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Abstract 

Reaction of PdBrz in aqueous HBr yielded salts 
of the type (LH)*[PdBr4] for L = theobromine 
and theophylline, and (LH)* [Pd,Br,] for L = caffeine 
and various 1,3-dimethyl-8-alkylxanthines. Crystals 
of (1,3,8-trimethylxanthir~ium)~ [Pd*Br,] belong to 
the monoclinic P2r/c space group, with a = 11.343- 
(2) b = 7.237(l), c = 18.847(4) A, 0 = 104.26(l)” 
and Z = 4. The structure was refined on 2439 inde- 
pendent Cu Ka reflections to R = 0.046. The unit 
cell consists of dinuclear [PdzBre12- anions con- 
taining two bridging Br ligands, and 1,3,8-trimethyl- 
xanthinium cations in which hydrogens are bound 
to both imidazolic nitrogen atoms. The unit cell 
contains stacks of trimethylxanthinium cation 
pairs alternating with [Pd2Br,] 2- anions, whereas 
water molecules form hydrogen bonds with partners 
in different stacks. The infrared spectra are con- 
sistent with the presence of monoprotonated xanthi- 
nium cations and [PdBrq]‘- or [Pd2Br612- ions in 
all cases. These salts are found to be strongly acidic 
and to dissociate into the neutral ligands in DMSO 
solution. 

Introduction 

Considerable effort has been devoted in recent 
years to the preparation of metal-purine complexes 
and the structural characterization of the com- 
pounds by spectroscopic techniques and X-ray 
diffraction [l]. Most of this research has been di- 
rected toward adenine and guanine molecules, since 
these residues are components of nucleic acids. 
Xanthine derivatives have attracted much less atten- 
tion, in spite of the fact that some of them are 
present in biological systems and that they may be 
used as valuable models for biologically important 
analogues [2]. Some xanthine derivatives also show 
potential antitumor activities [3]. 

*Authors to whom correspondence should be addressed. 
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Xanthine (XHa) 
Theobromine (TBH) 
Theophylline (TFH) 
Caffeine (CF) 
1,3,8-Trimethylxanthine 

(TMH) 
1,3-Dimethyl-8-ethylxan- 
thine (ETH) 
1,3-Dimethyl-8-propyl- 
xanthine (PRH) 
1,3-Dimethyl-8-isopropyl- 
xanthine (IPRH) 

Scheme 1. 

Most of the literature on complexation with 
xanthine ligands deals with theophylline (1,3-di- 
methylxanthine, Scheme l), for which a number 
of crystallographic studies have been reported [4-- 
8]. However, X-ray work on complexes with other 
xanthine derivatives and with xanthine itself is 
scanty [9-121, Various groups have worked at 
determining the metal binding sites in xanthine 
compounds by using vibrational spectroscopic and 
NMR techniques [13-181. 

As part of our research program on the inter- 
actions of metal ions with xanthine ligands [12,14, 
19,201, we isolated various types of compounds, 
including normal complexes and xanthinium halo- 
metallates, with a number of metals. In the present 
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paper, we wish to report on bromo-Pd(I1) com- 
pounds prepared under acidic conditions with a series 
of xanthine derivatives (Scheme 1). Among these 
compounds*, those of the type (LH)*[PdBr4] were 
anticipated to be xanthinium salts of the [PdBra]*- 
anion without direct Pd-xanthine bonding. How- 
ever, direct interactions, with the carbonyl group 
for instance, could not be ruled out for the com- 
pounds of the (LH)PdBr3 type. This prompted us 
to examine these compounds in greater detail and to 
determine the crystal structure for the 1,3,8-tri- 
methyl compound. 

Experimental 

Instruments and Reagents 
Theobromine, theophylline and caffeine were 

purchased from Carlo Erba. The other purine bases 
were synthesized in our laboratory following Speer 
and Raymond [21]. After recrystallization in water, 
the products were obtained as white crystalline 
needles. 

Microanalyses (C, H, N) were carried out at the 
Ihstituto de Quimica Bioorganica (CSIC). Barcelona. 
Palladium and water were determined gravimetrical- 
ly using a Mettler TG-50 thermobalance. 

IR spectra of the solids were obtained as KBr 
or polyethylene pellets with a Perkin-Elmer 983G 
spectrophotometer. The ‘H NMR spectra were 
taken with a Bruker WH-400 spectrometer using 
DMSO-d6 as solvent and TMS as internal standard. 

*L is used to represent any of the xanthine derivatives in 
the neutral form, whereas LH+ is the corresponding mono- 
protonated cation. 

