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Abstract

Objective: The main objective for this study is the synthesis of a series of new phenylalanine derivatives of sulfonamide.

Methods: The final compounds P1-P4 were synthesized starting with the synthesis of two intermediate compounds | and II, which were
reacted with each other in to get compound lll. Then, the later was reacted with hydrazine hydrate led to the compound IV that was
eventually reacted with different aldehydes to produce the target compounds. Characterization of their structure was performed using ATR-
FTIR and HNMR spectroscopies. The assessment of the antimicrobial activity was done for all of them. The final compounds were subjected
to molecular docking and ADME study, which were conducted in comparison to standard drugs (sulfamethoxazole and sulfadiazine).
Results: The synthesized final compounds exerted a broad inhibitory activity on certain microbes, including Gram-positive bacteria
(Staphylococcus aureus and Streptococcus pneumonia), Gram-negative bacteria (Escherichia coli and Pseudomonas aeruginosa), and
one fungus (Candida albicans). However, compounds P3 and P4 had the highest activity. The molecular docking findings represented
compounds P1, P2 and P3 with high docking scores compared with standard drugs, while the ADME study showed a desired drug-likeness
and accepted pharmacokinetic properties.

Condlusions: The target compounds were successfully synthesized with good antimicrobial activity. The compounds P1, P2 and P3 recorded

the highest docking scores, while all the final compounds had good ADME findings.
Keywords: Antimicrobial, molecular docking, schiff base, sulfonamide, zone inhibition (Z1)

Introduction

The primary sulfonamide moiety (R-SO,NH,) is involved
in numerous prescribed drugs, including cyclooxygenase-2
(COX-2) inhibitors, diuretics, and carbonic anhydrase inhib-
itors."” Initially discovered in the 1900s, sulfonamides rose to
popularity as the first potent chemotherapeutic medicines for
a variety of bacterial diseases in the late 1930s.” Their pri-
mary mode of action is the competitive inhibition of dihy-
dropteroate synthetase (DHPS), an enzyme essential to the
bacterial synthesis of folic acid. This mechanism confers bac-
teriostatic qualities because they emulate para-aminobenzoic
acid (PABA), which prevents the creation of folate, which is
necessary for the synthesis of nucleic acids and the growth of
bacteria.®’

Bacterial resistance and the development of stronger
antibiotics have compromised the medicinal effectiveness of
sulfonamides. These resistance mechanisms include enzy-
matic breakdown and target modification® or through their
acquisition of extra genetic material from resistant strains via
conjugation, transformation, or transduction to antimicrobial-
susceptible bacteria.’ Today, sulfonamides are primarily indicated
for the treatment of particular infections like urinary tract
infections and infections in immunocompromised patients as
an alternative therapeutic option."

Sulfonamides are categorized into antibacterial and non-
antibacterial types.''”* Hypersensitivity responses can range
from mild symptoms such as fever and rash, potentially
accompanied by hepatitis, lymphadenopathy, and/or haemo-
lytic anaemia, to severe conditions including Stevens-Johnson
syndrome and toxic epidermal necrolysis."*"”
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Materials and Methods

Materials and Instruments

All starting materials, solvents, and reagents utilized were
received from a chemical store of a college of pharmacy, Uni-
versity of Baghdad; unless an unavailable one, chlorosulfionic
acid was bought from the commercial chemical supplier of
high quality. Melting points were measured utilizing a dig-
ital melting point apparatus (Stuart SMP30). The assessment
of product purity and reaction monitoring was conducted
through thin layer chromatography (TLC). '"H-NMR (proton-
nuclear magnetic resonance) spectra were obtained with
a BRUKER Avance III 400 MHz spectrometer, employing
dimethyl sulfoxide (DMSO) as the solvent. FTIR (Fourier
transform infrared) spectra were obtained utilizing an FTIR
spectrometer (Shimadzu, Japan) at the College of Pharmacy,
University of Baghdad.

