12358

J. Am. Chem. S0d.997,119, 12358-12359

Communications to the Editor

Preparation and Molecular Structure of
[(Cp2Zr) .BsHg][B11H14]: A Dizirconaborane
Containing a Cation Exhibiting a Novel Cluster
Type

Rhodri LI. Thomas, Nigam P Rath, and Lawrence Barton*

Department of Chemistry
University of Missouri-St. Louis

St. Louis, Missouri 63121

Receied August 1, 1997

With the exception of tetrahydroborate complexes, few small

slowly (over a period of days) in solution exposed to air to give
decaborane(14) as the only easily identifiable product.

NMR spectra of the crystalline producg)(indicate the
presence of the [BH14]~ anior? suggesting that the zirconium-
containing species is cationic, which is consistent with the low
solubility of the material. In addition to resonances due to
[B1iH14]~, there are two resonances in the area ratio 4:1 in the
11B{1H} NMR spectrum suggesting aBpecies. The coupled
spectrum shows some broadening of the area 4 resonance but
no change in the area 1 resonance. Proton spectra are also
consistent with the presence of the;{Bi4~ anion? The
remaining resonances, not ascribed to solvent or anion, are
observed in the ratio of 5:1:1, i.e., 20:4:4. The area 20 resonance
is assigned to the cyclopentadienyl resonances, and the other

metallapolyboranes containing early transition metals have beenhydrogens are identified as boron-bonded H atoms from their

reportedt Thus, only one titanaborafand a small number of
nioba?® and tantalaboranéfave been fully characterized. As

broadening in the coupleliH spectrum. Selective decoupling
confirms that all of the cage H atoms are bonded only to the

part of our program to prepare group 4 and 5 metallaboranes,Poron atoms producing the integral 4 peak above. These

the reactions of LiBHg with various cyclopentadienyl metal

resonances, falling at 3.05 anrd5.05 ppm, are assigned to

halides have been investigated. This report includes preliminary terminal BH groups and bridging-B+—Zr groups, respectively.
results of our studies of zirconium derivatives and describes The HRMS confirms that the cation consists of a species
the preparation and structural characterization of a novel containing two CpZr moieties and a 8s group.

zirconaborane cation.

Reaction of CpzrCl, with 2 equiv of LiBsHg at temperatures
belowca. —35°C in THF, methylene chloride, or diethyl ether
affords a major product that is insoluble in ether and only
slightly soluble in chloroform and methylene chloride. Filtration
of the initial reaction mixture and extraction using £&Hp allows

Crystals suitable for an X-ray diffraction study were grown
by diffusion of pentane into a CDglsolution of 2. The
structure is shown in Figure 1 and is consistent with the NMR
data. Two crystallographically independent ion pairs are found
in the unit cell. The cations are not significantly different from
one another. All parameters listed are for cation A. The

the product to be isolated and purified as a pale orange solidarrangement of the boron atoms resembles that of a distorted

(1). Chemical and spectroscopic methods identifgs [2,3-
u-(CpClZr)BsHg).> Details of1, which is formed in 70% yield,
will be published later. If a methylene chloride solutionlof

is filtered through a plug of silica gel in air, a yellow solution
is obtained from which an air-stable yellow crystalline sdid

is isolated. Compouna is identified unambiguously from
NMR spectré elemental analysis, and high-resolution mass
spectra (HRMSY, and also from an X-ray crystallographic
StUdy? as [(CQZF)285H3]+[811H14]_. Obtained in 14% yield,

spiro[2.2]pentane molecule; the angle between the two planes
being 73 rather than 90 Each boron atom bears a terminal
hydrogen, and there are four-ZH—B bridge bonds. A unique
feature of the structure is that the central B atom does not bear
a hydrogen atom. Such “naked” B atoms are normally only
observed in macropolyhedral boranes at points of cage fusion
and typically have high connectivit. This latter is the case

for B(1), which we consider to have a connectivity of 6. The
B—B connections have normal-B83 bonding distances: those

2 is air stable both as a solid and in solution but decomposes between the naked boron and the others ranging from 1.704(6)
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(5) 1B (160.5) and'H (500.1 MHz) NMR data ford: (me, CDC}
solution, 229 K) (assignmend(*1B) (*H in parentheses)])d(}1B) B(2,3)
[-6.2 (1.91, 0.86)], B(4,5)111.6 (2.40, 2.26)], B(1)£41.6 (0.45)];0-
(*H) CsHs [6.35], uHa,s [—1.81], uH3 4.25[—2.73, 2.93]. LRMS gave, for
the highest mass peak in the highest mass envelopa/zas 318, (2Cyo
1H,6MB40B%9Zr35Cl), with a correct overall isotope distribution for the
envelope. These peaks are small, and peaks for th&rCpfragment
dominate the spectrum. Treatmentlofith HCI affords CpZrCl, and BsHo,
essentially quantitatively, suggesting that theZ@l moiety occupies a
bridgin? position.

