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Synthesis, spectral characterization and microbiological studies
of Co(II), Ni(II) and Cu(Il) complexes with some novel 20-membered
macrocyclic hydrazino-1,2,4-triazole Schiff bases
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Abstract

A series of Co(II), Ni(II) and Cu(Il) complexes have been synthesized by template condensation of 2,6-diformyl-4-
methylphenol and 3-substituted-4-amino-5-hydrazino-1,2,4-triazole with CoCl,-6H,0O, NiCl,-6H,0O and CuCl,-2H,0
chlorides in 2 4+ 2 4+ 2 molar ratio in ethanol. These complexes were characterized by elemental analyses, magnetic
susceptibility, molar conductance, spectral (IR, Uv-Vis, ESR, 'H NMR and FAB-mass), thermal, fluorescence and solid-state
DC electrical conductivity studies. The observed molar conductance values indicate that they are non-electrolytes. Elemental
analyses suggest the complexes to have 2:1 stoichiometry of the type [M,LX,] 2H,O (M = Co(I) & Cu(l), L = LLLY
and X = Cl) and [Ni,LX,2H,0] 2H,0. The solid state DC electrical conductivity showed that the complexes were
semiconducting. All the Schiff bases and their Co(II), Ni(II) and Cu(II) complexes were evaluated for their microbiological

properties and some compounds showed promising results.
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Introduction

Arylhydrazone chemistry owes its origin to Emil
Fischer, who found that phenyl hydrazine reacted
with carbonyl compounds to form the corresponding
hydrazones [1]. Physiological activities of these
compounds have been studied by several investigators
[2—4] since 1953. In recent years, nitrogen hetero-
cyclic hydrazide and hydrazones have attracted
much attention as potential biological activity and
analytical reagents [5]. Metal chelating properties of
these hydrazones were first described by Lion and
co-workers [6—10] who isolated Mn(II), Co(Il),
Ni(II), Cu(dl), Zn(II) Cd{I) and Hg(I) chelates of
the simplest ligand of the type, pyridine-2-aldehyde-2-
pyridyl hydrazones. Bakir and co-workers have
discussed the structural aspects of hydrazones and
their metal complexes in a classic article [11].

Recently, a number of attempts have been made to
obtain five new complexes of Cu(Il), Zn(I), Fe(III),
Mn(III),Co(III) and OV(AV)&(V) complexes with
hydrazones [12—14]. The complexes have been well
characterized by elemental analyses, spectroscopic
and thermal techniques.

A deep survey of literature revealed that metal
chelates of o-hydroxyaraldehyde hydrazones bearing
ON donor function have been extensively investigated;
but those derived from heterocyclic systems parti-
cularly those containing 1,2,4-triazole moiety have
received comparatively less attention. Apart from these
hydrazones, metal chelates of some hydrazine deriva-
tives derived from heterocyclic systems such as 1,2,4-
triazoles and 2,6-diformyl-4-methyl phenol, the major
attention being focused on those derived from 1,2,4-
triazoles. This is done so, because this study is mainly
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Figure 1. Schiff bases used. Where R = H, CHs, C,Hs and C5Hj.

pertinent to bishydrazines derived from 3-substituted-
4-amino-5-hydrazino-1,2,4-triazoles and 2,6-difor-
myl-4-methyl phenol by template condensation.
These ligands have six donor sites of NON NON
sequence with varied coordinating abilities. This
nature of the ligands have attracted our attention
because of their biological activity, solid sate DC
electrical conductivities and fluorescence properties
and aroused our interest in elucidating the structure
of Co(II), Ni(II) and Cu(Il) complexes with these
Schiff bases as there is scant information on these
complexes of the following ligands (Figure 1).

Materials and methods

All chemicals used were of reagent grade. 2,6-
diformyl-4-methyl phenol was prepared from known
methods [15,16]. The metal contents were estimated
gravimetrically by the standard method [17]. Carbon,

hydrogen and nitrogen were estimated by using C, H
& N analyzer. The results of elemental analyses and
molar conductance values are listed in Table I.