M. I. Moreno- Vida er al. 

Preparation of the Compounds 
In 50 ml of aqueous HBr solution (0.7 N) con- 

taining 100 mg (0.56 mmol) of PdClz were dissolved 
1.12 mmol of the xanthine derivative. The resulting 
mixture was heated to 80 “C and stirred for 0.5 h. 
After a few days, red crystals appeared in all cases. 
The solids were filtered off, washed with small 
amounts of ethanol and diethylether, and air dried. 
The chemical analyses of the compounds are given 
in Table 1. 

Crystal Data 
C8H13N403Br3Pd, formula weight = 559.33, 

monoclinic, pZ,/c, a = 11.343(2), b = 7.237(l), c = 
18.847(4) A, p = 104.26(2)“, Y = 1499.5 A3, Z = 
4, D, = 2.477 g cm-3, X(Cu K&) = 1.54178 a (graph- 
ite monochromator), ~(CU KLU) = 198.4 cm-‘, T = 
170 K, crystal dimensions (mm): 0.03 X 0.07 X 0.44. 

Crystallographic Measurements and Structure 
Determination 

The crystal used for X-ray work was an elongated 
plate obtained as described above. Precession and 
cone-axis photographs showed only one Laue mirror 
identifying the monoclinic system. The systematic 
absences were consistent only with space group 
F2.1/c (h01, If 2n and OkO, k # 2n). 

The same crystal was transferred to the Enraf- 
Nonius CAD-4 diffractometer. The reduced cell 
was determined from ten low-angle reflections 
found on a Polaroid rotation photograph. This cell 
was then transformed into the conventional mono- 
clinic cell given above. A set of 25 strong reflections 
in the range 10 < 0 < 25 were centered in the 
counter aperture. Least-squares refinement of the 
setting angles of those reflections gave the final 
cell parameters. 

TABLE 1. Analytical Data [Found (Calculated) (%)I 

Compound Formula 

(TBH&PdBr4 C&lsBr&%Pd 

(TFH2)2PdBr4 C14HlsBr4NsO4Pd 

(CFH)PdBr3*7H20 CaH2sBr3N409Pd 

(TMH2)PdBr3.Hz0 CsH13Br3N403Pd 

(ETH&PdBr3*H20 C$11sBr3N403Pd 

(PRH2)PdBr3+2H20 CleH1gBr3N404Pd 

(IPH2)PdBr3*2H20 CloHlgBr3N404Pd 

C 

21.68 
(21.32) 

21.44 
(21.32) 

14.18 
(14.39) 

16.70 
(17.17) 

18.71 
(18.84) 

19.91 
(19.83) 

20.32 
(19.83) 

H 

2.23 
(2.28) 

2.26 
(2.28) 

2.84 
(3.74) 

2.18 
(2.32) 

2.74 
(2.62) 

3.02 
(3.14) 

3.07 
(3.14) 

N 

13.83 
(14.21) 

13.93 
(14.21) 

7.62 
(8.39) 

9.71 
(10.01) 

9.15 

(9.77) 

8.90 

(9.25) 

8.91 

(9.25) 

Pd 

12.90 

(13.50) 

13.26 
(13.50) 

16.66 

(15.95) 

18.49 

(19.03) 

18.37 
(18.56) 

17.19 
(17.58) 

17.39 

(17.58) 
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The intensity data were collected following a 
procedure described elsewhere [ 221. Seven standard 
reflections were monitored during data collection, 
and their intensity checked every hour showed a 
fluctuation < +5.2%. Crystal orientation was checked 
every 100 measurements. The actual position of the 
scattering vectors and the directions derived from 
the orientation matrix always differed by <0.18”, 
so that no crystal reorientation was needed during 
data collection. All hkl and hkl reflections contained 
in a sphere limited by 20 = 140’ were collected with 
graphite-monochromatized Cu K& radiation. Among 
2839 reflections so obtained, 2439 were retained 
(I > 30(Z)) for structure determination. They were 
corrected for the Lorentz and polarization effects. 
An absorption correction was applied (Gaussian 
integration, grid 10 X 10 X 10, transmission range 
= 0.1 l-0.58). 

