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Abstract: Five oxovanadium(lV) complexes of the type [VO(L)(DPhen)], containing Schiff base derived from a-amino acid, [where L =
3-hydroxybenzaldehyde-a-alanine (hb-Ala), 3-hydroxybenzaldehyde-bL-phenylalanine (hb-Phe), 3-hydroxybenzaldehyde-leucine (hb-Leu),
3-hydroxybenzaldehyde-glycine (hb-Gly) and 3-hydroxybenzaldehyde-bL-methionine (hb-Met) & DPhen = 5,6-Dimethyl-1,10-phenanthroline]
have been synthesized and characterized by some physicochemical properties, molar conductance, magnetic susceptibilities measurements,
elemental analysis, UV-Visible, FT-IR and EIS-MS spectral studies. The molar conductance values evidenced the non-electrolytic nature of the
complexes. The magnetic moment values of the complexes are in accordance with the d* electronic configuration of the VVO* moiety and
indicates the paramagnetic behavior of the complexes. IR spectral data indicates the coordination of tridentate amino acid Schiff base ligands
to the vanadyl (VO%) ion through O, N, O-donor. ESI-MS spectral study confirmed the proposed structure of the complexes. All the analytical
data suggested that all the complexes possess to have distorted octahedral geometry. The complexes were screened for their antibacterial
activity against four human pathogenic bacteria; two Gram positive Escherichia coli & Pseudomonas aeruginosa and two Gram negative
Staphylococcus aureus & Bacillus cereus with Kanamycin (K-30) standard. The result shows that all the complexes have moderate to strong
potential antibacterial activity against all the pathogenic bacteria.
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INTRODUCTION

S CHIFF base ligands have a great importance to function
as an excellent complexing agent that form various
complexes with several transition and inner transition met-
als and has drawn the attention of many researchers.!]
Schiff bases ligands and their transition metal complexes
have a variety of applications including analytical, clinical,
and biological applications as antibacterial, antifungal, an-
ticancer, antiviral, and antitumor agents.[26] The signifi-
cance of metal ions is strongly established in biological sys-
tems. One of the most interesting features of metal-
coordinated systems is the concerted spatial arrangement
of the ligands around the metal ion.["-%1 Among the various
transition metal ions used in pharmacological studies,
vanadium and its derivatives have been reported to possess

different biological effects including antitumor, antimicro-
bial, antihypertension, anti-obesity, enhancement of oxygen
affinity of hemoglobin and myoglobin etc.[1%1% The discover-
ies of vanadium as an essential trace element for certain or-
ganisms makes its coordination chemistry as a topic of recent
interest.[12-15] Amino acids, a significant class of organic-
based compounds may take part to prepare Schiff base by
condensation of amine group (NH3) with any carbonyl com-
pound. They contain potential donor sites such as COOH
and/or NH, which have good ability to coordinate with the
metal ions. It would be useful to fully understand the physio-
logical function of such compounds by studying their coordi-
nation chemistry and behavior. Antimicrobial resistance
(AMR) is one of the global health and development threat. It
requires to find urgent alternative agent in order to achieve
the Sustainable Development Goals (SDGs).
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Keeping these facts in mind, new oxovanadium(IV)
complexes containing a-amino acid Schiff bases and
5,6-Dimethyl-1,10-phenanthroline ligands were prepared,
characterized and investigated their potential antibacterial
activity.

MATERIALS AND METHODS

Reagents and Chemicals

All the reagents used were of analytical or chemically pure
grade. Solvents were purified and dried according to
standard procedures.

Physical Measurements

A Mettler PM-200 electronic balance was used to perform
all the weighing operations. The melting point of all the syn-
thesized metal complexes were recorded in an electro ther-
mal melting point apparatus (model No.AZ6512).
Conductivities of 1.0 x 10-3 mol dm™3 solutions of the com-
plexes in DMF were measured at 30 °C using a WPA CM 35
conductivity meter and a dip-cell with platinized elec-
trodes. The SHERWOOD SCIENTIFIC Magnetic Susceptibility
Balance was used to measure the magnetic moment value.
Infrared spectra were recorded as KBr disc in a SIMADZU
FTIR-8400 (Japan) infrared spectrophotometer, at the Cen-
tral Science Laboratory of Rajshahi University, from
4000-225 cm™1. The absorbance of the complexes was rec-
orded on Shimadzu Spectrophotometer (Model UV-1800).
The ESI-MS spectra were performed using a Shimadzu—-Ge—
Ms—Qp 100 EX mass spectrometer using the direct inlet sys-
tem. Carbon, hydrogen and nitrogen analyses for the com-
plexes were carried out by PerkinElmer 2400 organic
elemental analyzer-Il.

