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ABSTRACT. A new ligand, (1H-pyrrol-2-yl)isonicotinoylhydrazone (Pyr-inh) and its metal complexes have
been synthesised and characterized by elemental analyses, IR, 'H and '*C-NMR, UV-Vis spectra, molar
conductance, and thermogravimetry-differential thermal analysis (TG-DTA). From the results obtained, the
structure of the complexes are of general formula [M(Pyr-inh)>Cl,].xH,O for M = Co(1l), and Zn(II) and [M(Pyr-
inh)»(H>0),]Cl, for Cu(Il). The thermal behaviour of these complexes showed the loss of lattice water in the first
step followed by decomposition of the ligand in subsequent steps. The ligand and its transition metal complexes
were studied for their in vitro antibacterial activity against ten pathogenic bacterial strains. The data obtained
revealed that the ligand was active against Morganella morganii and Escherichia coli, the Co(Il) complex active
against Klebsiella oxytoca, the Cu(Il) complex showed significant activity against five out of the ten bacterial
strains and the Zn(II) complex was active against all the pathogenic bacterial strains investigated.

KEY WORDS: (1H-pyrrol-2-yl)isonicotinoylhydrazone, Metal complexes, Schiff base, Synthesis, Thermal
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INTRODUCTION

There has been considerable interest in Schiff bases due to the role they played in coordination
chemistry as they readily form stable Schiff base complexes with most transition metals [1-3].
Schiff bases and their metal complexes exhibit a broad range of potential applications because
of their structural diversity and intrinsic magnetic properties and have been shown to be
potential antibacterial [4-15] and anticancer [16-18] agents. The past few decades have seen the
introduction of a number of pharmaceutical compounds which contain five, six, and seven-
membered rings such as piperazines, piperidines, imidazoles, benzodiazepines, and other
heterocycles containing nitrogen, sulfur, and oxygen [1]. The tuberculostatic activity of
isonicotinic acid hydrazide and its aroylhydrazones containing azomethine nitrogen is attributed
to their ability to form stable complexes with d- and f-block metal ions [19-21]. The upsurge
interest in hydrazones is due to their antimicrobial, antituberculosis, and antitumor activity [22-
24].

The increasing resistance to antibacterial drugs has necessitated the search for new
compounds with potential effects against pathogenic bacteria. The incorporation of metals or
metal-based systems into molecules of antibacterial or antifungal agents is expected to enhance
the bactericidal or fungicidal properties of these drugs and to improve on the activity of
compounds with less potentials [4-15]. We have been interested in studying the effect of ligand
modification on their physicochemical and biological properties [25, 26].

Isoniazid (INH) is a prodrug of proven therapeutic importance and is used against a broad
spectrum of bacterial infections [27]. It is a potent, highly selective antimycobacterial agent
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used against the mycobacterium tuberculosis probably because of its ability to form stable
complexes with transition metal ions in living systems. In view of the biological and medicinal
properties of this compound, we developed an interest to synthesize a Schiff base derived from
isoniazid and pyrrole-2-carboxaldehyde, with the hope of developing metal-based biologically
active adducts that could act against resistant bacterial species. We here report on the synthesis,
characterisation and biological activities of some transition metal complexes of (1H-pyrrol-2-yl)
isonicotinoylhydrazone, Pyr-inh a Schiff base, derived from isoniazid and pyrrole-2-
carboxaldehyde.

EXPERIMENTAL
Materials

All chemicals were of analytical AR grade and were used as supplied without further
purification. The solvents were doubly distilled according to standard methods. Pyrrole-2-
carboxaldehyde was obtained from Acros Organics, isoniazid from BDH Chemicals Ltd, and
CuCl,.2H,0, ZnCl, and CoCl,.6H,0 from Prolabo Reagents.

