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Abstract

The metal complexes Cu (II), Zn (II), and Co (III) complexes of (N’-(2-oxo-
2H-chromen-4-yl) nicotinohydrazide, a derivative of nicotinic acid hydrazide
condensed with 4- hydroxycoumarin, have been synthesized. The ligand and
its metal complexes were characterized by various physico-chemical and spec-
troscopic tools, viz: Elemental Analysis, FT-IR, TGA, 'H NMR, UV-visible,
molar conductance, and magnetic susceptibility as well as theoretical compu-
tation. On the basis of these analyses, the ligand was found to coordinate to
metal ions in a tridentate mode through the nitrogen atom of the azomethine
group and the oxygen atom of the ketonic groups. The spectral and magnetic
data allowed for the chemical structures of the metal complexes to be pre-
dicted, wherein octahedral geometry was assigned to the Co (III) complexes,
while tetrahedral geometry was assigned to the Cu (II) and Zn (II) complexes;
this was further explored in a DFT calculation. Conductance measurement sug-
gested the non-electrolytic nature of the compounds. The anti-tubercular ac-
tivities of the compounds showed zinc (II) and copper (II) complexes having
identical activity to the reference drugs, pyrazinamide and isoniazid, while the
cobalt (III) complex had the highest MIC value compared to the reference drugs
and parent ligand.
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1. Introduction

Hydrazones, as Schiff bases derived from the condensation reactions of hydrazine
as primary amines with carbonyls, have gained increasing interest in research due
to their physiological properties and coordination abilities to stabilize metal ions
of different oxidation states. Experiments to demonstrate the effect of metal ions
on metal-ligand stoichiometry and a broad spectrum of biological activities of their
complexes have been increasing steadily for many years [1]-[7]. Aroylhydrazones
have an additional C=0 function and thus are characterized by the presence of
Ph-CO-NH-N=C< donor sites, which can act in monodentate, bidentate, or tri-
dentate coordination mode to metal ions, providing the versatility and flexibility
of these compounds; thus, aroylhydrazones are famous ligands [8]-[11]. Hydra-
zones containing -N-NH-CO- groups have been at the forefront in the develop-
ment of symmetrical dihydrazone transition metal complexes, as they demonstrate
versatility in their coordination mode and a tendency to show stoichiometry due
to their high coordination numbers [12]-[14].

Isoniazid, otherwise called Isonicotinoylhydrazide (INH), introduced in 1952
as an Anti-Tuberculosis (TB) agent, is generally administered in combination
with rifampin, pyrazinamide, streptomycin and/or ethambutol in the first-line
treatment of TB [15]. Isoniazid derivatives containing a heterocyclic moiety have
been found to exhibit greater anti-microbial activities than isoniazid itself [16]-
[19]. Also, coumarins (benzopyran-2-one or chromene-2-one) are an important
class of bioactive oxaheterocyclic ring systems of the lactone family, which have
been found to reveal interesting antimicrobial, antifungal, anti-inflammatory,
anti-cancer, anti-tubercular, antioxidant, and anticoagulant properties [20]. The
substitution patterns of phenolic groups present at the coumarin nucleus of vari-
ous derivatives as well as biological activity are related, and 4-hydroxycoumarin
is an important precursor in organic synthesis; its derivatives have shown a re-
markably broad spectrum of biological activities [21] [22]. Schiff bases derived from
coumarin and its metal complexes have been found to exhibit antibacterial, anti-
fungal, anticoagulation, and plant-regulating activities [23]-[25].

In view of the above considerations and in continuation of our investigations
of metal complexes derived from hydrazide-hydrazone ligands, we hereby report
on some transition metal (II)/metal (III) complexes derived from a novel Schiff
base containing both Isonicotinoylhydrazide and 4-hydroxycoumarin moieties

bonded through the azomethine linkage.

2. Materials and Methods

All chemicals and solvents used for syntheses were of analytical grade and used
without further purification except the solvents. Elemental analysis was performed
on a Thermo Flash EA-1112 Series CHNS-O Elemental Analyzer. The IR spectra
were obtained from KBr pellets in the range 4000 - 400 cm™, using a Perkin-Elmer
Spectrum 100 FT-IR spectrometer. '"H NMR spectra were recorded on a Varian
Unity plus 400 MHz instrument. TGA measurements were performed at a heating
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rate of 10°C/min in the temperature range 25 - 600°C, under dry nitrogen flow
rate of 60 mL/min on a TGA Q500 instrument. Approximately 2 - 5 mg of sample

was placed in an open aluminum crucible.

