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Abstract. In this article, a series of coordination complexes of Co(II), Ni(II), Cu(II) and Zn(II) metals were
prepared by four novel Schiff base ligands (E)-N’-(4-(prop-2-yn-1-yloxy)benzylidene)benzohydrazide (HL1),
(E)-4-chloro-N’-(4-(prop-2-yn-1-yloxy)benzylidene)benzohydrazide (HL2), (E)-N’-((2-(benzyloxy)naphthalen-1-yl)methylene)benzohydrazide (HL3), (E)-N’-((2-(benzyloxy)naphthalen-1-yl)methylene)-4-chlorobenzohydrazide (HL4) obtained by the condensation reaction of benzoic acid hydrazide/4-chloro benzoic acid
hydrazide with oxy derivatives of 2-hydroxy-1-napthaldehyde/4-hydroxy benzaldehyde. The proposed
structure of the complexes have been established by spectroscopic and analytical techniques like C, H, N and
metal analysis, FT-IR, 1H and 13C NMR, mass, UV-Vis, EPR, ﬂuorescence, molar conductance, magnetic
susceptibility and TGA which concluded that Schiff bases act as bidentate NO donor ligands coordinating
through nitrogen atom of azomethine linkage and uninegative oxygen atom of carbonyl group in enolic form
and resulting in complexes of the type [M(L1–4)·(CH3COO)·3H2O] in 1:1 molar ratio. The synthesized
compounds were screened for their in vitro antimicrobial activities against two gram ?ve bacteria i.e.
S. aureus and S. gordonii; two gram -ve bacteria i.e. E. coli and P. aeruginosa and two fungal strains i.e.
A. niger and C. albicans and found that metal chelates were more noxious than their parent Schiff bases.
The copper(II) complex 19 was found to be the highest noxious antimicrobial active compound. The
compounds were also assessed for their antioxidant activity and found that the complexes are more potent
and show excellent efﬁciency in decolorizing the DPPH purple colored solution than their free ligands. The
complexes 6, 7, 10, 11, 14, 15, 18, 19 were found to be excellent antioxidants and copper(II) complexes
were the most potent antioxidant compounds with lowest IC50 values (2.04–2.56 M)) among all the tested
compounds.
Keywords. Schiff base hydrazones; bidentate; spectroscopic; metal(II) complexes; biological screening;
antioxidant activity.

1. Introduction
There is an astonishing boost in awareness towards the
synthesis of innovative coordination compounds in
organometallic chemistry as they act as secure
antimicrobial drugs because nowadays the microorganisms are emerging as resistant towards the usual
drugs.1,2 The Schiff base transition metal complexes
are intoxicating motifs in coordination chemistry
owing to their outstanding pharmacological

applications depending on the number of donor atoms
and oxidation state of the metal ions.3,4 Among the
different transition metals, the compounds of 3d series
are robust metal-organic molecules and played an
important role in the development of organometallic
chemistry owing to their high activities and lower cost.
Schiff base ligands are considered as ‘privileged’
ligands as they get obtained effortlessly and are
dynamic, well-predictable with high electron concentration on the nitrogen atom and further presence of
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–NH–C=O group in the Schiff base hydrazones, particularly in the vicinity of azomethine group, makes
them superior chelating agents by increasing their
coordination ability. Bidentate N and O donor Schiff
base hydrazones with elevated electron density on
azomethine nitrogen are of particular interest since
they offer keto-enol tautomeric forms giving various
sites for binding properties to synthesize complexes
with remarkable coordination numbers.5 Elevated
electron density of azomethine nitrogen atom makes
Schiff bases excellent capable compounds with
numerous medicinal and pharmacological applications,6,7 high-quality corrosion inhibitors and excellent
wood preservatives.8
Co(II), Ni(II), Cu(II) and Zn(II) complexes of
hydrazones are subunits in a broad range of transition
metals, demonstrates attention-grabbing pharmacological and biological applications and hold good
antituberculosis,9,10 antimicrobial,11 anticonvulsant,
antioxidant,12 analgesic, anti-inﬂammatory, cardiovascular diseases,13–15 antitumor,16 antidiabetic17
activities and also acts as active insecticidal, nematicidal, herbicidal agents and plant growth regulators.18,19 These bioactivities were augmented when
Schiff bases get associated with metal atoms as compared to their parent-free ligands.
Literature survey also suggests that both derived
hydrazone Schiff bases and their metal complexes
hold good photochromic and thermochromic properties which make them useful in modern technology
including optical computers, imaging systems, photo
stabilizers and solar ﬁlters, organic light-emitting
diodes,20 applicable in electronic and photonic devices
due to their non-linear optical behavior. In the industrial ﬁeld, they are also used as pigments, dyes,
polymer stabilizers, possess magnetic properties and
act as high-quality corrosion inhibitors. These complexes also prove a marked impact in catalyzing
diverse reactions such as hydrogenation of carbonyl
groups and oleﬁns, shifting of an amino group, vigorous and selective hydrogen transfer reactions.21,22
Buoyant by these facts, the current research study
describes the synthesis, spectroscopic characterization
and antimicrobial activity of novel drugs including
transition metal complexes of different N, O bidentate
Schiff base hydrazones obtained by condensing benzoic acid hydrazide/4-chloro benzoic acid hydrazide
with substituted oxy derivatives of 2-hydroxy-1naphthaldehyde and 4-hydroxy benzaldehyde which
may escort the formation of new pharmacophores with
enhanced genetic proﬁles and these are regarded as
prospective scaffolds and role models. The compounds
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were screened for antioxidant activities using DPPH as
a radical scavenger.
2. Experimental
2.1 Materials
All the chemicals used in present work i.e., transition
metal (II) acetates like cobalt(II) acetate tetrahydrate,
nickel(II) acetate tetrahydrate, copper(II) acetate
monohydrate, zinc(II) acetate dihydrate, 2-hydroxy-1naphthaldehyde, 4-hydroxy benzaldehyde, anhydrous
potassium carbonate, benzoic acid hydrazide, 4-chloro
benzoic acid hydrazide, bromomethyl benzene,
propargyl bromide and solvents were used of analytical grade and purchased from Sigma–Aldrich.
2.2 Instrumentations
Elemental analysis (C, H and N) were analyzed on a
Perkin–Elmer 2400 instrument. The Fourier transform
infrared spectra were recorded in the range 4000–400
cm−1 by using KBr pellets on Shimadzu IR afﬁnity-I
8000 FT-IR spectrometer. The 1H and 13C NMR
spectra were recorded on a Bruker Avance II 400 MHz
NMR spectrometer in CDCl3 and DMSO-d6 and the
chemical shifts (δ) were reported in parts per million
and coupling constants (J) in Hertz (Hz) relative to
tetramethylsilane (TMS) as an internal standard. Molar
conductance measurements of metal complexes solution having concentration 10−3 M was recorded in
DMF at room temperature by using a model-306
Systronics conductivity bridge. Metal contents were
determined using standard gravimetric methods;
cobalt as cobalt pyridine thiocyanate, nickel as nickel
dimethylglyoximate, copper as cuprous thiocyanate
and zinc as zinc ammonium phosphate.23 The mass
spectra were recorded on API 2000 (Applied Biosystems) mass spectrometer equipped with an electrospray source and a Shimadzu Prominence LC. ESR
spectra of the copper (II) complexes were recorded on
a Varian E112 X-band spectrometer by taking tetracyanoethylene (TCNE) as an internal standard at room
temperature. UV-Visible electronic spectra were
recorded on UV-VIS-NIR Varian Cary-5000 spectrometer in DMF. Magnetic susceptibilities of complexes at room temperature were measured by Gouy’s
method, using Hg[Co(SCN)4] as the calibrant. The
X-ray powder diffraction measurements were obtained
on a Rigaku-miniﬂex-II with a source of radiation CuKα (1.54 Å) at a scan rate of 2˚ min−1 in the 2θ range
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20–80˚. The thin-layer chromatography was run on
readymade silica gel plates (SIL G/UV254, ALUGRAM) and visualized under an ultraviolet lamp to
check the feasibility of the reaction. TGA studies were
carried out on instrument Perkin Elmer Diamond TG/
DTA thermogravimetric analyzer under high purity
argon atmosphere of 10 min−1 sec at a ﬂow rate of
20 mL min−1.
2.3 Synthesis of Schiff base ligands (HL1–HL4)
Schiff base ligands (HL1 and HL2) were prepared
by mixing 4-prop-2-ynyloxy-benzaldehyde (3 mmol,
1.44 g) dissolved in hot methanol to the benzoic acid
hydrazide (3 mmol, 1.22 g)/4-chloro-benzoic acid
hydrazide (3 mmol, 1.53 g) in hot methanolic solution
(1:1 molar ratio) and reﬂuxed the mixture by adding
2–3 drops of glacial acetic acid for 3–4 h. The feasibility of the reaction was regularly monitored by thinlayer chromatography. The white colored precipitates
were ﬁltered, washed several times with methanol and
recrystallized in chloroform.
Schiff base ligands (HL3 and HL4) were obtained by
reﬂuxing the equimolar ratio of 2-benzyloxy-naphthalene-1-carbaldehyde (3 mmol, 2.35 g) and benzoic
acid hydrazide (3 mmol, 1.22 g)/4-chloro-benzoic acid
hydrazide (3 mmol, 1.53 g) dissolved in warm
methanol for 3–4 h. The white colored products were
ﬁltered, washed with methanol, recrystallized with the
same solvent and then dried. A schematic representation of the synthesis of Schiff base ligands and their
complexes is depicted in Scheme 1.
2.3a (Z)-N-methyl-2-((2-phenethoxynaphthalen-1-yl)methylene)hydrazinecarbothioamide (HL1) White; yield 82%;
M.p. 130 ˚C; Anal. Calcd. for C17H14N2O2: C, 73.37; H,
5.07; N, 10.07. Found: C, 73.35; H, 5.04; N, 10.05. Conductivity: (ohm−1 cm2 mol−1) in DMF: 11. IR (KBr, cm−1):
3250 ʋ(N–H), 1670 ʋ(C=O), 1585 ʋ(C=N). 1H NMR (400
MHz, CDCl3) δ (ppm): 9.38(s, 1H, -NH), 8.28(s, 1H,
–C=NH–), 7.98–7.56(m, 5H, Ar-H), 7.46(d, 2H, Ar-H,
J = 8Hz), 7.01(d, 2H, Ar-H, J = 8Hz), 4.75(s, 2H,
methylene), 2.57(s, 1H, alkyne). 13C NMR (400 MHz,
CDCl3) δ (ppm): 163.32 (–C=O), 159.17 (C4´), 148.69
(–C=N–), 137.61 (C4), 132.10 (C1), 129.30 (C2´, C6´),
129.11 (C3, C5), 128.48 (C2, C6), 127.59 (C1´), 114.93 (C3´,
C5´), 78.08 (alkyne), 76.00 (alkyne), 55.77 (methylene).
ESI-MS (m/z): 279.12 (M ? H)?.
2.3b (Z)-2-((2-(benzyloxy)naphthalen-1-yl)methylene)-Nmethylhydrazinecarbothioamide (HL2) White; yield 84%;
M.p. 135 ˚C; Anal. Calcd. for C17H13ClN2O2: C, 65.29; H,
4.19; N, 8.96. Found: C, 65.31; H, 4.22; N, 8.94. Conductivity: (ohm−1 cm2 mol−1) in DMF: 13. IR (KBr, cm−1):
3300 ʋ(N–H), 1679 ʋ(C=O), 1580 ʋ(C=N). 1H NMR (400
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MHz, CDCl3) δ (ppm): 9.09(s, 1H, -NH), 8.28(s, 1H,
–C=NH–), 7.86–7.76(m, 3H, Ar-H), 7.60–7.49(m, 3H, ArH), 7.03(d, 2H, Ar-H, J = 8Hz), 4.76(s, 2H, methylene),
2.57(s, 1H, alkyne). 13C NMR (400 MHz, CDCl3) δ (ppm):
164.20 (–C=O), 159.44 (C4´), 148.30 (–C=N–), 133.37 (C4),
131.99 (C1), 129.35 (C2´, C6´), 128.77 (C3, C5), 127.27 (C2,
C6), 127.13 (C1´), 115.12 (C3´, C5´), 78.08 (alkyne), 75.93
(alkyne), 55.85 (methylene). ESI-MS (m/z): 313.32 (M ?
H)?.
2.3c
(E)-2-(4-(but-3-yn-1-yl)benzylidene)-N-methylhydrazinecarbothioamide (HL3) White; yield 86%; M.p.
140 ˚C; Anal. Calcd. for C25H20N2O2: C, 78.93; H, 5.30; N,
7.36. Found: C, 78.89; H, 5.33; N, 7.33. Conductivity:
(ohm−1 cm2 mol−1) in DMF: 14. IR (KBr, cm−1): 3270 ʋ(N–
H), 1685 ʋ(C=O), 1575 ʋ(C=N). 1H NMR (400 MHz,
CDCl3) δ (ppm): 9.47(s, 1H, -NH), 9.23(s, 1H, –C=NH–),
8.04–7.97(m, 2H, Ar-H), 7.91(d, 1H, Ar-H, J = 8Hz), 7.62–
7.54(m, 6H, Ar-H), 7.44–7.34(m, 3H, Ar-H), 5.42(s, 2H,
methylene). 13C NMR (400 MHz, CDCl3) δ (ppm): 157.44
(–C=O), 154.49 (C2´), 145.75(–C=N–), 136.43(C4), 133.19
(C1´´), 133.16(C9´), 132.33(C4´), 131.95(C1), 131.66(C2,
C6), 129.38(C10´), 128.82(C3, C5), 128.41(C3´´, C5´´), 127.69
(C5´), 127.66(C4´´), 126.45(C2´´, C6´´), 125.71(C7´), 124.61
(C6´), 124.60(C3´), 115.10(C8´), 114.04(C1´), 71.88(methylene). ESI-MS (m/z): 381.75 (M ? H)?.
2.3d
(Z)-2-(3,5-dichloro-2-phenethoxybenzylidene)-Nmethylhydrazinecarbothioamide (HL4) White; yield 85%;
M.p. 143 ˚C; Anal. Calcd. for C25H19ClN2O2: C, 72.37; H,
4.62; N, 6.75. Found: C, 73.34; H, 4.59; N, 6.78. Conductivity: (ohm−1 cm2 mol−1) in DMF: 16. IR (KBr, cm−1):
3290 ʋ(N–H), 1675 ʋ(C=O), 1582 ʋ(C=N). 1H NMR (400
MHz, CDCl3) δ (ppm): 9.48(s, 1H, -NH), 9.17(s, 1H,
–C=NH–), 8.01(d, 1H, Ar-H, J = 8Hz), 7.90(d, 1H, Ar-H,
J = 8Hz), 7.80(d, 1H, Ar-H, J = 8Hz), 7.68(d, 1H, Ar-H,
J = 8Hz), 7.49–7.31(m, 7H, Ar-H), 5.29(s, 2H, methylene).
13
C NMR (400 MHz, CDCl3) δ (ppm): 157.32(–C=O),
151.08(C2´), 145.50(–C=N–), 136.50(C4), 133.44(C1´´),
133.01(C9´), 131.87(C4´), 131.46(C1), 129.36(C2, C6),
128.80(C10´), 128.73(C3, C5), 128.35(C3´´, C5´´), 128.23
(C5´), 127.67(C4´´), 127.30(C2´´, C6´´), 126.52(C7´), 124.58
(C6´), 120.14(C3´), 113.94(C8´), 113.87(C1´), 71.02(methylene). ESI-MS (m/z): 416.20 (M ? H)?.

