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ABSTRACT 

Four new Schiff-base hydrazone ligands were synthesized by the condensation of 2- and 4-aminobenzoylhydrazone with 3-(4-acetylphenoxy)-N,N,N-

trimethylpropane-1-ammonium and 5-(4-acetylphenoxy)-N,N,N-trimethylpentane-1-ammonium salts. The structures of the ligands were confirmed by means of 

NMR, FTIR, and elemental analysis. The mononuclear and binuclear copper complexes containing these ligands were also obtained. The hydrazine-Schiff base 

compounds behave either as bidentate (NO sites) monobasic or tridentate (NNO sites) dibasic as ligands depending on the position of the amino group. Elemental 

analyses, magnetic susceptibility, FTIR and mass spectroscopy were used to confirm the proposed structures of new copper complexes. DNA binding and cleavage 

activities of all compounds were investigated. UV-vis spectroscopy results suggest that all compounds preferably bind to DNA via intercalation mode. According to 

the results of electrophoresis studies, the compounds exhibit significant cleavage activity on the plasmid DNA both in the absence and presence of hydrogen peroxide, 

depending on the concentration of the compounds. 

Keywords: Hydrazone, quaternary ammonium salts, mono- and binuclear copper(II) complex, DNA binding and cleavage.

1. INTRODUCTION 

Schiff bases are well known and potential chelating agents in coordination 

chemistry and also have significant applications in medicine with their anti-

bacterial, anti-inflammatory and anti-microbial activities.1-7 These ligands are 

often used to build multinuclear metal complexes according as they can be easily 

synthesized, have a reasonable structure and allow for easy synthesis of wide 

variety of complex compounds having chemical, biological and industrial 

importance.8-12 In last decade, metal complexes have attracted quite attention in 

medicinal chemistry and biochemistry as encouraging compounds to design new 

drugs.13-15 These studies also showed that complexation between ligands and 

metal ions increases their bio potential compared to their simple forms. It is well 

known that metal ions can change magnitude and direction of the medicinal 

activity of a simple ligand as a result of changes in their redox potential, charge 

density distribution, shape and size. With this reason, researches in recent years 

have been focused on the design and synthesis of the potent metal based drugs 

with more effective therapeutic properties. Hydrazones and aroyl-hydrazones 

have various biological activities such as analgesic, antimicrobial, 

antidepressant, anticonvulsant, antiplatelet, antiviral and antitumor.16-19 

Additionally, metal complexes of hydrazones have been investigated for years 

due to their antitumor and antimicrobial activities.20–24 

The compounds having quaternary ammonium salts moiety are widely used as 

bioactive agents.  Quaternary ammonium salts have a significant role in the living 

organisms and are commonly used for the control of bacterial growth in clinical 

and industrial environments.25-27 Quaternary ammonium salts are also used as 

fungicides, bactericides, antiseptics and therapeutic agents due to their excellent 

antimicrobial activity. The alkyl chains they have ease their transition through 

bio-membranes and their longer size increases the lipophilicity as drug. In the 

view of potential value of biological activities of quaternary alkyl ammonium 

salts and hydrazones we have decided to design novel Schiff base ligands using 

quaternary alkyl ammonium salts and hydrazones to get their cooperative effects 

for having better biological activities of newly synthesized Schiff base ligands 

and also their copper(II) complexes.  

Therefore, here we report the synthesis and characterization of novel 

aroylhydrazone ligands containing quaternary alkyl ammonium salts and their 

Cu(II) complexes as well as the studies the in vitro DNA binding and DNA 

cleavage activities. 

2. MATERIAL AND METHODS 

2.1 Materials and Instrumentation 

All reagents used in this work were supplied from Merck and Sigma-Aldrich 

and used without further purification. pBR322 DNA was purchased from 

Fermentas. Microanalysis (C, H, N) were performed using LECO 932 CHNS 

analyzer and copper content was measured by AAS using the DV 2000 Perkin 

Elber ICP-AAS. Mass spectra were recorded on a Waters Xrvo TQ-S UPLC-

MS/MS spectrometer. Sherwood Scientific MK1 Model Gouy Magnetic 

Susceptibility Balance were used to measure magnetic susceptibility of 

complexes. NMR spectra were recorded on a Bruker 400 MHz spectrometer in 

DMSO_d6 using TMS as internal standard. IR spectra were recorded on pure 

solid samples with a Thermo-Scientific, Nicolet iS10-ATR. The electronic 

spectra of the ligands and complexes were recorded on a PG Instruments T80+ 

UV/Vis Spectrophotometer.   