Molecular docking: The docking investigation utilized
the Glide program, integrated with Schrodinger’s licensed
Maestro software version 13.0135. The final products were
evaluated comparing with the reference drugs sulfameth-
oxazole and sulfadiazine. The crystal structure of Yersinia
pestis DHPS complexed with pterine-sulfa conjugate com-
pound 16 was obtained from the Protein Data Bank (PDB
ID: 5]Q9)." The ligands were evaluated through the assess-
ment of ligand binding geometries and potential energy cal-
culations using DHPS (PDB ID: 5]Q9). This study employs
molecular docking techniques utilizing grid-based Ligand
Docking with Energetics (Glide) to rank ligands based on
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the glide scoring function (G score) and to analyze receptor-
ligand interactions."”

ADME studies: Ligand-based ADME prediction was con-
ducted to evaluate pharmacokinetic characteristics, including
intestinal absorption, systemic distribution, metabolism and
excretion (ADME), employing Qikprobe software inside
Schrodinger Maestro.'®

Chemical Synthesis

The synthetic procedures for the synthesized final compounds
and their intermediates illustrated in the Scheme 1 steps:

Synthesis of L-phenylalanine methyl ester
HCL ((S)-1-methoxy-1-oxo-3-phenylpropan-2-
aminium) (compound )

Methanolic suspension of L-phenylalanine (30.26 mmol, 5 gm
in 50 ml of methanol) was cool down to 0°C, then adding
thionyl chloride 1.2 equivalent (79.98 mmol, 5.758 ml) drop-
wise for 5 min. After the entire addition, the mixture then
refluxed at 40°C for 3 hours. Subsequently, it was allowed to
cool to ambient temperature, and the solvent was evaporated
multiple times to eliminate excess thionyl chloride, yielding
the solid substance (crude product). 25 ml of methanol was
added and cooled to 0°C, followed by the addition of 100 ml
of diethyl ether with gentle stirring using a glass rod. The
resulting white crystalline precipitate was vacuum filtered
to obtain the pure product, which was subsequently washed
with a diethyl ether: methanol (5:1) mixture and dried to yield
L-phenylalanine methyl ester HCL."

Chemical formula, (C, H NO*), White crystals, melting
point(m.p.) = 152-155°C, yield = 76%, Rf = 0.65 (solvent
system, Ethanol: Water, 9:1), FI-IR (v = cm-1): 3086-2800
(broad band, N-H stretching of ammonium salt), 1732 (C=0
str. of ester), 1604 (N-H bending of ammonium salt), 1207,
1134 (asym. and sym. str. of C—-O—-C mixed with C-N str.).

Synthesis of 4-acetamidobenzenesulfonyl
chloride (compound Ii)

To a 250-ml Erlenmeyer flask, 37.03 mmol (5 g) of acetani-
lide was introduced along with a magnetic stir bar. The flask
was secured on a water bath kept at 10-15 °C, fitted with a
magnetic stirrer. Subsequently, 224.88 mmol (15 ml) of chlo-
rosulfonic acid was measured into a 100-ml separatory funnel.
The acid was added in a single pour into the flask while the
mixture was stirred, and it was allowed to stand for 10-15
minutes to eliminate additional fumes while maintaining the
temperature below 20°C to expedite the full dissolution of
the solid. Subsequent to the first reaction, the cooling water
was withdrawn, and the reaction mixture was stirred until it
reached room temperature. The mixture was heated for 10 to
20 minutes at a temperature ranging from 70 to 80°C while
continuously stirring until the rate of gas evolution ceased to
increase. The mixture was then cooled below room tempera-
ture and poured over 300 cc of crushed ice while being mixed
with a glass rod. The precipitate obtained is a crude product
of 4-acetamidobenzenesulfonyl chloride. The crude product
was recovered using vacuum filtration and rinsed with cold
water. The filtered cake was then pressed with clean cork for
immediate use in the subsequent step."’

