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Abstract

In the present research, novel unsymmetrically substituted triazole-derived Schiff base ligand 2-[[[5-[[1-(5-methylfuran-2-yl)-
ethylidene]amino]-1H-1,2,4-triazol-3-ylJimino]methyl]phenol (L) has been synthesized by the reaction of 1,2,4-triazole-
3,5-diamine with 2-hydroxybenzaldehyde and with 5-methyl-2-acetylfuran in an equimolar ratio. The synthesized ligand
L was characterized by physical methods (melting point, solubility, color) as well as by spectral techniques (IR, UV—Vis,
'H NMR, 3C NMR, and MS), elemental analysis, and computational studies. Computational analysis further elucidated
the structure, polarity, stability, and nature of the ligand. The bivalent(II), trivalent(III), and tetravalent(IV) transition metal
complexes were formed by reacting Mn(II), Fe(Il), Co(Il), Ni(Il), Cu(Il), Zn(Il), and Cr(III) metals as chloride and, VO(IV) as
sulfate with Schiff base ligand L in 1:2 (M:L) molar ratio. Ligand was coordinated with the metal ions, VO via benzaldehyde-
O and azomethine-N and with Mn(II), Fe(IT), Co(II), Ni(II), Cu(Il), Zn(II), and Cr(III) via benzaldehyde-O, azomethine-N,
and triazole-N. The structure of the metal complexes was deduced by IR, conductance, magnetic moments, and elemental
analysis. Biological evaluation of triazole-derived Schiff base ligand and its metal complexes was carried out against bacte-
rial strains, Escherichia coli, Staphylococcus aureus, Neisseria gonorrhea, and Pseudomonas syringae. Copper complex
showed the highest inhibition against all bacterial strains as compared to the free ligand and amongst other metal complexes.
In vitro antibacterial studies thus concluded that the prepared ligand showed bioactivity which was enhanced upon chelation/
coordination with the metal ions.
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Introduction
Electronic supplementary material The online version of this .. . .
article (https://doi.org/10.1007/500706-020-0257 1 z) contains Metal-based antimicrobial compounds are effectively used
supplementary material, which is available to authorized users. because of resistance of microbes [1]. Metal-based antimi-

crobial agents have therefore, emerged as a promising and
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potential area of research in metal-based drug chemistry
[2]. Heterocyclic compounds having various heteroatoms
such as O, N, or S have a tendency of forming coordina-
tion compounds/metal chelates used as active antimicro-
bial agents [3]. 1,2,4-Triazole is one of the most significant
aromatic heterocyclic nitrogen-rich compounds. Many bio-
logical active triazole-based compounds such as itracona-
zole, albaconazole, fluconazole, posaconazole, isavucona-
zole, voriconazole, ravuconazole, ketoconazole [4, 5] and
others are well-known antibacterial [6], antiviral [7], anti-
fungal [8, 9], anti-inflammatory [10], anticonvulsant [11],
antiproliferative [12], anticancer [13], and antitubercular
agents[14]. These triazole compounds also show remark-
able biological applications as enzyme inhibitors, i.e., ure-
ase and lipase inhibitors [15] because of low toxicity, good
pharmacodynamic and pharmacokinetic profiles [16, 17].
Various potential substitutions in triazole molecule are
chemically possible to changes its bioactive chemistry into
more potentially used drugs [18, 19]. Triazole also forms
spiro-heterocyclic and Schiff base compounds by reacting
with other biologically active molecules resulting in more
active compounds [20, 21]. These compounds have more
than one site to coordinate with the metal atoms [22] to
form more stable bioactive triazole-based transition metal
complexes [23]. Different studies have shown that when
the bioactive compounds are coordinated with the metal
atoms their bioactivity is enhanced [24]. Keeping this in
consideration, previously, we have synthesized symmetri-
cally substituted biologically active metal-based triazoles
and in this paper we wish to report unsymmetrically sub-
stituted novel metal-based triazoles. These compounds
have been evaluated for their antibacterial activity against
selected Gram-positive and Gram-negative bacterial spe-
cies such as Escherichia coli, Staphylococcus aureus,
Neisseria gonorrhea, and Pseudomonas syringae. Cop-
per complex overall showed the highest inhibition against
all bacterial strains as compared to the free ligand and
amongst other metal complexes.
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Results and discussion
Chemistry