Physical measurements

'H-NMR and “C-NMR spectra were recorded with a 500 MHz Bruker DRX500
spectrophotometer in dimethylsulfoxide (DMSO) as solvent and were reported relative to
tetramethylsilane (TMS) as internal standard. The analysis of CHN contents of the ligand and
metal complexes were performed on a Euro elemental analyser (Euro vector design). Chloride
was estimated by Volhard’s method and metal(II) content by gravimetric method. Conductivity
measurements of the metal complexes were determined using a VERNIER LabPro device.
Thermogravimetric analyses were carried out using a TGA Perkin-Elmer STA 6000
simultaneous thermal analyzer under a nitrogen atmosphere. IR Spectra were recorded with a
Vector 220 FT-IR Spectrophotometer on KBr disc. UV-Visible spectra were recorded on a
Shimadzu double-beam spectrophotometer; model UV-150-02 using DMSO as reference.

Synthesis of (1H-pyrrol-2-yl)isonicotinoylhydrazone (Pyr-inh)

Isoniazid (0.288 g, 2.1 mmol) dissolved in 10 mL of methanol was added to pyrrole-2-
carboxaldehyde (0.395 g, 2.1 mmol) dissolved in 10 mL of methanol. The mixture was heated
under reflux with continuous stirring at about 60 °C for 24 h during which a light brown
solution was obtained. The solution was allowed to cool with the formation of light-brown
needle-like precipitate. The precipitate was then filtered and dried over anhydrous calcium
chloride in a desiccator at room temperature. The formation of the Schiff base was monitored by
TLC and its purity was checked by melting point determination and elemental analyses.

Preparation of metal complexes

A general method was used for the synthesis of the metal complexes. These metal complexes
were prepared by mixing warm methanolic solutions (0.5 mmol of the metal salts (CoCl,.6H,0,
CuCl,.2H,0 and ZnCl, dissolved in 10 mL of methanol) and warm methanolic solutions of the
ligand (1.0 mmol in 10 mL of methanol). The mixtures were heated under reflux with
continuous stirring for 3-4 h, during which the complexes separated out, filtered and washed
three times with methanol and dried over anhydrous CaCl, in a descicator.
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Biological activity

The ligand and its metal complexes were screened for in vitro antimicrobial activity in DMSO
against ten bacterial strains (Staphylococcus aureus, Salmonella typhi, Proteus vulgaris,
Enterobacter cloacae, Morganella morganii, Escherichia coli, Citrobacter freundii, Shigella
flexneri, Klebsiella pneumoniae and Klebsiella oxytoca). All the bacterial strains were
obtained from the Medical Bacteriology Laboratory of Centre Pasteur du Cameroon, Yaoundé
Cameroon. The microbial isolates were maintained on an agar slant at 4 °C and the strains were
sub-cultured on an appropriate fresh agar plate, 24 h prior antibacterial tests. Samples of the
ligand, its metal complexes and the metal salts were diluted in DMSO and 1 mg/mL of each was
placed on sterilized filter paper discs and allowed to dry. The reference antibiotic, gentamycin,
was also prepared in the same manner in DMSO prior to testing. The antimicrobial diffusion
tests were carried out as described by Berghe and Vlietink [27] using a cell suspension of about
1.5 x 10° CFU/mL obtained from the McFarland turbidity Standard No 0.5. The suspension was
standardized by adjusting the optical density to 0.1 at 600 nm (Shimadzu UV-120-01
spectrophotometer). The suspension was used for inoculation by floating the surface of the
CAM plates. When the excess liquid was allowed to dry under an aspirator hood, holes of 6-mm
diameter were made in the medium and filled with 60 pL of test samples.

RESULTS AND DISCUSSION

The condensation of isoniazid with pyrrole-2-carboxaldehyde yielded a new Schiff base
(Scheme 1), which was used to prepare the transition metal complexes whose analytical data are
presented in Table 1. All the complexes are coloured powders with high melting points. The
complexes are non-hygroscopic and are stable in air, insoluble in methyl alcohol, ethyl alcohol,
chloroform and acetone but very soluble in DMF and DMSO. The analytical data suggest a ratio
of 1:2 (metal:ligand) for all the complexes. The room temperature molar conductivity
measurements in DMSO indicated that the complexes are 2:1 electrolytes [28]. The elemental
analytical data are consistent with the proposed formula.

