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1 INTRODUCTION

Schiff bases are widely used as analytical reagents
since they allow simple and inexpensive preparation of
a number of organic and inorganic compounds [1].
There is a growing interest in the chemistry of chelate
complexes of Schiff bases because of the wide range of
applications of these complexes in various fields. Nu�
merous studies are also devoted to the synthesis and
characterization of the metal complexes with bioactive
organic ligands in order to produce novel potential
chemotherapeutic agents. Particularly important is
the pressing need for the new antibacterial agents
which could replace those losing their effectiveness
because of the fast development of microorganisms’
resistance [2]. Therefore, the discovery of brand new
antimicrobial compounds or finding the ways to in�
crease the effectiveness of previously known drugs is
important. Some cobalt complexes with tetradentate
Schiff bases are known to exhibit antibacterial activity,
amongst their many other applications, such as revers�
ible oxygen transport, potent antiviral or antitumor
agents, in enantioselective and asymmetric catalysis,

1 The article is published in the original.

or as the models for vitamin B12 [3–8]. In our ongoing
studies on the synthesis, structural, spectroscopic and
electrochemical studies of cobalt(III) complexes with
Schiff base ligands [9, 10], we report here the synthesis
and characterization of trans�[CoIII(L1)(Py)2]ClO4 (I)
and trans�[CoIII(L2)(Py)2]ClO4 (II) complexes.
Their spectral properties were investigated by FT�IR,
UV�Vis, and 1H NMR spectra. The X�ray crystal
structure of I has been determined. Electrochemical
properties of these complexes are reported and dis�
cussed. Antibacterial activities of the Schiff base
ligands and their complexes against Bacillus subtilis
(Gram�positive), Staphylococcus aureus (Gram�posi�
tive), Escherichia coli (Gram�negative), and
Pseudomonas aeruginosa (Gram�negative) are investi�
gated for the first time.

EXPERIMENTAL

Materials and methods. All solvents and chemicals
were used as received, except the amines which were
distilled under reduced pressure prior to use. Elemen�
tal analyses were performed by using a PerkinElmer
2400II CHNS�O elemental analyzer. 1H NMR spec�
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tra were recorded on a 500 MHz Bruker FT�NMR
spectrometer using CDCl3 solvent; chemical shifts (δ)
are given in ppm. IR spectra were obtained as KBr
plates using a Bruker FT�IR instrument and UV�Vis
spectra were obtained on a Shimadzu UV�1650PC
spectrophotometer. A Metrohm 757 VA computerace
instrument was employed to obtain cyclic voltammo�
grams in acetonitrile at room temperature (25°C) us�
ing 0.1 M tetra�n�butylammonium hexafluorophos�
phate solution as supporting electrolyte. 

Synthesis of Schiff base ligands. The Schiff base
ligands, N,N'�bis(5�chloro�2�hydroxybenzylidene)�
1,3�propylenediamine (H2L1) and N,N'�bis(5�bro�
mo�2�hydroxybenzylidene)�1,3�propylenediamine
(H2L2), were prepared as described in [11].

Synthesis of complex I. Co(CH3COO)2 ⋅ 4H2O
(0.125 g, 0.5 mmol), dissolved in 10 mL of methanol,
was added to a methanolic solution (20 mL) of H2L

1

(0.175 g, 0.5 mmol) with constant stirring. To the re�
sulting solution was added 4 mmol of pyridine, and air
was bubbled through the reaction mixture for about
3 h. Then 0.5 mmol of NaClO4 was added to the re�
sulting brown solution and stirred for 5 min. A brown
microcrystalline solid was produced by slow evapora�
tion of methanol at room temperature. The precipitate
was washed with and redissolved in methanol. The sin�
gle crystals suitable of compound I were obtained by
slow evaporation of the methanol solution of this com�
pound after 3 days. The crystals were filtered off and
washed with a small amount of cold methanol and
dried under vacuum. The yield of I was 50%.

FT�IR (KBr; ν, cm–1): 1609 (C=N), 1082 (Cl–O)
UV�Vis (CH3CN; λmax, nm (ε, L mol–1 cm–1)): 226
(59300), 250 (48300), 392 (6990), 575 (380).
1H NMR. (500 MHz; CDCl3; δ, ppm): 1.30 (s., 2Ha),
3.87 (m., 4Hb), 7.02–7.40 (m., 10H, Ar), 8.45 (s.,
2Hc). 

