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To overcome the widespread emergence
of drug resistant pathological agents,
newer treatment options are required to be
found urgently. This research aims to
design new molecules with antimicrobial
activities using computational methods
and to synthesize these compounds.

The designed structures possessing thiazolidine-4-one heterocyclic moiety were evaluated for
their in vitro antibacterial and antifungal activities and were found to exhibit antifungal and
antibacterial properties. Molecular docking studies were conducted to examine the potential
drug-protein interactions. Molecular characterization by spectral techniques (FT-IR, 3C NMR
and *H NMR) was carried out to confirm the identity of the synthesized compounds. The in
vivo antimicrobial assays revealed that the compound F, contained the highest antifungal and
antibacterial activity amongst the synthesized molecules.
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Introduction have been documented to have resistance
Antimicrobial Resistance (AMR) has been pathogens (. Moreover, the interest of
a long-standing problem facing clinicians pharmaceutical companies to develop novel
ever since the first time these agents became antibiotics have declined in recent years
commercially available. After decades of mainly due to lack of financial benefit from
continual use, now, all approved antibiotics releasing of such new treatments @. To
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understand the calamity of the situation, it
is estimated that annual deaths from drug-
resistant pathogens could grow from 0.9 —
1.7 million death per year to 10 million
deaths per year in 2050 ©.

While the provision of new and novel
antibiotics has greatly been neglected by
big  pharmaceutical companies, the
academic scene has been testing various
methods for drug discovery. Most notably,
the recent advancement in machine learning
and artificial intelligence have shown great
interest and surge in utilization of such
techniques for the development of new drug
candidates ®. The use of these in-silico
methods to guide the process of drug
discovery is well documented in literature.
The information obtained from such
method can supply the researcher with
various abilities such as selection of the
proper drug molecule to be synthesized
from a small library, the potential drug
pharmacokinetics, and the predicted
binding affinity to its target +:5).

One method which incorporates deep
machine learning (DML) techniques to be
utilized in de novo drug design by which
novel structure can be designed with
desirable properties such as ease of
synthesis, high validity and novelty. These
methods depends of “feeding” the
algorithm with data sets which allow it to
generate diverse structures with the
required properties ©),
Molecular docking, which is a method to
test the binding affinity of a molecule to a
certain receptor ®. This tool has also had
its share of machine learning involvement.
This has enabled a chemical library with a
size of billions of structures of molecules to
be tested and docked to a certain binding
site with reasonable time. This method
incorporates machine learning by allowing
a small fraction of compounds of this
library to be docked, the result of this
process will be the learning data set for the
algorithm. Which then will be able to
predict the docking result of the entire
library with fairly accurate results ©.
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The thiazolidine-4-one moiety is a 5
membered ring heterocyclic structure
which carries nitrogen, sulfur and a

carbonyl group at position 4. The presence
of these structural features made this
scaffold a moiety with myriad action on a
biological system. This has been utilized
and many molecules containing this moiety
were synthesized and evaluated for various
pharmacological actions. Literature reports
of this molecule serving various therapeutic
utilities were reported such as anticancer
(10 antimicrobial 1112, antidiabetic ®,
antiparasitic %, anti-inflammatory %),
antitubercular 9, antiviral ¢, antioxidant
(8 anticonvulsant @9, and analgesic
activity (20.21)
In this work, we synthesized four 5-
methylthiazolidine-4-one derivatives which
were previously checked to possess binding
affinities with bacterial Penicillin-binding
protein and with fungal (14a-demthylase)
enzyme and evaluated their antibacterial
and antifungal properties in vitro.

Materials and Methods

Materials

The starting materials p-Formyl phenyl
boronic acid, p-Methoxybenzenesulfono
hydrazide, 2,4,6-  Trimethylbenzene
sulfonyl hydrazide, p-
toluenesulfonylhydrazide,
Benzenesulfonylhydrazide, and 2-
Mercaptopropionic acid were purchased
from Sigma Aldrich (Germany).

