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Abstract: The beta-lactams are recognized as effective antibiotics for treating infections, yet bacterial
production of f-lactamase, which hydrolyzes the beta-lactam ring, can render these drugs inactive. Combining
these antibiotics with a B-lactamase inhibitor, such as clavulanic acid, mitigates this resistance. In a docking
study involving Temoniera-1 (TEM-1), 1pzp, we induced the synthesis of eight amide compounds by reacting
acid chloride derivatives with sulphathiazol or oxadiazol amine, forming an amide bond. The newly synthesized
compounds were differentiated using physical and spectroscopic methods and verified biologically by estimating
their minimum inhibitory concentration (MIC) against four strains of ff-lactamase G(+)ve and G(-)ve bacteria.
Their anti fS-lactamase behaviors were then compared with that of clavulanic acid as a co-inhibitor with
amoxicillin against the same four strains of bacteria. The results indicate that four of the new amides exhibit
excellent anti-g-lactamase activity and contain one or more hydrophobic residues in their structures. Halogen
atoms enhance the selectivity of tower f-lactamases. Derivatives of both oxadiazole and sulfathiazole scaffolds
show promising anti-f-lactamase activity as non-g-lactam inhibitors.
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Introduction

B-lactam antibiotics, the original native antibacterial compounds still distinguish an exceptional
class of antibiotics, gratitude to both their exceptional antibacterial action and selectivity. Nevertheless,
their resistance can quickly extend on a universal level [1]. With chief bacterial pathogens, this
bacterial resistance has nowadays touched terrifying stages [2]. lllnesses initiated by drug-resistant
bacteria have developed international hazards to community healthiness [3].

B-lactamase indicates the chief associated procedure of resistance [4]. Consequently, two
approaches to overwhelm - lactamase-mediated resistance: (a) improving the persisting p- lactamase-
resistant antibiotics and (b) initiation of B-lactamase specifying inhibitors (BLIS) in order to co-
administer together with a B-lactam antibiotics [4,5]. Consequently, here is an critical demand to
purpose and improve additional antimicrobial or anti-p-lactamases to control this condition [4,6].

Serine B-lactamases were classified under the classes A, C, and D. They are accountable for the
braking of the B-lactam moiety. This backing route includes the creation of a covalent acyl-
intermediate among the catalytic serine and the B-lactam moiety in the enzyme's bocket [7].
Alternatively, the metallo-p-lactamases of class B utilize single or double of the zinc ions for
accomplishing the p-lactam braking [7,8].

The B-lactamases Temoniera-1 (TEM-1) 1pzp belongs to the serine B-lactamases of the category
A which braking the p-lactam group by developing an acyl-intermediate structure with the catalytic
serine in the enzyme pocket [7,8].

BLIS targeting the B-lactamase enzymes when co-administer beside the B-lactam antibiotics.
Nevertheless, because the presently consumed BLIS comprise p-lactam ring, they were prone to time-
limited appliance as the B-lactam antibiotics themselves [9]. Moreover, the B-lactamases pocket is
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subjected to transmutations that equivocates the attachment of BLIS. Inhibitor-resistant B-lactamases
(IRTs) have been established and continuously increasing by time [10].

Talented approaches include the initiation of non-B-lactam inhibitors; they will be effective
versus a broad range of B-lactamases. Various inhibitors have now been defined [11]. Boronic acid
derivatives are effective for B-lactamases categories A, C and D [12]. A new acylated phenoxyaniline
derivatives presenting B-lactamase TEM-171 inhibition and theoretically attached to the allosteric site
of enzyme was newly defined [13,14].

Indeed, searching the various heterocyclic molecules has been widely performed, however
sulfathiazole and oxadiazoles are continuing as reserved platforms in different medicinal discovery for
invention of a new candidates [15]. Sulfathiazoles are original structure with numerous activities [16].
Several heterocyclic sulfonamide compounds was therapeutically applied, of which around 30
medications are currently available [15,16]. Sulfathiazole derivatives have many pharmacological
implications as antiglaucoma, antimicrobial, diuretics, antiparasitic, anti-Alzheimer, antioxidant,
antiviral, antiobesity, anticonvulsant, antiinflammatory, antitubercular, antidiabetic, anticancer, etc.
[16-20].While heterocyclic oxadiazole platform was described to show a wide variety of biological
events as anticonvulsant, anti-inflammatory, antimalarial, and anticancer [20-24].

