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ABSTRACT

In this study, we disclose the synthesis of a new organoselenium (OSe) candidate, N-phenyl-
2-((4-(3-phenylthioureido)phenyl)selanyl)acetamide (5), achieved in three synthetic steps starting from
the commercially available chemical, aniline. The chemical structure of the target OSe compound 5
was characterised using NMR, IR, and mass spectrometry. The DFT calculations were performed.
The results reveal that compound 1 demonstrates the lowest HOMO energy (-5.03 eV) and the most
significant energy gap (3.62 eV), indicating high stability and low reactivity. In contrast, compound
2 shows the highest HOMO energy (-3.62 eV) and the smallest energy gap (1.31 eV), confirming
its high reactivity and low stability. HB168 and compound 3 demonstrate intermediate properties
with moderate reactivity and stability. The Dipole Moment analysis highlights strong polarity in
HB168 (6.47 Debye) and weak polarity in S2 (0.27 Debye). Additionally, compound 1 displays the
highest electronegativity (3.22 eV) and lowest electrophilicity index (2.86 eV), further supporting
its stability and low reactivity. Conversely, compound 2 exhibits the highest electrophilicity index
(6.71 eV), indicating a strong electrophilic character. The prepared OSe compound was docked against
three bacterial strain protein targets: Escherichia coli (ID: 5L3J) as Gram-negative bacteria, whereas
Bacillus subtilis (ID: 7S3L) and Staphylococcus aureus (ID: 3BL6) was chosen as the Gram-positive
bacteria. Also, molecular docking were performed against three drugs as a reference drug Ampicillin
as a wide spectrum antibiotic and Ebselen, Diphenyl diselenide as a Selenium containing drugs.
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INTRODUCTION OSe candidates surpass oxygen and sulfur (S) in

pharmaceutical properties and have outstanding

Organoselenium (OSe) agents have earned  activities, including antitumor and anti-inflammatory
increased concern during the decade owing to their  activities®4. Selenorganic compounds are known for
significant medical and synthetic applications'2.  their redox-modulating activities and exhibit increased
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sensitivity and selectivity in tumour cells.?® Integrating
the selenium centres into the backbones of organic
compounds leads to new scaffolds with unprecedented
therapeutic and physicochemical properties.”

Significant progress has been observed
in preparing OSe compound as pharmaceutical
agents for the past twenty years2468. Several
in vivo studies showed that OSe compound have
improved bioactivity compared to their organosulfur
counterparts because of their elevated amphiphilicity
and pharmacokinetics®. Consequently, medicinal
chemists often replace the S atom within the
structure of natural products or bioactive compounds
with selenium (Se) atoms to enhance their overall
pharmaceutical profiles as well as for late-stage
functionalization'®''. Moreover, several OSe agents

have shown promising antimicrobial and antitumor
properties due to their efficiency in stopping the
growth of cancer cells'™.

Moreover, Se-containing compounds are
known to mimic glutathione peroxidase (GPXx),
an enzyme that plays a crucial role in reducing
oxidative stress in cells'®'4. This property makes Se
compounds particularly valuable in the treatment
of diseases associated with oxidative stress,
such as microbial induced diseases as well as
cardiovascular diseases and neurodegenerative
disorders' 5. For instance, diphenyl diselenide |
exhibited antinociceptive, anti-inflammatory, and
antioxidant activities (Fig. 1)'®'”. Moreover, ebselen
Il and ethaselen Il are presently explored in clinical
phases as antineoplastic drugs (Figure 1)'.

e O ([,
SEades NN ety d
I i1

I I

Fig. 1. Medicinally relevant organoselenium compounds

MATERIAL AND METHODS

Chemistry

OSe candidates 2-4 were synthesized
according to our reported methods, starting from
aniline''7. See supporting information for the
synthetic procedures, spectral details, and copies
of the spectral analysis.

