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Abstract

Asymmetric cis-platinum(II) complexes with isopropylamine and two different azole ligands were synthesized and characterized with
different techniques. In addition, for one of the complexes the X-ray structure was determined. Cytotoxicity tests using several human
tumor cell lines, including the cisplatin-sensitive cell line A2780 and its cisplatin-resistant analogue. These results were compared with the
results obtained for the trans isomers of the presented complexes and a relation between the structure and the activity was established. It
was found that complexes with cis geometry are less active than their trans analogues, in particular in the resistant cell line A2780R.
However, complex 1 can overcome cisplatin resistance to a certain extent. In the interaction with GMP, the asymmetric cis-Pt(II) com-
plexes react with similar rates as their trans analogues and they behave as bifunctional species.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

It is well known that cisplatin, unlike transplatin pos-
sesses antitumor activity [1]. The later is merely toxic [2].
However, recent examples show that – by carefully choos-
ing the non-leaving group ligands for transplatin analogues
– one can obtain highly cytotoxic compounds, which retain
their activity in tumors resistant to cisplatin [3–7]. Along
these lines we have recently published a series of asym-
metric transplatin analogues compromising an azole and
an isopropylamine ligand showing remarkable cytotoxic
activity. We believe the activity of these complexes to be
related to the kinetics of binding to the DNA, as studied
by the interaction with the model base 5 0-GMP. Indeed
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reaction kinetics comparable to cisplatin were observed
for the transplatin analogues [8]. Conversely, transplatin
itself reacts with 5 0-GMP much slower [2]. Apparently
the steric hindrance around the central platinum atom
introduced by the combination of the isopropylamine and
the azole ligands render the platinum complexes cytotoxic.
However, the geometry of a complex will also influence
greatly how it coordinates to DNA inside the tumor cells;
thus it plays an important role in the cytotoxicity. To eval-
uate the importance of geometry in the cytotoxic activity of
our transplatin complexes, we decided to prepare their cis
analogues (Fig. 1) for cytotoxicity and further DNA bind-
ing and structural studies.

In the present paper we describe the synthesis, character-
ization, in vitro cytotoxicity and reactivity towards GMP
of two new asymmetric platinum complexes composed
of azole ligands (i.e. 1-methylimidazole (Meim) and

mailto:reedijk@chem.leidenuniv.nl


Pt

NH2CH(CH3)2Cl

Cl N

N

Pt

NH2CH(CH3)2Cl

Cl N

N

1 2

1 2

1' 1'2'

2'3'
3'4'

4'5'
5'

6'
6'

21

Fig. 1. Structural formula and used atom numbering of the new
asymmetric cis-Pt(II) complexes.
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1-methylpyrazole (Mepz)) and an isopropylamine (iPram)
ligand in cis geometry.

2. Experimental

2.1. Materials and measurements

K2PtCl4 was provided by Johnson & Matthey (Reading,
UK). Isopropylamine, sodium perchlorate, perchloric acid
and guanosine 5 0-monophosphate (GMP) were obtained
from Sigma–Aldrich. 1-Methylimidazole and 1-methylpy-
razole were obtained from Fisher Scientific Nederland B.V.

Elemental analysis was performed on a Perkin–Elmer
series II CHNS/O Analyzer model 2400. NMR spectra were
recorded on a Bruker DPX 300. The temperature was kept
constant (at 298 K for the characterization of the complexes
and at 310 K for the GMP reactions) by a variable temper-
ature unit. 1H and 195Pt NMR was measured in acetone-d6

(for the intermediate diiodo complexes), DMSO (for the
characterization of the final complexes) and D2O (for the
reactions with GMP). FTIR spectra were obtained on a
Perkin–Elmer Paragon 1000 FTIR spectrophotometer
equipped with a Golden Gate ATR device, using the diffuse
reflectance technique in the range 4000–300 cm�1 (resolu-
tion 4 cm�1). Mass spectrometry was performed on a
Finnigan TQS700 instrument.
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Scheme 1. Reaction scheme of complexes cis-[PtCl2(iPram)(azole)] (azole
2.2. Synthesis of the complexes

The synthesis of both complexes was accomplished in
four steps as presented in Scheme 1 [9]. Details of the syn-
thesis are given below.