Analyrical and physical measurements

The IR spectra of the ligands and their Co(II), Ni(II)
and Cu(II) complexes were recorded on a HITACHI-
270 IR spectrophotometer in the 4000-250cm !
region in KBr disc. The electronic spectra of the
complexes were recorded in DMF on a VARIAN
CARY 50-BIO UV-spectrophotometer in the region
of 200-1100nm. The 'H NMR spectra were
recorded in DMSO-d¢ on an BRUKER 300 MHz
spectrometer at room temperature using TMS as an
internal reference. FAB mass spectra were recorded
on a JEOL SX 102/DA-6000 mass spectrometer/data
system using Argon/Xenon (6 KV, 10Am) as the
FAB gas. The accelerating voltage was 10 KV and
the spectra were recorded at room temperature
m-Nitrobenzyl alcohol was used as the matrix.

The mass spectrometer was operated in the + ve ion
mode. The electrochemistry of Cu(Il) complexes
were recoded on CHI1110A-electrochemical (HCH
Instruments) analyzer (Made in U.S.A). Thermo-
gravimetric analyses data were measured from room
temperature to 1000°C at a heating rate of 10°C/min.
The data were obtained by using a PERKIN-ELMER
DIAMOND TG/DTG instrument. Solid-state DC
electrical conductivity of solid complexes was
measured using digital micro voltmeter model
DMV-001. Molar conductivity measurements were
recorded on ELICO-CM-82 T Conductivity Bridge
with a cell having cell constant 0.51 and magnetic
moment was carried out on faraday balance.

Synthesis

Synthesis of 3-substituted-4-amino-5-hydrazino-1,2,4-
triazoles. A mixture of 3-substituted-4-amino-5-
mercapto-1,2,4-triazole and Hydrazine hydrate

Table I.  Elemental analyses, magnetic and molar conductance data of Co(II), Ni(II) and Cu(II) complexes of Schiff bases (H,L!- H,LV).

M% N% Cl%

Comp.No.  Empirical formula Obsd. Caled. Obsd. Calcd. Obsd. Caled. N\, cm?Q ! mol™? Pegsr (BM)
1 [Co, (LHCl1,].2H,0 16.52 16.57 2352  23.59 9.78 9.83 22 4.12
2 [Co, (LMCL,].2H,0 1591  15.94 22,65 2270  9.38 9.45 18 4.14
3 [Co, (L™ C1,].2H,0 1512  15.16 21.48  21.59 8.93 8.99 24 4.22
4 [Co, (LM)C1,].2H,0 14.75 14.82  21.02 21.10  8.75 8.79 20 4.28
5 [Ni,(LHCl,(H,0),].2H,0 15.48 1554 2246  22.52 9.32 9.38 22 3.16
6 [Ni,(L'HCl,(H,0),].2H,0  14.91  14.98 21.64 21.70  9.01 9.04 19 3.22
7 Ni,(L"™Cl,(H,0),].2H,O  14.22  14.28  20.62  20.68 8.54 8.62 28 3.26
8 Ni,(LMCL(H,0),].2H,0  13.92  13.97 20.12 20.24  8.40 8.43 21 3.23
9 [Cu, (ILYCL,].2H,0 17.45 1750 2327  23.33 9.68 9.72 27 1.44

10 [Cu, (ILMC1,].2H,0 16.86 16.93 2251  22.58 9.35 9.40 20 1.46

11 [Cu, (L"HC1,].2H,0 16.00  16.03  21.29  21.37 8.88 8.90 18 1.41

12 [Cu, ILMY)C1,).2H,0 15.59  15.67 20.82  20.89 8.67 8.70 24 1.43
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(N,H4'H,0) in 1:1 molar proportions in ethanol
(50 mL) was refluxed for 4—5h on a water bath. The
reaction mixture was cooled at room temperature,
within an hour the compound separated from the clear
solution. It was filtered, washed and recrystallized
from ethanol.

