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Abstract A Cu(II) complex of 2-hydroxyacetophenone

N(4)-phenyl semicarbazone (H2L) has been prepared, and

its crystal structure is reported. The single-crystal X-ray

study reveals a dimeric structure with a distorted square

planar coordination geometry around each copper atom,

with an ONO-donor ligand and l2-oxo group located

between the two copper atoms. The secondary coordination

sphere of Cu(II) is six-coordinate, with a NO3
- ion and

methanol solvent molecule making weak interactions.

Supramolecular interactions involving the adjacent com-

plexes were investigated. The complex [Cu(HL)]2(CH3-

OH)2(NO3)2 was also characterized by physicochemical

and spectroscopic methods. The biological activity of the

free semicarbazone and its Cu(II) complex were evaluated

by cytotoxicity assays against human cancer cell lines.

Introduction

In recent years, there has been a rapid expansion of research

into less toxic metal-based antitumor drugs for use in

medicine [1–3]. Metal complexes are beginning to have a

major impact in the development of novel compounds with

biological activity, although there has so for been limited

understanding of their molecular mechanisms of action [4].

Several transition metal ions play important roles in living

organisms, and copper is an essential trace metal for both

animals and plants. Several types of copper-based com-

plexes have been extensively investigated as potential

antitumor agents [5]. It has been established that copper(II)

is generally chelated by N, O, S and halide donor atoms

when complexed with mono- or polydentate Schiff bases

[5–8]. These Cu(II) derivatives are generally stable com-

plexes, with coordination numbers that vary from four to

six. In general, the biological activity of a metal complex

depends on many factors, including the oxidation state,

geometry, and the number and types of ligands [9, 10].

Previous studies of semicarbazones have revealed the

biological properties of these compounds [11], indicating

their medicinal potential and pharmacological properties

[12, 13]. Semicarbazones are also very promising ligands,

possessing versatile structures that exhibit keto-enol tau-

tomerism and are capable of coordination in neutral, mono-

or dianionic forms, with wide variation in their modes of

bonding [14–17].

In continuation of our interest in the study of semicar-

bazones and new copper(II) complexes [18, 19], here we

describe the synthesis, crystal structure, spectroscopy and

potential anticancer activity of a new copper(II) complex of

a semicarbazone ligand. The complex [Cu(HL)]2(CH3-

OH)2(NO3)2 (where H2L is 2-hydroxyacetophenone N(4)-

phenyl semicarbazone) was synthesized and characterized

by single-crystal X-ray diffraction analysis, revealing

supramolecular interactions. Moreover, a detailed assign-

ment of the infrared and UV–Vis spectra of both the free

semicarbazone and its complex have been performed, as

well as cytotoxicity assays against human cancer cell lines

(ovarian, colon and central nervous system).
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Experimental

Materials and methods

All reagents and solvents were obtained from commercial

sources. Elemental analyses were obtained with a Perk-

inElmer/Series II 2400 analyzer. FT-IR spectra were

recorded from KBr pellets (4000–400 cm-1) using an FT-

IR Varian 640 spectrometer. UV–Vis spectra were col-

lected on a Varian–Cary spectrophotometer, and the con-

centration used for all analyses was 10 lM.

2-Hydroxyacetophenone N(4)-phenyl semicarbazone (H2L)

was prepared according to a reported methodology [20].

Synthesis of [Cu(HL)]2(CH3OH)2(NO3)2

A solution of Cu(NO3)2�3H2O (21 mg, 0.1 mmol) in

MeOH (5 mL) was added to a stirred solution of H2L

(25 mg, 0.1 mmol) in water (5 mL). The mixture was

heated at reflux for 3 h. Dark green crystals suitable for

X-ray diffraction were obtained directly from the mother

liquor upon standing at room temperature for several days.

Yield 268 mg (63%). Melting Point: 309 �C. Anal. calcd

for C16H18N4O6Cu: C, 45.12; H, 4.26; N, 13.16; Found: C,

45.17; H, 4.16; N, 13.43%. Selected IR bands (KBr, m/

cm-1): m(OH) 3442, m(N–H) 3274, m(C=O) 1630; d(N–H)

1596; m(C=N) 1576; m(N–O) 1384; m(N–N) 1113.

Crystal and data collection

Crystal structure for C16H18N4O6Cu; M = 425.88; triclinic,

space group P - 1; a = 9.684(8) Å, b = 9.816(9) Å, c =

9.857(9) Å; a = 93.291(6)�, b = 105.246(6)8, c =

95.758(6)8; V = 896.04(14) Å3; Z = 2; Dc = 1.58 g cm-1;

F(000) = 438; GooF = 1.00; T = 293(2) K; green block,

size 0.41 9 0.26 9 0.16 mm; 4416 independent measured

reflections, refinement based on F2 to give R1

[F2[ 4r(F2)] = 0.048; w2 = 0.092 for 17,954 observed

reflections and 276 parameters. We obtained a large value of

Rint in the crystallographic data, due to the crystal quality.

