cm ! and (1577-1552) cm™ is attribut-
ed to the vibration of the aromatic
(C=C) bond, while the appearance of
the bands at (1232-1199) cm™ is at-
tributed to (C-N) [19,20]. As in Table
4 and Figure 5,6 .

Table 4. FTIR spectral values for compounds [E,-E ]

IR (KBr) cm™!
Comp.

No. | B vC-H | vC-H vC=C

L0 vN-H i vC=0 vC-N Others

Arom. | Aliph. Arom.

E, Br | 3267 | 3066 | 29252865 | 1686 | 1561, 1474 | 1232 v (C-Br) 597

o Cl | 3138 | 3053 | 29162854 | 1680 | 1552, 1477 | 1251 v (C-CI) 669
E, F | 3221 | 3047 | 29222852 | 1697 | 1577, 1467 | 1199 v (C-F) 852

v (C-H) asy. (2942)

E CH, | 3232 | 3048 | 29422871 | 1684 | 1567, 1472 | 1220

12 3 sym. (2871)
When examining the proton as the aromatic ring protons, a single

"H-NMR nuclear magnetic resonance
spectrum of compound [E ], a single
signal at chemical shift (8.44) ppm was
identified as the (NH) proton, a multi-
ple signal in the range (7.32-8.18) ppm

signal at chemical shift (5.99) ppm as
the (CH) proton, a quadrupole signal in
the range (3.33-3.96) ppm as the (CH,)
proton, and a signal at chemical shift
(DMSO-d°) ppm as the solvent pro-
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tons. As in Figure 7

When examining the carbon-"*C-
NMR nuclear magnetic resonance
spectrum of compound [E, ], it was
found that the carbon of the carbonyl
groups (C=0) was responsible for a
signal at the chemical shift of (175.65)
ppm, the carbon of the triazine ring was
responsible for a signal at the chemi-

cal shift of (173.58) ppm, the aromatic
ring carbons were responsible for mul-
tiple signals at the chemical shifts of
(155.60, 65.21) parts per million, the
carbon of (CH), the carbon of (25.72)
ppm, and the solvent (DMSO-d°) was
responsible for signals at the chemical
shift of (39.31-40.56) ppm. As in Fig-

ure 8 .

Figure 5. FT-IR for [E

1ol

Figure 6. FT-IR for [E_ ]

o i ¥
I|’
[

r|:

I

S
wa-ar

¥

Hh

Figure 7. "H-NMR for [E ]

Figure 8. "C-NMR for [E ]
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3.2. Evaluation of the Biological
Activity of Prepared Compounds

Table 5 shows the results of mea-
suring the efficacy of the prepared
compounds against two types of bac-
teria, one Gram-positive and the other
Gram-negative. Three concentrations
were used: 0.1, 0.01, and 0.001 mg/ml.
The results were read 24 hours after the
concentrations were placed in the dish-
es. The results showed that compound
[E,] was the most effective against
both types of bacteria used, with an in-
hibition diameter of approximately 3.0
cm in Gram-negative Escherichia coli.
The inhibition percentage was good at
the other concentrations, indicating its
ability to penetrate the cell membrane
[21]. The inhibition diameter reached
approximately 3.1 cm in Gram-posi-
tive Staphylococcus aureus bacteria,
but this inhibition decreased rapid-
ly at other concentrations, indicating
that the inhibitory ability of this com-
pound is concentration-dependent. The
effectiveness of compound [E,Jmay
be attributed to the presence of bro-
mine as a substituent, which enhanced
membrane penetration through the cell
membrane, particularly in Gram-nega-
tive bacteria. These bacteria are known

for possessing an outer membrane that
restricts drug passage. Additionally, its
large size contributes to electron distri-
bution compared to fluorine and chlo-
rine, leading to the formation of halo-
genated bonds with enzymes or nucleic
acids within the bacterial cell, thus re-
taining it inside the cell for a longer
period [22]. The results of the other
compounds were mixed. Compound
[E,]demonstrated high activity against
Gram-negative bacteria, with a diame-
ter similar to compound [E (3.0 cm).
Compound E  showed good activity at
the highest concentration against bac-
teria, with an inhibition diameter of ap-
proximately 2.8 cm in Gram-negative
bacteria. As for compound [E,] against
Gram-positive bacteria, its activity was
higher at moderate nitrate concentra-
tions compared to high concentrations,
where growth was inhibited at a mod-
erate concentration of 2.8 cm™ and at
a high concentration of 2.6 cm™ [23,
24]. These results indicate the promis-
ing potential of some of the prepared
compounds as antibacterial agents,
particularly compound [E,], which
demonstrated activity exceeding stan-
dard levels in some cases [25], as illus-
trated in Figures 9 and 10.



313 dublyolld ooladl-duyyUl duds - duodellg duguyUl luwlysdlddao
02026 glus - eliosdl pg le - puulell adaoll - ggpuuellg gsludl sl

Table (5): Biological efficacy
of produced compounds and control treatments (inhibition in cm).