Unsymetrically substituted triazole-derived Schiff base
ligand 2-[[[5-[[1-(5-methylfuran-2-yl)ethylidene]-
amino]-1H-1,2,4-triazol-3-yl]imino]methyl]phenol (L)
was prepared by the condensation reaction of 1,2,4-tria-
zole-3,5-diamine with 2-hydroxybenzaldehyde (step 1)
with 5-methyl-2-acetylfuran (step 2) in an equimolar ratio
under reflux as shown in Scheme 1. The synthesized Schiff
base ligand was soluble in hot ethanol, dioxane, DMF, and
DMSO. The composition of the ligand was consistent with
their microanalytical and spectral data. The metal complexes
1-8 were obtained by the reaction of the corresponding
ligand with the metal ions Co(II), Ni(II), Cu(II), Zn(II), Cr-
(I), Mn (II), Fe (II), and VO(II) as chlorides and vanadium
as sulfate in a 1:2 (metal:ligand) molar ratio. All the metal
complexes were air and moisture stable at room temperature.
They were insoluble in common organic solvents and only
soluble in ethanol, DMF, and DMSO. The triazole ligand
and its metal complexes were formed using solvent (etha-
nol). All the compounds were obtained in specific color with
good yield ranging from 71 to 80%. Melting point provided
a strong clue about formation of ligand and its metal com-
plexes. Physical measurements and analytical data of the
complexes 1-8 are given in Table S1 (Scheme 2).

"H NMR spectral studies

The ligand showed characteristic peaks in proton NMR
spectra and supported formation of ligand. The appearance
of singlet peak at §=9.14 ppm represented the presence
of azomethine proton C’-H. The proton C°-H of triazole
moiety showed singlet peak at 14.28 ppm. The protons of
aromatic ring such as C>-H, C*-H, C3-H, and C*-H showed
peaks at 7.85, 7.67, 7.49, and 7.40 ppm as doublet as well
as triplet. The furan protons C'*-H and C'*-H of ligand
E-3 displayed peaks at 7.00 and 6.95 ppm as doublet. The
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peaks of methyl protons C'°-H and C'!-H observed at 2.49
and 3.32 ppm. In proton NMR spectra of ligand, another
singlet peak was found at 12.79 ppm due to C!-H. In pro-
ton NMR spectra, peaks of NH, and carbonyl protons
were not found which revealed the condensation reaction
occurred. The value of all protons of ligand was found to
be in its expected region.

13C NMR spectral studies

The '3C NMR spectral studies gave a strong clue about for-
mation of ligand. The '*C NMR spectra showed character-
istics peaks within range. In NMR spectra, the azomethine
(C=N) carbons C'° and C” peaks appeared at §=163.07
and 161.68 ppm and supported strongly the condensation
reaction that occurred within ligand. The triazole carbon
C® showed peak at 160.19 ppm. The aromatic ring of ligand
showed chemical shifts at 119.08, 132.44, 119.27, 133.39,
and 116.559 ppm due to C® C°, C*, C3, and C? protons.
The peaks at 13.56 and 13.70 ppm represented carbons C'6
and C'! of methyl groups of ligand. The peak of carbon C!
attached to hydroxyl group was observed at 156.68 ppm.

Mass spectral studies of ligand

Mass spectral studies of ligand strongly supported the for-
mation of triazole-based ligand. The fragment of molecular
ion was found to be as [C,¢H,,N5O,]*. The peak of ligand
formed at m/z =308 was due to loss of a proton and consid-
ered as molecular ion peak. Proposed mass fragmentation
pattern of the ligand followed the cleavage of C—C, C—N,
C-0 exocylic and endocyclic bonds. The base peak (100%
intensity) of ligand appeared at m/z=290.1 with most stable
fragment [C,¢H,,N5O]". In the mass spectra of ligand, vari-
ous peaks were appeared with specific intensity and frag-
ments were produced with specific mass-to-charge ratio [25].

eV

—NH H3C

@C\/

O_CHs
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CH3 HN—N

2;X=Cl 3-8;X=0
M = Cr, Mn, Fe, Co, Ni, Cu, Zn

UV-Vis spectral studies

UV-Vis spectra of triazole-based ligand and its complexes
showed various types of bands. The appearance of bands
represented different kinds of transitions in compounds, sup-
ported synthesis of ligand as well as coordination between
metal ions and ligand. The UV-Vis spectra of all com-
pounds (solutions were prepared in DMSO) were recorded
at room temperature and scanned in the range between 200
and 800 nm wavelengths. The ligand showed two absorp-
tion bands due to 7—7* and n-z* transitions. A broadband
appeared at 297 nm and 420 nm due to z—z* and n-z* transi-
tions [26]. The appearance of first band gave an idea about
the presence of aromatic benzene ring, while the appearance
of second band provided information about the presence of
azomethine (HC=N) group within the synthesized ligand.
In case of metal complexes, coordination between ligand
and metal ions was easily analyzed. The second band due to
n-n* transition was shifted to longer wavelength indicated
the transfer of electron from ligand to metals. In case of
metal complexes, the appearance of other band was due to
d—d transitions [27].