2.2.1. cis-[PtI2(iPram)2]

K2PtCl4 (2.0 g, 4.82 mmol) was dissolved in 100 ml of
water and treated with 8.0 g (47 mmol) of KI. The solution
was stirred for 1.5 h at room temperature. Two equivalents
of iPram (0.57 g, 9.64 mmol) were added to the K2PtI4

solution. The reaction mixture was stirred for 3 h. The yel-
low precipitate was washed with water, methanol and
diethyl ether. The final product cis-[PtI2(iPram)2] was dried
in air. Yield: 2.61 g (95%). 1H NMR (acetone-d6): d (ppm):
4.37 (4H, sbr); 3.57 (2H, sept, 6.69 Hz), 1.37 (12H, d,
6.5 Hz).

2.2.2. [PtI2(iPram)]2

A suspension of cis-[PtI2(iPram)2] (2.61 g, 4.60 mmol) in
24 ml of water and 74 ml of ethanol was treated with
4.67 ml of HClO4 (70%) over a period of 9 days. During
the reaction the yellow precipitate turned into a red brown
precipitate. The suspension was filtered and the precipitate
washed with water and dried in air. Yield: 2.18 g (93%). 1H
NMR (acetone-d6): d (ppm): 4.47 (4H, s); 3.24 (2H, sept,
6.46 Hz); 1.38 (12H, d, 6.46 Hz). 195Pt NMR, d (ppm, ace-
tone-d6): �4201.9 and �4213.8.

2.2.3. cis-[PtI2(iPram)(azole)]
A suspension of cis-[PtI2(iPram)]2 (2.16 g, 2.14 mmol) in

4.5 ml of water was mixed with 2 equiv. of azole
[4.28 mmol of Meim (i1) and Mepz (i2), respectively]. The
reaction mixture was stirred for 2 days at room tempera-
ture. The yellow precipitate was filtered, washed with
water, and dried in air. Yield: (i1) 0.84 g (73%); (i2) 1.0 g
(85%). 1H NMR (acetone-d6): d (ppm): (i1) 3.0 [s, 1H,
NH2CH(CH3)2], 1.27 [d, 6H, NH2CH (CH3)2], 4.64 [sbr,
2H, NH2CH(CH3)2], 8.18 [s, 1H, MeimNCHN], 7.28 [d,
1H, MeimNCHCH], 7.8 [d, 1H, MeimCHCHN], 3.88 [s,
3H, MeimNCH3]; 195Pt NMR (acetone-d6): d (ppm):
H2CH(CH3)2
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Table 2
Crystal data for complex cis-[PtCl2(iPram)(Meim)] (1)

1

Chemical formula [PtCl2C7H15N3]
Formula weight 407.21
Crystal system orthorhombic
Space group P212121

a (Å) 8.0479(4)
b (Å) 10.3954(3)
c (Å) 14.0445(10)
a = b = c (�) 90
V (Å3) 1174.98(11)
Z 4
qcalc (g/cm3) 2.3019(2)
l (mm�1) 12.359
Transmission 0.13–0.29
Crystal color colorless
Crystal size (mm�3) 0.10 · 0.15 · 0.20
Number of reflections measured 21622
Number of unique reflections 2680
Number of observed reflections [I > 2r(I)] 2580
Number of parameters 121
R1 (all reflections) 0.0182
R1 (observed reflections) 0.0163
wR2 (all reflections) 0.0344
S 1.07
Flack parameters 0.013(7)
Minimum/maximum residual density (e A�3) �0.88/1.23
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�3238. 1H NMR (acetone-d6): d (ppm): (i2) 3.1 [s, 1H,
NH2CH(CH3)2], 1.35 [d, 6H, NH2CH(CH3)2], 4.85 [sbr,
2H, NH2CH(CH3)2], 7.82 [d, 1H, MepzNCHCH], 6.48
[t, 1H, MepzCHCHCH], 7.98 [d, 1H, MepzCHCHN]; 195Pt
NMR (acetone-d6): d (ppm): �3332.