0

= HN H __ 0

N CONHNH, + o H [\ .
Q d—»N@CNNCQ H,0

Scheme 1. Synthesis of (1H-pyrrol-2-yl) isonicotinoylhydrazone.

Table 1. Analytical and physical data of the ligand and its complexes.

Elemental analysis
Compound Colour | Yield [AYQ 'em? Found (calcd.
M.p./°C % mol’! 9%C %N %H %M | %Cl
C1HoN,O Light brown | 87.0 - 61.02 | 2638 4.02 - -
21842 (61.68) | (26.17) | (4.67)
[Cu(Ci1HoN4O)2(H0),]Cl, | Dark green | 72.0 | 3621 | 46.93 | 19.91 3.56 11.29 | 12.62
24242 (46.10) | (18.98) | (3.87) |(12.36) |(12.87)
[Zn(C11HN4O),CL].2H,0 | Light yellow | 66.6 | 34.14 | 46.78 | 19.84 3.54 11.59 | 12.58
23042 (47.20) | (18.78) | (4.32) |(12.10) |(12.87)
[Co(C}H;oN40),Cl,].2H,0 Brown 212 2379 | 47.32 | 20.08 3.58 10.55 | 12.73
25642 47.64) | 21.50) | (3.78) |(10.02) | (13.04)
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IR spectra

A comparative study of the IR spectra of the complexes with that of the ligand indicated that
bands due to v(C=0) of the ligand at 1700 cm’ and v(NH) at 3240 cm™ were absent in the
spectra of the respective complexes (Table 2). This is presumably due to amide-imidol
tautomerism (Scheme 2) and their subsequent coordination through the imidol oxygen [29].
Bands at 1600 cm™ due to v(C=N) of the ligand shifted to lower wave number in the complexes
1565-1575 cm™ indicating the coordination of the azomethine nitrogen. Non ligand bands at
420-427 cm™ and 510-520 cm’ were assigned to v(M-O) and v(M-N), respectively. In the
ligand, the band at 1581 cm™ due to the pyridine ring nitrogen remained unchanged on
complexation indicating the non involvement of the ring nitrogen in the complexation [30]. The
overall IR spectral evidence suggests that the ligand is bidentate in nature, coordinating through
amide-oxygen and azomethine nitrogen with the formation of a five membered chelate ring. The
spectra of all complexes exhibited intense broad bands at 3400-3450 cm™ due to v(OH) of the
lattice water molecule(s) [27, 31]. The presence of the lattice water molecules was also
confirmed by elemental and thermogravimmetric analysis.

Table 2. Selected infrared absorption bands (cm™) of ligand and its complexes.

Compound V(OH) |v(C=N)| v(C=0) | v(N-H) | v(Py-ring) [v(M-N) | v(M-O)

C11H1oN4O - 1600 1700 3240 1581 - -

[Cu(C11H10N40)2(H20),]Cl, 3400 1570 1650 3200 1581 520 420

[Zn(C1:1H10N40),Cl;].2H,0 3450 1565 1680 3214 1580 518 427

[Co(C;1H0N40).Cl,].2H,O 3400 1575 1650 3205 1580 510 424
OH

- O/%f\ )

Scheme 2. Tautomeric forms of the ligand showing (1) amide form and (2) imidol form.

NMR spectra

The 'H NMR spectral data of the ligand and the corresponding metal complexes were recorded
in DMSO-dg with TMS as an internal standard. A comparative study of the 'H NMR spectra of
the ligand and its metal complexes indicated the disappearance of the NH proton signal at &
11.62 in the complexes which is considered as an additional evidence of enolization of the
ligand during complexation [32]. The free ligand exhibited a signal at & 8.51 which was
assigned to a-protons of the pyridine ring and multiplet signals observed between ¢ 6.97 and &
8.27 and assigned to B-protons of the pyridine ring and the aromatic ring protons [33].

