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Abstract 

The tetra-coordinate complexes fruns-[Pt(Hdipic)J . 2H20 (1) and tians-[Pd(Hdipic),] . 2H20 (2) as well 
as their potassium and sodium derivatives tran.s-Kz[Pt(dipic)J (3), rmn.r-Na2[Pt(dipic)J.6Hz0 (4) and 
trans-Na,[Pd(dipic)J.2H,O (5) have been obtained in high yield by reacting aqueous solutions of 
K2[PtC1,] and KJPdCl,] with pyridine-2,6-dicarboxylic acid (H,dipic) or its potassium or sodium salts, 
respectively, in 1:2 molar ratio. 1 and 2 are also formed on reacting equimolar amounts of reagents 
in water (pH 1.4) leaving in solution unreacted K,[PtCI,] and KJPdClJ. The resulting mixtures brought 
to pH 5 with KOH undergo a redistribution reaction with formation of the monoanionic species 
K[Pt(dipic)CI].H,O (6) and K[Pd(dipic)C1].H20 (7), respectively. The iodo derivative K[Pt(dipic)l]. 
1/2H20 (8) was obtained from the chloro species by replacement of the coordinated chloride with 
iodide in aqueous solution. All the complexes have been characterized by a number of physico-chemical 
measurements including the X-ray analysis of tranr-Na,[Pt(dipic),].6H,O (4) and K[Pt(dipic)I].l/2H,O 
(8). Crystals of 4 are monoclinic, space group F2Jc, 2=2, with unit-cell dimensions a= 11.912(l), 
b = 6.544(l), c= 12.699(l) A, p=91.56(1)“. Crystals of 8 are triclinic, space group Pi, Z=4, with unit- 
cell dimensions a= 11.018(l), b-11.585(2), c-9.946(1) A, a=97.99(1), P=115.07(1), y=73.14(1)“. 
The structures were solved from three dimensional counter data by Patterson and Fourier methods 
and refined by full-matrix least-squares to R=0.019 and 0.030 for 1556 and 4118 observed reflections, 
respectively. The crystal of 4 is built up by centrosymmetric Pt(dipic),‘- anions and Na+ cations hexa- 
coordinated by four water molecules and two carboxylate oxygens belonging to the ligands. Each 
dipicolinate ion behaves as a bidentate ligand, and the resulting coordination around the platinum is 
square planar. The asymmetric unit of compound 8 contains two independent square planar Pt(dipic)l- 
anions, in each of them the dipicolinate ion acts as a tridentate ligand and the fourth position is 
occupied by an iodine atom. The planar complex anions Pt(dipic)l- are stacked but not parallel and 
Pt atoms form infinite zigzag chains. 

Introduction 

Pyridine-2,6-dicarboxylic acid (Hzdipic) is a ver- 
satile ligand which is known to bind, as a neutral, 
monobasic, or dibasic chelating agent, to a large 
number of bivalent and trivalent transition metal 
ions as well as lanthanides(II1) and actinides in 
different oxidation states [l]. 

*Author to whom correspondence should be adressed. 

As a part of our interest in square planar tetra- 
coordinate complexes of ds transition metal ions, we 
have recently synthesized a series of anionic plati- 
num(I1) complexes of the type [Pt(dipic)X]- (X = Cl, 
Br, I, N02, SCN) in which the dipicolinate anion 
behaves as a tridentate ligand, and have determined 
the rate constants for the displacement of the co- 
ordinated chloride from the substrate [Pt(dipic)CI]- 
by H20, Br-, I-, SCN-, SeCN-, CN- and SOJ2- 
in water [2]. 
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At approximately the same time a paper appeared 
dealing with the unusual behaviour of [Pt(dipic)Cl]- 
in aqueous solution [3] which has shown that at 
higher temperatures or lower concentrations the 
complex is yellow and monomeric, whereas at lower 
temperatures or higher concentrations it is red and 
probably polymeric. A spectroscopic and crystallo- 
graphic study of the discrete monomer and evidence 
for a stacked polymer are also reported as well as 
the preparation of the bis(bidentate) complex 
K,[Pt(dipic)2] to which a truer configuration has been 
assigned on the basis of stereochemical considera- 
tions. 

We have now systematically re-examined the in- 
teraction of H,dipic with PtCl,‘- in aqueous solution 
by varying the ligand to metal molar ratio, pH and 
temperature. The new chelated species 
[Pt(Hdipic),] .2H20 and its sodium form trans- 
Na,[Pt(dipic),] .6H20 have been obtained as well as 
the previously known [Pt(dipic)Cl]- in a very pure 
form and high yield. 