Equipment

Stuart melting point apparatus SMP30
(Germany) was used for uncorrected
melting point measurement using capillary
tube method. TLC silica gel in ethyl
alcohol mobile phase were utilized to
monitor the end of reaction. UV light lamp
was used for spot detection. IR and NMR
analysis was carried out using Bruker
VERTEX 70 FT-IR and Bruker Avance I
400 MHz NMR respectively. Magnetic
stirrer was used during the reactions.
Rotavapor® R-100 rotatory evaporator was
utilized for removal of the solvent under
reduced pressure.
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Molecular docking

Molecular docking studies were performed
using The Cambridge Crystallographic
Data Centre (CCDC) GOLD 2022 software.
Escherichia coli Penicillin binding protein
(PDB: 2ZC4) was used as the target for in
silico  binding  affinity  estimation.
Ceftriaxone was used as a reference ligand
by which our synthesized compounds were
compared to. The candidal enzyme
lanosterol demethylase (PDB: 5FSA) was
used as the target for antifungal molecular
docking study. The reference drug
fluconazole was chosen as the ligand. All
water molecules were found unnecessary
and were removed. The original ligand of
the enzyme was removed and set to be the
binding region for our tested compounds. A
total area of 10A was chosen as binding
pocket.

ADMET studies

SWIS ADME free online tool was used for
the  purpose  of  predicting the
pharmacokinetic  properties of  the
synthesized molecules.

Chemical Synthesis
The overall synthesis scheme is shown in
(figure 1).

Synthesis  of
intermediates (1)
In a round bottom flask, a 5 mmol of p-
formyl phenyl boronic acid was dissolved
in ethyl alcohol, then a corresponding
hydrazide was added to the mixture.
Concentrated sulfuric acid was used as a
catalyst. The flask was put on reflux for 3
hours. The completion was indicated by
appearance of a new spot in the TLC paper
distinct than the starting material. The flask
was left to cool in a refrigerator and was
washed with distilled water and then left to
dry @2, The product was weighted and
further characterized as below.

sulfonyl  hydrazone

(11) — IUPAC name: (4-((2-(phenylsulfonyl)
hydrazinylidene) methyl) phenyl) boronic
acid
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Physical appearance: white powder. Yield:
89%. Melting point: 187 — 191 °C. FT-IR:
3348 cm-1 (boronic acid hydroxyl), 3205
cm™ (NH of sulfonamide), 1610 cm™ (C=N
of the imine), 1448 cm™ (Aromatic C=C),

1261cm-1  (S=O sulfoxide of the
sulfonamide).
() - IUPAC name: (4-((2-((4-

methoxyphenyl) sulfonyl) hydrazinylidene)
methyl) phenyl) boronic acid

Physical Appearance: white powder. Yield:
85%. Melting point: 157-161 °C. FT-IR:
3439 cm™ (boronic acid hydroxyl), 2985
cm? (CHs Asymmetric stretch), 3188 cm™
(NH of sulfonamide), 1600 cm™ (C=N of
the imine), 1504 cm? (Aromatic C=C),

1271cm?*  (S=0 sulfoxide of the
sulfonamide).
(1) - IUPAC name: (4-((2-
tosylhydrazinylidene)  methyl)  phenyl)
boronic acid

Physical appearance: white powder. Yield:
80%. Melting point: 143-146 °C. FT-IR:
3446 cm™ (boronic acid hydroxyl), 2924
cm (CHs Asymmetric stretch), 3200 cm™
(NH of sulfonamide), 1610 cm™ (C=N of
the imine), 1512 cm? (Aromatic C=C),

1309 cm?® (S=O sulfoxide of the
sulfonamide).
(Is) — IUPAC name: (4-((2-(mesityl

sulfonyl) hydrazinylidene) methyl) phenyl)
boronic acid

Physical appearance: white powder. Yield:
90%. Melting point: 165-167 °C. FT-IR:
3553 cm? (boronic acid hydroxyl), 2995
cm® (CHs Asymmetric stretch), 3244 cm™
(NH of sulfonamide), 1606 cm™ (C=N of
the imine), 1511 cm? (Aromatic C=C),
1280 cm?® (S=O sulfoxide of the
sulfonamide).