2.4 Synthesis of transition metal(II) complexes
(5–20)
The transition metal(II) complexes in 1:1 molar ratio
were prepared by addition of metal acetates of Co(II)
(0.248 g, 1.0 mmol), Ni(II) (0.248 g, 1.0 mmol), Cu(II)
(0.198 g, 1.0 mmol) and Zn(II) ((0.219 g, 1.0 mmol),
dissolved in about 20 mL warm aqueous methanol, to
the above prepared Schiff base ligands (1 mmol) dissolved in 20 mL methanol and the mixture was stirred
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Scheme 1. Synthetic reaction scheme for the synthesis of Schiff bases (HL1–HL4) and their transition metal(II)
complexes.

continuously for 3–4 h. The different colored precipitates separated were ﬁltered, washed several times
with hexane and recrystallized with chloroform and
left them for drying.

2.4a [Co(HL1)·(CH3COO)·3H2O] (5) Brown red; yield
75%; M.p. 240 ˚C; Anal. Calcd. for C19H22CoN2O7: C,
50.79; H, 4.94; N, 6.23; Co, 13.12. Found: C, 50.81; H,
4.98; N, 6.19; Co, 13.16. Conductivity: (ohm−1 cm2 mol−1)
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in DMF: 13. IR (KBr, cm−1): 3400 ʋ(H–O–H), 1085 ʋ(C–
O), 1550 ʋ(C=N), 1736 ʋ(CH3COO), 490 ʋ(M-N), 431 ʋ(MO). ESI-MS (m/z): 450.52(M ? H)?.
2.4b [Ni(HL1)·(CH3COO)·3H2O] (6) Green; yield 74%;
M.p. 242 ˚C; Anal. Calcd. for C19H22CoN2O7: C, 50.79; H,
4.94; N, 6.23; Co, 13.12. Found: C, 50.81; H, 4.98; N, 6.19;
Co, 13.16. Conductivity: (ohm−1 cm2 mol−1) in DMF: 13.
IR (KBr, cm−1): 3400 ʋ(H–O–H), 1085 ʋ(C–O), 1550 ʋ
(C=N), 1736 ʋ(CH3COO), 490 ʋ(M-N), 431 ʋ(M-O). ESIMS (m/z): 449.34(M ? H)?.
2.4c [Cu(HL1)·(CH3COO)·3H2O] (7) Brown; yield 70%;
M.p. 245 ˚C; Anal. Calcd. for C19H22CuN2O7: C, 50.27; H,
4.89; N, 6.17; Cu, 14.00. Found: C, 50.30; H, 4.86; N, 6.19;
Cu, 14.04. Conductivity: (ohm−1 cm2 mol−1) in DMF: 16.
IR (KBr, cm−1): 3400 ʋ(H–O–H), 1102 ʋ(C–O), 1555 ʋ
(C=N), 1740 ʋ(CH3COO), 498 ʋ(M-N), 433 ʋ(M-O). ESIMS (m/z): 454.45 (M ? H)?.
2.4d [Zn(HL1)·(CH3COO)·3H2O] (8) White; yield 74%;
M.p. 250 ˚C; Anal. Calcd. for C19H22N2O7Zn: C, 50.07; H,
4.87; N, 6.15; Cu, 14.35. Found: C, 50.04; H, 4.85; N, 6.17;
Cu, 14.31. Conductivity: (ohm−1 cm2 mol−1) in DMF: 2.8.
IR (KBr, cm−1): 3400 ʋ(H–O–H), 1110 ʋ(C–O), 1554 ʋ
(C=N), 1737 ʋ(CH3COO), 500 ʋ(M-N), 439 ʋ(M-O). 1H
NMR (400 MHz, CDCl3) δ (ppm): 8.86(s, 1H, –C=NH–),
8.45(d, 1H, Ar-H, J = 8Hz), 8.20(d, 2H, Ar-H, J = 8Hz),
8.03(d, 2H, Ar-H, J = 8Hz), 7.50(d, 2H, Ar-H, J = 8Hz),
7.11(d, 2H, Ar-H, J = 8Hz), 4.92(s, 2H, methylene), 3.63(s,
1H, alkyne), 1.49(s, 3H, CH3COO). 13C NMR (400 MHz,
CDCl3) δ (ppm): 171.3(-COO), 167.97 (–C=O), 159.80
(C4´), 156.46 (–C=N–), 135.26 (C4), 135.16 (C1), 131.44
(C2´, C6´), 129.43 (C3, C5), 128.53 (C2, C6), 127.0 (C1´),
115.48 (C3´, C5´), 79.35 (alkyne), 79.01 (alkyne), 56.09
(methylene), 19.64(methyl). ESI-MS (m/z): 455.12 (M ?
H)?.
2.4e [Co(HL2)·(CH3COO)·3H2O] (9) Light red; yield
77%; M.p. 245 ˚C; Anal. Calcd. for C19H21ClCoN2O7: C,
47.17; H, 4.38; N, 5.79; Co, 12.18. Found: C, 47.21; H,
4.41; N, 5.82; Co, 12.21. Conductivity: (ohm−1 cm2 mol−1)
in DMF: 14. IR (KBr, cm−1): 3400 ʋ(H–O–H), 1095 ʋ(C–
O), 1556 ʋ(C=N), 1739 ʋ(CH3COO), 499 ʋ(M-N), 440 ʋ(MO). ESI-MS (m/z): 484.04(M ? H)?.
2.4f [Ni(HL2)·(CH3COO)·3H2O] (10) Green; yield 76%;
M.p. 254 ˚C; Anal. Calcd. for C19H21ClN2NiO7: C, 47.20;
H, 4.38; N, 5.79; Ni, 12.14. Found: C, 47.18; H, 4.41; N,
5.83; Ni, 12.12. Conductivity: (ohm−1 cm2 mol−1) in DMF:
13. IR (KBr, cm−1): 3400 ʋ(H–O–H), 1100 ʋ(C–O), 1552 ʋ
(C=N), 1741 ʋ(CH3COO), 495 ʋ(M-N), 439 ʋ(M-O). ESIMS (m/z): 483.07 (M ? H)?.
2.4g [Cu(HL2)·(CH3COO)·3H2O] (11) Brown; yield 68%;
M.p. 268 ˚C; Anal. Calcd. for C24H29CuN3O7S: C, 50.80;
H, 5.12; N, 7.38; Cu, 11.23. Found: C, 50.83; H, 5.15; N,
7.41; Cu, 11.21. Conductivity: (ohm−1 cm2 mol−1) in DMF:
18. IR (KBr, cm−1): 3400 ʋ(H–O–H), 1120 ʋ(C–O), 1552 ʋ
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(C=N), 1737 ʋ(CH3COO), 493 ʋ(M-N), 438 ʋ(M-O). ESIMS (m/z): 488.18(M ? H)?.
2.4h [Zn(HL2)·(CH3COO)·3H2O] (12) White; yield 73%;
M.p. 270 ˚C; Anal. Calcd. for C25H31N3O7SZn: C, 50.63;
H, 5.17; N, 7.34; Cu, 11.51. Found: C, 50.66; H, 5.14; N,
7.39; Cu, 11.49. Conductivity: (ohm−1 cm2 mol−1) in DMF:
11. IR (KBr, cm−1): 3400 ʋ(H–O–H), 1143 ʋ(C–O), 1552 ʋ
(C=N), 1743 ʋ(CH3COO), 493 ʋ(M-N), 438 ʋ(M-O). 1H
NMR (400 MHz, CDCl3) δ (ppm): 8.82(s, 1H, –C=NH–),
8.16(d, 2H, Ar-H, J = 8Hz), 7.99 (d, 2H, Ar-H, J = 8Hz),
7.47(d, 2H, Ar-H, J = 8Hz), 7.07(d, 2H, Ar-H, J = 8Hz),
