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Abstract
A variety of new compounds containing two or three biologically active nuclei of imidazolidine-2,4-dione
and thiazolidine-2,4-dione (TZD) via optimization two and three directional 3 and 4MCRs Knoevenagel
condensation (method A) and two and three directional 5 and 7 MCRs Bucherer-Bergs (method B). The
structure of these derivatives was con�rmed by FT-IR, 1HNMR, 13CNMR, and Elemental analysis. To
evaluate the anticonvulsant activity of these derivatives, all the compounds were subjected to molecular
docking studies for Anticonvulsant Drug Binding (ADB) to the Voltage-Gated Sodium Channel Inner Pore
(VGCIP). The in silico molecular docking study results showed that molecules 5c, 9, 7, and 10 among the
synthesized compounds have the lowest docking score which shows the highest combined desire for the
channel and have a good a�nity toward the active pocket, thus, they may be considered good
anticonvulsant agents. Also, to evaluate the antibacterial properties of these derivatives, they underwent
molecular docking studies with four bacterial proteins. Gram-positive bacteria such as B. anthracis (PDB
ID: 3TYE) and S. aureus (PDB ID: 3ACX) and gram-negative bacteria E. coli (PDB ID: 1AB4) and P.
aeruginosa (PDB ID: 5U39). The most signi�cant overall score has been obtained for S. aureus (PDB ID:
3ACX) bacteria. A combination of 10 displays strong antibacterial activity against two gram-positive
bacterial and compounds 4a and 7 with gram-negative proteins bacterial. The highest binding a�nity is
related to compound 7 for gram-negative P. aeruginosa (PDB ID: 5U39) bacterial proteins. The
antibacterial properties of these derivatives were as well experimentally investigated.

1. Introduction
The examination of superior structures in drug discovery has gained increasing popularity in
pharmaceutical chemistry over the years. Because heterocyclic rings have signi�cant biological activities,
studies on these compounds have increased signi�cantly [1–4].

Today, derivatives containing imidazolidine-2,4-dione and thiazolidine-2,4-dione derivatives have been
extensively studied and represent a wide range of pharmacological activities, including anti-convulsant,
anti-bacterial, and anti-epileptic, anti-tuberculosis, anti-tumor, anti-diabetic, anti-in�ammatory, analgesic,
anti-seizure, anti-viral, anti-HIV, anti-depressant and molecular modeling study [5–12]. Figure 1 indicates
famous clinical drugs including biological imidazoline-2,4-dione and thiazolidine-2,4-dione rings.

Compounds with two and three rings of imidazolidine-2,4-dione and thiazolidine-2,4-dione have been
synthesized via two and three directions strategy as well, and in addition their therapeutic properties have
found some useful industrial applications [13–20]. In 2006, Christian V. Stevens and colleagues
synthesized a compound containing two IMID rings with the application as a �re retardant of some
polymers [21]. In 2012, V. Haridas and colleagues through the synthesis of compounds bearing two IMID
rings were able to prepare �bers representing antimicrobial properties as well as industrial usage [22].
Furthermore, in 2016, Alireza Salimi Beni and colleagues synthesized compounds containing two TZD
rings that are color-sensitive in solar cells for photovoltaic devices [23]. In 2018, Asok K. Mallik and
colleagues synthesized a compound containing two TZD rings with a sensor effect to detect metal ions
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[24]. A noteworthy feature of compounds involving imidazolidine-2, 4-dione ring is their anticonvulsant
activity. A Convulsant is usually de�ned as a sudden alteration of behavior due to a temporary change in
the electrical functioning of the brain. Normally, the brain continuously generates tiny electrical impulses
in an orderly pattern [25,26]. Amongst the compounds including imidazolidine-2,4-dione moiety such as
phenytoin Fig. 1 is a well-known usage in the treatment of sudden epileptic illness. The mechanism of
action of this drug is that it controls the voltage-dependent Na-channels of neurons and the in�ux of Ca
from nerve cells, increasing the normal seizure threshold and inhibiting seizure activity [27,28].

Also, another notable feature of compounds involving of compounds containing imidazolidine
/thiazolidine (2,4)-dione rings is the antibacterial properties of these compounds against various types of
gram-positive and gram-negative bacteria [29–34]. Accordingly, in this study, new compounds were
developed that have two or three active rings of imidazolidine and thiazolidine. Molecular docking is used
as an important tool for understanding the interactions between a drug-containing combination and a
su�cient level for its potential use in therapy. This method could be a good perspective for new
compounds in various activities, especially as catalysts, drug carriers, or in the treatment of cancer to
study the interaction with different enzymes [35–40].

Here, the two and three directions synthesis strategy as well the identi�cation of (bis & tris)
imidazolidine/thiazolidine(2,4)-dione target compounds was described. The binding energy of the amino
acids forming the proteins of gram-positive and gram-negative bacteria was investigated by the
molecular docking method. In the other efforts bacterial experiments were as well performed to verify the
results. Furthermore, the bond formation energy on amino acids affects the voltage characteristics of the
Na-channel in comparison with the anticonvulsant activity of phenytoin was investigated and their
factors evaluated.

2. Result And Discussion

2.1. Chemistry
Targeting synthesis (5Z,5'Z)-5,5'-(1,4-phenylenebis(methaneylylidene))bis(thiazolidine-2,4-dione) 1 via
two directions synthesis, Method A, based on the one-pot Knoevenagel 3MCR in EtOH as a solvent,
Piperidine as a catalyst was used (Scheme 1). In other efforts one-pot 5MCRs as a two directions
synthesis (modi�ed Bucherer–Bergs reaction) utilizing KCN, (NH4)2CO3 and 50% EtOH as a solvent was
used Method B (Scheme 1) that lead to the production of 5,5′-(1,4‐Phenylene)bis(imidazolidine‐2,4‐dione)
2.

The structure of TZD-derivative 1 was characterized by FT-IR, 1HNMR, 13CNMR and Elemental analysis (C,
H, O, N and S). The formation of TZD-derivative was con�rmed by the appearance of a sharp singlet for
NH-TZD protons at 12.73 ppm and a singlet for -C = CH protons at 8.20 ppm in 1HNMR spectra followed
by the presence of peaks 3133 cm− 1 (NHstr), 1748 − 1699 cm− 1 (C = Ostr) and 1601 cm− 1 (-CH = Cstr), in
the FT-IR spectrum.
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The synthesis of the 2 [41] was obtained according to method B (Scheme 1) as a cream-powder with a
high yield. The structure of 2 was con�rmed by FT-IR, 1HNMR, 13CNMR, and Elemental analysis (C, H, O,
and N). In 1HNMR at 10.92 and 9.03 ppm two single peaks for NH-IMID protons and 5.82 ppm for -CH-NH
was revealed. The FT-IR spectrum shows two peaks at 3295, 3218 cm− 1 (NHstr), 1779 − 1714 cm− 1 (C = 
Ostr) recognized to the structure of this compound with imidazolidine-2,4-dione moiety.

