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含季铵盐的芳酰腙配体的铜􀃭配合物的
合成和表征：体外DNA键合和核酸酶活性

Eda Şengül Elif Cansu Gökçe Topkaya Tolga Göktürk Ramazan Gup＊

(Department of Chemistry, Faculty of Science, Mugla Sıtkı Koçman University, 48000, Kotekli⁃Mugla, Turkey)
摘要：制备了 2个新的含有N，N，N⁃三甲基丙烷⁃1⁃铵基团和N，N，N⁃三甲基戊烷⁃1⁃铵基团的苯乙酮⁃(4⁃羟基苯腙)配体：(E)⁃3⁃(4⁃
(1⁃(2⁃(4⁃hydroxybenzoyl)hydrazono)ethyl)phenoxy)⁃N，N，N⁃trimethylpropan⁃1⁃ammonium perchlorate (H2L1)和 (E)⁃3⁃(4⁃(1⁃(2⁃(4⁃hy⁃
droxybenzoyl)hydrazono)ethyl)phenoxy)⁃N，N，N⁃trimethylpentane⁃1⁃ammonium perchlorate (H2L2)。以这 2个配体分别合成了 2个新

的铜配合物：[Cu(HL1)2]和[Cu(HL2)2]，研究了这些配体和配合物的DNA结合和切割活性，还研究了DNA切割的机理以及化合物

浓度对DNA切割反应的影响。紫外-可见光谱结果表明，所有化合物均优先通过主沟结合模式与DNA结合，在甲基绿(主要的

沟结合剂)的存在下切割DNA的活性受到抑制的结果也支持这一结论。电泳研究的结果则表明，化合物在存在或不存在氧化

剂(H2O2)的情况下均对质粒DNA表现出显著的切割活性，活性主要取决于化合物的浓度。化合物通过水解途径裂解 pBR322
DNA，在存在不同自由基清除剂情况下的DNA裂解实验也支持这一结论。
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Synthesis and Characterization of Copper􀃭 Complexes with Aroylhydrazone
Ligands Containing Quaternary Ammonium Salts:

in Vitro DNA Binding and Nuclease Activity

Eda Şengül Elif Cansu Gökçe Topkaya Tolga Göktürk Ramazan Gup＊

(Department of Chemistry, Faculty of Science, Mugla Sıtkı Koçman University, 48000, Kotekli⁃Mugla, Turkey)

Abstract: Two new N,N,N⁃trimethylpropane⁃1⁃ammonium and N,N,N⁃trimethylpentane⁃1⁃ammonium conjugated
acetophenone⁃(4⁃hydroxybenzohydrazone) ligands, (E)⁃3⁃(4⁃(1⁃(2⁃(4⁃hydroxybenzoyl)hydrazono)ethyl)phenoxy)⁃N,N,
N⁃trimethylpropan⁃1⁃ammonium perchlorate (H2L1) and (E)⁃3⁃(4⁃(1⁃(2⁃(4⁃hydroxybenzoyl)hydrazono)ethyl)phenoxy)⁃
N,N,N⁃trimethylpentane⁃1⁃ammonium perchlorate (H2L2), and two new copper complexes with the formulation [Cu
(HL1)2] and [Cu(HL2)2] were synthesized and their DNA binding and cleavage activities of the compounds were inves⁃
tigated. The mechanism of DNA cleavage and the effect of the compound concentration on the DNA cleavage reac⁃
tion were also studied. UV⁃Vis spectroscopy results suggest that all compounds preferably bind to DNA via major
groove binding mode. This is also supported that DNA cleavage activity was inhibited in the presence of methyl
green, a major groove binder. According to the results of electrophoresis studies, the compounds exhibit significant
cleavage activity on the plasmid DNA both in the presence and absence of an oxidative agent (H2O2), which strongly
depends on the concentration of the compound. The compounds cleavage pBR322 DNA via hydrolytic pathway,
which is also supported by the DNA cleavage experiments in the presence of different radical scavengers.
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无 机 化 学 学 报 第36卷
0 Introduction

DNA is the storage and transport of genetic infor⁃
mation in the cell, and it is a prime target molecule for
the drugs. The interaction of drugs with DNA can
cause DNA damage in cancer cells, blocking the divi⁃
sion of cancer cells and resulting in cell death[1⁃2]. After
success of cisplatin as an anticancer agent the design
and use of metal based compounds as antitumor drugs
have been become one of the most interdisciplinary re⁃
search area for medicinal inorganic chemists[3⁃5]. On the
other hand, the use of platinum metal ⁃ based cisplatin
drug in cancer therapy causes numerous side effects
which unfortunately have limited its use[4] and paved
the way for the development of new compounds[6⁃10].

Inorganic chemistry presents a broad possibility
for the design of new metal ⁃based drugs based on the
coordination and redox properties of metal complexes
to treat cancer[11⁃15]. Currently, various metal complexes
are regarded as the most capable replacement for clas⁃
sical cisplatin⁃type drugs[16⁃19]. Among the various metal
complexes, copper ⁃ based metal complexes have been
extensively investigated due to their low side effects
and high biological activities after coordinated with li⁃
gands[20⁃22].

