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ABSTRACT

The Schiff base ligand (HL) was synthesized from ethanolamine and 4-hydroxybenzaldehyde, and
the metal complexes with Mn(II), Co(II), Ni(Il), and Cu(Il) were obtained in an alcoholic KOH
medium. Melting point determination, FT-IR, UV—Visible, and 'H/'3C NMR spectroscopies,
magnetic susceptibility measurements, and metal content analysis were used to characterize the
compounds. Spectroscopic data revealed that the ligand coordinates to the metal ions through the
azomethine nitrogen and alcoholic oxygen atoms, forming stable chelates. Electronic spectral
transitions and magnetic moment values suggested octahedral geometries for the Mn(II), Co(II), and
Cu(Il) complexes, while the Ni(Il) complex adopted a tetrahedral configuration. The in vitro
antimicrobial activity of the ligand and its metal complexes were evaluated against selected Gram-
positive and Gram-negative bacteria, as well as fungal strains, using the agar well diffusion method.
The metal complexes exhibited enhanced antimicrobial activity compared to the free ligand, with the
Cu(Il) complex showing the highest inhibitory effect. These findings highlight the role of metal
coordination in improving the biological efficacy of Schiff base ligands and suggest potential

applications of the synthesized complexes as antimicrobial agents.

Keywords: Antimicrobial activity, coordination geometry; Schiff base ligand, spectroscopic

characterization, transition metal compounds

INTRODUCTION

Schiff base ligands derived from the condensation of aldehydes and amines have received sustained
interest owing to their straightforward synthesis, structural flexibility, and strong propensity to form
stable complexes with a broad range of metal ions. The presence of donor atoms, particularly

nitrogen and oxygen, enables efficient chelation, often resulting in metal complexes with enhanced
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physicochemical and biological properties [ 1-5]. Consequently, transition metal complexes of Schiff
bases have been extensively explored for applications in catalysis, materials science, and medicinal
chemistry, with notable emphasis on their antimicrobial potential. [1-2, 5-9].

The growing global threat of antimicrobial resistance, in which pathogenic microorganisms
including bacteria, fungi, parasites, and viruses exhibit reduced susceptibility to conventional drugs,
has intensified the search for novel antimicrobial agents with alternative mechanisms of action [10—
13]. In this regard, Schiff base metal complexes offer a promising platform for drug development
due to their tunable structures and diverse coordination environments [5—7].

Phenolic and alcoholic Schiff bases are particularly attractive because they possess multiple
coordination sites capable of stabilizing metal ions in various oxidation states and geometrical
arrangements [9,14,15]. Complexation of these ligands with first-row transition metals frequently
leads to compounds with increased lipophilicity, which enhances their ability to penetrate microbial
cell membranes and interact with intracellular targets [1, 3]. According to chelation theory, metal
coordination reduces the overall polarity of the metal ion through partial charge sharing with donor
atoms, thereby increasing the permeability of the resulting complexes through lipid layers and
enhancing biological activity [16].

Although numerous Schiff base metal complexes have been reported in recent years [4—9],
limited studies exist on ethanolamine-based phenolic Schiff bases derived specifically from 4-
hydroxybenzaldehyde and their coordination behaviour with first-row transition metals. Furthermore,
there has been no reported comparative antimicrobial data for Mn(II), Co(II), Ni(Il), and Cu(II)
complexes derived from the same ligand framework under identical experimental conditions. The
continuous emergence of drug-resistant pathogens necessitates further exploration of new ligand
frameworks and metal combinations to better understand structure—activity relationships and
develop more effective antimicrobial agents.

In this context, the present study aimed to synthesise the Schiff base ligand obtained from 4-
hydroxybenzaldehyde and ethanolamine, and isolate its Mn(II), Co(II), Ni(Il), and Cu(II) complexes.
The ligand and metal complexes were characterized using the spectroscopic, analytical, and
magnetic techniques to elucidate their coordination modes, stoichiometry, and geometrical

arrangements. Additionally, their in vitro antibacterial and antifungal activities were systematically
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evaluated against elected Gram-positive and Gram-negative bacterial strains, and fungal strains to

assess the impact of metal coordination on antimicrobial efficacy.

