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Hexahydro-closchexaborate as a Ligand in
Coordination Compounds: Synthesis and Crystal
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Table 1. Crystallographic Data for
(n-BU4N)2[Cd(7’]3-BeH6)2]‘2CH2C|2
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Introduction

Many derivatives of the smallest and moderately stalisc
[BsHe]2~ have been synthesized; however, only a few examples
are published in which the dianion or othelosoborates are
coordinated to metal centers. Recently we described the first
n° complexes with transition metals: (FH[Hg(@®-BeHs)Ph]
[M5(u-bis#3-BgHe)2(PPh)2] (M = Cu, Au)? While the Hg-

(1) cation is coordinated to only one hexaborate anion im&n
fashion with the short distance to thg @lane being 2.17 A, in
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the case of Cu(l) and Au(l) the hexaborate functions as a
bridging ligand, coordinated to the metal centers with two
opposite B facets in symmetrica}® fashion with the distance
1.92 and 2.10 A, respectively.

In this paper we report the syntheses of another new type of
a coordination compound, [Cgf-BeHg)2]2~. By X-ray dif-
fraction analysis, it has been confirmed that the Cd(ll) cation
is symmetrically coordinated with two hexaborate clusters, each
n3-bound via one Bfacet. The new compound has been further
characterized by!B NMR investigations.

Experimental Section

General Procedures. Solvents were dried and distilled by standard

AR1=3|Fo| — |Fell/ZIFol. WR2 = [3[W(Fo? — F)/ 3 [WFT Y2

Table 2. Atomic Coodinates x10* and Equivalent Isotropic
Thermal Parameters A< 109) for (n-BusN)[Cd(;73-BeHe)2]*
2CHCl (Ueq Defined as One-Third of the Trace of the
OrthogonalizedJ; Tensor)

atom X y z Uyg
Cd 10000 0 0 39(1)
B(1) 8163(4) 1160(4) 1405(3) 37(1)
B(2) 8361(4) 2297(4) 362(3) 39(1)
B(3) 7297(4) 1116(4) 487(3) 37(1)
B(4) 6273(4) 1741(4) 1620(3) 42(1)
B(5) 7300(4) 2881(4) 1499(3) 38(1)
B(6) 6464(4) 2844(4) 622(3) 42(1)

procedures. Unless otherwise noted, reagents were obtained from

commercial suppliers and used as received. The compomiBigl),-

[BeHe] 34and [CAC}(PPhy);] ® were prepared according to the literature

procedures.!'B NMR: Bruker AM 400 (128.38 MHz) with BF-OE®

as external standard. IR: Matson Genesis FT-IR.
(n-BuaN),[Cd(#%-BeHe)2] (1). A solution of [CACL(PPh),] (0.14

g, 0.2 mmol) in CHCIl; (10 mL) was added to a solution of

(n-BuaN)2[BeHe] (0.2 g, 0.4 mmol) in CHCI, (10 mL) at 40°C. After

the mixture was stirred for 48 h, the solution was evaporated to dryness.

The colorless residue was dissolved in £H (5 mL), filtered, and

layered with petroleum ether. After few daysBusN),[Cd(13-BeHs),]

a Symmetry transformations used to generate equivalent ates:
+2, -y, —z

Crystal Structure Determination. Diffraction data were collected
on an Enraf-Nonius CAD4 four-circle diffractometer with a graphite-
monochromated Mo K radiation sourcel(= 0.710 69 A). A suitable
single crystal was affixed to a glass fiber using silicone grease. Lattice
parameters were obtained from least-squares analysis of 25 machine-
centered reflections. The intensities recorded at 208 K were corrected
for Lorentz and polarization factofs Three standard reflections were
measured every 200 reflections to monitor crystal deterioration and

(1), precipitated as a colorless crystalline material, was collected, washedX-ray beam intensity. The structure was solved by using the direct

with diethyl ether (10 mL), and driesh vacuo. Yield: 0.1 g (55%).
Crystals ofl-2CH,CI; suitable for X-ray diffraction analysis were grown
by slow diffusion of petroleum ether into a GEl, solution of1. B
NMR (CD.Cl,, 128.38 MHz, 298 K):6 —16.34 (d, 12BJsy = 129
Hz). IR (KBr, cnTl): 2519, 2498, 2456 (s, BH). Raman: 2523,
2500, 2456 (m, B-H).
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Table 3. Selected Bond Lengths (A) and Angles (deg) for
(n-BU4N)2[Cd(7]3-BGH6)2]'2CH2C|2