Synthesis of complex II. The complex was prepared
by the same method as for I except that H2L

2 was used
instead of H2L

1. The compound recrystallised from
methanol, but no suitable single crystals were grown
for complex II. The yield was 55%.

FT�IR (KBr; ν, cm–1): 1618 (C=N), 1084 (Cl–O)
UV�Vis (CH3CN; λmax, nm (ε, L mol–1 cm–1)): 224
(58500), 251 (47400), 329 (6570), 575 (381).

For C27H24N4O6Cl3Co 

anal. calcd., %: C, 48.71; H, 3.63; N, 8.42.

Found, %: C, 48.50; H, 3.58; N, 8.35.

For C27H24N4O2Br2Co 

anal. calcd., %: C, 68.20; H, 5.72; N, 9.94.

Found, %: C, 68.05; H, 5.65; N, 9.78.

1H NMR. (500 MHz; CDCl3; δ, ppm): 1.23 (s., 2Ha),
3.79 (m., 4Hb), 7.05–7.78 (m., 10H, Ar), 8.36 (s.,
2Hc). 

X�ray structure determination. Diffraction data of
complex I were collected at room temperature by the
ω�scan technique on an Agilent Technologies Xcali�
bur four�circle diffractometer with Eos CCD�detector
and graphite�monochromatized MoK

α
 radiation

source (λ = 0.71073 Å). The data were corrected for
Lorentz�polarization as well as for absorption effects
[12]. Precise unit�cell parameters were determined by
a least�squares fit of 30159 reflections of the highest
intensity, chosen from the whole experiment. The
structure was solved with SIR92 [13] and refined with
the full�matrix least�squares procedure on F2 by
SHELXL�97 [14]. The scattering factors incorporated
in SHELXL�97 were used. The function Σw(|Fo|2 – |Fc|2)2

was minimized, with w–1 = [σ2(Fo)2 + (0.0840P)2 +

3.2183P] (P = [Max  0) + 2 /3) [14]. All non�
hydrogen atoms were refined anisotropically, the hy�
drogen atoms were placed geometrically in idealized
positions and refined as rigid groups with their Uiso’s as
1.2 or 1.5 (methyl) times Ueq of the appropriate carrier
atom. The large residual electron density has been in�
terpreted as the half�occupied solvent (methanol) mol�
ecule, which did not interact specifically with the rest of
the structure. Hydrogen atoms from this molecule have
not been found and no attempts to determine their po�
sitions have been performed. Relevant crystal data are
listed in Table 1 together with refinement details. A full
detail of data collections and structure determinations
has been deposited with the Cambridge Crystallograph�
ic Data Centre (146366 (I); deposit@ccdc.cam.ac.uk or
http://www.ccdc.cam.ac.uk).

Bacterial strains. The metal complexes and ligands
were individually tested against a penal of microorgan�
isms (Gram negative and Gram positive), namely
Bacillus subtilis (B. subtilis; PTCC no. 1023; ATCC
6633); Staphylococcus aureus (S. aureus; PTCC
no. 1431; ATCC 25923), Escherichia coli (E. coli;
PTCC no. 1399; ATCC 25922), and Pseudomonas
aeruginosa (P. aeruginosa; PTCC no. 1430; ATCC
27853). The organisms were purchased from Iranian
Research Organization for Science and Technology
(IROST).

Disc diffusion assay. Single�disk diffusion as a qual�
itative assay was performed according to Bauer et al.
[15]. Briefly, four to five colonies of each organism
were inoculated into 4 ml of broth and incubated for
4 to 6 h at 37°C. A suspension of each organism
was then standardized against a turbidity standard of
0.5 McFarland [16]. Bacteria were cultured on to agar
plates using a sterile absorbent cotton swabs. Then
plates were incubated at 35°C and the zones of inhibi�
tion were measured after 24 h. Each organism was test�
ed in duplicate on different days to measure the repro�
ducibility of the test. Ampicillin (10 мg/disc),

Fo
2
,( Fc

2
]
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Chloramphenicol (30 мg/disc), and Kanamycin
(30 мg/disc), purchased from PadtanTeb Company
(Iran), were used as reference antibacterial agents. A
set of assay tubes containing only inoculated medium
was kept as negative control and likewise solvent con�
trols were also done simultaneously. All assays were
performed in duplicate.

