Anion-templated formation of a unique inorganic ‘super-adamantoid’ cage
[Age(triphos)4(OsSCF3)4)2* [triphos = (PPh,CH5)sCMe€]
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In the presence of templating anions, 2 : 3 molar mixtures of
triphos and silver(r) cations unexpectedly give novel hex-
anuclear cages, which result from an unusual ‘endo-methyl’
geometry of the triphos ligands.

Multidentate ligandsin general tend to promote the formation of
metal clusters or aggregates by forming radial metal-igand
bondswhich placethe metal atoms at the centre of the molecule.
For example, 2:2 (ligand: metal) diphosphine complexes of
silver(r) or copper(i) generaly form dinuclear rings shown in
Fig. 1(a) and (b), with terminal or bridging anions.* Metallo-
cage assembly is receiving increasing attention,2 and the use of
appropriate tripodal phosphines in a 2:3 ratio might be
expected to give trinuclear cages of the type shown in Fig. 1(c).
The only triphos [MeC(CH,PPh,)3] silver(r) complex to be
structurally characterised so far is the mononuclear 1:1
complex [Ag(triphos)l].3 Here we report our unexpected
observation that a 2:3 molar mixture of triphos and silver(i)
ions in fact gives a novel hexanuclear cage of formula
[Ags(triphos)4X4]2*. The triphosphine ligands assemble with
their methyl groups concentrating in the central region of the
molecule, and the dative bonds to the complexed phosphino
substituents lead to an aggregate of silver ions on the surface.
Anions are further complexed to the outside of the cage and
appear to play an important templating role.

When solutions of triphos aretitrated against asilver(r) salt of
an oxo anion [AgX] (X = SO3CF3, ClO,4, NO3) and monitored
by 31P{1H} NMR spectroscopy, broad featureless signals are
seen until amolar ratio of 2: 3 (triphos: silver) isreached, when
only a very sharp pattern with well defined 199Ag-3!P and
107Ag—31P coupling is observed. Crystalsof the2: 3 adduct 1 (X
= SO5CF; 1a, ClO4 1b, NO3 1c)T suitable for X-ray analysis
were grown by diffusion of hexane into a tetrachloroethane—
acetonitrile solution of the complex.t The molecular structure
(Fig. 2) is based on a cage of stoichiometry [Age(triphos),-
(O3SCF3)4)2+ with approximate T symmetry.8 It may be simply
represented as a truncated tetrahedron in which the four triphos
ligands define the truncated apices and the six silver ions
occupy the edges (Fig. 3). Thefour faces of the cage correspond
to fused 18-membered rings each having local Cz symmetry,
containing six phosphorus atoms and three silver(r) centres.
Approaching each facial trio of silver(r) atoms is a triflate ion
with its oxygen atoms directed inwards. A novel feature is the
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Fig. 1 Macrocyclic diphosphine silver(t) and copper(r) complexes with
terminal (&) or bridging (b) anions and postulated trinuclear cages based on
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Fig. 2 Thecentral core of complex 1a. The phenyl and methyl groups on the
triphos ligands have been omitted for clarity.

‘endo-methyl’ conformation of the triphos ligands, in which
their methyl groups point toward the centre of the cage, leaving
only a small cavity of van der Waals radius ca. 2.4 A at the
centre. This arrangement differs markedly from the ‘exo-
methyl’ conformation observed when triphos acts as a face
capping ligand.# As a consequence, the in-pointing methyls
generate an ordered hydrophobic interior and the Ag* and
O3SCF;— ions form a polar spherical surface.

The average Ag-O distance is 2.66 A indicating a significant
degree of interaction [cf. 2.639(4), 2.712(6) and 2.74(2) in
[Agxf{ u-PhoP(CH,)6PPh,} 2(1-ClO4),] 28] Theresulting geome-
try at each Ag(1) centre can best be described as distorted
tetrahedral, the angles subtended at the two independent metal
centres by the phosphorus atoms being 144.6(1) and 147.9(1)°,
and by the oxygen atoms 128.2(5) and 126.8(5)° respectively.
The O-Ag-O and P-Ag—P planes at each silver ion are
essentially orthogonal (between 88 and 90°). The Ag-P

Fig. 3 Truncated tetrahedral representation of complex la.
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Fig. 4 Space-filling representation of the solid state structure of 1a viewed
aong the crystallographic C; axis.

distances are in the range 2.405(4)—2.416(4) A. The ability of
triflate to coordinate to the cage is perhaps surprising given the
steric bulk of the triphos phenyl substituents. However, the
spacefilling representation of 1a (Fig. 4) revea show the phenyl
groups are arranged in such a way as to provide channels
through which the triflate anions can approach the silver ions.
These channels are chiral and could potentially discriminate
between enantiomeric anions.

The presence of four faces which are tetrahedrally disposed,
each with approximate C3 symmetry (as in adamantane) but
composed of 18-membered rings (cf. six-membered as in
adamantane) suggests the description ‘ super-adamantoid’ for
the cage. In the super-adamantoid cage, bridgehead atoms are
replaced by tridentate triphos ligands, and the bridging atoms
are replaced by silver ions.