2.2.4. cis-[PtCl2(iPram)(azole)]

A suspension of cis-[PtI2(iPram)(azole)] in 80 ml of
water was treated with 1.85 equiv. of AgNO3 for 1 day in
the dark. Precipitated AgI was filtered off and 4 equiv. of
KCl was added to the filtrate. The reaction mixture was
stirred for 10 h at 40 �C and allowed to stay 1 day at
4 �C. When the mixture was cooled a yellow solid precipi-
tated. The solid was filtered, washed with water, and dried
in air. A second fraction was obtained by evaporating half
of the solvent, and filtering off the precipitate. Yield: (1)
0.1907 g (34%), (2) 0.248 g (36%).

The resulting complexes, cis-[PtCl2(iPram)(Meim)] (1)
and cis-[PtCl2(iPram)(Mepz)] (2) (Fig. 1), were character-
ized by 1H and 195Pt NMR (Table 1), and by elemental
analysis. Data for elemental analysis are: (1) Theory %
(PtCl2C7H15N3): C, 20.65; H, 3.71; N, 10.32. Found: C,
20.54; H, 3.80; N, 10.43%. (2) Theory % (PtCl2C7H15N3):
C, 20.65; H, 3.71; N, 10.32. Found: C, 20.74; H, 3.90; N,
10.53%.

2.3. X-ray structural determination for complex 1

Single crystals of complex 1 were obtained directly from
the mother solution in water at 4 �C. Reflections were mea-
sured on a Nonius Kappa CCD diffractometer at a temper-
ature of 150(2) K. The structure was solved with
automated Patterson methods (DIRDIF-99) [10] and refined
with SHELXL-97 [11] against F2 of all reflections. Hydrogen
atoms were introduced at calculated positions, after being
confirmed in a difference map, and refined riding on their
carrier atom. Molecular illustration, structure checking
and all calculations were performed with the PLATON pack-
age [12,13]. The details of the crystal structure determina-
tion are presented in Table 2, and the CIF file has been
deposited with Cambridge Structural Database with refer-
ence No. CSD 279490.
Table 1
1H and 195Pt NMR data for the cis-[PtCl2(iPram)(azole)] complexes
(solvent: DMSO-d6) (see Fig. 1 for numbering)

iPram 1 2

H1 2.95 sept 1H 2.57 (1H, sept) Under H2O (from
DMSO)

H2 0.92 d 6H 1.11 (6H, d) 1.27 (6H, d)
NH2 2.10 2H sbr 4.74 (2H, sbr) 4.85 (2H, sbr)
H1 0 3.71 (3H, s) 4.34 (3H, s)
H2 0 8.10 (1H, s)
H3 0 7.89 (1H, s)
H4 0 7.26 (1H, d) 6.45 (1H, d)
H5 0 7.16 (1H, d) 8.10 (1H, s)

d (195Pt), ppm �2090 �2126

sbr: broad singlet, d: doublet, t: triplet, sept: septuplet.
2.4. Cytotoxicity tests: cell lines and culture conditions

Cell lines WIDR, M19, A498, IGROV and H226 belong
to the currently used anticancer screening panel of the
National Cancer Institute, USA [14]. The MCF7 cell line
is estrogen (ER)+/progesterone (pgR)+ and the cell line
EVSA-T is (ER)�/(pgR)�.

All cell lines were maintained in a continuous logarith-
mic culture in RPMI 1640 medium with Hepes and phenol
red. The medium was supplemented with 10% FCS, penicil-
lin 100 IU/ml and streptomycin 100 lg/ml. The cells were
mildly trypsinized for passage and for use in the experi-
ments. The cytotoxicity in these human cell lines was esti-
mated by the microculture sulforhodamine B (SRB) test
[15]. Each of the complexes (1 mg), 1 and 2, were initially
dissolved in DMSO. A threefold aqueous dilution sequence
of ten steps was used in quadruplicate. Cell survival was
evaluated by measuring the absorbance at 540 nm using
an automated microplate reader (Labsystems Multiskan
MS).

