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Blue platinum complexes have long been of interest to 
chemists.3-6 In 1908 a blue compound was reported to form 
in a reaction between dichlorobis(acetonitrile)platinum(II) 
and silver salts.3 This "Platinblau" was formulated as the 
monomeric platinum(II) complex, [(CH3CONH)2Pt]-H2O. 
Later it was proposed, by analogy to other deeply colored 
platinum and ruthenium compounds, that platinum complexes 
having anomalous blue colors were polymeric with bridging 
amidate linkages.4 The tendency for square-planar platinum 
complexes to stack at close distances with favorable metal-
metal axial interactions was realized at about the same time.5 

When blue crystals of a material, formed in the reaction of 
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trimethylacetamide and [(CH3CN)2PtCl2], were obtained,6 

it appeared that the structure of a platinum blue would at last 
be solved by X-ray diffraction. Unfortunately, the crystals were 
found to be a 7:2:1 mixture of two isomorphous, yellow, crys­
talline components and an amorphous, blue material. Based 
on extensive chemical and spectroscopic analyses, the blue 
component was formulated as a mononuclear platinum(IV) 
compound, [(J-C4H9CONH)2PtCl2]. The original "Platin­
blau" was assigned the analogous formula [(CH3CONH)2-
Pt(OH)2] .6 

More recently, following the discovery7 that cw-dichloro-
diammineplatinum(II) (DDP) is an antitumor drug, a blue 
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Abstract: The crystal and molecular structure and magnetic and ESR properties of c/s-diammineplatinum a-pyridone blue 
are reported. The compound, a mixed_valent tetramer having the formula [(NHa)4Pt2(C5H4NO)2] 2(N03)5-H20, crystallizes 
in the triclinic system, space group P\. The lattice parameters area = 10.219 (7) A, b = 11.225 (7) A, c = 9.538 (6) A, a = 
106.32 (2)°, 0 = 93.91 (2)°, and 7 = 73.75 (2)°. The structure was solved using 4421 independent reflections collected on a 
four-circle X-ray diffractometer and refined to final values of the residuals R \ - 0.045 and Ri - 0.058. There is one cation per 
unit cell, consisting of two c/s-diammineplatinum units bridged by two a-pyridonate ligands, and two of these are further 
linked across a crystallographic inversion center to form a tetranuclear chain. The platinum atoms at the ends of the chain are 
bonded to two ammine ligands in a cis configuration and two deprotonated nitrogen atoms of the a-pyridonate rings. The inner 
platinum atoms have two cis ammine groups and two exocyclic a-pyridonate ring oxygen atoms in their coordination spheres. 
Apart from the bridging a-pyridonate ligands, the two square planar platinum moieties are further joined by a Pt-Pt bond of 
2.7745 (4) A. The linkage of two of these binuclear units across the center of symmetry is achieved by a Pt-Pt bond, 2.8770 
(5) A in length, and by intramolecular hydrogen bonds formed between the ammines coordinated to one platinum atom and 
the coordinated oxygen atoms of its inversion mate. As a result of nonbonded steric interactions, the Pt4 chain is not quite lin­
ear, with the Ptl-Pt2-Pt2' angle being 164.60 (2)°. The Pt-O and Pt-N bond lengths range from 2.016 (8) to 2.041 (7) A. 
There are, additionally, five nitrate anions and one water molecule in the unit cell. The average formal platinum oxidation state 
is therefore 2.25. Magnetic susceptibility measurements of the solid over the range 4.2 K < T < 300 K show c/s-diamminepla-
tinum a-pyridone blue to be a simple Curie paramagnet. The magnetic moment of 1.81 ^B is consistent with the presence of 
one unpaired spin per tetrameric unit. Single-crystal electron spin resonance measurements revealed the principal g values to 
be gxx = 2.307, gyy = 2.455, and gzz = 1.975. The magnitudes and orientations of the g tensor components indicate that the 
unpaired spin resides in a molecular orbital comprised of dz2 atomic orbitals directed approximately along the platinum chain 
axis. 
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color was observed on incubation of the hydrolysis products 
of cw-DDP with polyuracil.8 Subsequent work8 1 3 showed that 
blue platinum complexes could be prepared with pyrimidines, 
substituted pyrimidines, and an assortment of substituted 
amides as ligands. These platinum pyrimidine and amide blues 
were found to have a high index of antitumor activity with a 
lower associated nephrotoxicity than the parent complex, 
cis-DDP. Neither trans-DDP nor dichloroethylenediamine-
platinum(II) hydrolysis products could be employed in the 
synthesis of blue platinum pyrimidine compounds. Studies of 
the sedimentation12 and magnetic9,13 properties of the plati­
num pyrimidine blues showed them to be polymeric and 
paramagnetic. A polymeric structure was also suggested by 
the results of a californium-252 plasma desorption mass 
spectroscopic study.14 

The most reasonable geometric model emerging from work 
on the platinum pyrimidine blues was that of a chain of am-
idate bridged platinum atoms having, most likely, a nonintegral 
oxidation state in order to account for the paramagnetism. 
Efforts to determine unambiguously the structure were 
thwarted, however, by the failure to obtain a crystalline blue 
product and the general lack of reproducibility in the prepa­
ration of these complexes. The fact that only amorphous blue 
powders were obtained is understandable in view of the general 
difficulty of crystallizing pure material from mixtures of 
polymers with varying chain lengths and degrees of stabili­
ty. 

As briefly described in a preliminary report,15 we have ob­
tained a crystalline platinum blue using a-pyridone (1) as the 
amide ligand. The presence of only one heterocyclic nitrogen 
atom and one exocyclic oxygen atom in this pyrimidine (2) 

a-pyridone 1 

pyrimidine 2 

analogue permitted the isolation of crystalline material in 
which the extent of polymerization has been limited to four 
platinum units. Here we present the full details of the crys-
tallographic determination as well as temperature-dependent 
magnetic susceptibility and single-crystal ESR results that 
define the molecular and electronic structures of m-diam-
mineplatinum a-pyridone blue in the solid state. Synthetic, 
redox, molecular weight, and electronic spectral studies of this 
and related platinum blues in solution will be described sepa­
rately.12 

Experimental Procedure and Results 

The synthesis of c/s-diammineplatinum a-pyridone blue has been 
described elsewhere. 15,,° 