2.1. Synthesis of Ligand: N’-(2-0x0-2H-chromen-4-yl)
Nicotinohydrazide

4-hydroxycoumarin (1.500 g, 0.01 mol) dissolved in 15 mL ethanol was added to
nicotinic acid hydrazide (1.269 g, 0.01 mol) in 10 mL of ethanolic solution and 3
drops of glacial acetic acid as a catalyst. The resulting mixture was refluxed for 5
hours at 80°C while stirring. The yellow product obtained was left overnight to
cool, removed by vacuum filtration, washed several times with water, ethanol, and
diethyl ether, and left to recrystallize from ethanol. TLC on pre-coated silica-gel
plates was used to check the purity of the compound (Scheme 1). Attempts to grow
crystals of LH after 30 days for single crystal X-ray diffraction studies proved un-

successful (Figure 1).

7]

OH (0] N
_AH AN
. HN
2
\ / N/
+ H 0
N Ethanol X
0 >N Drops of acetic acid
5 hours reflux, 80°C
(0] 0
4-hydroxycoumarin nicotinic acid hydrazide N’-(2-ox0-2H-chromen-4-yl) nicotinohydrazide

Figure 1. Synthesis of N’-(2-oxo-2H-chromen-4-yl) nicotinohydrazide.

2.2. Synthesis of Metal Complexes

The metal complexes Cu (II), Zn (II), and Co (III) were prepared by the addition
of ethanolic solution of Copper (II) acetate monohydrate (0.199 g, 1.0 mmol),
Zinc (II) chloride (0.136 g, 1.0 mmol), or Cobalt (III) acetate (0.236 g, 1.0 mmol),
respectively, to the ligand N’-(2-oxo0-2H-chromen-4-yl) nicotinohydrazide (0.563
g, 2.0 mmol) in 25 mL ethanolic solution. The resulting mixture was refluxed for
5 hours at 90°C while stirring continuously using a magnetic stirrer. The resulting
colored products obtained were allowed to cool overnight, the precipitate was re-
moved by filtration, washed with ethanol, and exposed to air drying. The filtrate
obtained was allowed for crystal growth, with no crystal formed after 60 days. The
compounds obtained were all solids and were then characterized by various phys-

ico-chemical methods.

2.3. Anti-Tuberculosis Evaluation

The antimicrobial activities of the novel hydrazone ligand (LH), its metal (II) and

metal (IIT) complexes, were evaluated against M. tuberculosis (ATTC 27294) using
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the Alamar Blue susceptibility test, and the activity was expressed as the Minimum
Inhibitory Concentration (MIC) in pg/mL according to the method reported by
Maria and Lourenco [22] [26]. The Minimum Inhibitory Concentration (MIC) was
determined for each derivative, measured as the minimum concentration of the
compounds required to completely inhibit bacterial growth. The reference drugs
used to evaluate the potency of the synthesized compounds were streptomycin
(MIC = 6.25 + 0.72 pug/mL) + SD, pyrazinamide (MIC = 3.12 £ 0.34 pg/mL) * SD,
and isoniazid (MIC = 3.12 + 0.34 pg/mL) + SD.

2.4. Computational Studies

Molecular modeling was done with the Orca program in the gas phase using den-
sity functional theory. Prior to the DFT calculation, the ligand and its metal com-
plexes were pre-optimized through conformer search using molecular mechanics
methods in Avogadro 1.2.1 software [27].

3. Results and Discussion

3.1. The Physical Properties of the Ligand and Its Metal Complexes

The physical properties of the ligand and its metal complexes are shown in Table
1. The colours of the ligand and its metal complexes range from ash to reddish
brown, different from those of the metal salts and the ligand (white) used, which
is an indication that the compounds obtained were new. Colour variation and
formation of precipitate were the physical parameters used to track the progress
of the synthetic reaction. The ligands and their corresponding metal complexes
were all powdery solids at room temperature. The melting points of the com-
pounds range from 178°C to 290°C, which are different from those of the ligand
precursors and the metal salts used. The melting points of both the ligands and
the metal complexes were all sharp, an indication that these compounds were
very pure. All the prepared compounds were very soluble in DMSO but slightly
soluble in methanol and methylene chloride, and insoluble in hexane and ethyl

acetate.