2.2 Preparation of 3- (4-acetylphenoxy) -N, N, N-trimethylpropane-1-

ammonium perchlorate (I) and 5- (4-acetylphenoxy) -N, N, N-

trimethylpentane-1-ammonium perchlorate (II) 

1.52 g (0.011 mol) of K2CO3 and catalytic amount of KI were added to a 

solution of 1.36 g (0.01 mol) of 4-hydroxyacetophenone in 20 mL of acetone, 

followed by stirring for 15 minutes. (3-bromopropyl) trimethylammonium 

bromide (0.01 mol, 2.87 g) or (5-bromopentyl) trimethylammonium bromide 

(1.36 g, 0.01 mol) was added as a solid and the resulting mixture was stirred 

under reflux for 24 hours. After evaporating the solvent with evaporator, the 

remaining solid was dissolved with minimum amount of cold water and an equal 

amount of NaClO4 was added and kept at refrigerator for one night. The white 

solid precipitate was filtered off. The product was purified by crystallization 

using methanol. The purity of the compound was checked with thin layer 

chromatography. 

For (I): Yield 81%. Mp: 150-152 °C. UV-VIS (DMF, nm) 205.5, 216.0, 272.0 

sh, 299.  FTIR (ATR, cm−1): 2956 (C-H)aliph, 1674 (C=O), 1246 (C-O). 1H NMR 

(DMSO_d6, ppm): δ 2.19 (p, 2H, CH2), 2.31 (s, 3H, CH3), 3.18 (s, 9H, N+-CH3), 

3.45 (t, 2H, N-CH2), 4.09 (t, 2H, O-CH2), 7.75 (2H, d, ArH), 7.98, (2H, d, ArH). 
13C NMR (DMSO_d6, ppm): 186.7 (C=O), 172.3 (C=O), 162.7 (C-O), 149.1, 

147.6 and 142.9 (C=N), 137.1, 131.8, 128.4, 119.4 and 114.4 (Ar-C), 64.5 (O-

CH2), 10.4 (CH3). Analysis (%): (% calculated/found) for C14H22ClNO6; C, 

50.08/50.01; H, 6.60/6.53; N, 4.77/4.15. 

For (II): Yield 79%. Mp: 129-131 °C. UV-VIS (DMF, nm) 205.5, 271.0, 291 

sh, 304.0.  FTIR (ATR, cm−1): 2956 (C-H)aliph, 1669 (C=O), 1261 (C-O). 1H 

NMR (DMSO_d6, ppm) δ 1.14 (2H, p, CH2), 1.77 (4H, m, CH2), 2.45 (3H, s, 

CH3), 3.15 (9H, s, N-CH3), 3.28 (2H, t, N-CH2), 4.06 (2H, t, O-CH2), 7.01 (2H, 

d, ArH) 7.90 (2H, d, ArH). 13C NMR (DMSO_d6, ppm) 197.0 (C=O), 163.1 (C-

O), 131.2, 130.5, and 114.9 (Ar-C), 68.1 (O-CH2), 65.8 (N-CH2), 52.8 (N-CH3), 

28.6 (CH3), 27.1, 23.0, 22.5 (CH2). LC-MS 364.15 (M+). Analysis (%): (% 

calculated/found) for C16H26ClNO6; C, 52.82/52.75; H, 7.20/7.23; N, 3.85/3.87.  

2.3 Synthesis of the hydrazone Schiff base ligands 

3-(4-Acetylphenoxy)-N,N,N-trimethylpropane-1-ammonium perchlorate (I) 

or 5-(4-acetylphenoxy)-N,N,N-trimethylpentane-1-ammonium (II) (1 mmol) 
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was added as a solid to a solution of  2- or 4-aminoybenzohydrazide (1 mmol) 

dissolved in 10 mL of ethanol with a catalytic amount of glacial acetic acid. The 

reaction mixture was refluxed for further 24 h. The precipitated compound was 

collected by filtration, washed with diethyl ether and then dried in vacuum. The 

product recrystallized by water-ethanol (2/1).  

For (E)-3-(4-(1-(2-(4-Aminobenzoyl)hydrazineylidene)ethyl)phenoxy)-N,N, 

N- trimethylpentane-1-ammonium perchlorate (HL1): Yield 80 %. Mp 219 °C. 

