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Abstract

In this study, transition complexes of Fe(lll), Zn(lI), La(lll), Ce(lll),
and Pr(lll) with a Schiff base ligand (L), which is derived from 3-
hydroxybenzaldehyde and sulfamethoxazole, as the primary ligand, and L-
Leucinate as a secondary ligand. The bonding mode of the Schiff base has
been confirmed through a range of techniques, including infrared, UV-
visible (UV-Vis), carbon and proton nuclear magnetic resonance
spectroscopy, mass spectrometry, and elemental analysis. All complexes
were characterized by elemental analysis, conductivity measurements, and
spectroscopic techniques, including UV-Vis and Fourier transform
infrared spectroscopy. A thorough discussion is provided on the structural
and bonding features of the mixed ligand complexes formed from the
Schiff base (L) and L-Leucine with ions [Fe (I11), Zn(ll), La(lll), Ce(lll),
and Pr(l11)], based on results from various research studies. Additionally,
the antimicrobial activity of these complexes was evaluated against two
Gram-positive and two Gram-negative bacterial strains. Furthermore,
antifungal activity against Candida was evaluated, with tetracycline as the
reference.
Keywords: Biological activity, L-Leucine, Schiff base, Sulfonamides,

Transition metal.

1. Introduction

Sulfonamides are bacteriostatic antibiotics that contain the functional group (R-SO,-N<R;R;,
Ri/R,= H, alkyl, aryl, and hetero aryl groups) that compounds to inhibit the growth of
microorganismsl. They are widely used in the treatment of urinary, respiratory, and skin
infections; gastrointestinal, antifungal, antioxidant, anti-inflammatory, diuretic, antiviral,
carbonic  anhydrase, anticancer, antidiabetic, antitubercular, and  antimalarial®®.
Sulfamethoxazole (SMX) is a broad-spectrum antibiotic employed in human and veterinary
medicine, belonging to the sulfonamide class of pharmaceuticals (sulfa drugs)®. SMX is known
as 4-amino-N-(5-methyl-1,2-oxazol-3-yl)benzenesulfonamide (C10H11N303S), a white, odorless,
and tasteless compound®. It is commonly used to treat bacterial infections, including bronchitis;
upper and lower respiratory tract infections; prostatitis; skin and subcutaneous infections; kidney
and urinary tract infections; and genital infections®. Schiff bases are typically synthesized by
reacting SMX with a specific aldehyde or ketone. Schiff bases are integral to coordination
chemistry, serving as chelating agents in the form of Schiff base-metal complexes with extensive
applications in clinical, analytical, and biological fields®. A Schiff base is composed of a (>C=N-
R) structure. It is efficiently synthesized through a condensation reaction between a primary
amine and an aldehyde or ketone’. The condensation of aromatic aldehydes (-CHO) and ketones
(-CO-) with sulfonamides, as a source of arylamines, has led to the synthesis of Schiff bases,
which have been shown to possess a broad spectrum of biological activities, including
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antimicrobial, anti-inflammatory, antifungal, and antipyretic effects. The bactericidal activity of
sulfonamides results from their inhibition of the competitive binding of p-aminobenzoic acid
(PABA) within the folic acid metabolic pathway®. Transition metals are characterized by
incompletely filled d- or f-electron shells in their neutral or cationic forms, and they readily
receive electrons from ligands via their partially filled valence shell orbitals, thereby facilitating
the formation of coordination complexes. Schiff base (imine); readily forms stable complexes
with most transition metal ions and plays a significant role in both inorganic and bioinorganic
chemistry®. Schiff bases tend to form coordination complexes with various transition metals,
which form adducts between the azomethine nitrogen and the metal ion. There is global interest
in the use of transition-metal complexes with Schiff bases in medicine®. This study aims to
produce new Schiff base complexes by reacting the Schiff base ligand with L-Leucine and
transition metals. This study employed thermal analysis, spectroscopy, and elemental analysis to
elucidate the structures of novel substances. Additionally, the compounds produced were tested
for antibacterial activity.

