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This work, first of all, reports the synthesis and structural elucidation of a schiff base ligand and its Co(II), Ni(II)and 
Mn(II) coordination compounds using various spectroscopic methods. Then, it moves on to the search of 
catalytic activity features of all the metal complexes, which were tested on the oxidation reactions of styrene 
and cyclohexene that are known to have a crucial importance in organic synthesis. The results of these reactions 
showed that the metal complexes especially the Cobalt complex was the most effective as catalyst, showing 
%70.3 yield for styrene oxidation and %50.1 yield for cyclohexene. Synthesized compounds were also searched 
for their thermal behaviour and similar fragmentations were observed only for the Cobalt and Manganese 
complexes of the ligand. Finally DNA binding studies were carried out on all the synthesized compounds and 
among them the Manganese complex showed the highest binding constant (Kb ) with 7.04. 
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Introduction 
 

Schiff bases, due to their easy synthesis and stability, 
have become one of the most important organic 
compounds [1-4]. In many biological systems such as 
pharmacy, medicine and chemical catalysts these imines 
and their coordination compounds showed great 
importance as antimicrobial, anticancer and antiviral [5-
11]. In bioinorganic mechanisms, transition metals 
catalysing the transfer of oxygen atoms to organic 
substrates have been studied over the years. Especially 
the soluable transition metal complexes in alkene 
oxidations as catalysts have captured great attention [12-
15]. Because many catalytic reactions are carried out in 
high temperatures it is important to use catalysts stable to 
higher temperatures and various schiff base complexes 
have been examined for their thermal behaviour 
throughout the years as well as for their various biological 
activities [16-19]. DNA, on the other hand, remains as an 
utterly important biological target for developing new 
drugs [20] and many factors, like the ligand type and the 
coordination geometry, influence the ability to engage 
with the DNA [21]. In light of these factors, some Schiff 
bases were being searched for their binding interactions 
with DNA [22-28]. Although the most known 
chemotherapeutic drugs belonged to cis-platinium family 
like cisplatin, carboplatin and oxaliplatin, due to their side 
effects and toxicity, it has become a major target to 
develop non-platinum based dugs for DNA binding 
studies. 

 

Results and Discussion 
 

Spectral Analysis 
1H NMR spectra of our Schiff base ligand Scheme-1 

gave a quartet (J= 7.2 Hz) at 4.38 ppm and a triplet (J= 7.2 
Hz) at 1.47 ppm corresponding to the ethyl group 
attached to the nitrogen atom on the carbzole unit [14]. 
The sharp singlet recorded at 1.36 ppm belonged to the 
three methyls in the tert-butyl group on the phenolic ring. 
The imine proton (H-16) gave a singlet at 8.85 ppm 
[12,14].  

All the aromatic protons gave signals in the reagion 
between 6.55 ppm and 8.65 ppm, mostly overlapped with 
each other. The three methyl protons on the phenolic 
ring, however, gave a sharp singlet at 1.36 ppm. The 
singlet seen at furthest downfield at 10.07 ppm belonged 
to the hydroxyl proton. 13C NMR spectra gave the imine 
carbon signal at 157.7 ppm. The signals of the ethyl group 
attached to nitrogen in the carbazole were seen at 13.9 
ppm and at 37.8 ppm. The sharp long signal at 31.7 
corresponded to the three methyl carbons on the tertiary 
group and the short signal at 34.5 belonged to the tertiary 
carbon itself. The other aromatic ring carbons gave carbon 
peaks between 107 and 160 ppm [14]. 

Examination of the IR spectra of the synthesized 
compounds revealed weak signals at 1610 and 1669 for 
the imine (C=N) stretchings. This stretching was red 
shifted in the complexes. Aromatic C-H stretchings were 
at 2990 and 3000 cm-1. The broad signals at around 3400 
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cm-1 belonged to O-H stretchings in the phenolic group. 
C-N stretchings were at 1195 cm-1. Symmetric and 
asymmetric stretchings of aliphatic C-H on the other hand, 
were between2922 cm-1 and 2972 cm-1. The three 
intense bands seen in the IR spectra of the coordination 
compounds corresponded to the carboxylate stretchings 
of the acetates. These stretchings are categorized as 
asymmetric and symmetric, proving the chelations 
between carboxyl groups with metals. The difference 
between these asymmetric and symmetric stretchings 

tells us about the modes of the coordiations (e.g. bridging, 
bidentate or unidentate) [29,30 ]. And the examination of 
the differences between these asymmetric and symmetric 
stretchings gave values of higher than 200 cm-1,which 
proves the unidentate carboxylate chelations of the 
acetates present in the coordination compounds [29,30] 
The results of these calculations can be seen in Table 1 
below. 
 