UV-VIS (DMF, nm): 269.0 sh, 315.0. IR (ATR, cm−1): 3437 and 3345 (NH2), 

3228 (NH), 2950 and 2868 (C-Haliph), 1659 (C=O)amide, 1600 (C=N), 1316 (C-N), 

1263 (C-O), 1111 (ClO4
-). 1H NMR (DMSO_d6, ppm): δ 2.22 (p, 2H, CH2), 2.33 

(s, 3H, CH3), 3.12 (s, 9H, N+-CH3), 3.50 (t, 2H, N-CH2), 4.12 (t, 2H, O-CH2), 

6.86 (d, 2H, ArH), 7.02 (d, 2H, ArH), 7.79 (d, 4H, ArH), 10.09 (s, 1H, OH), 

10.48 (s, 1H, NH). 13C NMR (DMSO_d6, ppm) 159.9 (C=O), 160.7 (C=N), 160.8 

and 159.6 (ArC-O), 130.3, 129.2, 128.3, 124.9, 115., 114.4 (Ar-C), 67.2 (CH2-

O), 63.4 (N-CH2), 52.7 (N+-CH3), 23.0 (CH3), 14.4 (CH2). Analysis: (% 

calculated/found) for C23H33ClN4O6; C: 55.59/54.89, H: 6.69/6.52, N: 

11.27/11.61. 

For (E)-3-(4-(1-(2-(4-Aminobenzoyl)hydrazineylidene)ethyl)phenoxy)-N,N, 

N-trimethylpropan-1-ammonium perchlorate (HL2): Yield 82 %. Mp 272 °C. 

UV-VIS (DMF, nm): 271.0 sh, 338.0. FTIR (ATR, cm−1): 3454 and 3351 (NH2), 

3232 (NH), 2962 and 2873 (C-Haliph), 1649 (C=O)amide, 1602 (C=N), 1315 (C-N), 

1262 (C-O), 1093 (ClO4
-). 1H NMR (DMSO_d6, ppm): δ 1.48 (p, 2H, CH2), 1.78 

(m, 4H, CH2), 2.32 (s, 3H, CH3), 3.06 (s, 9H, N+-CH3), 3.33 (t, 2H, N-CH2), 4.06 

(t, 2H, O-CH2), 6.86 (d, 2H, ArH), 6.99 (d, 2H, ArH), 7.78 (d, 4H, ArH), 10.08 

(s, 1H, OH), 10.45 (s, 1H, NH). 13C NMR (DMSO_d6, ppm): 166.4 (C=O), 160. 

(C=N), 160.4 and 160.8 (ArC-O), 131.0, 129.2, 125.0, 124.4, 115.2, 114.6 (Ar-

C), 67.6 (CH2-O), 65.6 (N-CH2), 52.6 (N+-CH3), 28.5 (CH3), 22.8, 22.3 and 14.6 

(CH2). Analysis (% calculated/found) for C21H29ClN4O6 C: 53.79/53.45, H: 

6.23/6.07, N: 11.95/11.60. 

For (E)-3-(4-(1-(2-(2-Aminobenzoyl)hydrazineylidene)ethyl)phenoxy)-N,N, 

N-trimethylpentane-1-ammonium perchlorate (HL3): Yield 74 %. Mp 181 °C. 

UV-VIS (DMF, nm): 274.0 sh, 337.0. FTIR (ATR, cm−1): 3442 and 3354 (NH2), 

3230 (NH), 2948 and 2871 (C-Haliph), 1664 (C=O)amide, 1606 (C=N), 1320 (C-N), 

1249 (C-O), 1092 (ClO4
-). 1H NMR (DMSO_d6, ppm): δ 1.48 (p, 2H, CH2), 1.78 

(m, 4H, CH2), 2.32 (s, 3H, CH3), 3.06 (s, 9H, N+-CH3), 3.33 (t, 2H, N-CH2), 4.06 

(t, 2H, O-CH2), 6.86 (d, 2H, ArH), 6.99 (d, 2H, ArH), 7.78 (d, 4H, ArH), 10.08 

(s, 1H, OH), 10.45 (s, 1H, NH). 13C NMR (DMSO_d6, ppm): 166.4 (C=O), 160. 

(C=N), 160.4 and 160.8 (ArC-O), 131.0, 129.2, 125.0, 124.4, 115.2, 114.6 (Ar-

C), 67.6 (CH2-O), 65.6 (N-CH2), 52.6 (N+-CH3), 28.5 (CH3), 22.8, 22.3 and 14.6 

(CH2). Analysis (% calculated/found) for C23H33ClN4O6; C: 55.59/55.27, H: 

6.69/6.78, N: 11.27/10.99. 

For (E)-3-(4-(1-(2-(2-Aminobenzoyl)hydrazineylidene)ethyl)phenoxy)-N,N, 

N-trimethylpropan-1-ammonium perchlorate (HL4): Yield 82 %. Mp 272 °C. 