Because of extensively using as chelating ligands
in field of coordination chemistry, Schiff bases have
been taken notice significant compounds in medicinal
chemistry for decades. They can be easily synthesized
and coordinated with different kinds of metal ions.
Schiff base hydrazone derivatives as well as their coor⁃
dination compounds have been used for various essen⁃
tial biological activities including anticancer, anti HIV,
antibacterial activities, enzyme inhibitors, etc[16⁃17,23⁃27].
In addition to these, the copper􀃭 complexes of hydra⁃
zone ligands show good activity in binding and cleav⁃
ing DNA[28⁃31]. Therefore, they are one of the important
candidates in metal⁃based drug medicinal researches.

The compounds having quaternary ammonium
salts moiety are widely used as bioactive agents. Qua⁃
ternary ammonium salts have a significant role in the
living organisms and are commonly used for the control
of bacterial growth in clinical and industrial environ⁃

ments[32⁃34]. Quaternary ammonium salts are used as fun⁃
gicides, bactericides, antiseptics and therapeutic
agents due to their excellent antimicrobial activity. The
presence of alkyl chains in drugs increases the lipophi⁃
licity properties of compounds and enables these com⁃
pounds to pass through bio ⁃ molecules. Keeping in
minds the potential biological activities of hydrazones
and quaternary ammonium salts, we have decided to
design new copper􀃭 complexes of Schiff base ligands
bearing quaternary alkyl ammonium salts and hydra⁃
zones. DNA binding in vitro and DNA cleavage studies
have also been evaluated.
1 Experimental

1.1 Materials and instrumentation
All reagents used in this work were purchased

from Merck and Sigma⁃Aldrich and used as supplied.
pBR322 DNA was purchased from Fermentas. Micro⁃
analysis (C, H, N) were performed on a LECO 932
CHNS analyzer and copper content was measured by
atomic absorption spectroscopy using the DV 2000 Per⁃
kin Elber ICP ⁃AAS. Magnetic susceptibility measure⁃
ments were carried out by using a Sherwood Scientific
MK1 Model Gouy Magnetic Susceptibility Balance at
room temperature. NMR spectra were recorded on a
Bruker 400 MHz spectrometer in DMSO⁃d6 with TMS
as the 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. 4 ⁃ Hydroxybenzohydrazide
(Scheme 1) was synthesized by the refluxing of ethyl 4⁃
hydroxybenzoate with hydrazine hydrate for 4 h in etha⁃
nol.
1.2 Preparation of 3⁃(4⁃acetylphenoxy)⁃N,N,N⁃tri⁃

methylpropane⁃1⁃ammonium perchlorate (A)
and 5⁃(4⁃acetylphenoxy)⁃N,N,N⁃trimethylpen⁃
tane⁃1⁃ammonium perchlorate (B)
K2CO3 (1.52 g, 0.011 mol) 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) trimethylam⁃
monium bromide (0.01 mol, 2.87 g) or (5⁃bromopentyl)
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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 in refrigerator for one
night. The resulting white solid precipitate was filtered
off. The product was purified by crystallization from
methanol. The purity of the compound was checked
with thin layer chromatography.

For A: Yield: 81%. m. p. 150~152 ℃ . UV ⁃ Vis
(DMF, nm) 205.5, 216.0, 272.0(sh), 299. FTIR (ATR,
cm-1): 2 956 (C ⁃H)aliph, 1674 (C=O), 1 246 (C ⁃O). 1H
NMR (DMSO ⁃ d6): 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): δ 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). Elemental Anal. Calcd. for C14H22ClNO6(% ): C,
50.08; H, 6.60; N, 4.17. Found(%): C, 50.01; H, 6.53;
N, 4.15.

For B: Yield: 79%. m. p. 129~131 ℃ . UV ⁃ Vis
(DMF, nm): 205.5, 271.0, 291(sh), 304.0. FTIR (ATR,
cm-1): 2 956 (C ⁃H)aliph, 1 669 (C=O), 1 261 (C ⁃O). 1H
NMR (DMSO ⁃ d6): 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): 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 and
22.5 (CH2). LC ⁃ MS: m/z 364.15 for [M] + . Elemental
Anal. Calcd. for C16H26ClNO6(%): C, 52.82; H, 7.20; N,

3.85. Found(%): C, 52.75; H, 7.23; N, 3.87.
1.3 Synthesis of the hydrazone Schiff base ligands

A or B (1 mmol) was added as a solid to a solution
of 4 ⁃ hydroxybenzohydrazide (1 mmol) dissolved in 10
mL of ethanol with two drops of glacial acetic acid. The
reaction mixture was refluxed for further 24 h. The pre⁃
cipitated compound was collected by filtration, washed
with diethyl ether and then dried in vacuum. The prod⁃
uct was recrystallized by water⁃ethanol (2∶1, V/V).