Synthesis of macrocyclic (20-membered) Schiff bases (H,L'-
H,L'™). 2,6-Diformyl-4-methylphenol (2mmol) in
ethanol (20 mL) was added to a ethanolic solution of
3-substituted-4-amino-5-hydrazino-1,2,4-triazole
(2 mmol, 30 mL) containing few drops of concentrated
HCI. The reaction mixture was refluxed for 3 h. The
mixture was cooled to room temperature and the
solvent removed under reduced pressure until a solid
product was formed that was washed with cold ethanol
and dried under vacuum. (Figure 1)

Synthesis of Co(1D, Ni(I) and Cu(ll) complexes
(1-12). Co(II), Ni(II) and Cu(II) complexes, were
prepared adapting template method owing to the
insolubility of the ligands (H,L-H,L") in common
organic solvents. 2,6-Diformyl-4-methylphenol
(2mmol), 3-substituted-4-amino-5-hydrazino-1,2,4-
triazoles and respective metal chloride (2 mmol) in
ethanol (50mL) were refluxed for 2-3h. The
separated complexes were collected by filtration,
washed with hot ethanol and dried in vacuum
desiccators over P,Os.

Results and discussions
Chemistry

All the Co(II), Ni(II) and Cu(II) complexes are colored,
stable in air and non-hygroscopic solids. These

complexes are soluble in DMF and DMSO. The
elemental analyses show that, the Co(II), Ni(II) and
Cu(II) complexes have 2:1 stoicheometry of the type
[M,1.X,]-2H,0 (M = Co(II) & Cu(Il), L= L-LYV
and X = Cl) and [Ni,LX,2H,0]-:2H,0. The molar
conductance values are too low to account for any
dissociation of non-electrolytes in DMF (Table I).

Infrared spectral studies. The important IR frequencies
of the Schiff bases and their Co(II), Ni(II) and Cu(II)
complexes are presented in Table II. In the Schiff
bases it is generally observed that the intramolecular
H-bonded-OH occurs in the region 2700-2600 cm ™~ *
as a broad weak band with fine structure [18].

In addition to these, a medium intensity broad band
is observed around 3100 cm ! in these Schiff bases
and this assigned to the »(NH). It is also observed
that, the medium to high intensity band around
1620 cm ™ ! was assigned to »(HC=N). That confirms
the presence of the salicylidene residue [19].

A medium intensity bands in the region of 1600—
1590 cm ™! are regarded as combination of C=N of
triazole ring, C—=C of aromatic ring and aromatic
C=C stretching vibrations. A high intensity band in
the region 1295-1290 cm ™~ ' with an additional band
around 1505cm ' was assigned to the phenolic
v(C—O) vibration.

The characteristic band due to »(C=N) appears
around 1605 cm ! for these Co(II), Ni(II) and Cu(Il)
complexes. The low frequency shift of »(C=N) band
suggesting that, the C=N group is coordinated to the
metal ion through nitrogen and this has resulted in
lowering of the bond order of carbon to nitrogen link.
The band due to v(C=N) of the heterocyclic ring for
the complexes appears almost in the same region as
observed in the ligands [20].

Table II.  The important infrared frequencies (in cm ™) of Schiff bases (H,L'-H,L'Y) and their Co(II), Ni(II) and Cu(II) complexes.

H-bonded v(OH)
Complex No. Phenolic-OH (Water) v(C=N) v(NH) vCH; Phenolic C-O v(M-N) v(M-0O) v(M-Cl)
H,L! 2748 - 1623 3150 2933 1290 - - -
H,L! 2755 - 1620 3143 2924 1275 - - -
H,LM 2738 - 1625 3140 2935 1295 - - -
H,LY 2732 - 1628 3146 2928 1286 - - -
1 - 3432 1600 3015 2930 1365 455 512 309
2 - 3405 1602 3018 2905 1360 450 525 316
3 - 3411 1610 3010 2910 1364 462 518 320
4 - 3440 1614 3032 2916 1370 444 535 328
5 - 3408 1608 3040 2912 1362 470 554 330
6 - 3430 1610 2995 2908 1368 474 560 321
7 - 3434 1601 3001 2928 1369 456 530 324
8 - 3440 1609 3010 2920 1370 440 542 333
9 - 3435 1603 3026 2922 1363 458 520 318
10 - 3425 1605 3021 2918 1360 449 538 324
11 - 3428 1610 3038 2909 1366 465 566 330
12 - 3438 1612 2998 2917 1361 458 570 313
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A broad weak band with fine structure in the region
2700-2600cm ' assigned to the H bonded-OH
in the Schiff bases disappeared in the all Co(Il),
Ni(II) and Cu(Il) complexes. The high intensity band
due to phenolic C—O appeared in the region 1295—
1290 cm ™! in the Schiff bases appeared as a medium
to high intensity band in the 1360—1370 cm ™! regions
in the complexes. These observations support the
formation of M-O bands via deprotonation. So the H
atoms of —OH groups have been replaced by the
metal ion [21].

