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Co(ll) and Cu(ll) complexes of Schiff base N,N*-bis-(salicylidene)-o-tolidine (OTSA) are reported and
characterized based on elemental analyses, IR, EPR, solid reflectance, magnetic moment, molar conductance
and cyclic voltammogram. Their low electrical conductance values indicate that all the complexes are non-
electrolytes. The obtained spectral data suggest that Co(Il) complexes have distorted octahedral geometry
and Cu(Il) complexes have pseudo-tetrahedral, distorted octahedral and square-planar geometry, depending
on the copper salt and the molar ratio ligand: copper ion used. In all complexes, OTSA acts as binegative
tetradentate, around the metallic ion, while in 3 and 6 acts as mononegative bidentate. The synthesized
compounds have been tested against Staphylococcus aureus ATCC 25923; Enterococcus faecalis ATCC
29212, Escherichia coli ATCC 25922; Pseudomonas aeruginosa ATCC 27853. A comparative study of the MIC
values indicates that the tetracoordinated complexes have better action than the hexacoordinated compounds
and the Cu(ll) complexes are more active than Co(ll) complexes.
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The coordination chemistry of Schiff bases derived from
the reaction of salicylaldehyde and diamines has been the
subject of many studies and a number of them are used as
oxygen carries to mimic complicated biological systems
[1-5]. Schiff bases ligands have an affinity for transitional
metals such as Cu, Co, Ni, Zn, Mn, Fe. Some of these
complexes have been studied in great deal for their various
?tru]ctures, steric effects and their coordination chemistry
6,7].

Schiff bases derived from aromatic substituted diamines
and salicylaldehyde are usually tetradentate with N,0,
donor set, but they can also act in a neutral or monobasic
bidentate manner [8]. In view of this and in continuation of
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our studies of Schiff bases complexes [ 9,10], this paper
described the synthesis and characterization of Cu(Il) and
Co(II) complexes obtained by reaction of N,N’-bis-
(salicylidene)-o-tolidine (OTSA) with various metal salts
(Scheme 1). These studies have been mainly directed
toward identifying the group directly attached to the metal
site and establishing the structure of the coordination
compounds thus formed. More, these complexes were also
tested for their antibacterial activity comparatively with
that of the free ligand.

Experimental part
The melting points were determined with Stuart
Scientific SMP3 apparatus and are uncorrected. The content

14
CHs

Scheme 1
Synthesis of OTSA and their Co(Il) and
Cu(Il) complexes
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of metallic ions was determined by atomic absorption
spectroscopy with Varian-A240 spectrometer; C, H, and N
were done with ECS-40-10-Costeh microdosimeter, after
drying the compounds at 105°C. The molar conduct1v1ty
was determined in DMF (10° M), at room temperature,
using Consort C533 conductometer. Electronic spectra
were recorded by the diffuse-reflectance technique, using
MgO as diluting matrix, on a JASCO UV-VIS 540
spectrophotometer. IR spectra were recorded with Fourier
FTS-135 BioRad spectrophotometer in the 4000-400 cm'!
region using KBr pellets and with Escalibur FT-IR/ATR in
the 400-150 cm™ region. Cyclic voltammetry was
performed using a UNISCAN PG 580 or Voltalab 80 system.
The NMR spectra were registered on a Varian Gemini 300
BB spectrometer working at 300 MHz for 'H and 75 MHz
for C in DMSO-d,. All chemical shifts are reported in &
(ppm) using TMS as an internal standard. The mass spectra
of ligand was registered with a triple quadrupole mass
spectrometer Varian 1200 L/MS/MS coupled with a high
performance liquid chromatograph with Varian ProStar 240
pump and a Varian ProStar 410 automatic injector. For the
obtainment of ions was used an electrospray interface
(ESI). The solvent used was DMSO the mobile phase was
30% water and 70% methanol. The required chemicals
were purchased from Merck and Sigma-Aldrich and all
manipulations were performed using materials as received.

fyn;hesis of N, N*-bis-(salicylidene)-o-tolidine (1) (OTSA)
11

o-Tolidine (2.5g; 11.8 mmol) is dissolved in hot ethanol
(50 cm?®). Then add 2-3 drops of glacial acetic acid and
salicylaldehyde (2.875g; 23.6 mmol). The obtained
reaction mixture, intense yellow colored, was refluxed with
boiling for 4 h, under constant stirring. After cooling, orange
crystals were collected by filtration and recrystalized from
benzene.