Chemical formula, (CH,CINO,S), Off white powder,
m.p. = 143-146°C, yield = 64%, Rf = 0.50 (solvent system,
Chloroform: Ethyl acetate, 1:1), FT-IR (v = cm-1): 3302 (N-H

444

H.M. Naeem et al.

o +
SOCL, , MeOH o
HN L 2 CLHN_
CH OH reflux ,40 °C/3 hrs ™ L
CH
H,C H,
C\\ )
L-Phenylalanine C ompo\md I
@ + Ho- s L ,@m =
NH W. B 70 °C. 20min
acetanilide chlorosulfonic acids
&
o Compound IT
e
oY
& Q\\ob
s o
< (S
: g
S (o}
o /©/8NH\ j’\ EtOH NH2NH2.H,0 80% )Ol O&NH\ il .
)LNH CH "0~ reflux §-10 hrs at 80 °C NH CH NHT"2
CH, CH,
Compound IIT Compound IV
(o} R
1
S e} P1 Ar-
/?L 06 AN T M P2 4-OCH3-Ar
NH CH NH oy P3  4-OH-Ar.
HoC P4 3-OH-Ar
7

Scheme 1. The synthetic steps of final products, compounds P1-P4.

str. of 2° amide), 3051 and 3005 (C-H str. of aromatic ring),
2939 and 2866 (C—H asym. and sym. str. of CH3 group), 1678
(C=0 str. of 2° amide), 1581-1492 (C=C str. of aromatic ring
overlap with N—H ben. of 2° amide) and 1365 and 1161 (asym.
and sym. str. of O=S=0 group).

Synthesis methyl ((4-acetamidophenyl) sulfonyl)-
L-phenylalaninate (compound lll)

Triethyl amine (TEA) (18.604 mmol, 2.58 ml) was added grad-
ually to the round flask contain the suspension of (9.302 mmol,
2 gm) from the compound I in 20 ml of DCM that already
put on ice bath with 0°C, the mixture stirred for 20 min. Then
(9.302 mmol, 2.173 gm) from the compound II that was sus-
pended with 20 ml of DCM added to the reaction mixture and
stirred for 40 min. Subsequently, the ice bath was removed,
and the mixture was stirred for 4 hours at room temperature.
The reaction solution was extracted three times with 20 mL of
distilled water. The organic layer was evaporated, followed by
the decantation of the gummy result using diethyl ether. The
solid crude product was washed with water and dried using
vacuum filtering to get compound IIL.»

Chemical formula, (C,,;H, N,O.S), Pale yellow powder,
m.p. = 192-196°C, yield = 87%, Rf = 0.3 (solvent system, Ethyl
acetate: Chloroform, 6:4), FT-IR (v = cm-1): 3344 (N—H str. of
2° sulfonamide), 3167 (N—H str. of 2° amide), 3032 (C—H str.
of aromatic ring), 1716 (C=0O str. of ester), 1678 (C=0 str. of
2° amide), 1593-1492 (C=C str. of aromatic ring overlap with
N-H ben. of 2° amide) and 1334 and 1161 (asym. and sym. str.
of O=5=0 group).

Synthesis of (S)-N-(4-(N-(1-hydrazineyl-1-oxo-3-
phenylpropan-2-yl) sulfamoyl) phenyl) acetamide
(compound V)

The compound III (5.138 mmol, 2 gm) and hydrazine hydrate
80% (51.38 mmol, 2.46 ml) in 20 ml of ethanol were mixed
in 100 ml round flask. Then the mixture stirred for 10 hr.
at 80°C. The reaction mixture was allowed to cool to room
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temperature, after which the filtered precipitate was washed
with distilled water and recrystallized using ethanol.”
Chemical formula, (C_H, N,0,S), White powder, m.p. =
225-228°C, yield = 95%, Rf = 0.55 (solvent system, Ethyl acetate:
Chloroform: Methanol, 4:4:2), FT-IR (v = cm-1): 3300 and 3294
(N-H asym. and sym. str. of 1° amine of hydrazide), 3240 (N-H
str. of 2° sulfonamide), 3190 (N-H str. of 2° amide), 3105 and
3032 (C—H str. of aromatic ring), 1670 (C=O str. of 2° amide),
1589 and 1539 (C=C str. of aromatic ring overlap with N-H ben.
of 2° amide) and 1315 and 1153 (asym. and sym. str. of O=S=0

group).

