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Three novel Schiff base ligands containing the azo group, 2-((E)-(4-((E)-phenyldiazenyl)pheny-
limino)methyl)phenol, 3-((E)-(4-((E)-phenyldiazenyl)phenylimino)methyl)benzene-1,2-diol and 4-((E)-
(4-((E)-phenyldiazenyl)phenylimino)methyl)benzene-1,2,3-triol, were synthesized from the reaction of
p-aminoazobenzene with salicylaldehyde, 2,4-dihydroxybenzaldehyde and 2,3,4-trihydroxybenzal-
dehyde, respectively. The mononuclear Co(Il) and Cu(Il) complexes of the Schiff base ligands were
prepared and characterized using elemental analyses, IR, UV-visible spectroscopy, magnetic suscepti-
bility and conductance measurements; '"H NMR and mass spectra of the ligands were also recorded. The
Co(II) and Cu(II) metal complexes are formed by the coordination of the N and O atoms of the ligands.
The electrochemical properties of the metal complexes were investigated at 100 mVs~' scan rate in
DMSO; the oxidative C-C coupling properties of the Co(Il) and Cu(Il) complexes were investigated on the
sterically hindered 2,6-di-tert-butylphenol (DTBP). In addition, the Schiff base ligands and their
complexes were evaluated for both their in vitro antibacterial activity using the disc diffusion method.

Antimicrobial activity

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Azo compounds are versatile molecules and have received much
attention in research both fundamental and application [1]. Apart
from their purely chemical interest, azo-azomethine dyes are being
increasingly used in the textile, leather, and plastic industries.
Regarding the industrial importance of metallized azo dyes relative
to their structures, they can be classified into two main types: those
in which the azo group participates in coordination to the metal ion
with formation of the chelate ring and those in which it is not [2].

Schiff bases derived from the salicylaldehydes are known as pol-
ydentate ligands, coordinating in deprotonated or neutral forms [1].
Schiff base ligands have significant importance in chemistry; espe-
cially in the development of Schiff base complexes, because Schiff
base ligands are potentially capable of forming stable complexes
with metal ions [3]. Many Schiff base complexes show excellent
catalytic activity in various reactions at high temperature (>100 °C)
and in the presence of moisture. Over the past few years, there have
been many reports on their applications in homogeneous and
heterogeneous catalysis, hence the need for a review article high-
lighting the catalytic activity of Schiff base complexes realized [4,5].
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A wide variety of cobalt(ll) complexes are known to bind
dioxygen more or less reversibly and are therefore frequently
studied as model compounds for natural oxygen carriers and for
their use in O, storage, as well as in organic synthesis due to their
catalytic properties under mild conditions. In this respect, Co(II)
complexes with N-donor ligands containing binding units suitable
either for the coordination of a single metal ion or for assembling
dimetallic centers have been shown to be particularly useful [6]. In
aprotic solvents, at atmospheric pressure and room temperature,
cobalt chelated with Schiff bases catalyzes the oxygenation of
indols, phenols, flavones, nitroalkanes, hydrazones, olefins, etc. [7].

In the first systematic study on the catalytic activity of model
copper complexes towards the oxidation of 3,5-di-tert-butylca-
techol (DTBC) which contemplated both mononuclear complexes
and dinuclear complexes; Nishida et al. found that in some cases
mononuclear complexes could be better catalysts than dinuclear
ones, and stated that electrochemical data did not correlate in
a direct manner to catalytic activity; the main conclusion in their
paper was that distorted tetrahedral complexes were far more
active than square-planar ones [8]. Later, comparing the reactivity
of several mononuclear complexes with tripodal ligands, Mala-
chowski concluded that both a convenient redox potential and
a good steric match between substrate and catalyst are necessary
for catalytic activity to be observed [9]. In addition, metal chelates
play an essential role in the chemistry of living organisms and
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a large number of metal proteins and other metal complexes of
biological importance have been studied [10].

Because of the importance of azo-containing Schiff base
compounds and in continuance of the interest in syntheses of azo-
based compounds, herein syntheses and characterization of a series
of azo-linked salicylidenic Schiff bases named 2-((E)-(4-((E)-phe-
nyldiazenyl)phenylimino)methyl)phenol (Hbab), 4-((1E)-(4-(phe-
nyldiazenyl)phenylimino)methyl)benzene-1,3-diol (Dhbab) and
4-((E)-(4-((E)-phenyldiazenyl)phenylimino)methyl)benzene-1,2,3-
triol (Thbab) and their metal complexes, are reported. The ligands
in this study were synthesized by the reaction of p-amino-
azobenzene with salicylaldehyde, 2,4-dihydroxybenzaldehyde and
2,3,4-trihydroxybenzaldehyde, respectively.

