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Abstract. Three new copper(II) complexes (1-3) with general formula [Cu(HL)CH3COO] of N-salicyl-β-
amino alcohol Schiff bases containing, (S)-(+)-phenyl glycinol, (1S, 2R)-2-amino-1, 2-diphenylethanol and 1, 
1, 3-triphenyl-(R)-(+)-2-amino propanol, were synthesized.  Their structures were characterized by FTIR, 
LCMS, magnetic moment, molar conductance and elemental analysis data. DFT calculations proposed 
distorted square planar geometries for the complexes. The calculated IR spectra are in good agreement with 
the experimental IR spectra, confirming the proposed structures. Their interactions with calf thymus DNA 
were investigated and their binding constants Kb were found. Gel electrophoresis reveals that all complexes 
display significant nuclease activity against supercoiled pentry/d-topo plasmid DNA. 
Keywords: Copper (II) complexes; DFT calculations; DNA binding; DNA cleavage; Schiff base complexes. 
 
Resumen. Tres nuevos complejos de cobre (II) (1-3) con la fórmula general [Cu (HL) CH3COO] de N-salicil-
β-amino alcohol Schiff bases que contienen, (S) - (+) - fenilglicinol, (1S, 2R). Se sintetizaron -2-amino-1, 2-
difeniletanol y 1, 1, 3-trifenil- (R) - (+) - 2-amino propanol. Sus estructuras se caracterizaron por FTIR, 
LCMS, momento magnético, conductancia molar y datos de análisis elemental. Los cálculos de DFT 
propusieron geometrías planas cuadradas distorsionadas para los complejos. Los espectros de IR calculados 
están en buena concordancia con los espectros de IR experimentales, confirmando las estructuras propuestas. 
Se investigaron sus interacciones con el ADN del timo de ternera y se encontraron sus constantes de unión 
Kb. La electroforesis en gel revela que todos los complejos muestran una actividad nucleasa significativa 
contra el ADN plasmídico pentry / d-topo superenrollado. 
Palabras clave: Complejos de Cobre (II); Cálculos DFT; unión al ADN; ruptura de DNA; Complejos de base 
de Schiff. 

 
 
Introduction 
 

Chiral complexes have important applications in many fields such as enantioselective catalysts, 
material sciences, metallo-supramolecular chemistry and bio-inorganic modeling studies [1]. They catalyze 
various asymmetric organic transformations giving high enantioselectivity [2, 3]. In recent years, Schiff-bases 
derived from chiral amino alcohols and their transition metal complexes have been reported to catalyze the 
enantioselective Henry reaction [4-6]. 

mailto:ttunc@ahievran.edu.tr
http://dx.doi.org/10.29356/jmcs.v62i3.424


Article  J. Mex. Chem. Soc. 2018, 62(3) 
©2018, Sociedad Química de México 

ISSN-e 2594-0317 
 

52 
 

Cu(II) are well known to be a redox-active metal whose complexes can generate reactive oxygen 
species (ROS) which trigger DNA degradation and apoptosis of cancer [7-9]. Schiff bases copper(II) 
complexes have been extensively studied as encouraging alternatives to cisplatin and anticancer drugs [10-
12]. Several copper complexes have been started pre-clinical research as antitumor drug candidates, which 
demonstrated relatively lower side effects compared with some platinum drugs [13]. 

The synthesis and design of chiral metal complexes have attracted a considerable amount of attention 
because they can bind to DNA, and changes their photophysical properties [1]. In previous work, DNA 
binding and cleavage studies of chiral copper complexes have been broadly investigated [14–19]; however, 
study on Schiff bases copper complexes with chiral amino-alcohols have rarely been reported [20- 23].  

In this paper, we synthesized new copper(II) complexes of Schiff bases derived from  (S)-(+)-phenyl 
glycinol (1), (1S, 2R)-2-amino-1, 2-diphenylethanol (2) and 1,1,3-triphenyl-(R)-(+)-2-amino propanol (3). 
Their interactions with CT-DNA were investigated. DNA cleavage activity with supercoiled pentry/d-topo 
plasmid DNA has also been carried out. 
 