As mentioned above, in solution, sharp 31P NMR spectraare
observed at room temperature which indicate chemically
equivalent phosphorus atoms. The silver—phosphorus coupling
constants 1Jiws, 4 15 for 1la—c liein the range 588-561 Hz which
is consistent with the silver(r) centres being coordinated to two
phosphine groups.>6 In addition the, albeit small, variationsin
chemical shift and silver—phosphorus coupling constants be-
tween 1a, 1b and 1c imply that some degree of anion
coordination occurs at the silver(1) centres in solution. This is
further supported by the 1°F NMR spectrum of the triflate
complex la, which consists of two singlets at § —77.9 and
—78.6ina4:2intensity ratio, as expected for four coordinated
and two free triflate anions. On the basis of the closely related
NMR spectra of complexes 1a—c, we assume that similar cage
structures are formed, at |east in solution, for complexes 1b (X
= ClO4) and 1c (X = NOg). By contrast, under similar
conditions, a mixture of triphos and AgBF, gave a solution
whose 31P NMR spectrum consisted for the main part (98% of
the total intensity) of a broad signa lacking any evidence of
109Ag-31P couplings. The remaining 2% consisted of sharp
signals indicative of cage formation. With AgSbFs, only the
broad featureless signal was observed. It therefore seems that
theless nucleophilic BF, and SbFs anions are unable to promote
the selective formation of the cage structure in solution.

The anion-specific behaviour noted above, i.e. selective
formation of arigid cage when X = SO3CF3, CIO4 or NO3 vs.
more |abile species in which phosphine dissociation occurs on
the NMR timescale at room temperature when X = BF,4 or
ShFs, may be related to the us-face-capping coordination mode
of the anion in the structure. The anion is required to be
tridentate and reasonably nucleophilic. These criteria are
satisfied by the O3SCF3, ClO4 and NOs anions, but not BF4-
and SbFs-.

In conclusion, complexes 1 have a unique super-adamantoid
structure which results from the phosphines adopting a novel
tetramer at the centre of the molecule, providing an outer
surface which enables the coordination of six silver ionsin an
octahedral aggregate. This unusual geometry is stabilised by
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tridentate anions capable of capping the faces of the octahe-
dron.

Wewould liketo thank Dr J. S. Fleming and Mr C.-A. Carraz
for obtaining 1°F NMR spectra.

Notes and references

T Experimental: in atypical preparation, asolution of triphos (70 mg, 0.122
mmol) in tetrachloroethane (4 cm3) was added to a solution of [AgX] (0.183
mmol) in MeCN (1 cm3) and the resulting solution layered with hexane to
give the product as colourless crystals. 3P NMR (110 MHz, CD3;CN-
CDCl3, 4:1, 25°C, 85% H3PO,) 6 —5.95 (LJwoag =2p 588 Hz) 1a; —4.49
(Lroopgo1p 587 Hz) 1b; —4.75 (YJiweag s1p 561 HZ) 1c. Reactions between
triphos and AgBF, or AgSbFs were conducted similarly. 31P NMR (110
MHz, CD3CN-CDCl3, 4:1, 25 °C, 85% H3PO,); AgBF,: 98% of total
intensity is a broad signal from 6 —5 to —12, 2% is sharp, with 6 —3.67
(LJrspg-21p 588 Hz); AgSbFe: broad signal from 6 —5to —12.

t Crystal data for la  [(CiesH1s6P12A06)(CF3SOs)4] (CFs-
S03)2:6(C,H2Cls), M = 5047.2, rhombohedral, space group R3 (no. 148),
a = 24.454(2), c = 70.832(6) A, V = 36684(5) A3, Z = 6 (the complex has
crystallographic C3 symmetry), D, = 1.371 g cm—3, y(Cu-Ka) = 79.5
cm—1, F(000) = 15192, T = 183K, clear prisms, 0.53 x 0.53 x 0.37 mm,
Siemens P4 rotating anode diffractometer, w-scans, 11915 independent
reflections. The structure was solved by direct methods and al of the non-
hydrogen atoms of the complex and its associated counter-ionswere refined
anisotropically. The solvent molecules and the remaining counter-ionswere
found to be highly disordered and could not be resolved. They were thus
modelled by the assignment of appropriate partial occupancy atomstofit the
electron density throughout the diffuse area. Refinements were by full
matrix |east-squares based on F2 to give R; = 0.109, wR, = 0.283 for 5962
independent observed absorption corrected [semiempirical based on y-
scans, max. and min. transmission factors 0.23 and 0.08 respectively]
reflections [|Fo| > 40(|Fo|), 20 < 120°] and 720 parameters. CCDC
182/1030.

§ The crystallograpic symmetry is C3 only about an axis passing through
one of the triflate anions, though the departures from this symmetry about
the other three anions are only dlight.
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6 Camali et al. (ref. 3), in broad agreement with our observations, report
that reaction between triphos and [AgX] (X = ClO4 or NO3) was found
to give complexes with silver—phosphorus coupling constants ‘higher
than expected for complexes of the type AgPs’ (P = phosphine). While
noting that definitive structure assignments could not be made, it was
postulated that these complexes were two-coordinate with one arm of the
triphos ligand non-coordinate. We suggest that they were in fact
observing the cages 1b and 1c respectively.
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