The Co(Il) and Cu(Il) complexes of these Schiff base ligands were
also prepared and their structures were confirmed elemental
analysis, IR and UV-visible spectral data. The analytical data shows
that the metal to ligand ratio in the mononuclear Schiff base
complexes is 1:2.

2. Experimental
2.1. Materials and measurements

All solvents were of reagent grade and were purified according
to standard procedures. The metal salts [Co(OAc);-4H>0,
Cu(OAc),-H0], salicylaldehyde, 2,4-dihydroxybenzaldehyde and
2,3,4-trihydroxybenzaldehyde were obtained from Fluka.

Elemental analyses were carried out by the Instrumental Analysis
Laboratory of inénii University. IR spectra were obtained using KBr
discs (4000-400 cm™') on a Shimadzu 8300 FTIR spectrophotom-
eter. The electronic spectra in the 200-900 nm range were obtained
using THF on a Shimadzu UV-160 A spectrophotometer. Magnetic
measurements were carried out by the Gouy method using
Hg[Co(SCN)y4] as calibrant. Molar conductances of the Schiff base
ligands and their transition metal complexes were determined in
MeOH (~ 103 M) at room temperature using a Jenway Model 4070
conductivity meter. Mass spectra of the ligands were recorded on
a VG Zab Spec. GC-MS spectrometer with fast atom bombardment.
TH NMR spectra were recorded on a Varian XL-200 NMR instrument.
TMS was used as internal standard and deuteriated DMSO as solvent.

Cyclic voltammograms were recorded on a Iviumstat Electro-
chemical workstation equipped with a low current module (BAS PA-
1) recorder. The electrochemical cell was equipped with a BAS glassy
carbon working electrode (area 4.6 mm?), a platinum coil auxiliary
electrode and a Ag/AgCl reference electrode filled with tetrabuty-
lammonium tetrafluoroborate ([CH3(CH;)3]aNBF4, 0.1 M in DMSO,
Aldrich) solution and adjusted to 0.00 V vs SCE. Cyclic voltammetric
measurements were made at room temperature in an undivided cell
(BAS model C-3 cell stand) with a platinum counter electrode and an
Ag/AgCl reference electrode (BAS). The solutions were deoxygen-
ated by passing dry nitrogen through the solution for 30 min prior to
the experiments, and during the experiments the flow was main-
tained over the solution. Digital simulations were performed
using DigiSim 3.0 for windows (BAS, Inc.). Experimental cyclic
voltammograms used for the fitting process had the background
subtracted and were corrected electronically for ohmic drop.

Catalysis experiments were monitored on a Shimadzu 160-A
UV-visible spectrophotometer with a data station. Experiments
were carried out using MeOH as solvent. In a generalized procedure
a MeOH solution of 2,6-di-t-butylphenol (0.05cm?) and the
complexes in a 50 cm® standard flask were kept under N. The
compound 2,6-di-t-butylphenol (DTBP) was oxidized by aerial
oxygen quantitatively to the 3,3’-5,5'-tetra-t-butyl-4,4’-dipheno-
quinone (TTBD) using the mononuclear complex as a catalyst. The
change in the concentration of product 3,3'-5,5'-tetra-t-butyl-4,4’-
diphenoquinone was monitored by optical spectroscopy.

2.2. Synthesis of 2-((E)-(4-((E)-
phenyldiazenyl )phenylimino )methyl)phenol (Hbab)

The ligand 2-((E)-(4-((E)-phenyldiazenyl)phenylimino)methyl)
phenol (Hbab), was prepared and characterized as described earlier
[2]. UV-visible (in THF) (Amax, NM, émax, M~ ! cm~1): 462 (2100), 367
(35,000), 348 (32,000). 'TH NMR (DMSO-dg 6 ppm): 10.70 (s, 1 H, O-
H), 8.91 (s, 1H, CH=N), 8.01 (d, J 3.10, 8.03 Hz, H-2, H-6), 7.65 (t, J
1.98, 8.21 Hz, H-3, H-4, H-5), 7.63 (d, ] 2.54, 8.87, H-8, H-12), 7.61 (d,
J 8.71, H-16), 7.52 (t, ] 2.36, 8.81, H-17), 7.45 (t, ] 2.36, 8.82, H-18),
7.02(d, J 8.86, H-19), 6.88 (d, J 2.34, 8.63, H-9, H-11). MS m/z: 302
(M+1),301 (M).