 

 
Scheme 1. Synthesis route and proposed structure of the copper (II) complexes.2. Experimental  
 
 
Materials and Physical Measurements 
 

All reagents s and solvent were purchased from Sigma Aldrich and used without further purification. 
Elemental analyses for C, H and N were carried out with a LECO CHNS-932 auto elemental analyzer. The 
copper analysis was carried out by Varian Atomic Absorption spectrophotometer (AAS) model-AA55B. Mass 
spectra were recorded with Thermo Scientific TSQ Quantum Access Max LC-MS spectrometers in 
methanol/acetonitrile mixture. IR spectra were recorded on a Nicolet-6700 ATR-FT-IR spectrophotometer. 
UV–Vis spectra were recorded on Thermo Scientific Genesys 10S spectrophotometer. The magnetic 
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susceptibility was carried out using a Sherwood Scientific instrument at room temperature. The molecular 
conductivities of the copper(II) complexes were measured with a WTW Cond 330i conductivity meter. All 
measurements were carried out at room temperature with freshly prepared solutions. Melting points were 
measured using a Thermo Fisher Scientific Electrothermal 9100 apparatus.  
 
Synthesis of the Cu(II) complexes  

Chiral amino alcohol Schiff bases (H2L) are synthesized according to the reported procedure [24]. 
An ethanol solution of (25 mL) of (18 mmol) was added to an ethanol solution of o-hydroxybenzaldehyde (15 
mmol). The mixture was refluxed for 16 h. After the reaction completed, mixture evaporated to dryness. The 
pale yellow solid was crystallized from ethyl acetate.  
All complexes were synthesized using the following general procedure (Scheme 1). A methanol solution (10 
mL) of the chiral Schiff bases (0.064 mmol) was added dropwise to a methanol solution (10 mL) of  copper 
(II) acetate (0.064 mmol, 11.7 mg). The mixture was then refluxed for two hours at 60 oC. After the reaction 
completed, the mixture was allowed to cool and waited for 2 days at room temperature. The green solid was 
collected by vacuum filtration and washed twice with 3–5 mL aliquots of ice-cold methanol and dried under 
vacuum.  
 

[Cu(HL1)CH3COO] (1). C17H17CuNO4 : Anal. Calcd. C, 56.27; H, 4.72; N,3.86, Cu:17.51. 
Found: C, 56.35; H, 4.62; N, 3.79, Cu: 17.49. LC-MS (m/z): 380.91[Cu(HL1)CH3COO+NH4

+], 334.95 [MH4-
OH-CH3

+], 242.05 (H3L+) Λmº:  12.11 ohm-1cm2mol-1 in DMF. μeff:1.84 BM. Yield: 0.031 g (88.9%), m.p: 
104-106 oC. 
 

[Cu(HL2)CH3COO] (2). C23H21CuNO4: Anal. Calc.: C, 62.93; H, 4.82; N, 3.19. Cu: 14.48, Found: 
C, 63.30; H, 5.17; N, 3.16, Cu:13.89. LC-MS (m/z): 456.97[Cu(HL2)CH3COO+NH4

+], 424.96[MH-CH3
+], 

410.99 [MH4-OH-CH3], 396.93[MH-CO.CH3], 318.06 (H3L+). Λmº:  11.25 ohm-1cm2mol-1 in DMF. μeff: 1.85 
BM. Yield: 0.036 g (82.9%), mp: 122-124 oC. 
 

[CuHL3CH3COO] (3). C30H27CuNO4: Anal. Calc C, 68.10; H, 5.14; N, 2.65. Cu: 12.01, Found: 
C, 68.41; H, 6.52; N, 2.39, Cu: 11.30. LC-MS (m/z+): 547.01 [CuHL3CH3COO+NH4]+, 515.02 [MH-CH3]+, 
501.04 [MH4-OH-CH3]+, 408.06 [M-CH3CO-Ph]+. Λmº: 14.45 ohm-1cm2mol-1 in DMF. μeff: 1.83 BM. Yield: 
0.042 g (79.4%), mp: 123-125 oC. 
 