Minimum inhibitory concentration (MIC) of chemi�
cals were determined by the broth twofold dilution meth�
od as a quantitative assay [17]. Briefly, serial diluted
chemical compounds in the range of 0.04–0.29 mg/mL
were added to a final inoculum of approximately
1.5 × 106 organisms per ml in log phase growth. The
cultures were incubated on a rotary shaker at 37°C for
24 h. MIC (mg/mL) of each tested compounds were
defined as the lowest concentration exhibiting no visi�

ble growth compared with the drug�free control wells.
Each organism was tested in duplicate on different
days to measure the reproducibility of the test. 

Minimal bactericidal concentration (MBC). To
measure MBC, 100 μL volumes of all clear (no
growth) tubes from a dilution MIC test was spread on
to separate agar plates and incubated at 37°C for 24 h.
The MBC (mg/mL) was defined as the lowest concen�
tration of the complex that no growth occurred. 

RESULTS AND DISCUSSION

The complexes I and II were synthesized by reac�
tions of the corresponding ligands, H2L

1 and H2L
2,

with cobalt(II) acetate in the presence of pyridine in
aerobic conditions to acordind the following scheme:

O

N N

O
Co

Py

X
Py

XOH

N N

HOX X
CoII(OAc)2 ⋅ 4H2O

pyridine/methanol/
NaClO4

H2L1: X = Cl

H2L2: X = Br

Complex 1: X = Cl
Complex 2: X = Br

ClO4
–

+

The air oxidation was continued for a period of 3 h,
during which the color of the solution changed from
brown to green. The diamagnetic character of the
complexes indicated that the cobalt atom in both cases
had a low spin d6 conguration and +3 oxidation state.
The elemental analysis data of the complexes I and II
are in good agreement with the calculated values. 

The IR spectra of the free Schiff base ligands and
corresponding complexes show several bands in the
400–4000 cm–1 region. The OH stretching frequency of
the ligands is observed in the region of 3000–3100 cm–1

is due to the internal hydrogen bonding vibration
(O–H⋅⋅⋅N). The disappearance of this band in the
FT�IR spectra of the complexes confims that the tet�
radentate ligands coordinate in their deprotonated
forms [18, 19]. The ν(C=N) bands appearing at
1610 cm–1 in H2L

1 and 1614 cm–1 in H2L
1 are shifted to

lower frequencies by about 16–27 cm–1 in the corre�
sponding cobalt complexes, indicating that the ligands
are coordinated to the metal ions through the nitrogen
atoms of the azomethine groups [20]. The stretching vi�

bration of Cl  anion appears at 1082 cm–1 in I and at

1084 cm–1 in II [21].

The electronic absorption spectra of the free
ligands and their corresponding complexes are mea�
sured in acetonitrile. The electronic absorption spec�
tra of H2L

1 and H2L
2 show a band at 415 and 326 nm

attributed to n → р* and р → р* transitions of azome�
thine chromophore respectively. The two bands in the
higher energy regions, at 222 and 253 nm, are attribut�

O4
–

ed to р → р* transitions of the benzene ring [22–24].
The n → р* bands are absent in the spectra of the co�
balt complexes. In addition, the intraligand р → р*
transitions are red shifted by 66 nm in the correspond�
ing Co(III) complexes presumably due to the in�
creased conjugation after coordination with the metal
ion [25]. The appearance of an additional new shoul�
der at 575 nm in the spectra of Co(III) complexes is at�
tributed to a d–d transition.

The 1H NMR spectral data are presented in the ex�
perimental section. An octahedral trans�structure for
II can be inferred based on the similarity of
the 1H NMR spectra of this complex with that of com�
plex I. The signals due to the aliphatic protons of the
propylene chelate ring have been observed as a multip�
let and a triplet (1 : 2 ratio) at 1.30 (Ha) and 3.87 ppm
(Hb) in I and at 1.23 (Ha) and 3.79 ppm (Hb) in II, re�
spectively. The signals due to the aromatic protons of
the phenyl rings and those of the axial (Py) amine as
complex multiplets located between 7.02 and
8.40 ppm in I, between 7.05 and 8.36 ppm in II.