The cell lines A2780 and A2780R, i.e. ovarian cancer cell
lines derived from untreated patients [16], were maintained
in continuous logarithmic culture Dulbecco’s modified
Eagle’s Medium (DMEM) (Gibco BRL�, Invitrogen Cor-
poration, NL) supplemented with 10% fetal medium serum
(Perbio Science, Belgium), PenicillinG Sodium (100 U/ml
Duchefa Biochemie BV, NL), Streptomycin (100 lg/ml
Duchefa Biochemie BV, NL) and Glutammax 100· (Gibco
BRL�, NL). Cells, which survive in cultures treated with
the compounds, were evaluated using the so-called MTT



Fig. 2. Molecular structure and of the complex cis-[PtCl2(iPram)(Meim)]
(1).

Table 3
Selected bond distances (Å), angles, and relevant torsion angles (�) for cis-
[PtCl2(iPram)(Meim)] (1)

Atoms Distances and angles

Pt1AN7 2.048(3)
Pt1AN3 2.003(3)
Pt1ACl1 2.296(9)
Pt1ACl2 2.315(11)
N3APt1AN7 91.43(13)
Cl1APt1ACl2 92.07(3)
N3APt1ACl2 89.59(9)
N7APt1ACl1 86.95(9)
N7APt1ACl2 178.00(9)
N3APt1ACl1 177.92(9)
Cl2APt1AN3AC2 54.6(3)
Cl1APt1AN7AC8 �71.3(3)
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method [17]. Compounds were added in microwells con-
taining the cell culture at final concentrations of
0–200 lM; 48 h later, cell survival was evaluated by mea-
suring the absorbance at 520 nm, using a BIO-RAD micro-
plate model 550. The IC50 values (i.e. the concentration of
the complex that restricts cell growth to 50% of that com-
pared with the control) were calculated from curves con-
structed by plotting cell survival (%) versus compound
concentration (lM). All experiments were carried out in
triplicate.

2.5. Reactions of complexes 1 and 2 with GMP

The complexes 1 and 2 were reacted with an excess (1:4)
of GMP in 250 ll of 0.1 M NaClO4/D2O at 310 K in an
NMR tube. Both complexes were first pre-dissolved in
30 ll of DMF-d7, because of the poor solubility of the com-
plexes in water, followed by the addition of 480 ll of 0.1 M
NaClO4/D2O. The reactions were left to incubate at 310 K
in the dark. The reactions were studied by 1H NMR,
recording spectra at time intervals of 30 min during the
overnight reaction, and after every 24 h, until no further
changes were observed. Subsequently, at the end of the
reactions, 195Pt NMR spectra were recorded from the same
solution in the same NMR tube and a mass spectrometry
analysis was performed.

3. Results and discussion

3.1. Synthesis and characterization

Preparation of the cis-Pt(II) compounds involves
obtaining the iodine-bridged dimer with isopropylamine
and the subsequent breaking of the bridge with the different
azole ligands [9,18]. Elemental analysis, infrared spectra
and 1H, 13C and 195Pt NMR spectra and mass spectrome-
try confirm the formation of the intermediate diiodo and
the final compounds. Data for elemental analysis are in
agreement with the empirical formulas PtCl2C7H15N3 for
both complexes 1 and 2. IR spectra support the cis geom-
etry of both complexes, as seen from the appearance of
two different bands assigned to the PtACl stretching bond
[19] at 330 and 324 cm�1, 333 and 321 cm�1, for 1 and 2,
respectively. The IR spectra also show bands at 435,
414 cm�1, respectively, which can be assigned to the asym-
metric PtAN stretch [19]. In this case splitting due to a cis
orientation remains unresolved. The 1H and 195Pt NMR
(Table 1) data agree with the structures of the complexes
proposed by IR data. For a final confirmation a 3D-struc-
ture determination has been carried out for compound 1,
which is described below.

3.2. X-ray structure of complex cis-[PtCl2(iPram)(Meim)]

(1)

Compound 1 crystallizes in the orthorhombic space
group P212121 with Z = 4. A molecular plot of the struc-
ture is presented in Fig. 2. Selected bond lengths and angles
are given in Table 3. The coordination of the Pt atom is
square planar (angles sum 360.04). The PtAN distances
are in the expected range, with the PtAN(amine) distances
only slightly longer (2.048(3) Å) than the PtAN(azole) dis-
tances (2.003(3) Å). The torsion angles in this complex,
amount to 54.6(3) and �71.3(3) for Cl2PtN3C2 and
Cl2Pt1N7C8, respectively, and are quite different from that
of its trans analogue [8]. In the case of the cis-Pt(II) the
angles show a perpendicular disposition respect to the
equatorial plane formed by Cl1, Cl2, N3 and N7, while
in the case of the trans analogues both ligands, isopropyl-
amine and 1-methylimidazole, are almost in the equatorial
plane, only in the case of one of the residues the iPram
ligand shows similar torsion angle as the cis complex [8].

