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Abstract 

The synthesis, spectroscopic and biological properties of the novel palladium(I1) halide complexes with 
diethyquinolylmethylphosphonate (&dqmp) have been reported. It was shown that the square planar 
complexes tram-[Pd(8-dqmp),Xr] were obtained by reaction of 8-dqmp with Pd)G’- (X=CI, Br) in 
the neutral ethanolic/aqueous solution. In the I-IX acidic medium the quinolinium salt complexes [8- 
dqmp H],[PdX.+] were isolated. They were converted by heating in methanol into the corresponding 
hexahalodipalladium salt complexes [8-dqmpH]r[Pd,X,]. The new complexes were characterized on the 
basis of elemental and thermogravimetric analysis, magnetic and conductance measurements, by the 
IR and ‘H NMR spectra and some X-ray crystal structure determinations. The complexes were tested 
for their cytostatic activity on KB and L1210 cell lines. The coordination behaviour of 8-dqmp as well 
as the spectral and biological properties of its complexes were compared with the results reported 
for the diethyl ester of 2-quinolylmethylphosphonic acid (Zdqmp) and its palladium(I1) halide complexes. 
The molecular structures of the complexes [8-dqmpH]2[PdC14].2HZ0 (3) and [8-dqmpH]r[PdzBre] (6) 
have been fully characterized by X-ray diffraction studies. The crystals of both complexes are triclinic, 
space group Pl, Z= 2, with lattice parameters for 3: a = 9.438(2), b = 9.481(2), c = 11.082(2) A, a= 83,4(l), 
p = 1075(l), y= 77.0(l)“, the final R factors areR = 0.0481 and R’ = 0.0551 for 3208 observed diffractometer 
collected reflections; and for 6: a = 11.943(2), b = 10.644(2), c = 8.873(2) A, a= 102.08(2), p=85.56(2), 
y= 69.54(2)‘, the final R factors are R = 0.0725 and R’ = 0.0804 for 2584 observed diffractometer collected 
reflections. The structure of 3 is composed of the square planar PdClb2- anion lying in a centre of 
symmetry (average Pd-Cl= 2.330 A), of two quinolinium phosphonate cations and two water molecules. 
The structure of 6 consists of two quinolinium moieties as a cationic part separated by the Pd2Br6 
centrosymmetric dianionic dimer. 

Introduction 

The importance of palladium complexes of 8- 
(substituted) quinoline derivatives in analytical chem- 
istry is well known [l, 21. Some of them are also 
important in biological systems [3]. Recently an 
increasing number of studies including various struc- 
tural and spectroscopic investigations have been con- 
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cerned with the cyclopalladated complexes of 8- 
methylquinolines and their use in organic synthesis 
[4-101. 

In our earlier paper we reported the synthesis, 
spectroscopic studies and some X-ray crystal structure 
determinations of the palladium(H) halide complexes 
with the diethyl ester of 2-quinolylmethylphosphonic 
acid (Zdqmp) [ll]. The preliminary screening tests 
showed that most of these complexes exhibit some 
cytostatic activity. In continuation of this work in 
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the present paper we wish to describe the coordi- 
nation behaviour of diethyl 8-quinolylmethylphos- 
phonate (8-dqmp) with respect to Pd(I1) ion as well 
as the spectral properties and the inhibitory activities 
of the novel complexes. Diethyl quinolylmethyl- 
phosphonates have two potential donor atoms, the 
quinoline nitrogen and the phosphor-y1 oxygen, how- 
ever, while 2-dqmp can act as monodentate N-bonded 
or as bidentate N,O-bonded chelate ligand, 8-dqmp 
binds the palladium ion only through the nitrogen 
atom. In acidic media both ligands form salt com- 
plexes containing the protonated quinolylmethyl- 
phosphonate ligand as cation and the tetrahalopal- 
ladium(I1) complex as anion. Upon heating in 
methanol the 2-dqmp salt complexes decomposed 
to the molecular dihalopalladium complexes Pd&X2, 
while the 8-dqmp salt complexes are converted into 
the corresponding hexahalodipalladium salt com- 
plexes. The molecular structure of both types of salt 
complexes was determined by a single crystal X-ray 
diffraction study. 

Experimental 

Starting materials 
Diethyl ester of 8-quinolylmethylphosphonic acid 

(8-dqmp) prepared as described [12] was freshly 
distilled. All other reagents and solvents were an- 
alytical grade purity products and were used without 
purification. 