The same preparative route allowed us to isolate 
the analogous palladium(I1) species for the first time. 
All the species were characterized by a number of 
analytical and physico-chemical measurements in- 
cluding the X-ray structure determination of trans- 
Na,[Pt(dipic)z] .6H20 and K[Pt(dipic)I] . 1/2Hz0. 

Experimental 

Reagents 
Crystalline K,[PtCI,] and KJPdCl,] were prepared 

from high purity metals by standard methods. Pyr- 
idine-2,6-dicarboxylic acid and deuteriated solvents 
for ‘H NMR with a minimum isotopic purity of 
99.9%, were Aldrich products. 

Preparation of complexes 

trans-[Pt(Hdipic),] .2H,O (I) 
A solution of K,PtCl, (0.415 g, 1 mmol) in water 

(10 cm’) was added, with stirring, to a warm solution 
of pyridine-2,6_dicarboxylic acid (0.334 g, 2 mmol) 
in water (30 cm’). The mixture was allowed to react 
at 80 “C for 3 h, during which time a pale yellow 
product gradually precipitated. The crude product 
was filtered off, dried under reduced pressure (0.40 
g, 71%), and crystallized from a dilute boiling aqueous 
solution slowly cooled at room temperature. 

trans-[Pd(Hdipic)z / - ZH, 0 (2) 
A solution of K,PdC& (0.326 g, 1 mmol) in water 

(10 cm’) was added, with stirring, to a solution of 
pyridine-2,6-dicarboxylic acid (0.334 g, 2 mmol) in 

water (30 cm’). The mixture was allowed to react 
at 80 “C for 10 min, during which time a yellow-ochre 
product gradually precipitated. After addition of 
boiling water (50 cm’) the product dissolved com- 
pletely and the yellow-range crystals slowly obtained 
on cooling the clear orange solution at room tem- 
perature were filtered off and dried under vacuum 
(0.360 g, 76%). 

trams-Kz[Pt(dipic)J (3) 
A solution of K,PtCl, (0.415 g, 1 mmol) in water 

(10 cm”) was slowly added, with stirring, to a solution 
of pyridine-2,6-dicarboxylic acid (0.334 g, 2 mmol) 
in water (30 cm3), brought to pH 6 with 1 N KOH. 
The mixture was allowed to react at 80 “C for 10 
min, during which time the colour of the solution 
gradually changed from reddish to pale yellow and 
a cream coloured powder precipitated. Recrystalli- 
zation of the powder from hot water gave a poor 
quality microcrystalline product unsuitable for X-ray 
analysis (0.51 g, 85%). 

trans-Na2[Pt(dipic)J .6H, 0 (4) 
A solution of K,PtCl, (0.415 g, 1 mmol) in water 

(10 cm’) was slowly added, with stirring, to a solution 
of pyridine-2,6-dicarboxyhc acid (0.334 g, 2 mmol) 
in water (30 cm3), brought to pH 6 with 1 N NaOH. 
The mixture was allowed to react at 80 “C for 10 
min, during which time the colour of the solution 
gradually changed from reddish to pale yellow. 
Cream-coloured crystals suitable for X-ray structure 
determination were obtained on slowly cooling the 
solution at room temperature and were filtered off 
and air dried under vacuum (0.370 g, 54%). 

trans-Na2[Pd(dipic), / ’ 2H,O (5) 
A solution of K2PdC14 (0.326 g, 1 mmol) in water 

(10 cm”) was added, with stirring, to a warm solution 
of pyridine-2,6-dicarboxylic acid (0.334 g, 2 mmol) 
in water (30 cm3), brought to pH 6 with 1 N NaOH. 
The mixture was allowed to react at 80 “C for 10 
min, and its colour gradually changed from brown 
to red-orange. Yellow crystals which were obtained 
on slowly cooling the solution at room temperature 
were filtered off and dried under vacuum (0.360 g, 
69%). 

K[Pt (dipic) Cl] . Hz 0 (6) and K[Pt (dipic) I] . 

