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This study discusses the preparation of new series of tetra-dentate complexes
Cu (II), Ni (II), Co (II), Zn (II), and Cr (III) complexes with Schiff base (ligand
tetradentate) derived from isatin with 2-aminobenzohydrazide, characterized
by IR spectroscopy, mass spectra, UV-Vis, 1H-NMR and elemental
microanalysis. The complexes Cu (II), Ni (II), Co (II), Zn (II), and Cr (III) were
characterized using IR spectroscopy, UVVis, magnetic susceptibility,
conductive, elemental microanalysis and metal analysis by atomic absorption.
The proposed structures of complexes from the all measurements showed
that Ni (II), Co (II), Zn (II), and Cr (III) have octahedral shape and Cu (II) has
square planer shape. Bioactivity of the Schiff base and complexes were
assessed examined with antibacterial activity. Studies were conducted to
assess the growth-inhibiting potential of the complexes synthesized, and the
ligands, against various bacterial strains.
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Introduction
Heterocyclic compounds cyclic organic
compounds that contain at least one hetero atom.

are

The most common hetero atoms are oxygen,
sulfur, and nitrogen. However, hetero cyclic rings
contain other hetero atoms are known [1-2].
Hugo Schiff (1864) first identified Schiff base
[3,4] as
aldehyde or ketone with primary amine [5].
(imine, anils and azomethine) are other names
for Schiff base [6]. Schiff's foundation is one-of-a-
kind and efficient multi-dentate ligand. Schiff
bases are extensively studied in coordination

a condensation reaction between

chemistry, particularly in compounds containing
heterocyclic compounds with the imine group [7],
because they have basic properties due to the
presence of a single electron pair on the imine
nitrogen atom (C=N) [8], and they are frequently
pentagonal or hexagonal rings with the transition
metal ion [9]. The Schiff base result of 2-
aminobenzohydrazide by functionalizing the
amino group with heterocyclic compounds has
inhibitors for anti-inflammatory, anti-fungal, and
antibacterial agents with a broad
pharmacological range [10,11]. Complexes of
transition metal ions with Schiff bases
heterocyclic compounds characterized
using various spectral methods in this study.

were

Methodology

Materials

All chemicals used for the experimental work
were sourced from (Sigma-Aldrich) such as, 2-
aminobenzohydrazide  97%, 97%,
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Isatin

3drops GAA

Reﬂexe 4h

NiC12.6H20 99%, CuClz.ZHzo 99%, COC12.6H20
99%, ZnCl; and CrCls.6H20 98%.

Instrumentation

IR-spectra of ligand and complexes were
obtained in the range (4000-400) cm! (as well as
KBr discs) recorded by Shimadzu
spectrometer. Shimadzu spectrometer UV-1800
was used to measure the spectra for the ligand
and the synthesis complexes. Mass Spectroscopy
of the ligand were recorded by a conductivity
meter model Johnson Matthey Catalytic System
Division, England product was used to calculate
conductivity. = NMR-(SMS0-499.44Hz).  CHN
analysis was done by using analyzer model 5500
Carlo-Erba.

were

Preparation of ligand

Two solutions were prepared using a round-
bottom flask, solution A and solution B. For
solution A, (0.006 mol) isatin dissolved in (10
mL) of absolute ethanol and for solution B, (0.006
mol) 2-aminobenzohydrazide dissolved in (10
mL) of absolute ethanol. Next, solution A was
deposited dropwise onto solution B under
stirring and glacial acetic acid was used as a
catalyst. The mixture was reflexed with constant
stirring for (4 h). After that, the precipitate was
filtered, washed with ethanol, and left to be dried.
The melting point (m.p.) yield, and C.H.N.O
analysis are listed in (Scheme 1).
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Scheme 1: Synthesis of (L) ligand

Preparation of Metal Complexes

A methanol solution of the ligand (0.006 mol) of
the ligand dissolved in (10mL) of methanol in
around-bottom flask, then we added dropwise
(0.006 mol) from the solution of metal ion Cu (II),
Ni (II), Co (II), Zn (II) and Cr (III), chloride

dissolved in (10mL) of methanol. The mixture has
been refluxe with constant stirring for (2-3 h), the
solution cooled, then the precipitate was filtered,
washed with ether. The properties of their
complexes are shown in Table 1.
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Table 1: properties of ligand and complexes