UV-VIS (DMF, nm): 270.0, 297.0., 341.0 FTIR (ATR, cm−1): 3349 br (NH2), 

3227 (NH), 2955 and 2858 (C-Haliph), 1669 (C=O)amide, 1605 (C=N), 1320 (C-N), 

1246 (C-O), 1090 (ClO4
-).1H NMR (DMSO_d6, ppm): δ 1.48 (p, 2H, CH2), 1.78 

(m, 4H, CH2), 2.32 (s, 3H, CH3), 3.06 (s, 9H, N+-CH3), 3.33 (t, 2H, N-CH2), 4.06 

(t, 2H, O-CH2), 6.86 (d, 2H, ArH), 6.99 (d, 2H, ArH), 7.78 (d, 4H, ArH), 10.08 

(s, 1H, OH), 10.45 (s, 1H, NH). 13C NMR (DMSO_d6, ppm): 166.4 (C=O), 160. 

(C=N), 160.4 and 160.8 (ArC-O), 131.0, 129.2, 125.0, 124.4, 115.2, 114.6 (Ar-

C), 67.6 (CH2-O), 65.6 (N-CH2), 52.6 (N+-CH3), 28.5 (CH3), 22.8, 22.3 and 14.6 

(CH2). Analysis (% calculated/found) for C21H29ClN4O6 C: 53.79/53.45, H: 

6.23/6.07, N: 11.95/11.60.  

2.4 Synthesis of Cu(II) complexes 

Equimolar amounts copper(II) perchlorate hexahydrate (0.370 g, 1 mmol) was 

added as a solid to a solution of HL1 or HL2 (2 mmol) and HL3 or HL4 (1 mmol) 

dissolved in MeOH-water (10 mL). After addition trimethylamine (2 mmol),the 

reaction mixture and refluxed for 24 h. The complex was precipitated, filtered 

off and washed with cold water. Finally recrystallized by acetonitrile-ethanol 

(1/1). 

For [Cu(HL1)2]: Dark brown complex; Yield: 72 %; m.p.: 278 ºC. µeff = 1.69 

B.M.; UV-VIS (DMF, nm): 270.0 sh, 310.0, 376.0 sh, 387.0, 398.0 sh.                 

FT-IR (ATR, cm−1): 3468 and 3377 (NH2), 3040 (ArH), 2928 and                        

2821 (C-Haliph), 1607 (C=N−N=C), 1370 (C-N), 1248 (C−O), 1092 (ClO4). 

Analysis (% calculated/found) for C46H64Cl2CuN8O12 C: 52.35/52.64, H: 

6.11/5.98, N: 10.62/10.31, Cu: 6.02/5.87.  

For [Cu(L2)2]: Dark brown complex; Yield: 71 %; m.p.: 277 ºC. µeff = 1.72 

B.M.; UV-VIS (DMF, nm) 274.0 sh, 317.0, 367.0 sh, 386.0 and 407.0 sh. FT-IR 

(ATR, cm−1) 3466 and 3377 (NH2), 3043 (ArH), 2932 and 2835 (C-Haliph), 1604 

(C=N−N=C), 1372 (C-N), 1238 (C−O), 1091 (ClO4). MS (ES+), (m/z): 999.18 

[M]+. Analysis (% calculated/found) for C42H56Cl2CuN8O12 C: 50.48/50.72, H: 

5.65/5.84, N: 11.21/11.03, Cu: 6.36/6.18. 

For [Cu2(L3)2]: Dark brown complex; Yield: 72 %; m.p.: 278 ºC. µeff = 1.39 

B.M.; UV-VIS (DMF, nm): 284.0, 320.0 sh, 386.0, 413.0 sh. FT-IR (ATR, cm−1): 

3443 b (NH2), 3042 (ArH), 2947 and 2838 (C-Haliph), 1605 (C=N−N=C), 1367 

(C-N), 1250 (C−O), 1095 (ClO4). MS (ES+), (m/z): 1119.80 [M+2]+. Analysis 

(% calculated/found) for C46H62Cl2Cu2N8O12 C: 49.46/49.26, H: 5.59/5.73, N: 

10.03/10.22, Cu: 11.38/11.08.  

For [Cu2(L4)2]: Dark brown complex; Yield: 71 %; m.p.: 277 ºC. µeff = 1.36 

B.M.; UV-VIS (DMF, nm) 273.0, 314.0, 345.0, and 409.0 sh. FT-IR (ATR, 

cm−1): 3407 b (NH2), 3045 (ArH), 2951 and 2847 (C-Haliph), 1609 m 

(C=N−N=C), 1367 m (C-N), 1245 (C−O), 1088 (ClO4). Analysis (% 

calculated/found) for C42H54Cl2Cu2N8O12 C: 47.55/47.86, H: 5.13/4.99, N: 

10.56/10.12, Cu: 11.98/12.13. 