Collection and Reduction of X-ray Data. Crystals from the original 
preparation of the compound were used to determine the lattice pa­
rameters and space group and for the solution and initial refinement 
of the structure.15 Because the intensity of standard reflections de­
creased by 15% over the course of data collection, and since a modified 
preparative procedure16 gave bigger crystals, a second data set was 
collected. Preliminary precession photographs showed the space group, 
Pl or Pl, and cell dimensions of the larger, higher quality crystals to 
be the same as those found previously. The crystal used for collecting 
the second data set was a parallelepiped of approximate dimensions 
0.65 mm between (100) and (100) faces, 0.18 mm between (010) and 
(010), 0.28 mm between (001) and (001), and with the (111) face 
developed —0.171 mm from the center. The crystal, still slightly wet 
with absolute ethanol used in the final wash,15 was sealed in a Lin-
demann glass capillary. Crystal data and details of the data collection 
and reduction are given in Table I. The only significant difference 
between the lattice parameters in Table I and those reported previ-

Table I. Experimental Details of the X-ray Diffraction Study of 
m-Diammineplatinum a-Pyridone Blue 

A. Crystal Parameters at 23 0C" 
a = 10.219 (7) A K= 1008.0 A3 

b = 11.225 (7) A mol wt = 405.3 for [Pt(C5H4NO)(NH3)2]-
c = 9.538 (6) A (NO3)i.2s(H2O)0.25 
a = 106.32 (2)° space group Pl 
/3 = 93.91(2)° Z = 4 
7 = 73.75 (2)° p(obsd)* = 2.62 (2) g/cm3 

p(calcd) = 2.670 g/cm3 

B. Measurement of Intensity Data 
instrument: Picker FACS-I-DOS diffractometer 
radiation: Mo Ka (X01 = 0.7093 A), graphite monochromatized 
takeoff angle: 2.0° 
detector aperture: 6.33 X 6.33 mm 
crystal-detector distance: 33 cm 
scan technique: coupled 0(crystal)-20(counter) 
scan range: 1.70° (symmetric, plus K01-K02 dispersion) 
scan rate: 1.0°/min 
maximum 28: 60° 
background measurements: stationary crystal, stationary counter; 

20-s counts at each end of 2fi_ scan range 
standards: three reflections (512), (424), and (231) measured after 

every 97 reflections showed random, statistical fluctuations 
no. of reflections collected: 5770 (+h, ±k, ±1) 

C. Treatment of Intensity Data1-

reduction to preliminary F0
2 and a(F0

2): correction for background, 
attenuators, and Lorentz-polarization of monochromatized X-
radiation in the usual manner;'' te = 0.05. Owing to an adjustment 
of the electronics of the diffractometer, the intensities of the stan­
dard reflections increased by 10% for the data between 55° < 28 
< 60°. A common factor was used to put these reflections on the 
same scale as the data having 28 < 55° / 

absorption correction: n = 140.7 cm-1. Transmission factors varied 
between 0.0295 and 0.1270. 

observed data: 4421 unique reflections for which F0
2 > Ja(F0

2) were 
used in the refinement 

a From a least-squares fit to the setting angles of 25 carefully cen­
tered reflections. * B suspension in CHBo/CHC^ mixtures. c Pro­
grams for an IBM 360/91 computer used in this work: UMAT, the 
local version of the Brookhaven diffractometer setting and cell con­
stant and orientation refinement program; ORABS, the local version 
of the absorption correction program by D. J. Wehe, W. R. Busing, 
and H. A. Levy, adapted to FACS-I geometry; XDATA, the Brook-
haven Wilson plot and scaling program; FOURIER, the Dellaca and 
Robinson modification of the Zalkin Fourier program FORDAP; 
CUGLS, the local version of the Busing-Martin-Levy structure factor 
calculation and least-squares refinement program (ORFLS) modified 
by Ibers and Doedens for rigid-body refinement; ORFFE, the Bus­
ing-Martin-Levy molecular geometry and error function program; 
ORTEP II, the Johnson thermal ellipsoid plotting program; in addition 
to various local data processing programs. d J. T. Gill and S. J. Lip­
pard, lnorg. Chem., 14, 751 (1975). < P. W. R. Corfield, R. J. Doe­
dens, and J. A. Ibers, ibid., 6, 197 (1967). / A. J. C. Wilson, Nature 
(London), 150, 151 (1942). 

ously15 is the length of the b axis, which is 0.030 A (~4u) smaller and 
leads to correspondingly shorter bond distances. 

Determination and Refinement of the Structure. Using the original 
data set, the locations of the platinum atoms were derived from an 
unsharpened Patterson map. A structure factor calculation phased 
on four platinum atoms placed in an acentric cell, space group Pl, gave 
a value of 0.191 for/Ji = 2 | |P 0 | - |PC| I/S|F01. A difference Fourier 
map revealed the C, N, and O atomic positions of the two ammines 
coordinated to each platinum atom and the four a-pyridonate ligands. 
At this stage the structure appeared to have an inversion center located 
between the two central platinum atoms. The atomic coordinates were 
therefore transformed to move the center of symmetry to the origin. 
The space group was thus assumed to be P1, a choice that is justified 
by the successful refinement of the structure. Two subsequent dif­
ference Fourier calculations revealed the positions of 2.5 nitrate anions 
in the asymmetric unit, the "half-nitrate" being disordered about the 
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Table II. Final Positional and Thermal Parameters" 

ATOM 

PtI 
Pt2 
012 
022 
Nl 
N2 
N3 
N4 
N i l 
N21 
C12 
C13 
C14 
C15 
C16 
C22 
C23 
C24 
C25 
C26 
0 3 
0 4 
0 5 
0 6 
0 7 
0 8 
0 9 
010 
O i l 
N7 
N8 
N9 
OWl 

X 

0.30929(3) 
0.09319(3) 
0.0800(6) 
0.2452(7) 
0.2118(9) 
0.3311(9) 

-0.0632(8) 
0.1010(8) 
0.3001(8) 
0.4184(8) 
0.1869(9) 
0.1779(11) 
0.2872(13) 
0.4077(12) 
0.4109(11) 
0.3685(9) 
0.4511(10) 
0.5819(11) 
0.6340(11) 
0.5511(10) 
0.5946(10) 
0.6238(9) 
0.7847(10) 

-0.0821(12) 
-0.244(2) 
-0.265(2) 

0.131(3) 
-0.048(4) 
-0.056(3) 

0.6691(10) 
-0.194(2) 

