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Soluble p-block polyanions (Zintl ions) have been known for
over 100 years! and are still a subject of current interest.2 The
group 14 polyanions of Ge, Sn, and Pb form electron-deficient
boron hydride-like polyhedral clusters (e.g., Sng*, Pbs?-), whereas
the group 15 polyanions of P, As, Sb, and Bi adopt polycyclic
hydrocarbon-like structures.? Insertion of transition metals into
Zintl ions sometimes effects structural rearrangements, such as
the transformation of the nortricyclic E,*- ions (1) into norbor-
nadiene-like fragments in the [E;M(CO);]*- compounds (E =P,
As, Sb; M = Cr, Mo, W)34 or the formation of a cyclooctane-like
Asg? ring in the [NbAsg]*-ion.’ Introduction of zero-electron-
donor transition-metal fragments [e.g., Cr(CO);, Fe(CO),, Ni-
(CO)] intoelectron-precise group 15 polyanions should (in theory)
transform the clustersinto electron-deficient polyhedral structures
inaccordance with Wade’srules.6 Herein we report the synthesis
of [SbyNi3(C0O);]%- (2) from Sby*- and Ni(CO),(PPh;),, which
represents the first example of this type of transformation. The
structure of 2 exhibits a new nido-10(iv+iv) cluster type.”

Ethylenediamine (en) solutions of K;Sb; react with toluene
solutions of Ni(CO),(PPhj), in the presence of 2,2,2-crypt?
(1:1:3 molar ratio, respectively) to give low yields of [K-
(2,2,2-crypt)*13[SbsNi3(CO);3]*~en after 28 h at room temper-
ature.? The dark red-brown crystalline compound has been
characterized by IR spectroscopy, elemental analysis,® and single
crystal X-ray diffraction.® The formation of the [SbyNi3(CO);]3-
ion (2) involves the formal insertion of three Ni(CO) fragments
into the Sbs* cage. A 1:1 ratio of Sby*- to Ni(CO),(PPhj),
reproducibly yields the [K(2,2,2-crypt)*] salt of 2 in an average
14% crystalline yield (based on Ni); however, the more reasonable
1:3 ratio of reagents does not yield any detectable 2. The IR
spectrum (K Br pellet) of this compound shows three »(CO) bands
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Figure 1. ORTEP drawing of the [SbyNi;(CQ);]*-ion. Pertinent bond
distances (A) are: Sb(1)-Sb(2) = 2.917(8), Sb(1)-Sb(6) = 2.877(8),
Sb(1)-Ni(1) = 2.57(1), Sb(1)-Ni(3) = 2.52(1), Sb(2)-Sb(3) = 2.873-
(8), Sb(2)~Ni(1) = 2.59(1), Sb(2)~Ni(2) = 2.50(1), Sb(3)-Sb(4) =
2.915(8), Sb(3)-Sb(6) = 2.842(8), Sb(3)~Ni(2) = 2.62(1), Sb(4)-Sb-
(5) = 2.846(8), Sb(4)-Sb(7) = 2.935(8), Sb(4)-Ni(2) = 2.51(1), Sb-
(5)-Sb(6) = 2.810(8), Sb(5)-Sb(7) = 2.977(8), Sb(5)-Ni(3) = 2.51(1),
Sb(6)-Ni(3) = 2.71(1), Sb(7)~-Ni(1) = 2.54(1), Sb(7)~-Ni(2) =
2.65(1), Sb(7)~-Ni(3) = 2.61(1), Ni(1)=Ni(2) = 2.79(1), Ni(1)-Ni(3)
= 2.68(1), Ni(1)-C(1) = 1.54(7), Ni(2)-C(2) = 1.76(7), Ni(3)-C(3)
= 1.62(7).

at 1864, 1845, and 1823 cm-!, which is consistent with the solid-
state structure.

The structure of [K(2,2,2-crypt)*]3[SbsNi3(CO);]3--en was
determined by single-crystal X-ray diffraction.’ The ORTEP
drawing of 2 shown in Figure 1 reveals a virtual mirror plane
defined by Ni(1), Sb(7), and C(1). The three [K(2,2,2-crypt)]*
ions are well separated from the anion; two are well-behaved
crystallographically and oneis partially disordered. The ensolvate
molecule was not located in the X-ray analysis, presumably due
to a disorder problem.31!

The structure of 2 may be viewed as a 10-vertex nido cluster
with virtual C; point symmetry. Thenidoarchitectureisconsistent
with the 24 cluster electrons in the complex, which is a 2n + 4
polyhedron according to Wade’s rules.6 However, the structure
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differs from the other known nido complexes (e.g., BioHya,
C,BgH;(?")"12 that have open six-membered rings [a nido-10(vi)
structure (3)]. The structure of 2 contains two four-membered
rings [a nido-10(iv+iv) structure]? fused along a common edge
defined by Sb(6)-Sb(3) [bold bond instructure 2]. Analternative
description of the structure involves a 24-electron [SbyNi(CQO)]*-
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cuneane!3core (4) with an Sb(7)-Ni(1) bladeedge. Thiscuneane
core is electron-precise with 12 two-center, two-electron bonds.
Two additional Ni(CO) fragments then cap the open faces in 4
to generate 2.

The Sb—Sb bonds between the four-coordinate Sb atoms in 2
range between 2.810(8) and 2.917(8) A with longer contacts to
the five-coordinate Sb(7) [Sb(7)-Sb(5) = 2.977(8), Sb(7)-
Sb(4) =2.935(8) A]. These contacts are longer on average than
the bonds between two- and three-coordinate Sb atoms in the
parent Sb;*- ion (2.693(4) - 2.880(4) A)14 and related
[SbM(CO0);]* complexes [2.706(2)-2.722(2) A] where M =
Cr, W.4 The Ni(1)-Ni(3) and Ni(1)-Ni(2) contacts in 2 are
2.68(1) and 2.79(1) A, respectively, which are similar to the
distances found for the intrapentagonal Ni-Ni contacts in
[Ni;o(SbPh)2(CO)y5]%- (2.680(2)-2.908(4) A)1S and related
compounds.!617 The Ni-Sb contactsin 2, which range from 2.50-
(1) to 2.71(1) A, are also similar to the Ni-Sb bonds in
[Nijo(SbPh),(CO)1s]2- (2.531(2)-
2.581(1) A)* and the noninterstitial Ni-Sb contacts in
[Ni;3Sba(CO)24]™ where n = 2,3 (2.522(1)-2.770(1) A).17
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Cr, Mo, W.418 Formation of 2 from 1 can be accomplished by
breaking the bonds between Sb(1)-Sb(7) and Sb(6)-Sb(2),
making bonds between Sb(6)-Sb(3) and Sb(6)-Sb(1), and adding
three Ni(CO) fragments, as shown in Scheme I. The exact
mechanism of this transformation is not known.
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