89% yield; m.p.= 204°C (lit. 200°C); Anal. Calc. (%) for
C,.H, N0, (420.50 g/mol): C-79.98; H-5.75; N-6.66; Exp.:

CH99T: H-5.70; N-6.60; IR (KBr, cm'): 3455m (OH),
3056m (CH ), 2969m 2917w (CH,), 2718w (NH...0),
1617s (C—l\f) 1565s, 1483m (C=C 3) ESI-MS, m/z (%):
420.18 (33); 180.90 (100) 120.09 (a?) IH-RMN (DMSO-
d,, 8, ppm): 13.38 (s; 2H; OH); 8.97 (s 2H; H-7,7'); 7.68
(m 6H H-2,2'5,5,6,6;); 744(m 6H; H-9,9’, 11 17 1212)
6.99 (bd J=17.7 Hz; 2H; H-10,10’); 9.42 (s 2H H-14,14’);
BC-RMN (DMSO-d, 3, ppm) 162.72 (C-7,7’); 160.49 (C-
13,13'); 146.05 (Cﬁ4) 137.86 (C-1,1"); 133 30 (C 12,12");

Synthesis of complexes

We prepared the complexes with CoCl,, Co(OCOCH,),
xH,0, CuCl,, Cu(NO,),. The ethanolic solution of metalfic
10n (1 mmol salt/5 mi ethanol) was mixed with stirring
with a hot clear solution of OTSA in benzene (2 mmol OTSA/
20 mL benzene) in molar ratio M:L= 1:1 for (3), (5), (6)
and 1: 2 for (2) and (4). After refluxing the contents, colored
complex were separated out in each case. They were
filtered, washed successively with hot ethanol, cold
ethanol, hot benzene and diethyl ether and finally dried
under vacuum.

Co(II) and Cu(II) complexes were found to be air stable
and insoluble in water, alcohol, but soluble in DMSO and
DMF. The analytical data of the complexes together with
some physical properties are summarized in table 1. The
molar conductivity values (DMF, 103M) indicate that these
complexes are non-electrolytes.

Antibacterial activity

The synthesized compounds were tested for their in vitro
antimicrobial activity against the Gram-positive bacteria
(Staphylococcus aureus ATCC 25923; Enterococcus faecalis
ATCC 29212), Gram-negative bacterla (Escherichia coli
ATCC 25922; Pseudomonas aeruginosa ATCC 27853) by
using the broth dilution method [12,13] for determination
of MIC. Streptomycin was used as control drug. The
materials used were 96-well plates, suspensions of
microorganism (0.5 McFarland), Muller-Hinton broth
(Merck), solutions of the substances to be tested (2048
ug/mL in DMSO). The following concentrations of the
substances to be tested were obtained in the 96-well plates:
1024, 512, 256, 128, 64, 32,16, 8, 4, 2 ug/mL. After incubation
at 37°C for 18-24 h, the MIC for each tested substance was
determined by macroscopic observation of microbial
growth. It corresponds to the well with the lowest
concentration of the tested substance where microbial
growth was clearly inhibited.