Further the appearance of new bands in the
1530—1550 cm ! region in all the complexes suggest
phenoxide bridging with metal ions.

All Co(IT), Ni(IT) and Cu(II) complexes exhibited a
broad medium intensity bands around 3000 cm ™' due
to »(NH) vibrations. The presence of broad stretching
vibrations in the 3440-3400cm ! region can be
attributed to coordinated or lattice water molecules in
all these complexes [20].

In the light of previous assignments [22,23] the
medium intensity bands found in the region
474-400 cm ™! are assigned to the »(M-N) vibrations
coupled with ligand vibrations and a medium
intensity band in the region 500—400cm ' to the
v(M-O) vibration in view of the previous assignments
[24,25].

Previous studies on »(M-CI) stretching vibrations
have shown that »(M-Cl) vibrations are sensitive to
metal oxidation state and coordination number of
central metal ion, and are useful in predicting
stereochemistry of the complexes [26,27]. These
bands usually appear as medium to weak intensity
bands in the region 400—-300cm . In view of these
observations the weak intensity bands observed
340 cm ! are assigned to »(M-Cl) vibrations.

TH NMR spectral studies. The '"H NMR spectra of
Schiff bases (H,L-H,L"Y) have been studied. The 'H
NMR spectra of Schiff bases (H,L'-H,L") exhibited
signals around 13.78 ppm due to —NH protons
[25,26]. Another resonance due to the azomethine
protons in all the compounds appears at 10.93 ppm.

We also observed a multiplet around 7.77-
8.00 ppm due to aromatic protons. All the compounds
exhibit a signal around 10.19 ppm due to phenolic OH
proton. Compounds exhibit a signal around 2.5 ppm
due to methyl protons. All these observations provide
support for the IR inferences.

Magnetic studies. The magnetic moments of the
Co(II), Ni(II) and Cu(I) complexes obtained at
room temperature are listed in Table I. The Co(II)
(1-4) and Ni(II) (5-8) complexes shown magnetic
moment values around 4.12-4.28 and 3.16-3.26 BM
respectively which are lower than the respective spin

only values and indicates weak antiferromagnetic
coupling interaction between the metal ions which
further confirm the dinuclear nature of the complexes.
The Cu(Il) complexes of ligands (H,L-H,LY)
showed a magnetic moment around 1.44 1.41 BM
which is considerably lower than the spin only value
for Cu(Il) (9-12) complexes. The low value of
the magnetic moment is attributed for the
antiferromagnetic coupling interaction between two
metal ions. This fact suggests the dinuclear nature of
the Cu(Il) complexes [28].

Electronic spectral studies. The electronic spectra of
Co(II) complexes exhibit absorption bands in the
region 10985, 17243 and 20045 cm™ ' which can be
assigned to the transitions *A,+ *E— ‘B,
‘A, +*E—*E (P) and *A,+*E—-*A, (P)
respectively which are characteristic of square
pyramidal geometry [29].

The Ni(I) complexes shown three bands around
10426, 15358 and 21697 cm ™! which are assigned to
*Agg (F) = T (F) (1), *Agg (F) —°T1, (F) (1)
and 3A2g F) — 3T1g (P) (w;) transition respectively,
indicating octahedral geometry [29]. The parameters
are listed in Table III.