Computational studies

The optimized geometric parameters of ligand are tabulated
in Tables S2 and S3 (Supplementary Information). They are
compared with reported experimentally determined param-
eters [28, 29]. The comparative analysis showed that the
calculated geometric parameters are in good agreement with
reported bond lengths which are determined by DFT-based
calculations and experimental technique (Fig. 1).

Frontier molecular orbitals (FMOs)
FMOs such as LUMO and HOMO play an important

role to understand the chemical stability of synthesized
compound. Four significant molecular orbital pairs as
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Fig. 1 Optimized structure of
triazole ligand L

HOMO — LUMO, HOMO-1 - LUMO + 1, HOMO-2 —
LUMO +2, and HOMO-3 - LUMO + 3 have been inves-
tigated by means of M06-2X/6-311G (d, p) level. Energy
gap between HOMO — LUMO, HOMO-1 - LUMO + 1,
HOMO-2 — LUMO +2, and HOMO-3 - LUMO + 3 is
observed to be 1.47, 4.20, 5.09, and 6.78 eV, respectively.
It is considered that the energy gap is inversely related
to reactivity and directly associated with the stability of
the molecule. With the help of HOMO and LUMO ener-
gies, global reactivity descriptors were calculated with the
assistance of following equations.

Global reactivity descriptors have been determined
using below equations:

IP = —Eyomo (1)

EA = _ELUMO (2)

where [P is the ionization potential/a.u, EA is the electron
affinity/a.u. Koopmans’s theorem [30] has been used to
determine the chemical hardness () which is defined as:

3

P —EAl  |E.umo — Enomo)

Global softness (o) is defined by the following relation-
ship [31]:

Sl
=5 )

The IP value (6.883 eV) of title molecule is found to
be greater than the value of EA (1.561 eV) which denotes
the greater electron donating capability as compared to
acceptor potential of title molecule. Chemical hardness (77)
value 1.47 eV is also noticed to be very large as compared
to its softness (o) value of 0.68 eV. Greater IP value than
EA and larger hardness value than softness imply that the
investigated molecule is hard and kinetically stable mol-
ecule with donor characteristics useful in charge transfer
reactions which might be reason of said ligand to form the
complexes (Fig. 2).
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Molecular electrostatic potential (MEP)

Molecular electrical potential map helped in understand-
ing distribution of charges in ligand and also known as
electrostatic potential energy maps or molecular electrical
potential surfaces. The reactive site of a compound can
also be predicted sing MEP method. The MEP allowed vis-
ualizing the charged regions of a ligand. The diagram con-
tained three colors red, blue, and white which distinguish
different types of atoms in the ligand. The electronegative
region within ligand was represented by red color, while
electropositive region was represented by blue color. A
light color such as white described the non-polar region of
ligand. The positive and negative regions displayed attrac-
tion for electrophilic and nucleophilic attacks [32] (Fig. 3).

Mulliken atomic charges of ligand

The Mulliken population analysis played a role in the
utilization of quantum chemical approach to a molecular
framework. Atomic charges influenced dipole moment,
polarizability, and molecular electronic structure. Ligand
possessed four types of atoms (C, O, N, H) and showed a
specific negative and positive value of Mulliken charges
according to electronegativity of atoms. Oxygen and
nitrogen atoms of ligand showed negative values, while
all hydrogen atoms possessed positive values [33]. Moreo-
ver, it is noticed that the carbon atoms C1, C2, and C19
contain positive charges due to their direct attachment of
electronegative oxygen atoms. Similarly, C5, C11, C12,
and C17 also contain positive charges because of their
direct attachment of electronegative nitrogen atoms. How-
ever, the carbon atoms C3, C4, C6, C18, C20, C21, C22,
C24, and C32 have negative charges, because these carbon
atoms do not have direct attachment with any electronega-
tive atoms but bonded with relatively more electropositive
hydrogen atoms [34, 35]; see Fig. 1 and Table S4.
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Fig.2 The frontier molecular
orbitals of ligand L, energies
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IR spectral studies

The IR spectral studies strongly supported the formation of
triazole ligand and spectral data are provided in Table S5.

