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The new palladium (II) and platinum (II) complexes 2 and 3 with 3-etha-
nimidoyl-2-methoxy-2H-1,2-benzoxaphospinin-4-ol-2-oxide 1 were synthe-
sized and their physicochemical and pharmacological properties were deter-
mined. The cytotoxic effects of these complexes were examined on the two
human leukemia cell lines, HL-60 and NALM-6. Pd-complex 2 and Pt-com-
plex 3 exerted significant cytotoxic activity. The effects exhibited by these
two complexes were comparable to those reported for cis-platin and carbo-
platin. On the other hand, ligand 1 was not cytotoxic. As determined by
caspase-3 activity assay, compounds 2 and 3 differed slightly in their mode
of induction of the programmed cell death.
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INTRODUCTION

The medicinal chemistry is traditionally domi-
nated by organic chemistry. However, since the in-
troduction of cis-platin to oncology in 1978 [14],
bio-inorganic compounds have gained a progres-
sively increasing interest. Platinum complexes as
well as non-platinum metal complexes exhibit
a broad spectrum of pharmacological activity [5].
Numerous clinical studies have revealed a potent
antitumor activity of cis-platin in the treatment of
several human malignant diseases, such as ovarian,
testicular, lung, urinary bladder, head and neck can-
cers [6]. However, cis-platin produces severe side
effects including, among others, nephrotoxicity,
neurotoxicity and emetogenity. Besides cis-platin,
the second-generation drug, carboplatin (dia-
mine[1,1-cyclobutanedicarboxylato(2-)]-O,O’-pla-
tinum(II)) has been introduced into oncotherapy.
The observed pharmacokinetic differences between
cis-platin and carboplatin depend primarily on the
slower rate of conversion of carboplatin to reactive
species [10]. Studies on the interaction of carbo-
platin with DNA indicate that the reaction proceeds
via ring-opening in carboplatin and subsequent
binding with DNA constituents [15]. Replacement
of the chloride groups in the cis-platin molecule by
cyclobutanedicarboxylate ligand significantly di-
minished the nephrotoxic effects of the formed car-
boplatin, without affecting its antitumor potency
[8]. Due to the reduced spectrum of adverse side ef-
fects, carboplatin is better tolerated by patients and
can be used at several-fold higher doses than
cis-platin [4]. It should be noted that among more
than thirty platinum antineoplastic agents studied
in clinical trials only carboplatin has been accepted
worldwide [9]. Despite of this, it has been demon-
strated that carboplatin-induced myelosuppression
still remains the crucial factor limiting its therapeu-
tic applications [18]. Thus, further investigations
are carried out to synthesize “the second generation
platinum drugs” with improved toxicological pro-
files and “third generation drugs” – overcoming
cis-platin resistance.

A coumarin ligand used in this study belongs to
the class of compounds with remarkable biological
significance. The antitumor effects of coumarin and
its major metabolite, 7-hydroxy-coumarin, were tes-
ted in several human tumor cell lines by Weber et
al. [17]. Furthermore, cytotoxic effects of com-
plexes of coumarin derivatives and rare earth met-

als were examined on several neuronal cell lines [11].
We have recently synthesized a coumarin ligand and
its Pd (II) complex, and we reported its significant cy-
totoxic acitivity in three human cells lines, i.e. A492
(lung carcinoma), HeLa (cervix epithelial carci-
noma), and K562 (chronic myelogenous leukemia)
[1]. These promising results prompted us to search
for new platinum and palladium complexes with
3-ethanimidoyl-2-methoxy-2H-1,2-benzoxaphospi-
nin-4-ol-2-oxide (1) (see Figure 1). Thus, the aim of
this work was to synthesize and characterize com-
plexes of Pd (II) and Pt (II) with ligand 1 and to de-
termine the cytotoxic and proapoptotic activities of
complexes 2 and 3 in the two selected human cell
lines, HL-60 (promyelocytic) and NALM-6 (lym-
phoblastic).

