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Abstract A series of complexes [Ca(HL)(OH2)4]Cl2�4H2O

(1), [CuL2]�2H2O (2) and [Cu{Ca(L)(OH2)2}2]Cl4�H2O (3)

(HL: 2-hydroxy-8-methyl-tricyclo[7.3.1.02.7]tridec-13-N-

40(benzo-15-crown-5-ether)-imine) were synthesised and

characterised. The features of complexes have been

assigned from microanalytical data, IR, UV–Vis–NIR and

EPR spectra, magnetic data at room temperature as well as

thermal analysis. The ligand coordinates through azome-

thinic nitrogen and hydroxylic oxygen at Cu(II) and

through etheric oxygen at Ca(II). The electronic and EPR

spectra suggest a square planar stereochemistry for Cu(II).

The thermal analysis evidenced that thermal transforma-

tions are complex processes according to DTG and DTA

curves including (crystallisation or coordination) water

elimination, thermolyses and oxidative degradation of

Schiff base. The results of the biological assays revealed

that the complexes exhibited good antimicrobial activity

against planktonic and sessile bacterial and fungal strains.

Keywords Complex � Crowned Schiff base � Thermal

behaviour � Antimicrobial � Antibiofilm � Cytotoxicity �
Antioxidant

Introduction

During the past decades, considerable attention has been

paid to the chemistry of complexes with Schiff bases

containing supplementary groups that allow these species

to perform different functions or induce them useful

properties [1]. On the other hand, the rapid development of

the field of hetero-binucleating ligands as well as the

coordination chemistry provided by them has prompted an

extension of studies on the synthesis of functionalised

Schiff base. Among them, the crown ether-containing

Schiff bases have attracted much attention because the

crown moiety could endow functional molecules with

novel performance and character owing to the hydropho-

bicity of the outer ethylene groups and orderly arrangement

of inner oxygen atoms [2–7].

So far benzocrown ether derivatives were grafted into

bidentate NO [2, 3], NS [4], three-dentate N2O [5], four-

dentate N2O2 [6] or bis(dicompartimental) four-dentate

N2O2 [7] Schiff base ligands. Such derivatives can be

synthesised by one step procedure involving the conden-

sation reaction between an amine derivative and a car-

bonyl species, one of them bearing the crown ether

moiety [2–7].
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It is known that the azomethine moiety generates

stable complexes with most metal ions and especially with

transition ones [1], but the crown ether units have a large

affinity for main groups and lanthanides metal ions

[4, 5, 8–11]. As result, the redox and electronic properties

of the transition metal centre can be modulated through the

size and charge of the hard metal ions bound to the crown

ether moiety. On the other hand, such complexes can be

used as sensors for ammonium or diammonium cations

[12, 13] as well as alkaline, alkaline earth and lanthanide

metal ions both in solution [2, 7, 14] and deposited in

polymeric films [15].

The crown ethers have selectivity for a particular metal

ion according to their particular molecular structure. In

order to improve this selectivity for metal ions and find

applications in hard metal extraction from different sources,

some crown ethers were crosslinked to chitosan [16, 17].

Having in view their host–guest recognition properties,

the crown ether complexes may provide useful models for

hydrolases as result of the fact that the crown rings can offer

a hydrophobic environment provided by the outer ethylene

groups. The studies showed that some crowned Schiff base

complexes containing transition metal ions exhibit a high

activity in the catalytic hydrolysis of phosphate [18, 19] or

picolinate esters, respectively [20], in micellar solution.

In the last years, a number of reports concerning the

Schiff base complexes containing crown ether rings ability

to bind O2 and thus perform catalytic oxidation of various

organic compounds [21–26] were published. It was

observed that the complexation of a hard cation in the crown

ether cavity of these catalysts, close to the transition metal

centre, perturbs the oxygen-binding properties of the metal

centre which results in an improved catalytic behaviour of

some catalysts in comparison with their acyclic analogues

[21]. Cobalt(II) complexes with some crowned Schiff base

were studied either as metallomicelles and or as peroxidase

mimics [27]. Sodium complexes with the bis-crown ether-

derived Schiff bases have been shown to exhibit antibac-

terial activity against Staphylococcus epidermidis [11].

So far there is no report concerning thermal behaviour of

this type of Schiff base or their complexes. As result, in the

present work, this field was extended in the synthesis of

complexes with the novel crowned Schiff base (2-hydroxy-8-

methyl-tricyclo[7.3.1.02.7]tridec-13-N-40(benzo-15-crown-5-

ether)-imine). In order to explore both coordinative sites,

crown ether cavity and the NO donor atoms set, respectively,

new complexes with Ca(II), Cu(II) and both Ca(II) and Cu(II)

were synthesised and characterised. The details of synthesis,

spectral, magnetic and thermal behaviour of these compounds

are described in the following. Ligand and complexes were

screened for their antioxidant, antimicrobial and cytotoxic

behaviour.

Experimental

Materials

Starting materials (chemicals, TLC plates, CaCl2, CuCl2-

2H2O) and solvents were purchased from Sigma-Aldrich

and Chimopar and used as received.