The X-ray diffraction data were collected on a Bruker CCD

SMART APEX II single-crystal diffractometer with Mo Ka
radiation (0.71073 Å). SADABS [21] was used to scale the

data and perform the multi-scan absorption correction. The

structure was solved by direct methods using SHELXS-97

[22] and subsequent Fourier-difference map analyses yielded

the positions of the non-hydrogen atoms. The refinement was

performed using SHELXL-2016 [23]. Molecular graphics

were generated with the ORTEP [24], POV-Ray and DIA-

MOND [25] programs.

Biological activity

Compounds were tested for cytotoxic activity against

human cancer cell lines obtained from the National Cancer

Institute, NCI (Bethesda, MD, USA). Peripheral blood

mononuclear cells (PBMC) were isolated from the hep-

arinized blood of healthy, non-smoker donors who had not

taken any medication at least 15 days prior to sampling,

using a standard method of density-gradient centrifugation

on Histopaque-1077 (Sigma-Aldrich). All cancer cell lines

and PBMC were maintained in RPMI 1640 medium, at

37 �C and 5% CO2 under a humidified atmosphere. All

culture media were supplemented with 20% (PBMC) or

10% (cancer cells) fetal bovine serum, 2 mM L-glutamine,

100 IU/mL penicillin and 100 lg/mL streptomycin. PBMC

cultures were also supplemented with 2% phytohemag-

glutinin. In the cytotoxicity assays, cells were plated in

96-well plates (0.1 9 106 cells/well for cancer cells and

1.0 9 106 cells/well for PBMC). All tested compounds

were dissolved in DMSO. The final concentration of

DMSO in the culture medium was kept constant (0.1%

v/v). Doxorubicin (0.001-1.10 lM) was used as a positive

control and negative control groups received equal

amounts of the vehicle (DMSO). The cell viability was

determined through the reduction of the yellow dye 3-(4,5-

dimethyl-2-thiazol)-2,5-diphenyl-2H-tetrazolium bromide

(MTT) to a blue formazan product, as described by Mos-

mann [26]. At the end of the incubation time (72 h), the

plates were centrifuged and the medium was replaced with

fresh medium (200 lL) containing MTT 0.5 mg/mL. After

3 h, the formazan product was dissolved in DMSO

(150 lL) and the absorbance was measured at 550 nm in a

multiplate reader (Spectra Count, Packard, Ontario,

Canada). The drug effect was quantified as the percentage

of mean absorbance of the control assays. All cell treat-

ments were carried out with three replicates. Control

groups (negative and positive) received the same amount of

DMSO (0.1%). Doxorubicin was used as positive control

(0.005–5.0 lg/mL). All compounds were diluted in DMSO

to a final concentration of 5 lg/mL (stock solution).

Results and discussion

Crystal structure description

The crystal structure determination of [Cu(HL)]2(CH3-

OH)2(NO3)2 revealed a dinuclear centrosymmetric cop-

per(II) complex. An anisotropic thermal displacement

ellipsoids representation of the complex is illustrated in
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Fig. 1. The bond lengths and angles (listed in Table 1) are

in good agreement with those reported for other copper(II)

semicarbazone complexes [27, 28]. The semicarbazone

acts as a monodeprotonated ligand, coordinated in the

E isomer form, which chelates the copper atom through the

phenoxo oxygen O1, imine nitrogen N1 and carbonyl

oxygen O2. An interesting feature of the complex is its l2-

oxo ligand, which is located between two copper atoms, in

contrast to the behavior with other metal ions [15, 29]. The

ligand is able to connect two copper atoms by the forma-

tion of Cu–O–Cu bridges via the phenolato functional

group, with Cu1–O1 bond lengths of 1.907(2) and 1.988(2)

Å. This results in a Cu–Cu’ distance of 2.973(8) Å (sym-

metry code: (0) -x ? 2, -y ? 1, -z ? 1), which is long

enough to preclude any direct copper–copper interactions

[28, 30]. Each copper(II) atom is bonded to the semicar-

bazone ligand through of the atoms O1, N1, O2, and O10,
such that the coordination environment around the metal is

best described as distorted square planar. The secondary

coordination sphere of copper(II) is weakly six-coordinated

by means of a NO3
- ion and methanol solvent molecule.