For (E)⁃3⁃(4⁃(1⁃(2⁃(4⁃hydroxybenzoyl)hydrazono)
ethyl)phenoxy) ⁃N,N,N ⁃ trimethylpropan ⁃ 1 ⁃ ammonium
perchlorate (H2L1): Yield: 69%. m.p. 276 ℃ . UV⁃Vis
(DMF, nm): 272, 306. IR (ATR, cm-1): 3 162 (OH),
2 978 (C⁃Haliph), 1 655 (C=O)amide, 1 609 (C=N), 1 397 (C
⁃N), 1 274 (C⁃O), 1 101 (ClO4-). 1H NMR (DMSO⁃d6): 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, J=8.5, ArH), 7.02 (d, 2H, J=8.6, ArH), 7.79 (d,
4H, J=8.6, ArH), 10.09 (s, 1H, OH), 10.48 (s, 1H, NH).
13C NMR (DMSO ⁃ d6): δ 169.4 (C=O), 160.7 (C=N),
160.8 and 159.6 (ArC⁃O), 130.3, 129.2, 128.3, 124.9,
115.2 and 114.4 (Ar⁃C), 67.2 (CH2⁃O), 63.4 (N⁃CH2),
52.7(N+⁃CH3), 23.0 (CH3), 14.4 (CH2). Elemental Anal.
Calcd. for C21H28ClN3O7(%): C: 53.67, H: 6.01, N: 8.94.
Found(%): C: 53.89, H: 6.08, N: 9.01.

For (E)⁃3⁃(4⁃(1⁃(2⁃(4⁃hydroxybenzoyl)hydrazono)
ethyl)phenoxy)⁃N,N,N ⁃ trimethylpentane⁃1⁃ammonium
perchlorate (H2L2): Yield: 72%. m.p. 222 ℃ . UV⁃Vis
(DMF, nm): 271, 309. FTIR (ATR, cm-1): 3 391 (OH),
2 934 and 2 872 (C⁃Haliph), 1 650 (C=O)amide, 1 611 (C=
N), 1 381 (C⁃N), 1 257 (C⁃O), 1 085 (ClO4-). 1H NMR
(DMSO ⁃ d6): 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⁃

Scheme 1 Schematic diagram showing synthesis of 4⁃hydroxybenzohydrazide and
(4⁃acetylphenoxy)⁃N,N,N⁃trimethylalkyl⁃1⁃ammonium perchlorate compounds
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CH2), 4.06 (t, 2H, O ⁃CH2), 6.86 (d, 2H, J=8.5, ArH),
6.99 (d, 2H, J=8.6, ArH), 7.78 (d, 4H, J=8.6, ArH),
10.08 (s, 1H, OH), 10.45 (s, 1H, NH). 13C NMR (DMSO
⁃d6): 166.4 (C=O), 160. (C=N), 160.4 and 160.8 (ArC⁃
O), 131.0, 129.2, 125.0, 124.4, 115.2 and 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). Elemental Anal.
Calcd. for C23H32ClN3O7(%): C: 55.47, H: 6.48, N: 8.44.
Found(%): C: 55.85, H: 6.57, N: 8.60.
1.4 Synthesis of Cu􀃭 complexes

Copper􀃭 acetate dihydrate (0.20 g, 1 mmol) was
added as a solid to a solution of H2L1 or H2L2 (2 mmol)
dissolved in MeOH ⁃ water (10 mL). Trimethylamine(2
mmol) was added by dropwise to this solution and the
reaction mixture was refluxed for 24 h. The precipitat⁃
ed complexes were filtered off and washed with cold
water and finally recrystallized by acetonitrile ⁃ ethanol
(1∶1, V/V).

For [Cu(HL1)2]: Dark brown; Yield: 72%; m. p.
278 ℃. μeff=1.73μB; UV⁃Vis (DMF, nm): 272.0, 308.0,
362.0(sh), 380.0, 400.0(sh). FT⁃IR (ATR, cm-1): 3 368b
(O⁃H), 2 928 and 2 821w(C⁃Haliphatic), 1 595m(C=N⁃N=
C), 1 370m(C⁃N), 1 243s(C⁃O), 1 090(ClO4-). MS⁃ES+:
m/z 999.179 for [M] + . Elemental Anal. Calcd. for
C42H54Cl2CuN6O14(% ): C: 50.38, H: 5.44, N: 8.39, Cu:
6.35. Found(%):C: 50.04, H: 5.76, N: 8.62, Cu: 6.10.