4.89(s, 2H, methylene), 3.59(s, 1H, alkyne), 1.51(s, 3H,
CH3COO). 13C NMR (400 MHz, CDCl3) δ (ppm): 171.59(COO), 167.96 (–C=O), 159.78 (C4´), 156.44 (–C=N–),
135.25 (C4), 135.13 (C1), 131.43 (C2´, C6´), 129.42 (C3, C5),
128.52 (C2, C6), 126.98 (C1´), 115.47 (C3´, C5´), 79.34
(alkyne), 79.01 (alkyne), 56.07 (methylene), 19.09(methyl).
ESI-MS (m/z): 489.15(M ? H)?.
2.4i [Co(HL3)·(CH3COO)·3H2O] (13) Brown red; yield
76%; M.p. 270 ˚C; Anal. Calcd. for C27H28CoN2O7: C,
58.81; H, 5.12; N, 5.08; Co, 10.69. Found: C, 58.76; H,
5.10; N, 5.10; Co, 10.63. Conductivity: (ohm−1 cm2 mol−1)
in DMF: 12. IR (KBr, cm−1): 3400 ʋ(H–O–H), 1146 ʋ(C–
O), 1560 ʋ(C=N), 1740 ʋ(CH3COO), 504 ʋ(M-N), 432 ʋ(MO). ESI-MS (m/z): 552.11(M ? H)?.
2.4j [Ni(HL3)·(CH3COO)·3H2O] (14) Light green; yield
74%; M.p. 280 ˚C; Anal. Calcd. for C27H8N2NiO7: C,
58.83; H, 5.12; N, 5.08; Ni, 10.65. Found: C, 58.86; H, 5.15;
N, 5.12; Ni, 0.63. Conductivity: (ohm−1 cm2 mol−1) in
DMF: 17. IR (KBr, cm−1): 3400 ʋ(H–O–H), 1099 ʋ(C–O),
1558 ʋ(C=N), 1735 ʋ(CH3COO), 507 ʋ(M-N), 439 ʋ(M-O).
ESI-MS (m/z): 551.34 (M ? H)?.
2.4k [Cu(HL3)·(CH3COO)·3H2O] (15) Brown; yield 77%;
M.p. 275 ˚C; Anal. Calcd. for C27H28CuN2O7S: C, 58.32;
H, 5.08; N, 5.04; Cu, 11.43. Found: C, 58.34; H, 5.05; N,
5.06; Cu, 11.10. Conductivity: (ohm−1 cm2 mol−1) in DMF:
10. IR (KBr, cm−1): 3400 ʋ(H–O–H), 1135 ʋ(C–O), 1554 ʋ
(C=N), 1732 ʋ(CH3COO), 501 ʋ(M-N), 441 ʋ(M-O). ESIMS (m/z): 556.87(M ? H)?.
2.4l [Zn(HL3)·(CH3COO)·3H2O] (16) White; yield 78%;
M.p. 265 ˚C; Anal. Calcd. for C27H28N2O7Zn: C, 58.13; H,
5.06; N, 5.02; Cu, 11.72. Found: C, 58.09; H, 5.03; N, 5.05;
Cu, 11.74. Conductivity: (ohm−1 cm2 mol−1) in DMF: 16.
IR (KBr, cm−1): 3400 ʋ(H–O–H), 1120 ʋ(C–O), 1557 ʋ
(C=N), 1730 ʋ(CH3COO), 506 ʋ(M-N), 444 ʋ(M-O). 1H
NMR (400 MHz, CDCl3) δ (ppm): 9.51(s, 1H, –C=NH–),
8.03–7.69(m, 4H, Ar-H), 7.61–7.40(m, 7H, Ar-H), 7.32(d,
1H, Ar-H, J = 8Hz), 5.91(s, 2H, methylene), 1.27(s, 3H,
CH3COO). 13C NMR (400 MHz, CDCl3) δ (ppm): 172.06(COO), 161.53(–C=O), 158.58(C2´), 149.84(–C=N–), 137.28
(C4), 137.25(C1´´), 136.05(C9´), 135.76(C4´), 134.17(C1),
133.48(C2, C6), 132.91(C10´), 132.50(C3, C5), 131.78(C3´´,
C5´´), 131.75(C5´), 130.55(C4´´), 129.78(C2´´, C6´´), 128.70
(C7´), 128.69(C6´), 123.96(C3´), 119.10(C8´), 118.13(C1´),
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75.97(methylene), 20.30(methyl). ESI-MS (m/z): 557.44(M
? H)?.
2.4m [Co(HL4)·(CH3COO)·3H2O] (17) Light red; yield
77%; M.p. 280 ˚C; Anal. Calcd. for C27H27ClCoN2O7: C,
55.35; H, 4.64; N, 4.78; Co, 10.06. Found: C, 55.32; H,
4.69; N, 4.76; Co, 10.04. Conductivity: (ohm−1 cm2 mol−1)
in DMF: 13. IR (KBr, cm−1): 3400 ʋ(H–O–H), 1126 ʋ(C–
O), 1559 ʋ(C=N), 1745 ʋ(CH3COO), 509 ʋ(M-N), 432 ʋ(MO). ESI-MS (m/z): 586.87(M ? H)?.
2.4n [Ni(HL4).(CH3COO)2.2H2O] (18) Light brown; yield
78%; M.p. 285 ˚C; Anal. Calcd. for C27H27ClN2NiO7: C,
55.37; H, 4,65; N, 4.78; Ni, 10.02. Found: C, 55.39; H, 4.67;
N, 4.74; Ni, 10.05. Conductivity: (ohm−1 cm2 mol−1) in
DMF: 14. IR (KBr, cm−1): 3400 ʋ(H–O–H), 1123 ʋ(C–O),
1560 ʋ(C=N), 1737 ʋ(CH3COO), 504 ʋ(M-N), 435 ʋ(M-O).
ESI-MS (m/z): 585.70 (M ? H)?.
2.4o [Cu(HL4)·(CH3COO)·3H2O] (19) Light green; yield
76%; M.p. 275 ˚C; Anal. Calcd. for C27H27ClCuN2O7: C,
54.92; H, 4.61; N, 4.74; Cu, 10.76. Found: C, 54.88; H,
4.58; N, 4.72; Cu, 10.74. Conductivity: (ohm−1 cm2 mol−1)
in DMF: 10. IR (KBr, cm−1): 3400 ʋ(H–O–H), 1110 ʋ(C–
O), 1550 ʋ(C=N), 1741 ʋ(CH3COO), 497 ʋ(M-N), 442 ʋ(MO). ESI-MS (m/z): 590.45 (M ? H)?.
2.4p [Zn(HL4)·(CH3COO)·3H2O] (20) White; yield 75%;
M.p. 285 ˚C; Anal. Calcd. for C27H27ClN2O7Zn: C, 54.75;
H, 4.59; N, 4.73; Cu, 11.04. Found: C, 54.77; H, 4.61; N,
4.76; Cu, 11.07. Conductivity: (ohm−1 cm2 mol−1) in DMF:
16. IR (KBr, cm−1): 3400 ʋ(H–O–H), 1135 ʋ(C–O), 1551 ʋ
(C=N), 1744 ʋ(CH3COO), 510 ʋ(M-N), 430 ʋ(M-O). 1H
NMR (400 MHz, CDCl3) δ (ppm): 9.58(s, 1H, –C=NH–),
8.01(d, 2H, Ar-H, J = 8Hz), 7.91(d, 1H, Ar-H, J = 8Hz),
7.65–7.55(m, 6H, Ar-H), 7.47–7.41(m, 2H, Ar-H), 5.92(s,
2H, methylene), 1.29(s, 3H, CH3COO) 13C NMR (400
MHz, CDCl3) δ (ppm): 171.04(-COO), 163.68(–C=O),
157.28(C2´), 145.70(–C=N–), 137.28(C4), 134.46(C1´´),
134.08(C9´), 132.96(C4´), 132.13(C1), 131.31(C2, C6),
129.41(C10´), 129.03(C3, C5), 128.91(C3´´, C5´´), 128.49
(C5´), 128.45(C4´´), 128.22(C2´´, C6´´), 126.52(C7´), 124.68
(C6´), 123.76(C3´), 115.60(C8´), 115.30(C1´), 71.06(methylene), 20.98(methyl). ESI-MS (m/z): 591.61(M ? H)?.