Synthesis of 5-methyl thiazolidine-4-ones
(F14)

A 3 mL of 2-mercaptopropionic acid was
added to 1 mmol of the previously prepared
sulfonyl hydrazones (11-4). The mixture was
placed in a magnetic stirrer and stirred for 3
hours at (60 °C). The mixture was allowed
to cool and 5 mL of ethyl acetate was placed
in the mixture, then transferred to
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separatory funnel and the ethyl acetate
upper layer was washed with 3 times with a
fraction of 20 mL of sodium bicarbonate
and additional amount of 10 mL distilled
water. The water was removed from the

o)
HO( I
B CHO + HyN— N S

/ I
HO o

p-formylphenyl boronic acid

2\
'R

(Research article)

ethyl acetate upper layer by treating it with
anhydrous magnesium sulfate. A rotatory
evaporator was utilized to remove solvent

and allow the products (F1-4) to crystallize.
(23)

Reﬂux

Starting sulfonylhydrazide

(1,2,3,4)
O
2-merccaptopropionic
. OH
acid
60°C SH
HO H HO =
O
HO é b0 \ g
Y =0
CHj;
F
(1,2,3,4)

R= H, 4-Methoxy, 4-Methyl, 2,4,6-
Trimethyl

Figure 1. overall reaction scheme.

(F1) — IUPAC name - (4-(5-methyl-4-oxo-
3-(phenylsulfonamido)  thiazolidin-2-yl)
phenyl) boronic acid

Obtained as white powder (11% vyield), 129
—132°C. FT-IR: 3301 cm™ (O-H of boronic
acid), 3206 cm™ (sulfonamide NH), 1729
cm* (C=0 of carbonyl), 1243 cm™ (C-N of
amide), 1326 cm™ (S=0 of sulfonamide).
'H-NMR (Acetone-ds, 400 MHz), § (ppm):
1.25 — 1.26 (d, 3H, CHCHs), 3.93 (g, 1H,
CHCH3), 5.93 (s, 1H, CH), 7.52 — 7.94 (m,
9H, ArH), 10.27 (s, 2H, B(OH)2), 11.58 (br
s, 1H, NH). ). 3C-NMR (Acetone-ds, 100
MHz), & (ppm): 19.26, 37.10, 61.45,
126.21, 127.64, 129.72, 133.53, 134.91,
135.42, 139.49 ,147.73, 171.26.

(F2) - [IUPAC name - (4-(3-((4-
methoxyphenyl) sulfonamido)-5-methyl-4-
oxothiazolidin-2-yl) phenyl) boronic acid
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Obtained as white powder (69% yield),
162-166 °C. FT-IR: 3569 cm™ (O-H of
boronic acid), 3330 cm™ (sulfonamide NH),
1729 cm™ (C=0 of carbonyl), 1263 cm™ (C-
N of amide), 1326 cm? (S=O of
sulfonamide). *H-NMR (Acetone-ds, 400
MHz), & (ppm): 1.32 — 1.34 (d, 3H,
CHCHs), 3.12 (s, 3H, OCHs3), 3.90 (g, 1H,
CHCHs3), 6.06 (s, 1H, CH), 7.29 — 8.00 (m,
8H, ArH), 8.98 (s, 2H, B(OH).), 10.13 (br
s, 1H, NH). ¥C-NMR (Acetone-ds, 100
MHz), § (ppm): 16.60, 35.34, 59.53, 62.91,
124.12, 124.87, 127.97, 128.34, 128.65,
132.51, 139.82, 145.15, 169.04.