Synthesis of Schiff bases, the compounds P1-P4
(The final compounds)

Few drops of glacial acetic acid were added to ethanolic
solution of (1.328 mmol) of every aldehyde that fol-
lows: benzaldehyde (0.134 ml), 4-methoxy benzaldehyde
(0.2 ml), 4-hydroxybenzaldehyde and 3-hydroxy benzalde-
hyde (0.162 gm) for each one. Then each one of that solu-
tions was added to the compound IV (1.328 mmol, 0.5 gm)
dissolved in 10 ml of ethanol contained in 100 ml round
flask separately. The reaction mixtures were stirred at 80°C
for 3-6 hr. After that, the mixtures cool down to room tem-
perature, the products were filtered and washed by cold
distilled water.”

(S, E)-N-(4-(N-(1-(2-benzylidenehydrazineyl)-1-
oxo-3-phenylpropan-2-yl) sulfamoyl) phenyl)
acetamide (Compound P1)

Chemical formula, (C,,H, N, O,S), White powder, m.p. =
210-215°C, yield = 75%, Rf = 0.69 (solvent system Ethyl
acetate: Chloroform: Methanol, 4:4:2), FT-IR (v = cm-1):
3302 (N-H str. of 2° sulfonamide), 3240 (N-H str. of 2°
amide), 3109 and 3066 (C-H str. of aromatic ring), 1676
(C=0 str. of 2° amide), 1658 (C=N str. of imine), 1593
and 1543 (C=C str. of aromatic ring) and 1334 and 1157
(asym. and sym. str. of O=S=0 group). 'HNMR : (400 MHz,
DMSO) 6 11.35 (s, 1H, -NH- of -NH-CO-CH3), 10.25 (s,
1H, -NH-C=0), 10.17 (s, 1H, -NH-SO2-), 8.34 - 8.03(m,
2H, Ar), 8.00 (s, 1H, -CH=N-), 7.66 — 7.55 (m, 4H, Ar-SO2),
7.56 - 7.47 (m, 2H, Ar), 7.46 - 7.38 (m, 3H, Ar), 7.21 - 7.17
(m, 3H, Ar), 5.02 (dd, 1H, -CH-), 2.81 (dd, 2H, -CH2-),
2.07 (s, 3H, CH3-C=0).

(S,E)-N-(4-(N-(1-(2-(4-methoxybenzylidene)
hydrazineyl)-1-oxo-3-phenylpropan-2-yl)
sulfamoyl) phenyl) acetamide (compound P2)

Chemical formula, (C,.H, N,0.S), White powder, m.p. =
225-229°C, yield = 76%, Rf = 0.42 (solvent system, Meth-
anol: Ethyl acetate, 6:4), FT-IR (v = cm-1): 3313 (N-H str. of
2° sulfonamide), 3251 (N—H str. of 2° amide), 3066 and 3039
(C—H str. of aromatic ring), 1662 (C=O str. of 2° amide),
1606 (C=N str. of imine), 1593-1512 (C=C str. of aromatic
ring), 1334 and 1157 (asym. and sym. str. of O=S=0 group)
and 1253 and 1018 (C-O str. of methoxy group). 'HNMR :
(400 MHz, DMSO) § 11.22 (s, 1H, -NH- of -NH-CO-CH3),
10.25 (s, 1H, -NH-C=0), 10.18 (s, 1H, -NH-SO2-), 7.95
(s, 1H, -CH=N-), 7.84 — 7.54 (m, 4H, Ar-SO2), 7.54 — 7.35
(m, 2H, Ar), 7.27 - 7.11 (m, 4H, Ar), 7.10 - 6.94 (m, 3H,
Ar), 5.00 (dd, 1H,-CH-), 3.82 (s, 3H, -OCH3), 2.80 (dd, 2H,
-CH2-), 2.08 (s, 3H, CH3-C=0).

