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Abstract: The novel compounds [(116-p-cymene)RuCl(u-RR-DTO N.N'Ru $,S"-Pt)Pt(RR-
DTO)(P-N)CI] (P-N = 2-diphenylphosphino-pyridine, RR-DTO = N,N'-dialkyl-
dithioxamidato, R = benzyl, 1; R = (R)-(-)-2-hydroxypropyl (coming from (R)-(-)-2-
hydroxypropyl-amine), 2;) exhibit a Pt-Ru chiral axis which is a new example of
stereoisomerism in inorganic chemistry. The crystal structure of 2 is also reported.
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Chirality in inorganic chemistry is generally associated with molecules belonging to the dissymmetric
group; these molecules possess simple rotational axes and retain C,, or D,, symmetry.! Within this wide class of
compounds, particular attention has been devoted to the C; symmetric metal chelates because of their
involvement in asymmetric catalysis. In this field, the majority of the studies are of concern to diphosphine such
as chiraphos or atropisomeric BINAP,2 but other C, symmetric chelating molecules are now growing in interest
3 As a matter of fact, chiral axes in inorganic chemistry are related to the organic chelating ligand, whose C,
symmetry is transferred to the chelate complex.

1 X = Benzyl

2 X = (R)-2-hydroxypropyl

We describe here the novel compounds [(n6-p-cymene)RuCl(u-RR-DTO N,N'-Ru  S,S'-Pt)Pi(RR'-
DTO)P-N)CI] (P-N = 2-diphenylphosphino-pyridine, RR-DTO = N,N'-dialkyl-dithioxamidato, R = benzyl,
1; R = (R)-2-hydroxypropyl (coming from (R)-(-)-2-hydroxypropyl-amine), 2).# Bothin 1 and in 2 a
dianionic rubeanate frame links the ruthenium through the nitrogens and platinum through sulphur atoms. The
N,N'-coordination is unexpected in a DTO metal complex; the only precedent example is the trimetallic copper
complex {Cus[C,S,(NCH,CH,CH,SCH;CH,0H),],}(Cl04),, with a central copper in a square planar CuSy
chromophore and the terminal metals in a CuS;N,0, chromophores with a 4+2 coordination.5 Beyond this
unique exception, secondary dithioxamides seem to prefer the S,S'-coordination mode in mononuclear
complexes, and the N,S-bridging mode in polymetallic as well as in polymeric systems.® In2, as well asin 1,
ruthenium is a stereogenic centre. At the same time, the plane containing platinum ligands and the one
perpendicular to it are not internal reflection planes o,. Thus also the platinum square plane is an element of
chirality. It should be noted that the only related works on square planar chiral metal complexes appear to be the
classical study of Mills and Quibell? and a more recent paper of Wild.® The configuration of platinum
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enantiomers strictly depends on the configuration of the ruthenium centre, in such a way that only a pair of
enantiomers can be envisaged for the compounds 1. The fact is that the two metals constitute a unique element
of chirality, namely a chiral axis

As said above, axial chirality in metal complexes is generally referred to the chelate ligands; hence the
unprecedented Pt-Ru chiral axis in the complexes 1 and 2 establishes a new example of stereoisomerism in the
organometallic chemistry. Thus, the configuration of the new complexes can be easily assessed by means of the
conventional CIP rules for allene type molecules,? looking along the heterobimetallic chiral axis from the higher
priority metal

The molecular structure of 1 and 2 was also supported by !H and 3!P NMR spectroscopy.!0 In 1 the
benzylic -CH;- protons are diastereotopic because of the molecular asymmetry and their resonances appear as
two AB quartet in the 'H NMR spectrum. For the same reason aromatic cymene protons, as well as isopropylic
methyl groups, are represented in the spectrum as two quartets and two doublets respectively. 3P NMR Pt-P
resonances appear as a singlet flanked by [95Pt-3!P satellites. The synthesis of 2 was achieved by using N,N'-
(R)-2-hydroxypropyl-dithioxamide as bridging ligand. As expected, the use of an enantiomerically pure
dithioxamide produces 2 in an equimolar diastereomeric mixture: Ra-(RR-DTO)-2 and Sa-(RR-DTO)-2.
Consequently, all NMR signals of 2, including 3!P NMR resonances, are split. We were unable to separate the
mixture by fractional crystallization, after many attempts from different solvents. Further attempts will be made
for this purpose; since many other enantiomerically pure N,N'-disubstituted dithoxamides are accessible The
goal is of primary importance: the contingent catalytic properties of a bimetallic chiral axis could be exploited in
asymmetric synthesis. Furthermore, 1 and 2, owing to the uncoordinated nitrogen of phosphinopyridine, could
assembly other metal fragments so transferring a bimetallic chiral axis to polymetallic systems.