Instruments

Carbon, hydrogen and nitrogen contents were determined

with a PerkinElmer PE 2400 analyser. The metal ion

content was determined volumetrically by using complex-

ometric or iodometric method, respectively [28]. Each

sample was treated with few drops of concentrated H2SO4

and hydrogen peroxide and heated to dry. The residue was

redissolved in distilled water, the pH was adjusted with

ammonia–ammonium chloride buffer, and the calcium

content was determined by titration with 0.1 M solution of

Na2MgEDTA by using Eriochrome Black T as indicator.

The copper-containing samples were treated with KI and

KSCN in acidic medium, and the released iodine was titred

with 0.1 M solution of sodium thiosulphate in the presence

of amidon.

The molar conductance was determined for 10-3 M

solutions of complexes in DMSO with a multi-parameter

analyser Consort C861.

Mass spectra were recorded with API 6500 AB SCIEX,

Canada, mass spectrometer with ESI source (Turbo spray

model AB SCIEX) operating in positive mode. Samples

were dissolved in DMF at 1 mg mL-1, and then the solu-

tion was diluted with methanol up to a final concentration

of 1 lg mL-1. Molecular ions scanning range (m/z) was

0–1250.

IR spectra were recorded in KBr pellets with a Bruker

Tensor 37 spectrometer in the range 400–4000 cm-1.

Electronic spectra by diffuse reflectance technique, with

spectralon as standard, were recorded in the range

200–2000 nm, on a Jasco V-670 spectrophotometer.
1H-NMR and 13C-NMR spectra were recorded on a

Varian Inova-400 spectrometer at selected temperatures, in

deuterated solvents CDCl3 and DMSO-d6, isotopic purity

99.9 % (the atoms notation in NMR spectra is presented in

Supplementary material).

The melting point was determined with a Böetius

apparatus and Krous device.

Magnetic measurements were taken at room tempera-

ture, on a Lake Shore’s fully integrated Vibrating Sample

Magnetometer (VSM) system 7404, calibrated with a Ni—

0.126 g sphere—SRM 772a. The VSM was intercalibrated

either with an absolute calibrated Faraday balance or with

Hg[Co(NCS)4] as standard. The molar magnetic
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susceptibilities were calculated and corrected for the

atomic diamagnetism.

The X-band EPR measurements were taken at 293 K for

solid sample and at 100 K for DMSO solution on a JEOL

FA100 spectrometer. The general settings used were as

follows: sweep field 1000 G, frequency 100 kHz, gain in

the range 100–200, sweep time 1800 s, time constant 1 s,

modulation width 2 G, microwave power 1 mW. The

magnetic field calibration was performed with a DPPH

(2,2-diphenyl-1-picrylhydrazyl) standard marker, exhibit-

ing a narrow EPR line with g factor 2.0036.

The TG, DTG and DTA curves were recorded using a

Labsys 1200 SETARAM instrument, over the temperature

range of 20–900 �C with a heating rate of 10 �C min-1.

The measurements were taken in synthetic air atmosphere

(flow rate 17 cm3 min-1) by using alumina crucibles.

Antioxidant capacity

The total antioxidant activity (TAC) was evaluated by the

DPPH method [29]. A fresh solution of 2�10-4 M DPPH in

methanol was prepared and kept in dark till was used, and

compounds were also dissolved in methanol at a concen-

tration of 1 mg mL-1. A blank sample was obtained from

1.8 mL solution of DPPH and 0.2 mL of pure methanol,

while working samples were obtained from 1.8 mL solu-

tion of DPPH and 0.2 mL solution of each compound.

After mixing, each sample was kept in the dark for 30 min,

followed by absorbance measurement at 517 nm.

The total antioxidant capacity (TAC) was calculated

with Eq. 1:

% Inhibition ¼ Absini � Abs30min=Absini � 100 ð1Þ

where Absini represents the initial absorption of DPPH

radical at 517 nm and Abs30min is the absorbance recorded

after 30 min at the same wavelength.

Antimicrobial assays

The antimicrobial assays were performed on reference

(bearing the ATCC code) microbial strains, i.e., gram-

positive (Staphylococcus aureus ATCC 6538, Staphylo-

coccus saprophyticus ATCC 15305, Bacillus subtilis

ATCC 6633) and gram-negative (Escherichia coli ATCC

8739, Pseudomonas aeruginosa ATCC 27853) bacteria, as

well as the fungal strain Candida albicans ATCC 26790.

The qualitative evaluation of the antimicrobial activity was

performed by the adapted disk diffusion, as previously

reported [30], using Mueller–Hinton Agar (MHA) medium

for bacteria and Yeast Peptone Glucose (YPG) in case of

fungi. The compounds were solubilised in dimethyl-

sulphoxide (DMSO), and the starting stock solution was of

1000 lg mL-1 concentration.

The quantitative assay of the antimicrobial activity was

performed by the liquid medium microdilution method, in

96 multi-well plates, in order to establish the minimal

inhibitory concentration (MIC) and the minimal biofilm

eradication concentration (MBEC) values [30]. All bio-

logical experiments were performed in triplicates.

Cytotoxicity assay

The compounds cytotoxicity was evaluated on human

tumour cell line HCT 8 (human ileocecal adenocarcinoma).

HCT 8 cells (5�105) were seeded in 3.5-cm-diameter Petri

dish and treated with 250 lg mL-1 compounds for 24 h.