The Cu(Il) complexes of ligands (H,L'-H,L"™)
exhibited a high intensity band at 27472 cm™ ! in the
UV-region. Appearance of this band is due to m — m*
transition associated with the azomethine linkage
and L — M charge transfer transition. The electronic
spectrum of Cu(Il) complexes shown three bands
at 10964, 14814 and 23148cm™ !, these bands
have been assigned to the transition °B; — 2A; (v;),
’B, — °B, (1,) and *B; — 2E (v3) respectively. These
transitions are characteristic of square pyramidal
geometry [30].

FAB-mass spectral studies. The FAB mass spectrum of
Schiff base (H,L) has been depicted in Figure 2. The
spectrum showed a molecular ion peak at m/z 517 that
is equivalent to its molecular weight. The fragments in
the spectrum leading to the formation of the species
[C24H24N1,0,] ™.

The FAB mass spectrum of Ni(I) (5) complex of
ligand (H,L") has been depicted in Figure 3. The
spectrum showed a molecular ion peak M™ at m/z
747, which is equivalent to its molecular weight of
the Ni(II) (5) complex. The molecular ion peak
fragmentation with the loss of four water molecules,
gave a peak A; at m/z 676 due to the fragment ion
[Niy(C2,H50N;2,05)Cl,]". Further, the fragments
leading to the formation of the species [Ni,L]"
which under goes demetallation to form the species
[L + H]" gave fragment ion at m/z 489. All these
fragmentation patterns are well observed in the
FAB-mass spectrum.
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Ligand field parameters of Ni(II) complexes of Schiff bases (H,L'-H,L).

Table III.

Transitions (cm ™ 1)

B> %

B
0.758

Moeff Calcd. BM

LFSE

v, Caled. cm ™! Dq cm ™! Blem ™! % Distortion V,o/vy

V3

V2

V1

Complex No.

24.188
21.447
24.713
20.916

3.19
3.20
3.19
3.20

33.10

1.61

0.099
0.878

800.57

965.50

15529
15508
15663
15469

25444
25686
25554
25695

15545
15645

9655
9584
9764
9546

0.786

32.85

1.63
1.61

829.52

958.40

0.753

33.47
32.72

0.706
0.466

795.02

976.04

15774
15542

0.791

1.62

835.13

954.60

Dg, B! (Racah Parameter), B & B (Nephlauxetic Ratio), LFSE (Ligand Field Stabilization Energy)

These entire fragmentation patterns are well
observed in the FAB mass spectrum (Figure 3).
It clearly indicates dinuclear nature of the complex
and two Ni(II) ions are held in the macrocyclic
comportment of the Schiff base (H,L"). The metal
ions are bonded to two phenoxo bridges, which
endogenously coordinated to the metal ions and the
other coordinating sites in the ligand are the
azomethine nitrogen atoms. Both phenoxide and
azomethine groups surround the two metal ions,
which are in close proximity with in the ligand
molecule to form a square base. A chloride ion
coordinates to each metal ion from opposite sides to
give square pyramidal configuration to the metal ions.
The FAB mass spectrum confirms the dinuclear
nature of the metal complex.

ESR studies. The X-band ESR spectrum of Cu(Il) (10)
complex with ligand (H,L") was recorded at room
temperature using DPPH as a reference standard
(Figure 4). The g|| and g* values have been found to be
2.253 and 2.095 respectively. In general, dinuclear
Cu(Il) complexes give broad ESR peaks and the
broadening is assigned to a dipolar interaction [31].
The observed ESR spectrum is characteristic of square
pyramidal geometry. The g, value was calculated to be
2.147. The existence of g|| > g* suggests that dy—y»
orbital is in the ground state and d° configuration is
(ep)*(219)°(b29)*(b1p)". The ‘g’ values are related to the
axial symmetry and g|| > g* suggests square pyramidal
geometry of Cu(Il) complex. The axial symmetry
parameter G = 2.542 which has less than 4.0 indicates
considerable exchange interaction between metal ions
in the solid complex which further supports the
dinuclear nature of the Cu(II) complexes.