For [Cu(HL2)2]: Dark brown; Yield: 71%; m. p.
277 ℃. μeff=1.70μB; UV⁃Vis (DMF, nm) 274.0, 312.0,
366.0(sh), 384.0 and 402.0(sh). FT ⁃ IR (ATR, cm-1):
3 423b(O⁃H), 2 951 and 2 874w(C⁃Haliphatic), 1 597m(C=
N⁃N=C), 1 366m(C⁃N), 1 247s(C⁃O), 1 100s(ClO4). MS⁃
ES+ : (m/z) 1 057.034 for [M]+ . Elemental Anal. Calcd.
for C46H62Cl2CuN6O14(% ): C: 52.25, H: 5.91, N: 7.95,
Cu: 6.01. Found(% ): C: 52.48, H: 6.04, N: 7.78, Cu:
6.49.
1.5 DNA binding
1.5.1 Electronic absorption titrations

All the binding experiments of these compounds
with CT⁃DNA were conducted in a buffer containing 5
mmol·L-1 Tris (tris(hydroxymethyl)aminomethane) and
50 mmol·L-1 NaCl, and adjusted to pH=7.3 with
HCl[30,35]. The determination of UV⁃Vis absorption spec⁃
tra was carried out by adding the increasing amounts of

DNA (from 0 to 100 µmol·L-1) to each of these com⁃
pounds with a fixed concentration (50 µmol·L-1) dis⁃
solved in a solvent mixture of 1%(V/V) DMF and 99%
(V/V) Tris⁃HCl buffer. The spectra were measured in a
wavelength range of 200~500 nm.
1.6 DNA cleavage

The cleavage of supercoiled pBR322 DNA was de⁃
termined by agarose gel electrophoresis[35]. The gel elec⁃
trophoresis experiments were performed by incubation
of the samples containing 7 µL pBR322 plasmid DNA
(50 ng· µL-1) and different concentrations of com⁃
pounds (50, 100, 150, 200 and 250 µmol·L-1) dis⁃
solved in DMF in 100 mmol·L-1 Tris ⁃HCl buffer (pH
8.0) at 37 ℃ for 2 h in the presence and absence of
H2O2 (5 µL, 5 mmol·L-1). After incubation, the sam⁃
ples were loaded with 4 µL loading dye (0.25% bromo⁃
phenol blue, 0.25% xylene cyanol, 30% glycerol, 10
mmol EDTA) on a 1% agarose gel containing 1 µg·
mL-1 of EtBr. The gels were run at 100 V for 3 h in
TBE buffer and photographed under UV light. To deter⁃
mine binding site and the presence of reactive oxygen
species generated during strand scission, reactive oxy⁃
gen intermediate scavengers (100 µmol·L-1), that is,
DMSO, KI, NaN3 and catalase or groove binders were
added alternately to the reaction mixture.
2 Results and discussion

2.1 Synthesis
The reactions of 4 ⁃hydroxyacetophenone with (5 ⁃

bromopropyl) trimethylammonium bromide and (5⁃bro⁃
mopentyl) trimethylammonium bromide in the presence
of dry K2CO3, KI and stoichiometric amount of NaClO4
gave 3⁃(4⁃acetylphenoxy)⁃N,N,N⁃trimethylpropane⁃1⁃
ammonium perchlorate (A) and 5⁃(4⁃acetylphenoxy)⁃N,
N,N⁃trimethylpentane⁃1⁃ammonium perchlorate (B), re⁃
spectively (Scheme 1). The hydrazone Schiff base li⁃
gands (H2L1 and H2L2) were synthesized by the conden⁃
sation reaction of compounds A and B with 4⁃hydroxy⁃
benzoic hydrazide in ethanol. The reactions proceeded
smoothly producing the corresponding aroylhydrazones
in good yields (Scheme 2). They are soluble in common
organic solvent but insoluble in water. The structures
of the ligands were elucidated by elemental analyses,
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FTIR, electronic absorption, and 1H and 13C NMR. The
complexes were synthesized by reaction of the hydra⁃
zone ligands with copper􀃭 acetate in the molar ratio of
2: 1. All the complexes are highly soluble in MeOH,
DMF and DMSO. Attempts to isolate crystals suitable
for single X ⁃ ray diffraction were unsuccessful. There⁃
fore, the new Cu􀃭 complexes were characterized by el⁃
emental analysis, mass, IR and UV⁃visible spectrosco⁃
py. The analytical data obtained for the hydrazone
Schiff base and the copper􀃭 complexes are well agree⁃
ment with the proposed molecular formula.
2.2 Infrared spectra