The structure was solved using the SHELX pack- 
age [23] and refined on IF,,1 by full-matrix least- 
squares. The PdBrs fragment was found by direct 
methods. The remaining non-hydrogen atoms were 
located from a subsequent difference Fourier (aF) 
map phased on the PdBrs group. Isotropic refinement 
on the data uncorrected for absorption converged 
to R = EllF,,I - IF,II/ClF,I = 0.122. The absorption 
correction reduced R to 0.097. Anisotropic refine- 
ment of the known atoms converged to R = 0.075. 
The hydrogen atoms were all visible in the aF map. 
They were introduced at idealized positions (C(N)- 
H = 1.08 A, B = 6.0 A’). The parameters of the 
hydrogens were not refined, but their coordinates 
were recalculated after each least-squares cycle. 
The final residuals obtained at convergence were 
R = 0.046 and R, = [Ew(lF,I - iFCI)2/CwlF,,12] “’ 
= 0.053. The goodness-of-fit ratio was 1.56. The 
highest residuals in the aF map (2.4-l .3 e/A) were 
within 1.1 8, from PdBrs. The hF map showed a 
general background < +0.9 e/A3. 

The scattering factors and anomalous dispersion 
factors (Hg, Br) were from standard sources [24]. 
The refined coordinates are listed in Table 2. See 
also ‘Supplementary Material’. 

Results and Discussion 

Spectroscopic Results 
PdBr2 in 0.7 M aqueous HBr forms with the 

xanthine derivatives two types of compounds: 
(LH),[PdBr4] for L = theobromine and theophyl- 
line, and (LH)PdBrs for L = caffeine and the 
8-alkyl-1,3-trimethylxanthines. When the structure 
determination of the 1,3,8-trimethylxanthine com- 
pound (TMH2)PdBrs*H20 was undertaken, it made 
little doubt that the three Br atoms were attached to 
Pd. However, the entity filling the fourth coordina- 
tion site could not be unambiguously identified, and 
the possibility of water or a xanthine carbonyl group 

TABLE 2. Refined Fractional Coordinates (X104, Pd, Br X 

105) for (TMH& [ PdzBrh] - 2H20 

Atom x Y Z 

Pd 
Brl 
Br2 
Br3 
02 
06 
010 
Nl 
N3 
N7 
N9 
c2 
c4 
C5 
C6 
C8 
Cl1 
c31 
C81 

86178(4) 48417(7) 42886(3) 

92768(7) 41693(13) 55999(4) 
80769(7) 55010(12) 29939(4) 
65387(7) 39691(12) 42464(4) 

6645(S) 486 l(8) 6997(3) 

9903(5) 4374(8) 8955(3) 
6045(4) 245 l(8) 5805(3) 
8248(S) 4591(9) 7986(3) 

6305(5) 5485(9) 8110(3) 

8187(S) 5711(8) 9891(3) 
6275(S) 6243(9) 9375(3) 
7031(7) 4980(10) 7666(4) 

6817(6) 5688(10) 8843(4) 

8012(6) 5315(10) 9149(4) 

8821(6) 4747(10) 8739(4) 

7146(6) 6270(10) lOOll(4) 

9014(7) 4122(12) 7494(4) 

5015(7) 5963(17) 7813(S) 

6970(7) 6856(12) 10730(4) 

being bound to Pd could not be ruled out. The 
crystallographic results described below show, how- 
ever, that the compound consists of well separated 
trimethylxanthinium cations and [Pd,Br,] 2- anions. 

The presence of similar protonated xanthinium 
ions in the remaining compounds is deduced from 
solid-state infrared spectroscopy. The spectra of 
various salts of caffeine have been discussed by 
Cook and Regnier [25]. Protonation of caffeine 
introduces two proeminent spectral features: N-H 
stretching produces a strong massif whose position 
depends on the counter ion, varying between 2265 
(Cl-) and 3 140 (C104-) cm-‘. A weaker and typically 
broad 7(N-H) band is also detected between 883 
(Cl-) and 724 (C104-) cm-‘. In our PdBra-caffeine 
compound, these bands are identified at -2800 
and 880 cm-‘, respectively, thereby confirming 
the presence of the protonated form. 