Considering the extensive pharmacological profiles of sulfathiazole and oxadiazoles, this
research aims to purposefully (through docking) synthesize original non-p-lactam inhibitors derived
from sulfathiazole and oxadiazole scaffolds. The study also involves assessing their ability to inhibit B-
lactamases.

Materials and Methods
Docking analysis results:

Docking analysis was accomplished utilizing the online Mcule platform (https://mcule.com/
apps/1-click-docking/) [3]. The docking was generated with B-lactamase TEM-1 (1PZP ). The chemical
constructions of all compounds in this work were drown by ChemDraw program (PerkinElmer
company), version 16.0.0.82(68). The choice of the best compounds will realize on the docking scores
of the binding energies besides the geometric shape complementarity visualized by discovery studio
visualizer (BIOVIA) v20.1.0.19295.

Synthesis:

All substances utilized in this work were bought from commercial sours and their sources are
Scharlau (Spain), Merck (Germany), Alpha (India) and Fluka (Switzerland). Melting points were
calculated using open capillaries. FTIR spectra were verified on a PerkinElmer infrared
spectrophotometer, *H NMR and **C NMR spectra in DMSO-d6 on a Bruker, Avance DPX 400 MHz
spectrometer (TMS was used as an internal reference).

Preparation of acid chloride derivatives [25]:

The carboxylic acids (2-3) mmol were dissolved in thionyl chloride (10-15 ml), the resultant
combination was reflexed (30 min) within the hood (which contain the activated carbon fibers that
trapped the resultant HCI and SO, byproducts). The excess amount of thionyl chloride was removed
under reduced pressure. The remaining yields was occupied after cooling and consumed freshly in the
subsequent step of the amides synthesis.
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Preparation of amides products (Ad1-Ad8) [26]:

The consequent acid chloride (2.5 x 10™) mole dissolved in dichloromethane (5 ml) and adds up
drop by drop to a mixture of sulfathiazole or oxadiazole (2.5 x 10®) mole plus pyridine (2.5 x 107
mole dissolved in dichloromethane (30 ml) in ice bath. The yielded mixture mixed at 25 °C to the next
day. Afterward the solvent was evaporated and the yield was washed 2-3 times with cold ethanol for
removing the west products.

Biological study
Bacterial selection (#-lactamases detection):

Acidimetric method was used to identify f-lactamases in one G(+)ve (Staphylococcus aureus)
and 3 G(-)ve (E.coli and K. pneumonia, P. aeroginosa) isolates of pathogenic bacteria [27].
Converting the mixture color from pink=>» yellow in 5 min reveals p-lactamase existence. (+)ve control
was participated in equivalence [28]. Additionally these isolates were selected to become resistant to
amoxicillin and sensitive to Augmentin for one certain strength, this is confirming that the clavulanic
acid (in the Augmentin) will mask the B-lactamases enzymes in the tested bacteria and without its
action there is no effects for amoxicillin as antibiotic.

Minimum inhibitory concentration (MIC) determination [29]:

To evaluate the MIC a broth microdilution method was utilized. A consecutive of ten replication
diluted concentrations belong to the new amides and the typical antibacterial (Augmentin and
Amoxicillin) was formulated, the dilution initiated from concentration of 2000 pg/ml. Bacterial
colonies were inserted to the previous test tubes at of 5x10° CFU/mI concentration next to the adding 1
ml of Mueller—Hinton media. Afterward at 37°C they incubated for 18 h [20,21]. The agar plus the
bacterial isolates was used as a (+)ve control, while the (-)ve control including the agar only. By
utilizing this technique, investigators were capable to establish the MIC, which characterizes the
lowermost strength of stuff necessary to inhibit the growth of specific bacteria. The MIC determining
stage was performed to check the antibacterial activity for both the standard and the synthesized
compounds. The MIC for the standard compound will represent the strength at which the Augmentin
will be sensitive and surely the amoxicillin will be resistance as indicated in the prior step. The MIC
estimation for the new compounds (synthesized) judged their antibacterial activities (if there is any),
and to identify the intensity of these compounds that will be utilized in the following step [30,31]. This
concentration must be lower than their MIC and overhead the clavulanic acid MIC of the Augmentin.
This is to guarantee that the antibacterial activities of the amoxicillin that performed in the subsequent
phase will be initiated by the inhibition of the p-lactamase by either the clavulanic acid or the newly
synthesized compound when inoculating individually with the amoxicillin [31].