Table 1. Physical properties of the ligand LH and its metal complexes.

Compound Melting Point/°C Physical State Colour % Yield
CisHuN3O3(LH) 178 solid White 70
[Zn(CisH11N303)2] 225 solid White 75
[Cu(Ci15H11N303)2] 248 solid Reddish-brown 82
[Co(CisH11N303)2(Ac)2]* 260 solid Brown 80

3.2. Spectral Analysis of the Ligand and Its Metal (II) Complexes

3.2.1. Infrared Spectra
The infrared spectra of the free ligand LH and its metal (II)/metal (III) com-

plexes (Figures 2-5) revealed characteristic broad absorption bands in the
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region 3425 - 3650 cm™! and 3000 - 3015 cm™, corresponding to vO-H and vN-
H stretching vibrations, respectively [26]. In the spectrum of the hydrazone
ligand, strong bands observed at 1750 and 1550 cm™ were attributed to v
(C=0) and v (C=N), respectively [28]. In the spectra of the metal(II)/metal(III)
complexes, the ¥ (C=0) and v (C=N) bands of the free ligand shifted to lower
frequencies of 1625 and 1500 cm™ in the cobalt (III) complex; 1650 cm™ and
1510 cm™ in the copper (II) complex; and 1630 cm™ and 1525 cm™ in the zinc(II)
complex, respectively, indicating coordination through the amide oxygen and
the azomethine nitrogen atoms [29]. Moreover, the metal complexes displayed
the v (M-N) and v (M-O) bands in the region 550 - 580 cm™ and 450 - 470

cm™!

, confirming the coordination of the amide oxygen and the azomethine
nitrogen to the metal ions [30] [31]. Bands appearing at 995, 939, 800, and 781
cm™ in the spectrum of LH ligand are the usual modes of aromatic ring vibra-
tions and these reveal small shifts in the complexes compared to the free ligand,
which is due to the expected electronic structure changes upon coordination.
Bands appearing at 995, 939, 800, and 781 cm™ in the spectrum of LH are the
usual modes of aromatic ring vibrations and these reveal small shifts in the
metal(II) complexes compared to the free ligand, which is due to the expected
electronic structure changes that occur with coordination of the ligand to metal

ions [17] [18].

3.2.2. Proton NMR

In order to further elucidate the structural features of the ligand synthesized
(Scheme 1) and its metal (II)/metal (III) complexes, the '"H NMR spectra of the
prepared compounds shown in Figures 6-9 were obtained in DMSO-dj solu-
tion. In the '"H NMR spectrum of the ligand, the signal at 6 (11.30) (s, 1H) is
assigned to the hydroxy proton (-OH) group on the 4-hydroxycoumarin moi-
ety or otherwise formed from amide CO reduction; the signal at J (9.05) was
assigned to the azomethine proton, the doublet in the range §(8.27 - 8.24) (2H,
2NH) is assigned to the dihydrazone protons, while the signals at §(7.26 - 6.96)
(m, 8H) are due to the aromatic protons of the pyridinyl and coumarin ring
moieties, respectively. In the spectra of the metal complexes, these values gen-
erally experienced a downfield shift to § (10.81 - 10.84) (s, 1H) and ¢ (11.97)
(s, 1H) for the hydroxy proton (-OH), ¢ (9.11, 8.26) (d, 2NH) for the dihydra-
zone proton (2N-H), respectively. This supports the fact that the coordination
of the ligand to the central metals is through the azomethine N and the carbonyl
oxygen of the nicotinic acid hydrazide moiety [19] [28]. In the spectra of Cu
(II), Zn (II), and Co (III) complexes, signals between §(9.11 - 8.82), 6(8.29), &
(9.08 - 8.80), and J (10.81 - 8.28) were assigned to the dihydrazone protons,
respectively (Figure 10 and Figure 11 and Table 2). This supports the fact that
the coordination of the ligand to the central metal in each could be through the
azomethine N and the carbonyl oxygen of the nicotinic acid and hydrazide moie-
ties [19] [28].
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Table 2. IR and 'H-NMR spectroscopic data of ligand LH and its complexes.