0.015(4) 
-0.021(3) 

y 

-0.31234(3) 
-0.12130(3) 
-0.0615(6) 
-0.0400(6) 
-0.4025(8) 
-0.4616(7) 
-0.1985(7) 
-0.1787(7) 
-0.1750(7) 
-0.2263(7) 
-0.0832(9) 
-0.0044(9) 
-0.0273(11) 
-0.1218(11) 
-0.1952(10) 
-0.1064(8) 
-0.0479(9) 
-0.1156(11) 
-0.2387(12) 
-0.2895(9) 
-0.5426(9) 
-0.6425(8) 
-0.6816(10) 
-0.2605(13) 
-0.3205(15) 
-0.268(3) 
-0.508(4) 
-0.379(3) 
-0.562(3) 
-0.6222(8) 
-0.2920(13) 
-0.485(3) 
-0.484(3) 

Z 

-0.22811(3) 
-0.07187(3) 
-0.2548(6) 

0.0077(7) 
-0.3978(9) 
-0.1382(8) 
-0.1477(9) 

0.1125(9) 
-0.3320(7) 
-0.0670(7) 
-0.3386(9) 
-0.4321(10) 
-0.5207(11) 
-0.5109(12) 
-0.4163(11) 

0.0209(9) 
0.1309(9) 
0.1464(12) 
0.0521(12) 

-0.0500(12) 
-0.3451(9) 
-0.1777(8) 
-0.3316(9) 
-0.4701(13) 
-0.6060(20) 
-0.388(3) 

0.045(5) 
0.050(5) 
0.044(4) 

-0.2856(8) 
-0.499(2) 

0.046(6) 
-0.293(4) 

0nc 

5.96(4) 
5.32(4) 
6.3(7) 
6.2(7) 
9.4(10) 

11.2(10) 
4.9(8) 
7.0(8) 
8.2(8) 
7.3(8) 
7.2(9) 

10.6(12) 
15.8(16) 
11.2(14) 
8.6(11) 
6.7(9) 
8.6(11) 
8.7(12) 
7.0(11) 
6.5(10) 

17.8(14) 
13.2(11) 
13.3(12) 
16.3(16) 
58(5) 
27(4) 

7(3) 
29(6) 
16(4) 
11.8(12) 
33(4) 

9(4) 
24(5) 

022 

4.43(3) 
4.53(3) 
5.4(5) 
5.6(6) 
7.1(8) 
5.2(7) 
4.9(6) 
5.1(6) 
5.3(6) 
5.4(6) 
6.7(8) 
6.6(8) 
9.1(11) 

10.3(12) 
6.8(9) 
6.1(7) 
7.0(8) 

10.0(11) 
10.9(12) 
6.2(8) 

11.3(10) 
11.6(10) 
15.3(13) 
19.4(18) 
16.2(20) 
59(7) 
22(5) 
13(3) 
11(3) 
6.9(8) 
7.4(12) 
9(3) 

15(3) 

033 

6.94(4) 
7.59(4) 
9.1(7) 

11.9(8) 
9.7(9) 
9.3(9) 

14.7(12) 
12.3(10) 
7.4(7) 
7.2(7) 
7.5(9) 

10.4(11) 
9.8(11) 

11.6(13) 
11.0(11) 
7.9(9) 
8.2(9) 

12.6(13) 
13.6(14) 
14.5(14) 
11.9(10) 
10.8(9) 
13.5(11) 
21.2(18) 
37(3) 
53(6) 
73(12) 
58(10) 
56(9) 

8.5(9) 
33(4) 
47(14) 
39(6) 

012 

-1.00(2) 
-1.04(2) 
-0.4(5) 
-2.4(5) 
-3.3(7) 
-3.0(6) 
-1.6(5) 

0.3(6) 
-4.1(6) 
-1.8(6) 
-2.3(7) 
-2.1(8) 
-5.3(11) 
-3.9(10) 
-2.2(8) 
-2.4(6) 
-3.5(7) 
-4.3(9) 
-2.4(9) 
-0.7(7) 

2.1(10) 
-2.5(8) 
-2.0(10) 
-5.6(13) 
-13(3) 
-13(4) 
-1 (3 ) 
-6 (4 ) 
-7 (3 ) 
-1.3(7) 
-5.7(17) 
-5 (2 ) 
-10(3) 

013 

0.42(2) 
0.55(2) 
1.3(5) 

-0.0(6) 
-1.9(7) 
-1.5(7) 

0.7(7) 
1.5(7) 

-0.6(6) 
-1.1(6) 
-0.6(7) 
-0.4(9) 

1.2(11) 
3.4(10) 
2.9(9) 
0.3(7) 

-0.1(8) 
-2.9(10) 
-2.2(9) 
-0.1(9) 

1.5(10) 
1.8(8) 
0.9(9) 

-4.1(13) 
-33(4) 
-10(4) 

10(4) 
-12(6) 

6(5) 
0.0(8) 

-18(3) 
1(5) 
5(4) 

023 

1.41(2) 
1.88(2) 
2.4(5) 
0.6(5) 
1.7(7) 
2.3(6) 
0.2(7) 
3.6(7) 
1.0(5) 
1.9(5) 
1.9(7) 
3.8(8) 
4.2(9) 
3.0(10) 
0.7(8) 
2.8(6) 
1.0(7) 
4.2(10) 
5.5(11) 
2.5(9) 
3.5(8) 
3.6(8) 
6.6(10) 
6.0(14) 
6(2) 
25(5) 

- 5 (6 ) 
21(5) 
7(4) 
0.8(7) 
4.5(17) 
6(5) 
6(4) 

" Atoms are labeled as indicated in Figure 1 a. * Standard deviations, in parentheses, occur in the last significant figure for each parameter. 
c Anisotropic temperature factors (X 103) are of the form exp[-(@uh

2 + Bilk2 + fe'2 + 2@]2hk + 2013W + 2023«)]. 

inversion center at (0, V2,0). Several cycles of least-squares refinement 
were then carried out, minimizing the function Sw(|F0 | - \FC\)2 

where w = 4F0
2/<r2(F0).

]1 Anisotropic temperature factors and cor­
rections for anomalous dispersion effects were employed for the 
platinum atoms and isotropic temperature factors for all other atoms. 
A difference Fourier map then showed the hydrogen atom positions. 
These atoms were assigned isotropic temperature factors equal to 1.5 
A2 plus the temperature factors of the atoms to which they were at­
tached. Hydrogen atom contributions were included in subsequent 
cycles of least-squares refinement but no attempt was made to refine 
their positional or thermal parameters. The value for R\ was 0.068 
at this stage. 