2. Materials and Methods

2.1. Materials and physic-chemical analysis

This study used compounds directly from Sigma or BDH without purification. The substances
that were determined to be of Analar grade (BDH) included ethanol, dimethyl sulfoxide
(DMSO0), 3-hydroxybenzaldehyde (3-HBA), and SMX. The Fourier transform infrared (FTIR)
spectra in the 400-4000 cm™ area were recorded using the A224160-Shimadzu
spectrophotometer at the Department of Chemistry, College of Education for Pure Science (Ibn
Al-Haitham), University of Baghdad. Mass spectral data were acquired via an MS Model 5973
spectrometer and subsequently analyzed using elemental microanalysis. C.H.N.-2400 Elemental
Analyzer at the Islamic Republic of Iran, University of Tehran. The INOVA-500 MHz
spectrometer was employed to acquire the carbon and proton nuclear magnetic resonance (3C,
H-NMR) spectra of (L) in deuterated dimethyl sulfoxide, with chemical shifts reported in parts
per million (ppm) at the Islamic Republic of Iran, University of Tehran. A spectrophotometer
(A.A-160) is employed to measure metal content at the Ibn Sina company in Baghdad, Irag.
Balance Gouy reported Johnson's measurements of magnetic moments in complexes at the
College of Sciences, Al-Mustansiriyah University. The Ino. Lab. 720 digital conductivity meter
was used to obtain a value of Am 10~ mol/L in ethanol at the Department of Chemistry, College
of Education for Pure Science (lbn Al-Haitham), University of Baghdad. The molecular
structures of the compounds have been illustrated using the Chem-Sketch (2019) software.

2.2. Synthesis of Schiff base (L)

The Schiff base ligand (L) was synthesized through a condensation reaction involving the
dissolution of 3-hydroxybenzaldehyde (C;HsO2, molecular weight= 122 g/mol) and an equimolar
amount of SMX (C19H11N303S, molecular weight= 253.3 g/mol) in 20 mL of ethanolic solution,
with the addition of 4 to 5 drops of glacial acetic acid (CH3COOH). The resulting mixture was
heated and magnetically stirred for 6 hours at 80°C. The reaction was monitored using thin-layer
chromatography (TLC). Evaporation at ambient temperature was used to gradually reduce the
mixture volume after a full day of standing. The light-brown precipitate was repeatedly washed
with absolute ethanol and subsequently recrystallized from ethanol to yield a purified sample.
Yield: 80.52%, light brown, sample Ci7;H15N304S, molecular weight= 357.38 g/mol, C.H.N
analysis: % Calculated ,(% C: 57.13), (%H: 4.23), (%N: 11.76), (%S: 8.97). % Found: (%C:
56.92), (%H: 4.49), (%N: 11.35), (%S: 9.71). Figure 1 illustrates the ligand structure.
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Figure 1. Structure of ligand (L)

2.3. General procedure for the synthesis of the mixed ligands chelates from (L) and L- leucine
(L-Leu) with some metals ions

The first step was to dissolve L-leucine (0.131 g, 1 mmol) in a 10 mL mixture of H,O and
ethanol (1:1) containing KOH (0.056 g, 1 mmol). It was stirred at room temperature to prepare
potassium L-leucinate™*. Then by combining equal amounts of ethanolic solutions of the ligand
(L), potassium leucinate (K-Leu), and metal chloride salts (FeCls), (ZnCl;), (LaCl,*7H,0),
(CeCl,+7H,0), and (PrCl3) in a 1:1:1 molar ratio within a 15 mL ethanol solvent, the chelates
were isolated with a moderate yield ranging from 65% to 79%. The entire mixture was refluxed
for six hours. The reaction was monitored by thin-layer chromatography (TLC), and the product
was recrystallized multiple times from an alcoholic solution, then evaporated and stored in a
desiccator. All complexes were synthesized using identical methods, as illustrated in Scheme 1.
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Scheme 1. Synthesis route of complexes

3. Results

3.1. Characterization of the Schiff base L

Elemental microanalysis, melting point determination, and spectroscopic techniques were
employed to characterize the ligand (L). These techniques included FTIR spectroscopy, mass
spectrometry, *H and *C-NMR spectroscopy, and UV-Vis spectroscopy. The ligand exhibits
differing solubility in common organic solvents, being insoluble in water and benzene. It is
soluble in methanol, ethanol, dimethylformamide, and dimethyl sulfoxide.