The cells were resuspended in 100 lL of binding buffer

(10 mM of HEPES/NaOH, pH value 7.4, 140 mM NaCl

and 2.5 mM CaCl2), and stained with 5 lL Annexin

V-FITC and 5 lL propidium iodide for 10 min in dark. At

least 10,000 events from each sample were acquired using

a Beckman Coulter flow cytometer. The percentage of

treatment affected cells was determined by subtracting the

percentage of apoptotic/necrotic cells in the untreated

population from percentage of apoptotic cells in the treated

population.

Synthesis and analytical data for 2-hydroxy-8-

methyl-tricyclo[7.3.1.02.7]tridec-13-N-40(benzo-15-

crown-5)-imine (HL) and complexes

For HL to 1 mmol of 2-hydroxy-8-methyl-tricy-

clo[7,3,1,02,7]-13-one-tridecane dissolved in 8 mL ethanol

was added 1 mmol of 40-aminobenzo-15-crown-5-ether.

The mixture was stirred and refluxed for 30 min and

afterword was stirred at room temperature overnight. The

reaction was stopped, and the solvent was removed under

reduced pressure. A solid was formed with 93 % yield. The

purity of the obtained product was checked with thin layer

chromatography using CH2Cl2: MeOH (5:0.5, v/v) as elu-

ent. The b-cycloketol derivative was obtained by a Michael

reaction by using a modified Tilicenko-Barbulescu method

[31, 32]. Yield 93 %. Analysis found: C, 68.91, H, 8.44, N,

2.83, C28H41NO6 calculate: C, 68.97, H, 8.48, N, 2.87 %;

m. p. 72–73 �C; ESI–MS (positive mode, CH3CN:CH3OH)

m/z: [M-3H]?, 484.2; [C27H34NO6]?, 468.4; [C25H32

NO6]?, 442.1; [C24H30NO6]?, 428.1; [C18H34NO5]?,

344.3; [C15H27NO5]?, 301.4; [C15H28NO]?, 226.3;

[C11H16O]?, 164.0; [C7H8N]?, 106.6; [C6H11]?, 83.4;

[C6H11]?, 83.4; 1H-NMR (400 MHz, CDCl3, 303 K, d
(ppm), J (Hz)): 6.72 (d, 1H, H-5, 8.4); 6.27 (d, 1H, H-2,

2.5); 6.20 (dd, 1H, H-6, 2.5, 8.4); 4.02–4.10 (m, 4H, H-20,

H-27, syst. A2B2); 3.84–3.92 (m, 4H, H-21, H-26, syst.

A2B2); 3.75 (s, 8H, H-22 7 H-25); 3.50 (bs, 1H, OH);

2.29 7 2.17 (m, 4H, H-8, H-9, H-10, H-12); 2.11 7 1.57

(m, 4H, H-aliph.); 1.52 7 1.20 (m, 10H, H-aliph.); 1.02
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(d, 3H, H-90, 7.0); 13C-NMR (CDCl3, 303 K, d ppm):

219.59 (C-7); 150.55 (C-3); 141.95 (C-1); 141.62 (C-4);

117.51 (C-5); 107.29 (C-6); 102.70 (C-2); 78.09 (C-11);

70.99 (CH2-CE); 70.91 (CH2-CE); 70.85 (C-23, C-24);

70.54 (CH2-CE); 69.99 (CH2-CE); 69.65 (CH2-CE); 68.74

(CH2-CE); 59.89 (CH); 52.75 (CH); 45.89 (CH); 37.56

(CH); 36.47 (CH2); 29.30 (CH2); 28.88 (CH2); 26.19

(CH2); 25.51 (CH2); 21.24 (CH2); 20.18 (CH2); 15.86 (C-

90) (CE, crown ether moiety) (The atom numbering is

presented in Figure 1S).

[CaL(OH2)4]Cl2�4H2O (1): To a solution containing

0.111 g (1 mmol) calcium(II) chloride in 10 mL water was

dropwise added a solution obtained by 0.49 g (1 mmol)

(HL) dissolved in 10 mL ethanol. The reaction mixture was

refluxed for 4 h until the colour was slightly modified to

light brown. The solution was cooled and dried at room

temperature. The solid product was resumed with acetone,

filtered off, washed with acetone and air-dried. Analysis

found: Ca, 5.32; C, 45.34; H, 7.66; N, 1.92, CaC28H57-

NO14Cl2 calculate: Ca, 5.40; C, 45.28; H, 7.74; N, 1.89 %;

Yield 78 %; 1H-NMR (400 MHz, DMDO d6, 303 K, d
(ppm), J (Hz)): 6.63 (d, 1H, H-5, 8.2); 6.22 (d, 1H, H-2,

2.4); 6.05 (dd, 1H, H-6, 2.4, 8.2); 4.58–4.80 (m, 4H, H-20,

H-27, syst. A2B2); 3.85–4.05 (m, 4H, H-21, H-26, syst.