The lattice structure consists a zig-zag one-dimensional
chain formed in the direction of the crystallographic a axis.
A plot of the hydrogen-bonding pattern in the chain is dis-
played in Fig. 3. The details for the hydrogen bonding
geometry are given in Table 4. As it can be observed, one
of the hydrogen bonds, i.e. N7AH7A. . .Cl2 is quite weak
with a Cl. . .N distance of 3.666(3) Å, whereas the other is
quite strong (Cl. . .N = 3.30 Å).



Fig. 3. Intramolecular hydrogen bonding between NAH and Cl in cis-
[PtCl2(iPram)(Meim)]. CAH hydrogen atoms have been omitted for
clarity.

Table 4
Hydrogen bonding parameters for cis-[PtCl2(iPram)(Meim)] (1)

D–H. . .A D–H (Å) H. . .A (Å) D. . .A (Å) D–H. . .A (�)

N7AH7A. . .Cl2i 0.92 2.75 3.666(3) 175
N7AH7B. . .Cl1i 0.92 2.80 3.300(3) 116

Symmetry operation: i�1/2 + x, 3/2 � y, �z.
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3.3. Reactions of complexes 1 and 2 with GMP

The reaction of complexes 1 and 2 with an excess of
GMP (1:4) is illustrated in Scheme 2. During the reactions
1H NMR spectra were taken every 30 min for 24 h then
Pt

H2
NCl

Cl N

N

+ 4 GMP P

GMP-N7

Cl

ICl(G

Scheme 2. Scheme of the reaction
every 12 h. Careful monitoring of the H8 proton shift of
the GMP allowed us to observe the appearance and disap-
pearance the different platinum-GMP species formed in the
reaction as illustrated in Fig. 4.

Both complexes behave as bifunctional species, giving
rise to the complete formation of the bisadduct product
(I(GMP)2 and II(GMP)2, Scheme 2) within 48 h. At the
end of the reaction (48 h) two different signals at 8.34
and 8.50 ppm and 8.33 and 8.59 ppm are observed for com-
plexes 1 and 2, respectively. This is because of the asym-
metric nature of the complexes as reported earlier [9].
195Pt NMR confirms the formation of these bisadduct spe-
cies, showing a signal at �2379 and �2375 ppm for com-
plexes 1 and 2, respectively. These chemical shifts are
100 ppm lower than the values commonly observed for
the 4N environment around the platinum center in aqueous
solution. A solvent dependence of 195Pt shifts is held
responsible for this difference, and such effects have also
been reported in related studies [20,21]. Mass spectrometry
also confirms the formation of the bisadduct products
showing peaks at m/z of 531.6 and 531.7 for complex 1

and 2, respectively. These values correspond to the mass
of the bisadduct species with neutral GMP ligands.