MATERIALS and METHODS

Chemistry

The melting points were determined using an
Electrothermal 1A9100 apparatus and they were
uncorrected. The IR spectra were recorded with the
use of Pye-Unicam 200G Spectrophotometer in
KBr or CsI. The �H NMR spectra were registered at
300 MHz using Varian Mercury spectrometer. ��P
NMR spectra were recorded using Varian 75 MHz
spectrometer. Positive chemical shift values were
assigned to compounds absorbing downfield of
phosphoric acid. The MS-FAB data were deter-
mined on Finigan Matt 95 mass spectrometer
(NBA, Cs� gun operating at 13 keV). Satisfactory
elemental analyses (0.4% of the calculated values)
were obtained for the new compounds in the Mi-
croanalytical Laboratory of the Department of
Bioorganic Chemistry (Medical University of
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Fig. 1. The structure of the ligand 1 and its Pd(II) and Pt(II)
cis-complexes 2 and 3



£ódŸ) using a Perkin Elmer PE 2400 CHNS ana-
lyzer. 3-Ethanimidoyl-2-methoxy-2H-1,2-benzoxa-
phospinin-4-ol-2-oxide 1 was synthesized and iso-
lated as previously described [2].

Synthesis of cis-[Pd(1)�] complex 2

The methanol solution of compound 1 (0.2 mmol,
50.64 mg, in 10 ml of methanol) was added to an
aqueous solution of K�PdCl� (0.1 mmol, 32.62 mg,
in 5 ml of water). The mixture was stirred at a room
temperature until the yellow precipitate was obtained
(3 h). The formed precipitate was filtered off and
dried under reduced pressure over CaCl�. We ob-

tained 42.1 mg (69.0%) of a pale yellow solid,
which was crystallized from chloroform/diethyl
ether, m.p. = 271–273°C, dec. Crystalls were too
small to determine the X-ray structure of the com-
plex 2. FAB-MS m/z: 611 [M�]. Analysis for
C��H��N�O�P�Pd × 1.5 H�O (610.77 + 1.5 H�O) C,
H, N.

Synthesis of cis-[Pt(1)�] complex 3

K�PtCl� (41.5 mg, 0.10 mmol) was dissolved in
water (5 ml) and ligand 1 (50.64 mg, 0.2 mmol),
dissolved in methanol (5 ml), was added slowly,
dropwise, into the solution of 1. The reaction mix-
ture was stirred for 48 h at a room temperature, and
then half of the volume of the solvent was removed
under reduced pressure at a room temperature. The
reaction mixture was extracted three times with
chloroform. After evaporation to dryness, diethyl
ether (3 ml) was added to the remaining yellow
solid. The solid was filtered off, washed with water
and then with diethyl ether and dried under vacuum.
The 21 mg of compound 3 was obtained (30%),
m.p. 315°C dec. FAB-MS m/z: 699.4 [M�]. Analy-
sis for C��H��N�O�P�Pt × 1/2 H�O (699.42 + 0.5
H�O) C, H, N.

Cell cultures

Two human acute leukemia cell lines, myelo-
blastic (HL-60) and lymphoblastic (NALM-6),
were used. HL-60 cell line was obtained from the
Institute of Immunology and Experimental Ther-
apy (Wroc³aw, Poland), and NALM-6 cell line was
purchased from the German Collection of Microor-
ganisms and Cell Cultures [3]. The cells were
grown in RPMI 1640 medium (Cambrex, Verviers,
Belgium) supplemented with L-glutamine (2 mM),
gentamycin (5 �g/ml) and 10% heat-inactivated fe-
tal calf serum, at 37°C under a 5% CO�/95% air at-
mosphere.

Cytotoxicity

Exponentially growing HL-60 and NALM-6
cells were seeded at 0.4 × 10� cells per each well
onto a 24-well plate (Nunc, Roskilde, Denmark)
and cells were then exposed to compounds 1–3,
cis-platin, or carboplatin for 48 h. The number of
viable cells was counted in Bürker hemocytometer
using the trypan-blue exclusion assay. Concen-
tration-response curves were determined. IC�� val-
ues (a concentration of the tested compounds re-
quired to reduce a fraction of surviving the cells to
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Table 1. IR frequencies for the ligand 1 and its complexes 2 and 3

