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ABSTRACT

Palladium(II) ions react in aqueous and strong hydrobromic acid media with xanthine
derivatives to give compounds with the general simplified formulae PdBr,(LH), and
[PdBr,J[LH,], or [PdBr;]J[LH,]-xH,0 (LH = alkylxanthine derivative). respectively. The
thermal behaviour of these complexes has been determined from their TG, DTG and DSC
curves.

INTRODUCTION

It is well known that metal ions play an important role in the biochem-
istry of nucleic acids [1]: for example, the transfer of ATP phosphoryl, which
is an enzymatic process essentially, requires the presence of metal ions. The
discovery of the antitumour activity of cis-[Pt(NH,),Cl,] [2.3] has created
much interest in the synthesis of complexes of the cis-[M(L),X,] type
(where M = Pt and Pd) which could be used against a variety of tumours.
Studies on the thermal behaviour of metal complexes with purine and
pyrimidine derivatives as ligands are still scarce in the literature, especially
compared with those related to other techniques [4-7].

In this paper, continuing the thermal studies on some metal complexes of
xanthine derivatives [8—11]. we report the synthesis and thermal behaviour
of several Pd(II) complexes of the general formulae PdBr,(LH),,
[PdBr,J[LH,], and [PdBr;][LH,]- xH,O. The different ligands used in this
work are shown in Scheme 1.

* To whom all correspondence should be addressed.
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Scheme 1

EXPERIMENTAL

Theobromine (TBH), theophylline (TFH) and caffeine (CF) were
purchased from Carlo Erba; the other purine bases were synthesized by us,
following Speer’s method [12]. After recrystallization using water, the differ-
ent xanthine derivatives were obtained as white crystalline needles. All the
chemicals used in this work were of analytical reagent grade.

METHODS

Microanalyses of C, H and N were carried out in the Instituto de Quimica
Bio-Organica (C.S.I1.C.) Barcelona. Palladium and water were determined
gravimetrically, using a Mettler TG-50 thermobalance. Infrared (IR) spectra
were recorded on a Perkin-Elmer 983-G spectrophotometer using KBr and
polyethylene pellets.

Thermogravimetric (TG) and differential scanning calorimetry (DSC)
curves were recorded on a Mettler TA-3000 system with a Mettler TG-50
thermobalance and a Mettler DSC-20 differential scanning calorimeter. TG
diagrams were realized in a dynamic atmosphere of pure air (100 ml min~?),
at a heating rate of 10° C min ', using samples varying in weight from 6.72
to 22.04 mg. DSC curves were obtained in a static atmosphere of air with the
samples varying in weight from 1.08 to 4.03 mg, at the same heating rate as
for the TG plots.
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PREPARATION OF THE COMPLEXES

Complexes of the type PdBr,(LH), were obtained by mixing aqueous
solutions containing the corresponding xanthine derivative and Na,[PdBr,]

TABLE 1
Analytical data of the isolated compounds (%) 2
Compound C H N Pd
PdBr,(8EH), 26.82 247 17.04 17.21
(26.83) (2.56) (17.89) (16.99)
PdBr,(1IMEH),-H,0 29.03 3.26 16.67 14.60
(28.56) (3.27) (16.66) (15.83)
PdBr,(TBH), 27.10 233 17.57 17.03
(26.83) (2.56) (17.89) (16.99)
PdBr,(DMH),-3H,0 24.64 312 16.04 16.16
(24.70) (3.23) (16.47) (15.64)
PdBr,(TFH),-H,0 26.97 2.82 17.29 16.87
(26.08) (2.79) (17.39) {16.52)
PdBr,(CF), 29.53 2.95 16.73 16.20
(29.35) (3.06) (17.12) (16.26)
PdBr,(TMH),-2H,0 28.08 3.26 16.30 15.48
(27.81) (3.48) (16.23) (15.42)
PdBr, (ETH),-2H,0 30.11 3.65 15.01 15.03
(30.08) (3.90) (15.5%9) (14.81)
PdBr,(PRH), 33.41 393 14.94 15.67
(33.79) (3.94) 15.77) (14.98)
PdBr, (IPH), 33.72 3.99 15.25 15.31
(33.79) (3.99) (15.77) (14.98)
PdBr, (PH), 37.70 470 14.54 14.06
(37.59) (4.70) (14.62) (13.89)
PdBr,(TBH,), 21.68 2.23 13.83 12.90
(21.32) (2.28) (14.21) (13.50)
PdBr,(TFH,), 21.44 2.26 13.93 13.26
(21.32) (2.28) (14.21) (13.50)
PdBr,(CFH)-7H,0 14.18 2.84 7.62 16.66
(14.39) (3.74) (8.39) (15.95)
PdBr;(TMH,)-H,0 16.70 218 9.71 18.49
(17.17) (2.32) (10.01) (19.03)
PdBr;(ETH,)-H,O 18.71 2.74 9.15 18.37
(18.84) (2.62) 9.77) (18.56)
PdBr;(PRH,)-2H,0 19.91 3.02 8.90 17.19
(19.83) (3.14) (9.25) (17.58)
PdBr,(IPH,)-2H,0 20.32 3.07 8.91 17.39
(19.83) (3.14) (9.25) (17.58)
PdBr,(PH,)-H,0 23.99 3.36 8.97 16.56
(23.41) 3.41) (9.10) (17.30)

? Calculated values are given in parentheses.
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in a 2/1 molar ratio. After a few minutes, a yellow powder appeared in all
cases. This was filtered off, washed consecutively with ethanol and diethyl-
ether and air-dried.

Compounds of [PdBr,][LH,], and [PdBr;][LH,]- xH,O types were pre-
pared following a previously described method [13]. These compounds were
isolated as red crystals.