2.5 DNA Binding 

2.5.1 Electronic absorption titrations 

All the binding experiments of these complexes with CT-DNA were conducted 

in water buffer containing 5 mM tris [tris(hydroxymethyl)aminomethane] and 50 

mM NaCl, and adjusted to pH 7.3 with HCl. The determination of UV-Vis 

absorption spectra was carried out by adding the increasing amounts of DNA 

(from 0 to 100 µM) to each of these compounds with a fixed concentration (50 

µM) dissolved in a solvent mixture of 1% DMF and 99% tris–HCl buffer. The 

spectra were measured in the wavelength range of 200−500 nm.28 

2.6 DNA Cleavage 

The cleavage of supercoiled pBR322 DNA was determined by agarose gel 

electrophoresis.29 The gel electrophoresis experiments were performed by 

incubation of the samples containing 7 µl pBR322 plasmid DNA (50 ng/µl) and 

different concentrations of compounds (50, 100, 150, 200 and 250 µM) dissolved 

in DMF in 100 mM Tris-HCl buffer (pH 8.0) at 37 ºC for 2 h in the presence and 

absence of H2O2 (5 µl, 5 mM). After incubation, the samples were loaded with 4 

µl loading dye (0.25% bromophenol blue, 0.25% xylene cyanol, 30% glycerol, 

10 mmol EDTA) on a 1% agarose gel containing 1 µg/ml of EtBr. The gels were 

run at 100 V for 3 h in TBE buffer and photographed under UV light. 

3. RESULTS AND DISCUSSION 

 3.1 Synthesis 

For the synthesis of (4-acetylphenoxy) -N, N, N-trimethylpropane-1-

ammonium perchlorate (I) and (4-acetylphenoxy) -N, N, N-trimethylpentane-1-

ammonium perchlorate (II) (Scheme 1) equimolar amounts of 4-

hydroxybenzyohdrazide and a slight excess of anhydrous K2CO3 were suspended 

in dry CH3COCH3 and gently refluxed. The hydrazone Schiff base ligands were 

synthesized using reactions of compounds I and II with 4-aminobenzoic 

hydrazide (HL1, HL2) and 2-aminobenzoic hydrazide (HL3, HL4) in ethanol. The 

reactions resulted in good yields to produce the corresponding aroylhydrazones 

and proceeded smoothly (Figure 1). They are not soluble in water but soluble in 

common organic solvents. The structures of the newly synthesized ligands were 

elucidated with 1H- and 13C NMR, elemental analyses, electronic absorption and 

FTIR. The metal complexes, [Cu(L1)2], [Cu(L2)2], [Cu2(L
3)2]2ClO4 and 

[Cu2(L
4)2]2ClO4 were synthesized by reacting equimolar amounts of 

Cu(ClO4)2·6H2O and the corresponding ligand in MeOH followed by the 

addition of trimethylamine.  

The copper(II) complexes of Schiff base ligands were characterized using 

FTIR, mass, UV/Vis spectroscopy, magnetic susceptibility measurement and 

elemental microanalyses. The analytical data and the proposed molecular 

formulas for the hydrazone-Schiff base compounds their copper(II) complexes 

were in good agreement. 
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Scheme 1: Schematic diagram showing the synthesis of (4-acetylphenoxy) -

N, N, N-trimethylalkyl-1-ammonium perchlorate compounds. 

3.2 1H- and 13C-NMR spectroscopy 

The 1H NMR and 13C NMR spectra of the compounds recorded at room 

temperature in DMSO_d6. In the 1H NMR spectrum, the chemical shifts appeared 

as singlet in the region of 3.06-3.12 ppm and 2.31-2.33 ppm are attributed 

N+(CH3)3 and CH3-C=N protons, respectively. The triplet peaks in the region of 

4.06-4.12 and 3.34-3.52 ppm are due to –CH2OPh and –CH2N protons. The NH2 

protons of HL1 (Figure S1) and HL2 resonance as a singlet at 5.74 and 5.75 ppm 

while those of HL3 (Figure S2) and HL4 appear at 6.22 and 6.21 ppm as a singlet. 

The chemical shift for –NH proton appear as a singlet in the region of 10.21-

10.47 ppm, also indicating the formations of the hydrazone Schiff base ligands. 

The aromatic protons of HL1 and HL2 ligands give four doublet-doublet peaks at 

~ 6.60, ~ 7.00, ~ 7.65 and ~ 7.80 ppm as expected for the 1,4-disubstituted 

aromatic compounds whereas the aromatic protons of HL3 and HL4 ligands, orto-

disubstituted, give both doublet-doublet and multiplet signals. The other 1H 

NMR peaks of the ligands consistent with previously reported similar 

compounds.30-33 

 

Figure 1. Proposed structure of the hydrazone Schiff base ligands. 