Thermal studies. TG and DTG studies were carried out
for Co(II) (2), Ni(IT) (6) and Cu(II) (10) complexes at
room temperature and one representative Ni(II) (6)
complex has been reproduced in Figure 5. These
complexes decompose gradually with the formation
of respective metal oxide above 600°C. The nature of
proposed chemical change with the temperature
range and the percentage of metal oxide obtained are
given in the Table IV. The thermal decomposition of
respective Co(II) (2) Ni(II) (6) and Cu(l) (10)
complexes takes place in three steps as indicated by
DTG peaks around 115-130, 230-260 and 300—
320°C corresponding to the mass loss of two
coordinated/adhered water molecules, two aldehyde
moieties and two triazole moieties respectively.

Cyclic voltammetry. The electrochemical behavior of
Cu(I) (10) complex was examined by employing
glassy carbon as working electrode, Ag/AgCl as
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Figure 3. FAB mass spectrum of Ni(II) (5) complex.

reference electrode and platinum wire as auxiliary
electrode. The working media consisted of DMF and

n-BuyNCIO, as supporting electrolyte. The cyclic
voltammogram of Cu(II) (10) complex in 10 °M
solution was recorded at room temperature in the
potential range —3.0V to +2.4V with a scan rate
100mVs ™.

The complex shows a redox process corresponding
to the Cu(Il) — Cu(I) couple at Ep, = +1.24V and
associated cathodic peak at Ep.= —0.72V. This
couple is found to be quasi-reversible as the peak
separation between the anodic and cathodic potential
is very high. But the ratio between the anodic

and cathodic currents suggests that the process is
simple one-electron transfer, quasi-reversible process
[32,33].

Figure 4. ESR spectrum of Cu(II) (10) complex.
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Figure 5.

On comparing the cyclic voltammograms we
observed that the variation in oxidation and reduction
potential may be due to distortion in the geometry of
the complex which arises due to different anions
coordinated to the metal ion [34].

Fluorescence Studies. The emission spectrum of Schiff
base (H,L™) was investigated in various solvents viz.,
DMF, DMSO, MeCN and THF.

The Schiff base (H,L™) showed a weak absorption
band at 435nm (Figure 6) due to 2,6-diformyl-
4-methyl-phenolate ion [35]. The emission band of
Schiff base was observed around 560nm in DMEF,
DMSO and MeCN is due to the formation of phenoxide
anion and cleavage of the imine bond was observed in
the Schiff base (H,L™) [36]. Upon addition of aqueous
alkali (2% NaOH) to all the above prepared solutions we
observed the A\, of the Schiff base undergoes red shift

Thermogravimetric (TG/DTG) curves of Ni(II) (6) complex.

in DMF, DMSO and MeCN solutions is due to
hydrogen bond formation.

The Co(II) (2), Ni(II) (6) and Cu(II) (10) complexes
were characterized by an emission band around
545 nm in DMF and DMSO and it is also observed
that, the emission band of the Schiff base around
560 nm was shift towards red shift region in Co(II) (2),
Ni{I) (6) and Cu(Il) (10) complexes is due to the
interaction of phenolic oxygen with the metal ions.
We also observed complexation with fluorescence
enhancement interaction in above mentioned Co(II)
and Cu(Il) complexes in DMF and DMSO solutions
[37]. Where as in Ni(IT) complex (6) we could observed
fluorescence quenching quite effectively [38]. Mag-
netic perturbations, redox activity, etc., have been
invoked [38] in the past to rationalize fluorescence
quenching by transitional metal ions. In case of Co(II)
(2) and Cu(Il) complex (10), obviously none of these
processes are operational.

Table IV. Thermogravimetric data of Co(II) (2), Ni(II) (6) and Cu(II) (10) complexes of Schiff base (H,L™).