Results and discussion
IR spectra

The characteristic bands in the IR spectra of the ligand
and its metal complexes are listed in table 2. The shift of
vC=Ntolower frequency in all IR spectra of the complexes
indicating that the azomethine nitrogen atom coordinates
to the metal ion. This result is in accordance with the
expectation that N-coordination to a metal ion having filled

132.62 (C-2,2"); 132.50 (C-3,3); 128.59 (C 6,6"); 125.16  m-orbital should result in a shift towards the lower energy
(C-5,5"); 119.48 (C-13,13"); 119.13 (C- 10,10’), 18.52 (C- region in the vC=N [14]. The broad band that appeared in
11,11); 116.61 (C-12,127); 17.97 (C-14,14"). the IR spectrum of OTSA at 2718 cm is assigned to the
Table 1
ANALYTICAL AND PHYSICAL CHARACTERIZATION OF THE TITLE COMPOUNDS
Ko. Compound Molecular hldFing Color Elementat analysis A ]
formula point Cele.(exp) (ohm™,
('C) C : H N M em’. ol
_ . s reddish | 47,01 | 470 | 352 -~ I648
2 [CoxfOTSAYL(H:0):] | CaeHaaClCiopN-0: 333 brown | (46,913 | (4,63) | (3.84) - (16,35) I 259
L Cal . 62,61 [ 3,60 | 487 . 24 -
3 | [Co{OTSAKACONH0)] | CaHanCoN:Os 330 red @23 | o1 | @5 | 1612 46,8
! - dark | 5L0 | 3,72 | 4,31 | 1954
g 64,01 3,06 541 12,27
] ] : 6292 | 434 | 524 | 11,89
& [Cu{OTSAY I H O] _ CraHyyCICuMN. Oy 3040 . green L6280 | @28y | .09 | 17 238
" Elemental analysis value limit = + 4% of the theoretical value
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Table 2
INFRARED ABSORPTION FREQUENCIES (CM') OF THE NEW OBTAINED COMPLEXES

Ne Compound M ¥ ¥ M M b v;‘l’i-‘?’
P OH,H,0 | NH..O | C=N | acetate | CO | K0 | yoy

1 OTSA 3455 2718 | 1617 - 1368 - -

2 | [CoOTSA)CL{H,0)] 3471 - 1610 - 1354 | 888 521
763 453
% 222

1516 367

3 | [Co{OTSANAcONHO)] | 3405 2759 | 1601 | 3.0 | 1316 | 868 s

773 31
4 | [Cu(OTSA)CL(LOY] 3461 " 1601 . 1215 | 878 ﬁg

778
244
|8 [Cux{(OTSA){H0)4] 3424 - 1605 - 1275 | 871 584
784 488
3 [Cu{OTSA)CIH,0)] 3438 2728 | 1611 - 1269 | 880 ig;
766 90

stretching vibration of the intramolecular hydrogen bonded 10Dq = (v,-Vv,)

OH in the molecule [15]. This band disappears in all
complexes (except 3 and 6). Better than that the new band
in the 1269-1381 cm! region, which is attributed to the
valence vibration of C-O bond, confirmed the deprotonation
of phenolic OH group of the ligand and complexation to
the metal ion by this group [15]. These results suggest the
binegative tetradentate behaviour for OTSA. For
compounds 3 and 6, the presence of characteristic bands
of intramolecular hydrogen bonded at 2759 and 2728 cm
!, confirms in these case, that the ligand behaves
mononegative bidentate [16,17]. The coordinated
bidentate acetate ion in the Co(ll) acetate complex 3 is
confirmed by the existence of two bands at 1516 and 1433
cm’ assigned to v asymmetric and v symmetric acetate.
The difference between the two frequencies is less than
100 cm, value which confirm the presence of bidentate
mononegative acetate [16,17]. All compounds exhibit a
broad and relatively intense band around 3400 cm™ which
indicates the presence of water molecules. This band
corresponds to the (O-H) stretching vibration. For all the
complexes, this band is accompanied by two new bands
in the 700-800 cm™ range, assigned to the rocking and
wagging modes of (O-H) group [16,18]. This suggests that
the water molecules are indeed coordinated. Additionally,
all spectra of 2-6 exhibit two bands which are not found in
the free ligand spectrum. These bands appear at lower
frequencies, in the 400-500 cm range, have medium
intensity and correspond to the stretching vibration of the
new M-N and M-O bonds [16, 19,20].