3.2. Data spectroscopic analysis

The NMR spectral data acquired using deuterated DMSO-d° as the solvent indicate that all
proton and carbon atoms in the molecular structure are located in their predicted regions.
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3.2.1. Data analysis of the **C-NMR spectrum of the L

The C-NMR (ppm, d®-DMSO, 400 MHz) spectrum of L shows a &= 12 ppm signal
corresponding to the methyl group attached to C,s. There is a 6 = 95 ppm signal attributable to
carbon in the isoxazole ring. &= 113-138 ppm, aromatic carbon signals (Ca;). The chemical
shifts at 6= 153 ppm and 6= 158 ppm are assigned to Co (C=N-O) of the isoxazole ring and Cy;
(C-OH) of the aromatic ring, respectively. The chemical shift at 6= 163 ppm is assigned to C, of
the aromatic ring adjacent to the Schiff base. The aforementioned peak at 6= 170 ppm
corresponds to C,, of the (C—O) group of the isoxazole ring, as illustrated in Figure 2.
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Figure 2. The *C-NMR spectrum of the L

3.2.2. Data analysis of the *H-NMR spectrum of the L
The *H-NMR spectrum (ppm, d®-DMSO, 400 MHz) of ligand (L) is shown in Figure 3.
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Figure 3. The *H-NMR spectrum of the L

3.3. Data analysis of the mass spectrum of L

The molecular weight and fragmentation pattern of L, along with its mass spectrum, were
ascertained through mass spectrometry, as shown in Figure 4. The calculated m/z spectrum is
357.38, while the observed value is 357.35, which corresponds to the mass of the ligand.
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Figure 4. ESI-MS for ligand L

3.4. Data analysis of the thermogravimetric (TGA)

The TG-DTA analysis of the L sample was conducted using helium as an inert gas at a flow rate
of 20 mL/min over a temperature range of 20-700°C. The thermal stability, decomposition
behavior, and water (H,O) content of the compounds must be determined by thermal analysis
conducted at a controlled heating rate. The TGA contours are depicted in Figure 5, and the
thermal degradation profile displays four decomposition peaks, as detailed in Table 1.
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Figure 5. TGA-DTGA curves of the ligand L

Table 1. Steps thermal analysis of the ligand L

Steps Decomposmog Molar mass loss Assignments
Temperature °C
1 175 26.7 -C-CH,3
HO
2 390 105.4
C
- O,

3 495 123 "”U
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Data analysis of FT-IR spectra for the complexes are illustrated in Figures 6-11 and Table 2.

3.5. Data analysis of FTIR spectra of the compounds
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Table 2. Infrared spectral data (wave number 1) cm™ for complexes

Complexes
Fe (111) Zn(11) La(lln)
Stretching bands

v (N-H)

v (0O-H) / H,O
v (C:O)carb.

Vv (C-H)aiiph-

v (C'H)aroma.
N (C=N) isoxazole ring, v (C=N) schifr
v (C=C)
v.(5=0) asym.
v.(5=0) sym.

V asym.

Vaym. (COO-)
v (C-0)

v (C-S)
v(S-N)

v (N-0)

v (M-N)

v (M-0)

Over lape

2958, 2937

424, 443
551, 565

3471, 3363,

Pr(I1)

3152 3344, 3217 3360, 3202, 3155
1684 1681 1681
2958, 2933 2963, 2872 2960, 2933
3103 --- 3063

1612 1612 1611

1502 1500 1503
1390, 1391, 1391,
1142 1139 1137
1591, 1591, 1591,
1373 1371 1371

1268 1267 1268

829 829 827

925 926 926

1317 1314 1317

407, 440 416, 433 441, 452
546, 571 545, 566 546, 568

Ce(lIN)

3349, 3212

1680
2963, 2874
1610
1505
1397,
1135
1579,
1367
1268
827

926
1315
414, 452
545, 565

aliph. = aliphatic, aroma. = aromatic, carbo. = carboxylic, v = stretching, asym. = asymmetry, sym. = symmetry.

3.6. UV-Vis spectral data of the compounds
The UV-Vis spectral data of the complexes are presented in Figure 12.

Ligand (L)

H
Pq i
%ti
- |

[Zn(L) (L-Leu)H;0]Cl

- Ij;?:ﬁrp,..«\

i‘
il

[Ce(L)(L-Leu)H,0]ClI,

[Pr(L) (L-Leuw)H.0]Cl;

