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Only a limited number of structurally characterized car-
bonyl or carbonyl-substituted metal clusters containing more
than 30 metal atoms is known.[1±3] Metal clusters of high
nuclearity provide useful models for experimental[4] and
theoretical[5] studies of the metallization process. For instance,
we have recently ascertained that carbonyl clusters containing
highly connected (coordination number 12 and 13) metal
atoms behave as electron sinks; thus, [H6ÿnNi38C6(CO)42]nÿ

(n� 5, 6)[3b] and [Ni32C6(CO)36]6ÿ [3d] display an unusually rich
redox chemistry[6] that encompasses up to six oxidation
states.[7] Furthermore, the almost constant separation of about
0.3 V between the formal potentials of their electrochemically
reversible consecutive redox couples indicates the absence of
a well defined HOMO ± LUMO gap.[7] This finding led us to
pursue the synthesis of other carbonyl metal clusters with
several interstitial metal atoms to gain a better understanding
of the metallization process.

Here we report the synthesis and structural characteriza-
tion of the complex hexaanions 1 and 2, which are chemically
and structurally related to the previously reported clusters
[H6ÿnNi38Pt6(CO)48]nÿ (n� 4, 5, 6).[5a] The latter have a cherry
structure in which a Pt6 octahedron is fully encapsulated in a
n3

[8] Ni38 octahedron; the present clusters may be considered

as being derived by encapsulation of a Pt4 tetrahedron in an
incomplete n5 tetrahedron of nickel atoms.

[Ni36Pt4(CO)45]6ÿ 1

[Ni37Pt4(CO)46]6ÿ 2

The cluster anions 1 and 2 were obtained by reaction of
[NMe4]2[Ni6(CO)12] with K2[PtCl4] in the molar ratio 2.5:1 in
acetonitrile under nitrogen. The final brown mixture of pro-
ducts was separated by extraction with THF ([Ni9(CO)18]2ÿ,
[HNi9Pt3(CO)21]3ÿ),[9, 10] acetone ([H2Ni38Pt6(CO)48]4ÿ), pro-
pionitrile ([Ni9Pt3(CO)21]4ÿ, [HNi38Pt6(CO)48]5ÿ), and aceto-
nitrile ([Ni36Pt4(CO)45]6ÿ, [Ni37Pt4(CO)46]6ÿ). The hexaanions
1 and 2 are indistinguishable by IR spectroscopy, and their
[NMe4]� salts cocrystallize when a solution in acetonitrile is
layered with diisopropyl ether. The tetramethylammonium
salts were converted to other quaternary ammonium and
phosphonium salts by metathesis with the corresponding
halides in DMSO, precipitation with water, and crystallization
from acetonitrile/diisopropyl ether. The 1/2 mixture as the
[NMe3CH2Ph]� salts shows strong carbonyl absorption bands
in acetonitrile at 2003 and 1856 cmÿ1. The 1H NMR spectrum
([D3]acetonitrile, 25 8C) only shows signals for the trimethyl-
benzylammonium cation and organic solvents over the range
d�ÿ50 to �50.

The asymmetric unit of the cocrystallized mixture of
[NMe3CH2Ph]6-1 and [NMe3CH2Ph]6-2 consists of one anion
(1 or 2) located on a crystallographic C3 axis with an average
occupancy factor of 0.5, two [NMe3CH2Ph]� cations in general
positions, and a disordered isopropanol molecule located on a
crystallographic C3 axis.[11] The idealized metal framework of
1 can be derived from a n5 Ni56 tetrahedron (Figure 1 top) by

Figure 1. The n5 Ni56 tetrahedron (top) and the derived idealized Ni36Pt4

metal framework of 1 (bottom).
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replacing the four interstitial nickel atoms by platinum atoms
and by removing the 16 nickel atoms that belong to a set of
three edges having a common vertex (Figure 1 bottom). The
experimentally determined structure of the 1 is shown in
Figure 2 top. The departures of the metal framework from the
idealized model given in Figure 1 bottom consist of a heli-
coidal twist around the C3 axis and enlargement of the bottom
face of the outer Ni36 polyhedron. These distortions efficiently
minimize the energy of the molecule by increasing the number
of NiÿNi interactions (105 NiÿNi distances within the range
given in Figure 2 versus 102 in the idealized structure),

Figure 2. The structure of [Ni36Pt4(CO)9(m-CO)24(m3-CO)12]6ÿ (top) and
[Ni37Pt4(CO)7(m-CO)27(m3-CO)12]6ÿ (bottom). Metal ± metal distances [�]:
PtÿPt 2.709(1) ± 2.733(1), PtÿNi 2.536(2) ± 2.776(2), NiÿNi 2.421(2) ±
2.782(2).

provide better accomodation for the bulkier encapsulated Pt4

tetrahedron, and minimize nonbonding repulsions between
the carbonyl ligands, which comprise nine terminal, 24 edge-
bridging, and 12 face-bridging ligands.