Preparation of the complexes 

P@-dqmp)dAl (1) 
A concentrated aqueous solution of K,PdCl, (0.219 

g, 0.67 mmol) was added dropwise to an ethanolic 
solution of 8-dqmp (0.373 g, 1.34 mmol). The reaction 
mixture was vigorously stirred for 2 h. The yel- 
low-green precipitate which formed was filtered off, 
washed with cold ethanol and dried under vacuum 
over PzOs. Yield 0.197 g (80%). 

VW-dqmp)dW (2) 
A mixture of KrPdCl., (0.184 g, 0.56 mmol) and 

LiBr (0.292 g, 3.36 mmol) in water (10 ml) was 
stirred for 1 h before adding to a stirred solution 
of 8-dqmp (0.314 g, 1.12 mmol) in ethanol (3 ml). 
The oil initially formed resulted in the formation of 
an ochre precipitate after an additional stirring of 
1 h with 50% ethanol (5 ml). Yield 0.189 g (82%). 

[8-dqmpH],[PdCI,] .2H, 0 (3) 
To a stirred solution of 8-dqmp (0.342 g, 1.22 

mmol) in ethanol (3 ml) was added dropwise a 

mixture of K2PdC14 (0.200 g, 0.61 mmol) and 1:l 
HCI (0.4 ml) in water (5 ml). After stirring for 4 
h, the light brown precipitate which formed was 
separated, washed with acetone and dried in air. 
Crystals used for X-ray analyses were obtained by 
recrystallization from methanol. 

[8-dqmpH],[PdBr,] - 2H, 0 (4) 
A mixture of K2PdC14 (0.225 g, 0.69 mmol) and 

1:l HBr (1.35 ml, 5.5 mmol) in water (5 ml) was 
stirred for 1 h and then was slowly added to a 
solution of 8-dqmp (0.385 g, 1.38 mmol) in ethanol 
(3 ml). After an additional stirring of 4 h, a brick 
red precipitate was formed (0.567 g, 80%). 

The tetrachloropalladium complex 3 was refluxed 
overnight in methanol under a stream of Nz. The 
crystal precipitate obtained on cooling was deter- 
mined as a mixture of the complexes 3 and 5. The 
much more soluble complex 3 was separated by 
sohxlet extraction with chloroform, 

PdqwWdP4Brd (6) 
The tetrabromopalladium complex 4 was refluxed 

for 30 min in methanol. On cooling reddish brown 
monocrystals of 6 suitable for X-ray analysis were 
obtained. 

Physical measurements and analyses 
Melting points were determined on a hot-stage 

microscopy and are uncorrected. IR spectra were 
recorded on a Perkin-Elmer 580B spectrophotometer 
in KBr disks (4000-250 cm-‘) and as Nujol mulls 
in polyethylene (400-200 cm-‘). ‘H NMR spectra 
were determined in CDC13 and d,-DMF solutions 
with tetramethylsilane as the internal standard. Con- 
ductivity measurements were carried out using a CD 
7A Tacussel conductivity bridge at 25 “C for 10m3 
mol 1-l solutions in methanol and dimethylformam- 
ide. Thermogravimetric measurements were per- 
formed with a Cahn RG electromicro balance ap- 
plying a heating rate of 2” min-’ in an atmosphere 
of static air. Magnetic susceptibilities were deter- 
mined by the standard Gauy method at 22 “C using 
CuS04.5Hz0 as calibrant. 

Elemental analyses were performed in the Lab- 
oratory of Complex Compounds and the Microan- 
alytical Laboratory of the Rudjer BoSkoviC Institute. 

X-ray crystal structure determination 
For both complexes [8-dqmpH]JPdC14]. 2Hz0 (3) 

and [8-dqmpHlz[PdzBrb] (6) the intensity data were 
collected on a Siemens AED diffractometer with 
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(u-217 scan, 6<70 “C with Cu Ka radiation (Ni 
filtered). 