For synthesis of 4(a-b) and 5(a-c), which are the constituents of bis-thiazolidine / imidazolidine (2,4)-
dione, the precursors of bis-aldehydes 3(a-c) were �rst synthesized (Scheme 2).

Accordingly, using 2 Equiv. of 2 or 4-hydroxybenzaldehydes and 1 Equiv. of dihaloalkane or dihalobenzyl
in DMF using K2CO3 were completed according to the two directional-SN2 reaction [42], and the �nal
product of bis-compounds was obtained. The synthesized bis-compounds 4(a-b) and 5(a-c) are new
derivatives of the bis-imidazolidine/ thiazolidine (2,4)-dione obtained under re�ux and speci�c
temperature conditions using methods A and B. Reaction products precipitate with optimum e�ciency
without any major by-products.

The precipitates were recrystallized relatively straightforwardly. New synthetic compounds 4(a-b) and 5(a-
c) were characterized by FT-IR, 1H NMR, 13CNMR and Elemental analysis (C, H, O, N and S) data were
within ± 0.4% of the theoretical values. The structure and physical characteristics of the derivatives
containing the imidazolidine-2,4-dione ring 4(a-b) and the derivatives containing the thiazolidine-2,4-dione
ring 5(a-c) are presented in Table 1.

Table1. The structure of the new synthesis products 4(a-b) and 5(a-c)
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Generally, in the FT-IR spectrum, compounds 4(a-b), which are members of imidazolidine-2,4-dione
derivatives, showed two stretching vibration bands for NH in the range of 3363 − 3218 cm− 1. Two Fermi
absorption resonance bands in the area of 1779 − 1714 cm− 1 are related to two C = O stretching bands.
The 1H NMR spectra of new compounds were recorded in DMSO‐d6 at 25 ºC.

Given that these compounds have a plane of symmetry, the 1H NMR spectra of 4(a-b) showed two
signals in the range of 12.77–9.03 ppm due to the NH-IMID protons each with an integration intensity
equal to one H-atom. Also, the singlet at 5.19 ppm (1H) is typical of the H-benzylic of the imidazolidine-
2,4-dione ring.

The FT-IR spectrum of compounds 5(a-c), which are members of thiazolidine-2,4-dione derivatives,
showed one stretching vibration band for NH in the range of 3235–33107 cm− 1. Two different absorption
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bands in the area of 1738 − 1689 cm− 1 are related to two C = O stretching bands and the benzylidene
stretching bound -CH = C appeared in the range of 1589–1602 cm− 1.

1H NMR spectra of 5(a-c) were obtained the derivatives of bis-thiazolidine-2,4-dione also have a similar
spectrum. The spectrum displayed one sharp singlet peak of about 11.61–12.49 ppm which can be
attributed to the NH-TZD. Also, a single peak for -C = CH (H- benzylidene) proton is almost 7.85–9.03
ppm.

In Scheme 3, to prepare the 7 via 3MCR initially 6 [43] according to the modi�ed 3MCR-Bucherer–Bergs
which previously described from 4-hydroxy benzophenone was premade. Product 6 is a light yellow
powder, was identi�ed by FT-IR, 1HNMR, 13CNMR, and Elemental analysis (C, H, O, and N) data.

4-Hydroxy phenytoin 6, in the FT-IR spectrum, shows two peaks 3265, 3147 cm− 1 (NHstr), > 3000 broad

peak (O-Hstr), and 1725, 1630 cm− 1 (C = Ostr). 1HNMR spectra was recorded in DMSO‐d6 at 25 ºC. This
spectrum shows at 11.00 and 10.45 ppm two single peaks for NHs-IMID protons and a single peak at
9.17 ppm for OH. The target 7 was synthesized using 2 Equiv. 6, and 1 Equiv. dichlorobenzene in DMF,
using K2CO3 through a one-pot 3MCR two-directional-SN2 mechanism, with a relatively reasonable yield

of 7 as a pink powder product, as shown in Scheme 3. Compound 7 was identi�ed by FT-IR, 1HNMR,
13CNMR, and Elemental analysis (C, H, O, and N) data were within ± 0.4% of the theoretical values.

To identify the structure of the 7, FT-IR spectrum shows a peak of 3281 cm− 1 (NHstr), the broad peak

corresponding to (O-Hstr) has been eliminated, the two peaks 2931, 2872 cm− 1 (C-H aliphatic str) and 1773,

1713 cm− 1 (C = O Fermi str).

1HNMR spectra was recorded in DMSO‐d6 at 25 ºC, showed two single peaks for NHs-IMID protons at
11.01 and 10.66 ppm and a single peak for (O-CH2) at 5.31 ppm related to –CH2 linker. In addition, a
single peak for OH has been eliminated and a new peak appears in the aliphatic region which is a
signi�cant reason to con�rm that the binding of the two molecules 6 was completed through 1,4-
bis(chloromethyl)benzene, and 7 was achieved. According to Scheme 4, Tris-aldehyde 8 �rst was
synthesized according to the previously reported procedure [44,45]. The tripod product 10 [46] was
completed via three directional 4MCR following method A. Tripod 10 is a yellow powder with a good yield
as a tris-thiazolidine-2,4-dione derivatives.

In other efforts, tripod 9 was synthesized from corresponding premade 8 as a cream product with a
reasonable yield via three directional 7MCR following method B (Scheme 4). The structure of 9 was
identi�ed by FT-IR, 1HNMR, 13CNMR, and Elemental analysis (C, H, O, and N) data were within ± 0.4% of
the theoretical values. Tripod 9 with a imidazolidine-2,4-dione moieties indicates the existence of two NH
groups in FT-IR, two peaks at 3327, 3193 cm− 1 (NHstr), two peaks at 1733, 1671 cm− 1 (C = Ostr). 9 was

dissolved very well in DMSO-d6 at 25 ºC and 1HNMR spectra showed two single peaks for NHs-IMID
protons at 11.19 and 10.71 ppm.
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2.2. Molecular Docking Study for Antibacterial Effect
To study and investigate the probable binding a�nity and antibacterial effect of the synthesized
molecules the docking simulations in active sites of four target proteins of C(30) carotenoid
dehydrosqualene synthase of S. aureus (PDB ID: 3ACX), Gyrase A of E. coli (PDB ID: 1AB4), LpxC of P.
aeruginosa (PDB ID: 5U39) and Bacillus anthracis (PDB ID: 3TYE) were performed using Schrödinger
program package [47–49]. The Gaussian 03 suite of programs has been used to locate the structures of
the synthesized ligands [50,51]. The ligands 1–10 structures have been located using the Gaussian 03
suite of programs Fig. 2. To perform the calculations the B3LYP model chemistry in combination with the
basis sets, 6–31 + G(d,p) for C, H, O, N atoms and 6-311G(d,p) for S atom were used [51–54]. The 2D
ligand-receptor interaction diagrams of the desired newly synthesized compounds that have the highest
score with the targets and also the 3D binding models of the ligands to the pointed receptors are
represented in Figs. 3–6. Also, the 2D ligand-receptor interaction diagrams and the 3D binding models of
other ligands to the pointed receptors with the desired bacterial proteins and the Results of interaction
diagrams 2D and 3D for Chloramphenicol and Amikacin drugs as positives control can see in the
Supporting Information. Besides that the corresponding calculated binding a�nity (Glide scores) have
been collected in Table 2.
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Table 2
Docking scores of the synthesized molecules include bis-tris (imidazoline/thiazolidine)-2,4-dione rings
Ligand Score

