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A limitation in the use of cis-platin as an antitumor drug is its
concentration-dependent nephrotoxicity.12 This toxicity is be-
lieved® to result from the binding of platinum to sulfur-
functionalized protein residues. In order to probe the nature of
this interaction, platinum amine complexes containing N-ace-
tylcysteinato, accys, and glutathionato ligands have been the focus
of several recent studies.+!1® However, the structures of these
products still have not been unambiguously determined.!! As
part of our investigation of agents for the release of platinum
from protein cysteine residues,!2 we explored the reaction of
N-acetyl-L-cysteine, L-Haccys, with PtCly(2,2’-bipyridine). We
have isolated and purified a platinum accys complex in which the
bipyridine ligand remains coordinated. We wish to report here
the characterization of this complex, including a single-crystal
X-ray structural determination. Additionally, we have found
that the platinum-thiolato bonds of our cysteine residue complex
are susceptible to cleavage through reaction with sodium dieth-
yldithiocarbamate.

The title complex was prepared through the reaction of a
suspension of PtCly(2,2’-bipyridine)!3 (1) (0.200 g, 4.7 mmol)
and an equimolar amount of L-Haccys (0.076 g, 4.7 mmol) in 5
mL of water which was brought to pH 11 by treatment with
aqueous 1 M KOH. The solution was stirred for 5 days at 25
°C and filtered. The filtrate was treated with 90 mL of diethyl
ether and 80 mL of acetone. Upon 3 days of standing, light
yellow, crystalline product arose from the dark brown oil which
separated below the clear solution. The product, Pt;(u-L-accys-
S)2(bpy)2!4 (2), was isolated in 62% yield.

The molecular structure of 2 was determined through a single-
crystal X-ray diffraction study.!®* A diagram of the obtained
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Figure 1. Projection of Pty(u-accys-S)2(bpy)a (2), with thermal ellipsoids
at arbitrary radii. Selected bond lengths (A): Pt(1)-S(1), 2.312(5);
Pt(2)-S(1), 2.303(5); Pt(1)-N(1), 2.01(1); Pt(2)-N(2), 2.01(1). The
hydrogen atoms have been omitted for clarity.

structure is seen in Figure 1. The heavy atom framework is
identical to that which has been proposed by Appleton ef al. on
the basis of multinuclear NMR spectroscopic studies® for the
species initially formed in the reaction between cis-PtCl,(NH3),
and model protein cysteine residue compounds, including GSH
and Haccys. The reaction of [Pt(dien)Cl}* (dien = diethylene-
triamine) and GSH has also been proposed to yield a diplatinum
u-thiolato complex.” The unusual syn orientation of the accys
ligands probably is adopted in order to establish the observed
hydrogen-bonding interactions with the solvate water molecules.
Our results provide direct structural evidence of the dinuclear
nature of the products arising from the reaction between platinum
cis-amine complexes and model protein cysteine residue com-
pounds.

Sodium diethyldithiocarbamate, Na(ddtc), has been found?
to reduce the nephrotoxicity resulting from cis-platin therapy
and is believed316 to act by removing platinum bound to protein
sulfur sites. Recently, the model complex [Pt;(dien),(u-GS-
Me) 13+ was found to react with Na(ddtc) to produce Pt(ddtc),
while [Pt;(dien),(u-GS)}2* was found to be unreactive in parallel
experiments.!’” From these results it was concluded that Na-
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Scheme I
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pH 7.5, 5 min.
25 °C

\. - 2 SCH,CH(COO)NHC(O)CH,,
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(ddtc) is effective in removing platinum only from methionine
sites and not cysteine sites in proteins. We have explored the
reaction of 2 with Na(ddtc). As seen in Scheme I, addition of
4 equiv of Na(ddtc) (0.044 g, 0.194 mmol) to a solution of 2
(0.050 g, 0.049 mmol) in 10 mL of water buffered at pH 7.5 at
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25 °C results in the precipitation of Pt(ddtc),!® (3) in 96% yield
within 5 min. Although the reactivity between the model
complexes and Na(ddtc) should be influenced by the differing
trans effect of the aromatic chelating amine ligand in our complex
and that of the chelating aliphatic dien ligand, the contrast in the
observed reactivities is quite surprising. Explanation of the
differing reactivities awaits isolation and structural character-
ization of a platinum cysteine residue complex containing aliphatic
amine ligands and determination of its reactivity with Na(ddtc).

It has not been established whether platinum binding to protein
cysteine residues involves u-thiolato interactions. Our results
clearly demonstrate the preferential formation of diplatinum u-S
amino acid species. However, the likelihood of platinum dimer
formation in vivo can be questioned in view of the low in vivo
platinum concentrations resulting from therapeutic doses of cis-
platin. Thus it is uncertain whether the structure which we have
elucidated for 2 models the binding of platinum to cysteine sites
in proteins. However, our study does unambiguously establish
the structure of the products obtained in the reaction of platinum
amine chlorides with Haccys. Furthermore this work suggests
that, contrary to the indications of earlier studies, Na(ddtc) might
be somewhat effective in releasing platinum from cysteine sites
in proteins.

Note Added in Proof. Since submission of this manuscript, we
have found that the ethylenediamine analog of 2 undergoes a
similar rapid reaction with Na(ddtc).
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(18) 'H NMR (500 MHz, CD,Cly), &: 3.57 (q, Ju-n = 7.2 Hz, CH,); 1.28
(t, Jun = 7.2 Hz, CH,). BC{'H} NMR (126 MHz CD,Cly), & 210.6
(S:C); 44.4 (CH,); 12.4 (CH,).