2.3. Synthesis of 4-((1E)-(4-
(phenyldiazenyl )phenylimino )methyl)benzene-1,3-diol (Dhbab)

p-Aminoazobenzene (1.97 g, 10 mmol) dissolved in EtOH
(10 cm3) was carefully added with stirring to a solution of 2,4-
dihydroxybenzaldehyde (1.38 g, 10 mmol) in EtOH (10 cm®). The
resulting mixture was allowed to stir magnetically under reflux for
2-3 h. After cooling the resulting precipitate was filtered, washed
with cold EtOH, recrystallized from EtOH and dried in a vacuum
dessicator. UV-visible (in THF) (Amax, NM, €max, M~ cm™1): 463
(1808), 369 (29404), 348 (25,865). 'H NMR (DMSO-dg 6 ppm): 11.71
(s,1H,0-H),10.63 (s,1H, O-H), 8.71 (s, 1H, CH=N), 8.18 (s, 3.10, H-
16), 8.01 (d, J 7.98, H-2, H-6), 7.65 (t, 1.98, 8.31, H-3, H-4, H-5), 7.53
(d,J3.10, 8.80, H-9, H-11), 7.21 (d, J 2.71, 8.84, H-8, H-12), 6.95 (d, J
3.01,8.81,H-18), 6.83 (d,] 8.80, H-19). MS m/z: 318 (M + 1), 317 (M).

2.4. Synthesis of 4-((E)-(4-((E)-
phenyldiazenyl )phenylimino )methyl)benzene-1,2,3-triol (Thbab)

p-Aminoazobenzene (10 mmol, 1.97 g) and 10 mmol (1.54 g) of
2,3,4-trihydroxybenzaldehyde were condensed by refluxing in
70 cm® of absolute EtOH for 1 h. The solution was left at room
temperature. The product was obtained as claret red microcrystals;
the microcrystals were filtered off, washed with 10 cm® of absolute
ethanol. UV-visible (in THF) (Amax, MM, €max, M~ ! cm™1): 470 (1925),
361 (26,752), 343 (23,601). 'H NMR (DMSO-dg 6 ppm): 13.31 (s, 1H,
0-H), 9.81 (s, 1H, O-H), 9.01 (s, 1H, O-H), 8.92 (s, 1 H, CH=N), 8.01
(d,J 3.10, 8.80, H-8, H-12), 7.93 (d, J 3.01, 8.80, H-9, H-11), 7.90 (d, J
7.82,H-2, H-6), 7.63 (t,] 1.93, 8.20, H-3, H-4, H-5), 7.20 (d, ] 8.83, H-
19), 6.46 (d, J 8.82, H-18). MS m/z: 334 (M + 1), 333 (M).

2.5. Synthesis of metal complexes

Hbab, Dhbab or Thbab ligand (20 mmol) dissolved in 40 cm®
absolute EtOH was mixed with 10 mmol Cu(Ac);-H20 or Co(Ac),-4H,0
in 20 cm® EtOH. The stirred mixture was refluxed for 24 h, then
evaporated to 15-20 cm? in vacuum and left to cool to room temper-
ature. The compounds were precipitated after adding 5 cm? EtOH. The
products were filtered in vacuum, washed with a small amount of
MeOH and water, and recrystallized from EtOH. The products are
soluble in solvents such as CHCl3, DMF and DMSO.

2.6. Catalytic oxidation of 2,6-di-t-butylphenol

In a CH,Cly/MeOH solvent mixture (1:1, 50 cm?), the complexes
[Co(Hbab),], [Cu(Hbab),], [Co(Dhbab);], [Cu(Dhbab);], [Co(Th-
bab);] and [Cu(Thbab),] were dissolved. To this solution, 2,6-di-t-
butylphenol was added and the solution was stirred for 48 h; the
ensuing mixture was filtered and the filtrate evaporated to dryness.
MeOH (5 cm?) were added to dissolve the excess 2,6-di-t-butyl-
phenol. For measuring the progress of the reaction, 50 cm? from the
aliquot was passed through an Amberlyst cationic ion-exchanger
and washed with 10 cm? (2 x5) CHxCl;. The change in the
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Fig. 1. The proposed structure of Schiff base ligands.

concentration of product 3,3’-5,5'-tetra-t-butyl-4,4’-diphenoqui-
none, was monitored by optical spectroscopy.

2.7. Redox studies

Cyclic voltammograms were recorded on an Iviumstat Electro-
chemical workstation equipped with a low current module (BAS
PA-1) recorder. The electrochemical cell was equipped with a BAS
glassy carbon working electrode (area 4.6 mm?), a platinum coil
auxiliary electrode and a Ag/AgCl reference electrode filled with
tetrabutylammonium tetrafluoroborate ([CH3(CH3)3]4NBF4, 0.1 M
in DMSO, DMF and CH3CN, Aldrich) solution and adjusted to 0.00 V
vs SCE. Cyclic voltammetric measurements were made at room
temperature in an undivided cell (BAS model C-3 cell stand) with
a platinum counter electrode and an Ag/AgCl reference electrode
(BAS). All potentials are reported with respect to Ag/AgCl. The
solutions were deoxygenated by passing dry nitrogen through the
solution for 30 min prior to the experiments, and during the
experiments the flow was maintained over the solution. Digital
simulations were performed using DigiSim 3.0 for windows (BAS,
Inc.). Experimental cyclic voltammograms used for the fitting
process had the background subtracted and were corrected elec-
tronically for ohmic drop.