Anti g-lactamase activities evaluation:

In the paper, the disk diffusion method was occupied to evaluate the anti B-lactamase activity of
the new amides [32,33]. To develop the experimentation, every investigated compound was employed
as a co-inhibitor along with 1000 ug of amoxicillin (equal to that of Augmentin) formulated as disks
(5ul per disk). These disks including the amoxicillin and the investigated compound (in their sub MIC
concentration) were subsequently positioned on Mueller-Hinton agar medium in a Petri dish
(inoculated with the bacterial strains in earlier times) using sterile cotton swabs. The whole setup was
then incubated for of 24 hours at 37°C. The zones of microbial progress inhibition that performed
around the disk were restrained and documented as the diameters of inhibition [34,35]. For control,
disks comprising 1000 pg of amoxicillin alone (5ul/disk) were also organized and involved in the trial.
Dimethyl sulfoxide was employed to dissolve the new compounds, with a guarantee of its final
concentration less than 2% to certify that it did not undesirably influence bacterial growth. This
precaution was occupied to preserve the reliability and precision of the experiment [32,36].

Results and discussion



Docking Study results:
The designed amides along with clavulanic acid, sulbactam, tazobactam, avibactam were docked
with B-lactamase TEM-1 (1pzp). The substituents used for the designing the amides are listed in Table

(1), whereas their docking results were representing in Table (2).

Table 1. The substituents used for amides designation
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Table 2. The docking results for the oxadiazole and the sulfathiazole amides compounds with
TEM-1 B- lactamase (1PZP) enzymes (kcal/mol)

No. Docking Score No. Docking Score No. Docking Score
oxadiazole Sulfathiazole oxadiazole sulfathiazole oxadiazole sulfathiazole

R1 -7.2 -8.0 R11 -7.0 -6.0 R21 -6.8 -6.5
R2 -7.0 -9.1 R12 -7.4 -9.0 R22 -7.6 -6.1
R3 -8.0 -8.1 R13 -7.8 -8.4 R23 -6.4 -6.6
R4 -7.6 -9.4 R14 -8.1 -8.3 R24 -6.8 -6.5
R5 -7.5 -7.0 R15 -7.4 -8.0 R25 -9.2 -9.0
R6 -8.5 -7.1 R16 -7.4 -8.4 R26 -7.0 -7.7
R7 -8.5 -7.0 R17 -7.8 -7.0 R27 -6.4 -6.6
R8 -7.0 -7.7 R18 -7.4 -8.0 R28 -7.8 -8.3
R9 -7.4 -9.0 R19 -9.2 -9.1 R29 -7.2 -8.0
R10 -8.4 8.4 R20 -7.3 -7.9 R30 -7.0 -7.7

The docking of the standard inhibitor sulbactam, avibactam, tazobactam and clavulanic acid were
-5.5, -5.4, -4.3 and -6.1 kcal/mol respectively. The standard inhibitors docking was not performed for
achieving its score as reference control only but moreover their binding poses consumed for the
definition of the active pocket site amino acids for B-lactamases TEM-1 (1pzp). The amino acids
residues (LEU 196, ALA 199, IEU 200, GLY 211, ALA 253 and GLY 256) were found to bind mainly
all of the standard inhibitors in the (1pzp) B-lactamase [34]. The overhead 6 residues will describe the
active binding site for the connection with this enzyme.



Regarding the collaboration of the tested amides with enzymes (Table 2), the results
demonstrated that 8 compounds with the substituents (R19 and R25) for the oxadiazole and the
substituents (R2, R4, R9, R12, R19 and R25) for the sulfathiazole represent the best docking scores,
additionally they bound 4-5 out of the 6 amino acids that defined the binding site of B-lactamases
TEM-1 (1pzp), besides to 3-5 additional amino acids residues for every compound, those may play a
role in the potentiation the contact with the enzyme (Figure 1).
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Fig. 1. 2 dimensional poses for selected R9 (A) R19 (B) with the 1pzp enzyme.
Chemistry:

Table (3) demonstrates the most important physical characteristic and the documented
representative FT-IR values as v cm™ belongs to the newly synthesized amides.