Computational method  

Theoretical calculations were performed with Gaussian 03W(B.04) software [25] and visualized 
using GVW (Rev 2.1) [26]. Since we were not able to obtain the single crystals of the complexes, the 
experimental data of starting geometries were taken from the earlier published studies [27, 28]. Geometry 
optimization of complexes were carried out using several DFT methods such as CAM-B3LYP/6-31G(d,p), 
CAM-B3LYP/6-311G(d,p), B3LYP/6-31G(d,p), B3LYP/6-311G(d,p) and B3LYP/6-311G+(d,p) for all 
atoms. Harmonic vibrational frequencies and IR intensities of the normal modes were calculated at the same 
level, and no imaginary frequencies were found, confirming that the structures correspond to minimum 
energy. The calculated frequencies were scaled by 0.97-0.98. Vibrational frequency assignments were made 
with GVW software to display the vibrations.  
 
DNA Binding Studies  

Interaction of the complexes with CT-DNA was conducted in Tris buffer (5 mM, pH 7.1). A solution 
of the CT-DNA in the buffer solution give a ratio of UV-Vis absorbance at 260 and 280 nm of about 1.9:1 
indicating that the DNA was free from proteins [29]. DNA concentration was determined by the molar 
extinction coefficient (6600 M-1 cm-1) at 260 nm [30]. Absorption spectral titration experiments were 
performed by maintaining a constant concentration of the complex and varying the CT-DNA concentration. 
While measuring the absorbance, recorded after consecutive additions of CT-DNA, CT-DNA was added to 
both the compound solution and the reference solution to eliminate the absorbance of the CT-DNA itself. The 
intrinsic binding constant Kb of the complexes to CT-DNA was determined from following equation [31]. 
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[DNA]/ (εa - εf) = [DNA]/ (εb - εf) + 1/Kb (εb - εf)     
         

where [DNA] represents the concentration of DNA in base pairs; εa, εf, and εb correspond to the apparent 
extinction coefficient (Aobs/[M]), the extinction coefficient of the free metal and the extinction coefficient of 
the complex bound to DNA, respectively. The plot of [DNA]/ (εa - εf) vs [DNA] gave a straight line with a 
slope of 1/(εb - εf)  and an intercept of 1/Kb(εb - εf). Kb was determined from the ratio of the slope to 
intercept.  
 
DNA Cleavage Experiment 

Native super coiled pentry/d-topo plasmid DNA was purified using Perfect Prep Endo Free Plasmid 
Maxi Kit according to manufacturer instructions. Solution of plasmid DNA gave a ratio of UV absorbance at 
260 and 280 nm, A260/A280 of ca.180 and 1.90, indicating that the DNA was free from protein 
contamination. A stock solution of complexes were prepared at a concentration of 500 µM. Plasmid DNA (22 
µL) in a final volume of 50 µL were treated with varying concentration of complexes (20-150 µM) and 
incubated in the dark for 12 h at 37 oC. 20 µL of each sample and 10 µL of the loading dye were loaded onto 
1% agarose gel in 1X TAE buffer (Tris–Acetate–EDTA. Agarose gel electrophoresis was performed at 75 V 
for 90 min. Later gel was stained with ethidium bromide solution (10 mg/mL) and the bands were observed 
under UV gel documentation system (Gene Tools image analysis software from Syngene). This software 
provides comparison of tracks in agarose gel according to their band numbers and/or band densities. (This 
evaluation was performed by comparing the either volume of bands in the lanes or calculating the volume of 
newly formed bands with control plasmid DNA). 
 
Results and discussion 
 
Synthesis and general characterization 

The copper(II) complexes (1-3) were synthesized by the reaction of cupric acetate with chiral N-
salicyl-β-amino alcohol Schiff bases prepared by condensation reaction of o-hydroxybenzaldehyde with S)-
(+)-phenyl glycinol (H2L1), (1S, 2R)-2-amino-1, 2-diphenylethanol(H2L2) and 1,1,3-triphenyl-(R)-(+)-2-amino 
propanol (H2L3) in an equimolar ratio. Their crystals were unsuitable for single-crystal X-ray structural 
determination. Their elemental analysis data indicate that the metal to ligand ratio is 1:1 in all the complexes. 
Their molar conductivities (Λm) in DMF solution (1x10-3 M) at 25 °C were in the range of 12 – 16 Ohm-