 

 

Scheme-1. Synthesis scheme of the ligand and the coodination compounds. 

 
 

Table 1. Asymmetric and symmetric IR values of carboxylate coordinations and the difference between them 

Complex asymmetric symmetric  (asymmetric-symmetric) 

Mn(L)2(OAc)2 1685,1580 1230 455, 350 
Co(L)2(OAc)2 1689,1582 1233 456, 349 
Ni(L)2(OAc)2 1687,1583 1235 452, 348 
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In the EDAX (energy dispersive X-ray analysis) spectra, 

characteristic K and L values were obtained for the 
synthesized complexes. Examination of scanning electron 
microscopy, which is SEM in short, gave ideas about the 
surface morphology of the coordination compounds. The 
images of EDAX proved the existance and the purity of 
metals and all the SEM photographs gave homogeneous 
matrixes of the coordination compounds. Figures 1-4 can 
be examined for the Ligand and complexes Ni(L)2(OAc)2, 
Co(L)2(OAc)2, and Mn(L)2(OAc)2. To detect the presence 
of the metals, the EDXRF (energy dispersive X-ray 

fluorescence) experiments were carried out on the 
complexes. By this technique, chemical elements, 
subjected to appropriate excitation, emit characteristic 
radiations [31]. In other words, the inner shell vacancies 
of the atoms are filled by electron transitions from outer 
orbitals by excitation, which leads to characteristic X-ray 
emissions [32]. These characteristic X-rays were measured 
by high-resolution Si(Li) detector, and the area under the 
K peaks of Cobalt. Manganese and Nickel were used to 
calculate the concentration values. The results were given 
in Table 2, which were in consistent with the calulated 
values. 

 

 

Figure-1. EDAX spectrum of L and its SEM photograph. 

 

 

Figure-2. EDAX spectrum of complex Ni(L)2(OAc)2 and its SEM photograph. 
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Figure-3. EDAX spectrum of complex Co(L)2(OAc)2 and its SEM photograph. 

 

 

Figure-4. EDAX spectrum of complex Mn(L)2(OAc)2 and its SEM photograph. 
 

Table 2. Estimated metal percentages by EDXRF 

Complex Chemical Formula Calculated Value/% Experimental Values (EDXRF)/% 

Mn(L)2(OAc)2 C54H58MnN4O6 6.02 6±0.3 
Co(L)2(OAc)2 C54H58CoN4O6 6.43 6±0.3 
Ni(L)2(OAc)2 C54H58NiN4O6 6.40 6±0.3 

 
The LCMS spectra of all the synthesized compounds 

gave parent ion peaks of [M]+ or [M++1]. In addition we 
were able to see the ligand mass peaks in all the mass 
spectra of the complexes. The geometries of all the 
coordination compounds were concluded from the 
magnetic susceptibility studies to be octahedral. For 
example, 5.06, 6.10 and 4.5 B.M. magnetic moments were 
calculated for Cobalt, Manganese and Nickel coordination 
compounds respectively [33-35] 

 

Catalytic Activity 
Oxidation and epoxidation reactions are extremely 

important for organic chemistry and they are used either 

as starting compounds or as transition reactions. 
Therefore, the catalytic activity features of the 
synthesized complexes were exmined in the oxidation 
reactions of cyclohexene and styrene (Scheme 2). All the 
reactions have been carried out in acetonitrile at 80 oC. In 
these experiments styrene oxidation reactions gave 
better results than the cyclohexene. Among all of the 
oxidation reactions only the Manganese complex gave the 
lowest yields. For example, Co(II) and Ni(II) complexes 
gave %70.3 and %62.2 percentages while the manganese 
complex gave %53.4 styrene convertion. Cyclohexene 
conversions were the lowest in these experiments. All the 
catalytic activity results can be seen in Table 3 and Table 
4.
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Scheme-2. Oxidation schemes of cyclohexene and styrene. 