Compounds

CisHuNsO3(LH) 3560

[Co(Ci1sH11N303)2] 3560

[Cu(C15H11N303)2] 3560
[Zn(CisH11N303)2] 3425

3010

3012

3015
3015

1750

1625

1650
1630

1550

1500

1510
1525

1250 -

1380 625

1275 575

1200 620

v0O-H vN-H vC=0 vC=N vN-N vM-N vM-0O

Chemical shifts (dppm)

11.38(1H, s, OH), 9.05 - 8.24 (3H, 3s, HC=N, 2NH),

475

460
450

7.64 - 6.96(8H, Ar-Hs).

11.95 (1H, s), 9.11, 8.26 (2NH, d),
10.81 - 10.83 (1H, s).

10.81 (1H, s), 8.26 (C=NH, s).
8.79 (1H, s), 7.61 (C=NH, s).
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Figure 2. IR spectrum of ligand (LH).
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FT-1IR Zn(II) Complex
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Figure 4. Spectrum of the Zn (II) complex.
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Figure 5. IR spectrum of Cu (II) complex.
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Figure 7. H-NMR spectrum of the Co (III) complex.
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Figure 11. Proposed structure of the octahedral Co (III) complex.

3.2.3. Thermal Analysis of the Ligand (LH) Metal Complexes

The thermogravimetric data of the complexes were recorded within the tempera-
ture range of 20°C to 620°C and at a heating rate of 20°C/min in the nitrogen
atmosphere as shown in Figures 12-14. For the metal complexes, their thermo-
gravimetric analyses were in good agreement with the percentage composition
data [30]. The thermogram of zinc (II) complex (Figure 12) showed three-step
decomposition in the temperature range of 24°C - 520°C. In the first step, it showed
a mass loss of 4.36% (4.98%, Calc’d) between the temperature 24°C to 146°C due
to the desorption of the first guest water molecules from the complex. In the sec-
ond step, between the temperature range of 146°C to 420°C, a mass loss of 21.89%
(21.35%, Calc’d) was observed due to the desorption of coordinated acetate ions
and a nicotinic acid hydrazide acid moiety from the complex. In the third step, a
mass loss of 30.82% (30.86%, Calc’d) due to the decomposition of a ligand and 4-
hydroxycoumarin moiety was observed within the temperature range of 420°C to
520°C, leading to the formation of ZnO [30] [31].

The thermogram of the cobalt (III) complex is shown in Figure 13, in which a
two-step decomposition process within the temperature range of 20°C - 540°C
was observed. In the first step, in the temperature range 20°C to 124°C, the per-
centage mass loss of 11.98% (10.44%, Calc’d) is attributed to the desorption of
guest molecules (water and uncoordinated acetate ion). The complex was stable
up to the temperature of 170°C, and in the second step, within a temperature range
of 170°C to 540°C, a mass loss of 61.34% (61.14%, Calc’d) is due to the decompo-
sition of the complex leading to the formation of Co,0s [32] [33].

The thermogram of the copper (II) complex (Figure 14) showed a two-step de-
composition process within the temperature range of 22°C - 542°C. In the first
step, within the temperature range of 22°C to 120°C, a percentage mass loss of
5.17% (7.93%, Calc’d) is attributed to the desorption of the guest molecule (unco-
ordinated acetate ion). The second-step decomposition process was observed
within the temperature range of 195°C to 542°C, amounting to a percentage mass
loss of 55.35% (55.96%, Calc’d), due to the decomposition of the complex and
finally leading to the formation of CuO [32] [33].
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Figure 12. TGA thermogram of the zinc (II) complex of LH.

Sample: CM6 File: C:...\Cameroun\Cameroun_TGA\CM6.001
Size: 2.4830 mg TGA Operator: Adrien
Method: CM6 Run Date: 02-Apr-2021 14:47
Instrument: TGA Q500 V20.13 Build 39
100 i -
11.96% | Desorption of the guest
molecules
t r 3

804
< Decomposition of the
= complex
=l
.C%D 60+ 61.34%)
=

404

20 v v T v v v T v v Y T v v v T v v ¥ v

20 120 220 320 420 520

Temperature (°C) Universal V4.5A TA Instruments

Figure 13. TGA thermogram of the cobalt (IIT) complex of LH.
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Figure 14. TGA thermogram of the copper (II) complex of LH.