Caffeine is a particularly simple system, because 
it contains only N-CHs groups and the above effects 
can only be ascribed to the N-H+ group formed by 
protonation. The case of theobromine has also been 
discussed by Cook and Regnier [26], who reported 
spectral features similar to those of the caffeine salts, 
but the out-of-plane band could not be unambi- 
guously assigned to the N-H+ group, because neutral 
theobromine also gave a band for its Nl-H group 
at this same position. There is no such ambiguity 
for the remaining derivatives studied here: even if 
they all possess an N-H group in the neutral state, 
the N-H+ bands can still be identified as can be 
appreciated from Fig. 1, where the regions discussed 
here are represented for the typical case of 1,3,8- 
trimethylxanthine. In the neutral compounds, the 



204 

-(TMH,),[Pd,Br,l 2H,O 

Wavenumber (cm -11 

Fig. 1. Portion of the infrared spectra of 1,3,8-trimethyl- 

xanthine and its protonated [PdzBrh12- salt. 

dN-H) band is sharp and occurs at 3 166 cm-‘, 
whereas it probably lies at the same place but it is 
masked by the strong and very broad N-H+ band 
located at -2700 cm-’ in the protonated salts. The 
well defined absorption at 3460 cm-’ is due to the 
v(H,O) vibration of crystallization water. As to the 
y(N-H) vibration, the broad band at 880 cm-’ is 
clearly visible for the protonated species, but no such 
absorption is present for the neutral derivative. The 
data for the various compounds are collected in 
Table 3, and they all show the characteristic pattern 
for protonation. 

Figure 1 also includes the 1500-1700 cm-’ 
region, where double bond stretching vibrations 
occur. This region is modified in the same character- 
istic manner for all compounds. The band at highest 
wavenumber, mainly located in the C2=02 bond, 
is not greatly displaced by protonation on the imi- 

M. I. Moreno- Vida et al. 

dazole ring. On the other hand, changes of bond 
order in the ring and coupling with N-H motion 
introduce various spectra shifts in the C6=C6 and 
ring vibrations: This region can also include some 
contribution from the 6(Hz0) vibration. Detailed 
assignment is beyond the scope of the present paper, 
but the pattern of spectral modifications in this 
region can be regarded as strong evidence in favor 
of the protonated form of the xanthine ligand. 

The far infrared spectrum also shows a band in 
the 245-256 cm-’ region, which is sufficiently 
distant from ligand bands to be safely attributed to 
v(Pd-Br) 1271. 

The ‘H NMR results for the compounds dissolved 
in DMSO-d6 are listed in Table 4. Most of the assign- 
ments are based on work by Lichtenberg er al. [28] 
and by Twanmoh et al. [29]. 

Even though the IR spectra indicated the presence 
of protonated xanthinium cations in the solid com- 
pounds, there is no evidence for protonation in 
DMSO-d6 solution from the ligand ‘H NMR signals. 
Introducing a positive charge on the ring in the 
protonated species should induce a general down- 
field shift of these signals [25, 281, but they are all 
coincident within 0.01 ppm with those of the cor- 
responding pure neutral ligand in the same solvent. 
Although protonation is not expected to produce 
dramatic shifts, signal coincidence indicates that 
the neutral species is the only form present in 
significant amount. Judging from the pK, values of 
caffeine (OS), theobromine (0.3) and theophylline 
(0.7) [28], these xanthinium ions should be very 
acidic, and the proton has probably been quanti- 
tatively transferred to the water present in DMSO. 
Consistent with this assumption is the systematic 
lowfield shift of the signal of residual water in the 
spectra of the salts. Indeed, all spectra were run 
under the same conditions, with the same instrument 
and on solutions prepared from the same batch of 
DMSO-d6. For solutions of the free ligands, residual 
water gave a sharp signal ca. 3.3 ppm. With the Pd 
compounds, much broader signals are obtained, and 
they are generally displaced to the 3.6-4.1 ppm 
range. Dissolution of the hydrated bromopalladates 

TABLE 3. Characteristic IR Bands (cm-‘) 

Compound v(O-H)~ v(N-H)~ u(C2=0) v(C6=0) v(C=C) + v(C=N) r(N-H) v(Pd-Br) 

(TBH&PdBra 2800 1687 1648 1582, 1550 851 245 

(TFH&PdBrd 2860 1720 1680 1575,155s 860 2.51 

(CFH)PdBr3*7H20 3405 2800 1709 1671 1574,155l 880 247 

(TMH2)PdBr3*H20 3461 2700 1706 1676 1605, 1572 885 253 

(ETHz)PdBr3*H20 3470 2850 1712 1675 1650, 1570 864 249 

(PRH2)PdBrs. 2H20 3478 2800 1708 1681 1643,1573 883 252 

(IPH2)PdBr3+2H20 3494,340o 2900 1719 1678 1569 888 256 

aBroad absorption. bBroad multicomponent absorption. 
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Compound Nl-CHs N3-CHa N7-CH3 ‘HaO’ N-H C8-R 