�(cm��) NH C=C P=O M-O M-N-

1 3264 1614 1245 – –

2 3340 1595 1235 520 421

3 3433 1597 1237 514 422

Table 2. �H NMR (DMSO-d�) characteristics of the ligand 1

and its complexes with Pt(II) and Pd(II). Chemical shifts are ex-
pressed in ppm, �� corresponds to the difference in chemical
shifts of protons of the ligand and protons of the corresponding
complexes

C-CH� P-O-CH� OH NH ��P NMR

1 2.40 3.61 11.61 9.52 21.76

2 2.385 3.71 – 8.64 22.53

�� 0.115 0.00 – 0.88 0.77

1 2.40 3.61 11.61 9.52 21.76

3 2.55 3.73 – 8.62 22.63

�� 0.15 0.12 – 0.90 0.87

Table 3. Cytotoxic activity of the tested compounds against
HL-60 and NALM-6 leukemia cells

Compound IC�� (�mol)

HL-60 NALM-6

1 > 1000.0 749.94 ± 44.85

2 6.52 ± 0.33 0.81 ± 0.11

3 18.19 ± 4.4 0.98 ± 0.02

cis-platin 0.8 ± 0.1 0.7 ± 0.3

carboplatin 4.3 ± 1.3 0.7 ± 0.2

Data are expressed as the means ± SD (n = 4). IC�� – concentration
of a tested compound required to reduce the fraction of surviving
cells to 50% of that observed in the control, non–treated cells



50% of that observed in the control cells) were cal-
culated from dose-response curves and used as an
index of cellular sensitivity to a given treatment
[12].

Determination of caspase-3 activity in cell lysates

NALM-6 cells after the treatment with the
newly synthesized compounds 2 and 3 (used at two
concentrations: corresponding to the calculated
IC�� and ten times IC��) were used for the determi-
nation of caspase-3 activity by the fluorometric im-
munosorbent enzyme assay (Roche, Mannheim,
Germany). Cell lysates were prepared from the
cells (2 × 10�) after 1, 2 and 5 h of the treatment.
Untreated NALM-6 cells were used as a control.
The cells were pipetted into sterile tubes (10 ml)
and centrifuged at 300 × g for 6 min at 4°C. The
sediments were resuspended in 7 ml of ice cold
0.01 M phosphate buffer (containing 0.9% NaCl).

After centrifugation, 0.2 ml of ice cold dithiothrei-
tol (10 mM) was added to the tubes containing cell
sediments, the mixture was briefly vortexed and in-
cubated for 1 min in ice bath. Subsequently, the sam-
ples were carefully vortexed, transferred into 2 ml
Eppendorf tubes and centrifuged (9000 × g, 1 min).
The resulting supernatant (cell lysate) was used di-
rectly for the determination of the enzyme activity.

Caspase-3 activity assay, based on the capture
of caspase-3 from cell lysates by a monoclonal an-
tibody, was performed according to the manual
provided by the manufacturer. Caspase-3 activity
was proportional to the amount of fluorochrome
(amidofluorocoumarin, AFC) formed from the sub-
strate acetyl-Asp-Glu-Val-Asp-7-amido-4-trifluoro-
methylcoumarin (Ac-DEVD-AFC). The generated
free products were determined fluorometrically at
�	
� = 505 nm. Caspase-3 activity was expressed in
nmoles of AFC released by 10� cells.
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Fig. 2. Survival curves for HL-60 and NALM-6 leukemia cells
exposed to compounds: 1, 2 and 3. Each point represents the
mean of 4 independent determinations. SEM values were
excluded for clarity and did not exceed 15% of the mean value
for each point
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Fig. 3. Time course of induction of caspase-3 activity by
compound 2 (A) and compound 3 (B) in NALM-6 leukemia
cells. Points on the curves are means of four determinations.
Standard deviation values < 20%