2.5 Antimicrobial assay (in vitro)
Schiff base ligands (HL1–HL4) and their transition
metal(II) complexes were examined against four bacterial strains i.e. Gram positive bacteria viz., Staphylococcus aureus (MTCC 2901), Streptococcus
gordonii (MTCC 35105); Gram negative bacteria viz.,
Escherichia coli (MTCC 732), Pseudomonas aeruginosa (MTCC 424), and two fungal strains i.e., Candida albicans (MTCC 227) and Aspergillus niger
(MTCC 9933) by serial dilution method.24 The
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bacteria and fungi were subcultured on nutrient broth
and potato dextrose broth (PDB) and observed
experimental MIC values were compared with standard drugs i.e. ciproﬂoxacin for antibacterial and ﬂuconazole for antifungal activity.
2.5a Determination of minimum inhibitory concentration
(MIC) MIC is the lowest concentration of an antimicrobial compound which hinders or inhibits the visible development of microbial strains after an overnight incubation
period. MIC values of the synthesized compounds were
determined by standard serial dilution method. The stock
solutions were prepared by dissolving a minimum amount
of sample in DMSO (5 mg in 5 mL) to make 1000 μgmL−1
concentrated solution. Then, 1 mL of stock solution was
added to 9 mL of DMSO to make solution having concentration 100 μg/mL and then added to the same quantity
of nutrient broth and potato dextrose broth to make serial
dilutions of 50, 25, 12.5, 6.25, 3.12 and 1.56 μgmL−1 concentrations. Then, 0.1 mL of saline bacterial and fungal
strains were inoculated with the help of micropipette with
sterilized tips to check their growth and ultimately to ﬁnd
out the MIC values.25 The tested compounds were kept in
an incubator at 37 ˚C for 24 h in case of the bacteria and for
one week in case of fungus. The MIC values were noted in
each test tube having different concentrations and ﬁnally,
the experimental values were compared with the standard
drugs.26

2.6 Antioxidant assay
For in vitro radical scavenging evaluation, DPPH (1,1diphenyl-2-picryl-hydrazyl) is originated to be a set
assay since it exhibits immediate and consistent
activity for the tested compounds.27 DPPH radical
scavenging activity was determined for Schiff bases
HL1–HL4 and their transition metal(II) complexes by
measuring the change in molar absorbance value of
DPPH at 517 nm at various concentrations i.e. (100,
200, 300, 400, 500 g/mL) in DMSO, using ascorbic
acid (Vitamin C) as a standard drug.28 Add 1 mL of
above-prepared solutions to the 1 mL DPPH solution
prepared in DMSO (5 mg in 100 mL) and made the
resultant solution up to 3 mL by adding further
DMSO. Shake the prepared mixture vigorously and
allowed to stand in darkness for nearly 30 min at room
temperature. By taking DPPH with DMSO as a reference or blank, the molar absorbance of the compounds was noted at 517 nm. The decrease in DPPH
values of molar absorbance at 517 nm and change in
color of the solution helps in deciding the radical
scavenging power of an antioxidant and conﬁrms the
DPPH radical scavenging by the antioxidant by
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donation of hydrogen radical or electron to form a
stable DPPH-H molecule. The percentage inhibition
radical scavenging activity of free radical production
from DPPH was calculated by using the equation
given below:
Abscontrol  Abssample
 100
Abscontrol
where, Abscontrol is the absorbance of the blank and
Abssample is the absorbance of the sample. All the test
experiments were performed within triplicates to
obtain mean ± S.D. and further the results were
averaged. A graph is plotted in between percentage
scavenging effect on Y-axis and concentration (μg/
mL) on X-axis.
6a Principle of antioxidant activity DPPH (1,1-Diphenyl2-picrylhydrazyl) is a purple colored stable organic free
radical and its oxidative assay is used extensively in the
quantiﬁcation of radical scavengers capacity or hydrogen
donors ability of samples.29,30 The DPPH exhibits good
scavenging activity as it becomes a diamagnetic compound
by accepting a hydrogen-free radical and an electron from
antioxidants and resulting in a decrease of absorbance from
517 nm.31 The basic principle utilized in the antioxidant
assay was based on the fact that during scavenging with
antioxidants (AH), the DPPH∙ free radical gets reduced to
yellow (DPPH-H) molecule and the purple color of the
solution gets vanished on capturing hydrogen atom or an
electron by the antioxidant compounds.32 DPPH free radical
is stable, possess an odd electron and exhibits a strong
absorption band at 517 nm. On scavenging, it accepts a free
electron or hydrogen radical and gets renewed into a
stable diamagnetic molecule DPPH-H and the electron
becomes paired off and the absorption values get decreases
stoichiometrically depending on the quantity of electrons or
hydrogen radicals taken up. The speed of decrease in
absorbance is directly proportional to the antioxidant
potency of the compounds. The reaction of scavenging
between DPPH free radical and antioxidant takes place in
such a way:
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3. Results and Discussion
The ligands (HL1–HL4) were synthesized by condensation of oxy derivatives of 4-hydroxy benzaldehyde/
2-hdroxy-1-napthaldehyde with benzoic acid hydrazide/4-chloro-benzoic acid hydrazide. Metal complexes of the type [M(L1–4)·(CH3COO)·3H2O] were
obtained by reaction of transition metal acetates i.e. M
(CH3COO)2.xH2O where [M = Co(II), Ni(II), Cu(II)
and Zn(II); x = 1–4] with synthesized Schiff base
hydrazones in molar ratio 1:1. The homogeneity of the
compounds was checked regularly by TLC. All the
complexes synthesized were solids, stable in air and at
room temperature, insoluble in most of the organic
solvents except DMF and DMSO. The molar conductance values of 110−3 M concentrated solution of
complexes in DMF at room temperature lies in a low
range between 10–17 ohm−1 cm−1 mol indicating the
non-electrolytic nature given in Table 1. The octahedral geometry of the metal complexes was elucidated
by spectroscopic techniques (IR, NMR, mass, UVVisible, ﬂuorescence and ESR), magnetic susceptibility measurements and TGA. The ligands were chelated
to all metal ions in an enolic form with the replacement of one hydrogen atom of nitrogen as shown in
Scheme 1. The reaction of Schiff bases with metal
acetates takes place according to following proposed
general Scheme 2.
3.1 FT-IR spectra
Infra-red spectra give us important information about
functional groups present and describe all the mode of
coordinating sites in the molecules. The spectra of the
complexes were compared with that of Schiff bases
which show either disappearance or formation of new
bands and shifting of peaks in either direction indicating coordination during complexation mechanism
(Table 2). All the Schiff base ligands show similar IR
spectral features, exhibiting a strong absorption band
near 3300–3250 cm−1 due to υ(N–H) stretching.33
Another strong absorption band between 1685–1670
cm−1 is attributed to υ(C=O) indicating the presence of
keto group in Schiff bases. Further, on comparing the
spectra of Schiff bases with their respective complexes, there is the disappearance of the bands
observed due to υ(N–H) and υ(C=O) stretching frequencies indicated the enolization of Schiff bases
during coordination with metal centre ion suggesting
chelation through carbonyl oxygen after deprotonation
of –NH group.34 The evidence for enolization of carbonyl group was further proved by the presence of