 
 

Table 3. Catalytic activity results on Styrene 

 Selectivity (%) 

Catalyst Styrene conversion (%) Styrene oxide Benzaldehyde Benzoic acid 

Mn(L)2(OAc)2 53.4 40.7 39.3 6.4 

Co(L)2(OAc)2 70.3 56.5 51.7 8.3 

Ni(L)2(OAc)2 62.2 52.6 48.4 5.8 

 
 

Table 4. Catalytic activity results on cyclohexene 
 Selectivity (%) 

Catalyst Cyclohexene conversion (%) Cyclohexene oxide 2-Cyclohexene-1-ol 

Mn(L)2(OAc)2 31.7 13.9 10.8 

Co(L)2(OAc)2 50.1 29.3 15.5 

Ni(L)2(OAc)2 41.3 25.6 14.6 

 
 

Thermogravimetric Analysis 
Thermal spectra of the synthesized compounds 

revealed similar degradation steps starting at around 200 
oC. The ligand itself gave two mass losses with 52,43%, 
which was calculated as the carbazole unit (C14H12N) and 
47,56 % corresponding to the phenolic group (C11H14NO) 
with the imine (-CH=N-). Among the coordination 
compounds Cobalt and Manganese gave almost identical 
mass losses. For example, between 200 oC and 300 oC loss 
of phenolic group with the imine occurred with 38,38 % 
and 38,55 % for Cobalt and Manganese complexes 
respectively. Following this, a small mass loss of 12,86 % 
(for Cobalt complex) and 12,92 % (for Manganese 

complex) were recorded. And finally the biggest loss 
occurred between 425-800 oC corresponding to the two 
carbazole units in Cobalt and Manganese coordination 
compounds with 42,31 % and 42,49 % respectively. 
However, the Nickel complex revealed only two 
degradation steps. First step showed a mass loss of 76,79 
% corresponding to two phenolic groups without the 
hydroxyls and two carbazole units with the imine group. 
The second step, revealed a total mass losses of the two 
acetyls, two hydroxyls and the Nickel itself. All the thermal 
graphics and the results can be seen in Figure 5 and Table 
5. 
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Figure 5. Thermal graphics of the synthesized compounds 

 
Table 5. Thermal analysis of the synthesized compounds 

Compounds Formula Mass Temperature oC Mass Loss % Fragments 

L C25H26N2O 370 200-400 
350-600 

52,43 
47,56 

 

C14H12N 
C11H14NO 

Co(L)2(OAc)2 C54H58CoN4O6 917 
200-300 
300-380 
380-800 

38,38 
12.86 
42,31 
6,45 

2(C11H14NO) 
2(OCOCH3) 
2(C14H12N) 

Co 

Mn(L)2(OAc)2 C54H58MnN4O6 913 
200-300 
300-380 
380-800 

38.55 
12.92 
42.49 
6,04 

2(C11H14NO) 
2(OCOCH3) 
2(C14H12N) 

Mn 

Ni(L)2(OAc)2 C54H58NiN4O6 916.7 

200-350 
 
 

350-600 

76,79 
 
 

22,97 

2(C10H12) 
2(C15H13N2) 

 
2(CH3COO) 

2(OH) 
Ni 

 

DNA Binding Studies 
DNA binding 
DNA binding studies by UV-vis absorption titration 

were performed for compounds with fixed compound 
concentrations (10 μM). Therefore, they were dissolved in 
DMSO to obtain a stock solution of the compounds. The 
titration of the compounds was carried out using a fixed 
concentration of different DNA concentrations. λmax was 
noted. DNA binding coefficients (Kb) were solved by the 
Benassi-Hildebrand equation (Eq. 1) as by [36]. Equivalent 
is as follows:  
 
In [DNA]/(a–f) = [DNA]/(b–f) + 1/Kb(b–f) (1) 
 

the equation given above, [DNA] is the DNA 
concentration in base pairs. A, f and b corresponds to 
the molar absorption coefficients of aggregated / [ligand], 
free ligand and ligand-DNA solutions. Kb indicates the 
strength of the ligand to bind to DNA and is calculated 

from the slope of the line drawn between [DNA] / (a – 
f) and [DNA]. 