2.8. Biological studies

The in vitro growth inhibitory activity of the ligands and their
complexes were assigned against Klebsiella pneumoniae FMC 5,
Enterococcus cloacae ATCC 13047, Escherichia coli ATCC 8739,
Bacillus megaterium DSM 32, Staphylococcus aureus Cowan 1,
Micrococcus luteus LA 2971, Mycobacterium smegmatis CCM 2067,
Pseudomonas aeruginosa ATCC 27853, and their in vitro antifungal
activity against Candida albicans ATCC 1023, Kluyveromyces fragilis
A 230, Rhodotorula rubra by the disc diffusion method. All the
bacteria mentioned above were incubated in Nutrient Broth (NB)
(Difco) at 37+ 0.1 °C for 24 h, and the yeasts were incubated in
Sabouraud Dextrose Broth (SDB) (Difco) at 25 4- 0.1 °C for 48 h. The
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Fig. 2. The proposed structures of the Co(Il) and Cu(Il) complexes of ligands.

bacteria and yeasts (prepared as above) were injected into Petri
dishes (9 cm) in the amount of 0.01 cm® (10°/cm? for the bacteria
and 10%/cm? for the fungi), 15 ml of Mueller Hinton Agar (MHA,
Oxoid) and Sabouraud Dextrose Agar (SDA) (sterilized in a flask and
cooled to 45-50°C) were homogenously distributed onto the
sterilized Petri dishes [11]. All the compounds were injected into
empty sterilized antibiotic discs having a diameter of 6 mm
(Schleicher & Shiill No: 2668, Germany) in the amount of 30 pL. The
compounds to be tested were dissolved in acetone to a final
concentration of 2000 ppm and soaked in filter paper. Discs injec-
ted with complexes were located on the solid agar medium by
pressing slightly. After Petri dishes so obtained were placed at 4 °C
for 2 h, plates inoculated with fungi were incubated at 25+ 0.1 °C
for 24 h. At the end of the period, inhibition zones formed on the
food medium were evaluated is millimeters [11]. These studies
were performed in triplicate. Gentamicins (Bioanalyse) and
Nystatin (Oxoid) were used as standards.

3. Result and discussion
3.1. Synthesis of the compounds

The Schiff base ligands, Hbab, Dhbab and Thbab have been
prepared by the condensation between p-aminoazobenzene with
salicylaldehyde, 2,4-dihydroxybenzaldehyde and 2,3,4-trihydrox-
ybenzaldehyde, respectively, (1:1 molar ratio) in EtOH as shown in
Fig. 1. The level of the purity of the ligands and the complexes was
checked by T.L.C. on silica gel-coated plates. Hbab, Dhbab and
Thbab Schiff base ligands give the complexes with Co(Il) and Cu(II)
salts. The complexes were synthesized by the general equations
shown below.

The ligands are stable at room temperature and soluble in
common organic solvents such as DMSO, DMF, EtOH and MeOH.
The complexes are also stable at room temperature. Based on the
elemental analyses, spectroscopic characterization, these mono-
nuclear complexes are presumed to have the coordination

Table 1

Some analytical data and physical properties of ligands and their metal complexes.

Compound Empirical formulas Formula wt. Colour M.p. (°C) Yield (%) Calculated (Found) % A2
C H N

Hbab C19H15N30 301 Orange 160 84 75.73 (75.25) 5.02 (4.98) 13.94 (13.84) 1.1

[Co(Hbab),] C3gH,5CoNgO> 658.9 Brown 260 84 69.20 (68.92) 4.25 (4.00) 12.75 (12.23) 10.1

[Cu(Hbab),] C3gH25CuNgO2 663.5 Dark Brown 245 78 68.73 (68.41) 4.22 (4.03) 12.66 (12.16) 11.2

Dhbab C19H15N30, 317 Pale orange 178 81 71.03 (71.91) 4.09 (4.76) 13.10 (13.24) 14

[Co(Dhbab),] C3gH25Co0NgO4 691.6 Brownish red 225 79 65.99 (65.92) 4.08 (4.16) 12.15 (12.29) 113

[Cu(Dhbab),] C3gH25CuNgO4 696.2 Dark Orange 282 73 65.56 (66.11) 4.05 (4.01) 12.07 (12.12) 12.6

Thbab C19H15N303 333.34 Claret red 215 78 68.46 (68.31) 4.54 (4.62) 12.61 (12.68) 13