Both H1 0 signals of the sugar ring of each GMP are
shifted to higher field, confirming a stacking interaction
[22]. Since in both complexes, the two GMP ligands bound
to the platinum are not equivalent, two different doublets
would be expected in the proton NMR of each H1 0 of each
GMP, and in fact, this is observed. The conformation of
sugar moiety of each GMP, in the bisadduct product, are
mainly in the N-type population, as observed for the small
coupling constants values J 10–20 5.15 and 5.89 Hz for 1 and
2, respectively [22–24]. This is the same conformation as
the one observed in DNA when cisplatin forms the 1,2-
intrastrand cross-links.
t
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N
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Fig. 4. 1H NMR spectra in the aromatic region on the reaction of the complexes 1 and 2 with 4 equiv. of GMP in 0.1 M NaClO4/D2O solution measured
at 310 K as a function of time. The symbols show the H8 signals of GMP ligands in the products: I, II Cl(GMP) (d), I, II(GMP)2 (j), free GMP (m). (*)
corresponds to traces of DMF-d7 used to pre-dissolve the complex.
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The only difference between complexes 1 and 2 in
their interaction with GMP is in the formation of the
monoadduct product ICl(GMP) and IICl(GMP). In com-
plex 1, the formation of this species was observed after
1 h of reaction at 8.45 ppm. This signal increased with time
of reaction, reaching 25% of the total GMP. Although
theoretically two different monoadducts could be formed,
due to the asymmetry of the complexes, only one signal
is observed. It is thought that the isomer formed is the
one where the GMP is trans to the 1-methylimidazole
ligand (ICl(GMP)(a), Scheme 2), since changes in the reso-
nance of the imidazole protons are observed during the first
hours of the reaction. Furthermore, this is also the steri-
cally less demanding site. In the case of complex 2, a signal
at 8.52 ppm appeared, tentatively assigned to the monoad-
duct product (ICl(GMP)). However, this signal did not
increase much, reaching only 3% of the total GMP and
subsequently disappeared with time of reaction. Therefore,
in complex 2, the reaction rate from monoadduct to bisad-
duct is too high to allow the observation of the formation
of a monofunctional species. This may be of relevant
importance to the interaction of complex 2 with DNA,
since the first hydrolysis is generally the determinant step
of speed of the reaction [25].
Table 5
In vitro cytotoxicity assay of the asymmetric cis-platinum(II) complexes and c

Compounds IC50 (lM)

MCF7 EVSA-T WIDR

1 71.1 37.4 74
2 57.5 6.5 60.2
Cisplatin 1.42 1.42 1.78
3.4. Kinetic aspects of complex 1 in its interaction with

excess of GMP

For complex 1, it was possible to study the kinetics of its
interaction with an excess of GMP. The study was per-
formed by measuring the integrals of the 1H NMR signal
at 8.34 ppm assigned to one of the GMPs of the bisadduct
species during the reaction of 1 with an excess of GMP in
NaClO4 (0.1 M)/D2O solutions. The other signal assigned
to the same product overlapped with the monoadduct spe-
cies in a number of time intervals, so that its integral could
not be determined accurately. After 11 h of reaction it was
found that the monoadduct and the bisadduct species coex-
ist in about the same proportion. The time of disappear-
ance of 25% (t1/4) of free GMP was found to be 6 h
(360 min) and the time of formation of 25% (t1/4) of
I-(GMP)2 was found to be 7 h (420 min). The reaction rate
is proportional to the amount of available free GMP in the
reaction mixture, which indicates that the reaction takes
place by direct substitution of the Cl� ligand by GMP, just
as is found for its trans analogue [8].

Both isomers, cis- (1) and trans-[PtCl2(iPram)(Meim)]
[8], react completely with GMP within 48 h, they only differ
in the formation time of the different intermediate species.
isplatin on human tumor cell lines (abbreviations: see text)

IGROV M19 A498 H226

33.2 77.5 >100 >100
15.6 58.7 84.2 67
0.43 1.84 5.75 4.53
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They even react through the same mechanism, in contrast
with cisplatin where the rate-determining step for binding
to DNA is known to be the hydrolysis of a PtACl bond
[25].

3.5. Cytotoxicity properties of complexes 1 and 2

In Table 5 the cytotoxicity data in a series of human cell
lines (MCF7 and EVSA-T (breast cancer), WIDR (colon
cancer), IGROV (ovarian cancer), M19 (melanoma),
A498 (renal cancer), and H226 (non-small cell lung can-
cer)) of the complexes 1 and 2 are listed and compared to
cisplatin. The IC50 value represents the minimum amount
of drug needed to inhibit 50% of the cancer cells growth.
Both cis-platinum(II) complexes show an antitumor activ-
ity significantly lower than that of cisplatin and even lower
than their trans analogues [8]. The cytotoxicity of both cis

complexes, in three of these human tumor cell lines,
WIRD, A498 and H226; is lower when compared to other
cell lines. Complex 2 shows better antitumor activity than
complex 1; however, the differences are quite small.