Electronic spectra and magnetfic studies

The nature of the ligand field around metal ion and the
geometry of the metal complexes have been deduced
from the electronic spectra and magnetic moment data of
the complexes (table 3). Cobalt(I) complexes 2 and 3
exhibit a typical electronic spectrum for octahedral species
in the solid state [21,22]. Two main bands are observed at
14,684, 15,890 cm™ and 17,761, 18,790 cm! respectively,
which are assigned to A (F) e“T (F) (v,) and 4T (P)

«'T, (F) (v,) transitions. he band' v due the transﬁron

4T 5(F) eg"T (F) which is usually under 10,000 cm’, as
llgané field parameters 10Dq, B and B were calculated
using the following equations:

10Dq 13 @2v,-v,) + 5B
= 1/510 [7(V —2v) +3 {81\/ 216 (v
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The calculated values of the ligand field parameters
10Dq = 7839 cm?, B = 794 cm! for 2 and 10Dq = 8416
cm!, B = 817 cm! for 3 are in good agreement with the
predicted values for octahedral complexes of Co(1I) [23].
The nephelauxetic ratio § = B/B = 0.82 for the complex 2
and (.84 for complex 3 suggestmg an ionic character of
cobalt(I)-ligand bonds [24]. The room temperature
magnetic moment values, 4.8-5.8 B.M., demonstrate that
the Co(Il) complexes are paramagnetic and have a high-
?pg]l octahedral configuration with ‘T, (F) ground state

2

In the electronic spectra of complex 4, the bands which
were observed at 13.605 and 11.574 cm1 duetod —d?
d?*and d —d_  transitions, suggestmg a pseudo
tetrahedral conﬁguratlon around the central metalion [21].
The complex was found paramagnetic with magnetic
moments 2.43 BM, which is normal for Cu(II) with pseudo-
tetrahedral stereochemistry.

The electronic spectra for 5 exhibits three bands
observed at 11.590, 14.025 and 16,077 cm™ which may be
assigned to d * 2—> d? d? 2’5 d_ and d **—d
transitions, due to the octaheédral (D,) geometry around
Cu(ID) [21]. For this complex u,, = 1. 28BM < 2BM suggests
an antiferromagnetic interaction in the dinuclear
compound [26].

The solid state reflectance spectra of the complex 6
exhlblt two well separated d-d bands at 18.452 and 15.923
cm’, which are attributed to d * *—d_ and d **—d
transition and are typical of Cu(ID] present ina square planar
coordination geometry [24].

EPR spectra

The tensor value {g} of copper complexes obtained from
EPR spectra recorded on powder at room temperature
confirms the conclusions concerning the geometry of
metalic ion. In pseudo-tetrahedral complex 4 the unpaired
electronliesinthe d, orbrtal giving *B, as ground state. The
g values obtained in'these cases (g, =2217, g, =2052)
and G = 4.05 indicate an increase of the covale J[nature of
the bonding between the metal ion and the ligand molecule
[21,28]. In square-planar complex 6, the unpair electron
lies in the d - ? orbital giving °B, "as ground state, with
g,>g > 2. 0053 (2 127>2.050). Thé exchange interaction
is considerable in solid state and the local tetragonal axes
are misaligned [25-27]. The room temperature EPR spectra

http://www.revistadechimie.ro 977



Table 3
ELECTRONIC SPECTRAL DATA OF THE SYNTHESIZED COMPOUNDS

Mo Compound  Intraligand | Charge- d1 Eranition 1Whg [ B 1 Genn | v | p
| rangliion transfer [em’) | fem™ (el v | (B
: [em™ tramsition | "TifF} — TogdF1 | TagiFy — EfP) | TT5F) — A 4F) i

(e [eale) v ) L'l’.i} i
1 OTSA [T p . |
: 3364
LS
T | CodOTSACLELD. 8248 201 FHOR 14684 FT761 7835 | 794 082 Dhst | .15 | 4.8
3419 © Ch
H . ]Iish.
| gin
3 . CofUTSARKACONHAOR 8E0G . T 1585 L5750 815 [ 417 | 084 Dhel | LIE] 3=
e Ch
tigh-

Na Co d Lyiratigand | Chargp- d-d [ -

B m transition [ca”