General Method for the Preparation of
the Oxovanadium(IV) Complexes of Type
[VO(L) (DPhen)]

Oxovanadium(lV) complexes were prepared by template
method in which a mixture of a-amino acids, a-alanine (ala)
(0.267 g, 3 mmol) / piL-phenylalanine (Phe) (0.495 g,
3 mmol) / leucine (leu) (0.393 g, 3 mmol) / glycine (gly)
(0.225 g, 3 mmol) / b.-methionine (met) (0.447 g, 3 mmol)
and NaOH (0.12 g, 3 mmol) in 10 mL methanol were added
to a methanolic solution of 3-hydorxybenzaldehyde (hb)
(0.366 g, 3 mmol) in a round bottom flask. The resulting
solution was refluxed for 1 hour, followed by the addition
of a methanolic solution of vanadyl sulfate (0.489 g, 3
mmol). A light precipitate was obtained after refluxing the
mixture for 1 hour. To this mixture, 5,6-Dimethyl-1,10-
phenanthroline (DPhen) (0.625 g, 3 mmol) taken in 10 mL
methanol was added. The solution on further refluxing for
1 hour gave a precipitate. The precipitate was filtered off

on a Buchner funnel, washed with methanol and finally
dried in a vacuum desiccator over anhydrous CaCl,.[26]
The general synthetic method is shown below-

VOSO,4 + L + DPhen — [VO(L)(DPhen)]

where, L= 3-hydroxybenzaldehyde-a-alanine (hb-Ala), 3-
hydroxybenzaldehyde-pL-phenylalanine (hb-Phe), 3-hydroxy-
benzaldehyde-leucine (hb-Leu), 3-hydroxybenzaldehyde-
glycine (hb-Gly), 3-hydroxybenzaldehyde-pL-methionine
(hb-Met) and DPhen= 5,6-Dimethyl-1,10-phenanthroline.

OXOVANADIUM(IV) COMPLEX OF a-ALANINE
[VO(hb-ALA)(DPhen)]

0.812 g (58 %); m.p. 219 °C; Color: Dark brown; Physical
state: Powder solid; Molar conductance (Ohm=—tcm2mol-1):
12.0; Magnetic moment (uer / B.M.): 1.57; UV-Vis. (Amax /
nm): 267-303, 362, 379; FT-IR (vmax/ cm™1): 3467 (OH), 1619
(C=0), 1544 (C=N), 1315 (C-0), 958 (V=0), 612 (V—0), 458
(V-N); Anal. Calcd. mass fractions of elements, w / %, for
VOC;4H21N303 (M, =466.38 g mol1) are C 61.81, H 4.54, N
9.01; Found: C60.93, H 4.29, N 9.15.

OXOVANADIUM(IV) COMPLEX OF DL-PHENYLALANINE
[VO(hb-Phe)(DPhen)]

0.993 g (61%); m.p. 193 °C; Color: Orange; Physical state:
Powder solid; Molar conductance (Ohm=cm2mol1): 15.1;
Magnetic moment (uesr / B.M.): 1.55; UV-Vis. (Amax / NmM):
268-302, 363, 377; FT-IR (Vmax / cm™): 3430 (OH), 1620
(C=0), 1541 (C=N), 1312 (C-0), 942 (V=0), 614 (V-0), 445
(V-N); Anal. Calcd. mass fractions of elements, w / %, for
VOC30H25N303 (M, =542.48 g mol™) are C 66.42, H 4.65, N
7.75; Found: C 64.97, H 4.38, N 7.63.

OXOVANADIUM(IV) COMPLEX OF LEUCINE
[VO(hb-Leu)(DPhen)]

0.946 g (62%); m.p. 223 °C; Color: Brown; Physical state:
Powder solid; Molar conductance (Ohm=tcm2mol1): 10.0;
Magnetic moment (uesr / B.M.): 1.54; UV-Vis. (Amax / NM):
268-301, 365, 375; FT-IR (Vmax / cm™): 3456 (OH), 1620
(C=0), 1536 (C=N), 1311 (C-0), 957 (V=0), 616 (V-0), 457
(V-N); Anal. Calcd. mass fractions of elements, w / %, for
VOC;7H27N303 (M, =508.46 g mol1) are C 63.78, H 5.35, N,
8.26; Found: C63.17, H4.98, N 8.17.

OXOVANADIUM(IV) COMPLEX OF GLYCINE
[VO(hb-Gly)(DPhen)]
0.909 g (67%); m.p. 225 °C; Color: Reddish brown; Physical
state: Powder solid; Molar conductance (Ohm~—tcm2mol-1):
16.1; Magnetic moment (uer / B.M.): 1.58; UV-Vis. (Amax /
nm): 269-302, 362, 376; FT-IR (Vmax/ cm™1): 3426 (OH), 1642
(C=0), 1535 (C=N), 1312 (C-0), 963 (V=0), 617 (V-0), 463
(V-N); Anal. Calcd. mass fractions of elements, w / %, for
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VOC;3H19N303 (M, =452.36 g mol!) are C 61.07, H 4.23, N

9.29; Found: C 60.87, H 4.19, N 9.08.

