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ABSTRACT. The synthesis and characterization of two new iron(Il) complexes, [Fe(pythsal)]Cl, and
[Fe(pythsalBr)]Cl, with the NSNO-donor tetradentate Schiff base ligands pythsalHX [(5-X-N-
(2pyridylethylsulfanylethyl) salicylideneimine] (X = I, Br)) obtained from the inserted condensation of 1-(2-
pyridyl)-3-thia-5-aminopentane with the respective derivative salicylaldehyde in a 1:1 molar ratio is reported. The
iron(Ill) complexes were characterized by several techniques using elemental analysis (C, H, N), FT-IR, electronic
spectra and molar conductance measurements. The elemental analysis data suggest the stoichiometry to be 1:2
[M:L] ratio formation. The molar conductance measurements reveal the presence of 1:2 electrolytic nature
complexes. Infrared spectral data agreed with the coordination to the central metal ion through deprotonated
phenolic oxygen, imine and pyridine type nitrogens and the thioether sulfur atoms. From ligand field spectral data
an octahedral geometry is assigned to the iron(Il) ion in all these complexes. These new compounds have showed
anti-tumour activity against two kinds of cancer cells that are K562 (human chronic myeloid leukemia) and
Jurkat (human T lymphocyte carcinoma).

KEY WORDS: Iron(Ill) complexes, Tetradentate ligands, Unsymmetric Schiff base, NSNO-donor, Anti-tumour,
K562, Jurkat

INTRODUCTION

Transition metal macro cyclic complexes have received a great attention because of their
biological activities, including anti-tumour, antibacterial, antiviral, antifungal and
anticarcinogenic properties [1-5]. Such biological activities are essentially due to their ability to
form tetradentate chelate with heavy metal ions, bonding through sulfur and nitrogen [6, 7]. The
development of the field of bioinorganic chemistry has increased the interest in Schiff base
complexes, since it has been recognized that many of these complexes may serve as models for
biologically important species [8, 9].

The design, synthesis and characterization of iron complexes with Schiff base ligands play a
relevant role in the coordination chemistry of iron due to their importance as synthetic models
for the iron-containing enzymes [10, 12], oxidation catalysts [13, 14] and stable molecular
materials based on temperature-, pressure- or light induced spin-crossover behavior [15, 16].
Schiff base ligands are considered privileged ligands, because they are easily prepared by a
simple one-pot condensation of an aldehyde and primary amines in an alcohol solvent [10].
Furthermore it was found that some iron(IIl) complexes provide a useful structural and
electronic model for the similarly coordinated iron(Ill) sites found in the heme iron enzymes
[17]. Mascharak er al. [18, 19] studied the structures and properties of a number of iron(III)
complexes with some amidate ligands because such complexes can be taken as a model for the
metal coordination spheres of the anti-tumour drug bleomycin [20].

From a bioinorganic point of view, the iron(IIl) complexes with salicylidene amines ligands
provide a useful structural and electronic model for the similarly coordinated iron(Ill) sites
found in the hemi iron enzymes [21].
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From these points of view, it is interesting to study different types of transition metal
complexes of these biologically active ligands. In this paper, the synthesis, characterization and
anti-tumor properties of two iron(Ill) complexes have been studied.

EXPERIMENTAL
Chemical reagents

All chemicals and reagents used for the preparation of the ligands and complexes were
commercial products (Merck, Germany or Fluka, Switzerland) and were used without further
purification. Solvents used for reactions were purified and dried by standard procedures [22]. 5-
Iodo-salcylaldehyde, 5-phenylazo-salcylaldehide, 1-(2-pyridyl)-3-thia-5-aminopentane were
synthesized according to known procedures [23-25]. 2-Vinylpyridine was distilled in vacuum
before using. Elemental analyses (carbon, hydrogen, and nitrogen) were determined with an
Elemental CHN Analyzer Vario El III (Germany). The molar conductance of the complexes
were measured in acetonitrile solution in room temperature with a Jenway 4510 conductometer
instrument (Germany). Melting points were determined using an electrothermal apparatus and
are uncorrected. The "H and C NMR spectroscopic data were recorded on a Bruker spectrospin
Avance (Germany) 400 MHz in CDCI; and chemical shifts are indicated in ppm relative to
tetramethylsilane. The electronic spectroscopic data in 200-900 nm range were recorded in
acetonitrile on a Perkin-Elmer lambda 25 spectrophotometer (USA). Infrared spectroscopic data
(KBr disc, 4,000-400 cm™) were recorded on a Shimadzu FT-IR model prestige 21 spectrometer
(Japan).