The IR spectra of the compounds in a region of
400~4 000 cm-1 were analyzed. The IR spectra of com⁃
pounds A and B gave absorption bands in the region of
1 674~1 669 cm-1 corresponding to carbonyl stretching
and strong and broad bands at ~1 070 cm-1 correspond⁃
ing to the characteristic chlorate ion stretching. The IR
spectra of the hydrozone Schiff base ligands H2L1 and
H2L2 showed a new broad O⁃H stretching vibration at 3
368 and 3 426 cm-1, respectively. The characteristic
amide Ⅰ band was observed at 1 655 and 1 650 cm-1

while the other characteristic band due to azomethine
group appeared at 1 611 and 1 607 cm-1 for H2L1 and
H2L2, respectively. The bands observed in the region of
1 246~1 274 cm-1 in all compounds can be assigned to
ν(C⁃O) stretching vibration. The strong stretching vibra⁃
tions observed in the region of 1 674~1 669 cm-1 in the
IR spectra of free hydrazone ligands disappeared when
the hydrazone ligands coordinated to the copper 􀃭
ion[15,31]. On the other hand, the infrared spectra of the

copper complexes exhibited a new band at 1 595 and
1 597 cm-1 for [Cu(HL1)2] and [Cu(HL2)2], respectively,
due to the asymmetric stretching vibration of the newly
formed ⁃N=C< bond, which is probably as a result of
the enolization of ligands on coordination[31,36⁃37]. By
comparing IR spectra of the copper􀃭 complexes with
those of the free ligands, the data give evidence of coor⁃
dination of the hydrazone ligands to the copper ion via
enolate ion and azomethine nitrogen atoms[21,38]. The
proposed structures of the copper 􀃭 complexes were
given in the Fig.1. The other peaks observed in the IR
spectra of the compounds synthesized in this work are
given in experimental section.

2.3 NMR spectroscopy
Additional structural information can be deduced

from 1H NMR and 13C NMR spectra for the hydrazine
Schiff base ligands. The NMR spectra of the com⁃
pounds were recorded at room temperature in DMSO⁃
d6. In the 1H NMR spectrum of the compounds, the
chemical shifts appeared in the region of 3.06~3.18,
3.28~3.50 and 4.06~4.12 are attributed to ⁃ N+ (CH3)3
protons, ⁃CH2N protons and ⁃CH2OPh protons，respec⁃

Scheme 2 Synthetic route for the hydrazone Schiff base ligands

Fig.1 Suggested structures of the copper􀃭 complexes
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tively. The 1H NMR spectra of the compounds exhibit⁃
ed a singlet and a multiple peak in the region of 2.31~
2.45 and 1.14~1.17 for the methyl ((C=O)⁃CH3) and the
other methylene (CH2) protons, respectively. The chem⁃
ical shift for the hydroxyl proton (⁃OH) and ⁃NH proton
appeared in the region of 10.08~10.09 and 10.40~
10.45, which also indicates the formations of the hydra⁃
zone Schiff base ligands. These data are in agreement
with that previously reported for similar com⁃
pounds[38⁃41].

In the 13C NMR spectra of A and B, the chemical
shifts at 197.0 and 163.1 are due to carbonyl carbon (C
=O) and aromatic C ⁃O, respectively. It is remarkable
that these signals of carbonyl carbons (C=O) were re⁃
placed by azomethine carbon (C=N) in the hydrazone
Schiff base ligands at ~160 when the compounds A
and B were reacted with 4 ⁃ hydroxybenzohydrazide.
The signals in the region of 131.2~114.9 are ascribed
to the carbon atoms of aromatic ring. The signals at
68.1, 65.8 and 52.8 are assignable to ⁃O⁃CH2, ⁃N+⁃CH2
and ⁃ N+ ⁃ (CH3)3 carbons, respectively. The chemical
shifts corresponding to the aliphatic carbon atoms were
observed in the region of 27.1~22.5. In addition, the
chemical shifts at 169.4 and 166.4 are attributed to the
carbonyl carbon (C=O) of the hydrazide side of H2L1
and H2L2 ligands, respectively. 1H and 13C NMR spec⁃
tra of the copper􀃭 complexes could not be obtained
due to their paramagnetic nature.
2.4 Electronic absorption spectra and mass

spectra
The electronic absorption bands in the spectra of

the ligands and copper 􀃭 complexes recorded in di⁃
methylformamide solution are presented in experimen⁃
tal sections. The intense bands in the region of 270~
272 nm and 306~309 nm are due to π→π* and n→
π* transitions of the hydrazone ligands, respectively.
The shoulders observed in the region of 310~304 nm
and 272~274 nm of the copper complexes are attribut⁃
ed to n→π and π→π* transitions. The n→π transi⁃
tion, which appeared at 328 nm in the spectrum of the
uncoordinated ligands was slightly shifted to a higher
wavelength upon coordination. This is an indication of
the enolization followed by the deprotonation of the li⁃

gand during coordination. The broad bands observed at
380 and 388 nm and the shoulders at 400 and 402 nm
are attributed to the intra⁃ligand and ligand⁃to⁃metal⁃
charge transfer (LMCT) transitions, respectively. As ex⁃
pected for the one unpaired electron (S=1/2) system (Cu
􀃭 d9), the observed magnetic moment values for [Cu
(HL1)2] and [Cu(HL2)2] complexes are 1.73μB and
1.70μB, respectively.