MATERIALS AND METHODS

Materials

The materials and chemicals of analytical grades were purchased from Sigma-Aldrich and used
without further purification. The melting points (uncorrected) were determined using Gallenkamp
melting point apparatus The IR spectra of the samples were recorded as nujol mulls on a
PerkinElmer FT-IR spectrophotometer in the range 4000-350 cm™. 'H and '*C NMR spectra were
obtained in ds-DMSO and recorded on Bruker Avance 400 MHz NMR spectrometer;
tetramethylsilane was used as the internal standard. The electronic spectra of the compounds were
obtained in the UV-Vis range 400-190 nm on Labomed double beam UV-visible spectrophotometer.
Percentage metal content was determined by EDTA titrimetry method. The magnetic susceptibility
measurements of the metal compounds were determined on Sherwood magnetic susceptibility

balance.

Synthesis of ligand and metal(Il) complexes
The synthesis outline for the ligand and the Mn(II), Co(II), Ni(II) and Cu(Il) complexes is shown in
Scheme 1. Ethanolamine (2.50 g, 40.94 mmol) was added in drops to a hot methanol solution of 4-
hydroxybenzaldehyde (5.00 g, 40.94 mmol) of)) while stirring and the mixture was heated to reflux
for 2 h. The light brown precipitate formed was obtained by filtration, washed with diethylether,
dried and weighed (4.01 g, 59%). M.p. 248-249°C; mol. wt. 165.20. 'H NMR (400 MHz, DMSO-
ds): 0 =9.93 (Ha, s), 8.15 (Hg, s), 7.56 (He, d, J = 12 Hz), 6.80 (Hs, d, J = 12 Hz), 4.62 (Hg, s), 3.59
(Hs, d, J = 8 Hz), 3.55 (He, d, J = 8 Hz); *C NMR (400 MHz, DMSO-ds): 6 = 161.57 (C.), 160.08
(Ca), 130.08 (Cc), 127.98 (Cq), 115.80 (Cp), 63.68 (Cs), 61.34 (C,) ppm.

Mn(1II), Co(Il), Ni(II), and Cu(Il) complexes were derived by mixing the appropriate metal(Il)
chloride (1.51 mmol) and HL (0.50 g, 3.03 mmol) in ethanolic KOH (0.17 g, 3.03 mmol) under
refluxing conditions for 2 h. After completion, the solutions were filtered, washed, and dried to

obtain the metal(Il) complexes as coloured solids (Figure 1).
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[Mn(HL)2(OH)2]: Brown; yield, 0.11 g (17%); mpt >360°C; CisH24MnN2O¢, M;, 419.34; %Mn
found: 12.92, %Mn calc: 13.10. [Co(HL)2(OH)2]: Reddish-brown; yield, 0.18 g (28%); mpt >360°C;
Ci1sH24CoN20Os, M, 423.33; %Co found: 13.78, %Co calc: 13.92.

[Ni(HL)(OH):].6H20: Light-brown; yield, 0.18 g (33%); mpt >360°C; CoH2sNNiOio, M,
365.99; %Ni found: 15.22, %Ni calc: 16.04.

[Cu(HL)2(OH).]: Green; yield, 0.40 g (54%); mpt >360°C; CisH24CuN20s, M:, 427.94; %Cu found:
14.79, %Cu calc: 14.85.

NS OH
N
/©/\O + HZN\/\OH MeOH /©/\N/\/
HO Reflux, 2 h HO

Scheme 1: Synthesis procedure for HL

Van HO
N\ /OH Q
HO—/M;-OH
A N A
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M = Mn, Co, Cu OH OH

HO

Figure 1: Metal(II) complexes of HL

In vitro antimicrobial assay procedure
The antimicrobial inhibitory potential of the derived compounds was investigated under laboratory
conditions using the agar well diffusion assay. The Gram-positive Staphylococcus aureus (ATCC
6538) and Bacillus subtilis (ATCC 6633), as well as the Gram-negative Escherichia coli (ATCC
25922), Pseudomonas aeruginosa (ATCC 29853), Salmonella typhi (ATCC 33458), and Klebsiella
pneumoniae (ATCC 13883) were used to test the antibacterial activity. Candida albicans (ATCC
10231), Aspergillus niger (ATCC 6275), Penicillium notatum (ATCC 28089), and Rhizopus
stolonifer (ATCC 14037) were used to evaluate the antifungal efficacy.