Table 3. The most important physical characteristic and the documented representative FT-IR
values as v cm-1 belongs to the amides (Ad1-Ad8).
o
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The FTIR denote the amide bonds creation by the vanishing of the 1° NH, at 3356 cm™ and 3259
cm of the original oxadiazole and sulfathiazole compounds respectively, and switched by the 2° amine
NH at 3313-3397 cm™, in addition to the emergence of carbonyl at 1661-1694 cm™ which document
amide establishments. Besides to additional peaks for every compound that identify to the substitutions
of the acid chlorides consumed (Table 3).

'H-NMR and *C-NMR of amides (Ad1-Ad8) designate the development of the amide bonds, as
the HNMR performance the lone proton emergence belongs to the NH oxadiazoles amide (compounds
Ad1 and Ad2) at 7.81-7.82 ppm and the NH of the sulfathiazole amides (compounds A3-A8) at 8.34-
10.49 ppm.

Whereas in the *C-NMR the attendance of the amide carbonyl C=0 of the oxadiazoles
(compounds Adl and Ad2) at 172.09 ppm, and the sulfathiazole amide carbonyl C=0 (compounds
Ad3-Ad8) at 161.34-168.85 ppm. This also will authorize the development of amide bond.

The spectral representation of the new amides compounds Ad1-Ad8

Ad1 [3,5-dimethyl-N-(4-(5-thioxo-4,5-dihydro-1,3,4-oxadiazol-2-yl)phenyl)benzamide] The *H-NMR of Ad1
(8, ppm) (DMSO-d6): § 14.69 (s, 1H, S 12), § 10.49 (s, 1H, N 13), 5 7.87 (s, 4H, C 2, 3, 5 & 6), 5 7.65 (d, 2H,
C 17 & 21), 8 7.12 (m, 1H, C 19), § 2.30 (s, 6H, C 22 & 23).The *C-NMR of Ad1 (8, ppm) (DMSO-d6): &
179.14 ppm (C9), & 166.60 ppm (C14), & 161.07 ppm (C7), & 140.34 ppm (C1), & 137.23 ppm (C18,20), &
132.24 ppm (C16), & 131.91 ppm (C19), 6 127.82 ppm (C3,5), 6 127.71 ppm (C17,21), 8119.77 ppm (C4), 6
119.63 ppm (C2,6), 8 20.92 ppm (C22,23).

Ad2 [2-(4-chlorophenoxy)-N-(4-(5-thioxo-4,5-dihydro-1,3,4-oxadiazol -2-yl)phenyl)acetamide]. The *H-NMR
of Ad2 (8, ppm) (DMSO-d6): & 14.69 (s, 1H, S 12), 5 10.49 (s, 1H, N 13), 5 7.87 (s, 4H, C 2, 3, 5 & 6), 5 7.37
(d, 2H, C 20 & 22), § 7.04 (d, 2H, C 19 & 23), § 4.77 (s, 2H, C 16). The *C-NMR of Ad2 (5, ppm) (DMSO-
d6): 8 179.14 ppm (C9), 6 168.04 ppm (C14), & 161.07 ppm (C7), 6 157.21 ppm (C18), & 138.40 ppm (C1), 5
129.54 ppm (C20,22), 3 127.75 ppm (C3,5), § 127.29 ppm (C21), & 119.77 ppm (C4), 5 119.09 ppm (C2,6), &
116.05 ppm (C19,23), & 67.49 ppm (C16).