Synthesis of the target OSe N-phenyl-2-((4-(3-
phenylthioureido)phenyl)selanyl) acetamide (5)

A solution of compound 4 (1206 mg,
3.96 mmol) and PhNCS (469 pL, 3.96 mmol) in
CH,OH (20 mL) was refluxed for three hours. The
resulting solid formed while hot was collected and
washed with CH,OH. TLC: n-CH,, /EtOAc (4:1)];
R,=0.77; off-white powder; yield = 222.5 mg (42%);
m.p.=193-194°C; FT-IR (v, cm™): 3346, 3241, 1649,
1599, 1585, 1526, 1440, 1393, 1313; '*C NMR
(101 MHz, pyridine-d6) & 182.93, 170.15, 141.51,
141.44, 135.48, 130.53, 127.55, 126.84, 126.74,
126.30, 125.27, 121.48, 33.07; MS (ESI): m/z = found
405.7 [M*-H,S]; calcd. 440.4 [M-].

DFT studies
For full details see the Supporting Information.

Molecular docking
The prepared OSe compound and

reference drugs were docked using the Molecular
Operating Environment software (MOE 2019.0102)
with the protein receptors (ID: 5L3J), which refer to
Escherichia coliDNA gyrase (ID: 3BL6), which refer
to Staphylococcus aureus and (ID: 7S3L) which
express to Bacillus subtilis DNA gyrase. Protein
files were obtained from the Protein Data Bank as
PDB files. Active pocket sites were determined in the
protein using a site finder. All uncoordinated water
molecules surrounding proteins were eliminated to
facilitate the molecule's docking into the receptor's
active pocket. The docking score was determined
based on H-acceptor, H-donor bonding and/or
Arene-H interactions between active sites in the
proteins and the prepared compounds.

RESULTS AND DISCUSSION

Chemistry

The OSe target compound N-phenyl-2-
((4-(3-phenylthioureido)phenyl)selanyl)acetamide
(5) was synthesized as shown in Scheme 1 in
three steps. The preparation protocol starts with
the preparation of 4-selenocyanatoaniline (2) from
aniline by the reaction with CN(Se),CN, produced in
situ from SeO, and CH,(CN),, using DMSO as the
solvent. The treatment of selenocyanate 2 with an
ethanolic solution of NaOH furnished the respective
diselenide 3 with a good yield (88%). The treatment
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of an ethanolic solution of diselenide 3 with NaBH,
and subsequent reaction with C HNHCOCH,CI led
to the formation of OSe 4 in excellent yield (94%). The
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target compound 5 was obtained in moderate yield
(42 %) through the reaction of OSe 4 with thiourea
in ethanol.
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Scheme 1. The synthesis of N-phenyl-2-((4-(3-phenylthioureido)phenyl)selanyl) acetamide (5). Reagents and conditions: (a)
Se0,, CH,(CN),, DMSO; (b) NaOH, EtOH, 3 h; (c) PhANHCOCH,CI, NaBH,, NaOH, EtOH; (d) PhN=C=S, EtOH, reflux

The FT-IR spectrum of OSe 5 (Fig. Sl 1)
showed a characteristic peak at 3346 and
3241 cm', which correspond to N-H stretching
vibrations of the amide and thiourea. Furthermore,
the C=0 stretching vibration of the amide group
was observed at 1649 cm™. Moreover, the C=C
aromatic ring stretching vibrations were found at
1599 cm, 1585 cm™, and 1526 cm'. On the other
hand, the '® CNMR spectrum 5 (Fig. Sl 2 ) showed
a deshielded signal at 3 182.93 ppm corresponding
to the C=S and at 170.15 ppm corresponding to

the C=0.The aromatic carbons of the phenyl rings
appeared around 6 141.51-121.48 ppm. Finally, the
CH adjacent to the Se atom was found upfield at
6 33.07 ppm.

DFT studies

Figure 1 illustrates the optimized molecular
structures of compounds 2, 3, 4, and 5. These
parameters provide critical insights into the
molecules' stability, reactivity, and chemical
behaviour, which are listed in Table 1.