C19H22N2O7Zn
C19H21ClCoN2O7

C27H28N2O7Zn
C27H27ClCoN2O7

HL3

HL4

Co(L1)·(CH3COO)·3H2O

Ni(L1)·(CH3COO)·3H2O

Cu(L1)·(CH3COO)·3H2O

Zn(L1)·(CH3COO)·3H2O

Co(L2)·(CH3COO)·3H2O

Ni(L2)·(CH3COO)·3H2O

Cu(L2)·(CH3COO)·3H2O

Zn(L2)·(CH3COO)·3H2O

Co(L3)·(CH3COO)·3H2O

Ni(L3)·(CH3COO)·3H2O

Cu(L3)·(CH3COO)·3H2O

Zn(L3)·(CH3COO)·3H2O

Co(L4)·(CH3COO)·3H2O

Ni(L4)·(CH3COO)·3H2O

Cu(L4)·(CH3COO)·3H2O

Zn(L4)·(CH3COO)·3H2O

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

C27H27ClN2O7Zn

C27H27ClCuN2O7

C27H27ClN2NiO7

C27H28CuN2O7

C27H28N2 NiO7

75

76

78

77

78

77

74

76

73

75

76

77

74

70

74

75

85

86

White

Light Green

Light brown

Light Red

White

Brown

Light Green

Brown red

White

Brown

Green

Light red

White

Brown

Green

Brown red

White

White

White

White

Color
(73.37)
73.35
(65.29)
65.31
(78.93)
78.89
(72.37)
73.34
(50.79)
50.81
(50.82)
50.78
(50.27)
50.30
(50.07)
50.04
(47.17)
47.21
(47.20)
47.18
(46.73)
46.77
(46.55)
46.57
(58.81)
58.76
(58.83)
58.86
(58.32)
58.34
(58.13)
58.09
(55.35)
55.32
(55.37)
55.39
(54.92)
54.88
(54.75)
54.77

C
(5.07)
5.04
(4.19)
4.22
(5.30)
5.33
(4.62)
4.59
(4.94)
4.98
(4.94)
4.97
(4.89)
4.86
(4.87)
4.85
(4.38)
4.41
(4.38)
4.41
(4.33)
4.30
(4.32)
4.28
(5.12)
5.10
(5.12)
5.15
(5.08)
5.05
(5.06)
5.03
(4.64)
4.69
(4.65)
4.67
(4.61)
4.58
(4.59)
4.61

(Calcd.)
H
(10.07)
10.05
(8.96)
8.94
(7.36)
7.33
(6.75)
6.78
(6.23)
6.19
(6.24)
6.26
(6.17)
6.19
(6.15)
6.17
(5.79)
5.82
(5.79)
5.83
(5.74)
5.70
(5.71)
5.73
(5.08)
5.10
(5.08)
5.12
(5.04)
5.06
(5.02)
5.05
(4.78)
4.76
(4.78)
4.74
(4.74)
4.72
(4.73)
4.76

Found
N

(13.12)
13.16
(13.07)
13.10
(14.00)
14.04
(14.35)
14.31
(12.18)
12.21
(12.14)
12.12
(13.01)
13.05
(13.34)
13.32
(10.69)
10.63
(10.65)
10.63
(11.43)
11.10
(11.72)
11.74
(10.06)
10.04
(10.02)
10.05
(10.76)
10.74
(11.04)
11.07

-

-

-

-

%
M

591.61

590.45

585.70

586.87

557.44

556.87

551.34

552.11

489.15

488.18

483.07

484.04

455.12

454.45

449.34

450.52

416.20

381.75

313.32

279.12

m/z

16

10

14

13

16

‘10

17

12

10

11

13

14

14

16

17

13

16

14

13

11

(ΩM)10−3

285

275

285

280

265

275

280

270

260

256

254

245

250

245

242

240

143

140

135

130

M.P.(˚C)
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C27H28CoN2O7

C19H21ClN2O7Zn

C19H21ClCuN2O7

C19H21ClN2NiO7

C19H22CuN2O7

C19H22N2NiO7

C19H22CoN2O7

C25H19ClN2O2

C25H20N2O2

84

C17H13ClN2O2

HL2

82

(%)
Yield

C17H14N2O2

2

Molecular formulae

HL1

Compounds

1

Sl. no

Table 1. Physical and analytical data of Schiff base hydrazones and their transition metal(II) complexes.
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Scheme 2. M(CH3COO)2.xH2O ? HL1–4 → [M(L1–4)·(CH3COO)·3H2O] ? CH3COOH where, M = Co(II), Ni(II), Cu(II)
and Zn(II).
Table 2. Some important IR peaks (cm−1) of the Schiff bases and their transition metal(II) complexes.
Sl. no

Compounds

υ(O–H)
water

υ(N–H)

υ(C–O)

υ(C=O)

υ(CH3COO)

υ(–C=N)

υ(M–N)

υ(M-O)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

HL1
HL2
HL3
HL4
Co(L1)·(CH3COO)·3H2O
Ni(L1)·(CH3COO)·3H2O
Cu(L1)·(CH3COO)·3H2O
Zn(L1)·(CH3COO)·3H2O
Co(L2)·(CH3COO)·3H2O
Ni(L2)·(CH3COO)·3H2O
Cu(L2)·(CH3COO)·3H2O
Zn(L2)·(CH3COO)·3H2O
Co(L3)·(CH3COO)·3H2O
Ni(L3)·(CH3COO)·3H2O
Cu(L3)·(CH3COO)·3H2O
Zn(L3).CH3COO).3H2O
Co(L4)·(CH3COO)·3H2O
Ni(L4)·(CH3COO)·3H2O
Cu(L4)·(CH3COO)·3H2O
Zn(L4)·(CH3COO)·3H2O

–
–
–
–
3400
3405
3417
3412
3411
3406
3408
3416
3402
3400
3419
3410
3413
3420
3403
3417

3250
3300
3270
3290
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
1085
1080
1102
1110
1095
1100
1120
1143
1146
1099
1135
1120
1126
1123
1110
1135

1670
1679
1685
1675
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
1736
1744
1740
1737
1739
1741
1737
1743
1740
1735
1732
1730
1745
1737
1741
1744

1585
1580
1575
1582
1550
1562
1555
1554
1556
1552
1560
1552
1560
1558
1554
1557
1559
1560
1550
1551

–
–
–
–
490
495
498
500
499
502
499
493
504
507
501
506
509
504
497
510

–
–
–
–
431
439
433
439
440
445
440
438
432
439
441
444
432
435
442
430

new bands due to stretching vibrations of υ(C–O)
group in the range 1146–1080 cm−1 in complexes
spectra. Strong and sharp intense peaks were observed
in the range 1585–1575 cm−1 attributed to υ(–C=NH–)
azomethine stretching frequencies in all the Schiff
bases which further gets shifted by 20–25 cm−1 on
complexation and appears in the range 1562–1550
cm−1 indicating the participation of azomethine
nitrogen in coordination by the donation of electrons
of a nitrogen atom to the empty d-orbitals of the metal
ions.35 The broad bands in the range 3420–3400 cm−1
in metal complexes spectra were assigned for υ (OH)
frequency of the coordinated water molecules.36
Some new weak to strong bands get observed in the
spectra of complexes near 445–430 cm−1 and 510–490
cm−1, which were absent in the Schiff bases spectra
conﬁrms the presence of M-O and M-N bonds,
respectively suggested binding through nitrogen and
oxygen donor atoms in bidentate manner. Another
sharp peak assigned for acetate groups in metal complexes were observed in the region of 1745–1730

cm−1.37 On the basis of evidence proved by the values
of IR spectra it was found that the Schiff bases were
bidentate (NO) in nature and binds to the metal ions
through deprotonated oxygen of enolic form and
azomethine nitrogen.

3.2

1

H NMR spectra

The 1H NMR spectra of the synthesized Schiff base
ligands were carried out in CDCl3 and of their zinc(II)
complexes were recorded in DMSO-d6 by taking
tetramethylsilane as an internal reference and the values were recorded in ppm as depicted in Table S1 in
Supplementary Information. The azomethine proton (–
CH=N–) of the ligands (HL1–HL4) displayed a singlet
at δ 9.23–8.28 ppm which when compared with their
respective Zn(II) complexes gets downshielded and
displayed peaks in the range of δ 9.58–8.82 ppm
thereby, conﬁrming the coordination using azomethine
nitrogen by donating lone pair of electrons of a
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nitrogen atom to the zinc metal ion on complexation.38
Another singlet appears in the range of δ 9.48–9.09
ppm ascertain the presence of –NH proton in all the
hydrazones which get disappear when the comparative
study of ligands with their Zn(II) complexes was done
and indicated deprotonation of –NH proton (via ketoenol tautomerization) and revealed the mode of binding
behavior of Schiff bases to zinc(II) ions via carbonyl
oxygen through enolization.39 Further, Schiff base
ligands (HL1 and HL2) displayed a triplet near δ 2.57
ppm due to alkyne protons which gets downshielded at
δ 3.59 and 3.63 ppm, respectively in the complexes
conﬁrming scheming of the complexes. Schiff bases
also exhibit peaks in the region δ 5.42–4.75 ppm,
assigned for methylene group which also displayed
augmentation in δ values via deshielding process in the
complexes spectra and appeared in the range δ 5.92–
4.89 ppm.40 Some doublets, triplets, multiplets due to
aromatic protons were observed near δ 8.04–7.01 ppm
in the spectra of the ligands which gets shifted in the
range of δ 8.45–7.07 ppm in zinc(II) complexes also
revealed complexation.41 Further, singlets in the region
δ 1.51–1.27 ppm were observed in all the complexes
due to (-CH3) group of acetate ions,42 conﬁrms the
presence of one acetate group in the complexes. The
proton NMR of Schiff base HL4 and its zinc(II) complex is depicted in Figure 1a and 1b.
3.3