J Contemp Med Sci I Vol. 10, No. 6, November-December 2024: 443-454

Original

Phenylalanine-Sulfonamide Derivatives: Docking and Antimicrobial Study

(S,E)-N-(4-(N-(1-(2-(4-hydroxybenzylidene)
hydrazineyl)-1-oxo-3-phenylpropan-2-yl)
sulfamoyl) phenyl) acetamide(compound P3)

Chemical formula, (C,,H, N ,O.S), White powder, m.p. =
163-168°C, yield = 73%, Rf = 0.57 (solvent system, Methanol:
Ethyl acetate, 6:4), FT-IR (v = cm-1): 3549 and 3487 (O—H str.
of -Ar-OH group) 3309 (N-H str. of 2° sulfonamide), 3248
(N—-H str. of 2° amide), 3097 (C—H str. of aromatic ring), 1623
(C=0 str. of 2° amide), 1612 (C=N str. of imine), 1589-516
(C=C str. of aromatic ring), 1315 and 1157 (asym. and sym.
str. of O=S=0 group). 'HNMR : (400 MHz, DMSO) 6 11.26 (s,
1H, -NH- of -NH-CO-CH3), 10.23 (s, 1H, -NH-C=0), 9.72 (s,
1H, -NH-802-),9.61 (s, 1H, -OH), 7.91 (s, 1H, -CH=N-), 7.68
~7.53 (m, 4H, Ar-SO2), 7.51 - 7.42 (m, 2H, Ar), 7.29 — 7.14
(m, 3H, Ar), 7.11 - 6.78 (m, 4H, Ar), 4.99 (dd, 1H, -CH-), 2.82
(dd, 2H, -CH2-), 2.07 (s, 3H, CH3-C=0).

(S,E)-N-(4-(N-(1-(2-(3-hydroxybenzylidene)
hydrazineyl)-1-oxo-3-phenylpropan-2-yl)
sulfamoyl) phenyl) acetamide (compound P4)

Chemical formula, (C, H,N,O.S), White powder, m.p. =
260-263°C, yield = 52%, Rf = 0.51 (solvent system, Methanol:
Ethyl acetate, 6:4), FT-IR (v = cm-1): 3379 (N—H str. of 2° sul-
fonamide), 3232 (N—H str. of 2° amide), 3379-3100 (O—H str.
of -Ar-OH group broad band), 3066 and 3028 (C—H str. of
aromatic ring), 1662 (C=0 str. of 2° amide), 1589 (C=N str. of
imine), 1527-1496 (C=C str. of aromatic ring), 1319 and 1157
(asym. and sym. str. of O=S=0 group). '"HNMR : (400 MHz,
DMSO) § 11.13 (s, 1H, -NH- of -NH-CO-CH3), 10.24 (s, 1H,
-NH-C=0), 10.17 (s, 1H, -NH-S02-),9.95 (s, 1H, -OH), 7.88
(s, 1H, -CH=N-), 7.59 — 7.54 (m, 4H, Ar-SO2), 7.51 (s, 1H,
Ar), 7.21 - 7.18 (m, 3H, Ar), 7.16 — 7.12 (m, 2H, Ar), 6.86 -
6.79 (m, 3H, Ar), 4.97 (dd, 1H,-CH-), 2.77 (dd, 2H, -CH2-),
1.99 (s, 3H, CH3-C=0).

AlL IR spectra of final compounds and their intermediates
arranged in appendix from Figures 2-9 and HNMR spectra of
final compounds listed in Figures 10-13.