3.2.4. Electronic Spectra

Universal V4.5A TA Instruments

The electronic spectra of the ligand and its metal complexes were recorded between
200 - 800 nm at 298 K in DMSO solvent, in which they were soluble and their
absorption bands could easily be seen (Figure 15 and Table 3).

Table 3. Electronic spectral data of the ligand and its metal complexes.

Empirical formula [Ci1sH1N3O3(LH)]

Molar mass/(amu) 281.27 627.93

[Zn(CisH11N303):]

[Cu(Ci5H11N303)2]

626.09

[CO(C15H11N303)2 (AC)z]*

739.56

64.05 (63.96) 54.67 (51.56)

3.94 (3.91) 3.15 (3.17)

C
H
Elemental Analysis, N 14.94 (14.93) 12.02 (12.03)
0

Found (Calc.) %

54.83 (54.83)
3.22 (3.77)

11.29 (11.29)

55.22 (55.17)
3.82 (3.79)

11.36 (11.36)

17.06 (117.06) 13.74 (13.74) 21.50 (21.50) 21.63 (21.63)
9.36 (9.36) 8.54 (8.54) 7.97 (7.97)
Cl 10.29 (10.29)
Conductance 14 16 13 14
(ohm™'cm!-mol™)
Absorption (nm)
. R 232, 280, 550 280, 300, 430 286, 515 276, 325
>, n>71, L>M
d-d transition 650 550, 680
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Figure 15. Electronic spectra of ligand LH and its metal complexes.

The LH ligand was found to exhibit two prominent bands at 232 nm associated
with 775 transitions of the aromatic rings and at 280 nm as well as at 550 nm
associated with n>wtransitions (C=N) [24]. The magnetic moment of the Co (III)
complex was found to be 0.06 BM, while the electronic spectrum of the Co (III)
complex also displayed two broad absorption bands at 550 nm and 680 nm which
may be assigned the 'A; ;>'T, and 'A; &' T1 4 d-d transitions, respectively, which
suggest low-spin diamagnetic octahedral geometry of the Co (III) complex [30]
[31] [34]. The Cu (II) complex had a magnetic moment value of 1.76 B.M., which
shows the presence of unpaired electrons, and the electronic spectra of the com-
plex showed absorption bands at 298 nm assigned to intra-ligand charge transfer
and that at 500 nm could be ascribed to ligand-to-metal charge transfer, while the
weak band at 650 nm could be associated with d-d transition corresponding to *B;
>?A1 5, suggesting tetrahedral geometry around the Cu (II) ion [35]. The Zn (II)
complex, with a magnetic moment of 0.05 B.M., was diamagnetic and the elec-
tronic spectrum shows only an intra-ligand transition at 280 - 300 nm, and ab-
sorption at 430 nm is associated with LTM charge transfer, and a tetrahedral ge-
ometry was proposed for this complex. Due to the complete d'° electronic config-

uration, a d-d transition band was not observed [10] [35].

3.3. Geometry Optimization

Quantum mechanical density functional theory calculations were carried out us-
ing the recently developed meta-generalized-gradient approximation (mGGA)
composite method r2SCAN-3c [36] [37] with the ORCA program package (ORCA
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6.0.1) to gain a better insight into the proposed molecular structures of the com-
plexes, since their single crystals could not be isolated. The correct stereochemis-
try was assured through the exploitation and modification of the molecular coor-
dinates to attain reasonable low-energy molecular geometries. The minimum ste-
ric energies, which were determined separately, resulted in global minimum en-
ergies of —967.7038, 3317.5468, 3715.3296, and 3.5765 kJ/mol for the ligand (LH)
and its metal complexes—cobalt (III), zinc (II), and copper (II) complexes, re-
spectively. The analytical and spectral studies suggested hexa-coordination for the
cobalt (III) complexes and tetra-coordination for zinc (II) and copper (II) com-
plexes, which were further optimized to obtain the most stable conformers (Fig-
ures 16 and Figures 17(a)-(c)). The selected bond lengths and bond angles [28]
[37] of the optimized complexes are presented in Table 4.