Ad3 [3-chloro-N-(4-(N-(thiazol-2-yl)sulfamoyl)phenyl)benzamide]. The 'H-NMR of Ad3 (8, ppm) (DMSO-
d6): & 12.72 (s, 1H, N 11), 5 10.45 (s, 1H, N 1), 8 8.10 (s, 1H, C 21), § 8.04 (s, 1H, C 25), 6 7.92 (d, 2H, C3 &
7),87.78 (d, 2H, C 4 & 6), 5 7.48 (s, 1H, C 24), 5 7.45 (s, 1H, C 23), 5 7.20 (d, 1H, C 15), 5 6.80 (d, 1H, C 16).
The ®*C-NMR of Ad3 (8, ppm) (DMSO-d6): & 166.24 ppm (C18), 8 162.17 ppm (C10), & 142.23 ppm (C2), &
138.93 ppm (C15), 8 133.34 ppm (C20), & 132.77 ppm (C5), & 132.63 ppm (C22), & 130.99 ppm (C23), 3 129.96
ppm (C24), & 128.85 ppm (C4,6), 6 127.64 ppm (C21), 8 126.57 ppm (C25), 6 120.26 ppm (C3,7), 6 113.94 ppm
(C16).

Ad4 [4-fluoro-N-(4-(N-(thiazol-2-yl)sulfamoyl)phenyl)benzamide]. The 'H-NMR of Ad4 (5, ppm) (DMSO-
d6): § 12.70 (s, 1H, N 9), 8 9.02 (s, 1H, N 1), & 8.00 (d, 2H, C 21 & 25), 5 7.83-7.89 (m, 4H, C 3,4, 6 & 7), &
7.24 (d, 1H, C 15), 5 7.13 (d, 2H, C 22 & 24), § 6.69 (d, 1H, C 16). The *C-NMR of Ad4 (5, ppm) (DMSO-
d6): 5 166.34 ppm (C18), 5 164.82 ppm (C23), § 162.17 ppm (C10), § 142.43 ppm (C2), & 138.93 ppm (C15), &
132.77 ppm (C5), & 130.64 ppm (C20), & 129.84 ppm (C21,25), 5 128.85 ppm (C4,6), & 120.26 ppm (C3,7), 5
115.97 ppm (C22,24), 5 113.94 ppm (C16).

Ad5 [2-methyl-N-(4-(N-(thiazol-2-yl)sulfamoyl)phenyl)benzamide]. The *H-NMR of Ad5 (5, ppm) (DMSO-
d6): 5 12.70 (s, 1H, N 11), 8 10.46 (s, IH, N 1), 8 7.92 (d, 2H, C 3 & 7), 5 7.82 (s, 1H, C 25), 8 7.78 (d, 2H, C 4
& 6),67.51 (dd, 1H, C 23), 6 7.32 (s, 1H, C 24), 8 7.27 (s, 1H, C 22), 8 7.24 (d, 1H, C 15), 6 6.81 (d, 1H, C 16).
The *C-NMR of Ad5 (8, ppm) (DMSO-d6): § 164.26 ppm (C18), 5 162.17 ppm (C10), § 160.22 ppm (C21),
142.14 ppm (C2), & 138.93 ppm (C15), & 132.93 ppm (C23), & 132.77 ppm (C5), & 129.88 ppm (C25), 5 128.85
ppm (C4,6), 6 124.54 ppm (C24), 6 120.92 ppm (C20), 6 120.14 ppm (C3,7), 6 115.93 ppm (C22), 6 113.94 ppm
(C16).



Ad6 [4-nitro-N-(4-(N-(thiazol-2-yl)sulfamoyl)phenyl)benzamide]. The *H-NMR of Ad6 (5, ppm) (DMSO-d6):
§12.70 (s, 1H, N 9), § 9.00 (s, 1H, N 1), § 8.31 (d, 2H, C 22 & 24), 5 8.15 (d, 2H, C 21 & 25), § 7.83- 7.89 (m,
4H, C 3,4, 6 & 7), 8 7.13 (d, 1H, C 15), § 6.69 (d, 1H, C 16). The *C-NMR of Ad6 (5, ppm) (DMSO-d6): &
166.37 ppm (C18), § 162.17 ppm (C10), § 149.31 ppm (C23), 5 142.23 ppm (C2), & 138.93 ppm (C15), & 138.62
ppm (C20), & 132.77 ppm (C5), & 129.66 ppm (C21,25), & 128.85 ppm (C4,6), & 123.66 ppm (C22,24), & 120.26
ppm (C3,7), & 113.94 ppm (C16).