% Weight loss
Decomposition
Complex No. Empirical formula temperature °C Obsd. Calcd. Inference
2 [Co, (L™ Cl,]-2H,0 115-130 4.828 4.864 Loss of coordinated water molecules
230-260 35.651 35.675 Loss of aldehyde moieties
300-320 29.697 29.729 Loss of triazole moieties
6 [Nip (L™ Cl,(H,0),]-2H,0 115-130 4.638 4.651 Loss of coordinated water molecules
230-260 34.05 34.108 Loss of aldehyde moieties
300-320 28.425 28.423 Loss of triazole moieties
10 [Cu, (L™C1,]-2H,0 115-130 4.829 4.838 Loss of coordinated water molecules
230-260 35.472 35.483 Loss of aldehyde moieties
300-320 29.561 29.569 Loss of triazole moieties
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Figure 6. Absorption spectrum of Schiff base (H,L™).

Solid-state DC electrical conductivity

The DC electrical conductivity of Cobalt(Il) (2),
Nickel(I) (6) and Cupper(II) (12) complexes were
measured in pellet form (coated with silver paste) in the
temperature from 30°C to 225°C. The pellet was dried
at 100°C around 24 h in air, and then the sample was
allowed to cool slowly to room temperature. Resistive
behavior of these samples was studied as a function of
temperature using the standard probe method.

Typical plot of electrical conductivity (logo) versus
temperature (T~ ') for the above said complexes are
shown that, as the temperature increases there is a
gradually decreases in DC resistivity. In these
complexes, the conductivity increases with increase
in temperature indicating that, these complexes are
semiconductors.

The increase in conductivity can be explained on
the basis of clustering of ions. The formation of
clusters effectively lower the concentration of stable

bands and conduction will be due to hopping process.
The calculated activation energy may be attributed to
the interaction between the electrons of d-orbitals of a
cation and the m-orbitals of the ligand. Thus,
interaction will localize the m-electronic charge on
the ligand molecules.

Pharmacology

In witro anubacterial and antifungal activities. The
biological activities of the newly synthesized Schiff bases
(H,L“H,L"™) and their metal complexes have been
studied for their antibacterial and antifungal activities
by disc diffusion method [39]. The antibacterial
activities were done by using gram -+ ve organisms
(Staphylococcus aureus and Bacillus cereus) and gram — ve
organisms (Pseudomonas aeruginosa and Escherichia colt).
These bacterial strains were chosen as they are known as
human pathogens and Aspergillus niger and Aspergillus
fumigates were used for antifungal activities at 10, 25, 50
and 100 pg/mL concentrations in solvent DMF. Where
DMEF poured disc was used as negative control. The
bacteria were subcultured in agar medium. The petri
dishes were incubated for 24h at 37°C. Standard
antibacterial drug (Gentamycine) was also screened
under similar conditions for comparison. The fungi
were subcultured in potato dextrose agar medium.
Standard antifungal drug (Fluconazole) was used for
comparison. The Petri dishes were incubated for 48 h
at 37°C.

The microbial results of Schiff bases and their
Co(II), Ni(II) and Cu(II) complexes are systematized
in Table V and (Figure 7). The Schiff bases H,L-
H,L" show high active against B. cereus organism

Table V. Bacteriological results of Schiff bases derived from 3-substituted-4-amino-5-hydrazino-1,2,4-triazoles and 2-6 diformyl-4-methyl

phenol and their Co(II), Ni(II) and Cu(II) complexes.

Activity against bacteria (mm)*

Activity against fungi (mm)

Comp. No. Empirical formula E. coli P aeruginosa B. cereus S. aureus A. niger A. fumigates
H,L! (C25H20N,05) 08 08 20 08 20 20
H,L! (C24H,4N1,0,) 12 10 16 10 20 20
H,L'™! (C26H25N1,0,) 10 12 18 10 18 20
H,LY (C2H3,N1,05) 10 10 16 10 20 20
1 [Co, (LHCl1,]-2H,0 08 12 18 08 20 24
2 [Co, (LHCL,]-2H,0 10 08 12 08 16 16
3 [Co, (L"™)Cl,)-2H,0 10 12 08 10 18 18
4 [Co, IL™)C1,]-2H,O 08 10 08 10 18 16
5 [Ni, (LY Cl,(H,0),]-2H,0 08 08 12 08 20 12
6 [Ni (LM Cl,(H,0),]-2H,0 08 08 12 08 18 20
7 [Ni, (L™ Cl,(H,0),]-2H,0 10 10 10 08 20 18
8 [Ni,(L™)CL,(H,0),]-2H,0 12 08 10 10 20 20
9 [Cu, (ILYCL,]-2H,0 10 08 12 08 20 18
10 [Cu, (L™CI,]-2H,0 08 10 16 08 22 24
11 [Cu, (L"™CL,]-2H,0 10 12 08 10 20 20
12 [Cu, (L™)CL,]-2H,0 08 10 10 12 18 18
Gentamycin 20 20 20 20 - -
Fluconazole - - - — 24 24