Relocation studies with EB 
It has been previously explained that while an increase 

in EB fluorescence emission is observed when DNA is 
intercalated between base pairs, replacement of EB by 
another molecule causes the emission of EB to be 
quenched, indicating that the new molecule binds to DNA 
by intercalation or by binding to grooves [37]. To 50 μM 
FS-DNA solutions pretreated with 5 μM EB in Tris-HCl, 
compounds (in different concentrations) were added. 
Emission spectra were then recorded at excited at λex = 
526 nm in the 500-750 nm wavelength range. The 
quenching constants (QC) were determined by means of 
the Stern-Volmer equation. 
 
I0/I = 1 + Ksv[Q] (2) 
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I0 and I are the fluorescence intensities in absence and 
presence of complexes. [Q] is total quenching 
concentration. 

 
Log(I0–I)/I = log KF + n log[Q] (3) 
 

Plotting log (I0-I) versus log [Q] and determining the 
number of binding sites per base (n) from the slope of the 
resulting line. 

UV–vis absorbance titrations 
Electronic absorption spectroscopy is an effective 

method to study the binding modes of metal complexes 
with DNA. The red shift and hypochromism occurring 
during measurements are related to the binding of metal 
complexes to DNA due to the intercalative mode involving 
a strong stacking interaction between the aromatic 
chromophore of the complexes and the base pairs of DNA 
[38]. Hyperchromism, on the other hand, indicated that 
the compounds and metal complexes exhibited groove 
binding with DNA [39]. The absorption spectra of the 
ligand and metal complexes in the absence and presence 

of FSds-DNA are shown in Figs 6-9. As presented in (Fig.9) 
and (Fig. 10), when titrated with FSds-DNA, a 
hyperchromism of 45% was observed in the absorption 
band of the ligand L and a blue shift in wavelength of 1.3 
nm was observed.  This indicated that the ligand can bind 
with DNA via groove binding. When we examined the 
interaction of the metal complexes, we observed an 
increase in the absorption bands with the addition of DNA 
and a blue shift of approximately 2-3 nm in the 
wavelengths. These spectral features suggest that both 
the ligand and the complex interact with FSds-DNA via a 
minor grove mode, most likely involving π-π stacking 
interactions between the base pairs of DNA. The binding 
constants of the compounds are given in Table-6. The 
highest binding value among the compounds is L-Mn 
(Kb=7.04 x104), which has a tert-butyl Mn complex in its 
structure. The DNA binding values of the metal complexes 
can be given as L-Mn>L-Ni>L-Co, respectively. The tert-
butyl group in the structure is thought to originate from 
the Vander Wals interaction with DNA.  

Fluorescence studies were conducted to fully 
understand the DNA binding mode of the compounds. 

 
Table 6. The binding constant (Kb ), quenching constant (Ksv) and number of binding sites (n) for the interactions of the 

compounds with EB DNA 

Compounds Kb 104 Ksv 104 logKb Kb 104 n 

L 3.5 1 4.99 9.7 1.27 
L-Mn 7.04 9.4 3.02 1.04 0.76 
L-Co 5.15 3.2 3.03 1.07 0.669 
L-Ni 6.48 2.6 2.09 0.123 0.699 

 

 

Figure 6. The electronic absorption spectra of the L-Ni (15μM) -DNA complex in the presence of increasing amounts of 
FSds-DNA (0-110 μM). The plots of [DNA]/(εa – εf ) versus [DNA] for the compounds with FSds-DNA. 
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Figure 7. The electronic absorption spectra of the L-Co (55μM) -DNA complex in the presence of increasing amounts of 
FSds-DNA (0-100 μM). The plots of [DNA]/(εa – εf ) versus [DNA] for the compounds with FSds-DNA. 

 

 

Figure 8. The electronic absorption spectra of the L-Mn (45μM) -DNA complex in the presence of increasing amounts 
of FSds-DNA (0-90 μM). The plots of [DNA]/(εa – εf ) versus [DNA] for the compounds with FSds-DNA. 