RESULTS and DISCUSSION

The complexes of palladium (II) and platinum
(II) ions with ligand 1 were prepared by the reac-
tion of compound 1 with aqueous solutions of
K�PdCl� and K�PtCl�, respectively. The structures
of the final complexes 2 and 3 were determined by
means of spectral (IR, �H NMR, FAB MS) and ele-
mental analysis. The structures of the ligand and
the synthesized complexes 2 and 3 are shown in
Figure 1. Significant differences in the IR spectra
of complexes 2 and 3 were observed as compared
to the spectrum of ligand 1, mostly in the valency
vibrations of the NH group. The �� band shifted
towards higher frequencies: from 3264 cm�� for
compound 1, to 3448 cm�� and 3276 cm�� for com-
plex 2, and to 3433 cm�� (broad) for complex 3.
This observation indicates that the nitrogen atom in
both complexes participates in the coordination
with metal ion. The characteristic band of P=O
group in position 2 of the free ligand was present in
the spectrum at 1245 cm��. For complexes 2 and 3,
this band was shifted towards lower frequencies,
i.e. 1235 and 1237 cm��, respectively. The N-Pt sig-
nal peaks were observed at 421 cm�� for complex 2

and 422 cm�� for complex 3. Within the range be-
tween 600–500 cm�� the signal peaks of O-Pt group
were observed at 520 cm�� for complex 2, and 514
cm�� for complex 3.

The selected chemical shifts assigned in the �H
NMR spectra to the ligand 1 and its Pd(II) complex
2 and Pt (II) complex 3 are shown in Table 2 and
exhibit remarkable similarities. In agreement with
earlier reports [16], all the signals obtained for the
metal complexes are shifted downfield. The differ-
ences between the chemical shifts of protons of the
ligand and protons of the corresponding complexes
are shown as �� (in ppm). Apart from the remark-
able values of �� for the NH groups, several differ-
ences between the chemical shifts of complexes 2

and 3, and their parent ligand were observed. The
signal of OH group, which was present in the
ligand, disappeared in the complexes. In the MS
spectrum, the most intense peak observed for both
Pd(II) and Pt(II) complexes corresponded to m/z of
the expected molecular weight.

The ligand 1 and complexes 2 and 3 were tested
for the cytotoxic and proapoptotic activities on two
human cell lines, myeloblastic HL-60 and lympho-
blastic NALM-6. Cis-platin and carboplatin were
used as the reference compounds. Cytotoxicity to-

wards HL-60 and NALM-6 cells was determined
for a broad concentration range, between 10�� and
10�� M. The ligand 1 exerted a very weak cytotoxic
effect on HL-60 and NALM-6 cells (Fig. 3, Tab. 3).
This is in contrast to both palladium (II) and plati-
num (II) complexes 2 and 3, which exhibited potent
cytotoxic activity, especially towards NALM-6 cell
line (Fig. 2, Tab. 3).

In the next set of experiments, the complexes 2

and 3 were tested for their ability to induce the
caspase-3 activity in NALM-6 cells. Caspase-3 is
one of the major proteases involved in apoptosis,
the programmed cell death [7]. During an early
stage of apoptosis, procaspase-3 is transformed into
the active protease, and then the cascade of apop-
totic process is propagated [13]. Time courses of
the induction of caspase-3 activity in NALM-6
cells induced by the studied complexes 2 and 3,
used at two different concentrations (corresponding
to IC�� and 10 × IC�� values calculated in cytotoxic-
ity tests) are shown in Figure 3A (complex 2) and
in Figure 3B (complex 3). It can be noticed that the
induction of caspase-3 activity begun quite early (2
h) after the exposure of the cells to Pd(II) complex
2, and proceeded in a concentration-dependent
manner. In the case of Pt(II) complex 3, the induc-
tion of the apoptotic process was delayed in com-
parison to that observed for the complex 2. Further-
more, a significant proapoptotic effect of this com-
pound was observed only in the cells treated with
the higher tested concentration (10 × IC��). The
magnitude of the caspase-3 activity induced by the
complex 3 was significantly lower than that ob-
served for the complex 2.

CONCLUSIONS

The present study demonstrates that the com-
plexes of ligand 1 (a phosphonic analogue of cou-
marin) with Pd(II) and Pt(II) ions exhibit potent cy-
totoxic activity towards HL-60 and NALM-6 leuke-
mia cells, with the extent of cytotoxicity coefficients
IC�� similar to those for cis-platin and carboplatin.
These compounds are able to induce programmed
cell death pathway in short time after exposure.
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