13

C NMR spectra

The 13C NMR spectra of ligands and their complexes
were recorded in CDCl3 and DMSO which also helps
in conﬁrming the proposed structures (Table S1, Supplementary Information). 13C NMR spectra of Schiff
bases displayed a carbonyl carbon signal in the range δ
164.20–157.32 ppm.43 Peaks due to azomethine carbons appeared in the vicinity of δ 159.44–151.08 ppm.
The signal due to methylene carbons was present
within the range δ 71.88–55.85 ppm in all Schiff
bases.44 In ligand HL1 and HL2, one more signal was
observed in the region δ 78.08 and 75.93 ppm were
attributed to alkyne carbons. Signals due to aromatic
carbons appeared in the range 159.44–151.08 ppm.
In complexes, 13C NMR spectra, signals displayed in
between δ 172–171 ppm, were ascribed for carboxylate
group of acetate anion. The peaks observed due to
carbonyl carbon in complexes spectra get shifted
downﬁeld and appeared in the range δ 171.59–161.53
ppm, revealed complexation. Peaks due to azomethine
carbon also underwent shifting in the vicinity of δ
159.80–157.28 ppm45 providing a clue for the designing of complexes. The signals observed due to aromatic
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carbons in the complexes also show slight alternation
and observed near 159.78–157.28 ppm. The peaks due
to methylene and alkyne carbons also show augmentation in the metal complexes and appeared near δ
75.97–56.07 and δ 79.35–79.34 ppm, reveals coordination between ligands and metal centres. Further, new
signals in the vicinity of δ 19.0 ppm and 20.0 ppm,
assigned for methyl carbons, conﬁrms the presence of
acetate groups in complexes. It was also found that
DMSO did not show any coordinating effect in the
spectra of zinc(II) complexes. The 13C NMR of Schiff
base HL4 and its zinc(II) complex is given in Figure S12 and S16, Supplementary Information.
On conclusion, it was established that while comparing the NMR spectra of complexes with their
respective Schiff bases, it was found that the signals
due to carbonyl groups, azomethine linkage group and
the atoms adjacent to the coordinating atoms get
slightly shifted downﬁeld in complexes spectra as a
comparison to the corresponding signals of these
groups in free Schiff bases, which supported the
coordination modes through the azomethine nitrogen
and deprotonated carbonyl oxygen atom in a bidentate
pattern.
3.4 Mass spectra
From the mass spectroscopic elucidations, the desired
molecular weights of the synthesized compounds were
observed. The proposed molecular formula and stoichiometry of the compounds were conﬁrmed by
comparing their molecular formula weights with m/z
values. The mass spectra displayed intense molecular
ion peaks which established the formation of Schiff
base ligands and their respective metal(II) complexes
given in Table 1.46,47 The Schiff bases HL1–HL4
exhibited peaks at m/z 279.12 (calculated m/z 278.31),
313.32 (calculated m/z 312.75), 381.75 (calculated
m/z 380.44) and 416.20 (calculated m/z 414.88)
respectively due to molecular ions [M?1]. The Co(II),
Ni(II), Cu(II) and Zn(II) complexes of HL2 show
molecular ion peaks at m/z 484.04, m/z 483.07, m/z
488.18 and m/z 489.15, well consistent with their
molecular weight, conﬁrmed their synthesis according
to given stoichiometry. Thus, the mass spectral results
along with 1H and 13C NMR spectra, FT-IR, elemental
analyses conﬁrmed the formation of [ML1–4(CH3COO).3H2O] type complexes in molar ratio 1:1 and
were well agreed with the proposed structures of metal
complexes depicted in Scheme 2. The mass spectra of
ligand HL2 (2) and its zinc complex (12) are depicted
in Figure S22 and S23, Supplementary Information.
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Figure 1. (a) 1H NMR spectra of Schiff base (4) in CDCl3 (b) 1H NMR spectra of its zinc(II) complex (20) in DMSO-d6.

3.5 Electronic spectra and magnetic moment
measurements
The electronic absorption spectral data and magnetic
moment values of Schiff base ligands and their transition metal chelates was carried out in DMF solution

at room temperature (Table S2, Supplementary Information) and is used to study the geometry of synthesized complexes which were found to be octahedral.
The electronic spectra of Schiff bases show strong
absorption peaks near 26,225–26880 and 40,000 cm−1
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for n→ π* and near 40,000–40,380 cm−1 for π→ π*transitions respectively.48
The electronic spectrum of Co(II) complexes show
three absorption bands in the region of 10,475–10,618
cm−1, 18,465–18690 cm−1 and 23,115–23,400 cm−1
corresponding to 4T1g(F)→4T2g(F) (ν1), 4T1g
(F)→4A2g(F) and 4T1g(F)→4T1g(P) (ν3) transitions,
suggesting octahedral geometry. The ligand ﬁeld
parameter such as Dq, B, β, β % has been calculated by
using Band-ﬁtting equation given by Underhill and
Billing.49 The crystal ﬁeld splitting energy (Dq) value
was found to be 1249–1290 cm−1. These values lie well
within the range reported for the octahedral complexes.
The Racah parameter (B) was found to be 663.4–696.3
cm−1 which was less than the free ion value of 971 cm−1,
suggesting an orbital overlap and delocalization of the
electron on the metal ion. The nephelauxetic ratio (β) for
cobalt complexes was less than one near 0.683–0.717,
suggesting partial covalent character between the metalligand bond. The value obtained for υ2/υ1 were found in
the range 2.17–2.22 (Table 4) further conﬁrms the
octahedral geometry around Co(II) complexes. The
magnetic moment values for Co(II) complexes were
recorded in the range 4.55–4.60 BM, were also in good
agreement for signifying octahedral geometry.
The Ni(II) complexes exhibit three peaks near
10,885-,11,195 cm−1, 19,465–19,770 cm−1 and 24,730–
24989 cm−1 have been assigned due to 3A2g(F)→3T2g
(F), 3A1g(F)→3T1g(F), 3A2g(F)→3T1g(P) transitions,
respectively, indicated octahedral geometry for the Ni
(II) ions.50 Ligand ﬁeld parameters have also been
calculated for Ni(II) complexes by using a band-ﬁtting
equation. Racah parameter B was found to be less than
the free ion value i.e., 1041 cm−1 indicating the covalent
character of the metal-ligand bond. The values of
nephelauxetic ratio (β) and υ2/υ1 found for complexes
lies near 0.696–0.758 and 1.81–1.73, suggesting octahedral geometry for Ni(II) complexes. The magnetic
moment values lie within the range 3.38–3.45 BM due
to two unpaired electrons further conﬁrms octahedral
geometry around nickel ion.51
In Cu(II) complexes, two bands near 24,155–24,543
and 15,140–15,420 cm−1 were observed due to charge
transfer for d9 conﬁguration and 2Eg→ 2T2g transition.
The broadness of peak occurs due to John-Teller distortion, indicating the distortion of Cu(II) from octahedral geometry.52 Further, the observed values of a
magnetic moment for Cu(II) complex lies near 1.87–
1.92 BM, falls within the range observed for octahedral geometry.
In the electronic spectrum of Zn(II) complexes, only
one band was observed due to LMCT near 23,620–
23,825 cm−1 signifying diamagnetic nature as
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predictable for d10 conﬁguration. The spectral and
analytical data conﬁrms octahedral geometry for Zn
(II) complexes.53
3.6 Fluorescence spectra
The photoluminescence spectra of Schiff bases and
their Co(II), Ni(II), Cu(II) and Zn(II) complexes were
recorded in dry DMF at room temperature with an
excitation wavelength of 270 nm, depicted in Figure 2.
The ﬂuorescence and emission spectra exhibited by
ligands and their complexes is also readily observed
with naked eyes under UV light. However, the ﬂuorescent intensities of Cu(II) complexes were too weak
or show quenching behavior while other shows good
characteristics of ﬂuorescence phenomenon. The
complexes show broad emission bands indicating
charge transfer nature of the observed transitions. The
most augmentation in ﬂuorescent intensity among all
metal complexes was observed in the case of Zn(II)
complexes as they are difﬁcult to oxidize or reduce
due to their stable ﬁlled d10 conﬁguration54 with an
emission band observed at 470 nm. Further, the
emission bands for the spectra of Co(II), Ni(II) and Cu
(II) complexes were observed at 310 nm, 320 nm and
315 nm, respectively. A weak emission band for Schiff
base ligand was observed at 290 nm.
The order of enhancement in the ﬂuorescent intensities was found as Zn(II) > Ni(II) > Co(II) > Schiff
base > Cu(II) and exposed that Schiff bases are one of
the good chelating agents as the ﬂuorescence quantum
yield of the complexes were found to be considerably
higher than Schiff base ligands which establish the
complexation process.55 Further, it is noteworthy that
the emission wavelength of complexes is slightly
higher than free ligands and can be assigned to the

Figure 2. Fluorescence spectra of Schiff base HL4 (4) and
its Co(II), Ni(II), Cu(II), Zn(II) metal complexes.
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consequence of coordination of free ligands to metal
(II) complexes which increases the ligand conformational inﬂexibility. Thus, the above results conﬁrmed
that Schiff base and its metal(II) complexes were ﬂuorescent in nature and grant an innovative course for
the photochemical applications and can be used as an
advanced material of light-emitting diode devices,
etc.56
3.7 ESR spectra
ESR spectra of copper(II) complexes were recorded in
the polycrystalline state at room temperature and liquid nitrogen temperature (77 K) in DMSO on X- band
at a frequency of 9.1 GHz under the magnetic ﬁeld
strength of 3000 G. The spectrum shows one intense
absorption band towards the high ﬁeld which helps in
determining the spin hamiltonian parameters and G
values for copper(II) complexes. The g values
observed for Cu(L4)OAc.3H2O complex were g| =
2.17, g⊥ = 2.06, gav = 2.09, G = 2.91 (Table 3). The g
tensor parameters found in order g|| [ g [ 2.0023 in
the spectrum of copper complexes is in accordance
with axially elongated octahedral geometry, indicating
that the unpaired electron resides in the ground state of
Cu(II) ion, predominantly in d2x2-y orbital. The value of
spin-orbital coupling constant λ (-615 cm−1) was calculated by using the relation:

21

due to interaction with nitrogen and oxygen nuclei
adjacent to copper ions.58 According to Hathaway,59 if
the G value is found to be less than 4, the exchange
interaction between the copper centers is noticed while
if the G value is greater than 4 the exchange interaction are negligible. The calculated G-values for the
present Cu(II) complexes of Schiff bases HL1–HL4 are
found to be 2.90, 3.09, 2.73 and 2.91, respectively
indicated that the exchange coupling effects are
operative in the present copper complexes.60 The ESR
spectra of Cu(L4)OAc.3H2O complex is depicted in
Figure 3.
3.8 Powder XRD studies
Powder diffraction is a technique that uses X-ray,
neutron or electron diffraction on powder or microcrystalline samples for structural characterization of
the materials. It throws light only on the fact that each
solid represents a deﬁnite compound of a speciﬁc
structure which is not contaminated with starting
materials. The spectra of the Schiff bases and their
metal complexes were recorded over a range of 2θ =
10˚–80˚ and the compounds were found to be

gav ¼ 2ð12k=10DqÞ
gav ¼ 1=3ðgjj þ 2g?Þ
which were found to be less than Cu(II) free ion complex
i.e. λ (-832 cm−1), which supported the covalent character of metal-ligand bond in the complexes. The existence of partial covalent character of metal-ligand bond
has been further proved by the help of g parallel values
which were found to be less than 2.3.57
The anisotropic G factor calculated from the
expression G = (g| - 2.0023)/(g⊥- 2.0023) was found
to be less than 4 and showed little exchange interaction
between copper(II) centers in solid-state. This hyperﬁne interaction observed for complexes was attributed
Table 3. ESR spectral data of copper(II) complexes.
Cu(II) complexes
Cu(L1).CH3COO.
Cu(L2).CH3COO.
Cu(L3).CH3COO.
Cu(L4).CH3COO.

3H2O
3H2O
3H2O
3H2O

gǁǁ

g┴

gav

G

2.1
2.15
2.16
2.17

2.05
2.05
2.06
2.06

2.08
2.08
2.09
2.09

2.90
3.09
2.73
2.91

Figure 3. ESR spectra of Cu(II) complex (17) of (a) Schiff
base L4 at RT (b) and at LNT.
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Figure 4. XRD Spectra of (a) Schiff base (4) (b) zinc complex (18).

crystalline shown in Figure 4a and b. Further, the
identiﬁcation and the average crystallite size (ξ) from
the XRD pattern of the complexes was performed
using a known standard method according to the
Debye-Scherrer equation.61
Kk
n¼ 1
b 2 cosh
This equation uses the reference peak width at angle
θ, where λ is the wavelength of the X-rays (1.542 Å),
K is a constant taken as 0.95 for organic compounds
and β1/2 is the full width at half maximum (FWHM) of
the reference diffraction peak measured in radians.
The value of ξ calculated for ligand HL4 and its zinc
(II) complex is found to be 28.4, 28.34 nm suggested
that synthesized complexes are of nanocrystalline size
in nature.62 Further, the values of dislocation density
(δ), deﬁned as the number of dislocation lines per unit
area of the crystal, is related to average particle
diameter (n), were found to be 46.91 and 47.89 nm−2
for HL4 and its zinc(II) complex calculated by the
relation.63

d¼

1
n2

3.9 Thermal analysis
To determine the thermal stability and chemical
composition of Co(II), Ni(II), Cu(II) and Zn(II) complexes, thermogravimetric analysis has been performed within temperature range 25–1000 ˚C by using
alumina as a reference compound.
[Cu(L4)(CH3COO).3H2O] (19) complex degraded
in three steps, ﬁrst step involved weight loss of 9.14%
(Calcd. 9.2%), corresponding to the removal of three
coordinated water molecules (temperature range
150–225 ˚C). The second step involved weight loss of
9.98% (Calcd. 10.1%) corresponding to the removal of
acetate group (temperature range 226 to 425 ˚C)64 and
the last step resulted in a weight loss of 70.5% (Calcd.
70.23%), corresponding to the removal of Schiff base
ligand moiety (temperature range 426 to 870 ˚C). The
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ﬁrst step (temperature range 150–220 ˚C) resulted in
mass loss of 9.2% and 9.21% (Calcd. 9.24 and 9.27 %)
corresponding to the elimination of three coordinated
water molecules. The second step (temperature range
220–380 ˚C) resulted in mass loss of 10.0% and 10.1%
(Calcd. 10.40% and 10.31%) corresponding to the
elimination of acetate groups. In the last step, a mass
loss of 70.91% and 71.06% (Calcd. 70.80% and
71.33%) consistent with the loss of organic ligand
moiety (temperature range 380–850 ˚C) leaving cobalt
and nickel oxides as residue. The general scheme for
the decomposition of complexes is shown below

It was concluded that the residues left near 900 ˚C
indicates the non-volatile nature of metal complexes.
Decompositions were observed at about the same rates
in all the complexes as well. The stability of complexes up to 150 ˚C reveals the absence of lattice water
molecules outside the coordination sphere.
3.10 Antimicrobial discussion

Figure 5. Thermogravimetric analysis of (a) copper complex (19) (b) zinc complex (20).

residue left was estimated as copper oxide (CuO)
depicted in Figure 5a.
The complex [Zn(L4)(CH3COO).3H2O] (20) also
exhibit decomposition in three steps. The ﬁrst step
resulted in mass loss of 9.13% (Calc. 9.17%), corresponding to the loss of three coordinated water
molecules (temperature range 220–300 ˚C). The second step resulted in mass loss of 9.98% (Calcd. 10.5%)
corresponding to the loss of organic acetate molecule
(temperature range 300–400 ˚C). The third step
resulted in mass loss of 70.4% (Calcd. 70.16%) consistent with the loss of ligand moiety leaving zinc
oxide as a residue (temperature range 400–850 ˚C)65
shown in Figure 5b.
Similarly, in the case of Co(II) and Ni(II) complexes, degradation also takes place in three steps. The

In vitro antimicrobial activity of Schiff base ligands
HL1–4 and their transition metal(II) complexes were
screened against two gram positive bacteria (S. aureus
and S. gordonii), two gram negative bacteria (E. coli
and P. aeruginosa) and two fungal strains (C. albicans
and A. niger) by using standard serial dilution method
at different concentrations of (1.56, 3.12, 6.25, 12.5,
25, 50 μM/mL) in DMSO, used as a negative control.
The results obtained were compared with standard
antibiotic drugs ciproﬂoxacin and ﬂuconazole for
antibacterial and antifungal activities, respectively
which were used as positive controls. The MIC values
against the growth of microorganisms for the compounds are summarized in Table 4 and their graphical
representations are shown in Figure 6a and b. All the
designed compounds were found to be biologically
active against tested antimicrobial strains.
Several mechanisms reported from the past, suggests that some antibiotics showed ampliﬁed antimicrobial activity when administered as metal complexes
instead of organic drugs.66,67 This enhancement in the
biological activity of metal complexes as compared to
free Schiff bases may be better explained by the
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Table 4. In vitro antibacterial and antifungal data (MIC = μM/mL) of Schiff bases and their metal (II) complexes through
standard serial dilution method.
Minimum inhibitory concentration (μM/mL)
Comp. No.

Compounds

S. aureus

S. gordonii

E.coli

P. aeruginosa

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

HL1
HL2
HL3
HL4
Co(L1)·(CH3COO)·3H2O
Ni(L1)·(CH3COO)·3H2O
Cu(L1)·(CH3COO)·3H2O
Zn(L1)·(CH3COO)·3H2O
Co(L2)·(CH3COO)·3H2O
Ni(L2)·(CH3COO)·3H2O
Cu(L2)·(CH3COO)·3H2O
Zn(L2)·(CH3COO)·3H2O
Co(L3)·(CH3COO)·3H2O
Ni(L3)·(CH3COO)·3H2O
Cu(L3)·(CH3COO)·3H2O
Zn(L3)·(CH3COO)·3H2O
Co(L4)·(CH3COO)·3H2O
Ni(L4)·(CH3COO)·3H2O
Cu(L4)·(CH3COO)·3H2O
Zn(L4)·(CH3COO)·3H2O
Ciproﬂoxacin
Fluconazole

0.0449
0.0399
0.0328
0.0301
0.0069
0.0139
0.0069
0.0137
0.0129
0.0064
0.0064
0.0063
0.0113
0.0113
0.0056
0.0111
0.0106
0.0106
0.0053
0.0105
0.0047
–

0.0449
0.0399
0.0328
0.0150
0.0069
0.0139
0.0068
0.0137
0.0129
0.0129
0.0063
0.0127
0.0113
0.0113
0.0056
0.0111
0.0106
0.0106
0.0052
0.0105
0.0047
–

0.0449
0.0399
0.0328
0.0301
0.0139
0.0139
0.0068
0.0137
0.0129
0.0129
0.0063
0.0127
0.0113
0.0113
0.0056
0.0111
0.0106
0.0106
0.0052
0.0105
0.0047
–

0.0449
0.0399
0.0328
0.0301
0.0139
0.0139
0.0068
0.0137
0.0129
0.0129
0.0063
0.0127
0.0113
0.0113
0.0112
0.0111
0.0106
0.0106
0.0052
0.0105
0.0047
–

overtone’s concept68 of cell permeability and chelation theory according to which lipophilicity, hydrogen
bonding, delocalization factors, etc., play an important
role in antimicrobial activities. Further, due to the
selective nature of lipid membrane surrounding the
cell, favours only the passage of lipid-soluble material
therefore, liposolubility is also an important factor that
controls the antimicrobial activity.
Further, on chelation, the polarity of the metal ions
get reduced to a bigger extent due to overlapping of
the ligand orbital and partial sharing of the positive
charge of the metal ion with donor groups. The discrepancy in the efﬁciency of different biocidal agents
against different organisms depends on the impermeability of cell wall, dipole moment values, size of
metal ion, which may be changed due to presence of
various metal ions. Due to this, the delocalization of
the π-electrons over the whole chelate ring and the
lipophilicity of the complex get enhanced which
allows penetration of the complexes into the lipid
membranes and blocks the metal-binding sites in the
enzymes of microorganisms.44,69 The biological action
of metal complexes on the microbes also depends on
the subsequent factors like (1) the total charge on the
complex ion, (2) the nature of the donor atoms, (3) the
nature of the counter ions that neutralize the complex,
(4) the nature of the metal ion, and (5) the geometrical