Antimicrobial assessment: Using the broth dilution and
agar diffusion methods, the antimicrobial efficacy (displayed
as the minimum inhibitory concentration (MIC) and zone of
inhibition (ZI)) of target compounds was evaluated against
four bacteria (S. aureus, S. pneumoniae, P. aeruginosa, and E.
coli) and one fungus (C. albicans). A stock solution of the fin-
ished products and standard medications (sulfamethoxazole,
sulfadiazine, and fluconazole) at 10 mg/ml was utilized to gen-
erate a range of concentrations from 10 to 1000 mcg/ml for
MAC and MIC testing. The negative control, DMSO, was used
to solubilize the final compounds.”

Sensitivity assay: The diluted samples, using Muller-
Hinton broth as the diluent, were prepared on a micro-
titer plate. Each well of the plate was inoculated at 37°C for
18-20 hours with 20 pl of a bacterial suspension equivalent
to McFarland standard no. 0.5 (1.5 x 10° CFU/ml), excluding
the negative control well. Following this, 20 ul of resazurin,
prepared by dissolving 0.015 g of resazurin in 100 ml of dis-
tilled water and stored at 4°C, was added to each well, and a
2-hour incubation was conducted to assess color changes. The
sub-MIC was determined in the broth microdilutions as the
lowest concentration at which the color of resazurin changed
from blue to pink.”**
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Statistical analysis: A two-way ANOVA was used to
evaluate the significant differences between the data gathered
from the final compounds and the reference controls. The IBM
SPSS Statistics 25 software was used to analyze differences.

Results

The docking results, including the docked ligands, binding
mode, and binding free energy, were summarized in Table 1.
while the two dimensions (2D) docking structures of final com-
pounds and reference drugs with DHPS enzyme are presented
in Figure 1 (Appendix section).

The ADME study found target compounds as potential
drug-like molecules, with favourable oral bioavailability and less
CNS penetration. The QPPCaco model for the gut-blood bar-
rier showed acceptable to good permeability values. However, all
target compounds lack structural liability to participate in fur-
ther metabolic processes like aromatic hydroxyl oxidation and
enol oxidation, with permeability values ranging from accept-
able to good (values >500 nm/sec are considered excellent, while
values <25 are deemed bad).”** These findings listed in Table 2.

o Lipinski Rule of Five include HB donor < 5, HB acceptor <
10, molecular weight < 500, log p < 5, (Limit 0-3 obey this
rule).

o Oral Absorption (1 = Low, 2 = Medium, or 3 = high).

o CNS Predicted central nervous system activity scale
ranging from a -2 (inactive) to +2 (active).

o Primary Metabolites < 7 (Limit 0-3 accepted).

« Gut-blood barrier QPPCaco with scale of <25 poor perme-
ability to >500 great.

o % oral absorption with scale of <25% poor to >80% high.

The antimicrobial evaluation of the final synthesized
compounds (P1-P4) were clarified in Table 3-5 as the findings
of MIC, Zone inhibition and Two-way ANOVA test respec-
tively. While antimicrobial for final compounds compared
with standard drugs were shown in Figure 14 (in appendix).

The tested compounds with inhibitory zones greater than
15 mm are considered highly active, with inhibitory zones
from 15-10 mm moderately active, with zones from 5-10
slightly active, and with zones less than 5 mm inactive).”’

Discussion

From the molecular docking results of the synthesized final
compounds and reference drugs, the reference compounds
sulfamethoxazole and sulfadiazine had docking score —5.895
and —5.712 respectively. The docking score of synthesized
compounds ranging from strong affinity to low or poor
affinity in compare with reference compounds and these are
clarifying as follow: The compounds with strong affinity, P3,
P1 and P2 were scored —6.5, —6.494 and —6.466 respectively
and the compound P4 with low affinity was scored —4.803.

Also, from the above docking results, The H-bonding
with GLY 189, SER 222, ARG 255 and Pi-cation bond with
LYS 221 essential for the affinity of the final compounds to the
target protein.

