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Palladium(II) complexes of 5-fluorouracil-l-acetic acid (HL) and ammine have been prepared 
and characterized by means of elemental analysis, molar conductivity, IR, UV, XH NMR spectra, 
and TG-DTA. The general formula for the complex is PdL2(NH3)2 . The IR and ! H NMR spectra 
show that HL and ammine coordinate to the metal ion through the ammine nitrogen and carboxyl 
oxygen. The complex and HL have been studied for their antitumour activity against HL-60 human 
leukemia cells in vitro. 

ds-Diamminedichloroplatinum(II) (cisplatin) has 
been found as anticancer agent against testicular tu
mour, ovarian carcinomas, squamous cell carcinomas, 
and a variety of sarcomas [1]. Its discovery has stim
ulated considerable interest in the search for more 
potential anticancer platinum and other metal com
plexes [2—4]. A large number of analogues of cisplatin 
have been tested. The structurally analogous palla
dium complexes tested have either little or marginal 
antitumour activity [2]. Gill [5] reported several palla
dium complexes with bidentate amine ligands, which 
showed anticancer activity comparable to or greater 
than cisplatin. Puthraya et al. [6, 7] discovered seven
teen palladium complexes of 2,2/-bipyridine and amino 
acid. Many of those complexes have shown anticancer 
activity comparable to or greater than cisplatin. 

On the basis of the studies on the metal complexes 
of 5-fluorouracil-l-acetic acid (HL) [8—11] and in view 
of the importance of palladium complexes as poten
tial anticancer drugs, we report here on the synthesis, 
characterization, and antitumour activity of mixed-
ligand palladium(II) complex of 5-fluorouracil-l-acetic 
acid and ammine. 

E X P E R I M E N T A L 

The reagents used included AgNOß purchased from 
Beijing General Factory of Chemical Reagents. HL 
and Pd(NH3)4Cl2 were prepared according to the lit
erature method [12, 13]. All the solvents and reagents 
used were of anal, grade. 

The C, H, N data of the complex were deter
mined using a Varian EL elemental analyzer. Elec
trolytic conductance measurement was made with a 

DDS-11A digital conductometer with DMSO as sol
vent (« 10~3 mol d m - 3 solution) at 25 °C. IR spectra 
were recorded on a Nicolet 170SX FTIR spectropho
tometer using KBr discs in the range v — 200—4000 
cm - 1 . UV spectra were recorded on a Shimadzu UV-
240 spectrophotometer using DMSO as solvent. lR 
NMR spectra were measured with an FT-80A nuclear 
magnetic resonance instrument using DMSO-бгб as sol
vent and TMS as internal reference. TG-DTA mea
surement was made in a nitrogen atmosphere at room 
temperature and 800 °C using a Dupont 1090-B ther
mal analyzer. 

P d ( N H 3 ) 4 ( N 0 3 ) 2 

Pd(NH3)4Cl2 (1.0 mmol) was added to a solution 
of AgNOß (2.0 mmol in 30 cm3 of H20) in a beaker 
covered with black paper and the contents were stirred 
continuously for 24 h on ice-water bath. The AgCl 
precipitate obtained was removed by filtration and the 
colourless liquid was added into ethanol, whereupon 
white precipitate formed. The precipitate was filtered 
off, washed with ice water and ethanol several times 
and dried in a vacuum desiccator. Yield: 34 %. 

Complex 

HL (0.6 mmol) was added to a solution of 
Pd(NH3)4(N03)2 (0.3 mmol) in 30 cm3 of water. The 
solution was continuously stirred for 5 h at room tem
perature, and then the yellow precipitate formed was 
collected by filtration, washed with ice water several 
times and dried in a vacuum desiccator to constant 
mass. Yield: 40 %. 
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Table 1. IR Data of HL and its Complex 

Compound 
v a s (NH 3 ) v(OH). Vs(NH3) Í(NH3) v 

HL 3196 
Complex 3246 3187 1643 

M T T Assay 

HL-60 human leukemia cells were propagated con
tinuously in culture and grown in RPMI1640 medium 
with 10 % inactivated fetal calf serum (FCS) and 
antibiotics. Cells harvested from exponential phase 
were seeded equivalently into 96 well plates and in
cubated for 24 h, then compounds studied were added 
in concentration gradient. The final concentrations 
were maintained at c/(/imol dm - 3 ) 100, 75, 50, and 
25, respectively. The plates were maintained at 37°C 
in a humidified 5 % C02—90 % N2—5 % 0 2 at
mosphere and incubated for 48 h, the MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromi
de) solution was added, the following procedure re
ferred to literature [14]. The measurements of absorp
tion of the solution concerned with the number of live 
cells were performed on ELISA spectrophotometer at 
570 nm. Palladium dichloride was examined at the 
same conditions. 

The survival ratio (SR) is expressed as A/AQ x 100 
%, where A is average absorbance of the experimen
tal wells and AQ is average absorbance of the control 
wells. The logarithm of concentration numerical values 
of the compounds and SR were treated by linear re
gression analysis and IC50 values were obtained from 
the equations. IC50 was defined as drug concentra
tion required for reducing the number of living cells 
by 50 %. 