The elemental analysis had suggested the presence of one water 
molecule per unit cell.15 Examination of a difference Fourier map 
revealed an unaccounted peak near the half nitrate anion and also 
disordered about the inversion center at (0, '/2, 0). An oxygen atom 
with half occupancy was placed at the coordinates of this peak; the 
hydrogen atoms were not located. 

Refinement was then continued using the new data set and the 
positional parameters and isotropic temperature factors from the 
previous refinement. After several cycles of refinement, using aniso­
tropic temperature factors for the platinum atoms and isotropic 
temperature factors for all other atoms, R\ was 0.050. The inclusion 
of redetermined fixed hydrogen atom parameters and anisotropic 
temperature factors for all nonhydrogen atoms resulted in a final R\ 
value of 0.045. The final values for the weighted discrepancy index, 
R2= [2w(\F0\ - |Fc |)2/2w|F0 |2]1/2, and the error in an observation 
of unit weight, [Sw(|F0| - |F c | )2 / (NO-NV)]1 /2 where NO = 4421 
independent observations and NV = 298 variables, were 0.058 and 
1.96, respectively. No parameter changed by more than 0.073 of its 
error during the final cycle of refinement. Inspection of the function 
IwA2 for reflections ordered according to \F0\ and (sin 8/\) showed 
satisfactory consistency. 

A final difference Fourier map revealed (with either data set) 
several large positive and negative peaks ~1 A on either side of each 

platinum atom with electron density about half that of a nitrogen atom 
(or ~5% that of a platinum atom). Attempts to refine the structure 
in the acentric space group P\ did not eliminate these features and 
generally resulted in poorer geometry. The extra peaks are probably 
the result of an inadequate absorption correction. An alternative ex­
planation, namely, that the structure is slightly disordered along the 
direction of the c axis, was briefly explored. A model in which platinum 
atoms with 0.05 occupancy were placed at the positions showing re­
sidual electron density and isotropically refined eliminated the peaks 
from the difference Fourier map and produced a platinum chain with 
satisfactory bond lengths and angles. Since this model did not sig­
nificantly alter the parameters of the other atoms, and hence the 
structure, it was not used for the final refinement. 

The final nonhydrogen atomic positional and thermal parameters 
together with their standard deviations are reported in Table II. The 
hydrogen atom positional and temperature factors are listed in Table 
III. The interatomic distances and angles are contained with their 
standard deviations in Table IV. The details of the hydrogen bonding 
observed in the crystal are given in Table V. A listing of the final ob­
served and calculated structure factor amplitudes, the root mean 
square amplitudes of thermal vibration, and best planes calculations 
are available as Tables S1-S3, respectively.'8 The geometry of the 
[(NH3)4Pt2(CsH4NO)2]25+ cation and the atom labeling scheme are 
given in Figure 1. Figure 2 portrays the unit cell packing diagram. 

Magnetic Susceptibility Measurements. The magnetic susceptibility 
of the crystalline complex was measured at Bell Laboratories using 
an electronic Faraday balance over a temperature range of 4.4-280 
K as described previously.19 A small amount of ferromagnetic im­
purity was found in the sample on variation of the applied field at 
several temperatures. The magnetic susceptibility data were corrected 
for this impurity by extrapolation to infinite field (saturating condi­
tions for the ferromagnetism) and subtraction of the additional 
measured susceptibility above this value from all data. The temper­
ature-independent paramagnetism of the compound was obtained 
from the intercept of the plot of susceptibility, corrected for di-
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Table III. Final Hydrogen Atom Positional Parameters (XlO3) and 
Isotropic Thermal Parameters (A2)" 

Table IV. Interatomic Distances (A) and Angles (deg)" 

atom y B 

Hl 
H2 
H3 
H4 
H5 
H6 
H7 
H8 
H9 
HlO 
HIl 
H12 
H13 
H14 
H15 
H16 
H23 
H24 
H25 
H26 

220 
115 
217 
250 
365 
381 

-132 
-40 
-40 

34 
82 

188 
95 

284 
485 
496 
412 
639 
729 
591 

-400 
-360 
-485 
-470 
-480 
-535 
-140 
-290 
-220 
-118 
-261 
-187 

61 
25 

-137 
-263 

37 
-78 

-286 
-379 

-490 
-405 
-392 
-135 
-53 

-195 
-90 

-140 
-250 

185 
94 

150 
-441 
-588 
-573 
-411 

195 
210 
63 

-117 

4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.8 
5.2 
4.9 
4.1 
4.2 
4.8 
5.1 
4.4 

" Hydrogens are labeled according to the following scheme: 
H1-H12 are ammine hydrogens, with H1-H3 on Nl, H4-H6 on N2, 
etc.; the others are labeled according to the carbon atoms to which they 
are attached. 

amagnetism, vs. 1/(7 - 8). The value was determined to be 676 X 
1O-6 cm3 g-atom_1. 

The magnetic susceptibility, corrected for underlying diamagnetism 
and temperature-independent paramagnetism, of solid m-diam-
mineplatinum a-pyridone blue per tetranuclear platinum unit, XT'< 
at various temperatures is given in Table S4. A plot of XT' VS. T may 
be seen in Figure 3. The dependence of XT' on temperature fits a 
Curie-Weiss expression, XT' = Cj/(T - 6), where 6 = -0.01 K (solid 
curve in Figure 3). From the Curie constant, 0.4109 ± 0.0008 cm3 

g-atom-1 K-1, the effective magnetic moment (̂ eff = 2.8273(CT)1/2) 
was determined to be 1.81 ^B- This value is consistent with the pres­
ence of one unpaired electron arising, formally, from the presence of 
three diamagnetic square Pt(II) (d8) and one paramagnetic platinu-
m(III) (d7) ion per tetranuclear platinum unit. The low value of the 
Weiss constant implies that there is little interionic magnetic inter­
action in the crystal lattice. 