. e Iraonithon trumsfer Geomerry b

(em™} iransition [ dy—rdddyy ¥
(em™)
4+ | CuOTRANIGH:OR 21472 19193 11574 13605 Psendo- T4
21674 Lelmadral
19723
d~d transition (cm™}
dls‘,2 “‘dﬂ.r . d‘] "j’t — d 2 d]}_!i _)‘Ll
5 . OogOIS4)(H0). 28571 253 16077 14035 11520 Distorted- 1.2
2001 ociahedral
[3 CuDTRAICIHO) 21752 R4S 15921 Siquere- 1.7
21251 planar

of Cu(Il) complex 5 exhibits an isotopic signal with g
2.080 which confirms the octahedral geometry for metaﬂhc
ion [30,31].

Cyclic voltammetry

Determinations were made in DMSO, in an electrolytic
cell with three electrodes: working electrode (platinum
electrode with a diameter of 3 mm), reference electrode
(Ag /AgCl, 3M KCl) and auxiliary electrode (platinum wire),
using n-butilamoniu perchlorate as supporting electrolyte.
In the case of [Cu,(OTSA)CI (H20) ] complex 4, the one
electron reduction peak which is attributed to the Cu(Ir)/
Cu(l) couple, occurs at Ep_ = 0.23 V, with an associated re-
oxidation peak in the reverse scan at Ep. = 0.47 V. The
difference between cathodic and anodic peak potentials
for Cu(ll) complex (AEp) is 0.24 V, has a value which
indicates that redox process involves a high energy. This
requires a high stability of this complex [32]. Also, AEp
value indicated that the electrode process is controlled by
diffusion and has a quasi-reversible character. This behavior
may suggest that both the Cu(Il) and Cu(I) forms appear
in a similar planar configuration, so the electron transfer
does not require larger reorganization of the complex and

Hzo\co Ot Hzo\ \ouz
e
o I \

[Cor(OTSAYCL(H0)] (2)

e @G
AP

\
f

C1

t[his] is in good agreement with the spectroscopic results
33

For the complex 5, [Cu,(OTSA),(H,0),], there are three
peaks. The cathodic peak { and anodic p peak 3 consist of a
pair of redox peaks, which can be attributed to Cu?*  Cu*

, exhibiting a quasi-reversible process[34,35]. The potential
for the pair of redox peaks is as follows: Ep_ = 0.479V, Ep
= (.355 V, the half-wave potential is located atE,, = 0.417
V, the difference between the peaks is AEp = 0. ié4 V, and
the peak current ratio Ip,/ Ip, = 0.84. Another cathodic
peak 2 is a single one, attributed to Cu* Cu’ exhibiting
an irreversible process [31,32], while Ep_ = 0.003 V and
Ip, = 0.46 pA.

‘The cyclic voltammogram of the complex 6,
[Cu(OTSA)CI(H,0)], obtained in DMSO solution at room
temperature, shows a redox process correspondmg to the
copper(Il)/copper(I) couple at Ep, = +0.40 V and the
associated cathodic peak at Ep_ = £0.13 V. This couple is
found to be quasi- -reversible as the peak separation
between the anodic and cathodic potential. Value AEp =
0.24 V indicates that redox process involves a high energy
and proves the high stability of this complex [36,37].

Thus, based on these analytical and physico-chemical
data, the proposed structures for the complexes are shown
in figure 1.

w@{}
e\ N b

[ Co{OTSAY AcO)H0):] (3)

Fig. 1

[Cux(OTSAJCL{H0), (4)
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6; Cu‘\,d"HQ Hzoll\-:f_’.'.c_'fho
U A I
\\ // ~,\ '1‘ c :\ '
H/c—_‘NNI_.:C\H @/O/C“\c,
HsC CHy
[Cux(OTSA)(H20)4] (5) [Cu(OTSA)CI(H,0)] (6)
Fig. 1 (cont)
Table 4

ANTIBACTERIAL ACTIVITIES OF LIGAND OTSA AND ITS CO(II), CU(1l) COMPLEXES (MIC, pg/mL)