WA’ (8) 
These complexes were prepared as reported in 

the literature [2]. Their purity was checked by el- 
emental analysis and comparison of the IR and 
UV-Vis spectra with those reported. 
K[Pt(dipic)Cl].H,O was also prepared by an alter- 
native method, A solution of K,PtCl, (0.415 g, 1 
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TABLE 1. Analytical and physical data 

Compound Colour Melting AM Analysis (%)’ 
point (0-l cm2 
(“C) mol-‘) C H Cl N 

Pt(Hdipic), . 2H20 (1) 

Pd(Hdipic)r.2H20 (2) 

W’t(dipic)21 (3) 

Na2[Pt(dipic),]. 6H20d (4) 

Na2[Pd(dipic),]. 2H20d (5) 

K[Pt(dipic)Cl]-H20 (6) 

K[Pd(dipic)Cl]-Hz0 (7) 

yellow > 220 5b 29.6 2.13 4.68 
(29.8) (2.15) (4.97) 

yellow-orange > 220 3b 35.2 2.49 5.75 
(35.4) (2.55) (5.90) 

cream > 220 182’ 27.8 0.95 4.73 
(27.9) (1.00) (4.64) 

cream > 220 185’ 25.3 2.71 4.32 
(24.7) (2.67) (4.12) 

yellow > 220 212’ 32.3 1.12 5.33 
(32.4) (1.94) (5.40) 

red > 220 66b 18.7 7.88 2.99 
(18.6) (Z) (7.83) (3.09) 

yellow-ochre > 220 60b 23.1 1.01 9.70 3.71 

K[Pt(dipic)I] . l/2H20 (8) orange > 220 54b 
(23.1) (1.38) (9.74) (3.85) 
15.7 0.70 2.52 

(15.7) (0.75) (23.7) (2.62) 

‘Calculated values in parentheses. bin dimethylformamide. ‘In water. dPotassium absent by atomic absorption 
spectrophotometry analysis. 

mmol) in water (10 cm3) was slowly added, with 
stirring, to a warm solution of pyridine-2,6-dicar- 
boxylic acid (0.167 g, 1 mmol) in water (30 cm3, 
pH1.4). The mixture was allowed to react at 80 “C 
for 3 h, during which time a pale yellow product 
(1) gradually separated from the solution which 
remained reddish due to the presence of unreacted 
K,PtCl,. The pH of the mixture was then slowly 
raised to 5 by addition of 1 M KOH under stirring 
and at the same temperature. Under these conditions 
the precipitate dissolved giving an yellow-orange 
solution from which, on cooling on a ice bath, the 
chloro species precipitated as a gel-like red product 
which was filtered off and dried under vacuum at 
room temperature (0.362 g, 80%). 

K[Pd(dipic) Clj ’ H2 0 (7) 
A solution of K2PdC14 (0.326 g, 1 mmol) in water 

(10 cm’) was added, with stirring, to a solution of 
pyridine-2,6-dicarboxylic acid (0.167 g, 1 mmol) in 
water (30 cm3), brought to pH 6 with 1 N KOH at 
room temperature. The addition of the Pd(I1) salt 
was accompanied by rapid formation of an immobile, 
yellow-ochre, gel-like product which was filtered off 
and dried under reduced pressure (0.327 g, 90%). 

Analytical results and some physical data for the 
complexes are reported in Table 1, while spectro- 
scopic ‘H NMR, IR and UV-Vis data are summarized 
in Table 2. 

Physical measurements 
IR spectra were recorded on Perkin-Elmer 683 

(4000-250 cm-‘, KRr pellets) and Perkin-Elmer 180 

(300-150 cm-‘, polyethylene pellets) spectropho- 
tometers; UV-Vis spectra (500-200 nm) were mea- 
sured on Varian-Cary 219 and Perkin-Elmer Lambda 
5 spectrophotometers with 1 cm quartz cell at 25 
“C; ‘H NMR spectra were obtained on a Varian FT 
80 spectrometer at 34 “C; conductometric measure- 
ments were carried out with a CDM 83 Radiometer 
Copenhagen Conductivity Meter and CDC 334 im- 
mersion electrode at 25 “C; atomic absorption spec- 
trophotometry was performed with a Perkin-Elmer 
2380 instrument. 

Crystal structure determinations 
Intensity data were collected on an Enraf-Nonius 

CAD4 diffractometer with monochromated MO Ka 
radiation and o/20 scan technique. Cell parameters 
were obtained from least-squares refinement of the 
setting angles of 25 centered reflections in the range 
8 < 0< 13”. Crystal data are reported in Table 3. 
Intensities were corrected for Lorentz, polarization 
and absorption (minimum transmission factors: 59% 
and 69% for 4 and 8, respectively). Scattering factors 
and anomalous dispersion parameters were taken 
from ref. 4; solution by Patterson and Fourier meth- 
ods. The structure of compound 4 was refined by 
full-matrix least-squares using anisotropic thermal 
parameters for all non-hydrogen atoms and isotropic 
ones for hydrogens. The structure of compound 8 
was refined by full matrix least-squares using ani- 
sotropic thermal parameters for all non-hydrogen 
atoms and H atoms in calculated fixed positions. 
Weights for the last cycle were applied according 
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TABLE 2. ‘H NMR, UV-Vis band maxima, and selected IR absorptions data for the complexes 

