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Platinum blues are a class of compounds that are formed 
through the reaction of platinum(II) with amide ligands and have 
attracted much interest because of their unusual color.1 Recently, 
interest in these complexes was sparked by the discovery of an
titumor activity and low associated nephrotoxicity of platinum 
pyrimidine blues.2 Although many studies suggest their para
magnetic, mixed-valent, oligomeric nature,2"4 their structures have 
long been unknown because no crystalline platinum blues were 
obtained. Recently Lippard et al. succeeded in synthesizing 
crystalline m-diammineplatinum a-pyridone blue (1), [Pt4(N-
H3)S(C5H4ON)4](NO3)S-H2O, and revealed its tetranuclear am-
idate-bridged chain structure.5,6 This structure determination 
was certainly a large step toward the understanding of the 
chemistry of platinum blues; however, many synthetic and 
spectroscopic studies on the platinum pyrimidine blues show that 
the solution chemistry of platinum blues are very complicated, 
and there are expected to be more than one oligomeric platinum 
species existing in solution. For instance, many investigators have 
experienced that the color and the elemental composition of the 
compound differs from batch to batch.2,3 We have thus undertaken 
a detailed study in order to clarify other species possibly coexisting 
in the solution. 

In this paper, we report the synthesis and the crystal structure 
of m-diammineplatinum a-pyrrolidone tan (2), [Pt4(NH3)8-
(C4H6ON)4] (N03)6-3H20, obtained from the reaction of the 
cw-diammineplatinum(II) hydrolysis product with a-pyrrolidone. 
Platinum tan has been reported by some workers to appear3,7,8 

when synthesizing platinum blues, but no detailed study has been 
undertaken. The striking result of the present study is that the 
basic structure of 2 (Figure 1) is similar to that of cis-di-
ammineplatinum a-pyridone blue (1), that is, head-to-head, am-
idate-bridged tetranuclear compound; however, platinum oxidation 
state in the present compound (2) is 2.5, whereas that of cis-
diammineplatinum a-pyridone blue (1) is 2.25. 
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a-pyridone a-pyrrolidone 

cis-Diammineplatinum a-pyrrolidone tan was obtained by 
adding 7 mL of 0.15 M solution of cw-diammineplatinum(II) 
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Figure 1. Structure of [Pt4(NH3)S(C4H6ON)4J6+. All the atoms are 
independent crystallographically, but the cation conforms approximately 
to T symmetry; the center of symmetry is located at the center of the 
Pt2-Pt3 bond axis. 

hydrolysis product10 to 1 mmol of a-pyrrolidone. After adjusting 
the pH of the solution approximately to 7 with 0.1 N NaOH, the 
solution was incubated in the dark at 80 0C for 4 h until a dark 
red color appeared in the solution. After cooling the solution to 
room temperature, a few drops of nitric acid and 0.75 g of sodium 
nitrate were added to the solution. The solution was then allowed 
to stand for 24 h at -5 0C and dark red irregular plate crystals 
appeared. The elemental analyses are as follows. Anal. Calcd 
for [R4(NH3)S(C4H6ON)4](N03)6-3H20: C, 11.44; H, 3.24; N, 
15.02; Pt, 46.47. Found: C, 11.24; H, 3.09; N, 14.70; Pt, 46.1. 
Sometimes a dark green or dark blue color appeared in the solution 
after the reaction at 80 0C for 4 h, but they all turned dark red 
when the solution was allowed to stand at -5 0C, and the product 
obtained was always the same in either case. The water solution 
of compound 2 is unstable at room temperature and is converted 
to a blue solution after several hours. 

The crystal of compound 2 is monoclinic, space group P2\jc 
with the following cell constants: a = 14.960 (81), * = 16.254 
(7), c= 19.164 (96) A;/3= 115.10 (37)° for Z = 4. The structure 
was solved by the heavy-atom method using 3435 independent 
reflections collected with Mo Ka radiation up to 20 = 55° on a 
Philips four-circle diffractometer. Refinement with anisotropic 
temperature factors for platinum and isotropic factors for all the 
other atoms except hydrogen atoms has converged at a current 
value of 0.14 for the discrepancy index R1 = Z\\F<>\ ~ l^dl/D^ol'9 