A2B2); 3.72 (s, 8H, H-22 7 H-25); 3.48 (bs, 1H, OH);

1.75–2.16 (m, 4H, H-8, H-9, H-10, H-12); 1.49–1.72 (m,

4H, H-aliph.); 1.20–1.45 (m, 10H, H-aliph.); 0.93 (d, 3H,

H-90, 6.8); 13C-NMR (CDCl3, 303 K, d ppm): 217.44 (C-

7); 149.93 (C-3); 143.97 (C-1); 139.36 (C-4); 117.51 (C-5);

105.57 (C-6); 101.03 (C-2); 76.37 (C-11); 72.32 (CH2-CE);

70.32 (CH2-CE); 70.16 (C-23, C-24); 70.07 (CH2-CE);

69.80 (CH2-CE); 69.75 (CH2-CE); 68.85 (CH2-CE); 60.17

(CH); 52.19 (CH); 45.25 (CH); 36.45 (CH); 35.33 (CH2);

28.92 (CH2); 28.92 (CH2); 28.72 (CH2); 25.81 (CH2);

20.80 (CH2); 19.75 (CH2); 15.62 (C-90); ESI–MS (positive

mode, DMF:CH3OH) m/z: [M-4H2O–3H]?, 594.7; [CaC27

H36NO6Cl2]?, 581.7; [CaC28H41NO6Cl]?, 563.5; [C28H38

NO6]?, 484.2; [C27H34NO6]?, 468.4; [C25H32NO6]?,

442.1; [C24H30NO6]?, 428.1; [C18H34NO5]?, 344.3;

[C15H27NO5]?, 301.4; [C15H28NO]?, 226.3; [C11H16O]?,

164.0; [C7H8N]?, 106.6; [C6H11]?, 83.4; [C6H11]?, 83.4;

KM, 142 X-1 cm2 mol-1.

[CuL2]�2H2O (2): To a solution containing 0.085 g

(0.5 mmol) copper(II) chloride dihydrate in 20 mL ethanol

was dropwise added a solution obtained by 0.49 (1 mmol)

HL dissolved in 10 mL ethanol and few drops of 25 %

ammonia solution. The reaction mixture was refluxed for

4 h until a solid product, and brown coloured was obtained.

The compound was filtered off, washed with ethanol and

air-dried. Analysis found: Cu, 5.86; C, 62.83; H, 7.76; N,

2.62, CuC56H84N2O14 calculate: Cu, 5.92; C, 62.69; H,

7.89; N, 2.61 %; Yield 75 %; ESI–MS (positive mode,

DMF:CH3OH) m/z: [M–2H2O–CH3–4H]?, 1017.7; [CuC54

H73N2O12]?, 1005.5; [CuC53H70N2O12]?, 990.5; [CuC47-

H60N2O12]?, 908.4; [CuC53H70N2O12]?, 990.5; [C28H38

NO6]?, 484.2; [C27H34NO6]?, 468.4; [C25H32NO6]?,

442.1; [C24H30NO6]?, 428.1; [C18H34NO5]?, 344.3;

[C15H27NO5]?, 301.4; [C15H28NO]?, 226.3; [C11H16O]?,

164.0; [C7H8N]?, 106.6; [C6H11]?, 83.4; [C6H11]?, 83.4;

KM, 16 X-1 cm2 mol-1.

[Ca2CuL2(OH2)4]Cl4�H2O (3): To a solution containing

0.111 g (1 mmol) calcium(II) chloride and 0.085 g

(0.5 mmol) copper(II) chloride dihydrate in 20 mL water

was dropwise added a solution of 0.49 g (1 mmol) HL in

10 mL ethanol and few drops of 25 % ammonia solution.

The reaction mixture was refluxed for 6 h until the colour

was slightly modified to light brown. The solution was

cooled and dried at room temperature. The solid product

was resumed with acetone, filtered off, washed with acetone

and air-dried. Analysis found: Ca, 5.87; Cu, 4.59; C, 50.01;

H, 6.64; N, 2.02, Ca2CuC56H90N2O17Cl4 calculate: Ca,

5.94; Cu, 4.71; C, 49.87; H, 6.73; N, 2.07 %; Yield 67 %;

ESI–MS (positive mode, DMF:CH3OH) m/z: [M-5H2O–

2CH3 ? 5H]?, 1233.6; [CaCuC54H80N2O12Cl3]?, 1159.7;

[CaCuC53H77N2O12Cl3]?, 1144.6; [CaCuC54H80N2O12-

Cl3]?, 1108.5; [CuC55H73N2O12]?, 1017.7; [CuC54H73N2-

O12]?, 1005.5; [CuC53H70N2O12]?, 990.5; [CuC47H60N2

O12]?, 908.4; [CuC53H70N2O12]?, 990.5; [Ca2CuC30H40-

N2O10Cl4]?, 872.4; [Ca2CuC32H41N2O10Cl3]?, 863.9;

[Ca2CuC31H40N2O10Cl3]?, 850.5; [Ca2CuC29H30N2O10-

Cl3]?, 816.8; [CuC40H55N2O6]?, 723.3; [CuC39H53N2O6]?,

709.3; [CaC28H37NO6Cl2]?, 594.7; [CaC27H36NO6Cl2]?,

581.7; [CaC28H41NO6Cl]?, 563.5; [C28H38NO6]?, 484.2;

[C27H34NO6]?, 468.4; [C25H32NO6]?, 442.1; [C24H30

NO6]?, 428.1; [C18H34NO5]?, 344.3; [C15H27NO5]?,

301.4; [C15H28NO]?, 226.3; [C11H16O]?, 164.0; [C7H8

N]?, 106.6; [C6H11]?, 83.4; [C6H11]?, 83.4; KM,

319 X-1 cm2 mol-1.

Results and discussion

Synthesis and physico-chemical characterisation

of complexes

The crowned Schiff bases are of interest since they can

bind both alkali and transition metals, and thus the property

of each metallic ion can be influenced by the other. Such a

species having two donor atom sets was synthesised by 1:1

condensation of 2-hydroxy-8-methyl-tricyclo[7,3,1,02,7]-

13-one-tridecane with 40-aminobenzo-15-crown-5-ether.