Bacillus
anthracis

(PDB ID: 3TYE)

S. aureus

(PDB ID:
3ACX)

E. coli

(PDB ID:
1AB4)

P. aeruginosa (PDB ID:
5U39)

1 -5.47 -8.89 -5.13 -7.39

2 -6.20 -7.94 -7.03 -6.88

4a -5.76 -8.02 -7.90 -5.42

4b -5.86 -8.84 -7.18 -9.11

5a -6.55 -9.00 -5.04 -6.38

5b -5.39 -7.99 -4.89 -6.43

5c -5.83 -6.73 -5.18 -7.31

7 -6.23 -6.67 -6.80 -9.84

9 -6.59 -8.96 -5.33 -6.11

10 -7.18 -9.05 -6.55 -6.09

Amikacin -5.82 -6.29 -5.71 -7.70

Chloramphenicol -4.94 -6.32 -6.23 -5.41

2.2.1. Gyrase A of E. coli (PDB ID: 1AB4)
According to the docking results the order of binding energy of the �rst four molecules appears to be 4a > 
4b > 2 > 7, respectively. The type of resulted interactions for structure 4a involve H-bonding between SER-
172 and protonated HIS-45 polar groups as hydrogen bond donor and carbonyl groups of one of the �ve-
membered rings, furthermore, there are another H-bonding interaction between ARG-91 as hydrogen bond
donor and one of the carbonyl groups of the other �ve-membered ring, besides that one of the N-H groups
of this ring of the ligand act as a hydrogen bond donor to PHE-92 residue while this residue shows a
stabilizing π-π stacking interaction with the vicinal benzene ring just bonded to that �ve-membered ring,
thereby providing the greatest binding energy and presumably the most e�cient inhibition effect. The
presence of internal saturated methylene moiety makes the molecule so �exible to �t well in the active
site of the protein to establish the desired interactions. The released energy dominates over the entropy
loss of the �exible internal chain. Any structural change such as shortening the length of the internal
change (2), increasing the rigidity of this linker (1), or making the terminal groups more sterically hindered
would lower the appropriate interactions. Figure 3 shows the optimized structure of compound 4a, which
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has the highest score of interaction with E.coli (PDB ID: 1AB4) bacterial proteins, along with 3D and 2D
structures.

2.2.2. S. aureus (PDB ID: 3ACX)
The noteworthy point is that the calculated scores for this protein are higher than the other three proteins
overall. The greatest score obtained for the four highest scores are 10 > 5a > 1 > 4b. In the case of 10, there
are two hydrogen bonding interactions, �rst originated from one N-H group as an H-bond donor toward
ASP-114, at the same time the carbonyl group of another �ve-membered ring behaves as a hydrogen
bond acceptor interacting by LYS-273. ARG-171 is simultaneously interacting with two different positions
of the ligand, as a hydrogen bond donor to the nitrogen atom of the central S-Triazine ring as well as
cation-π with a nearby benzene ring. it seems likely that the presence of rotatable single bonds outward
of the S-Triazine ring gives the molecule enough �exibility to adapt the required conformation to �t well in
the active site of the protein because the loss of entropy would be compensated by stabilizing interaction
between the ligand and surrounding residues bene�ting the rule of extension of the structure to establish
further interaction. From the 2D interaction diagram, it is understood that just two branches present in
structure 10 incorporate interaction with the protein. Comparing the interactions of 10 and 5a reveals the
absence of the hydrogen bond donor effect of ARG-171 toward the nitrogen atom of the central S-Triazine
ring of 10 in 5a, this subtle difference may be invoked to explain the higher binding energy to the extent of
0.05 Kcal mol− 1 for 10. Figure 4 shows the optimized structure of compound 10, which has the highest
score of interaction with S. aureus (PDB ID: 3ACX) bacterial proteins, along with 3D and 2D structures.

2.2.3. P. aeruginosa (PDB ID: 5U39)
In this case, the four highest score structures are 7 > 4b > 1 > 5c and there are considerable energy
differences between 7 and 4b with the other structures. In the case of 7, there is a tendency for both PHE-
191 and GLU-198 residues to behave as H-bond acceptors from N-H groups of two terminal �ve-
membered rings. On the other hand, one of the present carbonyl groups accepts H-bond from the
protonated Histidine (HIE-19). 2D interaction diagram for 4b reveals the interactions of two cationic
residues, HIP-237 and ARG-201 with carbonyl groups of two different �ve-membered rings, and ASP-241
takes part in hydrogen bond in combination with one of the N-H groups. Comparing these two structures
with others reveals the extent of twisting and bending of the middle part of these molecules to adopt the
required conformations to provide the opportunity for observed stabilizing interactions. Figure 5 shows
the optimized structure of compound 7, which has the highest score of interaction with P. aeruginosa
(PDB ID: 5U39) bacterial proteins, along with 3D and 2D structures.

2.2.4. B. anthracis (PDB ID: 3TYE)
The four highest calculated G-score (Glide score) are in the order of 10 > 9 > 5a > 7, although 9 and 5a
seem likely to be very close in a�nity. The presence of two important binding pocket in this protein have
been documented to be pterin and pABA binding pockets. The docking results indicate the occupancy of
both mentioned sites by some of the present molecules and establish the stabilizing interactions with
relevant residues, for instance, hydrogen bond interaction between one of the oxygen atoms of ether
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moiety and the oxygen atom of one of the amide carbonyl groups of molecule 10 with SER-221 and
positively charged nitrogen atom of ARG-219 which both of them belong to pABA binding site, while at a
distance farther away the amidic N-H group counterparts as H-bond donor toward ASP-149. On the other
hand, in the case of molecule 9, one of the amidic carbonyl groups accepts H-bond from LYN-220 that
belongs to the pterin pocket alongside other interactions such as the nearby N-H H-bond with ASP-184,
the other vicinal carbonyl group of that ring with amine hydrogen of ASN-120, simultaneous π interaction
of attached benzene ring with positively charged ARG-254 and PHE-189 and other interactions that
altogether results in the enhanced a�nity for that site relative to other remained structures. Figure 6
shows the optimized structure of compound 10, which has the highest score of interaction with B.
anthracis (PDB ID: 3TYE) bacterial proteins, along with 3D and 2D structures.