Gram-positive bacteria® Gram-negative bacteria”
Compound Sa Ef Fe g Pa
OTSA (1) 256 512 128 256
[Co2(OTSA)CL(H20)6] (2) 256 128 256 512
[Co(OTSA)(AcO)H20),](3) 512 128 128 256
[Cux(OTSA)CL(H0):] (4) 8 32 16 16
[Cux(OTSA)(H;0)4] (5) 64 128 128 256
[Cu(OTSA)CI(H,0)] (6) 16 64 64 32
Streptomycin 4 8 8 16

* Sa = Staphylococcus aureus ATCC 25923; Ef = Enterococcus faecalis ATCC 29212
Ec = Escherichia coli ATCC 25922 ; Pa = Pseudomonas aeruginosa ATCC 27853

Antibacterial activity

All the synthesized compounds were screened for their
antibacterial activity. All the tested complexes possessed
variable antibacterial activity against both Gram- posmve
(S. aureus, E. faecalis) and Gram-negative (E. Coli, P
aeruglnosa) bacteria. To compare the antibacterial
activities shown by the synthesized complexes, standard
drug namely Streptomycin was used (table 4).

By careful study of the obtained results, we can see that
the ligand has a weak action on all the tested
microorganisms. The activity of OTSA becomes more
pronounced when coordinated to the metal ions. All metal
ions have varying antibacterial influence on bacterial
species. The action of the tested complexes on Gram-
positive bacteria is better than that on Gram-negative
bacteria. The antibacterial activity of the complexes is
governed by the following factors: the chelate effect of the
ligand; the nature of the donor atomns; the total charge on
the complex ion; the nature of the metal ions and the
geometrical structure of the complex. Since all the
complexes have the same donating atoms (N, O),
containing metals with the same oxidation state (M?*),
which form 5-membered chelating rings with ligand,
therefore the more effective factors that influence the
antibacterial activity are the geometrical shape and the
nature of the central atoms.

The tetracoordinated complexes have better action than
the hexacoordinated compounds and the Cu(Il) complexes
are more active than Co(Il) complexes. Co(I) complexes
inhibit the growth of E. faecalis more than OTSA, but they
have no significant effect on other studied microorganisms.
The most active is pseudo-tetrahedral complex
[Cu,(OTSA)CL,(H,0),] 4 which presents a very good
inhlfntory action agamst all the tested bacterial species,

REV. CHIM. (Bucharest) 62 No. 10 ¢ 2011

probably due the presence of two chlorine atoms and
especially due the presence of two copper ions (MIC = 8-
32 ug/mL). The antibacterial activity of the square-planar
Cu(Il) complex 6 is slightly weaker than 4 (MIC = 16-64
ug/mL), probably due to the presence only of a single
copper ion. The present investigations of antibacterial
screening data revealed that all of the newly synthesized
compounds exhibited poor activity compared to that of
the control drug. Because the MIC values are not
spectacular, no statistical calculations were made.

Conclusions

The coordination ability of N,N’-bis-(salicylidene)-o-
tolidine OTSA has been proved in complexation reaction
with Co(I) and Cu(ll) ions. The analytical and physico-
chemical analyses confirmed the composition and the
structure of the newly obtained complex combinations and
lead to the conclusion that the Cu?* ion takes different
geometries depending on the nature of used metallic salts.
In all complexes, OTSA acts as binegative tetradentate,
around the metallic ion, while in 3 and 6 acts as
mononegative bidentate.

The biological activity data given for the compounds
presented in this paper allowed us to state that the metal
complexes generally have a better activity than the free
ligands and the structure of the tested compounds seemed
to be the principal factor influencing the antibacterial
activity. The tetracoordinated complexes have better action
than the hexacoordinated compounds and the Cu(II)
complexes are more active than Co(Il) complexes. The
most active is pseudo-tetrahedral complex [Cu,
(OTSA)CL,(H,0),] 4 which presents a very good 1nh1b1tory
action agamst afl the tested bacterial species.
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