The cytotoxicity of both complexes in cisplatin-sensitive
(A2780) and cisplatin-resistant (A2780R) ovarian cancer
cell lines was also studied and the data are shown in Table
6. In the parental cell line, A2780, both complexes show a
much lower cytotoxicity than cisplatin, 5 and 7 times less
cytotoxic for complexes 1 and 2, respectively. Complex 2,
containing 1-methylpyrazole, shows an IC50 value slightly
higher than 1, containing 1-methylimidazole. For the
trans-Pt(II) analogues a similar behavior has been observed
[8]. So, the fact of having a pyrazole or an imidazole ring
has a small, but significant influence on the cytotoxicity of
this class of complexes. It is observed that the presence of
a substituent at the N of the pyrazole ring has an influence
on the cytotoxic activity of the complexes. When a substitu-
ent is present at the non-coordinated N of the pyrazole ring,
the antitumor activity of the complex is slightly higher [8].

In the cisplatin-resistance cell line, A2780R, both com-
plexes 1 and 2 are less cytotoxic than cisplatin, although
the difference for complex 1 compared to cisplatin is small.
The resistance factor (RF) is defined as the relative ratio of
IC50 values in both cell lines (A2780R/A2780) for both cis

complexes in fact is lower than for cisplatin. This would
suggest that both cis complexes could overcome cisplatin
resistance. However, a complex is considered as non-cross
resistance when it shows a RF < 2; this value is taken as a
Table 6
In vitro cytotoxicity assay of the cis-platinum(II) complexes and cisplatin
on A2780 ovarian cancer cell lines sensitive (A2780) and resistant
(A2780R) to cisplatin

Test compound IC50 (lM)

A2780 A2780R RF

1 15 28 1.86
2 21 49 2.33

Cisplatin 3 24 8
standard [26]. Therefore, only complex 1, which has an RF
value of 1.86 is considered to overcome cisplatin resistance.
In comparison with its trans analogues, its RF value is still
2.8 times higher. In addition, the trans isomer showed an
IC50 value in the cisplatin-resistant cell line lower than
the cis complex and than cisplatin. So, indeed a cis ana-
logue of cisplatin has been found to show a good antitumor
activity, and more importantly it overcomes cisplatin
resistance.

4. Conclusions

In this study, the synthesis, GMP interaction and cyto-
toxicity properties of two new cis-Pt(II) complexes are
reported and compared to their trans analogues. The crys-
tal structure of complex 1 has been presented in detail. The
crystallographic data are in agreement with the square-pla-
nar geometry of the platinum complex. The cytotoxicity of
these asymmetric cis-platinum(II) complexes in several
human cell lines was found to be lower than the cytotoxic-
ity of cisplatin and their trans analogues [8]. Only complex
2 was found to show comparable cytotoxicity to that of cis-
platin in the EVSA-T cell line. The cytotoxicity of both
complexes in the cisplatin-sensitive (A2780) and cisplatin-
resistant (A2780R) cell lines was also lower than for cis-
platin and for their trans isomers. However, complex 1

shows non-cross resistance to cisplatin, as deduced from
its RF value lower than 2. When the azole ligand is chan-
ged from Mepz to Meim, the cytotoxic activity decreases.
This behavior was also found for the trans complexes [8].
The cytotoxicity increases when the azole is an unsubsti-
tuted pyrazole. This behavior is probably related to the
position of hydrogen-bond formation.

cis- and trans-[PtCl2(iPram)(azole)] interact with GMP
at similar rates. Both cis complexes behave as bifunctional
species. In complex 2, the monoadduct species could not be
observed as an intermediate, which implies that it immedi-
ately reacts with a second GMP to yield the bisadduct
product. In case of complex 1 a monoadduct was observed
with one isomer predominantly present. When the bisad-
duct product is formed, two different signals are observed
in the NMR spectrum, for both complexes, as a conse-
quence of the non-equivalence of the GMPs, originating
from the asymmetry of the complexes.

The presented asymmetric cis-Pt(II) complexes show less
antitumor activity than their trans analogues and behave as
bifunctional species, as would have been expected. Complex
1, however, overcomes cisplatin resistance. This fact can be
compared to the clinically used drug oxaliplatin, which
shows a lower antitumor activity than cisplatin, but over-
comes cisplatin resistance [27,28]. This is an important find-
ing in the search of new antitumor drugs, based on platinum.
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