2.3. Antibacterial activity
In this investigation, the disk diffusion method tested for the ten newly synthesized molecules with the
(bis-tris) imidazolidine/thiazolidine (2,4)-dione biological rings for antibacterial activity. Solutions with a
concentration of 0.5 mg/mL were prepared in solvent DMSO and these were tested on the gram-positive
bacteria such as Staphylococcus aureus (S. aureus) and Bacillus anthracis (B. anthracis) and gram-
negative bacteria such as Escherichia coli (E. coli) and Pseudomonas aeruginosa (P. aeruginosa).
Chloramphenicol and Amikacin drugs as positive controls were used and they produced signi�cantly
sized inhibition zones against the tested bacteria. However, DMSO as negative control did not show
observable inhibitory effects against any of the test organisms. These results are shown in Table 3 and
Fig. 7.
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Table 3
Antibacterial activity of the synthesized molecules by disk diffusion method.

Compounds

&

Controls

Diameter of growth of inhibition zone (mm)

Gram-positive Gram-negative

B. anthracis S. aureus E. coli P. aeruginosa

1 12 27 17 27

2 16 23 24 23

4a 14 25 27 18

4b 16 24 25 31

5a 20 30 17 22

5b 16 22 16 22

5c 17 21 17 25

7 18 20 23 34

9 22 24 18 21

10 24 31 22 20

DMSO(negative control) - - - -

Amikacin (positive control) 20 21 19 27

Chloramphenicol (positive control) 16 22 21 18

-, no activity

By reviewing the biological results performed on the Compounds including rings of the (bis-tris)
imidazolidine/thiazolidine (2,4)-dione, it seems likely that These compounds appear to exhibit signi�cant
antibacterial activity against gram-positive and gram-negative bacteria. Compound 10 with three
biological thiazolidine-2,4-dione rings displayed the highest inhibition of bacterial growth against gram-
positive B. anthracis and S. aureus bacteria of 24 mm and 31mm, respectively. Compound 4a, which has
two imidazolidine-2,4-dione rings, indicated a diameter of the inhibitory region of 27mm against gram-
negative E. coli bacteria. Also, compound 7, which has two imidazolidine-2,4-dione rings, showed an
inhibitory diameter of 34 mm against gram-negative P. aeruginosa bacteria. These results are shown in
Table 3 and Fig. 7.

2.4. Molecular docking studies for Anticonvulsant Drug
Binding (ADB) to the Voltage-Gated Sodium Channel Inner
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Pore (VGCIP) (docking protein with synthesized
compounds)
Molecular binding of the synthesized compounds, all of which are derivatives of Bis-, and Tris-,
imidazolidine/thiazolidine (2,4)-dione, to the active site of the Na-channel, which has a NaVAb voltage-
gated, in fact, indicated the possible a�nity of the compounds for their biological purpose [55]. In the
open structure of the internal pore model, the C-ends of the S6 α-helices of domains I to IV form a wide
opening, and some lateral chains face the pore as shown in Figs. 8 and 9. In which all compounds
interact stably with amino acid residues. All synthesized molecules exhibit interactions such as polar and
H-bonds between the target molecule and the active enzyme of the receptor. The lowest docking score of
-10.79 kJ mol− 1 for combination 10 was observed, which shows the highest combined desire for the
channel, while the highest docking score of -5.95 kJ mol− 1 for combination 4a was expressed. The
results collected in Table 4 re�ect their binding a�nity as well as the name of the residues that most
effectively take part in the interaction with the target molecules.

 
Table 4

Molecular docking for Anticonvulsant Drug Binding (ADB) to the Voltage-Gated Sodium
Channel Inner Pore (VGCIP) of the synthesized molecules

Structure Score Interacting groups & Residues

1 -6.44 N-H…O = C (VAL-86), C = O…H-C (LYS-7D), S…H-O (SER-84)

2 -6.53 N-H…O-C (GLU-7B), N-H…O = C (CYS-688), N-H…O = C (ILE-81)

4a -5.95 N-H…O-H (SER-84), N-H…O = C (ILE-80), N-H…O = C (PHE-87)

4b -6.84 N-H…O-H (SER-83), N-H…O = C (ASP-7), C = O…H-N (ALA-7C)

5a -7.53 C = O…H-O (SER-84), N-H…O = C (ILE-80), N-H…O-C (ASP-7)

5b -6.70 C = O…H-C (THR-87), S…H-C (PHE-91)

5c -8.31 C = O…H-O (SER-84), N-H…O = C (ILE-80), O (ether)…H-N (ASN-84)

7 -9.23 N-H…O = C (ASN-88), N-H…O = C (ILE-80), C = O…H-O (SER-84)

9 -8.91 C = O…H-O (SER-84), O (ether)…H-O (THR-87), N-H…O = C (VAL-86),

N-H…O = C (GLU-7B), C = N…O-H (THR-87)

10 -10.79 N-H…O = C (VAL-86), O (ether)…H-O (THR-87)

For compounds containing two or three Imidazolidine-2,4-dione rings, their binding to the corresponding
amino acids at the active site of sodium was investigated. Also, the energy of these compounds is in the
range of docking energy according to Table 4 in the range of about − 5.95 to -9.23, which is the most
common in compound 4a and the lowest score common in the 7. These combinations as seen in Fig. 8,
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show several H-bonds interactions with similar amino acids SER-84, GLU-7B, and THR-87 their locations
and connecting pattern were nearly the same.

According to Fig. 8, we can see that for combination 7, the NH group present at the position between two
carbonyl groups of IMID-ring established the H-bonding interaction with the carbonyl oxygen of IEL-80
(NH···O = C, 2.3 Å). The carbonyl oxygen of the IMID nucleus formed the H-bonding interaction with SER-
84 (C = O···O-H, 2.3 Å) residues. Further, the NH showed the H-bonding interaction with the carbonyl
oxygen of ASN-88 (NH···O = C, 2.3 Å).

Compounds containing two and three thiazolidine-2,4-dione rings with amino acids SER-84, THR-87, ILE-
80, and VAL-86 have the most interaction in the form of hydrogen bonding.

For these compounds, the docking energy range is about − 6.44 to -10.79, which has combination 1 with
the highest score. Also, the product of 10 has three active regions of thiazolidine-2,4-dione and the
docking score calculated at -10.79 kJ mol-1according to Table 4 has the lowest docking score among all
of the synthesized products. In this product, the NH group between two carbonyls of the TZD nucleus
established the H-bonding interaction with the carboxyl oxygen of VAL-86 (NH···O = C, 2.2 Å) residues.
Also, the oxygen of ether displayed the H-bond with the OH group of amino acid THR-87 (O···H-O, 1.8 Å)
residues, shown in Fig. 9.

According to this docking study Table 4, the four lowest binding docking scores belong to the molecules
5c, 9, 7, and 10 around − 8.31 kJ mol− 1, -8.91 kJ mol− 1, -9.23 kJ mol− 1, and − 10.79 kJ mol− 1, respectively
and have a good a�nity toward the active pocket. Considering structure 7, the presence of the subunits
of phenytoin drug would be revealed which in turn may lead to relatively high a�nity to the active site.
The noteworthy point about all these four compounds is that all of them have been accepted through
ADMET evaluation according to the P�zer rules.