(Fs) — IUPAC name - (4-(5-methyl-3-((4-
methylphenyl) sulfonamido)-4-
oxothiazolidin-2-yl) phenyl) boronic acid

Obtained as white powder (15% yield), 127
— 131 °C. FT-IR: 3511 cm-1 (O-H of
boronic acid), 3312 cm-1 (sulfonamide
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NH), 1701 cm-1 (C=0 of carbonyl), 1262
cm-1 (C-N of amide), 1344 cm-1 (S=0 of
sulfonamide). 1H-NMR (Acetone-d6, 400
MHz), & (ppm): 1.30 — 1.32 (d, 3H,
CHCHB3), 2.42 (s, 3H, CH3), 3.87 (q, 1H,
CHCH3), 6.03 (s, 1H, CH), 7.24 — 7.87 (m,
8H, ArH), 8.99 (s, 2H, B(OH)2), 9.03 (br s,
1H, NH). ¥C-NMR (Acetone-ds, 100
MHz), 6 (ppm): 18.47, 19.79, 36.28, 60.54,
125.15, 127.09, 127.43, 128.56, 133.65,
135.73, 140.74, 143.56, 169.92.

(Fs) — IUPAC name - (4-(5-methyl-4-oxo-
3-((2,4,6-trimethylphenyl)  sulfonamido)
thiazolidin-2-yl) phenyl) boronic acid
Obtained off-white powder (°5% yield),
139-143 °C. FT-IR: 3508 cm? (O-H of
boronic acid), 3251 cm™ (sulfonamide NH),
1729 cm™ (C=0 of carbonyl), 1273 cm™(C-
N of amide), 1326 cm? (S=O of
sulfonamide). (Acetone-ds, 400 MHz), o
(ppm): 1.19 - 1.21 (d, 3H, CHCH3), 2.27 (s,
3H, ArCHgs), 2.66 (s, 6H, (CHs)2, 3.86 (g,
1H, CHCHa), 7.04 — 7.80 (m, 6H, ArH),
10.49 (s, 2H, B(OH)y), 11.63 (br s, 1H,
NH). 3C-NMR (Acetone-ds, 100 MHz), &
(ppm): 19.16, 20.97, 23.22, 37.08, 61.49,
125.92, 131.69, 132.06, 132.10, 134.77,
134.86, 139.69, 145.80, 171.42.

Antimicrobial activity

The synthesized molecules were evaluated
for antimicrobial activity. Klebsiella
pneumonia and Escherichia coli were used
for gram negative antibacterial evaluation.
Staphylococcus epidermis and
Staphylococcus aureus were used for gram
positive antibacterial evaluation. In all these
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cases, ceftriaxone was selected as a positive
control. Candida albicans was selected for
antifungal evaluation against which the
activity of the synthesized molecules was
compared to fluconazole as a positive
control. Four consecutive dilutions were
made to the compounds in order to obtain
concentrations of (500, 250, 125, 62.5
pg/ml)  which were introduced by a
micropipette volume of 100 pL into the
cultured species by well diffusion method.
Then later the dishes were incubated at at
37°C for 24 hours. The inhibition zones
were recorded as diameter expressed in
(mm).

Results and Discussion

FT-IR results

FT-IR characterization was made for both
the intermediate (l14) and the final (Fi-4)
products. The first step of the reaction
involved a nucleophilic attack by the
sulfonyl hydrazide against the starting
aldehyde to produce an imine bond. This
bond was characteristic among all the 4
derivatives and was the standard to judge
the success of the reaction by IR
measurements at which this bond appeared
in the range of 1600 to 1610 cm™ (Figure 2-
5).
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Figure 4. IR spectrum of I3

Figure 5. IR spectrum of |4

as for the IR of the final compounds, the

ring closure with 2-mercaptopropionic acid

produced the carbonyl bond which was

AJPS (2024)

crucial for IR structure confirmation. This
bond appeared in the range of 1701 — 1729
cm* (Figure 6-9).
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Figure 9. IR spectrum of F4