Gentamicin at a concentration of 10 pg/mL was employed as the standard antibacterial agent,

whereas tioconazole (70%) was used as the reference antifungal drug. Each compound was then
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dissolved in DMSO to obtain 1 mg/mL solution, which was serially diluted to lower concentrations
ranging from 500 to 31.25 pg/mL. DMSO alone served as the negative control. Microbial inocula
were prepared in accordance with established microbiological protocols. The bacterial and fungal
strains were respectively cultured on nutrient broth/agar and Sabouraud dextrose agar. Following
solidification of the agar media, wells measuring approximately 8 mm in diameter were aseptically
created, and measured volumes of the test solutions, reference drugs, and control were introduced
into the wells in duplicate. Bacterial plates were incubated at 2628 °C and examined after 24 hours,

whereas antifungal activity was recorded after 48 hours of incubation [17 a,b].

RESULTS AND DISCUSSION

Analytical and spectroscopic data

The ligand and synthesized metal complexes, depicted in Scheme 1 and Figure 1, were isolated as
coloured solids. HL melted at 248-249 °C while the complexes were thermally stable up to 350 °C.
The percentage metal content showed close experimental and calculated values for each metal

complex.

'H and *C NMR spectra
The 'H and '3C NMR spectra of HL in DMSO-ds are presented in Figures 2 and 3, respectively. In
the '"H NMR spectrum, the formation of HL was confirmed by the disappearance of the singlet
resonance signal at approximately 10.00 ppm due to the aldehyde proton in 4-hydroxybenzaldehyde,
and the appearance of a new singlet resonance signal of the imine proton at 6 8.15 ppm (Ha) [7]. The
broad peaks centred at 8 9.93 and 4.62 ppm, were attributed to the phenolic (H,) and alcoholic (Hy)
protons, respectively. The azomethine (-CH=N-) proton resonated as a singlet at d 8.15 ppm, while
the aromatic protons were observed as two sets of equivalent signals at & 7.56 (Hc) and 6.80 (Hy)
ppm. The ethylene protons (—C.—C¢—) gave doublet signals at 6 3.59 and 3.55 ppm, consistent with
reported values for similar structural analogues [7,18,19].

The '*C NMR spectrum exhibited a characteristic resonance for the imine carbon at § 161.57
ppm [7]. Signals corresponding to the aromatic carbon atoms (Ca.q) were distributed within the 6
160.08-115.80 ppm range, including two pairs of equivalent carbons at 6 130.08 and 115.80 ppm.
The ipso carbon atoms bearing the hydroxy (C,) and imine (Cq) substituents have resonance signals

at 160.08 and 127.98 ppm, respectively. The intensities of their peaks are quite unique as a result of
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Nuclear Overhauser Enhancement (NOE). The ethylene carbon atoms were observed at & 63.88 and

61.34 ppm [7].
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Figure 3: 3C NMR spectrum of HL (400 MHz, DMSO-ds)

Infrared spectra

The infrared spectral data of the compounds were recorded in Table 1. The weak and broad band,
centered at 3071 cm™!, was assigned to the alcoholic O—H vibrational frequency in the ligand LH.
The metal complexes showed more distinct O—H stretches around 3459-3160 cm™! and O-H rocking
vibration, s(O-H), at 611-602 cm™'. These bands were ascribed to the coordinated hydroxide ion or
water molecule in the metal complexes, and found to be absent in HL. The broader band observed at
3160 cm™! in the spectrum of Ni(II) complex could indicate the coordination to water molecule.

