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A New Series of Water-Soluble Platinum(II) Complexes Stabilized with Trimethylarsane.
Their Synthesis, Crystal Structures, and Solution Equilibria

T. Ken MIYAMOTO
Department of Chemistry, School of Science, Kitasato University, Kitasato, Sagamihara, Kanagawa 228

A series of water-soluble platinum(II) complexes stabilized with trimethylarsane
were synthesized for the first time. Crystal structures of the complexes, e.g., cis-
[Pt(NO3)2(AsMe3)y], cis-[Pt(OH)(AsMe3)2]2(NO3)2, cis-[Pt(OH)2(AsMe3);] -5H20
(where Me=methyl; ox=oxalato), were determined by X-ray diffraction method. The
13¢ NMR spectroscopy demonstrated the solution equilibria among these species.

The aqueous chemistry of platinum(II) complexes with phosphorus and arsenic donors are still scanty
and undeveloped whereas that of the am(m)ine complexes are well known as exemplified in spasmodic reports
of cisplatin..l) A series of water soluble phosphane-platinum(II) complexes, such as cis-[Pt(OH)2(PMe3)2]
-nH20(n=2-3), cis-[P(CO3)(PMe3)2]-3H20, [Pt(ox)(PMe3)2] and [Pt(cbda)(PMe3)2]-H2O(where ox: oxalate,
cbdca: 1,1-cyclobutanedicarboxylate) were synthesized by the elegant use of the anion-exchange resin as
reported.2) For materialization of a copious aqueous chemistry, a further synthesis toward trimethylarsane
analogs has been attempted in our laboratory. We report here the successful preparation and the
characterization of the new water-soluble bis(trimethylarsane)platinum(II) complexes.

The synthetic procedure is summarized in Scheme 1. The double displacement reaction between cis-
PtCl2(AsMe3)2(1) 3) and AgNO3 gave cis-[Pt(OH2)2(AsMe3)2](NO3)2(2) in aqueous solution. Evaporation
of the solution yielded cis-[Pt(AsMe3)2(NO3)2](3)4) which was recrystallized from dichloromethane. Its
aqueous solution shows low pH value(pH=3; 0.03 mol dm-3). Structure of 3 was determined by the X-ray
crystallography(Fig. 1).3) The nitrato groups lie on opposite sides of the ligand plane in sharp contrast
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Fig. 2. ORTEP drawing of the unit cell of §,

Fig. 1. Molecular structure of 3. Selected with atomic numbering. Hydrogen atoms are omitted
bond distances(A) and angles(*): Pt-O1= for clarity. Selected bond distances(A) and angles(®):
2.10(1), Pt-04=2.10(1), Pt-Asl= Pt1-011=2.04(1), Pt1-012=2.06(2), Pt2-021=
2.329(2), Pt-As2=2.335(2), O1-N1= 2.02(2), Pt2-022=2.00(2), Pt1-As11=2.232(5),
1.30(2), 02-N1=1.30(2), O3-N1= Pt-As12=2.337(4), Pt2-As21=2.327(5),

1.22(2), 04-N2=1.29(2), O5-N2= Pt2-As22=2.341(5), O11-Pt1-012=87.3(6),

1.24(2), 06-N2=1.24(2), As1-Pt-As2= 021-Pt2-022=84.0(7), As11-Pt1-As12=95.3(2),
94.22(6), O1-Pt-O4=83.3(5). As21-Pt2-As22=95.5(2).

to the corresponding diammine analog, cis-[Pt(NO3)2(NH3)2],6) in which the nitrato groups sit on the same
side. Bulky trimethylarsane appears cause such a distortion due to the steric repulsion.

Aqueous solution of 2 was passed through an anion exchange resin(DIAION SA10AOH) to give a
dihydroxy species in a quantitative yield. The hydroxide, cis-[Pt(OH)2(AsMe3)2]-SH20 (5), is hygroscopic
white powder and is readily soluble in water or dichlorometane.”) Its aqueous solution shows high pH
value(pH=10.4; 0.015 mol dm-3).

Crystals marginally suitable for the X-ray measurements have been obtained by cooling the
dichloromethane solution of 5 to -20 °C. The unit cell is shown in Fig. 2.8) There are two independent platinum
atoms in the asymmetric unit. The Pt-OH distances(2.00(2)-2.06(2) A) have the values close to the Pt-O
distances of the other platinum(II) monohydroxide or alkoxide ( in a range of 1.95-2.07 A).9, 10) The As-Pt-As
angles show the values larger than 90°, owing to the steric repulsion between the two trimethylarsane ligands in
a mutually cis position. The 14 crstallographically independent oxygen atom (4 hydroxy groups and 10 water
molecules) form a hydrogen bonded network in the solid state.

The neutralization of § with 1 equivalent of aqueous nitric acid or with H2ox-2H20 gave the new
complexes, p-hydroxo dimer, cis-[{Pt(AsMe3)2}2(1-OH)2](NO3)2 (4) 11) or oxalate, [Pt(ox)(AsMe3)2]

6)12) respectively, in virtually quantitative yield.
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X-Ray analysis13) of 4 revealed the dinuclear structure as shown in Fig. 3. The mean Pt-O
distance[2.061(1) A] is longer than that found in cis-[{Pt(NH3)2 }2(1-OH)2](NO3)2[2.02(2) A1.14) The mean
O-Pt-O angle [78.5(2)° ] of 4 is smaller than that of the ammine complex[81.3°]. Steric bulk and strong trans
influence of trimethylarsane appear cause some distortion of Pt2O2 skeleton.

Fig. 3. ORTEP drawing of 4. Hydrogen atoms(OH)
and nitrate groups are omitted for clarity. Selected
bond distances(A) and angles(®): Pt-04=2.057(5),
Pt-04#=2.064(5), Pt-As1=2.3318(8), Pt-As2=
2.330(1), 04-Pt-04#=78.5(2), As1-Pt-As2=94.49(3),
As1-Pt-04=93.9(1), As2-Pt-04#=93.2(1).

Acid-base equilibria of trimethylarsane complexes have been surveyed. Some equivalents of aqueous
nitric acid or NaOD/D20 were added to the solution of 4 (in D20; in a molar ratio; 1:1, 1:2 or 1:4). The 13¢
NMR measurement identified the solution-species, referenced to those of authentic samples; dihydroxide(S) and
the aqua complex(2). Only the signal due to the solution-species of 5 or 2 could be observed when 4 equiv. of
acid or base had been added. The addition of 1 equiv. of NaOH to the aqueous solution of 2, followed by
condensation of the reaction mixture, gave 4. Therefore there are the acid-base equilibria as presented in

Scheme 1.
An unidentified solution species was observed in 13¢c NMR spectra(d 11.54(D20)) when 1-2 equiv. of

base was added to the solution of the dimer complex (4). It is speculated that the trimer species, cis-
[Pt(AsMe3)2(u-OH)]33+, would form in aqueous solution as in the case of amine system.15) The formation of
the corresponding trimethylphosphine trimer, however, has not been observed at all.2, 16)

Taken all together, gross features of the trimethylarsane-platinum(II) system resemble closely to those2)
of the trimethylphosphane analog. The property peculiar to the former may be the possible trimer formation in
aqueous solution. In ethylenediamine-platinum(Il) system, even p-hydroxy tetramer formation was
reported.17) The cosiderable efforts to clarify the ligand-influences to y-hydroxy multinuclear formation are put
forth in our laboratory.
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