The reaction of this ligand with copper(II) chloride in

the 2:1 molar ratio, with calcium(II) chloride in 1:1

molar ratio and with both salts in 2:1:2 molar ratio yields

three new complexes as presented in Scheme 1. The

compounds were formulated as [Ca(HL)(OH2)4]Cl2�4H2O
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(1), [CuL2]�2H2O (2) and [Cu{Ca(L)(OH2)2}2]Cl4�H2O

(3) on the basis of elemental analyses (experimental part)

and physico-chemical data presented below. The molar

conductivities in DMF indicate the non-electrolyte nature

of complex (2), while complex (1) behaves as 1:2 elec-

trolyte and complex (4) as 1:4 electrolyte [33]. All

complexes are soluble in water and the common organic

solvents.

ESI MS and NMR spectra

The pseudomolecular ion peaks as well as that corre-

sponding to some fragments either of ligand or of com-

plexes fragmentation support the proposed structure for the

basic core. As expected, the spectrum of complex (3) is the

most complex. In the mass spectra of all complexes, the

pseudomolecular ion peaks were detected as [M-4H2O–

3H]? (m/z 594.7) for (1), [M-H2O–CH3–4H]? (m/z 1017.7)

for (2) and [M-5H2O–2CH3 ? 5H]? (m/z 1233.6) for (3),

respectively. The pseudomolecular ion peak [M-3H]? for

the free Schiff base was detected at m/z 484.2. Moreover,

other fragments corresponding either to crown ether moiety

or to tricyclo part were identified in the spectra of all

complexes and Schiff base.

The 1H NMR and 13C NMR spectral data for Schiff base

and diamagnetic complex (1) are consistent with the Schiff

base structure and exhibit as result signals corresponding to

all functional groups. It is worth to mention that in the

spectra of compounds (1) all signals are shifted as result of

deuterated solvent changing but the most shifted both

downfield and upfield are that assigned to crown ether

moiety.
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O
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+
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N

O
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Scheme 1 Synthetic route to prepare ligand and complexes (water molecules were omitted)
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Infrared spectra

The IR selected bands of the Schiff base and complexes are

listed in Table 1. The stretching mode of the azomethine

moiety m(C=N) appears at 1610 cm-1 in the spectrum of

Schiff base and is readily assigned by comparison with the

infrared spectra of intermediates, 2-hydroxy-8-methyl-tri-

cyclo[7,3,1,02,7]-13-one-tridecane and 40-aminobenzo-15-

crown-5-ether, respectively. The spectra of all complexes

display also a very strong band around 1600 cm-1

(Fig. 2S). This band is shifted to higher wavenumbers for

complex (1) and lower wavenumbers for complexes (2) and

(3) in comparison with the free ligand. Such a shift sup-

ports the participation of the azomethine nitrogen in

coordination for complexes (2) and (3) [34, 35].

The stretching vibration m(C–O) of the hydroxyl group is

shifted to lower wavenumbers in the complexes (2) and (3)

spectra suggesting the participation of this deprotonated

group in coordination [36]. Moreover, the strong band at

3395 cm-1 in the Schiff base spectrum disappears in

complexes spectra as result of hydroxyl group deprotona-

tion. Instead, a broad band in the range 3410–3490 cm-1

that appears in the spectra of complexes can be assigned to

m(OH) stretching vibration of water molecules [37], pres-

ence confirmed by elemental and thermal analyses as well.

The absorptions found at values characteristic for aro-

matic and aliphatic ether groups of crown ether moiety [4]

are shifted to lower values in the spectra of complexes (1)

and (3) as result of interaction with calcium ion [38].

Electronic, EPR spectra and magnetic moments

Electronic spectra correlated with magnetic moments at

room temperature provide useful information concerning

both oxidation state of copper ion and stereochemistry.

Table 2 lists the electronic absorption bands and magnetic

moments of complexes in solid state.

The intraligand n?p* and p?p* transitions resulted

from the –C=C– (aromatic ring) and –C=N– groups are

different shifted in the complexes spectra as result of

changes in the electronic density of the ligand upon

coordination.

The electronic spectra of complexes (2) and (3) show a

broad band at 16,950/16,530 cm-1 assigned to dz2 ?
dx2�y2 transition in a rhombic distorted stereochemistry

[39]. Such stereochemistry can be a square planar one with

different donor atoms arranged in the trans disposition. The

values of the magnetic moment for Cu(II) complexes are

typical for Cu(II) compounds without interaction between

paramagnetic ions [40].