IHNMR results

The final compounds were characterized
with tHNMR in order to further confirm the
identity of the final products (figure 9-12).
Among the series of the prepared products,
a trend can be seen for characteristic proton
signals. The 5-methyl group of thiazolidine
ring produced a doublet which were
positioned in the shielded region of 1.19 to
1.34 ppm. The C5 carbon of the ring
produced a quartet signal which were found
in the region of 3.86 to 3.93 ppm. the
sulfonamide NH
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group produced a singlet at the region of
9.03 to 11.63 ppm. The two hydroxyl
groups of boronic acid produced a singlet at
the deshielded region of 8.98 to 10.49 ppm.
The extreme deshielding of these protons
can be explained by the fact that boron is a
heavy metal atom with vacant orbital at
which the lone pair of electrons of the
oxygen can migrate into and produce
resonance stabilized structures leading to a
positive charge on the oxygen. This
removes the local magnetic field that
normally shields the proton and cause it to
resonate at higher chemical shift values @9,
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Figure 12. THNMR spectrum of F4

13C NMR

13C NMR analyses were carried out to
further reveal the carbon-hydrogen map of
the compounds (Figure 13-16). The most
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characteristic signal was the carbonyl
group of the thiazolidine-4-one ring. This
signal ranged between 169.04 to 171.42
ppm among the four derivatives.
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Molecular docking results

The obtained results were expressed as PLP
fitness score, which is a scoring function
employed by GOLD software to rank the
ligands according to their fitness

to the receptor. The highest number being
the most optimum fit. The results are
expressed in table 1 and 2 for the bacterial
and fungal targets respectively.

Table (1): PLP fitness of the compounds Escherichia coli penicillin-binding protein
(PDB: 2ZC4) in comparison to positive control drug (Ceftriaxone).

Compound | PLP Fitness Interactions with amino acid residues

name Score

F1 70.8 Lys 340, Ser 395, Asn 397, Thr 550

F2 62.2 Ser 548, Ser 549

Fs 75.6 Ser 337, Lys 340, Ser 395, Asn 397, Thr 550
Fa 76.0 Ser 337, Lys 340, Ser 395, Asn 397, Thr 550
Ceftriaxone | 66.4 Asn 397, Gly 459, Ser 571
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Table (2): PLP fitness of the compounds with Candida albicans protein 14-alpha
demethylase (PDB: 5FSA) in comparison to positive control (Fluconazole).

Compound | PLP Fitness Interactions with amino acid residues
name Score

F1 77.39 Tyr 132, Ser 378, Met 508

F2 77.33 Tyr 132, Ser 378

Fs3 85.86 Hem 580, Tyr 132, Ser 378, Met 508
F4 83.33 Tyr 132, Ser 378

Fluconazole | 75.20 Hem 580

As can be seen, the interactions of the
synthesized compounds differ completely
from the reference drugs which can be
attributed to difference in the basic
pharmacophoric unit and the attached
functional groups to it and therefore they
tend to assume different pose and interact
with different groups in the receptor site.
For the interaction with the bacterial
enzyme penicillin-binding protein (PBP),
several hydrogen bonds between the

Figure 17. Interaction of the highest scoring

X

\

compounds and the enzyme residues
stabilize the interaction and may contribute
to biological activity. These proteins are
responsible for imparting rigidity and
keeping the integrity of the cell wall of the
bacterial cell by promoting cross-linking of
the peptidoglycan chains that protrude from
the wall @®®. The figure 17 shows the

interaction of the highest scoring compound
F4 with the residues of the target.

W\ Asnzor (@)

397 (B)

SER ;‘ Vo
P

. —

compound F4 with the bacterial target

penicillin binding protein of E. coli.
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The interaction with the candida enzyme
14-alpha-demtheylase show both hydrogen
bonding and metal-ligand coordination
bonding. The heme portion of the enzyme
contain a ferric group which binding to it is
essential part of the antifungal activity. The
reference drug fluconazole exerts its

Antimicrobial Activity

The results for both antibacterial and
antifungal activity are tabulated in table 3
and 4 respectively.

The chosen bacteria were among most
clinical prevalent bacterial species. For
instance, Escherichia coli is the most
common infectious pathogen causing
urinary tract infections (UTI) @7, Similarly,
Klebsiella. Pneumonia is the second most
prevalent cause of UTI and it has also been
implicated in respiratory tract infections ®.
The genus Staphylococci contains both s.
epidermis and s. aureus which are among
the causative agents of minor to life
threatening infections with rising antibiotic
resistance @®. The fungal species candida
albicans are common invading pathogens
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activity by directly binding to the heme
portion impeding the binding of the original
substrate “lanosterol” ?®, The highest
scoring derivative compound F3 also show
binding to the iron co-factor within the
enzyme (figure 18).