Comp. No. Escherichia coil Staphylococcus aureus

Conc. mg/ml 0.001 0.01 0.1 0.001 0.01 0.1

E, 2.3 2.1 3.0 1.6 1.6 3.1

E, 0.7 1.8 3.0 0.2 0.0 1.0

E, 0.3 1.3 0.9 0.8 2.8 2.6

E, 0.3 0.7 2.8 0.2 0.4 1.0
Ciprofloxacin 10 mg 1.5 0.8
Amikasin10) mg 0.5 0.8

Figure 9. Inhibitory ability of [EE ]
of the mercaptoides against Escherichia coli bacteria

Figure 10. Inhibitory ability of [E ,E,]
of the mercaptoides against Staphylococcus aureus bacteria
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4. Conclusions

The results demonstrate that the ad-
opted microwave-assisted technique
for synthesizing heterocyclic imidaz-
ole derivatives is an efficient, rapid,
and clean method, yielding products
with good purity and high structural
accuracy. This is clearly confirmed by
the FT-IR and 'H*&C-NMR spectral
analyses, which showed distinct spec-
tral transformations corresponding to
the formation of the imidazole ring.
The study further revealed promising
antibacterial activity among the syn-
thesized compounds. Compound [E ]
exhibited the highest inhibitory effect
at various concentrations and, in some
cases, surpassed the activity of stan-
dard antibiotics, suggesting its strong
potential as an effective agent against
Gram-negative and Gram-positive

bacteria.

References

. Mermer, A., Keles, T., & Sirin, Y.

(2021). Recent studies of nitro-
gen containing heterocyclic com-
pounds as novel antiviral agents: A
review. Bioorganic Chemistry, 114,
105076.

. Alghamdi, S. S., Suliman, R. S., Al-

mutairi, K., Kahtani, K., & Aljatli,
D. (2021). Imidazole as a promis-
ing medicinal scaffold: current sta-
tus and future direction. Drug De-

sign, Development and Therapy,
3289-3312.

. Zhang, L., Peng, X. M., Damu,

G. L., Geng, R. X., & Zhou, C. H.
(2014). Comprehensive review in
current developments of imidazole-
based medicinal chemistry. Medic-
inal research reviews, 34(2), 340-
437.

. Jun, J., Yang, S., Lee, J., Moon,

H., Kim, J., Jung, H., ... & Hah,
J. M. (2023). Discovery of nov-
el imidazole chemotypes as iso-
form-selective JNK3 inhibitors for
the treatment of Alzheimer’s dis-

ease. European Journal of Medici-
nal Chemistry, 245, 114894.



315 dudlyelldoolall-duyyUlduls - daolellg dugul lwlysdldlao
02026 glus - eliosdl pg le - puulell adaoll - ggpuuellg gsludl sl

5. Al 1., Lone, M. N., & Aboul-Ene-
in, H. Y. (2017). Imidazoles as
potential anticancer agents. Med-
ChemComm, 8(9), 1742-1773.

6. Raghu, M. S., Kumar, C. P., Kumar,

vances in microwave-assisted mul-
ticomponent synthesis of spiro het-
erocycles. RSC  advances, 14(8),
5547-5565.

10.Dalaf, A. H. (2024). 3-Phenylim-

K.Y., Prashanth, M. K., Alshahrani,
M. Y., Ahmad, I., & Jain, R. (2022).
Design, synthesis and molecular
docking studies of imidazole and
benzimidazole linked ethionamide
derivatives as inhibitors of InhA
and antituberculosis agents. Bioor-
ganic & Medicinal Chemistry Let-
ters, 60, 128604.

. Zhou, J., Cai, Y., Liu, Y., An, H.,
Deng, K., Ashraf, M. A., ... & Wang,
J. (2022). Breaking down the cell
wall: Still an attractive antibacterial
strategy. Frontiers in Microbiolo-
gy, 13, 952633.

. Hissam, M. A., Ngaini, Z., Mortad-
za, N. A., Daud, A. 1., & Farooq,
S.  (2025).

synthesis and dual in silico—in vi-

Microwave-assisted

tro profiling of vanillin azo-Schiff
base hybrids for antimicrobial po-
tential. Discover Applied Scienc-
es, 7(12), 1407.

. Javahershenas, R., Makarem, A.,
& Klika, K. D. (2024). Recent ad-

1dazolidin-4-one: Characterization,
Green Synthesis, Evaluation of Bio-
logical and Laser Performance. Eu-
ropean Journal of Modern Medi-
cine and Practice, 4(7), 417-427.

11.Khairallah, B. A., Muhammad, F.

M., Saleh, J. N., & Saleh, M. J.
(2024). Preparation, Characteriza-
tion, Biological Activity Evalua-
tion, and Liquid Crystallography
Study of New Diazepine Deriva-
tives. World of Medicine: Journal
of Biomedical Sciences, 1(7), 65-
76.

12.Mohammed Jwher Saleh, Jamil

Nadhem Saleh, Khalid Al-Badra-
ny, Adil Hussein Dalaf, Reem Su-
hail Najm, & Abdul Wahed Abdul
Sattar Talluh. (2024). Preparation
And Evaluation Of The Biological
Activity Of A 2- Amino Pyran Ring
Using A Solid Base Catalyst. Cen-
tral Asian Journal of Medical and
Natural Science, 5(4), 130 - 138.