Ad7 [3,5-dimethyl-N-(4-(N-(thiazol-2-yl) sulfamoyl) phenyl) benzamide]0. The 'H-NMR of Ad7 (5, ppm)
(DMSO-d6): & 12.70 (s, 1H, N 11), & 10.47 (s, IH, N 1), 8 7.92 (d, 2H, C 3 & 7), 6 7.78 (d, 2H, C 4 & 6), 5 7.56
(s, 2H, C 21 & 25), 8 7.26 (s, 1H, C 23), § 7.24 (d, 1H, C 15), 5 6.82 (d, 1H, C 16), 5 2.36 (s, 6H, C 26 & 27).
The ®*C-NMR of Ad7 (8, ppm) (DMSO-d6): & 166.65 ppm (C18), 5 162.17 ppm (C10), & 142.43 ppm (C2),
§138.93 ppm (C15), § 137.23 ppm (C22,24), § 132.77 ppm (C5), & 132.24 ppm (C20), 5 131.91 ppm (C23), &
128.85 ppm (C4,6), & 127.71 ppm (C21,25), & 120.26 ppm (C3,7), & 113.94 ppm (C16), § 20.92 ppm (C26,27).
Ad8 [2-(4-chlorophenoxy)-N-(4-(N-(thiazol-2-yl) sulfamoyl) phenyl) acetamide]. The *H-NMR of Ad8 (5,
ppm) (DMSO-d6): 5 12.70 (s, 1H, N 11), 8 10.44 (s, IH, N 1), 5 7.45 (d, 1H, C 15), 8 7.36 (d, 2H, C 4 & 6), &
724 (d,2H, C 3 & 7), 8 7.02 (d, 2H, C 24 & 26), 8 6.18 (d, 2H, C 23 & 27),  6.56 (d, 1H, C 16), 5 3.37 (s, 2H,
C 20). The *C-NMR of Ad8 (8, ppm) (DMSO-d6): & 168.05 ppm (C18), & 162.17 ppm (C10), & 157.21 ppm
(C22), 5 140.26 ppm (C2), & 138.93 ppm (C15), & 132.77 ppm (C5), & 129.54 ppm (C24,26), & 128,84 ppm
(C4,6), & 127.29 ppm (C25), & 120.11 ppm (C3,7), & 116.05 ppm (C23,27), & 113.94 ppm (C16), 3 67.49 ppm
(C20).

Biological study results:

The MIC results indicate that Augmentin exhibits significant activity against all bacterial strains,
whereas Amoxicillin shows negligible antibacterial activity against all bacterial strains except for K.
pneumonia. This implies that clavulanic acid (in Augmentin) acts as an anti-B-lactamase agent,
protecting Amoxicillin from enzyme action. However, the new amides exhibit minimal antibacterial
activity. MIC analysis was conducted for the synthesized amides to ensure that when co-administered
with Amoxicillin as an anti-p-lactamase, they do not develop any antibacterial activity (their own sub
MIC strengths of 400 pg and 800 pg will be used in the subsequent incubation step) (Table 4).

Table 4. MIC outcomes for the standard antibacterial and the newly amides compounds

Minimum inhibitory concentration Minimum inhibitory concentration
Compds G (-)ve G (+)ve Compds G (-)ve G (+)ve
. Klep. Psed. Staph. - Klep. Psed. Staph.
= el Pnerﬁ]. Aerog. Aupr. S @l Pnegm Aerog. Aupr.
Augmentin 750 1000 500 500 Ad4 1000 1000 1000 1000
Amoxicillin >2000 1000 >2000 >2000 Ad5 >2000 >2000 >2000 >2000
Adl >2000 1000 >2000 >2000 Adé 1000 >2000 1000 >2000
Ad2 >2000 >2000 >2000 >2000 Ad7 >2000 1000 >2000 >2000
Ad3 1000 1000 1000 1000 Ad8 1000 >2000 >2000 >2000

In this phase, the B-lactamase inhibitory action of the new amides against the tested pathogenic
bacterial isolates was assessed [29]. Each tested amides was utilized as co-inhibitor with 1000 pg of
amoxicillin formulated as disks (5ul/disk) at 400 pg and 800 pg strengths.

Amoxicillin 1000 pg alone and Amoxiclav (1000/200mg) were incubated too, the outcomes
would be respects as a control for the newly synthesized amides (Table 5).