Table 1: E, ., E, ,.0» @and molecular descriptors of compounds 2, 3, 4, and 5
Molecule E, o(€V) E,,o(€V) AE(eV) mn(eV) Dipole Moment S(eV) yx(eV) pu(eV) w(eV)
2 -5.03 -1.41 362  1.81 5.96 028 322 -322 286
3 -3.62 -2.31 1.31  0.66 0.27 076 297 -297 6.71
4 -4.3 -1.55 275 138 1.63 0.36 293 -293 3.11
5 -4.2 -2.18 202  1.01 6.47 050 3.19 -3.19 5.04

Fig. 1. Optimizes structures of the compounds 2-5

The elevated energy levels of the HOMO
indicate that the molecule is effective electron donor
(r donor), while the reduced energy levels of the
LUMO suggest that the molecule has weaker electron-
accepting ability (r acceptor). In our study, Compound
2 exhibits the lowest HOMO energy (-5.03 eV) Fig.
2, suggesting it is the most stable and least reactive
among the molecules. In contrast, 3 has the highest
HOMO energy (-3.62 eV), indicating it is the least stable
and most reactive. The LUMO energy of Compound 2
(-1.41 eV) is also the lowest, making it a strong electron
acceptor, while Compound 3 has relatively higher
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LUMO energy (-2.31 eV), indicating weaker electron-
accepting ability. These results are consistent with the
principles of molecular orbital theory, which state that
molecules with lower HOMO and LUMO energies are
generally more stable and less reactive'®

Fig. 2. 3D plots frontier orbital energies compounds 2-5

A smaller energy gap corresponds to higher
reactivity and lower stability. In this study, 3 has the
smallest energy gap (1.31 eV), confirming its high
reactivity and low stability. On the other hand, 2 has
the largest energy gap (3.62 eV), indicating it is the
least reactive and most stable. Compounds 5 and
4 exhibit intermediate energy gaps (2.02 eV and
2.75 eV, respectively), suggesting moderate
reactivity and stability. These findings align with the
concept that a smaller energy gap facilitates easier
electron excitation, leading to higher reactivity?°.

Compound 2 has the highest hardness
value (1.81 eV), confirming its high stability and low
reactivity. In contrast, 3 has the lowest hardness
(0.66 eV) and the highest softness (0.76 eV),
indicating it is the most reactive and least stable.
Compounds 5 and 4 exhibit intermediate hardness
and softness values, reflecting moderate reactivity
and stability. These results are consistent with
Pearson's hard-soft acid-base (HSAB) principle,
which states that hard molecules are generally
more stable and less reactive than soft molecules.
Compound 5 has the highest dipole moment
(6.47 Debye), indicating strong polarity and
intermolecular interactions. In contrast, Compound
3 has the lowest dipole moment (0.27 Debye),
suggesting weak polarity and interactions. The
dipole moments of Compound 2 (5.96 Debye) and 4
(1.63 Debye) fall between these extremes, indicating
moderate polarity. These results emphasize the
significance of dipole moments in governing the
strength of intermolecular interactions, which, in turn,
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can impact the physical and chemical characteristics
of molecules.

Compound 2 has the highest
electronegativity (3.22 eV) and the lowest chemical
potential (-3.22 eV), indicating strong electron-
attracting ability and high stability. In contrast,
Compound 3 has the lowest electronegativity
(2.97 eV) and a higher chemical potential
(-2.97 eV), indicating weaker electron-attracting ability
and lower stability. These results are consistent with
conceptual density functional theory principles, which
relate electronegativity and chemical potential to a
molecule's reactivity and stability.

Compound 3 has the highest electrophilicity
index (6.71 eV), indicating strong electrophilic
character and high reactivity. In contrast, Compound
2 has the lowest electrophilicity index (2.86 eV),
indicating weak electrophilic character and low
reactivity. Compounds 4 and 5 exhibit intermediate
electrophilicity values (5.04 eV and 3.11 eV,
respectively), reflecting their moderate electrophilic
character. These findings are consistent with the
concept that molecules with higher electrophilicity
indices are more reactive and less stable?'.