In support of chelation through the alcoholic oxygen, the in-plane O—H bend and ,(C—O)a; at 1345
and 1059 cm™ in HL were respectively shifted to the ranges 1354-1335 cm™ and 1072-1056 cm™! in
the complexes. The phenolic s(O-H) and ,(C—O)ar at 1377 and 1218 cm™! remained unchanged in
the compounds. The aromatic ring vibrational frequencies appeared as medium bands around 1640
cm!, while those in the regions 16051589 cm™! and 1167-1152 cm™! have been attributed to the
C=N and C-N stretching frequencies, respectively. The frequency shifts of 11-19 cm™ suggested
the imine nitrogen chelation in the metal complexes. The medium to weak vibrational frequencies, in

the range 406-384 cm™', were assigned to the metal to oxygen or nitrogen coordination bands.

Table 1: Vibrational frequencies of important bands in HL and metal complexes (in cm™)

Compounds /cm?  (O-H) (C=C), (C=N) ,(C-0) (CN) ,(M-L)
HL 3071, 1377, 1345, 638 1640, 1604  1218,1059 1166 -
[Mn(HL)2(OH),] 3443, 1376, 616 1585 1218,1064 1153 404, 388
[Co(HL)2(OH),] 3459, 1377, 1339, 602 1638,1605  1218,1056 1167 406, 388
[Ni(HL)(OH)(H,0)]  3337,3160, 1377, 1335, 611  1642,1589  1222,1060 1152 398,384
[Cu(HL)2(OH),] 3449, 1377, 1354, 606 1640, 1593 1223,1072 1154 402,386

Electronic spectra and magnetic moments

The UV-Visible spectra and the room-temperature magnetic moments were recorded in Table 2. The
electronic spectra of HL and the metal complexes showed n — ©* transitions in the range 300-362
nm. These were described as transitions between aromatic pi electrons and oxygen lone electrons.
Weak absorption bands arising from spin and Laporte forbidden transitions are expected from the
electronic transitions associated with a Mn(II) metal centre. The electronic spectrum of

[Mn(AL)2(OH)2] displayed two absorption bands at 560 (very weak) and 486 nm (moderately weak)
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which are respectively assigned to SAig > *Tig and YAz — 4T, transitions, in an octahedral
geometry [20]. The observed magnetic moment of 4.7 BM for the present Mn(II) complex (Table 1)
was lower than the spin-only value of 5.9 BM. Similar occurrence has been reported for some Mn(II)
complexes with values in the range 4.3-5.8 BM [21, 22]. The lower magnetic moments were
attributed to the presence of weak magnetic exchanges. The electronic spectrum of [Co(AL)2(OH):]
features three transitions which are assigned to *T14(F) — *Tag (887 nm, v1), *“Tig(F) — *A24(P) (603
nm, v2) and *T14(F) — *Tig(P) (488 nm, v3) [23]. These bands are characteristic of a Co(II) centre in
an octahedral geometry. The proposed octahedral geometry was supported by the effective magnetic
moment of 5.2 BM obtained for the synthesized Co(Il) complex, and is in alignment with the range
4.8-5.2 BM usually reported for Co(Il) in an octahedral configuration [24]. Three transitions are
expected to appear in the electronic spectra of tetrahedral or octahedral Ni(II) complexes, an
absorption band at 660 nm observed for [Ni(AL)2(OH).] has been assigned to *Ti(F) — 3Ti(P) (v3)
transition in a tetrahedral geometry [25]. The other transitions, usually around 1,200 nm and 1,600
nm were not observed probably due to instrumental limit. The tetrahedral geometry of the Ni(I)
complex was corroborated by the observed magnetic moment of 3.8 BM. This falls in the range of
3.7-4.0 BM expected for tetrahedral Ni(Il) compounds. Effective magnetic moments in the range
2.9-3.3 BM have been reported for the octahedral geometries [24]. The observed increase to the
spin-only magnetic moments of 3.87 BM for a Co(Il) with 3 unpaired electrons, and 2.83 BM for
Ni(II) ion with two unpaired electrons could be ascribed to the contribution to the magnetic moment
due to their partly filled to orbitals [26]. The Cu(I) complex has d° electronic configuration and the
expected bands depend on the extent of tetragonal distortion from the ligand field, and Jahn-Teller
distortion arising from non-symmetric filling of the e; orbitals. A single band at 417 nm in
[Cu(AL)2(OH)] can be assigned to 2E; — T, transition in a six coordinated Cu(Il) metal centre [27,
28]. The observed magnetic moment of 2.2 BM is higher than the spin-only value (1.73 BM) for
Cu(Il). This is due to spin-orbit coupling as a result of mixing of the excited 7 term into the E

ground, hence, moments of magnetically dilute compounds are in the range 1.9-2.2 BM [24].
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Table 2: UV-Visible bands of HL and the metal complexes (in nm)