The mass spectra of the copper􀃭 complexes were
recorded and represented in Fig.S9 and S10 (Support⁃
ing information). The mass spectra showed that the mo⁃
lecular peaks observed at [M] + = 999.179 and [M] + =
1 057.034, are consistent with the molecular weight of
complexes [Cu(HL1)2] and [Cu(HL2)2], respectively.
2.5 DNA binding studies

DNA binding is the critical step in the design and
construction of new and more efficient drugs targeted
to DNA. A compound can bind to the DNA via covalent
or non⁃covalent interactions. Non⁃covalent binding con⁃
tains intercalation between the base pairs, binding to
major or minor grooves or electrostatic interaction[42⁃43].

The probable binding ability of the hydrazone li⁃
gands and their Cu 􀃭 complexes towards CT ⁃ DNA
were studied by UV ⁃ Vis spectroscopy in a range of
250~500 nm. The typical absorption titration curves of
the compounds at constant concentration (20 µmol·
L-1) in the presence of different concentrations of CT ⁃
DNA are shown in Fig.2. In the presence of DNA, the
absorption bands of the ligands were affected, resulting
with considerable hyperchromism with a minor red
shift at 270 and 271 nm for H2L1 and H2L2, respective⁃
ly. Similarly, with increase in concentration of CT ⁃
DNA, the absorption spectra of the Cu􀃭 complexes al⁃
so exhibited hyperchromism with the minor bathochro⁃
mic shift (1~2 nm) within the bands at 274 and 272 nm
for [Cu(HL1)2] and [Cu(HL2)2], respectively, indicating
that all compounds bind with DNA. On the other hand,
the bands between 306 and 312 nm for the ligands and
their Cu􀃭 complexes show only hypochromism with⁃
out any shift in wavelength, so that isobestic points are
formed in the region of 301~304 nm. These changes
are typical of the compounds interacting with DNA via
non ⁃ covalent interaction[44]. Hyperchromism results
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from the secondary damage of DNA double helix struc⁃
ture[45⁃46]. The hyperchromic effect may also due to the
electrostatic interaction between positively (CH3)3N+
group of the synthesized compounds and the negatively
charged phosphate group of DNA⁃helix[47⁃48].

In order to compare quantitatively the DNA bind⁃
ing strength of the ligands and their Cu􀃭 complexes,
the intrinsic binding constants Kb of the compounds
were determined with Eq.(1) by monitoring the changes
in absorbance at ~270 nm for the ligands, 384 nm for
[Cu(HL1)2] and 380 nm for [Cu(HL2)2] with increasing
concentration of CT⁃DNA:

cDNA/(εa-εf)=cDNA/(εb-εf)+1/[Kb(εb-εf)] (1)
where cDNA is the concentration of DNA in base pairs,
εa, εf and εb correspond to Aobsd/cM, the extinction coeffi⁃
cient of the complexes and the extinction coefficient of
the complex in the fully bound form, respectively, and
Kb is the intrinsic binding constant. The ratio of the
slope to intercept in the plot of cDNA/(εa-εf) versus cDNA
gave the value of Kb. The binding constants obtained
for H2L1, H2L2, [Cu(HL1)2] and [Cu(HL2)2] are 3.33×104
L·mol-1, 1.50×104 L·mol-1, 1.10×105 L·mol-1 and 6.25×
104 L·mol-1, respectively. These Kb values suggest that

the H2L1 ligand its Cu􀃭 complex have greater binding
affinities for calf thymus DNA than the H2L2 ligand and
its Cu􀃭 complex.
2.7 DNA cleavage studies

Agarose gel electrophoresis has been used for the
supercoiled pBR322 DNA cleavage studies of the hy⁃
drazone ligands and their copper􀃭 complexes under
physiological conditions in the presence or absence of
H2O2 as an oxidant agent. The DNA cleavage effective⁃
ness was evaluated by determining the ability of these
compounds to convert the plasmid DNA from the origi⁃
nal supercoiled form (Form Ⅰ) to the open circular
form (Form Ⅱ) and the linear form (Form Ⅲ)[49⁃50].
2.7.1 Hydrolytic cleavage

The cleavage activities of the compounds were in⁃
vestigated with different concentrations of the com⁃
pound in the absence of a co⁃reagent. With increasing
concentration both ligands and their Cu􀃭 complexes
have been found to exhibit effective DNA cleavage ac⁃
tivity converting the plasmid supercoiled DNA into its
cleavage forms (Form Ⅱ and Ⅲ) as shown in Fig. 3.
The ligands cleavaged the supercoiled DNA to nicked
and linear DNA at the same time and the increasing in⁃

