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a b s t r a c t

Iminophosphoranes of general formula Ph3P ¼ NC6H4SR [R ¼ 4-C6H4NO2 (3) and CH2C6H5 (4)],
combining the iminophosphorane group with a thioether moiety were synthesized and fully charac-
terized, including the unequivocal determination of the solid state structure of ligand (3) by single crystal
X-ray diffraction techniques. These ligands and other related [R ¼ CH3 (1), C6H5 (2)] were further reacted
with [Pt(S(CH3)2)2Cl2] to produce, in all cases, the non-symmetric CNS-Pt(II) pincer complexes [PtCl
{C6H4(Ph2P ¼ NC6H4SRek3eC,N,S)}] [R ¼ CH3 (5), C6H5 (6), 4-C6H4NO2 (7), CH2C6H5 (8)]. All compounds
were fully characterized using common analytical techniques and the solid state structures of (5), (6) and
(7) were unequivocally determined by single crystal X-ray diffraction experiments. The in vitro anti-
proliferative activity of these new species was explored against a series of tumoral cell lines [U251
(human glioblastoma), PC-3 (human prostate cancer cell line), K562 (human leukemia), HCT-15 (human
colorectal adenocarcinoma), MCF-7 (human breast adenocarcinoma), SKLU (human lung adenocarci-
noma) and HeLa (epitheloid cervix carcinoma)] showing compounds 5 (R ¼ CH3) and 8 (R ¼ CH2C6H5) to
have better cytotoxic activity than cisplatin against HeLa and K562 tumoral cell lines.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

While the use of inorganic compounds inmedicine startedmore
than 5000 years ago [1], it has been only recently that modern
developments of these compounds have focused on the generation
of new anticancer agents [2]. Cancer is caused by a genetic damage
of cells producing their abnormal grow and lack of response to
normal control of a specific tissue. Thus, the affected cells rapidly
multiply and spread, forming tumors of various grades. Nowadays,
a variety of treatments can be used [3] and during the past 40 years,
platinum based drugs, particularly cisplatin and carboplatin have
dominated the treatment of various types of cancers.

The successful development of cisplatin as antitumor drug is
often seen as a historic event, as the number of patients who have
been treated and cured with cisplatin is impressive. In addition, the
fact that the exactmechanism of action of this compound continues
unsolved, has generated a tremendous interest in understanding
the behavior of the metal in the presence of DNA and consequently,
the cisplatin chemistry has provided a fertile ground for the
development of bioinorganic chemistry research. The key that ex-
plains the success of Pt in these processes is related to the kinetics
of ligand exchange, as it is best when occurs slowly in order to
modulate the arrival to the cellular DNA. For this reason,
mentioning the trans effect is mandatory, because it is responsible
for the kinetics of ligand exchange, and this effect is particularly
pronounced in Pt(II) complexes. However, despite the success of
cisplatin, it has been found that its lack of selectivity in cancerous
tumors causes many side effects that are only partially reversible if
therapy is interrupted. Thus, the scientific community has placed a
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lot of effort in the design of new platinum complexes with efficient
anticancer activity and reduced side effects [4]. These efforts have
produced several Pt complexes (second and third generation)
(Scheme 1). However, with no significant advantages over cisplatin.
Second generation drugs like Carboplatin and Oxaliplatin have
shown fewer side effects due to their robustness, but this also make
them less active than Cisplatin [5].

Notably, iminophosphorane group 10 transition metal com-
plexes have been relevant in the design of new, potentially active
and selective anticancer compounds. Thus, Contel et al. have
recently synthesized a series of water-soluble Au(III), Pd(II) and
Pt(II) compounds with iminophosphorane N,N’-chelating ligands,
that were tested in vitro as potential anticancer agents towards DU-
145 (human prostate cancer) and Jurkat-T (acute lymphoblastic
leukemia) tumor cell lines. The study showed that these com-
pounds indeed exhibit anticancer activity and, that the Au(III) and
Pt(II) complexes were the more efficient against the above
mentioned cancerous cell lines (Scheme 2), displaying lower IC50
values than cisplatin [6].

Additionally, in 2012 the same group examined the in vitro effect
of cationic organogold(III) complexes containing C,N-chelating
iminophosphorane ligands, against HeLa (human cervical carci-
noma) and Jurkat-T (lymphoblastic leukemia) tumor cell lines
(Scheme 2). The results indicated these Au(III) species to be more
cytotoxic when coordinated to dithiocarbamato ligands, affording
lower IC50 values than cisplatin. This cytotoxicity not being related
to an interaction with DNA [7] as is the case for cisplatin.

Other studies by the same research group reported the synthesis

of a series of new cationic Pd(II) iminophosphorane complexes,
were their hydrophilic/lipophilic ratios were varied and their
cytotoxic activity towards different tumor cell lines in vitro studied.
The results obtained, revealed these compounds not to be as effi-
cient as their Au(III) and Pt(II) counterparts against cancerous cells
and their cytotoxicity and selectivity was related to their degree of
lipophilicity [8]. The same authors demonstrated that a series of
water-soluble cationic iminophosphorane Ru(II) complexes, were
in fact more cytotoxic in vitro to a number of human cancer cell
lines than cisplatin [9]. Moreover, experiments in vivo, using the exo
N,O-chelated complex [(h6-p-cymene)Ru
{(Ph3P ¼ NeCOe2eNeC5H4)ek2-N,O}Cl]Cl showed an impressive
tumor reduction (56% after 28 days) on xenografted breast carci-
noma MDA-MB-231 tumors with low systemic toxicity.

Thus, based on the abovewe rationalize that a combination of d8

metals and iminophosphorane ligands, may produce good organ-
ometallic candidates for potentially efficient and selective, anti-
cancer applications. Hence, in the present study we wish to report
the synthesis and characterization of a series of new tertdentate
non-symmetric iminophosphorane CNS-Pt(II) pincer complexes,
and the results of their cytotoxic evaluation against different tu-
moral cell lines in vitro.

2. Experimental

2.1. Materials and methods

All reactions were carried out under nitrogen atmosphere using

Scheme 1. Pt complexes used in cancer treatment.
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