The cyclic voltammetry data of the complexes were
recorded at room temperature under nitrogen atmo�
sphere, in acetonitrile solution containing 0.1 M
TBAH as supporting electrolyte. The electrochemical
data of two complexes are summarized in Table 2 (ver�
sus Ag/AgCl reference electrode), and Fig. 1 shows
the cyclic voltammogram of representative complex I.
The first electrochemically irreversible reduction pro�
cess at –0.425 V is attributed to the following reaction
(Eq. (1)):
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(1)

The lack of reversibility is likely due to the loss of the
ligands from the Co(II) complex because the electron

is added to antibonding  orbital [20, 26]. The sec�
ond electrochemically irreversible reduction couple

( ) ( )[ ] ( )[ ]1 1
2 2trans

+
−

+ → +
III II� Co L Py e Co L Py.

dz
2

observed at –1.58 V (ΔE = 165 mV) is related to the
following one�electron transfer process (Eq. (2)): 

(2)

The electrochemical behaviour of complex II is simi�
lar to that observed for I. As shown in Table 2, the re�
dox potentials in II complex are shifted to more nega�
tive values relative to that observed in I, which demon�
strates the more electron�withdrawing ability of Cl–

substituent’s in L1 ligand relative to Br– in L2 ligand.

Figure 2 gives perspective view of the asymmetric
unit of complex I. The solid state form of complex I is
a disordered solvate (I ⋅ Solv), where Solv is most likely
a partially occupied methanol molecule that appeared
to be hydrogen bonded to symmetry�related methanol
molecule at O⋅⋅⋅O distances of 2.92 Å. Selected bond
lengths and angles are given in Table 3. Two indepen�

dent [CoIII(L1)(Py)2]
+ cations and two ClO  anions

are held together essentially via electrostatic interac�
tions and hydrogen bonds. The cobalt atom exhibited
a distorted octahedral stereochemistry. The H2L

1

ligand is coordinated in the equatorial plane by N2O2

system and shows a cisoid conformation. The inter�
planar angle of the two phenyl rings was 48.7° and the
conformation of the equatorial moiety could be de�
scribed as an asymmetric umbrella. Two pyridine mol�
ecules attached to the metal atom via their nitrogens
filled its axial sites and adopted a mutually perpendic�
ular disposition with a dihedral angle of 84.95(17)°.
The distances between the cobalt atom and the two ax�
ial nitrogen donor atoms differed only slightly
(1.964(2) and 1.972(2) Å) and compared well with the
Co–N distances found in cobalt�ammine complexes,
e.g. [Co(NH3)6]Cl3 (Co–N = 1.963 Å), trans�
[Co(Salen)(Py)2][BPh4] (III) (Co–N = 1.955 Å) and
[Co(3�Cl�Acacen)(NH3)2]BPh4 (Co–N = 1.955 Å)
[26, 27]. The average Co–O distance (1.899(2) Å) and
the O(1A)–Co–O(15A) angle (84.03(9)°) compared
well with those reported for III (1.884 Å and 85.8°, re�
spectively) [28]. The average Co–Neq distance (1.944 Å)
was considerably longer than that of III (1.888 Å) and
the N(8A)CoN(12A) angle (94.06(11)°) was larger
than the corresponding angle in the related Salen
complex (85.5(2)°) [28]. In the crystal structure the
Co complexes were arranged in undulating infinite
layers parallel to (010) with the ClO4 anions and the

( )[ ] ( )[ ] .
−

−

+ →
II 1 I 1Co L e Co L

4
−

Table 1. Crystal data, data collection and structure refine�
ment of structure I

Parameter Value

Chemical formula [(C27H24Cl2CoN4O2)](ClO4) ⋅ 
1/4(CH3OH)

Formula weight 672.79

Crystal system Triclinic

Space group P

a, Å 11.732(1)

b, Å 15.803(2)

c, Å 16.664(2)

α, deg 75.30(2)

β, deg 87.55(2)

γ, deg 83.11(2)

V, Å3 2966.6(6) 

Z 4

ρcalcd, g cm–3 1.506 

F(000) 1374

μ, mm–1 0.901 

θ Range, deg 3.0–29.0 

Limiting indices h, k, l –15 ≤ h ≤ 15, 
–21 ≤ k ≤ 21, 
–21 ≤ l ≤ 22

Reflections collected/unique 
(Rint) 64661/14275 (0.029)

Reflections with I > 2σ(I) 11038

Parameters 764

Final R index (I > 2σ(I)) R1 = 0.0488, wR2 = 0.1406

R index (all data) R1 = 0.0679, wR2 = 0.1577

Goodness�of�fit on F2 0.99 

Δρmax/Δρmin, e Å–3 1.10/–0.70

1

Table 2. Redox potentials of cobalt complexes in acetonitrile*

Complex Epc1 Epa1 Epc2 Epa2

trans�[CoIII(L1)(Py)2]ClO4 –0.425 0.763 –1.58 –1.400

trans�[CoIII(L2)(Py)2]ClO4 –0.429 0.721 –1.65 –1.405

* Potentials are in 0.1 M TBAH, T = 298 K. Scan rate is 100 mV s–1. Approximate concentrations is 4 × 10–3–10–5 mol/L.