According to the 13C NMR spectrum of the ligands, the signals in the region 

of 132.4-112.9 ppm are ascribed to the carbon atoms of aromatic ring (Figures 

S3 and S4). The signals in the region of 65.3-67-6, 63.5-65.7 and 52.7 ppm are 

assignable to –O-CH2, -N+-CH2 and –N+-(CH3)3 carbons, respectively. The 

chemical shifts corresponding to the aliphatic carbon atoms are observed in the 

region of 14.5-28.6 ppm. The chemical shift at ~ 160.0 is attributed to carbonyl 

carbon (C=O) of the ligands, respectively. The peaks observed in region of 

149.8-159.9 are due to aromatic C-O, azomethine carbon (C=N) and aromatic  

C-N resonances, in addition. 1H and 13C NMR spectrum of the Cu(II) complexes 

could not be obtained due to their paramagnetic nature. 

3.3 Infrared spectra 

The IR spectra of the compounds in the region of 400-4000 cm-1 were 

analyzed. The IR spectra of the ligands gives absorption two bands in the region 

of 3351-3454 cm-1 and ~ 3230 cm-1 due to asymmetric and symmetric stretching 

vibrations of NH2 group while one band at ~ 3230 cm-1 is observed for the 

stretching vibration of NH group (Figures S5 and S6). The IR also show the 

presence of strong stretching vibrations of v(C=N) (1600-1606 cm-1) and the 

ionic perchlorate (1089-1111 cm-1).  In comparison with the free hydrazone 

ligands, the strong bands due to stretching vibration of the carbonyl group 

observed between 1648-1670 cm-1 disappeared and a new band was observed at 

between 1605-1609 cm-1 in the IR spectrum of the Cu(II) complexes probably 

due to >C N N C< stretching vibration indicating that the 

coordination of azomethine nitrogen v(C=N) and the enolic oxygen after 

deprotonation to copper center.30,34-37 In the IR spectra of [Cu(L1)2] (Figure S7) 

and [Cu(L2)2] two bands for asymmetric and symmetric stretching vibrations of 

NH2 groups were observed at ~3468 cm-1 and 3377 cm-1 indicating non-

involvement of these groups in the complex formation whereas in the case of 

[Cu2(L
3)2] (Figure S8) and [Cu2(L

4)2] only a single weak band appeared at 3443 

and 3407 cm-1 since it seems that they have only one N-H bond probably due to 

the deprotonation of one hydrogen of NH2 and then  coordinating this group to 

copper center. Therefore, from the IR spectra it is concluded that the HL1 and 

HL2 compounds act as mono anionic bidentate ligands coordinating through the 

azomethine nitrogen and the enolic oxygen to form mononuclear complexes 

(Figure 2) whereas HL3 and HL4 compounds act as dianionic tridentate ligands 

coordinating through the azomethine and amido nitrogen atoms and the enolic 

oxygen to form binuclear complexes (Figure 3). The other peaks observed in the 

IR spectra of the compounds are given in experimental section.  

 

Figure 2. Suggested structures of the mononuclear copper(II) complexes. 

3.4 Electronic absorption spectra 

The electronic spectra of all compounds were recorded in DMF at room 

temperature, and the spectral data are given in the experimental section. The 

intense bands at the region of 269-274 nm and 304-341 nm are due to π→π* and 

n→π* transitions of the hydrazone ligands, respectively. The spectra of all 

complexes show absorption bands at 398-413 nm due to intra-ligand charge 

transfer transitions. An intense band at ~386 nm is assigned to the ligand-metal 

charge transfer transition. The other bands observed in the UV-Visible spectra of 

the complexes are assigned to π→π* and n→π* transitions.  The measured 

magnetic moment values for [Cu(L1)2] and [Cu(L2)2] are 1.69 and 1.72 BM, 

respectively, as expected for mononuclear complexes as the observed magnetic 

moments for these complexes correspond to the spin value for one unpaired 

electron [30,32,37,38]. On the other hand, the room temperature magnetic 

moments of the binuclear copper(II) complexes, [Cu2(L
3)2] and [Cu2(L

4)2], are 

1.39 and 1.36 BM, respectively, much lower than expected for spin-only value 

which may be explained by the strong antiferromagnetic interaction between the 

two Cu(II) centers.35,39,40  

 

Figure 3. Suggested structures of the binuclear copper(II) complexes. 