1cm2mole-1, indicating that all complexes are non-electrolytes. LC-MS spectra of the complexes were depicted 
in Fig.1. The positive ion electrospray mass spectra have exhibited [M+ NH4]+ molecular ion peaks at 380.91 
for 1, 456.97 for 2 and 547.01 for 3. Adduct ion as [M+NH4]+ is reported in literature to be frequently 
observed in ESI analysis [32]. Demetallation fragment (H3L+) gave a base peak at 242.05 for 1 and 318.06 for 
2. Other fragments correspond to the homolytic cleavage of OH and/or CH3 groups. Based on these results, 
the structures of the complexes were suggested to be as shown in Scheme 1. Similarly, copper (II)- Schiff 
base complexes with 1:1 molar ratio, having Cu(L)(OAc).CH3.OH formula, was reported in literature [33]. 

 

https://www.yumpu.com/en/document/view/32202724/perfectprep-endofree-plasmid-maxi-kit-5-prime/7
https://www.yumpu.com/en/document/view/32202724/perfectprep-endofree-plasmid-maxi-kit-5-prime/7
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Fig. 1. LC-MS spectra of the copper (II) complexes. 
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Geometry optimization of the complexes 
Geometry optimization gives more information about atomic arrangement, without crystal data, and 

also provides the most stable structure. It is well-known that acetate group behaves as both terminal and 
bridging, and both monodentate and bidentate ligand [33-36]. We attempt to optimize the monomeric 
[Cu(HL)(η1-acetato)] and [Cu(HL)(η2-acetato)] complexes. Geometry optimization results clearly indicated 
that the acetate group coordinated in a monodentate mode to make hydrogen bonding with alcohol group. The 
ground state geometry optimized at DFT/B3LYP/6-311G+(d,p) level in gas phase of the complexes (1-3) are 
shown in Fig. 2. Except for substituent differences, the overall structures of the (1–3) are very similar. The 
geometry around the copper is a distorted square-planar geometry with tridentate ligand (ONO) and 
monodentate acetate ligand. In each structure, monoanionic ligand coordinates to copper atom through the 
alcoholic-O, the imine-N and the phenolic-O atoms forming six-membered and five-membered chelate rings. 
One O atom of the acetate ligand completes a distorted N2O2 square-plane around the metal center. Intra-
molecular hydrogen bond in the complexes (O-H….Oac) is formed between alcoholic-H and second oxygen 
atom of the acetateligand and stabilize the molecular conformation. The trans-N– Cu–O(acetato) and trans-O–
Cu–O bond angles deviate significantly from the true square planar 180° angles and are calculated to be 
163.4(±0.3)° and 168.5(±0.3)°, respectively in all complexes, and are similar to those found in related 
structures [23, 33]. Calculated Cu-O (acetate) bond lengths are 1.93(±0.01) Å, which is comparable with the 
values reported before [33,37]; whereas, the calculated distances between the copper atom and the other O-
atom of the acetate ligand are 2.43(±0.01) Å in all complexes, indicating that there is no covalent bond 
between them, and acetate group behaves as monodentate ligand. 

 
 

 
 
Fig. 2. The optimized molecular geometries of the copper (II) complexes, calculated by DFT/B3LYP/6-
311G+(d,p) method in gas phase. 
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IR spectra of the complexes 

Observed FTIR spectra of the complexes were illustrated in Figs 3-5, which are very similar to each 
other. Their harmonic vibrational frequencies were calculated with three different basis set, CAM-B3LYP/6-
31G(d,p), B3LYP/6-311G(d,p) and B3LYP/6-311+G(d,p) in gas phase. For comparison, calculate and 
experimental spectra were given for 2 in Fig.6. As seen in Fig 6, theoretical vibrational frequencies computed 
with B3LYP/6-311+G(d,p) showed good agreement with experimental results. Similarity between the spectral 
patterns theoretical and experimental IR spectra were confirmed the proposed structures. The calculated-
observed agreement is satisfactory. Little deviations can be attributed to two factors: crystal packing effects 
and the negligence of anharmonicity. The average error in frequencies calculated by B3LYP method is 
reported to be of the order of 40-50 cm-1 [38]. Because the DFT/B3LYP methods overcalculate normal mode 
frequencies due to a combination of basis set deficiencies and electron correlation effects. Therefore, 
calculated frequencies were corrected with scaling factors of 0.98-0.96 to obtain better agreement with 
experimental and calculated frequencies. The observed frequencies have been assigned with the calculated 
peak intensities and scaled peak frequencies. Experimental and calculated frequencies of selected vibrational 
modes for the complexes were given in Table 1.  