The chemical analyses of isolated compounds are collected in Table 1.

RESULTS AND DISCUSSION
Yellow complexes

The most significant IR bands for complexes of the type PdBr,(LH), are
given in Table 2. From a comparative study carried out between the
positions of these bands and those corresponding to free ligands [10,14,15],
it is possible to observe a shift to lower wavenumber of the bands corre-
sponding to »(C,=0) and »(C=C) + »(C=N) and a shift to a higher wave-
number of the »(C¢=0) band. The position of these bands and the magnetic
studies carried out on these complexes (all are diamagnetic) suggest that
they are all mononuclear square-planar molecules containing two xanthine
derivatives bound in monodentate form through N9. On the other hand, the
presence of only one band assignable to the stretching vibration »(Pd-N)
and/or v(Pd-Br) is consistent with a trans geometry in these complexes.
This coordination mode has also been observed for the analogous
PdCl,(LH), complexes [9].

The thermal behaviour of PdBr,(LH), complexes is very similar. All of
them show two principal processes: (i) dehalogenation, and (ii)) decomposi-
tion. Furthermore, complexes of IMEH, DMH, TFH, TMH and ETH also
show a dehydration process in the 50-150 ° C temperature range.

Figure 1 shows TG and DSC curves for the complexes PdBr,(TMH), -
2H,0 and PdBr,(PRH),. The most interesting TG and DSC data for these
complexes are given in Table 3.

Dehydration processes appear as one or two endothermic effects in the
corresponding DSC curve. For PdBr,(TMH), - 2H,0, the presence of two
overlapping endothermic effects at 70 and 85°C indicates the non-equiv-
alence of the molecules of water, probably due to the different interactions
of these water molecules with the xanthine derivative rings. The average
enthalpy value calculated for the dehydration process of PdBr,(TMH), -
2H,0 is practically the same as that calculated for PdCl,(XH),-2H,0
(where XH = xanthine) [16].

Once dehydrated, anhydrous complexes are thermally stable up to 275° C;
at this temperature, a dehalogenation process starts. The dehalogenation
enthalpies and peak temperatures are given in Table 3. In general, these
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Fig. 1. TG and DSC curves for (A) PdBr,(TMH),-2H,0 and (B) PdBr,(PRH),.

dehalogenation processes take place at a higher temperature than for the
analogous PdCl,(LH), complexes [9,16]. This fact is probably due to the
higher capacity of bromine ligand, with respect to chlorine ligand, to
establish a 7 bond with the metal ion by retrodonation.

The dehalogenated compounds are not stable and rapidly start to decom-
pose. These decompositions appear in the DSC curves as exothermic effects
the temperature peaks of which are given in Table 3. In all cases, PdO was
obtained as the final product of the pyrolysis. The experimental and
calculated weight losses are also shown in Table 3.

Red complexes

Spectral studies carried out on these compounds have shown that they are
all salts containing the corresponding xanthine derivative in monoproto-
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Fig. 2. TG and DSC curves for (A) PdBr;(TMH,)-H,O and (B) PdBr,(PRH,)-2H,0.

nated form as a cation [13]. On the other hand, X-ray studies carried out on
the [PdBr;][TMH,] - H,O ligand [13] indicate that the unit cell consists of
dinuclear [Pd,Br¢]*~ anions, containing two bridging bromine ligands and
trimethylxanthinium cations in which hydrogen atoms are bound to both
imidazolic nitrogen atoms.

On heating these compounds three processes can occur: dehydration,
dehalogenation and pyrolitic decomposition. These have been discerned and
studied from the corresponding TG and DSC curves; those corresponding to
[PdBr,)[TMH,] - H,O and [PdBr,)[PRH,] - 2H,0 are given in Fig. 2.

Dehydration processes

With the exception of [PdBr,][TBH,], and [PdBr,][TFH,],, the first step
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of the thermal decomposition of these red compounds is the elimination of
water. Thermoanalytic data for these processes are given in Table 4.

Dehydration of these compounds generally occurs in different steps which
is in agreement with the experimental results obtained from the X-ray study
of [PdBr;][TMH,] - H,O [13]. Weight losses observed in the TG curves are
in agreement with those calculated from the corresponding formulae. The
expected endothermic behaviour for such processes has been observed in
DSC curves in the same temperature range. The corresponding dehydration
enthalpies and temperature peaks are given in Table 4. Dehydration en-
thalpy values are fairly high. This suggests a very strong interaction between
water molecules and the corresponding xanthine derivative. In the case of
the TMH compound, this interaction is established through three hydrogen
bonds, where a water molecule acts as the acceptor for a N9-H - - - O(w)
bond and as the donor toward O2 and Br3 atoms [13].

Dehalogenation processes

Data corresponding to dehalogenation processes are shown in Table 4.
Most DSC curves show two endothermic effects for the total dehalogenation
of these compounds. Temperature peaks and enthalpy values for these
processes are collected in Table 4. The enthalpy values are very similar to
those observed for the dehalogenation processes of PdBr,(LH), complexes,
which suggests a similar strength of the Pd-Br bonds, in both cases. It is
possible to propose from DSC curves that the dehalogenation occurs by loss
of HBr and Br,; this dehalogenation mode has also been suggested for other
xanthinium halometallates [10,11] on the basis of IR spectra of the inter-
mediate species [11].

Pyrolytic processes

Once dehalogenated, the red compounds show exothermic effects in their
DSC curves, which are attributed to the combustion of organic matter,
giving PdO as the final product. Weight losses observed in TG curves are in
agreement with those calculated for the theoretical residue. These values are
given in Table 4. The resulting PdO residue was identified by IR spec-
troscopy.
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