The appearance and disappearance of various types of peaks
helped in understanding the structure of new synthesized
triazole ligand. The azomethine (HC=N) band appeared at
1631 cm™! which gave a clue that the condensation reaction
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occurred between amino group of triazole and carbonyl
group of 2-hydroxybenzaldehyde as well as 5-methyl-
2-acetylfuran. The formation of ligand was also confirmed
due to absence of other bands such as v(C=0) functional
group of 2-hydroxybenzaldehyde and 5-metyl-2-acetyl-
furan at 1715 and 1740 cm™!, respectively. In IR spectra
of ligand, the triazole moiety showed bands at 3456, 1611,
and 1021 cm™! due to vibration mode of v(N-H), v(C=N),
and v(N-N) bonds. The band appeared at 3137 cm™' due
to v(OH) of 2-hydroxybenzaldehyde [36]. IR spectroscopy
also provided information about coordination between
ligand and metal ions. The IR value of azomethine link-
age was reduced from 1629 to 1633 to 16171624 cm™!
in case of metal complexes as compared to IR spectra of
ligand which indicated the formation of bonding between
metal and triazole ligand. The IR value of v(C=N) changed
from 1611 to 1590-1597 cm™! due to the coordination of
nitrogen of triazole moiety with the metal. The coordina-
tion between metal and ligand was confirmed by the disap-
pearance of OH band as well as by the appearance of a new
peak 1(C-0) in the range of 1385-1390 cm™'. In IR spectra
of metal complexes of triazole, a new band appeared in the
range of 516-524 cm™~! and the appearance of this vibration
band provided evidence of presence of metal to nitrogen
bond in metal complex. Appearance of another new band in
IR spectra of metal complexes in a range of 421-427 cm™!
value gave a clue about metal to oxygen bonding [37]. For-
mation of vanadium complex was confirmed by the pres-
ence of new peak at 961 cm™! due to the 1(V=0) vibration.
All metal complexes showed no change in v(N-H), v(N-N),
and v(C=N) vibrations and provided information about their
non-involvement in direct coordination between ligand and
metal [38].

Measurements of magnetic moments and molar
conductance

The magnetic moments of the synthesized metal com-
plexes were calculated using Gouy balance and depicted
in Table S5. This study helped in understanding the nature
of ligand and coordination of metal complexes. Magnetic
moment values help in predicting the diamagnetic and para-
magnetic behavior of metal-based compounds. All the syn-
thesized transitions of metal complexes possessed specific
magnetic moment values due to presence of unpaired elec-
trons in d-orbital. The vanadium metal complex showed 1.75
BM [39]. The chromium metal complex displayed magnetic
moment value as 3.88 BM due to presence of three unpaired
electrons in the d-orbital. The manganese and iron metal
complexes showed 5.90 and 5.06 BM magnetic moment val-
ues leading to paramagnetic behavior of metal complexes
[40]. The cobalt metal complex possessed 4.29 BM mag-
netic moment value, while copper metal complex possessed

@ Springer

1.81 BM magnetic moment values. The magnetic moment
value of zinc metal complex was found to be zero. The zinc
metal was found to be diamagnetic, while all other metal
complexes were paramagnetic in nature [41].

The conductivities of the metal complexes were in the
range of 10-20 Q! cm? mol™!. These values suggest the
non-electrolytic nature of the complexes. The conductivity
value of the chromium(III) metal complex was recorded 98
Q! cm? mol~!. The value indicated high conductivity of
the complexes [42].