3. Experimental Section

3.1. Material and Instrument
The chemical reagents and solvents used in synthesis were purchased from Merck, Fluka, and Sigma-
Aldrich. The purity of the synthesized compounds was checked by thin-layer chromatography (TLC) using
Merck silica gel 60F254 aluminum sheets with UV detection. Melting points were determined on the
(91100s) electric device in open capillary tubes, and are uncorrected. The infrared (IR) spectra were
recorded on a (Shimadzu FT-IR-8400) spectrometer in the region of 400–4000 cm− 1in the KBr disc. A
microwave oven (ETHOS 1600, Milestone) with a power of 600 W specially designed for organic
synthesis was used. 1H NMR and 13C NMR spectra were measured with Bruker 500 and 400 MHz
spectrometers in DMSO-d6 and CDCl3 as solvents. Spectra were internally referenced to Tetramethylsilane
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(TMS). All chemical shifts were reported as (ppm) and the coupling constants (𝐽) were reported in hertz.
Elemental analysis was made by a (Carlo-Erba EA1110 CNNO-S) analyzer and agreed with the calculated
values.

3.2. Preparation of Bis -Tris (thiazolidine/imidazolidine)-2,4-
dione
3.2.1. General method synthesis procedure (bis-tris)
thiazolidine-2,4-dione (A):
To a stirred mixture of mono, bis, or tris aldehydes (1.0 mmol) and thiazolidine-2,4-dione (3.0 mmol) in
EtOH (25 mL) was added piperidine (0.0064 g, 0.032 mmol) and re�uxed at 70–80°C for 24–48 hr. After
the completion of the reaction, the reaction mixture was allowed to cool to r. t. and added cold H2O then
acidi�ed with AcOH. The resulting precipitate was �ltered and washed successively with H2O and dried.
The precipitate obtained was recrystallized from hot ethanol. The reaction was shown in Scheme 1.

3.2.2. General method synthesis procedure (bis-tris)
imidazolidine-2,4-dione (B):
Bis or tris-aldehydes (1.0 mmol) and (NH4)2CO3 (4.2 mmol) were dissolved in EtOH 50% (50 mL) and
added KCN (2.1 mmol). The solution was stirred and re�uxed at 50–70°C for 24–48 hr. After the solution
was allowed to cool to r. t., acidi�ed to pH = 2 by the addition of HCl. The precipitated product was �ltered,
washed with H2O, dried, and recrystallized from EtOH to give a solid. The reaction was shown in Scheme
1 [41].

3.3. Synthesis of the 1 and 2 compounds
(5Z,5'Z)-5,5'-(1,4-phenylenebis(methaneylylidene))bis(thiazolidine-2,4-dione)-- (1)

Following synthesis procedure method A, Terephthalaldehyde as a bis-aldehydes reactant and compound
1 was obtained as a Yellow powder as shown in Scheme 1.

Compound 1 (85% yield); m.p: 213–215°C; FT-IR (KBr) ν cm− 1: 3133 (N-H stretch); 3038 (aromatic C-H
stretching); 1748, 1699 (C = O); 1601 (C = CH stretch); 1158 (C-N stretch); 819, 683 (aromatic C-H out of
plane bend). 1H NMR (500 MHz, DMSO-d6) δ (ppm): 12.73 (s, 2H), 8.02 (s, 2H), 7.81 (s, 4H). 13C NMR (125
MHz, DMSO-d6) δ (ppm): 167.704, 167.70, 142.26, 138.47, 130.62, 130.41, 130.17, 130.03, and 126.74.

HRMS-ESI (mlz) [M+] Calcd. For C14H8N2O4S2 331.9948, found 330.8978. Elemental Analysis Calcd. For
C14H8N2O4S2 (%): C, 50.60; H, 2.43; N, 8.43; O, 19.26; S, 19.29 Found: C, 50.54; H, 2.45; N, 8.47; O, 19.22; S,
19.32.

5,5′-(1,4‐Phenylene)bis(imidazolidine‐2,4‐dione)--(2)
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Following synthesis procedure method B, terephthalaldehyde as a bis-aldehydes reactant, and compound
2 was obtained as a Cream powder as shown in Scheme 1.

Compound 2 (82% yield); m.p: 295–297°C; FT-IR (KBr) ν cm− 1: 3295, 3218 (N-H stretch); 1779, 1714 (C = 
O); 1192 (C-N stretch); 745, 639 (aromatic C-H out of plane bend). 1H NMR (400 MHz, DMSO-d6) δ (ppm):

10.92 (s, 2H), 9.03 (s, 2H), 7.45 (s, 4H), 5.28 (s, 2H). 13C NMR (100 MHz, DMSO-d6) δ (ppm): 174.04,

157.45, 136.05, 126.98, and 60.88. HRMS-ESI (mlz) [M+] Calcd. For C12H10N4O4 274.0735, found
274.0024. Elemental Analysis Calcd. For C12H10N4O4 (%): C, 52.56; H, 3.68; N, 20.43; O, 23.34 Found: C,
52.58; H, 3.62; N, 20.40; O, 23.40.

3.4. Synthesis of the 4(a-b) and 5(a-c) compounds
Bis-aldehydes 3(a-c) used as a precursor were synthesized according to the previously reported procedure
[42,56,57].

5,5'-((hexane-1,6-diylbis(oxy))bis(2,1-phenylene))bis(imidazolidine-2,4-dione)-- (4a)

Following synthesis procedure method B, Product 3a was a bis-aldehydes reactant, and compound 4a
was obtained as a light yellow powder as shown in Scheme 2 and Table 1.

Compound 4a (75% yield); m.p: 126–128°C; FT-IR (KBr) ν cm− 1: 3363, 3244 (N-H stretch); 3070 (aromatic
C-H stretch); 2934, 2861 (aliphatic C-H stretch);1725 (C = O); 1598, 1554, 1496 (aromatic C = C stretch);
1259, 1011 (C-O stretch); 1121 (C-N stretch); 757(aromatic C-H out of plane bending). 1H NMR (400 MHz,
DMSO-d6) δ (ppm): 12.77 (s, 2H), 11.72 (s, 2H), 8.15 (s, 2H), 8.07–8.10 (m, 2H), 7.79–7.83 (m, 2H), 7.57–

7.68 (m, 2H), 7.30 (d, J = 2.1 Hz, 2H), 3.13 (t, J = 8.2, 2.3 Hz, 4H), 1.64–1.77 (m, 4H), 1.26–1.37 (m, 4H).13C
NMR (100 MHz, DMSO-d6) δ (ppm): 167.32, 160.78, 156.83, 130.66, 128.20, 122.30, 117.40, 67.96, 43.72,

28.96, and 22.18. HRMS-ESI (mlz) [M+] Calcd. For C24H26N4O6 466.1935, found 466.2108. Elemental
Analysis Calcd. For C24H26N4O6 (%): C, 61.79; H, 5.62; N, 12.01; O, 20.58 Found: C, 60.88; H, 5.60; N, 13.40;
O, 20.12.