13.Talluh, A. W. A. S., Saleh, M. J.,



trianiline and evaluation of their bactericidal activity

Preparation and characterization of novel imidazole compounds derived from (4,4’,4”-(1,3,5-triazine-2,4,6-triyl)
Elaf Daoud Noman and Fawzi Hameed Jumaa 31 6

& Saleh, J. N. (2024). Preparation,
Characterisation and Study of the
Molecular Docking of Some De-
rivatives of the Tetrazole Ring and
Evaluation of their Biological Ac-
tivity. World of Medicine: Journal
of Biomedical Sciences, 1(7), 15-
23.

14.Talluh, A. W. A. S., Saleh, M. J.,

Saleh, J. N. (2024). Application of
infrared and nuclear magnetic res-
onance spectra in studying the bac-
terial efficacy of some oxazepane
derivatives derived from hydra-
zones. Sensors and Machine Learn-
ing Applications, 3(3).

15.Najm, R. S. , AL-Rasheed, A. A.

, Mohammed, A. S. , Graba, B.
and Saleh, M. J. (2025). Synthe-
sis, Chemical Characterization and
Biological Activity Evaluation of
Lamb Meat-Derived Nanocompos-
ite. Advanced Journal of Chemis-
try, Section A, (), 1890-1903.

16.Talluh, A. W. A. S., Saleh, M. J.,

Saleh, J. N., & Al-Jubori, H. M. S.
(2024). Synthesis and Characteriza-
tion of Some New Imine Graphene
Derivatives and Evaluation of Their

Biological Activity. Central Asian

Journal of Medical and Natural
Science, 5(4), 272-290.

17.Dalaf, A. H., & Jumaa, F. H. (2018).

Synthesis, Characterization of
some 1,3-Oxazepane -4,7-Dione by
Traditional and Microwave routes
method and evaluation of their bio-
logical activity. Al-utroha for Pure

Science. (8): 93-108.

18.Saleh, R. H., Rashid, W. M., Dalaf,

A. H., Al-Badrany, K. A., & Mo-
hammed, O. A. (2020). Synthesis
of Some New Thiazolidinone Com-
pounds Derived from Schiff Bases
Compounds and Evaluation of Their
Laser and Biological Efficacy. Ann
Trop & Public Health, 23(7): 1012-
1031.

19.Aziz, F. N. E. D., & Juma, F. H.

(2025). Synthesis, Characterization,
Biological Activity, Laser Effect
and Molecular Docking of Tri-Im-
idazole-4-One Derivatives. SAR J
Med Biochem, 6(1), 4-14.

20.Dalaf, A. H., Saleh, J. N., Saleh,

M. J., & Talluh, A. W. A. S. (2024).
Environmentally Friendly Syn-
thesis, Bioactivity Evaluation and

Multi-Faceted Characterization of
Bis (5-((1H-Imidazol-4-yl) Meth-



317 ||

dudlyelldoolall-duyyUlduls - daolellg dugul lwlysdldlao
02026 glus - eliosdl pg le - puulell adaoll - ggpuuellg gsludl sl

21.

yl)-3-Phenylimidazolidin-4-One)
Derivatives. American Journal of
Biomedicine and Pharmacy, 1(7),
104-114.

Khurshid, M. N., Jumaa, F. H., &
Jassim, S. S. (2022). Synthesis,
characterization, and evaluation of
the biological activity of tetrazole
compounds derived from the nitrog-

enous base uracil. Materials Today:
Proceedings, 49, 3630-3639.

22.MOHAMMAD, H. J., SLAIHIM,

23.

M. M., AL-RIFAIE, D. A., JIWAD,
R. S., ALYAMI, M. S., ALHU-
WAYMIL, Z., ... & AL-MASHHA-
DANI, M. H. (2024). SYNTHESIS,
MOLECULAR MODELLING OF
CYCLOHEXENONE DERIVA-
TIVES AS TYROSINE KINASE
INHIBITORS. Oxidation Commu-
nications, 47(4).

Mohammad, Z. H., Al-Rifaie, D.
A., & Rasheed, M. K. (2025). Syn-
thesis, characterization, antioxi-
dant, and antibacterial activities of
Schiff bases and thiazinan 4-ones
derived from minoxidil. INDIAN
JOURNAL OF HETEROCYCLIC

CHEMISTRY, 35(2), 531-539.

24.Alasadi, Y. K., Jumaa, F. H., Mukh-

1if, M. G., & Shawkat, S. M. (2023).
Preparation, Characterization, An-
ti-cancer and Antibacterial Evalua-
tion of New Schiff base and Tetra-

zole Derivatives. Tikrit Journal of
Pure Science, 28(2), 12-19.

25.Ayed, M. R., Jumaa, F. H., & Alj,

A. A. (2016). Syntheses of some
new Formazan derivatives, derived
frome isoniazid and study their bio-
logical activity.