Cell culture

The human chronic myeloid leukemia: K562 cell line and the human T lymphocyte carcinoma:
Jurkat cell line, used for treatment with the drugs, was provided. K562 and Jurkat cells were
grown at 37 °C in an atmosphere containing 5% CO,, with RPMI-1640 Medium HEPES
Modification with L-glutamine and 25 mM HEPES (Sigma-Aldrich Chemie GmbH, Germany)
supplemented with 10% heat-inactivated fetal bovine serum (FBS) (Gibco, USA), 2.7% sodium
bicarbonate and 500 mg/L ampicillin.

Preparation and characterization of the ligands

1-(2-Pyridyl)-3-thia-5aminopentane  was condensed with the respective derivative
salicylaldehyde in a 1:1 molar ratio. Details are described below. The four unsymmetric
tetradentate Schiff base ligands were synthesized in a similar manner [26]. A solution of 1
mmol of pyta in 5 mL absolute ethanol was added to a solution of 1 mmol of the required
salicylaldehyde in 5 mL absolute ethanol to give clear yellow or light orange solutions which
were gently refluxed for about 1 h. Evaporation of the solution in vacuum gave viscous liquids.

Synthesis of Schiff base ligand

The ligand Hsal-Br-pyta [5-bromo-N-(2-pyridylethylsulfanylethyl)salicylideneiminate, K
N,N',0,S] was synthesized by stirring 1-(2-pyridyl)-3-thia-5aminopentane (pyta) (1 mmol in 5
mL absolute ethanol) and 2-hydroxy-5-bromobenzaldehyde (1 mmol in 5 mL absolute ethanol)
in reflux for 60 min, resulting in a light yellow solution containing the liquid ligand.
Evaporation of the solution in vacuum gave viscous liquid. The ligand Hsal-Br-pyta was
obtained as yellow micro crystals. The micro crystals were filtered off, washed with 5 mL of
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cooled absolute ethanol and then recrystallized from ethanol-/chloroform (2:1, v/v). The
analytical and physical data of the ligand are given below.

HsalBrpyt. Empirical formula: C;¢H;BrN,OS, formula weight: 365.293 gmol’l, yield: 83%.
Color yellow, m.p. 69 °C. Analysis: C, 52.50%; H, 4.70%; N, 7.60%. Found: C, 52.60%; H,
4.69%; N, 7.66%. '"H NMR (ppm): 13.20 (br s, 1H, OH), 8.55 (d, 1H, pyridinic), 8.26 (s, 1H,
iminic), 7.67 (t, 1H, pyridinic), 7.39-7.21 (m, 4H, aromatic), 6.85 (d, 1H, aromatic), 3.80 (t, 2H,
CH, aliphatic), 3.13 (t, 2H, CH, aliphatic), 3.00 (t, 2H, CH, aliphatic), 2.86 (t, 2H, CH,
aliphatic). BC NMR (ppm): (12 C aromatic); 164.61, 160.16, 159.66, 149.32, 136.45, 134.92,
133.46, 123.25, 121.56, 119.96, 119.02, 109.95; (4 C aliphatic); 58.93, 38.36, 32.94, 31.82.

Hsallpyt. Empirical formula: C,¢H,7IN,OS, formula weight: 412.294 gmol'l, yield: 71%. Color:
yellow, m.p. 71 °C. Analysis: C, 46.70%; H, 4.20%; N, 6.80%. Found: C, 46.61%; H, 4.15%;
N, 6.79%. "H NMR (ppm): 13.35 (br s, 1H, OH), 8.54 (d, 1H, pyridinic), 8.23 (s, 1H, iminic),
7.64 (t, 1H, pyridinic), 7.55-7.17 (m, 4H, aromatic), 6.74 (d, 1H, aromatic), 3.78 (t, 2H, CH,
aliphatic), 3.09 (t, 2H, CH, aliphatic), 2.98 (t, 2H, CH, aliphatic), 2.84 (t, 2H, CH, aliphatic).
“C NMR (ppm): (12 C aromatic); 164.55, 160.90, 159.67, 149.33, 140.68, 139.56, 136.52,
123.31, 121.60, 120.79, 119.57, 79.15; (4 C aliphatic); 58.93, 38.36, 32.97, 31.84.