C . M.Wt Analysis (Calculate)
omp M.Wt g/mol Color
formula g/mol %N %H %C %0 %Cl %M
(64.28) | (4.32) | (19.99) | (11.42)
L CisH12N40 28028 | Yell
1512 et eROW | 6389 | 453 | 1975 | 11.63
Violet | (44.69) | (2.76) | (1277) | (7.29) | (24.25) | (11.85)
CrLCl2]Cl | CisHizN402CrCls | 438.63
[ CriCl] 1ot 12 Ral 2L IS 4348 | 251 | 12.63 7.13 2314 | 11.09
Dark | (43.96) | (2.95) | (13.66) | (7.80) | (17.3) | (1437)
CoLCl CisH12N402CoClz | 410.12
[ CoLCL] 15012420080 Brown | 43.70 | 292 | 13.49 7.94 1738 | 14.45
_ , yellowish | (43.96) | (2.92) | (13.67) | (7.81) | (17.3) | (1432)
NiLCl CisH12N402NiCl; | 409.88
[ NiLCL] 1ot Rate ML green | 4359 | 294 | 1371 | 792 | 17.05 | 1456
(43.44) | (292) | (1351 | (7.72) | (17.1) | (15.32)
CuL]Cl: | CisHizNsO:CuCl, | 41473 | B
[ CuL]CL 1512 etz utl2 FOWR 4328 | 297 | 13.48 7.49 1723 | 1543
(ZnLCl] | CoMuNioiznch | 41657 | WERC | (4325) [ (29) [(1345) | (768) | (17.02) | (1569)
' Yellow | 4284 | 296 | 1319 | 7.72 1791 | 1537
Result and Discussion
IH-NMR Spectra.

Spectra of ligand

The passing of the carbonyl group of the Isatin in
the region (1732) cm! and the amino group of
the 2-aminobenzohydrazide in the region (3337-
3317) cm-! was shown in the FT-IR-spectra of the
synthesized ligand, as well as the occurrence of a
new beam of the synthesized ligand in the region
(1616) cm-!, which belongs to the imine group
[12]. Figure 1 and Table 2 present the FT-IR-
Spectra for the synthesized ligand and its
complexes.

1H-NMR-(SMS0-499.44Hz): 6=13.86 (s, 1H, NH),
11,34 (s, H-NH amide) ,10.81 (s, 2H, NH2), 6.63-
7.9 (m, 4H, H-Ar). Figure 2 see tHNMR for ligand.

Mass Spectra.

The molecular weight of the synthesized ligand
was measured by mass spectra. The mass spectra
of the ligand are given a peak at m/es=280.1 that
is consistent with the theoretical value of 280.28.
Figure (3) shows the mass spectra.
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Figure 1: FT-IR for Ligand
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Figure 2: 1H-NMR for Ligand
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Figure 3: mass spectra of ligand

(FT-IR) spectra of complexes

The imine group (C=N) amplitude frequency in
the ligand appeared in the region (1616 cm-1)
when connected to the nitrogen atom. These
stretchy frequencies in all complexes shifted to
lower frequencies that differ from those in the
ligand, indicating that (C=N) is involved in the

coordination with the metal, which is consistent
with the aforementioned research on Schiff base
[13]. The (-NH-C=0) moiety presence at (1650
cm1) in ligand shifted to the lower frequencies in
complexes [14]. The infrared spectrum of the
prepared complexes revealed a stretching of
group (M—N) confirming in the bound region
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between (447-489 cm) [15], supporting the
metals association with Schiff base through the
nitrogen atom of the imine group (C=N), and
suggesting the metals binding in the prepared
complexes. A new beam emerged in most of the

complexes in the range (515-582 cm1) revealed a
stretching of group (M—O0) [15], suggesting that
the metal in these complexes is bound to the
oxygen atom in the ligand.