RESULTS A N D DISCUSSION 

The elemental analyses for the newly prepared 
complex: w\(found): 27.65 % C, 2.96 % H, 16.51 % N, 
Wi(calc): 28.02 % C, 2.70 % H, 16.34 % N. The com
plex is air-stable and insoluble in methanol, ethanol, 
ether, and tetrahydrofuran, slightly soluble in water, 
soluble in DMSO. The molar conductivity value of the 
complex in DMSO at 25°C is 12.0 S cm2 mol - 1 , indi
cating that it is nonelectrolyte in DMSO [15]. 

The important IR frequencies of HL and the com
plex, along with their relative assignments are given 
in Table 1. The strong band at 3196 cm - 1 in the 
free ligand assigned to v (OH) vibration disappears, 
but two new bands corresponding to vas(COO") and 
vs(COO~) vibrations are observed at 1581 cm - 1 and 
1403 cm - 1 in the complex. They show that the car-
boxylate group of HL coordinates to the metal ion 

320 

í>/cm l 

(COO") v s ( C O O - ) p(NH3) v(Pd—N) v(Pd—O) 

1581 1403 801 493 280 
457 270 

through the OH oxygen. ДР = i>(vas(COO~)) -
z/(vs(COO~)) = 178 c m - 1 , which strongly suggests 
unidentate coordination of the ligand carboxyl group 
with palladium ion [16]. The complex displays char
acteristic vibrations at 3246 c m - 1 , 3187 c m - 1 , 1643 
c m - 1 , and 801 c m - 1 , which are assigned to Vas(NH3), 
v s (NH 3 ), <5(NH3), and p(NH3), these facts indicate 
that ammine is involved in the complex formation. 
By comparison of the far-IR spectra of the complex 
with those of HL, new peaks appear at 497 c m - 1 , 457 
c m - 1 , 280 c m - 1 , and 270 c m - 1 , and are attributed 
to v(Pd—N) and v(Pd—O) [17]. These bands confirm 
the coordination of metal ion through nitrogen and 
oxygen atom, all of them indicate that the complex 
exists in ds-form [18]. 

The UV absorptions of DMSO solutions of HL and 
the complex were measured. For HL and the complex, 
Amax/nm (log{e}) are 270 (4.45) and 267 (5.02), re
spectively. After forming the complex, the Am a x shifts 
a little. The log{č} value of the complex should be 
about 4.75 if the additional rule could be applied. The 
abnormal result is probably due to special steric prop
erties of the complex. 

The XH NMR spectra of HL and its complex are 
shown in Figs. 1 and 2. HL exhibits four signals at S 

JL 

10 9.5 9 8.5 8 7.5 7 6.5 6 5.5 5 4.5 4 3.5 3 2.5 2 1.5 1 0.5 0 

Fig . 1. The XH NMR spectrum of HL. 
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Fig. 2. The *H NMR spectrum of the complex. Formula 1. Suggested structure of the com
plex. 

Table 2. Antitumour Activity of Studied Compounds against 
HL-60 Cells 

Compounds 1С5о/(дто1 dm" 3 ) 

HL 
Complex 

5-FU 

88.17 
30.47 
72.92 

= 11.95 (1H, s), 11.80 (1H, s), 8.18 (1H, d, J = 7 Hz), 

and 4.50 (2H, s) assigned to — COOH, N 3 — H , C 6 — H , 

and — C H 2 groups, respectively. When coordinated to 

the metal ion in the complex, the band at S = 11.95 

disappears, and the S values of 11.80, 8.18, and 4.50 

are shifted upfield by 0.02, 0.33, 0.23. These results 

indicate the coordination of metal ion with oxygen 

atom of carboxyl group. Since the signal of N H 3 is 

overlapped with t h a t of — C H 2 group, the band of 

the complex at S = 4.27 turns broad and the proton 

number turns to be 5, indicating the involvement of 

N H 3 in the complex formation. 

The thermal decomposition of the complex has 

been studied as well. T h e endothermic peak of the 

complex indicates the beginning of decomposition at 

235 °C and occurs through the following three continu

ous stages: 26043, 315^0, 419°C. T h e complex has not 

melting point. Heating to about 750°C, the residue 

mass corresponds to the value calculated for P d O . 

According to the aforementioned data, for the com

plex prepared we propose the structure shown in For

mula 1. 

The d a t a of the ant i tumour activity of HL, com

plex, and 5-fluorouracil (5-FU) are given in Table 2. 

The concentration of DMSO was controlled under 1 % 

to assure not to affect the result [19]. The results 

showed t h a t the complex produces more inhibitory ef

fect compared to the free ligand and 5-FU. Although 

palladium dichloride has some cytotoxicity effect at 

high concentration, the effect is not evident at IC50 

dosage of the complex (SR > 90 % ) . 
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