& ‘ Sl
Figure 18. Interaction of the highest scoring compound F3 with the candidal protein 14-
alpha-demethylase.

involved in both superficial skin infections
as well as mucus membrane candidiasis G,
The overall results for antibacterial shows
favorable activities for the synthesized
compounds against gram-negative bacteria.
While for gram-positive bacteria, the
reference drug surpassed the tested
compounds.

It can be seen from table 2 that the most
active compound was F» especially at the
highest concentration where it exceeded all
other derivatives. This compound is distinct
from others by having a methoxy
substituent group on the benzene ring which
may indicate an increase in activity can be
seen when polar electron donating groups
are substituted.
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Table 3: Antibacterial activity of the tested compound compared to the positive control
drug ceftriaxone.

Inhibition zone (mm)
Gram Negative Gram Positive
Compoun | Conc [ Klebsiell | Escheric | Staphylococc | Staphylococ
d (Hg/ml) a hiacoli | usepidermis | cus aureus
pneumo
nia
500 12 12 26 21
Ceftriaxon 250 11 12 25 19
e 125 11 10 22 18
62.5 - - 19 17
F1 500 15 16 14 17
250 13 15 13 15
125 12 14 12 14
62.5 11 13 11 13
F. 500 16 17 16 18
250 13 15 13 17
125 14 12 12 14
62.5 13 12 10 12
Fs 500 13 16 13 17
250 12 14 13 14
125 12 12 12 13
62.5 11 11 11 12
Fa 500 15 17 16 16
250 14 16 15 15
125 10 13 12 14
62.5 10 - 12 13
DMSO Pure - - - -

The antifungal

effects of the tested

compound showed a moderate activity
indicated by the presence of inhibition zone.
to the reference drug

Compared

fluconazole, the activity was insignificant.
Similar to antibacterial activity, compound
F2 achieved the highest effect among the
prepared derivatives.

Table (4): Antifungal activity of the tested compounds compared to the positive control
drug fluconazole.

Compound Conc Inhibition zone of Candida
(ug/ml) albicans (mm)
500 20
Fluconazole 250 18
125 18
62.5 17
Fi 500 12
250 12
125 10
62.5 10
F2 500 13
250 11
174
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125 10
62.5 10
Fs 500 12
250 12
125 9
62.5 -
Fa 500 12
250 12
125 10
62.5 -
DMSO Pure -
ADMET properties regarding the  possible in  vivo

A preliminary ADMET properties of the
synthesized molecules was obtained
through SWISS ADME online prediction
tool which provides a valuable information

pharmacokinetic properties in addition to
other parameters such as drug-likeness and
toxicity properties 9,

Table (5): Predicted physicochemical properties of the synthesized compounds.

Compound | Gl BBB Rotatable | H-bond | H- TPSA | Consensus
absorption | penetration | bonds acceptors | bond Log P
donors
F1 Yes No 5 6 3 140.62 | 0.36
F2 No No 6 7 3 149.85 | 0.32
Fs Yes No 5 6 3 140.62 | 0.65
Fa Yes No 5 6 3 140.62 | 1.22

*TPSA: Topological polar surface area

As can be seen from the above table, all
compounds possess possibility for oral
absorption except the compound F2 which
may be explained due to the presence of a
polar methoxy group which increased
TPSA above the limit of possible oral
absorption. However, the compounds still
obeyed Lipinski rule for being a suitable
oral drugs candidate as the number of
rotatable bonds, molecular weight and
number of hydrogen bond donors and
acceptor was within the acceptable limit of
this rule.

Conclusion

The compounds  were  successfully
synthesized, validated by spectroscopic
techniques and were evaluated in vitro
antimicrobial assays with good activities.
This research prompts further testing to
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evaluate the actual in vivo effects and
safety.
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