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The encapsulation of a metal ion by a cryptand ligand has Scheme 1

dramatic effects on both the thermodynamic stability and kinetic AN
reactivity of the resulting cryptate complex since the metal ion o /') l)\PI_C,O
is physically trapped and cannot easily eschp€his paper N /‘7“\ /1IN _r
describes examples of cluster cryptate complexes in which <:P,-"P{\ /C'O O_C\ //P’-.._v 3
mercury(0) or thallium(l) is entrapped and in which binding of LR S % F
the metal triggers the encapsulation process. ° Pt
Reduction of [PtCG{(Me,S)] with excess NaBH in the }%ppp ! -de
presence of dppp= PhhP(CH)sPPh and CO gave the new .\
cluster complex [R{u-CO)(u-dpppi(dppp}, 1, in 85% yield r/\/\p T/\/\
as a brown-red solid. Clustdrcan be considered to contain Pt IL o T
two separate Btlusters bridged by twa-dppp ligands, and it /&C\(:/XN”C\/O L YK/\/\//—\E\/\O
was readily characterized spectroscopically comparison to 0§ lli.///“ %C\\P’,/" -He 0’“& &“\&C\n)’
the known trinuclear complex [EL-CO)(PCys)2(dppp)]3 At g /p( C/ Jis (;: \}(C
room temperature, the NMR spectra indicate an effective plane P 0 P PO P
of symmetry containing all platinum atoms, the carbonyl ligands, \/z\/ ¢ v:,\/ ©
and phosphorus atoms of thedppp ligands and bisecting the
chelating dppp ligands. Thus, for example, only t#® was determined crystallographicaflyThe thallium is bonded

resonances of equal intensity are observed, one due to then sandwich fashion to all six platinum atoms, which themselves
bridging and one to the chelating dppp ligands. However, at have a geometry intermediate between the trigonal prism and
low temperature, two resonances are observed for the phos-antiprism [the dihedral angles typified by P(1)Pt(1)Pt(5)P(5) and
phorus atoms of the chelating dppp ligand, indicating somewhat P(1)Pt(1)Pt(4)P(4) fall in the ranges 32:34.4 and—79.0 to
lower symmetry while maintaining the open structére. —86.8’; ideal values would be 0 ang12C for the trigonal
o ) prism and 60 and—60° for the trigonal antiprism]. The high
Clusterl reacted with either mercury or TI[Ro give free symmetry of2, for example, is demonstrated by the presence
dppp and the closed clust2(6 h to completion, 75% yield) or ¢ single resonances in tH&C (for 13CO ligands),3!P, and
3 (10 min to completion, 82% yield), respectively, in high yield 19t NMR spectr#. While one other sandwich cluster of
(Scheme 1). Solutions df—3 are red, green, and green-blue, mercury is knowrf, 3 appears to be the first example of a
respectively, and so the reactions are easily monitored by thesandwich cluster of thallium(l), and the easy formation of a
color changes as well as by NMR spectroscopy. Large crystals
of 2 and3 appear black. The clusters were readily characterized (4) Crystal data for [TIR{dppp}(CO)](BPhs)-CH-Cl>: monoclinic, space

; ; ; groupP2y/n, a = 16.571(4) Ab = 26.030(6) A,c = 27.447(6) A3

by their spectroscopic propertiésnd the structure @3[BPhy] = 95.80(2). V — 11778(4) &, Z — 4: Mo Ka radiation £ — 0.710 73
A, Ry(F) = 0.0999.
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Figure 1. (a) View of the structure of the cluster cati@ Metal-
metal distances are in the ranges-Pt = 2.860(3)-2.992(3) A and
Pt—Pt= 2.658(3)-2.682(3) A; the closest intertriangle-FRt distance

is Pt(2)Pt(6)= 5.036(3) A, which is clearly nonbonding. The angle
between the planes Pt(1)Pt(2)Pt(3) and Pt(4)Pt(5)Pt(6) is 2.0)
Space-filling model showing the encapsulation of the thallium(l) ion.
This is a view along the largest channel for entrance to or exit from
the cage.

cryptate cluster 4, 3) from an open cluster1j is also
unprecedente#l®
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Why are these reactions so selective? Attempts to prepare
[Pts(u-CO)(u-dppp}], with no “guest” metal incorporated, by
using the procedure for synthesisldbut with reduced amounts
of dppp, have been unsuccessful since driyd decomposition
products are formed, but if the reaction is carried out in the
presence of mercury? is formed easily. It may be that the
44-electron configuration of eachsRinit in 1 is preferred to
the 42-electron configuration in the hypothetical closed cluster
or that entropy effects favor the open structure. Clearly, the
sandwich-type coordination of merc@rgr thallium(l) is suf-
ficient to overcome these effects and the structure is easily closed
by formation of the thirdu-dppp group, thus leading to
encapsulation of the guest metal. Can the metal escape the
cage? The presence of the short (zHbridges (the cage bars)
leads to a relatively rigid structure with holes that are too small
to permit a heavy metal to pass through (Figure 1), but an
experimental test of guest metal inertness was needed. Cluster
3 failed to react with mercury, b did react slowly with TI-
[PFs] over 24 h to give3. It is proposed that this metal
replacement reaction occurs by at least partial opening of the
cluster to allow the mercury to leave and the thallium to enter,
thus accounting for the much slower reaction of With 2
compared td.. In contrast, in the absence of the cryptand effect,
the binding of Hg(0) or TI(l) to Rtclusters is weak and easily
reversible?
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