Single Crystal ESR Measurements. Three crystals of m-diam-
mineplatinum a-pyridone blue were mounted on quartz rods along 
three mutually orthogonal coordinate axes. The directions between 
the magnetic field and these axes were varied systematically by ro­
tating the quartz rod in the microwave cavity. The coordinate axes 
were defined to be the long (a) axis of the crystal, Zxtai (intersection 
of the (010) and (001) faces), the vector orthogonal to this axis in the 
plane of the (010) face, rxtai (b*Xa), and the vector normal to the 
(010) face, .Yxtai (b*). Spectra were recorded using a Varian E-line 
ESR spectrometer with single-crystal goniometer and variable-tem­
perature accessories. The microwave frequency was determined using 
diphenylpicrylhydrazyl (DDPH) as a standard. The measured tem­
perature was 163 K. 

Only one ESR transition was observed at any given orientation of 
the crystal relative to the applied magnetic field. The resonant field 
position of this signal varied as the crystal was rotated. The signal also 
changed by ~20% of its intensity on rotation, as expected from the 
anisometric crystal dimensions. Two of the three crystals also showed 
additional peaks which varied on rotation; their intensities were less 
than 8% that of the main resonance. The extra peaks probably arise 
from fragments of m-diammineplatinum a-pyridone blue that be­
came attached to the rod or crystal during mounting. 

Effective g2 values (g2
eff) corresponding to the single transition 

observed were determined as a function of 6, the angle between the 
magnetic field and each of the three orthogonal coordinate axes. The 
results are presented in Figure 4. Spectra can be described by the 
following spin Hamiltonian: 

PtI-Pt2 
PtI-Nl 
Ptl-N2 
PtI-Nl 1 
PH-N21 
PtI-03 

Ptl-Pt2-Pt2' 
N1-PU-N2 
Nl-PtI-NIl 
N1-PH-N21 
N2-PU-N11 
N2-PU-N21 
N11-PH-N21 

012-C12 
N11-C12 
C12-C13 
C13-C14 
C14-C15 
C15-C16 
C16-N11 
PU-N11-C12 
PU-N11-C16 
Pt2-012-C12 
C12-N11-C16 
012-C12-N11 
012-C12-C13 
N11-C12-C13 
C12-C13-C14 
C13-C14-C15 
C14-C15-C16 
C15-C16-N11 

N7-03 
N7-04 
N7-05 
N9-09 
N9-011 

03-N7-04 
03-N7-05 
04-N7-05 
O9-N9-O10 

Coordination Sphere 
2.7745 (4) Pt2-Pt2' 
2.016(8) 
2.041 (7) 
2.033 (7) 
2.018(7) 
3.321 (9) 

164.60(2) 
89.2(3) 
88.9(3) 

176.1 (3) 
174.7(3) 
91.6(3) 
89.9(3) 

Pyrido: 
1.32(1) 
1.33(1) 
1.40(1) 
1.37(1) 
1.40(2) 
1.37(1) 
1.36(1) 
123.0(6) 
115.5(6) 
122.8(5) 
120.7(8) 
120.9(8) 
118.0(8) 
121.1 (9) 
118.4(9) 
120.3(9) 
118.5(9) 
120.8(9) 

Pt2-N3 
Pt2-N4 
Pt2-012 
Pt2-022 

Pt2 
N3-
N3-
N3-
N4-
N4-
012 

nate Rin 
022 
N21 
C22 
C23 
C24 
C25 
C26-
PtI-
PtI-
Pt2-
C22 
022 
022 
N21 
C22 
C23 
C24 
C25 

Pt 1-03 
Pt2-N4 
Pt2-012 
Pt2-022 
Pt2-012 
Pt2-022 
Pt2-022 

gs 
•C22 
-C22 
C23 
C24 
C25 

-C26 
-N21 
N21-C22 
N21-C26 
022-C22 
-N21-C26 
-C22-N21 
-C22-C23 
-C22-C23 
-C23-C24 
-C24-C25 
C25-C26 
C26-N21 

Nitrate Anions 
1.24(1) N8-06 
1.26(1) N8-07 
1.22(1) N8-O8 
1.14(5) N9-O10 
1.26(4) 

119.2(10) 
120.9(9) 
120.0(9) 
118(4) 

06-N8-07 
O6-N8-O8 
07-N8-08 
09-N9-011 
O10-N9-O11 

2.8770(5) 
2.024 (8) 
2.026 (8) 
2.022 (6) 
2.016(6) 

167.8(2) 
91.1 (4) 
88.0(3) 

178.3(5) 
178.4(3) 
88.5(3) 
92.4(3) 

1.29(1) 
1.35(1) 
1.43(1) 
1.36(1) 
1.40(2) 
1.36(1) 
1.37(1) 
123.0(6) 
118.8(6) 
123.0(6) 
118.0(8) 
121.2(8) 
117.8(8) 
121.1 (8) 
118.9(9) 
119.6(9) 
118.9(9) 
123.4(9) 

1.28(2) 
1.11(2) 
1.25(3) 
1.18(5) 

130(3) 
113(2) 
116(3) 
127(4) 
115(4) 

" See footnotes a and b, Table II; primed atoms are related to the 
unprimed ones by an inversion center at the origin. Values were not 
corrected for thermal motion. 

where /3 is the Bohr magneton, S is the spin operator (S = '/2), g is the 
anisotropic g tensor, and H is the resonant field vector. Elements of 
the g2

eff tensor in the crystal coordinate axis system20 were determined 
by least-squares refinement in the following manner. Data from each 
of the three crystal axis mountings were used to obtain two diagonal 
and one off-diagonal elements. The diagonal elements were then set 
equal to their average value and the off-diagonal elements were refined 
again using the three data sets. The results in the laboratory frame 
are 

g2eff = 

4.677 -0.572 0.831 
-0.572 5.469 -0.0087 
0.831 -0.0087 5.105 

(2) 

Calculated curves are shown as solid lines with the experimental data 
in Figure 4. The g2

eff tensor was then diagonalized, resulting in the 
following principal components of the g tensor of a'j-diamminepla-
tinum a-pyridone blue: 

gxx = 2.307; gyy = 2.455; Szz = 1.975 (3) 

# = /?S-g-H (D 
No hyperfine interactions were observed in the single-crystal spec­
tra. 
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0 4 

r r 
Figure 1. Geometry of the cw-diammineplatinum a-pyridone blue cation 
and capping nitrate anions showing (a) the atom labeling scheme and (b) 
a stereoscopic view with 40% probability thermal ellipsoids. The four in-
tracation hydrogen bonds are represented by dashed lines. For clarity, 
thermal parameters of the capping nitrate atoms were set equal to 3.0 A2 

and those of the hydrogen atoms to 1.0 A2. 