 

 

Figure 9. The electronic absorption spectra of the ligand L (25μM) -DNA complex in the presence of increasing amounts 
of FSds-DNA (0-90 μM). The plots of [DNA]/(εa – εf ) versus [DNA] for the compounds with FSds-DNA. 

 

Fluorescence study 
Ethidium bromide (EB) is a well known fluorophore 

that is widely used to study the binding mode of the 
interaction between drugs and DNA. Due to the robust 
linkage between DNA base pairs, the fluorescence 
intensity of EB is enhanced in the presence of FSdsDNA. 
The addition of a second molecule has previously been 

reported to quench the increased emission intensity [40]. 
DNA by the same binding mode, displacing EB from the 
DNA helix, thereby reducing the fluorescent intensity of 
the EB-DNA system [41] . EB is a known probe that 
similarly associates with DNA [42] . The emission spectra 
of EB bound to FSdsDNA and the continuous addition of 
ligands and complexes to these systems are shown in 
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Figures 10-13. With the addition of the compounds, the 
ligand and metal complexes showed a decrease in the 
fluorescence intensity of EB-DNA by 55%, 70%, 53% and 
51%, respectively. This suggests that the compounds do 
not displace EB from the base pair of FSdsDNA helices. 
Therefore, it is clear from this result that the compounds 
do not bind to FSdsDNA in a non-intercalative mode. It is 
also known that a decrease in emission intensity occurs 
when the compounds bind to another region of the DNA 
chain or when they are replaced by water molecules. The 
Ksv values of EB dye bound to FSdsDNA by ligand and 
metal complexes were calculated from (equation 2) using 
the Stern-Volmer plot [43] as shown in Figures 10-13. 

 
I0/I = 1 + Ksv[Q] (2) 

It was determined that the compound with the highest 
Ksv value was the L-Mn complex containing Mn in its 
structure (Ksv= 9.4 x104 M). Manganese binding abilities 
were previously searched by Luck & Zimmer. And they 
found that Mn2+ was stabilizing the secondary structure 
of DNA through electrostatic interactions with the 
negatively charged phosphate regions. It has been 
determined that Mn2+ can destabilize the secondary 
structure of DNA under low ionic conditions [44]. The n 
and log Kb values indicate the binding site with DNA. As 
can be seen from the n values given in Table 6, the ligands 
and complexes bind to a single region of DNA [45]. The 
binding constant of the compound to DNA is also given in 
Table-6.

 

 

Figure 10. Fluorescence quenching curves of ethidium bromide bound to DNA: L. [DNA] = 50 μM, [EB] = 5 μM, and [L] 
= 0–110 μM The Stern–Volmer plots of the fluorescence titrations for the L. 

 

 

Figure 11. Fluorescence quenching curves of ethidium bromide bound to DNA: L-Co. [DNA] = 50 μM, [EB] = 5 μM, and 
[L-Co] = 0–130 μM The Stern–Volmer plots of the fluorescence titrations for the L-Co. 
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Figure 12. Fluorescence quenching curves of ethidium bromide bound to DNA: L-Mn. [DNA] = 50 μM, [EB] = 5 μM, and 
[L-Mn] = 0–80 μM The Stern–Volmer plots of the fluorescence titrations for the L-Mn. 

 

 

Figure 13. Fluorescence quenching curves of ethidium bromide bound to DNA: L-Ni. [DNA] = 50 μM, [EB] = 5 μM, and 
[L-Ni] = 0–120 μM The Stern–Volmer plots of the fluorescence titrations for the L-Ni. 