[Co(Thbab),] C33H28CoNgOg 723.60 Brown 235 71 69.07 (68.84) 3.90 (4.01) 11.61 (11.23) 121

[Cu(Thbab),] C3gH25CuNgOg 728.21 Dark Brown 271 75 62.68 (61.91) 3.88(3.95) 11.54 (11.43) 13.2

2 Tem®*mol .
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Fig. 3. The mass spectra of 2-((E)-(4-((E)-phenyldiazenyl)phenylimino)methyl)phenol (Hbab).
environment shown in Fig. 2. The structures of the complexes were [Cu(Hbab);], [Co(Dhbab);], [Cu(Dhbab);], [Co(Thbab),] and

elucidated with use of IR, UV-visible spectra and elemental anal-
yses. Analytical data of ligands and their complexes are presented
in Table 1. The experimental elemental analyses results of the
complexes are in good compliance with the theoretical calcula-
tions. The data show the complexation of 1:2 [metal:ligand] ratio of
the formulae of [M(L)2]. Conductivity values for the [Co(Hbab);],

[Cu(Thbab),] compounds in MeOH are in the range of 10.15-13.21
(@ 'em®mol™!) indicating that they are non-electrolytes [12].
Single crystals of the compounds could not be isolated from any
organic solution, thus no definite structures can be described.
However, the analytical and spectroscopic data enables us to
predict possible structures as shown in Fig. 1 and 2.
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Fig. 4. The 'H NMR spectrum of Thbab.
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Table 2
Characteristic IR bands of the Schiff base ligands and their metal complexes (cm™,
KBr).

Compound »(OH) y(ArC-H) »(CH=N) »(N=N) »(M-N) p(M-0)
Hbab 3425m  3055m 1614s 1591s - -
[Co(Hbab),] - 3058m 1604s 1573s 422w 596m
[Cu(Hbab),] - 3037m 1608s 1587m 418w 599m
Dhbab 3420 3057 1616 1598 - -
[Co(Dhbab),] 3425 3056 1610 1581 419 589
[Cu(Dhbab),] 3427 3059 1612 1572 420 591
Thbab 3432 3056 1618 1595 - 599
[Co(Thbab),] 3428 3058 1609 1573 425 601
[Cu(Thbab),] 3431 3050 1613 1580 423 593

3.2. Mass spectrum of the ligands

In the mass spectrum of the ligands, the peaks observed at m/z
301, 317 and 333 can be assigned to the molecular ions M" and the
peaks at m/z 302, 318 and 334 to the [M + 1]*! ions [2]. The most
intense peaks at m/z 289, 305 and 321 corresponds to [CgHs—~N=N-
Ce¢H4—N=CH-C5H40H]", [CgH4-N=N-CgHs—~N=CH-C5H4(OH),]",
and [CgH4—N=N-CgH4-N=CH-C5H4(OH)3]", which results from
loss of one carbon atoms from the parent ligands. The other
important peaks at m/z 273-154 and m/z 289-170 may be assigned
to the loss of the oxygen and the [CgH4—N=N]* fragments. The
mass spectrum of Hbab ligand is taken as a representative example
and shown in Fig. 3.

3.3. 'H NMR spectrum of the ligands

The 'H NMR spectra of the Thbab ligand is taken as a represen-
tative example and shown in Fig. 4.

In the TH NMR spectra of the Hbab, Dhbab and Thbab ligands,
the singlets in the 10.70-9.01 ppm range can be attributed to the
proton of the first -OH group which is neighboring in the azome-
thine group. In addition, the second —-OH group of Dhbab and Thbab
moiety is shown at 11.71 and 13.31 ppm as a singlet, respectively.
The third —-OH group of THbab is shown at 9.81 ppm as a singlet too.
The OH peaks disappear together with addition of the D,0 [12]. All
three ligands exhibit singlet signals in the 8.8-8.9 ppm range which
are attributed to the azomethine group protons, respectively [13].
The 'H NMR spectra of ligands in DMSO-dg revealed a multiplet at
6.5-8.0 ppm corresponding to aromatic protons [4].

3.4. IR spectra

The characteristic IR data of the Schiff base ligands and their
metal complexes listed in Table 2.

In order to study the binding of Schiff base ligands to the metal
in the complexes, the IR spectrum of the free Schiff base ligands
were compared with that of the metal complexes. In the ligands
and complexes spectra, both ligands and complexes exhibit bands
at 3409-3425 cm~! and 3075-3038 cm~! that are assignable to
»(OH) and »(Ar-CH) [14, 15]. In the complexes, two of the four
coordination sited of metal ions were occupied by two nitrogen

Table 3

UV-visible and magnetic moment data of the complexes in THF.