5,5'-((butane-1,4-diylbis(oxy))bis(4,1-phenylene))bis(imidazolidine-2,4-dione)-- (4b)

Following synthesis procedure method B, Product 3b was a bis-aldehydes reactant, and compound 4b
was obtained as a light yellow powder as shown in Scheme 2 and Table 1.

Compound 4b (72% yield); m.p: 180–182°C; FT-IR (KBr) ν cm− 1: 3277, 3214 (N-H stretch); 3061 (aromatic
C-H stretch); 2926, 2868 (aliphatic C-H stretch);1797, 1717 (C = O); 1598, 1508, 1469 (aromatic C = C
stretch); 1246, 1051 (C-O stretch); 1176 (C-N stretch); 745, 638, 602 (aromatic C-H out of plane bending).
1H NMR (400 MHz, DMSO-d6) δ (ppm): 10.67 (s, 2H), 9.97 (s, 2H), 7.83 (d, J = 4.3 Hz, 4H), 7.07 (d, J = 4.1

Hz, 4H), 5.19 (s, 2H), 4.14 (t, J = 4.2, 2.2 Hz, 4H), 1.96 (t, J = 6.2, 2.0 Hz, 4H).13C NMR (100 MHz, DMSO-d6)

δ (ppm): 174.51, 158.53, 157.40, 131.79, 127.91, 114.55, 67.14, 60.65, and 25.31. HRMS-ESI (mlz) [M+]
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Calcd. For C22H22N4O6 438.1545, found 436.8574. Elemental Analysis Calcd. For C22H22N4O6 (%): C,
60.27; H, 5.06; N, 12.78; O, 21.89 Found: C, 58.88; H, 4.62; N, 15.40; O, 21.10.

(5Z,5'Z)-5,5'-(((hexane-1,6-diylbis(oxy))bis(2,1-phenylene))bis(methaneylylidene))bis(thiazolidine-2,4-
dione)-- (5a)

Following synthesis procedure method A, Product 3a was a bis-aldehydes reactant, and compound 5a
was obtained as a Yellow powder as shown in Scheme 2 and Table 1.

Compound 5a (63% yield); m.p: 258–260°C; FT-IR (KBr) ν cm− 1: 3150 (N-H stretch); 3037 (aromatic C-H
stretch); 2941, 2867 (aliphatic C-H stretch); 1740, 1694 (C = O); 1589 (C = CH stretch); 1458, 1453
(aromatic C = C stretch); 1249, 992 (C-O stretch); 1154 (C-N stretch); 751, 686 (aromatic C-H out of plane
bending). 1H NMR (500 MHz, DMSO-d6) δ (ppm): 12.49 (s, 2H), 7.99 (s, 2H), 7.43 (t, J = 6.1, 1.8 Hz, 2H),
7.37 (d, J = 4.6 Hz, 2H), 7.12 (d, J = 4.4 Hz, 2H), 7.06 (t, J = 8.2, 2.4 Hz, 2H), 4.10 (t, J = 6.5, 2.8 Hz, 4H),1.82
(m, 4H), 1.55 (m, 4H).13C NMR (125 MHz, DMSO-d6) δ (ppm): 167.93, 167.23, 157.52, 132.24, 128.22,

126.23, 121.63, 120.76, 112.77, 68.11, 28.36, and 25.11. HRMS-ESI (mlz) [M+] Calcd. For C26H24N2O6S2

524.1133, found 523.6512. Elemental Analysis Calcd. For C26H24N2O6S2 (%): C, 59.53; H, 4.61; N, 5.34; O,
18.30; S, 12.22 Found: C, 57.35; H, 5.42; N, 6.40; O, 20.11; S, 10.72.

(5Z,5'E)-5,5'-(((butane-1,4-diylbis(oxy))bis(4,1-phenylene))bis(methaneylylidene))bis(thiazolidine-2,4-
dione)-- (5b)

Following synthesis procedure method A, Product 3b as a bis-aldehydes reactant, and the compound 5b
was obtained as a white powder as shown in Scheme 2 and Table 1.

Compound 5b (77% yield); m.p: 166–168°C; FT-IR (KBr) ν cm− 1: 3235 (N-H stretch); 3132 (aromatic C-H
stretch); 2950, 2878 (aliphatic C-H stretch);1738, 1695 (C = O); 1602(C = CH stretch); 1573, 1511 (aromatic
C = C stretch); 1256 (C-O stretch); 1158 (C-N stretch); 831, 651 (aromatic C-H out of plane bending). 1H
NMR (500 MHz, DMSO-d6) δ (ppm): 12.49 (s, 2H), 7.85 (d, J = 6.6 Hz, 4H), 7.74 (s, 2H), 7.11 (t, J = 8.4, 2.6

Hz, 4H), 4.14 (t, J = 8.2, 2.4 Hz, 4H), 1.91 (t, J = 7.6, 2.8 Hz, 4H). 13C NMR (125 MHz, DMSO-d6) δ (ppm):

167.87, 167.37, 160.34, 131.75, 129.57, 115.35, 114.90, 67.66, and 25.12. HRMS-ESI (mlz) [M+] Calcd. For
C24H20N2O6S2 496.0844, found 494.6231. Elemental Analysis Calcd. For C24H20N2O6S2 (%): C, 58.05; H,
4.06; N, 5.64; O, 19.33; S, 12.91 Found: C, 59.77; H, 3.68; N, 6.40; O, 18.21; S, 11.94.

(5Z,5'Z)-5,5'-((((1,4-phenylenebis(methylene))bis(oxy))bis(4,1-
phenylene))bis(methaneylylidene))bis(thiazolidine-2,4-dione)-- (5c)

Following synthesis procedure method A, Product 3c was a bis-aldehydes reactant, and the compound 5c
was obtained as a light yellow powder as shown in Scheme 2 and Table 1.
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Compound 5c (78% yield); m.p: 216–218°C; FT-IR (KBr) ν cm− 1: 3107 (N-H stretch); 2959 (aromatic C-H
stretch); 2931, 2872 (aliphatic C-H stretch); 1731, 1689 (C = O); 1600 (C = CH stretch); 1510, 1463, 1424
(aromatic C = C stretch); 1251, 1001 (C-O stretch); 1158 (C-N stretch); 886,831, 797 (aromatic C-H out of
plane bending). 1H NMR (500 MHz, DMSO-d6) δ (ppm): 11.61 (s, 2H), 9.03 (s, 2H), 7.04–7.05 (m, 2H),

6.72 (d, J = 6.3 Hz, 2H), 6.66 (d, J = 1.4 Hz, 4H), 6.37 (d, J = 7.2, 4H), 4.41 (s, 4H).13C NMR (125 MHz,
DMSO-d6) δ (ppm): 163.25, 162.26, 136.23, 132.03, 131.80, 129.85, 128.00, 127.96,

125.83,115.75,115.33, and 69.41. HRMS-ESI (mlz) [M+] Calcd. For C28H20N2O6S2 544.0824, found
545.1452. Elemental Analysis Calcd. For C28H20N2O6S2 (%): C, 61.75; H, 3.70; N, 5.14; O, 17.63; S, 11.77
Found: C, 63.36; H, 4.82; N, 4.40; O, 15.85; S, 11.57.