 

Experimental 
The acetate salts of the transition metals Copper, 

Cobalt and Nickel, 2-amino-4-ethylphenol, phosphorus(V) 
oxychloride and 9-ethylcarbazole were all purchased from 
sigma aldrich. Proton and carbon nmr spectra were taken 
on Bruker AV 400 MHz spectrometer in the solvent 
deuterated chloroform (CDCl3). Infrared spectra were 
taken in the region of 400-4000 cm-1on Schimadzu 8300 
FT-IR spectrophotometer. U.V. spectra were taken on 
Schimadzu UV-160 A spectrophotometer in dimethyl 
sulfoxide with a concentration of 5.10-5 M for each 
compound. Mass spectra were obtained on LC/MS APCI 
AGILENT 1100 MSD spectrophotometer. The results of 
catalytic activity were analysed (examined) with the 
Schimadzu, GC-14B gas chromatograph equipped a flame 
ionization detector and a SAB-5 capillary. LECO CHNS 932 
elemental analyzer was used for elemental analyses of all 
the synthesised compounds and the metal analyses were 
carried (performed) on an Ati Unicam 929 Model AA 
Spectrometer in solutions prepared by decomposing the 
compounds in aqua regia and subsequently digesting 

them in concentrated hydrochloric acid. Chemical 
compositions of all the compounds was obtained by EDAX, 
which was performed with Rönteck xflash detector 
analyzer was associated with a scanning electron 
microscope (SEM, Leo-Evo 40xVP). The energy spectra of 
the characteristic X-rays of the complex compounds were 
measured with Bruker energy dispersive X-ray 
spectroscope (EDX) by high-resolution Si(Li) detector. 
Incident electron beam energies from 3 to 30 keV had 
been used. In every case, the beam was at normal 
incidence to the sample surface and the measurement 
time was 100s. ZAF correction was used for all the EDAX 
spectra. ZAF correction takes atomic number (Z) 
absorption (A) and fluorescence excitation (F) effects into 
account when performing quantitative analysis. (Further), 
EDXRF (Energy dispersive X-ray fluorescence) was used for 
the detection of metals in the complexes and all the 
percentages were estimated using CATXRF program. 
Thermal analyses were performed on a PerkinElmer 
Thermogravimetric Analyzer TG/DTA 6300 instrument in 
the temperture range 30-800 °C with the heating rate of 
10 °C/min under nitrogen atmosphere. Finally, Gouy 
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method was used for the magnetic measurements. For 
this method, Hg[Co(SCN)4] was used as calibrant. The 
molar conductances of all the synthesized compounds 
were recorded using Jenway Model 4070 conductivity 
meter in MeOH (ca. 10⁻³M).  

 

Synthesis of the ligand and the complexes 
Using POCl3 and Dimethylformamide, through 

Vilsmeyer reaction the N-ethylcarbazole was formylated. 
The resulted monoaldehyde and the dialdehyde were 
separated through flash chromatography using aceate 
and hexane mixture with the ratio of 1:10 as as outlined 
in literature [46,47]. The monoaldehyde (N-
Ethylcarbazole-3-carbaldehyde) (1 mmol) was then 
reacted with 1 mmol 2-amino-4-tert-butylphenol (with 
the ratio of 1:1) in ethanol under reflux for 12 hours. This 
reaction resulted in 4-(tert-butyl)-2-(((9-ethyl-9H-
carbazol-3-yl)methylene)amino)phenol as our ligand. This 
ligand, was then reacted with the acetate salts of the all 
related transition metals in ethanol and refluxed for 24 
hours. The formed precipitates were recrystallised from 
methanol/ethanol (1:1) mixture.  

L 
4-(tert-butyl)-2-(((9-ethyl-9H-carbazol-3-

yl)methylene)amino)phenol (C25H26N2O): 
Yield 3.8 g (82 %); m.p.: 207 °C; 1H NMR (400 MHz, 

CDCl3): δ = 10.07 (s, OH), 8.85 (s, H-16), δ 8.65-δ 6.55 
(Aromatic protons overlapped), 1.45 (t, J = 7.2 Hz, 3H-15), 
4.39 (q, J = 7.2 Hz, 2H-14), 1.46 (t, J = 7.2 Hz, 3H-15), 1.36 
(s, 3H-24, 3H-25, 3H-26), 13C NMR (100 MHz, CDCl3): δ = 
157.7 (C-16), , 37.8 (C-14), 13.9 (C-15), 31.7 (C-24, C-25, C-
26), 34.5 (C-23). The rest of the carbon peaks were seen in 

the range δ 107 and δ 160. FT-IR(KBr):  = 3150 (OH), 3050 
(Aromatic C–H), 2985, 2935 (C–H), 1638 (CH=N), 1590 
(Aromatic C=C), 1335, 1267 (OH bending) cm−1; UV–Vis 

(DMSO, λmax, 1.0×10-5 M) = 240 (-*), 280(-*), 295(-

*), 348(n-*), 405(n-*) nm; MS: m/z = 371.0 (M++1); ΛM 
= 1.9 Ω−1 cm2 mol−1. 