Fig 1 Perspective view of the dinuclear compound 2 revealed in the solid state by X-ray analysis. Atomic
numbering scheme is reported. Atom ellipsoids are drown at 40% of probability while hydrogen size is
arbitrary. Selected bond lengths [A] and angles [°]: Ru-N(1) 2.05(1), Ru-N(2) 2.07(1); Ru-Xcym 1.69(1); Ru-
Cl(2) 2.425(4); Pt-S(2) 2.245(3); Pt-P 2.257(3); Pt-S(1) 2.319(3); Pt-CI(1) 2.325(4); S(1)-C(1) 1.72(1); S(2)-
C(2) L71(1); C(1)-N(1) 1.28(2); C(1)-C(2) 1.52(2); C(2)-N(2) 1.287(14); N(1)-C(3) 1.46(2); N(1)-Ru-N(2)
76.1(4); N(2)-Ru-Xcym 133.8(6); N(1)-Ru-Xcym 131.2(6); C1(2)-Ru- Xcym 127.8(6); S(2)-Pt-P 93.6(1),
S(2)-Pt-S(1) 89.5(1); P-Pt-CI(1) 89.5(1); S(1)-Pt-Cl(1) 87.5(1); N(1)-C(1)-C(2) 115(1); N(1)-C(1)-S(1)
127(1); C(2)-C(1)-S(1) 118.2(9); N(2)-C(2)-C(1) 112(1); N(2)-C(2)-S(2) 126(1); C(1)-C(2)-S(2) 121.3(9).
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Crystals for X ray analysis were grown from a mixture of all possible isomers of 2. These were
synthesized by exploiting a 2-hydroxypropy! dithioxamide prepared from the racemic 1-amino-2-propanol. As
expected from a polyatomic assembly with three elements of chirality, the B-carbon atoms of the two N-
hydroxyalkyl substituents and the intermetallic axis, four pairs of enantiomers were obtained (three Pt-P
resonancies; s, 16.43; 16.03; s (double intensity), 15.93; Jrr = 3265 Hz). The solid state X-ray determination
11 revealed an average structure with undefined configuration of the two propanolic stereogenic centres, which
can be attributable to the possible rotational/¢onformational disorder of the alkyl chains as well as to the presence
of different diastereoisomers in the crystals. Both possible causes result in a large atomic displacement
parameters and in an unusual geometry of the two propanol fragments.

The dinuclear unit appears quite perfectly planar with the DTO chelating via the S-atoms at square-planar
platinum and via the N-atoms at tetrahedric ruthenium (Fig.1). With respect to this molecular mean plane, both
propanol groups are on the same side opposite to the hindering p-cymene ligand which is ®-coordinated to the
Ru atom lying on the plane. The bridging ligand is slowly distorted from planarity, as evidenced by the torsion
angle S-C-C-S of 5(1)°.
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(CH3),, d,0.91 ppm ; d, 0.90 ppm, J = 6.84 Hz; H,,H3,Hs,Hg, 4d, 4.83, 4.80, 4.94, 4.66 ppm, Jvic =
6.05 Hz. Pt-P, s, 16.23 ppm Jp, p = 3271 Hz.

2: PN (pyridine ring): Hg, d, 8.75, d, 8.74 ppm; Hs; t, 8.51, t, 8.47 ppm; other aromatic protons:
multiplets 7.94-7.25 ppm; (R)-2-hydroxypropyl-DTO: N-CH,-CH= multiplets, 4.43-3.54 ppm; CH3, d,
1.37, d, 1.28, d, 1.11, d 0.95 ppm; Jvic=6.3 Hz; p-cymene: H,,H3,Hs,Hg, four quartets, 5.55-5.11
ppm, Jvic=6.29 Hz; CH, m, 2.65, m, 2.64 ppm; CH3, s, 2.22, s, 2.21 ppm; (CH3),, d, 1.18, d, 1.169,
d, 1.167, d, 1.144 ppm, Jvic=6.6Hz; P-Pt, s, 16.43, s, 16.03 ppm, JpeP=3265 Hz.

Summary of crystal data for 2: M=998.87, monoclinic, P21/n, a=13.4426(11), b=14.6081(13),
¢=20.487(2) A, p=94.686(7)°, V=4OO9.6(6)/°\3, Z=4, pcac=1.655 g/cm3. The structure was solved by
Patterson method, subsequently ‘completed by a combination of least squares technique and Fourier
Syntheses (SHELXTL-PLUS) and refined by the full-matrix least squares technique (SHELXL.-93) based
on F2. The 2-hydroxypropyl fragments attached to the DTO nitrogens were found disordered, due to the
possible presence of different configurations of their chiral carbon atoms in the crystal packing, and their
final atoms that were refined isotropically. The H atoms were included in the refinement among the “riding
model” and with an unique common fixed isotropic displacement parameter. The structure refinement,
with all non-hydrogen atoms anisotropic (except the final terminal atoms of the DTO 2-hydroxypropyl
fragments), reached R(F)=0.0461. Two significant residuals (about 1.2 ¢ A-3) were revealed around the
inversion centre 7,0/, which might suggest the presence of possible disordered solvent molecules

(methanol or water): each attempt to interpret these peaks was unsuccessful.
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