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[Pt(CN),-2Me3SnCN-2Me3;SnOH-bpe], (bpe=trans-1,2-bis(4-pyridyl)ethylene), the First
Double-Sinusoidal Platinum-Tin Coordination Polymer
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The coordination polymer [Pt(CN),-2Me3SnCN-
2Me;SnOH-bpe], was prepared and structurally characterized
by X-ray diffraction analysis which consists of one-dimensional
double-sinusoidal chains.

Metal coordination-driven self-assembly and hydrogen
bonding have been used as powerful tools for the formation of a
wide variety of discrete supramolecular materials.! The synthesis
of coordination polymers of well-defined shape and functions via
metal complexation and nonbonding intermolecular interactions
is of particular interests since their potential applications in
catalysis, ion-exchange process and gas absorption and
separation.” The variety of metal coordination geometries, as
well as ligand size, shape and functionality, has led to the
generation of thousands of 1-, 2-, and 3-D compounds.3 We have
been interested for some time in the formation of one-dimensional
coordination polymers which are expected to be useful as nano
wires.* Here we report the synthesis and structural characteriza-
tion of a novel quadruple adduct, [Pt(CN),-2Me3;SnCN-
2Me;SnOH-bpe], (1), which is revealed to have a double-
stranded sinusoidal structure.’

The compound 1 was obtained as yellow air-stable crystals by
spontaneous self-assembly in reacting K,[Pt(CN)4] with
Me;SnCl and bpe in a ratio of 1 : 2 : 1. Suitable single crystals
were grown by slow evaporation of its acetone/H, O solution. The
composition of [Pt(CN),-2Me;SnCN-2Me;SnOH-bpe], was
confirmed by elemental analysis. To our knowledge it is the first
one-dimensional quadruple coordination polymer of sinusoidal
structure containing platinum and organotin fragments.

The structure of 1 is a sinusoidal chain consisting of the four
alternate building blocks, [Pt(CN),], Me;SnOH, Me; SnCN, and
trans-1,2-bis(pyridyl)ethylene (bpe), which are mutually
bridged. The observed sinusoidal structure is derived from the
primary structure of [Pt(CN)4]*~ [(Me3Sn),OH]*, and bpe units.
Thus these mutually bridged building blocks form the quadruple
platinum-tin heterometallic sinusoidal polymer (Figure 1). As in
many earlier described cyanometallate-tin coordination poly-
mers,® the Sn(IV) ions are pentacoordinated with N and O atoms
occupying axial site of the bridging Me;Sn™ units, and thus
making the coordination sphere of each Sn atom trigonal
bipyramidal. The Sn(2)-N(3) (pyridyl, 2.509(6) A) bond is much
longer than the Sn(1)-N(2) (cyanide, 2.433(7) A). The pyridyl
ring and cyanide ion are approximately perpendicular to the
Me;Sn™ planar moiety, and the N(2)-Sn(1)-O(1) (177.0(2)°)
and N(3)-Sn(2)-0(1) (174.4(2) °) angles deviate from 180 °, but
are quite close to the ideal value. The hydrolysis of R3SnCl to
R3SnOH or R3SnOSnRj often occurs in the presence of water,
and the oxonium [(Me3;Sn),OH]™ building block of 1 strongly

resembles the corresponding units present in other polymeric
Me;Snt derivatives.®®” The two Sn—O bond distances are
2.162(5), 2.140(5) A for Sn(1)-O(1) trans to cyanide group and
for Sn(2)-O(1) trans to pyridyl ring respectively. The former is
comparable with reported values in
[("BugN)(Me3Sn),OH][Ni(CN)4]7* and the later is relatively
shorter.

@

Figure 1. (a) A thermal ellipsoid plot of a portion of
the chain. Hydrogen atoms have been omitted for
clarity. Selected bond distances and angles: C(1)-Pt(1)
1.990(8), C(2)-Pt(1) 1.996(7), C(1)-N(1) 1.140(10),
C(2)-N(2) 1.135(10), N(2)-Sn(l) 2.433(7), N(3)—
Sn(2) 2.509(6), O(1)-Sn(2) 2.140(5), O(1)-Sn(1)
2.162(5), N(1)-C(1)-Pt(1) 179.3(7), N(2)-C(2)-
Pt(1) 178.9(8), C(1)-Pt(1)-C(1A) 180.000(1), C(1)—
Pt(1)-C(2) 90.8(3), C(1)-Pt(1)-C(2A) 89.2(3), Sn(2)—
O(1)-Sn(1) 137.4(2), O(1)-Sn(2)-N(3) 174.4(2),
O(1)-Sn(1)-N(2) 177.0(2). A -x, -y+1, -z+2; B,
-x+1, -y—1, -z. (b) A space-filling view of the
sinusoidal chain.

As expected, the [Pt(CN),4]*~ unit remains square planar with
normal Pt—C (average 1.993 A), C-N (average 1.140 A) bond
lengths and Pt—C-N angels (nearly 180 °), which are similar to
those of related [Pt(CN),4]?~ salts.® The bridging and the terminal
CN~ ions do not show significant difference for their Pt—C and C—
N distances. Platinum atoms are located at the crystallographic
center of symmetry (at 0.5, —0.5, 0) with refined site occupancy
factor of 0.5. Obviously, the multiplicity of the special platinum
position is half the multiplicity of the general position of the space
group P1.

The coordination polymer exhibits a sinusoidal architecture
in the solid state. The sinusoidal corrugation is generated along
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Figure 2. Crystal packing diagram of [Pt(CN),-
2Me;SnCN-2Me;SnOH-bpe],, showing the double-
sinusoidal corrugation and hydrogen bonds.

the crystallographic Pt - -Pt- - -Pt axis. The alignment of Pt atoms
forms the central axis of its corresponding sinusoidal chain. Each
two sinusoidal chains are interwrapped along their Pt- - -Pt- - -Pt
axes (Figure 2). The adjacent chains are linked via hydrogen
bonds, and the shortest contacts between neighboring chains are
observed to be N(1)---O(1) (2.802 A). It seems that the double
sinusoidal structure is governed by the weak hydrogen bonds.

In summary, the compound presented here is the only
example reported to date of a double stranded sinusoidal structure
formed by [Pt(CN),]>~ anion and R3Sn* cations. The composi-
tion of the polymer is unprecedented. The formation of the
corrugations via self-assembly using the coordination motif is
truly remarkable, since the four building units have to be linked
together properly in the sequence and manner, and simulta-
neously the oxonium ions have to be formed.
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