The structure of the [Pt4(NH3)8(C4H6ON)4]6+ cation is de
picted in Figure 1. It has a geometry basically identical with that 
of a-pyridone blue (I);5,6 however, the most important difference 
is that the average platinum oxidation state for the present com
pound (2) is 2.50, whereas that of compound 1 is 2.25. More 
striking, while the present structural analysis proceeded, is that 
Lippard et al. reported another greenish yellow tetranuclear 
platinum a-pyridone compound 3, [Pt4(NH3)8(C5H4ON)4](N-
03)4.10 The structure of 3 is also identical with that of compounds 
1 and 2, but the platinum oxidation state is 2.0 for compound 3. 
Therefore, the subtle differences of the colors so far reported for 
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Table I. Geometric Comparison of Three Tetranuclear Platinum 
Blue Related Compounds 

compd 

1 

2 

3 

color 

blue 

dark red 

greenish 
yellow 

av 
Pt OX. 

state 

2.25 

2.50 

2.0 

Pt-Pt, A 

2.774 
2.877 
2.702 
2.709 
2.88 
3.13 

Pt-Pt-Pt, 
deg 

164.60 

170.44 
168.75 

ref 

5,6 

a 

10 

a This work. 

a class of compounds called under the generic name "platinum 
blues" seem to be due to the differences of the average platinum 
oxidation state, and the present study revealed the characteristic 
nature of these compounds—they are oligomeric amidate-bridged 
platinum compounds, whose platinum oxidation state changes to 
various degrees without basic structural change. This nature 
resembles that of one-dimensional platinum chain compounds. 
Platinum blues might be a suitable class of compounds for the 
study of Pt-Pt interactions of the chain compounds in the solution 
phase. 

The differences of the platinum oxidation states in the three 
compounds are also reflected in the Pt-Pt distances, as shown in 
Table I. The Pt-Pt distance of the three tetranuclear complexes 
increases as the Pt oxidation state decreases, a correlation similar 
to that observed for one-dimensional platinum complexes.11,12 

Other examples of bridged platinum(II) or platinum(III) dimers 
and their Pt-Pt distances are as follows: 3.229 and 3.11 A in 
cw-diammineplatinum(II) pyrophosphate dimer,13 2.97 A in 
cw-diamrnineplatinum(II) 1-methylthyminato head-to-tail dimer,14 

2.91 A in m-diammineplatinum(II) 1-methylthyminato head-
to-head dimer,15 2.90 A in cw-diammineplatinum(II) a-pyridone 
head-to-tail dimer,10 and 2.466 A in sulfate-bridged Pt(III)-Pt(III) 
dimer.16 These values for bridged Pt-Pt complexes are somewhat 
shorter than those found in the nonbridged one-dimensional 
compounds with corresponding oxidation states as pointed out 
earlier.5 Moreover, we should also note the recently reported very 
interesting example of bridged platinum compound, cw-nitrodi-
ammineplatinum 1-methylcytosinato head-to-tail dimer,17 whose 
platinum oxidation state is also 2.5 and the Pt-Pt distance is 2.584 
A. Each of the platinum atoms in this compound is definitely 
coordinated by a nitro group (Pt-N = 2.12 and 2.13 A) in the 
axial position and accordingly can be considered as six-coordinated. 
This situation is markedly different from that of the present 
compound; the platinum atoms in the present compound are very 
loosely coordinated by nitrate groups at both ends of the Pt chain 
and the Pt-O (nitrate anion) distances are larger than 3 A. The 
Pt-Pt distances (2.702 and 2.709 A) are significantly larger than 
that of 1-methylcytosinato dimer. Therefore, Pt-Pt distances seem 
to be related to how the platinum atoms are coordinated in the 
axial position as well as to the platinum oxidation state. In order 
to discuss fully these relations and the factors which determine 
the R-Pt distance, further confirmation of the platinum oxidation 
state with other methods such as oxidation-reduction titration 
or susceptibility measurement are desired.18 Such experiments 
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are now under way. The Pt-Pt chain is not straight in any 
platinum blue related compounds. The Pt-Pt-Pt angles are 
summarized in Table I, and the angles in the present compound 
(2), 170.4 and 168.8°, are somewhat larger than those found in 
platinum a-pyridone blue. To answer the question whether this 
zigzag chain angles have any correlation with the platinum ox
idation state, we have to await the detailed report on compound 
3. The platinum coordination planes are canted to each other. 
The angles between the planes are 18.68° between PtI and Pt2 
and 21.22° between Pt3 and Pt4, while the coordination planes 
for Pt2 and Pt3 are almost parallel; the angle between them is 
1.01°. This canting feature is quite similar to that of a-pyridone 
blue and is the result of the fact that N • • • O bite distances of 
a-pyrrolidone ligand (av 2.40 A) is shorter than Pt-Pt bond length 
(2.70 A). Other details of the structure and solution properties 
will be published later. 
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Photoactivation of homogeneous organometallic catalysts by 
light-induced extrusion of 2-electron donor ligands or metal-metal 
bond cleavage has been demonstrated.1"5 A problem that has 
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