Figure 2 bottom shows the structure of [Ni37Pt4(CO)7(m-
CO)27(m3-CO)12]6ÿ (2), which is derived by capping the unique
triangular face that constitutes the truncated vertex of the
polyhedron of Figure 2 top with a Ni(CO) moiety and by

tilting three formerly terminal carbonyl ligands into edge-
bridging positions. The addition of Ni(CO) fragments to
clusters does not alter the number of skeletal electron pairs,
and often subsequent additions (or subtractions) of this
moiety can be carried out.[3b±d, 15] The recently reported cluster
[H12Pd28Pt13(CO)27(PMe3)(PPh3)12][3h] has the same nuclearity
as 2 and analogously contains a fully interstitial Pd4 tetrahe-
dron. However, the two are neither isoelectronic nor iso-
structural.

The mixture of 1 and 2 is readily degraded by carbon
monoxide at atmospheric pressure to [Ni9Pt3(CO)21]4ÿ, where-
as oxidation with K2PtCl4 yields [H6ÿnNi38Pt6(CO)48]nÿ deriv-
atives. These reactions are probably the origin of most the side
products in the synthesis of 1 and 2. In contrast, preliminary
experiments indicate that the cluster anions of 1 and 2 can
remain intact over several reduction steps. Indeed, as shown
by IR monitoring, they are reduced by sodium naphthalene in
DMF in at least three distinct steps and can be quantitatively
reoxidized with tropylium tetrafluoroborate. Electrochemical
studies to evaluate the electron-sink behavior and the
separation between the one-electron energy levels in the
frontier region of 1/2 and [H6ÿnNi38Pt6(CO)48]nÿ are in
progress.

Experimental Section

1/2 : K2PtCl4 (0.80 g, 1.96 mmol) was added in portions over 6 h to a solution
of [NMe4]6[Ni6(CO)12] (4.03 g, 4.82 mmol) in acetonitrile (60 mL) under a
continuously renewed nitrogen atmosphere with stirring. The mixture was
stirred for 48 h. The resulting dark brown suspension was filtered, and the
filtrate evaporated to dryness. The residue was thoroughly washed in
sequence with water (40 mL), THF (60 mL), acetone (40 mL), and
propionitrile (60 mL). The brown residue was extracted with acetonitrile
(40 mL) and precipitated by layering with diisopropyl ether (40 mL) to give
black plates of cocrystallized [NMe4]6-1 and [NMe4]6-2 (610 mg, 0.13 mmol,
26.5 % based on Pt). The salts are soluble in acetonitrile, dimethylforma-
mide, DMSO, and N-methylpirrolidinone, sparingly soluble in acetone, and
insoluble in THF, alcohols, and nonpolar solvents. Elemental analysis for
[NMe4]6[Ni36Pt4(CO)45] and [NMe4]6[Ni37Pt4(CO)46]: calcd (1:1 mixture)
(%): Ni 46.16, Pt 16.81, C 17.97, H 1.55, N 1.81; found: Ni 45.87, Pt 16.52, C
18.08, H 1.63, N 1.70.

The corresponding cocrystallized mixture of [NMe3CH2Ph]6-1 and
[NMe3CH2Ph]6-2 was obtained by metathesis of the tetramethylammonium
salts in DMSO solution with an aqueous solution of trimethylbenzylam-
monium chloride. The salt was precipitated with water, washed with
isopropanol, and crystallized from acetonitrile/diisopropyl ether. IR
(CH3CN): nÄCO� 2002 (s) and 1854 cmÿ1 (s); elemental analysis: calcd (1:1
mixture) (%): Ni 42.03, Pt 15.31, C 24.84, H 1.88, N 1.65; found: Ni 41.87, Pt
15.12, C 24.94, H 1.93, N 1.56.
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A Chelate with Conformational Memory?**
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Advances in NMR techniques have enabled detailed
observation of some dynamic phenomena at the molecular
level. One problem that has attracted attention is restricted
rotation around single bonds,[1] particularly in chiral mole-
cules. Because of their movements, some molecular systems
have been referred to as molecular motors, brakes, ratchets,
etc.[2±5] The possible selective directionality of these restricted
rotations is governed by the principle of microscopic rever-
sibility: Rotations that interconvert degenerate states cannot
have a preferred sense.[3, 6] An illustrative case of this and
other related basic aspects is presented here.

The complexes [Rh(diene){P(bzN)3}]BF4 (1: diene� 1,5-
cyclooctadiene (cod), 2 : diene� tetrafluorobenzobarrelene
(tfb); bzN� 2-(dimethylaminomethyl)phenyl) are square pla-
nar in solution, and the P(bzN)3 ligand acts as a P,N chelate
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with two pendant amino group arms. The chelate ring has a
boat conformation, which makes the complexes chiral (rac-
emic).[7] Racemization by inversion of the boat is slow on the
NMR time scale at room temperature, as can be seen in the 1H
COSY spectrum of 1 (Figure 1). The four olefinic hydrogen
atoms are inequivalent, the CH2 groups give rise to three AB
systems, and the methyl groups give four singlets (3:3:6:6);
hence, the two methyl groups on the coordinated N center are
inequivalent, and those at each pendant N atom are equiv-
alent owing to fast inversion of the amino group, although the
two pendant arms are inequivalent.[8] The coordination plane
clearly defines two half-spaces, one concave and one convex,[9]

which contain the two possible positions for nucleophilic
attack by an entering ligand (Scheme 1).
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