 
 

 
Fig. 3. IR spectrum of the 1. 
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Fig. 4. IR spectrum of the 2. 
 
 
 
 

 
Fig. 5. IR spectrum of the 3. 
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Table 1. Experimental and calculated (no scale) wavenumbers of selected vibrational modes of the complexes 
(1-3). 

1  2  3  
exp calc  exp calc  exp calc assignment 
3083w 3182  3080w 3184  3085w 3186 νaCH 
3054w 3145  3058w 3145  3055w 3148 νas(CH3) 
3024w 3094  3026w   3025w - νasCH2 
- -  2929w 3038  2029w 3038 νCH 
- -  2906w 3018  2906w 3016 νCH 
- 2376  - 2591  - 2598 νOH(alcoholic) 
1623vs 1654  1621vs 1655  1620vs 1656 υC=N 
1600s 1636  1602s 1636  1600s 1636 νC=C(ar) 
1531s 1598  1529s 1601  1531s 1604 νas COO+δOH 
1490m 1556  1491m 1557  1493m 1556 νC=C(ar)  
1461m 1478  1462m 1480  1465m 1482 δCH3(ac) 
1444s 1471  1440s 1467  1444vs 1469 δCH(ar)  
1386m 1435  1385m 1431  1387m 1433 νs COO 
1347 1390  1348m 1388  1349m 1392 νCO 
1319m 1374  1318s 1372  1317m 1371 δCH3 (umbrella) 
1215m 1254  1217m 1249  1213m 1248 δOH 
1190m 1214  1193s 1208  1191m 1210 δCH(ar)+δOH 
1146m 1174  1145m 1176  1146m 1175 δCH(ar) 
1125m 1150  1126m 1153  1128w 1155 δCH(ar) 
1403w 1110  1043s 1113  1043w 1114 νC-N+δCH(ar)     
1026 1046  1025s 1048  1027m 1047 γOH 

903w 926  904m 927  903m 928 δring 
853w 870  854m 868  851m 869 δring 
754 766  772s 796  752s 768 γCH (ar) 
698vs 718  696vs 708  696vs 710 γCH (ar) 
645m 678  643m 679  646m 680 γCOO 
580w 619   577m 592  584w 620 γCOO + γring  

 
 

Aromatic C-H stretching vibrations were calculated in the range 3200 - 3000 cm-1 and assigned in the 
range 3100-3000 cm-1. The characteristic imine (–HC=N–) stretching vibration was computed around 1655 
cm-1 and observed as a strong band around at 1623-1620 cm-1 in the complexes. Besides, a medium band near 
1460 cm-l was also assigned to the CH3 asymmetric deformation vibrations of the acetate group [39]. In all 
three complexes, phenolic C-O vibrations shifted to higher wavenumber due to coordination were observed as 
a medium to high-intensity band around 1348 cm-1.  

The theoretical asymmetric stretching νas(COO-)  and symmetric stretching νs(COO) frequencies of 
the acetate ligands in the complexes were computed around 1600 and 1530 cm-1 respectively; in their 
experimental IR spectra, these vibrations were observed as strong intensity bands around 1530 and 1385 cm-1, 
respectively. The difference between asymmetric and symmetric stretching vibrations (∆) were found to be 
145 cm-1.  It is claimed that ∆ values gives information about bonding mode of the carboxylate group. 
Generally, the monodentate acetate ligands have  ∆ > 200 cm-1. However, some complexes possesing crystal 
structures, with unidentate acetate ligands such as Zn(ac)2(SC(NH2)2)2 (∆:152 cm-1), Ni(ac)2(H2O)4 (∆:125 
cm-1) and Ni(ac2(H2O)2(py)2 (138 cm-1) were reported ∆ values less than 200 cm-1 [39x]. In this case, the 
acetate oxygen not coordinated to the metal is hydrogen bonded to other ligands  (thiourea or water), giving 
rise to a “pseudo-bridging” arrangement [40, 41]. On the other hand, [Cu(ac)NH((CH2)3NH2)2]ClO4 (∆: 150 
cm-1), [Cu(ac)2(H2O)]2 (∆: 175 or 200 cm-1) with bridging acetate ligand , and  Cu(ac)(PPh3)2 (∆: 131 or 160 
cm-1) with chelating ligand have been reported in literature [40]. Thus, ∆ values more than 200 cm-1 are 
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indicative of monodentate acetato groups; however, structures have not been proposed precisely on the basis 
of  ∆ values lower than 200 cm-1. 