Molecular docking

The molecular docking study demonstrates
the possibility of an effective hydrogen bond
interaction between the prepared compounds
and the target protein. The compounds (2-5) and
reference drugs (Ampicillin, Ebselen and Diphenyl
diselenide) were docked with Escherichia coli
(ID: 5L3J), Staphylococcus aureus (ID: 3BL6) and
Bacillus subtilis (ID: 7S3L) receptors. Additionally,
the 2D and 3D visualizations of this interaction are
displayed in Fig. 3—-9 and detailed in Tables 222.

Our docking models suggest that the
inhibitor compounds will have a strong interaction
with certain proteins linked to their active sites. The
data obtained reveals the most optimal conformations
of the compounds along with their binding energy
ratings. It also includes a comprehensive list of all
hydrogen bonds present between the investigated
substances and proteins.

Selenium compounds are of great
importance in the pharmaceutical industry as they
are used in the production of many medications that
treat various diseases like Meniere's Disease, Type
2 Diabetes Mellitus, and Type 1 Diabetes Mellitus.
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Molecular docking analysis indicated that
the docking strength is correlated with the negativity
of the docking score. Compound 5 exhibited stronger
binding at the active sites of Escherichia coli
(ID: 5L8J), Staphylococcus aureus (ID: 3BL6),
and Bacillus subtilis (ID:7S3L), with more negative
free binding energy scores of -7.0208 kcal/mol,
-7.5712 kcal/mol, and -8.1148 kcal/mol, respectively.
These values were lower than those observed
for compounds 2—-4 (Fig. 3-9), indicating a
stronger interaction.

The molecular docking revealed that the
strength of docking based on more negativity of
docking score for compound 5 with Escherichia
coli (ID:5L3J), Staphylococcus aureus (ID:3BL6)
and Bacillus subtilis (ID:7S3L) active sites had
a higher negative score of free binding energy
(-7.0208 kcal/mol, -7.5712 kcal/mol and -8.1148
kcal/mol), respectively than score with compounds
2—4 (Figures 3-9).

Compounds 2-4 have a better docking
score with Staphylococcus aureus (ID:3BL6) than
Staphylococcus aureus (ID:3BL6) and Bacillus
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subtilis (ID:7S3L) as free binding energy was
found to be -5.2841, -6.2533 and -6.7267 kcal/
mol, respectively mainly through the interaction
of Se atom with bacterial protein active sites®.
For Compound 5 interaction with Bacillus subtilis
(ID:7S3L), active sites with free binding energy
-8.1148 kcal/mol have the best docking score
through hydrogen bond interaction of -NH group with
TRP77 and benzene ring with PRO58.

Molecular docking data of compounds
2- 4 showed good docking score compared with
reference drugs (Ampicillin, Ebselen and Diphenyl
diselenide) (Fig. 7-9) which refer to the value of
the prepared compounds especially compound 5
and the future prospects involve conducting more
practical studies on these compounds to maximize
their potential benefits in the pharmaceutical industry
In conclusion, a more negative binding energy
value indicates stronger and more efficient binding.
Therefore, the interaction between compound 5
and the active site receptors of Escherichia coli
(ID: 5L3J), Staphylococcus aureus (ID: 3BL6), and
Bacillus subtilis (ID: 7S3L) suggests its potential as
an effective antibiotic candidate.

Fig. 3. 2D & 3D molecular docking interaction between compound 2 and different proteins



AL-JANABI et al., Orient. J. Chem., Vol. 41(2), 654-664 (2025) 659

Fig. 4. 2D & 3D molecular docking interaction between compound 3 and different proteins

Fig. 5. 2D & 3D molecular docking interaction between compound 4 and different proteins
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Fig. 6. 2D & 3D molecular docking interaction between compound 5 and different proteins

Fig. 7. 2D & 3D molecular docking interaction between Ampicillin and different proteins
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Fig. 8. 2D & 3D molecular docking interaction between Ebselen and different proteins

Fig. 9. 2D & 3D molecular docking interaction between Diphenyl diselenide and different proteins
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Table 2: Docking scores of compounds 2-5, and standard compounds and type of bond interactions