Table 5. The zones of inhibition for the amides when with the Amoxicillin against bacterial

isolates
Diameter of Inhib. zones (mm) Diameter of Inhib. zones (mm)
G (+)ve G (-)ive G (+)ve G (-)ive
Compds Staph. E. coli K. P. Compds Staph. E coli K. P.

Aureus ) pneumonia | aeruginosa Aureus ) pneumonia | aeroginosa
1:1 1:2 1:1 1:2 1:1 1:2 1:1 || 1:2 1:1 | 12 | 11 1:2 1:1 1:2 1:1 1:2
Augmentin 18 18 21 22 20 22 21 22 Ad4 15 | 18 | 17 19 9 10 5 8
Amoxicilli 9 10 0 0 0 0 0 0 Ad5 8 10 5 8 18 19 0 5




n
Adl 18 19 19 19 18 21 20 20 Ad6 10 12 10 14 16 19 8 10
Ad2 18 20 18 20 9 12 20 22 Ad7 19 21 18 20 19 19 18 20
Ad3 20 21 21 22 12 15 21 21 Ad8 9 12 21 22 9 10 8 8
1:1 =1000 pg/ml Amoxicillin: 400 pg/ml amides
1:2 = the same 1000 pg/ml Amoxicillin: 800 pg/ml amides

Generally, the above outcomes specified the fact that totally the new amides developed good
action as pB-lactamase inhibitors versus all bacterial strains signified that these compounds stop the -
lactamases in these bacterial strains.

Notably, two compounds, Ad1l and Ad7 (oxadiazole and sulfathiazole with R19), demonstrated
promising activities resembling those of clavulanic acid, despite having no antibacterial activities when
used alone at this strength. Conversely, compounds Ad2 and Ad3 (oxadiazole with R25 and
sulfathiazole with R2) exhibited negative anti-p-lactamase activities against K. pneumonia only, with
beneficial activities against the remaining strains. The remaining amides demonstrated B-lactamase
inhibition in only one or two strains, classifying them as weak inhibitors. All these amides incorporate
one or more hydrophobic residues in their structures, along with halogen atoms or a nitro group in
some compounds. This aligns with docking results and other research, indicating that increased
hydrophobicity enhances selectivity for the B-lactamase enzyme. These findings suggest promising
anti-p-lactamase activities for both oxadiazole and sulfathiazole scaffolds as non-B-lactam inhibitors,
emphasizing their potential in combating bacterial resistance.

Conclusion

In conclusion, our findings suggest that the active pocket of f-lactamases favors hydrophobic
residues, supported by the observation that four of the new amides with effective B-lactamase
inhibitory activities contain one or more hydrophobic components. Additionally, the presence of
halogens enhances the affinity towards B-lactamases. Derivatives from both oxadiazole and
sulfathiazole scaffolds exhibit promising anti-p-lactamase activities, positioning them as potential non-
B-lactam inhibitors. These results underscore the significance of hydrophobicity and halogen entities in
designing effective compounds to combat B-lactamase-mediated bacterial resistance.
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OakTepuanbHas MPOJYKIUS [-IakTamasbl, KOTOpas THIPOIU3yeT OeTa-TakTaMHOE KOJBII0, MOXKET ClIIeNIaTh JTH
mpenapatsl HeakKTHBHBIMH. CodeTaHWe »J3THX AaHTHUOMOTHKOB C WHTHOHTOpOM [-TakTama3, TaKhM Kak
KJIaBYJIAHOBasi KHUCIJIOTA, CHIDKACT ATy PE3UCTEHTHOCTh. B MCCIeOBaHMU CTHIKOBKHM C y4acThem 1emoniera-1
(TEM-1), 1pzp, MBI HWHOYIHMPOBAJIM CHHTE3 BOCBMH aMHUJHBIX COCAMHCHHI IyTeM B3aWMOJCHCTBUS
MPOM3BOJIHBIX XJIOPAHTHIPUIOB C CYJIb(ATHA30TIOM HIM OKCaIUa30JIaMUHOM, 00pa3ysi aMUIHYIO CBs3b. BHOBB
CHHTE3UPOBAHHBIC COSIMHEHUS ObUTU MU PepeHINPOBAHbl (PU3NISCKUMHU U CIIEKTPOCKOIIN YECKUMH METOIaMU
U OHOJIOTHYECKH MPOBEPEHBI MyTeM OICHKM WX MHHUMAaJbHOW WHTHOMpyiomei kouueutparmu (MIIK) B
OTHOIIIEHHH 4YeThIpEX INTaMMOB Oakrepuii [B-makramas G(+)ve um G(-)ve. 3areM uX aHTH-P-TaKTaMasHOE
MOBE/ICHUE CPABHUBAIU C JICHCTBUEM KIIABYJIAHOBOH KHCJIOTHI B KaueCTBE CO-MHTHOMTOpA ¢ aMOKCHUIIMILTUHOM
NPOTUB TEX )K€ YEThIPEX IITaMMOB OakTepuil. Pe3ynbTaThl MOKa3bIBAIOT, YTO YETHIPE M3 HOBBIX aMHUJIOB
MPOSIBIISIIOT MPEBOCXOAHYIO aHTU-[-JIaKTaMa3HyI0 aKTUBHOCTb M COJAEPKAT B CBOEH CTPYKType OIUH HIIH
HECKOJIBKO THUAPOGOOHBIX OCTATKOB. YBEIHUYCHHE aTOMOB T'aJIOTCHOB MOBBIMIAIOT CEJICKTHBHOCTh [-TaKTamas.
[Ipou3sBoaHbIE KaK OKCAAUA30JBHBIX, TAK U CYIb()aTHAa30JIbHBIX KapKacoB JEMOHCTPUPYIOT MHOTOOOCUIAIONTYIO
aHTHU-P-TaKTaMa3HYyI0 aKTUBHOCTH B KQ4ECTBE He--TaKTaMHBIX HHTHOUTOPOB.