Bioactivity of synthesized compounds

Novel designed ligand and its metal-based compounds
showed bactericidal action using four bacterial strains
such as A = Escherichia coli, B = Staphylococcus aureus,
C = Neisseria gonorrhea, and D = Pseudomonas syringae
using agar diffusion method. The solutions were prepared
in solvent (DMSO) as DMSO showed no activity against
all selected bacterial strains. The activity results of all com-
pounds were measured in zone of inhibition (mm) and com-
pared with the standard drug kanamycin (Table S6, Fig. 4).
The ligand and their metal complexes showed different
results against different bacterial strains. The ligand showed
4-5 mm inhibitory growth against A—D bacterial strains and
metal complexes displayed varying degree of inhibitory zone
5-10 mm against bacterial strains. Chromium and copper
complexes showed highest inhibition of 10 mm against bac-
terial strain C and nickel complex demonstrated same inhi-
bition of 10 mm against B. The metal complex 1 possessed
highest 7-9 mm activity against A and D bacterial types as
well as reported moderate 5—6 mm activity against C and B
bacterium.

w Escherichia coli Staphylococcus aureus

Neisseria gonorrhea ® Pseudomonas syringae

Zone of inhibition, mm

% R\
&
&

*"b

Compounds

Fig.4 Antibacterial activity of ligand L and metal complexes 1-8
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The compound 2 displayed highest as well as moderate
zones of inhibitory such as 6-10 mm against A—D bacte-
rial strains. The metal complexes 3-8 possessed 7-9 mm
zone of inhibitory against A bacterial strain. The metal
complexes such as 6-8 showed highest antibacterial activ-
ity against B as well as C bacterium types, while other com-
pounds reported moderate antibacterial activity. The metal
complexes 3 and 5-8 displayed good antibacterial results
against D bacterial strain [43]. The variation in the activ-
ity of ligand and metal complexes against selected bacterial
strains depend either on the impermeability of the cells of
the microbes or difference in ribosomes of microbial cells.
All the metal complexes exhibited good antibacterial results
against selected bacterial strains than ligand due to chelation
effect [44].

Conclusion

The unsymmetrical triazole ligand was prepared by the
condensation reaction among triazole, 2-hydroxybenzalde-
hyde, and 5-methyl-2-acetylfuran. The ligand was obtained
in good yield with specific color. The formation of ligand
was confirmed by various methods such as color, solubil-
ity, melting point, and techniques like '"H NMR, 3C NMR,
and MS. The synthesis of ligand was further supported by
computational and frontier molecular orbital analysis. All
the analyses revealed the synthesis, structure, nature, and
electronic distribution of ligand. The synthesized ligand
was used to prepare VO(IV), Cr(IIl), Mn(II), Fe(II), Co(II),
Ni(II), Cu(Il), and Zn(II) metal complexes. The prepared
metal complexes were characterized by specific melting
points, colors, IR, magnetic moments, and conductances.
The metal ions coordinated with ligand using three sites of
ligand. The magnetic moments of metal complexes helped
in determining geometry of metal complexes. Antibacterial
action of all the synthesized compounds was studied in vitro
against Escherichia coli, Staphylococcus aureus, Neisseria
gonorrhea, and Pseudomonas syringae bacterial strains.
All the synthesized compounds exhibited good biological
activity.

Experimental

The highly standard pure chemicals (Sigma-Aldrich and
Merck) were used directly in the whole methodology. The
solvents were indirectly utilized in all processes as distil-
lation technique was used to purify solvents. The starting
materials used in this work were 1,2,4-triazole-3,5-diamine,
2-hydroxybenzaldehyde, and 5-methyl-2-acetylfuran. Metallic
salts VOSO,'H,0, CrCl; 6H,0, MnCl,2H,0, FeSO,"7H,0,
CoCl, 6H,0, NiCl, 6H,0, CuCl, 2H,0, and ZnCl,2H,0

were used for the synthesis of metal complexes with purity.
Melting points of all the compounds were determined by Stu-
art melting point apparatus in open glass capillaries and were
recorded. Distilled ethanol was used as solvent for the synthe-
sis ligand and their metal complexes. TLC (silica gel-G plates)
was utilized to monitor the synthesis of obtained compounds.
Spectrophotometer as Hitachi UV-3200 was used to record
UV Spectra. JEOL MS Route instrument was used to record
mass spectrum of ligand. Infrared spectrometer (Nicolet FT-IR
Impact 400 D) was utilized to record IR spectra of the newly
formed ligand as well as metal-based compounds using matrix
of KBr in the range 3700-370 cm™'. Magnetic susceptibili-
ties of the complexes were measured at room temperature by
the Gouy method at room temperature using a model Stanton
SM12/S Gouy balance. The 'H NMR and '*C NMR spectra
were recorded with Bruker Avance 300 MHz instrument, using
DMSO-d; as solvent. The conductometric measurements of
the metal-based compounds were performed in DMSO solvent
with Inolab Cond 720 Conductivity meter on room tempera-
ture. Antibacterial studies were taken out in Biochemistry and
Biotechnology Research Lab, University of Gujrat, Pakistan.