OXOVANADIUM(IV) COMPLEX OF DL-METHIONINE
[VO(hb-Met)(DPhen)]

0.979 g (62%); m.p. 195 °C; Color: Brown; Physical state:
Powder solid; Molar conductance (Ohm=1cm?2 mol-t): 10.0;
Magnetic moment (uert / B.M.): 1.70; UV-Vis. (Amax / NM):
271-306, 365, 383; FT-IR (Vmax / cm™): 3423 (OH), 1637
(C=0), 1538 (C=N), 1312 (C-0), 959 (V=0), 616 (V-0), 451
(V=N); Anal. Calcd. mass fractions of elements, w / %, for
VOC36H25N303S (M,=526.50 g mol) are C 59.31, H 4.79, N

7.98; Found: C59.08, H 4.67, N 7.83.

RESULTS AND DISCUSSION

benzene etc.

Elemental Analysis and Conductivity

Solubility
All the complexes are soluble in dimethylsulfoxide (DMSO)
and dimethylformamide (DMF) but insoluble in common
organic solvents such as methanol, ethanol, chloroform,

Measurement

The molar conductance of the complexes was measured in
DMF (103 M solution) at 30 °C. The molar conductance val-
ues (10.0 to 16.1 O cm? mol™?) indicate that all the com-
plexes are non-electrolytic in nature. Their structures have
been proposed based on the elemental analysis, conductivity
and magnetic susceptibility measurements, IR spectral and
UV-Visible spectral analysis.['”] Also, the analytical data are in
good agreement with their proposed empirical formula.

Magnetic Moment and Electronic
Spectra

A Sherwood Scientific magnetic susceptibility balance was
used to measure the magnetic susceptibility of the com-
plexes at room temperature (303 K).[8] The observed val-
ues of effective magnetic moment (uefs) (1.54 to 1.70 BM)
at room temperature indicated that all the complexes are
paramagnetic in nature. The electronic spectra of the com-
plexes were recorded in DMSO in the wavelength of
200-800 nm range. All the complexes exhibit a shoulder at
~378 nm due to ligand-to-metal charge-transfer (LMCT,
PhO~—V) transition, and the remaining bands appearing in
the UV region are assignable to the intraligand
transitions.19 All complexes display bands in between 267—
306 nm which are assignable to the m—n* transition.[26]

FT-IR Spectral Studies

The IR spectral data of the complexes show a broad band in
the region of 3423-3467 cm™! which is possibly due to the
v(O—H) bands of hydrated water molecule in the
complexes.l20 The presence of v(C=0) band and v(C-O)
band in the complexes indicated by the frequency in
between 1619-1642 c¢m™ and 1311-1315 cm™?
respectively which are significantly lower than the values
for respective bands of uncoordinated amino acids.
Further, the appearance of v(V—0) stretching modes in the
range 612-617 cm™ confirms the coordination of
carboxylate ion to the central metal ion.2!l The absence of
frequency at ~3600 cm~ for the phenolic —OH indicates the
coordination of phenolic oxygen to vanadyl ion. The bands
appeared in between 1535-1544 cm™! may be assigned to
v(C=N) stretching frequency suggesting the coordination of
the azomethine nitrogen to the VO moiety. The
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Figure 1. ESI-MS spectrum of the complexes; (a) [VO(hb-Gly)(Dphen)]; (b) [VO(hb-Ala)(Dphen)]; (c) [VO(hb-Leu)(Dphen)];
(d) [VO(hb-Phe)(Dphen)];(e) [VO(hb-Met)(Dphen)].
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Figure 2. Proposed structure of the Oxovanadium(IV)
complexes.

coordination of azomethine nitrogen and heterocyclic
nitrogen is further evident by the appearance of v(V-N)
modes in the 445-463 cm™! region.[22]

ESI-MS Spectral Studies

ESI-MS (Electrospray ionization mass) spectroscopy is
another important technique used for the analysis of
thermally fragile and high-molecular-weight compounds. In
this method, a solution of the analyte is pumped through a
high-voltage capillary and the ejected droplet is transferred
into the gaseous ion phase before passing through a mass
spectrometric analyzer. ESI-MS is also a soft ionization
technique which provides a complete picture of the
absolute molecular mass of the analyte. The ESI-MS spectra
(Figure 1) of the metal oxo complexes confirm the
proposed formula of the synthesized metal complexes.