The >C NMR data of the ligand indicated signals due to carbon attached to the azomethine
nitrogen and enolic oxygen at § 141.3 and & 161.6, respectively. Thus, the 'H-NMR and "C-
NMR spectra confirmed the monobasic bidentate nature of the ligand, already suggested by the
IR spectral studies.
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Electronic spectra

The electronic absorption spectra of the complexes were recorded in DMF solution. The
electronic spectrum of the Cu(Il) complex showed large bands at 26667 cm™ and 38462 cm’
while the electronic spectrum of Zn(II) complex exhibited two bands at 28571 cm™ and 38462
cm’. Furthermore the electronic spectrum of the Co(Il) complex exhibited two bands at 28571
cmand 38462 cm’. The absorption bands observed at 26667 cm’and 28571 cm™ are
assignable to a combination of d-d bands and metal-ligand charge transfer (M—LCT) [34, 35].
The electronic spectra measurements is indicative of octahedral geometry for the Cu(Il)
complex, a tetrahedral geometry for the Zn(Il) complex and a square planar geometry for the
Co(II) complex

Thermal studies

Thermal analysis has proved to be useful in determining the crystal water content in complexes
and their thermal stability and decomposition mode under a controlled heating rate.
Thermogravimetric (TG) and differential thermal analyses (DTA) were used to describe the
thermal behaviour of the prepared complexes. The typical TG-DTA analysis of the complexes
was performed from 20 to 320 °C at a heating rate of 5 K min"' under dynamic air condition.
The decomposition of Cu(Il) complex takes place in two stages as shown in Figure 1.

The TG/DTA curve of the Cu(Il) complex show mass loss between 40-145 °C with DTA
endothermic peak at 84 °C due to the dehydration with loss of coordinated water molecules. The
mass loss observed in this step is 9.12%. The second stage between 145-300 °C with DTA
endothermic peak at 185 °C is due to decomposition of the ligand molecule. The degradation of
the molecule was further confirmed by two exothermic peaks at 226 °C and 296 °C with 27.7%
mass loss.

The TG/DTA curve for the Zn(Il) complex is shown in Figure 2. Thermal decomposition of
the Zn(II) complex occurs in three stages and takes place between 40-130 °C with mass loss of
9.22%, attributed to the loss of two moles of lattice water. Two endothermic peaks at 40 °C and
100 °C are observed in the DTA curve. The second stage (from 130-228 °C) is attributed to the
decomposition of the ligand moiety. A sharp endothermic peak at 200 °C is noticed with an
observed mass loss of 10.39%.The third stage occurred between 228-304 °C with mass loss of
12.31% which may be attributed to the total decomposition of the ligand molecule.

The TG/DTA curves of the Co(Il) complex are represented in Figure 3. The Co(II) complex
shows almost three stage process as with Zn(II) complex. The first decomposition stage occurs
in the temperature range 40-104 °C with a mass loss of 16.34% attributed to the dehydration and
loss of lattice water corresponding to an endothermic effect at 60 °C. The second decomposition
stage occurred between 104-176 °C with a mass of loss of 7.43% attributed to the
decomposition of the ligand moiety. A broad exothermic peak at 94 °C was also observed. The
third decomposition occurred between 176-304 °C with mass loss of 28.8% having an
endothermic peak at 236 °C and a broad exothermic peak at 270 °C and attributed to the total
decomposition of the ligand.

Based on the above analytical and spectral data together with the thermal decomposition
studies, the complexes have the structural formula as depicted in Figure 4.
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Figure 1. TGA and DTA thermograms of Cu(Il) complex.