Interpretation of synthetic results can summarize
as follow: Compound I was indicated by appearance of a
broad band for N-H bond stretching, clarifying the for-
mation of the salt of ammonium ion 3217 to 2800 cm™!
and sharp band for C=0O stretching of the ester at 1732
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Table 1. The docking score and the interactions of final
compounds and standard drugs with DHPS (PDB ID: 5JQ9)

Docking
score Kcal/
mol

Compound Type of interaction

H-bonding: THR 62, GLY 189, SER
222, ARG 255

Pi-cation: LYS 221

Pi-Pi stacking: PHE 190

H-bonding: THR 62, GLY 189, SER
222, ARG 255

Pi-cation: LYS 221

Pi-Pi stacking: PHE 190

H-bonding: THR 62, GLY 189, SER
222, ARG 255

Pi-cation: LYS 221

Pi-Pi stacking: PHE 190

H-bonding: GLN 142, GLY 189, SER
222, ARG 255
Pi-cation: LYS 221

H-bonding: GLU 60, ARG 63, ASP
96, ARG 255, HIE 256
Salt bridge: ARG 63

H-bonding: GLU 60, ARG 63, ASP
96, ARG 255, HIE 257

Pi-cation: LYS 221

Pi-Pi stacking: PHE 190

Salt bridge: ARG 63

P1 —6.494

P2 —6.466

P3 —6.5

P4 —4.803

Sulfamethoxazole —5.895

Sulfadiazine —5712

cm™. The formation of compound II was demonstrated
by the appearance of a characteristic band at 1365 and
1161 cm™ for O=S=0 asymmetric and symmetric stretching
of the sulfonyl group. The formation of compound III was
illustrated by the appearance of a band at 3344 cm™ for
N-H stretching of secondary sulfonamide and a band at
1334 cm™ and 1161 cm™ for O=5=0 asymmetric and sym-
metric stretching of sulfonyl group and band at 1716 cm
for C=0 stretching of ester, The formation of compound
IV was demonstrated by the appearance of double bands at
3300 and 3294 cm™ for N-H stretching of asymmetric and
symmetric primary amine of the hydrazide and the disap-
pearance of the ester band.

All of the IR spectra of the final compounds showed the
disappearance of bands related to N—H stretching of the pri-
mary amine of hydrazide and the appearance of bands of N-H
stretching for secondary sulfonamide and N—-H stretching for
secondary amide in range at 3379 cm™ to 3232 cm™. All final
compounds exhibit nearly the same signals of the "H NMR
spectrum for protons of these functional groups with variable
chemical shifts as listed below:

Singlet for 1 proton of -NH of the acetamido group, sin-
glet for 1 proton of -NH of amide group adjacent to imine
group, singlet for 1 proton of -NH of sulfonamide, singlet 1
proton of -CH=N- of imine group, singlet 1 proton of -CH- of
methine group, singlet for 2 protons of the -CH2- of benzylic
carbon atom, singlet for 3 protons of -CH, of the acetamido
group for compounds P1-P4, respectively.

In addition to differentiate signals, for compound P2 sin-
glet for 3 protons of the -OCH3 group at 3.82, for compound
P3 and P4, singlet for 1 proton of the -OH group at 9.61 ppm
and 9.95 ppm, respectively.
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Table 2. Drug likeness characteristics for final compounds and reference drugsa

Human
Compound Al\'lllt\)l:l Tfllse oral' (NS #Metab D:I':;or A::: t 3::: :/I:s(:)rrapl.
absorption
P1 464.538 0 3 =2 2 2.25 8.75 464.53 91.811
P2 494.564 0 3 -2 3 2.25 9.5 494.56 91.922
P3 480.537 0 3 -2 3 3.25 9.5 480.53 77.873
P4 480.537 0 3 -2 3 3.25 9.5 480.53 78.124
Sulfadiazine 250.27 0 3 -2 3 2.5 7.5 250.27 68.642
Sulfamethoxazole 253.27 0 3 -2 2 25 7 25327 70212
Table 3. The MICresults for final products and compared standard drugs
MIC (mm)
Gram positive bacteria Gram negative bacteria Fungi
Compounds : - ; : :
S. aureus S. pneumonia E. coli P. aeruginosa Candida albicans
Conc. (mcg/ml)