(a) H2L1, (b) H2L2, (c) [Cu(HL1)2], (d) [Cu(HL2)2]; Inset: plot of cDNA/(εa-εf) vs cDNA for determining Kb values of the compounds
Fig.2 Absorption titration curves of the ligands and their Cu􀃭 complexes in the presence of increasing concentration of CT⁃DNA
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tensities of Forms Ⅱ and Ⅲ were found with the in⁃
crease of ligand concentration, and the gel pattern indi⁃
cated the double ⁃strand DNA cleavage. In the case of
H2L1, at the concentration of 50 µmol·L-1, the plasmid
DNA was slightly cleaved and the percentage of nicked
and linear increased with increasing ligand concentra⁃
tion, and finally the supercoiled DNA was almost disap⁃
peared when the concentration reached to 250 µmol·
L-1 (Fig. 3(a)). On the other hand, the copper􀃭 com⁃
plexes of the ligands effectively cleaved supercoiled
DNA to open and linear form in high concentrations,
surprisingly, compared with the ligands. The complex⁃
es slightly cleaved the supercoiled DNA only to nicked
form at concentrations of 50 and 100 µmol·L-1. On the
other hand, when the concentration of the complex

reached to 150 µmol·L-1, linear form was also ob⁃
served besides nicked form. These data clearly demon⁃
strate that the DNA cleavage activity of the copper􀃭
complexes are better than those of their corresponding
ligands.
2.7.2 Oxidative cleavage

The oxidative cleavage of the compounds was also
investigated in the presence of H2O2 as a co ⁃ reactant.
The hydrazone H2L2 ligand converts the supercoiled
DNA to nicked and linear DNA, and all three forms of
DNA were observed even at the concentration of 50
µmol·L-1 (Fig. 4(a) and (b)). On the other hand, at 50
µmol·L-1, the hydrazone H2L1 ligand slightly cleavaged
SC DNA into NC and LC forms and the increasing in⁃
tensities of Form Ⅱ was found with increase in concen⁃

(a) H2L1, (b) H2L2, (c) [Cu(HL1)2], (d) [Cu(HL2)2]
Fig.3 Agarose gel electrophoresis of hydrolytic cleavage of pBR322 DNA mediated by different concentrations

of the ligands and their Cu􀃭 complexes after 4 h of incubation

(a) H2L1, (b) H2L2, (c) [Cu(HL1)2], (d) [Cu(HL2)2]
Fig.4 Agarose gel electrophoresis of oxidative cleavage of pBR322 DNA mediated by different concentrations

of the ligands and their Cu􀃭 complexes after incubation for 3 h
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tration of the H2L1 ligand. At 250 µmol·L-1, it was ob⁃
served that the SC DNA was substantially converted in⁃
to Form Ⅱ NC and LC forms.

In comparison with those of in the absence of a co⁃
reagent, it is observed that the copper􀃭 complexes en⁃
hanced the nuclease activities in the presence of H2O2,
which strongly depended on the concentration of the
complex. The Cu􀃭 complexes slightly cleaved the su⁃
percoiled DNA to Form Ⅱ at concentrations of 50 and
100 µmol·L-1 (Fig.4(c) and (d)). On the other hand, lin⁃
ear form also began to appear besides nicked form at
the concentration of 150 µmol·L-1. However, the super⁃
coiled form was completely converted into degraded
form catalyzed by [Cu(HL1)2] at a concentration of 250
µmol·L-1 ((Fig.4(c)). From these data it can be conclud⁃
ed that the copper􀃭 complexes show better nuclease
activity than the ligands in the presence of H2O2.
2.7.3 Mechanism of DNA cleavage

In order to determine whether reactive oxygen spe⁃
cies is responsible for the DNA scission process for the
compounds, DNA ⁃ cleavage reactions mediated by the
ligands and their Cu 􀃭 complexes were carried out
with different inhibiting agents including diffusible hy⁃
droxyl radical scavenger (DMSO), superoxide scaven⁃

ger (KI), singlet oxygen scavenger (NaN3) and hydrogen
peroxide scavenger (catalase) both in the presence and
absence of an oxidant agent. As can be seen in Fig. 5
and 6, the cleavage activities of all compounds were
not inhibited markedly in the presence of the radical
scavengers used in this work, evidencing that these
species are not involved in the cleavage process. All
compounds exhibited similar cleavage activities both
in the presence and absence of H2O2, making clear that
H2O2 does not have the critical role in the cleavage re⁃
action catalyzed by all compounds. It may be deduced
from these results that DNA is probably cleaved by a
hydrolytic pathway since the nuclease activity of the
complex is not inhibited in presence of radical scaven⁃
gers either in presence and absence of hydrogen perox⁃
ide.

To investigate whether the compounds interact
with plasmid pBR 322 DNA by groove binding, the
cleavage reactions were also carried out in the pres⁃
ence of 4, 6 ⁃ diamidino ⁃ 2 ⁃ phenylindole (DAPI) and
methyl green, which are known to bind to DNA at mi⁃
nor groove and major groove, respectively, since the UV
⁃ visible absorption titration results indicate that the
compounds bind to DNA via groove binding mode[51].