Figure 12. UV/Vis spectra of ligand and their complexes

3.7. Data of the antimicrobial screening

The examination of ligands and their metal complexes against a single fungal species (Candida
albicans) and four bacterial species was performed using the agar-well diffusion method. The
bacterial species included Escherichia coli and Proteus mirabilis (both Gram-negative), as well
as Bacillus subtilis and Staphylococcus aureus (both Gram-positive). In this technique, a sterile
metallic auger was used to form wells in the medium, maintaining a minimum spacing of 6 mm
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between wells. The test samples were dissolved in DMSO to a final concentration of 1 mg/mL
and injected into the designated wells at the specified concentration (10° M). The dishes
containing bacterial and fungal species were incubated at 28°C and 37°C, respectively, for 24 to
48 hours. The activity was evaluated by determining the diameters of the inhibition zones (mm).
The information documented and depicted in Figure 13 is utilized to derive the following

conclusions.

€ 40 /

E 35 " A

- 30

= 25

5 20 V7

g 15

E 10

£ 0 - -

Anti | SMX | 3- L- (L) | Fe+3 |Zn+2 | La+3 | Ce+3 | Pr+3
HBA | Leu

B Escherichia coli 37 24 16 25 25 25 21 12 10 18
B Proteus mirabilis 38 28 18 10 25 28 29 26 25 26
m Bacillus subtilis 38 28 13 10 24 25 26 25 24 24
B Staphylococcus aureus| 37 24 12 12 25 26 33 28 30 24
@ Candida albicans 9 13 22 20 19 10 10 13 17 15

Figure 13. Evolution of ligands and their complexes against growth (Escherichia coli, Proteus mirabilis, Bacillus
subtilis, Staphylococcus aureus and Candida albicans)

4. Discussion

4.1. FTIR spectra of complexes

The FTIR spectra of all complexes are depicted in Table 2. There are no notable differences in
the vibrational frequencies of the complexes and their FTIR spectra are comparable. In this
study, a shift of the predominant bands towards lower or higher frequencies was generally
observed when comparing the FTIR spectra of the complexes with those of free L-Leu and (L).
The main reason is probably the coordination of two ligands.

The chemical shift in DMSO solvent is observed at 6= 39 ppm =", as shown in Figure 2. In
addition, the carbon atom at = 193 ppm is assigned to Cs in the (-HC=N-) Schiff base group™*.
Figure 3 displays a peak observed at 2.29 ppm (singlet, 3H, CH3), a multiplet between 6.10 and
7.49 ppm (integrating for 9H, Cx,), a singlet at 7.35 ppm (1H, NH), a peak at 9.92 ppm (singlet,
1H, C=N), and additionally a signal at 11 ppm (singlet, 1H, OH, phenol)™.

The formation of M-v(C=N) Schiff base, v(5=0), and v(C=N) isoxazole coordination bonds is
responsible for the blue and red shifts of the observed bands. Additionally, two distinct
absorption bands were observed in the spectra of the complexes at (1579-1591) cm™ and (1367—
1373) cm™. These bands indicated the difference between v(COO—)asym. and v (COO-) sym.
vibrational modes of the (COOH) groups. The distinction Av= [v (COO—)asym.
— v(COO—)sym.] < 200 cm™ falls within the range of (206-220) cm™. This results in the
carboxyl group coordinating monodentately to the metal ions. L-Leucine acts as a bidentate
ligand, coordinating with the active donor atoms via the carboxyl oxygen (COO-) and the
nitrogen atom of the amino group («: NH,)*e.

In FTIR complexes, the rise of new bands within the range of 545-571 cm™ was attributed to v
(M-0) vibrations for the Fe(lll), Zn(Il), La(lll), Ce(ll1), and Pr(1l) complexes, indicating that
the oxygen atoms of the ligands are involved in coordination with the metal ions. Furthermore, v
(M-N) was attributed to the emergence of new bands at (407— 452) cm™ in the spectra of Fe(lll),

12,13
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Zn(11), La(l11), Ce(l11), and Pr(111) complexes*®*?. The FTIR spectra for Fe(111), Zn(l1), La(lll),
Ce(l11), and Pr(111) complexes are shown in Figures 7-11.

4.2. UV-Vis spectral of the ligands L, (L-Leucine) and the mixed ligand complexes

For (L-Leu), one high intensity sharp peak at 270 nm (37037 cm™) was ascribed to (& — %)
electronic transitions within the organic ligand.

For ligand L in ethanol solvent, the absorption spectrum exhibits a significant, sharply defined
peak at 277 nm (35335 cm™), which corresponds to (n—*) electronic transitions within the
organic ligand associated with aromatic double bond character?".