Preparation of iron complexes

General synthesis of [Fe(pythsalX)]Cl, complexes. An ethanol solution of pyta (1 mmol, 5 mL)
was added to ethanol solution of the required salicylaldehyde (1 mmol, 5 mL). The mixture was
refluxed for 40 min, then 1 mL of metabolic NaOH was added and were continued for a further
5 min. Then an ethanol solution of FeCl;.6H,O (1 mmol, 5 mL) was added to the ligand solution
with stirring and the reaction mixture was stirred under reflux for 50 min. The resultant colored
solution was left at room temperature. The product was removed by filtration, washed with
cooled absolute ethanol and recrystalized from methanol or acetonitrile and dried in vacuum.

Analysis  of 5-iodo-N-(2pyridylethylsulfanylethylsalcylideneiminato, K NN,0,S] iron(lll)
chloride dihyrate. Dark red-brown crystals, yield 68%, m.p. 274 °C dec. Anal. calcd for
C,sHooCLFeIN,OsS: C, 33.47; H, 3.51; N, 4.88. Found: C, 33.30; H, 3.50; N, 4.92. FT-IR (KBr) v
3420, 3030-3080, 2870-2910, 1617 cm™. UV (CH;CN) A,(nm) (log £ L mol™ em™) 564 (143),
399 (4200), 325 (4550), 230 (28500). Mol. conductivity 198 uS.

Analysis of 5-bromo-N-(2pyridylethylsulfanylethylsalcylideneiminato, K' N,N,0,S] iron(III)
chloride dihyrate. Dark brown crystals, yield 65%, m.p. 271 °C dec. Anal. caled for
C,sHyoBrCLFeN,0sS: C, 36.68; H, 3.77; N, 5.52. Found: C, 33.46; H, 3.82; N, 5.31. FT-IR (KBr)
v 3450, 3030-3080, 2840-2950, 1618 cm'. UV (CH;CN) Apu(nm) (log € 1 mol! cm™) 565
(163), 397 (3550), 314 (3625), 238 (37150). Mol. conductivity 210 pS.

In vitro activities and cytotoxicity studies

[Fe(pythsall)]Cl, and [Fe(pythsalBr)]Cl, complexes were assayed for cytotoxicity in vitro
against K562 (human chronic myeloid leukemia) cells and Jurkat (human T lymphocyte
carcinoma) cells.

The two cell lines were provided by the Pastour Instutiute Laboratory of Natural and
Biomimetic in Iran. The procedure for cytotoxicity studies was similar to that reported earlier
[27]. Briefly, in order to calculate the concentration of each drug that produces a 50% inhibition
of cell growth (ICsy), 190 mL of cell suspension (5 x 10* cell/mL) were exposed to various
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concentrations of complexes dissolved in sterile DMSO. After incubation periods 72 h for all
cell lines, the cell concentrations were determined both in control and in drug-treated cultures.
All experiments were repeated six times.

The ICs, cytotoxicity values of the complexes were compared to those found for the starting
organic bases as well as for some of the anticancer agents used nowadays, that are cis-platin and
oxaplatin compounds [28].

The general method used for testing on anti-tumor properties of compounds was the
standard testing method that has been previously described in greater detail:

After pre-incubation lasting 12 h at 37 °C in a 5% CO, atmosphere and 100% humidity, the
tested compounds in the concentration rang 0.1-200 uM for [Fe(pythsall)]Cl, and 0.1-350 uM
for [Fe(pythsalBr)]Cl, were added. The incubation lasted 72 h and at the end of this period ICy,
and ICs, of the dead cells and live cells was measured by Trypan blue. ICy, and ICs, values,
which are the compounds concentrations lethal for 90% and 50% of the tumour cells were
determined both in control and in compounds concentrations lethal for both in compounds-
treated cultures. The complexes were first dissolved in DMSO and then filtrated. The final
concentration of DMSO in the growth medium was 2% (v/v) or lower concentrations without
effect on cell replication [29, 30]. The corresponding 50% and 90% inhibitory doses (ICs, and
1Cy,) values are shown in Table 1.

Table 1. 72 h ICsg and ICyg values (UM) obtained for two compounds.