(6) 1B (96.2 MHz) andH (299.9 MHz) NMR data fo: (ppm, CDC}
solution, 298 K) (relative intensity, assignmed¢B) (*H in parentheses)]):

o0(*B) B(2,3,4,5) [F2.7 (+3.05)], B(1A) [-13.4 (2.13)], B(2A-6A)
[-15.1 (1.96)], B(7A-11A) [-16.1 (1.51)], B(1) £28.2 (o H)]; 6(*H)
CsHs [6.07] 20H, endokhion [—3.46] 3H, uHg zr [—5.15] 4H. A refers to
the anion [31H14]7.

(7) Anal. Calcd for GoH42B16Zr2 (2): C, 37.65, H, 6.64. Found: C,
38.79; H, 6.74. HRMS (Kratos MS-50, FAB, Ar gas) gawéq for cation
2 of 12CyatH,8!1Bs%%Zr, 503.0802 (obsd) and 503.0791 (calcd).
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to 1.730(5) A and those on the periphery of thecBister, B(2)-

B(3) and B(4)-B(5), which are not bridged by hydrogen atoms,
are longer, at 1.860(6) and 1.865(6) A. The planes described
by connecting the centroids of the Cp rings and the Zr are
effectively orthogonal (99°7and 100.9) to the adjacent ZrB
planes, which would be expected from orbital consideratléns.
Compound is thus similar to [CpZr{ CHx(BR2),}1*2in which

the Zr coordinates similarly to @CHx(BRy);} moiety. The
nonbridged Z+B distances in2, ranging from 2.474(4) to

(8) Crystalloi;raphic data foR: CyoH42B16Zr2, monoclinic, Cc, a =
16.21690(10) Ap = 23.46760(10) Ac = 16.3222(2) A8 = 90.7450-
(10y, V = 6211.24(9) &, Z = 8 (two crystallographically independant ion
pairs),D. = 1.364 Mg n13. Of the 14 192 reflections collected (Siemens
SMART CCD diffractometer, Mo K, 293 K), 14 192 were independent
and 14 180 were observedd@,)]. All of the metallaborane hydrogens
were located from difference Fourier maps but only selected ones could be
refined freely; the rest of the located H atoms were fixed. The hydrogen
atoms of the anion were treated using an appropriate riding model. In one
anion (B), the absent vertex is disordered over two positions, B(10B) and
B(10C) with occupancies of 54 and 46%, respectively= 1.014,R; =
0.0386, WR, = 0.0867.
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Figure 1. Molecular structure of the cation in [(G5r)-BsHs][B 11H14]

(2) with 50% probability thermal ellipsoids and the cyclopentadienyl
groups abbreviateded for clarity. The terminal H on B(4) is obscured.
Selected interatomic distances (in angstroms): from Zr(1) [B(1)] 2.474-
(4), [B(2)] 2.511(4), [B(5)] 2.534(4); from Zr(2) [B(3)] 2.539(4), [B(1)]
2.497(4), [B(4)] 2.528(4); from B(1) [B(2)] 1.704(6), [B(3)] 1.730(5),
[B(4)] 1.728(5), [B(5)] 1.720(6); B(2yB(3) 1.860(6); B(4)B(5)
1.865(6). Zr(1)-B(2)—B(1)—B(5) lie in a plane, as do Zr(2)B(3)—
B(1)—B(4), with an angle of 54.8between the two planes. The angle
between the two triangular BBB planes is°73

2.497(4), are essentially what would be expected for a single
Zr—B bond (2.45 AR but are shorter than typical ZB bonds
found in (7°-C,B3)Zr moieties! the only nonbridged ZrB
bonds available for comparison. On the other hand, theBzZr
distances for the ZrH—B bridge bonds, ranging from 2.511-
(4) to 2.539(4) A, are shorter than those observed elsevifere,
suggesting a strong bonding interaction between thgZCp
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to the borane cage. This appears to be an unreasonable
assumption since the formulation £Zp?* has a 8 configuration,

s02 must be added to the growing list of species which do not
obey electron counting rules. What is clear, however, for the
structure of2 and that for the other known group 4 metalla-
polyborane, [CpTi(BeHg)]2,2 is that unusual structures derive
from metallaboranes involving the early transition metals as has
been observed for molybdena- and chromaboranes described
recently by Leach et df2and Fehlner et al’P respectively.

The formation of the [BiH14] ~ anion in this reaction requires
some comment. The undecaborate anion is formed when solu-
tions of [BsHg]~ are allowed to warm to room temperature in
the presence of $14.18 In our case, passage through silica or
the presence of the “GArCl” moiety may catalyze the forma-
tion of higher boranes. Such organometallic species are known
to catalyze polymerization of unsaturated hydrocarb%rmnd
also the dehydrogenative coupling of silad®s We have ob-
served that when attempting to prepare Ti analoguekarid
2, we have formed relatively large amounts ofiB14. These
observations are the subject of current study.

Clearly the formation of is a novel and exciting observation,
especially since cationic metallaboranes are rare, and it portends
well for study of other group 4 and 5 derivatives of the
polyboranes. We are in the process of investigating this
chemistry.
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