Compound PDB code Bonds interaction Rmsd S(kcal/mol)
Compound 2 5L3J Se-Asp73 Sidechain donor 1.2637 -5.1089
3bl6 Se-Met172 Sidechain acceptor 0.8688 -5.2841
Benzene ring-Glu171 Arene-H
NH,-Asp196 Sidechain donor
N-Ser75 Backbone acceptor
N-Arg192 Sidechain acceptor
7S3L N-Asp184 Backbone acceptor 0.9115 -4.8493
benzene ring-Phe39 Arene-arene
Compound 3 5L3J Se-The165 Sidechain acceptor 1.0672 -5.8812
Se-Asp73 Sidechain acceptor
Benzene ring-Glu50 Arene-H
3bl6 Se-Ser75 Sidechain donor 1.5150 -6.2533
Se-Glu173 Sidechain donor
N-Asp196 Sidechain donor
Benzene ring-Glu171 Arene-H
7S3L N-Asp184 Sidechain donor 1.0621 -6.1445
N-MSE78 Backbone donor
N-Trp77 H-arene
Compound 4 5L3J O-Gly77 Backbone acceptor 1.4598 -6.0183
Se-Asn46 Backbone donor
3bl6 N-Asp196 Sidechain donor 1.9513 -6.7267
Se-Met172 Backbone donor
Se-Glu173 Sidechain donor
Benzene ring-Glu171 Arene-H
C-Phe206 H-arene
7S3L Benzene ring-Phe39 Arene-arene 1.6655 -6.6961
Compound 5 5L3J 0O-Arg136 Sidechain acceptor 1.6497 -7.0208
NH-Asp73 Sidechain donor
3bl6 O-Met172 Backbone acceptor 1.6838 -7.5712
Se-Glu173 Sidechain donor
C-Phe206 Arene-H
Benzene ring-Glu171 Arene-H
7S3L Benzene ring-Pro58 Arene-H 1.0830 -8.1448
NH-Trp77 Arene-H
Ampicillin 5L3J O-Glu50 Sidechain donor 1.9153 -6.5366
C-Glu50 Sidechain donor
N-Asn46 Backbone donor
3BL6 N-Phe206 Arene-H 1.7975 -6.2306
0O-Glu173 Sidechain donor
7S3L Benzene ring-Asp184 Arene-H 1.6578 -6.2019
N-Lys41 Sidechain acceptor
Ebselen 5L3J Se-Asn46 Sidechain donor 0.7801 -5.6713
3BL6 O-Met172 Backbone acceptor 1.0097 -5.3465
Se-Ser195 Sidechain donor
Se-Asp196 Sidechain donor
C-Asp196 Sidechain donor
7S3L Benzene ring-Lys41 Arene-Cation 1.6388 -6.1699
Benzene ring-Asp184 Arene-H
Benzene ring-Phe39 Arene-Arene
0-GIn75 Sidechain acceptor
Diphenyl diselenide 5L3J Se-Asp73 Sidechain donor 1.9490 -5.7775
Se-Thr165 Sidechain donor
3BL6 Se-Asp196 Sidechain donor 1.5083 -5.4650
C-Asp196 Sidechain donor
7S3L Benzene ring-Phe39 Arene-Arene 1.1386 -5.4841

Se-GIn75

Sidechain donor
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CONCLUSION

In this manuscript, the novel OSe compound
namely N-phenyl-2-((4-(3-phenylthioureido)phenyl)
selanyl)acetamide (5) was synthesized in three-
steps synthetic protocol starting from aniline. The
structure of compound 5 was confirmed using NMR,
IR, and mass spectrometry.

The results indicate notable variations in
the electronic properties, reactivity, and stability
of Compounds 2, 3, 4, and 5. Compound 2 is the
most stable and least reactive, with a large energy
gap, high hardness, and strong electron-attracting
ability. In contrast, Compound 3 is the least stable
and most reactive, with a small energy gap, low
hardness, and strong electrophilic character.
Compound 5 and 4 exhibit intermediate properties,
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making them moderately stable and reactive.
Molecular docking studies, showed that compound
5 had significant interaction with Bacillus subtilis
(ID: 7S3L) active protein sites which suggests the
potential for using this compound in the production
of antibiotics in the future.
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