In the optimized structure of the cobalt (IIT) complex, Co(22)-N(12), Co(22)-
N(18), N(34)-Co(22), N(40)-Co(22), Co(22)-O(16), and O(38)-Co(22) bond lengths
are 2.0186 A, 2.1086 A, 1.9740 A, 2.0233 A, 1.8035 and 1.8316 A, respectively, and
the N(12)-N(13), N(33)-N(34) bond lengths of the ligand’s azide group coordi-
nating to Co (III) are 1.3686 A and 1.3629 A as opposed to the bond lengths of
1.3820 A and 1.3592 A for the C(17)-N(18), C(39)-N(40) azomethine pyridinyl
nitrogen along with bond length values of 1.2261 A, 1.2245 A obtained for C(14)-
0(16), C(36)-0(38) for the carbonyl moiety coordinating to Co (III). The corre-
sponding bond angles N(12)-Co(22)-N(34), N(18)-Co(22)-N(40), O(16)-Co(22)-
0O(38), and O(38)-Co(22)-N(12) between the different functional donor groups of
the ligand were found to be 90.4°, 124.3°, 103.4°, and 170.7°, respectively, which
are very close to those reported by Mohamed et al (2023) [38].

In the case of the copper (II) complex, the optimized structure gave Cu(43)-
N(18), N(39)-Cu(43), Cu(43)-O(15), and O(37)-Cu(43) bond lengths to be 1.9442
A, 1.9564 A, 1.9153 A, and 1.9235 A respectively, while the ligand group donor
sites C(17)-N(18), C (38)-N(39) azomethine pyridinyl nitrogen donor sites bond
lengths were found to be 1.3408 A each, as opposed to 1.2374 A and 1.2363 A for
the O (15)-C (14) and C (35)-O (37) carbonyl oxygen donor sites. The associated
bond angles N(18)-Cu(43)-N(39), N(39)-Cu-O (37), O(15)-Cu(43)-O(37) and
0O(37)-Cu(43)-N(18) were 111.0°, 104.8°, 120.8°, and 110.4°. In either case of Zn
(II) and Cu (II) complexes, the variation in bond angles signifies a distorted tet-
rahedral environment around the metal (II) center [38].

In the optimized structure of the zinc (II) complex, the Zn(43)-N(18), N(39)-
Zn(43), Zn(43)-0(15), and O(37)-Zn(43) bond lengths are respectively 1.8404 A,
1.8786 A, 1.8831 A, and 1.9544 A, while the C(17)-N(18), C(38)-N(39) azome-
thine pyridinyl nitrogen groups, along with O(15)-C(14) and C(35)-O(37) of the
carbonyl groups of the ligand, are 1.2440 A and 1.2516 A respectively, in tetra-
coordination to the Zn (II) center. The associated bond angles N(18)-Zn(43)-
0O(15), N(39)-Zn(43)-0(15), N(18)-Zn(43)-N(39), and O(37)-Zn(43)-O(15) were
determined to be 102.3%, 110.5°, 112.7°, and 128.4" respectively, which are in line

with previously reported results in similar compounds [38]-[40].
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Table 4. The calculated bond lengths and bond angles of metal (II/III) complexes.

Length (A)

Atom  Atom LH ligand chn(;lIe)x ccc:)(r)n(;ﬁz( cinmi)llle)x c((irl;i)llle)x
N17 Cl16 1.3566 1.3815 1.3820 1.3372 1.3408
N17 C18 1.3526 1.3644 1.4091 1.3675 1.3718
014 C13 1.2291 1.2694 1.2261 1.2440 1.2374
021 C8 1.2261 1.2175 1.2202 1.2184 1.2363
N11 C10 1.3861 1.4434 1.4587 1.4500 1.3411
N12 C13 1.3830 1.3724 1.3344 1.3656 1.3709
o7 C4 1.4052 1.3251 1.3261 1.3244 1.3604
o7 C8 1.3799 1.3276 1.3271 1.3201 1.3604
N1I N12 1.3995 1.3714 1.3686 1.3851 1.3622