On the basis of the elemental analysis, conductivity
measurements, magnetic moment data, spectroscopic
studies and literature review the structure of the
complexes could be illustrated as shown in Figure 2.
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ANTIBACTERIAL ACTIVITY OF
THE COMPLEXES

Antibacterial activities of the complexes are investigated by
using the highly adoptable disc diffusion method.[23.241 The
complexes (50 pg / disc in DMSO solution) were screened
for their antibacterial activity against four human patho-
genic bacteria; two Gram positive Escherichia coli &
Pseudomonas aeruginosa and two Gram negative
Staphylococcus aureus & Bacillus cereus with Kanamycin
(K-30) standard.[25-28] Qvertone’s concept and Tweedy’s
chelation theory can explain the greater activity of the
complexes.[?] The significant antibacterial activity of metal
complexes is due to the fact that only lipid-soluble materi-
als making lipo-solubility, which is a main control factor for
antibacterial activity. The polarity of metal ions is more
reduced, due to overlap and the partial sharing of positive
charge of the metal ion with the orbitals of the donor
groups of the ligands. The metal ions are therefore, easily
be adsorbed on the surface of the cell wall of the organisms
and able to disrupt the respiratory process of the cells and
blocks protein synthesis and consequently, limits the
additional growth of organisms. Besides this, the substitu-
ent methyl/benzyl group plays a vital role to increase the
lipophilic nature of the metal complexes that is the reason
for remarkable antibacterial activity and other factors like
solubility, coordinating sites, the geometry of complexes,
steric, concentration, and hydrophobicity having consider-
able influence on the antibacterial potency.29-31The result

mm

[VO(hb-ala)(Dphen)] [VO(hb-pheala)(Dphen)] [VO(hb-leu)(Dphen)]

[VO(hb-gly)(Dphen)] [VO(hb-met)(Dphen)] K-30

u Staphylococcus aureits Bacillus cereus

Figure 3. Graphical representation of the antibacterial activity of the complexes against Escherichia coli, Pseudomonas

aeruginosa, Staphylococcus aureus and Bacillus cereus.
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shows that all the complexes have moderate to strong
potential antibacterial activity against all the pathogenic
bacteria. [VO(hb-Met)(Dphen)] and [VO(hb-Phe)(Dphen)]
complexes showed highest activity compared to other com-
plexes which is consistent with the above mentioned
theory. The result is graphically represented in Figure 3.

CONCLUSIONS

The VO complexes of O, N, O-donor a-amino acid Schiff
bases and 5,6-Dimethyl-1,10-phenanthroline have been
synthesized and characterized. The molar conductance
value and magnetic moment value reveal that the com-
plexes are non-electrolytic and paramagnetic in nature. The
magnetic moment values of the complexes are in accord-
ance with the d! electronic configuration of the VVO2* moi-
ety. FT-IR spectral data indicates the coordination of
tridentate amino acid Schiff base ligands to the vanadyl
(VO?*) ion. Thus, on the basis of physicochemical proper-
ties, elemental analysis, conductivity measurements, mag-
netic moment values, spectroscopic studies and literature
review, the structure of the complexes (Figure 2) may be
proposed as distorted octahedral geometry with VOsN3
coordination environment. All the complexes were
screened for their antibacterial activity against four human
pathogenic bacteria - Escherichia coli, Pseudomonas aeru-
ginosa, Staphylococcus aureus and Bacillus cereus with
Kanamycin (K-30) standard. The result shows that all the
complexes have moderate to strong potential antibacterial
activity against all the tested pathogens.
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UV-Visible Spectra:
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Figure Suppl. 1: UV-Visible spectrum of [VO(hb-Ala)(DPhen)] complex
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Figure Suppl. 2: UV-Visible spectrum of [VO(hb-Phe)(DPhen)] complex
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Figure Suppl. 3: UV-Visible spectrum of [ VO(hb-Leu)(DPhen)] complex
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Figure Suppl. 4: UV-Visible spectrum of [VO(hb-Gly)(DPhen)] complex
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Figure Suppl. 5: UV-Visible spectrum of [VO(hb-Met)(DPhen)] complex






IR Spectra:
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Figure Suppl. 6: FT IR spectrum of [VO(hb-Ala)(DPhen)] complex
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Figure Suppl. 7: FT IR spectrum of [VO(hb-Phe)(DPhen)] complex





%T

-2 345318 1562076 al.14 618.26
-4 |
-50 T T T T T T T T T T T T T 1
40000 3600 3200 2800 2400 2000 1200 1600 1400 1200 1000 300 600 400 2250
om-1

Figure Suppl. 8: FT IR spectrum of [VO(hb-Leu)(DPhen)] complex
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Figure Suppl. 9: FT IR spectrum of [VO(hb-Gly)(DPhen)] complex
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Figure Suppl. 10: FT IR spectrum of [VO(hb-Met)(DPhen)] complex