(a) H2L1 (150 µmol·L-1, 3 h), lane 1, DNA control; lane 2, DNA+H2O2+methyl green; lane 3, DNA+H2O2+DAPI; lane 4, DNA+H2O2+NaN3;
lane, 5, DNA+H2O2+KI; lane 6, DNA+H2O2+catalase; lane 7, DNA+H2O2+DMSO; (b) H2L2 (10 µmol·L-1, 4 h), lane 1, DNA+H2O2+methyl
green; lane 2, DNA+H2O2+DAPI; lane 3, DNA H2O2+NaN3; lane, 4, DNA+H2O2+KI; lane 5, DNA+H2O2+catalase; lane 6, DNA+H2O2+
DMSO; lane 7, DNA control; (c) [Cu(HL1)2] (150 µmol·L-1, 3 h), lane 1, DNA+H2O2+methyl green; lane 2, DNA+H2O2+DAPI; lane 3,
DNA H2O2+NaN3; lane, 4, DNA+H2O2+KI; lane 5, DNA+H2O2+catalase; lane 6, DNA+H2O2+DMSO; lane 7, DNA control; (d) [Cu(HL2)2]
(150 µmol·L-1, 3 h), lane 1, DNA control; lane 2, DNA+H2O2+methyl green; lane 3, DNA+H2O2+DAPI; lane 4, DNA H2O2+NaN3; lane 5,
DNA+H2O2+KI; lane 6, DNA+H2O2+catalase; lane 7, DNA+H2O2+DMSO
Fig.5 Oxidative cleavage of pBR322 DNA in the presence of different scavengers and groove bindings (methyl green (MG)

and 4,6⁃diamidino⁃2⁃phenylindole (DAPI)) after 3 h incubation of the ligands and Cu􀃭 complexes
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No apparent inhibition of DNA damage was observed
in the presence of DAPI (Fig.5 and 6; lane 2 and 3) nei⁃
ther in the presence nor absence of H2O2 indicating
that the compounds do not bind to DNA via minor bind⁃
ing. On the other hand, addition of methyl green into
the cleavage system relatively inhibited the DNA cleav⁃
age for all compounds (Fig.5 and 6, lane 1 and 2) evi⁃
dencing the major groove preference of both hydrazone
ligands and their Cu􀃭 complexes.
3 Conclusions

Herein, two new hydrazone Schiff base ligand
bearing quaternary alkyl ammonium salts and their Cu
􀃭 complexes have been successfully synthesized and
characterized. The new hydrazone Schiff base com⁃
pounds behave as monobasic bidentate ligands coordi⁃
nating through azomethine nitrogen and enolic oxygen.
All the final compounds have been screened for DNA
binding and DNA cleavage. The in vitro DNA binding
studies of both ligands and Cu􀃭 complexes reveal the
groove binding, possibly major groove binding mode,
which is also supported by the result of the agarose gel
electrophorese of DNA scission in the presence of
groove binders. The compounds cleave the circular

supercoiled DNA to nicked DNA and linear DNA form
both in the presence and absence of H2O2, which has
strong dependence on the concentration of compounds.
Various radical scavengers do not effectively inhibit
the DNA cleavage mediated by the titled compounds ei⁃
ther in the presence or absence of H2O2, suggesting that
the diffusible radicals are not produced during the
DNA cleavage by the compounds according to the
mechanistic studies. These observations seem to sug⁃
gest that both hydrazone ligands and their copper 􀃭
complexes cleavage the DNA by a hydrolytic pathway.
The results also indicate that the chemical nuclease ac⁃
tivities of the titled copper 􀃭 complexes are higher
than those of their corresponding ligands, probably due
to their higher DNA binding affinities.
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(a) H2L1 (150 µmol·L-1, 3 h), lane 1, DNA control; lane 2, DNA+methyl green; lane 3, DNA+DAPI; lane 4, DNA+NaN3; lane, 5, DNA+KI; lane 6,
DNA+catalase; lane 7, DNA+DMSO; (b) H2L2 (10 µmol·L-1, 4 h), lane 1, DNA control; lane 2, DNA+methyl green; lane 3, DNA+DAPI; lane 4,
DNA+NaN3; lane, 5, DNA+KI; lane 6, DNA+catalase; lane 7, DNA+DMSO; (c) [Cu(HL1)2] (150 µmol·L-1, 3 h), lane 1, DNA+methyl green; lane 2,
DNA+DAPI; lane 3, DNA+NaN3; lane, 4, DNA+KI; lane 5, DNA+catalase; lane 6, DNA+DMSO; lane 7, DNA control; (d) [Cu(HL2)2] (150 µmol·L-1,
3 h), lane 1, DNA+methyl green; lane 2, DNA+DAPI; lane 3, DNA+NaN3; lane, 4, DNA+KI; lane 5, DNA+catalase; lane 6, DNA+DMSO; lane 7,
DNA control
Fig.6 Hydrolytic cleavage of pBR322 DNA in the presence of different scavengers and groove bindings (methyl green (MG)

and 4,6⁃diamidino⁃2⁃phenylindole (DAPI)) after 4 h incubation of the ligands and Cu􀃭 complexes
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