C. albicans
0.0449
0.0399
0.0328
0.0301
0.0139
0.0139
0.0068
0.0137
0.0129
0.0129
0.0063
0.0127
0.0113
0.0113
0.0056
0.0111
0.0106
0.0106
0.0052
0.0105
–
0.0051

A. niger
0.0449
0.0399
0.0328
0.0301
0.0278
0.0139
0.0137
0.0274
0.0258
0.0258
0.0255
0.0127
0.0226
0.0226
0.0112
0.0223
0.0212
0.0213
0.0105
0.0210
–
0.0102

structure of the complex. The following conclusions
were obtained by antimicrobial studies:
●

●

●

●

The Schiff bases exhibit antimicrobial activity in the
order HL4 [ HL3 [ HL2 [ HL1 against all tested
strains of bacteria and fungi which may be deﬁned
on the basis of molecular weights.
The synthesized compounds were found to be
equally active for gram ?ve and gram -ve strains
of bacteria. However, for gram –ve bacteria,
enhanced activity was observed for copper complex
15 against E. coli than P. aeruginosa while
complexes 10, 12 were found to be more noxious
against S. aureus in comparison to S. gordonii in
case of gram ? bacterial strains.
Complexes 5, 7, 11, 12, 15, 19 showed highest
antibacterial activities as compared to rest of the
compounds against gram ?ve bacterial strains
and the complexes 5, 7, 11, 15, 19 exhibits
excellent activity for gram –ve bacterial pathogenic species due to their low MIC values
(0.0052–0.0069 μM/mL) nearly equal to that of
ciproﬂoxacin drug.
The copper complexes show the lowest MIC values
or highest biocidal activity among all the synthesized complexes.
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Figure 6. Biological activities of Schiff bases and their respective metal complexes (a) antibacterial activity and
(b) antifungal activity.
●

●

In the case of antifungal activity, all the synthesized
compounds were found to be more potent against C.
albicans than A. niger. In the case of C. albicans, the
copper complex 19 is found to be highly active with
MIC value of 0.0052 μM/mL equivalent to that of
standard drug ﬂuconazole (0.0051 μM/mL). The
complexes 7, 11, 15 exhibit excellent antifungal
activities with MIC values in the range 0.0056–
0.0068 μM/mL. The complexes 17, 18, 20 are found
to be good potent having nearly half potency than
the standard drug. The rest of the complexes were
also found to be good active.
Against A. niger, the complexes 15 and 19 display
tremendous activities with MIC values 0.0105 and
0.0112 μM/mL analogous to that of standard drug
ﬂuconazole (MIC = 0.0102). The complexes 6, 7, 12
were found as good antifungal agents having MIC
values nearly to that of standard and the remaining
compounds were found to be nearly half potent to
the standard. Further, all the copper complexes of
the entire series were found to be good antifungal
agents.

The overall order of the compounds for the reactivity and growth of trend of inhibition for tested
microbes follows the order Cu [ Zn [ Co [ Ni [
HL1–4 which describes that copper(II) complexes
showed maximum potency and lowest MIC values
followed by Zn(II) complexes against all strains of
microbes. It may also be explained that Ni(II) and Co
(II) complexes exhibited moderate activity when
compared with standard drugs.

3.11 Antioxidant Activity
Some immensely reactive and potentially destructive
chemical reactive oxygen species (ROS) like superoxide anion, hydroxyl radical, and hydrogen peroxide
were produced during biochemical processes occurring in our body which causes oxidative damage of
proteins, lipids and nucleic acids resulting into various
chronic diseases like atherosclerosis, Alzheimer, diseases, coronary heart disease, diabetes, cancer, eldering, Parkinson, etc.70 Therefore, it becomes essential
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Figure 7. (a–d) Graphical representation showing dose-response curves and effect of concentration on % scavenging
activity of ligands HL1–HL4 and their complexes.

to prevent our body from free radical damage by
directing our body with the drugs enriched with
antioxidants to slows down or put a stop on the course
of oxidative damage. Hence, the antioxidant evaluation was carried for all synthesized compounds at
different concentrations with DPPH radical, using
ascorbic acid as a standard.71 The percentage scavenging activity of the compounds was found to
increase with an increase in concentration. The scavenging activity of Schiff bases was found in the order
HL2 > HL4 > HL1 > HL3 which may be explained on
the basis of the presence of electron-withdrawing
groups which got enhanced on complexation as complexes are good hydrogen radical or electron donors
for DPPH radical. On ligation, the azomethine
hydrogen is very easy to abstract due to its highly
acidic nature resulting into increasing the stability of

complexes due to the presence of electron-withdrawing group and dispersal of negative charge on the
phenyl ring.
The antioxidant activity of ligands, metal complexes and standard were shown to be increased in a
dose-dependent manner. The dose-response curves of
DPPH radical scavenging activity of compounds
were shown in Figure 7a–d. The most active Schiff
base HL2 (2), exhibits 26% scavenging activity at
lower concentrations and 36.75% inhibition at higher
concentrations but on ligation, the scavenging power
gets enhanced from 49.5% to 63.5% for its copper
complex (19). Further, the complexes 6, 7, 10, 11,
14, 15, 18, 19 shows lowest IC50 values in the range
2.72–2.04 M were found to exhibit excellent scavenging activity among all the complexes given in
Table 5 and Figure 8. The order of antioxidant
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Table 5. In vitro DPPH scavenging capacities (IC50, μM) of standard drugs, Schiff base ligands and their metal(II)
complexes (1–20).
Comp. No.

Compounds

IC50 (μM)

R2

Comp. No.

Compounds

IC50 (μM)

1

HL1

5.38

0.968

12

Zn(L2)·(CH3COO)·3H2O

3.44

2

HL2

4.36

0.972

13

Co(L3)·(CH3COO)·3H2O

3.38

3

HL3

6.18

0.985

14

Ni(L3)·(CH3COO)·3H2O

2.72

4

HL4

4.78

0.984

15

Cu(L3)·(CH3COO)·3H2O

2.56

5

Co(L1)·(CH3COO)·3H2O

3.11

0.980

16

Zn(L3)·(CH3COO)·3H2O

4.46

6

Ni(L1)·(CH3COO)·3H2O

2.62

0.979

17

Co(L4)·(CH3COO)·3H2O

2.97

7

Cu(L1)·(CH3COO)·3H2O

2.23

0.981

18

Ni(L4)·(CH3COO)·3H2O

2.48

8

Zn(L1)·(CH3COO)·3H2O

3.85

0.974

19

Cu(L4)·(CH3COO)·3H2O

2.10

9

Co(L2)·(CH3COO)·3H2O

2.88

0.983

20

Zn(L4)·(CH3COO)·3H2O

3.62

10

Ni(L2)·(CH3COO)·3H2O

2.18

0.986

21

Ascorbic acid

1.92

11

Cu(L2)·(CH3COO)·3H2O

2.04

0.971

R2
0.974
0.973
0.979
0.988
0.969
0.975
0.985
0.976
0.983
0.978

2
IC50 = Inhibitory concentration; R = Correlation coefﬁcient.

Figure 8. Antioxidant activities of compounds (1–20) in terms of IC50 values

activity exhibited by the complexes was found to be
Cu(II) > Ni(II) > Co(II) > Zn(II) which can be
explained by the potential of the samples to
infringement the free radical sequence by donation of
a hydrogen atom.72 Hence, the concluded results of
the present study shows that all complexes showed
good antioxidant activity but copper(II) complexes
are the most potent with lowest IC50 values and
bring to bear a hopeful treatment for the curative
purpose of pathological diseases occurring due to
oxidative stress.

4. Conclusions
Monobasic bidentate Schiff bases (HL1–HL4) and their
metal(II) complexes in molar ratio (1:1) having the
general formula [M(L)(OAc).3H2O] were synthesized
and characterized by various physicochemical techniques like FT-IR, NMR, mass, UV-Vis, EPR, magnetic
moment, thermal, ﬂuorescence, powder XRD. The
above-mentioned techniques concluded bidentate nature (NO) of Schiff bases which chelated via azomethine
nitrogen and deprotonated carbonyl oxygen in the
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enolised form with octahedral geometry around all the
complexes. Schiff base hydrazones and their metal
complexes were evaluated for their in vitro antimicrobial activity which revealed that complexes were more
noxious than their respective Schiff bases against tested
microbial strains under the same conditions. Further,
copper(II) complexes were found to be the most potent
among all the synthesized compounds and copper(II)
complex 19 was found to be the highest toxic against all
tested strains. Additionally, the compounds also
exhibited excellent antioxidant properties in scavenging free radicals. The results obtained from DPPH
methods revealed that complexes are good antioxidants
and stronger free radical scavengers in comparison to
Schiff bases as they exhibit the higher capacity of
donating electron or hydrogen atom to lapse the chain
reactions in a dose-dependent pattern. The order found
for antioxidant activity was: Ascorbic acid > Cu(II) >
Ni(II) > Co(II) > Zn(II) > Schiff bases. The copper(II)
complex (11) exhibits the highest antioxidant activity
among the tested compounds (IC50 = 2.04 M).
Supplementary Information (SI)
Some ﬁgures of 1H NMR, 13CNMR spectra and ESI-MS
spectra of the Schiff bases and their metal complexes are
attached as supplementary information (S1-S26). The
tables representing NMR data (1H and 13C) and ligand ﬁeld
parameters like Dq, B, β, β % and magnetic moment susceptibilities are given in supplementary information as
Table S1 and Table S2. Supplementary information is
available at www.ias.ac.in/chemsci.
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