Mass spectra 

The mass spectrum [Cu(L2)2] and [Cu2(L
3)2] complexes show the expected 

molecular ion peaks at m/z= 999.18 (9%) for [Cu(L2)2] and 1119.80 (19%) 

(M+2) for [Cu2(L
3)2] that confirm the proposed structures of the complexes 

(Figures S9 and S10). 

3.5 DNA binding studies 

In most cases, DNA binding is the critical step in DNA cleavage [40,41]. 

Therefore, the probable binding ability of the hydrazone ligands and their Cu(II) 

complexes towards CT-DNA were studied in Tris-HCl buffer by UV-vis 

spectroscopy in the range of 250-500 nm. The typical absorption titration curves 

of the compounds at constant concentration (20 µM) in the presence of different 

concentrations of CT-DNA are given in Figures 4 and 5. Upon addition of DNA, 

the absorption bands between 269-274 nm in the spectra of the ligands exhibited 

hyperchromism with a minor red shift. Furthermore, the bands at 315 nm, 338 

nm, 304 nm and 297 for HL1, HL2, HL3 and HL4, respectively, showed 

bathochromic shift with hypochromism. A distinct isosbestic point was observed 

at 291 nm for HL1, 395 nm for HL2, 291 nm for HL3 and at 300 nm for HL4 

indicates the existence of a single mode of binding (Figure 4). Similarly, with 

increase in concentration of CT-DNA, the bands between 270-284 nm exhibited 
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hyperchromism while the bands between 304-320 nm showed hypochromism 

with a red shift in the absorption spectrum of the Cu(II) complexes, which 

indicates that all compounds bind with DNA. The isobestic points were formed 

at 295, 298, 303 and 306 nm for [Cu(L1)2], [Cu(L2)2], [Cu2(L
3)2] and [Cu2(L

4)2] 

complexes, respectively (Figure 5).  

These absorption titration results suggest that the DNA binding mode of all 

compounds is similar and they might bind to DNA by intercalation. The 

hypochromic shifts in the absorption titration spectra could be attributed to a 

slight stacking interaction between DNA base pairs and the aromatic 

chromophores of the complexes consistent with the intercalative binding mode, 

while the batochromic shift is evidence of the stabilization of the CT‐DNA 

duplex. The binding constant (Kb) values were found to be 2.5 x 104 M-1, 4.5 x 

104 M-1, 12.9 x 104 M-1, 0.167 x 104 M-1, 3.0 x 104 M-1, 4.0 x 104 M-1, 10.0 x 104 

M-1 and 0.33 x 104 M-1 for HL1, HL2, HL3, HL4, [Cu(L1)2], [Cu(L2)2], [Cu2(L
3)2] 

and [Cu2(L
4)2], respectively. These data suggest that binding affinity to DNA of 

HL3 ligand and its copper(II) complex are higher than other compounds. 

However, the calculated binding constants of these complexes are lower than 

those of the well-known DNA intercalators (ethidium bromide and 

[Ru(phen)DPPZ]).42,43 

 

Figure 4. Absorption titration curves of the ligands in the presence of 

increasing concentration of CT-DNA. A: HL1, B: HL2, C: HL3, D: HL4 

 

Figure 5. Absorption titration curves of the Cu(II) complexes in the presence 

of increasing concentration of CT-DNA. E: [Cu(L1)2], F: [Cu(L2)2], G: 

[Cu2(L
3)2], H: [Cu2(L

4)2] 

3.6 DNA cleavage studies  

Agarose gel electrophoresis has been used for the supercoiled pBR322 DNA 

cleavage studies of the hydrazine ligands and their copper(II) complexes under 

physiological conditions in the presence and absence of H2O2 as an oxidant agent. 

DNA cleavage activities of the compounds were evaluated by determining their 

ability of converting the plasmid DNA in the supercoiled form (Form I) to the its 

open circular form (Form II) and the linear form (Form III).44,45 

3.6.1 Hydrolytic cleavage 

The cleavage activities of different concentrations of the compounds on 

plasmid DNA pBR322 were investigated at pH 7.0 (10 mM Tris-HCl) at 37 °C 

in the absence of a co-reagent. The cleavage activity was initially observed at 

specific compound concentrations over 3 or 4 h incubation (Figure 6) by 

quantifying the conversion of supercoiled plasmid DNA (form I) into form II and 

form III. In the case of HL1, at a concentration of 50 µM, the plasmid DNA was 

slightly cleaved to form II and the percentage of open-circular slightly increase 

with increasing ligand concentration [Figure 6 (a)]. On the other hand, the other 

ligands cleaved the supercoiled DNA to its nicked and linear forms at the same 

time and increasing intensities of forms II and III were found with increase in the 

ligand concentration, and the gel pattern indicates the double-strand DNA 

cleavage [Figure 6 (b-d)]. 