For the mixed-ligand complexes, the observed ligand-field (m—n*) and (nem*) transitions
corresponded to regions in the electronic spectra of the complexes, with wavelengths spanning
268-387 nm. The mixed-ligand complexes are suggested to display absorption bands with
wavelengths spanning 324-390 nm, which are ascribed to charge-transfer transitions.

The magnetic moment of the Fe(l1l) d° (Term 6S) is complex 4.88 B.M., which is close to that
expected for octahedral Fe(lll) complexes, and these values of magnetic moments are due to
orbital contribution®,

The UV/Vis spectrum for the [Fe(L)(L-Leu) H,O] Cl, complex exhibits four transitions. The first
and scorned peaks at (268) nm (37313) cm™ (ema= 710 molar*.cm™) and (278) nm (35971) cm™
(emax= 3960 molar™.cm™) are referring to the ligand field, the peak at (353) nm (28329) cm™
(emax= 4000 molart.cm™) to the intra-ligand charge transfer (INCT)), and show one band (d-d)
transition at (425) nm (23529) cm™ (emam= 400 molar™.cm™) which is ascribed to the ((A.g®
—*A,0©) transition. These results reveal the octahedral geometry for this complex?*

The (U.V-Vis) spectrum for [Zn(L)(L-Leu) H,0] CI (d*°) complex revealed no peaks in the
visible range. The bands that appeared in the spectrum of the Zn (Il) complex at (269 nm) (37175
cm™) (emax=1500 molar™*.cm™) and at (326 nm) (30675 cm™) (emax= 4000 molar™.cm™), could be
attributed to the charge transfer transitions induced by the conjugated 7 system?>.

The electronic absorption spectrum of [La(L)(L-Leu) H,O] Cl, complex shows three peaks at
(268 nm) 37313cm™ and (302 nm) 33113 cm™, which may be assigned to transitions to intra-
ligand (L.F) transitions from 7-n* and n—=x* in the -C= O and C=N groups. The peak at (341
nm) 29(23629 cm™ could be attributed to the charge transfer transitions induced by the conjugated
system .

The electronic absorption spectrum of [Ce(L)(L-Leu)H,O]Cl, complex showed three peaks at
(269 nm) 37175cm™, (340nm ) 29412 cm™, which may be appointed to transitions to intra-ligand
(L.F), and (405 nm) 24691cm™, which may be appointed to transitions to (CT) transitions from
n-* and n—n* in the -C= O and C=N groups®".

The electronic absorption spectrum of [Pr(L)(L-Leu) H,O] Cl, complex showed three peaks at
(270 nm ) 37037 cm™, and ( 445 nm) 22472 cm™, which may be attributed to transitions to intra
ligand transitions from n-n* and n—=n* in the -C= O and C=N groups. Additionally, peaks at
(470 nm) 21277cm™, (484 nm) 20661 cm™ and (591 nm) 16920 cm™ are assigned to (f—f)
transitions between the metal ion and the ligand®. Figure 12 shows the UV/Vis spectrum for the
ligand (L) and all complexes.

4.3. The antimicrobial screening

For ligand (L), (L-Leu) and [Fe(L)(L-Leu) H,O] Cl, displayed similar activity in inhibiting
Escherichia coli to the rest of the same mixed ligand complexes. [Zn(L)(L-Leu) H,O] Cl,
complex displayed a higher activity in inhibiting Proteus mirabilis, Bacillus subtilis, and
Staphylococcus aureus than the rest of the same mixed ligand complexes and the ligands.
[Ce(L)(L-Leu) H,O] CI complex showed a higher activity in inhibiting Candida albicans than
the rest of the same mixed ligand complexes. Tetracycline was used as a standard antibiotic, and
DMSO served as a negative control®®.
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5. Conclusions

In this investigation, the Schiff base ligand (L) and its corresponding metal complexes were
successfully synthesized and fully characterized. The ligand was investigated using proton and
carbon nuclear magnetic resonance spectroscopy, infrared spectroscopy, ultraviolet—visible
spectroscopy, and thermogravimetric analysis, which collectively confirmed its molecular
structure, functional groups, electronic transitions, and thermal stability. In contrast, the
synthesized metal complexes were characterized by infrared and ultraviolet—visible
spectroscopy, and their biological activities were evaluated to assess their potential biological
efficacy.
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