Sulfamethoxazole 250 500 500 500 -
Sulfadiazine 125 500 1000 1000 -
Fluconazole - - - - 250
DMSO Solvent and control
P1 500 500 500 500 500
P2 500 1000 1000 1000 500
P3 500 500 500 1000 500
P4 250 500 500 500 500
Table 4. Zone inhibition of final compounds and their compared standards in mm
Isolate S. S. E P C
Compound aureus pneumonia  coli aeruginosa  albicans e Sl o A
P1 7 19 11 8 8 10.60 220 493 0.157
P2 10 20 15 10 10 13.00 2.00 447 0.046
P3 17 23 20 12 15 17.40 191 427 02
P4 20 23 20 17 20 20.00 0.94 212 0.161
Sulfamethoxazole 34 35 35 31 _ 27 344 15.18 0.008
Sulfadiazine 30 30 30 30 _ 24 344 13.41 0.001
Fluconazole _ _ _ _ 32 6.4 344 14.31 0.001
DMSO Solvent and control

Table 5. Two-way ANOVA test for the inhibitory zones of the

tested compounds

Tests of between-subjects effects

Dependent Variable: Y

seice gpSZtlJlgfeusm i g/lqeuaanre Sl

Corrected Model  1977.3142 10 197.731 1.986 082

Intercept 10013.257 1 10013.257 100.576 .000

T 1637143 6 272857 2741 036

B 340.171 4 85043 854 505

Error 2389429 24 99.560

Total 14380.000 35

Corrected Total ~ 4366.743 34

°R Squared = 453 (Adjusted R Squared = .225).
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All synthesized final compounds had antimicrobial
activity displayed as the zone inhibition values in Table 4
(low, moderate or higher antimicrobial activity that variable
for each microbial species), and the T variable that was men-
tioned in Table 5 (it was one of the two independent variables
that represent the test compounds, along with the other one, B,
representing the microbial species) had a P value of 0,036 (that
is, mean P < 0.05). There is a significance difference related to
the effect on the dependent variable that represents the zone
inhibition values.

All synthesized final compounds, P1-P4 were shown
the broad antimicrobial activity (including their antifungal
activity) with higher activity against S. pneumonia(the more
sensitive organism to antimicrobial activity of all these
compounds), the compounds P3 and P4 were exhibited the
higher antibacterial activity with inhibitions of zone ranging
from 12 to 23 mm, however the compound P2 approximately
was the moderate findings ranging from 10 to 20 mm of the
zone inhibition and compound P1 was the lowest one with
inhibition zones ranging from 7 to 19 mm. Also, that was
clarified that the S. pneumonia and E. coli were the most
sensitive bacteria for activity of the synthesized compounds.
The antimicrobial activities of the target compounds are
explained in the Figure 2.

H.M. Naeem et al.

Conclusion

The successful chemical synthesis of novel phenylalanine-
based sulfonamide compounds P1-P4 had been accomplished.
The compounds were developed by a molecular docking study
targeting the Yersinia pestis DHPS protein (PDB ID: 5]Q9).
They also demonstrated acceptable pharmacokinetic charac-
teristics using simulated ADME tests.

The physical characteristics, including melting point and
description, together with FT-IR and 1H-NMR spectra, have
been analyzed for the identification and characterization of
the synthesized compounds, and the findings corroborate
their chemical structure.

The investigation on antimicrobial activity demon-
strated that all synthesized final compounds exhibited
inhibitory action based on their MIC values and inhibi-
tion zones with broad antimicrobial activity. The com-
pounds P3 and P4 had higher antimicrobial activity
while compounds P1 and P2 with low to moderate
activity.
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