2-[[[5-[[1-(5-Methylfuran-2-yl)ethylidene]-
amino]-1H-1,2,4-triazol-3-yl]liminolmethyl]lphenol (L,
Ci6H15N50,) The compound 1,2,4-triazole-3,5-diamine
(5 mmol) first formed a solution with ethanol solvent, then
was magnetically refluxed with 5-methyl-2-acetyl furan
(5 mmol) for 8 h in a 100 cm? round-bottom flask. A light
color change was observed and then added 2-hydroxybenza-
ldehyde (5 mmol) and refluxed for 4 h. A yellow precipitate
was formed which gave the first indication of formation of
ligand. The whole reaction was observed by TLC method.
Precipitates of ligand were washed with ethanol and also
cooled, filtered as well as dried at room temperature. Yield:
2.45 g (75%); yellow solid; m.p.: 236 °C; '"HNMR (DMSO-
dg): 6=2.49 (s, CHj3), 3.32 (s, CH;), 6.95 (s, 1H), 7.00 (s,
1H), 7.40 (t, 1H), 7.49 (t, 1H), 7.67 (d, 1H), 7.85 (d, 1H),
12.79 (s, OH), 14.28 (s, N=CH) ppm; °C NMR (DMSO-
dg): 6=13.56 (C16), 13.70 (C11), 116.55 (C2), 119.08
(C6), 119.27 (C4), 132.44 (C5), 133.39 (C3), 156.68 (C6),
160.19 (C6), 161.68 (C7), 163.07 (C10) ppm; IR (KBr):
v =3137 (OH), 3456 (NH), 1631 (HC=N), 1611 (triazole,
C=N), 1391 (C-0), 1021 (N-N) cm™'; MS (EI, 70 eV): m/z
(%)=308.1 (IM]*, 12), 290 (100), 203 (23.6), 147.1 (20),
132 (10), 77 (21.3), 43 (19).

Synthesis of transition metal-based
compounds 1-8
Metal-based compounds of ligand were synthesized by add-

ing 10 mmol of ligand and 1 cm? ethanol solution of 5 mmol
of metal salt in 10 cm? distilled ethanol. During refluxing,

@ Springer



556

S.H.Sumrraetal.

the precipitates were formed and solid product was collected
after filtration. The precipitates of metal complexes were
dried at room temperature. When metal complexes were
dried and weighed, yield was calculated. The whole reac-
tions were monitored by TLC. All complexes were recrys-
tallized in an equimolar solution of ethanol and methanol.
All the metal complexes were prepared in 1:2 (M:L) molar
ratio. Metal complexes of ligand possessed characteristic
color and melting points.

Bis-2-[[[5-[[1-(5-Methylfuran-2-yl)ethylidene]-
amino]-1H-1,2,4-triazol-3-yllimino]lmethyl]phenolido-
oxovanadium(IV) (1, C;,H,gN;,05V) Yield: 2.65 g (77%);
color: green; m.p.: 274-275 °C; IR (KBr): v=1621
(HC=N), 1387 (C-0), 961 (V=0), 424 (V-0), 518 (V-N)
cm~!: conductance: Qu=15 Q7! ¢cm? mol™!; magnetic
moment: ;=175 BM.

Bis-2-[[[5-[[1-(5-Methylfuran-2-yl)ethylidene]-
amino]-1H-1,2,4-triazol-3-yllimino]methyl]phenolido-
chromium(lll) chloride (2, C;,H,5CICrN,;,0,) Yield: 2.50 g
(71%); color: dark green; m.p.: 137-138 °C; IR (KBr):
v=1617 (HC=N), 1388 (C-0), 521 (Cr-N), 426 (Cr-0)
cm™!; conductance: Qy=98.1 Q' ecm? mol™!; magnetic
moment: ;= 3.88 BM.

Bis-2-[[[5-[[1-(5-Methylfuran-2-yl)ethylidene]-
amino]-1H-1,2,4-triazol-3-yllimino]lmethyl]phenolido-
manganese(ll) (3, C3,H,sMnN,,0,) Yield: 2.89 g (80%);
color: pink; m.p.: 269-271 °C; IR (KBr): v=1622 (HC=N),
1385 (C-0), 520 (Mn-N), 421 (Mn-0) cm™'; conductance:
Qu=11Q"! cm? mol~!; magnetic moment: Hop=5.90 BM.