(L)2Co(OAc)2 
Di[2-[[(9-ethyl-9H-carbazol-3-

yl)methylene]amino]-4-tert-butylphenol]cobalt(II) 
acetate  

(C54H58CoN4O6): Yield 1.7 g (74 %); m.p.: 227 °C; IR 

(KBr):  = 3125 (OH), 3045 (Aromatic C–H), 2970, 2925 (C–

H), 1620 (CH=N), 1578 (Aromatic C=C), 1680, 1585 (as, 

COO−), 1235 (s, COO−), 617 (as, M–O), 597 (s, M–O), 542 

(M–N) cm−1; UV–Vis (DMSO, λmax, 1.0×10-5 M) = 238 (-

*), 276(-*), 285(-*), 351(n-*) nm; MS: m/z = 917.2 
(M+); ΛM = 23.1 Ω−1 cm2 mol−1.; μeff = 4.95 B.M. 

(L)2Ni(OAc)2 
Di[2-[[(9-ethyl-9H-carbazol-3-

yl)methylene]amino]-4-tert-butylphenol]nickel(II) 
acetate  

(C54H58N4NiO6)Yield 1.38 g (63 %); m.p.: 227 °C; IR 

(KBr): = 3124 (OH), 3046 (Aromatic C–H), 2971, 2920 (C–

H), 1617 (CH=N), 1580 (Aromatic C=C), 1681, 1586 (as, 

COO−), 1230 (s, COO−), 615 (as, M–O), 589 (s, M–O), 541 

(M–N) cm−1; UV–Vis (DMSO, λmax, 1.0×10-5 M) = 239 (-

*), 274(-*), 295(-*), 345(n-*), 400(n-*) nm; MS: 
m/z = 918.0 (M++1); ΛM = 17.7 Ω−1 cm2 mol−1; μeff = 4.15 
B.M. 

(L)2Mn(OAc)2 
Di[2-[[(9-ethyl-9H-carbazol-3-

yl)methylene]amino]- 4-tert-
butylphenol]manganese(II) acetate  

(C54H58N4NiO6)Yield 1.66 g (64 %); m.p.: 223 °C; IR 

(KBr):  = 3110 (OH), 3050 (Aromatic C–H), 2978, 2932 (C–

H), 1617 (CH=N), 1589 (Aromatic C=C), 1680, 1585 (as, 

COO−), 1240 (s, COO−), 617 (as, M–O), 590 (s, M–O), 541 

(M–N) cm−1; UV–Vis (DMSO, λmax, 1.0×10-5 M) = 235 (-

*), 274(-*), 290(-*), 350(n-*) nm; MS: m/z = 913.0 
(M+); ΛM = 19.8 Ω−1 cm2 mol−1; μeff = 5.95 B.M.  

 

Catalytic Activity Procedure 
For the catalytic activity experiments, 1.10−3 mol 

catalyst, 20 ml acetonitrile (CH3CN) as solvent, and 10 
mmol cyclohexene or styrene were all stirred under 
nitrogen atmosphere for 8 h at 80 °C in a round-bottomed 
flask. The resulted mixture was then filtrated and washed 
with solvent and subjected to GC analysis. 

 

Conclusion 
 
With this work a schiff base ligand and its Co(II), Ni(II), 

Mn(II) complexes were synthesized, characterized and 
examined for their catalytic activiy, thermal behaviour, 
and for their DNA binding features. Catalytic activity 
results of all the coordination compounds showed good 
results on the oxidation reactions of cyclohexene and 
styrene. Examination of the thermal behaviors of all the 
synthesized compounds are quite important due to their 
usage in reactions requiring high temperatures and all the 
results were given in the results and discussion section. 
Finally the DNA binding studies of all the ompounds were 
examined thoroughly and they are found to make non-
covalent bonding with the DNA. Especially the Manganese 
coordination compound was the most effective among 
other synthesized complexes. 
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