* Zone of inhibition (mm).
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Figure 7. (A) Antibacteriogram of Schiff bases; (B) Antifungal
(D) Antifungal screening of metal complexes.

especially in case Schiff base (H,L") we obtained
interesting results which show high activity i.e. almost
equal to the standard against B. cereus. Amongst the
Co(II) complexes, (1) exhibits high active against
B. cereus and others are inactive towards E. coli,
P aeruginosa and S. aureus. In case of Ni(Il) (5), (6),
(7) & (8) complexes show inactive towards E. coli,
P aeruginosa, B. cereus and S. aureus. Amongst the
Cu(Il) complexes, (10) exhibits high active against
B. cereus and others are inactive towards E. coli,
P aeruginosa and S. aureus.

In the case of antifungal activity all the Schiff bases
and their Co(II), Ni(I) and Cu(Il) complexes show
high activity against A. niger and A. fumigates
especially in case of Co(Il) (1) & Cu(dl) (10)
complexes we obtained interesting results that,
which show high activity i.e. almost equal to the
standard against A. fumigates.

Minimum inhibitory concentration (MIC). The
minimum inhibitory concentration (MIC) of some
selected compounds, which showed significant activity
against selected bacterial and fungal species, was
determined using the disc diffusion method. The MIC
of these compounds varies from 10—100 pg/mL. The
results are indicated that these compounds were the
most active in inhabiting the growth of the tested
organisms.

The biological activity of the ligands exhibited a
markedly enhancement on coordination with the
metal ions against all fungal strains. However, the
metal complexes showed good antifungal activity
against A. niger and A. fumigates. It was evident from
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screening of Schiff bases; (C) Antibacteriogram of metal complexes;

the data that this activity significantly increased on
coordination. This enhancement in the activity may
be rationalized on the basis that their structures
mainly possess an additional C=N bond. It has been
suggested that the ligands with nitrogen and oxygen
donor systems inhibit enzyme activity, since the
enzymes which require these groups of their activity
appear to be especially more susceptible to deactiva-
tion by metal ions on coordination. Moreover,
coordination reduces the polarity [40,41] of the
metal ion mainly because of the partial sharing of its

CHj4
R

HC CH

¢

(H0),

CHj
M = Co(ll) and Cu(ll)

Figure 8. Square pyramidal geometry of Co(II) and Cu(Il)
complexes.
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positive charge with the donor groups [42] with in the
chelate ring system formed during coordination. This
process, in turn, increases the lipophilic nature of
the central metal atom, which favors its permeation
more efficiently through the lipid layer of the micro-
organism [43-44] thus destroying them more
aggressively.

Conclusion

The synthesized Schiff bases (H,L-H,LY) acted
as hexadentate ligands through the coordination of
azomethine nitrogens and phenolic oxygen atoms to
the metal ion. The bonding of ligands to the metal
ion was confirmed by analytical, IR, 'H NMR, ESR,
electronic, magnetic, FAB mass and thermal studies.
All compounds were insoluble in water and decom-
posed at higher temperatures. All these observations
put together lead us to propose the structure
shown below (Figure 8) in which the complex has
the stoichiometry of the type [M,LX,]:2H,0
(M = Co(Il) & Cu(l), L = L-LY and X = CI)
and [Ni,LLX,2H,0]-2H,O0.
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