Table 2: FT-IR data of Ligand and its metal complexes (cm1)

Symbol V(NH2) V(C=0) V(C=0) V(C=N) M—-0 M—N
L 3224-3200 1716 1632 1616 --- ----
[CrLClz].C 3230 1689 1666 1543 520 447
[CoLClz] 3230 1690 1661 1543 515 486
[NiLCI2] 3236 1693 1662 1535 567 482
[CuL]Cl2 3255 1697 1620 1523 582 489
[ZnLClz] 3232 1693 1558 1543 570 459
Electronic Spectra nm) related to electronic transmission (n—m*)

The electron spectrum results of the prepared
ligand shows that it dissolved in DMF. The
main bands resulting from electronic
transmission (n—7*) in the range (264 nm)
were shown, related to the aromatic ring.
Furthermore, another package in range (399

belongs to C = N, C = O (17). In the spectra of
the prepared complexes, these beams are
shifted towards different frequencies [18],
indicating a symmetry between the ligand and
the metal ion (19). All electronic transmission
shown in Table 3.

Table 3: electronic spectra data for ligand and complexes

Magnetic
Conductivity Moment : :
Symbol m.p C° | Ohm1.cm? mol? (B.M) ];Aa llsr?;:(t:l::) T?‘Z:fir‘zfodn
25(C%) (Calc. Thior)
Found
264 T—T*
L 218d | @ - | e
399 n—om*
[ ZnLCl] 234 20 ero 393 CT
Dia
692 4A2g(F)—-*T2g(F)
[ CrLCl].CI 249 80 3.77 610 4A28(F)—~*T1g(F)
393 C.T
617 4A2g(F)—-*T1g(F)
[ CoLCly] 275 10 4.82 606 4T1g(P) »*T1g(F)
392 C.T
891 3A2g(F)—3T2g(F)
[ NiLCl] 265 20 2.8 728 “Acg(F) > Trg(l)
500 3A2g(F)—3T1g(P)
393 C.T
666 2B1g—2 Aig
[CuL]Cl 246 130 1.83 625 2B1g—? Eg
392 C.T
[ ZnLCl] 234 20 ero 393 CT
Dia.

C.T= charge transferred
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Figure 4: UV-visible spectra for ligand and complexes
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Figure 5: Suggested structure for complexes

Biological activity

The drilling method experiment was carried out,
and four types of pathogenic bacteria were
developed (Staphylococcus aurius, Escherichia
coli, Bacillus subtitles, and Klebsiella pneumonia)
under aerobic conditions at (37C°) for (24h). The
compound were effective against positives to
stain bacteria (two positives for Gram stain, and
two negatives for Gram stain [20]. The ligand and

its complexes (L1 and L2) shown more activeness
Staphylococcus than
bacteria, L3 shown more activity towards Bacillus
subtitles than other bacteria. While, L4 and L5
shows Klebsiella
pneumonia than other complexes. The pictures
below show the effect of the ligand and its
complexes on bacteria.

towards aurius other

more activeness towards

Table 4: Antibacterial activity of the prepared compounds

Compound Sym. Staphylococcus Escherichia coli Baci'llus Klebsiellt.x
Formula aureus subtitles pneumonia,
L L 42 25 25 24

[ CrLClz]Cl L5 27 12 25 40
[ CoLClz] L4 28 13 39 40
[ NiLCI2] L3 26 14 45 33
[ CuL]Cl2 L2 40 31 27 29
[ ZnLCl2] L1 39 23 22 24

Escherichia coil

Staphyle coscus

Figure 6: Antibacterial activity of Schiff base and complexes
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Conclusion

Throughout our study of the physical properties
and by performing different types of analysis
such as (FT-IR, UV-VIS Spectra, mass spectra and
conductivity) of the prepared ligand and its
complexes, we suggested that, Zn(II), Ni(II),
Co(ID), Cr(III) have octahedral geometry and have
a general formula [MLCI;], Cr(III) has octahedral
geometry and have a general formula [MLCI;] CI,
Cu(Il) has square planer geometry and has a
general formula [ML]CL.
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