720

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 39  No. 10  2013

SALEHI et al.

disordered substoichiometric solvent located between
the layers (Fig. 3). The crystal packing was mainly de�
termined by electrostatic coulombic interaction between
the charged elements of the structure, although some
weak but directional C–H⋅⋅⋅O hydrogen bonds (Table 4)
also connected cations and anions.

Others reported previously that the presence of
electron withdrawing and electron donating substitu�

ents on the Schiff bases ligands has a direct influence
on the antibacterial activity of these ligands and their
corresponding complexes [29]. Table 5 shows the anti�
bacterial activity results of both Schiff bases ligands
and corresponding complexes and also ampicillin,
chloramphenicol and Kanamycin as a standard com�
pounds, evaluated by Kirby−Bauer disc diffusion
method and serial dilution sensitivity test against both
Gram�positive and Gram�negative bacteria. Even the
ligands show lower antibacterial activity compared to
the standards, but all the ligands are more active than
their respective metal complexes. Except P. aeruginosa
which shows complete resistance through all assays,
other studied strains showed slight susceptibility to
chemical compounds. According to CLSI interpretive
criteria [30], in disc diffusion assay S. aureus (Gram�
positive) and E. coli (Gram�negative) both were sus�
ceptible to H2L

1 and H2L
2 while their susceptibility to

complexes were intermediate. Also, B. subtilis (Gram�
positive) showed intermediate susceptibility to H2L

1

and H2L
2 but was resistant to complexes. Collectively

H2L
1 and H2L

2 had most antibacterial activities in
qualitative disc diffusion assay. Our results showed that
H2L

2 had most inhibitory effects (MIC 0.07 mg/mL)
in both studied Gram�positive strains as the same for
H2L

1 and complex II in S. aureus and B. subtilis, re�
spectively. H2L

2 showed also most inhibitory effects
(MIC 0.07 mg/mL) in Gram�negative E. coli. Al�
though, regarding to CLSI breakpoint criteria [30] all
strains may be considered resistance to these chemi�
cals (MIC ≥ 0.032 mg/mL). Minimal bactericidal
concentration of H2L

2 in B. subtilis was the same as

–1.8–1.2–0.6–0.30.30.60.9 0 –0.9 –1.5
Potencial, V

Fig. 1. Cyclic voltammogram of trans�[CoIII(L1)
(Py)2]ClO4 in acetonitrile solution at 298 K. Scan
rate = 100 mV/s. c = 4.0 × 10–4 mol/L.
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Fig. 2. Perspective view of the cation 1A with labelling
scheme. Displacement ellipsoids are drawn at 50% proba�
bility level; hydrogen atoms are depicted as spheres of arbi�
trary radii. Perchlorate anion and disordered solvent
(methanol) molecule have been omitted for clarity.

x

y
z

Fig. 3. The crystal packing of I as seen along [010] direc�
tion. The dashed lines denote hydrogen bonds. 
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Table 4. Geometric parameters of hydrogen bonds in trans�
[CoIII(L1)(Py)2]ClO4*

Contact D–H⋅⋅⋅A

Distance, Å
Angle 

DHA, deg
D–H H⋅⋅⋅A H⋅⋅⋅A

C(9A)H(9A1)O(43)i 0.97 2.57 3.377(7) 140

C(5B)H(5B)O(31)i 0.93 2.53 3.338(4) 146

C(7A)H(7A)O(31)ii 0.93 2.48 3.399(3) 170

C(10A)H(10B)O(34) 0.97 2.55 3.399(4) 146

C(13A)H(13A)O(32) 0.93 2.43 2.888(4) 110

C(21A)H(21A)O(15A) 0.93 2.53 2.902(4) 104

C(23A)H(23A)O(33)i 0.93 2.38 3.228(5) 151

C(23B)H(23B)O(32)iii 0.93 2.54 3.323(5) 142

C(24B)H(24B)O(31)iii 0.93 2.48 3.345(4) 154

C(29B)H(29B)O(15B)iv 0.93 2.49 3.071(4) 121

* Symmetry codes: i 1 – x, 1 – y, 1 – z; ii –x, 1 – y, 1 – z; iii 1 + x,
y, –1 + z; iv 1 – x, 2 – y, –z.