Distances
Cd-B(1) 2.388(10) B(2)B(3) 1.780(9)
Cd-B(2) 2.404(14) B(2)B(5) 1.703(7)
Cd—-B(3) 2.451(14) B(2)-B(6) 1.702(11)
Cd—H(1) 2.50(6) B(3)-H(3) 1.04(4)
Cd—H(2) 2.48(4) B(3)-B(4) 1.701(7)
Cd—H(3) 2.36(4) B(3)-B(6) 1.702(10)
B(1)-B(2) 1.798(7) B(4y-H(4) 1.10(5)
B(1)—-B(3) 1.783(6) B(4>B(5) 1.718(9)
B(1)—B(4) 1.703(11) B(4)-B(6) 1.729(7)
B(1)—-B(5) 1.697(10) B(5)-B(6) 1.708(6)
B(1)—H(1) 1.03(6) B(5)-H(5) 1.15(4)
B(2)—H(2) 1.17(4) B(6)-H(6) 1.06(4)
Angles
B(1)—Cd—B(2) 44.1(3) B(1)-B(2)—Cd 67.5(3)
B(1)—Cd—B(3) 43.2(2) B(3)-B(2)—Cd 69.9(4)
B(2)—Cd—B(3) 43.0(3) B(5)-B(2)—Cd 124.9(3)
B(1)—-Cd—H(1) 24.3(14) B(6)-B(2)—Cd 128.2(4)
B(2)—Cd—H(2) 27.6(10) H(2)-B(2)—Cd 80(2)
B(3)—Cd—H(3) 24.8(10) B(1)}-B(3)—Cd 66.5(3)
B(2)-B(1)—Cd 68.4(4) B(2)-B(3)—Cd 67.1(4)
B(3)-B(1)—-Cd 70.3(3) B(4)-B(3)—Cd 124.7(3)
B(4)—B(1)—Cd 128.3(3) B(6)-B(3)—Cd 125.4(4)
B(5)—-B(1)—-Cd 126.1(4) H(3)-B(3)—Cd 73(2)
H(1)-B(1)-Cd 84(3)

Notes

Figure 1. Molecular structure of the complex anion [G&(BsHs)2]>~
in the crystal, showing the 50% probability thermal ellipsoids.

bond lengths of 2.392.45 A. Compounds with MH—B

Crystallographic data are summarized in Table 1. Atomic coordi- bridges display substantially shorter-Ni bond lengths than

nates andeq values forl-2CH,Cl,, excluding those of cations, lattice

M—B distances, as has been pointed out for [CuWBIPPH),]

solvents, and hydrogen atoms, are given in Table 2, whereas selectedyith 2.02 and 2.18 & and [Cu(BHg)(PPh)] with 1.84 and

bond distances and angles are given in Table 3.

Results and Discussion
Reaction of (-BusN)z[BsHe] with [CdCI(PPh),] in dichlo-
romethane led td, which was isolated as a colorless solid
2(n-BuyN),[BgH] + [CACL(PPh),] +2 CH,CI, —
(n-Bu,N),[Cd(*-BgHg) 1 -2CH,Cl, (1) +
2(n-Bu,N)Cl + 2PPRh

2.30 A, respectively® In 1 the Cd-B1 and Cd-B2 bond
lengths are shorter than their corresponding-Eddistances
while Cd—B3 is longer than CetH3 so that in1-2CH,ClI, two
additional M—H—B bridges may be discussed. The bond
lengths within the boron clusters are comparable and fall in the
normal range (Table 3). The influence of the metal atom on
the geometry of the clusters is shown by an expansion of the
metal-bonded facets, BB distances of which are about 6%
longer than those between the other neighboring boron atoms.
In contrast to [Hgf3-BeHs)Ph]™ there is no expansion of the
facets opposite to the metal-bondeg fBcets. To date, there

soluble in dichloromethane and acetonitrile and insoluble in 5ve peen no reports on coordination of cadmium eitso

water. Complex is airstable up to 100C and decomposes at
higher temperature.
By slow diffusion of petroleum ether into a solution bin

CHClI,, single crystals suitable for X-ray structure determina-
tions were obtained. The cadmium complex crystallizes in space

groupP1. The molecular structure with atom labeling is shown
in Figure 1.
Crystallographic Studies. The structure consists of two

{CdBsHe} fragments fused about a common Cd vertex. The
metal atom located on a crystallographic inversion center
displays a trigonal-prismatic co-ordination geometry with the

angles B2-Cd—B3 (43.0) and B2-Cd—B3#1 (137.0). Be-

cause of the high degree of electron delocalization over the

framework, which allows one to regard the cluster, like
fullerenest? as a three-dimensional aromatic systén, may
be considered as a cadmium(ll) sandwich complex.

The cadmium atom lies only 2.18 A above thefBcet. In
contrast to other synthezisg@ complexes [Hg3-BsHg)Ph] ™,
[CUz(M-biS-ﬂs-BeHe)z(PPI})g],2 and [ALQ(/A-biS-T]S-BeHe)z(PPQ)Z],2
with all M—B distances shorter than the-NH distances and
therefore no M-H—B bridge bondings, the CeH distances in
1-2CH,Cl, of 2.36-2.50 A are in the same range of the-€Bl
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borates but only witmido-borates:#-16

NMR Spectrum. The!B NMR spectrum exhibits only one
doublet, indicating the ambient equivalence of all B nuclei. We
conclude that the clusters are rotating at ambient temperature,
as has been supposed for [H§BeHs)Ph]".1 As a result of
coordination to the metal center, a downfield shift and a
concomitant decrease of the coupling constdlat; are ob-
served: 0 = —16.34 [129 Hz] 1), compared withd = —17.2
[145 Hz] in [BgH7] .

IR Spectrum. Until now it has been impossible to prepare
alkali salts so that the IR and Raman spectrd eshow strong
bands due tontBusN)™, such that the assignment of modes in
the framework area below 1100 cfnis not possible. The BH
stretching vibrations, observed fon-BusN);[BeHe] at 2414
cm~13 are split and shifted to higher energy, appearing as strong
but broad IR bands fot at 2456, 2498, and 2519 crh while
the protonated [EH;]~ anion exhibitsv(BH) in the region of
2509 and 2530 cmi.3
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