3.5. Synthesis of the 6 compound
5-(4-hydroxyphenyl)-5-phenylimidazolidine-2,4-dione --(6)

Following synthesis procedure method B, 4-hydroxy benzophenone as an aldehyde reactant and
compound 6 was obtained as a light yellow powder as shown in Scheme 3.

Compound 6 (61% yield); m.p: 182–185°C; FT-IR (KBr) ν cm− 1: 3265, 3147 (N-H stretch); >3000 broad
peaks (O-H stretch); 1725, 1630 (C = O); 1601, 1562, 1512 (aromatic C = C stretch); 1238, 1035 (C-O
stretch); 1146 (C-N stretch); 841, 741, 695 (aromatic C-H out of plane bending). 1H NMR (500 MHz,
DMSO-d6) δ (ppm): 11.00 (s, 1H), 10.45 (s, 1H), 9.17 (s, 1H), 7.31–7.40 (m, 5H), 7.11 (d, J = 8.3 Hz, 2H),

6.75 (d, J = 8.2 Hz, 2H). 13C NMR (125 MHz, DMSO-d6) δ (ppm): 175.68, 162.42, 157.53, 138.54, 132.96,

129.57, 128.82, 127.03, 115.70, and 70.30. HRMS-ESI (mlz) [M+] Calcd. For C15H12N2O3 268.0854, found
269.1684. Elemental Analysis Calcd. For C15H12N2O3 (%): C, 67.16; H, 4.51; N, 10.44; O, 17.89 Found: C,
70.10; H, 5.32; N, 12.41; O, 12.17.

5,5'-(((1,4-phenylenebis(methylene))bis(oxy))bis(4,1-phenylene))bis(5-phenylimidazolidine-2,4-dione)-- (7)

To a mixture of Product 6 (2.0 mmol), 1,4-bis(chloromethyl)benzene (1.0 mmol) in DMF (10 mL) was
added K2CO3 (1.0 mmol, 0.11g), was re�uxed for 24 hr. then the reaction mixture was placed in an ice-
water bath and H2O was added to it. After it was stirred for 30 min and the precipitates of the product
were �ltered, washed with H2O, and recrystallized with EtOH, Compound 7 was obtained as a light pink
powder as shown in Scheme 3.

Compound 7 (47% yield); m.p: 167–170°C; FT-IR (KBr) ν cm− 1: 3281 (N-H stretch); 3058 (aromatic C-H
stretch); 2930, 2889 (aliphatic C-H stretch); 1773, 1713 (C = O); 1643, 1598 (aromatic C = C stretch); 1248,
1003 (C-O stretch); 1174 (C-N stretch); 842, 698 (aromatic C-H out of plane bending). 1H NMR (400 MHz,
DMSO-d6) δ (ppm): 11.01 (s, 2H), 10.66 (s, 2H), 7.81–7.89 (m, 2H), 7.81 (t, J = 8.4, 2.3 Hz, 3H), 7.66–7.70
(m, 3H), 7.55 (d, J = 7.9 Hz, 1H), 7.47 (dd, J = 8.3 Hz, 4H), 7.38 (d, J = 8.1 Hz, 1H), 7.21–7.32 (m, 4H), 6.88
(d, J = 8.4 Hz, 4H), 5.31 (s, 4H). 13C NMR (100 MHz, DMSO-d6) δ (ppm): 173.38, 157.12, 155.06, 132.14,
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129.23, 128.43, 128.11, 127.99, 127.85, 127.40, 126.54, 115.17, 75.89, and 69.22. HRMS-ESI (mlz) [M+]
Calcd. For C38H30N4O6 638.2236, found 636.5438. Elemental Analysis Calcd. For C38H30N4O6 (%): C,
71.46; H, 4.73; N, 8.77; O, 15.03 Found: C, 69.98; H, 5.74; N, 7.65; O, 16.63.

3.6. Synthesis of the 9 and 10 compounds
4,4',4''-((1,3,5-Triazine-2,4,6-triyl)tris(oxy))tribenzaldehyde– (8)

A mixture of p-hydroxybenzaldehyde (6 mmol, 0.733 g), NaOH (8 mmol, 0.32g), and H2O (20 mL) was
added to the suspension of cyanuric chloride (2 mmol, 0.36 g) in dry acetone (50 mL) at 0–5°C and this
was stirred for 5 hr. After that, the solid was collected by �ltration and washed three times with H2O. Then,
the product was isolated by recrystallization from EtOAc. Product 8 was prepared as white powder as
shown in Scheme 4.

Compound 8 (90% yield); m.p: 180–181°C; FT-IR (KBr) ν cm− 1: 3068 (aromatic C-H stretch); 1702 (C = O);
1568 (C = N stretch); 1367, 1212 (C-O stretch); 1160 (C-N stretch); 838 (aromatic C-H out of plane
bending). 1H NMR (500 MHz, DMSO-d6) δ (ppm): 9.98 (s, 1H), 7.97 (d, J = 8.2 Hz, 2H), 7.48 (d, J = 8.2 Hz,

2H). 13C NMR (125 MHz, DMSO-d6) δ (ppm): 191.82, 172.68, 155.60, 134.06, 131.10, and 122.29. HRMS-

ESI (mlz) [M+] calcd. For C24H15N3O6 441.0961, found 441.0967. Elemental Analysis Calcd. For
C24H15N3O6 (%): C, 65.31; H, 3.43; N, 9.52; O, 21.75 Found: C, 66.12; H, 3.45; N, 8.47; O, 21.96.

5,5',5''-(((1,3,5-triazine-2,4,6-triyl)tris(oxy))tris(benzene-4,1-diyl))tris(imidazolidine-2,4-dione)-- Tripod (9)

Following synthesis procedure method B, Product 8 was a tris-aldehyde reactant and compound 9 was
obtained as a cream powder as shown in Scheme 4.

Compound 9 (65% yield); m.p: 268–270°C; FT-IR (KBr) ν cm− 1: 3327, 3193 (N-H stretch); 1733, 1671 (C = 
O); 1617, 1510, 1455 (aromatic C = C stretch); 1252, 1090 (C-O stretch); 1190 (C-N stretch); 784, 640
(aromatic C-H out of plane bending). 1H NMR (400 MHz, DMSO-d6) δ (ppm): 11.19 (s, 1H), 10.71 (s, 1H),

7.51–7.54 (m, 2H), 7.16–7.21 (m, 2H), 6.12 (s, 1H). 13C NMR (100 MHz, DMSO-d6) δ (ppm): 182.68,

173.60, 157.82, 150.40, 134.19, 131.33, 127.78, and 70.09. HRMS-ESI (mlz) [M+] Calcd. For C30H21N9O9

651.1568, found 650.9984. Elemental Analysis Calcd. For C30H21N9O9 (%): C, 55.30; H, 3.25; N, 19.35; O,
22.10 Found: C, 53.54; H, 3.45; N, 18.97; O, 24.04.