(TBHa)2PdBr4 
(TFH2)2PdBr4 
(CFH)PdBr3*‘7HaO 
(TMH2)PdBrs.H20 
(ETH2)PdBrs.H20 

(PRH2)PdBrs.2H20 

(IPH2)PdBr3* 2H20 

3.24 
3.22 
3.22 
3.23 

3.22 

3.23 

3.33 
3.44 
3.42 
3.41 
3.42 

3.42 

3.42 

3.85 

3.88 

5.32 
3.70 
3.66 
3.66 
3.76 

4.05 

3.61 

11.10 
(13.56)b 

(13.17)b 
(13.16)b 

(13.19)b 

(13.11)b 

1.98 (H) 
8.04 (H) 
8.01 (H) 
2.37(CHa) 
2.71 (q, CH2) 
1.24 (t, CHs 3J = 7.6a) 
2.66 (t, oCH2) 
1.70 (m, pCH2, 3J = 7.4) 
0.89 (t, 7-CH3. 3J = 7.4) 
3.04 (sp, CH) 
1.27 (d,CH3,3J= 7.0) 

*In MeaSOde, 400 MHz, d = doublet, t = triplet, q = quartet, sp = septuplet, m = multiplet. bResonances observed for solu- 
tions of the neutral molecules, but absent from those of the bromopalladates. c3J(H-H) coupling constants in Hz. 

increases the amount of water, but this cannot 
by itself explain the effect noted. It appears that 
H30+ ions resulting from the dissociation of the 
protonated species, in fast exchange with neutral 
water, promote the exchange of the neutral molecule 
N7-H proton, whose signal was observed at 13.0- 
13.5 ppm for the free ligand, but is absent for the 
PdBr3 salt. Only theobromine gives at 11 .l ppm an 
individual resonance for its Nl-H group. It has 
already been noted that the N7-H groups exchange 
much more readily than Nl-H protons in this type 
of molecules [29]. Therefore, our ‘H NlvlR results 
are consistent with complete dissociation of the 
xanthinium salts in solution. 

Description of the Structure 
The crystallographic work shows that the xanthine 

unit is not directly attached to the metal. The square 
planar environment of Pd is completed by formation 
of a dinuclear [PdzBr,]‘- unit containing two 
bridging Br atoms (Fig. 2). The Pd-Br bridging bonds 
(2.452(l) and 2.448(l) a) are longer than those 
with the terminal Br ligands (2.413( 1) and 2.424(2) 
A). The angles around Pd are close to 90”, except 
for the Brl-Pd-Brl angle in the bridging ring, 
which is reduced to 85.57(3)‘. The environment of 
Pd is roughly planar, with a small, but significant, 
tetrahedral distortion. The atom-to-plane distances 
are: Pd, 0.0101(5); Brl, 0.0310(g); Brl’, -0.0442- 
(9); Br2, 0.0276(g); Br3, -0.0405(g) A. This struc- 
ture is very similar to that of the [Pd,Br,]‘- ion 
in the tetraethylammonium salt [30]. 

The 1,3,8-trimethylxanthinium cation is shown 
in Fig. 3. In the neutral molecule, the acidic proton 
is probably attached to N7, as is found for theo- 
phylline [4,31]. Therefore, the second proton in 
the xanthinium cation is accepted by the N9 lone 
pair, leading to a diprotonated five-membered ring. 
The geometry of the trimethylxanthinium cation 

Br2 

Brl cn 

Br3-Pd-Br 1’ = I 74.49(4) 

BrP-Pd-Brl = 177.05(4) 

Fig. 2. ORTEP drawing of the [PdaBre]2- anions. Ellipsoids 
correspond to 50% probability. The two halves of the mole- 
cule are related by a crystallographic inversion centre in the 
middle of the ring. 

Fig. 3. ORTEP drawing of the trimethylxanthinium cation. 
Ellipsoids correspond to 50% probability. Hydrogens are 
shown as spheres of arbitrary size. 

is compared with average results for related neutral 
molecules [8] in Table 5. Introduction of a second 
proton at N9 has only marginal effect on the geom- 
etry of the six-membered ring. In the N7-C8-N9 
region of the neutral molecule, the N7-C8 bond is 
slightly longer than the C8-N9 bond. In the cation, 
this order is reversed (C8-N9 = 1.353(g), C8-N7 = 
1.319(9) A), indicating that the double bond is now 
more localized between N7 and C8. Ring angles 
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TABLE 5. Interatomic Distances and Bond Angles in the 
(TMHs)+ Cation Compared with Average Values for Similar 
Systems 

TABLE 5. (continued) 