 

Figure 6. Cleavage of pBR322 DNA mediated by HL1 (a), HL2 (b), HL3 (c), 

HL4 (d), [Cu(L1)2] (e), [Cu(L2)2] (f), [Cu2(L
3)2] (g) and [Cu2(L

4)2] (h) at various 

concentrations in absence of co-reagent.  

The copper(II) complexes of the ligands effectively cleaved supercoiled DNA 

to open and linear form at specific complex concentrations (150 μM, 150 μM, 50 

μM, 150 μM) over 4 h incubation [Figure 6 (e-h)] by quantifying the conversion 

of supercoiled plasmid DNA into open-circular and linear DNA. The [Cu(L1)2], 

[Cu(L2)2] and [Cu2(L
4)2] complexes slightly cleaved the supercoiled DNA only 

to nicked DNA at of 100 µM (Figure 6e, 6f, 6h). When the concentration of these 

complexes reached to 150 µM, linear form also began to appear besides nicked 

form. On the other hand, the [Cu2(L
3)2] cleaved the supercoiled DNA to both 

form II and form III even in the at 50 µM concentration, interestingly (Figure 

6g). At a concentration of 200 µM, all the supercoiled DNA was converted into 

open-circular and linear DNA. At 250 µM concentration, it was found that the 

SC DNA is substantially cleaved into NC and LC forms. It can be concluded 

from these data that the chemical nuclease activity of the [Cu2(L
3)2] complex is 

higher than those of the other Cu(II) complexes, which also has higher 

DNA binding affinity of the corresponding ligand.  

3.6.2 Oxidative cleavage 

 

Figure 7. Cleavage of pBR322 DNA mediated by HL1 (a), HL2 (b), HL3 (c), 

HL4 (d), [Cu(L1)2] (e), and [Cu(L2)2] (f), [Cu2(L
3)2] (g) and [Cu2(L

4)2] at various 

concentrations in presence of H2O2.  

https://www.sciencedirect.com/science/article/pii/S1386142514010324?via%3Dihub#b0185
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The oxidative cleavage of the compounds on plasmid DNA pBR322 was also 

investigated at pH 7.0 (10 mM Tris-HCl) at 37 °C with different concentrations 

of the compound in the presence of H2O2 as co-reactant (Figure 7). The 

hydrazone ligands (HL1-HL4) converted the form I DNA to its form II and form 

III, and all three forms are observed even at 50 µM concentration [Figure 7 (a-

d)]. Increasing the concentrations of the ligands resulted in the increasing yield 

of the form II and form III. In the case of HL3 ligand, when the concentration 

increased to 250 µM, the supercoiled form was almost converted nicked and 

linear forms, and the cleavage percentage of form II seems to be higher that of 

form III. Interestingly, however, the copper complexes slightly cleaved the 

supercoiled DNA only to nicked form at concentration of 100 µM in comparison 

with those of the ligands. On the other hand, when the concentration of the copper 

complexes was increased to 150 µM, the complexes cleaved SC DNA in to NC 

and LC forms and the increasing intensities of the nicked and linear forms were 

found with increase in concentration of the Cu(II) complexes [Fig. 7 (e-h)].  

4. CONCLUSION 

In conclusion, four new hydrazone Schiff base ligand bearing quaternary alkyl 

ammonium salts and their Cu(II) complexes have been successfully synthesized 

and characterized. Schiff base compounds derived from 4-

aminobenzylhydrazide (HL1 and HL2) act as mono anionic bidentate ligands 

coordinating through azomethine nitrogen and enolic oxygen whereas Schiff 

base compounds derived from 2-aminobenzylhydrazide (HL3 and HL4) behave 

as dibasic tridentate ligands coordinating through azomethine and amino 

nitrogen atoms and enolic oxygen. The DNA binding and DNA cleavage 

activities of Schiff base ligands as well as their complexes have been 

investigated. UV–vis studies exhibits that the interaction between ligands and 

their copper(II) complexes with CT DNA is mainly through intercalation. 

Furthermore, the UV spectra of the copper(II) complexes have not markedly 

altered with addition of increasing concentration of DNA, indicating that the 

main structure of the Cu(II) complexes do not change and they bind with CT-

DNA non-covalently. The compounds are able to cleave DNA both in the 

absence and presence of an oxidant agent. They cleave the circular supercoiled 

DNA to nicked DNA and linear DNA form both in the absence and presence of 

H2O2, which has strong dependence on the concentration of compounds. The 

results revealed that among all compounds the ligand HL3 and its copper(II) 

complex show highest DNA cleavage and binding activity. 
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