(5,5',5''-((((1,3,5-Triazine-2,4,6triyl)tris(oxy))tris(benzene-4,1-diyl))tris(methaneylylidene))tris (thiazolidine-
2,4-dione)) -- Tripod (10)

Following synthesis procedure method A, Product 8 was a tris-aldehyde reactant, and tripod 10 was
obtained as a yellow powder as shown in Scheme 4.

Tripod 10 (87% yield); m.p: 244–246°C; FT-IR (KBr) ν cm− 1: 3131 (N-H stretch); 3008 (aromatic C-H
stretch); 1755, 1691 (C = O); 1589 (C = CH stretch); 1504, 1377, 1338 (aromatic C = C stretch); 1216, 1009
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(C-O stretch); 1152 (C-N stretch); 824,690 (aromatic C-H out of plane bending). 1H NMR (500 MHz, DMSO-
d6) δ (ppm): 12.44 (s, 1H), 7.69 (s, 1H), 7.44 (d, J = 8.5 Hz, 2H), 6.90 (d, J = 8.5, 2H).13C NMR (125 MHz,
DMSO-d6) δ (ppm): 171.27, 167.68, 167.44, 159.87, 152.93, 132.34, 131.17, 122.43, and 116.30. HRMS-

ESI (mlz) [M+] calcd. For C33H18N6O9S3 738.0297, found 738.0308. Elemental Analysis Calcd. For
C33H18N6O9S3 (%): C, 53.66; H, 2.46; N, 11.38; O, 19.49; S, 13.02 Found: C, 52.58; H, 2.62; N, 11.40; O,
20.10; S, 13.30.

3.7. Antimicrobial activities by Inhibition zone diameter
assay
Using a slightly disk diffusion method (DDM), the antibacterial activity of ten newly synthesized
molecules was determined. The disk diffusion method is among the most �exible susceptibility testing
methods in terms of antimicrobial agents that can be tested. The method consists of placing paper disks
saturated with antimicrobial agents on a lawn of bacteria seeded on the surface of an agar medium,
incubating the plate overnight, and measuring the presence or absence of a zone of inhibition around the
disks [58]. Muller Hinton agar was used for the growth of bacterial strains such as gram-positive
Staphylococcus aureus (S. aureus) and Bacillus anthacis (B. anthracis) bacteria and gram-negative
Escherichia coli (E. coli) and Pseudomonas aeruginosa (P. aeruginosa) bacteria. All of the test
compounds were dissolved in DMSO at a conc. of 0.5 mg/ml. Each plate was inoculated with 20 µl of
microbial suspension. 30 µl of the test compounds were added to each disk. The plates containing
bacteria were incubated at 37 oC for 24 h., the positive antimicrobial activity was read based on the
growth inhibition zone, and compared with Chloramphenicol and Amikacin were used as a positive
control and DMSO as a negative control [58–60], as shown in Table 3 and Fig. 7.

4. Conclusions
This study was performed to predict the prospects of new compounds including (bis-tris)
imidazolidine/thiazolidine (2,4)-dione rings, docking simulation studies were performed to investigate
them as anticonvulsants and also as antibacterial agents. These derivatives were synthesized using the
optimization two and three directional 3 and 4MCR Knoevenagel condensation (method A) and two and
three directional 5 and 7 MCR Bucherer-Bergs (method B). Since phenytoin is used as a common
anticonvulsant drug and has a high a�nity for binding to the Na+ channel, and with the non-polar side
chains of the S6 helix, it shows amplitudes I to IV, accordingly, this drug was used as a competitive
benchmark for the compounds synthesized as anticonvulsants. The results showed that all of these
compounds experienced high polarity levels due to their biologically active imidazolidine and thiazolidine
(2,4)- dione rings, which have atoms with high electronegative levels.

The high polarity of the synthesized compounds results in abundant and varied H-bonds with amino
acids at active sites. The two amino acids SER-84 and ILE-80 had the highest bond interaction with
synthetic compounds, and among them, 10 and 7 showed the lowest simulation score. Composition 10
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has − 10.79 KJ mol-1 the binding energy is lowly regarded due to the presence of three active groups of
thiazolidine-2,4-dione. Combination 7 has − 9.23 KJ mol-1 as the docking score, showing interesting
results due to having two phenytoin drugs that were connected by a linker. On the other hand, according
to the docking Antibacterial results, compound 10 has a binding a�nity with gram-positive Bacillus
anthracis (PDB ID: 3TYE) at around − 7.18 kcal/mol and − 9.05 kcal/mol with S. aureus (PDB ID: 3ACX).
This compound has the highest scores among all compounds against gram-positive bacteria. For E. coli
(PDB ID: 1AB4) gram-negative bacteria, compound 4a displays a high score of almost − 7.90 among
other compounds. Also, the highest binding a�nity is related to compound 7, about − 9.84 for gram-
negative P. aeruginosa (PDB ID: 5U39) bacterial proteins.

Meanwhile, experimental results of bacterial tests show that the highest diameter of inhibition of growth
zone against gram-positive bacteria (B. anthracis) and (S. aureus) belongs to the combination containing
three thiazolidine-2,4-dione rings (compound 10) about 24 mm and 31 mm, respectively. Also, the
combinations containing two imidazole-2,4-dione rings against gram-negative bacteria have a higher
diameter of growth zone inhibition, compounds 4a and 7 for (E. coli) and (P. aeruginosa) bacteria almost
27 mm and 34 mm, respectively.
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Figure 1

Clinical drugs including imidazoline-2,4-dione (Phenytoin) and thiazolidine-2,4-dione (Pioglitazone) rings.
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Figure 2

The optimized structures were obtained at the B3LYP/6–31 + G (d,p)/ 6–311 + G(d,p) level of theory
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Figure 3

a) The binding mode of the 4a ligand with the binding site of Gyrase A of E. coli(PDB Id: 1AB4) and b) 2D
ligand-receptor interaction with 1AB4 enzyme.

Figure 4

a) The binding mode of 10 ligand with S. aureus (PDB Id: 3ACX)and b) 2D ligand-receptor interaction with
3ACX enzyme.
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Figure 5

a) The binding mode of 7 ligand with LpxC of P. aeruginosa (PDB Id: 5U39) and b) 2D ligand-receptor
interaction with 5U39 enzyme.

Figure 6

a) The binding mode of 10 ligand with Bacillus anthracis (BaDHPS, PDB ID: 3TYE) and b) 2D ligand-
receptor interaction with 3TYE enzyme
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Figure 7

Antibacterial activity of the newly synthesized compounds
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Figure 8

Glide docking model of IMID-Compounds consist of (a) 2, (b) 4b, (c) 7, (d) 4a, (e) 9, and (f) 2D
representations of the binding mode of 7, respectively through amino acids with different interactions
(pink bounds)
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Figure 9

Glide docking model of TZD-Compounds consist of (a)1, (b)10, (c)5b, (d)5a, (e)5c, and (g) 2D
representations of the binding mode of 10, respectively through amino acids with different interactions
(pink bounds)
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