Compound 1Cs for cell line ICy for cell line
K562 Jurkat K562 | Jurkat
[Fe(pythsall)]Cl, >53 >50 >100 >99
[Fe(pythsalBr)]Cl, | >85 >83 >175 >170
RESULTS AND DISCUSSION

Four tetradentate monoanionic ligands pythsalHX (X = I, Br) all having an NSNO donor atom
set were synthesized by the 1:1 condensation reaction of the precursor 1-(2-pyridyl)-3-thia-5-
aminopentane with respective salicylaldehyde derivative in purified ethanol (Scheme 1). Iron
complexation reactions of these ligands were investigated. The complexes of these ligands were
obtained from a refluxing mixture of the respective ligand, methanolic NaOH and hydrated
iron(IIT) chloride, taken in a 1:1:1 molar proportion in ethanol (Scheme 2). The Schiff base
ligands and iron complexes were characterized by elemental analyses, solution electrical
conductivity, FT-IR, UV-Vis and 'H and *C NMR spectroscopy. The results are consistent with
the proposed mononuclear formulation. These complexes were found to be fairly soluble in
methanol, acetonitrile, dimethyl formamide and dimethyl sulfoxide and display good stability in
the air at room temperature. Molar conductivities of all the four complexes are in accord with
1:2 electrolyte behaviors [31]. The structures of the ligands were confirmed by 'H and °C NMR
spectra data. In the '"HNMR spectra of ligands, the signal for proton of -NH group was not
found and it is suggested that the Schiff base ligands do not undergo keto-enol tautomerism.
The FT-IR spectra of complexes compared with those of the ligands, indicate that the v(C=N)
band at 1634-1655 cm’ is shifted to lower frequency by 17-28 cm™ in the complexes, indicating
that the ligands are coordinated to the metal ions through the nitrogen atom of the azomethine
group [32]. On the other hand, the disappearance of the OH bands of the free ligands in the
complexes indicates that the OH group has been deprotonated and bonded to metal ions as O". A
relatively medium broad absorption band with maximum at 3400-3450 cm™ indicates the
presence of water as the elemental analyses the complexes show the presence of two moles of
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water in the one mole of the complexes. The electronic spectra of the iron(Ill) complexes were
measured in the acetonitrile solution. In general, the electronic transitions for iron(II) systems
are spin forbidden and hence weak, and are often marked by charge transfer bands [33].
However, in several spin equilibrium systems, the high spin (S = 5/2) form has been
characterized by transition at 555-500 nm and the low-spin (S = 1/2) form by transition at 714-
625 nm [33-35]. From the spectral data of the iron(IIl) complexes (Figure 1) it can be seen that
all of them exhibit one band at 508-568 nm which can be assigned to 6A1g - 4T1g transition
characteristic of octahedral structure [33, 36, 37]. The broad intense and poorly resolved bands
between 320-450 nm may be assigned to LMCT or MLCT [34-36]. The high intensity band
below 320 nm is of ligand origin assignable to intraligand n - ©* / T - ®* transition [36-37].

— g =
HO Reflux
O_L SN\, — HO X
N S NH, OHC X ethanol
N
\_7
pythsalHX
X=I, Br

Scheme 1. Schematic representation of Schiff base ligands formation.

/ HO ~ EtOH
\ N S/ \NH + + FeCl3 H,0 & NaOH —— 3

2 OHC X Reflux

\_/"/Fé\o ot

OH, J

X=1I,Br

Scheme 2. Schematic representation of iron(IIl) Schiff base complexes formation.

From the previous data: elemental analysis, molar conductance measurements, infrared and
electronic spectra of the iron(Ill) complexes, the following can be drawn concerning the ligating
property of the Schiff base as well as the stereochemistry of their corresponding complexes. The
molar conductance measurements of the complexes show the 1:2 electrolytic systems. The
infrared spectral data reveal one mode of complexation through nitrogen atom of azomethine
and pyridine groups, oxygen atom of deprotonated phenolic group and thioether sulfur atom.
The electronic spectra exhibit octahedral geometry for all of the iron(IIl) complexes. It is clear
from the above discussion that iron(Ill) complexes offer a new outlook for chemotherapy. The
result of anti-tumour activity show that the metal complexes exhibit anti-tumour properties and
it is important to note that they show enhanced inhibitory activity compared to the parent ligand.
The mechanism by which these complexes act as anti-tumour agents is apoptosis. It has also
been proposed that concentration plays a vital role in increasing the degree of inhabitation [38-
40].
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Figure 1. Electronic spectra of [Fe(pythsall)]Cl,.2H,0.
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