Since the X-ray crystal structure of the compound is known (vide 
supra), it was a straightforward matter to relate the g values of eq 3 
to the geometry of the tetranuclear cation. Atomic positions were first 
transformed from triclinic coordinates (Table II) to those of the 
crystal, A"xtai, Fxtai, and Zxtai, and then to those of the principal axes 
of the g tensor. The vector along the Pt4 chain passing through the 
crystallographic inversion center intersects gzz at an angle of 1.1 °. The 
gxx and gyy components do not lie along the Pt-N and Pt-O bonds, 
but rather subtend angles ranging from 16.3 to 33.8° (plus their 
complements) with these vectors, the average value being 27.4° (Table 
S5).18 

Discussion 
Description of the Structure. The Tetranuclear Cation. The 

[(NH3)4Pt2(C5H4NO)2]2
5+ cation consists of a tetranuclear 

chain of platinum atoms linked through amidate bridges, hy­
drogen bonds, and partial metal-metal bonding (Figure 1). 
The two dimers comprising the tetrameric chain are related 
through a crystallographically required inversion center. Each 
dimer consists of two m-diammineplatinum units bridged by 
two a-pyridonate ligands. Within a dimer, the Pt(l)-Pt(2) 
bond distance is 2.7745 (4) A. The coordination sphere of the 
outer platinum atom is composed of two ammine ligands and 

Table V. Hydrogen-Bonding Interactions0 

D-H, H-A, D-A, ZD-H-A, 
D 

Nl 
Nl 
Nl 
N 2 
N2 
N2 
N3 
N3 
N3 
N3 
N4 
N4 
N4 
N4 

OWl 
OWl 

H 

Hl 
H2 
H3 
H4 
H5 
H6 
H7 
H8 
H8 
H9 
HlO 
HIl 
HIl 
H12 

d 
d 

Ab 

OS(I) 
06 
07(11) 
Oil (III) 
04 (IV) 
04 
022 (V) 
Oil (III)' 
OWlc 

06 
012(V) 
O10c 

Oil (III)C 

04 (IV) 

A 
0,90 
0.98 
0.93 
0.86 
0.92 
0.89 
0.91 
1.01 
1.01 
0.97 
0.97 
0.96 
0.96 
0.93 

A 
2.14 
2.16 
2.12 
2.12 
2.26 
2.45 
1.99 
2.10 
2.22 
2.06 
1.97 
2.07 
2.13 
2.36 

Other Proposed Hydrogen 
07(11) 
05 (VI) 

A 
2.99 
3.11 
3.04 
2.93 
2.97 
3.09 
2.81 
3.03 
3.03 
2.96 
2.82 
2.96 
3.02 
3.10 

Bonds 
2.99 
3.30 

deg 

158 
166 
174 
157 
134 
129 
152 
153 
136 
154 
146 
152 
154 
137 

" D, donor; A, acceptor. * Roman numerals indicate translation 
of the acceptor atom coordinates from the positions of Table II as 
follows:!, (1 -jc), (-1 - y ) , ( - l - z ) ; I I , ( - x ) , (-1 -y),{-\ - z ) ; 
III, (-*), (-1 - y), (-z); IV, (1 - x), (-1 - y), (-z); V, (-x), 
(~y), (-*); VI, (-1 + x),y,z. c Owing to the disorder either Oil 
or OWl (the lattice water) is present, not both; the same applies to 
the O10/O11 pair. d Not located. 

the two deprotonated ring nitrogen atoms of the a-pyridonate 
ligand. The inner platinum coordination sphere contains the 
two exocyclic oxygen atoms of the a-pyridonate groups in 
addition to two ammines. The platinum coordination planes 
are tilted by 27.4° with respect to one another and, in addition, 
are twisted by 22° about the platinum-platinum bond axis. 
This geometry differs appreciably from that of the extensively 
studied one-dimensional conducting platinum chain com­
plexes5 where the platinum coordination planes are stacked 
in a parallel fashion. Unlike c/s-diammineplatinum a-pyridone 
blue, these one-dimensional complexes are not linked by 
bridging ligands. The bite distance of the a-pyridonate ligand 
is 2.30 (I)A and may be one factor contributing to the canting 
of the coordination planes. If so, then the failure of trans-
diammineplatinum complexes to form analogous blue products 
is easily rationalized. It would be impossible to cant the planes 
to accommodate a doubly bridged trans structure. Another 
likely reason for the splaying and twisting of the coordination 
planes is the need to produce nonbonded NH3—NH3 contacts 
of 3.67 A, a value approximately equal to the sum of the van 
der Waals radii of the ammine groups. This steric interaction 
precludes the formation of doubly bridged blue platinum 
complexes having either a trans configuration or cis-oriented 
bulky amine ligands. 

Linkage of the two dimeric units is achieved by a Pt(2)-
Pt(2') bond of 2.8770 (5) A as well as four intrachain hydrogen 
bonds between the coordinated ammines of one dimer and the 
pyridonate oxygen atoms of the neighboring dimer (Figure 1). 
The resultant tetranuclear platinum cation is capped at both 
ends by a nitrate anion; the Pt-03 distance is 3.321 (9) A. The 
Pt(l)-Pt(2)-Pt(2') angle within the zigzag chain is 164.60 
(2)°. Comparable angles in the one-dimensional platinum 
chain compounds are 173.08 and 177.8° in KL75Pt(CN)4-
1.5H2O

21 and Ki6Pt(C2O4^-IJH2O,22 respectively. 
The cationic platinum oligomer is surrounded by nitrate 

anions and water molecules in the lattice (Figure 2). Two and 
one-half nitrate ions and a half water molecule occur in the 
asymmetric unit, leading to an average platinum formal oxi­
dation state of 2.25 and a chemical formula of [Pt2(NHs)4-
(C5H4NO)2MNO3)S-H2O. 

Studies of one-dimensional metal chain complexes have 
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Figure 2. Stereoscopic view of the crystal packing showing the contents of four unit cells 
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Figure 3. Temperature dependence of the magnetic susceptibility ( • ) , 
XT'. and effective magnetic moment (A), Meff. per tetrameric unit of cis-
diammineplatinum a-pyridone blue. Experimental data have been cor­
rected for diamagnetism and temperature-independent paramagnetism. 
Solid lines show the best least-squares fit to a Curie-Weiss law (see text) 
for 82 data points (Table S4), not all of which are depicted here. 