Bis-2-[[[5-[[1-(5-Methylfuran-2-yl)ethylidene]-
amino]-1H-1,2,4-triazol-3-yllimino]lmethyl]phenolido-
iron(ll) (4, C;,H,gFeN,,0,) Yield: 2.55 g (76%); color: light
green; m.p.: 251-253 °C; IR (KBr): v=1618 (HC=N),
1391 (C-0), 523 (Fe-N), 427 (Fe—0O) cm™'; conductance:
Q=17 Q™" cm® mol™"; magnetic moment: y1,; = 5.06 BM.

Bis-2-[[[5-[[1-(5-Methylfuran-2-yl)ethylidene]-
aminol-1H-1,2,4-triazol-3-yllimino]methyl]phenolido-
cobalt(ll) (5, C3,H,4CoN,,0,) Yield: 2.51 g (74%); color:
brown; m.p.: 228-229 °C; IR (KBr): v=1619 (HC=N),
1390 (C-0), 519 (Co-N), 423 (Co-0) cm™'; conductance:
Q=16 Q7' cm? mol™!; magnetic moment: Hop=4.29 BM.

Bis-2-[[[5-[[1-(5-Methylfuran-2-yl)ethylidene]-
amino]-1H-1,2,4-triazol-3-yllimino]lmethyl]phenolido-
nickel(ll) (6, C5,H,gN,(NiO,) Yield: 2.66 g (79%); color: par-
rot green; m.p.: 126-128 °C; IR (KBr): v=1624 (HC=N),
1387 (C-0), 517 (Ni-N), 426 (Ni-O) cm™'; conductance:
Q=14 Q7! cm? mol~!; magnetic moment: Her=2.97 BM.

@ Springer

Bis-2-[[[5-[[1-(5-Methylfuran-2-yl)ethylidene]-
amino]-1H-1,2,4-triazol-3-yllimino]methyl]phenolido-
copper(ll) (7, C3,H,4CuN,,0,) Yield: 2.57 g (76%); color:
dark green; m.p.: 195-196 °C; IR (KBr): v=1620 (HC=N),
1389 (C-0), 524 (Cu-N), 425 (Cu—0) cm™; conductance:
Q=12 Q"' cm? mol™'; magnetic moment: Mep=1.81 BM.

Bis-2-[[[5-[[1-(5-Methylfuran-2-yl)ethylidene]-
amino]-1H-1,2,4-triazol-3-yllimino]lmethyl]lphenolido-
zinc(ll) (8, C5,H,5N,40,Zn) Yield: 2.83 g (83%); color: off
white; m.p.: 216-217 °C; IR (KBr): v=1623 (HC=N),
1386 (C-0), 516 (Zn-N), 427 (Zn-0) cm™"; conductance:
Q=19 Q! ecm® mol~!; magnetic moment: Her=0 BM.

Computational analysis

All density functional theory (DFT)-based calculations were
carried out using Gaussian 09 software package [45]. Lit-
erature survey demonstrated that Minnesota density func-
tionals especially M06-2X are a more accurate method for
explaining the non-covalent interactions (NCls), vibrational
frequencies, bond lengths, and excitation energies in com-
parison with other functionals [46]. Therefore, the geometric
parameters and frequency calculations of the ligand were
performed by M06-2X/6-311G (d, p) and negative frequency
could be not found in said calculations. The absence of nega-
tive eigenvalues showed that the optimized ligand was found
at true minima on the potential energy surface. FMOs, NPA,
and MEP were analyzed by utilizing M06-2X/6-311G (d, p)
method. UV—Vis analysis has been executed with TD-DFT/
MO06-2X/6-311G (d, p). Chemcraft was used for the prepara-
tion of input and analysis.

Biological activities

Anti-bacterial activities of triazole ligand as well as transi-
tion metal-based compounds were tested against selected
Gram-positive and Gram-negative bacterial strains by disc
diffusion. First gel was formed for the antibacterial activities
from an equal amount of agar agar and nutrient broth. Agar
agar and nutrient broth were heated up to boiling in distilled
water. Petri dishes and the above solution were autoclaved
for 20 min. A mixture of gel as well as bacterial species was
placed into petri dishes. The compounds were placed on
paper discs. Petri dishes were completely covered and placed
into an incubator for 30 h. Finally, the zone of inhibition was
measured [47, 48].
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