Compound Spin system ‘H NMR’* b*c 
(pyridine 
protons) 

UV-Vis IR 
(nm) (cm-‘) 

Pt(Hdipic),.2H20 (1) ABC 

Pd(Hdipic),.2H,O (2) 

K,IPt(dipic)J (3) 

Na2[Pt(dipic)J. 6Hz0 (4) 

Na,[Pd(dipic),].2H,O (5) 

K[Pt(dipic)Cl].H,O (6) 

K[Pd(dipic)Cl].H,O (7) 

K[Pt(dipic)I]. 1/2H,O (8) 

ABC 

ABC 

8* = 8.53, 8a = 8.08, 8, = 8.08 
(J (AB) = 7.92, 
J (AC) = 8.00, 
J (BC) = 1.53) 

ref. 3 

6*=8.16, sa=7.74, &=7.55 
(1 (AB) =7.83 
J (AC) =7.91, 
J (BC) = 1.54) 

6,~8.10, &=7.64, &=7.63 
(J (AB) = 7.42, 
J (AC) = 8.22, 
J (BC)=8.10) 

8,=8.48, 8,=7.82 
(J (AB) = 7.9) 

6,=8.42, g=7.85 
(_f (AB) = 7.9) 

F&=8.56, s,=7.88 348 
(J (AB) = 7.9) 262(sh) 

324(sh) 
272 
244(sh) 

268 

324(sh) 
281(sh) 
272 
248(sh) 

324(sh) 
281(sh) 
272 
248(sh) 

274(sh) 
268 
260(sh) 

334 
286(sh) 
246 
230(sh) 

384 
272(sh) 
213 

3460m, 3170mb, 3080m, 1715s, 
1665sb, 1603m, 1481w, 143Om, 
1345s, 1308s, 126Os, 1204m, 
1195m, 1171s, 109Om, 1035w, 
918s, 842m, 811m, 782m, 768s, 
726m, 709m, 675w, 6OOw, 
588w, 486m, 4OOw, 355w, 
311w 

3470m, 3080m, 1725s. 167Os, 
161Os, 1445w, 1381m, 133Os, 
1308s, 1265sb, 1170m, 1132w, 
109Ow, 1075w, lOOOw, 91Om, 
845m, 813w, 762m, 75Os, 
69Os, 670m, 648m, 595w, 
545m, 49Ow, 455w, 43Ow, 
402~ 

344Osb, 309Ow, 3052m, 167Os, 
1640sb, 147Om, 141Os, 1385s, 
1335s, 126Os, 1211m, 1180m, 
1154m, 1098m, 1035m, 922m, 
840m, BOOm, 765s, 736s, 
689m, 6OOw, 578w, 490ms, 
462vw, 37Ow, 351m, 322m 

3440sb, 309Ow, 3052m, 167Os, 
1640sb, 147Om, 141Os, 139Os, 
1342s, 1265s, 1211m, IlSOm, 
1154m, 1098m, 1032m, 926m, 
840m, 798m, 765s, 735s, 
687m, 6OOw, 58Ow, 490ms, 
47Ovw, 37Ow, 351m, 318m 

3440sb, 308Ow, 304Ow, 
3018vw, 1670sb, 1640sb, 
1469w, 1412s, 1385s, 1335s, 
126Os, 1205s, 1174s, 1160m, 
1093s, 1028s, 992w, 916s, 
840m, 796m, 765s, 75Ow, 73Os, 
682s, 60Om, 57Ow, 48Os, 45Ow, 
400m, 370m, 351w, 316 

350Omb, 3085mmult, 1670sb, 
1324smult, 1151m, 1138m, 
llllm, 1106m, 916m, 
832m, 770m, 753ms, 675m, 
601w, 465m, 334wsh, 324m, 
303w 

3520mb, 3058wmult, 304Ow, 
167Os, 1660ms, 1322s, 1148m, 
1143m, 1095, 910m, 84Sw, 
818w, 765s, 743m, 698w, 
67Os, 592w, 453m, 308m, 301~ 

1324s, 1157m, 1147m, 1139m, 
1097m, 996w, 911m, 83Owb, 
760m, 751m, 7OOw, 668m, 
595w, 458w, 362w, 172mb 

“Chemical shifts (6) in ppm from SiMe, as internal standard, coupling constants in Hz, measurements at ambient 
temperature. bMeasured in D,O (compounds 4 and 5), (CD,),SO (l), (CD,),NCOD (6, 7, 8). ‘Chemical shift (8) 
for the proton of the uncoordinated-COOH in compound 1 8=8.20. 
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