The powder EPR spectra for complexes (2) and (3)

recorded at room temperature exhibit a broad and asym-

metric band with the part at lower field broader than at higher

field (Fig. 1). The peak-to-peak line width is 242 G for the

complex (2) and 223 G for the complex (3) while the g values

are very close, 2.1272 for complex (2) and 2.1195 for com-

plex (3), respectively. The similar features of the EPR

spectra can be related to a square planar stereochemistry with

grossly misaligned tetragonal axes [41].

Table 1 Absorption maxima (cm-1) from IR spectra and assign-

ments for the Schiff base and complexes (1)–(3)

HL (1) (2) (3) Assignment

– 3490s 3433m 3410s m(OH2)

3395s 3390vs – – m(OH)

2921m 2939vs 2922m 2937s mas(CH2)

2862m 2858m 2869m 2875m ms(CH2)

– 1708s – 1707m d(OH2)

1610m 1634m 1593m 1601m m(C=N)

1511vs 1516m 1508vs 1507s d(CH2)

1453m 1444m 1451m 1453s m(C=C)

1249m 1217m 1254m 1227m mas(Ar–O–C)

1181m 1177m 1156m 1152m m(C–O)

1128vs 1097m 1128s 1087m m(C–O–C)

1061m 1051m 1060m 1057m msym(Ar–O–C)

897m

846m

903w

840w

851w 853w c(CH)aromatic

– 551w 525w 581w

550w

m(M–O)

– – 460w 460w m(M–N)

vs very strong, s strong, m medium, w weak

Table 2 Absorption maxima (cm-1) from electronic spectra of ligand

and complexes (1)–(4), assignments and magnetic moments

Compound Absorption

maxima/cm-1
Assignments Magnetic

moment/B.M.

HL 40,815 n?p* –

33,330

25,315 p?p*

17,540

[Ca(HL)(OH2)4]

Cl2�4H2O (1)

40,815 n?p* –

33,900

17,860 p?p*

[CuL2]�2H2O (2) 40,000 n?p* 1.87

37,040

24,690 p?p*

16,950 dz2 ? dx2�y2

[Cu{Ca(L)(OH2)2}2]

Cl4�H2O (3)

40,810 n?p* 1.80

37,040

27,780 p?p*

18,350

16,530 dz2 ? dx2�y2
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Thermal behaviour of complexes

The thermal analysis is frequently used in order to get useful

information concerning the composition and stability of

complexes. As result, the thermal behaviour of ligand and

complexes was investigated in air by simultaneous TG/DTA

analysis, while the final residue was examined by powder

X-ray diffraction and IR spectroscopy, respectively.

The thermal decomposition data are summarised in

Table 3 and will be discussed as follows.

Thermal decomposition of Schiff base

The TG, DTG and DTA curves registered for crowned Schiff

base are shown in Fig. 2 and indicate that the compound is

stable up to 215 �C and then undergoes two steps thermal

decomposition. The small exothermic peaks observed on

DTA curve in the 215–434 �C temperature range are prob-

ably due to both endothermic and exothermic reactions that

occur simultaneously, such as cleavage and rearrangement

of the covalent bonds as well as some moieties oxidative

degradation. According to the mass loss, about 65 % of the

Schiff base is eliminated through these processes up to

434 �C, loss that correspond to oxidative degradation of

benzocrown moiety together with C=N unit and methyl

group (found/calc.: 64.0/63.2 %). In the final step, the rest of

organic part oxidative degradation occurs, accompanied by

several strong overlapped exothermic processes as can be

noticed on DTA curve (found/calc.: 36.0/36.8 %).

Thermal decomposition

of [Ca(HL)(OH2)4]Cl2�4H2O (1)

The TG, DTG and DTA curves corresponding to the com-

plex (1) indicate that decomposition follows five well-de-

fined steps (Fig. 3). Chemical analysis indicate the presence

of eight water molecule per metallic ion while the thermal

2533 2727 2921 3116 3310 3504 3698

Magnetic field/G

(2)

(3)

Fig. 1 X-band powder EPR spectra for complexes (2) and (3)

Table 3 Thermal behaviour data (in synthetic air atmosphere) for complexes

Compound Step Thermal

effect

Temperature

range/�C
Dmexp/% Dmcalc/% Process

HL 1. Exothermic 215–434 64.0 63.2 Oxidative degradation of benzocrown, imine

and methyl moieties

2. Exothermic 434–655 36.0 36.8 Oxidative degradation of the rest of Schiff base

[Ca(HL)(OH2)4]�4H2O (1) 1. Endothermic 64–150 10.1 9.7 Water elimination

2. Endothermic 150–193 10.0 9.7 Water elimination

3. Exothermic 193–274 12.7 12.9 Oxidative degradation of cyclohexyl alcohol moiety

4. Exothermic 274–350 17.1 16.5 Oxidative degradation of ethylcyclohexyl

imine moiety

5. Exothermic 355–705 35.1 36.3 Oxidative degradation of the rest of Schiff base

Residue: CaCl2 15.0 14.9

[CuL2]�2H2O (2) 1. Endothermic 124–168 3.4 3.4 Water elimination

2. Exothermic 168–472 49.8 49.8 Oxidative degradation of benzocrown moiety

3. Exothermic 400–715 39.2 39.3 Oxidative degradation of the rest of Schiff base

Residue: CuO 7.6 7.5

[Cu{Ca(L)(OH2)2}2]

Cl4�H2O (3)