9 (degrees) 

Figure 4. Angular variations of g2
eff for each of the three crystal axis 

mountings of m-diammineplatinum a-pyridone blue. B corresponds to 
the angle between the applied magnetic field and A"xtai (A), Kxtai ( • ) , or 
Zxtai ( • ) for rotation about Yxta\, Zxtai, or A"xtai, respectively. The axes 
are defined in the text. Curves calculated by least-squares refinement of 
the data are given by the solid lines. 

shown the metal-metal bond distance to be correlated with the 
formal oxidation state of the metal.23 A similar correlation 
occurs for platinum compounds having bridging ligands. The 
platinum-platinum bond distances of 2.7745 and 2.8770 A 
observed in cw-diammineplatinum a-pyridone blue (formal 
oxidation state 2.25) are intermediate between those found in 
bridged platinum(II) and platinum(III) complexes. The 
Pt(II)-Pt(II) distances are 3.229 and 3.11 A in the cis-di-
ammineplatinum(II) pyrophosphate dimer24 and 2.95 A in a 
m-diammineplatinum(II) 1-methylthyminato dimer,25 while 
the Pt(III)-Pt(III) bond distance is 2.466 A in the sulfate 
bridged dimer K2[Pt2(S04)4(H20)2].26 These values are all 
somewhat shorter than the distances in one-dimensional 
platinum chain compounds having the same formal oxidation 
states.23 This result might be due to the presence of bridging 
ligands; thus, within the structure of cw-diammineplatinum 
a-pyridone blue the bridged (Ptl-Pt2) bond is 0.1 A shorter 
than the nonbridged value. In any event, the mean metal-metal 
bond distance observed in ds-diammineplatinum a-pyridone 
blue is consistent with the formally nonintegral platinum ox­
idation state of 2.25. 

The Pt-O and Pt-N bond lengths within the coordination 
spheres of each of the two crystallographically independent 
platinum atoms do not differ significantly (Table IV). The 
minimum and maximum values are 2.016 (8) and 2.040 (7) 
A, respectively, and the average is 2.025 A. The geometry of 
the two independent pyridonate rings compares closely with 
that found for the four bridging pyridonate ligands in 
Cr2(mhp)4

27 (where mhp = 2-hydroxy-6-methylpyridinate). 
As expected, the pyridonate rings are planar (see Table S3), 

with the exocyclic oxygen atoms lying in the planes. The 
coordination sphere of each platinum is also planar, the two 
platinum atoms being displaced by 0.08 and 0.03 A out of the 
plane toward one another. 

Anion Geometry, Hydrogen Bonding, and Crystal Packing. 
The bond lengths and angles in the capping nitrate anion are 
normal. The other nitrate ions show greater geometric devia­
tions that have no chemical significance in view of the fairly 
large standard deviations (Table IV). The capping and half-
nitrate anions are planar while the nitrogen atom of the re­
maining nitrate group lies 0.06 A out of the plane defined by 
the three oxygen atoms. The lack of planarity, high standard 
deviations in bond lengths and angles, as well as the high 
thermal parameters of this nitrate group suggest that it is 
partially disordered. 

Hydrogen bonding plays an important role in stabilizing 
both the tetranuclear cation and the crystal lattice. Four in­
tramolecular hydrogen bonds bridge the two m-diammine-
platinum dimers across the center of symmetry (Figures 1 and 
2). These hydrogen bonds occur between the ammine hydrogen 
and pyridonate oxygen atoms and reinforce the central 
metal-metal bond. From the average N-H-O angle of 149°, 
we estimate each hydrogen bond to contribute at least 3 
kcal/mol (or 12 kcal/mol altogether) to the stabilization of 
the tetranuclear cation. The failure of m-dichloroplatinum 
reagents having bulky, non-hydrogen-bonding ligands to form 
blue products is noteworthy in this context. 

A stereoview of the unit cell packing is shown in Figure 2. 
The lattice is composed of hydrophobic and, predominantly, 
hydrophilic centers. Limited pairwise stacking interaction 
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occurs between pyridonate rings of neighboring cations. Ni­
trate anions and water molecules are interposed between the 
cations and there are extensive hydrogen-bonding interactions. 
The details of the hydrogen-bonding network are given in Table 
V and Figure 2. 

Magnetic Susceptibility. The bulk magnetic susceptibility 
results show that m-diammineplatinum a-pyridone blue is 
a simple Curie paramagnet. Discrete paramagnetic platinum 
complexes are quite rare and include examples such as the 
NO+ and O2

+ salts of the [PtF6]- ion, ^eff = 1-74 HB,2* and 
tetra-/!-butylammonium bis(maleonitriledithiolato)platin-
ate(III).29 The value of 1.81 ^B for the effective magnetic 
moment of the [Pt2(NHs)4(C5H4NO)2]Z5+ cation indicates 
the presence of one unpaired electron. This electron is pre­
sumably delocalized over the Pt4 chain since X-ray photo-
electron spectroscopic studies showed only one set of platinum 
4f binding energies.16 The moment is slightly higher than the 
value of 1.73 HB calculated from the spin-only formula, con­
sistent with the existence of spin-orbit coupling. 

The small value of the Weiss constant shows that there are 
no long-range exchange interactions in the solid state. This 
result is not surprising in view of the crystal lattice packing 
(Figure 2). The tetranuclear cation is loosely capped at both 
ends by nitrate anions. Moreover, since the axis of the oligomer 
does not lie along a unit cell edge, neighboring cations are 
displaced from one another rather than forming an infinite 
chain. Nitrate ions separate the chains in the lateral directions. 
Unlike the columnar stacked tetracyanoplatinate salts, cis-
diammineplatinum a-pyridone blue is not expected to have 
interesting conductivity properties, and none are observed.30 

Single-Crystal Electron Spin Resonance. The magnitudes 
of the principal components of the g tensor (eq 3) are similar 
to those obtained for the one-dimensional chain compound, 
K2Pt(CN)4Br,/3-3H2O,31 having g\\ = 1.946 (5) and g± = 
2.336 (5), and for Pt(IV) doped Magnus' green salt, 
[Pt(NHa)4] [PtCl4],

32 where g\\ = 1.939 (2) and g± = 2.504 
(2). As for these materials, the measured g values for cis-
diammineplatinum a-pyridone blue are described by a dz2 hole 
state (z taken along the mean Pt4 chain axis) with an ad­
mixture of lower lying dxz, dyz states due to spin-orbit cou­
pling.33 Assignment to a state of different symmetry, e.g., pz 
where (according to crystal field arguments34) g\\ = 2> gj_, 
or dx2_>,2 where g\\ > g± > 2, would not be consistent with the 
observed results. Moreover, a dz2 assignment is consistent with 
the orientation of g\\ along the mean Pt4 chain axis. 