A broad band at about 3300 cm-1 was assigned to the intra-molecular hydrogen-bonded OH group 
[39]. This band is generally displaced to 2840-2960 cm-1 due to internal hydrogen bridge OH…NC [42]. As 
the hydrogen bond becomes stronger, the bandwidth increases, and this band sometimes cannot be detected 
[43]. The relatively planar ligands favors intramolecular hydrogen bond formation. For our complexes, the 
disappearance of this band is expected due to strong intramolecular hydrogen bond between OH group of 
ligand and free oxygen atom of the acetate group (Fig 2). This expectation is supported by DFTcalculation, 
and OH stretching vibration were computed in the region 2376-2598 cm-1. C–H..O or C-H...N intermolecular 
interactions may also contribute this disappearances. On the other hand,  in-plane and out-of plane bending 
vibrations of OH groups were assigned as medium bands in the region 1217-1213 cm-1 and strong bands near 
1025 cm-1, respectively.  

 
 
Fig. 6. Calculated and experimental IR spectra of the 2. 
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DNA Binding Studies  
The potential binding ability of the copper (II) complexes (1-3) to CT-DNA was studied using UV 

absorption spectrometry. The absorption spectra of the titration of the copper(II) complexes (100 µM) with 
CT-DNA from 0 to 250 µM are shown in Fig. 7. Absorption band in the range 350-450 nm in the buffer 
solution correspond to π → π* transition of the aromatic rings of the copper(II) complexes. As seen in Fig.7, 
the band height at 360 nm gradually decreases for 1 and 2, but increases for 3. On titration with CT-DNA, 
complex 1 exhibits slight hypochromic (6.34 %) and narrow bathochromic (+9 nm) effects; whereas, complex 
2 displays significant hypochromic (14.42 %) and large bathochromic (+12 nm) effects; moreover, complex 3 
shows slight hyperchromic (18.25 %) and narrow hypochromic (-18 nm) effects. 

 
 
Fig. 7. Electronic absorption spectra of the complexes (1-3) (1x10-4M) in the absence and presence of 
increasing amount of DT-DNA (0–2.5x10-4M) in 5mM Tris buffer at pH 7.1. Arrows show the changes in 
absorbance with respect to increase in the DNA concentration. Inset: Plot between [DNA] and [DNA]/εa-εf   
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Hypochromism is caused by parallel stacking of base pairs in a double helix and refer to the presence 

of intercalation or at last partial intercalation for (2) and (1). Intercalation result from the contraction of DNA 
in the helix axis due to a strong stacking interaction between an aromatic chromophore and the base pairs of 
DNA, consequently the energy level of the π-π∗ electron transition decreases, which causes a redshift in UV 
absorption spectra. The extent of the hypochromic is usually proportional to the strength of the interaction. 
Whereas, hyperchromism is an indication of the reduction in the amount of parallel stacking in double helix 
resulting from 1,2-intrastrand crosslinking. The extent of the hyperchromism is indicative of the partial or 
non-intercalative binding modes [43, 45]. On the other hand, cis-platin and analogs were reported to have 
hyperchromic and bathochromic shifts [46]. 

In order to compare the DNA-binding strengths of these complexes, the intrinsic binding constant Kb 
was determined from the changes in absorbance. The values of Kb were 4.15×104 (1), 1.80×105 (2) and 
2.39×106 (3), respectively.  Compound (2) contain one more phenyl group than (1), resulting in greater Kb 
value and higher hypochromic effect. It was expected result that the more aromatic group increases the non-
covalent complex/DNA interaction (intercalation). However, (3) has one more benzyl group than (2), 
resulting in greater Kb value but hyperchromic effect. This indicates non-intercalative interaction. It may be 
assumed that increase in molecular volume prevents the intercalation. In literature, chiral alkanol amine Schiff 
base copper(II) complexes having [Cu8]8+ and [Cu4]8+ units are reported to exhibit hyperchromism [39]. 
 