Compound Jmax M (&, M~ Tcm™1) Hef, BM
[Co(Hbab),] 630 (4647), 448 (9294), 361 (97,764), 274 (6411) 4.99
[Cu(Hbab),] 603 (1360), 490 (1560), 361 (30,680), 265 (10,350) 1.65
[Co(Dhbab),] 643(138), 422 (9325), 355 (76,605), 246 (91,771) 513
[Cu(Dhbab),] 620 (40), 463(23,740), 361 (35,900), 267 (5660) 1.74
[Co(Thbab),] 662 (185), 490 (1259), 365 (57,741), 283 (12,519) 5.28
[Cu(Thbab),] 617 (4), 465 (7142), 370 (6558), 275 (352) 1.78

atoms of the azomethine groups; the other two groups were
hydroxyl ions. Because of this, in the complexes of the (Hbab)
ligand, the »(OH) vibration was disappeared. In the other complex
spectrums, the »(OH) vibrations attributed to the OH groups which
were not coordinated with metal ions were unchanged. The bands
at 1641-1643 cm ™! is due to the vibration of the azomethine group
(-CH=N-) in both ligands. Metal complexes show significant
differences from ligands [16,17]. After coordination between Schiff
base ligands and Co(II)-Cu(Il) metal salts, the C=N stretching
frequencies slightly shift to lower wave number region. The
lowering of frequencies of the C=N peak is indicative of the
formation of metal-ligand bonds [18]. In the complexes, new weak
bands in the 611-563 and 445-418 cm™! range may be attributed
to ¥(M-0) and »(M-N) stretching [19].

3.5. UV-visible spectra

The electronic absorption spectral data for complexes were
obtained in 103M THF solutions at room temperature and
magnetic moment data are given in Table 3. The UV-visible spectra
of the Schiff base ligands and their metal complexes in THF showed
absorption bands between 662 and 246 nm. The spectra of the
complexes show intense bands in the high-energy region at 306-
370 nm which can be assigned to charge transfer L — M bands
[20,21]. The bands at Amax 470, 463 and 462 nm assigned ton — 7"
transitions of the azomethine groups in the (Hbab), (Dhbab) and
(Thbab) ligands. In the spectra of the complexes, the bands of the
azomethine n — w* transitions are shifted to lower frequencies
indicating that the imine nitrogen atom is involved in coordination
to the metal ion. The spectra of all complexes contain an absorption
band in the 662-603 nm range may be assigned to the d-d transi-
tion of metal ions [22]. The Co(Il) complexes show bands at 630,
643 and 662 nm. This indicates tetrahedral geometry for the Co(II)
complexes. In general, due to Jahn-Teller distortion, square-planar
Cu(Il) complexes give a broad absorption band between 600 and
700 nm. In the electronic spectra of Cu(Il) complexes, the observed
bands are 603, 617 and 620 nm. [23]. These values suggest square-
planar geometry for Cu(ll) complex.

The magnetic moments (Table 3) of the copper(Il) complexes all
fall in the normal range for a copper(ll) species with S=1/2.
Magnetic moment values vary from 1.65-1.78 B.M. and this
confirms that the copper(Il) complexes have square-planar geom-
etry. The values of 4.99, 5.13 and 5.28 B.M. observed for [Co(H-
bab);], [Co(Dhbab);] and [Co(Thbab),] reveal tetrahedral geometry
around the Co(Il) ion [2].

(H3C)sC (H3C)3C C(CHj3)3 C(CHj3)3
Complex
- - Ao
Air, room temperature
(H3C)sC (H3C)sC C(CH3)3 C(CH3)3

DTBD Benzoquinone (BQ)

Fig. 5. Oxidative C-C coupling reaction of the sterically hindered phenol 2,6-di-t-butylphenol.
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3.6. Catalytic activity

The catalytic activities of the mononuclear complexes [Co(H-
bab),], [Cu(Hbab),], [Co(Dhbab),], [Cu(Dhbab),], [Co(Thbab);] and
[Cu(Thbab);] were examined for oxidation of 2,6-di-t-butylphenol
by air O, to 2,2'-di-t-butyl-4,4’-diphenolquinone (TTBD) in air
saturated DCM according to the reaction in Fig. 5.

All complexes in the catalysis reaction are soluble in the DCM-
methanol solvent mixture. If they are not also soluble in this
mixture, there is no problem, because, this type reactions can occur
at the heterogen or homogen phase in the similar way. As the
oxidative carbon-carbon coupling of the sterically hindered phenol
2,6-di-t-butylphenol lead to diphenoquinones is in radical medi-
ated reactions, the mononuclear Co(Il) and Cu(Il) complexes have
been studied for oxidative studies with 2,6-di-t-butylphenol. When
the phenols (2 mmol) are added to the complexes (0.01 mmol) in
DCM-MeOH (1:1) solvent mixture (50 cm?®), the dark brown or
black turns to red or light red in the presence of air. It was found
that after 55-78 h, the phenol compound was converted to the
3,3'4-5,5'-tetra-t-butyl-4,4'-diphenolquinone for the complexes.