C2aH&14NZ06P2Pd *2HZ0 (3), M- 8.44.81, tri- 
clinic, space group Pi, a = 9.438(2), b = 9.481(2), 
c = 11.082(2) A, a-83.4(1), p= 107.5(l), y= 
77.0(l)“, U- 903.5(9) A3, 2 = 2, F(OO0) = 432, ~(CU 
Ka) = 82.94 cm-‘, D,= 1.553 g cme3. Cell constants 
and an orientation matrix for data collection were 
obtained from a least-squares refinement of 30 re- 
flections (0= 14-35”). A total of 3428 reflections was 
measured and 3208 with 1>20(1) were used in the 
refinement. The intensity data were corrected for 
Lorentz and polarization effects. Absorption cor- 
rections were made with the procedure of Walker 
and Stuart [13] using ABSORB [14]. The structure 
was solved by the heavy-atom method and refined 
by full-matrix least-squares. All non-hydrogen atoms 
were refined anisotropically and hydrogen atoms were 
located or calculated and refined in the last cycles 
isotropically. The final cycle refinement included 233 
variable parameters with an agreement R factor of 
0.0481 and R’ of 0.0551 (weighting scheme w = l! 
d(F) +gF’). Scattering factors of SHELX76 [15] and 
anomalous dispersion factors taken from the Inter- 
national Tables for X-ray Crystallography [16] were 
used. 

C4Hi9Br3N03PPd (6), M = 626.40, triclinic, space 
group Pi, a = 11.943(2), b = 10.644(2), c = 8.873(2) A, 
LY= 102.8(2), /3= 85.56(2), y= 69.54(2)“, LJ= 1019.3(4) 
A3, Z= 2, F(OOO) = 600, ~(CU Ka) = 153.75 cm-‘, 
D,= 2.041 g crne3, The same procedure for data 
collection, solving and refining was performed as for 
the previous compound. A total of 2584 observed 
reflections (out of 3874 measured) was used and the 
final R factors for 262 variable parameters were 
R = 0.0725 and R’ = 0.0804. 

in vitro Cytostatic evaluation 

The cytostatic activity of the complexes was es- 
timated against KB cell line derived from a human 
epidermoid carcinoma [17], and on murine leukemia 
L1210 cell line [18] by the standard screening pro- 
cedures described in refs. 11 and 19. The KB cells 
were cultivated in Eagle’s Minimum Essential Me- 
dium (MEM) [20] supplemented with 10% newborn 
calf serum and 1% non-essential amino acids. The 
cell population doubling time was approximately 24 
h. The cells were adherent to the substratum. 

The L1210 cells were maintained as cultures in 
suspension in Roswell Park Memorial Institute 1640 
(RPMI) [21] supplemented with 10% fetal calf serum. 
Under these conditions the cell population doubling 
time was approximately 12 h. 

For the cytostatic assay a cell culture in exponential 
growth phase was used for both lines according to 
the experimental Protocols of the National Cancer 

Institute (Bethesda, MD, U.S.A.) [22]. The com- 
pounds were dissolved or suspended immediately 
before use in a sterile dimethylsulfoxide. Further 
dilutions were carried out using a culture medium 
until the required concentration of the compound 
was obtained. The final percentage of the solvent 
in the culture medium was always tested for non- 
toxicity. For each compound at least five different 
concentrations were used and five samples were used 
for each one. The incubation of the cultures in the 
presence of the compounds being examined was set 
at 37 “C for 72 h, the time interval during which 
the exponential growth occurred. This growth was 
calculated by counting the vital cells (trypsin blue 
exclusion test). The cytostatic activity was calculated 
as the growth inhibition percentage of the samples 
treated with respect to the growth of the control 
cultures. The significance of the results was evaluated 
using Student’s ‘t’ test @<O.Ol). The cytostatic ac- 
tivity was expressed as concentration of the complex 
in pg ml-’ (IDS,,) at which the tumor cells showed 
a 50% inhibition of growth, and was calculated by 
linear regression analysis [23]. 

ResuIts and discussion 

Investigations of the interaction of diethyl 8-quin- 
olylmethylphosphonate with Pdx2- (X = Cl, Br) 
have shown that either the molecular or the ionic 
complexes could be formed depending on the acidity 
of the alcoholic/aqueous reaction solution. While in 
neutral medium dihalopalladium complexes PdLX2 
containing N-bonded ligand in a tram square-planar 
fashion were obtained, from HX acidic medium the 
salt complexes [LH+]2[PdX,2-] were isolated. The 
ligand is protonated forming quinolinium ion, while 
palladium remains in the form of square planar 
monomeric tetrahalopalladium complexes PdK2-. 
By heating in methanol they were converted into 
the planar dimeric halobridged complexes Pd2G2--, 
and therefore the salt complexes [LH’]2[Pd2&2-] 
were obtained. 

x = cl (1); X = Br (2) 
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