KuaroueBsle cioBa: cynbdarnazon, okcaguaszolr, B-makramassl TEM-1, aMuap1, JOKWHT, aHTH-P-TaKTaMa3bl.

YENi AMID BiRLOSMOLORININ p-LAKTAMAZ iNHIBITOR AKTiVLIYININ
QiIYMOTLONDIRILMOSI, SINTEZI VO DOKINQI
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Mosul Universiteti, Oczagiliq Kolleci, Oczagiliq Kimyast Departamenti, Iraq
e-pogt: ahmedsot@uomosul.edu.iq

Xiilasa: Beta-laktamlar infeksiyalarin miialicasi iiciin effektiv antibiotiklor kimi taninir, lakin beta-
laktam halgasini hidroliz edon B-laktamazanin bakterial istehsali bu dormanlari tosirsiz hala sala biloar.
Bu antibiotiklori klavulan tursusu kimi bir B-laktamaz inhibitoru ilo kopmbinasiyas: bu miiqavimati
azaldir. Temoniera-1 (TEM-1), 1lpzp-ni ohato edon todqgiqatlarda biz tursu xlorid toéramalarini
sulfatiazol vo ya oksadiazol amin ilo reaksiyaya daxil edorok, amid rabitosi yaradaraq sokkiz amid
birlogsmasinin sintezini tomin etmisik. Yeni sintez edilmis birlogsmolor fiziki vo spektroskopik tisullarla
differensiallagdirilmis, B-laktamaz G(+) vo G(-) bakteriyalarinin dérd stamina garsi onlarin minimum
inhibitor qatihig (MIK) giymsotlondirilmis vo bioloji cohatdon yoxlanilmisdir. Daha sonra onlarin anti
B-laktamaz davraniglart eyni dord bakteriya stamina qarsi amoksisillinle birga inhibitor kimi klavulan
tursusu ilo miiqayiso edilmisdir. Noticolor gostorir ki, yeni amidlordon dordii osla anti-B-laktamaz
aktivliyl niimayis etdirir vo strukturlarinda bir vo ya daha c¢ox hidrofobik qaliq ehtiva edir. Halogen
atomlar1 artiglig1 B-laktamazlarin segiciliyini artirir. Hom oksadiazol, hom do sulfatiazol karkaslarinin
toromolari qeyri-p-laktam inhibitorlar1 kimi perspektivli anti-p-laktamaz xassasi gostarir.

Acar sozlar: Sulfatiazol, Oksadiazol, TEM-1 B-laktamaza, amidlor, doking, anti-p-laktamaza.
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