The decrease in the values of g± along the series Pt(IV) 
doped [Pt(NHs)4][PtCl4], ri5-diammineplatinum a-pyridone 
blue, and K2Pt(CN)4Bri/3-3H20 most likely represents an 
increase in the degree of derealization of the unpaired spin. 
Using crystal field theory with second-order perturbation terms 
of the equation 

gx_ = 2/V2 + 6TV(£/AE) - 6N2^fAE)2 

g\\ = 2/V2 - 3N2UfAE)2 ( ' 

where TV is the normalization coefficient for the zero-order 
wave function arising from the spin-orbit interaction, £ is the 
spin-orbit coupling constant, and AE is the average energy 
separation between the dz2 and dxz, dyz states, gives /V = 0.997 
and £/ AE = 0.071 for m-diammineplatinum a-pyridone blue. 
These may be compared with the values of TV = 0.99, (£/'AE) 
= 0.068, and TV = 0.99, | /AE = 0.10 in K2Pt(CN)4Bn73-
3H2O and Pt(IV) doped [Pt(NH3)4] [Pt(CN)4], respectively. 
These results reflect increased dz2 character, less mixing with 
dxz, dyz states, and increased energy level separation (AE) 
along this series. 

In contrast to the Pt(IV) doped Magnus' green salt, cis-
diammineplatinum a-pyridone blue and the partially oxidized 
tetracyanoplatinate complex show no ESR hyperfine inter­
actions in the solid state. This result is not surprising given the 

relatively high unpaired spin densities, and therefore magnetic 
moments, in these complexes as compared to the dilute spin 
system of the doped Magnus' green salt. Aqueous solution ESR 
spectra of the a-pyridone blue, the only one of the three that 
maintains its oligomeric structure in solution, do show 195Pt 
hyperfine coupling interactions, reflecting the derealization 
of the unpaired electron along the platinum chain through the 
dz2-like molecular orbitals.12 

Relationship to Blue and Other Platinum Complexes. The 
molecular structure of cw-diammineplatinum a-pyridone blue 
embodies features characteristic of all blue platinum com­
plexes. X-ray photoelectron spectra of various blues have es­
tablished that they have nearly identical electronic structures.16 

An EXAFS (extended X-ray absorption fine structure) study 
of m-diammineplatinum uridine blue35 has revealed short 
Pt-Pt bond distances (r = 2.9 A), comparable in length to 
those reported above. Solution chemical and spectroscopic 
studies12 also show the a-pyridone blue to be a close analogue 
of others in the class. 

Recently, the structure of a cw-diammineplatinum(II) 1-
methylthymine dimer, isolated from the reaction mixture of 
the platinum 1-methylthymine blue, has been reported.25 The 
geometry of this complex bears a close resemblance to that of 
m-diammineplatinum a-pyridone blue. Two 1-methylthy-
minate ligands use their heterocyclic, deprotonated ring ni­
trogen, N3, and exocyclic oxygen, 04, atoms to bridge two 
m-diammineplatinum units. In contrast to the a-pyridone 
blue, the ligands bridge in a head to tail fashion. The resulting 
metal-metal distance of 2.97 A, while short for a binuclear 
platinum(II) complex, is significantly longer than in the par­
tially oxidized a-pyridone blue. The characteristic splaying 
and twisting of coordination planes to accommodate the am-
mine-ammine repulsive interactions and the short bite dis­
tances of bridging ligands are observed in this thyminate 
complex. These features also occur in the structure of poly­
meric cw-diammineplatinum pyrophosphate, which is strik­
ingly similar to that of m-diammineplatinum a-pyridone blue 
(cf. ref 24). The splaying and twisting of the m-diammine­
platinum units, as well as hydrogen-bonding interactions be­
tween ammine ligands and exocyclic oxygen atoms, are geo­
metric features that presumably occur in all cw-diammine­
platinum oligomeric complexes. 

Molecular weight studies1' -'2 of platinum blues suggest that, 
in solution, long polymeric chains are formed. The doubly 
bridged arrangement of ligands in both the a-pyridone blue 
and the 1-methylthyminate dimer stereochemically prohibit 
long chain oligomerization. Elongation of the platinum chain 
of pyrimidine blues may, instead, be propagated through use 
of only one bridging ligand, with coordination to the platinum 
atom by, in the case of the uracilate anion, a mixture of N3 and 
02 or N3 and 04 ligating atoms. A mixture of such species 
having varying chain lengths would be difficult to crystallize. 
It seems quite likely from the present and related9-16 studies, 
however, that the characteristics of mixed valency, oligomer­
ization, and bridging amidate ligands, features exhibited by 
cw-diammineplatinum a-pyridone blue, are shared by all blue 
platinum amide complexes. 

Possible Relevance to the Binding of c/s-DDP to DNA. The 
structural features of the a-pyridone blue may reflect aspects 
of the binding of the antitumor drug m-DDP to DNA. One 
model based on the structure of cw-diammineplatinum a-
pyridone blue has been proposed previously.36 In this model, 
m-diammineplatinum units are linked by neighboring guanine 
bases on the polynucleotide chain through the deprotonated 
ring nitrogen, Nl, and exocyclic oxygen, 06, atoms. A green 
platinum-hypoxanthine complex has been isolated12 and the 
hypoxanthine anion may bridge neighboring m-diammine­
platinum units in this fashion. EXAFS results,37 however, 
demonstrate that no short platinum-platinum bonding inter-
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actions are present in reaction mixtures obtained by incubation 
of m-DDP with calf thymus DNA. The structures of cis-
diammineplatinum a-pyridone blue, the m-diamminepla-
tinum(II) 1-methylthyminate complex, described above, and 
a 1-methylcytosine silver dimer38 (Where cytosine anions bridge 
silver atoms through N3 and 04) having no metal-metal in­
teraction all serve as examples of the coordination of an exo-
cyclic oxygen atom to soft transition metals. Similar binding 
modes, involving coordination to the metal through an exo-
cyclic keto oxygen atom, may therefore be involved in the 
binding of m-DDP to DNA. 
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