The O3 atom from methanol presents a Cu1���O3 distance

of 2.318(4) Å. A weak interaction between the copper and

O4 of the nitrate counter ion is also observed, with a

Cu1���O4 distance of 2.792(14) Å. Due to the expected

Jahn–Teller effects, copper(II) binds only weakly to the

NO3
- and MeOH, and these weak interactions have an

insignificant effect on the coordination geometry of the

cationic copper(II) complex.

The observed deviations from 90� of the bond angles

with distortions from the ideal square planar symmetry are

due to the 5- and 6-membered chelate rings and the two

4-membered {Cu2O2} rings in the central part of the

molecule. This results in X–Cu–Y angles between neigh-

boring donor atoms that range from 80.52(10) to

103.90(10)�. The mean deviation of CuO2N plane [Cu1–

O1–N1–O2] is 0.0238 Å. A variation of the system p
distances of H2L is observed from the bond lengths in the

backbone of the ligand upon coordination to the metal.

Spectroscopic studies and the crystal structure of the

Fig. 1 Molecular structures of

[Cu(HL)]2(CH3OH)2(NO3)2

with crystallographic labeling.

The thermal ellipsoids are

drawn at 30% probability level

Table 1 Selected bond distances (Å) and bond angles (�) for the

complex [Cu(HL)]2(CH3OH)2(NO3)2

Cu(1)–O(1) 1.907(2) N(1)–Cu(1)–O(1) 92.40(11)

Cu(1)–O(2) 1.950(2) O(2)–Cu(1)–N(1) 82.68(11)

Cu(1)–O(3) 2.318(4) O(1)–Cu(1)–O(1)a 80.52(10)

Cu(1)–O(1)a 1.988(2) O(2)–Cu(1)–O(1)a 103.90(10)

Cu(1)–N(1) 1.951(3) O(1)–Cu(1)–O(2) 174.16(13)

Cu(1)–Cu(1)a 2.973(8) N(1)–Cu(1)–O(1)a 169.47(14)

Symmetry transformations: (a) –x ? 2, -y?1, -z ? 1

Transit Met Chem (2017) 42:503–508 505

123



complex indicate protonation of the nitrogen atom N2 and

the formation of a hydrogen bond. The packing architecture

revealed by single-crystal X-ray diffraction analysis

showed the association of the NO3
- anion and cationic

complex stabilized by a hydrogen bonding network within

the crystal packing. Interestingly, the three oxygen atoms

from NO3
- form hydrogen bonds with donor–acceptor

distances between 2.749(5) and 2.859(6) Å (Table 2).

These observed interactions contribute to the formation of

the supramolecular structure, as shown in Fig. 2.

Spectroscopic analyses

The FT-IR spectrum of [Cu(HL)]2(CH3OH)2(NO3)2 was

compared with that of free H2L. In the IR spectrum of the

complex, a strong m(OH) absorption was observed at

3442 cm-1 and a m(NH) absorption at 3274 cm-1. In the

Table 2 Hydrogen bonding interactions (Å and �) for compound

[Cu(HL)]2(CH3OH)2(NO3)2

D–H���A d(D–H) d(H���A) d(D���A) (D–H���A)

N(3)–H(3A)���N(4)a 0.94(7) 2.61(7) 3.498(7) 158(4)

N(3)–H(3A)���O(4)a 0.94(7) 1.89(7) 2.818(6) 173(6)

N(2)–H(2A)���O(5)a 0.93(7) 1.93(7) 2.859(6) 173(4)

O(3)–H(3B)���O(6)b 0.70(5) 2.10(5) 2.749(5) 155(6)

Symmetry transformations: (a) -x ? 3, -y ? 1, -z ? 1; (b) –x ? 2,

-y ? 1, -z ? 1

Fig. 2 Hydrogen-bonding

network of

[Cu(HL)]2(CH3OH)2(NO3)2

with hydrogen bonds indicated

by dashed lines

Fig. 3 UV–Vis spectra of H2L (left) and [Cu(HL)]2(CH3OH)2(NO3)2 (right) in different solvents (concentration 10 lM)

Table 3 UV–Vis data (in different solvents) for H2L and

[Cu(HL)]2(CH3OH)2(NO3)2

p ? p*a Loge n ? p*a Loge LMCTa Loge

Ligand

DMF 281 4.58 316 4.32 – –

H2O 278 4.48 308 4.16 – –

MeOH 228 4.36 278 4.04 354 3.88

Complex

DMFb – – 319 4.86 374 4.93

H2Ob – – 279 4.90 355 4.53

MeOH

(a) Absorption band values in nm. (b) Wavelengths and loge values of

the complexes spectra were not determined due to the absorption

region of the solvent
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IR spectrum of the free semicarbazone, two peaks were

observed at 1646 and 1597 cm-1, which can be attributed

to m(C=O) and m(C=N), respectively, and the metal com-

plex exhibited a m(C=O) and m(C=N) absorption at 1630

and 1576 cm-1, respectively [31]. The magnitude was less

than for the free ligand, indicating that the C=O and C=N

groups are coordinated to the metal. The spectrum of the

complex also includes a strong m(NO) absorption at

1384 cm-1. A new peak at 453 or 521 cm-1 in the spectra

of the complex could be attributed to the Cu–O vibration.