TGA DTAG
7 100
0 - E
E -8.22% koo
.5-? :_au
E -10.39% DTA E
= Lo
60
E 15 ] i
é g 1231 % :—10
18- C
E Lo
-20— L
-23; 30
20
L0
B TGA L
33 Coo

T T T T T T T T T T T T T T T T T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 300 230 B0 D60 D00 300 I aad
Temperature ["C]

Figure 2. TGA and DTA thermograms of Zn(I) complex.
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H

N
|

/"\l’/n\m
HN\N/T\O/C P | oy

Figure 4. Proposed structure of the Cu(Il) complexes.

Biological activity

Antibacterial activity of the ligand and its metal complexes were tested in vitro by the disc-
diffusion method [36] against ten bacterial stains (Salmonella typhi, Staphylococcus aureus,
Proteus vulgaris, Enterobacter clocae, Morganella morganii, Escherichia coli, Citrobacter
freundii, Shigella flexneri, Klebsiella pneumoniae and Klebsiella oxytoca). Holes with methanol
were used as negative control. The plates were inoculated at 37 °C for 24 h. Antimicrobial
activity was evaluated by measuring the diameter of the inhibition zone (IZ) around the hole.
The assay was repeated thrice and results recorded as mean =+ standard deviation of triplicated
experiments. Compounds were considered as active when the IZ was greater than 6 mm.
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The diameter of the susceptibility zones were measured in mm and the results are presented
in Table 3. The ligand, INH-PYR, was found to be active against Morganella morganii and
Escherichia coli. The Cu(Il) complex showed significant activity against two out of the five
bacterial strains (Klebsiella pneumoniae and Klebsiella oxytoca). The Co(Il) complex showed
significant activity against Klebsiella oxytoca. Isoniazid, INH one of the reagents for the
synthesis of the Schiff base is an antibiotic in clinical use. It showed moderate activity against
Klebsiella pneumoniae while pyrrole-2-carboxaldehyde, another reagent was inactive to all the
bacterial strains.

Table 3. Antibacterial screening data for the ligand and its complexes.

Diameter of inhibition zone (in mm)
Compound S. typhi | M. morganii | E. coli K. pneumoniae K. oxytoca
C1iHioN4O 13 12 12 12 12
[Cu(C11H10N40)2(H20),]Cls - - - 19 17
[Zn(C;,H;0N40),Cl,].2H,0 13 8 16 14 12
[Co(C11H10N40),Cl,].2H,0 - - - - 11
RA (Gentamycin) 26 26 25 11 22

The Zn(Il) complex showed antibacterial activity against all the five strains of microbes. In
this case, it was moderately active against Morganella morganii and significantly active against
the rest of the bacterial strains. The Zn(II) complex was significantly more active against
Klebsiella pneumoniae than the reference antibiotic, gentamycin. All metal salts showed activity
against all the strains of bacteria.

It is known that chelation tends to improve on the activity of the ligand thus rendering it a
more powerful and potent antibactericidal agent than the parent organic ligand (Schiff base)
[36]. A possible explanation is that, in the chelated complex, the positive charge of the metal is
partially shared with the donor atoms in the ligand and there is m-electron delocalisation over the
whole chelating ring. This, in turn, increases the lipophilic character of the metal chelate and
favours its permeation through the lipid layers of the membranes of the micro-organism. Apart
from this, other factors such as solubility, conductivity and dipole moment influenced by the
presence of the metal ions may also be reasons for the increased activity.

CONCLUSION

We have been able to synthesise a new Schiff base ligand, (1H-pyrrol-2-yl)
isonicotinoylhydrazone and reacted with Co(Il), Cu(Ill) and Zn(I) ions to yield the
corresponding metal complexes. This is a neutral ligand, with tridentate NNO donors derived
from the the azomethine nitrogen atom, the pyrrole nitrogen atom and the carbonyl oxygen
atom. Antibacterial activity of the ligand and its metal complexes reveal that the ligand and the
Zn(Il) complex exhibited remarkable antibacterial activities against some of the tested bacterial
strains. The significant biological activity of the Zn(II) complex clearly demonstrated the effect
of chelation on the biological activity of the ligand.
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