For the compound 2,6-di-t-butylphenol, the best oxidant is the
complexes of the ligand Thbab and moreover, the complexes of the
ligand Hbab are the worst oxidant for the sterically hindered
phenol. These two different situations can be explained by the
properties of the ligands. In the ligand Thbab, there are three -OH
groups and these groups have more electron-donor properties
with a mesomeric effect than other ligands and therefore the
activity of the complexes increases. In other words, in the ligands
Dhbab and Hbab, the number of the —~OH groups are decrease. For
this reason the activity of ligands Dhbab and Hbab decrease,
respectively [12].

Order of the oxidizing of the complexes is: [Co(H-
bab),] > [Cu(Hbab),] > [Co(Dhbab),] > [Cu(Dhbab);] > [Co(Thbab)
2] > [Cu(Thbab),]. The spectral properties of the complexes are
shown in Fig. 6. The course of the reaction was followed by optical
spectroscopy, as TTBD shows a characteristic peak in the electronic
spectrum at 425 nm, as seen also from Fig. 6. Such changes in the
electronic spectra of the complexes at different time intervals were
monitored by removing the catalyst from the reaction solution. At
the end of the oxidative coupling, the properties of the complexes
changed.

3.7. Electrochemical studies

The redox properties of the Co(ll) and Cu(ll) complexes of
(Hbab), (Dhbab) and (Thbab) were investigated by cyclic voltam-
metry (Table 4) in the potential range +2.0 to —2.0 V. DMSO solu-
tion was used as the solvent and tetrabutylammonium perchlorate

25

15

Absorbance

0.0

200 350 500
7‘., (nm}

Fig. 6. Electronic spectra of the eluted solutions at different time intervals for the
aerial oxidation of DTBP to TTBD using complexes as catalysts.

Table 4

Electrochemical data for the obtained complexes.

Compound Epa (V) Epc (V) AE (V) Eqj2 (V)

[Co(Hbab),]  0.400, —0.140  —0.030 0.430 -

[Cu(Hbab),] —0.540, 0.090, 0.120, 0.420, 0.830 -0.660, —0.330 -
—0.580

[Co(Dhbab);] —0.080, —0.520 0.870, —0.270 —0. 950 -

[Cu(Dhbab),] —0.640,0.030  1.080, —0.070 ~1.720 =

[Co(Thbab);]  0.220, —0.490 —0.010, —0.550 0.230, 0.060 0.105

[Cu(Thbab),]  0.030, -0.930  —0.670, —0.120 0700, —-0.810 -

Supporting electrolyte: [NBu](ClO4) (0.05 M); concentrations of the compounds:
0.001 M. All the potentials are referenced to Ag/AgCl; where Epa and Epc are anodic
and cathodic potentials, respectively. Ey; = 0.5 x (Epa + Epc), AEp = Epa — Epc. The
data have been obtained at 100 mV s™! scan rate.

as the supporting electrolyte at a scan rate of 100 mV s~ .. The cyclic
voltammerty (CV) curve of the [Co(Hbab);] complex is given in
Fig. 7.

As seen from electrochemical curves and data, the [Co(Hbab),]
complex shows two anodic an done cathodic peaks in the —0.03 to
+0.40 V range. The [Co(Hbab),] complex has an irreversible char-
acter. In other words, the [Co(Thbab),]| complex has |Ip,:Ipc| = 0.9
ratio. This value shows that the [Co(Thbab);] complex has a quasi-
reversible character. The separation of the anodic and cathodic
peak potentials, Ep. = 100 mV, and the ratio of anodic to cathodic
peak currents indicate a quasi-reversible redox potentials [24]. All
other complexes have irreversible character and their oxidation
reduction peaks’ range is in the 1.080 to —0.930 V. In the irrevers-
ible electrochemical processes of the divalent metals:

M) + S M) + S M(0)
In the [Co(Hbab);] complex, this process is as given below:

Co(ll) + e~ = Co(I) + e~ = Co(0)

3.8. Biological activity

The Hbab, Dhbab and Thbab ligands and their metal complexes
were tested for their inhibitory effects on the growth of K. pneu-
moniae, E. cloacae, E. coli, B. megaterium, S. aureus, M. luteus, M.
smegmatis, P. aeruginosa bacteria and C. albicans, K. fragilis and R.
rubra fungi because bacteria can achieve resistance to antibiotics
through biochemical and morphological modifications [25]. The
antimicrobial activity was tested by using the disc diffusion

Current pA

T ¥ T ¥ T
-1 0 1

Potential (V)

Fig. 7. Cyclic voltammograms of the complex [Co(Hbab);].
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Table 5

Antimicrobial activity studies of ligands and their metal complexes [diameter of inhibition zone (mm); concentration 2000 ppm, 30 pL/disc].