1. Endothermic 60–90 1.2 1.3 Water elimination

2. Endothermic 140–223 5.1 5.3 Water elimination

3. Exothermic 210–428 30.5 30.4 Oxidative degradation of tricycle moiety

4. Exothermic 428–735 34.8 34.8 Oxidative degradation of the rest of Schiff base

5. Exothermic 735–900 5.8 5.8 Residual carbon burning

Residue: CuO ? CaCl2 22.6 22.4
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behaviour indicates that these molecules are involved in

different interactions considering that they are eliminated in

two well-defined steps. First, four water molecules are

eliminated up to 150 �C (found/calc.: 10.1/9.7 %) while the

remaining four are eliminate up to 193 �C (found/calc.: 10.0/

9.7 %), both processes being accompanied by an endother-

mic effect. The temperature ranges corresponding to these

steps indicate the role of this species both as crystallisation

[42] and as coordination [43, 44], both types being involved

in additional strong hydrogen bonds.

According to mass loss, in the third step the cyclohexyl

alcohol unit of Schiff base elimination occurs in several

weak exothermic, overlapped processes (found/calc.: 12.7/

12.9 %). This feature of the DTA curve could arise again

from cleavage of the covalent bonds, their rearrangement

and some moieties oxidative degradation, processes

accompanied by both endothermic and exothermic effects.

The oxidative degradation of ethylcyclohexyl imine moiety

occurs in the next step, being accompanied by an exothermic

effect (found/calc.: 17.1/16.5 %). In the last step occurs the

oxidative degradation of the remaining part of Schiff

(found/calc.: 35.1/36.3 %), step that is not a single one but an

overlap of at least three processes according to both DTG

and DTA curves profile. According to overall mass loss, the

final residue is CaCl2 (found/calc.: 85.0/85.1 %). The resi-

due is amorphous since no signal was observed in powder

XRD spectrum, and as result its nature as CaCl2 was

assigned by the appearance of a band at 520 cm-1 in the IR

spectrum that can be assigned to m(Ca–Cl) vibration mode.

Thermal decomposition of [CuL2]�2H2O (2)

Complex (2) losses the crystallisation water up to 168 �C
(found/calc.: 3.4/3.4 %), temperature that is higher as

result of the fact that water is trapped insight of the crown

ether moiety through strong hydrogen bonds. Otherwise,

such an interaction was observed for other crown ether

derivatives [45].

The oxidative degradation of the Schiff base begins with

benzocrown group elimination (found/calc.: 49.8/49.8 %),

process accompanied by several weak endothermic effects

(Fig. 4). The mass loss up to 715 �C corresponds to oxida-

tive degradation of the remaining part of the Schiff base

(found/calc.: 39.2/39.3 %), and according to DTA curve,

several overlapped processes occur until the CuO is formed

(PDF 80-1916) (found/calc. overall mass loss: 92.4/92.5 %).

Thermal decomposition

of [Cu{Ca(L)(OH2)2}2]Cl4�H2O (3)

For complex (3), the water molecules are also stepwise

eliminated, namely the crystallisation one up to 90 �C
(found/calc.: 1.2/1.3 %) [42], while the coordination one in

140–223 �C temperature range (found/calc.: 5.1/5.3 %)

[43, 44]. As it can see in Fig. 5, both steps are endothermic.

The first step occurs up to a lower temperature comparing

with compound (2). The explanation could be the

involvement of water molecules in weak hydrogen inter-

actions having in view that the cavity of the crown ether is

occupied by the Ca(II) ion. The diminishing of the

hydrogen bonds interaction with decreasing the water
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Fig. 3 TG, DTG and DTA curves for [Ca(HL)(OH2)4]�4H2O (1)
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Fig. 4 TG, DTG and DTA curves for [CuL2]�H2O (2)
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molecule number was also observed for other Ca(II)

complexes [46].

The oxidative degradation starts with tricycle moiety

(found/calc.: 30.5/30.4 %), and several weak exothermic

effects can be observed on DTA curve as result of super-

position of several processes, accompanied by both

endothermic and exothermic effects. The oxidative degra-

dation of the remaining part of Schiff occurs in the next

step (found/calc.: 34.8/34.8 %), accompanied by a strong

exothermic effect. This step is not a single one but an

overlap of three processes according to both DTG and

DTA curves profile. A small quantity of residual carbon

remains trapped in the lattice (found/calc.: 5.8/5.8 %) and

burns in the last step with a mixture of CaCl2 and CuO

generation (PDF 80-1916) (found/calc. overall mass loss:

77.4/77.6 %). In the IR spectrum of residue, the band at

470 cm-1 was assigned to m(Cu–O) vibration mode while

that at 517 and 579 cm-1 arise from m(Ca–Cl) vibration

modes.

Antioxidant activity

The antioxidant activity reflects the ability of a certain com-

pound to inhibit the generation of reactive oxygen species

(ROS) and all accompanied processes that end with the cell

destruction [29]. The dpph method indicates that the obtained

compounds exhibit a weak antioxidant activity (Table 4),

except for compound (3) with a TAC value of 93 %.