(TM&)+ 
this work 

Neutral ringa 

(TM&)+ 
this work 

Neutral rine 

Distances (A) 

Nl-Cl1 
Nl-C2 
Nl-C6 
C2-N3 
c2-02 
N3-C31 
N3-C4 
c4-c5 
C5 -C6 
C6-06 
C5-N7 
N7-C8 
C8-N9 
N9-C4 
C8-C81 

Angles c) 

Cll-Nl-C2 
Cll-Nl-C6 

1.458(10) 
1.392(10) 
1.412(9) 
1.361(10) 
1.232(9) 
1.473(11) 
1.368(9) 
1.363(10) 
1.399(10) 
1.224(9) 
1.393(9) 
1.319(9) 
1.353(9) 
1.360(9) 
1.480(10) 

117.0(6) 
117.3(6) 

1.479(10) 
1.398(13) 
1.398(14) 
1.371(11) 
1.214(12) 
1.470(16) 
1.378(16) 
1.362(14) 
1.415(13) 
1.229(12) 
1.385(16) 
1.346(18) 
1.337(12) 
1.352(16) 

115.8(12) 
117.6(10) 

(continued) 

C2-Nl-C6 125.5(6) 126.5(6) 
Nl -C2-N3 118.3(6) 116.9(12) 
Nl -C2-02 119.6(7) 121.5(7) 
N3-C2-02 122.1(7) 121.6(9) 
C2-N3-C31 121.6(7) 119.6(7) 
C2-N3-C4 118.6(6) 119.8(9) 
C4-N3-C31 119.6(6) 120.6(7) 
N3-C4-C5 122.5(6) 121.5(3) 
N3-C4-N9 128.3(6) 126.3(7) 
C5-C4-N9 109.2(6) 112.2(7) 
C4-C5 -C6 122.9(7) 123.0(10) 
C4-U--N7 105.4(6) 105.4(10) 
C6-U-N7 131.6(7) 131.6(8) 
C5-C6-06 128.4(7) 127.0(7) 
CS-C6-Nl 112.2(6) 112.2(11) 
Nl-C6-06 119.5(7) 120.9(9) 
C5-N7-C8 108.8(6) 105.8(8) 
N7-C8-N9 109.4(6) 113.1(8) 
C8-N9-C4 107.1(6) 103.4(8) 
N7-C8-C81 125.0(6) 
N9-C8-C81 125.6(6) 

aAverage value for 14 structures of neutral xanthine deriv- 
atives containing an N7-H or N7-C bond [ 81. 

Fig. 4. View of the unit cell down the b axis. Atoms can be identified by reference to Figs. 2 and 3. Dotted lines correspond to 
hydrogen bonds. Water molecule 010 (dark spheres) can be identified between the columns of [PdaBrG]*- and 1,3,8-trimethyl- 
xanthinium ions, by its environment of three hydrogen bonds. 

usually respond to a greater extent to proton ex- 
change. As can be seen from Table 5, introducing 
a proton at N9 increases the angle at N9 by 3.7”, 
whereas the adjacent angles at C8 and C4 are de- 
creased by 3.7 and 3.0”, respectively. The more 
remote angle at N7 also undergoes a change of t3.0”. 
Angle variations of this magnitude, which are similar 
to those found upon protonation of caffeine [32], 
are well documented for purines [33]. 

A packing diagram is shown in Fig. 4. The [Pd,- 
Br,] ‘- anions roughly parallel to the ac plane occupy 

crystallographic inversion centres at the cell origin 
and the middle of the bc face. Just above and below 
these anions are found pairs of centrosymmetrically 
related trimethylxanthinium cations, forming strong 
complementary N7-H**.06 hydrogen bonds of 
2.667(8) A. Pairs of xanthinium cations and [Pdz- 
Br612- anions are stacked in alternance along the b 
direction, defining infinite columns centered on the 
b axis and the parallel direction at z = l/2. Between 
these columns, water molecules fill channels parallel 
to b and intersecting the ac face at x = l/2, z = l/2 
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and x = l/2, z = 0. Efficient use is made of the 
hydrogen bonding potential of water molecule 010: 
it acts as the acceptor for a N9-H.**010 bond of 
2.714(8) A, and as the donor toward 02 at 2.793(8) 
8, and Br3 at 3.31 l(5) A. Brl and Br2 are in contact 
with methyl hydrogens only and do not participate 
in significant hydrogen bonding interactions. 
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Supplementary Material 

Tables of anisotropic temperature factors and 
structure factors can be obtained upon request from 
A.L.B. 
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