C8 C9 1.4681 1.4010 1.4926 1.4978 1.4176

C9 C10 1.3410 1.4051 1.4169 1.4192 1.4144

C13 C15 1.4771 1.5528 1.4926 1.4979 1.4894

C15 Clé6 1.3872 1.3877 1.4378 1.3871 1.3945

C18 C19 1.3861 1.4106 1.4250 1.4170 1.4711

C19 C20 1.3922 1.4308 1.4056 1.4217 1.4175
Angle (°)

Fe (IT) Co (III) Zn (II) Cu (II)
complex  complex complex  complex

Atom Atom Atom LH ligand
C5 N13 N14 115.9802 118.1234 120.3402  121.8126  117.4719
Cl6 N14 N13 123.9477 123.68506  124.6244  125.4414  124.0348
N14 Cle6 018 118.5901 122.9612 119.6602  120..4461 118.9681
C17 Cl6 N14 120.1222 122.1311 124.8622  124.6482  123.6426
C17 Clé6 018 121.8192 124.4526 122.8892  123.2829 124.9684
N13 C5 06 112.6980 114.9351  113.0986 115.6608  115.2862
C12 C7 06 118.1211 119.3415 117.9232  121.1211  115.8921
C4 C5 N13 114.1713 116.7714 119.3713  115.1641  114.4793
Cc7 06 C5 117.8211 114.6232 115.5292  116.5201  113.5428
C23 N22 C21 116.0625 115.8424 113.8432  114.4611  115.4621
C20 C21 N22 115.1711 113.0421 111.6318  114.5061  112.2743
C17 C23 N22 115.9201 110.1101 113.2111  114.6201  112.9701
C4 C3 02 123.4602 119..5411  121.2612  122.3301  120.2302

C8 C3 02 121.0288 121.6214  118.1222  120.1266  119.4422
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Figure 17. Molecular structures of: (a) Cobalt (III) complex, (b) Zinc (II) complex, and (c)
Copper (II) complex.

4. Anti-Tuberculosis Activity

The hydrazone ligand LH and its metal (IT)/metal (III) complexes were evaluated
against Mycobacterium tuberculosis using streptomycin, pyrazinamide, and iso-
niazid as standard references. The results are presented in Table 5. The zinc (II)
and copper (II) complexes have MIC 3.12 + 0.34 pg/mL, which is the same as that
of pyrazinamide and isoniazid, compared to the parent ligand (LH) with MIC
value 6.25 £ 0.72 pg/mL, while the cobalt (III) complex with MIC value of 12.5 +
1.20 pg/mL is higher than all of the standard drugs used, and the parent ligand
(LH) is the least potent of all the synthesized compounds against the tested mi-

croorganisms.

Table 5. Anti-tubercular activity of ligand and its metal (II) complexes*.

Test sample Sample concentration in MIC (ug/mL) + SD

Ligand (LH) 6.25+ 0.72
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Continued
Co(LH)2(Ac): 12.5 + 1.20
Zn(LH), 3.12 + 0.34
Cu(LH), 3.12  0.34
Streptomycin 6.25+ 0.72
Pyrazinamide 3.12+ 0.34
Isoniazid 3.12+ 0.34

*Values expressed are mean + SD of three parallel measurements.

5. Conclusion

The compounds zinc (II), copper (II), and cobalt (IIT) complexes have been syn-
thesized from a hydrazone ligand derived from nicotinic acid hydrazide and 4-
hydroxycoumarin. The prepared compounds were characterized using FT-IR,
thermal analysis, '"H NMR spectroscopy, and investigated for anti-tuberculosis ac-
tivities. The compounds were found to be hexa-coordinated for the cobalt (III)
complex but tetra-coordinated for the copper (II) and zinc (II) complexes, in which
the Schiff base ligand chelates to the metal centers in a tridentate mode through
the azomethine nitrogen and the amide oxygen atoms. The anti-mycobacterial ac-
tivities of the compounds showed zinc (II) and copper (II) complexes having iden-
tical activity to the reference drugs, pyrazinamide and isoniazid, while the cobalt
(IIT) complex had the highest MIC value compared to the reference drugs and
parent ligand. The anti-tubercular activity of ligand LH and its metal (II) com-
plexes is quite promising as shown in the table, but its Cu (II) and Zn (II) com-

plexes displayed a significant level of activity on the clinical isolates.
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