Compound Inhibition zone (mm)

Bacteria Fungi

Klebsiella Enterococcus Escherichia Bacillus Staphylococcus Micrococcus Mycobacterium Pseudomonas Candida Kluyveromyces Rhodotorula

pneumoniae cloacae coli megaterium aureus luteus smegmatis aeruginosa albicans  fragilis rubra
Hbab 0 0 0 0 0 0 0 0 0 7 8
[Co(Hbab),] 0 0 0 0 0 0 0 0 0 14 15
[Cu(Hbab),] O 0 0 0 0 0 0 0 0 10 9
Dhbab 0 0 0 0 0 0 0 0 0 8 10
[Co(Dhbab),] 0 0 0 0 0 0 0 0 0 3 10
[Cu(Dhbab),] 0 0 0 0 0 0 0 0 0 7 1
Thbab 8 8 7 7 9 9 8 8 0 0 0
[Co(Thbab),] 7 8 7 7 3 9 8 7 9 9 8
[Cu(Thbab),] 7 8 38 8 3 9 8 7 7 7 8

method. The antibacterial and antifungal activities of the new
compounds are presented in Table 5.

The results indicate that the complexes show more activity and
the ligands do not have any activity against same microorganisms
under identical experimental conditions. This would suggest that
the chelation could facilitate the ability of a complex to cross a cell
membrane and can be explained by Tweedy’s chelation theory [26].
Chelation considerably reduces the polarity of the metal ion
because of partial sharing of its positive charge with donor groups
and possible electron delocalization over the whole chelate ring.
Such a chelation could enhance the lipophilic character of the
central metal atom, which subsequently favors its permeation
through the lipid layer of the cell membrane. The variation in the
effectiveness of different compounds against different organisms
depends either on the impermeability of the cells of the microbes
or on differences in ribosome of microbial cells.

Hbab, Dhbab, [Co(Hbab);], [Cu(Hbab),], [Co(Dhbab);] and
[Cu(Dhbab);] have no activity against bacteria and have activity
against fungi. On the contrary, the Thbab ligand has activity against
bacteria and has no activity against fungi. The remarkable activity of
the Thbab ligand may arise from excess of the hydroxyl groups,
which may play an important role in antibacterial activity [6].
[Co(Thbab),;] and [Cu(Thbab);] complexes have activity against
both bacteria and fungi. Of the complexes tested, [Co(Hbab),]
exhibited higher activity against K. fragilis and R. rubra than the
other complexes but has no antibacterial activity against all tested
bacteria. The variation in the activity of the metal complexes against
different organisms depends on the impermeability of the micro-
organism cells or on differences in ribosome of microbial cells [27].

4. Conclusions

Three novel Schiff base ligands containing -N=N- group, 2-
((E)-(4-((E)-phenyldiazenyl)phenylimino)methyl)phenol (Hbab), 3-
((E)-(4-((E)-phenyldiazenyl)phenylimino)methyl)benzene-1,2-diol
(Dhbab) and 4-((E)-(4-((E)-phenyldiazenyl)phenylimino)methyl)
benzene-1,2,3-triol (Thbab) (Fig. 1), were synthesized from the
reaction of p-aminoazobenzene with salicylaldehyde, 2,4-dihy-
droxybenzaldehyde and 2,3,4-trihydroxybenzaldehyde and their
mononuclear Co(Il) and Cu(ll) complexes have been prepared.
According to the analytical, UV-visible and IR data, the Co(II) and
Cu(Il) metal complexes are formed by the coordination of N, O
atoms of the ligands. The catalytic activity of the mononuclear
complexes [Co(Hbab),], [Cu(Hbab),], [Co(Dhbab);], [Cu(Dhbab);],
[Co(Thbab);] and [Cu(Thbab),] has been examined for oxidation of
2,6-di-t-butylphenol by air O, to 2,2’-di-t-butyl-4,4’-diphenolqui-
none (DTBD) in air saturated DCM according to the reaction in Fig. 7.

Order of the oxidizing of the complexes is: [Co(Hbab),]>
[Cu(Hbab),] > [Co(Dhbab);] > [Cu(Dhbab);] > [Co(Thbab);] > [Cu
(Thbab),]. The redox studies showed that all complexes, except
[Co(Thbab);] complex, have irreversible character. The [Co(Th-
bab);] complex has quasi-reversible character. In addition, the
antimicrobial activity study indicates that the complexes show
more activity and the ligands do not have any activity against
same microorganisms under identical experimental conditions.
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