DNA cleavage activity 

The DNA cleavage activity of the complexes for supercoiled pentry/d-topo plasmid DNA was 
investigated by gel electrophoresis. When supercoiled DNA is subject to electrophoresis, relative migration 
will be observed for the intact supercoiled form (Form I). If cutting occurs on one strand (nicking), the 
supercoiled form will relax and generate a slower-moving singly nicked form (Form II). If both strands are 
cleaved, a double nicked linear form (Form III) that migrates between Form I and Form II will be generated. 
Plasmid DNA electropherogram traces of the complexes (1-3) with increasing concentration (5-200 µM) were 
given in Fig 8. 

As shown in Fig. 6-8, with the increase of the concentrations of the complex 1, the supercoiled DNA 
decreases and nicked form gradually increases up to 150 µM (line 7). However, DNA cleavage activity of the 
complex 2 is not concentration dependent; maximum conversion of SC DNA into NC DNA was observed at 
10 µM (line 3) for complex 2. When the concentration is added to 150 µM, the linear form (Form III) begins 
to appear for complex 3. The results indicate the following increasing order of cleavage activity: 3 > 2 > 1. 
This order correlates with binding strength of the complexes to CT-DNA. 
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Fig. 8. Plasmid DNA cleavage (300 ng) in a Tris buffer containing (5 mM Tris/ 50 mM NaCl, pH 7.5) at 37oC 
with an incubation time for 12 h. Lane1: Control DNA, Lane 2: 5 µM, Lane 3: 10 µM, Lane 4: 25 µM, Lane 
5: 50 µM, Lane 6:100 µM, Lane 7: 150 µM, Lane 8:200 µM  complexes(1, 2 and 3) treated  plasmid DNA (b) 
Comparison profiles of the lanes. 
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Conclusions  
 

Three new chiral copper(II) complexes containing chiral Schiff bases derived from chiral 
ethanolamines, (S)-(+)-phenyl glycinol (1), (1S, 2R)-2-amino-1, 2-diphenylethanol (2) and 1,1,3-triphenyl-
(R)-(+)-2-amino propanol (3) have been synthesized and characterized with analytic and spectrophotometric 
method. DFT calculation proposed that complexes (1-3) have a distorted square-planar geometry with one 
Schiff base (ONO) and one acetato ligand. In each structure, Schiff bases behave as monoanionic tridentate 
ligands with the alcoholic-O, the imine-N and the phenolic-O atoms forming six-membered and five-
membered chelate rings: however, acetate behaves as monodentate ligand with one O atom. Its other oxygen 
atom makes intra-molecular hydrogen bond with alcoholic-H atom of the Schiff base and stabilizes the 
molecular conformation.  

The complex 1 and 2 interact with CT-DNA most likely through the intercalative mode. On 
increasing the concentration of CT-DNA, hypochromism of 6.34 % and redshift of 9 nm for 1, and 
hypochromism of 14.42 % and redshift of 12 nm for 2 are observed. Hypochromism with redshift is pointed 
out interaction of DNA via ligand intercalation [47]. This kind of findings were observed in another cupper-
scorpian like ligands [48] However, complex 3 shows hyperchromic effect (18.25 %). The binding constants 
Kb of the complexes were observed in the following order 3 > 2 > 1.In other words, the more aromatic rings 
increase, the higher the binding constants of the complexes. As Magnitudes of binding constants of metal 
ligand complexes are taken into consideration complex 2 and complex 3 might bind to grooves of DNA 
double helix since the Kb of known major groove binder methyl green is order of  
106 M-1 [49]. All the complexes were found to exhibit nuclease activity. Super coiled pentry/d-topo plasmid 
DNA cleavage activity studies show that complex 3 has best nuclease activity. DNA cleavage activity of the 
complexes is concentration dependent except complex 2  
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