Table 3. Selected bond lengths (Å) and angles (deg) for
compound I

Bond d, Å

Co(1A)–O(1A) 1.902(2)

Co(1A)–O(15A) 1.896(2)

Co(1A)–N(8A) 1.941(3)

Co(1A)–N(12A) 1.947(2)

Co(1A)–N(20A) 1.964(2)

Co(1A)–N(26A) 1.972(2)

Angle w, deg

O(1A)Co(1A)O(15A) 84.0(9)

O(1A)Co(1A)N(8A) 90.1(11)

O(1A)Co(1A)N(12A) 175.7(10)

O(1A)Co(1A)N(20A) 88.7(11)

O(1A)Co(1A)N(26A) 90.7(11)

O(15A)Co(1A)(N8A) 174.0(10)

O(15A)Co(1A)(N12A) 91.9(10)

O((15A)Co(1A)(N20A) 88.5(10)

O(15A)Co(1A)(N26A) 88.7 (10)

N(8A)Co(1A)(N12A) 94.0 (11)

N(8A)Co(1A)(N20A) 92.4 (11)

N(8A)Co(1A)(N26A) 90.4 (11)

Table 5. Zones of inhibition, MICs and MBCs of antibacterial compounds against pathogenic bacteria

Human pathogenic 
bacterias

Zones of inhibition, mm*

I II H2L1 H2L2 Ampicillin
(10 mg/disc) 

Chloramphenicol 
(30 mg/disc)

Kanamycin
(30 mg/disc)

Bacillus subtilis 12 14 19 16 22 26 21

Staphylococcus aureus 14 17 25 22 29 24 20

Escherichia coli 10 12 25 20 15 21 15

Pseudomonas aeruginosa

Human pathogenic 
bacterias

MIC** and MBC***, mg/mL

I II H2L1 H2L2

MIC MBC MIC MBC MIC MBC MIC MBC

Bacillus subtilis 0.22 0.22 0.07  >0.29 0.15 0.15 0.07 0.07

Staphylococcus aureus 0.27  >0.29 0.15 0.27 0.07 0.17 0.07 0.17

Escherichia coli 0.22  >0.29 0.2 0.25 0.07 0.15 0.15 0.15

Pseudomonas aeruginosa

* Concentration of 30 mg/mL of each chemical compound was used for disc diffusion assay.
** MIC, minimal inhibitory concentration.

*** MBC, minimal bacterial concentration.
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MIC (0.07 mg/mL) while MBCs of H2L
1 and H2L

2 in
S. aureus and E. coli were about twofold higher than
the corresponding MICs. H2L

1 and H2L
2 showed

higher antibacterial activities compared to their com�
plexes. In addition, it seems that H2L

1 and H2L
2 had

similar inhibitory effects in quantitative and qualita�
tive antibacterial assays in studied Gram�positive and
Gram�negative strains. However, the susceptibility of
B. subtilis to these compounds was more than others. 

Potent antibacterial activity of cobalt(II) and
cobalt(III) Schiff base complexes have been reported
in different studies [6, 29, 31]. In disc diffusion
method the diameter of the zone is related to the sus�
ceptibility of the isolate and to the diffusion rate of the
drug through the agar medium [32]. Dipole moment,
solubility, molecular mass and hydrophobicity of
chemical compounds may affect on their diffusion rate
on agar plates. Besides, stability of the chemicals
structure has possibly important role in their antibac�
terial activities. According to MIC and MBC mea�
surements in our study, antibacterial activity of Schiff
base ligands was more than their complexes.
Although, the antibacterial activity of the metal com�
plexes has been reported more than their respective
Schiff bases [6, 29, 31], the Schiff bases are, in a few
cases, more active than the metal complexes [31, 33].
The moderate antibacterial activity of the Schiff bases
may arise from the presence of imine groups and also
from the presence of the hydroxyl groups because of
their capacity of hydrogen bonding interactions with
cellular compartment. Many factors such as chela�
tion/coordination of the metal ion, solubility, dipole
moment and conductivity influenced by the metal ion
may be the possible reasons for the antibacterial activ�
ities of these metal complexes [34]. But the decrease of
the electron densities by the coordination through the
donor atoms may cause a decrease of the activities of
the complexes [35]. To clear that antibacterial activity
of chemical compounds influence DNA structure,
interfere with replication, transcription, translation
and other biological systems need more researches.
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