Compounds n—> m* d—d Assignment p (BM) Geometry
HL 300, 357 ---- ---- ---- ----
[Mn(HL)>(OH),] 362 486 OA1g—> 4Tog 4.7 Octahedral
560 8A1g—> 4Tig
[Co(HL)2(OH):] 360 488 “Tig(F) = *Tig(P) 5.2 Octahedral
680 “T1o(F) = *Axg(F)
887 “T14(F) > *T2o(F)
[Ni(HL)(OH)a] 305, 354 660 3T1(F) > *Ti(P) 3.8 Tetrahedral
[Cu(HL)2(OH):] 300, 345 417 2Eg —> 2Tog 22 Octahedral

Antimicrobial Activity

The diameters of inhibition zones resulting from the in vitro antimicrobial assay of the ligand and

metal complexes are recorded in Table 3. At sample concentrations of 500 and 1000 pg/mL, HL

showed activity against all the microbial strains with inhibition zones in the range 10-16 mm.

[Mn(AL)2(OH):] exhibited activity towards all the bacteria and fungi except Sa/monella typhi and

Klebsiella pneumoniae with inhibition zones in the range 10-18 mm. Co(Il) and Ni(II) compounds

were active against all the microbial strains with inhibition diameters between 10 and 18 mm at 500

pug/mL, while [Cu(AL)2(OH),] was active against all the strains at 14-20 mm.
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Table 3: The antimicrobial zones of inhibition (in mm) by HL and complexes

Compounds Conc. Inhibition zone

(ug/  Gram Gram negative Fungi
mL)  Positive

S.a B.s E P K St C. An Rs Pn

c a p a
HL 1000 16 12 14 12 12 10 12 14 12 12
500 14 10 10 10 10 - 10 10 10 10
[Mn(HL)2(OH)2] 1000 16 18 16 18 - - 16 14 12 14
500 14 16 14 16 - - 4 12 10 12
[Co(HL)2(OH)2] 1000 18 14 16 16 18 14 16 18 16 16
500 16 12 14 14 14 12 14 14 14 14
[Ni(HL)(OH).].6H20 1000 18 14 16 16 14 14 16 14 14 14
500 16 12 14 14 12 12 14 12 10 12
[Cu(HL)2(OH)2] 1000 20 20 18 18 16 16 18 16 16 16
500 18 18 16 16 14 14 14 14 14 14
Gentamicin/Tioconazole 10 38 36 36 36 40 38 28 26 26 27
DMSO - 8 8 8 8 8 8 8 8 8 8

CONCLUSION

A Schiff base ligand derived from 4-hydroxybenzaldehyde and ethanolamine, along with its Mn(II),
Co(Il), Ni(Il), and Cu(Il) complexes, has been successfully synthesized and characterized.
Spectroscopic investigations confirmed bidentate coordination of the ligand through the azomethine
nitrogen and alcoholic oxygen atoms. Infrared spectral shifts, electronic transitions, and magnetic
susceptibility measurements supported octahedral geometries for the Mn(Il), Co(Il), and Cu(Il)
complexes, while the Ni(I) complex exhibited a tetrahedral structure.

The antimicrobial evaluation revealed that metal complexation enhanced the biological activity of
the ligand. Among the synthesized compounds, the Cu(Ill) complex demonstrated the highest
antimicrobial efficacy against both bacterial and fungal strains, followed by the Co(II) and Ni(II)
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complexes. The improved activity of the metal complexes may be attributed to increased
lipophilicity and effective metal-ligand interactions that facilitate microbial cell penetration. Overall,
the results demonstrate that coordination of transition metal ions to Schiff base ligands could provide

a viable strategy for developing compounds with promising antimicrobial properties.
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