Antimicrobial activity

The qualitative screening of the antimicrobial activity of

the tested compounds performed on gram-negative and

gram-positive bacteria, as well as fungal strains revealed

that the compound (3) proved to be more active than ligand

against S. aureus, B. subtilis and E. coli, followed by

compound (2) which was slightly more active than ligand

against E. coli.

The results of the quantitative assay of the antimicrobial

activity of the tested compounds against the microbial

strains in planktonic growth state revealed that all three

complexes exhibited in some cases an antimicrobial

activity superior to that of the ligand, namely compound

(1) against S. aureus and C. albicans and compound (3)

against C. albicans (Table 5). However, both the ligand

and the derived compounds exhibited very low MIC values

ranging from 7.8 to 62.5 lg mL-1 against the majority of

the tested strains.

The assay of the minimal biofilm eradication concen-

tration reflecting the inhibitory activity of the tested com-

pounds against the microbial strains in sessile growth state

revealed a decreased efficiency of the tested compounds

against the adhered cells as demonstrated by the higher

MBEC as compared to MIC values (Table 6). However,

compound (1) exhibited a superior antibiofilm activity as

compared to that of the ligand against S. aureus and B.

sutbtilis and compound (3) against E. coli and C. albicans.

However, it is to be noticed that both the ligand and the

derived compounds proved to be very active against P.

aeruginosa biofilm, exhibiting a MBEC value of

62.5 lg mL-1. It is also to be noticed the high antibiofilm

efficiency of compound (1) against S. aureus biofilms.

Taking into account the high prevalence of these two

0 200 400 600 800 1000

Temperature/°C

TG

DTG

DTA

0.1

0.0

–0.1

–0.2

–0.3

D
T

G
/m

g 
m

in
–1

H
ea

t f
lo

w
/µ

V
E

xo

50

60

40

30

20

10

0

–10

–20

0

–20

–10

10

–30

–40

–50

–60

–70

–80

M
as

s 
va

ria
tio

n/
%

Fig. 5 TG, DTG and DTA curves for [Cu{Ca(L)(OH2)2}2]Cl4�H2O

(3)

Table 4 Total antioxidant activity (TAC) of compounds

Compound TAC/%

HL 46.33

(1) 24.07

(2) 18.49

(3) 93.80

Table 5 MIC (lg mL-1) values of the tested compounds against the

tested microbial strains

Strain HL (1) (2) (3)

S. aureus 31.2 7.8 125 62.5

B. subtilis 31.2 31.2 62.5 31.2

P. aeruginosa 62.5 62.5 62.5 62.5

C. albicans 125 62.5 – 62.5

Table 6 MBEC (lg mL-1) values of the tested compounds against

the tested microbial strains

Strain HL (1) (2) (3)

S. aureus 62.5 31.2 62.5 62.5

B. subtilis 62.5 31.2 125 125

E. coli 0.25 250 1000 62.5

P. aeruginosa 62.5 125 125 62.5

C. albicans 62.5 62.5 1000 31.2
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bacterial species in the aetiology of chronic and biofilm-

associated infections, which are very resistant to current

antimicrobial regimens, the obtained results highlight the

potential of these complexes for the development of novel

antimicrobial and antibiofilm strategies.

Cytotoxic activity

In order to establish the treatment effect and to discrimi-

nate between intact and apoptotic HCT 8 cells, Annexin

V-FITC Apoptosis Detection Kit I was used. All com-

plexes exhibited an acceptable, low level of cytotoxicity.

However, it could be stated that compound (3) was the

most toxic (87.5 % viability), followed by (1) (89.4 %

viability) (Table 7).

Conclusions

New complexes [Ca(HL)(OH2)4]Cl2�4H2O (1), [CuL2]-

2H2O (2) and [Cu{Ca(L)(OH2)2}2]Cl4�H2O (3) were syn-

thesised and characterised by reaction of metal chloride

with Schiff base 2-hydroxy-8-methyl-tricyclo[7.3.1.02.7]-

tridec-13-N-40(benzo-15-crown-5-ether)-imine (HL) in

alkaline medium.

IR spectra display the characteristic features of the

crowned Schiff bases and indicate that ligand acts as bis-

chelate through azomethinic nitrogen and phenolic oxygen

in interaction with Cu(II) ion and trapped Ca(II) in crown

ether moiety. Complexes display square planar stereo-

chemistry in concordance with UV–Vis and EPR spectra

patterns.

Thermal decomposition of complexes allowed establish-

ing the number and nature of water molecule, the composi-

tion of complexes and also the intervals of thermal stability.

After water elimination in one or two well-defined events,

the complexes suffer oxidative degradation of Schiff base

leading to the most stable species as final product.

The results of the biological assays revealed that tested

compounds exhibited good antimicrobial activity against

planktonic bacterial and fungal strains, as revealed by the

very low MIC values. In case of compounds (1) and (3), the

antimicrobial activity was improved compared to that of

ligand against S. aureus and C. albicans. Compounds

exhibited also antibiofilm activity, but the MBEC values

were generally higher than the MIC ones. The compounds

(1) and (3) exhibited a superior antibiofilm activity com-

pared to that of ligand against S. aureus, B. sutbtilis, E. coli

and C. albicans. Taking into account the results of

antimicrobial assay correlated with the low cytotoxicity

against human cells, it could be stated that the obtained

complexes could be promising for the further development

of novel antimicrobial and antibiofilm agents.
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