Therefore, the IR data for the complex indicate coordina-

tion of the semicarbazone ligand through O1, N1 and O2 as

the chelating atoms, in accordance with the X-ray crystal

structure determination.

UV–Vis experiments were conducted at room tempera-

ture in three different solvents (water, methanol and N,N-

dimethylformamide) for both the free ligand and its copper

complex (Fig. 3; Table 3). The spectrum of H2L shows

absorption bands in the range of 308–316 nm, assigned to

p ? p* and n ? p* transitions, by virtue of their large

values of molar extinction coefficients (loge values

between 4.04 and 4.32) [32]. The absorption bands are

displaced to lower wavelengths in the spectrum of the

complex, indicating coordination of the copper(II) center to

the semicarbazone ligand, which is also indicated by the

appearance of a ligand–metal charge transfer band in the

region of 355–374 nm in the spectrum of the complex. No

d–d transitions were observed in the spectrum of the

complex; such bands are expected to have low values of

molar extinction coefficients, and the electronic spectra

were obtained at low concentration [31, 33].

Biological activity

The free semicarbazone H2L and [Cu(HL)]2(CH3OH)2(-

NO3)2 were both tested against four cancer cell lines:

OVCAR-8, HCT-116, SF-295 and HL-60. We first inves-

tigated the antiproliferative effects of these compounds

(Table 4). Cells treated with DMSO were used as controls.

In all tests, the complex was more active than the free

semicarbazone. In fact, the copper(II) complex was highly

cytostatic to OVCAR8, HCT-116 and SF-295 cancer cells,

resulting in growth-inhibitory activities of 100, 100 and

73.93%, respectively. However, free H2L induced less than

50% inhibition and had no effect after 24 h of treatment.

We found that the complex has very good potency, com-

parable to Doxorubicin, with IC50 values of 0.603 and

0.722 lM to SF-295 and HL-60 cells, respectively

(Table 5).

Conclusions

In this paper, we have described a new dimeric copper(II)

complex of a semicarbazone ligand. The biological

results show that the complex exhibits more potent

inhibition of tumor cell growth than the free ligand. More

generally, copper(II) complexes of semicarbazone ligands

may have a great potential as novel anticancer drugs.

Further studies should also provide a better understanding

of the cytotoxic potential and selectivity against tumor

and normal cells, as well as tumor regression in animal

models.

Table 4 Percentage of cellular growth inhibition (GI%) performed by the compounds H2L and [Cu(HL)]2(CH3OH)2(NO3)2 against three cancer

cell lines (mean ± standard error of the mean)

Compound OVCAR8 HCT-116 SF-295

H2L 39.49% (10.36%) 40.86% (8.03%) 53.14% (4.74%)

[Cu(HL)]2(CH3OH)2(NO3)2 100% (0.17%) 100% (0.00%) 73.93% (41.11%)

Mean ± Standard Error of the Mean of at least three independent experiments

Table 5 Cytotoxic activity of Doxorubicin (reference drug) and the complex [Cu(HL)]2(CH3OH)2(NO3)2, expressed as the inhibition con-

centration that causes a 50% decrease in cell growth (IC50), in lmol L-1 (95% CI), against cancer cell lines

Compound OVCAR-8 SF-295 HCT-116 HL-60

[Cu(HL)]2(CH3OH)2(NO3)2 3.076

(0.47–20.29)

0.603

(0.21–1.68)

1.85

(0.67–5.146)

0.722

(0.30–1.71)

Doxorubicin 0.55

(0.40–0.90)

0.48

(0.37–0.52)

0.02

(0.01–0.03)

0.03

(0.01–0.05)

72-h exposure and the data obtained by nonlinear regression for all cell lines from three independent experiments
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Supplementary information

Crystallographic data for the structures in this work have

been deposited at the Cambridge Crystallographic Data

Centre, CCDC 1056358. Copies of the available material

can be obtained free of charge by application to the

Director, CCDC, 12 Union Road, Cambridge CH2 1EZ,

UK (Fax: ?44 1223 336033; E-mail: deposit@ccdc.-

cam.ac.uk or http://www.ccdc.cam.ac.uk.
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